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Foreword

In most parts of the world the treatment of adults with surgically correctable abnormalities 
of the thorax and its contents is provided by specially trained thoracic surgeons. On the other 
hand, in children pediatric general surgeons usually take on this role because of their training 
in the surgical care of sick infants and children, and their experience with the management of 
congenital malformations. In an ideal world the treatment of surgical disorders of the thorax 
in children would be provided by a super specialist, but this is neither practical nor possible. 
This text provides information that will help bridge the gap for a group of conditions often only 
encountered rarely by otherwise experienced surgeons.

This book is not designed to be a textbook of operative surgery. Instead the broad scope is to 
provide important up to date information and reference material relating to most of the thoracic 
surgical conditions seen in childhood. The editors and contributors have ably met their goal 
to give the reader the proper medical and surgical principles needed to treat these childhood 
conditions.

One can’t help to note the impressive array of authors from around the world. When I first 
started out in pediatric surgery only a few pediatric surgeons in a few centers would dare tackle 
some of the abnormalities noted in these chapters. Others who dared, because they had no 
other choice, often failed. Now it is clear that globalization has truly come to our discipline. 
The benefits to children in every corner of the earth cannot be overestimated.

Robert M Filler, MD FRCS(C), OOnt 
Professor of Surgery and Pediatrics, Emeritus 
University of Toronto
Ontario
Canada 

Surgeon-in Chief Emeritus 
The Hospital for Sick Children 
Toronto, Ontario 
Canada
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Preface

Most pediatric surgeons operate on the chest. Some operate with confidence, some with trepi-
dation. The concept behind this project was to publish a comprehensive textbook of pediatric 
thoracic surgery that would assist surgeons in both groups.

The book includes forty seven chapters which provide a broad coverage of thoracic sur-
gical problems in children including diseases of the lung and pleural space, the esophagus, 
mediastinum, diaphragm and chest wall. Chapters on basic science and respiratory medicine 
are interspersed with more exclusively surgical chapters partly to gain perspective and partly 
because successful management of the more complex thoracic problems in children requires 
close collaboration between physicians and surgeons. 

Although we wanted to allow the contributing authors a lot of freedom to express their ideas 
and experience every effort has been made to achieve a uniform style for each chapter. The 
general organisation of text includes historical perspective, incidence, investigations, diagno-
sis, differential diagnosis, management and future perspectives. The chapters are well refer-
enced and, we believe, present a balanced view of contemporary practice. 

The editors are experienced paediatric thoracic surgeons from the UK, North America and 
Australia. The authors have all been chosen carefully for their recognised expertise and we 
are proud to include experts from all corners of the globe. The effort involved in making this 
textbook a reality has been exhausting. We hope the final result achieves the original aim.

We would like to acknowledge the thoughtful contributions to the book from all the authors 
with much gratitude. We also express our thanks to Melissa Morton, Senior Editor at Springer, 
and her editorial assistants, in particular Lauren Stoney, who provided professional support and 
encouragement throughout the writing of this book. Finally, we must record our sincere thanks 
to Sunil Padman, at SPi Technologies, without whom this book would never have reached 
print. 

DHP
DCGC

SSR
AWA
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1
Applied Anatomy
Dakshesh H. Parikh

Introduction

The thorax is a functional anatomical organ that is airtight, 
compliant and continuously active in response to the bodily 
demands for oxygen. It provides protection to the thoracic 
 viscera and support for the upper extremities. Successful thoracic 
surgery requires a good understanding of the normal anatomy 
and the common variations.

Recent advances in imaging techniques, including com-
puterized tomography and magnetic resonance imaging, with 
three-dimensional reconstruction, can help accurately define 
anatomical relationships with pathology. Video-assisted 
techniques for thoracic surgery, in particular, require a good 
understanding of the three-dimensional anatomical relation-
ships of the thoracic viscera.

Historical perspective

Modern anatomical knowledge of thorax has developed over 
generations by transfer of knowledge from the Islamic, Greek 
and Roman physicians.1,2 The ancient Islamic contribution 
to thoracic anatomy and physiology only became known in 
Europe in the late sixteenth century. The original description in 
the Süleymaniye library of the contemporary texts and draw-
ings of the trachea, lung, and vascular system in Semseddin-i 
Itaki’s and Ahmed bin Mansur’s anatomy texts indicates that 
knowledge of the thoracic anatomy existed in great depth.3 In 
1924 the text “Christianismi Restitutio” by Michael Servetus 
(1511–1553) was rediscovered and translated, describing the 
pulmonary circulation. However, Ibn al-Nafis (1210–1288) 
of Damascus made the same observations three centuries ear-
lier.4 Ali bin Abbas wrote that the pulmonary artery wall had 
two layers and postulated that these layers might have a role 
in constriction and relaxation of this vessel. He also stated that 
pulmonary veins branched together with the bronchial tree.3 
The Dutch surgeon and anatomist van Mauden translated the 
works of Vesalius, Fallopius and Arantius as well as adding 
his own observations on anatomical variations in a book that, 

in his own words, he considered would be helpful to surgeons 
and trainees.5

Thoracic skeleton

Sternum

The sternum is a flat subcutaneous bone in the anterior mid-
line of the chest. It has been likened to an ancient sword - the 
manubrium representing the handle, the gladiolus representing 
the blade and the xiphoid process the point of the sword. The 
sternum forms from a series of segmental ossification centers, 
the sternebrae, which coalesce between puberty and twenty-
five years of age. The manubrium and the first sternebrum 
contain a single or occasionally two ossification centers situ-
ated one above the other. The third, fourth and fifth sternebrae 
contain two lateral ossification centers and the irregular union 
between these explains the rare occurrence of a cleft sternum. 
The xiphisternum joins the sternum around forty years of age. 
The manubrium articulates with sternum through a synchon-
drosis although this joint occasionally ossifies in later life.

Ribs

Twelve pairs of ribs form the greater part of the thoracic cage. 
Occasionally, a cervical or lumbar rib may be encountered 
and rarely there may be only eleven pairs of ribs. The first 
six ribs articulate with the spine posteriorly and join the ster-
num anteriorly through individual costal cartilages. The costal 
cartilages of the seventh, eighth, ninth and tenth ribs coalesce 
to form the costal margin. The eleventh and twelfth ribs are 
floating and lack any connection with the sternum.

Surgical anatomy

 The marrow space in the sternum remains active throughout �

life and can be sampled for hematological diagnosis.

 Sternal fractures are very uncommon in children because of �

the elasticity of the ribs.
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 Rib fractures in children are the results of significant force �

and are often associated with injury to the thoracic or upper 
abdominal viscera. A rib is most likely to fracture just in 
front of the angle of the rib, usually as a result of forcible 
compression of the chest wall. The rib attachments prevent 
significant displacement but excessive callus formation 
at the site of a fracture is common because of respiratory 
movement.

 The shape of the chest wall may change in disease. Clas-�

sical changes seen in rickets include enlargement of the 
costochondral junctions, giving rise to a “rickety rosary”, 
pectus deformities and exaggerated Harrison’s sulci caused 
by flaring of the lower ribs from the enlarged abdominal 
organs often found in malnourished children. In chronic 
respiratory disease the chest assumes a barrel shape due to a 
constant pressure exerted by the expanded lungs. Thoraco-
tomy in early life may result in rib crowding which, in turn, 
may lead to scoliosis in adolescence.

 Drainage of the pleural cavity is best carried out between �

fifth and sixth intercostal spaces just in front of mid-axillary 
line. The ribs are easily palpable in this region, the intercos-
tal spaces are wider here than in any other part of the chest 
and this is the last part of the pleural cavity closed by expan-
sion of the lung.

Cervical ribs

Rudimentary cervical ribs develop during fetal life but usually 
involute before birth. Cervical ribs persist in approximately 
1% of the population, the majority producing no symptoms. 
The transverse process of a typical cervical vertebra has two 
tubercles of which the anterior tubercle is the homologue of a 
rib. Cervical ribs persist in various forms ranging from a com-
plete rib that articulates with the first rib to a fibrous cord.

Cervical ribs cause symptoms by tenting the brachial 
plexus and the subclavian vessels. The lowest trunks of bra-
chial plexus (C8 and T1) are affected and symptoms generally 
appear in the second decade of life or later when the muscles 
of the shoulder girdle loose their tone. Presentation in the teen-
age years is seen occasionally. Symptoms include neuralgia, 
sensory deficits, muscular weakness and wasting. Disturbance 
related to the sympathetic fibers causes circulatory changes 
such as coldness, cyanosis, edema and paresthesia.

Clavicle

The clavicle is the most frequently broken bone in the human 
body as it is slender, superficial and connected to the upper 
limb. The clavicle usually fractures obliquely at the junction 
between the outer one-third and inner two-thirds which is the 
weakest point of the bone. The outer fragment is displaced 
inwards due the nature of the force and hence compound frac-
tures are rare. The subclavius muscle plays an important role 
protecting the brachial plexus and subclavian vessels from 
injury when the clavicle fractures.

Thoracic vertebrae

The vertebral column of the thorax comprises twelve verte-
brae aligned in a gentle forward concavity (kyphosis). The ribs 
articulate with the vertebrae by two synovial joints – between 
the head of the rib and the body of the vertebra and between the 
tubercle of the rib and the transverse process of the vertebra.

Thoracic wall

The chest wall surrounds and protects the intra-thoracic viscera 
and its regular movement constitutes the physiology of respi-
ration. Anatomically, the roof of the thoracic cavity above the 
lung apex is formed by the suprapleural membrane (Sibson’s 
Fascia) at the thoracic inlet and the floor is formed by the dia-
phragm that separates the thorax from the abdomen. The thorax 
is circular in shape in infancy and young children and subse-
quently assumes an oval shape in adulthood. The skeleton of 
the thoracic wall consists of twelve thoracic vertebrae, twelve 
pairs of ribs with their costal cartilages and the sternum. The 
lower ribs, along with the convexity of the diaphragm, cover 
and protect the solid organs of the upper abdomen.

Three layers of morphologically similar muscles cover the 
thoracic and abdominal wall. The outer layer comprises a spe-
cialized group of muscles including the pectorals, rhomboids, 
levator scapulae, latissimus dorsi and serratus anterior that are 
attached to the upper limb. The second, or intermediate, layer 
is confined to the ribs and comprises the external and internal 
intercostal muscles with fibers running at right angles to each 
other. The innermost muscle layer is incomplete, comprising 
the transversus thoracis and the intercostales intimi, subcos-
tales and sterno-costalis. The neurovascular bundles, con-
taining the intercostal vessels and nerves and their collateral 
branches, run between the middle and the innermost muscle 
layers, similar to the abdominal wall.

Intercostal space

The intercostal space between ribs, separated by the intercos-
tal muscles, extends from the vertebral column posteriorly to 
the sternocostal joint anteriorly and to the costal margin of the 
lower ribs (Fig. 1.1).

The external intercostal muscle passes obliquely downward 
and forwards from the rib above to the upper border of the rib 
below. This muscle extends from costo-transverse ligament 
posteriorly to the costochondral junction anteriorly where it 
becomes membranous. The internal intercostal muscle runs 
downwards and backwards from the subcostal grove to the 
upper border of the rib below. The internal intercostal muscle 
runs from the sternum anteriorly to the angle of the rib pos-
teriorly where the posterior intercostal membrane replaces it 
up to the superior costo-transverse ligament. The transversus, 
or innermost intercostal muscle layer, comprises three incom-
plete sheets of thin muscular fibers: (a) subcostales that lie 
in the paravertebral gutter, each crossing more than one rib 
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space, (b) intercostales intimi: similar to subcostales these 
fibers cross more than one rib space and line the lateral tho-
racic wall (c) sterno-costalis: this muscle arises from the lower 
end of the sternum where digitations diverge on each side, 
one to each costal cartilage from second to sixth inclusive. 
Caudally, the transversus thoracis group of muscles recedes to 
form the diaphragm.

The intercostal nerves are mixed spinal nerves that emerge 
from the intervertebral foramina. After giving off a posterior 
ramus the nerve runs forwards between the internal intercos-
tal and transversus thoracis muscle layers. A collateral branch 
innervates the intercostal muscles and is sensory to the pari-
etal pleura and the periosteum of the rib. A lateral cutaneous 
branch pierces the intercostal muscles in the midaxillary line, 
and divides into anterior and posterior branches to supply skin 
over the intercostal space. The anterior terminal branch in the 
upper six spaces pierce the intercostal muscles anterior to the 
internal mammary artery and supply the skin of the anterior 
chest wall. The intercostal nerve lies below the intercostal 
vein and artery during its course through the intercostal space 
and all three are protected by the downward projection of the 
rib. The lower five intercostal nerves innervate the abdomi-
nal wall. The subcostal nerve passes behind the lateral arcu-
ate ligament into the abdomen, accompanied by the subcostal 
artery and vein.

The supreme intercostal artery is a descending branch of 
the costocervical trunk, which arises from the second part of 
the subclavian artery, and supplies the upper two intercostal 
spaces. This vessel enters the thorax by passing behind the 

scalenus anterior and across the neck of the first rib, with the 
sympathetic chain on its medial side. The supreme intercostal 
vein lies between the artery and the sympathetic chain where 
the first thoracic and inferior cervical ganglia fuse to form the 
stellate ganglion (Fig 1.3). This knowledge is important to 
a surgeon dissecting in this region, especially during tumor 
resection (neuroblastoma). The descending thoracic aorta 
gives off the next nine posterior intercostal arteries that travel 
in the neurovascular plane.

The internal mammary artery runs down the lateral border 
of sternum to supply the anterior body wall from clavicle to 
umbilicus. The internal mammary artery sends branches to the 
upper six intercostal spaces anteriorly. In females the branches 
to the second and third intercostal spaces are large to supply 
the breast. At the costal margin the internal mammary artery 
divides into superior epigastric and musculo-phrenic arteries. 
The superior epigastric passes lateral to xiphisternal fibers of 
the diaphragm to enter the posterior rectus sheath. The mus-
culophrenic artery passes along the costodiaphragmatic gutter 
and gives off two anterior intercostal arteries before pierc-
ing the diaphragm and ramifying on its abdominal surface. 
The internal mammary artery is accompanied by two vena 
commitantes that drain into the innominate vein. The artery 
also gives off a pericardiophrenic branch, which follows the 
phrenic nerve and supplies branches to the fibrous and parietal 
pericardium.

Intercostal veins accompany the intercostal arteries. Paired 
anterior intercostal veins drain into internal mammary and 
musculophrenic veins. In the lower eight spaces the posterior 

Fig. 1.1. Intercostal space
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intercostal veins drain into the azygos vein on the right and the 
accessory hemiazygos and hemiazygos veins on the left. The 
first space is drained by the supreme intercostal vein, which 
drains into either the vertebral vein or the brachiocephalic 
vein. The superior intercostal vein collects blood from the 
second and third intercostal spaces on each side. The superior 
intercostal vein on right side drains into the azygos vein. The 
same trunk on the left runs forward over the arch of the aorta, 
lateral to vagus nerve and medial to the phrenic nerve, to join 
the brachiocephalic vein.

Muscles and fasciae of the chest wall

The chest wall is covered by the pectoralis major and minor 
muscles anteriorly, laterally by the serratus anterior, superi-
orly by the trapezius, inferiorly and laterally by the latissimus 
dorsi and, on each side of the vertebral column, by the erector 
spinae muscles. Although these muscles are primarily respon-
sible for shoulder girdle movement and axial stability they are 
also accessory muscles of respiration.

Pectoralis major arises from the medial half of the clavi-
cle, sternum, the costal cartilages of the first to seventh ribs, 
and the aponeurosis of the external oblique and rectus sheath. 
From this extensive origin fibers converge on a flat tendon 
which inserts into bicipital grove of the humerus. The muscle 
is covered by the pectoral fascia which is continuous with the 
axillary fascia. The dominant thoracoacromial neurovascu-
lar bundle enters the superior part of the muscle posteriorly 
in the mid-clavicular line. This allows elevation of a reliable 
muscle flap that may be used to cover sternal defects after 
tumor excision or osteomyelitis complicating sternotomy. The 
pectoralis minor arises from the third, fourth and fifth ribs and 
inserts onto the coracoid process of the scapula. Both pectoral 
muscles are absent in Poland’s syndrome which sometimes 
presents late in adolescence with a thoracic wall deformity.

Serratus anterior surrounds the side of the chest wall 
beneath the scapula. The muscle arises as a series of digita-
tions from the upper eight or nine ribs. The fibers pass back-
wards to insert into the medial border of the scapula. Serratus 
anterior is supplied by the long thoracic nerve of Bell which 
arises from the fourth to seventh cervical nerves. The blood 
supply and venous drainage of the muscle come from the tho-
racodorsal vessels and perforators from the chest wall. This 
muscle is particularly useful as an intrathoracic muscle flap 
either using a number of digitations6 or the whole muscle to 
fill the space left by a post-lobectomy empyema7. The ser-
ratus anterior rotates the scapula during the elevation of the 
arm and keeps the scapula applied to the chest wall. Paralysis 
of the serratus anterior causes the lower angle of the scapula 
project outwards when the arm is lifted, resulting in a winged 
scapula. This deformity may be seen as a long-term sequel of 
a posterior-lateral thoracotomy.

Trapezius is a large triangular muscle that arises from the 
occiput, occipital protuberance, ligamentum nuchae and the 

spines of the entire cervical and thoracic vertebral column. 
The muscle inserts in the outer third of the clavicle, the acro-
mion and the spinous process of the scapula. It aids in rota-
tion of scapula and elevates the shoulder. It is supplied by 
the spinal accessory nerve that may be injured inadvertently 
during operations in the posterior triangle of the neck.

Latissimus dorsi is the largest flat muscle of the chest wall. 
It arises from the spinous processes of the lower six thoracic 
vertebrae, the lumber fascia, the posterior third of the iliac 
crest and by digitations from the lower third or fourth ribs. The 
muscle fibers converge on a long tendon that forms the pos-
terior axillary fold and inserts in the bicipital groove of the 
humerus. The thoracodorsal neurovascular bundle enters the 
muscle along the line of the tendon. This provides a robust 
vascular pedicle that that allows elevation of the muscle as a 
flap for reconstruction of the chest wall.8 The latissimus dorsi 
muscle may also be used to repair a recurrent diaphragmatic 
hernia when synthetic materials have been unsuccessful.

Erector spinae is a great mass of muscle which runs the full 
length of the vertebral column, filling the hollows on each side 
of the spinous processes. Various muscular bundles are inserted 
into the vertebra by innumerable tendinous slips which have to 
be divided to expose the spine during a laminectomy.

Suprapleural membrane (Sibson’s fascia)

This is a tough fascial layer which forms the roof of the thoracic 
inlet. The suprapleural membrane is attached circumferentially 
to the inner border of the first rib and costal cartilage except 
over the neck of the rib where the first thoracic nerve crosses 
to join the brachial plexus. The subclavian vessels lie on the 
suprapleural membrane as they pass laterally into the axilla.

Endothoracic fascia

Outside the pleura, lining the thoracic wall, is a layer of loose 
areolar tissue similar to the transversalis fascia of the abdomen. 
The endothoracic fascia is of little anatomical significance 
although it is the plane of dissection between the parietal pleura 
and the chest wall which is entered performing a decortication 
or pleurectomy. Provided dissection is done with care in this 
plane injury to intercostal vessels and nerves can be avoided.

The diaphragm

The diaphragm is a muscular septum between the thoracic and 
abdominal cavities derived from the innermost (transversus) 
layer of the body wall musculature. The muscle fibers of the 
diaphragm radiate circumferentially from the central tendon 
to form right and left hemidiaphragms. Diaphragmatic excur-
sion plays a major role in respiration, especially in young 
infants. The crura arise from the sides of the bodies of the 
upper lumber vertebrae and insert into the central tendon. 
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The fibers encircle the esophageal hiatus in the diaphragm 
with a sling-like loop. The right and left crural fibers together 
form an arch over the aortic hiatus. The origins of the crura 
are continuous with the median arcuate ligaments, which are 
thickenings of the psoas fascia extending from the body of 
the second lumber vertebra to the transverse process of the 
first lumber vertebra. From this point the lateral arcuate liga-
ment extends as a thickening of the lumber fascia over the 
quadratus lumborum muscle to the lower border of the twelfth 
rib near its tip. Laterally the diaphragm consists of a series of 
muscular slips arising sequentially from the twelfth through 
seventh costal cartilages that interdigitate with the transver-
sus abdominis muscle. Anteriorly the muscle sheet of the dia-
phragm is completed by fibers that pass backwards from the 
xiphisternum to the central tendon. The central tendon of the 
diaphragm is a thin aponeurosis in the form of a three-leaf clo-
ver. The central tendon of the diaphragm is inseparable from 
the fibrous pericardium.

The diaphragm derives its blood supply from the right 
and left phrenic arteries, which run alongside each crus, and 
peripherally from the lower intercostal vessels.

The phrenic vessels are found on the under surface of the 
diaphragm and divide into anterior and posterior divisions 
around the central tendon. The smaller posterior branch 
anastomoses with the lower five intercostal arteries, while 
the larger anterior division anastomoses with the pericardio-
phrenic artery.

The diaphragm is innervated by the phrenic nerves. Injury to 
the phrenic nerve from obstetric trauma to the brachial plexus 
during delivery may result in paralysis of the diaphragm. Iat-
rogenic injury to the phrenic nerve during cardiac surgery and 

in operations involving the root of the neck is well recogn-
ised.9 Radiologically the paralyzed diaphragm shows eventra-
tion and paradoxical movement. Diaphragmatic eventration 
may require plication if respiration is compromised.

The openings of the diaphragm

There are three main foramina in the diaphragm which admit 
structures from the abdomen. Their anatomical location and 
contents are described in Table 1.1.

Surgical incisions in the diaphragm

Incisions through diaphragm are necessary to access the tho-
racic and abdominal cavities simultaneously (Fig. 1.2).10,11,12 
Incisions in the diaphragm should be made with care to mini-
mize injury to the phrenic nerves with resultant paralysis. In 

Table 1.1. Openings of the diaphragm.

Foramen Location Contents

Esophageal hiatus A muscular opening 
left of the midline 
near the 10th thoracic 
vertebra

Eesophagus, anterior & 
posteror vagus nerves, 
esophageal branches of 
the left gastric artery and 
vein

Caval hiatus Situated in the central 
tendon to the right of 
the midline near the 
8th thoracic vertebra

Inferior vena cava, right 
phrenic nerve

Aortic hiatus A hiatus in the posterior 
aspect of the diaphragm 
on the 12th vertebra

Aorta, azygos vein and 
thoracic duct

Fig. 1.2. The inferior surface of 
the diaphragma
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general incisions in the diaphragm should be very medial 
or circumferential. Incisions through the central tendon of 
the diaphragm are rarely useful. A circumferential incision 
around the periphery of the diaphragm avoids all the major 
branches of the phrenic nerve and allows excellent exposure 
of both the upper abdomen from the chest and the thoracic 
cavity from the abdomen. On the left side a radial incision can 
be made from the costal margin down to the esophageal hiatus 
provided this is taken medial to the point where the phrenic 
nerve enters the diaphragm. This requires mobilization of the 
phrenic nerve from the surface of the pericardium which then 
becomes at risk from retraction injury in the chest.

The mediastinum

The mediastinum is conveniently divided into superior and 
inferior compartments by a line from the manubriosternal 
junction (the angle of Louis) backwards to the lower border 
of the fourth thoracic vertebra. Several important anatomical 
landmarks lie in the region of this line including the bifurca-
tion of the trachea, the junction of the azygos vein and the 
superior vena cava and the ligamentum arteriosum. The tho-
racic duct crosses the mediastinum from right to left at this 
point. The inferior mediastinum can be subdivided into ante-
rior, middle and posterior compartments.

Superior mediastinum

The trachea and esophagus enter the mediastinum in the mid-
line with vagus and phrenic nerves on each side and the thymus 
anteriorly. At the level of the thoracic inlet the trachea touches 
the suprasternal notch and the esophagus lies posteriorly on 
the body of the first thoracic vertebra. The apices of the lungs 
lie laterally, separated by vessels and nerves passing between 
the superior mediastinum and neck. The brachiocephalic artery 
runs to the right of the midline while the left brachiocephalic 
vein crosses from left to right to join the superior vena cava.

The arch of the aorta lies in the plane of angle of Louis 
behind the manubrium as it turns backwards towards the body 
of the fourth thoracic vertebra, arching over the origin of the 
left main bronchus and the pulmonary arterial trunk. The bra-
chiocephalic artery, left common carotid and left subclavian 
artery arise from the aortic arch and run upwards to the neck. 
The pretracheal fascia blends with the aorta in this region 
forming the lower limit of the pretracheal space. This fascia 
fixes the distal trachea to the back of the aortic arch and forms 
the anatomical basis for aortopexy as a procedure for trache-
omalacia. The right recurrent laryngeal nerve loops around the 
right subclavian artery as it arises from the brachiocephalic 
artery. The left recurrent laryngeal nerve arises more distally 
in the mediastinum and hooks around ligamentum arteriosum 
before returning to the neck in the grove between trachea and 
esophagus. This nerve is particularly prone to injury during 
aortic arch surgery.

The right and left brachiocephalic veins, each formed by 
the confluence of internal jugular and subclavian veins, travel 

through the superior mediastinum in front of the arteries. The 
two brachiocephalic veins join to form the superior vena cava 
which passes vertically downward behind the right edge of the 
sternum, anterior to the right main bronchus. The left brachio-
cephalic vein projects slightly above the suprasternal notch 
when the neck is fully extended and is potentially at risk dur-
ing tracheotomy. The thoracic duct enters the left internal jug-
ular vein at the point where it joins the subclavian vein to form 
the brachiocephalic vein. Not infrequently the thoracic duct 
divides into four or five branches that join the vein separately. 
The thymus lies in front of the brachiocephalic vein. One or 
two short wide veins from thymus enter the left brachiocepha-
lic vein directly. These are prone to inadvertent damage dur-
ing mobilization of the left lobe of thymus.

Trachea

The trachea is a cartilaginous and membranous tube that 
begins in the neck at the cricoid cartilage and continues until 
it divides into two main bronchi at the level of the fourth 
thoracic vertebra. The brachiocephalic artery crosses the tra-
chea obliquely as it courses upward to the right. At one time 
respiratory symptoms were attributed to tracheal compression 
from this vessel but this is no longer considered to be a real 
entity. The left common carotid and subclavian arteries run 
up along the left side of the trachea. The trachea is crossed 
obliquely by the brachiocephalic vein just below the sternal 
notch. Thymus lies anteriorly and extends a variable distance 
from the anterior mediastinum into the neck. The trachea is in 
direct contact with the esophagus posteriorly and the recurrent 
laryngeal nerves travels upward in the grove between the two. 
The arch of the aorta crosses the front of the trachea just above 
the carina. The tracheobronchial group of lymph nodes lies 
around the bifurcation of the trachea.

The blood supply to the trachea in the neck arises from tra-
cheoesophageal branches of the inferior thyroid arteries. In 
the superior mediastinum the trachea receives a variable blood 
supply from branches of the supreme intercostal artery and the 
internal mammary artery. The distal trachea and carina receives 
a consistent blood supply from the left bronchial arteries. A 
tracheal branch from the right supreme intercostal artery sup-
plies the proximal right main bronchus in 90% of cases.13 The 
tracheal and bronchial vasculature has been studied in detail 
recently in relation to lung transplantation.14,15

Surgical anatomy

 Knowledge of the arterial anastomoses and microcirculation �

within the trachea is useful for successful tracheal resection 
and lung transplantation.

 Tracheal cartilage receives its blood supply through a sub-�

mucosal arterial plexus. Overinflated endotracheal tube 
cuffs will result in ischaemic injury to the tracheal rings. A 
detailed description of the microcirculation of the trachea is 
provided by Salassa et al.16
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 A variety of structural and congenital anomalies can produce �

tracheomalacia. Tracheomalacia may only become apparent 
after surgery for mechanically compressing lesions such as 
vascular ring or following repair of esophageal atresia. Rarely 
developmental defects of cartilages cause tracheomalacia.

 Congenital tracheal stenosis is usually associated with �

absence of the membranous portion of the affected trachea 
resulting in complete rings of tracheal cartilage.

Phrenic nerve

The phrenic nerves arise in the neck chiefly from the fourth 
cervical nerve roots, with variable contributions from the third 
and fifth roots. The nerves run into the thorax on the scalenus 
anterior muscles and enter the thorax between the subclavian 
vein and artery. The phrenic nerves run through the mediasti-
num in front of the lung hila (Figs. 1.3 and 1.4). The right 
phrenic nerve runs in contact with the right brachiocephalic 
vein, superior vena cava, right atrium and inferior vena cava 
before entering the diaphragm. The left phrenic nerve crosses 
the aortic arch and pericardium over the left ventricle before 
entering the diaphragm. Both phrenic nerves pierce through 
the diaphragm and supply it from the abdominal surface. The 
phrenic nerves contain sensory fibers from the mediastinal 
pleura, pericardium, diaphragmatic pleura and peritoneum. A 
pericardiophrenic artery arising from the internal mammary 
artery accompanies each phrenic nerve.

The long course of the phrenic nerves renders them prone 
to injury. Iatrogenic damage during cardiac surgery is now 

more common than birth injury to the brachial plexus. Both 
may result in eventration of the diaphragm with paradoxical 
movement of the paralyzed side during respiration.

Vagus nerve

The left vagus nerve enters the thorax alongside the left com-
mon carotid artery (Fig. 1.3) before crossing the arch of the 
aorta, where it gives off the recurrent laryngeal nerve. The 
vagus then passes behind the hilum of the left lung and con-
tinues down into the abdomen along the esophagus. The right 
vagus nerve runs down the trachea in the superior mediasti-
num (Fig. 1.4) passing deep to the azygos vein and behind 
the hilum of the right lung. The vagus then continues into 
the abdomen along the esophagus. The vagus nerves give 
branches to the superficial and deep cardiac plexuses. Behind 
the lung hila branches are given to the pulmonary plexuses. In 
the posterior mediastinum the two vagus nerves coalesce to 
form the esophageal plexus from which arise anterior and pos-
terior vagal trunks which accompany the esophagus through 
the diaphragm into the abdomen.

Thymus gland

The thymus gland arises from ventral diverticula of the third 
pharyngeal pouch. The diverticula coalesce to form a bilobed 
structure that descends into the anterior mediastinum. The 
thymus is large in infants but atrophies during adolescence. 
The arterial supply to the thymus arises from multiple small 
branches of the internal mammary arteries that generally give 

Fig. 1.3. Left mediastinum
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Fig. 1.4. Right mediastinum

no trouble during resection of the gland. The main venous 
drainage of thymus is a short wide vein on the posterior surface 
of the gland opening directly into the left brachiocephalic vein. 
Unless care is taken to ligate this vessel during thymectomy 
substantial bleeding may ensue.

Middle mediastinum

This division of the mediastinum strictly includes the pericar-
dium, heart and lung roots. The anatomy of the lung hila differ 
on each side.

Left pulmonary hilum (Figs. 1.3, 1.5, 1.6)

The superior part of the left hilum is occupied by the left pul-
monary artery which lies within the concavity of the aortic 
arch. The left main bronchus slopes from the carina to pass 
under the aortic arch and lie posteriorly in the hilum. The left 
main bronchus is sandwiched between the superior pulmo-
nary vein anteriorly pulmonary artery superiorly. The hilum 
contains two pulmonary veins – the superior pulmonary vein 
lies in front of the main bronchus and the inferior pulmonary 
vein lies below the bronchus on the pulmonary ligament. 
The inferior pulmonary ligament is the dependent part of the 
sleeve of the mediastinal pleura as it reflects from the lung 

root. The inferior pulmonary ligament extends down 1–2 cm 
and contains no important structures except a small vessel at 
the lowest point. The pulmonary artery is the most anterior and 
superior structure in the left hilum. The artery winds around 
the upper lobe bronchus into an anterior and lateral position. 
The first branches of the artery supply the apical and posterior 
segments of the upper lobe. These branches may arise from 
a common trunk. The left superior pulmonary vein lies ante-
riorly and inferior to left pulmonary artery and drains three 
principle tributaries from the apical posterior, anterior and 
lingular segments. The inferior pulmonary vein lies inferiorly 
and posterior to the superior pulmonary vein and is found in 
the apex of the inferior pulmonary ligament.

Right pulmonary hilum (Figs. 1.4 – 1.6)

The structural arrangement of the right hilum is similar to the 
left except that the upper lobe bronchus leaves the right main 
bronchus outside the lung. The hilum of the right lung lies 
within the concavity of the azygos vein as it arches forwards 
to join the superior vena cava. The right upper lobe bronchus 
is the most superior and posterior structure in the hilum. The 
right pulmonary artery enters the hilum anteriorly and inferior 
to the main bronchus, dividing immediately into superior and 
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Fig. 1.5. Pulmonary hila

Fig. 1.6. The mediastinum and 
pulmonary hila
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inferior trunks. The superior trunk divides on the upper lobe 
bronchus into three segmental vessels and the inferior arterial 
trunk descends on the anterior surface of the bronchus interme-
dius. The superior pulmonary vein lies in front of the pulmo-
nary artery and receives tributaries from the upper and middle 
lobes. The inferior pulmonary vein has two principle tributar-
ies – one branch draining the superior segment of the lower 
lobe and a second comprising the basal segmental branches. 
The inferior pulmonary ligament is similar to the left side.

Pericardium

The fibrous pericardium is a conical shaped sac which encases 
the heart. The apex of the pericardium is fused with the roots 
of the great vessels and the broad base is inseparable from the 
central tendon of the diaphragm as both are derived embryo-
logically from the septum transversum. Weak sterno-pericardial 
ligaments unite the pericardium with the posterior surface of 
the sternum.

The fibrous pericardium is lined by the parietal pericardium 
which is a serous membrane. This is reflected onto the heart 
around the great vessels to form the visceral pericardium. Par-
acentesis of the pericardial cavity can be performed through 
the diaphragm using a sib-xiphisternal approach or through 
the fifth intercostal space at the left edge of the sternum to 
avoid entering the pleural cavity.

Posterior mediastinum

This space extends down to the diaphragm behind the heart 
and is continuous with the posterior part of the superior medi-
astinum. The posterior boundary is formed by the vertebral 
column. The posterior mediastinum includes the paravertebral 
gutters containing the sympathetic chain.

Descending aorta (Figs. 1.3 and 1.6)

This great arterial trunk commences at the lower border of 
the fourth thoracic vertebra, where the aortic arch ends. The 
descending aorta leaves the posterior mediastinum at the level 
of the twelfth thoracic vertebra, passing behind the diaphragm 
between the crura. The descending thoracic aorta gives off nine 
intercostal arteries on each side that enter the posterior ends of 
the lower nine intercostal spaces. The descending aorta gives 
off bronchial and esophageal arteries. There are normally two 
bronchial arteries on the left and one on the right. The second 
right bronchial artery occasionally arises from the artery to 
the third intercostal space. The esophageal branches comprise 
four or five small vessels which provide a segmental supply to 
the lower esophagus.

Esophagus (Fig. 1. 6)

This muscular tube extends from the cricopharyngeus to the 
cardiac orifice of the stomach at the level of the tenth thoracic 
vertebra and left seventh costal cartilage. The cervical portion 
of the esophagus lies in front of the prevertebral fascia, slightly 

to the left of the midline, but enters the chest in the midline on 
the body of the first thoracic vertebra. As a consequence it is 
preferable to open the left side of the neck to perform a cervical 
esophagostomy although care must be taken to avoid the left 
recurrent laryngeal nerve and the thoracic duct. The intratho-
racic esophagus traverses the superior mediastinum slightly 
to the left of the midline. The esophagus remains in contact 
with the vertebral bodies during its course through the thorax 
except distally where it inclines forward slightly to pierce the 
diaphragm to the left of the midline through the esophageal 
hiatus at the level of the tenth thoracic vertebra.

In the superior mediastinum the arch of the aorta crosses the 
esophagus on the left and azygous vein on the right. The aortic 
arch commonly leaves an impression on the left side of the 
esophagus which is visible on a Barium swallow radiograph.

In the lower mediastinum the thoracic duct runs along the 
right side of the esophagus, crossing the prevertebral fascia at 
the level of the fourth thoracic vertebra to continue into the 
superior mediastinum along the left side of the esophagus.

The muscular wall of the esophagus comprises an outer lon-
gitudinal layer and an inner circular layer. In the upper one third 
of the esophagus this muscle is striated and in the lower two 
thirds this is replaced by smooth muscle, in common with the 
remainder of the gastrointestinal tract. The esophagus lacks a 
serosal covering. The strength of the esophagus lies in the sub-
mucosa and consequently it is essential that sutures placed for 
an esophageal anastomosis include a generous bite of mucosa.

The arterial blood supply to the esophagus in the neck and 
superior mediastinum arises from esophageal branches of the 
inferior thyroid arteries. As the esophagus enters the posterior 
mediastinum it acquires a segmental blood supply from the 
esophageal branches of the descending aorta. The distal esopha-
gus receives a blood supply from an ascending branch of the left 
gastric artery. This blood supply has important consequences for 
the repair of esophageal atresia. The axial nature of the blood 
supply to the upper esophagus means that the upper esophageal 
pouch can be mobilized extensively without jeopardizing perfu-
sion. In contrast, excessive mobilization of the distal esophagus 
must be avoided to preserve the segmental vessels.

The venous return from the upper esophagus enters the bra-
chiocephalic veins. From the middle part the venous drainage 
enters the azygos system. The lower esophagus drains into 
tributaries of the left gastric vein, which enters the portal sys-
tem. Consequently a porto-systemic anastomosis exists in the 
submucosal venous plexus of the lower esophagus and varices 
may develop here in children with portal hypertension.

The lymphatic drainage of the esophagus follows the 
arterial supply. The upper esophagus drains into a posterior-
inferior group of deep cervical lymph nodes near the origin of 
the inferior thyroid artery. The middle portion of the esopha-
gus drains into the preaortic group of lymph nodes and the 
lower esophagus drains along the left gastric artery to preaor-
tic lymph nodes around the celiac axis.

The esophagus receives an autonomic nerve supply from 
the vagus and the sympathetic chain. In the neck and superior 
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mediastinum this is conveyed by the recurrent laryngeal nerves 
and sympathetic fibers running along the inferior thyroid arter-
ies. In the posterior mediastinum the vagus nerves ramify over 
the lower esophagus in a plexus which receives branches from 
the upper four thoracic ganglia of the sympathetic trunk. As 
the esophagus passes through the crural sling on the diaphragm 
anterior and posterior vagal trunks reform.

The commonest sites for impaction of foreign bodies in the 
esophagus are at three anatomical narrow points. These are 
the cricopharyngeus, the level of the aortic arch and at the 
level of the diaphragm. Foreign bodies must be removed from 
the esophagus expeditiously to prevent ulceration with resul-
tant mediastinitis or fistulation into the airway or aorta.

Lymphatics of the thorax

The lymphatics of the posterior mediastinum follow a similar 
 pattern to the abdomen. Preaortic nodes on the front of the aorta 

are visceral and drain the middle reaches of the esophagus. 
Paraaortic nodes along each side of the aorta are somatic and 
drain the intercostal spaces. Lymphatic drainage from the ante-
rior region of the intercostal spaces drains into nodes alongside 
the internal mammary artery. These nodes also receive lymphatic 
drainage from the medial margins of the breast. Lymphatic drain-
age from the heart and lungs enters the tracheobronchial chain of 
lymph nodes which surrounds the trachea and carina. Lym-
phatics from this group of nodes form right and left mediastinal 
lymph trunks which may join the thoracic duct but more usually 
open separately into the ipsilateral brachiocephalic vein.

Thoracic duct (Figs. 1.6 and 1.7)

The thoracic duct is the major lymphatic drainage channel in 
the body. The anatomy of the thoracic duct is so highly vari-
able that only a general description can be given. The thoracic 
duct originates from the cisterna chyli which is found in the 

Fig. 1.7. Thoracic duct
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midline adjacent to the aorta in the region of the second lum-
bar vertebra. The thoracic duct enters the thorax through the 
aortic hiatus of the diaphragm between the vena azygos and 
the aorta. The thoracic duct can be found reliably in the lower 
right thorax where it lies on the bodies of the thoracic vertebrae 
between the azygos vein and the aorta, behind the esophagus.

The thoracic duct typically crosses the midline at the level 
of the fourth thoracic vertebra. The duct is prone to injury at 
this point during aortic arch surgery or creation of a Blalock-
Taussig shunt. The thoracic duct then ascends into the left side 
of the neck where it enters the confluence of the internal jugu-
lar and subclavian veins from behind. Often the thoracic duct 
divides in to three or four branches at this point, each entering 
the venous system separately. There are numerous valves in 
the thoracic duct along its course although there are no valves 
at the junction with the venous system.

The thoracic duct conveys the lymph from the lower half 
of the body, including the gut, and the left side of the thorax. 
Jugular and subclavian lymphatic trunks from the left arm and 
left side of head and neck join the thoracic duct at the thoracic 
inlet. Lymphatics from the right arm, right side of the head 
and neck and the right side of the thorax drain into lymphatic 
trunks which either combine or enter the right brachiocephalic 
vein separately.

This description of “typical” lymphatic anatomy is seen in 
about 65% of the population.17, 18, 19 Davies reported nine major 
anatomical variations17 while Anson described twelve varia-
tions in 1950.20 The cisterna chyli is absent in approximately 
2% of the population. Common variations in the anatomy of 
the thoracic duct include duplication, found in 5–39% of the 
population, right-sided termination in 1.6%, bilateral termina-
tion 1.8% and, rarely, termination in the azygos vein.21, 22

Azygos veins (Figs. 1.3 and 1.4)

The venous drainage from the chest wall and upper lumber 
region enters the azygos venous system. The azygos veins are 
derivatives of the cardinal veins which are longitudinal trunks 
that drain blood from the fetal body wall. The anatomy of the 
azygos venous system is asymmetrical and somewhat vari-
able, particularly on the left.23, 24

On the right side of the body the ascending lumbar vein and 
the subcostal vein join to form the azygos vein which ascends 
through the aortic hiatus of the diaphragm, running to the right 
of the midline behind and lateral to the esophagus. At the level 
of the fourth vertebra the azygos vein crosses the esophagus 
and arches forward over the right main bronchus to join the 
superior vena cava (SVC). The azygos vein receives the lower 
eight right intercostal veins and, as it turns to join the superior 
vena cava, it is joined by the right superior intercostal vein 
which drains the upper intercostal spaces.

The azygos system on the left side of the body is discon-
tinuous. The venous drainage of the upper intercostal spaces 
enters the accessory hemiazygos vein. The venous drainage of 
the lower left intercostal spaces, along with the left subcostal 

vein and the left ascending lumbar vein, enters the hemiazygos 
vein. The accessory hemiazygos and the hemiazygos veins may 
communicate but more usually cross the midline separately 
behind the esophagus to enter the azygos vein separately.

The paired fetal anterior cardinal veins convey venous 
drainage from the head and neck to the developing heart. The 
jugular veins, brachiocephalic veins and superior vena cava 
are all derivatives of the anterior cardinal veins. The central 
connection of the left anterior cardinal vein regresses in most 
cases, as a median anastomosis with the right anterior cardi-
nal vein develops which is destined to become the left bra-
chiocephalic vein. Developmental anomalies are relatively 
frequent, particularly in association with congenital cardiac 
malformations. Persistence of a left SVC, which drains into 
the coronary sinus, is seen in approximately 0.3% of the 
general population and around 10% of children with cardiac 
malformations. Abnormalities in the course and union of 
the inferior vena cava (IVC) are found in 1–4% of popula-
tion, most without clinical significance. Absence of supra-
renal IVC is associated with the biliary atresia-polysplenia 
syndrome and with congenital heart disease, although it may 
be an isolated finding.25 If the IVC is interrupted the venous 
drainage of the abdomen and lower extremities returns 
via the azygos vein. If an excessively large azygos vein is 
encountered at thoracotomy the possibility of an interrupted 
IVC should be considered because ligation of the azygos vein 
may prove fatal.

Thoracic sympathetic chain

The thoracic sympathetic chain lies on the necks of the ribs 
overlying the intercostal vessels and nerves. The first thoracic 
ganglion is commonly fused with the inferior cervical gan-
glion to form the stellate ganglion. Sympathetic fibers from 
the stellate ganglion innervate the head and neck, including 
the pupil of the eye, and injury to this ganglion results in a 
Horner’s Syndrome. The sympathetic innervation to the hand 
originates mainly from the second and third thoracic gan-
glia, while fourth ganglion supplies the axilla. Each ganglion 
receives a white preganglionic ramus from the corresponding 
spinal nerve and returns a postganglionic grey ramus to the 
same thoracic nerve. The heart receives a sympathetic supply 
from the cervical ganglia through the superficial and deep car-
diac plexuses. The lungs and esophagus receive a sympathetic 
supply from the upper four thoracic ganglia. The pulmonary 
and esophageal plexuses also receive parasympathetic fibers 
from the vagus nerves.

The greater and lesser splanchnic nerves arise from the 
lower eight ganglia of the thoracic sympathetic chain. They 
pierce the crus of the diaphragm and join the celiac plexus. 
The lowest (or least) splanchnic nerve leaves the twelfth gan-
glion to ramify over the renal arteries after piercing the crus 
of the diaphragm. The sympathetic trunk continues into the 
abdomen passing behind the median arcuate ligament of the 
diaphragm to lie on the psoas fascia.
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Division of the greater and lesser splanchnic nerves has been 
performed to relieve debilitating visceral pain.26 Neurogenic 
tumors associated with the sympathetic chain are encountered 
in children. These tumors may extend into the extradural space 
through the lateral foramina of the vertebral bodies.

Pleura

The parietal pleura lines the chest wall. The diaphragmatic 
pleura is densely adherent compared to the parietal pleura 
over the ribs and mediastinum. The pleural membrane is 
reflected around the hila of the lungs and continues as the vis-
ceral pleura which invests all surfaces of the lungs, including 
the fissures. The pleural cavity provides a frictionless space 
for lung movement during respiration. The parietal pleura 
has an abundant sensory nerve supply from the intercostal 
and phrenic nerves. Consequently the parietal pleura must be 
anesthetized before pleural aspiration or insertion of a chest 
drain. Afferents from the visceral pleura are conveyed in the 
autonomic nerves which enter the lung.

The pleural membrane projects above the medial third of 
the clavicle and can be penetrated during percutaneous cannu-
lation of the central veins, especially the subclavian veins. The 
costodiaphragmatic recess is a deep gutter around the lower 
border of the thoracic cavity where the diaphragm joins the 
chest wall. Posteriorly this extends below the twelfth rib and 
is regularly encountered during surgical exposure of the upper 
pole of the kidney.

The lungs27

The right lung is larger than the left and comprises three lobes. 
The major, or oblique, fissure separates the upper and middle 
lobes from the lower lobe. The minor, or horizontal, fissure 

separates the upper and middle lobes. This fissure is com-
monly incomplete and in approximately 10% of the popula-
tion it is absent completely. This complicates upper or middle 
lobectomy and is usually divided once the major vascular and 
bronchial structures have been dealt with.

The left lung has a concave medial border - the cardiac notch 
– and comprises two lobes. As with the right lung a major, or 
oblique, fissure separates the upper and lower lobes.

Bronchopulmonary segments (Figs. 1.8 a, b)

Each lobe of the lung is made up of bronchopulmonary seg-
ments which are discrete anatomical units with a bronchus, an 
arterial supply and a venous drainage. At segmental level the 
bronchial anatomy is relatively uniform and the arterial sup-
ply normally follows the bronchus, albeit with a more variable 
pattern. The segmental veins do not accompany the bronchus 
but run in intersegmental planes, a matter of crucial impor-
tance for successful anatomical lung resection.28 Although it 
is possible to resect individual bronchopulmonary segments 
this is now of limited importance with the advent of minimally 
invasive techniques and surgical staplers.

The segmental anatomy of the right and left lungs differs. 
Both upper lobes comprise three bronchopulmonary segments 
although the apical and posterior segments of the left upper 
lobe are commonly fused. The position of the middle lobe 
segments differs, with these segments comprising the lingula 
of the left upper lobe and a middle lobe proper on the right. 
The lower lobe of the left lung lacks a medial basal segment.

Right upper lobe

The right upper lobe bronchus at right angles to the right 
main bronchus a short distance below the carina. Anomalies 
involving the origin of the right upper lobe bronchus have 

a b

Fig. 1.8. (a) The pulmonary vein, (b) Bronchopulmonary segments
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been described in 3% of population.29 The upper lobe bron-
chus arises directly from trachea in 0.5% (Fig. 1.9). The apical 
segmental bronchus arises directly from the trachea in 1.4%. In 
1.1% the right upper lobe bronchus is absent, with the segmen-
tal bronchi arising independently from the main bronchus. The 
right pulmonary artery divides into superior and inferior trunks 
in the hilum of the lung. The superior trunk lies on the anterior 
surface of the upper lobe bronchus and supplies the apical and 
anterior segments. The arterial supply to the posterior segment 
arises from the inferior trunk of the right pulmonary artery.

Variations of the arterial supply to the right upper lobe are 
described by Milloy et al.30 A superior pulmonary artery is found 
in all cases and in 10% of cases this represents the only supply 
to the upper lobe. In 3.6% of cases the apical and anterior ves-
sels arise separately from the right pulmonary artery. Ascend-
ing branches from the inferior pulmonary trunk supplying the 
posterior segment of the upper lobe are present in 90% of the 
population although they vary in number – a single branch in 
60%, two branches in 29% and three branches in 1%.

The superior pulmonary vein drains the upper and middle 
lobes. It is crucial to identify and preserve the right middle 
lobe vein when resecting the right upper lobe. The venous 
drainage of the right upper lobe is remarkably constant.

Right middle lobe

After giving off the upper lobe bronchus the right main bron-
chus continues as the bronchus intermedius. The middle lobe 
bronchus usually arises as a common stem before bifurcating 
into medial and lateral segmental bronchi. The inferior trunk 
of the right pulmonary artery runs down the anterior surface 
of the bronchus intermedius and is conveniently identified in 
the major fissure, where the branch or, more commonly, two 
branches to the middle lobe can be identified.31 The artery sup-
plying the superior segment of the lower lobe arises directly 
opposite the origin of the middle lobe vessels. Two segmental 
veins from the middle lobe join the superior pulmonary vein.

Right lower lobe

The segmental bronchi to the right lower lobe comprise a supe-
rior segmental bronchus, which arises directly opposite the mid-
dle lobe bronchus, and then four basal segmental branches. The 
middle lobe bronchus must be identified and protected during a 
right lower lobectomy as it is easily damaged if the lower lobe 
bronchus is mass ligated or divided using a stapler. Wragg et al 
undertook a detailed study of the anatomical variations in this 
region.31 A single artery supplies the superior segment of the 
right lower lobe in the majority of cases. Less frequently there 
are two arteries. Occasionally the arterial supply to the superior 
segment arises from the ascending upper lobe posterior segmen-
tal artery. The inferior pulmonary vein has two main tributaries 
- a superior segmental vein and a common basal vein.

Left upper lobe

The left main bronchus enters the hilum passing under the arch 
of the aorta. The main bronchus then divides into upper and 
lower lobe bronchi. The upper lobe bronchus immediately bifur-
cates into a lingular lobe bronchus and a common bronchus to 
the anterior and apical posterior segments. The arterial supply 
to the upper lobe is highly variable and described in detail by 
Milloy et al.32 The number of branches to the upper lobe vary 
from one to eight, although the most common arrangement is 
three branches. The venous drainage to the left upper lobe is also 

Table 1.2. The bronchopulmonary segments.

Bronchopulmonary segments

Right side (n = 10) Left side (n = 8)

Upper lobe Apical Upper lobe Superior Apical posterior
Anterior Anterior
Posterior –

Middle lobe Lateral Lingular Inferior Sup. lingular
Medical Inf. lingular

Lower lobe Superior Lower lobe Superior
Medial basal Anteriomedial 

basal
Anterior basal
Lateral basal Lateral basal
Posterior basal Posterior basal

Fig. 1.9. Right upper lobe bronchus from trachea
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variable comprising two to three major branches which form the 
superior pulmonary vein.

Left Lower Lobe

The arterial branches to the lower lobe arise from the left pul-
monary artery deep in the major fissure. The superior segmental 
artery arises from the posterior surface of the pulmonary artery 
opposite, and often slightly proximal, to the lingular segmental 
vessel. In 26% cases two arteries supply the superior segment 
and, as with the right lower lobe, rarely there is a common ori-
gin with the upper lobe posterior segmental artery. Division of 
the lower lobe arteries during a a lower lobectomy exposes the 
lower lobe bronchus. The first branch is the superior segmen-
tal bronchus, which originates from the posterior and lateral 
aspect of the bronchial trunk. This can be divided first to allow 
division of the main bronchus flush with the upper lobe. The 
venous drainage of the lower lobe enters the inferior pulmo-
nary vein usually in the form of two tributaries – a superior 
segmental vein and a common basal vein.
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Introduction

� To understand the mechanisms involved in development of 
the lung parenchyma, airways, vasculature, diaphragm, ver-
tebrae, and chest wall

� To understand the developmental aberrations that may 
underlie congenital malformations of the thorax

Ideally this chapter should detail the mechanisms  con tro lling 
normal development of the thorax and explain the cause of the 
congenital anomalies we manage. It cannot yet, because the 
knowledge is not available. However, some important con-
cepts and recent findings are discussed. Were this chapter to 
fulfill its ideal we would then ask if a complete understanding 
of the basic science would influence our management of tho-
racic problems in children. It might, but there is no guarantee 
that understanding the developmental biology will lead to bet-
ter surgical treatment.

Is an understanding of the basic science important? Under-
standing surfactant deficiency has made a big difference to 
the management of hyaline membrane disease (HMD) in 
premature babies. One family of genetic defects in surfac-
tant physiology has been described. Understanding neona-
tal lung physiology has improved the survival of premature 
infants. Understanding the defect in cystic fibrosis has lead to 
improvements in genetic diagnosis but gene therapy has yet to 
show clinical benefit.

Developmental Biology

Insights into the embryology and teratology of the thorax have 
come from descriptive studies and the application of molecular 
techniques to study murine, Xenopus, chick, and particularly 
Drosophila (fruit fly) development. The head–tail axis (which 
developmental biologists term the anterior–posterior axis) is 
segmented. Some positional information along that axis, and 

how it is interpreted in both normal and abnormal development, 
is now understood.1

Much happens in an embryo before morphogenetic changes 
in tissues take place. Cells are told what type of cell they are to 
be and where to go – their fate is “specified.” Development is 
thus the gradual allocation of specific cells to more narrowly 
defined fates. Developmental biology asks, “How are the cells 
chosen by position?” and “What are the molecular and cellu-
lar events that constitute changes in cell fate?”

Expression of cascades of transcription factors and interacting 
cofactors regulates normal development. Disruption of normal 
gene expression can produce congenital anomalies. These are the 
focus of much current research. Importantly, many different insults 
can result in the same phenotypic abnormality. Moreover, one gene 
defect can result in several different phenotypes. Inbred strains of 
mice with either a genetic defect or a specific teratogen exposure 
may have a litter of genetically identical offspring demonstrating a 
wide spectrum of anomalies. These observations often cause sur-
prise to those who presume development to be rigidly prescribed 
by genes acting as a blueprint for development. The genetic code 
should rather be thought of as a highly influential script, or pro-
gram, played out in the chaotic physicochemical environment of 
individual cells and sheets of cells that interact with one another. 
It is important to consider the influence of nongenetic effects dur-
ing development. In susceptible individuals chance variations in 
levels of morphogens, the timing of the switching on or off of 
regulatory genes, or minor alterations in the timing of periods of 
apoptosis or growth may all result in diverse anomalies.

The paradigm of molecular biology is that a gene is 
transcribed into messenger RNA (mRNA). The mRNA is 
translated into a protein, which may be modified by posttrans-
lational mechanisms. A cell type is defined to some extent by 
the genes it expresses because these dictate to a large extent 
the proteins produced. However, control of protein production 
is exercised at a number of levels.

Control of gene transcription is a fundamental process in 
development. This is controlled in part by transcription factors, 
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which are proteins and are thus gene products themselves. A 
good example is the Hox gene products. These are an  important 
group of transcription factors containing the homeobox. The 
homeobox is 180 base pairs in length and codes for 60 amino 
acids with a specific conformation that allows the protein to 
bind to DNA itself and thereby influence the expression of 
other genes. Protein expression is also controlled after tran-
scription into mRNA and at the stage of posttranslational 
modification, which affects both function and transport.

Embryos can be studied at different times during develop-
ment, and computer reconstruction of histological sections 
allows speedier and better descriptive embryology. Immuno-
histochemistry allows protein expression to be studied, and 
molecular techniques such as in-situ hybridization allow gene 
expression to be mapped and followed. Candidate genes can 
be studied in various ways, and transgenic mice can be created 
to answer specific developmental questions.

Evolution

Simple extant creatures have a head tail axis and some degree 
of segmental patterning. We, too, have segmental patterning 
beautifully evident in the thorax (ribs, vertebral bodies, mus-
culature, dermatomes, cardiac segments), and the thorax is 
itself a major body segment. Since we share common ances-
tors, evolutionary biologists can ask how the components of 
the human thorax relate to structures in drosophila and other 
extant creatures.

The human thorax may have developed from segments 6, 7, 
and 9 of an annelid-like common ancestor. However, of impor-
tance to mammalian development is knowledge gained from 
the study of Drosophila, which has provided much insight 
intothe molecular biology of normal development.

Overlapping Hox Genes Specify the Different 
Thoracic Vertebrae and Ribs

In 1971 Lewis Wolpert first hypothesized that animals might 
share a universal embryonic positional information system and 
that developing embryos might then read this positional infor-
mation and interpret it differently depending upon the species.1 
This seems to be the case for much of the head–tail axis, which 
is specified by the Hox code. In Drosophila the cranial limits 
of expression of a family of homeotic genes specify important 
embryonic segments. They are organized in two clusters known 
as the homeotic complex or HOM-C genes. During evolution this 
complex was duplicated twice, and mammals have four com-
plexes of homeotic genes with similar sequence homology to the 
insect HOM-C genes. In the fly the thoracic and abdominal seg-
ments are specified by the expression patterns of these genes; in 
mammals rhombomeres and vertebrae were early examples of 
specified segments. The expression pattern provides positional 
information that informs how far along the embryonic antero–
posterior axis cells are. For example: in flies the transcription 

factor coded for by the Ultrabithorax (Ubx) gene is expressed in 
the third thoracic segment and influences butterflies to develop 
wings whereas drosophila develops halteres, which are modi-
fied balancing organs. The influence of other transcription fac-
tors results in the different developmental outputs in different 
species and in some congenital anomalies. This is entirely con-
sistent with Wolpert’s universal positional information model. 
In the mouse, the cranial expression boundaries of the overlap-
ping Hox code specify the development of individual somites 
or groups of somites and are involved in the detailed patterning 
of the different vertebrae. The specification of the different tho-
racic vertebrae and their different ribs is thus specified by the 
overlapping hox code. This family of genes is expressed from 
the posterior of the embryo forward with different anterior limits 
of expression. Cells know their position along the head–tail axis 
depending upon which genes are switched on at their location.

Abnormal expression of certain Hox genes in mice can cause 
cranialization of caudal vertebral bodies or caudalization of 
cranial vertebral bodies. Some of these anomalies are remark-
ably similar to the abnormalities seen in human esophageal 
atresia (EA). This suggests that abnormal head–tail patterning 
at a fundamental level may be responsible for some cases of 
EA with or without tracheoesophageal fistula (TEF).

In mice, disruption of the type IIB activin receptor (ActRIIB) 
results in altered Hox gene expression and vertebral cranial-
ization. Genetically engineered mice carrying a homozygous 
knockout of the IIB activin receptor gene (ActRIIB−/−) die 
after birth with complicated cardiac defects including defects 
of cardiac situs, transposition of the great arteries, and ventric-
ular and atrial septal defects. These findings provide genetic 
evidence that the ActRIIB-mediated signaling pathway plays 
a critical role in patterning both anteroposterior and left–right 
axes in vertebrate animals.2

The Foregut

The Origins of the Foregut Endoderm

The primitive foregut forms from definitive endoderm at the 
cranial end of the trilaminar germ disk (Fig. 2.1). This defini-
tive endoderm arises from primitive ectoderm that has passed 
through the cranial primitive streak and migrated forward and 
laterally. It does not arise from the primitive endoderm of the 
bilaminar germ disk since all of this primitive endoderm migrates 
out into the extraembryonic tissues. The primitive ectoderm 
fated to become foregut endoderm may receive some informa-
tion by pattern-forming phenomena before passing through the 
primitive streak. Cells that then pass through the streak may be 
further programmed depending upon their head–tail position 
along the streak and the time when they pass. Cells passing more 
caudally through the streak may have different genes switched 
on to those passing through more cranially. Also those passing 
through early may have different genes switched on compared 
with those passing through later. The details of the major genes 
involved and their products are gradually being discovered.
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Products of the Foregut Endoderm

The thyroid, thymus, esophagus, trachea, lung buds, stomach, 
liver, and pancreas develop at defined positions along the head–
tail axis of the foregut. Hox genes provide head–tail signaling 
pathways that govern skeletal and central nervous system pat-
terning. Detail is emerging about the genetic programs that 
specify foregut organ position, cell fate, morphogenesis, and 
cellular differentiation. Sonic hedgehog (Shh) is a secreted sig-
naling protein whose endodermal expression specifies bound-
aries and may influence the differentiation of the stomach, 
spleen, pancreas, intestines, and respiratory tract. Abnormal 
Shh expression, or inactivation in mice, leads to defects includ-
ing TEF, heterotopic pancreas, annular pancreas, and hypos-
plenism.3–5 Adriamycin interferes with Shh expression in the 
rodent model of EA/TEF consistent with this picture.

The Airways and Blood Vessels

The lining of the respiratory tract arises from the ventral 
foregut endoderm. Extensive branching of the primitive airway 
involves many bifurcations generating the tree-like structure 

ending in the alveoli and capillaries needed for postnatal gas 
exchange. These bifurcations are reduced in congenital dia-
phragmatic hernia (CDH) accounting for the lung hypoplasia. 
There is extensive molecular communication between epithe-
lium and mesenchyme, and there may be signal communica-
tion between vascular branching and airway branching. The 
pulmonary mesenchyme arises from lateral plate mesoderm 
and forms the cartilage of the trachea and main bronchi, the 
lymphatics and vasculature, smooth muscle, and the pleura. 
The pulmonary vasculature develops from two sources. Large 
blood vessels arise from the aortic arches and the left atrium 
and migrate into the lung parenchyma. The alveolar capillar-
ies arise in the lung mesenchyme near developing epithelial 
buds and later connect to the larger vessels.6,7

Foregut Septation

The Laryngotracheal Groove

When the human embryo is about 3 mm in length and has 
about ten somites at around 22–23 days after fertilization the 
foregut has formed and a laryngo-tracheal groove develops in 
the  ventral wall. This groove is close to the fourth and sixth 
pharyngeal pouches, and it deepens with elongation. It is 

Fig. 2.1. Trilaminar germ disk during gastrulation with a fate map: The 
fate map shows the primitive ectoderm of the bilaminar germ disk and 
regional fates at the start of gastrulation. The primitive streak can be 
seen at the caudal end of the head–tail axis on the fate map. Cells fated 
to become the notochord migrate forward from the node on the endo-
dermal surface of the disk. Cells fated to become definitive endoderm 
pass through the cranial end of the primitive streak and migrate lat-
erally, forward and backward. Primitive endoderm is pushed out into 
extraembryonic tissues. Those definitive endodermal cells at the very 
cranial end of the streak become foregut endoderm, some of which will 
become trachea and respiratory tract lining. Cells fated to become extra 
embryonic mesoderm are shown hashed. These cells pass through the 
tail end of the streak. After the cells fated to become the notochord and 
definitive endoderm have migrated the primitive ectoderm cells fated 
to become mesoderm pass through the streak and come to lie between 
the layers of endoderm and ectoderm. After all the cells have migrated 
the definitive ectoderm is left on the dorsal surface fated to become 
skin and neural tissue. The fate map changes with time. 

The embryonic disk pictured above has been cut horizontally at the 
level of the node that lies at the anterior end of the primitive streak. 
The posterior part of the streak can be seen on the right hand side of 
the diagram. Primitive ectodermal cells migrate in the direction of the 
black lines toward the node and the primitive streak. Those that pass 
through at the node form the notochord. The notochord later migrates 
into the mesoderm leaving a continuous sheet of endoderm ventrally. 
The notochord later helps specify the mesoderm of the future vertebral 
bodies and the ventro-dorsal patterning of the esophagus and trachea

Fig. 2.2. Tracheal separation from the esophagus
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initially open to the esophagus throughout its length but two 
tracheoesophageal folds develop on either side of the groove 
and fuse gradually from below to separate the trachea from 
the esophagus (Fig. 2.2).8–10 Fusion of the tracheoesophageal 
folds follows coordinated apoptosis of the opposing midsec-
tions of the circumference of the foregut tube. An orifice 
remains at the cranial end of the trachea with mesenchymal 
swellings developing into the epiglottis, glottis, laryngeal 
cartilages, and musculature.

After Normal Separation

Tracheoesophageal separation is complete by 36 days and the 
stomach is then below the future diaphragm. Circular mus-
cle is evident in the esophagus by week 6, and this becomes 
innervated by the vagus before the longitudinal muscle 
becomes well defined at 12 weeks. Interestingly innervation 
of the esophagus is abnormal in the Adriamycin model. This 
is relevant when we consider the innervation and motility 
problems frequently seen in children with repaired EA-TEF. 
On cross section the esophagus is round at first and then by 
week 5 it flattens dorsoventrally, cranially, and from side-to-
side caudally. Longitudinal ridges rotate 90° clockwise as one 
looks down the esophagus. This rotation is consistent with 
the rotation of the stomach, which brings the dorsal wall of 
the stomach to the left. In the 7th and 8th week after fertiliza-
tion there is marked epithelial proliferation almost occluding 
the esophagus. This phenomenon may be responsible for the 
rare esophageal webs. It was once thought that occlusion and 
failure of recanalization was a possible cause of EA but this 
now seems most unlikely. The esophageal epithelium is ini-
tially ciliated but becomes replaced by a stratified squamous 
epithelium after 16 weeks. Islands of ciliated mucosa are 
occasionally still found in the neonatal esophagus.

Septation Failure as a Cause of EA/TEF

If tracheoesophageal separation fails, a cleft of life-threaten-
ing importance remains. Some surgeons recommend a bron-
choscopy before repairing an EA/TEF combination in all 
neonates to rule out a larnyngeal cleft as well as to identify 
the site of the fistula, exclude a possible upper pouch fistula, 
and assess the degree of tracheomalacia. Failure of septation 
leaving a TEF is seen in sonic hedgehog null mutant mice, in 
Gli2/Gli3 compound null mutants, and in null mutations of Nl 
alpha 2.1.4,11 This defect has been also associated with defi-
ciencies in Foxf1,12 Tbx4,13 and retinoic acid (RA).14 Failure 
of septation is also seen in the Adriamycin rat model of EA/
TEF. In this animal model a pregnant dam is given intraperi-
toneal Adriamycin on days 6–9 of gestation. Levels of Shh 
are abnormally expressed especially dorsoventrally and the 
notochord is deformed. Furthermore, the Shh level normally 
declines as the embryo approaches birth but in the Adriamy-
cin-treated rats the level of Shh protein is lower than in normal 
rats and fails to show temporal changes.

Lung Development

Histological Phases of Lung Development

The lungs have four distinct phases of development recog-
nizable under the microscope: 5–17 weeks pseudoglandular, 
16–25 weeks canalicular, 24–40 weeks terminal sac, late 
fetal-8 years alveolar.

Vertebrate lungs develop from an asymmetric bud arising 
from the ventral wall of the foregut, which divides into two. 
The lung bud appears at about 28 days in the human. In amphib-
ians and many reptiles the lungs retain a short connection with 
the esophagus, but in others the connection elongates into a 
substantial trachea. Mammalian lungs occupy separate tho-
racic cavities and are divided into lobes. The number of lobes 
varies in different mammals. By the fifth week there are three 
branches on the right and two on the left. The asymmetry in 
mice is in the same direction but with a single lobe on the left 
and four on the right. Branching continues for 10 weeks with 
around 24 bifurcations leading to the terminal bronchioles, 
which likewise divide to form two respiratory bronchioles and 
then three to six ducts, ending in an alveolar complex. The 
pulmonary arteries and veins bifurcate similarly to join exten-
sive angiogenesis around the alveolar complexes.

Terminal epithelial cells differentiate into the important 
surfactant producing type II pneumocytes. These are cuboidal 
cells and occupy only 1–5% of the alveolar surface area. Type 
I pneumocytes are as numerous but they are flat squamous 
cells that thin out such that by 36 weeks the capillaries are 
intimate with the future airspaces. Evidence suggests that 
for up to 3 years after birth new alveoli can be generated by 
subdivision of existing immature alveoli. Fetal “breathing” of 
amniotic fluid is thought to have an important role in lung 
development.

Genes Involved in Foregut and Lung 
Development

A large number of genes and gene products have been identi-
fied that are either involved directly in the initial stages of 
foregut and lung development or can affect them when muta-
tions are present.15

� Fibroblast growth factor-10 is involved in primary tracheal 
branching. In mice with an FGF-10 null mutation the tra-
chea does not separate from the foregut, and nothing devel-
ops distal to the trachea.

� Hox a5 null mutants have tracheal occlusion and surfactant 
deficiency.

� The forkhead transcription factors Foxp2 and Foxp1 are 
expressed in the lung. Loss of Foxp2 in the mouse leads to 
defective postnatal lung alveolarization.16

� Fibroblast growth factor receptor-2 and -4 compound null 
phenotypes have poor neonatal alveolar development and 
persistent neonatal elastin deposition.
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� The epidermal growth factor receptor Egfr is important 
since impaired branching and deficient alveolization are 
seen in Egfr−/− mice.17

� The sonic hedgehog (Shh) gene is involved in left–right 
axis specification and differentiation of the notochord, floor 
plate, and limbs. Sonic hedgehog also has a role in foregut 
and lung development. Sonic hedgehog Shh mutants show 
impaired branching and TEFs.4,5,18 Abnormal sonic  hedgehog 
expression is also seen in the Adriamycin rat model of EA/
TEF with the spectrum of anomalies seen in the VATER 
association.19 We are aware that bronchial branching is 
reduced in CDH but there is no evidence of reduced branch-
ing in human EA/TEF although this might be worth inves-
tigating.

� Other proteins thought to be important in lung develop-
ment include bone morphogenetic protein, retinoic acid, 
and the Wnt signaling pathways. These agents also have 
important roles in the development of other systems and are 
often implicated in tumors. Many genes, especially tumor 
suppressor genes and growth factors, are important in both 
embryogenesis and tumors. Interestingly, Shh is yet another 
example of this.20

The Diaphragm

The diaphragm was traditionally described as arising from the 
septum transversum, pleuroperitoneal folds (PPFs), the dorsal 
esophageal mesentery, and the body wall (Fig. 2.3).21,22 The 
contribution from the body wall is now known not to occur. 
The septum transversum originates in mesoderm rostral to the 
primitive cardiogenic mesoderm. Differential growth and ven-
tral folding of the embryo bring this primordium into a position 
to divide the embryo into a pleuro-pericardial cavity rostrally 
and a peritoneal cavity caudally. The pleuro-peritoneal canals 
that lie laterally are then occluded by triangular-shaped PPFs.

The muscular component of the diaphragm was previously 
thought to arise from the lateral body wall. It is now clear 

that this arises from a distinct population of migratory muscle 
precursor cells (MPCs) from the lateral dermo-myotomal lip. 
This was concluded from the observation that in c-met null-
mutant mice the muscles of the body wall are normal but the 
diaphragm has no muscle in it. The c-met gene encodes a 
tyrosine kinase receptor, which is involved in the delamina-
tion and migration of MPCs.23 In support of this, Babiuk et al. 
found no immunological evidence for contributions from the 
lateral body wall, septum transversum, or esophageal mes-
enchyme.24 They found that myogenic cells and axons des-
tined to form the neuromuscular component of the diaphragm 
coalesce within the pleuro-peritoneal folds. Expansion of 
these components from the PPFs forms the diaphragm.

CDH has been attributed to abnormal lung development, 
abnormal phrenic nerve innervation, abnormal myotube 
formation, and failure of closure of the embryonic pleuro-
peritoneal canal. The association of lung hypoplasia with 
a diaphragmatic defect has encouraged this speculation. 
Some think that given a hernia, pressure from the herniated 
abdominal viscera damages the lung. Others think that 
failure of the lung to develop allows the herniation, although 
both children and animals with absent lungs usually have 
intact diaphragms, which makes this view unlikely. It is most 
likely that the abnormal lung development is fundamentally 
associated with diaphragmatic hernia rather than there 
being a cause and effect phenomenon. Indeed Guilbert et al. 
have shown that in the rat nitrofen model lung hypoplasia 
occurs early.25

Animal Models of CDH

There are some interesting observations that support the 
argument that retinoids and the PPFs are important. Vitamin 
A-deficient rats have CDH in 25–40% of pups. Defects in the 
PPFs are described in these animals. The rate of herniation 
decreases when vitamin A is introduced into the diet mid-
gestation. In retinoid receptor double null-mutant mice, lack-
ing both α and β subtypes of retinoic acid receptors (RAR), 
offsprings have CDH.

Greer’s group has examined the developing diaphragm in 
the nitrofen rat model of CDH. Nitrofen and other teratogens 
are thought to perturb the retinoid signaling pathway by inhib-
iting a retinoic acid synthesizing enzyme. Greer’s group found 
that malformation of the postero-lateral PPF mesenchyme in 
the nitrofen model led to the defects.24,26 In addition, a mouse 
with an inactivated gene called COUP-TFII has CDH and a 
PPF defect.27

Genetic Associations

CDH usually occurs as an isolated defect although there are 
some recognized syndromal associations, including Cornelia 
de Lange syndrome, Fryns syndrome, and Pallister–Killian 
syndrome (tetrasomy 12p mosaicism). Other chromosomal 
abnormalities associated with CDH include trisomy 13, trisomy 

Fig. 2.3. The traditional view of the embryonic contributions to the 
diaphragm



24 A.D. Lander

18, and Turner syndrome (monosomy X). Chromosome dele-
tions are reported on 1q, 8p, and 15q in association with CDH. 
Fewer than 2% of CDH are familial although pedigrees are 
described with autosomal recessive, autosomal dominant, and 
X-linked patterns of inheritance. Anterior diaphragmatic her-
nias are more common in children with Down’s syndrome. 
Unfortunately none of these genetic defects point toward an 
etiological mechanism.

Left–Right Asymmetry in the Chest

Left–right asymmetry of the pulmonary anatomy is evident from 
the time the lung buds first appear. The right pulmonary artery is 
more bulbous and deflected away from the mid line more than 
the left. There are normally three lobes to the left lung and two on 
the right in the human. The main bronchi are of different lengths, 
inclined at different angles and have different relationships to 
the pulmonary vasculature. When there are defects in left–right 
development these arrangements may be reversed; alternatively, 
there may be isomeric arrangements when the lungs are grossly 
symmetrical. Bronchial and pulmonary isomerisms have little 
direct clinical relevance. However, these isomerisms are asso-
ciated with important cardiac, vascular, splenic anomalies, and 
sometimes abnormalities of intestinal rotation.

Left bronchial isomerism is associated with left atrial 
isomerism, bilateral superior caval veins, hemiazygous con-
tinuation of the inferior caval vein, a common atrioventricular 
valve, ambiguous and biventricular atrioventricular connec-
tions but a relatively normal ventriculoarterial junction. The 
majority of infants with left-sided isomerism have multiple 
spleens and abnormal lateralization of the abdominal viscera, 
including a short pancreas. About one-third have a confluent 
suprahepatic venous channel connecting the hepatic veins to 
the atrium. The pulmonary venous connections are normal 
with two pulmonary veins on each side.

Right bronchial isomerism is associated with right atrial 
isomerism and bilateral superior caval drainage. Total anoma-
lous pulmonary venous drainage, including anomalous drain-
age via a narrow sinus in the roof of atrium, is seen. There 
is absence of the coronary sinus, a common atrioventricular 
valve, double inlet or ambiguous atrioventricular connections, 
and abnormal ventriculoarterial connections such as trans-
position of the great vessels and pulmonary obstruction. The 
majority of infants have asplenia and many have abnormal lat-
eralization of the abdominal viscera.

Left is specified from the right when bilateral symmetry is 
broken by monociliated cells at the primitive node. These cilia 
beat in an asymmetric way imparting a force on morphogens, 
so breaking the symmetry. The node lies at the anterior end of 
the primitive streak and from it cells migrate toward the foregut 
pocket. As they reabsorb their monocilia they start dividing 
again. These cells form the notochord.28 Genes involved in 
left–right development include the transforming growth factor-
beta superfamily members Lefty-1, Lefty-2, nodal transcrip-
tion factor, and hepatocyte nuclear factor-4 and Shh.

Dynein is an important motor protein in cilia. Dynein abnor-
malities are associated with primary ciliary dyskinesia (PCD). 
Patients with PCD may have defects of left–right development.

Surfactant Deficiency

The clinical term respiratory distress syndrome (RDS) and the 
histological term hyaline membrane disease (HMD) have been 
used to describe the consequences of surfactant deficiency in 
immature lungs. Surfactant is produced by type II alveolar 
cells and stored intracellularly in lamellar bodies. Surfactant 
is secreted by exocytosis to form a lipid-rich monolayer that 
coats the lining of the alveoli. Surfactant deficiency leads to 
alveolar collapse from surface tension, a decreased functional 
residual capacity, uneven lung expansion, increased capil-
lary permeability, and alveolar edema with hypoxia. Around 
half of babies born between 26 and 28 weeks and 20–30% 
of neonates born at 30–31 weeks of gestation develop RDS. 
Understanding the basic science allows delivery of exogenous 
surfactant with excellent clinical outcomes.

Respiratory distress syndrome can result from many differ-
ent causes of surfactant deficiency and is occasionally seen in 
term babies. The gene for an ATP-binding cassette transporter 
A3 (ABCA3) is expressed in alveolar type II cells. The protein 
localizes to lamellar bodies and probably has an important role 
in transporting phospholipids. Mutations of the ABCA3 gene 
have been found in newborns with unexplained severe RDS, 
who also showed abnormal lamellar bodies. In one study of 
consanguineous families with ABCA3 gene mutations five 
pairs of siblings were homozygous for the same mutation but 
unique mutations were found in different families.29

Cystic Fibrosis

Cystic fibrosis (CF) is inherited in an autosomal recessive 
manner and affects 1 in 2,500 newborns. The condition is 
seen mainly in white babies. The defective gene is carried 
by 1 in 25 Caucasians. Thus, for 1 couple in 625 (25 × 25) 
both parents will have a defective gene and 1 in 4 of their 
children will be homozygous for a mutation in the CF gene. 
Thus, 1 child in 2,500 is affected (2,500 = 4 × 625). Cys-
tic fibrosis is caused by mutations in the gene for the cys-
tic fibrosis transmembrane conductance regulator (CFTR). 
Cloning of the CF gene with subsequent characterization of 
the CFTR protein by Riordan et al. in 1989 gave hope for 
gene therapy. The CFTR protein is found in sweat and pan-
creatic ducts, gut, seminiferous tubules, and the lungs. When 
CFTR mutations are present abnormal thick secretions are 
produced limiting bacterial clearance and leading to chronic 
lung damage. Life expectancy has increased from less than 
10 years in the 1960s to 30–40 years with better respiratory, 
nutritional, and transplant management. Advanced therapies 
aim to deliver the normal CF gene or protein to the lungs 
hoping to restore normal cellular function. In vitro transfer 
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of the CFTR gene was achieved in 1990 by Rich et al. and 
in vivo to the airway epithelial cells of transgenic CF mice in 
1993.30–32 There have been over 20 phase I studies in humans 
using liposome–plasmid complexes or adenoviruses as gene 
transfer vectors. The amount of gene transferred is similar 
for both viruses and liposomes. Unfortunately, gene expres-
sion lasts only a few days and no trial has yet measured a 
therapeutic benefit.
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Introduction

The main purpose of pulmonary function tests is to identify 
and quantify abnormalities of respiratory function. Respi-
ratory function tests are rarely diagnostic by themselves 
although they do contribute to diagnosis. In a surgical setting, 
tests of respiratory function are important to document pre-
operative status and whether respiratory function is changing 
over time. As such, they may help with timing of thoracic 
surgery. Preoperative respiratory function has long been used 
in adults to predict postoperative function and likelihood 
of complications1 although the range of investigations has 
increased in recent years.2 Assessment of postoperative func-
tion will document the impact of surgery on the respiratory 
system. Serial measurements will show how respiratory func-
tion changes with time in individual patients. Since growth 
of the thorax may continue beyond the age of 20 in males 
it may be necessary to examine respiratory function over an 
extended time period following surgery in childhood to be 
sure of the final effect. A further value of respiratory function 
may be to inform the surgeon and anesthetist of any limita-
tion of function.

There is an extensive range of tests of respiratory function 
which may provide information pertinent to gas exchange, the 
mechanical properties of the lungs and chest wall, the func-
tioning of the airways, or a combination of these. Some of the 
tests are well established and can be performed with children 
of different ages, whereas others require a level of cooperation 
that may not be possible in a young child. Tests of respira-
tory function in infants are possible but usually only avail-
able in specialist laboratories. Whatever the setting for testing 
children (inpatient wards, outpatient clinic, laboratory), it is 
important that any measurements are performed, evaluated, 
and reported by a person experienced with children and using 
appropriate predicted values. Furthermore, they should be 
used in conjunction with clinical and radiographic findings 
and not viewed in isolation.

Measurements of Respiratory Function

The measurement of blood gases and monitoring of pulse oxi-
metry can be considered a basic form of respiratory function 
test, since they may provide evidence that the basic function of 
the lungs (oxygenation) is adequate. The ability of the cardio-
respiratory system to compensate is such that these indicators 
may be entirely normal in the presence of extensive disease, 
and a more detailed testing is required. The most common 
measurements are those of the mechanics of the respiratory 
system, providing information about the divisions of lung 
volume and airway function. These can be complimented by 
assessment of gas mixing, pulmonary blood flow, and diffu-
sion across the alveolar wall. Measurements of respiratory 
pressures can be used to assess respiratory muscle strength.

Measurements of Spirometry

Equipment

Spirometry remains the most widely used test of lung mechan-
ics, and forced vital capacity (FVC), forced expiratory volume 
in one second(s) (FEV

1
), and FEV

1
/FVC are still the most widely 

quoted measurements. The old-fashioned, mechanical spirom-
eters (e.g., bellows, wedge, or water-sealed spirometers) have 
been replaced by electronic models that are readily portable. 
Many devices permit the recording of an inspiratory maneuver 
as well as expiratory maneuver, which is invaluable in evaluat-
ing upper airway function. Criteria have been developed for the 
minimum technical requirements for these devices,3 and they 
may come with a wealth of features. A high-quality graphical 
display is essential for the operator to assess the technical ade-
quacy of the maneuvers and as an aid in interpretation of the 
results. An integral printer allows a recording to be inserted 
into the patient records. Some software packages allow for 
trends to be recorded, and all will provide predicted values, 
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usually based on the age, height, and gender of the subject. 
Some of the more expensive models will alert the operator if 
the respiratory maneuver does not accord with preset criteria 
for technical acceptability,3 but such criteria relate to adults 
and may not be appropriate for pediatric use. For example, the 
duration of a full, forced expiratory maneuver should be 6 s or 
longer in an adult. Most young children find this impossible 
to achieve.4 The inclusion of text that provides interpretation 
of the data is to be eschewed at all costs, since the machine 
may be unable to distinguish between a poor effort on the part 
of the subject and adequate effort but deranged lung function. 
More importantly, the operator should be using his/her critical 
faculties at all stages of testing, including evaluation of data.

Procedure

Almost all children aged six and above can perform spirometry. 
Many younger children can perform the necessary maneuvers 
with appropriate training.5,6 The use of incentive spirometry, in 
which the force and the duration of the exhalation influences 
a computer animation, may improve the success rate and the 
quality of the maneuvers.7 Spirometric maneuvers are usually 
performed with the subject seated. The use of a nose clip is 
usual for consistency but not essential because the palate will 
close when mouth pressure is positive, if pharyngeal function 
is normal. Whatever the age of the child, she/he will require 
a clear explanation of the maneuver from the operator, which 
is often best accompanied by a demonstration. The subject is 
generally asked to breathe quietly through the mouthpiece until 
tidal respiration is stable, at which point they are asked to take 
a maximum inspiration, followed immediately by full, forced 
expiration, which is maintained until residual volume (RV) is 
reached. At this point they may be asked for another maximal 
inspiration to complete a flow volume loop. The maneuver 
should be repeated after short breaks until three reproducible 
recordings are obtained, unless a maximum of eight attempts 
have been made without satisfactory readings, in which case 
testing should be abandoned. Reproducible measurements are 
defined as the two best measurements of FVC and FEV

1
 being 

within 5% or 200 mL, whichever is the greater,3 although this 
may not be achievable in very young or sick children. Rec-
ommendations for quality control for spirometry in preschool 
children have been published.8

Infants lack the necessary cooperation to participate 
actively in lung function testing but measurements of maximal 
flows can be obtained in infants under mild sedation. Flow 
and volume are measured from a pneumotachograph attached 
to a facemask that is positioned around the nose and mouth, 
and the chest and abdomen are wrapped in an inflatable jacket 
connected to a pressure source. When the infant is breathing 
steadily, the jacket can be rapidly inflated at the end of inspira-
tion, causing a forced expiration. A series of measurements is 
made, with gradual increases in applied pressure, until forced 
expiratory flow (FEF) ceases to increase in line with applied 
pressure. The forced maneuver will continue below the resting 

end-expiratory level, permitting recording of the maximal 
flow at functional residual capacity (V

max
FRC), which is the 

usual index recorded.
The forced maneuver described above yields only a par-

tial flow-volume curve but careful application of pressure at 
the airway opening during inspiration results in an increase 
of lung volume toward total lung capacity (TLC). When the 
forced expiratory maneuver commences at this elevated lung 
volume, it is possible to record timed expiratory volumes 
(such as FEV

1
), which more closely approximate the mea-

surements in older children. The pressures used to elevate the 
lung volume and to produce the forced expiration need to be 
stringently controlled with proper monitoring of the infant at 
all times. Guidelines are available for the technique.9

Indices Derived from Spirometry

The key measurements derived from a flow-volume maneu-
ver are the FVC and FEV

1
. Volumes expired in other timed 

intervals (e.g., forced expired volume in 0.5 s (FEV
0.5

) may 
also be reported. The peak expiratory flow (PEF) is also gen-
erally reported since it has been shown that any discrepan-
cies between PEF derived from a full, forced expiration and 
from a short, sharp peak flow maneuver are minimal.10 The 
ratio FEV

1
/FVC is often reported, but may be normal even if 

both FEV
1
 and FVC are abnormal. Additional measurements 

derived from the expiratory portion of the maneuver relate to 
flows at defined fractions of the FVC. The nomenclature of 
these flows has recently been standardized to FEF, and the 
fraction of FVC to that which has been expired (rather than 
the portion remaining in the lung). Older reports and text-
books (particularly those of European origin) may use old 
nomenclature referring to maximum expiratory flows (MEF). 
Similarly, the average flow across the middle half of the FVC 
is reported as FEF

25–75
, rather than maximum mid-expiratory 

flow (MMEF). The commonly reported indices derived from 
spirometry are shown (Fig. 3.1).

Inspiratory flows are less commonly reported than their 
expiratory counterparts. The commonest reported indices are 
the peak inspiratory flow (PIF) and flow at mid-vital capac-
ity (FIF

50
). In infant testing, the reported measurements may 

include V
max

FRC, FEV
1
, FEV

0.75
, and FEV

0.5
.

Interpretation

Before interpretation of measurements the operator should 
inspect the recordings for technical acceptability. The expi-
ratory flow-volume curve should rise rapidly to reach peak 
flow early in the maneuver and then descend smoothly to 
RV without being truncated by either closure of the glottis or 
early onset of inspiration. A maximum inspiratory maneuver 
should have a smooth outline. The shape of a flow-volume 
loop provides valuable information about the underlying con-
dition (Fig. 3.2). Both phases of the flow-volume loop should 
be reproducible on a single occasion in a healthy individual 
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or one with stable disease. An exception to this generaliza-
tion is a child with respiratory muscle weakness, in whom the 
flow-volume loop may be variable from one maneuver to the 
next. A concave shape to the expiratory limb is indicative of 
intrathoracic airway obstruction, most frequently seen in chil-
dren with asthma and which is usually improved following 
administration of a bronchodilator. A reduction in FVC with 
expiratory flows that are preserved or elevated is found when 
there is a restrictive disorder, such as scoliosis (Fig. 3.2).

While the shape of the flow-volume loop is informative, 
the numerical values of PEF, FVC, and FEV

1
 are important 

for quantifying the extent of any abnormality. The practice of 
expressing measurements as percentage of predicted is wide-
spread but does not truly indicate the extent of deviation from 
prediction as reliably as a standard deviation score (z-score). 
The ratio FEV

1
/FVC is constant through most of the child-

hood (predicted value 84%, range 79–92%) but will tend to 
be elevated in younger, shorter children (below approximately 
115 cm). This is because a healthy child whose height is below 
100 cm may well empty their lungs within less than 1 s, so 
that FEV

1
/FVC would be 100%, and the proportion of chil-

dren in whom forced expiration takes longer than 1 s increases 
with age/height. In children with restrictive disease the ratio 
tends to increase. The ratio will be artifactually increased 

in  children who do not complete full expiration, so that the 
unwary operator may suspect a restrictive disease where none 
exists. Differentiating between a child with a restrictive pat-
tern of lung function and one who has not completed a full 

Fig. 3.1. Spirogram (upper panel) and expiratory flow volume loop 
(lower panel), annotated to show derivation of indices of spirom-
etry. TLC Total lung capacity; FRC Functional residual capacity; 
RV Residual volume; FEV

1
 Forced expired volume in 1 s; FVC 

Forced vital capacity; PEF Peak expiratory flow; FEF
25

, FEF
50

, 
FEF

75
 Forced expiratory flow at 25%, 50%, and 75% vital capacity, 

respectively

Fig. 3.2. Flow-volume curves in health and disease. Upper panel shows 
recording from a healthy child in whom the vital capacity is normal and 
the expiratory flow-volume curve is very close to the predicted curve 
(shown schematically). Middle panel shows a recording from a child 
with an obstructive disorder (severe asthma), with characteristic scooped 
appearance to the expiratory loop and flows below predicted values for 
most of the expiration. Bottom panel illustrates a restrictive disorder in 
which the vital capacity is reduced but there is no suggestion of con-
cavity of the expiratory loop. Note that in every case the flow-volume 
loops are aligned to begin with total lung capacity at the intersection 
of the axes. This is the usual default display of many spirometers and 
can mislead the unwary. In the case of restrictive disorders, the deficit 
in vital capacity is likely to be at total lung capacity, with a normal or 
near-normal residual volume, in contrast to the display
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forced expiration may not be easy, even for a person experi-
enced in pediatric lung function. Highly consistent measure-
ments in which the flow-volume loops can be superimposed 
would point toward a reliable test. When a child is not blowing 
out completely the FVC may vary and the flow-volume loop 
shows evidence of a sudden cessation of flow or early onset 
of inspiration.

The longstanding and widespread use of spirometry means 
that there are many reports involving different populations 
studied with varying protocols.11 Any laboratory wanting to 
select prediction equations from the literature could select 
a study in which the methodology and the population were 
closely matched to their own, but should be cautious about 
extrapolating predictions beyond the data. This is especially 
important when testing adolescents, because the limits of 
prediction generally become wider during puberty. Predic-
tion equations that are adjusted on the basis of height to take 
account of puberty are available for white Caucasians, cover-
ing the range of spirometric indices.12 Because FEV

1
 may not 

always be obtainable in small children, either because they 
cannot sustain expiration until reaching RV or because the 
maneuver is completed in less than 1 s, alternative timed vol-
umes such as forced expired volumes in 0.75 or 0.5 s (FEV

0.75
 

or FEV
0.5

) are becoming more widely used. These allow for 
growth charts of lung function to be developed from early 
childhood onward.13 The amount of published data pertain-
ing to these indices is much less than for FEV

1
 but would be 

expected to increase as interest in lung function in preschool 
children is expanding.

Application

The main application of spirometry is that of assessment, 
not diagnosis. The patterns of flow volume loops may be an 
important clue to site of possible obstruction – and therefore 
to diagnosis – but monitoring function is much more common. 
Single measurements may not be particularly helpful, since 
the limits of prediction are wide, but changes in measurements 
in response to treatment can be extremely informative. These 
can be short term (for example the effect of a beta-2 agonist in 
asthma) or over several days or weeks. Serial measurements 
over longer periods of time may monitor progression of dis-
ease or recovery. Spirometric measurements are often used in 
respiratory-related clinical trials, epidemiological studies, and 
research into lung growth and development in both health and 
disease.

Measurements of Lung Volumes

The volume of air within the lungs at rest is the functional 
residual capacity (FRC), and is determined by the balance of 
elastic recoil of the lungs (tending to reduce lung volume) and 
that of the chest wall. The extent of possible changes from 
FRC is limited by the mechanical properties of the lungs and 

the chest wall and the strength of the respiratory muscles. 
Absolute values of lung volume can be obtained from whole 
body plethysmography, gas dilution tests, or by gas washout 
tests, in which case the primary purpose of the test is usually 
to investigate gas mixing. The methods of measurement are 
not equivalent, since plethysmography measures the volume 
of gas in the thorax and will include any trapped gas, whereas 
other techniques measure the ventilated lung volume only. In 
healthy individuals the differences will be small, but in the 
presence of early airway closure resulting from extensive air-
way disease there may be considerable hyperinflation, which 
will be better detected by plethysmographic measurements. 
Because of this difference, lung volume measurements per-
formed by plethysmography are reported as FRC

pleth
.14 Hav-

ing measured FRC, a full vital capacity maneuver will enable 
TLC and RV to be calculated. Measurements of lung volume 
are helpful in assessment of restrictive conditions resulting 
from neuromuscular disease or skeletal abnormalities, and in 
quantifying the extent of hyperinflation.

Equipment and Procedure for Plethysmographic 
Measurement of Lung Volume

A whole-body plethysmograph is a cabin in which the subject 
can be seated that is almost airtight when closed. He breathes 
through a mouthpiece and pneumotachograph so that flow and 
volume can be measured. A pressure transducer is situated to 
measure pressure close to the lips. A nose clip is essential. 
After a period of acclimatization, a valve or shutter located 
distal to the pneumotachograph is activated to occlude the 
external airway for a short time, during which the subject 
makes one or two respiratory efforts. After the shutter opens 
he has a very short period of tidal breathing before making a 
vital capacity maneuver, which enables the divisions of lung 
volume to be measured.

The basis of the measurement of lung volume is the appli-
cation of Boyle’s law, which states that for a fixed mass of gas 
at constant temperature, the product of pressure and volume 
is constant. During the period of airway occlusion the mass of 
air behind the closed shutter remains constant (oxygen uptake 
and carbon dioxide production can be disregarded in such a 
brief measurement) but is subjected to changes in pressure and 
volume. Shutter closure is timed for the end of a tidal breath, 
when there is no flow occurring and the pressure at the start of 
the maneuver is therefore atmospheric. During the respiratory 
efforts against the occlusion, pressure changes within the lung 
are transmitted to the airway opening where they are measured 
directly. The accompanying changes in lung volume (brought 
about by compression and rarefaction of the fixed mass of gas 
within the lung) are measured indirectly from the plethysmo-
graph. Since any change in thoracic gas volume is mirrored 
by an equivalent inverse change in plethysmograph volume, 
appropriate calibration allows the volume change to be cal-
culated. Thoracic gas volume can then be computed from the 
following equation
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where V represents thoracic gas volume, P represents atmo-
spheric pressure (measured from the barometer and corrected 
for water vapor pressure), ΔP represents the pressure change 
in the thoracic gas volume (measured directly), and ΔV repre-
sents the volume change (measured indirectly).

The calculated volume is adjusted for the dead space of the 
apparatus between the lips and the shutter. In small children 
being studied by equipment designed for adults, this can rep-
resent a considerable adjustment and it is recommended to 
keep this volume to a minimum, e.g., by selecting pediatric 
mouthpieces.

The technique assumes that pressure changes are isothermal, 
i.e., they are not accompanied by temperature change, which 
would produce artifactual changes in volume. Establishing a 
respiratory rate that is somewhat faster than that observed nat-
urally at rest prior to occlusion helps to achieve this condition. 
A second assumption is that pressure change measured at the 
airway opening is a true reflection of mean alveolar pressure 
change. A plot of airway opening pressure against plethysmo-
graph pressure during the period of airway occlusion should 
show a straight line relationship if this condition is met. Any 
episodes of glottis closure are simple to detect as there will be 
a sharp deviation from this plot. In cases of advanced airway 
disease, there may be uneven distribution of pressure change 
within the lung that give more subtle disturbance to the plot 
and in these cases the measurement becomes less reliable.15,16

Measurements are repeated after short rests, and an aver-
age value of FRC

pleth
 is reported. For adults, the reported value 

should be the mean of at least three values that agree within 
5%, and measurements should be repeated until this level of 
repeatability is obtained.14 When working with children it may 
not be possible to achieve such stringent repeatability because 
of the lack of sustained cooperation and reports based on 
fewer measurements may be acceptable.17

From a practical standpoint, children require careful instruc-
tion in the technique before beginning the test, and reinforce-
ment and encouragement at intervals between measurements. 
After closing the door of the plethysmograph, it is customary 
to wait for 1 or 2 min before beginning the measurements in 
order for cabin temperature to stabilize. A game or video can 
provide a welcome distraction at this point. Good posture is 
essential to achieve repeatability. The child should be seated 
upright without flexion or extension of the neck. The height 
of the seat and the footrest should be adjusted for comfort, or 
the child may distort the plethysmographic pressure by wrig-
gling. During measurements he should place the palms of his 
hands on his cheeks to avoid any dissipation of pressure due 
to undue movement of the cheeks.

It is very rare for children to refuse to enter the plethysmo-
graph because they feel claustrophobic, but young children 
may not be willing to be separated from parent or caregiver. In 
such cases, they may be successfully studied while seated on 

the knee of an adult, provided that the adult holds their breath 
at the time when measurements are being made. A small 
adjustment to the plethysmograph calibration then needs to be 
made to take account of the volume occupied by the accom-
panying adult.

Infant whole-body plethysmography is possible but requires 
miniaturized equipment and specially trained staff skilled in 
the measurement.18 Infants are studied supine and the nose 
clip and mouthpiece are replaced by a facemask that is posi-
tioned around the nose and mouth with putty to provide an 
airtight seal. Except in the case of very young infants (up to 
1 month of age), they are sedated with chloral hydrate so that 
they will sleep soundly and tolerate the necessary handling. 
Contraindications to sedation include past history of apneic 
events, and known or suspected upper airway abnormality. 
Infants should be examined by a pediatrician prior to sedation 
and testing and oxygen saturation monitored throughout the 
procedure.

Equipment and Procedure for Lung Volume 
Measurement by Gas Dilution

The equipment for measuring lung volume by gas dilution is 
a closed circuit including a mechanical spirometer (such as a 
water or rolling seal spirometer), a gas analyzer, a means of 
absorbing carbon dioxide and adding oxygen, and a pump to 
circulate the gases within the circuit (Fig. 3.3).

The subject breathes in and out of the circuit and the 
displacement of the spirometer needs to be recorded and dis-
played to the operator. Before beginning the measurement, the 
circuit is filled with a mixture of gases comprising approxi-
mately 69% nitrogen, 21% oxygen, and 10% tracer gas. The 
commonest tracer gas is helium since it is inert and virtually 
insoluble. The starting volume of the circuit is determined by 
calibration and the initial concentration of helium is noted. 
The subject wears a nose clip and initially breathes room air 
through a mouthpiece. When respiration is regular the subject 
is switched at end-expiration to breathe from the circuit. Over 
the subsequent 1–4 min, the air within the lungs becomes com-
pletely mixed with that in the circuit and a new, lower concen-
tration of helium is recorded. As the measurement proceeds, 
carbon dioxide is absorbed and the operator bleeds in oxygen, 
to maintain a stable end-expiratory system volume and avoid 
the risk of hypoxia developing. The volume V

2
 (circuit plus 

lung volume) is calculated from the following equation

 =2 1 1 2( ) /V V C C  

where C
1
 and C

2
 are the initial and final concentrations of 

helium and V
1
 is the starting volume of the circuit. Having 

calculated V
2
, FRC is obtained by subtracting initial circuit 

volume from V
2
 and making any adjustment if the subject was 

switched into the circuit at a volume above FRC. The mea-
surements are made with the circuit at room temperature. By 
convention, lung volumes are reported under body tempera-
ture and pressure, saturated (BTPS) conditions so a final small 
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correction is made for this. The duration of each measurement 
will depend on the efficiency of gas mixing. The test is usu-
ally stopped when the helium concentration remains stable for 
a 15-s period, at which point the subject may be asked for a 
full vital capacity maneuver to measure the divisions of lung 
volume. The measurement is critically dependent on main-
taining an airtight seal around the mouthpiece, so may not 
be easy in very young children or those who have difficulty 
with mouthpieces. Small leaks may be difficult to detect until 
a washout has progressed for some considerable time and it 
becomes clear that the concentration of helium is not stabiliz-
ing. Before measurements are repeated, time must be allowed 
for the helium within the lungs to be completely breathed out, 
i.e., the rest period between tests takes longer than the tests 
themselves. The reported value for FRC is generally taken as 
the mean of at least two measurements which vary by less 
than 10%.

The measurement can be readily applied to sleeping infants 
by replacing the mouthpiece and nose clip with a facemask 
positioned around the nose and mouth. However, a miniatur-
ized circuit is essential to reduce dead space and so that the 
addition of the air from the lungs is sufficient to bring about 
a measurable change in the helium concentration. The reso-
lution of the system can be improved if the helium analyzer 
can be modified to add an extra decimal place. With careful 
modification to the circuit, lung volumes as low as 50 ml can 
be accurately measured.19

Indices

Both plethysmography and gas dilution will provide a mea-
surement that usually equates to end-expiratory lung volume 
which is quoted in liters for children of school age and in mil-
liliters for infants. In infants, it is frequently reported in mL 
per kg body weight to facilitate comparison between infants 
or groups of differing age or size, but this presupposes a lin-
ear relationship between weight and lung volume. In practice, 
height is the best predictor of lung volume for boys and girls 
at all ages with arm span being a good surrogate in children in 
whom height cannot be accurately measured. There are many 
published prediction equations for lung volume in children of 
school age20–22 and in infancy.23–27

Interpretation

An increased FRC will be found in children who are hyperin-
flated and is most commonly seen in advanced cystic fibrosis 
and exacerbations of asthma. It will be accompanied by poor 
airway function and arise because the small airways, narrowed 
by a combination of edema of the airway wall, excessive 
secretions, bronchoconstriction of the airway smooth muscle, 
and loss of radial traction, will close prematurely during tidal 
exhalation with consequent gas trapping. The RV is likely to 
be the most affected division of lung volume in these children. 
This may be reversible in whole or in part with appropriate 

Fig. 3.3. Circuit for measure-
ment of lung volume by closed 
circuit helium dilution (see text 
for explanation)
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treatment, depending on the primary reason for airway nar-
rowing. A reduced FRC may arise as a result of congenital 
abnormality such as diaphragmatic hernia, in which case the 
lung on the affected side will be small, or may be acquired 
through disease such as muscular dystrophy that affect the 
chest wall. Abnormal stiffness of the lung, such as in hyaline 
membrane disease in preterm infants or acquired following 
certain forms of chemotherapy, will make the lung less disten-
sible and result in a reduced lung volume. In such cases the 
TLC will be most severely affected.

Application

Knowledge of the underlying clinical condition will guide the 
clinician in the most valuable tests to perform and in the inter-
pretation of results. Single measurements that indicate normal 
lung volumes may be reassuring but should not be over-
interpreted since a hypoplastic lung may be hyperinflated. A 
normal FRC in this case would not indicate normal alveolar 
structure. Isolated measurements are less valuable than serial 
tests, which allow for progression to be monitored. Compari-
son with reference values is necessary for full interpretation, 
both for clinical studies28 and research reports.29

Measurements of Ventilatory Efficiency

The efficiency of ventilation can be assessed by multiple 
breath inert gas washout. The gas of choice may be nitrogen, 
in which case the subject breathes oxygen during the measure-
ment. If an inert gas such as helium or argon is to be used, 
the patient must first breathe a gas mix containing the gas of 
choice until the lungs have reached equilibrium after which 
she/he breathes room air during the washout procedure. The 
basis of the measurement is that the rate of clearance of the 
chosen gas is a measure of ventilatory efficiency. The clear-
ance of the gas is expressed in relation to ventilation. By 
knowing the starting concentration of the gas and quantifying 
the volume washed out, a measurement of lung volume can 
also be obtained.30–32

Equipment

The test requires a gas analyzer appropriate for the chosen 
gas and a means of measuring ventilation. Since the overall 
gas composition being breathed varies over the course of the 
measurement, and some types of flow-measuring devices are 
sensitive to physical properties of the gas, it may be neces-
sary to correct the measurement of ventilation. Equipment for 
multiple breath wash out is commercially available, but some 
laboratories combine other standard pieces of equipment for 
the purpose of the test. The test requires minimal cooperation 
other than tidal breathing so it can be applied to infants or 
older children. If infants or preschool children are to be tested, 
it is particularly important to minimize dead space.

Procedure

The subject breathes through a mouthpiece or a facemask 
(according to age) until she/he is settled and tidal volume is 
regular. The sample port for the gas analyzer is positioned 
close to the mouth or nose. If a nonresident gas is to be used, 
the subject is switched to breathe a gas mix containing the 
chosen gas until there is minimal change between the inspired 
and the expired concentrations, i.e., wash-in is complete. At 
the beginning of the washout, the subject is switched to breathe 
oxygen (if nitrogen is the test gas) or air if a nonresident gas 
is being used. A one-way valve is used to separate the inspired 
and the expired gases. The recording of gas concentration and 
ventilation usually continues until the concentration of the test 
gas in the expirate is below 2%.

Indices

Analysis of the multibreath washout is complex. The mean 
concentration of test gas in each expired breath is logarithmi-
cally transformed and expressed in terms of “lung volumes 
expired,” or turnovers. This has the advantage that patients 
of different sizes (and therefore lung volumes) can be com-
pared directly. An early index of ventilatory efficiency was the 
lung clearance index (LCI), which is the number of turnovers 
required to reduce the concentration of the test gas to 1/40th 
of the starting concentration. More complex indices (moment 
ratios) require the plotting of gas concentration against turn-
over and quantifying the change in the relationship of the 
two as washout progresses.33 In more recent years, advances 
have been made in the analysis of multiple breath washouts, 
in which each sequential expired breath is treated separately. 
The change in concentration of the test gas during the plateau 
phase of each expiration is used to give two measures of venti-
lation inhomogeneity, one relating to that of the acinus and the 
other to inhomogeneity within the conducting airways.34

Interpretation and Application

Although washout tests have been used in pediatric settings 
for several years, variations in test procedures and analysis 
mean that comparison of data from different laboratories is 
difficult. The technique has demonstrated impaired gas mix-
ing in the lungs of preterm infants, with and without mild lung 
disease,35,36 and in children with cystic fibrosis.31,32

Maximum Respiratory Pressures

Patients with respiratory muscle weakness may be assessed 
in different ways. At a certain point the weakness will result 
in a reduction in vital capacity but the maximal respira-
tory pressures a patient can generate will be reduced before 
any effect on vital capacity can be demonstrated. The rela-
tionship between lung volume and maximal pressures is 
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not  straightforward because the maximal pressures do not 
depend solely on the force generated by the respiratory 
muscles but also reflect the recoil pressure of the respiratory 
system, specifically the lung and the chest wall. At FRC 
the elastic recoil of the lung and the chest wall are equal 
and opposite so there should be no net contribution to maxi-
mal pressures. At the extremes of vital capacity, the recoil 
of the respiratory system can make a substantial contribu-
tion to the pressures that the individual can generate but the 
component parts are not usually measured separately. The 
maximal pressures are taken as a surrogate for respiratory 
muscle strength.

When there is a substantial degree of diaphragmatic weak-
ness vital capacity is reduced when the patient assumes a 
supine posture. In normal adults, the fall in vital capacity 
when the subject moves from seated to supine posture is less 
than 10%.37 In severe isolated diaphragmatic weakness it 
may exceed 50%.38 Changes in vital capacity with posture 
can also be observed in children but making measurements 
in a supine child can be challenging, especially if muscle 
weakness makes it difficult to maintain a leak-free seal 
around the mouthpiece. In contrast, maximal inspiratory and 
expiratory pressures (P

I
max and P

E
max) are usually easier 

to obtain and provide an indication of global respiratory 
muscle weakness.

The most common measures of maximal respiratory pres-
sures are noninvasive and are measured at the mouth as the 
subject makes maximal inspiratory and expiratory maneu-
vers against a blocked external airway. Inspiratory nasal 
pressure can also be made with a “sniff” maneuver (sniff 
nasal inspiratory pressure, SNIP) which may be easier for 
patients to perform.39 This means that measurements can be 
obtained in a larger population that includes younger patients. 
Transdiaphragmatic pressure reflects diaphragmatic func-
tion specifically but requires the introduction through the 
nose of sensors to measure gastric and esophageal pressure. 
These may be small balloons mounted on catheters such as 
feeding tubes or miniature transducers built into catheters. 
These measurements are invasive and require the subject to 
perform respiratory gymnastics. As a result, they are rarely 
applicable to children. They may be combined with phrenic 
nerve stimulation to provide a nonvolitional measure of dia-
phragmatic strength requiring magnetic stimulation of the 
phrenic nerve at the neck and recording of the transdiaphrag-
matic pressure. Maximal respiratory pressures, though less 
invasive than phrenic nerve stimulation, require cooperation, 
coordination, and motivation. They have been shown to cor-
relate with nonvolitional measurements in different patient 
groups.40

Equipment and Procedure for Measuring Maximal 
Respiratory Pressures at the Mouth

The facility to measure maximal respiratory pressures at the 
mouth is incorporated into many proprietary pieces of lung 

function equipment since the main requirement is a pressure 
transducer connected to a mouthpiece. Portable equipment is 
also available.41 The type of mouthpiece has been shown to 
influence the measurement and a cylindrical mouthpiece has 
been shown to result in greater expiratory pressures than a 
flanged type in children and adolescents.42 A flanged mouth-
piece, however, provides results that are more reproducible 
than a simple tube and is generally recommended.43 Clearly 
the predicted values that are employed should be derived 
from studies employing the same equipment and mouthpiece 
if interpretation is to be meaningful. The mouthpiece should 
be connected to (1) a rigid tube that has a side arm connected 
to a pressure transducer and (2) a valve that permits regu-
lar respiration prior to the measurement and is then closed 
as the subject makes respiratory efforts. The dead space of 
the equipment should be minimized. The apparatus should 
contain a small leak so that the muscles of the mouth cannot 
be used to increase P

E
max artifactually and to prevent glot-

tis closure.44 The leak may be provided by a tube of internal 
diameter 1–2 mm and length 20–30 mm. A nose clip is not 
necessary.

The lung volume at which measurements are made influ-
ences the pressures that are generated. The P

I
max is greatest 

when measured at or close to RV. The largest values of P
E
max 

are obtained close to TLC. By convention, measurements are 
made close to these extremes of vital capacity as well as at 
FRC and the lung volume at which measurements are made 
should be recorded. It has been shown that the posture of the 
child (seated or standing) does not affect the maximal pres-
sures recorded but subjects are usually studied seated.45 This 
provides consistency of approach for those children whose 
conditions will lead to them becoming wheelchair users. An 
experienced operator should instruct and coach them and pro-
vide verbal encouragement to obtain maximum effort. Ide-
ally, each respiratory effort should be maintained for at least 
1.5 s so that the maximum pressure sustained for 1 s can be 
calculated.46 There are no firm recommendations relating 
to the number of attempts to be made. The amount of coaching 
and number of “practice” attempts needed for the child to 
produce satisfactory measurements is variable. A minimum 
of three measurements in which the two best results do not 
differ by more than 5% has been suggested.45

In infants, maximal pressures can be measured during cry-
ing. A rubber facemask with cushion rim should be firmly 
applied round the nose and the mouth, which will usually be 
sufficient to stimulate crying. The mask should be connected 
to a pressure transducer and recording system. The operator 
should occlude the mask at the beginning and end of crying 
efforts to measure peak inspiratory and expiratory pressures, 
respectively.47 The facemask should have a small leak to pre-
vent glottis closure during measurement. The maximal expi-
ratory pressure can be measured as a plateau pressure (as for 
older children) but maximal inspiratory pressure will be mea-
sured as a peak. It is not possible to record the lung volume at 
which the pressures are measured.
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Equipment and Procedure for Measuring 
Sniff Pressure

SNIP is an easier technique for children to perform than mea-
surement of pressures at the mouth because it avoids the need 
for a mouthpiece and does not require maintenance of effort 
for over 1 s. Pressure is measured via a catheter inserted into 
one nostril which is occluded with any suitable moldable 
material such as eartips designed for auditory evoked poten-
tials. The pressure change recorded during a sniff is very rapid 
so the pressure transducer and the recording system need to 
have a high frequency response. The catheter should be as 
short as is practicable.44

When the catheter has been positioned and the nostril 
plugged, the child should be seated comfortably and the sys-
tem checked for leaks. This is done by transiently closing 
the unobstructed nostril with a finger and asking the child to 
sniff. Having ascertained that the equipment is properly posi-
tioned and leak-free in one nostril, the child is instructed to 
sniff through the unobstructed nostril while ensuring that the 
mouth remains closed. Maximal efforts are obtained as the 
subject makes short, sharp sniffs, and visual feedback (e.g. 
computer screen) and verbal encouragement from the opera-
tor are helpful.48 Sniffs should be separated by 30 s and com-
mence at the end of a tidal exhalation. A learning effect has 
been documented in several patient groups48 such that a series 
of 20 sniffs is recommended. Not all children were able to per-
form this number of sniffs but in those who could not the best 
SNIP was obtained in measurements after the tenth sniff.

