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XXIX

Preface
We are pleased to present the second edition of Pediatric Pulmonology. While 
�W�K�H���¿�U�V�W���H�G�L�W�L�R�Q���Z�D�V���L�Q�W�H�Q�G�H�G���I�R�U���S�U�L�P�D�U�\���F�D�U�H���S�K�\�V�L�F�L�D�Q�V�����P�D�Q�\���S�H�G�L�D�W�U�L�F��
pulmonologists have come to rely on “the blue book” as an excellent refer-
ence. In the second edition, we attempted to provide a broad-based reference 
that would be useful to subspecialists while still being a most useful reference 
for primary care physicians, residents, and students. Recognizing that an 
ever-growing number of pulmonology sections and practices include sleep 
medicine specialists, this edition dedicates a full section to pediatric sleep 
medicine—expanding beyond apparent life-threatening events (now termed 
brief, resolved, unexplained events) and sleep-disordered breathing to include 
information on normal sleep, sleep-related movement disorders, sleep-wake 
disorders, and disorders of excessive somnolence.

�$�V���Z�L�W�K���W�K�H���¿�U�V�W�����W�K�L�V���H�G�L�W�L�R�Q���E�H�J�L�Q�V���E�\���F�R�Y�H�U�L�Q�J���W�K�H���I�X�Q�G�D�P�H�Q�W�D�O���W�R�S�L�F�V���R�I��
lung anatomy, pulmonary physiology, and the basics of eliciting a thorough 
pulmonary history and physical examination. Among the many updates 
�W�K�U�R�X�J�K�R�X�W���W�K�H���E�R�R�N�����W�K�H���F�K�D�S�W�H�U�V���R�Q���F�\�V�W�L�F���¿�E�U�R�V�L�V���D�Q�G���F�\�V�W�L�F���¿�E�U�R�V�L�V���W�U�D�Q�V-
membrane conductance regulator (CFTR)-related metabolic syndrome are 
�V�L�J�Q�L�¿�F�D�Q�W�O�\���G�L�I�I�H�U�H�Q�W�����D�V���W�K�H�\���U�H�À�H�F�W���W�K�H���P�D�Q�\���G�H�Y�H�O�R�S�P�H�Q�W�V���D�Q�G���D�G�Y�D�Q�F�H�V���L�Q��
�W�K�H���W�U�H�D�W�P�H�Q�W���R�I���W�K�H�V�H���G�L�V�R�U�G�H�U�V���V�L�Q�F�H���W�K�H���¿�U�V�W���H�G�L�W�L�R�Q���Z�D�V���S�X�E�O�L�V�K�H�G���L�Q��������������
In addition, the section on lower airway infections was updated and expanded 
with more in-depth coverage of pneumonia and the complications of pneumo-
�Q�L�D�����L�Q�F�O�X�G�L�Q�J���S�Q�H�X�P�R�Q�L�D���F�D�X�V�H�G���E�\���&�2�9�,�'��������

�'�U���/�L�J�K�W�����H�G�L�W�R�U���L�Q���F�K�L�H�I���R�I���W�K�H���¿�U�V�W���H�G�L�W�L�R�Q�����U�H�W�X�U�Q�V���W�R���O�H�Q�G���K�L�V���H�[�S�H�U�L�H�Q�F�H���D�Q�G��
expertise to this revision, collaborating this time with Dr Van Hook, past chair 
of the American Academy of Pediatrics (AAP) Section on Pediatric Pulmon-
ology and Sleep Medicine, as well as an esteemed team of associate editors. 
This update would not have been possible without the tireless efforts of Chris 
Wiberg, our liaison with American Academy of Pediatrics Publishing; we are 
indebted to him for his assistance. We would also like to thank the authors of 
the individual chapters, who spent countless hours researching and revising 
their individual contributions to make this book possible.

Michael J. Light, MD

Kristin Van Hook, MD, MPH, FAAP
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3

Anatomy of the Lung
Michael J. Light, MD

Introduction
Knowledge of the development of the lungs helps us to understand congenital 
pulmonary anomalies. The lungs develop after 22 to 24 weeks with the ulti- 
mate purpose of sustaining life after delivery of the newborn. This occurs by 
oxygen from the atmosphere being inhaled into the lungs and carbon dioxide 
being exhaled. Oxygen provides the fuel to allow the human body to function. 
In this chapter, the gross anatomy of the lung, rather than microscopic 
anatomy, is described.

Embryology of the Lungs
The 3 laws of development of the lungs according to Hislop and Reid1 are  
as follows:

1.	 The bronchial tree is developed by the 16th week of intrauterine life.

2.	 Alveoli develop at 28 weeks, increasing in number until 5 to 8 years  
�R�I���D�J�H�����D�Q�G���L�Q�F�U�H�D�V�L�Q�J���L�Q���V�L�]�H���X�Q�W�L�O���J�U�R�Z�W�K���R�I���W�K�H���F�K�H�V�W���Z�D�O�O���¿�Q�L�V�K�H�V�� 
with adulthood.

3.	 The pre-acinar vessels (arteries and veins) follow the development of the 
airways; development of the intra-acinar vessels follows that of the alveoli. 
Muscularization of the intra-acinar arteries does not keep pace with the 
appearance of new arteries.

There are 5 phases or periods of lung development (Figure 1-1). Before  
3 weeks of gestation, a pouch arises from the primitive foregut, at which  
time the embryo is 3 mm long. This period constitutes the embryonic phase. 
The lung bud divides into right and left, which will become the right and left 
lungs. By the end of the embryonic period, there will be 5 additional branches, 
which are the major bronchi, and the lung buds will have elongated into  
primary lung sacs. Developmental anomalies at this stage will result in 
anomalies of the major airways, including atresia (closed or undeveloped) 
�D�Q�G���W�U�D�F�K�H�R�H�V�R�S�K�D�J�H�D�O���¿�V�W�X�O�D��
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The glandular period (also called pseudoglandular�����V�W�D�U�W�V���D�W���W�K�H���H�Q�G���R�I���W�K�H���¿�I�W�K��
week of gestation and continues to the 16th week as the conducting airways 
are formed by dichotomous branching. This period is called pseudoglandular 
because the airways are blind tubes lined by columnar or cuboidal epithelium. 
The terminal bronchioles are formed, and primitive acinar (terminal airway) 
structures are developing. If there is a diaphragmatic hernia, there is the 
potential for a reduction in the number of branches formed on the side of  
the hernia with a resultant hypoplastic lung.

The canalicular period is from the 16th week until the 24th week. During  
this period, the terminal bronchioles will have divided to produce a number  
of respiratory bronchioles, and the capillary bed is forming so that toward the 
end of this stage gas exchange can occur and potentially life can be sustained, 
even though the alveoli have not yet formed.

The airways from the trachea to the 19th generation are the conducting 
airways, and the gas-exchanging units are from the 20th to 27th generation 
and are the terminal respiratory units. From the major bronchi at the eighth 
generation to the 20th are the nonrespiratory bronchioles, and the respiratory 
bronchioles are from 20th to 23rd generation (Figure 1-1).

The saccular period extends from the end of the canalicular phase until birth 
and overlaps with the alveolar period, which extends to 5 to 8 years of age. The 
terminal respiratory unit comprises the respiratory bronchiole and the alveolar 
ducts, including the alveoli, and the unit is also known as the acinus. Alveoli 

Embryonic

Embryonic period

Bronchi Bronchioles

Conducting zone Transitional and respiratory zones

Terminal
bronchioles

Respiratory
bronchioles Alveolar ducts Alveolar

sac

Fetal period

Pseudoglandular

Canalicular

Saccular

Surfactant

Alveolar

B
irth

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

2 4 6 8 10 12 14 16 17 18 19 20 21 22 230

Weeks

Generations

Figure 1-1. The 5 phases of embryonic development, which are approximate and overlapping.
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are lined by both type 1 and type 2 pneumocytes. Type 2 pneumocytes are 
cuboidal and synthesize surfactant. They are able to divide and undergo repair. 
�(�Y�H�Q�W�X�D�O�O�\�����P�R�V�W���R�I���W�K�H�P���À�D�W�W�H�Q���R�X�W���W�R���I�R�U�P���W�\�S�H�������S�Q�H�X�P�R�F�\�W�H�V�����Z�K�L�F�K���D�U�H��
supportive in function. Type 1 pneumocytes cover most of the alveolar surface 
and compose 95% of alveolar cells. They are not able to divide or be repaired. 
If damaged, they are replaced by transformation of the type 2 cells into type 1 
�F�H�O�O�V�����7�K�H���S�U�L�P�L�W�L�Y�H���D�L�U�Z�D�\�V�����E�H�I�R�U�H���E�L�U�W�K�����F�R�Q�W�D�L�Q���O�X�Q�J���À�X�L�G�����Z�K�L�F�K���G�U�D�L�Q�V���L�Q�W�R��
�W�K�H���D�P�Q�L�R�W�L�F���À�X�L�G��

In the postnatal period, alveoli continue to develop until 5 to 8 years of age  
and enlarge through adolescence. The term infant has between 20 million and 
50 million alveoli at birth, and this number increases to about 300 million at 
age 8 years. The alveolar surface area is approximately 2.8 m2 at birth, 32 m2  
at 8 years of age, and 75 m2 at adulthood. This last number is often equated  
to the size of a tennis court.

The Bony Thorax
The bony thorax provides protection to the heart and lungs (Figure 1-2).  
The components are the 12 paired ribs, the sternum, and the bodies of the 
thoracic vertebrae.

The ribs 1 through 7 are true ribs connecting to the sternum by costal cartilage. 
Ribs 8 through 10 are false ribs connecting to the seventh rib by costal carti- 
�O�D�J�H�����5�L�E�V���������D�Q�G���������D�U�H���À�R�D�W�L�Q�J���E�H�F�D�X�V�H���W�K�H�\���D�U�H���X�Q�D�W�W�D�F�K�H�G�����7�K�H���V�W�H�U�Q�X�P�� 
�L�V���L�Q�������S�D�U�W�V�����W�K�H���P�D�Q�X�E�U�L�X�P���L�V���Z�K�H�U�H���W�K�H���F�O�D�Y�L�F�O�H�V���D�Q�G���¿�U�V�W���U�L�E���D�W�W�D�F�K�����7�K�H��
sternal body articulates directly with ribs 2 through 7 and indirectly with ribs 
8 through 10. The xiphoid process is an attachment site for part of the rectus 
abdominis muscle. The ribs have a groove on the inferior surface, which is  

the site of the neu- 
rovascular bundle. 
Between the ribs  
and attached to them 
are the intercostal 
muscles, internal  
and external. The 
thoracic vertebrae 
are numbered T1 
through T12, and  
the corresponding  
pairs of ribs to which 
they are attached  
are numbered  
1 through 12. 

Figure 1–2. The bony thorax.
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Blood Supply
During the embryonic and glandular periods, the development of the pulmo-
nary arteries parallels that of the branching airways. During this same period, 
the bronchial vessels are close to the pulmonary vessels. The bronchial arteries 
supply blood for the nutrition of the lung; they are derived from the thoracic 
aorta or from the upper aortic intercostal arteries. The conducting airways 
receive their blood supply from the bronchial vessels, and the terminal respira-
tory units receive their blood from the pulmonary vessels. The pulmonary 
veins form from the capillary network and join together to form the 4 main 
pulmonary veins, which drain oxygenated blood into the left atrium. The 
pulmonary artery pressures are high at birth and decrease in response to 
higher oxygen levels over the next days and weeks. The bronchial arterial 
circulation is at systemic pressures.

Pulmonary Lymphatics
The lymphatics draining from the lung comprise lymph ducts, lymph nodes, 
and the thoracic duct. At birth, the pulmonary lymphatics are vital for the 
�U�H�P�R�Y�D�O���R�I���D�P�Q�L�R�Q�L�F���À�X�L�G�����7�K�H�U�H���D�U�H�������O�\�P�S�K�D�W�L�F���Q�H�W�Z�R�U�N�V�����W�K�H���S�O�H�X�U�D�O���D�Q�G��

parenchymal 
networks. Most 
drainage is toward the 
hilum, and, because of 
the valves in the 
lymph channels, the 
�À�R�Z���P�R�Y�H�V���L�Q���R�Q�H��
direction. Fully 
formed lymph nodes 
are not seen until birth 
and further develop in 
infancy. The main 
right lymphatic ducts 
follow the right side  
of the trachea, join- 
ing the venous sys- 
tem at the junction  
of the right jugular 
and subclavian veins. 
On the left side, the 
veins follow the tra- 
chea and empty into 
the thoracic duct, 
which drains into  

Figure 1-3. Pulmonary lymphatics.

Reprinted with permission of the American Thoracic Society. Copyright © 
2022 American Thoracic Society. All rights reserved. Stump B, Cui Y, 
Kidambi P, Lamattina AM, El-Chemaly S. Lymphatic changes in respiratory 
diseases: more than just remodeling of the lung? Am J Respir Cell Mol Biol. 
2017;57(3):272–279. The American Journal of Respiratory Cell and Molecular 
Biology is an o�cial journal of the American Thoracic Society.
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the veins on the left side of the neck. Pulmonary lymphatic drainage is 
complex and highly variable from individual to individual (Figure 1-3).

Nerve Supply
The nerve supply of the lungs is from branches of the thoracic sympathetic 
ganglia and the vagus nerve. The upper 3 to 5 branches of the sympathetic 
ganglia supply the lungs, and the lower branches supply the intercostal nerves. 
Almost all of the afferent (sensory) pathways are through the vagus nerve. 
Figure 1-4 �V�K�R�Z�V���W�K�H���H�I�I�H�U�H�Q�W�����P�R�W�R�U�����F�R�P�S�R�Q�H�Q�W�����7�K�H���H�I�I�H�U�H�Q�W���¿�E�H�U�V���F�R�Q�W�U�R�O��
the caliber of the conducting airways, the activity of bronchial glands, and the 
caliber (constricted or dilated) of the pulmonary vessels. The parietal pleura  
�L�V���U�L�F�K�O�\���L�Q�Q�H�U�Y�D�W�H�G���Z�L�W�K���S�D�L�Q���¿�E�H�U�V�����7�K�H���Y�L�V�F�H�U�D�O���S�O�H�X�U�D���K�D�V���Q�R���S�D�L�Q���¿�E�H�U�V����
�7�K�H���S�K�U�H�Q�L�F���Q�H�U�Y�H�V���V�X�S�S�O�\���W�K�H���G�L�D�S�K�U�D�J�P�����R�U�L�J�L�Q�D�W�L�Q�J���I�U�R�P���W�K�H���W�K�L�U�G���W�R���¿�I�W�K��
cervical roots (C3–C5) (Figure 1-4).

Figure 1-4. E�erent nervous system of the lungs and innervation of the diaphragm, intercostal 
muscles, and lungs. The e�erent (motor) systems are shown. The a�erent (sensory) system is 
mainly in the vagus nerve.
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Gross Anatomy of the Lung
The lungs are within the thoracic cavity, separated by the heart and mediasti-
num (Figure 1-5). The airways terminate in the acinus where gas exchange 
occurs. The whole lung is spongelike and pink in the early years, gradually 
becoming grayer with age. The apex extends into the root of the neck, and the 
base is concave, resting on the convexity of the diaphragm. The right lung has 
�����O�R�E�H�V���D�Q�G�������¿�V�V�X�U�H�V�����W�K�H���P�L�Q�R�U���R�U��horizontal���¿�V�V�X�U�H���E�H�W�Z�H�H�Q���W�K�H���U�L�J�K�W���X�S�S�H�U��
and middle lobes and the major or oblique���¿�V�V�X�U�H���E�H�W�Z�H�H�Q���W�K�H���U�L�J�K�W���P�L�G�G�O�H��
�D�Q�G���O�R�Z�H�U���O�R�E�H�V�������D�Q�G���W�K�H���O�H�I�W���O�X�Q�J���K�D�V�������O�R�E�H�V���D�Q�G�������¿�V�V�X�U�H�����W�K�H���P�D�M�R�U���R�U��
oblique���¿�V�V�X�U�H�������7�K�H���O�R�E�H�V���R�I���W�K�H���O�X�Q�J���D�U�H���I�X�U�W�K�H�U���G�L�Y�L�G�H�G���L�Q�W�R���V�H�J�P�H�Q�W�V���� 
and these are shown diagrammatically in Figures 1-6 and 1-7.

Figure 1-5. A, Front  
view of the lungs and 
heart (anterior borders  
of the lungs retracted).  
B, Mediastinal surface  
of the right lung.
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02 PP 2ND ED - CHAPTER 01_003-014.indd   802 PP 2ND ED - CHAPTER 01_003-014.indd   8 9/12/23   8:47 AM9/12/23   8:47 AM



9
Chapter 1—Anatomy of the Lung

Figure 1-6. A, Upper lobe, anterior view. B, Right upper lobe, lateral view. Dashed lines indicate 
lateral and horizontal �ssures. C, Right middle lobe, anterior view. D, Right middle lobe, lateral 
view. Dashed lines indicate lateral and horizontal �ssures. E, Right lower lobe, anterior view.  
F, Right lower lobe, lateral view. Dashed lines indicate lateral and horizontal �ssures.

Abbreviations: A.Basal, anterior basal; Ant., anterior; L.Basal, lateral basal; Lat., lateral; M.Basal, medial 
basal; Med., medial; P.Basal, posterior basal; Post., posterior.
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The lungs are covered by the visceral pleura (also called pulmonary pleura), 
�D�Q�G���W�K�L�V���P�H�P�E�U�D�Q�H���H�[�W�H�Q�G�V���L�Q�W�R���W�K�H���¿�V�V�X�U�H�V�����7�K�H���S�D�U�L�H�W�D�O���S�O�H�X�U�D���O�L�Q�H�V���W�K�H��
inner surface of the thoracic cavity, and the visceral and parietal pleurae  
join at the root of the lung (hilum). There is an expandable space between  
�W�K�H�������O�D�\�H�U�V���W�K�D�W���F�R�Q�W�D�L�Q�V���D���V�P�D�O�O���D�P�R�X�Q�W���R�I���S�O�H�X�U�D�O���À�X�L�G��

Mediastinum
The mediastinum lies within the thoracic cavity between the pleurae of the  
2 lungs, with the anterior boundary of the sternum and posterior border of  
the vertebral column. The superior mediastinum is above the pericardium  
and contains the thymus, trachea, esophagus, and upper great vessels. 

Figure 1-7. A, Left upper lobe (includes lingula), anterior view. B, Left upper lobe (includes 
lingula), lateral view. C, Left lower lobe, anterior view. D, Left lower lobe, lateral view.

Abbreviations: A.Basal, anterior basal; Ant., anterior; Apico-Post., apicoposterior; Inf. L., inferior lingual;  
L.Basal, lateral basal; P.Basal, posterior basal; Sup. L., superior lingual.
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Below the pericardium there are 3 parts. In front of the pericardium is the 
anterior mediastinum, which contains the thymus; the middle mediastinum 
contains the heart and pericardium; and the posterior mediastinum is behind 
the heart and contains the esophagus (Figure 1-5B).

The hila of the lungs are where the structures of the lung enter from the 
mediastinum. The usual level of the hilum is anterior to the third to fourth 
�F�R�V�W�D�O���F�D�U�W�L�O�D�J�H���D�Q�G���S�R�V�W�H�U�L�R�U���W�R���W�K�H���¿�I�W�K���W�R���V�H�Y�H�Q�W�K���W�K�R�U�D�F�L�F���Y�H�U�W�H�E�U�D�H��

Intercostal Muscles and Diaphragm
The muscles of respiration are the intercostals and the diaphragm. The anatomy 
of the diaphragm is shown in Figure 1-8. The right hemidiaphragm overlies 
the liver and is higher than the left hemidiaphragm, which overlies the stomach 
and spleen. There are 3 major openings in the diaphragm, including the inferior 
vena cava at thoracic vertebral level T12, the esophagus at T10, and the aorta at 
T12. The diaphragm’s anterior opening is the foramen of Morgagni, and the 
diaphragm’s posterior opening is the foramen of Bochdalek. These 2 foramina 
are the sites of diaphragmatic hernia, with the Bochdalek hernia being the most 
common and known as the posterolateral diaphragmatic hernia (it is mostly 
[80%–85%] on the left). The Bochdalek hernia tends to be more severe and 
may be associated with pulmonary hypoplasia and pulmonary hypertension.

Figure 1-8.  View of the diaphragm from below, showing the important 
openings.
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Central tendonVena cava
foramen

Esophageal
hiatus

Aortic hiatus
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It is important to understand the surface anatomy of the lungs, which is  
shown in Figure 1-9. Knowing the area of the lung below the surface while 
percussing and auscultating the lungs is important in localizing disease. The 
diaphragm is attached to the lower costal margin, and the muscular leaves are 
�G�R�P�H���V�K�D�S�H�G�����:�L�W�K���L�Q�V�S�L�U�D�W�L�R�Q�����W�K�H���G�L�D�S�K�U�D�J�P���À�D�W�W�H�Q�V���D�Q�G���W�K�H���O�R�Z�H�U���E�R�U�G�H�U�� 
of the lungs correspondingly descends. This movement results in a different 
level of the lower lung border, which changes by several centimeters during 
deep breathing.

Figure 1-9. A–B, The lung images on the surface of the chest wall indicate the lobes and lungs 
at full inspiration. With tidal breathing and full expiration, the images will be moderately smaller 
and much smaller, respectively. C–D, The lung images on the surface of the chest wall indicate 
the lobes and lungs at full inspiration. With tidal breathing and full expiration, the images will  
be moderately smaller and much smaller, respectively.
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key points

���} Lung development occurs in 5 phases. Extrauterine life can be sustained at  
20 to 22 weeks of gestation.

���} The airways branch from the trachea. The �rst 19 branches are the conduction 
airways, and the 20th to 27th branches are the gas-exchanging units.

���} It is important to know the surface position of lung anatomy to aid in localizing 
lung diseases.
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Pulmonary Physiology
Pnina Weiss, MD, MHPE, FAAP

Introduction
The primary function of the respiratory system is to provide oxygen to arterial 
blood to nourish the body’s tissues and to remove carbon dioxide from the 
returning venous blood. Gas exchange takes place at the level of the alveoli 
surrounded by a network of thin capillaries. Oxygen and carbon dioxide move 
between the air and blood by a process of diffusion. Air is brought to the alveoli 
by branching bronchi and bronchioles. The muscles of respiration act as a pump 
to move air in and out of the lungs. Elastic properties of the lung and chest wall 
�D�Q�G���D�L�U�Z�D�\���U�H�V�L�V�W�D�Q�F�H���D�I�I�H�F�W���W�K�H���Z�R�U�N���D�Q�G���H�I�¿�F�L�H�Q�F�\���R�I���W�K�H���V�\�V�W�H�P�����'�L�V�H�D�V�H��
�S�U�R�F�H�V�V�H�V���W�K�D�W���D�O�W�H�U���W�K�H�V�H���U�H�O�D�W�L�R�Q�V�K�L�S�V���F�D�Q���O�H�D�G���W�R���U�H�V�S�L�U�D�W�R�U�\���I�D�L�O�X�U�H�����G�H�¿�Q�H�G�� 
as failure of the lungs to oxygenate and/or ventilate adequately.

Gas Exchange
The tensions or pressures of dissolved oxygen or carbon dioxide in the blood are 
designated as PO2 and PCO2 (individual partial pressures of the gases), respec-
tively. Table 2-1 shows the partial pressures of gases in the atmosphere and the 
�O�X�Q�J�����'�U�\���D�W�P�R�V�S�K�H�U�L�F���D�L�U���L�V���F�R�P�S�R�V�H�G���S�U�L�P�D�U�L�O�\���R�I���Q�L�W�U�R�J�H�Q�����2�[�\�J�H�Q���F�R�Q�V�W�L-
tutes 20.93% of the atmosphere; there is a minimal amount of carbon dioxide.1

Table 2-1. Partial Pressure of Gases in the Atmosphere and the Lung

Gas Air (mm Hg) Humidi�ed Air (mm Hg) Alveoli (mm Hg)

Oxygen 159 149 104

Carbon dioxide 0.3 0.3 40

Nitrogen 600.6 564 569

Water vapor 0 47 47

Adapted with permission from Levitzky M. Pulmonary Physiology. 4th ed. McGraw-Hill, Inc; 1995:74–75.

�'�U�\���D�W�P�R�V�S�K�H�U�L�F���D�L�U���L�V���K�X�P�L�G�L�¿�H�G���D�V���L�W���W�U�D�Y�H�O�V���G�R�Z�Q���W�K�H���D�L�U�Z�D�\�V���L�Q�W�R���W�K�H���O�X�Q�J�V����
The PO2 in the alveoli is determined by the balance between the amount that 
�À�R�Z�V���L�Q���D�Q�G���W�K�H���D�P�R�X�Q�W���W�K�D�W���L�V���U�H�P�R�Y�H�G���E�\���W�K�H���S�X�O�P�R�Q�D�U�\���F�D�S�L�O�O�D�U�L�H�V�����,�W���Z�L�O�O�� 
be decreased if barometric pressure is low (ie, high altitude), if there is no  
fresh supply of air (ie, atelectasis), or if PCO2 is elevated (ie, hypoventilation).
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�$�V���J�D�V���P�R�Y�H�V���L�Q���D�Q�G���R�X�W���R�I���W�K�H���D�O�Y�H�R�O�X�V�����E�O�R�R�G���À�R�Z�V���W�K�U�R�X�J�K���W�K�H���S�X�O�P�R�Q�D�U�\��
capillary vessels, which provide a large surface for gas exchange. Figure 2-1 
depicts how gas exchange occurs in the alveolus. The driving force for gas 
exchange is the difference in pressures of PO2 and PCO2 between the venous 
blood and alveoli. Under normal conditions, the gases equilibrate fully, and 
the PO2 and PCO2 of pulmonary capillary blood equal those of the alveoli.2

      Pulmonary capillary blood 

PO2 � 104

PCO2 � 40

PO2 � 100

PCO2  � 40

Venous
blood

Alveolus

PO2 � 40

PCO2 � 45

PO2 � 149
PCO2 � 0.3

Arterial
blood

Figure 2-1. Gas exchange in the alveolus (values in mm Hg). Oxygen and carbon dioxide di�use 
across the alveolar-capillary membrane. There is little carbon dioxide in the atmosphere. The PO2 
in the alveolus is high, and oxygen di�uses into the capillary blood. PCO2 is high in the venous 
blood, and carbon dioxide di�uses into the alveolus.

Oxygen Consumption and Carbon Dioxide Production

The total amount of oxygen taken up by the body in 1 minute is called the 
oxygen consumption, and the amount of carbon dioxide produced is the 
carbon dioxide production. Oxygen consumption and carbon dioxide pro- 
duction increase with exercise. The ratio between them is known as the 
respiratory quotient and is approximately 0.8. The respiratory quotient 
increases (ie, more carbon dioxide is produced for each molecule of oxygen 
consumed) on a high carbohydrate diet. For patients in respiratory failure,  
low carbohydrate and high lipid formulas are suggested to decrease the 
respiratory quotient and decrease carbon dioxide production.3
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Ventilation
�7�K�H���S�U�R�F�H�V�V���R�I���Y�H�Q�W�L�O�D�W�L�R�Q���E�U�L�Q�J�V���D�L�U���L�Q���D�Q�G���R�X�W���R�I���W�K�H���O�X�Q�J�V�����'�X�U�L�Q�J���L�Q�V�S�L�U�D-
tion, the size of the thoracic cavity increases and air moves into the lungs.  
The fresh air is carried through conducting airways to the alveoli, which  
are responsible for gas exchange.

Alveolar and Dead Space Ventilation

The volume of a breath is known as the tidal volume.2 However, only part of  
the breath is used for gas exchange. Only the air that reaches the alveolus is 
involved in gas exchange; this is known as alveolar volume and is shown in 
Figure 2‑2. The conducting airways are not involved in gas exchange, and  
the volume of air in them is known as dead space. About 30% of each breath 
ends up in dead space.4���,�Q���V�R�P�H���G�L�V�H�D�V�H���S�U�R�F�H�V�V�H�V�����W�K�H���G�H�D�G���V�S�D�F�H���Y�R�O�X�P�H��
increases, and less air is available in each breath for gas exchange.

Venous
blood

Tidal
volume

Dead
space

Alveolar
volume

Pulmonary
capillary

Figure 2‑2. The relationship of tidal volume to dead space and alveolar volume. In each breath 
(tidal volume), some of the air goes into the alveoli (alveolar volume) and is available for gas 
exchange. The rest remains in the conducting airways and is known as dead space.

Total ventilation is the total volume of fresh air that reaches the lung each 
�P�L�Q�X�W�H�����,�W���L�V���G�H�W�H�U�P�L�Q�H�G���E�\���W�K�H���Y�R�O�X�P�H���R�I���H�D�F�K���E�U�H�D�W�K���P�X�O�W�L�S�O�L�H�G���E�\���W�K�H�� 
number of breaths per minute. The relationship of tidal volume, respira- 
tory rate, and total ventilation is shown in Figure 2‑3.���,f a child has a tidal  
volume of 100 mL and is breathing 15 breaths/min, then the total ventilation  
is 1,500 mL/min. Alveolar ventilation is the total volume of air that reaches  
the alveoli and is available for gas exchange each minute. Thus, if a disease 
process decreases the respiratory rate and/or the volume of each breath or 
increases the dead space, it will decrease the effective ventilation. Total 
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ventilation is easy to quantify because tidal volume is easily measured; 
�D�O�Y�H�R�O�D�U���Y�H�Q�W�L�O�D�W�L�R�Q���L�V���P�R�U�H���G�L�I�¿�F�X�O�W���W�R���T�X�D�Q�W�L�I�\���E�H�F�D�X�V�H���G�H�D�G���V�S�D�F�H���L�V���P�R�U�H��
�G�L�I�¿�F�X�O�W���W�R���P�H�D�V�X�U�H��

Tidal
volume

Dead space15 breaths/min

Total
ventilation
1,500 mL

Alveolar
ventilation
1,000 mL

Dead space
ventilation

500 mL

100
mL

Figure 2‑3. Components of total ventilation: tidal volume, respiratory rate, alveolar ventilation, 
and dead space ventilation. Total ventilation is determined by the volume of each breath 
multiplied by the number of breaths per minute. In this diagram, dead space is one-third of  
total volume.

Relationship of Ventilation to Arterial PCO2

The removal of carbon dioxide from the blood depends on alveolar ventilation.  
�,�I���D�O�Y�H�R�O�D�U���Y�H�Q�W�L�O�D�W�L�R�Q���L�Q�F�U�H�D�V�H�V�����W�K�H�Q���W�K�H���H�O�L�P�L�Q�D�W�L�R�Q���R�I���F�D�U�E�R�Q���G�L�R�[�L�G�H���L�Q�� 
creases, and its concentration in the arterial blood decreases.1 This relationship  
is shown in Figure 2‑4.���,�I���D�O�Y�H�R�O�D�U���Y�H�Q�W�L�O�D�W�L�R�Q���G�H�F�U�H�D�V�H�V�����W�K�H�Q���W�K�H���H�O�L�P�L�Q�D�W�L�R�Q�� 
of carbon dioxide decreases, and it accumulates in the arterial blood. There is  
an inverse relationship between the alveolar ventilation and the arterial carbon 
dioxide concentration: if alveolar ventilation doubles, the arterial carbon  
�G�L�R�[�L�G�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���L�V���K�D�O�Y�H�G�����,�I���W�K�H���D�O�Y�H�R�O�D�U���Y�H�Q�W�L�O�D�W�L�R�Q���G�H�F�U�H�D�V�H�V���E�\�� 
50%, then the arterial carbon dioxide concentration doubles.

The effect of changes in respiratory rate, tidal volume, and dead space on  
ventilation and arterial carbon dioxide level are depicted in Table 2‑2. A wide 
variety of factors can cause decreased alveolar ventilation with an increase in 
arterial carbon dioxide tension. A decrease in respiratory rate or tidal volume 
can result from drugs such as opiates, benzodiazepines, or alcohol; central  
nervous system infection; trauma; seizures; or sepsis. Preterm infants can  
�K�D�Y�H���F�H�V�V�D�W�L�R�Q���R�I���E�U�H�D�W�K�L�Q�J���R�U���D�S�Q�H�D���R�I���S�U�H�P�D�W�X�U�L�W�\�����,�Q���F�R�Q�J�H�Q�L�W�D�O���F�H�Q�W�U�D�O���K�\�S�R�� 
ventilation syndrome, children have a decreased central drive to breathe and, 
consequently, hypoventilation. Children with obstructive sleep apnea have a 
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Table 2‑2. E�ect of Changes in Respiratory Rate, Tidal Volume, and Dead Space on Total 
Ventilation and Arterial Carbon Dioxide Level

Respiratory Rate  
(breaths/min)

Tidal 
Volume

Dead 
Space

Total 
Ventilation

Arterial 
PCO2 Causes

�Ð � � � �
Medications, alcohol, 
central nervous system 
infections, seizures, apnea

� �Ð � � �
Chest wall trauma, 
neuromuscular weakness, 
lung disease

� � �Ï � �
Acute respiratory distress 
syndrome, scoliosis, 
pulmonary embolus

�Ï � � � �
Metabolic acidosis, 
salicylate overdose, 
anxiety, pain

� �Ï � � �
Metabolic acidosis, 
salicylate overdose, 
anxiety, pain

� � �Ð � � Mechanical ventilation, 
deep breathing

The primary events are shown in bold arrows; the e�ects on total ventilation and arterial PCO2 are listed. 
Decreases in respiratory rate and tidal volume decrease total ventilation and increase arterial carbon dioxide 
tension. Increases in respiratory rate and tidal volume increase total ventilation and decrease arterial carbon 
dioxide tension. Changes in dead space do not a�ect total ventilation; they will, however, a�ect alveolar 
ventilation and carbon dioxide levels.

relative decrease in their tidal volume because they cannot effectively breathe 
in. Chest wall trauma or deformity, neuromuscular weakness, and lung 
�G�L�V�H�D�V�H���F�D�Q���D�O�V�R���G�H�F�U�H�D�V�H���W�K�H���W�L�G�D�O���Y�R�O�X�P�H���D�Q�G���L�P�S�D�L�U���Y�H�Q�W�L�O�D�W�L�R�Q�����'�L�V�H�D�V�H��
processes, such as acute respiratory distress syndrome, scoliosis, pulmonary 
embolus, or general anesthesia, can increase the dead space and thus impair 
the proportion of effective ventilation.
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Figure 2‑4. The relationship 
between ventilation and carbon 
dioxide levels in the lung. 
Increases in alveolar ventilation 
will decrease carbon dioxide 
levels; conversely, decreases in 
ventilation will increase  
carbon dioxide levels. PACO2  
is the PCO2 in the alveolus.
Adapted from Lumb AB. Nunn’s Applied 
Respiratory Physiology.  
5th ed. Edinburgh, Scotland: 
Butterworth Heinemann;  
2000, with permission.
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Increased alveolar ventilation results in a decrease in PCO2. Causes for  
increasing respiratory rate and tidal volume are depicted in Table 2-2. The 
most common causes include metabolic acidosis, salicylate ingestion, anxiety, 
central nervous system disorders, and pain. There are also some instances in 
which the dead space can be decreased.

Regulation of Arterial PCO2

�7�K�H���D�U�W�H�U�L�D�O���F�D�U�E�R�Q���G�L�R�[�L�G�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���U�H�À�H�F�W�V���D���E�D�O�D�Q�F�H���E�H�W�Z�H�H�Q���F�D�U�E�R�Q��
dioxide production and elimination. More carbon dioxide is produced when  
the metabolic rate is increased. Fever or increased muscle activity (shivering, 
seizures) produces more carbon dioxide and can produce elevations in arterial 
carbon dioxide levels unless ventilation is increased.

Ventilation is controlled by sensors called chemoreceptors, which are located 
in the brain and aortic bodies (at the common carotid artery and aortic arch, 
respectively). These receptors sense changes in arterial carbon dioxide concen-
tration. They respond by activating effectors that alter ventilation to keep 
arterial carbon dioxide concentration normal.

Acid-Base Status

Carbon dioxide is transported in the blood in 3 forms: dissolved, bicarbonate, 
and combined with proteins such as carbamino compounds. In arterial blood, 
most carbon dioxide is carried as bicarbonate (90%).5

 Carbonic Anhydrase

������������������������ �;
CO2 + H2O �'  H2CO3 �'  H+ + HCO-

3

Carbon dioxide and water are converted to carbonic acid by the enzyme car- 
bonic anhydrase in red blood cells. Carbonic acid spontaneously dissociates 
into hydrogen ions (acid) and bicarbonate.

The pH of the blood depends on the relationship of bicarbonate and carbon 
dioxide. As the arterial PCO2 increases, the pH decreases, which is known as 
respiratory acidosis. As the arterial PCO2 decreases, the pH increases, which  
is known as respiratory alkalosis.

The lungs regulate the concentration of carbon dioxide, and the kidneys control 
the bicarbonate concentration. In response to respiratory acidosis, the kidneys 
will compensate over 3 to 5 days by conserving bicarbonate and will create a 
secondary metabolic alkalosis. Table 2-3 provides a list of primary acid-base 
disorders and their secondary compensation. In contrast, in response to  
respiratory alkalosis, the kidneys will eliminate excess bicarbonate and  
create a secondary metabolic acidosis in compensation. 
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Table 2-3. Primary Acid-Base Disorders and Compensation

Disorder
Carbon Dioxide  

Level pH
Bicarbonate  

Level

Acute respiratory acidosis
 

Chronic respiratory acidosis

Acute respiratory alkalosis

Chronic respiratory alkalosis

Metabolic acidosis

Metabolic alkalosis

The primary events are shown in bold arrows; the secondary e�ects are listed, and the arrow lengths  
are proportional to the magnitude of the change. For example, in acute respiratory acidosis, the primary 
event is an elevation in arterial PCO2. There is a concomitant decrease in pH and a very small increase in 
bicarbonate. In chronic respiratory acidosis, there is renal compensation and bicarbonate increases. As  
a result, the Pco2 is still elevated, but the pH is not as dramatically low as in acute respiratory acidosis.

It is possible to determine the primary acid-base disorder and the compensa- 
�W�L�R�Q���E�\���S�O�R�W�W�L�Q�J���W�K�H���Y�D�O�X�H�V���R�Q���D���Q�R�P�R�J�U�D�P���D�V���H�[�H�P�S�O�L�¿�H�G���L�Q��Figure 2-5.6 

In general, for acute respiratory acidosis, an increase in PCO2 of 10 mm Hg  
will decrease the pH by 0.08 and the bicarbonate by 1 mmol/L (1 mEq/L).  
In chronic respiratory acidosis, after renal compensation, the bicarbonate  
will increase by a total of 4 mmol/L (4 mEq/L) for each increase in PCO2 of  
10 mm Hg. In acute and chronic respiratory alkalosis, similar changes in the 
opposite direction occur. Remembering the relationship between change in 
PCO2 and pH can be useful in determining whether a patient has compensated, 
partially compensated, or uncompensated respiratory acidosis. For example,  
a patient with a severe acute asthma exacerbation may present to the emergen- 
cy department with a pH of 7.24, PCO2 of 60 mm Hg, and bicarbonate level of  
22 mmol/L (22 mEq/L), which indicates acute uncompensated respiratory 
acidosis. If the patient’s ventilation does not improve, over the course of 2 to  
3 days the kidneys will start to compensate, and a follow-up blood gas mea- 
surement may have a pH of 7.30, PCO2 of 60 mm Hg, and bicarbonate level of  
�������P�P�R�O���/�����������P�(�T���/�������Z�K�L�F�K���U�H�À�H�F�W�V���S�D�U�W�L�D�O���F�R�P�S�H�Q�V�D�W�L�R�Q�����,�Q���F�R�Q�W�U�D�V�W�����D�Q��
infant with bronchopulmonary dysplasia who has chronic respiratory failure 
may have a blood gas measurement with a pH of 7.35, PCO2 of 60 mm Hg, and 
bicarbonate level of 28 mmol/L (28 mEq/L), which indicates compensated 
respiratory acidosis.
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A B

Figure 2‑5. Nomogram of acid-base abnormalities. From this nomogram, the primary acid- 
base abnormality can be determined. A. Patient A has a pH of 7.18, PCO2 of 80 mm Hg, and 
bicarbonate (HCO-

3) of 26 mmol/L, which is consistent with acute respiratory acidosis.  
B. Patient B has a pH of 7.3, PCO2 of 80 mm Hg, and HCO-

3 of 37 mmol/L, which is consistent  
with chronic respiratory acidosis.
Adapted from DuBose TD. Disorders of acid-base balance. In: Brenner BM, ed. Brenner and Rector’s The Kidney. 
Philadelphia, PA: Saunders Elsevier; 2007, with permission from Elsevier.

Oxygenation
Oxygen reaches the alveoli through the conducting airways, where it diffuses 
across the very thin membrane to the capillary blood. Under normal circum-
stances, oxygen composes approximately 21% of air. The amount of oxygen  
in the alveolus is determined by the presence of other gases such as carbon 
dioxide, a supply of fresh air, and changes in barometric pressure. The PO2 
decreases when the PCO2 increases. The PO2���G�H�S�H�Q�G�V���R�Q���D���I�U�H�V�K���À�R�Z���R�I���D�L�U�����L�I��
�W�K�H�U�H���L�V���Q�R���D�L�U�À�R�Z�����V�X�F�K���D�V���L�Q���F�D�V�H�V���R�I���P�X�F�R�X�V���S�O�X�J�J�L�Q�J�����D�W�H�O�H�F�W�D�V�L�V�����R�U���D�S�Q�H�D����
then the PO2���L�Q���W�K�H���D�O�Y�H�R�O�X�V���G�H�F�U�H�D�V�H�V�����,�Q���D�G�G�L�W�L�R�Q�����W�K�H���3O2 depends on the 
atmospheric pressure. At high altitudes, the atmospheric pressure is lower, 
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and there is less oxygen available, which accounts for the development of 
�K�\�S�R�[�H�P�L�D�����R�U���O�R�Z���D�U�W�H�U�L�D�O���R�[�\�J�H�Q���O�H�Y�H�O�����D�W���0�R�X�Q�W���(�Y�H�U�H�V�W���R�U���Z�K�H�Q���À�\�L�Q�J��

Oxygen is primarily bound to hemoglobin in the red blood cell; a small 
amount is dissolved in plasma. A red blood cell takes about three-quarters of  
a second to transverse the pulmonary capillary bed; under normal conditions, 
it takes about one-quarter of a second for oxygen to be transferred fully to the 
red blood cell.2���,�I���W�K�H���F�D�S�L�O�O�D�U�\���P�H�P�E�U�D�Q�H���L�V���W�K�L�F�N�H�Q�H�G�����W�K�H�Q���W�U�D�Q�V�I�H�U���P�D�\���W�D�N�H��
longer and may not be complete by the end of its transit time. This delay may 
be aggravated by exercise; as the blood moves more quickly through the 
lungs, it may not have adequate time to become fully saturated.7

Mechanisms of Hypoxemia

The primary processes that contribute to hypoxemia are hypoventilation; 
diffusion impairment; shunt; ventilation/perfusion (V�Ú/Q�Ú) mismatch; and,  
under some conditions, low venous blood saturation.8 These processes are 
depicted in Figure 2‑6.���,�Q���D�G�G�L�W�L�R�Q�����D�V���P�H�Q�W�L�R�Q�H�G���L�Q���W�K�H���S�U�L�R�U���V�H�F�W�L�R�Q���� 
hypoxemia may result from low inspired PO2, which may occur at high  
altitudes or in the laboratory under experimental conditions.

Hypoventilation
�,�I���Y�H�Q�W�L�O�D�W�L�R�Q���L�V���L�Q�D�G�H�T�X�D�W�H�����W�K�H���3CO2 in the alveoli increases and the PO2 
�G�H�F�U�H�D�V�H�V�����,�Q�D�G�H�T�X�D�W�H���Y�H�Q�W�L�O�D�W�L�R�Q���P�D�\���E�H���F�D�X�V�H�G���E�\���G�H�S�U�H�V�V�H�G���U�H�V�S�L�U�D�W�R�U�\�� 
drive (medications, sepsis, brain trauma), damage to the chest wall, or  
weakness of the respiratory muscles.

The relationship between the increase in arterial carbon dioxide and decrease  
in oxygen tension can be seen from the alveolar gas equation, which is often 
�V�L�P�S�O�L�¿�H�G���D�V���I�R�O�O�R�Z�V��

PAO2 = PIO2 – PaCO2/R,

where PAO2 is the alveolar PO2, PIO2 is the inspired PO2, PaCO2 is the arterial 
PCO2, and R is the respiratory exchange ratio of carbon dioxide and oxygen, 
which is estimated to be 0.8 for the whole lung. Therefore, every increase  
in alveolar PCO2 of 10 mm Hg would decrease the PO2 by approximately  
12.5 mm Hg. For example, if a child without lung disease with a resting  
PCO2 of 40 mm Hg and PO2 of 100 mm Hg has an episode of apnea and  
the PCO2 increases to 80 mm Hg, the PO2 will decrease to 50 mm Hg.
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Di�usion Defects
�3�H�G�L�D�W�U�L�F���S�D�W�L�H�Q�W�V���F�D�Q���K�D�Y�H���S�U�R�E�O�H�P�V���Z�L�W�K���G�L�I�I�X�V�L�R�Q�����'�L�I�I�X�V�L�R�Q���R�I���D���J�D�V���W�K�U�R�X�J�K��
tissues depends on the cross-sectional area, the partial pressure difference 
across the tissue and the thickness of the tissue, and inherent characteristics  
�R�I���W�K�H���J�D�V�����L�W�V���V�R�O�X�E�L�O�L�W�\���D�Q�G���P�R�O�H�F�X�O�D�U���Z�H�L�J�K�W�������'�L�I�I�X�V�L�R�Q���F�D�Q���E�H���L�P�S�D�L�U�H�G���L�I���W�K�H��
surface area of the lung is decreased (such as in a lobectomy or emphysema) or 

Figure 2‑6. Causes of hypoxemia. A, Hypoventilation: Ventilation is decreased, and PCO2 is 
increased. Consequently, the PO2 in the alveolus decreases. B, Di�usion impairment: Di�usion 
across the alveolar-capillary membrane to the hemoglobin in the red blood cells is decreased.  
C, Shunt: Pulmonary venous blood bypasses the lung without being oxygenated. This may 
occur in congenital cardiac disease or arteriovenous malformation where there is a right-to-left 
shunt. D, Ventilation/perfusion mismatch: Some areas of the lung are nonfunctional and poorly 
oxygenate the venous blood. Blood from functioning alveolar units mixes with the venous 
blood. E, Low venous PO2: The PO2 in the venous blood may be abnormally low because of 
anemia, fever, or decreased cardiac output. In the presence of lung disease, shunt, or exercise, 
the venous blood may not be fully oxygenated as it completes its course through the lung.
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Figure 2‑7. E�ect of changing inspired oxygen 
concentration on arterial PO2 in lungs with shunts 
of varying degrees from 10% to 50%. In larger 
shunts, administering supplemental oxygen  
has little e�ect on arterial PO2. Addition of  
100% oxygen has little e�ect on arterial PO2  
when the shunt is greater than 30%.
From Dantzker DR. Gas exchange in the adult respiratory 
distress syndrome. Clin Chest Med. 1982;3:57–67, with 
permission from Elsevier.

the capillary basement membrane is thickened (such as in pulmonary edema or 
�L�Q�W�H�U�V�W�L�W�L�D�O���¿�E�U�R�V�L�V�������3�U�R�E�O�H�P�V���Z�L�W�K���G�L�I�I�X�V�L�R�Q���F�D�Q���E�H���G�H�W�H�F�W�H�G���E�\���X�V�L�Q�J���F�D�U�E�R�Q��
monoxide as a surrogate marker and testing the diffusing capacity of the lung  
�I�R�U���F�D�U�E�R�Q���P�R�Q�R�[�L�G�H�����'LCO�������7�K�H���'LCO may be low in the aforementioned 
conditions and also with reduced thoracic blood volume or reduced hemoglobin.

�,�Q�I�D�Q�W�V���D�Q�G���F�K�L�O�G�U�H�Q���K�D�Y�H���O�R�Z�H�U���G�L�I�I�X�V�L�R�Q���F�D�S�D�F�L�W�L�H�V�����U�H�O�D�W�H�G���W�R���W�K�H�L�U���V�P�D�O�O�H�U���E�R�G�\��
�O�H�Q�J�W�K���D�Q�G���O�X�Q�J���Y�R�O�X�P�H�V�����W�K�D�Q���D�G�X�O�W�V���G�R�����,�Q�I�D�Q�W�V���D�Q�G���F�K�L�O�G�U�H�Q���Z�L�W�K���F�K�U�R�Q�L�F���O�X�Q�J��
�G�L�V�H�D�V�H���R�I���S�U�H�P�D�W�X�U�L�W�\���K�D�Y�H���D���G�H�F�U�H�D�V�H���L�Q���'LCO likely related to arrested alveolar-
ization and decreased surface area.9–11���'�H�V�S�L�W�H���L�P�P�D�W�X�U�H���D�O�Y�H�R�O�D�U�L�]�D�W�L�R�Q�����L�W���G�R�H�V��
�Q�R�W���D�S�S�H�D�U���D�V���W�K�R�X�J�K���S�U�H�P�D�W�X�U�L�W�\���S�H�U���V�H���L�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D���G�H�F�U�H�D�V�H���L�Q���'LCO.12

Shunt
�6�K�X�Q�W���R�F�F�X�U�V���Z�K�H�Q���G�H�R�[�\�J�H�Q�D�W�H�G���E�O�R�R�G���E�\�S�D�V�V�H�V���W�K�H���O�X�Q�J�V���D�Q�G���À�R�Z�V���G�L�U�H�F�W�O�\��
into the arterial circulation.2 Small shunts exist under normal physiological 

�F�R�Q�G�L�W�L�R�Q�V�����'�H�R�[�\�J�H�Q�D�W�H�G���E�O�R�R�G�� 
from the bronchial arteries drains 
directly into the pulmonary veins,  
and the coronary veins drain directly 
into the left ventricle through the 
�7�K�H�E�H�V�L�D�Q���Y�H�L�Q�V�����,�Q���V�R�P�H���F�L�U�F�X�P-
stances, there can be an abnormal 
connection between the veins and 
arteries (arteriovenous malformation). 
�,�Q���D�G�G�L�W�L�R�Q�����D���U�L�J�K�W���W�R���O�H�I�W���V�K�X�Q�W�� 
can occur with congenital heart 
disease (eg, pulmonary atresia with 
ventriculoseptal defect, pulmonary 
hypertension with an atrial septal 
defect or patent foramen ovale).  
The amount of blood going through 
the shunt can be calculated from the  
following equation:
Q�FS = CC'O2 – CaO2

Q�FT    CC'O2 – CV  �C O2 	

where Q�FS/Q�FT is the fraction of blood 
going through the shunt, CC'O2 is the 
pulmonary capillary oxygen content, 
CaO2 is the arterial oxygen content,  
and CV  �C O2 is the mixed venous oxy- 
gen content. Shunt fractions can also  
be calculated from nomograms 
(Figure 2‑7).
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A shunt will result in decreased oxygen concentration but does not usually pro- 
duce elevated arterial carbon dioxide levels. The chemoreceptors normally sense 
the elevation of arterial carbon dioxide and respond by increasing ventilation.

 Mismatch
V�F/Q�F���P�L�V�P�D�W�F�K���L�V���R�Q�H���R�I���W�K�H���P�R�V�W���G�L�I�¿�F�X�O�W���R�I���W�K�H���F�D�X�V�H�V���R�I���K�\�S�R�[�H�P�L�D���W�R��
�X�Q�G�H�U�V�W�D�Q�G�����,�I���E�O�R�R�G���À�R�Z���D�Q�G���Y�H�Q�W�L�O�D�W�L�R�Q���D�U�H���Q�R�W���P�D�W�F�K�H�G���L�Q���D�U�H�D�V���R�I���W�K�H���O�X�Q�J����
�W�K�H�Q���L�Q�D�G�H�T�X�D�W�H���J�D�V���H�[�F�K�D�Q�J�H���R�F�F�X�U�V�����,�I���D�Q���D�U�H�D���R�I���W�K�H���O�X�Q�J���L�V���S�H�U�I�X�V�H�G���E�X�W���Q�R�W��
ventilated, as in the case of pneumonia or atelectasis (lung collapse), then it acts 
�O�L�N�H���D���V�P�D�O�O���V�K�X�Q�W�����'�H�R�[�\�J�H�Q�D�W�H�G���E�O�R�R�G���J�R�H�V���W�K�U�R�X�J�K���W�K�H���Q�R�Q�I�X�Q�F�W�L�R�Q�D�O���O�X�Q�J��
without being oxygenated and then mixes with blood from other areas of the 
lung that are oxygenated.

A shunt can be distinguished from V�F/Q�F���P�L�V�P�D�W�F�K���E�\���W�K�H���K�\�S�H�U�R�[�L�D���W�H�V�W�����,�Q�� 
the case of the latter, addition of 100% oxygen will increase the arterial oxygen 
saturation. However, if a true shunt exists, the supplemental oxygen will raise  
the arterial saturation by only a small amount (usually < 5%).2

Low Venous PO2

The normal PO2���R�I���Y�H�Q�R�X�V���E�O�R�R�G���L�V���������P�P���+�J���D�Q�G���K�D�V���D���V�D�W�X�U�D�W�L�R�Q���R�I�������������,�I��
venous blood has an unusually low PO2, then the blood may not be fully oxygen-
�D�W�H�G���E�\���W�K�H���W�L�P�H���L�W���¿�Q�L�V�K�H�V���L�W�V���F�R�X�U�V�H���W�K�U�R�X�J�K���W�K�H���S�X�O�P�R�Q�D�U�\���F�D�S�L�O�O�D�U�L�H�V�����/�R�Z��
venous PO2 may result when the body extracts more oxygen from the blood than 
usual, such as in anemia, fever, and low cardiac output. Normally, the lung can 
compensate for the abnormally low venous PO2. However, it may not during exer-
cise or if there is another superimposed problem, such as V�F/Q�F mismatch, shunt, 
or diffusion impairment.

Oxygen Transport

Oxygen is primarily carried in the blood bound to hemoglobin; a very small 
amount is dissolved in plasma. The total amount carried by the blood is called 
the oxygen content. The maximum amount of oxygen that can be combined  
with hemoglobin is called the oxygen capacity. One gram of hemoglobin can 
combine with 1.34 mL of oxygen.2 The oxygen capacity for a normal child  
with a hemoglobin concentration of 14 g/100 mL is 19.5 mL oxygen/100 mL  
of blood.

The oxygen saturation is the percentage of binding sites of hemoglobin that  
have oxygen attached. The normal oxygen saturation is 98% for arterial blood 
�D�Q�G�����������I�R�U���Y�H�Q�R�X�V���E�O�R�R�G�����,�Q���J�H�Q�H�U�D�O�����R�[�\�J�H�Q���V�D�W�X�U�D�W�L�R�Q���L�Q�F�U�H�D�V�H�V���D�V���W�K�H���3O2  
of the blood increases. The dissociation curve for oxygen is S-shaped and is 
shown in Figure 2-8. Between an oxygen tension of 20 and 75 mm Hg, there  
is a sharp, linear increase in oxygen saturation. After that, large increases in 
arterial PO2 cause small increases in oxygen saturation. The P50 is the oxygen 
tension at which 50% of the hemoglobin is saturated.

Should
new Fig.
2-8 be
ack and

lue only?
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At high oxygen tension, relatively large 
changes in PO2 will lead to only small 
changes in SpO2 (�at part of the curve)

At SpO2 90% or lower, small reduction 
in  SpO2 may result in dangerous falls 
in PO2 (steep part of the curve)

Figure 2-8. Oxygen dissociation curve. The oxygen dissociation curve is shown for a pH of  
7.4, PCO2 of 40 mm Hg, temperature of 37 °C, and hemoglobin concentration of 15 g/100 mL 
(dashed line). Many factors can shift the oxygen dissociation curve to the right and cause  
oxygen to bind less avidly to hemoglobin (dotted line): increased temperature, acidosis, 
hypercarbia, and increased 2,3-diphosphoglycerate (2,3-DPG) levels. Conversely, decreased 
temperature, alkalosis, low carbon dioxide levels, and decreased 2,3-DPG levels shift the  
curve to the left (solid line); thus, oxygen binds more avidly to the hemoglobin, and the e�ect  
is decreased delivery to the tissues. SpO2, oxygen saturation as measured by pulse oximetry. P50 is 
the oxygen tension when hemoglobin is 50% saturated with oxygen. When hemoglobin- 
oxygen a�nity increases, the oxyhemoglobin dissociation curve shifts to the left and decreases 
P50. When hemoglobin-oxygen a�nity decreases, the oxyhemoglobin dissociation curve shifts 
to the right and increases P50.
Adapted from Krishnan S. Oximetry and capnography. In: Stokes DC, Dozor AJ, eds. Pediatric Pulmonology, Asthma, 
and Sleep Medicine: A Quick Reference Guide. Itasca, IL: American Academy of Pediatrics; 2018: 63–67.
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Factors That Alter the A�nity of Hemoglobin for Oxygen

�0�D�Q�\���I�D�F�W�R�U�V���F�D�Q���D�I�I�H�F�W���W�K�H���D�I�¿�Q�L�W�\���R�I���K�H�P�R�J�O�R�E�L�Q���I�R�U���R�[�\�J�H�Q�����$�F�L�G�R�V�L�V����
�K�\�S�H�U�F�D�U�E�L�D�����K�\�S�H�U�W�K�H�U�P�L�D�����D�Q�G���L�Q�F�U�H�D�V�H�G�����������G�L�S�K�R�V�S�K�R�J�O�\�F�H�U�D�W�H�������������'�3�*����
�O�H�Y�H�O�V���F�D�Q���G�H�F�U�H�D�V�H���W�K�H���D�I�¿�Q�L�W�\�����7�K�H���U�H�V�X�O�W���L�V���D���V�K�L�I�W���L�Q���W�K�H���R�[�\�J�H�Q���G�L�V�V�R�F�L�D�W�L�R�Q��
�F�X�U�Y�H���W�R���W�K�H���U�L�J�K�W�����Z�K�L�F�K���L�V���V�K�R�Z�Q���L�Q��Figure 2-8.���$�V���D���U�H�V�X�O�W�����W�K�H���K�H�P�R�J�O�R�E�L�Q�� 
�L�V���O�H�V�V���V�D�W�X�U�D�W�H�G���D�W���D���J�L�Y�H�Q���R�[�\�J�H�Q���W�H�Q�V�L�R�Q�����7�K�H���F�R�Q�Y�H�U�V�H���L�V���D�O�V�R���W�U�X�H�����D�O�N�D�O�R�V�L�V����
�K�\�S�R�F�D�U�E�L�D�����K�\�S�R�W�K�H�U�P�L�D�����D�Q�G���G�H�F�U�H�D�V�H�G�����������'�3�*���O�H�Y�H�O�V���V�K�L�I�W���W�K�H���R�[�\�J�H�Q��
�G�L�V�V�R�F�L�D�W�L�R�Q���F�X�U�Y�H���W�R���W�K�H���O�H�I�W�����D�Q�G���W�K�H���K�H�P�R�J�O�R�E�L�Q���K�D�V���D���K�L�J�K�H�U���V�D�W�X�U�D�W�L�R�Q�� 
�D�W���D���J�L�Y�H�Q���R�[�\�J�H�Q���W�H�Q�V�L�R�Q��

�$�Q�R�W�K�H�U���F�R�P�P�R�Q���U�H�D�V�R�Q���I�R�U���D�O�W�H�U�H�G���R�[�\�J�H�Q���D�I�¿�Q�L�W�\���L�V���D�O�W�H�U�D�W�L�R�Q�V���L�Q���W�K�H�� 
�K�H�P�R�J�O�R�E�L�Q���L�W�V�H�O�I�����7�K�H���K�H�P�R�J�O�R�E�L�Q���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���V�L�F�N�O�H���F�H�O�O���G�L�V�H�D�V�H���K�D�V�� 
�O�H�V�V���D�I�¿�Q�L�W�\���I�R�U���R�[�\�J�H�Q���W�K�D�Q���W�K�D�W���L�Q���W�K�R�V�H���Z�L�W�K���Q�R�U�P�D�O���K�H�P�R�J�O�R�E�L�Q�����V�R���S�D�W�L�H�Q�W�V��
�Z�L�W�K���V�L�F�N�O�H���F�H�O�O���G�L�V�H�D�V�H���P�D�\���K�D�Y�H���D���O�R�Z�H�U���R�[�\�J�H�Q���V�D�W�X�U�D�W�L�R�Q���L�Q���U�R�R�P���D�L�U������������  
�,�Q���F�R�Q�W�U�D�V�W�����I�H�W�D�O���K�H�P�R�J�O�R�E�L�Q���R�U���U�H�G���E�O�R�R�G���F�H�O�O�V���W�K�D�W���K�D�Y�H���E�H�H�Q���V�W�R�U�H�G���L�Q���D��
�E�O�R�R�G���E�D�Q�N���K�D�Y�H���D���K�L�J�K�H�U���D�I�¿�Q�L�W�\���I�R�U���R�[�\�J�H�Q���E�H�F�D�X�V�H���R�I���D���G�H�F�U�H�D�V�H�G���O�H�Y�H�O�� 
�R�I�����������'�3�*��15���7�K�H���V�D�W�X�U�D�W�L�R�Q���R�I���R�[�\�J�H�Q���F�D�Q���D�O�V�R���E�H���O�R�Z�H�U���E�H�F�D�X�V�H���L�W���L�V�� 
�E�R�X�Q�G���E�\���R�W�K�H�U���P�R�O�H�F�X�O�H�V�����V�X�F�K���D�V���L�Q���F�D�U�E�R�Q���P�R�Q�R�[�L�G�H���S�R�L�V�R�Q�L�Q�J�� 
�R�U���P�H�W�K�H�P�R�J�O�R�E�L�Q�H�P�L�D��

�'�H�F�U�H�D�V�H�V���L�Q���R�[�\�J�H�Q���F�D�S�D�F�L�W�\���D�Q�G�����F�R�Q�V�H�T�X�H�Q�W�O�\�����L�P�S�D�L�U�H�G���R�[�\�J�H�Q���G�H�O�L�Y�H�U�\�� 
�W�R���W�L�V�V�X�H�V���F�D�Q���E�H���F�D�X�V�H�G���E�\���D���G�H�F�U�H�D�V�H���L�Q���R�[�\�J�H�Q���V�D�W�X�U�D�W�L�R�Q���R�U���D�Q�H�P�L�D�����$�V��
�S�U�H�Y�L�R�X�V�O�\���G�H�V�F�U�L�E�H�G�����G�H�F�U�H�D�V�H�V���L�Q���R�[�\�J�H�Q���V�D�W�X�U�D�W�L�R�Q���F�D�Q���E�H���F�D�X�V�H�G���E�\��
�G�H�F�U�H�D�V�H�V���L�Q���D�U�W�H�U�L�D�O���R�[�\�J�H�Q���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�����S�Q�H�X�P�R�Q�L�D�����D�W�H�O�H�F�W�D�V�L�V�����O�X�Q�J��
�G�L�V�H�D�V�H�����K�L�J�K���D�O�W�L�W�X�G�H�������G�H�F�U�H�D�V�H�V���L�Q���D�I�¿�Q�L�W�\���R�I���K�H�P�R�J�O�R�E�L�Q���I�R�U���R�[�\�J�H�Q���� 
�R�U���V�L�W�H�V���R�Q���W�K�H���K�H�P�R�J�O�R�E�L�Q���E�H�L�Q�J���E�R�X�Q�G���E�\���R�W�K�H�U���P�R�O�H�F�X�O�H�V��

Assessment of Oxygenation and Ventilation

�,�W���L�V���H�[�W�U�H�P�H�O�\���G�L�I�¿�F�X�O�W���W�R���D�V�V�H�V�V���W�K�H���D�G�H�T�X�D�F�\���R�I���R�[�\�J�H�Q�D�W�L�R�Q���D�Q�G���Y�H�Q�W�L�O�D�W�L�R�Q��
�E�\���P�H�D�Q�V���R�I���S�K�\�V�L�F�D�O���H�[�D�P�L�Q�D�W�L�R�Q�����7�K�H���P�R�V�W���V�S�H�F�L�¿�F���V�L�J�Q���R�I���L�P�S�D�L�U�H�G���R�[�\�J�H�Q��
�D�W�L�R�Q���L�V���F�\�D�Q�R�V�L�V�����Z�K�L�F�K���F�D�Q���X�V�X�D�O�O�\���E�H���G�H�W�H�F�W�H�G���D�W���D�Q���R�[�\�K�H�P�R�J�O�R�E�L�Q���V�D�W�X�U�D��
�W�L�R�Q���R�I����������16���+�R�Z�H�Y�H�U�����L�W���P�D�\���E�H���G�L�I�¿�F�X�O�W���W�R���D�V�V�H�V�V���L�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���D�Q�H�P�L�D��
�R�U���G�D�U�N���F�R�O�R�U�H�G���V�N�L�Q�����6�L�J�Q�V���R�I���K�\�S�R�[�H�P�L�D���L�Q�F�O�X�G�H���W�D�F�K�\�S�Q�H�D���D�Q�G���W�D�F�K�\�F�D�U�G�L�D����
�D�Q�G���S�U�R�J�U�H�V�V�L�R�Q���P�D�\���E�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���F�R�Q�I�X�V�L�R�Q�����P�R�W�R�U���L�Q�F�R�R�U�G�L�Q�D�W�L�R�Q�����D�Q�G��
�D�J�L�W�D�W�L�R�Q�����,�P�S�D�L�U�H�G���Y�H�Q�W�L�O�D�W�L�R�Q���L�V���H�Y�H�Q���P�R�U�H���G�L�I�¿�F�X�O�W���W�R���G�H�W�H�U�P�L�Q�H�����&�H�U�W�D�L�Q�O�\����
�Z�K�H�Q���D���S�D�W�L�H�Q�W���L�V���D�S�Q�H�L�F���R�U���K�D�V���D�Q���H�[�W�U�H�P�H�O�\���O�R�Z���U�H�V�S�L�U�D�W�R�U�\���U�D�W�H�����D�Q���L�P�S�D�L�U��
�P�H�Q�W���R�I���Y�H�Q�W�L�O�D�W�L�R�Q���L�V���O�L�N�H�O�\�����7�L�G�D�O���Y�R�O�X�P�H���L�V���G�L�I�¿�F�X�O�W���W�R���G�H�W�H�U�P�L�Q�H���I�U�R�P��
�H�[�D�P�L�Q�D�W�L�R�Q���R�I���F�K�H�V�W���H�[�F�X�U�V�L�R�Q�����G�H�D�G���V�S�D�F�H���F�D�Q�Q�R�W���E�H���D�V�V�H�V�V�H�G��17���2�W�K�H�U���O�D�W�H��
�V�L�J�Q�V���R�I���L�P�S�D�L�U�H�G���Y�H�Q�W�L�O�D�W�L�R�Q���D�U�H���K�\�S�R�W�H�Q�V�L�R�Q�����À�X�V�K�H�G���V�N�L�Q�����G�L�D�S�K�R�U�H�V�L�V���� 
�W�D�F�K�\�F�D�U�G�L�D�����D�Q�G���O�H�W�K�D�U�J�\��

Noninvasive Monitoring of Oxygen and Carbon Dioxide
�%�R�W�K���R�[�\�J�H�Q�D�W�L�R�Q���D�Q�G���Y�H�Q�W�L�O�D�W�L�R�Q���F�D�Q���E�H���D�V�V�H�V�V�H�G���Q�R�Q�L�Q�Y�D�V�L�Y�H�O�\�����3�X�O�V�H���R�[�L�� 
�P�H�W�U�\���L�V���W�K�H���P�R�V�W���F�R�P�P�R�Q���Z�D�\���W�R���D�V�V�H�V�V���R�[�\�J�H�Q�D�W�L�R�Q���D�Q�G���L�V���E�D�V�H�G���R�Q���W�K�H��
�S�U�L�Q�F�L�S�O�H���W�K�D�W���R�[�\�K�H�P�R�J�O�R�E�L�Q���D�Q�G���U�H�G�X�F�H�G���K�H�P�R�J�O�R�E�L�Q���K�D�Y�H���G�L�I�I�H�U�H�Q�W���O�L�J�K�W��
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�D�E�V�R�U�S�W�L�R�Q���V�S�H�F�W�U�D�����3�X�O�V�H���R�[�L�P�H�W�U�\���G�H�W�H�F�W�V���D�U�W�H�U�L�D�O���S�X�O�V�D�W�L�R�Q�V���D�Q�G���P�H�D�V�X�U�H�V���W�K�H��
�D�U�W�H�U�L�D�O���R�[�\�J�H�Q���V�D�W�X�U�D�W�L�R�Q�����+�R�Z�H�Y�H�U�����L�W���K�D�V���D���I�H�Z���G�H�¿�F�L�H�Q�F�L�H�V�����,�W���L�V���L�Q�V�H�Q�V�L�W�L�Y�H���W�R��
�F�K�D�Q�J�H�V���D�W���K�L�J�K���D�U�W�H�U�L�D�O���3O�������E�H�F�D�X�V�H���R�I���W�K�H���V�K�D�S�H���R�I���W�K�H���R�[�\�J�H�Q���G�L�V�V�R�F�L�D�W�L�R�Q��
�F�X�U�Y�H�����D�Q�G���L�Q�D�F�F�X�U�D�W�H���D�W���O�R�Z���D�U�W�H�U�L�D�O���R�[�\�J�H�Q���V�D�W�X�U�D�W�L�R�Q�����6�DO���������3�X�O�V�H���R�[�L�P�H�W�U�\��
�P�D�\���E�H���O�H�V�V���V�H�Q�V�L�W�L�Y�H���W�R���K�\�S�R�[�H�P�L�D���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���P�R�U�H���G�D�U�N�O�\���S�L�J�P�H�Q�W�H�G��
�V�N�L�Q�����7�K�H�U�H���L�V���D�O�V�R���D���G�H�O�D�\���L�Q���U�H�V�S�R�Q�V�H���W�R���F�K�D�Q�J�H�V���L�Q���6�DO�������S�D�U�W�L�F�X�O�D�U�O�\���Z�K�H�Q���W�K�H��
�R�[�L�P�H�W�H�U���L�V���S�O�D�F�H�G���R�Q���D�Q���H�[�W�U�H�P�L�W�\�����,�Q���D�G�G�L�W�L�R�Q�����D���Q�X�P�E�H�U���R�I���I�D�F�W�R�U�V���F�D�Q���J�L�Y�H��
�V�S�X�U�L�R�X�V���U�H�V�X�O�W�V�����W�K�H�V�H���I�D�F�W�R�U�V���D�U�H���O�L�V�W�H�G���L�Q��Box 2-1.����������

�(�Q�G���W�L�G�D�O���F�D�U�E�R�Q���G�L�R�[�L�G�H���P�R�Q�L�W�R�U�L�Q�J�����F�D�S�Q�R�J�U�D�S�K�\�����F�D�Q���E�H���X�V�H�G���W�R���D�V�V�H�V�V��
�Y�H�Q�W�L�O�D�W�L�R�Q���������7�K�H���F�D�U�E�R�Q���G�L�R�[�L�G�H���L�Q���H�[�K�D�O�H�G���D�L�U���L�V���P�H�D�V�X�U�H�G���E�\���P�H�D�Q�V���R�I���L�Q�� 
�I�U�D�U�H�G���O�L�J�K�W���D�E�V�R�U�S�W�L�R�Q���R�U���P�D�V�V���V�S�H�F�W�U�R�P�H�W�U�\�����$���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���F�D�S�Q�R�J�U�D�S�K���L�V��
�V�K�R�Z�Q���L�Q��Figure 2-9.���,�Q���K�H�D�O�W�K�\���L�Q�G�L�Y�L�G�X�D�O�V�����W�K�H���F�D�U�E�R�Q���G�L�R�[�L�G�H���L�Q���W�K�H���H�[�K�D�O�H�G��

Figure 2-9. Normal capnograph. Carbon dioxide is measured in the exhaled air. The beginning 
of the breath is �lled with dead space volume. At the end of the breath, the end-tidal PCO2 
re�ects alveolar PCO2. It is a noninvasive way of monitoring arterial PCO2.

From Levitzky M. Pulmonary Physiology. 4th ed. New York: McGraw-Hill, Inc; 1995:73, with permission.
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Box 2-1

Causes of Inaccuracies in Pulse Oximetry

Carboxyhemoglobin

Methemoglobin

High-intensity ambient light

Impaired perfusion

Nail polish and arti�cial nails

Intravenous dyes
	� Methylene blue
	� Indigo carmine
	� Indocyanine green
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air will be slightly less than the arterial PCO2. Larger differences may occur in 
disease states in which there is more dead space, such as in patients who are 
anesthetized or those with pulmonary embolism.21

Another noninvasive method to estimate arterial PO2 and PCO2 is by using  
a transcutaneous monitor, which measures skin-surface PO2 and PCO2. The 
transcutaneous monitor increases the local temperature of the skin, produc- 
ing hyperperfusion, and determines the PO2 and PCO2 by using a sensor.22 
Because of the widespread use of pulse oximetry and the potential risk of 
thermal injury, the transcutaneous monitor is usually used only to estimate 
arterial PCO2 and is referred to as transcutaneous PCO2 (TcPCO2). This tech-
nique has advantages and disadvantages. TcPCO2 values are typically higher 
than the true arterial PCO2�����,�Q�D�F�F�X�U�D�W�H���U�H�D�G�L�Q�J�V���P�D�\���R�F�F�X�U���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K��
hyperoxemia, hypoperfusion, or skin edema and from improper electrode 
placement.22 However, TcPCO2 values may provide a better estimate of arterial 
PCO2 than does end-tidal PCO2, particularly in neonates and preterm infants in 
whom end-tidal PCO2 measurements often lead to underestimation of the true 
arterial PCO2.

23 Transcutaneous PCO2 monitoring is especially useful in 
neonatal and pediatric intensive care units, sleep laboratories, and operating 
rooms.22–25

Arterial Blood Gas Analysis
The gold standard for assessing both oxygenation and ventilation is arterial 
blood gas analysis.26 The actual value of measured arterial PO2 is important. 
However, in patients with hypoventilation or receiving supplemental oxygen, 
it is also useful to compare it with what it should ideally be. The difference 
between the predicted arterial PO2, calculated from the alveolar PO2 (PAO2), 
and what is measured is known as the alveolar-arterial (A-a) gradient; it is 
usually less than 10 mm Hg.27 The PAO2���F�D�Q���E�H���F�D�O�F�X�O�D�W�H�G���I�U�R�P���W�K�H���V�L�P�S�O�L�¿�H�G��
alveolar gas equation as follows:

PAO2 = PIO2 – PaCO2/R,

	 and because PIo2 = FIO2 (Patm – PH2o),

PAO2 = FIO2 (Patm – PH2O) – PaCO2/R,

where PAO2 is the alveolar PO2, PIO2 is the inspired PO2, PaCO2 is the arterial 
PCO2, and R is the respiratory exchange ratio of carbon dioxide and oxygen 
(which is estimated to be 0.8 for the whole lung). FIO2 is the percentage of 
oxygen, Patm is atmospheric pressure (760 mm Hg at sea level), and PH2O is 
water vapor pressure (47 mm Hg at 37° C). So, for example, a patient breath- 
ing 40% oxygen with an arterial PCO2 of 35 mm Hg has a PO2 of 100 mm Hg. 
However, on the basis of the equation, the patient should have an arterial  
PO2 of 240 mm Hg at sea level. The A-a gradient is extremely elevated at  
140 mm Hg. There are other ways to assess impairment of oxygenation by 
using the PAO2 as well as other variables27–31 (Table 2‑4).
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The adequacy of ventilation can be assessed by measuring arterial blood  
gas; there is an inverse correlation between ventilation and the arterial PCO2. 
However, the number must be assessed in the context of the clinical picture. 
For example, a patient with asthma who is in severe distress with a respiratory 
rate of 60 breaths/min has a PCO2 of 40 mm Hg. Although this is a normal 
value, it implies impending respiratory failure in a patient with this degree  
of tachypnea and work of breathing.

�0�H�D�V�X�U�H�P�H�Q�W���R�I���D�U�W�H�U�L�D�O���E�O�R�R�G���J�D�V�H�V���L�V���L�Q�Y�D�V�L�Y�H���D�Q�G���P�D�\���E�H���W�H�F�K�Q�L�F�D�O�O�\���G�L�I�¿�� 
�F�X�O�W���D�Q�G���S�D�L�Q�I�X�O�����6�X�U�U�R�J�D�W�H���P�H�D�V�X�U�H�V���L�Q�Y�R�O�Y�H���X�V�L�Q�J���H�L�W�K�H�U���D���Y�H�Q�R�X�V���R�U���D���F�D�S�L�O�� 
�O�D�U�\���E�O�R�R�G���V�D�P�S�O�H�����,�Q���W�K�H���O�D�W�W�H�U�����D���¿�Q�J�H�U���R�U���W�R�H���L�V���S�L�H�U�F�H�G���Z�L�W�K���D���O�D�Q�F�H�W���D�Q�G���W�K�H��
blood collected. Neither measure is useful for assessing arterial oxygenation 
because the samples are mixed with venous blood. Because venous blood has  
a higher PCO2, both samples will lead to overestimation of the true arterial 
PCO2�����D�Q�G���L�Q�G�L�F�D�W�H���W�K�H���Z�R�U�V�W���F�D�V�H���V�F�H�Q�D�U�L�R�������,�Q���F�D�V�H�V���R�I���F�D�U�G�L�D�F���D�U�U�H�V�W�����W�K�H��
discrepancy between the 2 values widens.32

Table 2-4. Measures of Impairment in Oxygenation

Name of Index Equation Normal Values

A-a oxygen gradient PAO2 – PaO2 < 10 mm Hg

A-a oxygen ratio PaO2/PAO2 > 0.75

PaO2:FIO2 ratio PaO2/FIO2 300–500 mm Hg

Oxygenation index FIO2 × mean airway pressure × 100/PaO2 < 5

Oxygen saturation index FIO2 × mean airway pressure × 100/SpO2 < 6.5

Normal values are from references 27–31.

Mechanics of Breathing
The muscles of respiration act like a pump to move air in and out of the lungs. 
�7�K�H���H�I�¿�F�L�H�Q�F�\���R�I���W�K�H���S�X�P�S���L�V���G�H�W�H�U�P�L�Q�H�G���E�\���W�K�H���H�O�D�V�W�L�F���S�U�R�S�H�U�W�L�H�V���R�I���W�K�H���F�K�H�V�W��
wall and lungs and the resistance of the airways. Disease processes can alter 
these relationships and lead to respiratory failure.

Muscles of Breathing

The muscles of breathing are depicted in Figure 2-10. The diaphragm is the 
�S�U�L�P�D�U�\���P�X�V�F�O�H���R�I���L�Q�V�S�L�U�D�W�L�R�Q�����,�W���L�V���D���G�R�P�H���V�K�D�S�H�G���P�X�V�F�O�H���D�Q�G���L�V���U�H�V�S�R�Q�V�L�E�O�H��
�I�R�U���W�Z�R���W�K�L�U�G�V���R�I���W�K�H���D�L�U���W�K�D�W���H�Q�W�H�U�V���W�K�H���O�X�Q�J�V���G�X�U�L�Q�J���T�X�L�H�W���E�U�H�D�W�K�L�Q�J�����:�K�H�Q�� 
it contracts, it forces the abdominal contents down and widens the rib cage. 
�:�K�H�Q���L�W���L�V���S�D�U�D�O�\�]�H�G�����D�V���L�Q���W�K�H���F�D�V�H���R�I���S�K�U�H�Q�L�F���Q�H�U�Y�H���R�U���F�H�U�Y�L�F�D�O���V�S�L�Q�H���L�Q�M�X�U�\���� 
it moves up instead of down during inspiration. Other muscles of inspiration 
are the external intercostal muscles and other accessory muscles, such as the 
scalene and sternocleidomastoid muscles.
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�,�Q���Q�R�U�P�D�O���T�X�L�H�W���E�U�H�D�W�K�L�Q�J�����H�[�S�L�U�D�W�L�R�Q���L�V���S�D�V�V�L�Y�H�����W�K�H���U�H�F�R�L�O���R�I���W�K�H���O�X�Q�J�V���I�R�U�F�H�V��
the air out. However, in active breathing, such as with exercise, coughing, or 
singing, or in lower airway obstruction, expiratory muscles are recruited.1  
The muscles of expiration are the abdominal and internal intercostal muscles. 
Neuromuscular disease, abdominal muscle weakness, or postoperative 
abdominal pain may impair cough, leading to a decreased ability to  
clear secretions.

External
intercostals

Accessory
muscles

INSPIRATION ACTIVE EXPIRATION

Abdominal
muscles

Diaphragm

Posterior Anterior

Internal
intercostals

Figure 2‑10. Muscles of breathing. The inspiratory muscles are 
the diaphragm, external intercostals, and accessory muscles such 
as the sternocleidomastoid and scalene. Expiration with quiet 
breathing is passive. Active expiration requires the use of the 
abdominal and internal intercostal muscles.
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Elastic Properties of the Lung and Chest Wall

The interaction of the lungs and chest wall determines the effectiveness  
of the pump. The lungs and individual alveoli act like balloons. Pressure is 
�U�H�T�X�L�U�H�G���W�R���L�Q�À�D�W�H���W�K�H���O�X�Q�J�V�����Z�L�W�K�R�X�W���L�W�����W�K�H�\���Z�R�X�O�G���W�H�Q�G���W�R���F�R�O�O�D�S�V�H�����$�W���O�R�Z��
�Y�R�O�X�P�H�V�����L�W���L�V���G�L�I�¿�F�X�O�W���W�R���R�Y�H�U�F�R�P�H���W�K�H���H�O�D�V�W�L�F���I�R�U�F�H�V���D�Q�G���W�R���L�Q�À�D�W�H���W�K�H���O�X�Q�J����
high pressures are required. At medium volumes, less pressure is required to 
�L�Q�À�D�W�H���W�K�H���O�X�Q�J�V�����$�W���K�L�J�K���Y�R�O�X�P�H�V�����L�W���L�V���D�J�D�L�Q���P�R�U�H���G�L�I�¿�F�X�O�W�����D�Q�G���K�L�J�K�H�U���S�U�H�V�� 
sures are required. The ease with which the lungs can be stretched is known  
as compliance. Reduced lung compliance can be seen in conditions such as 
�¿�E�U�R�V�L�V�����S�X�O�P�R�Q�D�U�\���H�G�H�P�D�����D�Q�G���D�F�X�W�H���U�H�V�S�L�U�D�W�R�U�\���G�L�V�W�U�H�V�V���V�\�Q�G�U�R�P�H�����,�Q�F�U�H�D�V�H�G��
lung compliance is seen in emphysema and aging. One of the important func- 
tions of surfactant, a phospholipid produced by the lung, is to increase lung 
compliance by reducing the surface tension of the alveoli. Consequently, in 
preterm neonates in whom there is a developmental decrease in surfactant 
production, there is a decrease in lung compliance and the development of 
neonatal respiratory distress syndrome.

�7�K�H���F�K�H�V�W���Z�D�O�O���K�D�V���H�O�D�V�W�L�F���S�U�R�S�H�U�W�L�H�V���D�Q�G���L�W�V���R�Z�Q���F�R�P�S�O�L�D�Q�F�H�����,�W�V���L�Q�K�H�U�H�Q�W��
tendency is to expand, which counterbalances the tendency of the lungs to 
collapse. The relationship between the forces of the chest wall and lung 
volume is shown in Figure 2‑11. The resting lung volume (functional residual 
capacity) represents the equilibrium between the 2 forces (Figure 2‑11A). 
Lung volumes are smaller if the compliance of either the chest wall  
(Figure 2‑11B) or the lung (Figure 2‑11C) is decreased.

A B C

Figure 2‑11. Interactions of the chest wall and lung. A, In the normal lung, the outward recoil  
of the chest wall balances the inward recoil of the lung. The �nal volume of the lung depends  
on the equilibrium between them. B, If the chest wall becomes less compliant and more sti�, 
there is less outward force to balance out the inward recoil of the lungs. The result is a smaller 
lung volume. Examples include obesity, neuromuscular weakness, and trauma to or defects in 
the chest wall. C, If the lungs become less compliant, they overcome the outward force of the 
chest wall and have a smaller resting volume. Examples include pulmonary edema, interstitial 
�brosis, and acute respiratory distress syndrome.
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Airway Resistance

�5�H�V�L�V�W�D�Q�F�H���L�V���W�K�H���I�R�U�F�H���W�K�D�W���R�S�S�R�V�H�V���W�K�H���I�R�U�Z�D�U�G���P�R�W�L�R�Q���R�I���W�K�H���D�L�U�À�R�Z���� 
�$�S�S�U�R�[�L�P�D�W�H�O�\�����������W�R�����������R�I���W�K�H���W�R�W�D�O���U�H�V�L�V�W�D�Q�F�H���W�R���D�L�U�À�R�Z���L�V���O�R�F�D�W�H�G���L�Q���W�K�H��
upper airway: nose and mouth passages and larynx.1,5 The airways and lung 
�W�L�V�V�X�H���S�U�R�Y�L�G�H���W�K�H���U�H�P�D�L�Q�G�H�U���R�I���W�K�H���U�H�V�L�V�W�D�Q�F�H�����$�L�U���À�R�Z�V���W�K�U�R�X�J�K���W�K�H���D�L�U�Z�D�\�V�� 
�D�V���L�I���W�K�H�\���Z�H�U�H���W�X�E�H�V�����,�Q���V�R�P�H���D�U�H�D�V�����W�K�H���À�R�Z���L�V���Y�H�U�\���R�U�G�H�U�O�\���D�Q�G���L�V���N�Q�R�Z�Q���D�V��
�O�D�P�L�Q�D�U���À�R�Z�����,�Q���V�R�P�H���S�O�D�F�H�V�����V�X�F�K���D�V���L�Q���Q�D�U�U�R�Z�H�G���R�U���E�U�D�Q�F�K���S�R�L�Q�W�V�����L�W���L�V���G�L�V�� 
�R�U�J�D�Q�L�]�H�G���D�Q�G���L�V���N�Q�R�Z�Q���D�V���W�X�U�E�X�O�H�Q�W���À�R�Z�����,�Q���O�D�P�L�Q�D�U���À�R�Z�����U�H�V�L�V�W�D�Q�F�H���L�V���G�L�U�H�F�W�O�\��
proportional to the radius4 of the airways. Consequently, if the radius of an air- 
�Z�D�\���L�V���Q�D�U�U�R�Z�H�G���E�\���R�Q�H���K�D�O�I�����W�K�H���U�H�V�L�V�W�D�Q�F�H���L�Q�F�U�H�D�V�H�V���E�\���������I�R�O�G�����,�Q���D�Q���L�Q�I�D�Q�W�¶�V��
or child’s airway, which is already narrow relative to an adult’s, small changes 
�L�Q���F�D�O�L�E�H�U���S�U�R�G�X�F�H���O�D�U�J�H���F�K�D�Q�J�H�V���L�Q���W�K�H���G�H�J�U�H�H���R�I���R�E�V�W�U�X�F�W�L�R�Q�����7�X�U�E�X�O�H�Q�W���À�R�Z��
depends on gas density. Thus, gases with a low density, such as helium, are 
administered to decrease resistance in patients with airway obstruction.33

Work of Breathing

The work involved in breathing is proportional to the tidal volume and the 
change in pressure required to move the air. The work of breathing increases 
when the compliance of the chest wall or lung is decreased; more negative 
�S�U�H�V�V�X�U�H���L�V���U�H�T�X�L�U�H�G���W�R���E�U�H�D�W�K�H�����,�Q���D�G�G�L�W�L�R�Q�����W�K�H���Z�R�U�N���R�I���E�U�H�D�W�K�L�Q�J���L�Q�F�U�H�D�V�H�V��
with increased airway resistance, such as with asthma or upper airway 
�R�E�V�W�U�X�F�W�L�R�Q�����,�Q�I�D�Q�W�V���D�Q�G���\�R�X�Q�J���F�K�L�O�G�U�H�Q���D�U�H���D�W���D���P�H�F�K�D�Q�L�F�D�O���G�L�V�D�G�Y�D�Q�W�D�J�H���� 
�W�K�H�L�U���U�H�V�S�L�U�D�W�R�U�\���V�\�V�W�H�P���Z�R�U�N�V���O�H�V�V���H�I�¿�F�L�H�Q�W�O�\���W�K�D�Q���D�Q���D�G�X�O�W�¶�V�����7�K�H�L�U���F�K�H�V�W�� 
�Z�D�O�O�V���D�U�H���P�R�U�H���F�R�P�S�O�L�D�Q�W�����D�Q�G���W�K�H�L�U���G�L�D�S�K�U�D�J�P�V���D�U�H���À�D�W�W�H�U���D�Q�G���P�R�U�H���O�L�N�H�O�\�� 
to fatigue, which predisposes them to respiratory failure.

Assessment of Lung Mechanics

An alteration in lung mechanics may result in signs of respiratory distress. 
�'�H�F�U�H�D�V�H�V���L�Q���O�X�Q�J���D�Q�G���F�K�H�V�W���Z�D�O�O���F�R�P�S�O�L�D�Q�F�H���D�U�H���X�V�X�D�O�O�\���K�H�U�D�O�G�H�G���E�\���W�D�F�K�\-
�S�Q�H�D�����,�Q�F�U�H�D�V�H�G���H�I�I�R�U�W���R�I���E�U�H�D�W�K�L�Q�J���L�V���P�D�Q�L�I�H�V�W�H�G���E�\���U�H�F�U�X�L�W�P�H�Q�W���R�I���D�F�F�H�V�V�R�U�\��
muscles, such as the sternocleidomastoid or scalene muscles. Retractions, 
bowing in of the muscle and soft tissue of the chest wall with inspiration, 
indicate that high pressures are generated to move air through the airways. 
They can be seen subcostally, intercostally, and in the suprasternal notch.  
The higher the retractions, the more severe the respiratory distress. Nasal 
�À�D�U�L�Q�J���L�V���D�Q���D�W�W�H�P�S�W���W�R���G�H�F�U�H�D�V�H���W�K�H���U�H�V�L�V�W�D�Q�F�H���R�I���E�U�H�D�W�K�L�Q�J���E�\���G�H�F�U�H�D�V�L�Q�J�� 
the resistance of the nasal passages.

�$�L�U�À�R�Z�����O�X�Q�J���Y�R�O�X�P�H�V�����D�Q�G���D�L�U�Z�D�\���U�H�V�L�V�W�D�Q�F�H���F�D�Q���E�H���P�H�D�V�X�U�H�G���E�\���P�H�D�Q�V�� 
of pulmonary function testing and will be further described in Chapter 6, 
Pulmonary Function Testing.
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�N�H�\���S�R�{�L�Q�W�V

Gas Exchange
���} The PO2 in the alveoli is determined by the balance between the amount that 
�ows in and the amount that is removed in the pulmonary capillaries.

Ventilation
���} In each breath (tidal volume), some of the air goes into the alveoli (alveolar 
volume) and is available for gas exchange, while the rest remains in the  
conducting airways and is known as dead space.

���} The arterial PCO2 is inversely proportional to alveolar ventilation.
���} Increases in arterial PCO2 can be caused by decreased tidal volume, decreased 
respiratory rate, increased dead space, or increased carbon dioxide production.

���} In chronic respiratory acidosis, after renal compensation, the bicarbonate will 
increase by a total of 4 mEq/L for each 10-mm increase in PCO2. 

���} Arterial PCO2 can be approximated noninvasively by end-tidal carbon dioxide or 
transcutaneous carbon dioxide monitoring.

Oxygenation
���} Hypoxemia, or low arterial PO2, may be caused by low inspired partial pressure of 
oxygen (ie, high altitude), hypoventilation, di�usion impairment, shunt, V/Q 
mismatch, and abnormally low venous blood saturation (under certain conditions).

���} Oxygen is primarily carried in the blood bound to hemoglobin; a very small 
amount is dissolved in plasma.

���} The P50 is the oxygen tension at which 50% of the hemoglobin is saturated.
���} The a�nity of hemoglobin for oxygen can by altered by changes in blood pH, 
PCO2, temperature, and 2,3-DPG levels.

���} Arterial oxygen saturation can be approximated noninvasively by using pulse 
oximetry.

���} The degree of impairment in oxygenation can be assessed by calculating the  
A-a oxygen gradient or other indexes such as A-a oxygen ratio, PaO2:FIO2 ratio, 
oxygenation index, and oxygen saturation index.

Mechanics of Breathing
���} The diaphragm is the primary muscle of inspiration.
���} The ease with which the lungs can be stretched is known as compliance, which  
is decreased in conditions such as pneumonia, pulmonary edema, and acute  
respiratory distress syndrome.

���} In laminar air�ow, which normally occurs only in small airways, resistance is 
directly proportional to the radius4 of the airways, and small changes in the 
airway caliber produce large changes in resistance.

���} The work of breathing increases when the compliance of the chest wall or lung 
is decreased or airway resistance is increased.

���} Infants and young children are at higher risk of respiratory failure in part 
because their chest walls are more compliant and their diaphragms are �atter 
and more prone to fatigue.
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Applied Pulmonary Physiology
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Exercise Physiology
Understanding exercise physiology in children is important because of the 
increasing participation of young children in competitive sports. The energy  
to power skeletal muscle depends on adenosine triphosphate (ATP). Combined 
with water, hydrolysis splits one of the phosphate groups, which results in the 
formation of adenosine diphosphate. To replenish the limited stores of ATP, 
phosphorylation adds a phosphate group to adenosine diphosphate. If phosphor-
ylation occurs in the presence of oxygen, the reaction is aerobic metabolism;  
in the absence of oxygen, the reaction is anaerobic metabolism.

The ventilatory response to exercise results from increased demand for oxygen 
and excretion of carbon dioxide (CO2). Exercise results in an almost immediate 
increase in oxygen consumption, and without oxygen stores in the body, the 
carotid chemoreceptors register hypoxemia. Ventilation appears to increase 
before there is hypoxemia and is probably driven by a neural response. Hypox-
emia results in higher minute ventilation, which is the tidal volume (the volume 
of air inspired and expired during a passive breath) multiplied by the number  
of breaths per minute (frequency). Both tidal volume and frequency increase  
in response to increased metabolic demands. There is also an increase in blood 
�À�R�Z���W�R���W�K�H���O�X�Q�J�V���D�Q�G���D�Q���L�Q�F�U�H�D�V�H���L�Q���O�X�Q�J���G�L�I�I�X�V�L�R�Q���F�D�S�D�F�L�W�\�����Z�K�L�F�K���L�V���D���P�H�D�V�X�U�H��
of the transport of oxygen passing from the alveolus across the alveolar-capillary 
membrane into the pulmonary circulation. The frequency increases from the 
resting rate of 12 to 15 breaths/min to 45 to 70 breaths/min depending on age. 
The tidal volume increases to levels that may reach 50% to 60% of the vital 
capacity, which is the largest active breath than can be inspired and expired.  
As the degree of exercise increases, there is a linear increase in tidal volume 
that reaches a maximum, and increased minute ventilation then results from  
an increase in the frequency of breathing.

The cardiac responses to exercise are increased heart rate and stroke volume, 
which increase cardiac output. Cardiac output increases more slowly than does 
ventilation during exercise. Resting heart rate averages 60 to 80 beats/min and 
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increases in direct proportion to the degree of exercise to a maximum that  
is approximately 220 minus the age in years. Stroke volume also increases  
�Z�L�W�K���H�[�H�U�F�L�V�H���L�Q�W�H�Q�V�L�W�\�����D�Q�G���W�U�D�L�Q�L�Q�J���F�D�Q���L�Q�F�U�H�D�V�H���W�K�L�V���Y�R�O�X�P�H���V�L�J�Q�L�¿�F�D�Q�W�O�\���� 
The increase in cardiac output results in increased pulmonary arterial and 
venous pressure, which accounts for the recruitment and distention of  
pulmonary capillaries.

The point at which the oxygen consumption does not increase with increasing 
exercise intensity is V�FO2max, which is also known as maximal oxygen uptake 
or aerobic capacity, expressed as milliliters of oxygen per kilogram of body 
weight per minute. The expression relative to weight or body surface area is 
useful in comparing a child with other children (and adults of different sizes).

There is a great deal of variety in V�FO2max, and genetics plays a major role in 
these differences.1 Responders to training make substantial improvement, and 
nonresponders make little or no progress in V�FO2max. Maximal ventilation 
increases to some extent with training, but at submaximal levels of exercise, 
ventilation is consistently lower after training.2 In children, both aerobic and 
anaerobic work capacity increase with training as measured by increase in 
V�FO2max and decreased lactate production for a given workload.3

High-Altitude Illness
Ascending to high altitude (ie, > 1,500 m [5,000 ft]) results in hypoxia because 
the PO2 of inspired air decreases with ascent. Mild altitude elevation is con- 
sidered to be higher than 1,500 m (5,000 ft); moderate, 2,000 to 3,500 m 
(6,700–11,700 ft); very high, 3,500 to 5,500 m (11,700–18,300 ft); and extreme, 
higher than 5,500 m (18,300 ft). Table 3-1 shows the approximate alveolar 
oxygen (ie, the oxygen concentration at the level of the gas exchange portion 
of the lung) at different altitudes. The physiological effect of the reduced 
inspired oxygen depends principally on the rate of ascent and to a lesser  
extent on the medical history of the individual. High-altitude illness is a spec- 
trum of cerebral and pulmonary syndromes induced by the hypoxic stress of 
high altitude. The susceptibility of children to altitude illness is comparable 
with that of adults. However, children with a history of cardiopulmonary 
conditions, at increased risk of pulmonary hypertension, or with a recent 
upper respiratory illness should not travel to high altitude. Such travel should 
�D�O�V�R���E�H���D�Y�R�L�G�H�G���I�R�U���L�Q�I�D�Q�W�V���G�X�U�L�Q�J���W�K�H���¿�U�V�W�������W�R�������Z�H�H�N�V���D�I�W�H�U���E�L�U�W�K, or longer 
for those born prematurely, especially those with lung diseases.
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Table 3-1. Altitude and Oxygen Tensions

Altitude Meters (Feet)
Approximate Alveolar  

Oxygen Tension (mm Hg)

Sea level 0 100

Mild elevation  1,500–2,000 (5,000–6,700) 80

Moderate elevation 2,000–3,500 (6,700–11,700) 60

Very high elevation 3,500–5,500 (11,700–18,300) 40

Extreme elevation > 5,500 (> 18,300) < 40

Acclimatization

The percentage (fraction) of oxygen in inspired air remains approximately 
21% (0.21), but during ascent the Po2 decreases with the decrease in baro- 
metric pressure. Compensatory responses to acute hypobaric hypoxia are 
known as acclimatization. The physiological response to hypoxia occurs both 
immediately and over time. The immediate response is an increase in minute 
ventilation when the carotid and aortic bodies register the hypoxemia. As 
alveolar ventilation increases, there is resultant decrease in PaCO2, which 
causes a mild respiratory alkalosis and a reduction in the degree of hyper-
ventilation. Over time, renal compensation for the respiratory alkalosis 
causes excretion of bicarbonate, which normalizes the pH. This ventilatory 
acclimatization takes place over 3 to 4 days. After a rapid and sustained 
increase in altitude, circulatory changes involving systemic, cerebral, and 
pulmonary vasculature occur. Sympathetic activity increases cardiac output, 
blood pressure, heart rate, and venous tone. Hypoxia causes pulmonary 
�Y�D�V�R�F�R�Q�V�W�U�L�F�W�L�R�Q���D�Q�G���D�Q���L�Q�F�U�H�D�V�H���L�Q���F�H�U�H�E�U�D�O���E�O�R�R�G���À�R�Z��

Hemoconcentration results from reduction in plasma volume caused by���À�X�L�G��
shifts and diuresis, which improves the oxygen-carrying capacity of the blood. 
Hypoxemia stimulates the production of erythropoietin, resulting in increased 
red blood cell production over time.

Acute Mountain Sickness

Acute mountain sickness (AMS) is a clinical syndrome characterized by 
headache plus 1 of several other symptoms including anorexia, nausea, 
dizziness, malaise, and sleep disturbance. Symptom onset tends to be 6 to  
12 hours after ascent greater than 2,000 m (6,700 ft) but can be as early as  
1 to 2 hours or as late as 24 hours. There are no approved clinical measures 
for diagnosing AMS, but several tools have been studied in a research context. 
The simplest screening tool for assessing AMS is the Clinical Functional 
Score; the 2018 Lake Louise Acute Mountain Sickness Score may be used  
to assess the severity of AMS as shown in Box 3-1.4 Children are at risk for 
AMS but not necessarily more than adults are.
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AMS Scores

Clinical Functional Score
Overall, if you had AMS symptoms, how did they a�ect your activities?

0 	Not at all

1 	Symptoms present, but did not force any change in activity or itinerary

2 	My symptoms forced me to stop the ascent or to go down on my own power
3 	Had to be evacuated to a lower altitude

2018 Lake Louise Acute Mountain Sickness Score
Headache
0 	None at all
1 	Mild headache
2 	Moderate headache
3 	Severe headache, incapacitating

Gastrointestinal symptoms
0 	Good appetite
1 	Poor appetite or nausea
2 	Moderate nausea or vomiting
3 	Severe nausea and vomiting, incapacitating

Fatigue and/or weakness
0 	Not tired or weak
1 	Mild fatigue/weakness
2 	Moderate fatigue/weakness
3 	Severe fatigue/weakness, incapacitating

Dizziness/light-headedness
0 	No dizziness/light-headedness
1 	Mild dizziness/light-headedness
2 	Moderate dizziness/light-headedness
3 	Severe dizziness/light-headedness, incapacitating

An AMS Clinical Functional Score of 2 or higher indicates AMS. On the basis of the 
2018 Lake Louise Acute Mountain Sickness Score, AMS is indicated if the sum of 
the scores is 3 points or higher, including headache (mild AMS, 3–5 points; 
moderate AMS, 6–9 points; severe AMS, 10–12 points). 

Box 3-1

Abbreviation: AMS, acute mountain sickness.
From Roach RC, Hackett PH, Oelz O, et al; Lake Louise AMS Score Consensus Committee. The 2018 Lake Louise 
Acute Mountain Sickness Score. High Alt Med Biol. 2018;19(1):4–6.
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High-Altitude Cerebral Edema

High-altitude cerebral edema (HACE) may be associated with AMS or high-  
altitude pulmonary edema. The major symptoms are ataxia and altered 
consciousness; HACE is essentially the severe form of AMS. The cerebral 
edema may cause papilledema or retinal hemorrhage and even cranial  
nerve palsy. Drowsiness is followed by stupor. Death may occur from 
brainstem herniation.

High-Altitude Pulmonary Edema

High-altitude pulmonary edema (HAPE) is a noncardiogenic pulmonary 
edema. As noted previously, hypoxia causes pulmonary vasoconstriction, and 
pulmonary hypertension results. The combination of increased pressure and 
�K�\�S�R�[�L�D���U�H�O�D�W�H�G���L�Q�F�U�H�D�V�H�G���F�D�S�L�O�O�D�U�\���S�H�U�P�H�D�E�L�O�L�W�\���O�H�D�G�V���W�R���O�H�D�N�D�J�H���R�I���À�X�L�G���L�Q��
the lungs. Some children may have a genetic predisposition to HAPE. Genes 
affecting the renin-angiotensin-aldosterone system pathway, the nitric oxide 
pathway, and the hypoxia-inducible factor pathway may all be associated with 
increased susceptibility to HAPE.5 In addition, the presence of preexisting 
pulmonary hypertension before the ascent exacerbates the effect of hypoxia. 
The risk of HAPE is increased by exercise because of the increased cardiac 
�R�X�W�S�X�W���D�Q�G���R�[�\�J�H�Q���G�H�¿�F�L�W�����7�U�D�Y�H�O���W�R���K�L�J�K���D�O�W�L�W�X�G�H���V�K�R�X�O�G���E�H���D�Y�R�L�G�H�G���G�X�U�L�Q�J�� 
�W�K�H���¿�U�V�W�������W�R�������Z�H�H�N�V���D�I�W�H�U���E�L�U�W�K���L�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���D���K�L�V�W�R�U�\���R�I���F�D�U�G�L�R�S�X�O�� 
monary conditions or Down syndrome, at increased risk for pulmonary 
hypertension, or with a recent upper respiratory illness. In children with  
a history of prematurity, travel to altitude should be done with caution,  
even at older ages.

High-altitude pulmonary edema usually occurs 2 to 4 days after the ascent 
and tends to be worse at night. The primary symptom is cough with progres-
sive dyspnea. In children, HAPE manifests as increasing respiratory distress 
over 1 to 2 days, but it may develop more precipitously. Cough and decreased 
�H�[�H�U�F�L�V�H���D�E�L�O�L�W�\���D�U�H���X�V�X�D�O�O�\���W�K�H���¿�U�V�W���V�\�P�S�W�R�P�V���W�R���P�D�Q�L�I�H�V�W�����D�Q�G���R�Q�O�\���O�D�W�H���L�Q���W�K�H��
illness does production of frothy bloodstained sputum occur. Young children 
�P�D�\���G�H�Y�H�O�R�S���R�Q�O�\���S�D�O�O�R�U���D�Q�G���G�H�S�U�H�V�V�H�G���F�R�Q�V�F�L�R�X�V�Q�H�V�V���R�U���R�W�K�H�U���Q�R�Q�V�S�H�F�L�¿�F��
symptoms such as increased fussiness, crying, decreased appetite, decreased 
playfulness, disrupted sleep, and possibly vomiting. Low-grade fever may  
be present, so a diagnosis of pneumonia may be incorrectly considered. In 
children with HAPE, chest radiography typically shows unilateral or bilateral 
�S�D�W�F�K�\���L�Q�¿�O�W�U�D�W�H�V���Z�L�W�K���D���Q�R�U�P�D�O���K�H�D�U�W���V�L�]�H��

Reentry HAPE occurs when persons who live at high altitude leave for a  
time and then return. Children are more susceptible than adults. Symptoms 
develop as rapidly as 24 hours after returning. It is diagnosed and managed 
the same as HAPE.
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It is important to recognize HAPE because it has the potential to be life- 
�W�K�U�H�D�W�H�Q�L�Q�J���Z�L�W�K�L�Q���D���I�H�Z���K�R�X�U�V�����7�K�H���/�D�N�H���/�R�X�L�V�H���&�R�Q�V�H�Q�V�X�V���'�H�¿�Q�L�W�L�R�Q���I�R�U��
HAPE is summarized in Box 3-2.6 Fifty percent of people with HAPE have 
AMS, and 14% have HACE.

Lake Louise Consensus Definition for HAPE

At least 2 of the following symptoms and at least 2 of the following signs are 
necessary for diagnosis.

Symptoms
Weakness or decreased exercise ability
Cough
Dyspnea at rest
Chest tightness or congestion

Signs
Crackles or wheezing in at least 1 lung �eld
Central cyanosis or arterial oxygen desaturation relative to altitude
Tachycardia
Tachypnea

Box 3-2

Abbreviation: HAPE, high-altitude pulmonary edema.
Derived from Hackett PH, Oelz O. The Lake Louise Consensus on the de�nition and quanti�cation of altitude 
illness. In: Sutton JR, Houston CS, Coates G, eds. Hypoxia and Mountain Medicine. Queen City Press; 1992:327–330.

Chronic Mountain Sickness

Chronic mountain sickness (CMS) occurs with persons born at high altitude 
as well as lowlanders who spend a prolonged period at high altitude. The 
symptoms are related to polycythemia and include headache, dizziness, 
�O�H�W�K�D�U�J�\�����G�L�I�¿�F�X�O�W�\���V�O�H�H�S�L�Q�J�����D�Q�G���L�P�S�D�L�U�H�G���P�H�Q�W�D�W�L�R�Q���D�Q�G���P�H�P�R�U�\�����7�K�H��
disorder is incompletely understood because actual hematocrit levels tend  
to be higher than expected considering the oxygen saturation. In addition, 
there is hypoventilation and blunted hypoxic ventilatory response. Pulmonary 
�K�\�S�H�U�W�H�Q�V�L�R�Q���P�D�\���G�H�Y�H�O�R�S�����7�K�H���¿�U�V�W���F�R�Q�V�L�G�H�U�D�W�L�R�Q���L�V���W�R���G�H�V�F�H�Q�G���W�R���D���O�R�Z�H�U��
altitude, but this may not be practical. The management of CMS is lowering 
�W�K�H���U�H�G���E�O�R�R�G���F�H�O�O���Y�R�O�X�P�H���E�\���P�H�D�Q�V���R�I���S�K�O�H�E�R�W�R�P�\�����/�R�Z���À�R�Z���R�[�\�J�H�Q���P�D�\�� 
�E�H���E�H�Q�H�¿�F�L�D�O��7

Management of Altitude Sickness

Descent remains the single best treatment for AMS, HACE, or HAPE. 
Symptoms of AMS may improve with a descent as small as 500 to 1,000 m 
�������������±�������������I�W�������7�K�H���¿�U�V�W���W�U�H�D�W�P�H�Q�W���R�I���$�0�6���L�V���V�X�S�S�O�H�P�H�Q�W�D�O���R�[�\�J�H�Q���W�R���U�D�L�V�H��
peripheral capillary oxygen saturation greater than 90%. Symptoms can be 
reduced with acetazolamide, effective within 24 hours. Dexamethasone is 
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equivalently effective, with a response within about 12 hours. Acetazolamide 
is also used as a preventive treatment, especially in those with a history of 
AMS or HAPE, but it is not used in the treatment of HAPE. The headache 
associated with AMS responds well to ibuprofen; however, ibuprofen is not 
proved to improve the full spectrum of AMS symptoms. Nifedipine should be 
used for HAPE treatment when descent is delayed or access to supplemental 
oxygen is limited. Nifedipine can be also used for HAPE prevention for  
susceptible individuals. Early diagnosis of HAPE is essential because it is  
the cause of most deaths from high-altitude illness. It is important not to 
exacerbate hypoxia during the descent by additional exertion. Table 3-2 
presents medical therapies for high-altitude sickness, but caution is necessary 
for children because data are limited. Supplemental oxygen to keep 
peripheral capillary oxygen saturation greater than 90% may be used to 
treat AMS, HACE, or HAPE. Portable hyperbaric chambers are effective 
for treating severe altitude illness. A rapid pressurization of the patient 
simulates a descent of about 1,500 to 2,500 m (5,000–8,300 ft). However, 
use of a portable hyperbaric chamber should not delay descent.

Table 3-2. Therapy for High-Altitude Illness

Agent Indication Route Dosage

Acetazolamide AMS, HACE  
prevention

Oral 125 mg every 12 h
Pediatrics: 2.5 mg/kg every 12 h

AMS  
treatment

Oral 250 mg every 12 h
Pediatrics: 2.5 mg/kg every 12 h  
(Maximum: 125 mg per dose)

Dexamethasone AMS, HACE  
prevention

Oral 2 mg every 6 h or 4 mg every 12 h
Pediatrics: Should not be used  
for prophylaxis

AMS, HACE  
treatment

Oral,  
IV, IM

AMS: 4 mg every 6 h
HACE: 8 mg once, then 4 mg every 6 h
Pediatrics: 0.15 mg/kg every 6 h  
(Maximum: 4 mg per dose)

Ibuprofen AMS  
prevention

Oral 600 mg every 8 h

Nifedipine HAPE  
prevention

Oral 30 mg extended-release every 12 h  
or 20 mg extended-release every 8 h

HAPE  
treatment

Oral 30 mg extended-release every 12 h  
or 20 mg extended-release every 8 h

Abbreviations: AMS, acute mountain sickness; HACE, high-altitude cerebral edema; HAPE, high-altitude 
pulmonary edema; IM, intramuscular; IV, intravenous.
Adapted from Luks AM, Auerbach PS, Freer L, et al. Wilderness Medical Society clinical practice guidelines for the 
prevention and treatment of acute altitude illness: 2019 update. Wilderness Environ Med. 2019;30(4S):S3–S18.
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Underwater Medicine
Shallow Water Blackout

Hyperventilation before diving lowers CO2 levels, which reduces the stimu- 
lus to breathe and prolongs the breath-holding time, but it can be dangerous.  
It occurs when free diving because as the diver descends, alveolar PO2 and 
PCO2 increase, but CO2 is so soluble that it diffuses into the tissues. The PO2 
�L�Q�F�U�H�D�V�H�V���D�U�W�L�¿�F�L�D�O�O�\�����S�U�R�O�R�Q�J�L�Q�J���W�K�H���E�U�H�D�W�K���K�R�O�G�L�Q�J���W�L�P�H�����D�Q�G���W�K�H�Q���Z�K�H�Q���W�K�H��
diver ascends, the PO2 decreases dramatically so that unconsciousness may 
occur before the diver reaches the surface. The risk is increased because  
of simultaneous hypocapnic vasoconstriction of the cerebral vessels. This 
combination is thought to explain many of the accidents that occur in 
swimming pools. Advice to parents should include telling children not  
to hyperventilate before swimming underwater and to avoid prolonged  
breath holding.

Thoracic Squeeze

This condition results during breath-hold diving, also known as free diving. 
Taking a full breath and free diving to 10 m (33 ft) would cause the lungs to 
be one-half of their original size. At 20 m (66 ft), they would be one-third,  
and at 30 m (99 ft) they would be one-fourth. The air within the lungs is 
compressed during descent, and it is possible to compress to a volume smaller 
than the residual volume of the lungs. The chest wall will not be able to be 
compressed further, and the squeeze results in blood being forced into the 
alveoli because of the negative pressure within the lungs. The result is wheez- 
ing and hemoptysis. Free divers attempt to improve their ability to dive to 
deeper levels by packing or stacking, which consists of glossopharyngeal 
breathing whereby the tongue and pharynx force air into the lung to exceed 
total lung capacity. A nontrained free diver risks lung injuries, blackouts, and 
�S�R�W�H�Q�W�L�D�O�O�\���G�U�R�Z�Q�L�Q�J�����V�R���W�U�D�L�Q�L�Q�J���V�S�H�F�L�¿�F���W�R���I�U�H�H���G�L�Y�L�Q�J���V�K�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G��
to improve safety. 

Scuba Diving

Scuba is an acronym for self-contained underwater breathing apparatus, and 
the sport of scuba diving is very popular. There are limits of lower age set by 
the 2 major certifying agencies in North America. The Professional Associa- 
tion of Diving Instructors (PADI) requires that a child be 10 years or older to 
�W�D�N�H���W�K�H���F�H�U�W�L�¿�F�D�W�L�R�Q���F�R�X�U�V�H�����6�W�X�G�H�Q�W�V���\�R�X�Q�J�H�U���W�K�D�Q���������Z�L�O�O���U�H�F�H�L�Y�H���W�K�H���3�$�'�,��
�-�X�Q�L�R�U���2�S�H�Q���:�D�W�H�U���'�L�Y�H�U���F�H�U�W�L�¿�F�D�W�L�R�Q�����Z�K�L�F�K���F�D�Q���W�K�H�Q���E�H���X�S�J�U�D�G�H�G���W�R���3�$�'�,��
�2�S�H�Q���:�D�W�H�U���'�L�Y�H�U���F�H�U�W�L�¿�F�D�W�L�R�Q���R�Q���U�H�D�F�K�L�Q�J���D�J�H�����������7�K�H���P�L�Q�L�P�X�P���D�J�H���I�R�U���W�K�H��
National Association of Underwater Instructors’ course is also 10 years.

The effect of underwater pressure on gases is described by Boyle’s law,  
which states that as the pressure of a gas increases, the volume decreases 
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proportionately. By going from the surface (1 atm) to 10 m (33 ft) (2 atm), the 
volume of air within the lungs is halved. This law helps explain the principles 
behind diving-related barotrauma and air embolism. Charles’s law states  
that if the pressure is constant, the volume of gas alters with temperature, 
expanding with heating and contracting with cooling. This means that when a 
�V�F�X�E�D���W�D�Q�N���L�V���¿�O�O�H�G�����L�W���Z�L�O�O���K�D�Y�H���O�H�V�V���D�L�U���L�I���L�W���L�V���¿�O�O�H�G���D�W���D���K�L�J�K���W�H�P�S�H�U�D�W�X�U�H���D�Q�G��
�O�D�W�H�U���F�R�R�O�V���W�K�D�Q���Z�L�O�O���D���W�D�Q�N���W�K�D�W���L�V���¿�O�O�H�G���D�W���D���O�R�Z���W�H�P�S�H�U�D�W�X�U�H�����&�K�D�U�O�H�V�¶�V���O�D�Z�� 
is important when nitrogen in the tissues is expelled as gas in the lungs. If a 
diver is close to the bends (see Decompression Sickness later in this chapter) 
and is warmed, there will be increased risk of the bends. If a scuba tank is left 
in a hot car, it is more at risk for bursting (as the temperature increases, with 
the volume constant, the pressure increases). Also important is Dalton’s law, 
which states that in a mixture of gases, the total gas pressure is equal to the 
sum of the individual pressures, implying that as air is compressed into  
the scuba tank, the percentages of each gas will remain the same. Many of  
the complications of diving are related to Henry’s law, which states that the 
amount of gas that dissolves in a liquid is a function of the partial pressure of 
the gas and how easily the liquid absorbs gas. As a result, when a diver is at 
great depths, the amount of nitrogen absorbed into blood and tissues increases 
because of the increased pressure, which explains in part why the risk of 
decompression sickness (DCS) and nitrogen narcosis is greater at depths  
of 30 m (100 ft) than 10 m (33 ft).

Complications of Scuba Diving

Nitrogen Narcosis
Nitrogen narcosis is caused by an increased partial pressure of nitrogen. 
�6�\�P�S�W�R�P�V���L�Q�F�O�X�G�H���H�X�S�K�R�U�L�D�����G�L�I�¿�F�X�O�W�\���F�R�Q�F�H�Q�W�U�D�W�L�Q�J�����D�Q�G���S�R�R�U���M�X�G�J�P�H�Q�W����
Because it happens at depths greater than 30 m (100 ft), this can be a dan- 
gerous situation for the diver. It is called rapture of the deep because the 
symptoms are similar to the effects of alcohol. It resolves very quickly  
during the ascent.

Oxygen Toxicity
Oxygen toxicity is caused by exposure to high-pressure oxygen during diving 
and can manifest as both respiratory and central nervous system symptoms, 
including cough, shortness of breath, tremor and seizure, nausea, and tunnel 
vision. These effects may not occur until lower depths if the diver is using 
nitrox, a blend of oxygen and nitrogen. The advantage of nitrox is that there  
is less risk of nitrogen narcosis and DCS because the percentage of nitrogen 
decreases as the percentage of oxygen increases.

Decompression Sickness
During descent, nitrogen under pressure is absorbed into tissues throughout 
the body. The amount is increased more in adipose tissues and tissues with 
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�J�R�R�G���E�O�R�R�G���À�R�Z���D�Q�G���O�H�V�V���L�Q���R�W�K�H�U���W�L�V�V�X�H�V�����V�X�F�K���D�V���F�D�U�W�L�O�D�J�H���D�Q�G���W�H�Q�G�R�Q�V����
During ascent, the nitrogen is released again; with slow ascent, the nitrogen 
travels to the lung and is exhaled. If the ascent is too rapid, the nitrogen forms 
bubbles in the blood that can block circulation in blood vessels, producing 
symptoms, commonly known as the bends, that result from blockage in  
the small veins of joints, especially the elbow, knee, and shoulder joints.

Type I DCS is the nonneurogenic form, which causes itching, rashes, joint 
pains, fatigue, and vertigo. Type II DCS is the more severe form, when the 
bubbles interfere with the cerebral and spinal circulation resulting in weak-
ness, paralysis, and behavioral changes. Decompression sickness occurs 
within a short time after the dive. Thalmann8 reported 42% within 1 hour, 
60% within 3 hours, and 98% within 24 hours, so that later symptoms are 
unlikely to be due to DCS.

Preventing Decompression Sickness
Good diving practice is the most important way to prevent DCS, although 
�W�K�H�U�H���D�U�H���G�L�I�I�H�U�H�Q�F�H�V���L�Q���D�J�H�����E�R�G�\���V�L�]�H���D�Q�G���V�K�D�S�H�����D�Q�G���G�H�J�U�H�H���R�I���¿�W�Q�H�V�V���W�K�D�W��
may make certain individuals more susceptible. Dive tables indicate how 
much time can be spent at a certain depth, and dive computers are helpful  
�W�R���G�H�¿�Q�H���W�K�H�V�H���G�H�S�W�K�V�����S�D�U�W�L�F�X�O�D�U�O�\���L�I���P�X�O�W�L�S�O�H���G�L�Y�H�V���D�U�H���D�W�W�H�P�S�W�H�G�����7�K�H���U�D�W�H�� 
of ascent is very important, and decompression stops should be routine, 
including a stop at one-half of the maximum dive and a safety stop at 5 m  
���������I�W�������'�L�Y�H�U�V���V�K�R�X�O�G���Z�D�L�W���������W�R���������K�R�X�U�V���E�H�I�R�U�H���À�\�L�Q�J�����G�H�S�H�Q�G�L�Q�J���R�Q�� 
number of dives.

Treating Decompression Sickness
The treatment for DCS includes administration of 100% oxygen and hydra- 
tion. Positioning the patient in the left decubitus and mild Trendelenburg 
positions prevents preferential entry of bubbles into cerebral circulation. 
Hyperbaric oxygen therapy is the gold standard treatment for DCS.9 The 
recompression dissolves the bubbles, which can then be gradually eliminated 
by slow decompression.

Barotrauma
As every diver is aware, breath holding during ascent is extremely dangerous. 
Air in the lung expands, especially in the last 10 m (30 ft), and if it is unable  
to escape can produce an arterial gas embolism, pneumothorax, pneumo- 
mediastinum, or subcutaneous emphysema. These complications are more 
likely to occur if there is air trapping. The presence of lung bullae or cysts, 
�F�\�V�W�L�F���¿�E�U�R�V�L�V�����S�X�O�P�R�Q�D�U�\���¿�E�U�R�V�L�V�����R�U���D���K�L�V�W�R�U�\���R�I���S�Q�H�X�P�R�W�K�R�U�D�[���R�U���S�Q�H�X�� 
momediastinum should be considered absolute contraindications to diving. 
Arterial gas embolism is the most serious complication, whereby the alveolar 
sacs rupture and air enters the pulmonary capillary circulation. Bubbles travel 
to the left ventricle and then into the systemic circulation. The bubbles form 
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an embolus with ischemia distal to the obstruction. Immediate recompression 
is necessary to reduce the size of the bubble causing the obstruction.

Diving and Asthma
Not uncommonly, parents and patients will inquire about the safety of under- 
water sports for children with asthma. Several factors occurring naturally in 
the course of undertaking scuba diving may put individuals with increased 
airway hyperresponsiveness at risk of acute asthma exacerbation. These 
include the inspiration of cold and dry gas, increased airway resistance, 
increased inspired PO2, possible gas contamination with allergens and 
irritants, saltwater aspiration, and extreme exertion.10 Airway obstruction 
may be localized to the distal airways, preventing gas elimination. Uncon-
trolled expansion of the distal airway may result in pulmonary barotrauma. 
Epidemiological studies do not seem to show a greater risk of barotrauma, 
DCS, or arterial gas embolism in patients with asthma.11

Patients with severe asthma should not dive, and only those with well- 
controlled asthma should be considered for clearance to dive. Patients with 
asthma should not dive within 48 hours of having asthma symptoms or need- 
ing to use a rescue bronchodilator. The Undersea and Hyperbaric Medical 
Society in the United States recommends that children with exercise-induced 
bronchospasm should not dive. All divers with asthma should have an annual 
�U�H�Y�L�H�Z���R�I���W�K�H�L�U���¿�W�Q�H�V�V���I�R�U���G�L�Y�L�Q�J�����7�K�H���G�L�Y�H�U���Z�L�W�K���D�V�W�K�P�D���V�K�R�X�O�G���Q�R�W���G�L�Y�H�� 
�X�Q�W�L�O���S�H�D�N���À�R�Z���P�H�D�V�X�U�H�P�H�Q�W���L�V���Z�L�W�K�L�Q�����������R�I���W�K�H���E�H�V�W���Y�D�O�X�H�V�����3�D�W�L�H�Q�W�V���Z�L�W�K��
normal lung function and well-controlled asthma should be able to scuba  
dive successfully.12

Drowning
Drowning is a process resulting in primary respiratory impairment from 
submersion or immersion in a liquid medium.13 The spectrum of drowning 
ranges from brief entry of liquid into the airways resulting in minor tempo-
rary injury to prolonged presence of liquid in the lungs resulting in pulmonary 
dysfunction, hypoxia, neurological and cardiac abnormalities, and death.  
Fatal drowning results in death, and nonfatal drowning occurs when the 
person is rescued. The highest rate of drowning occurs in 1- to 4-year-olds  
left unattended in or near swimming pools. Worldwide, more than 500,000 
deaths occur annually from drowning, and it is the leading cause of death  
in boys 5 to 14 years old. The prognosis for cerebral recovery is dependent on 
the pH upon arrival in the emergency department.

�7�K�H���F�R�P�S�R�V�L�W�L�R�Q���R�I���W�K�H���E�R�G�\���X�V�X�D�O�O�\���D�O�O�R�Z�V���L�Q�G�L�Y�L�G�X�D�O�V���W�R���À�R�D�W���L�Q���Z�D�W�H�U���Z�L�W�K��
about 3% of their volume above the surface. If a breath is taken, then more of 
the body can be above water; conversely, on deep expiration, the body will sink 
somewhat. This is one of the reasons that shouting while drowning may cause 
a person to sink. In addition, restrictive lung disease will reduce buoyancy.
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An important factor relating to drowning is the temperature of the water. 
Immersion in cold water results in hypothermia, which may have the poten- 
�W�L�D�O���W�R���S�U�R�O�R�Q�J���V�X�U�Y�L�Y�D�O�����7�K�H���P�D�P�P�D�O�L�D�Q���G�L�Y�H���U�H�À�H�[���U�H�V�X�O�W�V���I�U�R�P���L�P�P�H�U�V�L�R�Q�� 
�R�I���W�K�H���I�D�F�H���L�Q���F�R�O�G���Z�D�W�H�U�����7�K�L�V���G�L�Y�H���U�H�À�H�[���O�H�D�G�V���W�R���D�Q���L�P�P�H�G�L�D�W�H���U�H�V�S�R�Q�V�H�� 
with reduced physiological functioning of various body systems, including  
the respiratory, cardiac, and nervous systems, entering a state of near 
suspended animation.

The sequence of events in a drowning accident is usually immersion followed 
by a sharp inspiration, initially resulting in a spasm of the larynx preventing 
water from entering the lungs. Hypoxia leads to unconsciousness, with sub- 
sequent laryngeal relaxation allowing water to enter the lungs. The major 
contribution to mortality and morbidity is the degree and duration of hypoxia 
with resultant cerebral injury. The pulmonary effects are from aspiration.  
�7�K�H���D�P�R�X�Q�W���R�I���D�V�S�L�U�D�W�H�G���À�X�L�G���L�V���X�V�X�D�O�O�\���V�P�D�O�O�����D�Q�G���W�K�H���G�L�V�W�L�Q�F�W�L�R�Q���E�H�W�Z�H�H�Q��
salt water and fresh water drowning is no longer considered important. Aspi- 
�U�D�W�H�G���À�X�L�G���F�D�Q���Z�D�V�K���R�X�W���V�X�U�I�D�F�W�D�Q�W���D�Q�G���F�D�X�V�H���D�O�Y�H�R�O�D�U���L�Q�V�W�D�E�L�O�L�W�\�����'�H�F�U�H�D�V�H�G��
surfactant levels result in decreased lung compliance, ventilation/perfusion 
(V�F/Q�F) mismatching, and intrapulmonary shunting, leading to hypoxemia. 
Acute respiratory distress syndrome is an important complication of drown-
ing. Bronchospasm is often seen in those who experience nonfatal drowning, 
�D�Q�G���P�R�V�W���F�D�V�H�V���U�D�S�L�G�O�\���L�P�S�U�R�Y�H���Z�L�W�K���L�Q�K�D�O�H�G�������D�G�U�H�Q�H�U�J�L�F���D�J�R�Q�L�V�W�V�����3�Q�H�X�P�R-
nia complicates recovery from drowning, especially when the submersion is 
in stagnant or polluted water and the organisms responsible for infection may 
be unusual, including Burkholderia pseudomallei, Chromobacterium viola-
ceum, and Pseudallescheria boydii, as well as the more expected Escherichia 
coli, Streptococcus pneumoniae, and �+�D�H�P�R�S�K�L�O�X�V���L�Q�À�X�H�Q�]�D�H�� There is no 
good evidence to support the routine use of glucocorticoids, prophylactic 
antibiotics, or exogenous surfactant in nonfatal drowning patients. The initial 
management should focus on reversing anoxia from submersion through  
the use of rescue breaths or bag-mask ventilation with 100% oxygen and 
rewarming if there is hypothermia.

The cause of drowning needs to be evaluated because other injuries may  
be present including traumatic injury (intentional, or perhaps unintentional, 
head injury), seizures, syncope, or cardiac disease. Hypoglycemia or alcohol 
intoxication may also have been involved.

Inhalation Injury
Inhalation of Products of Combustion

Inhalation injury most commonly occurs during the inhalation of smoke 
�F�R�Q�W�D�L�Q�L�Q�J���F�K�H�P�L�F�D�O�V���D�Q�G���S�D�U�W�L�F�X�O�D�W�H�V���D�Q�G���R�U���V�W�H�D�P���I�U�R�P���¿�U�H�V���E�X�W���D�O�V�R���P�D�\��
occur with the inhalation of oils or corrosive chemicals. For pediatric patients 
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�Z�L�W�K���D���V�H�Y�H�U�H���E�X�U�Q���L�Q�M�X�U�\�����L�Q�K�D�O�D�W�L�R�Q���L�Q�M�X�U�\���V�L�J�Q�L�¿�F�D�Q�W�O�\���L�Q�F�U�H�D�V�H�V���P�R�U�W�D�O�L�W�\��
and affects approximately 20% to 30% of patients.14 A multicenter review of 
pediatric burn patients with inhalation injury showed that overall mortality was 
16% and that most patients died from pulmonary dysfunction and sepsis.15

Injury from inhalation is caused by both chemical and thermal exposures, 
with most of the thermal injury occurring in the upper airway. The exception 
to this is steam, which can carry thermal injury to the lower airways because 
of its large heat capacity. Tracheobronchial damage below the vocal cords 
occurs owing to chemical injury, which results from incomplete products of 
combustion and release of various substances that may combine with water 
vapor to form corrosive substances. These include compounds such as nitrous 
oxide and sulfur dioxide forming nitric and sulfuric acids. Children are  
at risk of airway compromise because of the small size of the airway, and the 
threshold for intubation should be low. Stridor from upper airway edema and 
�L�Q�F�U�H�D�V�H�G���D�L�U�Z�D�\���K�\�S�H�U�U�H�D�F�W�L�Y�L�W�\���Z�L�W�K���U�H�À�H�[���E�U�R�Q�F�K�R�F�R�Q�V�W�U�L�F�W�L�R�Q���L�Q�F�U�H�D�V�H��
�D�L�U�Z�D�\���U�H�V�L�V�W�D�Q�F�H�����V�L�J�Q�L�¿�F�D�Q�W�O�\���L�Q�F�U�H�D�V�L�Q�J���W�K�H���Z�R�U�N���R�I���E�U�H�D�W�K�L�Q�J��

Damage to the lung parenchyma is delayed and usually manifests at least  
24 hours after the initial injury. Small airway damage may occur directly  
or as a result of the effects of hypoxemia and hypotension. Edema of the 
interstitium, alveoli, and alveolar vessels can occur, and acute pulmonary 
edema often ensues owing to increased vascular permeability. Atelectasis 
from both obstruction of small airways and loss of pulmonary surfactant,  
and loss of hypoxic vasoconstriction may complicate V�F/Q�F mismatching, 
�O�H�D�G�L�Q�J���W�R���V�L�J�Q�L�¿�F�D�Q�W���K�\�S�R�[�H�P�L�D�����3�D�W�L�H�Q�W�V���Z�K�R���G�L�H���I�U�R�P���D�F�X�W�H���L�Q�M�X�U�\���K�D�Y�H��
severe necrotizing bronchitis and bronchiolitis, intra-alveolar hemorrhage, 
hyaline membrane formation, and massive pulmonary edema.16

Bronchoscopic evaluation, especially in children and youth with facial burns, 
can reveal the extent and level of the thermal injury and may also provide a 
means to clear debris from the airway and enhance ventilation and oxygen-
ation. The pathological lesions encountered include bronchial erythema with 
vascular engorgement, edema, and epithelial necrosis, with formation of 
�R�E�V�W�U�X�F�W�L�Q�J���E�U�R�Q�F�K�L�D�O���F�D�V�W�V���F�R�P�S�R�V�H�G���R�I���V�R�R�W�\���G�H�E�U�L�V�����H�[�X�G�D�W�H�G���¿�E�U�L�Q�����D�Q�G��
�R�W�K�H�U���F�L�U�F�X�O�D�W�R�U�\���G�H�U�L�Y�H�G���S�U�R�G�X�F�W�V�����L�Q�F�O�X�G�L�Q�J���L�Q�À�D�P�P�D�W�R�U�\���F�H�O�O�V�����6�X�S�H�U�� 
infection may eventually affect both the damaged airways and lungs.

�6�L�J�Q�L�¿�F�D�Q�W���D�L�U�Z�D�\���L�Q�M�X�U�\���P�D�\���U�H�T�X�L�U�H���H�Q�G�R�W�U�D�F�K�H�D�O���L�Q�W�X�E�D�W�L�R�Q���D�Q�G���P�H�F�K�D�Q�L�F�D�O��
ventilation with positive end-expiratory pressure to reduce pulmonary edema 
from vascular leak. Awake and cooperative patients with lesser pulmonary 
�L�Q�Y�R�O�Y�H�P�H�Q�W���D�Q�G���I�H�Z���I�D�F�L�D�O���E�X�U�Q�V���P�D�\���E�H�Q�H�¿�W���I�U�R�P���Q�R�Q�L�Q�Y�D�V�L�Y�H���Y�H�Q�W�L�O�D�W�L�R�Q��
�Z�L�W�K���F�R�Q�W�L�Q�X�R�X�V���S�R�V�L�W�L�Y�H���D�L�U�Z�D�\���S�U�H�V�V�X�U�H���G�H�Y�L�F�H�V�����$�W�W�H�Q�W�L�R�Q���W�R���À�X�L�G���P�D�Q�D�J�H�� 
ment and antibiotics as needed for superinfection is important. The long-term 
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prognosis after thermal, chemical, and smoke inhalation injury is guarded. 
Inhalation injury limits exercise endurance and leads to reduced lung  
function for 3 to 8 years after injury.17,18

Carbon Monoxide Toxicity

Carbon monoxide (CO) and cyanide toxicity are early and immediate causes 
of morbidity and mortality due to hypoxia. Carbon monoxide is the most 
common gas resulting from incomplete combustion of carbon-containing 
�P�D�W�H�U�L�D�O�V���V�X�F�K���D�V���Z�R�R�G�����,�W���L�V���U�H�V�S�R�Q�V�L�E�O�H���I�R�U�����������R�I���¿�U�H���U�H�O�D�W�H�G���I�D�W�D�O�L�W�L�H�V�� 
and should be an immediate concern for caregivers of people who have been 
�E�X�U�Q�H�G�����&�D�U�E�R�Q���P�R�Q�R�[�L�G�H���F�R�P�E�L�Q�H�V���Z�L�W�K���J�U�H�D�W���D�I�¿�Q�L�W�\���W�R���K�H�P�R�J�O�R�E�L�Q��(with 
�D�S�S�U�R�[�L�P�D�W�H�O�\�����������W�L�P�H�V���W�K�H���D�I�¿�Q�L�W�\���R�I���R�[�\�J�H�Q�������I�R�U�P�L�Q�J���F�D�U�E�R�[�\�K�H�P�R�J�O�R�E�L�Q��
(COHb). COHb shifts the oxyhemoglobin dissociation curve to the left, im- 
pairing release of oxygen at the tissues and use of oxygen in mitochondria, 
leading to tissue hypoxia. It is important to understand that the oxygen 
content of the blood is reduced, but the Po2 on a blood gas measurement will 
�Q�R�W���U�H�À�H�F�W���W�K�L�V�����,�Q���D�G�G�L�W�L�R�Q�����S�X�O�V�H���R�[�L�P�H�W�U�\���Z�L�O�O���E�H���L�Q�D�F�F�X�U�D�W�H�����D�V���L�W���P�H�D�V�X�U�H�V��
both saturated normal hemoglobin and COHb; co-oximetry is needed to dis- 
tinguish between them. The CO level measured in blood can indicate the 
severity of exposure, with expected associated symptoms as outlined in 
Table 3-3. Treatment consists of administration of 100% oxygen, which 
reduces the half-life of COHb from 120 to 200 minutes to 30 minutes. Patients 
should continue 100% oxygen until COHb levels return to normal. Hyper-
baric oxygen has been used to treat CO poisoning in children; however, 
evidence for its use in children is inconclusive.19

Table 3-3. Signs and Symptoms Associated With Carbon Monoxide Intoxication

Carboxyhemoglobin Level (%) Signs and Symptoms

Mild (< 20%) Headache, slight dyspnea, decreased visual acuity, 
decreased coordination, slowed thinking

Moderate (20%–40%) Irritability, nausea, decreased vision, impaired judgment, 
rapid fatigue

Severe (> 40%) Confusion, hallucination, ataxia, coma

Critical (> 60%) Death

Hydrogen Cyanide Toxicity

�,�I���V�\�Q�W�K�H�W�L�F���P�D�W�H�U�L�D�O�V���D�U�H���D�O�V�R���E�X�U�Q�H�G���L�Q���W�K�H���¿�U�H�����K�\�G�U�R�J�H�Q���F�\�D�Q�L�G�H���L�V���U�H�O�H�D�V�H�G��
�D�Q�G���P�D�\���E�H���D���V�L�J�Q�L�¿�F�D�Q�W���F�R�P�S�R�Q�H�Q�W���R�I���W�K�H���L�Q�K�D�O�H�G���V�P�R�N�H�����&�\�D�Q�L�G�H���D�O�V�R���S�U�R�� 
duces hypoxia at the cellular level; however, the mechanism is different from 
that of CO. Cyanide disrupts mitochondrial generation of ATP through bind- 
�L�Q�J���R�I���I�H�U�U�L�F���L�R�Q�V���L�Q���F�\�W�R�F�K�U�R�P�H���F���R�[�L�G�D�V�H�����&�\�D�Q�L�G�H���S�R�L�V�R�Q�L�Q�J���L�V���G�L�I�¿�F�X�O�W���W�R��
�F�R�Q�¿�U�P���E�H�F�D�X�V�H���W�K�H���V�\�P�S�W�R�P�V���D�U�H���Q�R�Q�V�S�H�F�L�¿�F���D�Q�G���F�\�D�Q�L�G�H���O�H�Y�H�O�V���X�V�X�D�O�O�\��
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cannot be measured quickly enough to be clinically meaningful. For treat-
�P�H�Q�W�����K�\�G�U�R�[�R�F�R�E�D�O�D�P�L�Q���K�D�V���V�K�R�Z�Q���V�R�P�H���H�I�¿�F�D�F�\���L�Q���O�R�Z�H�U�L�Q�J���F�\�D�Q�L�G�H�� 
levels; however, current evidence remains limited.20

E�ect of Pregnancy on Pulmonary Function
Normal pregnancy is associated with a 20% increase in oxygen consump- 
tion and a 15% increase in metabolic rate. When the uterus expands, the 
diaphragm is displaced as much as 4 cm (1.6 in) higher in the thoracic cavity. 
The function of the diaphragm remains normal. The thoracic cavity expands 
at its lower level by increasing circumference. The major physiological effect 
on pulmonary function is reduction in the functional residual capacity by 
about 20% during the latter one-half of pregnancy. This results from reduc- 
tion in both expiratory reserve volume and residual volume. The changes in 
vital capacity tend to be small, and the forced expired volume in 1 second is 
essentially unchanged.

The minute volume increases by nearly 50% at term as a result of increased 
tidal volume with respiratory rates that do not increase. This effect is thought 
to be related to increased levels of progesterone. The change in minute volume 
is associated with a corresponding decrease in arterial PCO2, which tends to be 
about 30 mm Hg at term, and an increase in PaO2 because of reduced alveolar 
CO2 levels.

key points

���} The de�nitive treatment of AMS, HACE, and HAPE is descent to lower altitude.
���} Individuals may be particularly susceptible to AMS, HACE, and HAPE and can 
experience recurrence on ascent to altitude.

���} Shallow water blackout can occur with hyperventilation before swimming and 
diving; children and adolescents should be warned against this practice.

���} Quali�ed diving instruction and good diving practice help prevent DCS.
���} Scuba diving is contraindicated in patients with a history of pulmonary blebs or 
bullae, moderate to severe persistent asthma, and acute asthma symptoms 
with abnormal pulmonary function.

���} Children are at high risk of upper airway obstruction from thermal inhalation  
injury.

���} Pulse oximetry is inaccurate in measuring CO toxicity; oxygen should be 
administered for suspected cases of CO toxicity to reduce COHb.

���} Compensatory increase in minute volume prevents hypoxemia in pregnancy 
because of reduction in functional residual capacity.
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Taking the Pulmonary History
Christopher E. Harris, MD, FAAP

Pulmonary History
In the evaluation of children with respiratory concerns, it is crucial to obtain  
a complete and thorough history. This history should be considered a supple-
ment to the general pediatric history, a guide to which can be found in several 
comprehensive texts.1,2 The pulmonary history is an information-gathering 
process; sensitivity is key to the formation of a good therapeutic relationship. 
Parents and other care providers are often under great stress, especially when 
dealing with a chronic illness. Multiple people may care for the patient, and, 
with appropriate parental or guardian consent, attention should be given to get- 
ting information from grandparents, teachers, and others in the child’s life to 
obtain a clear picture of the symptom complex. Sensitivity and humility must 
also be shown to cultural aspects of the child and family. This may include the 
nuances of language that trained translators can provide. Finally, ingrained 
�E�H�O�L�H�I�V���D�E�R�X�W���F�R�Q�G�L�W�L�R�Q�V���D�U�H���R�I�W�H�Q���S�U�H�V�H�Q�W���D�Q�G���P�D�\���L�Q�À�X�H�Q�F�H���K�R�Z���D���S�D�U�H�Q�W���R�U��
care provider is able to understand and trust the information given. For 
instance, parents may not believe that their active child has asthma because of a 
long-held idea that asthma causes children to be sickly and inactive. Assurance 
that persons with asthma may be Olympic-class athletes helps dispel this idea.

History of Present Illness

As in the general pediatric history of present illness, determining onset  
(gradual or acute), duration�����F�K�U�R�Q�L�F���• �����Z�H�H�N�V������recurrence (periods of well- 
ness alternating with periods of illness) or persistence, and triggers (eg, viral 
upper respiratory infection, activity) is essential, all obtained in chronological 
fashion. Because the lungs are in constant contact with the external environ-
ment, the environmental history is particularly important. Indoor exposures 
(environmental tobacco smoke [ETS], woodstoves, pets, stuffed animals in the 
bedroom, etc) and outdoor exposures (animals, cold air, industrial pollutants, 
etc) must be carefully sought. Exposure to ETS will adversely affect children’s 
lung health. Parents and other caregivers should be questioned about tobacco 
use, with a strong recommendation to quit, with use of a brief intervention,  
or, at minimum, removing all secondhand smoke from a child’s environment 
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(eg, not smoking in the house or car, sitting in nonsmoking areas of restau- 
rants, avoiding family gatherings where smoke cannot be avoided, or asking 
family members to smoke away from the child). Teen smoking is a growing 
problem, and all teens and preteens, starting in the middle school years, should 
be questioned about primary smoking. Also, information about the use of 
electronic nicotine delivery systems (vape devices such as JUUL, SMOK 
�,�Q�¿�Q�L�[�����R�U���6�X�R�U�L�Q���$�L�U�����P�X�V�W���E�H���F�D�U�H�I�X�O�O�\���V�R�X�J�K�W�������6�H�H���&�K�D�S�W�H�U�����������1�L�F�R�W�L�Q�H���D�Q�G��
Tobacco.) Additional environmental inquiry should include the age of the 
home; type of construction; and sources of heating, cooling, and ventilation.

Family History

Family history of respiratory illness is very important because many diseases 
manifesting in childhood have a genetic basis. Various conditions result in 
pulmonary abnormalities. The Mendelian defects are single gene defects that 
may be autosomal dominant, autosomal recessive, X-linked dominant, and 
X-linked recessive. In addition, there are chromosome and multifactorial 
disorders that may result in pulmonary abnormalities. Some examples are 
shown in Box 4-1. If there appears to be a genetic basis for disease, an 
extended family tree may be useful.

Genetic or Chromosomal Defects That Result in Pulmonary Disorders

Box 4-1

Dominant
Marfan syndrome
Neuro�bromatosis 1
Achondroplasia
Familial pulmonary 	
	 �brosis

Recessive
Cystic �brosis
Primary ciliary  
	 dyskinesia
Sickle cell disease
Mucopolysaccharidoses
Spinal muscular atrophy

X-linked
Dominant
	� Rett syndrome

Recessive
	� Duchenne muscular 
dystrophy

	� Hemophilia

Chromosomal
Down syndrome
Other trisomy

Other (multifactorial)
Cleft lip and palate
Asthma
Allergic rhinitis
Gastroesophageal re�ux
Autoimmune disorders
Diabetes mellitus type 1
Heart disease
Interstitial lung disease

Medical History

The neonatal history may indicate a reason for persistent or recurrent respira-
tory disease, especially in infancy, although even teens may have chronic 
airway obstruction as a result of neonatal disease such as infant respiratory 
distress syndrome or bronchopulmonary dysplasia. Precise details of the 
antenatal history and clinical course after delivery are key to providing  
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rational and appropriate care. Attention should be paid to birth weight and 
gestational age, both of which are known antecedents to neonatal lung disease. 
The pregnancy history should include maternal use of tobacco and other sub- 
stances. Other important points include maternal complications during preg- 
nancy, such as pregnancy-induced hypertension or diabetes mellitus. Problems 
at the time of delivery are relevant because they may immediately place the 
neonate at risk for lung disease and injury. For instance, a prolonged labor 
increases the risk for fetal distress and the antenatal passage of meconium. 
�:�L�W�K���V�X�I�¿�F�L�H�Q�W���V�W�U�H�V�V�����P�H�F�R�Q�L�X�P���D�V�S�L�U�D�W�L�R�Q���V�\�Q�G�U�R�P�H���P�D�\���R�F�F�X�U�����Z�K�L�F�K���F�D�Q�� 
�E�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���V�L�J�Q�L�¿�F�D�Q�W���O�X�Q�J���L�Q�M�X�U�\���D�Q�G���S�X�O�P�R�Q�D�U�\���K�\�S�H�U�W�H�Q�V�L�R�Q�����,�Q��
addition, details of treatment in the intensive care nursery aid in understanding 
how severely the child’s lungs may have been affected by both antenatal factors 
�D�Q�G���S�R�V�W�Q�D�W�D�O���W�U�H�D�W�P�H�Q�W�����&�H�U�W�D�L�Q�O�\���W�K�H���Q�H�R�Q�D�W�H���E�R�U�Q���Z�L�W�K���W�U�D�Q�V�L�H�Q�W���W�D�F�K�\�S�Q�H�D�� 
of the newborn and a 12-hour intubation is very different from the 500-g  
�Q�H�R�Q�D�W�H���E�R�U�Q���D�W���������Z�H�H�N�V�¶���J�H�V�W�D�W�L�R�Q���Z�K�R���X�Q�G�H�U�Z�H�Q�W���L�Q�W�X�E�D�W�L�R�Q���D�Q�G���P�H�F�K�D�Q�L�F�D�O��
ventilation for weeks. Finally, the total length of oxygen therapy can provide 
information regarding the degree of lung injury.

Surgical History

Surgical procedures relevant to the respiratory tract, including cardiac, gastro- 
intestinal, otolaryngological, orthopedic, and urological and renal procedures, 
may be a clue to persistent respiratory problems. For example, repair of a 
�W�U�D�F�K�H�R�H�V�R�S�K�D�J�H�D�O���¿�V�W�X�O�D���P�D�\���O�H�D�Y�H���V�L�J�Q�L�¿�F�D�Q�W���U�H�V�L�G�X�D�O���D�L�U�Z�D�\���S�U�R�E�O�H�P�V���L�Q�� 
the form of localized tracheomalacia. Tympanostomy (ear tubes) or tonsillec-
tomy and adenoidectomy may not be declared without prompting the parent  
or caretaker.

A history of contact with the medical system and the use of medical resources 
can give valuable information about the severity, chronicity, and control of a 
respiratory condition. For example, hospitalizations and emergency department 
visits provide important information about the patient’s history.

�4�X�D�O�L�W�\���K�H�D�O�W�K���F�D�U�H���L�Q�F�O�X�G�H�V���H�I�¿�F�L�H�Q�W���X�V�H���R�I���U�H�V�R�X�U�F�H�V���D�Q�G���O�L�P�L�W�L�Q�J���X�Q�Q�H�F�H�V�V�D�U�\��
repeat studies. Many times, a few precisely directed calls will yield valuable 
information regarding previous studies and investigations that can be summa-
rized quickly. This information will often obviate the need for repeating some 
studies, allowing further diagnostic testing to be streamlined, lowering cost, 
and lessening the burden of health care visits on the family. In some cases, 
however, repeat studies are necessary. For example, if a sweat chloride test for 
�F�\�V�W�L�F���¿�E�U�R�V�L�V�����&�)�����L�V���Q�R�W���S�H�U�I�R�U�P�H�G���D�F�F�R�U�G�L�Q�J���W�R���&�\�V�W�L�F���)�L�E�U�R�V�L�V���)�R�X�Q�G�D�W�L�R�Q��
�V�W�D�Q�G�D�U�G�V���E�\���H�[�S�H�U�L�H�Q�F�H�G���S�H�U�V�R�Q�Q�H�O�����P�R�V�W���R�I�W�H�Q���I�R�X�Q�G���L�Q���D���&�)���F�D�U�H���F�H�Q�W�H�U�������W�K�H��
results may be suspect, and the test should be repeated. Similarly, relying solely 
�R�Q���W�K�H���U�H�V�X�O�W���R�I���D���Q�H�Z�E�R�U�Q���V�F�U�H�H�Q�L�Q�J���W�H�V�W���I�R�U���&�)���P�D�\���P�L�V�V���W�K�H���G�L�D�J�Q�R�V�L�V���R�I���D��
case caused by less common mutations.
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The past response to various therapeutic trials is also helpful information for 
pediatricians and other physicians. For example, if a child has chronic cough 
that fails to respond to oral antibiotics but that responds well after a several 
day course of corticosteroid, then a diagnosis of asthma is supported. Alter- 
natively, if the cough responds well to oral antibiotics, then conditions such  
�D�V���F�K�U�R�Q�L�F���V�L�Q�X�V�L�W�L�V�����&�)�����E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����R�U���S�R�V�V�L�E�O�H���D�V�S�L�U�D�W�H�G���I�R�U�H�L�J�Q���E�R�G�\���D�U�H��
more likely. Medication delivery information is also critical because inade-
quate delivery may lead to a lack of response to therapy. For example, it is 
appropriate to inquire whether nebulized medications were administered 
�Z�L�W�K���D���E�O�R�Z���E�\���P�H�W�K�R�G���U�D�W�K�H�U���W�K�D�Q���Z�L�W�K���D���S�U�R�S�H�U�O�\���¿�W�W�H�G���P�D�V�N�����)�X�U�W�K�H�U�P�R�U�H����
was there an attempt to give a metered-dose inhaler to a small child who 
lacks the skill or proper equipment to use it?

Social History

Additional social history will supplement the environmental history. For exam- 
ple, an appropriate social history should determine whether a child spends time 
in different households. Exposure to ETS in one home may make asthma con- 
�W�U�R�O���G�L�I�¿�F�X�O�W�����D�Q�G���H�G�X�F�D�W�L�R�Q���R�I���D�O�O���F�D�U�H�J�L�Y�H�U�V���L�V���H�V�V�H�Q�W�L�D�O�����2�W�K�H�U���T�X�H�V�W�L�R�Q�V���W�R�� 
ask include the following: 

���X Who is caring for the child or youth? 
���X Is there an adult in the home who can supervise administration of  
medication and provide for early medical intervention when symptoms  
are exacerbated? 

���X Is the child receiving treatments as prescribed, or are there any challenges 
to adhering to recommended treatment?

���X Does the family have any barriers to follow-up appointments? 
���X �$�U�H���W�K�H�U�H���¿�Q�D�Q�F�L�D�O���E�D�U�U�L�H�U�V���W�K�D�W���S�U�H�Y�H�Q�W���D�G�K�H�U�H�Q�F�H���W�R���D���W�K�H�U�D�S�H�X�W�L�F���U�H�J�L�P�H�Q��
or that may promote emergency department use rather than primary or 
subspecialty follow-up care? 

���X Is there a history of any medical or mental illness of the caregiver that could 
interfere with adherence to therapeutic recommendations? 

���X Are there educational or language barriers that prevent the family from 
reading and understanding educational and instructional information 
regarding illness treatment and prevention? 

A medical social worker can help sort through possible barriers to quality  
care and help families obtain the resources necessary to treat respiratory 
conditions with minimal stress.

As in the general pediatric history, immunization���D�Q�G���V�S�H�F�L�¿�F��medication 
allergy history are important to record. The child with chronic respiratory 
�G�L�V�H�D�V�H���L�V���D�W���S�D�U�W�L�F�X�O�D�U���U�L�V�N���I�U�R�P���L�Q�À�X�H�Q�]�D�����V�R���\�H�D�U�O�\���L�Q�À�X�H�Q�]�D���Y�D�F�F�L�Q�D�W�L�R�Q��
�V�K�R�X�O�G���E�H���D�G�P�L�Q�L�V�W�H�U�H�G���D�V���U�H�F�R�P�P�H�Q�G�H�G���E�\���W�K�H���&�H�Q�W�H�U�V���I�R�U���'�L�V�H�D�V�H���&�R�Q�W�U�R�O��
and Prevention and the American Academy of Pediatrics. Occasionally, travel 
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may expose a patient to an infectious agent that is not common in a local area. 
�&�H�U�W�D�L�Q���I�X�Q�J�D�O���S�D�W�K�R�J�H�Q�V���K�D�Y�H���D���S�D�U�W�L�F�X�O�D�U���S�U�R�S�H�Q�V�L�W�\���I�R�U���D���J�H�R�J�U�D�S�K�L�F���U�H�J�L�R�Q����
so it is helpful to know about a patient’s travel history. Foreign travel can 
increase risk for Mycobacterium tuberculosis exposure with varying degrees 
of susceptibility to antimicrobials.

�&�R�S�L�H�V���R�I���S�U�H�Y�L�R�X�V���P�H�G�L�F�D�O���U�H�F�R�U�G�V�����L�Q�F�O�X�G�L�Q�J���L�P�D�J�L�Q�J���V�W�X�G�L�H�V�����Z�L�O�O���K�H�O�S�� 
�D�Y�R�L�G���X�Q�Q�H�F�H�V�V�D�U�\���W�H�V�W�V�����F�R�Q�¿�U�P���U�H�V�S�R�Q�V�H���R�U���O�D�F�N���W�K�H�U�H�R�I���W�R���P�H�G�L�F�D�W�L�R�Q���R�U��
�R�W�K�H�U���W�K�H�U�D�S�H�X�W�L�F���W�U�L�D�O�V�����D�Q�G���F�R�Q�¿�U�P���W�K�H���V�H�Y�H�U�L�W�\���D�Q�G���I�U�H�T�X�H�Q�F�\���R�I���V�\�P�S�W�R�P�V��
and chronicity of a condition. A list of elements of the pediatric pulmonary 
history is found in Box 4-2.

Elements of the Pediatric Pulmonary History

Box 4-2

Present Illness
Onset
Duration
Recurrence
Persistence
Triggers

Medical History
Birth history
Immunizations
Medication and environmental allergy
Hospitalizations and ED visits
Response to therapeutic interventions
Imaging and laboratory test results

Family History
Allergy or allergic rhinitis, bronchitis, 
asthma, cystic �brosis, sinus diseases, 
pneumonia, tuberculosis, in�amma- 
tory bowel disease, childhood cancer, 
HIV or immune problems, eczema, 
congenital heart disease, juvenile- 
onset diabetes mellitus, early-onset 
emphysema, liver disease

Environmental History
Smoke and other toxic exposures
	� Primary and secondhand environ- 
mental tobacco smoke exposure

	� Woodstoves
	� Industrial and household aerosols
	� Dust, mold, construction dust,  
and debris

	� Other toxins

Allergen exposure
	� Age and condition of the house and 
the child’s bedroom

	� Stu�ed toys
	� Pets
	� Heat source, humidi�ers, air �lters
	� Other environments including a 
second household and child care

	� Attempts at allergy reduction
Travel

Social History
Family dynamics
	� Who are the caregivers?
	� Is the child supervised in taking 
medications?

	� Educational and reading level
	� Barriers to treatment such as lan-
guage, transportation, caregiver 
illness, or health literacy

Financial Support
Are medications a�ordable to the 
patient and family?

Are follow-up visits avoided because of 
�nances or other logistic problems  
(eg, co-pays or lack of transportation)?

ED use because of �nancial hardship

Abbreviation: ED, emergency department.
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Review of Systems

A complete review of systems is always necessary for the thorough evalua- 
tion of a new patient. The review of systems relevant to the respiratory tract  
is listed in Box 4-3. Important information not otherwise gleaned in the 
history of present illness may become evident here and may shed light on  
the current illness.