Indices

For both SNIP and maximal pressures recorded at the mouth 
the highest values should be recorded. It is usual to ensure 
that the two highest recorded values differ by less than 5%. In 
infants the maximum pressures recorded during crying should 
be recorded, but these should be interpreted cautiously since 
predicted values are less well established than those for chil-
dren.47 In patients with a severe restrictive ventilatory defect, 
it is advisable to use both tests.49

Interpretation

Predicted values of maximal pressures from children have 
been reported.50–52 In all studies, there is considerable variabil-
ity in the measurements. Pressures are greater in boys than 
girls, even before puberty. In both sexes, the absolute values 
are primarily related to age rather than height. The inclusion 
of height in prediction equations for maximal pressures has a 
greater impact on variability for boys than girls.

The variability of the indices means that isolated mea-
surements in individuals may be difficult to interpret unless 
the measurement is well within the range of prediction, 
which may rule out significant muscle weakness.  Sequential 
measurements are useful in charting progression of condition. 

Knowledge of lung volumes aids interpretation. A child 
with a skeletal abnormality, for example, may have reduced 
maximal expiratory pressures as a consequence of having 
a reduced TLC. The pattern of reduction in pressures may 
also be helpful since normal maximal expiratory  pressures 
in conjunction with reduced maximal inspiratory pressures 
can be indicative of isolated diaphragmatic weakness, some-
thing that could be further investigated by phrenic nerve 
stimulation.

Application

The primary application of measurements of maximum respi-
ratory pressures is in assessment and monitoring of patients 
with respiratory muscle weakness. This may be particularly 
relevant in presurgical assessment since diaphragm contrac-
tility has been shown to be reduced during administration of 
nitrous oxide.53 Patients with already compromised diaphrag-
matic function may therefore be potentially placed at risk of 
diaphragmatic fatigue if nitrous oxide is administered.

Contribution of Respiratory Function Tests

The indications for respiratory function testing are wide-
spread and results are important for medical management, 
especially for asthma and cystic fibrosis. The contribution of 
lung function testing to surgical management of children is of 
equal importance although the number of children involved 
will be considerably smaller. Respiratory function testing may 
be important in the evaluation of anesthetic risk, or because 
of possible respiratory complications after surgery. Whatever 
the indication, it is important that children are evaluated in a 
specialist pediatric laboratory if possible, or at least by staff 
experienced in assessment of children. This is vital for young 
children, not only because the testing requires that the opera-
tor be skilled at working with children but also because the 
tests require more time, and equipment for testing may need 
modification such as use of smaller mouthpieces and incorpo-
ration of visual incentives for spirometry. Of equal importance 
is the interpretation of tests since most commercially available 
pieces of equipment generate predicted values based on sex 
and height of the patient. These predicted values are rarely 
derived from populations including children below 115 cm 
height. When testing a smaller child predicted values will 
be obtained by extrapolation and therefore should be viewed 
with extreme caution. Furthermore, the sensitivity and the 
specificity of any index of lung function may well be differ-
ent in young children than in adults, so that the classification 
into “normal” and “abnormal” may have different boundaries. 
The use of arbitrary cutoffs (e.g., 80% predicted) is to be dis-
couraged in the evaluation of individual patients since it has 
no basis other than familiarity,54 although expression of data 
as percentage of predicted is frequently employed in research 
studies or reports of patient series.
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Respiratory function testing is important to provide data on 
outcomes of surgical procedures in different conditions. This 
may have prognostic importance for individuals but is also 
relevant for healthcare planning. A large follow-up study of 
respiratory function following repair of diaphragmatic hernia 
showed a range of outcomes, from individuals with normal 
function who were able to participate in competitive sports to 
others with markedly reduced performance.55 There are two 
major drawbacks to large follow-up studies. The first is the 
time period over which data were collected (26 years in this 
case). Management at the time of intervention and postopera-
tive care may well alter over this time course, which will impact 
on survival and morbidity. The other drawback may be the 
relatively small size of the follow-up cohort. Only 45 of the 83 
survivors in this example were studied and the outcomes may 
be subject to bias. Despite these caveats, vital capacity was 
normal in the 29 patients in whom it was measured. FEV

1
 was 

also within normal limits for these individuals, but none of the 
group had an FEV

1
 greater than the predicted value, i.e., this 

index of lung function was reduced for the group as a whole. 
A proportion of those studied had evidence of hyperinflation 
and others had reduced mid-expiratory flows. Scintigraphic 
ventilation studies showed normal distribution of ventilation 
in 77% of those tested, and the abnormal findings were seen 
in patients with skeletal defects or diaphragmatic adhesions. 
Although the overall outcome of diaphragmatic hernia repair 
may be encouraging, emerging tests of function such as hyper-
polarized helium-3 MRI scanning56 will be needed to show 
whether alveolar size differs between the two lungs. This in 
turn will show whether the (relatively) normal lung volume 
results from an increase in number of alveoli of expected size 
or an overexpansion of a smaller number of alveoli on the 
affected side.

The relationships between severity of the original condi-
tion, clinical findings, and respiratory function are complex 
and may change with growth and time between studies. In 
a study of 16 infants with tracheoesophageal fistula repair, 
abnormalities of lung function measured within 3 months of 
repair broadly reflected the severity of the clinical problems 
encountered, and at 1 year of age those who had good function 
and few symptoms initially remained well.57 Those shown to 
have marked abnormalities were more likely to have trouble-
some symptoms and three went on to have trachoepexy, which 
resulted in immediate improvement in two of them. The third 
child also had aortopexy but still failed to improve and subse-
quently died. Although this study concluded that infant respi-
ratory function testing could provide a general guide to likely 
clinical progress, this was not entirely borne out by a subse-
quent study of all survivors at school age.58 Clinical findings 
and respiratory function showed limited relationship to status 
in infancy. Previous studies of respiratory function in adult 
survivors of tracheoesophageal fistula repair had reported a 
mildly restrictive pattern of lung function.59,60 Confirmation 
of this finding in the study of Agrawal et al. indicated that the 
restrictive pattern was more likely to result from reduced lung 

growth rather than being a concomitant feature of the primary 
congenital abnormality.

Adolescent idiopathic scoliosis is common, affecting 2% of 
the population.61 Impairment of pulmonary function is the most 
serious consequence of this condition and in severe, untreated 
cases can lead to cardiopulmonary failure. The relationship 
between spinal deformity and lung function is complex; the 
angle of scoliosis alone is not sufficient for pulmonary impair-
ment to be inferred.62 Extensive studies of radiologic mea-
surements in patients with scoliosis showed that the factors 
predicting a restrictive pattern of lung function were the angle 
of scoliosis, number of vertebrae involved, cephalad location 
of the curve, and loss of normal thoracic kyphosis. Measure-
ments of maximal pressures, FEFs, and gas transfer were also 
reduced, although the range of function was wide. The assess-
ment of patients with scoliosis should not focus exclusively on 
the radiological measurements but should include functional 
measurements in addition.62 In those patients having surgery 
for adolescent idiopathic scoliosis, preoperative respiratory 
function is the most important predictor of function measured 
2 years postoperatively, but surgical approach also influenced 
final outcome.63 An open anterior thoracic approach and a tho-
racoplasty were both associated with a small decrease in vital 
capacity and TLC, although the impact was small.63

The options available for treatment of some children with 
thoracic hypoplasia and scoliosis have widened with the 
development of the vertical expandable prosthetic titanium rib 
(VEPTR).64 In a series of ten children (median age 4.3 years at 
onset) serial measurements of lung function have been made 
under anesthesia using a forced deflation device. The lungs 
can be inflated to a preset pressure (+40 cmH

2
O) at the endo-

tracheal tube which can then be connected to a negative pres-
sure reservoir (set to −40 cmH

2
O) resulting in a MEF-volume 

curve, albeit one constrained by the endotracheal tube and with 
the “TLC” and “RV” determined by the applied pressures.65 
Nevertheless, the unique and valuable data so obtained from 
serial measurements has demonstrated the absolute increase in 
FVC in these children, many of whom would be too young for 
conventional spirometric measurements. In most cases, FVC 
was reduced at the time of the first surgery but was maintained 
in line with growth in height.

The commonest chest wall deformity seen by pediatricians 
and in general practice is that of pectus excavatum, which 
occurs in approximately 8 per 1,000 live births.66,67 Although 
psychological problems may predominate in younger patients,68 
severe defects result in functional abnormalities of variable 
severity.69,70 Evaluation of the condition may involve chest 
radiographs and CT scanning to determine the pectus index 
and fast MRI scanning to examine the degree of cardiac dis-
placement and unusual diaphragmatic excursions.71 Spirom-
etry and plethysmography confirm a restrictive pattern of lung 
function although the reductions in vital capacity and TLC are 
modest.72–74 Following surgical correction there may be an ini-
tial worsening of lung function which then returns to preop-
erative levels.72 Patients usually report subjective improvement 
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in breathlessness and exercise tolerance. Despite the generally 
good outcome, extensive surgery performed at a young age 
(below 4 years) can result in marked restriction of chest wall 
growth so that vital capacity in teenage years is less than half 
the expected value requiring chest cavity expansion surgery.75

Conclusions

Lung function testing in children and infants, once the preserve 
of a few laboratories with dedicated staff, has become much 
more important in the past 20 years. The applications have 
grown in line with improved technology and increased atten-
tion to standardization of protocols. Development of robust 
prediction equations has aided the interpretation of data, both 
in a clinical setting and in a research. Ongoing development 
of new measurements and refinement of procedures will con-
tinue to provide challenges to the respiratory physiologist and, 
hopefully, benefits to children with respiratory disorders and 
those who care for them.
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Introduction

Diagnostic imaging plays a crucial role in the safe practice 
of pediatric thoracic surgery. The pediatric thoracic surgeon 
must not only understand current imaging modalities but 
also appreciate the merits and limitations of each technique. 
Underlying any request for radiological imaging is the need 
to obtain information to guide management. This may be to 
confirm or refute a particular diagnosis, to guide the surgi-
cal approach, or to enable the clinician to advise parents and 
children about prognosis. Increasingly imaging is used to 
guide interventional radiological procedures including biopsy, 
abscess and fluid drainage, dilatation of strictures, and vascu-
lar embolization.

Requesting Imaging

“Making the Best Use of a Department of Clinical Radiology” 
published by The Royal College of Radiologists, provides 
evidence-based guidelines for most imaging investigations.1 
These guidelines draw attention to the common causes of 
unnecessary investigation. These include performing the 
wrong examination because of inadequate clinical information 
on the request card and repeat examinations as a substitute for 
obtaining imaging and reports from another hospital. With-
out exception it is better to discuss complex clinical problems 
directly with the radiologist to ensure that the most appropri-
ate examination is undertaken.

Care of the Patient

Patient safety is of paramount importance. Informed consent 
for radiological investigation involves discussion with parents 
and children. Verbal consent is usually sufficient although writ-
ten consent should be obtained for interventional procedures 
where there is significant risk of complications. Following the 
study the results and implications should be communicated to 
the parents and the child.

Risks and benefits must be considered when requesting a 
radiological investigation. These include the risks of transpor-
tation of a sick child to the radiology department, the risks 
of the procedure including administration of contrast media, 
exposure to ionizing radiation, specific procedural risks, and 
the risks of sedation or anesthesia, if required.

Risks Associated with Ionizing Radiation

Radiography, fluoroscopy, CT scanning, angiography, and 
nuclear medicine examinations all expose the patient to the 
potentially harmful effects of ionizing radiation. Although 
the risk is small, the relative risks of the various investigations 
should be appreciated (Table 4.1). There is much debate about 
the precise level of risk but it is generally accepted that radia-
tion risk is cumulative over the lifetime of a patient. Children 
are at a greater risk of long-term effects because of their longer 
life expectancy and the greater sensitivity of growing tissues to 
ionizing radiation. The excess life-time risk of developing fatal 
cancer following exposure to ionizing radiation in childhood is 
approximately two to fourfold greater than following identical 
exposure in adult life. Exposure as a neonate is thought to carry 
a substantially higher risk of up to 10–15 times. These esti-
mated additional risks must be balanced against the background 
incidence for the life-time development of fatal cancer of one 
in three of the population as a whole. Although CT scanning 
accounts for approximately 5% of all imaging, it is responsible 
for approximately half of the radiation dose to the population 
from medical exposure. While CT scanning is undoubtedly 
an important diagnostic tool, consideration should be given to 
ultrasound or MRI scanning whenever possible.1–3

Use of Contrast Media

Radiographic contrast media are associated with a number of 
risks depending on the route of administration and the specific 
properties of the contrast agent. Oral contrast media for outlin-
ing the esophagus and stomach include Barium sulphate solution 
and water-soluble agents. Although Barium sulphate solution 
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gives better mucosal detail of the gastrointestinal tract, nonionic 
low osmolar (NILO) water-soluble contrast media are used 
where extravasation of contrast is considered likely or where 
there is significant risk of aspiration, e.g., investigation for a tra-
cheoesophageal fistula. The higher osmolar ionic water soluble 
contrast agents (e.g., Gastrograffin) are rarely used in children 
for the investigation of the esophagus and stomach owing to the 
acute chemical pneumonitis that may follow aspiration.

Intravenous iodinated contrast agents used for CT scanning 
and angiography may be associated with both acute and delayed 
general reactions, e.g., urticaria, bronchospasm, anaphylaxis, 
and contrast-induced nephrotoxicity.4,5 Although adverse reac-
tions are usually mild, bronchospasm and/or acute circulatory 
collapse occurs in approximately 0.004% cases with a reported 
fatality incidence of 1 in 170,000 cases. General reactions are 
mostly idiosyncratic but occur more frequently in children 
with a history of asthma, severe atopy, and previous contrast 
medium allergy and in medically unstable patients.

Contrast medium-induced nephrotoxicity (CIN) following 
injection of iodinated contrast media is well recognized. A 
similar reaction may follow injection of Gadolinium contrast 
agents, although this is rare in the doses used for MRI. Pre-
existing renal impairment, dehydration, diabetes, and conges-
tive cardiac failure predispose the patient to CIN but there is 
little data in the literature relating to children.6 Most episodes 
are self-limiting, resolving in 1–2 weeks, but permanent renal 
damage can result. Patients considered at risk of both gen-
eral and nephrotoxic contrast reactions must be identified 
and alternative imaging strategies considered. In exceptional 
cases, where the benefit of a contrast-enhanced examination 
is considered to outweigh the risks, steps should be taken to 
minimize any reaction. Iso-osmolar contrast agents should be 
used and adequate hydration should be maintained by intrave-
nous fluids if necessary.

Imaging Modalities

Radiography

The chest X-ray is the commonest radiological examination 
performed in children. In cooperative older children the chest 

X-ray is performed in the erect position with the back of the 
patient facing the X-ray tube (PA erect chest X-ray), but very 
sick children or neonates are generally X-rayed in a supine 
or sitting position with the front of the chest facing the X-ray 
tube (AP supine or sitting chest X-ray). Lateral chest X-rays 
are not performed routinely but they may be helpful to assess 
the position of cardiac pacing lines, chest wall deformities, 
to localize an opacity seen on a frontal projection, and to 
visualize the posterior lung bases. Air–fluid levels, pleural 
fluid, and pneumothoraces can be difficult to detect on supine 
radiographs because the image is taken with a vertical beam. 
In these situations, an erect film or additional views using a 
horizontal beam (lateral decubitus, or “shoot through” lateral 
film) may be helpful (Fig. 4.1a, b). A collimated frontal pro-
jection of the thoracic inlet using special X-ray filters and a 
higher kVp will demonstrate the trachea and main bronchi – 
the “Cincinnati view” X-ray.

Fluoroscopy

Fluoroscopy may be used to examine diaphragmatic move-
ment if paralysis or paradoxical movement is suspected. Fluo-
roscopy may also help assess pulmonary inflation in children 
with suspected obstructive emphysema.

Radio-opaque contrast medium is used for the majority of 
fluoroscopic examinations in children. Barium sulphate or 
nonionic low osmolar water soluble agents are given by bottle, 
feeding tube, or cup to outline the esophagus and stomach e.g., 
in the evaluation gastroesophageal reflux. Fluoroscopy is used 
during tracheo-bronchography, angiography, and some inter-
ventional procedures, e.g., balloon dilatation of the esophagus 
or tracheal stenting.

In the UK all staff undertaking fluoroscopic examinations, 
including surgeons using mobile image intensifiers in the 
operating theater, must have received appropriate training to 
limit the radiation dose to both patients and staff, keep fluo-
roscopy time and field size to a minimum, and avoid irradiat-
ing the hands of staff.7

Ultrasound Imaging

Ultrasound imaging (US) is an attractive method of imaging 
the child because it avoids ionizing radiation, provides real-
time cross-sectional images, and can be performed at the bed-
side when necessary (Fig. 4.2a). Doppler ultrasound and color 
flow imaging are based on the Doppler principle. This allows 
the velocity and direction of blood flow to be measured and 
expressed either in a spectral waveform, indicating change in 
velocity with time, or as a color flow map. The use of US in the 
chest is limited because acoustic energy is strongly reflected 
at soft tissue/air interfaces, preventing propagation of ultra-
sound into the body. However, US is invaluable in assessing 
soft tissue masses on the chest wall, evaluation of the opaque 
 hemithorax, determining the size and nature of pleural effu-
sions, and in assisting in the placement of intercostal drains 

Table 4.1. Guide to the elative risks from exposure to ionizing radia-
tion during radiological examinations of the thorax.

Examination Dose (mSv)a

Estimated 
additional 
life-time risk 
of developing 
a fatal cancer

Approx. 
equivalent 
period of 
natural 
background 
radiation

Equivalent 
number of 
chest X-rays

Chest X-ray 0.2 1 in 1 million 3 days 1
Barium meal 2.6 1 in 7,000–

8,000
15 months 130

Chest CT 
(MDCT)

8 1 in 25,000 3.6 years 400

a Doses quoted are for adults
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and pleural fluid aspiration.8 US in the mediastinum is possi-
ble through the manubrium in the younger child. The thymus, 
some anterior mediastinal masses, the great vessels, and the 
heart can all be imaged. Assessment of intrathoracic exten-
sion of chest wall and neck masses can also be performed. 
Echocardiography has largely replaced cardiac angiography 
for the diagnosis of congenital heart disease, with access being 
possible due to adjacency of the heart and chest wall and by 
using a subxiphisternal approach.

Computed Tomography

Computed tomography (CT) has gained popularity for imaging 
the pediatric chest with the recent introduction of multidetec-
tor row computed tomography scanners (MDCT).9 While CT 
undoubtedly provides an important diagnostic tool clinicians 
and radiology staff must work closely together to minimize 
radiation exposure to children according to the ALARA princi-
ple (“as low as reasonably achievable”). All departments should 
have specific dose protocols for CT examinations based on the 
child’s weight, age, and clinical indication.10 The latest genera-
tion of MDCT-scanners acquires multiple data sets simultane-
ously during one tube rotation and produce thin axial images 
within a single breath hold of the whole thorax.11 The images 
are normally reviewed at a workstation where the window 
width and level can be adjusted to provide optimal visualization 
of anatomical structures with widely differing radiodensities.

Rapid image acquisition is especially useful in thoracic 
imaging to reduce motion artifact due to breathing and cardiac 

contraction. This has reduced the need for general anesthesia 
and sedation in small children.12 Most children, especially those 
older than 5 years, can be imaged without general anesthesia or 
sedation when accompanied in the scanning room by a parent 
and by explaining the procedure. Sedation may be necessary 
in younger or uncooperative children. Scanning in babies can 
often be achieved following a feed without sedation.

The clinical indications for CT are numerous. Intravenous 
contrast medium is frequently necessary to outline major 
 vessels, identify anomalous or aberrant vessels, and to assess 
vascularity of thoracic abnormalities, e.g. tumors, abscesses, 
and most congenital lung abnormalities, and to identify 
bleeding following trauma (Figs. 4.2a, b and 4.3). Contrast 
enhancement is generally not required to assess parenchymal 
lung disease and developmental disorders of the chest wall. If 
contrast injection is to be given it is helpful if an intravenous 
line is established on the ward before the scan to avoid agita-
tion, and subsequent movement, associated with cannulation 
in the X-ray department.

CT with or without virtual bronchoscopy (produced by 
reconstruction of the three-dimensional data set) has been 
described for the evaluation of suspected foreign body aspira-
tion as an alternative to bronchoscopy especially in patients 
with a low level of suspicion or nonspecific findings on chest 
radiographs.13,14

For most thoracic imaging, a volumetric data set of the 
whole chest is obtained with image reconstruction at an 
appropriate slice thickness. In CT angiography and cardiac 
imaging, 1-mm slice thickness is often necessary whereas 

Fig. 4.1. (a) Erect chest X-ray on admission. (b) Supine AP chest X-ray following Broviac line insertion demonstrating the presence of a 
prominent air–fluid level in the erect X-ray within an infected bronchogenic cyst. The air–fluid level is not seen when the X-ray is taken with 
a vertical beam in the supine X-ray

a b
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5-mm slice  thickness or even greater will suffice for most 
general applications. Parenchymal lung abnormalities and 
small airway disease (e.g., bronchiectasis) are usually imaged 
using high resolution computed tomography (HRCT) (Fig. 
4.3). In HRCT, single slices of 1 mm are usually obtained 
every 5–10 mm rather than acquiring a volumetric data set 
of the whole chest, reducing the radiation exposure. Images 
are reconstructed using an edge-enhancing algorithm. Small 
lesions can be missed between the slices and this technique 
is not suitable for detection of pulmonary metastases. MDCT 
scanners allow reformatting of thin HRCT from a three-di-
mensional volume data set enabling high-quality HRCT lung 
imaging without the risk of missing small nodules from the 
single acquisition.15 Cooperation with breath holding is essen-
tial for a HRCT examination and high-quality inspiratory images 

can be obtained in most 7–8-year-old children and often in 
4–5-year-old children. Imaging in expiration for the assess-
ment of air trapping is more challenging. Children under 6 
years of age are rarely able to cooperate and generally require 
general anesthesia.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) produces multiplanar cross-
sectional images of the body without the need for ionizing radi-
ation or iodinated contrast media. However, CT scanning still 
has the advantages of higher spatial resolution and rapid image 
acquisition time. MR examinations involve several sequences 
and usually take between 20 min and 1 h to complete. The long 
examination times coupled with the unfamiliar environment 
and noise generated during the imaging sequences often fright-
ens children. Consequently sedation or general anesthesia is 
needed for most children under 5 years of age.

A detailed description of the physics of MRI is beyond the 
scope of this chapter. In brief, nuclei such as hydrogen, con-
taining an odd number of neutrons and protons, have intrinsic 
spin and behave like magnets. When a patient is placed into the 
bore of a magnet the hydrogen protons align with the external 
magnetic field. Once aligned an external radiofrequency signal 
is applied to alter the direction of magnetization into the trans-
verse plane (transverse magnetization) which induces an elec-
trical signal in a receiver coil. After the radiofrequency pulse 
is stopped, the excited nuclei lose energy to the surrounding 
environment and slowly return to their previous state, recover-
ing their longitudinal magnetization. The rate of recovery is 
expressed as a time constant T

1
. Hydrogen nuclei also loose 

energy as a result of interactions with each other resulting 
in a decrease in transverse magnetization. This rephasing is 
termed as T

2
 relaxation and is represented by the time con-

stant T
2
. Contrast in an MR image depends on the number of 

Fig. 4.3. High-resolution CT scan showing geographic areas of 
decreased lung attenuation on the right and generalized decreased 
lung attenuation on the left with bronchial dilatation, confirming the 
diagnosis of bronchiolitis obliterans

Fig. 4.2. (a) An ultrasound scan demonstrates an anomalous artery (++) traversing the liver as it passes through the right hemidiaphragm to 
an extralobar pulmonary sequestration in an infant with pulmonary hypoplasia. (b) Posttraumatic dissection of the aorta (arrows) shown on 
this sagittal reconstruction from a CT angiogram

a b
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hydrogen nuclei (proton density) and the differences in T
1
 and 

T
2
 relaxation of the neighboring tissues. A variety of radiofre-

quency pulse sequences are designed to highlight differences 
in tissue T

1
 and T

2
 relaxation times. T

1
 weighted images are 

characterized by images where structures of high water con-
tent are of low signal (dark on the image) and as fatty tissue 
is of a higher signal (bright) whereas T

2
 weighted images are 

characterized by structures of high water content showing as a 
high (bright) signal, whereas fatty tissue is generally of inter-
mediate to high signal. T

2
 weighted images are very useful for 

the identification of pathological processes on account of the 
normally higher water content or surrounding edema found 
in abnormal compared to normal tissues whereas anatomical 
detail is generally well depicted on T

1
 weighted images.16

In the chest, MRI is particularly useful for the evaluation of 
congenital heart disease, including vascular rings and slings, 
evaluation of tracheal compression, vascular and lymphatic 
malformations, mediastinal masses, and lesions of the chest 
wall.17 MR angiography gives good dynamic characterization 
of vascular anomalies in multiple planes following injection of 
a paramagnetic contrast agent, usually a Gadolinium chelate. 
MR imaging of pediatric lung pathology is still in its infancy 
but this field will undoubtedly expand over the next few years. 
Intravenous contrast is required less frequently in MRI than 
CT but Gadolinium is usually necessary to demonstrate soft 
tissue enhancement associated with infection, malignant dis-
ease, and vascular malformations.

There are a number of important contraindications and safety 
issues to consider with MRI. Ferromagnetic objects must not 
enter the scanning room because they are likely to become dan-
gerous missiles under the influence of the strong magnetic field. 
Ferromagnetic implants pose a significant risk, due to induc-
tive heating, displacement, and interference with function. MRI 
is specifically contraindicated in patients with pacemakers, 
cochlear implants, any intraocular foreign body, and follow-
ing surgery if ferromagnetic surgical clips have been used. It 
is essential that the safety of any known implant is established 
with the MR department prior to requesting the examination.18

Radionuclide Imaging

Indications for radionuclide imaging of the thorax in chil-
dren are relatively few. These examinations involve admin-
istration of a radioactive pharmaceutical to the patient, either 
intravenously or by aerosol inhalation. The pharmaceutical 
accumulates in the tissue of interest and the radiation emitted 
is detected by a gamma camera and processed into an image 
which represents distribution of the pharmaceutical within the 
body. The resolution of radionuclide imaging is low and these 
techniques are generally considered to be complementary, 
providing functional information to supplement the anatomi-
cal detail identified with standard imaging.

The main applications of radionuclide scanning in the pedi-
atric thorax are outlined in Table 4.2. Ventilation–perfusion 
scanning can be technically challenging in uncooperative children, 

particularly younger than 4 years. Ventilation scans using 
Xenon-133 can be used to assess different phases of respira-
tion, i.e., first breath, equilibrium phase, and washout clearance 
phase. The latter is particularly useful to demonstrate areas of 
air trapping and retention, e.g., congenital lobar emphysema. 
In some centers, three phase Xenon ventilation scans in combi-
nation with perfusion studies have been useful in the follow up 
of chronic lung diseases, e.g., asthma and cystic fibrosis.19

Interpretation of the Pediatric 
Chest X-Ray

The chest X-ray is usually the first radiological examination of 
a child with a suspected thoracic abnormality. It often serves 
as the foundation on which to base further investigation. It 
is important to develop a structured approach to chest X-ray 
interpretation and be aware of the various pitfalls due to X-ray 
technique, artifacts, and variations of normal that may lead the 
unwary to an incorrect diagnosis.

Preliminary Steps

Prior to assessing a chest radiograph for abnormality it is 
crucial to check the patient’s name, date of examination, side 
marking, and the projection, i.e., AP, PA supine or erect. It 
is often difficult to obtain a fully inspired and straight chest 
X-ray in an uncooperative toddler. The heart shadow appears 
large and bronchovascular markings are exaggerated on chest 
X-ray exposed in expiration and this may give an errone-
ous impression that the toddler may have cardiac failure or 
pulmonary infection. In a well-inspired chest X-ray, the dia-
phragms should project over the fifth to seventh anterior rib 
ends. A rotated X-ray may result in an unequal opacifica-
tion of the two lungs, suggesting the presence of unilateral 

Table 4.2. Applications of nuclear medicine imaging to the pedi-
atric thorax.
Test Pharmaceutical Administration Thoracic indications

Pulmonary 
perfusion (Q)

99 m Technetium 
labeled macroag-
gregated albumin

IV Pulmonary perfusion, 
pulmonary embolism

Cardiac/and 
extracardiac shunt

Pulmonary 
ventilation (V)

Krypton-81 m Face mask Ventilation only

Xenon-133 Mouth piece Ventilation and wash-
out, e.g., air trapping

Bone 
scintigraphy

99 m Techne-
tium methylene 
diphosphanate

IV Bone metastases/
infection

MIBG scans 123-I methyl-
iodobenzylguani-
dine

IV Neuroblastoma pheo-
cromocytoma

FDG PET scan F-18-fluorodeox-
yglucose

IV Lymphoma/
neuroblastoma
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air trapping whereas a lordotic projection can give rise to an 
abnormal  cardiac contour. In a correctly positioned X-ray, the 
ribs appear symmetrical and the clavicles equidistant from the 
midline, projected just over the apices of the lungs.

Artifacts are a common radiological nuisance. Many are 
well known, e.g., the Perspex hole of the incubator giving rise 
to a round translucency, and skin folds mimicking a pneu-
mothorax. However, others are less well appreciated, e.g., hair 
bobbles overlying the tracheal shadow simulating a foreign 
body, or streaky translucencies over the superior mediastinum 
suggesting mediastinal air when hair has been included in the 
field of view.

The position of any indwelling catheters and nasogastric 
and ET tubes should be checked to identify potential iatro-
genic problems, e.g., an ET tube that is too long causing col-
lapse of the right upper lobe and left lung, a recently placed 
Broviac line may be misplaced resulting in a pneumothorax or 
pleural effusion. Central venous catheters in general should be 
positioned with their tip outside the cardiac chambers to avoid 
the risk of cardiac tamponade.20 The position of a nasogastric 
tube should be noted. Displacement of a nasogastric tube dur-
ing its course through the mediastinum may be the first clue to 
a mediastinal mass (Fig. 4.4).

Pattern Recognition

Radiological interpretation is based on the principle of pattern 
recognition, i.e., the identification of radiological appearances 
that differ from normal and the linking of these signs to disease 
processes. All regions of the thorax including the bones and 
the soft tissues should be examined in an organized sequence. 
Abnormal signs should be correlated with the clinical features, 
the age of the child, and the results of laboratory investigations 
to formulate a diagnosis or at least a differential diagnosis. 

The following section reviews pediatric chest X-ray interpre-
tation in a systematic way, highlighting important radiological 
signs and indicating when further imaging may be helpful.

Trachea, Main Bronchi, and Hilar Regions

Tracheal deviation may be a sign of a mediastinal mass on 
a frontal chest X-ray but this needs to be distinguished from 
normal buckling of the trachea to the right at the level of the 
thoracic inlet which is often seen in infants on expiratory 
phase chest X-rays. A repeated chest X-ray, or fluoroscopy 
combined with clinical examination will usually resolve the 
issue if there is doubt. Deviation of the trachea below the tho-
racic inlet and any anterior or posterior displacement of the 
trachea on a lateral projection is abnormal indicating the pres-
ence of a mediastinal mass, warranting further imaging, by 
CT or by MRI scanning.

Tracheal widening or narrowing on a chest X-ray requires 
further consideration particularly in the presence of a his-
tory of stridor or persistent cough. Widening may be seen 
in children with chronic cough, e.g., cystic fibrosis and 
in Mounier–Kuhn syndrome. HRCT of the lungs may be 
needed to demonstrate bronchiectasis. Circumferential nar-
rowing or loss of visualization of the tracheal outline is the 
predominant feature seen in a congenital tracheal stenosis, 
whereas indentation on the lateral wall may be due to a vas-
cular ring or a mediastinal mass. A further pointer toward an 
underlying tracheobronchial abnormality is widening or nar-
rowing of the carinal angle. Subsequent imaging of tracheal 
abnormalities depends on the mode of presentation and dif-
ferential diagnosis. A Barium swallow is a useful and simple 
examination in infants with chronic stridor as most vascular 
rings will show an abnormal esophageal outline. CT or MRI 
angiography will be required if the swallow is abnormal 
and in most cases this will render angiography unnecessary. 
Congenital tracheal stenosis is well demonstrated by both 
CT and MRI.21,22 CT probably has the advantage over MRI 
in the assessment of the trachea and bronchi distal to the 
stenosis on account of better spatial resolution. Bronchogra-
phy is a valuable adjunct to bronchoscopy in the assessment 
of both tracheal stenosis and tracheobronchomalacia, espe-
cially prior to tracheal resection or airway stenting. Iso-os-
molar nonionic contrast medium can be injected cautiously 
into the tracheobronchial tree via a catheter placed through 
an endotracheal tube to obtain high-quality bronchographic 
images (Fig. 4.5a, b). It is essential to keep the infant breath-
ing spontaneously during the procedure to gain a true assess-
ment of the degree of airway malacia.23

Enlargement of the pulmonary hila is an uncommon 
abnormality in children which may be due to dilatation of 
the pulmonary arteries or due to hilar lymphadenopathy. 
The latter is most commonly related to viral pneumonia or 
chronic infection (e.g., cystic fibrosis or tuberculosis) but it 
is also an important feature of sarcoidosis and lymphoma. 
CT scanning is the most appropriate way to assess hilar 
lymphadenopathy.

Fig. 4.4. Chest X-ray. The nasogastric tube is displaced to the right 
away from the endotracheal tube indicating the presence of a central 
mediastinal mass causing bilateral hyperinflation of the lungs from 
obstructive emphysema
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The Superior Mediastinum

A normal thymus gland is the commonest cause of a wid-
ened mediastinal shadow in a young child. The thymus is 
variable in size and can be recognized by its characteristic 
outline. The margins may have a wavy appearance result-
ing from the soft thymic tissue indenting into the intercostal 
spaces. The inferior margin of the thymus may have a char-
acteristic sail shape. The thymus often increases in size 
between 4 and 8 months of age before involuting to the point 
where it is rarely visible on a chest X-ray beyond the age 
of 8 years.24 Occasionally it may be difficult to determine 
whether a prominent mediastinal shadow is abnormal or due 
to a normal thymus. In infants, an ultrasound examination 
of the mediastinum will usually resolve the issue. In cases 
of doubt, CT or MRI may be required to exclude a thymic 
tumor or other mediastinal mass. The normal thymus has a 
homogeneous texture on ultrasound, CT, and MRI. The thy-
mus surrounds, rather than displaces, the brachiocephalic 
vein and does not displace the trachea. Acute infection or 
steroid therapy may result in transient thymic atrophy but if 
persistently narrow or absent in an infant the possibility of 
Di George syndrome should be considered.

When a mediastinal mass is suspected, loss of visualization 
of the aortic knuckle indicates that the mass lies adjacent to 
the aortic arch in the anterior or middle mediastinum. Lateral 
deviation of the trachea or separation of the trachea and esoph-
agus, as indicated by the position of a NG tube, suggests the 
presence of middle mediastinal mass, e.g., bronchogenic cyst. 
Posterior mediastinal masses tend to result in separation of the 

posterior ribs. Destruction of the ribs suggests a fast growing 
and probable malignant process, whereas erosion of the ribs is 
more likely to be due to a less aggressive lesion, e.g., ganlion-
euroma. Calcification may be found in neurogenic tumors and 
mediastinal teratomas (Fig. 4.6a, b). If the plain film suggests 
a mediastinal mass, then further characterization is necessary 
by CT or MRI scanning.

The esophagus is not usually visible on a standard fron-
tal chest radiograph unless it is dilated, e.g., achalasia or 
the dilated upper pouch in esophageal atresia. Esophageal 
perforation or anastomotic leakage may be heralded by the 
presence of pleural fluid, a pneumothorax, or a pneumome-
diastinum but confirmation is provided by a contrast swal-
low using water-soluble nonionic contrast medium. Although 
this examination is best performed using fluoroscopy, a static 
examination at the bedside can be performed in the critically 
ill neonate by careful injection of approximately 1 cc of con-
trast via an appropriately positioned nasogastric tube with AP 
and lateral X-rays.

Identification of an H-type tracheoesophageal fistula in 
infants requires considerable radiological skill. In some cen-
ters, this investigation has been superseded by bronchoscopy, 
particularly in the older child. The technique of choice is a 
prone tube injection esophagram (Fig. 4.7). A recent report 
has suggested that most fistulae can be demonstrated on a 
standard contrast swallow.25 These authors suggested that the 
more difficult prone tube esophagram should be reserved for 
patients who are intubated at significant risk of aspiration or in 
whom contrast material is identified in the airway on a routine 
contrast swallow.25,26

Fig. 4.5. Images on inspiration and expiration during bronchography. (a) Inspiration. (b) Expiration, showing tracheal collapse, confirming 
the diagnosis of tracheomalacia and defining the extent of the abnormality

a b
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The Heart and Great Vessels

The transverse diameter of a normal heart may approach 60% 
of the transverse diameter of the thorax in an infant. An expi-
ratory phase radiograph may exaggerate the heart size further. 
Dextroposition of the heart and the position of the gastric air 
bubble should be noted as complex congenital heart disease is 
often present where cardiac and visceral situs are incongruent, 
e.g., dextrocardia with left-sided stomach. A right-sided aortic 
arch is frequently seen in association with Tetralogy of Fallot 
and in association with vascular rings.27

An increase in cardiac size should prompt a close inspection 
of the lungs to assess pulmonary vascularity. A reduction in 
pulmonary blood flow, e.g., in pulmonary atresia is demonstrated 

by the presence of oligaemic lungs where there is poor visu-
alization of pulmonary vessels in the central half of the lungs. 
Branches of the pulmonary arteries should not be visible in 
the peripheral third of the lung and if seen indicate increased 
pulmonary blood flow often due to a left to right shunt, e.g., 
a ventricular septal defect. Where there is any suspicion of an 
underlying cardiac disorder, an echocardiogram is necessary 
to determine whether the abnormality is structural, i.e., due to 
congenital heart disease acquired, e.g., a viral myocarditis or 
due to a pericardial effusion.

Lungs/Pleural Cavities

Both hemithoraces should be of equal size and of symmetri-
cal lung density. The basic patterns of abnormality identified 
in the lungs and pleural cavities can be divided broadly into 
general or focal areas of:

• Increased opacification
• Increased translucency
• Ring shadows
• Pulmonary nodule(s)
• Increased pulmonary opacification

Increased opacification of a hemithorax may caused by 
decreased aeration of the lung, e.g., pulmonary collapse, 
pulmonary infiltrates (consolidation and interstitial fibrosis, 
agenesis) or mass (tumor, congenital malformation, pleural 
fluid/tumor), and abnormalities of the chest wall.

Fig. 4.7. Prone tube injection oesophagram demonstrating an H-type 
tracheo-esophageal fistula, with contrast medium seen extending 
obliquely from the junction of the cervicothoracic esophagus to the 
trachea

Fig. 4.6. (a) Chest X-ray shows widening of the mediastinum with obliteration of the aortic knuckle indicating an anterior or middle medi-
astinal mass. A faint opacity due to calcification is seen within the mass (arrow). (b) A contrast-enhanced CT scan demonstrates a complex 
mass of mixed attenuation containing low density fatty tissue (asterisk), calcification (arrow). Excision biopsy confirmed the diagnosis of a 
mature mediastinal teratoma

a b
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Pulmonary collapse is often focal giving rise to linear den-
sities in the lung, although it can involve the whole of one 
lobe or whole lung. The hallmark of significant pulmonary 
collapse is an area of increased opacity associated with loss 
of volume. The latter will alter the position of the major fis-
sures and/or the hilar shadows. If the whole lung collapses, the 
mediastinum will shift toward the collapse and the ipsilateral 
diaphragm will rise.

There are two basic patterns of pulmonary infiltration on 
a chest X-ray: air space shadowing and interstitial infiltra-
tion (Fig. 4.8a, b). Air space shadowing, often referred to as 
consolidation, is caused by fluid or pus within the alveoli. 
Infection, aspiration, pulmonary hemorrhage, and pulmo-
nary edema are the commonest causes of air space shadow-
ing, which generally appears as a homogeneous opacity with 
visible air bronchograms. Consolidation due to infection is 
frequently segmental or lobar in distribution whereas a more 
generalized “white out” of both lungs has a wide differential 
diagnosis including pulmonary edema, cardiac or noncardiac, 
drowning, aspiration, and opportunistic infection. Radiologi-
cal interpretation relies on correlation with the clinical setting. 
In neonates, surfactant deficiency disease, acute pulmonary 
edema, and congestive cardiac failure are the most frequent 
causes.

Interstitial infiltration results from thickening of the pulmo-
nary interstitium or alveolar walls. Likely causes are inflam-
mation, fibrosis, infiltration, and increased interstitial fluid. 
Interstitial shadowing tends to be more heterogeneous than air 

space shadowing with a linear or nodular pattern which may 
be associated with septal lines and bronchial wall thickening 
due to peribronchial inflammation and edema. In the acute 
situation, interstitial shadowing is often caused by acute pul-
monary edema. In the neonate, this is particularly associated 
with total anomalous pulmonary venous return with obstructed 
venous drainage. In an older child, this is seen typically fol-
lowing acute fluid retention and in Mycoplasma pneumonia 
where there may be a combination of both interstitial and air 
space shadowing. When associated with a more chronic his-
tory, pulmonary interstitial disease is more likely and HRCT 
may be necessary to clarify the diagnosis.15,28

Pleural Fluid

In the supine position, a pleural effusion appears as a gen-
eralized increased opacity of the hemithorax, whereas in the 
erect position the classical crescentic opacity in the pleu-
ral space is generally present. Preservation of normal lung 
markings “through” the opacity is an indication that the 
opacification is not arising from within the lung but due 
to pleural fluid, particularly if loculated. The hallmark of 
a large pleural effusion is the presence of mass effect with 
shift of the mediastinum to the contralateral side, as opposed 
to collapse where there is shift to the ipsilateral side (Fig. 
4.9). No mediastinal shift is usually present with lobar con-
solidation. Pleural effusions may occur in conjunction with 
collapse of the underlying lung in which case there will be 
less or no mediastinal shift.

Fig. 4.8. Pulmonary infiltrates. (a) Air space shadowing secondary to acute pulmonary edema showing a prominent air bronchograms. 
(b) Interstitial shadowing due to acute interstitial pulmonary edema with a predominantly linear pattern

a b
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Tumor

A tumor arising in the lung, mediastinum, or chest wall is 
often manifest by a large opacity or even a completely opaque 
hemithorax with contralateral shift of the mediastinum due 
to the mass effect. It may be difficult to differentiate a large 
tumor from a large pleural effusion on a plain film. The pres-
ence of rib destruction or erosion and calcification within a 
mass all points to an underlying tumor.

Further imaging of pulmonary opacification depends on the 
clinical situation. Children who present with signs of infec-
tion, show typical radiological appearances of lobar pneumo-
nia, and who respond to antibiotics rapidly need no further 
imaging. There is no good evidence to support the need to fol-
low radiograph in this group.29 If recovery is incomplete a fur-
ther chest radiograph may be helpful after an interval of 4–6 
weeks. Follow-up radiography should be performed earlier if 
the clinical condition dictates in case complications such as an 
empyema, pulmonary abscess, or pneumatocoele are devel-
oping. Further investigations are required for children with 
recurrent pulmonary infections. A contrast swallow and meal 
possibly supplemented with a prone tube esophagram will be 
required to investigate suspected aspiration from gastroesoph-
ageal reflux or an H-type tracheoesophageal fistula. Swallow-
ing video fluoroscopy will be more appropriate for the child 
thought to have a swallowing disorder. The possibility of cys-
tic fibrosis and immunodeficiency should also be considered. 
HRCT is superior to chest radiography to demonstrate bron-
chiectasis. Repeated infection involving the same lobe or seg-
ment, particularly at the left base, should raise the possibility 
of an extralobar pulmonary sequestration (see below).

An ultrasound examination is the next most appropriate 
investigation in children with signs of pleural fluid on a plain 
film. Ultrasound will confirm the size of the effusion and indi-
cate the presence of loculations and the degree of organiza-
tion and the presence of pleural thickening (Fig. 4.10a, b). The 
results may help to determine whether aspiration or drainage 
is feasible in children with an empyema. Ultrasound may dem-
onstrate collapse or consolidation of the underlying lung and 
sometimes areas of lung necrosis are visible. In complicated 
pneumonias, CT scanning with intravenous contrast provides 
better imaging of the lung parenchyma and pleural cavities but 
this examination should not be considered routine. Although 
US may demonstrate the presence of tumor or tumor depos-
its within the pleural space, CT scanning is necessary for 
staging.

Opacification due to pulmonary collapse associated with an 
acute asthmatic attack or following surgery does not require 
follow-up imaging. Bronchoscopy is advised if there is a his-
tory of foreign body inhalation or where the cause is uncertain. 
CT scanning may then be indicated if the pulmonary collapse 
remains unexplained or if an extrinsic bronchial compression 
has been demonstrated on bronchoscopy.

Increased Translucency

Generalized increased translucency may be seen if the child 
makes an exuberant inspiratory effort. This is frequently noted 
in children with congenital heart disease and metabolic aci-
dosis where compensatory hyperinflation often occurs in the 
absence of pulmonary disease. Generalized increased trans-
lucency due to over inflation is usually associated with low 
flattened diaphragms and there may be intercostal herniation of 
lung. Bilateral overinflation is a feature of peripheral air trapping, 
e.g., in bronchiolitis and cystic fibrosis. Central air trapping is 
seen secondary to tracheal obstructions from tumor, impacted 
foreign bodies, and vascular rings. A long-standing esopha-
geal foreign body impacted above the thoracic inlet may result 
in localized inflammation with subsequent extrinsic compres-
sion and narrowing of the trachea.

Asymmetrical translucency of the two hemithoraces is an 
important sign requiring further investigation. This may be an 
artifact due to patient rotation but the possibility of air trap-
ping, e.g., from an inhaled foreign body must be considered 
and a repeat straight radiograph obtained. It may be difficult 
to determine which side is abnormal when the two lungs are of 
different densities, but consideration of the following points, 
as described by Swischuk should help30:

• Pulmonary vascularity: The side with decreased vascular-
ity is abnormal, whereas the side with increased or normal 
vascularity is usually normal.

• Variation in appearance between inspiratory and expiratory 
films is particularly valuable. The side which changes least 
is usually abnormal.

• The size of the hemithorax is a useful pointer in which a 
small completely opaque hemithorax is always abnormal.

Fig. 4.9. Large left pleural effusion displacing the mediastinum to 
the right. Note the proximal position of the tip of the central line, 
which slipped back after placement, causing iatrogenic leakage of 
the infusate into the pleural cavity
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Fig. 4.10. Ultrasound scans of the pleural cavity showing (a) organized pleural exudate typical of an empyema and (b) free fluid in the pleural 
cavity. The increased echogenicity of the fluid indicates high protein content, consistent with an exudate or hemorrhage

a b

It may be difficult to perform plain X-rays in both inspira-
tion and expiration in a young child. Fluoroscopic examina-
tion is an option. An alternative approach is to obtain two 
lateral decubitus frontal views of the chest, one with the left 
side down and one with the left side raised. The dependent 
lung will effectively be in expiration because of the weight of 
the mediastinum. The degree of change of each lung can be 
assessed and air trapping confirmed of excluded.

If unilateral overinflation is present, it is necessary to 
determine whether this is due to compensatory or obstructive 
emphysema. Compensatory emphysema occurs following 
pneumonectomy or in the presence of contralateral collapse 
or agenesis. In this circumstance, the normal emphysema-
tous lung inflates and deflates appropriately and pulmonary 
vascularity is normal or increased. In obstructive emphy-
sema, characteristically from an inhaled foreign body, there 
will be limited or no deflation of the affected lung on expi-
ration and pulmonary vascularity will be decreased. Further 
investigation depends on the mode of presentation. If the 
child presents with acute onset respiratory distress, bron-
choscopy will be indicated as an inhaled foreign body is 
likely even when no specific history is given. In younger 
children an underling lung/bronchial abnormality is more 
likely, e.g., a pulmonary artery sling or a bronchogenic cyst, 
obstructing the bronchus resulting in unilateral or bilateral 
obstructive emphysema.

In congenital lobar emphysema, over inflation is most often 
confined to a single lobe generally with compression, and 
subsequent collapse of the other ipsilateral lobes and the con-
tralateral lung. In these cases, contrast-enhanced CT or MRI 
should identify the underlying cause. Radionuclide scintigra-
phy can give good functional assessment of both ventilation 
and perfusion and confirm the presence of air trapping which 
may be helpful in evaluating asymmetrical hypertranslucency. 
However, following improvement in CT techniques and dif-
ficulties in performing radionuclide scans in young children, 
this modality is used infrequently.

Air Leaks

Free air is more difficult to detect on a supine chest X-ray than 
an erect film. Features suggestive of free air include translu-
cency adjacent to the heart border associated with increased 
sharpness of the mediastinal structures and increased depth 
and translucency of the lateral costophrenic angle – the deep 
sulcus sign. If the air leak is large the lung edge may be vis-
ible. If the pneumothorax is under tension, the mediastinum 
will shift to the contralateral side and the diaphragm will flat-
ten or evert. Air–fluid levels within a hydropneumothorax will 
require a horizontal beam projection for demonstration.

Mediastinal air results in increased clarity of the mediasti-
nal outline. This may extend into the superior mediastinum as 
linear translucencies and into the neck as surgical  emphysema. 
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It may be difficult to distinguish mediastinal air from a pneu-
mothorax but a lateral decubitus view with the suspicious 
side raised may demonstrate a free lung edge below the cos-
tal margin whereas air in the mediastinum will stay central 
in position. Air around the thymus, in a lateral shoot through 
projection, confirms the presence of mediastinal air. CT is 
very sensitive for detection of small amounts of free air. This 
is particularly valuable following trauma or where ventilation 
is increasingly difficult without explanation.31

Pulmonary Masses and Nodules

The commonest cause of a round opacity on a chest X-ray is 
a “round pneumonia” which is often associated with pneumo-
coccal infection. Correlation with clinical features will usually 
confirm the diagnosis in which case further imaging is not 
required. Other causes of round opacities include loculated 
pleural fluid, posttraumatic contusion, fluid-filled peripheral 
bronchogenic cyst, vascular malformation, and malignancy 
although primary pulmonary malignancy is rare in children. 
Although the presence of multiple nodules of varying sizes is 
suspicious of pulmonary metastatic disease, multifocal nodules 
may also be caused by infection, including fungal infection, 
granulomas, papillomatosis, and multiple emboli including 
septic emboli. Contrast-enhanced CT scanning is particularly 
helpful in defining the number, nature, and distribution of 
nodules, and is more sensitive than chest radiography for the 
development of cavitation suggesting infection as the underly-
ing cause (Fig. 4.11a–c). CT scanning can be used to guide 
percutaneous abscess drainage and biopsy of larger nodules.

Ring Shadows

The term “ring shadow” is used to describe a well-defined 
cystic areas of increased translucency. These may be large or 
small, multiple or solitary. Pneumatocoeles are the commonest 
case of a solitary ring shadow although the differential diag-
nosis includes a congenital lung cyst, a solitary bullus, and a 
loculated pneumothorax. The presence of a thick or irregular 
wall is suggestive of an abscess or necrotic tumor. Infected 
pneumatocoeles may contain fluid and appear opaque on a 
supine X-ray. A number of congenital lesions of the thorax 
may also present as a solitary lung cyst, but multiple ring 
shadows in association with mass effect are more frequent and 
seen in congenital diaphragmatic hernia and congenital cystic 
adenomatoid malformation (CCAM). Extralobar sequestra-
tions may also present as predominantly cystic lesion. Many 
congenital thoracic lesions are nowadays diagnosed prena-
tally. Postnatal ultrasound can readily distinguish a congenital 
diaphragmatic hernia and a CCAM. Color flow imaging may 
demonstrate a juxta-diaphragmatic echogenic mass with an 
aberrant blood supply from the aorta, indicating an extralobar 
sequestration. CT or MRI is wise prior to surgical resection 
of a congenital lung lesion to demonstrate the extent of pul-
monary involvement, exclude abnormality in other lobes and 

Fig. 4.11. Teenage intravenous drug addict with an empyema and 
multiple septic emboli. (a) Chest X-ray demonstrates well-demar-
cated opacity at the right lung base with lung markings clearly visible 
“through” the opacity due to loculated pleural fluid. Several nodules 

a

b

c
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identify arterial blood supply and venous drainage. The latter 
is particularly important with right-sided pulmonary seques-
trations which may be associated with anomalous venous 
drainage of the right lung in the Scimitar syndrome.32,33

Diaphragms

Loss of clarity of one or both diaphragms indicates loss of 
aeration at the lung base either due to pulmonary collapse or 
due to the presence of a mass/fluid between the lung base and 
the diaphragm. Loss of clarity of the right hemidiaphragm in 
association with a small hemithorax secondary to pulmonary 
hypoplasia should raise a suspicion of Scimitar syndrome. CT 
or MRI will clarify the pulmonary venous drainage, which 
may be anomalous.

There are a number of possible explanations for apparent 
elevation of the diaphragm. These include a congenital dia-
phragmatic hernia (either the Bochdalek or Morgagni type), 
traumatic diaphragmatic rupture, diaphragmatic eventration, 
loss of lung volume, e.g., lung hypoplasia, a subpulmonary 
effusion and a subphrenic collection. Most congenital dia-
phragmatic hernias, particularly the Bochdalek type, are read-
ily diagnosed on a plain film which includes the thorax and 
the abdomen. The differential diagnosis usually lies between a 
congenital diaphragmatic hernia and a CCAM. In the former, 
there is a paucity of gas in the abdomen because the midgut 
has herniated into the thorax and in the latter the intestinal gas 
pattern is normal. In some cases, particularly right-sided her-
nias, or if the X-ray has been taken very early before the bowel 
has filled with air, the appearances may be confusing. Ultra-
sound may clarify the diagnosis. CT should be performed if 
diaphragmatic rupture is suspected following trauma, partly to 
exclude coexisting abdominal visceral injury (Fig. 4.12a, b). 
The multiplanar capabilities of MRI can be particularly useful 
as a “problem-solving” tool if there is difficulty distinguishing 
an eventration from a Bochdalek hernia.

Ultrasound assessment of diaphragmatic movement is an 
alternative to fluoroscopy for the assessment of diaphragmatic 
paralysis seen most frequently following cardiac surgery or 
in children with neuromuscular disorders. The examination 
must be performed with spontaneous ventilation and no posi-
tive end expiratory pressure applied.

Thoracic Skeleton and Soft Tissues

Assessment of the chest X-ray is incomplete until the thoracic 
skeleton and soft tissues have been assessed. Air in the soft 
tissues of the neck may be a sign of a retropharyngeal abscess 

or penetrating injury to the neck or pharynx (Fig. 4.13a, b). 
Surgical emphysema may be seen in association with medi-
astinal air following esophageal rupture.

Generalized abnormality of the thoracic skeleton is a useful 
marker of underlying metabolic bone disease, e.g., a  rickety 
rosary or skeletal dysplasia. Detection of an unexplained old 
or new rib fracture in an infant raises the possibility of non-
accidental injury and appropriate pediatric medical advice 
should be sought. Rib destruction, particularly in associa-
tion with a soft tissue mass, indicates chest wall infection or 
malignancy. Displacement and scalloping of a rib and widen-
ing of the intervertebral canal are typical of benign neurogenic 
tumors, e.g., a neurofibroma. Generalized abnormalities of the 
chest wall may alter the translucency of the lungs. Chest wall 
thickening from burns or edema will decrease translucency. 
A decrease in chest wall thickness may be seen in Poland’s 

Fig. 4.11. (continued) are seen in the lungs some of which show cen-
tral cavitation (arrow). CT was performed to assess the extent of the 
pulmonary involvement. (b, c) Contrast-enhanced CT scan defined 
the number and distribution of the cavitating nodules and confirmed 
the presence of a loculated pleural effusion but showed no evidence 
of a necrotizing pneumonia at the right lung base

Fig. 4.12. (a) Supine chest X-ray following trauma shows opacifi-
cation of the left hemithorax and displacement of the mediastinum 
(note endotracheal tube position). (b) Contrast-enhanced CT scan 
shows a nasogastric tube (arrow) within the stomach which has her-
niated through the diaphragm into the left chest to lie at the same 
level as the heart

a

b
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Fig. 4.13. Child presented with dysphagia and respiratory distress. 
(a) The erect chest X-ray shows air within the soft tissues and a short 
air–fluid level on the left side of the neck. (b) A lateral view of the 
neck demonstrates a large air–fluid level within a retropharyngeal 
abscess, resulting in anterior bowing of the trachea and reversed cur-
vature of the cervical spine

a

b

Fig. 4.14. Thoracic MR scan to demonstrate the mediastinal exten-
sion of a supraclavicular lymphangioma. (a) T

2
 weighted coronal 

image showing the cystic mass (asterisk) extending deeply into the 
mediastinum displacing the trachea to the right. (b) Unenhanced scan 
transverse T

1
 weighted images. (c) Contrast-enhanced transverse T

1
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b

c

Fig. 4.14. (continued) weighted images. The wall of the lesion 
enhances, clearly identifying the extent of the lesion. Arrow indicates 
the displaced trachea. Note that fluid-filled cyst is of high signal on 
T

2
 weighting and low signal on T

1
 weighting (asterisk)
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syndrome. Soft tissue masses seen in neurofibromatosis may 
project as multiple opacities in the lungs. These should be 
obvious on clinical examination but occasionally a noncon-
trast CT examination of the lungs is necessary to exclude 
coexisting lung disease.

The chest X-ray with additional lateral view may be the 
only imaging necessary in the assessment of chest wall 
abnormalities although US is being increasingly used to 
examine “swelling” of the chest wall due to prominence 
of the costochondral junctions and exclude the presence of 
an underlying tumor. CT provides a more objective assess-
ment of the severity of significant deformities. A limited 
noncontrast CT examination provides useful three-dimen-
sional imaging of pectus deformities. The Haller index, 
also referred to as the pectus index, provides an objective 
measure of the severity of the deformity in pectus excava-
tum. Diameters of the chest are measured on the CT scan 
at the deepest level of the sternal depression. The ratio of 
transverse to anteroposterior diameter of the normal chest 
is approximately 2.5. A ratio greater than 3.25 represents 
a significant deformity. Asymmetry in the size of the right 
and the left hemithorax should also be noted because this 
prejudices the final cosmetic result.

Ultrasound examination, particularly with additional color 
flow imaging, is invaluable for the initial assessment of a soft 
tissue mass. Hemangiomas and lymphangiomas can be iden-
tified with confidence and distinguished from solid lesions, 
e.g., malignant tumor of the chest wall. Cross-sectional imag-
ing is necessary prior to surgery in most cases to determine 
the full extent of the lesion, and to document mediastinal or 
intrathoracic extension (Fig. 4.14a–c). The choice between 
MRI and CT must be made on a case by case basis. MRI 
is generally more appropriate for evaluation of soft tissue 
lesions, whereas contrast-enhanced CT has the advantage 
in the assessment and the staging of potentially malignant 
tumors because it is more sensitive for the detection of 
pulmonary metastatic disease and the identification of rib 
involvement.34

Although interpretation of the pediatric chest X-ray may 
seem daunting at first, the structured approach described 
above should direct the clinician toward the correct diagnosis. 
However, it remains good practice to discuss the films with an 
experienced pediatric radiologist prior to surgery.

References

 1. Royal College of Radiologists. Making the Best Use of Clinical 
Radiology Services (6th edition). Royal College of Radiologists, 
London, 2007.

 2. Slovis TL, Berdon WE, Hall EJ. Effects of radiation in children. 
In: Caffey’s Pediatric Diagnostic Imaging. Kuhn PJ, Slovis TL, 
Haller JO (Editors). Mosby, Philadelphia 2004.

 3. Martin CJ and Shand J. Risks from radiological examination. In: 
Medical Imaging and Radiation Protection for Medical Students 
and Clinical Staff. Martin CJ, Denby PP, Corbett RH (Editors). 
British Institute of Radiology, London, 2003.

 4. Royal College of Radiologists. Standards for Iodinated Intravas-
cular Contrast Agent Administration to Adult Patients. Royal 
College of Radiologists, London, 2005.

 5. Morcos SK. Adverse reactions to iodinated contrast media. Eur 
Radiol 2001; 11: 1267–1275.

 6. Thomsen HS and Morcos SK. Contrast-medium-induced neph-
ropathy: Is there a new consensus? A review of published guide-
lines. Eur Radiol 2006; 16: 1835–1840.

 7. Ionising Radiation (Medical Exposure) Regulations 2000 (Statu-
tory Instrument 2000 No. 1059). UK HMSO, London, 2000.

 8. Coley BD. Pediatric chest ultrasound. Radiol Clin North Am 
2005; 43: 405–418.

 9. Frush DP, Donnelly LF, Chotas HG. Contemporary pediatric 
thoracic imaging. Am J Roentgenol 2000; 175: 841–851.

10. Frush DP. Pediatric CT: Practical approach to diminish the radia-
tion dose. Pediatr Radiol 2002; 32: 714–117.

11. Siegel MJ. Multiplanar and three-dimensional multi-detector 
row CT of thoracic vessel and airways in the pediatric popula-
tion. Radiology 2003; 229: 641–650.

12. Pappas JN, Donnelly LF, Frush DP. Reduced frequency of seda-
tion of young children with multisection helical CT. Radiology 
2000; 215: 897–899.

13. Kosucu P, Ahmetoglu A, Koramaz I, et al. Low-dose MDCT 
and virtual bronchoscopy in pediatric patients with foreign body 
aspiration. Am J Roentgenol 2004; 183: 1771–1777.

14. Haliloglu M, Ciftci AO, Oto A, et al. CT virtual bronchoscopy 
in the evaluation of children with suspected foreign body aspira-
tion. Eur J Radiol 2003; 48: 188–192.

15. Brody AS. Imaging considerations: Interstitial lung disease in 
children. Radiol Clin North Am 2005; 43: 391–403.

16. Brown MA and Semelka RC. MR imaging abbreviations, defini-
tions, and descriptions: A Review. Radiology 1999; 213: 647–
662.

17. Malik TH, Bruce IA, Kaushik V, et al. The role of magnetic 
resonance imaging in the assessment of suspected extrinsic tra-
cheobronchial compression due to vascular anomalies. Arch Dis 
Child 2006; 91: 52–55.

18. Golding S. Magnetic resonance imaging. In: Medical Imaging 
and Radiation Protection for Medical Students and Clinical Staff. 
Martin CJ, Denby PP, Corbett RH (Editors). British Institute of 
Radiology, London, 2003.

19. Johnson K. Ventilation and perfusion scanning in children. Pae-
diatr Respir Rev 2000; 1: 347–357.

20. Hogan MJ. Neonatal Vascular catheters and their complications. 
Radiol Clin North Am 1999; 37: 1109–1125.

21. Frush DP and Herlong JR. Pediatric thoracic CT angiography. 
Pediatr Radiol 2005; 35: 11–25.

22. Beekman RP, Hazekamp MG, Sobotka MA, et al. A new diag-
nostic approach to vascular rings and pulmonary slings: the role 
of MRI. Magn Reson Imaging 1998; 16: 137–145.

23. Roebuck DJ. Pediatric interventional radiology. Imaging 2001; 
13: 302–320.

24. Franco A, Mody NS, Meza MP. Imaging evaluation of paediatric 
mediastinal masses. Radiol Clin North Am 2005; 43: 325–353.

25. Laffan EL, Danemann A, Ein SH, et al. Tracheooesopha-
geal fistula without oesophageal atresia: Are pull-back tube 
oesophagrams needed for diagnosis? Pediatr Radiol 2006; 36: 
1141–1147.

26. Fordham LA. Imaging of the esophagus in children. Radiol Clin 
North Am 2005; 43: 283–302.



56 R.J. Arthur and J. Kraft

27. Burton EM and Brody AS. Cardiovascular system. Essentials 
of Pediatric Radiology. Thieme Medical Books, New York, 
NY, 1999.

28. Langton-Hewer SC. Is limited computed tomography the future 
for imaging the lungs of children with cystic fibrosis? Arch Dis 
Child. 2006; 91: 377–378.

29. Heaton P and Arthur K. The utility of chest radiography in the 
follow-up of pneumonia. N Z Med J 1998; 111: 315–317.

30. Swischuk LE and John SD. Chest. In: Differential Diagnosis in 
Pediatric Radiology. Swiscuk LE (Editor). Williams and Wilkins, 
Baltimore, 1995.

31. Westra SJ and Wallace EC. Imaging evaluation of pediatric chest 
trauma. Radiol Clin North Am 2005; 43: 267–281.

32. Kang MP, Khandelwal N, Ojili V, et al. Multidetector CT angiog-
raphy in pulmonary sequestration. J Comput Assist Tomogr 
2006; 30:926–32.

33. Fefferman NR and Pinkey LP. Imaging evaluation of chest 
wall disorders in children. Radiol Clin North Am 2005; 43: 
355–370.

34. Bush CH and Kalen V. Three-dimensional computed tomogra-
phy in the assessment of congenital scoliosis. Skeletal Radiol 
1999; 11: 632–637.



Introduction

Pediatric thoracic procedures provide an enormous challenge 
for even the most experienced pediatric anesthesiologist. 
Patients are often small and may have significant respiratory 
disease, surgery is technically difficult and may compromise 
both the cardiovascular and respiratory systems, and the pro-
cedures can result in severe postoperative pain.

Thoracic conditions can generally be classified as congeni-
tal, infective, neoplastic, and traumatic. Patients may pres-
ent with their condition at any age, from antenatal diagnosis 
 (congenital lobar emphysema, cystic adenomatoid malforma-
tion), through the neonatal period (tracheoesophageal fistula, 
congenital diaphragmatic hernia), childhood (pulmonary 
sequestration, empyema), and up to adolescence (mediasti-
nal mass, pectus excavatum). Unlike adult patients, children 
are often completely asymptomatic and diagnosis of their 
underlying condition may be coincidental. The quality of the 
nondiseased parts of the lungs is generally good and therefore 
there is often better tolerance of single-lung ventilation (SLV), 
although this can be negated in younger children by adverse 
physiological consequences.

The major considerations for the anesthesiologist are the 
age of the patient, associated pathology, the preoperative 
patient condition, the use of invasive monitoring, lung isola-
tion, and postoperative analgesia.

Historical Perspective

Thoracic anesthesia has developed as a subspecialty since 
the 1930s, when the introduction of endotracheal intubation 
and positive pressure ventilation into routine clinical practice 
greatly improved the operating conditions for the surgeons 
and the outcomes for the patients.1,2 Before that anesthesi-
ologists and surgeons had struggled to overcome the adverse 
physiological effects of an open pneumothorax in a spontane-
ously breathing, anesthetized patient, undergoing major sur-
gery. The first recorded attempt at a pulmonary resection by 

the surgeon H.M. Block, in East Prussia, ended in tragedy, 
with the death of the patient. It was soon understood by the 
surgeons of the time, that to open the chest was to kill the 
patient. Dieffenbach qualified this with the maxim “stop at 
the pleura.” Thus thoracic surgery was limited to chest wall 
procedures and the drainage of pleural fluid collections and 
the evolution of thoracic surgery as a subspecialty ground to 
a halt for many years, until the problem of how to overcome 
the adverse physiological consequences of the open chest was 
conquered.3

Most anesthetics in the early part of the twentieth century 
consisted of the administration of either ether or chloroform 
by facemask, to a patient spontaneously breathing room air. In 
thoracic surgery, access was limited by the size of the thoraco-
tomy wound the patient would tolerate. Often the lung had to 
be used as a plug to prevent enlargement of the pneumothorax 
created when the pleura was opened and the surgeons had to 
work quickly, before there was a significant deterioration in 
the patient’s respiratory status.

Despite experimentation from the mid-nineteenth  century 
onward, it was not until the late 1920s that a practical design 
for an endotracheal tube (ETT) was introduced, and the early 
1930s before the use of positive pressure ventilation  during 
surgery became routine. In both cases, this was due to the 
work of Arthur Guedel.1,2 This was further facilitated by the 
 introduction of neuromuscular blockade with curare into 
 clinical practice by Harold Griffith in 1942.4

The next challenge was recognition of the need for lung 
isolation with surgery for conditions such as hemoptysis, lung 
abscess, and bronchopleural fistula (BPF). Selective one-
lung intubation and ventilation was first employed by Gale 
and Waters in 1931, by advancing a cuffed rubber ETT into 
a bronchus and inflating the cuff.5 Soon afterward bronchial 
blockers were introduced into clinical practice, with a view 
to isolating the nonoperative lung from contamination by 
purulent secretions.6,7 These required considerable skill and 
experience to place accurately and maintain in position during 
surgery. The first double-lumen endotracheal tube (DLT) was 
designed by the Swedish physiologist, Carlens.8 He initially 
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used it for differential lung spirometry and it was not until 
a year later that the tube was first used in thoracic surgery.9 
There is no doubt that the introduction and development of the 
DLT and a better understanding of the physiological conse-
quences of SLV allowed anesthesiologists to develop clinical 
strategies to minimize its impact on patient wellbeing.10

Improvements in pediatric thoracic anesthesia have mir-
rored those in adult practice, although the limitation imposed 
by the minimum size of the DLT has meant that pediatric anes-
thesiologists have had to be more creative in the way in which 
they manage lung isolation. Initially patients were managed 
with simple intubation and endotracheal suction. However, 
there followed a report of the use of a bronchial blocker in 
a children of 14 months.11 The development of epidural and 
paravertebral analgesia as the routine method of providing 
postoperative analgesia following thoracotomy has improved 
pain relief in both infants and children and allowed anesthe-
siologists to avoid the use of potent opioids in this vulner-
able population.12–16 Improvements in anesthetic practice have 
meant that in many places, these patients will no longer be 
admitted to the pediatric intensive care unit in the postopera-
tive period. Postoperative recovery has been further improved 
by the development of less invasive video-assisted thoraco-
scopic surgery (VATS).

Anatomical and Physiological 
Considerations in the Neonate

The pediatric anatomy and physiology undergoes consider-
able change during the first 8 years of life. The most dramatic 
changes occur within the first month, with transition from a 
fetal state, with complete dependence on the placenta for basic 
physiological functions, to an independent existence outside 
the uterus.

The neonate will increase in weight about 20 times, as it 
grows into an adult, but its length will only increase by about 
3–3.5 times. The relevance of this is that the newborn has a 
surface area to volume ratio over twice that of an adult, allow-
ing it to cool at a much faster rate. Coupled with less subcuta-
neous tissue, immature musculature, and an inability to shiver, 
neonates are effectively homeothermic, and will become 
hypothermic over time, unless nursed in a thermoneutral envi-
ronment.

The neonate has a large head, short neck, and relatively 
large tongue. The larynx is higher (C3), the epiglottis is 
floppy and shaped like a horseshoe, and the cricoid ring is 
the narrowest portion of the airway. The airways are not fully 
developed and the abdomen is often large, reducing functional 
residual capacity. When supine, this reduces further, allowing 
closing volume to impinge on tidal ventilation, with the poten-
tial for atelectasis, increased ventilation perfusion mismatch, 
increased physiological shunt and hypoxia. The ribs are more 
horizontal and elastic, while the lack of Type I (slow twitch) 
respiratory fibers, in the diaphragm makes a baby more like 

a sprinter than a long-distance runner.17 Lung compliance is 
decreased, while chest wall compliance is greatly increased, 
compared with adults. All these factors mean there is poor 
tolerance of an increased work of breathing, which can result 
in respiratory distress, periodic breathing, and eventually 
apnea, as the baby tires. The relative metabolic rate and there-
fore oxygen consumption and carbon dioxide production, is 
approximately twice that of an adult. The neonate and infant 
are therefore at a mechanical and physiological disadvantage, 
compared with older children and adults, increasing their sus-
ceptibility to respiratory disease and reducing their ability to 
compensate for pathological changes.

The fetal circulation is a parallel system which allows 
blood to bypass the lungs through both the foramen ovale 
(FO) and the ductus arteriosus (DA). At birth, the FO closes 
allowing blood in the right side of the heart to pass into the 
pulmonary circulation. Changes in the relative resistances of 
the pulmonary and systemic circulations and closure of the 
DA soon afterward, mean that a series system is established, 
with no shunting of blood between circulations. Clearly, 
there are circumstances where either the DA fails to close 
or reopens, creating a shunt. The right ventricle (RV) is of 
similar size and thickness to the left ventricle and the pul-
monary vasculature is relatively muscular and reactive. Over 
the next few weeks this changes, with the RV thinning as it 
pumps into the lower pressure pulmonary circulation. The 
poor compliance of the ventricles at birth was thought to 
make the neonatal heart relatively rate dependent for changes 
in cardiac output,18 although this has been refuted19 and there 
is evidence to show that the Frank–Starling mechanism may 
also influence cardiac output in neonates.20,21 The pulmo-
nary vasculature is liable to react to insults such as hypoxia, 
hypercarbia, and acidosis.22,23 In extreme cases, the neonate 
may develop severe pulmonary hypertension with right to 
left shunting across the foramen ovale and through the DA, a 
condition known as persistent pulmonary hypertension of the 
newborn (PPHN).24 Vascular resistance is less in neonates, 
leading to a lower blood pressure, higher blood volume, and 
increased cardiac index. The presence of large amounts of 
fetal hemoglobin (HbF) means that the oxygen dissociation 
curve is shifted to the left, allowing the neonate to tolerate 
lower oxygen saturations than older children, both in utero 
and in the presence of cyanotic congenital heart disease. 
However, oxygen delivery is compromised by the inability 
of HbF to offload oxygen to the tissues, which is why it is 
rapidly replaced following birth.

Renal and hepatic function is immature at birth. The kid-
neys initially have a lower GFR, making them less efficient.25 
As this improves, so does the volume of urine produced, but 
impaired concentrating mechanisms mean that the ability 
of the neonate to compensate for changes in hydration sta-
tus is compromised.26 Fluid and electrolyte requirements are 
increased. Hepatic enzyme systems are immature, affecting 
the ability of the neonate to metabolize drugs, and glycogen 
storage in the liver is poor.
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The CNS is also functionally immature, with GABA and 
NMDA receptors having an excitatory rather than an inhibitory 
effect.27,28 There is increased blood–brain barrier permeability 
to drugs and a tendency to apnea at times of stress. Despite 
this immaturity, the neurophysiological pathways necessary 
to allow the neonate to experience noxious stimuli as pain are 
present from before birth.29 The dural sheath extends down 
to the L4–5 level at birth, rather than the L1–2 level in older 
children, meaning that even low-level lumbar epidural inser-
tion runs the potential risk of spinal cord trauma.

Physiology of Single-Lung Ventilation

Lung isolation is a key component of anesthesia for thoracic 
surgery. It was originally developed through the need to protect 
the nonoperative lung from soiling (blood, infected secretions, 
cyst contents) and to allow effective ventilation in situations 
where there was significant ongoing air leak (BPF). It subse-
quently allowed surgeons to undertake operations that were 
not previously possible, due to improvements in the access 
and the surgical field.

As has already been described, the infant has a lower FRC 
than the older child.30,31 This reduces further with anesthesia 
and neuromuscular paralysis.32 Unless positive end-expiratory 
pressure (PEEP) is applied, airway collapse can occur dur-
ing tidal ventilation, leading to increased atelectasis, shunt, 
venous admixture, and worsening ventilation–perfusion 
(V/Q) mismatch. Once atelectasis has occurred, simple appli-
cation of PEEP is not enough to re-recruit the collapsed lung 
and a recruitment maneuver involving vital capacity breaths, 
with or without increased PEEP, is required.33,34 This may be 
 compounded in thoracic anesthesia, as the lateral decubitus 
position (LDP) and the open chest lead to atelectasis in both 
lungs. The dependent lung is compressed by the weight of the 
mediastinal and the abdominal contents, while the nondepen-
dent lung is no longer held open by the elastic recoil of the tho-
racic wall. To an extent, this is mitigated by the altered pattern 
of pulmonary blood flow, whereby gravity encourages blood 
to flow through the ventilated dependent lung. However, the 
degree of V/Q mismatch can vary considerably, depending on 
the position of the dependent lung on the compliance curve. 
Too low and the respiratory cycle occurs below the lower 
inflection point, where ventilation is inadequate for the degree 
of perfusion (low V/Q ratio); too high and the cycle occurs 
above the higher inflection point, where ventilation exceeds 
the degree of perfusion (high V/Q ratio). Both scenarios lead 
to tidal ventilation occurring on the relatively flat, noncompli-
ant portions of the curve (Fig. 5.1).

Key to understanding the physiology of SLV in thoracic 
anesthesia is an understanding of the effects of the LDP on 
ventilation and perfusion. These can be further influenced by 
both anesthesia and surgery. In the LDP the ventilation–
perfusion relationship of the lungs in children is different 
from that in adults.

Lateral decubitus Position: Adults

In an awake adult, the weight of the thoracic contents causes 
a gradient of pressure from negative in the nondependent lung 
to positive in the dependent lung. This causes the nondepen-
dent lung to be relatively overventilated and it sits high on the 
compliance curve. The dependent lung sits much more favor-
ably on the steep, compliant portion of the curve. Pressure 
from the abdominal contents also cause increased doming of 
the dependent diaphragm, leading to more efficient contrac-
tion.35 Concurrently, gravity distributes most of the blood flow 
to the dependent lung, with little going to the nondependent 
lung. This produces good V/Q matching, with little change 
from the normal relationship.

Anesthesia allows the abdominal contents to push up into 
the chest, affecting both lungs, but primarily the dependent 
lung. This leads to a reduction in FRC, with a shift in the posi-
tion of both lungs on the compliance curve. The dependent 
lung moves down to the flat, noncompliant portion, while the 
nondependent lung moves to the position where the dependent 
lung had been, on the steep, compliant portion of the curve. 
There is little effect on pulmonary blood flow, so the net result 
is a worsening of V/Q matching, with increased dead space and 
shunt (Table 5.1). This can be further exacerbated by the use 
of muscle relaxant drugs, which negate the beneficial effects 
of the dependent diaphragmatic function on ventilation in the 
lower lung. Application of PEEP restores FRC and allows the 
lungs to move back up the compliance curve toward their pre-
anesthesia positions, with a subsequent improvement in V/Q 
matching and oxygenation.

Fig. 5.1. Static compliance curve of the lung. Area A extends from 
the lower inflection point (LIP) to the residual volume (RV) and rep-
resents under inflated lung of low compliance. Area B is the region 
between the LIP and the upper inflection point (UIP) and represents 
the area of optimum compliance. Area C extends from the UIP to the 
total lung capacity (TLC) and represents over inflated lung, also of 
low compliance
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Lateral decubitus position: Children

The main difference between children and adults is the posi-
tion of the lungs on the compliance curve. It has been specu-
lated that the increased compliance of the child’s chest wall 
allows further compression of the dependent lung and a 
greater reduction in that lung’s FRC, such that it approaches 
residual volume. This allows the closing volume to impinge 
on tidal ventilation, so that airways in the dependent lung col-
lapse and no longer contribute to gas exchange. More venti-
lation is therefore distributed to the nondependent lung than 
would be the case in an adult.36–38 In both ventilated and spon-
taneously breathing anesthetized infants, this effect has been 
shown to cause an overall increase in FRC, due to a shift of 
the nondependent lung to a more favorable position on the 
compliance curve. It only decreases again once the pleura is 
opened and retraction of the upper lung occurs.39,40 The overall 
effect of these ventilatory changes, in conjunction with more 
perfusion to the dependent lung due to the effects of gravity, 
is to increase V/Q mismatch and physiological deadspace.41,42 
There is also a less-marked effect of the abdominal pressure 
gradient on the mechanical properties of the dependent dia-
phragm, such that the mechanical advantage seen in adults 
does not seem to occur in small children.

Perfusion may also be affected by changes in pulmonary 
vascular resistance. Pulmonary vascular resistance increases 
at the extremes of lung volume, due to the mechanical effects 
of the lung on vessel diameter.43,44 Theoretically this would 
cause a similar redistribution of blood flow to the upper lung, 
although this has not been proven in children. Indeed, the 
small size of the child’s chest means that the hydrostatic pres-
sure gradient in the lungs is less than in adults, so that the ben-
eficial effect of the gradient in terms of matching ventilation 
and perfusion is less marked.45

In both adults and children, opening the chest leads to 
a further increase in V/Q mismatch, as the nondependent 
lung becomes more compliant and easier to ventilate, while 
the dependent lung is further compressed by the unop-
posed weight of the abdominal and mediastinal contents. 
This causes an additional reduction in the movement of the 

dependent diaphragm, exacerbating the hypoventilation. It 
would be impossible for the patient to effectively breathe 
spontaneously in this situation and positive pressure ventila-
tion becomes mandatory. In practical terms, this mismatch 
can be obviated by reducing ventilation to the nondependent 
lung by employing either SLV or surgical retraction.

To some extent these changes are mitigated by hypoxic 
pulmonary vasoconstriction (HPV), whereby underventilated 
areas of lung have their blood supply reduced by a reflex 
increase in vascular resistance.46 Under normal circumstances 
the dependent lung receives about 60% of the pulmonary 
blood flow, but only 40% of the ventilation. HPV reduces 
blood flow in the nondependent lung by about half, to around 
20% of total pulmonary blood flow. Anesthesia may have a 
small inhibitory effect on the reflex, but this is dose dependent 
and not normally clinically significant.47,48 Coupled with the 
measures described above to reduce ventilation of the non-
dependent lung, HPV improves V/Q matching sufficiently to 
allow SLV to be undertaken. However, in pure physiological 
terms, infants tolerate SLV less well than older children and 
adults, and are at significant risk of oxygen desaturation and 
hypoxia during any procedure (Table 5.2).

In reality, there may be alterations to the normal physiologi-
cal state and responses, due to the presence of pathology in 
the nondependent lung. Certainly, lesions such as congenital 
lobar emphysema, cystic adenomatoid malformation, and 
intrathoracic tumors may produce significant effects on the 
V/Q relationships within the lung, such that SLV has less of a 
detrimental effect on gas exchange.

Investigations

Patients presenting for thoracic surgery often require an exten-
sive workup, including a number of investigations. The anes-
thesiologist will need to review these as part of the preoperative 
assessment, and occasionally may be involved in providing 
anesthesia, so that the investigations can be  undertaken.

Chest Roentgenogram

Initial investigation of any respiratory pathology should involve 
the use of plain radiography. It is the quickest and the simplest 
radiological investigation to undertake, and many lesions will be 
apparent and identifiable, having characteristic features. Roent-
genograms may also give information on the extent of any dis-
ease process, including involvement of vital structures such as 
the trachea, bronchi, diaphragm, and major blood vessels.

Computed Tomography

Computed tomography (CT) is probably the second common-
est investigation used in the assessment of thoracic  pathology. 
It provides diagnostic information, allows the extent of the 
pathology to be ascertained, along with determination of 

Table 5.1. Effect of different physiological states on FRC and V/Q 
ratio in adults in the LDP.

Dependent lung 
FRC

Nondependent lung 
FRC V/Q ratio

LDP awake Normal High →
LDP anesthesia Low Normal ↓
LDP chest open Very low High ↓↓

Table 5.2. Effect of different physiological states on FRC and V/Q 
ratio in infants in the LDP.

Dependent lung 
FRC

Nondependent lung 
FRC V/Q ratio

LDP awake Low Normal ↓
LDP anesthesia Low High ↓↓
LDP chest open Very low High ↓↓↓
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involvement of other organ systems. For the anesthesiologist 
it is particularly useful for imaging the tracheobronchial tree, 
which may be essential in conditions such as mediastinal mass, 
where compression may occur (Fig. 5.2). Three-dimensional and 
angiographic images can be created. Modern spiral CT scan-
ners are extremely fast and there is rarely a need to provide 
anesthesia for this imaging modality, except where arrested 
respiration is essential during imaging and the patient is too 
young to cooperate with this. The latest multidetector-row 
scanners may reduce this need even further.49

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) generally provides the 
most detailed anatomical, pathological, and even physiological 
information on thoracic lesions. Most children can be imaged 
with either sedation or nothing at all. However, uncooperative 
or failed sedation patients may need anesthesia for the scan 
to be successfully undertaken. The main considerations are 
the isolated location, the magnetic environment, the need for 
specialized equipment, the patient’s underlying disease state, 
and the duration of the procedure.

Thoracic Sonography

There are obvious limitations to thoracic sonography, given 
its poor performance in the presence of air and bone, and it 
has now been largely superseded by CT in thoracic imaging. 
However, it is accessible, inexpensive, safe, and provides real-
time imaging of the patient.

Bronchoscopy

Bronchoscopy is the definitive investigation for suspected 
lesions involving the airway. However, the invasive nature of 

the procedure means that it nearly always requires a general 
anesthetic, irrespective of whether a rigid or flexible scope is 
used. Ideally, the patient should be kept breathing spontane-
ously, which can be a challenge for the anesthesiologist, when 
the patient has significant airway pathology and the airway is 
being instrumented. This is covered in more detail below.

Bronchography

Bronchography is useful in the diagnosis of dynamic airway 
disease and bronchiectasis in children, and can be used as an 
alternative to bronchoscopy or as part of the bronchoscopic 
evaluation. The need to inject radiological dye into the airway 
limits the investigation to patients who already have the air-
way instrumented, either as part of their general anesthetic or 
as part of their intensive care management. There are potential 
problems associated with sharing the airway with the radiolo-
gist and spontaneous respiration needs to be maintained if 
potential dynamic airway disease is being investigated. The 
presence of an ETT may also mask dynamic airway disease 
affecting the trachea.

Echocardiography

Echocardiography is undertaken in a number of situations 
when children present for thoracic surgical procedures. Neo-
nates with conditions such as esophageal atresia and trache-
oesophageal fistula, should have this done preoperatively, 
because of the possibility of the VACTERL association and 
the implications to the surgeon of a right-sided aortic arch. 
Upper airway obstruction may be related to vascular anoma-
lies such as double-aortic arch and pulmonary artery sling. 
Penetrating thoracic trauma may lead to occult cardiac inju-
ries, which may be picked up on echocardiography.50,51 Chest 
wall abnormalities, such as pectus excavatum, may be asso-
ciated with congenital heart disease52,53 Pericardial involve-
ment in patients with mediastinal tumors is rare, but about 5% 
will have a pericardial effusion, although most will not need 
 draining.54

Angiography

Angiography may be used to diagnose vascular abnormali-
ties such as those described above. However, it is an invasive 
procedure which usually requires general anesthesia, and has 
been largely superseded by CT for noncardiac conditions.

Pulmonary Function Tests

Pulmonary function tests (PFTs) may give useful information 
on a child’s underlying lung function in damaging or progres-
sive conditions such as cystic fibrosis and bronchopulmo-
nary dysplasia. It may also be useful in conditions leading to 
restriction of the chest wall movement, including scoliosis and 
pectus excavatum. Patient cooperation is a problem under the 

Fig. 5.2. CT of the chest in a child with a large mediastinal mass 
(MM), demonstrating deviation and compression of the lower 
trachea (T)
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age of 5 years and may require the use of specialized tests 
under sedation. Information available to the anesthesiolo-
gist may include spirometry, lung volumes, lung compliance, 
respiratory muscle strength, arterial oxygen saturations, and 
blood gas values.

Management of Anesthesia

Standard anesthetic management for thoracic surgery includes 
the use of a balanced technique using a volatile anesthetic 
agent, opioid, muscle relaxant with tracheal intubation, and 
positive pressure ventilation.55 Nitrous oxide is often avoided 
because of the risk of expansion of gas-filled spaces and the 
desirability of being able to use a high inspired concentra-
tion of oxygen. Volatile anesthetic agents will interfere with 
HPV, particularly at higher concentrations. The use of potent 
opioids such as fentanyl or remifentanil will allow for lower 
concentrations of these agents to be used. The majority of tho-
racic surgery is performed in the LDP. It is imperative to pro-
vide effective postoperative analgesia after thoracic surgery, 
but the choice of general anesthetic agents should allow for a 
rapid return of consciousness at the conclusion of surgery.

Monitoring

It is now routine to monitor oxygen saturation (pulse oxim-
etry) and end tidal carbon dioxide (capnography) during every 
anesthetic. The use of these devices has been associated with 
a significant reduction in the incidence of life threatening air-
way-related complications.56 Invasive monitoring of systemic 
arterial and central venous pressure should be considered 
during thoracic surgery. An arterial line provides a beat-to-
beat measurement of systemic blood pressure and provides 
early warning of cardiovascular compromise from bleeding or 
retraction close to the heart, for example. The ability to moni-
tor blood gases is also valuable as end-tidal readings may not 
accurately reflect arterial carbon dioxide tension in patients 
with lung disease or during SLV. It is usual to place an arte-
rial line for the majority of thoracotomies and for extensive 
thoracoscopic procedures. The use of a central venous line 
should be considered if large fluid shifts or significant blood 
loss is predicted (for example in tumor surgery) or if periph-
eral venous access is inadequate.

Single-Lung Ventilation

Although adequate surgical conditions may be obtained dur-
ing thoracotomy or thoracoscopic surgery with a conventional 
ETT and both lungs ventilated, there are many situations in 
which SLV and/or lung isolation are desirable. Thoracoscopic 
procedures are considerably easier when the lung on the 
operative side is not being ventilated and infective conditions 
such as lung abscess, empyema, or BPF require that the other 
lung be protected from contamination.57 Whatever technique 
is chosen for SLV, it is essential to recheck the positioning and 

effectiveness of lung isolation once the patient is positioned 
for surgery.

In older children a DLT may be used.57 A DLT essentially 
consists of two cuffed ETTs joined together: one tube ends in 
the trachea and the other in a mainstem bronchus (Fig. 5.3). 
These are available from a number of manufacturers in sizes 
down to 26 FG in left- and right-sided versions. Table 5.3 
lists available pediatric DLTs with the equivalent size ETT. A 
26-FG DLT may be used for a child of 8 years and the 28 FG 
from 10 years of age. A DLT offers a number of advantages 
over other techniques of SLV including the ability to ventilate 
either lung independently and to suction either bronchus. It 
can be problematic to check the position of the smaller sizes 
of DLT with a fiber-optic bronchoscope (FOB) because of the 
small internal diameter of each lumen requiring the use of very 
small and fragile instruments. A left-sided DLT is preferred 
in most cases, as a right-sided DLT is rarely indicated. The 
upper-lobe bronchus on the right side arises much closer to the 
carina, which makes accurate placement of the bronchial cuff 
of a right-sided DLT considerably more difficult. In general, 
the largest DLT that will pass through the larynx should be 
selected. Prior to insertion the tube is rotated clockwise 90°, 

Table 5.3. Sizes of pediatric double-lumen endotracheal tubes.

Size (FG) Left or right
Lumen internal 
diameter (mm)

Equivalent  standard 
ETT (internal 

diameter)

26 Botha 3.4 6.0
28 Botha Lb 3.8 6.5
32 Lb 7.5
35 Botha,b 4.2 8.5
aRusch Robertshaw double-lumen tube (Teleflex Medical, Durham, NC, 
USA, http://www.rusch.com)
bMallinckrodt Bronchocath (Nellcor, Pleasanton, CA, USA, http://www.
nellcor.com)

Fig. 5.3. A right-sided double-lumen endobronchial tube, with a 
catheter mount (CM) and double connector (DC) attached. It demon-
strates the inflated tracheal cuff (TC) and bronchial cuff (BC), with 
the tracheal opening (TO) for ventilation of the left side, between 
them. The special suction catheter and stylet can be seen above and 
below the tube, respectively

http://www.rusch.com
http://www.nellcor.com
http://www.nellcor.com
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so the curve on the endobronchial lumen is anteroposterior 
(AP). Once the endobronchial lumen has passed into the lar-
ynx, the tube is rotated anticlockwise to the original position, 
so the curve on the tracheal portion of the tube is now AP. 
Care must be taken to avoid placing the DLT too deep as this 
is likely to result in both tracheal and bronchial lumens being 
placed in a bronchus, or the bronchial lumen not ventilating 
the upper lobe. Table 5.4 outlines a system for checking the 
position of a DLT clinically. Note that due to the extra length 
of the bronchial lumen, a special extra-long suction catheter 
is required in order to aspirate the lung on that side. These are 
normally provided with the DLT.

An alternative to a DLT is the Univent bronchial-blocker tube 
(Fuji Systems Corp. Tokyo, Japan).58 This comprises an ETT 
with a bronchial blocker built into its wall. The blocker may 
be advanced into a bronchus under bronchoscopic control, or 
withdrawn into the wall of the ETT to allow both lungs to be 
ventilated. The Univent tube is available in two pediatric sizes, 
but the outside diameter is relatively great compared to the 
internal diameter, limiting its use to larger children (Table 5.5).

In smaller children SLV may be achieved with either a con-
ventional single lumen ETT placed in the mainstem bronchus 
of the nonoperated side59 or with a bronchus blocker. The first 
method has the advantage of simplicity. Often the tube can 
be placed in the desired side with the help of simple maneu-
vers. The ETT will tend to enter the right main bronchus if 
advanced beyond the carina, due to the angle of the bevel. 
Rotating the bevel so that it faces right, once it is through the 
vocal cords, and then advancing the ETT with the head turned 
to the right will usually result in the tube passing into the left 
main bronchus. Alternatively a FOB may be used to aid posi-

tioning. There are some limitations to this technique. Because 
of the small distance between the carina and the take-off of 
the upper lobe bronchus, satisfactory isolation of ventilation 
may not be achieved, or alternatively the tube may be placed 
beyond the upper lobe bronchus leading to inadequate oxy-
genation.60 This technique does not provide reliable isolation 
of the healthy dependent lung from contamination. In addi-
tion, it will be necessary to pull the tube up into the trachea 
before the conclusion of surgery so that the operated lung 
can be reinflated. This can be difficult with the patient under 
surgical drapes in the LDP and there is a risk of inadvertent 
extubation. It is generally possible to intubate the bronchus 
with an ETT of the same size as that which would be used for 
tracheal intubation. However, if a smaller size is required, this 
may lead to an unacceptable leak when the ETT is withdrawn 
back into the trachea.

A variety of techniques have been described for placing 
bronchus blockers in children.61 A balloon-tipped embolec-
tomy catheter may be used as a bronchus blocker even in pre-
mature neonates. The blocker is placed under direct vision 
using a rigid or fiber-optic bronchoscope and a conventional 
ETT is then placed alongside it in the trachea.62 The Arndt 
endobronchial blocker system (Cook Critical Care, Bloom-
ington, IN, USA) (Fig. 5.4) allows a 5-FG balloon-tipped 
bronchus blocker to be placed through the lumen of an ETT 
with an internal diameter of 4.5 mm or greater.63–65 The sys-
tem uses a multiport adapter that allows for ventilation of the 
lungs to continue while the blocker is guided into position 
with a FOB. When used with the smaller sizes of ETT (4.5–
5.5 mm) blocker placement will require the use of a 2.2 mm or 
smaller FOB (Table 5.6). It is essential to use the correct size 

Table 5.4. Method for clinically checking the position of a  double-lumen tube following insertion.
Action Problem Resolution

Step 1. Remove stylet. Attach double connector 
and circuit. Commence ventilation

Step 2. Check both sides of the chest are moving and air 
entry (AE) is equal. Check for a tracheal leak and 
inflate tracheal cuff

1. Tracheal side not inflating – DLT too 
far down

2. Endobronchial (EB) side not inflating – 
EB lumen gone down the wrong side

1. Withdraw DLT 

2. Withdraw and reinsert DLT

Step 3. Clamp tracheal lumen, open tracheal port and 
auscultate on same side for AE. If lung is still being 
inflated, carefully inflate EB cuff until AE ceases. 
If no AE on that side put 1–2 mls air into EB cuff. 
Check AE on side of EB lumen

1. AE cannot be abolished on tracheal side 
– EB lumen is still in the trachea or cuff 
has burst

2. Incomplete AE on EB side – EB lumen 
obstructing upper lobe bronchus

1. Insert DLT further or replace 

2. Reposition EB lumen

Step 4.* Repeat process on the other side and check there is 
only AE in the contralateral lung (i.e. tracheal side)

1. AE on EB side – EB cuff incompletely 
occluding EB side

2. Inadequate AE on tracheal side – EB 
cuff herniation or malpositioned tracheal 
lumen

1. Check bronchial cuff adequately inflated 
and positioned

2. Check DLT position and reposition 
bronchial or tracheal lumen

Step 5.* Repeat the checking process with the patient on the 
operating table in the lateral decubitus position, con-
centrating on lung isolation

As above As above

* Consider checking the DLT position under direct vision with a fiberoptic scope at both these stages
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of bronchoscope and lubricate the blocker and bronchoscope 
well to allow both devices to move freely within the lumen 
of the ETT. A 7-FG Arndt bronchus blocker may be used in 
older children as an alternative to a double lumen tube. This is 
particularly useful in cases where intubation is difficult. The 
7-FG blocker may be used with an ETT of internal diameter 
6.0 mm or greater.

There is a risk that a bronchus blocker will move during 
patient positioning for surgery. If the balloon is left inflated 
and the blocker is inadvertently pulled up into the trachea, 
obstruction to ventilation is likely to occur. The balloon should 

therefore be deflated during patient positioning and the correct 
placement of the blocker rechecked with a FOB once the patient 
is in the LDP. Bronchus blockers provide reliable lung isolation 
and if they incorporate a central lumen, CPAP may be applied 
to the lung on that side or gentle suction may be used to aid lung 
deflation. At the conclusion of surgery the blocker is deflated or 
removed to enable reinflation of the operated lung.

Postoperative Analgesia

Thoracic surgery is associated with considerable postopera-
tive pain.66 The provision of effective analgesia is essential to 
allow the patient to breathe and cough effectively after surgery. 
Chronic pain is a frequent problem after thoracic surgery in 
adults. Although thoracoscopic surgery is less invasive, it may 
also be accompanied by significant postoperative pain. Effec-
tive pain relief after thoracic surgery is best achieved by the 
use of a combination of drugs and techniques of administra-
tion with effective trouble shooting to deal with inadequately 
controlled pain. If a technique such as epidural analgesia 
proves inadequate in an individual patient, then alternatives 
should be substituted urgently.

Epidural analgesia is frequently used after thoracic surgery. 
In order to produce analgesia using local anesthetic solutions, 
it is desirable for the tip of the epidural catheter to be posi-
tioned at the dermatomal level that corresponds with the surgi-
cal incision. There are a number of approaches to the epidural 
space that may be used to achieve this aim. In infants, an epi-
dural catheter can be reliably advanced to the thoracic region 
from a caudal approach.67 This avoids the risk of direct spinal 
cord trauma from more cephalad insertion. In older children, 
an epidural may be placed by a direct approach at T4 to T8. 
This is almost invariably performed after the induction of gen-
eral anesthesia, in contrast to adult practice.68 Trauma to the 
spinal cord during thoracic epidural placement in children has 
been described;69 although the incidence of serious complica-
tions appears to be low (<1:10,000),70 there is a paucity of 
reliable data from the very large series needed to demonstrate 
safety and limited evidence to show improvements in outcome 
with different analgesic techniques in children.71,72 Attempts 
to position the tip of the epidural catheter in the thoracic 
region using a lumbar approach are less likely to be success-
ful, although analgesia may be achieved with the use of large 
volumes of either local anesthetic or opioids.73

It is usual to use a combination of dilute local anesthetic 
and an opioid for epidural analgesia after thoracic surgery 
(Table 5.7). Commonly used local anesthetics include ropi-
vacaine, levobupivacaine, and bupivacaine, with, or without, 
epinephrine. Ropivacaine and levobupivacaine are less likely 
to cause cardiac toxicity than bupivacaine. Neonates are at 
greater risk of local anesthetic toxicity because of reduced 
protein binding and immature metabolic pathways.74–76 The 
addition of opioids to the epidural local anesthetic solution 
provides optimal analgesia. Lipophilic drugs such as fenta-
nyl may act predominantly through systemic absorption into 

Fig. 5.4. Arndt endobronchial blocker (BB), with multiport adaptor. It 
connects to the endotracheal tube (E), with an anesthetic circuit attach-
ing at the side (C). The bronchial blocker is passed through the blocker 
port (B) and fixed in place, while a suction catheter or bronchoscope 
can be passed through the spare port at the top (P)

Table 5.6. Endotracheal tube (ETT) and fiber-optic bronchoscope 
(FOB) sizing for placement of a 5-FG Arndt endobronchial blocker.

Endotracheal tube 
size (mm) Bronchoscope size (mm) Comments

3.0–4.0 2.2 Blocker must be placed 
outside endotracheal tube

4.5–5.0 2.2
5.5 2.8
6.0 3.4

Table 5.5. Sizes of pediatric univent endotracheal tubes.

Internal diameter
Outside diameter 
(mm)

Equivalent standard 
ETT

3.5-mm Univent (uncuffed) 8.0 6.0 mm ID
4.5-mm Univent (cuffed) 9.0 6.5 mm ID
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epidural veins, or spread very little in the subarachnoid space.77 
Morphine, on the other hand, may reach opioid receptors in 
the spinal cord far from the site of administration. Unfortu-
nately, epidural morphine may spread as far as the brain stem 
causing delayed respiratory depression.78 Other common side 
effects of epidural opioids include nausea and vomiting, pru-
ritis, and urinary retention.79 Drugs such as hydromorphone 
or diamorphine (not licensed by the FDA) may be the most 
satisfactory options as they provide effective analgesia with 
less risk of serious side effects than morphine.80,81 Thoracic 
epidural local anesthetics block sympathetic outflow from the 
spinal cord, but hypotension is less likely in children because 
of their lower resting sympathetic tone compared to adults and 
alternative causes, such as postoperative hemorrhage, should 
be considered.

There are situations in which epidural analgesia may be 
contraindicated, not accepted by the patient or parents, or 
not possible. Contraindications to epidural analgesia include 
coagulopathy and local or systemic infection. The mainstay 
of analgesia in these circumstances is intravenous opioids. 
Morphine may be administered as a continuous infusion or 
preferably using a patient-controlled82 or nurse-controlled 
analgesia system (Table 5.8). Although opioids are associated 
with respiratory depression, poorly controlled postoperative 

pain will lead to an inadequate depth of breathing and reluc-
tance to cough and must be avoided.

Other local anesthetic techniques have been used in chil-
dren after thoracic surgery. Intercostal nerve blocks are easy to 
place either percutaneously or under direct vision and may be 
a useful adjunct to systemic opioids. The risks of pneumotho-
rax are usually minimized by the routine placement of chest 
drains after thoracotomy. However, the duration of analgesia 
will be limited to a few hours and there is rapid absorption of 
the local anesthetic solution that may lead to toxicity without 
careful attention to dosing.

Paravertebral administration of local anesthetics can produce 
similar analgesia to an epidural on the side of the operation. 
A catheter may be placed in the paravertebral space percuta-
neously or under direct vision for continued local anesthetic 
administration.83 Local anesthetic solutions may also been 
instilled via a catheter into the pleural cavity, although there 
are varying reports of the efficacy of this technique.84

Even with a well-positioned epidural catheter, patients may 
have pain that the block does not cover. A common example 
is shoulder pain from irritation of the diaphragm. Nonsteroi-
dal antiinflammatory drugs such as diclofenac or ibuprofen, 
or acetaminophen are useful adjuncts.

Specific Procedures

Rigid Bronchoscopy

In children, the indications for rigid bronchoscopy will often 
require that an anesthetic technique is chosen that preserves 
spontaneous ventilation. For example, the diagnosis of 
dynamic airway abnormalities such as bronchomalacia will be 
impossible if muscle relaxants are used. Spontaneous ventila-
tion is often preferred during foreign body removal,85 although 
assisted ventilation may also be used.86

Pediatric rigid bronchoscopes, such as the Storz sys-
tem (Karl Storz, Inc., Culver City, CA, USA), enable an 
anesthetic breathing circuit to be connected to a side port 
(Fig. 5.5). It is important that the appropriate size bron-
choscope is chosen for the diameter of the trachea as this 
enables breathing to be assisted with hand ventilation if 
necessary, otherwise the patient can breathe spontaneously 
from the anesthetic circuit. Anesthesia is usually induced 
with a volatile anesthetic agent such as sevoflurane or halot-
hane in oxygen. Atropine, given either as premedication or 
following induction of anesthesia, will act as an antisial-
ogogue and mitigate against the effects of vagal stimulation. 
Once a deep plane of anesthesia is achieved, laryngoscopy 
is performed and the vocal cords and subglottic area are 
sprayed with lidocaine. It is important to provide effective 
topical anesthesia of the airway as this reduces the chances 
of coughing during bronchoscopy. The dose of local anes-
thetic needs to be carefully controlled because there is the 
potential for rapid systemic absorption from the tracheal 
mucosa with a risk of systemic toxicity. The dose of lido-

Table 5.7. Examples of epidural infusion regimes for management 
of postoperative pain.

Epidural solution Infusion rate (mL/kg/h) Comments

Bupivacaine 0.125% + 
Fentanyl 2 mg/mL

0.1 to 0.3 mL/kg/h

Bupivacaine 0.1% +
Hydromorphone 
0.003 mg/mL

0.3 mL/kg/h

Ropivacaine 0.2% 0.1 to 0.3 mL/kg/h In neonates/infants
Ropivacaine 0.25% + 
Diamorphine 
20 micrograms/mL

0.1 to 0.3 mL/kg/h Diamorphine not 
licensed by FDA

Table 5.8. Examples of regimes for patient controlled analgesia 
(PCA), nurse controlled analgesia (NCA), and continuous morphine 
infusion for management of postoperative pain

Regime
Drug concen-

tration

Continu-
ous infusion 

(mL/h)
Bolus dose 

(mL)
Lockout period 

(min)

PCA Morphine 
1 mg/kg body 
weight in 
50 mL

0.2 1 5

NCA Morphine 
1 mg/kg body 
weight in 
50 mL

0.5 1 30

Continuous 
infusion

Morphine 
1 mg/kg body 
weight in 
50 mL

1–2
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caine should be kept below 3 mg/kg. Commercially avail-
able lidocaine spray delivers 10 mg with each squirt and is 
unsuitable for small children. A more practical option is to 
use a 1 or 2% solution of lidocaine given through a mucosal 
atomization device (Wolfe Tory Medical, Inc., Salt Lake 
City, UT, USA).

During rigid bronchoscopy, anesthesia is maintained with 
an inhaled agent in oxygen given via the bronchoscope. 
Propofol either by continuous infusion or by intermittent 
small bolus is a useful adjunct to maintain a stable plane 
of deep anesthesia or to deal rapidly with coughing during 
bronchoscopy. The anesthetist must monitor the patient’s 
oxygenation, heart rate and rhythm, and blood pressure 
closely. Airway compromise can rapidly lead to hypoxia 
and the deep level of anesthesia necessary often causes a 
degree of hypotension, which will be well tolerated by most 
healthy children. Capnography is of limited use during rigid 
bronchoscopy and the anesthetist should ensure observation 
of the respiratory pattern, supplemented if necessary with a 
stethoscope. Postoperatively the patient is at risk of devel-
oping upper airway edema and stridor. Dexamethasone is 
commonly given to prevent this complication. Nebulized 
epinephrine may be used to treat stridor. The patient is at 
risk of aspiration until the effects of topical anesthesia to the 
airway have worn off, and should be kept fasted until protec-
tive reflexes have returned.

Flexible Fiber-Optic Bronchoscopy

Flexible fiber-optic bronchoscopy is frequently performed 
for the diagnosis of airway disease or pulmonary infection.87 
Foreign body removal may also be possible with a flexible 
FOB. General anesthesia with spontaneous breathing is often 
used and topical anesthesia should be applied to the larynx. 
The smallest sizes of pediatric FOB are limited in terms of 
the quality of the optics and the availability of channels for 

suction or biopsy instruments. The bronchoscope may also 
occupy a significant proportion of the tracheal lumen in a 
small child and cause significant respiratory compromise. 
Flexible fiber-optic bronchoscopy may be performed through 
an ETT or via a laryngeal mask airway.88,89 This latter method 
may enable the use of a larger FOB while still allowing ade-
quate  ventilation.

Conditions in Neonates and Infants

A variety of intrathoracic conditions requiring surgery are 
present in the newborn period or in the first year of life. A com-
mon problem in neonatal anesthesia is the emergency nature 
of many procedures. Associated congenital heart defects or 
prematurity will increase the risks of general anesthesia. Par-
ticular care is needed with dosing of intravenous and inhaled 
drugs, fluid balance, and maintenance of body temperature.

Tracheoesophageal Fistula

There are a variety of types of tracheoesophageal fistula and 
associated esophageal atresia. These present in the newborn 
period and require urgent surgery. There are often associated 
congenital anomalies that may include the heart,90 renal tract, 
anus, and skeleton (VACTERL complex) and appropriate 
investigations (e.g., echocardiogram) should be performed. A 
common arrangement is for a fistula to arise just above the 
carina joined to a distal esophageal pouch. The baby is at risk 
of pulmonary aspiration of gastric contents through the fistula 
and of the saliva that pools in the upper esophageal pouch. 
The upper pouch should be placed on continuous drainage. 
Positive pressure ventilation before the fistula is ligated, either 
with bag and mask or via an ETT may result in substantial 
gastric dilatation. This is a particular risk in babies who are 
born prematurely with surfactant deficiency needing mechan-
ical ventilation and may require emergency gastrostomy.91 
In babies with reduced lung compliance, a balloon-tipped 
embolectomy catheter may be placed in the fistula to prevent 
gastric distension during positive pressure ventilation.92,93

The major problem facing the anesthesiologist is to ensure 
adequate ventilation before the fistula is ligated. A variety of 
approaches have been advocated. Tracheal intubation may be 
performed awake (unusual these days) or after induction of 
anesthesia. If possible, the tip of the ETT should be positioned 
beyond the fistula. Identifying the position of the fistula with 
rigid or flexible bronchoscopy is very useful in this regard.94 
Alternatively, the ETT may be advanced into a bronchus and 
withdrawn while checking for air entry over the lungs and the 
stomach. The fistula usually arises from the posterior tracheal 
wall and the natural tendency of the curve of the ETT is to 
point the tip anteriorly. Maintenance of spontaneous ventila-
tion until the fistula is ligated may avoid gastric distention 
from positive pressure ventilation; however, it may then prove 

Fig. 5.5. A Storz pediatric rigid bronchoscope system. The anesthetic 
circuit attaches to the 15-mm connector at the bottom (C)
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difficult to maintain adequate gas exchange during thoraco-
tomy. In most babies, satisfactory ventilation is best achieved 
with the use of a muscle relaxant and positive pressure venti-
lation after careful positioning of the ETT.95 Difficulties with 
ventilation may occur during identification of the fistula and 
manipulation of the tracheobronchial tree and close communi-
cation must be maintained with the surgeon. It is often best to 
use hand IPPV around the time of fistula ligation, to identify 
any increase in lung compliance, which in turn might indicate 
bronchial compression or even accidental ligation.

At the completion of surgery it may be possible to wake the 
baby and extubate the trachea. The use of epidural analgesia 
may facilitate this.67 Some babies will require a period of post-
operative mechanical ventilation,96 particularly if premature, 
small, or with preexisting lung problems.

Congenital Diaphragmatic Hernia

Subglottic Stenosis

Subglottic stenosis most frequently occurs as a complication 
of tracheal intubation, often in premature babies ventilated 
for infant respiratory distress syndrome, but it may also be 
congenital. The baby usually presents with stridor and may 
require reintubation for respiratory distress; although it can 
be asymptomatic. Diagnosis is made by rigid or fiber-optic 
bronchoscopy. Surgical treatment of subglottic stenosis is by 
a cricoid split procedure. This is performed with the trachea 
intubated – this may require an ETT with an outside diam-
eter much smaller than is predicted by the patient’s age and 
weight. At the conclusion of the operation, a larger size of 
ETT is inserted and often the baby is kept intubated and ven-
tilated, for up to 7 days, during initial healing period.97 Severe 
tracheal stenosis may require a laryngotracheoplasty. This 
involves placing a graft of cartilage into the trachea. A period 
of postoperative intubation with sedation and ventilation will 
be required.

Pulmonary Sequestration

These lesions arise from segments of lung tissue that have an 
abnormal blood supply from the systemic circulation. They 
may become chronically infected. Resection is often possible 
thoracoscopically.

Congenital Cystic Lung Lesions

Bronchogenic cysts result from abnormal development of 
the tracheobronchial tree. They may cause airway compres-
sion resulting in infection or atelectasis. Cystic adenomatoid 
malformations are in communication with the airways and 
may become overdistended, causing respiratory distress, or 
infected. Resection may be performed thoracoscopically for 
small lesions, or require a thoracotomy. Nitrous oxide should 
be avoided.

Congenital Lobar Emphysema

Congenital lobar emphysema presents with respiratory distress 
in the neonatal period. The X-ray appearances may be misin-
terpreted as a tension pneumothorax. Depending on the degree 
of overinflation of the affected lobe, there may be mediastinal 
shift sufficient to impair cardiac function and severe respi-
ratory distress. Surgical treatment involves  resection of the 
affected lobe. Positive pressure ventilation may cause sudden 
expansion of the emphysematous lobe, requiring rapid open-
ing of the chest, and should therefore be used with caution.98 
Nitrous oxide should be avoided. Postoperatively the respira-
tory function is usually improved unless there is significant 
hypoplasia of the remaining lungs.

Infection

The commonest infectious causes for thoracic surgical 
intervention in children are empyema, lung abscess, and 
bronchiectasis. Rarely, invasive aspergillosis in the immuno-
compromised and, in certain parts of the world, hydatid dis-
ease may also be reasons for children requiring surgery.

Pneumonia often leads to the development of a parapneu-
monic effusion, which in less than 5% of cases fails to resolve 
and subsequently evolves into a loculated collection of pus or 
empyema. The commonest infecting organisms are Staphlo-
coccus aureus and Streptococcus pneumoniae, although 
Mycoplasma pneumoniae also needs to be considered in older 
children. This may initially require tube thoracostomy and 
fibrinolytic therapy,99 but if the empyema persists, surgical 
drainage is often indicated. Other causes include penetrating 
injury, esophageal perforation, rupture of a lung abscess into 
the pleural cavity, spread from an extrathoracic source, and in 
association with a chest tube. Lung abscess is much rarer in 
children and usually occurs as a complication of pneumonia 
or secondary to underlying chronic disease.

General anesthesia is often necessary for the insertion of the 
initial chest tube and may subsequently be necessary for open 
thoracotomy and decortication, if tube drainage and intravenous 
antibiotics fail to resolve the empyema. Increasingly, this tradi-
tional approach is being replaced by early thoracoscopic decor-
tication. Evidence suggests that this may reduce the duration of 
treatment and obviate the need for more invasive surgery.100,101

The main anesthetic considerations are the possibility of 
systemic sepsis, the underlying respiratory status of the patient, 
the risks of airway soiling and air leak, the need for SLV, and 
postoperative analgesia requirements. Patients may have active 
pneumonic disease, with evidence of respiratory compromise 
and impaired oxygenation. This may limit their ability to tol-
erate SLV. Preoperative sputum production may become an 
issue in the postoperative period, where the sedative effects 
of the anesthetic and postoperative analgesia, combined with 
pain from a thoracotomy wound, may impair sputum clear-
ance and predispose to atelectasis. Lung abscess is associated 
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with a risk of rupture into both the pleural cavity and the lung 
tissue itself. The latter may lead to soiling of the airway, with 
infected material contaminating the opposite lung. BPF may 
occur as a complication of the pneumonic process, following 
tube thoracostomy or after surgery for decortication. Cavi-
tatory lung disease occurs in about 20% of cases of empyema 
and of these, a further 20% are likely to go on and develop 
a BPF.102 This can lead to difficulties with positive pressure 
ventilation in the perioperative period and increase the risk of 
the patient developing a tension pneumothorax.

Perhaps the most controversial aspect of management is 
the decision as to whether or not to use epidural analgesia 
in the face of possible systemic infection. Most anesthesiolo-
gists will avoid the use of epidural analgesia in this situation 
because of the risks of seeding infection within the spinal epi-
dural space. However, spinal epidural abscesses are extremely 
rare in children. All patients will have been commenced on 
a course of intravenous antibiotics and most will have no 
evidence of systemic sepsis, although about 10% will yield 
positive blood cultures.101 Fluid or pus removed from the tho-
racic cavity at the time of surgery often proves to be sterile, 
with only about one-third of samples subsequently culturing 
microorganisms. Increasingly, there is a move toward early 
surgical intervention in empyema, either with minithoraco-
tomy or with thoracoscopic procedures. This may increase the 
likelihood of patients presenting for surgery during the acute 
phase of their illness, when systemic infection is more likely. 
However, as thoracoscopic surgery becomes more popular, the 
role of epidural analgesia in these cases is likely to diminish, 
as postoperative pain is less.103 The emphasis is more likely to 

be on nurse-controlled analgesia, patient-controlled analgesia, 
or even nonparenteral analgesic regimes.

Bronchiectasis often develops as a complication of severe 
pulmonary infection. Other causes include congenital, cystic 
fibrosis and immune deficiency. Patients present for surgery 
for a number of reasons, including persistent lung infection, 
hemoptysis, lung parenchymal destruction, and BPF. Pul-
monary resection of the affected lung is the most common 
procedure undertaken and consideration needs to be given to 
the presence of active infection at the time of surgery, despite 
regular courses of antibiotics.

Anterior Mediastinal Mass

Anesthesia in a child with an anterior mediastinal mass is asso-
ciated with significant risks of severe airway and/or cardiovas-
cular compromise and may lead to significant morbidity and 
even death.104,105 Careful consideration must be given to the 
timing of interventions requiring general anesthesia. In many 
cases, the risks of anesthesia may be substantially reduced by 
prior treatment with steroids or other chemotherapy to reduce 
the tumor bulk (Fig. 5.6).

Anesthetic Considerations

Lymphomas are probably the commonest anterior mediastinal 
tumors in children. They may present with signs of airway 
obstruction (stridor, dyspnea, orthopnea), pain, or with evi-
dence of superior vena cava (SVC) compression (facial swell-

Fig. 5.6. Chest X-rays of a child with an anterior mediastinal tumor (lymphoma) showing the effect of 5 days of treatment with dexam-
ethasone



5. Anesthesia for Thoracic Surgery 69

ing). When general anesthesia is induced, the loss of muscle 
tone in the chest wall allows the tumor to compress either 
major airways or the SVC leading to respiratory or cardiovas-
cular collapse. Because the tumor frequently extends beyond 
the level of the carina, conventional tracheal intubation may 
fail to reestablish a patent airway.

The anesthesiologist should evaluate the child’s history 
and physical examination carefully. There may be episodes 
of acute dyspnea that wake the child from sleep or they may 
not be able to tolerate lying supine – these all suggest airway 
compromise. Unfortunately, the absence of abnormal findings 
does not preclude collapse after induction of anesthesia.106 
The most useful preoperative investigation is the CT scan.107 
The anesthesiologist should assess the position of the mass in 
relation to airways and major blood vessels, and also ascertain 
the extent of paratracheal and bronchial lymph node involve-
ment. Pericardial effusions may be present in some children, 
and an echocardiogram should be obtained.54

In the patient judged to be at risk for serious complications 
during general anesthesia, consideration should be given to 
either shrinking the tumor with steroids, chemotherapy, or 
radiotherapy beforehand or performing the procedure (e.g., 
tumor biopsy) under local anesthesia with or without sedation. 
If general anesthesia cannot be avoided, the recommended 
approach is to induce anesthesia with a volatile agent main-
taining spontaneous breathing. Intravenous access should be 
placed in the lower extremity to avoid the effects of SVC com-
pression. Endotracheal intubation may be performed under 
deep volatile anesthesia. The use of intravenous anesthetic 
agents and/or muscle relaxants is associated with sudden 
changes in the muscle tone of the chest wall and may precipi-
tate cardiorespiratory collapse. If the airway becomes com-
promised, application of CPAP may be useful or the patient 
may be turned lateral or prone. A rigid bronchoscope may be 
lifesaving in situations where airway compression is beyond 
the reach of an ETT. The use of cardiopulmonary bypass via 
the femoral vessels should also be considered in severely 
compromised patients.

Thoracic Trauma

Children are less likely to be involved in trauma than adults 
and deaths secondary to trauma have declined in the past 10 
years, due to better preventative measures and improvements 
in clinical management. Thoracic trauma is rare, accounting 
for less than 4–8% of cases of pediatric major trauma.108–110 
The vast majority is associated with blunt trauma, secondary 
to falls, motor vehicle accidents, and nonaccidental injury. 
Penetrating trauma with weapons such as knives and firearms 
may be responsible. However, despite its low prevalence, it is 
the second leading cause of death in pediatric trauma, after 
head injuries.111

The high compliance of the chest wall in children means 
that considerable force can be transmitted to the structures 

within the thoracic cavity, with very little evidence of external 
injury. The most common injuries seen are pulmonary contu-
sion, rib fractures, pneumothorax, and hemothorax.108,110,112,113 
About two-thirds will have associated injuries in other organ 
systems.113 Common associated factors include low systolic BP, 
tachypnoea, abnormal thoracic examination (including auscul-
tation), femoral fracture, and a Glasgow Coma Score of less 
than 15.110 Most will not require surgery. The overall mortality 
rate has been quoted at 7–26% and varies depending on the type 
of injury, the number of thoracic injuries, and other associated 
injuries.108,112,113 Mortality is highest with heart and great vessel 
involvement and may be as much as 75%.108 Other indicators 
of poor outcome include hemothorax, lung laceration, and rib 
fractures.108,112,113 The latter is not a good indicator of the sever-
ity of injury, because rib fractures are absent in half of patients 
with significant intrathoracic injuries.112 Overall, the common-
est cause of mortality is from an associated head injury.

Thoracic CT has been found to be superior to plain chest 
roentgenogram in diagnosing chest complications in the 
severely injured patient.114,115 Up to two-thirds of patients will 
have pathology not picked up from the radiograph.114–116 How-
ever, pneumothoraces diagnosed by scan and not plain radio-
graph, rarely require intervention.117

Overall, only 6–8% of children with thoracic trauma require 
a thoracic surgical procedure, and the commonest surgical pro-
cedure performed is tube thoracostomy.108,112,113 However, they 
may need anesthesia for imaging or surgery for other injuries 
that the child has sustained. Emergency thoracotomy may be 
required for evacuation of pericardial tamponade, control of 
intrathoracic hemorrhage or massive air embolism, internal 
cardiac massage, and cross-clamping of the descending aorta. 
Unfortunately, in both blunt and penetrating trauma, injuries 
requiring such procedures are associated with a high mortality, 
and quoted survival rates are rarely above 10%.118–120 Esopha-
geal perforation and diaphragmatic rupture may rarely occur, 
although, the latter would normally necessitate a laparotomy 
rather than a thoracotomy, unless the diagnosis is delayed and 
adhesions have formed.

Anesthetic Considerations

The anesthesiologist may be involved in the initial resuscita-
tion and stabilization of the patient. Consideration should be 
given to the possibility of cervical spine injury in any case of 
major trauma and care should be taken to ensure the c-spine 
is immobilized from the outset and remains so throughout the 
resuscitation and treatment period. Evidence of stridor, abnor-
mal voice, or upper airway obstruction may indicate a laryngeal 
injury. Breathing difficulties may be the result of pulmonary 
contusion, pneumothorax, hemothorax, flail chest, and dia-
phragmatic rupture. Unresolved pneumothorax or pneumo-
mediastinum should raise the possibility of a tracheobronchial 
tear and air leaks, including BPF. Tracheal injuries can often 
be managed conservatively, but bronchial injuries require 
diagnosis by bronchoscopy, followed by thoracotomy and sur-
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gical repair.121,122 Hemodynamic instability results from ten-
sion pneumothorax, massive hemothorax, cardiac tamponade, 
myocardial contusion, and spinal cord injury. These may be 
further exacerbated by the presence of significant head injury. 
Evidence from animal and adult studies suggests that outcome 
may be improved by avoiding overaggressive volume replace-
ment and accepting a degree of controlled hypotension prior 
to definitive surgery, so as not to “pop the clot.”123–125 What 
is not clear is whether or not any benefit from this strategy 
applies in cases of blunt trauma, significant head injury, and 
the pediatric population in general.126 IPPV in the presence 
of a pneumothorax increases the risks of tension developing; 
therefore consideration should be given to inserting a chest 
drain, either before or soon after the commencement of IPPV. 
Difficulties with ventilation may occur if pulmonary contu-
sion is severe and complicated by pulmonary hemorrhage or 
edema. This often necessitates a high PEEP ventilation strat-
egy from the outset and occasionally high-frequency oscilla-
tory (HFO) ventilation. Flail chest is generally managed by 
either prolonged IPPV or operative stabilization, with the use 
of epidural analgesia or patient-controlled analgesia to control 
pain. Although an adult study has demonstrated benefit from 
using CPAP rather than intubation and IPPV, by reducing the 
incidence of pneumonia and overall mortality.127 Thoracic 
trauma patients will usually require radiological procedures 
such as CT scan, ultrasound scan, and angiography, as part 
of the diagnostic workup. Care must be taken to ensure that 
patient’s condition is stable prior to transfer for such investi-
gations to be undertaken.

Thymectomy

The thymus gland has been shown to be important in the 
development of myasthenia gravis, through T-cell sensitiza-
tion to acetylcholine receptors and production of antibodies. 
Thymectomy is generally reserved for older patients with a 
diagnosis of juvenile myasthenia gravis, as concerns have 
been raised about the long-term effects on immune function in 
younger children and other forms of myasthenia gravis (MG) 
do not seem to benefit from the procedure.128–134

Traditionally, thymectomy has been undertaken via a trans-
sternal approach, although the transcervical route has been 
described and increasingly thoracoscopic removal is being 
reported, with good results.135–139

Anesthetic Considerations

The main anesthetic considerations are the degree of muscle 
weakness, the muscle groups involved, sensitivity to neuro-
muscular blocking drugs (NMBDs) and volatile agents, and 
the anticipated surgical approach. Anesthesia needs to be 
tailored accordingly, with the emphasis on avoiding exacer-
bation of symptoms, preventing complications, and effective 
postoperative analgesia.

Preoperative preparation involves imaging to exclude thy-
moma, optimization of medical management and a clinical 
assessment of the patient’s condition. Pulmonary function 
tests are often performed, but may give unreliable results 
depending on patient cooperation, disease progression, and 
recent treatments. The mainstay of treatment remains anti-
cholinergic drugs, such as pyridostigmine and neostigmine. 
Patients are often receiving corticosteroids and supplemen-
tation may be required in the perioperative period. In more 
severely affected cases, treatments such as plasmapheresis 
and immunoglobulin therapy have been used to improve the 
patient’s condition prior to surgery. Anesthetic assessment 
should be aimed at ascertaining the nature and severity of 
the condition, particularly the presence of bulbar symptoms 
and episodes of respiratory failure requiring PICU admis-
sion and respiratory support.

Anticholinergics are often omitted on the day of surgery, 
particularly if nondepolarizing muscle relaxants are to be used. 
However, consideration needs to be given to the patient’s pre-
operative condition and the possible need for postoperative 
ventilation, as the prolonged nature of the procedure may 
mean the patient goes several hours without a dose. Anesthe-
sia can be induced with either an intravenous induction agent 
or an anesthetic vapor. The anesthetic technique depends on 
surgical requirements and the knowledge and expertise of the 
anesthesiologist. Most would favor an inhalational anesthetic 
technique, with or without the use of NMBDs. Many adult 
practitioners advocate the use of a total intravenous anesthesia 
(TIVA) technique, using propofol and remifentanil, thus avoiding 
the use of NMBDs altogether. There seems to be less experi-
ence of this technique in pediatric practice, with few reports 
in the literature.140,141 Safe administration of NMBDs, such as 
atracurium and vecuronium, has been used in MG patients, 
although there is evidence to show that they can increase the 
requirement for postoperative ventilation.142 The dose needs to 
be much reduced and monitoring of neuromuscular function 
is mandatory, due to the unpredictable nature of their action. 
Succinylcholine is best avoided, as there is relative resistance 
to its effects in MG and recent plasmapheresis causes a deple-
tion of plasma cholinesterase, leading to a prolonged dura-
tion of action. Remifentanil metabolism remains unaffected 
following plasmapheresis, probably because metabolism is 
primarily by tissue esterases.140 Intraoperative analgesia can 
be provided using either opioids, such as morphine, fentanyl 
or remifentanil, or regional techniques such as epidural anal-
gesia. If the surgical approach is via a median sternotomy, 
high thoracic epidural analgesia is necessary to be effective. 
This has the potential for cardiorespiratory compromise from 
a high block, including bradycardia, hypotension, and loss 
of intercostal muscle function. However, these risks may be 
offset by the superior analgesia afforded and by avoiding the 
side-effects of opioids in the postoperative period.

Predictors of the need for postoperative ventilation have 
been defined in the adult population, but these do not apply to 
juvenile MG and if the transcervical or thoracoscopic routes 
are used.143–145



5. Anesthesia for Thoracic Surgery 71

Nuss Procedure

The Nuss procedure is a minimally invasive technique for cor-
rection of pectus excavatum.146,147 Under thoracoscopic guid-
ance, a pre-bent metal bar is passed beneath the anterior chest 
wall and then flipped through 180° to push out the lower ster-
num and rib cage. Some children with pectus excavatum will 
have underlying lung disease, Marfan’s syndrome, or cardiac 
abnormalities, and the preoperative work-up should include 
PFTs and an echocardiogram. However, most patients will 
have normal findings.

Potential complications of the Nuss procedure include 
pneumothorax, myocardial injury, and bar displacement. 
Management of general anesthesia includes the use of a mus-
cle relaxant and endotracheal intubation.148 SLV is not usu-
ally necessary.149 The patient’s arms need to be positioned 
to enable access to the lateral aspect of the chest wall, but 
the arms should not be brought up above the head as this has 
been associated with brachial plexus injury.150 Postoperative 
pain is a significant problem and thoracic epidural analgesia 
with a combination of local anesthetic and opioid is appropri-
ate.151 In some cases, intravenous patient controlled analgesia 
with morphine may be required to supplement epidural local 
anesthetic. Pain may continue for several weeks following the 
procedure, requiring the use of oral opioid and nonsteroidal 
antiinflammatory drugs.

References

 1. Guedel AE, Waters RM. A new endotracheal catheter. Curr Res 
Anesth Analg 1928; 7: 238–9

 2. Guedel AE, Treweek DN. Ether apnoeas. Anesth Analg 1934; 
13: 263–4

 3. Grannis FW. “Stop at the pleura”: The problem of the open chest 
and the early history of thoracic surgery (http://www.smokinglungs.
com/theop1a.htm accessed 11/1/07)

 4. Griffith HR, Johnson GE. Use of curare in general anesthesia. 
Anesthesiology 1942; 3: 418–20

 5. Gale JW, Waters RM. Closed endobronchial anesthesia in tho-
racic surgery. J Thorac Surg 1931; 1: 432–7

 6. Archibald E. A consideration of the dangers of lobectomy. 
J Thorac Surg 1935; 4: 335–51

 7. Magill IW. Anaesthetics in thoracic surgery with special refer-
ence to lobectomy. Proc R Soc Med 1936; 29: 643–53

 8. Carlens E. A new flexible double-lumen catheter for bronchos-
pirometry. J Thorac Surg 1949; 18: 742–6

 9. Bjork VO, Carlens E. The prevention of spread during pulmo-
nary resection by the use of a double-lumen catheter. J Thorac 
Surg 1950; 20: 151–7

10. Robertshaw FL. Low resistance double lumen endotracheal 
tubes. Br J Anaesth 1962; 34: 576–9

11. Vale R. Selective bronchial blocking in a small child. Case report. 
Br J Anaesth 1969; 41: 453–4

12. Tobias JD, Lowe S, O’Dell N, Holcomb GW 3rd. Thoracic epidural 
anaesthesia in infants and children. Can J Anaesth 1993; 40: 810–2

13. Gunter JB, Eng C. Thoracic epidural anesthesia via the caudal 
approach in children. Anesthesiology 1992; 76: 935–8

14. Meurat I, Delleur MM, Levy J, Esteve C, Saint-Maurice C. Con-
tinuous epidural anaesthesia for major abdominal surgery in 
young children. Eur J Anaesthesiol 1987; 4: 327–35

15. Eng J, Sabanathan S. Continuous paravertebral block for posttho-
racotomy analgesia in children. J Pediatr Surg 1992; 27: 556–7

16. Shah R, Sabanathan S, Richardson J, Mearns A, Bembridge J. 
Continuous paravertebral block for post thoracotomy analgesia 
in children. J Cardiovasc Surg (Torino) 1997; 38: 543–6

17. Keens TG, Bryan AL, Levison H, et al. Development pattern of 
muscle fiber types in human ventilatory muscles. J Appl Physiol 
1978; 44: 909–13

18. Rudolph AM, Heymann MA. Cardiac output in the fetal lamb: The 
effects of spontaneous and induced changes of heart rate on right and 
left ventricular output. Am J Obstet Gynecol 1976; 124: 183–92

19. Kenny J, Plappert T, Doubilet P, et al. Effects of heart rate on 
ventricular size, stroke volume, and output in the normal human 
fetus: A prospective Doppler echocardiographic study. Circula-
tion 1987; 76: 52–8

20. Kirkpatrick SE, Pitlick PT, Naliboff J, Friedman WF. Frank–
Starling relationship as an important determinant of fetal cardiac 
output. Am J Physiol 1976; 231: 495–500

21. Agata Y, Hiraishi S, Oguchi K, et al. Changes in left ventricular 
output from fetal to early neonatal life. J Pediatr 1991; 119: 441–5

22. Gordon JB, Rehorst-Paea LA, Hoffman GM, Nelin LD. Pulmo-
nary vascular responses during acute and sustained respiratory 
alkalosis or acidosis in intact newborn piglets. Pediatr Res 1999; 
46: 735–41

23. Lee KJ, Hernandez G, Gordon JB. Hypercapnic acidosis and 
compensated hypercapnia in control and pulmonary hyperten-
sive piglets. Pediatr Pulmonol 2003; 36: 94–101

24. Ostrea EM, Villanueva-Uy ET, Natarajan G, Uy HG. Persistent 
pulmonary hypertension of the newborn: Pathogenesis, etiology, 
and management. Paediatr Drugs 2006; 8: 179–88

25. Guignard JP, Torrado A, Da Cunha O, Gautier E. Glomerular 
filtration rate in the first three weeks of life. J Pediatr 1975; 87: 
268–72

26. Polacek E, Vocel J, Neugebauerova L, et al. The osmotic con-
centrating ability in healthy infants and children. Arch Dis Child 
1965; 40: 291–5

27. McDonald JW, Johnston MV. Physiological and pathophysi-
ological roles of excitatory amino acids during central nervous 
system development. Brain Res Brain Res Rev 1990; 15: 41–70

28. Ben-Ari Y. Excitatory actions of gaba during development: The 
nature of the nurture. Nat Rev Neurosci 2002; 3: 728–39

29. Anand KJS, Hickey PR. Pain and its effects in the human neo-
nate and infant. N Eng J Med 1987; 317: 1321–9

30. Gerhardt T, Reifenberg L, Hehre D, Feller R, Bancalari E. Func-
tional residual capacity in normal neonates and children up to 5 
years of age determined by a N2 washout method. Pediatr Res 
1986; 20: 668–71

31. Gerhardt T, Hehre D, Feller R, Reifenberg L, Bancalari E. Pul-
monary mechanics in normal infants and young children during 
first 5 years of life. Pediatr Pulmonol 1987; 3: 309–16

32. von Ungen-Sternberg BL, Hammer J, Schibler J, Frei FJ, Erb TO. 
Decrease of functional residual capacity and ventilation homoge-
neity after neuromuscular blockade in anesthetized young infants 
and preschool children. Anesthesiology 2006; 105: 670–5

33. Rothen HU, Sporre B, Engberg G, et al. Re-expansion of 
atelectasis during general anaesthesia: A computed tomography 
study. Br J Anaesth 1993; 71: 788–95

http://www.smokinglungs.com/theop1a.htm
http://www.smokinglungs.com/theop1a.htm


72 O. Bagshaw and S. Cray

34. Tusman G, Bohm SH, Tempra A, et al. Effects of recruitment 
maneuver on atelectasis in anesthetized children. Anesthesiol-
ogy 2003; 98: 14–22

35. Froese AB, Bryan AC. Effects of anesthesia and paralysis on dia-
phragmatic mechanics in man. Anesthesiology 1974; 41: 242–55

36. Heaf DP, Hehns P, Gordon I, et al. Postural effects of gas 
exchange in infants. N Eng J Med 1983; 308: 1505–8

37. Davies H, Kitchman R, Gordon I, et al. Regional ventilation in 
infancy. N Eng J Med 1985; 313: 1626–8

38. Davies H, Helms P, Gordon I. Effect of posture on regional ven-
tilation in children. Pediatr Pulmonol 1992; 12: 227–32

39. Larsson A, Jonmarker C, Joqi P, Werner O. Ventilatory conse-
quences of the lateral position and thoracotomy in children. Can 
J Anaesth 1987; 34: 141–5

40. Larsson A, Jonmarker C, Lindahl SG, Werner O. Lung function 
in the supine and lateral decubitus positions in anaesthetized 
infants and children. Br J Anaesth 1989; 62: 378–84

41. Fletcher R. Gas exchange during thoracotomy in children. A 
study using the single-breath test for CO2. Acta Anaesthesiol 
Scand 1987; 31: 391–6

42. Puri GD, Hariwir S, Chari P, Gujral JS. Respiratory variables 
during thoracotomy for PDA ligation. Anaesth Intensive Care 
1996; 24: 375–8

43. Burton AC, Patel DJ. Effect on pulmonary vascular resistance of 
inflation of the rabbit lungs. J Appl Physiol 1958; 12: 239–46

44. Whittenberger JL, McGregor M, Berglund E, Borst HG. Influ-
ence of state of inflation of the lung on pulmonary vascular resis-
tance. J Appl Physiol 1960; 15: 878–82

45. Bhuyan U, Peters AM, Gordon I, Davies H, Helms P. Effects of 
posture on the distribution of pulmonary ventilation and perfu-
sion in children and adults. Thorax 1989; 44: 480–4

46. Benumof JL. Mechanism of decreased blood flow to atelectatic 
lung. J Appl Physiol 1979; 46: 1047–8

47. Rogers SN, Benumof JL. Halothane and isoflurane do not 
decrease P

a
O

2
 during one-lung ventilation in intravenously 

anaesthetized patients. Anesth Analg 1985; 64: 946–54
48. Benumof JL, Augustine SD, Gibbins J. Halothane and isoflurane only 

slightly impair arterial oxygenation during one-lung ventilation in 
patients undergoing thoracotomy. Anesthesiology 1987; 67: 910–5

49. Dawn SK, Gotway MB, Webb WR. Multidetector-row spiral 
computed tomography in the diagnosis of thoracic diseases. 
Respir Care 2001; 46: 912–21

50. Nagy KK, Lohmann C, Kim DO, Barrett J. Role of echocar-
diography in the diagnosis of occult penetrating cardiac injury. 
J Trauma 1995; 38: 859–62

51. Meyer DM, Jessen ME, Grayburn PA. Use of echocardiography 
to detect occult cardiac injury after penetrating thoracic trauma: 
A prospective study. J Trauma 1995; 39: 902–7

52. Willekes CL, Backer CL, Mavroudis C. A 26-year review of pec-
tus deformity repairs, including simultaneous intracardiac repair. 
Ann Thorac Surg 1999; 67: 511–8

53. Shamberger RC, Welch KJ, Castaneda AR, Keane JF, Fyler DC. 
Anterior chest wall deformities and congenital heart disease. 
J Thorac Cardiovasc Surg 1988; 96: 427–32

54. Bashir H, Hudson MM, Kaste SC, Howard SC, Krasin M, 
Metzger ML. Pericardial involvement at diagnosis in pediatric 
Hodgkin lymphoma patients. Pediatr Blood Cancer 2007; 49: 
666–71

55. Hammer GB. Pediatric thoracic anesthesia. Anesth Analg 2001; 
92: 1449–64

56. Cheney FW. The American Society of Anesthesiologists closed 
claims project: What have we learned, how has it affected 
 practice, and how will it affect practice in the future? Anesthesi-
ology 1999; 91: 552–6

57. Hammer GB. Methods for single lung ventilation in pediatric 
patients. Anesth Analg 1999; 89: 1426–9

58. Hammer GB, Brodsky JB, Redpath JH, et al. The univent tube for 
single-lung ventilation in paediatric patients. Paediatr Anaesth. 
1998; 8: 55–7

59. Kubota H, Kubota Y, Toshiro T, et al. Selective blind endobronchial 
intubation in children and adults. Anesthesiology 1987; 67: 687–9

60. Lammers CR, Hammer GB, Brodsky JB, et al. Failure to isolate 
the lungs with an endotracheal tube positioned in the bronchus. 
Anesth Analg 1997; 85: 944.

61. Cay DL, Csenderits LE, Lines V, et al. Selective bronchial block-
ing in children. Anaesth Intensive Care 1975; 3: 127–30

62. Guruswamy V, Roberts S, Arnold P, et al. Anaesthetic manage-
ment of a neonate with congenital cyst adenoid malformation. Br 
J Anaesth 2005; 95: 240–2

63. Arndt GA, DeLessio ST, Kranner PW, et al. One-lung ventilation 
when intubation is difficult – presentation of a new endobron-
chial blocker. Acta Anaesthesiol Scand 1999; 43: 356–8

64. Wald SH, Mahajan A, Kaplan MB, et al. Experience with 
the Arndt paediatric bronchial blocker. Br J Anaesth 2005; 
94: 92–4

65. Hammer GB, Harrison TK, Vricella LA, et al. Single lung venti-
lation in children using a new paediatric bronchial blocker. Pae-
diatr Anaesth 2002; 12: 69–72

66. Gottschalk A, Cohen S, Yang S, et al. Preventing and treating 
pain after thoracic surgery. Anesthesiology 2006; 104: 594–600

67. Bosenberg AT, Bland BA, Schulte-Steinberg O, et al. Thoracic 
epidural anesthesia via the caudal route in infants. Anesthesiol-
ogy 1988; 69: 265–9

68. Drasner K. Thoracic epidural anesthesia: Asleep at the wheal? 
Anesth Analg 2004; 99: 578–9

69. Kasia T, Yaegashi K, Hirose M, et al. Spinal cord injury in a 
child caused by an accidental dural puncture with a single-shot 
thoracic epidural needle. Anesth Analg. 2003; 96: 65–7.

70. Goldman LJ. Complications in regional anesthesia. Paediatr 
Anaesth 1995; 5: 3–9

71. Chalkiadis G The rise and fall of continuous epidural infusions 
in children Paediatr Anaesth 2003; 13: 91–3

72. Wilson GA, Brown JL, Crabbe DG, et al. Is epidural analgesia 
associated with an improved outcome following open Nissen 
fundoplication? Paediatr Anaesth. 2001; 11: 65–70

73. Blanco D, Llamazares J, Rincon R, et al. Thoracic epidural anes-
thesia via the lumbar approach in infants and children. Anesthe-
siology 1996; 84: 1312–6

74. Chalkiadis GA, Anderson BJ, Tay M. Pharmacokinetics of 
levobupivacaine after caudal epidural administration in infants 
less than 3 months of age. Br J Anaesth 2005; 95: 524–9

75. Hansen TG, Ilett KF, Reid C, et al. Caudal ropivacaine in infants: 
Population pharmacokinetics and plasma concentrations. Anes-
thesiology 2001; 94: 579–84

76. Peutrell JM, Holder K, Gregory M. Plasma bupivacaine con-
centrations associated with continuous extradural infusions in 
babies. Br J Anaesth 1997; 78: 160–2.

77. Guinard JP, Carpenter RL, Chassot PG. Epidural and intravenous 
fentanyl produce equivalent effects during major surgery. Anes-
thesiology 1995; 82: 377–82



5. Anesthesia for Thoracic Surgery 73

78. Henneberg SW, Hole P, Madsen de Haas I, et al. Epidural mor-
phine for postoperative pain relief in children. Acta Anaesthesiol 
Scand 1993; 37: 664–7

79. Moriarty A. Postoperative extradural infusions in children: Pre-
liminary data from a comparison of bupivacaine/diamorphine 
with plain ropivacaine. Paediatr Anaesth 1999; 9(5): 423–7

80. Wilson PT, Lloyd-Thomas AR. An audit of extradural infusion 
analgesia in children using bupivacaine and diamorphine. Anaes-
thesia 1993; 48: 718–23

81. Goodarzi M.Comparison of epidural morphine, hydromorphone 
and fentanyl for postoperative pain control in children undergoing 
orthopaedic surgery. Paediatr Anaesth 1999; 9: 419–22.

82. Berde CB, Lehn BM, Yee JD, et al. Patient-controlled analgesia 
in children and adolescents: A randomized, prospective compari-
son with intramuscular administration of morphine for postop-
erative analgesia. J Pediatr 1991; 118: 460–6

83. Cheung S, Booker PD, Franks R, et al. Serum concentrations 
of bupivacaine during prolonged continuous paravertebral infu-
sions in young infants. Br J Anaesth 1997; 79: 9–13

84. Giaufre E, Bruguerolle B, Rastello C, et al. New regimen for 
interpleural block in children. Paediatr Anaesth 1995; 5: 125–8

85. Farrell PT. Rigid bronchoscopy for foreign body removal: Anaes-
thesia and ventilation. Paediatr Anaesth 2004; 14: 84–9

86. Soodan A, Pawar D, Subramanium R. Anesthesia for removal of 
inhaled foreign bodies in children. Paediatr Anaesth 2004; 14: 
947–52

87. Midulla F, de Blic J, Barbato A, et al. Flexible endoscopy of 
paediatric airways. Eur Respir J 2003; 22: 698–708

88. Nussbaum E, Zagnoev M. Pediatric fiberoptic bronchoscopy 
with a laryngeal mask airway. Chest 2001; 120: 614–6

89. Tunkel DE, Fisher QA. Pediatric flexible fiberoptic bronchos-
copy through the laryngeal mask airway. Arch Otolaryngol Head 
Neck Surg 1996; 122: 1364–7

90. Diaz LK, Akpek EA, Dinavahi R, Andropoulos DB.Tracheoeso-
phageal fistula and associated congenital heart disease: Implica-
tions for anesthetic management and survival. Paediatr Anaesth 
2005; 15: 862–9

91. Myers CR, Love JW. Gastrostomy as a gas vent in repair of tra-
cheoesophageal fistula. Anesth Analg 1968; 47: 119–421

92. Richenbacher WE, Ballantine TV. Esophageal atresia, distal 
tracheoesophageal fistula, and an air shunt that compromised 
mechanical ventilation. J Pediatr Surg 1990; 25: 1216–8

93. Ratan SK, Rattan KN, Ratan J, et al. Temporary transgastric fis-
tula occlusion as salvage procedure in neonates with esophageal 
atresia with wide distal fistula and moderate to severe pneumo-
nia. Pediatr Surg Int 2005; 21: 527–31

94. De Gabriele LC, Cooper MG, Singh S, Pitkin J. Intraoperative 
fibreoptic bronchoscopy during neonatal tracheo-oesophageal 
fistula ligation and oesophageal atresia repair. Anaesth Intensive 
Care 2001; 29: 284–7

95. Andropoulos DB, Rowe RW, Betts JM. Anaesthetic and surgical 
airway management during tracheo-oesophageal fistula repair. 
Paediatr Anaesth 1998; 8: 313–9

96. Al-Salem AH, Qaisaruddin S, Srair HA, Dabbous IA, Al-Hayek 
R. Elective, postoperative ventilation in the management of 
esophageal atresia and tracheoesophageal fistula. Pediatr Surg 
Int 1997; 12: 261–3

97. Frankel LR, Anas NG, Perkin RM, Seid AB, Peterson B, Park 
SM. Use of the anterior cricoid split operation in infants with 
acquired subglottic stenosis. Crit Care Med 1984; 12(4): 395–8

 98. Raghavendran S, Diwan R, Shah T, Vas L. Continuous caudal 
epidural analgesia for congenital lobar emphysema: A report of 
three cases. Anesth Analg 2001; 93: 348–50

 99. Thomson AH, Hull J, Kumar MR, Wallis C, Balfour Lynn IM. 
Randomised trial of intrapleural urokinase in the treatment of 
childhood empyema. Thorax 2002; 57: 343–7

100. Cohen G, Hjortdal V, Ricci M, et al. Primary thoracoscopic 
treatment of empyema in children. J Thorac Cardiovasc Surg 
2003; 125: 79–84

101. Schultz K, Fan L, Pinsky J, et al. The changing face of pleural 
empyemas in children: Epidemiology and management. Pediat-
rics 2004; 113: 1735–40

102. Ramphul N, Eastham KM, Freeman R, et al. Cavitatory lung 
disease complicating empyema in children. Pediatr Pulmonol 
2006; 41: 750–3

103. Goldschlager T, Frawley G, Crameri J, Taylor R, Auldist A, 
Stokes K. Comparison of thoracoscopic drainage with open tho-
racotomy for treatment of paediatric parapneumonic empyema. 
Pediatr Surg Int 2005; 21: 599–603

104. Azizkhan RG, Dudgeon DL, Colombani PM, et al. Life-threatening 
airway obstruction as a complication to the management of 
mediastinal masses in children. J Pedatr Surg 1985; 20: 816–22

105. Bray RJ, Fernandes FJ. Mediastinal tumour causing airway obstruc-
tion in anaesthetised children. Anaesthesia 1982; 37: 571–5

106. Hammer GB. Anaesthetic management for the child with a 
mediastinal mass. Pediatr Anesth 2004; 14: 95–7

107. Shamberger RC, Holzman RS, Griscom NT, Tarbell NJ, Weinstein 
HJ. CT quantitation of tracheal cross-sectional area as a guide 
to the surgical and anesthetic management of children with 
anterior mediastinal masses. J Pediatr Surg 1991; 26: 138–42

108. Peclet M, Newman KD, Eichelberger MR, Gotschall CS, Garcia 
VF, Bowman LM. Thoracic trauma in children: An indicator of 
increased mortality. J Pediatr Surg 1990; 25: 961–6

109. Cooper A, Barlow B, DiScala C, String D. Mortality and truncal 
injury: The pediatric perspective. J Pediatr Surg 1994; 29: 33–8

110. Holmes JF, Sokolove PE, Brant WE, Kuppermann N. A clinical 
decision rule for identifying children with thoracic injuries after 
blunt torso trauma. Ann Emerg Med 2002; 39: 492–9

111. Cooper A. Thoracic injuries. Semin Pediatr Surg 1995; 4: 
109–15

112. Nakayama DK, Ramenofsky ML, Rowe MI. Chest injuries in 
childhood. Ann Surg 1989; 210: 770–5

113. Balci AE, Kazez A, Eren S, Ayan E, Ozalp K, Eren MN. Blunt 
thoracic trauma in children: A review of 137 cases. Eur J Car-
diothorac Surg 2004; 26: 387–92

114. Trupka A, Waydhas C, Hallfeldt KK, Nast-Kolb D, Pfeifer KJ, 
Scweiberer L. Value of thoracic computed tomography in first 
assessment of severely injured patients with blunt chest trauma: 
Results of a prospective study. J Trauma 1997; 43: 405–11

115. Renton J, Kincaid S, Ehrlich PF. Should helical CT scanning 
of the thoracic cavity replace the conventional chest x-ray as a 
primary assessment tool in pediatric trauma? An efficacy and 
cost analysis. J Pediatr Surg 2003; 38: 793–7

116. Civit CJ, Taylor GA, Eichelberger MR. Chest injury in children 
with blunt abdominal trauma: Evaluation with CT. Radiology 
1989; 171: 815–8

117. Holmes JF, Brant WE, Bogren Hg, London KL, Kuppermann 
N. Prevalence and importance of pneumothoraces visualized on 
abdominal computed tomography scan in children with blunt 
trauma. J Trauma 2001; 50: 516–20



74 O. Bagshaw and S. Cray

118. Nance ML, Sing RF, Reilly PM, et al. Thoracic gunshot wounds 
in children under 17 years of age. J Pediatr Surg 1996; 31: 
931–5

119. Brown SE, Gomez GA, Jacobsen LE, et al. Penetrating chest 
trauma: Should indications for emergency room thoracotomy be 
limited? Am Surg 1996; 62: 530–3

120. Hunt PA, Greaves I, Owens WA. Emergency thoracotomy in 
thoracic trauma – a review. Injury 2006; 37: 1–19

121. Grant WJ, Meyers RL, Jaffe RL, Johnson DG. Tracheobronchial 
injuries after blunt chest trauma in children – hidden pathology. 
J Pediatr Surg 1998; 33: 1707–11

122. Cay A, Imamoqlu M, Sarihan H, Kosucu P, Bektas D. Tracheo-
bronchial rupture due to blunt trauma in children: Report of two 
cases. Eur J Pediatr Surg 2002; 12: 419–22

123. Chudnofsky CR, Dronen SC, Syverud SA, Hedges JR, Zink BJ. 
Early versus late fluid resuscitation: Lack of effect in porcine 
hemorrhagic shock. Ann Emerg Med 1989; 18: 122–6

124. Krausz MM, Landau EH, Klin B, Gross D. Hypertonic saline 
treatment of uncontrolled hemorrhagic shock at different peri-
ods from bleeding. Arch Surg 1992; 127: 93–6

125. Bickell WH, Wall MJ Jr, Pepe PE, et al. Immediate versus 
delayed fluid resuscitation for hypotensive patients with pen-
etrating torso injuries. N Engl J Med 1994; 331: 1105–9

126. Revell M, Porter K, Greaves I. Fluid resuscitation in pre-
hospital trauma care: A consensus view. Emerg Med J 2002; 
19: 494–8

127. Gunduz M, Unlugenc H, Ozalevli M, Inanoglu K, Akman 
H. A comparative study of continuous positive airway pres-
sure (CPAP) and intermittent positive pressure ventilation 
(IPPV) in patients with flail chest. Emerg Med J 2005; 22: 
325–9

128. Masaoka A, Yamakawa Y, Niwa H, et al. Extended thymectomy 
for myasthenia gravis patients: A 20-year review. Ann Thorac 
Surg 1996; 62: 853–9

129. Venuta F, Rendina EA, De Giacomo T, et al. Thymectomy for 
myasthenia gravis: A 27-year experience. Eur J Cardiothorac 
Surg 1999; 15: 621–4

130. Adams C, Theodorescu D, Murphy EG, et al. Thymectomy in 
juvenile myasthenia gravis. J Child Neurol 1990; 5: 215–8

131. Lindner A, Schalke B, Toyka KV. Outcome in juvenile-onset 
myasthenia gravis: A retrospective study with long term follow-
up in 79 patients. J Neurol 1997; 244: 515–20

132. Anlar B, Ozidirum E. Thymectomy in children with myasthenia 
gravis (letter). Neuropediatrics 1999; 30: 49

133. Essa M, El-Medany Y, Hajjar W, et al. Maximal thymectomy in 
children with myasthenia gravis. Eur J Cardiothorac Surg 2003; 
24: 187–9

134. Raksadawan N, Kankirawatana P, Balankura K, et al. Childhood 
onset myasthenia gravis. J Med Assoc Thai 2002; 85(Suppl 2): 
S769–77

135. Kogut KA, Bufo AJ, Rothenberg SS, Lobe TE. Thoracoscopic 
thymectomy for myasthenia gravis in Children. J Pediatr Surg 
2000; 35: 1576–7

136. Kolski HK, Kim PC, Vajsar J. Video-assisted thoracoscopic 
thymectomy in juvenile myasthenia gravis. J Child Neurol 2001; 
16: 569–73

137. Kumar A, Kumar S, Ghanta R, et al. Thoracoscopic thymec-
tomy for juvenile myasthenia gravis. Indian Pediatr 2002; 39: 
1131–7

138. Skelly CL, Jackson CC, Wu Y, et al. Thoracoscopic thymec-
tomy in children with myasthenia gravis. Am Surg 2003; 69: 
1087–9

139. Seguier-Lipszyc E, Bonnard A, Evrard P, et al. Left thoraco-
scopic thymectomy in children. Surg Endosc 2005; 19: 140–2

140. Hepaguslar H, Oztekin S, Capar E, Elar Z. Recovery from 
remifentanil after plasmapheresis in a paediatric patient with 
myasthenia gravis. Paediatr Anaesth 2003; 13: 842–4

141. Bagshaw O. A combination of total intravenous anesthesia and 
thoracic epidural for thymectomy in juvenile myasthenia gravis. 
Pediatr Anesth 2007; 17: 370–4

142. Chevalley C, Spiliopoulos A, de Perrot M, et al. Perioperative 
medical management and outcome following thymectomy for 
myasthenia gravis. Can J Anaesth 2001; 48: 446–51

143. Leventhal SR, Orkin FK, Hirsch RA. Prediction of the need 
for postoperative mechanical ventilation in myasthenia gravis. 
Anesthesiology 1980; 53: 26–30

144. Eisenkraft JB, Papatestas AE, Kahn CH, et al. Predicting the 
need for postoperative mechanical ventilation in myasthenia 
gravis. Anesthesiology 1986; 65: 79–82

145. Naguib M, el Dawlatly AA, Ashour M, et al. Multivariate deter-
minants of the need for postoperative ventilation in myasthenia 
gravis. Can J Anaesth 1996; 43: 1006–13

146. Nuss D, Kelly RE Jr, Croitoru DP, et al. A 10-year review of a 
minimally invasive technique for the correction of pectus exca-
vatum. J Pediatr Surg 1998; 33: 545–52

147. Croitoru DP, Kelly RE Jr, Goretsky MJ, et al. Experience and modi-
fication update for the minimally invasive Nuss technique for pectus 
excavatum repair in 303 patients. Pediatr Surg 2002; 37: 437–45

148. Futagawa K, Suwa I, Okuda T, et al. Anesthetic management 
for the minimally invasive Nuss procedure in 21 patients with 
pectus excavatum. J Anesth 2006; 20: 48–50

149. Maxwell LG. Anesthesic and Pain Management Considerations for 
the Nuss Procedure, Available from: http://www.pedsanesthesia.
org/meetings/2006winter/pdfs/R5_Maxwell.pdf

150. Fox ME, Bensard DD, Roaten JB, et al. Positioning for the Nuss 
procedure: Avoiding brachial plexus injury. Paediatr Anaesth 
2005; 15: 1067–71

151. McBride WJ, Dicker R, Abajian JC, et al. Continuous thoracic 
epidural infusions for postoperative analgesia after pectus defor-
mity repair. J Pediatr Surg 1996; 31: 105–7

http://www.pedsanesthesia.org/meetings/2006winter/pdfs/R5_Maxwell.pdf
http://www.pedsanesthesia.org/meetings/2006winter/pdfs/R5_Maxwell.pdf


Introduction

Thoracoscopy is a technique that has been in use since the 
early 1900s but has undergone an exponential increase in pop-
ularity over the last decade. The first experience in humans 
was reported by Jacobeus in 1910 who used a cystoscope 
inserted into the pleural space through a rigid trocar to lyse 
adhesions to allow complete collapse of a lung as treatment 
for tuberculosis. He later reported the first significant experi-
ence with a series of over 100 patients.1 During the next 70 
years thoracoscopy gained some favor, primarily in Europe, 
for the biopsy of pleural-based tumors and limited thoracic 
explorations in adults; however, widespread acceptance was 
minimal.2,3

In the 1970s and 1980s the first significant experience in 
children was reported by Rodgers.4,5 Equipment modified for 
pediatric patients was used to perform biopsies, evaluate vari-
ous intrathoracic lesions, and perform limited pleural debri-
dement in cases of empyema.6 During this period there was 
an increasing recognition of the morbidity associated with a 
standard thoracotomy, especially in small infants and chil-
dren, including scoliosis, muscle girdle weakness, and chest 
wall deformity.7 This clear documentation of the effects of 
thoracotomy on children led to attempts to minimize the mor-
bidity by various muscle-sparing approaches but all of these 
limited exposure and were still associated with large thora-
cotomy scars.8 It was not until the early 1990s with the dra-
matic revolution in technology associated with laparoscopic 
surgery in adults that more advanced diagnostic and thera-
peutic procedures began to be performed in children.9–11 The 
development of high-resolution microchip and, more recently, 
digital cameras, smaller instrumentation, and better optics has 
enabled pediatric surgeons to perform even the most com-
plicated intrathoracic procedure thoracoscopically.12,13 Now 
every thoracic lesion from empyema to esophageal atresia has 
been approached and successfully managed using a thoraco-
scopic approach, drastically reducing the pain, recovery, and 
long-term morbidity of these procedures.

Indications

Today there are wide varieties of indications for thoraco-
scopic procedures in children (Table 6.1), and the number 
continues to expand with advances and refinements in tech-
nology and technique. Currently, thoracoscopy is being used 
extensively for lung biopsy and wedge resection in cases of 
interstitial lung disease (ILD) and metastatic lesions. More 
extensive pulmonary resections including segmentectomy and 
lobectomy have also been performed for infectious diseases, 
cavitary lesions, bullous disease, sequestrations, lobar emphy-
sema, congenital adenomatoid malformations, and neoplasm. 
Thoracoscopy is also extremely useful in the evaluation and 
treatment of mediastinal masses. It provides excellent access 
and visualization for biopsy and resection of mediastinal 
structures such as lymph nodes, thymic and thyroid lesions, 
cystic hygromas, foregut duplications, ganglioneuromas, and 
neuroblastomas.14,15 Other advanced intrathoracic procedures 
such as decortication for empyema, patent ductus arteriosus 
closure, repair of hiatal hernia defects, esophageal myotomy 
for achalasia, thoracic sympathectomy for hyperhydrosis, 
anterior spinal fusion for severe scoliosis, congenital dia-
phragmatic hernia repair, and most recently primary repair of 
esophageal atresia have also been described in children. The 
basic premise is that thoracoscopy provides better exposure 
because of the proximity and magnification that the optical 
system affords the surgeon. Couple this with the decreased 
morbidity associated with the minimal access techniques, 
thoracoscopy should be the preferred approach for nearly all 
pediatric thoracic procedures.

Preoperative Workup

The preoperative workup varies significantly depending on 
the procedure to be performed.16 Most intrathoracic lesions 
require routine radiographs as well as a CT or MRI scan. 
A thin-cut high-resolution CT scan is especially helpful in 
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evaluating patients with ILD as it can identify the most 
affected areas and help determine the site of biopsy as the 
external appearance of the lung is usually not helpful (Fig. 
6.1).17 CT-guided needle localization can also be used to 
direct biopsies for focal lesions, which may be deep in the 
parenchyma and therefore not visible on the surface of the 
lung during thoracoscopy. This is usually performed just 
prior to the thoracoscopy with the radiologist marking the 
pleura overlying the lesion with a small blood patch or dye 
(Fig. 6.2).18,19 As intraoperative ultrasound imaging improves 

this may provide a more sensitive way for the surgeon to 
detect lesions deep to the surface of the lung and make up 
for the lack of tactile sensation. At present, this technology 
is still unreliable. A MRI scan may be more useful in evalu-
ating vascular lesions or masses, which may arise from or 
encroach on the spinal canal or in the case of vascular rings. 
These studies can be extremely important in determining 
positioning of the patient and initial port placement.

A major consideration for the successful completion of most 
thoracoscopic procedures is whether or not the patient will tol-
erate single-lung ventilation, thus allowing for collapse of the 
ipsilateral lung to ensure adequate visualization and room for 
manipulation. Unfortunately, there is no specific preoperative 
test that will yield this answer. However, most patients, even 
those who are ventilator dependent, can tolerate short periods 
of single-lung ventilation. This generally allows adequate time 
to perform most diagnostic procedures such as lung biopsy. In 
cases where single-lung ventilation cannot be tolerated other 
techniques may be used, and these will be discussed later.

Anesthetic Considerations

While single-lung ventilation is achieved relatively easily 
in adult patients using a double-lumen endotracheal tube, 
the process is more difficult in the infant or small child. The 
smallest available double-lumen tube is a 28 Fr, which can 
generally not be used in a patient under 30 kg. Another option 
is a bronchial blocker. This device contains an occluding bal-
loon attached to a stylet on the side of the endotracheal tube. 
After intubation the stylet is advanced in the bronchus to be 
occluded and the balloon is inflated. Unfortunately, size is 
again a limiting factor as the smallest blocker currently avail-
able is a 6.0 tube. For the majority of cases in infants and 
small children selective intubation of the contralateral main-
stem bronchus with a standard uncuffed endotracheal tube is 
effective. This can usually be done blindly without the aide of 
a bronchoscope simply by manipulating the head and neck. 
It is also important to use an endotracheal tube one-half size 
smaller than for standard intubation, or the tube may not pass 
into the mainstem bronchus, especially on the left side.

At times, this technique will not lead to total lung col-
lapse as there may be some overflow ventilation because 
the endotracheal tube is not totally occlusive. This problem 
can be overcome by the routine use of a low-flow (1 L/min), 
low-pressure (4 mmHg) CO

2
 infusion during the procedure to 

help keep the lung compressed. If adequate visualization is 
still not achieved then the pressure and flow can be gradu-
ally turned up until adequate lung collapse is obtained. Pres-
sures of 10–12 mmHg can be tolerated for short periods of 
time without significant respiratory or hemodynamic conse-
quences in most cases. This requires the use of a valved trocar 
rather then nonvalved port (Thoracoport™, Autosuture, Nor-
walk, USA). This technique can also be used on patients who 
cannot tolerate single-lung ventilation. By using small tidal 
volumes, lower peak pressures, and a higher respiratory rate, 

Table 6.1. Thoracoscopic procedures in children

Lung biopsy Patent ductus artcriosus ligation
Lobectomy Thoracic duct ligation
Sequestration resection Esophageal atresia repair
Cyst excision TEF repair
Decortication Aortopcxy
Foregut duplication resection Mediastinal mass excision
Esophageal myotomy Thymectomy
Anterior spine fusion Sympathectomy
Diaphragmatic hemia/placation Pericardial window

Fig. 6.2. Blood patch marks the pleural surface of an underlying lung 
lesion

Fig. 6.1. High-resolution CT scan showing interstitial lung disease
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enough lung collapse can be achieved to allow for adequate 
exploration and biopsy. In neonates with TEF or other con-
genital malformations CO

2
 alone can be used to deflate the 

lung. Once the lung is collapsed it will stay that way until the 
anesthesiologists makes a conscious effort to reexpand it. The 
surface tension of the collapsed alveoli in the newborn keeps 
the lung collapsed without excessive pressures being used.

This technique is also useful if bilateral procedures are being 
performed such as in the case of sympathectomy.20 A slight ten-
sion pneumothorax gives adequate exposure to visualize the sym-
pathetic chain without the need of changing which lung is isolated. 
Whatever method is chosen it is imperative that the anesthesiolo-
gist and surgeon have a clear plan and good communication to 
prevent problems with hypoxia and excessive hypercapnia and 
to ensure the best chance at a successful procedure.21

Positioning

Positioning depends on the site of the lesion and the type of 
procedure. Most open thoracotomies are performed with the 
patient in a lateral decubitus position. Thoracoscopic proce-
dures should be performed with the patient in a position that 
allows for the greatest access to the areas of interest and uses 
gravity to aid in keeping the uninvolved lung or other tissue 
out of the field of view.

For routine lung biopsies or lung resections, the patient is 
placed in a standard lateral decubitus position (Fig. 6.3). This 
position provides for excellent visualization and access to all 
surfaces of the lung. This position is also the most beneficial 
set up for decortication, pleurodesis, and other procedures 
where the surgeon may need access to the entire pleural or lung 
surface. For anterior mediastinal masses the patient should be 
placed supine with the affected side elevated 20–30° (Fig. 6.4). 
This allows for excellent visualization of the entire anterior 
mediastinum while allowing gravity to retract the lung poste-
riorly without the need for extra retractors. The surgical ports 
may then be placed between the anterior and midaxillary lines 
giving clear access to the anterior mediastinum. This position 
should be used for thymectomy, aortopexy, or biopsy or resec-
tion of anterior tumors or lymph nodes. For posterior mediasti-
nal masses, foregut duplications, esophageal atresia, and work 
on the esophageal hiatus the patient should be placed in a modi-

fied prone position with the effected side elevated slightly 
(Fig. 6.5). This maneuver again allows for excellent expo-
sure without the need for extra retractors. The patient can then 
be placed in Trendelenburg or reverse Trendelenburg position 
as needed to help keep the lung out of the field of view.

Once the patient is appropriately positioned and draped, 
the monitors can be placed in position. For most thoraco-
scopic procedures it is advantageous to have two monitors, 
one on either side of the table. The monitors should be placed 
between the patient’s shoulders and hips depending on the site 
of the lesion. The goal as always with endoscopic procedures 
is to keep the surgeon in line with the camera, in line with 
the pathology, and finally with the monitor. This allows the 
surgeon to work in the most efficient and ergonomic way. 
In some cases such as decortication the field of interest may 
constantly change. In this case the monitors should be placed 
at shoulder level and moved as necessary.

The majority of operations can be performed with the sur-
geon and one assistant. The surgeon should stand on the side of 
the table opposite the area to be addressed so that he can work 
in line with the camera as he performs the procedure. In most 
lung cases such as biopsies, it is preferential to have the assis-
tant on the same side of the table as the surgeon so that he is not 
working in a paradox (against the camera), as he is responsible 
for operating the camera and providing retraction as necessary. 
This concept is even more important when the field of dissection 
is primarily on one side. Cases such as a mediastinal masses, 
esophageal atresia, or more complicated lung resections require 
greater surgical skill. It is imperative that both the surgeon and 
the assistant are working in line with the field of view to prevent 
clumsy or awkward movements. In cases such as decortication 
where the field of view and dissection are constantly changing 
and the majority of movements are relatively gross, having the 
surgeon and assistant on opposite sides of the table is appropriate 
and may actually expedite the procedure.

Fig. 6.5. Modified prone position for access to the posterior medi-
astinum

Fig. 6.3. Lateral decubitus position for thoracoscopy

Fig. 6.4. Patient position for access to the anterior mediastinum
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Trocar Placement

Positioning of the trocars varies widely with the procedure 
being performed and the site of the lesion. Thoughtful posi-
tioning of the trocars is more important then with laparoscopic 
surgery because the chest wall is rigid and therefore the mobil-
ity of the instruments will be somewhat restricted as compared 
to that in the abdomen. The most commonly performed proce-
dures, such as lung biopsy for ILD or decortication for empy-
ema, may require wide access to many areas in the thoracic 
cavity, and therefore the ports are placed in such a fashion 
as to facilitate this. However, this may result in some degree 
of paradox during portions of the procedure. Other opera-
tions are directed toward a very restricted area, and therefore 
the trocars are placed to allow for the best visualization and 
access to this specific spot. In general, the camera port should 
be placed slightly above and between the working ports to 
allow the surgeon to look down on the field of view, much as 
in open surgery. This will also minimize instrument dueling, 
which can be a significant problem in smaller infants.

For example with lung biopsies the trocars should usually 
be placed between the fourth and eighth intercostal space. 
The camera port is usually in the midaxillary line at the fifth 
or sixth interspace. If an endoscopic stapler is being used it 
requires a 12-mm port and therefore should be placed in the 
lowest interspace possible, especially in smaller children, as 
these are the widest and better able to accommodate the larger 
port. If the lesion is anterior it should be positioned closer to 
the posterior axillary line and visa versa. This is to allow the 
greatest amount of space between the chest wall insertion and 
the lesion, as the working head of the stapler requires at least 
45–50 mm of space. The third or grasping port is placed closer 
to the lesion and provides traction on the lesion during biopsy. 
This arrangement allows the surgeon, camera, and primary 
working port to be in line with the area to be biopsied. The 
midaxillary port should be placed first to allow for modifica-
tion of the other two ports once an initial survey of the chest 
cavity has been completed. A triangular arrangement of the 
trocars has also been recommended because it allows for rota-
tion of the telescope and instruments between the three ports 
giving excellent access to all areas. However, the surgeon can 
find himself working against the camera, a situation which can 
make the simplest procedure very difficult. Also, especially in 
children, the number of large ports should be limited. There-
fore, careful planning should go into port placement to limit 
the number and size of ports needed. Generally, trocar place-
ment can be tentatively planned based on preoperative imaging 
studies and then modified once the initial trocar is placed.

Instrumentation

The equipment used for thoracoscopy is basically the same 
as that for laparoscopy. In general 5- and 3-mm instrumenta-
tion is of adequate size, and therefore 5-mm and smaller tro-
cars can be used (Fig. 6.6). In most cases valved trocars are 
used for the reasons previously discussed. Basic equipment 

should include 5-mm 0° and 30° lenses (most procedures are 
best performed with a 30° lens). If procedures are being per-
formed in smaller children and infants it is also helpful to have 
smaller lenses such as a short (16–18-cm long), 3- or 4-mm-
diameter, 30° scopes and specifically designed shorter instru-
ments. These tools enable the surgeon to perform much finer 
movements and dissection allowing advanced procedures 
to be performed in infants as small as 1 kg. A good quality 
digital camera and light source are also extremely important 
to allow for adequate visualization especially when using 
smaller scopes, which transmit less light. Basic instrumenta-
tion should include curved dissecting scissors, curved dissec-
tors, atraumatic clamps (i.e., 3- and 5-mm atraumatic bowel 
clamps), fan retractors, a suction/irrigator, and needle holders. 
Disposable instrumentation that should be available includes 
hemostatic clips, endoloops (pretied ligatures), and an endo-
scopic linear stapler. The linear stapler is an endoscopic ver-
sion of the GIA stapler (Autosuture, Norwalk, USA) used in 
open bowel surgery. It lays down six to eight rows of staples 
and divides the tissue between them, providing an air- and 
watertight seal (Fig. 6.7). This is an excellent tool for per-

Fig. 6.6. 3- and 5-mm thoracoscopy ports

Fig. 6.7. Endo-GIA stapler
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forming wedge resections of the lung but unfortunately its 
current size requires placement of a 12-mm trocar precluding 
its use in patients much under 10 kg because of the limited 
size of their thoracic cavity. There are also a number of energy 
sources available, which provide hemostasis and divide tissue. 
These include monopolar and bipolar cautery, the ultrasonic 
coagulating shears, and the Ligasure™ (Valleylab, Colorado, 
USA), all of which can be helpful in difficult dissections. It is 
also helpful to have one of the various tissue glues available 
for sealing lung and pleural surfaces.

Postoperative Care

Postoperative care in the majority of patients is straightfor-
ward. Most patients following biopsy or limited resection 
can be admitted directly to the surgical ward with limited 
monitoring (i.e., pulse oximetry for 6–12 h). These patients 
are generally suitable for 23-h observation, and a number of 
patients are actually ready for discharge the same evening. 
If a chest tube is left it can usually be removed on the first 
postoperative day. Pain management has not been a signifi-
cant problem. Local anesthetic is injected at each trocar site 
prior to insertion of the trocar, and then one or two doses of 
IV narcotic are given in the immediate postoperative period. 
By that evening or the following morning most patients are 
comfortable on oral codeine or acetametaphine. It is very 
important, especially in patients with compromised lung 
function, to start early and aggressive pulmonary toilet. The 
significant decrease in postoperative pain associated with a 
thoracoscopic approach results in much less splinting and 
allows for more effective deep breathing. This has resulted 
in a decrease in postoperative pneumonia and other pulmo-
nary complications.

Conclusions

The recent advances in technology and technique in endo-
scopic surgery have dramatically altered the approach to 
intrathoracic lesions in the pediatric patient. Most opera-
tions can now be performed using a thoracoscopic approach 
with a marked decrease in the associated morbidity for the 
patient. This has allowed for an aggressive approach in 
obtaining tissue for diagnostic purposes in cases of ILD or 
questionable focal lesions in immunocompromised patients 
without the fear of significant pulmonary complications pre-
viously associated with a standard thoracotomy. In general, 
a lung biopsy can now be done with little more morbidity 
than a transbronchial biopsy, yet the tissue obtained is far 
superior. The same is true for mediastinal masses or foregut 
abnormalities. Patients undergoing limited procedures may 
be discharged home on the day of surgery, and lesions such 
as esophageal duplications can be excised thoracoscopi-
cally with the patient ready for discharge the following day. 
Even patent ductus arteriosus closures are now performed 

safely thoracoscopically with a hospitalization of less than 
24 h. While a thoracoscopic approach may not always result 
in a significant decrease in hospital days it may result in a 
significant decrease in the overall morbidity for the patient, 
such as in the case of severe scoliosis patients in whom a 
thoracoscopic anterior spinal fusion results in earlier extuba-
tion, a decreased intensive care unit stay, and in general ear-
lier mobilization. Thoracoscopic surgery has clearly shown 
significant benefits over standard open thoracotomy in many 
cases, and with continued improvement and miniaturization 
of the equipment the procedures we can perform and the 
advantages to the patient should continue to grow.
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Introduction

Most open thoracic operations in children can be performed 
through a lateral thoracotomy. In the past a posterolateral 
thoracotomy was used as a matter of routine but now this 
full-length incision is rarely necessary. The potential for late 
chest wall deformity following extensive muscle division and 
rib resection associated with conventional thoracotomy has 
encouraged most surgeons to use the muscle-sparing lateral 
thoracotomy in children.

Video-assisted thoracic surgery (VATS) is being used 
increasingly in children. In skilled hands most procedures 
performed conventionally by open surgery can be adapted 
to VATS. Median sternotomy has a limited role in pediatric 
thoracic surgery for access to mediastinal structures and 
simultaneous access to both lungs. The purpose of most 
thoracic approaches is to provide optimal access and adequate 
exposure of the viscera requiring surgical attention. Unsatis-
factory exposure of the operative field results in unnecessary 
intraoperative and postoperative morbidity.

Historical Perspective

The early history of thoracic surgery is linked inextricably 
to empyema, bronchiectasis, and tuberculosis. General anes-
thesia for thoracic operations really only became safe with 
the development of endotracheal intubation and mechanical 
ventilation. At the beginning of the last century Sauerbruch 
attempted to operate on the chest using a negative pressure 
“hypobaric” operating chamber (Fig. 7.1) but this proved 
impossibly cumbersome. Vesalius described positive pressure 
ventilation with endotracheal intubation in experiments on 
pigs but this remained forgotten until the end of the nineteenth 
century when the French surgeon Tuffier used this technique 
for lung resection.2

The early lobectomies and pneumonectomies were performed 
using tourniquets around the lung hilum and mass ligation. 
Anatomical dissection for lobectomy was introduced in the 

1930s. The first successful staged operations for esophageal 
atresia were performed in 1939 by Leven and then by Ladd. In 
1941, Haight performed the first successful single-stage repair 
through a left thoracotomy. In 1958, Ravitch introduced the 
western world to surgical staplers, which had been developed 
in Russia.

General Considerations

Knowledge of the surface anatomy of the chest wall provides 
a reference for incisions to expose the intrathoracic viscera. 
These landmarks become increasingly important when 
minimally invasive techniques are used for chest surgery. The 
subject is discussed further in the chapter on anatomy.

The surgeon should assume responsibility for positioning 
the patient correctly on the operating table. The anesthe-
tized child is placed in a lateral decubitus position with a 
role under the chest to open the rib spaces of the uppermost 
side (Fig. 7.2). The child should be secured in this position 
with sandbags or tape. The uppermost arm can be supported 
by adequate padding and rotated forward. In adolescents 
the  arm can be placed in an arm trough. The legs should be 
separated by a pillow with the lower leg flexed at the knee 
and the upper leg straight. Padding should be placed under 
pressure points. Heat loss from infants and babies can be 
minimized using Bair Hugger® blankets (Arizant Inc., Eden 
Prairie, Minnesota, USA).

� The lateral decubitus position affords the best access to the 
lung hilum. If access to the abdomen or a thoracoabdomi-
nal extension to the incision is anticipated the child should 
be placed in a half-lateral position with a role behind the 
uppermost scapula.

� The surgeon should note the anatomical landmarks of the 
nipple, scapula, and vertebral column.

� In a prepubertal girl the skin incision should remain at least 
two fingerbreadths away from the nipple to avoid scarring 
of the future breast.
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� Overenthusiastic rib retraction is a major cause of postop-
erative pain and should be avoided.

� The method of rib approximation during wound closure 
remains controversial. The conventional choice is between 
pericostal sutures and sutures taken through holes drilled in 
the ribs. Alternatively if the pleural cavity has been entered 
through the bed of a rib the periosteum can be closed by 
suture. This closure is secure and avoids the rib crowding 
often seen with pericostal sutures.

� The divided chest wall muscles are repaired with absorbable 
sutures. The choice of suture material is individual but the 
suture size will vary according to the age of the child. There 
is no benefit from nonabsorbable sutures. For adolescents a 
2/0 or 3/0 suture is appropriate, and for small children 3/0, 
for infants and babies 4/0 sutures are adequate.

� Careful placement of intercostal chest drains at the time of 
thoracotomy is important. Chest drains exiting behind the 
posterior axillary line are painful and likely to kink, particu-
larly if the child lies supine. The ideal course for a chest drain 
inserted at thoracotomy is to exit the costodiaphragmatic 
recess and then the lateral chest wall between the anterior 
and mid-axillary lines. This route avoids the major bulk of 
the latissimus dorsi, pectoralis major, and serratus anterior 
muscles. Chest tubes should run an oblique course through 
the body wall, exiting the skin approximately two intercostal 
spaces below the site where they exit the pleural cavity.

Thoracic Incisions

Posterolateral Thoracotomy

This approach is suitable for a wide variety of thoracic 
procedures, providing good access to the lung, esophagus, 
mediastinum, descending aorta, and diaphragm.

Palpate the inferior angle and vertebral border of the 
scapula, the spine, and note the position of the nipple. The 
standard incision extends from the anterior axillary line to a 
point midway between the spine and the vertebral border of 
the scapula, at the level of the fourth thoracic vertebra. The 
incision may be extended anteriorly along the course of the rib 
and posteriorly upward, bisecting a line between the vertebral 
border of the scapula and the vertebral column. The latissimus 

Fig. 7.1. Sauerbruch’s “hypobaric” 
operating chamber1 (with permis-
sion from Interactive Cardio-
vascular and Thoracic Surgery, 
http://icvts.ctsnetjournals.org/)

Fig. 7.2. Lateral decubitus position for thoracotomy

http://icvts.ctsnetjournals.org/
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dorsi and trapezius muscles are divided. The serratus anterior 
muscle may be divided in the line of the incision but with 
minimal difficulty this muscle can be elevated and retracted 
anteriorly, and this should be a matter of routine. The origins 
of the serratus anterior muscle are easily divided from the 
underlying ribs using diathermy. The neurovascular bundle 
supplying this muscle is preserved and “winging” of the scapula 
is avoided.

By convention the thorax is opened through the bed of the 
fifth rib or intercostal space. The surgeon may count the ribs 
from above placing his hand below the scapula. Entry into the 
pleural cavity may be obtained either through an intercostal 
space or through the periosteal bed of a rib. The former is 
easier if an extrapleural dissection is contemplated for repair 
of an esophageal atresia. The latter approach is preferable for 
older children.

Entry into the pleural cavity through an intercostal space is 
made by using cautery to divide the intercostal muscles close 
to upper border of the lower rib. Small sections of intercostal 
muscle can be lifted with a hemostat and then divided. The 
parietal pleura is then identified. If an extrapleural approach 
is intended then the pleura is gently separated from the inside 
of the chest wall using a small damp gauze. If a transpleural 
approach is necessary the anesthetist should be asked to 
suspend positive pressure ventilation for a short time as the 
pleura is opened. Air enters the pleural cavity and the under-
lying lung collapses facilitating subsequent exposure without 
injury to the lung.

The pleural space can also be opened through the bed of 
a rib. The periosteum is cauterized along the length of the 
chosen rib and then using a periosteal elevator. The posterior 
periosteum can be opened using diathermy to gain entry to the 
thoracic cavity. If difficulty is encountered or wide access is 
necessary this can be achieved by either excising a segment of 
posterior rib or by removing the whole rib.

Limited (Mini) Thoracotomy: Muscle-Sparing 
Incisions

With familiarity most thoracic operation in children can be 
performed safely through a smaller and muscle-sparing 
incision. The incision must be placed strategically to allow 
best access and also so that the wound can be extended safely 
if greater exposure is required. Many muscle-sparing thoraco-
tomy incisions have been described.3–7 The general principle 
is retraction rather than division of the chest wall muscles.

The skin incision for a lateral muscle-sparing thoracotomy 
runs from the anterior axillary line to a point midway between 
the spine and the vertebral border of the scapula, at the level 
of the fourth thoracic vertebra. The anterior and anteroinferior 
edges of the wound should be undermined with diathermy to 
expose the latissimus dorsi and serratus anterior muscles. The 
anterior border of the latissimus dorsi muscle is easily defined 
and freed. This allows posterior retraction of the muscle to 
expose serratus anterior. The neurovascular bundle can be seen 

running vertically down on the surface of this muscle. With 
further retraction of the latissimus dorsi the posterior border 
of the serratus anterior can be delineated. This is incised with 
diathermy allowing the muscle to be retracted anteriorly. As 
the dissection progresses, the digitation of serratus anterior 
can be detached sequentially from the rib cage. Perforating 
vessels from the intercostal arcades run through these muscle 
slips and require meticulous diathermy to avoid unnecessary 
bleeding. As the serratus anterior muscle is detached it can be 
rolled up and “tucked away” under the scapula. The pleural 
space is then entered in the manner described previously.

The muscle-sparing technique can also be used to enter the 
chest through the triangle of auscultation. The boundaries of 
this “space” are trapezius superiorly, the posterior border of 
latissimus dorsi inferiorly, and laterally by the vertebral 
border of the scapula (Fig. 7.3). If the scapula is drawn forward 
parts of the sixth and seventh ribs and the interspace between 
them become subcutaneous and available for auscultation 
(hence the name). The skin incision for this approach is best 
made slightly more posteriorly than for a lateral thoracotomy. 
The edges of the incision should be undermined above and 
below. The anterior border of trapezius is defined to allow 

Fig. 7.3. The triangle of auscultation
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this muscle to be retracted posteriorly. The posterior border 
of latissimus dorsi is similarly defined to allow retraction 
forward. Additional undermining of the inferior skin flap may 
be required at this stage to allow the latissimus dorsi to be 
retracted sufficiently to gain decent access. The thorax can 
then be opened at the desired level.

Closure of muscle-sparing thoracotomy incisions is simple 
and rapid. The edges of the mobilized muscles are tacked into 
place with fine interrupted sutures to provide a secure closure.

Subcutaneous emphysema and wound seromas are common. 
The former is often dramatic and causes concern in the early 
postoperative period. The tendency for air in the pleural cavity 
to egress into the tissue planes can be reduced to a consider-
able degree by the following. The chest drain should be con-
nected to an underwater seal prior to closing the thoracotomy, 
and the anesthetist should be asked to increase the positive end 
expiratory pressure. Extubation is inevitably accompanied by 
a paroxysm of coughing by the patient. Immediately prior to 
extubation the surgeon should clasp the side of the child’s chest 
firmly with a gloved hand. This encourages pleural air to exit 
through the chest drain and not into the subcutaneous tissues.

Wound seromas typically appear at around 1 week postop-
eratively. If small they can be ignored but if large they should 
be aspirated. Occasionally the aspiration needs to be repeated 
two or three times.

Axillary Thoracotomy

This incision has been used for most thoracic operations over 
the years.3,4,8 The skin incision can be vertical or horizontal 
although a horizontal incision is cosmetically more pleasing. 
The subcutaneous tissue and fascia are divided to expose the 
serratus anterior. Tissue planes are developed between the 
superficial fascia and the muscle layers. Care should be taken 
to avoid the intercostobrachial and long thoracic nerves. Latis-
simus dorsi is retracted posteriorly, and the serratus anterior 
muscle is elevated to expose the desired rib space for thora-
cotomy.

The third intercostal space is best suited for operations on 
the sympathetic chain, apical lung lesions, and patent ductus 
arteriosus. The fourth space is used for wedge resection, upper 
lobectomy pleurodesis, and biopsy of mediastinal lesions. 
Bianchi successfully used this approach for the repair of 
esophageal atresia in neonates.9 The fifth intercostal space is 
employed for lobectomy or pneumonectomy and the sixth or 
seventh space for diaphragmatic surgery.

Median Sternotomy

Median sternotomy is the incision of choice for most cardiac 
operations. The incision is also useful if access to both lungs 
is required, e.g., resection of pulmonary metastases, resec-
tion of apical bullae, and pleurectomy. Resection of upper and 
middle lobes can be accomplished relatively easily through a 
sternotomy although access to the lower lobes is unsatisfactory 

because of cardiac rotation and displacement. Median sterno-
tomy is a useful incision to expose the trachea, particularly if 
surgery is to involve cardiopulmonary bypass. Anterior medi-
astinal tumors are best approached through this incision, as is 
the thymus gland.

The anesthetized child is placed supine on the operat-
ing table. A sandbag is placed behind the shoulders, and the 
arms are allowed to lie by the side of the patient. The neck 
is extended slightly. A midline skin incision is made from 
the suprasternal notch to 1 in. below the xiphisternum. The 
incision is deepened down to the periosteum over the ster-
num using diathermy. The linea alba immediately below the 
xiphisternum is opened but the peritoneum should be left 
intact. In the upper end of the incision the anterior jugular 
vein is divided, and the lowest portion of the infrahyoid strap 
muscles is separated in the midline. The cautious surgeon 
then insinuates one finger from above through the gap in the 
strap muscles and a second finger though the gap in the linea 
alba to develop a plane behind the sternum (Fig. 7.4). In small 
children this is easy and the two fingers will touch. In older 
children this maneuver is more difficult, and the length of the 
sternum may preclude digital contact.

The sternum is then divided using a power saw with a recipro-
cating blade. The anesthetist should temporarily suspend venti-
lation at this point to avoid laceration of the pleural membranes. 
Although it is possible to divide the sternum in an infant using 
heavy scissors this should be resisted because it rarely leaves a 
straight edge and also risks fragmentation of the cartilaginous 
regions of the sternum. After the sternum has been divided 
each edge should be wrapped in a damp swab. Careful atten-
tion should be paid to hemostasis at this point using diathermy 
and Horsley’s bone wax. A Finochietto or similar self-retaining 

Fig. 7.4. Digital dissection of the retrosternal plane
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retractor is then placed in the lower end of the incision. As the 
retractor is opened tough connective tissue overlying the thymus 
will need to be divided to allow the chest to open.

Closure of a median sternotomy is quick and reliable. Pleural 
or mediastinal drains are bought out through stab wounds below 
the main incision. Stainless steel wire is used to approximate 
the two halves of the sternum. In infants no. 2 wires are used, 
in older children no. 4 wires, and in teenagers no. 5 wires. The 
wires can be driven through the sternum or taken round the edge 
of the sternum between sternocostal junctions (Fig. 7.5). The 
ends of the wires are twisted together, cut short, and then buried 
in the sternal tissues. Between five and seven wires should be 
sufficient. There is no benefit from trying to close the sternum 
in a small child with absorbable sutures because it is impossible 
to tie these sufficiently tightly to prevent movement, which is 
painful. The linea alba should be closed with one or two inter-
rupted heavy absorbable sutures and the strap muscles approxi-
mated with absorbable sutures of a finer grade.

Reopening a median sternotomy can be a challenging pro-
cedure. It is essential to determine whether the pericardium is 
intact and whether there is a space behind the sternum. This 
may require a CT or MR scan. If the pericardium has been 
opened previously, particularly if it has been left open, facilities 
for cardiopulmonary bypass must be available immediately. 
Consideration should be given to exposure and cannulation 
of the femoral vessels prior to reopening the sternum in high-
risk cases. Unless access to the heart is required the surgeon is 
advised to consider an alternative approach.

In general it is relatively straightforward to reopen a ster-
notomy that has been used to resect pulmonary metastases. 
The pericardium is intact and the thymus gland is more or 
less intact. The incision is reopened in a similar way to the 
previous description. The previous wires should be cut and 

removed. It may be impossible to redevelop the plane behind 
the sternum by blunt finger dissection. The sternum should be 
divided cautiously using an oscillating power saw. Once the 
bone has been divided the edges can be carefully separated 
using sharp dissection to release adhesions from the previous 
surgery. Closure is as described previously.

Thoracoabdominal Incisions

The indications for a thoracoabdominal incision in pediatric 
practice are few. In almost every occasion adequate exposure 
can be obtained through either a thoracotomy or a laparotomy. 
Thoracoabdominal incisions are unduly painful. There is a 
significant risk of late chest wall deformity associated with 
division of the costal margin. Rarely, a right-sided retroperito-
neal tumor can be mobilized more easily through a thoracoab-
dominal incision.

The anesthetized child should be placed on the operating 
table in a half-lateral position. If the position is too lateral 
access to the abdominal viscera will be difficult. Sandbags 
should be placed behind the scapula and pelvis. An incision 
should be made along the line of the ninth rib. The incision is 
continued through the layers of the abdominal wall, which are 
divided with cautery. The thorax should be entered through 
the bed of the rib, as described previously. Rib resection is not 
required. The costal margin should be transected cleanly with 
a scalpel. The diaphragm will need to be divided. This is best 
performed from above. The diaphragm should be detached 
circumferentially from the chest wall using cautery, leaving 
a rim of diaphragm approximately 1 cm wide to allow reat-
tachment. Radial incision of the diaphragm will denervate a 
significant portion of the muscle (see Chap. 40) and, although 
marginally simpler, adds nothing to the subsequent exposure.

Closure of the incision commences with reattachment of 
the diaphragm using interrupted heavy absorbable sutures. 
The costal margin should be approximated next using either a 
similar heavy absorbable suture or no. 2 stainless steel wire. 
The advantage of the latter is that two sutures can be inserted 
a right angles to the long axis of the costal margin and then 
twisted to bring the edges into apposition. The abdominal wall 
muscles are closed in a conventional manner.

Intercostal Chest Tube Insertion 
and Management

Wherever possible, intercostal chest tubes should be inserted 
under general anesthesia in young children. General anesthesia 
is invariably safer than intravenous sedation in children for this 
type of procedure and it is the preferred option for noncoop-
erative children. If a chest drain has to be inserted under local 
anesthesia equipment for resuscitation and monitoring must be 
available along with a nurse and an assistant for the surgeon.

In an elective setting informed consent should be obtained. 
It is incumbent on the operating surgeon to confirm the correct Fig. 7.5. Median sternotomy closure
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side for drainage and to ascertain that the necessary equip-
ment are available. Emergency insertion of chest drains will 
be necessary to treat a tension pneumothorax, parapneumonic 
effusion, or a traumatic hemothorax where there is respiratory 
impairment from mediastinal shift. This should be preceded 
by aspiration of the chest through a 14- or 16 G intravenous 
cannula, which should result in an immediate improvement in 
the clinical condition of the patient.

Chest drains should be inserted with an aseptic technique. 
Whether general anesthesia is used or not local anesthetic 
should be infiltrated into the chest wall for postoperative 
analgesia. Plain bupivacaine 0.25% with a maximum dose of 
2 mg/kg (0.8 ml/kg) ) will provide anesthesia for several hours. 
Local anesthetic should be infiltrated into the skin, subcuta-
neous layers, and the intercostal muscles. Intercostal nerve 
blocks using bupivacaine provide an excellent alternative.

Chest drains should be placed using the open technique 
described in the ATLS/APLS guidelines. The “safe triangle” 
for insertion of a chest drain is outlined by the lateral border 
of pectoralis major, a horizontal line at the level of the nipple, 
and posteriorly by the anterior border of the latissimus dorsi 
(Fig. 7.6).10 Siting a drain in this position avoids damage to the 
breast and chest wall muscles. The skin should be incised over 
the fifth rib in the mid-axillary line. The subcutaneous tis-
sues are separated by blunt dissection down to the rib using a 
hemostat. At this point a track through the intercostal muscles 
over the upper border of the fifth rib should be created using 
the hemostat. A distinct pop will be felt as the parietal pleura 
is breached, and this will be rewarded by drainage of fluid or 
air through the incision (Fig. 7.7). This use of chest drains 
with trocars is to be deprecated, and the technique described 
renders this redundant.

The choice of size of chest tube will depend on the underlying 
pathology. A pneumothorax can be drained adequately with a 
10–16 F catheter; a haemothorax will require a larger cath-
eter of 20–28 F. The choice of catheter for empyema drainage 
is controversial. Conventional surgical practice dictates the use 
of a 16–24 F chest tube but recent experience with fibrinolytic 
agents suggests that small-bore catheters 12–14 F may be suffi-
cient. Small-bore chest drains are now available commercially 
with Seldinger introduction kits, which are simple to use and 
avoid the need for dissection through the chest wall.

It is vital that a chest tube is well secured after insertion to 
prevent inadvertent displacement. A very heavy gauge non-
absorbable suture should be used (e.g., no. 1 silk). A gener-
ous bite of skin should be taken and the suture knotted at this 
point. The suture should then be tied repeatedly around the 
chest tube. The latter knots should be tied sufficiently tightly 
that a visible waist around the drain is created by the suture. 
Some centers have found custom dressings/fixation devices to 
retain chest tubes beneficial, particularly for small-bore tubes 
(Drain-Fix®, Maersk Medical Ltd, Stonehouse UK). The use 
of “purse-string” sutures, which are tied to produce an air-tight 
seal after drain removal, is unnecessary. Purse-string sutures 
are painful and produce a cosmetically unacceptable scar. The 

chest drain should be connected immediately to an underwater 
seal. The tip of the drainage tube should be 1–2 cm below the 
water level. A chest radiograph postchest drain insertion is 
mandatory. The position of the drain can be confirmed, and 
resolution of the pleural collection can be noted.

The application of suction to chest drains is controversial. 
The use of low-pressure suction (5–10 cm of water) has been 
suggested as a method of preventing blockage of small-bore 
tubes by debris, although this is of doubtful value. In general 
suction is a poor alternative to an adequate-size chest tube. If 
suction is to be applied to a chest tube a low-pressure high-
volume wall-mounted suction regulator should be used. If this 
is not available then low-pressure suction can be improvised 
using three chest drain bottles (Fig. 7.8). Short-term suction 
is of benefit when there is a large air leak from the lung. 
Provided air is evacuated from the pleural space more rapidly 

Fig. 7.6. Safe triangle for insertion of a chest drain

Fig. 7.7. Technique: insertion of chest drain
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than it can accumulate, the lung will reexpand fully and this 
provides the best opportunity for an air leak to seal sponta-
neously. Once the air leak has ceased there is no benefit in 
continuing suction.

Chest Drain: Ward Management

 1. Specially trained nursing staff should manage patients 
with chest drains.

 2. The underwater seal bottle should be kept upright and 
below the chest at all times. The end of the chest drain 
tube should be covered by at least 1–2-cm water.

 3. A daily record must be kept of the drainage, whether the 
drain is bubbling, and the presence of respiratory swing. 
Regular temperature, pulse, and respiration charts should 
be kept along with a fluid balance chart.

 4. If a large pleural effusion is being drained the chest 
tubes should be clamped for 1 h after 10 ml/kg of fluid is 
removed to avoid reexpansion pulmonary edema.11,12

 5. Medical personnel giving instructions for chest drain 
clamping should record these in writing in case notes.

 6. Bubbling chest drains should never be clamped.
 7. In presence of chest pain or breathlessness the chest drain 

should be unclamped immediately.
 8. Parents and patients should be encouraged to take joint 

responsibility for the chest tube and underwater seal bot-
tle. Connections and tapes attaching the drain to the chest 
wall must be secure at all times.

 9. Blockage or a kink of the tubing should be suspected if 
drainage ceases suddenly. Obstruction may be cleared out 
by carefully flushing the drain with 10–15 ml of normal 
saline under aseptic conditions. If the drain cannot be res-
cued it may need replacing.

10. Chest drains are removed once the lung is fully expanded. 
In older cooperative children the tube can be removed 
while the patient performs a Valsalva maneuver. In 
younger children the drain should be removed as quickly 
as possible during expiration. The chest drain exit site 
should be covered immediately with an airtight occlusive 
dressing that should remain in place for 48 h.

11. A chest radiograph may be taken after drain removal 
although this is not considered essential.

Complications of chest drain insertion are well reported. 
Ill-advised placement of chest drains may result in penetra-
tion of the liver or spleen. This can be avoided if the “safe 
triangle” is used. Forcible insertion of a chest tube using a 
trocar has been associated with puncture of the heart and 
esophagus, with fatal consequences. The open technique for 
chest drain insertion will avoid this risk. Inadvertent punc-
ture of the lung is very unlikely in a child breathing spon-
taneously using the open technique. If the child is attached 
to a mechanical ventilator this should be disconnected tran-
siently as the pleura is opened and the drain inserted to avoid 
injury to the underlying lung.

General Techniques for Pulmonary 
Resection

Technical considerations for pulmonary resection for various 
pediatric conditions will be discussed in detail in the respec-
tive chapters. Surgeons undertaking lung resection in children 
should be proficient in the basic techniques of dissection and 
control of large blood vessels, dissection and closure of bron-
chi, and management of the raw surface of the lung. Specific 

Fig. 7.8. Chest drain suction using 
three bottles
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techniques for endoscopic lung resection will be discussed in 
detail in the chapter on VATS.

Dissection and Control of Major Arteries 
and Veins

The pulmonary arteries are thin walled and prone to uninten-
tional injury. Simultaneous traction and countertraction should 
be avoided. It is also important and essential to avoid traction 
on branches of the pulmonary artery as they can be avulsed 
with significant bleeding. Both blunt and sharp dissection is 
necessary to define the branches of the main pulmonary artery. 
The fascial envelope around the artery is divided longitudinally, 
and the vessel underneath is freed by gentle blunt dissection 
from the underlying fascia. If the vessel is large it should be 
doubly ligated proximally with a nonabsorbable suture. Reli-
able surgical knots are essential, and sequential throws must be 
placed squarely. Tension should be avoided when dividing a 
vessel between ligatures, as a loosely tied knot may be pulled 
off accidentally with predictable consequences.

Pulmonary veins can be managed in a similar fashion to the 
arteries. The walls of the veins are slightly stronger than the 
arteries. It is a misconception that ligating veins first cause 
the lung to become congested. Miller showed experimentally 
that ligating a pulmonary vein causes reflex shunting, which 
directs arterial flow to other parts of the lung.13 Additional 
security can be gained by transfixion ligating the main pul-
monary arteries using a nonabsorbable suture. In terms of 
pediatric pathology it is almost never necessary to divide the 
pulmonary veins inside the pericardium.

Should inadvertent vascular injury occur during dissection 
the following well-accepted techniques should be used. Direct 
pressure should be applied to the site of the bleeding with a 
gauze sponge. Care should be taken to avoid further injury to 
the bleeding vessel. The anesthetist should be warned that a 
vessel has been damaged, and blood can be bought into theatre 
and checked prior to transfusion.

Vascular clamps should be opened and suction set up. An 
attempt should then be made to expose the vessel and obtain 
proximal and distal control. It may be possible to control the 
injured vessel with a fine vascular clamp. The vessel should 
then be repaired using a fine vascular suture (4/0 or 5/0 
Prolene, preferably on the vascular CC needle).

Dissection and Control of Major Bronchi

The main bronchus is usually the last structure to be divided 
during a pneumonectomy. On right side the bronchus can 
be dissected up to the carina without difficulty. On the left 
side the surgeon has to be more cautious during dissection 
within the aortic window. It is important to leave behind 
a short bronchial stump to avoid leaving a diverticulum 
on the trachea. Particular care should be taken when dis-
secting a main stem bronchus from the surrounding hilar 
nodes to avoid damage to the investing fascia and blood 

supply because this may jeopardize healing of the bronchial 
closure. Many surgeons use mechanical staplers for bronchial 
closure. These devices are simple to use and offer reliable 
stump closure but they can be difficult to negotiate into the 
correct position in small children. For this reason the surgeon 
should be proficient at manual closure of a bronchus. 
The bronchus should be occluded with a noncrushing clamp 
distal to the proposed site of resection. The bronchus is then 
partially divided and the stump closed sequentially with 
4/0 or 5/0 Prolene nonabsorbable suture. Interrupted single 
or mattress sutures are used to approximate the posterior 
membranous layer of the bronchus to the anterior cartilag-
inous wall. Once closure is complete the stump is tested for 
any air leak. Lobar and segmental bronchi can be closed in a 
similar fashion to the main bronchus. Subsegmental bronchi 
can be secured by simple ligation.

Occasionally an air leak is identified from the stump of a 
bronchus. Sometimes the posterior membranous portion of the 
bronchus has been torn accidentally. This may be closed using 
additional sutures. Occasionally surrounding tissues may be 
approximated to buttress the repair. Unnecessary devascular-
ization of the bronchial stump should be avoided.

Raw Surface of the Lung

The raw surface of the lung parenchyma can be the source 
of a major air leak or bleeding. The raw surface should be 
inspected carefully for bleeding and air leak after the lung has 
been reinflated before the closure of the thoracotomy. Small 
alveolar leaks tend to stop spontaneously after the lung is fully 
expanded. However, leakage from smaller bronchioles must 
be recognized and controlled. Various techniques are used to 
control the raw surface of the lung including closure of the 
parenchyma by bringing the two surfaces together and apply-
ing fibrin glue. These should be unnecessary if meticulous care 
is taken to control air leaks and bleeding from the raw surface. 
One advantage of using linear staplers to divide lung paren-
chyma either during nonanatomical resections or to divide 
incomplete fissures is that air leaks are very uncommon.

Lobectomy

Lobectomy is the commonest lung resection performed in 
children. Lung resection may be required for benign condi-
tions including pulmonary infections and bronchiectasis or for 
congenital anomalies of the lung, including lobar emphysema. 
Primary lung tumors are very rare in children, and metastases 
are usually removed by local resection rather than lobectomy.

The techniques for lobectomy are well established. The 
chest is opened through a posterolateral or a lateral muscle-
sparing incision. Opening the thorax at the level of the fifth 
rib provides good access to the hilum for all lobectomies in 
children. Once the pleural space is entered any adhesions 
between the lung and pleura should be divided. Incomplete 
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lobar fissures are common. Hilar dissection is performed 
in order to identify, ligate, and then divide first artery, then 
the vein and lastly the lobar bronchus. However, this is not 
always possible especially if there are dense adhesions and 
florid lymphadenopathy around the hilum. In this circum-
stance it may be safer to divide the vein after the bronchus 
has been sectioned.

Specific Technical Considerations

Right upper lobectomy: The pleura over the main pulmonary 
artery should be incised to expose the upper lobe branches. 
The superior trunk of the pulmonary artery is identified, 
and the branches to the apical and anterior segments of the 
upper lobe are individually ligated and divided (Fig. 7.9). 
The tributaries of the superior pulmonary vein are identified 
and divided next, taking care to avoid the veins draining the 
middle lobe (Fig. 7.10). The posterior segmental artery to the 
upper lobe can be divided at this point. The horizontal fissure 
is then opened or divided using an endo-GIA™ or TA™ stapler 
(Tyco Healthcare, Mansfield, MA, USA). At this point all that 
remains is to divide the upper lobe bronchus. This is best per-
formed from behind the hilum. The bronchial stump should 

be closed flush with the bronchus intermedius either with a 
hand-sewn closure, as described previously, or using a stapler. 
Once the lobectomy is complete the inferior pulmonary liga-
ment may be divided to allow the lower lobe to elevate. If the 
oblique fissure is complete it is prudent to make sure that the 
middle lobe cannot volve. If this seems likely then a series of 
fine sutures should be placed to attach the edge of the middle 
lobe to the lower lobe.

Right lower lobectomy: During this operation the dissection  
begins in posterior part of the oblique fissure to identify the 
artery to the apical segment of the lower lobe. This vessel is 
divided, taking care to avoid the branch(es) to the middle lobe, 
which arise at the same level (Fig. 7.10). It may help at this stage 
to ligate and divide the apical segmental bronchus. The arteries 
to the basal segments can then be divided. The inferior pulmo-
nary ligament is then divided and the lung reflected forward. 
This allows the inferior pulmonary vein to be identified and 
divided. Attention is then turned back to the anterior surface of 
the lung, and the trunk of the lower lobe bronchus is followed 
proximally to permit identification of the bronchus or bronchi 
supplying the middle lobe. These arise at a similar level, but 
diametrically opposite to the apical segmental bronchus of the 
lower lobe. The bronchus is divided at this point. This can be 
achieved conveniently using a stapler or hand sewn.

Right middle lobectomy: Resection of the middle lobe is 
more difficult than any other lobectomy. The horizontal 
fissure must be opened to identify the inferior pulmonary 
artery. Usually there are two vessels supplying medial and 
lateral segments of the middle lobe although not uncommonly 
these arise as a single trunk diametrically opposite the origin 
of the apical segmental artery to the lower lobe, which must 
be preserved (Fig. 7.11). The middle lobe vein(s) join the 
superior pulmonary vein, and this can be divided after incising 
the pleura over the anterior surface of the hilum. The trunk 
of the middle lobe bronchus is most easily secured from the 
posterior aspect of the hilum. The relationship of the middle 
lobe bronchus to the bronchus supplying apical segment of 
the lower lobe is similar to the arteries. Great care needs to be 
exercised to ensure that the middle lobe bronchus is divided 
flush with the bronchus intermedius in a manner that does not 
narrow the lower lobe apical segmental bronchus.

Left upper lobectomy: The lobe should be retracted ante-
riorly and downward to allow the pleura over the pulmonary 
artery to be incised. As the left pulmonary artery spirals 
down over the main bronchus to enter the fissure a series of 
branches enter the upper lobe. These have a variable con-
figuration – they may arise as individual branches or as a 
common trunk. Precision is needed to secure these vessels, 
which are easily avulsed inadvertently from the pulmonary 
artery (Fig. 7.12). The lingular segmental vessels will be 
identified within the fissure, and the lowest branch arises at 
the same level, or sometimes even distally, to the lower lobe 
apical segmental artery, which must be preserved. Branches 
of the superior pulmonary vein are best ligated individually 
at segmental level. The main trunk of the vein can then be Fig. 7.9. Right upper lobe dissection
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Fig. 7.10. Anatomy of the hilum of the right lung during a right upper lobectomy

Fig. 7.11. Anatomy after right lower lobectomy, showing middle 
lobe vessels Fig. 7.12. Left upper lobectomy
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 transfixion ligated for additional security. The upper lobe 
bronchus must be divided flush with the main bronchus and 
closed by either stapling or hand suture.

Left lower lobectomy: This is probably the simplest lobe 
to resect. The pulmonary artery is identified in the fissure. 
The apical segmental artery should be identified and divided 
first. This vessel often arises above the level of the lingular 
branches. The apical segmental bronchus may also be divided 
at this stage. The basal segmental arterial branches can be 
then divided individually or at the level of the common trunk. 
The inferior pulmonary ligament is divided next and the 
pleural reflection over the anterior surface of the hilum incised 
to expose the inferior pulmonary vein. This vessel should be 
transfixion ligated and then divided.

The lower lobe bronchus lies immediately below the artery 
and is easily identified and managed in the way described 
previously.

Segmental Resection

Individual ligation and division of the corresponding bron-
chovascular structures allows anatomical resection of a single 
bronchopulmonary segment of lung. Segmental resection is 
technically more demanding than lobectomy, requiring a 
three-dimensional understanding of bronchovascular anatomy. 
In most situations a nonanatomical or “wedge” resection using 
a surgical stapler is simpler and more reliable.

The general principles of segmental resection are as follows. 
The lobe should be mobilized completely to facilitate the 
exposure required for segmental resection and subsequent 
reexpansion. The most reliable landmark of a segment is its 
bronchus, which is rarely anomalous. The segmental bronchi 
of the right upper and lower lobes and left lower lobe can be 
identified relatively easily prior to ligation of the segmental 
artery. This is more difficult in the left upper lobe, where the 
arteries obscure the segmental bronchi.

The intersegmental plane can be identified by occluding the 
segmental bronchus and then allowing the surrounding lung 
to inflate. Occasionally the reverse is necessary to identify 
a diseased segment. The whole lung is inflated first and the 
segmental bronchus occluded as the lung is deflated. The dis-
eased segment remains inflated, delineating the margins of the 
intersegmental plane.

The segmental veins are divided last after completing the 
intersegmental dissection. It is essential to ensure that the 
venous drainage of the adjacent segments is intact before 
completing segmentectomy.

Air leaks should be controlled with fine sutures and bleed-
ing with bipolar diathermy. Air leaks are common after seg-
mental resection, which is one reason why nonanatomical 
stapled wedge resection is usually preferable. Management 
of an air leak depends on the severity of the air leak, the gen-
eral condition of the patient, and the state of the surround-
ing lung. A continuing significant air leak often requires a 
second-look thoracotomy. It may be possible to seal the leak 

with a muscle flap, but if this is not possible a completion 
lobectomy will be required.

Pneumonectomy

Pneumonectomy is rarely necessary in children. Occasion-
ally a hilar tumor or a massive congenital lung malformation 
may necessitate pneumonectomy. Pneumonectomy is usually 
straightforward in absence of hilar lymphadenopathy and 
vascular adhesions. Hilar dissection permits identification 
of the pulmonary artery and then the superior and inferior 
pulmonary veins. These vessels are large and require double 
ligation or transfixion ligation with nonabsorbable sutures. 
The bronchus is closed flush with the edge of the trachea 
either by hand or using a stapler. The bronchial stump should 
be leak tested by filling the hemithorax with sterile saline 
and inflating the contralateral lung to 35 cm H

2
0 pressure. 

If an air leak is identified this may be closed with an addi-
tional suture or by bringing surrounding tissues over the 
bronchial stump. Chest drainage is probably best avoided 
following pneumonectomy in children because of the risk of 
mediastinal displacement.

Complications

Intraoperative Complications 
and Their Management

Thoracic surgery in children can be associated with life-
threatening complications. These include catastrophic 
bleeding, hypoxia, and contralateral pneumothorax. Lung 
dissection is invariably associated with some bleeding into 
the airway. If severe this will compromise ventilation, partic-
ularly if compounded by pus released from a bronchiectatic 
lobe. Ventilation may improve with endobronchial suction 
but occasionally an emergency change of endotracheal tube 
is necessary. This is a challenging procedure for even the 
most experienced anesthetist when the child is fixed to the 
operating table in a lateral position with the wound open. 
The surgeon can facilitate this difficult task in several ways. 
Firstly, the drapes can be lifted or even removed to improve 
access. Secondly, the surgeon can palpate the trachea and 
confirm arrival of a new tube. Thirdly, if profound hypoxia 
develops before the tube can be reinserted the surgeon may 
need to open the airway from inside the thorax and temporar-
ily insert an endobronchial tube, which can be connected to 
the anesthetic circuit. This is relatively easy to do through a 
lobar bronchus or through a direct incision in the main bron-
chus. After the orotracheal airway has been resecured the 
transthoracic tube is removed and the bronchotomy closed.

Paraplegia is a rare but disastrous complication, which can 
occur during dissection of a tumor encroaching on the 
vertebral column. Monopolar cautery should be avoided in 
this region as should the temptation to packing Surgicell or 
similar material into an intercostal space near the intervertebral 
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foramen to stem bleeding.14–16 The fragile dura is damaged 
easily and a hematoma may collect in the spinal canal. Some 
recovery may be possible with early recognition and urgent 
decompression.

Postoperative Complications

Postoperative bleeding after pulmonary resection usually arises 
from a bronchial artery, which has been overlooked or from a 
chest wall vessel. Postoperative bleeding of more than 10 ml/
kg per hour on two consecutive hours is likely to be associated 
with signs of shock and represents an indication for immediate 
reexploration. It should be noted that a chest drain may block 
with clotted blood. In this situation shock will be accompanied 
by respiratory distress. The diagnosis will be confirmed by an 
urgent chest X-ray. Reexploration is essential.

Postoperative atelectasis is usually related to retained secre-
tions. This may be compounded by postoperative sedation 
from analgesia leading to poor respiratory effort. In children 
this will generally respond to good pain management and 
physiotherapy. Very rarely bronchoscopy is necessary to aspi-
rate retained secretions.

Subcutaneous emphysema is not uncommon after lobec-
tomy. This has been discussed in detail in the section on mus-
cle-sparing thoracotomy.

Postpneumonectomy syndrome is a rare but serious com-
plication, which may follow right pneumonectomy in infants 
and young children. Following resection of the right lung the 
mediastinum will displace and rotate into the right thorax. As 
the child grows the left main bronchus becomes angulated and 
stretched between the aortic arch and the pulmonary artery. 
This gradually occludes the bronchus causing progressively 
worsening dyspnea from bronchomalacia. The condition has 
been reported in children with agenesis of the right lung. 
Treatment is generally unsatisfactory. Prevention is probably 
the best option by implanting a tissue expander into the thorax 
at the time of pneumonectomy, which can be progressively 
inflated as the child grows.

Residual air spaces following lobectomy in children occur 
occasionally. They are considerably less common than in 
adults because of the better condition of the pediatric lung. 
The majority cause no symptoms and resolve over a period of 
a few months as nitrogen is absorbed slowly from the air space 
and the adjacent lung expands.

Minor air leaks following lung resection are relatively 
common. The majority will settle within a few days after the 
residual lung expands completely. Applying low pressure 
(10–20 cm H

2
O) to the chest drain may help. Provided the 

child remains well and afebrile patience is usually rewarded 
by eventual resolution of the air leak.

A persistent air leak after resection of a bronchiectatic lobe is 
more complicated because the bronchopleural fistula will usu-
ally be associated with an empyema. This will prejudice healing 
and may leave reexploration as the only option. In this situation a 
muscle flap may need to be taken into the thorax to close a leak-
ing bronchus with healthy vascularized tissue. The simplest mus-
cle flap to raise for intrathoracic use is from serratus anterior.
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Section 2 
Infection



Introduction

Pneumonia can be defined either on clinical grounds alone, or 
in combination with the radiological appearance. The World 
Health Organization defines pneumonia as cough or difficulty 
in breathing combined with tachypnea greater than 50 breaths 
per minute when less than 1 year of age, and greater than 40 
breaths per minute from 1 year of age and older.1 Radiological 
features of alveolar consolidation are generally thought to be 
suggestive of bacterial pneumonia.2,3

Historical Perspective

The introduction of antibiotics in the mid-twentieth century 
dramatically altered the natural history of bacterial pneumonia. 
From being one of the leading causes of death in childhood, 
pneumonia is now predominantly a treatable condition with 
low mortality. In the developing world morbidity and mortality 
remain significant, principally because of poor nutrition and 
limited access to healthcare services.4,5

Basic Science and Pathogenesis

Etiology

Studies examining the etiology of community-acquired pneu-
monia are hampered by the frequent difficulty in culturing 
organisms from either respiratory secretions or blood. In addi-
tion, serology or sensitive polymerase chain reaction assays 
may be coincidentally positive for potential viral pathogens, 
due to their ubiquitous nature.

In approximately 20–60% of children with pneumonia no 
pathogen can be identified.6 In children less than 5 years of 
age viruses are more likely to be causal, whereas in older 
children bacterial and atypical infections are common.7 In the 
neonatal period group B streptococci, gram-negative enteric 
bacteria, and Chlamydia trachomatis are causes of pneumonia. 

The commonest bacterial cause of pneumonia in childhood is 
Streptococcus pneumoniae, followed by Haemophilus influ-
enzae, which is particularly prevalent in children under the 
age of 3. Atypical infections with Mycoplasma pneumoniae 
and Chlamydia pneumoniae are common in older children.7 
Table 8.1 illustrates the common pathogens associated with 
pneumonia in the immunocompetent child.

Epidemiology

Studies in the developed world suggest the incidence of 
radiologically confirmed community-acquired pneumonia is 
approximately 36 per 1,000 per year in children less than 5 
years of age, and 16 per 1,000 per year in the age range 5–14 
years, when all children are included, whether hospitalized 
or not.8 If only hospitalized children with radiologically con-
firmed community-acquired pneumonia are considered the 
incidence is approximately 3 per 1,000 per year.9,10 Mortality 
related to community-acquired pneumonia in the developed 
world is estimated to be approximately 0.1 per 1,000 per year, 
although this figure is based on one death in one study.9

Clinical Features

The clinical course, severity, and likely pathogens of commu-
nity-acquired pneumonia are closely linked with the age of the 
patient. Neonates and infants can deteriorate rapidly, and they 
can be susceptible to unusual organisms, so the clinical approach 
is best undertaken in an age-dependent manner. Table 8.2 
summarizes the clinical features for each age.

Neonatal Period

Tachypnea greater than 60 breaths per minute is the common-
est and most useful sign of pneumonia in the neonate.6 Indeed, 
a respiratory rate greater than 70 breaths per minute has 63% 
sensitivity and 89% specificity for hypoxemia.11 Signs of 
respiratory distress such as intercostal and subcostal  recession, 
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tracheal tug, nasal flaring, and expiratory grunting are often 
seen.12 High-grade fever >38.5°C is common although hypo-
thermia can also occur. The more severely affected infant may 
be septicemic. Auscultation of the chest is usually not helpful. 
Clinical deterioration can occur extremely rapidly in this age 
group.

Herpes virus pneumonia presents classically in the newborn 
period and follows asymptomatic shedding of the virus by the 
mother.13 Rapidly progressive respiratory distress occurs at 

about 6–10 days of age, often in association with pyrexia but 
without an associated vesicular eruption, particularly in the 
initial phase. Diagnosis requires viral culture or polymerase 
chain reaction analysis of airway secretions, and treatment is 
with acyclovir.14

Older Children

Pneumonia in infants beyond the newborn period will usually 
present with tachypnea greater than 50 breaths per minute and 
pyrexia >38.5°C. Signs of respiratory distress may be present. 
Auscultation can be helpful as bilateral wheeze or crepitations 
in the pyrexial preschool child is much more suggestive of a 
viral etiology for the lower respiratory tract infection. Focal 
crackles and/or bronchial breathing suggest a lobar focus for 
the pneumonia. These features have a sensitivity of 75% and 
specificity of 57% for predicting radiological consolidation.11

One specific classical presentation in early infancy is Chla-
mydia trachomatis pneumonia, which occurs from 4 weeks 
to 4 months of age (Fig. 8.1). Typically, these infants have 
conjunctivitis (50% of cases), tachypnea, a “staccato” cough, 
and are afebrile.6 From 1 year of age tachypnea greater than 
40 breaths a minute becomes significant. In children 5 years 
and over an acute wheezy episode with insidious onset, cough, 
malaise, headache, and low-grade fever is typical of Myco-
plasma pneumoniae infection.

Pneumonia Presenting with Acute 
Abdominal Pain

The surgeon should remember that pneumonia can present as 
abdominal pain, particularly right lower lobe pneumonia.15 
Approximately 2.5–5% of pediatric abdominal pain is due to 
pneumonia.16,17 Referred pain from diaphragmatic inflamma-
tion is the usual explanation. Pneumonia should be considered 

Table 8.1. Common pathogens causing pneumonia in the immu-
nocompetent child, grouped by child’s age.

Age Likely pathogens

Neonate (≤4 weeks) Group B streptococcus
Gram-negative enteric bacteria

5 weeks – 4 months Viruses, such as respiratory syncitial virus (RSV), 
Parainfluenza, Influenza, Adenovirus
Chlamydia trachomatis
Bordetella pertussis

4 months – 5 years Viruses, such as respiratory syncitial virus (RSV), 
Parainfluenza, Influenza, Adenovirus
Hemophilus influenzae
Streptococcus pneumoniae

5 years – 15 years Streptococcus pneumoniae
Mycoplasma pneumoniae
Chlamydia pnemoniae
Viruses, such as respiratory syncitial virus (RSV), 
Parainfluenza, Influenza, Adenovirus

In each cell pathogens are listed in approximate order of relative importance 
and prevalence at each age. Table adapted from British Thoracic Society 
Standards of Care Committee6 and from Stein and Marostica7

Table 8.2. Common clinical features of bacterial lower respiratory 
tract infection, grouped according to age.

Age Temperature Respiratory rate Features

Neonate 
(≤4 weeks)

38.5°C >60 per min Intercostal and subcostal 
recession, tracheal tug, 
nasal flaring, head bobbing, 
expiratory grunting
May have features of 
septicemia

5 weeks – 1 
year

38.5°C >50 per min Intercostal and subcostal 
recession, tracheal tug, 
nasal flaring, head bobbing, 
expiratory grunting
May have cough
May have focal crackles or 
bronchial breathing
If wheezy then viral lower 
respiratory tract infection 
more likely

>1 year 38.5°C >40 per min Intercostal and subcostal 
recession, tracheal tug, 
expiratory grunting
May have cough
May have focal crackles or 
bronchial breathing
If wheezy > 5years of age 
consider mycoplasma

Table adapted from British Thoracic Society Standards of Care Committee6 
and from Coote and McKenzie54

Fig. 8.1. Radiological appearance of Chlamydia trachomatis pneu-
monia in a 2-month-old child. Hyperinflation is also a common 
feature
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when children with abdominal pain have an unremarkable 
abdominal examination yet have a significant pyrexia. Respi-
ratory examination may be normal.

Immunocompromised Children

Children with immunocompromise from any cause, including 
post transplant, undergoing chemotherapy for malignancy, 
HIV infection, are susceptible to severe and life-threatening 
pneumonia from both typical and atypical pathogens (see 
Table 8.3). Infections may be newly acquired pathogens or 
may be due to reactivation of organisms that had previously 
been latent or commensal. Immunosuppressed children dete-
riorate rapidly, and early expert advice from a pediatric respi-
ratory specialist and/or immunologist is recommended. All 
bacteria normally associated with community-acquired pneu-
monia should be considered as well as Gram-negative organ-
isms. Atypical organisms must also be considered including 
Pneumocystis jiroveci (previously termed Pneumocystis 
carinii), Aspergillus, and mycobacteria. Common causes of 
viral pneumonia in the immunocompromised host include 
respiratory syncytial virus (RSV), influenza, adenovirus, and 
parainfluenza virus. A recent study suggests that 40% of such 
pneumonias are hospital-acquired,18 and mortality rates of up 
to 67% have been reported.19 More rarely varicella zoster, 
measles, cytomegalovirus (CMV), and Epstein Barr virus 
can cause viral pneumonitis.19,20 Neutropenic patients are 
particularly at risk of bacterial and fungal infections, whereas 
lymphopenic patients are most susceptible to Pneumocystis 
jiroveci and viral infections. In practice considerable overlap 
occurs.21,22 Tachypnea and a fever >38.5°C are the usual pre-
senting features, although decreased oxygen saturation may 
be prominent, particularly in Pneumocystis jiroveci pneumonia. 
Sputum and productive cough is rarely seen in immunocom-
promised patients due to the relative leucopenia.

Investigations in these children should include full blood 
count to assess degree of neutropenia and lymphopenia, 
blood cultures, and a chest X-ray. Serology is rarely helpful 
due to the immunosuppression.19 If fungal disease is suspected 
blood can be sent for candida and aspergillus antigens. Respi-
ratory secretions should be sent for viral detection and 
culture, requesting parainfluenza, influenza, RSV, adenovirus, 
and CMV as a minimum. The chest X-ray may show char-
acteristic appearances of a particular pathogen, for example, 
bilateral perihilar infiltrates with ground-glass shadowing are 
often seen with Pneumocystis jiroveci or CMV pneumonia. 
(Fig. 8.2). The chest X-ray may be normal and in such cases 
high-resolution chest CT (HRCT) should be considered.23 In 
children unresponsive to treatment or where there is diag-
nostic uncertainty bronchoalveolar lavage can be used in an 
attempt to identify the causal pathogen. Ideally, this should 
be performed early, as once significant respiratory compro-
mise develops bronchoscopy often precipitates the need for 
mechanical ventilation.24 It is important to treat these children 
with broad-spectrum antibiotics to cover both Gram-positive 
and Gram-negative bacterial pneumonia.