Review of Systems Relevant to the Respiratory Tract

Box 4-3

Constitutional
Fever, weight loss or gain, night sweats, fatigue, pain

Skin
Eczema, other rashes, urticaria

Head, Eyes, Ears, Nose, Throat
Sinusitis, otitis media, congestion

Respiratory
Cough, wheeze, stridor, shortness of breath, chest discomfort or pain, hemoptysis, 
sputum production, chest tightness, symptoms with exercise, pneumonia 
diagnosis

Cardiovascular
Congenital heart disease, hypertension, syncope, previous surgery

Gastrointestinal
Stool volume and consistency, constipation, diarrhea, regurgitation or  
gastroesophageal re�ux disease, choking or gagging with feedings, food 
intolerance, hematochezia

Genital and Urinary
Urinary anomalies, poly- or oligohydramnios, renal disease, recurrent infection

Neurological
Known neuromuscular disease, known developmental disabilities, choking or 
gagging, stridor

Musculoskeletal
Scoliosis, chest wall deformity, previous chest wall surgery, muscle weakness,  
joint pain or swelling, chest wall pain or discomfort

Allergy and Immunology
Wheezing or known asthma, chronic cough, chronic congestion, itching and 
sneezing, recurrent infection, HIV infection or other viral exposures, skin or  
serum test results

Blood Disorders
Sickle cell disease, coagulopathies, bleeding, cancer, other blood dyscrasias, 
transfusion history

Endocrine
Diabetes, thyroid, parathyroid disease, growth parameters
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Common Symptoms Related to the Pulmonary System
Pediatricians commonly encounter symptoms that include cough, wheezing 
and stridor, chest pain, dyspnea (shortness of breath), and cyanosis. Although 
considerable overlap may occur, the causes of these symptoms may vary by  
the child’s age. Details about the various causes presented here can be found in 
�W�K�H���V�S�H�F�L�¿�F���G�L�V�H�D�V�H�V���G�L�V�F�X�V�V�H�G���L�Q���R�W�K�H�U���F�K�D�S�W�H�U�V���R�I���W�K�L�V���E�R�R�N���D�Q�G���L�Q���R�W�K�H�U��
pediatric pulmonary texts.��

Cough

�&�R�X�J�K�L�Q�J���D�U�L�V�H�V���I�U�R�P���D�Q���L�U�U�L�W�D�W�L�R�Q���R�I���W�K�H���D�L�U�Z�D�\�V���Z�K�H�U�H���U�H�F�H�S�W�R�U�V���D�U�H���F�R�Q�F�H�Q-
trated at airway bifurcations. It occurs in a phased sequence involving a deep 
inspiration, closure of the glottis and relaxation of the diaphragm along with 
contraction of muscles of expiration, and sudden opening of the glottis with 
�I�R�U�F�H�I�X�O���H�[�S�L�U�H�G���D�L�U�À�R�Z�����&�R�X�J�K���F�D�Q���E�H���F�O�D�V�V�L�¿�H�G���D�V���D�F�X�W�H���R�U�����L�I���V�\�P�S�W�R�P�V��
�F�R�Q�W�L�Q�X�H���E�H�\�R�Q�G�������Z�H�H�N�V�����F�K�U�R�Q�L�F��

�&�R�X�J�K���G�X�U�L�Q�J���L�Q�I�D�Q�F�\���P�R�V�W���F�R�P�P�R�Q�O�\���D�F�F�R�P�S�D�Q�L�H�V���L�Q�I�H�F�W�L�R�Q�����X�V�X�D�O�O�\���Y�L�U�D�O����
�D�Q�G���L�V���S�U�R�G�X�F�W�L�Y�H���R�I���W�K�L�Q�����Z�K�L�W�H���P�X�F�X�V���U�H�V�R�O�Y�L�Q�J���R�Y�H�U���D�E�R�X�W���������G�D�\�V�����&�U�R�X�S���V�\�Q�� 
drome produces a brassy, seal-like cough as part of an upper airway infection. 
Exposure to irritants such as ETS and woodstoves may produce acute cough 
�L�Q���L�Q�I�D�Q�W�V�����&�K�U�R�Q�L�F���F�R�X�J�K���L�Q���L�Q�I�D�Q�W�V���U�H�T�X�L�U�H�V���D���P�R�U�H���H�[�W�H�Q�V�L�Y�H���D�Q�G���F�R�P�S�U�H�K�H�Q-
�V�L�Y�H���H�Y�D�O�X�D�W�L�R�Q�����&�D�X�V�H�V���L�Q�F�O�X�G�H���&�)�����L�Q�I�H�F�W�L�R�Q�V����Bordetella pertussis, Chlamydia, 
Mycoplasma), aspiration due to developmental disabilities or traumatic birth 
injury (suck-swallow discoordination, recurrent laryngeal nerve injury, com- 
�S�O�L�F�D�W�L�R�Q�V���R�I���Q�H�R�Q�D�W�D�O���L�Q�W�X�E�D�W�L�R�Q�������J�D�V�W�U�R�H�V�R�S�K�D�J�H�D�O���U�H�À�X�[���G�L�V�H�D�V�H�����*�(�5�'������ 
the sequelae of neonatal lung injury (bronchopulmonary dysplasia), and con- 
genital lung malformations (bronchogenic cyst, congenital pulmonary airway 
malformation, congenital hyperlucent lung, and pulmonary sequestration).

�&�R�X�J�K���L�Q���F�K�L�O�G�K�R�R�G�����O�L�N�H���L�Q���L�Q�I�D�Q�F�\�����L�V���P�R�V�W���R�I�W�H�Q���F�D�X�V�H�G���E�\���L�Q�I�H�F�W�L�R�X�V���D�J�H�Q�W�V����
�&�\�V�W�L�F���¿�E�U�R�V�L�V���P�D�\���P�D�Q�L�I�H�V�W���Z�L�W�K���F�R�X�J�K���D�W���W�K�L�V���D�J�H�����D�O�W�K�R�X�J�K���Q�H�Z�E�R�U�Q���V�F�U�H�H�Q-
ing usually allows for this diagnosis to be determined earlier. Foreign body 
aspiration becomes a more common cause of acute cough in early childhood. 
�&�K�U�R�Q�L�F���F�D�X�V�H�V���R�I���F�R�X�J�K���L�Q�F�O�X�G�H���L�Q�I�H�F�W�L�R�Q�V�����W�X�E�H�U�F�X�O�R�V�L�V���L�I���H�[�S�R�V�H�G���W�R���L�Q�I�H�F�W�H�G��
individuals), primary ciliary dyskinesia, chronic sinusitis, aspiration (especially 
�Z�L�W�K���G�H�Y�H�O�R�S�P�H�Q�W�D�O���G�L�V�D�E�L�O�L�W�L�H�V�������*�(�5�'�����(�7�6���D�Q�G���R�W�K�H�U���W�R�[�L�F���H�[�S�R�V�X�U�H�V�����F�R�Q�� 
genital lung and airway malformations, and the use of angiotensin-converting 
enzyme inhibitor drugs. Functional or habit cough (psychogenic cough) may 
begin in late childhood but is more common in adolescents. Asthma may 
manifest only as cough (cough variant asthma) at almost any age and can be 
proved with a bronchial challenge, such as methacholine, or by response to  
a trial of asthma treatment. Acute cough in adolescents is also most often 
caused by infectious agents but may result from acute toxic exposures, such  
as primary smoking and exposure to ETS or other aerosols. Postnasal drip  
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and chronic sinusitis are a cause of throat clearing and nighttime–early 
morning cough. In adolescents with cough, a history of exposure to irritating 
inhalants should be sought if substance use is suspected; certainly the recent 
surge of cases of e-cigarette, or vaping, product use-associated lung injury  
has raised awareness of these dangerous products. Occasionally, a congenital 
malformation, such as a bronchogenic cyst, will not become evident until  
the teen years when recurrent or chronic infection occurs.

Wheezing and Stridor

Stridor and wheezing due to respiratory infections (bronchiolitis and croup) 
�D�U�H���Y�H�U�\���F�R�P�P�R�Q���G�X�U�L�Q�J���L�Q�I�D�Q�F�\�����D�O�W�K�R�X�J�K���&�)���P�D�\���D�O�V�R���P�D�Q�L�I�H�V�W���Z�L�W�K��
chronic wheezing. Infants with disabilities may aspirate silently, so a strong 
index of suspicion should be maintained when recurrent pulmonary symp-
�W�R�P�V���R�F�F�X�U���L�Q���W�K�L�V���J�U�R�X�S���R�I���L�Q�I�D�Q�W�V�����*�D�V�W�U�R�H�V�R�S�K�D�J�H�D�O���U�H�À�X�[���G�L�V�H�D�V�H���Z�L�W�K��
retrograde aspiration can occur and may be found with congenital causes of 
stridor, such as laryngomalacia. When tracheomalacia or bronchomalacia is 
�S�U�H�V�H�Q�W�����F�K�U�R�Q�L�F���F�R�D�U�V�H���H�[�S�L�U�D�W�R�U�\���Z�K�H�H�]�H���D�O�V�R���R�F�F�X�U�V�����5�D�U�H�O�\�����D�L�U�Z�D�\���O�H�V�L�R�Q�V����
such as laryngeal hemangiomas, laryngeal webs, subglottic stenosis, and 
laryngo-esophageal clefts, cause stridor in infancy. Intermittent stridor beyond 
early childhood most often occurs in children with atopic dermatitis and is 
termed spasmodic croup. Allergy is a rare cause of wheezing in infancy but  
is a more common cause in childhood. Other causes of wheezing in children 
�L�Q�F�O�X�G�H���D�V�S�L�U�D�W�H�G���I�R�U�H�L�J�Q���E�R�G�\�����&�)�����L�Q�K�D�O�D�W�L�R�Q���L�Q�M�X�U�\�����E�U�R�Q�F�K�L�H�F�W�D�V�L�V���I�U�R�P�� 
any cause, aspiration syndromes, and mediastinal and airway malformations 
or neoplasms. Stridor with or without expiratory wheezing is a common 
�¿�Q�G�L�Q�J���L�Q���Y�R�F�D�O���F�R�U�G���G�\�V�I�X�Q�F�W�L�R�Q�����V�H�H���&�K�D�S�W�H�U�����������)�X�Q�F�W�L�R�Q�D�O���5�H�V�S�L�U�D�W�R�U�\��
Disorders), which is transient, not life-threatening, often associated with 
exercise, and most common in adolescents. Adolescents can also experience 
the other causes mentioned for children, although asthma and wheezing as a 
result of intentional or nonintentional inhalation of irritating aerosols or 
smoke are more common in adolescents.

Chest Pain

�&�K�H�V�W���S�D�L�Q���F�D�Q���R�U�L�J�L�Q�D�W�H���L�Q���F�K�H�V�W���Z�D�O�O���V�W�U�X�F�W�X�U�H�V���R�U���Z�L�W�K�L�Q���W�K�H���O�X�Q�J���D�V���D���U�H�V�X�O�W��
�R�I���L�Q�À�D�P�P�D�W�L�R�Q���R�I���W�K�H���O�X�Q�J���F�R�Y�H�U�L�Q�J���P�H�P�E�U�D�Q�H�V�����S�O�H�X�U�D�������,�Q�I�D�Q�W�V���F�O�H�D�U�O�\��
�F�D�Q�Q�R�W���H�[�S�U�H�V�V���V�S�H�F�L�¿�F���S�D�L�Q�����E�X�W���W�H�Q�G�H�U�Q�H�V�V���R�Q���S�D�O�S�D�W�L�R�Q���D�O�R�Q�J���Z�L�W�K���V�N�L�Q��
changes that might be related to trauma can be elicited and noted during a 
�F�D�U�H�I�X�O���H�[�D�P�L�Q�D�W�L�R�Q�����&�K�H�V�W���Z�D�O�O���S�D�L�Q���L�V���F�R�P�P�R�Q�O�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���S�U�R�O�R�Q�J�H�G��
�D�Q�G���Y�L�J�R�U�R�X�V���F�R�X�J�K�L�Q�J���D�Q�G���L�V���F�R�P�P�R�Q�O�\���I�R�X�Q�G���L�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���&�)���Z�K�R���D�U�H��
experiencing a pulmonary exacerbation. Other causes of chest pain in children 
include pleurisy, most often associated with coxsackievirus B (pleurodynia) 
�D�Q�G���E�D�F�W�H�U�L�D�O���S�Q�H�X�P�R�Q�L�D�V�����2�F�F�D�V�L�R�Q�D�O�O�\�����E�R�W�K���*�(�5�'���D�Q�G���D�V�W�K�P�D���Z�L�O�O���E�H��
causes of chest pain or discomfort in children and adolescents; certainly the 

05 PP 2ND ED - CHAPTER 04_055-064.indd   6205 PP 2ND ED - CHAPTER 04_055-064.indd   62 9/12/23   8:52 AM9/12/23   8:52 AM



63
Chapter 4—Taking the Pulmonary History

acute chest pain associated with sickle cell crisis is well known in pediatrics 
and must be treated aggressively. Adolescents in athletic activities such as 
weight lifting can present with acute or chronic chest wall pain localized  
�R�Y�H�U���W�K�H���F�R�V�W�R�F�K�R�Q�G�U�D�O���M�X�Q�F�W�L�R�Q�V�����F�R�V�W�R�F�K�R�Q�G�U�L�W�L�V�������5�L�E���I�U�D�F�W�X�U�H�V���F�D�X�V�H�G���E�\��
chest wall trauma or vigorous activities such as competitive rowing can occur 
in teens. Although spontaneous pneumothorax as a cause of chest pain can 
occur at other ages, it is most common in adolescents and should be suspected 
when an otherwise healthy teen complains of sudden onset of sharp, unilateral 
chest pain with shortness of breath (dyspnea). Herpes zoster as a cause of 
�F�K�H�V�W���Z�D�O�O���S�D�L�Q���L�V���U�H�D�G�L�O�\���L�G�H�Q�W�L�¿�D�E�O�H���E�\���L�W�V���F�K�D�U�D�F�W�H�U�L�V�W�L�F���U�D�V�K���I�R�X�Q�G���D�O�R�Q�J�� 
�D���F�K�H�V�W���Z�D�O�O���G�H�U�P�D�W�R�P�H�����5�D�U�H�O�\�����S�U�H�Y�L�R�X�V�O�\���X�Q�G�L�D�J�Q�R�V�H�G���F�R�U�R�Q�D�U�\���D�U�W�H�U�\��
anomalies and mitral valve prolapse, as well as myocarditis, can manifest in 
this age group as well as in younger children.

Dyspnea

Increased depth of respiration, often with increased respiratory rate (tachypnea), 
can occur at any age and is produced by both pulmonary and nonpulmonary 
causes. Any cause of airway obstruction in infancy can lead to dyspnea, 
although sudden onset is more likely caused by infection or cardiac disease. 
Acidosis is a cause of nonpulmonary dyspnea and may occur with inborn 
�H�U�U�R�U�V���R�I���P�H�W�D�E�R�O�L�V�P���R�U���Z�L�W�K���G�H�K�\�G�U�D�W�L�R�Q�����5�D�U�H�O�\���L�Q���L�Q�I�D�Q�W�V���E�X�W���P�R�U�H���F�R�P�� 
monly in children and adolescents, dyspnea is associated with ketoacidosis as 
an initial manifestation of diabetes mellitus or with inadequate diabetic control 
leading to severe hyperglycemia. In childhood as well as adolescence, acute 
asthma becomes a common cause of dyspnea, and acute toxic ingestion (eg, 
�V�D�O�L�F�\�O�D�W�H�V�����F�D�Q���D�O�V�R���P�D�Q�L�I�H�V�W���D�V���G�\�V�S�Q�H�D�����&�\�D�Q�R�V�L�V���D�Q�G���K�H�P�R�S�W�\�V�L�V�����D�O�R�Q�J�� 
with dyspnea, often occur with pulmonary embolism due to traumatic lower 
extremity injury, heart disease, or other coagulopathy. Anxiety (hyperventila-
�W�L�R�Q���Z�L�W�K���S�D�Q�L�F���D�W�W�D�F�N�V�²�V�H�H���&�K�D�S�W�H�U�����������)�X�Q�F�W�L�R�Q�D�O���5�H�V�S�L�U�D�W�R�U�\���'�L�V�R�U�G�H�U�V����
and substance ingestion (eg, suicide attempt with salicylates) are more common 
in adolescents.

Cyanosis

�&�H�Q�W�U�D�O���F�\�D�Q�R�V�L�V�����E�O�X�H���P�X�F�R�X�V���P�H�P�E�U�D�Q�H�V�����V�K�R�X�O�G���E�H���G�L�V�W�L�Q�J�X�L�V�K�H�G���I�U�R�P��
peripheral cyanosis (blue extremities) because the former is associated with 
important cardiopulmonary disease. Any pulmonary disease that causes sig- 
�Q�L�¿�F�D�Q�W���P�L�V�P�D�W�F�K�L�Q�J���R�I���O�X�Q�J���Y�H�Q�W�L�O�D�W�L�R�Q���D�Q�G���S�H�U�I�X�V�L�R�Q���R�U���U�H�G�X�F�H�G���I�X�Q�F�W�L�R�Q�D�O��
residual capacity (expiratory reserve volume plus residual volume) will lead  
to oxygen desaturation and, eventually, visible central cyanosis. In newborns, 
this occurs during infant respiratory distress syndrome (hyaline membrane 
�G�L�V�H�D�V�H�������Z�K�L�F�K���U�H�G�X�F�H�V���I�X�Q�F�W�L�R�Q�D�O���U�H�V�L�G�X�D�O���F�D�S�D�F�L�W�\�����D�Q�G���D�Q�\���V�L�J�Q�L�¿�F�D�Q�W���O�X�Q�J��
�L�Q�À�D�P�P�D�W�L�R�Q�����V�X�F�K���D�V���Q�H�R�Q�D�W�D�O���S�Q�H�X�P�R�Q�L�D���R�U���P�H�F�R�Q�L�X�P���D�V�S�L�U�D�W�L�R�Q�����6�S�D�F�H�� 
occupying lesions, such as lung malformations (congenital hyperlucent lung, 

05 PP 2ND ED - CHAPTER 04_055-064.indd   6305 PP 2ND ED - CHAPTER 04_055-064.indd   63 9/12/23   8:52 AM9/12/23   8:52 AM



64
Pediatric Pulmonology

congenital pulmonary airway malformation, pulmonary sequestration,  
bronchogenic cyst, gastroenteric cyst, etc), may compress acutely on the 
ipsilateral healthy portion of the lung or the contralateral lung, leading to 
decreased ventilation and perfusion. If present prenatally, lung malforma- 
tions and oligohydramnios can lead to lung hypoplasia, which may cause 
cyanosis. Any right-to-left shunt caused by vascular malformation or intrin- 
sic cardiac disease may lead to cyanosis. In older children and adolescents, 
cyanosis is most commonly associated with acute pulmonary disease (eg, 
�D�F�X�W�H���D�V�W�K�P�D���R�U���S�Q�H�X�P�R�Q�L�D�������&�\�D�Q�R�V�L�V���L�V���D���O�D�W�H���P�D�Q�L�I�H�V�W�D�W�L�R�Q���R�I���F�K�U�R�Q�L�F����
�G�H�V�W�U�X�F�W�L�Y�H���S�X�O�P�R�Q�D�U�\���G�L�V�H�D�V�H���V�X�F�K���D�V���L�V���I�R�X�Q�G���L�Q���&�)�����%�H�F�D�X�V�H���R�I���L�Q�F�U�H�D�V�H�G��
�V�X�U�Y�L�Y�D�O���R�I���F�K�L�O�G�U�H�Q���Z�L�W�K���&�)�����F�\�D�Q�R�V�L�V���L�V���X�Q�X�V�X�D�O���L�Q���L�Q�I�D�Q�F�\���R�U���F�K�L�O�G�K�R�R�G����
�&�\�D�Q�R�V�L�V���L�V���D�O�V�R���D���O�D�W�H���¿�Q�G�L�Q�J���R�I���G�H�J�H�Q�H�U�D�W�L�Y�H���Q�H�X�U�R�O�R�J�L�F�D�O���G�L�V�H�D�V�H���V�X�F�K���D�V��
Duchenne muscular dystrophy. Acute inhalation of smoke or other toxic sub- 
stances, such as hydrocarbons, can lead to cyanosis stemming from severe 
�D�F�X�W�H���O�X�Q�J���L�Q�À�D�P�P�D�W�L�R�Q�����$���V�S�D�F�H���R�F�F�X�S�\�L�Q�J���W�K�R�U�D�F�L�F���Q�H�R�S�O�D�V�P���P�D�\���S�U�R�G�X�F�H��
enough pressure on surrounding lung or airways to compromise ventilation 
�D�Q�G���S�H�U�I�X�V�L�R�Q���V�L�J�Q�L�¿�F�D�Q�W�O�\�����S�U�R�G�X�F�L�Q�J���F�\�D�Q�R�V�L�V��

key points

���} Careful questioning and listening, with cultural sensitivity and humility, lead to 
an accurate picture of the patient’s condition and how it a�ects individual and 
family ability to adapt to the respiratory illness.

���} Genetics and environment play a large role in childhood respiratory disease.
���} Information about onset, duration, recurrence, persistence, and triggers helps 
lead the diagnostician �rst to determine acuteness and chronicity and, second,  
to determine a likely cause of a pediatric respiratory condition.

���} Toxic exposures, particularly ETS or primary smoking, are important causes of 
acute and chronic respiratory conditions as children age.

���} Asthma is a common cause of chronic cough as well as wheeze.
���} Response to previous therapeutic interventions, including medications, can be  
a valuable clue to the cause of an underlying pulmonary condition.

References
1.	 �+�R�P�Q�L�F�N���'�����7�K�H���U�H�V�S�L�U�D�W�R�U�\���V�\�V�W�H�P�����,�Q�����*�U�H�\�G�D�Q�X�V���'�(�����)�H�L�Q�E�H�U�J���$�1�����3�D�W�H�O���'�5�����+�R�P�Q�L�F�N���'�1����

eds. The Pediatric Diagnostic Examination.���0�F�*�U�D�Z���+�L�O�O���������������������±������
2.	 �=�L�W�H�O�O�L���%�-�����0�F�,�Q�W�L�U�H���6�&�����1�R�Z�D�O�N���$�-�����=�L�W�H�O�O�L���D�Q�G���'�D�Y�L�V�¶��Atlas of Pediatric Physical Diagnosis.  

���W�K���H�G�����(�O�V�H�Y�L�H�U������������
����	 �:�L�O�P�R�W�W���5�����'�H�W�H�U�G�L�Q�J���5�����/�L���$�����H�W���D�O�����H�G�V����Kendig’s Disorders of the Respiratory Tract in 

Children.�����W�K���H�G�����(�O�V�H�Y�L�H�U������������

05 PP 2ND ED - CHAPTER 04_055-064.indd   6405 PP 2ND ED - CHAPTER 04_055-064.indd   64 9/12/23   8:52 AM9/12/23   8:52 AM



CHAPTER

5

65

The Pulmonary Physical Examination
Christopher E. Harris, MD, FAAP

Introduction
Every clinical encounter must begin with a thorough history. As outlined in 
Chapter 4, Taking the Pulmonary History, details of the present condition,  
its time course and past management, other medical and surgical conditions, 
and family history should be completely reviewed. Social, environmental,  
and immunization histories and a complete review of systems are necessary  
to completely evaluate a child with a pulmonary concern.

The pediatric physical examination should vary according to the age and 
developmental stage of the child. In young children, the passive examination, 
where possible, is always more productive; for example, a child should be 
lying down to bring out wheezing by lowering lung volumes and thus reduc-
ing airway caliber. Examinations such as the heart and lungs that are more 
�G�L�I�¿�F�X�O�W���L�Q���D���F�U�\�L�Q�J���F�K�L�O�G���V�K�R�X�O�G���E�H���G�R�Q�H���¿�U�V�W�����D�Q�G���W�K�H���O�H�V�V���W�R�O�H�U�D�W�H�G���H�[�D�P�L�Q�D-
tions, such as ears and throat, should be saved for last. Young children often 
are most comfortable when seated in the lap of a parent or caretaker. The 
time- honored principles of inspection, palpation, auscultation, and percussion 
apply well to the pulmonary examination of children and youth at any age.1–3

Upper Airway
The head, ears, nose, and throat examination is an important part of the 
�U�H�V�S�L�U�D�W�R�U�\���W�U�D�F�W���H�[�D�P�L�Q�D�W�L�R�Q�����&�K�U�R�Q�L�F���R�W�L�W�L�V���P�H�G�L�D���P�D�\���E�H���D���¿�U�V�W���V�L�J�Q���R�I��
�L�P�P�X�Q�H���G�H�¿�F�L�H�Q�F�\���D�Q�G���L�V���R�I�W�H�Q���S�U�H�V�H�Q�W���L�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���S�U�L�P�D�U�\���F�L�O�L�D�U�\��
dyskinesia. Nasal examination is also very important in children presenting 
with respiratory diseases. Children with allergic conditions, such as allergic 
rhinitis, often have mucosal pallor or edema along with the presence of clear 
secretions. Aggressive treatment of upper airway allergies may improve  
lower airway signs and symptoms.4 Sinusitis may also be a common problem 
in children presenting with chronic cough. Because the paranasal sinuses  
�D�U�H���O�L�Q�H�G���E�\���S�V�H�X�G�R�V�W�U�D�W�L�¿�H�G���F�R�O�X�P�Q�D�U���H�S�L�W�K�H�O�L�X�P�����W�K�H���V�D�P�H���F�H�O�O�V���O�L�Q�L�Q�J���W�K�H��
airway), it stands to reason that conditions affecting the airway may also 
affect the sinuses.5 For example, chronic sinusitis is nearly universal in 

06 PP 2ND ED - CHAPTER 05_065-076.indd   6506 PP 2ND ED - CHAPTER 05_065-076.indd   65 9/12/23   8:52 AM9/12/23   8:52 AM



66
Pediatric Pulmonology

�F�K�L�O�G�U�H�Q���Z�L�W�K���F�\�V�W�L�F���¿�E�U�R�V�L�V�����&�)�����D�Q�G���S�U�L�P�D�U�\���F�L�O�L�D�U�\���G�\�V�N�L�Q�H�V�L�D�����3�D�W�L�H�Q�W�V���Z�L�W�K��
allergic rhinitis may also have mucosal edema, preventing the sinus ostia from 
draining readily. Nasal polyps may also complicate both allergic rhinitis and 
CF. Polyps, which have a characteristic clear to white bulbous appearance, 
may be quite large but cause the child relatively few symptoms, probably 
because of the gradual nasal obstruction that occurs with polyp growth.

�7�K�H���G�L�D�J�Q�R�V�L�V���R�I���V�L�Q�X�V�L�W�L�V���F�D�Q���E�H���U�D�W�K�H�U���G�L�I�¿�F�X�O�W���W�R���H�V�W�D�E�O�L�V�K���V�R�O�H�O�\���R�Q���F�O�L�Q�L�F�D�O��
grounds. Nasal secretions are usually thick and purulent. However, if post- 
nasal drip is present, secretions may not be issuing from the nares. Therefore, 
the oropharynx should be examined carefully for mucoid material draining 
from above. A cobblestoned oropharynx may be noted with postnasal drip. 
Sinus tenderness with palpation of the maxillary and frontal sinuses may be 
helpful in diagnosing a sinus infection in older children. Reports of sinus  
pressure, especially when the patient bends over, are also common with  
sinus infections.

Examination of the mouth and oral cavity is important in respiratory medicine 
because of congenital anomalies and other conditions that affect sleep. Many 
dysmorphologies affect orofacial structures. Common examples include the 
Pierre Robin sequence, Stickler syndrome, Treacher Collins syndrome, and 
Crouzon syndrome. Infants with these conditions may present with cleft 
palate, making early nutritional and feeding intervention of prime importance. 
Conditions associated with relative or absolute macroglossia, such as Down 
syndrome, congenital hypothyroidism, and glycogen storage diseases, may 
place the child at risk of obstruction of the upper airway during sleep. Careful 
questioning of the caretakers and a low threshold for referral for sleep evalua-
tion and polysomnography are needed in caring for these children. Tonsillar 
size is also very important to assess in all children, especially during the 
preschool years. Frequent infections of the upper respiratory tract during 
these years cause the lymphoid tissues in the head and neck to proliferate. 
This hyperplasia, along with the normal small size of the upper airway, puts 
children at risk for sleep-disordered breathing, including obstructive sleep 
apnea. In addition, the increasing prevalence of obesity among children 
further contributes to increased risk for obstructive sleep apnea.6 Therefore, 
�F�D�U�H�I�X�O���L�Q�V�S�H�F�W�L�R�Q���R�I���W�R�Q�V�L�O�O�D�U���V�L�]�H���D�Q�G���G�H�J�U�H�H���R�I���R�U�R�S�K�D�U�\�Q�J�H�D�O���¿�O�O�L�Q�J���P�X�V�W�� 
be noted in all children, especially for those with sleep-related concerns.

Characterization of the voice is another important part of the pulmonary 
examination. Lesions in the area of the larynx may impede normal vocal fold 
function and cause hoarse voice along with inspiratory stridor. For example, 
respiratory papillomas caused by infection with human papillomavirus may 
cause a hoarse voice. Also, injury to the nerves innervating the larynx may 
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cause vocal disturbance and stridor. Repair of congenital heart defects, 
especially ligation of the ductus arteriosus, may be associated with at least 
temporary vocal cord paresis. Of much greater consequence are abnormalities 
�R�I���W�K�H���F�H�Q�W�U�D�O���Q�H�U�Y�R�X�V���V�\�V�W�H�P�����&�1�6�����W�K�D�W���P�D�\���F�R�P�S�U�H�V�V���W�K�H���E�U�D�L�Q�V�W�H�P���D�Q�G��
cranial nerves. Arnold-Chiari malformations are well known to be associated 
with bilateral vocal cord paralysis. Signs include a soft, breathy voice and 
stridor. Demonstration of cough by the child should be elicited when there is 
concern about laryngeal innervation. Stridor has different causes at different 
ages and depends on whether it is intermittent or continuous. Inspiratory 
stridor usually indicates lesions of the glottis or above, and expiratory coarse 
wheeze or stridor indicates lesions below the level of the glottis. Biphasic 
stridor may occur with severe glottic lesions. Causes of stridor in different  
age groups are listed in Table 5-1.

Table 5-1. Causes of Stridor in Children and Adolescents

Patient Intermittent Persistent

Infant Aspiration
Viral croup
Electrolyte abnormality

Laryngeal anomaly
Mediastinal mass
Vascular ring
Lung or gastrointestinal cyst
Intubation trauma
Neck or surgical trauma to RLN

Child Viral croup
Spasmodic croup
Aspiration
Vocal cord dysfunction (rare)

Vascular ring
Laryngeal anomaly
Mediastinal mass
Inhalation injury
Neck or surgical trauma to RLN
Foreign body aspiration

Adolescent Vocal cord dysfunction
Spasmodic croup

Mediastinal mass
Inhalation injury
Neck or surgical trauma to RLN
Foreign body aspiration
Glottic trauma

Abbreviation: RLN, recurrent laryngeal nerve.
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Extremities
Examination of the extremities for clubbing and the Schamroth sign is also 
�L�P�S�R�U�W�D�Q�W����Figure 5-1). These signs may be found in patients with chronic 
lung, heart, and liver disease and are also a clue to the chronicity of a 
respiratory condition in children. Potential causes of digital clubbing  
are listed in Box 5-1.

Figure 5-1. Clubbing measuring methods. DIP, distal 
interphalangeal joint; DPD, distal phalangeal depth; IPD, 
interphalangeal depth; NB, nail bed.

From van Manen MJG, Vermeer LC, Moor CC, Vrijenhoe� R, Grutters 
JC, Veltkamp M, Wijsenbeek MS. Clubbing in patients with �brotic 
interstitial lung diseases. Respir Med. 2017;132:226–231, with 
permission from Elsevier.

Causes of Clubbing

Box 5-1

Pulmonary
Cystic �brosis

Bronchiectasis

Pulmonary abscess

Empyema

Neoplasms

Interstitial lung disease

Alveolar proteinosis

Chronic pneumonia

Cardiac
Cyanotic congenital  
	 heart disease

Bacterial endocarditis

Gastrointestinal and 
Hepatic
In�ammatory bowel 	
	 disease (ulcerative  
	 colitis and Crohn 	
	 disease)

Polyposis

Biliary cirrhosis

Biliary atresia

Thyrotoxicosis
Familial
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Eupnea and Dyspnea
The chest and lung examination is of primary importance for patients with 
respiratory concerns. Inspection of the chest should begin as soon as the 
examiner enters the room. Findings of respiratory distress depend on the 
�S�D�W�L�H�Q�W�¶�V���D�J�H�����,�Q�F�U�H�D�V�H�G���U�H�V�S�L�U�D�W�R�U�\���U�D�W�H����tachypnea�����L�V���R�I�W�H�Q���W�K�H���¿�U�V�W���L�Q�G�L�F�D�W�L�R�Q��
of respiratory distress at all ages; however, normal rates will vary over a wide 
�U�D�Q�J�H���D�F�F�R�U�G�L�Q�J���W�R���D�J�H����Table 5-2). Normal respiratory rates are also highly 
variable in infants and toddlers depending on sleep state and the presence of 
fever. Breathing pattern is important: Hyperpnea�����D�E�Q�R�U�P�D�O�O�\���G�H�H�S���U�H�V�S�L�U�D-
tion) may accompany acidosis and CNS dysfunction. Hypopnea can occur in 
sleep-disordered breathing and again with CNS disease. Eupnea is normal, 
unlabored breathing, and dyspnea���L�V���G�L�I�¿�F�X�O�W�\���E�U�H�D�W�K�L�Q�J��

�'�\�V�S�Q�H�D�����Z�K�L�F�K���L�V���V�K�R�U�W�Q�H�V�V���R�I���E�U�H�D�W�K���R�U���G�L�I�¿�F�X�O�W�\���³�F�D�W�F�K�L�Q�J�´���R�Q�H�¶�V���E�U�H�D�W�K���� 
is found with true lung disease, such as acute asthma, but also occurs with 
hyperventilation secondary to panic attack or panic disorder.

Table 5-2. Respiratory Rate by Age

Age Respiration (breaths/minute)

Newborn 30–60

1–6 weeks 30–60

6 months 25–40

1 year 20–40

3 years 20–30

6 years 12–25

10 years 12–20

Adapted from Burbulys DB. Respiratory distress. In: Berkowitz CD, ed. 
Berkowitz’s Pediatrics: A Primary Care Approach. 6th ed. American Academy of 
Pediatrics; 2021:501–505.
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Lungs and Thorax
�7�K�H���K�L�J�K�O�\���F�R�P�S�O�L�D�Q�W���F�K�H�V�W���Z�D�O�O���R�I���W�K�H���\�R�X�Q�J���L�Q�I�D�Q�W���O�H�D�G�V���W�R���V�L�J�Q�L�¿�F�D�Q�W��
�U�H�W�U�D�F�W�L�R�Q�V�����V�X�S�U�D�V�W�H�U�Q�D�O�����L�Q�W�H�U�F�R�V�W�D�O�����V�X�E�F�R�V�W�D�O�����Z�L�W�K���L�Q�F�U�H�D�V�H�G���U�H�V�S�L�U�D�W�R�U�\��
effort. Retractions occur when the skin overlying the neck or chest is drawn  
in during inspiration. Even with the patient clothed, retractions within the 
suprasternal notch may be readily apparent in the older child and adolescent. 
This group may also demonstrate intercostal retractions as well as use of 
�D�F�F�H�V�V�R�U�\���P�X�V�F�O�H�V���R�I���U�H�V�S�L�U�D�W�L�R�Q�����V�W�H�U�Q�R�F�O�H�L�G�R�P�D�V�W�R�L�G���D�Q�G���V�F�D�O�H�Q�H���P�X�V�F�O�H�V����
during periods of respiratory distress. Infants may also demonstrate nasal 
�À�D�U�L�Q�J���Z�L�W�K���U�H�V�S�L�U�D�W�R�U�\���G�L�V�W�U�H�V�V��

Inspection and palpation of the chest wall may reveal abnormalities. The 
�W�U�D�F�K�H�D���V�K�R�X�O�G���Q�R�U�P�D�O�O�\���G�H�Y�L�D�W�H���V�O�L�J�K�W�O�\���W�R���W�K�H���U�L�J�K�W���Z�K�H�Q���D���¿�Q�J�H�U���L�V���S�O�D�F�H�G�� 
in the suprasternal notch. Changes in the position of the trachea may provide 
important information during the physical examination. In conditions in 
�Z�K�L�F�K���H�L�W�K�H�U���D�L�U���R�U���O�L�T�X�L�G���¿�O�O�V���W�K�H���S�O�H�X�U�D�O���V�S�D�F�H�����W�K�H���O�X�Q�J���P�D�\���P�R�Y�H���D�Z�D�\�� 
from its normal position with the trachea also shifting in the same direction. 
Conversely, in complete atelectasis of a lung, the trachea may shift toward the 
side of collapse. In lung agenesis or hypoplasia, the trachea may deviate to the 
affected side. Absence of a pectoralis muscle is seen in Poland syndrome, and 
rib or thoracic vertebral anomalies may lead to chest wall asymmetry. Severe 
scoliosis may lead to respiratory compromise due to restriction of normal lung 
expansion, which may be accompanied by kyphosis, and both conditions may 
�E�H���V�H�H�Q���L�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���Q�H�X�U�R�P�X�V�F�X�O�D�U���G�L�V�H�D�V�H�����3�H�F�W�X�V���F�D�U�L�Q�D�W�X�P�����S�L�J�H�R�Q��
breast) or pectus excavatum are both common reasons for referral for eval- 
uation, although they affect cardiopulmonary functioning only when severe 
��Figure 5-2�������&�K�L�O�G�U�H�Q���Z�L�W�K���V�L�J�Q�L�¿�F�D�Q�W���R�E�V�W�U�X�F�W�L�Y�H���V�O�H�H�S���D�S�Q�H�D���P�D�\���G�H�Y�H�O�R�S�� 
a Harrison groove, which is an indentation along the site of diaphragmatic 
insertion of the anterior ribs. Furthermore, certain genetic syndromes may be 
associated with a small thoracic cage. For example, Jeune syndrome, spinal 
muscular atrophy type I, or other congenital myopathies may show a small 
bony thorax.
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Figure 5-2. Pectus carinatum (A) 
and pectus excavatum (B).
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Percussion of the chest gives the clinician vital information about underly- 
�L�Q�J���V�W�U�X�F�W�X�U�H�V����Figure 5-3�������3�H�U�F�X�V�V�L�R�Q���P�D�\���E�H���G�L�I�¿�F�X�O�W���L�Q���W�K�H���V�P�D�O�O�����X�Q�� 
cooperative infant and may precipitate crying, so percussion and palpation 
should always follow auscultation in this age group. Usually, normal lungs 
will provide a resonant note with a low pitch and slightly long duration. When 
pleural effusion, consolidating pneumonia, or an intrathoracic mass is present, 
�W�K�H���Q�R�W�H���L�V���À�D�W���Z�L�W�K���D���K�L�J�K���S�L�W�F�K���D�Q�G���V�K�R�U�W�H�U���G�X�U�D�W�L�R�Q�����&�R�Q�Y�H�U�V�H�O�\�����Z�K�H�Q���D��
�S�Q�H�X�P�R�W�K�R�U�D�[���K�D�V���R�F�F�X�U�U�H�G�����R�Q�H���Z�L�O�O���¿�Q�G���D���K�L�J�K���S�L�W�F�K�H�G�����O�R�X�G���Q�R�W�H�����2�E�V�W�U�X�F-
tive lung disease with air trapping, such as asthma or CF, may also produce  
a hyperresonant pitch. In particular, when percussing the chest, always 
remember to compare one side with the other.

Figure 5-3. Technique of chest percussion.

After percussion, auscultation of the lungs is performed during physical 
�D�V�V�H�V�V�P�H�Q�W�����H�[�F�H�S�W���L�Q���W�K�H���L�Q�I�D�Q�W���D�Q�G���V�P�D�O�O���F�K�L�O�G�����Z�K�H�Q���D�X�V�F�X�O�W�D�W�L�R�Q���V�K�R�X�O�G��
precede percussion and palpation). With normal breathing and with larger  
tidal volumes, normal breath sounds or adventitial sounds may be detectable. 
Normal vesicular breath sounds are low-pitched and heard mostly throughout 
inspiration, continuing approximately one-third of the way into exhalation. 
During certain clinical conditions, other breath sounds may replace the nor- 
mal vesicular breath sounds. Bronchial breath sounds are abnormal sounds 
that are often louder than vesicular breath sounds; they may be shorter dur- 
ing inspiration and longer during exhalation. In addition, they may be slightly 
louder and more high-pitched during expiration. These are the sounds of large 
airways transmitted through lung parenchyma that is consolidated or atelec-
tatic. Three different types of adventitious sounds are generally acknowledged 
and agreed on in present medical teaching. First, crackles or rales are short, 

06 PP 2ND ED - CHAPTER 05_065-076.indd   7206 PP 2ND ED - CHAPTER 05_065-076.indd   72 9/12/23   8:52 AM9/12/23   8:52 AM



73
Chapter 5—The Pulmonary Physical Examination

intermittent sounds. Two types of crackles are described: Fine crackles are 
similar to hairs being rubbed together near the ears; coarse crackles, as the 
name implies, are louder and harsher, more like rubbing 2 pieces of tissue 
paper together. Fine crackles are more commonly associated with interstitial 
lung disease. Coarse crackles are often heard in pneumonia or CF. Wheeze, 
the sound most commonly associated with asthma, is a continuous sound and 
is often musical. Rhonchi are also continuous sounds but much lower in pitch 
and may clear with coughing. These sounds are probably caused by secretions 
in the large airways. A pleural rub may also occasionally be heard during 
chest examination. More often heard during inspiration, these low-pitched 
�F�R�Q�W�L�Q�X�R�X�V���V�R�X�Q�G�V���D�U�H���W�K�H���U�H�V�X�O�W���R�I���S�O�H�X�U�D�O���L�Q�À�D�P�P�D�W�L�R�Q�����2�I�W�H�Q���G�H�V�F�U�L�E�H�G�� 
as a creaky noise, they may also sound like leather being stretched.

During auscultation is an opportune time to examine the cardiovascular 
system, which begins with inspection of mucous membranes and nail beds for 
signs of central cyanosis. Next is auscultation of the heart tones; children with 
congenital heart disease may present with murmurs heard during the entire 
cardiac cycle. Full characterization of murmurs may require evaluation by a 
pediatric cardiologist. Dysrhythmias, both bradycardic and tachycardic, may 
be noted during cardiac auscultation.

Additional Examinations
Additional systems may give important clues to chronic respiratory  
disease. These include the abdominal, dermatologic, musculoskeletal, and 
neurological systems.

The abdominal examination should include accurate assessment of liver  
and spleen size. Hepatomegaly may occur in patients with CF and may be  
a potentially life-threatening complication. Cirrhosis may occur because  
of biliary tract obstruction, leading to hepatocyte damage and subsequent 
�¿�E�U�R�V�L�V�����6�H�F�R�Q�G�D�U�\���V�S�O�H�Q�L�F���F�R�Q�J�H�V�W�L�R�Q���G�X�H���W�R���K�H�S�D�W�L�F���L�Q�V�X�I�¿�F�L�H�Q�F�\���P�D�\���D�O�V�R��
occur occasionally and requires expert skill to ascertain fullness in the left 
�X�S�S�H�U���T�X�D�G�U�D�Q�W���R�I���W�K�H���D�E�G�R�P�H�Q���U�H�O�L�D�E�O�\�����$�Q�\���P�D�V�V���R�U���À�X�L�G���L�Q���W�K�H���D�E�G�R�P�H�Q��
may restrict thoracic excursion through elevation of the diaphragm and thus 
lead to respiratory compromise.

Sequelae of neurological complications often affect the respiratory system. 
Severe neurological dysfunction may interfere with respiratory control, lead- 
ing to apnea or hypoventilation. Much more commonly, patients are seen with 
more subtle neurological involvement, most frequently involving swallowing. 
Patients with cerebral palsy often are at risk for aspiration pneumonia, and 
particular care should be paid to the patient’s ability to handle oral secretions. 
�(�Y�D�O�X�D�W�L�Q�J���W�K�H���V�W�U�H�Q�J�W�K���D�Q�G���G�X�U�D�W�L�R�Q���R�I���D�Q���H�O�L�F�L�W�H�G���J�D�J���U�H�À�H�[���P�D�\���S�U�R�Y�L�G�H��
clues to aspiration risk because both prolonged and absent gags are abnormal. 
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key points

���} Respiratory rates in children vary over a wide range with activity and age;  
this vital sign should be compared against standard tables.

���} The heart and lung examinations are best performed �rst in young children to 
increase the chance of an adequate examination.

���} Characterization of breath sounds and their location can lead to e�cient and 
accurate diagnosis of acute or chronic pulmonary conditions.

���} Children with developmental disabilities can aspirate silently, leading to 
recurrent pneumonia; therefore, a strong index of suspicion with appropriate 
testing is in order.

���} Other systems a�ect or are a�ected by the lungs, including the cardiovascular, 
neurological, dermatologic, and musculoskeletal systems; these must be 
evaluated along with the pulmonary tract during the complete physical 
evaluation, which is especially important in the preparticipation examination 
for children and teens seeking to undertake athletics. This examination is 
discussed in detail in the American Academy of Pediatrics publication  
Preparticipation Physical Evaluation.7

�6�L�O�H�Q�W���D�V�S�L�U�D�W�L�R�Q���F�D�Q���R�F�F�X�U���R�I�W�H�Q���L�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���V�H�Y�H�U�H���Q�H�X�U�R�O�R�J�L�F�D�O���G�H�¿�F�L�W�V����
and a strong index of suspicion should be maintained; bronchoscopy and 
�U�D�G�L�R�J�U�D�S�K�L�F���G�H�J�O�X�W�L�W�L�R�Q���V�W�X�G�L�H�V�����E�H�V�W���Z�L�W�K���D���S�K�\�V�L�F�D�O���R�U���V�S�H�H�F�K���W�K�H�U�D�S�L�V�W��
present) can help delineate aspiration risk. Any condition leading to thoracic 
muscle weakness can lead to progressive respiratory compromise and, eventu-
�D�O�O�\�����U�H�V�S�L�U�D�W�R�U�\���I�D�L�O�X�U�H���U�H�T�X�L�U�L�Q�J���V�X�S�S�R�U�W�����$�W���W�K�H���¿�U�V�W���V�L�J�Q���R�I���V�O�H�H�S���G�L�V�W�X�U�E�D�Q�F�H��
or with recurrent respiratory infection, children with muscle weakness should 
be referred for pulmonary and sleep evaluation.

Examining the skin may yield important clues to underlying systemic disease 
with a respiratory component. Eczema in infancy may be associated with food 
allergy and rarely is associated with respiratory disease. However, as children 
age, eczema is more often associated with asthma, allergic rhinitis, and inha- 
lation allergy. Severe asthma, with eczema and recurrent Staphylococcus 
aureus���L�Q�I�H�F�W�L�R�Q�����R�F�F�X�U�V���Z�L�W�K���W�K�H���L�P�P�X�Q�R�G�H�¿�F�L�H�Q�F�\���R�I���W�K�H���K�\�S�H�U���,�J�(���V�\�Q�� 
�G�U�R�P�H�����&�\�D�Q�R�V�L�V���R�I���Q�D�L�O���E�H�G�V���D�Q�G���P�X�F�R�X�V���P�H�P�E�U�D�Q�H�V���L�V���D�O�Z�D�\�V���D���V�L�J�Q�L�¿�F�D�Q�W��
�S�K�\�V�L�F�D�O���¿�Q�G�L�Q�J���D�Q�G���V�K�R�X�O�G���S�U�R�P�S�W���D���W�K�R�U�R�X�J�K���L�Q�Y�H�V�W�L�J�D�W�L�R�Q��

�$�V�V�H�V�V�L�Q�J���W�K�H���P�X�V�F�X�O�R�V�N�H�O�H�W�D�O���V�\�V�W�H�P���L�V���W�K�H���¿�Q�D�O���S�R�U�W�L�R�Q���R�I���W�K�H���S�K�\�V�L�F�D�O���H�[�� 
amination. Many patients with developmental delay or genetic conditions are 
prone to kyphoscoliosis. Careful examination of the back is of prime impor-
tance in children of all ages. Key points to assess include the linearity of the 
�V�S�L�Q�H�����D�V�\�P�P�H�W�U�\���R�I���W�K�H���E�D�F�N���D�Q�G���V�K�R�X�O�G�H�U�V�����D�Q�G���U�D�Q�J�H���R�I���P�R�W�L�R�Q�����À�H�[�L�R�Q����
extension, and lateral bending). Digital clubbing, if not previously assessed, 
should be evaluated at this time.
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Pulmonary Function Testing
Carol J. Blaisdell, MD

Allen J. Dozor, MD, FAAP

Pulmonary function tests (PFTs) offer clinicians useful objective functional 
information that can aid in the diagnosis and management of known or 
suspected lung or respiratory system disease in children. Symptoms of 
shortness of breath (dyspnea), chest pain, cough, and wheezing have many 
potential causes. As part of a clinician’s evaluation, the choice of an appro- 
�S�U�L�D�W�H���R�E�M�H�F�W�L�Y�H���D�Q�G���U�H�S�U�R�G�X�F�L�E�O�H���W�H�V�W���R�I���S�X�O�P�R�Q�D�U�\���I�X�Q�F�W�L�R�Q���P�D�\���F�R�Q�¿�U�P���D��
working diagnosis. Many children are prescribed asthma medications with 
potential adverse effects for years or even decades. Pulmonary function tests 
can assure patients, parents, and clinicians that the diagnosis is correct. In 
addition, PFTs are important in assessing the progression of known lung 
disease and response to therapy. Some tests are readily available in the 
�S�U�L�P�D�U�\���F�D�U�H���R�I�¿�F�H�����Z�K�L�O�H���R�W�K�H�U�V���D�U�H���P�R�V�W���R�I�W�H�Q���U�H�V�W�U�L�F�W�H�G���W�R���S�X�O�P�R�Q�D�U�\��
�I�X�Q�F�W�L�R�Q���O�D�E�R�U�D�W�R�U�L�H�V���R�U�����P�R�U�H���U�H�F�H�Q�W�O�\�����W�K�H���R�I�¿�F�H�V���R�I���S�H�G�L�D�W�U�L�F���S�X�O�P�R�Q�R�O�R-
gists. Procedures should follow American Thoracic Society1 guidelines 
referenced to healthy populations. Indications are listed in Box 6-1.

Indications for Pulmonary Function Tests

Box 6-1

	� To determine the nature of the respiratory dysfunction (obstructive versus 
restrictive disease)

	� To evaluate respiratory function associated with signs and symptoms
	� To quantify the extent or progression of known pulmonary disease
	� To provide an objective measure to determine the appropriateness of reducing 
therapy for asthma

	� To measure the e�ect of occupational exposure
	� To identify bene�ts, adverse e�ects, or consequences of withdrawal or  
step-down of therapy

	� To assess the presence of airway hyperreactivity
	� To assess preoperative lung function
	� To use as a research objective or measure
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Peak Expiratory Flow Rate
�3�H�D�N���H�[�S�L�U�D�W�R�U�\���À�R�Z���U�D�W�H�����3�(�)�5�����L�V���D���X�V�H�I�X�O���P�H�D�V�X�U�H���I�R�U���P�R�Q�L�W�R�U�L�Q�J���O�X�Q�J��
function in the primary care management of obstructive lung diseases, particu-
larly asthma. It is inexpensive and can be used at the patient’s home or work-
�S�O�D�F�H�����D�W���W�K�H���F�O�L�Q�L�F�L�D�Q�¶�V���R�I�¿�F�H�����D�Q�G���L�Q���W�K�H���D�F�X�W�H���F�D�U�H���V�H�W�W�L�Q�J���R�I���W�K�H���H�P�H�U�J�H�Q�F�\��
�G�H�S�D�U�W�P�H�Q�W�����(�'�����D�Q�G���K�R�V�S�L�W�D�O�����+�R�Z�H�Y�H�U�����W�K�H�U�H���D�U�H���L�P�S�R�U�W�D�Q�W���O�L�P�L�W�D�W�L�R�Q�V��2 

�7�R���X�V�H���D���S�H�D�N���À�R�Z���P�H�W�H�U�����W�K�H���F�K�L�O�G���V�K�R�X�O�G���E�O�R�Z���R�X�W���D�V���T�X�L�F�N�O�\���D�V���S�R�V�V�L�E�O�H�� 
from maximal inhalation with his or her mouth closed tightly on the mouth-
piece. The highest of 3 attempts should be recorded. The performance of  
�3�(�)�5���G�H�S�H�Q�G�V���K�L�J�K�O�\���R�Q���H�I�I�R�U�W���D�Q�G���L�V���D�I�I�H�F�W�H�G���E�\���O�D�U�J�H���D�L�U�Z�D�\���G�\�V�I�X�Q�F�W�L�R�Q����
Patients who do not keep a tight seal on the mouthpiece will produce a falsely 
�O�R�Z���3�(�)�5�����D�Q�G���W�K�R�V�H���Z�K�R���S�X�W���W�K�H�L�U���W�R�Q�J�X�H���L�Q���W�K�H���P�R�X�W�K�S�L�H�F�H���Z�K�L�O�H���H�[�K�D�O�L�Q�J��
(essentially performing a “blow-dart” maneuver) may have falsely elevated 
�3�(�)�5���P�H�D�V�X�U�H�P�H�Q�W�V�����&�R�Q�V�L�V�W�H�Q�F�\���R�I���W�K�H���Y�D�O�X�H�V���Z�L�W�K�������W�U�L�D�O�V���D�W���D���W�L�P�H���V�X�J�J�H�V�W�V��
reproducible results that can be interpreted. If variability is greater than 20% 
with 3 efforts performed at one time, the clinician should suspect that there is a 
�S�U�R�E�O�H�P���Z�L�W�K���W�K�H���S�D�W�L�H�Q�W�¶�V���W�H�F�K�Q�L�T�X�H��

�1�R�U�P�D�W�L�Y�H���3�(�)�5���G�D�W�D���E�D�V�H�G���R�Q���V�W�D�Q�G�L�Q�J���K�H�L�J�K�W���D�U�H���D�Y�D�L�O�D�E�O�H���W�R���D�V�V�H�V�V���À�R�Z��
limitation compared with that in healthy control subjects; however, these data 
�D�U�H���I�D�L�U�O�\���R�O�G���D�Q�G���Y�D�U�\���Z�L�W�K���W�K�H���3�(�)�5���G�H�Y�L�F�H�V���X�V�H�G��2–4 If the values are less  
�W�K�D�Q�����������R�I���W�K�H���H�[�S�H�F�W�H�G���R�U���W�K�H���S�D�W�L�H�Q�W�¶�V���S�H�U�V�R�Q�D�O���E�H�V�W���3�(�)�5�����G�L�V�F�X�V�V�H�G���L�Q���W�K�H��
�Q�H�[�W���S�D�U�D�J�U�D�S�K�������D�L�U�À�R�Z���R�E�V�W�U�X�F�W�L�R�Q���V�K�R�X�O�G���E�H���V�X�V�S�H�F�W�H�G�����7�K�L�V���U�H�V�X�O�W���F�R�X�O�G�� 
be consistent with subjective concerns of a patient with asthma or may be 
unexpected in a patient with poor perception of his or her disease.

�/�L�N�H���D�O�O���3�)�7�V�����3�(�)�5���L�V���P�X�F�K���P�R�U�H���X�V�H�I�X�O���L�Q���G�H�W�H�F�W�L�Q�J���F�K�D�Q�J�H�V���R�Y�H�U���W�L�P�H���W�K�D�Q�� 
�L�Q���D�V�N�L�Q�J���W�K�H���T�X�H�V�W�L�R�Q�����³�,�V���W�K�L�V���Q�R�U�P�D�O�"�´���,�Q���D���S�D�W�L�H�Q�W���Z�L�W�K���S�R�R�U�O�\���F�R�Q�W�U�R�O�O�H�G��
�D�V�W�K�P�D���Z�K�R���I�U�H�T�X�H�Q�W�O�\���D�F�F�H�V�V�H�V���D�F�X�W�H���F�D�U�H���L�Q���D�Q���(�'�����3�(�)�5���F�D�Q���E�H���X�V�H�G���W�R���V�H�W��
criteria for contacting the clinician for impending asthma exacerbations. The 
�D�V�W�K�P�D���D�F�W�L�R�Q���S�O�D�Q�����Z�K�L�F�K���G�H�¿�Q�H�V���D�G�M�X�V�W�P�H�Q�W���L�Q���K�R�P�H���D�V�W�K�P�D���P�D�Q�D�J�H�P�H�Q�W���L�Q��
response to early symptoms of asthma (cough, dyspnea, chest pain), may also 
�G�R�F�X�P�H�Q�W���W�K�H���W�D�U�J�H�W���3�(�)�5���I�R�U���H�D�F�K���L�Q�G�L�Y�L�G�X�D�O��5 The convention is to determine 
�W�K�H���S�D�W�L�H�Q�W�¶�V���S�H�U�V�R�Q�D�O���E�H�V�W���3�(�)�5���Z�K�H�Q���D�V�W�K�P�D���L�V���X�Q�G�H�U���E�H�V�W���F�R�Q�W�U�R�O���L�Q���W�K�H���F�O�L�Q�L�� 
�F�L�D�Q�¶�V���R�I�¿�F�H���R�U���Z�L�W�K���K�R�P�H���P�R�Q�L�W�R�U�L�Q�J���D�Q�G���W�R���U�H�Y�L�H�Z���W�K�H�V�H���G�D�W�D���Z�L�W�K���W�K�H���S�U�R�Y�L�G�H�U��

�8�V�L�Q�J���D���S�H�D�N���H�[�S�L�U�D�W�R�U�\���À�R�Z���P�H�W�H�U���W�R���G�H�W�H�U�P�L�Q�H���Z�K�H�W�K�H�U���W�K�H�U�H���L�V���V�L�J�Q�L�¿�F�D�Q�W��
�D�L�U�À�R�Z���R�E�V�W�U�X�F�W�L�R�Q���L�Q���D�G�R�O�H�V�F�H�Q�W�V���Z�K�R���F�R�P�S�O�D�L�Q���R�I���H�[�H�U�F�L�V�H���L�Q�G�X�F�H�G���G�\�V�S�Q�H�D��
�F�D�Q���E�H���X�V�H�I�X�O�����$�����������F�K�D�Q�J�H���L�Q���W�K�H���3�(�)�5���E�H�W�Z�H�H�Q���E�H�I�R�U�H���D�Q�G���D�I�W�H�U���H�[�H�U�F�L�V�H��
that elicits dyspnea is consistent with exercise-induced asthma. Peak expira- 
�W�R�U�\���À�R�Z���U�D�W�H���Y�D�O�X�H�V���J�U�H�D�W�H�U���W�K�D�Q�����������R�I���W�K�H���S�H�U�V�R�Q�D�O���E�H�V�W���R�U���H�[�S�H�F�W�H�G���I�R�U��
height usually suggest reasonable control if symptoms are absent. When  
�3�(�)�5���G�H�F�U�H�D�V�H�V���W�R���O�H�V�V���W�K�D�Q�����������R�I���S�H�U�V�R�Q�D�O���E�H�V�W���R�U���W�K�H�U�H���L�V���J�U�H�D�W�H�U���W�K�D�Q�� 
���������Y�D�U�L�D�E�L�O�L�W�\���I�U�R�P���P�R�U�Q�L�Q�J���W�R���H�Y�H�Q�L�Q�J���3�(�)�5���P�H�D�V�X�U�H�P�H�Q�W�V���R�Q���W�K�H���V�D�P�H��
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day, then adjustments to asthma medications should be considered. Adjust-
�P�H�Q�W�V���F�R�X�O�G���L�Q�F�O�X�G�H���L�Q�L�W�L�D�W�L�Q�J���V�K�R�U�W���D�F�W�L�Q�J�������D�J�R�Q�L�V�W���W�K�H�U�D�S�\�����V�X�F�K���D�V���D�O�E�X�W�H�U�R�O����
�L�Q�F�U�H�D�V�L�Q�J���W�K�H���G�R�V�H���R�I���L�Q�K�D�O�H�G���F�R�U�W�L�F�R�V�W�H�U�R�L�G�V�����D�G�G�L�Q�J���D���O�R�Q�J���D�F�W�L�Q�J�������D�J�R�Q�L�V�W����
such as salmeterol or formoterol to inhaled corticosteroids; or adding a leu- 
�N�R�W�U�L�H�Q�H���U�H�F�H�S�W�R�U���D�Q�W�D�J�R�Q�L�V�W���V�X�F�K���D�V���P�R�Q�W�H�O�X�N�D�V�W�����,�I���3�(�)�5���P�H�D�V�X�U�H�P�H�Q�W�V��
decrease to less than 50% of predicted or personal best, and a dose of short- 
�D�F�W�L�Q�J�������D�J�R�Q�L�V�W���G�R�H�V���Q�R�W���U�H�V�R�O�Y�H���W�K�H���V�\�P�S�W�R�P�V���D�Q�G���L�Q�F�U�H�D�V�H�V���W�K�H���3�(�)�5���W�R��
�����������S�D�W�L�H�Q�W�V���V�K�R�X�O�G���F�R�Q�W�D�F�W���D���S�K�\�V�L�F�L�D�Q�����(�Y�D�O�X�D�W�L�R�Q���D�Q�G���P�D�Q�D�J�H�P�H�Q�W���L�Q�� 
an urgent care setting are often needed, and a short course of systemic  
corticosteroids will most likely be necessary.

Spirometry
�8�Q�O�L�N�H���3�(�)�5�����V�S�L�U�R�P�H�W�U�\���L�V���K�H�O�S�I�X�O���L�Q���L�Q�I�H�U�U�L�Q�J���O�X�Q�J���Y�R�O�X�P�H�V���D�V���Z�H�O�O���D�V���D��
�P�H�D�V�X�U�H���R�I���À�R�Z�V�����,�W���L�V���W�K�H���P�R�V�W���X�V�H�I�X�O���W�H�V�W���I�R�U���G�H�W�H�U�P�L�Q�L�Q�J���Z�K�H�W�K�H�U���U�H�V�S�L�U�D�W�R�U�\��
symptoms are attributable to underlying obstructive versus restrictive lung 
�G�L�V�H�D�V�H�����D�O�W�K�R�X�J�K���F�R�Q�¿�U�P�D�W�L�R�Q���Z�K�H�Q���U�H�V�W�U�L�F�W�L�Y�H���G�L�V�H�D�V�H���L�V���V�X�V�S�H�F�W�H�G���X�V�X�D�O�O�\��
�U�H�T�X�L�U�H�V���P�H�D�V�X�U�H�P�H�Q�W���R�I���F�R�P�S�O�H�W�H���O�X�Q�J���Y�R�O�X�P�H�V�����$�E�Q�R�U�P�D�O���V�S�L�U�R�P�H�W�U�\���U�H�V�X�O�W�V��
�G�R���Q�R�W���S�U�R�Y�L�G�H���D���V�S�H�F�L�¿�F���G�L�D�J�Q�R�V�L�V�����U�D�W�K�H�U�����W�K�H�\���S�O�D�F�H���D���S�D�W�L�H�Q�W���L�Q���D���V�S�H�F�L�¿�F��
physiological category. The most common obstructive lung disease in children 
is asthma, affecting about 10% of the US population.6,7���&�\�V�W�L�F���¿�E�U�R�V�L�V�����&�)�����L�V��
also an obstructive lung disease that often presents to the clinician as recurrent 
�F�R�X�J�K�����E�U�R�Q�F�K�L�W�L�V�����R�U���S�Q�H�X�P�R�Q�L�D�����5�H�V�W�U�L�F�W�L�Y�H���O�X�Q�J���G�L�V�H�D�V�H�V���L�Q�F�O�X�G�H���F�K�U�R�Q�L�F���O�X�Q�J��
diseases that decrease effective lung volumes (eg, bronchopulmonary dysplasia, 
sickle cell disease), chest wall disorders (eg, pectus deformities, scoliosis), and 
�Q�H�X�U�R�P�X�V�F�X�O�D�U���G�L�V�R�U�G�H�U�V�����H�J�����'�X�F�K�H�Q�Q�H���P�X�V�F�X�O�D�U���G�\�V�W�U�R�S�K�\�������1�R�U�P�D�O���V�S�L�U�R�P�H-
try results do not exclude lung disease, but they can provide reassurance that 
�W�K�H���G�L�V�H�D�V�H���L�V���Q�R�W���V�L�J�Q�L�¿�F�D�Q�W�O�\���O�L�P�L�W�L�Q�J���S�X�O�P�R�Q�D�U�\���I�X�Q�F�W�L�R�Q���D�W���U�H�V�W��

�0�R�V�W���F�K�L�O�G�U�H�Q���D�V���\�R�X�Q�J���D�V�������\�H�D�U�V���F�D�Q���S�H�U�I�R�U�P���V�S�L�U�R�P�H�W�U�\���D�G�H�T�X�D�W�H�O�\���I�R�U�� 
�L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�����D�Q�G�����Z�L�W�K���S�U�D�F�W�L�F�H�����V�R�P�H���F�D�Q���S�H�U�I�R�U�P���D�G�H�T�X�D�W�H�O�\���H�Y�H�Q���\�R�X�Q�J�H�U����
Preschoolers may be able to perform simple maneuvers with good coaching 
from staff who help the child feel comfortable and motivated to perform the 
test.8 It is possible to obtain reproducible forced expiratory maneuvers in 
infants, but this is technically challenging and possible only in pediatric PFT 
�O�D�E�R�U�D�W�R�U�L�H�V���Z�L�W�K���H�[�S�H�U�L�H�Q�F�H���L�Q���W�K�L�V���V�S�H�F�L�D�O�L�]�H�G���W�H�F�K�Q�L�T�X�H�����7�K�H���U�D�L�V�H�G���Y�R�O�X�P�H��
�U�D�S�L�G���W�K�R�U�D�F�R�D�E�G�R�P�L�Q�D�O���F�R�P�S�U�H�V�V�L�R�Q���W�H�F�K�Q�L�T�X�H���S�U�R�G�X�F�H�V���I�R�U�F�H�G���H�[�S�L�U�D�W�R�U�\��
�P�D�Q�H�X�Y�H�U�V���L�Q���L�Q�I�D�Q�W�V���W�K�D�W���V�L�P�X�O�D�W�H���D�G�X�O�W���W�\�S�H���À�R�Z���Y�R�O�X�P�H���F�X�U�Y�H�V�����)�R�U�F�H�G��
�H�[�S�L�U�D�W�R�U�\���À�R�Z�V���P�H�D�V�X�U�H�G���Z�L�W�K���U�D�L�V�H�G���Y�R�O�X�P�H���U�D�S�L�G���W�K�R�U�D�F�R�D�E�G�R�P�L�Q�D�O���F�R�P�� 
�S�U�H�V�V�L�R�Q���L�Q���L�Q�I�D�Q�W�V���Z�L�W�K���&�)���D�U�H���R�I�W�H�Q���O�R�Z�H�U���W�K�D�Q���W�K�R�V�H���L�Q���K�H�D�O�W�K�\���L�Q�I�D�Q�W�V���D�Q�G��
�D�S�S�H�D�U���W�R���E�H���X�V�H�I�X�O���I�R�U���H�D�U�O�\���G�H�W�H�F�W�L�R�Q���R�I���&�)���D�L�U�Z�D�\���G�\�V�I�X�Q�F�W�L�R�Q��9,10

�0�H�D�V�X�U�H�V���R�I���I�R�U�F�H�G���Y�L�W�D�O���F�D�S�D�F�L�W�\�����)�9�&�������I�R�U�F�H�G���H�[�S�L�U�D�W�R�U�\���Y�R�O�X�P�H���L�Q���W�K�H���¿�U�V�W��
�V�H�F�R�Q�G���R�I���H�[�S�L�U�D�W�L�R�Q�����)�(�91�������D�Q�G���W�K�H���U�D�W�L�R���R�I���W�K�H�V�H���������)�(�91���)�9�&�����D�U�H���D���X�V�H�I�X�O��
start in distinguishing between obstructive and restrictive lung disorders. 
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Patterns of spirometry results are listed in Table 6-1. The vital capacity is the 
largest volume of air that a person can inspire or expire from the lungs. The 
�P�D�Q�H�X�Y�H�U���U�H�T�X�L�U�H�G���W�R���P�H�D�V�X�U�H���)�9�&���L�Q�Y�R�O�Y�H�V���W�D�N�L�Q�J���D���P�D�[�L�P�D�O���L�Q�K�D�O�D�W�L�R�Q���D�Q�G��
forcefully exhaling with the mouth tightly closed around a mouthpiece with the 
nose closed with a nose clip until the entire lung volume is exhaled. The volume 
�H�[�K�D�O�H�G���L�Q���W�K�H���¿�U�V�W���V�H�F�R�Q�G���L�V���W�K�H���)�(�91 (Figure 6-1) and is decreased compared 
�Z�L�W�K���Q�R�U�P�D�O���L�I���W�K�H�U�H���L�V���R�E�V�W�U�X�F�W�L�R�Q���W�R���H�[�K�D�O�H�G���D�L�U�À�R�Z�����D�V���Z�L�W�K���D�V�W�K�P�D���D�Q�G���&�)������
Flows in the midportion of the forced-exhalation maneuver, a forced expiratory 
�À�R�Z���E�H�W�Z�H�H�Q�����������D�Q�G�����������R�I���W�K�H���)�9�&�����)�(�)25%–75%), are sensitive to small- 
�D�L�U�Z�D�\���I�X�Q�F�W�L�R�Q���L�Q���F�K�L�O�G�U�H�Q���D�Q�G���D�U�H���W�K�H���¿�U�V�W���D�I�I�H�F�W�H�G���L�Q���R�E�V�W�U�X�F�W�L�Y�H���O�X�Q�J��
�G�L�V�H�D�V�H�V���V�X�F�K���D�V���D�V�W�K�P�D���D�Q�G���&�)��

Table 6-1. Patterns of Spirometry Results

Measure Obstructive Restrictive

FVC Normal or increased Reduced

FRC Increased Normal or reduced

TLC Increased Reduced

FEV1 Decreased Normal or decreased

FEV1/FVC Decreased Normal or decreased

FEF25%–75% Decreased Normal or decreased

Abbreviations: FEF25%–75%, forced expiratory �ow between 25% and 75% of the FVC; FEV1, forced expiratory 
volume in 1 second; FRC, functional reserve capacity; FVC, forced vital capacity; TLC, total lung capacity.
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Figure 6-1. What spirometry measures. Abbreviations: FEV1, forced expiratory volume in 1 second; 
FVC, forced vital capacity.
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The results of the expiratory maneuver that generates the measurements  
�R�I���)�(�91���D�Q�G���)�9�&���D�U�H���G�L�V�S�O�D�\�H�G���P�R�V�W���F�R�P�P�R�Q�O�\���D�V���D���À�R�Z���Y�R�O�X�P�H���O�R�R�S�� 
or can be displayed as a volume-versus-time graph (Figure 6-2). 

Figure 6-2. Flow-volume loop and volume-versus-time graph of a spirogram. There was good 
patient e�ort on the maneuvers, American Thoracic Society criteria were met, and 2 pu�s of 
albuterol were administered with a holding chamber. 

Abbreviations: Pre, before bronchodilator; pred, predicted; post, after bronchodilator.

�,�Q���R�E�V�W�U�X�F�W�L�Y�H���O�X�Q�J���G�L�V�H�D�V�H�V�����W�K�H�U�H���P�D�\���E�H���D���U�H�G�X�F�H�G���U�D�W�H���R�I���D�L�U�À�R�Z���D�W���D�Q�\��
�J�L�Y�H�Q���O�X�Q�J���Y�R�O�X�P�H�����D�Q�G���W�K�H���)�(�91���)�9�&���L�V���O�R�Z�H�U���W�K�D�Q���Q�R�U�P�D�O�����&�U�L�W�H�U�L�D���I�R�U��

assessing for  
�D�Q���D�G�H�T�X�D�W�H�� 
�À�R�Z���Y�R�O�X�P�H�� 
loop include  
(1) instantaneous 
start of exhalation 
and rapid increase  
�L�Q���À�R�Z���W�R���S�H�D�N���� 
(2) normal sharp 
peak, indicating 
maximal effort; 
(3) smooth, con- 
tinuous exhalation 
�W�R���]�H�U�R���À�R�Z�����D�Q�G��
(4) reproducible 
results (Box 6-2, 
Figure 6-3).  

Characteristics of Flow-Volume Loops

Box 6-2

Acceptable �ow-volume loop
Instantaneous start of exhalation and rapid increase in �ow 
to peak

Normal sharp peak, indicating maximal e�ort and no large 
conducting central airway obstruction

Smooth, continuous exhalation to residual volume

Reproducible results

Unacceptable �ow-volume loop
Poor start of exhalation with slow or erratic increase to peak

Broad or �at peak, which may indicate less-than-optimal 
e�ort; if it is smooth and reproducible, it may indicate 
central conducting airway obstructions

Erratic exhalation with cough or abrupt �ow changes

Exhalation not complete (ie, �ow decreases abruptly to zero 
without a gradual return to zero)

Curve features not reproducible
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�$�Q���X�Q�D�F�F�H�S�W�D�E�O�H���À�R�Z���Y�R�O�X�P�H���F�X�U�Y�H���L�V���V�K�R�Z�Q���L�Q��Figure 6-4, which demon-
�V�W�U�D�W�H�V���H�U�U�D�W�L�F���À�R�Z�V���G�X�U�L�Q�J���H�[�K�D�O�D�W�L�R�Q���W�K�D�W���D�U�H���D�W�W�U�L�E�X�W�D�E�O�H���W�R���F�R�X�J�K�L�Q�J�����:�L�W�K�� 
�R�X�W���D���U�H�O�L�D�E�O�H���À�R�Z���Y�R�O�X�P�H���O�R�R�S�����W�K�H���U�H�V�X�O�W�V���R�I���W�K�H���V�S�L�U�R�P�H�W�U�L�F���P�D�Q�H�X�Y�H�U���V�K�R�X�O�G��
�E�H���T�X�H�V�W�L�R�Q�H�G�����&�D�U�H�I�X�O���L�Q�V�S�H�F�W�L�R�Q���R�I���W�K�H���H�[�S�L�U�D�W�R�U�\���À�R�Z���Y�R�O�X�P�H���F�X�U�Y�H���S�U�R�Y�L�G�H�V��
a more sensitive indication of small-airway obstruction than does evaluating 
�R�Q�O�\���W�K�H���T�X�D�Q�W�L�W�D�W�L�Y�H���P�H�D�V�X�U�H�P�H�Q�W�V�����7�K�H���H�D�U�O�\���U�H�G�X�F�W�L�R�Q���R�I���À�R�Z���D�Q�G���W�K�H���À�D�W�W�H�Q�� 
ing of the slope are characteristic of obstruction, which appears as a concave 
�H�[�S�L�U�D�W�R�U�\���À�R�Z���W�U�D�F�L�Q�J����Figure 6-5). Pulmonary function laboratories should 
always follow standards set by the American Thoracic Society, and PFTs in 
children are more likely to be reproducible and useful when obtained in 
�O�D�E�R�U�D�W�R�U�L�H�V���R�U���R�W�K�H�U���V�H�W�W�L�Q�J�V���Z�L�W�K���V�L�J�Q�L�¿�F�D�Q�W���H�[�S�H�U�L�H�Q�F�H���Z�L�W�K���F�K�L�O�G�U�H�Q��

�6�S�L�U�R�P�H�W�U�\���K�D�V���E�H�F�R�P�H���V�R���X�E�L�T�X�L�W�R�X�V���W�K�D�W���L�W���P�D�\���V�H�H�P���D�V���L�I���L�W���L�V���W�K�H���R�Q�O�\���3�)�7��
available. It is relatively inexpensive and easy to perform and has become the 
�S�U�L�P�D�U�\���H�Q�G���S�R�L�Q�W���I�R�U���D�O�P�R�V�W���D�O�O���F�O�L�Q�L�F�D�O���W�U�L�D�O�V�����+�R�Z�H�Y�H�U�����W�K�H�U�H���D�U�H���P�D�Q�\��
limitations, particularly in children.

Figure 6-3. Acceptable �ow-volume loop:  
rapid increase during expiration, a normal 
sharp peak, smooth exhalation, and gradual 
return to zero �ow.
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Figure 6-4. Unacceptable 
�ow-volume loop: poor start, 
erratic exhalation with cough 
that led to inhalation during 
expiratory phase, and abrupt 
return to zero. 

Abbreviations: Pre, before 
bronchodilator; pred, predicted; 
post, after bronchodilator.
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Figure 6-5. Severe air�ow 
obstruction. The �ow-volume 
loop demonstrates �ow limitation 
at all lung volumes, with concave 
tracings on the expiratory loop. 
There was no improvement  
in �ows after use of a  
bronchodilator. 

Abbreviations: Pre, before 
bronchodilator; post, after 
bronchodilator.
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Reference Values
Pulmonary function test results may indicate patterns of lung function 
consistent with obstructive or restrictive lung disease. The results should  
be compared with reference values from healthy populations. Norms and 
standards for interpretation11,12 should be chosen from a study in a healthy 
population similar to the patient. It is important to obtain an accurate stand- 
�L�Q�J���K�H�L�J�K�W�����R�U���D�U�P���V�S�D�Q���L�I���W�K�H���S�D�W�L�H�Q�W���F�D�Q�Q�R�W���V�W�D�Q�G���R�U���K�D�V���V�L�J�Q�L�¿�F�D�Q�W���V�F�R�O�L�R�V�L�V����
because the interpretation of normal versus abnormal is based on height in 
addition to age, sex, and race. If the pulmonary function laboratory does not 
�S�U�R�Y�L�G�H���D���T�X�D�O�L�W�D�W�L�Y�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I���W�K�H���G�D�W�D�����W�K�H�Q���¿�[�H�G���S�H�U�F�H�Q�W���S�U�H�G�L�F�W�H�G��
cutoffs of less than 80%, 80%, and 60% are reasonable for identifying abnor- 
�P�D�O�L�W�L�H�V���R�I���)�9�&�����)�(�91�����D�Q�G���)�(�)25%–75%, respectively. Grades of impairment 
compared with predicted norms are shown in Table 6-2.���$�Q���)�(�91���R�U���)�9�&�� 
of less than 80% of that predicted has generally been considered abnormal, 
though recently more expert bodies, including the American Thoracic Society, 
recommend moving to calculation of z scores and considering a z score less 
�W�K�D�Q���í�����������6�'�V���E�H�O�R�Z���W�K�H���Q�R�U�P�D�O���P�H�D�Q�����W�R���E�H���D�E�Q�R�U�P�D�O�����$�V���D���J�H�Q�H�U�D�O���U�X�O�H����
spirometric measurements are considered mildly abnormal if they are 
between 70% and 79% of predicted values, though a healthy child younger 
�W�K�D�Q���������\�H�D�U�V���X�V�X�D�O�O�\���K�D�V���D�Q���D�E�V�R�O�X�W�H���)�(�91���)�9�&���U�D�W�L�R���R�I��0.85 or greater.  
Table 6-2���L�Q�F�O�X�G�H�V���R�Q�H���F�O�D�V�V�L�¿�F�D�W�L�R�Q���R�I���V�H�Y�H�U�L�W�\���R�I���R�E�V�W�U�X�F�W�L�R�Q���E�D�V�H�G���R�Q���V�S�L�� 
rometric values expressed as percentage of predicted values, though these  
are not universally accepted. An example of how predicted values can vary 
depending on the reference group used for comparison is represented in  
Table 6-3. For the spirometric data in the same patient, according to National 
�+�H�D�O�W�K���D�Q�G���1�X�W�U�L�W�L�R�Q���(�[�D�P�L�Q�D�W�L�R�Q���6�X�U�Y�H�\���,�,�,���U�H�I�H�U�H�Q�F�H�V��4���)�9�&���D�Q�G���)�(�91 were 
���������R�I���W�K�D�W���S�U�H�G�L�F�W�H�G�����R�U���P�R�G�H�U�D�W�H�O�\���D�E�Q�R�U�P�D�O�����$�F�F�R�U�G�L�Q�J���W�R���W�K�H���(�X�U�R�S�H�D�Q��
�5�H�V�S�L�U�D�W�R�U�\���6�R�F�L�H�W�\�������������V�W�D�Q�G�D�U�G�V��13 which do not include Black counter-
�S�D�U�W�V�����W�K�H���)�9�&���D�Q�G���)�(�91 were 56% and 57% of that predicted, respectively,  
or moderate to severely abnormal.

The development of reference ranges for PFTs, particularly spirometry  
�D�Q�G���G�L�I�I�X�V�L�Q�J���F�D�S�D�F�L�W�\�����K�D�V���L�P�S�U�R�Y�H�G���V�L�J�Q�L�¿�F�D�Q�W�O�\�����2�Q�H���R�I���W�K�H���P�R�U�H���Y�H�[�L�Q�J��
problems for pediatricians has been the lack of a single set of reference 
�H�T�X�D�W�L�R�Q�V���W�K�D�W���F�D�Q���E�H���X�V�H�G���I�R�U���F�K�L�O�G�U�H�Q���R�I���D�O�O���D�J�H�V�����,�Q���W�K�H���S�D�V�W�����F�O�L�Q�L�F�L�D�Q�V���K�D�G��
to switch reference ranges midway through childhood, which could result in 
�V�L�J�Q�L�¿�F�D�Q�W���F�R�Q�I�X�V�L�R�Q���D�Q�G���P�L�V�L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�����1�R�Z�����W�K�H�U�H���D�U�H���L�Q�W�H�U�Q�D�W�L�R�Q�D�O�O�\��
�D�F�F�H�S�W�H�G���H�T�X�D�W�L�R�Q�V���I�R�U���S�D�W�L�H�Q�W�V���R�I���D�O�O���D�J�H�V�����I�U�R�P���D�J�H�������\�H�D�U�V���D�Q�G���X�S�����I�R�U��
spirometry and diffusing capacity. An international group of experts devel-
�R�S�H�G���W�K�H�V�H���H�T�X�D�W�L�R�Q�V���D�V���S�D�U�W���R�I���W�K�H���*�O�R�E�D�O���/�X�Q�J���)�X�Q�F�W�L�R�Q���,�Q�L�W�L�D�W�L�Y�H�����*�/�,������ 
�D�V���Q�L�F�H�O�\���V�X�P�P�D�U�L�]�H�G���L�Q���W�K�H���U�H�Y�L�H�Z���D�U�W�L�F�O�H���E�\���&�R�R�S�H�U���H�W���D�O��14 Not all current 
�V�S�L�U�R�P�H�W�H�U�V���K�D�Y�H���W�K�H�V�H���Q�H�Z�H�U���H�T�X�D�W�L�R�Q�V���E�X�L�O�W���L�Q�W�R���W�K�H�L�U���P�H�P�R�U�\�����E�X�W�� 
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continued advocacy efforts for their wide adoption are critical to achieve 
�K�H�D�O�W�K���H�T�X�L�W�\�����+�R�Z�H�Y�H�U�����D�O�W�K�R�X�J�K���*�/�,���L�V���D���V�W�H�S���L�Q���W�K�H���U�L�J�K�W���G�L�U�H�F�W�L�R�Q���W�R��
eliminate race-based medicine, the normative values on which it relies remain 
limited by small sample sizes of African Americans, particularly children, as 
well as many other ethnic groups and nationalities throughout the world. 
�8�V�L�Q�J���U�D�F�H���E�D�V�H�G���U�H�I�H�U�H�Q�F�H���H�T�X�D�W�L�R�Q�V���I�R�U���W�K�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I���S�X�O�P�R�Q�D�U�\��
function tests in Black patients (see Table 6-3) can result in underdiagnosing 
lung disease, which can perpetuate health disparities in many respiratory 
diseases and respiratory complications of several diseases, such as sickle cell 
disease.15–18 When comparing results in an individual patient over time, it is 
�L�P�S�R�U�W�D�Q�W���W�R���F�R�P�S�D�U�H���D�E�V�R�O�X�W�H���Y�R�O�X�P�H�V���D�Q�G���À�R�Z�V���D�Q�G���H�[�D�P�L�Q�H���Z�K�L�F�K��
�U�H�I�H�U�H�Q�F�H���Y�D�O�X�H�V���Z�H�U�H���X�V�H�G���W�R���U�H�S�R�U�W���W�K�H���S�U�H�G�L�F�W�H�G���Y�R�O�X�P�H�V���D�Q�G���À�R�Z�V�����7�K�H��
�X�V�H���R�I���D�S�S�U�R�S�U�L�D�W�H���U�H�I�H�U�H�Q�F�H�V���L�V���U�H�T�X�L�U�H�G���Q�R�W���R�Q�O�\���I�R�U���V�S�L�U�R�P�H�W�U�\���E�X�W���D�O�V�R���I�R�U��
measures of lung volumes and diffusion capacity.

Table 6-2. Grades of Impairment

Grade
FEV1 or FVC  
% Predicted

FEF25%–75%,  
% Predicted

FEV1/FVC,  
Absolute Ratio

Normal > 80 > 70 > 0.80

Mild < 80–70 < 70–60 < 0.80–0.60

Moderate < 70–55 < 60–40 < 0.60–0.40

Severe < 55–30 < 40–15 < 40–0.25

Extreme < 30 < 15 < .25

Table 6-3. Di�erences of Percent-Predicted Values on Spirometry for  
a 15-Year-Old Black Boy

Parameter Results Referencea
%  

Predicteda Referenceb
%  

Predictedb

FVC, L 2.69 4.18 64 4.83 56

FEV1, L 2.29 3.59 64 3.98 57

FEV1/FVC, absolute ratio 0.85 0.86 — 0.83 —

FEF25%–75%, L/s 2.48 4.00 62 5.08 49

Abbreviations: FEF25%–75%, forced expiratory �ow between 25% and 75% of the FVC; FEV1, forced expiratory 
volume in 1 second; FVC, forced vital capacity.
a	National Health and Nutrition Examination Survey III; www.cdc.gov/nchs/nhanes.htm.
b	European Community Respiratory Health Survey; www.ecrs.org.
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Lung Volumes
�:�K�H�Q���W�K�H���)�9�&���R�Q���D���V�S�L�U�R�P�H�W�U�\���W�H�V�W���L�V���O�R�Z������ ���������R�I���W�K�D�W���S�U�H�G�L�F�W�H�G�����D�Q�G���W�K�H��
�)�(�91���)�9�&���U�D�W�L�R���L�V���Q�R�U�P�D�O���R�U���H�O�H�Y�D�W�H�G�����! �������������D���U�H�V�W�U�L�F�W�L�Y�H���G�H�I�H�F�W���L�Q���S�X�O�P�R-
�Q�D�U�\���I�X�Q�F�W�L�R�Q���L�V���V�X�J�J�H�V�W�H�G�����:�K�H�Q���W�K�H���)�9�&���L�V���O�H�V�V���W�K�D�Q�����������D�Q�G���W�K�H���U�D�W�L�R���R�I��
�)�(�91���)�9�&���L�V���O�H�V�V���W�K�D�Q�������������D�Q���R�E�V�W�U�X�F�W�L�Y�H���G�H�I�H�F�W���L�V���V�X�J�J�H�V�W�H�G�����7�R���F�R�Q�¿�U�P���D��
restrictive versus obstructive disease pattern, measure complete lung volumes, 
���L�H�����U�H�V�L�G�X�D�O���Y�R�O�X�P�H���>�5�9�@�����I�X�Q�F�W�L�R�Q�D�O���U�H�V�H�U�Y�H���F�D�S�D�F�L�W�\���>�)�5�&�@�����D�Q�G���W�R�W�D�O���O�X�Q�J��
capacity) (Figure 6-6�������:�L�W�K���V�S�L�U�R�P�H�W�U�\�����R�Q�O�\���O�X�Q�J���Y�R�O�X�P�H�V���D�Q�G���À�R�Z���U�D�W�H�V��
�Z�L�W�K�L�Q���W�K�H���)�9�&���D�U�H���P�H�D�V�X�U�D�E�O�H�²�W�K�H���Y�R�O�X�P�H���R�I���D�L�U���W�K�D�W���L�V���H�[�K�D�O�H�G���R�U���L�Q�K�D�O�H�G��
�I�U�R�P���P�D�[�L�P�D�O���L�Q�K�D�O�D�W�L�R�Q���W�R���P�D�[�L�P�D�O���H�[�K�D�O�D�W�L�R�Q�����V�X�F�K���D�V���W�K�H���)�9�&�����)�(�91, and 
�)�(�)25%–75%�����%�H�F�D�X�V�H���5�9���L�V���W�K�H���Y�R�O�X�P�H���R�I���D�L�U���W�K�D�W���F�D�Q�Q�R�W���E�H���H�[�K�D�O�H�G���I�U�R�P���W�K�H��
lungs even after maximal exhalation, it must be measured indirectly. The most 
common methods for measuring lung volumes are helium dilution, nitrogen 
�Z�D�V�K�R�X�W�����D�Q�G���E�R�G�\���S�O�H�W�K�\�V�P�R�J�U�D�S�K�\�����W�K�H���E�R�G�\���E�R�[�������,�Q���S�U�D�F�W�L�F�H�����W�K�H���)�5�&���L�V��
�P�H�D�V�X�U�H�G�����D�Q�G���5�9���D�Q�G���7�/�&���D�U�H���F�D�O�F�X�O�D�W�H�G���I�U�R�P���W�K�H���)�5�&���E�\���P�H�D�V�X�U�L�Q�J���W�K�H��

Figure 6-6. Spirogram. Lung volumes: RV, residual volume—amount of air that cannot be 
exhaled from the lung; ERV (expiratory reserve volume), volume that can be exhaled starting 
from FRC to RV; FRC, the volume of air in the lungs at the end of the tidal breath, and a combina-
tion of ERV and RV; TLC, the total volume of air in the lung on full inspiration.

From Whitmer KH. Assessment of pulmonary function: spirometry. In: A Mixed Course-Based Research 
Approach to Human Physiology. Iowa State University Digital Press. Accessed August 30, 2022. https://
iastate.pressbooks.pub/curehumanphysiology/chapter/pulmonary-function/.
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expiratory reserve volume and vital capacity. The helium dilution and nitro-
gen washout methods rely on the mixing of known concentrations of gas with 
the patient’s lung volume at the start of the test, which by convention starts at 
�)�5�&�����,�I���D���S�D�W�L�H�Q�W���K�D�V���V�H�Y�H�U�H���R�E�V�W�U�X�F�W�L�Y�H���O�X�Q�J���G�L�V�H�D�V�H�����W�K�L�V���P�H�W�K�R�G���L�V���Q�R�W���Y�H�U�\��
�D�F�F�X�U�D�W�H���E�H�F�D�X�V�H���W�K�H���J�D�V�H�V���P�L�[���W�R�R���V�O�R�Z�O�\���W�R���U�H�À�H�F�W���D�F�F�X�U�D�W�H���Y�R�O�X�P�H�V���R�U���Q�R�W��
�D�W���D�O�O���L�Q���U�H�J�L�R�Q�V���R�I���W�K�H���O�X�Q�J���W�K�D�W���K�D�Y�H���V�L�J�Q�L�¿�F�D�Q�W���D�L�U���W�U�D�S�S�L�Q�J�����,�Q���W�K�L�V���F�D�V�H�����X�V�H��
of the body box is more accurate. Almost all body boxes today are referred 
to as pressure boxes, in which pressure changes at the mouth with the patient 
�L�Q�V�L�G�H���D���F�O�R�V�H�G���E�R�[���S�H�U�P�L�W���F�D�O�F�X�O�D�W�L�R�Q���R�I���)�5�&�����7�K�H���E�R�G�\���E�R�[���F�D�Q���S�U�R�Y�L�G�H��
�X�V�H�I�X�O���L�Q�I�R�U�P�D�W�L�R�Q���D�E�R�X�W���D�L�U���W�U�D�S�S�L�Q�J�����K�L�J�K���)�5�&���R�U���5�9�����L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)��
�E�X�W���F�D�Q�Q�R�W���E�H���X�V�H�G���V�X�F�F�H�V�V�I�X�O�O�\���L�I���R�E�H�V�L�W�\���S�U�H�Y�H�Q�W�V���W�K�H���S�D�W�L�H�Q�W���I�U�R�P���¿�W�W�L�Q�J�� 
in the closed box or the patient depends on supplemental oxygen.

When a restrictive lung disease is suspected, such as a neuromuscular dis- 
order or sickle cell disease, measuring lung volumes can provide more detail 
about the severity of the restrictive changes. These studies take more time 
than spirometry and usually can be performed only in a pulmonary function 
laboratory with standardized protocols that follow American Thoracic Society 
�J�X�L�G�H�O�L�Q�H�V�����7�K�H�V�H���W�H�F�K�Q�L�T�X�H�V���U�H�T�X�L�U�H���O�L�W�W�O�H���R�U���Q�R���H�I�I�R�U�W���R�Q���W�K�H���S�D�U�W���R�I���W�K�H��
patient but depend greatly on the skill and experience of the technician.

Carbon Monoxide Di�using Capacity
�'�L�I�I�X�V�L�Q�J���F�D�S�D�F�L�W�\���R�I���W�K�H���O�X�Q�J���I�R�U���F�D�U�E�R�Q���P�R�Q�R�[�L�G�H�����'LCO) is the measure-
�P�H�Q�W���R�I���F�D�U�E�R�Q���P�R�Q�R�[�L�G�H�����&�2�����W�U�D�Q�V�I�H�U���I�U�R�P���L�Q�V�S�L�U�H�G���J�D�V���L�Q�W�R���W�K�H���S�X�O�P�R�Q�D�U�\��
�F�D�S�L�O�O�D�U�\�����7�K�H���W�U�D�Q�V�I�H�U���R�I���&�2���L�Q�W�R���W�K�H���E�O�R�R�G���G�H�S�H�Q�G�V���R�Q���P�D�Q�\���Y�D�U�L�D�E�O�H�V�����L�Q�� 
cluding alveolar capillary interface (thickness), capillary volume, hemoglobin 
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�����D�Q�G���W�K�H���U�H�D�F�W�L�R�Q���U�D�W�H�V���E�H�W�Z�H�H�Q���&�2���D�Q�G���K�H�P�R�J�O�R�E�L�Q��19 In 
�S�D�W�L�H�Q�W�V���Z�L�W�K���O�X�Q�J���G�L�V�H�D�V�H�����W�K�H���'LCO correlates with disease severity and 
arterial blood oxygenation, particularly during exercise.20���0�H�D�V�X�U�L�Q�J���'LCO 
over time may be useful for patients with the potential for progressive loss of 
alveolar surface area, such as those with sickle cell disease (Figure 6-7), 
those under-going chemotherapy or radiation therapy, and those who have 
�X�Q�G�H�U�J�R�Q�H���O�X�Q�J���U�H�V�H�F�W�L�R�Q�����7�K�H���'LCO is diminished in young adults with a 
history of being born preterm, regardless of whether they had a diagnosis of 
bronchopulmonary dysplasia.21���7�K�L�V���G�L�P�L�Q�L�V�K�H�G���'LCO���O�L�N�H�O�\���U�H�À�H�F�W�V���L�Q�D�G�H-
�T�X�D�W�H���R�U���D�E�Q�R�U�P�D�O���J�U�R�Z�W�K���R�I���W�K�H���D�O�Y�H�R�O�L���D�I�W�H�U���S�U�H�W�H�U�P���E�L�U�W�K�����1�R�U�P�D�W�L�Y�H���G�D�W�D��
�I�R�U���'LCO are not as comprehensively available for different racial and ethnic 
groups and young ages as are data for spirometry19; but the new GLI reference 
ranges discussed earlier in spirometry are excellent.14 Generally speaking, a 
�' LCO of 60% and up to the lower limits of normal for the reference popula-
tion is considered mildly abnormal, 40% to 60% is considered moderately 
abnormal, and less than 40% is considered severely abnormal. The clinician 
can evaluate trends over time for an individual patient to determine whether
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Dyspnea Exercise: No
Smoker: No
Cigars: No

Cough: No
How Long(pk/yrs):
Temp: 22

Productive(cc):
Stopped(yrs):
PBar: 757

Age: 15
Diagnosis: Sickle cell/asthma
Dyspnea Rest: No
Persistent: No
Cigarettes: No

Height(in): 70 Race: Black
Medication:

Gender: Male Weight(lb): 127

PULMONARY FUNCTION ANALYSIS

Spirometry Ref Pre
Meas

Pre
% Ref

Post
Meas

Post
% Ref

Post
% Chg

FVC
FEV1
FEV1/FVC
FEF25-75%
PEF
FET100%
FIVC
FIF50%
MVV

Liters
Liters
%
L/sec
L/sec
Sec
Liters
L/sec
L/min

4.83
3.98

89
5.08
7.92

4.83

2.69
2.29

85
2.48
5.26
5.67
2.55
2.51

56
57

49
66

63

2.89
2.53

87
3.02
5.74
6.41
2.03
1.52

60
64

60
72

42

7
11

22
9

13
-21
-35

Lung Volumes

Di�usion

VC
TLC
RV
RV/TLC
FRC N2
ERV

Liters
Liters
Liters
%
Liters
Liters

4.76
6.04
1.26

23
2.97

2.89
3.96
1.06

27
2.35
0.55

61
65
65

79

DLCO

DL Adj
VA
DLCO/VA
DL/VA Adj
IVC

mL/mmHg/min
mL/mmHg/min
Liters
mL/mmHg/min/L
mL/mmHg/min/L
Liters

29.4
35.1
7.14
5.06
5.06

17.9
22.2
3.76
4.77
5.91
2.35

61
61
53
94

117

Hb: 8.8

6
8

4
2
0
-2
-4
-6

-1 0 1 2 3 4
Lung Volume

Flow

10

8

6

4

2

0
Ref Meas

TLC

ERV

RV

Figure 6-7. Example of pulmonary function test: sickle cell disease. Moderate restrictive defect 
shown with spirometry is suspected from decreased FVC and normal FEV/FEV1 and con�rmed 
with lung volumes with an FVC of 56% predicted and TLC of only 65% predicted. The DLCO is 
decreased to 61%, corrected for the patient’s anemia (with a Hb level of 8.8). This patient has  
had multiple episodes of acute chest syndrome. 

Abbreviations: Adj, adjusted; Chg, change; DL, lung di�usion; DLCO, carbon monoxide di�using capacity; 
ERV, expiratory reserve volume; FEF25–75%, forced expiratory �ow between 25% and 75% of the FVC;  
FET100%, forced expiratory time; FEV1, forced expiratory volume in 1 second; FIF50%, forced inspiratory  
�ow; FIVC, forced IVC; FRC, functional reserve capacity; FVC, forced vital capacity; FVL, �ow-volume loop;  
Hb, hemoglobin; IVC, inspiratory vital capacity; Meas, measure; MVV, maximum voluntary ventilation;  
PEF, peak expiratory �ow; Ref, reference; RV, residual volume; TLC, total lung capacity; VA, alveolar volume; 
VC, vital capacity.

07 PP 2ND ED - CHAPTER 06_077-100.indd   8807 PP 2ND ED - CHAPTER 06_077-100.indd   88 9/12/23   8:53 AM9/12/23   8:53 AM



89
Chapter 6—Pulmonary Function Testing

there is progressive loss of alveolar or capillary surface area for gas exchange 
�L�Q���F�H�U�W�D�L�Q���G�L�V�H�D�V�H���V�W�D�W�H�V���W�K�D�W���U�H�T�X�L�U�H���F�O�R�V�H���P�R�Q�L�W�R�U�L�Q�J�����V�X�F�K���D�V���W�K�R�V�H���L�Q���S�D�W�L�H�Q�W�V��
undergoing chemotherapy for cancer, patients with sickle cell hemoglobinopa-
thy, and patients with interstitial lung disease. Whole-lung irradiation can lead 
�W�R���P�L�O�G�����P�R�G�H�U�D�W�H�����D�Q�G���V�H�Y�H�U�H���F�K�D�Q�J�H�V���L�Q���'LCO,22 so monitoring the effects of 
cancer therapy in children is very important.

Assessing Airway Reactivity
�&�K�L�O�G�U�H�Q���Z�K�R���K�D�Y�H���D�V�W�K�P�D���R�U���D���K�L�V�W�R�U�\���R�I���H�D�U�O�\���Q�H�R�Q�D�W�D�O���O�X�Q�J���L�Q�M�X�U�\�� 
(eg, bronchopulmonary dysplasia, bronchiolitis, aspiration syndromes, 
prolonged mechanical ventilation) may have increased bronchial reactivity.  
In addition, children with symptoms of dyspnea or chest pain with normal 
�S�K�\�V�L�F�D�O���¿�Q�G�L�Q�J�V���D�Q�G���Q�R�U�P�D�O���V�S�L�U�R�P�H�W�U�\���W�H�V�W���U�H�V�X�O�W�V���D�W���U�H�V�W���P�D�\���E�H���H�Y�D�O�X�D�W�H�G��
by using tests of airway reactivity.23

Bronchodilator Testing

Spirometry before and after the use of an aerosolized bronchodilator can  
help evaluate the usefulness of bronchodilator therapy for a patient with 
known obstructive lung disease or who is suspected of having obstructive  
lung disease (Figure 6-8).24 Asthma is the most common reversible obstruc-
tive airway disease, and if it is suspected as the cause of a patient’s signs and 
�V�\�P�S�W�R�P�V�����E�U�R�Q�F�K�R�G�L�O�D�W�R�U���W�H�V�W�L�Q�J���F�D�Q���K�H�O�S���F�R�Q�¿�U�P���W�K�H���G�L�D�J�Q�R�V�L�V�����)�R�U���S�D�W�L�H�Q�W�V��
with neuromuscular disease, the usefulness of bronchodilators can be assessed 
with spirometry before and after albuterol use. As shown in Figure 6-9, a 13-  
�\�H�D�U���R�O�G���E�R�\���Z�L�W�K���'�X�F�K�H�Q�Q�H���P�X�V�F�X�O�D�U���G�\�V�W�U�R�S�K�\���K�D�G���Z�R�U�V�H���H�[�S�L�U�D�W�R�U�\���À�R�Z�V��
�D�I�W�H�U���D�O�E�X�W�H�U�R�O���X�V�H�������������Z�R�U�V�H�Q�L�Q�J���R�I���)�(�91���D�Q�G�����������Z�R�U�V�H�Q�L�Q�J���R�I���)�(�)25%–75%), 
showing that albuterol is not useful in his treatment. A lack of response to  
a bronchodilator in a patient with an obstructive pattern at spirometry may  
�L�Q�G�L�F�D�W�H���O�R�Q�J���V�W�D�Q�G�L�Q�J���D�L�U�Z�D�\���L�Q�À�D�P�P�D�W�L�R�Q���D�Q�G���U�D�L�V�H���W�K�H���T�X�H�V�W�L�R�Q���R�I���R�W�K�H�U��
�G�L�D�J�Q�R�V�H�V�����V�X�F�K���D�V���&�)����Figure 6-10). Spirometry performed at rest can be 
repeated 10 to 15 minutes after a standard dose of an inhaled bronchodilator if 
the patient has not used any bronchodilators for at least 4 hours before testing. 
Albuterol administered with a metered-dose inhaler (2–4 puffs) with a spacer 
�I�R�U���D�G�H�T�X�D�W�H���G�R�V�H���G�H�O�L�Y�H�U�\���R�U��2.5 to 5.0 mg of nebulized albuterol should be 
�D�G�H�T�X�D�W�H���I�R�U���D�V�V�H�V�V�L�Q�J���E�U�R�Q�F�K�R�G�L�O�D�W�L�R�Q�����$�V���D���J�H�Q�H�U�D�O���U�X�O�H�����D�Q���L�Q�F�U�H�D�V�H���L�Q���)�9�&��
�R�U���)�(�91���R�I�����������Z�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G���D���V�L�J�Q�L�¿�F�D�Q�W���E�U�R�Q�F�K�R�G�L�O�D�W�R�U���U�H�V�S�R�Q�V�H�� 
and compatible with a diagnosis of asthma regardless of whether the baseline 
spirometry test result demonstrated obstruction or was normal compared  
with reference values.
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Gender: Male
Age: 15     Race: Black
Height(in): 65      Weight(lb): 132
Diagnosis:

Hospital for Children

Pediatric Pulmonary Function Lab

Spirometry Ref Pre % Ref Post % Ref % Chg

FVC
FEV1
FEV1/FVC
FEF25-75%
PEF
Vol Extrap

Liters
Liters
%
L/sec
L/sec
Liters

3.39
2.96

86
3.50
6.98

4.10
2.02

49
0.94
4.37
0.01

121
68

27
63

4.17
2.68

64
1.81
6.52
0.04

123
91

52
94

2
33

93
49

600

6

8

4

2

0

6

8

4

2

0

-2

-4

-6
-1 0 1 2 3 4

-1 0 1 2 3 4 5 6 7 8

Liters/Second
Volume

Flow

Liters/Second
Time

Li
te

rs

Volume

Comments:

PRED

PRED

PRE

PREPOST POST

Interpretation:
Forced expiration demonstrates a moderate obstructive ventilatory defect.
There is an immediate response to aerosolized bronchodilator. Spirogams
plateau normally. Flow volume loops reveal decreased expiratory flow rates
at low lung volumes consistent with airway obstruction.

Li
te

rs

Figure 6-8. Example of pulmonary function test: severe air�ow obstruction attributable to 
asthma due to FEV1/FVC % of only 49% before bronchodilator with improved but not quite 
normalized �ows after bronchodilator response: FEV1/FVC % of 64%. 
Abbreviations: Chg, change; FEF25–75%, forced expiratory �ow between 25% and 75% of the FVC; FEV1, forced 
expiratory volume in 1 second; FVC, forced vital capacity; FVL, �ow-volume loop; PEF, peak expiratory �ow;  
Post, after bronchodilator; Pre, before bronchodilator; Pred, predicted; Ref, reference; Vol Extrap,  
extrapolated volume.
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DUCHENNE MUSCULAR DYSTROPHY

Age:
Sex/Race:
Height:
Weight:

13 years
Male/Caucasian
63 in   161 cm
142 lbs   65 kg  

?????TL3097134
Room: Out

FVC Liters 3.69 0.90    26 0.95    26   –1 
FEV1 Liters 3.17 0.90    38 0.75    29   –17 
FEV1/FVC %  94     79     –16 
FEF25-75% L/Sec 3.33 2.00    38 0.66    19   –67
FEF25% L/Ses                                                       1.34                           1.19                                  –53 
FEF50% L/Sec                                                       2.18                           0.72                                 –67
FEF75% L/Sec                                                       1.55                           0.41                                 –47
PEF L/Sec 2.26           2.73             38         1.48             18                  –49
FIVC Liters ? 0.99    27 0.98    41    1
PIF L/Sec                                                       2.24                            2.63                                      0

Pre-RX Post-RX

PREDSpirometry (BTPS) BEST %PRED BEST %PRED %CHG

Figure 6-9. Example of pulmonary function test: Duchenne muscular dystrophy. A severe 
restrictive pattern is shown, with FVC at only 0.90 L or 26% of that predicted, FEV1 at 0.90 L  
or 28% of that predicted, and FEV1/FVC at 94%, with worsening after use of a bronchodilator 
(FEV1 decreased by 17%). 

Abbreviations: CHG, change; BTPS, body temperature, ambient pressure, and gas saturated with water 
vapor; FEF, forced expiratory �ow; FEV1, forced expiratory volume in 1 second; FIVC, forced inspiratory vital 
capacity; FVC, forced vital capacity; PEF, peak expiratory �ow; PIF, peak inspiratory �ow; Post-Rx, after 
bronchodilator; Pred, predicted; Pre-Rx, before bronchodilator.
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CYSTIC FIBROSIS

Age: 21 Years
Sex/Race: Female/Caucasian
Height: 59 in 150 cm
Weight: 86 lbs 39 kg

Pre-RX Post-RX
PREDSpirometry

# � Outside 95% Con�dence Interval # � Outside Normal Range

Flow/Volume4

0 .5 1 1.5 2 2.5 3 3.5 4 4.5

3

2

1

0

1

2

( Pre–Rx           )

( Post–Rx         )

(BTPS) BEST %PRED BEST %PRED %CHG
FVC 
FEV1
FEV1/FVC
FEF25-75%
FEF25%
FEF50%
FEF75%
PEF
FIVC
PIF

Liters
Liters
%
L/Sec
L/Sec
L/Sec
L/Sec
L/Sec
Liters
L/Sec

3.31
3.01

91
4.02

3.31

1.45 #
0.91 #

63 #
0.48 #

1.48
0.54
0.20
2.60

1.33 #
2.38

44#
30#
69#
12#

40#

1.52 #
0.94 #

62 #
0.46 #

1.63
0.56
0.16
2.75

1.37 #
2.64

46#
31#
68#
11#

41#

5
3

–2
–4
10
4

–20
6
3

11

Liters/Second

Li
te

rs

Figure 6-10. Example of pulmonary function test: cystic �brosis. Shown are severe air�ow 
obstruction (FEV1 at 30% of that predicted) and a severe restrictive pattern (FVC at 44% of that 
predicted), with no improvement after bronchodilator administration. Flow limitation is worse 
with forced exhalation compared with tidal breathing at rest. 
Abbreviations: CHG, change; BTPS, body temperature, ambient pressure, and gas saturated with water vapor;  
FEF, forced expiratory �ow; FEV1, forced expiratory volume in 1 second; FIVC, forced inspiratory vital capacity;  
FVC, forced vital capacity; PEF, peak expiratory �ow; PIF, peak inspiratory �ow; Post-Rx, after bronchodilator;  
Pred, predicted; Pre-Rx, before bronchodilator.
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Bronchial Challenge Testing

�)�R�U���S�D�W�L�H�Q�W�V���Z�L�W�K���D���K�L�V�W�R�U�\���R�U���S�K�\�V�L�F�D�O���H�[�D�P�L�Q�D�W�L�R�Q���¿�Q�G�L�Q�J�V���V�X�J�J�H�V�W�L�Y�H���R�I��
asthma (eg, cough, dyspnea, chest pain, wheezing), it is not uncommon for a 
�F�O�L�Q�L�F�L�D�Q���W�R���S�U�H�V�F�U�L�E�H���D���W�U�L�D�O���R�I���E�U�R�Q�F�K�R�G�L�O�D�W�R�U���R�U���D�Q���D�Q�W�L���L�Q�À�D�P�P�D�W�R�U�\���W�K�H�U�D�S�\����
�+�R�Z�H�Y�H�U�����F�R�Q�W�L�Q�X�H�G���X�V�H���R�I���D���W�K�H�U�D�S�\���I�R�U���D�Q���X�Q�F�R�Q�¿�U�P�H�G���G�L�D�J�Q�R�V�L�V���R�I���D�V�W�K�P�D��
can expose a child to unnecessary adverse effects. When an adolescent with 
unexplained dyspnea, chest pain, or cough has normal spirometric results  
and an unclear response to bronchodilators, bronchial challenge testing can  
be used to diagnose airway hyperreactivity. Airway hyperreactivity is a more 
�V�H�Q�V�L�W�L�Y�H���R�E�M�H�F�W�L�Y�H���P�D�U�N�H�U���R�I���D�V�W�K�P�D���L�Q���F�K�L�O�G�U�H�Q���W�K�D�Q���L�V���3�(�)�5���R�U���V�S�L�U�R�P�H�W�U�\�� 
at rest or after bronchodilator use.25

�,�Q�K�D�O�D�W�L�R�Q���R�I���P�H�W�K�D�F�K�R�O�L�Q�H���L�V���I�U�H�T�X�H�Q�W�O�\���X�V�H�G���W�R���G�H�W�H�U�P�L�Q�H���Z�K�H�W�K�H�U���D�L�U�Z�D�\��
�K�\�S�H�U�U�H�D�F�W�L�Y�L�W�\���L�V���S�U�H�V�H�Q�W�����&�K�L�O�G�U�H�Q���Z�L�W�K���D�V�W�K�P�D���Z�L�O�O���U�H�V�S�R�Q�G���W�R���P�H�W�K�D�F�K�R�� 
line with a pattern of airway obstruction at spirometry at a lower dose than do 
children who do not have asthma. In addition to asthma, factors that increase 
bronchial hyperresponsiveness include exposure to environmental antigens, 
occupational sensitizers, respiratory infections, air pollutants, cigarette smoke, 
and chemical irritants.26 After baseline spirometry is measured, the patient 
�L�Q�K�D�O�H�V���L�Q�F�U�H�D�V�L�Q�J���G�R�V�H�V���R�I���P�H�W�K�D�F�K�R�O�L�Q�H�����$���F�K�D�Q�J�H���L�Q���)�(�91 is the primary 
outcome measure for methacholine challenge testing. Provocative concen- 
tration 20�����3�&20�����L�V���G�H�¿�Q�H�G���D�V���W�K�H���H�[�D�F�W���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���P�H�W�K�D�F�K�R�O�L�Q�H���W�K�D�W��
�F�D�X�V�H�V���D�����������G�H�F�U�H�D�V�H���L�Q���)�(�91���I�U�R�P���W�K�H���E�D�V�H�O�L�Q�H���)�(�91. A positive test result  
�L�V���R�Q�H���L�Q���Z�K�L�F�K���W�K�H���3�&20 occurs at less than 4.0 mg/mL22 (Table 6-4). A patient 
�Z�L�W�K���D���3�&20 of less than 1.0 mg/mL has moderate to severe bronchial hyper- 
reactivity. If doses of greater than 16 mg/mL methacholine do not cause a 20% 
�G�H�F�U�H�D�V�H���L�Q���)�(�91, then the patient’s result is considered normal, and another 
cause for the reported symptoms should be sought. Approximately 30% of 
�S�D�W�L�H�Q�W�V���Z�L�W�K�R�X�W���D�V�W�K�P�D���Z�K�R���K�D�Y�H���D�O�O�H�U�J�L�F���U�K�L�Q�L�W�L�V���K�D�Y�H���D���3�&20 in the border- 
line range (4.0–16 mg/mL). Approximately 90% to 98% of patients with asthma 

are hyperreactive to metha- 
choline or histamine, another 
inhalation challenge agent.27 
Methacholine challenge test- 
ing should be performed in a 
pulmonary function laboratory 
with experienced personnel  
because of the risk of serious 
�D�L�U�À�R�Z���R�E�V�W�U�X�F�W�L�R�Q��

Table 6-4. Methacholine Challenge Interpretation 
of Bronchial Hyperresponsiveness

PC20
a Interpretation

> 16 mg/mL Normal

4–16 mg/mL Borderline

1–4 mg/mL Mild

< 1 mg/mL Moderate to severe
a	Provocative concentration of methacholine causing a  
20% decrease in forced expiratory volume in 1 second.
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Exercise Challenge Testing
Although a little less sensitive than methacholine testing, bronchial challenge 
testing can also be accomplished by using exercise on a treadmill or bicycle. 
The test may be particularly useful for a patient whose respiratory concerns 
�R�F�F�X�U���S�U�L�P�D�U�L�O�\���Z�L�W�K���H�[�H�U�F�L�V�H���W�R���F�R�Q�¿�U�P���D���V�X�V�S�H�F�W�H�G���G�L�D�J�Q�R�V�L�V���R�I���H�[�H�U�F�L�V�H�� 
�L�Q�G�X�F�H�G���E�U�R�Q�F�K�R�V�S�D�V�P�����(�,�%�������%�U�R�Q�F�K�L�D�O���F�K�D�O�O�H�Q�J�H���F�D�Q���D�O�V�R���E�H���X�V�H�G���W�R���G�H�W�H�U�� 
mine the ability of an adolescent to perform demanding or lifesaving work  
and to determine the effectiveness of therapy to prevent symptoms. As many 
�D�V�����������R�I���F�K�L�O�G�U�H�Q���D�Q�G���D�G�R�O�H�V�F�H�Q�W�V���Z�L�W�K���D�V�W�K�P�D���K�D�Y�H���(�,�%��28,29 A child or 
�D�G�R�O�H�V�F�H�Q�W���V�X�V�S�H�F�W�H�G���R�I���K�D�Y�L�Q�J���(�,�%���Z�K�R�V�H���U�H�V�S�L�U�D�W�R�U�\���V�\�P�S�W�R�P�V���D�U�H���Q�R�W���S�U�H�� 
vented by treatment with an inhaled bronchodilator given 15 to 20 minutes 
before exercise and who has no other manifestations of asthma should be 
�U�H�I�H�U�U�H�G���I�R�U���H�[�H�U�F�L�V�H���F�K�D�O�O�H�Q�J�H���W�H�V�W�L�Q�J���W�R���F�R�Q�¿�U�P���W�K�H���G�L�D�J�Q�R�V�L�V��23

Patients are asked to walk or run on a treadmill to reproduce symptoms 
experienced with exercise. The standard is a minimum of 4 minutes at the 
target heart rate: heart rate is 80% to 90% of the predicted maximum, calcu-
lated as 220 minus age in years, or ventilation at 40% to 60% of the predicted 
�P�D�[�L�P�X�P���Y�R�O�X�Q�W�D�U�\���Y�H�Q�W�L�O�D�W�L�R�Q�����H�V�W�L�P�D�W�H�G���D�V���)�(�91 × 35.26 For the bicycle 
�H�U�J�R�P�H�W�H�U���W�R���S�U�R�G�X�F�H���D�Q���D�G�H�T�X�D�W�H���W�H�V�W�����D���W�D�U�J�H�W���Z�R�U�N���U�D�W�H���W�R���D�F�K�L�H�Y�H���W�K�H���W�D�U�J�H�W��
�Y�H�Q�W�L�O�D�W�L�R�Q���P�X�V�W���E�H���V�X�V�W�D�L�Q�H�G���I�R�U���D�W���O�H�D�V�W�������W�R�������P�L�Q�X�W�H�V�����2�Q�O�\�����������W�R���������� 
�R�I���F�K�L�O�G�U�H�Q���G�H�P�R�Q�V�W�U�D�W�H���V�L�J�Q�L�¿�F�D�Q�W���E�U�R�Q�F�K�R�F�R�Q�V�W�U�L�F�W�L�R�Q���Z�L�W�K���F�\�F�O�L�Q�J�����V�R���W�K�H��
�W�U�H�D�G�P�L�O�O���L�V���P�R�U�H���O�L�N�H�O�\���W�R���S�U�R�Y�L�G�H���F�R�Q�¿�U�P�D�W�L�R�Q���R�I���D�L�U�Z�D�\���K�\�S�H�U�U�H�D�F�W�L�Y�L�W�\���� 
�$�V���Z�L�W�K���P�H�W�K�D�F�K�R�O�L�Q�H���F�K�D�O�O�H�Q�J�H���W�H�V�W�L�Q�J�����W�K�H���F�K�D�Q�J�H���L�Q���)�(�91 is the primary 
�R�X�W�F�R�P�H���Y�D�U�L�D�E�O�H�����5�H�S�H�D�W�H�G���P�H�D�V�X�U�H�V���R�I���V�S�L�U�R�P�H�W�U�\���D�U�H���R�E�W�D�L�Q�H�G���L�P�P�H�G�L�D�W�H�O�\��
after exercise and then serially 5, 10, 15, and 20 minutes after completing the 
�H�[�H�U�F�L�V�H�����,�I���W�K�H���)�(�91 is not back to a baseline level by 20 minutes, then another 
�P�H�D�V�X�U�H���D�W���������P�L�Q�X�W�H�V���V�K�R�X�O�G���E�H���R�E�W�D�L�Q�H�G�����5�H�V�S�R�Q�V�H���W�R���D���E�U�R�Q�F�K�R�G�L�O�D�W�R�U���P�D�\��
�E�H���D�V�V�H�V�V�H�G���L�I���W�K�H���S�D�W�L�H�Q�W���H�[�S�H�U�L�H�Q�F�H�V���V�L�J�Q�L�¿�F�D�Q�W���G�\�V�S�Q�H�D���R�U���W�K�H���)�(�91 has not 
returned to within 10% of baseline at 30 minutes. A 10% decrease from the 
�E�D�V�H�O�L�Q�H���)�(�91 is generally accepted as abnormal,29,30 although a decrease of 
���������L�V���F�R�Q�V�L�G�H�U�H�G���E�\���V�R�P�H���W�R���E�H���P�R�U�H���G�L�D�J�Q�R�V�W�L�F���R�I���(�,�%��23,31

Cardiopulmonary Exercise Testing
�&�D�U�G�L�R�S�X�O�P�R�Q�D�U�\���H�[�H�U�F�L�V�H���W�H�V�W�L�Q�J�����&�3�(�7�����L�Q�Y�R�O�Y�H�V���D�V�V�H�V�V�L�Q�J���F�D�U�G�L�D�F���D�Q�G��
pulmonary function during incremental exercise and includes measuring gas 
�H�[�F�K�D�Q�J�H�����R�[�\�J�H�Q���F�R�Q�V�X�P�S�W�L�R�Q�����&�2���S�U�R�G�X�F�W�L�R�Q�����P�L�Q�X�W�H���Y�H�Q�W�L�O�D�W�L�R�Q�������S�H�U�� 
forming electrocardiography, and measuring blood pressure.32 The clinician 
�U�H�T�X�H�V�W�V���&�3�(�7���I�R�U���S�D�W�L�H�Q�W�V���Z�K�R���U�H�S�R�U�W���V�K�R�U�W�Q�H�V�V���R�I���E�U�H�D�W�K�����G�\�V�S�Q�H�D���R�Q���H�[�H�U-
tion, or exercise intolerance without a clear cause or response to thera- 
�S�H�X�W�L�F���W�U�L�D�O�V�����,�W���P�D�\���D�O�V�R���E�H���X�V�H�G���W�R���D�V�V�H�V�V���F�D�U�G�L�R�S�X�O�P�R�Q�D�U�\���¿�W�Q�H�V�V�����,�I���W�K�H��
patient has chest pain or symptoms suggestive of cardiovascular disease,  
�D���F�D�U�G�L�R�O�R�J�L�V�W���V�K�R�X�O�G���S�H�U�I�R�U�P���D���F�D�U�G�L�D�F���V�W�U�H�V�V���W�H�V�W�����(�[�H�U�F�L�V�H���F�K�D�O�O�H�Q�J�H���W�H�V�W�L�Q�J�� 
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is more appropriate if the patient complains of chest tightness and wheezing 
�G�X�U�L�Q�J���R�U���D�I�W�H�U���H�[�H�U�F�L�V�H�����V�H�H���(�[�H�U�F�L�V�H���&�K�D�O�O�H�Q�J�H���7�H�V�W�L�Q�J�������&�D�U�G�L�R�S�X�O�P�R�Q�D�U�\��
exercise testing is useful for a child or adolescent who feels limited by exer- 
cise. Limitation can be attributable to impaired lung function; impaired 
cardiac, pulmonary, or peripheral circulation; or poor conditioning. Patients 
with asthma, chronic lung disease, or sickle cell disease may have limitations 
to their oxygenation or ventilatory responses to exercise. See Box 6-3 for 
�L�Q�G�L�F�D�W�L�R�Q�V���I�R�U���&�3�(�7��

Indications for Cardiopulmonary Exercise Testing

Box 6-3

	� To determine exercise capacity or the cause of any exercise impairment
	� To identify abnormal responses to exercise
	� To stratify risk and exercise response for training and rehabilitation
	� To evaluate results of treatment
	� For preoperative assessment
	� To evaluate impairment or disability
	� To evaluate unexplained dyspnea

Pulse Oximetry
�3�X�O�V�H���R�[�L�P�H�W�U�\���L�V���D���F�R�Q�Y�H�Q�L�H�Q�W�����L�Q���Y�L�Y�R�����Q�R�Q�L�Q�Y�D�V�L�Y�H���W�H�F�K�Q�L�T�X�H���I�R�U���P�H�D�V�X�U�L�Q�J��
�R�[�\�J�H�Q���V�D�W�X�U�D�W�L�R�Q�����2�[�\�J�H�Q���V�D�W�X�U�D�W�L�R�Q���L�V���G�H�W�H�U�P�L�Q�H�G���E�\���W�K�H���U�D�W�L�R���R�I���R�[�\�K�H�P�R-
globin to the sum of oxyhemoglobin and reduced hemoglobin. Pulse oxime-
ters perform optical measurements across a pulsating arterial bed (on the 
�¿�Q�J�H�U���R�U���H�D�U�����D�W���R�Q�O�\�������Z�D�Y�H�O�H�Q�J�W�K�V���R�I���O�L�J�K�W���W�R���G�L�V�F�U�L�P�L�Q�D�W�H���R�[�\�J�H�Q�D�W�H�G���D�Q�G��
�G�H�R�[�\�J�H�Q�D�W�H�G���K�H�P�R�J�O�R�E�L�Q�����&�D�U�E�R�[�\�K�H�P�R�J�O�R�E�L�Q���D�Q�G���P�H�W�K�H�P�R�J�O�R�E�L�Q���D�O�V�R��
absorb light at the wavelengths measured by the pulse oximeter and, if 
abundant, can affect the accuracy of the pulse oximeter. These devices  
�D�U�H���F�D�O�L�E�U�D�W�H�G���E�\���P�H�D�Q�V���R�I���K�H�D�O�W�K�\���Y�R�O�X�Q�W�H�H�U�V���Z�L�W�K���L�Q�V�L�J�Q�L�¿�F�D�Q�W���D�P�R�X�Q�W�V�� 
of dysfunctional hemoglobins.33

Pulse oximetry is used widely to assess arterial oxygenation and provides  
�D���X�V�H�I�X�O���H�V�W�L�P�D�W�H���R�I���K�\�S�R�[�L�D�����2�[�\�J�H�Q���V�D�W�X�U�D�W�L�R�Q�V���R�I���O�H�V�V���W�K�D�Q�����������S�U�H�G�L�F�W���D��
�S�D�U�W�L�D�O���S�U�H�V�V�X�U�H���R�I���R�[�\�J�H�Q���R�I���O�H�V�V���W�K�D�Q���������P�P���+�J�����7�K�H���S�X�O�V�H���R�[�L�P�H�W�H�U���K�D�V��
been validated in various cohorts of patients with presumably normal hemo-
globin levels, such as neonates, and in patients with cyanotic heart disease34; 
however, a retrospective review of simultaneous pulse oximetry and arterial 
�E�O�R�R�G���J�D�V���D�Q�D�O�\�V�L�V���G�D�W�D���R�E�W�D�L�Q�H�G���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���V�L�F�N�O�H���F�H�O�O���G�L�V�H�D�V�H���L�Q���W�K�H���(�'��
suggested that the pulse oximeter did not predict hypoxemia well.35���5�H�V�X�O�W�V��
from a prospective study in children and adolescents with sickle cell hemoglo-
bin demonstrated that pulse oximetry led to overestimation of the number of 
children with hypoxia and could have led to inappropriate treatment with 
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supplemental oxygen.36 Pulse oximetry may be less sensitive to hypoxemia in 
patients with more darkly pigmented skin.

�2�Q�H���F�D�Q�Q�R�W���U�H�O�\���R�Q���W�K�H���S�X�O�V�H���R�[�L�P�H�W�H�U���I�R�U���D�V�V�H�V�V�L�Q�J���R�[�\�J�H�Q�D�W�L�R�Q���L�Q���D�Q��
�D�G�R�O�H�V�F�H�Q�W���R�U���\�R�X�Q�J���D�G�X�O�W���Z�L�W�K���S�R�W�H�Q�W�L�D�O���V�P�R�N�H���L�Q�K�D�O�D�W�L�R�Q�����&�D�U�E�R�Q���P�R�Q�R�[�L�G�H��
bound to hemoglobin has wavelength-absorption characteristics similar  
to those of oxygenated hemoglobin, and patients with smoke inhalation will 
have a falsely normal pulse oximetry value. In the evaluation of a patient with 
potential smoke exposure, measuring carboxyhemoglobin directly from an 
arterial blood sample is essential. Methemoglobin causes the pulse oximeter 
readout to tend toward 85%. If the clinician is aware of the presence of dyshe- 
moglobins in a patient’s blood, correlation of an arterial blood sample with 
pulse oximetry is advisable. Normal oxygen saturation of the blood does not 
�H�Q�V�X�U�H���D�G�H�T�X�D�W�H���R�[�\�J�H�Q���G�H�O�L�Y�H�U�\���W�R���W�K�H���W�L�V�V�X�H�V�����H�V�S�H�F�L�D�O�O�\���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K��
anemia, patients in heart failure, or patients in shock.

Arterial Blood Gas
Arterial blood gas measurements are used to assess oxygenation and  
�Y�H�Q�W�L�O�D�W�L�R�Q�����7�K�L�V���V�X�E�M�H�F�W���L�V���F�R�Y�H�U�H�G���L�Q���&�K�D�S�W�H�U���������3�X�O�P�R�Q�D�U�\���3�K�\�V�L�R�O�R�J�\��

When to Refer
���X �6�S�L�U�R�P�H�W�U�\���V�K�R�X�O�G���E�H���X�V�H�G���W�R���F�R�Q�¿�U�P���D���V�X�V�S�H�F�W�H�G���G�L�D�J�Q�R�V�L�V���R�I���D�V�W�K�P�D��
(reversible airways obstruction) and periodically used to monitor progres-
�V�L�R�Q���R�I���W�K�H���G�L�V�H�D�V�H���D�Q�G���L�W�V���U�H�V�S�R�Q�V�H���W�R���W�K�H�U�D�S�\�����,�I���D���S�U�L�P�D�U�\���F�D�U�H���R�I�¿�F�H���G�R�H�V��
not have access to spirometry, children and adolescents who have asthma  
or other chronic pulmonary disease should be referred to a pediatric 
pulmonologist for evaluation at some point in their course.

���X If spirometry is performed, referral to a pediatric pulmonologist or to a 
pediatric pulmonary function laboratory should be considered if there is:

	� Any suggestion of restriction

	� Severe degree of obstruction

	� Nonresponsiveness or ambiguous response to bronchodilators

	� Unexplained inability to perform acceptable or reproducible forced 
expiratory maneuvers

	� �&�O�L�Q�L�F�D�O���K�L�V�W�R�U�\���L�Q�F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���S�X�O�P�R�Q�D�U�\���I�X�Q�F�W�L�R�Q���¿�Q�G�L�Q�J�V����
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key points

���} Spirometry is useful to distinguish restrictive from obstructive lung disease to 
develop a di�erential diagnosis in children with chronic respiratory symptoms.

���} Using PFTs can provide objective evidence of the severity of pulmonary disease, 
changes over time, and response to therapies (eg, in disorders such as asthma, 
CF, sickle cell disease, and muscular dystrophy).

���} Although some children can perform spirometry as young as age 3 years, 
consistent results are more likely after the age of 6 years.

���} Measurement of RV requires more sophisticated testing than simple spirometry 
and should be performed in a pulmonary function laboratory with experience 
testing in children.

���} Pulmonary function testing may be useful in the primary care o�ce, but 
oversight and interpretation by the pediatric pulmonologist is helpful and using 
appropriate normative data for comparison is essential.

���} If the primary care o�ce performs PFTs, it is important that there is a mecha-
nism in place to ensure that studies are performed to American Thoracic Society 
guidelines, which implies that there is a medical director responsible for 
oversight of the testing.

���} Exercise challenge should be used for evaluating exercise-related symptoms, 
particularly if lung function measures are normal at rest and there is little or no 
response to therapy.

���} Cardiopulmonary exercise testing can be used to evaluate �tness or the cause 
of exercise limitations.

���} Pulse oximetry is a useful, noninvasive test to measure arterial oxygen 
saturation, but it has limitations (eg, normal adult hemoglobin is assumed).
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Pulmonary Imaging
Michael J. Light, MD
Julieta M. Oneto, MD
Ricardo Restrepo, MD

Radiation Exposure in Children
A clinician ordering an imaging test must be familiar with the indications  
and contraindications of multiple imaging modalities and their alternatives, 
taking into consideration factors such as radiation exposure, cost, and goal of 
imaging. A major concern with imaging in children is the child’s exposure to 
ionizing radiation. Pediatric radiologists modify imaging parameters to mini- 
mize radiation by following standard protocols, particularly for computed 
tomography (CT) scans. Pediatric radiologists keep in mind the concept of  
as low as reasonably achievable in terms of a child’s exposure to radiation 
during imaging. The Image Gently campaign1 is an initiative of the Alliance 
for Radiation Safety in Pediatric Imaging. The campaign goal is to change 
practice by increasing the awareness of the opportunities to lower radiation 
dose while performing imaging in children.

�,�R�Q�L�]�L�Q�J���U�D�G�L�D�W�L�R�Q���L�V���X�V�H�G���L�Q���S�O�D�L�Q���U�D�G�L�R�J�U�D�S�K�\�����À�X�R�U�R�V�F�R�S�\�����D�Q�G���&�7���V�F�D�Q�Q�L�Q�J����
The effective dose is a calculated age- and sex-averaged value that is used as a 
measure of the potential risk of cancer and hereditary effects due to exposure 
to ionizing radiation by comparing that value with those of other sources of 
exposure such as background radiation or air travel. 

The biological effect of ionizing radiation is represented in the unit of Sieverts, 
which is the product of the absorbed dose and a weighting factor. The weight-
ing factor is a function of the type of radiation and the tissue involved.2

Ionizing radiation has the potential to alter DNA directly or by generating  
free radicals. In the extreme, ionizing radiation causes cell death. In addition, 
high doses of ionizing radiation are carcinogenic. Medical imaging accounts 
for an increasing amount of radiation exposure to the general population.  
In the United States, imaging accounts for about 50% of the total radiation 
exposure; of this amount, 50% is accounted for by CT scanning. Children  
are 2 to 10 times more susceptible to radiation of all kinds than are adults.  
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�7�K�H���U�L�V�N���R�I���F�D�Q�F�H�U���I�U�R�P���U�D�G�L�D�W�L�R�Q���K�D�V���Q�R�W���E�H�H�Q���G�H�¿�Q�H�G�����D�Q�G���F�O�L�Q�L�F�D�O���V�W�X�G�L�H�V��
�K�D�Y�H���Q�R�W���E�H�H�Q���S�H�U�I�R�U�P�H�G���W�R���G�H�¿�Q�H���W�K�H���U�L�V�N���Y�H�U�V�X�V���E�H�Q�H�¿�W���U�D�W�L�R�����7�K�H���W�K�H�R�U�H�W�L�F�D�O��
risk of radiation exposure from medical imaging has been suggested from  
the studies of cancer incidence in survivors of the Hiroshima atomic bomb. 
Moderate or severe exposure (> 100–150 mSv) is clearly a cancer risk, but lower 
levels are less obvious. The difference in effect on the body between acute and 
chronic exposure is not fully understood, but it is clear that exposures over a 
lifetime are cumulative.

The dose of a single chest radiograph is approximately 0.1 mSv, which is 
equivalent to the natural background radiation that the population is exposed  
to in 10 days. In an effort to decrease radiation, pediatric radiologists have 
developed a low-dose protocol that can reduce the radiation dose in children.2,3 
Recently, ultralow-dose protocols have been developed for patients with chronic 
�F�R�Q�G�L�W�L�R�Q�V�����V�X�F�K���D�V���F�\�V�W�L�F���¿�E�U�R�V�L�V�����&�)�������W�K�D�W���U�H�T�X�L�U�H���F�R�Q�W�L�Q�X�R�X�V���I�R�O�O�R�Z���X�S�����6�X�F�K��
ultralow-dose protocols can have an effective dose as low as 0.14 mSv.4 Chil- 
dren with chronic conditions have a longer life expectancy than in the recent 
past, and their exposure to medical imaging is higher as well.

Imaging Approach
Several modalities are available to evaluate the chest and its structures in 
children. In general, chest radiography is the initial imaging approach when  
a chest anomaly is suspected. General suggestions on choosing an imaging 
technique are found in Table 7-1.

Table 7-1. Imaging Approach According to Condition or Suspected Condition

Indication Imaging Modality

Suspected foreign body Expiratory radiography, or bilateral lateral 
decubitus if patient cannot breathe on 
command (due to age or developmental delay)

Suspected pneumothorax Lateral radiography with suspected side up

Ultrasonography

Suspected �uid in pleural space Lateral decubitus and radiography

Ultrasonography

Visualized structural anomalies (chest wall, 
vascular, tracheobronchial tree, lung 
parenchyma)

MDCT scanning, with or without contrast 
material

Anomalies of the tracheobronchial tree, 
evaluate lumen and pulmonary in�ltrates 
that fail to resolve in 10 to 14 days

CT virtual bronchoscopy

Chronic unexplained respiratory symptoms 
with low suspicion for foreign body

CT virtual bronchoscopy

Pleural e�usion Ultrasonography
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Indication Imaging Modality

Lung abscess CT scanning

Suspected vascular rings Swallow study or CT angiography

Visualized vascular rings MRI

Characterized vasculature of  
developmental lung malformations

MRI

Chronic interstitial process HRCT scanning

Airspace disease CT scanning

Bronchiectasis HRCT scanning

Asthma complications CT or HRCT scanning

Measuring airway thickness MDCT scanning

Uncomplicated pneumonia No imaging is required

Complicated pneumonia Chest radiography as an initial step; CT 
scanning as clinically indicated

Anterior or middle mediastinal mass CT scanning, PET scanning for lymphoma

Posterior mediastinal mass MRI

Abbreviations: CT, computed tomography; HRCT, high-resolution CT; MDCT, multidetector CT;  
MRI, magnetic resonance imaging; PET, positron emission tomography.

Chest Radiography

The posteroanterior (PA) and lateral views are the standard order for chest 
radiography. Although a single view saves cost, it has not been shown to be 
�X�V�H�I�X�O���E�H�F�D�X�V�H���W�K�H���G�L�D�S�K�U�D�J�P���R�E�V�F�X�U�H�V���P�X�F�K���R�I���W�K�H���O�X�Q�J���¿�H�O�G���L�Q���W�K�H���3�$���Y�L�H�Z����
particularly the bases. The radiograph is obtained at full inspiration, which may 
�E�H���G�L�I�¿�F�X�O�W���W�R���W�L�P�H���L�Q���W�K�H���\�R�X�Q�J���F�K�L�O�G�����)�X�O�O���L�Q�V�S�L�U�D�W�L�R�Q���W�\�S�L�F�D�O�O�\���U�H�V�X�O�W�V���L�Q���W�K�H��
�G�L�D�S�K�U�D�J�P���E�H�L�Q�J���D�W���W�K�H���O�H�Y�H�O���R�I���W�K�H���H�L�J�K�W�K���W�R���W�H�Q�W�K���S�R�V�W�H�U�L�R�U���U�L�E���R�U���W�K�H���¿�I�W�K���W�R��
sixth anterior rib. Whenever possible, the patient should undergo imaging in the 
upright position. On occasion—for example, in evaluating for a foreign body or 
pneumothorax—an expiratory radiograph may be ordered. The anteroposterior 
(AP) portable radiograph, obtained with the patient in bed, may not present as 
clear an image as that taken in the radiology department, but it is of great value 
in imaging patients who are critically ill. A lateral decubitus radiograph may 
�E�H���R�U�G�H�U�H�G���W�R���H�Y�D�O�X�D�W�H���O�D�\�H�U�L�Q�J���R�I���À�X�L�G���L�Q���W�K�H���S�O�H�X�U�D�O���V�S�D�F�H�����K�R�Z�H�Y�H�U�����W�K�L�V��
radiograph has been largely replaced by ultrasonography because ultrasonogra-
phy does not involve radiation, can be performed at the bedside, and allows 
evaluation of the pleural effusion’s characteristics. The dependent lung in the 
lateral decubitus radiograph should show increase in density because atelectasis 
�U�H�V�X�O�W�V���I�U�R�P���W�K�H���Z�H�L�J�K�W���R�I���W�K�H���P�H�G�L�D�V�W�L�Q�X�P�����)�D�L�O�X�U�H���W�R���V�K�R�Z���L�Q�F�U�H�D�V�H�G���G�H�Q�V�L�W�\��
suggests that there is air trapping, which is useful to know if a foreign body is 
suspected. A lordotic view is obtained to view the apices of the lungs.

Table 7-1. Imaging Approach According to Condition or Suspected Condition (continued)
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Multidetector CT Scanning

Multidetector CT (MDCT) scanning is considered the best modality to  
characterize in detail the chest wall, vascular structures, tracheobronchial 
tree, and lung parenchyma. The different postprocessing techniques, 2- and 
3-dimensional reformations, virtual bronchoscopy (VB), and maximum 
intensity projections allow detailed characterization of structural anomalies 
(Figure 7-1). Computed tomography provides accurate information about  
the location and extent of involvement, as well as anatomical landmarks  
and relationship to the abnormality in question.

Figure 7-1. A, Computed tomography scan  
of the neck showing laryngeal papillomatosis 
(arrow). 

Figure 7-1. B, Three-dimensional volume 
rendered image, also known as virtual bron- 
choscopy, showing laryngeal papillomatosis 
(arrows). 

Figure 7-1. C, Computed tomography scan 
showing the tracheal bronchus (arrows).
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Virtual bronchoscopy is a relatively new technique that provides an internal 
rendering of the tracheobronchial walls and lumen.5 Despite the use of a low- 
tube-current technique and rapid table speed, the major disadvantage of CT 
scanning and VB is radiation exposure. Indications for VB include pulmonary 
�L�Q�¿�O�W�U�D�W�H�V���W�K�D�W���I�D�L�O���W�R���U�H�V�R�O�Y�H���L�Q���W�K�H���X�V�X�D�O���W�L�P�H���������±�������G�D�\�V�����D�Q�G���F�K�U�R�Q�L�F�����X�Q�� 
explained respiratory symptoms in a patient who has a low suspicion for 
�I�R�U�H�L�J�Q���E�R�G�\���D�V�S�L�U�D�W�L�R�Q���D�Q�G���Q�R�U�P�D�O���R�U���Q�R�Q�V�S�H�F�L�¿�F���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�L�F���U�H�V�X�O�W�V����
The advantages of VB are the ability to evaluate tortuous structures and 
segmental and subsegmental bronchi, which are hard to evaluate with con- 
ventional bronchoscopy given the small size of airways in children. Virtual 
bronchoscopy also allows evaluation distal to the obstruction and proper  
visualization of upper lobe bronchi that arise at an acute angle from  
the major bronchi.6,7

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is appropriate in certain circumstances; 
however, the evaluation of the lung parenchyma with this technique is limited. 
Magnetic resonance imaging may help characterize the vasculature of devel-
opmental lung malformations or vascular rings. A magnetic resonance (MR) 
angiogram provides a very detailed map of the vasculature (Figure 7-2).3 

Magnetic resonance 
imaging is accurate in 
evaluating chest wall 
masses and depicting 
intraspinal extension  
of neurogenic lesions  
in the posterior media- 
stinum, a feature that 
helps in the differential 
diagnosis and treatment. 
Disadvantages of MRI 
include its availability 
and the length of the 
studies that in some 
cases require sedation.8

Figure 7-2. A, Plain chest radiograph showing scimitar 
syndrome, also known as hypogenetic lung syndrome. The 
arrow shows the vein that drains into the inferior vena cava.
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Figure 7-2. B, Magnetic resonance  
image showing scimitar syndrome.  
The thick arrows show the pulmonary 
vein draining into the inferior vena  
cava (IVC). 
Abbreviation: RLPV, right lower pulmonary vein 
(thin arrow).

Figure 7-2. C, Three-dimensional 
reconstruction of Figure 7-2B. The  
long arrows show the pulmonary vein 
draining into the inferior vena cava  
(IVC; short arrow).
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Ultrasonography

Although ultrasonography has not replaced the stethoscope, it is increasingly 
used to evaluate the lungs (and heart) in the emergency department and inten- 
�V�L�Y�H���F�D�U�H���X�Q�L�W�����)�R�U���L�P�D�J�L�Q�J���W�K�H���I�H�W�X�V�����X�O�W�U�D�V�R�Q�R�J�U�D�S�K�\���L�V���R�I���S�D�U�W�L�F�X�O�D�U���Y�D�O�X�H��
when bronchopulmonary foregut malformations or diaphragmatic hernias are 
suspected. Ultrasonography is very helpful in evaluating pleural effusions, 

providing the best detail 
�R�I���W�K�H���À�X�L�G���F�R�Q�V�L�V�W�H�Q�F�\��
and demonstrating septa- 
tions, solid components, 
or debris that cannot  
be well characterized  
on radiographs or CT  
scans (Figure 7-3).9 
Assessing mediastinal 
vascular structures and 
the thymus is possible 
with ultrasonography by 
using the correct acoustic 
�Z�L�Q�G�R�Z�����)�R�U���V�X�S�H�U�¿�F�L�D�O��
chest wall lesions, ultra- 
sonography also can 
provide information 
regarding the cystic or 
solid nature of a mass,  
the presence of fat or 
�F�D�O�F�L�¿�F�D�W�L�R�Q�����D�Q�G���W�K�H��
margins and size of a 
�O�H�V�L�R�Q���L�I���F�R�Q�¿�Q�H�G���W�R�� 
�W�K�H���V�X�S�H�U�¿�F�L�D�O���W�L�V�V�X�H�V����
which helps narrow the 
differential diagnosis  
and provides guidance 
regarding a therapeutic 
approach. The advan- 
tages of ultrasonography 
include no need for seda- 
tion, cost savings when 
compared with CT scan- 
ning, portability, and  
lack of radiation.10

Figure 7-3. A, Radiograph showing hydropneumothorax.  
Note the central trachea. The upper arrow shows the lung 
margin, and the lower arrow shows the air-�uid interface.

Figure 7-3. B, Ultrasonographic image showing the pleural 
e�usion in Figure 7.3A.
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Angiography

Traditionally, angiography was the technique of choice for imaging vascular 
anomalies, particularly when vascular rings, pulmonary sequestration, or 
hypogenetic lung syndrome is suspected and surgical treatment is considered. 
Currently, MDCT scanning has replaced conventional angiography because 
of its exquisite spatial resolution, noninvasiveness, and multiplanar reforma-
tion capabilities allowing the characterization of other tissues (Figure 7-4).

Figure 7-4. A, Multidetector 
computed tomography scan  
showing a vessel (arrow)  
supplying sequestration. 

Figure 7-4. B, Computed tomography 
reconstruction of Figure 7-4A. The  
arrows show the vessel supplying  
the sequestered lobe.
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Ventilation/Perfusion Scanning

Ventilation/perfusion scanning indicates the degree of vascular perfusion of 
different lobes of the lung and the distribution of ventilation. Ventilation scan- 
ning is performed as the child inhales xenon through a mask. The perfusion 
study is performed by injecting nuclear particles that produce microemboli  
in the parenchyma of the lung, which can indicate the degree of vascular 
perfusion of the different lobes of the lung. The results are expressed as 
percentages of ventilation and perfusion.

Chest Radiograph Report
The radiology report is a consultation between the radiologist and the physi-
cian who orders the study. It is helpful for the ordering physician to view  
the images rather than rely only on the written or oral report. It is not only  
a good exercise but also a good practice because the referring physician has 
�N�Q�R�Z�O�H�G�J�H���R�I���W�K�H���H�Q�W�L�U�H���F�O�L�Q�L�F�D�O���K�L�V�W�R�U�\���D�Q�G���P�D�\���D�L�G���L�Q���W�K�H���¿�Q�D�O���G�L�D�J�Q�R�V�L�V�����,�I��
necessary, the radiologist can be contacted in person or by phone to explain 
�W�K�H���¿�Q�G�L�Q�J�V���L�Q���J�U�H�D�W�H�U���G�H�W�D�L�O�����7�K�H���Z�U�L�W�W�H�Q���U�H�S�R�U�W���L�V���S�D�U�W���R�I���W�K�H���P�H�G�L�F�D�O���U�H�F�R�U�G��
and, as such, may be written in language that requires interpretation. It may 
�E�H���X�V�H�I�X�O���W�R���G�L�V�F�X�V�V���W�K�H���¿�Q�G�L�Q�J�V���Z�L�W�K���W�K�H���U�D�G�L�R�O�R�J�L�V�W�����Z�K�R���P�D�\���S�U�R�Y�L�G�H��
additional information that is not in the report. A good example is the state-
�P�H�Q�W�����³�W�K�H�V�H���¿�Q�G�L�Q�J�V���D�U�H���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���W�K�H���G�L�D�J�Q�R�V�L�V���R�I���S�Q�H�X�P�R�Q�L�D���´�� 
which may mean that this is likely a case of pneumonia or alternatively that 
pneumonia is in the differential diagnosis. Two different radiologists might 
�U�H�S�R�U�W���W�K�H���V�D�P�H���U�D�G�L�R�J�U�D�S�K���D�V���³�S�Q�H�X�P�R�Q�L�D���L�Q���W�K�H���U�L�J�K�W���O�R�Z�H�U���O�R�E�H�´���D�Q�G���³�W�K�H�U�H��
�L�V���D�Q���L�Q�¿�O�W�U�D�W�H���L�Q���W�K�H���U�L�J�K�W���O�R�Z�H�U���O�R�E�H���´���,�W���L�V���J�R�R�G���S�U�D�F�W�L�F�H���I�R�U���U�D�G�L�R�O�R�J�L�V�W�V�� 
�W�R���G�H�V�F�U�L�E�H���W�K�H���¿�Q�G�L�Q�J�V���D�Q�G���L�Q���W�K�H���F�R�Q�F�O�X�V�L�R�Q���W�R���L�Q�F�O�X�G�H���D���E�U�L�H�I���V�X�P�P�D�U�\��
followed by a differential diagnosis in descending order of possibility. The 
�U�D�G�L�R�O�R�J�L�V�W���V�K�R�X�O�G���E�H���D�E�O�H���W�R���S�U�R�Y�L�G�H���L�Q�V�L�J�K�W���W�R���K�H�O�S���U�H�¿�Q�H���W�K�H���S�K�\�V�L�F�L�D�Q�¶�V��
decision for treatment or perhaps recommend additional imaging.

Reading the Chest Radiograph
�7�K�H���¿�U�V�W���V�W�H�S���L�Q���H�Y�D�O�X�D�W�L�Q�J���W�K�H���U�D�G�L�R�J�U�D�S�K���L�V���W�R���L�G�H�Q�W�L�I�\���W�K�H���Q�D�P�H���D�Q�G���W�K�H�� 
date of birth or medical record number and note the date of the radiograph, 
although the widespread use of picture archiving and communication systems 
�R�E�Y�L�D�W�H�V���W�K�L�V���V�W�H�S�����,�I���S�U�L�R�U���V�W�X�G�L�H�V���D�U�H���D�Y�D�L�O�D�E�O�H�����F�R�P�S�D�U�L�V�R�Q���R�I���W�K�H���¿�Q�G�L�Q�J�V��
with previous radiographs helps to identify acute versus chronic abnormalities 
and change over time.

Radiologists are trained to evaluate the quality and the technique of the study. 
An appropriate depth of penetration is important for a good radiograph. The 
thoracic spine should be visible on the PA radiograph above the carina and 
almost invisible behind the heart. The position of the chest is also important. 
If there is rotation, the lucency of the 2 lungs will be unequal and will need  
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to be differentiated from alterations in aeration of the lungs. Also in a 
rotated radiograph, one pulmonary hilum is more exposed and may be 
misinterpreted as a perihilar opacity. The degree of rotation is assessed by 
looking for symmetry of the ribs and the position of the ends of the clavicles.

Landmarks and Structures

The chest radiograph is a 2-dimensional picture, so objects outside the chest 
may be superimposed, including monitor leads, jewelry, hair plaits, and other 
objects that may confuse the picture. An initial broad view should be taken to 
include the mediastinum and the position of the trachea and the great vessels. 
The cardiothoracic ratio should be less than 50% in the upright PA view, but 
the heart will appear larger than in the PA view if the image was obtained 
with a supine or AP view or by using portable radiography. These factors 
must be considered before making a diagnosis of cardiomegaly, particularly 
�I�U�R�P���D�Q���$�3���U�D�G�L�R�J�U�D�S�K�����7�K�H���S�K�\�V�L�F�L�D�Q���V�K�R�X�O�G���U�H�Y�L�H�Z���W�K�H���O�X�Q�J���¿�H�O�G�V���I�U�R�P���W�K�H��
apices to the costophrenic angles while comparing the right lung to the left 
lung. The right diaphragm is typically higher than the left diaphragm, and the 
outline should be clear and continuous. The costophrenic angles should be 
sharp; if they are blunted, it may indicate a pleural effusion or sometimes 
pleural thickening. When a pleural effusion is small, it may be obscured by 
the overlying lung in an upright radiograph. When a pleural effusion is large 
�H�Q�R�X�J�K���D�Q�G���I�U�H�H���À�R�D�W�L�Q�J�����D���P�H�Q�L�V�F�X�V���V�L�J�Q���W�\�S�L�F�D�O�O�\���L�V���Y�L�V�L�E�O�H�����2�Q���D���V�X�S�L�Q�H��
�U�D�G�L�R�J�U�D�S�K�����D���I�U�H�H���À�R�D�W�L�Q�J���S�O�H�X�U�D�O���H�I�I�X�V�L�R�Q���Z�L�O�O���O�D�\�H�U�����D�Q�G���W�K�H���L�Q�Y�R�O�Y�H�G��
hemithorax will appear diffusely hazy.

A deviation or shifting of the position of the heart and mediastinum toward 
one side of the chest may suggest volume loss on that side. If the mediastinum 
shifts away from the lesion, this suggests a space-occupying lesion or pleural 
effusion. A large tension pneumothorax will shift the mediastinum toward  
the other side of the chest.

If the hilum is enlarged, it may be because of enlarged pulmonary vessels, 
enlarged lymph nodes, or a mass in the area. Peribronchial thickening (or 
�F�X�I�¿�Q�J�����L�V���F�D�X�V�H�G���E�\���L�Q�À�D�P�P�D�W�L�R�Q���R�U���H�G�H�P�D���R�I���W�K�H���D�L�U�Z�D�\�V���D�Q�G���L�V���D���F�R�P�P�R�Q��
�¿�Q�G�L�Q�J���L�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���U�H�D�F�W�L�Y�H���D�L�U�Z�D�\���G�L�V�H�D�V�H�����H�V�S�H�F�L�D�O�O�\���L�Q���S�U�H�V�F�K�R�R�O�H�U�V���R�U��
in patients with viral lower respiratory infections. Pulmonary edema is also a 
�F�D�X�V�H���R�I���S�H�U�L�E�U�R�Q�F�K�L�D�O���F�X�I�¿�Q�J��

Silhouette Sign

�7�K�H���V�L�O�K�R�X�H�W�W�H���V�L�J�Q���Z�D�V���¿�U�V�W���G�H�V�F�U�L�E�H�G���E�\���'�U���%�H�Q���)�H�O�V�R�Q���D�Q�G���L�V���X�V�H�I�X�O���W�R�� 
locate the anatomical position of an abnormality.11 The silhouette sign is  
�W�K�H���H�O�L�P�L�Q�D�W�L�R�Q���R�I���W�K�H���O�X�Q�J���D�Q�G���V�R�I�W���W�L�V�V�X�H���L�Q�W�H�U�I�D�F�H���D�Q�G���L�V���F�D�X�V�H�G���E�\���À�X�L�G���R�U�� 
a mass in the lung. The most common example of this sign is the presence of  
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a right middle lobe opacity that obscures the border of the right side of the 
heart. If the opacity was in the right lower lobe, the border of the right side  
of the heart would be visible (Figure 7-5). Another example of the silhouette 
sign is the lingular opacity overlying and obscuring the border of the left side 
of the heart. The silhouette sign is applicable to the heart, aorta, chest wall,  
and diaphragm.

Figure 7-5. Radiographs showing right middle lobe pneumonia obscuring the border of  
the right side of the heart and demonstrating a positive silhouette sign. (A) Arrow shows the 
horizontal �ssure. (B) The upper arrow shows the horizontal �ssure, and the lower arrow  
shows the oblique �ssure.

Fluoroscopy

�)�O�X�R�U�R�V�F�R�S�\���L�V���X�V�H�G���I�R�U���G�\�Q�D�P�L�F���D�L�U�Z�D�\���D�V�V�H�V�V�P�H�Q�W���W�R���H�Y�D�O�X�D�W�H���W�K�H���I�R�O�O�R�Z�L�Q�J��

���X Diaphragmatic motion

���X Tracheomalacia and laryngomalacia

���X Airway obstruction in suspected foreign bodies

�)�O�X�R�U�R�V�F�R�S�\���L�V���D�O�V�R���X�V�H�G���I�R�U���D���V�Z�D�O�O�R�Z���I�X�Q�F�W�L�R�Q���V�W�X�G�\��

���X Generally performed by a radiologist with an experienced speech pathologist

���X �3�H�U�I�R�U�P�H�G���W�R���H�Y�D�O�X�D�W�H���W�K�H���P�H�F�K�D�Q�L�F�V���D�Q�G���H�I�¿�F�L�H�Q�F�\���R�I���V�Z�D�O�O�R�Z�L�Q�J

���X Can be used to identify aspiration during ingestion of liquids or solids
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Other Speci�c Findings

The following terms are words radiologists commonly use to describe 
�¿�Q�G�L�Q�J�V���W�R���U�H�D�F�K���D���G�L�I�I�H�U�H�Q�W�L�D�O���G�L�D�J�Q�R�V�L�V�����7�K�H���)�O�H�L�V�F�K�Q�H�U���6�R�F�L�H�W�\���X�Q�L�¿�H�G�� 
this thoracic imaging terminology most recently in 2008.12

A bronchogram refers to the outline of the airway made visible by  
�¿�O�O�L�Q�J���W�K�H���D�O�Y�H�R�O�L���Z�L�W�K���F�H�O�O�V���R�U���À�X�L�G�����7�K�H���D�L�U���E�U�R�Q�F�K�R�J�U�D�P���L�V���V�H�H�Q���L�Q���W�K�H��
�I�R�O�O�R�Z�L�Q�J���V�L�W�X�D�W�L�R�Q�V��

���X Any condition causing lung consolidation, most commonly pneumonia

���X Atelectasis

���X Neonatal respiratory distress syndrome

���X Acute lung injury (adult respiratory distress syndrome)

���X Some neoplasms

���X Normal expiration

Atelectasis is collapse or incomplete expansion of the lung or part of the lung 
and is described in Chapter 25, Atelectasis. It can be lobar, segmental, or 
subsegmental, depending on the extension, and passive or postprogressive 
according to the pathophysiological characteristics. Atelectasis appears as an 
increased density on the chest radiograph and is in the differential diagnosis 
of a parenchymal consolidation.

�,�Q�¿�O�W�U�D�W�H���L�V���D���W�H�U�P���I�R�U�P�H�U�O�\���X�V�H�G���W�R���G�H�V�F�U�L�E�H���D�Q���L�O�O���G�H�¿�Q�H�G���R�S�D�F�L�W�\���L�Q���W�K�H���O�X�Q�J��
�¿�H�O�G���W�K�D�W���D�O�P�R�V�W���E�\���G�H�¿�Q�L�W�L�R�Q���L�V���Q�R�W���G�L�D�J�Q�R�V�W�L�F���R�I���D�Q�\���V�S�H�F�L�¿�F���D�E�Q�R�U�P�D�O�L�W�\�� 
and should be interpreted with caution. Even though some radiologists still 
frequently use the term to refer to pneumonia, it is not synonymous with this 
condition. The use of the term �L�Q�¿�O�W�U�D�W�H is currently discouraged; the correct 
term to be used is opacity or airspace disease.

A consolidation is characteristic of lobar pneumonia, and the area may 
increase in size. If the involved area is airless and decreased in size, it is 
described as collapse. Areas of consolidation may be seen with pulmonary 
hemorrhage and vasculitic disorders in addition to the diagnosis of pneumo-
nia. Lobar consolidation is classically seen in pneumococcal pneumonia.

Interstitial���D�V���D���G�H�V�F�U�L�S�W�R�U���K�D�V���I�D�O�O�H�Q���R�X�W���R�I���I�D�Y�R�U�����%�\���G�H�¿�Q�L�W�L�R�Q�����W�K�H���L�Q�W�H�U�V�W�L-
tium is a continuum of connective tissue throughout the lung, including the 
bronchovascular, the parenchymal and acinar, and the subpleural connective 
tissue. The correct terms to be used are reticular pattern and reticulonodular 
pattern. A reticular pattern usually indicates interstitial lung disease (ILD). 
Interstitial pneumonia is more commonly seen with atypical organisms or 
viral pneumonia. A nodular pattern is characterized on chest radiographs by 
the presence of myriad tiny round opacities ranging from 2 to 10 mm that are 
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usually widespread. When a reticular pattern is combined with a nodular 
pattern, it is known as a reticulonodular pattern. Recognition of these 
patterns is critical because each is associated with a subset of diseases  
that is useful when generating a differential diagnosis.

An opacity should be characterized by noting the size and shape, the number 
and location, the margins, and the homogeneity. Comparison with a previous 
radiograph is important. Ground-glass opacities���D�U�H���S�D�U�W�L�D�O�O�\���¿�O�O�H�G���D�L�U�V�S�D�F�H�V��
���Z�L�W�K���À�X�L�G���R�U���F�H�O�O�V�����D�Q�G���L�Q�W�H�U�V�W�L�W�L�D�O���W�K�L�F�N�H�Q�L�Q�J�����$�W���&�7���V�F�D�Q�Q�L�Q�J�����W�K�L�V���¿�Q�G�L�Q�J�� 
is seen as hazy lung parenchyma that is not opaque enough to obscure the 
adjacent interstitial prominence, as opposed to a consolidation. Ground-glass 
opacities are seen in patients with pulmonary edema, pulmonary hemorrhage, 
pneumocystis pneumonia, and alveolar proteinosis, among many other entities 
(Figure 7-6). They are also seen in those with chronic ILDs and even as  
�D�Q���L�Q�F�L�G�H�Q�W�D�O���¿�Q�G�L�Q�J���L�Q���W�K�H���G�H�S�H�Q�G�H�Q�W���S�R�U�W�L�R�Q���R�I���W�K�H���O�X�Q�J�V���D�V���W�K�H���U�H�V�X�O�W���R�I��
�E�O�R�R�G���À�R�Z���U�H�G�L�V�W�U�L�E�X�W�L�R�Q���L�Q���W�K�H���K�R�U�L�]�R�Q�W�D�O���S�R�V�L�W�L�R�Q�����,�Q���F�D�V�H�V���R�I���,�/�'�����W�K�H�\�� 
�D�U�H���F�R�Q�V�L�G�H�U�H�G���D���P�D�U�N�H�U���R�I���D�F�W�L�Y�H���G�L�V�H�D�V�H���D�Q�G���V�X�J�J�H�V�W���L�Q�À�D�P�P�D�W�L�R�Q���R�U��
alveolitis, which are potentially treatable.13

A micronodule is a discrete opacity in the lung measuring less than 3 mm, 
�Z�K�H�U�H�D�V���Q�R�G�X�O�H�V���D�U�H���U�R�X�Q�G�H�G���R�S�D�F�L�W�L�H�V�����Z�H�O�O�����R�U���L�O�O���G�H�¿�Q�H�G�����P�H�D�V�X�U�L�Q�J�� 
up to 3 cm in diameter, without regard for contour, border, or intensity. The  
term mass implies a solid or partially solid lesion that may be caused by infec- 

tion, by a granuloma 
such as tuberculosis  
(TB), or by a tumor 
(benign or malignant). 
Vascular anomalies 
may have the appear-
ance of a nodule and 
may be caused by 
arteriovenous mal- 
formation and lung 
infarct, Wegener 
granulomatosis, or 
rheumatoid arthritis. 

Figure 7-6. Plain chest radiograph showing a ground-glass 
appearance.
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The rate of a nodule’s enlargement is helpful in diagnosis. If the lesion doubles 
in size within a month, the diagnosis is likely infection, vascular lesion, or 
infarction. If the doubling time is 6 to 18 months, it is likely a benign tumor 
or malignant granuloma; if the doubling time is more than 24 months, then 
a benign nodule is likely. The presence of multiple nodules may indicate 
various causes, as shown in Box 7-1.

Causes of Multiple Nodules

	� Infection: tuberculosis, fungal infection

	� Neoplasm: lymphoma, hamartoma, metastatic lesions

	� Rheumatoid: Wegener granulomatosis

	� Granuloma: systemic lupus erythematosus

Box 7-1

A cavity is essentially a hole in the lung caused by destruction of lung  
parenchyma. The most common cause in children is infection, known as 
necrotizing pneumonia. Pneumococcus is the most common cause of necro- 
tizing pneumonia. Other microorganisms potentially causing cavitation  
include Staphylococcus aureus, Mycobacterium tuberculosis, gram-negative 
bacteria (especially Klebsiella), group A Streptococcus, anaerobic bacteria,  
and fungi. It is also seen in nontuberculous mycobacteria in children with  
�&�)�����&�D�Y�L�W�D�W�L�R�Q���D�O�V�R���F�D�Q���R�F�F�X�U���L�Q���W�K�R�V�H���Z�L�W�K���V�H�S�W�L�F���H�P�E�R�O�L���R�U���Y�D�V�F�X�O�L�W�L�V�����V�X�F�K�� 
as Wegener granulomatosis.

�&�\�V�W�L�F���F�K�D�Q�J�H�V���L�Q���W�K�H���O�X�Q�J���D�U�H���V�H�H�Q���L�Q���W�K�H���O�D�W�H���V�W�D�J�H�V���R�I���S�X�O�P�R�Q�D�U�\���¿�E�U�R�V�L�V����
also known as honeycomb lung. Cysts are also seen with bronchiectasis, 
especially saccular bronchiectasis.

A pneumatocele���L�V���D�Q���D�L�U���¿�O�O�H�G�����W�K�L�Q���Z�D�O�O�H�G���V�S�D�F�H���W�K�D�W���L�V���P�R�V�W���F�R�P�P�R�Q�O�\��
associated with prior history of pneumonia or trauma. The pathophysiological 
�P�H�F�K�D�Q�L�V�P���L�V���X�Q�F�O�H�D�U���E�X�W���L�V���E�H�O�L�H�Y�H�G���W�R���E�H���G�X�H���W�R���H�L�W�K�H�U���I�R�F�D�O���R�Y�H�U�L�Q�À�D�W�L�R�Q���R�U��
parenchymal necrosis, with a check valve mechanism that may allow it to 
grow. In most cases, it resolves spontaneously.14

A bleb is a small gas-containing space smaller than 1 cm within the visceral 
pleura or subpleural lung, and a bulla is 1 cm or larger; however, the distinc-
�W�L�R�Q���L�V���R�I���O�L�W�W�O�H���F�O�L�Q�L�F�D�O���V�L�J�Q�L�¿�F�D�Q�F�H�����7�K�H�\���F�D�Q���E�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���R�W�K�H�U���V�L�J�Q�V�� 
of pulmonary emphysema. The cause of blebs and bullae is not known, but 
they are still meaningful because the possibility of rupture or air leakage  
may result in pneumothorax.

A cyst���L�V���D���J�D�V���¿�O�O�H�G���U�R�X�Q�G���V�S�D�F�H�����Z�K�L�F�K���D�O�V�R���P�D�\���E�H���À�X�L�G���¿�O�O�H�G���R�U���V�R�O�L�G����
surrounded by a thin wall (< 2 mm) and without evidence of emphysema. 
Cysts are seen in patients with Langerhans cell histiocytosis or in  
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lymphangioleiomyomatosis. Thicker-walled cysts are seen in the development 
�R�I���H�Q�G���V�W�D�J�H���¿�E�U�R�V�L�V�����K�R�Q�H�\�F�R�P�E���O�X�Q�J����

Bronchiectasis is usually considered irreversible localized or diffuse bron- 
chial dilatation secondary to bronchial wall destruction. Three types are 
�G�H�V�F�U�L�E�H�G�����F�\�V�W�L�F�����F�\�O�L�Q�G�U�L�F�D�O�����D�Q�G���V�D�F�F�X�O�D�U�����&�D�V�H�V���R�I���U�H�Y�H�U�V�L�E�O�H���R�U���W�H�P�S�R�U�D�U�\��
bronchiectasis are related to the re-expansion of a lung that has been collapsed 
due to infection or atelectasis,15 as well as in cases of acute pneumonia, bron- 
chitis, and allergic bronchopulmonary aspergillosis (ABPA). Its distribution  
is also important in narrowing the cause. Upper lobe bronchiectasis is more 
�F�R�P�P�R�Q���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)���D�Q�G���F�K�U�R�Q�L�F���P�\�F�R�W�L�F���D�Q�G���P�\�F�R�E�D�F�W�H�U�L�D�O���L�Q�I�H�F-
tions, the lower lobes are more commonly involved in idiopathic cases, and 
perihilar or central bronchiectasis is frequently seen in those with ABPA.16

Reading the CT Scan
In CT scanning, the scan is axial and is reconstructed so that 3 planes— 
coronal, sagittal, and oblique—can be viewed. The usual chest CT scan is 
viewed as a cross-section, which implies a horizontal section from the neck  
to the abdomen if someone is standing. The standard CT scan of the chest pro- 
vides continuous images of sections of the lung, whereas a high-resolution CT 
(HRCT) scan has thin sections with skipped areas between the sections. The 
parameters used at HRCT scanning are meant to optimize spatial resolution  
�W�R���D�V�V�H�V�V���¿�Q�H���S�D�U�H�Q�F�K�\�P�D�O���S�D�W�W�H�U�Q�V�����7�K�H���L�P�D�J�H�V���R�E�W�D�L�Q�H�G���Z�L�O�O���E�H���U�H�S�U�H�V�H�Q�W�D�� 
tive of the overall lung parenchyma but only cover skipped areas and may not 
�U�H�Y�H�D�O���V�P�D�O�O���L�V�R�O�D�W�H�G���¿�Q�G�L�Q�J�V�����H�J�����L�V�R�O�D�W�H�G���F�D�Y�L�W�\���R�U���Q�R�G�X�O�H�����F�R�Q�V�R�O�L�G�D�W�L�R�Q�������,�W��
is best used to evaluate diffuse parenchymal disease. Examples of diseases 
�Z�H�O�O���D�V�V�H�V�V�H�G���Z�L�W�K���+�5�&�7���V�F�D�Q�Q�L�Q�J���D�U�H���E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����&�)�����L�P�P�R�W�L�O�H���F�L�O�L�D��
syndrome, asthma, Langerhans cell histiocytosis, interstitial pneumonias, 
ABPA, recurrent aspiration, and pulmonary infections.17

�7�K�H���U�D�Q�J�H���R�I���Q�R�U�P�D�O���¿�Q�G�L�Q�J�V���K�D�V���F�R�Q�V�L�G�H�U�D�E�O�H���R�Y�H�U�O�D�S���Z�L�W�K���G�L�V�H�D�V�H�����D�Q�G�� 
care must be taken to avoid overinterpretation, particularly for the ground-
glass appearance.5 Computed tomography scanning has become very sophis- 
ticated and provides images that are not overlaid by tissues, as occurs with 
2-dimensional radiography, and results in much clearer CT images. Instant 
reformation in different planes allows the review of the examination on the 
�D�[�L�D�O���D�Q�G���F�R�U�R�Q�D�O���S�O�D�Q�H�V���D�Q�G���F�D�Q���K�H�O�S���V�R�U�W���R�X�W���¿�Q�G�L�Q�J�V���W�K�D�W���D�U�H���P�H�U�H�O�\���Q�R�U�P�D�O��
structures. The mediastinal structures, especially the vessels, can be evaluated 
only with intravenous contrast material. The indications for using intravenous 
contrast material are many, but in general it is administered to evaluate neo- 
plasms in the mediastinum, lung, and chest wall; pulmonary and chest wall 
abscesses; pleural effusions; congenital developmental lung malformations; 
and adenopathy. 
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Ground-glass attenuation is a hazy attenuation of the lung parenchyma and is 
�F�D�X�V�H�G���E�\���D�O�Y�H�R�O�D�U���¿�O�O�L�Q�J�����L�Q�W�H�U�V�W�L�W�L�D�O���W�K�L�F�N�H�Q�L�Q�J�����R�U���E�R�W�K��18 The appearance is 
visible on chest radiographs but is more obvious on CT scans.  
It is seen with infant respiratory distress syndrome, pulmonary edema, inter- 
�V�W�L�W�L�D�O���S�Q�H�X�P�R�Q�L�W�L�V�����L�G�L�R�S�D�W�K�L�F���S�X�O�P�R�Q�D�U�\���¿�E�U�R�V�L�V�����D�Q�G���D�O�Y�H�R�O�D�U���S�U�R�W�H�L�Q�R�V�L�V��
(Figure 7-7). The tree-in-bud pattern, seen on thin-section CT scans, is the 
�¿�Q�G�L�Q�J���R�I���O�L�Q�H�D�U���E�U�D�Q�F�K�L�Q�J���R�S�D�F�L�W�L�H�V���R�I���V�L�P�L�O�D�U���F�D�O�L�E�H�U���F�R�Q�Q�H�F�W�L�Q�J���W�R���V�P�D�O�O��
centrilobular nodules of soft tissue and indicating bronchiolar luminal impac-
�W�L�R�Q���Z�L�W�K���P�X�F�X�V�����S�X�V�����R�U���À�X�L�G�����Z�K�L�F�K���P�D�N�H�V���W�K�H���Q�R�U�P�D�O�O�\���L�Q�Y�L�V�L�E�O�H���S�H�U�L�S�K�H�U�D�O��
airways visible (Figure 7-8). A tree-in-bud pattern is not visible on the chest 
�U�D�G�L�R�J�U�D�S�K�����,�W���L�V���L�Q�G�L�F�D�W�L�Y�H���R�I���L�Q�À�D�P�P�D�W�L�R�Q���D�Q�G���L�V���Q�R�Q�V�S�H�F�L�¿�F�����D�O�W�K�R�X�J�K���F�H�U�� 
�W�D�L�Q���F�R�Q�G�L�W�L�R�Q�V���D�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���¿�Q�G�L�Q�J�����2�U�L�J�L�Q�D�O�O�\�����L�W���Z�D�V���X�V�H�G���D�V�� 
an indicator of endobronchial spread of TB, but any infectious organism— 

bacterial, viral, fungal, or 
parasitic—may cause the 
pattern.6 It has also been 
noted in bronchogenic 
dissemination of atypical 
mycobacteria and is seen 
in conditions that result  
in bronchiectasis, in- 
�F�O�X�G�L�Q�J���&�)���D�Q�G���S�U�L�P�D�U�\��
ciliary dyskinesia. The 
�W�U�H�H���L�Q���E�X�G���¿�Q�G�L�Q�J���L�V��
also seen in ABPA and 
connective tissue dis- 
orders. Less commonly, 
certain malignancies, 
including gastric, breast, 
and renal cancer, can 
produce this pattern.19

Figure 7-7. Axial computed tomography images in lung 
window show ground-glass airspace opacities within the right 
lower lobe. Consolidation of the left lower lobe is also noted. 

Courtesy of Mariangeles Medina Perez, MD.

Figure 7-8. Computed tomography scan showing tree-in-bud 
appearance at the arrows and elsewhere.
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Imaging for Speci�c Conditions
Allergic Bronchopulmonary Aspergillosis

Allergic bronchopulmonary aspergillosis usually manifests in children  
�Z�L�W�K���O�R�Q�J���V�W�D�Q�G�L�Q�J���D�V�W�K�P�D���R�U���&�)�����$�V�S�H�U�J�L�O�O�R�V�L�V���L�Q�I�H�F�W�L�R�Q���F�D�Q���E�H���G�L�Y�L�G�H�G�� 
�L�Q�W�R�������F�D�W�H�J�R�U�L�H�V���D�F�F�R�U�G�L�Q�J���W�R���P�D�Q�L�I�H�V�W�D�W�L�R�Q�������������V�D�S�U�R�S�K�\�W�L�F���D�V�S�H�U�J�L�O�O�R�V�L�V��
(aspergilloma in a preexisting cavity), (2) semi-invasive (chronic necrotizing 
consolidations), (3) hypersensitivity reaction (ABPA), (4) airway-invasive 
aspergillosis (tracheobronchitis, bronchopneumonia), and (5) angioinvasive 
aspergillosis. Radiologically, ABPA may manifest with a normal chest radio- 
�J�U�D�S�K���R�U���P�L�O�G���K�\�S�H�U�L�Q�À�D�W�L�R�Q�����7�K�H���H�D�U�O�L�H�U���F�K�D�Q�J�H�V���W�\�S�L�F�D�O�O�\���D�U�H���V�L�Q�J�O�H���R�U��
�P�X�O�W�L�S�O�H���L�O�O���G�H�¿�Q�H�G���R�S�D�F�L�W�L�H�V���D�Q�G���W�X�E�X�O�D�U���¿�Q�J�H�U���L�Q���J�O�R�Y�H���D�U�H�D�V���R�I���L�Q�F�U�H�D�V�H�G��
density in a bronchial distribution in the upper lobes. The later stages include 
�E�U�R�Q�F�K�L�H�F�W�D�V�L�V���Z�L�W�K���¿�E�U�R�W�L�F���F�K�D�Q�J�H�V��

In children with debilitating chronic illness, aspergillosis may manifest in  
a semi-invasive form with segmental unilateral or bilateral consolidations 
with or without cavitation; however, the course of the disease takes years  
and is most commonly seen in adulthood. Airway-invasive and angioinvasive 
aspergillosis are more common in patients who are immunocompromised. 
Airway-invasive disease manifests as acute tracheobronchitis with bron- 
chiolitis (tree-in-bud pattern on CT scans) and bronchopneumonia in a 
peribronchial distribution. Angioinvasive disease manifests as nodules 
surrounded by a halo of ground-glass attenuation (halo sign).20

Hypersensitivity Pneumonitis

Hypersensitivity pneumonitis, also called extrinsic allergic alveolitis, is  
the immunologic response to allergens from organic dust of plant or animal 
origin or chemicals. Acute hypersensitivity pneumonitis may manifest with a 
normal chest radiograph or as airspace consolidations. The subacute form also 
may manifest with a normal chest radiograph, but ground-glass opacities and 
nodules, and sometimes air trapping, can be observed on HRCT scans. The 
�F�K�U�R�Q�L�F���P�D�Q�L�I�H�V�W�D�W�L�R�Q���L�V���¿�E�U�R�V�L�V���W�K�D�W���P�R�V�W�O�\���V�S�D�U�H�V���W�K�H���O�X�Q�J���E�D�V�H�V�����D�V���R�S�S�R�V�H�G��
�W�R���R�W�K�H�U���F�D�X�V�H�V���R�I���¿�E�U�R�V�L�V�����L�G�L�R�S�D�W�K�L�F���S�X�O�P�R�Q�D�U�\���¿�E�U�R�V�L�V�����L�Q�W�H�U�V�W�L�W�L�D�O���S�Q�H�X�P�R-
�Q�L�D�V�������Z�L�W�K���R�W�K�H�U���D�V�V�R�F�L�D�W�H�G���¿�Q�G�L�Q�J�V���I�U�R�P���W�K�H���D�F�X�W�H���R�U���V�X�E�D�F�X�W�H���I�R�U�P��21,22

Eosinophilic Pneumonia

Acute eosinophilic pneumonia results in diffuse alveolar or alveolar-interstitial 
opacities with chest radiography. Computed tomography scanning shows 
bilateral patchy areas of ground-glass opacity with septal thickening. There 
�P�D�\���E�H���D�G�G�L�W�L�R�Q�D�O���D�U�H�D�V���R�I���F�R�Q�V�R�O�L�G�D�W�L�R�Q���R�U���L�O�O���G�H�¿�Q�H�G���Q�R�G�X�O�H�V��23,24 The 
appearance may be similar to that of hydrostatic pulmonary edema without 
�F�D�U�G�L�R�P�H�J�D�O�\�����&�K�U�R�Q�L�F���H�R�V�L�Q�R�S�K�L�O�L�F���S�Q�H�X�P�R�Q�L�D���K�D�V���&�7���¿�Q�G�L�Q�J�V���R�I���D�L�U�V�S�D�F�H��
�R�S�D�F�L�W�L�H�V���S�U�H�G�R�P�L�Q�D�Q�W�O�\���L�Q���W�K�H���X�S�S�H�U���O�R�E�H�V���D�Q�G���S�H�U�L�S�K�H�U�D�O���O�X�Q�J���¿�H�O�G�V���U�D�Q�J�L�Q�J��

08 PP 2ND ED - CHAPTER 07_101-140.indd   11708 PP 2ND ED - CHAPTER 07_101-140.indd   117 9/12/23   8:54 AM9/12/23   8:54 AM



118
Pediatric Pulmonology

from ground-glass opacities to consolidations with air bronchograms.  
The most distinctive radiographic feature is the photographic negative of 
�S�X�O�P�R�Q�D�U�\���H�G�H�P�D�����Z�K�L�F�K���L�V���L�Q�I�U�H�T�X�H�Q�W���D�Q�G���Q�R�W���V�S�H�F�L�¿�F��25

Asthma

Most patients can have asthma diagnosed clinically by means of medical 
history and physical examination and tend to respond rapidly to bronchodila-
tor therapy. Therefore, chest radiography is not needed for the diagnosis in 
most children. The value of chest radiography is in diagnosing complications, 
establishing a precipitating cause for the asthma episode, and excluding 
alternate diagnoses that resemble asthma (Box 7-2).

�+�\�S�H�U�L�Q�À�D�W�L�R�Q���L�V���W�K�H���P�R�V�W���F�R�P�P�R�Q���D�E�Q�R�U�P�D�O�L�W�\���D�Q�G���L�V���L�G�H�Q�W�L�¿�H�G���U�D�G�L�R�� 
�J�U�D�S�K�L�F�D�O�O�\���D�V���K�\�S�H�U�H�[�S�D�Q�V�L�R�Q�����À�D�W�W�H�Q�L�Q�J���R�I���W�K�H���G�L�D�S�K�U�D�J�P�V�����L�Q�F�U�H�D�V�H�G���U�H�W�U�R�� 
sternal lucency, anterior bowing of the sternum, and bulging of the intercostal 
�U�L�E���V�S�D�F�H�V�����7�K�H�U�H���L�V���S�R�R�U���F�R�U�U�H�O�D�W�L�R�Q���E�H�W�Z�H�H�Q���W�K�H���G�H�J�U�H�H���R�I���K�\�S�H�U�L�Q�À�D�W�L�R�Q���D�Q�G��
the severity of the asthma attack or the patient’s responsiveness to therapy. 
�+�\�S�H�U�L�Q�À�D�W�L�R�Q���F�D�Q���S�H�U�V�L�V�W���H�Y�H�Q���D�I�W�H�U���V�\�P�S�W�R�P�V���U�H�V�R�O�Y�H���L�Q���X�S���W�R���������� 
of patients.

�7�K�H���¿�Q�G�L�Q�J���R�I���K�\�S�R�L�Q�À�D�W�L�R�Q���D�W���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�\���V�L�J�Q�L�¿�F�D�Q�W�O�\���F�R�U�U�H�O�D�W�H�V���Z�L�W�K��
hospital admission for children aged 6 to 17 years (but not younger children); 
�W�K�X�V�����K�\�S�R�L�Q�À�D�W�L�R�Q���L�V���D���S�R�R�U���S�U�R�J�Q�R�V�W�L�F���V�L�J�Q���D�Q�G���P�D�\���L�Q�G�L�F�D�W�H���W�K�H���Q�H�H�G���I�R�U��
more aggressive therapy.26���+�\�S�R�L�Q�À�D�W�L�R�Q���P�D�\���U�H�V�X�O�W���L�Q���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W��
hypoxemia, possibly because children with asthma exacerbations may begin 
to lose their respiratory drive or may exhaust their accessory muscles of 
respiration. Bronchial wall thickening is usually transient and is more 
common in patients with asthma and superimposed acute viral infections  
and in those with persistent asthma.

Indications for Chest Radiography in Children With Asthma

	� Severe respiratory distress

	� Unequal breath sounds (to exclude pneumothorax)

	� Fever (to exclude pneumonia)

	� Detection of complications such as atelectasis or pneumomediastinum

	� No response to routine treatment

	� When other causes of wheezing are suspected, such as a foreign body, 
endobronchial lesion, vascular ring, or cystic �brosis

Box 7-2
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Atelectasis secondary to thickened airway secretions is common and may be 
�O�R�E�D�U�����V�H�J�P�H�Q�W�D�O�����R�U���V�X�E�V�H�J�P�H�Q�W�D�O�����7�K�H���Q�H�[�W���P�R�V�W���F�R�P�P�R�Q���¿�Q�G�L�Q�J���L�Q���F�K�L�O�G�U�H�Q��
with complicated asthma is pneumonia. The reported radiographic incidence 
of pneumonia ranges from 0% to 30%.

Pneumothorax is an uncommon complication in children with asthma, with a 
reported incidence of 0% to 3%.27 It is an important complication of mechani-
cal ventilation in children with asthma and should be suspected if there is 
acute deterioration. The reported incidence of pneumomediastinum in chil- 
dren with asthma ranges from 0% to 15% and may be underreported. There 
is a bimodal distribution, peaking at ages 4 to 6 and 13 to 18 years. The extent 
of the pneumomediastinum involved correlates with the severity of the attack. 
The diagnosis requires a high level of suspicion because up to 30% of cases 
may be missed initially with radiography.28

High-resolution CT scanning in children with asthma provides additional 
information about lung disease, including bronchial wall thickening,  
narrowing of the bronchial lumen, regions of decreased attenuation and 
vascularity on inspiratory scans and air trapping on expiratory scans,  
bronchiectasis, emphysema, atelectasis, pneumonia, and mucus impaction.  
A combination of inspiratory and expiratory CT scans reveals the major 
�S�K�\�V�L�R�O�R�J�L�F�D�O���F�R�Q�V�H�T�X�H�Q�F�H�V���R�I���V�P�D�O�O���D�L�U�Z�D�\���G�L�V�H�D�V�H�V�����$�G�Y�D�Q�F�H�G���¿�Q�G�L�Q�J�V��
include bronchiectasis, bronchial wall thickening (because this is caused by 
�L�Q�À�D�P�P�D�W�L�R�Q���R�U���U�H�P�R�G�H�O�L�Q�J���U�D�W�K�H�U���W�K�D�Q���R�Q�O�\���E�U�R�Q�F�K�R�F�R�Q�V�W�U�L�F�W�L�R�Q�������¿�E�U�R�W�L�F��
reactions, and emphysema.29

Airway remodeling refers to the thickening of the airway walls because of  
�W�K�H���K�\�S�H�U�W�U�R�S�K�\���R�I���V�P�R�R�W�K���P�X�V�F�O�H�����L�Q�¿�O�W�U�D�W�L�R�Q���Z�L�W�K���L�Q�À�D�P�P�D�W�R�U�\���F�H�O�O�V�����D�Q�G��
mucous gland hyperplasia. Airway wall thickening has been related to the 
�V�H�Y�H�U�L�W�\���R�I���W�K�H���G�L�V�H�D�V�H���D�Q�G���D�L�U�À�R�Z���R�E�V�W�U�X�F�W�L�R�Q�����$�L�U�Z�D�\���W�K�L�F�N�Q�H�V�V���F�D�Q���E�H��
measured with HRCT scanning; therefore, the effects of various stimuli  
and treatments on remodeling can be monitored longitudinally.30

Bronchiolitis

Although chest radiography is not indicated for children with acute respira- 
�W�R�U�\���V�\�Q�F�\�W�L�D�O���Y�L�U�X�V���E�U�R�Q�F�K�L�R�O�L�W�L�V�����W�K�H���P�R�V�W���W�\�S�L�F�D�O���¿�Q�G�L�Q�J�V���D�U�H���K�\�S�H�U�L�Q�À�D�W�L�R�Q��
�Z�L�W�K���À�D�W�W�H�Q�H�G���G�L�D�S�K�U�D�J�P�V�����L�Q�F�U�H�D�V�H�G���$�3���G�L�D�P�H�W�H�U���R�I���W�K�H���F�K�H�V�W�����D�Q�G���L�Q�F�U�H�D�V�H�G��
lucency in the anterior clear space. There may be prominent peribronchial 
markings and small opacities, particularly in the lower lobes (Figure 7-9). 
Pleural effusion does not occur. Changing atelectasis, especially of the right 
�X�S�S�H�U���O�R�E�H�����P�D�\���U�H�V�X�O�W���I�U�R�P���L�Q�À�D�P�P�D�W�L�R�Q���R�I���W�K�H���D�L�U�Z�D�\��
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Figure 7-9. B, Lateral view  
of Figure 7-9A showing �at 
diaphragms (black arrows)  
and lung in the anterior  
mediastinum (white arrow). 
Arrowhead shows air trapping.

Figure 7-9. A, Plain radiograph 
showing bronchiolitis and �attened 
diaphragms (black arrows). There is 
peribronchial thickening. Note the 
herniation of the right lung into the 
anterior mediastinum (white arrow). 
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Bronchiectasis

�7�K�H���¿�Q�G�L�Q�J���R�I���S�D�U�D�O�O�H�O���O�L�Q�H�V�����³�W�U�D�P���W�U�D�F�N�V�´�����U�D�G�L�D�W�L�Q�J���I�U�R�P���W�K�H���K�L�O�X�P���L�V���W�K�H��
hallmark of bronchiectasis on the chest radiograph. The CT scan provides 
�V�L�J�Q�L�¿�F�D�Q�W�O�\���L�P�S�U�R�Y�H�G���L�P�D�J�H�V���R�I���W�K�H���G�H�J�U�H�H���D�Q�G���H�[�W�H�Q�W���R�I���E�U�R�Q�F�K�L�H�F�W�D�V�L�V����
Ring shadows indicate enlarged thickened airways, which may extend well 
into the lung parenchyma. Cystic bronchiectasis is often accompanied by 
�P�X�F�X�V���¿�O�O�H�G���F�\�V�W�V�����Z�K�L�F�K���P�D�\���K�D�Y�H���D�L�U���À�X�L�G���O�H�Y�H�O�V�����0�X�O�W�L�S�O�H���Q�R�G�X�O�D�U�� 
densities represent mucous plugging of the peripheral airways.

�7�K�H�U�H���D�U�H�������S�D�W�W�H�U�Q�V���R�I���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���W�K�D�W���F�D�Q���E�H���L�G�H�Q�W�L�¿�H�G���R�Q���&�7���V�F�D�Q����
Cylindrical bronchiectasis is the earliest change, with dilatation of the  
airway and mucous plugging. Varicose bronchiectasis involves increased 
dilatation, with ballooning of the airway and reduction of the number of 
branching airways to the sixth or seventh generation. The most severe  
form of bronchiectasis is cystic or saccular bronchiectasis. Clusters of  
cysts may be seen, and on occasion there is a honeycomb appearance.

Congenital Anomalies

Airway Compression Caused by Vascular Anomalies
Vascular rings are congenital anomalies that encircle the esophagus and 
�W�U�D�F�K�H�D���D�Q�G���W�\�S�L�F�D�O�O�\���F�R�P�S�U�H�V�V���W�K�H�V�H���V�W�U�X�F�W�X�U�H�V�����7�K�H�\���D�U�H���F�O�D�V�V�L�¿�H�G���D�V���W�U�X�H��
rings (anatomically complete) or partial rings, though both can have similar 
clinical manifestations. Types of complete vascular rings include the double 
aortic arch and right aortic arch with aberrant left subclavian and left ligamen-
tum arteriosum. Incomplete rings include innominate artery compression and 
pulmonary artery sling.31

A double aortic arch is the most common symptomatic vascular ring. It causes 
respiratory symptoms earlier in life more frequently than do other vascular 
rings. The second most common vascular ring is the right-sided aortic arch 
with aberrant left subclavian artery and left-sided ligamentum arteriosum. 
Other less commonly encountered rings include a right aortic arch with mirror 
image branching and left-sided ligamentum arteriosum, left aortic arch with 
aberrant right subclavian artery and right-sided ligamentum arteriosum, and 
�F�L�U�F�X�P�À�H�[���D�R�U�W�D�����W�K�H���G�H�V�F�H�Q�G�L�Q�J���D�R�U�W�D���F�U�R�V�V�H�V���E�H�K�L�Q�G���W�K�H���H�V�R�S�K�D�J�X�V���W�R���W�K�H��
opposite side of the arch) with a ligamentum arteriosum on the contralateral 
side of the arch. The pulmonary artery sling is the anomalous origin of the  
left pulmonary artery from the right pulmonary artery coursing between the 
trachea and esophagus to reach the left pulmonary hilum. Pulmonary slings 
are associated with complete O-shaped tracheal rings in 40% to 50% of cases, 
which narrow the trachea. Other airway abnormalities include the bridging 
bronchus and tracheal bronchus. Multidetector CT angiography as well as MR 
angiography offer exquisite detail of the vascular anatomy. Association with 
ipsilateral lung agenesis has been reported.
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Posteroanterior and lateral chest radiographs may be useful for screening for 
vascular rings. Right-sided or double aortic arch, tracheal narrowing, anterior 
�E�R�Z�L�Q�J�����D�Q�G���L�Q�F�U�H�D�V�H�G���U�H�W�U�R�W�U�D�F�K�H�D�O���V�R�I�W���W�L�V�V�X�H�V���D�U�H���W�K�H���P�R�V�W���F�R�P�P�R�Q���¿�Q�G�� 
�L�Q�J�V�����$�W���O�H�D�V�W�������R�I���W�K�H�V�H���¿�Q�G�L�Q�J�V���L�V���U�H�S�R�U�W�H�G���L�Q���P�R�U�H���W�K�D�Q�����������R�I���F�D�V�H�V����
Therefore, the importance of frontal and lateral chest radiographs cannot be 
�X�Q�G�H�U�H�V�W�L�P�D�W�H�G���E�H�F�D�X�V�H���D���Q�R�U�P�D�O���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K���V�L�J�Q�L�¿�F�D�Q�W�O�\���G�H�F�U�H�D�V�H�V�� 
�W�K�H���O�L�N�H�O�L�K�R�R�G���R�I���¿�Q�G�L�Q�J���D���Y�D�V�F�X�O�D�U���U�L�Q�J���L�Q���D���S�D�W�L�H�Q�W���Z�L�W�K���V�\�P�S�W�R�P�V��

Barium esophagography was previously considered the most useful study to 
�F�R�Q�¿�U�P���W�K�H���G�L�D�J�Q�R�V�L�V���R�I���D���Y�D�V�F�X�O�D�U���U�L�Q�J�����$���S�R�V�W�H�U�L�R�U���L�Q�G�H�Q�W�D�W�L�R�Q���V�X�J�J�H�V�W�V���D�Q��
aberrant subclavian artery. Bilateral indentation on the AP view suggests a 
double arch. Anterior pulsatile indentation of the esophagus is virtually 
pathognomonic of pulmonary artery sling.

�&�R�P�S�X�W�H�G���W�R�P�R�J�U�D�S�K�\���D�Q�G���0�5���D�Q�J�L�R�J�U�D�S�K�\���D�U�H���Q�R�Z���S�U�H�I�H�U�U�H�G���I�R�U���F�R�Q�¿�U�P�D-
tion of the vascular ring.32 Multidetector CT scanning has advantages in that  
it is widely available and has a short scanning time that can obviate sedation. 
Computed tomography can be used to evaluate the tracheobronchial tree and 
lung parenchyma. Magnetic resonance imaging is advantageous in that its 
multiplanar capabilities depict precisely the vascular anatomy.

Lung Malformations
Congenital developmental lung malformations have been described as a 
spectrum of disease from lung parenchymal abnormalities with relatively 
normal vascularity at one end of the spectrum to vascular abnormalities with 
relatively preserved parenchyma at the other end.33,34

Computed tomography angiography provides the more comprehensive 
approach because some of these lesions may have arterial, parenchymal,  
and tracheobronchial tree abnormalities. Characterizing these structures  
is important not only for establishing the diagnosis but also for surgical 
planning and evaluation of complications, such as superimposed infections.

Pulmonary Agenesis or Hypoplasia
Radiographically, pulmonary agenesis mimics pneumonectomy. There is 
�K�\�S�H�U�L�Q�À�D�W�L�R�Q���R�I���W�K�H���U�H�P�D�L�Q�L�Q�J���O�X�Q�J�����P�H�G�L�D�V�W�L�Q�D�O���V�K�L�I�W�����G�L�D�S�K�U�D�J�P�D�W�L�F��
elevation, and sometimes chest wall deformity.

Bronchial Atresia
Bronchial atresia is thought to be due to intrauterine interruption of bronchial 
arterial supply. The distal branches can develop normally.
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Congenital Lobar Hyperin�ation
�,�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���F�R�Q�J�H�Q�L�W�D�O���O�R�E�D�U���K�\�S�H�U�L�Q�À�D�W�L�R�Q�����S�U�H�Y�L�R�X�V�O�\���N�Q�R�Z�Q���D�V�� 
congenital lobar emphysema, the left upper and right middle lobes are the  
�P�R�V�W���F�R�P�P�R�Q�O�\���D�I�I�H�F�W�H�G�����5�D�G�L�R�J�U�D�S�K�L�F�D�O�O�\�����W�K�L�V���P�D�Q�L�I�H�V�W�V���D�V���R�Y�H�U�L�Q�À�D�W�L�R�Q��
with air trapping during expiration (Figure 7-10).

Congenital Pulmonary Airway Malformation
Congenital pulmonary airway malformation, previously known as congenital 
cystic adenomatoid malformation, makes up 25% of all congenital lung ano- 
malies. It consists of adenomatoid proliferation of bronchioles that form cysts 
�L�Q�V�W�H�D�G���R�I���Q�R�U�P�D�O���D�O�Y�H�R�O�L�����7�K�H�U�H���D�U�H�������P�R�V�W���F�R�P�P�R�Q�O�\���G�H�V�F�U�L�E�H�G���W�\�S�H�V�����7�\�S�H��
1 cysts are the most common and measure 2 to 10 cm, type 2 cysts are 0.5 to  
2 cm, and type 3 solid-appearing lesions are formed by microscopic cysts 
(Figure 7-11).

Figure 7-11. Axial computed tomography 
image in lung window demonstrating a 
multicystic lucent lesion within the right 
lower lobe with macrocyts and microcysts.

Courtesy of Mariangeles Medina Perez, MD..

Figure 7-10. Axial computed tomography scan showing lobar 
emphysema (arrows).
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Bronchogenic Cysts
�$���E�U�R�Q�F�K�R�J�H�Q�L�F���F�\�V�W���L�V���X�V�X�D�O�O�\���D�Q���L�Q�F�L�G�H�Q�W�D�O���¿�Q�G�L�Q�J���R�Q���D���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K���D�Q�G��
is in the differential diagnosis of a mediastinal mass. Both CT scanning and 
�0�5�,���K�H�O�S���W�R���G�L�I�I�H�U�H�Q�W�L�D�W�H�����E�X�W���W�K�H���0�5�,���L�V���P�R�U�H���V�S�H�F�L�¿�F�����7�K�H���F�\�V�W���F�R�Q�W�D�L�Q�V���À�X�L�G��
of water density, but, on occasion, the mass is of soft-tissue density, which 
�P�D�N�H�V���G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q���I�U�R�P���O�\�P�S�K���Q�R�G�H�V���R�U���R�W�K�H�U���V�R�O�L�G���O�H�V�L�R�Q�V���P�R�U�H���G�L�I�¿�F�X�O�W����
The cyst is derived from the foregut and is typically in the aortopulmonary 
window. More than 65% are mediastinal; when located in the lung parenchyma, 
they are usually in the lower lobes. Bronchogenic cysts can be asymptomatic  
or manifest because of superimposed infection simulating a lung abscess.

Pulmonary Sequestration
�3�X�O�P�R�Q�D�U�\���V�H�T�X�H�V�W�U�D�W�L�R�Q���L�V���G�H�¿�Q�H�G���D�V���D���V�H�J�P�H�Q�W���R�I���O�X�Q�J���W�L�V�V�X�H���W�K�D�W���L�V���V�H�S�D�U�D�W�H��
from the tracheobronchial tree and receives its blood supply from a systemic 
artery rather than from the pulmonary artery.35,36 There are 2 types of  
�S�X�O�P�R�Q�D�U�\���V�H�T�X�H�V�W�U�D�W�L�R�Q�����L�Q�W�U�D�O�R�E�D�U���D�Q�G���H�[�W�U�D�O�R�E�D�U����Table 7-2).

Because pulmonary sequestration may manifest as a consolidation, a history  
of repeated pneumonias in the same location should raise the suspicion of 
possible intralobar sequestration. Computed tomography is a useful method  
for measuring the volume of pulmonary sequestration.

Table 7-2. Characteristics of Intralobar and Extralobar Pulmonary Sequestration

Characteristic Intralobar Extralobar

Frequency ~75% ~25%

Location Posterior basal

Left > right—2:1

Between lower lobe and diaphragm, 
also within the diaphragm, lung, hilum, 
mediastinum, retroperitoneum, upper 
abdomen, etc

Left > right

Arterial  
supply

Descending thoracic aorta, 
upper abdominal aorta, 
splenic or celiac arteries

Aorta, less commonly from splenic, 
gastric subclavian, intercostal or 
pulmonary arteries

Venous 
drainage

> 80% to left atrium Systemic

Chest 
radiograph

Normal

Postobstructive hyperin�ation 
(ventilation by collateral 
channels)

Mucoid impaction surrounded  
by hyperin�ated lung

Solid mass, if infected

Usually manifests as a solid  
mass because it rarely connects  
to bronchi

Visceral pleura Within the lobe Separated visceral pleura

Bronchial 
communication

Often present Sometimes present
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Dysmorphic Lung Syndrome
Dysmorphic lung syndrome, which includes scimitar syndrome, is character-
ized by arrested development of either a whole lung (lung agenesis-hypoplasia 
complex) or a lobe (lobar agenesis-aplasia complex). Absence of a lobe may  
be associated with other abnormalities.

�7�K�U�H�H���I�R�U�P�V���R�I���O�R�E�D�U���D�J�H�Q�H�V�L�V���K�D�Y�H���E�H�H�Q���G�H�V�F�U�L�E�H�G�����S�X�O�P�R�Q�D�U�\���D�J�H�Q�H�V�L�V����
aplasia, and hypoplasia. Although complete agenesis of a lung has been reported 
to be twice as common on the left side as it is on the right, in general, hypo- 
genetic lung is considered to be almost exclusively on the right (Figure 7-12). 
Hypogenetic lung is part of the congenital pulmonary venolobar syndrome.  
The major components include hypogenetic lung, partial anomalous pulmo- 
nary venous return, absence of a pulmonary artery, pulmonary sequestration, 
systemic arterialization of the lung, absence of the inferior vena cava, and 
accessory diaphragm.37

Figure 7-12. B, Computed 
tomography scan showing 
hypoplastic right lung 
posterior to the heart.

Figure 7-12. A, Radiograph showing the right lung 
volume loss with the mediastinal shift to the right and 
crowded ribs. The arrow points to the hemidiaphragm, 
which is still visible due to some aerated lung at the base.

Absence of Main Pulmonary Artery
In a child with absence of the main pulmonary artery, the peripheral pulmonary 
arteries are usually intact and supplied by systemic collateral circulation, which 
most often arises from the bronchial arteries. It is more common on the right 
side. At imaging, the lung and hilum are small; the pulmonary vascularity is 
decreased, rendering a radiolucent lung. Serrated pleural thickening with 
subpleural bands may indicate the systemic collateral vessels.

Pulmonary Arteriovenous Malformation
Pulmonary arteriovenous malformations can be solitary or multiple, as in 
children with hereditary hemorrhagic telangiectasia or Osler-Weber-Rendu 
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disease. The lesions tend to be recognized with increased age because time  
�L�V���Q�H�H�G�H�G���I�R�U���W�K�H���À�R�Z���H�I�I�H�F�W�V���W�R���P�D�Q�L�I�H�V�W��

Pneumonia

Chest radiography should not be performed routinely in the outpatient treat-
�P�H�Q�W���R�I���F�K�L�O�G�U�H�Q���V�X�V�S�H�F�W�H�G���R�I���K�D�Y�L�Q�J���S�Q�H�X�P�R�Q�L�D�����5�D�G�L�R�O�R�J�L�F�D�O���¿�Q�G�L�Q�J�V���D�U�H��
�D�F�F�H�S�W�H�G���D�V���W�K�H���U�H�I�H�U�H�Q�F�H���V�W�D�Q�G�D�U�G���I�R�U���G�H�¿�Q�L�Q�J���S�Q�H�X�P�R�Q�L�D�����E�X�W���L�W���L�V���Q�R�W���F�O�H�D�U���W�R��
what extent chest radiographs alter the outcome of childhood pneumonia even 
�W�K�R�X�J�K���W�K�H�\���I�U�H�T�X�H�Q�W�O�\���D�U�H���X�V�H�G���W�R���F�R�Q�¿�U�P���W�K�H���S�U�H�V�H�Q�F�H�����V�L�W�H�����D�Q�G���H�[�W�H�Q�W���R�I��
�S�X�O�P�R�Q�D�U�\���L�Q�¿�O�W�U�D�W�H�V��38 Swingler et al39 observed that undergoing chest radio- 
�J�U�D�S�K�\���V�L�J�Q�L�¿�F�D�Q�W�O�\���L�Q�F�U�H�D�V�H�G���W�K�H���O�L�N�H�O�L�K�R�R�G���R�I���E�H�L�Q�J���S�U�H�V�F�U�L�E�H�G���D�Q�W�L�E�L�R�W�L�F�V����
Accepted clinical indications for chest radiography are severe disease and 
�F�R�Q�¿�U�P�D�W�L�R�Q���R�I���Q�R�Q�V�S�H�F�L�¿�F���F�O�L�Q�L�F�D�O���¿�Q�G�L�Q�J�V�����D�V���Z�H�O�O���D�V���D�V�V�H�V�V�P�H�Q�W���R�I���F�R�P�S�O�L-
cations and exclusion of other thoracic causes of respiratory symptoms.40

Computed tomography is not indicated in uncomplicated pneumonia. Com- 
puted tomography scans provide more information than do plain radiographs 
for complicated pneumonias and for assessment before procedures. In patients 
who are immunocompromised and hospitalized, CT scanning has a higher 
accuracy than plain radiography in detecting early fungal and Pneumocystis 
jirovecii pneumonia.

�8�O�W�U�D�V�R�Q�R�J�U�D�S�K�\���K�D�V���D�Q���D�G�Y�D�Q�W�D�J�H���R�Y�H�U���&�7���V�F�D�Q�Q�L�Q�J���L�Q���W�K�H���L�G�H�Q�W�L�¿�F�D�W�L�R�Q���R�I����
characterization of, and management decisions about complicated effusions. 
Ultrasonography also has an established role in the imaging-guided drainage  
�R�I���S�O�H�X�U�D�O���À�X�L�G�����7�K�H���G�H�F�L�V�L�R�Q���R�I���Z�K�H�W�K�H�U���D���À�X�L�G���F�R�O�O�H�F�W�L�R�Q���Q�H�H�G�V���W�R���E�H���G�U�D�L�Q�H�G��
is clinical and is indicated if the collections are increasing in size or respira- 
tory function is compromised.41 If thrombolytic therapy is contemplated, CT 
�V�F�D�Q�Q�L�Q�J���V�K�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G���L�I���D���E�U�R�Q�F�K�R�S�O�H�X�U�D�O���¿�V�W�X�O�D���L�V���V�X�V�S�H�F�W�H�G���E�H�F�D�X�V�H��
�D���¿�V�W�X�O�D���L�V���D���F�R�Q�W�U�D�L�Q�G�L�F�D�W�L�R�Q���W�R���W�K�U�R�P�E�R�O�\�W�L�F���W�K�H�U�D�S�\��

Round Pneumonia

Round pneumonia occurs in children younger than 8 years because young 
children have poorly developed pathways of collateral ventilation (eg, pores  
of Kohn, canals of Lambert), more closely apposed connective tissue septa, 
and smaller alveoli than do adolescents and adults42 (Figure 7-13). Round 
pneumonias clinically manifest with cough, tachypnea, and malaise followed 
by an acute febrile illness. Round pneumonias on chest radiographs character-
istically are located posteriorly in the lower lobes and touching the pleura or a 
�¿�V�V�X�U�H�����6�D�W�H�O�O�L�W�H���O�H�V�L�R�Q�V���D�U�H���Q�R�W���V�H�H�Q���L�Q���F�K�L�O�G�U�H�Q�����Z�K�H�U�H�D�V���V�D�W�H�O�O�L�W�H���O�H�V�L�R�Q�V���D�U�H��
found in more than 50% of round pneumonias in adults.43 In a child younger 
�W�K�D�Q�������\�H�D�U�V���Z�L�W�K���W�K�H���W�\�S�L�F�D�O���F�O�L�Q�L�F�D�O���¿�Q�G�L�Q�J�V���R�I���S�Q�H�X�P�R�Q�L�D���D�Q�G���D���W�\�S�L�F�D�O��
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radiographic appearance, the diagnosis is almost always round pneumonia. 
Round pneumonias are diagnosed on radiographs and, if all the criteria are 
met, all that is needed is follow-up chest radiography to ensure resolution.

Figure 7-13. A, Radiograph showing 
round pneumonia (arrow) in the right 
lower lobe. Note the negative silhou- 
ette sign (border of the right side of 
the heart is visible) and horizontal 
�ssure parallel to the arrow. 

Figure 7-13. B, The arrows delineate 
the edges of the round pneumonia.
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Aspiration

Aspiration is of great concern in children because of the frequency with  
which they place foreign objects in their mouths or noses and the frequency 
with which young children choke on food items. The most common organic 
aspirated foreign bodies include peanuts, seeds, and nuts; blades of grass;  
and bone fragments. The most common inorganic bodies are plastic objects 
(toy fragments, pen caps, dental prostheses) or metal objects (hairpins, pins, 

�V�W�H�H�O���¿�O�D�P�H�Q�W�V�������&�K�H�V�W��
�U�D�G�L�R�J�U�D�S�K�\���L�V���W�K�H���¿�U�V�W��
imaging study performed 
when aspiration is 
suspected.44 Because less 
than 10% of aspirated 
foreign bodies are radi-
opaque, the inhaled object is 
usually not visible, but 
�L�Q�G�L�U�H�F�W���¿�Q�G�L�Q�J�V���P�D�\���D�V�V�L�V�W��
in supporting the diagnosis. 
�5�D�G�L�R�O�R�J�L�F�D�O���¿�Q�G�L�Q�J�V���L�Q���W�K�H��
event of an acute aspiration 
�L�Q�F�O�X�G�H���K�\�S�H�U�L�Q�À�D�W�L�R�Q�����D�L�U��
trapping, regional oligemia, 
atelectasis, or consolidation. 
The airway is usually either 
unobstructed or partially 
obstructed during inspira-
tion but completely 
obstructed during expiration 
because the physiological 
expiratory decrease in 
bronchial diameter results in 
air trapping. To improve the 
accuracy of radiographs, the 
physician may order 
inspiratory and expiratory 
views in cooperative 
children and lateral decubi-
tus radiographs in younger 
children (Figures 7–14).44 
However, radiographs are 
still negative in up to 30% of 
cases of aspiration.

Figure 7-14. A, Radiographs showing aspirated foreign 
body. B, The left lateral decubitus view shows persistent 
expansion of the left lung (white arrows).

Figure 7-14. B, The right lung normally de�ates in the 
right lateral decubitus position (black arrow).
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Multidetector CT scanning is more accurate than chest radiography in the 
detection of radiolucent foreign bodies, and it is suggested in patients with a 
low clinical suspicion of foreign body aspiration in whom chest radiography 
results are negative.45 Multidetector CT scanning, as opposed to single-section 
CT scanning, allows rapid acquisition of volumetric data sets, essential to 
reduce radiation exposure in children and to avoid sedation. Multidetector CT 
scanning also can be helpful in children after bronchoscopy when residual 
foreign bodies are suspected. Although this is a relatively uncommon compli- 
cation, retained foreign bodies are described in 1% to 18% of cases. Computed 
tomography in these children can offer a description of the pattern of residual 
obstruction, which would help in future decisions as to whether repeat  
bronchoscopy is indicated.45

Complications of Pneumonia

Pleural E�usion
The chest radiograph may show pneumonia before the effusion is evident. The 
earliest sign is blunting of the costophrenic angle, which will be evident on  
a radiograph obtained with the patient in an erect position but not on a radio-
graph obtained with the patient in a supine position. A radiograph obtained 
with the patient in a lateral decubitus position with the affected side down  
�P�D�\���E�H���K�H�O�S�I�X�O���L�Q���V�K�R�Z�L�Q�J���V�P�D�O�O���D�P�R�X�Q�W�V���R�I���À�X�L�G�����,�I���W�K�H���À�X�L�G���G�R�H�V���Q�R�W���V�K�L�I�W��
�Z�L�W�K���W�K�H���O�D�W�H�U�D�O���G�H�F�X�E�L�W�X�V���S�R�V�L�W�L�R�Q�����L�W���L�P�S�O�L�H�V���O�R�F�X�O�D�W�L�R�Q���R�I���W�K�H���À�X�L�G�����,�I���W�K�H�U�H���L�V��
�D�Q���D�L�U���À�X�L�G���O�H�Y�H�O�����W�K�H�U�H���L�V���E�R�W�K���D�Q���H�I�I�X�V�L�R�Q���D�Q�G���S�Q�H�X�P�R�W�K�R�U�D�[�����Z�K�L�F�K���L�V���F�D�O�O�H�G��
hydropneumothorax. The presence of hydropneumothorax in the absence of a 
�U�H�F�H�Q�W���L�Q�W�H�U�Y�H�Q�W�L�R�Q���L�V���V�X�J�J�H�V�W�L�Y�H���R�I���D���E�U�R�Q�F�K�R�S�O�H�X�U�D�O���¿�V�W�X�O�D�����(�P�S�\�H�P�D�V���R�Q��
chest radiographs, because of the intrapleural location, tend to have obtuse 
angles superiorly and inferiorly on the frontal view. On the lateral view, a 
distinguishing feature of pulmonary abscess is the decrease in diameter  
when compared with the frontal view. Lung abscesses tend to have the  
same AP and transverse diameter on both frontal and lateral views.

�8�O�W�U�D�V�R�Q�R�J�U�D�S�K�\���L�V���W�K�H���E�H�V�W���L�P�D�J�L�Q�J���P�R�G�D�O�L�W�\���W�R���F�K�D�U�D�F�W�H�U�L�]�H���S�O�H�X�U�D�O���À�X�L�G�����,�W��
�F�D�Q���G�H�S�L�F�W���À�X�L�G���E�H�I�R�U�H���L�W���L�V���H�Y�L�G�H�Q�W���R�Q���D���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K���D�Q�G���F�D�Q���H�D�V�L�O�\���K�H�O�S��
�G�L�V�W�L�Q�J�X�L�V�K���E�H�W�Z�H�H�Q���I�U�H�H���D�Q�G���O�R�F�X�O�D�W�H�G���À�X�L�G�����3�O�H�X�U�D�O���H�I�I�X�V�L�R�Q�V���D�W���X�O�W�U�D�V�R�Q�R�� 
�J�U�D�S�K�\���D�U�H���F�O�D�V�V�L�¿�H�G���D�V���V�L�P�S�O�H���R�U���F�R�P�S�O�H�[�����6�L�P�S�O�H���H�I�I�X�V�L�R�Q�V���D�U�H���D�Q�H�F�K�R�L�F���R�U��
black and in most cases indicate a transudate. Complex effusions indicate an 
�H�[�X�G�D�W�H�����)�H�D�W�X�U�H�V���W�K�D�W���P�D�N�H���D�Q���H�I�I�X�V�L�R�Q���F�R�P�S�O�H�[���L�Q�F�O�X�G�H���L�Q�W�H�U�Q�D�O���V�H�S�W�D�W�L�R�Q�V����
debris, honeycombing, and pleural thickening, all of which are easily depicted 
at ultrasonography.9���8�O�W�U�D�V�R�Q�R�J�U�D�S�K�\���P�D�\���D�O�V�R���E�H���K�H�O�S�I�X�O���L�Q���G�H�¿�Q�L�Q�J���W�K�H���E�H�V�W��
�V�L�W�H���I�R�U���W�K�R�U�D�F�H�Q�W�H�V�L�V���D�Q�G���W�K�H���Q�H�H�G���I�R�U���L�Q�W�U�D�S�O�H�X�U�D�O���¿�E�U�L�Q�R�O�\�V�L�V���R�U���Y�L�G�H�R���D�V�V�L�V�W�H�G��
thoracoscopic surgery (Figure 7-15A–B). Computed tomography scanning is 
�Q�R�W���P�R�U�H���K�H�O�S�I�X�O���W�K�D�Q���X�O�W�U�D�V�R�Q�R�J�U�D�S�K�\���L�Q���G�H�¿�Q�L�Q�J���D���S�O�H�X�U�D�O���H�I�I�X�V�L�R�Q���E�X�W���G�R�H�V��
have a place in detecting abnormalities in the lung parenchyma.
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Lung Abscess
A lung abscess is a thick-walled cavity that contains purulent material as a 
result of a pulmonary infection that has led to suppurative necrosis of the 
involved lung parenchyma. Lung abscesses in the early stages manifest as 
consolidation; however, unlike necrotizing pneumonia, abscesses tend to be 
�V�S�K�H�U�L�F�D�O���D�Q�G���Z�H�O�O���G�H�¿�Q�H�G�����D�Q�G���W�K�H���G�L�D�J�Q�R�V�L�V���L�V���P�R�U�H���R�E�Y�L�R�X�V���Z�K�H�Q���W�K�H�U�H���L�V���D��
�F�R�Q�Q�H�F�W�L�R�Q���E�H�W�Z�H�H�Q���W�K�H���D�E�V�F�H�V�V���D�Q�G���D���G�U�D�L�Q�L�Q�J���E�U�R�Q�F�K�X�V���E�H�F�D�X�V�H���D�Q���D�L�U���À�X�L�G��
�O�H�Y�H�O���Z�L�O�O���E�H���S�U�H�V�H�Q�W�����7�K�H���D�L�U���À�X�L�G���O�H�Y�H�O���Z�L�O�O���E�H���H�Y�L�G�H�Q�W���R�Q�O�\���R�Q���D���U�D�G�L�R�J�U�D�S�K��
obtained with the patient in a lateral decubitus or erect position.46 The presence 
�R�I���D�Q���D�L�U���À�X�L�G���O�H�Y�H�O���L�V���Q�R�W���S�D�W�K�R�J�Q�R�P�R�Q�L�F���R�I���D�Q���D�E�V�F�H�V�V�����J�L�Y�H�Q���W�K�D�W���D�Q���D�L�U���À�X�L�G��
level can be seen in developmental lung malformations or pneumatoceles with 

Figure 7-15. A, Radiograph 
showing a complicated  
e�usion. The left arrow  
shows the displaced trachea.  
The right arrow shows 
whiteout of left thorax. 

Figure 7-15. B, Ultrasonographic image 
showing septations (arrows) in an e�usion.
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superimposed infection, cavitary pneumonia, cavitary septic emboli, Wegener 
granulomatosis, and other conditions. For distinguishing a lung abscess from 
other conditions, contrast-enhanced CT scanning of the chest is the imaging 
modality of choice (Figure 7-16).47 Lung abscess caused by aspiration typically 
is located in the posterior segments of the upper lobes or superior segments of 
the lower lobes. When in a subpleural location, lung abscesses and any consoli-
�G�D�W�L�R�Q���F�D�Q���E�H���L�G�H�Q�W�L�¿�H�G���D�W���X�O�W�U�D�V�R�Q�R�J�U�D�S�K�\�����,�Q���W�K�L�V���O�R�F�D�W�L�R�Q�����X�O�W�U�D�V�R�Q�R�J�U�D�S�K�\��
can be used as a guiding tool for percutaneous drainage.

Figure 7-16. Computed tomography scan showing a lung 
abscess with an air-�uid level (arrow).

Necrotizing Pneumonia
Necrotizing pneumonia is a complication of severe pneumonia that produces 
cavities by means of tissue necrosis in the area of pneumonic consolidation. 
�7�K�H���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K���P�D�\���V�K�R�Z���W�K�H���F�D�Y�L�W�L�H�V�����E�X�W���D���V�L�J�Q�L�¿�F�D�Q�W���Q�X�P�E�H�U���R�I���F�K�L�O�� 
�G�U�H�Q���Z�K�R���K�D�Y�H���&�7���¿�Q�G�L�Q�J�V���R�I���F�D�Y�L�W�L�H�V���K�D�Y�H���Q�R���H�Y�L�G�H�Q�F�H���R�I���Q�H�F�U�R�V�L�V���R�Q���S�O�D�L�Q��
�U�D�G�L�R�J�U�D�S�K�V�����,�I���W�K�H���F�D�Y�L�W�\���F�R�Q�W�D�L�Q�V���D�L�U�����W�K�H���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K���P�D�\���V�K�R�Z���W�K�H��
�F�D�Y�L�W�\�����E�X�W���L�I���L�W���L�V���À�X�L�G���¿�O�O�H�G�����W�K�H���S�O�D�L�Q���U�D�G�L�R�J�U�D�S�K���P�D�\���V�K�R�Z���R�Q�O�\���F�R�Q�V�R�O�L�� 
dation. Unlike a pulmonary abscess, the cavities of necrotizing pneumonia  
�W�H�Q�G���W�R���E�H���P�X�O�W�L�S�O�H�����W�X�E�X�O�D�U���R�U���U�R�X�Q�G�����D�Q�G���P�R�U�H���L�U�U�H�J�X�O�D�U�����,�Q���D�G�G�L�W�L�R�Q�����W�K�H��
borders of the consolidation are less distinct. Air bronchograms can be  
present (Figure 7-17).
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Figure 7-17. A, Coronal computed 
tomography scan showing necrotizing 
pneumonia. The arrowheads show pleural 
e�usion, and the arrows point to cavities.

Figure 7-17. C, Computed 
tomography scan showing 
necrotizing pneumonia and 
bronchopleural �stula. The 
arrows point to cavitation 
necrosis.

Figure 7-17. B, Plain radio- 
graph showing necrotizing 
pneumonia, suggestive of 
bronchopleural �stula. The 
arrows point to cavitation 
necrosis.
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Tuberculosis

Primary Pulmonary TB
�7�K�H���U�D�G�L�R�J�U�D�S�K�L�F���¿�Q�G�L�Q�J�V���L�Q���S�U�L�P�D�U�\���7�%���D�U�H���Q�R�Q�V�S�H�F�L�¿�F�����7�K�H���S�O�D�L�Q���U�D�G�L�R�� 
graph may be normal, but more commonly there is an area of segmental or 
lobar consolidation with hilar adenopathy in the adjacent area. Hilar adeno- 
�S�D�W�K�\���L�V���D�Q���L�P�S�R�U�W�D�Q�W���¿�Q�G�L�Q�J���E�H�F�D�X�V�H���L�W���L�V���X�Q�X�V�X�D�O���W�R���V�H�H���O�\�P�S�K�D�G�H�Q�R�S�D�W�K�\�� 
in postprimary TB. The lung opacity of primary TB tends to become smaller 
�R�Y�H�U���W�L�P�H�����F�D�O�F�L�I�\�����D�Q�G���E�H���D�S�S�D�U�H�Q�W���D�V���D���F�D�O�F�L�¿�H�G���J�U�D�Q�X�O�R�P�D��

Airway involvement is common in primary TB, and airway compression  
by the lymphadenopathy may result in atelectasis, which may result in con- 
solidation of the right upper or middle lobe. One of the life-threatening 
manifestations of TB is miliary TB, most common in infants and toddlers.  
It manifests as small nodules (usually < 2 mm) with uniform distribution  
in the lungs.

Postprimary Pulmonary TB
Pleural effusion is an important manifestation of postprimary TB in adoles-
cents. Miliary TB results from hematogenous spread so that there are diffuse, 
�V�P�D�O�O�������±�����P�P�����Q�R�G�X�O�H�V���V�F�D�W�W�H�U�H�G���W�K�U�R�X�J�K�R�X�W���W�K�H���O�X�Q�J���¿�H�O�G�V�����7�K�H���F�K�D�U�D�F�W�H�U�L�V-
�W�L�F���¿�Q�G�L�Q�J���R�I���S�R�V�W�S�U�L�P�D�U�\���7�%���L�V���X�S�S�H�U���O�R�E�H���F�R�Q�V�R�O�L�G�D�W�L�R�Q���Z�L�W�K���F�D�Y�L�W�D�W�L�R�Q�����7�K�H��
�¿�Q�G�L�Q�J�V���D�U�H���X�V�X�D�O�O�\���H�Y�L�G�H�Q�W���D�W���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�\�����E�X�W���&�7���V�F�D�Q�Q�L�Q�J���L�V���X�V�H�I�X�O�� 
�W�R���G�H�¿�Q�H���W�K�H���H�[�W�H�Q�W���R�I���G�L�V�H�D�V�H�����L�Q���S�D�U�W�L�F�X�O�D�U���W�K�H���G�H�J�U�H�H���R�I���F�D�Y�L�W�D�W�L�R�Q��

Pulmonary Nontuberculous Mycobacteria

�7�K�H���U�D�G�L�R�O�R�J�L�F�D�O���¿�Q�G�L�Q�J�V���R�I���Q�R�Q�W�X�E�H�U�F�X�O�R�X�V���P�\�F�R�E�D�F�W�H�U�L�D���D�U�H���Q�R�Q�V�S�H�F�L�¿�F���D�Q�G��
similar to those of TB, fungal infections, and other granulomatous processes. 
�7�K�H���W�\�S�L�F�D�O���L�P�D�J�L�Q�J���I�H�D�W�X�U�H�V���D�U�H���D�V���I�R�O�O�R�Z�V��

���X Multiple small nodules

���X Multilobe bronchiectasis

���X Tree-in-bud pattern (see Reading the CT Scan, earlier in this chapter)

���X �3�U�R�J�U�H�V�V�L�Y�H���¿�E�U�R�V�L�V

Most children with pulmonary nontuberculous mycobacteria are those with 
�+�,�9���L�Q�I�H�F�W�L�R�Q���R�U���&�)��

Systemic Lupus Erythematosus

Pleural effusion is the most common pulmonary manifestation of systemic 
lupus erythematosus, and the effusions are typically small. There may be an 
associated pericardial effusion. The greatest pulmonary imaging challenge  
in children with systemic lupus erythematosus is differentiating pneumonia, 
pulmonary hemorrhage, and lupus pneumonitis. Computed tomography 
�¿�Q�G�L�Q�J�V���Z�L�W�K���O�X�Q�J���G�L�V�H�D�V�H�����H�L�W�K�H�U���S�Q�H�X�P�R�Q�L�D���R�U���O�X�S�X�V���S�Q�H�X�P�R�Q�L�W�L�V�����L�Q�F�O�X�G�H��
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patchy consolidation, especially in the lower lobes, often with a pleural effu- 
sion. Lupus pneumonitis has the potential to develop into chronic interstitial 
�S�Q�H�X�P�R�Q�L�W�L�V���Z�L�W�K���L�U�U�H�Y�H�U�V�L�E�O�H���O�X�Q�J���G�L�V�H�D�V�H���D�Q�G���S�X�O�P�R�Q�D�U�\���¿�E�U�R�V�L�V�����$�F�X�W�H��
alveolitis, recognized by a ground-glass appearance, has the potential  
to be improved by steroids and should be treated promptly to prevent  
chronic changes.

Interstitial Lung Disease

Chest radiography is the usual imaging modality to diagnose ILD in children. 
�,�W���L�V���Q�R�W���V�S�H�F�L�¿�F���D�Q�G���W�K�H�U�H�I�R�U�H���X�V�X�D�O�O�\���U�H�T�X�L�U�H�V���D�G�G�L�W�L�R�Q�D�O���L�P�D�J�L�Q�J���V�W�X�G�L�H�V����
especially HRCT scanning. The plain chest radiograph may reveal character-
istic patterns, including ground-glass opacities, reticular or nodular opacities, 
and honeycombing. Ground-glass opacities are seen with active alveolitis,  
�D�Q�G���K�R�Q�H�\�F�R�P�E�L�Q�J���L�V���V�H�H�Q���Z�L�W�K���D�G�Y�D�Q�F�H�G���G�L�V�H�D�V�H�����7�K�H���¿�Q�G�L�Q�J�V���D�U�H���R�I�W�H�Q��
described as interstitial even though the disease is primarily alveolar.

�+�L�J�K���U�H�V�R�O�X�W�L�R�Q���&�7���V�F�D�Q�Q�L�Q�J���L�V���E�H�W�W�H�U���W�K�D�Q���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�\���I�R�U���G�H�¿�Q�L�Q�J�� 
the extent of pulmonary disease, and tree-in-bud patterns and patterns of 
differential aeration may be evident.

Cystic Fibrosis

�&�K�H�V�W���U�D�G�L�R�J�U�D�S�K�\���L�V���Q�R�W���L�P�S�R�U�W�D�Q�W���L�Q���G�L�D�J�Q�R�V�L�Q�J���&�)���E�X�W���G�R�H�V���D�O�O�R�Z���O�R�Q�J�L�W�X-
�G�L�Q�D�O���D�V�V�H�V�V�P�H�Q�W���R�I���W�K�H���S�U�R�J�U�H�V�V�L�R�Q���R�I���S�X�O�P�R�Q�D�U�\���G�L�V�H�D�V�H�����7�K�H���¿�Q�G�L�Q�J�V���R�I�� 
�&�)���F�O�H�D�U�O�\���R�Y�H�U�O�D�S���Z�L�W�K���W�K�R�V�H���R�I���R�W�K�H�U���G�L�V�R�U�G�H�U�V���R�I���F�K�U�R�Q�L�F���O�X�Q�J���G�L�V�H�D�V�H����
nevertheless, bronchiectasis of unknown cause is an indication to evaluate  
�I�R�U���&�)�����7�K�H���X�V�H�I�X�O�Q�H�V�V���R�I���W�K�H���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K���G�X�U�L�Q�J���D�Q���H�[�D�F�H�U�E�D�W�L�R�Q���R�I�� 
�&�)���L�V���X�Q�F�O�H�D�U�����,�Q���W�K�L�V���V�L�W�X�D�W�L�R�Q�����W�K�H���D�G�Y�D�Q�W�D�J�H���R�I���W�K�H���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K���L�V���W�R��
exclude a pneumothorax, pneumonia, or atelectasis.

�0�R�U�H���U�H�F�H�Q�W�O�\�����W�K�H���X�V�H���R�I���&�7���V�F�D�Q�Q�L�Q�J���W�R���H�Y�D�O�X�D�W�H���L�Q�À�D�P�P�D�W�L�R�Q���D�Q�G���H�D�U�O�\��
�O�X�Q�J���G�D�P�D�J�H���K�D�V���E�H�H�Q���F�R�Q�¿�U�P�H�G�����+�L�J�K���U�H�V�R�O�X�W�L�R�Q���&�7���V�F�D�Q�Q�L�Q�J���D�O�O�R�Z�V��
�G�H�P�R�Q�V�W�U�D�W�L�R�Q���R�I���P�X�F�R�X�V���S�O�X�J�J�L�Q�J���D�Q�G���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���W�R���W�K�H���¿�I�W�K���R�U���V�L�[�W�K��
generation of bronchi.

Bronchial arteriography is the preferred technique to evaluate major hemo- 
ptysis, and the technique is to view all of the bronchial vessels in preparation 
�I�R�U���H�P�E�R�O�L�]�D�W�L�R�Q�����7�K�H���Y�H�V�V�H�O�V���W�K�D�W���D�U�H���E�O�H�H�G�L�Q�J���P�D�\���Q�R�W���E�H���L�G�H�Q�W�L�¿�H�G�����W�K�H�U�H-
fore, all vessels should be embolized, because if only the bleeding vessels are 
embolized, other nonembolized vessels will likely bleed at a later date.

�7�K�H���P�R�V�W���Z�L�G�H�O�\���X�V�H�G���&�)���V�F�R�U�L�Q�J���V�\�V�W�H�P���L�Q���W�K�H���8�Q�L�W�H�G���6�W�D�W�H�V���L�V���W�K�H���%�U�D�V�¿�H�O�G��
scoring system, also called the Birmingham system, which was developed in 
1979.48���)�L�Y�H���H�O�H�P�H�Q�W�V���D�U�H���H�Y�D�O�X�D�W�H�G���D�V���V�K�R�Z�Q���L�Q��Table 7-3. 
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Several additional scoring systems have been reviewed and attempts made to 
provide radiological and clinical correlation. One of the reasons for deriving 
scores is to reduce interobserver differences and permit longitudinal following 
of the clinical course.

�&�R�P�S�X�W�H�G���W�R�P�R�J�U�D�S�K�\���¿�Q�G�L�Q�J�V���R�I���&�)���L�Q�F�O�X�G�H���D�L�U���W�U�D�S�S�L�Q�J�����H�D�U�O�\���H�Y�L�G�H�Q�F�H�� 
�R�I���D�L�U�Z�D�\���L�Q�À�D�P�P�D�W�L�R�Q�����R�U���E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����0�X�F�R�X�V���S�O�X�J�J�L�Q�J�����F�H�Q�W�U�L�O�R�E�X�O�D�U��
�Q�R�G�X�O�H�V�����D�Q�G���S�H�U�L�E�U�R�Q�F�K�L�D�O���W�K�L�F�N�H�Q�L�Q�J���D�U�H���S�R�W�H�Q�W�L�D�O�O�\���U�H�Y�H�U�V�L�E�O�H���¿�Q�G�L�Q�J�V���L�Q��
patients with symptoms. Because children are more sensitive to radiation- 
induced cancer than are adults, special care should be taken, particularly 
when multiple radiological examinations in a lifetime will be needed. 
�&�R�P�S�X�W�H�G���W�R�P�R�J�U�D�S�K�\���V�F�D�Q�Q�L�Q�J���L�V���X�V�H�G���W�R���D�V�V�H�V�V���W�K�H���I�R�O�O�R�Z�L�Q�J���F�R�Q�G�L�W�L�R�Q�V��

���X ABPA

���X Atypical mycobacterial infection

���X Unexplained clinical deterioration

���X Pulmonary embolism

���X Severe hemoptysis

���X Sinus disease

Table 7-3. Components of the Bras�eld Scoring System

Category De�nition Scoring

I.	 Air 		
	 trapping

Generalized pulmonary overdistension as  
sternal bowing, depression of the diaphragm, 
and/or thoracic kyphosis

0 = absent; 1–4 for  
increasing severity  
(4, most severe)

II. 	Linear 		
	 markings

Line densities due to prominence of bronchi as 
parallel line densities, sometimes branching,  
or as end-on circular densities with thickening  
of bronchial wall

0 = absent; 1–4 for  
increasing severity  
(4, most severe)

III.	Nodular 	
	 cystic 		
	 lesions

Multiple, discrete, small, rounded densities,  
�  0.5 cm, with either radiopaque or radiolucent 
centers (does not refer to irregular linear 
markings); con�uent nodules not classi�ed  
as large lesions

0 = absent; 1, 2, 3, or 4  
for involvement of  
1, 2, 3, or 4 quadrants

IV.	Large 		
	 lesions

Segmental or lobar atelectasis or  
consolidation; includes acute pneumonia

0 = absent; 3 if segmental  
or lobar; 5 if large

V.	General 	
	 severity

Impression of overall severity of changes  
on radiographs

0 = normal; 1–4 for increasing 
severity of abnormalities;  
only cardiac enlargement or  
pneumothorax require 5

Points are subtracted from a total possible score of 25, so that 25 is without abnormality and 3 is the  
most severe.

From Bras�eld D, Hicks G, Soong S, Tiller RE. The chest roentgenogram in cystic �brosis: a new scoring 
system. Pediatrics. 1979;63(1):24–29.
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Mediastinal Masses
The location of mediastinal masses in children is shown in Box 7-3.

Location and Types of Mediastinal Masses

Box 7-3

Anterior mediastinum (about 40%)
Thymus

Lymphoma

Germ cell tumors

Middle mediastinum (about 20%)
Bronchogenic cyst

Enteric and neurenteric cysts

Mediastinal lymphadenopathy

Pericardial cyst

Posterior mediastinum (34%)
Neurogenic mass: neuroblastoma

Ganglioneuroblastoma, ganglioneuroma

Schwannoma, neuro�broma

Anterior Mediastinal Masses

More than 40% of mediastinal masses are anterior mediastinal masses, with 
most of them arising from the thymus or mediastinal lymph nodes.

Thymus
�7�K�H�U�H���L�V���H�[�W�H�Q�V�L�Y�H���Y�D�U�L�D�E�L�O�L�W�\���L�Q���W�K�H���F�R�Q�¿�J�X�U�D�W�L�R�Q���D�Q�G���U�D�G�L�R�J�U�D�S�K�L�F���D�S�S�H�D�U-
ance of thymic tissue, including the possibility of manifesting in an ectopic 
location. It can usually be recognized at chest radiography—microlobulated 
borders, ability to see the normal pulmonary architecture through it, and 
absence of mass effect. If the diagnosis remains uncertain, CT scanning or 
MRI can aid in its recognition.

The thymus can change in shape and size within hours. An external stimulus, 
commonly seen in patients who are hospitalized, can dramatically reduce the 
size of the thymus. Likewise, thymic rebound is the enlargement or hyper- 
plasia of the thymus in response to withdrawal of myelosuppressive therapy.  
It typically occurs 6 to 12 months after suspension of therapy but cases as 
early as 1 week after suspension of therapy have been described.49

Lymphoma
Lymphoma (Hodgkin and non-Hodgkin) is the most common true anterior 
mediastinal mass in children. Mediastinal lymphoma appears as a hypo- 
attenuating lobulated, nonhomogeneous, mediastinal, soft-tissue mass.  
Hilar lymphadenopathy is associated with Hodgkin lymphoma. In Hodgkin 
lymphoma, bulky mediastinal disease has a worse prognosis than in cases  
in which there is a small tumor volume. In non-Hodgkin lymphoma, tumor 
�E�X�O�N���G�R�H�V���Q�R�W���D�S�S�H�D�U���W�R���L�Q�À�X�H�Q�F�H���R�X�W�F�R�P�H��
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Positron emission tomography (PET)/CT scanning is a valuable tool to use  
for the initial staging, to monitor interim treatment response, and to assess 
complete response to treatment. Substantial evidence supports that the 
addition of PET scanning to current staging investigations in lymphoma 
increases the accuracy of staging and results in change in management.

An International Harmonization Project released consensus recommenda-
tions50 in 2007 to standardize clinical trial parameters for the use of PET 
scanning. At initial staging, CT scanning should be performed either alone  
or in combination with PET scanning. Most commonly, the combination is 
preferred to reduce the amount of radiation delivered. If hepatic or splenic 
disease is also present, then intravenous contrast material should be  
administered to improve the assessment.

Germ Cell Tumors
Germ cell tumors account for up to 20% of anterior mediastinal masses in 
�F�K�L�O�G�U�H�Q�����*�H�U�P���F�H�O�O���W�X�P�R�U���F�D�Q���E�H���G�L�D�J�Q�R�V�H�G���G�H�¿�Q�L�W�H�O�\���Z�K�H�Q���W�K�H���F�K�D�U�D�F�W�H�U�L�V�W�L�F��
�&�7���V�F�D�Q�Q�L�Q�J���R�U���0�5�,���¿�Q�G�L�Q�J�V���R�I���D���F�R�P�S�O�H�[���P�D�V�V���Z�L�W�K���F�\�V�W�L�F���D�Q�G���V�R�O�L�G���D�U�H�D�V��
�F�R�Q�W�D�L�Q�L�Q�J���I�D�W���D�Q�G���L�U�U�H�J�X�O�D�U���F�D�O�F�L�¿�F�D�W�L�R�Q�V���D�U�H���R�E�V�H�U�Y�H�G��

Middle Mediastinal Masses

Middle mediastinal masses account for about 20% of mediastinal masses. 
�)�R�U�H�J�X�W���G�X�S�O�L�F�D�W�L�R�Q���F�\�V�W�V���L�Q�F�O�X�G�H���E�U�R�Q�F�K�R�J�H�Q�L�F�����H�Q�W�H�U�L�F�����D�Q�G���Q�H�X�U�H�Q�W�H�U�L�F���F�\�V�W�V����
which are developmental malformations of the embryonic foregut. Computed 
�W�R�P�R�J�U�D�S�K�\���R�U���0�5�,���F�D�Q���E�H���X�V�H�G���W�R���F�R�Q�¿�U�P���W�K�H���G�L�D�J�Q�R�V�L�V���D�Q�G���F�K�D�U�D�F�W�H�U�L�]�H�� 
the mass. These masses are relatively well marginated, round, or oval with 
homogeneous water or soft-tissue attenuation or signal intensity (because  
of proteinaceous material) without internal contrast enhancement.49

The extension of lymphoma into the middle mediastinum is common.  
Other causes of lymphadenopathy include metastatic disease, infection or 
�L�Q�À�D�P�P�D�W�L�R�Q���I�U�R�P���J�U�D�Q�X�O�R�P�D�W�R�X�V���G�L�V�H�D�V�H�V�����R�U���/�D�Q�J�H�U�K�D�Q�V���F�H�O�O���K�L�V�W�L�R�F�\�W�R�V�L�V��

Posterior Mediastinal Masses

Posterior mediastinal masses account for 34% of mediastinal masses, and 
most (~90%) are neurogenic in origin.49 Most neurogenic masses, including 
neuroblastoma, ganglioneuroblastoma, and ganglioneuroma, arise from gan- 
glion cells in the paravertebral sympathetic chain. The remaining masses are 
�Q�H�U�Y�H���V�K�H�D�W�K���W�X�P�R�U�V�����V�X�F�K���D�V���V�F�K�Z�D�Q�Q�R�P�D���D�Q�G���Q�H�X�U�R�¿�E�U�R�P�D�����&�K�H�V�W���U�D�G�L�R-
�J�U�D�S�K�L�F���¿�Q�G�L�Q�J�V���L�Q�F�O�X�G�H���D���Z�H�O�O���F�L�U�F�X�P�V�F�U�L�E�H�G���S�R�V�W�H�U�L�R�U���P�H�G�L�D�V�W�L�Q�D�O���P�D�V�V��
�Z�L�W�K���F�D�O�F�L�¿�F�D�W�L�R�Q�V���R�U���D�G�M�D�F�H�Q�W���E�R�Q�H���H�U�R�V�L�R�Q����Figure 7-18). Imaging does not 
allow differentiation among the tumor types, so biopsy is needed. Evaluation 
of the extent of disease, particularly looking for intraspinal extension, should 
be performed, and MRI is the modality of choice (Figure 7-19).
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08 PP 2ND ED - CHAPTER 07_101-140.indd   13808 PP 2ND ED - CHAPTER 07_101-140.indd   138 9/12/23   8:54 AM9/12/23   8:54 AM



139
Chapter 7—Pulmonary Imaging

9.	 �.�L�P���2�+�����.�L�P���:�6�����.�L�P���0�-�����-�X�Q�J���-�<�����6�X�K���-�+�����8�6���L�Q���W�K�H���G�L�D�J�Q�R�V�L�V���R�I���S�H�G�L�D�W�U�L�F���F�K�H�V�W���G�L�V�H�D�V�H�V����
Radiographics.�������������������������������±���������3�0�,�'���������������������� 
�G�R�L���������������������U�D�G�L�R�J�U�D�S�K�L�F�V�������������J�����P�D����������

10.	 Coley BD. Pediatric chest ultrasound. Radiol Clin North Am.�������������������������������±�������� 
�3�0�,�'�����������������������G�R�L���������������������M���U�F�O������������������������

11.	 �)�H�O�V�R�Q���%�����)�H�O�V�R�Q���+�����/�R�F�D�O�L�]�D�W�L�R�Q���R�I���L�Q�W�U�D�W�K�R�U�D�F�L�F���O�H�V�L�R�Q�V���E�\���P�H�D�Q�V���R�I���W�K�H���S�R�V�W�H�U�R���D�Q�W�H�U�L�R�U��
�U�R�H�Q�W�J�H�Q�R�J�U�D�P�����W�K�H���V�L�O�K�R�X�H�W�W�H���V�L�J�Q����Radiology.�������������������������������±���������3�0�,�'���������������������� 
�G�R�L������������������������������������

12.	 �+�D�Q�V�H�O�O���'�0�����%�D�Q�N�L�H�U���$�$�����0�D�F�0�D�K�R�Q���+�����0�F�/�R�X�G���7�&�����0�•�O�O�H�U���1�/�����5�H�P�\���-�����)�O�H�L�V�F�K�Q�H�U���6�R�F�L�H�W�\����
glossary of terms for thoracic imaging. Radiology.���������������������������������±���������3�0�,�'���������������������� 
�G�R�L���������������������U�D�G�L�R�O����������������������

13.	 �5�H�P�\���-�D�U�G�L�Q���0�����5�H�P�\���-�����*�L�U�D�X�G���)�����:�D�W�W�L�Q�Q�H���/�����*�R�V�V�H�O�L�Q���%�����&�R�P�S�X�W�H�G���W�R�P�R�J�U�D�S�K�\���D�V�V�H�V�V�P�H�Q�W�� 
�R�I���J�U�R�X�Q�G���J�O�D�V�V���R�S�D�F�L�W�\�����V�H�P�L�R�O�R�J�\���D�Q�G���V�L�J�Q�L�¿�F�D�Q�F�H����J Thorac Imaging.�����������������������������±�������� 
�3�0�,�'���������������������G�R�L��������������������������������������������������������������������

14.	 �4�X�L�J�O�H�\���0�-�����)�U�D�V�H�U���5�6�����3�X�O�P�R�Q�D�U�\���S�Q�H�X�P�D�W�R�F�H�O�H�����S�D�W�K�R�O�R�J�\���D�Q�G���S�D�W�K�R�J�H�Q�H�V�L�V����AJR Am  
J Roentgenol.�����������������������������������±�����������3�0�,�'���������������������G�R�L���������������������D�M�U����������������������

15.	 �)�L�H�O�G���&�(�����%�U�R�Q�F�K�L�H�F�W�D�V�L�V���L�Q���F�K�L�O�G�K�R�R�G�����F�O�L�Q�L�F�D�O���V�X�U�Y�H�\���R�I�����������F�D�V�H�V����Pediatrics.���������������������������±������
�3�0�,�'��������������������

16.	 �5�H�L�I�I���'�%�����:�H�O�O�V���$�8�����&�D�U�U���'�+�����&�R�O�H���3�-�����+�D�Q�V�H�O�O���'�0�����&�7���¿�Q�G�L�Q�J�V���L�Q���E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����O�L�P�L�W�H�G�� 
�Y�D�O�X�H���L�Q���G�L�V�W�L�Q�J�X�L�V�K�L�Q�J���E�H�W�Z�H�H�Q���L�G�L�R�S�D�W�K�L�F���D�Q�G���V�S�H�F�L�¿�F���W�\�S�H�V����AJR Am J Roentgenol. 
�������������������������������±���������3�0�,�'���������������������G�R�L���������������������D�M�U����������������������������

17.	 �*�D�U�F�L�D���3�H�x�D���3�����/�X�F�D�\�D���-�����+�5�&�7���L�Q���F�K�L�O�G�U�H�Q�����W�H�F�K�Q�L�T�X�H���D�Q�G���L�Q�G�L�F�D�W�L�R�Q�V����Eur Radiol.  
�����������������V�X�S�S�O���������/�����±�/�������3�0�,�'�����������������������G�R�L���������������������V�������������������������������\

18.	 �+�D�Q�V�H�O�O���'�0�����7�K�L�Q���V�H�F�W�L�R�Q���&�7���R�I���W�K�H���O�X�Q�J�V�����W�K�H���+�L�Q�W�H�U�O�D�Q�G���R�I���Q�R�U�P�D�O����Radiology.  
�������������������������������±���������3�0�,�'�����������������������G�R�L���������������������U�D�G�L�R�O������������������

19.	 �5�R�V�V�L���6�(�����)�U�D�Q�T�X�H�W���7�����9�R�O�S�D�F�F�K�L�R���0�����*�L�P�p�Q�H�]���$�����$�J�X�L�O�D�U���*�����7�U�H�H���L�Q���E�X�G���S�D�W�W�H�U�Q���D�W���W�K�L�Q���V�H�F�W�L�R�Q��
�&�7���R�I���W�K�H���O�X�Q�J�V�����U�D�G�L�R�O�R�J�L�F���S�D�W�K�R�O�R�J�L�F���R�Y�H�U�Y�L�H�Z����Radiographics.�������������������������������±�������� 
�3�0�,�'�����������������������G�R�L���������������������U�J��������������������

20.	 �)�U�D�Q�T�X�H�W���7�����0�•�O�O�H�U���1�/�����*�L�P�p�Q�H�]���$�����*�X�H�P�E�H���3�����G�H���/�D���7�R�U�U�H���-�����%�D�J�X�p���6�����6�S�H�F�W�U�X�P���R�I���S�X�O�P�R�Q�D�U�\��
�D�V�S�H�U�J�L�O�O�R�V�L�V�����K�L�V�W�R�O�R�J�L�F�����F�O�L�Q�L�F�D�O�����D�Q�G���U�D�G�L�R�O�R�J�L�F���¿�Q�G�L�Q�J�V����Radiographics.�������������������������������±��������
�3�0�,�'�����������������������G�R�L���������������������U�D�G�L�R�J�U�D�S�K�L�F�V�������������J�����M�O����������

21.	 �)�O�R�U�V���/�����'�R�P�L�Q�J�R���0�/�����/�H�L�Y�D���6�D�O�L�Q�D�V���&�����0�D�]�y�Q���0�����5�R�V�H�O�O�y���6�D�V�W�U�H���(�����9�L�O�D�U���-�����8�Q�F�R�P�P�R�Q��
�R�F�F�X�S�D�W�L�R�Q�D�O���O�X�Q�J���G�L�V�H�D�V�H�V�����K�L�J�K���U�H�V�R�O�X�W�L�R�Q���&�7���¿�Q�G�L�Q�J�V����AJR Am J Roentgenol.  
�������������������������:�����±�:�������3�0�,�'�����������������������G�R�L���������������������$�-�5����������������

22.	 �6�L�O�Y�D���&�,�����0�•�O�O�H�U���1�/�����/�\�Q�F�K���'�$�����H�W���D�O�����&�K�U�R�Q�L�F���K�\�S�H�U�V�H�Q�V�L�W�L�Y�L�W�\���S�Q�H�X�P�R�Q�L�W�L�V�����G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q��
�I�U�R�P���L�G�L�R�S�D�W�K�L�F���S�X�O�P�R�Q�D�U�\���¿�E�U�R�V�L�V���D�Q�G���Q�R�Q�V�S�H�F�L�¿�F���L�Q�W�H�U�V�W�L�W�L�D�O���S�Q�H�X�P�R�Q�L�D���E�\���X�V�L�Q�J���W�K�L�Q���V�H�F�W�L�R�Q��
CT. Radiology.���������������������������������±���������3�0�,�'�����������������������G�R�L���������������������U�D�G�L�R�O����������������������

23.	 �'�D�L�P�R�Q���7�����-�R�K�N�R�K���7�����6�X�P�L�N�D�Z�D���+�����H�W���D�O�����$�F�X�W�H���H�R�V�L�Q�R�S�K�L�O�L�F���S�Q�H�X�P�R�Q�L�D�����W�K�L�Q���V�H�F�W�L�R�Q���&�7��
�¿�Q�G�L�Q�J�V���L�Q���������S�D�W�L�H�Q�W�V����Eur J Radiol.�������������������������������±���������3�0�,�'�����������������������G�R�L���������������������M��
ejrad.2007.04.012

24.	 �&�K�H�R�Q���-�(�����/�H�H���.�6�����-�X�Q�J���*�6�����&�K�X�Q�J���0�+�����&�K�R���<�'�����$�F�X�W�H���H�R�V�L�Q�R�S�K�L�O�L�F���S�Q�H�X�P�R�Q�L�D�����U�D�G�L�R�J�U�D�S�K�L�F�� 
�D�Q�G���&�7���¿�Q�G�L�Q�J�V���L�Q���V�L�[���S�D�W�L�H�Q�W�V����AJR Am J Roentgenol.�����������������������������������±�����������3�0�,�'�������������������� 
�G�R�L���������������������D�M�U����������������������������

25.	 �0�D�U�F�K�D�Q�G���(�����&�R�U�G�L�H�U���-�)�����,�G�L�R�S�D�W�K�L�F���F�K�U�R�Q�L�F���H�R�V�L�Q�R�S�K�L�O�L�F���S�Q�H�X�P�R�Q�L�D����Orphanet J Rare Dis.  
���������������������������3�0�,�'�����������������������G�R�L������������������������������������������������

26.	 �6�S�R�W�W�V�Z�R�R�G���6�(�����$�O�O�L�V�R�Q���.�=�����/�R�S�D�W�L�Q�D���2�$�����H�W���D�O�����7�K�H���F�O�L�Q�L�F�D�O���V�L�J�Q�L�¿�F�D�Q�F�H���R�I���O�X�Q�J���K�\�S�R�H�[�S�D�Q�V�L�R�Q�� 
in acute childhood asthma. Pediatr Radiol.�������������������������������±���������3�0�,�'���������������������� 
�G�R�L���������������������V��������������������������������

27.	 Woodring JH, Reed JC. Types and mechanisms of pulmonary atelectasis. J Thorac Imaging. 
���������������������������±���������3�0�,�'���������������������G�R�L��������������������������������������������������������������������

28.	 �&�D�F�H�U�H�V���0�����$�O�L���6�=�����%�U�D�X�G���5�����:�H�L�P�D�Q���'�����*�D�U�U�H�W�W���+�(���-�U�����6�S�R�Q�W�D�Q�H�R�X�V���S�Q�H�X�P�R�P�H�G�L�D�V�W�L�Q�X�P���� 
a comparative study and review of the literature. Ann Thorac Surg.�������������������������������±�������� 
�3�0�,�'�����������������������G�R�L���������������������M���D�W�K�R�U�D�F�V�X�U������������������������

29.	 de Blic J, Scheinmann P. The use of imaging techniques for assessing severe childhood asthma. 
 J Allergy Clin Immunol.���������������������������������±���������3�0�,�'�����������������������G�R�L���������������������M���M�D�F�L������������������������

30.	 Aysola RS, Hoffman EA, Gierada D, et al. Airway remodeling measured by multidetector CT  
is increased in severe asthma and correlates with pathology. Chest.�����������������������������������±����������  
�3�0�,�'�����������������������G�R�L���������������������F�K�H�V�W����������������

31.	 �6�X�E�U�D�P�D�Q�\�D�Q���5�����9�H�Q�X�J�R�S�D�O�D�Q���3�����1�D�U�D�\�D�Q���5�����9�D�V�F�X�O�D�U���U�L�Q�J�V�����D�Q���L�P�S�R�U�W�D�Q�W���F�D�X�V�H���R�I���S�H�U�V�L�V�W�H�Q�W�� 
respiratory symptoms in infants and children. Indian Pediatr.���������������������������������±�������� 
�3�0�,�'��������������������

08 PP 2ND ED - CHAPTER 07_101-140.indd   13908 PP 2ND ED - CHAPTER 07_101-140.indd   139 9/12/23   8:54 AM9/12/23   8:54 AM



140
Pediatric Pulmonology

32.	 Browne LP. What is the optimal imaging for vascular rings and slings? Pediatr Radiol.  
�����������������V�X�S�S�O���������6�������±�6���������3�0�,�'�����������������������G�R�L���������������������V��������������������������������

33.	 �1�H�Z�P�D�Q���%�����&�R�Q�J�H�Q�L�W�D�O���E�U�R�Q�F�K�R�S�X�O�P�R�Q�D�U�\���I�R�U�H�J�X�W���P�D�O�I�R�U�P�D�W�L�R�Q�V�����F�R�Q�F�H�S�W�V���D�Q�G���F�R�Q�W�U�R�Y�H�U�V�L�H�V���� 
Pediatr Radiol.�������������������������������±���������3�0�,�'�����������������������G�R�L���������������������V��������������������������������

34.	 Panicek DM, Heitzman ER, Randall PA, et al. The continuum of pulmonary developmental 
anomalies. Radiographics.�����������������������������±���������3�0�,�'�������������������� 
�G�R�L���������������������U�D�G�L�R�J�U�D�S�K�L�F�V������������������������

35.	 �<�X�F�H�O���2�����*�X�U�N�R�N���6�����*�R�]�X�E�X�\�X�N���$�����H�W���D�O�����'�L�D�J�Q�R�V�L�V���D�Q�G���V�X�U�J�L�F�D�O���W�U�H�D�W�P�H�Q�W���R�I���S�X�O�P�R�Q�D�U�\��
sequestration. Thorac Cardiovasc Surg.�������������������������������±���������3�0�,�'�����������������������G�R�L����
10.1055/s-2007-965572

36.	 �&�D�U�D�G�R�Q�Q�D���3�����%�H�O�O�L�D���0�����&�D�Q�Q�L�]�]�D�U�R���)�����5�H�J�L�R���6�����0�L�G�L�U�L���0�����%�H�O�O�L�D���9�����1�R�Q���L�Q�Y�D�V�L�Y�H���G�L�D�J�Q�R�V�L�V�� 
in a case of bronchopulmonary sequestration and proposal of diagnostic algorithm.  
Monaldi Arch Chest Dis.�������������������������������±���������3�0�,�'��������������������

37.	 �:�R�R�G�U�L�Q�J���-�+�����+�R�Z�D�U�G���7�$�����.�D�Q�J�D���-�)�����&�R�Q�J�H�Q�L�W�D�O���S�X�O�P�R�Q�D�U�\���Y�H�Q�R�O�R�E�D�U���V�\�Q�G�U�R�P�H���U�H�Y�L�V�L�W�H�G����
Radiographics.�������������������������������±���������3�0�,�'���������������������G�R�L���������������������U�D�G�L�R�J�U�D�S�K�L�F�V��������������������������

38.	 Ranganathan SC, Sonnappa S. Pneumonia and other respiratory infections. Pediatr Clin  
North Am.�������������������������������±�����������[�L���3�0�,�'�����������������������G�R�L���������������������M���S�F�O������������������������

39.	 Swingler GH, Hussey GD, Zwarenstein M. Randomised controlled trial of clinical outcome  
after chest radiograph in ambulatory acute lower-respiratory infection in children. Lancet. 
�������������������������������������±���������3�0�,�'���������������������G�R�L���������������������6���������������������������������������;

40.	 Westra SJ, Choy G. What imaging should we perform for the diagnosis and management of  
pulmonary infections? Pediatr Radiol. �����������������V�X�S�S�O���������6�������±�6���������3�0�,�'���������������������� 
�G�R�L���������������������V�������������������������������]

41.	 Calder A, Owens CM. Imaging of parapneumonic pleural effusions and empyema in children.  
Pediatr Radiol.�������������������������������±���������3�0�,�'�����������������������G�R�L���������������������V��������������������������������

42.	 �.�L�P���<�:�����'�R�Q�Q�H�O�O�\���/�)�����5�R�X�Q�G���S�Q�H�X�P�R�Q�L�D�����L�P�D�J�L�Q�J���¿�Q�G�L�Q�J�V���L�Q���D���O�D�U�J�H���V�H�U�L�H�V���R�I���F�K�L�O�G�U�H�Q���� 
Pediatr Radiol.�����������������������������������±�����������3�0�,�'�����������������������G�R�L���������������������V��������������������������������

43.	 �5�H�V�W�U�H�S�R���5�����3�D�O�D�Q�L���5�����0�D�W�D�S�D�W�K�L���8�0�����:�X���<�<�����,�P�D�J�L�Q�J���R�I���U�R�X�Q�G���S�Q�H�X�P�R�Q�L�D���D�Q�G�� 
mimics in children. Pediatr Radiol.�����������������������������������±�����������3�0�,�'���������������������� 
�G�R�L���������������������V��������������������������������

44.	 �3�L�Q�W�R���$�����6�F�D�J�O�L�R�Q�H���0�����3�L�Q�W�R���)�����H�W���D�O�����7�U�D�F�K�H�R�E�U�R�Q�F�K�L�D�O���D�V�S�L�U�D�W�L�R�Q���R�I���I�R�U�H�L�J�Q���E�R�G�L�H�V�����F�X�U�U�H�Q�W�� 
indications for emergency plain chest radiography. Radiol Med (Torino). �������������������������������±�������� 
�3�0�,�'�����������������������G�R�L���������������������V��������������������������������

45.	 �.�R�ú�X�F�X���3�����$�K�P�H�W�R�÷�O�X���$�����.�R�U�D�P�D�]���,�����H�W���D�O�����/�R�Z���G�R�V�H���0�'�&�7���D�Q�G���Y�L�U�W�X�D�O���E�U�R�Q�F�K�R�V�F�R�S�\���L�Q�� 
pediatric patients with foreign body aspiration. AJR Am J Roentgenol.�����������������������������������±���������� 
�3�0�,�'�����������������������G�R�L���������������������D�M�U������������������������������

46.	 Emanuel B, Shulman ST. Lung abscess in infants and children. Clin Pediatr (Phila).  
�������������������������±�����3�0�,�'���������������������G�R�L��������������������������������������������������������

47.	 �3�D�W�U�D�G�R�R�Q���+�R���3�����)�L�W�]�J�H�U�D�O�G���'�$�����/�X�Q�J���D�E�V�F�H�V�V���L�Q���F�K�L�O�G�U�H�Q����Paediatr Respir Rev.���������������������������±������ 
�3�0�,�'�����������������������G�R�L���������������������M���S�U�U�Y������������������������

48.	 �%�U�D�V�¿�H�O�G���'�����+�L�F�N�V���*�����6�R�R�Q�J���6�����7�L�O�O�H�U���5�(�����7�K�H���F�K�H�V�W���U�R�H�Q�W�J�H�Q�R�J�U�D�P���L�Q���F�\�V�W�L�F���¿�E�U�R�V�L�V�����D���Q�H�Z�� 
scoring system. Pediatrics.�����������������������������±�������3�0�,�'����������������

49.	 �/�H�H���(�<�����(�Y�D�O�X�D�W�L�R�Q���R�I���Q�R�Q���Y�D�V�F�X�O�D�U���P�H�G�L�D�V�W�L�Q�D�O���P�D�V�V�H�V���L�Q���L�Q�I�D�Q�W�V���D�Q�G���F�K�L�O�G�U�H�Q�����D�Q���H�Y�L�G�H�Q�F�H�� 
based practical approach. Pediatr Radiol. �����������������V�X�S�S�O���������6�������±�6���������3�0�,�'���������������������� 
�G�R�L���������������������V��������������������������������

50.	 Juweid ME, Stroobants S, Hoekstra OS, et al; Imaging Subcommittee of International  
Harmonization Project in Lymphoma. Use of positron emission tomography for response  
�D�V�V�H�V�V�P�H�Q�W���R�I���O�\�P�S�K�R�P�D�����F�R�Q�V�H�Q�V�X�V���R�I���W�K�H���,�P�D�J�L�Q�J���6�X�E�F�R�P�P�L�W�W�H�H���R�I���,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� 
Harmonization Project in Lymphoma. J Clin Oncol. �����������������������������±���������3�0�,�'���������������������� 
�G�R�L���������������������-�&�2��������������������������

08 PP 2ND ED - CHAPTER 07_101-140.indd   14008 PP 2ND ED - CHAPTER 07_101-140.indd   140 9/12/23   8:54 AM9/12/23   8:54 AM



CHAPTER

8

141

Bronchoscopy
Pi Chun Cheng, MD, MS
Samuel B. Goldfarb, MD

A 6-month-old infant had vibratory inspiratory stridor since the age of 1 month. 
He fed poorly and had gasping respiration, neck hyperextension, and intermit-
tent upper airway obstruction during sleep. Results of �exible bronchoscopy 
with the patient under light sedation and with his head in a neutral position 
demonstrated foreshortening of the aryepiglottic folds and prolapse of the 
arytenoid cartilages during inspiration, causing almost complete obstruction  
of the glottis. The dynamic airway events correlated with the infant’s stridor 
and clinical airway obstruction. Evaluation results for the rest of the airway to 
the level of the segmental bronchi were normal. Severe laryngomalacia was 
diagnosed. The infant was referred to an otolaryngologist who performed  
an aryepiglottoplasty, removing some redundant tissue from the arytenoid 
cartilages. The infant’s stridor and obstructive sleep apnea markedly improved, 
as did his growth. By the age of 12 months, his stridor had resolved completely, 
and both growth and development were normal.

CASE REPORT 8�1

Introduction
Until relatively recently, direct evaluation of a young child’s airway required 
the skills of a surgeon versed in rigid (open tube) bronchoscopy, with the child 
under general anesthesia. Flexible bronchoscopy became routinely available 
in the United States in 1969, but use of the technique was restricted in chil-
dren because of the instruments’ size limitations. By 1980, a commercially 
available scope that was 3.5 mm in diameter with an integral suction channel 
and a tip that could be directed was being used to evaluate newborns.1 With 
�L�P�S�U�R�Y�H�P�H�Q�W�V���L�Q���¿�E�H�U�R�S�W�L�F���W�H�F�K�Q�R�O�R�J�\�����W�K�L�Q�Q�H�U�����H�J����2.8 mm) bronchoscopes 
�F�R�X�O�G���E�H���P�D�G�H���Z�L�W�K�R�X�W���V�D�F�U�L�¿�F�L�Q�J���I�X�Q�F�W�L�R�Q�D�O�L�W�\���R�U���L�P�D�J�H���T�X�D�O�L�W�\�����0�R�U�H��
recently, digital technology has been applied to bronchoscopic images, and  
a 2.8-mm or 3.8-mm pediatric bronchoscope with a video chip in the tip 
provides high- resolution digital images in an instrument that can be used in 
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most newborns through adolescents. There are also ultrathin scopes ranging 
from 1.8 to 2.2 mm, but these have neither suction channels nor angulation 
capabilities, so their use  
is limited to evaluation of the trachea and proximal main bronchi in children 
�Z�L�W�K���H�V�W�D�E�O�L�V�K�H�G���D�U�W�L�¿�F�L�D�O���D�L�U�Z�D�\�V�����H�Q�G�R�W�U�D�F�K�H�D�O���R�U���W�U�D�F�K�H�R�V�W�R�P�\���W�X�E�H�V����

Choosing Between Flexible and Rigid Bronchoscopy
General Considerations

�7�K�H���À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�H���F�R�P�S�O�H�P�H�Q�W�V�����E�X�W���G�R�H�V���Q�R�W���U�H�S�O�D�F�H�����W�K�H���U�L�J�L�G�� 
bronchoscope. Each has strengths and weaknesses that must be considered 
when deciding on the approach to a particular patient. Table 8-1 lists some  
of the relative advantages of each type of procedure. Flexible bronchoscopy is 
usually performed via a transnasal approach. This approach allows the patient’s 
head to be kept in a neutral position, and there is no distortion of upper airway 
structures as the bronchoscope follows the normal contour of the nasopharynx, 
oropharynx, and hypopharynx. Thus, dynamic events that occur in this part of 
the airway can be observed without altering tissue relationships. In contrast, 
direct laryngoscopy with a rigid bronchoscope or laryngoscope requires hyper- 
extension of the neck and suspension of the base of the tongue for optimal 
visualization. In this situation, structures that cause noisy breathing could be 
elevated and the cause of airway obstruction missed.

�7�K�H���W�U�D�Q�V�Q�D�V�D�O���D�S�S�U�R�D�F�K�����K�R�Z�H�Y�H�U�����F�D�X�V�H�V���W�K�H���À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�H���W�R���E�H��
angulated anteriorly as it approaches the glottis. Although anterior structures  
�R�I���W�K�H���J�O�R�W�W�L�V���D�U�H���H�D�V�L�O�\���H�[�D�P�L�Q�H�G�����L�W���L�V���P�R�U�H���G�L�I�¿�F�X�O�W���W�R���R�E�W�D�L�Q���D���W�K�R�U�R�X�J�K��
evaluation of the intra-arytenoid portion of the glottis, and posterior lesions 
might be missed. Thus, if a lesion like a laryngoesophageal cleft is being 
considered, rigid bronchoscopy is the preferred technique. Similarly, the 
�V�X�E�J�O�R�W�W�L�F���V�S�D�F�H���L�V���E�H�W�W�H�U���H�Y�D�O�X�D�W�H�G���X�V�L�Q�J���D���U�L�J�L�G���V�F�R�S�H���W�K�D�Q���D���À�H�[�L�E�O�H���V�F�R�S�H��

�7�K�H���À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�H���F�D�Q���E�H���D�G�Y�D�Q�F�H�G���P�R�U�H���G�L�V�W�D�O�O�\���L�Q���W�K�H���W�U�D�F�K�H�R�E�U�R�Q-
chial tree, allowing for better peripheral evaluation of the airway. The diag- 
�Q�R�V�W�L�F���F�D�S�D�E�L�O�L�W�L�H�V���R�I���À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�\���D�U�H���E�U�R�D�G�H�Q�H�G���Z�K�H�Q���F�R�P�E�L�Q�H�G�� 
with techniques like bronchoalveolar lavage (BAL), bronchial brushing, and,  
in select circumstances, transbronchial biopsy. All of these techniques are  
�E�H�W�W�H�U���D�F�F�R�P�S�O�L�V�K�H�G���Z�L�W�K���D���À�H�[�L�E�O�H���V�F�R�S�H���W�K�D�Q���D���U�L�J�L�G���V�F�R�S�H��
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Table 8-1. Relative Advantages of Flexible and Rigid Bronchoscopy

Site or Procedure Flexible Rigid

Nasopharynx ++ �/+

Hypopharynx ++ +

Larynx ++ ++

Laryngeal function ++ �

Subglottis +/� ++

Trachea ++ ++

Main bronchi ++ ++

Lobar bronchi ++ +

Segmental and subsegmental bronchi ++ +/�

Foreign body � ++

Bronchoalveolar lavage ++ +

Control of bleeding � ++

Mucosal biopsy ++ ++

Transbronchial biopsy ++ +

Abbreviations: ++, most likely to provide optimal diagnostic and therapeutic outcome; +, likely to provide 
optimal diagnostic and therapeutic outcome; +/-, uncertain diagnostic and therapeutic value; -, unlikely to 
provide diagnostic and therapeutic outcome.

Foreign Body

When a retained foreign body in the airway is suspected, the procedure of 
choice is rigid bronchoscopy with the patient under general anesthesia. The 
�U�L�J�L�G���E�U�R�Q�F�K�R�V�F�R�S�H���K�D�V���D���O�D�U�J�H�U���Z�R�U�N�L�Q�J���F�K�D�Q�Q�H�O���W�K�D�Q���G�R�H�V���W�K�H���À�H�[�L�E�O�H���V�F�R�S�H����
allowing for a wide range of instruments specially designed for the safe 
retrieval of a foreign body. Furthermore, the child’s airway and ventilation are 
carefully monitored and controlled, maximizing the safety of the procedure. 
Continual communication with the anesthesiologist is critical to ensure ade- 
quate depth of anesthesia and patient stability. A combined approach with 
�À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�\���L�V���R�I�W�H�Q���W�D�N�H�Q���W�R���D�O�O�R�Z���H�[�S�O�R�U�D�W�L�R�Q���R�I���W�K�H���G�L�V�W�D�O���D�L�U�Z�D�\��
for further debris. Although there are reports of retrieving a foreign body 
�I�U�R�P���W�K�H���U�H�V�S�L�U�D�W�R�U�\���W�U�D�F�W���R�I���\�R�X�Q�J���F�K�L�O�G�U�H�Q���E�\���P�H�D�Q�V���R�I���À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V-
copy,2 this approach should be performed by a skilled bronchoscopist with the 
�R�S�W�L�R�Q���I�R�U���D���U�L�J�L�G���V�F�R�S�H���V�K�R�X�O�G���À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�\���Q�R�W���E�H���V�X�F�F�H�V�V�I�X�O�����7�K�H��
�J�U�H�D�W�H�V�W���U�L�V�N���R�I���X�V�L�Q�J���À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�\���W�R���U�H�P�R�Y�H���D���I�R�U�H�L�J�Q���E�R�G�\���L�V���W�K�H��
accidental lodging of the foreign body in the larynx with total occlusion of the 
airway. However, if the presence of a retained foreign body is considered as a 
differential diagnosis but not the most probable diagnosis, it is reasonable to 
�S�H�U�I�R�U�P���À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�\���D�V���D�Q���L�Q�L�W�L�D�O���S�U�R�F�H�G�X�U�H��3 If a foreign body is in 
�I�D�F�W���S�U�H�V�H�Q�W�����H�L�W�K�H�U���À�H�[�L�E�O�H���R�U���U�L�J�L�G���E�U�R�Q�F�K�R�V�F�R�S�\���F�D�Q���V�X�E�V�H�T�X�H�Q�W�O�\���E�H���X�V�H�G�� 
to remove it.
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Hemoptysis and Pulmonary Hemorrhage

Bronchoscopy is occasionally performed in the evaluation and treatment  
of hemoptysis and pulmonary hemorrhage. When conducted as part of the 
evaluation of pulmonary bleeding, the procedure should occur after acute 
bleeding has subsided to maximize the diagnostic yield. If no bleeding site  
is immediately obvious, or if the diagnosis of pulmonary hemorrhage is 
uncertain, BAL can be performed to look for hemosiderin-laden macro-
phages. However, if bronchoscopy is being entertained to help manage an 
episode of massive hemoptysis, the procedure of choice is rigid bronchoscopy. 
In this situation, control of the airway is paramount, and bleeding may be so 
brisk that visualization will be impaired unless large amounts of blood can  
be suctioned quickly. Depending on the size of the patient, larger scopes with 
a 2.0- to 2.3-mm working channel may allow for better removal of blood and 
�L�G�H�Q�W�L�¿�F�D�W�L�R�Q���R�I���W�K�H���V�R�X�U�F�H���R�I���E�O�H�H�G�L�Q�J�����6�P�D�O�O�H�U���F�K�L�O�G�U�H�Q���Z�K�R���F�D�Q�Q�R�W���D�F�F�R�P-
modate a larger scope may require a rigid scope that would better facilitate 
clearance of the airway, but the 1.2-mm channel of the pediatric bronchoscope 
�F�D�Q�Q�R�W�����,�I���W�K�H���D�U�H�D���R�I���E�O�H�H�G�L�Q�J���F�D�Q���E�H���L�G�H�Q�W�L�¿�H�G�����D���V�R�O�X�W�L�R�Q���R�I���F�R�O�G���V�D�O�L�Q�H���R�U��
topical epinephrine can be used to achieve hemostasis. In addition, a balloon-
tipped catheter can be placed under direct visualization in the airway from 
which blood is emanating to isolate the source and protect other regions of  
the lung from being soiled.4

Indications for Flexible Bronchoscopy
Flexible bronchoscopy is used for diagnostic, therapeutic, and research 
purposes (Box 8-1).5–7 It is commonly chosen to evaluate chronic stridor or 
wheezing and chronic or recurrent pulmonary opacities seen on radiographs 

Indications for Flexible Bronchoscopy

Box 8-1

	� Noisy breathing
•	 Stridor
•	 Chronic wheezing (especially 

homophonous)
•	 Voice disturbance (hoarse, 

decreased amplitude)
	� Persistent moist cough
	� Persistent radiographic abnormality
	� Congenital anomaly
	� Recurrent pneumonia
	� Atelectasis

	� Retained foreign body
	� Hemoptysis
	� Interstitial lung disease
	� Pneumonia in an  
immunocompromised host

	� Tracheostomy evaluation
	� Post–lung transplant evaluation
	� Examination of lungs to determine 
suitability for donation for lung 
transplant
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in children or to determine the cause of pneumonia in children with compro-
mised immune function. The procedure is also used to evaluate hemoptysis, 
recurrent aspiration, and chronic cough, and it can be used to examine the 
airways in children with tracheostomies.

The most common indications for bronchoscopy are stridor or noisy breath- 
ing, followed in no particular order by chronic wheezing, atelectasis, and 
recurrent radiographic opacities.8–12 The frequency and distribution of indica-
tions vary with the characteristics of the programs that use bronchoscopy. For 
example, a program involved in lung transplantation will frequently evaluate 
patients for airway stenosis at the anastomosis site and perform transbron- 
chial biopsies to assess for signs of rejection, whereas programs associated 
with large cardiac centers would commonly evaluate patients for airway  
compression associated with cardiac or pulmonary vascular enlargement.

�:�K�H�Q���W�K�H���G�H�F�L�V�L�R�Q���W�R���X�V�H���À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�\���D�V���D���G�L�D�J�Q�R�V�W�L�F���P�R�G�D�O�L�W�\���L�V��
made, the yield is quite good but varies depending on the indication for the 
procedure. For instance, Wood12 found that an abnormality relevant to the 
primary indication for the procedure was present in 97% of subjects with 
stridor but in only 46% of those with chronic or recurrent pneumonia. When 
�F�R�Q�V�L�G�H�U�L�Q�J���D�O�O���L�Q�G�L�F�D�W�L�R�Q�V���I�R�U���W�K�H���S�U�R�F�H�G�X�U�H�����¿�Q�G�L�Q�J�V���U�H�O�D�W�H�G���W�R���W�K�H���S�U�L�P�D�U�\��
indication were present in 76% of the 1,000 procedures reviewed. Godfrey  
et al10 found the diagnostic yield of bronchoscopy in children younger than  
18 years to be 67% of the 200 consecutive procedures reviewed. The groups 
�P�R�V�W���O�L�N�H�O�\���W�R���K�D�Y�H���U�H�O�H�Y�D�Q�W���¿�Q�G�L�Q�J�V���L�Q�F�O�X�G�H�G���W�K�R�V�H���Z�L�W�K���Q�R�L�V�\���E�U�H�D�W�K�L�Q�J��
(96.2%) and atelectasis (76%). The ability to determine a diagnosis related to 
the indication for bronchoscopy can be enhanced with the addition of BAL or 
biopsy. When cytological examination and bacterial or fungal culture results 
�Z�H�U�H���D�G�G�H�G���W�R���¿�Q�G�L�Q�J�V���R�Q���L�Q�V�S�H�F�W�L�R�Q�����W�K�H���L�Q�F�L�G�H�Q�F�H���R�I���F�O�L�Q�L�F�D�O�O�\���P�H�D�Q�L�Q�J�I�X�O��
�¿�Q�G�L�Q�J�V���L�Q�F�U�H�D�V�H�G���W�R��90.5%.10

Flexible bronchoscopy can be used therapeutically to remove mucous plugs 
that cause atelectasis (Figure 8-1) or to instill agents directly into the airway, 
�O�L�N�H���G�H�R�[�\�U�L�E�R�Q�X�F�O�H�D�V�H���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���F�\�V�W�L�F���¿�E�U�R�V�L�V���Z�K�R���K�D�Y�H���D���K�L�J�K���'�1�$��
mucous burden.13 Relief of atelectasis is more likely to occur when no air 
bronchograms are visible in the atelectatic region, suggesting the presence  
of a central mucous plug (Figure 8-2). In contrast, if air bronchograms are 
present (Figure 8-3), it is likely that there are multiple distal mucous plugs  
that will not be easy to retrieve via bronchoscopy.

Bronchoscopy with BAL has been used as a research tool for evaluating early 
�F�K�D�Q�J�H�V���L�Q���W�K�H���O�X�Q�J�V���L�Q���L�Q�I�D�Q�W�V���Z�L�W�K���F�\�V�W�L�F���¿�E�U�R�V�L�V��14 Similarly, results from 
BAL and endobronchial biopsies are shedding new light on the pathophysio-
logical characteristics of bronchiolitis, asthma, and childhood interstitial lung 
disease in the pediatric population.15,16
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Figure 8-1. Plastic bronchitis cast of the right lower lobe bronchi removed from a patient with 
congenital heart disease and respiratory compromise. The cast was a mixed formation of �brin, 
mucin, and cells. 
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Figure 8-3. Chest radiograph in a 4-year-old boy with myotubular 
myopathy and left lower lobe atelectasis. Note the air bronchograms 
within the area of atelectasis, re�ecting multiple distal sites of airway 
obstruction rather than a central mucous plug.

Figure 8-2. A, Chest radiograph in a girl with VACTERL association and acute respiratory 
failure from adenovirus pneumonia. Note the abrupt ending of an air bronchogram in the 
distal left main bronchus, together with left lung atelectasis. B, The same patient 24 hours 
after bronchoscopic removal of a mucous plug from the left main bronchus.
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Contraindications for Bronchoscopy
It has been said that the only time bronchoscopy is truly contraindicated  
is when the information or therapeutic objective can be obtained in a less 
invasive fashion.11 There are, however, relative contraindications for which  
the risk of the procedure must be balanced against the information or thera-
�S�H�X�W�L�F���E�H�Q�H�¿�W���W�R���E�H���G�H�U�L�Y�H�G�����*�H�Q�H�U�D�O�O�\�����D�Q���X�Q�F�R�U�U�H�F�W�H�G���E�O�H�H�G�L�Q�J���G�L�D�W�K�H�V�L�V���O�L�N�H��
thrombocytopenia or clotting dysfunction, profound hypoxemia before the 
procedure, moderate or severe pulmonary hypertension, or severe airway 
obstruction all should be carefully weighed so that the added risk of the pro- 
cedure is worth the anticipated outcome to the patient. Occasionally, these 
very conditions are the reason to perform bronchoscopy (eg, if hypoxemia is 
the result of massive atelectasis or if removing a mucous plug can potentially 
reverse a condition).11

Pathophysiological and Clinical Features  
in Diagnostic Bronchoscopy

When diagnostic bronchoscopy is performed to evaluate abnormal noises,  
the diagnostic yield is enhanced if the child creates the noise during the pro- 
cedure, which may require the examiner to reproduce the situation in which 
the noise occurs. Thus, if the noise is heard mostly when the child sleeps, as  
in cases of obstructive sleep apnea, examining the child during sedated quiet 
sleep is more likely to recreate the airway obstruction and enable the exam-
iner to determine its origin than if the child were minimally sedated. Alterna-
tively, if the noise occurs with increased breathing effort, the child should be 
only lightly sedated to accentuate breathing effort. Having the patient emerge 
from anesthesia with the bronchoscope positioned in the nasopharynx often  
is used to assess the upper airway dynamics at the end of the procedure.

A young athlete was evaluated for possible exercise-related vocal cord  
dysfunction. To recreate the situation, he was told to hyperventilate with a 
bronchoscope in place, but this did not reveal any abnormalities. The only  
time he reported symptoms, however, was during indoor swimming practice 
and competitions. The examination was repeated while he smelled chlorine 
bleach, and he quickly demonstrated paradoxical vocal fold motion within  
a few breaths.

CASE REPORT 8�2

Extrathoracic Airway

Intraluminal airway pressure is subatmospheric during inspiration, giving 
structures in the extrathoracic airway the propensity to collapse. Thus, any 
dynamic lesion will be louder during inspiration. Fixed lesions (ie, those that 
do not result in a respiratory phase–dependent change in airway caliber, like 
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subglottic stenosis) can cause biphasic noise. The noise created by dynamic 
lesions depends on the magnitude of the intraluminal pressure decrease and the 
tone or stiffness (compliance) of the airway structures. It may also be positional, 
as neck hyperextension places longitudinal traction on the extrathoracic airway 
and can stiffen it to some degree.

Flexible bronchoscopy offers the advantages of examining the extrathoracic  
airway from the nostril onward, so that any structure in the extrathoracic airway 
that might cause obstruction or airway vibration should be visible. Furthermore, 
�W�K�H���S�D�W�L�H�Q�W���L�V���H�[�D�P�L�Q�H�G���Z�K�L�O�H���W�K�H���K�H�D�G���L�V���L�Q���D���Q�H�X�W�U�D�O���S�R�V�L�W�L�R�Q�����%�H�F�D�X�V�H���W�K�H���À�H�[�L�� 
ble scope follows the contours of the nasopharynx, it does not distort the anatomy 
of the airway.17 Sedation can be made lighter or deeper so that the conditions 
under which the noise or obstruction is usually present can be replicated.

�(�[�W�U�D�W�K�R�U�D�F�L�F���O�H�V�L�R�Q�V���W�K�D�W���F�D�X�V�H���Q�R�L�V�\���E�U�H�D�W�K�L�Q�J���R�U���R�E�V�W�U�X�F�W�L�R�Q���D�U�H���L�G�H�Q�W�L�¿�H�G���L�Q��
most children who undergo bronchoscopy.10,12 When stridor is the indication for 
evaluation, in the absence of a known history of prolonged airway intubation,  
the cause is usually a congenital lesion.7,10,17 Of these, laryngomalacia is the most 
common condition, followed by vocal cord paralysis.7,12,17���7�K�H���¿�Q�G�L�Q�J���R�I���O�D�U�\�Q�� 
gomalacia during laryngoscopy does not obviate the need to look below the  
vocal cords: 15% to 21% of patients will have a second airway abnormality  
noted during more distal evaluation of the airways.12,17 Severe stenosis should 
�J�H�Q�H�U�D�O�O�\���Q�R�W���E�H���H�[�D�P�L�Q�H�G���E�H�O�R�Z���W�K�H���O�H�V�L�R�Q���Z�L�W�K���À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�\���E�H�F�D�X�V�H��
of the risk of worsening swelling and edema; it is better accomplished with a 
combined procedure.

Excessive sedation or breathing effort can lead to erroneous diagnoses. The 
presence of large airway collapse in an infant making heroic efforts to breathe 
because of inadequate sedation may be mistaken for tracheomalacia or bron- 
chomalacia. Excessive sedation or the application of lidocaine to the larynx18  
can result in dynamic collapse of laryngeal structures and be mistaken for true 
laryngomalacia. If there is no preprocedure history of wheezing in the former 

case or stridor 
in the latter 
case, such 
�¿�Q�G�L�Q�J�V���D�U�H��
likely artifac- 
tual. A list  
of common 
lesions that 
lead to noisy 
breathing  
is shown  
in Box 8-2.  

Lesions Associated With Noisy Breathing

Box 8-2

Stridor
	� Laryngomalacia
	� Subglottic stenosis
	� Vocal cord paralysis
	� Hemangioma
	� Vocal cord dysfunction

Wheezing
	� Tracheomalacia or bronchomalacia
	� Tracheal stenosis
	� Airway compression
•	 Vascular
•	 Lymph nodes
•	 Mediastinal mass

	� Bronchitis
	� Endobronchial tumor
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�1�R�W���D�O�O���F�K�L�O�G�U�H�Q���Z�L�W�K���Q�R�L�V�\���E�U�H�D�W�K�L�Q�J�����K�R�Z�H�Y�H�U�����U�H�T�X�L�U�H���D�L�U�Z�D�\���H�Y�D�O�X�D�W�L�R�Q����
Bronchoscopy should be reserved for children whose noisy breathing is pro- 
�J�U�H�V�V�L�Y�H�����O�H�D�G�V���W�R���H�S�L�V�R�G�H�V���R�I���D�S�Q�H�D�����D�Q�G���L�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���I�H�H�G�L�Q�J���G�L�I�¿�F�X�O�W�\��
and poor growth or sleep disruption and impaired development, or when the 
history and physical examination results raise the possibility of a lesion other 
than congenital laryngomalacia.7 Bronchoscopy might also be considered in 
an infant with laryngomalacia when parental anxiety regarding the noise is so 
�J�U�H�D�W���W�K�D�W���F�R�Q�¿�U�P�D�W�L�R�Q���R�I���W�K�H���G�L�D�J�Q�R�V�L�V���L�V���Q�H�F�H�V�V�D�U�\���W�R���D�O�O�R�Z���I�R�U���U�H�D�V�V�X�U�D�Q�F�H��
regarding the natural history of the disorder.

Intrathoracic Airway

Diagnostic bronchoscopy is performed to evaluate chronic wheezing or cough 
unresponsive to medical therapy, persistent or recurrent radiographic opacities 
�L�Q���W�K�H���O�X�Q�J�����D�W�H�O�H�F�W�D�V�L�V�����O�R�F�D�O�L�]�H�G���K�\�S�H�U�L�Q�À�D�W�L�R�Q�����K�H�P�R�S�W�\�V�L�V�����V�X�V�S�H�F�W�H�G���U�H�� 
current aspiration, or possible retained foreign body. When bronchoscopy is 
combined with techniques like BAL or transbronchial biopsy, information  
can also be gleaned about processes in small airways and alveolar spaces.  
�,�Q���D�G�G�L�W�L�R�Q�����E�L�R�S�V�L�H�V���R�I���W�K�H���D�L�U�Z�D�\���Z�D�O�O���F�D�Q���\�L�H�O�G���G�L�V�H�D�V�H���V�S�H�F�L�¿�F���L�Q�I�R�U�P�D�W�L�R�Q�� 
���H�J�����F�L�O�L�D�U�\���X�O�W�U�D�V�W�U�X�F�W�X�U�H���D�Q�G���I�X�Q�F�W�L�R�Q���R�U���W�K�H���W�\�S�H���R�I���L�Q�À�D�P�P�D�W�R�U�\���F�H�O�O�V���D�Q�G��
presence of rejection after lung transplant). 

Evaluating Intrathoracic Airway Collapse
As with evaluation of the extrathoracic airway, the degree of respiratory  
effort must be considered when evaluating intrathoracic airway collapse. In 
contrast to extrathoracic obstruction, the forces acting across intrathoracic 
airway walls favor their narrowing during exhalation. Excessive expiratory 
effort will cause invagination of the posterior membrane of the trachea and 
main bronchi; oversedation or paralysis will minimize the collapsing pres- 
sures exerted across the airway wall. This situation makes the diagnosis of 
�S�U�L�P�D�U�\���L�Q�W�U�D�W�K�R�U�D�F�L�F���W�U�D�F�K�H�R�P�D�O�D�F�L�D���R�U���E�U�R�Q�F�K�R�P�D�O�D�F�L�D���H�[�F�H�H�G�L�Q�J�O�\���G�L�I�¿�F�X�O�W��
because all patients can demonstrate some degree of airway collapse with 
excessive expiratory effort or cough. Furthermore, visual estimates of airway 
�Q�D�U�U�R�Z�L�Q�J���D�U�H���K�L�J�K�O�\���V�X�E�M�H�F�W�L�Y�H�����D�Q�G���Q�R���X�Q�L�Y�H�U�V�D�O�O�\���D�J�U�H�H�G���R�Q���G�H�¿�Q�L�W�L�R�Q��
based on magnitude of airway narrowing exists.19 When tracheomalacia 
�R�F�F�X�U�V���V�H�F�R�Q�G�D�U�\���W�R���D�Q�R�W�K�H�U���F�R�Q�G�L�W�L�R�Q�����O�L�N�H���W�U�D�F�K�H�R�H�V�R�S�K�D�J�H�D�O���¿�V�W�X�O�D�����W�K�H�U�H�� 
is often a larger than normal ratio of posterior membrane to anterior cartilage; 
this is not necessarily true in primary tracheomalacia or tracheomalacia 
acquired after prolonged mechanical ventilation.

Evaluating Narrowed Intrathoracic Airway
When an intrathoracic airway is narrowed, the endoscopist must determine  
���������L�I���W�K�H���R�E�V�W�U�X�F�W�L�R�Q���L�V���G�\�Q�D�P�L�F���R�U���¿�[�H�G�������������L�I���W�K�H���O�H�V�L�R�Q���L�V���L�Q�W�U�L�Q�V�L�F�����Z�H�E����
tumor, mucosal lesion, etc) or if the narrowing is from extrinsic compression, 
and (3) whether the compression is pulsatile. Location of the narrowing often 
is an important clue in determining extrinsic compression; the left pulmonary 
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artery crosses over the left main bronchus and proceeds behind the left lower  
lobe and left upper lobe bronchi, and the right pulmonary artery crosses over  
the bronchus intermedius (because the right upper lobe bronchus is superior  
to its attendant pulmonary artery, it is never compressed by it). The aorta will 
cause a pulsatile compression of the left anterior tracheal wall on its ascent,  
and the descending aorta can compress the left main bronchus posteriorly.20 
Enlarged lymph nodes encircling the right middle lobe bronchus can narrow  
the bronchus intermedius; bronchogenic cysts, which are often subcarinal,  
can cause compression of the main bronchi or widening of the main carina.

Interpreting Other Intrathoracic Bronchoscopic Findings
Often, when bronchoscopy is undertaken for evaluation and treatment of 
�D�W�H�O�H�F�W�D�V�L�V�����W�K�H�U�H���D�U�H���Q�R���V�H�F�U�H�W�L�R�Q�V���I�R�U���U�H�P�R�Y�D�O�����$�E�V�H�Q�F�H���R�I���V�X�F�K���D���¿�Q�G�L�Q�J�� 
still may be critical for care decisions (Figure 8-4). Similarly, absence  
�R�I���D���V�X�V�S�H�F�W�H�G���U�H�W�D�L�Q�H�G���I�R�U�H�L�J�Q���E�R�G�\���L�V���D�V���L�P�S�R�U�W�D�Q�W���D�V���¿�Q�G�L�Q�J���R�Q�H�����,�W���P�D�\���E�H��
�G�L�I�¿�F�X�O�W���W�R���L�Q�W�H�U�S�U�H�W���%�$�/���¿�Q�G�L�Q�J�V���Z�K�H�Q���W�K�D�W���P�R�G�D�O�L�W�\���L�V���X�V�H�G���W�R���G�H�W�H�U�P�L�Q�H���W�K�H��
cause of infection in children with chronic or recurrent radiographic opacities 
or with a compromised immune system. The bronchoscope is passed through 
the nose and mouth, compromising the sterility of the samples. Efforts to avoid 
suctioning the airway until the scope is below the vocal cords can reduce, but 
not eliminate, the risk of contaminating the specimens. Combining the visual 
�¿�Q�G�L�Q�J�V���I�U�R�P���E�U�R�Q�F�K�R�V�F�R�S�L�F���H�[�D�P�L�Q�D�W�L�R�Q�����S�U�H�V�H�Q�F�H���R�U���D�E�V�H�Q�F�H���R�I���D�L�U�Z�D�\��
�L�Q�À�D�P�P�D�W�L�R�Q���D�Q�G���V�H�F�U�H�W�L�R�Q�V�����Z�L�W�K���F�H�O�O���F�R�X�Q�W�����F�\�W�R�O�R�J�L�F�D�O���H�[�D�P�L�Q�D�W�L�R�Q�����D�Q�G��
quantitative���E�D�F�W�H�U�L�D�O���F�X�O�W�X�U�H���Z�L�O�O���V�W�U�H�Q�J�W�K�H�Q���W�K�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I���W�K�H���¿�Q�G�L�Q�J�V��
(see Diagnostic Procedures, later in this chapter). If the proportion of squamous 
�F�H�O�O�V���L�V���K�L�J�K�����R�U���L�I���F�X�O�W�X�U�H�V���U�H�W�X�U�Q���V�K�R�Z�L�Q�J���S�R�O�\�P�L�F�U�R�E�L�D�O���À�R�U�D�����X�S�S�H�U���D�L�U�Z�D�\��
�F�R�Q�W�D�P�L�Q�D�W�L�R�Q���R�I���W�K�H���V�S�H�F�L�P�H�Q���L�V���O�L�N�H�O�\�����,�I���W�K�H���F�H�Q�W�U�D�O���D�L�U�Z�D�\�V���D�U�H���L�Q�À�D�P�H�G���D�Q�G��
there are large amounts of secretions in those airways, however, the cells and 
bacteria may be there because the child chronically aspirates oral secretions.

Figure 8-4. A, Computed tomographic reconstruction of the chest in a 16-year-  
old boy with Duchenne muscular dystrophy and chronic right lower lobe  
atelectasis. The air bronchogram ends abruptly, suggesting a mucous plug. B, 
Bronchoscopic evaluation demonstrates airway narrowing and distortion resulting 
from the patient’s severe scoliosis and chest wall deformity but no mucous plug.
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Airway Management and Examination
There are several different ways to examine the pediatric airway by using 
�À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�\�����7�K�H�V�H���P�H�W�K�R�G�V���L�Q�F�O�X�G�H���W�U�D�Q�V�Q�D�V�D�O�O�\���R�U���W�U�D�Q�V�R�U�D�O�O�\�� 
or via face mask, laryngeal mask airway, endotracheal tube, or tracheostomy 
tube. The mode of airway entry should take into account the clinical context 
and the reason for the procedure (Table 8‑2).9

Table 8-2. Advantages and Disadvantages of Di�erent Airway Entry Techniques

Technique Advantages Disadvantages

Natural  
airway  
(transnasal  
or transoral 
approach)

•	Inspect entire airway
•	Assess airway dynamics
•	May allow for the use of  

a larger bronchoscope
•	Allows for airway evaluation  

with a rigid scope

•	More di�cult to monitor ventilation
•	Laryngospasm

Face  
mask

•	Inspect entire airway
•	Assess airway dynamics
•	Does not limit size of  

bronchoscope

•	More di�cult to monitor ventilation
•	Laryngospasm
•	May limit movement of broncho-

scope

Laryngeal  
mask airway

•	Is easy to place
•	Is a relatively secure airway
•	Can assist ventilation with 

positive pressure

•	Cannot assess upper airway
•	Cannot accurately assess vocal cord 

movement
•	May limit size of bronchoscope
•	May hinder passage of bronchoscope
•	Requires deeper sedation than 

natural  
airway

•	Can mask lower airway dynamics
•	Does not completely protect airway if 

vomiting occurs during the procedure

Endotracheal or 
tracheostomy 
tube

•	Is easy to place
•	Secures the airway
•	Is easy and quick to reinsert 

bronchoscope if needed
•	Enables positive pressure  

ventilation
•	Prevents contamination of 

lower airway specimens by 
upper airway secretions

•	Cannot assess upper airway
•	Cannot assess vocal cord anatomy  

and movement
•	Cannot assess airway dynamics
•	May limit size of bronchoscope
•	Requires deeper sedation than  

natural airway
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Diagnostic Procedures
Bronchoalveolar Lavage Testing

Bronchoalveolar lavage is used to sample the alveoli for different cell types, 
including migrated leukocytes and macrophages, invading bacteria, and other 
infectious pathogens. Analysis can also be performed to evaluate acellular 
�F�R�P�S�R�Q�H�Q�W�V�����L�Q�F�O�X�G�L�Q�J���Y�L�U�D�O���S�D�U�W�L�F�O�H�V�����F�\�W�R�N�L�Q�H�V�����D�Q�G���S�U�R�W�H�L�Q�V�����7�K�H���À�H�[�L�E�O�H��
bronchoscope is advanced into progressively more distal airways until it is 
�Z�H�G�J�H�G���R�U���X�Q�D�E�O�H���W�R���E�H���D�G�Y�D�Q�F�H�G���I�X�U�W�K�H�U�����7�K�H���O�D�Y�D�J�H���L�V���S�H�U�I�R�U�P�H�G���¿�U�V�W���E�\��
instilling normal saline through the working channel of the bronchoscope  
into the distal airways and airspaces and then by withdrawing it by means of 
suction. The amount of saline used for a lavage varies from center to center, 
from 0.5 to 3.0 mL/kg per aliquot with a maximum of 4 aliquots taken at  
1 procedure. Typically, a protocol is used to limit the total amount of saline 
�W�K�D�W���L�V���L�Q�V�W�L�O�O�H�G�����,�Q���P�D�Q�\���F�H�Q�W�H�U�V�����W�K�H���¿�U�V�W���V�D�P�S�O�H���L�V���G�L�V�F�D�U�G�H�G���E�H�F�D�X�V�H���L�W���L�V��
believed not to represent alveolar sampling, but rather sampling of bronchial 
cells. A return of at least 30% to 40% of the aliquot used in the lavage  
is considered a good sample.7,9,21 Bronchoalveolar lavage is performed in  
the most affected area as determined with radiographic imaging or direct 
�Y�L�V�X�D�O�L�]�D�W�L�R�Q���Z�L�W�K���W�K�H���E�U�R�Q�F�K�R�V�F�R�S�H�����,�I���W�K�H�U�H���L�V���Q�R���L�G�H�Q�W�L�¿�H�G���D�I�I�H�F�W�H�G���D�U�H�D���� 
the lavage is performed in the right middle lobe or lingula in children,  
and the lavage is performed in the right lower lobe in infants to optimize  
�À�X�L�G���U�H�F�R�Y�H�U�\��9,21

Normal Cell Types
Bronchoalveolar lavage is a diagnostic tool used to evaluate cellular counts of 
�W�K�H���O�D�Y�D�J�H���À�X�L�G����Table 8‑3). The absolute number of nucleated cells and red 
blood cells can be detected, and the different types of white blood cells can 
also be analyzed. In healthy lungs, alveolar macrophages make up roughly 
���������W�R�����������R�I���W�K�H���F�H�O�O�V���L�Q���W�K�H���%�$�/���À�X�L�G�����D�Q�G���O�\�P�S�K�R�F�\�W�H�V���D�Q�G���Q�H�X�W�U�R�S�K�L�O�V��
�P�D�N�H���X�S���U�R�X�J�K�O�\���������W�R�����������D�Q�G���������W�R���������R�I���W�K�H���%�$�/���À�X�L�G�����U�H�V�S�H�F�W�L�Y�H�O�\��22 
�7�K�H�U�H���D�U�H���V�X�E�W�O�H���D�J�H���G�H�S�H�Q�G�H�Q�W���G�L�I�I�H�U�H�Q�F�H�V���L�Q���W�K�H���%�$�/���À�X�L�G�����$���V�O�L�J�K�W���L�Q�F�U�H�D�V�H��
in the number of neutrophils is observed in patients younger than 12 months 
when compared with those in children aged 12 to 36 months. Younger chil- 
dren also can have a greater number of total cells when compared with those 
in the adult population.23 Squamous epithelial cells, when detected in BAL, 
suggest either contamination by oropharyngeal secretions because of poor 
technique in performing the BAL or aspiration of upper airway secretions  
by the patient.
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Table 8-3. Cell Types in Bronchoalveolar Lavage Fluid

Cell Types
Normal Percentage 
in Healthy Patients

Disease Associated With Abnormal Cell Type  
or Number

Alveolar 
macro-
phages

80%–90% Lipid-laden macrophages: aspiration,  
gastroesophageal re�ux

Hemosiderin-laden macrophages: idiopathic 
pulmonary hemosiderosis, vasculitis and collagen 
vascular disease, infections, pulmonary vascular 
disease, drug-associated increase

Lymphocytes 2%–12% Increased CD4+ cells: sarcoidosis, Crohn disease

Increased CD8+ cells: hypersensitivity pneumonia, 
histiocytosis X, drug-induced pneumonitis, ILD, 
bronchiolitis obliterans organizing pneumonia

Eosinophils 0%–1% Increased eosinophils: asthma, ILD,  
drug-associated increase

Idiopathic increases: Churg-Strauss syndrome, 
eosinophilic lung disease

Neutrophils 0%–5% Increased neutrophils: ILD, infection, asthma, 
chronic bronchitis

Abbreviations: CD4+, cluster of di�erentiation 4 positive; CD8+, cluster of di�erentiation 8 positive;  
ILD, interstitial lung disease.

Abnormal Cell Di�erentials
�7�K�H���%�$�/���À�X�L�G���F�D�Q���E�H���H�[�D�P�L�Q�H�G���I�R�U���S�D�W�K�R�O�R�J�L�F�D�O���F�H�O�O���W�\�S�H�V���W�R���H�Q�K�D�Q�F�H���G�L�D�J�� 
nostic yield. The number of different abnormal cell types and analysis of the 
ratio of different cell types can be informative. For example, elevated numbers 
of lipid-laden macrophages, in the proper clinical context, may be associated 
�Z�L�W�K���D�V�S�L�U�D�W�L�R�Q���I�U�R�P���V�Z�D�O�O�R�Z�L�Q�J���G�\�V�I�X�Q�F�W�L�R�Q���R�U���I�U�R�P���J�D�V�W�U�R�H�V�R�S�K�D�J�H�D�O���U�H�À�X�[��
�G�L�V�H�D�V�H�����*�(�5�'�������6�L�P�L�O�D�U�O�\�����K�H�P�R�V�L�G�H�U�L�Q���O�D�G�H�Q���P�D�F�U�R�S�K�D�J�H�V���U�H�À�H�F�W���D���K�L�V�W�R�U�\�� 
of pulmonary bleeding. The presence of increased numbers of normal cell 
�W�\�S�H�V���L�V���R�I�W�H�Q���Q�R�Q�V�S�H�F�L�¿�F���E�X�W���F�D�Q���J�X�L�G�H���I�X�U�W�K�H�U���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�����7�K�X�V�����L�Q�F�U�H�D�V�H�G��
numbers of eosinophils in the BAL can be associated with multiple disorders, 
including eosinophilic lung diseases, asthma, Churg-Strauss syndrome, drug 
reaction, allergic bronchopulmonary aspergillosis, and interstitial lung disease. 
Increased numbers of neutrophils can be found in infections, asthma, and  
some interstitial lung diseases. In contrast, an increase in absolute numbers  
of lymphocytes and variation in T-cell subpopulation ratios (particularly the 
CD4:CD8 ratio, which is elevated in sarcoidosis and Crohn disease) can help  
�W�R���L�G�H�Q�W�L�I�\���V�S�H�F�L�¿�F���G�L�V�H�D�V�H�V�����$�Q���L�Q�F�U�H�D�V�H���L�Q���&�'�����O�\�P�S�K�R�F�\�W�H���S�R�S�X�O�D�W�L�R�Q�V���L�V��
associated with hypersensitivity pneumonitis, histiocytosis X, drug-induced 
pneumonitis, interstitial lung disease associated with collagen vasculitis, and 
cryptogenic organizing pneumonia (Table 8-3).21,22

�,�Q���D�G�G�L�W�L�R�Q���W�R���F�X�O�W�X�U�H�V���D�Q�G���F�H�O�O���W�\�S�H�V�����%�$�/���À�X�L�G���F�D�Q���E�H���D�Q�D�O�\�]�H�G���I�R�U���R�W�K�H�U��
contents. For example, markers that suggest GERD with microaspiration can 
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�E�H���G�H�W�H�F�W�H�G���L�Q���%�$�/���À�X�L�G�����,�Q�Y�H�V�W�L�J�D�W�R�U�V���L�Q���V�H�Y�H�U�D�O���V�W�X�G�L�H�V���K�D�Y�H���D�W�W�H�P�S�W�H�G���W�R��
�F�R�U�U�H�O�D�W�H���W�K�H���S�U�H�V�H�Q�F�H���R�I���S�H�S�V�L�Q���D�Q�G���E�L�O�H���D�F�L�G�V���L�Q���%�$�/���À�X�L�G���Z�L�W�K���O�X�Q�J���G�L�V�H�D�V�H��
from GERD. In patients with lung transplants, detection of either marker has 
�E�H�H�Q���D�Q���L�P�S�R�U�W�D�Q�W���¿�Q�G�L�Q�J���E�H�F�D�X�V�H���D�Q���H�O�H�Y�D�W�L�R�Q���R�I���H�L�W�K�H�U���R�I���W�K�H�V�H���L�Q�G�H�[�H�V��
correlates with the onset of bronchiolitis obliterans.24 Bronchoalveolar lavage 
�À�X�L�G���F�D�Q���D�O�V�R���E�H���D�Q�D�O�\�]�H�G���I�R�U���F�\�W�R�N�L�Q�H�V�����$�O�W�K�R�X�J�K���V�X�F�K���P�H�D�V�X�U�H�P�H�Q�W�V���F�X�U�� 
rently are largely relegated to research investigations, they can help to assess 
the effect of different pharmacological therapies on various lung diseases, 
�S�D�U�W�L�F�X�O�D�U�O�\���L�Q�À�D�P�P�D�W�R�U�\���G�L�V�H�D�V�H���R�I���H�L�W�K�H�U���L�Q�I�H�F�W�L�R�X�V���R�U���Q�R�Q�L�Q�I�H�F�W�L�R�X�V���R�U�L�J�L�Q�V����
�)�R�U���H�[�D�P�S�O�H�����D���U�H�G�X�F�W�L�R�Q���L�Q���P�H�D�V�X�U�H�G���F�\�W�R�N�L�Q�H�V���L�Q���%�$�/���À�X�L�G���I�U�R�P���S�D�W�L�H�Q�W�V��
�Z�L�W�K���D�V�W�K�P�D���R�U���F�\�V�W�L�F���¿�E�U�R�V�L�V���P�L�J�K�W���E�H���G�H�P�R�Q�V�W�U�D�W�H�G���D�I�W�H�U���D���S�K�D�U�P�D�F�R�O�R�J�L�F�D�O��
intervention.25,26 Investigators in some studies have measured immunoglobu-
�O�L�Q���O�H�Y�H�O�V���L�Q���W�K�H���%�$�/���À�X�L�G�����3�D�W�L�H�Q�W�V���Z�L�W�K���F�K�U�R�Q�L�F���G�L�V�H�D�V�H���K�D�G���K�L�J�K�H�U���O�H�Y�H�O�V���R�I��
immunoglobulin G than did healthy control subjects.27 Although measure-
ments of cytokines or immunoglobulins are not routinely performed in the 
pediatric patient population, their analysis underscores the importance of  
�W�K�H���%�$�/���À�X�L�G���D�Q�G���L�W�V���X�V�H�I�X�O�Q�H�V�V���L�Q���E�R�W�K���U�H�V�H�D�U�F�K���D�Q�G���F�O�L�Q�L�F�D�O���F�D�U�H��

Microbiology
�7�H�V�W�L�Q�J���I�R�U���E�D�F�W�H�U�L�D���V�K�R�X�O�G���L�Q�F�O�X�G�H���G�L�U�H�F�W���Y�L�V�X�D�O�L�]�D�W�L�R�Q���R�I���W�K�H���%�$�/���À�X�L�G��
specimen by using the Gram stain. Such screening provides not only a rapid 
clue to the type of bacteria that might be present but also some qualitative 
assessment of the adequacy of the specimen. Fluid that contains large num- 
bers of squamous cells, for instance, is likely to indicate contamination by 
�P�R�X�W�K���À�R�U�D�����,�Q���F�R�Q�W�U�D�V�W�����W�K�H���S�U�H�V�H�Q�F�H���R�I���O�D�U�J�H���Q�X�P�E�H�U�V���R�I���Q�H�X�W�U�R�S�K�L�O�V���V�X�S�S�R�U�W�V��
a diagnosis of acute infection. On the basis of a patient’s clinical history, BAL 
�À�X�L�G���F�D�Q���E�H���F�X�O�W�X�U�H�G���I�R�U���E�D�F�W�H�U�L�D�����D�F�L�G���I�D�V�W���E�D�F�L�O�O�L�����I�X�Q�J�L�����D�Q�G���P�R�O�G�V�����4�X�D�Q�W�L�� 
tative cultures that yield greater than 105 colony-forming units per milliliter 
�R�I�I�H�U���L�Q�V�L�J�K�W���L�Q�W�R���S�U�H�G�R�P�L�Q�D�Q�W���V�W�U�D�L�Q�V���R�I���E�D�F�W�H�U�L�D���S�U�H�V�H�Q�W���L�Q���W�K�H���O�D�Y�D�J�H���À�X�L�G��
and help to eliminate contaminated samples.

Screening for viruses can also be performed. Polymerase chain reaction 
detection to augment antigen detection and viral cultures has increased the 
sensitivity of discovering viruses in the lower airways. As an adjunct to these 
techniques, or if polymerase chain reaction or rapid antigen detection tech- 
�Q�L�T�X�H�V���D�U�H���Q�R�W���D�Y�D�L�O�D�E�O�H�����F�\�W�R�O�R�J�L�F�D�O���H�[�D�P�L�Q�D�W�L�R�Q���R�I���W�K�H���%�$�/���À�X�L�G���F�D�Q���D�O�V�R��
help identify viral infection of the lung.9 Inclusion bodies in the cytoplasm or 
nucleus, balloon cells, syncytial cells, and smudge cells are pathognomonic 
for agents like herpesvirus, cytomegalovirus, varicella, respiratory syncytial 
virus, or adenovirus. In addition to using the Gram stain to detect gram- 
�S�R�V�L�W�L�Y�H���R�U���J�U�D�P���Q�H�J�D�W�L�Y�H���R�U�J�D�Q�L�V�P�V�����R�W�K�H�U���V�S�H�F�L�D�O���V�W�D�L�Q�V���F�D�Q���E�H���X�V�H�G���W�R���¿�Q�G��
�V�S�H�F�L�¿�F���S�D�W�K�R�J�H�Q�V�����7�K�H���*�R�P�R�U�L���P�H�W�K�H�Q�D�P�L�Q�H���V�L�O�Y�H�U���V�W�D�L�Q���L�V���X�V�H�G���W�R���G�H�W�H�F�W��
fungal organisms and Pneumocystis jirovecii,���D�Q�G���W�K�H���=�L�H�K�O���1�H�H�O�V�H�Q���V�W�D�L�Q���L�V��
used to detect acid-fast bacilli.
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The keys to effective anaerobic bacterial cultures include collecting a  
contaminant-free specimen and protecting it from oxygen exposure. Bron- 
�F�K�R�D�O�Y�H�R�O�D�U���O�D�Y�D�J�H���À�X�L�G���L�V���D�V�S�L�U�D�W�H�G���X�V�L�Q�J���D���V�W�H�U�L�O�H���V�\�U�L�Q�J�H���W�K�D�W���L�V���W�K�H�Q���W�L�J�K�W�O�\��
capped to prevent entry of air. The specimens should be plated as rapidly as 
possible onto specially prepared anaerobic culture media. Cultures should be 
placed in an environment that is free of oxygen at 35° C (95° F) for at least  
48 hours before the plates are examined for growth.

Special Studies

Transbronchial Biopsy
Transbronchial biopsies are used in select pediatric populations. By far the 
largest experience is in the population with lung transplants. Transbronchial 
biopsy is the gold standard for the diagnosis of acute cellular rejection, a 
�F�R�P�P�R�Q���F�R�P�S�O�L�F�D�W�L�R�Q���L�Q���W�K�H���¿�U�V�W���������P�R�Q�W�K�V���D�I�W�H�U���O�X�Q�J���W�U�D�Q�V�S�O�D�Q�W�����7�K�H��
�S�U�R�F�H�G�X�U�H���L�V���S�H�U�I�R�U�P�H�G���X�Q�G�H�U���À�X�R�U�R�V�F�R�S�L�F���J�X�L�G�D�Q�F�H���E�\���X�V�L�Q�J��1.2-mm or 
2.0-mm forceps that are passed though the working channel of the bron- 
choscope. Six to 12 samples are taken for evaluation. These samples can  
be examined histologically to evaluate for different cell types to establish a 
diagnosis.28 Samples can also be cultured if infection is being considered.

Ciliary Biopsy
Ciliary biopsy is an important diagnostic tool for evaluating for primary 
ciliary dyskinesia.29 To diagnose primary ciliary dyskinesia, the physician  
can take samples from the upper and lower airways. Sampling from the upper 
�D�L�U�Z�D�\���W�K�U�R�X�J�K���Q�D�V�D�O���E�U�X�V�K�L�Q�J���R�I�W�H�Q���\�L�H�O�G�V���I�D�O�V�H���S�R�V�L�W�L�Y�H���¿�Q�G�L�Q�J�V���V�H�F�R�Q�G-
�D�U�\���W�R���L�Q�À�D�P�P�D�W�L�R�Q���I�U�R�P���U�H�V�S�L�U�D�W�R�U�\���L�Q�I�H�F�W�L�R�Q�V�����H�[�S�R�V�X�U�H���W�R���W�R�E�D�F�F�R���V�P�R�N�H����
and allergic rhinitis. Sampling from the lower airway will improve overall 
yield by eliminating these secondary changes. Bronchoscopic sampling in  
the lower airway is performed by using a cytology brush and sampling the 
bronchial membrane at the main carina or in close proximity to it. Samples 
�D�U�H���¿�[�H�G���L�Q���J�O�X�W�D�U�D�O�G�H�K�\�G�H���D�Q�G���V�H�Q�W���I�R�U���H�Y�D�O�X�D�W�L�R�Q���Z�L�W�K���H�O�H�F�W�U�R�Q���P�L�F�U�R�V�F�R�S�\��
to assess ciliary ultrastructure. Some centers will also grow or culture cilia 
samples or take samples for direct microscopic evaluation of ciliary motion. 
Examination of ciliary ultrastructure with electron microscopy requires a 
pathologist experienced in this area.

Therapeutic Bronchoscopy
�0�H�G�L�F�D�W�L�R�Q���F�D�Q���E�H���D�G�P�L�Q�L�V�W�H�U�H�G���Y�L�D���D���À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�H�����(�S�L�Q�H�S�K�U�L�Q�H�� 
can be instilled topically to help control bleeding in patients with pulmonary 
hemorrhage.4 Although the drug is often administered blindly through an 
�H�Q�G�R�W�U�D�F�K�H�D�O���W�X�E�H�����O�R�F�D�O�L�]�H�G���G�H�S�R�V�L�W�L�R�Q���W�R���D���V�S�H�F�L�¿�F���D�U�H�D���R�I���F�R�Q�F�H�U�Q���R�I�I�H�U�V���D��
more directed therapeutic intervention. Dornase alfa also can be administered 
�Y�L�D���À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�H�����7�K�L�V���P�X�F�R�O�\�W�L�F���D�J�H�Q�W���K�D�V���E�H�H�Q���X�V�H�G���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K��
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�F�\�V�W�L�F���¿�E�U�R�V�L�V���W�R���W�D�U�J�H�W���W�K�H���'�1�$���S�R�O�\�P�H�U���Q�H�W�Z�R�U�N���L�Q���W�K�H���D�L�U�Z�D�\�����,�W���F�D�Q���L�P�S�U�R�Y�H��
�P�X�F�R�X�V���F�O�H�D�U�D�Q�F�H���D�Q�G���S�X�O�P�R�Q�D�U�\���I�X�Q�F�W�L�R�Q���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���F�\�V�W�L�F���¿�E�U�R�V�L�V��13

�0�H�F�K�D�Q�L�F�D�O���U�H�P�R�Y�D�O���R�I���P�X�F�R�X�V���S�O�X�J�V���F�D�Q���D�O�V�R���E�H���D�F�K�L�H�Y�H�G���E�U�R�Q�F�K�R�V�F�R�S�L�F�D�O�O�\����
In some instances, particularly in the intensive care unit setting, frequent 
bronchoscopy can be used for airway clearance. This technique is useful to 
clear proximal airways, if a chest radiograph shows an abrupt ending of an air 
bronchogram (Figure 8-2). The technique is not an effective method of airway 
clearance for processes in which air bronchograms are seen throughout an area 
of atelectasis or consolidation (Figure 8-3), as discussed previously. Simple 
saline washes of the airway through the bronchoscope can also help remove 
tenacious, thick mucous plugs.

Removal of other foreign bodies is traditionally accomplished with rigid bron- 
choscopes. Although some investigators have described foreign body removal 
�Z�L�W�K���D���À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�H�����W�K�H���J�H�Q�H�U�D�O���F�R�Q�V�H�Q�V�X�V���L�V���W�K�D�W���U�L�J�L�G���E�U�R�Q�F�K�R�V�F�R�S�\��
�L�V���D���V�D�I�H�U���D�Q�G���P�R�U�H���H�I�¿�F�L�H�Q�W���P�R�G�H���I�R�U���U�H�P�R�Y�L�Q�J���I�R�U�H�L�J�Q���E�R�G�L�H�V���I�U�R�P���W�K�H��
airway, with decreased risk of airway obstruction when removing the  
foreign body.2

Therapeutic Lavage

Pulmonary alveolar proteinosis is a disease for which whole lung lavage is a 
therapeutic treatment option. This rare disease that occurs in both children  
and adults is the result of an abnormality in surfactant homeostasis and meta- 
bolism, resulting in abnormal accumulation of surfactant in the alveoli, which 
in turn leads to abnormal gas exchange. Whole lung lavage, whereby each 
lung sequentially undergoes lavage in a controlled manner to remove the 
�S�U�R�W�H�L�Q�D�F�H�R�X�V���P�D�W�H�U�L�D�O���¿�O�O�L�Q�J���W�K�H���D�L�U�V�S�D�F�H�V�����L�V���D���W�U�H�D�W�P�H�Q�W���R�S�W�L�R�Q���J�H�Q�H�U�D�O�O�\��
effective at ameliorating symptoms, and it is used along with other therapies  
in this patient population.30

Endoscopic Intubation

Endoscopic intubation, in which an endotracheal tube is passed over the 
�À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�H���W�R���J�X�L�G�H���L�W�V���S�O�D�F�H�P�H�Q�W���X�Q�G�H�U���G�L�U�H�F�W���Y�L�V�X�D�O�L�]�D�W�L�R�Q�����F�D�Q�� 
be used when the standard approach to visualizing the larynx is not feasible  
or possible. Thus, patients with cervical injuries, craniofacial abnormalities, 
�W�H�P�S�R�U�R�P�D�Q�G�L�E�X�O�D�U���M�R�L�Q�W���O�L�P�L�W�D�W�L�R�Q�����R�U���N�Q�R�Z�Q���S�U�H�Y�L�R�X�V���G�L�I�¿�F�X�O�W���D�L�U�Z�D�\��
�L�Q�W�X�E�D�W�L�R�Q�V���F�D�Q���E�H�Q�H�¿�W���I�U�R�P���W�K�L�V���D�S�S�U�R�D�F�K��31

Stent Placement

Endobronchial stents can be positioned bronchoscopically in the central air- 
ways, as distal as the lobar bronchi. There is limited indication for airway  
stent placement in the pediatric population, typically involving severe cases  
of airway narrowing that are not candidates for surgical intervention. Patients 
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�Z�L�W�K���V�H�Y�H�U�H���W�U�D�F�K�H�R�P�D�O�D�F�L�D�����E�U�R�Q�F�K�R�P�D�O�D�F�L�D�����R�U���V�W�H�Q�R�V�L�V���F�D�Q���E�H�Q�H�¿�W���I�U�R�P�� 
�D�L�U�Z�D�\���V�W�H�Q�W���S�O�D�F�H�P�H�Q�W���Z�K�H�Q���W�K�H�U�H���L�V���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���U�H�V�S�L�U�D�W�R�U�\���F�R�P�� 
promise. Children with lung transplants are the population in which stent 
�S�O�D�F�H�P�H�Q�W���K�D�V���E�H�H�Q���X�V�H�G���P�R�V�W���F�R�P�P�R�Q�O�\�����7�K�L�V���F�R�K�R�U�W���F�D�Q���E�H�Q�H�¿�W���I�U�R�P���W�H�P�S�R-
rary placement of stents when there is stenosis or malacia at the anastomosis 
site while it is healing. It is theorized that the temporary placement of a stent 
can help reshape the area of concern.32 Limitations of the procedure in the 
pediatric population include stent sizing and complications from the stent 
placement. Some stents may be easily dislodged with coughing, and others  
�D�U�H���G�L�I�¿�F�X�O�W���W�R���U�H�P�R�Y�H���E�H�F�D�X�V�H���R�I���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���J�U�R�Z�W�K���R�I���J�U�D�Q�X�O�D�W�L�R�Q��
tissue.32,33 Another concern is poor airway clearance of secretions in the area 
of the stent.