Inhaled Ribavarin should be considered if RSV or parainflu-
enza virus infection is confirmed, although evidence of benefit 
is weak.19 Zanamavir and Oseltamavir have activity against 
influenza A and influenza B but should be started within 48 h 
of the onset of symptoms.25 Aciclovir is given for varicella 
zoster pneumonitis, and Ganciclovir and Foscarnet are used in 
CMV pneumonitis, although both have significant toxicity.19

Pneumocystis jiroveci pneumonia presents with gradual onset 
of dyspnea, cyanosis, and a dry cough. Fever is not a major fea-
ture. Auscultation of the chest is usually unremarkable. Chest 
X-ray is often helpful, as described earlier. The diagnosis is 

Table 8.3. Common potential respiratory pathogens in immuno-
compromised children.

Organism Examples

Bacteria Streptococcus pneumoniae
Hemophilus influenzae
Staphylococcus aureus
Streptococcus pyogenes
Klebsiella
Pseudomonas

Viruses Respiratory syncitial virus (RSV)
Parainfluenza
Influenza
Adenovirus
Cytomegalovirus (CMV)
Measles
Herpes viruses

Atypicals Chlamydia pneumoniae
Mycoplasma pneumoniae
Mycobacteria (tuberculous and nontuberculous)

Fungi Aspergillus
Candida
Pneumocystis jiroveci

Fig. 8.2. Chest X-ray demonstrating features of Pneumocystis jiroveci 
pneumonia with characteristic “ground-glass” interstitial shadow-
ing. In the early stages perihilar streaky shadowing can give a “bat’s 
wing” appearance
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confirmed by specific staining or polymerase chain reaction 
(PCR) analysis of induced sputum or bronchoalveolar lavage 
fluid.26,27 Treatment is with high-dose Septrin, or Pentamidine 
if Septrin is not tolerated,27 and the addition of corticosteroids 
should be considered if there is severe hypoxemia.28

Diagnosis of candida pneumonia is complicated by fre-
quent oropharyngeal colonization in immunocompromised 
subjects. The chest X-ray and clinical findings are generally 
indistinguishable from Pneumocystis jiroveci pneumonia. 
High-resolution CT is helpful with a characteristic miliary-
nodular pattern, although a halo sign and cavitating lesions 
may also be seen.29 Treatment options include Amphotericin, 
Fluconazole, or Caspofungin.30

The most common presentation of Aspergillus infection in 
the immunocompromised host is invasive pulmonary asper-
gillosis (IPA).31 The presence of Aspergillus in the respira-
tory secretions of an immunocompromised individual must 
be considered pathogenic until proven otherwise because this 
is associated with a 50–70% risk of invasive aspergillosis.32 
The chest X-ray may show patchy consolidation (Fig. 8.3). 
High-resolution CT is more informative with characteristic 
centrilobular nodules, a halo sign, and cavitating lesions.29,31 
Aspergillus antigen is highly specific for invasive aspergillosis 
but the sensitivity of this test is poor and it often only becomes 
positive after HRCT features are already apparent.33 First-line 
therapy is intravenous Amphotericin B, either standard or 
liposomal. Amphotericin can also be nebulized as an adjunct 
to the intravenous route. In patients unresponsive or allergic 
to Amphotericin second-line agents including Caspofungin 
and Voriconazole must be used.31 In neutropenic patients the 
degree of inflammatory response around the cavitating lesions 

increases as the neutrophil count recovers, and this may pre-
cipitate life-threatening hemorrhage. Surgical resection of 
lesions that are central or adjacent to large vessels should be 
considered. Mortality is high at 30–40%, and prolonged anti-
fungal therapy is required.34

Children with Sickle Cell Disease

Children with sickle cell disease are particularly susceptible 
to pneumococcal, hemophilus, or salmonella infections. This 
is due to functional asplenia and impaired serum opsoniz-
ing activity. The risk of invasive pneumococcal disease is 
30–100 times greater than in normal children. This risk can be 
reduced 3–10 fold by penicillin prophylaxis and pneumococ-
cal vaccination.35 Parents of children with sickle cell disease 
are advised to seek medical attention for any chest symptoms 
or any temperature greater than 38.5°C. In this group there 
should be a low threshold for admission to hospital for investi-
gation and intravenous broad-spectrum antibiotics.36 Lower 
respiratory tract infection can precipitate an acute chest 
syndrome, with chest pain, pyrexia, tachypnea and cough, 
or wheeze. Hypoxemia often develops and the chest X-ray 
reveals segmental consolidation.37 Acute chest syndrome can 
also be precipitated by general anesthesia, surgery, fat embo-
lism following infarction within a long bone, and pulmonary 
infarction. Urgent aggressive treatment with high flow oxy-
gen, broad-spectrum antibiotics, analgesia, and blood transfu-
sion, depending on the hemoglobin and percentage of sickle 
hemoglobin, are necessary. Early advice from hematology 
should be sought.36 Often the oxygen requirement persists for 
many days, and it is very important to ensure that oxygen 
saturations above 93% can be maintained before oxygen is 
discontinued as these patients are at high risk of developing 
pulmonary hypertension.

Postoperative Children

There is little research on the prevention and treatment of 
postoperative pneumonia in children. Generally children 
are at low risk of postoperative pneumonia compared with 
adults. Obese children are more likely to develop pneu-
monias postoperatively due to a relative reduction in lung 
 volume.

Children with preexisting lung disease, however, require 
special consideration. Children with cystic fibrosis require 
careful preoperative assessment and may benefit from a pre-
operative course of antibiotics. Postoperatively intensive chest 
physiotherapy should be performed to mobilize secretions and 
reduce areas of atelectasis, and prophylactic antibiotics are 
generally recommended.38

In choosing antibiotics for postoperative pneumonia, con-
sideration should be given to the possibility that unusual 
organisms, for example, Gram-negative bacteria from the gas-
trointestinal tract, may be implicated.

Fig. 8.3. Classical radiological appearance of Aspergillosis in the 
immunocompromised host, with diffuse patchy consolidation and 
centrilobular nodules. Later in the infective process cavitation may 
be seen
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Unusual Organisms: Actinomycoses, 
PVL producing MRSA

Actinomyces species are usually found in the oral cavity, 
particularly in association with poor oral hygiene and dental 
plaque. With general improvements in oral hygiene actinomy-
ces chest infections have become rare. Children who aspirate 
are at increased risk. Radiological signs of consolidation and 
cavitation may be present (Fig. 8.4).39 Treatment involves a 
prolonged course of high-dose intravenous penicillin.40

Community-acquired methicillin-resistant Staphylococ-
cus aureus (MRSA) is an emerging pathogen. Of particular 
concern are strains positive for the exotoxin Panton-Valentine 
leukocidin (PVL). PVL is a marker of virulence, which is 
associated with rapidly progressive disseminated sepsis and 
necrotizing pneumonia. Mortality rates of 75% have been 
reported.41 Teenagers seem at particular risk, and there is an 
association with influenza infection.42 Early high-dose intrave-
nous antibiotics active against MRSA are required. Intensive 
care support is often needed, and intravenous immunoglobu-
lin therapy in unresponsive cases may also have a role.43,44

Children with Neurodisability

This group of children is at an increased risk of developing 
pneumonia, and when pneumonia occurs the associated risks 
of morbidity and mortality are higher than in neurologically 
normal children. Up to three-quarters of deaths in severely 
disabled children may be due to pneumonia.45 The four main 
factors predisposing children with neurodisability to the 

development of pneumonia are recurrent aspiration, ineffec-
tive cough, impaired lung function, and immobility.

Bulbar muscle dysfunction can lead to direct aspiration 
during swallowing.46 This tends to be worse with liquids 
compared with solids.47 In addition, children with neuro-
disability are prone to gastroesophageal reflux, with rates 
between 32 and 75%, depending on the diagnostic criteria 
used.48 Both direct aspiration and gastroesophageal reflux 
independently increase the risk of pneumonia but when 
they are combined there is a particularly high risk of recur-
rent and severe pneumonia, presumably due to aspiration of 
stomach contents.46

If direct aspiration is suspected clinically this may be docu-
mented using a videofluoroscopic contrast swallow, although 
a negative test does not exclude it.49 Interventions for direct 
aspiration include thickened feeds, nasogastric tube feeding, 
or gastrostomy feeding.48 Gastroesophageal reflux is usu-
ally investigated with 24-h esophageal pH monitoring and/or 
barium swallow. Initial medical treatment involves feed thick-
eners, prokinetic agents, and acid suppression, but frequently 
antireflux surgery is necessary.48

In neuromuscular disease coughing is often ineffective due 
either to poor coordination of forced expiration and glottic 
closure or to generalized muscle weakness. As a result there 
is impaired clearance of lower airway secretions, which is a 
particular problem when viral or bacterial lower respiratory 
tract infections occur.48

The increasing weakness of the respiratory muscles in pro-
gressive neuromuscular conditions contributes to a relentless 
deterioration in lung function. Even in stable neuromuscular 
conditions lung function may decline due to incremental dam-
age from recurrent pneumonias or aspiration. Lung function 
measurements can be useful but they are difficult or impos-
sible in small children and children with intellectual impair-
ment. Impaired lung function increases the morbidity and 
mortality of pneumonia dramatically. In some neuromuscular 
diseases such as Duchenne muscular dystrophy noninvasive 
ventilation may reduce respiratory morbidity and improve 
survival and quality of life, although this needs to be consid-
ered very carefully.50

Children with Tracheostomies

As these children do not have the physiological benefit of 
the nasopharynx to warm, humidify, and filter inspired air, 
they are at increased risk of pneumonia. The trachea may 
become colonized with Staphylococcus aureus or Pseudomo-
nas aeruginosa. If isolated on routine culture from an asymp-
tomatic child with a tracheostomy, treatment is not routinely 
indicated. Presentation of pneumonia in a child with a tra-
cheostomy is similar to child without a tracheostomy. How-
ever, the increased secretions require frequent tracheal 
suction, and this often necessitates admission to hospital for 
additional humidity.51

Fig. 8.4. Actinomyces pneumonia in a 10-year-old child. Such 
infection classically spreads across tissue planes, crossing pulmo-
nary fissures as seen here. Radiological changes are generally slow 
to resolve
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Diagnosis

Pulse Oximetry

An oxygen saturation of <93% indicates the need for supple-
mental oxygen.52 Measurement of oxygen saturation is recom-
mended for every child admitted to hospital with pneumonia.6

Acute Phase Reactants

White blood cell count, erythrocyte sedimentation rate, and 
C-reactive protein are not helpful in differentiating between 
bacterial and viral pneumonia.53

Blood Cultures

Although positive in only 5–10% of children with pneumo-
nia, blood cultures should be routine. They can be useful, for 
example, in alerting the clinician to organisms demonstrating 
antimicrobial resistance.54

Sputum Culture

Children with pneumonia rarely expectorate, so sputum 
culture is often not possible. However, in children with neu-
rodisability, children with a tracheostomy, and children with 
chronic respiratory conditions such as primary ciliary dyski-
nesia and cystic fibrosis, sputum culture may be extremely 
helpful in identifying pathogens. There is little data regarding 
the use of cough swabs or induced sputum samples in normal 
nonexpectorating children with pneumonia but these tech-
niques are valuable in children with cystic fibrosis.55

Nasopharyngeal Aspirates

Detection of RSV, parainfluenza virus, influenza virus, and 
adenovirus viral antigens in nasopharyngeal aspirates is 
approximately 80% sensitive for infection.56 Detection of viral 
antigen will not usually alter the management of the immu-
nocompetent child but is still useful for cohort isolation and 
other infection control measures.6

Serology

Serology may detect a number of viral, bacterial, and atypi-
cal pathogens, but sensitivity and specificity are often poor.54 
In practice, mycoplasma serology is the most relevant. Myco-
plasma pneumonia can be difficult to diagnose and can be 
associated with a number of postinfection extrapulmonary 
inflammatory syndromes (see section on complications later).

Other

Any ill child with pneumonia should have their urea and elec-
trolytes measured. Inappropriate secretion of antidiuretic hor-
mone is relatively common and results in fluid retention and a 

fall in the serum sodium. Modest restriction and isotonic intra-
venous fluids may be indicated. If the initial serum sodium 
level is below the normal range regular monitoring is indicated 
to ensure that it corrects slowly (less than 16 mmol/24 h) to 
avoid damaging rapid swings in intracellular fluid volume.57

Radiology

Alveolar shadowing (consolidation) on chest X-ray is a 
reliable and recognizable indicator of pneumonia in child-
hood, with 74% specificity for bacterial infection (Fig. 8.5).2 
However, in the outpatient setting a randomized controlled 
trial has demonstrated that chest radiography does not affect 
the outcome of children with suspected lower-respiratory 
tract infection.58 The indications for a chest X-ray in children 
thought to have pneumonia require careful consideration.

In a Child <5 Years with Pyrexia 
of Unknown Origin

Studies suggest that 25% of children less than 5 years of age 
with significant pyrexia have radiographic signs of pneumonia, 
even in the absence of any clinical chest signs.59 A chest X-ray 
may be clinically useful.

In Children Presenting with Clinical Signs 
Suggestive of Parapneumonic Pleural 
Effusion/Empyema

Empyema is considered in a separate chapter. Pleuritic chest 
pain and/or focally reduced expansion and dullness to  percussion 

Fig. 8.5. Chest X-ray demonstrating classical left upper lobe pneu-
monia, without any evidence of lobar collapse
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with reduced breath sounds should alert the clinician to the pos-
sibility of an empyema, and a chest X-ray is indicated.60

In Children Admitted for Treatment of 
Pneumonia Where There Is No Clinical 
Improvement After 48 h antibiotic Therapy

Children remaining pyrexial or unwell 48 h after commence-
ment of antibiotic therapy may have an empyema, atypical 
infection, or a complicated infection such as staphylococcal 
pneumonia, and a chest X-ray is indicated.54,60

As Follow-Up in Children Who Have 
Had Lobar Collapse

There is a concern that bronchiectasis may be a sequel of 
pneumonia when lobar collapse persists (Fig. 8.6). The evi-
dence for this is weak but it remains a common practice to 
perform a follow-up film at approximately 6 weeks in such 
cases.54 Children with consolidation without collapse who 
are asymptomatic at follow-up 6 weeks later do not require a 
repeat film.61

In Children with Any History Suggestive 
of an Inhaled Foreign Body

Management of children with an inhaled foreign body is dis-
cussed in a separate chapter but the clinician must remember 

that these children can present late with symptoms and signs 
of pneumonia. If a foreign body is suspected a chest X-ray 
should be performed and bronchoscopy arranged.

Differential Diagnosis

Bronchiolitis

This is predominantly a disease of infancy. A low-grade 
pyrexia is sometimes present. Auscultation of the chest reveals 
widespread fine inspiratory crepitations often with widespread 
expiratory wheeze.

Inhaled Foreign Body

This is considered in a separate chapter, but should always be 
suspected with focal wheeze or diminished air entry, even in 
the absence of a suggestive history.

Empyema

Pleuritic chest pain, stony dullness to percussion, diminished 
air entry, or pneumonia failing to respond to treatment are 
classical features of an empyema.

Management

Evidence-based guidelines for the management of com-
munity-acquired pneumonia in childhood have been pub-
lished by the British Thoracic Society.6 As yet no similar 
guidelines have been produced by the American Thoracic 
Society.

Infants and children with mild to moderate respiratory dis-
tress can be managed safely at home with oral antibiotics. 
Parents should be advised to seek medical attention if further 
deterioration occurs, or if there is no improvement after 48 h 
of treatment.6

Criteria for Admission

• Oxygen saturation < 93%

• Respiratory rate > 70 breaths per minute in an infant or >50 
breaths per minute in older children

• Difficulty in breathing

• Intermittent apneas or grunting

• Inability to feed or signs of dehydration

• Family not able to provide appropriate observation or super-
vision

These criteria are based principally on a prospective study 
performed in rural Zambia assessing risk factors for mortality 
in children under 5 years of age with pneumonia.11 It should 
be noted that presence of consolidation on chest X-ray is not a 
criterion for admission by itself.6

Fig. 8.6. Radiological appearance of right middle lobe collapse, 
with volume loss of right middle lobe, loss of right heart border, and 
compensatory hyperinflation of right lower lobe. This child requires 
radiological follow-up
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Monitoring

Although there is little evidence, it is recommended that 
children requiring oxygen should be monitored at least four-
hourly by oximetry, heart rate, temperature, and respiratory 
rate. With increasing severity of illness continuous oxygen 
saturation monitoring is indicated.6

Oxygen

As mortality is increased in children with oxygen saturation 
< 93%, it is recommended that supplemental oxygen is deliv-
ered to maintain saturations ≥ 93%. Nasal cannulae are often 
well tolerated up to flow rates of approximately 2 L per min-
ute, equivalent to an inspired oxygen concentration of around 
30–40%.62 If greater concentrations of oxygen are required a 
headbox should be used in infants and a rebreathing mask in 
older children. These devices can deliver an inspired oxygen 
concentration up to approximately 60%. If the child is still not 
maintaining satisfactory oxygen saturations an arterial blood 
gas sample should be taken to measure the PaO

2
 and transfer 

to an intensive care unit arranged.6,62

Fluid Management

Children with pneumonia may be unable to drink adequately 
due to breathlessness and are at risk of dehydration. Babies less 
than 2 kg with respiratory distress are further compromised by 
nasal obstruction caused by nasogastric tubes. These babies 
should receive intravenous fluids.63 Pneumonia can cause 
inappropriate secretion of antidiuretic hormone (SIADH). 
Children requiring intravenous fluid should usually be 
restricted to 80% of maintenance requirements. Isotonic intra-
venous fluids should be used, and the serum sodium should 
be monitored.6,62

Antipyretics

Antipyretics are recommended because fever increases insen-
sible fluid losses and also the work of breathing, particularly 
in infants.62

Physiotherapy

Chest physiotherapy is not helpful in previously normal chil-
dren with pneumonia and should not be performed.64

Antibiotic Therapy

Usually when the decision is made to commence antibiotics 
the causal organism is unknown but empirical treatment can 
be started based on the age of the child and presenting clinical 
features.6,7,62,65 A suggested approach is presented in Table 8.4. 
Children with preexisting lung disease, neurodisability, or immu-
nocompromise require a more specific approach.

Antibiotic Resistance

Worldwide surveillance suggests that 10–40% of pneumococ-
cal isolates display resistance to penicillin with particularly 
high rates in France, Spain, and the USA.66 This resistance is 
often not absolute and can be overcome with adequate drug 
doses. Penicillins remain the antibiotic of choice for pneu-
mococcal infection.65 Macrolides should only be used against 
suspected pneumococcal infection in children who are peni-
cillin allergic.67

Treatment failure has been described with macrolide-resis-
tant pneumococci.

If Mycoplasma pneumoniae or Chlamydia pneumoniae are 
suspected, such as in children older than 5 years with fea-
tures such as dry cough, fever, wheeze, crackles, and head-
ache, macrolides should be administered.6,65 Erythromycin is 
commonly used but this is required four times a day, which 
reduces compliance. Newer macrolides such as Clarithromycin 
and Azithromycin can be given twice daily or less but they are 
more expensive.68,69

Route of Administration

There are few studies comparing oral with parenteral antibiotic 
administration for pneumonia. Two randomized controlled tri-
als suggest that oral amoxicillin is as effective as parenteral 
penicillin.70,71 However, in the vomiting or severely unwell 
child the parental route is more reliable and recommended.6

Duration of Antibiotic Treatment

There are no relevant studies regarding either timing of the 
switch from intravenous to oral antibiotics or the total duration 

Table 8.4. Approach to childhood pneumonia, based on clinical 
features and age of child.6,7,62,65

Age
Clinical 
features

Chest X-ray 
features

Inpatient 
treatment

Outpatient 
treatment

Neonate 
(≤4 weeks)

Respiratory 
distress

Focal con-
solidation

Intravenous 
broad spectrum 
antibiotics (e.g., 
amoxicillin and 
gentamicin)

Not recom-
mended

5 weeks – 4 
months

Respiratory 
distress, 
pyrexia

Focal con-
solidation

Amoxicillin or 
penicillin

Amoxicillin

5 weeks – 4 
months

Staccato 
cough, 
afebrile, 
tachypnea, 
conjunctivitis

Interstitial 
shadowing

Macrolide (e.g., 
erythromycin)

Macrolide 
(e.g., eryth-
romycin)

5 months – 
15 years

Focal crack-
les, tachypnea, 
pyrexia

Focal con-
solidation

Amoxicillin or 
penicillin

Amoxicillin

5–15 years Dry cough, 
wheeze, 
pyrexia

Interstitial 
shadowing

Macrolide (e.g., 
erythromycin)

Macrolide 
(e.g., eryth-
romycin)



8. Pneumonia 103

of antibiotic treatment. Generally a total of 7–10 days antibi-
otic therapy is recommended for pneumonia.6,65

Criteria for Transfer to Intensive Care

• Transfer of the child to the pediatric intensive care unit 
should be considered when:

• The child fails to maintain oxygen saturations of 93% or 
above in 60% inspired oxygen.

• The child is shocked.

• There is clinical evidence of exhaustion with rise in pulse 
and respiratory rate. The arterial pCO

2
 may be elevated.

• There are recurrent apneas or irregular slow breathing.6,62

Complications

The following may occur as complications of childhood 
pneumonia: empyema, lung abscess, bronchiectasis, pneu-
matoceles, syndrome of inappropriate antidiuretic hormone 
(SIADH), and pericarditis (see Table 8.5).62 Empyema and/or 
lung abscess should be suspected in any child with pneumo-
nia who remains unwell with a spiking fever 48 h after com-
mencing antibiotic treatment. Management is described in a 
separate chapter. Mycoplasma pneumonia has a number of 
specific potential inflammatory sequelae.

Bronchiectasis

Bronchiectasis is defined as abnormal and permanent dilata-
tion of bronchi and is thought to be caused by inflamma-
tory damage to the airway.72 It is a common feature of cystic 
fibrosis-related lung disease. Noncystic fibrosis bronchiectasis 
has a prevalence of approximately 0.2 per 1,000 in chil-
dren, and a retrospective study suggests that approximately 
30% of these cases are associated with previous pneumo-
nia in otherwise normal children.73 Children with persisting 
lobar collapse following pneumonia may be at particular 
risk and require careful follow-up as previously described.54 
Children presenting with bronchiectasis should be screened 
for cystic fibrosis, primary ciliary dyskinesia, and immuno-
deficiency.72

Pneumatoceles

Pneumatoceles are small multiple thin walled air-filled cysts 
caused by alveolar and bronchiolar necrosis. They are most 
commonly associated with Staphylococcus aureus pneumonia, 
when they are seen in approximately 85% of cases, but can 
also be observed with Haemophilus influenzae and Group A 
Streptococcus pneumonia.62,74 Progression to pneumothorax 
or pyopneumothorax has been described but is unusual. In 
the long term, the prognosis is good with spontaneous resolu-
tion and normal lung function, although this may take several 
months.75,76

SIADH

Approximately one-third of children with pneumonia develop 
hyponatremia due to SIADH.77 This is thought to be caused 
by resetting of the thoracic baroreceptors.62 The excess antidi-
uretic hormone causes fluid retention by the renal tubules 
leading to dilutional hyponatremia. Hyponatremia is associ-
ated with a 60% longer hospital stay and 3.5-fold increase 
in mortality.77 Fluid restriction and regular monitoring of 
serum electrolytes are the mainstay of treatment. The SIADH 
resolves as the pneumonia improves.

Pericarditis

This is a rare but life-threatening complication of bacterial 
pneumonia, with a high mortality.78 Persistent fever, muffled 
heart sounds, and signs of right heart failure such as hepato-
megaly are the presenting features. Chest X-ray may show a 
pericardial effusion, and echocardiogram is diagnostic. Treat-
ment includes 4–6 weeks intravenous antibiotics and pericar-
dial drainage.

Bronchiolitis Obliterans

Bronchiolitis obliterans is a poorly understood inflamma-
tory obliteration of small airways resulting in obstructive 
lung disease with focal areas of air trapping. A characteristic 
“mosaic” appearance is seen on HRCT (see Fig. 4.3). This 
complication is particularly seen after adenovirus or myco-
plasma pneumonia, especially when contracted in infancy.79 
Bronchiolitis obliterans frequently causes long-term respira-
tory impairment, and follow-up by a respiratory pediatrician 
is recommended.

Extrapulmonary Inflammatory Complications 
Following Mycoplasma Pneumonia

Approximately 25% of those affected by mycoplasma pneu-
monia will go on to develop extrapulmonary manifestations, 
most commonly affecting the central nervous system.80 Such 
sequelae normally occur within 2 weeks of a Mycoplasma 
pneumoniae infection and may be caused either by direct 

Table 8.5. Complications of childhood pneumonia.

Complications of childhood pneumonia

Empyema
Lung abcess
Bronchiectasis
Pneumatoceles
Syndrome of inappropriate antidiuretic hormone
Pericarditis
Bronchiolitis obliterans
Extrapulmonary inflammatory complications following mycoplasma 

pneumonia
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infectious dissemination, as evidenced by positive culture 
and PCR analysis of nervous tissue or cerebrospinal fluid, 
or by an immune-mediated mechanism, as suggested by 
the development of autoantibodies against components of 
myelin.80,81

Central nervous system manifestations include encephalitis, 
meningoencephalitis, aseptic meningitis, cerebellar syndrome, 
cranial nerve palsies, radiculitis, and transverse myelitis. 
Commonly complete resolution occurs but long-term deficits 
in motor or cerebral function can occur.

The skin can be involved with erythema multiforme and 
Stevens–Johnson syndrome, a combination of conjunctivitis, 
stomatitis, and erythematous rash.80

In approximately 14% of cases generalized myalgia, myo-
sitis, arthralgia, or polyarthropathy is described. Less common 
is cardiac involvement including pericarditis, myocarditis, and 
pericardial effusion. Hemolytic anemia, renal involvement 
such as glomerulonephritis, hepatitis, and pancreatitis have all 
been described.6,80

For the treatment of the extrapulmonary manifestations of 
Mycoplasma pneumoniae specialist advice should be sought. 
Generally macrolide antibiotics are recommended. Steroids 
are used to treat some of the central nervous system manifes-
tations.80,82

Rare and Usual Cases

When to Suspect Congenital Abnormality

The respiratory pediatrician must remain alert to the possibil-
ity that a child may have developed pneumonia as a result of 
an underlying congenital abnormality (see Table 8.6). A lobar 
pneumonia resistant to treatment may be the presenting fea-
ture of congenital cystic adenomatoid malformation (CCAM), 
intralobar sequestration, or bronchogenic cyst.83 Recurrent 
pneumonia, particularly if occurring in the same lobe, sug-
gests an underlying congenital abnormality. A study defining 
recurrent childhood pneumonia as two episodes of pneu-
monia within a year or three episodes in a lifetime revealed 
that only 8% of children hospitalized with pneumonia suffer 
recurrent infection.84 Of those who did meet the criteria for 

recurrent pneumonia an underlying cause was found in 92%, 
although the exact diagnostic criteria are unclear. Pneumonia 
was attributed to aspiration from oropharyngeal incoordina-
tion in 48%, congenital cardiac defects in 9%, and congenital 
pulmonary anomalies in 8%.84 An H-type tracheesophageal 
fistula or a laryngeal cleft should be considered in this group 
of children.49 Children with recurrent pneumonia affecting the 
same lobe should, therefore, be investigated to exclude a con-
genital abnormality.

When to Consider Immunodeficiency, Cystic 
Fibrosis, or Primary Ciliary Dyskinesia

Immunodeficiency should be considered when a child has 
had two significant infections requiring intravenous antibiotics. 
10% of children identified as having recurrent pneumonia 
were found to have an immune disorder. These pneumonias 
did not tend to recur in the same lobe but classically were 
bilateral and interstitial.84 Unusual or opportunistic pathogens 
should also alert the clinician to the possibility of immune 
deficiency. A careful history of previous infections should be 
taken including skin infections and episodes of oral thrush. 
Initial investigations include full blood count for white cell 
indices, serum immunoglobulins, and functional antibodies. 
More specialized immunological testing may be necessary in 
consultation with an immunologist.

Cystic fibrosis classically presents with recurrent chest 
infections, chronic productive cough, failure to thrive, and 
loose fatty offensive stools. The diagnosis should be consid-
ered in any child who has had two episodes of pneumonia 
requiring intravenous antibiotics. There may be digital club-
bing, unusual pathogens such as Pseudomonas aeruginosa 
detected on sputum culture, and features of bronchiectasis 
on chest X-ray. Cystic fibrosis is caused by mutations of the 
gene encoding the cystic fibrosis transmembrane conductance 
regulator (CFTR) protein. These mutations cause decreased 
function of this protein resulting in thick viscid pulmonary 
secretions and reduced clearance of bacteria. Once chronic 
pulmonary infection develops progressive lung damage 
occurs and life expectancy is reduced to about 45 years at 
best.85 Early diagnosis of cystic fibrosis is extremely impor-
tant because intensive treatment of early infection, measures 
to reduce cross-infection, and appropriate pancreatic enzyme 
and nutritional support are all associated with improved out-
come.86–88 The sweat test remains the gold standard for con-
firming the diagnosis of cystic fibrosis.89 A sweat sodium and 
chloride value of >60 mmol/L is positive, between 40 and 
60 mmol/L equivocal, and <40 mmol/L negative. Cystic fibro-
sis genotyping may be helpful if positive but because of the 
large number of cystic fibrosis mutations a negative genotype 
does not exclude cystic fibrosis.89 90% of patients with cystic 
fibrosis are pancreatic insufficient, thus measurement of fecal 
elastase can also be useful in equivocal cases.90

Primary ciliary dyskinesia should also be considered in 
children who have had two episodes of pneumonia requiring 

Table 8.6. Conditions to be considered when pneumonia is 
either resistant to treatment or recurrent.

Potential underlying causes of recurrent or persistent pneumonia

Congenital abnormality
 Congenital cystic adenomatoid malformation
 Intralobar sequestration
 Bronchogenic cyst
 H-type trache-oesophageal fistula
 Laryngeal cleft
Immunodeficiency
Cystic Fibrosis
Primary ciliary dyskinesia
Aspiration due to oropharyngeal incoordination
Congenital heart defects
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intravenous antibiotics. Primary ciliary dyskinesia is caused 
by abnormal structure or function of cilia and has a wide 
spectrum of severity.91 In approximately 50% of cases there is 
dextrocardia due to cilial dysfunction during embryogenesis. 
Ciliary dysfunction in the upper respiratory tract is respon-
sible for chronic rhinosinusitis and secretory otitis media. In 
the lower respiratory tract chronic productive cough, recurrent 
pneumonia, and bronchiectasis can occur. Digital clubbing 
may be present. Diagnosis is by cilial biopsy. Other useful 
screening investigations include the saccharin test and nasal 
nitric oxide measurement.91 Diagnosis allows appropriate 
treatment including daily chest physiotherapy with early and 
prolonged courses of oral antibiotics for any increase in respi-
ratory symptoms. The prognosis is usually good, with near 
normal life expectancy.91

Controversies

When Is Treatment Indicated?

There is only one randomized controlled trial in children diag-
nosed with pneumonia comparing children treated with anti-
biotics with those not receiving antibiotics.92 The diagnosis of 
pneumonia was based on either fine crepitations on ausculta-
tion or consolidation on chest X-ray, and children with severe 
dyspnea, cyanosis, or preexisting lung disease were excluded. 
Approximately half the children were diagnosed as having 
viral pneumonia, principally RSV. Although outcome was 
comparable between the two groups, interpretation of the study 
is difficult as many of the subjects probably had bronchiolitis 
rather than pneumonia. Thus, there is little evidence to support 
the use of antibiotics for community-acquired pneumonia. It 
is difficult to differentiate reliably between viral and bacterial 
pneumonias in children either clinically or by using acute phase 
reactants. The following pragmatic approach is recommended. 
Preschool children (age less than 4 years) with wheeze as a 
presenting feature are unlikely to have bacterial pneumonia and 
should not normally require antibiotics. Children with alveolar 
shadowing (consolidation) on chest X-ray have 74% specificity 
for bacterial infection and should receive antibiotics.2 For other 
children with respiratory signs, such as focal bronchial breath-
ing or crackles, there is very little direct evidence either for or 
against treatment, although with these focal signs most clini-
cians would commence antibiotic therapy.6

Aspiration as an Etiological Factor

Aspiration may be due to swallowing dysfunction or gastroe-
sophageal reflux49 and may be associated with wheeze, stridor,93 
and pneumonia.94 Children with neurological disease are the 
most likely to have swallowing dysfunction although it can be 
seen in otherwise normal children.49 Proving aspiration as the 
cause of recurrent pneumonia is often difficult as the litera-
ture in the area is limited to describing association rather than 

cause, and all the relevant investigations have limitations.49 
For example, normal videofluoroscopic swallow or normal 
esophageal pH studies do not exclude infrequent aspiration 
or gastroesophageal reflux, respectively. Gross aspiration or 
gastroesophageal reflux on such studies, when associated with 
recurrent respiratory exacerbations, would encourage many to 
consider treatment such as gastrostomy with fundoplication. 
Where doubt exists as to the contribution of aspiration to the 
respiratory symptoms, a trial of nasogastric or, where gastroe-
sophageal reflux is present, nasojejunal feeds may be diagnos-
tically valuable.49

If recurrent aspiration is occurring it is important to exclude 
anatomical causes such as H-type tracheoesophageal fistula, 
as specific treatment of such abnormalities may be curative.49

Duration of Treatment

There are no randomized controlled trials comparing differing 
total duration of antibiotic treatment or duration of intravenous 
antibiotic treatment prior to switching to oral antibiotics in 
the treatment of childhood pneumonia.6,65 Generally children 
who have commenced intravenous antibiotics for pneumonia 
and who are improving can be switched to oral antibiotics at 
approximately 1–2 days and total treatment duration varies 
from 5 to 10 days.65

Investigations

In children who do not meet the criteria for admission to hos-
pital (see earlier) there is no indication for any investigations. 
In children admitted to hospital blood cultures may be useful 
and in sick children serum electrolytes should be performed 
to assess for any evidence of SIADH.6 Acute phase reactants 
are not useful and probably overperformed.53 Similarly chest 
X-ray is not routinely indicated in straightforward pneumonia 
and is probably overrequested.54 Pulse oximetry should be part 
of the general assessment of the child at presentation and as 
part of routine monitoring of children admitted to hospital.6

Prognosis and Long-Term Outcome

Bacterial pneumonia, with the exception of that caused by 
PVL+ve MRSA, has an excellent outcome with complete 
resolution expected in children with normal nutrition and no 
underlying disease. Adenoviral pneumonia has a more guarded 
prognosis, with a mortality in children under 2 years of age 
of 16.7%,95 and an increased risk of developing the chronic 
obstructive lung disease bronchiolitis obliterans.96

Conclusions and Future Perspective

The assessment of a child with suspected pneumonia is pre-
dominantly clinical. Many children can be treated at home 
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with oral antibiotics. Those who meet the criteria for hospital 
admission are usually treated initially with intravenous anti-
biotics. Complications should be suspected if the child is not 
improving after 48 h of appropriate treatment. The clinician 
should be aware that underlying conditions should be consid-
ered in children suffering two or more episodes of pneumonia 
requiring hospital admission, or where there are other atypical 
features.

Several aspects of pneumonia treatment require further 
study, including the route of administration of antibiotics and 
the duration of treatment. It will be interesting to see what 
impact pneumococcal vaccination programs have on the prev-
alence of pneumonia over the next few years.
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Introduction

Empyema thoracis is defined as an accumulation of pus within 
the pleural cavity. While the morbidity and mortality of this 
condition have undoubtedly improved over recent years debate 
continues regarding the nature and timing of surgical interven-
tion. The management planning and the selection of the most 
appropriate treatment option require good understanding of the 
empyema disease process. Moreover, the incidence of empyema 
thoracis in children has increased significantly in recent years in 
the western world.1,2 The incidence of parapneumonic effusion 
and empyema is approximately 3.3 cases per 100,000 children.3 
It has been estimated that 1 in every 150 children hospitalized 
with pneumonia will develop an empyema.4

Historical Perspective

The natural history of empyema thoracis was described by 
Hippocrates who realized that drainage could result in cure.5 
He observed that death was likely “if pus that flows after 
opening was mixed with blood, muddy and foul smelling.”5 
He also remarked that if the empyema was drained “with 
knife or cautery” and the pus was “pale and white” the patient 
would survive.6,7 The brilliant French surgeon Pare described 
evacuation of infected blood from the pleural cavity in 
the sixteenth century. These early physicians understood the 
importance of early diagnosis and drainage to avoid mortal-
ity in this disease. Browditch8 described thoracocentesis while 
Wyman performed the first therapeutic pleural aspiration, 
describing the method in a letter to Sir William Osler.9 Com-
menting on pleural space infections, Osler later wrote “It is 
sad to think of number of lives which are sacrificed annually 
by the failure to recognise that empyema should be treated as 
an ordinary abscess by free incision.”10 Sir William Osler him-
self underwent a rib resection and drainage of parapneumonic 
empyema in his home in 1819.

Playfair modified the technique of thoracocentesis to closed 
tube drainage in 1875.11 Schede introduced thoracoplasty in 

1890.12 Fowler reported the first decortication in 1893 and 
soon became apparent that release of the trapped lung was 
a better procedure in chronic nontuberculous empyema than 
thoracoplasty.12–15 A survey carried out by the Surgeon Gen-
eral of the United States of America in 1918 concluded that 
the high mortality (30%) following rib resection in acute 
empyema was related to the open pneumothorax.16 This 
US commission, headed by Graham, recommended closed 
drainage for the management of acute empyema. This single 
act reduced the mortality from empyema dramatically to 
5–10%.17 In addition, it was realized that prevention of chro-
nicity by complete obliteration, sterilization of the empyema 
cavity, and careful attention to the nutrition was responsible 
for better results.18

Pathogenesis and Basic Science

Etiology

The majority of empyemas in children follow acute bacterial 
lobar pneumonia.19 During recovery from viral infections such 
as chicken pox and measles children are more susceptible to 
lower respiratory tract infections and therefore empyema. 
Underlying conditions such as chronic pulmonary diseases, 
diabetes mellitus, long-term steroid therapy, organ transplan-
tation with associated immune suppression, and recurrent 
aspiration could predispose the child to empyema.

Empyema may follow secondary infection of a traumatic 
hemothorax or lung contusion.20,21 Occasionally a secondary 
empyema follows a penetrating injury of the chest or after 
infection in the pleural space following thoracotomy. More 
commonly secondary empyema in children invariably fol-
lows intrathoracic rupture of the esophagus either as a result 
of a leaking anastomosis or rupture following dilatation of an 
esophageal stricture.22 Secondary infection of a sympathetic 
effusion has been reported after acute pancreatitis and a sub-
phrenic abscess. Pneumonia and empyema have been reported 
in the postoperative period in children with acute appendici-
tis. In these cases the empyema probably occurs as a result 

9
Empyema Thoracis
Dakshesh H. Parikh

D.H. Parikh et al. (eds.), Pediatric Thoracic Surgery, 109
DOI: 10.1007/b136543_9, © Springer-Verlag London Limited 2009



110 D.H. Parikh

of reduced host resistance, postoperative pneumonia, or local 
spread of infection through the diaphragm.

Infection in congenital lung abnormalities is a rare cause of 
empyema in children. In tropics rupture of an amebic liver or 
lung abscess may cause an infection of the pleural space.23,24 
Similarly, hydatid cysts may rupture into the pleural space or 
get infected with secondary infection (Fig. 9.1a, b). Approxi-
mately 10% of tuberculous effusions present with secondary 
bacterial infection.

Pathogenesis

Depending on the extent of the lobar consolidation and the 
rapidity with which pus accumulates within the pleural space, 
respiratory compromise may or may not occur. The variabil-
ity of clinical presentations of postpneumonic empyema also 
depends on virulence of the organisms, resistance offered by 
the host, and the use of appropriate antibiotics and appropriate 
drainage procedures. The consistency of pus in empyema may 
vary with the type of bacterial infection and the host immune 
response.

Rarely a large untreated empyema will drain to the surface 
spontaneously, usually alongside a perforating vessel in the 
second intercostal space anteriorly. This is called “empyema 
necessitans” and, if arising from the left pleural space, the swell-
ing may transmit the pulsation of the heart and great vessels – a 
“pulsating empyema.” An empyema may rupture into the airway 
or the pericardium. Pleural space infection has been known to 
spread to the brain or bone in children. These complications 
from an untreated empyema are all rare in western world 
although still seen regularly in underdeveloped countries.

The pathological progression in empyema can be divided 
broadly into three stages:

Stage I exudative phase
Stage II fibropurulent phase
Stage III organization phase

The empyema disease process is a continuum. The progres-
sion of the empyema disease process continues if not halted 
or inappropriately managed.

Stage I: Exudative Phase

Bacterial infection of the lung (pneumonia) causes intense 
inflammation resulting in increased capillary permeabil-
ity. The proteinaceous exudate – fluid and cells – from the 
inflamed visceral pleura escape into the pleural space ini-
tially resulting in a clear parapneumonic effusion. Bacterial 
infection of the parapneumonic effusion leads to the exuda-
tive phase of the empyema. Chemical mediators including 
vasoactive amines, vasoactive polypeptides, and products 
of cascade enzyme systems activate the fibrinolytic system, 
which further increase capillary permeability. Activation of 
the coagulation cascade and complement system occurs.25 
Lysosomal enzymes from polymorphs, cytokines released 
from mesothelial cells lining the pleural space, and toxins 
from bacteria all drive this inflammatory process.26 Suppura-
tive products containing inflammatory exudates, living and 
dead polymorphs and bacteria, and fragments of cell and 
other particulate matter accumulate in the pleural space. The 
progression of disease from exudative stage to the next stage 
is multifactorial; phagocytosis of bacteria by active poly-
morphonuclear neutrophils, the bacterial virulence, host’s 
immunity status, and administration of intravenous antibiot-
ics in adequate doses all play part.

Fig. 9.1. Infected hydatid cyst with empyema: Chest X-ray (a) and 
CT scan with IV contrast (b) showing a large cyst with fluid level in 
the left lower lobe and empyema as well as another cyst in the liver 
suggesting a diagnosis of hydatid disease. The diagnosis was con-
firmed preoperatively by serology. Appropriate intravenous antihel-
mintics were administered along with antibiotics before thoracotomy 
and resection of the complicated hydatid disease

a

b
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Stage II: Fibropurulent Phase

As the inflammatory process advances the coagulation cas-
cade is activated and fibrinolysis suppressed, favoring fibrin 
deposition. Fibrin strands are deposited in the pleural cavity. 
Proliferating fibroblasts intermingled with phagocytes, bacte-
ria, and fibrin form a pyogenic membrane. This membrane ini-
tially covers the parities of the thorax but subsequently fibrin 
strands septate the empyema cavity and loculations form. This 
defines the fibrinopurulent phase of the disease. In practice 
fibrinopurulent empyema is the commonest pathological form 
encountered in children. Antibiotics penetrate the empyema 
cavity poorly because of the loculations and are of little use 
without adequate drainage and debridement.

Stage III: Organization Phase

As fibroblasts proliferate, fibrous tissue gradually replaces 
fibrin. This process localizes the infection. The fibroblasts 
deposit layers of fibrous tissue (rinds) on both the visceral and 
parietal pleura and within the empyema cavity. The fibrous 
rind encases the collapsed lung and prevents it from reexpand-
ing. Septic foci within the organized empyema contribute to 
the child’s chronic ill health, failure to thrive, and poor respi-
ratory reserve. As the empyema continues to organize, the 
fibrous rind thickens with further lung collapse and restriction 
of chest wall movement.

The consolidated lung acts as a source of chronic infection if 
allowed to remain collapsed. Delayed intervention in the orga-
nization phase will result in permanent loss of lung function 
and bronchiectasis. The fibrous sheet encasing lung derives 
its blood supply from surrounding tissues, which explains the 
often significant blood loss and air leak from the underlying 
collapsed lung during decortication.

Pneumatocele and Necrotizing Pneumonia

Occasionally, during the acute phase of staphylococcal, pneu-
mococcal pneumonia and rarely with hemophilus pneumo-
nia, necrosis and liquefaction of the lung parenchyma lead to 
pneumatocele formation.27–29 Staphylococcus aureus pneumo-
nia is associated with a high incidence of pneumatoceles – 
39% of cases in one series.27 Joosten reported a high incidence 
of staphylococcal empyema in children less than 1 year of age 
and also a high incidence of pyopneumothorax.27 For unknown 
reasons the incidence of necrotizing pneumonia is increasing.

Pneumatocele formation is the result of necrosis of the 
lung parenchyma with cavitation in the consolidated lung (Fig. 
9.2). The combination of peribronchiolar inflammation caus-
ing blockage of small airways and coughing probably also con-
tribute. However, occasionally a pneumatocele will enlarge 
rapidly like a balloon. A tension pneumatocele can cause sig-
nificant respiratory compromise. Pneumatoceles are known to 
rupture into the pleural space causing a tension pneumothorax 
and/or a pyopneumothorax. Most pneumatoceles, however, 
gradually decrease in size and resolve after 6–8 weeks follow-

ing  treatment of the pneumonia. Rarely pneumatoceles persist 
for prolonged periods and occasionally resection is neces-
sary if there is diagnostic uncertainty. The author has resected 
 persistent “pneumatoceles” in three children with recurrent infec-
tions only to find on subsequent pathological examination 
that the lesions were infected cystic adenomatoid malforma-
tions (Fig. 9.3).

Extrapulmonary Complications

Extrapulmonary complications have been reported in staphy-
lococcal27 and streptococcal pneumonia with overwhelming 
sepsis, especially in young and immunologically compromised 
children. Convulsions, osteomyelitis, toxic shock syndrome, 
disseminated intravascular coagulation, gastric hemorrhage, 
thrombosis, and multiple organ failure are all known to occur. 
These complications must be managed aggressively to avoid 
mortality. Hyponatremia related to septicemia, inappropri-
ate ADH secretion and, more commonly, inappropriate fluid 
therapy is a well-recognized complication.

Microbiology

The success with which the underlying organism causing an 
empyema can be identified varies from 8 to 76%.19,30,31 The use 
of preoperative antibiotics invariably renders the pleural fluid 
sterile explaining the variability of the positive culture. Strepto-
coccus pneumoniae is the commonest organism responsible for 
childhood empyema in recent publications from both the UK 
and USA.3,31–33 Newer molecular techniques can identify pneu-
mococcus in almost 75% pleural fluid samples.34,35 In children 
under 6 months of age and posttraumatic empyema the com-

Fig. 9.2. Pneumatocele left lower lobe with empyema: CT scan with 
IV contrast showing a cavitating lesion in the left lower lobe and 
empyema. This lesion was missed on ultrasound. The pneumatocele 
resolved on follow-up after three months
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monest causative organism is Staphylococcus aureus.20,21,36 Hae-
mophilus influenzae, Streptococcus pyogenes and, less often, 
Klebsiella pneumoniae, Bacteroides, and other anaerobes are 
isolated from childhood empyemas. There are sporadic reports 
of empyemas due to Pseudomonas aeruginosa, rare species of 
Streptococci, Proteus, Salmonella, and Yersinia.37

The bacterial profile in developing countries differs with S. 
aureus being the predominant pathogen, especially during the 
hot and humid months when staphylococcal skin infections are 
prevalent.38 There has been a decline in culture-positive Strep-
tococcus pneumoniae, probably because of prior antibiotic 
use.38 Various Gram-negative organisms (e.g., Enterobacteri-
aceae such as Klebsiella spp. and Pseudomonas aeruginosa) 
are also more common than in the UK. This may be related 
to protein energy malnutrition.36,38–40 Tuberculous empyema 

may result from progressive pulmonary tuberculosis. It has 
been reported to account for up to 6% of all empyema cases41 
worldwide although it is seldom seen in the UK.26

Fungal empyemas are rare in immunocompetent chil-
dren.42,43 Histoplasma infection may be related to environ-
mental exposure.44 Mycoplasma is rarely associated with 
empyema. Mycoplasma serology confirms the association.45 
Legionella pneumophila, adenovirus, and influenza46–48 may 
be primary agents causing pneumonia associated with a pleu-
ral effusion but the contribution of these agents to a subse-
quent empyema is probably small.

Immunodeficiency predisposes children to infection and 
overwhelming sepsis. In this context consideration has to be 
given to opportunistic pathogens as well as organisms recog-
nized to cause empyema. Nocardia and other rare infections 
have been reported. Conversely if an unusual causative organ-
ism is encountered in an empyema, the child should be inves-
tigated for an immunodeficiency. These children are usually 
malnourished and have a history of recurrent infection.

Clinical Features

Clinical History

Symptoms of pneumonia in children such as, cough, breath-
lessness, fever, malaise, fetor, and loss of appetite precede 
symptoms related to the pleural collection/empyema. Younger 
children tend to present early with tachypnea and fever, leth-
argy, and cough. Some children also complain of pleuritic chest 
pain. Infection in the lower lobes may present with abdominal 
pain. In children already on treatment for pneumonia, a spiking 
fever and lack of improvement after 48 h of antibiotics may sig-
nal the presence of an effusion. A comprehensive history should 
be taken including recent antibiotic therapy, previous medical 
history, and contact with tuberculosis. The possibility of an 
inhaled foreign body should not be forgotten in children.

Physical Examination

Almost all children with an empyema will have an intermit-
tent pyrexia, tachycardia, and an increased respiratory rate. 
Some children will be cyanosed, although this may be difficult 
to detect in the presence of anemia. Measurement of oxygen 
saturation (SaO

2
) by pulse oximetry is particularly important, 

with levels below 92% in room air indicating severe disease.49 
Clinical examination must include assessment of the child’s 
state of hydration and a full physical examination.

Clinical signs in the thorax include decreased chest expan-
sion, stony dullness to percussion, reduced or absent breath 
sounds, and scoliosis. If a large effusion is present mediastinal 
shift may be detectable by tracheal deviation and displacement 
of the apex beat to the opposite side although this is relatively 
uncommon because the effect of the effusion is counterbal-
anced by collapse of the infected lung. Consolidation of the 
underlying lung causes bronchial breathing and reduced air 

Fig. 9.3. Congenital lung malformation presenting with recurrent 
pneumonia: (a) Chest X-ray showing consolidation with pneumato-
celes in the right lower lobe (b) convalescent CT scan compatible 
with a cystic adenomatoid malformation, confirmed after a right 
lower lobectomy
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entry apparent on auscultation. Regular physical examinations 
and keeping good clinical records can help a clinician monitor 
child’s condition and pneumonia effectively, and help reduce 
reliance on blood and radiological parameters.

Diagnosis

Investigations

Acute Phase Reactants

The white blood cell count is invariably raised in a child with 
an empyema, with a neutrophilia and frequently associated 
with anemia. C-reactive protein (CRP) and other inflammatory 
markers such as procalcitonin are also elevated. These have 
been used as markers to assess response to treatment.

Although it is commonly believed that elevated levels of 
acute phase reactants such as white cell count, total neutrophil 
count, CRP, ESR, and procalcitonin will distinguish bacterial 
infections from viral infections of the respiratory tract several 
recent prospective studies have shown this to be incorrect.50–54

There is no correlation between levels of acute phase reac-
tants in acute bacterial pneumonia and empyema formation. 
In addition, there is no evidence in the literature supporting 
the view that trends in acute phase reactants correlate with 
clinical progress, although clinical practice has shown that 
serial measurements of CRP and the white cell count can be 
helpful in monitoring response to treatment.

Biochemistry, Hematology, and Coagulation Studies

Routine measurement of urea and electrolytes forms part of 
the assessment of the state of hydration. Hyponatremia is rela-
tively common in children with severe sepsis, and this must be 
corrected preoperatively. Hyponatremia may be due to inap-
propriate ADH (SIADH) and/or hypotonic intravenous fluid 
infusions (4% dextrose 0.18% saline). Correction involves 
modest fluid restriction and, if intravenous fluids are neces-
sary, 5% dextrose with 0.45% saline or 0.9% saline should be 
used. The serum albumin is invariably low.

Virtually all children with an empyema will be anemic. 
Usually this is a normochromic normocytic anemia but occa-
sionally hemolysis occurs, particularly in association with 
pneumococcal infections. The direct Coomb’s test will be 
positive in these children, and specific advice from a hematol-
ogist should be sought. Occasionally abnormalities in coagu-
lation are seen in children with empyemas and it is important 
to recognize this prior to surgery.

Microbiology

Blood, pleural fluid, and sputum should all be sent for culture 
as a matter of routine in a child with an empyema. In an ideal 
world these samples should be taken prior to the administra-
tion of antibiotics.49 Microbial culture should always include 

bacterial and tuberculosis culture. A Mantoux test should be 
performed if there is suspicion of tuberculosis.

A recent large retrospective study of 540 children with 
community-acquired pneumonia, 153 of whom subsequently 
developed an empyema, confirmed the value of these inves-
tigations.55 Blood cultures were positive in 15/153 (10%) of 
children who developed an empyema and in 25/387 (6.4%) 
of those with pneumonia alone. In a series of 76 children with 
complicated parapneumonic effusions blood cultures were 
positive in 22%, compared with pleural fluid that was positive 
in 33% cases.33 Hardie et al. reported a series of 56 children 
with pneumococcal effusions.3 Blood cultures were positive 
in 10/56 cases (18%), and in 7/10 children with positive blood 
cultures the pleural fluid was sterile.

Diagnostic Pleural Aspiration

Thoracocentesis is not mandatory but is recommended prior 
to starting antibiotics in a child with a suspected empyema. 
Pleural fluid should be sent for urgent microscopy, Gram 
stain, culture, and differential cell count. Cytological exami-
nation of the pleural fluid in an empyema classically shows 
a predominance of polymorphonuclear leukocytes. A lym-
phocytic preponderance should raise the possibility of either 
tuberculosis or malignancy56 although it is important to note 
that in at least 10% of tuberculous effusions there is a neutro-
phil preponderance. Most malignant effusions in children are 
blood stained although cytological examination of the pleural 
fluid may not show malignant cells.57

On many occasions pleural fluid is sterile because of prior 
antibiotic administration.58 A diagnostic tap will be unsuc-
cessful if the parietal peel is very thick or the pus particularly 
viscid. In the event of a failed diagnostic tap, it is mandatory 
to evaluate all clinical and radiological evidence of empyema 
thoroughly before undertaking definitive management.

Sophisticated laboratory analysis may reveal causative organ-
isms when conventional culture fails. Latex agglutination tests 
are available for detection of pneumococcal antigens.35 Poly-
merase chain reaction techniques are available for the detection 
of pneumococcal DNA34,35 and mycobacterial DNA.59

Routine biochemical analysis of the pleural fluid is unnec-
essary and does not contribute to the management of empy-
ema in childhood. Pleural fluid taken from children with an 
empyema shows a glucose concentration < 2.2 mMol/L, pH < 
7.2, LDH > 1,000 I/dL, protein > 25 g/L, and a specific grav-
ity > 1.018. Pleural fluid from a child with a sterile clear or 
sympathetic effusion will show a pH > 7.2 and a glucose con-
centration > 2.2 mMol/L.

Radiology

First radiological investigation is usually a plain chest X-ray. 
Pneumonic consolidation will be seen. The appearance of a 
pleural effusion is signaled by a fluid meniscus. As the effusion 
enlarges mediastinal shift is rare (Fig. 9.4a). A lung abscess, 
pneumatoceles, and a pyopneumothorax (Figs. 9.5 and 9.6) 
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are all visible on a chest X-ray. The plain X-ray cannot dif-
ferentiate an empyema from a tumor. A pulmonary blastoma 
is commonly mistaken for an empyema as the clinical pre-
sentation and some of the radiological features are similar.60,61 
Therefore, the plain chest radiograph especially in the fibrin-
opurulent and organization phases of an empyema is sugges-
tive but not diagnostic of empyema.

Ultrasonography is particularly valuable for imaging the 
child with a suspected empyema. Ultrasound is portable 
and thereby available for immediate bedside examination of 
critically ill children. Fluid in the pleural space is easy to 
identify. Ultrasound is most useful to determine whether an 
effusion is loculated (Fig. 9.4b).62 Although an impression 
of the density and echogenicity of the pleural fluid can be 
gained from ultrasound this does not correlate well with the 
pathological stage of the empyema.63 Akhan et al. reported a 
characteristic appearance of tuberculous effusions on ultra-
sound, noting the presence of diffuse small nodules on the 
pleural surface.64

Ultrasound may be used to guide chest drain insertion or 
thoracocentesis. The optimum site for drainage or aspiration 
can be marked on the skin by the radiologist.65,66 The key lim-
iting factors of sonographic evaluation of the chest are based 

Fig. 9.4. Empyema: (a) Plain chest X-ray showing meniscus sign and 
consolidation with little or no mediastinal shift, which would sug-
gest consolidation rather than collapse related to pleural effusion. (b) 
Ultrasound showing loculations and septa with the pleural effusion 
containing debris suggestive of empyema

a

b

a

b

Fig. 9.5. Pyopneumothorax: (a) Chest X-ray showing a fluid level in 
the pleural collection. (b) CT scan with IV contrast showing a rup-
ture of a pneumatocele as a cause of a bronchopleural fistula 
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on the physical limitations of the ultrasound beam. As the 
intercostal spaces narrow, the value of ultrasound becomes 
limited.67 Occasionally, homogenous solid lesions are mistaken 
for fluid collections on sonography.

Computed tomography (CT) with intravenous (IV) con-
trast complements ultrasonography for imaging children 
with complicated pneumonia.67,68 Parenchymal lung pathol-
ogy can be identified clearly. CT with IV contrast distin-
guishes the rare lung tumors presenting as empyema in 
childhood as well as identifying mediastinal pathology.61 
Thickened pleural rind, consolidated lung, and associated 

lung pathology, such as a lung abscess, are all clearly vis-
ible on CT63,69,70 (Fig. 9.5b). An empyema associated with 
lung necrosis, pneumatoceles, or a lung abscess invariably 
takes a more protracted postoperative course than a simple 
empyema. Furthermore, the presence of underlying lung 
pathology will require prolonged follow-up and monitoring. 
While unnecessary for most cases of pediatric empyema, CT 
undoubtedly has a role in complicated cases (including ini-
tial failure to aspirate pleural fluid and failing medical man-
agement) and in immunocompromised children.

Bronchoscopy

Routine bronchoscopy is unnecessary unless a foreign body 
is suspected. Bronchoalveolar lavage may be useful in identi-
fying the infective organism but it is considered unnecessary 
when pleural fluid is available for culture.

Differential Diagnosis

Intrathoracic Tumors Presenting as Empyema

Thoracic tumors presenting as an empyema appear in litera-
ture as case reports.60,71–75 Initial clinical, biochemical, and 
radiological findings in all these cases were consistent with a 
diagnosis of empyema. Although diagnostic pleural aspiration 
and cytology is not routinely performed in children, if a high 
lymphocyte count is found underlying malignancy should be 
suspected and investigated. Most malignant effusions in children 
are blood stained although it is uncommon for malignant cells 
to be identified on cytology.

The author reported a series of eight children with intratho-
racic tumors mimicking empyema.62 Ultrasound was per-
formed in four children but failed to identify the presence of 
intrathoracic tumor in all. Preoperative CT scans without IV 
contrast were misleading and failed to identify the underlying 
pathology. Four children underwent thoracotomy for debri-
dement of the empyema, with substantial blood loss in two 
cases. A third child, with a pleuropulmonary blastoma, devel-
oped a tumor implantation nodule at the site of thoracotomy 
incision necessitating excision of the chest wall with residual 
tumor in the left lower lobe. In the remaining four cases CT 
scans with IV contrast correctly identified the intrathoracic 
tumors preoperatively.

It is possible that in spite of careful preoperative evaluation 
intrathoracic tumors will occasionally be diagnosed only at the 
time of emergency thoracotomy. In this situation the surgeon 
should take a biopsy and then achieve hemostasis before clo-
sure. Although incidence of tumors presenting as empyema is 
thought to be low, the eight children we reported represented 
5.3% of all empyemas presenting to us during that period.

In the pediatric population pleuropulmonary blastoma, 
benign cystic teratoma (Fig. 9.7), primitive neuroectodermal 
tumors and lymphomas have all been mistaken for empy-
emas.61,75

a

b

Fig. 9.6. (a) Chest X-ray showing consolidated lung, a cavity contain-
ing fluid level (an abscess) and empyema. (b) Follow-up chest X-ray 
showing complete resolution of the cavity. The management consisted 
of empyema debridement and drainage without resection of the cavity
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Clinical vigilance and careful preoperative evaluation are 
necessary. A nonresolving empyema, blood-stained pleural 
effusion, and pleural fluid with a raised lymphocyte count and a 
very large pleural effusion are all potentially suspicious where 
a preoperative CT scan with IV contrast is recommended.

Management

The cardinal principles of empyema management are admin-
istration of appropriate intravenous antibiotics in combination 
with adequate drainage to achieve full expansion of the lung.

Medical Management

• Optimum perioperative medical management should be an 
integral component of a successful management strategy of 
childhood empyema.

Early recognition and treatment of lobar pneumonia in children 
reduces the incidence of empyema. Lack of clinical improve-
ment after 48 h suggests that either the choice of antibiotic 
is inappropriate or that there is an associated empyema. The 
chest radiograph should be repeated, and if there is any suspi-
cion of an effusion an ultrasound examination is requested.

Small sympathetic effusions are commonly associated with 
acute lobar pneumonia, and these usually resolve with antibi-
otics alone.

Supportive medical therapy is essential. This includes oxygen, 
fluids/nutrition, analgesia, and respiratory physiotherapy. Humid-
ified oxygen should be administered to maintain oxygen satu-
rations above 95%. Isotonic intravenous fluids should be given 
to correct dehydration and electrolyte imbalances. Antipyretics 
and analgesics should be given regularly. Children who fail to 
improve clinically and radiologically should be referred to a cen-
ter with expertise in surgery of empyema drainage procedures.

Antibiotics

Response to antibiotics is dependant upon the pathogen 
involved, the stage of empyema, and the immune status of the 
child. In the early exudative stage high concentrations of anti-
biotics alone may be effective treatment whereas antibiotics 
are unlikely to be effective in more advanced disease without 
surgical intervention.76 Unless a pathogen with known sensitiv-
ity to antibiotics has been isolated first-line treatment with high 
doses of a cephalosporin is recommended. In the authors’ insti-
tution first-line treatment comprises IV cefuroxime at 50 mg/
kg doses three times daily. In the event of impaired renal func-
tion reduced doses are recommended. Recommendations for 
antibiotic therapy for childhood empyema are not evidence 
based but based on local patterns of bacterial resistance. Other 
antibiotics such as flucloxacillin, amoxycillin, gentamicin, and 
meropenem may be necessary depending on the sensitivity of 
organisms isolated from blood or pleural aspirate culture.

Occasionally despite adequate drainage sepsis continues. 
This is usually related to necrotizing pneumonia or occasion-
ally to a distant septic focus. In these circumstances, clin-
damycin or rifampicin may be useful to manage infection with 
Gram-positive organisms. In these complex empyemas it is 
usually necessary to give combination therapy with more than 
one antibiotic. Advice from microbiology is essential.

Pleural Aspiration

Parapneumonic effusions can be drained with either by 
repeated thoracocentesis or by closed tube thoracostomy. 
Repeated aspiration is not a satisfactory option in children as 

Fig. 9.7. Infected cystic mediastinal teratoma with effusion: (a) Chest 
X-ray showing signs of pleural collection, ultrasound confirmed pleural 
collection but failed to identify mediastinal pathology (b) CT scan with 
IV contrast showing the mediastinal pathology which was resected and 
the empyema was drained. The CT scan prompted an open thoracotomy 
approach rather than VATS debridement of the empyema alone.
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it is painful and requires considerable cooperation from the 
patient. Closed chest drainage is the preferred option.

Traditionally this involves insertion of a 16–20 F chest 
drain through the fifth intercostal space between the anterior 
and mid-axillary lines under either local or general anesthesia. 
Practice is changing in many centers in favor of small-bore 
tubes or pigtail catheters placed under ultrasound guidance.

Surgical Management

• The goal of surgery is to achieve full expansion of the lung 
and resolution of the empyema.

• Early surgical intervention in childhood empyema reduces 
morbidity.

• Treatment failure should be recognized early to avoid dis-
ease progression.

Surgical practice for the management of childhood empyema 
varies around the world. The principal problem, however, is 
establishing the pathological stage of the empyema preopera-
tively. By the time the child arrives in the hands of a surgeon 
it is safe to assume that the empyema is in the fibrinopurulent 
phase even if the pus aspirated is not thick. Effective drain-
age with lung expansion in this phase is imperative to reduce 
morbidity and progression of the disease to the organization 
phase.

A large meta-analysis of literature search from 1984 to 
2004 by Avinsino et al. concluded that primary operative ther-
apy is associated with reductions in mortality, reintervention 
rate, length of hospital stay, time with tube thoracostomy, and 
duration of antibiotic therapy, compared with nonoperative 
treatment.77

Intercostal Tube Drainage and Fibrinolytics

Closed intercostal tube insertion with administration of IV anti-
biotics may be successful in early stage empyemas and in some 
later stage cases if loculation is minitmal. Some authors advo-
cate intrapleural fibrinolytic therapy58 to improve drainage.

It is important to recognize when conservative therapy is fail-
ing to reduce the morbidity associated with delayed referral for 
surgery. Persistent sepsis with a pleural collection after a maxi-
mum of 7 days conservative management is an absolute indi-
cation for surgical referral.56 Seven days is an arbitrary period 
chosen to acknowledge different rates of disease progression 
yet provide a clear limit on the duration of medical therapy.

The author recommends pediatricians managing empyemas 
in peripheral hospitals to seek surgical advice after 3 days of 
intrapleural fibrinolytics if there is continuing pyrexia and a 
persisting pleural collection.

There are conflicting studies in the literature concerning 
the use of intrapleural fibrinolytics. It must be emphasized 
that the use of fibrinolytics is an adjunct to improve drainage, 
which should not change the underlying principles of empy-
ema management.

Technique: Intercostal Chest Tube Drainage

Intercostal chest tubes in young children are best inserted 
under general anesthesia by a pediatric surgeon using an open 
technique. In some centers pigtail catheters or small-bore 
catheters are inserted using the Seldinger technique by respi-
ratory physicians or interventional radiologists using intrave-
nous sedation and local anesthesia.

Informed consent must be obtained. The procedure should 
be explained to the child. The operating surgeon must ensure 
that the chest radiographs are available to confirm the diagno-
sis and the side of the empyema.

If conscious IV sedation and local anesthesia is to be used then 
it is helpful to apply topical anesthetic (EMLA® or Ametop®) to 
the skin 1–2 h prior to the procedure. The safety of the child is 
paramount and this necessitates that the person administering 
the sedation should be competent in airway management and 
resuscitation of children. General anesthesia is safer than intra-
venous sedation in a child with respiratory compromise and cer-
tainly this is the preferred option for noncooperative children.

Chest drains should be inserted using an aseptic technique. 
Whether conscious sedation or general anesthesia is used, 
local anesthetic should be instilled to minimize postoperative 
discomfort. Plain bupivacaine 0.25% to a maximum dose of 
2 mg/kg (0.8 ml/kg) can be infiltrated into the skin and deeper 
layers or, alternatively, used for intercostal nerve blocks.

In some centers ultrasound is used to mark the optimum site 
(location of the pleural fluid) for chest drain insertion. If this 
technique is used it is important to document patient position 
when the spot is being marked.78–80 Catheter placement using 
CT guidance has been recommended for difficult cases.80–85

The safest site for an open method of intercostal chest drain 
is the fifth intercostal space between the anterior and mid-axil-
lary lines. This region is termed the “safe triangle.”86 The safe 
triangle is outlined by the anterior border of the latissimus dorsi 
muscle, the lateral border of the pectoralis major muscle, and a 
horizontal line at the level of the nipple. This region minimizes 
the risk to underlying structures, avoids damage to muscle, 
breast tissue, and an unsightly scar. A more posterior position 
is uncomfortable and risks the drain kinking. A more anterior 
position risks inadvertent laceration of an intercostal artery.

The skin should be incised and a track dissected down to 
the pleura on the upper border of the rib using an artery for-
ceps. This track should be developed to allow direct inser-
tion of the chest drain without force. Forceful insertion of a 
chest tube or use of an introducer risks damaging intratho-
racic organs with potentially fatal consequences and should be 
avoided. The drain must be well secured after insertion to pre-
vent inadvertent displacement. This involves a heavy-gauge 
nonabsorbable suture placed through the skin and tied tightly 
repeatedly around the drain. An airtight occlusive dressing 
should be applied. A purse-string suture is unnecessary. Spe-
cial dressings and fixation devices are available to hold small 
pigtail catheters in place instead of a conventional suture (e.g., 
Drain-Fix®, Maersk Medical Ltd, Stonehouse UK).
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The pleural effusion should start to drain immediately 
after successful insertion of a chest tube. The chest drain 
should be connected to an underwater seal of approximately 
1–2 cm in a bottle, which must be kept below the level of the 
patient’s chest at all times. The air/water meniscus will swing 
with respiration. Continuous bubbling of air indicates either 
a bronchopleural fistula or that one of the chest tube holes 
has slipped out of the patient and is open to the atmosphere. 
A chest radiograph should be taken after insertion of a chest 
drain to confirm the tube position and to ensure that an inad-
vertent pneumothorax has not developed.

There is controversy about the size of chest drains used to 
treat childhood empyema. Many pediatricians now prefer small-
bore catheters, as adult studies have shown that they as effective 
as larger catheters.87 Smaller catheters are generally better tol-
erated.88 Surgeons generally continue to use large-bore drains 
out of concern that smaller tubes will block with thick pus.89–91 
Pierrepoint has shown that ultrasonographically guided small 
pigtail catheters can be effective for treatment of early loculated 
empyemas.81 Thomson et al. also used small-bore catheters suc-
cessfully in a multicenter trial with fibrinolytics.58

Low-pressure suction (5–10 mm of water) is often recom-
mended especially if small bore catheters are used. Suction 
seems to be helpful when used in combination with small-
bore chest tubes and fibrinolytic agents. However, there is no 
incontrovertible evidence that suction confers any benefit over 
simple closed drainage as most studies are observational only.86 
A bubbling chest drain implies a bronchopleural fistula. If this 
is associated with a residual pneumothorax then low-pressure 
suction should be applied because once the lung reexpands fully 
the leak may seal. Under no circumstances should a bubbling 
chest drain be clamped as the continued air leak will lead to a 
potentially fatal tension pneumothorax within a short while.

If a very large pleural effusion is to be drained the drain 
should be clamped for 1 h after approximately 10 ml/kg of 
fluid is removed to avoid reexpansion pulmonary edema.92,93

A chest drain should be removed once the lung is fully 
expanded and drainage is less than 30 ml per day of clear fluid. 
Improvement in the general condition of the child, resolution 
of fever, and decreasing volumes of serous drainage from the 
chest tube are generally good signs encouraging removal of 
the chest drain. It is not necessary to wait for complete ces-
sation of drainage. Cessation of drainage associated with 
continuing fever and malaise indicates continuing sepsis and 
an inadequately treated empyema.

Intrapleural Fibrinolytic Agents

Insertion of an ultrasound guided pigtail catheter combined 
with instillation of fibrinolytic agents such as urokinase into 
the pleural space has shown to dissolve fibrinous material 
and achieve effective drainage of an empyema in some stud-
ies.37,58 Tillett and Sherry were the first to suggest enzyme 
instillation for the management of empyema in 1949. Intra-
pleural fibrinolytics have been used in an attempt to reduce 
the need for surgery in empyema and as an adjunct to thora-
coscopic drainage.

Three agents are commonly used for intrapleural instilla-
tion – streptokinase, urokinase, and Alteplase (tissue-type 
plasminogen activator). Although there is no evidence to sug-
gest which of these agents is most effective, only urokinase 
and Alteplase have been the subject of a randomized trial in 
children.58,94 Studies comparing urokinase and streptokinase in 
adults suggested that both were equally effective.95,96 Strepto-
kinase is now rarely used for intrapleural fibrinolysis because 
of the risk of severe allergic reactions. Urokinase is both non-
pyrogenic and nonallergenic and has become the enzyme of 
the choice for fibrinolysis.

Ward Instructions for Management of Chest Drains

1. Specially trained nursing staff should manage patients 
with chest drains.

2. Underwater seal bottle should be kept upright and below 
the level of the chest at all times. The drain bottle should 
contain adequate water to cover the end of the tube by at 
least 1–2 cm below water.

3. Daily records must be kept of the volume of fluid drained 
along with temperature, pulse, and fluid balance charts. 
The presence of respiratory swing in the chest drain 
should be noted along with any bubbling on coughing.

4. Medical personnel giving instructions for chest drain 
clamping should record this in writing in case notes. Note:

• Bubbling chest drains should never be clamped.

• If chest pain or breathlessness develops the chest drain 
should be unclamped immediately.

5. Parents and patients should be encouraged to look after 
the chest tube and underwater seal bottles so that all 

connections and tapes attaching the drain to the patient 
are secure at all times.

6. Blockage or kinking of the tubing should be suspected if 
the drain suddenly stops draining. Obstruction from fibrin 
or clots can be cleared by carefully flushing the drain 
with 10–15 ml of normal saline and a bladder syringe. In 
presence of persisting pleural collection a blocked drain 
that cannot be rescued should be removed or replaced.

7. The chest tube should be removed using one of the fol-
lowing techniques. Older children can be asked to per-
form a Valsalva’s maneuver while the drain is removed. 
In younger children the drain should be removed as rap-
idly as possible during expiration. A sterile occlusive 
dressing should be applied to the drain wound and left 
undisturbed for 48 h.

8. A chest radiograph should be taken shortly after drain 
removal to ensure that a pneumothorax has not developed.
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Higher doses of urokinase 25,000–100,000 (mean 3,100 u/kg/
day) were used once daily with a 1-h dwell time by Wells.94 
Alteplase was used in a dose of 0.1 mg/kg once daily with a 
1-h dwell time.94 These regimens appear effective and safe. 
Minor side effects reported in the two largest pediatric studies 
include discomfort during intrapleural injection and transient 
blood staining of the drainage fluid.58,94 Intrapleural bupi-
vacaine can be given with the urokinase if the instillation is 
uncomfortable. Significant bleeding has been mentioned in 
case reports after the use of urokinase.97,98

Seven pediatric studies exist reporting a total of 136 cases 
treated with streptokinase, urokinase, or Alteplase.94,99–104 
These studies report an overall 90% success rate in avoiding 
the need for surgery. Thomson in a multicenter randomized 
placebo-controlled trial reported 60 children with a median 
age 3.3 years (range 5 months to 15 years) who were ran-
domized to receive either urokinase or saline.58 The primary 
outcome measure was length of hospital stay, and this was 
significantly reduced in the group treated with urokinase (7.39 
vs. 9.49 days; ratio of geometric means – 1.28, CI – 1.16–
1.41, p = 0.027). Although evidence from this trial and other 
small sample trials has favored the use of urokinase in child-
hood empyema and has shown benefits in terms of hospital 
stay, time to defervescence, improvement in chest radiograph, 
and requirement for surgery, these trials have been criticized 
because the improved results of fibrinolytics were not consis-
tent across the studies.

These studies also have low statistical power and were unable 
to quantify the need for surgery after fibrinolytic therapy. In a 
previous review of the Cochrane database by Coote (2002) it 
was suggested that primary video-assisted thoracoscopic surgi-
cal (VATS) drainage had a significantly higher success rate with 
shorter duration of hospital stay compared with patients man-
aged with chest tube drainage with streptokinase. A recently 
published large double-blind randomized trial of intrapleu-
ral streptokinase in adults concluded that fibrinolysis did not 
improve mortality, the need for surgical drainage, the length 
of the hospital stay, or outcome in terms of lung function.105 
This study concluded that intrapleural fibrinolytics conferred 
no advantage over conventional drainage in the management 
of empyema. The accompanying editorial to this study com-
mented that neither ultrasound nor CT studies were assessed 
at the time of enrollment, nor was there any uniformity in anti-
biotic therapy, raising the possibility that the study population 

was heterogeneous, obscuring the possibility that fibrinolyt-
ics might benefit for early stage empyemas.106 Moreover, the 
results of clinical studies involving adults may not be directly 
comparable with children because comorbidity is considerably 
less common and preillness lung function is generally normal.

Early Surgery

Early definitive surgical intervention is highly effective in 
childhood empyema.

Unfortunately it is extremely difficult to predict which chil-
dren will respond to simpler measures and avoid the need for a 
thoracotomy. Adult guidelines recommend surgical treatment 
if there is persistent sepsis associated with a pleural collection 
despite IV antibiotics, chest tube drainage, and fibrinolytics for 
7 days.56 Case studies and retrospective reviews comparing dif-
ferent treatment strategies inevitably make comparisons with 
historical controls.98 The conclusions from these studies depend 
largely on surgical expertise and local referral practices.

A retrospective study by Hillard et al. compared length of 
stay according to therapy in 48 children with empyema over 
3-year period. Surgery was necessary in 3/8 children treated 
with chest drainage alone, and 2/14 in the group receiving 
fibrinolytics. Overall hospital stay was shorter for children 
undergoing surgery as the initial treatment.107 Doski et al. 
reviewed 139 children with empyema comparing primary 
chest tube drainage with fibrinolytics and delayed thoraco-
tomy/VATS for unresolved cases with primary early VATS 
debridement.108 This study suggested that early definitive sur-
gery was associated with a shorter hospital stay. Other studies 
have compared historic data with recent changes of practice 
to prove the point that early surgery was beneficial. Early tho-
racotomy and debridement produces good postoperative lung 
expansion in almost all cases.109,110

Minithoracotomy and Debridement

Open drainage by minithoracotomy to break down and deb-
ride fibrinous septa is highly effective, achieving full lung 
expansion more reliably than any other method of treatment.111 
Muscle sparing confers additional benefits in terms of reduced 
pain and shorter recovery. Thoracotomy and evacuation of the 
fibrinous coagulum and pyogenic material after breaking down 
loculations has been described incorrectly in the literature as 
early decortication.35,112 This actually describes debridement 
of an empyema. Decortication involves sharp dissection to 
excise the thickened parietal and visceral pleura, which sur-
round and encase the lung.

Minithoracotomy has effectively drained empyema purulent 
material under vision leading to a rapid expansion of lung.113 In 
earlier years thoracotomy was performed in cases where chest 
tube drainage had failed to expand the lung and the child had 
persistent intrapleural collection and lack of clinical improve-
ment.114 Nowadays, VATS or thoracotomy is used as a thera-
peutic option for the failed cases of the chest tube drainage or 

Urokinase Treatment Schedule (UK Pediatric study65)

• Forty-thousand units in 40 ml of normal saline instilled 
twice daily for 3 days for children >10-kg weight

• Ten-thousand units in 10 ml of saline instilled twice daily 
for 3 days for children <10-kg weight

• Intercostal tube clamped for 4 h after instillation

• Response to treatment is assessed after six doses (3 days) 
using clinical, CRP, and radiological parameters
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urokinase therapy.111 Open thoracotomy results in significant 
postoperative pain and inevitably leaves behind a scar causing 
rib crowding and subsequent chest deformity and scoliosis.

Technique of Minithoracotomy and Debridement

The anesthetised child is placed in a lateral decubitus position. 
An incision is made along the fifth or sixth intercostal space 
from posterior axillary line to anterior axillary line. A muscle 
cutting approach involves cutting through both latissimus 
dorsi and serratus anterior muscles in the line of the incision. 
A muscle-sparing incision involves mobilization of the latis-
simus dorsi muscle from its anterior margin, retracting it pos-
teriorly, and then either splitting the serratus anterior between 
digitations or reflection of the lower digitations after detaching 
them from the chest wall, which is preferred. Muscle-sparing 
incisions are believed to be less painful. The thorax can then 
be opened through an intercostal space or after subperiosteal 
resection of a segment of rib. Debridement is carried out and 
all the purulent material is evacuated under direct vision. The 
collapsed lung is seen to expand before the thoracotomy is 
closed. One of two chest drains are placed before closure and 
connected to an underwater seal.

Video-Assisted Thoracic Surgery (VATS) 
Debridement

With the advent of video-assisted techniques, many sur-
geons are challenging the traditional approaches to empyema 
management in children. Kehr and Rodgerson were the first 
to describe thoracoscopic drainage in children. VATS tech-
niques offer advantages in terms of accurate disease staging 
and debridement of the fibrinous pleural disease, separating 
the loculi under vision.115 The technique is less invasive than 
thoracotomy yet in experienced hands as effective and safe. 
There have been no comparative trials in children to suggest 
that early surgery is superior to drainage and fibrinolytics. A 
small study included in the Cochrane review, randomized 20 
patients with empyema to receive intrapleural streptokinase 
for 3 days via a chest drain with immediate VATS. The surgi-
cal group had a high treatment success rate 10/11. Five of nine 
patients who failed to respond to streptokinase therapy were 
salvaged by VATS. The VATS patients required chest drainage 
for shorter periods and had shorter hospital stays.116 However, 
this study can be criticized based on small sample size and an 
unusually high failure rate following fibrinolysis.

Proponents of early endoscopic surgery claim that if gen-
eral anesthesia is used for insertion of a chest drain then the 
procedure should be combined with VATS.117 Early VATS 
has been shown to benefit lung reexpansion and improve 
the drainage of the empyema.117–119 Loculi can be separated 
allowing thick pus to drain effectively.108,115,120–122 Many 
series have shown reduced postoperative pain, shorter hospi-
tal stay, and better cosmetic results when VATS is compared 
with conventional thoracotomy.108,120,123,124 Unfortunately 
VATS is difficult in children when first-line management 

with fibrinolytics has failed,124 and it is not suitable for 
advanced empyemas.108,118 Several studies comparing con-
ventional thoracotomy and VATS debridement115,125,126 have 
favored VATS approach claiming reduced duration of hos-
pital stay, reduced blood loss, less discomfort, and reduced 
chest drainage. However, Goldschlager’s study showed no 
difference in length of postoperative chest drainage or hos-
pital stay. Although most studies are retrospective contain-
ing small number, VATS has proven effective, with minimal 
complications, and was well tolerated.

Thoracoscopy requires expertise and a well-trained operat-
ing team familiar with the equipment. In the presence of a 
thick pyogenic membrane covering the visceral and parietal 
pleura, the likelihood of damaging the inflamed lung while 
removing the pyogenic membrane is high. Conversion to open 
thoracotomy is necessary when access to the pleural cavity 
proves impossible because of a thick pyogenic rind or if there 
is excessive bleeding. Minithoracotomy and debridement or 
decortication in these instances is safer and curative.110,127,128

Technique of VATS Debridement

VATS is performed under general anesthesia with a single 
lumen endotracheal tube in majority of cases. Selective endo-
bronchial intubation, or the use of bronchial blocker in young 
children where double lumen tubes are not available, may be 
useful in selected cases to avoid contamination of the con-
tralateral lung. The child is placed in a lateral decubitus posi-
tion with the involved side upward. The best site for trocar 
placement is determined by needle aspiration of pleural fluid. 
Firstly a 5-mm port is inserted under direct vision in order 
to avoid damage to the inflamed lung. This port is usually 
inserted in the fifth or sixth intercostal space in the posterior 
axillary line. Creation of a working space is essential. A 0° or 
30° telescope is used for visualization. Liquid pus is aspirated 
before insufflation with CO

2
 at 5–8 mmHg pressure. Carbon 

dioxide insufflation is not mandatory throughout the length of 
the procedure because the lung will often collapse sufficiently 
to allow visualization of the empyema cavity. A second port 
for instrumentation is placed under thoracoscopic visualiza-
tion. Two ports are usually sufficient if debridement is per-
formed early.

The empyema cavity is irrigated with warm saline, and 
pyogenic material is gently removed either with the suction 
aspirator or with the help of Yohan’s or equivalent atraumatic 
forceps. Pleural debris should be sent for culture. The entire 
pleural cavity can be debrided effectively under vision. In 
majority of cases the lung starts to reexpand at this stage of 
operation. All surfaces of the lung, including the fissures, 
should be inspected, and a chest drain is left in place through 
one of the port sites. Local anesthetic is infiltrated around the 
port sites or used for intercostal nerve blocks.

Most children can be managed safely on a pediatric sur-
gical ward postoperatively with nurse- or patient-controlled 
analgesia. The chest X-ray is repeated the following day to 
confirm lung expansion and assess the extent of lung con-
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solidation. Fibrinolytics may be helpful in the postoperative 
period after thoracoscopic debridement if lung expansion is 
incomplete. This is especially useful when the surgeon is in 
the learning phase of thoracoscopic debridement or if debri-
dement is known to be incomplete. The chest drain should 
remain in place until the losses reduce to less than 30 ml/day 
and become clear. The child is kept in hospital on intravenous 
antibiotics until afebrile for at least 24 h. A further chest X-ray 
should be taken following drain removal.

Thick membrane is seen on occasions encasing the lung not 
allowing expansion; a peanut sponge is used gently to peel 
the membrane off the visceral pleura. Conversion to open tho-
racotomy is indicated in cases of failure of separation of the 
fibrous rind from the visceral pleura after the thoracoscopic 
maneuvers, excessive bleeding, inadequate visualization, and 
failure of lung reexpansion.

Thoracotomy and Decortication

Decortication of an organized empyema carries a significant 
morbidity from bleeding and air leaks.27,129–131 Decortication 
requires removal of the thickened fibrous parietal peel and 
sharp dissection to remove the visceral peel encasing the 
lung. This is best performed through a conventional poste-
rolateral thoracotomy. The aim of decortication is to free the 
encased lung to allow reexpansion and to free the chest wall 
to allow proper respiratory excursion. Excision of the pleural 
rind may result in substantial bleeding and an air leak and 
occasionally nerve damage. Blood must be available. Early 
recognition of the fibrous stage and prompt intervention 
minimize these risks. Provided decortication is complete, 
the prognosis for lung function is excellent in most cases. 
However, inadequate management places the child at risk 
of chronic ill health with continuing sepsis, restrictive lung 
disease, failure to thrive, and anemia. The child becomes a 
respiratory cripple. The chest X-ray shows persistent lung 
collapse, loss of volume, and a scoliosis attributable to pro-
gressive fibrosis.130

Technique of Decortication

Decortication is carried out using a conventional posterolat-
eral thoracotomy.

The chest is usually entered through sixth intercostal space 
although the rib resection may be necessary to achieve suf-
ficient exposure. The empyema cavity is entered through 
the organizing parietal peel, which is usually thick and very 
dense. The cavity is evacuated with samples taken for bacte-
rial culture. The parietal peel is stripped from the inside of the 
chest wall by digital dissection. This can be difficult but as the 
chest wall is freed the thoracotomy will open progressively. 
The peel should not be disturbed over the mediastinal surface 
because of the risk of damaging vital structures.

Separating the peel from the diaphragm is generally unsat-
isfactory because it is often impossible to find a plane of 
cleavage.

The encased lung is then freed. This involves gentle finger 
dissection around the edge of the lung and between the fis-
sures. The thick visceral rind is carefully incised with knife 
down to the plane immediately beneath the cicatricial coat and 
the visceral pleura. The visceral pleura if possible should be 
left intact if possible. Development of this plane invariably 
results in significant bleeding and often multiple air leaks. 
Once the correct plane is entered blunt dissection is generally 
adequate to liberate the collapsed lung.

After decortication is complete the anesthetist expands the 
lung gradually to identify any air leaks and to allow excision of 
any remaining restrictive peel. Injury to the lung parenchyma 
should be repaired if possible. At least one large-bore chest 
drain should be placed and sometimes two are necessary. The 
thoracotomy is then closed using standard techniques. Appli-
cation of low-pressure suction to the drain helps lung expan-
sion in presence of an air leak.

Major complications from decortication are related to per-
sistent air leak, bleeding, and sepsis. Air leaks up to 10–14 
days after surgery are not uncommon in advanced cases. 
Residual blood in the pleural space may become secondarily 
infected defeating the purpose of the operation because of 
ensuing fibrosis. While the mortality following decortication 
in experienced hands should be low, some series have reported 
mortalities between 1.3 and 10%.27,129,131,132 Death is fortunately 
rare but invariably due to hemorrhage or septic complications.

A chronic empyema causes significant derangement of lung 
function. Both ventilation and perfusion of the collapsed lung 
are markedly reduced, particularly perfusion. Physiologi-
cal improvement following successful decortication depends 
largely on the nature and extent of any residual parenchymal 
lung disease, which, in turn, depends on the infecting organ-
ism and the duration of the chronic empyema. Functional 
improvement continues for many months after decortication.

Thoracoplasty

This is rarely necessary in childhood empyema and is to be 
avoided if at all possible. There are two indications for tho-
racoplasty: First, if the underlying lung is so badly damaged 
that it is incapable of reexpansion despite decortication (this 
leaves a large residual intrapleural space, which will become 
reinfected unless the chest wall is collapsed), and second, if 
there is a bronchopleural fistula that fails to close after deco-
rtication. In this situation vascularized tissue must be brought 
into the thorax to cover the damaged lung surface. A pedicled 
muscle flap thoracoplasty is usually the best solution.

Management of Complex Empyemas

Empyema with Lung Abscess and Necrotizing Pneumonia

The outcome of this type of empyema depends on adequate 
postoperative lung expansion and appropriate antibiotic ther-
apy. Pneumatoceles will generally resolve after debridement 
or decortication of the empyema.109,133 Similarly most lung 
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abscesses can be managed along the same lines without the 
need for drainage. The morbidity involved in excision of a 
lung abscess in the presence of infection is significant.

Necrotizing pneumonia can only be identified accurately 
using CT with IV contrast. The presence of lung necrosis 
complicating an empyema is a poor prognostic factor. Pro-
longed antibiotic treatment is necessary. Bronchopleural 
fistulae are common in these children.134 If lung necrosis is 
extensive ventilatory support may be necessary in the pre- 
and postoperative period, and this frequently results in a 
bronchopleural fistula.

Bilateral lung changes and empyemas occur occasionally 
in infants and young children. Mortality is significant in these 
children because of the extensive lung disease. Mechanical 
ventilation, high-frequency oscillation, and even extracorpo-
real membrane oxygenation (ECMO) may be necessary.

There are reports advocating resectional surgery of the 
damaged lung in this situation including pneumonectomy 
in children.134,135 The associated mortality after the resection 
surgery is significant if undertaken during empyema drain-
age and only advisable in selected cases. In the western world 
thise situation is rare, and the management of such cases could 
be optimized by intensive care prior to surgery. Good medical 
management including resection of the affected lung in such 
cases in the underdeveloped country is life saving.135

Bronchopleural Fistula and Pyopneumothorax

A spontaneous bronchopleural fistula with resultant pyopneu-
mothorax occasionally complicates a necrotizing pneumonia. 
Management of the bronchopleural fistula poses a major 
challenge with a high morbidity. The presence of an air leak 
into the pleural cavity and persistent pleural space contamina-
tion hinder lung reexpansion. Aspiration of infectious mate-
rial may contaminate the opposite lung. Preoperative contrast 
CT scanning with IV contrast is essential to determine the 
presence of lung necrosis and a lung abscess. Conservative 
management of the fistula has been advocated in the past, 
along with various surgical approaches, all associated with 
prolonged hospitalization and morbidity.136 The optimum 
management of a spontaneous bronchopleural fistula is drain-
age of pus from the pleural cavity with liberation of the lung 
to achieve complete expansion. Excision of the parietal pleura 
encourages the expanded lung to adhere to the chest wall and 
aids the healing of the fistula. Primary muscle-flap thora-
coplasty can be helpful to bring a new blood supply to the 
necrotic area and promote healing.

Various muscle flap techniques have been described in adults 
to manage bronchopleural fistulae complicating pneumonec-
tomy or lobectomy.137–139 Chest wall and abdominal wall-based 
muscle flaps have been reported including trapezius,140 inter-
costal muscle,141 diaphragm,141 pedicled diaphragm,142 latissi-
mus dorsi,143 and rectus abdominis.144 Other locally available 
tissues such as thickened pleura,145 omentum, and jejunum 
have been reported to manage bronchopleural fistula.146,147,148

In children large muscle thoracoplasty is rarely feasible 
technically. Moreover, these would carry an unacceptable 
postoperative morbidity, as the grafts occupy a significant 
intrathoracic volume with permanent reduction in vital capac-
ity. Apart from this major concern, flaps used in adults for 
myoplastic thoracoplasty require detailed anatomical knowl-
edge and a separate incision to place them into the chest.

Flaps that occupy less intrathoracic volume suitable for 
use in childhood include pericardium, intercostal muscles, 
greater omentum, and thickened pleura. Although tradition-
ally, a staged approach in the management of the bronchopleu-
ral fistula has been used in children, repeated thoracotomy 
and chronic infection lead to fibrosis and further increase 
the morbidity. Consequently, the author adopts aggressive 
one-stage approach for empyema-associated bronchopleural 
fistulae.149

An intercostal muscle flap can be raised through the thorac-
otomy incision at the time of decortication. However, this may 
complicate wound closure and lead to rib crowding with sub-
sequent scoliosis. Flaps based on thickened pleura are poorly 
vascularized and difficult to position. The author’s preference 
is a myoplastic flap based on serratus anterior. This muscle 
comprises a series of digitations with an axial blood supply 
and lends itself well to use as a myoplastic flap. Detailed ana-
tomical knowledge is not required, and the flap can be raised 
easily through the thoracotomy incision.

The author has used this flap successfully over the years 
with good results and minimal morbidity.149 However, depend-
ing on the underlying damage related to necrotizing pneumo-
nia postoperative recovery varies.

These children require long-term monitoring for immuno-
logical deficiencies, bronchiectesis, and growth and develop-
ment. Recurrent infections should be aggressively managed and 
if required should be immunized against specific bacteria such 
as pneumococci and Haemophilus influenzae as well as treating 
them with prophylactic antibiotics during winter months.

Serratus Anterior Myoplastic Flap Technique

The chest is opened though a conventional posterolateral tho-
racotomy, using either a muscle-cutting- or a muscle-sparing 
technique. A digitation of serratus anterior is then raised from 
its insertion from either the fifth or sixth rib. The muscle flap 
can be inserted into the thoracic cavity either through the tho-
racotomy wound itself or through a separate intercostal space 
incision, depending on the site of the fistula. Length on the 
muscle flap is easy to obtain by separating the digitations from 
the remainder of the serratus anterior muscle, leaving the pos-
terior attachment intact. The muscle flap is loosely attached 
to the surrounding lung tissue to occlude the bronchopleural 
fistula. Both the blood and nerve supply to serratus anterior 
are segmental so that separation of one or more digitations in 
this fashion does not impair function of the remainder of the 
muscle. No special precautions are necessary closing of the 
thoracotomy.
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Bilateral Empyema

Bilateral parapneumonic empyema is occasionally encoun-
tered in infants and immunocompromised children. However, 
the commonest cause of bilateral empyema in children is 
esophageal injury, either a leaking anastomosis or perfora-
tion following dilatation of a stricture. Caustic strictures are 
particularly prone to perforation during dilatation. In a large 
study of 1,249 caustic strictures reported by Avnoglue, 52 dil-
atations resulted in perforation. Seventeen unilateral and two 
bilateral empyemas occurred as a consequence.22 The mor-
tality from sepsis in this series was 23%. In another smaller 
series of 98 caustic esophageal strictures 14 patients required 
repeated balloon dilatations. Three perforations occurred with 
one bilateral empyema.150

Bilateral parapneumonic empyema is uncommon.107,151,152 
The infective organism is usually staphylococcus, pneumo-
coccus or, rarely, Pseudomonas aerugenosa.153 Staphylococ-
cal infection is more common in malnourished children.38 The 
author has managed three children with bilateral empyemas, 
including a bulimic adolescent girl with recurrent aspiration 
and multiple bilateral abscesses, lung abscess,154 and a two-
year-old girl with bilateral pneumonia and septic shock, who 
needed ECMO after conventional ventilation, which resulted 
in a tension pneumothorax.

Bilateral empyema is seen as a common complication of 
necrotizing mediastinitis.155,156 Necrotizing mediastinitis 
occurs as a result of descending infection from the retropha-
ryngeal plane of the neck. The condition has a 30–40% mor-
tality, and aggressive surgical management is necessary.155–157 
Bilateral empyema has been successfully managed with VATS 
debridement.158

Secondary Empyema

The commonest cause of secondary empyema in children is 
infection of a posttraumatic lung contusion.20,21 Postlobec-
tomy empyema occasionally occurs after resection of a bron-
chiectatic lobe or after lung resection in immunologically 
compromised children. Penetrating injuries of the chest may 
result in an empyema. Infection of sympathetic effusions fol-
lowing a subphrenic abscess or acute hemorrhagic pancreatitis 
have been reported. Amebic empyemas may follow rupture of 
a liver abscess.23,24

Management of secondary empyemas has to be tailored to 
the underlying cause. Most sympathetic effusions that become 
infected will resolve with intercostal drainage and antibiotics, 
and treatment of the underlying cause, occasionally requiring 
VATS or thoracotomy drainage, is required.159 Posttraumatic 
empyemas invariably require surgical intervention with early 
thoracotomy or VATS.21 Esophageal rupture inevitably results 
in mediastinitis and empyema. Immediate management com-
prises antibiotics and closed chest drainage but definitive 
treatment depends on the state of the esophagus, which is dis-
cussed elsewhere in this book.

Outpatient Follow-Up After Empyema

Children with empyema should be seen at 4–6 weeks after 
discharge, with subsequent follow-up depending upon clinical 
and radiological improvement.

Attention to nutrition is essential. Iron supplements may be 
necessary if the child is anemic. Oral antibiotics should be 
continued for a period of 4 weeks after discharge from hos-
pital. Children should be evaluated for immune deficiencies 
at follow-up as previously healthy children may have undi-
agnosed abnormalities, including cystic fibrosis.107 Antibody 
status for pneumococcal and H. influenza should be assessed 
and vaccinations provided if necessary.

The long-term prognosis following treatment of empyema 
is excellent in the majority, despite the heterogeneity of man-
agement.160,161 Complex empyema, however, carries a signifi-
cantly higher morbidity and longer hospital stay, and some of 
these children require prophylactic antibiotics during winter 
months to prevent further respiratory infections. Although 
the vast majority of children recover without any long-term 
respiratory consequences some studies reported mild obstruc-
tive defects associated with poor exercise tolerance.162,163 In 
another study most children were found to have normal respi-
ratory function by 1 year although 19% had mild restrictive 
defects and 16% mild obstructive defects. None of these chil-
dren had symptoms of respiratory insufficiency.164

Conclusion and Future Perspective

Adequate drainage of the abscess (empyema) within the pleu-
ral space and reexpansion of collapsed lung are the funda-
mental principles of empyema management. Despite the fact 
that this has been known since the time of Hippocrates, the 
management of empyema thoracis in children remains contro-
versial. In part, this is because of reluctance on the part of phy-
sicians to relinquish their patients to surgeons but also because 
of the lack of randomized trials in this field. The number of 
studies trying to reinvent the wheel rather than learning form 
past experience is depressing.

Minimally invasive surgery (VATS) is slowly changing the 
management of empyema in the developed world in favor of 
early intervention. The use of small-bore catheters and fibrin-
olytics probably has a role in the early stages of empyema 
but these children must be monitored closely and referred 
promptly for surgery if the response is less than perfect. The 
incidence of childhood empyema is rising in the western 
world, and there is urgent need for randomized controlled 
clinical trials to guide treatment.
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Introduction

Mycobacterium tuberculosis is one of the most successful 
infective organisms affecting one third of global population 
and responsible for over two million deaths each year1. Tuber-
culosis (TB) is causing worldwide concern because strains 
resistant to standard anti-tuberculosis chemotherapy are being 
isolated with increased frequency2. The rising incidence of TB 
in developed countries is largely attributable to immigration.

Following primary infection in childhood the initial host 
immune response is usually capable of localizing the infection 
but unfortunately falls short of completely eradicating the 
pathogen. The ability of the TB to persist after initial infection 
within a healed tubercle is referred to as latent TB and this is 
central to the biology of tuberculous disease. Latent TB poses 
a significant risk to the host from reactivation in adult life and it 
also represents a major obstacle to the eradication of the disease.

Over the last century attempts to control tuberculosis have 
centered on mass immunization with bacille Calmette-Guérin 
(BCG), early identification of infection, treatment with anti-
tuberculous therapy and improvements in hygiene, sanitation 
and nutrition.

Epidemiology

The Director General of World Health Organization (WHO) 
declared TB a global public health emergency in 1993 with 
an estimated global incidence of 1.3 million and a mortal-
ity rate of 450,000 children per year. The recently released 
WHO global TB control report shows that the incidence of TB 
peaked in 2004 and has remained constant since 20053. The 
majority of new cases are reported in densely populated coun-
tries like India and China but the highest prevalence is seen in 
sub-Saharan Africa, the Indonesian archipelagos, Afghanistan 
and Bolivia4. The substantial increase in the prevalence of TB 
in Africa in recent years (almost 80% of the global TB bur-
den) is largely attributable to HIV/AIDS5. The incidence of 
TB in children is much more difficult to estimate accurately 

because of the lack of systematically collected data. In the 
past childhood TB has been given a low priority. However, 
it is estimated that 20–40% of all notifications represent TB 
infection in childhood. In India alone more than ten million 
children a year are at risk from contracting TB from a smear-
positive adult.6,7

Most countries in Western Europe have TB notification 
rates below 10 per 100,000, while some countries in Eastern 
Europe, including the former Soviet Union, report case detec-
tion rates of more than 100 per 100,000. The percentage of 
TB cases occurring in children is estimated to vary from 15 % 
in developing countries to below 5 % in the United States and 
Europe4. In 2002 the US Center for Disease Control and Pre-
vention (CDC) estimated the incidence of TB to be 5.6 new 
cases per million8. Between 1984 and 1992 the incidence of 
TB increased in the USA as a result of a deteriorating public 
health infrastructure and the rising incidence of HIV. Pediatric 
TB, however, fell from 3.1 new cases per 100,000 in 1992 to 
1.5 per 100,000 in 2001. The incidence of TB in the UK is 
increasing. In 2000 there were 12.9 new cases per 100,000 
population in England and Wales9.

Historical Perspective

Hippocrates described a dangerous disease causing death to many 
by consumption - “many of those who had been long gradually 
declining, took to bed with symptoms of phthisis….. many, and, 
in fact, the most of them, died; and of those confined to bed, I 
do not know if a single individual survived for any considerable 
time.” Hippocrates also recognized that the disease was more 
common in the winter and that the outcome was slightly better 
for victims who could walk compared to those confined to bed 
although eventually all succumbed to death10.

The term ‘tubercle’ was coined by Franciseus Sylvius 
(1614–1672). The term ‘tuberculosis’ was introduced by 
Laurent Bayle (1774–1816). Frascatorius (1483–1553) 
hypothesized that the disease was transmitted by air-borne 
living particles named ‘contagium vivium’11. In a series of 
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experiments in 1868, Villemin (1827–1892) demonstrated 
that tuberculosis could be transmitted from man to animals 
by inoculation with infected material. In 1882 Robert Koch 
proposed four postulates, Koch’s postulates, regarding the 
infectious nature of tuberculosis:

 The bacterium should be constantly associated with the �

disease.

 It should be possible to isolate the bacterium in pure culture �

from the lesion.

 Inoculation of a laboratory animal with the culture should �

reproduce the disease.

 It should be possible to re-isolate the bacterium in pure culture �

from the lesions produced in the experimental animal11

In 1890 Koch discovered ‘tuberculin’ although he thought 
incorrectly that this would be a cure for tuberculosis. The BCG 
vaccine was produced by Albert Calmette and Camille Guerin 
by sub-culturing an attenuated bovine strain of tubercle bacil-
lus over a period of thirteen years (about 230 times). BCG was 
first used as a vaccine in humans in 1921 to prevent TB.

In 1882 Forlanini observed that patients with TB who 
developed either a spontaneous pneumothorax or a pleural 
effusion tended to recover more rapidly than those who did 
not. This led to the widespread use of induced pneumothorax 
as a procedure to promote healing. In 1911 Jacobeus used 
pleuroscopy to divide pleural adhesions to facilitate lung 
collapse. Later extra-pleural techniques were tried to induce 
lung collapse although these were soon abandoned because 
of septic and hemorrhagic complications. This was followed 
by rib resection and thoracoplasty12.

Streptomycin and para-aminosalicylic acid were discovered in 
the 1940’s, Isoniazid and Pyrazinamide were discovered in the 
1950’s, and Ethambutol and Rifampicin were discovered in 
the 1960’s. Effective chemotherapy changed the role of surgery 
for TB completely. Safe pulmonary resection became possible, 
with surgical pioneers including Overholt, Chamberlain, Naef and 
Brunner reporting excellent results13.

The World Health Organization (WHO) was established 
in 1947. Tuberculosis was given the highest priority and 
BCG vaccination was endorsed as the only widely available 
control measure. In late 1950’s WHO resources assisted the 
establishment of vertical programs to control TB in endemic 
areas.

Basic science

Etiology

The vast majority of tuberculosis in humans is caused by 
Mycobacterium tuberculosis. To a lesser extent, M. bovis and 
M. africanum are also responsible. Other atypical mycobacteria 
are isolated occasionally from children in association with 
immune deficiencies and cystic fibrosis.

Epidemiology

Tuberculosis is a highly contagious disease that is spread by 
air-borne droplets. A variety of host and environment-related 
factors influence infection rates:

Age: Young infants and children are more susceptible to 
infection.

Site: Pleural disease is common in older children compared 
to primary complex disease in the young.

Sex: Both mortality and morbidity are similar in both sexes14. 
However, in developing countries TB is five times more com-
mon in girls than boys although this ration is reversed in chil-
dren under five15.

Intercurrent infection and immune status: Host resistance 
plays an important part in the spread and reactivation of the 
tuberculosis16. Tuberculosis is a hugely important cause of 
morbidity and mortality in children with acquired immune-
deficiency syndrome (AIDS). Children immunosuppressed 
following cancer chemotherapy and after organ transplanta-
tions are also at risk, albeit in lesser numbers.

Nutrition: Malnutrition predisposes children to tuberculo-
sis and increases the morbidity and mortality of infection.

Socio-economic Status: In the developing countries TB 
spreads in overcrowded communities as a result of poor sani-
tation and hygiene17. In contrast in western society tubercu-
losis is a major health problem in the homeless, among drug 
addicts, and in the prison population. The rarity of TB in white 
people in the large cities of industrialized nations means that 
there is often a delay in diagnosis, compared to black and 
Asian people where the disease is considered more frequently 
and, therefore, investigated more readily18.

Travel: International travel and immigration contribute to 
the spread of TB19.

Season: Seasonal variation in the incidence of TB is well 
known with a peak in late winter / early spring20.

Spread

The commonest route by which TB is spread is by inhalation of 
air-borne particles containing M. tuberculosis bacilli. The source 
of these particles is usually the sputum of an adult with active 
TB in close proximity. Children are rarely a source of infection. 
The incubation time varies between one and six months21.

Tuberculosis can also be spread by ingestion of the bovine 
tubercle bacillus from unpasteurized milk. Other rare routes 
by which TB can be transmitted include contamination of skin 
wounds, passage through intact mucous membranes and trans-
placental spread, which gives rise to congenital tuberculosis.

The pyramid of childhood tuberculosis

Children admitted to hospital represent the tip of the iceberg 
in the global scale of tuberculosis in childhood. These children 
comprise between 1–6% of all cases of childhood TB and have 
generally developed either TB meningitis or miliary disease.
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A larger group of children with TB comprise the middle 
of the pyramid. These children may have some symptoms 
but either remain undetected or inadequately managed. This 
group usually have active disease which can either spread to 
become disseminated (miliary) or become dormant, depend-
ing on the immune and nutritional status of the child. The base 
of the pyramid consists of the large majority of childhood TB 
which is asymptomatic, undiagnosed and becomes dormant. 
Reinfection or reactivation as a result of a decrease in host 
resistance will result in symptoms appearing at some time in 
the future.

Microbiology

Mycobacteria are a group of slow growing bacilli which are 
obligate aerobes. Mycobacteria are non-motile, non-spore 
forming and non-encapsulated organisms. The cell wall is 
lipid-rich, which conveys virulence. The lipid fraction of the 
cell wall consists of three major components, mycolic acids, 
cord factor, and wax-D. Mycolic acids are unique alpha-
branched lipids that form a shell around the organism and 
affect permeability properties at the cell surface. Mycolic 
Acids are a significant determinant of virulence, prevent-
ing attack by cationic proteins, lysozyme, and oxygen 
radicals. They also protect extracellular mycobacteria 
from complement deposition in serum. Cord factor is toxic 
to mammalian cells and is also an inhibitor of neutrophil 
migration.

Mycobacteria do not stain readily with Gram’s stain 
because of the lipid content of the cell wall. They are either 
very weakly Gram-positive or do not retain any stain. The

Ziehl-Neelsen (ZN) stain is used to identify mycobacteria. 
Hot carbol fuchsin is applied to the slide. This primary stain is 
phenol-based and has a high affinity for mycolic acid, which 
is found in the mycobacterial cell wall. The slide is then decol-
orized with 70% alcohol and hydrochloric acid and counter-
stained with methylene blue. Mycobacteria stain bright red 
and resist decoloration with alcohol and acid (alcohol and acid 
fast bacilli – AAFB). More recently fluorochromic methods 
have been used to visualize mycobacteria. This involves stain-
ing with auramine-rhodamine stain (a mixture of Auramine O 
and Rhodamine B) and then examining the slide using fluo-
rescence microscopy. Mycobacteria fluorescence a reddish-
yellow color.

Mycobacteria are slow growing and require solid egg-based 
culture media including Lowenstein-Jensen, Middlebrook 
7H10, and American Thoracic Society Medium. Increasingly 
automated radiometric systems are being used to culture 
mycobacteria. The BACTEC system is capable of detecting 
mycobacteria within 5–12 days using a liquid culture medium 
containing palmitic acid labeled with carbon C14 22. The Septi-
Chek AFB system requires about three weeks incubation but 
is more sensitive than either the BACTEC system or routine 
culture for the recovery of M. tuberculosis23.

Pathogenesis

The Primary Complex: Inhaled tubercle bacilli lodge in the 
pulmonary alveoli. This results in an acute inflammatory 
response which is followed by a chronic granulomatous reac-
tion. The typical tuberculous granuloma comprises an area of 
central caseating necrosis surrounded by eosinophilic epithel-
oid cells and giant cells. The inflammatory reaction at the point 
of entry of the tubercle bacilli is called the Primary or Ghon 
focus and measures approximately 3–20 mm in diameter. The 
tubercle bacilli invariably traverse the pulmonary lymphat-
ics to reach the regional hilar lymph nodes where they cause 
an identical granulomatous response. The primary focus, the 
draining lymphatics and the inflamed regional lymph nodes 
are collectively called the Primary complex.

The right upper lobe is the commonest site for the primary 
complex and it has been suggested that this is because of the 
tubercle bacilli preferentially lodge in areas of sluggish air cir-
culation and relative hypoxia24. The lymphadenitis caused by 
tuberculous infection is usually visible on a chest X-ray (Fig. 
10.1).

The host immune response determines the outcome of the 
primary complex. In the presence of good host resistance 
the tuberculous infection is localized and heals by fibrosis, 
becoming a calcified focus (Fig. 10.2).

Progressive primary tuberculosis: If the host immune 
response is inadequate to contain the infection the tubercular 
bacilli continue to multiply. The inflamed hilar lymph nodes 
will continue to enlarge and may compress the neighboring 
bronchus,25,26,27 causing either an incomplete obstruction with 

Fig. 10.1. Plain chest X-ray: A useful initial investigation and in 
developing countries only radiological investigation available for 
diagnosis and monitoring. Gohn focus is seen as a calcified periph-
eral spot in  the left lung



132 P.R. Parekh

distal obstructive emphysema28 or complete obstruction with 
atelectasis (Fig. 10.3a). Alternatively, a caseating lymph node 
may erode through the wall of a bronchus causing foreign 
body symptoms. Sudden intra-bronchial rupture of caseous 
material has been known to result in asphyxia and death in 
a young infant. Tuberculous bronchitis may eventually result 
in fibrosis and bronchiectasis (Fig.10.3b), or spread into adja-
cent lung parenchyma giving rise to bronchopneumonia (Fig. 
10.3c). Caseous lymph nodes in the subcarinal and paratra-
cheal regions may cause pleural or pericardial effusions con-
taining actively dividing bacilli29.

Pulmonary disease in children is typically associated with 
low numbers of organisms (paucibacillary) and cavitating dis-
ease is rare under the age of 13 years. Unlike adults, children 
are more likely to develop extrapulmonary TB. Disseminated 
infection with hematogenous spread occurs especially in 
young children (less than 3 years) and may result in tubercu-
lous meningitis, renal and bone infection.

Immune response to mycobacterial infection: The immune 
response to TB is largely cell-mediated. Although this cell-
mediated immune (CMI) response is essential to control the 
infection it is also responsible for much of the pathology of 
TB, including granuloma formation and delayed-type hyper-
sensitivity (DTH).

Although infection is associated with an acute inflammatory 
response neutrophil leucocytes are rapidly destroyed by tuber-
cle bacilli. Infected tissues are then progressively infiltrated 
by macrophages. During the first 7–21 days after primary 
infection tubercle bacilli multiply virtually unrestricted within 
macrophages, which are unactivated and therefore unable to 
destroy the organisms. Following this initial stage lymphocytes 
infiltrate the regional lymph nodes. T-lymphocytes recognize 
TB antigen processed by macrophages. This results in T-cell 
activation and the liberation of cytokines, including gamma 
interferon (IFN-γ), which activate the macrophages.

Activated macrophages are capable of destroying TB. Acti-
vated macrophages produce cytokines which contribute to the 
inflammatory response resulting in the characteristic tissue 
changes, localization of tuberculous infection and subsequent 
granuloma formation.30,31,32 The host becomes tuberculin-pos-
itive. Tubercle bacilli are unable to multiply within tubercles 
although they can persist dormant for long periods.

Impaired CMI is seen as a consequence of severe malnu-
trition and HIV disease because of a depleted pool of CD4+ 
T-cells, which impairs macrophage activation33. Granuloma 
formation does not occur with the result that tubercle bacilli 
multiply and spread. The Tuberculin test remains negative. 
Progressive infection occurs with miliary spread.