Balloon Dilation of the Airway

Balloon dilation is performed with special balloon catheters. They can be 
introduced into the affected region through the working channel of the bron- 
�F�K�R�V�F�R�S�H�����D�I�W�H�U���Z�K�L�F�K���W�K�H���E�D�O�O�R�R�Q���L�V���L�Q�À�D�W�H�G���X�Q�G�H�U���S�U�H�V�V�X�U�H���W�R���H�[�S�D�Q�G���W�K�H���D�U�H�D����
Balloon catheters come in a variety of dimensions and levels of rigidity and 
can be used in patients with either congenital or acquired airway stenosis. 
Often this procedure needs to be repeated at regular intervals to maintain 
airway patency.33

Laser Therapy and Electrosurgery

Laser bronchoscopy uses laser energy delivered via standard bronchoscopes  
to treat endobronchial disorders. Laser therapy is a tool widely used in adults, 
in whom the incidence of endobronchial lesions is greater because of a higher 
prevalence of carcinomas.34 However, in the pediatric population, this tech- 
nique is helpful in the treatment of bronchial lesions, such as hemangiomas 
and papillomas, or for the removal of granulation tissue. Another method of 
treating these obstructions is endobronchial electrosurgery (also known as 
electrocautery or diathermy), which uses high-frequency electrical current 
through a probe to coagulate or vaporize tissue.

Endobronchial Ultrasonography

Endobronchial ultrasonography is a diagnostic technique for visualizing the 
tracheobronchial wall and the immediate surrounding structures. Ultrasound 
�Z�D�Y�H�V���D�U�H���W�U�D�Q�V�P�L�W�W�H�G���W�R���D�Q�D�W�R�P�L�F�D�O���V�W�U�X�F�W�X�U�H�V�����D�Q�G���W�K�H���U�H�À�H�F�W�H�G���H�F�K�R�H�V���D�U�H��
transformed into electrical signals, which are converted to a visual image on 
the monitoring screen. Endobronchial ultrasonography with ultrasound-guided 
biopsy is used in the adult population, particularly in diagnosing tumors.35 In 
2020, endobronchial ultrasonography was reported to be safely and success-
fully performed in more than 20 pediatric patients with reported increased 
yield in diagnosis compared with that at standard bronchoscopy. The youngest 
patient in this cohort was aged 2.5 years.36
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Electromagnetic Navigational Bronchoscopy

Electromagnetic navigational bronchoscopy is a navigational system using 
electromagnetic technology to guide a bronchoscope through the airways  
for accurate targeting of lesions for biopsy that were previously inaccessible. 
Using a virtual, 3-dimensional bronchial map from a computed tomography 
scan of the chest and a catheter with a sensor probe, bronchoscopists are able 
to navigate to a desired location for diagnostic biopsy and therapeutic treat-
ment.37 These techniques are currently limited to adult pulmonary centers 
with expertise. This technology has the potential to expand the scope of 
pediatric bronchoscopy in the future.

Complications of Flexible Bronchoscopy
Flexible bronchoscopy is a safe procedure in practiced hands, but some 
complications occur with low frequency.9 Direct trauma to airway mucosa  
can result in epistaxis or bronchial bleeding; these are typically minor and 
self-limited problems. Crying, coughing, or phonating while the broncho- 
scope is positioned between the vocal cords can lead to hoarseness or stridor 
that is also mild and self-limited, and inadequate topical laryngeal anesthesia 
can cause laryngospasm. Airway obstruction by the bronchoscope and seda- 
tion can impair gas exchange, leading to hypoxemia and hypercapnia.9 
Administration of supplemental oxygen during the procedure usually pre- 
�Y�H�Q�W�V���V�L�J�Q�L�¿�F�D�Q�W���K�\�S�R�[�H�P�L�D�����D�O�O�R�Z�L�Q�J���W�K�H���S�U�R�F�H�G�X�U�H���W�R���E�H���F�R�P�S�O�H�W�H�G���V�D�I�H�O�\����
and the bronchoscope can be withdrawn quickly from a narrowed airway if  
its presence causes critical obstruction. Airway instrumentation can elicit 
vagal responses and cause bradycardia, but this problem is easily avoided  
by using a topical application of lidocaine. Passage of the scope through an 
infected upper airway (ie, if the procedure is performed when the patient has 
an acute upper respiratory infection) can predispose a child to lower respira-
tory infection; similarly, meticulous cleaning of equipment is mandatory 
between procedures to prevent a contaminated scope from infecting other 
�S�D�W�L�H�Q�W�V�����)�H�Y�H�U���F�R�P�P�R�Q�O�\���R�F�F�X�U�V���D�I�W�H�U���À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�\�����E�X�W���L�W���L�V���X�V�X�D�O�O�\��
transient and resolves after a single dose of an antipyretic. Its persistence may 
�L�Q�G�L�F�D�W�H���V�L�J�Q�L�¿�F�D�Q�W���L�Q�I�H�F�W�L�R�Q��

Some complications are more likely when procedures like BAL or transbron-
chial biopsy are also performed. Persistent fever after BAL, especially in the 
�V�H�W�W�L�Q�J���R�I���E�U�R�Q�F�K�L�W�L�V�����P�D�\���U�H�À�H�F�W���W�U�D�Q�V�L�H�Q�W���E�D�F�W�H�U�H�P�L�D���R�U���O�R�F�D�O���H�[�W�H�Q�V�L�R�Q���R�I��
infection. Sepsis after bronchoscopy, however, is a rare complication. The  
risk of pneumothorax is increased when transbronchial biopsy is performed; 
therefore, any patient undergoing the procedure must be monitored for several 
hours for the complication.
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�S�D�H�G�L�D�W�U�L�F���E�U�R�Q�F�K�R�V�F�R�S�H���D�I�W�H�U���D�G�P�L�Q�L�V�W�U�D�W�L�R�Q���R�I���U�K�'�1�D�V�H�����3�X�O�P�R�]�\�P�H������Klin Padiatr. 
�����������������������������±�������3�0�,�'�����������������������G�R�L���������������������V������������������������

�N�H�\���S�R�{�L�Q�W�V

���} Fiberoptic bronchoscopy can be used at any age as a diagnostic or therapeutic 
procedure.

���} Foreign body removal usually requires rigid bronchoscopy.
���} The most common indication for �beroptic bronchoscopy is evaluation of noisy 
breathing.

���} Bronchoalveolar lavage is useful to de�ne lower airway microbiological and 
cytological characteristics.

���} Extensive experience has demonstrated that �exible bronchoscopy is safe in 
the hands of experienced bronchoscopists.

���} The usefulness of diagnostic and therapeutic �exible bronchoscopy continues 
to expand in parallel with technological advances.
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9

165

Allergic Bronchopulmonary Aspergillosis
Richard M. Kravitz, MD, FAAP

Introduction
Allergic bronchopulmonary aspergillosis (ABPA) is a T-helper 2 (Th2 cell) and 
immunoglobulin E (IgE)–mediated allergic reaction to the mold Aspergillus 
fumigatus. This ubiquitous mold is usually of little consequence in the immu-
�Q�R�F�R�P�S�H�W�H�Q�W���K�R�V�W�����,�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���D�Q���L�P�P�X�Q�R�G�H�¿�F�L�H�Q�F�\�����K�R�Z�H�Y�H�U�����W�K�L�V���P�R�O�G��
�F�D�Q���L�Q�I�H�F�W���W�K�H���O�X�Q�J�����O�H�D�G�L�Q�J���W�R���D�Q���R�Y�H�U�Z�K�H�O�P�L�Q�J���L�Q�I�H�F�W�L�R�Q�����3�D�W�L�H�Q�W�V���Z�L�W�K���D�V�W�K�P�D��
�D�Q�G���F�\�V�W�L�F���¿�E�U�R�V�L�V�����&�)�����F�D�Q���E�H�F�R�P�H���F�R�O�R�Q�L�]�H�G���Z�L�W�K���W�K�L�V���R�U�J�D�Q�L�V�P�����D�Q�G���Z�K�L�O�H���Q�R��
�D�F�W�X�D�O���L�Q�I�H�F�W�L�R�Q���L�V���S�U�H�V�H�Q�W�����W�K�H���E�R�G�\�¶�V���L�P�P�X�Q�H���V�\�V�W�H�P���P�R�X�Q�W�V���D���7�K�����L�Q�À�D�P-
matory response marked by increased expression of interleukin (IL) 5 (IL-5) 
�D�Q�G���,�/�����������O�H�D�G�L�Q�J���W�R���H�R�V�L�Q�R�S�K�L�O���U�H�F�U�X�L�W�P�H�Q�W���W�R���W�K�H���O�X�Q�J���D�Q�G���L�Q�F�U�H�D�V�H�G���S�U�R�G�X�F-
�W�L�R�Q���R�I���,�J�(�����7�K�L�V���F�D�Q���O�H�D�G���W�R���D�V�W�K�P�D���W�K�D�W���L�V���G�L�I�¿�F�X�O�W���W�R���F�R�Q�W�U�R�O�����D�Q�G�����L�Q���S�D�W�L�H�Q�W�V��
�Z�L�W�K���&�)�����L�Q�F�U�H�D�V�H�G���S�X�O�P�R�Q�D�U�\���H�[�D�F�H�U�E�D�W�L�R�Q�V���D�Q�G���Z�R�U�V�H�Q�H�G���E�U�R�Q�F�K�L�H�F�W�D�V�L�V����
�)�D�L�O�X�U�H���W�R���U�H�F�R�J�Q�L�]�H���W�K�L�V���F�R�Q�G�L�W�L�R�Q���F�D�Q���O�H�D�G���W�R���S�U�R�J�U�H�V�V�L�Y�H���O�X�Q�J���G�L�V�H�D�V�H���Z�L�W�K��
�V�L�J�Q�L�¿�F�D�Q�W�O�\���G�H�F�U�H�D�V�H�G���S�X�O�P�R�Q�D�U�\���I�X�Q�F�W�L�R�Q���D�Q�G�����X�O�W�L�P�D�W�H�O�\�����E�U�R�Q�F�K�L�H�F�W�D�V�L�V�� 
�D�Q�G���S�X�O�P�R�Q�D�U�\���¿�E�U�R�V�L�V��

The Aspergillus species represents a family of molds often found in soil  
and decaying plant matter.1–3���0�R�U�H���W�K�D�Q�����������V�S�H�F�L�H�V���K�D�Y�H���E�H�H�Q���G�H�V�F�U�L�E�H�G���� 
with A fumigatus the most common in human infections.3���7�U�D�Q�V�P�L�V�V�L�R�Q���Y�L�D��
inhalation is the most common method of inoculation. No human-to-human 
spread occurs.1��2���7�K�H���F�R�Q�L�G�L�D�����V�S�R�U�H�����I�R�U�P���L�V���L�Q�I�H�F�W�L�R�X�V�����Z�K�L�O�H���W�K�H���K�\�S�K�D�H�� 
�I�R�U�P���L�V���Z�K�D�W���L�V���V�H�H�Q���L�Q���L�Q�Y�D�V�L�Y�H���G�L�V�H�D�V�H��4

Aspergillus���L�Q�I�H�F�W�L�R�Q�V���F�D�Q���W�D�N�H���R�Q�������R�I�������I�R�U�P�V���������R�I���Z�K�L�F�K���S�U�H�G�R�P�L�Q�D�W�H����
�D�O�O�H�U�J�L�F�����V�D�S�U�R�S�K�\�W�L�F�����D�Q�G���L�Q�Y�D�V�L�Y�H�����Z�L�W�K���D�O�O�H�U�J�L�F���V�L�Q�X�V�L�W�L�V���D�Q�G���F�K�U�R�Q�L�F�� 
pulmonary aspergillosis less commonly seen).1��5 Allergic forms include 
�$�%�3�$�����K�\�S�H�U�V�H�Q�V�L�W�L�Y�L�W�\���S�Q�H�X�P�R�Q�L�W�L�V�����D�Q�G���V�H�Y�H�U�H���D�V�W�K�P�D���Z�L�W�K��Aspergillus 
�F�R�O�R�Q�L�]�D�W�L�R�Q���L�Q���L�P�P�X�Q�R�F�R�P�S�H�W�H�Q�W���K�R�V�W�V�����7�K�H���V�D�S�U�R�S�K�\�W�L�F���I�R�U�P���L�Q�F�O�X�G�H�V��
�D�V�S�H�U�J�L�O�O�R�P�D�V�����D���V�L�W�X�D�W�L�R�Q���L�Q���Z�K�L�F�K���W�K�H���P�R�O�G���J�U�R�Z�V���Z�L�W�K�L�Q���S�U�H�H�[�L�V�W�L�Q�J��
�S�X�O�P�R�Q�D�U�\���F�\�V�W�V���R�U���F�D�Y�L�W�L�H�V�����7�K�L�V���U�H�S�U�H�V�H�Q�W�V���D���Q�R�Q�D�O�O�H�U�J�L�F���V�L�W�X�D�W�L�R�Q���L�Q���D�Q��
�L�P�P�X�Q�R�F�R�P�S�H�W�H�Q�W���K�R�V�W�����)�L�Q�D�O�O�\�����W�K�H���L�Q�Y�D�V�L�Y�H���I�R�U�P���R�I���W�K�H���G�L�V�H�D�V�H���L�V���W�K�H���P�R�V�W��
�V�H�Y�H�U�H���D�Q�G���O�L�I�H���W�K�U�H�D�W�H�Q�L�Q�J�����7�K�H�V�H���F�D�V�H�V���D�U�H���V�H�H�Q���L�Q���L�P�P�X�Q�R�F�R�P�S�U�R�P�L�V�H�G��
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�K�R�V�W�V�����V�X�F�K���D�V���W�K�R�V�H���Z�L�W�K���S�U�R�O�R�Q�J�H�G���Q�H�X�W�U�R�S�H�Q�L�D�����L�H�����S�D�W�L�H�Q�W�V���Z�L�W�K���F�D�Q�F�H�U���R�U��
�W�K�R�V�H���X�Q�G�H�U�J�R�L�Q�J���W�U�D�Q�V�S�O�D�Q�W�D�W�L�R�Q�����J�U�D�I�W���Y�H�U�V�X�V���K�R�V�W���G�L�V�H�D�V�H�����R�U���L�P�S�D�L�U�H�G��
�S�K�D�J�R�F�\�W�R�V�L�V�����H�J�����F�K�U�R�Q�L�F���J�U�D�Q�X�O�R�P�D�W�R�X�V���G�L�V�H�D�V�H����

Etiology
The immunologic cause of ABPA is complicated and not fully elucidated. 
�:�K�L�O�H���V�H�Y�H�U�D�O���D�Q�L�P�D�O���P�R�G�H�O�V���D�U�H���D�Y�D�L�O�D�E�O�H���W�R���V�W�X�G�\���W�K�L�V���D�O�O�H�U�J�L�F���P�H�G�L�D�W�H�G��
�G�L�V�H�D�V�H�����W�K�H�\���G�R���Q�R�W���H�[�D�F�W�O�\���P�L�P�L�F���Z�K�D�W���L�V���V�H�H�Q���L�Q���K�X�P�D�Q�V�����0�D�Q�\���S�D�W�L�H�Q�W�V��
�Z�L�W�K���D�V�W�K�P�D���D�Q�G���&�)���D�U�H���V�H�Q�V�L�W�L�]�H�G���W�R��A fumigatus. Approximately 20% to  
���������R�I���S�D�W�L�H�Q�W�V���Z�L�W�K���D�V�W�K�P�D���D�Q�G���X�S���W�R�����������R�I���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)���D�U�H���V�N�L�Q�� 
�W�H�V�W���S�R�V�L�W�L�Y�H��6–8���8�S���W�R�����������R�I���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)���K�D�Y�H���L�P�P�X�Q�R�J�O�R�E�X�O�L�Q���*�����,�J�*����
�D�Q�W�L�E�R�G�L�H�V���W�R���$�V�S�I���������D�Q�G�����������W�R�����������P�D�\���D�W���R�Q�H���W�L�P�H���J�U�R�Z��A fumigatus in 
their sputum culture.4��7��9���'�H�V�S�L�W�H���W�K�L�V�����Q�R�W���D�O�O���R�I���W�K�H�V�H���S�D�W�L�H�Q�W�V���G�H�Y�H�O�R�S���$�%�3�$��

Allergic bronchopulmonary aspergillosis is thought to be a Th2-mediated 
�G�L�V�H�D�V�H�����Z�L�W�K���,�/���������,�/���������,�/�����������D�Q�G���,�J�(���E�H�L�Q�J���L�P�S�R�U�W�D�Q�W���P�H�G�L�D�W�R�U�V���R�I���G�L�V�H�D�V�H��
progression.4��6��8 The working disease model for ABPA is outlined here����2��4��6��10–12 
and in Figure 9-1.10

1.	 Aspergillus fumigatus spores are inhaled. The spores become trapped in 		
	 �W�K�H���D�L�U�Z�D�\���V�X�U�I�D�F�H���P�X�F�X�V���D�Q�G���H�Y�H�Q�W�X�D�O�O�\���J�H�U�P�L�Q�D�W�H��

2.	 Airway clearance is compromised by the underlying disease  
	 ���D�V�W�K�P�D���R�U���&�)����

3.	 Aspergillus fumigatus���U�H�O�H�D�V�H�V���Y�L�U�X�O�H�Q�F�H���I�D�F�W�R�U�V�����D�O�O�H�U�J�H�Q�V�����H�V�S�H�F�L�D�O�O�\���$�I��������	
	 �D�Q�G���S�U�R�W�H�D�V�H�V���L�Q���J�H�Q�H�W�L�F�D�O�O�\���V�X�V�F�H�S�W�L�E�O�H���S�D�W�L�H�Q�W�V�����Z�K�L�F�K

•	 disrupt and break down airway epithelial barriers.
•	 impair fungicidal proteins and complement.
•	 inhibit phagocytotic killing cells (macrophages and neutrophils).

����	�7�K�H���L�P�P�X�Q�H���V�\�V�W�H�P���L�V���D�F�W�L�Y�D�W�H�G��
•	 �&�\�W�R�N�L�Q�H�V���U�H�F�U�X�L�W���&�'�������7�K�����F�H�O�O�V��
•	 Interleukin-5 production increases and IL-10 production decreases  
	 �Z�L�W�K���V�X�E�V�H�T�X�H�Q�W���H�R�V�L�Q�R�S�K�L�O���L�Q�¿�O�W�U�D�W�L�R�Q��
•	 Interleukin-8 production increases with subsequent neutrophil  
	 �L�Q�¿�O�W�U�D�W�L�R�Q��

����	� �$���V�S�H�F�L�¿�F���K�X�P�R�U�D�O���D�G�D�S�W�L�Y�H���U�H�V�S�R�Q�V�H���R�F�F�X�U�V���Z�L�W�K���H�O�H�Y�D�W�L�R�Q���R�I���,�J�*����
�L�P�P�X�Q�R�J�O�R�E�X�O�L�Q���$�����,�J�$�������D�Q�G���,�J�(���W�R��A fumigatus as well as IL-4 produc-
�W�L�R�Q���D�Q�G���Q�R�Q�V�S�H�F�L�¿�F���,�J�(���H�O�H�Y�D�W�L�R�Q��

Aspergillus fumigatus���V�S�R�U�H�V���G�H�P�R�Q�V�W�U�D�W�H���L�Q�F�U�H�D�V�H�G���E�L�Q�G�L�Q�J���W�R���L�Q�À�D�P�P�D�W�R�U�\��
�S�U�R�W�H�L�Q�V�����,�Q���S�D�U�W�L�F�X�O�D�U�����W�K�H��Aspergillus antigens cross-link with the IgE on the 
�P�D�V�W���F�H�O�O�V�����U�H�O�H�D�V�L�Q�J���P�H�G�L�D�W�R�U�V���V�X�F�K���D�V���K�L�V�W�D�P�L�Q�H�����O�H�X�N�R�W�U�L�H�Q�H�V�����D�Q�G���S�O�D�W�H�O�H�W����
�D�F�W�L�Y�D�W�L�Q�J���I�D�F�W�R�U�����Z�K�L�F�K���L�Q�F�U�H�D�V�H���Y�D�V�F�X�O�D�U���S�H�U�P�H�D�E�L�O�L�W�\���D�Q�G���F�D�X�V�H���V�P�R�R�W�K��
muscle constriction. Mast cell cytokines are chemoattractants for eosinophils. 
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�7�K�X�V�����D���F�\�F�O�H���R�I���D�Q�W�L�J�H�Q���P�H�G�L�D�W�H�G���V�W�L�P�X�O�D�W�L�R�Q���D�Q�G���L�Q�À�D�P�P�D�W�L�R�Q���L�V���F�U�H�D�W�H�G����
�X�O�W�L�P�D�W�H�O�\���O�H�D�G�L�Q�J���W�R���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���E�U�R�Q�F�K�L�H�F�W�D�V�L�V��

Genetic predisposition

Trapping of A fumigatus spores in the viscid secretions

Growth of hyphae

Release of antigens and exoproteases

Abnormal mucociliary clearance
Damage to airway epithelial barrier

Activation of the innate immune system

Antigen presenting cells

Th2 – Th1 T-cell responses
Release of IL-4, IL-5, IL-13

Propagation of
inflammation

Release of cytokines
and chemokines

Influx of inflammatory cells

Early and late phase reactions

�t Increased IgE levels (total and A fumigatus specific)
�t Pulmonary eosinophilic inflammation
�t Tissue damage partially mediated by eosinophils
�t Airway remodeling

Cytokines, chemokines,
growth factors

Eosinophils, mast cells, neutrophils
T-cells, airway epithelium

Figure 9-1. Immunology of allergic bronchopulmonary aspergillosis.

Abbreviations: A fumigatus, Aspergillus fumigatus; IgE, immunoglobulin E; IL, interleukin.

Reprinted from Agarwal R. Allergic bronchopulmonary aspergillosis. Chest. 2009;135:805–826. © 2009. 
Reproduced with permission from the American College of Chest Physicians.
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Risk Factors
�&�H�U�W�D�L�Q���J�H�Q�H�W�L�F���I�D�F�W�R�U�V���P�D�\���L�Q�F�U�H�D�V�H���D���S�D�W�L�H�Q�W�¶�V���U�L�V�N���I�U�R�P���P�H�U�H�O�\���S�R�V�V�H�V�V�L�Q�J�� 
A fumigatus���V�H�Q�V�L�W�L�Y�L�W�\���W�R���G�H�Y�H�O�R�S�L�Q�J���$�%�3�$�����,�Q���S�D�U�W�L�F�X�O�D�U�����W�K�H���S�U�H�V�H�Q�F�H���R�I��
�+�/�$���'�5�����D�Q�G���'�5�����U�H�V�W�U�L�F�W�L�R�Q�V�����,�/�����5�.���V�L�Q�J�O�H���Q�X�F�O�H�R�W�L�G�H���S�R�O�\�P�R�U�S�K�L�V�P�V����
�D�Q�G���,�/���������S�U�R�P�R�W�H�U���P�X�W�D�W�L�R�Q�V���L�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���$�%�3�$��5 
�,�Q���D���V�P�D�O�O���F�D�V�H���V�H�U�L�H�V�����S�D�W�L�H�Q�W�V���Z�L�W�K���D�V�W�K�P�D���Z�K�R���Z�H�U�H���K�H�W�H�U�R�]�\�J�R�X�V���I�R�U��CFTR 
�P�X�W�D�W�L�R�Q�V���K�D�G���D���K�L�J�K�H�U���U�L�V�N���I�R�U���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���$�%�3�$�����V�X�J�J�H�V�W�L�Q�J���W�K�D�W�� 
�W�K�L�V���J�H�Q�H���K�D�V���V�R�P�H���H�I�I�H�F�W���R�Q���W�K�H���R�U�J�D�Q�L�V�P�¶�V���L�P�P�X�Q�R�J�H�Q�L�F�L�W�\��6��8��11��13

�7�K�H�U�H���D�U�H���V�H�Y�H�U�D�O���R�W�K�H�U���I�D�F�W�R�U�V���W�K�D�W���S�X�W���R�Q�H���D�W���U�L�V�N���I�R�U���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I��
�$�%�3�$�����,�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)�����W�K�H���D�F�T�X�L�V�L�W�L�R�Q���R�I��Pseudomonas aeruginosa  
has been associated with a higher incidence of ABPA.9 Pseudomonas  
aeruginosa is thought to heighten the Th2 response to A fumigatus antigens. 
Airway acquisition of P aeruginosa���R�I�W�H�Q���S�U�H�F�H�G�H�V���W�K�H���V�H�Q�V�L�W�L�]�D�W�L�R�Q���Z�L�W�K�� 
A fumigatus.9

�$�W�R�S�\���L�V���D�O�V�R���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D���K�L�J�K�H�U���U�L�V�N���R�I���G�H�Y�H�O�R�S�L�Q�J���$�%�3�$�����$�S�S�U�R�[�L-
�P�D�W�H�O�\�����������R�I���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)���D�Q�G���D�W�R�S�\���K�D�Y�H���$�%�3�$�����Z�K�L�O�H���������R�I���S�D�W�L�H�Q�W�V��
�Z�L�W�K���&�)���Z�K�R���G�R���Q�R�W���D�O�V�R���K�D�Y�H���D�W�R�S�\���G�H�Y�H�O�R�S���$�%�3�$��6��11 Aspergillus fumigatus 
�F�R�O�R�Q�L�]�D�W�L�R�Q���L�V���J�U�H�D�W�H�U���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���$�%�3�$���W�K�D�Q���L�Q���W�K�R�V�H���Z�L�W�K���M�X�V�W���D�W�R�S�\��6 
�6�H�Q�V�L�W�L�]�D�W�L�R�Q���W�R��A fumigatus���L�V���D���N�H�\���I�D�F�W�R�U���L�Q���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���$�%�3�$�����,�Q��
�S�D�W�L�H�Q�W�V���V�H�Q�V�L�W�L�]�H�G���W�R��A fumigatus, the B cells of those with ABPA release 
more IgE than the B cells of patients without ABPA. Different Aspergillus 
antigens are associated with different clinical effects. Patients with ABPA 
�G�H�Y�H�O�R�S���,�J�(���W�R���D�Q�W�L�J�H�Q�V���$�V�S�������$�V�S�������R�U���$�V�S�������Z�K�L�O�H���D�W�R�S�L�F���S�D�W�L�H�Q�W�V���G�H�Y�H�O�R�S��
IgE to antigens Asp1 or Asp3.6��14

�+�L�J�K���O�H�Y�H�O�V���R�I��Aspergillus antibodies are thought to be produced because the 
Aspergillus���S�U�R�W�H�D�V�H�V���G�L�V�U�X�S�W���W�K�H���H�S�L�W�K�H�O�L�D�O���O�L�Q�L�Q�J�����H�[�S�R�V�L�Q�J���E�U�R�Q�F�K�R�D�O�Y�H�R�O�D�U��
lymph tissue to Aspergillus���D�Q�W�L�J�H�Q�V�����W�K�X�V���J�H�Q�H�U�D�W�L�Q�J���D���S�R�W�H�Q�W���L�P�P�X�Q�H��
response.12���,�Q���W�K�R�V�H���Z�L�W�K���&�)�����W�K�H���D�E�Q�R�U�P�D�O���P�X�F�X�V���W�U�D�S�V���W�K�H���V�S�R�U�H�V���P�R�U�H��
�H�I�I�H�F�W�L�Y�H�O�\�����I�X�U�W�K�H�U���L�Q�F�U�H�D�V�L�Q�J���W�K�H���D�Q�W�L�J�H�Q�L�F���O�R�D�G��

Epidemiology
�7�K�H���S�U�H�Y�D�O�H�Q�F�H���R�I���$�%�3�$���L�V���G�L�I�¿�F�X�O�W���W�R���G�H�W�H�U�P�L�Q�H���E�H�F�D�X�V�H���V�W�X�G�L�H�V���X�V�H���Y�D�U�\�L�Q�J��
criteria to determine the diagnosis. The rate for patients with asthma is about 
1% to 2%.10��11���,�W���L�V���P�X�F�K���P�R�U�H���F�R�P�P�R�Q���L�Q���S�H�R�S�O�H���Z�L�W�K���&�)�����Z�L�W�K���S�U�H�Y�D�O�H�Q�F�H��
�Y�D�U�\�L�Q�J���E�H�W�Z�H�H�Q���������D�Q�G����������4��6��10��11���6�H�Y�H�U�D�O���O�D�U�J�H���H�S�L�G�H�P�L�R�O�R�J�L�F���V�W�X�G�L�H�V���L�Q��
�W�K�R�V�H���Z�L�W�K���&�)���K�D�Y�H���I�X�U�W�K�H�U���D�W�W�H�P�S�W�H�G���W�R���G�H�¿�Q�H���W�K�H���S�U�H�Y�D�O�H�Q�F�H�����,�Q���D���U�H�S�R�U�W��
�I�U�R�P���W�K�H���(�S�L�G�H�P�L�R�O�R�J�L�F���6�W�X�G�\���R�I���&�\�V�W�L�F���)�L�E�U�R�V�L�V���S�X�E�O�L�V�K�H�G���L�Q���������������W�K�H���S�U�H�Y�D�� 
lence of ABPA among 1�������������S�D�W�L�H�Q�W�V���L�Q���W�K�H���8�Q�L�W�H�G���6�W�D�W�H�V���D�Q�G���&�D�Q�D�G�D���Z�D�V��
������ 7 similar to a rate of 2.2�����U�H�S�R�U�W�H�G���L�Q���D���&�\�V�W�L�F���)�L�E�U�R�V�L�V���)�R�X�Q�G�D�W�L�R�Q���3�D�W�L�H�Q�W��
Registry analysis published in 199515 and the Registry analysis published in 
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����������16 with a rate of 2.2% in patients younger than 18 years (though the rate 
for older patients was higher at 7.4%�����Z�L�W�K���D�Q���R�Y�H�U�D�O�O���U�D�W�H���R�I�������������,�Q���W�K�H���8�Q�L�W�H�G��
�6�W�D�W�H�V�����W�K�H�U�H���D�S�S�H�D�U�V���W�R���E�H���U�H�J�L�R�Q�D�O���Y�D�U�L�D�W�L�R�Q���L�Q���W�K�H���&�)���S�R�S�X�O�D�W�L�R�Q�����Z�L�W�K���W�K�H��
highest rate in the West (4.0%) and the lowest rate in the Southwest (0.9%).7 
�'�L�I�I�H�U�H�Q�W���F�U�L�W�H�U�L�D���X�V�H�G���W�R���D�V�V�L�J�Q���W�K�H���G�L�D�J�Q�R�V�L�V���R�I���$�%�3�$�����D�Q�G���W�K�H���H�[�W�H�Q�W���W�R��
�Z�K�L�F�K���W�K�L�V���G�L�D�J�Q�R�V�L�V���Z�D�V���V�R�X�J�K�W�����P�D�\���H�[�S�O�D�L�Q���W�K�H�V�H���U�H�J�L�R�Q�D�O���Y�D�U�L�D�W�L�R�Q�V�����D�V��
�Z�H�O�O���D�V���W�K�H���O�R�Z�H�U���S�U�H�Y�D�O�H�Q�F�H���U�D�W�H�V���Z�K�H�Q���F�R�P�S�D�U�H�G���Z�L�W�K���R�W�K�H�U���V�W�X�G�L�H�V�����2�W�K�H�U��
�F�R�Q�I�R�X�Q�G�L�Q�J���I�H�D�W�X�U�H�V�����V�X�F�K���D�V���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���I�D�F�W�R�U�V�����F�R�X�O�G���D�O�V�R���Q�R�W���E�H���U�X�O�H�G��
�R�X�W�����7�K�H���(�X�U�R�S�H�D�Q���5�H�J�L�V�W�U�\���R�I���&�\�V�W�L�F���)�L�E�U�R�V�L�V�����S�X�E�O�L�V�K�H�G���L�Q���������������F�R�Y�H�U�H�G������
European countries and 1�������������S�D�W�L�H�Q�W�V���D�Q�G���U�H�S�R�U�W�H�G���D�Q���$�%�3�$���S�U�H�Y�D�O�H�Q�F�H���R�I��
7.8%.17���7�K�L�V���S�U�H�Y�D�O�H�Q�F�H���Y�D�U�L�H�G���E�\���F�R�X�Q�W�U�\�����Z�L�W�K���W�K�H���K�L�J�K�H�V�W���U�D�W�H������3.6%) found 
in Belgium and the lowest rate (2.1%) found in Sweden. All 3 of these studies 
demonstrated higher rates of ABPA in patients older than 5 to 6 years with 
�O�R�Z�H�U���)�(�91���Y�D�O�X�H�V���������������R�I���S�U�H�G�L�F�W�H�G������Pseudomonas���F�R�O�R�Q�L�]�D�W�L�R�Q�����D�Q�G���D��
�K�L�V�W�R�U�\���R�I���Z�K�H�H�]�L�Q�J��

Clinical Presentation
�7�K�H���F�O�D�V�V�L�F���S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���$�%�3�$���L�V���D���W�U�L�D�G���R�I���U�H�Y�H�U�V�L�E�O�H���D�L�U�Z�D�\���R�E�V�W�U�X�F�W�L�R�Q����
�U�H�F�X�U�U�H�Q�W���S�X�O�P�R�Q�D�U�\���L�Q�¿�O�W�U�D�W�H�V�����D�Q�G���F�H�Q�W�U�D�O���E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����&�R�P�P�R�Q���V�\�P�S-
�W�R�P�V���V�H�H�Q���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���$�%�3�$���L�Q�F�O�X�G�H���Z�K�H�H�]�L�Q�J�����F�R�X�J�K�L�Q�J�����D�Q�G���L�Q�F�U�H�D�V�H�G��
mucus production.5���2�W�K�H�U���V�\�P�S�W�R�P�V���W�K�D�W���P�D�\���E�H���S�U�H�V�H�Q�W���L�Q�F�O�X�G�H���D�Q�R�U�H�[�L�D����
�P�D�O�D�L�V�H�����I�H�Y�H�U�����D�Q�G���W�K�H���H�[�S�H�F�W�R�U�D�W�L�R�Q���R�I���P�X�F�X�V���Z�L�W�K���E�U�R�Z�Q���W�R���E�O�D�F�N���S�O�X�J�V��5��10 
�+�H�P�R�S�W�\�V�L�V���K�D�V���D�O�V�R���E�H�H�Q���U�H�S�R�U�W�H�G�����,�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���D�V�W�K�P�D�����W�K�H�L�U���D�V�W�K�P�D���I�U�H�� 
�T�X�H�Q�W�O�\���E�H�F�R�P�H�V���P�R�U�H���G�L�I�¿�F�X�O�W���W�R���F�R�Q�W�U�R�O�����Z�K�L�O�H���W�K�R�V�H���Z�L�W�K���&�)���X�V�X�D�O�O�\���K�D�Y�H�� 
�D�Q���L�Q�F�U�H�D�V�H�G���Q�X�P�E�H�U���R�I���S�X�O�P�R�Q�D�U�\���H�[�D�F�H�U�E�D�W�L�R�Q�V���D�Q�G���H�[�S�H�U�L�H�Q�F�H���D���V�L�J�Q�L�¿�F�D�Q�W��
deterioration in pulmonary function. Weight loss is often reported. Allergic 
bronchopulmonary aspergillosis may be easily confused with an exacerbation 
�R�I���W�K�H���S�D�W�L�H�Q�W�¶�V���X�Q�G�H�U�O�\�L�Q�J���G�L�V�H�D�V�H���S�U�R�F�H�V�V�����W�K�X�V�����D���K�L�J�K���G�H�J�U�H�H���R�I���V�X�V�S�L�F�L�R�Q���L�V��
�U�H�T�X�L�U�H�G���W�R���D�Y�R�L�G���P�L�V�V�L�Q�J���W�K�H���G�L�D�J�Q�R�V�L�V���R�I���$�%�3�$��

The results of the physical examination are typical for an exacerbation of  
�W�K�H���S�D�W�L�H�Q�W�¶�V���X�Q�G�H�U�O�\�L�Q�J���L�O�O�Q�H�V�V�����:�K�H�H�]�L�Q�J���D�Q�G���D���S�U�R�G�X�F�W�L�Y�H���F�R�X�J�K���D�U�H���R�I�W�H�Q��
found.5��11���&�O�X�E�E�L�Q�J�����U�H�S�R�U�W�V���X�S���W�R�������������F�D�Q���E�H���V�H�H�Q���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���$�%�3�$��5��10 
�7�K�H���F�K�H�V�W���Z�D�O�O���F�D�Q���E�H���K�\�S�H�U�L�Q�À�D�W�H�G��5

The differential diagnosis of ABPA is broad and includes illnesses that are 
�V�L�P�L�O�D�U���W�R���E�R�W�K���D�V�W�K�P�D���D�Q�G���&�)��5��10 These illnesses include acute processes such 
�D�V���S�Q�H�X�P�R�Q�L�D�����Y�L�U�D�O���R�U���E�D�F�W�H�U�L�D�O�����R�U���D���U�H�W�D�L�Q�H�G���I�R�U�H�L�J�Q���E�R�G�\���L�Q���W�K�H���D�L�U�Z�D�\�V����
�$�O�O�H�U�J�\���R�U���L�Q�À�D�P�P�D�W�R�U�\���P�H�G�L�D�W�H�G���L�O�O�Q�H�V�V�H�V���L�Q�F�O�X�G�H���H�R�V�L�Q�R�S�K�L�O�L�F���S�Q�H�X�P�R�Q�L�D����
�S�X�O�P�R�Q�D�U�\���L�Q�¿�O�W�U�D�W�H�V���Z�L�W�K���H�R�V�L�Q�R�S�K�L�O�L�D�����K�\�S�H�U�V�H�Q�V�L�W�L�Y�L�W�\���S�Q�H�X�P�R�Q�L�W�L�V�����&�K�X�U�J��
�6�W�U�D�X�V�V���V�\�Q�G�U�R�P�H�����D�Q�G���V�D�U�F�R�L�G�R�V�L�V�����7�K�H���G�L�I�I�H�U�H�Q�W�L�D�O���G�L�D�J�Q�R�V�L�V���D�O�V�R���L�Q�F�O�X�G�H�V��
�F�K�U�R�Q�L�F���L�Q�I�H�F�W�L�R�X�V���W�X�E�H�U�F�X�O�R�V�L�V�����D�V���Z�H�O�O���D�V���G�L�V�R�U�G�H�U�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K�� 
�E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����V�X�F�K���D�V���F�L�O�L�D�U�\���G�\�V�N�L�Q�H�V�L�D��
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Evaluation
�1�R���V�L�Q�J�O�H���W�H�V�W���F�D�Q���G�H�¿�Q�L�W�L�Y�H�O�\���H�V�W�D�E�O�L�V�K���W�K�H���G�L�D�J�Q�R�V�L�V���R�I���$�%�3�$�����6�H�Y�H�U�D�O�� 
�W�H�V�W�V���P�D�\���U�H�W�X�U�Q���D�E�Q�R�U�P�D�O���U�H�V�X�O�W�V���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���$�%�3�$�����K�R�Z�H�Y�H�U�����H�D�F�K�� 
�R�I���W�K�H�V�H���V�W�X�G�L�H�V���L�V���L�Q�V�X�I�¿�F�L�H�Q�W���W�R���H�V�W�D�E�O�L�V�K���W�K�H���G�L�D�J�Q�R�V�L�V�����7�R���I�X�U�W�K�H�U���F�R�P�� 
�S�O�L�F�D�W�H���P�D�W�W�H�U�V�����L�Q���V�H�O�H�F�W���S�D�W�L�H�Q�W�V�����P�D�Q�\���R�I���W�K�H�V�H���W�H�V�W���U�H�V�X�O�W�V���P�D�\���D�F�W�X�D�O�O�\�� 
�E�H���Q�R�U�P�D�O���G�H�V�S�L�W�H���F�O�H�D�U���H�Y�L�G�H�Q�F�H���W�K�D�W���W�K�H���S�D�W�L�H�Q�W���K�D�V���$�%�3�$�����$�F�F�R�U�G�L�Q�J�O�\���� 
�W�K�H���G�L�D�J�Q�R�V�L�V���L�V���X�O�W�L�P�D�W�H�O�\���H�V�W�D�E�O�L�V�K�H�G���W�K�U�R�X�J�K���D���F�R�P�E�L�Q�D�W�L�R�Q���R�I���K�L�V�W�R�U�\���� 
�S�K�\�V�L�F�D�O���H�[�D�P�L�Q�D�W�L�R�Q���¿�Q�G�L�Q�J�V�����V�H�O�H�F�W���O�D�E�R�U�D�W�R�U�\���V�W�X�G�\���¿�Q�G�L�Q�J�V�����D�Q�G���F�O�L�Q�L�F�D�O��
�M�X�G�J�P�H�Q�W�����9�D�U�L�R�X�V���G�L�D�J�Q�R�V�W�L�F���D�O�J�R�U�L�W�K�P�V���K�D�Y�H���E�H�H�Q���S�U�R�S�R�V�H�G�����D�Q�G���W�K�H�V�H�� 
�D�U�H���G�L�V�F�X�V�V�H�G���L�Q���'�L�D�J�Q�R�V�W�L�F���&�U�L�W�H�U�L�D���O�D�W�H�U���L�Q���W�K�L�V���F�K�D�S�W�H�U�����0�L�F�U�R�V�F�R�S�L�F���L�G�H�Q�� 
�W�L�¿�F�D�W�L�R�Q���R�I���W�K�H���P�R�O�G���F�D�Q���E�H���D�F�F�R�P�S�O�L�V�K�H�G���Z�L�W�K�����������S�R�W�D�V�V�L�X�P���K�\�G�U�R�[�L�G�H�� 
�R�Q���D���Z�H�W���P�R�X�Q�W�����)�R�U���S�D�W�K�R�O�R�J�L�F���H�[�D�P�L�Q�D�W�L�R�Q���R�I���W�L�V�V�X�H�����V�L�O�Y�H�U���V�W�D�L�Q�L�Q�J�����X�V�L�Q�J��
�*�R�P�R�U�L���P�H�W�K�H�Q�D�P�L�Q�H���R�U���S�H�U�L�R�G�L�F���D�F�L�G�±�6�F�K�L�I�I���V�W�D�L�Q�V�����L�V���K�H�O�S�I�X�O���E�X�W���P�D�\���E�H��
�Q�H�J�D�W�L�Y�H���L�Q���F�D�V�H�V���R�I���$�%�3�$�����$�I�I�H�F�W�H�G���W�L�V�V�X�H���P�D�\���G�H�P�R�Q�V�W�U�D�W�H���E�O�D�F�N���V�W�D�L�Q�L�Q�J��
with dichotomously branching (at a 45-degree angle) hyphae.1��3 In the airways 
�R�I���S�D�W�L�H�Q�W�V���Z�L�W�K���$�%�3�$�����O�D�U�J�H���P�X�F�X�V���S�O�X�J�V�����S�O�D�V�W�L�F���E�U�R�Q�F�K�L�W�L�V3) are often found. 
�2�Q���H�[�D�P�L�Q�D�W�L�R�Q���R�I���W�K�H�V�H���S�O�X�J�V�����R�Q�H���F�D�Q���V�H�H���D���Y�D�U�L�H�W�\���R�I���L�Q�À�D�P�P�D�W�R�U�\���F�H�O�O�V�� 
�R�U���W�K�H�L�U���E�U�H�D�N�G�R�Z�Q���S�U�R�G�X�F�W�V�����L�Q�F�O�X�G�L�Q�J���¿�E�U�L�Q�����&�X�U�V�F�K�P�D�Q�Q���V�S�L�U�D�O�V�����&�K�D�U�F�R�W����
�/�H�\�G�H�Q���F�U�\�V�W�D�O�V�����H�R�V�L�Q�R�S�K�L�O�V�����R�W�K�H�U���L�Q�À�D�P�P�D�W�R�U�\���F�H�O�O�V�����D�Q�G���P�R�O�G���K�\�S�K�D�H��2��10 
�(�[�D�P�L�Q�D�W�L�R�Q���R�I���W�K�H���D�L�U�Z�D�\���W�L�V�V�X�H���L�W�V�H�O�I���G�H�P�R�Q�V�W�U�D�W�H�V���L�Q�¿�O�W�U�D�W�L�R�Q���R�I���W�K�H��
�E�U�R�Q�F�K�L�D�O���Z�D�O�O�V���Z�L�W�K���H�R�V�L�Q�R�S�K�L�O�V�����O�\�P�S�K�R�F�\�W�H�V�����D�Q�G���S�O�D�V�P�D���F�H�O�O�V��5 In more 
�V�H�Y�H�U�H���R�U���F�K�U�R�Q�L�F���F�D�V�H�V�����S�U�R�[�L�P�D�O���E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����H�V�S�H�F�L�D�O�O�\���R�I���W�K�H���X�S�S�H�U��
�O�R�E�H�V�����Z�L�O�O���E�H���H�Y�L�G�H�Q�W��5

Skin Testing

Because ABPA features an exaggerated IgE-mediated immune response  
to the presence of A fumigatus,���D���S�R�V�L�W�L�Y�H���L�P�P�H�G�L�D�W�H���V�N�L�Q���W�H�V�W���U�H�V�X�O�W�����W�\�S�H������
�U�H�D�F�W�L�R�Q�����L�V���V�H�H�Q���D�V���H�V�V�H�Q�W�L�D�O���I�R�U���G�L�D�J�Q�R�V�L�V���L�Q���D�O�O���S�D�W�L�H�Q�W�V�����9�D�U�L�R�X�V���V�W�X�G�L�H�V��
�F�R�Q�V�L�G�H�U���D���S�R�V�L�W�L�Y�H���V�N�L�Q���W�H�V�W���¿�Q�G�L�Q�J���W�R���E�H���D���Z�K�H�D�O�������P�P���R�U���O�D�U�J�H�U�����Z�K�L�O�H���R�W�K�H�U�V��
accept a wheal of 3 mm or larger.6���7�K�L�V���G�L�V�D�J�U�H�H�P�H�Q�W���R�Y�H�U���W�K�H���D�S�S�U�R�S�U�L�D�W�H��
�Z�K�H�D�O���V�L�]�H���O�L�N�H�O�\���F�R�Q�W�U�L�E�X�W�H�V���W�R���U�H�J�L�R�Q�D�O���G�L�I�I�H�U�H�Q�F�H�V���L�Q���U�H�S�R�U�W�H�G���$�%�3�$���S�U�H�� 
�Y�D�O�H�Q�F�H�����:�K�H�Q���W�K�H���V�N�L�Q���W�H�V�W���L�V���S�U�R�S�H�U�O�\���S�H�U�I�R�U�P�H�G���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���$�%�3�$�����D�Q��
�L�P�P�H�G�L�D�W�H���Z�K�H�D�O���D�Q�G���H�U�\�W�K�H�P�D���E�H�J�L�Q�V���Z�L�W�K�L�Q�������P�L�Q�X�W�H�����U�H�D�F�K�H�V���D���P�D�[�L�P�D�O��
�V�L�]�H���L�Q���������W�R���������P�L�Q�X�W�H�V�����D�Q�G���W�K�H�Q���U�H�V�R�O�Y�H�V���Z�L�W�K�L�Q�������W�R�������K�R�X�U�V��5��10 A delayed 
reaction (type 3) can also be seen 4 to 8 hours later and can occur in 33% of 
patients.5��10���$�V���Z�L�W�K���D�Q�\���W�\�S�H���R�I���V�N�L�Q���W�H�V�W�L�Q�J�����S�U�H�F�D�X�W�L�R�Q�V���Q�H�H�G���W�R���E�H���W�D�N�H�Q���W�R��
�H�Q�V�X�U�H���D�F�F�X�U�D�W�H���W�H�V�W�L�Q�J�����V�X�F�K���D�V���D�Y�R�L�G�D�Q�F�H���R�I���D�Q�W�L�K�L�V�W�D�P�L�Q�H�V���D�Q�G���V�W�H�U�R�L�G�V����
�Z�K�L�F�K���F�R�X�O�G���O�H�D�G���W�R���D���G�L�P�L�Q�L�V�K�H�G���Z�K�H�D�O���D�Q�G���À�D�U�H���U�H�D�F�W�L�R�Q�����S�U�L�R�U���W�R���W�H�V�W�L�Q�J���� 
�$�V���V�W�D�W�H�G���H�D�U�O�L�H�U����A fumigatus���L�V���D���X�E�L�T�X�L�W�R�X�V���R�U�J�D�Q�L�V�P�����D�Q�G���P�D�Q�\���S�H�R�S�O�H�� 
�K�D�Y�H���E�H�H�Q���V�H�Q�V�L�W�L�]�H�G���W�R���L�W�����$�S�S�U�R�[�L�P�D�W�H�O�\�����������W�R�����������R�I���S�H�R�S�O�H���Z�L�W�K���D�V�W�K�P�D��
�D�U�H���V�N�L�Q���W�H�V�W���S�R�V�L�W�L�Y�H���W�R���W�K�L�V���P�R�O�G��6��7��18���D�V���D�U�H�����������R�I���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)��6–9��18 
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Chapter 9—Allergic Bronchopulmonary Aspergillosis

�&�R�Q�V�H�T�X�H�Q�W�O�\�����D���S�R�V�L�W�L�Y�H���V�N�L�Q���W�H�V�W���U�H�V�X�O�W���E�\���L�W�V�H�O�I���L�V���L�Q�V�X�I�¿�F�L�H�Q�W���W�R���H�V�W�D�E�O�L�V�K�� 
�W�K�H���G�L�D�J�Q�R�V�L�V�����2�Q���W�K�H���R�W�K�H�U���K�D�Q�G�����D���S�U�R�S�H�U�O�\���S�H�U�I�R�U�P�H�G���V�N�L�Q���W�H�V�W���Z�L�W�K���Q�H�J�D�W�L�Y�H��
results makes the diagnosis highly unlikely.5

Serologic Testing

�6�H�U�X�P���,�J�(���L�V���D���N�H�\���P�D�U�N�H�U���R�I���$�%�3�$�����E�R�W�K���L�Q���K�H�O�S�L�Q�J���W�R���P�D�N�H���W�K�H���G�L�D�J�Q�R�V�L�V�� 
�D�V���Z�H�O�O���D�V���D�V�V�H�V�V�L�Q�J���I�R�U���H�[�D�F�H�U�E�D�W�L�R�Q�V�����7�R�W�D�O���V�H�U�X�P���,�J�(���L�V���P�D�U�N�H�G�O�\���H�O�H�Y�D�W�H�G��
�L�Q���F�D�V�H�V���R�I���$�%�3�$�����Z�L�W�K���O�H�Y�H�O�V���R�I�W�H�Q���J�U�H�D�W�H�U���W�K�D�Q���������������,�8/mL in untreated 
�L�Q�G�L�Y�L�G�X�D�O�V�����/�R�Z�H�U���O�H�Y�H�O�V�����������±���������,�8���P�/�����L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)���F�D�Q���E�H���V�X�J�J�H�V�� 
�W�L�Y�H���R�I���$�%�3�$�����D�Q�G���W�K�H���W�H�V�W���V�K�R�X�O�G���E�H���U�H�S�H�D�W�H�G���L�Q�������W�R�������P�R�Q�W�K�V���W�R���D�V�V�H�V�V���I�R�U��
�S�H�U�V�L�V�W�H�Q�W���H�O�H�Y�D�W�L�R�Q�����5�H�S�H�D�W�H�G���W�H�V�W�L�Q�J���R�I���V�H�U�X�P���,�J�(���O�H�Y�H�O�V���L�G�H�D�O�O�\���V�K�R�X�O�G���E�H��
performed while the patient is not being treated with steroids.6 Decreasing IgE 
�O�H�Y�H�O�V���D�U�H���D���J�R�R�G���L�Q�G�L�F�D�W�L�R�Q���R�I���H�I�I�H�F�W�L�Y�H���W�K�H�U�D�S�\�����Z�L�W�K���O�H�Y�H�O�V���G�U�R�S�S�L�Q�J�����������W�R��
���������Z�L�W�K�L�Q���V�H�Y�H�U�D�O���G�D�\�V���R�I���L�Q�V�W�L�W�X�W�L�Q�J���W�K�H�U�D�S�\��10���'�R�X�E�O�L�Q�J���R�I���E�D�V�H�O�L�Q�H���O�H�Y�H�O�V���L�V��
�V�H�H�Q���L�Q���U�H�O�D�S�V�H�V���R�I���$�%�3�$�����:�K�L�O�H���P�R�V�W���S�D�W�L�H�Q�W�V���Z�L�W�K���$�%�3�$���K�D�Y�H���H�O�H�Y�D�W�H�G���,�J�(��
�O�H�Y�H�O�V�����D���V�P�D�O�O���V�X�E�V�H�W���P�D�\���K�D�Y�H���Q�R�U�P�D�O���,�J�(���O�H�Y�H�O�V���G�H�V�S�L�W�H���R�E�Y�L�R�X�V���$�%�3�$�����7�K�L�V��
is thought to be secondary to IgE isotype switching.9

�,�J�(���D�Q�G���,�J�*���D�Q�W�L�E�R�G�L�H�V���V�S�H�F�L�¿�F���W�R��Aspergillus are also useful diagnostic  
�W�H�V�W�V�����,�Q���S�D�U�W�L�F�X�O�D�U�����,�J�(���V�S�H�F�L�¿�F���D�Q�W�L�E�R�G�L�H�V���D�U�H���Y�H�U�\���V�H�Q�V�L�W�L�Y�H���P�D�U�N�H�U�V���I�R�U��
ABPA.14���,�J�*���S�U�H�F�L�S�L�W�D�W�L�Q�J���D�Q�W�L�E�R�G�L�H�V���W�R��Aspergillus���D�Q�W�L�J�H�Q�V�����D�O�W�K�R�X�J�K���D�� 
�O�H�V�V���V�H�Q�V�L�W�L�Y�H���W�H�V�W���D�Q�G���K�L�J�K�O�\���G�H�S�H�Q�G�H�Q�W���R�Q���W�K�H���D�Q�W�L�J�H�Q�V���X�V�H�G���L�Q���W�K�H���D�V�V�D�\���� 
�D�U�H���D�O�V�R���X�V�H�I�X�O���L�I���S�R�V�L�W�L�Y�H�����D�O�W�K�R�X�J�K���D���Q�H�J�D�W�L�Y�H���V�W�X�G�\���¿�Q�G�L�Q�J���G�R�H�V���Q�R�W�� 
eliminate the diagnosis).10

�(�R�V�L�Q�R�S�K�L�O�L�D���L�V���D�Q�R�W�K�H�U���Q�R�Q�V�S�H�F�L�¿�F���E�O�R�R�G���W�H�V�W���¿�Q�G�L�Q�J���X�V�H�G���L�Q���P�D�N�L�Q�J���W�K�H��
�G�L�D�J�Q�R�V�L�V���R�I���$�%�3�$�����3�D�W�L�H�Q�W�V���Z�L�W�K���$�%�3�$���R�I�W�H�Q���K�D�Y�H���D�Q���H�O�H�Y�D�W�H�G���H�R�V�L�Q�R�S�K�L�O��
count of greater than �������������F�H�O�O�V��µL.

Culture

�$�O�O�H�U�J�L�F���E�U�R�Q�F�K�R�S�X�O�P�R�Q�D�U�\���D�V�S�H�U�J�L�O�O�R�V�L�V���U�H�S�U�H�V�H�Q�W�V���D���K�\�S�H�U�V�H�Q�V�L�W�L�Y�L�W�\���U�H�D�F�W�L�R�Q��
to A fumigatus,���Z�K�L�F�K���F�R�O�R�Q�L�]�H�V���W�K�H���D�L�U�Z�D�\�V���R�I���D�I�I�H�F�W�H�G���S�D�W�L�H�Q�W�V�����$�F�F�R�U�G�L�Q�J�O�\����
a sputum sample can often yield A fumigatus���R�Q���F�X�O�W�X�U�H�����%�H�F�D�X�V�H���F�R�O�R�Q�L�]�D�W�L�R�Q��
�G�R�H�V���Q�R�W���D�O�Z�D�\�V���O�H�D�G���W�R���K�\�S�H�U�V�H�Q�V�L�W�L�Y�L�W�\�����D���S�R�V�L�W�L�Y�H���V�S�X�W�X�P���F�X�O�W�X�U�H���L�V���Q�R�W��
diagnostic for ABPA.14

Radiologic Studies

�$�E�Q�R�U�P�D�O�L�W�L�H�V���R�Q���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�V���D�U�H���R�I�W�H�Q���V�H�H�Q���L�Q���D�F�W�L�Y�H���F�D�V�H�V���R�I���$�%�3�$��5��10 
�7�U�D�Q�V�L�H�Q�W���R�U���¿�[�H�G���S�X�O�P�R�Q�D�U�\���L�Q�¿�O�W�U�D�W�H�V���D�U�H���W�K�H���F�O�D�V�V�L�F���¿�Q�G�L�Q�J�����&�H�Q�W�U�D�O���E�U�R�Q�� 
chiectasis may also be detected. Large bronchial mucus plugs are a pathologic 
�¿�Q�G�L�Q�J���R�I���$�%�3�$���D�Q�G���P�D�Q�L�I�H�V�W���W�K�H�P�V�H�O�Y�H�V���R�Q���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�V���D�V���³�¿�Q�J�H�U���L�Q��
�J�O�R�Y�H�´���R�S�D�F�L�W�L�H�V���R�U���³�W�R�R�W�K�S�D�V�W�H���V�K�D�G�R�Z�V���´���7�U�D�P���O�L�Q�H�V�����¿�Q�H���S�D�U�D�O�O�H�O���O�L�Q�H�V��
�U�D�G�L�D�W�L�Q�J���I�U�R�P���W�K�H���K�L�O�D�����D�U�H���D�Q�R�W�K�H�U���F�R�P�P�R�Q���U�D�G�L�R�O�R�J�L�F���¿�Q�G�L�Q�J���R�I���$�%�3�$����
�7�K�H�V�H���L�Q�¿�O�W�U�D�W�H�V���R�I�W�H�Q���L�P�S�U�R�Y�H���R�U���U�H�V�R�O�Y�H���Z�L�W�K���D�S�S�U�R�S�U�L�D�W�H���W�K�H�U�D�S�\��6��19
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Pediatric Pulmonology

�&�K�H�V�W���F�R�P�S�X�W�H�G���W�R�P�R�J�U�D�S�K�L�F�����&�7�����V�F�D�Q�V���S�U�R�Y�L�G�H���P�R�U�H���G�H�W�D�L�O���W�K�D�Q���S�O�D�L�Q���U�D�G�L�R�� 
�J�U�D�S�K�V�����E�X�W���W�K�L�V���H�[�W�U�D���G�H�W�D�L�O���L�V���Q�R�W���D�O�Z�D�\�V���Q�H�H�G�H�G���I�R�U���G�L�D�J�Q�R�V�L�V�����&�R�P�S�X�W�H�G��
�W�R�P�R�J�U�D�S�K�L�F���V�F�D�Q�V���G�H�P�R�Q�V�W�U�D�W�H���W�K�H���F�H�Q�W�U�D�O���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���R�I���$�%�3�$�����Z�K�L�F�K���F�D�Q��
�E�H���Y�D�U�L�F�R�V�H�����F�\�O�L�Q�G�U�L�F�D�O�����R�U���F�\�V�W�L�F���L�Q���Q�D�W�X�U�H�����Z�L�W�K���W�K�H���Y�D�U�L�F�R�V�H���D�Q�G���F�\�V�W�L�F���I�R�U�P�V��
typically seen in ABPA.14 Mucoid impaction can be seen as high-attenuation 
�P�X�F�X�V���S�O�X�J�V�����7�K�H���V�L�Q�H���T�X�D���Q�R�Q���R�I���$�%�3�$���R�Q���&�7���V�F�D�Q�V���L�V���F�H�Q�W�U�D�O���E�U�R�Q�F�K�L�H�F�W�D�V�L�V��
and peripheral tapering of the bronchi.10��19���2�W�K�H�U���¿�Q�G�L�Q�J�V���L�Q�F�O�X�G�H���F�H�Q�W�U�L�O�R�E�X�O�D�U��
nodules and tree-in-bud opacities.

Pulmonary Function Testing

�3�X�O�P�R�Q�D�U�\���I�X�Q�F�W�L�R�Q���W�H�V�W�L�Q�J���G�H�P�R�Q�V�W�U�D�W�H�V���R�E�V�W�U�X�F�W�L�Y�H���D�L�U�Z�D�\���G�L�V�H�D�V�H��10 This  
�L�V���D���Q�R�Q�V�S�H�F�L�¿�F���¿�Q�G�L�Q�J�����K�R�Z�H�Y�H�U�����E�H�F�D�X�V�H���D�V�W�K�P�D���D�Q�G���&�)���E�\���W�K�H�P�V�H�O�Y�H�V��
�P�D�Q�L�I�H�V�W���D�V���R�E�V�W�U�X�F�W�L�Y�H���D�L�U�Z�D�\���G�L�V�H�D�V�H���R�Q���S�X�O�P�R�Q�D�U�\���I�X�Q�F�W�L�R�Q���W�H�V�W�V�����K�R�Z�H�Y�H�U���� 
�D���V�L�J�Q�L�¿�F�D�Q�W���G�H�F�O�L�Q�H���L�Q���S�X�O�P�R�Q�D�U�\���I�X�Q�F�W�L�R�Q���V�K�R�X�O�G���U�D�L�V�H���F�R�Q�F�H�U�Q���R�I���$�%�3�$����
�S�D�U�W�L�F�X�O�D�U�O�\���L�I���X�V�X�D�O���L�Q�W�H�U�Y�H�Q�W�L�R�Q�V���D�U�H���Q�R�W���H�I�I�H�F�W�L�Y�H��

Diagnostic Criteria
�%�H�F�D�X�V�H���W�K�H�U�H���L�V���Q�R���V�L�Q�J�O�H���G�L�D�J�Q�R�V�W�L�F���W�H�V�W���I�R�U���$�%�3�$�����Y�D�U�L�R�X�V���D�X�W�K�R�U�V���X�V�H�� 
�G�L�I�I�H�U�H�Q�W���F�U�L�W�H�U�L�D���W�R���G�H�W�H�U�P�L�Q�H���W�K�H���G�L�D�J�Q�R�V�L�V�����7�K�L�V���P�D�N�H�V���I�R�U���G�L�I�¿�F�X�O�W�\���L�Q��
�F�R�Q�G�X�F�W�L�Q�J���H�S�L�G�H�P�L�R�O�R�J�L�F���V�W�X�G�L�H�V���D�V���Z�H�O�O���D�V���F�R�P�S�D�U�L�Q�J���Y�D�U�L�R�X�V���W�U�H�D�W�P�H�Q�W��
�U�H�J�L�P�H�Q�V�����,�Q���������������D���F�R�Q�V�H�Q�V�X�V���V�W�D�W�H�P�H�Q�W���Z�D�V���F�U�H�D�W�H�G���W�R���J�X�L�G�H���W�K�H���S�K�\�V�L�F�L�D�Q�� 
in diagnosing ABPA.6 Algorithms were created for diagnosis (Figure 9-2)  
and determining the occurrence of an exacerbation.10

The criteria for diagnosing classic ABPA are listed in Box 9-1�����7�K�H���¿�U�V�W�� 
5 criteria should be present.6��11��19

�,�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)���������F�U�L�W�H�U�L�D���D�U�H���S�U�H�V�H�Q�W���L�Q���F�O�D�V�V�L�F���F�D�V�H�V����Box 9-2).4��6��11 
�%�H�F�D�X�V�H���D�O�O�������F�U�L�W�H�U�L�D���D�U�H���Q�R�W���D�O�Z�D�\�V���S�U�H�V�H�Q�W�����P�L�Q�L�P�X�P���F�U�L�W�H�U�L�D���I�R�U���G�L�D�J�� 
�Q�R�V�L�Q�J���$�%�3�$���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)���K�D�Y�H���E�H�H�Q���H�V�W�D�E�O�L�V�K�H�G����Box 9-2).6 In  
�D�V�V�H�V�V�L�Q�J���I�R�U���W�K�H�V�H���F�U�L�W�H�U�L�D�����W�K�H���S�K�\�V�L�F�L�D�Q���P�X�V�W���P�D�N�H���V�X�U�H���W�K�D�W���$�%�3�$���L�V���W�K�H��
cause of the problem rather than the symptoms representing an exacerbation  
�R�I���W�K�H���X�Q�G�H�U�O�\�L�Q�J���D�V�W�K�P�D���R�U���&�)�����7�K�L�V���F�D�Q���E�H���T�X�L�W�H���F�K�D�O�O�H�Q�J�L�Q�J���E�H�F�D�X�V�H���R�I���W�K�H��
�O�D�U�J�H���G�H�J�U�H�H���R�I���R�Y�H�U�O�D�S���L�Q���W�K�H�V�H���F�R�Q�G�L�W�L�R�Q�V�����&�R�Q�I�X�V�L�R�Q���F�D�Q���D�U�L�V�H���E�R�W�K���Z�K�H�Q��
determining the initial diagnosis and when determining if an exacerbation  
�R�I���$�%�3�$�����Y�V���D�V�W�K�P�D���R�U���&�)�����L�V���R�F�F�X�U�U�L�Q�J�����7�K�H�U�H�I�R�U�H�����U�H�I�H�U�U�D�O���W�R���D���S�X�O�P�R�Q�D�U�\�� 
or allergy specialist should be considered when the diagnosis of ABPA  
is suspected.
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Figure 9-2. Algorithm for the diagnosis of allergic bronchopulmonary aspergillosis (ABPA). 

Abbreviations: CT, computed tomography; Ig, immunoglobulin.

Reprinted from Agarwal R. Allergic bronchopulmonary aspergillosis. Chest. 2009;135:805–826. © 2009. 
Reproduced with permission from the American College of Chest Physicians.
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Criteria for Diagnosing Classic Allergic Bronchopulmonary  
Aspergillosis in Patients With Asthmaa

1 	Underlying diagnosis of asthma

2 	Proximal (central) bronchiectasis

3 	Positive skin test to Aspergillus fumigatus

4 	Elevated total immunoglobulin (Ig) E (>417 IU/mL or >1,000 ng/mL)b

5 	Elevated IgE and/or IgG to A fumigatus

6 	In�ltrates on chest radiograph

7 	Positive precipitins to A fumigatus

8 	Eosinophilia

9 	Sputum containing A fumigatus

Box 9-1

aThe �rst 5 criteria should be present.
bOther literature suggests >1,000 IU/mL or 2,400 ng/mL.10

�6�W�D�J�L�Q�J���R�I���$�%�3�$���K�D�V���E�H�H�Q���G�H�Y�H�O�R�S�H�G���D�Q�G���F�D�Q���E�H���X�V�H�G���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K��
�D�V�W�K�P�D��10��11��20���W�K�R�X�J�K���L�W���L�V���Q�R�W���X�V�H�G���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)��6���2�I���Q�R�W�H�����R�Q�H���G�R�H�V�� 
�Q�R�W���Q�H�H�G���W�R���S�D�V�V���I�U�R�P���V�W�D�J�H�������W�K�U�R�X�J�K���V�W�D�J�H�������G�L�U�H�F�W�O�\�����U�D�W�K�H�U�����W�K�H�U�H���F�D�Q�� 
be transitioning back and forth between stages 1 through 3. Staging is  
�V�X�P�P�D�U�L�]�H�G���L�Q��Table 9-1.19

�7�R���K�H�O�S���G�H�W�H�U�P�L�Q�H���L�I���$�%�3�$���L�V���G�H�Y�H�O�R�S�L�Q�J���R�U���L�I���D�Q���H�[�D�F�H�U�E�D�W�L�R�Q���L�V���R�F�F�X�U�U�L�Q�J����
�V�H�U�L�D�O���P�R�Q�L�W�R�U�L�Q�J���R�I���,�J�(���O�H�Y�H�O�V���L�V���D�G�Y�L�V�D�E�O�H�����H�V�S�H�F�L�D�O�O�\���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)����
�$�Q�Q�X�D�O���P�H�D�V�X�U�H�P�H�Q�W���R�I���,�J�(���O�H�Y�H�O�V���V�K�R�X�O�G���E�H���S�H�U�I�R�U�P�H�G�����,�Q���S�D�W�L�H�Q�W�V���Z�L�W�K�� 
�Q�R���K�L�V�W�R�U�\���R�I���$�%�3�$�����L�I���W�K�H���,�J�(���O�H�Y�H�O���L�V���J�U�H�D�W�H�U���W�K�D�Q�����������,�8���P�/�����D���P�R�U�H�� 
�I�R�U�P�D�O���H�Y�D�O�X�D�W�L�R�Q���I�R�U���$�%�3�$���V�K�R�X�O�G���E�H���X�Q�G�H�U�W�D�N�H�Q�����L�Q�F�O�X�G�L�Q�J���V�N�L�Q���W�H�V�W�L�Q�J�� 
�R�U���,�J�(���V�S�H�F�L�¿�F���W�H�V�W�L�Q�J���I�R�U��Aspergillus.6��11���,�I���W�K�H���W�H�V�W���U�H�V�X�O�W�V���D�U�H���S�R�V�L�W�L�Y�H�����D��
diagnosis of ABPA can be considered using the minimal criteria outlined in 
Box 9-2�����,�I���,�J�(���O�H�Y�H�O�V���D�U�H���O�R�Z�H�U�����������±���������,�8���P�/�����D�Q�G���D���G�L�D�J�Q�R�V�L�V���R�I���$�%�3�$�� 
�R�U���D���À�D�U�H���X�S���L�V���V�W�L�O�O���E�H�L�Q�J���H�Q�W�H�U�W�D�L�Q�H�G�����I�X�U�W�K�H�U���G�L�D�J�Q�R�V�W�L�F���W�H�V�W�V�����V�N�L�Q���W�H�V�W�L�Q�J�� 
for Aspergillus,���,�J�(���D�Q�G���R�U���,�J�*���V�S�H�F�L�¿�F���I�R�U��Aspergillus,���S�U�H�F�L�S�L�W�L�Q�V�����F�K�H�V�W��
radiographs) should be considered.
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Diagnostic Criteria for Allergic Bronchopulmonary  
Aspergillosis (ABPA) in Patients With Cystic Fibrosis (CF)

Classic Diagnostic Criteria

1 	Acute or subacute clinical deterioration (cough, wheeze, and other pulmonary 	
	 symptoms) not explained by another etiology

2 	Serum total immunoglobulin (Ig) E levels >1,000 IU/mL

3 	Immediate cutaneous reactivity to Aspergillus or presence of serum IgE 		
	 antibody to Aspergillus fumigatus

4 	Precipitating antibodies to A fumigatus or serum IgG antibody to A fumigatus

5 	New or recent abnormalities on chest radiograph or chest computed 		
	 tomographic (CT) scan that have not cleared with antibiotics and standard 	
	 physiotherapy

Minimal Diagnostic Criteria

1 	Acute or subacute clinical deterioration (cough, wheeze, and other pulmonary 	
	 symptoms) not explained by another etiology

2 	Total serum IgE levels >500 IU/mL (if total IgE level is 200–500 IU/mL, repeat 	
	 testing in 1 to 3 months is recommended)

3 	Immediate cutaneous reactivity to Aspergillus or presence of serum IgE 		
	 antibody to A fumigatus

4 	One of the following: (1) precipitins to A fumigatus or demonstration of  
	 IgG antibody to A fumigatus or (2) new or recent abnormalities on chest 		
	 radiograph or chest CT scan that have not cleared with antibiotics and 		
	 standard physiotherapy

Screening for ABPA in Patients With CF

1 	Maintain a high level of suspicion for ABPA in patients with CF.

2 	Determine the total serum IgE levels annually. If the total serum IgE  
	 level is >500 IU/mL, perform A fumigatus skin test or use an IgE antibody  
	 to A fumigatus. If results are positive, consider diagnosis based on  
	 minimal criteria.

3 	If the total serum IgE level is 200 to 500 IU/mL, repeat the measurement if 	
	 there is increased suspicion for ABPA and perform further diagnostic tests 	
	 (immediate skin test reactivity to A fumigatus, IgE antibody to A fumigatus, 	
	 A fumigatus precipitins, or serum IgG antibody to A fumigatus and chest 		
	 radiography).

Box 9-2

Adapted from Stevens DA, Moss RB, Kurup VP, et al. Allergic bronchopulmonary aspergillosis in cystic 
�brosis—state of the art: Cystic Fibrosis Foundation Consensus Conference.  
Clin Infect Dis. 2003;37(suppl 3):S225–S264, by permission of the Infectious Diseases Society of America.
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Table 9-1. Staging of Allergic Bronchopulmonary Aspergillosis

Stage Description Radiographic In�ltrates Total Serum IgE

I Acute Upper lobes or middle lobe Sharply elevated

II Remission No in�ltrate and patient o� prednisone 
for >6 months

Elevated or normal

III Exacerbation Upper lobes or middle lobe Sharply elevated

IV Corticosteroid- 
dependent  

asthma

Often without in�ltrates, but intermittent 
in�ltrates might occur

Elevated or normal

V End stage Fibrotic, bullous, or cavitary lesions Might be normal

Abbreviations: CT, computed tomography; IgE, immunoglobulin E; PFT, pulmonary function test.

Reprinted from Greenberger PA. Allergic bronchopulmonary aspergillosis. J Allergy Clin Immunol. 
2002;110:685–692 . © 2002 with permission from Elsevier.

Therapy
Treatment for ABPA is directed at modulating the Th2-mediated immune 
response to A fumigatus.���:�K�L�O�H���V�H�Y�H�U�D�O���W�U�H�D�W�P�H�Q�W���P�R�G�D�O�L�W�L�H�V���K�D�Y�H���E�H�H�Q���X�V�H�G����
�V�W�H�U�R�L�G�V���D�S�S�H�D�U���W�R���E�H���W�K�H���P�R�V�W���H�I�I�H�F�W�L�Y�H���D�W���G�R�Z�Q�U�H�J�X�O�D�W�L�Q�J���W�K�H���K�\�S�H�U�L�P�P�X�Q�H��
�U�H�D�F�W�L�R�Q�����6�W�H�U�R�L�G�V���D�U�H���W�K�R�X�J�K�W���W�R���Z�R�U�N���E�\���L�Q�K�L�E�L�W�L�Q�J���S�K�R�V�S�K�R�O�L�S�D�V�H���$�����D�F�W�L�Y�L�W�\��
�D�Q�G���D�U�D�F�K�L�G�R�Q�L�F���D�F�L�G���P�H�W�D�E�R�O�L�V�P�����W�K�X�V���G�L�P�L�Q�L�V�K�L�Q�J���F�K�H�P�R�W�D�[�L�V���D�Q�G���W�L�V�V�X�H��
�L�Q�¿�O�W�U�D�W�L�R�Q���R�I���L�Q�À�D�P�P�D�W�R�U�\���F�H�O�O�V�����7�K�L�V���U�H�V�X�O�W�V���L�Q���D���G�H�F�U�H�D�V�H���L�Q���,�J�(���O�H�Y�H�O�V����
�O�H�V�V�H�Q�H�G���H�R�V�L�Q�R�S�K�L�O�L�D�����D�Q�G���F�O�H�D�U�L�Q�J���R�I���S�X�O�P�R�Q�D�U�\���L�Q�¿�O�W�U�D�W�H�V��6

�$�O�W�K�R�X�J�K���D���Q�X�P�E�H�U���R�I���G�L�I�I�H�U�H�Q�W���U�H�J�L�P�H�Q�V���D�U�H���U�H�S�R�U�W�H�G�����W�K�H�\���K�D�Y�H���V�H�Y�H�U�D�O��
�I�H�D�W�X�U�H�V���L�Q���F�R�P�P�R�Q�����L�Q�F�O�X�G�L�Q�J���D�J�J�U�H�V�V�L�Y�H���W�U�H�D�W�P�H�Q�W���I�R�U���W�K�H���¿�U�V�W���F�R�X�S�O�H���R�I��
�Z�H�H�N�V���R�I���W�K�H�U�D�S�\�����V�O�R�Z���W�D�S�H�U�L�Q�J���R�I���W�K�H���V�W�H�U�R�L�G���G�R�V�H���R�Y�H�U���W�K�H���Q�H�[�W���V�H�Y�H�U�D�O���Z�H�H�N�V��
�W�R���P�R�Q�W�K�V�����D�Q�G���D���X�Q�L�Y�H�U�V�D�O���L�P�S�U�R�Y�H�P�H�Q�W���L�Q���W�K�H���S�D�W�L�H�Q�W�¶�V���F�O�L�Q�L�F�D�O���F�R�X�U�V�H��6��14 
�,�P�P�X�Q�R�J�O�R�E�X�O�L�Q���(���O�H�Y�H�O�V�����L�Q���J�H�Q�H�U�D�O�����T�X�L�F�N�O�\���G�H�F�U�H�D�V�H���E�\�����������W�R�����������R�Y�H�U��
�W�K�H���¿�U�V�W���I�H�Z���Z�H�H�N�V���R�I���W�K�H�U�D�S�\��10��11��19���,�Q�¿�O�W�U�D�W�H�V���R�Q���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�V���U�H�V�R�O�Y�H�����R�U��
�D�W���O�H�D�V�W���L�P�S�U�R�Y�H�����R�Y�H�U���W�K�H���¿�U�V�W�������W�R�������P�R�Q�W�K�V���R�I���W�K�H�U�D�S�\�����3�X�O�P�R�Q�D�U�\���I�X�Q�F�W�L�R�Q��
���S�D�U�W�L�F�X�O�D�U�O�\���)�(�91�����L�P�S�U�R�Y�H�V���G�X�U�L�Q�J���W�K�L�V���W�L�P�H��

The 2003 consensus statement recommends the following steroid dosing 
�V�F�K�H�G�X�O�H�����S�U�H�G�Q�L�V�R�Q�H���D�W 0.5 to 2.0 mg/kg/d (with a maximum dose of 60 mg/d) 
�I�R�U�������W�R�������Z�H�H�N�V�����I�R�O�O�R�Z�H�G���E�\���W�D�S�H�U�L�Q�J���W�R���H�Y�H�U�\���R�W�K�H�U���G�D�\���G�R�V�L�Q�J���I�R�U�������W�R�� 
�����Z�H�H�N�V�����D�Q�G���W�K�H�Q���W�D�S�H�U�L�Q�J���W�K�H���G�R�V�H���R�Y�H�U���W�K�H���Q�H�[�W�������W�R�������P�R�Q�W�K�V���D�V���F�O�L�Q�L�F�D�O�O�\��
able.6���'�R�V�H���H�O�H�Y�D�W�L�R�Q���P�L�J�K�W���E�H���Q�H�H�G�H�G���L�I���V�\�P�S�W�R�P�V���V�W�D�U�W���W�R���Z�R�U�V�H�Q�����2�I�W�H�Q����
�L�Q�F�U�H�D�V�L�Q�J���W�K�H���V�W�H�U�R�L�G���G�R�V�H���E�D�F�N���W�R���W�K�H���S�U�H�Y�L�R�X�V�O�\���H�I�I�H�F�W�L�Y�H���G�R�V�D�J�H���Z�L�O�O���E�U�L�Q�J��
�V�\�P�S�W�R�P�V���X�Q�G�H�U���F�R�Q�W�U�R�O�����6�H�U�L�D�O���,�J�(���O�H�Y�H�O�V���D�Q�G���I�R�O�O�R�Z���X�S���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�V�� 
are useful for monitoring the progress of the treatment plan.
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�6�W�H�U�R�L�G�V���W�U�H�D�W���W�K�H���S�D�W�L�H�Q�W�¶�V���L�Q�À�D�P�P�D�W�R�U�\���E�X�U�G�H�Q���E�X�W���G�R���Q�R�W�K�L�Q�J���W�R���G�H�F�U�H�D�V�H��
�W�K�H���D�Q�W�L�J�H�Q���O�R�D�G���W�R���Z�K�L�F�K���W�K�H���S�D�W�L�H�Q�W�¶�V���L�P�P�X�Q�H���V�\�V�W�H�P���L�V���E�H�L�Q�J���H�[�S�R�V�H�G����
�9�D�U�L�R�X�V���D�Q�W�L�I�X�Q�J�D�O���U�H�J�L�P�H�Q�V���K�D�Y�H���E�H�H�Q���X�V�H�G���W�R���H�U�D�G�L�F�D�W�H�����R�U���D�W���O�H�D�V�W���G�H�F�U�H�D�V�H����
the disease burden of A fumigatus.���8�Q�I�R�U�W�X�Q�D�W�H�O�\�����W�K�H�V�H���U�H�J�L�P�H�Q�V���K�D�Y�H���P�H�W��
�Z�L�W�K���O�L�P�L�W�H�G���V�X�F�F�H�V�V�����2�Q�O�\���D���I�H�Z���V�W�X�G�L�H�V���K�D�Y�H���E�H�H�Q���D�W�W�H�P�S�W�H�G�����D�Q�G���P�R�V�W���Z�H�U�H��
small in number.21��22���7�K�H���P�R�V�W���V�X�F�F�H�V�V�I�X�O���D�J�H�Q�W���X�V�H�G���K�D�V���E�H�H�Q���L�W�U�D�F�R�Q�D�]�R�O�H����
�7�K�L�V���G�U�X�J���K�D�V���E�H�H�Q���I�R�X�Q�G���W�R���E�H���H�I�I�H�F�W�L�Y�H���D�V���D���V�W�H�U�R�L�G���V�S�D�U�L�Q�J���D�J�H�Q�W��23 It acts by 
�L�Q�K�L�E�L�W�L�Q�J���H�U�J�R�V�W�H�U�R�O���V�\�Q�W�K�H�V�L�V���L�Q���W�K�H���I�X�Q�J�D�O���F�H�O�O���P�H�P�E�U�D�Q�H�����Z�K�L�F�K���G�H�F�U�H�D�V�H�V��
�W�K�H���R�U�J�D�Q�L�V�P�¶�V���J�U�R�Z�W�K�����,�Q���F�R�P�E�L�Q�D�W�L�R�Q�����L�W�U�D�F�R�Q�D�]�R�O�H���D�Q�G���R�U�D�O���V�W�H�U�R�L�G�V���D�U�H��
useful at treating exacerbations or relapses of ABPA.6��21��22

�$�V���Z�L�W�K���R�U�D�O���V�W�H�U�R�L�G�V�����V�H�Y�H�U�D�O���G�R�V�L�Q�J���U�H�J�L�P�H�Q�V���K�D�Y�H���E�H�H�Q���S�X�E�O�L�V�K�H�G���I�R�U���D�Q�W�L�� 
�I�X�Q�J�D�O���D�J�H�Q�W�V�����W�K�R�X�J�K���W�K�H�\���K�D�Y�H���V�L�P�L�O�D�U���O�L�P�L�W�D�W�L�R�Q�V���W�R���W�K�R�V�H���G�L�V�F�X�V�V�H�G���L�Q���W�K�H��
steroid studies. The 2003 consensus statement6���U�H�F�R�P�P�H�Q�G�V���L�W�U�D�F�R�Q�D�]�R�O�H���D�W�� 
�����P�J���N�J�����X�S���W�R�����������P�J���G�R�V�H�����R�Q�F�H���S�H�U���G�D�\�����,�I���P�R�U�H���W�K�D�Q�����������P�J���G���L�V���L�Q�G�L�F�D�W�H�G����
the dose should be split into a twice-per-day schedule (with a maximum dose 
�R�I�����������P�J���G�������7�U�H�D�W�P�H�Q�W���Z�L�W�K���L�W�U�D�F�R�Q�D�]�R�O�H���L�V���W�\�S�L�F�D�O�O�\���F�R�Q�W�L�Q�X�H�G���I�R�U�������W�R�� 
�����P�R�Q�W�K�V���R�U���O�R�Q�J�H�U���L�I���V�\�P�S�W�R�P�V���S�H�U�V�L�V�W���R�U���,�J�(���O�H�Y�H�O�V���U�H�P�D�L�Q���H�O�H�Y�D�W�H�G�����$��
search for and elimination of continued exposure to Aspergillus may be 
�K�H�O�S�I�X�O���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���S�H�U�V�L�V�W�H�Q�W�O�\���K�L�J�K���,�J�(���O�H�Y�H�O�V��

�,�W�U�D�F�R�Q�D�]�R�O�H���K�D�V���P�D�Q�\���D�G�Y�H�U�V�H���H�I�I�H�F�W�V���D�V���Z�H�O�O���D�V���V�H�Y�H�U�D�O���G�U�X�J���G�U�X�J���L�Q�W�H�U�D�F-
�W�L�R�Q�V�����+�H�S�D�W�L�F���W�R�[�L�F�L�W�\���L�V���S�U�R�E�O�H�P�D�W�L�F�����V�R���F�O�R�V�H���P�R�Q�L�W�R�U�L�Q�J���R�I���O�L�Y�H�U���I�X�Q�F�W�L�R�Q�� 
�L�V���Z�D�U�U�D�Q�W�H�G�����/�L�Y�H�U���I�X�Q�F�W�L�R�Q���W�H�V�W�V���V�K�R�X�O�G���E�H���R�E�W�D�L�Q�H�G���E�H�I�R�U�H���V�W�D�U�W�L�Q�J���W�K�H�U�D�S�\��
�D�Q�G���W�K�H�Q���U�H�S�H�D�W�H�G���D�I�W�H�U�������P�R�Q�W�K���R�I���W�U�H�D�W�P�H�Q�W�����/�L�Y�H�U���I�X�Q�F�W�L�R�Q���D�O�V�R���V�K�R�X�O�G���E�H��
�P�R�Q�L�W�R�U�H�G���H�Y�H�U�\�������W�R�������P�R�Q�W�K�V���Z�K�L�O�H���W�K�H���S�D�W�L�H�Q�W���L�V���U�H�F�H�L�Y�L�Q�J���W�K�H�U�D�S�\���R�U���L�I�� 
�D�Q�\���O�L�Y�H�U���U�H�O�D�W�H�G���W�R�[�L�F�L�W�\���D�S�S�H�D�U�V�����/�H�Y�H�O�V���V�K�R�X�O�G���D�O�V�R���E�H���F�K�H�F�N�H�G���L�I���W�K�H�U�H���L�V�� 
�Q�R���F�O�L�Q�L�F�D�O���U�H�V�S�R�Q�V�H���W�R���W�K�H�U�D�S�\�����L�I���W�K�H�U�H���D�U�H���S�R�V�V�L�E�O�H���G�U�X�J���G�U�X�J���L�Q�W�H�U�D�F�W�L�R�Q�V���� 
or if there are concerns regarding poor drug absorption or poor adherence  
to the medication regimen.6

�&�R�P�P�R�Q���V�L�G�H���H�I�I�H�F�W�V���R�I���L�W�U�D�F�R�Q�D�]�R�O�H���L�Q�F�O�X�G�H���J�D�V�W�U�R�L�Q�W�H�V�W�L�Q�D�O���X�S�V�H�W�����I�H�Y�H�U����
�U�D�V�K�����K�H�D�G�D�F�K�H�V�����G�L�]�]�L�Q�H�V�V�����D�Q�G���I�D�W�L�J�X�H�����&�R�Q�F�R�P�L�W�D�Q�W���X�V�H���R�I���G�U�X�J�V���W�K�D�W���O�R�Z�H�U��
stomach acid (such as histamine-2 blockers or proton pump inhibitors) can 
decrease absorption. Taking the medication with an acidic drink such as 
�R�U�D�Q�J�H���M�X�L�F�H���P�D�\���D�L�G���D�E�V�R�U�S�W�L�R�Q�����*�U�D�S�H�I�U�X�L�W���M�X�L�F�H�����K�R�Z�H�Y�H�U�����V�K�R�X�O�G���E�H���D�Y�R�L�G�H�G��
�E�H�F�D�X�V�H���L�W���L�Q�W�H�U�I�H�U�H�V���Z�L�W�K���W�K�H���O�L�Y�H�U�¶�V���&�<�3���$�����H�Q�]�\�P�H�����Z�K�L�F�K���F�D�Q���K�D�Y�H���D�Q��
�H�I�I�H�F�W���R�Q���L�W�U�D�F�R�Q�D�]�R�O�H���P�H�W�D�E�R�O�L�V�P��6 The treatment protocols presented in  
�W�K�H���F�R�Q�V�H�Q�V�X�V���V�W�D�W�H�P�H�Q�W���D�U�H���V�X�P�P�D�U�L�]�H�G���L�Q��Table 9-2.6
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Table 9-2. Treatment Protocol for Allergic Bronchopulmonary Aspergillosis (ABPA)

Treatment, Factor Explanation

Corticosteroids

Indications All patients except those with steroid toxicity

Initial 0.5–2.0 mg/kg/day po prednisone equivalent, maximum  
60 mg/day, for 1–2 weeks

Begin taper 0.5–2 mg/kg/day every other day  
for 1–2 weeks

Taper o� Attempt to taper o� within 2–3 months

Relapse Increase corticosteroids, add itraconazole, taper corticosteroids 
when clinical parameters improve

Itraconazole

Indications Slow or poor response to corticosteroids, relapse, corticosteroid- 
dependent, or corticosteroid toxicity

Dosing 5 mg/kg/day, maximum dose 400 mg/day po unless itraconazole 
levels determined; bid dosing required

Duration 3–6 months

Monitor Liver function tests for all cases; itraconazole serum concentrations 
if concern of adequate absorption, lack of response, possible 
drug- drug interaction; serum concentrations of concomitant 
drugs with potential for drug-drug interaction

Adjunctive therapy

Inhaled corticosteroids, 
bronchodilators, 
other anti-asthma 
drugs

No evidence for use in ABPA; may be used for the asthma 
component of ABPA

Environmental 
manipulation

Attempt to search for and modify mold spore exposure in 
refractory cases

Abbreviations: bid, twice a day; po, orally.
Reprinted from Stevens DA, Moss RB, Kurup VP, et al. Allergic bronchopulmonary aspergillosis in cystic 
�brosis—state of the art: Cystic Fibrosis Foundation Consensus Conference.  
Clin Infect Dis. 2003;37(suppl 3):S225–S264, by permission of the Infectious Diseases Society of America.
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�2�W�K�H�U���P�H�G�L�F�D�W�L�R�Q�V���K�D�Y�H���E�H�H�Q���X�V�H�G�����Z�L�W�K���D�Q�H�F�G�R�W�D�O���H�Y�L�G�H�Q�F�H���R�I���L�P�S�U�R�Y�H�P�H�Q�W����
�6�H�Y�H�U�D�O���F�D�V�H���U�H�S�R�U�W�V���X�V�L�Q�J���R�P�D�O�L�]�X�P�D�E�����D���K�X�P�D�Q�L�]�H�G���D�Q�W�L���,�J�(���P�R�Q�R�F�O�R�Q�D�O��
�D�Q�W�L�E�R�G�\�����K�D�Y�H���E�H�H�Q���S�X�E�O�L�V�K�H�G���G�H�P�R�Q�V�W�U�D�W�L�Q�J���F�O�L�Q�L�F�D�O���L�P�S�U�R�Y�H�P�H�Q�W�����I�H�Z�H�U��
�U�H�V�S�L�U�D�W�R�U�\���H�[�D�F�H�U�E�D�W�L�R�Q�V�����U�H�G�X�F�H�G���Q�H�H�G���I�R�U���R�U�D�O���V�W�H�U�R�L�G�V�����D�Q�G���O�R�Z�H�U���,�J�(���O�H�Y�H�O�V����
�7�K�H�V�H���V�W�X�G�L�H�V�����K�R�Z�H�Y�H�U�����Z�H�U�H���R�E�V�H�U�Y�D�W�L�R�Q�D�O���L�Q���G�H�V�L�J�Q���Z�L�W�K���O�R�Z���Q�X�P�E�H�U�V���R�I��
�H�Q�U�R�O�O�H�G���S�D�W�L�H�Q�W�V�����1�R���O�D�U�J�H�����Z�H�O�O���F�R�Q�W�U�R�O�O�H�G���V�W�X�G�\���K�D�V���E�H�H�Q���F�R�P�S�O�H�W�H�G���W�R���G�D�W�H����
�&�D�V�H���U�H�S�R�U�W�V���D�V�V�H�V�V�L�Q�J���W�K�H���H�I�¿�F�D�F�\���R�I���R�W�K�H�U���P�H�G�L�F�D�W�L�R�Q�V�����V�X�F�K���D�V���L�Q�K�D�O�H�G��
�D�P�S�K�R�W�H�U�L�F�L�Q���D�V���Z�H�O�O���D�V���Y�R�U�L�F�R�Q�D�]�R�O�H���D�Q�G���S�R�V�D�F�R�Q�D�]�R�O�H�����K�D�Y�H���E�H�H�Q���S�X�E�O�L�V�K�H�G����
�Z�L�W�K���S�U�H�O�L�P�L�Q�D�U�L�O�\���S�U�R�P�L�V�L�Q�J���U�H�V�X�O�W�V�����K�R�Z�H�Y�H�U�����O�D�U�J�H�U���V�W�X�G�L�H�V���F�R�Q�¿�U�P�L�Q�J���W�K�H�L�U��
�H�I�¿�F�D�F�\���U�H�P�D�L�Q���W�R���E�H���X�Q�G�H�U�W�D�N�H�Q�����)�R�U���Q�R�Z�����R�U�D�O���V�W�H�U�R�L�G�V�����Z�L�W�K���W�K�H���S�R�W�H�Q�W�L�D�O��
�D�G�G�L�W�L�R�Q���R�I���L�W�U�D�F�R�Q�D�]�R�O�H�����U�H�P�D�L�Q���W�K�H���V�W�D�Q�G�D�U�G���R�I���F�D�U�H��24

�,�Q���D�G�G�L�W�L�R�Q���W�R���W�K�H���X�V�H���R�I���R�U�D�O���V�W�H�U�R�L�G�V���D�Q�G���L�W�U�D�F�R�Q�D�]�R�O�H�����V�X�S�S�R�U�W�L�Y�H���F�D�U�H���I�R�U�� 
�W�K�H���X�Q�G�H�U�O�\�L�Q�J���G�L�V�H�D�V�H���S�U�R�F�H�V�V�H�V�����D�V�W�K�P�D���D�Q�G���&�)�����L�V���Q�H�H�G�H�G�����/�R�Q�J���W�H�U�P��
�D�Q�W�L���L�Q�À�D�P�P�D�W�R�U�\���W�K�H�U�D�S�\���I�R�U���D�V�W�K�P�D���L�V���U�H�T�X�L�U�H�G�����$�O�W�K�R�X�J�K���X�V�H���R�I���L�Q�K�D�O�H�G��
�V�W�H�U�R�L�G�V�����V�X�F�K���D�V���E�X�G�H�V�R�Q�L�G�H���R�U���À�X�W�L�F�D�V�R�Q�H�����K�D�V���E�H�H�Q���D�W�W�H�P�S�W�H�G���W�R���W�U�H�D�W���W�K�H��
�$�%�3�$�����Z�L�W�K���T�X�H�V�W�L�R�Q�D�E�O�H���V�X�F�F�H�V�V�����W�K�H�L�U���X�V�H���L�Q���W�U�H�D�W�L�Q�J���W�K�H���X�Q�G�H�U�O�\�L�Q�J���D�V�W�K�P�D��
�L�V���Q�R�W���T�X�H�V�W�L�R�Q�H�G�����6�X�S�S�R�U�W�L�Y�H���F�D�U�H���I�R�U���&�)���L�V���U�H�T�X�L�U�H�G���D�Q�G���L�Q�F�O�X�G�H�V���Q�X�W�U�L�W�L�R�Q�D�O��
�V�X�S�S�R�U�W�����S�D�Q�F�U�H�D�W�L�F���H�Q�]�\�P�H�V���D�Q�G���Y�L�W�D�P�L�Q�V�������D�J�J�U�H�V�V�L�Y�H���D�L�U�Z�D�\���F�O�H�D�U�D�Q�F�H��
���P�X�F�R�O�\�W�L�F���D�J�H�Q�W�V���D�Q�G���F�K�H�V�W���S�K�\�V�L�R�W�K�H�U�D�S�\�������D�Q�G���W�U�H�D�W�P�H�Q�W���Z�L�W�K���V�X�S�S�U�H�V�V�L�Y�H��
�D�Q�W�L�E�L�R�W�L�F�V�����L�Q�K�D�O�H�G���W�R�E�U�D�P�\�F�L�Q���R�U���D�]�W�U�H�R�Q�D�P�������2�U�D�O���R�U���L�Q�W�U�D�Y�H�Q�R�X�V���D�Q�W�L�E�L�R�� 
tics are warranted if a pulmonary exacerbation is occurring. Distinguish- 
�L�Q�J���E�H�W�Z�H�H�Q���D���F�O�D�V�V�L�F���&�)���H�[�D�F�H�U�E�D�W�L�R�Q���D�Q�G���D�Q���$�%�3�$���À�D�U�H���F�D�Q���E�H���G�L�I�¿�F�X�O�W���� 
�,�I���W�K�H�U�H���L�V���Q�R���R�Y�H�U�Z�K�H�O�P�L�Q�J���H�Y�L�G�H�Q�F�H���W�K�D�W���W�K�H���V�\�P�S�W�R�P�V���D�U�H���G�X�H���W�R���D�Q�� 
�$�%�3�$���À�D�U�H�����W�K�H�Q���D�J�J�U�H�V�V�L�Y�H���X�V�H���R�I���D�Q�W�L�E�L�R�W�L�F�V���L�V���L�Q�G�L�F�D�W�H�G�����,�I���W�K�H���S�D�W�L�H�Q�W�¶�V��
�F�R�Q�G�L�W�L�R�Q���G�R�H�V���Q�R�W���L�P�S�U�R�Y�H�����W�K�H�Q���D�Q���$�%�3�$���À�D�U�H���Q�H�H�G�V���W�R���E�H���D�G�G�U�H�V�V�H�G�� 
and appropriately treated.

Prognosis
Allergic bronchopulmonary aspergillosis is a chronic and recurrent disease 
�W�K�D�W���F�D�Q���R�I�W�H�Q���P�L�P�L�F���W�K�H���D�V�W�K�P�D���D�Q�G���R�U���&�)���Z�L�W�K���Z�K�L�F�K���L�W���L�V���I�U�H�T�X�H�Q�W�O�\���D�V�V�R�� 
�F�L�D�W�H�G�����:�K�L�O�H���W�K�H�U�D�S�\���L�V���D�Y�D�L�O�D�E�O�H���W�R���V�X�F�F�H�V�V�I�X�O�O�\���W�U�H�D�W���$�%�3�$�����L�W���L�V���Q�R�W���F�X�U�D�W�L�Y�H��
�D�Q�G���P�D�\���O�H�D�G���W�R���V�L�J�Q�L�¿�F�D�Q�W���D�G�Y�H�U�V�H���H�I�I�H�F�W�V���E�H�F�D�X�V�H���R�I���W�K�H���O�R�Q�J���W�H�U�P���W�K�H�U�D�S�\��
�R�I�W�H�Q���U�H�T�X�L�U�H�G�����:�K�H�Q���$�%�3�$���L�V���D�J�J�U�H�V�V�L�Y�H�O�\���W�U�H�D�W�H�G���H�D�U�O�\���L�Q���L�W�V���F�R�X�U�V�H�����W�K�H��
�F�K�D�Q�F�H���L�V���P�L�Q�L�P�L�]�H�G���W�K�D�W���W�K�H���G�L�V�H�D�V�H���Z�L�O�O���S�U�R�J�U�H�V�V���W�R���H�Q�G���V�W�D�J�H���¿�E�U�R�V�L�V��5��14 
�/�L�I�H�O�R�Q�J���P�R�Q�L�W�R�U�L�Q�J���L�V���U�H�T�X�L�U�H�G���W�R���S�U�H�Y�H�Q�W���F�R�P�S�O�L�F�D�W�L�R�Q�V���D�Q�G���D�F�K�L�H�Y�H�� 
�W�K�H���P�R�V�W���E�H�Q�H�¿�F�L�D�O���R�X�W�F�R�P�H��
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key points

���} The physician should consider the possibility of ABPA in patients with poorly 
controlled asthma or CF.

���} Suspect ABPA in children with asthma when asthma is under poor control 
despite the patient’s being on an appropriate treatment plan.

���³ In�ltrates are seen on chest radiography.
���³ Atopic dermatitis is present.
���³ Elevated IgE levels are present.

���} Suspect ABPA in patients with CF who have
���³ increasing numbers of pulmonary exacerbations.
���³ unexplained deterioration in pulmonary function.
���³ new onset of wheezing.
���³ increasing IgE levels measured at annual studies.

���} No single diagnostic test is su�cient to establish the diagnosis. Many patients 
might have positive ABPA-related test results but do not have the illness, while 
a smaller number of patients might have negative study �ndings and have the 
illness. History, physical examination �ndings, laboratory study �ndings, and 
clinical judgment are needed to establish the diagnosis.

���} Because of the challenges inherent in diagnosing ABPA and its overall low 
prevalence, all suspected cases are best evaluated and managed by a  
pediatric pulmonologist.

���} Annual screening for ABPA with yearly measurement of IgE levels is advisable. 
IgE levels should also be routinely measured during exacerbations of CF that 
require intravenous antibiotics to make sure an ABPA exacerbation is not  
being overlooked.

���} Therapy consists of
���³ Oral steroids (prednisone)
���³ Antifungal therapy (itraconazole)
���³ Supportive care

	� In children with asthma: chronic anti-in�ammatory therapy
	� In children with CF: nutritional support, airway clearance, appropriate use 
of antibiotics
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Hypersensitivity Pneumonitis
Katharine Kevill, MD, MHCDS, FAAP

A 12-year-old boy presented to the primary care clinic with a 3-month history 
of cough and shortness of breath when he played soccer. In addition, he had 
lost 3.18 kg (7 lb) during this time and had had intermittent fevers. The physical 
examination revealed tachypnea with bibasilar crackles and oxygen saturation 
of 89%. He was admitted to the hospital and treated with antibiotics. His 
symptoms improved, and he returned home. Within a short time, his cough 
and dyspnea recurred, and he was referred to a pulmonologist. Pulmonary 
function testing revealed a restrictive pattern, and chest radiographs showed 
increased interstitial markings. An in-depth history revealed that his symptoms 
started shortly after the family had moved into a house with pigeons nesting 
in the garden.

CASE REPORT 10�1

Introduction
Hypersensitivity pneumonitis (HP) is a complex disorder with variable 
clinical presentation, intensity of symptoms, and natural history. It results 
�I�U�R�P���L�P�P�X�Q�R�O�R�J�L�F�D�O�O�\���P�H�G�L�D�W�H�G���L�Q�À�D�P�P�D�W�L�R�Q���R�I���W�K�H���O�X�Q�J���S�D�U�H�Q�F�K�\�P�D���L�Q��
response to an array of inhaled antigens.1 Hypersensitivity pneumonitis is also 
known as extrinsic allergic alveolitis1 and has been described as a “group of 
�J�U�D�Q�X�O�R�P�D�W�R�X�V�����L�Q�W�H�U�V�W�L�W�L�D�O�����E�U�R�Q�F�K�L�R�O�D�U�����D�Q�G���D�O�Y�H�R�O�D�U���¿�O�O�L�Q�J���S�X�O�P�R�Q�D�U�\��
diseases.”2 Initially, HP was thought to be an adult disease resulting from 
occupational exposure to environments such as moldy hay (farmer’s lung), 
moldy maple bark (maple bark stripper’s lung), and pigeon breeding. Hyper-
�V�H�Q�V�L�W�L�Y�L�W�\���S�Q�H�X�P�R�Q�L�W�L�V���Z�D�V���¿�U�V�W���U�H�S�R�U�W�H�G���L�Q���F�K�L�O�G�U�H�Q���L�Q�������������D�V��pigeon 
breeder’s lung. The children who were affected had severe interstitial  
pneumonitis and presented with chronic symptoms of cough, progressive 
dyspnea, and weight loss, as well as acute symptoms of fever and chest pain. 
The children had had prolonged exposure to pigeons.3 In the decades since,  
�Q�R���X�Q�L�Y�H�U�V�D�O�O�\���D�F�F�H�S�W�H�G���G�H�¿�Q�L�W�L�R�Q���R�I���+�3���K�D�V���H�P�H�U�J�H�G�����D�Q�G���L�W�V���P�H�F�K�D�Q�L�V�P��
remains incompletely described. Hypersensitivity pneumonitis has continued 
to be a rare diagnosis in pediatrics. However, the incidence of HP diagnosis  
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in children could increase sharply in the future. It has been described as a 
manifestation of e-cigarette or vaping use–associated lung injury, a problem 
tracked by the Centers for Disease Control and Prevention as an outbreak in  
�W�K�H���V�X�P�P�H�U���R�I���������������±��

Clinical Manifestations
The clinical and pathological manifestations of HP vary with the chronicity  
of symptoms, with the intensity of the exposure to the offending antigens, and 
with the host response to the antigen. It has been described in acute, chronic, 
and recurrent forms.1,�� In the pediatric literature, HP is described via a series  
of case reports, many of which describe children who have had symptoms for 
months or years. Regardless of the duration of symptoms, most adults and 
children with an ultimate diagnosis of HP present with symptoms of cough, 
dyspnea, decreased exercise tolerance, and fever. Fatigue and weight loss  
are common. Crackles are heard during examination in most patients with 
�W�D�F�K�\�S�Q�H�D���D�Q�G���K�\�S�R�[�H�P�L�D�����D�Q�G���L�Q���F�K�U�R�Q�L�F���F�D�V�H�V���F�O�X�E�E�L�Q�J���R�I���W�K�H���¿�Q�J�H�U�V���L�V��
seen. Wheezing may be heard. Hemoptysis and pneumothorax have also been 
described at presentation in children. The severity of disease can vary from 
�D�V�\�P�S�W�R�P�D�W�L�F���W�R���V�H�Y�H�U�H�����O�H�D�G�L�Q�J���W�R���S�X�O�P�R�Q�D�U�\���¿�E�U�R�V�L�V���D�Q�G���H�Y�H�Q���G�H�D�W�K��

Most children with HP have abnormalities seen on plain chest radiographs, 
often with reticulonodular shadowing or increased interstitial markings sug- 
gestive of interstitial lung disease.1 High-resolution computed tomography of 
the chest is more sensitive than plain radiography for detecting parenchymal 
lung disease. Pediatric case reports have described ground-glass opacities, 
centrilobular nodules, and air trapping,8–12 as well as honeycombing in a  
case diagnosed late in the disease.13

Investigators in most pediatric cases with pulmonary function studies 
describe restrictive lung disease manifested as decreased lung volumes  
and often decreased diffusing capacity for carbon monoxide (DLCO). Inves- 
tigators in 2 large case series of HP that included adults and children found a 
�U�H�V�W�U�L�F�W�L�Y�H���S�D�W�W�H�U�Q���L�Q���W�K�H���P�D�M�R�U�L�W�\���R�I���S�D�W�L�H�Q�W�V�������������W�R���������������Z�L�W�K���D���V�X�E�V�W�D�Q�W�L�D�O��
�P�L�Q�R�U�L�W�\�����������D�Q�G�������������R�I���S�D�W�L�H�Q�W�V���K�D�Y�L�Q�J���D���S�X�U�H�O�\���R�E�V�W�U�X�F�W�L�Y�H���S�D�W�W�H�U�Q14,15; 
���������R�I���S�D�W�L�H�Q�W�V���K�D�G���D�L�U���W�U�D�S�S�L�Q�J���D�V���L�Q�G�L�F�D�W�H�G���E�\���D�Q���L�Q�F�U�H�D�V�H�G���U�H�V�L�G�X�D�O���Y�R�O�X�P�H����
and 85% had a decreased DLCO.15 Reversible pulmonary artery hypertension 
has been described in some children with HP.11,���� See Table 10-1 for a 
summary of common and uncommon symptoms.

12 PP 2ND ED - CHAPTER 10_183-196.indd   18412 PP 2ND ED - CHAPTER 10_183-196.indd   184 9/12/23   9:12 AM9/12/23   9:12 AM



185
Chapter 10—Hypersensitivity Pneumonitis

Table 10-1. Occurrence of Signs and Symptoms in Patients With Hypersensitivity 
Pneumonitis

Characteristic Occurrence

Usually Often Sometimes Late in Disease

Symptoms Cough

Dyspnea

Fatigue

Weight loss

Fever

Hemoptysis —

Signs Crackles

Hypoxemia

Tachypnea

Clubbing

Wheezing —

Pulmonary  
function

Restrictive pattern 
only

Decreased di�using  
capacity for carbon 		
monoxide

— Obstructive  
pattern only

Mixed obstructive  
and restrictive  
pattern

—

Plain  
radiography 
�ndings

Reticulonodular  
pattern 

Increased interstitial 	 
markings

— — —

High-resolution 
computed  
tomography  
of the chest 
�ndings

Nodules in a  
centrilobular  
distribution

— Ground-glass  
opacities

Honeycombing

Traction  
bronchiectasis

Lobar volume  
loss

Other  
complications

— — Pulmonary artery  
hypertension

Congestive heart 
failure

Pneumothorax

—

Epidemiology and Etiology
Few articles address the epidemiology of HP in children. It is considered  
a rare, but underreported, condition. Most information about pediatric HP 
comes from case reports in small series of patients, which included approxi-
mately 95 cases reported between 1960 and 2005.1 Although most pediatric 
cases of HP have been reported in school-age children, it has also been 
reported in infants and in young children.17,18 Investigators in a retrospective 
�'�D�Q�L�V�K���V�W�X�G�\���L�G�H�Q�W�L�¿�H�G���F�K�L�O�G�U�H�Q���Z�L�W�K���+�3���I�U�R�P���D���Q�D�W�L�R�Q�D�O���F�R�K�R�U�W���R�I���F�K�L�O�G�U�H�Q��
with interstitial lung disease, all of whom underwent lung biopsy; they found 
HP in 26% of the cohort of 73 pediatric patients with interstitial lung disease, 
for a point prevalence of 4/1,000,000 Danish children.19 Investigators in  
a German study found the incidence of new cases of diffuse parenchymal 
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lung disease in children to be 1.32 new cases per 1 million children per year; 
�+�3���Z�D�V���W�K�H���¿�Q�D�O���G�L�D�J�Q�R�V�L�V���L�Q���������R�I���W�K�H���������F�D�V�H�V���������������G�H�V�F�U�L�E�H�G��20

The epidemiology of HP reported in the general population varies greatly 
with age, location, and occupation. A claims-based cohort in the United States 
that included 150 million people had��������������cases of HP over a 10-year period, 
for an annual incidence o�I�������������W�R�������������F�D�V�H�V���S�H�U�������������������L�Q�G�L�Y�L�G�X�D�O�V�����W�K�H��
�S�U�H�Y�D�O�H�Q�F�H���L�Q�F�U�H�D�V�H�G���Z�L�W�K���D�J�H���I�U�R�P�������������S�H�U�������������������L�Q���W�K�H���������W�R�������\�H�D�U���R�O�G��
age group to 11.2 per 100,000 �L�Q���W�K�H���������\�H�D�U�V���R�U���R�O�G�H�U���J�U�R�X�S��21 A retrospec- 
tive Danish study’s results showed an incidence of interstitial lung disease of 
4.1 per 100,000 inh�D�E�L�W�D�Q�W�V���S�H�U���\�H�D�U�����Z�L�W�K���+�3���E�H�L�Q�J���������R�I���W�K�R�V�H���F�D�V�H�V������ By 
�F�R�Q�W�U�D�V�W�����L�Q�Y�H�V�W�L�J�D�W�R�U�V���L�Q���D���S�U�R�V�S�H�F�W�L�Y�H���V�W�X�G�\���L�G�H�Q�W�L�¿ed 1,084 new cases of 
�L�Q�W�H�U�V�W�L�W�L�D�O���O�X�Q�J���G�L�V�H�D�V�H���I�U�R�P���������,�Q�G�L�D�Q���F�L�W�L�H�V���D�Q�G���I�R�X�Q�G���¿�Q�D�O���G�L�D�J�Q�R�V�H�V���R�I���+�3��
�L�Q�����������R�I���W�K�H���F�D�V�H�V��22 In England and Finland, the prevalence of farmer’s lung 
has been estimated to range from 10 to 200 per 100,000 inhabitants.23

More than 200 antigens are known to provoke HP. The antigens are often  
�W�L�H�G���W�R���R�F�F�X�S�D�W�L�R�Q�D�O���H�[�S�R�V�X�U�H�����Z�L�W�K���W�K�H���Q�D�P�H���R�I���W�K�H���G�L�V�H�D�V�H���U�H�À�H�F�W�L�Q�J���W�K�H��
profession or hobby of the patient: farmer’s lung, bird fancier’s lung, malt 
worker’s lung, hot tub lung, wind instrument alveolitis.24 Antigens can be 
�G�L�Y�L�G�H�G���L�Q�W�R�������F�D�W�H�J�R�U�L�H�V�²�E�D�F�W�H�U�L�D�����I�X�Q�J�L�����P�\�F�R�E�D�F�W�H�U�L�D�����S�U�R�W�H�L�Q�V�����F�K�H�P�L�F�D�O�V����
and metals.24,25���+�R�Z�H�Y�H�U�����W�K�H���F�D�X�V�D�O���D�Q�W�L�J�H�Q���L�V���Q�R�W���L�G�H�Q�W�L�¿�H�G���L�Q�����������W�R���������� 
�R�I���F�D�V�H�V�����5�H�S�R�U�W�H�G���F�D�V�H�V���R�I���+�3���U�H�O�D�W�H�G���W�R���H���F�L�J�D�U�H�W�W�H���X�V�H���K�L�J�K�O�L�J�K�W���W�K�H���G�L�I�¿-
�F�X�O�W�\���R�I���S�L�Q�S�R�L�Q�W�L�Q�J���D���V�S�H�F�L�¿�F���D�Q�W�L�J�H�Q��5,�� In pediatric reports, most cases are 
attributed to proteins in the serum or droppings of birds, including pigeons, 
doves, parakeets, budgerigars, canaries, and cockatoos. In these cases, dura- 
tion of exposure ranged from weeks to years, with location of exposure often 
within the house itself or a nearby pigeon coop. A source of HP in children 
can be exposure to a variety of molds, especially Aspergillus species, found  
in locations such as hay in a barn,���� grain dryers kept near the home on a 
farm,���� a basement shower,8 and standing water under the house.10

The immunologic pathogenesis of HP is complex and remains incom- 
�S�O�H�W�H�O�\���X�Q�G�H�U�V�W�R�R�G�����,�Q���������������6�W�L�H�K�P���H�W���D�O3 described features of both immune 
complex–mediated (type III) and T-cell–mediated (type IV) reactions in  
their cohort. There is no evidence of a role for either immediate-type hyper-
sensitivity (type I) or cytotoxic-mediated (type II) allergic reactions in the 
pathogenesis of HP. People with atopic tendencies are not affected more 
frequently than those without atopic tendencies.���������� The incidence of HP is 
lower in smokers than in nonsmokers,���� and current cigarette smokers had 
lower levels of serum immunoglobulin (Ig) G against pigeon antigens than  
did pigeon fanciers who did not smoke.30 The inhibitory effect of nicotine on 
alveolar macrophages has been suggested as a potential mechanism.���� A key 
unanswered question regarding the pathogenesis of HP is why relatively few 
individuals develop the disease given the universal presence of the instigating 
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antigens. Selman et al31 depicted a 2-hit hypothesis in which “antigen  
exposure acts as the inducing factor, and genetic or environmental factors  
act as promoting risk factors” (Figure 10-1).

Figure 10-1. Proposed mechanisms in the pathogenesis of hypersensitivity pneumonitis. Most 
exposed individuals develop an immune tolerance, and the antigen inhalation may result at 
most in a mild increase of local lymphocytes, without clinical consequences. The coexistence  
of genetic or environmental promoting factors provokes the development of an exaggerated 
immune reaction that results in marked lung in�ammation. The generation of the granuloma-
tous in�ammation requires, among others, the expression of Th1 cytokines, including tumor 
necrosis factor-�, IL-12, and interferon-�, as well as a toll-like receptor 9–mediated dendritic  
cell response, which is believed to promote Th1 skewing and prevent Th2 skewing during the 
development of the adaptive immune response. Subsequently, in the presence of progressing 
factors (ie, further exposure) or genetic predisposition, critical immunopathological changes 
occur in the lung microenvironment.
Reprinted with permission of the American Thoracic Society. Copyright © 2012 American Thoracic Society. All 
rights reserved. From Selman M, Pardo A, King TE Jr. Hypersensitivity pneumonitis: insights in diagnosis and 
pathobiology. Am J Respir Crit Care Med. 2012;186(4):314–324. doi: 10.1164/rccm.201203-0513CI. The American 
Journal of Respiratory and Critical Care Medicine is an o�cial journal of the American Thoracic Society.
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Differential Diagnosis  
of Hypersensitivity  

Pneumonitis in Children

Box 10-1

Infectious
	� Bacterial pneumonia

	� Blastomycosis

	� Brucellosis

	� Coccidioidomycosis

	� Histoplasmosis

	� HIV infection

	� Legionella infection

	� Mycoplasma infection

	� Psittacosis

	� Tuberculosis

Respiratory
	� Allergic bronchopulmonary  
aspergillosis

	� Asthma

	� Bronchiolitis obliterans  
organizing pneumonia

	� Cystic �brosis

	� E-cigarette or vaping  
use–associated lung injury

	� Interstitial lung disease of  
childhood of unknown cause

	� Recurrent pneumonia

Other
	� Immune de�ciency

	� Malignancy

	� Sarcoidosis

	� Systemic lupus erythematosus

Di�erential Diagnosis and Evaluation
�'�L�D�J�Q�R�V�L�Q�J���+�3���L�Q���F�K�L�O�G�U�H�Q���F�D�Q���E�H���G�L�I�¿�F�X�O�W���E�H�F�D�X�V�H���L�W���L�V���D���U�H�O�D�W�L�Y�H�O�\���U�D�U�H��
disease with variable manifestations and environmental triggers. Many of the 
signs and symptoms overlap with those of a range of infectious and respiratory 
illnesses (Box 10-1). Diagnosis depends on a high index of suspicion. The 
diagnosis of HP should be entertained in any child with fulminant respiratory 
symptoms with hypoxemia and restrictive physiology that resolves in the 
hospital and then recurs after discharge, prolonged respiratory symptoms of 

unknown cause, restrictive lung disease  
or interstitial lung disease without a  
clear cause, or a history of vaping.

�7�K�H�U�H���L�V���Q�R���G�H�¿�Q�L�W�L�Y�H���W�H�V�W���I�R�U���+�3�����0�X�O�W�L�S�O�H��
diagnostic criteria have been proposed,  
but currently there is no universally 
�D�F�F�H�S�W�H�G���G�H�¿�Q�L�W�L�R�Q��1,��,32 The 4 major cri- 
teria Richerson et al�� detailed are among 
the more commonly used: (1) history  
�D�Q�G���S�K�\�V�L�F�D�O���H�[�D�P�L�Q�D�W�L�R�Q���¿�Q�G�L�Q�J�V���D�Q�G��
�S�X�O�P�R�Q�D�U�\���I�X�Q�F�W�L�R�Q���¿�Q�G�L�Q�J�V���L�Q�G�L�F�D�W�H��
interstitial lung disease, (2) radiographic 
�¿�Q�G�L�Q�J�V���D�U�H���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���+�3�������������W�K�H�U�H�� 
is exposure to a recognized cause, and  
(4) there is antibody to the causative  
antigen. However, the causative agent  
is not always known. In a large case series, 
Hanak et al14 did not identify the cause in 
25% of cases of HP. A common practice is 
integration of the clinical, radiological, and 
�K�L�V�W�R�O�R�J�L�F�D�O���¿�Q�G�L�Q�J�V���E�\���D���P�X�O�W�L�G�L�V�F�L�S�O�L�Q�D�U�\��
team that reaches a consensus. Algorithms 
have been proposed for subacute or chro- 
nic HP.32,33 Uncommonly, HP has been 
diagnosed at explant in adult patients 
undergoing transplant for progressive 
interstitial lung disease.34

Given the prevalence of both respiratory 
infections and asthma in children, it is  
not surprising that many children ulti-
mately receiving a diagnosis of HP are  
�¿�U�V�W���W�U�H�D�W�H�G���Z�L�W�K���D�Q�W�L�E�L�R�W�L�F�V���R�U���D�V�W�K�P�D��
medications. Recurrence of symptoms  
or failure to improve with time and 
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treatment differentiates HP from most acute respiratory illnesses and from 
asthma. Restrictive lung disease, clubbing, and reduced DLCO are frequent 
�¿�Q�G�L�Q�J�V���L�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���+�3���E�X�W���U�D�U�H���L�Q���W�K�R�V�H���Z�L�W�K���D�V�W�K�P�D�����$���S�U�R�O�R�Q�J�H�G���F�R�X�U�V�H��
of illness, weight loss, and fevers may prompt an evaluation for tuberculosis, 
�+�,�9�����P�D�O�L�J�Q�D�Q�F�\�����R�U���L�P�P�X�Q�H���G�H�¿�F�L�H�Q�F�\�����$���I�D�O�V�H���S�R�V�L�W�L�Y�H���H�Q�]�\�P�H���O�L�Q�N�H�G��
immunosorbent assay for HIV has been reported in a boy with symptoms  
of cough, progressive dyspnea, and weight loss who eventually had HP 
diagnosed.35���&�\�V�W�L�F���¿�E�U�R�V�L�V���D�Q�G���D�O�O�H�U�J�L�F���E�U�R�Q�F�K�R�S�X�O�P�R�Q�D�U�\���D�V�S�H�U�J�L�O�O�R�V�L�V��
(ABPA) are often considered in these patients. Sweat chloride quantitation  
�D�Q�G���J�H�Q�H�W�L�F���V�W�X�G�L�H�V���S�H�U�P�L�W���H�Y�D�O�X�D�W�L�R�Q���I�R�U���F�\�V�W�L�F���¿�E�U�R�V�L�V�����$�O�O�H�U�J�L�F���E�U�R�Q�F�K�R�S�X�O-
�P�R�Q�D�U�\���D�V�S�H�U�J�L�O�O�R�V�L�V���R�F�F�X�U�V���S�U�L�P�D�U�L�O�\���L�Q���W�K�R�V�H���Z�L�W�K���D�V�W�K�P�D���R�U���F�\�V�W�L�F���¿�E�U�R�V�L�V��
�D�Q�G���L�V���D�O�Z�D�\�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D�O�O�H�U�J�H�Q���V�S�H�F�L�¿�F���,�J�(���W�R��Aspergillus detectable 
with an allergy skin test or an in vitro blood test.���� Although a positive test  
for precipitins to Aspergillus fumigatus can be found in both HP and ABPA, 
eosinophilia is present in ABPA but not in HP. Allergic bronchopulmonary 
aspergillosis typically has a pattern of obstructive lung disease in contrast to 
that of HP, which usually manifests as restrictive lung disease. The sequela  
of ABPA is bronchiectasis of the proximal airways, whereas long-standing  
�R�U���U�H�F�X�U�U�L�Q�J���+�3���F�D�Q���O�H�D�G���W�R���S�X�O�P�R�Q�D�U�\���¿�E�U�R�V�L�V��

Evaluation of any patient suspected of having HP should include a detailed 
�K�L�V�W�R�U�\�����Z�L�W�K���V�S�H�F�L�¿�F���L�Q�T�X�L�U�L�H�V���D�E�R�X�W���H�[�S�R�V�X�U�H���W�R���N�Q�R�Z�Q���V�R�X�U�F�H�V���R�I���+�3�����V�X�F�K��
as birds, hay, and e-cigarettes. A thorough physical examination is important, 
with particular evaluation for weight loss, tachypnea, hypoxemia, crackles, 
and clubbing. Pulmonary function studies, including spirometry, total lung 
volumes, and DLCO should be performed if the child is able to cooperate. A 
�F�K�H�V�W���U�D�G�L�R�J�U�D�S�K���Z�L�O�O���X�V�X�D�O�O�\���G�H�P�R�Q�V�W�U�D�W�H���¿�Q�G�L�Q�J�V���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���L�Q�W�H�U�V�W�L�W�L�D�O��
lung disease. High-resolution computed tomography is more sensitive, but  
�Q�R�W���V�S�H�F�L�¿�F�����'�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���F�O�L�Q�L�F�D�O���S�U�H�V�H�Q�W�D�W�L�R�Q�����R�Q�H���P�D�\���F�K�R�R�V�H���W�R��
evaluate the patient for pulmonary artery hypertension, which has been 
described in HP.12,����

Laboratory evaluation for HP may reveal neutrophilia or lymphopenia after 
acute exposure, but eosinophilia is not expected.�� Elevated levels of IgG, IgM, 
or IgA subtypes; erythrocyte sedimentation rate; or C-reactive protein levels 
�R�F�F�D�V�L�R�Q�D�O�O�\���R�F�F�X�U�����7�K�H�V�H���¿�Q�G�L�Q�J�V���D�U�H���Q�R�W���V�S�H�F�L�¿�F���D�Q�G���D�U�H���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K��
�D�F�X�W�H���D�Q�G���F�K�U�R�Q�L�F���L�Q�À�D�P�P�D�W�L�R�Q�����$�Q���H�O�H�Y�D�W�H�G���,�J�(���O�H�Y�H�O���G�R�H�V���Q�R�W���L�Q�G�L�F�D�W�H���+�3��
because an elevated IgE level accompanies a type I allergic process, whereas 
�+�3���L�V���F�K�D�U�D�F�W�H�U�L�]�H�G���E�\���W�\�S�H���,�,�,���L�Q�À�D�P�P�D�W�L�R�Q���D�Q�G���D�Q���H�O�H�Y�D�W�H�G���,�J�*���O�H�Y�H�O������ 
�3�R�V�L�W�L�Y�H���S�U�H�F�L�S�L�W�D�W�L�Q�J���D�Q�W�L�E�R�G�L�H�V���V�S�H�F�L�¿�F���W�R���W�K�H���V�X�V�S�H�F�W�H�G���D�J�H�Q�W���F�R�Q�¿�U�P��
adequate exposure to the agent to generate a humoral immune response and 
are supportive of a diagnosis but do not indicate disease.�� People who have 
been exposed but do not have symptoms may have positive precipitins to a 
given antigen.30,38 Although commercial tests for common serum precipitins 
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are available (Figure 10-2), nega- 
tive test results do not rule out the 
diagnosis of HP. Commercial tests 
have been inaccurate in some cases 
and may not include the source of 
exposure.�����������,�Q���������������5�R�X�]�H�W���H�W���D�O���� 
�L�G�H�Q�W�L�¿�H�G�������E�L�R�P�D�U�N�H�U�V���R�I���E�L�U�G���I�D�Q�� 
cier’s lung that discriminate between 
those who have been exposed and 
those with disease with good sen- 
�V�L�W�L�Y�L�W�\���D�Q�G���V�S�H�F�L�¿�F�L�W�\�����D�Q�G���W�K�H�\��
proposed using these markers for 
future diagnosis.

When the evaluation results provide a 
high probability of an HP diagnosis,40 
proceeding to bronchoscopy or lung 
biopsy is not needed. When broncho- 
scopy is performed, the broncho- 

�D�O�Y�H�R�O�D�U���O�D�Y�D�J�H���À�X�L�G���R�I���S�D�W�L�H�Q�W�V���Z�L�W�K���+�3���G�H�P�R�Q�V�W�U�D�W�H�V���O�\�P�S�K�R�F�\�W�R�V�L�V��10,15,41  
�7�K�H���F�H�O�O�X�O�D�U���S�U�R�¿�O�H���P�D�\���G�H�S�H�Q�G���R�Q���W�K�H���W�L�P�L�Q�J���R�I���H�[�S�R�V�X�U�H���W�R���W�K�H���D�Q�W�L�J�H�Q�����Z�L�W�K��
CD8 cells predominating after recent exposure.15 The lung biopsy histological 
�¿�Q�G�L�Q�J�V���L�Q���F�K�L�O�G�U�H�Q3,12,13���D�U�H���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���W�K�H���F�K�D�U�D�F�W�H�U�L�V�W�L�F���¿�Q�G�L�Q�J�V���R�I��
�E�U�R�Q�F�K�L�R�O�R�F�H�Q�W�U�L�F���L�Q�W�H�U�V�W�L�W�L�D�O���L�Q�À�D�P�P�D�W�L�R�Q�����F�R�P�S�R�V�H�G���P�R�V�W�O�\���R�I���O�\�P�S�K�R�F�\�W�H�V��1 
Interstitial nonnecrotizing granulomas are found in many cases.1,42 In individu-
als with interstitial lung disease of unknown cause, lung biopsy results can be 
essential for diagnosing HP (see Case Report 10-2).8,42

Provocation tests, in which the suspected antigen is administered in an  
�D�H�U�R�V�R�O�L�]�H�G���I�R�U�P�����K�D�Y�H���E�H�H�Q���X�V�H�G���W�R���D�L�G���L�Q���G�L�D�J�Q�R�V�L�Q�J���+�3���D�Q�G���W�R���F�R�Q�¿�U�P�� 
the environmental trigger. After the exposure, the patient is observed for 
recurrence of symptoms. The use of this type of test is limited by lack of 
standardized antigens, the possibility of contamination of the aerosol by non- 
�V�S�H�F�L�¿�F���L�U�U�L�W�D�Q�W�V�����D�Q�G���W�K�H���Q�H�H�G���W�R���D�G�P�L�Q�L�V�W�H�U���W�K�H���W�H�V�W���L�Q���D���V�S�H�F�L�D�O�L�]�H�G���F�H�Q�W�H�U��1  
In some patients, purposeful exposure to the environment in question can be 
helpful diagnostically, as can a trial period during which the patient is not 
exposed to the suspected trigger.��

Treatment and Prognosis
The usual treatment for HP is removing the suspected antigen from the 
�S�D�W�L�H�Q�W�¶�V���H�Q�Y�L�U�R�Q�P�H�Q�W�����&�R�U�W�L�F�R�V�W�H�U�R�L�G�V���D�U�H���L�Q�G�L�F�D�W�H�G���I�R�U���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W��
symptoms. Outcomes in adults and children depend on cessation of exposure 
to the trigger. Studies document improvement after the exposure to the antigen 
in question was halted but continued or recurrent deterioration in respiratory 

Figure 10-2. Precipitin test. The patient’s  
serum is in the center well. The peripheral  
wells contain (1) pigeon droppings, (2) pigeon 
serum, (3) chicken serum, (4) canary serum,  
(5) parakeet serum, and (6) parrot serum.  
Wells 1 and 2 are positive.
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status when exposure continued.8,43 Antigens can remain in the home even  
18 months after removal of the source, and, in some cases, families have 
moved from their homes to halt exposure.13,���� Prognosis ranges from complete 
resolution of symptoms3 to death.44 Risk factors for worse prognosis include 
�S�X�O�P�R�Q�D�U�\���¿�E�U�R�V�L�V���G�R�F�X�P�H�Q�W�H�G���D�W���O�X�Q�J���E�L�R�S�V�\���D�W���W�K�H���W�L�P�H���R�I���G�L�D�J�Q�R�V�L�V��45,���� 
increased levels of the chitinase-like protein YKL-40,���� and coexisting  
autoimmune disease.48 Patients who undergo lung transplant because of HP 
have a reduced risk of posttransplant death than do patients with idiopathic 
�S�X�O�P�R�Q�D�U�\���¿�E�U�R�V�L�V��34

�)�H�Z���V�W�X�G�L�H�V���D�G�G�U�H�V�V���W�K�H���H�I�¿�F�D�F�\���R�I���V�\�V�W�H�P�L�F���F�R�U�W�L�F�R�V�W�H�U�R�L�G���W�U�H�D�W�P�H�Q�W���L�Q���+�3����
Available data suggest that corticosteroids hasten the recovery from acute 
�+�3���E�X�W���K�D�Y�H���Q�R���E�H�Q�H�¿�F�L�D�O���H�I�I�H�F�W���R�Q���O�R�Q�J���W�H�U�P���S�U�R�J�Q�R�V�L�V������,50 A case report 
�G�H�V�F�U�L�E�H�V���F�O�L�Q�L�F�D�O���H�I�¿�F�D�F�\���R�I���L�Q�K�D�O�H�G���F�R�U�W�L�F�R�V�W�H�U�R�L�G���I�R�U���D���S�D�W�L�H�Q�W�¶�V���U�H�F�X�U�U�H�Q�W��
HP, but not for her initial presentation of HP, which was more severe than the 
recurrent episodes.51

There are no clinical trials that address the merits of treatment with corti- 
costeroids for HP in children, in either the short or long term. Prednisone is  
the corticosteroid most frequently used, with treatment duration ranging from 
weeks to months. The usual starting dose would be 1 to 2 mg/kg for 2 weeks 
and subsequent doses depending on response. Monthly methylprednisolone  
has also been used, as well as other immunosuppressive drugs.52 Investiga- 
tors in a retrospective, single-center Danish study described the outcomes  
�L�Q���������F�K�L�O�G�U�H�Q���Z�L�W�K���E�L�R�S�V�\���F�R�Q�¿�U�P�H�G���+�3���Z�K�R���Z�H�U�H���Q�R�W���W�U�H�D�W�H�G���Z�L�W�K���D�� 
standardized protocol but who all were treated with monthly high-dose 

A 10-year-old boy presented with symptoms of fever, night sweats, chronic 
cough, and wheezing. No environmental history of exposure to birds, farm 
animals, or farm materials was obtained. Chest radiography and pulmonary 
function testing indicated restrictive lung disease. Commercial serum precipitin 
tests were negative. The boy had many features consistent with sarcoidosis, 
including restrictive lung disease, decreased di�using capacity, increased 
angiotensin-converting enzyme levels, suggestive gallium scanning results, 
and a positive response to corticosteroids. Lung biopsy results revealed pre- 
dominant lymphoid interstitial in�ltrate with features that distinguished 
hypersensitivity pneumonitis from sarcoidosis. There was a noncaseating 
granuloma that was peribronchiolar rather than interstitial in location and 
composed of poorly organized aggregates of giant cells rather than the large, 
discrete granulomas characteristic of sarcoidosis. The lung biopsy results 
prompted further environmental evaluation and ultimately yielded discovery 
of the inciting antigen.

CASE REPORT 10�2
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intravenous methylprednisolone. Multiple lung function parameters, including 
FEV1, FVC, total lung capacity, DLCO, and the ratio of DLCO to alveolar volume, 
�L�P�S�U�R�Y�H�G���L�Q���D�O�O���F�K�L�O�G�U�H�Q���D�W�������D�Q�G�������P�R�Q�W�K�V���R�I���W�U�H�D�W�P�H�Q�W������ In a cross-sectional, 
�I�R�O�O�R�Z���X�S���V�W�X�G�\���R�I���W�K�L�V���F�R�K�R�U�W�������������R�I���������S�D�W�L�H�Q�W�V���K�D�G���D���O�R�Z���O�X�Q�J���F�O�H�D�U�D�Q�F�H��
�L�Q�G�H�[�����E�X�W�����������K�D�G���Q�R�U�P�D�O���V�S�L�U�R�P�H�W�U�\���U�H�V�X�O�W�V��52

key points

���} Hypersensitivity pneumonitis is a complex disorder with variable  
manifestation.

���} Consider a diagnosis of HP in any child with
���³ Restrictive lung disease.
���³ Interstitial lung disease without a clear cause.
���³ Fulminant respiratory symptoms that resolve in the hospital and then recur.
���³ Unexplained persistent respiratory symptoms or recurrent pneumonia.
���³ Bronchiolitis obliterans organizing pneumonia without an underlying  
risk factor.

���³ A history of vaping.
���} Take an environmental history and consider an unknown or not yet described 
environmental trigger.

���} Hypersensitivity pneumonitis is not mediated via IgE; normal IgE levels or 
negative results of a skin prick test to a speci�c antigen are not relevant for  
the diagnosis.

���} If pediatric interstitial lung disease is without a clear cause, a lung biopsy may 
prove essential to ascertain the diagnosis.

���} A timely HP diagnosis can have a substantial e�ect on outcomes.
���³ Lack of diagnosis and continued exposure to the antigen can lead to 
end-stage lung disease from pulmonary �brosis and even death.

���³ Prompt diagnosis and removal from exposure to the antigen can result in 
complete recovery.

���} Consider consultation with a pediatric pulmonologist in the evaluation of any 
child in whom HP is suspected or in any child treated for asthma whose 
symptoms do not improve as expected.

���} Expect to see this diagnosis more often in the future.
���³ The underdiagnosis of HP is likely to change as diagnostic criteria become  
more clear.

���³ The epidemiology of HP may change with increased exposure of the 
pediatric population to inhaled antigens contained in e-cigarettes and  
other sources.
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Eosinophilic Pneumonia
Peter H. Michelson, MD, MS

Introduction
Eosinophilia is found in a wide variety of respiratory illnesses, but eosino-
philic pneumonia���L�V���D���V�S�H�F�L�¿�F���F�R�Q�G�L�W�L�R�Q���F�K�D�U�D�F�W�H�U�L�]�H�G���S�U�L�P�D�U�L�O�\���E�\���L�Q�¿�O�W�U�D�W�L�R�Q��
�R�I���H�R�V�L�Q�R�S�K�L�O�V���L�Q�W�R���W�K�H���O�X�Q�J���S�D�U�H�Q�F�K�\�P�D��1,2���(�R�V�L�Q�R�S�K�L�O�L�F���S�Q�H�X�P�R�Q�L�D���F�D�Q���E�H��
�I�X�U�W�K�H�U���G�L�Y�L�G�H�G���L�Q�W�R���D�F�X�W�H���D�Q�G���F�K�U�R�Q�L�F���H�R�V�L�Q�R�S�K�L�O�L�F���S�Q�H�X�P�R�Q�L�D���E�D�V�H�G���R�Q���W�K�H��
�G�X�U�D�W�L�R�Q���R�I���V�\�P�S�W�R�P�V���D�Q�G���W�K�H���U�H�V�S�R�Q�V�H���W�R���W�K�H�U�D�S�\��3,4���$�O�W�K�R�X�J�K���Q�R���V�S�H�F�L�¿�F��
�F�D�X�V�D�W�L�Y�H���D�J�H�Q�W���K�D�V���E�H�H�Q���G�H�W�H�U�P�L�Q�H�G�����D�F�X�W�H���H�R�V�L�Q�R�S�K�L�O�L�F���S�Q�H�X�P�R�Q�L�D�����$�(�3����
�K�D�V���E�H�H�Q���U�H�S�R�U�W�H�G���I�R�O�O�R�Z�L�Q�J���H�[�S�R�V�X�U�H�V���W�R���P�X�O�W�L�S�O�H���D�J�H�Q�W�V�����L�Q�F�O�X�G�L�Q�J���P�H�G�L�� 
�F�D�W�L�R�Q�V�����L�Q�G�X�V�W�U�L�D�O���D�J�H�Q�W�V�����K�L�J�K���G�X�V�W���H�[�S�R�V�X�U�H�����D�Q�G���W�R�E�D�F�F�R���V�P�R�N�H��5 Environ��
�P�H�Q�W�D�O���F�R�Q�W�D�P�L�Q�D�Q�W�V���K�D�Y�H���E�H�H�Q���U�H�S�R�U�W�H�G���Z�L�W�K���$�(�3���G�H�V�F�U�L�E�H�G���L�Q���8�6���P�L�O�L�W�D�U�\��
personnel in Iraq6���D�V���Z�H�O�O���D�V���L�Q���U�H�V�F�X�H���Z�R�U�N�H�U�V���H�[�S�R�V�H�G���I�R�O�O�R�Z�L�Q�J���W�K�H�� 
�6�H�S�W�H�P�E�H�U�����������������������W�H�U�U�R�U�L�V�W���D�W�W�D�F�N���R�Q���W�K�H���:�R�U�O�G���7�U�D�G�H���&�H�Q�W�H�U��7

�&�D�V�H���V�H�U�L�H�V���R�I���$�(�3���V�X�J�J�H�V�W���W�K�D�W���P�R�U�H���W�K�D�Q�����������R�I���S�D�W�L�H�Q�W�V���S�U�H�V�H�Q�W���Z�L�W�K�� 
�D�F�X�W�H���R�Q�V�H�W���I�H�Y�H�U�����V�H�Y�H�U�H���K�\�S�R�[�H�P�L�D�����G�\�V�S�Q�H�D�����D�Q�G���F�R�X�J�K�������'�L�I�I�X�V�H���S�X�O�P�R�� 
�Q�D�U�\���L�Q�¿�O�W�U�D�W�H�V���D�U�H���V�H�H�Q���R�Q���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�\�����K�L�J�K���U�H�V�R�O�X�W�L�R�Q���F�R�P�S�X�W�H�G��
�W�R�P�R�J�U�D�S�K�\�����&�7�����V�F�D�Q�Q�L�Q�J���U�H�Y�H�D�O�V���J�U�R�X�Q�G���J�O�D�V�V���R�S�D�F�L�W�\���L�Q���P�R�V�W���S�D�W�L�H�Q�W�V��9–11 
�,�Q���F�K�L�O�G�U�H�Q�����W�K�H���R�Q�V�H�W���R�I���V�\�P�S�W�R�P�V���L�V���U�D�S�L�G�����Z�L�W�K���S�U�R�J�U�H�V�V�L�R�Q���W�R���U�H�V�S�L�U�D�W�R�U�\��
�I�D�L�O�X�U�H���U�H�T�X�L�U�L�Q�J���P�H�F�K�D�Q�L�F�D�O���Y�H�Q�W�L�O�D�W�L�R�Q��12���6�L�Q�F�H���W�K�L�V���F�R�Q�G�L�W�L�R�Q���V�R���F�O�R�V�H�O�\��
�V�L�P�X�O�D�W�H�V���D�F�X�W�H���U�H�V�S�L�U�D�W�R�U�\���G�L�V�W�U�H�V�V���V�\�Q�G�U�R�P�H�����D�J�J�U�H�V�V�L�Y�H���W�K�H�U�D�S�H�X�W�L�F�� 
�L�Q�W�H�U�Y�H�Q�W�L�R�Q�V���V�K�R�X�O�G���E�H���X�Q�G�H�U�W�D�N�H�Q���F�R�Q�F�X�U�U�H�Q�W�O�\���Z�L�W�K���W�K�H���L�Q�L�W�L�D�O���G�L�D�J�� 
�Q�R�V�W�L�F���V�W�H�S�V��5���)�O�X�L�G���V�W�D�E�L�O�L�]�D�W�L�R�Q�����Y�H�Q�W�L�O�D�W�R�U�\���V�X�S�S�R�U�W�����D�Q�G���W�K�H���L�Q�L�W�L�D�W�L�R�Q�� 
�R�I���E�U�R�D�G���V�S�H�F�W�U�X�P���D�Q�W�L�E�L�R�W�L�F�V���D�U�H���X�V�X�D�O�O�\���Z�D�U�U�D�Q�W�H�G�����%�U�R�Q�F�K�R�V�F�R�S�\���D�Q�G��
�E�U�R�Q�F�K�R�D�O�Y�H�R�O�D�U���O�D�Y�D�J�H�����%�$�/�����F�D�Q���E�H���X�V�H�G���W�R���G�R�F�X�P�H�Q�W���H�R�V�L�Q�R�S�K�L�O�L�D���L�Q���D��
�O�R�Z�H�U���D�L�U�Z�D�\���V�D�P�S�O�H��13,14

�&�K�U�R�Q�L�F���H�R�V�L�Q�R�S�K�L�O�L�F���S�Q�H�X�P�R�Q�L�D�����&�(�3�����L�V���O�H�V�V���F�R�P�P�R�Q�O�\���V�H�H�Q���L�Q���S�H�G�L�D�W�U�L�F�V��
�D�Q�G���G�L�I�I�H�U�H�Q�W�L�D�W�H�G���E�\���L�W�V���I�H�P�D�O�H���S�U�H�G�R�P�L�Q�D�Q�F�H�������������I�H�P�D�O�H���W�R���P�D�O�H���U�D�W�L�R������ 
�R�O�G�H�U���D�J�H���R�I���G�L�V�H�D�V�H���R�Q�V�H�W�����P�H�D�Q���D�J�H���������\�H�D�U�V�������D�Q�G���L�Q�F�U�H�D�V�H�G���L�Q�F�L�G�H�Q�F�H���R�I��
�E�R�W�K���D�V�W�K�P�D���D�Q�G���D�W�R�S�\��1,15–17���6�\�P�S�W�R�P�V���R�I���&�(�3���D�U�H���V�L�P�L�O�D�U���W�R���$�(�3���L�Q���S�U�H�V�H�Q�W�D��
�W�L�R�Q���E�X�W���S�U�R�J�U�H�V�V���P�R�U�H���V�O�R�Z�O�\�����R�I�W�H�Q���H�[�W�H�Q�G�L�Q�J���P�R�Q�W�K�V���I�U�R�P���W�K�H���L�Q�L�W�L�D�O��
�S�U�H�V�H�Q�W�D�W�L�R�Q�����%�U�R�Q�F�K�R�D�O�Y�H�R�O�D�U���O�D�Y�D�J�H���H�[�D�P�L�Q�D�W�L�R�Q���L�V���D�O�V�R���L�Q�G�L�F�D�W�H�G���W�R���H�Y�D�O�X�D�W�H��
�I�R�U���&�(�3���D�Q�G���K�D�V���U�H�S�O�D�F�H�G���R�S�H�Q���O�X�Q�J���E�L�R�S�V�\���D�V���W�K�H���S�U�H�G�R�P�L�Q�D�Q�W���G�L�D�J�Q�R�V�W�L�F��
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�S�U�R�F�H�G�X�U�H�����,�I���W�K�H�U�H���L�V���F�R�Q�F�H�U�Q���D�E�R�X�W���D�V�V�R�F�L�D�W�H�G���H�[�W�U�D�S�X�O�P�R�Q�D�U�\���L�Q�Y�R�O�Y�H�P�H�Q�W����
�W�K�H�Q���W�K�H���V�\�V�W�H�P�L�F���H�R�V�L�Q�R�S�K�L�O�L�F���V�\�Q�G�U�R�P�H�V���Q�H�H�G���W�R���E�H���F�R�Q�V�L�G�H�U�H�G������

Presentation
�3�D�W�L�H�Q�W�V���Z�L�W�K���$�(�3���S�U�H�G�R�P�L�Q�D�Q�W�O�\���S�U�H�V�H�Q�W���Z�L�W�K���D�F�X�W�H���R�Q�V�H�W���I�H�Y�H�U�����G�\�V�S�Q�H�D����
�K�\�S�R�[�H�P�L�D�����D�Q�G���F�R�X�J�K��5,19���7�K�H���D�J�H���D�W���S�U�H�V�H�Q�W�D�W�L�R�Q���U�D�Q�J�H�V���I�U�R�P���D�G�R�O�H�V�F�H�Q�F�H�� 
�W�R���\�R�X�Q�J���D�G�X�O�W�����W�K�H���D�Y�H�U�D�J�H���R�Q�V�H�W���R�I���V�\�P�S�W�R�P�V���S�U�L�R�U���W�R���G�L�D�J�Q�R�V�L�V���L�V���D�S�S�U�R�[�L��
�P�D�W�H�O�\�������G�D�\�V������ In addition to the acuity of presentation, the severity of the 
�K�\�S�R�[�H�P�L�D���D�Q�G���W�K�H���O�D�F�N���R�I���D���F�R�Q�¿�U�P�H�G���G�L�D�J�Q�R�V�L�V���R�I���W�K�H���U�H�V�S�L�U�D�W�R�U�\���G�L�V�W�U�H�V�V��
�D�U�H���I�H�D�W�X�U�H�V���R�I���$�(�3�����3�R�S�H���+�D�U�P�D�Q���H�W���D�O���S�U�R�S�R�V�H�G���G�L�D�J�Q�R�V�W�L�F���F�U�L�W�H�U�L�D14 that 
�L�Q�F�O�X�G�H�G�����������D�F�X�W�H���R�Q�V�H�W������ �����G�D�\�V���R�I���V�\�P�S�W�R�P�V���������������I�H�Y�H�U�������������E�L�O�D�W�H�U�D�O���L�Q�¿�O��
�W�U�D�W�H�V���R�Q���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�������������V�H�Y�H�U�H���K�\�S�R�[�H�P�L�D�����D�U�W�H�U�L�D�O���3O2���R�Q���U�R�R�P���D�L�U�� 
�” �������P�P���+�J���������������O�X�Q�J���H�R�V�L�Q�R�S�K�L�O�L�D�����D�Q�G�����������Q�R���R�W�K�H�U���H�Y�L�G�H�Q�F�H���R�I���L�Q�I�H�F�W�L�R�Q����
�K�\�S�H�U�V�H�Q�V�L�W�L�Y�L�W�\���W�R���G�U�X�J�V�����R�U���R�W�K�H�U���N�Q�R�Z�Q���F�D�X�V�H�V���R�I���D�F�X�W�H���H�R�V�L�Q�R�S�K�L�O�L�F���O�X�Q�J��
�G�L�V�H�D�V�H�����0�R�U�H���U�H�F�H�Q�W���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V�����W�K�H���P�R�G�L�¿�H�G���3�K�L�O�L�W���F�U�L�W�H�U�L�D�����V�X�J�J�H�V�W��
�³�G�H�¿�Q�L�W�H�´���$�(�3���F�D�Q���E�H���G�L�D�J�Q�R�V�H�G���E�\�����������D�F�X�W�H���U�H�V�S�L�U�D�W�R�U�\���L�O�O�Q�H�V�V���R�I���” �����P�R�Q�W�K��
�G�X�U�D�W�L�R�Q�������������L�Q�¿�O�W�U�D�W�H�V���R�Q���H�L�W�K�H�U���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K���R�U���&�7�������������S�X�O�P�R�Q�D�U�\��
�H�R�V�L�Q�R�S�K�L�O�L�D�����D�V���G�H�P�R�Q�V�W�U�D�W�H�G���E�\���H�L�W�K�H�U���• ���������H�R�V�L�Q�R�S�K�L�O�V���L�Q���%�$�/���À�X�L�G���R�U��
�H�R�V�L�Q�R�S�K�L�O�L�F���S�Q�H�X�P�R�Q�L�D���R�Q���O�X�Q�J���E�L�R�S�V�\�����D�Q�G�����������D�E�V�H�Q�F�H���R�I���R�W�K�H�U���V�S�H�F�L�¿�F��
�H�R�V�L�Q�R�S�K�L�O�L�F���O�X�Q�J���G�L�V�H�D�V�H�V��3,�������7�R���D�V�V�H�V�V���I�R�U���O�X�Q�J���H�R�V�L�Q�R�S�K�L�O�L�D�����E�U�R�Q�F�K�R�V�F�R�S�\��
�Z�L�W�K���%�$�/���L�V���Q�H�H�G�H�G���W�R���G�R�F�X�P�H�Q�W���D���G�L�I�I�H�U�H�Q�W�L�D�O���R�I���• �����������Z�K�L�F�K���K�D�V���E�H�H�Q��
�S�U�R�S�R�V�H�G���W�R���E�H���R�Q�H���R�I���W�K�H���G�L�D�J�Q�R�V�W�L�F���F�U�L�W�H�U�L�D���I�R�U���$�(�3�����D�V���Z�H�O�O���D�V���W�R���F�R�Q�¿�U�P�� 
�Q�R���R�W�K�H�U���L�Q�I�H�F�W�L�R�X�V���H�W�L�R�O�R�J�\��14,21,22���7�K�H���D�S�S�U�R�D�F�K���W�R���H�Y�D�O�X�D�W�L�R�Q���R�I���$�(�3���L�V�� 
shown in Box 11-1��

�7�K�H���D�J�H���U�D�Q�J�H���D�W���S�U�H�V�H�Q�W�D�W�L�R�Q���I�R�U���$�(�3���K�D�V���E�H�H�Q���U�H�S�R�U�W�H�G���Z�L�W�K���D���P�H�D�Q���R�I�� 
�������\�H�D�U�V�����S�D�W�L�H�Q�W���V�H�U�L�H�V���K�D�Y�H���U�H�S�R�U�W�H�G���S�H�G�L�D�W�U�L�F���S�D�W�L�H�Q�W�V�����D�J�H�G���������W�R���������\�H�D�U�V��5 
�Z�L�W�K���D���P�D�[�L�P�X�P���U�H�S�R�U�W�H�G���D�J�H���R�I���������\�H�D�U�V�����3�U�H�V�H�Q�W�D�W�L�R�Q�V���D�U�H���W�\�S�L�F�D�O���D�F�U�R�V�V���D�O�O��
�D�J�H���U�D�Q�J�H�V���Z�L�W�K���Q�R���F�R�Q�V�L�V�W�H�Q�W���D�V�V�R�F�L�D�W�L�R�Q���R�I���D�V�W�K�P�D���D�Q�G���R�Q�O�\���D�Q���L�Q�F�R�Q�V�L�V�W�H�Q�W��
�K�L�V�W�R�U�\���R�I���D�W�R�S�\�����7�R�E�D�F�F�R���X�V�H���K�D�V���E�H�H�Q���F�R�P�P�R�Q�O�\���O�L�Q�N�H�G���W�R���$�(�3�����Z�L�W�K���V�R�P�H��
�V�W�X�G�L�H�V���U�H�S�R�U�W�L�Q�J���X�S���W�R���W�Z�R���W�K�L�U�G�V���R�I���S�D�W�L�H�Q�W�V���K�D�Y�L�Q�J���D���K�L�V�W�R�U�\���R�I���W�R�E�D�F�F�R���X�V�H����
�P�D�Q�\���Z�L�W�K���U�H�F�H�Q�W���L�Q�L�W�L�D�W�L�R�Q���R�I���V�P�R�N�L�Q�J�����,�Q���F�R�Q�V�L�G�H�U�L�Q�J���W�K�H���U�D�W�H���R�I���W�R�E�D�F�F�R��
�X�V�D�J�H���F�R�Q�W�U�D�V�W�H�G���Z�L�W�K���W�K�H���U�D�U�L�W�\���R�I���$�(�3�����D���G�L�U�H�F�W���F�D�X�V�D�W�L�Y�H���U�H�O�D�W�L�R�Q�V�K�L�S���L�V��
�X�Q�O�L�N�H�O�\�����E�X�W���I�X�U�W�K�H�U���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���R�I���W�K�L�V���O�L�Q�N���L�V���Q�H�H�G�H�G��23���0�R�U�H���O�L�N�H�O�\�����O�X�Q�J��
injury, perhaps enhanced by or associated with tobacco use, contributes to  
�W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���$�(�3��24���&�D�V�H���U�H�S�R�U�W�V���K�D�Y�H���O�L�Q�N�H�G���H���F�L�J�D�U�H�W�W�H���X�V�H���W�R���$�(�325����
�K�R�Z�H�Y�H�U�����Y�D�S�L�Q�J���U�H�O�D�W�H�G���D�F�X�W�H���O�X�Q�J���L�Q�M�X�U�\�����9�S�$�/�,�����D�Q�G���H���F�L�J�D�U�H�W�W�H���R�U���Y�D�S�L�Q�J��
�X�V�H���D�V�V�R�F�L�D�W�H�G���O�X�Q�J���L�Q�M�X�U�\�����(�9�$�/�,�����D�S�S�H�D�U���W�R���E�H���P�R�U�H���I�U�H�T�X�H�Q�W�O�\���F�R�Q�V�L�V�W�H�Q�W��
�Z�L�W�K���H�L�W�K�H�U���D���W�R�[�L�F���L�Q�K�D�O�D�W�L�R�Q���L�Q�M�X�U�\���R�U���O�L�S�R�L�G���S�Q�H�X�P�R�Q�L�D�������±����

Outdoor exposures to dust and other triggers have been reported to result  
�L�Q���$�(�3��3���7�K�H�V�H���H�[�S�R�V�X�U�H�V���L�Q�F�O�X�G�H���W�H�D�U���J�D�V�����Z�R�U�N�S�O�D�F�H���U�H�Q�R�Y�D�W�L�R�Q�V�����I�X�Q�J�D�O��
�V�S�R�U�H�V�����D�Q�G���P�H�G�L�F�D�W�L�R�Q�V��9���7�U�L�J�J�H�U�V���U�H�V�X�O�W�L�Q�J���L�Q���$�(�3���K�D�Y�H���D�O�V�R���L�Q�F�O�X�G�H�G��
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Chapter 11—Eosinophilic Pneumonia

Algorithm for the Evaluation of  
Acute Eosinophilic Pneumonia

Box 11-1

A. History
1. Previously healthy individual
2. Acute onset dyspnea
3. Recent outdoor activity with extensive dust exposure
4. Possible recent tobacco use

B. Presentation
1. Cough
2. Fever
3. Chest pain
4. Tachypnea
5. Tachycardia	
6. Crackles on physical examination

C. Laboratory evaluation
1. Bilateral in�ltrates on chest radiography
2. Computed tomography with ground-glass opacities
3. Room air Pao2 < 60 mm Hg
4. Bronchoalveolar lavage eosinophilia � 25%
5. Negative infectious workup

D. Diagnostic criteria
1. Acute onset of symptoms within 7 days of presentation
2. Fever
3. Bilateral in�ltrates on chest radiography
4. Severe hypoxemia
5. Bronchoalveolar lavage or pulmonary eosinophilia
6. No other known cause of acute eosinophilia

E. Treatment
Systemic steroids

�¿�U�H�¿�J�K�W�H�U�V���H�[�S�R�V�H�G���W�R���G�H�E�U�L�V���D�Q�G���G�X�V�W���I�U�R�P���W�K�H���G�H�V�W�U�X�F�W�L�R�Q���R�I���1�H�Z���<�R�U�N�� 
�&�L�W�\�¶�V���:�R�U�O�G���7�U�D�G�H���&�H�Q�W�H�U7���D�Q�G���P�L�O�L�W�D�U�\���S�H�U�V�R�Q�Q�H�O���H�[�S�R�V�H�G���W�R���V�D�Q�G���D�Q�G���R�W�K�H�U��
�S�R�V�V�L�E�O�H���W�R�[�L�Q�V���Z�K�L�O�H���V�H�U�Y�L�Q�J���L�Q���W�K�H���0�L�G�G�O�H���(�D�V�W��6���6�L�P�L�O�D�U�L�W�L�H�V���W�R���K�\�S�H�U�V�H�Q�V�L�� 
�W�L�Y�L�W�\���S�Q�H�X�P�R�Q�L�W�L�V���D�O�V�R���Q�H�H�G���W�R���E�H���F�R�Q�V�L�G�H�U�H�G���L�Q���W�K�H���G�L�I�I�H�U�H�Q�W�L�D�O���G�L�D�J�Q�R�V�L�V�����D�V��
�V�L�P�L�O�D�U���H�[�S�R�V�X�U�H�V���D�U�H���Q�R�W�H�G�����E�X�W���W�K�H���G�L�D�J�Q�R�V�W�L�F���F�U�L�W�H�U�L�D���V�K�R�X�O�G���G�L�I�I�H�U�H�Q�W�L�D�W�H��
�E�H�W�Z�H�H�Q���W�K�H�V�H�������F�R�Q�G�L�W�L�R�Q�V��25,29

�,�Q���F�R�Q�W�U�D�V�W�����&�(�3���S�U�H�V�H�Q�W�V���L�Q���D���P�R�U�H���S�U�R�J�U�H�V�V�L�Y�H���I�D�V�K�L�R�Q���R�Y�H�U���D���S�H�U�L�R�G���R�I��
�P�R�Q�W�K�V��2���6�\�P�S�W�R�P�V���D�W���S�U�H�V�H�Q�W�D�W�L�R�Q���L�Q�F�O�X�G�H���F�K�H�V�W���S�D�L�Q�����G�\�V�S�Q�H�D�����D�Q�G���F�R�X�J�K����
�Z�L�W�K���D���K�L�V�W�R�U�\���R�I���D�W�R�S�\���D�Q�G���D�V�W�K�P�D���U�H�S�R�U�W�H�G���L�Q���D�V���P�D�Q�\���D�V���W�Z�R���W�K�L�U�G�V���R�I��

�S�D�W�L�H�Q�W�V��24���7�K�H���P�H�D�Q��
age at presentation 
�L�V���L�Q���W�K�H���¿�I�W�K���G�H�F�D�G�H����
�W�K�H�U�H���L�V���D�����������I�H�P�D�O�H��
predisposition9�����W�K�H��
�P�D�M�R�U�L�W�\���R�I���S�D�W�L�H�Q�W�V��
report little to no 
history of tobacco 
�X�V�H�����D�Q�G���U�H�O�D�S�V�H�� 
can occur in up  
�W�R�����������R�I���F�D�V�H�V������
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Diagnostic Testing
�$�F�U�R�V�V���D�O�O���V�H�U�L�H�V�����F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�\���¿�Q�G�L�Q�J�V���D�U�H���F�R�Q�V�L�V�W�H�Q�W�����%�L�O�D�W�H�U�D�O���L�Q�¿�O��
�W�U�D�W�H�V���Z�L�W�K���D�O�Y�H�R�O�D�U�����L�Q�W�H�U�V�W�L�W�L�D�O�����R�U���P�L�[�H�G���D�O�Y�H�R�O�D�U���D�Q�G���L�Q�W�H�U�V�W�L�W�L�D�O���L�Q�¿�O�W�U�D�W�H�V��
�K�D�Y�H���D�O�O���E�H�H�Q���U�H�S�R�U�W�H�G��3���3�O�H�X�U�D�O���H�I�I�X�V�L�R�Q�V���D�U�H���Q�R�W���X�Q�F�R�P�P�R�Q���D�Q�G���S�H�U�V�L�V�W��
�G�X�U�L�Q�J���W�K�H���U�H�F�R�Y�H�U�\���S�H�U�L�R�G�����$�O�W�K�R�X�J�K���&�7���¿�Q�G�L�Q�J�V���R�I���Q�R�G�X�O�D�U���L�Q�¿�O�W�U�D�W�H�V���Z�L�W�K��
�J�U�R�X�Q�G���J�O�D�V�V���R�S�D�F�L�W�L�H�V���K�D�Y�H���E�H�H�Q���I�U�H�T�X�H�Q�W�O�\���U�H�S�R�U�W�H�G��13,24���W�K�H�V�H���¿�Q�G�L�Q�J�V���D�U�H��
�Q�R�W���U�H�T�X�L�U�H�G���W�R���F�R�Q�¿�U�P���W�K�H���G�L�D�J�Q�R�V�L�V�����7�K�H���U�D�G�L�R�O�R�J�L�F���G�L�I�I�H�U�H�Q�W�L�D�O���G�L�D�J�Q�R�V�L�V��
�L�Q�F�O�X�G�H�V���F�R�Q�G�L�W�L�R�Q�V���V�X�F�K���D�V���Y�L�U�D�O���R�U���D�W�\�S�L�F�D�O���E�D�F�W�H�U�L�D�O���S�Q�H�X�P�R�Q�L�D�����S�X�O�P�R�Q�D�U�\��
�K�H�P�R�U�U�K�D�J�H�����D�Q�G���G�L�I�I�X�V�H���D�O�Y�H�R�O�D�U���G�D�P�D�J�H�����'�$�'����

�1�H�L�W�K�H�U���H�O�H�Y�D�W�L�R�Q���R�I���W�K�H���S�H�U�L�S�K�H�U�D�O���Z�K�L�W�H���E�O�R�R�G���F�H�O�O���F�R�X�Q�W���Q�R�U���L�V�R�O�D�W�H�G�� 
�H�R�V�L�Q�R�S�K�L�O�L�D���K�D�V���E�H�H�Q���F�R�Q�V�L�V�W�H�Q�W�O�\���U�H�S�R�U�W�H�G��5���2�E�W�D�L�Q�L�Q�J���%�$�/���L�V���F�U�L�W�L�F�D�O�� 
�W�R���H�[�D�P�L�Q�H���I�R�U���O�R�Z�H�U���D�L�U�Z�D�\���H�R�V�L�Q�R�S�K�L�O�L�D�����&�H�O�O���G�L�I�I�H�U�H�Q�W�L�D�O���H�[�D�P�L�Q�D�W�L�R�Q���R�I�� 
�W�K�H���%�$�/���L�V���Q�H�H�G�H�G���W�R���H�V�W�D�E�O�L�V�K���W�K�H���G�L�D�J�Q�R�V�L�V���Z�L�W�K���H�R�V�L�Q�R�S�K�L�O���G�L�I�I�H�U�H�Q�W�L�D�O��
�F�R�X�Q�W�V���X�S���W�R���D�Q�G���L�Q���H�[�F�H�V�V���R�I�������������'�L�D�J�Q�R�V�W�L�F���F�U�L�W�H�U�L�D���U�H�T�X�L�U�H���D���G�L�I�I�H�U�H�Q�W�L�D�O�� 
�R�I���• ���������H�R�V�L�Q�R�S�K�L�O�L�D�����Z�K�L�F�K���F�D�Q���S�U�H�F�O�X�G�H���W�K�H���Q�H�H�G���I�R�U���R�S�H�Q���O�X�Q�J���E�L�R�S�V�\��14 
�(�R�V�L�Q�R�S�K�L�O�L�D���K�D�V���D�O�V�R���E�H�H�Q���V�K�R�Z�Q���W�R���S�H�U�V�L�V�W���L�Q���W�K�H���S�O�H�X�U�D�O���À�X�L�G���D�Q�G���V�S�X�W�X�P��9

�&�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q���R�I���W�K�H���R�[�\�J�H�Q���U�H�T�X�L�U�H�P�H�Q�W�����H�L�W�K�H�U���E�\���S�X�O�V�H���R�[�L�P�H�W�U�\���R�U��
�D�U�W�H�U�L�D�O���E�O�R�R�G���J�D�V�����L�V���Q�H�H�G�H�G���L�Q���D�G�G�L�W�L�R�Q���W�R���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�\�����%�$�/���F�H�O�O���F�R�X�Q�W����
�D�Q�G���G�L�I�I�H�U�H�Q�W�L�D�O���D�Q�G���H�[�D�P�L�Q�D�W�L�R�Q���¿�Q�G�L�Q�J�V���W�R���P�H�H�W���W�K�H���H�V�W�D�E�O�L�V�K�H�G���G�L�D�J�Q�R�V�W�L�F��
�U�H�T�X�L�U�H�P�H�Q�W�V�����8�Q�I�R�U�W�X�Q�D�W�H�O�\�����X�Q�W�L�O���E�U�R�Q�F�K�R�V�F�R�S�\���F�X�O�W�X�U�H�V���D�U�H���F�R�P�S�O�H�W�H�G�� 
�D�Q�G���Q�H�J�D�W�L�Y�H���I�R�U���L�Q�I�H�F�W�L�R�X�V���S�D�W�K�R�J�H�Q�V�����$�(�3���F�D�Q���R�Q�O�\���E�H���L�P�S�O�L�F�D�W�H�G���E�X�W�� 
�Q�R�W���F�R�Q�¿�U�P�H�G��3

�,�Q���F�R�Q�W�U�D�V�W�����W�K�H���Z�R�U�N�X�S���R�I���&�(�3���L�V���D�O�W�H�U�H�G���E�\���L�W�V���V�O�R�Z���R�Q�V�H�W���R�I���V�\�P�S�W�R�P�V���� 
�,�Q���W�K�L�V���F�R�Q�G�L�W�L�R�Q�����S�X�O�P�R�Q�D�U�\���I�X�Q�F�W�L�R�Q���W�H�V�W�L�Q�J���P�D�\���E�H���L�Q�G�L�F�D�W�H�G���D�Q�G���D���P�R�U�H��
�F�R�P�S�O�H�W�H���D�V�V�H�V�V�P�H�Q�W���R�I���W�K�H���H�[�W�U�D�S�X�O�P�R�Q�D�U�\���P�D�Q�L�I�H�V�W�D�W�L�R�Q�V���L�V���D�G�Y�L�V�D�E�O�H����
�%�U�R�Q�F�K�R�D�O�Y�H�R�O�D�U���O�D�Y�D�J�H���D�Q�G���V�S�X�W�X�P���H�[�D�P�L�Q�D�W�L�R�Q���I�R�U���H�R�V�L�Q�R�S�K�L�O�V���D�V���Z�H�O�O���D�V�� 
�I�R�U���P�D�U�N�H�U�V���R�I���H�R�V�L�Q�R�S�K�L�O���G�H�J�U�D�Q�X�O�D�W�L�R�Q���Z�L�O�O���K�H�O�S���W�R���F�R�Q�¿�U�P���W�K�H���G�L�D�J�Q�R�V�L�V������ ,31 
�$�G�G�L�W�L�R�Q�D�O���O�D�E�R�U�D�W�R�U�\���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���U�H�S�R�U�W�H�G���L�Q���&�(�3���L�Q�F�O�X�G�H���H�O�H�Y�D�W�H�G��
�H�U�\�W�K�U�R�F�\�W�H���V�H�G�L�P�H�Q�W�D�W�L�R�Q���U�D�W�H���D�Q�G���&���U�H�D�F�W�L�Y�H���S�U�R�W�H�L�Q�����D�V���Z�H�O�O���D�V���D���P�D�U�N�H�G��
�L�Q�F�U�H�D�V�H���L�Q���,�J�(�����Z�K�L�F�K���L�V���V�H�H�Q���L�Q���D�S�S�U�R�[�L�P�D�W�H�O�\���K�D�O�I���R�I���S�D�W�L�H�Q�W�V��24

�/�X�Q�J���I�X�Q�F�W�L�R�Q���P�D�\���E�H���S�U�D�F�W�L�F�D�O���L�Q���R�Q�O�\���W�K�H���P�L�O�G�H�V�W���R�I���S�U�H�V�H�Q�W�D�W�L�R�Q�V�����0�R�V�W��
�F�R�P�P�R�Q�O�\���U�H�S�R�U�W�H�G���D�U�H���P�L�O�G���U�H�V�W�U�L�F�W�L�Y�H���F�K�D�Q�J�H�V�����Z�L�W�K���D���U�H�G�X�F�H�G���G�L�I�I�X�V�L�Q�J��
�F�D�S�D�F�L�W�\���I�R�U���F�D�U�E�R�Q���P�R�Q�R�[�L�G�H���D�Q�G���R�E�V�W�U�X�F�W�L�Y�H���I�H�D�W�X�U�H�V���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���&�(�3����
�H�V�S�H�F�L�D�O�O�\���Z�L�W�K���D���S�U�H�Y�L�R�X�V�O�\���U�H�S�R�U�W�H�G���K�L�V�W�R�U�\���R�I���D�V�W�K�P�D���R�U���D�W�R�S�\��1,14
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Chapter 11—Eosinophilic Pneumonia

Pathophysiology
�7�K�H���K�L�V�W�R�O�R�J�L�F���S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���$�(�3���L�V���V�L�P�L�O�D�U���W�R���W�K�D�W���R�I���'�$�'�����Z�L�W�K���I�H�D�W�X�U�H�V�� 
�R�I���L�Q�W�H�U�V�W�L�W�L�D�O���D�Q�G���D�O�Y�H�R�O�D�U���H�R�V�L�Q�R�S�K�L�O�L�F���L�Q�¿�O�W�U�D�W�L�R�Q��13���/�L�N�H���'�$�'�����W�K�H���D�F�X�W�H��
�S�K�D�V�H���L�V���Q�R�W�D�E�O�H���I�R�U���K�\�D�O�L�Q�H���P�H�P�E�U�D�Q�H�V�����L�Q�W�H�U�V�W�L�W�L�D�O���H�G�H�P�D�����D�Q�G���P�L�F�U�R�W�K�U�R�P�E�L����
�0�R�U�H���F�K�U�R�Q�L�F���K�L�V�W�R�O�R�J�\���G�H�P�R�Q�V�W�U�D�W�H�V���R�U�J�D�Q�L�]�L�Q�J���H�[�X�G�D�W�H�V���Z�L�W�K���S�U�R�P�L�Q�H�Q�W��
�W�\�S�H���,�,���S�Q�H�X�P�R�F�\�W�H���K�\�S�H�U�S�O�D�V�L�D��32���%�H�F�D�X�V�H���W�K�H���H�R�V�L�Q�R�S�K�L�O�L�F���L�Q�¿�O�W�U�D�W�L�R�Q���L�V���V�R�� 
responsive to corticosteroids, patients who receive steroids prior to diagnostic 
�H�Y�D�O�X�D�W�L�R�Q���P�D�\���K�D�Y�H���U�H�G�X�F�H�G���R�U���L�Q�F�R�P�S�O�H�W�H���H�R�V�L�Q�R�S�K�L�O�L�F���S�U�H�G�R�P�L�Q�D�Q�F�H���W�K�D�W��
�P�D�\���R�E�V�F�X�U�H���W�K�H�V�H���¿�Q�G�L�Q�J�V��3,4

�7�K�H���U�H�V�S�L�U�D�W�R�U�\���G�L�V�W�U�H�V�V���D�Q�G���U�H�V�S�L�U�D�W�R�U�\���I�D�L�O�X�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���$�(�3���V�H�H�P�V�� 
�W�R���E�H���P�R�V�W���G�L�U�H�F�W�O�\���U�H�O�D�W�H�G���W�R���W�K�H���L�Q�À�X�[���R�I���H�R�V�L�Q�R�S�K�L�O�V��33 Although peripheral 
�H�R�V�L�Q�R�S�K�L�O�L�D���L�V���Q�R�W���X�Q�L�Y�H�U�V�D�O�O�\���S�U�H�V�H�Q�W�����H�R�V�L�Q�R�S�K�L�O�L�F���L�Q�¿�O�W�U�D�W�L�R�Q���L�Q�W�R���W�K�H���O�X�Q�J��
�S�D�U�H�Q�F�K�\�P�D���L�V���Z�K�D�W���L�V���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���W�K�H���K�\�S�R�[�H�P�L�D���D�Q�G���U�D�G�L�R�J�U�D�S�K�L�F�� 
�¿�Q�G�L�Q�J�V���F�K�D�U�D�F�W�H�U�L�V�W�L�F���R�I���$�(�3��34���7�K�H���L�P�P�X�Q�R�O�R�J�L�F���U�H�V�S�R�Q�V�H���D�S�S�H�D�U�V���W�R��
�L�Q�Y�R�O�Y�H���E�R�W�K���O�\�P�S�K�R�F�\�W�H���D�Q�G���H�R�V�L�Q�R�S�K�L�O�L�F���U�H�F�U�X�L�W�P�H�Q�W�����D�V���G�H�P�R�Q�V�W�U�D�W�H�G���E�\��
�.�D�W�R�K���H�W���D�O��35���$�F�W�L�Y�D�W�H�G���7���O�\�P�S�K�R�F�\�W�H�V���V�H�F�U�H�W�H���,�/�������D�Q�G���,�/�����������W�R�J�H�W�K�H�U���Z�L�W�K��
�P�X�O�W�L�S�O�H���R�W�K�H�U���F�\�W�R�N�L�Q�H�V�����&�K�H�P�R�N�L�Q�H�V���K�H�O�S���W�R���E�R�W�K���U�H�F�U�X�L�W���H�R�V�L�Q�R�S�K�L�O�V���D�Q�G��
�L�Q�K�L�E�L�W���W�K�H�L�U���D�S�R�S�W�R�V�L�V��19,36,37���2�Q�F�H���O�R�F�D�O�L�]�H�G���W�R���W�K�H���S�X�O�P�R�Q�D�U�\���L�Q�W�H�U�V�W�L�W�L�X�P����
�W�K�H�V�H���F�H�O�O�V���G�H�J�U�D�Q�X�O�D�W�H���I�X�U�W�K�H�U�����U�H�O�H�D�V�L�Q�J���L�Q�À�D�P�P�D�W�R�U�\���P�H�G�L�D�W�R�U�V���D�Q�G���W�R�[�L�F�� 
�S�U�R�G�X�F�W�V���V�X�F�K���D�V���P�D�M�R�U���E�D�V�L�F���S�U�R�W�H�L�Q�����H�R�V�L�Q�R�S�K�L�O�L�F���F�D�W�L�R�Q�L�F���S�U�R�W�H�L�Q�����D�Q�G���O�H�X�N�R�� 
�W�U�L�H�Q�H�V���������7�K�H�V�H���S�U�R�G�X�F�W�V���K�D�Y�H���E�H�H�Q���L�P�S�O�L�F�D�W�H�G���L�Q���F�D�X�V�L�Q�J���W�K�H���K�L�V�W�R�S�D�W�K�R�O�R�J�L�F��
�¿�Q�G�L�Q�J�V����Figure 11-1�����R�I���L�Q�W�H�U�V�W�L�W�L�D�O���L�Q�¿�O�W�U�D�W�L�R�Q�����D�L�U�Z�D�\���L�Q�À�D�P�P�D�W�L�R�Q�����D�Q�G��
�H�[�X�G�D�W�H���G�H�S�R�V�L�W�L�R�Q������������

Figure 11-1. Histopathology of a patient with acute eosinophilic pneumonia. Note the di�use 
airway in�ammation, hyaline membrane formation with many eosinophils within the alveolar 
spaces. H&E stain, 100X.
From Leslie KO. My approach to interstitial lung disease using clinical, radiological and histopathological patterns. 
J Clin Pathol. 2009;62(5):387–401. © Leslie 2009.
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Pediatric Pulmonology

Treatment
�(�I�I�H�F�W�L�Y�H���W�U�H�D�W�P�H�Q�W���R�I���$�(�3���L�V���D�L�P�H�G���D�W���W�K�H���X�Q�G�H�U�O�\�L�Q�J���F�D�X�V�H�����&�R�U�W�L�F�R�V�W�H�U�R�L�G�V��
�K�D�Y�H���E�H�H�Q���V�K�R�Z�Q���W�R���S�U�R�Y�L�G�H���U�D�S�L�G���V�X�F�F�H�V�V�I�X�O���U�H�V�R�O�X�W�L�R�Q���R�I���W�K�H���S�X�O�P�R�Q�D�U�\��
�S�D�W�K�R�O�R�J�\��14���(�L�W�K�H�U���R�U�D�O���S�U�H�G�Q�L�V�R�O�R�Q�H���R�U���L�Q�W�U�D�Y�H�Q�R�X�V���P�H�W�K�\�O�S�U�H�G�Q�L�V�R�O�R�Q�H���L�V��
�P�R�V�W���F�R�P�P�R�Q�O�\���S�U�H�V�F�U�L�E�H�G���I�R�U���D���G�X�U�D�W�L�R�Q���R�I�������P�R�Q�W�K���D�I�W�H�U���U�H�V�R�O�X�W�L�R�Q���R�I��
�V�\�P�S�W�R�P�V���D�Q�G���U�D�G�L�R�J�U�D�S�K�L�F���¿�Q�G�L�Q�J�V��5���0�R�U�H���U�H�F�H�Q�W���G�D�W�D���V�X�S�S�R�U�W���V�K�R�U�W�H�U��
�F�R�X�U�V�H�V���R�I���V�W�H�U�R�L�G�V�����H�Y�H�Q���O�H�V�V���W�K�D�Q�������Z�H�H�N�V�����H�V�S�H�F�L�D�O�O�\���Z�L�W�K���S�D�W�L�H�Q�W�V���Z�K�R��
�U�H�V�S�R�Q�G���P�R�U�H���G�U�D�P�D�W�L�F�D�O�O�\���W�R���L�Q�L�W�L�D�W�L�R�Q���R�I���D�Q�W�L���L�Q�À�D�P�P�D�W�R�U�\���W�K�H�U�D�S�\��11,41 
�$�G�G�L�W�L�R�Q�D�O���W�U�H�D�W�P�H�Q�W���R�S�W�L�R�Q�V���K�D�Y�H���L�Q�F�O�X�G�H�G���L�Q�K�D�O�H�G���F�R�U�W�L�F�R�V�W�H�U�R�L�G�V���D�Q�G��
�E�U�R�Q�F�K�R�G�L�O�D�W�R�U�V�����H�V�S�H�F�L�D�O�O�\���L�I���W�K�H���V�\�P�S�W�R�P�V���L�Q�Y�R�O�Y�H���D�L�U�À�R�Z���R�E�V�W�U�X�F�W�L�R�Q��39

�6�X�S�S�R�U�W�L�Y�H���W�K�H�U�D�S�\�����L�Q�F�O�X�G�L�Q�J���V�X�S�S�O�H�P�H�Q�W�D�O���R�[�\�J�H�Q���D�Q�G���À�X�L�G���P�D�Q�D�J�H�P�H�Q�W�����L�V��
�S�D�U�W���R�I���L�Q�L�W�L�D�O���W�K�H�U�D�S�\���I�R�U���$�(�3��5,39 If respiratory failure ensues as a result of 
�D�G�Y�D�Q�F�H�G���L�Q�Y�R�O�Y�H�P�H�Q�W�����Y�H�Q�W�L�O�D�W�R�U���V�X�S�S�R�U�W�����L�Q�L�W�L�D�O�O�\���Z�L�W�K���E�L�O�H�Y�H�O���S�R�V�L�W�L�Y�H��
�D�L�U�Z�D�\���S�U�H�V�V�X�U�H�����S�U�R�J�U�H�V�V�L�Q�J���W�R���L�Q�W�X�E�D�W�L�R�Q���D�Q�G���Y�H�Q�W�L�O�D�W�L�R�Q�����L�V���L�Q�G�L�F�D�W�H�G�����:�L�W�K��
rapid responses to corticosteroids reported, there is rarely a need for long 
�S�H�U�L�R�G�V���R�I���P�H�F�K�D�Q�L�F�D�O���Y�H�Q�W�L�O�D�W�R�U���V�X�S�S�R�U�W��3

�0�R�V�W���W�U�H�D�W�P�H�Q�W���U�H�J�L�P�H�Q�V���E�H�J�L�Q���Z�L�W�K���L�Q�W�U�D�Y�H�Q�R�X�V���F�R�U�W�L�F�R�V�W�H�U�R�L�G�V���Z�L�W�K�� 
�G�R�V�H�V���X�S���W�R�������J���G�����6�W�H�U�R�L�G���G�R�V�L�Q�J���L�V���X�V�X�D�O�O�\���W�D�S�H�U�H�G���R�Q�F�H���V�\�P�S�W�R�P�V���U�H�V�R�O�Y�H����
�E�X�W���W�K�H���G�X�U�D�W�L�R�Q���R�I���W�U�H�D�W�P�H�Q�W���P�D�\���H�[�W�H�Q�G���X�S���W�R�������P�R�Q�W�K�V��5 Relapse has not 
�E�H�H�Q���U�H�S�R�U�W�H�G���L�Q���$�(�3���U�H�V�S�R�Q�V�L�Y�H���W�R���F�R�U�W�L�F�R�V�W�H�U�R�L�G�V�����&�K�U�R�Q�L�F���H�R�V�L�Q�R�S�K�L�O�L�F��
�S�Q�H�X�P�R�Q�L�D���L�V���V�L�P�L�O�D�U�O�\���U�H�V�S�R�Q�V�L�Y�H���W�R���W�K�H���L�Q�L�W�L�D�O���F�R�X�U�V�H���R�I���W�U�H�D�W�P�H�Q�W�����K�R�Z�� 
ever, relapses24���U�H�T�X�L�U�H���U�H�L�Q�L�W�L�D�W�L�R�Q���R�I���V�W�H�U�R�L�G���W�K�H�U�D�S�\���Z�L�W�K���F�K�U�R�Q�L�F���P�D�L�Q�W�H��
�Q�D�Q�F�H���G�R�V�L�Q�J�����7�D�U�J�H�W�L�Q�J���W�K�H�U�D�S�L�H�V���Z�L�W�K���Q�H�Z�O�\���D�Y�D�L�O�D�E�O�H���E�L�R�O�R�J�L�F�V�����V�X�F�K���D�V��
�P�H�S�R�O�L�]�X�P�D�E�����D���K�X�P�D�Q���P�R�Q�R�F�O�R�Q�D�O���D�Q�W�L�E�R�G�\���W�R���,�/���������K�D�Y�H���E�H�H�Q���W�U�L�D�O�H�G�� 
�L�Q���V�R�P�H���S�D�W�L�H�Q�W�V���Z�L�W�K���&�(�3���Z�L�W�K���V�R�P�H���V�X�F�F�H�V�V���L�Q���U�H�G�X�F�L�Q�J���F�R�U�W�L�F�R�V�W�H�U�R�L�G��
�D�G�Y�H�U�V�H���H�I�I�H�F�W�V��42

Conclusions
�,�G�L�R�S�D�W�K�L�F���H�R�V�L�Q�R�S�K�L�O�L�F���S�Q�H�X�P�R�Q�L�D�V���D�U�H���W�K�H���U�H�V�X�O�W���R�I���O�R�F�D�O�L�]�H�G���H�R�V�L�Q�R�S�K�L�O�L�F��
�U�H�F�U�X�L�W�P�H�Q�W���D�Q�G���D�F�W�L�Y�D�W�L�R�Q�����(�R�V�L�Q�R�S�K�L�O�L�F���G�H�J�U�D�Q�X�O�D�W�L�R�Q���G�D�P�D�J�H�G���O�X�Q�J���W�L�V�V�X�H��
�P�D�\���U�H�V�X�O�W���L�Q���K�\�S�R�[�H�P�L�F���U�H�V�S�L�U�D�W�R�U�\���I�D�L�O�X�U�H�����Z�K�L�F�K���P�D�\���E�H���O�L�I�H���W�K�U�H�D�W�H�Q�L�Q�J����
�5�H�F�R�J�Q�L�W�L�R�Q���R�I���W�K�L�V���F�R�Q�G�L�W�L�R�Q���D�Q�G���H�D�U�O�\���W�U�H�D�W�P�H�Q�W���Z�L�W�K���F�R�U�W�L�F�R�V�W�H�U�R�L�G�V���L�V��
�K�L�J�K�O�\���H�I�I�H�F�W�L�Y�H�����D�Q�G���L�Q���P�R�V�W���F�D�V�H�V���W�K�H���S�U�R�J�Q�R�V�L�V���L�V���J�R�R�G���Z�L�W�K���P�L�Q�L�P�D�O��
�F�O�L�Q�L�F�D�O���V�H�T�X�H�O�D�H����
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key points

���} Acute eosinophilic pneumonia is marked by its acute onset, the severity of the 
hypoxemia, the presence of eosinophils on BAL, and lack of other causes  
of the respiratory failure.

���} Acute eosinophilic pneumonia is characterized by the short duration of 
symptoms prior to presentation and the rapid deterioration to respiratory 
failure, which may require mechanical ventilation.

���} Treatment for AEP is high-dose steroids, which lead to good clinical response; 
recovery is rapid with no clinical sequelae.

���} Acute eosinophilic pneumonia is distinguished from CEP by its rapid  
progression, the severity of the hypoxemia, and the lack of history of  
hypersensitivity to medications or atopy.

���} Chronic eosinophilic pneumonia di�ers from AEP in its infrequent need for 
mechanical ventilation and the high frequency of relapse upon the withdrawal 
of corticosteroids.
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Introduction 
�:�K�D�W���L�V���D�V�W�K�P�D�"���&�D�Q���L�W���E�H���G�H�¿�Q�H�G�"1 This question is of importance in evaluat- 
ing respiratory disease in the child for whom euphemisms for asthma have 
been commonly used, including reactive airway disease (RAD), wheezy 
bronchitis, obstructive bronchitis, recurrent bronchiolitis, and others. More-
over, the symptoms associated with asthma—wheezing, cough, and 
dyspnea—are not unique to asthma. They can also be associated with other 
respiratory disorders.2 Asthma is a heterogeneous disorder that includes 
�Y�D�U�L�R�X�V���S�K�H�Q�R�W�\�S�H�V���D�Q�G���H�Q�G�R�W�\�S�H�V���W�K�D�W���V�K�D�U�H���D���F�R�P�P�R�Q���¿�Q�D�O���S�D�W�K�Z�D�\����
reversible airway narrowing from bronchial smooth muscle spasm, and 
�D�L�U�Z�D�\���P�X�F�R�V�D�O���L�Q�À�D�P�P�D�W�L�R�Q�����7�U�H�D�W�P�H�Q�W���G�H�F�L�V�L�R�Q�V���D�Q�G���F�R�X�Q�V�H�O�L�Q�J���R�I��
�I�D�P�L�O�L�H�V���U�H�J�D�U�G�L�Q�J���W�K�H���H�[�S�H�F�W�H�G���R�X�W�F�R�P�H���R�I�W�H�Q���U�H�O�D�W�H���W�R���W�K�H���V�S�H�F�L�¿�F���S�K�H�Q�R-
�W�\�S�H�����D�Q�G���I�X�W�X�U�H���W�U�H�D�W�P�H�Q�W���P�D�\���W�D�U�J�H�W���V�S�H�F�L�¿�F���H�Q�G�R�W�\�S�H�V��

Asthma, in its various phenotypes, is the most common medical diagnosis 
among children hospitalized in the United States. Asthma has accounted  
for more than 5% of nonsurgical admissions to the hospital in children and 
adolescents.3 Asthma is also a leading cause for emergency care visits;  
a leading cause for missed school; and a cause of considerable morbidity, 
disability, and occasional mortality at all ages.4 

A National Asthma Education and Prevention Program (NAEPP) was ini- 
tiated in 1989 to address asthma as a national health problem. The NAEPP 
provided a venue for stakeholders with an interest in improving asthma 
management. Guidelines for asthma management were published by the 
NAEPP in 1991, 1997, 2002, and 2007. A focused update was published in 
2020.5 Asthma guidelines were also published by the Global Initative for 
Asthma (GINA) as the Global Strategy for Asthma Management, �¿�U�V�W���L�Q�� 
2002 and then with annual updates. Comparisons of the NAEPP and GINA 
guidelines show similarities and some differences.6 Despite these excellent 
published guidelines, outcome of asthma continues to be concerning.7 
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Convincing data indicate that failure of asthma management is not generally 
due to lack of adequate therapeutic options but more commonly is due to 
ineffective delivery of appropriate medical care.8 Asthma specialty programs, 
which provide patients with continuity of care, an evidence-based treatment 
plan, and effective patient education, result in improved asthma outcomes.9 In 
this chapter, we will discuss the challenges of asthma diagnosis in children, 
the different asthma phenotypes, and their clinical characteristics. Finally,  
we will discuss the different treatments available for asthma and outline a 
preventive and therapeutic approach to children with asthma on the basis of 
their clinical phenotype.

Diagnosis of Asthma
Asthma diagnosis should be considered when children have 1 or more of the 
following symptoms:

���X Recurrent or chronic wheezing, with or without shortness of breath

���X Recurrent or chronic coughing

���X Repeated diagnoses of bronchitis or bronchiolitis

���X Repeated diagnoses of pneumonia not clinically consistent with  
pyogenic infection

�,�Q���W�K�L�V���V�H�F�W�L�R�Q�����Z�H���G�L�V�F�X�V�V���K�R�Z���D�V�W�K�P�D���V�K�R�X�O�G���E�H���F�R�Q�¿�U�P�H�G���D�Q�G���Z�K�H�Q��
alternate diagnoses should be considered when the clinician is presented  
with a child who has any combination of these symptoms or diagnoses.

Asthma is characterized by hyperresponsiveness of the airways to various 
stimuli resulting in airway obstruction that is reversible to a substantial degree 
either spontaneously or because of treatment. The airway obstruction is a 
�U�H�V�X�O�W���R�I���Y�D�U�\�L�Q�J���G�H�J�U�H�H�V���R�I���E�U�R�Q�F�K�R�V�S�D�V�P���D�Q�G���L�Q�À�D�P�P�D�W�L�R�Q����Figure 12-1). 

�%�H�V�L�G�H�V���F�D�X�V�L�Q�J���E�U�R�Q�F�K�R�V�S�D�V�P�����D�L�U�Z�D�\���L�Q�À�D�P�P�D�W�L�R�Q���D�O�V�R���U�H�V�X�O�W�V���L�Q���P�X�F�R�V�D�O��
edema and mucous hypersecretion, which further contributes to airway 
�R�E�V�W�U�X�F�W�L�R�Q�����7�K�H���G�L�D�J�Q�R�V�L�V���R�I���D�V�W�K�P�D�����W�K�H�U�H�I�R�U�H�����L�V���P�R�V�W���H�I�¿�F�L�H�Q�W�O�\���F�R�Q�¿�U�P�H�G��
in patients with suggestive symptoms by demonstrating improvement of 
symptoms and/or spirometric measurements of airway obstruction after  
�X�V�H���R�I���D�Q���L�Q�K�D�O�H�G����2���D�J�R�Q�L�V�W���R�U���D�I�W�H�U���W�U�H�D�W�P�H�Q�W���R�I���D�L�U�Z�D�\���L�Q�À�D�P�P�D�W�L�R�Q���Z�L�W�K�� 
a 5- to 10-day course of oral corticosteroids.10 

In children who still have symptoms after a course of oral corticosteroids  
or who do not have substantial reversal of airway obstruction with these 
measures, a disorder other than asthma should be suspected. For example, 
obstruction of an airway from bronchomalacia, bronchial compression from  
a vascular ring, or foreign body aspiration can cause wheezing and result in 
an incorrect diagnosis and inappropriate treatment. Also, chronic airway 
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�L�Q�I�H�F�W�L�R�Q���D�Q�G���L�Q�À�D�P�P�D�W�L�R�Q���G�X�H���W�R���S�R�R�U���D�L�U�Z�D�\���F�O�H�D�U�D�Q�F�H���V�X�F�K���D�V���L�Q���F�\�V�W�L�F��
�¿�E�U�R�V�L�V���D�Q�G���S�U�L�P�D�U�\���F�L�O�L�D�U�\���G�\�V�N�L�Q�H�V�L�D���R�U���L�P�P�X�Q�H���G�H�¿�F�L�H�Q�F�\���F�D�Q���P�D�Q�L�I�H�V�W��
with asthma-like symptoms. Because of the chronic and recurrent nature  
of the disease process and its symptoms, it is prudent to avoid assigning the 
�G�H�¿�Q�L�W�L�Y�H���G�L�D�J�Q�R�V�L�V���R�I���D�V�W�K�P�D���X�Q�W�L�O���W�K�H�U�H���K�D�Y�H���E�H�H�Q���V�H�Y�H�U�D�O���G�L�V�W�L�Q�F�W���H�S�L�V�R�G�H�V��
�R�I���Z�K�H�H�]�L�Q�J���R�U���S�U�R�O�R�Q�J�H�G���F�R�X�J�K���Z�L�W�K���D�W���O�H�D�V�W�������G�H�¿�Q�L�W�H���U�H�V�S�R�Q�V�H���W�R���D�Q�W�L-
asthma medications.

The diagnosis of asthma has no lower age limit; however, in young children, 
the diagnosis of asthma has been particularly associated with controversy.11 
�6�\�P�S�W�R�P�V���U�H�V�X�O�W�L�Q�J���I�U�R�P���D�L�U�Z�D�\���L�Q�À�D�P�P�D�W�L�R�Q���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D�V�W�K�P�D���D�U�H��
frequently misdiagnosed as pneumonia, bronchitis, and recurrent bronchiol-
itis, which can result in ineffective and unnecessary use of antibiotics. How- 
ever, persistent wheezing in infants may be caused by airway malacia, chronic 
aspiration, and unusual congenital abnormalities such as vascular rings, and 
�W�K�H�V�H���F�K�L�O�G�U�H�Q���R�I�W�H�Q���U�H�F�H�L�Y�H���D�V�W�K�P�D���P�H�G�L�F�D�W�L�R�Q�V���Z�L�W�K���O�L�W�W�O�H���E�H�Q�H�¿�W�����$�O�W�H�U�Q�D�� 
tive terminology for asthma, such as reactive airway disease, adds to the 
confusion.12 Both overdiagnosis and underdiagnosis of asthma in children  
can result in unnecessary and ineffective treatment.13,14

Bronchial smooth muscle

Bronchial mucosa

In�ammed swollen
bronchial mucosa

Mucus secretion

Mucus 
secretions

Muscle spasm

Figure 12-1. The 2 components of airway obstruction in asthma—bronchospasm and 
in�ammation with mucosal edema and mucous secretions illustrated on the right. The normal 
airway is illustrated on the left.

Clinical Characterization of Phenotypic  
Patterns of Asthma

Because of the heterogeneous nature of asthma, simply establishing the 
�G�L�D�J�Q�R�V�L�V���R�I���D�V�W�K�P�D���L�V���Q�R�W���V�X�I�¿�F�L�H�Q�W���I�R�U���G�H�Y�H�O�R�S�P�H�Q�W���R�I���W�K�H���P�R�V�W���D�S�S�U�R�S�U�L�D�W�H��
�W�U�H�D�W�P�H�Q�W���S�O�D�Q�����3�O�D�Q�Q�L�Q�J���H�I�I�H�F�W�L�Y�H���D�Q�G���H�I�¿�F�L�H�Q�W���V�W�U�D�W�H�J�L�H�V���I�R�U���P�D�Q�D�J�L�Q�J��
asthma requires identifying the clinical pattern of disease. These clinical 
patterns or phenotypes can generally be determined by obtaining a brief 

14 PP 2ND ED - CHAPTER 12_207-238.indd   20914 PP 2ND ED - CHAPTER 12_207-238.indd   209 9/12/23   9:13 AM9/12/23   9:13 AM



210
Pediatric Pulmonology

history that addresses the age of onset and pattern of symptoms, as well as  
�W�K�H���Q�D�W�X�U�H���R�I���W�U�L�J�J�H�U�V�����7�K�H���I�R�O�O�R�Z�L�Q�J���T�X�H�V�W�L�R�Q�V���D�U�H���V�S�H�F�L�¿�F�D�O�O�\���K�H�O�S�I�X�O��

���X What was the age of onset of lower respiratory symptoms?

���X Are symptoms of asthma associated only with the clinical symptoms of a 
viral respiratory infection?

���X Are there extended periods between episodes of respiratory symptoms 
when there is no cough or wheeze?

���X Is there a seasonal variation in symptoms, and does the season match  
�W�K�R�V�H���R�I���L�Q�K�D�O�D�Q�W���D�O�O�H�U�J�H�Q�V���I�R�U���Z�K�L�F�K���W�K�H���S�D�W�L�H�Q�W���K�D�V���D�O�O�H�U�J�H�Q���V�S�H�F�L�¿�F��
immunoglobulin E (IgE)?

���X �$�U�H���U�H�V�S�L�U�D�W�R�U�\���V�\�P�S�W�R�P�V���U�H�O�D�W�H�G���W�R���V�S�H�F�L�¿�F���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���H�[�S�R�V�X�U�H�V�"

���X Do lower respiratory symptoms occur daily for extended periods?

From the responses to those questions, 3 distinct clinical patterns of asthma 
�F�D�Q���E�H���L�G�H�Q�W�L�¿�H�G�²�L�Q�W�H�U�P�L�W�W�H�Q�W���D�V�W�K�P�D�����S�H�U�V�L�V�W�H�Q�W���D�V�W�K�P�D�����D�Q�G���V�H�D�V�R�Q�D�O��
allergic asthma.

Intermittent Asthma

Intermittent asthma is characterized by episodic symptoms with absence of 
active asthma symptoms between episodes. This common asthma phenotype 
is triggered primarily by viral respiratory tract infections. More importantly, 
patients with intermittent asthma are both completely without symptoms and 
without airway obstruction during the periods between episodes. Typically, 
parents will say, “Every time my child gets a cold, it goes into the chest.”  
�7�K�L�V���S�D�W�W�H�U�Q���R�I���D�V�W�K�P�D���J�H�Q�H�U�D�O�O�\���E�H�J�L�Q�V���L�Q���W�K�H���¿�U�V�W�������R�U�������\�H�D�U�V���D�I�W�H�U���E�L�U�W�K����
The typical course starts with the onset of coryza from a common cold virus 
followed by cough, wheezing, and respiratory distress of varying severity  
that progresses over the next 1 to 2 days. The duration of symptoms without 
effective intervention can be days or weeks. During asymptomatic periods 
between episodes, patients with this pattern of asthma have no evidence of 
�D�L�U�Z�D�\���L�Q�À�D�P�P�D�W�L�R�Q���Z�K�H�Q���H�[�D�P�L�Q�H�G���Z�L�W�K���E�U�R�Q�F�K�R�D�O�Y�H�R�O�D�U���O�D�Y�D�J�H��15 

�7�K�H���D�E�V�H�Q�F�H���R�I���D�O�O�H�U�J�H�Q���V�S�H�F�L�¿�F���,�J�(���L�Q���D�Q���L�Q�I�D�Q�W���R�U���W�R�G�G�O�H�U���L�Q���D�V�V�R�F�L�D�W�L�R�Q�� 
with a clinical pattern of intermittent viral respiratory tract infection–induced 
asthma is generally predictive of a reduced frequency of symptoms or remis- 
sion over time. Although most infants and toddlers with asthma have this 
intermittent viral respiratory infection–induced pattern, allergy testing can 
identify those who are at risk for more persistent symptoms in the future.16 
Preschool-age children average 7 colds per year, with 15% of children experi- 
encing 12 or more colds per year.17 For some children, that can result in the 
appearance of almost continuous symptoms. Summer is generally associated 
with an abatement of symptoms in these children. Distinguishing asthma 
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limited to viral respiratory infections from a chronic or seasonal allergic 
pattern is important because, unlike with the latter, the most effective of 
maintenance therapies will not reliably prevent the viral respiratory infection–
induced asthma that characterizes this common intermittent pattern.18–20

Persistent Asthma

Children with persistent asthma experience year-round chronic symptoms 
and, in the absence of effective maintenance therapy, do not have extended 
symptom-free periods. Most children with a persistent pattern of asthma  
have an allergic component to the asthma. Symptoms in these children may 
have begun with a viral respiratory infection–induced intermittent pattern  
of symptoms. Those who develop IgE-mediated allergy (ie, atopy) are at risk 
�I�R�U���P�R�U�H���S�H�U�V�L�V�W�H�Q�W���V�\�P�S�W�R�P�V�����7�K�H���H�D�U�O�\���S�U�H�V�H�Q�F�H���R�I���D�O�O�H�U�J�H�Q���V�S�H�F�L�¿�F���,�J�(���L�V��
predictive of more persistent symptoms.21

Contrary to the belief of some, there is no age limitation for allergy testing, 
and some children can have evidence of inhalant allergy contributing to 
asthma even in infancy (Figure 12-2).

Seasonal Allergic Asthma

Children with seasonal allergic asthma experience persistent symptoms only 
during an inhalant allergy season. For example, in the North Central United 
States, this is most commonly from an outdoor mold, Alternaria, which  
grows on decaying vegetation from early spring through late fall, with peaks 
particularly in the spring and fall, when it has been associated with near- 
fatal asthma exacerbations.22���,�Q���W�K�H���Y�D�O�O�H�\���D�U�H�D�V���R�I���W�K�H���3�D�F�L�¿�F���1�R�U�W�K�Z�H�V�W���D�Q�G��
Northern California, grass pollens are the major allergens causing seasonal 
allergic asthma, generally accompanied by symptoms of allergic rhinocon-
junctivitis.23 Because allergens and seasonal patterns vary with the geographic 
region, seasonal symptoms in other regions may be from molds, pollens, 
�À�\�L�Q�J���L�Q�V�H�F�W�V�����R�U���D���F�R�P�E�L�Q�D�W�L�R�Q���R�I���W�K�R�V�H���D�L�U�E�R�U�Q�H���D�O�O�H�U�J�H�Q�V�����7�K�H���S�K�\�V�L�F�L�D�Q��
caring for a child with asthma needs to have some knowledge of the local 
aerobiological environment to establish a correct diagnosis.

Additional Phenotypes

Besides these main 3 common phenotypes of asthma in children, there are 
other less common phenotypes. Late-onset allergic asthma can follow aller- 
gic rhinitis. Nonallergic persistent asthma, common in adults, also occurs 
occasionally in children. Catamenial asthma, characterized by exacerbations 
associated with menses in adult women, is seen occasionally in female adoles- 
cents. These phenotypes and sudden asphyxic asthma in adolescents and  
preadolescents are discussed in a previous publication.24 Notably, there is 
potential overlap among all clinical patterns of asthma. For example, patients 
with persistent disease often have intermittent exacerbations from viral 
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�U�H�V�S�L�U�D�W�R�U�\���L�O�O�Q�H�V�V���D�Q�G���P�D�\���K�D�Y�H���V�H�D�V�R�Q�D�O���D�O�O�H�U�J�L�F���H�[�D�F�H�U�E�D�W�L�R�Q�V�����,�G�H�Q�W�L�¿�F�D�W�L�R�Q��
of the clinical pattern in each patient contributes to a rational and optimally 
effective therapeutic strategy for that patient.

Figure 12-2. Allergy skin testing in an 11-month-old infant. He was hospitalized aged 9 months 
with severe acute asthma preceded by rhinoconjunctivitis during the peak of the grass pollen 
season in a Northern California valley area, where grass pollen is a major inhalant allergen. The 
typical wheal and �are of the multiple related species of grass pollen native to that area are on 
the left side of the infant’s back. They are much larger than the histamine control (H) with no 
reactivity to the diluent control (C). Skin tests on the right side of the back to other common 
inhalant allergens were all negative. Although immunotherapy using injections of allergenic 
extracts is rarely indicated at this age, this infant illustrates a striking exception for whom  
bene�t could reasonably be expected.

From Weinberger M. Pediatric asthma and related allergic and nonallergic diseases: patient-oriented 
evidence-based essentials that matter. Pediatric Health. 2008;2(5):631–650.
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Exacerbations of Asthma 
An exacerbation of asthma may be nothing more than transient broncho- 
�V�S�D�V�P���I�U�R�P���H�[�H�U�F�L�V�H���R�U���D���V�S�H�F�L�¿�F���H�[�S�R�V�X�U�H�����5�D�S�L�G���U�H�V�S�R�Q�V�H���W�R���D���E�U�R�Q�F�K�R�G�L�O�D-
tor such as an albuterol aerosol from a metered dose inhaler (MDI) may then 
�E�H���V�X�I�¿�F�L�H�Q�W���W�R���H�Q�G���W�K�D�W���W�\�S�H���R�I���H�[�D�F�H�U�E�D�W�L�R�Q�����+�R�Z�H�Y�H�U�����D���P�R�U�H���S�U�R�O�R�Q�J�H�G��
exacerbation generally involves mucosal edema and mucous secretions. While 
that is sometimes self-limited, a corticosteroid may be necessary to prevent 
that exacerbation from progressing and to end the increase in symptoms. 
Viral respiratory infections are common causes of more severe exacerbations.

Common cold viruses exacerbate all asthma phenotypes, possibly because of  
a defect in innate immunity related to mucosal interferon.25 While common 
cold viral infections affect only the upper respiratory mucosa in those without 
�D�V�W�K�P�D�����L�Q�I�H�F�W�L�R�Q���D�Q�G���L�Q�À�D�P�P�D�W�L�R�Q���R�I���W�K�H���O�R�Z�H�U���D�L�U�Z�D�\�V���R�F�F�X�U���L�Q���W�K�R�V�H���Z�L�W�K��
asthma. The frequency of common colds in preschoolers is usually higher for 
those who attend child care or have siblings in school. Symptoms of asthma 
exacerbations parallel the seasonal pattern of cold viruses that begin with  
the onset of the school year and its associated increase in contact with other 
children and continue throughout the fall, winter, and spring (Figure 12-3).26 

Figure 12-3. Typical autumnal increase in asthma at the beginning of the school year with the 
younger school-age children beginning �rst followed by their older and younger siblings.

Reprinted from Johnston NW, Johnston SL, Norman GR, Dai J, Sears MR. The September epidemic of 
asthma hospitalization: school children as disease vectors. J Allergy Clin Immunol. 2006;117(3):557–562. 
Copyright © 2006 American Academy of Allergy, Asthma and Immunology.
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Assessing Asthma Severity
Asthma can vary in severity from mild symptoms of cough and wheezing  
to life-threatening symptoms of respiratory distress and respiratory failure. 
Symptoms can also vary in frequency. Questions to assess severity include 
the following:

���X Do respiratory symptoms interfere with activity?

���X Do respiratory symptoms interfere with sleep?

���X What is the frequency of intermittent medication use with bronchodilator 
and systemic corticosteroids?

���X �:�L�W�K���Z�K�D�W���I�U�H�T�X�H�Q�F�\���L�V���X�U�J�H�Q�W���F�D�U�H���U�H�T�X�L�U�H�G�²�D���S�K�\�V�L�F�L�D�Q�¶�V���R�I�¿�F�H�"���2�U���W�K�H��
emergency department? What is the frequency of hospitalization?

���X How often has there been a requirement for intensive care?

���X Has there been a requirement for ventilatory assistance?

���X Have there been acute life-threatening events?

Treatment of Asthma
Intervention Medication (“Rescue” Medications) 

Intervention medications are those used for acute symptoms (Table 12-1).  
�$���V�K�R�U�W���D�F�W�L�Q�J���L�Q�K�D�O�H�G����2-agonist is typically the initial intervention for acute 
�V�\�P�S�W�R�P�V�����2�O�G�H�U���F�K�L�O�G�U�H�Q���J�H�Q�H�U�D�O�O�\���F�D�Q���V�X�F�F�H�V�V�I�X�O�O�\���X�V�H���W�K�H�V�H���P�H�G�L�F�D�W�L�R�Q�V��
with a metered-dose inhaler (MDI). In younger children and infants, nebuliz-
ers were a previous method for delivering aerosol. An MDI with a valved 
holding chamber has generally replaced the nebulizer for delivery of aerosol 
medications for asthma. The simplicity, more rapid administration, lower cost, 
and greater portability of the MDI with an antistatic valved holding chamber 
has made this the method of choice for aerosol administration in younger 
children with asthma. Nebulized medication takes longer to deliver and is 
associated with more adverse effects such as tachycardia and jitteriness 
because of the much higher dose. An exception for use of a nebulizer for a 
bronchodilator is the use of continuous nebulized albuterol for treatment of 
severe acute asthma in the intensive care setting.

A valved holding chamber with a mask provides lung delivery from an MDI 
for a patient too young to be able to form a seal with their mouth on a holding 
�F�K�D�P�E�H�U�����7�K�L�V���P�H�W�K�R�G���R�I���G�U�X�J���D�G�P�L�Q�L�V�W�U�D�W�L�R�Q���K�D�V���S�U�R�Y�H�Q���H�I�¿�F�D�F�\���I�R�U���\�R�X�Q�J��
children, even in the emergency care setting.27 Parents and patients must  
be properly instructed for whatever device is used for aerosol delivery and 
should demonstrate appropriate use of these devices when prescribed  
(Figure 12-4).
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�$�O�E�X�W�H�U�R�O���L�V���W�K�H���P�R�V�W���F�R�P�P�R�Q����2-agonist used for acute bronchodilata- 
tion in North America; terbutaline, less potent on a microgram basis than 
albuterol, is commonly used in Northern Europe. Albuterol is a racemic 
mixture of 2 optical isomers with levalbuterol being the therapeutically  
active moiety. Although levalbuterol is available as the sole isomer, it is 
�W�K�H�U�D�S�H�X�W�L�F�D�O�O�\���H�T�X�L�Y�D�O�H�Q�W���L�Q���E�R�W�K���H�I�¿�F�D�F�\���D�Q�G���W�R�[�L�F�L�W�\���W�R���W�K�H���U�D�F�H�P�L�F��
preparation when administered in a dosage equivalent to the levalbuterol 
component of racemic albuterol (ie, one-half of the milligram quantity of 
racemic albuterol is levalbuterol).28 Despite initial marketing claims and 
continued factitious beliefs, there is no evidence for any pharmacological 
effect of the inactive moiety of racemic albuterol, and there is therefore no 
�W�K�H�U�D�S�H�X�W�L�F���G�L�I�I�H�U�H�Q�F�H���L�Q���H�I�¿�F�D�F�\���R�U���W�R�[�L�F�L�W�\���E�H�W�Z�H�H�Q���O�H�Y�D�O�E�X�W�H�U�R�O���D�O�R�Q�H�� 
or in racemic albuterol.

Figure 12-4. Various ways to deliver an aerosol to children�from a metered-dose inhaler (MDI). 
(A) A school-age boy being instructed by the doctor on proper use. (B) A 5-year-old�girl who 
used the MDI but did not inhale it as evidenced when she opened her mouth and the aerosol 
mist was visibly expelled. (C) An infant receiving an aerosol from an MDI via a valved holding 
chamber. (D) How to hold the chamber mask so that the hand of the adult moves with the� 
child maintaining the mask in contact with the face to avoid leakage of the aerosol.

Images A and C from Alamy Images. Images B and D from Weinberger M. Pediatric asthma and related 
allergic and nonallergic diseases: patient-oriented evidence-based essentials that matter. Pediatric Health. 
2008;2(5):631–650.
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�%�H�F�D�X�V�H����2���D�J�R�Q�L�V�W�V���G�R���Q�R�W���D�O�W�H�U���W�K�H���L�Q�À�D�P�P�D�W�R�U�\���F�R�P�S�R�Q�H�Q�W���R�I���D�L�U�Z�D�\��
�R�E�V�W�U�X�F�W�L�R�Q�����D�Q�W�L���L�Q�À�D�P�P�D�W�R�U�\���W�K�H�U�D�S�\���L�V���H�V�V�H�Q�W�L�D�O���W�R���U�H�O�L�H�Y�H���W�K�D�W���F�R�P�S�R�Q�H�Q�W����
�,�Q�À�D�P�P�D�W�L�R�Q���F�R�Q�W�U�L�E�X�W�L�Q�J���W�R���D�L�U�Z�D�\���R�E�V�W�U�X�F�W�L�R�Q���F�D�Q���E�H���L�G�H�Q�W�L�¿�H�G���F�O�L�Q�L�F�D�O�O�\�� 
by increased frequency of using albuterol with decreasing clinical response. 
�(�D�U�O�\���D�J�J�U�H�V�V�L�Y�H���X�V�H���R�I���V�\�V�W�H�P�L�F���V�W�H�U�R�L�G�V���S�U�R�Y�L�G�H�V���L�P�S�U�H�V�V�L�Y�H���F�O�L�Q�L�F�D�O���E�H�Q�H�¿�W��
for children having an acute exacerbation of asthma.29 Administration of oral 
corticosteroids during the early symptoms of a viral respiratory infection 
appears to prevent progression to severe acute asthma in children who have 
previously required hospitalization. Earlier discharge after hospitalization for 
acute asthma results from early administration of systemic corticosteroids,30 
and prompt administration of systemic steroids in the emergency department 
decreases the likelihood of subsequent admission of patients seen for emer-
gency care for asthma.31,32 Administration of a short course of a systemic 
corticosteroid also prevents progression of asthma exacerbations in patients 
who are ambulatory and have a history indicating a risk for requiring urgent 
care (dosage is indicated in Table 12-1).33,34 Tapering is not indicated for  
a short duration of systemic corticosteroid.35 Although care should be taken  
to avoid excessive systemic corticosteroid exposure, no evidence of adverse 
effects on bone metabolism, bone mineralization, or adrenal suppression  
was seen in a study in 48 children who received a median of 4 courses of  
oral glucocorticoids (range, 3–11 courses) compared with 35 similar children 
who had not received corticosteroids in the preceding year.36

The most appropriate place to treat acute symptoms of asthma is where  
they occur—at home, at school, or at play. The issue for many children is not 
whether they will have another exacerbation, but when they will have one;  
�D�Q�G���W�K�D�W���³�Z�K�H�Q�´���L�V���Q�R�W���S�U�H�G�L�F�W�D�E�O�H�����7�U�H�D�W�P�H�Q�W���L�Q���W�K�H���G�R�F�W�R�U�¶�V���R�I�¿�F�H�����H�P�H�U�J�H�Q�F�\��
department, or hospital is stressful and disruptive for patients and parents and 
should generally be considered damage control for a treatment failure. The 
�P�H�D�V�X�U�H�V���I�R�U���W�U�H�D�W�L�Q�J���D�F�X�W�H���D�V�W�K�P�D���D�U�H���L�Q�K�D�O�H�G����2-adrenergic bronchodilators 
and systemic corticosteroids, usually administered orally. These measures are 
most effective when used before the need for urgent medical care, rather than 
waiting until presentation to the emergency department, clinic, or physician’s 
�R�I�¿�F�H��29 Thus, for patients closely followed up by the physician managing the 
child’s asthma, having the oral corticosteroid available at home to be used at 
the early signs and symptoms of asthma exacerbation is most appropriate.37 
When questioned, parents frequently can identify the early signs of previous 
exacerbations. That information can be used to identify when a future oral 
corticosteroid should be started before the need for urgent medical care.38 
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�6�S�H�F�L�¿�F���P�H�D�V�X�U�H�V���W�K�D�W���F�D�Q���P�D�[�L�P�L�]�H���E�H�Q�H�¿�W���D�Q�G���P�L�Q�L�P�L�]�H���U�L�V�N���L�Q���W�K�H�� 
home use of oral corticosteroids are given in Box 12-1.

For children with intermittent asthma, as-needed inhaled corticosteroids have 
been suggested as an alternative to an oral corticosteroid.39 While earlier studies 
�K�D�Y�H���T�X�H�V�W�L�R�Q�H�G���W�K�H���H�I�¿�F�D�F�\���R�I���L�Q�K�D�O�H�G���F�R�U�W�L�F�R�V�W�H�U�R�L�G�V���I�R�U���D�F�X�W�H���D�V�W�K�P�D��11,18–20 
very early use of inhaled corticosteroids at the beginning of an exacerbation 
�P�D�\���E�H���V�X�I�¿�F�L�H�Q�W�O�\���H�I�I�H�F�W�L�Y�H���I�R�U���V�R�P�H���S�D�W�L�H�Q�W�V�����7�K�L�V���L�V���G�L�V�F�X�V�V�H�G���L�Q���D���S�R�L�Q�W��
counterpoint discussion published in Chest.40–43 

A strategy for very early use of an inhaled corticosteroid in an exacerbation is 
to combine an inhaled corticosteroid with a bronchodilator so that each use of  
a bronchodilator for acute symptoms ensures the early use of additional doses 
of inhaled corticosteroid. This approach is known as single maintenance and 
reliever therapy (SMART). A combination of an inhaled corticosteroid with 
formoterol, a rapid-onset, long-acting inhaled bronchodilator,44 or albuterol,45 
for both maintenance and intervention has been shown to decrease the fre- 
quency of exacerbations.46 While oral corticosteroids may still be needed for 
some exacerbations, guidelines have now included this strategy as useful for 
some children.39,47,48 Concerns have been expressed regarding the practicality  

Measures to Maximize Benefit and Minimize Risk for Home Use of  
Oral Corticosteroids to Treat an Asthma Exacerbation 

	� Prescribe a dose su�cient for 1 week with no re�lls.

	� Instruct the patient and family on how to recognize an impending exacerbation; 
questioning them regarding previous experience can provide useful guidance. 

	� Provide an adequate dose; the absence of reliable dose–response data for 
children suggests that erring high may be more likely to prevent urgent care.

	� The oral corticosteroid should be continued until the increase in symptoms 
stops, whether 3, 5, or 7 days, so long as progressive improvement is occurring. 
Tapering is not indicated. 

	� The patient or family should contact the prescribing physician if symptoms do 
not begin to improve within the �rst 2–3 days or are not gone by 7 days. 

	� Adjust the dose if there are minor adverse e�ects from the corticosteroid  
dose used. 

	� Provide verbal and written instructions regarding the appropriate use of the 
oral corticosteroid; repeat verbal instructions at scheduled follow-up. 

	� Review the appropriateness and e�ect of corticosteroids after each use through 
communication before re�ll—no re�lls without contact. 

	� The prescribing physician is responsible for adequate follow-up to review 
patient and family understanding and management of exacerbations. We all 
learn from repetition.

Box 12‑1
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of this practice based on product labeling as mandated by the US Food and 
Drug Administration at the time of this writing.49,50

In the emergency care setting, ipratropium, an anticholinergic aerosol, poten-
tially can add value to inhaled albuterol in treating severe acute asthma not 
fully responsive to albuterol alone. Results of an early study showed decreased 
risk of hospitalization for the children with more severe disease manifested  
by an FEV1 less than 60%.51 A later Cochrane review of 20 studies consisting 
of 2,697 children aged 1 to 18 years who were randomly assigned came to a 
�V�L�P�L�O�D�U���F�R�Q�F�O�X�V�L�R�Q���W�K�D�W���E�H�Q�H�¿�W���Z�D�V���P�R�V�W���H�Y�L�G�H�Q�W���D�P�R�Q�J���W�K�H���S�D�W�L�H�Q�W�V���Z�L�W�K���P�R�U�H��
severe disease.52 Ipratropium has no documented clinical role in patients who 
are ambulatory. Repeated use of ipratropium also has no apparent value in the 
outcome of patients hospitalized with acute asthma.53 Intravenous magnesium 
has been used for severe acute asthma, but data generally show minimal  
added clinical effect.54

Early during acute asthma, hypoxemia is common because obstruction  
of small airways decreases oxygen uptake while perfusion is maintained.  
The hypoxemia from this ventilation/perfusion (V�F/Q�F) mismatching can be 
corrected with oxygen. However, hypoxemia also can occur from respiratory 
failure, which is associated with an increase in PCO2 as airway obstruction 
progresses in severity. Measuring blood gas to measure pH and PCO2 (capillary 
�R�U���Y�H�Q�R�X�V���L�V���V�X�I�¿�F�L�H�Q�W�����L�V���H�V�V�H�Q�W�L�D�O���Z�K�H�Q���K�\�S�R�[�H�P�L�D���L�V���S�U�H�V�H�Q�W���W�R���G�L�V�W�L�Q�J�X�L�V�K��
hypoxemia caused by V�F/Q�F mismatching from hypoxemia caused by ventilatory 
�L�Q�V�X�I�¿�F�L�H�Q�F�\�����6�X�S�S�O�H�P�H�Q�W�D�U�\���R�[�\�J�H�Q���L�V���D�S�S�U�R�S�U�L�D�W�H���W�U�H�D�W�P�H�Q�W���I�R�U���K�\�S�R�[�H�P�L�D��
from V�F/Q�F mismatching, but an increasing PCO2 indicates inadequate ventila- 
tion. This hypercarbia (ie, elevated PCO2) indicates the potential for impending 
ventilatory failure and the possible need for assisted ventilation. An initially 
normal PCO2 should be carefully interpreted in the context of the clinical pic- 
ture because the PCO2 may have been previously low, and increased work  
of breathing from worsening airway obstruction can result in decreased 
ventilation and an increasing PCO2. 

Maintenance Medication

Maintenance medications are indicated for patients with persistent asthma and 
for those with prolonged seasonal allergic asthma to treat frequent symptoms 
and, ideally, prevent exacerbations (Table 12-2). The goal of maintenance 
treatment for asthma is to use acceptably safe daily medication that effectively 
suppresses asthmatic symptoms, prevents exacerbations, and maintains normal 
lung function. Inhaled corticosteroids are the most effective medications for 
children with prolonged periods of symptomatic asthma. These agents can be 
effectively delivered with an MDI. A valved holding chamber decreases oral 
�G�H�S�R�V�L�W�L�R�Q���D�Q�G���F�R�Q�V�H�T�X�H�Q�W���V�\�V�W�H�P�L�F���D�E�V�R�U�S�W�L�R�Q�����8�V�H���R�I���D���W�L�J�K�W���¿�W�W�L�Q�J���P�D�V�N���Z�L�W�K��
a valved holding chamber provides effective delivery of aerosol medication to 
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Table 12-2. Maintenance Medications for Asthma

Medication  
Type Formulation (Brand Name in Italics) When to Use

ICS MDIs
•	Fluticasone propionate  
(Flovent HFA 44, 110, or 220 mcg)

•	Mometasone furoate  
(Asmanex HFA 50, 100, or 200 mcg)

•	Ciclesonide  
(Alvesco 80 or 160 mcg)

Breath-actuated MDI
•	Beclomethasone dipropionate HFA  
(QVAR RediHaler 40 or 80 mcg)

DPIs
•	Budesonide  

(Pulmicort Flexhaler 90 or 180 mcg)
•	Fluticasone furoate  
(Arnuity Ellipta 50, 100, or 200 mcg)

•	Fluticasone propionate  
(Flovent Diskus 50, 100, or 250 mcg;  
ArmonAir Respiclick and Digihaler 55, 113,  
or 232 mcg) 

•	Mometasone furoate  
(Asmanex Twisthaler 110 or 220 mcg)

First-line medication for 
persistent symptoms; for 
infants and toddlers use  
the MDI devices with a VHC 
and mask—many can use  
a VHC without a mask by  
age 4 years; most can use  
the breath-actuated MDI 
and DPI formulations 
e�ectively  
by age 6 years.

Leukotriene 
receptor 
antagonist

Montelukast  
(Singulair 4-mg sprinkle, 4- or 5-mg  
chewable tablets, or 10-mg tablets)

An alternative to an ICS for 
mild persistent symptoms; 
modest additional bene�t  
as add-on to inhaled 
cortico-steroids. Black box 
warning regarding mood 
disorders.

Combination  
ICS/LABA

MDIs
•	Budesonide/formoterol fumarate dihydrate 
(Symbicort 80/4.5 or 160/4.5 mcg)

•	Fluticasone propionate/salmeterol  
(Advair HFA 45/21, 115/21, or 230/21 mcg)

•	Mometasone furoate/formoterol fumarate 
(Dulera 50/5, 100/5, or 200/5 mcg)

DPIs
•	Fluticasone furoate/vilanterol  
(Breo Ellipta 100/25 or 200/25 mcg)

•	Fluticasone propionate/salmeterol  
(Advair Diskus 100/50, 250/50, or 500/50 mcg; 
AirDuo Respiclick and Digihaler 55/14, 113/14, 
or 232/14 mcg; Wixela Inhub 100/50, 250/50,  
or 500/50 mcg)

•	Fluticasone furoate/umeclidinium/ 
vilanterol inhaled  
(Trelegy Ellipta 100 mcg/62.5 mcg/25 mcg per 
pu�, 200 mcg/62.5 mcg/25 mcg per pu�)

Use when an ICS does  
not maintain control and a 
LABA is added; occasionally  
a patient’s condition may  
be made worse from the 
addition of a LABA.

Improved lung function,  
but did not reduce exacer- 
bation rates in patients with 
moderate to severe asthma 
compared to ICS/LABA 
treatment
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infants and toddlers (Figure 12-4). Because static charge reduces drug delivery 
substantially, an antistatic chamber should be used. Comfortable tidal breathing 
is essential for effective aerosol delivery; a crying child receives little delivery of 
the medication to the lungs.55

Although inhaled corticosteroid is available as a nebulizer solution, there is no 
evidence that this formulation offers any therapeutic advantage over the simpler 
and more rapid administration with a pressurized MDI with a valved holding 
chamber.56 Older children can use a dry powder inhaler (Table 12-2) for which 
�Q�R���D�V�V�L�V�W���G�H�Y�L�F�H���V�X�F�K���D�V���D���Y�D�O�Y�H�G���K�R�O�G�L�Q�J���F�K�D�P�E�H�U���L�V���Q�H�H�G�H�G�����+�R�Z�H�Y�H�U�����V�S�H�F�L�¿�F��
instruction is needed because patients are required to generate high inspiratory 
�D�L�U�À�R�Z���Z�K�H�Q���X�V�L�Q�J���D���G�U�\���S�R�Z�G�H�U���L�Q�K�D�O�H�U���W�R���D�H�U�R�V�R�O�L�]�H���W�K�H���S�R�Z�G�H�U�����:�K�L�F�K�H�Y�H�U��
inhaled corticosteroid preparation is used, individualized and clear instructions 
with direct demonstration of their use to patients and parents is important.

There is evidence for dose-related systemic effects from most inhaled corti- 
costeroids.57 Ciclesonide, however, has been reported to have little or no dose- 
related systemic effect.58 Conventional low doses of all of the currently marketed 

Table 12-2. Maintenance Medications for Asthma (continued)

Medication  
Type Formulation (Brand Name in Italics) When to Use

Long-acting 
muscarinic 
antagonist

Tiotropium bromide  
(Spiriva Respimat, Spiriva HandiHaler)

May be substituted for LABA. 
Add on when control not 
maintained with ICS/LABA 
that improves FEV1 but does  
not decrease need for 
systemic corticosteroids.

Biologic Anti-IgE
•	Omalizumab  
(Xolair)

Anti-IL-5
•	Mepolizumab  
(Nucala)

•	Reslizumab  
(Cinqair)

•	Benralizumab  
(Fasenra)

Anti-IL-4/IL-13
•	Dupilumab  
(Dupixent)

Anti-TSLP
•	Tezepelumab  
(Tezspire)

Omalizumab is used for 
poorly controlled asthma 
from allergen-speci�c 
IgE-mediated symptoms.

Anti-IL-5 products are used 
for poorly controlled severe 
asthma with an eosinophilic 
phenotype. 

Dupilumab is e�ective for 
atopic dermatitis, asthma, 
and nasal polyps.

Tezepelumab does not 
require eosinophilic 
phenotype or demonstra-
tion of biomarkers.

Abbreviations: DPI, dry powder inhaler; HFA, hydro�uoroalkane; ICS, inhaled corticosteroid;  
IgE, immunoglobulin E; IL, interleukin; LABA, long-acting �2-agonist; MDI, metered-dose inhaler;  
TSLP, thymic stromal lymphopoietin; VHC, valved holding chamber.

14 PP 2ND ED - CHAPTER 12_207-238.indd   22114 PP 2ND ED - CHAPTER 12_207-238.indd   221 11/7/23   9:12 AM11/7/23   9:12 AM



222
Pediatric Pulmonology

inhaled corticosteroids have an established safety record.59 Measurable but 
small transient effects on height growth velocity have been reported for most 
inhaled corticosteroids.60 Ciclesonide is an exception and is preferred if growth 
slows while a child is receiving one of the other inhaled corticosteroids.61 
Ciclesonide is highly protein bound, allowing less free corticosteroid to 
circulate, and it may be metabolized more rapidly than other inhaled cortico-
steroids. Monitoring growth for children receiving inhaled corticosteroids,  
therefore, should be a standard of care. 

Montelukast, a leukotriene receptor inhibitor, is an orally administered drug 
�W�K�D�W���K�D�V���V�R�P�H���F�O�L�Q�L�F�D�O���E�H�Q�H�¿�W���I�R�U���S�D�W�L�H�Q�W�V���Z�L�W�K���P�L�O�G���S�H�U�V�L�V�W�H�Q�W���D�V�W�K�P�D�����D�V��
compared with placebo, and has some potential additive effect with inhaled 
corticosteroids.62���+�R�Z�H�Y�H�U�����W�K�H���F�O�L�Q�L�F�D�O���E�H�Q�H�¿�W���R�I���D�G�G�L�Q�J���P�R�Q�W�H�O�X�N�D�V�W���W�R���D�Q��
inhaled corticosteroid does not appear to be as great as is seen with an inhaled 
�O�R�Q�J���D�F�W�L�Q�J����2-agonist (LABA).62 Although montelukast is generally well 
tolerated, postmarketing study results have shown serious neuropsychiatric 
adverse drug reactions.63 Consequently, the US Food and Drug Administration 
has added a boxed warning. 

Adding a LABA to an inhaled corticosteroid is generally more effective than 
using a higher dose of the inhaled steroid in patients who continue to have 
symptoms with use of initial doses of inhaled steroids.64 A small subset of 
�S�D�W�L�H�Q�W�V���D�S�S�H�D�U�V���W�R���E�H���D�W���U�L�V�N���I�U�R�P���G�R�Z�Q�U�H�J�X�O�D�W�L�R�Q���R�I���W�K�H����2-adrenergic 
receptors with continued use of LABAs alone or even with inhaled steroids.65 
A particularly dramatic example was seen in 2 boys who had life-threatening 
asthma exacerbations that were documented to be from salmeterol.66 This 
uncommon adverse effect of LABAs is best recognized by clinical worsening 
of asthma symptoms when a LABA is added or by clinical improvement when 
discontinued. Careful monitoring of the patient with regularly scheduled 
return visits is important to identify the patient who worsens rather than the 
�P�R�U�H���X�V�X�D�O���E�H�Q�H�¿�W���V�H�H�Q���I�U�R�P���W�K�H���D�G�G�L�W�L�R�Q���R�I���D���/�$�%�$��

Tiotropium, a long-acting muscarinic receptor antagonist, has less bronchodi- 
�O�D�W�D�W�L�R�Q���W�K�D�Q���G�R�H�V���D����2-agonist. In addition to the effect on airway smooth 
muscle relaxation, inhibition of mucous gland secretion may also contribute  
to a therapeutic role in asthma. Clinical trials in children and adolescents  
have shown increased FEV1 but no improvement in frequency of exacerba- 
tions when treatment with tiotropium is added in patients with asthma not 
adequately controlled with inhaled corticosteroids and LABA.67

Immunotherapy (allergy shots) can reduce asthma symptoms in highly 
selected cases in which the symptoms can be convincingly related to a limited 
�Q�X�P�E�H�U���R�I���Z�H�O�O���G�H�¿�Q�H�G���L�Q�K�D�O�D�Q�W���D�O�O�H�U�J�H�Q�V���W�R���Z�K�L�F�K���L�P�P�X�Q�R�W�K�H�U�D�S�\���K�D�V���E�H�H�Q��
�R�I���E�H�Q�H�¿�W��68 In recent years, a number of new medications called biologics have 
been developed for use in patients with asthma not adequately controlled with 
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Figure 12-5. Schematic of biologics that interfere with the in�ammatory pathways of asthma. 
Abbreviations: DP2R, prostaglandin D2 receptor; IgE, immunoglobulin E; IL, interleukin; ILC-2, 
type 2 innate lymphoid cell; Th, T helper; TSLP, thymic stromal lymphopoietin.

Reprinted from Krings JG, McGregor MC, Bacharier LB, Castro M. Biologics for severe asthma: treatment-
speci�c e�ects are important in choosing a speci�c agent. J Allergy Clin Immunol Pract. 2019;7(5):1379–1392. 
Copyright © 2019 American Academy of Allergy, Asthma & Immunology.

inhaled corticosteroid, LABA, and long-acting muscarinic receptor antagonist 
medications (Table 12-2�������7�K�H���¿�U�V�W���R�I���W�K�H�V�H�����R�P�D�O�L�]�X�P�D�E�����D���P�R�Q�R�F�O�R�Q�D�O��
�D�Q�W�L���,�J�(���D�J�H�Q�W�����S�U�H�Y�H�Q�W�V���D�O�O�H�U�J�H�Q���V�S�H�F�L�¿�F���I�U�H�H���,�J�(���I�U�R�P���E�L�Q�G�L�Q�J���W�R���P�D�V�W���F�H�O�O�V��
and releasing mediators from those mast cells.69,70���2�W�K�H�U���F�X�U�U�H�Q�W���D�Q�G���S�R�V�V�L�E�O�\��
future biologics have been developed for severe asthma (Figure 12-5).71–75 

Environmental Considerations

�,�G�H�Q�W�L�¿�F�D�W�L�R�Q���D�Q�G���D�Y�R�L�G�D�Q�F�H���R�I���D�V�W�K�P�D���W�U�L�J�J�H�U�V���D�U�H���L�P�S�R�U�W�D�Q�W���F�R�P�S�R�Q�H�Q�W�V���R�I��
asthma management. The physician providing asthma care should assess the 
child’s environment and its role in contributing to asthma symptoms. Both  
the macro- and microenvironmental aspects need to be considered. Cigarette 
smoke exposure, whether primary, secondary, or tertiary, is a strong irri- 
tant for the sensitive airways of a child with asthma.76���,�Q�G�R�R�U���¿�U�H�S�O�D�F�H�V�� 
�D�Q�G���R�X�W�G�R�R�U���E�R�Q�¿�U�H�V���R�U���O�H�D�I���E�X�U�Q�L�Q�J77 are also important nonallergenic 
major irritants that contribute to asthmatic symptoms.
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�&�K�L�O�G�U�H�Q���Z�L�W�K���D�O�O�H�U�J�H�Q���V�S�H�F�L�¿�F���,�J�(���W�R���F�R�P�P�R�Q���P�R�O�G���D�H�U�R�D�O�O�H�U�J�H�Q�V���F�D�Q���K�D�Y�H��
intense exposure to outdoor molds during procedures that stir up decaying 
vegetation, such as raking leaves or harvesting. Very old homes may be 
plagued by indoor mold, especially if there is a basement with dampness  
or water leakage. Forced air heating can distribute aeroallergens throughout 
�W�K�H���K�R�P�H���E�X�W���D�O�V�R���S�U�R�Y�L�G�H�V���D�Q���R�S�S�R�U�W�X�Q�L�W�\���W�R���X�V�H���D���K�L�J�K���H�I�¿�F�L�H�Q�F�\���D�L�U���¿�O�W�H�U���W�R��
minimize aeroallergens in the indoor environment. Pets can be a contributing 
factor to asthma, but those family members should not be blamed for causing 
�V�\�P�S�W�R�P�V���Z�L�W�K�R�X�W���W�K�H���S�D�W�L�H�Q�W���G�H�P�R�Q�V�W�U�D�W�L�Q�J���D�O�O�H�U�J�H�Q���V�S�H�F�L�¿�F���,�J�(���W�R���W�K�H���V�S�H�� 
cies and the physician obtaining a convincing history that exposure contributes 
to morbidity. However, pet exposure in early infancy may prevent subsequent 
allergy.78,79 Clinically important aeroallergens vary with the region and the 
living area. They include pollens, outdoor and indoor molds, animal dander, 
�F�R�F�N�U�R�D�F�K�H�V�����U�R�G�H�Q�W�V�����À�\�L�Q�J���L�Q�V�H�F�W�V�����D�Q�G���G�X�V�W���P�L�W�H�V�����.�Q�R�Z�O�H�G�J�H���R�I���D�O�O�H�U�J�H�Q����
�V�S�H�F�L�¿�F���,�J�(���L�Q���W�K�H���S�D�W�L�H�Q�W���D�Q�G���W�K�H���D�H�U�R�E�L�R�O�R�J�L�F�D�O���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���W�K�H���S�D�W�L�H�Q�W�¶�V��
environment are essential to assess the importance of environmental factors.

Exercise-Induced Asthma

Bronchospasm induced by exercise is a common component of active asthma. 
However, exercise-induced asthma tends to be overdiagnosed as a cause of 
exercise-induced dyspnea. If baseline pulmonary function is normal or near 
normal, either naturally or with maintenance medication, exercise-induced 
bronchospasm can be readily prevented for most patients by pretreating with 
an inhaled bronchodilator, such as albuterol. If that does not block exercise- 
induced dyspnea, then alternative diagnoses should be pursued.80,81 An 
uncommon but serious reason for losing the bronchoprotective effect from 
adrenergic bronchodilators is the regular use of LABA bronchodilators.66

Treating Di�cult Asthma

�$�V�W�K�P�D���P�D�\���E�H���G�L�I�¿�F�X�O�W���W�R���F�R�Q�W�U�R�O���E�H�F�D�X�V�H���R�I���V�H�Y�H�U�D�O���I�D�F�W�R�U�V�����%�H�I�R�U�H���D�V�V�X�P�L�Q�J��
that it is the asthma that is intractable and adding yet more medications, the 
physician should consider the following: (1) poor adherence to the prescribed 
medications, (2) improper inhaler technique resulting in suboptimal delivery 
of the medication to the airways, (3) poor choice of medications, (4) exposure 
to irritants such as cigarette smoke, (5) presence of other comorbidities such  
as obesity, or (6) incorrect diagnosis (ie, the child does not have asthma).2

The most common cause of poorly controlled asthma is that the medications 
are not being taken or are not being taken properly. Besides asking patients 
about the frequency of taking medications, the number of puffs used can  
be determined on the dose counters of various inhaler devices. Calling the 
�S�D�W�L�H�Q�W�¶�V���S�K�D�U�P�D�F�\���I�R�U���W�K�H���Q�X�P�E�H�U���R�I���U�H�¿�O�O�V���F�D�Q���K�H�O�S���G�H�W�H�U�P�L�Q�H���Z�K�H�W�K�H�U���D��
�S�U�H�V�F�U�L�S�W�L�R�Q���L�V���E�H�L�Q�J���¿�O�O�H�G���Z�L�W�K���D�S�S�U�R�S�U�L�D�W�H���I�U�H�T�X�H�Q�F�\��82 If poor adherence is 
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established, address the possible obstacles that prevent patients from taking 
�P�H�G�L�F�D�W�L�R�Q�V�����6�L�P�S�O�L�¿�F�D�W�L�R�Q���R�I���W�U�H�D�W�P�H�Q�W���U�H�J�L�P�H�Q���R�U���V�Z�L�W�F�K�L�Q�J���W�K�H���P�H�G�L�F�D�W�L�R�Q��
�W�R���R�Q�H���Z�L�W�K���D���O�R�Z�H�U���F�R���S�D�\���P�D�\���L�P�S�U�R�Y�H���D�G�K�H�U�H�Q�F�H�����$�O�V�R�����W�K�H�U�H���L�V���H�Y�L�G�H�Q�F�H��
�W�K�D�W���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���D�V�W�K�P�D���W�K�D�W���L�V���V�H�Y�H�U�H���D�Q�G���S�R�R�U�O�\���F�R�Q�W�U�R�O�O�H�G���G�X�H���W�R���O�D�F�N�� 
�R�I���W�U�H�D�W�P�H�Q�W���D�G�K�H�U�H�Q�F�H�����D�G�P�L�Q�L�V�W�U�D�W�L�R�Q���R�I���D�V�W�K�P�D���P�H�G�L�F�D�W�L�R�Q�V���E�\���D���V�F�K�R�R�O��
�Q�X�U�V�H���F�D�Q���L�P�S�U�R�Y�H���R�X�W�F�R�P�H��83

Emergency Department and Hospitalization

�7�K�H���G�H�F�L�V�L�R�Q���W�R���K�R�V�S�L�W�D�O�L�]�H���L�V���X�V�X�D�O�O�\���P�D�G�H���Z�K�H�Q���G�\�V�S�Q�H�D���R�U���K�\�S�R�[�H�P�L�D���L�V�� 
�Q�R�W���U�H�V�S�R�Q�V�L�Y�H���W�R���K�R�P�H���R�U���H�P�H�U�J�H�Q�F�\���F�D�U�H�����+�R�Z�H�Y�H�U�����W�K�L�V���G�H�F�L�V�L�R�Q���P�D�\���E�H��
�L�Q�À�X�H�Q�F�H�G���E�\���V�R�F�L�D�O���I�D�F�W�R�U�V���L�Q���D�G�G�L�W�L�R�Q���W�R���W�K�H���V�H�Y�H�U�L�W�\���R�I���W�K�H���S�K�\�V�L�R�O�R�J�L�F�D�O��
�D�E�Q�R�U�P�D�O�L�W�\�����$�V�W�K�P�D���L�V���W�K�H���O�H�D�G�L�Q�J���P�H�G�L�F�D�O���F�D�X�V�H���R�I���K�R�V�S�L�W�D�O�L�]�D�W�L�R�Q���I�R�U���F�K�L�O�� 
�G�U�H�Q�����D�Q�G���W�K�H�V�H���K�R�V�S�L�W�D�O�L�]�D�W�L�R�Q�V���D�U�H���P�R�V�W�O�\���S�U�H�Y�H�Q�W�D�E�O�H�����7�K�H���W�U�H�D�W�P�H�Q�W���D�G�P�L�Q��
�L�V�W�H�U�H�G���G�X�U�L�Q�J���K�R�V�S�L�W�D�O�L�]�D�W�L�R�Q���L�V���H�V�V�H�Q�W�L�D�O�O�\���W�K�H���V�D�P�H���D�V���W�U�H�D�W�P�H�Q�W���W�K�D�W���Z�R�X�O�G��
have prevented most hospitalizations had the treatment been performed earlier 
���L�H�����D�H�U�R�V�R�O���E�U�R�Q�F�K�R�G�L�O�D�W�R�U�V���D�Q�G���V�\�V�W�H�P�L�F���F�R�U�W�L�F�R�V�W�H�U�R�L�G�V�������&�K�H�V�W���U�D�G�L�R�J�U�D�S�K�V��
�D�U�H���R�I���O�L�P�L�W�H�G���Y�D�O�X�H���I�R�U���W�K�H���F�K�L�O�G���Z�L�W�K���D�V�W�K�P�D���L�Q���W�K�H���H�P�H�U�J�H�Q�F�\���G�H�S�D�U�W�P�H�Q�W�� 
�R�U���K�R�V�S�L�W�D�O���D�Q�G���L�Q�I�U�H�T�X�H�Q�W�O�\���L�Q�À�X�H�Q�F�H���P�D�Q�D�J�H�P�H�Q�W��84

�+�R�V�S�L�W�D�O�L�]�D�W�L�R�Q���L�V���S�U�L�P�D�U�L�O�\���W�R���H�Q�V�X�U�H���W�K�D�W���R�[�\�J�H�Q���F�D�Q���E�H���D�G�P�L�Q�L�V�W�H�U�H�G���L�I��
�Q�H�H�G�H�G���D�Q�G���W�K�D�W���U�H�V�S�L�U�D�W�R�U�\���I�D�L�O�X�U�H�����L�I���L�W���R�F�F�X�U�V�����F�D�Q���E�H���P�D�Q�D�J�H�G���Z�L�W�K���D�V�V�L�V�W�H�G��
�Y�H�Q�W�L�O�D�W�L�R�Q�����+�R�V�S�L�W�D�O�L�]�D�W�L�R�Q���L�V���D�O�V�R���D�Q���R�S�S�R�U�W�X�Q�L�W�\���W�R���S�U�R�Y�L�G�H���L�Q�W�H�Q�V�L�Y�H���S�D�W�L�H�Q�W��
�H�G�X�F�D�W�L�R�Q���D�Q�G���S�O�D�Q���I�R�U���D�S�S�U�R�S�U�L�D�W�H���D�P�E�X�O�D�W�R�U�\���F�D�U�H�����$�G�H�T�X�D�W�H���G�R�V�H�V���R�I���V�\�V�� 
�W�H�P�L�F���F�R�U�W�L�F�R�V�W�H�U�R�L�G�V���V�K�R�X�O�G���E�H���D�G�P�L�Q�L�V�W�H�U�H�G���L�Q���D�Q�\���F�K�L�O�G���Z�L�W�K���D�V�W�K�P�D���W�K�D�W��
�U�H�T�X�L�U�H�V���D�Q���H�P�H�U�J�H�Q�F�\���G�H�S�D�U�W�P�H�Q�W���Y�L�V�L�W���R�U���K�R�V�S�L�W�D�O�L�]�D�W�L�R�Q���I�R�U���D�V�W�K�P�D�����,�Q�K�D�O�H�G��
�D�O�E�X�W�H�U�R�O���F�D�Q���E�H���D�G�P�L�Q�L�V�W�H�U�H�G���I�R�U���D�Q���L�Q�F�U�H�D�V�H���L�Q���W�K�H���Z�R�U�N���R�I���E�U�H�D�W�K�L�Q�J�����&�R�Q�W�L�Q�� 
�X�R�X�V���Q�H�E�X�O�L�]�D�W�L�R�Q���R�I���D�O�E�X�W�H�U�R�O���F�D�Q���G�H�F�U�H�D�V�H���W�K�H���Q�H�H�G���I�R�U���D�V�V�L�V�W�H�G���Y�H�Q�W�L�O�D�W�L�R�Q��85 
�'�L�V�F�K�D�U�J�H���I�U�R�P���W�K�H���K�R�V�S�L�W�D�O���V�K�R�X�O�G���R�F�F�X�U���R�Q�F�H���W�K�H���O�H�Y�H�O���R�I���F�D�U�H���L�V���V�X�F�K���W�K�D�W���L�W��
�F�D�Q���E�H���F�R�Q�W�L�Q�X�H�G���D�W���K�R�P�H�����7�K�H�U�H���L�V���Q�R���Q�H�H�G���W�R���F�R�Q�W�L�Q�X�H���K�R�V�S�L�W�D�O�L�]�D�W�L�R�Q���X�Q�W�L�O�� 
�D�O�O���V�\�P�S�W�R�P�V���D�U�H���F�R�P�S�O�H�W�H�O�\���J�R�Q�H���X�Q�O�H�V�V���W�K�H�U�H���D�U�H���V�R�F�L�D�O���F�R�Q�F�H�U�Q�V���U�H�J�D�U�G�� 
�L�Q�J���F�R�Q�W�L�Q�X�L�Q�J���P�H�G�L�F�D�W�L�R�Q���D�W���K�R�P�H�����2�Q�F�H���L�P�S�U�R�Y�H�P�H�Q�W���L�V���Z�H�O�O���H�V�W�D�E�O�L�V�K�H�G����
�G�H�W�H�U�L�R�U�D�W�L�R�Q���L�V���K�L�J�K�O�\���X�Q�O�L�N�H�O�\���Z�L�W�K���F�R�Q�W�L�Q�X�H�G���P�H�G�L�F�D�W�L�R�Q�����D�Q�G���D�S�S�U�R�S�U�L�D�W�H��
�D�P�E�X�O�D�W�R�U�\���F�D�U�H���F�D�Q���E�H�J�L�Q��

Treating Comorbidities

�7�U�H�D�W�L�Q�J���F�R�P�R�U�E�L�G�L�W�L�H�V���P�D�\���E�H�Q�H�¿�W���W�K�H���F�R�Q�W�U�R�O���R�I���F�K�U�R�Q�L�F���D�V�W�K�P�D�����$�O�W�K�R�X�J�K��
�U�K�L�Q�L�W�L�V�����R�I�W�H�Q���F�D�O�O�H�G���V�L�Q�X�V�L�W�L�V�����D�Q�G���J�D�V�W�U�R�H�V�R�S�K�D�J�H�D�O���U�H�À�X�[���D�U�H���R�I�W�H�Q���D�V�V�R�F�L�D�W�H�G��
�Z�L�W�K���D�V�W�K�P�D�����W�K�H���H�Y�L�G�H�Q�F�H���W�K�D�W���D�V�W�K�P�D���F�R�Q�W�U�R�O���E�H�Q�H�¿�W�V���I�U�R�P���W�K�H�L�U���W�U�H�D�W�P�H�Q�W�� 
�L�V���D�Q�H�F�G�R�W�D�O���R�Q�O�\���D�Q�G���L�Q�F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���S�X�E�O�L�V�K�H�G���H�Y�L�G�H�Q�F�H��86,87���6�\�P�S�W�R�P�V��
�D�W�W�U�L�E�X�W�H�G���W�R���V�L�Q�X�V�L�W�L�V���D�U�H���S�U�H�G�R�P�L�Q�D�Q�W�O�\���W�K�R�V�H���R�I���U�K�L�Q�L�W�L�V�����D�Q�G���W�K�H�U�H���L�V���O�L�W�W�O�H��
�F�R�U�U�H�O�D�W�L�R�Q���E�H�W�Z�H�H�Q���U�D�G�L�R�O�R�J�L�F�D�O���H�Y�L�G�H�Q�F�H���R�I���V�L�Q�X�V�L�W�L�V���D�Q�G���F�O�L�Q�L�F�D�O���V�\�P�S�W�R�P�V��88 
�$�O�W�K�R�X�J�K���F�K�U�R�Q�L�F���D�O�O�H�U�J�L�F���U�K�L�Q�L�W�L�V���V�K�R�X�O�G���E�H���W�U�H�D�W�H�G���Z�L�W�K���W�R�S�L�F�D�O���Q�D�V�D�O���V�W�H�U�R�L�G�V����
�D�Q�G���J�D�V�W�U�R�H�V�R�S�K�D�J�H�D�O���U�H�À�X�[���V�K�R�X�O�G���E�H���W�U�H�D�W�H�G���L�Q���W�K�R�V�H���H�[�S�H�U�L�H�Q�F�L�Q�J���W�K�H��

14 PP 2ND ED - CHAPTER 12_207-238.indd   22514 PP 2ND ED - CHAPTER 12_207-238.indd   225 10/12/23   1:24 PM10/12/23   1:24 PM



226
Pediatric Pulmonology

associated symptoms of heartburn, regurgitation, and substernal discomfort, 
�W�K�H�U�H���L�V���O�L�W�W�O�H���U�H�D�V�R�Q���W�R���H�[�S�H�F�W���F�O�L�Q�L�F�D�O�O�\���L�P�S�R�U�W�D�Q�W���E�H�Q�H�¿�W���I�R�U���W�K�H���D�V�W�K�P�D���L�W�V�H�O�I��89

�2�E�H�V�L�W�\���L�V���D���S�R�W�H�Q�W�L�D�O���F�R�P�R�U�E�L�G�L�W�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���S�R�R�U���D�V�W�K�P�D���F�R�Q�W�U�R�O��90 
Obesity and asthma are treated more extensively in Chapter 43, Asthma and 
�2�W�K�H�U���5�H�V�S�L�U�D�W�R�U�\���'�L�V�R�U�G�H�U�V���$�V�V�R�F�L�D�W�H�G���:�L�W�K���2�E�H�V�L�W�\�����1�L�J�K�W�W�L�P�H���D�V�W�K�P�D��
symptoms can easily overlap with symptoms of obstructive sleep apnea, and  
�D���V�W�U�R�Q�J���F�R�U�U�H�O�D�W�L�R�Q���E�H�W�Z�H�H�Q���W�K�H�������L�O�O�Q�H�V�V�H�V���K�D�V���E�H�H�Q���V�X�J�J�H�V�W�H�G�����,�Q���R�Q�H���V�W�X�G�\��
in which investigators examined the relationship between asthma and obstruc-
tive sleep apnea, the authors concluded that sleep-disordered breathing was a 
�U�L�V�N���I�D�F�W�R�U���I�R�U���S�R�R�U���F�R�Q�W�U�R�O���R�I���D�V�W�K�P�D���L�Q���F�K�L�O�G�U�H�Q��91

Monitoring the Clinical Course
Successful management of asthma does not stop with providing patients  
�Z�L�W�K���S�U�H�V�F�U�L�S�W�L�R�Q�V�����3�K�\�V�L�F�L�D�Q�V���Q�H�H�G���W�R���H�Q�V�X�U�H���W�K�D�W���S�D�W�L�H�Q�W�V���D�Q�G���S�D�U�H�Q�W�V���K�D�Y�H��
�G�H�Y�H�O�R�S�H�G���V�H�O�I���V�X�I�¿�F�L�H�Q�F�\���L�Q���P�D�Q�D�J�L�Q�J���W�K�H���G�L�V�H�D�V�H���D�Q�G���L�W�V���H�[�D�F�H�U�E�D�W�L�R�Q�V����
�,�G�H�D�O�O�\�����W�K�H�U�H���V�K�R�X�O�G���U�D�U�H�O�\���E�H���D���Q�H�H�G���W�R���V�H�H���W�K�H���S�D�W�L�H�Q�W���G�X�U�L�Q�J���D�F�X�W�H���V�\�P�S�� 
toms because the patient or family should have been taught with oral and 
written instructions regarding the key components of successful management 
�D�W���K�R�P�H�����7�K�H�V�H���L�Q�F�O�X�G�H���W�K�H���X�V�H���R�I���P�D�L�Q�W�H�Q�D�Q�F�H���P�H�G�L�F�D�W�L�R�Q�V���D�V���D���S�U�H�Y�H�Q�W�L�Y�H��
measure for persistent and seasonal allergic asthma, the use of an inhaled 
bronchodilator for acute symptom relief, and early intervention with a short 
�F�R�X�U�V�H���R�I���V�\�V�W�H�P�L�F���F�R�U�W�L�F�R�V�W�H�U�R�L�G���I�R�U���D�F�X�W�H���H�[�D�F�H�U�E�D�W�L�R�Q�V�����5�H�J�X�O�D�U���V�F�K�H�G�X�O�H�G��

return visits are essential to review 
adherence to the treatment plan, to 
check inhaler technique, to assess 
if the patient meets criteria for 
asthma control (Box 12-2), and to 
adjust treatment when appropriate 
to meet those criteria with the least 
�D�P�R�X�Q�W���R�I���P�H�G�L�F�D�W�L�R�Q��

Measuring pulmonary function 
�Z�L�W�K���R�I�¿�F�H���V�S�L�U�R�P�H�W�U�\���V�K�R�X�O�G���E�H���D��
routine standard of care in order to 
identify airway obstruction not 
detected with routine stethoscopic 
�D�X�V�F�X�O�W�D�W�L�R�Q��92���7�R�W�D�O���D�L�U�Z�D�\��
resistance and its components, 
proximal large airway resistance, 
and peripheral small airway  
�U�H�V�L�V�W�D�Q�F�H���D�U�H���R�E�W�D�L�Q�H�G����

�7�K�H�U�H���L�V���L�Q�F�U�H�D�V�L�Q�J���H�Y�L�G�H�Q�F�H��
regarding the importance of 

Criteria for Asthma Control

	� Absence of hospitalization

	� Absence of urgent care requirements

	� Absence of interference with sleep

	� Absence of interference with activity

	� Infrequent use of inhaled �2-agonists  
for acute symptoms

	� Infrequent use of oral corticosteroids

	� Normal or near normal pulmonary  
function as measured with spirometry

	� Infrequent school absences because  
of asthma

Reprinted from Weinberger M. Pediatric asthma 
and related allergic and nonallergic diseases: 
patient-oriented evidence-based essentials that 
matter. Pediatric Health. 2(5):631–650. https://
www.futuremedicine.com/doi/
full/10.2217/17455111.2.5.631

Box 12-2
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assessing small airway dysfunction in the lung periphery that is not readily 
�L�G�H�Q�W�L�¿�H�G���Z�L�W�K���V�S�L�U�R�P�H�W�U�\��93,94 In addition to identifying peripheral small 
airway dysfunc-tion, impulse oscillometry does not require the effort of 
�V�S�L�U�R�P�H�W�U�\�����2�Q�O�\���W�L�G�D�O���Y�R�O�X�P�L�Q�J���L�V���Q�H�H�G�H�G�����&�R�Q�V�H�T�X�H�Q�W�O�\�����H�Y�H�Q���������D�Q�G�� 
4-year-old children, or anyone unable to perform the maximal effort of 
�V�S�L�U�R�P�H�W�U�\�����F�D�Q���S�H�U�I�R�U�P���L�P�S�X�O�V�H���R�V�F�L�O�O�R�P�H�W�U�\����

�$�O�W�K�R�X�J�K���X�V�H���R�I���D���S�H�D�N���À�R�Z���P�H�W�H�U���K�D�V���E�H�H�Q���S�U�R�S�R�V�H�G���D�V���D���W�R�R�O���W�R���P�R�Q�L�W�R�U��
�D�V�W�K�P�D���D�Q�G���J�X�L�G�H���L�W�V���W�K�H�U�D�S�\�����W�K�H���Z�H�L�J�K�W���R�I���H�Y�L�G�H�Q�F�H���L�Q�G�L�F�D�W�H�V���W�K�D�W���V�\�P�S�� 
�W�R�P���P�R�Q�L�W�R�U�L�Q�J���L�V���D�V���J�R�R�G���D�V���R�U���H�Y�H�Q���E�H�W�W�H�U���W�K�D�Q���W�K�H���P�H�W�H�U��95 Measuring peak 
�À�R�Z���G�H�S�H�Q�G�V���R�Q���S�D�W�L�H�Q�W���H�I�I�R�U�W���D�Q�G���W�H�F�K�Q�L�T�X�H�����,�I���W�K�H���Y�D�O�X�H���L�V���O�R�Z���Z�K�L�O�H���V�\�P�S-
toms are absent, the result can be unnecessarily increased patient and parent 
�D�Q�[�L�H�W�\�����R�Y�H�U�X�V�H���R�I���D�V�W�K�P�D���P�H�G�L�F�D�W�L�R�Q�V�����D�Q�G���R�Y�H�U�X�V�H���R�I���W�K�H���K�H�D�O�W�K���F�D�U�H���V�\�V�W�H�P����
�7�K�H���R�Q�O�\���V�L�W�X�D�W�L�R�Q�V���L�Q���Z�K�L�F�K���D���K�R�P�H���S�H�D�N���À�R�Z���P�H�W�H�U���R�U���S�R�U�W�D�E�O�H���V�S�L�U�R�P�H�W�H�U�� 
�L�V���X�V�H�I�X�O���D�U�H���I�R�U���W�K�R�V�H���Z�K�R���R�F�F�D�V�L�R�Q�D�O�O�\���X�Q�G�H�U�����R�U���R�Y�H�U�S�H�U�F�H�L�Y�H���D�V�W�K�P�D�W�L�F��
�V�\�P�S�W�R�P�V�����$�Q���R�E�M�H�F�W�L�Y�H���P�H�D�V�X�U�H���R�I���G�L�V�H�D�V�H���V�H�Y�H�U�L�W�\���F�D�Q���K�H�O�S���G�L�V�W�L�Q�J�X�L�V�K��
�D�Q�[�L�H�W�\���L�Q�G�X�F�H�G���G�\�V�S�Q�H�D���R�U���Q�R�Q�S�H�U�F�H�S�W�L�R�Q���R�I���D�L�U�Z�D�\���R�E�V�W�U�X�F�W�L�R�Q�����(�Y�H�Q���L�Q��
these clinical situations, using handheld spirometers, which are now becom- 
�L�Q�J���P�R�U�H���D�Y�D�L�O�D�E�O�H���D�Q�G���L�Q�F�U�H�D�V�L�Q�J�O�\���O�H�V�V���H�[�S�H�Q�V�L�Y�H�����L�V���D���E�H�W�W�H�U���D�O�W�H�U�Q�D�W�L�Y�H�� 
�W�K�D�Q���X�V�L�Q�J���W�K�H���L�F�R�Q�L�F���S�H�D�N���À�R�Z���P�H�W�H�U����

�7�K�H�U�H���L�V���F�X�U�U�H�Q�W���L�Q�W�H�U�H�V�W���L�Q���W�K�H���X�V�H���R�I���H�[�K�D�O�H�G���Q�L�W�U�L�F���R�[�L�G�H�����)�H�1�2�����D�V���D���P�D�U�N�H�U��
�R�I���H�R�V�L�Q�R�S�K�L�O�L�F���D�L�U�Z�D�\���L�Q�À�D�P�P�D�W�L�R�Q���L�Q���D�V�W�K�P�D��96���$���U�H�Y�L�H�Z���R�I���V�W�X�G�L�H�V���L�Q���F�K�L�O�� 
�G�U�H�Q���F�R�Q�F�O�X�G�H�G���W�K�D�W���W�K�H���X�V�H���R�I���)�H�1�2���W�R���J�X�L�G�H���D�V�W�K�P�D���W�K�H�U�D�S�\���L�Q���F�K�L�O�G�U�H�Q�� 
�P�D�\���E�H���E�H�Q�H�¿�F�L�D�O���L�Q���D���V�X�E�V�H�W���R�I���F�K�L�O�G�U�H�Q�����E�X�W���L�W���F�D�Q�Q�R�W���E�H���X�Q�L�Y�H�U�V�D�O�O�\���U�H�F�R�P-
�P�H�Q�G�H�G���I�R�U���D�O�O���F�K�L�O�G�U�H�Q���Z�L�W�K���D�V�W�K�P�D��97 A conditional recommendation for  
�X�V�H���Z�D�V���W�K�H���F�R�Q�F�O�X�V�L�R�Q���R�I���D�Q���R�I�¿�F�L�D�O���$�P�H�U�L�F�D�Q���7�K�R�U�D�F�L�F���6�R�F�L�H�W�\���&�O�L�Q�L�F�D�O��
�3�U�D�F�W�L�F�H���*�X�L�G�H�O�L�Q�H��98 

�*�H�Q�H�U�D�O���P�H�G�L�F�D�O���F�D�U�H���I�R�U���D�V�W�K�P�D���V�K�R�X�O�G���L�Q�F�O�X�G�H���U�R�X�W�L�Q�H���L�P�P�X�Q�L�]�D�W�L�R�Q�V�����7�K�H��
�Y�D�U�L�F�H�O�O�D���Y�D�F�F�L�Q�H���L�V���S�D�U�W�L�F�X�O�D�U�O�\���L�P�S�R�U�W�D�Q�W���E�H�F�D�X�V�H���R�I���W�K�H���V�P�D�O�O���E�X�W���V�H�U�L�R�X�V�� 
�U�L�V�N���R�I���G�L�V�V�H�P�L�Q�D�W�H�G���Y�D�U�L�F�H�O�O�D���W�K�D�W���K�D�V���E�H�H�Q���U�H�S�R�U�W�H�G���Z�K�H�Q���Y�D�U�L�F�H�O�O�D���R�F�F�X�U�V��
during a course of high-dose systemic corticosteroids as may be necessary for 
�D�Q���D�V�W�K�P�D���H�[�D�F�H�U�E�D�W�L�R�Q��99���$���&�2�9�,�'���������Y�D�F�F�L�Q�H���D�Q�G���\�H�D�U�O�\���L�Q�À�X�H�Q�]�D���Y�D�F�F�L�Q�H��
are recommended for children and are especially appropriate for children with 
�D�V�W�K�P�D�����������/�L�W�W�O�H���U�L�V�N���I�U�R�P���F�X�U�U�H�Q�W���L�Q�À�X�H�Q�]�D���Y�D�F�F�L�Q�H�V���L�V���S�U�H�V�H�Q�W���I�R�U���W�K�R�V�H�� 
�Z�L�W�K���D�O�O�H�U�J�\���W�R���H�J�J�V�����D�Q�G���H�J�J���D�O�O�H�U�J�\���L�V���Q�R�W���D���F�R�Q�W�U�D�L�Q�G�L�F�D�W�L�R�Q���I�R�U���L�Q�À�X�H�Q�]�D��
�Y�D�F�F�L�Q�D�W�L�R�Q�������� ���$�O�V�R�����D�Q���H�J�J���I�U�H�H���U�H�F�R�P�E�L�Q�D�Q�W���À�X���Y�D�F�F�L�Q�H���L�V���U�H�D�G�L�O�\���D�Y�D�L�O�D�E�O�H��

The best decision-making by the physician can fail unless the family or 
�S�D�W�L�H�Q�W���L�V���D�G�H�T�X�D�W�H�O�\���H�G�X�F�D�W�H�G���D�E�R�X�W���W�K�H���E�H�Q�H�¿�W�V���D�Q�G���U�L�V�N�V�����L�I���D�Q�\�����R�I���H�D�F�K��
�P�H�G�L�F�D�W�L�R�Q���D�Q�G���W�K�H���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���W�K�H���W�U�H�D�W�P�H�Q�W���S�O�D�Q�����3�D�U�W�L�F�X�O�D�U�O�\���L�P�S�R�U�W-
�D�Q�W���L�V���K�D�Y�L�Q�J���D���V�L�P�S�O�H���Z�U�L�W�W�H�Q���D�F�W�L�R�Q���S�O�D�Q���W�K�D�W���G�H�D�O�V���Z�L�W�K���S�H�U�L�R�G�V���R�I���L�Q�F�U�H�D�V�H�G��
symptoms and exacerbations (Box 12-3�������7�K�H�U�H���L�V���Q�R���D�G�Y�D�Q�W�D�J�H���W�R���F�R�P�S�O�H�[��
�S�O�D�Q�V���Z�L�W�K���Y�L�V�X�D�O���D�L�G�V���V�X�F�K���D�V���W�U�D�I�¿�F���O�L�J�K�W���F�D�U�W�R�R�Q���L�O�O�X�V�W�U�D�W�L�R�Q�V��������
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Intervention Action Plan Handout for an Acute Exacerbation of Asthma

Acute symptoms of asthma including cough, wheeze, or shortness of breath should be 
dealt with promptly. They are particularly likely to be triggered by a viral respiratory 
infection (common cold). Increasing cough after a day of a runny nose is often the �rst 
sign of asthma triggered by a viral respiratory infection. Medication taken daily as 
maintenance often does not prevent the acute �are of asthma from a viral respiratory 
infection. Prompt intervention can shorten the course and generally prevent the need 
for urgent medical care or hospitalization.

First: Use your inhaled bronchodilator. 

If symptoms are not completely relieved: Repeat use of your inhaled bronchodi-
lator.

If symptoms stop completely: Repeat use of your inhaled bronchodilator when 
necessary; consider a short course of oral corticosteroid after the third dose for 
acute symptoms within 8 hours or if you have more than 4 in 24 hours (other than 
for preventive use before exercise).

If symptoms are still not completely relieved: A short course of oral corticoste-
roids may be needed. If uncertain what to do, call your physician for advice. 
Otherwise, take a �rst dose of oral corticosteroid and notify your physician. 
(Dosage and instructions should already be on hand.) The response to oral 
corticosteroids is slow. For patients who have required emergency care or 
hospitalization, the oral corticosteroid should be started well before symptoms 
become severe.

Once corticosteroids are started, use of your inhaled bronchodilator can be repeated 
when needed. Maintenance medications should be continued.

Continued increase in the frequency of inhaled bronchodilator use or continued 
di�culty breathing may require hospitalization. Call your doctor or go to the 
emergency department of a hospital if you have continued di�culty breathing. 
Frequent intervention treatment for episodes of asthma requires reassessment  
of the management plan.

Box 12-3

Natural History of Asthma
Parents frequently ask if their child will ever outgrow asthma. In the 
preschool- age child with episodic symptoms of asthma, the presence of 
�D�W�R�S�\���L�G�H�Q�W�L�¿�H�G���E�\���W�K�H���S�U�H�V�H�Q�F�H���R�I���D�O�O�H�U�J�H�Q���V�S�H�F�L�¿�F���,�J�(���L�V���S�U�H�G�L�F�W�L�Y�H���R�I��
continued symptoms throughout childhood, whereas those with no pres-
ence of a potential allergic component are likely to have marked reduction 
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Figure 12-6. In�uence of atopy on likelihood of experiencing continued symptoms of asthma 
from birth to age 13 years in children. 

Reprinted from Illi S, von Mutius E, Lau S, Niggemann B, Grüber C, Wahn U; Multicentre Allergy Study (MAS) 
group. Perennial allergen sensitisation early in life and chronic asthma in children: a birth cohort study. 
Lancet. 2006;386(9537):766. Copyright © 2006, with permission from Elsevier.

or cessation of asthmatic symptoms by school age (Figure 12-6).103 The 
long-term clinical course of asthma in young children was examined in a 
prospective study with repeated evaluations for more than 35 years (Figure 
12-7).104 On the basis of that survey, overall community prevalence for 
asthma symptoms in childhood was estimated to be about 20% in Australia, 
a rate similar to that described in the United States.105 Continued asthma as an 
adult was related to the pattern of asthma in early childhood. Although 
inhaled corticosteroids are highly effective for decreasing symptoms of 
�S�H�U�V�L�V�W�H�Q�W���D�V�W�K�P�D�����W�K�H���O�R�Q�J���W�H�U�P���G�L�V�H�D�V�H���F�R�X�U�V�H���L�V���Q�R�W���L�Q�À�X�H�Q�F�H�G�����$�W�W�H�P�S�W�V���W�R��
modify the course of subsequent asthma by early use of inhaled corticoste-
roids have been unsuccessful.106
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Asthma Disparities
There are disparities in asthma treatment and outcomes for some populations 
of color and those living in underresourced communities. These disparities 
have been present for decades and continue to occur throughout the United 

Figure 12-7. Clinical expression of childhood asthma at age 42 years among patients initially 
evaluated at age 7 years, with varying patterns and severity of asthma: < 5 w VRI were those  
who had a previous history of less than 5 viral respiratory infection–induced asthma symptoms 
before age 6 years. 5+ w VRI were those who had a history of having 5 or more viral respiratory 
infection–induced asthma symptoms before age 6 years. w/o VRI were those who had symp- 
toms of asthma before age 6 years not limited to viral respiratory infection. Chronic were those 
identi�ed at age 10 years with persistent asthma since before age 3 years. Each of these groups 
had about 100 children.

Reprinted from Phelan PD, Robertson CF, Olinsky A. The Melbourne Asthma Study: 1964–1999. J Allergy Clin 
Immunol. 2002;109(2):189–194. Copyright © 2002 American Academy of Allergy, Asthma and Immunology.
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States.107 Higher morbidity and mortality due to asthma are reported in Black, 
Indigenous American, and Hispanic children of Caribbean origin, compared 
with those in children of European descent. Black children have rates of 
hospitalization and emergency department visits 2 to 3 times higher than  
�W�K�R�V�H���R�I���Q�R�Q���+�L�V�S�D�Q�L�F���Z�K�L�W�H���F�K�L�O�G�U�H�Q���D�Q�G���I�D�F�H���D���¿�Y�H�I�R�O�G���W�R���W�H�Q�I�R�O�G���K�L�J�K�H�U��
asthma mortality rate.108 These asthma disparities are primarily explained  
and driven by social factors.109 A review of the literature on the effect of social 
determinants of health and discrimination is beyond the scope of this discus-
sion, but numerous individual- and system-level factors combine to contribute 
to asthma disparities. Children in resource-limited communities have greater 
exposure to asthma triggers (eg, indoor and outdoor irritants, indoor allergens, 
stress).110 They are also less likely to receive asthma treatments appropriate to 
their level of disease severity.111 Interacting barriers include transportation, 
�W�L�P�H�����K�H�D�O�W�K���O�L�W�H�U�D�F�\�����I�R�R�G���D�Q�G���K�R�X�V�L�Q�J���L�Q�V�H�F�X�U�L�W�\�����¿�Q�D�Q�F�H�V�����D�Q�G���F�X�O�W�X�U�D�O��
�D�O�L�H�Q�D�W�L�R�Q���I�U�R�P���S�H�G�L�D�W�U�L�F�L�D�Q�V���D�Q�G���R�W�K�H�U���S�K�\�V�L�F�L�D�Q�V�����7�K�H���U�H�V�X�O�W���L�V���G�L�I�¿�F�X�O�W�\�� 
in accessing optimal care and suboptimal use of the care received.112,113

The sensitivity and attention of pediatricians and other physicians to the 
challenges of caring for patients with asthma in these populations can 
improve outcomes.114,115 Interventions are most likely to be successful when 
they involve a comprehensive multifocal approach that may go beyond the 
resources of individual physicians.116 Comprehensive specialty clinic–based 
care should include evidence-based decisions and education to promote under-
standing of the disease and its treatment by the patient and family. The most 
successful programs are those using specialty care and employing case 
managers and social service workers to assist with transportation, housing 
quality, and food insecurity. Adverse childhood experiences as well as mental 
�K�H�D�O�W�K���G�L�V�R�U�G�H�U�V���L�Q���E�R�W�K���S�D�W�L�H�Q�W�V���D�Q�G���W�K�H�L�U���F�D�U�H�J�L�Y�H�U�V���V�K�R�X�O�G���E�H���L�G�H�Q�W�L�¿�H�G����
Community health workers can help educate and mentor families. Alliances 
with medical and legal resources can ensure landlord compliance with hous- 
ing codes and assist with other legal challenges. School nurses with whom 
children spend most of their days can review medication use and treatment  
of acute symptoms.117–121
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key points

General
���} Asthma is one of the most common chronic diseases of children.
���} Asthma causes more hospitalizations than any other medical problem in children.
���} Asthma is associated with rhinitis and atopic dermatitis as important comorbidities.

Clinical Characteristics of Asthma
���} Asthma is both underdiagnosed and overdiagnosed.
���} Intermittent asthma is most commonly a viral respiratory infection–induced 
phenotype in preschool-age children but is seen at all ages.

���} The persistent asthma phenotype is characterized by the absence of extended  
symptom-free periods.

���} The seasonal allergic phenotype is characterized by being limited to seasons that 
correspond to allergen-speci�c IgE to seasonal inhalant allergens.

Severity of Asthma
���} Severity of asthma can be assessed on the basis of

���³ Interference with activity from exercise limitation.
���³ Interference with sleep from repeated nocturnal awakening.
���³ Frequency of requirements for intervention measures, inhaled bronchodilators, 
and oral corticosteroids.

���³ Urgent care visits or hospitalizations.

Management of Asthma
���} Intervention measures for relief of acute symptoms are albuterol and oral  
corticosteroids.

���} Maintenance medications for those with chronic or extended seasonal  
symptoms include inhaled corticosteroids, inhaled corticosteroids with long- 
acting bronchodilators, leukotriene modi�ers, immunotherapy, and biologics.

Monitoring the Clinical Course of Asthma
���} The patient’s awareness of symptoms is essential to early intervention to prevent 
progression of exacerbations.

���} Scheduled follow-up appointments for assessment and education are required to 
evaluate treatment adequacy and assess adherence to the treatment plan.

Evaluating and Managing Di�cult Asthma
���} Distinguishing between poor adherence and incorrect diagnosis may require  
calling the patient’s pharmacy for a re�ll history of maintenance medication and 
observation of the patient’s inhaler technique, as well as family education.

Natural History of Asthma
���} Although some children will experience remission, many will continue to have 
symptoms of asthma well into adulthood.

���} Children who have symptoms of asthma not limited to a viral respiratory infection 
have a greater likelihood of asthma symptoms persisting into adulthood.
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Introduction
�2�E�V�W�U�X�F�W�L�Y�H���O�H�V�L�R�Q�V���R�I���W�K�H���X�S�S�H�U���D�L�U�Z�D�\���F�U�H�D�W�H���W�X�U�E�X�O�H�Q�W���D�L�U�À�R�Z�����Z�K�L�F�K���I�R�O�O�R�Z�V��
�W�K�H���O�D�Z�V���R�I���À�X�L�G���G�\�Q�D�P�L�F�V�����5�D�S�L�G�O�\���À�R�Z�L�Q�J���D�L�U���P�R�Y�L�Q�J���D�F�U�R�V�V���D���Q�D�U�U�R�Z�H�G��
�V�H�J�P�H�Q�W���R�I���W�K�H���U�H�V�S�L�U�D�W�R�U�\���W�U�D�F�W���F�U�H�D�W�H�V���Y�L�E�U�D�W�L�R�Q�V���W�K�D�W���S�U�R�G�X�F�H���G�L�V�W�L�Q�F�W�L�Y�H��
�V�R�X�Q�G�V�����Z�K�L�F�K���D�U�H���G�L�D�J�Q�R�V�W�L�F�D�O�O�\���X�V�H�I�X�O���W�R���W�K�H���F�O�L�Q�L�F�L�D�Q�����7�K�H���O�R�F�D�W�L�R�Q���R�I���W�K�H��
�R�E�V�W�U�X�F�W�L�R�Q���L�Q���W�K�H���D�L�U�Z�D�\���Z�L�O�O���D�I�I�H�F�W���W�K�H���S�K�D�V�H�����W�R�Q�H�����D�Q�G���W�L�P�L�Q�J���R�I���W�K�H���V�R�X�Q�G����
�7�K�H���F�O�L�Q�L�F�L�D�Q���F�D�Q���X�V�H���W�K�L�V���L�Q�I�R�U�P�D�W�L�R�Q���W�R���F�U�H�D�W�H���D���G�L�I�I�H�U�H�Q�W�L�D�O���G�L�D�J�Q�R�V�L�V����Stertor 
�G�H�V�F�U�L�E�H�V���W�K�H���O�R�Z���S�L�W�F�K�H�G���L�Q�V�S�L�U�D�W�R�U�\���V�Q�R�U�L�Q�J���V�R�X�Q�G���W�\�S�L�F�D�O�O�\���S�U�R�G�X�F�H�G���E�\��
�Q�D�V�D�O���R�U���Q�D�V�R�S�K�D�U�\�Q�J�H�D�O���R�E�V�W�U�X�F�W�L�R�Q����Stridor���W�\�S�L�F�D�O�O�\���R�U�L�J�L�Q�D�W�H�V���I�U�R�P���W�K�H��
�O�D�U�\�Q�[�����X�S�S�H�U���W�U�D�F�K�H�D�����R�U���K�\�S�R�S�K�D�U�\�Q�[����Wheezing���L�V���W�K�H���H�[�S�L�U�D�W�R�U�\���V�R�X�Q�G��
�S�U�R�G�X�F�H�G���E�\���W�K�H���W�X�U�E�X�O�H�Q�W���À�R�Z���R�I���D�L�U���W�K�U�R�X�J�K���F�R�Q�V�W�U�L�F�W�H�G���O�R�Z�H�U���D�L�U�Z�D�\�V��
���W�U�D�F�K�H�D���D�Q�G���E�U�R�Q�F�K�L�������7�K�L�V���V�R�X�Q�G���L�V���V�L�P�L�O�D�U���W�R�����D�Q�G���I�U�H�T�X�H�Q�W�O�\���P�L�V�W�D�N�H�Q���I�R�U����
�R�W�K�H�U���L�Q�W�U�D�W�K�R�U�D�F�L�F���F�R�Q�G�L�W�L�R�Q�V���V�X�F�K���D�V���E�U�R�Q�F�K�R�P�D�O�D�F�L�D�����W�U�D�F�K�H�R�P�D�O�D�F�L�D�����R�U��
�I�R�U�H�L�J�Q���E�R�G�L�H�V���L�Q���W�K�H���W�U�D�F�K�H�R�E�U�R�Q�F�K�L�D�O���W�U�H�H��1

�7�K�H���W�L�P�L�Q�J���R�I���W�K�H���Q�R�L�V�\���E�U�H�D�W�K�L�Q�J���F�D�Q���E�H���S�D�U�W�L�F�X�O�D�U�O�\���X�V�H�I�X�O���L�Q���G�H�W�H�U�P�L�Q�L�Q�J��
�W�K�H���O�R�F�D�W�L�R�Q���R�I���D���F�R�Q�J�H�Q�L�W�D�O���D�E�Q�R�U�P�D�O�L�W�\���R�I���W�K�H���X�S�S�H�U���D�L�U�Z�D�\�����$�V���R�X�W�O�L�Q�H�G���L�Q��
�+�R�O�L�Q�J�H�U�¶�V���O�D�Z�V���R�I���D�L�U�Z�D�\���R�E�V�W�U�X�F�W�L�R�Q��2���W�K�H���V�H�Y�H�U�L�W�\���R�I���W�K�H���Q�R�L�V�\���E�U�H�D�W�K�L�Q�J���L�Q��
�U�H�O�D�W�L�R�Q���W�R���W�K�H���V�O�H�H�S���Z�D�N�H���F�\�F�O�H���L�V���L�P�S�R�U�W�D�Q�W�����,�Q���J�H�Q�H�U�D�O�����Z�K�H�Q���W�K�H���Q�R�L�V�H���L�V��
�Z�R�U�V�H���G�X�U�L�Q�J���V�O�H�H�S�����W�K�H���R�E�V�W�U�X�F�W�L�R�Q���L�V���Q�D�V�D�O���R�U���S�K�D�U�\�Q�J�H�D�O�����H�V�S�H�F�L�D�O�O�\���Z�L�W�K��
�W�R�Q�V�L�O���D�Q�G���D�G�H�Q�R�L�G���R�E�V�W�U�X�F�W�L�R�Q�����,�I���W�K�H���V�\�P�S�W�R�P�V���D�U�H���Z�R�U�V�H���Z�K�H�Q���W�K�H���F�K�L�O�G�� 
�L�V���D�Z�D�N�H���R�U���L�I���W�K�H�\���D�U�H���H�[�D�F�H�U�E�D�W�H�G���E�\���H�[�H�U�W�L�R�Q�����W�K�H���R�E�V�W�U�X�F�W�L�R�Q���L�V���W�\�S�L�F�D�O�O�\��
�O�D�U�\�Q�J�H�D�O�����W�U�D�F�K�H�D�O�����R�U���E�U�R�Q�F�K�L�D�O�����7�K�H�V�H���F�O�X�H�V���D�U�H���K�H�O�S�I�X�O���G�X�U�L�Q�J���W�K�H���L�Q�L�W�L�D�O��
�D�V�V�H�V�V�P�H�Q�W�����+�R�Z�H�Y�H�U�����W�K�H�\���D�U�H���J�H�Q�H�U�D�O�L�]�D�W�L�R�Q�V�����D�Q�G���O�L�N�H���P�R�V�W���U�X�O�H�V���W�K�H�\���K�D�Y�H��
�H�[�F�H�S�W�L�R�Q�V�����)�R�U���H�[�D�P�S�O�H�����W�K�H���L�Q�L�W�L�D�O���S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���D���F�K�L�O�G���Z�L�W�K���U�H�F�X�U�U�H�Q�W��
�U�H�V�S�L�U�D�W�R�U�\���S�D�S�L�O�O�R�P�D�W�R�V�L�V���R�I���W�K�H���O�D�U�\�Q�[���L�V���S�U�R�J�U�H�V�V�L�Y�H���X�S�S�H�U���D�L�U�Z�D�\���R�E�V�W�U�X�F��
�W�L�R�Q���G�X�U�L�Q�J���V�O�H�H�S���U�D�W�K�H�U���W�K�D�Q���G�X�U�L�Q�J���H�[�H�U�W�L�R�Q�����,�Q���D�G�G�L�W�L�R�Q�����L�Q�I�D�Q�W�V���Z�L�W�K��
�O�D�U�\�Q�J�R�P�D�O�D�F�L�D���P�D�\���K�D�Y�H���L�Q�V�S�L�U�D�W�R�U�\���V�W�U�L�G�R�U���Z�L�W�K���V�O�H�H�S��

�7�K�H���S�K�D�V�H���R�I���E�U�H�D�W�K�L�Q�J���G�X�U�L�Q�J���Z�K�L�F�K���W�K�H���V�R�X�Q�G���R�F�F�X�U�V���F�D�Q���D�O�V�R���E�H���G�L�D�J�Q�R�V��
�W�L�F�����6�W�H�U�W�R�U���L�V���W�\�S�L�F�D�O�O�\���D�Q���L�Q�V�S�L�U�D�W�R�U�\���V�R�X�Q�G���W�K�D�W���R�F�F�X�U�V���E�H�F�D�X�V�H���R�I���W�X�U�E�X�O�H�Q�W��
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�D�L�U�À�R�Z���R�Y�H�U���D���¿�[�H�G���R�U���S�R�V�L�W�L�R�Q�D�O���R�E�V�W�U�X�F�W�L�R�Q���L�Q���W�K�H���Q�D�V�D�O���F�D�Y�L�W�\���R�U���S�K�D�U�\�Q�[�����,�Q��
�L�Q�I�D�Q�W�V�����Z�K�R���D�U�H���R�E�O�L�J�D�W�H���Q�D�V�D�O���E�U�H�D�W�K�H�U�V�����W�K�L�V���W�X�U�E�X�O�H�Q�F�H���Z�L�O�O���E�H���J�U�H�D�W�H�V�W��
�G�X�U�L�Q�J���L�Q�K�D�O�D�W�L�R�Q�����'�X�U�L�Q�J���H�[�K�D�O�D�W�L�R�Q�����W�K�H���L�Q�I�D�Q�W���Z�L�O�O���E�H���D�E�O�H���W�R���X�V�H���W�K�H���R�U�D�O��
�F�D�Y�L�W�\���R�U���Z�L�O�O���E�H���D�E�O�H���W�R���G�L�V�S�O�D�F�H���Q�R�Q�¿�[�H�G���O�H�V�L�R�Q�V���D�Q�G���G�H�F�U�H�D�V�H���R�U���E�\�S�D�V�V���W�K�H��
�R�E�V�W�U�X�F�W�L�R�Q�����7�K�H�U�H�I�R�U�H�����W�K�H���Q�R�L�V�H���Z�L�O�O���E�H���O�H�V�V���Q�R�W�L�F�H�D�E�O�H���R�U���Q�R�Q�H�[�L�V�W�H�Q�W���G�X�U�L�Q�J��
�H�[�K�D�O�D�W�L�R�Q�����6�W�U�L�G�R�U���L�V���P�R�V�W���R�I�W�H�Q���D�Q���L�Q�V�S�L�U�D�W�R�U�\���V�R�X�Q�G�����%�D�V�H�G���R�Q���W�K�H���%�H�U�Q�R�X�O�O�L��
�S�U�L�Q�F�L�S�O�H�����D���Q�D�U�U�R�Z�L�Q�J���D�W���W�K�H���O�H�Y�H�O���R�I���W�K�H���O�D�U�\�Q�[���Z�L�O�O���F�D�X�V�H���W�K�H���D�L�U���À�R�Z�L�Q�J��
�W�K�U�R�X�J�K���W�K�H���Q�D�U�U�R�Z�L�Q�J���W�R���L�Q�F�U�H�D�V�H���L�Q���V�S�H�H�G���D�Q�G���W�K�H�U�H�I�R�U�H���G�H�F�U�H�D�V�H���W�K�H��
�S�U�H�V�V�X�U�H���L�Q���W�K�L�V���D�U�H�D�����Z�K�L�F�K���L�Q���W�X�U�Q���F�D�X�V�H�V���W�K�H���Q�D�U�U�R�Z�H�G���D�U�H�D���W�R���Q�D�U�U�R�Z���H�Y�H�Q��
�I�X�U�W�K�H�U�����L�Q�F�U�H�D�V�L�Q�J���W�K�H���R�E�V�W�U�X�F�W�L�R�Q���D�Q�G���W�K�H���V�W�U�L�G�R�U�����'�X�U�L�Q�J���H�[�K�D�O�D�W�L�R�Q�����W�K�H��
�R�S�S�R�V�L�W�H���R�F�F�X�U�V�����7�K�H���Q�R�Q���¿�[�H�G���O�D�U�\�Q�J�H�D�O���O�H�V�L�R�Q���L�V���I�R�U�F�H�G���O�D�W�H�U�D�O�O�\�����R�S�H�Q�L�Q�J��
�W�K�H���R�E�V�W�U�X�F�W�L�R�Q���D�Q�G���G�H�F�U�H�D�V�L�Q�J���W�K�H���Q�R�L�V�H�����+�R�Z�H�Y�H�U�����L�I���W�K�H���O�D�U�\�Q�J�H�D�O���O�H�V�L�R�Q���L�V��
�¿�[�H�G�����V�X�F�K���D�V���L�Q���W�K�H���V�X�E�J�O�R�W�W�L�V���Z�K�H�U�H���W�K�H���F�U�L�F�R�L�G���F�D�U�W�L�O�D�J�H���I�R�U�P�V���D���F�R�P�S�O�H�W�H��
�U�L�Q�J�����W�K�H���O�H�V�L�R�Q���Z�L�O�O���Q�R�W���P�R�Y�H���G�X�U�L�Q�J���H�[�K�D�O�D�W�L�R�Q�����D�Q�G���W�K�H�U�H���Z�L�O�O���E�H���D���E�L�S�K�D�V�L�F��
���L�Q�V�S�L�U�D�W�R�U�\���D�Q�G���H�[�S�L�U�D�W�R�U�\�����V�W�U�L�G�R�U�����,�Q�W�U�D�W�K�R�U�D�F�L�F���O�H�V�L�R�Q�V�����W�U�D�F�K�H�R�P�D�O�D�F�L�D���D�Q�G��
�E�U�R�Q�F�K�R�P�D�O�D�F�L�D�����F�U�H�D�W�H���D�Q���H�[�S�L�U�D�W�R�U�\���V�R�X�Q�G�����Z�K�H�H�]�L�Q�J�����R�Z�L�Q�J���W�R���W�K�H���H�[�D�J�J�H�U��
�D�W�H�G���F�R�O�O�D�S�V�H���R�I���W�K�H���D�L�U�Z�D�\�V���G�X�U�L�Q�J���H�[�K�D�O�D�W�L�R�Q���Z�K�H�Q���W�K�H���S�O�H�X�U�D�O���S�U�H�V�V�X�U�H��
�L�Q�F�U�H�D�V�H�V���D�Q�G���F�R�P�S�U�H�V�V�H�V���W�K�H���E�U�R�Q�F�K�L�R�O�H�V�����'�X�U�L�Q�J���L�Q�K�D�O�D�W�L�R�Q�����Z�K�H�Q���W�K�H��
�S�O�H�X�U�D�O���S�U�H�V�V�X�U�H���G�H�F�U�H�D�V�H�V�����W�K�H���E�U�R�Q�F�K�L�R�O�H�V���H�Q�O�D�U�J�H�����D�Q�G���Q�R���V�R�X�Q�G���L�V���S�U�R�G�X�F�H�G��

Assessment
�:�K�H�Q���D�V�V�H�V�V�L�Q�J���D���F�K�L�O�G���V�X�V�S�H�F�W�H�G���R�I���K�D�Y�L�Q�J���D���F�R�Q�J�H�Q�L�W�D�O���D�Q�R�P�D�O�\���R�I���W�K�H���X�S�S�H�U��
�D�L�U�Z�D�\�����L�W���L�V���L�P�S�R�U�W�D�Q�W���W�R���G�H�W�H�U�P�L�Q�H���W�K�H���V�H�Y�H�U�L�W�\���D�Q�G���O�R�F�D�W�L�R�Q���R�I���W�K�H���R�E�V�W�U�X�F�� 
�W�L�R�Q�����7�K�H���V�H�Y�H�U�L�W�\���R�I���P�L�O�G���W�R���P�R�G�H�U�D�W�H���F�K�U�R�Q�L�F���S�H�U�V�L�V�W�H�Q�W���R�E�V�W�U�X�F�W�L�R�Q���P�X�V�W���E�H��
�D�V�V�H�V�V�H�G���L�Q���W�K�H���S�U�H�V�H�Q�F�H���R�I���D�F�X�W�H���V�\�P�S�W�R�P�V���R�I���U�H�V�S�L�U�D�W�R�U�\���G�L�V�W�U�H�V�V�����L�Q�F�U�H�D�V�H�G��
�Z�R�U�N���R�I���E�U�H�D�W�K�L�Q�J�����U�H�W�U�D�F�W�L�R�Q�V�����Q�D�V�D�O���À�D�U�L�Q�J�����D�Q�G���F�\�D�Q�R�V�L�V�������7�K�H���P�Q�H�P�R�Q�L�F��
�6�3�(�&�6���53 (Box 13-1�����L�V���D���X�V�H�I�X�O���W�R�R�O���W�R���R�U�J�D�Q�L�]�H���K�L�V�W�R�U�\���W�D�N�L�Q�J���D�Q�G���W�R���G�H�W�H�U��
�P�L�Q�H���W�K�H���Q�H�H�G���I�R�U���H�Q�G�R�V�F�R�S�\���L�Q���W�K�H���R�S�H�U�D�W�L�Q�J���U�R�R�P�����7�K�L�V���W�H�F�K�Q�L�T�X�H���L�Q�F�R�U�S�R��
�U�D�W�H�V���W�K�H���S�D�U�H�Q�W�V�¶���V�X�E�M�H�F�W�L�Y�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I���W�K�H���F�K�L�O�G�¶�V���R�E�V�W�U�X�F�W�L�R�Q���D�O�R�Q�J���Z�L�W�K��
�D���P�R�U�H���R�E�M�H�F�W�L�Y�H���P�H�D�V�X�U�H�P�H�Q�W���R�I���W�K�H���F�K�L�O�G�¶�V���H�D�W�L�Q�J���D�Q�G���V�O�H�H�S�L�Q�J���E�H�K�D�Y�L�R�U����
�5�D�G�L�R�J�U�D�S�K�\���L�V���D�O�V�R���D���K�H�O�S�I�X�O���W�R�R�O���L�Q���D�V�V�H�V�V�L�Q�J���R�E�V�W�U�X�F�W�L�R�Q���L�Q���W�K�H�V�H���F�K�L�O�G�U�H�Q��

Subjective Interpretation of Airway Obstruction

Box 13-1

S: Severity—parents’ subjective impression

P: Progression of the obstruction over time

E: Eating or feeding di�culties, aspiration, failure to thrive

C: Cyanotic episodes, apparent life-threatening events

S: Sleep obstruction so severe that retractions occur during sleep

R: Radiology-speci�c abnormalities detected on radiographs

Derived from Holinger LD. Diagnostic endoscopy of the pediatric airway. Laryngoscope. 
1989;99(3):346–348. 
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Chapter 13—Congenital Abnormalities of the Upper Airway

Congenital Nasal Anomalies
�1�H�Z�E�R�U�Q�V���D�U�H���R�E�O�L�J�D�W�H���Q�D�V�D�O���E�U�H�D�W�K�H�U�V�����7�K�H�U�H�I�R�U�H�����D�Q���R�E�V�W�U�X�F�W�L�Y�H���O�H�V�L�R�Q���R�I���W�K�H��
�Q�D�V�D�O���F�D�Y�L�W�\���F�D�Q���F�D�X�V�H���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���U�H�V�S�L�U�D�W�R�U�\���G�L�V�W�U�H�V�V���L�Q���D���Q�H�R�Q�D�W�H����
�7�K�H���V�\�P�S�W�R�P�V���G�R���Q�R�W���Y�D�U�\���E�D�V�H�G���R�Q���W�K�H���O�R�F�D�W�L�R�Q���R�I���W�K�H���O�H�V�L�R�Q���L�Q���W�K�H���Q�D�V�D�O��
�F�D�Y�L�W�\�����,�Q���J�H�Q�H�U�D�O�����W�K�H���U�H�V�S�L�U�D�W�R�U�\���G�L�V�W�U�H�V�V���F�D�X�V�H�G���E�\���Q�D�V�D�O���R�E�V�W�U�X�F�W�L�R�Q���L�V���Z�R�U�V�H��
�D�W���U�H�V�W���D�Q�G���F�D�Q���E�H���U�H�O�L�H�Y�H�G���Z�L�W�K���F�U�\�L�Q�J���E�H�F�D�X�V�H���W�K�H���R�U�D�O���F�D�Y�L�W�\���L�V���R�S�H�Q�����6�R�P�H��
�F�R�P�P�R�Q���F�R�Q�J�H�Q�L�W�D�O���Q�D�V�D�O���D�Q�R�P�D�O�L�H�V���D�U�H���O�L�V�W�H�G���L�Q��Box 13‑2��

Congenital Anomalies of the Upper Airway

Box 13-2

Congenital Nasal Anomalies
Pyriform aperture stenosis
Choanal atresia
Nasolacrimal duct cyst
Nasal dermoid, glioma, encephalocele
Cleft lip nasal deformity

Craniofacial Abnormalities
Crouzon syndrome
Apert syndrome
Pierre Robin sequence
Down syndrome

Congenital Lesions of the Tongue
Macroglossia
Vascular malformations
Tumors (rhabdomyosarcoma)
Tongue base
Ectopic thyroid
Lingual thyroid
Thyroglossal duct cyst

Congenital Laryngeal Anomalies
Laryngomalacia
Laryngocele
Saccular cysts
Subglottic stenosis
Vocal cord paralysis

Pyriform Aperture Stenosis

�3�\�U�L�I�R�U�P���D�S�H�U�W�X�U�H���V�W�H�Q�R�V�L�V�����D�O�V�R���F�D�O�O�H�G��anterior nasal stenosis�����L�V���F�D�X�V�H�G�� 
�E�\���S�U�H�Q�D�W�D�O���R�Y�H�U�J�U�R�Z�W�K���R�I���W�K�H���P�H�G�L�D�O���P�D�[�L�O�O�D�����Z�K�L�F�K���Q�D�U�U�R�Z�V���W�K�H���S�\�U�L�I�R�U�P��
�D�S�H�U�W�X�U�H���D�W���W�K�H���I�U�R�Q�W���R�I���W�K�H���Q�D�V�D�O���F�D�Y�L�W�\�����7�K�L�V���F�R�Q�G�L�W�L�R�Q���L�V���R�I�W�H�Q���Q�R�W���U�H�D�G�L�O�\��
�Q�R�W�L�F�H�G���D�W���S�K�\�V�L�F�D�O���H�[�D�P�L�Q�D�W�L�R�Q���D�Q�G���F�D�Q���E�H���G�L�D�J�Q�R�V�H�G���E�\���P�H�D�Q�V���R�I���D���F�U�D�Q�L�R�� 
�I�D�F�L�D�O���F�R�P�S�X�W�H�G���W�R�P�R�J�U�D�S�K�\�����&�7�����V�F�D�Q���G�H�P�R�Q�V�W�U�D�W�L�Q�J���D���Q�D�U�U�R�Z�H�G���S�\�U�L�I�R�U�P��
�D�S�H�U�W�X�U�H���L�Q���U�H�O�D�W�L�R�Q���W�R���W�K�H���S�R�V�W�H�U�L�R�U���F�K�R�D�Q�D�H��4��5���7�K�L�V���V�W�H�Q�R�V�L�V���F�D�Q���D�O�V�R���E�H�� 
�V�H�H�Q���L�Q���F�R�Q�M�X�Q�F�W�L�R�Q���Z�L�W�K���D���P�H�J�D���L�Q�F�L�V�R�U�����Z�K�L�F�K���P�D�\���E�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K��
�K�R�O�R�S�U�R�V�H�Q�F�H�S�K�D�O�\��6���7�K�H�V�H���F�K�L�O�G�U�H�Q���V�K�R�X�O�G���E�H���H�Y�D�O�X�D�W�H�G���Z�L�W�K���Q�H�X�U�R�L�P�D�J�L�Q�J��
�D�Q�G���I�R�U���R�W�K�H�U���H�Q�G�R�F�U�L�Q�H���D�E�Q�R�U�P�D�O�L�W�L�H�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D�Q���D�E�Q�R�U�P�D�O���K�\�S�R�W�K�D��
�O�D�P�L�F���S�L�W�X�L�W�D�U�\���D�G�U�H�Q�D�O���D�[�L�V�����&�R�Q�V�H�U�Y�D�W�L�Y�H���W�K�H�U�D�S�\���Z�L�W�K���W�R�S�L�F�D�O���G�H�F�R�Q�J�H�V�W�D�Q�W�V��
�D�Q�G���V�W�H�U�R�L�G�V���L�V���K�H�O�S�I�X�O���L�Q���L�Q�I�D�Q�W�V���Z�L�W�K���P�L�O�G���V�\�P�S�W�R�P�V�����7�K�H���X�V�H���R�I���Q�R�Q�L�Q�Y�D�V�L�Y�H��
�D�L�U�Z�D�\���V�X�S�S�R�U�W�����V�X�F�K���D�V���S�R�V�L�W�L�Y�H���D�L�U�Z�D�\���S�U�H�V�V�X�U�H�����P�D�\���D�O�V�R���E�H���F�R�Q�V�L�G�H�U�H�G���I�R�U��
�L�Q�I�D�Q�W�V���Z�L�W�K���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���R�E�V�W�U�X�F�W�L�Y�H���V�\�P�S�W�R�P�V�����3�\�U�L�I�R�U�P���D�S�H�U�W�X�U�H��
�V�W�H�Q�R�V�L�V���F�D�X�V�L�Q�J���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���U�H�V�S�L�U�D�W�R�U�\���G�L�V�W�U�H�V�V���F�D�Q���E�H���F�R�U�U�H�F�W�H�G��
�V�X�U�J�L�F�D�O�O�\���W�K�U�R�X�J�K���D���V�X�E�O�D�E�L�D�O���L�Q�F�L�V�L�R�Q��
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Pediatric Pulmonology

Choanal Atresia

�&�K�R�D�Q�D�O���D�W�U�H�V�L�D���L�V���D�Q���X�Q�F�R�P�P�R�Q���G�L�V�R�U�G�H�U���W�K�D�W���L�V���W�K�H���P�R�V�W���F�R�P�P�R�Q���F�D�X�V�H�� 
�R�I���F�R�P�S�O�H�W�H���Q�D�V�D�O���R�E�V�W�U�X�F�W�L�R�Q���L�Q���W�K�H���Q�H�R�Q�D�W�H�����,�W���R�F�F�X�U�V���Z�K�H�Q���W�K�H���S�R�V�W�H�U�L�R�U��
�F�K�R�D�Q�D�H���I�D�L�O���W�R���G�H�Y�H�O�R�S���S�U�R�S�H�U�O�\�����7�K�H���S�X�E�O�L�V�K�H�G���L�Q�F�L�G�H�Q�F�H���Y�D�U�L�H�V���I�U�R�P�������L�Q��
�������������Wo 1 in 8�����������O�L�Y�H���E�L�U�W�K�V��7���%�R�W�K���V�H�[�H�V���D�U�H���D�I�I�H�F�W�H�G�����E�X�W���U�H�S�R�U�W�V���V�X�J�J�H�V�W�� 
�D���I�H�P�D�O�H���S�U�H�G�R�P�L�Q�D�Q�F�H���R�I�������W�R���������X�Q�L�O�D�W�H�U�D�O���F�D�V�H�V���D�U�H���P�R�U�H���F�R�P�P�R�Q���W�K�D�Q��
�E�L�O�D�W�H�U�D�O���F�D�V�H�V���D�Q�G���P�D�\���Q�R�W���E�H���G�L�D�J�Q�R�V�H�G���X�Q�W�L�O���O�D�W�H�U���L�Q���O�L�I�H��8��9���%�R�Q�\���D�W�U�H�V�L�D��
�������������L�V���P�R�U�H���F�R�P�P�R�Q���W�K�D�Q���P�H�P�E�U�D�Q�R�X�V���D�W�U�H�V�L�D�����������������K�R�Z�H�Y�H�U�����V�R�P�H��
�L�Q�Y�H�V�W�L�J�D�W�R�U�V���V�X�J�J�H�V�W���W�K�D�W���P�L�[�H�G���E�R�Q�\���P�H�P�E�U�D�Q�R�X�V���D�Q�R�P�D�O�L�H�V���P�D�\���K�D�Y�H���W�K�H��
�K�L�J�K�H�V�W���L�Q�F�L�G�H�Q�F�H���������2�Q�H���Z�D�\���W�R���V�F�U�H�H�Q���I�R�U���W�K�L�V���F�R�Q�G�L�W�L�R�Q���L�V���W�R���D�W�W�H�P�S�W���W�R���S�D�V�V�� 
�D���À�H�[�L�E�O�H���F�D�W�K�H�W�H�U���W�K�U�R�X�J�K���H�D�F�K���R�I���D���Q�H�Z�E�R�U�Q�¶�V���Q�D�V�D�O���F�D�Y�L�W�L�H�V�����)�D�L�O�X�U�H���W�R���S�D�V�V�� 
�D�����)���F�D�W�K�H�W�H�U���V�X�F�F�H�V�V�I�X�O�O�\���P�R�U�H���W�K�D�Q���������P�P�������������L�Q�F�K�����S�D�V�W���W�K�H���D�Q�W�H�U�L�R�U���Q�D�U�H�V��
�U�H�T�X�L�U�H�V���I�X�U�W�K�H�U���Z�R�U�N�X�S�����$�[�L�D�O���&�7���V�F�D�Q�Q�L�Q�J���R�I���W�K�H���Q�D�V�D�O���F�D�Y�L�W�\���D�Q�G���R�U���Q�D�V�D�O��
�H�Q�G�R�V�F�R�S�\���F�D�Q���K�H�O�S���F�R�Q�¿�U�P���W�K�H���G�L�D�J�Q�R�V�L�V�����2�U�R�W�U�D�F�K�H�D�O���L�Q�W�X�E�D�W�L�R�Q���R�U���D�Q���R�U�D�O��
�D�L�U�Z�D�\���G�H�Y�L�F�H���P�X�V�W���E�H���X�V�H�G���W�R���U�H�O�L�H�Y�H���W�K�H���R�E�V�W�U�X�F�W�L�R�Q���X�Q�W�L�O���W�K�H���S�D�W�L�H�Q�W���L�V���D��
�F�D�Q�G�L�G�D�W�H���I�R�U���V�X�U�J�H�U�\�����8�Q�L�O�D�W�H�U�D�O���D�W�U�H�V�L�D���P�D�\���Q�R�W���E�H���Q�R�W�L�F�H�G���X�Q�W�L�O���O�D�W�H�U���L�Q�� 
�O�L�I�H���D�Q�G���P�R�V�W���R�I�W�H�Q���P�D�Q�L�I�H�V�W�V���Z�L�W�K���S�H�U�V�L�V�W�H�Q�W���X�Q�L�O�D�W�H�U�D�O���U�K�L�Q�R�U�U�K�H�D�����&�K�R�D�Q�D�O��
�D�W�U�H�V�L�D���L�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���R�W�K�H�U���F�R�Q�J�H�Q�L�W�D�O���D�Q�R�P�D�O�L�H�V�����������W�R�����������R�I���W�K�H���W�L�P�H��11 
�,�W���L�V���P�R�V�W���F�R�P�P�R�Q�O�\���V�H�H�Q���D�V���S�D�U�W���R�I���W�K�H���&�+�$�5�*�(���D�V�V�R�F�L�D�W�L�R�Q�²�F�R�O�R�E�R�P�D���R�I��
�W�K�H���H�\�H�����K�H�D�U�W���G�H�I�H�F�W�V�����D�W�U�H�V�L�D�����F�K�R�D�Q�D�O�������U�H�V�W�U�L�F�W�H�G���J�U�R�Z�W�K���D�Q�G���G�H�Y�H�O�R�S�P�H�Q�W����
�J�H�Q�L�W�R�X�U�L�Q�D�U�\���K�\�S�R�S�O�D�V�L�D�����D�Q�G���H�D�U���D�Q�R�P�D�O�L�H�V�����1�R�Q�V�\�Q�G�U�R�P�L�F���F�K�R�D�Q�D�O���D�W�U�H�V�L�D��
�L�V���X�V�X�D�O�O�\���V�S�R�U�D�G�L�F���D�Q�G���P�R�V�W���O�L�N�H�O�\���P�X�O�W�L�I�D�F�W�R�U�L�D�O�����6�X�U�J�L�F�D�O���F�R�U�U�H�F�W�L�R�Q���F�D�Q���E�H��
�S�H�U�I�R�U�P�H�G���Y�L�D���D���W�U�D�Q�V�R�U�D�O���W�U�D�Q�V�S�D�O�D�W�D�O���D�S�S�U�R�D�F�K���R�U�����P�R�U�H���F�R�P�P�R�Q�O�\�����W�K�U�R�X�J�K��
�D���W�U�D�Q�V�Q�D�V�D�O���H�Q�G�R�V�F�R�S�L�F���D�S�S�U�R�D�F�K���W�K�D�W���R�I�W�H�Q���U�H�T�X�L�U�H�V���S�R�V�W�R�S�H�U�D�W�L�Y�H���V�W�H�Q�W�� 
�S�O�D�F�H�P�H�Q�W���I�R�O�O�R�Z�H�G���E�\���U�H�S�H�D�W���G�L�O�D�W�L�R�Q�V��

Nasolacrimal Duct Cyst

�,�I���W�K�H���Q�D�V�R�O�D�F�U�L�P�D�O���G�X�F�W���L�V���Q�R�W���S�D�W�H�Q�W���D�W���E�L�U�W�K�����L�W���Z�L�O�O���W�\�S�L�F�D�O�O�\���E�H�F�R�P�H���S�D�W�H�Q�W��
�G�X�U�L�Q�J���W�K�H���¿�U�V�W���P�R�Q�W�K���D�I�W�H�U���E�L�U�W�K��12���,�I���W�K�H���Q�D�V�R�O�D�F�U�L�P�D�O���D�S�S�D�U�D�W�X�V���I�D�L�O�V���W�R��
�F�D�Q�D�O�L�]�H�����D���Q�D�V�R�O�D�F�U�L�P�D�O���G�X�F�W���F�\�V�W���F�D�Q���G�H�Y�H�O�R�S���D�Q�G���H�[�S�D�Q�G���L�Q�W�R���W�K�H���Q�R�V�H�� 
�I�U�R�P���X�Q�G�H�U���W�K�H���L�Q�I�H�U�L�R�U���W�X�U�E�L�Q�D�W�H���D�Q�G���H�Q�W�H�U���W�K�H���L�Q�I�H�U�L�R�U���P�H�D�W�X�V�����F�D�X�V�L�Q�J���Q�D�V�D�O��
�D�L�U�Z�D�\���R�E�V�W�U�X�F�W�L�R�Q�����7�K�H���F�\�V�W���F�D�Q���R�F�F�D�V�L�R�Q�D�O�O�\���E�H���V�H�H�Q���Y�L�D���D�Q�W�H�U�L�R�U���U�K�L�Q�R�V�F�R�S�\����
�E�X�W���W�K�H���G�L�D�J�Q�R�V�L�V���L�V���F�R�Q�¿�U�P�H�G���E�\���P�H�D�Q�V���R�I���Q�D�V�D�O���H�Q�G�R�V�F�R�S�\���D�I�W�H�U���Q�D�V�D�O��
�G�H�F�R�Q�J�H�V�W�L�R�Q���D�Q�G���R�U���&�7���V�F�D�Q�Q�L�Q�J���R�U���P�D�J�Q�H�W�L�F���U�H�V�R�Q�D�Q�F�H���L�P�D�J�L�Q�J�����0�5�,�����R�I��
�W�K�H���V�L�Q�X�V�H�V��5���7�K�H���F�\�V�W���F�D�Q���E�H�F�R�P�H���L�Q�I�H�F�W�H�G���D�Q�G���F�D�X�V�H���V�Z�H�O�O�L�Q�J���D�Q�G���H�U�\�W�K�H�P�D��
�R�I���W�K�H���P�H�G�L�D�O���F�D�Q�W�K�X�V���D�Q�G���S�X�U�X�O�H�Q�W���R�U�E�L�W�D�O���G�L�V�F�K�D�U�J�H�����7�U�H�D�W�P�H�Q�W���F�R�Q�V�L�V�W�V���R�I��
�H�Q�G�R�V�F�R�S�L�F���P�D�U�V�X�S�L�D�O�L�]�D�W�L�R�Q���D�Q�G���Q�D�V�R�O�D�F�U�L�P�D�O���G�X�F�W���S�U�R�E�L�Q�J��

Nasal Dermoid, Glioma, and Encephalocele
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�S�R�U�H�����$�O�O���H�Q�F�H�S�K�D�O�R�F�H�O�H�V���D�Q�G���P�D�Q�\���G�H�U�P�R�L�G�V���D�Q�G���J�O�L�R�P�D�V���F�R�P�P�X�Q�L�F�D�W�H���Z�L�W�K��
�W�K�H���F�H�Q�W�U�D�O���Q�H�U�Y�R�X�V���V�\�V�W�H�P�����7�K�H�U�H�I�R�U�H�����Q�R���F�R�Q�J�H�Q�L�W�D�O���Q�D�V�D�O���P�D�V�V���R�U���S�R�O�\�S���L�Q�� 
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Chapter 13—Congenital Abnormalities of the Upper Airway

�D���F�K�L�O�G���V�K�R�X�O�G���E�H���P�D�Q�L�S�X�O�D�W�H�G���X�Q�W�L�O���L�Q�W�U�D�F�U�D�Q�L�D�O���F�R�P�P�X�Q�L�F�D�W�L�R�Q���L�V���U�X�O�H�G���R�X�W����
�&�R�P�S�X�W�H�G���W�R�P�R�J�U�D�S�K�\���D�Q�G���0�5�,���D�U�H���U�H�T�X�L�U�H�G���I�R�U���G�L�D�J�Q�R�V�L�V���D�Q�G���V�X�U�J�L�F�D�O���S�O�D�Q�� 
�Q�L�Q�J��8���'�H�U�P�R�L�G���V�L�Q�X�V�H�V���D�Q�G���F�\�V�W�V���J�H�Q�H�U�D�O�O�\���R�F�F�X�U���L�Q���W�K�H���Q�D�V�D�O���P�L�G�O�L�Q�H���D�Q�G�� 
�F�D�Q���P�D�Q�L�I�H�V�W���D�V���D���¿�V�W�X�O�R�X�V���W�U�D�F�W���R�U���D���P�D�V�V���D�Q�\�Z�K�H�U�H���I�U�R�P���W�K�H���Q�D�V�D�O���W�L�S���W�R���W�K�H��
�J�O�D�E�H�O�O�D��13���+�D�L�U���R�U���V�H�E�D�F�H�R�X�V���P�D�W�H�U�L�D�O���P�D�\���S�U�R�W�U�X�G�H���I�U�R�P���W�K�H���S�L�W�����D�Q�G���S�D�W�L�H�Q�W�V��
�P�D�\���S�U�H�V�H�Q�W���Z�L�W�K���G�U�D�L�Q�D�J�H�����*�O�L�R�P�D�V���D�Q�G���H�Q�F�H�S�K�D�O�R�F�H�O�H�V���D�U�H���V�L�P�L�O�D�U���L�Q���F�O�L�Q�L�F�D�O��
�D�S�S�H�D�U�D�Q�F�H���D�Q�G���K�L�V�W�R�O�R�J�L�F�D�O���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����*�O�L�R�P�D�V���D�U�H���X�Q�H�Q�F�D�S�V�X�O�D�W�H�G���F�R�O�� 
�O�H�F�W�L�R�Q�V���R�I���J�O�L�D�O���F�H�O�O�V���W�K�D�W���P�D�\���U�H�W�D�L�Q���D�W�W�D�F�K�P�H�Q�W�V���W�R���W�K�H���G�X�U�D�����(�Q�F�H�S�K�D�O�R�F�H�O�H�V��
�D�U�H���K�H�U�Q�L�D�W�L�R�Q�V���R�I���W�K�H���P�H�Q�L�Q�J�H�V���Z�L�W�K���R�U���Z�L�W�K�R�X�W���E�U�D�L�Q���W�L�V�V�X�H���W�K�U�R�X�J�K���W�K�H���V�N�X�O�O��
�E�D�V�H���D�Q�G���F�R�P�P�X�Q�L�F�D�W�H���Z�L�W�K���W�K�H���V�X�E�D�U�D�F�K�Q�R�L�G���V�S�D�F�H��14���7�K�H�\���X�V�X�D�O�O�\���P�D�Q�L�I�H�V�W��
�H�D�U�O�\���L�Q���O�L�I�H���E�X�W���F�D�Q���E�H���X�Q�U�H�F�R�J�Q�L�]�H�G���X�Q�W�L�O���D�G�X�O�W�K�R�R�G�����8�Q�O�L�N�H���G�H�U�P�R�L�G�V�����W�K�H�\���G�R��
�Q�R�W���U�R�X�W�L�Q�H�O�\���R�F�F�X�U���L�Q���W�K�H���P�L�G�O�L�Q�H�����Q�R�U���G�R���W�K�H�\���F�R�Q�Q�H�F�W���Y�L�D���D���V�L�Q�X�V���W�U�D�F�W���W�R���W�K�H��
�V�N�L�Q�����7�K�H�V�H���O�H�V�L�R�Q�V���D�U�H���V�X�U�J�L�F�D�O�O�\���U�H�P�R�Y�H�G���M�R�L�Q�W�O�\���E�\���D�Q���R�W�R�O�D�U�\�Q�J�R�O�R�J�L�V�W���D�Q�G��
�Q�H�X�U�R�V�X�U�J�H�R�Q���X�V�L�Q�J���D���F�R�P�E�L�Q�D�W�L�R�Q���R�I���H�[�W�H�U�Q�D�O���D�Q�G���H�Q�G�R�V�F�R�S�L�F���D�S�S�U�R�D�F�K�H�V��

Cleft Lip Nasal Deformity

�7�K�H���L�Q�F�L�G�H�Q�F�H���R�I���F�O�H�I�W�V���R�I���W�K�H���O�L�S���D�Q�G���R�U���S�D�O�D�W�H���L�V���D�S�S�U�R�[�L�P�D�W�H�O�\�������L�Q�����������O�L�Y�H��
�E�L�U�W�K�V��15���7�K�H���Q�D�V�D�O���G�H�I�R�U�P�L�W�\���U�H�V�X�O�W�L�Q�J���I�U�R�P���À�D�W�W�H�Q�L�Q�J���R�I���W�K�H���Q�D�V�D�O���E�U�L�G�J�H���D�Q�G��
�D�O�D���F�D�Q���E�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���Q�D�V�D�O���R�E�V�W�U�X�F�W�L�R�Q�����7�K�H���Q�D�V�D�O��
�G�H�I�R�U�P�L�W�\���L�V���F�R�U�U�H�F�W�H�G���V�X�U�J�L�F�D�O�O�\���D�I�W�H�U���W�K�H���F�O�H�I�W���O�L�S���L�V���U�H�S�D�L�U�H�G��8

Craniofacial Abnormalities
�&�U�D�Q�L�R�I�D�F�L�D�O���D�E�Q�R�U�P�D�O�L�W�L�H�V���F�D�Q���E�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D�L�U�Z�D�\���F�R�P�S�U�R�P�L�V�H���E�\��
�R�E�V�W�U�X�F�W�L�Q�J���W�K�H���Q�R�V�H�����Q�D�V�R�S�K�D�U�\�Q�[�����R�U�R�S�K�D�U�\�Q�[�����R�U���K�\�S�R�S�K�D�U�\�Q�[����Box 13‑2������
�&�U�R�X�]�R�Q���V�\�Q�G�U�R�P�H�����F�U�D�Q�L�R�I�D�F�L�D�O���G�\�V�R�V�W�R�V�L�V�����L�V���G�H�¿�Q�H�G���E�\���F�U�D�Q�L�R�V�\�Q�R�V�W�R�V�L�V���D�Q�G��
�P�D�[�L�O�O�D�U�\���K�\�S�R�S�O�D�V�L�D�����7�K�H���U�H�V�X�O�W�L�Q�J���P�L�G�I�D�F�H���K�\�S�R�S�O�D�V�L�D���D�Q�G���K�L�J�K���D�U�F�K�H�G���S�D�O�D�W�H��
�F�D�Q���O�H�D�G���W�R���Q�D�V�D�O���R�E�V�W�U�X�F�W�L�R�Q�����6�H�Y�H�U�H���F�D�V�H�V���F�D�Q���Z�D�U�U�D�Q�W���L�Q�W�X�E�D�W�L�R�Q���R�U���W�U�D�F�K�� 
�H�R�V�W�R�P�\�����$�S�H�U�W���V�\�Q�G�U�R�P�H�����D�F�U�R�F�H�S�K�D�O�R�V�\�Q�G�D�F�W�\�O�\�����L�V���D�O�V�R���P�D�U�N�H�G���E�\���V�H�Y�H�U�H��
�P�D�[�L�O�O�D�U�\���K�\�S�R�S�O�D�V�L�D���U�H�V�X�O�W�L�Q�J���L�Q���S�U�R�S�W�R�V�L�V���D�Q�G���U�H�O�D�W�L�Y�H���S�U�R�J�Q�D�W�K�L�V�P�����7�K�H��
�X�Q�G�H�U�G�H�Y�H�O�R�S�H�G���Q�R�V�H���D�Q�G���K�L�J�K���D�U�F�K�H�G���S�D�O�D�W�H���U�H�V�X�O�W���L�Q���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���Q�D�V�D�O��
�R�E�V�W�U�X�F�W�L�R�Q�����$�S�H�U�W���V�\�Q�G�U�R�P�H���L�V���D�O�V�R���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���V�\�Q�G�D�F�W�\�O�\���R�I���W�K�H���K�D�Q�G�V����
�Z�K�L�F�K���G�L�I�I�H�U�H�Q�W�L�D�W�H�V���L�W���I�U�R�P���&�U�R�X�]�R�Q���V�\�Q�G�U�R�P�H�����3�L�H�U�U�H���5�R�E�L�Q���V�H�T�X�H�Q�F�H�����F�O�H�I�W��
�S�D�O�D�W�H�����P�L�F�U�R�J�Q�D�W�K�L�D�����D�Q�G���J�O�R�V�V�R�S�W�R�V�L�V�����F�D�Q���F�D�X�V�H���V�H�Y�H�U�H���S�K�D�U�\�Q�J�H�D�O���D�L�U�Z�D�\��
�R�E�V�W�U�X�F�W�L�R�Q���D�W���E�L�U�W�K�����,�Q���P�L�O�G���F�D�V�H�V�����S�U�R�Q�H���S�R�V�L�W�L�R�Q�L�Q�J���F�D�Q���K�H�O�S�����,�Q���P�R�U�H���V�H�Y�H�U�H��
�F�D�V�H�V�����S�O�D�F�H�P�H�Q�W���R�I���D�Q���R�U�D�O���D�L�U�Z�D�\���G�H�Y�L�F�H���R�U���D�Q���L�Q�W�X�E�D�W�L�R�Q���P�D�\���E�H���Q�H�H�G�H�G���W�R��
�E�\�S�D�V�V���W�K�H���R�E�V�W�U�X�F�W�L�R�Q���F�D�X�V�H�G���E�\���W�K�H���E�D�V�H���R�I���W�K�H���W�R�Q�J�X�H�����0�D�Q�G�L�E�X�O�D�U���G�L�V�W�U�D�F�W�L�R�Q��
�F�D�Q���H�O�L�P�L�Q�D�W�H���W�K�H���R�E�V�W�U�X�F�W�L�R�Q���E�\���S�X�O�O�L�Q�J���W�K�H���W�R�Q�J�X�H���E�D�V�H���I�R�U�Z�D�U�G���D�Q�G���U�H�O�L�H�Y�L�Q�J��
�W�K�H���J�O�R�V�V�R�S�W�R�V�L�V�����$���W�U�D�F�K�H�R�V�W�R�P�\���L�V���R�F�F�D�V�L�R�Q�D�O�O�\���Q�H�H�G�H�G���X�Q�W�L�O���W�K�H���G�L�V�W�U�D�F�W�L�R�Q�� 
�L�V���F�R�P�S�O�H�W�H�G���R�U���W�K�H���P�D�Q�G�L�E�O�H���K�D�V���J�U�R�Z�Q���V�X�I�¿�F�L�H�Q�W�O�\�����7�K�L�V���V�H�T�X�H�Q�F�H���F�D�Q���E�H��
�D�V�V�R�F�L�D�W�H�G���Z�L�W�K���6�W�L�F�N�O�H�U���V�\�Q�G�U�R�P�H�����D�Q�G���J�H�Q�H�W�L�F���Z�R�U�N�X�S���L�V���U�H�T�X�L�U�H�G��

�'�R�Z�Q���V�\�Q�G�U�R�P�H�����W�U�L�V�R�P�\�����������R�F�F�X�U�V���L�Q���D�S�S�U�R�[�L�P�D�W�H�O�\�������L�Q�����������O�L�Y�H���E�L�U�W�K�V���D�Q�G��
�L�V���W�K�H���P�R�V�W���F�R�P�P�R�Q���F�R�Q�J�H�Q�L�W�D�O���F�K�U�R�P�R�V�R�P�D�O���D�Q�R�P�D�O�\��16���7�K�H�U�H���D�U�H���P�X�O�W�L�S�O�H��
�K�H�D�G���D�Q�G���Q�H�F�N���P�R�U�S�K�R�O�R�J�L�F�D�O���D�E�Q�R�U�P�D�O�L�W�L�H�V���L�Q���W�K�H�V�H���F�K�L�O�G�U�H�Q���W�K�D�W���S�U�H�G�L�V�S�R�V�H��
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Pediatric Pulmonology

�W�K�H�P���W�R���G�L�V�H�D�V�H�����7�K�H�V�H���D�E�Q�R�U�P�D�O�L�W�L�H�V���L�Q�F�O�X�G�H���P�L�G�I�D�F�H���K�\�S�R�S�O�D�V�L�D�����Z�K�L�F�K���L�V��
�F�K�D�U�D�F�W�H�U�L�]�H�G���E�\���P�D�O�I�R�U�P�D�W�L�R�Q���R�I���W�K�H���H�X�V�W�D�F�K�L�D�Q���W�X�E�H�����D���V�K�R�U�W�H�Q�H�G���S�D�O�D�W�H����
�P�D�F�U�R�J�O�R�V�V�L�D�����D�Q�G���D���Q�D�U�U�R�Z�L�Q�J���R�I���W�K�H���R�U�R�S�K�D�U�\�Q�[���D�Q�G���Q�D�V�R�S�K�D�U�\�Q�[��17���,�Q��
�F�R�P�E�L�Q�D�W�L�R�Q���Z�L�W�K���V�\�V�W�H�P�L�F���K�\�S�R�W�R�Q�L�D�����W�K�H�V�H���D�E�Q�R�U�P�D�O�L�W�L�H�V���X�Q�G�H�U�O�L�H���W�K�H���K�L�J�K��
�L�Q�F�L�G�H�Q�F�H���R�I���U�H�F�X�U�U�H�Q�W���R�W�L�W�L�V���P�H�G�L�D���D�Q�G���R�E�V�W�U�X�F�W�L�Y�H���V�O�H�H�S���D�S�Q�H�D���L�Q���F�K�L�O�G�U�H�Q���Z�L�W�K��
�'�R�Z�Q���V�\�Q�G�U�R�P�H�����2�E�V�W�U�X�F�W�L�Y�H���V�O�H�H�S���D�S�Q�H�D���L�V���W�K�H���P�R�V�W���F�R�P�P�R�Q���F�D�X�V�H���R�I���X�S�S�H�U��
�D�L�U�Z�D�\���R�E�V�W�U�X�F�W�L�R�Q���L�Q���F�K�L�O�G�U�H�Q���R�O�G�H�U���W�K�D�Q�������\�H�D�U�����1�H�D�U�O�\�����������R�I���S�D�U�H�Q�W�V���R�I�� 
�W�K�H�V�H���F�K�L�O�G�U�H�Q���G�R���Q�R�W���U�H�S�R�U�W���D���V�O�H�H�S���G�L�V�W�X�U�E�D�Q�F�H���G�H�V�S�L�W�H���D�E�Q�R�U�P�D�O���¿�Q�G�L�Q�J�V��
�G�X�U�L�Q�J���D���V�O�H�H�S���V�W�X�G�\�����7�K�H���W�U�X�H���L�Q�F�L�G�H�Q�F�H���R�I���R�E�V�W�U�X�F�W�L�Y�H���V�O�H�H�S���D�S�Q�H�D���L�V���X�Q�N�Q�R�Z�Q����
�D�Q�G���D���K�L�J�K���O�H�Y�H�O���R�I���V�X�V�S�L�F�L�R�Q���V�K�R�X�O�G���E�H���P�D�L�Q�W�D�L�Q�H�G�����/�D�U�\�Q�J�R�P�D�O�D�F�L�D���L�V���V�H�H�Q���L�Q��
�D�S�S�U�R�[�L�P�D�W�H�O�\�����������R�I���F�K�L�O�G�U�H�Q���Z�L�W�K���'�R�Z�Q���V�\�Q�G�U�R�P�H�����7�U�D�F�K�H�R�P�D�O�D�F�L�D���R�F�F�X�U�V�� 
�L�Q���D�E�R�X�W���R�Q�H���W�K�L�U�G�����P�R�V�W���R�I���Z�K�R�P���K�D�Y�H���F�R�Q�J�H�Q�L�W�D�O���K�H�D�U�W���G�L�V�H�D�V�H��16

Congenital Lesions of the Tongue
Macroglossia

�%�H�F�N�Z�L�W�K���:�L�H�G�H�P�D�Q�Q���V�\�Q�G�U�R�P�H���L�V���W�K�H���P�R�V�W���F�R�P�P�R�Q���F�D�X�V�H���R�I���P�D�F�U�R�J�O�R�V�V�L�D�� 
�L�Q���F�K�L�O�G�U�H�Q��18���0�D�F�U�R�J�O�R�V�V�L�D���F�D�Q���D�O�V�R���E�H���V�H�H�Q���Z�L�W�K���W�U�L�V�R�P�\�����������F�R�Q�J�H�Q�L�W�D�O��
�K�\�S�R�W�K�\�U�R�L�G�L�V�P�����Y�D�V�F�X�O�D�U���P�D�O�I�R�U�P�D�W�L�R�Q�V�����P�X�V�F�X�O�D�U���H�Q�O�D�U�J�H�P�H�Q�W�����D�Q�G���W�X�P�R�U�V����
�/�\�P�S�K�D�Q�J�L�R�P�D�V���R�U���K�H�P�D�Q�J�L�R�P�D�V���R�I���W�K�H���W�R�Q�J�X�H���P�D�\���F�D�X�V�H���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W��
�D�L�U�Z�D�\���R�E�V�W�U�X�F�W�L�R�Q���S�U�H�V�H�Q�W���D�W���E�L�U�W�K�����/�\�P�S�K�D�Q�J�L�R�P�D�V���D�U�H���P�R�V�W���F�R�P�P�R�Q���D�Q�G���D�U�H��
�D�S�S�D�U�H�Q�W���D�W���E�L�U�W�K���L�Q�����������R�I���F�D�V�H�V��19���6�\�P�S�W�R�P�V���L�Q�F�O�X�G�H���G�\�V�S�K�D�J�L�D�����G�U�R�R�O�L�Q�J����
�G�L�V�D�U�W�L�F�X�O�D�W�L�R�Q�����D�Q�G���D���G�U�L�H�G�����¿�V�V�X�U�H�G���W�R�Q�J�X�H�����,�Q���F�D�V�H�V���R�I���V�H�Y�H�U�H���R�E�V�W�U�X�F�W�L�R�Q����
�L�Q�W�X�E�D�W�L�R�Q���R�U���W�U�D�F�K�H�R�V�W�R�P�\���P�D�\���E�H���U�H�T�X�L�U�H�G�����I�R�O�O�R�Z�H�G���E�\���V�X�U�J�L�F�D�O���U�H�G�X�F�W�L�R�Q���R�I��
�S�D�U�W���R�I���W�K�H���W�R�Q�J�X�H�����,�Q���F�K�L�O�G�U�H�Q�����W�X�P�R�U�V���R�I���W�K�H���W�R�Q�J�X�H���D�U�H���U�D�U�H�����E�X�W���U�K�D�E�G�R�P�\�R��
�V�D�U�F�R�P�D���F�D�Q���R�F�F�X�U�����D�Q�G�����������R�I���W�K�H�V�H���W�X�P�R�U�V���W�K�D�W���R�F�F�X�U���L�Q���W�K�H���K�H�D�G���D�Q�G���Q�H�F�N��
�R�F�F�X�U���L�Q���W�K�H���W�R�Q�J�X�H����Box 13‑2����19

Congenital Lesions of the Base of the Tongue

�&�R�Q�J�H�Q�L�W�D�O���O�H�V�L�R�Q�V���R�I���W�K�H���E�D�V�H���R�I���W�K�H���W�R�Q�J�X�H���D�U�H���U�D�U�H���D�Q�G���L�Q�F�O�X�G�H���H�F�W�R�S�L�F���W�K�\�U�R�L�G��
�W�L�V�V�X�H�����P�R�V�W���F�R�P�P�R�Q�O�\���D���O�L�Q�J�X�D�O���W�K�\�U�R�L�G�����D�Q�G���W�K�\�U�R�J�O�R�V�V�D�O���G�X�F�W���F�\�V�W�V�����$���O�L�Q�J�X�D�O��
�W�K�\�U�R�L�G���F�D�Q���P�D�Q�L�I�H�V�W���Z�L�W�K���X�S�S�H�U���D�L�U�Z�D�\���R�E�V�W�U�X�F�W�L�R�Q���L�Q���D���Q�H�Z�E�R�U�Q���R�U���D�V���S�D�U�W���R�I��
�W�K�H���Z�R�U�N�X�S���I�R�U���F�R�Q�J�H�Q�L�W�D�O���K�\�S�R�W�K�\�U�R�L�G�L�V�P�����6�H�Y�H�Q�W�\���S�H�U�F�H�Q�W���W�R�������������R�I���F�K�L�O�G�U�H�Q��
�Z�L�W�K���H�F�W�R�S�L�F���W�K�\�U�R�L�G���W�L�V�V�X�H���L�Q���W�K�H���W�R�Q�J�X�H���K�D�Y�H���Q�R���R�W�K�H�U���W�K�\�U�R�L�G���W�L�V�V�X�H��������21���7�K�H��
�G�L�D�J�Q�R�V�L�V���F�D�Q���E�H���F�R�Q�¿�U�P�H�G���Z�L�W�K���&�7���V�F�D�Q�Q�L�Q�J�����X�O�W�U�D�V�R�Q�R�J�U�D�S�K�\�����R�U���0�5�,�����5�D�G�L�R�� 
�Q�X�F�O�L�G�H���V�F�D�Q�V���Z�L�O�O���K�H�O�S���O�R�F�D�O�L�]�H���I�X�Q�F�W�L�R�Q�L�Q�J���W�K�\�U�R�L�G���W�L�V�V�X�H�����7�K�H���H�F�W�R�S�L�F���W�K�\�U�R�L�G��
�W�L�V�V�X�H���L�V���V�X�E�M�H�F�W���W�R���W�K�H���V�D�P�H���S�D�W�K�R�O�R�J�L�F�D�O���F�K�D�Q�J�H�V���D�V���Q�R�U�P�D�O���W�K�\�U�R�L�G���W�L�V�V�X�H��
���L�Q�F�O�X�G�L�Q�J���F�D�Q�F�H�U�������E�X�W���L�W���L�V���X�V�X�D�O�O�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���K�\�S�R�W�K�\�U�R�L�G�L�V�P�����7�U�H�D�W�P�H�Q�W��
�L�Q�F�O�X�G�H�V���V�X�S�S�U�H�V�V�L�R�Q���W�K�H�U�D�S�\���W�R���S�U�H�Y�H�Q�W���H�Q�O�D�U�J�H�P�H�Q�W�����K�\�S�R�W�K�\�U�R�L�G�L�V�P�����D�Q�G��
�P�D�O�L�J�Q�D�Q�F�\�������±�������5�D�G�L�R�D�F�W�L�Y�H���L�R�G�L�Q�H�����������D�E�O�D�W�L�R�Q���K�D�V���D�O�V�R���E�H�H�Q���G�H�V�F�U�L�E�H�G������ 
�+�R�Z�H�Y�H�U�����Z�K�H�Q���W�K�H���R�E�V�W�U�X�F�W�L�R�Q���L�V���Q�R�W���F�R�U�U�H�F�W�H�G���Z�L�W�K���V�X�S�S�U�H�V�V�L�R�Q���W�K�H�U�D�S�\���R�U�� 
�L�I���P�D�O�L�J�Q�D�Q�F�\���L�V���V�X�V�S�H�F�W�H�G�����V�X�U�J�L�F�D�O���H�[�F�L�V�L�R�Q���L�V���W�K�H���W�U�H�D�W�P�H�Q�W���R�I���F�K�R�L�F�H���D�Q�G�� 
�F�D�Q���E�H���D�F�F�R�P�S�O�L�V�K�H�G���W�K�U�R�X�J�K���W�U�D�Q�V�R�U�D�O���D�Q�G���W�U�D�Q�V�F�H�U�Y�L�F�D�O���D�S�S�U�R�D�F�K�H�V��

16 PP 2ND ED - CHAPTER 13_241-252.indd   24616 PP 2ND ED - CHAPTER 13_241-252.indd   246 9/12/23   9:19 AM9/12/23   9:19 AM



247
Chapter 13—Congenital Abnormalities of the Upper Airway

Thyroglossal Duct Cysts
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�G�H�D�W�K��29���6�X�S�U�D�J�O�R�W�W�R�S�O�D�V�W�\���L�V���P�R�U�H���W�K�D�Q�����������V�X�F�F�H�V�V�I�X�O���L�Q���U�H�O�L�H�Y�L�Q�J���X�S�S�H�U��
�D�L�U�Z�D�\���R�E�V�W�U�X�F�W�L�R�Q���F�D�X�V�H�G���E�\���V�H�Y�H�U�H���O�D�U�\�Q�J�R�P�D�O�D�F�L�D��29

16 PP 2ND ED - CHAPTER 13_241-252.indd   24716 PP 2ND ED - CHAPTER 13_241-252.indd   247 9/12/23   9:19 AM9/12/23   9:19 AM



248
Pediatric Pulmonology

Laryngocele and Saccular Cysts
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Chapter 13—Congenital Abnormalities of the Upper Airway
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key points

���} Stertor is the low-pitched inspiratory, snoring sound typically produced by 
nasal or nasopharyngeal obstruction.