Fig. 10.2. Persistent calcified lesion after anti-TB medical therapy

Fig. 10.3. Complications related to mediastinal lymphadenopathy associated with the primary complex. (a) Collapse of the right upper lobe 
with compensatory over expansion of the middle and lower lobes. (b) Bronchiectasis in a collapsed right lower lobe due to an old tubercu-
lous primary complex. Calcification of hilar lymph nodes suggests the cause of the collapse may be bronchial stenosis leading to recurrent 
bacterial infection in the collapsed lobe.(c) Erosion of mediastinal lymph nodes into bronchus leading to tuberculous bronchopneumonia or 
symptoms and signs suggestive of foreign body inhalation
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Clinical features

 The diagnosis of tuberculosis in children is difficult�

 Diagnosis is based on a triad of history of contact, clinical �

feature, and investigations

 A high index of suspicion is necessary to ensure prompt �

diagnosis

The clinical features of childhood TB are dependent on the 
host immune response and, as a consequence, are vague, 
subtle and variable. The majority (80–90%) of school age 
children with primary TB will be asymptomatic and only 
approximately 50% of infants will display symptoms. Typi-
cal constitutional symptoms include weakness, irritability 
and anorexia. Low-grade fever with night sweats is common 
although a high fever without specific cause may be seen. 
The cough associated with TB is described classically as 
paroxysmal and hacking, often associated with breathless-
ness and wheeze. Hemoptysis associated with cough is seen 
in older children. Growth failure is a constant feature of TB 
infection in children. Unfortunately, infants may develop 
miliary disease or TB meningitis before the Tuberculin test 
becomes positive. Eliciting a history of contact with TB, 
either in the family or in school, is frequently rewarding 
and highly significant. Tuberculosis should be suspected in 
any child with a history of contact with a confirmed case of 
tuberculosis.

There may be no clinical signs associated with primary 
TB infection in children. Clinical signs are usually associ-
ated with disseminated disease. Young children (12%) may 
develop erythema nodosum, which is associated with Tuber-
culin hypersensitivity.

In developing countries, anti-TB therapy is often com-
menced empirically in suspected cases. Osborne has provided 
guidelines for suspecting TB in children to overcome the diffi-
culty of under/over diagnosis34. Various scoring systems have 
been devised to improve the diagnosis of tuberculosis so that 
early treatment can be started in countries where diagnostic 
resources are limited. Table 10.1 shows the scoring system 
devised by Crofton, Horne and Miller35.

Diagnosis

The diagnosis of TB is difficult. Pediatric TB is usually a pauc-
ibacillary disease, which makes bacteriological diagnosis of 
TB extremely challenging because of the difficulty in isolating 
M. tuberculosis from clinical specimens. Children rarely pro-
duce sputum. If sputum can be obtained AAFB are identified in 
less than 20% cases compared to 75% of cases in adults. Gastric 
aspirates in children tend to produce a better yield for AAFB. 
Even under optimal conditions AAFB can be only recovered in 
70% of infants and in 30–40% of sick older children. Children 
often have asymptomatic primary disease with subtle radiologi-
cal abnormalities. The diagnosis of TB infection in children is, 
therefore, often based on a positive Mantoux test without signs 
or symptoms of the disease and with a normal chest x-ray.

Investigations

Tuberculin sensitivity testing

Tuberculin is a glycerin extract from the tubercle bacillus. 
Tuberculin was discovered by Koch in 1890 and initially 
developed as a remedy for tuberculosis. Although Tuberculin 
proved ineffective as a remedy for TB it was soon discovered 
that repeated injections caused more rapid and more severe 
skin reactions and this forms the basis of tuberculin skin test-
ing. Mantoux developed a reliable technique for sensitivity 
testing involving intradermal injection of tuberculin. In 1934 
Siebert made a simple protein precipitate of Koch’s tuberculin 
and named it purified protein derivative (PPD).

Mantoux test: The standard Mantoux technique involves 
intradermal injection of 5 Tuberculin units (0.1 mL) into the 
volar aspect of the forearm using a 27-guage needle (In the 
UK 2 Tuberculin units are injected).36,37 The test should read 
48–72 hours later. A positive reaction is indicated by erythema 
and induration >10 mm in diameter. Erythema alone does not 
constitute a positive reaction.

A person who has been exposed previously to the 
tubercle bacillus is expected to mount an immune response

Table 10.1. Scoring system for suspected TB in children.

Score
Duration of 
Illness (weeks)

% weight 
loss Family History Mantoux test Malnutrition

Unexplained fever or 
night sweats Clinical findings

0 < 2 >80% No
1 2–4 60–80% Yes
2 No response to anti-

malarial drugs
3 >4 <60% Yes, with a 

relative with 
open TB

Negative No weight gain 
after 4 weeks

• Lymphadenopathy
• Joint/bone swelling
• Abdominal mass or ascites
•  Neurological signs or 

abnormal CSF
4 Spinal deformity

This scoring system was developed by Crofton and Miller35 to aid the diagnosis of TB in children. A score of 7 or more indicates a high risk of tuberculosis.
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(i.e. delayed-type hypersensitivity reaction) in the skin contain-
ing the bacterial proteins. Thus a positive test indicates prior 
infection with the tubercle bacillus but not necessarily active 
disease. A positive test may also result from BCG vaccination 
though the response is usually less than 10 mm and tends to 
wane with time.

As PPD contains a whole series of proteins that are shared 
with the BCG vaccine and other non-pathogenic mycobacteria 
common in the environment the skin test may be falsely posi-
tive. Immunosuppressed children may not be able to mount a 
DTH response to PPD. False negative results can be obtained 
with a faulty technique or injection of an inadequate dose of 
PPD. False negative results may also be seen in children with 
miliary tuberculous or TB meningitis, extremes of age (infants 
< 6 mths, elderly), coincidental viral infections (Measles, influ-
enza etc.), immunosuppressive therapy, malnutrition, neoplas-
tic diseases (esp. Hodgkin’s, non-Hodgkin’s lymphomas) and 
less commonly in children with chronic renal failure.

BCG test: BCG has been used as a diagnostic test for TB 
but has a relatively low specificity. The test is performed using 
0.1 ml reconstituted BCG vaccine to raise a 5 mm intradermal 
wheal above insertion of deltoid muscle on left arm. An area 
of induration >5 mm diameter after 72 hours is considered a 
positive result.38

Hematological investigations

Full blood count may show a raised lymphocyte counts and a 
normochromic anemia. Plasma viscosity and erythrocyte sedi-
mentation rate are usually elevated.

Microbiological Investigations

Direct staining and bacterial culture: Sputum, cerebrospi-
nal fluid, pleural fluid, ascitic fluid and bronchial aspirates 
should be analyzed by ZN staining and set up for mycobacte-
rial culture as a matter of routine although this takes at least 
6 weeks.

Gastric aspirate: Children rarely expectorate sputum but 
they do swallow it. Therefore gastric aspirates can be used 
AAFB culture. The technique requires passage of a nasogas-
tric tube. Early morning samples should be obtained on three 
consecutive days before the child has had a chance to eat or 
move. The stomach contents should be aspirated and then a 
small amount of sterile water instilled and aspirated. Myco-
bacteria tolerate acid badly so sodium phosphate should be 
added to the sample.

Bronchoalveolar lavage: Bronchoalveolar lavage (BAL) 
can be useful for the diagnosis of TB if gastric aspirates are 
negative. Endobroncheal abnormalities including inhaled for-
eign bodies can be excluded and culture of a BAL will exclude 
other pulmonary infections. The diagnostic yield can be less 
than an ideally collected gastric aspirate.39 One Indian study 
reported no difference in isolation rates comparing gastric 
lavage and BAL.40

Histopathological diagnosis: Specimens obtained either 
by fine needle aspiration or biopsy of enlarged lymph nodes 
may show characteristic granulomata and occasionally AAFB 
can be seen in tissue sections. Pleural or lung biopsy may 
be required before commencing chemotherapy. Histology is 
invariably necessary in non-endemic areas for confirmation 
of the diagnosis.

Newer Diagnostic Techniques

Nucleic acid amplification techniques: Amplification of 
nucleic acid using the polymerase chain reaction (PCR) is a 
rapid technique capable of detecting low numbers of organ-
isms. Nucleic acid can be extracted from tissue specimens and 
tissue fluids for analysis and specific DNA fragments ampli-
fied in vitro. Several systems are now licensed and available 
commercially. Nucleic acid amplifications techniques have 
shown a wide range of sensitivity but high specificity for the 
diagnosis of M. tuberculosis and therefore requires careful 
clinical appraisal and judgment.41,42 Contamination of samples 
by products of previous amplification and presence of inhibi-
tors in the sample may lead to false positive or false negative 
results. The current view of the US Center for Disease Control 
and Prevention is that nucleic acid amplification techniques 
should not replace AFB smear or mycobacterial culture and 
clinical judgement for the diagnosis of TB.

Serological diagnosis: Monoclonal antibody technology 
has allowed the development of enzyme linked immunosor-
bent assays (ELISA) capable of detecting humoral responses 
to mycobacterial cell wall antigens. Although many epitopes 
on the mycobacterial cell wall are non-specific ELISA tests 
have been developed to detect antibodies to the A60 (positive 
in 30%) and the 38 kDa antigen (50% positive in culture posi-
tive cases).43 Rapid immunochromatographic assays are now 
commercially available for some of these antigens.

Interferon- g release assays: These assays are based on the 
principle that T-cells from sensitized individuals release IFN-γ 
when they re-encounter M. tuberculosis antigens in-vitro. The 
IFN-γ release is detected by an ELISA. The US FDA recently 
gave approval for the Quantiferon TB Gold In Tube system 
(Cellestis Inc.Valencia, CA) to be marketed in the US. This 
assay measures IFN-γ release from lymphocytes exposed to 
the antigens ESAT-6, CFP-10 and TB7.7(p4) that are pres-
ent in M. tuberculosis and absent from all strains of M.bovis 
(BCG) and most environmental mycobacteria. Impressive 
specificity and sensitivity data is emerging but, as with PCR 
techniques, caution must still be exercised interpreting results 
in the clinical setting.

Radiology

Chest X-ray: A plain chest X-ray is usually the preliminary 
radiological investigation in suspected TB and it is usually 
normal in primary infection in childhood. However, on occa-
sions a chest X-ray may show hilar, mediastinal or subcarinal 
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lymphadenopathy, parenchymal changes such as segmental or 
lobar hyperinflation, collapse consolidation, bronchopneumo-
nia or a pleural effusion (Fig. 10.4). On rare occasions the 
Ghon lesion can be identified (Fig. 10.1). Miliary TB on a 
chest X-ray is seen as a mottled appearance with multiple pin-
head spots (Fig. 10. 5a).

Computed Tomography Scan or Magnetic Resonance Imag-
ing: Both CT and MRI are more sensitive than conventional 
radiology for detecting hilar lymph node disease and paren-
chymal lesions such as bronchiectasis. Direct invasion of 
surrounding viscera and bone from endobronchial disease can 
be identified on occasions. Miliary TB is well demonstrated by 
high resolution CT scanning (Fig. 10. 5b).44

Differential Diagnosis

The differential diagnosis of TB in childhood includes all 
conditions capable of producing chronic respiratory symp-
toms. This long list includes aspirated foreign bodies, bron-
chiectasis, cystic fibrosis, gastro esophageal reflux disease 
with recurrent aspiration, fungal and parasitic infections and 
HIV-related diseases.

TB still causes a diagnostic dilemma in western countries 
where the diagnosis is not suspected because other, more 
common, conditions are considered first. Not infrequently the 
diagnosis is established after surgical biopsy of a suspicious 
lesion identified radiologically.45

Management

Medical Management:

 The majority of childhood TB responds successfully to first �

line chemotherapy

 Directly observed short course treatment (DOTS) is effec-�

tive and highly recommended

 Multidrug regimes is used to increase the cure rate and �

prevent acquired drug resistance

 Clinical evaluation during and at the end of treatment are essen-�

tial components of medical therapy to minimize drug resistance

Fig. 10.4. Chest X-ray from an infant with primary TB showing a 
large pleural effusion causing mediastinal shift. Pleural aspiration 
may be necessary to relieve respiratory symptoms

a

b

Fig. 10.5. Miliary tuberculosis. (a) Miliary disease on a plain chest 
X-ray (b) CT scan is more accurate for diagnosis, anatomical loca-
tion and monitoring response to treatment
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Most pulmonary TB can be treated medically. The goal is 
to achieve disease cure and prevent relapse. Effective drug 
regimes prevent the development of drug resistance and the 
spread of TB.46,47 The prognosis for childhood TB, even in the 
young and immunocompromized, who are at higher risk of 
disease progression, is generally good provided diagnosis and 
treatment is commenced promptly. The risk of adverse events 
associated with current treatment regimens is low.48

Anti-tuberculosis Drugs

The first line agents used to treat childhood TB include Iso-
niazid, Rifampicin, Ethambutol, Streptomycin and Pyrazi-
namide. Recommended dose schedules and recognized side 
effects are shown in Tables 10.2 and 10.3.

Second line drugs are reserved for drug resistant cases and 
for children who develop side effects from first line therapy. 
This is uncommon but the physician managing childhood TB 
should be aware of these agents. These include Cycloserine, 
Ethionamide, Capreomycin, Kanamycin, Para-amino salicylic 
acid and Thiacetazone. These drugs are generally more toxic 
and have more side effects than the first-line therapy.

General principles of antituberculous therapy

 Single drug therapy is rarely effective for treating TB and �

should not be used.

 The number and inclusion of drugs in the initial phase of �

treatment should take into account the prevalence of drug 
resistance in the local community.

 A single drug should never be added to a failing regimen.�

 Children defaulting on treatment or relapsing after treat-�

ment should be retreated with the first line agents.

 Short course treatment for 6 months is efficacious in most �

situations.

 Intermittent treatment should always be directly observed.�

 Ensuring adherence with and completion of treatment is a �

responsibility of the prescriber/provider.

 Continuing Pyrazinamide beyond the initial phase is not �

usually recommended.

 Ethambutol in a dose of 15–20 mg/kg body weight is rela-�

tively safe and can be used at all age groups and in all types 
of disease, including TB meningitis.

 Streptomycin should be avoided in children as the injections �

are painful and the drug may cause irreversible deafness. 
Streptomycin is usually reserved for the initial treatment of 
TB meningitis in children.

Directly Observed Treatment, Short Course

In 1992, the Government of India, together with the WHO and 
the Swedish International Development Agency, reviewed the 

Table 10.2. First line anti-TB drugs, dosages and side-effects.

Agent Daily regime Intermittent regime Side effects

Isoniazid (H) 5–10 mg/kg/day (max 300 mg) 10–15 mg/kg 3× weekly (max 
600 mg)

Hepatitis, peripheral neuritis, paresthesias of hands/
feet, leucopenia, thrombocytopenia, itching, rash, 
fever

Rifampicin (R) 10 mg/kg/day (max 600 mg) 15 mg/kg 3× weekly (max 900 mg) Hepatitis, gastritis, hematuria, azotemia, itching, rash, 
fever leucopenia, thrombocytopenia

Pyrazinamide (Z) 25 mg/kg/day 30 mg/kg 3× weekly Gout-like symptoms, hepatitis, gastritis, leucopenia, 
thrombocytopenia, loss of vision, color blindness

Ethambutol (E) 15 mg/kg/day 30 mg/kg 3× weekly Leucopenia, thrombocytopenia, loss of vision, color 
blindness, itching, rash, fever

Streptomycin (S) 20 mg/kg/day 30 mg/kg 3× weekly Deafness, injection pains
Prednisolone 1–2 mg/kg/day -

Table 10.3. RTCP treatment regimens (WHO guidelines).

CATEGORY OF PATIENT INTENSIVE PHASE CONTINUATION PHASE

Category I
 • New sputum smear positive TB 2H3R3Z3E3 4H3R3
 • Seriously ill sputum smear negative pulmonary TB
 • Seriously ill extrapulmonary TB
Category II
 • Sputum smear positive relapse 2SH3R3Z3E3 5H3R3E3
 • Sputum smear positive treatment failure
 • Sputum smear positive after treatment default 1H3R3Z3E3
Category III
 • Sputum smear negative and extra pulmonary TB, not seriously ill. 2H3R3Z3 4H3R3

Anti-TB treatment regimes using a standardized abbreviations for each drug: Isoniazid (H), Rifampicin (R), Pyrazinamide (Z) and Ethambutol 
(E). The table shows the protocol for drug administration during the initial intensive and subsequent continuation phases of DOPS: The number 
at the front of each phase represents the duration of that phase in months. A number (e.g. 3) following a drug abbreviation is the number of doses 
per week of that drug.48
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national TB treatment program and concluded that it suffered 
from many weaknesses including inadequate funding, non-
standard treatment regimens, low rates of treatment completion, 
and lack of systematic information on treatment outcomes. As 
a result, a Revised National Tuberculosis Control Programme 
(RNTCP) was established to provide a comprehensive strategy 
for TB notification and control. This included the implementa-
tion of the directly observed treatment, short-course strategy 
(DOTS) for TB, which was introduced in 1993. DOTS is the 
only strategy which has proven effective in controlling endemic 
TB and has now been adopted in many regions of the world.

DOTS is recommended for all TB in children and consists 
of two phases of treatment:

1. An initial intensive phase where at least three bactericidal 
drugs are administered. The aim is to eliminate the majority 
of tubercle bacilli as rapidly as possible. Administration of 
bactericidal drugs in the early phase also reduces the risk of 
later drug resistance.

2. A continuation phase intended to eradicate dormant organ-
isms. Fewer drugs are necessary because the risk of acquir-
ing drug resistance is low and most of the organisms have 
already been eliminated.

In either phase, treatment can be given daily or three times 
weekly. Table 10.2 shows the first-line (i.e. essential) anti-TB 
drugs and their recommended doses. Compliance and regular 
out-patient attendances are mandatory for the success of this 
strategy.48

Corticosteroids

The use of steroids is specifically indicated in central ner-
vous system involvement in TB meningitis if there is cere-
bral edema and focal neurological deficit. Steroids may also 
be useful in endobronchial and miliary TB with involvement 
of serous layers to decrease fibrotic squeals. Prednisolone is 
effective in a dose of 1–2 mg/Kg/day, gradually reduced after 
clinical improvement, and discontinued after 8–12 weeks.48

Evaluation during treatment

Children receiving anti-tuberculous treatment should be evalu-
ated monthly and monitored for symptoms, signs, side-effects 
of medication, growth and development. Drug dosage should 
be adjusted in accordance with the weight of the child.

Specific laboratory tests should be repeated regularly dur-
ing treatment including the complete blood count, liver func-
tion tests including alkaline phosphatase and transaminases. 
Other tests may be necessary if side-effects from treatment 
are encountered.

Evaluation at the end of treatment

At the end of treatment for pulmonary TB, sputum or gas-
tric washings should be sent for culture and a chest X-ray is 

recommended. Further follow up is not essential in an immu-
nocompetent child who has responded to first line treatment. 
Instructions are given to the family to return for follow up 
if recurrent symptoms develop, such as a prolonged cough, 
weight loss, fever, night sweats or chest pain. Children with 
HIV or drug-resistant TB must be reassessed at six monthly 
intervals after treatment for at least for two years.

Medical management of special cases

Interrupted, incomplete or noncompliance with therapy. This 
is defined as “interruption or non-completion of anti-TB treat-
ment for at least 1/3 of the intended regimen” e.g. two or more 
consecutive months or intermittent interruption totaling two 
months of a six month regimen or interruption of three months 
or more of a nine month regimen.49 Factors taken into consid-
eration before recommencing treatment after a lapse are:

 Early lapse in therapy (during the first three months)�

 Disease extent – e.g. miliary TB or cavitating lesions �

(Fig. 10.6)

 Immune status – e.g. malnutrition, HIV infection�

 Incompletely treated TB six months prior to the current �

attendance.

If one or more of these criteria are met, the length of 
re-treatment should correspond to that indicated by the origi-
nal protocol. If none of these criteria is met treatment should 
be resumed to complete the original protocol (for example, 
if treatment lapsed for two months after three months of 
an intended six months regimen, the patient should receive 

Fig. 10.6. Chest X-ray showing a cavitating lesion seen in an adoles-
cent with repeated TB exposure and poor drug compliance
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treatment for an additional three months to complete six 
months of treatment in total).

Treatment failure in a child with active drug sensitive tuber-
culosis: Treatment failure is defined by one or more and the 
following:

 Mantoux or BCG positive�

 Clinical deterioration�

 Deteriorating changes on chest X-Ray�

 Bacteriologically positive culture after three months of �

Anti-TB therapy or initially culture negative but becomes 
culture positive after three months treatment

In these instances it is vital to obtain either sputum or gastric 
aspirate or a tissue sample for AFB culture and sensitivity. 
In a clinically stable child the current drug regime should be 
maintained until sensitivity results become available. If the 
child is deteriorating treatment for drug-resistant TB should 
be commenced.

Relapse: Relapse is defined as recurrence of signs and symp-
toms within two years of an apparent cure after completion of 
a course of chemotherapy. Relapse is rare in children who are 
immunocompetent. Treatment should be recommenced using 
regimes for drug-resistant TB unless there is evidence from 
bacteriological culture and sensitivity testing to the contrary.

Management of a neonate with active tuberculosis in the 
mother: Newborns may become infected through the mother 
or another family member with pulmonary TB. In general, 
they can be treated in the same way as other children, with 
the addition of Pyridoxine to prevent neurological complica-
tions of Isoniazid treatment. In case the mother is infectious, 
specific cough hygiene measures should be introduced and 
short-term chemotherapy is recommended for the baby until 
maternal sputum is AFB negative on three consecutive occa-
sions. The mother should be skin tested with BCG to see if 
an accelerated response is observed. In the absence of accel-
erated response chemotherapy can be discontinued. If there 
is maternal pulmonary disease on chest X-ray chemotherapy 
should be continued for six months. If the mother is asymp-
tomatic the baby is given Rifampicin and Isoniazid for three 
months.50

Surgical Management

Surgical treatment of TB was common before the advent of 
effective antituberculous chemotherapy in the 1950’s. Most 
tuberculosis in children can be treated without surgery. In recent 
years surgery has become important to salvage failed medical 
therapy, often related to drug resistance. In carefully selected 
patients with MDR TB who have a poor response or an unfa-
vorable prognosis with medical therapy alone surgical resection 
can allow cure rates exceeding 90%. Although not prescriptive, 
indications for surgery in TB are shown in Table 10.4.

At least two months of anti-TB therapy should be given 
before surgical resection to decrease bacterial infection in the 

surrounding lung tissue and sterilize the sputum. Following 
successful resection an additional 12–24 months of chemo-
therapy should be given. Proper preoperative evaluation and 
optimization of the nutritional are essential. A CT scan and, 
if possible, bronchoscopy should be done to determine the 
extent of the disease, to document tuberculous endobronchial 
disease, predict operative difficulties and assess the status of 
the contralateral lung.51

Surgery may be necessary to reduce the burden of myco-
bacterial disease in patients with drug-resistant disease. In the 
presence of irreversible changes in the lung such as cavitation, 
medical treatment alone is likely to fail and resection of the 
nidus of infection improves the cure rate substantially. Post-
tuberculous pulmonary destruction is frequently associated 
with bronchiectasis in children and resection may be necessary 
to control symptoms.

Tuberculous lymphadenopathy can result in extrinsic airway 
compression and obstruction. This may become life-threatening, 
especially in young children. Steroids may produce transient 
relief of the airway obstruction but surgical decompression is 
usually necessary. Bronchoscopy should be performed prior 
to decompression to confirm the site of airway compression. 
Enlarged sub-carinal nodes are most dangerous and these can 
be decompressed through a right thoracotomy. In children with 
acute airway obstruction the nodes are soft and necrotic. Decom-
pression should be performed by evacuation of the contents of 
the node rather than excision, which carries a high risk of injury 
to the airway.52 Hilar lymphadenopathy may be complicated by 
erosion into the bronchus and intraluminal obstruction. This can 
be managed by bronchoscopic debridement and suction although 
frequently this must be repeated at regular intervals.

Tuberculous pleural disease may require drainage and, if 
the response to medical therapy is inadequate, decortication.

Table 10.4. Indications for surgery.

1. Failure of medical therapy
 • Progressive disease, lung destruction
 • Lung gangrene
 • Drug resistance
 • Aspergillosis complicating treatment
2. Surgery for diagnosis
 • Pulmonary lesions of unknown cause
 • Mediastinal adenopathy of unknown cause
3. Complications of scarring
 • Massive hemoptysis
 • Cavernoma
 • Tracheo or broncho-esophageal fistula
 • Bronchiectasis
 • Extrinsic airway obstruction by tuberculous lymph nodes.
 • Endobroncheal narrowing
4. Extrapulmonary thoracic disease
 • Constrictive pericarditis
 • Cold abscesses and osteomyelitis of chest wall
 • Potts’ disease
5. Pleural tuberculosis
 • Pleural effusion
 • Bronchopleural fistula
6. Infections with Mycobacteria other than tubercle bacilli (MOTT)
7. Complications resulting from previous surgery
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Technical aspects of TB surgery

Surgery should be performed with single-lung anesthesia with 
either a double-lumen tube or by using bronchial blockers. 
Bronchial healing in TB can be poor and in difficult cases 
muscle flaps should be used to aid healing and avoid a post-
lobectomy broncho-pleural fistula and empyema. The use of 
muscle flaps is considered mandatory if there is a pre-existing 
broncho-pleural fistula, extensive bacterial overgrowth in the 
sputum, or if there is extensive lung involvement, where expan-
sion of remaining lung is unlikely and surgery is considered to 
be the last resort.53 Attempts should be directed to resect the 
parenchymal disease completely to avoid disease reactivation, 
as most children requiring surgery are drug resistant.

Preoperative bronchoscopy and aspiration of secretions 
reduces contamination of healthy lung during surgery. If 
extensive resection is considered then there should be minimal 
evidence of active inflammation at the site of proposed resec-
tion although the maximum amount of normal lung should be 
preserved. Hilar structures must be dissected with great care 
as the anatomy is frequently distorted by lymphadenopathy 
and scarring.

Prevention of tuberculosis

Control of TB in a population requires a multidimensional 
approach. Major emphasis is placed on minimizing the risk of 
transmission by early identification and treatment of patients 
with active disease. Treatment must also be given to those 
with latent infection to prevent progression to active TB. 
This is known as treatment of latent TB infection (LTBI) or 
TB chemoprophylaxis. Strict measures for infection control 
measures must be followed in health care facilities and other 
institutions to prevent nosocomial spread. Finally, BCG vac-
cination of selected groups can be used to prevent infection.

BCG Vaccine

Bacille Calmette-Guérin (BCG) vaccine is the most widely 
used vaccines in the world and is currently given at, or soon 
after birth, to infants in over 100 countries to minimize the 
risk of TB infection.54 BCG induces a benign, artificial pri-
mary infection that stimulates an acquired resistance to sub-
sequent infection with M. tuberculosis. BCG is a freeze-dried 
vaccine derived from the “Danish 1331” strain. The vaccine is 
reconstituted with sterile phosphate-buffered saline at the time 
of injection.55 Freshly reconstituted BCG vaccine (0.1 ml) is 
injected intradermally to raise 5 mm wheal over the left del-
toid region just above its insertion. This site is chosen for the 
sake of convenience and uniformity.56 Local antiseptic should 
not be used before vaccination and rubbing the site after injec-
tion is not advised.

The BCG vaccination policies differ in different countries.57 
In countries where the prevalence of childhood infection is 

high BCG is usually administered either at birth (for institu-
tional deliveries) or in infancy along with other immuniza-
tions. In developed countries with a low disease prevalence, 
BCG vaccination is recommended for children at school entry 
or in early adolescence. In some countries with extreme low 
prevalence of tuberculosis, BCG is not a part of the routine 
immunization schedule and given only to high risk groups e.g. 
hospital personnel and tuberculin-negative contacts of known 
cases of tuberculosis.58,59 The need for Tuberculin testing prior 
to BCG vaccination in young children has been the subject of 
debate.60

BCG must not be given within four weeks of the admin-
istration of any live vaccine. Simultaneous administration of 
inactivated vaccines against diphtheria, pertussis, tetanus and 
polio does not interfere with the immune response to BCG 
vaccine.61

BCG vaccination is contraindicated in children with immune 
deficiency diseases, including congenital immunodeficiency, 
HIV infection, altered immune status due to malignant disease, 
and impaired immune function secondary to treatment with 
corticosteroids. Specialist consultation should be sought if there 
is a family history of immunodeficiency, and a careful benefit-
risk assessment made before vaccination. Although no adverse 
events in the fetus are known, immunization of pregnant women 
is not recommended. Individuals with a positive tuberculin skin 
test should not be immunized.

Clinical trials examining the efficacy of BCG vaccination 
have given conflicting results. Retrospective reviews have 
estimated a vaccine efficacy of up to 50% for preventing any 
tuberculous disease, 64% for meningitis and up to 80% for 
disseminated disease in infants. BCG is effective at prevent-
ing progression of primary infection to disseminated disease 
but it does not protect against reactivation of an endogenous 
focus (i.e. adult post-primary tuberculosis) or against heavy 
repeated exposures. Evidence from studies of large numbers 
of school children indicates that reimmunization confers no 
additional protection.62, 63, 64 Repeat immunization is not rec-
ommended in absence of an adequate response to the first 
immunization.63

Complications from BCG are uncommon but include pro-
longed severe ulceration at the site of vaccination, suppurative 
lymphadenitis, osteomyelitis, disseminated BCG infection and 
keloid formation.

Tuberculosis in children with HIV

HIV infection is associated with tuberculosis. The diagno-
sis of TB in an HIV-infected child is extremely difficult as 
the typical clinical features of childhood TB are absent. HIV 
infection is also associated with many diseases, including fun-
gal infections, that can mimic TB. HIV infection may result 
in reactivation of a latent TB focus or dissemination of an 
existing disease. Infants born of HIV infected mothers easily 
acquire TB from adult contacts. These infants are at particular 
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risk of developing miliary tuberculosis. The Mantoux test is 
invariably negative in children with HIV infection.

The management of TB in children with HIV infection 
must be highly intensive to avoid morbidity and mortality. 
Absorption of anti-TB drugs may be impaired increasing 
the risk of treatment failure and relapse. Drug interactions 
between antiretroviral medication and anti-TB chemotherapy 
are common, as is drug-related toxicity.65,66 These children 
should be managed by a specialist. Paradoxical worsening 
of TB symptoms after the start of anti-retroviral therapy has 
been reported.67

Multi drug resistant TB

Inadequate or inappropriate drug regimens, noncompliance 
and poor drug quality are the main reasons for the drug resis-
tance.68 The spread of the drug resistant tuberculosis in the 
community, especially in regions where HIV infection is prev-
alent, is a major concern. In many parts of the world, sensitiv-
ity testing is not available. Consequently single drug therapy 
should never be prescribed for TB, or added to a failing regimen. 
Children in contact with a previously identified case of 
resistant TB should be managed aggressively. Drug resis-
tance may be present at the outset of treatment or acquired 
during treatment. Multidrug resistant tuberculosis (MDR) is 
resistant to Isoniazid and Rifampicin and sometimes other 
agents. The diagnosis of MDR TB is made by culture and 
sensitivity testing.

The recent emergence of a strain of tuberculosis resistant 
to all currently available anti-TB medications (XDR-TB) has 
been reported from South Africa.69 This untreatable strain 
of TB is associated with a very high mortality, as seen in a 
recent outbreak in KwaZulu-Natal.69 The XDR-TB has now 
been reported in many countries and there is urgent need for 
a global response to prevent widespread dissemination of this 
organism.

It is preferable to determine treatment of drug-resistant TB 
on the basis of culture and sensitivity testing. The initial regi-
men should include at least three drugs to which the isolate 
is susceptible and preferably agents which have never been 
taken before by the patient.70 Drugs used to treat MDR-TB 
include:

 Aminoglycosides: Kanamycin, Amikacin, Capreomycin�

 Thionamides: Ethionamide, Prothionamide�

 Pyrazinamide�

 Quinolones: Ofloxacin�

 Cycloserine�

 New antibiotics: Imipenem, Rifamycin, Rifabutin, Rifapentine�

 Immunotherapy: Interleukin -2�

Serious consideration should also be given to surgical resec-
tion of drug-resistant TB disease.

Mycobacteria other than tuberculosis

Mycobacteria other than TB (MOTT) is the generic name 
given to a group of Mycobacteria that behave in a similar fash-
ion to M. tuberculosis, cause pathological disease, but are bac-
teriologically different.71 With improved methods of culture 
these atypical mycobacteria have been identified with increas-
ing accuracy and classified into various sub-types according 
to their growth rate, pigmentation and photosensitivity of pig-
ments. MOTT are ubiquitous in soil and water. They are acid-
fast bacilli. They do not spread from human to human and are 
generally resistant to Isoniazid.

Clinical features

MOTT can cause either localized or disseminated disease 
depending upon exposure and the host immune response. 
Symptoms and signs associated with the disease are vague and 
variable, although identical in many ways to TB. MOTT gen-
erally causes parenchymal disease in the elderly. M. kansasii 
has been considered an important cause of pulmonary disease. 
M. scrofulaceum has been shown to be the cause of localized 
pulmonary infections. M. heckeshornense is a new slow grow-
ing species which has been associated with cavitating lung dis-
ease in immunocompetent individuals. M. simiae, M. habana, 
M. szulgai, M. fortuitum, M. vaccae, M. malmoense are other 
organisms associated with pulmonary disease. MOTT infec-
tion can be asymptomatic or present with sub-acute or chronic 
illnesses resembling pulmonary tuberculosis.

MOTT pulmonary disease

Infection with MOTT should be suspected if there has been 
no response to conventional anti-TB treatment. Due to ubiq-
uitous presence of MOTT in the environment, establishing a 
causative relationship with clinical disease can be difficult.72,73 
Samples should be obtained for culture and processed in a 
similar fashion to TB. Bronchoalveolar lavage and broncho-
scopic biopsy taken specifically for AFB culture may identify 
MOTT. Repeat attempts to obtain microbiological samples 
may be necessary. Radiologically, MOTT may appear identi-
cal to TB. However, clusters of small nodules associated with 
areas of bronchiectasis in the lower and middle zones of the 
lung identified using high-resolution CT scanning is sugges-
tive of MOTT (Fig. 10.7, 10.8).

Management

There are three important aspects to the management of MOTT 
infections:

 Primary prophylaxis with antimycobacterial drugs such as �

Rifabutin.
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Fig. 10.7. CT scan showing paratracheal lymph node enlargement in 
a child with stridor. There was no history of TB exposure or evidence 
of lymphadenitis in the neck. In a non-endemic area this appearance 
could be confused with a paratracheal bronchogenic cyst. Excision is 
necessary for diagnosis and relief of symptoms

Fig. 10.8. Radiographs from a child with bronchiectasis due to cystic fibrosis. Investigations showed that the endobronchial secretions were 
colonized with an atypical mycobacterium. Medical therapy is toxic and unlikely to eradicate the MOTT. This child is managed conserva-
tively with postural drainage and treatment of secondary bacterial infections

 Surgical treatment of cervical lymphadenitis and localized �

infections. Surgical debridement may be required if there is 
an accumulation of pus or dead tissue. Surgical excision is 
also indicated in infections due to M. fortuitum-chelonae.

Medical treatment should be based on sensitivity profiles. �

Drugs active against MOTT include Isoniazid,  Rifampicin, 
Ethambutol, Rifabutin, Erythromycin, Azithromycin, 
Clarithromycin, Ciprofloxacin, Clofazimine, Cefoxitin, 
Doxycycline, and Sulfamethoxazole-Trimethoprim.

Treatment of MOTT infections usually requires drug doses 
higher than recommended for the treatment of tuberculosis. 
This necessitates close monitoring for side effects73

Future Perspective

Despite a decline in mortality in some countries, tuberculosis 
will continue to be an important communicable disease for 
decades to come. The chronic nature of the disease, the ability 
of the tubercle bacilli to remain alive in the human body for 
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years, the concentration of the disease in the older age-groups, 
in areas of poverty and overcrowding, the high prevalence of 
infection and reactivation in some countries, the emergence 
of drug-resistant strains, the association of tuberculosis with 
HIV infection, and, above all, the perpetuation of “non-spe-
cific determinants” of the disease in the third world countries 
impede a rapid conquest of the disease.74 There is a compel-
ling need to develop an improved vaccine as BCG, in spite of 
reducing morbidity and mortality in infants, does not prevent 
adult pulmonary disease which is a primary source of trans-
mission of TB to children.

The future aim has to be provision and administration of 
effective treatment to all cases of active TB to avoid spread. 
There is urgent need to control the spread of HIV infection. 
The containment of resistant strains of TB needs considerable 
political will and financial commitment.75
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Introduction

A lung abscess is a localized collection of pus within the lung, 
in a cavity caused by the destruction of parenchyma. Lung 
abscesses occur rarely in children, and seldom require surgical 
intervention. They are classified into primary and secondary,1,2 
and acute or chronic.3 A primary abscess is seen in a patient 
who has no predisposing medical problem, while in a patient 
with a secondary lung abscess, one or more of the pulmonary 
defence mechanisms has been compromised by an underly-
ing condition, predisposing to pulmonary infection.4 An acute 
abscess is defined arbitrarily as one that has developed in less 
than 6 weeks. Children with an acute lung abscess are typically 
ill and febrile, while an inadequately treated abscess may 
persist as a chronic thick-walled abscess, with low-grade fever 
and less severe symptoms. Most lung abscesses in children are 
solitary, although multiple abscesses may be seen with aspira-
tion or hematological spread.

Like many suppurative diseases, the incidence of primary 
lung abscess in children has risen for obscure reasons.5 A spe-
cific increase in necrotizing pneumococcal pneumonia has 
been noted in children in communities where pneumococcal 
vaccination is not widely used.6–8 An increase in the number of 
immuno-deficient children due to human immunodeficiency 
virus (HIV) infection, hematological malignancy, cancer che-
motherapy, and organ transplantation has also contributed to 
an increase in secondary lung abscesses.8

In undeveloped countries, in addition to high HIV infection 
rates, other issues such as malnutrition and various unrelated 
subtropical diseases may modify the immune response. Also 
a factor in such communities is the high incidence of pulmo-
nary tuberculosis (TB) and thus of lungs with post-tubercu-
lous damage, which may not be clinically apparent but where 
pulmonary defences are damaged.

More recently, a growing problem has been the rise in 
nosocomial infections amongst neonates and immuno-com-
promised children requiring intensive care.9,10

Historical Perspective

Lung abscess has been recognized as a pathological entity 
since at least the time of Hippocrates, who suggested aspi-
ration from the oropharynx as a likely cause, and described 
an external drainage as a life-saving procedure.11 Before the 
advent of antibiotics death was likely without surgical drain-
age, and even with external drainage the mortality was high, 
while chronicity was common among survivors.12–14

In 1904, Guillemot gave weight to the theory that aspirated 
oropharyngeal organisms rather than emboli were the source of 
pulmonary suppurative disease when he identified, in empyema 
thoracis, organisms normally found in the mouth.15 In 1942, 
Brock16 added further evidence when he showed that aspirated 
matter gravitated to dependent portions of the lung, explaining 
why lung abscesses due to aspiration are commonest in parts of 
the lung that are dependent when the patient is supine.

In the early nineteenth century, conservative therapy (typically 
arsenicals and physiotherapy) occasionally resulted in a cure but 
was usually of little value.12 Although percutaneous needle aspi-
ration was occasionally tried with success, the favored approach 
was by external surgical drainage, commonly in two stages, the 
first stage to stimulate pleurodesis so as to avoid contamination 
of the pleural space and at the second stage, the actual drainage 
of the abscess.12,17 The alternative, pulmonary resection, gradu-
ally gained favor after the introduction of the cuffed endotra-
cheal tube together with improved and safer general anesthesia. 
However, mortality remained high for all approaches.

The introduction of antibiotics had a dramatic impact, and 
the pendulum of management swung rapidly away from sur-
gery to a conservative approach for most cases.18,19 There was 
a short period when bronchoscopic drainage of abscesses was 
in vogue20,21 but it proved hazardous, especially in children, 
because of the risk of sudden flooding of the airways with 
purulent material.12 In recent years, the practice of percute-
neous drainage has again become popular as a useful tool to 
both hasten recovery and identify the organism.19,22,23
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Pathogenesis

Etiology

A lung abscess implies destruction of pulmonary parenchyma 
by bacterial infection, which results in an infected cavity con-
taining purulent material. This necrotizing process occurs 
when the bronchial defences against infection are either over-
come by an aggressive organism (a primary lung abscess), 
or are compromised, allowing infection to gain a foothold 
(a secondary lung abscess) (Table 11.1). In either case, the 
defence mechanisms have not been able to prevent pneumoni-
tis or pneumonia from progressing to the point of suppura-
tive necrosis and cavity formation. Secondary lung abscesses 
in children are seen in a variety of predisposing conditions 
(Table 11.2).

Overall, the commonest cause of lung abscess in children is 
aspiration of oro-pharyngeal organisms.19,23,24 Such aspiration 
may occur in a healthy child during a choking episode or from 
inhalation of particulate matter during exercise while eating, 
choking on water while swimming, etc. Aspiration of saliva 
is said to occur normally in small amounts during sleep in the 
supine position, and in most cases, this is efficiently dealt with 
by the mucociliary defenses.12

Many situations may predispose to aspiration, from gastro-
esophageal reflux to impaired level of consciousness. 19,24–26 
Conditions frequently associated with impaired conscious-
ness and aspiration include general anesthesia, sedation, epi-
lepsy, trauma, and neurological problems, and less commonly 
in children, drugs or alcohol. Aspiration of gastric contents 
during general anesthesia is rare today, but in the postopera-
tive period when children are often heavily sedated, aspiration 
of oropharyngeal secretions may easily occur, especially after 
surgery in region of the oropharynx such as tonsillectomy 
and adenoidectomy, which may be associated with increased 
secretions and bleeding, and painful swallowing. Reflux and 
aspiration during sleep may be seen in neurologically handi-
capped children with an inadequate cough reflex. These chil-
dren also frequently suffer from seizures and poor oral hygiene 
which further contribute to the incidence of aspiration. Other 
causes of aspiration include oesophageal disorders such as 
achalasia cardia, repaired oesophageal atresia with impaired 
motility and reflux, and many types of dysphagia.

If aspirated matter is not rapidly cleared by cough and cili-
ary action aspiration pneumonia is established within hours, 
and this can progress to suppurative necrosis and abscess for-
mation within 7–14 days. In cases of opportunistic pathogens, 
a more insiduous course is typical.22 The outcome of aspiration 
into the tracheobronchial tree has been recognized to depend 
on the volume, nature, and distribution of the aspirate.27

The second commonest cause of lung abscess in children 
after aspiration is necrotizing pneumonia. Organisms typically 
involved are Staphylococcus aureus, group B beta hemolytic 
Streptococcus pneumoniae, Pseudomonas aeruginosa, and 
Klebsiella pneumoniae, while in neonates and early infancy 
Escherichia coli also features.1,22,25,28–30

Cellular or humoral immune deficiencies cause impaired 
resistance to infection, and such children are more prone to 
developing necrotizing pneumonias. With the growth of the 
HIV pandemic the population of immunodeficient children 
is increasing, with a consequent increase in the incidence of 
necrotizing pneumonia due to opportunistic organisms.

Table 11.2. Predisposing factors for development of secondary lung 
abscesses.

1. Factors predisposing to aspiration
  a.  Depressed level of consciousness with impaired cough reflex due to 

anesthesia, sedation, trauma, neurologic disease, debilitation, drugs
  b.  Neuromuscular disorders with diminished gag reflex, impaired 

swallowing
  c. Gastroesophageal reflux
  d. Dysphagias and inco-ordinate swallowing
  e. Tracheoesophageal malformations
  f. Nasogastric tube feeding
  g. Constant supine position due to trauma, burns, etc.
  h. Prolonged endotracheal intubation
  i. Traumatic bronchoscopy
  j. Congenital ciliary dysfunction

2. Airway obstructions
  a. Aspirated foreign body
  b.  External compression by lymphadenopathy, vascular structures, 

mediastinal masses
  c. Endobronchial lesions, granulomata
  d. Tenacious secretions (cystic fibrosis, asthma, etc.)
  e. Bronchial strictures

3. Immune deficiencies
  a. Malnutrition
  b. HIV infection
  c.  Immunosuppression (cancer chemotherapy, steroid therapy, 

transplantation suppression)
  d. Genetic deficiency, humoral or cellular
  e. Juvenile diabetes mellitus

4. Super added infection within necrotic lung
  a. Infection in a pulmonary infarct
  b. Infection in traumatic contusion/hematoma
  c. Bullae infection
  d. Infection in a postprimary tuberculous cavity

5. Spread of infection from extrathoracic sepsis
  a.  Bacteremia or septicemia from endocarditis, thrombophlebitis, 

osteitis, osteoarthritis, etc.
  b. Contiguous spread of infection from a subphrenic or hepatic abscess

Table 11.1. Classification of lung abscesses.

Acute Chronic

Primary lung abscess
<6 weeks 
duration

>6 weeks 
duration

Previously healthy patient, aggressive pathogens
(S. aureus, S. pneumoniae, P. aeruginosa, 
Klebsiella sp.)

Secondary lung abscess
<6 weeks 
duration

>6 weeks 
duration

Patient’s pulmonary defences are compromised; 
a variety of pathogens may be involved, includ-
ing opportunistic and nosocomial pathogens
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The infection causing a lung abscess may be blood-borne 
through bacteremia from, for example, osteitis or endocardi-
tis. With blood-borne sepsis, single or multiple lung abscesses 
are possible.

Various causes of bronchial obstruction can promote infec-
tion distally, which may progress to abscess formation. Such 
obstruction may be extraluminal (lymph node or other com-
pression), intrinsic to the wall (bronchial stricture), or intra-
luminal (foreign body or granulomatous tissue). Each may be 
aggravated by inflamed mucosa with edema precipitating total 
obstruction.

Endotracheal intubation or tracheostomy predisposes 
patients to infection by impairing clearance of potential 
pathogens. The lower trachea in intubated children is soon 
colonized by hospital-acquired organisms31 because of their 
inability to clear their own secretions, being dependent on 
mechanical suctioning.32

Contiguous spread of infection from liver or sub-phrenic 
abscesses into the lung is rare; this may occur through lym-
phatic channels across the diaphragm, or by direct necrosis 
through the diaphragm into the lung, as classically seen in 
amebic liver abscess.12

Blunt chest trauma with severe pulmonary contusion or 
laceration may rarely progress to abscess formation.33 The 
contused area soon becomes edematous with poor drain-
age of secretions putting the lung at risk of infection. This 
risk is often compounded by hematoma, decreased level of 
consciousness, aspiration, pain and poor cough reflex, or fat 
embolism. Pulmonary contusion may not be readily evident 
on initial radiographs, and rib fractures are not necessarily 
present in spite of severe force applied to the chest of children 
whose ribs tend to be compliant, and thus the contusion may 
go unnoticed by clinicians who are focussed on other injuries, 
until a pneumonia sets in. The infection may rapidly progress 
to suppurative necrosis in the already-compromised area. An 
added danger in the trauma patient is the potential for nosoco-
mial infection, especially if the trachea is intubated.

Underlying conditions that predispose to secondary lung 
abscess do so through compromising the airway defences 
(e.g., cystic fibrosis, immunodeficiencies, seizures, and vari-
ous neurological problems) or through overwhelming those 
defences (e.g., gastroesophageal reflux, tracheoesophageal 
fistula).

In the preantibiotic era, the term “pulmonarygangrene” 
was sometimes used to refer to a spreading necrotizing pneu-
monia with multiple lung abscesses.34,35 More recently, it has 
come to refer to the unusual situation of sloughing of a large 
amount of lung tissue such as a segment or lobe in necrotiz-
ing pneumonia where there has been thrombotic occlusion of 
the major artery and vein supplying that segment or lobe, giv-
ing rise to other terms such as “spontaneous lobectomy” and 
“massive pulmonary necrosis.”34,36 In pulmonary gangrene, 
there is widespread necrosis resulting from thrombosis of the 
large vessels supplying a segment or lobe, rather than from 
suppurative necrosis due to bacterial invasion. It is typically 

associated with pneumococcal pneumonia and most often 
affects an upper lobe. Initially described in adults,37,34 there 
have been more recent reports in children as well.8

Pulmonary gangrene may cavitate and resemble a large 
lung abscess, but is different in that thrombosis of the large 
vessels is the primary cause of the necrosis, such that there is 
necrosis not only of the entire affected segment or lobe, but 
also of the main supplying bronchus and the pulmonary artery. 
The implication is that surgical resection is not only required, 
but is likely to be difficult and potentially complicated.34

Pathophysiology

Because the lung is exposed to the environment through the 
airway, it has various defence mechanisms against bacterial 
contamination.25 Inhaled air is filtered by the nasal passages, 
while the cough reflex, the multiple divisions of the tracheo-
bronchial tree, and the mucociliary lining help to limit and 
expel particles to the extent that below the trachea the airway 
is almost sterile. Should microorganisms reach the paren-
chyma, they are efficiently dealt with by cellular defenses 
(alveolar macrophages, neutrophils and lymphocytes), as well 
as various additional defenses including immunoglobulins, 
the complement system, antiproteases and other humoral sys-
tems, which together produce the characteristic inflammatory 
response. The possibility that necrotizing pneumonia could 
be due to an exaggerated cytokine-mediated inflammatory 
response rather than the invasive properties of the organisms 
has been suggested though not shown.38

If one or more of these defenses is overwhelmed or com-
promised, bacterial pneumonitis may occur. In the early stages 
of infection, the drainage of inflammatory secretions (or of 
aspirated material) is impaired by inflammatory edema of 
the airway walls, while the mucociliary mechanism may be 
directly impaired by the bacterial invasion, such that tissue 
inflammation may progress to frank suppuration with necrosis 
of lung parenchyma. This “necrotizing pneumonia” features 
microabscesses, which initially form peripherally either just 
under the pleural surface or close to it.12,34,39,40 Because of this, 
necrotizing pneumonia in children is commonly associated 
with pleural rupture causing empyema and broncho-pleural 
fistula.38 Necrotizing pneumonia can extend rapidly to involve 
a segment, lobe, or a whole lung, and contralateral spill is a 
potentially fatal danger. However, when the host defences 
manage to limit the bacterial invasion but not overcome it, 
microabscesses may coalesce to form, or coexist with, one or 
more larger abscesses within an area of necrotizing pneumonia. 
Timely intervention with antibiotics during the early stages of 
pneumonic illness will limit and in most cases reverse these 
processes before complications or abscess formation. Unless 
large airways are damaged, healing occurs without detectable 
residual damage.12

The walls of an acute abscess are lined with fibrinopurulent 
material, and the adjacent pulmonary parenchyma is inflamed 
and consolidated and may contain further microabscesses.12 
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The contents are a mixture of purulent inflammatory exudates 
together with liquefied and necrotic lung parenchyma.41 Ves-
sels bordering the abscess are damaged and thrombosed, and 
may bleed into the cavity, so hemoptysis is possible. Bron-
chial communication is the rule, even though it may be inad-
equate to allow internal drainage of the cavity, so virtually all 
abscesses have an air-fluid level on erect chest radiographs.26 
The abscess is usually confined to a lobe, but not necessarily 
to a segment of lung, because the destructive process easily 
crosses segmental borders as does pneumonia.12 Abscesses 
from hematogenous causes or from massive aspiration may be 
single or multiple in different parts of the lungs.

There is typically some degree of pleural inflammation 
overlying the area of infected lung. In the early stages, this 
may cause a sympathetic pleural effusion, though characteris-
tically the pleura becomes adherent to the lung by the time an 
abscess has formed.18,41 However, acute abscesses may rupture 
into the pleural cavity to cause an empyema with broncho-
pleural fistula, or more rarely into the mediastinum or peri-
cardium. During the healing process of an adequately drained 
abscess, the walls will become lined with granulomatous tis-
sue as healing by fibrosis progressively contracts to eventually 
obliterate the cavity.12

It is generally accepted that chronicity is established after 
6 weeks,3 a situation suggesting inadequate drainage of the 
cavity while the infection is contained by host responses or 
antibiotics. The walls become thickened with fibrous scar-
ring and chronic inflammatory cells, further “walling-off” or 
containing the infection. Chronic abscesses due to tuberculous 
and fungal organisms may also occur, though these are rare in 
children.

The location of a secondary abscess within the lung may 
reflect its etiology. The most common sites are areas that are 
dependent when the patient is supine, to where aspirated mate-
rial will most likely gravitate. Hence, lung abscesses due to 
aspiration are commonest in the apical segments of the lower 
lobes and the posterior segments of the upper lobes.23,26,42 The 
right lung is affected more often than the left because of the 
more posteriorly-directed bronchus.12 However, in children 
aspiration may occur in any of a variety of positions.

Microbiology

Both aerobic and anaerobic organisms cause lung abscesses. 
The significance of anaerobes was unclear for some time 
because of the difficulty in evaluating expectorated sputum for 
anaerobes, and the confusing contamination of the specimens 
with upper airway organisms.22,43

Because of the difficulty in identifying causative organ-
isms, many clinicians treat empirically with broad-spectrum 
intravenous antibiotics and await a clinical response. With 
the use of transcutaneous tracheal aspiration and the intro-
duction of bronchoscopically-obtained specimens of lower 
airway pathogens, the yield improved dramatically, and the 
role of anaerobes became clearer, initially in adults,43,44 and 
subsequently in children as well.45,46 More recently, direct 

 transcutaneous needle aspiration of an abscess under ultra-
sound or radiological guidance has given a better than 90% 
accuracy in identifying the pathogen, compared to only 11% 
for sputum culture.47

Approximately, one-third of abscesses are due to predomi-
nantly anaerobic infection, most of them being secondary 
abscesses, and two-thirds are due to predominantly aerobic 
infection.28,48 The most common aerobic organisms isolated 
from lung abscesses in children are those that can rapidly 
cause suppurative necrosis, which are typically Staphylococ-
cus aureus, Streptococcus pneumoniae, Pseudomonas aerugi-
nosa, and Klebsiella pneumoniae.25,28,42 A wide variety of 
anaerobic, opportunistic and nosocomial organisms are seen 
in children with impaired defences.

Clinical Features

A primary abscess arises from a necrotizing pulmonary 
infection, while a secondary abscess forms as a result of an 
underlying disease. In the former, the invading organism is a 
sufficiently aggressive pathogen to overcome host defences, 
and in the latter the host defences are compromised and allow 
a variety of pathogens to grow and invade. Awareness on 
the part of the treating physician of the secondary nature of 
a lung abscess is important to address the underlying condi-
tion appropriately,24,26 and a careful history must be sought to 
detect any such predisposing etiology. Conditions that may be 
missed if not specifically looked for include cystic fibrosis, 
gastroesophageal reflux, tracheoesophageal fistula, immu-
nodeficiencies, seizures, and various neurological problems. 
A history of diabetes, steroid usage, and immunosuppression 
due to a variety of reasons may be found. In endemic areas, 
HIV counseling and testing should be done.

The presentation and symptoms of lung abscess are similar 
to those of the acute pneumonia from which most of them 
derive. Thus common symptoms in these children include 
productive cough, fever, malaise, tachypnoea, and dyspnoea. 
Less often there is pleuritic chest pain, vomiting, and minor 
hemoptysis.25,42,48–50

Rupture into the pleural cavity can give rise to pyopneu-
mothorax and occasionally a tension pneumothorax may pres-
ent as an acute surgical emergency. As with the suppurative 
pneumonias, septicemia and multi-organ failure may occur. 
Paradoxically, the immunodeficient patient may not be able 
to produce an adequate inflammatory response and signs and 
symptoms in a seriously ill patient can be masked.

Initial examination of the patient will reveal findings simi-
lar to acute pneumonia suggestive of consolidation, with 
fever and tachypnea; there may be intercostal recession and 
other signs of respiratory distress depending on the degree of 
respiratory compromise. Breath sounds over the abscess are 
typically decreased, together with dullness to percussion.12,50 
However, signs of disease within the chest may be subtle or 
absent in spite of the presence of an abscess, especially in neo-
nates.22 Signs in the posterior upper lobe or superior lower lobe 
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 suggest aspiration pneumonia with possible abscess. Children 
with compromised immunity may have masked symptoms 
in spite of being severely ill, and may have little or no fever 
or even be hypothermic. Similarly neonates may show less 
 specific signs of illness.22

Lung abscess is a debilitating disease and these children 
rapidly lose weight and become anemic, with severe debili-
tation in neglected cases. With decompression by internal 
drainage of the abscess into the airways, patients may have 
experienced intermittent large volumes of foul-smelling spu-
tum. Such internal drainage usually improves symptoms, but 
may also cause flooding of the airways and extensive soiling 
of other areas of lung with significant respiratory distress, a 
particular hazard in children without an adequate ability to 
cough for whatever reason. Patients with chronic abscesses 
are commonly malnourished and anemic, and may rarely have 
finger clubbing.12

Diagnosis

Investigations

Radiology

Upright chest radiographs invariably demonstrate a rounded 
opacity containing an air-fluid level, usually within an area 
of consolidation (Fig. 11.1a). This is distinguished from a 
pleural air-fluid level by the fact that an abscess is likely to 
have equal length air-fluid levels on both the PA and lateral 
films.51 A loculated empyema in a pulmonary fissure may 
mimic an abscess, but generally retains a lenticular shape and 
shows compression of surrounding broncho-vascular mark-
ings. A contrasted chest CT scan will define the abscess loca-
tion and size in more detail, the thickened wall enhanced by 
contrast30,52 (Fig. 11.2). Although this is usually unnecessary, 

b
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Fig. 11.1. Lung abscess successfully managed conservatively: (a) 
chest X-ray showing fluid level in right sided primary acute lung 
abscess; (b) Follow up chest X-ray showing complete resolution; 
(c) CT scan confirming the lung abscess in the right mid zone; (d) 
Follow up CT scan confirming a complete resolution and no other 
underlying pathology responsible for the abscess
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it may be helpful in confirming the diagnosis with smaller 
abscesses or in cases where a distinction needs to be made 
between an abscess and a bronchogenic cyst, sequestration or 
adenomatoid formation.30,51,52

Microbiology

Identifying the causative organism can be important in guiding 
antibiotic choice. Microscopy of expectorated sputum or 
nasopharyngeal aspirate in young infants may provide a useful 
clue but is not specific. Lower airway specimens obtained 
via direct tracheal aspirate53 or through bronchoscopy are 
more accurate in obtaining and identifying the pathogenic 
organism. Direct tracheal aspirate has never been a popular 
approach, especially in children, other approaches being far 
better tolerated by the patient. Bronchoscopy may be useful 
to rule out suspected bronchial obstruction by a foreign body. 
Care must be taken not to drain the abscess or remove a 
foreign body by this route because catastrophic flooding of 
the airways can result.12

Blood cultures should be taken during temperature spikes 
and may identify a specific pathogen.

Direct transcutaneous aspiration of the abscess cavity is in 
most instances the safest and most accurate way of obtain-
ing culture specimens, and can also be a therapeutic measure 
in draining the cavity.47,54 This may be easiest under radio-
graphic or ultrasound guidance, though in some patients with 
large abscesses plain chest radiographs are sufficient.12 Com-
plications of transcutaneous needle aspiration may include 
broncho-pleural fistula, bleeding, or empyema, but these are 
uncommon because the overlying parietal pleura is usually 
well-adhered to the visceral pleura.12 Early identification 
of the pathogen may be lifesaving in immunocompromised 
children where unusual and opportunistic infections are pos-
sible.

Other Investigations

Hematological markers of sepsis (white cell differential count, 
c-reactive protein, procalcitonin) are useful for monitoring 
progress, while all acutely ill children should have their fluid 
and electrolyte balance, and liver and renal functions closely 
observed. Further investigation should be directed at ruling 
out possible underlying etiologies, especially cystic fibrosis, 
recurrent aspiration and gastroesophageal reflux, tracheo-
e sophageal fistula, immunodeficiencies, and neurological 
problems.

In communities where tuberculous infection is endemic, 
it has become routine to consider TB as a possible cause or 
coexistent pathology in all children with chest disease. Mal-
nourished children are especially susceptible to TB, such that 
dual pathology of suppurative lung disease with co-existent 
tuberculous infection is not unusual. Tuberculous infection 
can rarely produce a tuberculous lung abscess, consisting of 
necrotic breakdown within a tuberculous pneumonia. How-
ever, the association of TB with lung abscess is more often as 
the cause of bronchial obstruction by hilar lymphadenopathy 
in primary TB, promoting distal suppurative infection.

Differential Diagnosis

A postinfective pneumatocele with surrounding consolida-
tion may be mistaken for a lung abscess. Most pneumato-
coeles can be distinguished as thin-walled cavities without 
a radiological fluid level, and most resolve spontaneously. 
Drainage or resection is occasionally indicated due to tension 
with compression of functioning lung.55–57

Cavitating post-primary TB is occasionally seen in children 
and may require further investigation to distinguish from sup-
purative lung abscess. Fungal disease, infected hydatid cyst, 
congenital pulmonary cyst, cystic adenomatoid malformation, 
and pulmonary sequestration may all be mistaken radiographi-
cally for a suppurative lung abscess, although the clinical setting 
will usually offer clues to the correct diagnosis. However, when 
any of these lesions is infected with a suppurative organism, 
they can behave in many ways as a lung abscess. Ultrasound 
can help to distinguish pleural collections from parenchymal 
abscesses, and supradiaphragmatic lesions from infradiaphrag-
matic ones such as a subphrenic or hepatic abscess.

Management

Medical Management

Standard medical management is conservative, based on anti-
biotics and the promotion of internal drainage with postural 
techniques and physiotherapy, with supportive measures used 
as required.22,58 Antipyretics and analgesics are used to make 
the child more comfortable. Many will be acutely ill and may 
require intensive care admission. Supplemental oxygen, fluid 
therapy, and added nutrition are common requirements. At the 

Fig. 11.2. CT scan demonstrating enhancement of the surrounding 
lung parenchyma suggesting intra-lobar nature of the abscess cavity
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same time, predisposing underlying etiologies must be looked 
for and managed if present.

Antibiotics are initiated intravenously and converted to oral 
therapy once the temperature has settled, which typically can 
take 1–2 weeks. Oral therapy is continued until there is sig-
nificant radiological resolution, generally for a further 2–4 
weeks.22,28 Antibiotic choice should be guided by organisms 
found on culture but initially an empiric choice is made based 
on the likely organisms. This should include broad spectrum 
aerobic and anaerobic cover, and a penicillinase-resistant anti-
staphylococcal agent. If gram-negative bacteria are suspected, 
an aminoglycoside should be added.

Progress is monitored with clinical assessment, hematolog-
ical septic markers, and chest radiographs. However, improve-
ment is typically slow and depends on several factors, mainly 
the use of appropriate antibiotics in adequate doses, the suc-
cess of internal drainage into the bronchi, and an intact cough 
reflex. Internal drainage improves slowly as airway inflam-
mation and edema settle on antibiotic therapy, and the airway 
lumen increases. As is to be expected, internal drainage is 
slower in younger children with smaller airways.23

Any abscess must drain to resolve, and the majority of 
lung abscesses will do so internally with this conservative 
approach. The most important indicator of successful man-
agement is resolution of fever (Fig. 11.1a–d).

Patients who were previously healthy (i.e., those with pri-
mary lung abscesses) are seen to recover more readily than 
those with secondary abscesses, the latter more often requir-
ing a more aggressive approach.28

If the child is seriously ill or if there is no clinical improve-
ment after about 7–10 days of appropriate antibiotic therapy, 
or if the condition deteriorates, then internal drainage of the 
abscess is probably not adequate and other measures must be 
considered. It is well established that interventional drainage 
dramatically relieves symptoms, improves well-being, and 
shortens convalescence.12,59 However, percutaneous drainage 
has proven very effective as an alternative to traditional surgi-
cal approaches of open external drainage.19,23,28,60–62 This can 
be done with radiographic or ultrasound guidance,63 though 
postero-anterior and lateral chest radiographs may be suffi-
cient to accurately locate the abscess.12,18,64 Options include a 
simple needle-aspiration of the contents,65–67 or the placement 
of a smallbore or pigtail catheter within the abscess.60,68–71 
Before insertion of a drainage catheter, it is helpful to confirm 
the location of the abscess by needle aspiration.12,18,64 Once the 
abscess is drained, there is usually rapid clinical improvement 
with resolution of fever within 48 h. As noted above, compli-
cations of a percutaneous needle are uncommon, as the pleura 
over most abscesses is fused.

In children without an adequate ability to cough for any rea-
son, physiotherapy may be hazardous through spreading puru-
lent material to other parts of the lung. In such cases, early 
external drainage by percutaneous or surgical approaches 
must be considered.62,69,72 In the case of thick pus admixed with 
much necrotic tissue, a surgical approach may be  necessary. 

However, failure of a conservative approach combined with 
percutaneous drainage is rare, succeeding in resolving more 
than 90% of cases.23,28,73 Patients who do not respond readily 
to this combination of treatment, or who deteriorate, require 
surgical intervention.

Surgical Management

Indications for Surgical Intervention

1. The patient has persistent signs of sepsis after 7 days of 
appropriate antibiotic therapy and percutaneous drainage 
has failed to resolve the sepsis.

2. There is significant clinical deterioration or an increase in 
abscess size in spite of appropriate therapy and percutane-
ous drainage.

3. Complications of the abscess require intervention, e.g. 
empyema and bronchopleural fistula.

4. There is a need for resection of lung because of extensive 
damage that will continue to cause symptoms.

A more rapid and aggressive response may be appropriate in 
children who have an inadequate ability to clear secretions 
through coughing. Abscess size greater than 4 cm in diam-
eter23 has often been quoted as a reason for intervention and 
likely resection, but size is relative to the size of the patient. 
In smaller patients with smaller airways, internal drainage of 
abscesses will be less efficient. An estimate of the abscess 
size exceeding 50% of a lobe by volume is a reasonable 
predictor of the likelihood of residual bronchiectasis, but 
if sepsis is resolving with conservative measures, resection 
is better delayed until warranted by the symptoms of bron-
chiectasis. Such are the powers of recovery in children that 
clinicians are often surprised at the resolution of even large 
abscesses.

The primary surgical goal is drainage of the abscess without 
contaminating the pleura. Secondary goals are the manage-
ment of complications such as empyema and broncho-pleural 
fistula, or the resection of damaged lung, which is deemed 
unrecoverable and likely to cause chronic symptoms.

Anesthetic Considerations

Bronchoscopy prior to endotracheal intubation is only indi-
cated for diagnostic reasons, such as suspicion of a foreign 
body. Bronchoscopic removal of a foreign body or endoscopic 
attempts to drain the abscess are not advisable because of the 
risk of flooding the airways with purulent material.

If resection of the affected lobe is contemplated, widespread 
contamination of the remaining lung with purulent material 
squeezed out of the abscess is a potential danger. Both the 
surgeon and the anesthetist must be aware of this possibility. 
Double-lumen tubes should be used to isolate the contralateral 
lung in larger children (over about 15 kg). Recently smaller 
double-lumen tubes have been applied in younger children, 
though there remains limited availability for clinical use.74,75
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The use of Fogarty catheters as endobronchial blockers in 
children has been well described for surgery in the presence of 
suppurative lung disease.76,77 More recently the use of a vari-
ety of other bronchial blockers have been described, some of 
them used alongside an endotracheal tube, some through the 
tube, and some are constructed as part of the tube.78–80 How-
ever, malpositioning of a blocker either initially or through 
slippage during manipulation or positioning of the patient is 
a real danger with bronchial blockers.81 For this reason, and 
because of the need for very small-size fiberoptic broncho-
scopes for proper placement of endobronchial blockers and 
the limited experience of many anesthesiologists, these tech-
niques have limited application in many units. Intubation of 
the main bronchus of the contralateral lung has also been 
described. Although this can work quite well for right lung 
surgery with direct intubation of the left main bronchus, the 
intubation of the right main bronch usually blocks the upper 
lobe bronchus as well.

A safer alternative is the use of the prone position: the 
patient is positioned prone and slightly head-down (modified 
Overholt position82), the resection being approached through 
a posterior thoracotomy.83 This position allows secretions to 
gravitate to the upper trachea rather than the contralateral lung, 
and regular suctioning by the anesthetist can remove them. 
The surgeon should attempt to isolate and clamp the bronchus 
before the major vessels, to limit the chance of spillage.

Surgical Considerations

By the latter half of the last century, the surgical approach to 
a problematic lung abscess was commonly resection of the 
affected lobe.12,13 In reality, however, resection is seldom nec-
essary in children, especially with the highly effective antibi-
otic therapy available today, and the remarkable recoverability 
of a child’s lung.22 Resection is at times appropriate, such as 
when there is obvious destruction of a lobe with likely resid-
ual bronchiectasis, or in special situations with complications 
such as some cases of pyopneumothorax with uncontrollable 
bronchopleural fistula. Most such patients have very large 
or rapidly expanding abscesses and surrounding necrotizing 
pneumonia with microabscess. Resection is also appropri-
ate in the scenario of a foreign body still obstructing a major 
bronchus, with distal abscess formation. Such a lobe is cer-
tainly destroyed, and the safest way to deal with the foreign 
body is to remove it along with the lobe. However, in most 
cases of lung abscess with failed conservative therapy, resec-
tion is unnecessary and some type of external drainage will 
suffice.

After needle aspiration, the least invasive option is a closed-
tube pneumonostomy made directly into the abscess cavity 
across the fused pleura through a small skin incision, with the 
positioning of a soft drain (e.g., Malecot) in the abscess, the 
pleural space remaining undisturbed.18,84 As with percutane-
ous drainage, postero-anterior and lateral chest radiographs 
are usually adequate to accurately locate the abscess.

If the abscess contains thick pus mixed with much necrotic 
tissue debris, then pneumonostomy may be inadequate and 
open drainage becomes necessary. A mini-thoracotomy is 
made, also directly over the abscess where the pleura is most 
likely to be adherent, and a finger-sized hole is made into the 
abscess by cutting away (“deroofing”) a segment of the wall. 
The contents are gently evacuated, and a soft drain is left in 
the cavity.12,18,85

Slough that is adherent to the wall should not be forcibly 
removed as it is likely to be viable tissue, and tearing it away 
can cause excessive bleeding. If the pleura is not adherent at 
the point of entry or is stripped away during the procedure, 
pneumothorax and spillage of pus into the pleural space will 
necessitate the placement of separate pleural drains.

There will invariably be some degree of air leakage from 
the lung after either procedure, but this is usually minor, the 
very reason the abscess has not drained adequately internally. 
The drain is connected to an underwater seal, without suction, 
for 24–48 h, by which time the cavity has usually collapsed 
around the drain, the air leak has stopped, and the clinical pic-
ture is dramatically improved.

When there is a coexisting empyema or pyopneumothorax 
requiring open thoracotomy, the abscess should be adequately 
drained, if necessary by de-roofing as part of the procedure, 
allowing it to drain freely into the pleural space.28,86 The 
adequate drainage of the pleural space and the abscess must 
take into account presence of a broncho-pleural fistula. The 
aim of the primary procedure should be to achieve reexpansion 
of the lung. Decortication may be necessary to achieve this 
goal of reexpanding the trapped lung and a pedicled muscle 
flap to contain the bronchopleural fistula. Postoperativley, 
adequate size of intercostal drains should be strategically 
placed in the pleural cavity for providing continued drainage. 
Lobectomy can be considered in difficult and necrotic lung 
as the best option.87 Alternatively, after establishing initial 
adequate drainage, resection may be delayed to a second-
stage procedure to allow the sepsis and inflammation to settle, 
thereby minimising the risks of mediastinal sepsis and the 
breakdown of the bronchial stump.88 This topic is covered in 
empyema chapter.

Rarely a bronchopleural fistula may persist as a chronic 
problem in patients with extensive parenchymal damage 
involving larger bronchi. Resection may be indicated in such 
situation after investigations. However, in the case where 
the lobe or lung has remained collapsed, expansion can be 
achieved by decortication and simultaneously managing bron-
cho-pleural fistula through a use of a pedicled muscle flap89 
(Fig. 11.3a, b)

The surgical principle of a chest wall muscle flap is that it 
must retain its blood supply and have sufficient length to reach 
the fistula without tension. This requires adequate anatomical 
knowledge of neurovascular pedicle of the muscle. Most mus-
cles are suitable for the myoplastic flap surgery. In addition, 
some are large enough to fill the residual intra-thoracic space 
with minimal functional disability of the arm and shoulder. 
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physiotherapy, with the option of external drainage if there 
is no early response. A chronic abscess that fails to resolve 
usually requires lobectomy, as the more conservative resec-
tion of a lung segment typically encounters inflamed tissues 
that lead to bleeding and prolonged air leaks.18,90 However, 
segmental resection is sometimes possible if the cavity is 
small and well within the boundaries of a segment as demon-
strated by CT scan, and can be safely considered in such cases 
(Fig. 11.4a–d).91

Nosocomial Pneumonia and Lung Abscess

One of the downsides of the antibiotic era has been the 
growing population of resistant organisms causing infection 
in hospitalized patients. Nosocomial pneumonia is a leading 
cause of morbidity and mortality in hospitalized children, with 
reported mortality ranging from 10 to 20% and higher.92–96 
Prevention of cross-infection through standard measures (hand-
washing, patient separation, equipment care, sterile techniques 
for procedures, etc.) is vitally important in limiting the spread 
of nosocomial infections, though routine use of gloves and 
gowns for patient contact has not been shown to be additionally 
helpful.97 The risks are highest in patients requiring invasive 
procedures such as endotracheal intubation, catheterisation, 
invasive monitoring, in post-operative patients, and in 
immunocompromised patients. Neonates requiring intensive 
care are particularly vulnerable because of an immature immune 
system, and inability to adequately clear secretions.9,10

Additional reasons that hospitalized patients may be vul-
nerable to pulmonary infection include lowered levels of 
consciousness, sedation, and pain that restricts coughing and 
movement, while many ill children have a generalized low-
ered immunity.96 Progression of nosocomial lung infection to 
lung abscess formation is rare because pulmonary sepsis in 
hospitalized children is usually detected early and treated with 
antibiotics before it can be complicated by empyema or lung 
abscess. However, in an already-sick child progression from 
a small pneumonic area to abscess formation and/or pleural 
involvement can happen quickly, especially if pulmonary 
drainage is compromised by thickened secretions and endo-
tracheal intubation. Further progression to respiratory failure, 
septicaemia, and multiorgan failure may be just as rapid.96 
The key to preventing these complications is early recogni-
tion and adequate antibiotic therapy, which often depends on 
accurate diagnosis. Thus, any new sign of sepsis in a hospital-
ized patient must trigger an aggressive search for the site and 
the organism, with blood culture, sputum or BAL, and urine 
culture, and other tests as indicated clinically.

Lung abscesses arising in pulmonary contusions following 
trauma, or through aspiration during or after an elective surgi-
cal operation, have a high likelihood of being due to a nosoco-
mial organism with some antibiotic resistance.

The organisms most often associated with nosocomial 
pneumonia are gram-negative bacilli (chiefly Acinetobacter 
baumanii and Pseudomonas aeruginosa), followed by fungi 

a

Fig. 11.3. Empyema with broncho-pleural fistula: (a) CT scan dem-
onstrating collapsed left lower lobe with pyopneumothorax and per-
fusion within the collapsed lung, failure of initial empyema drainage 
procedure with chest drain continuing to bubble air and draining pus. 
(b) Follow up chest X-ray a year letter showing a complete resolu-
tion and full expansion of the left lower lobe. She was managed with 
limited decortication and serratus anterior digitation flap onto the 
bronchopleural fistula

b

Extra-thoracic muscles require a route of entry when trans-
posed into the thoracic cavity, most often through the bed of a 
resected piece of the rib or through an appropriate intercostal 
space.

A lung abscess that is present for longer than 6 weeks is 
considered “chronic.”3 This implies that the cavity has not 
drained adequately, has a thickened, fibrous wall, and is there-
fore likely to be more resistant to conservative measures. How-
ever, there may still be a response to prolonged antibiotics and 
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(Candida albicans) and Gram-positive cocci (chiefly Staph-
ylococcus aureus and Staphylococcus epidermidis).98–102 
Patients who develop pneumonia late in their hospital course, 
often after prolonged use of antibiotics, are most likely to have 
multiresistant Gram-negative bacilli (A. baumannii, P. aerugi-
nosa) or methicillin-resistant Staphylococcus aureus.96 Fungal 
infections are a particular challenge because they are not com-
monly detected early in their course, while antifungal agents 
are only slowly effective with many side-effects.103 Multiple 

nosocomial pathogens are possible. In immunocompromised 
patients, their own oropharyngeal bacterial flora is often the 
source of hospital-acquired pneumonia.104

Initial empiric antibiotic therapy is based on knowledge of 
the nosocomial profile of the institution and intensive care 
unit. Clinical microbiologists should be in a position to regu-
larly review this profile and advice. As soon as culture results 
are obtained, more specific therapy is instituted, preferably 
with two antibiotic agents.105–108

Fig. 11.4. Chronic Staphylococcal abscess in an immunocompromised child: (a) Chest X-ray showing chronic lung abscess with fluid level. 
She failed to respond to medical and conservative therapy. (b) CT scan confirming the chronic abscess in the right upper lobe; (c) V/Q scan 
showing a matched ventilation and perfusion defect in the right upper lobe; (d) Right upper lobectomy was performed, operative view, sig-
nificant blood loss related to inflammatory adhesions, the histology also revealed fungal infection within the cavity

a b

dc
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In addition to appropriate antibiotic therapy, mechanical 
means of improving drainage and encouraging complete reex-
pansion of the lung are important.109,110 These may include 
postural techniques such as prone positioning in the ventilated 
patient. Regular clearance of airway secretions by suctioning 
is important to enable adequate drainage of the inflamed lung. 
In the awake and cooperative patient, good analgesia may 
be required to facilitate coughing. In the ventilated patient, 
repeated bronchoscopy to clear the airways of secretions may 
be helpful to prevent or treat atelectasis, and regular chest 
physiotherapy is very effective.

Lung abscess is a less common complication of nosoco-
mial pneumonia than empyema, and in a hospitalized patient 
lung abscess is more likely the consequence of an aspiration 
event. Apart from the necessity for early detection and the 
urgent need for appropriate antibiotic cover, the principles of 
management of a nosocomial abscess remain the same as for 
community-acquired infections.

Lung Abscess in the HIV-Infected Patient

� In endemic areas, the timing, indications, and surgery for
lung abscesses in HIV-Infected children have remained 
unchanged similar to non-HIV infected children.

� Unusual and opportunistic organisms should be considered 
in the management of lung abscess in HIV-infected children

� The altered pathway to the standard management is dic-
tated by the management of HIV-infection.

The growth of the HIV pandemic has become a significant 
causative factor in pulmonary sepsis worldwide through dimin-
ished immune competence. It has affected poor  communities 
more than developed nations, and yet is ubiquitous. In the 
hardest-hit areas, more than 30% of the population is infected, 
while the seropositivity rate has been stabilized or is dropping 
off in developed nations.111

The commonest serious pulmonary infection in HIV-
infected children is TB, which is also endemic in the socially-
deprived communities mostly affected by HIV.112 Children 
who escape the mycobacterial infection will often go undi-
agnosed until an AIDS-defining illness, commonly an oppor-
tunistic pneumonia, brings them to the attention of the health 
services.113

The introduction of combination antiretroviral therapy in 
the mid-1990s led to substantial declines in the incidence 
of opportunistic pneumonia in communities with access to 
the therapy, and has been lifesaving for many children.114 
Response to therapy can be remarkable, with many a mori-
bund patient walking out of hospital a few weeks after admis-
sion. However, the therapy has drawbacks, such as the need 
for consistent lifelong therapy, the difficulty of access to 
therapy for many and of supervision of treatment in children, 
suitable pediatric formulations and drug combinations, side-
effects, cost, etc.

AIDS-defining pulmonary infections do not often progress 
to abscess formation because the patient is either treated with 
appropriate antibiotics, limiting the infection, or succumbs to 
septicemia. Opportunistic pathogens are common and the 
pneumonia they cause sometimes has a more insiduous onset, 
and though abscess formation is unusual, is more likely with 
these slower-growing pathogens.

The opportunistic fungus Pneumocystis jirovecii (formerly 
Pneumocystis carinii f.sp. hominis115) commonly causes a 
diffuse pneumonia in immunocompromised patients, but is 
not associated with abscess formation.104,116 P. jiroveci is the 
most common serious opportunistic infection in children 
infected with HIV, in spite of the use of co-trimoxazole pro-
phylaxis,117,118 which has significantly reduced its incidence. 
The incidence may be increasing in underdeveloped com-
munities where access to antiretrovirals and co-trimoxazole 
prophylaxis remains limited.119 The lung injury in P. jiroveci 
pneumonia is consequent upon host pulmonary inflammatory 
responses more than on the direct effects of the organism.114 
Chest radiographs typically show bilateral, diffuse, symmetric 
interstitial, or granular opacities.120,121 An interstitial infiltrate 
in the presence of hyperinflation suggests pneumocystis,122 
while radiographic areas of pulmonary consolidation in HIV-
infected children are more likely to be due to bacterial pneu-
monia.123

Coinfection of pneumocystis with other pathogens is com-
mon.124 Unfortunately, there is no diagnostic combination of 
symptoms, signs, and radiographic findings for Pneumocystis 
pneumonia, and the diagnosis relies on the characteristic cysts 
being seen in stained sputum or BAL specimens.114

Other pulmonary conditions seen in HIV infected chil-
dren may be difficult to distinguish from bacterial infections, 
including lymphocytic interstitial pneumonia, Kaposi’s sar-
coma, and lymphoproliferative disorders. The pathogens in 
bacterial pneumonia in HIV-infected children vary with the 
community of origin, though the commonest reports are of 
Streptococcus pneumoniae, Haemophilius influenzae type b 
and, in Africa, the non-typhoidal salmonellae.123

Generally speaking, a patient with HIV infection and lung 
abscess is investigated and treated in the same way as any 
other patient with a lung abscess, with the proviso that unusual 
and opportunistic organisms must be considered. Although a 
lung abscess may be considered an AIDS-defining illness, 
the ability to mount an immune response sufficient to contain 
the infection and prevent early septicaemic death before an 
abscess has formed implies that either the immune system is 
still functioning at a reasonable level, or a low-grade oppor-
tunistic pathogen is involved. CD4+ counts must be done to 
accurately assess the disease stage.

Because normal CD4+ counts in children vary with age, the 
level in HIV-infected children is best expressed as a percent-
age of normal rather than an absolute value as in adults. The 
immune status of a child with HIV infection is categorized 
according to CD4+ count into stage 1 (CD4+ > 25% of normal), 
stage 2 (CD4+ 15–25% of normal), and stage 3 (CD4+ < 15% 



156 J. Hewitson

of normal). Hyperactive antiretroviral therapy (HAART) 
should be considered for all stage 2 and 3 patients, i.e. when 
the CD4+ count drops below 25%, and also for all patients 
with an AIDS-defining illness. Any severe infection, such as a 
lung abscess, may be an AIDS-defining illness.125

Because sepsis can readily and rapidly spread in immu-
nocompromised patients, clinicians tend to have a sense of 
urgency toward infections in these children; in the case of a 
patient with a lung abscess there is an inclination toward more 
aggressive surgical drainage options. However, the basic prin-
ciples of appropriate antibiotics and postural physiotherapy 
techniques to promote internal drainage still apply. Just as the 
management of other coexistent conditions, such as for exam-
ple TB, must be optimized in a patient with a lung abscess, 
the management of HIV must be addressed and initiation of 
antiretroviral therapy considered.

The goals of HAART are maximal suppression of viral 
replication to undetectable levels for as long as possible, the 
preservation or restoration of immune function, and the pre-
vention of complications of HIV infection, including opportu-
nistic infections. Typically, the detectable viral load will drop 
to less than 40% of pretherapy levels within the first 2 weeks 
on HAART, and reach a low point of less than 10% (often 
undetectable) by about 6 months. At the same time, the CD4+ 
count will begin to rise again after about 10 days on HAART, 
and usually reach levels of more than 40% of normal after 
4–6 months of therapy. The steady-state then reached can be 
maintained for prolonged periods, during which patients react 
to infectious problems in a similar way to healthy children.125

The approach to any surgery in HIV-infected children is 
not significantly different from the approach in other children, 
viz.

1. Optimize the child’s condition if possible before undertaking 
surgery, including addressing any comorbidity, nutritional 
status, anemia, fluid and electrolyte status, and so on.

2. Appropriate surgery for the child’s condition.
3. Continued management of all disease aspects after surgery.

Applying this to the HIV-infected child implies:

1. In addition to other parameters mentioned above, the immune 
status must be assessed and optimized. This involves starting 
HAART if indicated and delaying surgery if possible until 
the viral load drops and the CD4+ count begins to recover. 
This means delaying surgery at least 2 weeks if possible, 
preferably much longer, which may not be possible in some 
circumstances. In addition, the clinician must look for and 
treat any opportunistic infections or other comorbidity, 
which is common in immuno-compromised children.

2. The same surgery is undertaken for the condition as for any 
other child, with the same timing subject to the require-
ments in (1).

3. HAART is continued life-long, and co-trimoxazole pro-
phylaxis against Pneumocystis is started, and also isoni-
azid prophylaxis against TB if living in an endemic area.

The surgical team should take the same universal precautions 
against HIV contamination as for any operation irrespective of 
the HIV status of the patient.

Surgeons have been reluctant to operate on these children 
for many reasons, none of which bears scrutiny. In the set-
ting of resource-poor health services, it is argued that because 
of poor outcomes in HIV-infected children other children 
are more deserving. However, this is based on outcomes in 
the pre-HAART era; HAART has changed the prognosis for 
these children in a similar way to the way antibiotics changed 
outcomes half a century ago, and early reports are suggesting 
that with careful management these children can at least live 
to adulthood without major health issues, and possibly much 
longer, especially in the light of newer and better antiretro-
virals becoming available on a regular basis. There was also 
a widely-held perception that major surgery would acceler-
ate the disease process, but there is no evidence to support 
this contention. Another reason for reluctance to operate on 
these children is the putative risk of HIV infection for attend-
ing staff. However, there is as yet no confirmed report of HIV 
transmission to a healthcare worker from a solid-needle stick 
injury, and transmission from hollow-needle sticks is very 
rare, since antiretroviral prophylaxis therapy became routine. 
If prophylaxis therapy is initiated within 6 h of the injury, the 
chances of contracting HIV are minimal.

Morbidity and Mortality

Children with primary lung abscesses have an excellent 
prognosis and usually recover with no significant sequelae.19,22 
The majority will become afebrile within a week on 
appropriate antibiotics, although recovery may be slow in 
younger children where internal drainage through smaller 
airways is less efficient.

Patients with secondary lung abscesses, especially those who 
are immuno-compromised, respond less well and have a var-
ied prognosis. If the causative organism is aerobic, the out-
come is worse that if it is anaerobic, with reported mortality 
of up to 25%.22,126 The organisms having the worst outcomes 
are Staphylococcus aureus, Klebsiella pneumoniae, and 
Pseudomonas aeruginosa.

Although radiological resolution is usually complete within 
2–4 months, it can take years,12,19,22 and residual bronchiecta-
sis may continue to cause symptoms.12,28,42

Conclusion and Future Perspective

With the advent of the antibiotic era, therapy for lung abscess 
underwent a major shift away from routine surgical interven-
tion, making the management of suppurative lung infections 
more effective and much simpler. There has been a gradual fur-
ther shift away from open thoracotomy in favor of percutane-
ous minimally-invasive drainage techniques for patients who 
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fail to respond to the conservative  antibiotic–physiotherapy 
approach. These techniques have been shown to be safe and 
effective. The traditional surgical approaches of open drain-
age or resection, with the attendant morbidity and mortality, 
still have a place in the unusual patient who fails to improve 
and is deteriorating rapidly despite adequate conservative 
approaches. Resection of the residual cavitatory lesions is 
also considered to be prudent in immunologically compro-
mised patients, so as to avoid further infections with unusual 
and fungal infections. Lung abscess children should be inves-
tigated for immunological deficiencies and followed up long-
term by a pediatric respiratory physician.
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Introduction

Hydatid disease is a preventable parasitic disease caused by 
infection with the tapeworm Echinococcus granulosus. Less 
frequently infection occurs with Echinococcus multilocularis, 
which is considerably more difficult to treat. The word hydatid 
is derived from Latin meaning a drop of water. Hydatid dis-
ease is endemic in the tropics and cattle raising regions of the 
world. However, as a result of widespread international travel 
this disease is seen in non-endemic areas. Hydatid disease is 
primarily an infection of dogs and sheep, with man infected as 
an incidental secondary host. 

Children, more commonly boys, ingest Echinococcus eggs 
because of their close association with dogs and develop cysts 
in the lungs or liver.  This chapter is concerned with pulmonary 
hydatid disease, which usually arises following ingestion of 
eggs which pass through the liver although rarely a cyst in the 
liver ruptures through the diaphragm to involve the lung or 
pleural space.

Historical Perspective

Hippocrates probably described hydatid disease when he 
referred to the liver filled with water containing cysts.1 The 
parasitic nature of this disease and the association with ani-
mals was first recognized in seventeenth century.2 The term 
Hydatid cyst was first used in 1808 to describe echinococ-
cosis in man.3 The cycle of animal transmission between the 
adult worm in the dog and hydatid cysts in sheep was recog-
nized by a series of experiments carried out by von Siebold 
in 1853.4

Incidence

Hydatid disease occurs all around the world wherever there is 
an association between dogs, sheep and humans. This has been 
termed “pastoral” disease in contrast to a less common wild 
or “sylvatic” life cycle which is seen in parts of Canada and 
Australia. The primary hosts are wolves and moose in Canada 

and dingoes and kangaroos in Australia. Control programs 
introduced into Australia and New Zealand around 1970 have 
almost completely eradicated the disease. Hydatid disease is 
still common in the Middle East, North Africa and parts of 
South America. In 2002 the incidence of hydatid disease per 
100,000 population varied from country to country (Uruguay 
6.2, Spain 6.2, Turkey 4.4, Chile 4.0, Italy 1.9, Argentina 1.42, 
Peru 1.1, Australia 0.23).5

Pathogenesis

The life cycle of hydatid disease between dogs and sheep is 
illustrated in a pamphlet used in the control program in 
Australia (Fig. 12.1). Dogs constitute the primary host and 
ingest meat contaminated with Echinococcus cysts. The tape 
worm grows in the dog intestine and eggs are excreted in the 
stool. Sheep become infected by ingesting tape worm eggs 
from canine feces and they become the secondary hosts. Tape-
worm eggs penetrate the intestinal wall to cause hydatid disease 
in the sheep, principally cysts in the liver and lung. The cycle 
is completed by the dog ingesting cysts from contaminated 
sheep offal. Humans become infected either by ingesting conta-
minated food or more frequently by coming into close contact 
with infested dogs. As in the sheep, tapeworm eggs penetrate 
the human intestinal wall and cause hydatid disease.

Digestive enzymes of human intestine disrupt the outer 
membrane of the eggs of E. granulosus which hatch and pen-
etrate the bowel wall to enter the portal venous system. The 
embryos may be retained in the sinusoidal capillary system of 
the liver pass through to the lungs. There are three pathways 
through which the lung may become involved with hydatid 
disease: (1) hematogenous spread through liver, (2) lymphatic 
spread via thoracic duct into the right heart and then into the 
lung parenchyma and (3) direct pulmonary exposure from 
inhalation of eggs. Hydatid disease involves the lung and liver 
most commonly in children (Table 12.1).6 A similar distri-
bution is reported in other series.7 In adults hydatid disease 
hepatic involvement is more common that lung involvement.  
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Parasite embryos should be destroyed by phagocytosis but 
some reach the larval stage and develop into hydatid cysts. 
The cyst wall comprises two layers – the inner layer of para-
site origin and the outer layer formed by the host. The inner 
germinal layer, or endocyst, comprises actively dividing para-
site cells with tiny inner projections, or scolices, from which 
daughter cysts develop. The inflammatory reaction in response 
to the parasite develops into a layer containing host cells – 
“the adventitial layer” or pericyst. The inflammatory cells are 
gradually replaced by fibroblasts and form a capsule around 
the endocyst. This layer is an opaque layer of fibrous tissue 
1–3mm thick with innumerable laminations – the “laminated 
membrane.” The laminated membrane is avascular and may 
calcify. 

Scolices may detach from the germinal layer and float in 
the hydatid fluid, forming “hydatid sand.” Each scolex is a 
potential parasite that remains dormant until it is ingested by 
the primary host. Scolices may form daughter cysts within the 
mother cyst or, following rupture, implant in a new site and 
develop into a new mother cyst. In rare cases the cysts may 
rupture into a blood vessel resulting in uncommon cysts in the 
heart, brain or other organs.”

Control Programs

In Australia and New Zealand energetic control programs 
have resulted in almost complete eradication of the disease. 
Disease control has involved regular treatment of dogs and 
control of home butchering of sheep with particular care 
in disposal of the liver, heart and lungs (Fig. 12.1). Perhaps 
the most important measure in Australasia is the use of 
an effective vermicide for dogs living on working sheep 
farms. This program has meant that since 1970 the only 
hydatid disease seen in Australia and New Zealand has 
occurred in older patients and in migrants from countries 
where hydatid disease remains endemic. Disease control 
programs have been enforced in other parts of the world 
with similar success. 

Clinical Features

The clinical features of pulmonary echinococcosis are varied 
and the type and number of clinical manifestations depend on 
whether the cyst has ruptured or not (Table 12.2).6 Several fac-
tors may be responsible for rupture such as increasing intra-
thoracic pressure from coughing, or an increase in size of the 
cyst. However, hydatid cysts cause no symptoms in many chil-
dren and are discovered as incidental findings.8,9,10,11,12

The most common symptoms of pulmonary echinococ-
cosis are cough, fever, chest pain, and dyspnea. These are 
non-specific symptoms, but in endemic areas pulmonary echi-
nococcosis needs to be included in any differential diagnosis.  
Coughing salty material is described in a few cases. Coughing 
of cyst contents or “grape skins,” which may be associated 
with hemoptysis and purulent sputum indicates rupture of the 
cyst into the bronchial tree.11 Anaphylactic symptoms, includ-
ing urticarial rash, fever, and bronchospasm, may accompany 
cyst rupture.9 Parenchymal and pleural complications are 
more likely to happen if the cyst has ruptured. These compli-
cations include pneumonia, simple or tension pneumothorax 
and empyema.11

Liver involvement should always be suspected in chil-
dren with pulmonary hydatid disease Abdominal symp-
toms are variable. In one study of 35 children with 
pulmonary hydatid cysts, 6 (17%) children had coexisting 
liver involvement.9 Two of these children had abdominal 
pain, three had an abdominal mass, one had a cysto-biliary 
fistula, one had anaphylactic symptoms and three children 
were asymptomatic.

Investigations

The most important investigation is a chest X-ray, which may 
show a large rounded opacity, typically in the basal regions 
(Fig. 12.2). The classical appearance of a hydatid cyst on a 
plain film is the “water lily sign” which is associated with rup-
ture of the cyst into a bronchus. Endobronchial rupture results 
in a meniscus of air between the pericyst and the endocyst and 
partial collapse of the endocyst produces the appearance of a 

Table 12.1.

Distribution of cysts in 114 patients
Lung 62
Liver 25
Lung and liver 12
Miscellaneous 15
 Brain 2
 Brain + liver + lung + peritoneum 185
 Brain + lung 1
 Kidney 2
 Kidney + liver + lung + spleen 1
 Spleen 1
 Spleen + liver + lung 2
 Liver + lung + peritoneum 2
 Peritoneum + liver 1
 Peritoneum 1
 Abdominal wall 1

Fig. 12.1. Life cycle of hydatid disease in animals
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“lily” floating on an air-fluid level. Occasionally calcification 
in the cyst wall can be seen on a chest X-ray.

There are occasions in western countries when hydatid cysts 
present and cause a significant diagnostic dilemma. In suspected 
cases, a liver ultrasound should be carried out to diagnose hepatic 
association. As hydatid is not common in nonendemic areas, it 
can be mistaken for a complicated congenital cystic lung lesion 
or other rare pathologies depending on the findings of X-ray. 
Conversely in endemic countries, congenital lung cyst has been 
mistakenly treated with antihelmenthics.13

Computed Tomography Scan: Preoperative CT scan gives 
useful information to a surgeon for anatomical location and its 
relationship to the surrounding structures (Fig. 12.3). Surgeons 
in endemic regions routinely performing hydatid disease sur-
gery may consider CT scan unnecessary prior to surgery. CT 
scan is more specific to demonstrate minor degrees of bron-
chial communication and particularly identifies smaller coex-
isting cysts not visible on plane X-ray.14

CT scan may demonstrate cyst wall calcification not visible 
on a plain chest X-ray. Calcification in the cyst wall does not 
necessarily indicate a dead parasite although this is usually 
true if the calcification is very dense. Multivesicular cysts have 
a honeycomb pattern, with the septa representing the walls 
of the daughter cysts. Occasionally, the daughter cysts are 
separated by a signal of mixed echogenicity giving a “spoke-
wheel” appearance. The classical “water lily” sign is due to 
collapse of the membranes of the daughter cysts. This occurs 
when the cyst ruptures into a bronchus and is associated with 
an air-fluid level. 

Sputum Examination: The microscopic examination of spu-
tum is usually negative for membranes, vesicles, scolices, and 
hooklets stained by Best’s carmine.

Serological investigations: In endemic and tropical coun-
tries, the serological investigations have limited value are 
unreliable.15,16

Casoni skin test: This test involves observing the reaction 
to an intradermal injection of sterilized hydatid fluid in the 
forearm. A wheal of erythema after first hour is a positive 
response.  The test results are re-examined after 24 hours. The 
Casoni test has been reported to be 70–95 % sensitive. How-
ever, this test is no longer available and the hydatid compli-
ment fixation test should be used instead.

Hydatid Compliment Fixation Test: It detects IgM and is 
positive in approximately 75% of cases. It should be noted 

Table 12.2.

Method of presentation
Pulmonary (70 patients)
Acute symptoms 32
Haemoptysis 11
Pneumonia 10
Acute chest pain 4
Pneumothorax 4
Coughing “grape skins” 3
Chronic symptoms 34
Cough 24
Chronic chest pain 9
Dyspnoea 1
Routine X-ray examination 4

Abdominal (39 patients)
Abdominal pain 19
Abdominal mass 2
Abdominal swelling 5
Hepatomegaly 7
Peritonitis 4
Vomiting 2

Miscellaneous (5 patients)
Drowsiness 2
Headache 2
Retention of urine 1

Fig. 12.2. Chest X-ray: Large left lobe intact hydatid cyst

Fig. 12.3. CT scan showing an uncomplicated large cyst
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that this test may not be positive in patients with uncompli-
cated cysts. The test can be used as monitoring after surgical 
excision of hydatid disease to indicate presence or absence of 
other living cysts.

Management

Medical Treatment

The benzimidazole group of compounds (mebendazole, albenda-
zole) was first used to treat hydatid disease in the late 1970s.  
The effectiveness of these agents depends on the thickness of 
the pericyst wall and frequently this prevents adequate drug 
penetration to sterilize the germinal layer. This limits the use of 
chemotherapy to small (<5cm) non-calcified cysts (Fig. 12.4), 
unresectable cysts and for residual or recurrent disease after sur-
gery. The duration of treatment ranges from 3–6 months.

Anadol and coworkers studied 376 children with hydatid dis-
ease undergoing medical and surgical treatment.17 The authors 
found that 72% of pulmonary cysts <9cm diameter responded 
to treatment with mebendazole or albendazole. Beard also 
noted favorable results from mebendazole treatment.19 Most 
series, however, report limited response to medical therapy for 
pulmonary hydatid cysts.16,20

The effectiveness of medical treatment in preventing recur-
rence is yet to be evaluated. Recently, preoperative use of prazi-
quantel with albendazole as combination therapy has been 
recommended to reduce the risk of recurrence and intraopera-
tive anaphylactic reaction in case of accidental spillage. The 
combined use of albendazole and praziquantel compared with 
albendazole alone preoperatively has been shown to reduce sig-
nificantly the number of cysts containing viable parasite.21

Conservative Management

Ultrasonographic or CT guided fine-needle aspiration of 
hydatid cyst contents followed by infusion of 95% ethanol as 
a scolicide and reaspiration known as PAIR therapy (Puncture, 
Aspiration, Injection, and reaspiration) has been practiced in 
some centers but carries significant risk of dissemination, 
infection, and anaphylactic reaction as a result of cyst punc-
ture and leakage.22–25 This treatment is not advisable for tho-
racic hydatids in children.

Surgical Management

• The aim of surgical management is to eradicate the parasite, 
to prevent intraoperative rupture of a cyst, and obliteration 
of the residual cavity.

• Capitonnage (folding of the pericystic layer with sutures) 
with or without partial excision of free portions of peri-
cystic layer is a common practice for obliteration of the 
residual space cystic space.

• The surgical aim of resection in hydatid disease should be 
to preserve lung tissue.

Although small cysts can be eliminated by medical therapy, 
surgery is still considered the most effective therapy in pulmo-
nary hydatid disease.17,20,26,27 Indications for surgery include 
large pulmonary cysts (which rarely respond to medical 
therapy), recurrence after completion of medical therapy and 
drug side effects.28 Pulmonary cysts usually require operation, 
but occasionally patients with ruptured cyst into the bronchus 
have been managed without operations. Surgical resection 
when carried out with parenchyma preserving approach is 
associated with no recurrence in many series.20,29,30 Resection 
with lobectomy is generally reserved for cases when the whole 
lobe has been affected and destroyed by the hydatid disease or 
secondary infection.

Essentially, hydatid disease surgery should be uncompli-
cated and is associated with very low mortality and morbidity. 
This is especially true in the hands of the experts dealing with 
this condition regularly.20,27,31 Giant cysts have slightly higher 
morbidity than simple cyst intact cysts.26 Prolonged air leak, 
postoperative empyema, and pneumonia are the most frequently 
occurring complications ranging from 10 to 20% of cases.17,27,32

Intact Cysts

If the cyst is intact the general principle of surgery is exci-
sion without rupture (Fig. 12.5 a–c). At operation, the pleural 
surface of the cyst is exposed and the adventitial layer incised. 
The experience of the surgeon and anesthetist are vital to 
removal of the cyst intact. The anesthetist uses sustained 
positive pressure ventilation to facilitate delivery of the cyst 
through the incised pericyst by the surgeon. The laminated 
membrane should not be grasped directly or it will rupture. 
Gentle retraction will usually allow the cyst to be mobilized 
intact. This method of enucleation is effective for small and 
medium sized cysts. After delivery of the cyst the surrounding 
lung parenchyma expands and the pericyst collapses. If there 
is an air leak within the cyst cavity the offending minor bron-
chus can be suture ligated.

Fig. 12.4. CT scan showing multiple bilateral intraparenchymal thin-
walled hydatid cysts managed with cyclical antihelminthics alone
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Rupture of a hydatid cyst during removal has serious con-
sequences. Anaphylactic shock, pleural hydatidosis, bronchial 
contamination with disseminated disease are all well recog-
nized complications.33 There are a number of techniques to 
minimize these risks. The surgical field, thoracotomy wound 
and pleural space should be protected with gauze sponges 
soaked in iodopovidone, which is scolicidal. Good suction 
apparatus must be ready for immediate use (some surgeons 
insist on two suckers).

The risk of cyst rupture increases with cysts over 7–10cm 
diameter. For large cysts aspiration of the contents and instil-
lation of scolicidal solutions may be a safer option. If this 
technique is used single lung ventilation or temporary occlu-
sion of the lobar bronchus is imperative to prevent contamina-
tion of the bronchial tree with cyst fluid or scolicide. Effective 
scolicides include: 

• 10–20% saline 
• 0.5% silver nitrate
• 3% hydrogen peroxide 
• 1.5% cetrimide-0.15% chlorhexidine 
• 40% cetrimide 
• 70–95% ethyl alcohol 
• 1% formalin in 0.9% saline
• 10% polyvinylpirrolidone-iodine

The most effective scolicides for intraoperative use are cet-
rimide or cetrimide/chlorhexidine (Savlon, Novartis UK 
Limited, UK). Scolicides should be left for around 15 min-
utes after instillation before attempting to remove the cyst 
wall. Preoperative treatment with albendazole should be 
considered if cyst rupture seems likely. The potential advan-
tages are a reduction in cyst wall tension and sterilization of 
the cyst but this has to be balanced against reports of rupture 
of large cysts during treatment. In the unfortunate even that 
cyst spillage does occur albendazole should be continued 
postoperatively. 

Recently minimally invasive techniques have been to treat 
pulmonary hydatid disease.34 Although this approach may be 
associated with reduced postoperative pain and shorter hos-
pital stay, the consequences of cyst rupture cannot be over 
emphasized. For this reason thoracoscopic techniques should 
be reserved for dead cysts.35

Multiple Pulmonary Cysts

Multifocal pulmonary hydatid disease may occur in children 
(Fig. 12.6) and this may be associated with involvement of 
other organs, especially the liver. Multiple unilateral cysts 
may be resected through a conventional thoracotomy, whereas 
bilateral disease may require sequential bilateral thoracotomy 

a

b

Fig. 12.5. (a) Operative pictures of hydatid cysts removal at thoracotomy preventing contamination of the surrounding tissue; (b) Infected 
hydatid cyst in the left lower lobe with empyema; (c) Raw surface of the left lower lobe after removal of hydatid cyst. The bronchial leaks are 
managed and chest drains kept. Postoperative uneventful course and follow up showed no recurrence
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or median sternotomy, although access will be difficult if the 
cysts are based posteriorly.36

Approximately 10% children with hydatid disease will have 
disseminated disease. Whilst multifocal pulmonary disease may 
be amenable to surgical resection, medical therapy with albenda-
zole is required for disseminated disease. Metastatic pulmonary 
disease has a poor prognosis. Pulmonary hypertension and right 
ventricular failure may lead to death from cor pulmonale.

Rupture into the bronchial tree

Hydatid cysts may rupture into the bronchial tree. This is 
invariably associated with a cough and segments of cyst wall 
may be expectorated (coughing up “grape skins”). This may 
be associated with dissemination of disease within the lung 
although there are rare reports of cure following expectoration 
of all the cysts. Frequently endobronchial rupture is associ-
ated with secondary infection and lobectomy may be required. 
Regardless of the extent of the surgical resection, co treatment 
with albendazole is recommended.

Rupture into the Pleura

Cyst rupture into the pleural cavity is associated with a hydro-
pneumothorax. Secondary infection may result in a pyopneu-
mothorax and/or a chronic empyema (Fig. 12.7). Secondary 
pleural hydatid disease may develop. Albendazole should 
be commenced but invariably thoracotomy is necessary to 
manage the empyema and remove any residual intact cysts. 
A bronchopleural fistula, if present, should be closed. 

Recurrent pleural effusion containing an eosinophilic infil-
trate is diagnostic of pleural hydatidosis. Invariably hydatid 

cysts will be found in the lung or liver. Surgical debridement 
should be accompanied by copious irrigation of the pleural cav-
ity with scolicide and long-term treatment with albendazole.

Summary

Prevention of hydatid disease requires a concerted public 
health campaign to disrupt the life cycle of the parasite. In 
some areas of the world this has been very successful but 
unfortunately hydatid disease remains endemic in some coun-
tries. The mainstay of treatment remains surgery, which is 
successful in most instances.
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Introduction

The term bronchiectasis derives from the Greek words bron-
chos and ektasis (dilatation), and denotes abnormal per-
manent dilatation of airways. In the past, tuberculosis and 
suppurative diseases of the lung and their associated sequelae 
were common childhood diseases causing significant mor-
bidity and mortality. The resultant bronchiectasis was often 
severe and widespread, frequently complicated by hemoptysis, 
lung and brain abscesses, empyema thoracis, and respiratory 
failure.

With the advent of antibiotics, and with improving 
healthcare standards and immunization programs, there has 
been a decrease in the severity of childhood lower respiratory 
tract infections. In spite of a reported increase in community-
acquired pneumonia and empyema in the western world in 
recent decades, the incidence of bronchiectasis has remained 
low.1,2

A number of factors contribute to recurrent lower respira-
tory infections, such as inappropriate management of acute 
infections (both bacterial and viral), malnutrition, tuberculosis, 
HIV, and associated chronic infections.3

Today, in developed nations where children have good 
access to health care, genetic causes of recurrent lower air-
way infection are the more common background to child-
hood bronchiectasis, most often cystic fibrosis. A reduction 
in childhood tuberculosis (TB) in many parts of the world 
also correlates with a decrease in the bronchiectasis, as airway 
obstruction caused by Tuberculous peribronchial lymph nodes 
was a major factor leading to bronchiectasis in children.4

However, in the huge economically disadvantaged popu-
lations of the developing world, all the infective causes of 
bronchiectasis remain prevalent alongside an HIV pandemic, 
while healthcare provisions are generally inadequate and 
immunization programs are poor. As a result, pleuropulmo-
nary suppurative diseases remain a major part of thoracic 
surgical practice.3,5,6

Historical Perspective

The term bronchiectasis was coined in 1819 by the French 
physician René Laënnec to describe the pathological bron-
chial dilatation he saw in chronic necrotizing infections. In his 
historic work “De la dialation des Bronches,” Laënnec also 
distinguished between cylindrical and saccular dilatations of 
bronchi, a distinction still recognized today in the classifica-
tion of bronchiectasis.7,8

The diagnosis of bronchiectasis and other pulmonary problems 
was greatly aided by the invention of the stethoscope by Laënnec 
in 1819,9 and the chest X-ray by Roentgen in 1895.10 Iodized oil 
bronchography was developed by Sicard and Forestier in 1922, 
permitting accurate visualization of the damaged airways.11

Safe direct bronchoscopy was introduced and developed 
by Killian, Jackson, and Koch among others, enabling the 
removal of aspirated foreign bodies.12,13

Management of suppurative diseases of the lung and tuber-
culosis became the founding stones of thoracic surgery. The 
first partial lobectomy for bronchiectasis was done in 1901 
by Heidenhain with en-mass ligation of hilar structures, and 
subsequently lobectomies were done by Graham, Whitmore, 
and Harold Brunn.14–16

A turning point in bronchiectasis surgery was undoubtedly 
the introduction of flexible endotracheal tubes allowing for 
safer anesthesia,17 but pulmonary resection remained a haz-
ardous procedure for sometime. In 1932, a review of 212 
resections for bronchiectasis by a variety of surgeons reported 
an overall mortality of 35%.18

As detailed knowledge of the pulmonary anatomy became 
available through the work of Churchill and Beasley in 1939,19 
and Kent in 1942,20 and with the introduction of curare for 
anesthesia, after the second world war there were many 
reports of pulmonary resection for bronchiectasis with mor-
tality under 3%.21–23

Efforts were also directed toward the reduction in post-
operative morbidity by improving the knowledge of segmental 
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anatomy of the lung, anatomical dissection and individual 
ligation of bronchovascular structures, operative position-
ing, multidisciplinary approaches, and adequate preoperative 
preparation.24–27

In spite of the reports of success much skepticism remained 
about the role of surgical resection for bronchiectasis, because 
of poor earlier results, with physicians reluctant to refer cases, 
exemplified by critical editorials in the Lancet in 1955 and 
1958.28,29 This negativity toward surgery took sometime to abate, 
but gradually results of cures from previously crippling disease 
swayed opinion back toward surgery by the 1960s.30

The introduction of antibiotics and effective antitubercu-
lous medications dramatically changed the course and the out-
comes of pulmonary infections, and also of thoracic surgery.

Pathogenesis

Etiology

Bronchiectasis is the permanent dilatation of bronchi associated 
with a productive cough, and may arise from a variety of 
etiologies in which the normal airway defense mechanisms are 
compromised. These etiologies may be genetic, congenital, 
or acquired (Table 13.1). An increase in the number of 
immunosuppressed children, emergence of antibiotic-resistant 

organisms, drug abuse, increasing incidence of tuberculosis, 
and HIV infections are all factors that may be responsible for 
an increased incidence of lower respiratory tract infections 
which may in turn lead to bronchiectasis.

It has been reported that an underlying cause for bron-
chiectasis can be determined in about 70% of adult patients.31 
However, in underdeveloped communities where previous 
medical records are scarce and children are cared for by a 
variety of caregivers, the cause is often not clear. The com-
monest causes of childhood bronchiectasis worldwide are 
previous infections (viral and pertussis) which have damaged 
the airway walls and crippled the airway defense mechanisms, 
luminal obstruction by tuberculous peribronchial nodes, and 
chronic aspiration syndromes. In most cases the initial damage 
is done before 2 years of age.32 Malnourished or immuno-
compromised children may develop bronchiectasis after a 
single pneumonic illness, though there may have been unde-
tected previous episodes of infection.6,31

While the initial etiology is often infective, other factors must 
always be considered, especially in developed nations where 
infective causes are no longer dominant. Genetic disorders 
(thick and tenacious secretions, mucociliary dysfunctions) are 
the more common cause in developed nations where healthcare 
standards are better. In cystic fibrosis, the commonest genetic 
cause, there is a defect in the cystic fibrosis transmembrane 

Table 13.1. Etiology of bronchiectasis.