���} Stridor is an inspiratory sound (occasionally biphasic) that typically originates 
from the larynx, upper trachea, or hypopharynx.

���} Wheezing is the expiratory sound produced by the turbulent �ow of air 
through constricted bronchioles.

���} Pyriform aperture stenosis seen in conjunction with a mega-incisor may be 
associated with holoprosencephaly.

���} Choanal atresia should be suspected by the failure to pass a 6F catheter more 
than 32 mm (1.3 inch) past the anterior nares.

���} The Crouzon and Apert syndromes are de�ned by craniosynostosis and 
maxillary hypoplasia, which can result in severe upper airway obstruction.

���} The Pierre Robin sequence (cleft palate, micrognathia, and glossoptosis) can 
cause severe pharyngeal airway obstruction that is present at birth.

���} Lymphangiomas are the most common cause of macroglossia in children and 
are apparent at birth in 60% of cases.

���} Thyroglossal duct cysts are the most common malformations found in the neck 
and account for 70% of congenital cervical abnormalities.

���} Laryngomalacia is the most common cause of inspiratory stridor in infants and 
typically begins 1 to 3 weeks after birth and resolves by about 1 year of age.

���} Subglottic stenosis is the second most common cause of stridor in neonates.
���³ It typically manifests with respiratory distress and biphasic stridor.
���³ In mild cases, the child may present with recurrent croup before the  
age of 1 year.

���} Paralysis of the vocal cords is the third most common cause of stridor in infants. 
Bilateral paralysis in infants is the result of central congenital anomalies in 
approximately 40% of cases.
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Congenital Lung Anomalies
Brian P. O’Sullivan, MD
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Congenital lung malformations are a spectrum of disorders arising from errors 
in formation of the airways or vascular supply of the lung. Although major con- 
genital lung malformations are often presented as separate entities, there is 
great overlap between these abnormalities, and a single congenital abnormality 
�P�D�\���Q�R�W���¿�W���Q�H�D�W�O�\���L�Q�W�R���R�Q�H���F�D�W�H�J�R�U�\��

The wheel theory of airway and vessel malinosculations (Figure 14-1) helps  
to understand the malformations.1 In this approach, the developmental inter- 
actions of bronchial, acinar, and vascular components are interpreted along  
a continuum. A congenital abnormality may be isolated to large airways  
(eg, tracheomalacia), involve abnormalities in both bronchial and vascular 
development (eg, pulmonary sequestration), or involve the vasculature only 
with secondary airway involvement (eg, vascular rings). Recently, the unifying 
term congenital pulmonary airway malformation (CPAM) has been adopted to 
describe these malformations. However, in practice, many clinicians still refer 
�W�R���W�K�H���P�D�O�I�R�U�P�D�W�L�R�Q�V���E�\���V�S�H�F�L�¿�F���Q�D�P�H�V�����D�Q�G���W�K�L�V���F�K�D�S�W�H�U���X�V�H�V���W�K�D�W���D�S�S�U�R�D�F�K���W�R��
describe variations in clinical presentation and treatment. To appreciate these 
differences, a basic review of lung development is useful.

Lung Growth and Development
Prenatal lung development occurs in 5 stages: embryonic (0–5 weeks after 
conception), pseudoglandular (6–16 weeks), canalicular (17–24 weeks), saccu- 
lar (24–38 weeks), and alveolar (38 weeks to years) (Figure 14‑2).2,3 There is 
tremendous interaction between the developing endoderm and mesoderm as 
airways and acini develop, and errors in regulation of differentiation depend on 
the 3 Cs: communication, complexity, and critical timing. For example, differ-
entiation of the bronchial tree is complete by the end of the pseudoglandular 
period (16 weeks of gestation). Thus, events that disrupt the complex communi-
cation between genetic promotors and regulators at critical points in develop-
ment (ie, before 16 weeks of gestation) will affect airway development, whereas 
events occurring after 16 weeks will affect development of terminal respiratory 
bronchioles and alveoli (the acinus). See also Chapter 1, Anatomy of the Lung.
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Figure 14-1. Wheel theory of abnormal lung development: (1) agenesis of lung segment,  
(2) budding lesion of airway (eg, bronchogenic cyst), (3) systemic blood supply to normal  
lung segment, (4) systemic blood supply to abnormal lung segment (eg, sequestration),  
and (5) normal blood supply to abnormal lung segment.
Reprinted from Clements BS, Warner JO. Pulmonary sequestration and related congenital bronchopulmonary- 
vascular malformations: nomenclature and classi�cation based on anatomical and embryological considerations. 
Thorax. 1987;42(6):401–408, with permission from BMJ Publishing Group Ltd.
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Laryngomalacia
See Chapter 13, Congenital Abnormalities of the Upper Airway, for a  
discussion of laryngomalacia.

Tracheobronchial Abnormalities
Disorders of the large airways include tracheobronchomalacia, tracheomegaly, 
and tracheal bronchus. Of these, tracheal bronchus, an aberrant lobar bronchus 
arising above the carina, which supplies 1 or all 3 of the right upper lobe seg- 
ments, is most common, occurring in up to about 2% of people (Figure 14‑3).4 
In most instances, tracheal bronchus is a benign variant of no clinical signi- 
�¿�F�D�Q�F�H�����+�R�Z�H�Y�H�U�����L�I���W�K�H���R�U�L�¿�F�H���R�I���W�K�H���W�U�D�F�K�H�D�O���E�U�R�Q�F�K�X�V���L�V���V�P�D�O�O���D�Q�G���H�D�V�L�O�\��
plugged, it can lead to recurrent right upper lobe atelectasis or infection. 
Similarly, obstruction of the tracheal bronchus by an endotracheal tube  
can lead to problems in patients requiring mechanical ventilation.

Fetal and postnatal lung development and growth

Lung development

Fertilization Birth
Weeks

10 20 30 3 6 9 1 2 3 4 5 6 7
Months Years

Age

Normal growth period

Stage of microvascular maturation

Alveolar stage

Saccular stage

Canalicular stage

Pseudoglandular stage

Embryonic period

Lung growth

Figure 14-2. Intrauterine stages of lung development. Airway branching is complete by the  
end of the pseudoglandular phase (16 weeks after conception).
Reprinted from Zeltner TB, Burri PH. The postnatal development and growth of the human lung. II. Morphology. 
Respir Physiol. 1987;67(3):269–282, with permission from Elsevier.
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Tracheomalacia refers to an excess in compliance of the airway that predis-
poses the trachea to dynamic collapse. Tracheomalacia and bronchomalacia 
may be primary or secondary to other congenital anomalies. Mass lesions, 
such as vascular rings and bronchogenic cysts, can cause indentation and 
malacia of the developing tracheobronchial tree with resultant airway collapse 
and shifts in intraluminal pressure during the respiratory cycle. Primary tra- 
cheobronchomalacia occurs in about 1 in 2,000 infants and may be misdiag-
nosed initially as asthma.5,6 Because of the increased compliance, the malacic 
airway is prone to narrowing during expiration when intrathoracic pressure  
is increased. A wheeze caused by narrowing of a single large intrathoracic 
airway during expiration differs from the wheezing of someone with asthma. 
The child with asthma has many small airways involved, all to a differing 
degree, such that the wheeze will be orchestral (polyphonic) and vary in pitch 
and intensity during auscultation of different chest regions. The child with 
tracheobronchomalacia has narrowing of a single large airway during expira-
tion (when pleural pressure exceeds intraluminal pressure), leading to a 
monophonic wheeze that has the same characteristics throughout the chest.  
�,�Q���F�R�Q�W�U�D�V�W���W�R���W�U�D�F�K�H�R�P�D�O�D�F�L�D�����D���¿�[�H�G���O�H�V�L�R�Q���F�D�X�V�L�Q�J���F�R�Q�V�W�D�Q�W���O�D�U�J�H���D�L�U�Z�D�\��
narrowing that does not vary with changes in pleural pressure will cause  
noisy breathing during inspiration and expiration. The diagnosis can often be 
established by means of history and physical examination, but bronchoscopy  
is the gold standard for diagnosis. More recently, multidetector 2-dimensional 
and 3-dimensional computed tomography (CT) scans have been used to 
demonstrate dynamic airway collapse and offer a noninvasive diagnostic 
modality at the cost of increased exposure to ionizing radiation.

Common symptoms for tracheomalacia and bronchomalacia include a brassy 
or barking cough, monophonic wheeze, noisy breathing, recurrent pulmonary 
infections due to ineffective airway clearance, apnea, and episodes of pallor 
and apnea (ie, “dying spells”).7 Treatment consists of supportive care, includ-
ing optimizing airway clearance, because dynamic collapse with cough may 

Figure 14-3. Coronal oblique computed 
tomography minimal intensity projection 
reformat image demonstrating tracheal 
takeo� of the right upper lobe bronchus 
(tracheal bronchus).
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lead to obstruction and infection. Use of bronchodilators such as albuterol  
can cause further collapse owing to relaxation of supporting musculature. 
Ipratropium bromide may help by decreasing airway secretions and increasing 
airway tone. Tracheomalacia is often associated with congenital abnormalities 
�V�X�F�K���D�V���D���W�U�D�F�K�H�R�H�V�R�S�K�D�J�H�D�O���¿�V�W�X�O�D�����7�(�)�����R�U���Y�D�V�F�X�O�D�U���U�L�Q�J���D�Q�G���Z�L�O�O���Q�R�W���U�H�V�R�O�Y�H��
spontaneously; however, growth of the trachea leads to an increased lumen, 
and a moderate degree of collapse will become less important over time. 
�6�X�U�J�H�U�\���L�V���U�H�T�X�L�U�H�G���L�Q���F�D�V�H�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���R�W�K�H�U���D�Q�R�P�D�O�L�H�V���V�X�F�K���D�V���7�(�)���� 
In the case of primary tracheomalacia, surgery is reserved for the most severe 
cases and generally consists of procedures that lift major vessels away from 
the trachea or tether the trachea posteriorly.8

A much less common tracheal abnormality is tracheobronchomegaly,  
known more familiarly as Mounier-Kuhn syndrome, which results from 
�D�E�V�H�Q�F�H���R�U���D�W�U�R�S�K�\���R�I���H�O�D�V�W�L�F���¿�E�H�U�V���D�Q�G���V�P�R�R�W�K���P�X�V�F�O�H���L�Q���W�K�H���Z�D�O�O���R�I���W�K�H��
airways. The loss of tracheal wall support leads to dilatation and develop- 
ment of diverticula. Mounier-Kuhn syndrome has been seen in association 
�Z�L�W�K���R�W�K�H�U���G�L�V�R�U�G�H�U�V���R�I���F�R�Q�Q�H�F�W�L�Y�H���W�L�V�V�X�H�����L�Q�F�O�X�G�L�Q�J���(�K�O�H�U�V���'�D�Q�O�R�V���V�\�Q�G�U�R�P�H��
and cutis laxa.9 Mounier-Kuhn syndrome usually manifests in the third or 
fourth decade of life, which has led to some debate as to whether it is a con- 
genital or an acquired anomaly. The weakened and dilated walls of the large 
airways collapse during forced exhalation (cough), decreasing mucociliary 
clearance and increasing the probability of repeated infections.9 Involvement 
of smaller, more peripheral airways will lead to bronchiectasis. Acquired 
forms of tracheomegaly result from intubation and high-pressure ventilation 
in neonates. Plain chest radiographs may lead to suspicion of the diagnosis, 
but CT scanning with comparison to normal tracheal diameter for age is 
necessary to establish the diagnosis. A CT scan is diagnostic if the trachea  
is more than 3 SDs above mean reference values.10

Tracheoesophageal Fistula
�7�U�D�F�K�H�R�H�V�R�S�K�D�J�H�D�O���¿�V�W�X�O�D���L�V���D�Q���H�D�U�O�\���H�P�E�U�\�R�O�R�J�L�F�D�O���G�H�I�H�F�W���L�Q���I�R�U�H�J�X�W���G�L�I�I�H�U�H�Q-
tiation. The incidence of these malformations is approximately 1 in 3,000 
births.11 The rate is increased in multiple birth pregnancies and white babies. 
A genetic basis is plausible, and the reoccurrence rate is about 2% in children 
�R�I���D�Q���D�I�I�H�F�W�H�G���S�D�U�H�Q�W�����0�R�V�W���F�D�V�H�V���R�I���7�(�)�����K�R�Z�H�Y�H�U�����D�U�H���V�S�R�U�D�G�L�F�����7�U�D�F�K�H�R-
�H�V�R�S�K�D�J�H�D�O���¿�V�W�X�O�D���F�D�Q���R�F�F�X�U���L�Q���D�V�V�R�F�L�D�W�L�R�Q���Z�L�W�K���F�K�U�R�P�R�V�R�P�D�O���D�E�Q�R�U�P�D�O�L�W�L�H�V��
such as trisomies (18 and 21) and deletions of 22q11, and an increased inci-
dence occurs in DiGeorge syndrome, Pierre Robin syndrome, Holt-Oram 
syndrome, and Feingold syndrome.
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�7�K�H�U�H���D�U�H���V�H�Y�H�U�D�O���W�\�S�H�V���R�I���7�(�)����Figure 14‑4�������(�V�R�S�K�D�J�H�D�O���D�W�U�H�V�L�D���Z�L�W�K���G�L�V�W�D�O��
�7�(�)���D�F�F�R�X�Q�W�V���I�R�U�����������R�I���F�D�V�H�V�����,�Q���W�K�L�V���I�R�U�P�����W�K�H���S�U�R�[�L�P�D�O���H�V�R�S�K�D�J�X�V���L�V���G�L�O�D�W�H�G��
and usually ends high in the mediastinum. The distal esophagus is usually 
much smaller in diameter and usually communicates with the distal trachea  
�Y�L�D���D���¿�V�W�X�O�D���W�R���D���S�R�L�Q�W���D�E�R�X�W�������F�P���S�U�R�[�L�P�D�O���W�R���W�K�H���F�D�U�L�Q�D����Figure 14‑4A). The 
distance between the proximal pouch and distal esophagus can vary. Isolated 
�H�V�R�S�K�D�J�H�D�O���D�W�U�H�V�L�D���Z�L�W�K�R�X�W���¿�V�W�X�O�D���D�F�F�R�X�Q�W�V���I�R�U�����������R�I���F�D�V�H�V�����,�Q���W�K�L�V���I�R�U�P�D�W�L�R�Q����
the proximal esophagus ends high in the posterior mediastinum. The distal 
esophagus usually ends low in the mediastinum just above the diaphragm.  
The distance between the 2 ends is substantial and usually does not allow for  
a primary repair (Figure 14‑4E).

�+���W�\�S�H���7�(�)���D�F�F�R�X�Q�W�V���I�R�U���D�S�S�U�R�[�L�P�D�W�H�O�\���������R�I���F�D�V�H�V�����,�Q���+���W�\�S�H���7�(�)�����E�R�W�K�� 
the esophagus and trachea are continuous cephalad to caudad, but there is  
�D���¿�V�W�X�O�R�X�V���F�R�Q�Q�H�F�W�L�R�Q���E�H�W�Z�H�H�Q���W�K�H�������W�X�E�X�O�D�U���V�W�U�X�F�W�X�U�H�V�����7�K�H���¿�V�W�X�O�D���L�V���Y�H�U�\��
narrow and usually is found in the lower cervical region. Usually there is a 
�V�L�Q�J�O�H���¿�V�W�X�O�D�����E�X�W���P�X�O�W�L�S�O�H���¿�V�W�X�O�D�V���K�D�Y�H���E�H�H�Q���G�H�V�F�U�L�E�H�G����Figure 14‑4D).

The mechanism that underlies tracheoesophageal malformation is a subject  
of intensive investigation. Formation of the trachea is a multistage process. 
Initially, a groove forms in the posterior foregut, the sulcus laryngotrachealis, 
then a septum separates the groove, thus forming the primitive trachea and 
esophagus.3 Both genetic and environmental factors are likely to contribute  
to developmental abnormalities affecting this separation and subsequent forma- 
tion of a normal trachea and esophagus. Fifty percent or more of infants with 
tracheoesophageal malformation have at least 1 other congenital abnormality.12 
�(�V�R�S�K�D�J�H�D�O���D�W�U�H�V�L�D���Z�L�W�K�R�X�W���D���¿�V�W�X�O�D���K�D�V���W�K�H���K�L�J�K�H�V�W���L�Q�F�L�G�H�Q�F�H���R�I���D�V�V�R�F�L�D�W�H�G��
�D�E�Q�R�U�P�D�O�L�W�L�H�V�����D�Q�G���+���W�\�S�H���¿�V�W�X�O�D���K�D�V���W�K�H���O�R�Z�H�V�W�����7�U�D�F�K�H�R�H�V�R�S�K�D�J�H�D�O���¿�V�W�X�O�D�� 
�K�D�V���E�H�H�Q���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D���Q�X�P�E�H�U���R�I���V�\�Q�G�U�R�P�H�V���L�Q�F�O�X�G�L�Q�J���W�K�H���9�$�7�(�5���D�V�V�R�� 
ciation (vertebral, anorectal, tracheoesophageal, and renal or radial abnormali-
�W�L�H�V�������9�$�&�7�(�5�/���D�V�V�R�F�L�D�W�L�R�Q�����&���F�D�U�G�L�D�F�����/���O�L�P�E�������D�Q�G���W�K�H���&�+�$�5�*�(���D�V�V�R�F�L�D�W�L�R�Q��
(coloboma, heart defects, atresia [choanal], restricted growth and development, 
genital hypoplasia, and ear deformities).

The classic presentation of a child with esophageal atresia is coughing, chok-
�L�Q�J�����D�Q�G���D�V�S�L�U�D�W�L�R�Q���G�X�U�L�Q�J���W�K�H���¿�U�V�W���I�H�H�G�L�Q�J�����7�K�H�V�H���L�Q�I�D�Q�W�V���D�O�V�R���K�D�Y�H���H�[�F�H�V�V�L�Y�H��
salivation because their saliva pools in the esophageal pouch. A plain radio-
graph of the chest is usually diagnostic and should show the tip of a nasogastric 
catheter curled up in the upper pouch at the level of thoracic vertebrae. Associ-
�D�W�H�G���¿�Q�G�L�Q�J�V���R�Q���W�K�H���U�D�G�L�R�J�U�D�S�K���S�U�R�Y�L�G�H���L�Q�V�L�J�K�W���L�Q�W�R���Z�K�L�F�K���W�\�S�H���R�I���P�D�O�I�R�U�P�D-
�W�L�R�Q���L�V���S�U�H�V�H�Q�W�����,�I���D�L�U���L�V���S�U�H�V�H�Q�W���L�Q���W�K�H���V�W�R�P�D�F�K�����D���G�L�V�W�D�O���7�(�)���L�V���S�U�R�E�D�E�O�H����Figure 
14‑4C). Alternatively, the lack of gastrointestinal air suggests isolated atresia. 
�+���W�\�S�H���¿�V�W�X�O�D�V���P�D�\���Q�R�W���P�D�Q�L�I�H�V�W���X�Q�W�L�O���D���F�K�L�O�G���L�V���V�H�Y�H�U�D�O���P�R�Q�W�K�V���R�O�G���D�Q�G���K�D�V��
chronic coughing or choking with feeding and recurrent pneumonia. A 
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persistently distended abdomen caused by air migrating from the trachea 
into the intestinal tract may also occur. The diagnosis is established by 
performing a barium study with contrast material infused through a nasogas-
tric tube under gentle pressure to distend the esophagus in the distal to 
proximal direction (Figure 14‑5).

A.

B.

C. D.

E.
F.

Figure 14-4. Types of tracheoesophageal �stulas. A, Proximal esophageal pouch with distal 
�stula. B, Proximal �stula with distal isolated esophagus. C, Disrupted esophagus with proximal 
and distal �stula. D, H-type �stula. E, Esophageal atresia without �stula. F, Upper and lower  
�stula without esophageal atresia.
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Surgical correction of the esophageal abnormality is mandatory. Preoperative 
management is critical. A suction tube (Replogle catheter) should be placed in 
the upper pouch to prevent aspiration. Likewise, the child should be positioned 
�X�S�U�L�J�K�W���W�R���S�U�H�Y�H�Q�W���U�H�À�X�[���L�Q�W�R���W�K�H���W�U�D�F�K�H�D���W�K�U�R�X�J�K���W�K�H���G�L�V�W�D�O���¿�V�W�X�O�D�����6�X�U�J�H�U�\�� 
can normally be performed electively. The exception is when an infant with  
�D���G�L�V�W�D�O���¿�V�W�X�O�D���L�V���L�Q���V�H�Y�H�U�H���U�H�V�S�L�U�D�W�R�U�\���G�L�V�W�U�H�V�V���U�H�T�X�L�U�L�Q�J���Y�H�Q�W�L�O�D�W�R�U�\���V�X�S�S�R�U�W����
�+�L�J�K���S�U�H�V�V�X�U�H���J�D�V���G�H�O�L�Y�H�U�H�G���W�R���W�K�H���W�U�D�F�K�H�D���F�D�Q���F�U�R�V�V���W�K�H���¿�V�W�X�O�D���D�Q�G���P�D�\���O�H�D�G�� 
�W�R���G�D�Q�J�H�U�R�X�V���L�Q�À�D�W�L�R�Q���R�I���W�K�H���V�W�R�P�D�F�K���Z�L�W�K���S�R�V�V�L�E�O�H���J�D�V�W�U�L�F���U�X�S�W�X�U�H�����,�Q���V�X�F�K��
cases, surgery should be performed emergently.

Most defects can be corrected in a single procedure. A number of strategies 
have been developed to facilitate a primary anastomosis and ligation of the  
�¿�V�W�X�O�D�����,�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���S�X�U�H���H�V�R�S�K�D�J�H�D�O���D�W�U�H�V�L�D�����W�K�H�U�H���P�D�\���E�H���D���O�R�Q�J���J�D�S��
�E�H�W�Z�H�H�Q���W�K�H�������H�V�R�S�K�D�J�H�D�O���U�H�P�Q�D�Q�W�V�����Q�H�F�H�V�V�L�W�D�W�L�Q�J���D���P�R�G�L�¿�H�G���D�S�S�U�R�D�F�K�����0�D�Q�\��
procedures have been developed to apply tension on the esophageal ends over 
a period of 6 to 10 days to approximate the pouches and allow a primary 
anastomosis. Rarely, patients require the placement of a large-bowel graft 
known as colonic interposition.

Postoperative complications are common, including anastomosis leakage, 
�D�Q�D�V�W�R�P�R�W�L�F���V�W�U�L�F�W�X�U�H�����D�Q�G���U�H�F�X�U�U�H�Q�W���¿�V�W�X�O�D�V�����/�H�D�N�V���R�F�F�X�U���L�Q���D�E�R�X�W���������� 
of cases, and one-third of these events leads to a major disruption and may 
require emergency surgery. Anastomotic strictures occur in about one-third  
�R�I���S�D�W�L�H�Q�W�V���Z�K�R���U�H�T�X�L�U�H���G�L�O�D�W�L�R�Q�����5�H�F�X�U�U�H�Q�W���7�(�)���R�F�F�X�U�V���L�Q���D�E�R�X�W�����������R�I���F�D�V�H�V��
and should be considered if the infant has respiratory symptoms during 
feeding or has recurring pneumonia after initial corrective surgery.

�7�U�D�F�K�H�R�H�V�R�S�K�D�J�H�D�O���¿�V�W�X�O�D���L�V���Q�R�W���V�L�P�S�O�\���D�Q���D�Q�D�W�R�P�L�F�D�O���P�D�O�I�R�U�P�D�W�L�R�Q���P�D�Q�D�J�H-
able with corrective surgery. Residual postsurgical issues should be expected 
because of the abnormal tracheal and esophageal development in utero. 
�$�P�R�Q�J���W�K�H�V�H���D�U�H���J�D�V�W�U�R�H�V�R�S�K�D�J�H�D�O���U�H�À�X�[�����W�U�D�F�K�H�R�P�D�O�D�F�L�D�����D�Q�G���H�V�R�S�K�D�J�H�D�O��
dysmotility. Long-term respiratory complications are common, with 40%  
of patients having wheezing and brassy cough at 15 years of age.13,14 Tracheo-
malacia occurs in at least 15% of cases. Results from 2 long-term studies have 
shown that respiratory morbidity and pulmonary function abnormalities are 

Figure 14-5. Lateral esophagram image 
demonstrating H-type tracheoesophageal 
�stula. Note the contrast in the distended 
esophagus with contrast material crossing 
across the �stula and outlining the trachea.
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�F�R�P�P�R�Q���L�Q���F�K�L�O�G�U�H�Q���D�Q�G���D�G�R�O�H�V�F�H�Q�W�V���D�I�W�H�U���7�(�)���U�H�S�D�L�U�����7�K�H�V�H���V�W�X�G�L�H�V�¶���U�H�V�X�O�W�V��
have shown both obstructive and restrictive issues. Birth weight, interpouch 
distance, and postoperative complications are important predictors of  
longer-term outcomes.15,16

Pulmonary Agenesis or Hypoplasia
The most severe form of lung malformation is agenesis of both lungs. This 
malformation is believed to be a result of loss of development of the trachea  
or the main pulmonary arteries. Complete pulmonary agenesis is incompati- 
ble with life. However, lesser degrees of agenesis, such as absence of 1 lung or  
1 lobe, occur. Complete agenesis of the right lung carries a worse prognosis 
than agenesis of the left lung because of greater displacement of the media- 
stinum and heart, with increased torsion on the great vessels and remaining 
bronchus. Pulmonary agenesis of single lobes is uncommon but when present  
is predominantly a right-sided event, with the right upper lobe and right middle 
affected together.17 Pulmonary agenesis is often associated with other congeni-
tal abnormalities, particularly cardiac defects, and a diagnosis of agenesis 

should trigger a careful 
assessment for other 
somatic malformations.

Hypoplasia of the right 
lung or agenesis of a  
lobe therein with anoma-
lous pulmonary venous 
�E�O�R�R�G���À�R�Z���W�R���W�K�H���L�Q�I�H�U�L�R�U��
vena cava is known as 
scimitar syndrome, the 
name deriving from the 
curved, scimitar sword- 
like appearance of the  
vein descending through 
the diaphragm to the vena 
cava (Figure 14‑6). This 
syndrome may manifest 
with a variety of vascular 
anomalies, including sys- 
temic arterial supply to the 
right lower lobe, agenesis 
of the right pulmonary 
artery, and congenital 
heart defects. Two forms, 
infantile and adult, have 

Figure 14-6. Scimitar syndrome (hypoplastic lung with 
partial anomalous venous return). Frontal chest radiograph 
showing that the right lung is smaller than the left, resulting  
in rightward mediastinal deviation, and a large anomalous 
pulmonary vein (arrowheads) draining the right lung to the 
subdiaphragmatic inferior vena cava.
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been reported, the distinction based on age of manifestation. The infantile 
�I�R�U�P���L�V���G�L�D�J�Q�R�V�H�G���L�Q���W�K�H���¿�U�V�W���P�R�Q�W�K�V���D�I�W�H�U���E�L�U�W�K���D�Q�G���L�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���P�R�U�H��
severe cardiac defects or congestive heart failure due to high output failure 
through the systemic vessels feeding the right lung, whereas the adult form 
with pulmonary hypoplasia and aberrant venous drainage may be asymptom-
atic and only discovered serendipitously.18,19 Immediate attention to the 
underlying cardiac problems is essential with manifestation in the newborn 
period. Older children or adults in whom the scimitar syndrome is diagnosed 
�D�V���D�Q���L�Q�F�L�G�H�Q�W�D�O���¿�Q�G�L�Q�J���P�D�\���Q�R�W���U�H�T�X�L�U�H���D�Q�\���L�Q�W�H�U�Y�H�Q�W�L�R�Q���D�W���D�O�O��

Generalized pulmonary hypoplasia is more common than agenesis of a  
single lung or lobe. It is associated with a variety of intrauterine insults, 
including (1) hydrops fetalis; (2) renal anomalies; (3) hernia, including dia- 
phragmatic hernia and omphalocele; (4) skeletal anomalies; and (5) amniotic 
�À�X�L�G���D�E�Q�R�U�P�D�O�L�W�L�H�V�����S�D�U�W�L�F�X�O�D�U�O�\���R�O�L�J�R�K�\�G�U�D�P�Q�L�R�V��20 Mild pulmonary hypo- 
plasia may cause tachypnea without serious associated lung disease, which 
may improve over time as the lungs achieve “catch-up” growth. More severe 
pulmonary hypoplasia may necessitate aggressive ventilatory support in the 
newborn period.

�2�I���S�D�U�W�L�F�X�O�D�U���L�Q�W�H�U�H�V�W���L�V���W�K�H���D�V�V�R�F�L�D�W�L�R�Q���E�H�W�Z�H�H�Q���D�P�Q�L�R�W�L�F���À�X�L�G���D�E�Q�R�U�P�D�O�L�W�L�H�V�� 
and pulmonary hypoplasia. Abnormalities that result in reduced or absent  
urine formation (renal agenesis) or oligohydramnios (eg, premature rupture  
of membranes) lead to physical restriction of fetal breathing movements  
and limited chest wall development. The earlier in gestation these problems 
occur, the more severe the pulmonary hypoplasia. Premature rupture of  
membranes late in pregnancy may have little or no effect on pulmonary 
function, whereas extremely early rupture of membranes will result in severe 
pulmonary compromise. The degree of pulmonary hypoplasia depends on the 
degree of oligohydramnios, its duration, and the gestational age (stage of lung 
development) at which it occurs. The most severe form of oligohydramnios and 
�S�X�O�P�R�Q�D�U�\���K�\�S�R�S�O�D�V�L�D���L�V���3�R�W�W�H�U���V�\�Q�G�U�R�P�H�����Q�D�P�H�G���I�R�U���(�G�L�W�K���3�R�W�W�H�U���Z�K�R���L�Q������������
�G�H�V�F�U�L�E�H�G���W�K�H���D�V�V�R�F�L�D�W�L�R�Q���R�I���U�H�Q�D�O���D�J�H�Q�H�V�L�V�����X�Q�X�V�X�D�O���À�D�W�W�H�Q�H�G���I�D�F�L�H�V�����W�D�O�L�S�H�V����
intrauterine growth restriction, and pulmonary hypoplasia.21

Bronchogenic Cysts
Bronchogenic cysts are the most common cysts of infancy, accounting for 
about 5% of mediastinal masses in infants and children. These are foregut- 
derived cystic malformations of the respiratory tract, usually located within  
the mediastinum if formed in an early stage of development or in the lung 
parenchyma if formed at a later stage. However, they can be in ectopic 
locations anywhere along the developmental pathway of the foregut.
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Many bronchogenic cysts remain asymptomatic and are detected only 
incidentally later in life, so the true incidence of these cysts is unknown. 
Bronchogenic cysts are formed when a piece of bronchial tissue separates 
from the developing airway. In most cases there is no connection between the 
bronchogenic cyst and the normal airway, but such a connection can occur and 
may lead to chronic, recurrent infection of the cyst.22 There is overlap between 
bronchogenic and esophageal cysts, given that both are anomalies in foregut 
differentiation. A cleft develops between the developing trachea and esopha-
gus at approximately day 28 after conception. Anomalies in budding around 
this time can result in cysts with both bronchial and esophageal characteris-
tics. Generally, bronchogenic cysts are thin walled and lined with ciliated 
respiratory epithelium. The cysts may contain mucoid material and frequently 
have cartilage in their walls (Figure 14‑7).

Bronchogenic cysts may be asymptomatic, be minimally symptomatic, or 
cause extreme respiratory distress. The degree of symptoms depends on the 
location and size of the cyst. Infants have compressible tracheobronchial 
cartilage, and a space-occupying lesion in the peritracheal area will cause 
airway narrowing and noisy breathing. Compression of the esophagus can 
lead to concomitant feeding problems. More peripheral bronchogenic cysts 
will cause fewer symptoms but may cause recurrent infections, especially if 
there is communication with the bronchial tree. Rare cases of compression 
of vascular structures, including coronary arteries, have been reported.23 
Bronchogenic cysts do not have a known association with other congenital 
malformations but may be seen in conjunction with other malformations of 
lung development. Diagnosis is generally established by means of a barium 
esophagram or CT scan of the chest (Figure 14‑7A and B).

Therapy for a bronchogenic cyst that is causing symptoms consists of surgical 
removal of the cyst. Therapy for asymptomatic cysts, often detected inciden-
tally, is less clear. Many experts believe that surgical resection of asymptom-
atic cysts is indicated for pathological examination because there is a chance 
that the cyst may cause future symptoms, including infection and hemorrhage, 
and that the lesion poses an inherent oncogenic risk. There have been several  
case reports of different types of cancer being detected within bronchogenic 
cysts, including large cell carcinoma, bronchoalveolar carcinoma, and carci-
noid tumor.24–27 Other experts believe that not all mediastinal cysts need to  
be treated surgically, citing concerns regarding the reliability of some of  
the reports of malignant transformation and putting into perspective the low 
incidence of malignancies in simple cysts.28���$���G�H�¿�Q�L�W�L�Y�H���D�Q�V�Z�H�U���W�R���W�K�H���T�X�H�V-
tion of what to do with a bronchogenic cyst is not available because of the 
rarity of the lesion and the reports of only small series of patients. At present, 
surgical excision remains the most common way to deal with these lesions.
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Congenital Pulmonary Airway Malformation
Congenital pulmonary airway malformations consist of a group of lesions 
previously known as congenital cystic adenomatoid malformations. Congeni-
tal pulmonary airway malformations are characterized by the hamartomatous 
proliferation of terminal respiratory bronchioles forming a multicystic lung 
mass. The incidence of CPAM is not well known and has been described  
as being as rare as 1 in 27,000 live births and as common as 1 in 7,200 live 
births.29 Congenital pulmonary airway malformation is one of the most com- 
mon lung lesions diagnosed prenatally. It is usually sporadic and isolated with 
no familial recurrence. The genetic causes of CPAM are not known, but a 
number of different genes and promoters have been implicated.30

Congenital pulmonary airway malformations are thought to be an overgrowth 
of bronchi at various stages in lung development. The size of the cyst offers 
insight into the pathogenesis. When known as congenital cystic adenomatoid 
malformations�����W�K�H�V�H���P�D�O�I�R�U�P�D�W�L�R�Q�V���Z�H�U�H���F�O�D�V�V�L�¿�H�G���E�\���6�W�R�F�N�H�U���H�W���D�O31 into  
3 histological types.

���X Type I, the most common form, is composed of variable-sized cysts, with  
at least 1 dominant cyst greater than 2 cm in diameter.

���X Type II contains multiple cysts less than 2 cm in diameter and forms a 
smaller fraction of cases.

���X Type III is the solid, adenomatoid form and is a rarer manifestation. 

Figure 14-7. A, Frontal esophagram image 
demonstrating compression of the esophagus 
by a bronchogenic cyst. B, Axial computed 
tomography image showing the bronchogenic 
cyst (BC) compressing the trachea (T) and 
esophagus (E). C, Photomicrograph of a 
bronchogenic cyst demonstrating cartilage 
(black arrow) in the cyst wall with lung 
remnants (blue arrow) within the cyst.
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The CPAM designation has been broadened to include types 0 through IV,32 
similar to the original description with the addition of a type 0 defect, which is 
acinar dysplasia, and type IV, which is an unlined cystic lesion. Type I is thought 
to arise from bronchial overgrowth, type II is bronchiolar in origin, type III is 
bronchiolar or alveolar in origin, and type IV is distal acinar in origin.

Congenital pulmonary airway malformations are rare. These lesions are almost 
always unilateral, although bilateral lesions occur in approximately 10% of cases. 
They affect the left and right sides equally. Associations with other congenital 
malformations have been described, in particular with congenital heart disease 
and congenital diaphragmatic hernia (CDH).

In the era of near-universal prenatal ultrasonographic examinations, CPAMs  
are increasingly recognized prenatally. There are reports of regression of these 
masses at sequential examinations and near disappearance at birth. However, 
residual small masses of abnormal tissue may be detectable on postnatal chest CT 
�V�F�D�Q�V�����,�Q���D�G�G�L�W�L�R�Q�����W�K�H�\���P�D�\���P�D�Q�L�I�H�V�W���D�V���D�Q���L�Q�F�L�G�H�Q�W�D�O���¿�Q�G�L�Q�J�����D�V���D�Q���X�Q�U�H�V�R�O�Y�L�Q�J��
pneumonia, or as pneumothorax later in life. Congenital pulmonary airway 
malformations have to be differentiated from other cystic-appearing lesions, 
including diaphragmatic hernia, cystic hygroma, bronchogenic and enteric cysts, 
bronchopulmonary sequestration, and pleuropulmonary blastoma (PPB). Pleuro-
pulmonary blastoma is a malignancy that may be indistinguishable from CPAM 
on radiographic studies; however, a genetic predisposition and a family history of 
malignancy are often present in patients with PPB and help identify the at-risk 
population.33 Pleuropulmonary blastoma is less likely than CPAM to be detected 
with prenatal ultrasonography and is associated with the DICER1 family of 
neoplasms. Genetic testing for DICER1 mutations can help differentiate PPB 
from CPAM preoperatively.34 However, differentiation of CPAM from PPB may 
only be possible at pathological examination after resection.

Overall, the prognosis of prenatal CPAMs is based on size and growth charac  
teristics. Seventy percent resolve or decrease in size before birth, 10% remain 
unchanged, and 20% increase in size. About 10% of infants with a prenatal 
diagnosis of CPAM develop hydrops fetalis and have a poor outcome. There 
is no doubt that infants with symptoms and large lesions should undergo 
surgical resection. However, there is no simple answer as to the approach to 
asymptomatic CPAM. The lifelong risk of infection and malignant transfor-
mation is not known with certainty. Many think that removal before compli-
cations occur is the most prudent approach, but others think that performing 
what may be unnecessary surgery is not warranted. In the past, it has been 
argued that the denominator—the number of people with asymptomatic 
CPAM that never came to light—was unknown, but that is changing as 
universal prenatal ultrasonography is adopted. Risk of malignancy is greatest 
in type I and type IV CPAMs, and PPB should be removed, which has led to 
a greater tendency to remove masses of uncertain tissue type early in life to 

17 PP 2ND ED - CHAPTER 14_253-278.indd   26517 PP 2ND ED - CHAPTER 14_253-278.indd   265 10/23/23   11:28 AM10/23/23   11:28 AM



266
Pediatric Pulmonology

avoid later complications or malignancy. If the child does not have symp-
toms, surgery can be delayed until the child is older (larger) and the 
surgery is easier and better tolerated.

The mortality with CPAM with hydrops if left untreated approaches 100% 
and is an indication for fetal intervention. The approach depends on the type 
of lesion. In those in which there is a dominant cyst, hydrops may respond  
to cyst aspiration and, if it recurs, to thoracoamniotic shunt placement. In a 
solid type of CPAM, open fetal surgery for resection of the CPAM may be 
indicated. The survival rate of such surgeries is 61%.35 A report of prenatal 
sclerotherapy showed 50% survival in a cohort of 8 patients.36

Congenital Lobar Emphysema
Strictly speaking, the term congenital lobar emphysema�����&�/�(�����L�V���D���P�L�V�Q�R�P�H�U����
and this condition is better referred to as an infantile large, hyperlucent lobe or 
congenital lobar overexpansion. (See Figure 14-8). The exact cause of this 
lesion remains obscure. The lung parenchyma is not truly emphysematous 
because there is no destruction of alveolar walls, nor is the condition uniformly 

present antenatally, although it likely has its 
origins in a prenatal condition. Abnormalities of 
the bronchi leading to partial obstruction or 
collapse at expiration, with a resultant ball-valve 
�H�I�I�H�F�W���D�Q�G���D�L�U���R�U���D�P�Q�L�R�W�L�F���À�X�L�G���W�U�D�S�S�L�Q�J���L�Q���W�K�H��
peripheral lung, are often invoked as a causative 
feature, but, in fact, such bronchial defects are 
�L�G�H�Q�W�L�¿�H�G���L�Q���Q�R���P�R�U�H���W�K�D�Q���R�Q�H���W�K�L�U�G���R�I���F�K�L�O�G�U�H�Q��
�Z�L�W�K���&�/�(��37,38 Microscopic evaluation of excised 
lobar emphysema tissue shows 1 of 2 patterns. 
�,�Q���F�O�D�V�V�L�F���&�/�(�����W�K�H�U�H���L�V���D���K�\�S�H�U�H�[�S�D�Q�G�H�G���O�R�E�H��
with a normal number of enlarged alveoli. In 
�D�E�R�X�W�����������R�I���F�D�V�H�V�����&�/�(���P�D�Q�L�I�H�V�W�V���Z�L�W�K���D��
polyalveolar lobe, which consists of an enlarged 
lobe containing many more than the normal 
number of alveoli.38,39 Congenital lobar emphy-
sema most frequently affects the left upper lobe, 
followed by the right middle lobe and right 
upper lobe.37,38 The lower lobes are rarely 
involved. Multiple lobes may be enlarged, but it 
is extremely unusual to have bilateral lesions.

�&�O�L�Q�L�F�D�O�O�\�����&�/�(���P�D�Q�L�I�H�V�W�V���L�Q���W�K�H���L�P�P�H�G�L�D�W�H��
newborn period in most cases, with symptoms 
typical of a space-occupying mass: tachypnea, 
dyspnea, decreased breath sounds on the 
affected side, and wheezing. More than  

Figure 14-8. Axial and coronal 
computed tomography images in 
lung window show hyperlucency 
of the left upper lobe with 
oligemia in a child with congenital 
lobar emphysema.

Courtesy of Mariangeles Medina 
Perez, MD.
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�R�Q�H���K�D�O�I���R�I���D�O�O���F�D�V�H�V���P�D�Q�L�I�H�V�W���L�Q���W�K�H���¿�U�V�W���Z�H�H�N���D�I�W�H�U���E�L�U�W�K���E�H�F�D�X�V�H���R�I���U�H�V�S�L�U�D-
tory distress, and more than 80% will manifest by 6 months of age. Occasion-
�D�O�O�\�����D���F�K�L�O�G���Z�L�O�O���Q�R�W���K�D�Y�H���V�\�P�S�W�R�P�V�����D�Q�G���&�/�(���Z�L�O�O���E�H���G�L�D�J�Q�R�V�H�G���L�Q�F�L�G�H�Q�W�D�O�O�\��
when a chest radiograph is obtained for an unrelated reason. In the newborn 
�S�H�U�L�R�G�����&�/�(���P�D�\���U�H�V�H�P�E�O�H���Q�H�R�Q�D�W�D�O���S�Q�H�X�P�R�W�K�R�U�D�[���R�U���&�3�$�0�����7�K�H���O�H�V�L�R�Q���P�D�\��
�P�D�Q�L�I�H�V�W���D�V���D���À�X�L�G���¿�O�O�H�G���P�D�V�V���W�K�D�W���W�K�H�Q���E�H�F�R�P�H�V���K�\�S�H�U�O�X�F�H�Q�W���D�V���U�H�W�D�L�Q�H�G���I�H�W�D�O��
�O�X�Q�J���O�L�T�X�L�G���L�V���F�O�H�D�U�H�G�����'�H�O�D�\�H�G���F�O�H�D�U�D�Q�F�H���R�I���O�X�Q�J���À�X�L�G���L�V���P�R�V�W���F�R�P�P�R�Q���L�Q���W�K�H��
�S�R�O�\�D�O�Y�H�R�O�D�U���I�R�U�P���R�I���&�/�(��38,39 In older children, the differential diagnosis 
�V�K�R�X�O�G���L�Q�F�O�X�G�H���I�R�U�H�L�J�Q���E�R�G�\���D�V�S�L�U�D�W�L�R�Q���Z�L�W�K���S�R�V�W�R�E�V�W�U�X�F�W�L�Y�H���K�\�S�H�U�L�Q�À�D�W�L�R�Q��

�5�D�G�L�R�J�U�D�S�K�L�F���V�W�X�G�L�H�V���V�K�R�Z���K�\�S�H�U�L�Q�À�D�W�L�R�Q���R�I���D���O�R�E�H���Z�L�W�K���F�R�P�S�U�H�V�V�L�R�Q���R�I���W�K�H��
ipsilateral lung and herniation of the emphysematous lung across the anterior 

mediastinum. The contralateral lung may be 
compressed and atelectatic due to the mass 
�H�I�I�H�F�W���R�I���W�K�H���K�\�S�H�U�L�Q�À�D�W�H�G���O�X�Q�J�����7�K�H���G�L�D�J�Q�R�V�L�V��
depends on being able to recognize which 
lung is abnormal. The small lung may be 
hypoplastic or atelectatic with compensatory 
�K�\�S�H�U�L�Q�À�D�W�L�R�Q���R�I���W�K�H���R�W�K�H�U���Q�R�U�P�D�O���O�X�Q�J����
Alternately, the large lung may be emphysem-
atous with corresponding compression of the 
smaller lung. Although this distinction is not 
always easy, CT or ventilation/perfusion 
scans can be helpful in distinguishing the 
healthy from the affected lung (Figure 14‑9).

With the increased use of prenatal ultrasonography and fetal magnetic 
�U�H�V�R�Q�D�Q�F�H���L�P�D�J�L�Q�J�����0�5�,�������W�K�H�U�H���K�D�V���E�H�H�Q���D�Q���L�Q�F�U�H�D�V�H���L�Q���G�H�W�H�F�W�L�Q�J���&�/�(��
during fetal life. Follow-up shows spontaneous resolution in some cases, 
although postpartum symptoms may occur even in children whose lesions 
seem to have disappeared before birth.40���.�Q�R�Z�L�Q�J���W�K�D�W���&�/�(���F�D�Q���U�H�J�U�H�V�V��
spontaneously has led to a more conservative management approach. Previ-
ously, it was thought that, once detected, an emphysematous lobe must be 
removed to relieve respiratory distress and to allow the healthy lobes to grow 
normally. Surgery remains the treatment of choice for the child with severe 
respiratory distress; however, it is increasingly apparent that infants with mild 
to moderate symptoms can be treated medically. Some infants with symptoms 
at birth do not require surgery.41

Congenital Diaphragmatic Hernia
Congenital diaphragmatic hernia (Figure 14-10) is a major congenital defect, 
and the classic hernia, Bochdalek hernia, is through a posterolateral defect in 
the diaphragm. Investigators in a 2003 population-based study from Atlanta 
place the incidence at approximately 2.4 per 10,000 live births,42 with in-
�F�U�H�D�V�H�G���I�U�H�T�X�H�Q�F�\���L�Q���S�U�H�P�D�W�X�U�H���D�Q�G���P�D�O�H���Q�H�R�Q�D�W�H�V�����(�L�J�K�W�\���S�H�U�F�H�Q�W���R�I���&�'�+�V��

Figure 14-9. Axial computed 
tomography image obtained with a 
lung window showing hyperlucen-
cy and decreased lung markings in 
the right lower lobe lesion.
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are on the left side, and 20% are on the right side. 
�7�K�H���H�[�S�H�F�W�H�G���U�H�F�X�U�U�H�Q�F�H���U�L�V�N���L�Q���D���¿�U�V�W���G�H�J�U�H�H��
relative is slightly greater than 2%. At present, a 
�J�H�Q�H�W�L�F���F�D�X�V�H���F�D�Q���E�H���L�G�H�Q�W�L�¿�H�G���L�Q���R�Q�O�\���D�S�S�U�R�[�L-
mately 30% of cases. The ability to identify more 
genetic determinants of CDH could have 
far-reaching implications for prenatal diagnosis 
and treatment.43 The incidence of associated ab-
normalities is about 30%, with skeletal and car-
diac abnormalities being the most common.44,45 
�&�D�U�G�L�D�F���P�D�O�I�R�U�P�D�W�L�R�Q�V���W�H�Q�G���W�R���D�I�I�H�F�W���W�K�H���R�X�W�À�R�Z��
tracts and include tetralogy of Fallot and transpo-
sition of the great vessels. Congenital diaphrag-
matic hernia occurs in the context of a number of 
syndromes, including trisomies 21, 18, and 13; 
Fryns syndrome; Beckwith-Wiedemann syn-
drome; and Goldenhar syndrome.

The pathophysiological nature of CDH is complex. 
The diaphragm is formed in 2 stages. The septum 
transversum forms from the area of the inferior 

portion of the pericardial cavity. This septum separates the peritoneal and 
thoracic cavities and ultimately forms the central tendon. However, lateral 
foramina persist and are called pleuroperitoneal canals. Normally, these 
canals are closed by pleuroperitoneal membranes. It is through these canals 
that the usual Bochdalek hernia protrudes. The left-sided hernia may 
contain stomach, small bowel, spleen, and even kidney.

The hernia is covered by a membrane in 10% of cases. The extension of the 
�D�E�G�R�P�L�Q�D�O���Y�L�V�F�H�U�D���L�Q�W�R���W�K�H���W�K�R�U�D�F�L�F���F�D�Y�L�W�\���U�H�V�X�O�W�V���L�Q���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���O�X�Q�J��
hypoplasia by virtue of the space-occupying effect. If the hernia occurs before 
16 weeks of gestation, there will be a reduction in the number of bronchial 
branches. Whether early or late, the hernia decreases acinar development of 
both the ipsilateral and contralateral lung, and thus gas-exchange surface  
area is reduced. Vascular abnormalities are striking, with reduced numbers  
of pulmonary arterial branches and muscular thickening of the arteries.  
These vascular abnormalities increase the risk of the affected infant having 
pulmonary hypertension and developing persistent fetal circulation.

The diagnosis of CDH is considered when respiratory distress occurs at birth. 
The degree of distress depends on the degree of pulmonary hypertension and 
hypoplasia. In infants in whom a great deal of abdominal viscera is displaced 
�L�Q�W�R���W�K�H���W�K�R�U�D�[�����W�K�H���D�E�G�R�P�H�Q���L�V���À�D�W�����V�F�D�S�K�R�L�G�����D�Q�G���W�K�H�U�H���L�V���D�V�\�P�P�H�W�U�L�F�D�O���G�L�V�� 
tention of the chest. Respiratory distress may increase as the gastrointestinal 

Figure 14-10. Frontal chest 
radiograph shows indistinct 
left hemidiaphragm with 
partial opaci�cation of the left 
hemithorax by multiple 
air-�lled bowel loops. There is 
mass e�ect on the mediasti-
num, which is shifted towards 
the right side. 

Courtesy of Mariangeles Medina 
Perez, MD. 
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�W�U�D�F�W���¿�O�O�V���Z�L�W�K���V�Z�D�O�O�R�Z�H�G���D�L�U�����7�K�H���S�U�H�V�H�Q�F�H���R�I���E�R�Z�H�O���V�R�X�Q�G�V���R�Y�H�U���W�K�H���W�K�R�U�D�[��
and the absence of breath sounds on the affected side are frequently described.

The diagnosis is often determined during a routine prenatal ultrasonographic 
examination. Ultrasonography can depict CDHs as early as 12 weeks of ges- 
tation, but they are usually found at 24 weeks of gestation. The severity of 
CDH can be estimated prenatally by using observed-to-expected lung–head 
ratios (at ultrasonography) and total fetal lung volumes (at MRI).46 Polyhy-
�G�U�D�P�Q�L�R�V���L�V���U�H�S�R�U�W�H�G���L�Q�����������R�I���F�D�V�H�V�����$�I�W�H�U���E�L�U�W�K�����W�K�H���G�L�D�J�Q�R�V�L�V���L�V���F�R�Q�¿�U�P�H�G��
�E�\���P�H�D�Q�V���R�I���S�O�D�L�Q���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�\�����&�R�P�P�R�Q���¿�Q�G�L�Q�J�V���D�U�H���E�R�Z�H�O���L�Q���W�K�H���F�K�H�V�W��
cavity and deviation of the mediastinum. The diagnosis is usually obvious,  
but other diagnoses should be considered, including congenital cystic disease 
�R�I���W�K�H���O�X�Q�J���D�Q�G���D�J�H�Q�H�V�L�V���R�I���W�K�H���O�X�Q�J�����2�Q�F�H���W�K�H���G�L�D�J�Q�R�V�L�V���L�V���F�R�Q�¿�U�P�H�G�����L�W���L�V��
important to screen for associated anomalies by using echocardiography  
and ultrasonography of the head and kidneys.

�(�D�U�O�\���W�K�H�U�D�S�\���L�V���G�L�U�H�F�W�H�G���D�W���L�P�S�U�R�Y�L�Q�J���U�H�V�S�L�U�D�W�R�U�\���V�W�D�W�X�V�����$�O�W�K�R�X�J�K���G�H�I�H�F�W�V�� 
in surfactant have been described, a role for prenatal steroid therapy or  
surfactant administration at birth has not been established.47,48 Fetal surgery  
to enhance lung development is no longer used because recent study results 
�G�H�P�R�Q�V�W�U�D�W�H�G���Q�R���E�H�Q�H�¿�W��49 Initial resuscitation should involve endotracheal 
intubation and placement of a nasogastric tube to abrogate expansion of  
the stomach and small bowel by swallowed air. Once intubation has been 
performed, mechanical ventilation is used as a bridge to surgical repair. A 
number of ventilatory strategies can keep the preductal arterial PO2 greater 
than 60 mm Hg, including varying from high rates with low positive end- 
expiratory pressure to lower rates with higher positive end-expiratory pres-
sure. Central to most strategies is the use of pressure-cycled ventilators  
with strict monitoring of tidal volume and preductal oxygen saturations.  
The need for extensive support suggests that lung hypoplasia or pulmonary 
hypertension is substantial. A number of indices have been established to 
quantify this support and thus help predict ultimate outcome. These indexes 
include a ventilatory index and an oxygenation index. High-frequency oscilla- 
tory ventilation has been used with success, but results from a 2016 study 
showed similar rates of mortality and morbidity between use of conventional 
mechanical ventilation and use of high-frequency oscillatory ventilation.50 
This latter therapy should be considered in patients in whom conventional 
mechanical ventilation fails. Nitric oxide is a successful therapy for pulmo-
nary artery hypertension, but in children with CDH, the results are mixed; 
however, a therapeutic trial is appropriate when pulmonary artery hyper- 
�W�H�Q�V�L�R�Q���L�V���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W��51���(�[�W�U�D�F�R�U�S�R�U�H�D�O���P�H�P�E�U�D�Q�H���R�[�\�J�H�Q�D�W�L�R�Q�� 
is indicated if conventional or high-frequency oscillatory ventilation and  
�Q�L�W�U�L�F���R�[�L�G�H���W�K�H�U�D�S�L�H�V���D�U�H���Q�R�W���E�H�Q�H�¿�F�L�D�O��
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Surgery for CDH is no longer considered an emergency intervention. Results 
from 2 randomized controlled trials did not demonstrate an advantage to either 
early or late repair.52,53 With advances in intensive care medicine, surgery can 
be elective, allowing for appropriate time to look for other congenital abnor-
malities that may alter the surgical approach. If the diaphragmatic defect is 
�O�D�U�J�H�����L�W���P�D�\���E�H���F�O�R�V�H�G���Z�L�W�K���D���S�U�R�V�W�K�H�W�L�F���S�D�W�F�K���R�U���D���O�R�F�D�O���À�D�S���I�U�R�P���W�K�H���F�K�H�V�W��
wall or abdominal wall. The abdominal cavity may be hypoplastic due to 
relocation of the bowel into the thorax during development. With return of the 
viscera, it may not be possible to close the abdomen. In these cases, the skin is 
approximated, and after a few months, the abdominal wall defect can be 
closed. The minimally invasive surgery approach for CDH repair is gaining 
acceptance in selective cases. Minimally invasive surgery was associated with 
decreased length of stay and incidence of small-bowel obstruction but higher 
recurrence rates.54

Outcomes of CDH have improved dramatically in recent years, and survival 
rates of 80% to 90% are frequently described.55 Pulmonary function test 
results are frequently abnormal but improve over time; at long-term follow-up, 
50% of patients had normal lung function by 10 years of age.56 Increased 
bronchial reactivity, as demonstrated by wheezing with respiratory tract 
infections, can be a persistent problem. Neurodevelopmental abnormalities are 
common, particularly when extracorporeal membrane oxygenation has been 
�X�V�H�G�����,�Q���D�G�G�L�W�L�R�Q�����J�D�V�W�U�R�H�V�R�S�K�D�J�H�D�O���U�H�À�X�[���L�V���I�U�H�T�X�H�Q�W�O�\���V�H�H�Q���D�Q�G���Q�H�H�G�V���W�R���E�H��
addressed medically.

The Morgagni hernia is a less common form of CDH. This hernia occurs at 
either side of the midline just behind the sternum, where the septum transver-
sum joins the chest wall. Occasionally, these hernias are bilateral and give  
rise to a large central defect. Morgagni hernias are rarely symptomatic and 
can manifest at any age. These hernias may be associated with other abnor-
malities, particularly malrotation of the gut. Operative repair is relatively 
straightforward via a transverse upper abdominal incision, where the dia- 
phragm is attached to the posterior rectal sheath. These hernias may also  
be manageable with laparoscopic and thoracoscopic approaches.

�(�Y�H�Q�W�U�D�W�L�R�Q���R�I���W�K�H���G�L�D�S�K�U�D�J�P���L�V���D�Q�R�W�K�H�U���I�U�H�T�X�H�Q�W�O�\���V�H�H�Q���G�L�D�S�K�U�D�J�P�D�W�L�F���G�H�I�H�F�W��57 
In congenital eventration, there is a thin, membranous diaphragm with some 
protrusion into the thoracic cavity. Although usually benign, a large eventra-
tion may manifest with symptoms similar to those of CDH. In the acquired 
form, the phrenic nerve is paralyzed owing to either birth trauma or surgical 
�W�U�D�X�P�D�����7�K�H���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���W�K�H���P�X�V�F�O�H���¿�E�H�U�V���L�Q���W�K�H���G�L�D�S�K�U�D�J�P���L�V���Q�R�U�P�D�O���L�Q��
the acquired form; however, in the congenital form, the muscle is distributed 
�D�U�R�X�Q�G���W�K�H���U�L�P���R�I���W�K�H���G�L�D�S�K�U�D�J�P�����*�H�Q�H�U�D�O�O�\�����H�Y�H�Q�W�U�D�W�L�R�Q�V���D�U�H���L�G�H�Q�W�L�¿�H�G���D�V���D�Q��
�L�Q�F�L�G�H�Q�W�D�O���¿�Q�G�L�Q�J���R�U���E�H�F�D�X�V�H���R�I���P�L�O�G���U�H�V�S�L�U�D�W�R�U�\���V�\�P�S�W�R�P�V���G�X�U�L�Q�J���U�H�V�S�L�U�D-
tory tract infections. Occasionally, there is intolerance of rigorous exercise. 
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�7�K�H���G�L�D�J�Q�R�V�L�V���L�V���F�R�Q�¿�U�P�H�G���Z�L�W�K���À�X�R�U�R�V�F�R�S�\���R�I���W�K�H���F�K�H�V�W�����$�W���À�X�R�U�R�V�F�R�S�\���� 
there is paradoxical movement, with the diaphragm on the affected side  
rising during inspiration. Most eventrations are small, and surgical repair  
is not necessary. When the defect is large or symptomatic, plication of the 
thinned-out diaphragm can optimize lung growth and development.

Pulmonary Sequestration
Of all the lesions discussed in this chapter, pulmonary sequestration is 
perhaps the most complex, least clear, and most controversial in terminol-
ogy, origin, and description. Classic extralobar pulmonary sequestration 
consists of an isolated segment of lung tissue with no connection to the 
tracheobronchial tree, invested in its own pleura, fed by a systemic artery, 
and drained via a systemic vein.58 However, pulmonary sequestration is 
often associated with multiple variants of this schema and may be seen in 
combination with other pulmonary anomalies, such as CPAM, bronchogenic 
cyst, and scimitar syndrome.59 Intralobar sequestration was initially thought 
to be an acquired lesion consisting of neovascularization via a systemic 
�D�U�W�H�U�\���W�R���D�Q���D�U�H�D���R�I���F�K�U�R�Q�L�F�D�O�O�\���L�Q�À�D�P�H�G���O�X�Q�J���S�D�U�H�Q�F�K�\�P�D�����J�H�Q�H�U�D�O�O�\���F�D�X�V�H�G��
by recurrent infection). However, intralobar sequestration can be a congeni-
tal problem unrelated to recurrent infection.

�$�F�F�R�U�G�L�Q�J���W�R���W�K�H���P�D�O�L�Q�R�V�F�X�O�D�W�L�R�Q���F�O�D�V�V�L�¿�F�D�W�L�R�Q���R�I���&�O�H�P�H�Q�W�V���D�Q�G���:�D�U�Q�H�U��1 
pulmonary sequestration can be seen as a spectrum of diseases and can 
involve any or all 4 of the major components of lung tissue: airways, arterial 
blood supply, venous drainage, and lung parenchyma. Thus, in classic extra- 
lobar sequestration, all 4 components are abnormal, whereas in intralobar 
sequestration, the arterial blood supply may be the only abnormality, although 
pulmonary disease is generally also present. Given the myriad variations of 
sequestration, and given the frequent association with other intrapulmonary 
lesions, some experts believe a more proper name for pulmonary sequestra-
tion is congenital bronchopulmonary foregut malformation�����7�K�H���P�R�U�H���V�S�H�F�L�¿�F��
term is used with the understanding that each lesion has its own variations 
and associated anomalies.

�(�[�W�U�D�O�R�E�D�U���V�H�T�X�H�V�W�U�D�W�L�R�Q�V���R�I���W�K�H���O�X�Q�J���D�U�H���S�U�H�G�R�P�L�Q�D�Q�W�O�\���R�Q���W�K�H���O�H�I�W���V�L�G�H��������������
and are usually found between the lower lobe and the diaphragm, but they  
can be located anywhere in the thorax and occasionally even subdiaphrag- 
matically.57 Blood supply is directly from the thoracic or abdominal aorta in 
80% of cases and arises from branches of smaller systemic vessels in the 
remainder. Venous drainage is generally to the right atrium, creating a left- 
to-right shunt. On cut sections, the sequestrum contains irregularly formed 
bronchi, alveolar ducts, and alveoli and may even have cystic elements, 
�F�R�Q�¿�U�P�L�Q�J���W�K�H���P�D�O�G�H�Y�H�O�R�S�P�H�Q�W���R�I���O�X�Q�J���S�D�U�H�Q�F�K�\�P�D���L�Q���D�G�G�L�W�L�R�Q���W�R���W�K�H�� 
airway and blood vessel abnormalities.
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�(�[�W�U�D�O�R�E�D�U���V�H�T�X�H�V�W�U�D�W�L�R�Q�V���D�S�S�H�D�U���D�V���W�U�L�D�Q�J�X�O�D�U���R�S�D�F�L�W�L�H�V���D�Q�G���F�D�Q���E�H���V�H�H�Q���R�Q���F�K�H�V�W��
radiographs in the retrocardiac area. Computed tomography angiography and 
magnetic resonance angiography allow for much better characterization of the 
lesions and frequently demonstrate the abnormal systemic blood supply to the 
area.60,61 However, feeder vessels may not be visible if their diameter is below the 
�V�F�D�Q�Q�L�Q�J���W�H�F�K�Q�L�T�X�H�¶�V���O�L�P�L�W���R�I���U�H�V�R�O�X�W�L�R�Q�����5�H�V�R�O�X�W�L�R�Q���L�V���L�P�S�U�R�Y�H�G���L�Q���W�K�H���F�X�U�U�H�Q�W��
generation of CT scanners and postprocessing workstations, which allows 
visualization of even small aortic branches. Any imaging study should be 
performed with contrast enhancement to elucidate feeding vessels better.

�(�[�W�U�D�O�R�E�D�U���V�H�T�X�H�V�W�U�D�W�L�R�Q�V���P�D�\���E�H���L�Q�F�L�G�H�Q�W�D�O���¿�Q�G�L�Q�J�V���F�R�Q�V�L�V�W�L�Q�J���R�I���D���U�H�W�U�R�F�D�U�G�L�D�F��
mass on a chest radiograph obtained for other reasons, may manifest as respira-
tory distress in the newborn period, or may become infected at some time after 
the newborn period. Infection is generally due to hematogenous spread of 
bacteria unless there is a connection to a bronchus or to the esophagus. Repeat 
infection or abscess formation may occur and is an indication for surgical 
resection. Tachypnea in the newborn period may be due to mass effect, 
high-output cardiac failure, or associated cardiac or pulmonary congenital 
defects. Treatment for an extralobar sequestration is usually surgical removal, 
�J�L�Y�H�Q���W�K�H���Q�H�H�G���W�R���F�R�Q�¿�U�P���W�K�H���O�H�V�L�R�Q���K�L�V�W�R�O�R�J�L�F�D�O�O�\�����S�U�H�Y�H�Q�W���I�X�W�X�U�H���L�Q�I�H�F�W�L�R�Q���R�U��
bleeding, and allow for normal lung growth. Treatment with arterial emboliza-
tion and recognition of spontaneous involution of some lesions have led to 
questioning the need for surgery in all cases.62,63

Vascular Rings
Vascular rings are a wide spectrum of abnormalities that frequently include the 
aortic arch, pulmonary arteries, and brachiocephalic vessels. Most infants with 
vascular rings do not have symptoms, but if symptoms arise they relate to the 
degree of compression of the respiratory and gastrointestinal tracts. If vascular 
�U�L�Q�J�V���F�D�X�V�H���V�\�P�S�W�R�P�V�����W�K�H�\���P�D�Q�L�I�H�V�W���L�Q���W�K�H���¿�U�V�W���I�H�Z���P�R�Q�W�K�V���D�I�W�H�U���E�L�U�W�K���L�Q���P�R�V�W��
infants. Symptoms can be variable, including stridor, arching of the neck, 
unusual postures during sleep, a brassy or seal-like cough, and apnea. These 
symptoms are not unique to vascular rings and, accordingly, infants with rings 
�I�U�H�T�X�H�Q�W�O�\���L�Q�L�W�L�D�O�O�\���U�H�F�H�L�Y�H���D���G�L�D�J�Q�R�V�L�V���R�I���H�V�R�S�K�D�J�H�D�O���U�H�À�X�[�����O�D�U�\�Q�J�R�W�U�D�F�K�H�R�P-
alacia, or reactive airways disease. Dysphagia occurs when the child transitions 
to solid foods if constriction of the esophagus is severe, and an infant may refuse 
solid foods. Dysphagia can manifest later in life when the arteries calcify.

The overall incidence of vascular rings is unknown, given that many may remain 
asymptomatic and go undiagnosed, but they are thought to constitute 1% to 2% 
�R�I���F�R�Q�J�H�Q�L�W�D�O���K�H�D�U�W���G�H�I�H�F�W�V�����9�D�V�F�X�O�D�U���U�L�Q�J�V���D�U�H���F�O�D�V�V�L�¿�H�G���L�Q�W�R���F�R�P�S�O�H�W�H���U�L�Q�J�V����
incomplete rings, and pulmonary slings. These vascular abnormalities usually 
occur in isolation, but 10% to 15% are associated with congenital heart disease.64
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There are a number of types of complete rings, including a double aortic arch 
and right arch with the ring formed by ligamentum arteriosum, ductus arterio- 
sus, or aberrant left subclavian branching. A double aortic arch occurs when  

the right dorsal aortic arch does not 
regress. Thus, the 2 arches encircle 
the trachea and the esophagus 
(Figure 14‑11, Figure 14-12). The 
right arch is predominant in about 
75% of cases. This form usually 
manifests in infancy and is 
�F�R�Q�¿�U�P�H�G���E�\���P�H�D�Q�V���R�I���H�F�K�R�F�D�U�G�L-
ography and CT scanning. 
Although MRI is superior for 
vascular imaging, it has a long 
scanning time and requires 
sedation, making CT scanning a 
more appropriate choice for 
infants. Surgery is indicated when 
the child has symptoms. Surgery 
involves ligation of the nondomi-
nant arch while preserving 
�E�U�D�F�K�L�R�F�H�S�K�D�O�L�F���E�O�R�R�G���À�R�Z�����7�K�H�U�H��
is often associated tracheomalacia 
from in utero compression of the 
trachea, and many infants have 
persistent respiratory symptoms 
after surgery.

Figure 14-11. Double aortic arch encircling the 
trachea and esophagus. 
Abbreviations: LCC, left common carotid artery; LD, 
ligamentum arteriosum; LS, left subclavian artery; RPA, right 
pulmonary artery; RS, right subclavian artery.

RS

LS

RCC
LCC

LD

RPA

Figure 14-12. Axial computed tomography 
angiography shows symmetric double aortic 
arch surrounding the trachea and thoracic 
esophagus.
Courtesy of Mariangeles Medina Perez, MD.
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A right-sided aortic arch may occur in isolation or may form part of a ring. In 
one ring formation (Figure 14‑13), the right arch traces around the back of the 
esophagus, and there is an aberrant left subclavian artery from the descend- 
ing aorta. The ring is closed by the ligamentum arteriosum, which bridges the 
pulmonary artery and the left subclavian artery. In another form of right-sided 
arch ring, called mirror imaging, an aberrant left innominate artery reaches 
across the front of the trachea. The arch still traces behind the aorta, and the 
ring is completed by the ligamentum arteriosum arising from the descending 
aorta rather than the aberrant subclavian artery to the pulmonary artery. Another 
form of vascular ring maintains a less complete ring in which the ligamentum 
arteriosum arises from the mirror image left subclavian or innominate artery 
to the pulmonary artery. These arches may be complicated by a Kommerell 
diverticulum at the site where the ligamentum arteriosum joins the aorta. 
Surgery is generally necessary if the vascular anomaly is causing symptoms 
such as noisy breathing or dysphagia. It involves ligation of the ligamentum 
arteriosum. If a Kommerell diverticulum is present, then a resection or 
aortopexy surgery may 
be required.

Incomplete vascular 
rings do not form closed, 
constricting lesions but 
may still impinge on the 
airway or esophagus. 
Anomalous innominate 
artery compression is 
considered to exist if the 
artery arises from the 
aortic arch to the left of 
midline and causes 
tracheal compression. 
Usually this causes no or 
mild symptoms, and no 
surgery is indicated. 
Only when symptoms 
are severe should 
surgery be considered 
because, in most 
untreated cases, symp-
toms ameliorate over 
time. Another simple 
ring involves an aber-
rant right subclavian 
artery. It arises from the 

Figure 14-13. Isolated right aortic arch with ductus arteriosus 
arising from diverticulum of Kommerell. 
Abbreviations: Innom A, innominate artery; LCC, left common carotid artery; 
LD, ligamentum arteriosum; LDAR, left dorsal aortic root (diverticulum of 
Kommerell); LPA, left pulmonary artery; LS, left subclavian artery; RCC, right 
common carotid artery; RS, right subclavian artery. 

RS

LS

LS

RCC

Innom
A

LCC

LCC

PT

LDAR

LD

LPA
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Figure 14-14. Pulmonary sling. The left pulmonary 
artery arises from the right pulmonary artery and 
courses behind the trachea and in front of the 
esophagus. 
Abbreviations: LCC, left common carotid artery; LS, left 
subclavian artery; RCC, right common carotid artery; RPA, 
right pulmonary artery; RS, right subclavian artery.

RS
LS

RCC LCC

To left
lung

PT

RPA

descending aorta and traces 
behind the esophagus. It rarely 
causes symptoms but can be 
associated with feeding problems.

Pulmonary slings are an unusual 
form of vascular compression. In 
this condition, the left pulmonary 
artery arises from the right 
pulmonary artery and travels 
between the trachea and esopha-
gus (Figure 14‑14). Pulmonary 
slings are associated with 
complete tracheal rings and 
tracheal stenosis in about 
one-third of cases.65 Surgery is 
usually indicated and may involve 
tracheal reconstruction. Gener-
ally, the long-term prognosis after 
surgical correction is favorable. 
However, after surgery, there is 
usually some tra-cheomalacia 
that results in a lingering cough 
and noisy breathing, which 
should improve in time.

key points

���} Pulmonary congenital malformations arise from errors in fetal lung develop-
ment.

���} Pulmonary malformations can involve the airways, pulmonary parenchyma, 
blood vessels, or any combination of the 3.

���} Lung abnormalities that arise from developmental issues before 16 weeks of 
gestation a�ect airway development; those that arise after 16 weeks a�ect 
acinar development.

���} Some pulmonary lesions detected by means of prenatal ultrasonography 
resolve spontaneously.

���} Symptomatic congenital pulmonary abnormalities require surgical intervention.
���} Although there have been reports of malignant transformation within some of 
these lesions, the absolute risk of cancer associated with congenital lung 
malformations is unknown.
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Mechanics of Breathing
Inspiration Versus Exhalation

The act of breathing is sometimes compared with the movement of a piston 
because of the cyclical cephalad and caudad motion of the diaphragm, and the 
chest wall is seen as a passive participant; however, this view is too simplistic. 
The chest wall is very dynamic during breathing and is critical in maintaining 
resting lung volume, optimizing lung mechanics, allowing normal respiratory 
growth, and protecting the thoracic organs.

In healthy children, inspiration begins from functional residual capacity 
(FRC), which is the point in the respiratory cycle when the outward recoil  
of the rib cage and the inward recoil of the lungs are equal and opposite. The 
diaphragm contracts and moves caudally, increasing intra-abdominal pressure 
and displacing the abdominal contents and the lower edges of the rib cage 
outward. This caudad motion of the diaphragm, along with outward and 
cephalad rotation of the ribs, produces increasingly negative intrathoracic 
�S�U�H�V�V�X�U�H���D�Q�G���D���J�U�D�G�L�H�Q�W���I�D�Y�R�U�L�Q�J���D�L�U�À�R�Z���G�R�Z�Q���W�K�H���U�H�V�S�L�U�D�W�R�U�\���W�U�D�F�W���I�U�R�P�� 
the mouth to the alveoli (Figure 15-1A).

Inspiration is an active process, but exhalation is largely passive. After the 
muscles of inspiration relax, the inward recoil of the lungs produces positive 
�S�U�H�V�V�X�U�H���L�Q���W�K�H���D�O�Y�H�R�O�L���W�K�D�W���I�D�Y�R�U�V���H�[�S�L�U�D�W�R�U�\���À�R�Z���G�R�Z�Q���W�K�H���S�U�H�V�V�X�U�H���J�U�D�G�L�H�Q�W��
to the mouth, as the lung volume decreases to FRC (Figure 15-1B).

Area of Apposition

The extent of the diaphragm’s downward excursion depends on the area of 
apposition of the diaphragm to the rib cage, or the portion of the diaphragm 
aligned vertically along the inner surface of the chest wall (Figure 15-2).  
As the portion of the diaphragm in the area of apposition contracts, the 
diaphragm moves caudally. The area of apposition constitutes one-quarter  
to three-quarters of the total surface area of the rib cage in adults.1 
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It is somewhat less in children and substantially less in infants. In a child  
�Z�L�W�K���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���O�X�Q�J���G�L�V�H�D�V�H���Z�L�W�K���K�\�S�H�U�L�Q�À�D�W�L�R�Q�����W�K�H���G�L�D�S�K�U�D�J�P��
�Z�L�O�O���E�H���S�R�V�L�W�L�R�Q�H�G���L�Q���D���O�R�Z�H�U���D�Q�G���À�D�W�W�H�U���S�R�V�L�W�L�R�Q�����D�Q�G���W�K�H���D�U�H�D���R�I���D�S�S�R�V�L�W�L�R�Q��
can be much smaller. Furthermore, with a smaller area of apposition, the 
�G�L�D�S�K�U�D�J�P���E�H�F�R�P�H�V���À�D�W�W�H�U���Z�L�W�K���D���O�D�U�J�H�U���U�D�G�L�X�V���R�I���F�X�U�Y�D�W�X�U�H����Figure 15-3). 
By the law of Laplace, the force-generating capacity of the diaphragm will  
be lower with a larger radius of curvature.

Figure 15-2. Area of apposition at 
functional residual capacity (FRC) and 
during inspiration. 
Courtesy of Oscar Henry Mayer, MD.
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Figure 15-1. Representation of the motion of  
the alveoli, diaphragm, and chest wall during 
inspiration (A) and exhalation (B). 
Courtesy of Oscar Henry Mayer, MD.
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Thoracoabdominal Mechanics

During restful breathing in a healthy child, the abdominal and rib cage ex- 
cursion are nearly coincident (Figure 15-4A). With respiratory disease,  
such as increased airway resistance or chest wall compliance, the abdominal 
excursion will lead the chest wall excursion (thoracoabdominal asynchrony). 
This asynchrony is easily visible during a respiratory examination and can 
increase to the far end of the spectrum to completely asynchronous or para- 

doxical respiration, with  
the abdomen moving out- 
ward as the chest wall is 
moving inward (Figure 
15-4B).

When airway resistance  
increases, the pressure gra- 
dient needed to overcome 
the resistance and generate 
�À�R�Z���L�V���K�L�J�K�H�U�����D�Q�G���L�W���W�D�N�H�V��
longer to generate outward 
chest wall motion. A highly 
compliant rib cage will 
move inward while the 
abdomen moves outward  
at the onset of inspiration 
because of the progres- 
sively negative intrathoracic 
pressure (Figure 15-4B). 

Figure 15-3. Radius of curvature (R) of the diaphragm in 2 di�erent diaphragm orientations with 
R1 > R2. 
Courtesy of Oscar Henry Mayer, MD.
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R1 > R2

R1

R2

R1 > R2

Figure 15-4. Thoracoabdominal motion during inspiration 
from functional residual capacity with synchronous 
conditions (A) and asynchronous conditions (B). 
Courtesy of Oscar Henry Mayer, MD.
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This condition can be seen in some neonates and young infants; children  
with neuromuscular disease, especially spinal muscular atrophy type 1;  
and children with chest wall disorders.

To increase inspiration, the diaphragm will contract more caudally, and the 
scalene and sternocleidomastoid muscles will contract to elevate the superior 
rib cage further. With forceful exhalation from total lung capacity (TLC),  
such as coughing, the abdominal muscles contract, pushing the abdominal 
contents inward and upward elevating the diaphragm, while the internal  
intercostal muscles contract to augment the inward recoil of the chest wall  
and lungs.

Pathophysiology
Structural Changes Resulting From Growth and Development

In neonates, lung compliance is low and chest wall compliance is high 
compared with those in older children and adults.2–6 In addition, the ribs  
are more horizontal in infants than in children and adults, in whom the ribs 
slope more caudally.7

Through early childhood, lung compliance increases as the alveoli develop 
and lung volume increases; however, lung compliance and lung volume 
increase at roughly the same rate such that when lung compliance is normal-
ized for lung growth it remains constant.8 Chest wall compliance normalized 
to lung volume decreases through childhood as the chest stiffens owing to a 
�F�R�P�E�L�Q�D�W�L�R�Q���R�I���U�L�E���R�V�V�L�¿�F�D�W�L�R�Q���D�Q�G���L�Q�F�U�H�D�V�L�Q�J���F�K�H�V�W���Z�D�O�O���P�X�V�F�O�H���P�D�V�V��9,10 In 
adulthood, chest wall compliance decreases further as the costal cartilage also 
�S�U�R�J�U�H�V�V�L�Y�H�O�\���F�D�O�F�L�¿�H�V��10

Functional Consequences of Developmental and Structural Changes

A highly compliant chest wall has clear advantages in the birthing process  
by allowing distortion during the movement through the birth canal. In neo- 
nates and infants, this high degree of chest wall compliance creates mechani-
cal disadvantages. First, the negative intrathoracic pressure produced during 
inspiration can move the highly compliant chest wall inward (Figure 15-4B). 
Second, infants have low lung compliance relative to their chest wall com- 
pliance, which produces a lower FRC relative to that in older children and 
adults. The lower FRC may be at or below the point when airways close and 
atelectasis occurs (the closing volume). If closing volume occurs during tidal 
�E�U�H�D�W�K�L�Q�J�����E�H�I�R�U�H���D�Q�\���L�Q�V�S�L�U�D�W�R�U�\���À�R�Z���F�D�Q���R�F�F�X�U�����S�U�H�V�V�X�U�H���Q�H�H�G�V���W�R���E�H���D�S�S�O�L�H�G��
to the respiratory system to raise lung volume above the closing volume to 
�R�S�H�Q���W�K�H���F�O�R�V�H�G���D�L�U�Z�D�\�V�����7�K�L�V���L�Q�F�U�H�D�V�H�V���Z�R�U�N���R�I���E�U�H�D�W�K�L�Q�J���Z�L�W�K�R�X�W���E�H�Q�H�¿�W��
�E�H�F�D�X�V�H���W�K�H���H�Q�H�U�J�\���X�V�H�G���W�R���L�Q�À�D�W�H���W�K�H���O�X�Q�J���D�E�R�Y�H���F�O�R�V�L�Q�J���Y�R�O�X�P�H���G�R�H�V���Q�R�W��
�S�U�R�G�X�F�H���L�Q�V�S�L�U�D�W�R�U�\���À�R�Z��
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�7�R���F�R�P�S�H�Q�V�D�W�H���I�R�U���W�K�L�V���P�H�F�K�D�Q�L�F�D�O���L�Q�H�I�¿�F�L�H�Q�F�\�����L�Q�I�D�Q�W�V���Z�L�O�O���R�I�W�H�Q���E�U�H�D�W�K�H�� 
at a higher respiratory rate, allowing for less time to exhale, and use glottic 
narrowing, ending at an end-expiratory lung volume higher than FRC and 
above the closing volume.11,12 Actively maintaining the end-expiratory lung 
�Y�R�O�X�P�H���D�E�R�Y�H���)�5�&���D�Q�G���F�O�R�V�L�Q�J���Y�R�O�X�P�H���P�L�Q�L�P�L�]�H�V���W�K�H���Z�R�U�N���R�I���E�U�H�D�W�K�L�Q�J��

Finally, a highly compliant chest wall may move outward during cough  
owing to the highly positive intrathoracic pressure during a forced exhalation, 
�W�K�H�U�H�E�\���G�H�F�U�H�D�V�L�Q�J���F�R�X�J�K���H�I�¿�F�L�H�Q�F�\��

Under normal circumstances, the outward excursion of the rib cage provides 
about 35% of the volume of inspiration in a newborn,13 with the remainder 
coming from abdominal excursion. The relative rib cage excursion increases  
to the adult value of 65% of inspiratory volume early in the second year  
after birth.13

Although a chest wall with high compliance may move inward during 
inspiration (Figure 15-4B), a chest wall with low compliance moves very 
little. To maintain an acceptable tidal volume, the diaphragm will contract 
further, and the lungs will expand more caudally and less outward, which  
can cause a number of problems.

First, the inspiratory reserve volume, the volume that can be recruited during  
a maximal inspiration, will be lower (Figure 15-5), as will forced vital capa- 
city (FVC), the volume of air that can move through the lungs during maximal 
inspiration and expiration. Second, because the diaphragm is contracting more 

during inspiration, it  
�L�V���Z�R�U�N�L�Q�J���K�D�U�G�H�U���D�Q�G��
�L�V���D�W���U�L�V�N���R�I���I�D�W�L�J�X�H����
Third, cough and air- 
way clearance can be 
compromised because 
the FVC and inspira-
tory reserve volume 
will be lower, which 
limits how deeply air  
is inhaled into the  
lungs and beyond 
airway secretions.
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Figure 15-5. Lung volumes in normal condition (A), restrictive  
lung disease (B), and obstructive lung disease (C). 

Abbreviations: ERV, expiratory reserve volume; FRC, functional residual 
capacity; IRV, inspiratory reserve volume; RV, residual volume; TLC, total  
lung capacity; VT, tidal volume. 

Courtesy of Oscar Henry Mayer, MD.
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Methods for Assessing Chest Wall Function
Physical Examination

It is very important to assess chest wall function qualitatively by means  
of observation.

Spine
Scoliosis is often thought of as a uniplanar defect with a curve that is in the 
coronal plane on the basis of its radiographic appearance; however, there can 
�D�O�V�R���E�H���P�R�U�H���F�R�P�S�O�L�F�D�W�H�G���P�X�O�W�L�S�O�D�Q�D�U���N�\�S�K�R�V�F�R�O�L�R�V�L�V���D�Q�G���U�R�W�D�W�L�R�Q�D�O���V�F�R�O�L�R�V�L�V��

�,�W���L�V���L�P�S�R�U�W�D�Q�W���¿�U�V�W���W�R���D�V�V�H�V�V���W�K�H���E�D�F�N���V�W�D�W�L�F�D�O�O�\���D�Q�G���O�R�R�N���I�R�U���J�U�R�V�V���D�V�\�P�P�H�W�U�\����
Scoliosis can often be seen by visually examining the spine and tracing it with 
�D���¿�Q�J�H�U���Z�K�L�O�H���D���S�D�W�L�H�Q�W���L�V���V�W�D�Q�G�L�Q�J���X�S�U�L�J�K�W�����6�K�R�X�O�G�H�U���D�V�\�P�P�H�W�U�\���D�Q�G���X�Q�L�O�D�W�H�U�D�O��
scapular or rib bulging can be a sign of scoliosis with substantial spinal rota- 
tion. Examining the spine with the patient bending at the waist and reaching  
for his or her toes can show more subtle scoliosis and right-to-left asymmetry.

It is then important to evaluate the extent and symmetry of thoracoabdominal 
excursion. This can be qualitatively assessed using the thumb excursion test14 
�E�\���S�O�D�F�L�Q�J���W�K�H���¿�Q�J�H�U�V���R�I���H�D�F�K���K�D�Q�G���R�Q���W�K�H���O�H�I�W���D�Q�G���U�L�J�K�W���V�F�D�S�X�O�D���Z�L�W�K���W�K�H��
thumbs placed on either side of the spine. In a patient without scoliosis, the 
thumbs should move laterally the same amount. Auscultation of the right  
and left lungs can be used to discriminate asymmetrical aeration due to  
airway compression or atelectasis.

Chest Wall
The relative excursion of the convex and concave chest is variable and is 
based on the mobility of the chest wall and the position and extent of lung 
compression.15,16 Thoracoabdominal asynchrony, the difference in timing 
between chest wall and abdominal excursion, is also important to assess and  
is a measure of overall respiratory mechanics.17,18 With a poorly compliant  
or stiff chest wall, the abdomen moves outward, and there is a delay before 
�R�X�W�Z�D�U�G���F�K�H�V�W���Z�D�O�O���P�R�Y�H�P�H�Q�W�����,�W���W�D�N�H�V���P�R�U�H���L�Q�W�U�D���D�E�G�R�P�L�Q�D�O���S�U�H�V�V�X�U�H���W�R���P�R�Y�H��
the lower chest wall and more accessory inspiratory muscle contraction to 
expand the chest wall.

Diaphragm
In unilateral diaphragm dysfunction caused by paralysis or eventration, the 
contralateral side of the chest should move normally while the ipsilateral  
side of the chest may move very little, if at all, because of asymmetrical 
diaphragm motion. In complete unilateral diaphragm paralysis, the epigastric 
abdominal wall may move upward and toward the side of the lesion during 
�G�H�H�S���L�Q�V�S�L�U�D�W�L�R�Q�����:�L�W�K���D���À�D�L�O���F�K�H�V�W�����W�K�H�U�H���Z�L�O�O���E�H���D���P�D�U�N�H�G���D�V�\�P�P�H�W�U�\���L�Q���F�K�H�V�W��
wall excursion; the unaffected side will move outward during inspiration, and 
the affected side will move inward.
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Diaphragm fatigue, dysfunction, or unilateral paralysis can limit the caudad 
movement of the diaphragm during inspiration. To compensate, the chest wall 
excursion is greater, can occur before any abdominal motion, and will be more 
important in inspiration than typical. Depending on its severity, a patient 
may have asynchronous respiration with outward chest wall motion coin- 
cident with inward abdominal motion, which can occur because of negative 
intrathoracic pressure pulling the diaphragm cephalad during inspiration.

Abdomen
A highly compliant abdomen will have a greater outward excursion during 
inspiration but still should lead the thorax on inspiration. On forced expira-
tion, the abdominal contraction can be irregular based on the characteristics 
of the initial defect (as with gastroschisis and omphalocele), the subsequent 
repair, and the amount of residual muscle mass.

Quantitative Assessment of Chest Wall Motion

The qualitative assessment of thoracoabdominal motion performed during  
the observation portion of the physical examination can be quantitated using 
respiratory inductance plethysmography. During respiratory inductive ple- 
thysmography, thoracoabdominal motion is measured by timing the maximal 
thoracic and abdominal excursion during respiration by using inductance 
bands that measure the cross-sectional area of the chest wall and abdomen.17–19 
The exact delay between abdominal and thoracic excursion and the relative 
excursion of each compartment can be measured.17–19

Lung Function Testing

�&�R�Q�Y�H�Q�W�L�R�Q�D�O���O�X�Q�J���I�X�Q�F�W�L�R�Q���W�H�V�W�L�Q�J���F�D�Q���E�H���V�W�U�D�W�L�¿�H�G���L�Q�W�R�������G�L�I�I�H�U�H�Q�W���W�\�S�H�V���� 
���������I�R�U�F�H�G���À�R�Z���P�H�D�V�X�U�H�P�H�Q�W�V���Z�L�W�K���V�S�L�U�R�P�H�W�U�\���W�R���H�Y�D�O�X�D�W�H���I�R�U���R�E�V�W�U�X�F�W�L�Y�H�� 
lung disease and (2) static lung volume measurement with plethysmography  
or gas dilution to evaluate for restrictive respiratory disease (see Chapter 6, 
Pulmonary Function Testing). In children with obstructive lung disease,  
the FEV1, FEF25%–75%, and FEV1/FVC can be low. In those with restrictive 
respiratory disease, however, the FEV1/FVC is normal, and there is always  
a low TLC. Although FVC is expected to be low in children with restrictive 
respiratory disease, it can be low in those with obstructive lung disease 
because of air trapping due to airway closure during exhalation leading to  
an increased residual volume. Therefore, a low TLC is needed to diagnose 
�U�H�V�W�U�L�F�W�L�Y�H���U�H�V�S�L�U�D�W�R�U�\���G�L�V�H�D�V�H���G�H�¿�Q�L�W�L�Y�H�O�\�����7�K�H�U�H�D�I�W�H�U�����)�9�&���F�D�Q���E�H���P�R�Q�L-
tored as an index of severity.

In patients with scoliosis, TLC decreases as the spinal curvature increases; 
however, TLC can be within the normal range.20 Patients with more compli-
�F�D�W�H�G���U�R�W�D�W�L�R�Q�D�O���N�\�S�K�R�V�F�R�O�L�R�V�L�V���R�U���F�R�Q�V�W�U�L�F�W�L�Y�H���V�F�R�O�L�R�V�L�V�����V�X�F�K���D�V���L�Q���W�K�R�U�D�F�L�F��
�L�Q�V�X�I�¿�F�L�H�Q�F�\���V�\�Q�G�U�R�P�H�����7�,�6�������F�D�Q���K�D�Y�H���D���P�D�U�N�H�G���U�H�V�W�U�L�F�W�L�Y�H���G�H�I�H�F�W��21 When 
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evaluating the lung function of a patient with scoliosis, it is important to 
normalize the results by using arm span as a surrogate for height to avoid 
underrepresenting the restrictive defect (Figure 15-6A). There are well- 
documented tables with normal values for the ratio of the upper body to the 
lower body.22 This ratio is abnormal in patients with chest wall or spinal 
disease, with the upper body being shorter relative to the lower body. Because 
the height of a patient with scoliosis may be shorter than the idealized height 
because of the curve and a shorter spine, the use of height to normalize lung 
volume will give an inappropriate (low) normal value, and lung volume as  
a percentage of that predicted will then be falsely high (Figure 15-6B). 
Because arm span is not affected by spinal growth, it will more accurately 
represent the potential, idealized height and metabolic demand. However,  
lung volume normalized to height can still be useful. This correction will 
normalize for chest size and, if low, is consistent with an intrinsic restrictive 
lung disease, separate from any external compression.

Age: 9		  BMI: 11.9
Gender: Female	 Height: 158 cm	 Weight: 29.6 kg	
Race: African American

Note: Height and/or Weight and/or BMI is <3% tile or >97% tile for age.

Spirometry (BTPS)
Ref Pre % Ref Z-score

FVC L 2.66 1.37 52 -3.16
FEV1 L 2.31 1.29 56 -2.92
FEV1/FVC % 90 94 104 0.67
FEF25-75 L/s 2.70 2.25 83 -0.57
PEFR L/s 5.27 3.22 61 -1.78
FET sec 3.07
FIF50 L/s 1.92
FEF50/FIF50 1.36
FEV.5 L 1.57 1.10 70
Back Volume 0.05

Lung Volumes (Box)
Ref Pre % Ref Z-score

TLC L 3.51 1.99 57 -3.61
VC L 2.59 1.37 53 -0.87
FRC L 1.83 1.00 55 -2.67
ERV L 0.91 0.38 42
RV L 0.92 0.62 67 -1.16
RV/TLC % 26 31 119 0.36

ATS  

ATS  

Figure 15-6. Spirometry and static lung volume measurements in a child with scoliosis with 
normalization by means of arm span (A) or height (B). 
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Respiratory Muscle Strength

Respiratory muscle strength is measured by recording the maximal inspira-
tory pressure and maximal expiratory pressure by means of manometry.  
The maximal inspiratory pressure is the maximal sustained pressure that  
can be maintained for 1 second when inhaling maximally against a closed 
shutter from residual volume or from FRC. It is critical to measure at the  
same volume, or the comparisons will not be accurate. The maximal expira- 
tory pressure is the maximal sustained pressure that can be maintained for  
1 second when exhaling maximally against a closed shutter from TLC. In 

Figure 15-6, (continued)

Abbreviations: ATS, American Thoracic Society; BTPS, body temperature and pressure, saturated; DOB, date 
of birth; ERV, expiratory reserve volume; FEF25–75, forced expiratory �ows between 25% and 75% of the FVC; 
FEF50 , forced expiratory �ow at 50% of FVC; FET, forced expiratory time; FEV.5, forced expiratory volume in 
0.5 seconds; FIF50, forced inspiratory �ow at 50% of FVC; FRC, functional reserve capacity; FVC, forced vital 
capacity; PEFR, peak expiratory �ow rate; Pre, before; Ref, reference; RV, residual volume; TLC, total lung 
capacity; VC, vital capacity. 
Courtesy of Oscar Henry Mayer, MD.

Age: 9	 DOB: 10/11/1999	 BMI: 20.6
Gender: Female	 Height: 120 cm	 Weight: 29.6 kg	
Race: African American	

Note: Height and/or Weight and/or BMI is <3% tile or >97% tile for age.

Spirometry (BTPS)
Ref Pre % Ref Z-score

FVC L 1.23 1.37 111 0.59
FEV1 L 1.16 1.29 111 0.65
FEV1/FVC % 90 94 104 0.67
FEF25-75 L/s 1.79 2.25 126 1.01
PEFR L/s 3.19 3.22 101 0.05
FET sec 3.07
FIF50 L/s 1.92
FEF50/FIF50 1.36
FEV.5 L 0.96 1.10 115
Back Volume 0.05

Lung Volumes (Box)
Ref Pre % Ref Z-score

TLC L 1.79 1.99 111 0.93
VC L 1.21 1.37 113 0.24
FRC L 0.99 1.00 101 0.6
ERV L 0.41 0.38 93
RV L 0.58 0.62 107 0.25
RV/TLC % 32 31 97 -0.06

ATS  

ATS  
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�D�G�R�O�H�V�F�H�Q�W�V���Z�L�W�K���V�F�R�O�L�R�V�L�V�����L�Q�H�I�¿�F�L�H�Q�W���F�R�X�S�O�L�Q�J���E�H�W�Z�H�H�Q���W�K�H���P�X�V�F�O�H���D�Q�G���F�K�H�V�W��
�Z�D�O�O���U�H�G�X�F�H�V���U�H�V�S�L�U�D�W�R�U�\���P�X�V�F�O�H���V�W�U�H�Q�J�W�K�����7�K�H���G�H�J�U�H�H���R�I���Z�H�D�N�Q�H�V�V���S�D�U�W�O�\��
depends on the severity of the curve.23 Children with severe scoliosis have an 
activation of respiratory muscles similar to that of children with respiratory 
failure caused by obstructive lung disease.24

Structural Abnormalities
A list of structural abnormalities of the chest wall is found in Box 15-1.

Box 15-1

Structural Abnormalities of the Chest Wall

Pectus Deformity
Pectus excavatum
Pectus carinatum

Scoliosis
Spinal deformity
Rib cage deformity
	� Flail chest
	� Rib fusion
	� Neuromuscular disease (eg, spinal 
muscular atrophy)

Idiopathic

Thoracic Insu�ciency Syndrome
Congenital constricted chest wall 
syndrome
	� Progressive congenital scoliosis and 
spinal disorders
•	 Hemivertebrae
•	 Wedge vertebrae
•	 Bar vertebrae
•	 Segmental fusion
•	 Fused ribs

	� Hypoplastic chest wall
•	 Jeune syndrome
•	 Jarcho-Levin syndrome
•	 Ellis-van Creveld syndrome
•	 Achondroplasia
•	 Campomelic dysplasia
•	 Osteogenesis imperfecta
•	 Hypophosphatemia

Neuromuscular scoliosis
	� Hypotonic
•	 Spinal muscular atrophy
•	 Congenital muscular dystrophies

	� Hypertonic
•	 Static encephalopathy
•	 Flail chest

	� Absent ribs
	� Iatrogenesis or trauma
•	 Rib resection

Pectus Excavatum and Carinatum

Clinical Features
Pectus excavatum accounts for about 90% of chest wall defects,25 with an 
incidence of between 1 in 400 and 1 in 1,000.26 Although abnormal lung 
function is rare in most patients with pectus excavatum, subjective reports of 
�S�X�O�P�R�Q�D�U�\���G�L�I�¿�F�X�O�W�\���D�U�H���P�X�F�K���P�R�U�H���F�R�P�P�R�Q��27 Patients with pectus 
excavatum commonly have cardiac deviation to the left and occasionally have 
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conduction abnormalities as a result of the distortion.26 Exercise testing is more 
effective in diagnosing cardiopulmonary limitation,26,28 which is still a rare 
concern. However, when there is exertional limitation, it is typically caused 
by cardiac limitation as opposed to pulmonary limitation.29–31 Pectus 
excavatum is usually sporadic26 but is associated with connective tissue 
defects, such as Marfan syndrome, Ehlers-Danlos syndrome, and osteogenesis 
imperfecta,32 and progressive neuromuscular defects, such as spinal muscu-
lar atrophy. Although pectus excavatum can manifest early in life, it 
commonly worsens through adolescence.33

Pectus carinatum is less common. Pulmonary, cardiac, or exercise limitation is 
extremely rare, and physical appearance is by far the most common concern.34 
As with pectus excavatum, there are a number of associated disorders that 
can be present with pectus carinatum, such as Marfan syndrome, Noonan 
syndrome, and osteogenesis imperfecta.35

Diagnostic Evaluation
Computed tomography (CT) scans of the chest can be very helpful in clearly 
�G�H�¿�Q�L�Q�J���W�K�H���G�H�I�H�F�W���D�Q�G���W�K�H���V�H�Y�H�U�L�W�\�����+�D�O�O�H�U���H�W���D�O36 developed criteria for eval- 
uating the severity of pec-tus excavatum via chest CT scanning by using the 
ratio of the lateral chest diameter to the distance from the sternum to the 
�V�S�L�Q�H�����N�Q�R�Z�Q���D�V���W�K�H��Haller index or the pectus severity index (Figure 15-7). In 
pectus excavatum, a pectus severity index of 2.5 or less is considered normal; 
the higher the pectus severity index, the worse the defect. Patients with an 
index ratio of 3.25 o�U���K�L�J�K�H�U���D�U�H���O�L�N�H�O�\���W�R���X�Q�G�H�U�J�R���F�R�U�U�H�F�W�L�Y�H���V�X�U�J�H�U�\��37 
�&�R�P�S�X�W�H�G���W�R�P�R�J�U�D�S�K�\���V�F�D�Q�Q�L�Q�J���K�D�V���D�O�V�R���E�H�H�Q���X�V�H�G���W�R���G�H�¿�Q�H���W�K�H���D�P�R�X�Q�W���R�I��
cardiac distortion from the pectus defect.38 If there is cardiac distortion, then it 
is important for the patient to undergo echocardiography and a thorough cardiac 
evaluation.

Figure 15-7. Haller index (HI) for grading pectus excavatum. The index is the ratio of the 
transverse rib-to-rib diameter (A) to the distance between the spine and sternum (B). 
Courtesy of Oscar Henry Mayer, MD.
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�,�Q���S�H�F�W�X�V���F�D�U�L�Q�D�W�X�P�����F�K�H�V�W���&�7���V�F�D�Q�Q�L�Q�J���L�V���D�O�V�R���X�V�H�I�X�O���L�Q���G�H�¿�Q�L�Q�J���W�K�H���G�H�I�H�F�W����
Conversely to pectus excavatum, the lower the pectus severity index (< 2.0),  
the more severe the disease,39 given that the defect is one of protrusion rather 
than invagination.

Pulmonary function testing is indicated to assess for restrictive pulmonary 
disease in patients with moderate to severe pectus excavatum or those with 
respiratory symptoms. Although most patients with pectus excavatum may have 
pulmonary symptoms, pulmonary function abnormalities are found in about 
one-third of patients.40 Exercise testing is indicated for patients with moderate  
to severe pectus excavatum or those with respiratory symptoms.28Additional 
routine testing for patients with pectus carinatum is not typically indicated.

Medical Management
Chest bracing is not used for patients with pectus excavatum, but physical 
therapy has been used in conjunction with surgery for patients with clinically 
�V�L�J�Q�L�¿�F�D�Q�W���S�R�V�W�X�U�D�O���D�E�Q�R�U�P�D�O�L�W�L�H�V��41,42 Part of the challenge in using nonsurgical 
repair is that the defect is an invagination as opposed to a protuberance, as  
with pectus carinatum. Alternately, pectus carinatum can respond well to 
bracing, and this may obviate the need for surgery.43,44

Surgical Management
The effect of pectus excavatum on lung function is variable, as is the im- 
provement in lung function after surgical correction. There are 2 main surgical 
�S�U�R�F�H�G�X�U�H�V���I�R�U���F�R�U�U�H�F�W�L�Q�J���S�H�F�W�X�V���H�[�F�D�Y�D�W�X�P�²�W�K�H���P�R�G�L�¿�H�G���5�D�Y�L�W�F�K���S�U�R�F�H�G�X�U�H��
and the Nuss procedure.

�,�Q���W�K�H���P�R�G�L�¿�H�G���5�D�Y�L�W�F�K���S�U�R�F�H�G�X�U�H�����D���Q�X�P�E�H�U���R�I���F�D�U�W�L�O�D�J�H���V�H�J�P�H�Q�W�V���D�U�H���U�H�V�H�F�W�H�G����
leaving the perichondrium in place.26 A sternal support, usually a metallic strut, 
is placed between the anterior edges of the rib cage and through the sternum, 
with the sternum repositioned normally. After 2 to 3 years, the strut is removed. 
In the past, aggressive and extensive cartilage resection and sternal remodeling 
�Z�H�U�H���S�H�U�I�R�U�P�H�G�����7�K�L�V���S�U�D�F�W�L�F�H���K�D�V���V�L�Q�F�H���E�H�H�Q���V�X�E�V�W�D�Q�W�L�D�O�O�\���P�R�G�L�¿�H�G���R�Z�L�Q�J���W�R��
cases of severe asphyxiating thoracic dystrophy, believed to be caused by the 
disruption of sternum and cartilage growth, thereby limiting future chest wall 
growth.44 However, limiting cartilage resection and performing the procedure  
in children older than 8 years have largely eliminated this concern.

The Nuss procedure, or minimally invasive pectus excavatum repair, involves 
using a titanium rod that is bent to the corrected contour of the chest wall. It is 
inserted into the pleural space through a small axillary thoracotomy, passed 
through the retrosternal space anterior to the heart, and through the contra- 
lateral chest at the same level as the entry point. It is then rotated anteriorly  
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Figure 15-8. Pectus excavatum repair by means of the Nuss procedure with antero-
posterior (A) and lateral (B) chest radiographs before insertion and anteroposterior (C) 
and lateral (D) chest radiographs after insertion. 
Courtesy of Oscar Henry Mayer, MD.

to press the sternum outward at the level of the maximal invagination and  
is sutured in place on the outside of the chest wall (Figure 15-8).45 The rod  
�L�V���N�H�S�W���L�Q���S�O�D�F�H���D�V���D���E�U�D�F�H���X�Q�W�L�O���W�K�H���V�W�H�U�Q�X�P���K�D�V���U�H�P�R�O�G�H�G���D�Q�G���X�V�X�D�O�O�\���L�V��
removed after 2 years, usually with a permanent repair.
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Although data from some centers demonstrate a modest increase in lung  
function after pectus repair, the results are quite variable.28–31,39,45 For patients 
not deemed to be surgical candidates, periodic physical examinations and 
imaging should be performed, particularly during periods of rapid growth, 
because the deformity and associated symptoms may progress.46

Scoliosis

Clinical Features
Scoliosis can decrease chest wall compliance and lung compliance in the con- 
cave chest, thereby worsening respiratory mechanics. As scoliosis progresses, 
the convex chest can become hyperexpanded because of the lateral rotation  
of the chest and stretching of the intercostal muscles (Figure 15-9), further 
limiting chest wall excursion and worsening chest wall compliance.

�0�R�U�H���F�R�P�S�O�H�[���V�F�R�O�L�R�V�L�V���Z�L�W�K���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���W�U�D�Q�V�Y�H�U�V�H���F�K�H�V�W���Z�D�O�O���U�R�W�D�� 
tion (Figure 15-10) can substantially distort the chest wall in the transverse 
�S�O�D�Q�H�����,�Q���G�R�L�Q�J���V�R�����W�K�H���G�L�D�S�K�U�D�J�P���F�D�Q���U�R�W�D�W�H���U�D�G�L�D�O�O�\���D�Q�G���À�D�W�W�H�Q���D�Q�G���L�Q�F�U�H�D�V�H��
�W�K�H���U�D�G�L�X�V���R�I���F�X�U�Y�D�W�X�U�H�����K�R�Z�H�Y�H�U�����W�K�H���F�O�L�Q�L�F�D�O���V�L�J�Q�L�¿�F�D�Q�F�H���R�I���W�K�L�V���K�D�V���Q�R�W���E�H�H�Q��

Figure 15-9. Scoliosis. Anteroposterior radiograph showing the compression of the 
lung and chest wall on the concave side of the chest and the hyperexpansion of the 
chest on the convex side in a teenager with spinal muscular atrophy type 2. 
Courtesy of Oscar Henry Mayer, MD.
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demonstrated. Bronchial compression can also occur because of compression 
by the rotated anterior edge of the vertebral body.47

The cause of scoliosis can be described in 1 of 3 ways (1) spinal instability or 
abnormality with asymmetrical growth; (2) rib cage deformity with absence of 
�U�L�E�V�����U�L�E���I�X�V�L�R�Q�����R�U���J�H�Q�H�U�D�O���O�D�W�H�U�D�O���L�Q�V�W�D�E�L�O�L�W�\���I�U�R�P���P�X�V�F�O�H���Z�H�D�N�Q�H�V�V�����R�U����������
idiopathic scoliosis, in which there is no clear cause.

In children with hemivertebrae or asymmetrical vertebrae, such as wedge or 
bar vertebrae, scoliosis will serve as a nidus for the curve because spinal integ- 
rity is disrupted at that point (Figure 15-11). A bar vertebra or unilateral fusion 
provides a tethering point around which vertical spinal growth is asymmetrical 
and produces scoliosis (Figure 15-11). In children with absent ribs, lateral chest 
�Z�D�O�O���V�X�S�S�R�U�W���Z�L�O�O���E�H���G�H�¿�F�L�H�Q�W�����D�Q�G���W�K�H���O�D�W�H�U�D�O���F�K�H�V�W���Z�D�O�O���Z�L�O�O���F�R�O�O�D�S�V�H�����F�U�H�D�W�L�Q�J��
an ipsilateral scoliosis (Figure 15-12A). Rib fusion that causes a tethering point 
around which the spine will grow asymmetrically can cause scoliosis (Figure 
15-12B). In children with neuromuscular disease, the biomechanics of the 
�W�K�R�U�D�[���D�U�H���D�E�Q�R�U�P�D�O�����R�I�W�H�Q���Z�L�W�K���Z�H�D�N���U�L�E���W�R���U�L�E���V�X�S�S�R�U�W���D�Q�G���H�Y�H�Q�W�X�D�O���X�Q�L�O�D�W�H�U�D�O��
or bilateral collapse, with severe caudad rotation of the ribs in the convex chest, 
as is often seen in spinal muscular atrophy type 1 (Figure 15-13). Finally, idio- 
�S�D�W�K�L�F���V�F�R�O�L�R�V�L�V���F�D�Q���R�F�F�X�U���L�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���Q�R���F�O�H�D�U���X�Q�G�H�U�O�\�L�Q�J���P�X�V�F�X�O�R�V�N�H�O�H�W�D�O��
abnormality. Often the scoliosis is asymptomatic and noticed incidentally as 
part of a health supervision visit or on a chest radiograph.

Figure 15-10. Transverse computed tomography scans showing the 
rotation of the spine and diaphragm in complicated scoliosis from the 
level of the apex of the lung (A), the carina (B), the lower thorax (C), and 
the lower edge of the liver (D). Gray arrows indicate the rotational axis  
of the spine.
Courtesy of Oscar Henry Mayer, MD.
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Figure 15-11. Anteroposterior 
chest radiograph demonstrating 
scoliosis caused by an underlying 
spinal disorder with hemiverte-
brae (H), bar vertebra (B), and 
 rib fusion (F). 
Courtesy of Oscar Henry Mayer, MD.

Figure 15-12. A, Anteroposterior radiograph showing scoliosis caused by rib fusion (F) and rib 
absence (A). B, Anteroposterior radiograph showing scoliosis caused by rib fusion. 
Courtesy of Oscar Henry Mayer, MD.

18 PP 2ND ED - CHAPTER 15_279-308.indd   29418 PP 2ND ED - CHAPTER 15_279-308.indd   294 9/12/23   9:21 AM9/12/23   9:21 AM



295
Chapter 15—Chest Wall and Spinal Deformities

Medical Management
Before surgery is considered, bracing can be used to align the spine in a more 
favorable midline position, or as close to it as possible. Although in many 
situations bracing is seen as a temporizing procedure and not a cure,48 it can  
be successful in preventing scoliosis curve progression in patients who are 
�V�N�H�O�H�W�D�O�O�\���L�P�P�D�W�X�U�H���D�Q�G���K�D�Y�H���F�X�U�Y�H�V���R�I���O�H�V�V���W�K�D�Q�������ƒ48,49 and occasionally  
may obviate the need for surgery.48

Surgical Management
The decision to treat scoliosis is made on the basis of clinical symptoms, sever- 
�L�W�\���R�I���V�F�R�O�L�R�V�L�V�����D�Q�G���U�D�S�L�G�L�W�\���R�I���S�U�R�J�U�H�V�V�L�R�Q�����Z�L�W�K�������ƒ���R�I���F�X�U�Y�H���E�H�L�Q�J���W�K�H���S�R�L�Q�W�� 
at which surgical intervention is often considered.48���7�K�H���G�H�¿�Q�L�W�L�Y�H���V�X�U�J�L�F�D�O��
treatment is placement of spinal fusion rods along each edge of the spine with  
use of metal suture material to connect to the spinal laminae (Figure 15-14), 
�S�H�G�L�F�O�H���V�F�U�H�Z�V���S�O�D�F�H�G���L�Q�W�R���W�K�H���Y�H�U�W�H�E�U�D�O���E�R�G�L�H�V�����R�U���O�D�P�L�Q�D�U���K�R�R�N�V���R�Y�H�U���W�K�H���V�S�L�Q�D�O��
laminae. Although this treatment provides mechanical stability, it prevents 
further spine growth within the fused region and limits FVC commensurate 
with both the length of the fusion and the height of the superior fusion point.50 
This growth prevention clearly limits the usefulness of the procedure in 
younger children. In these children, growth can be maintained with non- 
surgical interventions, such as bracing the abdomen and part of the thorax 
�L�Q�W�H�U�P�L�W�W�H�Q�W�O�\���W�R���N�H�H�S���W�K�H���V�S�L�Q�H���D�O�L�J�Q�H�G���S�U�R�S�H�U�O�\��

Figure 15–13. Anteroposterior radiograph showing neuromuscular scoliosis caused by spinal 
muscular atrophy type 1 with caudad rotation of the ribs in the right side of the chest. 
Courtesy of Oscar Henry Mayer, MD.
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Figure 15-14. Anteroposterior radiographs showing a child with spinal 
muscular atrophy type 2 before (A) and after (B) spinal fusion. 
Courtesy of Oscar Henry Mayer, MD.
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The longitudinal pulmonary outcome of scoliosis surgery is determined  
�F�K�L�H�À�\���E�\���W�K�H���S�U�H�R�S�H�U�D�W�L�Y�H���)�9�&���D�Q�G�����W�R���D���O�H�V�V�H�U���H�[�W�H�Q�W�����E�\���W�K�H���V�X�U�J�L�F�D�O���D�S�S�U�R�D�F�K����
with the posterior approach without thoracotomy being more favorable than the 
anterior approach via thoracotomy.20 Among a number of potential complicating 
�I�D�F�W�R�U�V���L�V���W�K�H���S�R�W�H�Q�W�L�D�O���I�R�U���D���V�H�F�R�Q�G�D�U�\���O�R�U�G�R�V�L�V�����R�U���³�F�U�D�Q�N�V�K�D�I�W�´���D�E�Q�R�U�P�D�O�L�W�\����
with posterior-only spinal fusion because of continued anterior spinal growth 
and arrested posterior spinal growth. The alternative of a thoracotomy and 
anterior fusion has been associated with a decrease in lung function.38

�,�W���L�V���K�D�U�G���W�R���P�D�N�H���D���G�H�¿�Q�L�W�L�Y�H���V�W�D�W�H�P�H�Q�W���D�E�R�X�W���W�K�H���X�V�H�I�X�O�Q�H�V�V���R�I���V�S�L�Q�D�O���I�X�V�L�R�Q���L�Q��
correcting lung function because lung function is not the only outcome measure. 
In addition, there should not be an expectation of substantial improvement in 
vital capacity as a percentage of that predicted after scoliosis surgery because 
the act of fusion limits further spine growth and worsening of scoliosis at  
the expense of lung growth and, in some situations, loss of lung function.38,51 
Therefore, the decision to perform spinal fusion is a balance between  
supporting growth and minimizing the further loss of lung function.

A separate approach is to use growing rods (Figure 15-15) along the spine to 
support the spine, as is done with spinal fusion, but with serial lengthening of 
the rods commensurate with expected spine growth.52 Although spine growth 
�F�D�Q���E�H���N�H�S�W���L�Q���W�K�H���Q�R�U�P�D�O���U�D�Q�J�H��52 the effect on future lung function is not yet 
�N�Q�R�Z�Q�����7�K�H�V�H���U�R�G�V���P�X�V�W���E�H���W�U�D�Q�V�L�W�L�R�Q�H�G���W�R���D���V�W�D�W�L�F���U�R�G���W�R���I�X�V�H���W�K�H���V�S�L�Q�H���D�I�W�H�U��
�J�U�R�Z�W�K���L�V���F�R�P�S�O�H�W�H�����'�H�¿�Q�L�W�L�Y�H���V�S�L�Q�D�O���I�X�V�L�R�Q���P�D�\���E�H���P�R�U�H���F�K�D�O�O�H�Q�J�L�Q�J���L�Q���W�K�L�V��
approach because of residual perispinal scarring from the growing rods.

Figure 15-15. Radiographs showing growing rods in a child with scoliosis in the anteroposterior 
(A) and lateral (B) projections. 
Courtesy of Robert Campbell, MD.
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Thoracic Insu�ciency Syndrome

Clinical Features
�7�K�R�U�D�F�L�F���L�Q�V�X�I�¿�F�L�H�Q�F�\���V�\�Q�G�U�R�P�H���H�Q�F�R�P�S�D�V�V�H�V���D���Z�L�G�H���U�D�Q�J�H���R�I���F�R�P�S�O�H�[���W�K�R�� 
racospinal disorders in which the chest wall and spine cannot support normal 
respiration and lung growth.14���7�K�R�U�D�F�L�F���L�Q�V�X�I�¿�F�L�H�Q�F�\���V�\�Q�G�U�R�P�H���L�V���G�L�I�I�H�U�H�Q�W��
from idiopathic scoliosis in that patients with TIS typically have a more rapid 
loss of lung function that can cause severe pulmonary morbidity or respiratory 
failure if untreated. Although TIS encompasses a number of disparate condi-
tions, there are 3 phenotypic categories of TIS—congenital constricted chest 
�Z�D�O�O���V�\�Q�G�U�R�P�H�����S�U�R�J�U�H�V�V�L�Y�H���V�S�L�Q�D�O���G�H�I�R�U�P�L�W�\�����D�Q�G���À�D�L�O���F�K�H�V�W��53

Congenital constricted chest wall syndrome has 2 subtypes—progressive  
congenital thoracic scoliosis and hypoplastic thorax disorders.14,53 Progressive 
congenital thoracic scoliosis can result from abnormal rib segmentation,  
or rib fusion (Figure 15-12B�������Z�L�W�K���R�U���Z�L�W�K�R�X�W���D���V�N�H�O�H�W�D�O���D�E�Q�R�U�P�D�O�L�W�\��14,53 In  
congenital cases, clinical symptoms can occur quite early and may be severe. 

Primary rib defects, such as  
rib fusion, can also occur.

Hypoplastic thorax disorders can 
occur owing to defects in cartilage 
(achondroplasia, campomelic 
dysplasia), costal growth abnormali-
ties (Ellis-van Creveld syndrome, 
Jeune syndrome [Figure 15-16]), or 
spinal growth abnormalities (Jarcho-
Levin syndrome [Figure 15-17]).14,53 
Similarly, the thorax can be hypo-
plastic with osteogenesis imperfecta 
type 2 and with hypophosphatemia 
owing to undermineralized bone 
causing easy fracture, disrupted 
healing, and poor thoracic growth. 
Over time, the chest does not grow 
with the rest of the body and the 
increasing metabolic need.

Figure 15-16. Anteroposterior radiograph 
showing hypoplastic thorax in Jeune syndrome.
Courtesy of Robert Campbell, MD.
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Progressive spinal deformity is progressive scoliosis caused by neuromus-
cular disease (Figure 15-13) or a primary vertebral abnormality, such as bar 
vertebrae, segmental fusion, hemivertebrae, or wedge vertebrae (Figure 
15-11),14,53 without rib abnormalities. In congenital cases, clinical symptoms 
can occur quite early and may be severe.

Flail chest can occur because of a congenital defect with absent ribs (Figure 
15-12A) and may also be associated with a variety of different spinal defects. 
It can also occur as a result of chest wall surgery to remove a portion of the 
chest wall or as a result of trauma.

Medical Management
Although there is no medical therapy that can effectively treat TIS, nutritional 
support and noninvasive or invasive ventilation can be critical in helping a 
patient grow to the point at which surgery would be most feasible. With chest 
wall expansion and spinal straightening, as described in the next section, 
proper soft-tissue mass is needed to close the newly expanded chest wall and 
cover the inserted supportive hardware.53 If this is not done, there can be a 
�K�L�J�K�H�U���U�L�V�N���I�R�U���F�R�P�S�O�L�F�D�W�L�R�Q�V�����V�X�F�K���D�V���V�N�L�Q���D�Q�G���V�R�I�W���W�L�V�V�X�H���E�U�H�D�N�G�R�Z�Q���D�W���W�K�H��
site of the repair.

Surgical Management
�7�K�R�U�D�F�L�F���L�Q�V�X�I�¿�F�L�H�Q�F�\���V�\�Q�G�U�R�P�H���S�R�V�H�V���V�X�U�J�L�F�D�O���F�K�D�O�O�H�Q�J�H�V���W�K�D�W���J�R���Z�H�O�O��
beyond stabilizing the spine, and with the early age at which many patients 
with TIS present, fusion is not a viable option. The combination of early 
onset of thoracospinal disease with TIS spurred the development of the 
vertical expandable prosthetic titanium rib (VEPTR). This model provides 
spinal support and is expandable to allow normal longitudinal growth, as with 
the growing rod model. However, the VEPTR has the additional advantage of 

Figure 15-17. Anteroposterior radiograph 
showing Jarcho-Levin syndrome.
Courtesy of Robert Campbell, MD.
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lateral support in a variety of different ways based on the placement of the 
devices (Figure 15-18).14 It can also be used to correct rotational scoliosis and a 
variety of types of complicated thoracospinal disorders,53���V�X�F�K���D�V���À�D�L�O���F�K�H�V�W����
scoliosis with fused ribs or with absent ribs; and scoliosis with major vertebral 
abnormalities that destabilize the spine, such as bar vertebrae, hemivertebrae, 
or wedge vertebrae. The expansions are typically performed every 6 to 8 
months during a day- surgery procedure to maintain a normal spinal growth 
velocity while providing spinal and thoracic stability.52 A magnetically 
controlled growing rod inserts similarly to the VEPTR but lengthens nonsurgi-
cally and during an outpatient visit. It uses telescoping rods containing an 
internal magnet that are lengthened from an external actuator, thereby elimi-
nating the need for anesthesia.54,55 Long-term data comparing outcomes among 
the main growth-sparing procedures are not yet available.

Figure 15-18. Anteroposterior radiographs showing vertical expandable prosthetic titanium rib 
placement in the rib-to-rib (right) and rib-to–iliac crest (left) (A) and rib-to-spine (B) orientations. 
Courtesy of Robert Campbell, MD.
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Because TIS is a constellation of heterogeneous conditions that have similar 
morbidity, optimal timing for correction is based on a combination of the 
severity of the underlying thoracospinal defect and the associated respiratory 
morbidity. Thus, the ideal insertion time of the VEPTR is variable and individ-
�X�D�O�L�]�H�G���W�R���W�K�H���S�D�W�L�H�Q�W�����$�O�W�K�R�X�J�K���W�K�H�U�H���L�V���F�O�H�D�U�O�\���D���E�H�Q�H�¿�W���L�Q���V�X�U�J�L�F�D�O�O�\���W�U�H�D�W�L�Q�J��
TIS early to minimize progression, there are no data that give a clear link 
between age of surgery and long-term prognosis.

The VEPTR can be used in patients with a hypoplastic chest, such as with 
Jarcho-Levin syndrome and Jeune syndrome. With Jarcho-Levin syndrome, the 
VEPTR supports the spine and places a longitudinal traction force to encourage 
growth (Figure 15-19). In Jeune syndrome, the VEPTR pro-vides a lateral 
tethering point for the rib cage to expand after a series of rib osteotomies and 
outward traction leaving the periosteum in place (Figure 15-20). There is also 

Figure 15-19. Anteroposterior radiographs showing Jarcho-Levin syndrome before (A) and after 
(B) repair with the vertical expandable prosthetic titanium rib.
Courtesy of Robert Campbell, MD.
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an alternative approach, a lateral thoracic expansion technique, in which 
there are a series of staggered rib osteotomies with fusion of the alternating 
longer lengths of rib to expand the chest wall circumference (Figure 15-21).56 
�8�Q�O�L�N�H���W�K�H���9�(�3�7�5�����L�Q���Z�K�L�F�K���W�K�H���G�H�Y�L�F�H���L�V���O�H�Q�J�W�K�H�Q�H�G���D�E�R�X�W���H�Y�H�U�\�������P�R�Q�W�K�V����
the lateral thoracic expansion technique is a single procedure that is not 
repeated and does not allow for growth over time.

There are substantial challenges in obtaining reliable pulmonary function 
testing results given the young age of the patient at the time of surgery. In a 
cohort of older patients with TIS, pulmonary function testing showed that 
VEPTR insertion does not result in an improvement in lung function but rather 
in a decrease in FVC and an increase in residual volume, which suggest that 
the role of surgical correction is to prevent further decline in pulmonary 
function.21 However, advanced imaging techniques, including dynamic 
magnetic resonance imaging, have shown increases in lung volume and 
diaphragm excursion after VEPTR placement.57

Figure 15-20. Anteroposterior radiographs showing Jeune syndrome before (A) and after  
(B) vertical expandable prosthetic titanium rib insertion.
Courtesy of Robert Campbell, MD.
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Muscular Abnormalities
A list of muscular abnormalities is found in Box 15-2�����'�L�D�S�K�U�D�J�P���Z�H�D�N�� 
�Q�H�V�V���L�V���F�R�P�P�R�Q���L�Q���'�X�F�K�H�Q�Q�H���P�X�V�F�X�O�D�U���G�\�V�W�U�R�S�K�\�����&�K�H�V�W���Z�D�O�O���Z�H�D�N�Q�H�V�V�� 
and abnormal mechanics are prominent in both spinal muscular atrophy  
and Duchenne muscular dystrophy, can be seen in the congenital muscular 

dystrophies, and can  
lead to clinically sig- 
�Q�L�¿�F�D�Q�W���W�K�R�U�D�F�R�V�S�L�Q�D�O��
disease. These condi- 
tions are discussed in 
Chapter 54, Pulmonary 
Complications of Neuro-
muscular Disorders.

  
Congenital Diaphragmatic Hernia

Congenital diaphragmatic hernia (CDH) occurs when the pleuroperitoneal 
canal fails to close during early fetal development. The primary morbidity from 
CDH is related to pulmonary hypoplasia or other organ system defects.58–60 
Diaphragm function and muscle strength, on the basis of maximal inspiratory 
pressures,61 are directly related to the size of the diaphragm defect and synthe- 
tic patch needed for the repair. However, in a cohort of 25 patients with CDH, 
diaphragm function was adequate for unsupported respiration, even considering 
the associated pulmonary hypoplasia and airway disease.61

Abdominal wall defects and CDHs are repaired surgically; however, the  
chronic respiratory failure and pulmonary hypertension that are often seen 
coincidently can require substantial medical therapy, both before and after 
�G�H�¿�Q�L�W�L�Y�H���V�X�U�J�L�F�D�O���U�H�S�D�L�U��

Figure 15-21. Anteroposterior radiograph 
showing Jeune syndrome repair by means of the 
lateral thoracic expansion technique, with arrows 
pointing to the free rib segments with growth of 
new bone. 
Courtesy of Robert Campbell, MD.

Box 15-2

Muscular Abnormalities

	� Congenital diaphragmatic hernia

	� Abdominal wall defects

	� Gastroschisis

	� Omphalocele

	� Prune belly syndrome (Eagle-Barrett syndrome)
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Gastroschisis and Omphalocele

Gastroschisis and omphalocele cause lateral and midline defects, respectively, 
in the abdominal musculature; after successful closure, the abdomen is devoid 
�R�I���P�X�V�F�O�H���D�Q�G���K�L�J�K�O�\���F�R�P�S�O�L�D�Q�W�����3�U�X�Q�H���E�H�O�O�\���V�\�Q�G�U�R�P�H�����D�O�V�R���N�Q�R�Z�Q���D�V���(�D�J�O�H�� 
Barrett syndrome, has a similar outcome but is associated with urinary tract 
obstruction and massive dilatation of the urinary tract and abdomen, affecting 
mesenchymal development and abdominal muscle structure. These defects can 
affect respiration in 2 ways. First, the high abdominal compliance means that 
caudad diaphragm movement during inspiration will displace the abdominal 
contents outward more, with less resistance from the abdominal wall. As a 
result, there will be a smaller increase in intra-abdominal pressure and less 
outward excursion of the lower rib cage. Second, the paucity of abdominal 
muscle limits forceful exhalation and reduces cough effectiveness.

key points

���} Normal respiration involves coordination between diaphragm contraction and 
abdominal and chest wall motion. Chest wall abnormalities can substantially 
compromise respiratory system function by interfering with these functions.

���} The central tenet of treating thoracospinal defects is to prevent their progres-
sion, stabilize the chest and spine, and support normal growth. Although the 
likelihood of a clinically signi�cant improvement in lung function remains low,  
it is possible to prevent or minimize further decline in lung function.
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311

Croup, Epiglottitis, and Bacterial Tracheitis
Girish D. Sharma, MD, FAAP, FCCP

Croup

A 2-year-old boy with a history of mild upper respiratory symptoms for 2 days 
develops sudden onset of a barky, croupy cough at 2:00 am. His voice is hoarse. 
When taken to the emergency department (ED), he develops intermittent inspi-
ratory stridor when agitated. He is afebrile and tachycardic. His oxyhemoglobin 
saturation in room air is normal, and he has minimal retractions and no cyano- 
sis. Lung auscultation reveals good and equal air exchange bilaterally, with 
coarse sounds but no wheeze or crackles. There is a history of similar symptoms 
2 months ago, and, as his parents prepared to take to him to the ED, there was 
sudden resolution of symptoms during the car trip. That time, he was observed 
for a short time in the ED before being discharged. A diagnosis of croup is 
suspected.

CASE REPORT 16�1

Introduction

Croup, or acute laryngotracheobronchitis, is an early childhood viral syn- 
drome characterized by acute laryngeal and subglottic swelling resulting in the 
sudden onset of a barky cough, inspiratory stridor, hoarse voice, and respira-
tory distress. Onset of these symptoms in a young child with acute worsening, 
usually in the early hours of the morning, and associated disruption of family 
routine may lead to substantial anxiety in both the child and the caretaker.

Causes

�7�K�H���F�D�X�V�H���R�I���F�U�R�X�S���L�V���S�U�L�P�D�U�L�O�\���S�D�U�D�L�Q�À�X�H�Q�]�D���W�\�S�H�������� Other viruses  
�L�P�S�O�L�F�D�W�H�G���L�Q���W�K�H���F�D�X�V�H���D�U�H���S�D�U�D�L�Q�À�X�H�Q�]�D���W�\�S�H�V�������D�Q�G���������L�Q�À�X�H�Q�]�D���$���D�Q�G���%����
�D�G�H�Q�R�Y�L�U�X�V�����U�H�V�S�L�U�D�W�R�U�\���V�\�Q�F�\�W�L�D�O���Y�L�U�X�V�����U�K�L�Q�R�Y�L�U�X�V�����P�H�D�V�O�H�V�����K�X�P�D�Q���P�H�W�D�S-
�Q�H�X�P�R�Y�L�U�X�V�����D�Q�G���F�R�U�R�Q�D�Y�L�U�X�V�����L�Q�F�O�X�G�L�Q�J���6�$�5�6���&�R�9���������W�K�H���Y�L�U�X�V���F�D�X�V�L�Q�J��
�&�2�9�,�'����������,�� Most patients presenting with mild symptoms and mild fever 
have acute laryngotracheitis. Presence of a high-grade fever, substantial 
respiratory distress, and toxemia point to a bacterial cause, such as bacterial 
tracheitis or laryngotracheobronchitis.4
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Pathophysiology

�0�L�O�G���F�D�V�H�V���L�Q�Y�R�O�Y�H���Q�R�Q�L�Q�À�D�P�P�D�W�R�U�\���H�G�H�P�D���L�Q���W�K�H���V�X�E�J�O�R�W�W�L�F���U�H�J�L�R�Q�����0�R�U�H��
severe cases (acute laryngotracheitis) involve 
�L�Q�À�D�P�P�D�W�L�R�Q���D�Q�G���H�G�H�P�D���R�I���W�K�H���V�X�E�J�O�R�W�W�L�F���D�U�H�D���D�Q�G��
lateral wall of the trachea, which is characterized by 
�F�H�O�O�X�O�D�U���L�Q�¿�O�W�U�D�W�L�R�Q���Z�L�W�K���O�\�P�S�K�R�F�\�W�H�V�����Q�H�X�W�U�R�S�K�L�O�V����
�K�L�V�W�L�R�F�\�W�H�V�����D�Q�G���S�O�D�V�P�D���F�H�O�O�V�����7�K�H���L�Q�À�D�P�P�D�W�L�R�Q���D�Q�G��
edema of the subglottic region result in narrowing 
�D�Q�G���F�O�L�Q�L�F�D�O���S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���E�D�U�N�\�����E�U�D�V�V�\���F�R�X�J�K����
�K�R�D�U�V�H���Y�R�L�F�H�����V�W�U�L�G�R�U�����D�Q�G���U�H�V�S�L�U�D�W�R�U�\���G�L�V�W�U�H�V�V���Z�L�W�K��
�U�H�W�U�D�F�W�L�R�Q�V�����6�X�E�J�O�R�W�W�L�F���D�Q�G���X�S�S�H�U���W�U�D�F�K�H�D�O���Q�D�U�U�R�Z�L�Q�J��
is responsible for the typical steeple sign on radio-
graphs (Figure 16-1�������7�K�H���À�X�F�W�X�D�W�L�R�Q���L�Q���V�\�P�S�W�R�P��
severity, nocturnal worsening, and tendency of 
some children to develop severe and recurrent 
episodes of croup may be related to whether the 
child is agitated or calm,5 low levels of endogenous 
cortisol,6 and tendency of some children for having 
an intrinsically narrower subglottic space.7 Host 
factors, such as allergies, may play a role in recur-
rent croup.8

Epidemiology

Most patients with viral croup are younger than 6 years and more typically are 
�E�H�W�Z�H�H�Q�������P�R�Q�W�K�V���D�Q�G�������\�H�D�U�V���R�I���D�J�H�����7�K�H���L�Q�F�L�G�H�Q�F�H���L�Q���E�R�\�V���L�V����������times higher, 
�D�Q�G���W�K�H���G�L�V�H�D�V�H���W�H�Q�G�V���W�R���R�F�F�X�U���P�R�V�W���F�R�P�P�R�Q�O�\���I�U�R�P���6�H�S�W�H�P�E�H�U���W�R���'�H�F�H�P�E�H�U���L�Q��
the northern hemisphere. The incidence has been reported to correlate with 
�S�D�U�D�L�Q�À�X�H�Q�]�D���Y�L�U�X�V���S�U�H�Y�D�O�H�Q�F�H���� Up to 6% of children with croup may require 
hospitalization.�������&�'�������J�H�Q�H���S�R�O�\�P�R�U�S�K�L�V�P�����&���&���Y�D�U�L�D�Q�W���R�I���&�'�������>�&���������7�@����
has been reported to be associated with reduced prevalence of croup.����

Clinical Features

Typically, the child with croup has mild upper respiratory symptoms for  
�������W�R���������K�R�X�U�V���E�H�I�R�U�H���W�K�H���D�E�U�X�S�W���R�Q�V�H�W���R�I���W�K�H���F�K�D�U�D�F�W�H�U�L�V�W�L�F���E�D�U�N�\���F�R�X�J�K�����U�H�V�� 
piratory distress, stridor, and hoarse voice. The onset of these symptoms is 
usually during the early hours of the morning. The symptoms are generally 
short-lived, and most children have resolution of the barky cough within  
48 hours. The symptoms are worse if the child is agitated. There may be 
diminished breath sounds, rhonchi, and scattered crackles.

Di�erential Diagnosis

The differential diagnosis of croup includes retropharyngeal or peritonsillar 
�D�E�V�F�H�V�V�����Z�K�L�F�K���L�V���L�G�H�Q�W�L�¿�H�G���E�\���D���W�\�S�L�F�D�O���V�Z�H�O�O�L�Q�J���R�I���W�K�H���O�R�F�D�O���D�U�H�D�����2�W�K�H�U�� 

Figure 16-1. Frontal 
radiograph of the airway of a 
patient presenting with croup. 
Note the typical steeple sign 
due to upper tracheal and 
subglottic narrowing.

Courtesy of Mariangeles Medina 
Perez, MD.
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diagnoses to rule out include angioneurotic edema, allergic reaction, and 
�I�R�U�H�L�J�Q���E�R�G�\�����Z�K�L�F�K���D�U�H���L�G�H�Q�W�L�¿�H�G���E�\���D���F�R�U�U�R�E�R�U�D�W�L�Y�H���K�L�V�W�R�U�\���D�Q�G���V�X�G�G�H�Q���R�Q�V�H�W����
Tracheitis and epiglottitis, though rare, should be considered in the presence  
�R�I���W�R�[�L�F���D�S�S�H�D�U�D�Q�F�H�����I�H�Y�H�U�����D�Q�G���U�D�S�L�G�O�\���Z�R�U�V�H�Q�L�Q�J���F�R�X�U�V�H��

�8�Q�O�L�N�H���Y�L�U�D�O���F�U�R�X�S�����V�S�D�V�P�R�G�L�F���F�U�R�X�S�����O�D�U�\�Q�J�L�V�P�X�V���V�W�U�L�G�X�O�X�V�����X�V�X�D�O�O�\���L�Q�Y�R�O�Y�H�V��
the croup-like cough that occurs in an older age group, tends to be recurrent, 
�D�Q�G���L�V���W�K�R�X�J�K�W���W�R���E�H���D�O�O�H�U�J�L�F���L�Q���R�U�L�J�L�Q�����,�W���L�V���W�U�H�D�W�H�G���Z�L�W�K���F�R�U�W�L�F�R�V�W�H�U�R�L�G�V���D�Q�G�� 
�W�H�Q�G�V���W�R���E�H���E�H�Q�L�J�Q���H�Y�H�Q���W�K�R�X�J�K���L�W���F�D�Q���E�H���S�H�U�V�L�V�W�H�Q�W�����5�H�F�X�U�U�H�Q�W���F�U�R�X�S���L�V���G�L�D�J�� 
nosed in patients with tracheomalacia who present with prominent cough with 
�H�D�F�K���X�S�S�H�U���U�H�V�S�L�U�D�W�R�U�\���L�Q�I�H�F�W�L�R�Q���H�S�L�V�R�G�H���W�K�D�W���U�H�V�X�O�W�V���L�Q���D���Y�L�V�L�W���W�R���X�U�J�H�Q�W���F�D�U�H���R�U��
�W�K�H���H�P�H�U�J�H�Q�F�\���G�H�S�D�U�W�P�H�Q�W�����,�Q�Y�H�V�W�L�J�D�W�R�U�V���L�Q���D���U�H�W�U�R�V�S�H�F�W�L�Y�H���V�W�X�G�\���R�I���U�H�F�X�U�U�H�Q�W��
�F�U�R�X�S���U�H�S�R�U�W�H�G���D�����������L�Q�F�L�G�H�Q�F�H���R�I���J�D�V�W�U�R�H�V�R�S�K�D�J�H�D�O���U�H�À�X�[��12

�0�R�G�H�U�Q���Y�D�F�F�L�Q�D�W�L�R�Q���S�U�D�F�W�L�F�H�V���K�D�Y�H���U�H�V�X�O�W�H�G���L�Q���D���G�U�D�V�W�L�F���U�H�G�X�F�W�L�R�Q���L�Q���W�K�H���S�U�H�Y�D�� 
lence of laryngeal diphtheria, a highly contagious infection that should be con- 
�V�L�G�H�U�H�G���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���S�R�V�V�L�E�O�H���H�[�S�R�V�X�U�H���Z�K�R���D�U�H���X�Q�L�P�P�X�Q�L�]�H�G�����,�W���F�D�Q���D�I�I�H�F�W��
�D�O�O���D�J�H�V�����7�K�H�U�H���L�V���X�V�X�D�O�O�\���D���S�U�R�G�U�R�P�D�O���S�K�D�V�H���R�I���S�K�D�U�\�Q�J�L�W�L�V�����D�Q�G���W�K�H���L�O�O�Q�H�V�V���L�V��
characterized by hoarseness, barking cough, usually dysphagia, minimal to 
�V�H�Y�H�U�H���L�Q�V�S�L�U�D�W�R�U�\���V�W�U�L�G�R�U�����I�H�Y�H�U�����D�Q�G���P�H�P�E�U�D�Q�R�X�V���S�K�D�U�\�Q�J�L�W�L�V����Corynebacterium 
diphtheriae���L�V���L�G�H�Q�W�L�¿�H�G���R�Q���V�P�H�D�U���D�Q�G���F�X�O�W�X�U�H���R�I���W�K�H���P�H�P�E�U�D�Q�H��

Assessment of Severity

Table 16-1���V�X�P�P�D�U�L�]�H�V���W�K�H���F�O�D�V�V�L�¿�F�D�W�L�R�Q���R�I���F�O�L�Q�L�F�D�O���I�H�D�W�X�U�H�V���L�Q���P�L�O�G�����P�R�G�H�U�D�W�H����
�D�Q�G���V�H�Y�H�U�H���F�U�R�X�S��

Table 16-1. Classi�cation of Croup Severity

Clinical Feature Severity

Mild Moderate Severe

Cough Occasional barking Frequent barking Frequent barking

Stridor None at rest Audible at rest Prominent inspiratory

Retractions None or mild Suprasternal Marked sternal

Agitation None None or little Substantial with distress

Investigations

�5�D�G�L�R�J�U�D�S�K�\���L�V���Q�R�W���X�V�X�D�O�O�\���L�Q�G�L�F�D�W�H�G���E�H�F�D�X�V�H���W�K�H���F�O�L�Q�L�F�D�O���S�L�F�W�X�U�H���L�V���V�W�U�D�L�J�K�W�� 
�I�R�U�Z�D�U�G���D�Q�G���W�K�H�U�H���L�V���D�S�S�U�R�S�U�L�D�W�H���U�H�V�S�R�Q�V�H���W�R���W�U�H�D�W�P�H�Q�W�����0�R�U�H�R�Y�H�U�����W�K�H���F�K�L�O�G���P�D�\�� 
�E�H���P�R�U�H���D�J�L�W�D�W�H�G���G�X�U�L�Q�J���D���Y�L�V�L�W���W�R���W�K�H���U�D�G�L�R�O�R�J�\���G�H�S�D�U�W�P�H�Q�W�����U�H�V�X�O�W�L�Q�J���L�Q���I�X�U�W�K�H�U��
�Z�R�U�V�H�Q�L�Q�J���R�I���F�O�L�Q�L�F�D�O���F�R�Q�G�L�W�L�R�Q�����,�Q���W�K�H���H�Y�H�Q�W���W�K�D�W���W�K�H�U�H���L�V���D�Q���D�W�\�S�L�F�D�O���F�O�L�Q�L�F�D�O��
picture and the diagnosis is uncertain, anteroposterior and lateral soft-tissue 
neck radiographs show a typical steeple sign that is consistent with the diagno-
�V�L�V���R�I���F�U�R�X�S����Figure 16-1�����R�U���W�K�D�W���G�L�I�I�H�U�H�Q�W�L�D�W�H�V���L�W���I�U�R�P���D�Q���D�O�W�H�U�Q�D�W�L�Y�H���G�L�D�J�Q�R�V�L�V����
�V�X�F�K���D�V���H�S�L�J�O�R�W�W�L�W�L�V��13 Soft-tissue neck radiographs are not routinely used in 
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�S�D�W�L�H�Q�W�V���Z�L�W�K���F�U�R�X�S�����K�R�Z�H�Y�H�U�����L�I���S�H�U�I�R�U�P�H�G���W�R���H�[�F�O�X�G�H���R�W�K�H�U���F�D�X�V�H�V���R�I���X�S�S�H�U��
airway obstruction, they will show tracheal narrowing, which has been 
correlated with the severity and outcome in patients with croup.����

Management

General
Effort should be taken to make the child comfortable and to reduce agitation 
�E�H�F�D�X�V�H���D�J�L�W�D�W�L�R�Q���F�D�Q���V�X�E�V�W�D�Q�W�L�D�O�O�\���Z�R�U�V�H�Q���W�K�H���F�R�Q�G�L�W�L�R�Q�����6�L�W�W�L�Q�J���W�K�H���F�K�L�O�G��
comfortably in the lap of a parent or caregiver is usually the best way to 
examine the child.