Acquired
 Recurrent chest infections Recurrent viral or bacterial pneumonias

Chronic infections such as TB and fungal
Recurrent aspirations from gastroesophageal reflux
Severely mentally handicapped children with chronic aspirations

 Bronchial obstruction Aspirated unrecognized foreign bodies especially vegetable foreign bodies (peanuts, peas, other nuts)
Intraluminal tuberculous granulomata
Endobronchial pathologies such as polyp, tumors
Enlargement of peribroncheal lymph nodes causing extrinsic compression associated with TB and fungal infections
Bronchial injury (iatrogenic, trauma, postanastomosis)
Uncontrolled asthma inspissated secretions and recurrent pneumonias

Genetic disorders
 Systemic
 Cystic fibrosis Autosomal recessive disorder with tenacious bronchial secretions and abnormal ciliary functions
  Hypogammaglobulinimias, 

complement deficiencies and 
neutrophil function abnormalities

Predisposing to recurrent and chronic respiratory tract infections

 Marfan syndrome
 Alpha1 antitrypsin deficiency Autosomal recessive condition associated with emphysema and bronchiectasis
 Yellow-Nail syndrome

Ciliary abnormalities
 Kartagener’s syndrome Dysmotile cilia syndrome

Triad: situs inversus, pansinusitis, bronchiectasis, and immotile sperm
 Primary ciliary dyskinesia

Structural airway problems
 William–Campbell syndrome Autosomal recessive disease causing congenital bronchomalacia or absent bronchial cartilage
 Mounier–Kuhn syndrome Connective tissue disorder causing dilation of trachea and mainstem bronchi
 Unknown familial Right middle lobe bronchiectasis seen in clusters of families

Congenital malformations
 Cystic adenomatoid malformation
 Intralobar pulmonary sequestration
 Bronchomalacia
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regulating protein, causing abnormal chloride transfer across 
epithelial membranes, which in turn results in an excessively 
viscid mucus lining of the airways. This prevents adequate 
mucociliary clearance, permitting bacterial infection with an 
inflammatory response throughout the lungs. Over years this 
process progressively damages the airways leaving the patient 
with bilateral bronchiectasis.33

Pathophysiology

Bronchiectasis was defined by Reid in 1950 as permanent 
dilatation of bronchi, and classified into categories according 
to the degree of damage to the airway.34 His definition and 
classification became widely accepted, though it was based on 
the essential pathology of the disease rather than on the clinical 
picture. Because symptoms and signs in bronchiectasis relate 
to the associated chronic infection rather than simply to the 
structural damage to the airways, most definitions now include 
the aspect of ongoing or recurrent infection. The damage to the 
structure of the bronchi is permanent (i.e., irreversible), and 
there is a predilection to chronic inflammation and recurrent 
infection which causes the symptoms of bronchiectasis. Thus 
bronchiectasis may be defined as permanent dilatation of 
bronchi associated with chronic infection (Fig. 13.1a, b).

Bronchiectasis most commonly involves the second- to 
fourth-order branches of the segmental bronchi as these portions 
of the bronchial tree contain the least cartilaginous support.

Because the tracheobronchial tree is open to the environment, it 
has several defense mechanisms against bacterial contamination 
from inhaled air. Should one or more of these mechanisms fail 
for whatever reason, infection and inflammation can damage the 
bronchial walls with resultant permanent dilatation, scarring, and 
chronic inflammation. Lower respiratory tract infections which 
do not resolve promptly may similarly cripple the mucociliary 
and other defenses and cause bronchiectasis. The damage to 
the airway walls may be relatively minor and go unnoticed by 

the patient except for occasional infective exacerbations, or it 
may be severe enough to cause ongoing production of copious 
mucopurulent sputum and debilitation.

Using Reid’s work, a classification based on the structural 
abnormalities may be made:

� “Cylindrical” or “fusiform” bronchiectasis, representing rel-
atively mild damage to the airway walls. The bronchi have 
a regular outline, with a fairly uniform dilatation ending 
abruptly because of mucus plugging of the smaller airways. 
The number of bronchial and bronchiolar subdivisions is 
approximately normal.

� “Varicose” bronchiectasis with varying degrees of irregu-
lar dilatation of the walls (supposedly resembling varicose 
veins), representing more severe bronchial damage, with 
some loss of bronchiolar and terminal airway divisions 
through inflammatory damage and scarring.

� “Saccular” bronchiectasis, with extensive damage includ-
ing the muscular and cartilage layers of the bronchial walls. 
Airway dilatation may even increase toward the periphery, 
forming cystic spaces, in which air–fluid levels are possible. 
There are fewer normal bronchial divisions due to extensive 
destruction of smaller airways.

However, these distinctions, while descriptive of the anatomical 
details, say nothing of the extent to which the patient is affected 
symptomatically. Thus to the clinician they are of academic 
interest only, as both medical and surgical management is 
based on symptoms, and in surgical management the extent of 
resection is determined by the anatomical distribution rather 
than pathological detail. Many unnecessary resections have 
been done because surgeons have acted on radiological images 
rather than symptoms. A more useful classification could be 
based on symptoms.

Bronchiectasis is often considered progressive with-
out treatment. However, while the severity of an area of 
bronchiectasis may well progress, the extent (localized 

Fig. 13.1. (a, b) Bronchiectasis 
of right lower lobe (cut section) 
showing dilated thick-walled 
bronchi with intervening fibro-
sis. Postmortem lung section is 
showing dilated bronchi in areas 
of confluent bronchopneumo-
nia. This severe pneumonia was 
fatal. The dilated bronchi could 
have been managed conserva-
tively after resolution of the 
pneumonia. Image provided by 
Dr K Pillay, NHLS & UCT/Red 
Cross Children’s Hospital, Cape 
Town, South Africa

a b
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or generalized) of pulmonary involvement depends on 
the etiology, and will only become more extensive while 
a causative condition persists. On the other hand, local 
progression of the severity of the damage to the airways 
occurs in spite of resolution of the initial etiology through 
what has been described as the “vicious cycle” theory.35 
The premise of this generally accepted theory is that the 
damaged airways can no longer adequately clear secre-
tions due to an impaired mucociliary mechanism, and this 
“secondary” etiology leads to repeated cycles of infection 
and inflammation which produce ongoing fibrotic changes 
in the already-damaged areas.

The histology of bronchiectasis was first outlined by Ogil-
vie in 1941 and Whitwell in 1952.36,37 The essential features 
are destruction of the muscular and elastic tissues of the 
bronchial wall and their replacement by fibrous tissue. Along 
with bronchial dilatation there is loss of cilia, with cuboidal 
and squamous metaplasia, hypertrophy of bronchial glands 
and lymph nodes, and extensive vascular damage.31 These 
changes cripple the airway defenses against bacterial inva-
sion, resulting in the “vicious cycle” of ongoing infection and 
inflammation (Fig. 13.1a, b).

Temporary dilatation of airways due to increased intraluminal 
pressure as a result of obstruction, or due to “traction” on the air-
way walls through collapsed adjacent parenchyma, may be fully 
recoverable and thus should not be referred to as bronchiectasis, 
and is sometimes called “pseudobronchiectasis,”38,39 or “pre-
bronchiectasis” 31 because it might progress to permanent bron-
chiectasis (Fig. 13.2).

Bronchiectasis after pyogenic or viral infections is fre-
quently limited to basal segments of the lower lobes, and to the 
middle lobe and lingula. In contrast bronchiectasis associated 
with congenital and genetic disorders is likely to be more dif-
fuse and bilateral. Bronchiectasis following childhood tuber-

culosis is typically due to obstruction of airways by external 
compression with inflamed lymph nodes or by endobronchial 
granulomatous tissue, and the areas most often affected by 
this process are the lower lobes.4

Bronchiectasis following unrecognized inhaled foreign 
body is limited to the lobe obstructed by the foreign body 
(Fig. 13.3a–c).

Extensive disease may lead to pulmonary hypertension, a 
reflection of the loss of pulmonary vasculature in diseased lung.

A specific middle lobe syndrome is reported when the 
enlarged peribronchial lymph nodes (usually from TB or 
other granulomatous disease) cause obstruction to the middle 
lobe bronchus, infection, and bronchiectasis. However, in 
reality simple atelectasis of the middle lobe due to the TB 

Fig. 13.2. CT scan showing early changes of bronchiectasis being 
managed by regular clinical followup, medical management, and 
aggressive physiotherapy.

Fig. 13.3. (a–c) A child with inhaled FB – did not report and subsequently chronic collapse of the right lower lobe and functional loss. Follow 
up after removal of FB failed to re-expand the lobe and has remained the source of recurrent chest infection and shown bronchiectatic changes 
and no function on ventilatory and perfusion scan. Vegetable foreign bodies such as peanuts tends to cause chemical irritation and are more 
likely to develop granulations, bronchial stenosis, and bronchiectatic change in the lobe – these children should be followed up after the FB 
removal and monitored

a b c
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lymphadenopathy is much more common. In developed 
nations this “middle lobe syndrome” is most often seen with 
inappropriately managed bronchial asthma or bronchiolitis with 
thick tenacious secretions blocking the middle lobe bronchus. If 
this underlying problem is recognized and adequately managed, 
the atelectatic or solid lobe generally recovers with no specific 
treatment. The reason for the middle lobe affection is the acute 
angle of origin, and the slender and elongated configuration of 
the right middle lobe bronchus, with poor collateral ventilation 
from the adjacent lung due to a relatively complete fissure.40 In 
pediatric practice, middle lobe syndrome with bronchiectasis 
requiring lobectomy is rarely encountered.

Clinical Features

The history in many children is vague and nonspecific. In 
some, there may be a history of an initial causative infection 
such as measles or whooping cough, or of tuberculosis treat-
ment. Some children have had a productive cough for so long 
time that they or their parents may consider it normal and 
report that there are no symptoms of note.

Symptoms are primarily chronic cough productive of purulent 
sputum, often worst in the morning, as secretions have pooled 
overnight, though not uncommonly a history is obtained of 
recurrent acute respiratory infections with productive cough, 
and relatively symptom-free periods between exacerbations.

Dyspnoea on exertion may be a feature of widespread dis-
ease. Chest pain is uncommon, as is hemoptysis. Halitosis can 
be significant and disconcerting for the patient and relatives 
in more severe disease. Recurrent fevers and exacerbations of 
symptoms are frequent, reflecting repeated added infection in 
damaged areas.

If there is no obvious cause, detailed and specific history 
must be sought for a possible etiology. If none is found, evalu-
ation for immunodeficiency, cystic fibrosis, chronic aspira-
tions, and other predispositions must be considered according 
to the clinical picture.

Clinical signs are also characteristically nonspecific. Failure 
to thrive and malnourishment are common, and auscultation 
can often define the general extent of the disease. Finger club-
bing is variable, but may be seen in about 50% of patients.30 
Distant spread of infection (e.g., brain abscess) or local spread 
to form a lung abscess or empyema thoracis is seen in about 
5% of children with bronchiectasis.30

As noted above, symptomatology should dictate treatment, 
and bronchiectasis can be symptomatically classified into 
mild, moderate, and severe disease:

� Mild disease. Even though there may be obvious damage 
radiologically, the symptoms are minimal and easily con-
trolled with postural drainage and aggressive antibiotic 
treatment of any exacerbations.

� Moderate disease. Symptoms are significant in terms of 
interfering with lifestyle, and require careful medical man-
agement and perhaps surgery.

� Severe disease. Symptoms are not controllable with conser-
vative management, and surgery should be considered if the 
disease is sufficiently localized to allow resection.

Diagnosis

Investigations

Once the clinical diagnosis of bronchiectasis is suspected, fur-
ther investigation is necessary to define the extent of the dam-
age. Anatomic localization may help in etiological diagnosis 
(Fig. 13.4a). Diffuse damage is seen in patients with systemic 

Fig. 13.4. (a, b) Kartegener’s syndrome: Dextrocardia with bronchiectasis 
in the left lower lobe seen both on chest X-ray and confirmed on CT scan

a

b
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diseases such as cystic fibrosis, immotile cilia syndrome, immu-
nodeficiency states, and in chronic aspiration. Disease localized 
to one lobe suggests etiologies, which might obstruct a single 
bronchus such as foreign body aspiration or nodal compression 
of an airway.

Chest radiographs are of limited use, and can be normal, or 
demonstrate nonspecific findings of atelectasis, fibrosis, and 
pleural thickening.32,41 The signs suggestive of bronchiectasis are 
the parallel lines of dilated bronchial walls (“tramlines”), tubular-
shaped opacities of pus-filled dilated airways, or ring opacities of 
cystic spaces (“honeycombing”). Air trapping is possible, as well 
as compensatory hyperinflation when there is significant loss of 
volume.

Bronchography was, for many decades, the standard way to 
assess the disease, but has been gradually supplanted by high 
resolution CT scanning (HRCT) to determine the presence and 
exact distribution of bronchiectasis.41–43 Detailed information 
about the distribution is particularly important if lung preserv-
ing surgery (segmentectomy) is planned rather than lobectomy. 
HRCT is now considered the benchmark investigation for diag-
nosis and for delineating the extent of the disease, with findings 
corresponding well with histological findings after resection41,44 
(Figs. 13.2, 13.3c, 13.4b, 13.5b).

Features of bronchiectasis on CT include the internal diameter of 
the airways being larger than the adjacent artery (“signet ring” sign), 
a lack of tapering of the bronchial diameter toward the periphery, 
and bronchi still visible out near the periphery of the lung. However, 
simple bronchial wall thickening may be the only clue. It must be 
remembered that in an acute illness many of these features can be 
seen as temporary changes, disappearing upon recovery, such that 
the diagnosis of bronchiectasis must remain a clinical decision rather 
than a purely radiographic one. However, bronchiectasis remains 
underdiagnosed in children, as CT scans are delayed either due 
to lack of facility or due to failure in appreciating the presence of 
underlying disease clinically.31

Upper gastrointestinal contrast study, endoscopy, and PH stud-
ies may be indicated to investigate gastroesophageal reflux if this 
is the suspected cause of bronchiectasis, especially in severely 
handicapped children (Fig. 13.6a, b).

Magnetic resonance imaging (MRI) has not been particularly 
useful in the evaluation of bronchiectasis.

Bronchoscopy may be indicated as a diagnostic tool either for 
certain etiologies or for obtaining bacteriological information. 
Ventilatory and diffusion studies may reveal more widespread or 
severe pulmonary involvement than otherwise suspected.

Fig. 13.5. (a–c) Chest X-ray showing collapsed right lower lobe – child 
presented with recurrent severe hemoptysis and no history suggestive 
of recurrent chest infections. CT scan: suggested a possibility of a late 
presenting congenital lung lesion, bronchoscopy, and BAL were non-
specific. V/Q scan: matched ventilation perfusion defect in right lower 
lobe. The resected right lower lobe showed chronic bronchiectasis. Such 
instances of bronchiectasis presenting without significant pneumonic 
illness and not requiring intravenous antibiotics in children are rare
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Management

Medical Management

Prevention

It is important for primary care physicians to be aware of the 
rapidity with which bronchiectasis can follow lower respira-
tory infection if it is not treated promptly and aggressively, 
especially in very young or malnourished children.

Measures that help prevent lower respiratory tract infec-
tions include appropriate childhood immunization programs, 

prompt antibiotic treatment, good hygiene and sanitation 
practices, and good nutrition. When secretions cannot clear 
efficiently for whatever reason, infection and inflammation 
may rapidly cause bronchial wall damage. In addition, any 
obstruction of large airways must be relieved with urgency to 
prevent the development of distal bronchiectasis.4

Management of the Cause

Once the diagnosis of bronchiectasis is made and the under-
lying etiology has been fully investigated, medical treatment 
must initially be based on optimizing the treatment of any con-
tributory medical problems. All these children should receive 
annual influenza and pneumoccocal vaccines.

Management of the Bronchiectasis

The cornerstone of treatment is the promotion of the efficient 
clearance of secretions through postural drainage and chest 
physiotherapy.45 Depending on the etiology, bronchiectasis 
may remain static and patients can be maintained with mild 
symptoms or even asymptomatic for long periods, with regu-
lar outpatient review and radiological monitoring. Questions 
have recently been raised about the role of physiotherapy in 
view of a lack of clear evidence in children,46 but while there 
is clearly a need to document its role more clearly, postural 
drainage techniques remain the accepted basis of long-term 
management of bronchiectasis. In order for postural drainage 
to be most effective, both the parents and the child must be 
specifically trained in the techniques, and a regular daily rou-
tine of postural drainage established at home.

Antibiotics for infective exacerbations are another central 
aspect of treatment. Choice of antibiotic is based on sputum 
culture if possible, though upper respiratory commensals 
often confuse the issue. High doses and prolonged courses 
are preferred because of the danger of further fibrotic air-
way damage with infective exacerbations. Broad spectrum 
antibiotics including anaerobic cover (e.g., Amoxycillin and 
Metronidazole) may be used for several weeks at a time to 
help clear secretions and bacterial overgrowth. Some physi-
cians advise prophylaxis during winter months and when the 
child is suffering from a viral infection.

There is suggestive evidence of a small benefit from the 
use of prolonged or ongoing antibiotics as prophylaxis against 
exacerbations in children, in a similar way to prophylactic 
antibiotic usage in transplant and HIV patients, but the evi-
dence is small and there is concern that colonization with 
resistant organisms may result.47

In some cases with deterioration and failure of response, 
bronchoscopic aspiration and bronchoalveolar lavage 
may be indicated to obtain specimens for culture and 
sensitivity.31,32 Bronchoscopy may also be indicated for per-
sistent segmental atelectasis refractory to physiotherapy, 
or for the assessment of lesions suspected of obstructing 
the airway. Bronchoscopy is mandatory preoperatively to 
assess for anatomical abnormalities, bronchial stricture, and 
foreign bodies if present.

Fig. 13.6. (a, b) A child with proven gastroesophageal reflux and 
recurrent aspirations is showing early signs of bronchiectasis on chest 
X-ray. Following fundoplication there is a considerable improvement 
in clinical and radiological picture (b)

a
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Other Agents

The mucolytic agents in bronchiectasis have been disappointing, 
though agents such as aerolized recombinant human deoxyri-
bonuclease are useful in patients with cystic fibrosis.33

Bronchodilators may be indicated for associated bron-
chospasm, and occasionally lung function measurements 
will show reversible bronchospasm. However, they are not 
commonly helpful. The role of antiinflammatory therapy is 
unclear, though popular with some clinicians. Corticosteroids 
are not advisable.31,32

Surgical Management

Principles

The goal of surgery is to remove all active disease while pre- •
serving as much functioning lung parenchyma as possible.

Localized bronchiectasis is most suitable for surgery. •
Children should “earn” surgery, with recurring or continu- •
ing symptoms in spite of adequate medical management.

Surgery is sometimes necessary to address the cause, for example 
a retained foreign body, but otherwise surgical resection of dam-
aged lung is indicated when conservative measures have failed 
to control the symptoms adequately. The surgeon must consider 
several issues when a patient is referred for resection:

1. Has an underlying cause been determined? i.e., Is more 
investigation required before embarking on resection?

2. Is this bronchial damage permanent? i.e., Should one wait 
longer to allow an acute process to better heal?

3. Has maximal medical therapy been adequately tried?
4. Do the symptoms truly warrant surgery; Is it interfering 

with lifestyle and schooling or growth? Or is this simply 
a radiological diagnosis with minimal symptoms? This is 
to an extent subjective- and patient-specific, some children 
coping better than others with similar severity of disease.

5. Finally, what is the anatomical distribution of the disease? 
Can it be safely resected without significantly compromis-
ing pulmonary reserves?

At this stage the extent of the disease should be delineated 
with HRCT and a decision taken on the safe resectability of 
the diseased lung. Although it is ideal to resect all diseased 
portions of lung while preserving all normal lung, it is often 
necessary to find a compromise. Thus it is sometimes neces-
sary to leave some residual disease in order to spare function-
ing lung, and similarly some functioning lung will at times be 
sacrificed. The dependent portions of damaged lung (gener-
ally lower lobe areas) are the most important areas to remove. 
Such “sump” resections may significantly alleviate symptoms 
and allow the child to grow and function normally, even with 
residual disease. Upper lobe bronchiectatic damage typically 
drains well by gravity and is more easily controlled by pos-
tural drainage. Significant lung growth continues up to the age 
of about 8 years, and thus pulmonary function can be expected 

to improve after resection in younger children. Malnourished 
children may require only partial resection to improve symp-
toms sufficiently to allow growth.

Preoperative Preparations

Meticulous preoperative preparation is a key in reducing sur-
gical morbidity. Most children will benefit from intensive in-
hospital chest physiotherapy and intravenous administration 
of appropriate sensitive antibiotics depending on the bacterial 
cultures obtained at bronchoscopy (with good anaerobic cover, 
e.g., amoxycillin and metronidazole) for at least a few days 
prior to surgery in order to reduce the sputum load as much 
as possible. A good physiotherapist will be able to advice on 
progress and the surgery should be delayed until the best state 
has been reached. Occasionally it is apparent that the patient 
can be returned to a relatively asymptomatic state quite easily, 
indicating noncompliance with the conservative therapy and 
postural drainage at home. In other cases, intensive physio-
therapy is continued for 2 or 3 weeks as progressive improve-
ment in sputum load is noticed.

Anesthetic Considerations

Prior to endotracheal intubation, a bronchoscopy must be 
done to clear secretions as far as possible, and to examine the 
anatomy. Occasionally an unsuspected retained foreign body 
may be seen at this stage; in such cases the distal airway may 
contain pus under pressure, and the foreign body should not 
be disturbed, but rather be removed along with the resected 
lung at surgery. Releasing the blockage at bronchoscopy can 
result in catastrophic flooding of the airways with pus.

A major challenge in pulmonary resection in children is 
protection of the contralateral lung from secretions squeezed 
out of the resected lung during surgery. Double-lumen tubes 
may be used to isolate the contralateral lung in larger children 
(over about 15 kg). However, in the majority of children the 
airways are too small for conventional double-lumen endotra-
cheal tubes. Other options include right main bronchus intu-
bation for left-sided resections, and bronchial blockade on the 
side of surgery with a Fogarty catheter. These techniques can 
be extremely useful in isolating a lung but in the hands of the 
inexperienced anesthetist are hazardous, as slippage during 
surgery is possible, potentially leaving an unprotected airway 
to the contralateral lung.

Various alternative techniques have been proposed for 
airway management, but the most useful in small children 
remains that originally described in by Overholt:48 the patient 
is positioned prone, slightly head-down, and a posterior tho-
racotomy is made to approach the lung. Secretions that are 
squeezed out of the affected lung during surgery will tend 
to drain downward into the upper trachea where they can be 
sucked out by the anesthetist, who must suction the airway 
regularly.

This is a challenging position for the surgeon who must oper-
ate through an unfamiliar approach. It is often best to be seated 
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at the side of the patient rather than standing, resisting the temp-
tation to angle the patient away, which would lower the contral-
ateral lung and thereby allow secretions to drain into that lung. 
In patients with a large secretion load, it is often best to isolate 
and clamp the bronchus as the first stage of the operation.

Bilateral resections are possible at the same anesthetic, but 
it is generally better to separate the surgeries by a few weeks.

Good pain control is important postoperatively to allow 
adequate coughing to clear secretions, and this is best achieved 
with epidural anesthesia.

Surgical Technical Considerations

Technical aspects of bronchiectasis surgery can be challeng-
ing. The surgeon must carefully consider the appropriateness 
of segmental resections in order to preserve functioning lung 
if possible, and to this end the preoperative HRCT assessment 
must be carefully examined.

The inflamed and indurated hilum, usually containing 
enlarged lymph nodes, can be difficult to dissect. Vessels are 
painstakingly dissected free, sometimes dissecting under the 
adventitia to free them. Hemostasis should be ensured by care-
ful ligatures and judicious use of bipolar diathermy. This hilar 
dissection can cause considerable bleeding in difficult cases. 
When there is significant hilar lymphadenopathy involving 
major lobar vessels, the immediate subdivisions within the lung 
parenchyma may be identified and ligated individually. The 
bronchus, if inflamed, is vulnerable to tearing or other damage 
during dissection and needs specific attention. Excessive devas-
cularization or trauma through aggressive dissection or vigor-
ous cautery can predispose to a postoperative fistula.  Staple 
closure of the bronchus, as used routinely to achieve secure clo-
sure in adults, is less useful in children due to the bulkiness of 
the instrument; fine interrupted nonabsorbable sutures are pref-
erable. Typically 3–4 sutures are sufficient to ensure secure clo-
sure, which should be tested underwater. Excessive sutures will 
contribute to devascularization of the cut end, delaying healing 
and predisposing to fistula formation.

Recently some surgeons have undertaken VATS for the resec-
tion of bronchiectatic lobe. The arguments for using minimally 
invasive surgery are a magnified view and reduced handling/
manipulation during surgery. The postoperative pain is less and 
therefore allows better postoperative lung inflation and reduces 
the risk of postoperative pneumonia and atelectasis.

Morbidity and Mortality

Complications related to bronchiectasis surgery include pro-
longed air leak from raw lung surfaces, bronchopleural fistula, and 
empyema and pneumonia related to intraoperative contamination 
of normal lung. The reported morbidity and mortality with bron-
chiectasis surgery is, however, extremely low.

The most serious morbidity relates to spillage of infected 
material into normal airways causing a postoperative pneumonia. 

This can dangerously compromise pulmonary function, and 
mechanical ventilation may be required for a period; in severe 
cases the compromise may prove fatal. However, serious mor-
bidity or mortality is unusual (Table 13.2).

Future Perspective

Better prevention of bronchiectasis depends heavily on the 
awareness of primary care health personnel and on improved 
immunization programs. In underdeveloped communities, 
control of tuberculosis and HIV along with improved social 
circumstances will have a great impact.

However, it seems unlikely that the predominant causes 
of bronchiectasis will be significantly reduced in the near 
future; while the rapid improvement in our ability to accu-
rately detect bronchiectasis in children through new tech-
nology seems likely to continue. In some parts of the world, 
the incidence of tuberculosis and HIV infection among chil-
dren is still rising, along with the poor getting poorer, so in 
developing nations we can expect the overall incidence of the 
disease to increase. This emphasizes the need to improve our 
understanding of the management options for these children. 
With the decrease in severe localized bronchiectasis in the 
developed world there is a danger of loss of surgical skills in 
dealing with the condition.

Table 13.2. Patients having resection for bronchiectasis at Red 
Cross Children’s Hospital in 10 years.

Etiology
 Tuberculosis 27
 Viral 16
 Cystic fibrosis 2
 Foreign body 3
 Others 24
 Total 72

Age range 9 months to 12 years
Airway management during surgery
 Prone position 47
 Bronchial blocker 6
 Double-lumen ET tube 2
 None 17

Resections
 Pneumonectomy 39 (15 right, 24 left)
 Lobectomy 33 (6 right, 27 left)

Mortality 1/72 = 1.4%
Morbidity 12/72 = 16.7%
  Spillage or aspiration 

to remaining lung
 8

 Esophageal perforation  1
 Pericardial effusion  1
  Acute gastric distension, mechanical 

ventilation
 1

 Phrenic nerve palsy  1
 Recurrent laryngeal nerve palsy  1
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Introduction

Infections of the lung and pleura cause substantial morbid-
ity in children. Children generally present early in the course 
of lower respiratory tract infections with respiratory distress 
and prompt treatment in the acute stage will often prevent 
late suppurative complications.[1,2] Tuberculosis and fungal 
infections typically produce chronic diseases. Children may 
present late in the course of these infections either with an 
acute exacerbation or as the result of progressive lung dam-
age. The principle factors causing chronic sequelae of acute 
infections include inadequate primary treatment, immune 
deficiency, malnutrition (kwashiorkor and marasmus) and 
poor hygiene.[3] In the last decade acquired immunodefi-
ciency syndrome (AIDS) has become an important cause of 
recurrent pulmonary infection in children with opportunistic 
bacteria, fungal infections and tuberculosis.

The incidence of bronchiectasis in children has declined over 
the last 50 years. In part this has occurred due to better under-
standing and early, effective treatment of acute pneumonia. 
Improvements in sanitation, nutrition, education, widespread 
use of antibiotics and childhood immunization programs have 
also contributed. However, for reasons that not yet clear the 
incidence of parapneumonic empyema in the western world 
has increased substantially over the last decade and there is 
limited consensus regarding treatment.[4]

In the tropics parasitic infestations, either alone or in asso-
ciation with secondary bacterial infection, cause substantial 
morbidity and mortality. As medical therapy for parasitic 
infestations has improved the need for surgical resection has 
reduced considerably. In western countries parasitic pulmo-
nary disease is rare although it must be considered in children 
who have traveled from tropical countries.[5]

Incorrect treatment as a result of mistaken diagnosis (e.g., 
for congenital lung malformation) is common.[6]

Historical Perspective

Hippocrates was the first to describe the treatment of 
empyema by open drainage with rib resection. The sur-
geons of the late nineteenth century dealt with pleuro-
pulmonary suppurative diseases in epidemic proportions. 
The morbidity and mortality of pleural space infections 
remained substantial until the US Army Empyema Com-
mission in 1920 recommended closed chest tube drainage 
for treatment.[7]

Thoracic surgery became established in the early twen-
tieth century largely because it offered the only successful 
treatment for tuberculosis. Crafoord described the tech-
nique of pneumonectomy.[8] Sauerbruch developed an 
extensive practice in the surgical treatment of pulmonary 
tuberculosis although he is probably best known for his 
attempts to operate in a negative pressure chamber.[9] The 
French surgeon Tuffier is credited with the first successful 
lung resection [10] although he also recognized the poten-
tial benefits of positive pressure ventilation through an 
endotracheal catheter. Lung resection for bronchiectasis 
was fraught with problems, including the risk of soiling 
the remainder of the lung with pus from the lobe being 
removed. Sellors advised operating on the face down 
patient to prevent spread of infection.[11] Archibald intro-
duced anatomical dissection and specific closure of the 
bronchus during lobectomy and pneumonectomy in 1934.
[12] Kartagener described triad of sinusitis, bronchiecta-
sis, and situs inversus in 1933.[13]

The discovery of antibiotics, the availability of blood trans-
fusion, and safe anesthesia all occurred around the time the 
time of the Second World War. These were associated with a 
substantial reduction in mortality and morbidity in relation to 
thoracic surgery and, eventually, allowed the practice of tho-
racic surgery in children to develop.
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Chronic Pleuropulmonary Infections

Fungal Infections

The majority of pleuropulmonary fungal infections seen by 
the surgeon will be opportunistic. In certain parts of the world 
pathogenic fungi are encountered which will produce pulmo-
nary infections in healthy children. In most instances treatment 
is medical but the surgeon may be asked to provide tissue for 
diagnosis (including the exclusion of malignancy) and occa-
sionally resect local disease because of complications includ-
ing hemoptysis, pneumothorax or empyema.

The incidence of opportunistic fungal infections in children 
is rising due mainly to increasing numbers of children sur-
viving treatment for malignancies and the rising incidence of 
HIV infection. Children undergoing bone marrow transplan-
tation for hematological malignancies are at a high risk of 
pulmonary mycoses (Fig. 14.1–14.3), and a vigorous search 
for occult fungal infection should be carried out before trans-
plantation. In some circumstances the risk of acquired fungal 
infection is so high that prophylactic antifungal agents must 
be prescribed [14, 15]. Disseminated fungal infections also 
occur in children with immune deficiencies, including AIDS.

Histoplasma, Blastomyces and Coccidiodomyces are 
pathogenic fungi which are capable of producing invasive 
respiratory infections in normal children. These infections are 
endemic in parts of North America. Histoplasmosis is also 
seen in South America, Africa, Australia and Eastern Asia. 
A wide variety of fungi are capable of producing pulmonary 
infections in immuno-compromised children, including, of 
course, fungi which produce infection in normal children. The 

opportunistic pathogenic fungi most commonly encountered 
are Aspergillus, Candida and Cryptococcus.

Fungal infections are diagnosed by identifying the patho-
gen from sputum culture, bronchial lavage, or pleural fluid. 
Occasionally fungi are discovered coincidentally during 
microscopic analysis of resected lung tissue. Tissue sections 
can be treated with periodic acid Schiff reagent (PAS) or 
methenamine silver stains to look for fungal elements. Sero-
logical tests may be useful for monitoring fungal infections 
during treatment but they are not useful in the immunosup-
pressed child.

Histoplasmosis

Histoplasmosis is probably the commonest fungal infection 
to affect the chest in non-immunocompromised children.[16] 
The disease is endemic in the North American states border-
ing the Ohio and lower Mississippi rivers. Histoplasmosis is 
also reported in parts of Africa, Australia and Eastern Asia. 
The majority of histoplasmosis is caused by infection with 
Histoplasma capsulatum although H. duboisiir is prevalent in 
Saharan Africa.[17] Infection is caused by inhalation of the 
fungal spore which is found in soil and the droppings of fowl 
and bats.

Histoplasma infection is often asymptomatic. Acute pulmo-
nary histoplasmosis is generally a benign self-limiting illness 
that develops 2–3 weeks after inhalation of spores. The child 
may develop a cough and complain on non-specific flu-like 
symptoms which resolve spontaneously after a few weeks. 
Hilar lymphadenopathy may be seen on a chest X-ray. With 
variable success the organism can be isolated from sputum or 

Fig. 14.1. Fungal infection in an 
immunosuppressed child with a 
hematological malignancy
(a) CT scan showing hilar adenop-
athy dueto pulmonary aspergillosis
(b) CT scan showing pulomonary 
infiltrates suggestive of fungal 
infection in a child with febrile 
neutropenia following chemo-
therapy
(c) Chest X-ray in a child with 
chronic granulomatous disease 
and a proven aspergillus infection
(d) CT scan showing diffuse lung 
infiltration and a spontaneous 
pneumothorax in a child with 
febrile neutropenia
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bronchoalveolar lavage fluid. Serological tests are reliable in 
the immunocompetant child. No treatment is necessary.

Progressive disseminated histoplasmosis affects infants 
and immunosuppressed children. It follows acute pulmonary 

histoplasmosis. Symptoms are nonspecific at first. Chronic 
pneumonia is common although the chest X-ray is normal. 
Fever, anemia and hepatosplenomegaly are present in the 
majority. Disseminated histoplasmosis is common in children 
with AIDS. Treatment with amphotericin B, itraconazole, 
ketoconazole or fluconazole is necessary and long-term pro-
phylaxis with itraconazole is necessary in HIV positive chil-
dren to prevent relapse.

Chronic sequelae of histoplasmosis are rarely seen in chil-
dren. Occasionally a pulmonary infection heals with exces-
sive fibrosis leaving a solitary nodule which causes diagnostic 
confusion. These have been termed histoplasmomas and are 
slowly enlarging nodules characterized by florid fibrosis, 
often with calcification and central necrosis. The radiologi-
cal appearances are indistinguishable from tuberculosis and 
coccidiodomycosis. Serological tests are positive and there 
is usually a chronic anemia. Fibrosis in hilar or mediastinal 
lymph nodes may occasionally involve surrounding structures 
to produce strictures in the airway or obstruction to the supe-
rior vena cava (SVC). Caseating hilar lymph nodes can erode 
through the surrounding structures causing life-threatening 
complications hemoptysis.[18] Superior vena caval obstruction 
in histoplasmosis is associated with recurrent right upper lobe 
pneumonia, hilar calcification, mediastinal widening, and, ulti-
mately, SVC occlusion.[19]

Fig. 14.2. Fungal infection localized in the ligular lobe in an immunosuppressed child (a) Chest X-ray showing lingular lobe consolidation
(b) CT scan demonstrating a cavity within the collapsed lingular lobe

a

b

Fig. 14.3. CT scan showing fungal infiltrates in a child undergoing 
chemotherapy for a solid tumor



182 D.K. Gupta and S. Sharma

Coccidioidomycosis

Coccidioidomycosis is a suppurative, granulomatous infection 
that resembles histoplasmosis. Coccidiodomycosis is endemic 
in southwestern USA, Mexico and parts of South America.
[20]

Pathologically coccidiodomycosis resembles tuberculosis, 
with primary complex in the lung parenchyma and involve-
ment of regional lymph nodes. Subsequent re-infection may 
lead to caseation, cavitation and calcified fibrotic lung lesions. 
The characteristic histological appearance is a granuloma with 
central suppuration. Special stains are necessary to demon-
strate the spherules and endospores. Occasionally a mycetoma 
containing hyphae is seen.

Primary coccidiodomycosis is typically a mild flu-like ill-
ness. Occasionally children develop pleuritic chest pain and 
a skin rash. Radiographic findings are usually non-specific 
although occasionally show hilar lymphadenopathy, pleural or 
pericardial effusions. Occasionally solitary nodules or cavitat-
ing lesions persist. Disseminated disease is rare and usually, 
although not always, associated with immunosuppression. 
Meningeal involvement is common.[21]

The diagnosis is usually achieved by identifying the organ-
ism in the culture of tissue fluid or tissue biopsy. Skin test or 
positive serology also can suggest Coccidioidomycosis.

Most cases do not require treatment. Amphotericin B is 
effective for severe acute and disseminated coccidioidomyco-
sis. It is also used for prevention of dissemination in black, 
Filipino and native American children, control of cavitating 
lesions with positive sputum culture and treatment of progres-
sive chronic disease.[22, 23]

Surgery may be indicated for localized granulomatous 
lesions or persistent cavitating lesions. Cavitating lesions 
require resection when associated with fungal balls, recurrent 
fungal sepsis, hemoptysis or when complicated by a bron-
chopleural fistula and empyema.

Blastomycosis

Blastomycosis is a suppurative and granulomatous infectious 
disease. The infective fungus, Blastomyces dermatitidis affects 
primarily lungs but subsequent dissemination to other organs, 
especially the skin, is reported. Blastomycosis is endemic 
in the Midwestern and southeastern areas of the USA. The 
fungus spreads through airborne spores from bird droppings 
and soil. The infection is characterized by a granulomatous 
and pyogenic reaction with micro-abscesses. Cell mediated 
immunity is the major defense against blastomycosis which is 
deficient in AIDS victims.

Acute blastomycosis may be asymptomatic. Most often chil-
dren will present clinically an acute pneumonia. Pleural effusions 
are fairly common. Skin rashes including erythema nodosum 
may appear. Chest x-ray may show consolidation, fibronodular 
lesions with or without cavitations similar to pulmonary tuber-
culosis, pleural involvement and hilar lymphadenopathy.[24] 

Chronic pulmonary disease is rare in children. The diagnosis 
can be made by culture of sputum or a BAL specimen.[25] 
Lung biopsy may be necessary if the organism cannot be iso-
lated from cultures.

Acute pneumonia may resolve without treatment. How-
ever, if blastomyces are isolated on culture treatment should 
be started. Bradsher recommended ketoconazole 400mg daily 
for six months in adults.[26] The dose in children above 2 
years is 3–5 mg/kg/day. It has not been used in children below 
2 years. Amphotericin B is the preferred treatment for cavitat-
ing lesions and disseminated disease.

Aspergillosis

Aspergillus is a ubiquitous fungus in the environment. Fungal 
spores are found in soil and decaying vegetation. Despite reg-
ular environmental exposure individuals with a normal host 
defense system rarely develop aspergillus infections. Normal 
ciliary function clears the majority of spores from the airways 
and any reaching the alveoli are promptly ingested by mac-
rophages and killed. Polymorphs ingest and kill any hyphae 
that germinate. Immunosuppression substantially increases 
the risk of aspergillus infection. Corticosteroids impair the 
ability of macrophages to kill the fungal spores.

The majority of aspergillus-related disease in man is caused 
by A. fumigatus, although other species including A. niger, 
A. nidulans and A. clavatus are occasionally isolated from 
infected tissues. A. terreus is emerging as a cause of oppor-
tunistic infection associated with a high mortality. The usual 
route of infection is inhalation of airborne spores which lodge 
in the distal airways but infection may follow local tissue inva-
sion, through surgical wounds, or via contaminated intrave-
nous catheters.

Aspergillus is associated with four distinct conditions in 
man[27]:

• Aspergilloma
• Invasive pulmonary aspergillosis
• Allergic bronchopulmonary aspergillosis
• Chronic necrotizing aspergillosis

Although these are distinct clinical syndrome rarely one will 
change into another. Invasive infection occasionally develops 
from an aspergilloma, particularly if the child is immunosup-
pressed, and an aspergilloma may complicate chronic necro-
tizing aspergillosis.

Aspergilloma

An aspergilloma is a fungus ball lying within a cavity in the 
lung. The fungal ball comprises a mass of fungal hyphae, 
mucus, tissue debris and inflammatory cells. Most aspergil-
lomas develop within a preexisting cavity in the lung. Most 
often this is related to tuberculosis although aspergillomas 
have been reported in cavities related to congenital lung mal-
formations, bullae, bronchiectasis, and tumors.
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The natural history of an aspergilloma is variable. In the 
presence of a normal immune response aspergillomas are usu-
ally asymptomatic. Most aspergillomas present with recurrent 
hemoptyses. Usually these are mild but massive hemoptysis 
is well recognized, with a mortality around 10%. Bleeding is 
due to erosion into bronchial vessels. The likelihood of symp-
toms increases with the size of the aspergilloma. Children with 
severe chronic lung disease, immunosuppression, and human 
immunodeficiency virus (HIV) infection all increase the risk 
of complications developing.

Aspergillomas are usually identified on a chest X-ray. The 
typical appearance is a mobile mass surrounded by a crescent 
of air within a lung cavity in an upper lobe or in the apical seg-
ment of a lower lobe. Computed tomography is more sensi-
tive than conventional radiology. Aspergillus can be identified 
in the sputum in about 50% cases. Aspergillus specific IgG 
antibodies (aspergillus precipitins) can be detected in >95% 
cases.

Aspergillomas do not generally respond to antifungal agents 
although itraconazole may offer some benefit. Asymptomatic 
patients can be managed expectantly providing the aspergil-
loma is not increasing in size. Hemoptysis is an indication for 
surgery. Bronchial artery embolization offers transient relief 
but collateral vessels soon develop and the bleeding recurs. 
Symptomatic aspergillomas should be resected. In children 
with good pulmonary reserve lobectomy is safe and effective. 
Morbidity depends on the nature of the underlying lung dis-
ease and the extent of the resection. Recognized complications 
include primary and secondary hemorrhage, bronchopleural 
fistula and empyema.

Invasive Pulmonary Aspergillosis

Invasive pulmonary aspergillosis (IPA)is a life-threatening 
infection in immunocompromised children.[28, 29] The usual 
route of infection is inhalation of Aspergillus spores into the 
lungs, but infection occasionally follows invasion through 
surgical wounds or contaminated intravenous catheters. In the 
absence of an adequate host defense spores germinate and are 
transformed into hyphae which cause invade the small ves-
sels in the lung causing local pulmonary infarction and then 
metastic spread. The central nervous system is the most com-
mon site for secondary infection.

The major risk factors for invasive pulmonary aspergillosis 
are:

• Neutropenia
• Corticosteroid therapy
• Transplant immunosuppression
• Cytotoxic chemotherapy
• AIDS

The single most important risk factor is neutropenia. The risk 
of IPA increases with the severity and duration of the neu-
tropenia. Neutropenia persisting for more than three weeks is 
associated with a 25% risk of IPA. Chronic granulomatous 

disease, an inborn error of neutrophil function, is associated 
with IPA. Transplantation increases the risk of IPA, particu-
larly bone marrow transplantation (BMT) and lung transplan-
tation. The mortality of IPA complicating BMT is 30–80%. 
These children are at particular risk of IPA in the first few 
weeks if engraftment is delayed and also if high dose steroids 
are required for graft versus host disease. Central venous 
catheters, parenteral nutrition, and broad spectrum antibiotics 
also contribute to the increased risk. Cytotoxic chemotherapy 
causes immunosuppression increasing the risk of IPA, partic-
ularly during treatment for leukemia. IPA is also reported with 
increasing frequency in children with AIDS. These children 
respond poorly to antifungal therapy.

Children with IPA usually develop lower respiratory 
symptoms including cough, dyspnea and respiratory failure. 
Pleuritic chest pain and hemoptysis are highly significant 
symptoms which represent small pulmonary infarcts. Fever 
may be absent in children receiving high dose corticosteroids. 
Airway involvement may lead to plaque formation and airway 
obstruction, particular following lung transplantation.

The diagnosis of IPA can be difficult and a high index of 
suspicion is necessary. Children rarely produce sputum and 
the presence of Aspergillus in the sputum may simply reflect 
exposure and colonization. Moreover, Aspergillus cannot be 
isolated from sputum in up to 30% patients with confirmed 
IPA. Bronchoalveolar lavage is more sensitive although still 
only positive in about 50% case. Lung biopsy is diagnostic 
but often children with IPA are too sick to undergo this inves-
tigation. Blood cultures are rarely positive. Serological tests 
for antibodies to Aspergillus are not helpful, because of the 
immunosuppression. Non-culture based techniques for the 
early detection of IPA include assays for galactomannan, 
which is a polysaccharide released from the cell wall of grow-
ing hyphae, and polymerase chain reaction assays for fungal 
DNA. These techniques allow screening of high risk patients 
and treatment with antifungals before symptoms develop.

Features on chest X-ray suggestive of IPA include pleural-
based infiltrates and rounded opacities, which represent small 
pulmonary infarcts. Computed tomography is more sensitive. 
The classical findings are:

• Multiple nodules
• Halo sign (hemorrhage surrounding a fungal nodule)
• Air crescent sign (necrosis at the site of a nodule)

The latter signs are relatively specific for IPA although necro-
sis occurs late when the neutrophil count is recovering.

Treatment of IPA is difficult and the mortality is high. Suc-
cess depends on early treatment before metastatic disease 
develops and amelioration of the host defense mechanisms. 
Amphotericin B is the first line therapy for IPA although neph-
rotoxicity and hypersensitivity reactions frequently limit the 
dose. Liposomal amphotericin is less toxic and allows higher 
doses to be used. Itraconazole, posaconazole and caspofungin 
are newer agents effective in IPA. The role of surgery in IPA 
is limited to the management of hemoptysis and resection of 
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residual localized disease in children who will require further 
immunosuppression.[28, 29] The risks of surgery are sub-
stantial in children who are neutropenic, especially if they 
are requiring mechanical ventilation. The risk of hemorrhage 
increases as the neutrophil count recovers.

A number of measures are used to reduce the risk of IPA in 
hospitalized patients. Environmental measures include the use 
of high-efficiency particulate air (HEPA) filtration systems, 
cubicles with laminar air flow and scrupulous decontamina-
tion of showers and water systems. Prophylactic antifungals 
are used with variable benefit.

Allergic Bronchopulmonary Aspergillosis

Allergic bronchopulmonary aspergillosis (ABPA) is a hyper-
sensitivity reaction to Aspergillus antigens. This disorder is 
seen in children with asthma and cystic fibrosis. Children 
present with fever, wheeze, pleuritic pain and a cough pro-
ductive of brown sputum and mucous plugs. The chest X-ray 
shows fleeting pulmonary infiltrates. The total IgE level is 
very high, specific IgG antibodies and precipitins to Asper-
gillus are present in serum. ABPA responds rapidly to oral 
corticosteroids, with relief of bronchospasm and resolution of 
the infiltrates on chest X-ray.

Chronic Necrotizing Aspergillosis

Chronic necrotizing aspergillosis (CNA) is typically a disease 
of late adult life which develops on the background to chronic 
lung disease (e.g. chronic obstructive airways disease, inactive 
tuberculosis and cystic fibrosis). CNA is an indolent destruc-
tive infection. Although the organisms invade the lung paren-
chyma there is no vascular invasion and distant spread does 
not occur. The disease is usually confined to the upper lobes 
or apical segments of the lower lobes. Aspergillomas may 
form in cavities which develop as a result of CNA. Aspergil-
lus can usually be isolated from sputum or BAL culture or a 
tissue specimen taken at open lung biopsy. Treatment involves 
amphotericin B or, more recently, itraconazole. Surgical resec-
tion is useful for localized disease or persistent disease despite 
antifungal therapy.

Pulmonary Candidiasis

Candida infections involving the oropharynx and skin, partic-
ularly the diaper region, are very common in infants and chil-
dren. These infections usually remain superficial and respond 
readily to treatment with topical antifungal agents. Systemic 
candida infections are usually seen in patients with impaired 
cell-mediated immunity, often related to chemotherapy or cor-
ticosteroids and HIV infection.

Candida septicemia (candidemia) may occur as a result 
of direct entry through central venous catheters, invasion of 
infection from the oropharynx or esophagus, or invasion from 
the airway. Hematogenous dissemination then occurs with the 
formation of metastatic microabscesses. Predisposing factors 

include intravenous catheters, broad spectrum antibiotics, 
corticosteroid therapy, neutropenia, severe burns, and che-
motherapy induced mucositis. When yeasts are isolated from 
blood or from tissue biopsies a diagnosis is straightforward. 
Blood cultures, however, often remain negative. Serological 
tests are available to detect circulating candida antigens and 
antibodies. Unfortunately, these are often negative in immu-
nocompromised children. False-negatives and false-positive 
results do occur.

Low birth weight, intravascular catheters and antibiotic 
drugs are predisposing conditions for systemic candidiasis in 
neonates. Blood cultures are often positive and there is a high 
incidence of meningitis. Fungus balls in the ureter or renal 
pelvis are common and may obstruct the urinary tract. Can-
dida endophthalmitis carries a high risk of blindness because 
lesions are often localized to the macula.

Pulmonary candidiasis most commonly results from 
hematogenous dissemination or by bronchial extension in 
patients with oropharyngeal candidiasis.[30] This results in 
patchy infiltration of the lungs, which becomes more conflu-
ent as the infection progresses. Microabscesses result in hem-
orrhagic septic infarcts which may break down to form small 
cavities, although this is usually an agonal event.

Pulmonary candidiasis is difficult to diagnose. The radio-
graphic appearances are non-specific and often complicated 
by chronic changes from underlying lung disease (e.g. bron-
chopulmonary dysplasia). However, pulmonary candidiasis 
does not produce lobar pneumonic changes, large cavitating 
lesions or pleural effusions.

Treatment of invasive candidiasis requires high dose ampho-
tericin B often in combination with 5- flucytosine. High dose 
fluconazole and liposomal amphotericin B have also been 
used with success.

Empiric treatment with amphotericin B should be started 
in high risk patients with a fever unresponsive to antibiot-
ics. Voriconazole can be used for treatment of fluconazole-
resistant candida in children over the age of two. Caspofungin 
is reserved for infections not responding to fluconazole and 
amphotericin. Recombinant hematopoietic growth factors 
have been used to stimulate the immune system.

The risk of life-threatening fungal infection in children 
undergoing intensive chemotherapy or bone marrow trans-
plantation is so high that prophylactic treatment is used. Nys-
tatin, clotrimazole or miconazole can be used for prevention 
of oropharyngeal infection. Fluconazole is recommended for 
prophylaxis against systemic candidiasis.

Actinomycosis

Actinomycosis is a chronic infection caused by the Gram 
positive bacterium Actinomyces israelii. It is rare in children. 
Actinomycosis is characterized by a granulomatous suppura-
tion which forms sinuses which discharge purulent material 
containing yellow “sulfur” granules. Actinomycetes are part of 
the normal oral flora. The commonest site for infection is the 
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cervicofacial region and infection typically occurs following 
oral surgery or in patients with poor dental hygiene. Soft tis-
sue swelling develops in the perimandibular area and sinuses 
track to the surface and discharge.

Thoracic infection usually occurs as a result of aspiration 
of oropharyngeal secretions.[31] Occasionally mediastinal 
infection results from an esophageal perforation, by direct 
extension from actinomycosis in the neck or abdomen. Pul-
monary infection may occur by hematogenous spread from a 
distant lesion. Thoracic actinomycosis commonly presents as 
a pulmonary mass, mimicking a tumor. In late cases sinuses 
may involve the pleura, pericardium, and ultimately discharge 
to the chest wall.

Management

The diagnosis is made by histological examination of resected 
tissue and culture from pus, sputum and tissue specimens. 
The diagnosis is rarely made on admission to hospital and 
the usual reason for biopsy of pulmonary disease is suspected 
malignancy.

The treatment of choice is high dose penicillin for 5 weeks. 
Longer treatment may be necessary if there is bone infection 
or an empyema. Coinfection with other organisms is com-
mon and lack of response to penicillin usually indicates the 
presence of resistant companion bacteria. Surgery may be 
required to debride an empyema, drain collections and excise 
sinus tracks.[32]

Nocardiosis

Nocardia are aerobic Actinomycetes related to Actinomyces 
which cause cutaneous infections in the tropics in immuno-
competant individuals. The organisms are ubiquitous sapro-
phytes in soil and decaying vegetable matter. Children in any 
part of the world with impaired cell-mediated immunity are 
at risk of disseminated Nocardia infections. Disseminated 
nocardiosis may present with deep abscesses at any site, par-
ticularly in the chest and central nervous system (CNS). CNS 
nocardiosis manifests as a slowly progressive mass lesion, 
with a host of specific neurologic findings depending on the 
location of the abscess.[33]

At least 40% of patients with disseminated nocardiosis 
have pulmonary infection and the clinical presentation may 
be dominated by the pulmonary symptoms.[34] Clinical 
manifestations include inflammatory endobronchial lesions 
or pneumonia, which may be accompanied by cavitation, 
abscess formation, pleural effusion, and empyema. There are 
no specific symptoms. Cough and fever are dominant symp-
toms. There are no specific radiological features.

The diagnosis of nocardiosis is made by identification of 
organism in tissue fluids, a BAL or tissue specimens. Sulfon-
amides are the first line antibiotic therapy. Treatment for up to 
one year is recommended in immunosuppressed children. The 
indications for surgery are similar to actinomycosis.

Parasitic Infections

Pleuropulmonary Amebiasis

Amebiasis is a parasitic infection caused by Entamoeba his-
tolytica and transmitted by fecal-oral spread. Amebiasis is 
endemic in the Tropics, associated with poor sanitation and 
poverty. Following ingestion of water contaminated with ame-
bic cysts, trophozoites penetrate the bowel wall and cause a 
fulminant colitis characterized by profuse bloody diarrhea. 
Trophozoites are carried in the portal vein to the liver where 
they form abscesses.

Pleuropulmonary involvement occurs most often as a result 
of rupture of a liver abscess through the right diaphragm.[35] 
Rarely, the parasite may infect the lung directly from a primary 
intestinal lesion by the hematogenous or lymphatic spread. 
Other factors contributing to pulmonary disease in children 
are malnutrition and left to right cardiac shunts.[36] Common 
pleuropulmonary complications include sympathetic effusions, 
empyema, atelectasis, and lung abscesses.[37] Bronchohepatic 
fistula is a rare complication characterized by expectoration of 
“anchovy sauce sputum”.

The clinical presentation varies according to the pathol-
ogy. A child may present with a prolonged fever or blood 
stained/chocolate color sputum. The child may have right 
upper quadrant pain referred to the shoulder tip. Typical find-
ings on chest X-ray include the combination of an elevated 
hemidiaphragm (usually the right), hepatomegaly, and a pleu-
ral effusion. The hepatic abscess can be diagnosed by ultra-
sound, CT or MR scanning. Aspiration of chocolate-colored 
pus from a pleural or abscess puncture strongly suggests the 
diagnosis and if examination of the pus under the microscope 
reveals amebic trophozoites the diagnosis is confirmed. Sero-
logical tests are usually strongly positive.[38] Sputum oro-
gastric lavage can be examined for trophozoites. PCR can be 
used to detect E. histolytica DNA in sputum, stool or gastric 
lavage samples.[39]

Management

Treatment with metronidazole for 15 days combined with 
pleural drainage is sufficient in most cases. Although surgi-
cal drainage is controversial, at times percutaneous drain-
age of abscesses, empyema and pericardial collections is 
indicated.[37]

Ascariasis

Ascariasis is an endemic infection in tropical countries caused 
by the intestinal parasite Ascaris lumbricoides. Transmission is 
by fecal-oral spread and poor sanitation characterizes regions 
where infection is prevalent. The adult worm normally resides 
in the lumen of the human intestine and eggs are passed out in 
the feces. Ascaria can grow up to 30 cm long and most often 
cause symptoms because of intestinal obstruction. Larvae can 
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penetrate the intestinal wall. They pass through the liver and 
become lodged in the pulmonary capillary network. The lar-
vae hatch out into the alveolar spaces and are carried up the 
bronchial tree and eventually swallowed.

Pulmonary symptoms vary depending on the worm burden.
[40] Most cases are mild and self-limiting over a few days, 
requiring only supportive therapy. Symptoms include chest 
pain, cough, dyspnea, fever, hemoptysis, and wheezing. Infes-
tation may lead to Löeffler’s syndrome (see below).[41] There 
are cases of adult worm migrating into the trachea or aspira-
tion of worms during vomiting in ill and malnourished child 
causing asphyxiation and death.

Management

Antihelminthic medication should be administered to the 
whole family. Levamisole, mebendazole and albendazole are 
all effective agents. Three course of mebendazole is usually 
very effective against round worms. Antihelminths are con-
traindicated in children with abdominal pain because they 
may precipitate an intestinal obstruction

Paragonimiasis

Paragonimiasis is caused by Paragonimus westermani, the 
lung fluke. Paragonimiasis is a food-borne trematode infec-
tion endemic in parts of Asia, particularly Korea, Nigeria and 
South America.[42] It is caused by ingestion of raw freshwa-
ter crayfish which are the intermediate host for the parasite. 
After ingestion larvae penetrate the small bowel and migrate 
to the pleural cavity. Two weeks later young worms enter the 
lungs and the flukes lodge near bronchioles where they lay 
their eggs. The eggs are discharged in bronchial secretions 
which are either swallowed and excreted in feces or expecto-
rated. The flukes can also migrate to the brain.

Some children are asymptomatic. Others develop a chronic 
cough, chest pain, and repeated hemoptyses.[43] Extrapulmo-
nary involvement may also produce symptoms. Larvae inva-
sion of the pleural space is associated with a pleural effusion 
or pneumothorax. Migration into the lungs is associated with 
consolidation and an exudative pneumonia. CT scanning at 
this stage shows the areas of consolidation are cystic. Some-
times a corona is visible around these cysts which is due to 
attachment of the worm to the wall of the cyst.

The diagnosis is made by demonstrating the eggs in spu-
tum, bronchoalveolar lavage, pleural fluid, lung biopsy or 
stool. An eosinophilia and raised serum IgE level are char-
acteristic. Reliable serological assays are available. A two 
day course of praziquantel is highly effective treatment. 
The hemoptyses cease and the radiological changes resolve 
completely.

Surgical treatment is required for the complications of 
paragonimiasis namely pneumothorax, pleural effusion and 
empyema. Both pneumothorax and pleural effusion develop 
early in the disease and only require treatment if symptomatic. 

Decortication may be required for an empyema, particularly if 
there is secondary bacterial infection.

Eosinophilic Pneumonia

Eosinophilic pneumonia (EP) is a rare condition that is the 
consequence of a hypersensitivity reaction involving the lung 
parenchyma. Chronic eosinophilic pneumonia (CEP) was first 
described by Carrington in 1969, and the condition is also 
known as Carrington’s syndrome.[44, 45] There are a number 
of recognized triggers for CEP, although often no cause can be 
identified – idiopathic eosinophilic pneumonia (Table 14.1).

The symptoms of EP are similar regardless of the underlying 
cause. Cough, fever, wheeze and increasing dyspnea are universal 
symptoms. Acute eosinophilic pneumonia follows a rapid down-
hill course over 7–14 days culminating in acute respiratory failure 
requiring mechanical ventilation. Chronic eosinophilic pneumo-
nia follows a slower course over several months and is usually 
misdiagnosed as asthma initially. Löeffler’s syndrome is a tran-
sient eosinophilic pneumonia related to parasitic infestation.

Eosinophilic pneumonia produces characteristic pulmo-
nary infiltrates on chest X-ray. There is an eosinophilia in 
the peripheral blood and marked elevation of the serum IgE 
level. Lung biopsy shows an alveolar and interstitial infiltrated 
which is predominantly eosinophilic.[45] Bronchoalveolar 
lavage fluid contains large numbers of eosinophils.

Management

Treatment of the underlying cause for EP (e.g. parasitic infec-
tion) results in resolution of the lung disease. Idiopathic CEP 
is treated with corticosteroids.

Chronic Pulmonary Infections with 
Underlying Pathology

Late presenting inhaled foreign body

Children presenting late with an inhaled foreign body which 
has been neglected invariably have a chronic cough.[46] A 
history of foreign body aspiration is offered in 50% cases.
[47] Recurrent lobar pneumonia, bronchiectasis and a tra-
cheoesophageal or bronchoesophageal fistula are recognized 
complications. Organic foreign bodies tend to induce reac-
tive granulations and secondary bacterial infection. Inert 
foreign bodies may remain embedded in the lung for months 
without causing significant symptoms (Fig. 14.4) although 

Table 14.1. Causes of eosinophilic pneumonia.

Idiopathic
Drug induced (nitrofurantoin, ampicillin, phenytoin)
Environmental (exposure to smoke, sulfites, dust)
Parasitic -Loeffler’s Syndrome (Filariasis, Toxocara and Strongyloides)
Atypical mycobacteria
Neoplasia (adults)
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bronchiectasis remains a long-term consequence even after 
removal of the object. A chest X-ray will be diagnostic if the 
foreign body is radioopaque but more often only shows effects 
of an undiagnosed organic foreign body.

Management

A high index of suspicion and early referral is essential to pre-
vent complications from inhaled foreign bodies. Bronchos-
copy is essential in all suspected cases. Bronchoscopy for a 
missed foreign body should be undertaken with great care in 
a planned manner. Bleeding from granulation tissue surround-
ing the foreign body is common and may be profuse. This 
may be controlled by instilling cold saline or dilute epineph-
rine (1:200,000) but often the bronchoscopy has to be aban-
doned and repeated a few days later. Bronchial strictures may 
develop at the site of a long standing organic foreign body and 
distal bronchiectasis is common.

Late Infective Complications of Congenital Lung 
Malformations

An increasing number of congenital lung malformations are 
diagnosed antenatally. However, many remain undetected and 
present later in life with infective complications. The natural 
history of congenital cystic lung lesions is variable and there 
appears to be no factors which allow prediction of lesions that 
will cause symptoms in the future. Congenital lung lesions 
may present with cough, fever, dyspnea, dysphagia, failure to 
thrive, hemoptysis and chest pain (Fig. 14.5).[48, 49] Pneu-
mothorax is a recognized presentation of a cystic adenoma-
toid malformation.[50] Bronchogenic cysts may present late 
with bronchiectasis, bronchopleural fistula, pulmonary artery 

stenosis and bronchomalacia due to extrinsic compression of 
the airway.[51]

There is no consensus on the management of congenital cys-
tic lung malformations.[52, 53, 54, 55, 56, 57]. Some surgeons 
prefer to excise these lesions only when they become symp-
tomatic and other surgeons recommend prophylactic resection 
of all lesions. Infective complications from congenital cystic 
lung lesions are well recognized.[52, 58, 59, 60] These reports 
also suggest that resection after infection has occurred is dif-
ficult and causes significant morbidity compared to elective 
resection of asymptomatic lesions.

Fig. 14.4. Chest X-ray showing a nail embedded in the left lower 
bronchus: Child did not present after inhalation and was asymptom-
atic for a considerable period. This forign body had to be removed 
by open bronchotomy

Fig. 14.5. This child presented with recurrent pneumonia and chest 
pain. The chest X-ray remained abnormal (a) and the CT scan (b) 
confirmed a mass in the left hemithorax with an air-fluid level. A 
chronically infected congenital cystic adenomatoid malformation 
was resected, with resolution of the symptoms

a

b
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Lung Resection in the Presence of Chronic 
Infection

Lung resection in children with chronic suppurative lung 
disease is technically challenging. The normal anatomical 
landmarks may be impossible to identify. Consolidated lung 
surrounding areas of diseased lung may recover although 
this can be difficult to predict.[61]. Sometimes, it is prudent 
to undertake a two-stage resection in difficult cases where 
it may be possible to salvage functioning lung. Preopera-
tive physiotherapy, intravenous antibiotics and broncho-
scopic lavage with aspiration of endobronchial secretions 
are important adjuncts. Protection of the healthy lung is 
essential and this may involve double lumen endotracheal 
tubes, bronchus blockers and operating on the child in the 
prone position.

Indications for lung resection in children with chronic sup-
purative lung disease include:

• Necrotizing pneumonia with or without empyema [62]
• Bronchiectasis
• Lung abscess
• Recurrent hemoptysis with destroyed lung parenchyma [62]
• Failure of conservative management [63]

Bony Chest Wall Infections

Sternal osteomyelitis may be secondary (following median 
sternotomy or penetrating injuries) or primary.[64] Primary 
sternal osteomyelitis is rare, comprising less than 0.3% of 
all cases of osteomyelitis. Staphylococcus aureus is the 
organism most commonly responsible for both primary 
and secondary sternal osteomyelitis (PSO, SSO), although 
Pseudomonas aeruginosa is seen in intravenous drug abus-
ers.[65] Salmonella may be responsible in children with 
sickle cell disease. Risk factors for PSO include intravenous 
drug abuse, blunt trauma, acquired immunodeficiency syn-
drome and hemoglobinopathies. Sternal osteomyelitis pres-
ents with local pain, tenderness, redness, and swelling. PSO 
may respond to antibiotics alone although surgical debride-
ment is usually necessary.

Tuberculous osteomyelitis of the sternum is rare even in 
countries where TB is endemic.[66] It accounts for less than 
1% of cases of musculoskeletal tuberculosis. Tuberculosis of 
the sternum may be seen as a late complication of pulmonary 
tuberculosis, or as reactivation of latent focus formed during 
hematogenous or lymphatic dissemination of primary tuber-
culosis. Direct extension from mediastinal lymph nodes has 
also been described. All TB infections are substantially more 
common in children infected with HIV. Sternal TB usually 
presents insidiously as swelling and pain over the bone. The 
diagnosis is often delayed.

The treatment of tuberculosis of the sternum is based on a 
combination of adequate antituberculous chemotherapy and 
surgical debridement. Surgical debridement is necessary when 
there is a chronic sinus, a large sequestrum or an inadequate 

response to chemotherapy. The resultant defect may require 
closure with a muscle flap.

Chest wall sinus formation is an uncommon clinical pre-
sentation of osteomyelitis of the rib (Fig. 14.6, 14.7), Pott’s 
disease of the spine, tuberculosis of the rib, and chronic pul-
monary infection with actinomycosis[67] and coccidioidomy-
cosis. The authors have also seen a retained foreign body pre-
senting as a chest wall sinus.
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Section 3
Trauma



Introduction

Thoracic injuries are uncommon in children; however, when 
they occur they are suggestive of a significant mechanism of 
injury and herald the likelihood of coexisting injuries to other 
body regions, particularly the head, abdomen, and spine. In a 
review of children with multiple injuries 25% were associated 
with thoracic injury.1 The spectrum of childhood traumatic 
chest injuries is wide ranging from simple contusion, multiple 
rib fractures to rare exsanguinating vascular injuries. In general 
blunt thoracic injuries are far more common than penetrating 
injuries in the pediatric population. Although isolated thoracic 
injuries are rarely associated with mortality the presence of a 
thoracic injury in a pediatric patient is generally associated 
with significant morbidity and mortality. Those deaths occur-
ring in patients who have suffered thoracic trauma are most 
often a result of their associated injuries.2 

Despite the severity of the trauma involved most thoracic 
injuries in children can be managed conservatively without 
surgical intervention. This often involves significant respi-
ratory support including analgesia, assisted ventilation and 
aggressive physiotherapy. Paediatric deaths may occur pre-
hospital and are predominantly secondary to hemorrhagic shock 
or cardiopulmonary arrest related to a tension pneumothorax. 
This mortality and morbidity rate can be improved if the 
patient is transferred to a pediatric center and managed within 
“the golden hour.”

Historical Perspective

Throughout history thoracic injuries and their management 
have been recorded. Records indicate that the understanding 
of chest injury physiology by physicians was an important 
factor making the difference in the management and outcome 
of this frequently fatal condition. Evidence has been discov-
ered suggesting that Egyptians were managing thoracic inju-
ries with some success more than 5,000 years ago. American 

Egyptologist Edwin Smith unearthed documentation writ-
ten prior to 3000 BC recognizing that rib fractures could be 
managed without surgical intervention.3 The use of protective 
armor for the head and chest in wars of ancient times is fur-
ther evidence that for many centuries it has been recognized 
that injuries to these regions can be fatal. The management of 
these battle injuries and the resulting infections were impor-
tant factors leading to the establishment of thoracic surgery as 
a specialty in its own right.

The study of wartime history reflects the progression in the 
management of thoracic injuries. In Crimean war, 6–8% of all 
wounds were blunt or penetrating thoracic injuries and resulted 
in a 79% mortality rate. Five years later during the American 
civil war, the incidence of chest wounds was 8% with 63% 
mortality. In World War I chest wounds accounted for 2–5% 
of all injuries with a mortality rate of 25%. This mortality rate 
was more than halved in the Second World War. Throughout 
this conflict the incidence of thoracic injuries was still at 8%; 
however, the mortality dropped to only 12%.4 The improve-
ment in survival can be attributed to the implementation of 
rapid evacuations to appropriate field hospitals, a concept 
originally recommended by Napoleon’s surgeon, Larry. The 
improvements in these survival rates were secondary to better 
early management of chest wounds, a greater understanding 
of chest physiology, and the availability of thoracic surgeons 
in military field hospitals. Although children were rarely the 
victims of these wars, the lessons learned from these injuries 
are applicable to civilian road traffic and penetrating injuries 
sustained by the innocent children of the modern society.

Physiology

Within the thoracic cavity there are a number of functional 
compartments (air spaces, intrapleural spaces, vasculature, 
and the mediastinum), each of which requires a specific pres-
sure range in order to function normally. These pressures 
dictate the pre- and after-load of the heart, the expansion and 
recoil of the lungs, and therefore the ventilation/perfusion 
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relationship. These components are closely related, and there-
fore a change in the pressure in any one of these regions will 
affect the others and may potentially result in major physio-
logical compromise. The rationale of management for patients 
who have sustained a chest injury should be based on an 
understanding of this anatomical and physiological interplay.

The main objective in the management of pediatric thoracic 
trauma is to optimize the delivery of oxygen to vital organs.

The subatmospheric intrapleural pressure combined with 
the contraction of inspiratory muscles, predominantly the dia-
phragm, allows effective inspiration, alveolar ventilation and 
subsequent oxygenation of the blood. In chest injuries there 
can be a disturbance of the mechanics of ventilation along 
with perfusion/ventilation mismatch and/or cardiovascular 
injury. These factors can then lead to respiratory compromise 
and subsequent hypoxemia.

The mechanics of respiration can be affected in a number 
of ways secondary to chest trauma. Most often this mechani-
cal failure is due to musculoskeletal injuries of the chest wall 
including loss of chest wall integrity such as that seen in an 
open pneumothorax (described in the following chapter). Less 
commonly the mechanics of ventilation can be disturbed by 
disruption of the tracheobronchial tree by either direct injury 
or blood accumulation within the airway, thus interfering with 
the flow of air, and therefore oxygen into the alveoli. Further-
more, chest wall injuries can result in altered effective alveolar 
ventilation by restricting the lungs’ capacity to expand. This 
restriction may be as a result of a build up of blood or air in the 
pleural space acting as a space occupying lesion or simply due 
to splinting secondary to the pain elicited with inspiration.

Hypoxemia in chest trauma may also be from a ventilation–
perfusion mismatch. This type of disturbance can result from 
lung collapse as a sequelae to extrinsic pressure from blood or 
air within the pleural cavity, herniation of the abdominal con-
tents due to a diaphragmatic rupture, or from intraparenchy-
mal injury as a result of an extensive contusion, a hemorrhage, 
or the inhalation of gastric contents.

Altered functioning of the cardiovascular system and hemo-
dynamic compromise can also affect the delivery of oxygen to 
the vital organs. In chest injuries both cardiogenic and hemor-
rhagic shock may play a role. Hemorrhagic shock means that 
the effective circulating volume passing through the lungs for 
oxygenation is reduced, and this can occur in chest trauma as 
a result of bleeding within the chest from an injury to major 
thoracic vessels or from external blood loss from other inju-
ries. The cardiogenic shock resulting from chest injuries is 
secondary to ventricular dysfunction caused by a myocardial 
contusion, a tension pneumothorax, or a pericardial tampon-
ade, any of which will cause impaired oxygenation.

Despite the seemingly large spectrum of injury types seen 
in thoracic trauma the resultant morbidity and mortality gen-
erally occur via a common pathophysiological pathway – an 
impairment of oxygen delivery to vital organs. Thus, the 
 primary principle of effective oxygen delivery should be the 

central focus in the management of any type of chest trauma 
both in the prehospital and emergency department settings.

The Pediatric Thorax

The thorax of a child differs structurally from that of an adult 
in several ways. The pediatric chest is more rounded; it has 
a relatively compliant chest wall and has less developed 
musculature than that of the adult. The compliance of the 
chest wall is the most significant of these differences when 
considering the results of thoracic trauma in children. This 
increased compliance is due to a more flexible and elastic 
bony cage. The ribs and sternum of a child can withstand sig-
nificant deformation from external forces without fracturing. 
This means that structures within the chest cavity, i.e., lungs 
and mediastinum, can sustain injuries without an overlying 
chest wall injury.

Great vessel and mediastinal injuries are far less frequently 
encountered in the pediatric population than in adults. The 
reason for this difference is multifactorial. Firstly, the medi-
astinum in a child is relatively mobile and thus is less sus-
ceptible to the rapid acceleration and deceleration forces 
commonly experienced in traumas. In adults where some 
mediastinal structures are fixed and others are mobile these 
types of forces can result in tearing of these structures at the 
transition points. A further factor contributing to the differ-
ence in incidence of great vessel injury is the absence of vas-
cular disease in children. Atherosclerosis and other vascular 
pathologies commonly seen in adults reduce the elasticity of 
the muscular vessel walls making them susceptible to tearing 
or rupture when subjected to shearing forces.

The physiological response to trauma is also different in 
children when compared with adults. Children generally 
have far greater cardiovascular and pulmonary reserves than 
adults and so are less likely to demonstrate compensatory 
responses until the very late stages of compromise. It is also 
likely that children will develop gastric distension following 
any type of trauma due to orophagia (swallowing air). This 
is a common response to trauma in children and may con-
found the clinical picture. It is especially relevant in thoracic 
trauma, as a large degree of gastric distension will reduce 
respiratory reserves.

Incidence

Thoracic trauma has been reported to comprise 0.2–7.0% of 
all pediatric trauma internationally (Table 15.1). The ratio 
of penetrating to blunt injuries varies between countries 
(Fig. 15.1). In nations such as Australia and the UK where 
firearms are difficult to access the rate of blunt injuries is 
significantly higher than that of penetrating injuries. In those 
countries where firearms are more accessible this difference 
in reduced.
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Mechanisms

The causative mechanisms of injury differ between the blunt 
and penetrating injury groups. More than half of the blunt tho-
racic injuries that occur in children are secondary to incidents 
involving motor vehicles, with the patient having been either a 
passenger or a pedestrian. The remainder of the blunt injuries 

seen is generally due to falls, “other transport” accidents, or, 
rarely, as a result of nonaccidental injuries (Table 15.2).

Penetrating injuries, however, most commonly result from 
either stabbing or gunshot wounds (Table 15.3). As mentioned 
earlier the rates of these vary between countries depending on 
the accessibility of firearms.

Injury Types

The most frequently encountered thoracic injuries in the pedi-
atric population are pulmonary contusions. These injuries 
comprise more than 50% of all pediatric thoracic injuries. 
Other commonly encountered injuries are fractures of the ribs 
or sternum, and pneumo- and/or hemothoraces (Table 15.4). 
The patterns of injury will vary depending on the rate of 
penetrating versus blunt injuries. In areas where penetrating 
injuries occur more frequently there is a smaller proportion of 
contusions compared with hemo- or pneumothoraces.

Table 15.1. Thoracic trauma – incidence

Country Thoracic trauma1 Blunt Penetrating

Turkey4 – 60% 40
Ireland (Belfast)5 – 91.5% 9.5%
South Africa6 0.2% 85.2% 14.8%
USA (Chicago)7 – 41% 59%
USA8 6% 83% 17%
USA9 7% 79% 21%
USA10 – 50% 50%
Australia (Sydney)11 3.5% – –
Australia (Melbourne) 1.7% 94.2% 5.8%
1% All pediatric trauma

Table 15.2. Thoracic trauma – mechanisms of injury

Country Passenger Pedestrian
Other 

transport Fall Sport
Nonaccidental 

injury Other

Ireland (Bel-
fast)12

2.3% 79% – 7% – – 11.5%

South Africa6 5.5% 86% – 8% – – –
USA (Chicago)7 64% – 18% – 18% –
USA6 41% 33% 10% 8% – – 9%
USA13 21.5% 26.5% 18.5% 10% – 5% 18.5%
USA10 25% 44% 8% 6% 8% – 8%
USA14 36% 40% – 11% – 9% 4%
Australia 
(Melbourne)

33.5% 21% 20% 5.5% 15% – 5.5%
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Table 15.3. Penetrating thoracic trauma – causes

Country Stab Gunshot Other

Turkey5 74.5% 24.5% 1%
Ireland (Belfast)12 37.5% 12.5% 50%
South Africa6 52.5% 47.5% –
USA (Chicago)7 40% 60% –
Turkey15 48% 43.5% 8.5%
USA8 33% 60% 7%
USA9 15.5% 69% 15.5%
USA10 60% 40% –
Australia
(Melbourne)

55% – 45%

Table 15.4. Thoracic trauma – injury types

Country Pulmonary contusion Pneumothorax 
± hemothorax

Fracture Pulmonary 
laceration

Cardiac injury Great vessel 
injury

Other

Ireland (Belfast)12 61.5% 16% 48% 7.5% – – –
South Africa6 73% 38% 62% – – – 5%
USA (Chicago)7 11.5% 61.5% 29% – 4.5% 1.5% 3%
Turkey15 6.5% 94.5% 5% – – – 5%
USA8 42.5% 41% 32.5% 2.5% 5.5% 2.5% 7%
USA13 53% 50% 49.5% 2% 3% 1% 2%
USA14 56.5% 24% 33.5% 6.5% 8% –
Australia (Melbourne) 56.5% 24% 33.5% – – – –

Associated Injuries

Thoracic trauma is commonly associated with injuries to other 
body regions. Most frequently involved are the head and abdo-
men, followed by injuries to the extremities, spine, and other 
regions (Table 15.5). These concomitant injuries are often the 
source of the significant degree of morbidity and mortality 
seen in thoracic trauma.

In the majority of cases children who sustain thoracic 
trauma also suffer injuries to other body regions. Some studies 
have found associated injuries in up to 97% of patients who 
have suffered chest trauma. As mentioned earlier it is often 
these concurrent injuries that result in long-term morbidity or 
death. In our experience the rate of associated injuries in tho-
racic trauma is 82%. Therefore, in cases of thoracic trauma 
it is imperative that a thorough examination is performed to 
identify any concurrent injuries.

Mortality

Mortality rates in children who have suffered thoracic trauma 
have been quoted to be as high as 26%.14 Studies comparing 
patients who have suffered isolated thoracic trauma to those 
who have associated injuries demonstrate that the mortality 
rates differ significantly between these two groups. Those 
children who do not sustain associated injuries have a mor-
tality rate of approximately 5%14,16 while in those cases in 
which other body regions are involved this rate increases up 
to 25%.16

Initial Management

Prehospital

Trauma management varies significantly internationally even 
between countries that seem socioeconomically similar. The 
prehospital care of the multiply injured child should primarily 
involve basic life support in order to safely transfer the trauma 
victim to the nearest pediatric trauma center. This commences 
with the ABC of initial resuscitation prior to transfer. This 
means ensuring a patent airway, delivery of oxygen via a 
mask, and control of any external hemorrhage as well as sta-
bilization of the cervical spine and any long bone fractures. 
The initiation of this management combined with rapid trans-
fer to a major pediatric center, i.e., a “scoop and run” system, 
greatly improves overall outcomes in these children.

Emergency Department

The use of trauma protocols based on Advance Trauma Life 
Support systems in the emergency department allows sys-
tematic review of the injured child and appropriate prioritiza-
tion of their management. Treatment should be based on 
an understanding of the pathophysiology of the thorax, with 
an emphasis on maintaining oxygen delivery to the tissues. 
Appropriate procedures should be carried out in a controlled 
way rather than a knee jerk reaction with many professionals 
influencing the management and creating confusion.

The trauma management is prioritized according to ABC. 
Securing and clearing the airway, allowing bilateral air entry 
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Table 15.5. Thoracic trauma – associated injuries

Country Head Abdomen Upper limb Lower limb Pelvis Spine Other

Turkey5 1.3% 1.3% 9.3% – 1.3% 2.5%
Ireland (Belfast)12 27.5% 17% 31% – 3% 1%
South Africa6 80% 57% 24% 32% 14% 4% 6%
USA (Chicago)7 6% 14.5% 4% 4% 3% – –
USA13 35% 22% 36% – –
USA14 57.5% 37.5% 40% – –
Australia (Melbourne) 45% 40% 27.5% 27% – 13% –

Thoracic Trauma

Reduced Air entry on
auscultation

Dull Hyper-resonant

Check Position of trachea + Cap refill Check Position of trachea + Cap refill

Trachea not deviated
Trachea Deviated

With Shock

Percussion of chest

Trachea Deviated
With Shock

Trachea not
deviated 

Lung contusion Haemothorax

Repeat Exam
Small Pneumothorax
Wait for Chest X-ray

Tension Pneumothorax

Fig. 15.2. Guidance for the 
management of pediatric patients 
with thoracic trauma

with or without the use of endotracheal intubation, establishing 
adequate circulation with at least two wide-bore cannulae, 
and controlling any external hemorrhages. The cervical spine 
should be securely immobilized throughout the entire ABC 
process. During the course of the ongoing management of 
these patients the team leader should regularly reassess the 
patients’ airway, breathing, and circulation.

The following simple flow chart (Fig. 15.2) may be used to 
assist in guiding the management of pediatric patients with tho-
racic trauma. In keeping with the principles discussed previously 
adequate delivery of oxygen to vital organs is the main objective 
of this protocol. It can be used to assist in decision making in 
difficult and often chaotic situations and may reduce the inci-
dence of iatrogenic misadventures. Definitive management is 
discussed in detail under specific injury descriptions of the air-
ways and thoracic organs and structures in subsequent chapters.

Conclusion

Important questions the team leader should ask before taking 
invasive action in a child with thoracic trauma are as follows:

� Is the endotracheal tube position correct?
� Can you wait for a chest X-ray?
� Is a chest drain absolutely necessary?
� Is the venous access adequate?
� Is there crossmatched blood or O-negative blood available?

� Has the on-call consultant surgeon been informed?

Remember: Oxygen delivery to vital organs is the main prin-
ciple in the emergency management of chest trauma.17
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Introduction

Thoracic trauma is uncommon in children, comprising only 
0.2–7% of all injuries encountered in the pediatric popula-
tion.1–7 The vast majority of these injuries are secondary to 
blunt force.1,4,8–11 Despite the relatively low incidence of tho-
racic injuries in children they tend to be associated with a high 
morbidity and mortality.1,2,4–6,9–13 Most of these injuries are 
motor vehicle related ranging from 48.1 to 91.7%.1,4,9–13 The 
child is most often a pedestrian rather than an occupant of the 
vehicle.1,4,9,11–13

The experience of the Royal Children’s Hospital in Mel-
bourne is similar to that of other international series. In the 5 
years between 2000 and 2005 this hospital has admitted 138 
children with thoracic injuries comprising 1.7% of all trauma 
admissions in that time period. These were predominantly due 
to blunt force trauma (92.8%). Most of the injuries were motor 
vehicle related (54%). Within the motor vehicle group 61% 
were occupants of the motor vehicle while 39% were pedes-
trians hit by a car. This ratio is weighted more toward pas-
sengers rather than pedestrians compared to the international 
literature. Other relatively frequently occurring mechanisms 
were motorbike related (11%), collision (7.7%), and animal 
related (7%) (Table 16.1).

Thoracic injuries caused by a blunt mechanism may pres-
ent diagnostic difficulties when there are no external signs of 
trauma. This is in contrast to penetrating chest injuries, dis-
cussed in the following chapter. In both situations the patient 
may demonstrate few clinical signs. However, in cases where 
there has been a penetrating injury there will always be a 
wound to alert the clinician to the possibility of an intratho-
racic injury.

There are a number of important anatomical and physiologi-
cal differences between the pediatric and adult thorax. These 
differences significantly influence the injury patterns seen in 
children who have sustained chest trauma. The chest wall of a 
child is very compliant. As a consequence, the bony skeleton 

is massively deformable to the degree that the anterior ribs can 
be depressed until they make contact with the posterior ribs 
without fracturing. This means that the intrathoracic structures 
may be significantly compressed without any overlying injury 
evident. It also suggests that the mechanisms required to cause 
fractures of these bones must involve substantial force.

Children with suspected thoracic trauma initially require 
assessment of their airway and breathing. Rarely a thoracic 
injury will involve trauma to the upper airway resulting in 
obstruction. In such cases a patent airway must be secured 
urgently prior to further clinical assessment. The majority 
of thoracic injuries encountered will impact primarily on the 
patient’s respiration and ventilation.

Radiological investigations will always involve a chest 
X-ray (CXR), which should be completed in the basic trauma 
series. If the patient is hemodynamically stable and further 
information regarding the extent of any injury is required a 
computed tomography (CT) scan of the chest should be under-
taken. In one prospective study a CT scan in the initial diag-
nostic work up of blunt thoracic trauma accurately diagnosed 
thoracic injuries, influenced the therapeutic management, and 
was found to be more sensitive than CXR.14 Another study, 
however, concluded that although CT was a highly sensitive 
diagnostic modality and influenced the thoracic injury man-
agement, a CXR still provided valuable information and CT 
should be reserved for selected cases.15 Given the high dose of 
radiation associated with pediatric CT scans and the evidence 
suggesting a fatal malignancy rate of 1 per 1,000 scans16 this 
investigation should be used judiciously.

Management of any pediatric patient who has suffered 
thoracic trauma involves the application of supplemental 
oxygen, close monitoring, good analgesia, and regular chest 
physiotherapy. Insertion of a nasogastric tube is also impor-
tant in order to reduce the massive gastric dilatation com-
monly encountered in these patients (Fig. 16.1). The majority 
of children with blunt thoracic trauma can be managed 
nonoperatively.
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Chest Wall Injury

Rib and Sternal Fractures

Rib and sternal fractures are uncommon in pediatric thoracic 
trauma. This is because the elasticity and flexibility of the 
thoracic cage often protects young children from sustaining 
injuries of the chest wall including flail segments. However, 
fractures can occur when the injurious forces are great. Because 
of the severity of the impact required to fracture these bones, 
these types of injuries are invariably associated with pulmo-
nary contusions and may cause a pneumo- or hemothorax, or a 

pulmonary laceration. In one series, 3.2% of children admitted 
with thoracic injury had rib fractures.17 It was noted that if they 
had more than one rib fracture they were more likely to have 
sustained multisystem trauma.17 Children with concurrent rib 
fractures and head injuries have a higher rate of mortality than 
those with thoracic injury alone. The same study found that 
while road traffic accidents were the most common cause of 
chest wall injuries in older children the same injuries in children 
younger than 3 years old were more commonly due to nonacci-
dental injuries (NAI).17 Sternal fractures are rare in children but 
may be seen secondary to a direct blow such as those encoun-
tered in motor vehicle accidents or sporting injuries. Fractures 
at the angle of the ribs in an infant are highly suggestive of an 
NAI involving violent compression of the chest.

Flail chest: A flail chest is a very rare event in children but, 
as with adults, when it does occur it will result in significant 
ventilatory compromise (Fig. 16.2). In these cases the flail 
segment can be seen to retract with inspiration and expand 
with expiration, a phenomenon known as “paradoxical move-
ment.” As with other ribs fractures in children a flail chest is 
always associated with a significant lung contusion and may 
also indicate an underlying chest wall hemorrhage, lung lacer-
ation, or rupture of the alveoli causing a pneumothorax. A flail 
chest in children reduces venous return due to their relatively 
mobile mediastinum, which shifts secondary to altered pleural 
pressures. Diagnosis is often clinically obvious.

Diagnosis

Clinical Examination

� Inspection: Chest wall bruising and/or abrasions, respira-
tory distress, and in the case of a flail chest, abnormal, 
“paradoxical,” chest wall movement

Table 16.1.

Mechanism Percentage

MCA 33.6
Pedestrian 21
M’Bike 10.9
Animal 7.8
Collide 7.8
Fall 5.5
Bicycle 5.5
Other 4.7
Other transport 3.9

Fig. 16.1. Gastric dilatation

Fig. 16.2. Flail chest
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� Palpation: Very tender chest wall, decreased expansion, 
possible subcutaneous emphysema, percussion note may be 
hyperresonant or dull depending on presence of a pneumo- or 
hemothorax, respectively

� Auscultation: Normal or decreased air entry

Investigations

CXR is the investigation of choice although it must be recog-
nized that many bony injuries and early pulmonary contusions 
may not be evident on the initial film. This film should be 
closely examined for evidence of a pneumo- or hemothorax, 
or a widened mediastinum. If the clinical suspicion of a chest 
wall injury is high a repeat CXR is warranted 24–48 h follow-
ing presentation to allow for the evolution of any parenchymal 
injuries. A CT scan in selected cases is useful for the diagno-
sis, and can accurately define the extent and severity of the 
parenchymal injury.

Serial arterial or venous blood gases may be used to assess 
the degree of parenchymal injury and the effect on alveolar 
ventilation. A twelve lead ECG may provide useful informa-
tion regarding the presence of underlying cardiac injuries 
in those patients who have suffered an anterior chest wall 
injury.

Management

Initial management of these patients involves ensuring the 
presence of a patent airway, fluid resuscitation, supplemental 
oxygen, and mechanical ventilation if required.

Good analgesia is imperative as the respiratory status will 
be further compromised by voluntary and involuntary splint-
ing of the chest wall secondary to pain. In presence of inad-
equate gas exchange, such as that seen with a flail segment, 
endotracheal intubation and mechanical ventilation may be 
required to improve oxygenation. In some cases a thoracic 
epidural may be useful to provide appropriate analgesia and 
achieve effective ventilation.

In patients able to cooperate chest physiotherapy should 
play a major role in their recovery and prevent atelectasis. It 
is important to monitor these patients closely using pulse oxi-
metry and ECG. An underlying pulmonary contusion may not 
become clinically significant until 24–72 h following the injury 
and so the aforementioned management should continue for at 
least this long with a repeat CXR on day 1 or 2. Management 
of an associated pneumothorax is discussed later.

Complications

Rib and sterna fractures are always associated with some 
degree of underlying lung injury. In most cases this will be 
a pulmonary contusion but it may also involve a pneumo- or 
hemothorax. In some situations these complications may be 
life-threatening such as a tension pneumothorax or massive 
hemothorax (see later). Sternal fractures are likely to result 
in an underlying cardiac contusion, which may precipitate 

arrhythmias. Mediastinal or intrathoracic structures may be 
damaged by the sharp edges of the overlying fractured bones.

Pulmonary Contusion

Lung contusion in many series is the most frequently encoun-
tered thoracic injury in children.12,13,18 These types of injuries 
involve interstitial hemorrhage with edema and collapse of the 
affected alveoli. In adults a pulmonary contusion is unlikely 
to occur without overlying bony injury; however, in children, 
due to the flexibility of the ribs, it is common for pulmonary 
contusions to occur without evidence of a chest wall injury.

Children who sustain lung contusions may, at initial pre-
sentation, appear clinically well. Suspicion should be high 
for those children in whom there has been a major mecha-
nism of injury, where the patient complains of chest pain or 
chest wall tenderness, or where there is obvious bruising or 
abrasions on the chest wall. If any one of these criteria are 
met the patient should be admitted and observed. Typically 
pulmonary contusions will evolve over the first 24–72 h fol-
lowing the trauma during which time the patient’s clinical 
status deteriorates and the diagnosis of contusion becomes 
apparent radiologically. The pathological response to this 
type of injury is the development of edema and the collec-
tion of blood in the alveolar spaces leading to loss of normal 
lung structure and function. Although pulmonary contusions 
are generally localized they may lead to atelectasis and con-
solidation of the adjacent, uninjured air spaces. The clinical 
sequelae of this is ventilation/perfusion mismatch and thus 
localized shunting resulting in reduced oxygenation and, 
potentially, respiratory distress. A blood gas analysis will 
invariably demonstrate hypoxemia and carbon dioxide reten-
tion due to poor gas exchange.

Diagnosis

Clinical Examination

� Inspection: Bruising and/or abrasions on the chest wall 
(anteriorly or posteriorly), increased work of breathing, 
respiratory distress, decreased oxygen saturation levels

� Palpation: Tender chest wall, decreased chest expansion
� Auscultation: Reduced breath sounds over affected lung 

field (may be bilateral)

It should be kept in mind that, as stated earlier, the initial 
examination of these patients can be unremarkable.

Investigations

CXR is the most appropriate initial investigation in these 
patients. In the early phase of this type of injury the CXR may 
appear normal or may demonstrate patchy, diffuse opacities 
that may be accompanied by a pleural effusion (Fig. 16.3). 
A number of studies report that using serial arterial blood 
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gases to demonstrate the degree of hypoxemia correlates well 
with the severity of respiratory distress and they suggest the use 
of these rather than chest X-rays in the diagnosis of pulmonary 
contusions.19,20

Because of the progressive nature of this pathology it is not 
uncommon that a definitive diagnosis is not reached until a 
repeat CXR is performed 48–72 h after the initial presentation. 
A CT scan is more sensitive in presence of occult pulmonary 
contusion and is helpful in diagnosis early when the chest 
X-ray is generally normal.21 Pulmonary contusions are often 
seen during CT investigations of abdominal injuries in patients 
who have had a normal chest X-ray.22 Subpleural sparing on 
CT scans was identified to be a feature of lung contusion in 
children differentiating this pathology from other causes of 
lung opacification after trauma such as atelectasis and pneu-
monia.23

Management

Patients with pulmonary contusions will require supplemental 
oxygen, supportive care, and close monitoring. It is vital that 
the patient receives adequate analgesia, regular suctioning, and 
chest physiotherapy. Progress of the clinical status should be fol-
lowed by the oxygen saturation levels and repeat chest X-rays. 
As stated earlier there is significant potential for the patient’s 
condition to deteriorate. In a proportion of cases with significant 
injury, ventilatory support with positive end-expiratory pressure 
may be required. As the ventilatory pressure is increased to main-
tain adequate oxygenation it is important to avoid barotrauma 
damage to both contused and normal lung and the development 
of emphysematous changes in the lung parenchyma. Other 
ventilatory strategies such as high-frequency oscillatory venti-
lation or jet ventilation, which helps to maintain adequate gas 

exchange with lower airway pressures, should be considered 
early to reduce the risk of barotrauma and to optimize oxygen 
delivery to the alveoli.24,25

A severe unilateral lung contusion may require a period 
of single-lung ventilation in order to optimize oxygenation 
and decrease ventilatory pressures.26,27 This may be achieved 
through the use of a double-lumen endotracheal tube or 
bronchial blockers to isolate the normal lung. In rare cases 
extracorporeal membrane oxygenation may be useful in 
the management of ARDS following extensive lung contu-
sions.28,29 In general those children who recover from a pulmo-
nary contusion suffer no ongoing respiratory problems.30,31

Complications

Pulmonary contusions may be complicated by an accompany-
ing pneumothorax or hemothorax, which will require man-
agement as per the following sections. In a small number of 
cases a traumatic pneumatocele may develop. It is possible 
for infection to develop in the edematous, fluid-filled alve-
oli or those collapsed air spaces surrounding the injury. The 
development of pneumonia in a severely contused segment 
is the most frequently reported complication.32 This bacte-
rial complication has been significantly reduced over the past 
few decades due to early recognition and effective antibiotic 
treatment. Although such superimposed infections may have 
significant clinical impact in the early period following injury 
they will almost always resolve completely over the ensuing 
3–4 months with no long-term sequelae. The inflammatory 
response to the blood components in the lung results in Acute 
Respiratory Distress Syndrome (ARDS).

Pulmonary Laceration

Pulmonary laceration is usually encountered in penetrating 
injuries but may occur in blunt trauma as a result of damage 
from the sharp ends of fractured ribs or secondary to shearing 
forces such as those experienced in rapid deceleration inju-
ries.33,34 Regardless of the causative mechanism the pathol-
ogy is the same. Pulmonary lacerations are almost invariably 
associated with pulmonary contusions and will often have a 
concurrent hemothorax on the ipsilateral side.

Various types of lung lacerations have been described 
related to mechanism of injury.35 A type 1 laceration is the 
most common type and is defined as a mid-lung pulmonary 
laceration resulting from sudden compression of the thorax 
causing rupture of the lung. In this type of injury the paren-
chymal tear may extend through the visceral pleura causing 
pneumothorax. A type 2 injury results from compression of 
the lower lobe of the lung anterior to the vertebral bodies caus-
ing a laceration. Direct rupture of the lung by the displaced 
ends of fractured ribs causes the parenchymal injury seen in a 
type 3 laceration. In this category of lacerations a concomitant 
pneumothorax is common.

Fig. 16.3. Pulmonary contusions



16. Blunt Thoracic Trauma 203

Diagnosis

Clinical Examination

� Inspection: Bruising and/or abrasions on the chest wall 
(anteriorly or posteriorly), respiratory distress, increased 
work of breathing, decreased oxygen saturation levels

� Palpation: Decreased chest expansion, possible dull note on 
percussion

� Auscultation: Reduced breath sounds over affected lung 
field (may be bilateral)

As with contusions these injuries may not be clinically appar-
ent on initial presentation.

Investigations

Again a CXR and serial blood gas monitoring are the initial 
investigations of choice for these patients. The chest X-ray 
may appear to be normal soon after the injury or it may dem-
onstrate some patchy opacity. There may also be evidence of 
hemothorax or hemo-pneumothorax, which, if the film is taken 
in supine position, will appear as generalized increased opac-
ity over the entire lung field. If further information regarding 
the injury is required it is reasonable to obtain a chest CT scan 
once the patient is stable.

Management

These patients require close monitoring in an HDU/ICU 
setting with oxygen supplementation and, if clinically 
necessary, ventilatory support. Good analgesia and chest 
physiotherapy are very important in these patients to avoid 
further loss of functional lung volume due to atelectasis. 
Most pulmonary lacerations in children fortunately follow 
the same benign course as lung contusion and resolve spon-
taneously. Rarely there will be ongoing bleeding requiring 
surgical intervention.

Generally, intercostal drainage is required for either hemo-
thorax or hemo-pneumothorax in the presence of pulmonary 
lacerations. Conservative treatment of a traumatic pneumatocele 
is the rule, but surgery may be indicated in complicated cases 
such as the presence of infection, bleeding or rupture into the 
pleural space.36 On average traumatic pneumatocele is known to 
resolve in approximately 3 months time. More extensive proce-
dures with open thoracotomy may be required to contain ongo-
ing bleeding, air-leak, clotted hemothorax, or air embolism.

Complications

These injuries are commonly associated with a contusion 
and/or hemothorax. The management of these complica-
tions is the same as those discussed in the relevant sections 
elsewhere in this chapter. Traumatic pneumatoceles are a 
recognized complication of lung lacerations. These can be 
diagnosed by the presence of a cavitating lesion on chest 
X-ray. CT imaging can be used to more accurately assess 

these injuries particularly within the first few days follow-
ing the trauma.37 A traumatic pneumatocele changes in size, 
shape, and nature in the period immediately following the 
initial injury, thereby distinguishing it from other types of 
cystic or cavitating lung lesions.38 The history of trauma 
coupled with the radiological finding of a cavitating lesion is 
suggestive of pulmonary laceration; however, if the cavitat-
ing lesion does not decrease over time, other etiologies must 
be considered.36 A potentially fatal complication of pulmo-
nary lacerations is an air embolism, which has been reported 
to occur in association with positive pressure ventilation in 
these patients.33

Pulmonary Hematoma

This injury describes a collection of blood within the pulmo-
nary parenchyma and differs from the previous two injury 
types in that when it occurs it presents immediately follow-
ing blunt chest trauma and continues to evolve over the first 
24–72 h. It will usually have little apparent impact on respira-
tory function. The natural history of this injury is that it will 
resolve spontaneously over several weeks.

Diagnosis

Clinical Examination

� Inspection: Possible bruising to chest wall, otherwise usu-
ally unremarkable

� Palpation: Usually normal
� Auscultation: Possible mildly reduced breath sounds over 

affected lung field but often normal

Investigations

Initial chest X-ray will reveal an indistinct, patchy area of 
opacity. This will evolve over a period of 2–3 days to become 
nodular and develop distinct margins. There may also be an 
air/fluid level present. If the X-ray is not performed until sev-
eral days postinjury it may have an appearance similar to that 
of an abscess, which can confuse the diagnostic process.

Complications

Pulmonary hematomas may become infected and progress 
into abscess cavities requiring long-term antibiotic therapy. 
This injury may be complicated by the presence of concomitant 
injuries from the original trauma.

Simple Pneumothorax

Pneumothorax occurs when the pleura is breached and 
inspired air leaks into the intrapleural space. The air accumu-
lates in this space due to negative pressure during inspiration. 



204 J. Crameri and K. Ferguson

This results in the tendency of the lung to collapse and venti-
lation to be compromised. A pneumothorax can be of varying 
clinical severity. It can range from a small pneumothorax of 
little clinical significance, which would be likely to resolve 
spontaneously, to those cases where the pleural defect is 
large with collapse of the entire ipsilateral lung creating sig-
nificant respiratory compromise and requiring urgent chest 
tube insertion. A pneumothorax is one of the most common 
consequences of any thoracic injury either blunt or penetrat-
ing. Research has suggested that an isolated pneumothorax is 
identified in approximately 12.5% of chest trauma patients 
admitted to hospital.9,12

Diagnosis

Clinical Examination

� Inspection: May be asymptomatic in cases of a small pneu-
mothorax, or may show tachypnea, respiratory distress, and 
increased work of breathing.

� Palpation: There may be chest wall tenderness and subcu-
taneous emphysema, decreased chest wall expansion, and 
an hyperresonant note on percussion over the affected lung 
field.

� Auscultation: Decreased air entry on the affected side.

Investigations

A chest X-ray is the most appropriate investigation and will 
reveal free air around the periphery of the lung field and 
decreased lung volume (Fig. 16.4). The ratio of lung vol-
ume to that of the surrounding air will decrease as the pneu-
mothorax increases. The CXR may demonstrate associated 
rib or sternal fractures or a hemothorax. A common pitfall 
is to estimate the size of the pneumothorax on a plain chest 
X-ray, which may give a false impression of relative lung 
collapse.39

A CT chest may provide further information regarding the 
extent of the injury but should only be performed once initial 
management has been completed and the patient is stable.

Management

Initial management of these patients involves ensuring an 
adequate airway and providing supplemental oxygen. Pain 
relief is also important not only for the comfort of the patient 
but also to reduce the impact of the injury on ventilation due 
to splinting. In cases where the pneumothorax is large or the 
patient has respiratory compromise requiring ventilatory sup-
port an intercostal drainage catheter is a mandatory require-
ment. Some centers recommend drainage of all traumatic 
pneumothoraces irrespective of symptoms.40 This line of man-
agement in simple pneumothorax is considered invasive by 
many and is not universally accepted management.

In cases of large pneumothoraces where ventilation is sig-
nificantly compromised a period of ventilatory support may 
be required. In these cases the patient should be monitored in 
an ICU or HDU in a pediatric center. Once the ICC has been 
placed supportive management with close observation is the 
mainstay of treatment for these patients. As with chest wall 
injuries chest physiotherapy, where possible, plays an impor-
tant part in the recovery of these children. In any patient with 
a pneumothorax who requires air transport it is imperative that 
an ICC with a Heimlich valve be inserted prior to transfer as 
pressure changes during flight will cause progression in the 
severity of the injury and may potentially produce a tension 
pneumothorax (see later).

Complications

As mentioned previously a pneumothorax may be complicated 
by a concurrent hemothorax or by progression to a massive or 
tension pneumothorax.

Tension Pneumothorax

Tension pneumothorax is an immediate life-threatening condi-
tion that needs to be rapidly recognized and treated. It occurs 
when the accumulation of air in the pleural space is massive 
and rapidly increasing. The air is trapped in the intrapleu-
ral space and causes a pressure build up in the affected side, 
resulting in collapse of the ipsilateral lung and a mediastinal 
shift into the contralateral hemithorax. The end result is that 
the contralateral lung becomes compressed reducing the func-
tional alveolar space on that side while increased pressure on 
the mediastinal structures causes reduced venous return and 
thus decreased cardiac output. These patients are hemody-
namically unstable and cardiopulmonary arrest is imminent; 
therefore, the diagnosis should be made during initial assess-
ment of a trauma victim.Fig. 16.4. Simple pneumothorax
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Diagnosis

Because of the immediate threat to life posed by this type 
of injury rapid diagnosis is essential and should be made on 
clinical grounds alone. A tension pneumothorax should be 
suspected in children if their oxygenation deteriorates rapidly 
and/or they become hemodynamically unstable while receiving 
assisted ventilation.

Clinical Examination

� Inspection: Severe respiratory distress with tachypnea and 
decreased oxygen saturation, which may be associated with 
cyanosis, and a reduced conscious state

� Palpation: Tachycardia, hyperresonant percussion note on 
the ipsilateral side and tracheal shift to the contralateral 
side, decreased chest expansion

� Auscultation: Absent breath sounds on the ipsilateral side 
with reduced air entry contralaterally

Investigations

As stated earlier this condition should always be recognized 
on clinical examination and should be treated before any fur-
ther investigations are carried out. However, in those cases 
where a chest X-ray is performed prior to intervention, it will 
demonstrate lack of lung markings on the ipsilateral side with 
the collapsed lung evident; the mediastinum will be pushed 
toward the contralateral side, and there will be generalized 
increased density in the contralateral lung field due to the 
compression of the lung on that side (Fig. 16.5).

Management

As soon as a tension pneumothorax is clinically apparent 
needle thoracocentesis should be performed. This involves 
the insertion of a needle or cannula into the second intercos-
tal space in the mid-clavicular line on the affected side, thus 
reducing the tension and relieving the pressure in the thoracic 
cavity. If the diagnosis is correct there should be a rush of 
air through the inserted needle. This procedure should always 
be closely followed by the insertion of an intercostal catheter. 
This is one of the rare occasions where ICC insertion in a 
child does not require a general anesthetic and operating the-
atre. A chest X-ray may be performed prior to insertion of an 
ICC if the patient is stable; however, it is generally reasonable 
to wait until after insertion when position of the chest tube can 
be confirmed. As with other thoracic injuries these patients 
should all receive supplemental oxygen, close observation in 
a pediatric center, and ventilatory support if necessary. They 
will all require analgesia and, as for the conditions described 
earlier, chest physiotherapy has a significant role to play in the 
ongoing inpatient management of these children.

Complications

This condition may be complicated by cardiac arrhythmias, 
cardiac or respiratory arrest, or death. Following the immedi-
ate period it may be complicated by ongoing ventilatory com-
promise due to atelectasis or other injuries arising from the 
original trauma rather than the tension pneumothorax itself. 
This may include hemothorax, cardiac contusion, or a pericar-
dial effusion or tamponade.

Hemothorax

Significant hemothorax is a very rare injury in children in 
which large amount of blood accumulates in the pleural space. 
When present a hemothorax suggests a significant mechanism 
of injury and has the potential to be immediately life threaten-
ing. The source of the blood is variable and may range from 
being a slow venous ooze as a result of a pulmonary or cardiac 
contusion to a rapid, massive accumulation secondary to great 
vessel or cardiac injury. Other potential causes are bleeding 
from bone ends in rib fractures, rupture of hilar or intercostal 
vessels, lung lacerations, or other chest wall injuries. It should 
be noted that it is possible for a child to lose 40% of their 
circulating blood volume into each hemothorax and thus the 
chest cavity can be a location of “unrecognized” blood loss. A 
large volume, rapidly accumulating hemothorax is life-threat-
ening and must therefore be identified and treated urgently.

Clinical Examination

� Inspection: Tachypnea, respiratory distress, decreased oxy-
gen saturation, possible altered level of consciousness.

� Palpation: Tachycardia, slow capillary refill, decreased 
chest expansion, and a dull percussion note on the affected Fig. 16.5. Tension pneumothorax
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side. In cases of massive hemothorax there may be deviation 
of the trachea to the contralateral side.

� Auscultation: Air entry will be reduced or absent on the 
ipsilateral side.

In cases where the patient is hemodynamically unstable inser-
tion of an intercostal catheter and drainage of the hemothorax 
should be undertaken prior to any investigations. However, 
before evacuating hemothorax venous access should be 
obtained and blood cross-matched for transfusion.

Investigations

Chest X-ray is the investigation of choice in this condition. In 
the trauma situation most CXRs are taken in the supine posi-
tion; therefore, any fluid in the pleural space will be evenly 
distributed across the lung field and will give the appearance 
of generalized increased opacity over the affected lung field 
when compared with the contralateral side (Fig. 16.6). If the 
patient is stable and a diagnosis of hemothorax has been made 
a chest CT may be carried out in an attempt to define the cause 
of the bleed or, if a great vessel injury is suspected, an aorto-
gram may be performed.

Management

There are three issues to be addressed in the management of 
this condition – increased intrapleural pressure, decreased 
circulating blood volume, and ongoing blood loss into the 

thoracic cavity. Therefore, once an adequate airway has been 
ensured and supplemental oxygen is in place vascular access 
needs to be established. This should involve the insertion of 
two relatively large-bore IV cannulae the size of which is 
determined by the age and size of the patient. Once this has 
been achieved rapid and aggressive fluid resuscitation should 
commence. The reduction of the intrathoracic pressure is 
achieved by insertion of an intercostal catheter. This should 
also be of a relatively large caliber, again determined by the 
size of the patient. Close monitoring is essential throughout 
the management of these patients as it is possible that the 
insertion of a chest tube may result in hemodynamic collapse
as the blood in the chest may have been producing as a tampo-
nade reducing ongoing blood loss from the intravascular space. 
This situation may stimulate debate about the advantages of 
clamping the chest tube in an effort to reestablish the tamponade 
and prevent further blood loss. In most cases of hemothorax 
the bleeding will stop without any further intervention over a 
period of hours to days with effective lung expansion providing 
tamponade effect.

In patients in whom there is ongoing, slow blood loss with 
hemodynamic stability it may be reasonable to perform a thora-
coscopy to determine and ameliorate the source of the bleeding. 
In those cases where there is ongoing massive blood loss, i.e., 
a rate of ≥1–2 ml/kg/min and hemodynamic stability cannot be 
achieved, urgent thoracotomy may be required.41 It is generally 
accepted that this is best undertaken in an operating theatre; how-
ever, in some situations this may not be possible and an emer-
gency room thoracotomy is necessary. This will be determined 
by the experience of the surgeon involved, access to resources, 
and the proximity and availability of an operating theatre.

Complications

A major potential complication of this condition is hypovolemic 
shock, which may lead to renal failure, profound acidosis, car-
diac arrhythmias, and/or cardiac ischemia. A further possible 
complication occurs when the accumulated blood becomes 
clotted in the pleural cavity preventing it from draining via the 
chest tube. When this occurs the congealed blood remains in the 
pleural space for a prolonged period, becomes organized, and 
then slowly breaks down and is reabsorbed. This process may 
take weeks to months to complete however and, while pres-
ent, the collection of blood may impact on the patient in two 
ways. It acts as a space-occupying lesion and so has an ongoing 
effect on the patient’s respiratory function as well as acting as 
an ideal medium for infection to develop. Empyema is a well-
recognized complication of residual clotted hemothorax.

Traumatic Asphyxiation

Traumatic asphyxiation is a very rare and a potentially 
immediately life-threatening injury. It occurs when there has 
been severe and sudden compression of the chest and upper 

Fig. 16.6. Hemothorax
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abdomen, such as that seen in a run over injury.42,43 The 
clinical features of traumatic asphyxiation are due to high 
thoracic pressures resulting in decreased venous return from 
the head, neck, and upper torso and thus extravasation of 
blood and fluid into the subcutaneous tissues of these areas. 
These features include subconjunctival and upper body cuta-
neous petechial hemorrhages, cyanosis, facial edema, and 
a variable degree of pulmonary and central nervous system 
abnormalities. Such injuries are frequently associated with 
pulmonary and/or hepatic contusions and less commonly 
cardiac injuries.42

Diagnosis

Clinical Examination

� Inspection: Bulging eyes, facial edema, upper body discol-
oration and petechiae – eyes, upper chest, neck, face.

� Palpation: Pulses may be weak and unequal bilaterally; 
chest wall hematomas may be evident, and there may be 
neurological deficits – upper limbs, chest wall, head.

� Auscultation: Decreased air entry throughout chest, crepita-
tions due to pulmonary edema, bruits over major vessels.

Investigations

A CXR and CT chest should be performed to evaluate under-
lying parenchymal and vascular injuries.

An aortogram may be required to fully evaluate any vascu-
lar injury

Management

There is a high risk of airway compromise associated 
with this type of injury due to either direct trauma or edema. 
Thus, rapid establishment of a definitive airway is vital. These 
patients will all require ventilatory support and oxygen 
administration for some period of time. Insertion of a naso-
gastric tube, adequate analgesia, chest physiotherapy, and 
30° head elevation are also important aspects in the man-
agement of this type of injury. Definitive management will 
involve a pediatric thoracic surgeon and should be directed at 
the relevant underlying injuries. Despite the dramatic nature 
of the clinical picture in this type of injury those patients 
who survive to reach hospital usually make a full recovery. 
In the most severe cases, however, catastrophic hemorrhage 
and hypovolemic shock result in death before hospital care 
can be reached.42,44

Complications

The complications seen with this type of trauma are due to the 
massively increased venous pressures in the head and neck. 
They may include visual disturbance, an altered level of 
consciousness, seizures, or epistaxis.

Cardiac Injury

Pericardial Tamponade

This involves the accumulation of blood, or any fluid, in the 
pericardium and can be seen in both blunt and penetrating 
injuries. When this type of injury is due to trauma the effusion 
usually consists of blood and may originate from a cardiac 
chamber, one of the great vessels, or from the myocardium, 
any of which may be injured secondary to a blunt thoracic 
or rapid deceleration injury. The normal volume of pericar-
dial fluid is approximately 25 ml; when this volume is acutely 
increased by as little as 5–10 ml, it can result in significant 
hemodynamic compromise. The raised pericardial pressure 
causes reduced cardiac compliance, increased intracardiac 
pressures, reduced cardiac filling both from systemic and 
pulmonary circulations, and decreased cardiac output. This 
type of injury is poorly tolerated in children, and persistent 
hypotension despite maximal fluid resuscitation in a child who 
has sustained a thoracic injury should alert the clinician to the 
possibility of pericardial tamponade. It should be remembered 
that the classic symptoms of distended neck veins, a raised 
central venous pressure, and pulsus paradoxus are not often 
evident in children with tamponade.45

Diagnosis

Clinical Examination

� Inspection: Severe respiratory distress, distended neck 
veins, altered level of consciousness, shock; a wound from 
a penetrating injury may be present.

� Palpation: Hypovolemic, prolonged capillary return, cool 
peripheries.

� Auscultation: Soft/muffled heart sounds.

Investigations

Diagnosis is usually made from clinical examination alone; 
however, if facilities are readily available an echocardiogram 
or simple thoracic ultrasound may be used to confirm the 
diagnosis.

Management

This condition is imminently life threatening and requires urgent 
intervention. All patients require close monitoring including 
ECG. Fluid resuscitation is required as well as oxygen supple-
mentation. The main principle in the management of this condi-
tion is reduction of the pericardial fluid. Pericardiocentesis in 
the emergency department is a potentially lifesaving procedure 
but only provides temporary relief. It should be performed only 
if the patient is acutely hemodynamically unstable and/or surgi-
cal intervention is not immediately available.

Ideally the child should be taken to theatre and a pericardial 
window formed under a general anesthetic as soon as possible. 
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A subxiphoid incision is made and the pericardium entered and 
drained under direct vision. If necessary the incision may be 
extended to allow for repair of vessels or myocardium as required. 
If this option is not available however and the patient cannot be 
stabilized with pericardiocentesis then an emergency room tho-
racotomy may be necessary. It is widely accepted, however, that 
this is not the optimal treatment.46 If the patient can be stabilized 
but is in a center where pediatric cardiac surgery is not available 
urgent transfer is required following pericardiocentesis.

Complications

Cardiac tamponade may be complicated by injuries to other 
structures within the mediastinum. Complications following the 
management of this injury may include recurrence of the tam-
ponade, infection or mediastinitis. The severity of the tamponade 
initially may have resulted in myocardial ischemia or infarc-
tion causing impaired cardiac function. The reduced systemic 
blood pressure in the acute presentation may also have caused 
ischemic injury to other organs including the kidneys or brain.

Myocardial Contusion

This denotes a bruise of the myocardium and is generally sec-
ondary to blunt trauma to the anterior chest. The anterior wall 
of the heart is the most commonly affected region. Myocardial 
contusion is not commonly reported in children and therefore its 
true incidence remains unknown. In children the most common 
etiology for this type of injury is road traffic accidents.47,48 This 
type of injury should be suspected in any child with a significant, 
anterior chest wall injury or a sternal fracture. Occasionally these 
injuries can result in infarction of the cardiac muscle either due 
to the direct trauma or secondary to injury of the coronary arter-
ies. This type of injury, similar to pulmonary contusion, may not 
be clinically evident at initial presentation. The injury tends to 
evolve over the first 24–48 h following the trauma, and thus the 
patient’s condition may deteriorate over this time.

Diagnosis

Clinical Examination

Early examination may be unremarkable.

� Inspection: Anterior chest wall bruising, tachypnea, and 
prolonged capillary refill time.

� Palpation: Anterior chest wall tenderness, tachycardia, and 
arrhythmias.

� Auscultation: There is generally little to find on ausculta-
tion of these patients, unless accompanied by a pericardial 
effusion (see earlier).

Investigations

Serial 12 lead ECGs are important to monitor for changes 
similar to those seen in myocardial infarction. Troponin I levels 
should also be taken at intervals to evaluate damage to the 

myocardium. An echocardiogram is also useful to determine 
any impairment of myocardial function (dyskinesis, akinesis). 
Children with suspected cardiac contusion should be continu-
ously monitored for cardiac dysrhythmias.

Management

These patients require close cardiac monitoring in the ICU 
with serial ECGs and troponin measurements, and repeat 
echocardiograms. In most instances this supportive manage-
ment is all that is required. Blunt myocardial rupture is usu-
ally fatal and few victims survive to reach hospital.49 Delayed 
sequelae of myocardial contusion include infarction, delayed 
rupture, rupture of a papillary muscle or the ventricular sep-
tum, and valvular dysfunction. They are best evaluated by 
echocardiography.48

Great Vessel Injury

This type of injury when it occurs often results in immediate 
death by exsanguination, and those who do survive to reach 
hospital are generally in extremis. In one American study the 
mortality rate in children with an injury to heart and great ves-
sels was reported to be 75%.13 Another study suggested that 
aortic injuries are more likely to be fatal when they occur in 
children than in adults.50 This same study concluded that the 
use of car restraints reduces the deceleration forces acting on 
the child and therefore the probability of sustaining this type 
of injury.50 The thoracic vessels at risk of injury are the aorta 
(particularly vulnerable at the attachment of ligamentum arte-
riosum), the vena cavae, the innominate artery and vein, the 
pulmonary arteries and veins, the azygos vein, the left subcla-
vian artery, and the left common carotid artery. In very rare 
cases a small wound to the aorta may seal itself temporarily 
by virtue of its thick muscular wall. Injury to any one of these 
vessels will be accompanied by a hemothorax and/or pericardial 
effusion.

Diagnosis

Clinical Examination

� Inspection: Tachypnea, altered level of consciousness, 
respiratory distress

� Palpation: Tachycardia; unequal upper limb pulses may occur; 
prolonged capillary refill, possible dull percussion note

� Auscultation: Muffled heart sounds, decreased air entry, 
and a possible bruit over anterior chest

Investigations

The majority of these patients cannot be stabilized and thus 
require immediate surgical intervention. For those in whom 
hemodynamic stability can be achieved an arteriogram is the 
gold standard investigation. This will localize the injury and 
assist in guiding the surgical repair. If an initial CXR is 
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completed it should be examined for evidence of a hemotho-
rax, loss of the aortic knuckle, widening of the superior medi-
astinum, depression of the left main bronchus, or a double 
contour of the aorta.

Management

This condition needs early recognition and surgical interven-
tion. The surgery will involve repair of the damaged vessel 
with direct suturing or in some cases with interposition graft. 
Any hemothorax should be evacuated and intercostal cath-
eters should be inserted for drainage intraoperatively. The use 
of cardiac bypass is subject to the preference of the surgeon 
and the site and nature of the vascular injury. The chest drains 
should be connected to a cell saver or autotransfusion device 
if available. These types of injuries necessitate aggressive 
fluid resuscitation including blood transfusions in all cases. 
The patients will require ICU monitoring, supplemental 
oxygen and may need ventilatory support. As this manage-
ment involves major surgical intervention there is a risk of 
atelectasis and respiratory compromise; therefore, good anal-
gesia and chest physiotherapy are integral to the treatment of 
these patients. All patients with a vascular injury should be 
treated with broad spectrum intravenous antibiotics.

Diaphragmatic Rupture

Diaphragmatic injury is a rare but well-recognized injury in the 
pediatric population that has experienced significant blunt force 
to the lower chest or abdomen. A sudden, severe rise in intra-
abdominal pressure is the most common cause of a rupture of 
the diaphragm.51 In children this most often occurs as a result 
of road traffic accidents either as a passenger wearing a lap-belt 
restraint or as a pedestrian hit or run over by a vehicle. These 
ruptures are most commonly left sided and, when the result-
ing defect is large, abdominal contents may become displaced 
into the thoracic cavity and cause respiratory compromise. The 
majority of these injuries, however, are of small to moderate 
size, and so do not declare themselves in the immediate postin-
jury period. The smaller tears may present several days follow-
ing injury with symptoms of bowel obstruction or ischemia.

Diagnosis

Bruising on the abdomen and the mechanism of injury should 
raise the suspicion of a diaphragmatic injury.

Clinical Examination

� Inspection: Increased respiratory effort, tachypnea, 
decreased chest wall movement, and possibly a scaphoid 
abdomen and lap-belt bruise mark.

� Palpation: Tender abdomen, ipsilateral thorax dull to percus-
sion if displacement of abdominal contents, decreased chest 
wall expansion.

� Auscultation: Decreased breath sounds on affected side; 
bowel sounds may be heard in thoracic cavity; mediastinal 
shift may occur.

Investigations

On the chest X-ray the affected hemidiaphragm will be difficult 
to visualize; there may be evidence of bowel loops in hemithorax 
and abnormal placement of the tip of the NG tube (Fig. 16.7). 
Definitive diagnosis can be made with oral contrast studies, which 
clearly demonstrates bowel in the chest. In cases where the dia-
phragmatic tear is not large enough to permit passage of abdomi-
nal contents the injury may not be evident clinically or on CXR 
and can therefore go undetected for a prolonged period of time.

Management

Initially these patients will require oxygen supplementation 
and fluid resuscitation as well as insertion of a nasogastric 
tube. These injuries require surgical repair of the diaphragm 
and reduction of the abdominal contents out of the chest. Dia-
phragmatic tears are best repaired using a laparotomy incision, 
so that concomitant abdominal injuries can be inspected and 
managed as required. These patients also warrant investiga-
tion for esophageal injuries (see later). Ongoing close moni-
toring is necessary due to the risk of late bowel perforation 
secondary to contusions. Analgesia and chest physiotherapy 
are important in the treatment of these injuries to reduce dia-
phragmatic splinting and atelectasis.

Complications

Complications may arise from injuries received at the time of 
the original injury such as bowel contusions and perforations 

Fig. 16.7. Diaphragmatic rupture
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as mentioned earlier. There is also a risk of ischemic injury 
to the bowel or omentum in those cases where diagnosis is 
delayed.

Esophageal Injury

Esophageal injury is more commonly associated with a pen-
etrating mechanism rather than a blunt mechanism. However, 
it is unusual for children to sustain penetrating injuries such as 
firearm or stab wounds. The most common cause of esopha-
geal injury is iatrogenic during instrumentation of the esopha-
gus such as that seen in dilatations for esophageal strictures. 
In these situations the perforation most often occurs at the 
site of the original pathology, e.g., the stricture. Blunt upper 
abdominal trauma may cause a sudden, massive increase in 
gastric pressure, forcing gastric contents into the esophagus 
and thus creating a tear in the wall of the lower esophagus. 
Violent, forceful vomiting can also result in a sudden rise in 
gastric pressures with a similar outcome. It is important to 
have a high index of clinical suspicion for this injury in any 
child who has received a significant blow to the upper abdo-
men as delayed recognition is associated with significant mor-
bidity and mortality.

Diagnosis

Clinical Examination

� Inspection: Distress, tachypnea, bruising or abrasion to 
the upper abdomen; fever may be present. Subcuteneous 
emphysema is seen with perforations.

� Palpation: Tachycardia, decreased chest wall expansion, 
possible tenderness over the upper abdomen. Intra-abdom-
inal esophageal rupture causes signs of peritonitis with 
guarding and rigidity.

� Auscultation: Decreased air entry (may be bilateral or 
unilateral).

Investigations

A chest X-ray may demonstrate a pneumomediastinum, air or 
fluid in the pleural spaces and/or subcutaneous emphysema.

A CT chest with a water-soluble, oral contrast study will 
give a definitive diagnosis as well as information regarding 
the site of the rupture, the compartments with which it com-
municates, and the size of the leak.

Diagnosis may also be aided by the insertion of an ICC. In 
some cases of esophageal trauma these catheters may drain 
gastric fluids from the pleural space.

Management

Many of these injuries can be managed conservatively with 
good analgesia and close monitoring in an institution with 

access to pediatric surgeons and anesthetists. These patients 
should all have a nasogastric tube inserted under radiological 
guidance and regular chest physiotherapy. Frequent suction-
ing of the oropharynx may also be required. In cases where 
there is a significant pneumothorax or a pleural effusion is 
present insertion of an intercostal catheter may be necessary. 
These patients are at risk of infection and therefore broad-
spectrum intravenous antibiotics should be commenced. If 
the esophageal laceration is large or is not responding to 
conservative management surgical repair of the injury may 
be required.

Operative management of these patients is dependent on 
the timing of the surgery and the severity of the injury. Where 
possible a primary repair of the injured esophagus is prefer-
able; however, in some cases such as when there has been a 
delayed diagnosis or massive pleural or mediastinal soiling 
a two-stage repair is advisable. In these situations proximal 
diversion should be carried out to avoid continued contamina-
tion of the mediastinum and to allow effective control of any 
infection. These patients will also require the formation of a 
gastrostomy for feeding until the definitive repair can be per-
formed. Regardless of the operative path taken a mediastinal 
drain should be inserted intraoperatively to assist in control-
ling the potential infective complications.

Complications

Esophageal injuries may be complicated by concomi-
tant injuries or by a pneumo- or hemothorax. Leakage of 
saliva and/or gastric contents may result in an empyema or 
mediastinitis either of which could lead to potentially life-
threatening sepsis; therefore, broad spectrum antibiotics are 
commenced early in the treatment of esophageal injuries. 
Careful, long-term follow-up is essential after the repair or 
reconstruction of an injured esophagus as strictures are an 
almost inevitable consequence of these injuries. In addi-
tion, all patients who have suffered an esophageal injury 
should be adequately covered for gastroesophageal reflux 
with proton pump inhibitors.
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Introduction

Penetrating thoracic injuries are a rare event within the pedi-
atric population. As previously discussed thoracic trauma 
comprises only 0.2–7% of all trauma in children.1–7 The 
proportion of penetrating injuries within this group varies 
greatly worldwide ranging from 3 to 60%.1,4,5,8–12 Although 
infrequent, when these injuries do occur they often result in 
significant patient compromise and have a reported mortality 
rate of up to 33%.5,11–13 It should be noted, however, that it 
is possible to sustain minor penetrating chest trauma that is 
superficial and does not enter the chest cavity. Stabbings and 
gunshot wounds overwhelmingly cause the majority of these 
injuries at 15–74.4 and 12.5–69%, respectively.1,2,4,5,7,9,10,12,13 
Less commonly penetrating chest wounds occur secondary to 
road traffic accidents and falls. The nature and depth of the 
injury depends upon the etiology and anatomical location of 
the injury and the force and direction of the injurious agent.

The experience of the Royal Children’s Hospital in Mel-
bourne is similar to that reported earlier. In the 5-year period 
between 2000 and 2005 this hospital received 138 admissions 
for thoracic trauma comprising 1.7% of all trauma admissions. 
Of these only 5.8% were penetrating injuries, with stabbings 
being the most common mechanism at 55%. Our experience 
deviates from those of other countries in that we had no chil-
dren admitted with firearm-related injuries.

As described in the previous chapter there are a number 
of functional compartments within the thoracic cavity (air 
spaces, intrapleural spaces, vasculature, mediastinum), each 
of which requires a specific pressure range to function nor-
mally. These pressures dictate the pre- and after-load of the 
heart, the expansion and recoil of the lungs, and therefore 
the ventilation/perfusion relationship. These components are 
closely related, and therefore a change in the pressure in any 
one of these regions will affect the others and may potentially 
result in major physiological compromise.

All penetrating chest traumas should be subjected to a rapid 
initial assessment to ensure that the patient has an adequate 

airway and to identify any respiratory compromise. Rarely 
will thoracic trauma result in obstruction of the upper airway; 
however, in these cases such compromise must be dealt with 
first. The majority of the injuries encountered will impact pri-
marily on the patient’s respiration and ventilation. Adequate 
intravenous access should be achieved early and blood should 
be sent for a full blood count, cross match, and blood gas 
analysis. A chest X-ray (CXR) is important and should be 
completed in the basic trauma series. If the patient is hemody-
namically stable a CT chest may be undertaken to gain further 
information regarding the extent of any injury. In those cases 
where the initial assessment suggests the presence of a pneu-
mothorax, a chest drain should be inserted in order to improve 
ventilation. A sucking, open chest wound is another indication 
for the immediate insertion of an intercostal catheter prior to 
any investigations being carried out.

All of these patients will require supplemental oxygen and 
close monitoring, good analgesia, insertion of a nasogastric 
tube, and regular chest physiotherapy. Most will require sur-
gical exploration and many may need a period of ventilatory 
support. All patients who sustain a penetrating injury also 
need to have their tetanus immunization status assessed and 
should be commenced on intravenous antibiotics.

Further management of these patients will be determined 
by their clinical status and the experience of the managing 
clinician (Fig. 17.1). In most cases where the patient is stable 
and has a normal chest X-ray it is reasonable to observe them 
for 12–24 h. If stability is maintained over this time period it 
is generally safe to discharge the patient. In a stable patient 
with an abnormal X-ray, intervention such as insertion of an 
intercostal catheter and close observation in an ICU or HDU 
should be undertaken. This admission should be in an institu-
tion where pediatric surgeons and anesthetists are available.

In patients who have persistent, large-volume output via 
the ICC and in patients who are hemodynamically unstable, 
aggressive fluid resuscitation and close monitoring is impor-
tant. If the patient does not respond to these measures surgical 
intervention is indicated. This will involve either thoracotomy 
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or thoracoscopy in the operating theatre or possibly an emer-
gency room thoracotomy. The experience of the surgeon 
involved will influence which of these options is undertaken.

Open Pneumothorax

This occurs when a penetrating injury creates an opening 
between the intrapleural space and the external environment. 
In these cases the amount of air accumulating in the pleural 
space increases with every inspiration. In normal conditions 
negative pressure develops in the thoracic cavity with each 
inspiration, which results in air being drawn into the lungs 
via the tracheobronchial tree. However, when there is a direct 

communication between the chest cavity and the external envi-
ronment, as occurs in an open pneumothorax, air is sucked 
into the pleural space from the outside via this communication 
in response to the negative pressure. Thus, the pneumotho-
rax increases and the volume of alveolar air space is dimin-
ished. Unless this communication is closed the condition will 
worsen, potentially leading to a tension pneumothorax.

The overall result of these physiological events is signifi-
cantly impaired ventilation and hypoxia. Open pneumothora-
ces require immediate intervention prior to any investigation. 
This involves closure of the wound with an occlusive dressing 
sealed on three sides, which acts as a one-way valve allowing 
air to escape from the pleural space on expiration but sealing 
and preventing further air entry on inspiration (Fig. 17.2).
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Diagnosis

Clinical Examination

� Inspection: Respiratory distress and decreased chest wall 
movement will be evident. There will be an open chest 
wound through which air movement may be audible, and 
there may be pink, frothy blood at the wound site.

� Palpation: Tender chest wall and decreased expansion. The 
percussion note will be hyperresonant on the ipsilateral 
side.

� Auscultation: There will be decreased air entry on the 
affected side.

The clinical status of the patient may dictate that further inter-
vention be undertaken prior to any investigations. In such 
cases it would be expected that imaging is not performed until 
after the insertion of an intercostal catheter.

Investigations

A chest X-ray is the gold standard in this condition; however, 
diagnosis should be made on clinical examination. The CXR 
would be expected to demonstrate a pneumothorax, possibly 
under tension (if no ICC is present), which will commonly be 
associated with some degree of hemothorax.

A CT chest may be carried out to gain more information 
regarding the injury if the patient is stable.

Management

The initial management of these patients requires assessing the 
airway and providing supplemental oxygen. Adequate analge-
sia is important to reduce the effects of splinting of the chest 
wall secondary to pain. The wound must be closed as soon as 
possible as discussed earlier. Once this has been achieved an 
intercostal catheter should be inserted into the affected side, 
preferably at a site distant from the original injury (Fig. 17.3). 
Following ICC insertion the occlusive dressing may be sealed 

on all sides as the chest tube is now taking its place as a one-
way valve. Often these patients will need no further interven-
tion; however if there is evidence of a major air leak or bleed, 
or the patient is in any way unstable, surgical exploration and 
intervention may be necessary. Injuries such as these require 
close monitoring in a high dependency or intensive care unit 
in an institution where pediatric surgeons and anesthetists are 
readily available. Broad-spectrum antibiotics should be rou-
tine in the management of these injuries.

Complications

An open pneumothorax may be complicated by a concurrent 
hemothorax or the progression of the pneumothorax into a 
tension pneumothorax. These may be related to other injuries 
sustained from the same insult such as a lung laceration or 
injury to the heart, great vessels, or intercostal vessels. An 
important potential complication in this injury is infection 
due to contamination from the initial injury. These patients 
should therefore be treated empirically with intravenous anti-
biotics.

Hemothorax

By definition this is a condition in which blood accumulates 
in the pleural space, and depending upon the speed of hemor-
rhage, it may present an immediate threat to life. The source 
of the blood is variable and may range from slow venous ooze 
as a result of a pulmonary or cardiac contusion to a rapid, mas-
sive accumulation secondary to great vessel or cardiac injury. 
Other potential causes are bleeding from bone ends in rib frac-
tures, rupture of hilar or intercostal vessels, lung lacerations, 
or other chest wall injuries. It may occur due to either blunt or 
penetrating mechanisms of injury; however, in the case of pen-
etrating injuries it must be assumed that it is accompanied by 
a pneumothorax, and an intercostal drain should be inserted. 
This becomes significant in situations where air transport is 
necessary. A large-volume, rapidly accumulating hemothorax 
is life threatening and must therefore be identified and treated 
urgently.

Fig. 17.2. Occlusive dressing

Fig. 17.3. ICC placement
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Diagnosis

Clinical Examination

� Inspection: Tachypnea, respiratory distress, decreased chest 
movement, possible altered level of consciousness.

� Palpation: There will be decreased chest expansion and the 
affected side will be dull to percussion. In cases of massive 
hemothorax there may be deviation of the trachea to the 
contralateral side.

� Auscultation: Air entry will be reduced or absent on the 
ipsilateral side.

In cases where the patient is hemodynamically unstable inser-
tion of an ICC into the ipsilateral side should be undertaken 
prior to any investigations being carried out.

Investigations

Chest X-ray is the investigation of choice in this condition. In 
the trauma situation most CXRs are taken in the supine posi-
tion; therefore, any fluid in the pleural space will be evenly 
distributed across the lung field and will give the appearance 
of generalized increased opacity over the affected lung field 
when compared with the contralateral side (Fig. 17.4). If the 
patient is stable and a diagnosis of hemothorax has been made 
a chest CT may be carried out in an attempt to define the cause 
of the bleed. If a great vessel injury is suspected an arterio-
gram may be performed.

Management

The goal of management in this situation is threefold – to 
reduce the intrapleural pressure, to restore intravascular vol-
ume, and to prevent further blood loss into the chest cavity. 
Therefore, rapid and aggressive fluid resuscitation along with 
large-bore chest tube insertion is the major component in the 
treatment of a hemothorax. It is prudent to have two large-bore 
cannulae in situ prior to insertion of an ICC with fluid resus-
citation underway. In pediatric cases the term “large bore” is 
relative depending on the size of the patient involved. It is 
possible that the insertion of a chest tube may result in hemo-
dynamic collapse as the pressure in the chest may act as a 
tamponade reducing ongoing blood loss from the intravascu-
lar space. In this situation there is some debate regarding 
the appropriateness of clamping the tube to reestablish the 
tamponade.

In cases where there is a large volume of ongoing output 
via the chest tube or where hemodynamic stability is not 
achievable urgent surgical intervention is required. On rare 
occasions of massive hemothorax some clinicians may con-
sider emergency room thoracotomy. However, it is generally 
accepted that thoracotomy in the operating theatre is prefer-
able wherever possible. The performance of an emergency 
room thoracotomy will be determined by multiple factors – 
the experience of the surgeon involved, access to resources, 
and proximity and availability of an operating theatre. In cases 
of ongoing bleeding in an otherwise stable patient it may be 
reasonable to consider thoracoscopy rather than thoracotomy 
to treat the bleeding. Again, this would be dependent on the 
experience of the attending clinician.

Complications

A potentially life-threatening complication of this injury is 
hypovolemic shock, which may result in arrhythmias, cardiac 
ischemia, and renal failure. It is also possible that the collec-
tion of blood in the thorax may become clotted and therefore 
not drain via the intercostal catheter. Such clots remain in the 
pleural space for a prolonged period; they become organized 
and then slowly break down and become reabsorbed. This pro-
cess may take many weeks however, and the congealed blood 
acts as a space-occupying lesion, thereby having an ongo-
ing impact on the patient’s respiratory function. It can also 
serve as an ideal environment for infection to develop. These 
injuries are almost invariably associated with some degree of 
pneumothorax.

Tracheobronchial Injuries

Trauma to the tracheobronchia is rare and occurs almost 
exclusively as a result of a penetrating injury. Such injuries 
can occur anywhere between the larynx and the segmental Fig. 17.4. Hemothorax
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bronchi, and early recognition is vital as they are poten-
tially life threatening. Because of the nature of the injury 
air will escape from the airway with each inspiration into 
the surrounding tissues and/or pleural space. These injuries 
can be loosely grouped into two categories: intrapleural 
and within the mediastinum. In the former group a large 
pneumothorax will result and persist in the presence of an 
intercostal catheter. In the latter category inhaled air will 
accumulate in the mediastinal space causing a pneumome-
diastinum. It is also possible for air to be lost directly to 
the outside via the wound created by the injury. In this situ-
ation little or no air will pass along the tracheobronchial 
tree into the lungs. The trachea passes through the thorax 
in close relationship with a number of structures including 
the esophagus and the great vessels, therefore any case of 
tracheobronchial injury should also be assessed closely for 
associated injuries.

Diagnosis

Clinical Examination

� Inspection: The patient will be in respiratory distress, and 
there may be hemoptysis; the patient’s neck and upper tho-
rax should be closely inspected for evidence of a penetrating 
wound.

� Palpation: There may be decreased chest expansion; sub-
cutaneous emphysema will be present over the neck or 
upper thorax, and there is likely to be chest wall tender-
ness.

� Auscultation: Decreased air entry will be evident either 
bilaterally if injury is to larynx or trachea, or unilaterally 
if injury is further along the tree; airway obstruction is 
common in this type of injury and is potentially life threat-
ening.

Investigations

Radiological findings will demonstrate a unilateral or bilat-
eral pneumothorax plus/minus a hemothorax, as well as air 
in the surrounding soft tissues (subcutaneous emphysema) if 
the injury is intrapleural (Fig. 17.5). The pneumothorax may 
persist or even increase in size despite insertion of an ICC. In 
fact, persisting pneumothorax in the presence of a working 
ICC or a massive air leak via the tube are strongly suggestive 
of a tracheobronchial injury. If the injury is within the medi-
astinum the CXR will demonstrate a pneumomediastinum and 
may show air tracking up in the prevertebral fascia (Fig. 17.6). 
In cases of complete bronchial transection the apex of the ipsi-
lateral lung will fall to the level of the hilum as it no longer has 
the bronchial support.

CT neck/chest or bronchoscopy may also be undertaken 
to further elucidate the nature of the injury; however, as with 
hemothorax, this should only be done once the patient is clini-
cally stable.

Management

The highest priority in the management of injuries such as these 
is to establish a definitive airway. This may require use of bron-
choscopy to insert an airway stent or to intubate the contralateral 

Fig. 17.5. Bilateral pneumothoraces

Fig. 17.6. Pneumomediastinum
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main bronchus. Once the airway is secured further management 
can be undertaken. Depending on the location of the injury a 
range of treatments may be appropriate. If the injury is of the 
larynx, trachea, or main bronchi the patient will require surgical 
repair and may need to have a lobectomy. In cases where the 
injury involves more distal bronchi it may be possible to man-
age them conservatively with a chest tube and close monitoring 
as the bronchial wall may spontaneously seal itself.

Complications

Complications from these injury types may result from the 
tracheobronchial injury itself or from an associated injury.

In almost all cases of tracheobronchial injury there is some 
degree of aspiration of blood, which results in pulmonary irri-
tation and may worsen the respiratory symptoms. Infection 
is also a risk in this patient group. Again depending on the 
location of the injury the infection may involve the intrapleu-
ral space or mediastinum. It is also possible that an associ-
ated esophageal injury may have occurred and a fistula may 
develop between the two.

Esophageal Injury

Similarly to tracheal injuries esophageal trauma is rare, is almost
always due to penetrating trauma, and may occur in the neck or 
the thorax. Within the thorax it may be intrapleural or within the 
mediastinum. The clinical picture associated with the esopha-
geal trauma will vary depending on the location of the injury.

Because of their close anatomical relationship, injuries to 
the esophagus and trachea commonly occur together, which 
may confound the clinical presentation.

Diagnosis

Clinical Examination

� Inspection: Distress, retrosternal chest pain, fever, and a 
wound over the neck/chest wall (may be posterior). The 
patient may complain of dysphagia, and a cough or stridor 
may be present.

� Palpation: Subcutaneous emphysema, tachycardia, 
decreased chest wall expansion, and an altered percussion 
note, which may be resonant or dull.

� Auscultation: Decreased air entry (may be bilateral or uni-
lateral).

Investigations

A CXR will generally demonstrate air and/or fluid in the pleu-
ral space, a pneumomediastinum (Fig. 17.6), and subcutaneous 
emphysema.

A CT chest with a water-soluble, oral contrast study will 
give a definitive diagnosis as well as information regarding 

the site of the rupture, the compartments with which it com-
municates, and the size of the leak.

Diagnosis may also be aided by the insertion of an ICC. In 
some cases of esophageal trauma these catheters may drain 
gastric fluids from the pleural space.

Management

Because of the close association with the trachea as mentioned 
previously, careful assessment of the airway is required and air-
way protection ensured whenever an esophageal injury is sus-
pected. Many of these injuries can be managed conservatively 
with good analgesia and close monitoring in an institution with 
access to pediatric surgeons and anesthetists. These patients 
should all have a nasogastric tube inserted under radiologi-
cal guidance and should receive regular chest physiotherapy. 
Frequent suctioning of the oropharynx may also be required. 
In cases where there is a significant pneumothorax or a pleu-
ral effusion present ICC insertion may be necessary. These 
patients are at risk of infection, and therefore intravenous anti-
biotics should be commenced. If the esophageal laceration is 
large or is not responding to conservative management surgical 
repair of the injury may be required.

Complications

Esophageal injuries may be complicated by concomitant inju-
ries or by a pneumo- or hemothorax. Leakage of saliva and/
or gastric contents may result in an empyema or mediastinitis. 
Either of these scenarios could lead to a potentially life-threat-
ening septic picture. As mentioned in the previous section if 
there is damage to both the esophagus and the trachea a fistula 
may develop, which would require urgent surgical intervention 
following diagnosis as it can lead to aspiration and pneumonia.

Pericardial Tamponade

The pericardium is a poorly compliant fibrous sheath, which 
encases the heart. There is usually approximately 25 ml of 
serous fluid within this sac to act as a lubricant and thus reduce 
the friction associated with each cardiac contraction. Peri-
cardial tamponade occurs when this fluid volume increases 
acutely. Although very rare in children the most likely cause 
of pericardial tamponade in this population is blood accumu-
lation from blunt or penetrating trauma. The blood may origi-
nate from a cardiac chamber, one of the great vessels, or from 
a significant myocardial contusion. As little as 5–10 ml can 
result in substantial hemodynamic compromise. This pericar-
dial fluid acts as a space-occupying lesion causing reduced 
cardiac compliance, increased intracardiac pressures, reduced 
cardiac filling, and decreased cardiac output. Initially this is 
compensated for by increased heart rate and constriction of 
the peripheral vasculature to maintain central systemic blood 
pressure. In the pediatric population these compensatory 
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mechanisms are very effective and may result in little appar-
ent hemodynamic compromise until very late. Eventually, 
however, the compensatory mechanisms are overwhelmed 
and central systemic pressures drop precipitously

Diagnosis

Clinical Examination

� Inspection: Severe respiratory distress, poor peripheral per-
fusion, distended neck veins, altered level of consciousness, 
a wound over the chest wall, and, in later stages there may be 
bluish discoloration of the upper chest, neck, and head.

� Palpation: Tachycardia, prolonged capillary return, cool 
peripheries.

� Auscultation: Soft/muffled heart sounds, possible decreased 
air entry due to associated pneumo- or hemothorax.

It is unlikely that all components of Beck’s triad for pericardial 
tamponade (muffled heart sounds, systemic hypotension, and 
jugular venous distension) will be obvious on examination of a 
pediatric patient with this condition; therefore, the presence of 
any one of these clinical signs accompanied with a suggestive 
mechanism of injury should be treated as tamponade.

Investigations

Diagnosis is usually made from clinical examination alone; 
however, if facilities are readily available an echocardiogram 
or simple thoracic ultrasound may be used to confirm the 
diagnosis.

Management

This condition represents an immediate threat to life and 
requires urgent intervention. All patients presenting with this 
condition require aggressive fluid resuscitation, supplemen-
tal oxygen, and ECG monitoring. The main principle in the 
management of this condition is reduction of the pericardial 
fluid. Pericardiocentesis in the emergency department is a 
potentially lifesaving procedure but merely temporizes the 
situation. It should only be performed if the patient is acutely 
hemodynamically unstable and surgical intervention can-
not be performed immediately. Ideally these patients should 
be taken to theatre and a pericardial window formed as soon 
as possible. The underlying cause of the tamponade must be 
identified and treated as necessary. In some cases where the 
tamponade is secondary to a small caliber missile or a small 
stab wound, the defect in the myocardium may seal itself and 
require no surgical repair.

Complications

Cardiac tamponade may be complicated by injuries to other 
structures within the mediastinum. Following immedi-
ate treatment complications may include recurrence of the 

 tamponade, infection, or mediastinitis. The severity of the 
tamponade initially may have resulted in myocardial isch-
emia or infarction causing impaired cardiac function. The 
reduced systemic blood pressure in the acute presentation 
may also have caused ischemic injury to other organs includ-
ing kidneys or brain.

Cardiac Laceration

Any thoracic or upper abdominal wound in which the position 
is suggestive of mediastinal involvement should be assumed 
to have penetrated the heart. It is particularly important in 
children, however, to bear in mind that a penetrating injury 
to the pericardium or heart may not have an external wound 
but may be due to ingestion of a sharp object that may have 
pierced the heart posteriorly from the esophagus.

The majority of patients who sustain a penetrating cardiac 
injury die within minutes of the trauma. Those who survive to 
make it to the emergency department are usually in extremis 
on presentation. The characteristics of the wound may deter-
mine the outcome for the patient. Larger or irregular wounds 
are likely to result in massive injury and exsanguination; how-
ever, if the wound is small it is possible for the musculature of 
the ventricles to temporarily seal the defect. This ability to seal 
off a small wound is reduced in the right ventricle compared 
with that in the left ventricle and significantly less again in the 
atria due to their relatively thin muscle walls. Rarely, penetrat-
ing cardiac injuries may result in transection of a coronary 
vessel, damage to a valve, or rupture of chordae tendinea, any 
of which may present as acute cardiac failure.

Diagnosis

Clinical Examination

Inspection: Tachypnea, distended neck veins may be present, 
and a chest wall wound may be evident.

Palpation: Tachycardia, slow capillary refill, decreased chest 
expansion, altered percussion note, either hyperresonant or 
dull.

Auscultation: Muffled heart sounds, decreased air entry over 
either or both lung fields.

Investigations

The diagnosis of penetrating cardiac injury should be possible 
on clinical assessment alone; however, echocardiography may 
be used to define or confirm the injury.

Management

As would be anticipated these patients will all require supple-
mental oxygen, with or without ventilatory support, aggres-
sive and rapid fluid resuscitation, and close monitoring with 
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an ECG, central venous catheter, and arterial line. The keystone 
to management of these patients though is surgical intervention. 
Pericardiocentesis may again serve to temporarily relieve the 
immediate threat to life; however, these patients all require urgent 
thoracotomy. Ideally this should be performed in an operating 
theatre. In cases where a theatre is not immediately available 
and there is a clinician with suitable experience, an emergency 
room thoracotomy may be necessary. The thoracotomy should 
be performed via a left anterolateral incision, and the wound in 
the myocardium may be closed with simple, interrupted sutures. 
It is important not to occlude the coronary arteries when closing 
the cardiac muscle. If the coronary arteries have been injured by 
the initial trauma they will need to be repaired at the time of sur-
gery. Repair of valvular injuries and injuries to the chordae tendinea 
can be delayed until a later date when the patient is more stable.

Complications

These injuries may initially be complicated by concurrent 
injuries to other structures in the mediastinum. Other compli-
cations of penetrating cardiac injuries may include recurrent 
pericardial tamponade, myocardial infarction, mediastinitis, 
and ischemic injuries to other organs due to the profound 
shock. Rarer complications include fistulae between cardiac 
chambers and coronary arteries or great vessels, and shunts 
between the upper and lower chambers of the heart. Valve 
insufficiency and cardiac failure may prove to be complicat-
ing factors later in the clinical course.

Great Vessel Injuries

This is again an extremely rare injury in children and, as with 
adults, when it occurs it often results in almost immediate death 
by exsanguination. Those who do reach the hospital are gener-
ally in extremis. The thoracic vessels at risk of injury are the 
aorta (particularly vulnerable at the attachment of ligamentum 
teres), the vena cavae, the innominate artery and vein, the pul-
monary arteries and veins, the azygos vein, the left subclavian 
artery, and the left common carotid artery. In very rare cases a 
small wound to the aorta may seal itself temporarily by virtue 
of its thick muscular wall. Injury to any one of these vessels will 
be accompanied by a hemothorax and/or pericardial effusion.

Diagnosis

Clinical Examination

� Inspection: Respiratory distress, tachypnea, altered level of 
consciousness

� Palpation: Tachycardia, unequal upper limb pulses, pro-
longed capillary refill, possible dull percussion note (uni- 
or bilaterally)

� Auscultation: Muffled heart sounds, decreased air entry, and 
a possible bruit over anterior chest

Investigations

The majority of these patients cannot be stabilized and thus 
require immediate surgical intervention. For those in whom 
hemodynamic stability can be achieved an arteriogram is the 
gold standard investigation. This will localize the injury and 
assist in guiding the surgical repair. If an initial CXR is com-
pleted it should be examined for evidence of a hemothorax, 
loss of the aortic knuckle, widening of the superior mediasti-
num, depression of the left main bronchus, or a double con-
tour of the aorta.

Management

Initial management of these patients involves aggressive 
fluid resuscitation including blood transfusions. They will all 
require supplemental oxygen and may need ventilatory sup-
port. An intercostal catheter should be placed and in some 
cases pericardiocentesis is required to temporarily relieve a 
cardiac tamponade. In cases where there is a large volume of 
blood loss via the ICC, connection to a cell saver or auto-
transfusion device is useful. These patients all require urgent 
operative repair to the injured vessels in the operating theatre. 
All patients with vascular injury should be treated with broad-
spectrum intravenous antibiotics.

Complications

Again these injuries are often associated with injuries to other 
intrathoracic structures, which may complicate the initial clini-
cal picture and early postoperative course. Complications of the 
vascular injury itself may include infection, rebleeding, false 
aneurysms, or an arteriovenous fistula. Paraplegia is a very rare 
but potentially devastating complication of these injuries. In 
cases where the injury has been caused by a missile it is pos-
sible for the foreign body to embolize resulting in ischemia 
or infection of distant organs. These embolic foreign bodies 
must be removed either by open surgical technique or by using 
transvascular catheters to snare them. If the trajectory of the 
penetrating injury passes through the lung prior to injuring a 
great vessel there is potential for an air embolus to occur.

Thoracic Duct Injury

An injury to the thoracic duct although not immediately life 
threatening may result in significant morbidity if not recog-
nized early. It is not uncommon for the diagnosis of these inju-
ries to be significantly delayed especially if the patient has 
sustained other injuries. If untreated a thoracic duct leak may 
result in profound malnutrition. The thoracic duct crosses the 
thorax from right to left at the level of T5. Therefore, inju-
ries inferior to T5 will result in a right pleural effusion while 
those above this level will produce left-sided pathology. The 
thoracic duct lies on the posterior wall of the thorax and so is 
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more likely to be damaged from a penetrating injury to the 
back rather than the anterior chest wall.

Diagnosis

Clinical Examination

� Inspection: Tachypnea, may be febrile, thoracic wound 
(usually posterior)

� Palpation: Decreased chest wall expansion, dull percussion 
note on affected side

� Auscultation: Decreased air entry on ipsilateral side

Investigations

A CXR in these patients will demonstrate an air/fluid level in 
the pleural space on the affected side, which may be associ-
ated with a pneumothorax.

Commonly this condition is diagnosed by the identification 
of chylous fluid draining from an intercostal drain placed to 
treat the pleural effusion noted on CXR.

Occasionally diagnosis may not occur until abnormalities 
of the patient’s nutritional status are noted on blood investi-
gations. Therefore, it is reasonable to measure the patient’s 
serum electrolytes, albumin, and full blood count to assess 
their nutritional status and possible lymphocyte depletion.

Management

These patients usually recover with conservative management. 
This involves ongoing drainage via intercostal catheter and a 
diet low in long-chain fatty acids. This combination alone will 
often result in resolution of the leak. In a small proportion of 
patients this approach is not successful and they require tho-
racotomy or thoracoscopy to close the fistula. Surgical man-
agement may involve either ligation or repair of the duct or 
pleurodesis on the affected side. This process may be assisted 
by a meal high in triglycerides several hours preoperatively 
inducing chyle production and thus making the defect in the 
duct more evident. These patients will also require intrave-
nous antibiotic cover.

Complications

This condition may be complicated by ongoing leak or recur-
rence of the fistula. As mentioned earlier these patients may 
develop significant nutritional deficiency. This poor nutrition 
can impact negatively on the outcome from surgery as wound 
healing is impaired in patients who are undernourished.

Conclusion

The key to the assessment of thoracic injuries is a thorough 
clinical examination. Life-threatening injuries must be man-
aged immediately and as the patient is stabilized the assess-
ment should continue and include evaluation for concomitant 
injuries and complications. There is often a limited time frame 
available for successful diagnosis and treatment of chest 
injury victims. Therefore, a rapid and aggressive management 
approach is imperative. Any delays can significantly increase 
the risk of mortality. All other related injuries must be identified 
and evaluated. Ongoing education and training of emergency 
department personnel involved in the management of pediatric 
trauma is essential and is a significant factor in improving the 
outcomes for the victims of these types of injury.
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Section 4
Tumours



Embryologic and Anatomic Features of the 
Anterior Mediastinum

Anterior mediastinal tumors are rare in children but they 
may represent difficult diagnostic and therapeutic challenges. 
In this chapter, we summarize the features of the different 
types of neoplasms, which are certainly different from those 
observed in adults and we discuss the main diagnostic and 
management issues.

This compartment is limited anteriorly by the posterior sur-
face of the sternum, posteriorly by the anterior surface of the 
great vessels, trachea, and pericardial sac, and on each side 
by the pleura and lungs. It contains lymphoid structures, the 
thymus, and several nerves and vessels embedded into a mes-
enchymal and fatty environment. It is in fact a virtual space of 
small dimensions but may be considerably enlarged by masses 
that are derived from these structures.

The upper anterior midline is one of the pathways by which 
embryonal germ cells migrate toward their final settlement in 
the gonads. On the one hand, this fact explains why germ cell 
tumors may be found in this location. On the other hand, the 
thymus is derived from paired primordia located in the third 
branchial pouches that subsequently migrate into the anterior 
mediastinum where they fuse to form the final single organ. 
This explains why sometimes tumors or cysts related to this 
organ are cervical and/or mediastinal. Finally, the lymphatico-
venous confluence and the vascular structures in the upper 
anterior mediastinum account for the presence of some vascu-
lar tumors and malformations in the area.

Classification

Table 18.1 shows a classification of anterior mediastinal 
tumors in children. Like in adults, lymphoid malignancies 
and germ cell tumors are more frequent whereas, in contrast 

with adults, primary malignant thymic and thyroid-derived 
masses are very rare.

Clinical Features

Only about one half of these masses become symptomatic induc-
ing various degrees of respiratory embarrassment, particularly 
orthopnea and stridor and wheezing. However, some of these 
children suffer severe distress and or superior vena cava syn-
drome. Occasionally, sternal bulging is apparent, particularly in 
young infants or newborns with large teratomas. Very seldom 
recurrent or phrenic nerve palsies lead to the detection of the 
tumor. In a considerable proportion of cases, the diagnosis is 
incidental upon imaging studies for nonspecific symptoms. In 
the last decades, anterior mediastinal tumors, particularly tera-
tomas, have been diagnosed prenatally by ultrasonography.1–3

In cases of immature, malignant, or newborn teratomas, 
serum alfa-fetoprotein may be elevated4 and some of these 
tumors secrete gonadotrophins that induce precocious puberty 
particularly in cases of Klinefelter syndrome.5,6

Diagnostic Tests

Plain X-rays of the thorax reveal widening of the superior 
mediastinal shadow that may extend into either side. CT scans 
reveal the anterior location of the tumor and give very useful 
indications about its cystic or solid nature as well as about 
the architecture of tissue, revealing calcifications, necrotic 
areas, and other details.7 Calcifications are suggestive of tera-
toma, but other tumors, like hemolymphangiomas,8 or some 
histiocytoses9 may have calcified areas and should be taken 
into account upon diagnosis. CT scan is also important for 
assessing the patency of the airway to the point of providing 
very useful information directed to prevent severe risks in the 
process of diagnosis or treatment.10 Ultrasonography may be 
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useful as well due to the accessibility of the anterior mediasti-
num for the probes. The cystic or solid nature of the masses 
may be readily investigated by these means.11 MRI is used to 
better define the nature of the masses of vascular origin12,13 but 
it may be very useful in other masses.14

In several of these tumors, particularly in those in which 
surgery is not the primary treatment, the histology of the 
tumor together with some cell markers and molecular biol-
ogy features must be ascertained before undertaking therapy. 
In such cases, cells can be obtained by distant lymph node 
biopsy in the cervical or suprasternal notch areas or by fine 
neddle aspiration (FNA)15,16 guided by ultrasonography or CT-
scan or by pleural or pericardial fluid aspiration.17 When this 
is not possible, direct biopsy may be required and this poses 
some additional problems if anesthesia is required (see later). 
Thoracoscopy18 or anterior minithoracotomy through the bed 
of the second or third rib (the Chamberlain approach) may 
provide material for biopsy.19,20 Mediastinoscopy is rarely per-
formed in children.20,21

Principles of Management

Anesthesia must take into account the risk of respiratory col-
lapse that may intervene once general anesthesia has been 
induced. Changes in pulmonary compliance, loss of negative 
inspiratory pressure, and reduction in vital capacity of the 
resting lung together with the nature of airflow in the com-
pressed trachea under anesthesia explain why ventilation may 
become critically difficult.19 This happens particularly often in 
children with mediastinal lymphoma in whom thorough pre-
anestethic assessment using CT sections of the upper chest 
and respiratory tests are necessary. If the sectional surface of 
the tracheal lumen is decreased by 50% or more, the anes-
thetic risk is high. These patients have also marked reduction 
in maximum expiratory flow rates10 and particular anesthetic 
techniques (spontaneous ventilation, laryngeal mask, rigid 
tubes, etc.) may be required.

As will be discussed below, most lymphomas respond to 
chemotherapy and/or radiotherapy and do not require surgical 

removal but practically all other anterior mediastinal masses 
in children should be excised. Surgery can be accomplished 
by median sternotomy, which is an excellent approach in 
terms of exposure and postoperative pain,22 but thoracotomy 
on either side might be better depending on the anatomical 
extension of the mass. Thoracoscopy is an alternative in some 
cases, although it must be adapted to the principles of onco-
logic surgery avoiding spillage of tumor cells or fluids (this is 
particularly true for germ cell tumors).3,18,23

Lymphoid Tissue Tumors

Non-Hodgkin Lymphoma (NHL)

This is one of the more frequent tumors of the anterior medi-
astinum in children in whom they have different clinical fea-
tures in comparison with adults. NHL has to be considered as a 
systemic disease in which several lymph nodes and structures 
are involved by a massive proliferation of lymphoblasts. The 
ontogeny of these cells allows distinction of B-cells, related 
to humoral immunity and produced in the bone marrow and 
T-cells, involved in cellular immunity that are processed in 
the thymus. In children B-cells give rise to undifferentiated 
Burkitt or non-Burkitt lymphomas, which constitute about 
50% of all lymphomas and that more often locate in abdomi-
nal organs whereas T-cells produce lymphoblastic lympho-
mas (about 40% of all) generally located in the thymus and/
or lymph nodes of the anterior mediastinum. Finally, there is 
a small group of large-cell lymphomas (the remaining 10%), 
which are quite similar to undifferentiated tumors but may be 
of T or B origin and appear on either side of the diaphragm.

Histologically, undifferentiated lymphomas are charac-
terized by the loss of nodal structure, relatively small cells 
with noncleaved nuclei and prominent nucleoli. In contrast, 
lymphoblastic lymphomas have smaller cells with scant baso-
philic cytoplasm and less prominent nucleoli. Cytogenetic, 
enzimatic, and molecular features allow accurate identifica-
tion of these two types of lymphomas because undifferenti-
ated ones express surface IgM immunoglobulins and surface 
antigens for CD19 and CD20 antibodies whereas lymphoblas-
tic ones contain the enzyme TdT (terminal deoxynucleotide 
transferase)24 and express T cell markers such as CD5 and 
CD7. In addition, undifferentiated Burkitt-type lymphomas 
have often 8;14 and less often 8;22 or 2;8 translocations all 
involving the C-myc proto-oncogene, whereas T cell lympho-
mas have only rarely 14q11 translocations.25,26

All these tumors behave like systemic diseases and are more 
often extended beyond the original site involving the regional 
nodes and distant organs like the pleural or pericardial spaces 
or the bone marrow (in this case they are practically undistin-
guishable from acute lymphoblastic leukemia). The liver and 
other abdominal organs and the central nervous system may 
be occasionally affected.

Mediastinal lymphomas become symptomatic because their 
rapid growth compresses the airway inducing respiratory distress, 

Table 18.1. Classification of anterior mediastinal tumors in children.

Origin Benign Malignant

Lymphoid tissues Non-Hodgkin lymphoma, 
Hodgkin lymphoma

Germ cells Teratoma Yolk Sac tumors, dys-
germinoma, seminoma, 
choriocarcinoma

Thymus Hyperplasia, thymic 
cysts, thymolipoma

Thymoma, carcinoma

Vessels Hemangioma, lymp-
hangioma

Other Inflammatory pseudo-
tumor, lipoblastoma

Histiocytoses, liposar-
coma, sarcoma
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wheezing, and orthopnea. The vena cava may be compressed and 
partially obstructed as well generating edema of the face and 
neck, visible subcutaneous network, and jugular ingurgitation. 
Systemic symptoms are possible and hematologic disturbances 
may appear when the bone marrow is invaded. Lymph nodes may 
be enlarged and palpable elsewhere and particularly in the neck, 
axillae or supraclavicular or suprasternal regions.26

Plain X-rays of the chest show an enlarged upper and often 
mid mediastinum. CT-scan may define better the extent of 
the disease within the thorax and the involvement of the air-
way. Sometimes fluid can be seen in the pleural or pericar-
dial spaces by X-rays or ultrasonography.17,27 An excellent 
and minimally invasive opportunity for cellular diagnosis is 
offered by cytologic and marker analysis of such fluids. If nei-
ther peripheral lymph nodes nor fluids are available for biopsy 
or puncture and the bone marrow is not invaded, cytologic 
analysis requires fine-needle aspiration under ultrasonogra-
phy or CT-scan.28 If this is not enough, biopsy by thoracos-
copy or anterior Chamberlain approach may be required.20 
In both cases, the anesthetic risks and precautions should be 
emphasized.29

Staging of NHL takes into account the extent of the disease 
in terms of overall bulk of the tumoral tissue. The more used 
classification in four stages30 includes anterior mediastinal cases 
as stage III except when the bone marrow and/or the central 
nervous system are involved (stage IV). Standard imaging pro-
cedures31 and tissue and cell investigations allow proper staging 
but other procedures like Gallium-67 isotopic scanning32 may 
contribute. The role of PET-CT in children is still undefined.

Surgery is not a primary option in the treatment of medi-
astinal NHL. These neoplasias are particularly responsive to 
chemotherapy and corticosteroids, and the main contribu-
tion of the surgeon should be to provide adequate biopsy for 
complete cytologic assessment while preserving the airway 
patency. Chemotherapy is based on acute lymphoblastic leu-
kemia protocols and leads to long-term survival of more than 
80% of these children.30,33

Hodgkin Lymphoma (HL)

HL is less frequent that NHL in the anterior mediastinum and 
affects more often preadolescent and adolescent children. 
The main cell component is the Reed-Sternberg cell, which 
is probably the malignant counterpart of the dendritic inter-
digitating cells that have a role in antigen presentation. These 
cells are embedded in lymph nodes in which the proportions 
of fibrous stroma, lymphocytes, and plasma cells are variable 
allowing classification in the following types: (a) lymphocyte 
predominant, (b) lymphocyte depleted, (c) mixed cellularity, 
and (d) nodular sclerosis. Most children with HL have nodu-
lar sclerosis type but the youngest ones may have lymphocyte 
predominant or mixed cellularity varieties.34

HL starts in one group of lymph nodes but it extends to con-
tiguous or distant ones following lymphatic pathways. Confir-
mation of diagnosis and histologic type classification require 

biopsies and detailed histologic assessment that is probably 
impossible with frozen sections. The extent of the disease 
determines the modality and the intensity of the treatment. 
Therefore, accurate staging is imperative before selection of 
the protocol. The Ann Arbor classification in four stages with 
subgroups according to the presence or absence of systemic 
symptoms remains the more widely used but the definition 
of the organs or lymph node groups involved require refined 
diagnostic tools. All imaging procedures and isotope scans 
described for NHL are of application here but other diagnos-
tic procedures such as lymphangiogram (difficult in children) 
and staging laparotomy with splenectomy (total or partial) and 
anatomically mapped abdominal lymph node biopsies may be 
used occasionally. PET-CT seems promising for noninvasive 
staging.34

HL may be located primarily in the anterior and mid medi-
astinum in children and may cause the same compressive 
effects as NHL (Fig. 18.1). Biopsies are sometimes possible 
in extrathoracic nodes and if not, the Chamberlain operation 
or thoracoscopy allow retrieval of enough tissue for diagnosis. 
Even if accurate staging is necessary, the widespread prefer-
ence for chemotherapy over radiotherapy in children, perhaps 
except in some adolescents, makes staging laparotomy obso-
lete. It should be reserved perhaps for those cases with stage 
II thoracic involvement in which localized radiotherapy as 
the sole treatment requires exclusion of transdiaphragmatic 
involvement.35

Like in NHL surgery is not the primary treatment of HL 
except in very localized cases in which it may suffice.36 How-
ever, surgery may be occasionally carried out in children in 
whom unusual imaging pictures, such as cystic spaces within 
the enlarged thymus, are suggestive of other diagnoses and 
lead to removal of the organ.37

Germ Cell Tumors

Primordial germ cells may produce various types of tumors 
including those constituted by totipotential germ cells like 
those that form seminomas/dysgerminomas and embryonal 
carcinomas (rare in children) to those in which embryonal tis-
sues (teratomas) or extraembryonal tissues (yolk sac tumors 
and choriocarcinomas) are differentiated. The primitive 
germ cells may produce various types of tumors: those of the 
gonadal germ cells (seminoma and dysgerminoma) and those 
of the totipotential cells that may be either in the line of extra-
embryonary tissues (yolk sac tumors and choriocarcinoma) or 
in the line of embryonary tissues (teratomas). In fact, these 
different tissues can be found sometimes in the same tumor.

Teratomas

They comprise only 8–16% of the tumors in this region at all 
ages38–41 and are also rare in children.42 They consist of solid or 
organoid masses in which tissues derived from all three blas-
todermic layers (ectoderm, endoderm, and mesoderm) can be 
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identified. Their histologic features are heterogenous and may 
include cystic or solid areas as well as mature and immature 
components. Their incidence is higher in individuals with 
Klinefelter syndrome.5,43

Mediastinal teratomas originate most often from the thy-
mus or pericardium and are therefore located almost invari-
ably in the anteror compartment of the mediastinum. They 

are as frequent in girls as in boys44,45 in contrast with adults in 
whom there is a clear male predominance.46,47 They develop 
relatively early in fetal life, and they may cause hydrops and 
fetal demise.2,48 They can be diagnosed prenatally2 but in 
most cases they are detected after birth because of respira-
tory distress1,49 or later in life because of vague symptoms 
(thoracic or cervical pain, dyspnoea) that are more frequent 
in children than in adults.40,41 The diagnosis is often an inci-
dental finding upon X-rays performed for other causes.38

Mediastinal teratomas should be suspected whenever a 
mass with or without calcifications is seen upon imaging 
of the anterior mediastinal compartment (Fig. 18.2). How-
ever, this diagnosis is not made in many cases until the 
operation.3,42

Most mediastinal teratomas are benign in children but the 
prognosis is definitely worst if they contain elements of other 
germ-cell tumor like yolk sac, embryonal carcinoma, seminoma, 
germinoma, or choriocarcinoma components.42,43,50 Some of 
these malignancies are secreting and may induce precocious 
puberty5,43 or detectable pancreatic secretions.51,52

Surgical excision is the treatment of choice for mediastinal 
teratomas. Median sternotomy gives excellent exposure, but lat-
eral thoracotomies may be preferred when the tumour is devel-
oped into either hemithorax.42 Thoracoscopy is an accepted 
alternative for removal of some benign mediastinal tumors.53,54

Chemotherapy with carboplatin, bleomycin, and etoposide, 
which is very effective in malignant germ cell tumors, may 
allow secondary surgery after tumor shrinkage in cases that 
cannot be removed primarily.43 Although wide adherence to 
adjacent tissues usually makes a complete resection difficult, 
it is essential to avoid recurrence. In fact, these tumours have 

Fig. 18.2. Ten-year-old patient with mediastinal retatoma: CT-scan 
depicts a partially cystic mass in the anterior mediastinum. There is 
some fluid in the right pleural space. Calcifications are not visible 
in this case

a

b

Fig. 18.1. Twelve-year-old boy with Hodgkin lymphoma: (a) Plain 
X-ray of the chest showing enlargement of the superior mediastinum; 
(b) CT scan showing very enlarged nodes and tracheal compression
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excellent prognosis when resection is complete.43 Alpha feto-
protein is a good tumor marker since it is usually elevated 
in malignant and immature tumors and only very seldom in 
mature ones.50

Non-Teratomatous Germ Cell Tumors

Very rarely pure extra-embryonal germ cell tumors (semi-
noma/dysgerminoma, embryonal carcinoma, yolk-sac tumor, 
or choriocarcinoma) may appear in the anterior mediastinum.55 
These are malignant and require complete removal and che-
motherapy as explained above for the malignant components 
of teratomas.43

Tumors and Cysts of the Thymus

The paired thymic primordia located in the ventral part the 3rd 
branchial pouches of the embryo migrate distally and anteriorly 
toward the anterior mediastinum within the cervicomediastinal 
mesenchyme. During migration, each primordia leaves behind 
a thymopharyngeal duct (in some ways similar to the thyro-
glossal duct of the migrating thyroid gland) that progressively 
obliterates and dissapears. This origins explains why epithelial 
tumors and cysts and lymphocytic and mesenchymal tumors 
are possible in this organ.

Thymic Hyperplasia

The thymus plays an important role in the development of 
cellular immunity in infancy, and its size is therefore larger 
at this age and regresses later in life. Sometimes real hyper-
plasia may suggest the development of a thymic mass. How-
ever, the absence of symptoms and of clinical compromise of 
the mediastinal vessels and some radiologic features like the 
absence of compression of the airway or the “boat sail” shape 
of the inferior boundaries of the organ rule out this suspicion. 
Treatment with corticosteroids is usually enough to make the 
enlarged thymus to regress and observation only may be a 
better alternative.

Thymic Cysts

Cysts derived from the thymic-pharyngeal ducts may appear in 
the anterior mediastinum and/or in the neck. They are lined by 
pharyngeal epithelium, often ciliated, have secretory and thy-
mic elements (Hassall’s corpuscles), and may be inflammed or 
infected.56 When they reach a certain size they are either pal-
pated (in the neck)57 or detected upon imaging of the mediasti-
num.58 They may cause respiratory symptoms by compression.59 
Thymic cysts require surgical excision through a cervical or 
transsternal approaches.

Thymyc cysts are also observed in rare instances of malig-
nant lymphoma37 and in patients with HIV infection in whom 
they are multilocular.60,61

Malignant Thymic Tumors

In contrast with adults, malignant neoplasia of the thymus 
are exceedingly rare in children. However, some instances of 
malignant thymoma without40 or with myastenia gravis62 and 
thymic carcinoma63,64 have been reported.

Vascular Tumors and Anomalies

Modern classifications of vascular anomalies and tumors 
facilitated the understanding of their apparently unpredict-
able clinical course. It is currently accepted that the vascular 
tumors congenital hemangioma with its two varieties, non-
involuting or NICH and rapidly-involuting or RICH, heman-
gioma, kaposiform hemangioendothelioma, and capillary, 
venous, arteriovenous, or lymphatic vascular malformations 
have very different clinical behaviours and require individual-
ized approach. Although rare, these conditions may be found 
in the anterior mediastinum where they may pose difficult 
therapeutic problems. Pathologic reviews of these mediastinal 
tumors at all ages illustrate well the wide range of stable or 
regressive behavior.65

Vascular Tumors

Most hemangiomas located in the anterior mediastinum are 
in continuity with cervicofacial components. They may be 
asymptomatic or cause respiratory compromise when they 
extend into the airway. If they are asymptomatic, they should 
not be treated because they tend to regress over time. However, 
if airway involvement is present, active anti-angiogenic treat-
ment with corticosteroids and/or interferon 2α or 2β must be 
promptly used (interferon 2α has been found to cause severe 
neurologic complications).66

Kaposiform hemangioendothelioma is very dangerous 
because it is generally accompanied by a Kassabach-Merritt’s 
syndrome in which there is massive platelet trapping with 
the ensuing risks of haemorrhage. These tumors involve the 
thoracic wall and often the mediastinum (Fig. 18.3). Full 
anti-angiogenic therapy together with close hematologic mon-
itoring and eventually surgery are required. This tumor has a 
mortality close to 20% without aggressive treatment.66

Vascular Malformations

These lymphaticovenous masses may be located anywhere 
in the body but particularly near the confluences of large 
venous and lymphatic collectors. The anterior mediastinum 
is one of these locations67–69 and the tumor may extend into 
either hemithorax and eventually to the neck and the base 
of the mouth (Fig. 18.4). Lymphangiomas are multicystic 
and infiltrate the anatomical structures making separation 
from them extremely difficult. The tissue reacts like other 
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Fig. 18.3. Newborn patient with left haemothorax and Kassabach-
Merritt syndrome: (a) Plain chest X-ray: pleural fluid in the left. Sepa-
ration of the upper ribs which are thinned; Right mediastinal shift; (b) 
MRI depicting a vascular mass that infiltrates the axilla, the thoracic 
wall and the anterior mediastinum displacing the trachea and the great 
vessels to the right. Treatment with cosrticosteroids and interferon 
stopped platelet trapping and induced regression of the mass

a

b

Fig. 18.4. Four-year-old girl with lymphangioma that infiltrates the 
neck, the axilla and the anterior mediastinum: (a) Large size mass in 
the left hemithorax. The trachea is displaced to the right; (b) CT scan 
of the upper mediastinum. The mass involved the anterior mediasti-
num and the left thoracic space, but there were cystic components on 
the right side as well. The patient underwent partial resection and is 
asymptomatic

a

b

Treatment of mediastinal lymphangiomas must take into 
account that it is a benign mass, that total removal is often 
impossible, and that a too radical surgery may endanger ner-
vous trunks or other structures.72 Sclerosis with OK-432 or 
other agents is an alternative or a complement in cases in 
which partial removal has already reduced the volume of the 
tumor.66 Only in cases of single cysts the result of sclerosing 
procedures is generally satisfactory. For masses with multi-
ple infiltrating cysts of small size, partial debulking may be 
enough.71

Other rare Anterior Mediastinal Tumors

Occasional observations of anterior mediastinal pseudo-
inflammatory tumor,73 Langerhans’s histiocytosis with cal-
cification (Fig. 18.5),9,74 thymolipoma,75 sarcoma,76 and 
liposarcoma77 have been reported in children.

lymphatic structures to local infections and the volume of 
the mass may change or eventually suppurate. Respiratory 
symptoms may arise in cases with airway compromise.70 
These masses are readily diagnosed upon modern imaging 
procedures12 and do not tend to involute spontaneously.71
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Introduction

The posterior mediastinal space anatomically includes loose 
areolar connective tissue, the sympathetic chain, the proximal 
portions of the intercostal neurovascular bundles, the thoracic 
spinal ganglia, oesophagus and thoracic duct. Most tumours 
of the posterior mediastinum (Table 1) in children are of 
neurogenic origin, the majority being ganglion-cell tumours. 
In children, mediastinal nerve-sheath tumours, peripheral 
primitive neuroectodermal tumours (PNET) and rhabdomy-
osarcoma occur less frequently while paraganglioma and 
chemodectoma are rare. Non-neoplastic masses in the poste-
rior mediastinum can mimic tumour and must be considered 
in the differential diagnosis.

Neuroblastoma

Introduction

Neuroblastoma is arguably the most fascinating of the child-
hood solid tumours because of the range of behaviour from 
spontaneous regression, to a benign highly differentiated gan-
glioneuroma, to unremitting metastatic progression. Neuro-
blast cells arise from the embryonic neural crest and display a 
spectrum of clinical behaviour depending on the primary site, 
metastatic burden, and metabolically active by-products. This 
heterogeneity is the hallmark of the disease. Neuroblastomas 
are childhood tumors of the autonomic nervous system that 
can develop anywhere along the sympathetic chain, although, 
the majority arise in the adrenal gland.

Neuroblastoma accounts for 7% of malignancies in patients 
younger than 15 years and around 15% of all pediatric oncol-
ogy deaths in the US1,2 The annual incidence rate among 
children under 15 years of age in the United States is nine to 
11 cases per million. It is the commonest extracranial solid 
tumour of childhood and the commonest malignancy diag-
nosed in infancy. Neuroblastoma is the most common cause 
of a mediastinal mass in children under the age of 2 years3. 

Thoracic neuroblastoma accounts for approximately 15–20% 
of all neuroblastoma3,4. The variability in its behaviour is 
reflected in the age, stage of disease and biological char-
acteristics and it is these main criteria which form the risk 
stratification which in turn determines treatment.

Historical Perspective

Neuroblastoma was first described by the German pathologist 
Virchow in 1864 as a glioma5, and in 1891, Marchand linked 
it to the sympathetic ganglia6. Cushing and Wolbach charac-
terized malignant neuroblastoma and its subsequent transfor-
mation into its benign counterpart, ganglioneuroblastoma7. 
Spontaneous regression of microscopic clusters of neuroblas-
toma cells, called neuroblastoma in situ, was noted to occur 
quite commonly. According to Beckwith and Perrin in 1963, 
regression occurs nearly 40 times more often than clinically 
apparent neuroblastoma8. This regression was less frequently 
seen in children older than 6 months9.

Pressor amines were identified in urine of a child in 1957 
by Mason and this further contributed to the understanding of 
neuroblastoma and its sympathetic neural origin10. Aggressive 
surgery and radiotherapy were the only modes of treatment 
until Sidney Farber introduced chemotherapy for neuroblas-
toma in 1951. Audrey Evans (1971) of the Children’s Cancer 
Group reported the first staging system and Shimada (1984) 
described a prognostically significant histopathologic clas-
sification for neuroblastoma11. Schwab et al first described 
the amplification of N-myc proto-oncogene that is associated 
with advanced disease and poor prognosis12.

Incidence & Epidemiology

The incidence of neuroblastoma in the UK was 9.2 per million 
children per year between 1991 and 200013. The incidence 
is similar in the US. White children seem to have a slightly 
increased incidence compared with blacks and Asians 1. 
Between 8% and 20% of all neuroblastoma originate in the 
posterior mediastinum. 14
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A variety of syndromes are associated with neuroblastic 
tumours including Beckwith-Tiedemann syndrome, Disgorge 
syndrome, Soto’s syndrome and Simpson-Golabi-Behmel 
syndrome. As one of the neurocristopathies (Bolande), neu-
roblastoma has been described in association with neurofi-
bromatosis (von Recklinghausen’s disease), Hirschsprung’s 
disease, central hypoventilation syndrome (Ondine’s curse), 
hypomelanosis of Ito and Multiple Endocrine Neoplasia 
Type 2A.15

Basic Science

Embryology

During the fifth week of fetal life, neural crest cells migrate 
to populate the sympathetic ganglia amongst other tissues. 
The precursor neural crest cell is believed to pass through 
phases of proliferation and differentiation before maturing 
into a ganglion cell. Successful exit from the proliferative 
phase of the cell-cycle is necessary for normal differentiation. 
The successful orchestration of these events is dependent on 
molecular signalling mechanisms thought to involve the gene-
products N-myc and Sonic hedgehog (Shh). N-myc is a tran-
scription factor, high levels of which promote proliferation 
of neuroblasts as well as preventing terminal differentiation 
and exit from the cell-cycle–circumstances which are thought 

to promote their transformation into neuroblastoma. Shh is a 
mitogenic glycoprotein signal which has been shown to pro-
mote increased transcription of, as well as, post-translational 
stabilization of N-myc.17

Pathology

Posterior mediastinal neuroblastomas arise from the para-
vertebral sympathetic chain. They may also originate from 
intercostal nerves, dorsal root ganglia and paraganglionic tis-
sue in the vicinity of the aortic arch18. Macroscopically, neu-
roblastomas usually take the form of a solid, soft, vascular 
mass. Neuroblastomas (as well as ganglioneuroblastoma) do 
not possess a true capsule but, when well circumscribed, may 
appear to have a pseudocapsule which is usually friable and 
vascular. The cut surface appears grey or tan, often with areas of 
haemorrhage and necrosis. Foci of calcification are common.

Microscopic examination reveals tumour cells (neuroblasts) 
and stroma. The neuroblast is an immature neural crest cell 
derivative and is a small, round cell with a large, dark blue 
nucleus, indistinct nucleoli and little cytoplasm. The formation 
of Homer Wright rosettes is typical of neuroblastoma. More 
differentiated tumours contain cells that resemble mature gan-
glion cells. The stromal element surrounds the tumour cells 
and is a prognostically significant - immature tumour tending 
to be stroma-poor whereas differentiated ones have an abun-
dance of stromal elements 1,19.

A revised version [20] of the International Neuroblastoma 
Pathology Classification (INPC) was published in 2003 
and is based on the original classification described by 
Shimada21,22.

Tumour Biology, Cytogenetics & Molecular 
Pathology

The biological make-up of individual neuroblastic tumours is 
variable comprising mature ganglion cells and immature malig-
nant neuroblast with metastatic potential. Various cytogenetic 
and molecular abnormalities identified within the neuroblas-
toma have been linked to patterns of tumour behaviour and 
prognosis. Cytogenetic abnormalities and N-myc amplification 
are rarely seen in thoracic neuroblastomas, which are compara-
tively localised and well differentiated [personal series].

Non-random genetic abnormalities include gene amplifica-
tion (N-myc), allelic losses (1p, 4p, 11q, 14q) and allelic gains 
(17q, 4q, 6p, 11q and 18q). N-myc is an oncogene located 
on chromosome 2p and is amplified (>10 copies) in approxi-
mately 20% of all neuroblastomas but only in 6% of thoracic 
primaries. The vast majority of N-myc amplified tumours are 
associated with a poor prognosis, independent of age and dis-
ease stage. In a report from the Pediatric Oncology Group, 
survival for N-myc non-amplified tumours overall was 76%, 
compared with 24% for N-myc amplified tumours 23. Poor 
prognosis is also associated with loss of 1 p and unbalanced 
gain of 17 q1,19.

Table 19.1.

Neurogenic tumors
Ganglion cell tumors (peripheral neuroblastic tumors)
 Neuroblastoma
 Ganglioneuroblastoma
 Ganglioneuroma

Nerve sheath tumors
 Benign – neurofibroma, Schwannoma
 Malignant peripheral nerve sheath tumor
Neurofibrosarcoma
Paraganglioma (Extra-adrenal phaeochromocytoma), Chemodectoma,
Non-neurogenic tumors
Peripheral primitive neuro-ectodermal tumor (Ewing’s sarcoma)
Rhabdomyosarcoma
Hemangioma
Germ cell tumor
Osseo-cartilaginous tumors
Metastases

Tumor-like conditions
Foregut duplication cyst
Extralobar pulmonary sequestration
Extramedullary hemopoiesis
Vascular malformations
Lipomatosis
Histiocytosis
Adenopathy
 Infectious
 Other – Sarcoidosis, Castleman disease, Rosai-Dorfman disease
Juvenile fibromatosis
Desmoid tumor
Thoracic duct cyst
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Tumour Markers

The majority of neuroblastomas secrete cathecholamines. 
Urinary vanillylmandelic acid (VMA), and homovanillic acid 
(HVA), the breakdown product of adrenaline/noradrenaline 
and dopamine respectively are the most frequently measured 
metabolites1. It is now established that measurement of VMA 
and HVA in spot (random) urine samples is adequate for 
diagnosis as well as monitoring and that timed collections of 
urine samples are not necessary. In a study on 114 consecutive 
clinically diagnosed neuroblastomas (including 20 thoracic 
tumours), the diagnostic sensitivities of urinary VMA, HVA 
and DA were 80.7%, 71.9% and 61.3% respectively24. Mea-
surement of urinary cathecholamines can also be useful for 
monitoring response to treatment and detecting early signs of 
recurrence.

Diagnosis

Neuroblastoma in children is diagnosed associating the clinical 
presenting features with laboratory tests, imaging studies and 
biopsy of the posterior mediastinal tumour.

Clinical Features

Neuroblastoma in the thorax tends to present at a compara-
tively young age group16. The right side is involved somewhat 
more often (48%–58% vs 39%–48%) and bilateral lesions are 
uncommon. A recent review of 21 thoracic neuroblastomas 
presenting to Birmingham Children’s Hospital confirmed the 
more frequent right side origin and found the distribution to be 
8 apical (38%), 2 cervical (9.5%), 2 cervico-thoracic (9.5%), 8 
mid thoracic (38%), and 1 in thoracoabdominal (5%).

Between 20% and 50% of thoracic neuroblastomas are 
asymptomatic at presentation. Adams reviewing 96 thoracic 
neuroblastomas for the Children’s Oncology group found 
that 47 presented with symptoms unrelated to their tumour 
with the mediastinal mass being found on incidental chest 
X-ray;[3] of these unrelated symptoms the commonest was 
upper respiratory tract illness (20%). Other unrelated symp-
toms include fever, pallor, malaise, anorexia, weight loss and 
paraneoplastic syndromes3,4,25.

Tumour related symptoms include dyspnea, cough, dys-
phagia, chest pain and acute respiratory distress. Involvement 
of the cervical or upper thoracic sympathetic chain may cause 
a Horner’s syndrome (ipsilateral ptosis, meiosis, enophthalmos 
and anhydrosis of the face). Between 2%3 and 10% (Birmingham 
Children’s Hospital experience) of thoracic neuroblastomas 
present with a Horner’s syndrome. Extension of tumour into 
the thoracic inlet may produce a mass in the ipsilateral neck. 
Local invasion of adjacent structures in the chest occurred in 
8 of 37 patients (21%) with mediastinal neuroblastoma in one 
series, most commonly involving the Chest wall26. Up to a 
quarter of patients may be hypertensive, presumably due to 
cathecholamines secreted by the tumour.

Thoracic neuroblastomas may present with a pleural effu-
sion which may lead to confusion as they may be mistaken for 
an empyema. A study of 295 patients with the diagnosis of 
neuroblastoma who received treatment at St. Jude Children’s 
Research Hospital between 1991 and 2005 revealed that 
31(10.5%) had pleural effusion identified at time of presenta-
tion27. Five of these 31 patients had a mediastinal primary and 
29 of 31 had high-risk disease. Malignant Cells were identi-
fied in the pleural fluid by cytology in 7 of 9 patients who 
had their effusion tapped. CT scan is much better at defining 
mediastinal or lung pathology in the presence of an effusion 
than ultrasound. Pleural effusion seems to be associated with 
unfavourable biology and high-risk disease27.

Tumor extension through the intervertebral foramina into 
the spinal canal (dumbbell tumours) may cause pressure 
effects on nerve roots or the spinal cord which, in turn, may 
manifest as back pain, a limp, weakness or paralysis of limbs 
and incontinence or retention of urine [Figure 1]. Symptom-
atic spinal cord compression is reported in approximately 5% 
of children with neuroblastoma – of these, nearly half are 
associated with thoracic primary tumours28,29,30.

Paraneoplastic syndromes are well described in neuroblas-
toma and include opsoclonus-myoclonus syndrome (or dancing 
eyes) that is thought to be immunologically mediated and 
intractable watery diarrhoea caused by vasoactive intestinal 
peptide secretion 1.

Neuroblastoma occasionally presents with metastases to bone 
marrow and cortex (60%), lymph-nodes(45%), liver (15%), skin 
/ subcutaneous tissues, the orbit (causing proptosis & panda 
eyes) and, rarely, to the lungs or the brain. Bone involvement 
usually affects the ends of long bones, the skull, vertebrae, ribs, 
sternum or the pelvis and may result in pain, limping, refusal to 
use the relevant limb or even irritability in infants.

Fig. 19.1. MRI scan showing intra-spinal extension of a ganglioneuro-
blastoma. This 14 year old girl was suffering from neuralgic pain and 
weakness from spinal cord and nerve root compression. Spinal decom-
pression was performed followed by excision of the primary tumor
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Laboratory Investigations

Measurement of urinary catecholamine excretion is essential 
this diagnostic importance and is useful for monitoring the 
response to treatment24. Other baseline investigations usually 
comprise a full blood count as well as blood biochemistry 
including urea, creatinine, electrolytes and liver function tests. 
Various tumour markers may be measured (discussed above). 
Bilateral bonemarrow aspirates and biopsies are evaluated for 
metastases.

Imaging

Radiographs

Chest films are usually the first line investigation in patients 
presenting with respiratory symptoms and may reveal a para-
vertebral or apical lesion. Calcification is detected in at least 
30% [Figure 2a]. There may be associated widening of the 
paraspinal line, splaying of adjacent posterior ribs as well as 
erosion of ribs or vertebral bodies. Widening of intervertebral 
foramina or erosion of pedicles are associated with intraspinal 
disease extension.

Skeletal radiographs are not routinely taken unless there are 
specific symptoms such as pain or deformity in which case 
they may demonstrate metastatic lesions as either lytic or 
sclerotic areas.

Computerized Tomography

CT with intravenous contrast (and oral contrast if the abdo-
men is to be examined) is the imaging modality of choice at 
presentation especially in thoracic neuroblastoma. Primary 
tumours show heterogeneous enhancement with areas of low 
attenuation representing necrosis or hemorrhage. Calcifica-
tion is seen in about 50% of thoracic neuroblastomas [Figure 
2b]. It can be difficult to distinguish adjacent nodal disease. 
It is important to exclude the possibility that a mediastinal 
mass is being either an extension of or a metastasis from 
an abdominal primary neuroblastoma imaging should cover 
adjacent regions i.e. the abdomen and neck for a thoracic 
primary lesion.

Magnetic Resonance Imaging

MRI is equivalent to or better than CT at defining anatomical 
detail of the primary tumour including related blood vessels. 
Tumour typically produces a low signal on T1-weighted and 
high signal on T2-weighted sequences. MRI is mandatory if 
there is concern about intraspinal extension [Figure 1] and in 
cervico-thoracic neuroblastoma. In addition, there is no ionis-
ing radiation which is an advantage for long term follow-up. 
Intravenous contrast is not essential but gadolinium contrast 

may be useful for assessing residual disease, tumour recur-
rence, residual fibrous tissue following chemotherapy or 
radiotherapy and post-operative scarring [Figure 3a,b,c,d]. 
However, MRI involves longer scanning times than CT, pro-
vides suboptimal definition of small lymph-nodes and may 
miss tumor calcification. The main disadvantage of MR 
sensitivity to movement artefact – this makes it difficult to 
scan young children without anaesthesia. CT angiogram can 
give reasonable result to delineate the arterial and venogram 
showing arteriovenous involvement within the tumour. Both 
CT and MRI are complimentary and should be performed in 

Fig. 19.2. Chest X-ray showing a calcified tumor causing significant 
tracheal deviation. This child needed ventilatory support at presenta-
tion and required chemotherapy for reduction of her cervico-thoracic 
neuroblastoma. CT scan confirmed the extent of the tumor as well as 
involvement and deviation of the mediastinal structures

a

b
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difficult situations to gather as much information as possible 
before surgery [Figure 4b].

Investigations for staging

Meta-iodo-benzylguanidine (MIBG) is chemically similar 
to catecholamine precursors and is taken up by 90%-95% of 
neuroblastomas (primary tumour and metastases) as well as 
by ganglioneuroma, pheocromocytoma, carcinoids and med-
ullary thyroid carcinoma. MIBG usually identifies the primary 
tumour and all metastases especially bone marrow disease. It 
is an essential tool for making the initial diagnosis and as a 
staging investigation for neuroblastoma. It is also very useful 
for follow-up [Figure 4a].

Bone scanning (99mTc-labelled methylene diphosphonate 
scintigraphy) can distinguish cortical bony metastases from 
bone marrow involvement and is reserved for children with a 
negative MIBG Scan.

Other

Ultrasonography is often used to assess pleural effusions and 
empyemas but it does have the disadvantage of not visualising 
the mediastinum. However it is useful for the assessment of 
metastatic disease in the liver. Barium swallow may be neces-
sary if forgut duplications are suspected.

The main criticism of the INSS staging system (see table 
2) is that it is postsurgical stage. Thus the same tumour 

c
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Fig. 19.3. (a and c) Chest X-ray and CT scan showing a large apical neuroblastoma with significant mediastinal involvement. Tumor extends below 
the carina. There is also intraspinal extension. The child was treated with chemotherapy. (b and d) Chest x-ray and MRI showing a good response 
from chemotherapy and shrinkage of the tumor which is now amenable to surgical excision. This child is free of recurrence after 5 years
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could be stage 1 or 3 depending on the surgeon involved. 
The incongruity of this lead a recent conference (Whistler, 
Canada, September 2005), to propose a new staging sys-
tem, the International Neuroblastoma Risk Group Stag-
ing System (INRGSS) based on age, N-myc status and 
histology and on pre-treatment imaging criteria (IDRFs), 

the INRGSS is a true pre-treatment stage and more objec-
tive than the previous reliance on surgical assessment of 
respectability 32.

Disease Staging

“Disease Staging” before “Prognostic Factors” “The Inter-
national Neuroblastoma Staging System (INSS) is shown in 
Table 19.2. This staging system is based on surgical as well 
as pathological findings. The main criticism of the INSS 
staging system is that it describes the post-surgical stage. Thus 
the same tumor could be stage 1 or 3 depending on the surgeon 
involved. This incongruity lead a recent conference (Whis-
tler, Canada, September 2005) to propose a new staging sys-
tem - the International Neuroblastoma Risk Group Staging 
System (INRGSS) based on age, N-myc status, histology and 
pre-treatment imaging criteria (imaging-derived risk factors - 
IDRFs). Imaging-defined risk factors for cervical and thoracic 
neuroblastomas are shown in Table 19.3. The INRGSS is a true 
pre-treatment stage and more objective than the previous INSS 
which relied on surgical assessment of resectability [32].”

“Infants less than one year of age have a good prognosis. 
They present with lower stage disease and N-Myc amplifica-
tion is rare.33,34,35 Less than 5% of all neuroblastomas present 
in adolescents (aged 10–18 years at diagnosis). Although the 
primary tumour site and disease stage is similar to younger 
children, adolescents may present with metastases to unusual 
sites including the brain, lungs and pleura. N-myc amplifica-
tion is relatively uncommon but survival rates are worse when 

a

b

Fig. 19.4. (a) MIBG scan showing persistent uptake in a child with a 
large cervico-thoracic tumor after chemotherapy. (b) CT angiogram 
from the same patient showing involvement of the subclavian, ver-
tebral and carotid arteries. The tumor was excised using a modified 
Dartevelle approach. The child received postoperative chemotherapy 
and remains recurrence free after 5 years

Table 19.2. International neuroblastoma staging system31

Stage 1 Localized tumor is confined to the organ of origin; complete 
resection with or without microscopic residual tumor; ipsilateral 
and contralateral lymph nodes are microscopically negative

Stage 2a This involves a localized tumor with incomplete gross resec-
tion; ipsilateral and contralateral lymph nodes are microscopi-
cally negative

Stage 2b This involves a unilateral tumor with incomplete or complete 
gross resection; ipsilateral lymph nodes are positive; contralateral 
lymph nodes are microscopically negative

Stage 3 In this stage, tumor crosses the midline with or without regional 
lymph node involvement, unilateral tumor is associated with 
positive contralateral lymph nodes, or a midline tumor is found 
with positive bilateral lymph nodes

Stage 4 Distant metastases are present
Stage 4s This occurs in infants with a localized tumor that does not cross 

midline, with metastatic disease confined to the liver, skin, and 
bone marrow (<10% tumor cells in bone marrow)

Table 19.3. Image defined risk factors associated with cervical and 
thoracic tumors

Neck Tumor encasing vertebral or carotid artery
Tumor encasing brachial plexus roots
Tumor crossing the midline

Thorax Tumor encasing the trachea or principle bronchus
Tumor encasing the origin and branches of the subclavian vessels
Thoraco-abdominal tumor encasing the thoracic aorta
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adolescents are treated with the standard childhood protocols36, 
suggesting that other biological factors are important in this 
age group.”

Tumour stage

Tumour-stage at diagnosis is an important independent 
prognostic factor (see table)16. One exception to this rule 
is the strange clinical presentation of stage 4s disease first 
described by D’Angio in 197137. Stage 4s disease occurs, by 
definition, in infant less than 1 year of age, with a small loca-
lised primary and metastases to the liver, skin and bone mar-
row. Virtually all of these tumours virtually all eventually 
regress without treatment. However, the rapid progression 
of hepatic metastases can compromise breathing and thus 
treatment may be required either in the form of abdominal 
decompression with a patch or chemotherapy. stage 4s tho-
racic tumors occasionally require chemotherapy to reduce 
pressure symptoms caused by compression of the surrounding 
structures.

Tumour site

The site of the primary has been reported by a prospective 
POG study to be an independent favourable risk factor even 
after correction for age and stage3,16,38,39. Thoracic site in par-
ticular appears to be a good prognostic factor although this is 
related to favourable histology and lower incidence of N-Myc 
amplification.16,40,41 Haberle reviewed 113 thoracic tumours 
for the German Neuroblastoma group between 1989 and 1995 
and found that the incidence of stage 4 disease for thoracic 
primaries was 24.8% compared with 44.4% for nonthoracic 
neuroblastoma. Adams et al reviewed 96 primary thoracic 
neuroblastomas and found that they had an improved progno-
sis even after correcting for age and stage3.

Patients with neuroblastoma dumbbell type tumours with 
intra-spinal extension are reported to have better (97%) than 
average survival and the majority (66%) enjoy complete neu-
rological recovery29.

Antenatal diagnosis

Approximately 20% of neuroblastomas are diagnosed either 
antenatally or in the first 3 months of life42,43. More than 90% 
are of adrenal origin and cystic in nature. Thoracic primaries 
comprise only a small fraction of this group. The majority 
of these tumours are asymptomatic. However, on rare occa-
sions, maternal and/or foetal compromise may be observed. 
Foetal hydrops may result from compression of the great ves-
sels, placental metastases or high-output heart failure. More 
than 80% of these tumours are stage 1 or 2 and in excess 
of 90% have favourable biology. Given the reputation of 
tumours in this group to demonstrate spontaneous regression 
or maturation, a strategy of expectant observation should be 
adopted.42,43

Mass screening

A Mass screening of infants for neuroblastoma by measure-
ments of urinary excretion of VMA and HVA on a spot urine 
sample was first introdused in Japan in 1974 and subsequently 
implemented in Canada, Germany and Austria, mass screen-
ing programmes have been based on spot measurement of 
urinary excretion of VMA and HVA in infants. The age at 
screening was 6 months in Japan but varied in other countries. 
Approximately 10% of screen-detected lesions were thoracic. 
It is now clear that screening results in a doubling of the inci-
dence of neuroblastoma without decreasing the incidence of 
advanced-stage disease in older children or decreasing the 
mortality from neuroblastoma44,45. Spontaneous regression 
has been reported in 60%–73% of these lesions45. Hence, all 
screening studies have now been suspended46.

Differential diagnosis

Neuroblastoma must be differentiated from other neu-
rogenic and non-neurogenic tumours arising within the 
posterior mediastinum (Table 19.1). A variety of benign 
conditions may cause a mass lesion within the posterior 
mediastinum, particularly extralobar pulmonary sequestra-
tion and foregut duplication cysts. Tumors presenting with 
paraneoplastic syndromes may be confused with unrelated 
medical conditions.

Management options

An Overview of Treatment Strategies

Treatment of children with malignant disease requires a multi-
disciplinary team (MDT) approach. The biological behaviour 
of neuroblastomas means that age, radiological stage, pathol-
ogy and cytogenetics must all be considered prior to reaching 
a definitive decision about treatment. There is no place for 
heroic surgery without the consent of the MDT but it also self 
evident from this statement that the surgical oncologist has a 
central role in determining treatment. Furthermore, this is not 
surgery to be attempted on an occasional basis as decisions 

Table 19.4. Risk stratification used by SIOP

Patient/tumor characteristics

Low risk • Infants below 1 year of age
• Stage 1 or 2 tumors that can be treated with complete 
resection alone
• Stage 4 s

Intermediate risk • Children over the age of 1 year with unresectable stage 
2 and 3 without adverse biological features

High risk • Children over the age of 1 year with stage 2 or 3 dis-
ease with N-myc amplification
• Stage 4 disease
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about surgical resection depend on experience and a detailed 
understanding of the behaviour of this tumor.

The aim of treatment is to achieve a cure or long-term 
survival with the minimum morbidity. Using age, stage and 
biological characteristics both the North American COG and 
European SIOP categorize disease as low, intermediate or high 
risk (Table 19.4) and this forms the basis for management.

Management protocols

The chemotherapy and radiotherapy protocols mentioned 
below are constantly changing and the reader should refer 
to the appropriate protocol for detailed information on the 
drugs and their dosages. The role and timing of surgery is 
dependant on the patients risk group. The role of surgery in 
high risk disease in particular remains controversial (see dis-
cussion below)

Low Risk Group

Surgical excision alone is considered for stage 1 or 2 tumors 
providing this can be achieved without causing unnecessary 
morbidity. An observational approach for 4 s disease is suf-
ficient in most cases. Chemotherapy maybe considered for 
symptomatic spinal cord compression as well as stage 4s 
patients with respiratory compromise.

Intermediate Risk Group

After confirmation of the diagnosis by biopsy, intermediate-
risk patients receive standard chemotherapy (12–24 weeks) 
followed by surgery. The aim of surgery is or subtotal resection 
without sacrifice of vital structures. Decisions about post-oper-
ative chemotherapy depend on the histology of the resected 
tumor and the extent of any residual disease (Fig 19.3).

High Risk Group

High risk patients currently undergo biopsy, initial intensive 
chemotherapy and an attempt at surgical resection followed by 
bone marrow ablation with peripheral blood stem-cell rescue. 
This may be followed by radiotherapy and cis-retinoic acid 
therapy. Irradiating the chest has long term consequences for 
skeletal growth and lung function. The decision to administer 
radio therapy is only made after extensive discussion by the 
MDT.

Special cases

• Infants with asymptomatic stage 4s neuroblastoma may 
simply be monitored without specific treatment37 although 
supportive care is essential47. Formation of a temporary 
abdominal silo to relieve intra-abdominal pressure has been 
described48. Hepatic artery embolization has been used suc-
cessfully in neonates in this situation49. Infants with signifi-
cant respiratory, neurological or renal symptoms may be 
treated with chemotherapy. Resection of primary tumour 

in infants with stage 4s neuroblastoma does not alter the 
outcome47.

• Patients presenting with neurological compromise due to 
compression of the spinal cord itself require careful evalu-
ation. Treatment options include neurosurgical decompres-
sion, chemotherapy and radiotherapy. Decompression by 
laminectomy or laminotomy if there is rapid neurological 
deterioration, because this provides immediate relief of cord 
Compression and tissue for diagnosis. The pediatric cord is 
surprisingly resilient and may tolerate the relatively slower 
decompression achieved with the non-surgical options30.

• Dumbbell tumours not causing neurological compromise 
[Figure 1]. If the intraspinal component is not causing neuro-
logical compromise then the extraspinal tumour can be removed 
leaving the intraspinal component in place. Thus avoids prob-
lems with bleeding, damage to the cord and CSF leakage29.

Surgical Management

Surgery plays a central in the management of neuroblastoma 
both for biopsy and for definitive treatment. However, there 
are instances where chemotherapy, radiotherapy and even 
observation are more appropriate than surgery. Resection of 
extensive tumors is technically difficult and may be associated 
with significant morbidity.50,51

Controversies in surgical resection

Primary resection is the treatment of choice in stage 1 and 
2 disease52, 53, 54. Kushner showed that surgery alone can be 
sufficient for stage 1 disease even in the presence of positive 
resection margins and unfavorable biology.53

Powis reviewed 123 patients recruited by the European 
Neuroblastoma Study Group between 1982 and 1992 and 
found that stage 3 disease resected completely had a signifi-
cantly better overall survival and event free survival than dis-
ease resected incompletely55. Haase found a 77% survival rate 
when complete resection was achieved compared with 28% 
when resection was incomplete56. An unresolved issue is the 
management of stage 2 and 3 disease with favorable biology 
that is unresectable at presentation. As these patients are still 
in a good prognostic group, it is felt that moderately intensive 
chemotherapy should be given with a view to rendering the 
tumor resectable. This is currently the subject of a prospective 
SIOP study.

Patients with high risk disease are a major challenge. Cur-
rently they are treated much more aggressively because of the 
poor prognosis. There are, however, differing opinions on 
the role of surgery for stage 3 and 4 tumors. As these tumors 
encircle major vessels it is technically impossible to remove 
the tumor en-bloc. Tumor removal is piecemeal and the micro-
scopic resection margins are invariably positive. Description 
of the extent of residual disease at the end of the operation by 
the surgeon is subjective. This makes objective comparison of 
the outcome after surgery very difficult.
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Resection of stage 4 abdominal and pelvic neuroblastoma 
involves meticulous dissection of the major vessels, a tech-
nique that has been elegantly described by Kiely.50,51 However, 
a review of his own work involving 235 patients treated over 
22 years with an 85% complete resection rate revealed no 
significant difference in the survival of patients with stage 4 
disease after complete (31% 5 year survival) and incomplete 
resection (39% survival)50. A Spanish multicenter review of 98 
children with stage 4 neuroblastoma who underwent attempted 
resection57 revealed no significant survival difference between 
>90% disease resection and <50% disease resection. Patients 
in whom tumor resection could not be attempted had a sig-
nificantly reduced survival. La Quaglia et al58 reviewed 141 
patients older than 1 year with stage 4 disease and found 
that local control and survival rates correlated with gross 
total resection. Likewise, Cantos et al59 reviewed 51 stage 4 
patients found that survival and local control rates were bet-
ter in patients after gross local resection. Similar results have 
been found by Kuroda60, Adkins61 and von Allmen62.

Despite this controversy there are well established biologi-
cal principles that support radical surgical resection as part of 
staged multimodality therapy for neuroblastomas. Induction 
chemotherapy is planned to clear metastatic disease and reduce 
the volume and friability of the primary tumor. This reduces the 
tumor load and the aim of surgery to remove macroscopic dis-
ease is the same. Disease volume is reduced so that the number of 
viable cells capable of developing drug resistance is minimized 
prior to embarking on Megatherapy. Hence, the present recom-
mendations of both SIOP and COG are that complete surgical 
resection should be attempted after induction chemotherapy 
avoiding major morbidity and resection of vital organs.

Thoracic neuroblastoma has a much better prognosis than 
abdominal disease (see discussion earlier). Although radical 
surgery such as extrapleural pneumonectomy has been 
described in childhood63 supraradical surgery is generally best 
avoided. A review of 20 children from Japan with thoracic 
tumors showed that 13 had positive surgical margins follow-
ing attempted resection. Both infants (n=11) and children >1 
year (n=9) had a 100% 5 year survival regardless of whether 
the tumor resection was complete or incomplete.41 By com-
parison, the same authors reported a survival rate of 60.6% 
following complete resection of tumors at other sites com-
pared with a 20% survival rare following incomplete resec-
tion.41 Attempts at radical extirpation of thoracic tumors risks 
severe bleeding, CSF leak from the intervertebral foramina 
and paraplegia.29 The fact that incomplete resection does 
not appear to prejudice survival has encouraged surgeons to 
attempt thoracoscopic resection.38,41,64

Biopsy

Biopsy is not always essential. Stage 1 and 2 tumors may be 
diagnosed by clinical features and imaging alone, in which 
case the MDT may decide to proceed immediately to surgical 
resection.

All children with stage 3 and 4 disease should have a tumor 
biopsy and bone marrow aspirates and trephines. This can 
usually be done in conjunction with insertion of a Hickman 
line. Sufficient tissue should be obtained at biopsy to permit 
histological assessment of the tumor, cytogenetic studies and 
allow storage of a specimen for research purposes. Tradition-
ally this involved an open biopsy to obtain at least 1 cm3 of 
tissue.65 However, so long as enough viable tissue is obtained 
it is irrelevant whether this is taken by open surgery, thoraco-
scopic biopsy or using a Trucut needle. It is important to real-
ize that the centre of the tumor may be completely necrotic. 
The author’s preference is to ask the pathologist to do a touch 
preparation of the biopsy to assess tumor viability and con-
firm an adequate sample has been obtained for diagnosis.

Traditionally tumor biopsies have been taken from the pri-
mary site. On occasions it may be simpler to biopsy an acces-
sible metastasis such as a cervical lymph node or even a skin 
lesion in an infant with 4s disease.

Regardless of the approach or technique, the biopsy site 
should be located within the field of any future surgical explo-
ration. An open biopsy is taken by exposing the tumor pseudo 
capsule and coagulating superficial blood-vessels over a small 
area with bipolar diathermy. The capsule is incised with a 
scalpel and viable tumour tissue is gently lifted out using for-
ceps avoiding crush injury and diathermy coagulation artifact. 
Hemostasis is achieved either by firm pressure over the biopsy 
site or with absorbable hemostatic agents such as Surgicel or 
Gelfoam. Care must be taken not to insert such materials into 
the spinal foramina as these may expand rapidly causing pres-
sure on the spinal cord. Fresh tissue must be sent immediately 
to the waiting pathologist.

If a biopsy is to be taken thoracoscopically the same prin-
ciples should be used as an open biopsy. Care must be taken to 
avoid crushing or coagulating the biopsy specimen. Percutane-
ous biopsies are best done with image-guidance (ultrasound / 
CT guidance), depending on skill of the radiology department. 
The usual technique involves image-guided insertion of a stiff 
cannula into the tumor so that a Trucut needle can be passed 
repeatedly down the cannula to obtain multiple biopsies. It is 
important to remember that the central portion of the tumor is 
frequently necrotic and so it is best to attempt biopsies from 
the edge of the lesion to ensure viable tissue is obtained. The 
author uses a 16 gauge automatic firing Trucut needle as this 
seems to provide much more reliable samples then the older 
manual version. The needle and introducer are both visible on 
ultrasound and CT. If the area biopsied is expected to be very 
vascular then the tract can be sealed by injecting tissue glue 
or gel foam plugs.

A recent Canadian study compared open and image-guided 
needle biopsy of 24 stage 3 and 4 neuroblastomas. Insuf-
ficient tissue was obtained for biological studies in 64% of 
needle biopsies and 23% of open biopsies. The incidence of 
significant complications was similar in the two groups.[66] 
Fine-needle techniques may not yield sufficient tissue for the 
entire range of investigations necessary to characterize a neu-
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roblastoma fully. Bone marrow aspiration or trephine biopsy 
are rarely sufficient to make a diagnosis alone as up to 17% of 
trephine biopsies provide inadequate samples.67,68

Tumor Resection

The decision to attempt resection of a neuroblastoma is made 
by the MDT on the basis of the relationship of the tumor to 
adjacent vital structures (i.e., operability), the age of the child, 
disease stage and biology (Table 19.3). Although cross-sectional 
imaging helps plan surgery it is usually only possible to deter-
mine resectability accurately at operation. Resections are 
described as complete (removal of all visible tumor, including 
lymph nodes, even if resection margins contain microscopic 
tumor), near-complete and incomplete (macroscopic residual 
tumor following excision).32

The pre-operative work-up must be meticulous as these 
operations are long and difficult. Resection of large tumors 
incurs significant morbidity and even mortality. It is impor-
tant to schedule surgery after the bone marrow has recovered 
the effects of chemotherapy so that the platelet and white cell 
count have returned to normal. This is usually two weeks after 
the last course of chemotherapy. Blood should be taken to 
check the full blood count, coagulation, serum biochemistry 
and cross match 2 - 4 units of blood.

Prior to operation the imaging should be reviewed to assess 
tracheal and superior vena caval compression. Although these 
risks are significantly greater with anterior mediastinal masses 
they are also seen with posterior mediastinal tumors. Anesthetic 
considerations include adequate venous access to allow rapid 
transfusion, central venous pressure monitoring and arterial 
access to allow blood sampling and continuous arterial pres-
sure monitoring. The need for a double lumen endotracheal 
tube or a bronchial blocker to allow single lung ventilation 
should be discussed preoperatively. This is not necessary for 
most posterior mediastinal tumors. Good post-operative anal-
gesia is essential. How this is achieved is dependant on the 
skills of the anesthetist and the local hospital policy. In our 
unit we use thoracic epidurals for postoperative analgesia for 
at least 48 hours after thoracotomy. They provides very good 
analgesia and allow early mobilization while avoiding the 
potential respiratory depressant effects of opiates.

The usual access for open surgical excision of a thoracic 
neuroblastoma is a posterolateral thoracotomy. Stage 1 and 
2 tumors, even high up at the apex of the thorax, can usually 
be dissected off the chest wall via a high lateral thoracotomy 
using traction on the tumour and a combination of sharp and 
blunt dissection. Tumors low in the posterior mediastinum 
may extend below the diaphragm although they can usually 
be removed through a thoracotomy providing the anatomy can 
be defined clearly. However, a thoraco-abdominal approach or 
a separate laparotomy may be necessary. Tumors extending 
across the midline into the opposite paravertebral space may 
require bilateral thoracotomies either under the same anes-
thetic or at a later stage.

Once the chest is opened and the pathology confirmed the 
pleura should be incised around the tumor. This provides entry 
to plane in which the tumor may be dissected off the chest 
wall. The anatomy is often markedly distorted and it is impor-
tant to differentiate vessels feeding the tumor from vessels 
to normal structures which have been displaced and must be 
preserved. The tumour should be separated from the sympathetic 
chain by sharp dissection to avoid diathermy injury to the 
stellate ganglion and segmental intercostal nerves.

Stage 3 and 4 tumors frequently encase major blood vessels. 
Experience has shown that these tumors do not usually invade 
the vessel wall but remain outside the subadventitial layer. In 
the abdomen the principle is to identify the major vessels early 
before they enter the tumour and then follow them by careful 
dissection. Once the vessels are free the tumor can be removed 
piecemeal.50,51 Of particular concern in the thoracic inlet are 
the vessels that supply the head, neck and arm and the thoracic 
duct. As discussed above incomplete resection of thoracic neu-
roblastomas does not jeopardize the prognosis. Consequently 
there is no need to take excessive risks during surgery. In this 
context, tumor extending into an intervertebral foramen can 
be transected without attempting complete clearance.

All relevant lymph nodes should be sampled at thoracotomy 
if possible. The Pediatric Oncology Group study reported that 
although lymph node biopsies were only obtained in 41% of 
patients undergoing thoracotomy, 36% of those biopsied con-
tained tumor.3

The Dartevelle Approach

Cervicothoracic tumors frequently encase the major vessels 
in the root of the neck and are technically demanding because 
of restricted access. Dartevelle described a trap-door incision 
with resection of the medial third of the clavicle to provide 
access to remove Pancoast tumors in adults. Modifications of 
this incision provide good exposure for neuroblastomas in the 
thoracic inlet.69,70

A number of modifications have been made to Dartevelle’s 
approach. We prefer the Nazari modification,71,72 whereby the 
clavicle is divided to provide exposure and then repaired at 
the end of the operation. Resection of medial third of clavicle 
reduces the shoulder girdle mobility and long term results in 
children may not be acceptable.73

The child is placed supine on the operating table with a roll 
under the shoulders to extend the neck. An L-shaped anterior 
incision is made and the medial half of the clavicle divided 
(Fig. 19.5). This allows excellent exposure of the thoracic 
inlet. The scaleneus anterior muscle is divided to expose the 
deeper vessels and the tumor. The sternocleidomastoid mus-
cle is retracted medially. The tumor is dissected free from the 
internal jugular vein and brachiocephalic confluence followed 
by clearance from the arteries. The neuroblastoma is gener-
ally closely associated with the carotid and subclavian arteries 
and sharp dissection in the adventitial plane of these vessels 
may be necessary to achieve complete clearance. The phrenic 
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and vagus nerves are identified and preserved. Once the tumor 
resection is complete both ends of the clavicle are approxi-
mated with long-lasting absorbable sutures. This approach 
gives good cosmetic results without long term impairment of 
shoulder joint mobility and stability.

The Grunenwald modification involves division of the 
manubrium and, if necessary the upper sternum. The ster-
num then fractures transversely into the ipsilateral thorax 
allowing elevation of the clavicle, sternoclavicular joint and 
part of the manubrium to expose the deeper structures (Fig. 
19.5).73,74,75 After the tumor has been resected the sternum is 
wired together. No one approach is perfect for all cervico-
thoracic tumors and the surgeon should be familiar with all 
these modifications72. Additionally, if the tumor has an intra-
thoracic component the thoracic cavity can be exposed by 
disarticulating the first and second ribs at the costo-chondral 
junction75.

situation is perfect and therefore surgeon should be familiar 
with other modifications and exposure in this area72. Addi-
tionally, if the tumour has an intra-thoracic component, the 
thoracic cavity can be exposed by disarticulating first and sec-
ond ribs at the costo-chondral junction75. We recommend our 
technique as it is useful in most situation in achieving good 
exposure and complete resection of neuroblastoma with mini-
mal postoperative morbidity.

Minimally invasive resection

Successful thoracoscopic resection of apical and supradia-
phragmatic mediastinal neuroblastomas has been reported. 
Small (≤ 6 cm), stage 1 lesions with favourable histology have 

been resected with no complications other than minor tumour 
spillage, resulting in disease free survival without the need 
for adjuvant therapy64. A retrospective comparison of tho-
racoscopic and open approaches to resection found similar 
local control and disease-free survival at a mean follow-up 
of 25 months but the former was associated with a signifi-
cantly shorter hospital stay76. With careful case selection, 
the major advantages of this approach are the avoidance of a 
thoracotomy and the enhanced surgical precision afforded by 
improved visualization38.

Complications of surgery

The study by Haberle et al. reported postoperative complica-
tions in 34 of 195 procedures performed in 104 patients with 
thoracic tumors, including 6 biopsies.4 Horner’s syndrome 
(n=14) was the most frequent complication, followed by 
pulmonary complications (n=13), chylothorax (n=4), other 
neurologic complications (n=4) and scoliosis (n=1).

Four chylothoraces were noted in 104 tumor resections.4 
Mediastinal neuroblastoma and a ‘congenital’ chylothorax 
has been reported in a newborn suggesting that the latter may 
result from lymphatic obstruction due to the tumor77. Chy-
lothorax resulting from surgical resection should be man-
aged in a stepwise fashion starting with chest-tube drainage 
and a diet containing medium chain triglyceride fats. If the 
chylothorax fails to resolve a trial of total parenteral nutri-
tion is appropriate. Ligation of the lymphatic pathways is 
difficult and should be the last resort Neurological complica-
tions are uncommon but ischemic injury to the mid-thoracic 
spinal cord can occur after excision of dumbbell tumors. 
Permanent paraplegia has been reported is a result.28

Survival

The overall survival for thoracic neuroblastomas is much 
better than for abdominal or pelvic disease, Survival rates of 
77%4, 88%3 and 100%41 By way of comparison, the current 
survival rate for children with high risk non-thoracic neuro-
blastoma is approximately 15%1.

Future perspective

The unique biological behavior of neuroblastomas means that 
conventional descriptions of local, regional and distant spread 
are of little relevance to the management of this disease. How-
ever, the management of high-risk neuroblastoma is still dif-
ficult. The role surgery, in particular, needs to be assessed 
objectively by a multicenter randomized controlled study. The 
role of post-operative chemotherapy for children unfavorable 
histology neuroblastoma needs refining.

What is clear for thoracic neuroblastomas is that the progno-
sis is good and surgery should be performed with the intention 
of minimizing morbidity. Further developments in minimally 
invasive surgery are consistent with this aim.

Fig. 19.5. Modifications of Dartevelle’s approach to the thoracic inlet. 
The incision in the neck is taken laterally either above or below the 
clavicle. The clavicle can be divided at the junction of the middle and 
medial thirds leaving the sternomastoid attachment intact. Retraction 
then provides good expose of the tumor. The Grunenwald approach 
involves division of the manubrium and raising an osteomuscular flap 
lifting the clavicle along with sternoclavicular joint and the sterno-
cleidomastoid muscle laterally
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Other primary posterior mediastinal 
tumours

Neurilemmoma (Schwannoma)

These are benign tumours that arise from the Schwann cells 
of the nerve sheath. They are the commonest benign tumour 
of the cranial nerves in adults. In childhood they occur mainly 
in the upper extremities and head and neck but can present 
in the posterior mediastinum [78]. They have been associated 
with previous irradiation but most commonly are found in 
patients with neurofibromatosis type II. Although usually 
benign, mitotically active tumours are encountered which 
more aggressive.79

The gross appearance of a neurilemmoma is an encapsulated 
expansile smooth mass with the nerve of origin stretched over 
a collagenous capsule. Dumbbell tumours can also occur. Pre-
sentation is with pain, loss of function of the nerve affected or 
the pressure effects on adjacent structures i.e. Muscle wasting 
or paraplegia. Large tumours cause bony erosion. Small lesions 
are found incidentally on imaging for another problem.

Although these lesions may be seen on a plain chest X-ray 
further imaging is mandatory. CT scan is better for looking 
at the lung parenchyma and posterior mediastinum but MRI 
provides better definition of intraspinal extension. MRI may 
be diagnostic. A target sign on T2-weighted images with 
central enhancement is highly suggestive of a neurofibroma 
while a fascicular appearance and a thin hyperintense rim on 
T2-weighted images suggests a neurilemmoma80. Surgical 
excision is the treatment of choice.

Neurofibroma

Neurofibromas are distinct from neurilemommas both patho-
logically and clinically. Neurofibromas are the commonest 
benign paediatric neurogenic tumour are commoner in chil-
dren than adults.81 They are usually solitary lesions but may be 
multiple in neurofibromatosis type I. Neurofibromatosis type 
1 affects approximately 1 in 2500 general population and is 
associated with café au lait spots, peripheral neurofibromas, 
plexiform neurofibromas [Figure 6a,b] and pheocromocy-
toma. The NF1 gene is found on chromosome locus 17q11 
and is associated with a predisposition to a number of other 
tumours.82 There are 2 main patterns of neurofibroma: the 
plexiform type and the non-plexiform type, which is usually 
an isolated lesion.79 The plexiform neurofibroma looks like a 
poorly defined thickening extending in a serpentine fashion 
along a peripheral nerve. They may involve the sympathetic 
nerve trunk in the posterior mediastinum or the vagus and 
phrenic nerves. Neurofibromas are composed of spindle cells 
separated by fibrous septae embedded in a hyaline matrix.

Raffensperger reviewed 16 children with neurofibromas 
presenting over a 22 year period found that 7 had lesions in 
the cervical and upper thoracic regions.83 Of these 7 patients 
3 presented with cough and dysphagia. One child with a ret-

ropharyngeal tumor presented with acute airway obstruction 
and required a tracheotomy. The management of cervical and 

Fig. 19.6. Neurofibromatosis in a child with von Recklinghausen’s dis-
ease. (a) Chest x-ray shows an apical mass (b) MRI shows the typical 
appearances of a neurofibroma. Biopsy was not necessary as the child 
had café-au-lait spots and his father also had neurofibromatosis

a

b
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thoracic neurofibromas proved to be much more complicated 
than tumours at other sites which were treated by excision 
biopsy. A total of 21 procedures were required to treat these 
7 children including 5 neck dissections, 6 thoracotomies, 2 
tracheotomies and 1 laminectomy. Progressive neurological 
deficits developed in 2 patients.

Although surgical excision will be curative for solitary 
lesions if resection is complete, this is frequently not possible. 
Moreover, neurofibromas are usually not solitary. Large neu-
rofibromas can be conservatively managed as they are slow 
growing. Debulking surgery is indicated for symptomatic 
tumors and repeated operation is often required. Dumbbell 
tumors require joint assessment with neurosurgery because, 
unlike neuroblastomas where the intraspinal lesion usually 
regresses once the extraspinal part is removed, neurofibromas 
continue to expand and cause cord compression.83,84 Tumors 
involving the brachial plexus need to be removed piecemeal.83 
Malignant degeneration occurs in 4–10% of neurofibromas 
associated with NF-1.

Neurofibrosarcoma

Neurofibrosarcoma is a rare tumor. Atleast 50% are associ-
ated with NF1.85 Malignant transformation can occur in a pre-
viously benign plexiform neurofibroma. Sudden increase in 
size and pain in previously identified lesion is suspicious of 
malignant change. The authors have treated a 14 year old girl 
known to have neurofibromatosis who presented with dys-
phagia that was due to malignant transformation of a posterior 
mediastinal neurofibroma. Fortunately this is a rare finding in 
the mediastinum. A 57 year review of 38 children with neuro-
fibrosarcomas included 19 patients with lesions on the trunk 
and 9 in the head and neck but none in the posterior mediasti-
num. The treatment of choice is surgical excision although the 
overall prognosis is poor, with a 70% recurrence rate includ-
ing local recurrence and distant metastases, most commonly 
to the lungs.85 Complete the resection conferred a slightly bet-
ter survival rate (34% vs 27%)

Extra-adrenal pheocromocytoma (paraganglioma / 
chemodectoma)

Tumors of the paraganglionic system occur in the mediasti-
num as well as anywhere along the sympathetic chain and the 
organ of Zuckerkandl. These tumors include the chemically 
active phaecromocytoma usually arise from the chromaf-
fin cells of the adrenal medulla, although similar tumors can 
develop from the extra-adrenal sympathetic nervous system. 
The nomenclature is confusing because paragangliomas aris-
ing from the extra-adrenal chemoreceptor areas such as the 
jugular bulb, carotid bodies and arotic arch are often referred 
to as chemodectoma or glomus tumors.