Figure 16-2 shows an algorithm to treat croup in pediatric practice. Children 
who have a compromised airway, such as a subglottic stenosis, may experience 
worse symptoms and may require endotracheal intubation or tracheotomy.

Figure 16-2. Algorithm for the management of croup.

If only mild symptoms persist,
ie, croupy cough, no recurrence

of stridor or retraction,
treat like patient with mild stridor

and reassure, educate parents

If improvement with
no stridor or retractions,

discharge home after
educating parents about

the possible course,
when to come back, and

what to look for

If no or minimal
improvement by
4 hours, consider
hospitalization

Minimize interventions,
eg, avoid unnecessary
exam & investigations,
separating child from

parents.

If poor response to
second treatment with
nebulized epinephrine,
hospitalize and consider

alternate diagnosis

If severe symptoms
persist or distress

recurs, repeat
nebulized epinephrine

If poor response,
repeat epinephrine,

admit to PICU. If poor
response to second

dose, look for
alternative diagnoses

• Minimize intervention, unnecessary
 exam investigations, separation from
 parents to reduce distress and
 agitation
• “Blow-by oxygen” if hypoxia
• Oral/IM dexamethasone
 0.6 mg/kg body weight
• Nebulized epinephrine (racemic:
 2.25%, 0.5 ml, or L-epinephrine
 1:1000, 5 ml)• Nebulized epinephrine (racemic:

 2.25%, 0.5 ml, or L-epinephrine
 1:1000, 5 ml)
• Oral/IM dexamethasone
 0.6 mg/kg body weight
• General care like in mild case.
• Observe for improvement

• Oral dexamethasone
 0.6 mg/kg body weight
• Reassure and educate
 parents regarding anticipated
 benign course, when to come
 back, and what to look for at
 home

Discharge home

Discharge home

Discharge home

If good response,
Observe for 2 hours

Severe croup
Stridor, persistent
agitation, lethargy

Moderate croup
Stridor, retractions,

no agitation

Mild croup
No stridor or signi�cant

respiratory distress or retractions
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Corticosteroids
�&�R�U�W�L�F�R�V�W�H�U�R�L�G�V���D�U�H���U�R�X�W�L�Q�H�O�\���X�V�H�G���L�Q���W�K�H���W�U�H�D�W�P�H�Q�W���R�I���F�U�R�X�S�����,�Q�Y�H�V�W�L�J�D�W�R�U�V���L�Q���D��
�P�H�W�D���D�Q�D�O�\�V�L�V���R�I���������V�W�X�G�L�H�V���L�Q���Z�K�L�F�K���F�R�U�W�L�F�R�V�W�H�U�R�L�G�V���Z�H�U�H���X�V�H�G���W�R���W�U�H�D�W���F�U�R�X�S��
concluded that dexamethasone and budesonide are effective in relieving the 
�V�\�P�S�W�R�P�V���R�I���F�U�R�X�S���D�V���H�D�U�O�\���D�V�������K�R�X�U�V���D�I�W�H�U���W�U�H�D�W�P�H�Q�W�����I�H�Z�H�U���F�R���L�Q�W�H�U�Y�H�Q�W�L�R�Q�V��
were used, and the length of hospital stay was reduced in patients treated with 
corticosteroids.�������$���U�H�F�H�Q�W���&�R�F�K�U�D�Q�H���'�D�W�D�E�D�V�H���U�H�Y�L�H�Z���U�H�S�R�U�W�H�G���W�K�H���J�O�X�F�R�F�R�U�W�L-
�F�R�L�G�V���L�P�S�U�R�Y�H�G���V�\�P�S�W�R�P�V���D�W�������K�R�X�U�V�����U�H�G�X�F�H�G���O�H�Q�J�W�K���R�I���V�W�D�\�����D�Q�G���O�H�G���W�R���I�H�Z�H�U��
return visits.����

�,�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���P�L�O�G���F�U�R�X�S�����R�U�D�O���G�H�[�D�P�H�W�K�D�V�R�Q�H���L�Q���D���G�R�V�H���R�I����������mg per 
�N�L�O�R�J�U�D�P���R�I���E�R�G�\���Z�H�L�J�K�W���U�H�V�X�O�W�V���L�Q���F�R�Q�V�L�V�W�H�Q�W�����V�P�D�O�O�����E�X�W���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿-
cant improvement.�������,�I���W�K�H���F�K�L�O�G���L�V���Y�R�P�L�W�L�Q�J�����L�Q�W�U�D�P�X�V�F�X�O�D�U���G�H�[�D�P�H�W�K�D�V�R�Q�H�� 
is indicated.

�,�Q���P�R�G�H�U�D�W�H�O�\���V�H�Y�H�U�H���F�D�V�H�V���R�I���F�U�R�X�S�����D���V�L�Q�J�O�H���G�R�V�H���R�I���L�Q�W�U�D�P�X�V�F�X�O�D�U���G�H�[�D�P�H�W�K-
asone of ��������mg per kilogram of body weight or nebulized budesonide 4 mg 
�U�H�V�X�O�W�H�G���L�Q���V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���U�H�G�X�F�W�L�R�Q���L�Q���K�R�V�S�L�W�D�O�L�]�D�W�L�R�Q�����'�H�[�D�P�H�W�K�D�V�R�Q�H��
was associated with greater clinical improvement at 5 hours.����

�5�H�V�X�O�W�V���I�U�R�P���D���V�\�V�W�H�P�D�W�L�F���U�H�Y�L�H�Z���R�I���������V�W�X�G�L�H�V���L�Q���Z�K�L�F�K���L�Q�Y�H�V�W�L�J�D�W�R�U�V���X�V�H�G��
dexamethasone �����������P�J���N�J���D�G�P�L�Q�L�V�W�H�U�H�G���R�U�D�O�O�\�����R�U���Q�H�E�X�O�L�]�H�G���E�X�G�H�V�R�Q�L�G�H�� 
�����±�����P�J�����L�Q�Y�R�O�Y�L�Q�J���P�R�U�H���W�K�D�Q���������������F�K�L�O�G�U�H�Q���I�U�R�P���1�R�U�W�K���$�P�H�U�L�F�D�����(�X�U�R�S�H����
�$�V�L�D�����D�Q�G���$�X�V�W�U�D�O�L�D���V�K�R�Z�H�G���W�K�D�W���J�O�X�F�R�F�R�U�W�L�F�R�L�G�V���U�H�G�X�F�H�G���F�U�R�X�S���V�\�P�S�W�R�P�V�� 
�D�W�������K�R�X�U�V�����V�K�R�U�W�H�Q�H�G���K�R�V�S�L�W�D�O���V�W�D�\�V�����D�Q�G���U�H�G�X�F�H�G���W�K�H���U�D�W�H���R�I���U�H�W�X�U�Q���Y�L�V�L�W�V������  
�$���O�R�Z�H�U���G�R�V�H���R�I���G�H�[�D�P�H�W�K�D�V�R�Q�H���������������P�J���N�J�����K�D�V���K�D�G���D���V�L�P�L�O�D�U���H�I�I�H�F�W���D�Q�G���L�V��
gaining wider acceptance.�����$�G�P�L�Q�L�V�W�U�D�W�L�R�Q���R�I���D���V�L�Q�J�O�H���G�R�V�H���R�I���G�H�[�D�P�H�W�K�D�V�R�Q�H��
to treat croup does not affect endogenous corticosteroid levels.����

Epinephrine
�$�O�W�K�R�X�J�K���Q�H�E�X�O�L�]�H�G���U�D�F�H�P�L�F���H�S�L�Q�H�S�K�U�L�Q�H���W�U�D�G�L�W�L�R�Q�D�O�O�\���K�D�V���E�H�H�Q���X�V�H�G���W�R���W�U�H�D�W��
�F�U�R�X�S�����Q�H�E�X�O�L�]�H�G���H�S�L�Q�H�S�K�U�L�Q�H�������������������Ls as effective and safe.���� The usual  
dose is �����������P�/���N�J���R�I���������������Uacemic epinephrine or 5 mL (or�����������P�/���N�J�����Rf 
�����������������H�S�L�Q�H�S�K�U�L�Q�H���Y�L�D���Q�H�E�X�O�L�]�H�U�����$�X�W�K�R�U�V���R�I���D���V�\�V�W�H�P�D�W�L�F���U�H�Y�L�H�Z���R�I�������V�W�X�G�L�H�V��
�����������V�X�E�M�H�F�W�V�������Z�L�W�K���W�K�H���O�L�P�L�W�D�W�L�R�Q���R�I���W�K�H���Q�X�P�E�H�U���R�I���U�H�O�H�Y�D�Q�W���V�W�X�G�L�H�V���D�Q�G��
�V�X�E�M�H�F�W�V�����U�H�S�R�U�W�H�G���V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W�����D�O�E�H�L�W���W�U�D�Q�V�L�H�Q�W�����L�P�S�U�R�Y�H�P�H�Q�W�� 
�L�Q���F�U�R�X�S���V�\�P�S�W�R�P�V���Z�L�W�K�L�Q���������P�L�Q�X�W�H�V���R�I���H�S�L�Q�H�S�K�U�L�Q�H���D�G�P�L�Q�L�V�W�U�D�W�L�R�Q������ 
Therefore, children with croup who have received epinephrine should 
continue to be monitored for recurrence of symptoms and can be discharged 
�K�R�P�H���L�I���W�K�H���V�\�P�S�W�R�P�V���G�R���Q�R�W���U�H�F�X�U���Z�L�W�K�L�Q�������W�R�������K�R�X�U�V���D�I�W�H�U���W�U�H�D�W�P�H�Q�W������������ 
�6�\�P�S�W�R�P�V���W�K�D�W���R�F�F�X�U���R�Q�F�H���W�K�H���H�S�L�Q�H�S�K�U�L�Q�H���Z�H�D�U�V���R�I�I���D�U�H���Q�R�W���O�L�N�H�O�\���D���U�H�E�R�X�Q�G��
�S�K�H�Q�R�P�H�Q�R�Q���E�X�W���D���U�H�F�X�U�U�H�Q�F�H���R�I���W�K�H���R�U�L�J�L�Q�D�O���V�\�P�S�W�R�P�V�����,�I���P�R�U�H���W�K�D�Q�������G�R�V�H�V��
of epinephrine are needed, the child likely should be hospitalized. Over- 
the-counter epinephrine metered-dose inhalers have been used for home 
�W�U�H�D�W�P�H�Q�W���R�I���U�H�F�X�U�U�H�Q�W���F�U�R�X�S�����K�R�Z�H�Y�H�U�����R�U�D�O���G�H�[�D�P�H�W�K�D�V�R�Q�H���R�U���Q�H�E�X�O�L�]�H�G��
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budesonide (see Corticosteroids earlier in this chapter) are gaining wider 
�D�F�F�H�S�W�D�Q�F�H���D�Q�G���R�E�Y�L�D�W�H���H�S�L�Q�H�S�K�U�L�Q�H���X�V�H�±�U�H�O�D�W�H�G���D�G�Y�H�U�V�H���H�I�I�H�F�W�V��

Oxygen Supplementation
Oxygen supplementation may be used in the unlikely situation of hypoxia. 
�%�H�F�D�X�V�H���F�U�R�X�S���L�V���F�D�X�V�H�G���E�\���D�L�U�Z�D�\���R�E�V�W�U�X�F�W�L�R�Q���U�D�W�K�H�U���W�K�D�Q���Y�H�Q�W�L�O�D�W�L�R�Q��
perfusion mismatch, a patient with croup who is hypoxic is probably also 
�K�\�S�H�U�F�D�U�E�L�F�����7�K�H���F�O�L�Q�L�F�D�O���S�U�D�F�W�L�F�H���J�X�L�G�H�O�L�Q�H�V���G�H�Y�H�O�R�S�H�G���E�\���W�K�H���$�O�E�H�U�W�D��
Clinical Practice Guideline Working Group recommend blow-by oxygen  
in children with respiratory distress.����

Humidi�ed Air
�$�O�W�K�R�X�J�K���L�W���K�D�V���E�H�H�Q���X�V�H�G���I�R�U���D���O�R�Q�J���W�L�P�H�����W�K�H�U�H���L�V���Q�R���S�X�E�O�L�V�K�H�G���H�Y�L�G�H�Q�F�H���W�R��
�V�X�J�J�H�V�W���W�K�D�W���D�G�P�L�Q�L�V�W�U�D�W�L�R�Q���R�I���K�X�P�L�G�L�¿�H�G���D�L�U���U�H�V�X�O�W�V���L�Q���V�X�E�V�W�D�Q�W�L�D�O���L�P�S�U�R�Y�H-
�P�H�Q�W�����$�X�W�K�R�U�V���R�I���D���V�\�V�W�H�P�D�W�L�F���U�H�Y�L�H�Z���D�Q�G���P�H�W�D���D�Q�D�O�\�V�L�V���R�I�������V�W�X�G�L�H�V������con- 
�F�O�X�G�H�G���W�K�D�W���W�K�H�U�H���L�V���Q�R���V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���L�P�S�U�R�Y�H�P�H�Q�W���L�Q���W�K�H���F�U�R�X�S���V�F�R�U�H��
of children with mild to moderate croup treated in an emergency setting and 
�W�K�D�W���H�Y�L�G�H�Q�F�H���L�V���L�Q�V�X�I�¿�F�L�H�Q�W���W�R���H�[�F�O�X�G�H���H�L�W�K�H�U���D���V�P�D�O�O���E�H�Q�H�¿�F�L�D�O���R�U���D���K�D�U�P�I�X�O��
�H�I�I�H�F�W���Z�L�W�K���L�W�V���X�V�H�����6�H�Y�H�U�H���E�X�U�Q�V���G�X�H���W�R���V�W�H�D�P���L�Q�K�D�O�D�W�L�R�Q���X�V�H�G���I�R�U���U�H�V�S�L�U�D�W�R�U�\��
infection have been reported.����������

Heliox
�+�H�O�L�R�[���L�V���D���F�R�P�E�L�Q�D�W�L�R�Q���R�I���L�Q�H�U�W���J�D�V���K�H�O�L�X�P���Z�L�W�K���R�[�\�J�H�Q�����%�H�F�D�X�V�H���O�R�Z���G�H�Q�V�L�W�\��
�K�H�O�L�X�P�����D�V���R�S�S�R�V�H�G���W�R���W�K�H���Q�L�W�U�R�J�H�Q���S�U�H�V�H�Q�W���L�Q���W�K�H���D�L�U�����F�R�Q�Y�H�U�W�V���W�X�U�E�X�O�H�Q�W���À�R�Z��
�L�Q�W�R���O�D�P�L�Q�D�U���À�R�Z���W�K�U�R�X�J�K���D���Q�D�U�U�R�Z���D�L�U�Z�D�\�����V�R�P�H���K�D�Y�H���D�G�Y�R�F�D�W�H�G���L�W�V���X�V�H����
�+�H�O�L�R�[���Z�D�V���U�H�S�R�U�W�H�G���W�R���S�U�R�Y�L�G�H���Q�R���E�H�Q�H�¿�W���F�R�P�S�D�U�H�G���Z�L�W�K���U�H�V�X�O�W�V���Z�L�W�K���V�W�D�Q-
dard treatment in older studies,�������� especially in patients with moderate to 
�V�H�Y�H�U�H���F�U�R�X�S�����E�X�W���P�R�U�H���U�H�F�H�Q�W���U�H�V�H�D�U�F�K���K�D�V���V�K�R�Z�Q���W�K�D�W���K�H�O�L�R�[���P�D�\���E�H���E�H�Q�H�¿-
cial in the short term for children with moderate to severe croup treated with 
�G�H�[�D�P�H�W�K�D�V�R�Q�H�����7�K�H���H�I�I�H�F�W���P�D�\���E�H���V�L�P�L�O�D�U���W�R�������������R�[�\�J�H�Q���D�G�P�L�Q�L�V�W�H�U�H�G�� 
�Z�L�W�K�������R�U�������G�R�V�H�V���R�I���D�G�U�H�Q�D�O�L�Q�H������

Other Medications
�2�W�K�H�U���P�H�G�L�F�D�W�L�R�Q�V�����V�X�F�K���D�V���G�H�F�R�Q�J�H�V�W�D�Q�W�V�����V�K�R�U�W���D�F�W�L�Q�J������ agonists, antitus-
�V�L�Y�H�V�����D�Q�G���D�Q�D�O�J�H�V�L�F�V�����K�D�Y�H���Q�R���S�K�\�V�L�R�O�R�J�L�F�D�O���E�D�V�L�V���I�R�U���W�K�H�L�U���X�V�H�����6�H�G�D�W�L�Y�H�V��
should not be prescribed.

When to Refer

���X Cases of croup associated with excessive tachycardia may be associated 
with impending respiratory failure.

���X �,�Q���D�G�G�L�W�L�R�Q�����S�H�U�V�L�V�W�H�Q�F�H���R�I���V�\�P�S�W�R�P�V���I�R�U���V�H�Y�H�U�D�O���G�D�\�V���P�D�\���P�H�U�L�W���U�H�I�H�U�U�D�O���I�R�U��
ear, nose, and throat specialist or pediatric pulmonologist evaluation and to 
�U�X�O�H���R�X�W���X�Q�G�H�U�O�\�L�Q�J���V�W�U�X�F�W�X�U�D�O���D�L�U�Z�D�\���D�E�Q�R�U�P�D�O�L�W�\�����6�L�P�L�O�D�U�O�\�����S�D�W�L�H�Q�W�V���Z�L�W�K��
recurrent croup or croup in children with a history of airway manipulation 
or facial hemangioma warrant a referral.
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When to Admit

���X Severe respiratory distress, particularly if there is hypoxia (hypoxia is 
unusual in benign croup)

���X Inability to eat or drink
���X Acute care requiring 2 or more nebulizations of epinephrine

Epiglottitis

A 4-year-old boy who was previously healthy and received all immunizations 
expected for his age is brought into the emergency department for evaluation 
of fever and sore throat. He refuses to eat or talk. He has a temperature of 
39.5°C (103.1°F) and oxygen saturation of 94% while breathing room air. He 
appears ill, is drooling, and prefers to sit alone and prop himself up and forward 
onto his hands in a tripod position. The examination reveals inspiratory stridor 
and suprasternal retractions.

The di�erential diagnosis is short, and clinical suspicion for impending  
respiratory failure due to acute epiglottitis should be quite high. In this case, 
consultation with the otolaryngology and anesthesiology teams should be 
initiated, and the child should be taken to the operating room for endotracheal 
intubation. Ideally, a protocol for team mobilization for this situation should be 
determined in advance and standardized as an interdisciplinary policy.

CASE REPORT 16�2

Introduction

Acute epiglottitis, also known as supraglottitis, is a potentially life-threatening 
infection of the supraglottic structures that can lead to sudden, fatal airway 
obstruction if treatment is delayed. Classically, the disease does not involve 
the subglottic or tracheal mucosa. If treatment is delayed, it may rapidly 
progress to complete airway obstruction with cardiorespiratory arrest.

Epidemiology

Historically, acute epiglottitis was described as a disease of adults, but in the 
1960s it was recognized primarily as a pediatric disease. Since the introduc-
tion of the Haemophilus���Y�D�F�F�L�Q�D�W�L�R�Q�����W�K�H���L�Q�F�L�G�H�Q�F�H���K�D�V���G�H�F�U�H�D�V�H�G���V�L�J�Q�L�¿�F�D�Q�W�O�\��
to 0.63 cases per 100,000 per year in the United States.30 Invasive disease due 
to �+�D�H�P�R�S�K�L�O�X�V���L�Q�À�X�H�Q�]�D�H occurred at a rate of 116 cases per 100,000 children  
in 1986, and this is the organism most often cultured in children with epiglot- 
titis. After the introduction of the conjugate vaccine against �+���L�Q�À�X�H�Q�]�D�H  
type b (Hib) in 1985, the incidence of invasive disease due to �+���L�Q�À�X�H�Q�]�D�H 
decreased dramatically,31 and there was a concomitant and dramatic decline  
in the incidence of acute epiglottitis in children.32–34 Epiglottitis is now more 
frequently seen in adults than in children, and respiratory pathogens other  
than �+���L�Q�À�X�H�Q�]�D�H are typically implicated.35
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Causative Organisms

�$�V���W�K�H���I�U�H�T�X�H�Q�F�\���R�I���+�L�E���G�L�V�H�D�V�H���K�D�V���G�H�F�U�H�D�V�H�G�����W�K�H���F�D�X�V�H���R�I���H�S�L�J�O�R�W�W�L�W�L�V���K�D�V��
shifted toward other causative organisms. Today, most cases are thought to  
be caused by other bacteria, such as Streptococcus pneumoniae and other 
Streptococcus species, Staphylococcus aureus, Moraxella catarrhalis, Pseudo- 
monas species, Candida albicans, Klebsiella pneumoniae, Pasteurella multo-
cida, and Neisseria species.�������������%�D�F�W�H�U�L�D�O���V�X�S�H�U�L�Q�I�H�F�W�L�R�Q���R�I���Y�L�U�D�O���L�Q�I�H�F�W�L�R�Q�V�� 
�D�O�V�R���R�F�F�X�U�V�����S�D�U�W�L�F�X�O�D�U�O�\���Z�L�W�K���K�H�U�S�H�V���V�L�P�S�O�H�[�����S�D�U�D�L�Q�À�X�H�Q�]�D�����Y�D�U�L�F�H�O�O�D���]�R�V�W�H�U����
�D�Q�G���(�S�V�W�H�L�Q���%�D�U�U������������

Epiglottitis tends to occur throughout the year but mainly during the 6-month 
�S�H�U�L�R�G���I�U�R�P���'�H�F�H�P�E�H�U���W�R���0�D�\���L�Q���W�K�H���Q�R�U�W�K�H�U�Q���K�H�P�L�V�S�K�H�U�H�����,�W���S�U�H�Y�L�R�X�V�O�\���R�F�� 
curred equally in male and female patients, with a slight male predominance 
�E�H�W�Z�H�H�Q���W�K�H���D�J�H�V���R�I�������D�Q�G�������\�H�D�U�V������ but more recently has shifted toward 
substantially older patients���� and should be a consideration at any age.

Clinical Presentation

The onset of epiglottitis is usually abrupt, preceded by a minor upper respira-
tory infection in some cases. The onset is characterized by high fever, toxic 
appearance, and sore throat that progresses over a few hours to dysphagia, 
drooling, and respiratory distress. The patient appears anxious and irritable. 
�6�W�U�L�G�R�U���L�V���D���O�D�W�H���¿�Q�G�L�Q�J�����%�U�H�D�W�K�L�Q�J���E�H�F�R�P�H�V���Q�R�L�V�\�����D�Q�G���W�K�H���Y�R�L�F�H���D�Q�G���F�U�\�� 
�D�U�H���P�X�I�À�H�G���D�V���V�Z�H�O�O�L�Q�J���R�I���W�K�H���D�U�\�H�S�L�J�O�R�W�W�L�F���I�R�O�G�V���D�Q�G���V�X�S�U�D�O�D�U�\�Q�J�H�D�O���P�X�F�R�V�D��
�R�E�V�W�U�X�F�W�V���W�K�H���J�O�R�W�W�L�F���L�Q�O�H�W�����7�K�H���S�D�W�L�H�Q�W���W�H�Q�G�V���W�R���V�L�W���I�R�U�Z�D�U�G���L�Q���W�K�H���V�Q�L�I�¿�Q�J��
position with the neck hyperextended to increase airway patency. Complete 
airway obstruction may occur at any time without any preceding deterioration 
in clinical signs.

Diagnosis

�$���Y�H�U�\���K�L�J�K���L�Q�G�H�[���R�I���V�X�V�S�L�F�L�R�Q���P�X�V�W���E�H���P�D�L�Q�W�D�L�Q�H�G�����D�Q�G���H�S�L�J�O�R�W�W�L�W�L�V���V�K�R�X�O�G���E�H��
considered in every child with apparent acute upper airway obstruction who 
has a high fever and sore throat, especially when those signs have developed 
�R�Y�H�U���D���I�H�Z���K�R�X�U�V�����$���O�D�W�H�U�D�O���Q�H�F�N���U�D�G�L�R�J�U�D�S�K���F�D�Q���E�H���K�H�O�S�I�X�O�����W�K�R�X�J�K���L�W���V�K�R�X�O�G�� 
be attempted only if the patient is stable and the diagnosis is in doubt, because 
the disease can progress rapidly. Therapeutic trials of inhaled medicines, such 
as corticosteroids or racemic epinephrine, should not be initiated because time 
is wasted and it may irritate the child, leading to complete obstruction of  
�W�K�H���D�L�U�Z�D�\�����,�Q���D�G�G�L�W�L�R�Q�����G�L�U�H�F�W���Y�L�V�X�D�O�L�]�D�W�L�R�Q���R�I���W�K�H���H�S�L�J�O�R�W�W�L�V���V�K�R�X�O�G���Q�R�W���E�H��
performed until the child is undergoing tracheal intubation.
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Epiglottitis must be differentiated from other causes of acute upper airway 
obstruction, including viral croup (laryngotracheobronchitis), spasmodic 
�F�U�R�X�S�����D�Q�G���E�D�F�W�H�U�L�D�O���W�U�D�F�K�H�L�W�L�V�����$�Q�\���S�D�W�L�H�Q�W���Z�L�W�K���V�W�U�L�G�R�U�����V�R�U�H���W�K�U�R�D�W�����D�Q�G�� 
�I�H�Y�H�U���V�K�R�X�O�G���E�H���U�H�I�H�U�U�H�G���W�R���D���V�S�H�F�L�D�O�L�V�W���I�R�U���F�R�Q�¿�U�P�D�W�L�R�Q���R�I���W�K�H���G�L�D�J�Q�R�V�L�V����
Trauma and accidental causes are easily ruled out by the history. Foreign  
body aspiration should be considered as well, and this diagnosis may be 
suggested by a history of choking while eating or of playing with small 
�R�E�M�H�F�W�V���L�Q���W�K�H���P�R�X�W�K�����W�K�H���D�E�V�H�Q�F�H���R�I���I�H�Y�H�U�����R�U���Y�L�V�X�D�O�L�]�D�W�L�R�Q���R�I���D�Q���R�E�M�H�F�W�� 
in the airway on inspection.

Management

�0�R�V�W���I�D�W�D�O�L�W�L�H�V���R�F�F�X�U���Z�L�W�K�L�Q���W�K�H���¿�U�V�W���I�H�Z���K�R�X�U�V���D�I�W�H�U���W�K�H���S�D�W�L�H�Q�W���K�D�V���D�U�U�L�Y�H�G���D�W��
�W�K�H���K�R�V�S�L�W�D�O�����$�O�O���G�H�D�W�K�V���U�H�V�X�O�W���I�U�R�P���F�R�P�S�O�H�W�H���D�L�U�Z�D�\���R�E�V�W�U�X�F�W�L�R�Q�����2�Q�F�H���W�K�H��
�G�L�D�J�Q�R�V�L�V���L�V���G�H�W�H�U�P�L�Q�H�G�����W�K�H�U�H���V�K�R�X�O�G���E�H���Q�R���G�H�O�D�\���L�Q���H�V�W�D�E�O�L�V�K�L�Q�J���D�Q���D�U�W�L�¿�F�L�D�O��
�D�L�U�Z�D�\�����,�I���W�K�H�U�H���L�V���W�L�P�H�����W�K�H���F�K�L�O�G���V�K�R�X�O�G���X�Q�G�H�U�J�R���L�Q�W�X�E�D�W�L�R�Q���L�Q���W�K�H���R�S�H�U�D�W�L�Q�J��
room under general anesthesia by personnel who can perform emergency 
tracheostomy in case intubation fails. Corticosteroids and epinephrine have 
�E�H�H�Q���X�V�H�G���L�Q���W�K�H���S�D�V�W�����K�R�Z�H�Y�H�U�����W�K�H�U�H���L�V���Q�R���V�R�O�L�G���H�Y�L�G�H�Q�F�H���W�K�D�W���W�K�H�V�H�� 
medications are helpful in cases of epiglottitis.

�$�S�S�U�R�[�L�P�D�W�H�O�\�����������W�R�����������R�I���F�D�V�H�V���P�D�\���E�H���P�D�Q�D�J�H�G���E�\���R�E�V�H�U�Y�D�W�L�R�Q�����W�K�R�X�J�K��
these are older patients with larger airways, and mortality is a risk. Box 16-1 
describes an appropriate treatment protocol.

Box 16-1

Management When Epiglottitis Is Suspected

	� Avoid disturbance until an airway is secured. Allow the child to sit up and stay  
in a parent’s arms to avoid agitation.

	� Provide 100% oxygen via blow-by administration.
	� Perform a radiological lateral neck study only if the child appears stable and  
the diagnosis of epiglottitis is in doubt.

	� Notify and assemble the epiglottitis team (eg, intensivist; ear, nose, and throat 
specialist; anesthetist; and pediatric pulmonologist).

	� Perform intubation in the operating room or tracheotomy if intubation is  
not possible.

	� Provide sedation (after intubation) or critical care (if tracheostomy is required).
	� Administer intravenous antibiotics, which may e�ectively control in�ammation 
and infection. Antibiotics are usually prescribed to treat the most common 
types of bacteria. Blood cultures are usually obtained with the premise that  
any organism found growing in the blood can be attributed as the cause of  
the epiglottitis, even though Hemophilus in�uenzae (which has a recovery rate 
of 80%–100% from the blood) is now a very uncommon cause of epiglottitis.
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When to Refer

As soon as epiglottitis is suspected, the child should be referred to the  
nearest pediatric emergency department with surgical and anesthesia  
expertise available.

When to Admit

All children suspected of having epiglottitis should be admitted to the hospital 
for intravenous antibiotic treatment and intensive care monitoring. The surgical 
specialist (eg, pediatric ear, nose, and throat specialist; pediatric surgeon) and 
anesthesiologist should be contacted immediately. In some institutions, rapid 
�U�H�V�S�R�Q�G�H�U�V���P�D�\���L�Q�F�O�X�G�H���D���V�N�L�O�O�H�G���À�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�L�V�W�����7�K�H���P�H�G�L�F�D�O���D�Q�G��
surgical team should be ready to place an endotracheal tube emergently and 
also be ready for emergent tracheotomy. It is best for the surgeons to visualize 
the airway when in the operating room.

Bacterial Tracheitis

A 4-year-old-boy arrives in the emergency department with cyanosis and a 
very productive cough. His history reveals a mild case of croup 1 week prior. 
The previous day, he developed a high fever with rapidly progressive symp-
toms of cough and respiratory distress. Respiratory failure is diagnosed. He 
undergoes intubation, and purulent secretions are aspirated from the airway.  
A diagnosis of bacterial tracheitis is assigned.

CASE REPORT 16�3

Introduction

Bacterial tracheitis is a serious and potentially life-threatening cause of acute 
upper airway obstruction. Bacterial tracheitis has also been referred to as 
membranous croup, bacterial croup, and pseudomembranous croup.

Epidemiology

Until recently, viral croup and epiglottitis have been considered the main causes 
of infectious upper airway obstruction.39 Immunization against �+���L�Q�À�X�H�Q�]�D�H40 
and treatment of viral croup with nebulized or systemic corticosteroids15–18 
have changed the incidence, morbidity, and mortality of upper airway obstruc-
tion. Bacterial tracheitis has assumed predominance over epiglottitis as the 
most common cause of acute upper airway obstruction in children older than  
2 years. However, it is still uncommon, the estimated annual incidence being 
0.1 in 100,000 children. The manifestation may vary between a mild upper 
respiratory infection and a typical bacterial tracheitis.41 The authors of an 
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�D�U�W�L�F�O�H���S�X�E�O�L�V�K�H�G���L�Q�������������U�H�S�R�U�W�H�G���D���K�L�J�K�H�U���L�Q�F�L�G�H�Q�F�H���R�I���W�U�D�F�K�H�L�W�L�V���L�Q���S�D�W�L�H�Q�W�V��
with tracheostomy.����

�%�D�F�W�H�U�L�D�O���W�U�D�F�K�H�L�W�L�V���J�H�Q�H�U�D�O�O�\���D�I�I�H�F�W�V���F�K�L�O�G�U�H�Q���E�H�W�Z�H�H�Q�������Z�H�H�N�V���D�Q�G���������\�H�D�U�V�� 
of age, with a mean age of 4 years. The number of cases increases during the 
fall and winter when viral croup is more prevalent.

Causative Organisms

�7�K�H���S�D�W�K�R�J�H�Q�H�V�L�V���R�I���E�D�F�W�H�U�L�D�O���W�U�D�F�K�H�L�W�L�V���U�H�P�D�L�Q�V���F�R�Q�W�U�R�Y�H�U�V�L�D�O�����,�W���R�I�W�H�Q���R�F�F�X�U�V��
as a secondary bacterial infection complicating a preexisting viral infection, 
�L�Q�F�O�X�G�L�Q�J���S�D�U�D�L�Q�À�X�H�Q�]�D�����D�G�H�Q�R�Y�L�U�X�V�����D�Q�G���L�Q�À�X�H�Q�]�D���$���R�U���%�����%�D�F�W�H�U�L�D���F�D�Q���J�D�L�Q��
access to the tracheal epithelium after a viral infection compromises epithelial 
�L�Q�W�H�J�U�L�W�\�����7�U�D�F�K�H�D�O���H�S�L�W�K�H�O�L�D�O���L�Q�À�D�P�P�D�W�L�R�Q���F�D�X�V�H�V���P�X�F�R�V�D�O���G�D�P�D�J�H���D�Q�G���S�U�H�� 
disposes the patient to bacterial adherence to the compromised epithelial cells 
of the trachea. The usual protective and defensive response of the epithelial 
�F�H�O�O�V���L�V���Z�H�D�N�H�Q�H�G���D�Q�G���U�H�V�X�O�W�V���L�Q���P�X�F�R�X�V���K�\�S�H�U�V�H�F�U�H�W�L�R�Q���D�V���Z�H�O�O���D�V���L�Q�À�D�P�P�D-
tory cell chemotaxis, allowing for thick mucopurulent secretions to accumu-
late, sometimes forming a pseudomembrane. Thick secretions and sloughed 
mucosa may result in tracheal obstruction, which may also involve main- 
stem bronchi.�������%�H�I�R�U�H���������������Z�K�H�Q���W�K�H���+�L�E���F�R�Q�M�X�J�D�W�H���Y�D�F�F�L�Q�H���Z�D�V���L�Q�W�U�R�G�X�F�H�G����
�+���L�Q�À�X�H�Q�]�D�H���Z�D�V���R�Q�H���R�I���W�K�H���S�U�L�P�D�U�\���F�D�X�V�D�W�L�Y�H���R�U�J�D�Q�L�V�P�V�����E�X�W���V�L�Q�F�H�������������� 
the most commonly implicated organism has been S aureus, followed by  
M catarrhalis, Streptococcus species, and oral anaerobes.44���,�Q���S�D�W�L�H�Q�W�V���D�G�P�L�W�� 
ted to a pediatric intensive care unit, ventilator-associated tracheobronchitis 
has been associated with an increase in the length of stay and mortality,45  
and a reduction in the incidence has been reported when an evidence-based 
approach for prevention is used.46

Presentation

�%�D�F�W�H�U�L�D�O���W�U�D�F�K�H�L�W�L�V���F�D�Q���E�H���G�L�V�W�L�Q�J�X�L�V�K�H�G���I�U�R�P���F�U�R�X�S���E�\���S�D�W�L�H�Q�W���D�J�H���D�Q�G��
symptom severity (Table 16-2).47 Children with bacterial tracheitis tend  
�W�R���E�H���R�O�G�H�U�����S�U�H�V�F�K�R�R�O�H�U�V�����W�K�D�Q���D�U�H���W�K�R�V�H���Z�L�W�K���Y�L�U�D�O���F�U�R�X�S�����W�R�G�G�O�H�U�V�������$���V�L�J�Q��
more characteristic of bacterial tracheitis is toxic appearance and high fever. 
Patients with both bacterial tracheitis and viral croup can present with a 
�S�U�R�G�U�R�P�H���R�I���I�H�Y�H�U�����E�D�U�N�\���F�R�X�J�K�����D�Q�G���V�W�U�L�G�R�U�����,�Q���F�R�Q�W�U�D�V�W���W�R���F�U�R�X�S���V�\�P�S�W�R�P�V����
bacterial tracheitis symptoms worsen over time. The presenting symptoms  
are shown in Box 16-2.
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Table 16-2. Comparison of Epiglottitis, Viral Croup, and Bacterial Tracheitis

Factor Epiglottitis Viral Croup Bacterial Tracheitis

Age 2–6 years 3 months–3 years 4 weeks–13 years

Organism Various Parain�uenza 1, 3 Staphylococcus aureus
Streptococcus species
Moraxella catarrhalis

Season All year Late spring, late fall All year

Clinical  
presentation

Child sitting
Toxic appearance
Drooling
Dysphagia
Mu�ed voice

Child lying down
Nontoxic appearance
Barking cough
Hoarseness

Toxic appearance
Barking cough

Onset  
prodrome

Rapid; over a few 
hours

Variable; a few hours 
to 4 days

Variable; a few hours 
to 5 days

Stridor Less common Common Common

Fever High Low High

Chest  
retractions

Less common Common Common

Lateral
neck radiograph

Swollen epiglottis Subglottic narrowing Pseudomembrane

Progression Rapid Usually slow Usually slow

Recurrence Rare Common Rare

Box 16-2

Presentation of a Patient With Bacterial Tracheitis

	� Fever, which may be high

	� Stridor, inspiratory; may also be expiratory

	� Seal-like brassy cough

	� Hoarseness

	� Dyspnea with retractions, nasal �aring

	� Cyanosis

	� May progress rapidly to respiratory failure
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Tracheostomy and Tracheitis

Patients with tracheostomy are more likely to have other complex issues���������� 
�D�Q�G���E�D�F�W�H�U�L�D�O���F�R�O�R�Q�L�]�D�W�L�R�Q���R�I���W�K�H���W�U�D�F�K�H�D���D�Q�G���F�R�Q�W�L�J�X�R�X�V���D�L�U�Z�D�\�V�����6�X�F�K���S�D�W�L�H�Q�W�V��
tend to have a higher incidence of tracheitis,���������� which is diagnosed and treated 
early because there is likely to be a low threshold for direct visualization of 
�W�K�H���W�U�D�F�K�H�D���Z�L�W�K���X�V�H���R�I���D���E�U�R�Q�F�K�R�V�F�R�S�H�����9�L�U�D�O���F�R�L�Q�I�H�F�W�L�R�Q���L�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K��
poorer outcome.

Diagnosis

Lateral and anteroposterior radiographs of the neck and chest may be helpful 
�L�Q���G�L�D�J�Q�R�V�L�V�����)�L�Q�G�L�Q�J�V���R�Q���S�O�D�L�Q���¿�O�P���U�D�G�L�R�J�U�D�S�K�V���L�Q�F�O�X�G�H���V�X�E�J�O�R�W�W�L�F���Q�D�U�U�R�Z�L�Q�J����
a ragged edge to the usually smooth tracheal air column, and a hazy shadow 
within the tracheal lumen. The epiglottis and supraglottic structures appear 
normal on neck radiographs. The steeple sign characteristically seen in croup 
may also be evident.

�7�K�H���P�R�V�W���G�H�¿�Q�L�W�L�Y�H���S�U�R�F�H�G�X�U�H���L�V���W�R���Y�L�V�X�D�O�L�]�H���W�K�H���W�U�D�F�K�H�D���H�Q�G�R�V�F�R�S�L�F�D�O�O�\���� 
The supraglottic structures will appear normal, but subglottic edema is the 
prominent feature, and ulcerations and copious purulent secretions will be 
present. These secretions should be cultured so that the causative agent may 
be treated effectively with antibiotics.

Management

�&�K�L�O�G�U�H�Q���Z�L�W�K���E�D�F�W�H�U�L�D�O���W�U�D�F�K�H�L�W�L�V���P�X�V�W���E�H���P�R�Q�L�W�R�U�H�G���Y�H�U�\���F�O�R�V�H�O�\�����R�I�W�H�Q����
tracheal intubation with mechanical ventilation is necessary in the event of 
respiratory failure or an inability to mobilize secretions effectively. Using an 
�H�Q�G�R�W�U�D�F�K�H�D�O���W�X�E�H�������V�L�]�H���V�P�D�O�O�H�U���W�K�D�Q���X�V�X�D�O���F�D�Q���U�H�G�X�F�H���W�U�D�X�P�D���W�R���W�K�H���V�X�E�J�O�R�W-
tic area. Careful attention to the suctioning and mobilization of secretions is 
essential. Occlusion of the endotracheal tube has been reported as the most 
frequent cause of death in children with bacterial tracheitis who have under-
�J�R�Q�H���L�Q�W�X�E�D�W�L�R�Q���D�Q�G���P�H�F�K�D�Q�L�F�D�O���Y�H�Q�W�L�O�D�W�L�R�Q�����6�R�P�H���R�W�R�O�D�U�\�Q�J�R�O�R�J�L�V�W�V���K�D�Y�H��
advocated for expectant placement of tracheotomy tubes in children with 
�E�D�F�W�H�U�L�D�O���W�U�D�F�K�H�L�W�L�V���I�R�U���W�K�L�V���U�H�D�V�R�Q�����+�X�P�L�G�L�¿�F�D�W�L�R�Q���R�I���W�K�H���L�Q�V�S�L�U�H�G���D�L�U���K�H�O�S�V��
�S�U�H�Y�H�Q�W���P�X�F�R�X�V���S�O�X�J�J�L�Q�J���R�I���W�K�H���H�Q�G�R�W�U�D�F�K�H�D�O���W�X�E�H�����$�Q�W�L�E�L�R�W�L�F�V���D�Q�G���V�X�S�S�R�U�� 
�W�L�Y�H���F�D�U�H���D�U�H���H�V�V�H�Q�W�L�D�O���I�R�U���I�X�O�O���U�H�F�R�Y�H�U�\�����$�Q�W�L�E�L�R�W�L�F�V���V�K�R�X�O�G���E�H���L�Q�L�W�L�D�W�H�G���Z�L�W�K��
�Q�D�I�F�L�O�O�L�Q���R�U���R�[�D�F�L�O�O�L�Q�������������P�J���N�J���S�H�U���G�D�\���G�L�Y�L�G�H�G���H�Y�H�U�\�������K�R�X�U�V���I�R�U���H�L�W�K�H�U��
�D�J�H�Q�W�����L�Q���F�R�Q�M�X�Q�F�W�L�R�Q���Z�L�W�K���D���W�K�L�U�G���J�H�Q�H�U�D�W�L�R�Q���F�H�S�K�D�O�R�V�S�R�U�L�Q�����V�X�F�K���D�V���F�H�I�W�U�L�� 
�D�[�R�Q�H�����������P�J���N�J���G�D�L�O�\�������7�K�H���D�G�G�L�W�L�R�Q���R�I���Y�D�Q�F�R�P�\�F�L�Q���V�K�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G�� 
if resistant organisms are present in the local community or if there is  
multisystem involvement.
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Complications

Complications associated with bacterial tracheitis include toxic shock syn- 
drome, septic shock, postintubation pulmonary edema, acute respiratory 
distress syndrome, and subglottic stenosis.���� Most children recover, and there 
�L�V���Q�R���U�H�D�V�R�Q���W�R���V�X�V�S�H�F�W���D�Q���X�Q�G�H�U�O�\�L�Q�J���L�P�P�X�Q�R�G�H�¿�F�L�H�Q�F�\�����,�W���L�V���U�D�U�H���I�R�U���D���F�K�L�O�G��
to have a second episode of bacterial tracheitis.

key points

���} The di�erential diagnosis for children who have stridulous breathing should 
include croup, epiglottitis, and bacterial tracheitis.

���} Most patients with croup can be treated as outpatients.
���} When symptoms are severe, croup should be di�erentiated from alternative 
causes, such as epiglottitis or bacterial tracheitis.

���} Corticosteroids are the established treatment of choice for croup.
���} If epiglottitis is suspected, the child should be admitted to the hospital.  
A pediatric otolaryngologist or anesthesiologist should be contacted imme- 
diately and should be the only physician to attempt to visualize the airway.

���} Children who have croup tend to have a sudden onset of hoarseness and 
barking cough, but do not appear toxic, as do those who have epiglottitis  
or bacterial tracheitis.

���} Children with bacterial tracheitis have high fever and typically require endotra-
cheal intubation and mechanical ventilation.
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�G�R�L���������������������6����������������������������������������

8.	 �$�U�V�O�D�Q���=�����&�L�S�H���)�(�����2�]�P�H�Q���6�����.�R�Q�G�R�O�R�W���0�����3�L�V�N�L�Q���,�(�����<�|�Q�H�\���$�����(�Y�D�O�X�D�W�L�R�Q���R�I���D�O�O�H�U�J�L�F��
�V�H�Q�V�L�W�L�]�D�W�L�R�Q���D�Q�G���J�D�V�W�U�R�H�V�R�S�K�D�J�H�D�O���U�H�À�X�[���G�L�V�H�D�V�H���L�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���U�H�F�X�U�U�H�Q�W���F�U�R�X�S����Pediatr Int. 
�����������������������������±���������3�0�,�'�����������������������G�R�L���������������������M�������������������;�������������������������[

����	 �0�D�U�[���$�����7�|�U�|�N���7�-�����+�R�O�P�D�Q���5�&�����&�O�D�U�N�H���0�-�����$�Q�G�H�U�V�R�Q���/�-�����3�H�G�L�D�W�U�L�F���K�R�V�S�L�W�D�O�L�]�D�W�L�R�Q�V���I�R�U���F�U�R�X�S��
���O�D�U�\�Q�J�R�W�U�D�F�K�H�R�E�U�R�Q�F�K�L�W�L�V�������E�L�H�Q�Q�L�D�O���L�Q�F�U�H�D�V�H�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���K�X�P�D�Q���S�D�U�D�L�Q�À�X�H�Q�]�D���Y�L�U�X�V������
epidemics. J Infect Dis. ���������������������������������±�����������3�0�,�'���������������������G�R�L��������������������������������

������	 �.�O�D�V�V�H�Q���7�3�����&�U�R�X�S�����$���F�X�U�U�H�Q�W���S�H�U�V�S�H�F�W�L�Y�H�����3�H�G�L�D�W�U���&�O�L�Q���1�R�U�W�K���$�P.���������������������������������±����������  
�3�0�,�'�����������������������G�R�L���������������������6����������������������������������������
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Chapter 16—Croup, Epiglottitis, and Bacterial Tracheitis

������	 �5�H�Q�Q�L�H���'�&�����.�D�U�X�Q�D�Q�D�\�D�N�H���&�3�����&�K�H�Q���<�����H�W���D�O�����&�'�������J�H�Q�H���Y�D�U�L�D�Q�W�V���D�Q�G���W�K�H�L�U���L�P�S�R�U�W�D�Q�F�H���I�R�U��
childhood croup, atopy, and asthma. Dis Markers.�������������������������������±���������3�0�,�'���������������������� 
�G�R�L������������������������������������������

������	 �:�D�N�L���(�<�����0�D�G�J�\���'�1�����%�H�O�H�Q�N�\���:�0�����*�R�Z�H�U���9�&�����7�K�H���L�Q�F�L�G�H�Q�F�H���R�I���J�D�V�W�U�R�H�V�R�S�K�D�J�H�D�O���U�H�À�X�[�� 
in recurrent croup. Int J Pediatr Otorhinolaryngol. �����������������������������±���������3�0�,�'�������������������� 
�G�R�L�����������������������������������������������������������%

������	 Worrall G. Croup. Can Fam Physician.�������������������������������±�����������3�0�,�'��������������������
������	 �<�D�Q�J���:�&�����+�V�X���<�/�����&�K�H�Q���&�<�����H�W���D�O�����,�Q�L�W�L�D�O���U�D�G�L�R�J�U�D�S�K�L�F���W�U�D�F�K�H�D�O���U�D�W�L�R���L�Q���S�U�H�G�L�F�W�L�Q�J�� 

clinical outcomes in croup in children. Sci Rep. ���������������������������������3�0�,�'���������������������� 
�G�R�L���������������������V���������������������������������\

������	 �$�X�V�H�M�R���0�����6�D�H�Q�]���$�����3�K�D�P���%�����H�W���D�O�����7�K�H���H�I�I�H�F�W�L�Y�H�Q�H�V�V���R�I���J�O�X�F�R�F�R�U�W�L�F�R�L�G�V���L�Q���W�U�H�D�W�L�Q�J���F�U�R�X�S����
meta-analysis. BMJ. �������������������������������������±���������3�0�,�'�����������������������G�R�L���������������������E�P�M��������������������������

������	 �*�D�W�H�V���$�����*�D�W�H�V���0�����9�D�Q�G�H�U�P�H�H�U���%�����H�W���D�O�����*�O�X�F�R�F�R�U�W�L�F�R�L�G�V���I�R�U���F�U�R�X�S���L�Q���F�K�L�O�G�U�H�Q����Cochrane Libr. 
�������������������&�'�����������������$�F�F�H�V�V�H�G���0�D�U�F�K���������������������3�0�,�'���������������������� 
�G�R�L���������������������������������������&�'���������������S�X�E��

������	 �%�M�R�U�Q�V�R�Q���&�/�����.�O�D�V�V�H�Q���7�3�����:�L�O�O�L�D�P�V�R�Q���-�����H�W���D�O�����3�H�G�L�D�W�U�L�F���(�P�H�U�J�H�Q�F�\���5�H�V�H�D�U�F�K���&�D�Q�D�G�D���1�H�W�Z�R�U�N����
�$���U�D�Q�G�R�P�L�]�H�G���W�U�L�D�O���R�I���D���V�L�Q�J�O�H���G�R�V�H���R�I���R�U�D�O���G�H�[�D�P�H�W�K�D�V�R�Q�H���I�R�U���P�L�O�G���F�U�R�X�S�����1���(�Q�J�O���-���0�H�G. 
�����������������������������������±�����������3�0�,�'�����������������������G�R�L���������������������1�(�-�0�R�D������������

������	 �-�R�K�Q�V�R�Q���'�:�����-�D�F�R�E�V�R�Q���6�����(�G�Q�H�\���3�&�����+�D�G�¿�H�O�G���3�����0�X�Q�G�\���0�(�����6�F�K�X�K���6�����$���F�R�P�S�D�U�L�V�R�Q���R�I��
nebulized budesonide, intramuscular dexamethasone, and placebo for moderately severe croup. 
N Engl J Med.���������������������������������±���������3�0�,�'���������������������G�R�L���������������������1�(�-�0������������������������������

������	 �3�H�W�U�R�F�K�H�L�O�R�X���$�����7�D�Q�R�X���.�����.�D�O�D�P�S�R�X�N�D���(�����0�D�O�D�N�D�V�L�R�W�L���*�����*�L�D�Q�Q�L�R�V���&�����.�D�G�L�W�L�V���$�*�����9�L�U�D�O���F�U�R�X�S����
diagnosis and a treatment algorithm. Pediatr Pulmonol.�������������������������������±���������3�0�,�'����������������������
�G�R�L���������������������S�S�X�O������������

������	 �*�L�O�O���1�����6�L�U�L�]�]�R�W�W�L���1�����-�R�K�Q�V�R�Q���'�����H�W���D�O�����(�Q�G�R�J�H�Q�R�X�V���J�O�X�F�R�F�R�U�W�L�F�R�L�G���U�H�V�S�R�Q�V�H���W�R���V�L�Q�J�O�H���G�R�V�H��
�G�H�[�D�P�H�W�K�D�V�R�Q�H���I�R�U���F�U�R�X�S���L�Q���F�K�L�O�G�U�H�Q�����D���S�K�D�U�P�D�F�R�G�\�Q�D�P�L�F���V�W�X�G�\����Pediatr Emerg Care. 
���������������������������±�������3�0�,�'����������������������

������	 �:�D�L�V�P�D�Q���<�����.�O�H�L�Q���%�/�����%�R�H�Q�Q�L�Q�J���'�$�����H�W���D�O�����3�U�R�V�S�H�F�W�L�Y�H���U�D�Q�G�R�P�L�]�H�G���G�R�X�E�O�H���E�O�L�Q�G���V�W�X�G�\��
comparing L-epinephrine and racemic epinephrine aerosols in the treatment of laryngotracheitis 
(croup). Pediatrics.�������������������������������±���������3�0�,�'���������������������G�R�L���������������������S�H�G�V������������������

������	�%�M�R�U�Q�V�R�Q���&�����5�X�V�V�H�O�O���.�����9�D�Q�G�H�U�P�H�H�U���%�����.�O�D�V�V�H�Q���7�3�����-�R�K�Q�V�R�Q���'�:�����1�H�E�X�O�L�]�H�G���H�S�L�Q�H�S�K�U�L�Q�H���I�R�U��
croup in children. Cochrane Database Syst Rev. ���������������������&�'���������������3�0�,�'��������������������

������	 �.�H�O�O�H�\���3�%�����6�L�P�R�Q���-�(�����5�D�F�H�P�L�F���H�S�L�Q�H�S�K�U�L�Q�H���X�V�H���L�Q���F�U�R�X�S���D�Q�G���G�L�V�S�R�V�L�W�L�R�Q�����$�P���-���(�P�H�U�J���0�H�G. 
�����������������������������±���������3�0�,�'���������������������G�R�L�����������������������������������������������������������%

������	 �&�R�U�Q�H�O�L���+�0�����%�R�O�W�H���5�*�����2�X�W�S�D�W�L�H�Q�W���X�V�H���R�I���U�D�F�H�P�L�F���H�S�L�Q�H�S�K�U�L�Q�H���L�Q���F�U�R�X�S����Am Fam Physician. 
�����������������������������±���������3�0�,�'������������������

������	 �0�R�R�U�H���0�����/�L�W�W�O�H���3�����+�X�P�L�G�L�¿�H�G���D�L�U���L�Q�K�D�O�D�W�L�R�Q���I�R�U���W�U�H�D�W�L�Q�J���F�U�R�X�S�����D���V�\�V�W�H�P�D�W�L�F���U�H�Y�L�H�Z���D�Q�G��
meta-analysis. Fam Pract. �����������������������������±���������3�0�,�'�����������������������G�R�L���������������������I�D�P�S�U�D���F�P�P������

������	 �$�O���+�L�P�G�D�Q�L���6�����-�D�Y�H�G���0�8�����+�X�J�K�H�V���-�����H�W���D�O�����+�R�P�H���U�H�P�H�G�\���R�U���K�D�]�D�U�G�"���0�D�Q�D�J�H�P�H�Q�W���D�Q�G���F�R�V�W�V���R�I��
�S�D�H�G�L�D�W�U�L�F���V�W�H�D�P���L�Q�K�D�O�D�W�L�R�Q���W�K�H�U�D�S�\���E�X�U�Q���L�Q�M�X�U�L�H�V����Br J Gen Pract. ���������������������������H�������±�H��������
�3�0�,�'�����������������������G�R�L���������������������E�M�J�S�����;������������

������	 �0�X�U�S�K�\���6�0�����0�X�U�U�D�\���'�����6�P�L�W�K���6�����2�U�U���'�-�$�����%�X�U�Q�V���F�D�X�V�H�G���E�\���V�W�H�D�P���L�Q�K�D�O�D�W�L�R�Q���I�R�U�� 
respiratory tract infections in children. BMJ. ���������������������������������������3�0�,�'���������������������� 
�G�R�L���������������������E�P�M��������������������������

������	�:�H�E�H�U���-�(�����&�K�X�G�Q�R�I�V�N�\���&�5�����<�R�X�Q�J�H�U���-�*�����H�W���D�O�����$���U�D�Q�G�R�P�L�]�H�G���F�R�P�S�D�U�L�V�R�Q���R�I���K�H�O�L�X�P���R�[�\�J�H�Q��
mixture (Heliox) and racemic epinephrine for the treatment of moderate to severe croup. 
Pediatrics.���������������������������(�������3�0�,�'�����������������������G�R�L���������������������S�H�G�V���������������H����

������	 �0�R�U�D�D���,�����6�W�X�U�P�D�Q���1�����0�F�*�X�L�U�H���7�0�����Y�D�Q���'�U�L�H�O���0�/�����+�H�O�L�R�[���I�R�U���F�U�R�X�S���L�Q���F�K�L�O�G�U�H�Q���� 
Cochrane Database Syst Rev. ���������������������&�'���������������3�0�,�'��������������������

������	 �*�X�O�G�I�U�H�G���/�$�����/�\�K�Q�H���'�����%�H�F�N�H�U���%�&�����$�F�X�W�H���H�S�L�J�O�R�W�W�L�W�L�V�����H�S�L�G�H�P�L�R�O�R�J�\�����F�O�L�Q�L�F�D�O���S�U�H�V�H�Q�W�D�W�L�R�Q����
management and outcome. J Laryngol Otol. �������������������������������±���������3�0�,�'���������������������� 
�G�R�L���������������������6��������������������������������

������	 �%�U�R�D�G�K�X�U�V�W���/�(�����(�U�L�F�N�V�R�Q���5�/�����.�H�O�O�H�\���3�:�����'�H�F�U�H�D�V�H�V���L�Q���L�Q�Y�D�V�L�Y�H���+�D�H�P�R�S�K�L�O�X�V���L�Q�À�X�H�Q�]�D�H��
�G�L�V�H�D�V�H�V���L�Q���8�6���$�U�P�\���F�K�L�O�G�U�H�Q���������������W�K�U�R�X�J�K���������������-�$�0�$.���������������������������������±���������3�0�,�'��������������������
�G�R�L���������������������M�D�P�D����������������������������������������

������	 �.�H�V�V�O�H�U���$�����:�H�W�P�R�U�H���5�)�����0�D�U�V�K���5�5�����&�K�L�O�G�K�R�R�G���H�S�L�J�O�R�W�W�L�W�L�V���L�Q���U�H�F�H�Q�W���\�H�D�U�V����Int J Pediatr 
Otorhinolaryngol.�����������������������������������±���������3�0�,�'���������������������G�R�L������������������������������������������������������������

������	 �:�H�Q�J�H�U���-�'�����(�S�L�G�H�P�L�R�O�R�J�\���R�I���+�D�H�P�R�S�K�L�O�X�V���L�Q�À�X�H�Q�]�D�H type b disease and impact of Haemophilus 
�L�Q�À�X�H�Q�]�D�H���W�\�S�H���E���F�R�Q�M�X�J�D�W�H���Y�D�F�F�L�Q�H�V���L�Q���W�K�H���8�Q�L�W�H�G���6�W�D�W�H�V���D�Q�G���&�D�Q�D�G�D����Pediatr Infect Dis J. 
�����������������������V�X�S�S�O�����6�������±�6���������3�0�,�'���������������������G�R�L��������������������������������������������������������������������
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Pediatric Pulmonology

������	 �6�H�Q�L�R�U���%�$�����5�D�G�N�R�Z�V�N�L���'�����0�D�F�$�U�W�K�X�U���&�����6�S�U�H�F�K�H�U���5�&�����-�R�Q�H�V���'�����&�K�D�Q�J�L�Q�J���S�D�W�W�H�U�Q�V���L�Q�� 
�S�H�G�L�D�W�U�L�F���V�X�S�U�D�J�O�R�W�W�L�W�L�V�����D���P�X�O�W�L���L�Q�V�W�L�W�X�W�L�R�Q�D�O���U�H�Y�L�H�Z���������������W�R��������������Laryngoscope.  
�������������������������S�W�����������������±�����������3�0�,�'���������������������G�R�L��������������������������������������������������������������������

������	 �%�D�L�U�G���6�0�����0�D�U�V�K���3�$�����3�D�G�L�J�O�L�R�Q�H���$�����H�W���D�O�����5�H�Y�L�H�Z���R�I���H�S�L�J�O�R�W�W�L�W�L�V���L�Q���W�K�H���S�R�V�W��Haemophilus 
�L�Q�À�X�H�Q�]�D�H��type-b vaccine era. ANZ J Surg.�����������������������������������±�����������3�0�,�'���������������������� 
�G�R�L���������������������D�Q�V������������

������	 �:�D�U�G���0�$�����(�P�H�U�J�H�Q�F�\���G�H�S�D�U�W�P�H�Q�W���P�D�Q�D�J�H�P�H�Q�W���R�I���D�F�X�W�H���U�H�V�S�L�U�D�W�R�U�\���L�Q�I�H�F�W�L�R�Q�V����Semin Respir 
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Bronchiectasis
Jordana E. Hoppe, MD, MSCS
Paul C. Stillwell, MD, FAAP

Introduction
Bronchiectasis is the dilatation of bronchi and bronchioles associated  
with airway wall thickening.1,2 The most common cause among children in 
�1�R�U�W�K���$�P�H�U�L�F�D���L�V���F�\�V�W�L�F���¿�E�U�R�V�L�V�����&�)�������E�X�W���W�K�H�U�H���D�U�H���Q�X�P�H�U�R�X�V���R�W�K�H�U���S�R�W�H�Q�W�L�D�O��
�X�Q�G�H�U�O�\�L�Q�J���F�D�X�V�H�V����Table 17-1�������7�K�H���P�R�V�W���F�R�P�P�R�Q�O�\���L�G�H�Q�W�L�¿�H�G���F�D�X�V�H�V���K�D�Y�H��
�F�R�Q�V�L�G�H�U�D�E�O�H���J�H�R�J�U�D�S�K�L�F���Y�D�U�L�D�E�L�O�L�W�\���E�D�V�H�G���R�Q���W�K�H���U�L�V�N���R�I���V�H�U�L�R�X�V���L�Q�I�H�F�W�L�R�Q�V�� 
�D�Q�G���W�K�H���S�D�U�W�L�F�X�O�D�U���G�L�D�J�Q�R�V�W�L�F���H�[�S�H�U�W�L�V�H���R�I���U�H�J�L�R�Q�D�O���P�H�G�L�F�D�O���F�H�Q�W�H�U�V��3 A 2014 
�V�W�X�G�\���G�H�P�R�Q�V�W�U�D�W�H�G���W�K�D�W���L�Q���P�R�V�W�����E�X�W���Q�R�W���D�O�O�����F�K�L�O�G�U�H�Q���D���F�D�X�V�H���R�I���Q�R�Q���&�)��
�E�U�R�Q�F�K�L�H�F�W�D�V�L�V���F�D�Q���E�H���L�G�H�Q�W�L�¿�H�G�����Z�L�W�K���L�Q�I�H�F�W�L�R�Q�����S�U�L�P�D�U�\���L�P�P�X�Q�R�G�H�¿�F�L�H�Q�F�\����
�D�V�S�L�U�D�W�L�R�Q�����D�Q�G���S�U�L�P�D�U�\���F�L�O�L�D�U�\���G�\�V�N�L�Q�H�V�L�D���E�H�L�Q�J���W�K�H���P�R�V�W���F�R�P�P�R�Q���F�D�X�V�H�V��4 
The end result of airway injury that is associated with both acute and chronic 
�L�Q�À�D�P�P�D�W�L�R�Q�����E�U�R�Q�F�K�L�H�F�W�D�V�L�V���S�H�U�S�H�W�X�D�W�H�V���R�Q�J�R�L�Q�J���D�L�U�Z�D�\���L�Q�M�X�U�\�����,�W���F�D�Q���R�F�F�X�U��
in 1 or a few lung segments, or it can be generalized throughout all segments. 
�,�I���W�K�H���D�L�U�Z�D�\���L�Q�M�X�U�\���L�V���V�H�Y�H�U�H���R�U���U�H�F�X�U�U�H�Q�W�����W�K�H���D�L�U�Z�D�\���G�D�P�D�J�H���E�H�F�R�P�H�V��
�L�U�U�H�Y�H�U�V�L�E�O�H���D�Q�G���V�H�O�I���V�X�V�W�D�L�Q�L�Q�J��

Clinical Manifestations
�7�K�H���F�K�L�O�G���Z�L�W�K���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���K�D�V���D���F�K�U�R�Q�L�F���³�Z�H�W�´���R�U���S�U�R�G�X�F�W�L�Y�H���F�R�X�J�K�� 
�D�Q�G���U�H�F�X�U�U�H�Q�W���F�K�H�V�W���L�Q�I�H�F�W�L�R�Q�V�����6�R�P�H���F�K�L�O�G�U�H�Q���P�D�\���K�D�Y�H���U�H�F�X�U�U�H�Q�W���Z�K�H�H�]�� 
�L�Q�J�����$���V�P�D�O�O���S�H�U�F�H�Q�W�D�J�H���P�D�\���K�D�Y�H���K�H�P�R�S�W�\�V�L�V��2,3���5�H�F�X�U�U�H�Q�W���R�U���S�H�U�V�L�V�W�H�Q�W��
�S�Q�H�X�P�R�Q�L�D���F�D�Q���D�O�V�R���E�H���D���S�U�H�V�H�Q�W�L�Q�J���I�H�D�W�X�U�H���R�I���E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����7�K�H���U�H�V�X�O�W�V���R�I��
�W�K�H���F�K�H�V�W���H�[�D�P�L�Q�D�W�L�R�Q���L�Q���W�K�H���F�K�L�O�G���Z�L�W�K���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���P�D�\���E�H���Q�R�U�P�D�O���X�Q�W�L�O��
�V�L�J�Q�L�¿�F�D�Q�W���D�L�U�Z�D�\���D�E�Q�R�U�P�D�O�L�W�L�H�V���D�U�H���S�U�H�V�H�Q�W�����$�V���W�K�H���G�L�V�H�D�V�H���D�G�Y�D�Q�F�H�V�����W�K�H��
�L�Q�W�H�Q�V�L�W�\���R�I���E�U�H�D�W�K���V�R�X�Q�G�V���P�D�\���E�H���G�H�F�U�H�D�V�H�G���D�Q�G���L�Q�V�S�L�U�D�W�R�U�\���F�U�D�F�N�O�H�V���P�D�\�� 
�E�H���S�U�H�V�H�Q�W�����(�[�S�L�U�D�W�R�U�\���Z�K�H�H�]�L�Q�J���P�D�\���E�H���S�U�H�V�H�Q�W���Z�K�H�Q���V�H�Y�H�U�H���D�L�U�Z�D�\���G�D�P�D�J�H��
�K�D�V���R�F�F�X�U�U�H�G�����7�K�H���H�[�D�P�L�Q�D�W�L�R�Q���¿�Q�G�L�Q�J�V���P�D�\���E�H���P�R�U�H���S�U�R�P�L�Q�H�Q�W�O�\���D�E�Q�R�U�P�D�O��
�G�X�U�L�Q�J���D�F�X�W�H���H�[�D�F�H�U�E�D�W�L�R�Q�V���R�I���W�K�H���E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����D�Q�G���O�H�V�V���V�R���D�I�W�H�U���U�H�V�R�O�X�W�L�R�Q����
�7�K�H���D�E�Q�R�U�P�D�O���¿�Q�G�L�Q�J�V���P�D�\���E�H���O�R�F�D�O�L�]�H�G���L�I���W�K�H���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���L�V���V�H�J�P�H�Q�W�D�O����
�2�W�K�H�U���H�[�D�P�L�Q�D�W�L�R�Q���¿�Q�G�L�Q�J�V���P�D�\���E�H���S�U�H�V�H�Q�W���G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���X�Q�G�H�U�O�\�L�Q�J�� 
�F�D�X�V�H���R�I���W�K�H���E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����H�J�����I�D�L�O�X�U�H���W�R���W�K�U�L�Y�H���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)�����H�D�U���� 
�Q�R�V�H�����D�Q�G���W�K�U�R�D�W���D�E�Q�R�U�P�D�O�L�W�L�H�V���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���S�U�L�P�D�U�\���F�L�O�L�D�U�\���G�\�V�N�L�Q�H�V�L�D�� 
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�R�U���S�U�L�P�D�U�\���L�P�P�X�Q�R�G�H�¿�F�L�H�Q�F�\�������'�L�J�L�W�D�O���F�O�X�E�E�L�Q�J���F�D�Q���R�F�F�X�U���Z�L�W�K���P�R�G�H�U�D�W�H�� 
�D�Q�G���V�H�Y�H�U�H���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���U�H�J�D�U�G�O�H�V�V���R�I���W�K�H���H�W�L�R�O�R�J�\��

�3�X�O�P�R�Q�D�U�\���I�X�Q�F�W�L�R�Q���W�H�V�W�L�Q�J�����3�)�7�����S�H�U�I�R�U�P�H�G���L�Q���F�K�L�O�G�U�H�Q���R�O�G���H�Q�R�X�J�K���W�R��
�F�R�R�S�H�U�D�W�H���P�D�\���V�K�R�Z���D�Q���R�E�V�W�U�X�F�W�L�Y�H���S�D�W�W�H�U�Q�����D���U�H�V�W�U�L�F�W�L�Y�H���S�D�W�W�H�U�Q�����R�U���D���F�R�P�E�L�Q�D-
tion of both.5���7�K�H���V�S�L�U�R�P�H�W�U�L�F���D�E�Q�R�U�P�D�O�L�W�L�H�V���L�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���E�U�R�Q�F�K�L�H�F�W�D�V�L�V��
�G�X�H���W�R���&�)���D�U�H���J�H�Q�H�U�D�O�O�\���F�R�U�U�H�O�D�W�H�G���Z�L�W�K���G�L�V�H�D�V�H���V�H�Y�H�U�L�W�\���D�Q�G���S�U�R�J�U�H�V�V�L�R�Q��6 but 
�W�K�H���X�W�L�O�L�W�\���R�I���V�S�L�U�R�P�H�W�U�\���L�Q���P�R�Q�L�W�R�U�L�Q�J���Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���L�V���O�H�V�V���F�H�U�W�D�L�Q��7 
�%�H�F�D�X�V�H���R�I���U�H�D�G�\���D�Y�D�L�O�D�E�L�O�L�W�\���D�Q�G���D�E�V�H�Q�F�H���R�I���U�L�V�N�����3�)�7���L�V���F�R�P�P�R�Q�O�\���X�V�H�G���W�R��
�P�R�Q�L�W�R�U���W�K�H���D�L�U�Z�D�\���I�X�Q�F�W�L�R�Q���L�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����+�R�Z�H�Y�H�U�����W�K�H��
�D�E�Q�R�U�P�D�O�L�W�L�H�V���W�K�D�W���P�D�\���E�H���S�U�H�V�H�Q�W���Z�L�W�K���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���D�U�H���Q�R�W���V�S�H�F�L�¿�F���W�R���W�K�L�V��
�G�L�D�J�Q�R�V�L�V�����$�Q���H�Y�D�O�X�D�W�L�R�Q���I�R�U���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���V�K�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G���I�R�U���F�K�L�O�G�U�H�Q��
�Z�L�W�K���S�H�U�V�L�V�W�H�Q�W���R�U���S�U�R�J�U�H�V�V�L�Y�H���3�)�7���D�E�Q�R�U�P�D�O�L�W�L�H�V����Figure 17-1 shows an 
�H�[�D�P�S�O�H���R�I���À�R�Z���Y�R�O�X�P�H���O�R�R�S�V���L�Q���D���F�K�L�O�G���Z�L�W�K���V�H�Y�H�U�H���Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V��

Figure 17-1. Example of a �ow-volume loop in bronchiectasis (with volume on the horizontal 
axis and �ow on the vertical axis). Expiratory �ow is above the volume axis and inspiratory �ow is 
below the volume axis. The expiratory loop is concave with regard to the volume axis, indicating 
an air�ow obstruction, without a signi�cant bronchodilator improvement. When such an 
obstructive abnormality occurs in a child with chronic cough, the di�erential diagnosis should 
be expanded beyond asthma. A bronchodilator response of �  12% in FEV1 would be more typical 
of asthma. 

Abbreviations: FEF25–75, forced expiratory �ow between 25% and 75% of the vital capacity; FEV1, forced 
expiratory volume in 1 second; FVC, forced vital capacity; PEFR, peak expiratory �ow rate.
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FVC (L) 2.18 1.91 88 �1.08 2.16 99 �0.08 +13

FEV1 (L) 1.89 1.34 71 �2.54 1.49 79 �1.86 +11
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Reference

FVC (L)

FEF 25–75
(L/s)

PEF
(L/min)

FEV1/FVC

FEV1 (L)

2.18

2.24

248.2

87

1.89

1.91

0.99

1.62

70

1.34

–1.08

–2.95

–2.45

–2.34

–2.54

–0.08

–2.76

–1.27

–2.49

–1.86

2.16

1.05

2.04

69

1.49

88

44

66

71

99

47

82

79

+13

+6

+25

+11

Pre

0.5

4

3

2

1

0

1

2

1.0 1.5 2.0 2.5

F/V ex Pre
Post

3.0
Vol (L)

Z-score Z-scorePost bd%
Predicted

%
Predicted

% change

22 PP 2ND ED - CHAPTER 17_329-340.indd   33222 PP 2ND ED - CHAPTER 17_329-340.indd   332 9/12/23   9:40 AM9/12/23   9:40 AM



333
Chapter 17—Bronchiectasis

�7�K�H���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K����Figure 17-2�����P�D�\���V�K�R�Z���L�Q�F�U�H�D�V�H�G���L�Q�W�H�U�V�W�L�W�L�D�O���P�D�U�N�L�Q�J�V��
�E�X�W���P�D�\���D�O�V�R���D�S�S�H�D�U���Q�R�U�P�D�O���X�Q�W�L�O���W�K�H���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���L�V���H�[�W�H�Q�V�L�Y�H�����$���G�H�¿�Q�L�W�L�Y�H��
�G�L�D�J�Q�R�V�L�V���R�I���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���L�V���H�V�W�D�E�O�L�V�K�H�G���X�V�L�Q�J���K�L�J�K���U�H�V�R�O�X�W�L�R�Q���F�R�P�S�X�W�H�G��
�W�R�P�R�J�U�D�S�K�\�����+�5�&�7�������Z�K�L�F�K���K�D�V���V�X�S�S�O�D�Q�W�H�G���E�U�R�Q�F�K�R�J�U�D�P�V���D�V���D���G�L�D�J�Q�R�V�W�L�F��
tool.1���7�K�H���U�D�G�L�R�J�U�D�S�K�L�F���¿�Q�G�L�Q�J�V���R�Q���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�\���D�Q�G���+�5�&�7���D�U�H���R�X�W�O�L�Q�H�G��
in Box 17-1.8���$�L�U�Z�D�\���F�K�D�Q�J�H�V���X�V�H�G���W�R���G�L�D�J�Q�R�V�H���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���R�Q���+�5�&�7��
�L�Q�F�O�X�G�H���D�Q���D�L�U�Z�D�\���G�L�D�P�H�W�H�U���W�K�D�W���L�V���O�D�U�J�H�U���W�K�D�Q���W�K�H���G�L�D�P�H�W�H�U���R�I���W�K�H���D�F�F�R�P�S�D�Q�\-
�L�Q�J���S�X�O�P�R�Q�D�U�\���D�U�W�H�U�\�����V�L�J�Q�H�W���U�L�Q�J���V�L�J�Q�������O�D�F�N���R�I���Q�R�U�P�D�O���E�U�R�Q�F�K�L�D�O���W�D�S�H�U�L�Q�J����
�D�Q�G���Y�L�V�X�D�O�L�]�D�W�L�R�Q���R�I���S�H�U�L�S�K�H�U�D�O���D�L�U�Z�D�\�V�����Z�L�W�K�L�Q�������F�P���R�I���W�K�H���S�O�H�X�U�D����9,10 The  

Figure 17-2. Chest radiograph, frontal (A) and lateral (B), in a 13-year-old with severe 
bronchiectasis from an underlying immunode�ciency (T and B cell). There are di�use 
increased interstitial markings, multiple thin-walled cavitary lesions, and overin�ation.

Radiographic Findings in Bronchiectasis

Chest Radiographic Findings
Increased interstitial markings
Thickened airway walls
Dilated airway lumen
Hyperin�ation 

High-resolution Chest Computed Tomographic Findings
Airway lumen greater than adjacent blood vessel (“signet ring”)
Tram-track markings
Extension of airway markings to periphery
Lack of tapering of airways toward periphery
Mucus plugging and centrilobular opacities (“tree in bud”)
Mosaic pattern of perfusion
Focal air-trapping (best seen on expiratory views)
Mucus plugging

Box 17‑1
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�����W�\�S�H�V���R�I���E�U�R�Q�F�K�L�H�F�W�D�V�L�V�²�F�\�O�L�Q�G�U�L�F�D�O�����Y�D�U�L�F�R�V�H�����D�Q�G���F�\�V�W�L�F�²�D�U�H���D�O�V�R��
�G�H�¿�Q�H�G���E�\���W�K�H�L�U���D�S�S�H�D�U�D�Q�F�H���R�Q���+�5�&�7��9���&�\�O�L�Q�G�U�L�F�D�O���E�U�R�Q�F�K�L�H�F�W�D�V�L�V����Figure 
17-3�����K�D�V���D���W�X�E�X�O�D�U���D�S�S�H�D�U�D�Q�F�H���Z�L�W�K���V�P�R�R�W�K���Z�D�O�O�V�����L�V���W�K�H���O�H�D�V�W���V�H�Y�H�U�H���I�R�U�P�����D�Q�G��
�P�D�\���E�H���U�H�Y�H�U�V�L�E�O�H��9���,�Q���Y�D�U�L�F�R�V�H���E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����W�K�H���D�L�U�Z�D�\���K�D�V���D�Q���L�U�U�H�J�X�O�D�U��
�D�S�S�H�D�U�D�Q�F�H�����Z�L�W�K���D�O�W�H�U�Q�D�W�L�Q�J���S�R�U�W�L�R�Q�V���R�I���P�R�U�H���G�L�O�D�W�H�G���D�L�U�Z�D�\���Q�H�[�W���W�R���P�R�U�H��
�Q�D�U�U�R�Z�H�G���S�R�U�W�L�R�Q�V��9���)�L�Q�D�O�O�\�����F�\�V�W�L�F���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���L�V���W�K�H���P�R�V�W���V�H�Y�H�U�H���I�R�U�P����
�Z�L�W�K���O�D�U�J�H�U�����V�D�F�F�X�O�D�U���G�L�O�D�W�D�W�L�R�Q���R�I���W�K�H���D�L�U�Z�D�\�V����Figure 17-4, Figure 17-5����9

Figure 17-4. High-resolution computed tomographic scans demonstrating cystic bronchiecta-
sis. The patient is a 10-year-old boy with an immunode�ciency resulting in bronchiectasis.

Figure 17-3. High-resolution computed tomographic scans showing cylindrical bronchiectasis. 
The patient is a 2-year-old with neutrophil dysfunction.

Figure 17-5. High-resolution 
computed tomographic scan of a 
cystic (saccular) bronchiectasis. The 
patient is a 13-year-old with saccular 
bronchiectasis due to an underlying 
immunode�ciency and chronic 
aspiration.
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Chapter 17—Bronchiectasis

�$���F�K�H�V�W���&�7���V�F�D�Q���V�K�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G���W�R���H�Y�D�O�X�D�W�H���I�R�U���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���L�Q��
�F�K�L�O�G�U�H�Q���Z�L�W�K���S�H�U�V�L�V�W�H�Q�W���S�U�R�G�X�F�W�L�Y�H���F�R�X�J�K�����S�H�U�V�L�V�W�H�Q�W�O�\���D�E�Q�R�U�P�D�O���F�K�H�V�W��
�U�D�G�L�R�J�U�D�S�K�L�F���¿�Q�G�L�Q�J�V�����S�H�U�V�L�V�W�H�Q�W�O�\���D�E�Q�R�U�P�D�O���F�K�H�V�W���D�X�V�F�X�O�W�D�W�L�R�Q���¿�Q�G�L�Q�J�V�����R�U��
�S�H�U�V�L�V�W�H�Q�W���3�)�7���D�E�Q�R�U�P�D�O�L�W�L�H�V�����$�G�G�L�W�L�R�Q�D�O�O�\�����F�K�L�O�G�U�H�Q���Z�L�W�K���V�H�Y�H�U�H���D�V�W�K�P�D���F�D�Q��
�E�H���D�W���U�L�V�N���I�R�U���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���E�U�R�Q�F�K�L�H�F�W�D�V�L�V��11

Pathophysiology
�7�K�H���L�Q�L�W�L�D�O���D�L�U�Z�D�\���L�Q�M�X�U�\���O�H�D�G�L�Q�J���W�R���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���F�D�Q���U�H�V�X�O�W���I�U�R�P���D���Y�D�U�L�H�W�\�� 
of causes, but the most common is an infection.1���$���P�X�F�R�V�D�O���L�Q�M�X�U�\�����V�H�Y�H�U�H�O�\��
�L�P�S�D�L�U�H�G���P�X�F�R�F�L�O�L�D�U�\���F�O�H�D�U�D�Q�F�H�����R�U���D�Q���X�Q�G�H�U�O�\�L�Q�J���L�P�P�X�Q�R�G�H�¿�F�L�H�Q�F�\���D�O�O�R�Z�V�� 
�D�Q���L�Q�L�W�L�D�O���L�Q�I�H�F�W�L�R�Q�����D�Q�G���S�H�U�S�H�W�X�D�W�L�R�Q���R�I���W�K�H���K�R�V�W���L�Q�À�D�P�P�D�W�R�U�\���U�H�V�S�R�Q�V�H��
�H�Y�H�Q�W�X�D�O�O�\���O�H�D�G�V���W�R���D�L�U�Z�D�\���G�D�P�D�J�H�����7�K�H���F�H�O�O�X�O�D�U���U�H�V�S�R�Q�V�H���L�V���S�U�H�G�R�P�L�Q�D�Q�W�O�\��
�Q�H�X�W�U�R�S�K�L�O�L�F�����D�Q�G���R�Q�J�R�L�Q�J���L�Q�À�D�P�P�D�W�L�R�Q���S�U�R�G�X�F�H�V���L�Q�F�U�H�D�V�H�G���P�X�F�X�V���V�H�F�U�H�W�L�R�Q����
�W�K�L�F�N�H�Q�H�G���P�X�F�X�V�����D�Q�G���D�L�U�Z�D�\���H�G�H�P�D�����+�L�J�K�H�U���O�H�Y�H�O�V���R�I���Q�H�X�W�U�R�S�K�L�O���H�O�D�V�W�D�V�H���D�U�H��
�D�V�V�R�F�L�D�W�H�G���Z�L�W�K���J�U�H�D�W�H�U���G�L�V�H�D�V�H���V�H�Y�H�U�L�W�\���D�Q�G���D�Q���L�Q�F�U�H�D�V�H�G���U�L�V�N���R�I���H�[�D�F�H�U�E�D�W�L�R�Q�V��
�L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���E�U�R�Q�F�K�L�H�F�W�D�V�L�V��1���,�W���L�V���X�Q�F�O�H�D�U���L�Q���P�R�V�W���F�D�V�H�V���Z�K�\���W�K�H���H�Q�K�D�Q�F�H�G��
�K�R�V�W���U�H�V�S�R�Q�V�H���S�H�U�V�L�V�W�V�����X�Q�O�L�N�H���D�F�X�W�H���E�U�R�Q�F�K�L�W�L�V�����Z�K�L�F�K���U�H�V�R�O�Y�H�V�������X�Q�O�H�V�V���W�K�H�U�H�� 
�L�V���U�H�S�H�D�W�H�G���L�Q�M�X�U�\���V�X�F�K���D�V���W�K�D�W���Z�K�L�F�K���P�D�\���R�F�F�X�U���Z�L�W�K���U�H�S�H�D�W�H�G���F�K�U�R�Q�L�F���D�V�S�L�U�D�� 
�W�L�R�Q���R�U���U�H�S�H�D�W�H�G���D�L�U�Z�D�\���L�Q�I�H�F�W�L�R�Q�V�����7�K�H���F�R�P�E�L�Q�D�W�L�R�Q���R�I���G�L�O�D�W�H�G���D�L�U�Z�D�\���Z�D�O�O�V����
�P�X�F�R�V�D�O���L�Q�À�D�P�P�D�W�L�R�Q�����D�Q�G���W�K�L�F�N�H�Q�H�G���V�H�F�U�H�W�L�R�Q�V���L�P�S�D�L�U�V���P�X�F�R�F�L�O�L�D�U�\���F�O�H�D�U�� 
�D�Q�F�H�����Z�K�L�F�K���L�P�S�D�L�U�V���F�O�H�D�U�D�Q�F�H���R�I���W�K�H���L�Q�I�H�F�W�L�R�Q���D�Q�G���L�Q�F�U�H�D�V�H�V���W�K�H���U�L�V�N���R�I�� 
�V�X�E�V�H�T�X�H�Q�W���L�Q�I�H�F�W�L�R�Q�����(�Y�H�Q�W�X�D�O�O�\�����W�K�H���D�L�U�Z�D�\���G�D�P�D�J�H���E�H�F�R�P�H�V���L�U�U�H�Y�H�U�V�L�E�O�H�� 
�D�Q�G���V�H�O�I���S�H�U�S�H�W�X�D�W�L�Q�J��1,2

�0�L�F�U�R�V�F�R�S�L�F���H�[�D�P�L�Q�D�W�L�R�Q���R�I���W�K�H���E�U�R�Q�F�K�L�H�F�W�D�W�L�F���D�L�U�Z�D�\���U�H�Y�H�D�O�V���W�K�L�F�N�H�Q�H�G��
�D�L�U�Z�D�\���Z�D�O�O�V�����P�X�F�R�V�D�O���J�O�D�Q�G���H�Q�O�D�U�J�H�P�H�Q�W�����F�H�O�O�X�O�D�U�����X�V�X�D�O�O�\���Q�H�X�W�U�R�S�K�L�O�L�F����
�L�Q�¿�O�W�U�D�W�L�R�Q�����G�L�O�D�W�H�G���F�U�R�V�V���V�H�F�W�L�R�Q�D�O���D�L�U�Z�D�\���O�X�P�H�Q�����D�Q�G���H�[�F�H�V�V�L�Y�H���V�H�F�U�H�W�L�R�Q�V��1  
�,�I���W�K�H���L�Q�I�H�F�W�L�R�Q���K�D�V���Q�R�W���E�H�H�Q���W�U�H�D�W�H�G���Z�L�W�K���D�Q�W�L�E�L�R�W�L�F�V�����E�D�F�W�H�U�L�D���P�D�\���E�H���H�Y�L�G�H�Q�W�� 
�R�Q���V�S�H�F�L�D�O���V�W�D�L�Q�V�����(�[�F�H�V�V�L�Y�H���S�U�R�L�Q�À�D�P�P�D�W�R�U�\���P�H�G�L�D�W�R�U�V���D�U�H���S�U�H�V�H�Q�W���L�Q�� 
�E�U�R�Q�F�K�R�D�O�Y�H�R�O�D�U���O�D�Y�D�J�H�����%�$�/�����À�X�L�G�V��1

Evaluation
Once bronchiectasis is documented, an underlying cause should be sought 
��Table 17-1�������,�I���W�K�H���K�L�V�W�R�U�\���R�U���H�[�D�P�L�Q�D�W�L�R�Q���¿�Q�G�L�Q�J�V���V�X�J�J�H�V�W���D���V�S�H�F�L�¿�F���F�D�X�V�H���� 
�W�K�H���L�Q�L�W�L�D�O���H�Y�D�O�X�D�W�L�R�Q���F�D�Q���E�H���W�D�U�J�H�W�H�G���W�R�Z�D�U�G���W�K�D�W���F�D�X�V�H�����H�J�����V�Z�H�D�W���W�H�V�W���L�I��
�V�W�H�D�W�R�U�U�K�H�D���L�V���S�U�H�V�H�Q�W�������0�R�U�H���F�R�P�P�R�Q�O�\�����V�H�Y�H�U�D�O���W�H�V�W�V���D�U�H���Q�H�F�H�V�V�D�U�\���D�Q�G���D�U�H��
�X�V�X�D�O�O�\���S�H�U�I�R�U�P�H�G���I�U�R�P���O�H�D�V�W���L�Q�Y�D�V�L�Y�H���W�R���P�R�V�W���L�Q�Y�D�V�L�Y�H�����$�O�O���F�K�L�O�G�U�H�Q���Z�L�W�K��
�E�U�R�Q�F�K�L�H�F�W�D�V�L�V���V�K�R�X�O�G���X�Q�G�H�U�J�R���D���V�Z�H�D�W���F�K�O�R�U�L�G�H���W�H�V�W���W�R���D�V�V�H�V�V���I�R�U���&�)�����H�Y�H�Q���L�I��
�Q�H�Z�E�R�U�Q���V�F�U�H�H�Q�L�Q�J���U�H�V�X�O�W�V���Z�H�U�H���Q�H�J�D�W�L�Y�H�������6�F�U�H�H�Q�L�Q�J���I�R�U���L�P�P�X�Q�R�G�H�¿�F�L�H�Q�F�\��
�V�K�R�X�O�G���L�Q�F�O�X�G�H���T�X�D�Q�W�L�W�D�W�L�Y�H���L�P�P�X�Q�R�J�O�R�E�X�O�L�Q�V�����Z�K�L�W�H���E�O�R�R�G���F�H�O�O���F�R�X�Q�W�V���Z�L�W�K��
�G�L�I�I�H�U�H�Q�W�L�D�O�����D�Q�G���P�H�D�V�X�U�H�P�H�Q�W���R�I���W�R�W�D�O���F�R�P�S�O�H�P�H�Q�W���O�H�Y�H�O�V�����0�R�U�H���D�G�Y�D�Q�F�H�G��
�L�P�P�X�Q�H���V�W�X�G�L�H�V���L�Q�F�O�X�G�H���D�V�V�H�V�V�P�H�Q�W���R�I���U�H�V�S�R�Q�V�H���W�R���L�P�P�X�Q�L�]�D�W�L�R�Q�V�����H�Y�D�O�X�D�W�L�R�Q��
�R�I���F�H�O�O���P�H�G�L�D�W�H�G���L�P�P�X�Q�L�W�\�����Q�H�X�W�U�R�S�K�L�O���I�X�Q�F�W�L�R�Q���W�H�V�W�V�����D�Q�G���J�H�Q�H�W�L�F���W�H�V�W�L�Q�J����
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Pediatric Pulmonology

�$�O�O�H�U�J�L�F���E�U�R�Q�F�K�R�S�X�O�P�R�Q�D�U�\���D�V�S�H�U�J�L�O�O�R�V�L�V���D�Q�G���F�R�Q�Q�H�F�W�L�Y�H���W�L�V�V�X�H���G�L�V�H�D�V�H�V���F�D�Q���E�H��
�D�V�V�H�V�V�H�G���E�\���P�H�D�Q�V���R�I���V�S�H�F�L�¿�F���L�P�P�X�Q�R�O�R�J�L�F���V�W�X�G�L�H�V����Mycobacterium tuberculo-
sis���L�Q�I�H�F�W�L�R�Q���F�D�Q���E�H���D�V�V�H�V�V�H�G���Z�L�W�K���D���V�N�L�Q���W�H�V�W�����D�Q���L�Q�W�H�U�I�H�U�R�Q�������U�H�O�H�D�V�H���D�V�V�D�\���L�Q��
�W�K�R�V�H���R�O�G�H�U���W�K�D�Q�������\�H�D�U�V�����D�Q�G���V�W�D�L�Q�V���D�Q�G���F�X�O�W�X�U�H���D�W���W�K�H���W�L�P�H���R�I���E�U�R�Q�F�K�R�V�F�R�S�\�����$��
�Y�L�G�H�R���D�V�V�L�V�W�H�G���V�Z�D�O�O�R�Z���V�W�X�G�\���F�D�Q���E�H���F�R�Q�G�X�F�W�H�G���W�R���D�V�V�H�V�V���V�Z�D�O�O�R�Z�L�Q�J���F�R�R�U�G�L�Q�D-
�W�L�R�Q���D�Q�G���U�L�V�N���R�I���D�V�S�L�U�D�W�L�R�Q�����$�Q���X�S�S�H�U���J�D�V�W�U�R�L�Q�W�H�V�W�L�Q�D�O���E�D�U�L�X�P���F�R�Q�W�U�D�V�W���V�W�X�G�\���F�D�Q��
�D�V�V�H�V�V���I�R�U���J�D�V�W�U�R�H�V�R�S�K�D�J�H�D�O���U�H�À�X�[�����2�W�K�H�U���W�H�V�W�V���W�R���H�Y�D�O�X�D�W�H���W�K�H���U�L�V�N�V���I�R�U���D�V�S�L�U�D-
�W�L�R�Q���L�Q�F�O�X�G�H���W�K�H���I�X�Q�F�W�L�R�Q�D�O���H�Q�G�R�V�F�R�S�L�F���H�Y�D�O�X�D�W�L�R�Q���R�I���V�Z�D�O�O�R�Z�L�Q�J�����H�V�R�S�K�D�J�H�D�O��
�S�+���L�P�S�H�G�D�Q�F�H���S�U�R�E�H�����D�Q�G���U�D�G�L�R�Q�X�F�O�L�G�H���P�L�O�N���V�F�D�Q�V�����3�U�L�P�D�U�\���F�L�O�L�D�U�\���G�\�V�N�L�Q�H�V�L�D��
�F�D�Q���E�H���H�Y�D�O�X�D�W�H�G���E�\���P�H�D�Q�V���R�I���H�O�H�F�W�U�R�Q���P�L�F�U�R�V�F�R�S�\���R�I���F�L�O�L�D�U�\���X�O�W�U�D�V�W�U�X�F�W�X�U�H����
�'�1�$���D�Q�D�O�\�V�L�V�����Q�D�V�D�O���Q�L�W�U�L�F���R�[�L�G�H���P�H�D�V�X�U�H�P�H�Q�W�����D�Q�G���F�L�O�L�D�U�\���Z�D�Y�H���I�R�U�P���D�Q�D�O�\�V�L�V����
�W�K�H�V�H���W�H�V�W�V���D�U�H���X�V�X�D�O�O�\���S�H�U�I�R�U�P�H�G���D�W���D���U�H�I�H�U�U�D�O���F�H�Q�W�H�U�����)�O�H�[�L�E�O�H���E�U�R�Q�F�K�R�V�F�R�S�\��
�D�O�O�R�Z�V���D�V�V�H�V�V�P�H�Q�W���R�I���D�L�U�Z�D�\���D�Q�D�W�R�P�\���D�Q�G���R�E�V�W�U�X�F�W�L�R�Q�����Y�L�V�X�D�O���L�Q�V�S�H�F�W�L�R�Q���R�I��
�W�K�H���D�L�U�Z�D�\���P�X�F�R�V�D�����D�Q�G���F�R�O�O�H�F�W�L�R�Q���R�I���D�L�U�Z�D�\���V�H�F�U�H�W�L�R�Q�V���D�Q�G���%�$�/���À�X�L�G�����7�K�H��
�%�$�/���À�X�L�G���F�D�Q���E�H���D�Q�D�O�\�]�H�G���Z�L�W�K���V�W�D�L�Q�V���D�Q�G���F�X�O�W�X�U�H�V���I�R�U���D���Y�D�U�L�H�W�\���R�I���L�Q�I�H�F�W�L�R�Q�V����
�D�V���Z�H�O�O���D�V���F�H�O�O���F�R�X�Q�W�V���Z�L�W�K���G�L�I�I�H�U�H�Q�W�L�D�O���D�Q�G���R�W�K�H�U���V�S�H�F�L�D�O�L�]�H�G���V�W�D�L�Q�V��

Management
�2�Q�F�H���W�K�H���F�O�L�Q�L�F�D�O���V�X�V�S�L�F�L�R�Q���R�I���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���L�V���F�R�Q�¿�U�P�H�G���E�\���+�5�&�7���V�F�D�Q���� 
�D�Q���H�Y�D�O�X�D�W�L�R�Q���I�R�U���W�K�H���V�S�H�F�L�¿�F���X�Q�G�H�U�O�\�L�Q�J���G�L�V�H�D�V�H���V�K�R�X�O�G���E�H���X�Q�G�H�U�W�D�N�H�Q�� 
��Table 17-1�������,�I���D���V�S�H�F�L�¿�F���G�L�V�H�D�V�H���F�D�Q���E�H���L�G�H�Q�W�L�¿�H�G�����W�K�H�U�D�S�\���G�L�U�H�F�W�H�G���D�W���W�K�D�W��
�S�U�R�F�H�V�V���V�K�R�X�O�G���E�H���L�Q�L�W�L�D�W�H�G���R�U���L�Q�W�H�Q�V�L�¿�H�G�����7�K�H�U�D�S�H�X�W�L�F���R�S�W�L�R�Q�V���I�R�U���&�)���K�D�Y�H��
�X�Q�G�H�U�J�R�Q�H���V�R�S�K�L�V�W�L�F�D�W�H�G���H�Y�D�O�X�D�W�L�R�Q���W�R���K�H�O�S���G�L�U�H�F�W���D�S�S�U�R�S�U�L�D�W�H���P�D�Q�D�J�H�P�H�Q�W��
choices12�����V�H�H���&�K�D�S�W�H�U�����������&�\�V�W�L�F���)�L�E�U�R�V�L�V�������E�X�W���U�D�Q�G�R�P�L�]�H�G���F�O�L�Q�L�F�D�O���S�U�R�V�S�H�F�� 
�W�L�Y�H���V�W�X�G�L�H�V���R�I���Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���L�Q���F�K�L�O�G�U�H�Q���D�U�H���M�X�V�W���E�H�J�L�Q�Q�L�Q�J�����0�X�F�K���R�I��
�W�K�H���W�U�H�D�W�P�H�Q�W���R�I�I�H�U�H�G���I�R�U���Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���L�V���H�[�W�U�D�S�R�O�D�W�H�G���I�U�R�P���G�D�W�D��
�D�F�T�X�L�U�H�G���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)��13

�$�Q�W�L�E�L�R�W�L�F�V���W�D�U�J�H�W�L�Q�J���E�D�F�W�H�U�L�D���L�V�R�O�D�W�H�G���I�U�R�P���V�S�X�W�X�P���R�U���E�U�R�Q�F�K�R�V�F�R�S�\���V�D�P�S�O�H�V��
�D�U�H���O�L�N�H�O�\���E�H�Q�H�¿�F�L�D�O���L�Q���W�U�H�D�W�L�Q�J���H�[�D�F�H�U�E�D�W�L�R�Q�V���R�I���E�U�R�Q�F�K�L�H�F�W�D�V�L�V��14 similar to 
�W�U�H�D�W�P�H�Q�W���I�R�U���&�)���D�L�U�Z�D�\���L�Q�I�H�F�W�L�R�Q�V�����7�K�H���P�R�V�W���F�R�P�P�R�Q���E�D�F�W�H�U�L�D���L�V�R�O�D�W�H�G���L�Q��
�Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���L�Q�F�O�X�G�H��Streptococcus pneumoniae, Haemophilus 
�L�Q�À�X�H�Q�]�D�H�����0�R�U�D�[�H�O�O�D���F�D�W�D�U�U�K�D�O�L�V�� and Staphylococcus aureus.���+�R�Z�H�Y�H�U�����O�H�V�V���L�V��
�N�Q�R�Z�Q���D�E�R�X�W���W�K�H���P�L�F�U�R�E�L�R�P�H���R�I���E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����D�Q�G���L�W�V���L�P�S�D�F�W���R�Q���G�L�V�H�D�V�H��
�V�H�Y�H�U�L�W�\���D�Q�G���H�[�D�F�H�U�E�D�W�L�R�Q�V�����L�Q���S�D�W�L�H�Q�W�V���Z�K�R���G�R���Q�R�W���K�D�Y�H���&�)���F�R�P�S�D�U�H�G���Z�L�W�K��
those who do.15���3�D�W�L�H�Q�W�V���Z�L�W�K���&�)���K�D�Y�H���D���J�U�H�D�W�H�U���U�L�V�N���R�I���G�H�Y�H�O�R�S�L�Q�J��Pseudomo-
nas aeruginosa���D�L�U�Z�D�\���L�Q�I�H�F�W�L�R�Q���W�K�D�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V����
�$�Q�W�L�E�L�R�W�L�F���W�U�H�D�W�P�H�Q�W���I�R�U���D�F�X�W�H���H�[�D�F�H�U�E�D�W�L�R�Q�V���R�I���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���L�V���G�R�F�X�P�H�Q�W�H�G�� 
�W�R���K�H�O�S���U�H�Y�H�U�V�H���W�K�H���D�F�X�W�H���L�O�O�Q�H�V�V��1,13���7�K�H���U�R�O�H���R�I���O�R�Q�J���W�H�U�P���D�Q�W�L�E�L�R�W�L�F���W�K�H�U�D�S�\�� 
�I�R�U���Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���L�V���Q�R�W���Z�H�O�O���H�V�W�D�E�O�L�V�K�H�G��1,13���,�Q�K�D�O�H�G���D�Q�W�L�E�L�R�W�L�F�V���K�D�Y�H��
�G�R�F�X�P�H�Q�W�H�G���E�H�Q�H�¿�W���I�R�U���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)���D�Q�G���P�D�\���K�D�Y�H���E�H�Q�H�¿�W���L�Q���Q�R�Q���&�)��
�E�U�R�Q�F�K�L�H�F�W�D�V�L�V���D�V���Z�H�O�O�����G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���R�U�J�D�Q�L�V�P�V���L�Q���W�K�H���D�L�U�Z�D�\��1,12,13 Airway 
�F�O�H�D�U�D�Q�F�H���W�K�H�U�D�S�\���X�V�L�Q�J���D���Y�D�U�L�H�W�\���R�I���W�H�F�K�Q�L�T�X�H�V���L�V���F�R�P�P�R�Q�O�\���S�U�H�V�F�U�L�E�H�G�����Z�L�W�K��
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Chapter 17—Bronchiectasis

�S�H�U�F�H�L�Y�H�G���D�Q�H�F�G�R�W�D�O���E�H�Q�H�¿�W�����V�H�H���&�K�D�S�W�H�U�����������$�L�U�Z�D�\���&�O�H�D�U�D�Q�F�H���7�H�F�K�Q�L�T�X�H�V������
�6�R�P�H���L�Q�G�L�Y�L�G�X�D�O�V���P�D�\���U�H�V�S�R�Q�G���W�R���L�Q�K�D�O�H�G���E�U�R�Q�F�K�R�G�L�O�D�W�R�U�V�����D�Q�G���H�Y�H�Q���L�I���W�K�H�U�H�� 
�L�V���Q�R���G�R�F�X�P�H�Q�W�H�G���L�Q�F�U�H�D�V�H���L�Q���D�L�U�À�R�Z���R�Q���3�)�7�����W�K�H���E�U�R�Q�F�K�R�G�L�O�D�W�R�U���P�D�\���K�D�Y�H���D��
�S�R�V�L�W�L�Y�H���H�I�I�H�F�W���R�Q���P�X�F�R�F�L�O�L�D�U�\���F�O�H�D�U�D�Q�F�H��1,13���,�Q�K�D�O�H�G���F�R�U�W�L�F�R�V�W�H�U�R�L�G�V���K�D�Y�H���V�K�R�Z�Q��
�V�R�P�H���E�H�Q�H�¿�W���L�Q���D�G�X�O�W�V���Z�L�W�K���Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V��1,13���E�X�W���W�K�H�L�U���U�R�O�H���L�Q���&�)���K�D�V��
�E�H�H�Q���F�K�D�O�O�H�Q�J�H�G�����Z�L�W�K���F�R�Q�À�L�F�W�L�Q�J���H�Y�L�G�H�Q�F�H��12���'�H�V�S�L�W�H���O�L�P�L�W�H�G���H�Y�L�G�H�Q�F�H���R�I���W�K�H��
�E�H�Q�H�¿�W�V���R�I���L�Q�K�D�O�H�G���F�R�U�W�L�F�R�V�W�H�U�R�L�G�V�����K�L�J�K���U�D�W�H�V���R�I���X�V�H���D�U�H���R�E�V�H�U�Y�H�G���L�Q���S�D�W�L�H�Q�W�V��
with bronchiectasis.16���2�W�K�H�U���D�Q�W�L���L�Q�À�D�P�P�D�W�R�U�\���W�U�H�D�W�P�H�Q�W�V���V�K�R�Z���S�U�R�P�L�V�H���L�Q���&�)����
�E�X�W���W�K�H�U�H���L�V���O�L�P�L�W�H�G���H�Y�L�G�H�Q�F�H���R�I���E�H�Q�H�¿�W���L�Q���Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����S�D�U�W�L�F�X�O�D�U�O�\��
in children.13���6�H�Y�H�U�D�O���V�W�X�G�L�H�V���K�D�Y�H���V�X�J�J�H�V�W�H�G���W�K�D�W���R�U�D�O���P�D�F�U�R�O�L�G�H���W�K�H�U�D�S�\�����X�V�H�G��
�D�V���D�Q���D�Q�W�L���L�Q�À�D�P�P�D�W�R�U�\���U�D�W�K�H�U���W�K�D�Q���D�V���D�Q���D�Q�W�L�E�L�R�W�L�F�����K�D�V���U�H�G�X�F�H�G���W�K�H���I�U�H�T�X�H�Q�F�\��
�R�I���H�[�D�F�H�U�E�D�W�L�R�Q�V���L�Q���Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V��17

�0�X�F�R�O�\�W�L�F���W�U�H�D�W�P�H�Q�W�V���Z�L�W�K���U�K�'�1�D�V�H���K�D�Y�H���K�D�G���G�R�F�X�P�H�Q�W�H�G���E�H�Q�H�¿�W���I�R�U���S�D�W�L�H�Q�W�V��
�Z�L�W�K���&�)��12���E�X�W���W�K�H�\���P�D�\���K�D�Y�H���D���G�H�W�U�L�P�H�Q�W�D�O���H�I�I�H�F�W���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���Q�R�Q���&�)��
�E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����E�D�V�H�G���R�Q���D���V�L�Q�J�O�H���D�G�X�O�W���V�W�X�G�\����18���1�H�E�X�O�L�]�H�G���K�\�S�H�U�W�R�Q�L�F���V�D�O�L�Q�H��
�K�D�V���E�H�H�Q���V�K�R�Z�Q���W�R���E�H�Q�H�¿�W���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)��12 Although less is known regarding 
�W�K�H���E�H�Q�H�¿�W�V���R�I���K�\�S�H�U�W�R�Q�L�F���V�D�O�L�Q�H���L�Q���Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����V�W�X�G�L�H�V���K�D�Y�H��
�V�X�J�J�H�V�W�H�G���W�K�D�W���L�W���G�H�F�U�H�D�V�H�V���W�K�H���Y�L�V�F�R�V�L�W�\���R�I���V�S�X�W�X�P�����O�H�D�G�L�Q�J���W�R���D�Q���L�Q�F�U�H�D�V�H�� 
�L�Q���H�[�S�H�F�W�R�U�D�W�H�G���V�S�X�W�X�P�����D�Q�G���P�D�\���G�H�F�U�H�D�V�H���K�R�V�S�L�W�D�O�L�]�D�W�L�R�Q�V���D�Q�G���L�P�S�U�R�Y�H�� 
lung function.19

�+�R�V�S�L�W�D�O�L�]�D�W�L�R�Q���W�R���L�Q�W�H�Q�V�L�I�\���D�Q�W�L�E�L�R�W�L�F���W�K�H�U�D�S�\���D�Q�G���D�L�U�Z�D�\���F�O�H�D�U�D�Q�F�H���P�L�J�K�W�� 
�E�H���L�Q�G�L�F�D�W�H�G���I�R�U���D�Q���H�[�D�F�H�U�E�D�W�L�R�Q���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���� 
�D�Q���D�S�S�U�R�D�F�K���W�K�D�W���K�D�V���G�R�F�X�P�H�Q�W�H�G���E�H�Q�H�¿�W���I�R�U���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)�����$�Q�H�F�G�R�W�D�O��
�H�Y�L�G�H�Q�F�H���V�X�J�J�H�V�W�V���W�K�D�W���W�K�H���V�D�P�H���E�H�Q�H�¿�W���F�D�Q���E�H���D�F�K�L�H�Y�H�G���I�R�U���F�K�L�O�G�U�H�Q���Z�L�W�K��
�Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V�����3�D�W�L�H�Q�W�V���Z�L�W�K���O�D�U�J�H���Y�R�O�X�P�H�V���R�I���K�H�P�R�S�W�\�V�L�V�����K�\�S�R�[�L�D�����R�U��
�U�D�S�L�G�O�\���G�H�F�O�L�Q�L�Q�J���S�X�O�P�R�Q�D�U�\���I�X�Q�F�W�L�R�Q���U�H�T�X�L�U�H���K�R�V�S�L�W�D�O�L�]�D�W�L�R�Q��

Surgical resection of limited or segmental bronchiectasis may be necessary if 
�P�D�V�V�L�Y�H���K�H�P�R�S�W�\�V�L�V���R�F�F�X�U�V�����E�X�W���U�H�F�H�Q�W���H�Y�L�G�H�Q�F�H���V�X�J�J�H�V�W�V���W�K�D�W�����L�Q���W�K�H���D�E�V�H�Q�F�H���R�I��
�K�H�P�R�S�W�\�V�L�V�����D�J�J�U�H�V�V�L�Y�H���P�H�G�L�F�D�O���P�D�Q�D�J�H�P�H�Q�W���F�D�Q���U�H�V�X�O�W���L�Q���V�L�P�L�O�D�U���L�P�S�U�R�Y�H�P�H�Q�W��
�W�R���W�K�D�W���R�I���V�X�U�J�L�F�D�O���L�Q�W�H�U�Y�H�Q�W�L�R�Q���L�Q���Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V��20���'�R�X�E�O�H���O�X�Q�J��
�W�U�D�Q�V�S�O�D�Q�W�D�W�L�R�Q���P�D�\���E�H���D�Q���R�S�W�L�R�Q���I�R�U���S�D�W�L�H�Q�W�V���Z�L�W�K���V�H�Y�H�U�H���S�U�R�J�U�H�V�V�L�Y�H���E�U�R�Q�F�K�L-
�H�F�W�D�V�L�V���W�K�D�W���G�R�H�V���Q�R�W���U�H�V�S�R�Q�G���Z�H�O�O���W�R���P�H�G�L�F�D�O���P�D�Q�D�J�H�P�H�Q�W��13���/�X�Q�J���W�U�D�Q�V�S�O�D�Q�W�D-
�W�L�R�Q���K�D�V���F�R�P�P�R�Q�O�\���E�H�H�Q���R�I�I�H�U�H�G���D�V���D�Q���R�S�W�L�R�Q���I�R�U���H�Q�G���V�W�D�J�H���E�U�R�Q�F�K�L�H�F�W�D�W�L�F��
�O�X�Q�J���G�L�V�H�D�V�H���G�X�H���W�R���&�)�����Z�L�W�K���V�K�R�U�W�����D�Q�G���O�R�Q�J���W�H�U�P���R�X�W�F�R�P�H�V���V�L�P�L�O�D�U���W�R���W�K�R�V�H�� 
�L�Q���R�W�K�H�U���G�L�V�H�D�V�H�V���I�R�U���Z�K�L�F�K���W�U�D�Q�V�S�O�D�Q�W�D�W�L�R�Q���L�V���R�I�W�H�Q���S�H�U�I�R�U�P�H�G��21

Prognosis
�7�K�H���S�U�R�J�Q�R�V�L�V���I�R�U���Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���L�V���Q�R�W���D�V���Z�H�O�O���V�W�X�G�L�H�G���D�V���W�K�D�W���I�R�U���&�)����
�E�X�W���J�H�Q�H�U�D�O�O�\���V�X�U�Y�L�Y�D�O���K�D�V���E�H�H�Q���O�R�Q�J�H�U���I�R�U���S�D�W�L�H�Q�W�V���Z�L�W�K���Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V��
�W�K�D�Q���I�R�U���W�K�R�V�H���Z�L�W�K���&�)��22���7�K�L�V���P�D�\���F�K�D�Q�J�H���D�V���L�P�S�U�R�Y�H�G���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���&�)��
�O�X�Q�J���G�L�V�H�D�V�H���D�Q�G���Q�H�Z���W�U�H�D�W�P�H�Q�W���R�S�W�L�R�Q�V���K�D�Y�H���V�W�H�D�G�L�O�\���L�Q�F�U�H�D�V�H�G���W�K�H���P�H�G�L�D�Q��
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�D�J�H���R�I���V�X�U�Y�L�Y�D�O��12,23���7�K�H���U�D�W�H���R�I���S�U�R�J�U�H�V�V�L�R�Q���R�I���Q�R�Q���&�)���E�U�R�Q�F�K�L�H�F�W�D�V�L�V���D�Q�G��
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key points

���} Bronchiectasis in children can be the result of a wide variety of underlying causes.
���} When no cause is found, these cases are considered idiopathic.
���} Bronchiectasis should be suspected if a child has a chronic wet cough and 
recurrent chest infections.

���} An HRCT scan should be performed to de�nitively establish the diagnosis of 
bronchiectasis.

���} Once bronchiectasis is con�rmed, an underlying cause should be sought.
���} The management of patients with non-CF bronchiectasis has largely been 
determined by expert opinion and data extrapolated from CF studies.
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Chapter 17—Bronchiectasis
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Bronchiolitis
Girish D. Sharma, MD, FAAP, FCCP

Introduction
Bronchiolitis usually manifests as an isolated episode, mostly a viral lower 
respiratory tract infection in an infant with symptomatic airway obstruction. 
Most patients are younger than 1 year; however, bronchiolitis can occur beyond 
�L�Q�I�D�Q�F�\�����,�W���L�V���F�K�D�U�D�F�W�H�U�L�]�H�G���E�\���D�F�X�W�H���L�Q�À�D�P�P�D�W�L�R�Q�����H�G�H�P�D���D�Q�G���Q�H�F�U�R�V�L�V���R�I���W�K�H��
epithelial lining of small airways, and mucus production. An infant with 
bronchiolitis typically presents with increased work of breathing manifested 
by retractions and associated with polyphonic wheeze, which may be heard 
without a stethoscope.

Epidemiology
As many as 3% of all US infants are hospitalized annually for bronchiolitis, 
making this clinical problem the leading cause of hospitalization during the 
�¿�U�V�W���\�H�D�U���D�I�W�H�U���E�L�U�W�K��1 Although respiratory syncytial virus (RSV types A  
and B) predominates (50%–80%) as a cause of bronchiolitis, many other 
respiratory viruses have been detected in the nasopharyngeal secretions  
of children hospitalized with bronchiolitis. These include, in descending  
order of frequency, human rhinovirus (groups A, B, and C) (5%–25%),2 
�S�D�U�D�L�Q�À�X�H�Q�]�D���Y�L�U�X�V�����P�R�V�W���F�R�P�P�R�Q�O�\���W�\�S�H�����������K�X�P�D�Q���P�H�W�D�S�Q�H�X�P�R�Y�L�U�X�V��
���V�X�E�J�U�R�X�S�V���$���D�Q�G���%�������F�R�U�R�Q�D�Y�L�U�X�V�����D�G�H�Q�R�Y�L�U�X�V�����L�Q�À�X�H�Q�]�D�����$���D�Q�G���%�����Y�L�U�X�V���� 
and enterovirus (echovirus and coxsackievirus).3

Authors of a systematic review and remodeling study estimated 33.1 million 
episodes of RSV caused acute lower respiratory infections globally in 2015, 
resulting in 3.2 million hospitalizations and 27,300 in-hospital deaths.4 
Regardless of the viral cause, a predictable seasonal pattern occurs for  
bronchiolitis, although there is some variability from year to year5,6 and  
by region.7
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Clinical Presentation
The prodrome of bronchiolitis is a typical-appearing upper respiratory tract 
infection, with mild rhinorrhea and occasionally a low-grade fever. Progres-
sion then occurs over 1 to 2 days to cough, retractions (Figure 18-1), tachy-
pnea, and prolonged expiratory phase with wheezing and inspiratory crackles. 

The tachypnea and increased work of breathing can result in poor feeding. 
The extent of poor feeding is related to the degree of respiratory distress.  
�,�Q���D���P�L�O�G���F�D�V�H�����W�K�H���L�Q�I�D�Q�W���L�V���D�E�O�H���W�R���¿�Q�L�V�K���W�K�H���X�V�X�D�O���D�P�R�X�Q�W���R�I���I�R�R�G���E�X�W���W�D�N�H�V��
�O�R�Q�J�H�U���W�R���¿�Q�L�V�K���E�H�F�D�X�V�H���R�I���L�Q�W�H�U�U�X�S�W�L�R�Q�V�����0�R�U�H���V�H�Y�H�U�H���U�H�V�S�L�U�D�W�R�U�\���G�L�V�W�U�H�V�V��
results in reduced quantities of food taken along with an increase in time to 
�¿�Q�L�V�K�����)�L�Q�D�O�O�\�����W�K�H���L�Q�I�D�Q�W���P�D�\���Q�R�W���E�H���L�Q�W�H�U�H�V�W�H�G���L�Q���I�H�H�G�L�Q�J���R�Z�L�Q�J���W�R���V�H�Y�H�U�H��
respiratory distress. Reduced feeding with increasing respiratory distress may 
result in dehydration manifested by poor tearing, dry mucous membranes,  
and poor skin turgor.

A varying degree of hypoxemia can occur, and hypercapnia may be found in 
severe cases.

Crackles and wheezing may be present at auscultation. Wheezing may be 
audible without a stethoscope.

Figure 18-1. Retractions in infants and young children. The location of retractions is an impor- 
tant clue to the cause and severity of respiratory distress. Suprasternal retractions predominate 
when infants have extrathoracic obstruction. Subcostal and substernal retractions usually result 
from lower respiratory tract disorders. Suprasternal retractions occur in upper respiratory tract 
disorders. Alone, mild intercostal retractions may be normal. However, intercostal retractions 
accompanied by subcostal and substernal retractions may indicate moderate respiratory 
distress. Deep suprasternal retractions typically indicate severe distress.

Suprasternal retractions

Intercostal retractions

Substernal retractions

Subcostal retractions
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Di�erential Diagnosis
The term bronchiolitis should not be applied to repeated episodes of wheezing. 
The following conditions, manifesting as nonisolated or repeated wheezing, 
should be differentiated from a typical case of bronchiolitis.

Asthma

Authors of a 2020 article have attempted to differentiate bronchiolitis with its 
�Q�H�X�W�U�R�S�K�L�O���P�H�G�L�D�W�H�G���D�L�U�Z�D�\���L�Q�À�D�P�P�D�W�L�R�Q�����V�H�F�U�H�W�L�R�Q�V�����D�Q�G���D�V�V�R�F�L�D�W�H�G���D�L�U�Z�D�\��
obstruction from asthmatic airway obstruction with bronchoconstriction and 
�D�L�U�Z�D�\���L�Q�À�D�P�P�D�W�L�R�Q��8 An asthmatic episode may mimic bronchiolitis; how- 
ever, a history of recurrent of bronchospastic symptoms, presence of triggers 
such as physical activity, typical nocturnal asthmatic symptoms and eczema, 
allergic rhinitis symptoms, and family history should help. Asthma can mani- 
fest as clinically nondiscernible from bronchiolitis, even in infants. The future 
course and follow-up may help to differentiate bronchiolitis from asthma.

Conditions Causing Focal Wheeze

Lobar pneumonia, congenital lung anomalies such as congenital pulmonary 
airway malformations, sequestration, and focal airway obstruction due to 
lobar emphysema may mimic bronchiolitis; however, the presence of focal 
�F�O�L�Q�L�F�D�O���V�L�J�Q�V�����F�R�U�U�R�E�R�U�D�W�L�Y�H���¿�Q�G�L�Q�J�V���R�Q���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V�����D�Q�G���R�W�K�H�U���I�H�D�W�X�U�H�V��
such as high persistent fever in pneumonia may help differentiate these from 
�W�\�S�L�F�D�O���E�U�R�Q�F�K�L�R�O�L�W�L�V�����)�R�U�H�L�J�Q���E�R�G�\���D�V�S�L�U�D�W�L�R�Q���P�D�\���F�D�X�V�H���I�R�F�D�O���R�U���J�H�Q�H�U�D�O�L�]�H�G��
wheeze. However, in a child who is previously healthy and without symptoms 
who presents with sudden respiratory distress, a typical history (if witnessed) 
�D�Q�G���F�O�L�Q�L�F�D�O���D�Q�G���U�D�G�L�R�O�R�J�L�F�D�O���¿�Q�G�L�Q�J�V���P�D�\���K�H�O�S���G�L�I�I�H�U�H�Q�W�L�D�W�H��

Recurrent Wheeze With Other Causes

Children with chronic conditions such as bronchomalacia, craniofacial 
malformations, upper airway obstruction due to such causes as a vascular 
�U�L�Q�J�����J�D�V�W�U�R�H�V�R�S�K�D�J�H�D�O���U�H�À�X�[�����R�U�R�S�K�D�U�\�Q�J�H�D�O���L�Q�F�R�P�S�H�W�H�Q�F�H�����D�Q�G���G�\�V�S�K�D�J�L�D��
(extreme prematurity) may develop recurrent wheeze with upper respiratory 
infections and may have bronchiolitis diagnosed. However, the diagnosis  
of an associated condition and history of recurrent wheeze with an upper 
respiratory tract infection may help differentiate the diseases. Conditions  
such as congestive heart failure and interstitial lung disease may manifest 
with persistent crackles, tachypnea, and low oxygen saturation. However,  
�W�K�H���S�U�H�V�H�Q�F�H���R�I���F�O�L�Q�L�F�D�O���I�H�D�W�X�U�H�V���V�S�H�F�L�¿�F���W�R���W�K�H���G�L�V�R�U�G�H�U���D�Q�G���W�K�H���D�E�V�H�Q�F�H���R�I�� 
the typical bronchiolitis picture may help differentiate these conditions  
from bronchiolitis.
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Pathophysiology
The virus initially replicates in the epithelium of the upper respiratory tract, 
but in the susceptible young infant, it spreads rapidly to the lower airways. 
�7�K�H���S�D�W�K�R�O�R�J�L�F�D�O���¿�Q�G�L�Q�J�V���L�Q���E�U�R�Q�F�K�L�R�O�L�W�L�V���D�U�H���S�U�L�P�D�U�L�O�\���L�Q���W�K�H���U�H�V�S�L�U�D�W�R�U�\��
�H�S�L�W�K�H�O�L�X�P���Z�L�W�K���J�H�Q�H�U�D�O�L�]�H�G���L�Q�Y�R�O�Y�H�P�H�Q�W�����,�Q�À�D�P�P�D�W�R�U�\���F�K�D�Q�J�H�V���R�I���Y�D�U�L�D�E�O�H��
severity are observed in most small bronchi and bronchioles. Peribronchiolar 
�L�Q�¿�O�W�U�D�W�L�R�Q�����P�R�V�W�O�\���Z�L�W�K���P�R�Q�R�Q�X�F�O�H�D�U���F�H�O�O�V�����D�Q�G���H�G�H�P�D���R�I���W�K�H���V�X�E�P�X�F�R�V�D���D�Q�G��
adventitia occur. Necrosis and sloughing of the bronchiolar epithelium occur 
�Z�L�W�K���J�U�D�G�X�D�O���U�H�F�R�Y�H�U�\�����3�O�X�J�V���R�I���Q�H�F�U�R�W�L�F���P�D�W�H�U�L�D�O���D�Q�G���¿�E�U�L�Q���P�D�\���F�R�P�S�O�H�W�H�O�\�� 
or partially obstruct the small airways. Smooth muscle constriction does not 
appear to be important in the obstruction.

�,�Q�I�D�Q�W�V���D�U�H���S�D�U�W�L�F�X�O�D�U�O�\���Y�X�O�Q�H�U�D�E�O�H���W�R���R�E�V�W�U�X�F�W�L�R�Q���E�H�F�D�X�V�H���P�X�F�R�V�D�O���L�Q�À�D�P�P�D-
tion causes relatively greater compromise of their small-lumen airways, and 
changes in resistance are proportional to the cube of changes in the radius  
of the airway (the Poiseuille law). Therefore, small airway obstruction in  
an infant with bronchiolitis results in a larger increase in work of breathing.  
In areas peripheral to sites of partial obstruction, air becomes trapped by a 
process similar to a ball-valve mechanism. The negative intrapleural pres- 
�V�X�U�H���H�[�H�U�W�H�G���G�X�U�L�Q�J���L�Q�V�S�L�U�D�W�L�R�Q���D�O�O�R�Z�V���D�L�U���W�R���À�R�Z���E�H�\�R�Q�G���W�K�H���S�R�L�Q�W���R�I���S�D�U�W�L�D�O��
obstruction. However, during expiration, the size of the lumen decreases with 
the positive intrathoracic pressure, thereby resulting in increased obstruction 
�D�Q�G���K�\�S�H�U�L�Q�À�D�W�L�R�Q�����7�K�X�V�����D�O�W�K�R�X�J�K���D�L�U�À�R�Z���L�V���L�P�S�H�G�H�G���G�X�U�L�Q�J���E�R�W�K���L�Q�V�S�L�U�D�W�L�R�Q��
and expiration, the latter is more affected and prolonged. In areas peripheral 
to complete obstruction, the trapped air eventually becomes absorbed, which 
results in multiple areas of atelectasis. This absorptive atelectasis is greatly 
accelerated when the infant is breathing a high concentration of oxygen. A 
presumed reason why infants have increased susceptibility to the develop- 
�P�H�Q�W���R�I���D�W�H�O�H�F�W�D�V�L�V���R�U���K�\�S�H�U�L�Q�À�D�W�L�R�Q���L�V���W�K�D�W���F�R�O�O�D�W�H�U�D�O���F�K�D�Q�Q�H�O�V���W�K�D�W���P�D�L�Q�W�D�L�Q��
alveolar expansion in the presence of airway obstruction are not well  
developed early in life.

Natural History
Viral bronchiolitis is most commonly caused by RSV. Virtually all infants 
�F�R�Q�W�U�D�F�W���5�6�9���G�X�U�L�Q�J���W�K�H���¿�U�V�W�������\�H�D�U�V���D�I�W�H�U���E�L�U�W�K�����P�R�V�W���G�X�U�L�Q�J���W�K�H���¿�U�V�W���\�H�D�U�����$�Q��
estimated 20% develop bronchiolitis from an RSV infection, whereas others 
develop upper respiratory symptoms, coryza, or the symptoms of a common 
cold. Of those with bronchiolitis, most do not require hospitalization. None-
�W�K�H�O�H�V�V�����E�U�R�Q�F�K�L�R�O�L�W�L�V���L�V���W�K�H���O�H�D�G�L�Q�J���F�D�X�V�H���R�I���K�R�V�S�L�W�D�O�L�]�D�W�L�R�Q���G�X�U�L�Q�J���W�K�H���¿�U�V�W��
year beyond the neonatal period.

An estimated 25% to 50% of patients with bronchiolitis have subsequent 
recurrence of similar symptoms triggered by viral respiratory infections,  
as in the case of patients with asthma developing bronchospastic symptoms 
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triggered by viral respiratory infections.9,10 Those who develop bronchiolitis 
appear to differ from those who do not in genetic factors that involve innate 
immunity.11–13 Thus, although all children get viral respiratory infections, it  
is primarily genetic susceptibility that contributes to both bronchiolitis and 
recurrent symptoms of asthma exacerbations from viral respiratory infections. 
Exposure to tobacco smoke during pregnancy and after birth appears to be an 
environmental contributing factor that increases the risk of bronchiolitis.14–16

Laboratory and Radiological Findings 
Bronchiolitis is a clinical diagnosis. Investigations apart from antigen  
tests, pulse oximetry, and, in a patient with severe hypoxia, blood gas 
measurements are not valuable. 

Antigen tests of nasal washings provide rapid (usually within 30 minutes)  
�D�Q�G���D�F�F�X�U�D�W�H�����V�H�Q�V�L�W�L�Y�L�W�\�����������±�����������V�S�H�F�L�¿�F�L�W�\����������–100%) detection of  
RSV during the peak season. Respiratory viral panels, cultures for RSV or 
�R�W�K�H�U���Y�L�U�X�V�H�V�����R�U���G�H�W�H�F�W�L�R�Q���E�\���P�H�D�Q�V���R�I���G�L�U�H�F�W���À�X�R�U�H�V�F�H�Q�W���D�Q�W�L�E�R�G�\���R�U���S�R�O�\-
merase chain reaction may be useful for epidemiological and educational 
purposes. However, they add to the cost and provide no useful information  
for patient care.

�3�X�O�V�H���R�[�L�P�H�W�U�\���F�D�Q���E�H���X�V�H�G���W�R���L�G�H�Q�W�L�I�\���W�K�H���S�U�H�V�H�Q�F�H���R�I���V�X�I�¿�F�L�H�Q�W���K�\�S�R�[�� 
emia to warrant supplemental oxygen. Blood gas measurements can indicate 
the PCO2, which is essential to distinguish hypoxia caused by ventilation/
perfusion mismatching from that caused by hypoventilation and hypercarbic 
respiratory failure.

A complete blood cell count is seldom useful because the white blood cell 
�F�R�X�Q�W���L�V���X�V�X�D�O�O�\���Z�L�W�K�L�Q���Q�R�U�P�D�O���O�L�P�L�W�V�����8�U�L�Q�H���V�S�H�F�L�¿�F���J�U�D�Y�L�W�\���W�H�V�W�L�Q�J���P�D�\��
�S�U�R�Y�L�G�H���X�V�H�I�X�O���L�Q�I�R�U�P�D�W�L�R�Q���U�H�J�D�U�G�L�Q�J���À�X�L�G���E�D�O�D�Q�F�H���D�Q�G���S�R�V�V�L�E�O�H���G�H�K�\�G�U�D�W�L�R�Q����
Serum chemistry is not affected directly by the infection but may aid in 
assessing and managing dehydration.

�5�D�G�L�R�O�R�J�L�F�D�O���¿�Q�G�L�Q�J�V���D�U�H���Q�R�Q�V�S�H�F�L�¿�F���D�Q�G���W�\�S�L�F�D�O�O�\���G�H�P�R�Q�V�W�U�D�W�H���K�\�S�H�U�L�Q�À�D-
�W�L�R�Q���Z�L�W�K���À�D�W�W�H�Q�H�G���G�L�D�S�K�U�D�J�P�V���D�Q�G���L�Q�F�U�H�D�V�H�G���D�Q�W�H�U�R�S�R�V�W�H�U�L�R�U���G�L�D�P�H�W�H�U���Z�L�W�K��
�S�U�H�F�R�U�G�L�D�O���D�L�U���I�U�R�P���D�L�U���W�U�D�S�S�L�Q�J�����3�D�W�F�K�\���L�Q�¿�O�W�U�D�W�H�V���D�Q�G���I�R�F�D�O���D�W�H�O�H�F�W�D�V�L�V���P�D�\��
�D�O�V�R���E�H���S�U�H�V�H�Q�W�����1�R�Q�H���R�I���W�K�R�V�H���¿�Q�G�L�Q�J�V���D�O�W�H�U�V���W�K�H�U�D�S�\�����&�R�Q�V�H�T�X�H�Q�W�O�\�����F�K�H�V�W��
radiography is not routinely necessary when the clinical presentation is typical 
of bronchiolitis.17 However, it may be considered if complications such as 
secondary bacterial infection are suspected. 

Management
American Academy of Pediatrics (AAP) clinical practice guidelines do not 
recommend use of inhaled bronchodilators for a patient with typical viral 
bronchiolitis.18 Nebulized hypertonic saline may be tried in patients who are 
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hospitalized; however, AAP clinical practice guidelines do not recommend  
its regular use in the emergency department.18 The AAP guidelines also 
recommend using supplemental oxygen when oxygen saturation is less than 
90%.18 Supportive management to maintain adequate hydration, by using 
�Q�D�V�R�J�D�V�W�U�L�F���R�U���L�Q�W�U�D�Y�H�Q�R�X�V���À�X�L�G�V���Z�K�H�Q���R�U�D�O���K�\�G�U�D�W�L�R�Q���L�V���Q�R�W���S�R�V�V�L�E�O�H�����L�V��
recommended in AAP clinical practice guidelines.18 Current study results  
do not support the use of antibiotics to treat persistent cough or wheeze  
after acute bronchiolitis.19

Prophylaxis
Passive immunity is used for at least partial prophylaxis of bronchiolitis in 
infants at high risk of developing the disease. Results of double-blind studies 
of palivizumab have shown reduction in severe RSV infections by 55% and 
reduction in hospitalizations by about 50% for infants at high risk because  
of prematurity, chronic lung disease, or congenital heart disease. The AAP 
clinical practice guidelines recommend 5 monthly doses of palivizumab  
(15 mg/kg per dose) during the RSV bronchiolitis season in the appropriate 
high-risk population—those with a gestational age less than 29 weeks, during 
�W�K�H���¿�U�V�W���\�H�D�U���L�Q���L�Q�I�D�Q�W�V���Z�L�W�K���K�H�P�R�G�\�Q�D�P�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���K�H�D�U�W���G�L�V�H�D�V�H�����R�U��
those with chronic lung disease of prematurity (premature babies < 32 weeks 
requiring supplemental oxygen for more than 28 days after birth).18

Palivizumab is a humanized monoclonal immunoglobulin G1 antibody that 
�U�H�F�R�J�Q�L�]�H�V���W�K�H���5�6�9���)���S�U�R�W�H�L�Q�����$�J�H�Q�W�V���W�D�U�J�H�W�L�Q�J���G�L�I�I�H�U�H�Q�W���S�U�R�W�H�L�Q�V���Z�L�W�K�L�Q���W�K�H��
RSV virion, such as SH protein, which causes inhibition of cell apoptosis 
�W�K�U�R�X�J�K���L�Q�K�L�E�L�W�L�R�Q���R�I���W�K�H���W�X�P�R�U���Q�H�F�U�R�V�L�V���I�D�F�W�R�U���.���S�D�W�K�Z�D�\�����0���±�����S�U�R�W�H�L�Q����
which mediates the transition from transcription to RNA replication; NS2 
protein, which inhibits host cellular antiviral type 1 interferon induction and 
interferon response; and N protein, are undergoing clinical trials. A phase 3 
clinical trial of motavizumab for the prevention of RSV disease in healthy 
Navajo and Apache infants showed an 87% relative reduction in the pro- 
portion of infants admitted with RSV20; however, because it lacks greater 
�F�O�L�Q�L�F�D�O���H�I�¿�F�D�F�\���F�R�P�S�D�U�H�G���Z�L�W�K���W�K�D�W���R�I���S�D�O�L�Y�L�]�X�P�D�E���D�Q�G���E�H�F�D�X�V�H���R�I���U�H�S�R�U�W�V�� 
of cutaneous hypersensitivity in some treated infants, it did not receive  
�8�6���)�R�R�G���D�Q�G���'�U�X�J���$�G�P�L�Q�L�V�W�U�D�W�L�R�Q���D�S�S�U�R�Y�D�O��

Hospitalization
�%�H�F�D�X�V�H���E�U�R�Q�F�K�L�R�O�L�W�L�V���L�V���J�H�Q�H�U�D�O�O�\���D���V�H�O�I���O�L�P�L�W�H�G���L�O�O�Q�H�V�V���I�R�U���Z�K�L�F�K���V�S�H�F�L�¿�F��
treatments are of unclear effectiveness, the primary reasons for admission  
are poor oral intake, dehydration, and concern that the degree of respiratory 
distress may result in respiratory failure and the need for assisted ventilation. 
If the caretakers are unable to assess the severity of illness or there is con- 
cern about their reliability to monitor the infant, then hospitalization may  

23 PP 2ND ED - CHAPTER 18_341-352.indd   34623 PP 2ND ED - CHAPTER 18_341-352.indd   346 9/12/23   9:45 AM9/12/23   9:45 AM



347
Chapter 18—Bronchiolitis

�E�H���L�Q�G�L�F�D�W�H�G�����$�V�V�H�V�V�L�Q�J���W�K�H���G�H�J�U�H�H���R�I���I�H�H�G�L�Q�J���G�L�I�¿�F�X�O�W�\�����G�H�V�F�U�L�E�H�G���L�Q���W�K�H��
Clinical Presentation section, may help in deciding which patients need 
�K�R�V�S�L�W�D�O�L�]�D�W�L�R�Q�����7�K�H���I�U�H�T�X�H�Q�W���X�V�H���R�I���S�X�O�V�H���R�[�L�P�H�W�U�\���L�Q���W�K�H���R�I�¿�F�H���R�U���H�P�H�U�� 
gency department assessment has been associated with an increase in the 
frequency of hospitalization for bronchiolitis because of the perceived  
need for supplemental oxygen.

If there is a concern regarding the potential for respiratory failure, a facility 
with a pediatric intensive care unit is the preferred site for hospitalization. The 
potential for respiratory failure can be assessed by means of the presence of 
hypoxemia detected with pulse oximetry and a blood gas (capillary or venous) 
measurement indicating an increased PCO2. Assessing PCO2 is essential to 
distinguish ventilation/perfusion mismatching from respiratory failure that 
may require assisted ventilation.

In-Hospital Management

Because there is little documented evidence that pharmacological measures 
have any clinically important effect on symptoms, length of stay, or duration 
of symptoms, treatment is mainly supportive.21,22 Treatment includes oxygen-
ation, hydration, and ventilation if needed. Nebulized hypertonic saline may 
be tried in patients who are hospitalized.18

�8�V�H���R�I���D���K�L�J�K���À�R�Z���Q�D�V�D�O���F�D�Q�Q�X�O�D���L�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���E�U�R�Q�F�K�L�R�O�L�W�L�V���L�V���U�H�S�R�U�W�H�G���W�R��
be safe23,24 and may decrease the rate of treatment failure compared with use 
�R�I���R�Q�O�\���V�X�S�S�O�H�P�H�Q�W�D�O���R�[�\�J�H�Q�����+�R�Z�H�Y�H�U�����Q�R���V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���E�H�Q�H�¿�W���L�V��
seen compared with results with standard therapy using supplemental oxygen 
and continuous positive airway pressure (CPAP),24 and a higher failure rate of 
�W�K�H���K�L�J�K���À�R�Z���Q�D�V�D�O���F�D�Q�Q�X�O�D���F�R�P�S�D�U�H�G���Z�L�W�K���W�K�D�W���R�I���&�3�$�3���R�U���E�L�O�H�Y�H�O���S�R�V�L�W�L�Y�H��
airway pressure has been reported in infants admitted to the pediatric inten-
sive care unit.25 Using CPAP may reduce the respiratory rate in children with 
acute bronchiolitis more than does standard therapy but has no effect on 
length of hospital stay.26���)�X�U�W�K�H�U�P�R�U�H�����L�Q�Y�H�V�W�L�J�D�W�R�U�V���L�Q���D���O�D�U�J�H�����P�X�O�W�L�F�H�Q�W�H�U��
database study of infants with acute bronchiolitis reported that the infants 
initially receiving noninvasive positive pressure ventilation required invasive 
ventilation at a higher rate than did infants initially receiving respiratory 
�V�X�S�S�R�U�W���Z�L�W�K���D���K�L�J�K���À�R�Z���Q�D�V�D�O���F�D�Q�Q�X�O�D��27 Authors of a 2021 meta-analysis  
�R�I���W�K�H���F�R�P�S�D�U�D�W�L�Y�H���H�I�¿�F�D�F�\���R�I���E�U�R�Q�F�K�L�R�O�L�W�L�V���L�Q�W�H�U�Y�H�Q�W�L�R�Q�V���F�R�Q�F�O�X�G�H�G�����Z�L�W�K���O�R�Z��
�F�R�Q�¿�G�H�Q�F�H�����W�K�D�W���Q�H�E�X�O�L�]�H�G���K�\�S�H�U�W�R�Q�L�F���V�D�O�L�Q�H���D�Q�G���Q�H�E�X�O�L�]�H�G���K�\�S�H�U�W�R�Q�L�F���V�D�O�L�Q�H��
plus epinephrine reduced hospital length of stay but that treatment with a 
�K�L�J�K���À�R�Z���Q�D�V�D�O���F�D�Q�Q�X�O�D���G�L�G���Q�R�W��28

�5�R�X�W�L�Q�H���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�\���U�H�V�X�O�W�V���G�R���Q�R�W���L�Q�À�X�H�Q�F�H���W�U�H�D�W�P�H�Q�W���D�Q�G���D�U�H�� 
unnecessary. Testing for RSV antigen is also unnecessary because the  
clinical course and treatment are independent of which respiratory virus  
is causing the bronchiolitis.18,29
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Evaluation for bacterial infection is rarely indicated but may be considered  
in select situations, such as in patients with a temperature greater than 38°C 
(1���������ƒ�)�������Sarticularly in infants younger than 2 months. Some study inves- 
�W�L�J�D�W�R�U�V���K�D�Y�H���U�H�S�R�U�W�H�G���F�O�L�Q�L�F�D�O���E�H�Q�H�¿�W�V���Z�L�W�K���X�V�H���R�I���F�K�H�V�W���S�K�\�V�L�R�W�K�H�U�D�S�\��30  
However, authors of a Cochrane review31 concluded that these techniques 
cannot be used as standard clinical practice, in line with AAP clinical prac- 
tice guidelines.18 Use of cool mist is not indicated. The scheduled use of 
bronchodilators, routine use of antibiotics, routine use of corticosteroids  
via any route, antihistamines, and decongestants are not indicated. Cardio- 
respiratory monitoring should be considered for all patients during the  
acute stage. Monitoring, including continuous pulse oximetry, may help in 
decisions about the use of supplemental oxygen18 and may be discontinued  
as status improves because excessive monitoring does not improve outcome 
and can prolong hospitalization.32 Respiratory and contact isolation should  
be routine to prevent nosocomial spread of infection.

Discharge

�,�Q�I�D�Q�W�V���P�D�\���E�H���G�L�V�F�K�D�U�J�H�G���Z�K�H�Q���W�K�H�\���D�U�H���V�X�I�¿�F�L�H�Q�W�O�\���F�R�P�I�R�U�W�D�E�O�H���Z�L�W�K��
improved respiratory distress, do not require frequent suctioning, are able  
to take full oral feedings for at least 12 hours, have oxygenation of at least 
90% when checked with pulse oximetry, and have a social situation that raises 
�Q�R���F�R�Q�F�H�U�Q�V���D�E�R�X�W���F�D�U�H�����)�D�P�L�O�\���P�H�P�E�H�U�V���D�Q�G���F�D�U�H�J�L�Y�H�U�V���V�K�R�X�O�G���E�H���H�G�X�F�D�W�H�G��
about the adverse effects of smoke exposure; smoking cessation; and the 
importance of hand hygiene before and after direct contact with the patient, 
objects in contact with the patient, and even after taking off gloves.18���'�L�V�� 
charge instructions should include advice regarding tobacco smoke exposure 
and the risk of recurrent similar respiratory symptoms, especially if there is a 
family history of asthma or recurrent episodes of prolonged lower respiratory 
symptoms, cough, or labored breathing in the parents or siblings during 
preschool-age years.

23 PP 2ND ED - CHAPTER 18_341-352.indd   34823 PP 2ND ED - CHAPTER 18_341-352.indd   348 9/12/23   9:45 AM9/12/23   9:45 AM



349
Chapter 18—Bronchiolitis

key points

���} Bronchiolitis may manifest with respiratory distress in the form of tachypnea, 
retractions, and cyanosis. 

���} The decision to hospitalize an infant with bronchiolitis is based on the presence 
of severe respiratory distress, hypoxemia, and poor oral intake, as well as social 
situation. 

���} Treatment and monitoring
���³ Measure pulse oximetry until clinically stable, followed by spot checks with 
vital signs.

���³ Bronchodilators, if administered, may be albuterol or racemic epinephrine  
as a trial, but only with physician assessment of respiratory distress level 
before and after; if there is improvement, the bronchodilator can be 
repeated as needed.

���³ Routine scheduled bronchodilators are not indicated.
���³ Hydration and nutrition should be provided as needed.

���} Criteria for discharge
���³ Oxygen saturation stable with breathing room air of at least 90% with 
normal to low PCO2

���³ Good oral intake
���³ No social contraindications (distance from medical care and parental 
capability may delay discharge)

���} Discharge planning should include
���³ Counseling regarding smoking cessation if needed
���³ Counseling regarding risk for recurrent episodes (in�uenced by family 
history)
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In a prospective, multisite comprehensive evaluation of children hospitalized 
with radiographically documented community-acquired pneumonia, 1 or more 
viruses alone were responsible for 66% of the pneumonia.1 The most common 
viruses were respiratory syncytial virus (RSV; 28%), human rhinovirus/
enterovirus (27%), human metapneumovirus (13%), adenovirus (11%), human 
�S�D�U�D�L�Q�À�X�H�Q�]�D���Y�L�U�X�V���������������L�Q�À�X�H�Q�]�D���$���D�Q�G���%���������������D�Q�G���V�H�D�V�R�Q�D�O���F�R�U�R�Q�D�Y�L�U�X�V��
(5%). Coinfection with 2 or more viruses was common. The isolation of RSV 
was most common in those 4 years or younger, as was human metapneumo- 
�Y�L�U�X�V�����,�Q�À�X�H�Q�]�D�����K�X�P�D�Q���U�K�L�Q�R�Y�L�U�X�V���H�Q�W�H�U�R�Y�L�U�X�V�����D�Q�G���F�R�U�R�Q�D�Y�L�U�X�V���Z�H�U�H���S�U�H�V�H�Q�W��
�L�Q���V�L�P�L�O�D�U���S�H�U�F�H�Q�W�D�J�H�V���L�Q���D�O�O���D�J�H���J�U�R�X�S�V�����$�O�W�K�R�X�J�K���H�D�F�K���Y�L�U�X�V���W�H�Q�G�V���W�R���K�D�Y�H�� 
a seasonal pattern, the pattern is most pronounced for RSV, human meta- 
�S�Q�H�X�P�R�Y�L�U�X�V�����L�Q�À�X�H�Q�]�D�����D�Q�G���F�R�U�R�Q�D�Y�L�U�X�V�����6�L�P�L�O�D�U���¿�Q�G�L�Q�J�V���Z�H�U�H���L�G�H�Q�W�L�¿�H�G�� 
�L�Q���D���O�D�U�J�H���V�W�X�G�\���L�Q���$�I�U�L�F�D���D�Q�G���$�V�L�D��2

Viral infections are the most common cause of symptomatic disease in chil- 
dren. The number of respiratory infections per year may be 5 to 10 or even 
more, with most being upper respiratory infections. Most cases of pneumonia 
�D�U�H���G�L�D�J�Q�R�V�H�G���F�O�L�Q�L�F�D�O�O�\�����E�X�W���W�K�H�U�H���L�V���D�Q���L�Q�F�U�H�D�V�L�Q�J���D�E�L�O�L�W�\���W�R���¿�Q�G���D���F�D�X�V�D�W�L�Y�H��
�D�J�H�Q�W���D�V���Q�H�Z���E�L�R�W�H�F�K�Q�R�O�R�J�\���I�D�F�L�O�L�W�D�W�H�V���W�K�H���G�L�D�J�Q�R�V�L�V���R�I���Y�L�U�D�O���L�Q�I�H�F�W�L�R�Q�V�����$�V��
noted in Chapter 20, Nonviral Pneumonia, depending on the age of the child 
and viral pathogen responsible, secondary bacterial infection occurs in about 
one-third of cases of viral pneumonia.3,4���$�O�W�K�R�X�J�K���F�K�L�O�G�U�H�Q���Z�K�R���D�U�H���L�P�P�X�Q�R-
compromised are at higher risk of opportunistic infections, such as cytomega-
lovirus and varicella-zoster virus, they are also at risk of seasonal pneumonias, 
�L�Q�F�O�X�G�L�Q�J���5�6�9�����L�Q�À�X�H�Q�]�D�����D�Q�G���S�D�U�D�L�Q�À�X�H�Q�]�D�����7�K�H���V�\�P�S�W�R�P�V���R�I���Y�L�U�D�O���S�Q�H�X�P�R-
nia are similar to those of bacterial pneumonia, although there is less in terms 
of chest pain or rigors with viral pneumonia.
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Coronavirus
Coronavirus made headlines in 2003 when the severe acute respiratory 
�G�L�V�W�U�H�V�V���V�\�Q�G�U�R�P�H�����6�$�5�6�����Z�D�V���D���F�D�X�V�H���R�I���O�L�I�H���W�K�U�H�D�W�H�Q�L�Q�J���S�Q�H�X�P�R�Q�L�D�����7�K�H��
�Y�L�U�X�V�����6�$�5�6���&�R�9�����T�X�L�F�N�O�\���V�S�U�H�D�G���I�U�R�P���&�K�L�Q�D���W�R���W�K�H���U�H�V�W���R�I���W�K�H���Z�R�U�O�G����
affecting 8,000 �S�D�W�L�H�Q�W�V���L�Q���������F�R�X�Q�W�U�L�H�V�����D�Q�G���F�D�X�V�H�G�����������G�H�D�W�K�V�����$�V���D���U�H�V�X�O�W�� 
of intensive infection control measures, the global transmission was halted  
in 2003. It was speculated that subsequent variant strains of coronavirus 
would likely cause increased cases of pneumonia in the future. There are  
7 coronaviruses, of which 4 typically only cause mild upper respiratory 
�L�O�O�Q�H�V�V�����7�K�H���R�W�K�H�U�V���D�U�H���6�$�5�6���&�R�9���I�U�R�P���&�K�L�Q�D�����0�L�G�G�O�H���(�D�V�W���U�H�V�S�L�U�D�W�R�U�\��
�V�\�Q�G�U�R�P�H���I�U�R�P���W�K�H���0�L�G�G�O�H���(�D�V�W�����D�Q�G���6�$�5�6���&�R�9���������Z�K�L�F�K���Z�D�V���U�H�V�S�R�Q�V�L�E�O�H�� 
for the COVID-19 pandemic.

COVID-19
The COVID-19 pandemic originated in December 2019 in Wuhan, China, and 
spread throughout the world. The virus was named SARS-CoV-2, which is the 
causative agent; COVID-19 is the disease. Mutations of viruses are typical, 
and the changes may affect the course of the disease. Variants of concern of 
�6�$�5�6���&�R�9�������K�D�Y�H���U�H�V�X�O�W�H�G���L�Q���V�S�L�N�H�V���R�I���F�D�V�H�V�����L�Q�F�O�X�G�L�Q�J�����D�V���R�I���S�X�E�O�L�F�D�W�L�R�Q����
beta, delta, and omicron, with anticipation of future mutations.

The pulmonary complications, although variable, are overall less serious  
�L�Q���F�K�L�O�G�U�H�Q���W�K�D�Q���D�G�X�O�W�V�����$�O�W�K�R�X�J�K���W�K�H���L�Q�F�X�E�D�W�L�R�Q���S�H�U�L�R�G���P�D�\���Y�D�U�\���I�U�R�P�������W�R�� 
�������G�D�\�V�����W�K�H���D�Y�H�U�D�J�H���L�V�������W�R�������G�D�\�V�����7�K�H���F�O�L�Q�L�F�D�O���F�O�D�V�V�L�¿�F�D�W�L�R�Q���R�I���V�H�Y�H�U�L�W�\���L�V��
shown in Box 19-1, and the symptoms are shown in Box 19-2.

�6�$�5�6���&�R�9�������U�H�V�X�O�W�V���L�Q���D�Q���D�F�X�W�H���Y�L�U�D�O���L�Q�I�H�F�W�L�R�Q���R�I���E�R�W�K���W�K�H���X�S�S�H�U���D�Q�G���O�R�Z�H�U��
respiratory tract. The virus is transmitted primarily via droplets. Close 
proximity with both children and adults who are infected permits rapid 
spread.

�:�K�H�Q���6�$�5�6���&�R�9�������U�H�D�F�K�H�V���W�K�H���O�R�Z�H�U���D�L�U�Z�D�\�����W�K�H���Y�L�U�D�O���V�S�L�N�H���S�U�R�W�H�L�Q���E�L�Q�G�V��
�Z�L�W�K���K�L�J�K���D�I�¿�Q�L�W�\���W�R���W�K�H���D�Q�J�L�R�W�H�Q�V�L�Q���F�R�Q�Y�H�U�W�L�Q�J���H�Q�]�\�P�H�������F�H�O�O�X�O�D�U���W�U�D�Q�V�� 
membrane receptor principally found on the apical membrane of type II 
pneumocytes. The receptor and virus are transported inside the cell and 
subsequently replicate. The immune response has 2 phases. Initially, an 
immunoreactive phase is characterized by activation of a cytokine storm.  
The second phase depends on the immune system, and subsequent progres-
sion may result in cell damage with release of cytokines and chemokines 
���,�/���������,�/�����������D�Q�G���L�Q�W�H�U�I�H�U�R�Q�����D�Q�G���U�H�F�U�X�L�W�P�H�Q�W���R�I���L�Q�À�D�P�P�D�W�R�U�\���F�H�O�O�V�����Z�K�L�F�K��
mediate lung damage.
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Classification of COVID-19 Severity in Children

Asymptomatic: Positivity of the RT-PCR bu�er to SARS-CoV-2 or positive serology 
in the absence of any symptoms of illness.
Mild: Symptoms are mild and mainly a�ect the upper airways (nasal obstruction, 
sneezing), sometimes associated with fever, cough, and gastrointestinal  
symptoms.
Moderate: Symptoms are more critical, and fever and cough (mainly dry)  
are almost always present and are associated with breathing di�culties. It is 
characterized radiologically by lung anomalies compatible with interstitial 
pneumonia.
Severe: It is characterized by the presence of hypoxemia (SpO2 < 92%) with signs of 
respiratory distress (tachypnea, groaning, wing �aps, sags), cyanosis, neurological 
signs and symptoms, refusal to eat, and signs of dehydration.
Critical: Disease progression to ARDS with onset of respiratory failure requiring 
mechanical ventilation, signs of shock, or multiorgan failure.

Box 19‑1

Abbreviations: ARDS, acute respiratory distress syndrome; RT-PCR, reverse transcriptase–polymerase  
chain reaction; SpO2, oxygen saturation as measured by pulse oximetry. 

Derived from Miao H, Li H, Yao Y, et al. Update on recommendations for the diagnosis and treatment of 
SARS-CoV-2 infection in children. Eur J Clin Microbiol Infect Dis. 2020;39(12):2211–2223.

Symptoms of COVID-19 in Children

Box 19‑2

	� Fever or chills
	� Nasal congestion or runny nose
	� Cough
	� Sore throat
	� Loss of smell or taste
	� Shortness of breath or di�culty 
breathing

	� Fatigue
	� Headache
	� Muscle aches or body aches
	� Nausea or vomiting
	� Diarrhea

Clinical Features

In children, there is considerable variation in symptoms; they tend to be less 
�V�H�Y�H�U�H���W�K�D�Q���L�Q���D�G�X�O�W�V�����$�E�V�H�Q�F�H���R�I���V�\�P�S�W�R�P�V���L�V���Q�R�W���X�Q�F�R�P�P�R�Q��

The pulmonary features of COVID-19 in children vary from asymptomatic  
to respiratory failure. Respiratory management dominates the clinical picture 
of children who are hospitalized. Hospital admission is decided based on 
symptoms and pulse oximetry results. Deterioration of the clinical picture 
with increasing dyspnea, cyanosis, and the onset of acute respiratory distress 
syndrome occurs 8 to 10 days after onset of infection, which potentially may 
lead to multiple organ failure and death.5
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Chest Imaging

If COVID-19 is diagnosed and symptoms are mild, chest radiography is not 
necessarily indicated. If there are moderate or severe symptoms, chest radiog-
raphy may assist in characterizing the extent of disease. Computed tomogra-
phy is indicated if the symptoms are worsening or if there is suspicion for 
pulmonary embolus.6 Findings may be unilateral or bilateral (55% and 45%, 
respectively) and include peribronchial thickening and ground-glass opacities. 
�7�K�H�V�H���¿�Q�G�L�Q�J�V���D�U�H���V�H�H�Q���L�Q���D�G�X�O�W�V���D�Q�G���D�U�H���P�L�O�G�H�U���L�Q���F�K�L�O�G�U�H�Q���W�K�D�Q���L�Q���D�G�X�O�W�V�����2�Q�H��
�¿�Q�G�L�Q�J���W�K�D�W���L�V���S�U�H�V�H�Q�W���L�Q���F�K�L�O�G�U�H�Q���E�X�W���Q�R�W���L�Q���D�G�X�O�W�V���L�V���W�K�H���K�D�O�R���V�L�J�Q���W�K�D�W���D�S�S�H�D�U�V��
early. There is a central opacity that blocks out underlying lung structure with 
a ringlike, surrounding hazy area (ground-glass opacities) (Figure 19-1A). 
The halo sign has also been reported in infectious aspergillosis and other 
fungal infections.

�$�X�W�K�R�U�V���I�U�R�P���%�R�V�W�R�Q���&�K�L�O�G�U�H�Q�¶�V���+�R�V�S�L�W�D�O7 developed recommendations on 
when to conduct imaging studies for COVID-19 in children. They do not 
recommend imaging as a screening tool or when symptoms are mild. The 
decision depends on symptom severity, and chest radiography or computed 
tomography is indicated if results may affect patient care. The decision to 
order imaging is affected by the conditions shown in Box 19-3.

�$�V���W�K�H���G�L�V�H�D�V�H���S�U�R�J�U�H�V�V�H�V�����V�R���G�R���W�K�H���U�D�G�L�R�O�R�J�L�F�D�O���¿�Q�G�L�Q�J�V����Figure 19-1 shows 
the progression that can be expected if there is worsening.

Ultrasonography has the advantage of portability and no radiation. Findings  
in children with COVID-19 have shown the ability to follow the progress of 
�S�X�O�P�R�Q�D�U�\���¿�Q�G�L�Q�J�V�����0�X�V�R�O�L�Q�R���H�W���D�O7 reported 10 children with COVID-19 
�V�K�R�Z�L�Q�J���%���O�L�Q�H�V�����������������S�O�H�X�U�D�O���L�U�U�H�J�X�O�D�U�L�W�L�H�V�����������������Z�K�L�W�H���O�X�Q�J�����������������D�Q�G��
subpleural thickening (10%).

Imaging Considerations for COVID-19 in Children

Box 19‑3

	� Disease severity: mild or moderate/
severe

	� Disease prevalence: low or high
	� Presence of underlying health 
conditions like:
•	 Asthma
•	 Cystic �brosis
•	 Congenital heart disease

•	 Cancer
•	 Prematurity-related lung disease
•	 Chronic infection (eg, tuberculosis 

or HIV)
	� Travel history to area of known high 
COVID-19 prevalence

	� Constrained health resources

Derived from Foust AM, Phillips GS, Chu WC, et al. International expert consensus statement on chest 
imaging in pediatric COVID-19 patient management: imaging �ndings, imaging study reporting, and 
imaging study recommendations. Radiol Cardiothorac Imaging. 2020;2(2):e200214.
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Figure 19–1. Axial lung window computed tomography images showing 3 phases (early, pro- 
gressive, and developed) of COVID-19 pneumonia in 3 pediatric patients. A, Early phase of 
pediatric COVID-19 pneumonia in a 14-year-old female adolescent with Hodgkin lymphoma and 
a positive COVID-19 RT-PCR (reverse transcriptase–polymerase chain reaction) test result who 
presented with fever and cough. The image shows a rounded ground-glass opacity (arrow) with 
a subtle area of central consolidation in keeping with the halo sign that is often seen in the early 
phase of pediatric COVID-19 pneumonia. B, Progressive phase of pediatric COVID-19 pneumonia 
in a 15-year-old female adolescent with traveling history in an endemic area in Europe and a 
positive COVID-19 RT-PCR test result who presented with increasing cough and shortness of 
breath. The image shows rounded ground-glass opacities (arrows) with a subtle area of central 
consolidation. Between these areas, ground-glass opacities (*) have started to �ll the lung 
parenchyma. C, Developed phase of pediatric COVID-19 pneumonia in a 16-year-old female 
adolescent with a positive COVID-19 RT-PCR test result who presented with severe shortness  
of breath. The image shows predominantly con�uent consolidation (arrow) in the posterior  
left lower lobe.

From Foust AM, Phillips GS, Chu WC, et al. International expert consensus statement on chest imaging in 
pediatric COVID-19 patient management: imaging �ndings, imaging study reporting, and imaging study 
recommendations. Radiol Cardiothorac Imaging. 2020;2(2):e200214. Published online April 23, 2020. DOI: 
10.1148/ryct.2020200214. © Radiological Society of North America.�

Persistence of Pulmonary Symptoms

Long COVID-19
Long COVID-19 or long-haul COVID-19 is when symptoms persist for a 
period of months. Most children have symptoms for only a short time. Symp-
toms that may last more than 4 weeks include fatigue, fever in children aged 5 
to 11 years, headache, and sore throat in adolescents aged 12 to 17 years. Other 
�V�\�P�S�W�R�P�V���W�K�D�W���K�D�Y�H���E�H�H�Q���U�H�S�R�U�W�H�G���L�Q�F�O�X�G�H���E�U�D�L�Q���I�R�J���R�U���G�L�I�¿�F�X�O�W�\���W�K�L�Q�N�L�Q�J���R�U��
concentrating, chest pain, cough, depression or anxiety, and loss of smell or 
�W�D�V�W�H�����7�K�H�U�H���L�V���Q�R���V�S�H�F�L�¿�F���W�H�V�W���I�R�U���O�R�Q�J���&�2�9�,�'�����������D�Q�G���L�W���F�D�Q���E�H���H�[�S�H�F�W�H�G���W�R��
improve over time.

Pediatric In�ammatory Multisystem Syndrome and Multisystem  
In�ammatory Syndrome in Children
�7�K�H���L�Q�À�D�P�P�D�W�R�U�\���U�H�V�S�R�Q�V�H���W�R���6�$�5�6���&�R�9�������P�D�\���E�H���H�[�D�J�J�H�U�D�W�H�G�����U�H�V�X�O�W�L�Q�J���L�Q��
�S�H�G�L�D�W�U�L�F���L�Q�À�D�P�P�D�W�R�U�\���P�X�O�W�L�V�\�V�W�H�P���V�\�Q�G�U�R�P�H�����3�,�0�6�����R�U���P�X�O�W�L�V�\�V�W�H�P���L�Q�À�D�P-
matory syndrome in children (MIS-C). The 2 conditions are essentially the 
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�V�D�P�H���E�X�W���K�D�Y�H���G�L�I�I�H�U�H�Q�W���F�U�L�W�H�U�L�D���I�R�U���G�L�D�J�Q�R�V�L�V�����0�X�O�W�L�V�\�V�W�H�P���L�Q�À�D�P�P�D�W�R�U�\��
�V�\�Q�G�U�R�P�H���L�Q���F�K�L�O�G�U�H�Q���L�V���D���S�R�V�W�L�Q�I�H�F�W�L�R�X�V���H�[�D�J�J�H�U�D�W�H�G���L�Q�À�D�P�P�D�W�R�U�\���U�H�V�S�R�Q�V�H��
that is rare but can occur 2 to 6 weeks after the acute infection. Criteria 
�L�Q�F�O�X�G�H���F�R�Q�¿�U�P�D�W�L�R�Q���R�I���6�$�5�6���&�R�9�������L�Q�I�H�F�W�L�R�Q���D�Q�G���H�Y�L�G�H�Q�F�H���R�I���L�Q�À�D�P�P�D�� 
tion with involvement of multiple systems with an illness that manifests  
�O�L�N�H���.�D�Z�D�V�D�N�L���G�L�V�H�D�V�H�����(�Y�L�G�H�Q�F�H���R�I���L�Q�À�D�P�P�D�W�L�R�Q���P�D�\���L�Q�F�O�X�G�H���D�Q���H�O�H�Y�D�W�H�G��
�&���U�H�D�F�W�L�Y�H���S�U�R�W�H�L�Q�����H�U�\�W�K�U�R�F�\�W�H���V�H�G�L�P�H�Q�W�D�W�L�R�Q���U�D�W�H�����¿�E�U�L�Q�R�J�H�Q�����S�U�R�F�D�O�F�L�W�R�Q�L�Q����
�I�H�U�U�L�W�L�Q�����G���G�L�P�H�U�����H�O�H�Y�D�W�H�G���Q�H�X�W�U�R�S�K�L�O�V�����D�Q�G���U�H�G�X�F�H�G���O�\�P�S�K�R�F�\�W�H�V�����7�K�L�V���L�Q�À�D�P�� 
mation may progress to more severe illness with multisystem involvement, 
including cardiac involvement and shock. Treatment of MIS-C is primarily 
�Z�L�W�K���D�Q�W�L���L�Q�À�D�P�P�D�W�R�U�\���R�U���L�P�P�X�Q�R�P�R�G�X�O�D�W�R�U�\���P�H�G�L�F�D�W�L�R�Q�V���V�X�F�K���D�V�� 
corticosteroids and intravenous immunoglobulin.

Management

�,�V�R�O�D�W�L�R�Q���L�V���Q�H�F�H�V�V�D�U�\�����D�V���L�V���D�G�H�T�X�D�W�H���À�X�L�G���D�Q�G���F�D�O�R�U�L�H���L�Q�W�D�N�H�����)�H�Y�H�U���L�V��
managed preferably with acetaminophen rather than ibuprofen. Children 
hospitalized with hypoxemia require administration of oxygen via nasal 
cannula or mask to keep the saturation at 92% or higher and should be moni- 
�W�R�U�H�G���F�O�R�V�H�O�\���I�R�U���F�O�L�Q�L�F�D�O���Z�R�U�V�H�Q�L�Q�J�����+�L�J�K���À�R�Z���Q�D�V�D�O���R�[�\�J�H�Q���R�U���F�R�Q�W�L�Q�X�R�X�V��
�S�R�V�L�W�L�Y�H���D�L�U�Z�D�\���S�U�H�V�V�X�U�H���P�D�\���E�H���L�Q�G�L�F�D�W�H�G���L�Q���V�X�F�K���F�D�V�H�V�����+�L�J�K���À�R�Z���Q�D�V�D�O��
oxygen should be administered in single or negative pressure rooms to  
protect health care workers.

The National Institutes of Health recommendations for treating COVID-19  
in children are that steroids should be used when the patient requires supple-
�P�H�Q�W�D�O���R�[�\�J�H�Q�����K�L�J�K���À�R�Z���R�[�\�J�H�Q�����Q�R�Q�P�H�F�K�D�Q�L�F�D�O���Y�H�Q�W�L�O�D�W�L�R�Q�����P�H�F�K�D�Q�L�F�D�O��
ventilation, or extracorporeal membrane oxygenation. The effectiveness of 
other treatments, including antibiotics, is unclear.

�5�H�P�G�H�V�L�Y�L�U�����D���Q�X�F�O�H�R�V�L�G�H���D�Q�W�L�Y�L�U�D�O�����S�U�H�Y�L�R�X�V�O�\���X�V�H�G���W�R���W�U�H�D�W���(�E�R�O�D�����K�D�V���E�H�H�Q��
approved for children 28 days or older and adults hospitalized with COVID-
���������$�W���R�Q�H���S�R�L�Q�W���L�Q���W�K�H���S�D�Q�G�H�P�L�F�����V�H�Y�H�U�D�O���P�R�Q�R�F�O�R�Q�D�O���D�Q�W�L�E�R�G�\���F�R�P�E�L�Q�D�W�L�R�Q�V��
�V�K�R�Z�H�G���D���E�H�Q�H�¿�W���D�V���W�K�H�U�D�S�\�����S�D�U�W�L�F�X�O�D�U�O�\���L�Q���P�L�O�G���L�Q�I�H�F�W�L�R�Q���L�Q���L�Q�G�L�Y�L�G�X�D�O�V���D�W��
high risk of severe disease; however, they are no longer authorized as 
currently the overall prevalence of non-susceptible variants is high. This is a 
rapidly evolving area of investigation; for the most up to date recommenda-
tions, see https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19 
-infections/clinical-guidance/outpatient-covid-19-management-strategies 
-in-children-and-adolescents/.

�,�Q���'�H�F�H�P�E�H�U���������������Q�L�U�P�D�W�U�H�O�Y�L�U���D�Q�G���U�L�W�R�Q�D�Y�L�U�����3�D�[�O�R�Y�L�G�����3�¿�]�H�U�����U�H�F�H�L�Y�H�G��
�H�P�H�U�J�H�Q�F�\���X�V�H���D�X�W�K�R�U�L�]�D�W�L�R�Q���I�U�R�P���W�K�H���8�6���)�R�R�G���D�Q�G���'�U�X�J���$�G�P�L�Q�L�V�W�U�D�W�L�R�Q��
���)�'�$�����I�R�U���X�V�H���L�Q���S�D�W�L�H�Q�W�V���������\�H�D�U�V���R�U���R�O�G�H�U���Z�L�W�K���&�2�9�,�'���������Z�K�R���D�U�H���D�W���U�L�V�N�� 
of progression to severe disease.
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Respiratory Syncytial Virus
Respiratory syncytial virus is the most important cause of lower respiratory 
�L�Q�I�H�F�W�L�R�Q���L�Q���F�K�L�O�G�U�H�Q���\�R�X�Q�J�H�U���W�K�D�Q�������\�H�D�U�V�����%�\���D�J�H�������\�H�D�U�V�����P�R�U�H���W�K�D�Q���������� 
of children will have serological evidence of RSV infection. During the  
RSV season, RSV is the cause of hospitalization in more than 90% of infants 
hospitalized with bronchiolitis. The differentiation between bronchiolitis  
�D�Q�G���S�Q�H�X�P�R�Q�L�D���F�D�Q���E�H���G�L�I�¿�F�X�O�W�����V�R���W�K�H���G�H�V�L�J�Q�D�W�L�R�Q���R�I���O�R�Z�H�U���U�H�V�S�L�U�D�W�R�U�\���W�U�D�F�W��
�L�Q�I�H�F�W�L�R�Q���G�X�H���W�R���5�6�9���P�D�\���E�H���H�D�V�L�H�U���W�K�D�Q���W�U�\�L�Q�J���W�R���G�H�¿�Q�H���Z�K�H�W�K�H�U���W�K�H�U�H���L�V���R�Q�H��
or both diagnoses. Infants with RSV pneumonia tend to have less wheezing, 
�O�H�V�V���K�\�S�H�U�L�Q�À�D�W�L�R�Q�����D�Q�G���P�R�U�H���F�U�D�F�N�O�H�V��

The clinical scenario of pneumonia is similar to that of bronchiolitis (see 
�&�K�D�S�W�H�U�����������%�U�R�Q�F�K�L�R�O�L�W�L�V�������Z�L�W�K���D�Q���X�S�S�H�U���U�H�V�S�L�U�D�W�R�U�\���S�U�R�G�U�R�P�H���I�R�O�O�R�Z�H�G���E�\��
�Z�R�U�V�H�Q�L�Q�J���F�R�X�J�K���D�Q�G���L�Q�F�U�H�D�V�L�Q�J���U�H�V�S�L�U�D�W�R�U�\���G�L�V�W�U�H�V�V�����$�V���Q�R�W�H�G�����Z�K�H�H�]�L�Q�J��
tends to be less prominent, and there may be crackles during examination. 
The radiographic appearance of lobar consolidation (especially in the  
right upper lobe) or a bronchopneumonia pattern supports the diagnosis  
of pneumonia.

Most infants with RSV pneumonia recover in a few days, but a small percent-
age progress to respiratory failure. Infants younger than 2 months and those 
�Z�L�W�K���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���U�H�V�S�L�U�D�W�R�U�\���G�L�V�W�U�H�V�V���R�U���D�S�Q�H�D���V�K�R�X�O�G���E�H���K�R�V�S�L�W�D�O�L�]�H�G����
Severe lower respiratory tract infection is a concern for former preterm 
infants with bronchopulmonary dysplasia and cyanotic heart disease  
and also for infants with pulmonary hypertension.

Influenza Virus
�7�K�H���L�Q�À�X�H�Q�]�D���Y�L�U�X�V���L�V���D���V�L�Q�J�O�H���V�W�U�D�Q�G�H�G���5�1�$���Y�L�U�X�V���W�K�D�W���L�V���D���F�R�P�P�R�Q���F�D�X�V�H���R�I��
pneumonia, especially in the very young and very old. It occurs in epidemic 
form in the winter months, and children who are chronically ill are at more 
risk for serious illness. Pandemics in the past 110 years include the 1918–1919 
�6�S�D�Q�L�V�K���S�D�Q�G�H�P�L�F�����L�Q�À�X�H�Q�]�D���Y�L�U�X�V���V�X�E�W�\�S�H���+���������W�K�H�������������S�D�Q�G�H�P�L�F�����V�X�E�W�\�S�H��
H2N2), the 1968–1969 pandemic (Hong Kong subtype H3N2), and the novel 
�L�Q�À�X�H�Q�]�D���$�����+���1�������S�D�Q�G�H�P�L�F���R�I�����������±�������������7�K�H���L�Q�F�X�E�D�W�L�R�Q���S�H�U�L�R�G���L�V�������W�R�� 
5 days after exposure to the virus.

�7�K�H���P�D�Q�L�I�H�V�W�D�W�L�R�Q���R�I���L�Q�À�X�H�Q�]�D���L�V���F�K�D�U�D�F�W�H�U�L�V�W�L�F���Z�L�W�K���K�L�J�K���I�H�Y�H�U�����F�K�L�O�O�V�����P�X�V�F�O�H��
�D�F�K�H�V�����D�Q�G���K�H�D�G�D�F�K�H�����D�O�W�K�R�X�J�K���\�R�X�Q�J���F�K�L�O�G�U�H�Q���P�D�\���K�D�Y�H���P�R�U�H���Q�R�Q�V�S�H�F�L�¿�F��
symptoms. The illness starts as an upper respiratory infection with rhinitis, 
pharyngitis, and initially nonproductive cough. Young children may also have 
conjunctivitis and gastrointestinal symptoms. Pneumonia is associated with 
increasing respiratory symptoms and hypoxemia. Secondary bacterial 
�L�Q�I�H�F�W�L�R�Q���L�V���F�R�P�P�R�Q���D�I�W�H�U���L�Q�À�X�H�Q�]�D���S�Q�H�X�P�R�Q�L�D��
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�3�R�V�L�W�L�Y�L�W�\���I�R�U���$���R�U���%���L�Q�À�X�H�Q�]�D���Y�L�U�X�V���F�D�Q���E�H���G�H�W�H�U�P�L�Q�H�G���E�\���P�H�D�Q�V���R�I���L�P�P�X�Q�R-
�À�X�R�U�H�V�F�H�Q�F�H���R�U���K�H�P�D�J�J�O�X�W�L�Q�D�W�L�R�Q���W�H�F�K�Q�L�T�X�H�V�����D�O�W�K�R�X�J�K���G�X�U�L�Q�J���W�K�H�����������±����������
�+���1�����S�D�Q�G�H�P�L�F�����W�K�H�V�H���W�H�V�W�V���Z�H�U�H���Q�R�W���Y�H�U�\���K�H�O�S�I�X�O���L�Q���G�L�D�J�Q�R�V�L�V�����$���S�R�O�\�P�H�U�D�V�H��
chain reaction assay of respiratory specimens has both high sensitivity and  
�K�L�J�K���V�S�H�F�L�¿�F�L�W�\���I�R�U���G�H�W�H�F�W�L�R�Q���R�I���L�Q�À�X�H�Q�]�D���Y�L�U�X�V��

Symptoms last for several days and are treated with over-the-counter medica-
�W�L�R�Q�V�����$�V�S�L�U�L�Q���V�K�R�X�O�G���E�H���D�Y�R�L�G�H�G���E�H�F�D�X�V�H���R�I���W�K�H���D�V�V�R�F�L�D�W�L�R�Q���Z�L�W�K���5�H�\�H���V�\�Q�G�U�R�P�H��

�2�U�D�O���R�V�H�O�W�D�P�L�Y�L�U���P�D�\���E�H���X�V�H�G���L�Q���S�H�U�V�R�Q�V�������Z�H�H�N�V���R�U���R�O�G�H�U���Z�L�W�K���L�Q�À�X�H�Q�]�D���$���R�U�� 
�%���Z�K�R���K�D�Y�H���K�D�G���V�\�P�S�W�R�P�V���I�R�U���Q�R���P�R�U�H���W�K�D�Q�������G�D�\�V�����2�V�H�O�W�D�P�L�Y�L�U���P�D�\���D�O�V�R���E�H��
�X�V�H�G���I�R�U���S�U�R�S�K�\�O�D�[�L�V���R�I���L�Q�À�X�H�Q�]�D���L�Q�I�H�F�W�L�R�Q���I�R�U���S�D�W�L�H�Q�W�V���R�O�G�H�U���W�K�D�Q�������P�R�Q�W�K�V��
who have been exposed.7,8���%�D�O�R�[�D�Y�L�U���P�D�U�E�R�[�L�O���L�V���D�S�S�U�R�Y�H�G���E�\���W�K�H���)�'�$���I�R�U��
�X�Q�F�R�P�S�O�L�F�D�W�H�G���L�Q�À�X�H�Q�]�D���L�Q���S�H�U�V�R�Q�V���������\�H�D�U�V���R�U���R�O�G�H�U���D�Q�G���L�V���D�G�P�L�Q�L�V�W�H�U�H�G�� 
as a single dose orally within 48 hours of symptom onset. Study results have 
shown safe use of baloxavir marboxil in children as young as 1 year of age.

Human Parainfluenza Virus
�+�X�P�D�Q���S�D�U�D�L�Q�À�X�H�Q�]�D���Y�L�U�X�V�����+�3�,�9�����������+�3�,�9���������D�Q�G���+�3�,�9�������F�D�X�V�H���F�U�R�X�S����
HPIV-1 and HPIV-3 cause lower respiratory tract infection, including bron- 
chiolitis, bronchitis, and pneumonia. Outbreaks of HPIV-3 occur during spring 
�D�Q�G���V�X�P�P�H�U�����$�O�P�R�V�W���D�O�O���F�K�L�O�G�U�H�Q���K�D�Y�H���E�H�H�Q���L�Q�I�H�F�W�H�G�����D�Q�G�����E�H�F�D�X�V�H���L�P�P�X�Q�L�W�\�� 
�L�V���V�K�R�U�W���O�L�Y�H�G�����U�H�S�H�D�W�H�G���L�Q�I�H�F�W�L�R�Q�V���R�F�F�X�U�����+�X�P�D�Q���S�D�U�D�L�Q�À�X�H�Q�]�D���Y�L�U�X�V���L�V���V�S�U�H�D�G��
via droplet and fomite exposure.

Morbidity and mortality from HPIV lower respiratory tract infection is  
uncommon in the United States. It is a substantial cause of mortality in under-
resourced countries, especially after secondary bacterial infection in children 
who are malnourished.

Adenovirus
�$�G�H�Q�R�Y�L�U�X�V���L�V���D�Q���H�Q�Y�H�O�R�S�H�G���'�1�$���Y�L�U�X�V���W�K�D�W���F�D�X�V�H�V���E�R�W�K���X�S�S�H�U���D�Q�G���O�R�Z�H�U��
respiratory infection. Most cases are mild, self-limited upper respiratory 
infections. The population at risk for severe disease is the immunocompro-
mised, including patients who have received transplants, especially patients 
who have received hematopoietic stem cell as well as solid organ transplants. 
Treatment is to relieve symptoms. Cidofovir has been used in patients who are 
severely ill and immunocompromised. There is a small risk of developing 
bronchiectasis after adenovirus lower respiratory tract infection.

Human Metapneumovirus
�+�X�P�D�Q���P�H�W�D�S�Q�H�X�P�R�Y�L�U�X�V���Z�D�V���¿�U�V�W���G�H�V�F�U�L�E�H�G���L�Q���W�K�H���1�H�W�K�H�U�O�D�Q�G�V���L�Q���������������,�W���L�V�� 
in the same family as RSV and HPIV (the Paramyxoviridae family). In the 
pediatric population, the infections are similar to those with RSV, although  
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the illness tends to be milder and the children tend to be older. The symptoms 
include rhinorrhea, cough, tachypnea, and wheeze. The signs include retrac-
tions, crackles, and wheeze. The clinical manifestations are similar to those  
of RSV bronchiolitis, but pneumonia and respiratory failure may occur.

Varicella-zoster Virus
Varicella-zoster virus is a herpesvirus that causes chicken pox and has the 
potential to reactivate as shingles. Risk factors for varicella pneumonia 
include high-dose steroids (1–2 mg/kg/day for >2 weeks), malignancy (includ-
ing leukemia), and other immunocompromised states (including HIV infec-
tion). Varicella pneumonia causes substantial mortality and is associated with 
�V�H�Y�H�U�H���L�Q�Y�D�V�L�Y�H���J�U�R�X�S���$���V�W�U�H�S�W�R�F�R�F�F�D�O���G�L�V�H�D�V�H�����7�K�H���Y�L�U�H�P�L�D���L�V���W�U�H�D�W�H�G���Z�L�W�K��
acyclovir, and children with varicella pneumonia should be hospitalized. 
Varicella-zoster immune globulin is indicated for immunocompromised 
patients without evidence of immunity and newborn infants whose mothers 
have signs of varicella 5 days before and 2 days after delivery.

Measles Virus
Measles virus is another member of the Paramyxoviridae family. It causes a 
febrile illness with morbilliform rash; pneumonia can occur. Children who are 
unvaccinated, malnourished, or immunocompromised are at risk for severe 
lower respiratory tract infection.

Cytomegalovirus
Cytomegalovirus is a virus in the herpes group. Cytomegalovirus pneumonia 
is a major cause of pneumonia in children who are immunocompromised, 
including those with transplant, HIV, and malignancy. The typical scenario is 
that 2 to 3 months after transplant, there is cough and fever; severe dyspnea 
�D�Q�G���K�\�S�R�[�L�D���U�H�V�X�O�W�����7�K�H���V�\�P�S�W�R�P�V���D�U�H���Q�R�Q�V�S�H�F�L�¿�F�����D�Q�G���W�K�H���O�X�Q�J���L�Q�Y�R�O�Y�H�P�H�Q�W��
is an interstitial pneumonia. The chest radiograph shows bilateral interstitial 
�L�Q�¿�O�W�U�D�W�H�V�����3�X�O�P�R�Q�D�U�\���V�\�P�S�W�R�P�V���P�D�\���E�H���D�F�F�R�P�S�D�Q�L�H�G���E�\���J�D�V�W�U�R�L�Q�W�H�V�W�L�Q�D�O��
disease, especially hepatitis and diarrhea, and chorioretinitis.

Ganciclovir is used as prophylaxis in patients at risk after transplant (eg, when 
�W�K�H���G�R�Q�R�U���L�V���V�H�U�R�S�R�V�L�W�L�Y�H���D�Q�G���W�K�H���U�H�F�L�S�L�H�Q�W���L�V���V�H�U�R�Q�H�J�D�W�L�Y�H�������,�W���L�V���D�O�V�R���E�H�Q�H�¿�F�L�D�O��
for patients with pneumonia who have symptoms.

Supportive Care
For most patients with viral pneumonia, supportive care is all that is required 
to make sure they have satisfactory oxygenation and hydration. Hospitaliza-
tion may be necessary for more severe illness and is most common in children 
�\�R�X�Q�J�H�U���W�K�D�Q�������\�H�D�U�V�����,�I���L�Q�À�X�H�Q�]�D���L�V���L�G�H�Q�W�L�¿�H�G�����W�K�H�Q���D�S�S�U�R�S�U�L�D�W�H���D�Q�W�L�Y�L�U�D�O��
therapy might shorten the duration of the illness. Oseltamivir is commonly 
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�V�H�O�H�F�W�H�G���E�H�F�D�X�V�H���L�W���L�V���X�V�X�D�O�O�\���H�I�I�H�F�W�L�Y�H���I�R�U���E�R�W�K���$���D�Q�G���%���V�W�U�D�L�Q�V�����7�K�H���&�H�Q�W�H�U�V��
for Disease Control and Prevention (CDC) regularly checks for resistance to 
the recommended antiviral drugs, and amantadine is no longer recommended 
�E�H�F�D�X�V�H���R�I���O�D�F�N���R�I���H�I�I�H�F�W�L�Y�H�Q�H�V�V���I�R�U���L�Q�À�X�H�Q�]�D���%���D�Q�G���D���K�L�J�K���S�H�U�F�H�Q�W�D�J�H���R�I���U�H�V�L�V�� 
�W�D�Q�F�H���Z�L�W�K���L�Q�À�X�H�Q�]�D���$�����,�Q�K�D�O�H�G���]�D�Q�D�P�L�Y�L�U���P�D�\���E�H���X�V�H�G���I�R�U���F�K�L�O�G�U�H�Q�������\�H�D�U�V�� 
or older provided they can use the device correctly and are not at risk for  
bronchospasm. Intravenous peramivir is available for children 2 years or 
older, and baloxavir is available for children 12 years or older.

Prevention of Viral Pneumonia
The CDC recommends that all individuals 6 months or older get a seasonal  
�À�X���Y�D�F�F�L�Q�H�����7�K�H���V�H�D�V�R�Q�D�O���À�X���Y�D�F�F�L�Q�H���S�U�R�W�H�F�W�V���D�J�D�L�Q�V�W���L�Q�À�X�H�Q�]�D���Y�L�U�X�V�H�V���W�K�D�W��
research indicates will be most common during the upcoming season. The 
CDC also recommends that people in contact with certain groups of children 
�J�H�W���D���V�H�D�V�R�Q�D�O���À�X���Y�D�F�F�L�Q�H���W�K�H���E�H�W�W�H�U���W�R���S�U�R�W�H�F�W���W�K�H���F�K�L�O�G�����R�U���F�K�L�O�G�U�H�Q�����L�Q���W�K�H�L�U��
�O�L�Y�H�V���I�U�R�P���W�K�H���À�X��

The CDC recommends that the following contacts of children receive 
�V�H�D�V�R�Q�D�O���L�Q�À�X�H�Q�]�D���Y�D�F�F�L�Q�D�W�L�R�Q��

���X Close contacts of children younger than 5 years (people who live with 
them), especially those younger than 6 months

���X Out-of-home caregivers (nannies, child care providers, etc) of children 
younger than 5 years

���X People who live with or have other close contact with a child or children  
of any age with a chronic health problem (asthma, diabetes, etc)

���X �$�O�O���K�H�D�O�W�K���F�D�U�H���Z�R�U�N�H�U�V�����W�R���N�H�H�S���I�U�R�P���V�S�U�H�D�G�L�Q�J���W�K�H���À�X���W�R���W�K�H�L�U���S�D�W�L�H�Q�W�V

When to Refer
Most children with viral pneumonia will not require consultation. If there are 
complications, such as pleural effusion, acute respiratory failure, or prolonged 
hypoxia, consultation with a pulmonologist may be indicated. If the child has 
�D���F�K�U�R�Q�L�F���L�O�O�Q�H�V�V�����F�R�Q�V�X�O�W�D�W�L�R�Q���Z�L�W�K���W�K�H���V�S�H�F�L�D�O�L�V�W���Z�K�R���L�V���L�Q�Y�R�O�Y�H�G���L�Q���W�K�H���F�K�L�O�G�¶�V��
long-term care may be helpful. Consultation with infectious diseases or allergy 
specialists is indicated if patients have allergies, comorbid conditions, or 
unresponsiveness to antibiotics.

When to Admit
Children with pneumonia and a chronic illness, for example if they are 
immunocompromised, may require hospitalization. If the degree of respira-
�W�R�U�\���G�L�V�W�U�H�V�V���L�V���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W�����L�I���W�K�H�U�H���L�V���K�\�S�R�[�L�D�����D�Q�G���L�I���W�K�H�\���D�S�S�H�D�U��
septic, they may require hospitalization. Currently, validated screening 
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systems do not exist to help predict which children with pneumonia should be 
hospitalized. Hospitalization is indicated with the following:

���X Oxygen saturation consistently less than 90%

���X Moderate or severe respiratory distress

���X Severe dehydration

���X �$���K�R�P�H���F�L�U�F�X�P�V�W�D�Q�F�H���R�U���V�R�F�L�D�O���V�L�W�X�D�W�L�R�Q���W�K�D�W���U�D�L�V�H�V���F�R�Q�F�H�U�Q�V

key points

���} The cause of pneumonia is closely related to the age of the child.
���} Imaging studies do not help di�erentiate viral from bacterial lower respiratory 
tract infections.

���} Chest radiography is not necessary to establish the diagnosis of pneumonia.
���} Computed tomography is indicated for evaluating complications of pneumonia.
���} Ultrasonography is useful to characterize pleural e�usion or empyema.
���} Treatment depends on the age of the child and the likely diagnosis and severity 
of illness.
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Introduction
Pneumonia is a serious global health issue. It is the second leading cause of 
death in children younger than 5 years and the leading cause of death in this 
age group in certain geographic areas.1,2 Death from pneumonia is closely 
linked to poverty, with the highest mortality occurring in the most economi-
cally disadvantaged areas.3 The story is quite different in resource-rich coun- 
ties: the incidence of community-acquired pneumonia (CAP) in the United 
States is about 35 to 40 per 1,000 children 4 years or younger and decreases  
to 10 per 1,000 in teenagers and adolescents; less than 1% die.4

�7�K�H�U�H���D�U�H���V�H�Y�H�U�D�O���G�L�I�I�H�U�H�Q�W���Z�D�\�V���S�Q�H�X�P�R�Q�L�D���P�D�\���E�H���F�O�D�V�V�L�¿�H�G���W�R���L�G�H�Q�W�L�I�\�� 
the suspected organism, determine the best management, and predict the 
outcome. There are multiple causative agents, both nonviral and viral. These 
include gram-positive and gram-negative bacteria, atypical bacteria, and 
�I�X�Q�J�D�O�����S�D�U�D�V�L�W�L�F�����D�Q�G���F�K�H�P�L�F�D�O���D�J�H�Q�W�V�����&�O�D�V�V�L�¿�F�D�W�L�R�Q���E�D�V�H�G���R�Q���W�K�H���F�O�L�Q�L�F�D�O��
scenario includes CAP or health care–related (including ventilator-associated 
pneumonia), immunocompromised versus immunocompetent host, patient 
age, and geographic and exposure risks.5,6���&�O�D�V�V�L�¿�F�D�W�L�R�Q���E�D�V�H�G���R�Q���W�K�H���D�S�S�H�D�U-
ance of radiographic images includes bronchopneumonia, lobar (or multilobar) 
pneumonia, and interstitial pneumonia.6 Complicated pneumonia���L�V���G�H�¿�Q�H�G���D�V��
a pulmonary parenchymal infection complicated by parapneumonic effusions, 
multilobar disease, abscesses or cavities, necrotizing pneumonia, empyema, 
�S�Q�H�X�P�R�W�K�R�U�D�[�����R�U���E�U�R�Q�F�K�R�S�O�H�X�U�D�O���¿�V�W�X�O�D���R�U���D�V���S�Q�H�X�P�R�Q�L�D���W�K�D�W���L�V���D���F�R�P�S�O�L�F�D-
tion of bacteremic disease that includes other sites of infection (see Chapter 
21, Complications of Pneumonia).7���1�R�W���R�Q�H���R�I���W�K�H�V�H���F�O�D�V�V�L�¿�F�D�W�L�R�Q�V���K�D�V���D���V�W�U�R�Q�J��
�S�U�H�G�L�F�W�L�Y�H���Y�D�O�X�H���D�V���W�R���W�K�H���V�S�H�F�L�¿�F���F�D�X�V�H�����'�H�V�S�L�W�H���Y�D�U�L�R�X�V���F�O�D�V�V�L�¿�F�D�W�L�R�Q��
�V�F�K�H�P�H�V�����W�K�H���V�S�H�F�L�¿�F���P�L�F�U�R�R�U�J�D�Q�L�V�P�V���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���W�K�H���S�Q�H�X�P�R�Q�L�D���P�D�\���E�H��
�G�L�I�¿�F�X�O�W���W�R���G�H�W�H�U�P�L�Q�H��7 Therefore, it is common practice to prescribe antibiotic 
therapy, despite lack of a documented bacterial infection, “just in case.”8
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Common Clinical Presentations
Children with pneumonia, regardless of the cause, may have a constellation of 
symptoms, including fever, cough, chest pain, and dyspnea. Other systemic 
symptoms such as nausea and vomiting are also common.2���7�K�H���¿�Q�G�L�Q�J�V���D�W��
auscultation vary with the extent of the pneumonia but commonly include 
tachypnea, inspiratory crackles, and decreased intensity of breath sounds.8 
Expiratory wheezing suggests a viral or atypical bacterial cause. If a pleural 
effusion is present, there may be dullness to percussion over the affected area. 
Small children with compliant chest walls often have retractions. The oxygen 
saturation is commonly reduced, although cyanosis may be evident only with 
severe levels of desaturation (Table 20-1).

Table 20-1. Findings Suggestive of Pneumonia

Finding Method �2 months 2–12 months 1–5 years >5 years

Respiratory rate 
WHO threshold

�60/min �50/min �40/min �30/min

Symptoms and 
signs

Cough
Poor feeding
Apnea
Tachypnea
Grunting
Nasal �aring
Retractions

Cough
Fever
Poor feeding
Tachypnea
Grunting
Rhinorrhea
Nasal �aring
Retractions

Cough
Fever
Rhinorrhea
Chest pain
Tachypnea
Retractions

Cough
Fever
Headache
Pleuritic pain
Abdominal pain
Tachypnea
Retractions

Auscultation Crackles
Wheeze

Wheeze
Crackles

Crackles
Wheeze
Pleural rub

Crackles
Wheeze
Pleural rub

Abbreviation: WHO, World Health Organization.

Evaluation of Suspected Pneumonia
Imaging

Pneumonia can be diagnosed on clinical grounds without documentation with 
a chest radiograph (CXR).2,5,9–12 In countries with limited resources, identify-
ing children with fever and elevated respiratory rate as needing a higher level 
of care and antibiotics has reduced the mortality from pneumonia. However, 
results from a study in which the investigators compared pneumonia diagnosed 
simply by means of World Health Organization clinical criteria, especially 
elevated respiratory rate, showed that a majority of the children who were 
considered as having pneumonia actually had a normal CXR.13
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In resource-rich areas, a CXR is commonly obtained to help diagnose pneu- 
monia for children with fever, cough, and adventitious pulmonary sounds 
aside from wheezing.10 This is particularly true for children taken to the 
emergency department or admitted to the hospital. Although it is possible to 
�K�D�Y�H���S�Q�H�X�P�R�Q�L�D���Z�L�W�K�R�X�W���D�E�Q�R�U�P�D�O���U�D�G�L�R�J�U�D�S�K�L�F���¿�Q�G�L�Q�J�V�����D�Q���D�E�Q�R�U�P�D�O���&�;�5��
is usually the gold standard for diagnosing pneumonia. A negative CXR has a 
high predictive value of the patient not having pneumonia and not developing 
pneumonia in the near future, unless it is obtained very early in the illness.9,10 
Standard practice is to obtain a posteroanterior CXR (or anteroposterior if  
the patient is younger than 4 years). A lateral view is also advisable for 
children who are hospitalized.

Chest computed tomography is seldom required for CAP and is reserved  
�I�R�U���K�H�O�S�L�Q�J���H�Y�D�O�X�D�W�H���D�Q�G���G�H�¿�Q�H���F�R�P�S�O�L�F�D�W�H�G���S�Q�H�X�P�R�Q�L�D�V�����V�H�H���&�K�D�S�W�H�U����������
Complications of Pneumonia). Ultrasonography is useful with pleural 
effusions, and there is interest in its use for CAP as well, which may be 
important in resource-limited areas when chest radiography and computed 
tomography are not readily available.2,5

Laboratory Evaluation of Pneumonia

Which laboratory tests are ordered for a child with pneumonia often depends 
on the severity of the illness and whether hospitalization is being considered.2 
For a child with mild CAP who was previously healthy, perhaps no laboratory 
studies are indicated. For a child who is more seriously ill who will be admit- 
ted to the hospital, a complete blood cell count (CBC) with a white blood cell 
���:�%�&�����G�L�I�I�H�U�H�Q�W�L�D�O���F�R�X�Q�W���D�Q�G���L�Q�À�D�P�P�D�W�R�U�\���P�D�U�N�H�U�V�����&���U�H�D�F�W�L�Y�H���S�U�R�W�H�L�Q��
[CRP] level, erythrocyte sedimentation rate, procalcitonin [PCT] level) and  
a basic metabolic panel are commonly ordered.14,15 Certain patterns of results 
�P�D�\���V�X�J�J�H�V�W���D���V�S�H�F�L�¿�F���W�\�S�H���R�I���R�U�J�D�Q�L�V�P�����E�X�W���W�K�H���S�U�H�G�L�F�W�L�Y�H���Y�D�O�X�H���L�V���Q�R�W���K�L�J�K����
If the WBC count is higher than 1���������������/����������������× 109���/�����Z�L�W�K���D���V�K�L�I�W���W�R�Z�D�U�G��
immature neutrophils, bacterial infection may be suspected.14,15 The CRP and 
�3�&�7���O�H�Y�H�O�V���D�U�H���P�R�U�H���V�H�Q�V�L�W�L�Y�H���D�Q�G���V�S�H�F�L�¿�F���I�R�U���E�D�F�W�H�U�L�D�O���L�Q�I�H�F�W�L�R�Q�V��16–19 If the 
WBC count is normal or low and there is a lymphocyte predominance, viral 
infection is suspected, especially if accompanied by a modestly elevated or 
normal CRP or PCT level. In infants, if the WBC count is high with a marked 
lymphocyte predominance, Bordetella pertussis is suspected. If the WBC 
differential count has excessive eosinophils, parasitic or fungal infection is 
suspected. In infants, peripheral eosinophilia may suggest Chlamydia tracho-
matis���S�Q�H�X�P�R�Q�L�D�����$�Q�R�W�K�H�U���E�H�Q�H�¿�W���R�I���W�K�H���&�%�&���L�V���F�K�H�F�N�L�Q�J���W�K�H���K�H�P�R�J�O�R�E�L�Q��
level to make sure there is satisfactory oxygen-carrying capacity for oxygen 
delivery to the tissues. Electrolyte disturbance such as hyponatremia may 
raise concern for inappropriate antidiuretic hormone secretion. Elevated liver 
enzyme levels may be found with adenovirus or Mycoplasma infections.
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Microbiology

Advances in laboratory techniques have increased the ability to make a 
�V�S�H�F�L�¿�F���P�L�F�U�R�E�L�R�O�R�J�L�F�D�O���G�L�D�J�Q�R�V�L�V���L�Q���P�D�Q�\���F�D�V�H�V���R�I���S�Q�H�X�P�R�Q�L�D��7 Polymerase 
chain reaction (PCR) detection with a rapid turnaround time is now available 
for a wide range of viruses and some bacteria from the upper respiratory 
tract.16 Studies using this technology in children hospitalized with pneumonia 
�L�Q���W�K�H���8�Q�L�W�H�G���6�W�D�W�H�V���L�G�H�Q�W�L�¿�H�G���D���Y�L�U�D�O���F�D�X�V�H���L�Q�������������D���E�D�F�W�H�U�L�D�O���F�D�X�V�H���L�Q����������
�D�Q�G���P�L�[�H�G���E�D�F�W�H�U�L�D�O���D�Q�G���Y�L�U�D�O���F�D�X�V�H�V���L�Q���������R�I���W�K�H�����������L�Q���Z�K�L�F�K���D���V�S�H�F�L�¿�F��
�F�D�X�V�H���Z�D�V���L�G�H�Q�W�L�¿�H�G��4 A similar study in younger children hospitalized with 
�S�Q�H�X�P�R�Q�L�D���L�Q���$�I�U�L�F�D���D�Q�G���$�V�L�D���L�G�H�Q�W�L�¿�H�G���D���Y�L�U�D�O���F�D�X�V�H���L�Q�������������D���E�D�F�W�H�U�L�D�O��
cause in 27.3%, and Mycobacterium tuberculosis in nearly 6%; bacterial 
infection was more common in these children with “very severe” pneumonia 
compared with “severe” pneumonia.17 The multiplex PCR technology has 
�O�D�U�J�H�O�\���V�X�S�S�O�D�Q�W�H�G���R�W�K�H�U���W�H�V�W�L�Q�J���P�R�G�H�V���V�X�F�K���D�V���G�L�U�H�F�W���À�X�R�U�H�V�F�H�Q�W���D�Q�W�L�E�R�G�\��
�W�H�V�W�L�Q�J���D�Q�G���V�H�U�L�D�O���V�H�U�R�O�R�J�L�F�D�O���W�H�V�W�L�Q�J�����V�R�P�H���W�\�S�H�V���R�I���U�D�S�L�G���L�Q�À�X�H�Q�]�D���G�H�W�H�F�W�L�R�Q��
�W�H�V�W�V���X�V�H���L�P�P�X�Q�R�À�X�R�U�H�V�F�H�Q�F�H���E�X�W���D�U�H���O�H�V�V���V�H�Q�V�L�W�L�Y�H���D�Q�G���O�H�V�V���V�S�H�F�L�¿�F���W�K�D�Q��
molecular tests.7

Although multiplex PCR testing has greatly improved the ability to identify 
�H�Y�L�G�H�Q�F�H���R�I���V�S�H�F�L�¿�F���R�U�J�D�Q�L�V�P�V�����L�W���K�D�V���D�O�V�R���F�U�H�D�W�H�G���F�R�Q�F�H�U�Q���Z�K�H�W�K�H�U���V�R�P�H���R�I��
these organisms are the source of the pneumonia or found incidentally in the 
patient’s nasal and oral secretions.18 According to a comparison of patients 
�Z�L�W�K���&�$�3���Y�H�U�V�X�V���F�R�Q�W�U�R�O���V�X�E�M�H�F�W�V���Z�L�W�K�R�X�W���V�\�P�S�W�R�P�V�����G�H�W�H�F�W�L�R�Q���R�I���L�Q�À�X�H�Q�]�D����
respiratory syncytial virus (RSV), and human metapneumovirus is probably 
�L�Q�G�L�F�D�W�L�Y�H���R�I���F�D�X�V�H�����Z�K�H�U�H�D�V���W�K�H���G�H�W�H�F�W�L�R�Q���R�I���S�D�U�D�L�Q�À�X�H�Q�]�D�����F�R�U�R�Q�D�Y�L�U�X�V����
rhinovirus, and adenovirus is less clearly indicative of cause. A positive PCR 
result for rhinovirus may occur for several weeks after an infection. These 
concerns also apply to more recently discovered potential pathogens such as 
bocavirus among others.18

A sputum sample for Gram stain and culture is not usually indicated in CAP 
but may be valuable, provided the sample is good quality and not predomi-
nantly upper airway secretions and squamous epithelial cells. Predominance 
of a single type of bacteria in large numbers suggests this is the pathogen 
responsible for the pneumonia.14,15���0�L�[�H�G���À�R�U�D���L�Q���O�R�Z�H�U���G�H�Q�V�L�W�\���X�V�X�D�O�O�\���G�R�H�V��
not correctly identify the pathogen. Blood cultures in patients with simple 
CAP are infrequently positive and are not cost-effective; they are more likely 
to be positive in patients hospitalized with complicated pneumonia.19 When  
�D���S�O�H�X�U�D�O���H�I�I�X�V�L�R�Q���L�V���S�U�H�V�H�Q�W�����V�D�P�S�O�L�Q�J���W�K�H���S�O�H�X�U�D�O���À�X�L�G���W�R���¿�Q�G���D���V�S�H�F�L�¿�F��
pathogen may be helpful; however, the result is often negative, particularly  
if the patient has already received antibiotics.8,15 Recent development of 
metagenomic next-generation sequencing rapid tests is likely to greatly 
improve the ability to identify bacterial infections and resistance patterns  
of bacterial pathogens.20
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Indirect tests such as urinary antigen testing are useful in some causes of 
pneumonia such as histoplasmosis but have had less use with bacterial pneu- 
monia such as Streptococcus pneumoniae. Serum antibody testing is very 
helpful in patients who are immunocompromised and have fungal pneumonia 
for which culturing an organism in the laboratory can be slow and challenging. 
�0�D�U�N�H�U�V���R�I���I�X�Q�J�D�O���F�H�O�O���Z�D�O�O���H�O�H�P�H�Q�W�V���V�X�F�K���D�������'���J�O�X�F�D�Q���D�Q�G���J�D�O�D�F�W�R�P�D�Q�Q�D�Q��
can be helpful if present in blood or bronchoalveolar lavage specimens, 
especially in a patient who is immunocompromised.

Pathology
The pathology of pneumonia is described as follows:

���X �/�R�E�D�U

���X Bronchopneumonia

���X Interstitial

���X Miliary

�/�R�E�D�U���S�Q�H�X�P�R�Q�L�D���K�D�V�������V�W�D�J�H�V�����7�K�H���L�Q�L�W�L�D�O���V�W�D�J�H���L�V���F�R�Q�J�H�V�W�L�R�Q�����Z�K�H�Q���W�K�H��
�D�O�Y�H�R�O�L���D�U�H���¿�O�O�H�G���Z�L�W�K���¿�E�U�L�Q�R�X�V���À�X�L�G�����Q�H�X�W�U�R�S�K�L�O�V�����D�Q�G���E�D�F�W�H�U�L�D�����7�K�L�V���V�W�D�J�H��
occurs within 24 hours of infection. The second stage usually occurs on days 
2 to 3 and is called red hepatization. The lung reddens and is of the consis-
�W�H�Q�F�\���R�I���O�L�Y�H�U�����7�K�H���D�O�Y�H�R�O�L���D�U�H���¿�O�O�H�G���Z�L�W�K���¿�E�U�L�Q�R�X�V���L�Q�À�D�P�P�D�W�R�U�\���H�[�X�G�D�W�H�V��
with increased numbers of neutrophils and red blood cells that contribute to 
the color. The consolidated lobe is airless and evident on a CXR. The pleura  
is usually thickened, and a pleural rub may be heard. The next stage is called 
gray hepatization�����Z�K�H�Q���W�K�H���D�O�Y�H�R�O�L���D�U�H���¿�O�O�H�G���Z�L�W�K���¿�E�U�L�Q���W�K�U�H�D�G�V���D�Q�G���Q�H�X�W�U�R-
phils and the red blood cells are much fewer in number. The lung is still stiff, 
�D�Q�G���W�K�H���D�O�Y�H�R�O�D�U���Z�D�O�O�V���D�U�H���W�K�L�F�N�H�Q�H�G���D�Q�G���¿�E�U�R�V�H�G�����7�K�H���I�R�X�U�W�K���V�W�D�J�H���L�V���W�K�D�W���R�I��
�U�H�V�R�O�X�W�L�R�Q���D�V���W�K�H���L�Q�À�D�P�P�D�W�R�U�\���H�[�X�G�D�W�H�V���D�U�H���U�H�V�R�U�E�H�G��

Bronchopneumonia is patchier, and, as the name suggests, there is suppurative 
�L�Q�À�D�P�P�D�W�L�R�Q���R�I���W�K�H���E�U�R�Q�F�K�L���D�Q�G���V�X�U�U�R�X�Q�G�L�Q�J���D�O�Y�H�R�O�L�����7�K�H���H�[�X�G�D�W�H�V���¿�O�O���E�U�R�Q�F�K�L��
and bronchioles and affect the adjacent alveoli, while the distant alveoli may 
be free of exudates. The patchy consolidation may affect one or several lobes 
and is usually bilateral. The lobes more involved include the dependent lung 
zones and the bases.

�,�Q�W�H�U�V�W�L�W�L�D�O���S�Q�H�X�P�R�Q�L�D���U�H�V�X�O�W�V���I�U�R�P���L�Q�À�D�P�P�D�W�L�R�Q���Z�L�W�K�L�Q���W�K�H���D�O�Y�H�R�O�D�U���Z�D�O�O��
�U�D�W�K�H�U���W�K�D�Q���L�Q���W�K�H���D�O�Y�H�R�O�D�U���D�L�U�V�S�D�F�H�����7�K�H���L�Q�¿�O�W�U�D�W�H���W�H�Q�G�V���W�R���E�H���O�\�P�S�K�R�F�\�W�H�V�� 
and macrophages, and hyaline membranes may line the alveolar spaces.

Miliary pneumonia occurs with hematogenous spread to the lung, which leads 
to multiple discrete lesions, often throughout both lungs.

Bacterial pneumonia often follows a viral upper respiratory infection (URI). 
�/�R�E�D�U���S�Q�H�X�P�R�Q�L�D���L�V���P�R�V�W���F�R�P�P�R�Q�O�\���E�D�F�W�H�U�L�D�O�����L�Q�F�O�X�G�L�Q�J���D�W�\�S�L�F�D�O���E�D�F�W�H�U�L�D����
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Bronchopneumonia may be bacterial, atypical, or viral. Interstitial pneumonia 
may result from HIV, measles, and pertussis, as well as from noninfectious 
causes, including aspiration. Miliary pulmonary infection is most commonly 
seen in tuberculosis, histoplasmosis, and coccidioidomycosis. Patients who are 
immunocompromised are at risk for cytomegalovirus or varicella-zoster virus 
and other opportunistic infections.

Diagnosis
�7�K�H���P�L�F�U�R�E�L�R�O�R�J�L�F�D�O���G�L�D�J�Q�R�V�L�V���R�I���S�Q�H�X�P�R�Q�L�D���L�V���G�L�I�¿�F�X�O�W���W�R���S�U�R�Y�H���L�Q���P�D�Q�\��
cases without extensive investigation. The age of the child will suggest the 
most likely cause, and it is also helpful to be aware of which organisms are  
in the community at the time. Pneumonia in the pediatric population is most 
common in infants and toddlers and least common in adolescents.

Box 20-1 lists the more likely causes of pneumonia on the basis of age.

Abbreviations: hMPV, human metapneumovirus; 
RSV, respiratory syncytial virus.

Age-Related Causes of Pneumonia in the  
Child Who Is Immunocompetent

Box 20‑1

� 2 Months
Group B Streptococcus
Pneumococcus
Staphylococcus aureus
Chlamydia trachomatis
Listeria monocytogenes

2–12 Months
Pneumococcus
RSV
Parain�uenza
In�uenza
Adenovirus
hMPV
C trachomatis
Pertussis

1–4 Years
Pneumococcus
Parain�uenza
In�uenza
Adenovirus
RSV
hMPV
Mycoplasma

5–12 Years
Mycoplasma
Pneumococcus
Group A Streptococcus
Viruses

� 12 Years
Mycoplasma
Chlamydia pneumoniae
Pneumococcus
Group A Streptococcus
Viruses
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Infants to School Age (1 Month–4 Years)

After children reach 1 month of age, cough is the most common manifesta- 
tion of pneumonia. A viral upper respiratory illness commonly precedes  
�W�K�H���S�Q�H�X�P�R�Q�L�D�����,�I���W�K�H���S�Q�H�X�P�R�Q�L�D���L�V���E�D�F�W�H�U�L�D�O�����D���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���I�H�Y�H�U�� 
is usually present, whereas in viral or atypical infections, the fever may be 
low-grade. Generally, the height of the fever is a poor indicator of cause.  
Most cases of pneumonia are viral, and RSV is the most common pathogen. 
Although RSV principally causes bronchiolitis, it is also a common cause of 
pneumonia. After children reach 2 years of age, RSV does not typically cause 
lower respiratory tract infection except in patients who are immunocompro-
�P�L�V�H�G�����H�V�S�H�F�L�D�O�O�\���W�U�D�Q�V�S�O�D�Q�W���U�H�F�L�S�L�H�Q�W�V�������+�X�P�D�Q���S�D�U�D�L�Q�À�X�H�Q�]�D���W�\�S�H�������R�F�F�X�U�V��
year-round, with peaks in the spring, and types 1 and 2 are typically seen  
in the fall.

From 5 Years of Age to Adolescence

The most common cause of bacterial pneumonia is S pneumoniae, but 
Mycoplasma is increasingly being diagnosed as the cause of CAP. Group A 
Streptococcus is also increasingly being diagnosed. Various viruses cause 
�S�Q�H�X�P�R�Q�L�D�����L�Q�F�O�X�G�L�Q�J���D�G�H�Q�R�Y�L�U�X�V�����L�Q�À�X�H�Q�]�D�����S�D�U�D�L�Q�À�X�H�Q�]�D�����D�Q�G���5�6�9�� 
(in patients who are immunocompromised or have received transplants).

Bacterial Pneumonia
In one study, bacteria were isolated as a cause of CAP in less than 10%  
�R�I���F�K�L�O�G�U�H�Q���K�R�V�S�L�W�D�O�L�]�H�G���I�R�U���S�Q�H�X�P�R�Q�L�D�����D�Q�G���D�Q���D�G�G�L�W�L�R�Q�D�O���������K�D�G���P�L�[�H�G��
bacterial and viral infections.4 A bacterial pathogen alone was infrequent  
in children younger than 2 years, and the incidence increased through child- 
hood and adolescence.4 S pneumoniae was the most common typical bacteria 
�L�G�H�Q�W�L�¿�H�G���D�Q�G���R�Q�O�\���L�Q���O�H�V�V���W�K�D�Q���������R�I���W�K�H���S�D�W�L�H�Q�W�V�����2�W�K�H�U���E�D�F�W�H�U�L�D���L�G�H�Q�W�L�¿�H�G���L�Q��
lower frequency included Staphylococcus aureus (both methicillin resistant 
and methicillin sensitive), Streptococcus pyogenes, viridans streptococci,  
and �+�D�H�P�R�S�K�L�O�X�V���L�Q�À�X�H�Q�]�D�H�����2�Q�O�\���D���Y�H�U�\���V�P�D�O�O���Q�X�P�E�H�U���R�I���J�U�D�P���Q�H�J�D�W�L�Y�H��
�R�U�J�D�Q�L�V�P�V���Z�H�U�H���L�G�H�Q�W�L�¿�H�G�����$�W�\�S�L�F�D�O���E�D�F�W�H�U�L�D����Mycoplasma and Chlamydia) 
are discussed separately later.

Bacterial pneumonia is an important cause of death if untreated, especially in 
underresourced countries. Although most children with bacterial pneumonia 
improve without sequelae, children with a preexisting condition may be at 
increased risk for morbidity, including subsequent infections because of 
scarring in the lungs. The immune status of the child also affects the risk of 
mortality and morbidity.
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Gram-Positive Bacteria

Pneumococcus
S pneumoniae was the most common bacterial cause of lower respiratory 
infection before the institution of the pneumococcal vaccine in 2000. Since 
2000, there has been a reduction of invasive pneumococcal disease by 80% 
�I�R�U���F�K�L�O�G�U�H�Q���\�R�X�Q�J�H�U���W�K�D�Q�������\�H�D�U�V�����D�Q�G���W�K�L�V���¿�Q�G�L�Q�J���P�D�\���L�Q�F�U�H�D�V�H���V�L�Q�F�H���W�K�H��
13-valent pneumococcal conjugate vaccine (PCV13) replaced PCV7 in the 
routine childhood immunization schedule and became available in 2010.6 
Surveillance is also indicated for nonvaccine serotypes. Although invasive 
pneumococcal disease has decreased, complicated pneumonia has increased 
�V�L�J�Q�L�¿�F�D�Q�W�O�\���D�F�U�R�V�V���W�K�H���8�Q�L�W�H�G���6�W�D�W�H�V��7 and these cases tend to be due to 
nonvaccine serotypes.

Pneumococci are gram-positive diplococci, and the upper respiratory tract  
is colonized in many people. Transmission is by droplet, and the incubation 
period is short (sometimes 1–3 days). Populations at more risk for invasive 
pneumococcal disease (pneumonia, meningitis, and sepsis) are shown  
in Box 20-2.

Pneumococcal pneumonia may be preceded by a mild URI. Infants may 
present with a sudden increase in fever, possibly a seizure, and diarrhea and 
vomiting. Cough may be absent, but evidence of respiratory distress includes 
�W�D�F�K�\�S�Q�H�D�����Q�D�V�D�O���À�D�U�L�Q�J�����D�Q�G���S�H�U�L�R�U�D�O���F�\�D�Q�R�V�L�V�����2�O�G�H�U���F�K�L�O�G�U�H�Q���X�V�X�D�O�O�\���S�U�H�V�H�Q�W��
with fever, chills, dyspnea, and pleuritic chest pain. Older children may have 
sputum production, and streaks of blood may be apparent in the sputum.

Chest examination results may not be abnormal in infants and small children. 
Older children will usually have crackles and dullness to percussion with 
bronchial breathing over the involved lobe. Friction rub is not often elicited. 
Abdominal pain is a common symptom in an older child.

Children at Increased Risk of Invasive Pneumococcal Disease

Box 20‑2

	� Children younger than 36 months

	� Children with sickle cell disease

	� Children with asplenia

	� Children with HIV

	� Children with cochlear implants

	� Children with chronic disease including asthma, immune de�ciency 
(including transplants), cardiac disease, pulmonary disease, renal 
insu�ciency, and diabetes mellitus are at presumed high risk, but 
the data are insu�cient to calculate rates.
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�/�D�E�R�U�D�W�R�U�\���¿�Q�G�L�Q�J�V���D�O�V�R���D�U�H���Q�R�W���F�R�Q�V�L�V�W�H�Q�W�����$�O�W�K�R�X�J�K���Q�R�W���X�V�X�D�O�O�\���R�E�W�D�L�Q�H�G�� 
in the outpatient setting, a WBC count higher than 1���������������/����������������× 109���/����
with the clinical picture of pneumonia is certainly suggestive of pneumo- 
coccal disease. The yield from blood culture is low, but, when an adequate 
�V�S�H�F�L�P�H�Q���L�V���R�E�W�D�L�Q�H�G�����W�K�H���V�S�X�W�X�P���¿�Q�G�L�Q�J�V���R�I���P�D�Q�\���S�R�O�\�P�R�U�S�K�R�Q�X�F�O�H�D�U���O�H�X�N�R�� 
cytes with gram-positive diplococci are almost diagnostic. Young age is a 
barrier to sputum collection. Antigen detection is not considered useful for 
�G�L�D�J�Q�R�V�L�V���H�[�F�H�S�W���I�R�U���S�O�H�X�U�D�O���À�X�L�G��

Chest radiography in children with pneumococcal pneumonia may initially 
demonstrate a lobar pattern and then extend beyond the lobar boundaries. It  
is the most common cause of the round pneumonia pattern. On occasion, the 
markings may be patchy or interstitial. As discussed in Chapter 7, Pulmonary 
�,�P�D�J�L�Q�J�����F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�\���L�V���Q�R�W���F�R�Q�V�L�V�W�H�Q�W�O�\���D�E�O�H���W�R���K�H�O�S���F�R�Q�¿�U�P���W�K�H���G�L�D�J�Q�R-
�V�L�V���R�I���D���E�D�F�W�H�U�L�D�O���R�U���Y�L�U�D�O���S�Q�H�X�P�R�Q�L�D���E�H�F�D�X�V�H���R�I���R�Y�H�U�O�D�S���E�H�W�Z�H�H�Q���¿�Q�G�L�Q�J�V��

The clinical course of pneumococcal pneumonia is usually rapid, with response 
to antibiotics causing reduction of fever within a few hours. For outpatient 
treatment in children with CAP that has been proven to be or is suspected to  
be of bacterial origin, amoxicillin or amoxicillin-clavulanate is the therapy  
of choice. In school-aged children (>5 years), the addition of a macrolide for 
coverage of atypical organisms may be warranted. In children ill enough to 
warrant hospitalization, the empirical use of penicillin or ampicillin and the 
addition of a macrolide may be appropriate, and decisions for therapy should 
take into account local resistance patterns and immunization history. Use of 
third-generation cephalosporins is reserved for infants and children who are 
hospitalized and not fully immunized in areas with a higher incidence of inva- 
sive pneumococcal strains and high-level penicillin resistance or in children 
with severe infection. Empirical therapy with a third-generation parenteral 
cephalosporin (ceftriaxone or cefotaxime) should be prescribed for infants  
and children who are hospitalized and not fully immunized; in regions where 
local epidemiology of invasive pneumococcal strains documents high-level 
penicillin resistance; or for infants and children with life-threatening infec- 
tion, including those with empyema. Complications may be systemic, with 
meningitis, carditis, peritonitis, and septic arthritis resulting from bacteremia. 
Pulmonary complications include pleural effusion and empyema. Inappropri-
ate secretion of antidiuretic hormone is common and may cause a clinically 
�V�L�J�Q�L�¿�F�D�Q�W���U�H�G�X�F�W�L�R�Q���R�I���V�H�U�X�P���V�R�G�L�X�P��

Group A Streptococcus
Also known as S pyogenes�����*�U�R�X�S���$�������K�H�P�R�O�\�W�L�F��Streptococcus is an  
uncommon cause of pneumonia. It is important because the clinical course  
is aggressive and may result in necrotizing pneumonia. The clinical appear-
ance of the child includes fever, chills, lethargy, cough, and dyspnea. The  
most common radiographic pattern is a patchy bronchopneumonia, but in a 
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minority of cases there is lobar consolidation. Cavitation may occur, as well 
�D�V���S�O�H�X�U�D�O���H�I�I�X�V�L�R�Q���Z�L�W�K���S�U�R�J�U�H�V�V�L�R�Q���W�R���¿�E�U�L�Q�R�S�X�U�X�O�H�Q�W���H�P�S�\�H�P�D��

The response to antibiotics tends to be slow, even with selection of an  
appropriate agent such as penicillin or ampicillin. Clindamycin, a ribosomal 
agent, may be added as an adjunct in toxin-mediated disease. Penicillin is the 
treatment of choice, although ampicillin is an alternative. Complications are 
common and include pneumothorax, pneumatoceles, bronchiectasis, and 
�E�U�R�Q�F�K�R�S�O�H�X�U�D�O���¿�V�W�X�O�D��

Staphylococcal Pneumonia
S aureus is an uncommon cause of pneumonia in children who are immuno-
competent, but it does occur in infancy. It also occurs more commonly after 
�L�Q�À�X�H�Q�]�D���L�Q�I�H�F�W�L�R�Q���D�Q�G���R�W�K�H�U���Y�L�U�D�O���8�5�,�V�����6�W�D�S�K�\�O�R�F�R�F�F�L���D�U�H���J�U�D�P���S�R�V�L�W�L�Y�H��
organisms that occur in clusters. Pneumonia results from inhalation of organ- 
isms or from bacteremic spread. The clinical picture varies from a mild 
respiratory infection with fever, cough, and tachypnea to a rapidly progres- 
sive illness with dyspnea, cyanosis, and septic shock. The initial radiographic 
�D�S�S�H�D�U�D�Q�F�H���L�V���P�X�O�W�L�S�O�H���Q�R�G�X�O�D�U���L�Q�¿�O�W�U�D�W�H�V�����X�V�X�D�O�O�\���X�Q�L�O�D�W�H�U�D�O�����Z�K�L�F�K���L�Q���D���I�H�Z��
days become cavitary, and pneumatoceles subsequently form. Pneumothorax 
is common, especially in infants receiving ventilation, and empyema is present 
in most cases.

The scenario described in the previous paragraph would be likely diagnosed as 
S aureus���L�Q���D�Q���L�Q�I�D�Q�W�����E�X�W���L�I���W�K�H���V�D�P�H���¿�Q�G�L�Q�J�V���Z�H�U�H���S�U�H�V�H�Q�W���L�Q���D�Q���R�O�G�H�U���F�K�L�O�G����
other organisms would be more likely, such as Escherichia coli, Pseudomonas, 
or Klebsiella. It is likely that the relative prevalence from pneumococcus to  
S aureus is increasing in older children and that there are increasing numbers 
of children with pneumonia caused by methicillin-resistant S aureus.8 

If staphylococcal pneumonia is suspected, the increased prevalence of 
methicillin-resistant S aureus may require vancomycin or clindamycin for 
initial treatment until the sensitivities are known. Alternative agents include 
trimethoprim/sulfamethoxazole and ceftaroline fosamil, which has been 
shown to be an effective agent for treatment of pediatric CAP, and linezolid. 
Daptomycin is inactivated by surfactant and should therefore not be used to 
treat pneumonia.

Gram-Negative Bacteria

Pseudomonas aeruginosa
Pseudomonas is a gram-negative bacterium that has a predilection to moist 
environments. It is common to acquire Pseudomonas, with colonization in 
more than 50% of humans, and Pseudomonas often causes nosocomial 
infection. It is an unusual cause of pneumonia in children who are healthy. 
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Pneumonia caused by Pseudomonas is a common complication in patients 
with endotracheal tubes or tracheostomy. It is the dominant organism in  
�F�\�V�W�L�F���¿�E�U�R�V�L�V�����&�)�������,�W���R�F�F�X�U�V���P�R�U�H���I�U�H�T�X�H�Q�W�O�\���L�Q���F�K�L�O�G�U�H�Q���Z�L�W�K���+�,�9���L�Q�I�H�F�W�L�R�Q����
�Q�H�X�W�U�R�S�H�Q�L�D�����D�Q�G���F�R�P�S�O�H�P�H�Q�W���G�H�¿�F�L�H�Q�F�\10 and those who are immunosup-
�S�U�H�V�V�H�G�����,�W���L�V���W�K�H���P�R�V�W���F�R�P�P�R�Q���F�D�X�V�H���R�I���S�Q�H�X�P�R�Q�L�D���L�Q���W�K�H���L�Q�W�H�Q�V�L�Y�H���F�D�U�H��
�H�Q�Y�L�U�R�Q�P�H�Q�W�����,�W���D�O�V�R���K�D�V���E�H�H�Q���U�H�S�R�U�W�H�G���D�I�W�H�U���H�[�S�R�V�X�U�H���L�Q���K�R�W���W�X�E���V�S�D�V��

�$�O�W�K�R�X�J�K���W�K�H���W�\�S�L�F�D�O���F�R�O�R�U���R�I���V�S�X�W�X�P���S�U�R�G�X�F�H�G���L�Q���S�V�H�X�G�R�P�R�Q�D�O���S�Q�H�X�P�R�Q�L�D�� 
�L�V���J�U�H�H�Q�����W�K�L�V���F�R�O�R�U���P�D�\���E�H���V�H�H�Q���Z�L�W�K���S�Q�H�X�P�R�F�R�F�F�D�O���D�Q�G��Haemophilus 
�L�Q�I�H�F�W�L�R�Q�V�����7�K�H���S�U�R�J�U�H�V�V�L�R�Q���R�I��Pseudomonas pneumonia to necrotizing 
�E�U�R�Q�F�K�R�S�Q�H�X�P�R�Q�L�D���P�D�\���E�H���U�D�S�L�G���L�I���X�Q�W�U�H�D�W�H�G�����3�O�H�X�U�D�O���H�I�I�X�V�L�R�Q���L�V���F�R�P�P�R�Q����
�D�Q�G���W�K�H���S�Q�H�X�P�R�Q�L�D���P�D�\���K�D�Y�H���D���O�R�E�D�U���R�U���G�L�I�I�X�V�H���E�L�O�D�W�H�U�D�O���E�U�R�Q�F�K�R�S�Q�H�X�P�R�Q�L�D��
radiographic pattern.

�)�R�U���F�K�L�O�G�U�H�Q���Z�L�W�K���F�K�U�R�Q�L�F��Pseudomonas���L�Q�I�H�F�W�L�R�Q�����H�V�S�H�F�L�D�O�O�\���W�K�R�V�H���Z�L�W�K���&�)����
�W�K�H�U�H���L�V���D���P�D�M�R�U���S�U�R�E�O�H�P���R�I���U�H�V�L�V�W�D�Q�F�H���Z�K�H�Q���W�K�H�U�D�S�\���Z�L�W�K���D���V�L�Q�J�O�H���D�Q�W�L�E�L�R�W�L�F���L�V��
�X�V�H�G�����7�K�H�U�H�I�R�U�H�����W�K�H���X�V�H���R�I�������D�Q�W�L�E�L�R�W�L�F�V�����D���V�H�P�L�V�\�Q�W�K�H�W�L�F���S�H�Q�L�F�L�O�O�L�Q���D�O�R�Q�J���Z�L�W�K��
�D�Q���D�P�L�Q�R�J�O�\�F�R�V�L�G�H�����L�V���R�I�W�H�Q���L�Q�G�L�F�D�W�H�G��

Burkholderia cepacia
Pseudomonas cepacia was described initially by Walter Burkholder in 1949 
and is now named B cepacia. It is an important pathogen in causing pneumo-
�Q�L�D���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)���D�Q�G���K�D�V���E�H�H�Q���U�H�S�R�U�W�H�G���W�R���F�D�X�V�H���S�Q�H�X�P�R�Q�L�D���L�Q���S�D�W�L�H�Q�W�V��
who are immunocompromised. B cepacia does not typically cause pneumonia 
in children who are healthy.

Klebsiella pneumoniae
K pneumoniae���L�V���D���J�U�D�P���Q�H�J�D�W�L�Y�H���U�R�G���V�K�D�S�H�G���E�D�F�L�O�O�X�V���D�Q�G���L�V���F�O�L�Q�L�F�D�O�O�\�� 
�W�K�H���P�R�V�W���L�P�S�R�U�W�D�Q�W���P�H�P�E�H�U���R�I���W�K�H��Klebsiella���J�H�Q�X�V���R�I���(�Q�W�H�U�R�E�D�F�W�H�U�L�D�F�H�D�H����
�3�Q�H�X�P�R�Q�L�D���D�V���D���U�H�V�X�O�W���R�I��K pneumoniae���L�V���W�\�S�L�F�D�O�O�\���D���Q�R�V�R�F�R�P�L�D�O���L�Q�I�H�F�W�L�R�Q���� 
�,�W���P�D�\���D�O�V�R���E�H���F�R�P�P�X�Q�L�W�\���D�F�T�X�L�U�H�G�����D�O�W�K�R�X�J�K���W�K�L�V���L�V���U�D�U�H���L�Q���F�K�L�O�G�U�H�Q���Z�K�R�� 
are otherwise healthy. Pneumonia tends to occur in children who are immu-
�Q�R�F�R�P�S�U�R�P�L�V�H�G���R�U���G�H�E�L�O�L�W�D�W�H�G�����3�Q�H�X�P�R�Q�L�D���D�V���D���U�H�V�X�O�W���R�I��K pneumoniae is 
�D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D�Q���D�F�X�W�H���R�Q�V�H�W���Z�L�W�K���I�H�Y�H�U���D�Q�G���F�K�L�O�O�V�����7�K�H���F�R�X�J�K���L�V���S�U�R�G�X�F�W�L�Y�H��
and yields abundant thick sputum that is typically tinged with blood and is 
known as red currant jelly sputum�����3�Q�H�X�P�R�Q�L�D���L�V���X�V�X�D�O�O�\���F�R�P�S�O�L�F�D�W�H�G�����D�Q�G��
�D�E�V�F�H�V�V���I�R�U�P�D�W�L�R�Q�����F�D�Y�L�W�D�W�L�R�Q�����D�Q�G���H�P�S�\�H�P�D���D�U�H���F�R�P�P�R�Q�����,�Q�I�H�F�W�L�R�Q���L�V���P�R�U�H��
�F�R�P�P�R�Q�O�\���X�Q�L�O�D�W�H�U�D�O�����R�F�F�X�U�U�L�Q�J���W�\�S�L�F�D�O�O�\���L�Q���W�K�H���X�S�S�H�U���O�R�E�H�V�����+�R�V�S�L�W�D�O�L�]�D�W�L�R�Q��
�L�V���L�Q�G�L�F�D�W�H�G�����L�Q�F�O�X�G�L�Q�J���I�R�U���&�$�3�����E�H�F�D�X�V�H���H�Y�H�Q���Z�L�W�K���W�U�H�D�W�P�H�Q�W�����W�K�H�U�H���L�V���F�O�L�Q�L-
�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���P�R�U�W�D�O�L�W�\�����0�D�Q�\��Klebsiella organisms are resistant to  
�Y�D�U�L�R�X�V���D�Q�W�L�P�L�F�U�R�E�L�D�O�V�����D�Q�G���H�P�S�L�U�L�F�D�O���W�K�H�U�D�S�\���V�K�R�X�O�G���W�D�N�H���W�K�L�V���L�Q�W�R���D�F�F�R�X�Q�W����
�7�K�H���S�R�W�H�Q�W�L�D�O���F�K�R�L�F�H���L�V���Z�L�G�H�����L�Q�F�O�X�G�L�Q�J���W�K�L�U�G���J�H�Q�H�U�D�W�L�R�Q���F�H�S�K�D�O�R�V�S�R�U�L�Q�V�� 
���H�J�����F�H�I�R�W�D�[�L�P�H���R�U���F�H�I�W�U�L�D�[�R�Q�H�������F�H�I�H�S�L�P�H�����F�D�U�E�D�S�H�Q�H�P�V�����H�J�����P�H�U�R�S�H�Q�H�P������
�D�P�L�Q�R�J�O�\�F�R�V�L�G�H�V�����D�Q�G���T�X�L�Q�R�O�R�Q�H�V�����,�Q�I�H�F�W�L�R�X�V���G�L�V�H�D�V�H���F�R�Q�V�X�O�W�D�W�L�R�Q���L�V��
�D�G�Y�L�V�D�E�O�H��
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Legionella pneumophila
�/�H�J�L�R�Q�Q�D�L�U�H�V�¶���G�L�V�H�D�V�H���Z�D�V���¿�U�V�W���U�H�F�R�J�Q�L�]�H�G���L�Q�������������D�W���D�Q���$�P�H�U�L�F�D�Q���/�H�J�L�R�Q��
convention in Philadelphia. The organism that caused an outbreak of pneumo-
�Q�L�D���Z�D�V���L�G�H�Q�W�L�¿�H�G���D�V���D���J�U�D�P���Q�H�J�D�W�L�Y�H���E�D�F�L�O�O�X�V����L pneumophila. Although an 
unusual cause of pneumonia in children, it is important to recognize. It is more 
common in children who are immunosuppressed, and more than one-third of 
pediatric cases have been in children younger than 1 year. Transmission occurs 
via aerosolization and inhalation or aspiration of water containing the organ-
ism. It has been linked to contaminated water in hospitals and respiratory 
therapy equipment, as well as cooling towers; central air conditioning systems; 
evaporative coolers; hot water systems, including showers and hot tub spas;  
and ice-making machines. The disease is particularly prevalent in hotels, cruise 
ships, and hospitals that have outdated cooling systems. The incubation period 
is 2 to 10 days; for milder disease, known as Pontiac fever, the incubation 
period is 1 to 2 days.

Clinical Features
�/�H�J�L�R�Q�Q�D�L�U�H�V�¶���G�L�V�H�D�V�H���P�D�Q�L�I�H�V�W�V���Z�L�W�K���I�H�Y�H�U�����F�K�L�O�O�V�����D�Q�G���F�R�X�J�K�����Z�K�L�F�K���L�V���L�Q�L�W�L�D�O�O�\��
nonproductive. Constitutional symptoms include headache, muscle ache, and 
sometimes ataxia (loss of coordination) and diarrhea or vomiting. The lung 
examination typically reveals crackles.

Blood testing may reveal abnormal hepatic or renal function, and hyponatremia 
is common. A CXR typically shows unilateral or bilateral bronchopneumonia.

Management
Clues to the diagnosis are the constitutional symptoms and the laboratory test 
abnormalities, including hyponatremia. Detection of L pneumophila serogroup 
1 is aided by detecting Legionella antigen in the urine.

�$�]�L�W�K�U�R�P�\�F�L�Q���L�V���W�K�H���G�U�X�J���R�I���F�K�R�L�F�H���I�R�U���F�K�L�O�G�U�H�Q���V�X�V�S�H�F�W�H�G���R�I���R�U���F�R�Q�¿�U�P�H�G���D�V��
having Legionella pneumonia. Azithromycin should initially be administered 
intravenously, converting to orally when the child responds. 

Anaerobic Organisms

The most common anaerobic gram-negative bacilli (AGNB) to cause pneumo-
nia are the pigmented Prevotella species. The Prevotella species are important 
�F�R�P�S�R�Q�H�Q�W�V���R�I���W�K�H���E�D�F�W�H�U�L�D�O���À�R�U�D���R�I���W�K�H���P�R�X�W�K�����Q�R�V�H�����D�Q�G���Q�D�V�R�S�K�D�U�\�Q�[�����7�K�H�\��
�D�U�H���Q�R�W���R�I�W�H�Q���F�X�O�W�X�U�H�G���E�H�F�D�X�V�H���R�I���W�K�H���G�L�I�¿�F�X�O�W�\���L�Q���V�S�H�F�L�P�H�Q���F�R�O�O�H�F�W�L�R�Q���D�Q�G��
growing in the microbiology laboratory. Anaerobic organisms are common 
causes of chronic sinusitis, chronic mastoiditis, chronic otitis media, and 
retropharyngeal abscess.

Pneumonia caused by anerobic organisms results from aspiration of upper 
airway or gastric secretions. Severe gingival disease is a risk factor for aspira-
tion. After aspiration, there may be progression from pneumonia to necrotizing 
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pneumonia, and AGNB is an important cause of lung abscess.11 Frequently, 
AGNB may be recovered in culture along with Enterobacteriaceae,  
Pseudomonas, and S aureus.

The Prevotella species are resistant to penicillin and typically susceptible to 
amoxicillin/clavulanate, clindamycin, metronidazole, and carbapenems.

Atypical Pneumonia

The term atypical pneumonia is applied because the causative organism is an 
atypical bacteria or virus. The agents that cause atypical pneumonia include 
Mycoplasma pneumoniae, C trachomatis, Chlamydia pneumoniae, and 
Chlamydia psittaci.

M pneumoniae
M pneumoniae is the most common cause of CAP in children older than  
5 years and is often called walking pneumonia. It is common in children 
younger than 5 years.12 The true incidence is unknown because many cases 
�D�U�H���W�U�H�D�W�H�G���H�P�S�L�U�L�F�D�O�O�\���Z�L�W�K�R�X�W���F�R�Q�¿�U�P�D�W�L�R�Q���R�I���W�K�H���G�L�D�J�Q�R�V�L�V�����7�K�H�U�H���D�U�H�� 
no geographic limitations, and infection occurs year-round. There may be 
epidemics every 3 to 7 years, and outbreaks occur in schools and universities.

M pneumoniae is called Mycoplasma because of the plasticity of the bacterial 
forms, which resemble fungal elements. Instead of a cell wall there is a cell 
membrane containing sterols, which are not present in other bacteria or 
viruses. Unlike viruses, they do not require a cell to replicate and can  
grow in cell-free media, and they contain both RNA and DNA.

Clinical Features
M pneumoniae infections usually start with a URI with pharyngitis, cough, 
headache, and myalgias. There may be fever, which is usually less than 39°C 
(102°F). The cough is initially nonproductive and can be severe and debilitat-
ing. Blood streaking of the sputum is not uncommon, and the coughing may 
cause chest pain that is nonpleuritic. In 5% to 10% of children, the URI pro- 
gresses to bronchitis or pneumonia. Small pleural effusions can occur in  
5% to 20% of patients. Cutaneous manifestations are common and include 
maculopapular rash and erythema nodosum. Extrapulmonary symptoms are 
not uncommon and include bullous myringitis, which supports the diagnosis 
of Mycoplasma.

In sickle cell disease, a Mycoplasma infection may be severe and is consid-
ered an important cause of acute chest syndrome. It also can be severe in 
Down syndrome, especially in those with congenital cardiac disease. Both 
Mycoplasma and Chlamydia cause exacerbations of asthma in children and 
adolescents.
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�7�K�H���S�K�\�V�L�F�D�O���H�[�D�P�L�Q�D�W�L�R�Q���X�V�X�D�O�O�\���U�H�Y�H�D�O�V���R�U�R�S�K�D�U�\�Q�J�H�D�O���L�Q�À�D�P�P�D�W�L�R�Q�����7�K�H��
chest examination results may be relatively benign, with few crackles and 
�U�K�R�Q�F�K�L�����D�W���W�K�H���V�D�P�H���W�L�P�H���W�K�D�W���D���&�;�5���V�K�R�Z�V���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���¿�Q�G�L�Q�J�V�� 
of pneumonia. Wheezing may occur, particularly if the child has asthma.

Laboratory
�&�R�O�G���D�J�J�O�X�W�L�Q�L�Q�V���V�K�R�X�O�G���Q�R�W���E�H���X�V�H�G���W�R���F�R�Q�¿�U�P���W�K�H���G�L�D�J�Q�R�V�L�V���E�H�F�D�X�V�H���W�K�H�\���D�U�H��
�Q�R�Q�V�S�H�F�L�¿�F�����R�Q�O�\���D�E�R�X�W�����������D�U�H���S�R�V�L�W�L�Y�H������Mycoplasma immunoglobulins M 
�D�Q�G���*���P�D�\���E�H���X�V�H�I�X�O���W�R���F�R�Q�¿�U�P���W�K�H���G�L�D�J�Q�R�V�L�V�����Z�L�W�K���D���V�H�Q�V�L�W�L�Y�L�W�\���R�I���D�S�S�U�R�[�L-
mately 98% if both are measured. Immunoglobulin M results may be negative 
�L�Q���W�K�H���¿�U�V�W���Z�H�H�N���R�I���L�O�O�Q�H�V�V���D�Q�G���P�D�\���E�H���L�Q�G�L�F�D�W�L�Y�H���R�I���S�D�V�W���L�Q�I�H�F�W�L�R�Q�����$���3�&�5���W�H�V�W��
�L�V���K�L�J�K�O�\���V�H�Q�V�L�W�L�Y�H�����E�X�W���W�K�H���U�H�V�X�O�W�V���P�D�\���U�H�À�H�F�W���F�R�O�R�Q�L�]�D�W�L�R�Q���Z�K�H�Q���W�K�H���V�D�P�S�O�H���L�V��
obtained from the nasopharynx.

Imaging
�,�Q�¿�O�W�U�D�W�H�V���D�U�H���P�R�U�H���O�L�N�H�O�\���W�R���E�H���E�L�O�D�W�H�U�D�O���W�K�D�Q���X�Q�L�O�D�W�H�U�D�O�����7�K�H�U�H���P�D�\���E�H���O�R�E�D�U����
�P�X�O�W�L�I�R�F�D�O�����R�U���G�L�I�I�X�V�H���G�L�V�H�D�V�H���Z�L�W�K���U�H�W�L�F�X�O�D�U���L�Q�¿�O�W�U�D�W�H�V��11 Pleural effusions  
are present in about 20% of cases (though they tend to be small), and hilar 
adenopathy is seen in 7% to 22%.

Management
First-line treatment for M pneumoniae is macrolide antibiotics, although there 
are now reports of macrolide resistance. Tetracycline is active, in particular 
doxycycline, and can be used for adolescents; if administered to children 
younger than 8 years, the duration should be 21 days or fewer. The newer 
�À�X�R�U�R�T�X�L�Q�R�O�R�Q�H�V���D�U�H���H�I�I�H�F�W�L�Y�H�����E�X�W���Q�R�W���D�V���H�I�I�H�F�W�L�Y�H���D�V���P�D�F�U�R�O�L�G�H�V�����7�K�H���O�D�F�N���R�I��
�F�H�O�O���Z�D�O�O���S�U�H�G�L�F�W�V���W�K�D�W�������O�D�F�W�D�P�V���D�U�H���Q�R�W���H�I�I�H�F�W�L�Y�H�����Q�R�U���L�V���W�U�L�P�H�W�K�R�S�U�L�P�����0�R�V�W��
�F�D�V�H�V���R�I���&�$�3���L�P�S�U�R�Y�H���L�Q���D���P�D�W�W�H�U���R�I���G�D�\�V���Z�L�W�K���Q�R���U�H�V�L�G�X�D�O���¿�Q�G�L�Q�J�V��

C trachomatis
C trachomatis is an important cause of sexually transmitted infection and 
trachoma. Although uncommon in the United States, trachoma is the most 
common cause of blindness in the world. C trachomatis causes pneumonia, 
especially in infants. Approximately 5% to 22% of pregnant women have  
C trachomatis of the cervix, and 30% to 50% of these will show culture 
evidence of infection. The infection in the newborn is conjunctivitis with or 
without nasopharyngitis, which in some cases results in neonatal pneumonia.

Clinical Features
Most infants with C trachomatis pneumonia have a history of conjunctivitis, 
�Q�D�V�D�O���V�W�X�I�¿�Q�H�V�V�����D�Q�G���F�R�X�J�K���Z�L�W�K���W�D�F�K�\�S�Q�H�D�����7�K�L�V���S�Q�H�X�P�R�Q�L�D���L�V���F�K�D�U�D�F�W�H�U�L�V�W�L-
cally afebrile. The chest examination reveals scattered crackles; wheezing  
is absent.
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Imaging
The CXR shows either a lobar or interstitial pattern.

Management
�7�K�H���¿�U�V�W���O�L�Q�H���W�K�H�U�D�S�\���W�R���W�U�H�D�W���L�Q�I�D�Q�W�V���Z�L�W�K��C trachomatis pneumonia is 
erythromycin 50 mg/kg/day divided every 6 hours for 14 days. Azithromycin 
is an alternative.

C psittaci
C psittaci causes psittacosis or ornithosis after exposure to infected birds. 
Ornithosis is the preferred name because it can be caused by any bird, includ-
ing parrots, chickens, ducks, turkeys, pigeons, and sparrows. It is transmitted 
from birds to humans by either direct contact or aerosolization. It is much less 
common since the imposition of a quarantine for 30 days for imported birds 
and the introduction of bird feed laced with antibiotics.

�,�W���L�V���T�X�L�W�H���G�L�I�¿�F�X�O�W���W�R���G�L�D�J�Q�R�V�H�����D�Q�G���L�W���L�V���S�R�V�V�L�E�O�H���W�K�D�W���L�W���L�V���P�R�U�H���F�R�P�P�R�Q���W�K�D�Q��
appreciated. The most common disease is a mild pneumonia, but it can pro- 
duce a more fulminant illness. There is fever without elevation of the pulse, 
which is usually associated with fever. Clues to the diagnosis include spleno-
megaly; a blanching erythematous maculopapular rash; and signs of hepatitis, 
disseminated intravascular coagulation, or meningoencephalitis, any of which 
may be present. C psittaci is sensitive to both macrolides and tetracyclines. 
Because the antibiotic only kills the organism when it is active, the bird 
should be treated for 45 days.

C pneumoniae
C pneumoniae causes a mild pneumonia or bronchitis in older children, 
adolescents, and adults. Approximately 50% of young adults have serological 
evidence of prior infection. C pneumoniae has been reported to cause 10%  
to 20% of CAP, but this is likely an overestimate. It is transmitted from  
person to person by respiratory secretion transfer. The incubation period  
is approximately 3 to 4 weeks. 

Initially there is a URI, and many patients have no further symptoms. The 
symptoms can be prolonged, and helpful in the diagnosis is the presence  
of hoarseness and headache; fever is uncommon. The physical examination 
reveals crackles and rhonchi. Even with treatment, C pneumoniae tends to 
respond more slowly than does Mycoplasma, which may also be a clue to  
the diagnosis. Many cases are self-limiting and mild. Recommendations  
�I�R�U���W�U�H�D�W�P�H�Q�W���L�Q�F�O�X�G�H���P�D�F�U�R�O�L�G�H�V���D�V���¿�U�V�W���O�L�Q�H���W�U�H�D�W�P�H�Q�W�����Z�L�W�K���W�H�W�U�D�F�\�F�O�L�Q�H�V���R�U��
�À�X�R�U�R�T�X�L�Q�R�O�R�Q�H�V���D�V���D�O�W�H�U�Q�D�W�L�Y�H�V�����7�K�H�U�D�S�\���G�X�U�D�W�L�R�Q���G�H�S�H�Q�G�V���R�Q���V�\�P�S�W�R�P�V���D�Q�G��
typically is 10 to 14 days. Mortality of 9.8% has been reported in patients with 
sickle cell disease.13

Table 20-2 provides a template for management of CAP.
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Table 20-2. Antibiotics for Community-Acquired Pneumonia

Age Typical Bacterial Pneumonia Atypical Bacterial Pneumonia

Outpatient:  
younger than  
5 years

Amoxicillin (orally) Azithromycin (orally)

Alternative: amoxicillin +  
clavulanate (orally)

Alternatives: clarithromycin, 
erythromycin (orally)

Outpatient:  
5 years or 
older

Amoxicillin (orally) Azithromycin (orally)

Alternative: amoxicillin +  
clavulanate (orally)

Alternatives: clarithromycin, 
erythromycin, doxycycline  
(<21 days) (orally), levo�oxacin 

Inpatient:  
all ages

Ampicillin or penicillin G Azithromycin + �-lactam

Alternative: ceftriaxone, Alternatives: clarithromycin, 
erythromycin, doxycycline  
(<21 days), levo�oxacin 

If MRSA suspected:  
add vancomycin or clindamycin

Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus.

Other Causes of Bacterial Pneumonia

Tularemia, anthrax, and plague are uncommon bacterial syndromes in which 
pneumonia may be a prominent feature. They should raise the suspicion  
of bioterrorism.

When selecting initial empirical antibiotics for a child with CAP, it is import-
ant to consider the child’s age and immunization status as well as treatment 
locale (Table 20-2).8 Because S pneumoniae is the most common bacterial 
organism, empirical therapy is initially targeted at that organism.

Previously, the recommended dosing interval for amoxicillin was twice daily, 
�E�X�W���D�G�P�L�Q�L�V�W�H�U�L�Q�J���W�K�H���D�Q�W�L�E�L�R�W�L�F�������W�L�P�H�V���S�H�U���G�D�\���V�L�J�Q�L�¿�F�D�Q�W�O�\���L�Q�F�U�H�D�V�H�V���W�K�H��
active time kill.15���/�R�F�D�O���P�L�F�U�R�E�L�R�O�R�J�L�F�D�O���D�Q�G���H�S�L�G�H�P�L�R�O�R�J�L�F�D�O���L�Q�I�R�U�P�D�W�L�R�Q��
should be considered when selecting empirical antibiotic therapy in both the 
�L�Q�S�D�W�L�H�Q�W���D�Q�G���R�X�W�S�D�W�L�H�Q�W���V�H�W�W�L�Q�J�V�����,�I���D���V�S�H�F�L�¿�F���R�U�J�D�Q�L�V�P���L�V���L�G�H�Q�W�L�¿�H�G�����W�K�H���D�Q�W�L�E�L�� 
�R�W�L�F���F�K�R�L�F�H���F�D�Q���E�H���G�L�U�H�F�W�H�G���P�R�U�H���V�S�H�F�L�¿�F�D�O�O�\��15 Additional antibiotic dosing and 
schedules can be found in Chapter 58, Antibiotics for Pulmonary Conditions.

Fungal Pneumonia
The most common endemic fungal pneumonias include histoplasmosis, coc- 
cidioidomycosis, blastomycosis, and cryptococcosis (caused by Cryptococcus 
gatii, not Cryptococcus neoformans). These infections are predominantly 
geographically restricted and can occur in those who are healthy as well  
as those who are immunocompromised (Table 20-3). With a more mobile 
population, the pneumonia might be discovered after return to home from 
travel to an endemic area, emphasizing the importance of a travel history.  
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The initial infection appears similar to CAP, and constitutional symptoms  
are frequent. The severity of infection ranges from barely noticeable to life- 
threatening acute respiratory distress syndrome. Other organ systems are 
commonly affected with dissemination of the infection (Table 20-4).

Table 20-3. Summary of Geographically Restricted Fungal Pneumonia

Organism
Geographic 
Area

High-Risk 
Exposures

Chest  
Radiographic 
Findings (Acute)

Notable  
Features

Histoplasmosis Mississippi 
and Ohio 
River 
Valleys

Old buildings
Chicken coops
Bird roosts
Caves
Wood piles

Mediastinal  
or hilar 
adenopathy

Di�use or focal 
opacity

Popcorn  
calci�cations

CoccidioidomycosisDesert 
Southwest

Deserts
Archeological  

digs
Dust storms
Prairie dog  

habitat

Di�use or focal 
opacity

Eosinophilia
Prolonged  

fatigue

Blastomycosis Upper 
Midwest 
and 
Southeast

Rivers and  
wetlands

Wooded areas
Buildings with  

bat 
droppings

Di�use or focal 
opacity

ARDS in 
50%–70% 
(high 
mortality)

Abbreviation: ARDS, acute respiratory distress syndrome.

Adapted from Stillwell PC. Fungal pneumonia. In: Stokes DC, Dozor AJ, eds. Pediatric Pulmonology, Asthma, 
and Sleep Medicine: A Quick Reference Guide. American Academy of Pediatrics; 2018:421–426.

Table 20-4. Organs Commonly Infected With Geographically Restricted Fungal Diseases

Organ

Disease/Organism

Coccidioidomycosis Histoplasmosis Blastomycosis
Cryptococcal 

Infection

Lung +++ +++ ++ ++

Brain and 
meninges ++ � � +++

Bone marrow 
and lymph 
nodes

� +++ +++ �

Skin, bone, 
and joints ++ � +++ �

Abbreviations: �, uncommon; ++, common; +++, very common.

Adapted from Stillwell PC. Fungal pneumonia. In: Stokes DC, Dozor AJ, eds. Pediatric Pulmonology, Asthma, 
and Sleep Medicine: A Quick Reference Guide. American Academy of Pediatrics; 2018:421–426.
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The diagnosis of endemic fungal pneumonia can be challenging without a  
high index of suspicion because initially it appears similar to any other CAP 
�D�Q�G���W�K�H���R�U�J�D�Q�L�V�P�V���D�U�H���R�I�W�H�Q���Q�R�W���L�G�H�Q�W�L�¿�H�G���Z�L�W�K���V�W�D�Q�G�D�U�G���P�L�F�U�R�E�L�R�O�R�J�L�F�D�O��
testing.21 The patient’s area of residence, travel history, and recreational or 
occupational activities can be suggestive of a fungal source. Radiographically, 
nodular opacities and hilar adenopathy can also offer clues to the nature of the 
infection. Acute histoplasmosis can have a radiographic appearance similar  
to those of tuberculosis or nontuberculous mycobacteria. Cavitary lesions are 
common with coccidioidomycosis. During the healing phase of these granulo-
�P�D�W�R�X�V���L�Q�I�H�F�W�L�R�Q�V�����F�D�O�F�L�¿�F�D�W�L�R�Q�V���D�U�H���F�R�P�P�R�Q�����&�R�Q�¿�U�P�D�W�L�R�Q���R�I���W�K�H���V�S�H�F�L�¿�F��
fungal organism can be established by means of culture, characteristic appear-
ance with staining, serological testing, and antigen testing (Table 20-5).21 
More recently, Aspergillus PCR testing has been used for patients who are 
critically ill and suspected of having invasive Aspergillus pneumonia, and 
serum antibody testing for blastomycosis has become available to aid with  
the diagnosis of Blastomyces (anti-Blastomyces adhesin 1).21

Table 20-5. Aids in Establishing the Diagnosis of Fungal Pneumonia

Disease/Organism Culture Stains
Serological 

Testing Antigen Testing

Histoplasmosis +++ + 
(blood and 

bone marrow)

++ +++
(especially urine)

Coccidioidomycosis ++ +++ +++ ++
(blood test  

not used often)

Blastomycosis +++ +++ ++ +++
(especially urine)

Candida albicans +++ ++ Not yet Not yet

Cryptococcus
neoformans

+++ ++ ++ ++

Aspergillus fumigatus 
(invasive)

+++ ++ + +++
(galactomannan)

Abbreviations: +, uncommon; ++, common; +++, very common.

Adapted from Stillwell PC. Histoplasmosis and other endemic fungal pneumonias. In: Stokes DC, Dozor AJ, 
eds. Pediatric Pulmonology, Asthma, and Sleep Medicine: A Quick Reference Guide. American Academy of 
Pediatrics; 2018:427–432.

Because spontaneous resolution is likely, treatment for endemic fungal pneu- 
monia may be limited to observation if the patient experiences few symptoms 
and is at low risk for dissemination. Traditionally, itraconazole has been used 
�I�R�U���K�L�V�W�R�S�O�D�V�P�R�V�L�V���D�Q�G���E�O�D�V�W�R�P�\�F�R�V�L�V�����D�Q�G���À�X�F�R�Q�D�]�R�O�H���K�D�V���E�H�H�Q���X�V�H�G���I�R�U��
coccidioidomycosis, but posaconazole and voriconazole have also been  
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effective against Coccidioides. For central nervous system infections or severe 
dissemination, amphotericin B may be required. Consultation with infectious 
disease experts is helpful in selecting the appropriate agent and duration of 
therapy and determining the success of therapy.

Children who are immunocompromised are at risk of developing pneumonia 
with opportunistic fungal organisms that typically do not infect those who  
are healthy (see Chapter 53, Pulmonary Complications of Immunologic 
Disorders, and Chapter 52, Pulmonary Manifestations of Oncologic Disease 
and Treatment), as well as pneumonia from organisms that do occur in those 
who are healthy. These opportunistic organisms include (but are not limited 
to) Aspergillus fumigatus (most common) and Aspergillus species, Pneumo-
cystis jirovecii, Candida albicans and other Candida species, C neoformans, 
Mucormycetes, Rhizopus, Scedosporium, Bipolaris, and Curvularia. Prophy-
laxis against P jirovecii with trimethoprim/sulfamethoxazole can substantially 
reduce the incidence of this pneumonia. Children who are immunocompro-
mised and have these fungal infections are usually very sick and may require 
intensive care. The correct diagnosis can be elusive and may require multiple 
methods of detection, including tissue biopsy.21

Prevention of Pneumonia in Children
The risk of pneumonia from many organisms can be reduced or eliminated  
by using the childhood immunization schedule recommended by the Centers 
for Disease Control and Prevention (CDC). Invasive pulmonary infections 
with �+���L�Q�À�X�H�Q�]�D�H type B, S pneumoniae, B pertussis, varicella, and measles 
have been reduced substantially or prevented by immunizations.22���,�Q�À�X�H�Q�]�D��
immunization, recommended for all children 6 months or older, can reduce 
the number of children infected and reduce the severity of the infection for 
�W�K�R�V�H���Z�K�R���J�H�W���L�Q�À�X�H�Q�]�D���G�H�V�S�L�W�H���Y�D�F�F�L�Q�D�W�L�R�Q�����&�2�9�,�'���������Y�D�F�F�L�Q�D�W�L�R�Q���L�V��
recommended by the CDC for all children 6 months and older, including 
getting boosters if eligible. Having the children in a community robustly 
immunized can help reduce the incidence of pneumonia by herd immunity.

Attempts at reducing RSV infections by means of vaccination have been 
�V�R�P�H�Z�K�D�W���P�R�U�H���G�L�I�¿�F�X�O�W���W�K�D�Q���I�R�U���R�W�K�H�U���R�U�J�D�Q�L�V�P�V�����7�K�H���S�U�R�S�K�\�O�D�[�L�V���F�X�U�U�H�Q�W�O�\��
available consists of only palivizumab, and revised guidelines to optimize 
patient outcomes balanced with cost-effectiveness limit its widespread use. 

Reducing adverse environmental exposures such as tobacco smoke and 
infectious contacts can help reduce the risk of developing pneumonia. Reliev-
ing unsanitary or crowded living conditions should also reduce the risk of 
pneumonia. Although a cleaner air policy has improved children’s overall 
respiratory health, there are challenges to establish that cleaner breathing 
�F�R�Q�G�L�W�L�R�Q�V���F�D�Q���V�S�H�F�L�¿�F�D�O�O�\���U�H�G�X�F�H���W�K�H���R�F�F�X�U�U�H�Q�F�H���R�I���F�K�L�O�G�K�R�R�G���S�Q�H�X�P�R�Q�L�D��
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In 2000, the CDC recommended PCV7 for children in the United States  
to reduce the incidence of pneumococcal pneumonia. The original vaccine, 
which contained 7 serotypes, was highly effective, but two-thirds of the 
invasive pneumococcal disease was caused by 6 serotypes not included in  
this vaccine. Subsequently, PCV13 was approved in February 2010 and is 
recommended for all children from 2 months through 5 years of age. Pneu-
movax-23 is approved for use in persons 50 years of age or older and persons 
younger than 2 years who are at increased risk of pneumococcal disease.

The CDC recommends that all individuals 6 months or older get a seasonal  
�À�X���Y�D�F�F�L�Q�H�����7�K�H���V�H�D�V�R�Q�D�O���À�X���Y�D�F�F�L�Q�H���S�U�R�W�H�F�W�V���D�J�D�L�Q�V�W�������L�Q�À�X�H�Q�]�D���Y�L�U�X�V�H�V���W�K�D�W��
research indicates will be most common during the upcoming season. The 
CDC also recommends that people in contact with certain groups of children 
�J�H�W���D���V�H�D�V�R�Q�D�O���À�X���Y�D�F�F�L�Q�H���W�K�H���E�H�W�W�H�U���W�R���S�U�R�W�H�F�W���W�K�H���F�K�L�O�G�����R�U���F�K�L�O�G�U�H�Q�����L�Q���W�K�H�L�U��
�O�L�Y�H�V���I�U�R�P���W�K�H���À�X��

The CDC recommends that the following contacts of children receive  
�V�H�D�V�R�Q�D�O���L�Q�À�X�H�Q�]�D���Y�D�F�F�L�Q�D�W�L�R�Q��

���X Close contacts of children younger than 5 years (people who live with them), 
especially those younger than 6 months

���X Out-of-home caregivers (nannies, child care providers, etc) of children 
younger than 5 years

���X People who live with or have other close contact with a child or children  
of any age with a chronic health problem (asthma, diabetes, etc)

���X �$�O�O���K�H�D�O�W�K���F�D�U�H���Z�R�U�N�H�U�V�����W�R���N�H�H�S���I�U�R�P���V�S�U�H�D�G�L�Q�J���W�K�H���À�X���W�R���W�K�H�L�U���S�D�W�L�H�Q�W�V

Additional considerations are �+���L�Q�À�X�H�Q�]�D�H type B vaccine and varicella 
vaccine.

When to Refer
Most children with CAP will not require a consultation. If there are  
complications, such as pleural effusion or prolonged hypoxia, consultation  
with a pulmonologist may be indicated. If the child has a chronic illness, 
consultation with the specialist who is involved in the child’s long-term care 
may be helpful. Consultation with infectious diseases or allergy specialists is 
indicated for children with allergies, comorbid conditions, or unresponsiveness  
to antibiotics.

When to Admit
Children with pneumonia and a chronic illness—for example, if they are 
immunocompromised—may require hospitalization. If the degree of respira-
�W�R�U�\���G�L�V�W�U�H�V�V���L�V���F�O�L�Q�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W�����L�I���W�K�H�U�H���L�V���K�\�S�R�[�L�D�����D�Q�G���L�I���W�K�H�\���D�S�S�H�D�U��
septic, they may require hospitalization. Currently, validated screening  
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systems do not exist to help predict which children with pneumonia should be 
hospitalized. Hospitalization is indicated with the following:

���X �2�[�\�J�H�Q���V�D�W�X�U�D�W�L�R�Q���F�R�Q�V�L�V�W�H�Q�W�O�\���O�H�V�V���W�K�D�Q�������������G�H�¿�Q�L�W�H��

���X �6�X�V�S�H�F�W�H�G���V�H�S�V�L�V�����G�H�¿�Q�L�W�H��

���X �6�H�Y�H�U�H���G�H�K�\�G�U�D�W�L�R�Q�����G�H�¿�Q�L�W�H��

���X �,�Q�D�E�L�O�L�W�\���W�R���G�U�L�Q�N���À�X�L�G�V�����S�R�V�V�L�E�O�H��

���X Moderate or severe respiratory distress (possible)

���X Failure of outpatient antibiotic treatment (clinical judgment)

���X Home circumstance or social situation raising concerns (likely)

���X Infants younger than 6 months (unless ideal caretaker)

key points

���} The cause of pneumonia is closely related to the age of the child.
���} Imaging studies do not help di�erentiate viral from bacterial lower respiratory 
tract infections.

���} Chest radiography is not necessary to diagnose pneumonia.
���} Computed tomography is indicated for evaluation of complications  
of pneumonia.

���} Ultrasonography is useful to characterize pleural e�usion or empyema.
���} Management depends on the age of the child and the likely diagnosis.
���} Preventive immunization should follow CDC guidelines.
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Complications of Pneumonia
Paul C. Stillwell, MD, FAAP

Introduction
Community-acquired pneumonia (CAP) is a serious global health issue  
and a common cause of mortality in underserved areas of the world.1 The 
prevalence of CAP in the United States is approximately 35 to 40 per 1,000 
children younger than 4 years and about 10 per 1,000 in teenagers; fewer than 
1% die of CAP.2 A full recovery is the expected outcome for most children, 
with or without antibiotic therapy. Complications are not frequent but are a 
major source of morbidity when they occur. Complications of CAP include  
parapneumonic effusion, empyema, abscess, necrotizing pneumonia,  
�E�U�R�Q�F�K�R�S�O�H�X�U�D�O���¿�V�W�X�O�D�����D�Q�G���S�Q�H�X�P�D�W�R�F�H�O�H���I�R�U�P�D�W�L�R�Q��3–5

Parapneumonic E�usion
�3�O�H�X�U�D�O���H�I�I�X�V�L�R�Q�V���D�U�H���D�Q���D�E�Q�R�U�P�D�O���F�R�O�O�H�F�W�L�R�Q���R�I���À�X�L�G���L�Q���W�K�H���S�O�H�X�U�D�O���V�S�D�F�H��6 The 
most common etiology in children is a parapneumonic effusion, which occurs 
in approximately 13% of CAP cases.2,7 While a wide variety of organisms are 
associated with parapneumonic effusions, Streptococcus pneumoniae and 
Staphylococcus aureus are the most common (Box 21-1).4,7,8

The evolution of a parapneumonic effusion occurs in 3 stages. The initial 
�H�I�I�X�V�L�R�Q�����Z�K�L�F�K���L�V���W�K�H���H�[�X�G�D�W�L�Y�H���S�K�D�V�H�����L�V���W�K�L�Q���À�X�L�G���Z�L�W�K���D���\�H�O�O�R�Z���F�R�O�R�U�����,�W���L�V�� 
�D�Q���L�Q�À�D�P�P�D�W�R�U�\���U�H�V�S�R�Q�V�H���R�I���W�K�H���S�O�H�X�U�D���W�R���W�K�H���X�Q�G�H�U�O�\�L�Q�J���S�D�U�H�Q�F�K�\�P�D�O���L�Q�I�H�F�� 
�W�L�R�Q�����7�K�H���À�X�L�G���L�V���I�U�H�H���À�R�Z�L�Q�J���L�Q���W�K�H���S�O�H�X�U�D�O���V�S�D�F�H���D�Q�G���L�V���X�V�X�D�O�O�\���H�[�X�G�D�W�L�Y�H���L�Q��
nature according to Light’s criteria, which, while not validated in pediatrics, 
are often helpful in assessing effusions.6 This phase lasts 2 to 5 days and is 
�I�R�O�O�R�Z�H�G���E�\���W�K�H���¿�E�U�L�Q�R�S�X�U�X�O�H�Q�W���S�K�D�V�H�����Z�K�L�F�K���R�F�F�X�U�V�������W�R���������G�D�\�V���D�I�W�H�U���W�K�H��
�R�Q�V�H�W���R�I���W�K�H���S�Q�H�X�P�R�Q�L�D�����)�L�E�U�L�Q���V�W�U�D�Q�G�V���O�L�P�L�W���W�K�H���À�R�Z���R�I���À�X�L�G���L�Q���W�K�H���S�O�H�X�U�D�O��
space, causing loculations. This phase often involves an empyema with a high 
white blood cell count and perhaps even pus in the pleural space. The third 
phase is the organizing phase, usually occurring during the second week of 
�L�O�O�Q�H�V�V�����Z�K�H�Q���D���W�K�L�F�N���¿�E�U�R�X�V���S�H�H�O���I�R�U�P�V���L�Q���W�K�H���S�O�H�X�U�D�O���V�S�D�F�H�����W�K�L�V���L�V���W�K�H���O�D�V�W��
�V�W�H�S���L�Q���K�H�D�O�L�Q�J�����,�I���W�K�H���¿�E�U�R�X�V���S�H�H�O���G�R�H�V���Q�R�W���U�H�V�R�O�Y�H���Z�L�W�K���S�U�R�J�U�H�V�V�L�Y�H���K�H�D�O�L�Q�J���� 
a trapped lung may occur.
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Clinical Presentation

The usual clinical presentation of a parapneumonic effusion or an empyema is 
a child with CAP (see Chapter 19, Viral Pneumonia, and Chapter 20, Nonviral 
Pneumonia) who has progressive respiratory deterioration with ongoing fevers, 
increased work of breathing, and chest pain.3,7 This may progress despite the 
initiation of antibiotic treatment. Examination reveals decreased-intensity 
�E�U�H�D�W�K���V�R�X�Q�G�V���R�Y�H�U���W�K�H���D�I�I�H�F�W�H�G���V�L�G�H���D�Q�G���G�X�O�O�Q�H�V�V���W�R���S�H�U�F�X�V�V�L�R�Q�����,�Q�V�S�L�U�D�W�R�U�\��
crackles may be present above the area of the effusion but may not be  
appreciated directly over the effusion.

Diagnostic Considerations

�,�I���D���S�D�U�D�S�Q�H�X�P�R�Q�L�F���H�I�I�X�V�L�R�Q���L�V���V�X�V�S�H�F�W�H�G�����W�K�H���X�V�X�D�O���L�Q�L�W�L�D�O���H�Y�D�O�X�D�W�L�R�Q���L�V���D�� 
chest radiograph, both frontal and lateral views (Figure 21-1). Typically,  
�W�K�H�U�H���L�V���D�Q���R�S�D�F�L�W�\���U�H�S�U�H�V�H�Q�W�L�Q�J���W�K�H���S�Q�H�X�P�R�Q�L�D���D�Q�G���D���À�X�L�G���P�D�U�J�L�Q���W�U�D�F�N�L�Q�J�� 
�X�S���W�K�H���F�K�H�V�W���Z�D�O�O�����P�H�Q�L�V�F�X�V���V�L�J�Q�������$���O�D�W�H�U�D�O���G�H�F�X�E�L�W�X�V���¿�O�P�����D�I�I�H�F�W�H�G���V�L�G�H��
down; Figure 21-2�����Z�L�O�O���F�O�H�D�U�O�\���V�K�R�Z���W�K�H���H�I�I�X�V�L�R�Q���L�I���W�K�H���À�X�L�G���L�V���I�U�H�H���À�R�Z�L�Q�J����
if there are loculations, this may not be evident.9

From Kupfer O, Stillwell PC. Complications of pneumonia: pleural e�usions. In: Stokes DC, 
Dozor AJ, eds. Pediatric Pulmonology, Asthma, and Sleep Medicine: A Quick Reference Guide. 
American Academy of Pediatrics; 2018:433–438.

Infections Associated With  
Parapneumonic Effusions in Children

Box 21-1

Bacterial Causes
	� Aerobic
•	 Streptococcus pneumoniae
•	 Staphylococcus aureus
•	 Streptococcus pyogenes

	� Anaerobic
•	 Bacteroides species
•	 Peptostreptococcus species
•	 Peptococcus species
•	 Fusobacterium species

	� Atypical
•	 Mycoplasma pneumoniae
•	 Actinomyces species
•	 Nocardia species

	� Mycobacteria tuberculosis

Nonbacterial Infectious Causes
	� Viral
•	 Adenovirus
•	 In�uenza
•	 Parain�uenza viruses

	� Parasitic
•	 Paragonimus species
•	 Cysticercus species
•	 Entamoeba histolytica

	� Fungal
•	 Coccidioides immitis
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Figure 21-2. Right-side-down 
lateral decubitus radiograph 
shows the pleural �uid extending 
cephalad in the pleural space.

Reproduced with permission from 
PREP Pulmonology.

Figure 21-1. Frontal and lateral chest radiographic 
images of an 8-year-old with a right lower lobe 
pneumonia and a right-sided parapneumonic 
e�usion.

Reproduced with permission from PREP Pulmonology.
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Ultrasonography (US) is an excellent, nontraumatic, radiation-free method of 
�H�Y�D�O�X�D�W�L�Q�J���F�K�L�O�G�U�H�Q���I�R�U���D���S�D�U�D�S�Q�H�X�P�R�Q�L�F���H�I�I�X�V�L�R�Q�����,�W���F�D�Q���D�S�S�U�R�[�L�P�D�W�H���W�K�H���V�L�]�H��
�R�I���W�K�H���H�I�I�X�V�L�R�Q�����G�R�F�X�P�H�Q�W���Z�K�H�W�K�H�U���W�K�H���À�X�L�G���L�V���I�U�H�H�O�\���À�R�Z�L�Q�J���R�U���O�R�F�X�O�D�W�H�G�����D�Q�G��
�G�H�W�H�U�P�L�Q�H���W�K�H���À�X�L�G�¶�V���H�F�K�R�J�H�Q�L�F�L�W�\�����,�Q���D�G�G�L�W�L�R�Q�����8�6���F�D�Q���K�H�O�S���J�X�L�G�H���W�K�H���E�H�V�W��
location for a successful thoracentesis.10 (Figure 21-3)

A chest computed tomographic (CT) scan will provide more exquisite detail of 
the lung and pleural space than either chest radiography or US (Figure 21-4). 
However, a CT scan is not often needed if the US is fully informative and 
satisfactory for managing the effusion.9

�6�D�P�S�O�L�Q�J���W�K�H���H�I�I�X�V�L�R�Q���P�D�\���K�H�O�S���G�H�O�L�Q�H�D�W�H���D���V�S�H�F�L�¿�F���L�Q�I�H�F�W�L�R�X�V���H�W�L�R�O�R�J�\��6 This 
can be done by thoracentesis or at the time a chest tube is inserted. The likeli- 
hood of a positive bacterial culture is reduced if the child has already received 
antibiotic therapy. Studies commonly obtained include white blood cell count 
with differential (see Chapter 29, Pleural Effusion [Noninfectious]), Gram 
stain, bacterial culture, pH, lactate dehydrogenase, and total protein. The use  
of Light’s criteria to assess exudate versus transudate has not been validated  
�L�Q���F�K�L�O�G�U�H�Q���D�Q�G���P�D�\���Q�R�W���E�H���K�H�O�S�I�X�O���L�I���W�K�H���À�X�L�G���L�V���F�O�H�D�U�O�\���S�X�V�����K�R�Z�H�Y�H�U�����/�L�J�K�W�¶�V��

Figure 21-3. Pleural e�usion. Longitudinal 
ultrasonographic image of the right chest 
demonstrates a septated, mixed echo- 
genicity collection in the right pleural space, 
indicating complex e�usion. Some of the 
echogenicity is due to opaci�ed lung with 
pneumonia.

Image courtesy of Jason Weinman, MD, 
Department of Radiology, University of  
Colorado School of Medicine Anschutz  
Medical Campus and Children’s Hospital 
Colorado.

Figure 21-4. Axial (A) and coronal (B) computed tomography in soft tissue window with left 
lower lobe pneumonia and loculated left pleural e�usion with peripheral contrast enhance-
ment, consistent with empyema.

Courtesy of Mariangeles Medina Perez, MD.
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criteria may be helpful with effusions of unknown etiology.6,11 Patients with 
�&�$�3���D�Q�G���H�I�I�X�V�L�R�Q�V���D�U�H���P�R�U�H���O�L�N�H�O�\���W�R���K�D�Y�H���S�R�V�L�W�L�Y�H���E�O�R�R�G���F�X�O�W�X�U�H���¿�Q�G�L�Q�J�V�����E�X�W��
the yield from a blood culture remains only about 20% to 30%.3,4,7 The use of 
polymerase chain reaction to detect streptococcal infection in the pleural space 
may increase the ability to specify the offending organism.7

The parapneumonic effusion is considered an empyema if there is pus visible 
�L�Q���W�K�H���S�O�H�X�U�D�O���À�X�L�G�����L�I���W�K�H���*�U�D�P���V�W�D�L�Q���L�V���S�R�V�L�W�L�Y�H�����R�U���L�I���W�K�H���Z�K�L�W�H���E�O�R�R�G���F�H�O�O�� 
count is greater than 15,000/µL. The incidence of empyema-complicating  
CAP in hospitalized children is between 0.6% and 2%.3,4,7 The incidence of 
complex pneumonia seems to be increasing despite the widespread introduc-
tion of pneumococcal conjugate vaccine.12,13 The presence of an empyema 
usually mandates more aggressive drainage than that needed for a simple 
parapneumonic effusion.

Management

There are several potential approaches to managing the parapneumonic effu- 
sion, including simply treating with antibiotics,14 antibiotics with chest tube 
drainage, antibiotics with repeated thoracenteses, antibiotics with chest tube 
�G�U�D�L�Q�D�J�H���D�Q�G���¿�E�U�L�Q�R�O�\�W�L�F�V�����R�U���Y�L�G�H�R���D�V�V�L�V�W�H�G���W�K�R�U�D�F�R�V�F�R�S�L�F���V�X�U�J�H�U�\�����9�$�7�6����15–17 
Simple observation with antibiotic treatment and antibiotics with repeated 
thoracenteses are rarely used in tertiary care children’s hospitals in current 
practice. The decision regarding chest tube insertion is based on the acuity  
of illness and the size of the effusion. Drainage is mandated if the effusion is 
large enough to compromise ventilation or cardiac output by compressing vital 
structures. With increased use of antibiotics along with chest tube insertion 
�D�Q�G���¿�E�U�L�Q�R�O�\�W�L�F�V�����W�K�H���Q�H�H�G���I�R�U���9�$�7�6���K�D�V���G�H�F�U�H�D�V�H�G��15–18

Prognosis for Complex or Complicated Community-Acquired Pneumonia

Most patients return to their usual state of health in 4 to 8 weeks. Findings on 
follow-up chest radiographs in 3 to 6 months are usually normal.19 Typically, 
otherwise healthy children with no previous bacterial infections will not 
require a full immune workup. Children who do not recover quickly or who 
have atypical medical histories may require further evaluation.

Lung Abscess
The incidence of lung abscess has decreased with the use of more potent and 
broad-spectrum antibiotics.20,21 Children at risk for pulmonary abscess often 
have had a period of altered consciousness, either transiently from anesthesia, 
�V�H�L�]�X�U�H�����R�U���L�Q�W�R�[�L�F�D�W�L�R�Q���R�U���D�V���S�D�U�W���R�I���D���P�R�U�H���J�O�R�E�D�O���Q�H�X�U�R�O�R�J�L�F���G�H�¿�F�L�W���V�X�F�K���D�V��
that which may be present with spastic quadriplegia and intellectual disability 
or traumatic brain injury.20,21 The most common organisms are presented  
in Box 21-2.22
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�0�D�Q�\���R�I���W�K�H�V�H���R�U�J�D�Q�L�V�P�V���D�U�H���D�Q�D�H�U�R�E�L�F���P�R�X�W�K���À�R�U�D�����Z�K�L�F�K���V�K�R�X�O�G���E�H���W�D�N�H�Q��
into account when selecting the antibiotic strategy. Occasionally, a patient with 
�X�Q�G�H�U�O�\�L�Q�J���O�X�Q�J���G�L�V�H�D�V�H���R�U���L�P�P�X�Q�R�G�H�¿�F�L�H�Q�F�\���Z�L�O�O���K�D�Y�H���D���O�X�Q�J���D�E�V�F�H�V�V���D�V���D��
result of impaired healing from CAP.17,22

Clinical Presentation

Fever and cough are the most common symptoms, followed by dyspnea, chest 
�S�D�L�Q�����D�Q�R�U�H�[�L�D�����S�X�U�X�O�H�Q�W���V�S�X�W�X�P�����U�K�L�Q�R�U�U�K�H�D�����D�Q�G���P�D�O�D�L�V�H���O�H�W�K�D�U�J�\�����,�I���W�K�H���L�Q�I�H�F�� 
tion is anaerobic, the breath may smell fetid and the fevers may be only low 
grade.22���7�K�H�U�H���P�D�\���E�H���I�H�Z���¿�Q�G�L�Q�J�V���R�Q���H�[�D�P�L�Q�D�W�L�R�Q���V�L�Q�F�H���D���V�L�Q�J�O�H���D�E�V�F�H�V�V���L�V��
usually isolated away from the chest wall surface and is not communicating 
well with the airways.

Diagnostic Considerations

�&�K�H�V�W���U�D�G�L�R�J�U�D�S�K�\���X�V�X�D�O�O�\���L�G�H�Q�W�L�¿�H�V���D���U�R�X�Q�G���V�K�D�S�H�G���R�S�D�F�L�W�\�����R�I�W�H�Q���L�Q���D�Q���X�S�S�H�U��
�O�R�E�H���G�L�V�W�U�L�E�X�W�L�R�Q�����W�K�D�W���P�D�\���R�U���P�D�\���Q�R�W���K�D�Y�H���D�Q���D�L�U���À�X�L�G���O�H�Y�H�O����Figure 21-5A). 
The CT scan provides additional detail to support the diagnosis of pulmonary 
abscess (Figure 21-5B).17 Ultrasonography can be a useful complement to 
chest radiography.10

�,�Q�I�H�F�W�L�R�Q�V���Z�L�W�K��Mycobacterium tuberculosis or atypical mycobacteria and 
vasculitic disease such as granulomatosis with polyangiitis may have a 
similar radiographic appearance and should be considered in the differen-
tial diagnosis of pulmonary abscesses (see Chapter 23, Tuberculosis; 
Chapter 24, Nontuberculous Mycobacteria; and Chapter 26, Respiratory 
�'�L�V�R�U�G�H�U�V���$�V�V�R�F�L�D�W�H�G���:�L�W�K���6�\�V�W�H�P�L�F���,�Q�À�D�P�P�D�W�R�U�\���'�L�V�H�D�V�H�V����17

Reproduced with permission from PREP Pulmonology.

Organisms Associated With Aspiration Pneumonia  
and Pulmonary Abscess

Box 21-2

Aerobes
	� Pseudomonas aeruginosa

	� Streptococcus pneumoniae

	� Escherichia coli

	� Klebsiella pneumoniae

	� Staphylococcus aureus

	� Alpha hemolytic Streptococcus

	� Haemophilus in�uenzae

Anaerobes
	� Peptostreptococcus spp

	� Prevotella

	� Porphyromonas spp

	� Fusobacterium nucleatum

	� Bacteroides fragilis

	� Bacteroides spp

	� Bi�dobacterium spp
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Management

Treatment of a pulmonary abscess is usually successful with antibiotic 
therapy alone.17,20–22 The decision regarding hospitalization should be based  
on the severity of illness; many children with pulmonary abscesses are well 
enough to be treated on an outpatient basis. Surgical intervention or interven-
tional radiology is seldom required unless the course of antibiotic therapy is 
not successful. The empiric antibiotics selected usually include anaerobic 
coverage (eg, clindamycin or amoxicillin) and a cephalosporin. The choice  
of oral or intravenous antibiotic depends on the severity of the illness and  
the likelihood of successful oral administration.20 The duration of treatment  
is not well known, but it is often 2 weeks or longer.22

Prognosis

Limited data are available regarding the outcome of lung abscesses in children. 
The prognosis is generally very good for full and complete recovery unless 
�W�K�H�U�H���L�V���X�Q�G�H�U�O�\�L�Q�J���O�X�Q�J���G�L�V�H�D�V�H���R�U���L�P�P�X�Q�R�G�H�¿�F�L�H�Q�F�\�����5�H�V�R�O�X�W�L�R�Q���R�I���W�K�H��
radiographic abnormality may take weeks to months.20

Necrotizing Pneumonia and Bronchopleural Fistulas
Necrotizing pneumonia occurs when the CAP is not successfully contained 
�D�Q�G���V�L�J�Q�L�¿�F�D�Q�W���S�D�U�H�Q�F�K�\�P�D�O���G�D�P�D�J�H���R�F�F�X�U�V��23–25 The most commonly identi-
�¿�H�G���R�U�J�D�Q�L�V�P���L�V��S pneumoniae and occasionally S aureus (usually methicillin 
resistant).23,24 When air leaks are present, they often heal very slowly and a 
�E�U�R�Q�F�K�R�S�O�H�X�U�D�O���¿�V�W�X�O�D���S�H�U�V�L�V�W�V�����Z�K�L�F�K���F�D�Q���U�H�V�X�O�W���L�Q���D���S�U�R�O�R�Q�J�H�G���Q�H�H�G���I�R�U�� 
chest tube drainage.25

Figure 21-5. Frontal chest radiograph (A) and chest computed tomographic (CT) scan (B) of  
a 17-year-old experiencing chest pain after sedation for an orthodontic procedure. The chest 
radiograph shows a round opacity with central lucency in the left upper lobe. The CT scan 
con�rms the presence of a thick-walled abscess in the left upper lobe, most likely from 
aspiration of bacteria during the procedure.

Reproduced with permission from PREP Pulmonology.
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Clinical Presentation and Diagnosis

Children with necrotizing pneumonia have presenting signs and symptoms 
that are similar to those in uncomplicated pneumonia, except their illness 
progresses without improvement and they usually become severely ill.23–25 
The chest radiograph shows a large opacity involving many lung segments, 
and chest CT is usually required to demonstrate the multiple cavitary lesions 
within the consolidation characteristic of necrotizing pneumonia23–25 (Figure 
21-6, Figure 21-7�������,�I���D���E�U�R�Q�F�K�R�S�O�H�X�U�D�O���¿�V�W�X�O�D���L�V���S�U�H�V�H�Q�W�����W�K�H�U�H���Z�L�O�O���E�H��
evidence of a pneumothorax and an ongoing air leak in the water seal compo-
nent of the chest tube apparatus (Figure 21-8).

Figure 21-6. A, Frontal radiograph of a previously healthy 2-year-old with progressive 
respiratory symptoms 10 days after respiratory syncytial virus and entero/rhinovirus upper 
respiratory tract infection. B is from the same patient 3 days later, showing near complete 
opaci�cation of the right hemithorax and suggestions of lucencies, consistent with necrotizing 
pneumonia.

Figure 21-7. Axial computed tomography images in soft tissue and lung window show 
necrotizing pneumonia of the right lower lobe and a right posterior empyema.

Courtesy of Mariangeles Medina Perez, MD.
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Management

Because most children with necrotizing pneumonia are very sick, treatment  
is typically initiated in the intensive care unit setting with intravenous anti- 
biotics.23���,�I���D�Q���L�Q�I�H�F�W�L�Q�J���R�U�J�D�Q�L�V�P���K�D�V���E�H�H�Q���L�G�H�Q�W�L�¿�H�G�����D�Q�W�L�E�L�R�W�L�F�V���W�D�U�J�H�W�L�Q�J���W�K�D�W��
�R�U�J�D�Q�L�V�P���V�K�R�X�O�G���E�H���V�H�O�H�F�W�H�G�����2�I�W�H�Q�����Q�R���V�S�H�F�L�¿�F���R�U�J�D�Q�L�V�P���F�D�Q���E�H���L�G�H�Q�W�L�¿�H�G�� 
so the antibiotic therapy is targeted toward resistant S pneumoniae as well as  
S aureus.23,24���,�W���L�V���F�R�P�P�R�Q���W�R���L�Q�V�H�U�W���D���F�K�H�V�W���W�X�E�H���I�R�U���G�U�D�L�Q�D�J�H���R�I���D�V�V�R�F�L�D�W�H�G��
empyemas, drainage of the pneumothorax, or both. The optimal duration of 
treatment is not known, but often several weeks of antibiotics are needed.23,24

Prognosis

The mortality rate for necrotizing pneumonia is higher than that for other 
complicated pneumonia and may reach as high as 5.5% to 7%.23 Children  
who survive necrotizing pneumonia often return to baseline with normal 
�S�X�O�P�R�Q�D�U�\���I�X�Q�F�W�L�R�Q���W�H�V�W���U�H�V�X�O�W�V���D�Q�G���Q�R�U�P�D�O���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�L�F���¿�Q�G�L�Q�J�V��

Pneumatocele
�$���S�Q�H�X�P�D�W�R�F�H�O�H���L�V���D���W�K�L�Q���Z�D�O�O�H�G���F�\�V�W���O�R�F�D�W�H�G���L�Q���W�K�H���O�X�Q�J���S�D�U�H�Q�F�K�\�P�D�����,�W���F�D�Q���E�H��
a single cyst or can encompass several cysts. Pneumatoceles most commonly 
occur as a pneumonia heals, but they can also occur after hydrocarbon inhala- 
tion, trauma, or lung injury from mechanical ventilation.26,27���,�W���L�V���S�R�V�V�L�E�O�H���W�K�D�W��
pneumatoceles, which are rare in adults and occur more frequently in younger 
children, are more common in developing lungs. One theory is that the pores 
of Kohn, which allow collateral ventilation, are not fully developed, and 
therefore air cannot escape from an obstructed region.

Pneumatoceles are more common in children younger than 3 years. Although 
bacteria are not always recovered, S aureus is frequently determined to be the 
responsible organism.

Figure 21-8. Chest radiograph of a 
5-year-old with complications from 
necrotizing pneumonia shows a persistent 
pneumothorax due to a bronchopleural 
�stula.
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Clinical Presentation

Patients with pneumatoceles secondary to pneumonia may not have any 
�D�G�G�L�W�L�R�Q�D�O���¿�Q�G�L�Q�J�V�����7�K�H���S�Q�H�X�P�D�W�R�F�H�O�H�V���D�U�H���X�V�X�D�O�O�\���L�G�H�Q�W�L�¿�H�G���D�V���W�K�H���S�U�L�P�D�U�\��
pneumonia is healing and do not cause any additional symptoms.26

Pneumatoceles typically can be diagnosed with plain radiographs  
(Figure 21-9).

Figure 21–9. Pneumatoceles in the right middle lung zone following successful therapy for a 
right upper lobe pneumonia and right parapneumonic e�usion in a 7-year-old. 

Image courtesy of Jason Weinman, MD, Department of Radiology, University of Colorado School of 
Medicine Anschutz Medical Campus and Children’s Hospital Colorado.

Management

Most pneumatoceles caused by infection will resolve within 2 to 6 months 
with successful treatment of the underlying pneumonia.26 Children with 
uncomplicated cases who have few clinical complaints, minimal atelectasis, 
and involvement of less than 50% of the hemithorax can be observed with the 
expectation of spontaneous clinical improvement.26���,�I���W�K�H���S�Q�H�X�P�D�W�R�F�H�O�H���L�V��
complicated by a large size, an increasing size, or an infection, surgical 
intervention may be required.26,27 A growing pneumatocele is a risk for 
pneumothorax.

26 PP 2ND ED - CHAPTER 21_387-400.indd   39626 PP 2ND ED - CHAPTER 21_387-400.indd   396 9/12/23   9:44 AM9/12/23   9:44 AM



397
Chapter 21—Complications of Pneumonia

Prognosis

Simple pneumatoceles have an excellent prognosis and typically resolve  
without treatment. Typically, there are no visible sequelae on radiographs  
in 2 months, though some patients may require as long as 6 months to  
fully recover.

When to Refer
Children with complex or complicated pneumonias are often quite ill and may 
require input from several specialists, including pulmonologists, infectious 
disease consultants, pediatric surgeons, and intensive care specialists. There-
fore, early referral to a tertiary care children’s facility should be considered  
as soon as it is recognized that the pneumonia is not a simple CAP.

When to Admit
Many of the complications of pneumonia are diagnosed in patients who have 
experienced failed outpatient therapy or in those who are already hospitalized. 
All of these patients should be treated with intravenous antibiotics, and many 
will require further medical and/or surgical treatment. Experienced pediatric 
interventional radiologists or surgeons should be involved in the care of any 
patient who may need chest tube placement or surgical intervention, such as 
VATS. Pediatric surgeons, interventional radiologists, pediatric pulmonolo-
gists, and pediatric infectious disease specialists should, as a team, help 
determine the best approach for the patient.

key points

���} Complications of pneumonia typically require hospitalization.
���} Complications are usually associated with the most common causes of CAP.
���} Complications frequently require multidisciplinary care at a tertiary  
children’s hospital.

���} Even in very ill children, the long-term prognosis is generally very good.
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Recurrent Pneumonia
Paul Houin, MD

Paul C. Stillwell, MD, FAAP

Introduction
�5�H�F�X�U�U�H�Q�W���S�Q�H�X�P�R�Q�L�D���L�V���G�H�¿�Q�H�G���D�V�������R�U���P�R�U�H���H�S�L�V�R�G�H�V���R�I���S�Q�H�X�P�R�Q�L�D���L�Q���D��
�O�L�I�H�W�L�P�H���R�U�������H�S�L�V�R�G�H�V���Z�L�W�K�L�Q���D���������P�R�Q�W�K���S�H�U�L�R�G�����±�����,�Q���S�H�G�L�D�W�U�L�F���S�U�D�F�W�L�F�H�����W�K�H��
�G�L�D�J�Q�R�V�L�V���R�I���S�Q�H�X�P�R�Q�L�D���L�V���F�R�P�P�R�Q�O�\���H�V�W�D�E�O�L�V�K�H�G���E�D�V�H�G���R�Q���F�O�L�Q�L�F�D�O���K�L�V�W�R�U�\���D�Q�G��
�S�K�\�V�L�F�D�O���H�[�D�P�L�Q�D�W�L�R�Q���¿�Q�G�L�Q�J�V���D�O�R�Q�H���Z�L�W�K�R�X�W���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K�V�����G�H�V�S�L�W�H���U�H�F�R�P��
�P�H�Q�G�D�W�L�R�Q�V���I�R�U���U�D�G�L�R�J�U�D�S�K�L�F���F�R�Q�¿�U�P�D�W�L�R�Q���L�Q���F�R�P�P�X�Q�L�W�\���D�F�T�X�L�U�H�G���S�Q�H�X�P�R�Q�L�D��
�L�Q���D�G�X�O�W�V��4���'�L�D�J�Q�R�V�L�Q�J���D���S�Q�H�X�P�R�Q�L�D���E�D�V�H�G���R�Q���F�O�L�Q�L�F�D�O���¿�Q�G�L�Q�J�V���D�O�R�Q�H���L�V���F�K�D�O�O�H�Q�J��
�L�Q�J���L�Q���W�K�H���S�H�G�L�D�W�U�L�F���S�R�S�X�O�D�W�L�R�Q���E�H�F�D�X�V�H���W�K�H���V�L�J�Q�V���D�Q�G���V�\�P�S�W�R�P�V���R�I���S�Q�H�X�P�R�Q�L�D����
�D�V�W�K�P�D�����D�Q�G���E�U�R�Q�F�K�L�R�O�L�W�L�V���R�I�W�H�Q���R�Y�H�U�O�D�S���L�Q���L�Q�I�D�Q�W�V��4���&�O�L�Q�L�F�L�D�Q�V���R�I�W�H�Q���Q�H�J�O�H�F�W���W�R��
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�R�I���F�K�L�O�G�K�R�R�G���P�R�U�W�D�O�L�W�\���D�Q�G���U�D�G�L�R�J�U�D�S�K�V���P�D�\���E�H���P�R�U�H���G�L�I�¿�F�X�O�W���W�R���R�E�W�D�L�Q�����W�K�H��
�F�O�L�Q�L�F�D�O���¿�Q�G�L�Q�J�V���R�I���O�R�Z�H�U���F�K�H�V�W���Z�D�O�O���L�Q�G�U�D�Z�L�Q�J���D�Q�G���U�D�S�L�G���U�H�V�S�L�U�D�W�R�U�\���U�D�W�H���D�U�H��
�V�X�I�¿�F�L�H�Q�W���W�R���G�L�D�J�Q�R�V�H���S�Q�H�X�P�R�Q�L�D���D�Q�G���L�Q�V�W�L�W�X�W�H���D�S�S�U�R�S�U�L�D�W�H���L�Q�W�H�U�Y�H�Q�W�L�R�Q��5���7�K�H��
�%�U�L�W�L�V�K���7�K�R�U�D�F�L�F���6�R�F�L�H�W�\���J�X�L�G�H�O�L�Q�H�V���V�X�S�S�R�U�W���W�K�H���G�L�D�J�Q�R�V�L�V���D�Q�G���P�D�Q�D�J�H�P�H�Q�W�� 
�R�I���D���P�L�O�G�����X�Q�F�R�P�S�O�L�F�D�W�H�G���D�F�X�W�H���O�R�Z�H�U���U�H�V�S�L�U�D�W�R�U�\���W�U�D�F�W���L�Q�I�H�F�W�L�R�Q���Z�L�W�K�R�X�W���X�V�L�Q�J�� 
�D���U�D�G�L�R�J�U�D�S�K���W�R���F�R�Q�¿�U�P���Z�K�H�W�K�H�U���D���S�Q�H�X�P�R�Q�L�D���L�V���S�U�H�V�H�Q�W��6���'�H�V�S�L�W�H���W�K�H���%�U�L�W�L�V�K��
�7�K�R�U�D�F�L�F���6�R�F�L�H�W�\���J�X�L�G�H�O�L�Q�H�V�����D���F�O�L�Q�L�F�L�D�Q���V�K�R�X�O�G���F�R�Q�V�L�G�H�U���U�D�G�L�R�J�U�D�S�K�L�F���F�R�Q�¿�U�P�D��
�W�L�R�Q���I�R�U���S�D�W�L�H�Q�W�V���Z�K�R���V�H�H�P���W�R���K�D�Y�H���I�U�H�T�X�H�Q�W���O�R�Z�H�U���U�H�V�S�L�U�D�W�R�U�\���W�U�D�F�W���V�\�P�S�W�R�P�V����
�5�H�F�X�U�U�H�Q�W���S�Q�H�X�P�R�Q�L�D���F�D�Q���O�H�D�G���W�R���S�H�U�V�L�V�W�H�Q�W���O�X�Q�J���L�Q�M�X�U�\�����V�X�F�K���D�V���E�U�R�Q�F�K�L�H�F�W�D�V�L�V����
�L�I���Q�R�W���S�U�H�Y�H�Q�W�H�G�����(�D�U�O�\���L�G�H�Q�W�L�¿�F�D�W�L�R�Q���R�I���D���S�R�W�H�Q�W�L�D�O���X�Q�G�H�U�O�\�L�Q�J���F�D�X�V�H���R�I���U�H�F�X�U�U�L�Q�J��
�S�Q�H�X�P�R�Q�L�D���P�D�\���E�H���E�H�Q�H�¿�F�L�D�O���I�R�U���O�R�Q�J���W�H�U�P���O�X�Q�J���K�H�D�O�W�K���E�\���D�O�O�R�Z�L�Q�J���I�R�U��
�L�Q�L�W�L�D�W�L�R�Q���R�I���D���P�R�U�H���W�D�U�J�H�W�H�G���W�K�H�U�D�S�\���H�D�U�O�L�H�U���L�Q���W�K�H���F�R�X�U�V�H���R�I���W�K�H���G�L�V�H�D�V�H�����±�������6�H�H��
Figure 22-1����
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Pathophysiology
Box 22-1���F�D�W�H�J�R�U�L�]�H�V���F�R�Q�G�L�W�L�R�Q�V���F�D�X�V�L�Q�J���U�H�F�X�U�U�H�Q�W���S�Q�H�X�P�R�Q�L�D���L�Q���F�K�L�O�G�U�H�Q�����$��
�F�D�U�H�I�X�O���K�L�V�W�R�U�\�����S�K�\�V�L�F�D�O���H�[�D�P�L�Q�D�W�L�R�Q�����D�Q�G���U�H�Y�L�H�Z���R�I���W�K�H���U�D�G�L�R�J�U�D�S�K�V���Z�L�O�O���K�H�O�S��
�W�D�L�O�R�U���W�K�H���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���W�R���L�G�H�Q�W�L�I�\���W�K�H���X�Q�G�H�U�O�\�L�Q�J���F�D�X�V�H�����±�����6�H�Y�H�U�D�O���U�L�V�N���I�D�F�W�R�U�V��
�I�R�U���U�H�F�X�U�U�H�Q�W���S�Q�H�X�P�R�Q�L�D���K�D�Y�H���E�H�H�Q���H�V�W�D�E�O�L�V�K�H�G�����L�Q�F�O�X�G�L�Q�J���D���K�L�V�W�R�U�\���R�I���E�U�R�Q�F�K�R��
�S�X�O�P�R�Q�D�U�\���G�\�V�S�O�D�V�L�D�����D�W�R�S�\���Z�L�W�K���H�L�W�K�H�U���D�O�O�H�U�J�L�F���U�K�L�Q�L�W�L�V���R�U���H�F�]�H�P�D�����W�R�E�D�F�F�R��
�H�[�S�R�V�X�U�H�����R�Y�H�U�F�U�R�Z�G�L�Q�J�����D�Q�G���D�L�U���S�R�O�O�X�W�L�R�Q�����E�R�W�K���L�Q�G�R�R�U���D�Q�G���R�X�W�G�R�R�U������

�%�H�F�D�X�V�H���R�I���W�K�H���K�L�J�K���I�U�H�T�X�H�Q�F�\���R�I���D�V�W�K�P�D���L�Q���G�H�Y�H�O�R�S�H�G���F�R�X�Q�W�U�L�H�V�����D���F�O�L�Q�L�F�L�D�Q��
�V�K�R�X�O�G���H�Y�D�O�X�D�W�H���I�R�U���V�L�J�Q�V���R�I���D�V�W�K�P�D���D�V���W�K�H���F�D�X�V�H���R�I���U�H�F�X�U�U�H�Q�W���D�F�X�W�H���O�R�Z�H�U���U�H�V�S�L�� 
�U�D�W�R�U�\���W�U�D�F�W���L�Q�I�H�F�W�L�R�Q�V�������7�K�H���P�H�F�K�D�Q�L�V�P���R�I���U�H�F�X�U�U�H�Q�W���S�Q�H�X�P�R�Q�L�D���L�Q���W�K�H���F�K�L�O�G��
�Z�L�W�K���D�V�W�K�P�D���L�V���O�L�N�H�O�\���P�X�F�X�V���S�O�X�J�J�L�Q�J���G�X�U�L�Q�J���D�F�X�W�H���D�V�W�K�P�D���H�[�D�F�H�U�E�D�W�L�R�Q�V�����7�K�H��
�X�V�X�D�O���W�U�L�J�J�H�U���L�V���D���Y�L�U�D�O���X�S�S�H�U���U�H�V�S�L�U�D�W�R�U�\���W�U�D�F�W���L�Q�I�H�F�W�L�R�Q�����Z�K�L�F�K���P�D�\���F�D�X�V�H���D��
�I�H�Y�H�U���D�V���Z�H�O�O�����7�K�H���F�R�Q�V�W�H�O�O�D�W�L�R�Q���R�I���I�H�Y�H�U�����U�H�V�S�L�U�D�W�R�U�\���G�L�I�¿�F�X�O�W�\�����D�E�Q�R�U�P�D�O���D�X�V�� 
�F�X�O�W�D�W�L�R�Q�����D�Q�G���D�Q���D�E�Q�R�U�P�D�O���F�K�H�V�W���U�D�G�L�R�J�U�D�S�K���O�H�D�G�V���W�K�H���F�O�L�Q�L�F�L�D�Q���W�R���W�K�H���G�L�D�J�Q�R�� 
�V�L�V���R�I���S�Q�H�X�P�R�Q�L�D�����,�I���D�V�W�K�P�D���L�V���W�K�H���F�D�X�V�H���R�I���U�H�F�X�U�U�H�Q�W���S�Q�H�X�P�R�Q�L�D�����S�D�W�L�H�Q�W�V���Z�L�O�O��
�R�I�W�H�Q���K�D�Y�H���U�H�F�X�U�U�H�Q�W���F�R�X�J�K���D�Q�G���D�F�X�W�H���Z�K�H�H�]�H���Z�L�W�K���X�S�S�H�U���U�H�V�S�L�U�D�W�R�U�\���L�Q�I�H�F�W�L�R�Q�V����
�7�K�H���V�\�P�S�W�R�P�V���D�U�H���X�V�X�D�O�O�\���Z�R�U�V�H���D�W���Q�L�J�K�W�����W�K�H�\���P�D�\���D�O�V�R���K�D�Y�H���F�R�X�J�K�����Z�K�H�H�]�H����
�R�U���U�H�V�S�L�U�D�W�R�U�\���G�L�I�¿�F�X�O�W�\���D�S�D�U�W���I�U�R�P���Y�L�U�D�O���L�Q�I�H�F�W�L�R�Q�V�����H�J�����D�O�O�H�U�J�H�Q�����L�U�U�L�W�D�Q�W�����R�U��
�H�[�H�U�F�L�V�H���W�U�L�J�J�H�U�V�������,�P�S�U�R�Y�H�G���D�V�W�K�P�D���F�R�Q�W�U�R�O���R�I�W�H�Q���H�O�L�P�L�Q�D�W�H�V���R�U���U�H�G�X�F�H�V���W�K�H��
�H�S�L�V�R�G�H�V���R�I���S�Q�H�X�P�R�Q�L�D���L�I���D�V�W�K�P�D���L�V���W�K�H���F�D�X�V�H����

�,�P�P�X�Q�R�G�H�¿�F�L�H�Q�F�\���V�\�Q�G�U�R�P�H�V�����D�O�W�K�R�X�J�K���R�Y�H�U�D�O�O���X�Q�F�R�P�P�R�Q�����D�U�H���D���F�R�P�P�R�Q��
�F�D�X�V�H���R�I���U�H�F�X�U�U�H�Q�W���S�Q�H�X�P�R�Q�L�D���L�Q���F�K�L�O�G�U�H�Q���D�Q�G���F�D�Q���E�H���I�D�P�L�O�L�D�O����,7���$�V�V�R�F�L�D�W�H�G��
�V�L�J�Q�V���D�Q�G���V�\�P�S�W�R�P�V���R�I���L�Q�I�H�F�W�L�R�Q�V���L�Q���R�W�K�H�U���V�\�V�W�H�P�V���X�V�X�D�O�O�\���S�U�R�Y�L�G�H���D���F�O�X�H���W�R�� 
�W�K�H���X�Q�G�H�U�O�\�L�Q�J���G�L�D�J�Q�R�V�L�V�����3�R�R�U���%���F�H�O�O���I�X�Q�F�W�L�R�Q���R�I�W�H�Q���O�H�D�G�V���W�R���S�U�H�G�R�P�L�Q�D�Q�W�O�\��
�U�H�V�S�L�U�D�W�R�U�\���W�U�D�F�W���L�Q�I�H�F�W�L�R�Q�V���V�X�F�K���D�V���R�W�L�W�L�V���P�H�G�L�D�����V�L�Q�X�V�L�W�L�V�����D�Q�G���S�Q�H�X�P�R�Q�L�D��
�F�D�X�V�H�G���E�\���F�R�P�P�R�Q���U�H�V�S�L�U�D�W�R�U�\���W�U�D�F�W���S�D�W�K�R�J�H�Q�V�����,�P�P�X�Q�R�J�O�R�E�X�O�L�Q�����,�J�����*���G�H�¿�� 
�F�L�H�Q�F�\�����,�J�*���V�X�E�F�O�D�V�V���G�H�¿�F�L�H�Q�F�\�����D�Q�G���,�J�$���G�H�¿�F�L�H�Q�F�\���D�U�H���%���F�H�O�O�í�U�H�O�D�W�H�G���G�H�¿�F�L�H�Q��
�F�L�H�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���U�H�F�X�U�U�H�Q�W���V�L�Q�R�S�X�O�P�R�Q�D�U�\���L�Q�I�H�F�W�L�R�Q�V�����,�I���W�K�H���F�K�L�O�G���K�D�V���S�R�R�U��
�J�U�R�Z�W�K���D�Q�G���V�H�U�L�R�X�V���L�Q�I�H�F�W�L�R�Q�V���L�Q���R�W�K�H�U���R�U�J�D�Q���V�\�V�W�H�P�V�����W�K�H���L�P�P�X�Q�R�G�H�¿�F�L�H�Q�F�\���L�V��
�P�R�U�H���O�L�N�H�O�\���W�R���E�H���L�Q���W�K�H���7���F�H�O�O�í�P�H�G�L�D�W�H�G���V�\�V�W�H�P���R�U���L�Q���W�K�H���S�K�D�J�R�F�\�W�L�F���S�R�U�W�L�R�Q��
���H�J�����Q�H�X�W�U�R�S�H�Q�L�D���R�U���F�K�U�R�Q�L�F���J�U�D�Q�X�O�R�P�D�W�R�X�V���G�L�V�H�D�V�H�����R�I���W�K�H���L�P�P�X�Q�H���V�\�V�W�H�P����

Figure 22-1. Chest computed tomography 
scan of an adolescent showing bronchiectasis 
and severe lung damage as a result of long- 
standing aspiration and immunode�ciency 
(PI3K��syndrome type 1�[APDS1]�due to a 
deleterious mutation in�PIK3CD).
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Chapter 22—Recurrent Pneumonia

Box 22‑1

Conditions Leading to Recurrent Pneumonia in Children

Impaired Mucociliary Clearance
	� Asthma
	� Cystic �brosis
	� Primary ciliary dyskinesia
	� Tracheomalacia/bronchomalacia
	� Restricted chest wall (weakness, immobility, uncoordinated cough)

Mechanical Abnormalities
	� Aspiration
	� Intrinsic obstruction (tumor, retained foreign body)
	� Extrinsic compression (tumor, adenopathy, enlarged cardiac structure)

Immune De�ciency (congenital or acquired)
	� Abnormal cell-mediated immunity (T cell)
	� Hypogammaglobulinemia (or B-cell de�ciency)
	� Neutrophil/macrophage dysfunction
	� Mucosal surface immunode�ciency (immunoglobulin [Ig] A de�ciency, 
IgG subclass de�ciency)

	� Syndromes associated with immunode�ciency

Systemic and Immune-Mediated Diseases
	� Hypersensitivity pneumonitis
	� Collagen vascular disease
	� Idiopathic hemosiderosis
	� Renal-pulmonary syndromes
	� Granulomatous diseases (tuberculosis, congenital, sarcoidosis)
	� Allergic bronchopulmonary aspergillosis
	� Pulmonary alveolar proteinosis
	� Acute chest syndrome (in sickle cell disease)

Congenital Anomaly
	� Bronchogenic cyst
	� Sequestration
	� Esophageal duplication cyst
	� Congenital pulmonary airway malformation
	� Congenital lobar overdistention
	� Tracheal bronchus (or other abnormal tracheobronchial branching)

Non-Pulmonary Causes
	� Pulmonary edema
	� Lymphangiectasis
	� Diaphragmatic hernia
	� Mediastinal mass
	� Anomalous pulmonary venous return
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�7�K�H�V�H���L�Q�I�H�F�W�L�R�Q�V���F�D�Q���E�H���G�X�H���W�R���F�R�P�P�R�Q���U�H�V�S�L�U�D�W�R�U�\���S�D�W�K�R�J�H�Q�V���R�U���R�S�S�R�U�W�X�Q�L�V�W�L�F��
�S�D�W�K�R�J�H�Q�V�����&�R�P�S�O�H�P�H�Q�W���S�D�W�K�Z�D�\���G�H�¿�F�L�H�Q�F�L�H�V���D�U�H���W�K�H���U�D�U�H�V�W���W�\�S�H���R�I���L�P�P�X�Q�R�G�H��
�¿�F�L�H�Q�F�\���D�Q�G���F�D�Q���O�H�D�G���W�R���S�\�R�J�H�Q�L�F���S�Q�H�X�P�R�Q�L�D����,7�����6�H�H���&�K�D�S�W�H�U�����������3�X�O�P�R�Q�D�U�\��
�&�R�P�S�O�L�F�D�W�L�R�Q�V���R�I���,�P�P�X�Q�R�O�R�J�L�F���'�L�V�R�U�G�H�U�V����

�3�H�U�V�L�V�W�H�Q�W���S�Q�H�X�P�R�Q�L�D���R�U���U�H�F�X�U�U�H�Q�W���S�Q�H�X�P�R�Q�L�D���L�Q���R�Q�H���S�D�U�W�L�F�X�O�D�U���O�X�Q�J���O�R�E�H��
�V�K�R�X�O�G���S�U�R�P�S�W���W�K�H���F�O�L�Q�L�F�L�D�Q���W�R���F�R�Q�V�L�G�H�U���F�R�Q�J�H�Q�L�W�D�O���D�Q�R�P�D�O�L�H�V���V�X�F�K���D�V���D���F�R�Q�J�H�Q��
�L�W�D�O���S�X�O�P�R�Q�D�U�\���D�L�U�Z�D�\���P�D�O�I�R�U�P�D�W�L�R�Q���R�U���D�Q���D�L�U�Z�D�\���R�E�V�W�U�X�F�W�L�R�Q���I�U�R�P���D���I�R�U�H�L�J�Q��
�E�R�G�\�����D�G�M�D�F�H�Q�W���O�\�P�S�K�D�G�H�Q�R�S�D�W�K�\�����R�U���W�X�P�R�U��8�����6�H�H��Figure 22-2.����

�&�K�L�O�G�U�H�Q���Z�L�W�K���F�\�V�W�L�F���¿�E�U�R�V�L�V�����&�)�����P�D�\���S�U�H�V�H�Q�W���Z�L�W�K���D���K�L�V�W�R�U�\���R�I���U�H�F�X�U�U�H�Q�W��
�S�Q�H�X�P�R�Q�L�D��9���&�\�V�W�L�F���¿�E�U�R�V�L�V���V�K�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G���D�V���W�K�H���F�D�X�V�H���R�I���U�H�F�X�U�U�H�Q�W��
�S�Q�H�X�P�R�Q�L�D���L�I���W�K�H�U�H���L�V���D�V�V�R�F�L�D�W�H�G���V�W�H�D�W�R�U�U�K�H�D�����U�H�F�X�U�U�H�Q�W���S�U�R�G�X�F�W�L�Y�H���F�R�X�J�K�����R�U��
�I�D�L�O�X�U�H���W�R���W�K�U�L�Y�H�����,�W���L�V���L�P�S�R�U�W�D�Q�W���W�R���N�Q�R�Z���W�K�D�W���D�S�S�U�R�[�L�P�D�W�H�O�\�����������W�R�����������R�I��
�S�D�W�L�H�Q�W�V���Z�L�W�K���&�)���D�U�H���S�D�Q�F�U�H�D�W�L�F���V�X�I�¿�F�L�H�Q�W�����W�K�H�U�H�I�R�U�H�����D���S�D�W�L�H�Q�W���Z�L�W�K���&�)���P�D�\�� 
�Q�R�W���K�D�Y�H���J�U�R�Z�W�K���I�D�L�O�X�U�H���������$�O�W�K�R�X�J�K���&�)���R�F�F�X�U�V���P�R�V�W���F�R�P�P�R�Q�O�\���L�Q���Z�K�L�W�H���L�Q�G�L�� 
�Y�L�G�X�D�O�V�����L�W���V�K�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G���L�Q���R�W�K�H�U���U�D�F�H�V���D�Q�G���H�W�K�Q�L�F�L�W�L�H�V���D�V���Z�H�O�O�����6�L�Q�F�H��
�������������D�O�O���V�W�D�W�H�V���L�Q���W�K�H���8�Q�L�W�H�G���6�W�D�W�H�V���K�D�Y�H���Q�H�Z�E�R�U�Q���V�F�U�H�H�Q�L�Q�J���I�R�U���&�)�����Z�K�L�F�K��
�V�K�R�X�O�G���L�G�H�Q�W�L�I�\�����������R�U���P�R�U�H���R�I���W�K�H���S�D�W�L�H�Q�W�V���Z�L�W�K���&�)���V�K�R�U�W�O�\���D�I�W�H�U���E�L�U�W�K������ 
�%�H�F�D�X�V�H���W�K�H���Q�H�Z�E�R�U�Q���V�F�U�H�H�Q���F�D�Q���K�D�Y�H���I�D�O�V�H���Q�H�J�D�W�L�Y�H���U�H�V�X�O�W�V�����L�I���W�K�H���F�O�L�Q�L�F�L�D�Q��
�V�X�V�S�H�F�W�V���&�)���D�V���D���S�R�V�V�L�E�L�O�L�W�\���Z�L�W�K���U�H�F�X�U�U�H�Q�W���S�Q�H�X�P�R�Q�L�D�����W�K�H���S�D�W�L�H�Q�W���V�K�R�X�O�G���K�D�Y�H��
�W�K�H���J�R�O�G���V�W�D�Q�G�D�U�G���G�L�D�J�Q�R�V�W�L�F���V�Z�H�D�W���F�K�O�R�U�L�G�H���P�H�D�V�X�U�H�P�H�Q�W���D�W���D���&�\�V�W�L�F���)�L�E�U�R�V�L�V��
�)�R�X�Q�G�D�W�L�R�Q�±�D�F�F�U�H�G�L�W�H�G���V�L�W�H������,���� �����6�H�H���&�K�D�S�W�H�U�����������&�\�V�W�L�F���)�L�E�U�R�V�L�V����

�3�D�W�L�H�Q�W�V���Z�L�W�K���S�U�L�P�D�U�\���F�L�O�L�D�U�\���G�\�V�N�L�Q�H�V�L�D�����3�&�'�����P�D�\���K�D�Y�H���U�H�F�X�U�U�H�Q�W���S�Q�H�X�P�R�Q�L�D����
�$���S�D�W�L�H�Q�W���Z�L�W�K���3�&�'���X�V�X�D�O�O�\���K�D�V���X�Q�H�[�S�O�D�L�Q�H�G���U�H�V�S�L�U�D�W�R�U�\���G�L�V�W�U�H�V�V���V�W�D�U�W�L�Q�J���L�Q���W�K�H��
�Q�H�R�Q�D�W�D�O���S�H�U�L�R�G�����W�K�L�V���V�K�R�X�O�G���S�U�R�P�S�W���F�R�Q�V�L�G�H�U�D�W�L�R�Q���R�I���W�K�L�V���G�L�D�J�Q�R�V�L�V���D�V���D���F�D�X�V�H��

Figure 22–2. (A) Chest radiograph of an adolescent with post-obstructive pneumonia and 
atelectasis of the right lower lobe. (B) Chest computed tomography scan of the same patient 
showing near complete obstruction of the proximal right lower lobe bronchi by an endobron-
chial tumor (arrow).
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Chapter 22—Recurrent Pneumonia
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Acute Aspiration and Chronic Aspiration–Related  
Lung Disease

Jade B. Tam-Williams, MD, FAAP

Introduction
Aspiration of materials into the lower respiratory tract can be both a chronic 
and an acute problem in children. Because the respiratory and gastrointestinal 
tracts share a common site of origin, and because of the complex interplay 
among breathing, chewing, and swallowing, the aspiration of both intrinsic  
and extrinsic oral contents can be more prevalent in children. The clinical 
picture of aspiration and aspiration-related lung disease depends on the amount 
and type of material aspirated, as well as timing; therefore, a child can present 
with an acutely life-threatening event, with recurrent respiratory disease, or 
with subclinical disease. The 3 major types of aspiration-related lung disease 
are (1) airway foreign body, (2) massive acute aspiration of chemical or liquid 
contents, and (3) recurrent small-volume aspiration. In this chapter, we will 
review the physiological mechanism of normal swallowing, the clinical pre- 
sentation of the 4 major types of aspiration-related lung disease, evaluation  
of swallowing dysfunction, and possible treatments.

Physiological Mechanism of Swallowing
Normal swallowing is a complex process dependent on normal anatomy, as 
well as the normal neuromuscular function of cranial and cervical nerves.1 
Swallowing consists of 4 phases: oral preparatory phase, oral transit phase 
(bolus delivery), pharyngeal phase, and esophageal phase (Figure 41-1). 
�6�Z�D�O�O�R�Z�L�Q�J���L�Q�Y�R�O�Y�H�V���W�K�H���D�H�U�R�G�L�J�H�V�W�L�Y�H���W�U�D�F�W�����Z�K�L�F�K���L�V���G�H�¿�Q�H�G���D�V���W�K�H���F�R�P�E�L�Q�H�G��
organs through which both air and food may pass: oral cavity, tongue, nose, 
pharynx, vocal cords, pyriform sinus, larynx, and upper esophagus. The oral 
phase is voluntary, including acceptance of the food bolus, preparation of the 
food bolus by chewing or sucking, and preparing the bolus on the tongue. The 
food bolus is then delivered via the tongue to the pharynx voluntarily in the 
oral transit phase. There can be spillage into the hypopharynx if oral move-
ments are not coordinated. Once food bolus delivery occurs, the involuntary 
pharyngeal phase begins in order to protect the airway. The pharyngeal phase 
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