Although paragangliomas can theoretically arise any-
where along the sympathetic chain descriptions of paragan-
gliomas involving the thoracic sympathetic chain87,88] and 

aortic arch89, 90, 91 are rare. In children paragangliomas are 
more frequently associated with MEN II A and B and von 
Hippel Lindau disease than NF1. Approximately 40% of 
extra-adrenal lesions are malignant compared with 10 % of 
adrenal medullary lesions.92

Benign nonchromaffin paragangliomas are rare and usually 
diagonised by the pathologist after an asymptomatic lesion 
in the chest has been resected. This tumour may be vascular 
and soft in consistency containing small nests of ovoid cells 
separated by reticulin. Complete surgical excision is recom-
mended if it can be achieved with ease, but often this is not 
possible.

Chemically active tumors release cathecholamines (epi-
nephrin, norepinephrin and dopamine). Symptoms include 
flushing, sweating, palpitations, hypertension and headaches. 
Varying combinations of paroxysmal hypertension, hyperme-
tabolism and diabetes are present. Diagnosis is made analysing 
plasma and urine for cathecholamines and VMA. Imaging is 
essential to identify the primary and also to look for other 
lesions. MRI is preferred although CT scan may be needed to 
localize a tumour in the posterior mediastinum.

Control of hypertension and other symptoms is essential 
prior to surgery as this reduces the risks of anaesthesia. Alpha 
adrenergic blockers such as phenoxybenzamine are the initial 
drug of choice. Occasionally beta blockers or calcium channel 
blockers may be required as well. Patients should be managed 
in conjunction with an endocrinologist.

Surgery is the treatment of choice for phecromocytomas. 
This is one tumor that all authorities agree is better managed 
by minimally invasive techniques especially in the adrenal 
gland or retroperitoneum.93,94,95 The tumour is usually highly 
vascular. Good magnification and minimal tumor handling 
produces less cathecholamine release and less bleeding.96 
There are no reports of the use of minimally invasive tech-
niques for resection of tumors in the chest but one suspects 
this related to the rarity with which they occur in this site. 
Tumours associated with the sympathetic chain should be 
amenable to a thoracoscopic approach provided the surgeon 
has the necessary endoscopic skills. However, a tumor asso-
ciated with the aortic arch would need very careful consider-
ation before an attempt is made at thoracoscopic resection.

Other primary non-neurogenic tumors

Rarely non-neurogenic tumors are encountered in the poste-
rior mediastinum. Metastatic disease is much more common. 
Regardless of the nature of the tumor the general principles of 
pediatric oncologic surgery should be applied: detailed tumor 
imaging, biopsy and then discussion with the MDT to plan 
coordinated definitive treatment.

Malignant peripheral neuroectodermal tumor (PNET): 
This tumor occurs in adolescence. The child presents with 
pain and/or a mass and the lesion is seen on a chest X-ray. 
Biopsy confirms the diagnosis and is followed by chemo-
therapy. Residual tumor should be removed with an en-bloc 
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dissection comprising the residual tumor, the rib from which it 
is arising, and adjacent chest wall and lung which is involved 
with disease. Long-term survival is rare. Management requires 
careful consideration by the MDT.

Mesenchymal Tumors: These tumors are found much 
more commonly in the anterior or superior mediastinum than 
the posterior mediastinum. Mesenchymal tumors include lipo-
blastomatosis and liposarcoma, arising from adipose tissue, 
hemangioma, hemangiopericytoma and leiomyoma, arising 
from blood vessels, fibrosarcoma and infantile fibromatosis, 
arising from fibrous tissue, and rhabdomyosarcomas of mus-
cular origin. The behavior of these tumors is variable. Some 
are chemosensitive whereas surgical resection is required for 
other lesions.
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Introduction

Pediatric lung tumors are rare compared with adults.1 In con-
trast, metastatic tumors are commonly reported in children. 
The majority of primary lung tumors in children are malig-
nant.2,3

Most benign and malignant lung tumors in children are 
discovered accidentally on a routine chest X-ray taken for 
nonspecific symptoms. Although radiological investigations 
define these lesions accurately, it is difficult to differenti-
ate between benign and malignant lesions without micro-
scopic examination. Therefore, all lung lesions in children 
should be resected unless it is possible to confirm an infec-
tive  etiology.

Historical Perspective

A representative series of 887 asymptomatic pulmonary 
lesions resected from men over a four year period 1959–1963 
contained 316 malignant tumors, 474 granulomas, 65 hama-
rtomas, and 32 miscellaneous lesions.4 Although this study 
comprised mainly adult patients, the important lesson learned 
from this landmark series was that all solitary pulmonary nod-
ules should be resected. The first bronchial carcinoid tumor 
was described by Laennec in 1831.5 Previously bronchial 
gland tumors containing different cell types, bronchial car-
cinoids, adenoid cystic carcinomas, mucoepidermoid carci-
nomas, bronchial mucous gland adenomas, and pleomorphic 
bronchial gland tumors were wrongly grouped together as 
bronchial adenomas. Hamartomas accounted for the majority 
of benign lesions in large retrospective review from the Mayo 
clinic.6

Over recent years computed tomography (CT), needle 
biopsy and widespread use of bronchoscopy have ensured 
early and accurate diagnosis for most pulmonary nodules. The 
classification of various tumor subtypes by immunohistochem-
istry has improved our understanding of the pathology of lung 
tumors. Advances in molecular biology with  identification of 

cancer genes have also changed our understanding of pulmo-
nary tumors. Advances in anaesthesia and intensive care have 
helped surgeons achieve better results from lung resection. 
More recently minimally invasive techniques have reduced 
the morbidity of lung surgery in children.

Pathology

Primary Lung Tumors3

I:  Benign 
tumors

1. Parenchymal tumors •  Inflammatory 
myofibroblastic tumor

• Hamartoma: 
a) Leiomyoma 
b) fibroma
c) hemangioma

•  Arterio-venous 
malformation

• Myoblastoma
• Neurogenic tumor

2.  Tracheo-bronchial tumors: 
(Some of these are 
aggressive enough to be 
considered malignant)

•  Epithelial tumors-
papilloma, polyps

• Mucous gland adenoma
• Salivary gland tumors

II:  Malignant 
tumors

1.  Parenchymal tumors: 
(Primary or secondary in a 
preexisting lung lesion)

• Pulmonary blastoma
• Soft tissue sarcoma:

a) Fibrosarcoma
b) Rhabdomyosarcoma
c) Leiomyosarcoma

• Hemangiopericytoma
• Plasmacytoma
• Mesenchymoma
• Myxosarcoma
• Lymphoma

2.  Tracheo-bronchial tumors: 
(Primary or secondary in a 
preexisting lung lesion)

•  Malignant tracheal or 
bronchial adenoma, 
including carcinoid 
tumors

• Fibrosarcoma
•  Bronchial squamous 

cell carcinoma
• Adenocarcinoma
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Clinical Presentation

Children with parenchymal lung tumors are usually asymp-
tomatic. When lung tumors do produce symptoms in children 
these include cough, haemoptysis, fever, recurrent pneumoni-
tis, and symptoms similar to inhaled foreign body causing 
partial bronchial obstruction. Respiratory compromise may 
be a symptom associated with generalized infiltration, sec-
ondary infection, or collapse of the lung distal to an obstruc-
tion. Chest pain is rare and may indicate pleural or chest wall 
involvement. Large tumors may cause dysphagia and superior 
vena caval obstruction.

Diagnosis

Radiology

Plain chest X-ray: Chest X-ray is the primary investigation for 
suspected lung disease (Fig. 20.1a).

CT Scan: Spiral CT scan delineates lung tumors accurately. 
Intravenous (IV) contrast must be administered to determine 
vascularity of the tumor. It can occasionally distinguish 
infective pathology from a tumor. Some pleuropulmonary 
tumors present with clinical features and radiology sugges-
tive of empyema thoracis. In these cases, a CT scan with IV 
contrast can be a most useful investigation to differentiate 
tumor from empyema thus avoiding operative morbidity.7 
A CT scan is mandatory for all pulmonary lesions as well 
as metastatic disease. CT will define nodules accurately 
and frequently identifies other deeper and smaller lesions 
(Fig. 20.1b).

MRI Scan: The anatomical location and extent of most benign 
and malignant soft tissue lesions are better defined with this 
radiological investigation. In difficult cases it may be neces-
sary to have both CT and MR scans to ascertain suitability for 
resection. It is useful to document the anatomical extent of a 
pulmonary lesion if minimally invasive surgery is contemplated. 
In addition, MR will assist complete excision of the tumor with 
adequate margins.

Angiography: This investigation is occasionally useful to clarify 
the arterial supply to a tumor, although increasingly this infor-
mation can be obtained using CT or MR. The interventional 
radiologist can help reduce vascularity prior to resection by 
embolising major arterial feeders. This preoperative interven-
tion is especially useful for arterio-venous malformations of the 
lung.

Bone Scan: The isotope scan is useful to identify bony metas-
tasis.

Bronchoscopy: Endobronchial tumors can be detected and 
biopsied using bronchoscopic techniques. Distal inaccessible 
endobronchial lesions may be identified by broncho-alveolar 
lavage or brush biopsy by cytological means.

Biopsy: When imaging and other diagnostic modalities are 
not able to distinguish between benign and malignant lesions 
diagnostic biopsy becomes essential. The type of biopsy 
(excisional, incisional, or needle biopsy) depends upon the 
location of the tumor, the differential diagnosis and local 
expertise.

Fig. 20.1. (a) Chest X-ray showing an osteogenic sarcoma metasta-
sis in the left lower lobe. (b) CT scan showing a small nodule in the 
right upper lobe. CT is more sensitive than plain films for detecting 
metastases

a

b
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Benign Tracheo-Bronchial Tumors

Tracheo-bronchial tumors in children are rare and of variable 
behavior.
Juvenile papillomatosis: The lesion follows human papil-
loma virus infection transmitted to the child from the mother. 
Lesions are usually limited to larynx but in approximately 5% 
of cases, there may be extensive involvement of the trachea, 
bronchi, and lung parenchyma.8 Laryngeal papilloma typically 
present with hoarseness of the voice, stridor, breathlessness, 
and hemoptysis. Laryngeal papillomas are best managed by 
CO

2
 laser resection. Repeated resection is required, although 

spontaneous regression is recognized later in childhood.9 Dis-
tal spread is ominous and parenchymal involvement is usually 
lethal either as a result of respiratory failure or due to malig-
nant transformation (Fig. 20.2).

Mucous gland adenoma: This is an extremely rare bronchial 
gland tumor producing an adenomatous lesion within the 
bronchus. Tumors are usually solitary and produce partial 
bronchial obstruction causing either distal emphysematous 
change or chronic lobar collapse. The symptoms and signs 
may resemble foreign body inhalation in a child. Biopsy is 
required to distinguish adenomas from inflammatory polyps 
(Fig. 20.3). Complete resection is curative.

Pleomorphic mixed adenoma: The pleomorphic mixed tumor 
of the bronchus is similar to the pleomorphic adenoma of the 
salivary gland. Local recurrence is common if resection is 
incomplete. Consequently, these lesions can be considered 
malignant. Pleomorphic adenomas can be polypoid or sessile 
and develop in the large airways. Rarely they present with acute 
severe airway obstruction and require emergency management.10

Microscopically pleomorphic adenomas demonstrate epithe-
lial and stromal components with varying degree of differenti-
ation. The epithelial cells are arranged as tubules. Mitoses are 
infrequent. Wide local excision is required for the adequate 
management of this tumor.11

Malignant Tracheo-Bronchial Tumors

Carcinoid Tumors

Pulmonary carcinoid tumors were historically classified as 
benign bronchial adenomas. In the light of recent evidence, 
all carcinoid tumors are considered part of a spectrum of 
malignant neoplasms along with large cell neuroendocrine 
carcinomas and small cell carcinomas.12–14 These tumors 
generally present in adolescents and comprise 80% of endo-
bronchial lesions in children.9,15 Carcinoid tumors arise from 
endobronchial stem cells with neuroendocrine differentiation 
and enlarge as either an endobronchial lesion or an infiltrative 
peribronchial mass.16

Neuroendocrine tumors of the lung are classified into typi-
cal and atypical carcinoid tumors, according to strict patho-
logical criteria.17,18 The distinction between well differentiated 
“typical” carcinoid tumors and atypical carcinoid tumors with 
a more aggressive behavior can be difficult. Atypical carci-
noid tumors show increased mitotic activity, cellularity, and 
invariably have areas of necrosis.

Carcinoid tumors invariably present with symptoms and signs 
of bronchial obstruction with wheeze, recurrent pneumonia and 

Fig. 20.2. CT scan showing a destructive parenchymal lesion caused 
by respiratory papillomatosis. The child was initially treated by regu-
lar laser ablation of laryngo-tracheo-bronchial polyps. Later meta-
plasia resulted in an incurable squamous cell carcinoma

Fig. 20.3. Endo-bronchial obstructive lesion in a three-year-old girl 
with chronic collapse of the lung. The polypoid lesion is inspected 
carefully before biopsy to avoid intra-bronchial bleeding
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collapse and hemoptysis. Frequently a mistaken diagnosis of 
asthma is made with corresponding delay in diagnosis. Rarely 
carcinoid tumors present with metastatic disease. Advanced 
tumors are often associated with chronic distal infection and 
bronchiectasis.

The prognosis depends on the stage of the disease and path-
ological subtype. Atypical tumors metastasise and have a poor 
prognosis.

Computed tomography and bronchoscopy are the investiga-
tions of choice for a suspected endobronchial lesion. Biopsy 
carries a risk of profuse hemorrhage into the airway, and if 
lesion appears, highly vascular biopsy should be avoided. Sur-
gical resection is the mainstay of treatment for all endobron-
chial tumors in children. The majority of carcinoid tumors 
occur centrally and bronchial sleeve resection should be per-
formed where ever possible. Peripheral tumors and tumors 
involving extensive segments of the bronchial tree mandate 
lung resection or even pneumonectomy.19 Chemotherapy and 
radiotherapy have no useful contribution to the management 
of carcinoid tumors.

The prognosis for typical carcinoid tumors, even with 
lymph node involvement, is good with survival rates of almost 
90% following surgical resection. In contrast, the prognosis 
for atypical carcinoid tumors even after surgical resection is 
poor with a five year survival in the range of 25–69%.19–23

Fibrosarcoma of the Lung

Primary pulmonary fibrosarcoma is a rare malignant tumor 
of the lung in children. Endobronchial lesions cause distal 
obstruction presenting as an unresolving pneumonia.24 The 
diagnosis can be achieved by bronchoscopic biopsy, bron-
chioalveolar lavage, or brush biopsy cytology. This tumor is 
chemo-resistant and, therefore, surgical resection is required. 
Lung preserving sleeve resection or, for distal lesions, resec-
tion of tumor with lobectomy is required. The prognosis fol-
lowing complete resection is generally excellent.25

Bronchogenic Carcinoma

Bronchogenic carcinomas are rare paediatric tumors presenting 
mainly in adolescent age group. A retrospective review from 
Sloan Kettering Cancer centre of 21 years of primary paediatric 
epithelial tumors, as well as other series, has shown bronchial 
carcinoma to be second commonest tumor in children.2,3,26

Most pediatric bronchogenic carcinomas are undifferenti-
ated adenocarcinoma (80%) with squamous cell carcinomas 
seen less frequently than adults (12%). The majority pedi-
atric bronchogenic carcinomas present late with metastatic 
disease. The survival rate is consequently poor. Localized 
lesions are amenable to resection and intensive postoperative 
chemotherapy.

Bronchioalveolar adenocarcinoma is low-grade malig-
nancy that has a tendency to spread along the airways. The 
usual presentation is a productive cough. Often the diagnosis 

is delayed as the radiological and clinical features are mis-
diagnosed as pneumonia.26–28 These tumors have occurred as 
a second malignancy after Hodgkin’s disease, Ewing’s sar-
coma, and testicular germ cell tumors or in association with 
congenital pulmonary airway malformations (CPAM).27,29,30 
Elective resection of asymptomatic CPAM’s remains con-
troversial. Many surgeons favor elective resection of asymp-
tomatic lesions to avoid future complications especially 
malignancy.30–32 Complete resection of a bronchioalveolar 
carcinoma results in a good outcome.33

Squamous cell carcinomas are secondary to respira-
tory papillomatosis (Fig. 20.2).They are occasionally seen 
as primary carcinomas in children. Most children with 
respiratory papillomatosis have laryngeal lesions requir-
ing repeated endoscopic surgery. Endotracheal intubation 
may result in distal implantation and these lesions may 
undergo malignant transformation. Management is difficult 
as squamous carcinomas arising from respiratory papillo-
matosis are invariably unresectable. They respond poorly to 
chemotherapy.

Benign Parenchymal Lung Tumors

Inflammatory Myofibroblastic Tumor

This is the commonest cause of a solitary pulmonary nodule 
in children and represents up to 80% of all benign lung tumors 
in children.2,9 The condition is poorly understood. There may 
be a prior history of infection or trauma but often these tumors 
are an incidental finding on chest X-ray (Fig. 20.4a, b). Rarely 
the tumor may be symptomatic with cough, hemoptysis, 
fever, and chest pain.

Inflammatory myofibroblastic tumors have also been called 
plasma cell granuloma, inflammatory pseudotumor, fibrox-
anthoma, and fibrohistiocytoma.34 It has been suggested that 
these tumors are reactive. However, evidence from Su sug-
gests that the lesion is neoplastic.35 Usually inflammatory 
myofibroblastic tumors are localized and follow a benign 
course. Rarely the tumor can invade neighboring structures 
and recur locally after resection.36,37 Histologically, these 
tumors comprise proliferating spindle cells mainly consisting 
of myofibroblasts.

Complete surgical resection with clear margins and preserv-
ing of lung parenchyma is the goal of surgery for localized 
tumors.38 More aggressive tumors may respond to nonsteroi-
dal antiinflammatory agents and corticosteroids.39 Long-term 
follow up is recommended as late recurrences are known to 
occur.40

Hamartoma

Hamartomas are probably the commonest benign solitary 
lesion of the lung if the adult and childhood population is con-
sidered together.6 Large lesions may present in early life with 
respiratory distress. Carney described a triad of pulmonary 
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Fig. 20.4. (a) A round lesion in the left lower lobe was identified 
incidentally following a chest infection that persisted despite treat-
ment with antibiotics. (b) CT scan confirms a solitary lesion in the 
left lower lobe. The tumor was excised with a margin of normal sur-
rounding lung. Histopathology revealed an inflammatory myofibro-
blastic tumor

a

b

hamartoma, extra-adrenal paraganglioma, and gastric leimy-
osarcoma in young females.41 Other hamartomatous lesions 
seen in children include leiomyoma, fibroma, and haeman-
giomas. Pulmonary lymphangiomyomatosis associated with 
tuberous sclerosis.

The diagnosis is usually made following resection and 
histological examination. Hamartomas are found most com-
monly in the periphery of the lung and rarely near the hilum 
and endo-bronchially. Benign lesions can be defined accurately 

by CT scan, which typically demonstrates calcification and fat 
within the lesion.42

Conservative resections are recommended for pulmonary 
hamartomas. Lobectomy may be necessary for large or cen-
trally placed lesions.

Haemangiopericytoma

Haemangiopericytoma is a vascular tumor arising from capil-
lary pericytes. The tumor is difficult to diagnose and difficult 
to differentiate from its sarcomatous counterpart as even the 
histological pattern are similar. Most pulmonary haeman-
giopericytomas are discovered coincidentally. Tumors caus-
ing bronchial obstruction present with cough, haemoptysis, 
breathlessness, and chest pain.

Haemangiopericytomas are characterized by well preserved 
vascular channels and central area of necrosis. The vascular 
channels are surrounded by sheets of spindle or round cells 
containing pale cytoplasm and large vesicular nuclei.

Complete excision is recommended as these tumors have a 
variable behavior. Some authors consider all haemangioperi-
cytomas malignant as histological differentiation from sarco-
mas is difficult.43

Sclerosing Haemangioma

Sclerosing haemangiomas are an uncommon benign tumor of 
the lung found in adolescent girls. They are frequently discov-
ered in middle aged woman as an asymptomatic solitary well-
circumscribed peripheral nodule. However, multiple lesions 
have a malignant propensity. The tumor is thought to arise 
from primitive respiratory epithelial cell. Surgical resection 
is curative.

Malignant Parenchymal Tumors

Pleuropulmonary Blastoma

In the past, pleuropulmonary blastomas (PPB) were termed 
pulmonary rhabdomyosarcoma, cystic mesenchymal hamar-
tomas, blastomas, undifferentiated sarcomas.44 These tumors 
are now grouped under the umbrella of pleuropulmonary blas-
toma and appear to be quite different from adult pulmonary 
blastomas.45,46 Recently, Dehner has suggested that PPB is 
a dysembryonic neoplasm of the thoracopulmonary mesen-
chyme in childhood.47 A study involving families of children 
with PPB showed that 25% of the siblings had PPB, pulmonary 
cysts, cystic nephromas sarcomas, medulloblastoma, thyroid 
dysplasia, malignant germ cell tumor Hodgkin’s’ disease, and 
leukaemia.48 Most commonly these tumors are identified in 
three to four-year-old children, although they have been seen 
in newborns and children as old as 12 years of age.

There appears to be three distinct types of PPB each with a 
different behavior pattern.49 Type I PPB is a cystic variety seen 
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in very young children. Type II PPB is mixed solid and cystic, 
and Type III PPB is a predominantly solid variety identified in 
older children. Cystic tumors have been identified in preexist-
ing congenital cystic lung lesions and may change into more 
malignant solid lesions if inadequately managed.50–52 Although 
congenital cystic adenomatoid malformation (CCAM) of the 
lung and PPB are clearly associated with each other, it is 
unclear whether CCAM progresses to pleuropulmonary blas-
toma. A few cases of antenatally diagnosed cystic lung lesions 
resected have been found to contain PPB.53 Solid areas have 
also been detected within air filled cysts during followed up, 
prior to the pathological diagnosis of PPB.44 Histologically, 
PPB demonstrates a diffuse proliferation of undifferentiated 
blastemal cells and contains areas of chondroblastic foci with 
a stroriform or alveolar pattern and lipoblastic differentia-
tion. Accordingly, PPB may stain with a variety immunohis-
tochemical markers depending upon the composition of the 
tumor cells, including vimentin, alpha-1 antitrypsin, alpha-1 
antichymotrypsin, lysozyme, KP1, desmin, and S100.46

Respiratory symptoms such as cough, fever, and chest pain 
are often the presenting features of PPB.44 The chest radio-
graph may suggest pneumonia or a pleural effusion. Pneu-
mothoraces have been seen in younger patients. PPB has been 
mistakenly diagnosed as an empyema thoracis.7

Combination chemotherapy should be given to PPB to 
improve the outcome prior to surgery.54 Complete resection 
and chemotherapy can produce a good long-term outcome. In 
one study, gender, side, tumor size, preexisting lung cysts, and 
extent of surgical resection did not affect survival.55 However, 
total resection of the tumor did result in significantly better 
survival.55

Pleuropulmonary blastoma is an aggressive malignancy 
with a 5-year survival rates of 42% for patients with type II 
and III even after multimodal therapy. There is no statistical 
difference in survival between the three subtypes. However, 
type I was found to be readily resectable than type II and III 

tumors. Mediastinal and pleural involvement correlated with 
a poor outcome. Distant metastasis, specifically to the central 
nervous system and bone, are associated with a dismal out-
look.

Rhabdomyosarcoma of the Lung

Rhabdomyosarcoma of the lung is a rare tumor. Previously, 
some PPB’s were mistakenly diagnosed as rhabdomyosarcoma, 
especially within preexisting cystic lung lesions.56,57 Rhabdomy-
osarcomas may be endobronchial, mediastinal, pulmo nary, or 
pleural in origin.58

Other Malignant Parenchymal Tumors

Malignant fibrous histiocytomas are rare tumors in children. 
Complete surgical resection produces good results.59 Leio-
myosarcomas and peripheral nerve sheath tumors are also 
encountered very rarely.2,60 Lymphoma, posttransplant lym-
phoproliferative disorders and Langerhans’ cell histiocytosis 
are other rare tumors encountered by the pediatric thoracic 
surgeon.

Metastatic Lung Tumors

Metastatic tumors are much more common than primary lung 
tumors in children. Resection of lung metastases is a well-
established treatment of children with malignancies. There are 
several published series about the outcome following metasta-
sectomy. However, most of the published series include both 
adult and pediatric patients.61,62 Few studies show the outcome 
after resections in children.63,64

The commonest tumors presenting with pulmonary metas-
tases amenable to surgical resection are osteogenic sarcoma 
(Fig. 20.5a, b), Wilm’s tumor (Fig. 20.6a, b), malignant germ 

Fig. 20.5. (a) CT scan showing multiple bilateral osteosarcoma metastases. The metastases were resected through sequential bilateral thora-
cotomies. (b) Operative photograph showing a large osteogenic sarcoma metastasis

ba



20. Lung Tumors 257

cell tumors, and soft tissue sarcomas (Fig. 20.6c, d). Regu-
lar surveillance following treatment of the primary tumor 
has allowed early detection of metastatic disease. Computed 
tomography allows detection of lesions too small to detect on 
a routine chest X-ray (Fig. 20.1a, b). It is important to appreci-
ate that not all pulmonary lesions detected in this manner are 
metastases. Benign lesions have also been identified.65

Lung metastases may be the only sign of recurrence. Man-
agement of pulmonary metastases involves control of the pri-
mary tumor and metastasectomy. Survival can be improved 
significantly by complete resection of metastases.64,66–70 Data 
on reoperative metastatectomy is scarce but Temeck et al. 
reported median survivals of 2.25, 3.6, and 0.96 years in 
children with metastatic sarcoma after the second, third, and 
fourth explorations.67 Survival in this study was not influ-
enced by the type of primary tumor, sex, histology, maximum 
size, or chemotherapy. Resectability was the most impor-
tant criterion influencing the survival. Other adult studies 
have reported similar results with slightly longer disease 
free intervals.61,71 In patients with metastatic osteosarcoma, 

complete resection is essential to achieve long-term survival 
and repeat resections are needed in about 44% of patients 
(Fig. 20.5a, b).62,66 Adjuvant chemotherapy or radiotherapy 
has been coupled with surgery to reduce the early relapse 
rate.69 Early relapse after metastatectomy is associated with 
a poor prognosis.

Bilateral metastatectomy can be performed either by seque-
ntial posterio-lateral thoracotomy or though a median ster no-
tomy.72,73 Sequential bilateral thoracotomy with a gap of two 
weeks between operations is reasonably well tolerated in the 
paediatric patient. Recovery following sternotomy, including 
redo sternotomy is more rapid, particularly in children walking 
with crutches.

The role of VATS in the management of pulmonary metas-
tases is controversial. VATS relies entirely on CT to identify 
metastases as palpation of invisible lesions is not possible. We 
frequently detect additional metastases by palpation not iden-
tified on CT scanning. VAT wedge resection is feasible and 
safe, but in one series three out of seven patients had early 
recurrences within 6 months.74

Fig. 20.6. (a and b) Chest X-ray showing multiple metastases in a child with Wilm’s tumor at diagnosis. The response to chemotherapy was 
very good although a single metastasis persisted and was resected. (c and d) CT scan showing a soft tissue sarcoma metastasis near the hilum 
requiring resection by lobectomy. The child remains well more than five years after resection

c

a b

d
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Conclusions and Future Perspectives

All pulmonary nodules in children should be considered as 
malignant until proved otherwise by histopathology. Progno-
sis depends on the tumor type and biology. However, com-
plete surgical resection with a clear margin is the crucial 
factor determining survival for both metastatic and primary 
lung tumors.
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Introduction

Chest wall tumors in children include a whole range of pri-
mary neoplasm arising from different components of the chest 
wall or secondary tumors invading the chest wall and originat-
ing from the adjacent structures such as breast, pleura, medi-
astinum, and lung. In addition, metastatic tumors also present 
diagnostic and therapeutic challenges to a pediatric thoracic 
surgeon. Chest wall tumors both benign and malignant are 
rare in children. In many of these tumors, complete surgical 
resection is frequently the only modality of oncological man-
agement. Furthermore, reconstruction of the wide chest wall 
defects poses a surgical challenge in a child.

Primary tumors of the chest wall arising from bony and soft 
tissue skeleton account for less than 2% of the primary body 
tumors in children.1 Soft tissue tumors of the chest wall are 
common compared with skeletal bony tumors. Overall reported 
incidence of solid childhood soft tissue tumors is 1.8%, and 
majority of these tumors are mesenchymal in  origin and can 
have malignant behavior.2 Most common primary malignant 
chest wall tumor reported in children is primitive neuroec-
todermal tumor (PNET),3 followed by rhabdomyosarcoma 
(RMS) and other rarer soft tissue sarcoma namely liposar-
coma and fibrosarcoma. Various nomenclature in the litera-
ture has been used describing essentially same kind of soft 
tissue sarcoma; Ewing’s sarcoma, primitive neuroectodermal 
and Askin’s tumor4 due to lack of distinction among these 
lesions with regards to their neuroectodermal differentiation. 
Recently, pathologists’ have grouped them as a single entity 
as malignant small round cell tumors (MSRCT).5 This tumor 
poses significant diagnostic challenge and requires number 
of immunohistochemical stains to differentiate it from other 
tumors.

Historic Perspective

Thoracic wall tumors in ancient history are reported to be 
fatal, and therefore, very little progress was made in both 

understanding and management of this condition. Further-
more, the pioneer thoracic surgeons of nineteenth and early 
twentieth century were involved in the management of War 
injuries and epidemics of infectious diseases namely tuber-
culosis.6 Both nineteenth and twentieth century brought the 
development of chemotherapy and radiotherapy in childhood 
tumors. The success of surgical resection of the chest wall 
tumor became a reality only in twentieth century. The mor-
tality rate from the resection of these tumors improved with 
better understanding of respiratory physiology, anesthesia, 
and good postoperative intensive care management. There 
have been only case reports initially successfully resecting 
the chest wall tumors. Some of the initial series have included 
only lesions arising from the bone.

Basic Science/Pathogenesis

Chest wall tumors can be classified differently according to 
the tumor behavior, tumor type, tissue of origin. Commonly 
its classification is based on tumor type: benign and malig-
nant. Pathology is described under the heading of individual 
tumor.

In recent years, it has become evident that soft tissue tumors 
constitute more than 50% of the chest wall lesions. Thoracic 
sarcomas in children present special problems with histologic 
diagnosis, total resection of tumor, and local control. Com-
mon sarcomas seen in this region includes Ewing’s sarcoma or 
primitive neuroectodermal tumor (PNET), chondrosarcoma, 
malignant fibrous histiocytoma, osteosarcoma, synovial sar-
coma, and fibrosarcoma.

Malignant small round cell tumor is the predominant 
lesion reported in all the reported series of pediatric chest 
wall lesions.5,7 These tumor are osseous in origin and tradi-
tionally been referred as Ewing’s sarcomas. In 1979, Askin 
et al. identified a group of chest wall tumor arising from 
soft tissue that were characterized by high incidence of 
local recurrence, lower risk of dissemination, and neuro-
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epithelial derivation on electron microscopy.8 Linnoila et 
al. demonstrated that these tumors were positive for neuron 
specific enolase (NSE) on immunohistology and 2/3 of the 
tumor cell expressed neurosecretory granules characteris-
tic of neuronal differentiation. Subsequently, these tumors 
were also shown to contain PAS (periodic acid-Schiff) pos-
itive material (glycogen) similar to that reported in Ewing’s 
sarcoma.

Clinical Features

Most frequent presentation of these tumors in children is a 
palpable mass suddenly noticed and reportedly growing by 
a parent.1,9 Chest wall tumors are generally slow-growing 
and initially asymptomatic. Pain and inflammatory changes 
on the skin surface of a rapidly expanding tumor can be the 
presenting features of some tumors and can be mistaken with 
abscess. This presenting feature is not uncommon and clini-
cian is advised to be vigilant in presence of associated fever, 
malaise, leukocytosis, and raised ESR. In a series, primitive 
neuroectodermal tumors and pleuro-pulmonary blastoma have 
presented as empyema thoracis.10 Acute or chronic respiratory 
distress may be associated with chest wall tumors depend-
ing upon their site and involvement of the respiratory tract 
or associated pleural effusion. Clinical symptoms and signs 
should be adequately assessed and investigated appropriately, 
to reach the diagnosis.

Diagnosis

Investigations

Chest wall tumors can be a diagnostic dilemma both clini-
cally as well as after investigations. Routine hematological 
and biochemical investigations are performed for basic pre-
operative considerations. Any abnormalities in association 
with any inter-current illness/infection can be misleading and 
can falsely give an impression of an infective process.10 Liver 
function test and serum alkaline phosphates level should also 
be performed in all cases. Preoperative lung function test and 
cardiac assessment is useful for anesthesia and postoperative 
management of these cases.

Radiology

Radiological investigations are vital in identifying the tis-
sue of origin, extent of the disease, and presence of metas-
tasis. Initial plain chest X-ray is a useful guide to the next 
appropriate investigation. Chest X-ray can reveal the bony 
tumor with its local extent, pulmonary metastasis, and 
associated pleural effusion. Ultrasound if performed for the 
superficial tumors can only differentiate solid from cystic 

lesion, show its vascularity and therefore of value in soft 
tissue hamartomas, hemangiomatous and lymphagioma-
tous lesions.

Further radiological investigations using computed tomog-
raphy (CT scan) or magnetic resonance imaging (MRI) are 
essential to determine the nature and extent of the tumor. CT 
scan, in addition, is useful for pulmonary metastasis while 
MRI helps delineate soft tissue and muscular involvement. 
Both these scans are complimentary in difficult cases of chest 
wall tumors.11 These investigations are essential in initial eval-
uation of the chest wall tumor as well as for the subsequent 
monitoring. As majority of chest wall lesions are potentially 
malignant, it is important to rule out metastatic disease. Bone 
scan is useful in bony lesion to determine its extent locally 
as well as identifies the involvement of other bones and bony 
distant metastasis.

Biopsy

Once a lesion is suspected to be a tumor, steps are taken 
to obtain tissue for the diagnosis, as further management 
is dependent on the exact pathological diagnosis. Type of 
biopsy varies according to the site, size, and type of the 
lesion. Fine-needle aspiration (FNA) biopsy has proved to 
be a cost-effective technique, with low complication risks 
and high diagnostic value in distinguishing neoplastic vs. 
non-neoplastic lesions in many organs. FNA biopsy for 
both metastatic and primary bone tumors is easy, reliable 
and can achieve accurate tissue diagnosis. As FNA does not 
require any surgical incisions as required for open biopsy, 
this procedure plays an important role in triaging and man-
aging bone lesions with minimum risk or morbidity.12 False-
positive results have major therapeutic implications; this is 
usually due to inadequate sampling or misclassification with 
regard to the exact subtype of malignant tumor. However, 
the advantages have to be weighed against the limitations of 
this procedure.

Excision biopsy is generally recommended for all rib 
tumors and small lesions, which can be excised without leav-
ing any need for reconstruction. Incision or true-cut needle 
biopsy is advisable for soft tissue and unresectable tumors. 
It is important to place the biopsy incision appropriately so 
that it can be excised along with future resection of the tumor. 
Adequate non-necrotic tissue sample is essential to achieve 
histological diagnosis. The biopsy specimen taken both from 
the peripheral and inner core of the tumor should be sent fresh 
for histological, cytogenetic, and biological tumor studies. 
Incision biopsy from the rib tumors can on occasion result in 
a sampling error particularly in tumors such as chondrosarco-
mas where well-differentiated benign areas are encountered 
giving a diagnosis of chondroma.13 The management decision 
based on wrong pathological diagnosis will carry disastrous 
consequences.
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Benign Chest Wall Tumors

Benign rib tumors Chondroma
Osteochondroma
Fibrous dysplasia
Eosinophilic granuloma/Histiocytosis X
Mesenchymal hamartoma
Chondromatous hamartoma
Osteoblastoma

Benign soft tissue tumors Desmoid tumors
Myofibromatosis
Lipoblastomatosis
Giant cell fibroblastoma
Hamartomas like lipoma, lymphangioma, 

hemengioma, neurogenic tumors 
Arteriovenous malformations

Benign Rib Tumors

• Slow growing rib tumors causing pain should be resected 
to confirm diagnosis

• Wide excision biopsy should be performed for all benign 
rib tumors both for diagnosis and resection as it is difficult 
to differentiate slow growing malignant tumors

Primary rib and bony tumors of the chest wall should also 
include both neoplastic and non-neoplastic conditions such as 
cysts, infections, and fibromatosis. Although these swellings 
of the bony chest wall have different etiology, they usually 
have common symptomatology and radiological appearances. 
Therefore, care should be taken in differentiating these condi-
tions if possible preoperatively so that appropriate management 
can be instituted.

Osteochondroma

Osteochondroma is the most under reported but the most com-
mon benign bony tumor and accounts for almost half of all rib 
tumors.14 These neoplasms generally manifest itself in child-
hood and remain asymptomatic. Most of the time they con-
tinue to grow during growth spurt until skeletal maturity. Pain 
and asymmetry of the chest wall (bony protuberance) are the 
commonest presenting features; however, pain in the previ-
ously asymptomatic tumor is suggestive of malignant degener-
ation. Characteristically, these tumors arise from a metaphyseal 
region of the rib with a varying thickness of cartilaginous cap. 
Usually there is a rim of calcification in the periphery of the 
tumor as well as stippled calcification within the tumor.15

It is advisable to resect all oestochondromas in children after 
puberty especially previously asymptomatic tumor presenting 
with pain and tumors with a sudden increase in size.16–18

Chondroma

Chondroma are slow growing nontender tumors reported in all 
the age groups and occurs commonly in the anterior costochon-
dral margins19,20 (Fig. 21.1). Clinical and radiological features 

of chondroma and chondrosarcoma are similar and are seen as 
expansile lesions causing thinning of the bony cortex.

Chondroma is grossly a lobulated lesion characterized his-
tologically by lobules of hyaline cartilage. Histologically, it 
is difficult to differentiate chondroma from chondrosarcoma. 
Therefore, all chondroma should be considered as low-grade 
malignant tumor and should be resected with an excision mar-
gin of two centimeters.21 The long-term results are reported to 
be excellent with wide excision and reconstruction.22

Fibrous Dysplasia

Fibrous dysplasia is a cystic expansile non-neoplastic lesion. 
It is characterized as a developmental anomaly of medullary 
cavity of the rib. The fibrous replacement of the medullary 
canal is characteristic of the fibrous dysplasia and is reported 
as a solitary slowly growing nontender lesion in the posterior-
lateral aspect of the rib. In Albright’s syndrome, multiple bony 
cysts, skin pigmentations, and precaucious sexual maturity is 
reported. Fibrous dysplasia is generally diagnosed inciden-
tally on a routine chest X-ray. Cystic lesion with thinning of 
the cortex with a central ground glass appearance and no cal-
cification is seen on plain radiographs. The excised lesion on 
histology shows bony trabaculations with some calcification 
and fibrous replacement of the medullary cavity.23–25

Local excision is curative and generally carried out only for 
painful enlarging lesions causing diagnostic dilemma. Mostly con-
servative management is indicated in asymptomatic lesions.23

Eosinophilic Granuloma/Histocytosis X

This neoplasm is an expansile lesion of the rib involving the 
reticulo-endothelial system usually containing a mixed eosino-
philic and histiocytic infiltrates. This tumor is commonly 

Fig. 21.1. Swelling at the anterior costochondral margin: this is an 
usual site for chondral tumor. This should be treated with wide exci-
sion biopsy as histologically they are difficult to differentiate from 
chondrosarcoma
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seen between 5 and 15 years of age. Three types reported are 
eosionophilic granuloma, Letterer-Siwe disease, and Hand-
Schuller-Christian disease.

Eosinophilic granuloma is limited only to the bone involve-
ment.20 Letterer-Siwe and Hand-Schuller-Christian disease 
presents with systemic features of fever, malaise, weight loss 
and signs of lymphadenopathy, while splenomegaly leukocy-
tosis with eosinophilia and anemia. Letterer-Siwe disease is 
typically reported in infancy, while Hand-Schuller-Christian 
disease presents in later childhood. Radiologically all have 
similar appearances showing (a) expansile bony lesion in the 
posterior-lateral aspect of the rib cage, (b) uneven destruction 
of the bony cortex seen as scalloping, (c) new periosteal bone 
formation. This tumor is frequently confused with Ewing’s 
sarcoma and osteomyelitis (Fig. 21.2).

The excision biopsy of a lesion is indicated for diagnosis 
and probably results in a cure in a solitary eosionophilic gran-
uloma. The systemic diseases have chronic course and require 
management with corticosteroids and chemotherapy.

Mesenchymal Hamartoma

Mesenchymal hamartoma is a rare lesion seen in infancy and 
is usually identified at birth.26 This benign lesion has also been 
incorrectly described in the literature as “mesenchymoma.” 
Histologically, it is a focal overgrowth of normal skeletal ele-
ments. Among these proliferating skeletal elements are the 
areas similar to aneurysmal bone cyst.27,28

These lesions generally are well circumscribed, compress-
ing but not invading the surrounding structures.26 Radiologi-
cally, it presents as a mineralized extrapleural mass involving 
one or more ribs. These lesions arise within the rib, which 
can be detected with CT or MRI (Schlesinger). MRI can dif-
ferentiate between cartilaginous and blood filled aneurysmal 
components.29 This distinction is useful in planning the surgi-

cal management. In the past, surgical excisions was advocated 
that had invariably resulted in significant bleeding and long 
term scoliosis. Current advice is to manage these lesions con-
servatively, and surgery should be reserved for symptomatic 
lesions as malignancy has never been reported.30

Chondromatous Hamartoma

Chondromatous hamartoma of the chest wall is an extremely 
rare, benign lesion that usually occurs in early infancy. It typi-
cally arises in the rib cage and produces a large mass. It is 
composed of a varying admixture of hyaline cartilage that has 
features resembling growth plate cartilage, fascicles of spin-
dle cells, woven bone, and hemorrhagic cysts. Surgical exci-
sion in these hamartoma is usually curative. Sometime these 
lesions are multifocal and can also involve sternum and can 
recur locally after resection.19

Osteoblastoma

Osteoblastoma is a rare, benign, bone-forming tumor of the 
chest wall described under sternal tumors.

Osteoid Osteoma

Osteoid osteoma is a relatively common benign osteogenic 
tumor reported mainly in children and young adults.31 The 
clinical hallmark of the lesion is local pain, typically more 
severe at night, which often promptly responds to aspirin and 
other nonsteroidal antiinflammatory drugs. Other possible 
symptoms include growth disturbances, bone deformity, and 
painful scoliosis. Osteoid osteoma is commonly seen in male 
and generally less than 2 cm in greatest dimension. Symptom-
atic lesion requires local resection and is generally curative.

Benign Soft Tissue Tumors

Number of hamartomatous lesions involving chest wall have 
been described in early infancy and childhood. These are not 
considered in this chapter as their presentation and manage-
ment is similar to those present elsewhere in the body. In 
particular, lymphangioma, hemangioma, lipoblastoma, and 
fibroblatic tumors have predeliction to the chest wall and may 
extend into the neck and anterior mediastinum and can present 
with acute respiratory distress.

Fibroblastic-Myofibroblastic Tumors

Soft tissue benign mesenchymal tumors are histologically 
diverse group of tumors. One of the category involves fibroblas-
tic and/or myofibroblastic derivatives with uncertain behavior 
and is known to have many variants resulting in a considerable 
confusion in the literature. It is realized that the myofibroblast 
is the predominant cell in many of the so-called fibromatoses 
tumors described in the literature.32 In a large study examining 

Fig. 21.2. Eosinophilic granuloma of a rib: Expansile lesion of a 
rib with areas of calcification like egg-shall. This tumor is often 
confused with osteogenic carcinoma. As the diagnosis is uncertain a 
wide excision with reconstruction is recommended
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108 cases of soft tissue tumors of fibroblastic-myofibroblastic 
tumors from patients of all age groups (neonates to 20 years 
of age) over 25 year period demonstrated and classified vari-
ous variants of these tumors.32 Infantile myofibromatosis was 
the commonest tumor encountered in early infancy of which 
15% were recorded as having multiple lesions.33,34 Surgeons 
are generally involved for the biopsy of these tumors as most 
infantile peripheral tumors undergo spontaneous regression 
and are managed conservatively.35 Children with infantile 
myofibromatosis of visceral origin may have complicated 
outcome including death.

The desmoid fibromatosis tumor is the second most com-
mon tumor in this group of tumors. Desmoid tumors are rare 
soft tissue neoplasm derived from fascial or musculoaponeu-
rotic structures. These tumors typically presents in the third 
decade; however, 20–30% of cases have been reported in 
children.36 Chest wall desmoids account for approximately 
20% of all patients with desmoid tumors.37 Desmoid tumor 
is more commonly seen in girls possibly due to hormonal 
influence (oestrogen). Isolated desmoid is possibly related to 
abnormalities in the connective tissue synthesis as it is seen to 
be arising from connective tissue of fascias, aponeurosis, or 
inter-muscular striae.

Multifocal nature of these lesions is distressing in chil-
dren and can result in significant morbidity and is usually a 
presenting feature of familial polyposis coli or Gardener’s 
syndrome.38 Thirty-three to 38% of patients with Gardner’s 
syndrome develop desmoid tumors but only 2% of patients 
with desmoid tumor have Gardner’s syndrome and its other 
associated pathology (familial adenomatous polyposis, osteomas, 
and other soft tissue neoplasms).39 These tumors are locally 
recurring benign tumors in almost 60% of cases especially if 
inadequately excised.40 It is documented that although recur-
ring, these tumors do not change the histological appearances 
or metastasise. Although mortality is rare, one series reported 
8% of cases in the series died due to locally uncontrollable 
and unresectable tumors.41

Desmoid tumors were usually identified as noninflamma-
tory asymptomatic masses; and can be symptomatic because 
of its pressure effect on the adjoining normal structures. 
These are slow growing tumors that can extend into the pleural 
cavity and can be extensive displacing mediastinal structures 
before its symptomatic presentation. Patients with these 
lesions are often asymptomatic and thus commonly present 
with lesions greater than 10 cm in size. It is usually present 
as a poorly circumscribed mass with little or no pain. MRI 
is mandatory to define the extent so that adequate excision 
and simultaneous chest wall reconstruction can be planned 
(Fig. 21.3a–d).

Grossly the desmoid tumor arises from the muscle and 
fascia and extends along the tissue planes. The tumor is 
white, firm to hard in consistency, and locally infiltrative 
(Fig. 21.4). It is usually limited to a single group of muscle 
but when multifocal can have morbid course and have been 
known to be associated with mortality. Histologically, the 
tumor shows uniform small spindle-shaped cells infiltrating 

the tissue,  typically described as fibroblastic cells with well-
differentiated abundant collagen. These tumors are difficult 
to distinguish from low-grade fibrosarcoma. Microscopi-
cally, tumor does not show any mitotic activity or cytological 
aspect of malignancy. Electronic microscopy shows fibro-
blastic or myofibroblastic proliferation with intracellular col-
lagen fibrillae. This fibrillae are normally synthesized in the 
extracellular space from precursors secreted by the cells. The 
presence of these mature fibrillae outside cytoplasm is char-
acteristic of desmoid tumors and this aspect is exceptionally 
observed in fibroblastic cancers, mesenchymatous tumors or 
inflammatory process.

These tumors are histologically benign but may behave 
aggressively at the local level with multiple recurrences after 
incomplete resection is common. The treatment of these neo-
plasms is to achieve wide surgical resection with negative 
margins for the presence of tumor. These wide resections may 
not be entirely feasible in chest wall; however, when feasible 
this should be performed in association with chest wall recon-
struction. Chest wall reconstruction in children is performed 
with either prosthetic material and/or autologous tissue. In dif-
ficult places where wide excision is not feasible enucleation of 
the tumor followed by radiation therapy is considered. Some 
of the tumors may have hormonal influence and may respond 
to Tomoxifen decreasing both size and symptoms.42 In some 
tumors, use of antiinflammatory medication such as ibuprofen 
has also showed some therapeutic benefit.

There may be recurrence in as many as 75% of patients. 
Neither adjuvant radiotherapy nor chemotherapy have been 
shown to reduce the rate of recurrence.37 Recurrence should 
also be treated with surgical resection because patients who 
undergo complete surgical resection of recurrence are as likely 
to remain disease free after resection as patients who present 
with primary disease.

Lipoblastomatosis/Liposarcoma

Lipoblastomatosis is a tumor of brown fat and is seen in infancy. 
Lipoblstomatosis is diffuse lobulated, spreads along the tissue 
planes and locally recurring tumor.43 Lipoma is rare in children 
and should never be clinically diagnosed. The lipoblstoma can 
be clinically indistiguatiable from lymphangioma as both tend 
to have similar consistency. Ultrasonography in these cases 
only differentiates the consistency of the tumor between water 
filled and solid soft tissue tumors. MRI is a preferred investi-
gation and is extremely useful in both distinction and extent 
of the tumor. The invasive nature of this tumor into the veins 
has been reported as a rare event.44 The distinction between 
lipoblastomatosis and liposarcoma is histologically difficult; 
however, cytogenetically is feasible. Cytogenetic studies 
show a chracteristic rearrangement of chromosome 8 (der pter 
[8]q13:q21.1qter]) in lipoblastoma, whereas liposarcoma is 
characterized by a translocation (t[12;16][q13;p11]).45–49 It is 
important that clinician be wary of the diagnosis of a simple 
lipoma in a young infant and tissue should be sent fresh for 
cytogenetic studies to exclude the diagnosis of lipoblastoma 
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and liposarcoma.50 These are usually locally recurring tumors; 
complete excision is advisable but difficult in certain instances 
as the tumor can be identified in various tissue planes. Medical 
management has no value in the management of these tumors 
both for primary and recurring lesions.

Giant Cell Fibroblastoma

This rare soft tissue tumor occurs predominantly in the 
first two decades of life. The typical clinical presentation 
is a solitary, usually 2–6 cm in size, nontender mass of 

blue-greyish color, which is mostly located on the back, 
anterior chest wall, thigh, or groin. The histology shows 
a loose infiltrate of predominantly bland spindle cells in 
dermis and subcutis. Characteristic elements of the tumor 
are large angiectoid branching spaces lacking any endo- or 
epithelium, and relatively small multinucleated cells (floret 
cells). The recurrence rate is high if the tumor is not excised 
with adequate margins. Metastases are not reported. It is 
of preeminent importance to differentiate this rare benign 
tumor from sarcomas, to avoid an inappropriately aggres-
sive therapy.51

Fig. 21.3. (a) Chest X-ray showing a complete white out in an adolescent child presented with chest pain with little or no respiratory compromise. 
(b) CT scan showing a very large tumor with central necrosis and mediastinal shift. Biopsy diagnosed this to be a benign myofibroblastic 
(Desmoid) tumor. Preoperative chemotherapy reduced this tumor to some extent. (c, d) MRI showed the extent of the tumor and muscle infiltration; 
extensive resection of the chest wall was performed with reconstruction. He had subsequent resection for recurrence once
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Malignant Chest Wall Tumors

Malignant bony tumors Chondrosarcoma
Osteogenic sarcoma
Ewing’s sarcoma (MSRCT)

Malignant soft tissue tumors Premitive neuroectodermal tumors
Rhabdomyosarcoma
Congenital fibrosarcoma
Liposacoma/lipoblastomatosis
Neurofibrosarcoma

Malignant Bony Tumors

• Prompt diagnosis and management with wide excision 
results in a favorable outcome

These are generally slow growing tumors of the chest wall 
except osteogenic sarcoma and Ewing’s sarcoma. These are 
rare in children; however, can be encountered after puberty.

Chondrosarcoma

Chondrosarcoma are reported in children14 usually occurring 
at the costochondral arch or the sternum on the anterior chest 
wall. The commonest reported incidence of these tumors is in 
third or fourth decade of life and is more frequent in men. As 
in adults this is a locally invasive slowly growing tumor and 
usually presents with pain in a previously asymptomatic mass. 
It is known to recur locally and may have late metastasis. 
Chondrosarcoma typically arises within the medullary cav-
ity of the bone to form an expansile, glistening mass that fre-
quently erodes the cortex. Microscopically, this tumor closely 
resembles features seen in chondroma and only showing 
obvious malignant cellular changes in some undifferentiated 
tumors. Well-differentiated chondrosarcoma is indistinguish-
able from chondroma. Microscopically chondrosarcoma vary 
considerable in appearance. Well-differentiated lesions show 

only minimal cytologic atypia whereas at the other extreme 
they may be composed of highly pleomorphic chondroblasts 
with frequent mitotic figures. Multinucleate cells are present, 
as are two or more chondroblast lying in lacunae.

Radiologically, the tumor shows destroyed cortex contain-
ing mottled type calcification within the tumor. The tumor 
edges can be poorly defined. Computed tomography helps 
to define the extent of the tumor. Definitive sarcomatous 
diagnosis of the rib tumor can only be made histologically. 
Misdiagnosis as chondroma is not uncommon in differenti-
ated chondrosarcoma resulting in inadequate excision. There-
fore, as previously mentioned, all chondral tumors of the ribs 
should be managed with a wide resectional biopsy rather than 
incisional or needle biopsies.

Chondrosarcoma respond very poorly to any form of che-
motherapy or radiotherapy. The outcome of these tumors is 
dependant upon initial wide excision, which results in cure, 
prevents local recurrences, and distant metastasis.16 The survival 
and prognosis is related to tumor grade, its size and location.16 
Local recurrences occur due to inadequate excision. Sometime 
tumor cannot be excised completely with adequate margins 
due to its size and location.52

Malignant Small Round Cell 
Tumors (MSRCT)

Premitive Neuroectodermal Tumor (PNET) 
and Mesenchymal Sarcoma

Ewings sarcoma and Askin’s Tumor

In 1979, Askin et al.8 described a malignant small-cell sar-
comatous tumor (Askin tumor) in the soft tissues of the chest 
wall, occasionally in bone and rarely from the periphery of the 
lung. This neoplasm is now recognized as MSRCT or a type of 
primitive neuroectodermal tumor (PNET) probably develop-
ing from embryonal neural crest cells.44 This neoplasm histo-
logically should be distinguished from other undifferentiated, 
small-round-cell tumors such as undifferentiated neuroblas-
toma, embryonal rhabdomyosarcoma, and lymphoma.44

Ewing’s sarcoma primarily arising from rib cage is a tumor 
of childhood with median age of 13–16 years. Boys are twice 
commonly affected than the girls. Up to 6.5% of Ewing’s sar-
coma is reported in chest wall. A painful enlarging mass is 
common presenting feature in association with fever, general 
malaise, anemia, leukocytosis, and increased sedimentation 
rate (ESR).

X-ray shows mottled destruction containing both lytic 
and bony regeneration (Fig. 21.5a). Although not pathogno-
mic, this tumor occasionally show onion-skin appearance on 
the tumor surface due to subperiosteal new bone formation. 
Radiating spicules of the bone formation is also seen on 
the surface. Both clinically and radiologically, this tumor is 
difficult to differentiate from osteomyelitis and osteogenic 

Fig. 21.4. Operative picture of a desmoid tumor of the chest wall: 
hard in consistency and locally infiltrative
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sarcoma. CT scan as well as MRI is useful in determining 
the extent of the tumor; however, areas of hemorrhage and 
necrosis in large tumors can give the heterogeneous appear-
ance. MRI is informative for determining invasion of chest 
wall muscle, whereas CT scan is preferred for detecting 
small pulmonary metastases (Fig. 21.5b–d) Neither imag-
ing technique is adequate for predicting invasion of adjacent 
lung.53

Gross examination of these tumors generally reveal round, 
ovoid, multinodular or lobulated mass, which can be circum-
scribed but rarely encapsulated. Cut surface of these tumors 

show typical grayish-white appearance with granular to glis-
tening texture with areas of hemorrhage and necrosis.

Histopathologically, three basic patterns can be easily 
defined under low magnification namely: (a) compact sheets 
of cells, (b) a nesting arrangement of cells with an interven-
ing fibro-vascular stroma, and (c) Serpiginous bands of cells 
with necrosis. Usually one of the patterns predominates in an 
individual neoplasm; it is not uncommon to find all three pat-
terns in the same neoplasm. The tumor is seen extending into 
the adjacent tissue with rounded or lobulated edges. Although 
the classic Homer Wright pseudo-rosettes are not identified 

Fig. 21.5. (a) Oblique X ray showing abnormal rib in a child with previously managed long bone Ewing’s sarcoma of her leg. (b) CT scan showing 
the extent of intra-thoracic extension but no other metastasis. The metastasis was excised with chest wall reconstruction. (c) Chest X-ray in an 
adolescent child with an extensive tumor confirmed on biopsy as PNET. (d) MRI scan showing the residual tumor with infiltration into the ribs 
and intercostal muscle, lungs were not involved. The resection was carried out with a reasonable margin and reconstruction carried out
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in these tumors, in nearly 50% cellular profile resembling 
pseudo-rosettes are described. The PAS negative cell pro-
files are arranged around an acidophilic focus of hyaline or 
fibrous nature rather than a neurofibrillary composition. The 
tumor cells measuring 10–14 μm in diameter, and containing 
very little faint blue cytoplasm and a relatively large nucleus 
with coarse but evenly dispersed chromatin. The cells may 
show moderate amount of mitotic activity. Ewing sarcomas 
are composed of sheets of primitive cells with small, fairly 
uniform nuclei, and only scant cytoplasm. Cytoplasmic gly-
cogen is detected at periodic acid–Schiff (PAS) staining, a 
feature used to differentiate Ewing sarcoma from primitive 
neuroectodermal tumors. Electron microscopy shows round 
or elliptical nuclei with one to four nucleoli. Most cells are 
generally polygonal and has small to moderate number of 
variable shaped and sized mitochondria, which are generally 
segregated to one end of cell.

Histologically, both these tumors are cellular with over-
lapping features and show neuroectodermal differentiation. 
These two entities are now considered as one under heading of 
MSRCT or PNET as chemotherapy regimen for these are sim-
ilar. In addition, cytogenetic investigations have also shown 
similar balanced translocation between chromosome 11 and 
12 [t(11:22)(q24;q12)] in both these tumors.54,55 Translocation 
points of these two tumors have now been mapped and are 
similar. Both tumors contain high contents of protein products 
of mic-2 gene.

It is an extremely aggressive tumor with frequent meta-
static spread and local recurrence. Usually this tumor spread 
through a hematogenous route mainly to lungs and bones. 
Hence, it is important to achieve control of both local and 
systemic micrometastasis. Traditionally, local control of this 
tumor was achieved by radiotherapy or by surgery. However, 
radiotherapy dose to achieve the local control is very high. 
Favorable local control rates of 80–85% have been reported 
with doses of 50–65 Gy. An attempted reduction in the radia-
tion dose has resulted in increased incidence of local recur-
rence. Aria et al. has reported that reducing the radiation dose 
to 30–36 Gy without surgical resection in patients with good 
chemotherapy response has resulted in relatively high local 
relapse rate of 68%.56

These tumors are best treated with multiple modalities with 
local resection of the entire involved rib with partial resec-
tions of the ribs on either side of the tumor.5,57 The postop-
erative radiation to the tumor bed is given to mop up residual 
malignant cells. In a series, good surgical resection with local 
radiation gave local control in 93% of cases.58 Chemother-
apy is given to control distant disease and has been shown 
to improve survival rates.58,59 Preoperative chemotherapy has 
shown to result in significant reduction in tumor size. This may 
improve the outcome by achieving complete and wider tumor 
resection. As ribs are expendable it is possible to remove the 
entire rib from vertebra to costochondral junction. In lesions 
located laterally or interiorly on the chest wall, it is possible 
to leave the posterior portion of the rib. This might help in the 

reduction of long-term scoliosis. There is risk associated with 
this approach as Ewing’s Sarcoma can have skip lesions in the 
marrow. It is possible to rule out this possibility with preop-
erative bone scan or with the help of MRI.

In the nonrandomized trial improved survival was reported 
by surgical wide resection; however, the critics believe that 
this difference is due to patient selection as larger tumors were 
excluded from surgery and given radiotherapy.60 Tumors less 
than 8 cm in diameter and 100 mL in volume has been reported 
to have a better response 78% 3-year survival compared with 
17% relapse free survival among tumors larger than 100 mL.60 
Similarly, extra osseous metastasis is also reported to be asso-
ciated with increased risk of distant metastasis and poor sur-
vival rates. Many series have used radiotherapy after surgical 
resection to improve outcome.61,62 Dose required is highly 
controversial.

Osteosarcoma

Osteogenic sarcoma of the bony thorax is significantly rare 
in children. However, it has been reported in teenagers and 
young adults. Most tumors present with a rapidly enlarg-
ing mass which is often reported as painful. Tumor usually 
extended into the surrounding soft tissues and appears lobu-
lated. These tumors radiologically show destroyed cortex with 
ill-defined edges or margins. It also shows calcifications at 
right angles to the edges described as sunburst and a triangular 
area of periosteal new bone formation at the edges (Codman’s 
Triangle). Histologically, eosionophillic tumor has a glassy 
appearance and contains osteoid matrix interspersed with the 
osteoblastic cells and foci of fibroblastic and chondroblastic 
cells. Osteosarcoma typically elevates the periosteum and 
microscopically hallmark of osteosarcoma is formation of 
osteoid by the malignant mesenchymal cell. The amount of 
osteoid varies considerably in different tumors. Other mesen-
chymal elements particularly cartilage may also be present.

Management plan for these tumors are similar to commonly 
reported sites within long bones of the limbs i.e., incisional 
biopsy to confirm the diagnosis followed by chemotherapy. 
Secondary surgical wide resection including the entire length 
of the rib or sternum with adjacent soft tissue is indicated to 
reduce local recurrence and produce long-term survival. Sur-
vival is directly related to complete surgical resection with 
clear margins and absence of metastatic disease. Improved 
survival is associated with a good initial response to preop-
erative chemotherapy and unifocal nature of osteosarcoma; 
however, when associated with Paget’s disease it has poor 
outcome.

Rhabdomyosarcoma

Rhabdomyosarcoma is a common tumor of infancy and child-
hood contributing up to 15% of all solid tumors in children. 
Although this tumor can occur in any age group but generally 
have two age peaks; the early peak at two to five years and 
late peak around puberty to19 years of age. In the first Inter 



270 K. Sharif and D.H. Parikh

Rhabdomyosarcoma Study (IRS-1), its incidence in the trunk 
region was reported in 7.4% of cases. Of these 50% involved 
the chest wall, one third involved the paraspinous region, and 
one sixth involved the abdominal wall.63 The tumor mass is rap-
idly enlarging and usually deep-seated arising from the striated 
muscle tissue of the chest wall. It is generally not painful but can 
appear red and inflamed mistakenly diagnosed as an abscess 
especially in presence of tumor necrosis or hemorrhage.

Histologically, the most common subtype of rhabdomyosar-
coma reported in the chest wall is alveolar followed by embry-
onal subtype. The alveolar subtype histologically resembles 
pulmonary alveoli and is commonly seen in the tumors arising 
from striated muscles of trunk and limbs. Pleomorphic rhab-
domyosarcoma containing large, elongated cells with many 
nuclei or giant nuclei is uncommon in children. Mixed rhab-
domyosarcoma where both embryonal and alveolar components 
are present and for the purposes of therapy, they are described 
according to its predominant component. Alveolar subtype 
has relatively poor prognosis

Principles of management of the chest wall rhabdomyosar-
coma follow the same guidelines as for rhabdomyosarcoma 
in other locations. Treatment of rhabdomyosarcoma involves 
combination of chemotherapy and surgery, and may require 
radiotherapy. Most tumors respond to Vincristin, Adriamy-
cin and Cyclophosphmide. Despite combination therapy, the 
alveolar subtype tends to have higher recurrence rate than 
other histological subtype. Rarely after initial biopsy and sub-
sequent chemotherapy complete remission have been known 
to occur. Surgery plays a vital role if complete remission can-
not be achieved with chemotherapy alone. Resection of the 
residual tumor with clear margin usually results in a good out-
come. Debulking and mutilating surgery should be avoided. It 
is generally advisable to reduce the tumor size with preopera-
tive chemotherapy in a bulky tumor so as to achieve complete 
resection (Fig. 21.6). Radical surgery in this chemo-sensitive 
tumor has no specific role unless tumor is found to be unre-
sponsive. Radiotherapy is considered for residual, recurrences 
and metastatic disease.

Survival was reported to be correlated with stage of tumor 
at presentation. Generally, chest wall rhabdomyosarcoma 
tends to have poor prognosis than in the other areas.63–65 Fac-
tors contributing to this difference in prognosis may include 
higher proportion having alveolar sarcoma, advanced stage at 
presentation, difficulties in local resection and early relapse 
compared with other sites.65–67 Patients in stage IV (metasta-
sis) had the poorest survival. Overall five year disease free 
survival in children is 65% as reported by IRS III. Local dis-
ease control on the chest wall is fraught with many difficulties 
especially when relapse occur. Chest wall irradiation inevi-
tably results in the long-term pulmonary fibrosis. This leads 
to restrictive chest wall movements thus causing decreased 
lung capacity, alterations in lung growth, and decreased diffu-
sion capacity. Radiation and surgery both results in restrictive 
defects secondary to altered development of the thoracic cav-
ity and scoliosis.68

Congenital-Infantile Fibrosarcoma

This tumor can present itself at birth, and majority described 
in first three months of life. Unlike juvenile fibromatosis this 
tumor demonstrates dense cellularity and mitotic activity but 
is less anaplastic than usual fibrosarcoma. It is, therefore, 
important to differentiate it from mesenchymal hamartoma 
and fibroblastomatosis. This is usually a chemosentitive 
tumor. Large/giant fibrosarcomas in infancy respond very well 
to chemotherapy, with significant reduction in tumor size. The 
preoperative chemotherapy makes the surgical resection pos-
sible with minimal morbidity. Chemothearpy protocols used 
in the management of fibrosarcoma include Vincristine (V), 
actinomycin-D (A), and cyclophosphamide (C) VAC or Adri-
amycin (D) in conjunction with VAC (Adria-VAC). Complete 
resolution of tumor has been reported with Adria-VAC pro-
tocol. Surgical resection is indicated in most instances of the 
residual tumor. Local recurrences have been reported with 
rare instances of metastasis.33,69

Neurofibrosarcoma

Neurofibrosarcoma commonly occurs in the intercostal nerve 
and typically a disease of an adult life. This tumor is com-
monly associated with von Recklinghousen’s disease. It is 
generally a well-encapsulated tumor with spindle-shaped 
cells spreading along the nerve sheath. MRI scan is the inves-
tigation of choice to determine both the nature and extent of 
the tumor. Surgery with wide excision is recommended as 
like many sarcoma both chemotherapy and radiotherapy is 
not effective.

Fig. 21.6. CT scan showing internal extent of a rhabdomyosar-
coma: This 3-year old child presented with an increasing swelling 
on right-side of his chest wall in mid-clavicular line. The tumor did 
not respond well with intensive course of chemotherapy, subsequent 
resection of the residual tumor and reconstruction of the chest wall 
and diaphragm was carried out. Local recurrence as well as distance 
metastasis resulted in an inevitable outcome in this alveolar rhab-
domyosarcoma
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Lymphoma

Lymphomas are malignant neoplasm of cells native to lym-
phoid tissue (i.e., lymphocyte, histiocytes, their precursors, 
and derivatives). Lymphomas are broadly divided into Hodg-
kin disease and Non-Hodgkin’s lymphoma (NHL). NHL is 
common in childhood. These tumors can arise in lymphoid 
tissue anywhere in the body with a small percentage reported 
to arise in the chest wall.

The American form of Burkitt’s lymphoma is a high-grade 
malignancy, which usually involves the abdomen in children 
and young adults. Burkitt’s lymphoma primarily originating 
from the soft tissue is rarely reported. The tumor affecting the 
chest wall usually presents as a chest wall mass.70 Radiologi-
cal characteristics include a mass, originating from the soft 
tissue of the chest wall without any contiguous pleural and 
lung parenchyma disease. Histopathology can resemble that 
of a Burkitt’s lymphoma.

Another rare and recently described lymphoma affect-
ing the chest wall is Ki-1-positive anaplastic large cell lym-
phoma (Ki-1 ALCL). This pleomorphic types of lymphoma 
affects mostly children and adolescents and is sometimes 
mistaken for carcinoma or sarcoma. Clinically, it can present 
either with pneumonia-like symptoms or multiple subcuta-
neous masses in the chest wall. Fine-needle aspiration cytol-
ogy smears generally show characteristic dissociated cells 
with abundant, lightly basophilic, vacuolated cytoplasm; 
oval, round or lobulated nuclei; and binucleate, trinucleate, 
and multinucleate cells with a wreath like arrangement of 
nuclei.71 Most of the tumor cells express immunocytologic 
reactivity to CD 30. Cytogenetic studies of tumor cell show 
characteristic abnormal karyotype including a der(17)t(1;17)
(q11;p11).72

Differential Diagnosis

The differential diagnosis of chest wall mass in children includes 
infections and chest wall deformities.

Infection

Usual infections that can cause chest wall lesions include 
tuberculosis and actinomycosis. Rarely chest wall neoplasm 
can mimic empyema thoracis10; therefore, a high degree of 
caution is advised.

Chest Wall Deformity

Commonest chest wall deformities seen in pediatric popula-
tion includes pectus excavatum, pectus carinatum, and other 
rib anomalies such as bifid ribs. These lesions can also be 
confused with tumors as the costochondral margins become 
prominent in excavatum and projected sternum can be mistaken 
as a tumor. Radiological investigations are usually helpful in 
differentiating these lesions.

Management

The chest wall tumors are managed in the similar fashion as 
tumors of others parts of body. Initial therapeutic interven-
tion is usually to confirm the diagnosis. Once the diagnosis 
is confirmed the primary resection is achieved in benign or 
small, localized malignant lesion. In majority of the malig-
nant tumors, confirmation of diagnosis is followed by chemo-
therapy. Preoperative chemotherapy usually not only reduces 
the size of the tumor, but also makes it less vascular and less 
friable thus allowing adequate surgical excision with clear 
margins. Chemotherapy regimen varies with the type of tumor 
and is not discussed in this chapter.

Surgical Management

• Adequate resection and dependable immediate reconstruc-
tion are the essential requirement of a successful outcome

• Tumor excision should not be carried out unless surgeon 
feels confident of closing the chest wall defect

Surgical resection is considered to be the most important 
modality in the management of these lesions particularly for 
MSRCT, osteosarcoma, and chondrosarcoma. It is impor-
tant to mark the incision appropriately to allow preservation 
of overlying skin and muscle flap, if possible. In majority of 
cases, resection of one or more ribs is required.

Particular surgical challenge is the reconstruction of chest 
wall following complete surgical resection of tumor leav-
ing behind a large surgical defect. The goals for chest wall 
resection and reconstruction as laid down by Grosfeld et al.73 
include complete removal of tumor, restoration of adequate 
protection of the thoracic vertebra, restoration of physiologi-
cal function providing adequate lung and chest wall growth, 
and an acceptable chest wall appearance. Vast experience in 
chest wall reconstruction has been reported using various 
techniques after wide excision of adult chest wall tumors.

Various techniques have been reported for reconstruction of 
chest wall. These include use of prosthetic material. Various 
types of prosthetic material used include Marlex mesh (Bard 
Vascular System Division, Billerica, MA) and Gore-tex tissue 
patch (W.L. Gore and associates, Inc, Flagstaff, AZ). Major 
deterrent to the use of these prosthetic materials in the young 
infants and young children is that they will restrict the chest 
wall growth on the side and inevitable scoliosis. The defect 
closed by viable tissue using pedicle grafts may leave behind 
functional disability as well as unsightly scars.

Chest Wall Reconstruction

Chest wall reconstruction remains a surgical challenge in chil-
dren especially if wide resection is carried out and especially 
when the long-term outlook of many tumors has improved 
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in recent years. The challenges of reconstruction in children 
have different implications and considerations then adults as 
growth and development continues; loss of function when 
muscular flaps are used, and wide resections carry a signifi-
cant risk of scoliosis and respiratory morbidity. Surgically, it 
is a major procedure, it carries a potentially life-threatening 
complications both intra and postoperatively.

Over the years various flaps have been available to surgeons 
to reconstruct the chest wall.74,75 The understanding of the blood 
supply of the muscles namely latissimus dorsi, pectoralis major, 
serratus anterior, rectus abdominis, and external oblique; have 
resulted in more aggressive chest wall tumor resections and 
immediate reconstructions. Preoperative evaluations before per-
forming this major procedure should be thorough, as it will allow 
detection and appropriate management of correctable problems.

Important considerations of chest wall reconstructions:

1. Children at high risk of developing postoperative complica-
tions should be evaluated preoperatively by a good clinical 
history and physical examinations, respiratory and cardiac 
assessments, radiographic and laboratory examinations.

2. Surgeon undertaking the chest wall tumor resection should 
be confident of closing the chest wall defect effectively.

3. Combined team approach achieves a safe outcome in asso-
ciation with plastic surgeons, anesthetists, and postopera-
tive care in consultation with intensive care colleagues, 
respiratory physicians, and physiotherapists.

4. It is essential to ascertain that reconstruction would 
support the underlying organs and effectively support the 
respiration.

5. The type of reconstruction is dictated by the location, 
depth of the chest wall defect, its size, local condition such 
as previous radiation injury and infection.

6. Preoperative CT scan and or MRI help to determine the extent 
of the resection and possible deeper unknown problems with 
lung and mediastinum.

Skeletal Reconstruction

Skeletal reconstruction is carried out if full thickness defect is 
likely to produce paradoxical movements. The defect site and 
size are the important factors in surgical reconstruction of the 
chest wall. Large defects are generally reconstructed using 
prosthetic materials such as Prolene mesh, Marlex mesh or 
Gortex soft tissue patch, Collagen-coated Vicryl mesh,76 metals 
and absorbable newer material produced from pigs or bovine 
collagen.77 The material placed under adequate tension to 
bridge the defect improves the rigidity of the reconstruction. 
Soft-tissue patch of Gortex is used by the author successfully 
in number of large chest wall reconstruction. The patch is 
kept on the pleural surface and attached to the surrounding 
rib margins of the defect by suturing it through drill holes in 
the rib margins. The Gortex graft is stretched to bridge the 
defect in the chest wall so as to achieve tension and rigidity 
(Fig. 21.7). This patch has an additional advantage of not 
allowing air or fluid across into the thoracic cavity. The pros-

thetic material is not advisable if there is local infection and 
possibility of the contamination of the prosthetic graft. In this 
situation, the use of muscular flap is a preferred option.

Soft Tissue Reconstruction

Autogenous tissue on the pedicle graft is generally a preferred 
option for the soft tissue reconstruction. Muscles provide a 
good cover over the chest wall when the skeletal reconstruc-
tion is not needed or not advisable. Muscle transposition 
using latissimus dorsi, pectoralis major, rectus abdominis, or 
serratus anterior are preferred options depending on the site 
and size of the defect. Myocutaneous flaps should be con-
sidered in case skin cover is required in addition to the soft 
tissue cover.78 Plastic surgeon’s help is essential in case of 
complex requirement and flap requirement that will survive 
and produce a dependable outcome. Free muscle flap with 
microvascular anastomosis is also useful in difficult circum-
stances.79

Long-Term Complications

Scoliosis

This is the common and well-established complication fol-
lowing excision of large chest wall tumors.80,81 The severity of 
the curve is directly related to the number of the ribs resected. 
Resection of the posterior segment of the ribs produces more 
scoliosis than resection of anterior segment. Similarly resec-
tion of lower ribs produces a greater curve than does resection 
of upper ribs. The convexity of the curve is generally toward 
the resected side unless there is marked pleural thickening 
from radiation or empyema.

Fig. 21.7. The Gortex reconstruction of the chest wall defect after excision 
of a chest wall tumor: large chest wall reconstruction by attaching the 
patch on the pleural surface and drilling holes in the rib margins on 
each side to attach the graft to achieve tension and rigidity
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Scoliosis progresses with advancing age until child reach 
the full skeletal maturity. This may require further surgical 
correction of scoliosis with either insertion of Harrington rod 
or the use of rib expansion devices. If the chest wall is irradi-
ated following surgery, it may accentuate the severity of sco-
liosis due to impaired growth on the resected side.

Restrictive Pulmonary Function

Pulmonary functions may be affected following management 
of chest wall tumors due to restrictive chest wall movement.73

Secondary Tumors

Chemotherapy with alkylating agents and radiotherapy increases 
the risk of secondary osseous sarcomas. This risk increases if 
radiotherapy dose is greater than 60 Gy; therefore, attempts 
have been made to reduce the radiation dose less than 60. Acute 
monocytic leukemia has also been reported.73

Sternal Tumors

Primary tumors involving the sternum are extremely rare in 
children and are reported along with adult tumors. Literature 
indicates that the adult sternal tumors are frequently reported 
as malignant originating from the cartilage.82 However, the 
majority of childhood sternal tumors are essentially benign 
and clinically present with asymptomatic swelling.83 Some of 
the childhood tumors are locally aggressive and possibility of 
malignancy should be considered if they were shown to be fast 
growing and associated with pain. Secondary tumors of the 
sternum after mediastinal irradiation have been reported and 
are more difficult to manage due to radiation-induced fibrosis.

Anterior chest wall tumors including sternum is a chal-
lenging surgery both for complete resection and simultaneous 
reconstruction so that stabilization can be achieved. The rib 
and sternal tumor behave in similar manner, and therefore, the 
description is limited to only specific sternal tumors.

Pediatric Sternal Tumors

Benign lesions Malignant lesions

Enchondroma Chondrosarcoma84

Osteoblastoma Osteosarcoma85

Osteochondroma Rhabdomyosarcoma86

Aneurysmal bone cyst Plamacytoma87

Eosinophilic granuloma Ewing’s sarcoma88

Nonossifying fibroma Clear cell sarcoma
Chondromyxoid fibroma89 Hodgkin’s lymphoma90

Inflammatory pseudotumor91 Metastatic sternal tumors

Enchondroma

The sternum is an unusual location for an Enchondroma. 
These tumors, however, are commonly reported in the bones of 

hands and feet and constitute 11% of all bone tumors.92 Majority 
of enchondroma are diagnosed incidentally while some present 
with pathologic fracture. Mineralization within the tumor varies 
and if minimal may underestimate the size of the lesion. Sternal 
lesions are generally difficult to diagnose on plain X-rays but 
cones down lateral view can be more informative. CT scan 
is helpful in identifying the subtle calcification in the matrix 
of the tumor. The available evidence suggests that these are 
developmental defect rather than a true neoplasm.82 Histologi-
cally these tumors has multilobular growth pattern. Generally, 
they are composed of islands of cartilage separated by hypo-
cellular collagen fibers with minimum ossification.

Wide resection is suggested in the management of any ster-
nal lesion. However, radical resection for this benign lesion in 
childhood is not warranted.82

Osteoblastoma

Benign osteoblastoma is a rare bony tumor (less than 1% of 
all bone tumors) that has been reported in a variety of skeletal 
locations including in the ribs, but rarely in the sternum. It is 
a tumor of adolescent age group reported between 15 and 20 
years of age and affecting males twice more commonly than 
females. Osteoblastoma has a distinct predilection for axial 
skeletal, particularly posterior elements of the vertebral column. 
This tumor can be locally invasive. Clinically insidious onset 
swelling presents with a dull aching pain, usually progressive 
in intensity; rarely can be asymptomatic and discovered inci-
dentally. Tenderness on physical examination is a consistent 
finding. Radiologically osteoblastoma lesion is larger than 
osteoid osteoma (>2 cm in diameter) and well circumscribed. 
Osteoblastoma is usually radiopaque but occasionally have 
radiolucent appearance compared with the surrounding bone. 
Histologically, it shows similarity to osteoid osteoma. New 
solid bone formation is a feature of osteoblastoma, which 
helps differentiate from osteosarcoma.93 Although commonly 
these are benign lesions, malignant transformation has been 
reported in a small percentage of osteoblastoma (1%).94

Osteoblastoma is a locally aggressive tumor. Moreover, 
reportedly it has a 10–21% local recurrence rate and therefore 
wide resections (en-block resection) of the sternum with recon-
struction of the chest wall is recommended.94–98 Reconstruc-
tion of the chest wall can be carried out either with the help of 
bone graft or a synthetic material. Postoperative radiotherapy 
is not indicated. A case of an isolated benign osteoblastoma 
in the sternum of an 11-year-old boy has been described with 
an affective chest wall reconstruction technique.94,99 The tech-
nique involves resection of the tumor and the reconstruction of 
the defect with a marlex mesh and methyle methacrylate plate, 
and covering this material with mobilized pectoralis major.94

Clinical Features

Most childhood sternal tumors are benign, slow-growing and 
present as asymptomatic swellings. These swellings should be 
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followed as they could present as anterior chest wall deformity 
in the first instance in adolescent children. A sternal swelling 
with no history suggestive of trauma or infection and rapid 
increase in size should indicate malignant nature and warrant 
urgent investigation to define the nature of the tumor. Sternal 
infection is the main differential diagnosis, although primary 
osteomyelitis of the sternum is rare, it has been reported.100 
Inflammatory markers are sometimes misleading but prompt 
radiological investigations and surgical biopsy with identifi-
cation of pus and sequestration at the time of biopsy should 
lead to an appropriate management of the infection. A rare 
fungal or tuberculous infection can present as clinical diag-
nostic dilemma, the histological features and culture of the 
tissue leads to the diagnosis of the pathological organism and 
appropriate antibiotic chemotherapy.100

Diagnosis

Plain radiographic findings in the sternal tumors are often 
nonspecific and misleading. However, it is the first radiological 
investigation, which may indicate a localized benign lesion or 
suggest an aggressive and invading lesion as seen in malignant 
neoplasms. A specific diagnosis of tumors differentiating from 
other sternal abnormalities including infection can only be sug-
gested by either CT scan and MRI.101 The extent of the tumor 
and local invasion can be defined with these specialized imaging 
techniques. Bone scan is indicated in malignant lesions to 
identify the distant metastasis. Surgical biopsy is indicated in 
the first instance to identify the nature of the tumor and to see if 
preoperative chemotherapy can reduce the size of the tumor.

Surgical Management

Technical Considerations

The anterior chest wall reconstruction is essential to protect 
the internal thoracic viscera and to avoid the paradoxical 
movements of the chest wall. In sternal resections, it is nec-
essary to preserve as much bone material as possible that is 
indispensable for the stability of the anterior chest wall and 
air tightness of the thoracic cavity. Reconstruction must be 
carried out to support of the chest wall as well as restore its 
integrity by some means. Reconstruction of the menubrium 
and superior aspect of the sternum is one of the most difficult 
challenges for the reconstructive surgeon.

Most of the reported experience is from the adult literature 
as the basic principles of sternal reconstruction are applied to 
pediatric age group. In the past, most of the structural  stability 
following resection of this area has depended on the forma-
tion of dense fibrous tissue and scar. Various techniques have 
been applied to the reconstruction of the chest wall following 
resection.102 Reconstruction of bony defect following resec-
tion can be reconstructed by an autologous bone graft to bridge 
the defect. Pectoralis major muscle is sutured over the cancel-

lous bone graft for both support and nourishment to the free 
graft.84,103 The use of synthetic meshes as described in chest wall 
reconstruction including Marlex mesh104 and metallic plate are 
well tolerated when sutures under tension provides the stability 
required to avoid paradoxical movement. The use of synthetic 
materials have shortened hospital stay, and reduced postopera-
tive morbidities including the need for postoperative mechanical 
ventilation.105 Golant et al. have described a technique of ster-
nal reconstruction using Marlex mesh and methyl methacrylate 
plate.94 For the major resection of the sternum including ribs, 
this composite synthetic prosthesis offers the best outcome in 
terms of stability and protection of the intra-thoracic organs. 
Various other options include rib strut graft,106 fascia lata,107 
acrylic resin,108 local and distant island flaps, and combina-
tion of these.109 The adult reports suggest that wide resection 
of sternum for both primary and secondary tumors followed by 
reconstruction with prosthetic material or myocutaneous flaps 
is safe, effective, can be carried out with minimal morbidity, 
and result in a good prospect for long-term survival.

Conclusions and Future Perspective

The primary chest wall tumors in children are rare; the success 
is reported in cases, which are diagnosed early, and with aggressive 
surgical resection. The chest wall resection and reconstruction 
should be performed in one stage with wide excision margins. 
Most cases with this kind of surgical intervention with or 
without preoperative chemo or radiotherapy generally results 
in minimal respiratory insufficiency and functional disability 
in longer term. However, scoliosis in children is generally 
unavoidable consequence of chest wall resection. Cure and 
long-term survival is dependant upon the tumor type, extent at 
presentation and location. These major factors also play part 
in allowing adequate resection and reconstruction. Technical 
innovations in prosthetic material in future that are less reactive 
with fewer adhesions allowing resection in recurrences with 
minimal morbidity would be welcomed.
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Section 5
Esophagus



Introduction

Esophageal atresia presents some of the greatest technical 
hurdles that the pediatric surgeon has to face. Little more than 
60 years ago esophageal atresia was considered a uniformly 
fatal condition. Now, survival is almost guaranteed and deter-
mined by associated abnormalities rather than the esophageal 
atresia itself. The focus of attention has shifted from sur-
vival to minimization of morbidity. Nevertheless, with all its 
variations, subtleties, technical difficulties, and the long-term 
implications, esophageal atresia continues to challenge the 
pediatric surgeon.

Historical Perspective

William Durston is believed to have provided the first descrip-
tion of esophageal atresia over 300 years ago in “a narrative of 
a monstrous birth.”1,2 After that there were several anecdotal 
reports until the association of esophageal atresia with other 
structural abnormalities was recognized by Thomas Hill in 
1840.3 In 1861 Hirschsprung brought together a series of 14 
cases. A more complete account of the embryology and clini-
cal diagnosis, including associated anomalies was provided by 
Morrell McKenzie in 1880.4 Up until this time, accounts of 
esophageal atresia had been observational rather than interven-
tional. The first attempt to repair esophageal atresia was by 
Charles Steel in 1888 when he pushed a metal probe intro-
duced through a gastrotomy up into the lower esophageal seg-
ment while another bougie was pushed downward from above. 
He assumed that the esophagus was blocked by a membrane 
but his procedure failed and autopsy revealed a gap between 
the proximal and distal segments.5 Permanent gastrostomies 
were performed from 1899 and it was not until the 1930s that 
definitive repair along the lines currently employed (i.e., divi-
sion of the tracheoesophageal fistula and esophageal anasto-
mosis) was attempted. Thomas Lanman probably performed 
the first definitive repair in 1936 although the first to appear 
in the literature was a case operated in 1938 by Robert Shaw.6 

Lanman subsequently reported that all 30 operative cases in his 
series died, but added that “the successful operative treatment 
of a patient with this anomaly is only a question of time.”

The first successful primary repair of esophageal atresia 
was achieved by Cameron Haight in 1941. His five previous 
attempts at primary repair all failed.7 By the mid to late 1940s 
definitive surgery for esophageal atresia was being performed 
throughout the world including in infants under 1.5 kg.8 The 
first survivor in the Southern Hemisphere was operated in 
New Plymouth, a small rural hospital in New Zealand in 
1948,9 and the first Australian survivor was treated at the 
Royal Children’s Hospital, Melbourne, the following year.2 
Over subsequent decades, deliberate staged repairs, gastrosto-
mies, cervical esophagostomies, and chest drains all became 
less common. Even in the very premature infant, early pri-
mary definitive repair became routine.

By the early 1990s a few surgeons were performing thora-
coscopic mobilization of the esophagus,10 but it was not until 
1999 that Rothenberg reported the first successful complete 
repair of esophageal atresia thoracoscopically.11 Since then, 
the technique has become routine in some centers,12,13 and has 
even been applied to the H-type tracheoesophageal fistula.14

Basic Science/Pathogenesis

Embryogenesis of Esophageal Atresia

Tracheoesophageal Separation

In general terms, the normal changes that occur during early 
foregut differentiation into the trachea anteriorly and esopha-
gus posteriorly are well described, although the exact mecha-
nism of separation of the two structures is controversial. Many 
morphological descriptions have been proffered over the years, 
each reflecting subtle differences in interpretation of sequen-
tial histological observations, microdissections, or scanning 
electron microscopy images. For example, evidence for an 
ascending tracheoesophageal septum separating the  trachea 
from the esophagus has been conflicting.15 Similarly, the 
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description of inward growth and fusion of two lateral epithe-
lial ridges to partition the foregut into trachea and esophagus 
has been disputed.16,17 Recent techniques of computer-assisted 
3D reconstruction, and recognition of the importance of apop-
tosis in the process of defining morphology, have aided our 
understanding of the mechanisms involved.

In the rat embryo, both bronchial buds appear before trache-
oesophageal separation commences18 (Fig. 22.1a). This obser-
vation is not consistent with the popular “tap water” theory 
proposed by O’Reilly and Muller that described how the lung 
bud grows caudally into the ventral foregut mesenchyme before 
dividing into primary bronchi16 (Fig. 22.1b). Scanning elec-
tron microscopy and techniques of 3D reconstruction of serial 
sections19 have helped clarify that tracheal separation involves 
three consecutive stages:

1. Formation of bronchial buds from epithelial proliferation.
2.  Initiation of separation of the trachea and esophagus 

by epithelial apoptosis. This stage involves a clearly 
defined pattern of apopotosis that is extremely consis-
tent and tightly controlled both in terms of timing and 
location (Fig. 22.2).

3.  Completion of the separation process by epithelial prolif-
eration20 (Fig. 22.3).

Aberrations of the normal temporospatial characteristics of 
apoptosis during foregut development result in abnormal mor-
phology21 such as esophageal atresia and its related structural 
abnormalities, including tracheomalacia.

In the human the primordial tracheopulmonary anlage is 
detectable at 21 days after fertilization. By 32 days (8 mm) 

separation of the trachea and esophagus is complete. This 
suggests that the insult causing esophageal atresia is likely to 
occur between 21- and 32-days gestation.22

Previous theories of embryogenesis of esophageal atresia – 
such as pressure from embryonic cardiomegaly in association 
with marked dorsal curvature of the cervical region,23 pres-
sure from abnormal vessels derived from the caudal portion 
of the right dorsal aorta,24 pressure by the pneumatoenteric 
recesses,25 embryonic hyperflexion,26 and epithelial occlu-
sion27 – have been disproved.

The Abnormal Notochord in Esophageal Atresia

The notochord has long been recognized as influencing axial 
organ development,28,29 so it is not surprising that notochordal 
abnormalities are associated with malformations of the tra-
chea and esophagus.

In rodent embryos exposed to Adriamycin that develop 
esophageal atresia, the notochord shows abnormal branch-
ing patterns that extend from the vertebral column into 
the mesenchyme. It is often close to or attached to the 
foregut.19,30,31 Aberrations in the structure of the notochord 
correlate closely with the spectrum of abnormalities seen 
in the VATER association.32 For example, an excessively 
ventrally placed notochord produces abnormalities of the 
vertebral column, especially hemivertebrae.33 Similarly, 
prolonged adherence of the notochord to the foregut results 
in abnormal development of the mesenchyme and is associ-
ated with esophageal atresia and tracheoesophageal fistula 
(Fig. 22.4).30

Fig. 22.1. The primitive foregut tube differentiates into trachea and esophagus. Morphological changes involve bronchial bud development 
before tracheoesophageal separation (a), contrasting with the previously-held “tapwater” theory of O’Reilly and Muller (b) that assumed that 
the trachea developed first and bronchial division occurred later
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The Upper Esophageal Pouch

In esophageal atresia the proximal esophageal pouch may have 
an origin different to that of the distal esophagus.34 For exam-
ple, in the rat Adriamycin model the proximal esophagus first 
appears as a dorsal outpouching of the proximal foregut imme-
diately cranial to an area of apoptosis in the dorsal epithelium 
of the distal pharynx. Subsequently, this elongates through a 
process of cellular proliferation. Moreover, the proximal esoph-
ageal pouch appears to differ significantly in its cellular proper-
ties and in its innervation and intrinsic nerve supply.35,36 In the 
human the upper esophageal segment may continue to grow 
and elongate after birth, irrespective of bouginage, perhaps rep-
resenting a postnatal continuation of the same process.

Role of Sonic Hedgehog and Other Genes

For some years it has been known that the hedgehog signal-
ing pathway plays a crucial role during embryogenesis.37,38 
The sonic hedgehog gene is expressed in the notochord, floor 
plate, and endodermal epithelial organs, including the trachea, 
lungs, and digestive tract. Sonic hedgehog is involved in first 
phase signaling from endoderm to mesoderm.

Sonic hedgehog protein is expressed during foregut devel-
opment but the levels decrease after the foregut has differen-
tiated into esophagus, trachea, and lungs.32 Once the organs 
have formed, the Shh-Gli pathway is turned off permanently. 
Levels of sonic hedgehog protein in animals exposed to Adri-
amycin that develop esophageal atresia are markedly lower 
than in control embryos and do not change during embryo-
nal development39 (Fig. 22.5). Likewise, in situ hybridiza-
tion shows that the pattern and levels of sonic hedgehog gene 
expression are affected by exposure to Adriamycin in rats 
that develop esophageal atresia.40 In the human at birth, Shh 
is expressed in the proximal esophageal pouch but not in the 
distal fistula.41

Mice with a targeted deletion of sonic hedgehog (Shh −/− 
mice) develop lung hypoplasia and various defects of the 
trachea and esophagus.38,42 Gli mutant mice get esophageal 
atresia and tracheoesophageal fistula and other abnormalities 
of the VATER association.43 The observations indicate a role 
for Shh and Gli in endodermal signaling essential for the 
development of these foregut structures. Three genes, muta-

Fig. 22.2. Cross section of the primitive foregut showing apoptosis 
resulting in tracheoesophageal separation. Note the differences in 
appearance of the future respiratory epithelium (anteriorly) and the 
esophageal epithelium (posteriorly). The future esophageal lumen is 
of smaller caliber

Fig. 22.3. Serial 3-D reconstructive images showing progressive 
tracheoesophageal separation and esophageal lengthening during 
normal development of the primitive foregut in the rat (courtesy of 
Dr. Andrew Williams)
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tions of which cause syndromic forms of esophageal atresia, 
are transcription factors NMYC and SOX2, and CHD7 that 
is encoded by a chromodomain helicase DNA-binding gene 
important for chromatin structure and gene expression.44

Anatomical Considerations

Upper Esophageal Segment

Swallowing begins at about 14-weeks gestation and by term 
several hundred milliliters of amniotic fluid is swallowed each 
day. The fluid swallowed in esophageal atresia collects in the 
upper pouch, which becomes dilated and relatively thick-
walled. The length of the upper pouch is variable but often 
extends to within 1 cm of the arch of the azygos vein. The 
upper pouch can be identified at operation if the anesthetist 
introduces a stiff catheter into the esophagus.

Lower Esophageal Segment

The distal tracheoesophageal fistula usually commences proxi-
mal to the carina of the trachea and, although it may contain 

tracheal elements near its junction with the trachea,45 the fistula 
rapidly becomes esophageal in appearance. It has a caliber sig-
nificantly smaller than that of the upper esophageal segment. 
At operation identification of the distal esophagus is assisted 
by recognition of the vagus nerve coursing over its surface.

Innervation of the Esophagus

The esophagus is innervated by the autonomic nervous system. 
The sympathetic supply arises from preganglionic neurons in 
the thoracic and upper lumbar spinal cord with postganglionic 
fibers entering the esophageal plexuses by visceral branches 
of the sympathetic trunks and by branches of the greater 
splanchnic nerves.46

The parasympathetic neurons are located in the nuclei of 
the vagus with the long preganglionic fibers passing within the 
vagus nerves. They synapse with short postganglionic neurons 
in the intramural myenteric and submucosal plexuses. These 
provide innervation to the smooth muscle and secretary cells.

The degree to which esophageal dysfunction is the result of 
surgical trauma to vagal fibers or to intrinsic abnormalities of 
the esophagus is debated. The Adriamycin-induced rat model 
of esophageal atresia has provided some confirmation that the 
parasympathetic supply is inherently abnormal in esophageal 
atresia both in terms of the distribution and density of intramu-
ral myenteric and submucosal plexuses.36 Similarly, studies of 
esophageal function prior to repair of esophageal atresia have 
shown a positive basal tone and motor incoordination of both 
proximal and distal esophageal segments, which implies an 
inherent abnormality of esophageal function.47 Even patients 

Fig. 22.4. Abnormal notochord in a rat developing esophageal atresia 
as demonstrated on 3-D reconstructive techniques of serial histologi-
cal sections (courtesy of Dr. Andrew Williams)

Fig. 22.5. ELISA test reveals that levels of sonic hedgehog protein 
are significantly lower in rats that are developing esophageal atresia
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with H-type tracheoesophageal fistula may show a degree of 
esophageal dysmotility.48,49

Postoperative manometric studies have demonstrated 
abnormal peristalsis involving the whole length of the esopha-
gus50–55 and abnormal lower esophageal sphincter function. In 
addition, intraesophageal pH studies have shown a high inci-
dence of gastroesophageal reflux and abnormal acid clearance 
from the esophagus.56,57 Preoperative cinefluorographic stud-
ies have produced similar findings.48,58,59 Thus, it would seem 
that there is an inherent abnormality of esophageal function 
prior to surgery. However, it is likely that inadvertent damage 
to vagal fibers during dissection of the esophagus will exacer-
bate the dysmotility.

Blood Supply to the Esophagus

The upper esophageal segment has a good blood supply that 
predominantly arises from the inferior branches of the infe-
rior thyroid artery, a branch of the thyrocervical trunk. That 
its branches run vertically downward explains why the upper 
esophageal segment can be fully mobilized to increase its 
length without rendering it ischemic.

The blood supply of the distal esophagus is more precari-
ous. It is supplied by segmental esophageal branches from 
the aorta, which are of relatively small caliber and which 
anastomose richly with adjacent branches from intercostal 
and  bronchial arteries. Some of these vessels are deficient in 
esophageal atresia.60 The distal esophagus is supplied in large 
part by the ascending branch of the left gastric artery with 
some support from the inferior phrenic artery. In esophageal 
atresia this supply is no different from that of the normal 
esophagus.61

The Trachea

The trachea is almost always abnormal in esophageal atresia. 
Deficiency in the amount of cartilage and an increase in the 
width of the membranous part produces a structural and func-
tional weakness of the trachea called tracheomalacia.62 The 
severity and extent of tracheomalacia in esophageal atresia is 
variable. Occasionally it may involve the whole trachea, but 
more often predominantly affects its lower half. The same 
pathological features of deficiency of cartilage, loss of cartilag-
inous ring integrity, and expansion of the posterior  membranous 
component are seen in humans and in animal models of esoph-
ageal atresia (Fig. 22.6).63 It is likely that the trachea is inher-
ently abnormal as part of the regional defect. The former belief 
that it is primarily due to external pressure from the dilated 
proximal esophageal segment in utero64 has not been substanti-
ated.65 Aberrant major vessels may exacerbate the severity of 
tracheomalacia locally in the adjacent trachea.65

Epidemiology

The birth incidence of esophageal atresia and/or tracheoesopha-
geal fistula is between 1:3,448 and 1:4,500 births.66,67 The prev-
alence of the abnormality is about 2.8 per 10,000 births.68

Twins (or higher multiple births) are more likely to have 
esophageal atresia.66,68,69 Chromosomal anomalies have been 
reported in 6–10% of infants with esophageal atresia,70,71 
although the true incidence is likely to be higher and will 
become evident as chromosomal analysis becomes more 
sophisticated. Trisomy 18 and 21 are the most common major 
chromosomal abnormalities70 but a wide variety of other 
chromosomal defects have been identified. Most cases of 

Fig. 22.6. Tracheomalacia in the rat model of esophageal atresia. (a) Appearance of the normal trachea in cross section. (b) Appearance of 
the trachea in esophageal atresia. There is disruption of the cartilaginous rings and the posterior membranous part of the trachea is broader, 
cotributing to collapse of the airway during expiration

a b
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esophageal atresia appear to be sporadic, with a recurrence 
rate of between 0.5 and 2%66,72 for parents with one affected 
child, and the empirical risk for an affected child born to an 
affected parent is 3–4%.72

Antenatal Diagnosis

The diagnosis of esophageal atresia is being made with 
increasing frequency on routine antenatal ultrasonography. 
The likelihood of esophageal atresia being present is increased 
when there are maternal polyhydramnios or other abnormali-
ties identified on ultrasonography that are known to be associ-
ated with esophageal atresia; these include congenital heart 
disease, urinary tract abnormalities (e.g., hydronephrosis), 
and other abnormalities of the VATER association.

Specific ultrasonographic features suggestive of esopha-
geal atresia include a distended upper esophageal pouch, a 
small stomach, or abnormal swallowing.73,74 The dilated upper 
esophageal pouch may vary in volume according to fetal swal-
lowing.74 A blind upper pouch can be seen on multiplanar 
ultrasonography from 23-weeks gestation.73 Demonstration of 
a patent esophagus may be achieved using a high-resolution 
linear transducer in fetuses with suspected esophageal atre-
sia.75 Magnetic resonance imaging has been used to confirm 
esophageal atresia where ultrasonography is equivocal.76

Postnatal Diagnosis

Clinical Features

The classical clinical presentation of an infant with esophageal 
atresia is of an abnormally “mucousy” infant who is drooling 
excessive amounts of saliva (Fig. 22.7). There may be a his-
tory of maternal polyhydramnios and the infant is often born 
prematurely (Fig. 22.8).

If the diagnosis is not recognized at birth and feeding is com-
menced, the child may start choking or gagging, develop respi-
ratory distress, aspirate or even become cyanotic; this should 
immediately alert the clinician to the correct diagnosis. Clini-
cians should be aware that some very premature infants with 
esophageal atresia may not appear to secrete much saliva.

Confirmation of Esophageal Atresia

The diagnosis of esophageal atresia is confirmed when a 10G 
orogastric tube cannot be passed through the mouth into the 
stomach. The catheter becomes arrested at about 10 cm from 
the gums (Fig. 22.9). Although some surgeons routinely obtain 
a plain X-ray of the chest to show where the tip of the catheter 
lies this is not essential for the diagnosis.

Fluid aspirated from the catheter does not turn blue litmus 
paper pink as the upper pouch contains saliva alone. If the 
esophagus is intact and the catheter enters the stomach aspira-
tion of gastric juice would turn the litmus paper pink.

A small caliber orogastric tube should not be used 
because it may curl in the upper pouch giving a mislead-
ing impression of esophageal continuity (Fig. 22.10). The 
catheter is introduced through the mouth rather than the 
nose to avoid injury to the nasal passages, which are small 
in the newborn infant. Rarely the oral tube may be passed 
inadvertently into the trachea and through the fistula into 
the stomach also giving a false impression of an intact 
esophagus.77

Fig. 22.7. At birth an infant with esophageal atresia typically appears 
to salivate excessively (“mucousy baby”) because saliva accumulates 
in the blind upper esophageal pouch

Fig. 22.8. Prematurity is common in infants born with esophageal 
atresia
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Traumatic introduction of a suction catheter through the 
mucosa of the posterior wall of the pharynx may give the 
impression of esophageal atresia when the infant develops 
copious drooling of saliva and the tube cannot be advanced 
into the stomach. This is most likely to be seen in premature 
babies who have required intensive resuscitation.78,79 The level 
of obstruction is lower in the chest on a contrast esophagram 
than would be seen in esophageal atresia.

Routine passage of an orogastric tube into the stomach 
of all babies at birth is no longer performed because of the 
potential risks to the baby of traumatically induced apnea by 
inadvertent injury to the larynx, even though it would enable a 
diagnosis of esophageal atresia to be made in all babies before 
a feed is administered. Mediastinal ultrasonography with 
installation of saliva into the upper pouch,80 CT scan of the 
chest,81 and three-dimensional volume reformatted “transpar-
ency” CT images82 have been used to confirm the diagnosis, 
but their role, if any, is yet to be established.

Determination of the Type of Esophageal Atresia

About 85% of infants with esophageal atresia have a distal tra-
cheoesophageal fistula (Fig. 22.11). The presence of a distal 
tracheoesophageal fistula can be confirmed by the demonstra-
tion of gas in the bowel below the diaphragm (Fig. 22.12). 
Therefore, the combination of inability to pass a catheter through 

Fig. 22.9. Clinical diagnosis of esophageal atresia is made when a 
stiff 10G catheter cannot be introduced beyond about 10 cm from 
the gums

Fig. 22.10. A misleading impression of esophageal continuity can be 
gained if a small caliber tube is used because it is likely to curl up in 
the upper esophageal pouch

Fig. 22.11. Esophageal atresia with a distal tracheoesophageal fis-
tula. This anatomical variant accounts for approximately 85% of all 
esophageal atresia and tracheoesophageal fistula cases
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the mouth into the stomach and the demonstration of gas below 
the diaphragm is all that is necessary to confirm that the infant 
has esophageal atresia with a distal tracheoesophageal fistula.

Contrast studies are not required in this situation, although 
many surgeons perform bronchoscopy routinely prior to repair 
of the esophageal atresia to do the following:

1. Confirm the level at which the distal tracheoesophageal fis-
tula leaves the trachea (or, rarely, bronchus)

2. Exclude the rare occurrence of a coexisting proximal tra-
cheoesophageal fistula

3. Exclude other abnormalities of the bronchial tree83–85

Preoperative tracheobronchoscopy also has been used to 
cannulate and occlude the distal fistula with a Fogarty catheter 
to improve ventilation during repair of atresia.86

Associated Abnormalities

Over 50% of babies with esophageal atresia have other 
major congenital abnormalities, usually of the VATER (or 
VACTERL association) (Table 22.1). The CHARGE asso-
ciation (coloboma, choanal atresia, congenital heart disease, 
and genital anomalies) also occurs with esophageal atresia. A 
large number of other rare associations have been recognized. 
Of the many chromosomal abnormalities that have been iden-
tified, by far the most common are Trisomy 18 and Trisomy 
21.70 Less common concomitant lesions include anophthal-
mia,87–89 diaphragmatic hernia,90 and cleft lip.

Associated congenital structural abnormalities are the main 
determinants of survival in esophageal atresia and, of these, 
congenital heart disease is the most significant.91,92 Where 
the prognosis of an associated abnormality (e.g., Trisomy 18, 
bilateral renal agenesis or hypoplastic left heart) is so poor that 
long-term survival is impossible, repair of esophageal atresia 
is not indicated. Consequently, these lesions should be identi-
fied before surgery. This is why most centers perform routine 
preoperative echocardiography and renal ultrasonography. If 
a major chromosomal abnormality, e.g., Trisomy 18, is sus-
pected clinically urgent karyotyping should be requested. 
The overall mortality of all patients with esophageal atresia 
is 10–14%.92,93

Congenital Heart Disease

The most common heart defect is a ventricular septal defect and 
this does not interfere with early repair of the esophageal atresia. 
In general, correction of the esophageal atresia takes precedence 
over definitive treatment of the non duct-dependent lesions.91 
Infants with severe right or left obstructive cardiac lesions, in 
whom either the pulmonary or systemic circulation is duct depen-
dent, may deteriorate rapidly when the ductus closes. Therefore, 
early identification of duct-dependent congenital heart disease 
allows a prostaglandin E1 infusion to be commenced prior to 
repair of the esophageal atresia.91 Surgery is deferred until the 
infant is stable. Despite this, the presence of a duct-dependent 
cardiac lesion is associated with a high incidence of intraopera-
tive critical events and increased morbidity (57%).94

Coexistence of Atresias of the Esophagus, Duodenum, 
and Anorectum

Some children are born with duodenal atresia and an imper-
forate anus as well. Duodenal atresia can be diagnosed on a 

Fig. 22.12. The presence of gas in the bowel below the diaphragam 
confirms the presence of a distal tracheoesophageal fistula. Air enters 
the stomach within minutes of birth. Air may also outline the upper 
esophageal pouch

Table 22.1. Main abnormalities of the VATER (VACTERL) asso-
ciation.

V Vertebrae (and rib)
A Anorectal and other gastrointestinal abnormalities
C Cardiac
TE Tracheoesophageal
R Renal (and urinary tract)
L Limb, e.g., radial aplasia, thumb abnormalities



22. Congenital Malformations 289

plain abdominal radiograph. The classical appearance of a 
“double bubble” still occurs because air passes down the distal 
fistula into the stomach. The anorectal malformation should 
be evident on inspection of the perineum.

Urinary Tract Abnormalities

The reported incidence of urinary tract abnormalities in esoph-
ageal atresia ranges between 10 and 24%.95–98 Many of the 
abnormalities require no treatment (e.g., unilateral renal agen-
esis, duplex kidney) or require treatment but no urgent surgery 
(e.g., vesicoureteric reflux, pelviureteric junction obstruc-
tion). However, bilateral renal agenesis occurs in almost 
1% of infants with esophageal atresia. Since this condition 
is fatal, surgical repair of the esophagus is contraindicated. 
Patients with bilateral renal agenesis and esophageal atresia 
often lack the usual features of Potter’s syndrome because of 
the esophageal obstruction. For this reason renal ultrasonog-
raphy should be performed prior to surgery if the baby has not 
passed urine.98

Management

Antenatal Management

When a diagnosis of esophageal atresia is made on antena-
tal ultrasonography the parents-to-be should be referred to a 
pediatric surgeon who can provide accurate information on 
the nature of the condition and treatment. Where available, 
the parents-to-be can be introduced to an esophageal atresia 
support group (vide infra). Knowledge of the diagnosis before 
birth allows appropriate resuscitation and avoids feeding after 
birth. The diagnosis is confirmed by attempting passage of 
an orogastric tube and if the child is born outside a pediatric 
surgical center early transfer can be arranged. Antenatal 
knowledge of the diagnosis confers no survival advantage; nor 
is it of any prognostic significance.99

Preoperative Care

The infant is best nursed in an open cot with an overhead 
heater to allow easy access without excessive heat loss. The 
upper esophageal segment is kept empty by regular suction. 
A peripheral line allows intravenous access. Blood is cross-
matched but rarely needed. Perioperative prophylactic anti-
biotics are administered (usually at induction). Vitamin K is 
given prior to surgery.

The infant is disturbed as little as possible. Excessive crying 
may increase the infant’s oxygen consumption. More impor-
tantly, it tends to fill the stomach with air causing abdominal 
distension with elevation of the diaphragm, which eventually 
impedes ventilation. The key components of initial resuscita-
tion and management are summarized in Table 22.2. Repair 
of esophageal atresia is undertaken once resuscitation is com-
plete and the infant is stable.

Repair by Open Thoracotomy

The purpose of the surgery is to divide the tracheoesophageal 
fistula and to restore esophageal continuity by anastomosing 
the blind-ending upper esophageal pouch to the proximal end 
of the lower esophageal segment.

Position

After induction of anesthesia the infant is placed right side 
uppermost in the full lateral position. A small towel folded 
beneath the left chest gives lateral flexion and adhesive tape 
across the right iliac crest secures the patient in position. The 
right arm is elevated and either attached to a bar just above the 
head or allowed to lie on the head.

Surgical Approach

A transverse incision is centered just below the angle of the 
scapula (Fig. 22.13). The fibers of the latissimus dorsi muscle 
are divided in the line of the incision. The serratus anterior is 
retracted anteriorly. In the event that posterior fibers of serratus 
anterior require division to improve access, this is done as low 
as possible at its origin on the chest wall to avoid its denervation 
through damage to the long thoracic nerve. The chest is entered 
through the fourth intercostal space by diathermy dissection of 
the intercostal muscles. The pleura is gently swept away from 
the chest wall to provide exposure to the posterior mediastinum. 
Retraction of the pleura anteriorly exposes the azygos vein. The 
azygos vein is divided between ligatures (Fig. 22.14).

Division of the Distal Tracheoesophageal Fistula

The fine endothoracic fascia of the posterior mediastinum is 
incised with diathermy or scissors. The fistula may be seen 
as it distends with air or by tracing the vagal fibers as they 
course toward the fistula and continue along the lower esopha-
gus. Care must be taken to avoid damage to these. The angle 
between the back of the trachea and the fistula is dissected so 
that the fistula can be transfixed with 4/0 absorbable sutures 
close to the trachea and divided (Fig. 22.15).

Table 22.2. Key points: initial resuscitation.

Action Reason

Minimize handling of the baby Prevent increased oxygen 
consumption

Keep infant warm Avoid cold stress
If premature, may need surfactant Improve ventilation and reduce risk 

of preferential air entry through 
tracheoesophageal fistula

Avoid bag ventilation Prevent excessive air passing through 
distal tracheoesophageal fistula caus-
ing abdominal distension

Regular upper pouch suction Prevent aspiration of accumulated 
saliva in upper esophageal pouch

Avoid feeding Prevent food aspiration
Renal ultrasonography Confirm functioning renal tissue
Echocardiograph Exclude duct-dependent congenital 

heart disease
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Dissection of the Upper Esophagus

The upper esophageal segment can be identified when the 
anesthetist pushes downward on a catheter that has been 
introduced through the mouth into it. A stay suture placed 
in its most distal part may assist its subsequent mobilization, 

particularly as it is separated from the trachea. The upper 
esophageal segment can be fully mobilized well into the neck 
without concern as to its vascularity.

Anastomosis to Gain Esophageal Continuity

The two esophageal segments are joined by an end-to-end all 
layered interrupted anastomosis (Fig. 22.16). First, an incision 
is made through the most dependent part of the blind-ending 
upper esophagus. Sutures are passed between the esophageal 
ends, and these must include all layers. Particular attention 
must be paid to ensure that the mucosa is included, as it tends 
to retract out of view if there is tension on the esophagus. Once 
three or four sutures have been inserted in the far wall the 
esophageal ends are carefully opposed and the sutures secured 
with the knots tied on the mucosal side. A size 8 French gauge 
tube is passed across the incomplete anastomosis into the 
lower esophagus to facilitate completion of the front wall of 
the anastomosis. A further 5–6 sutures are placed with the 
knots being tied on the outside. The transanastomotic catheter 
may be removed when the anastomosis is complete.

Closure

Prior to closure irrigation of the extrapleural cavity with warm 
saline provides confirmation that there is no air leakage from 
the trachea. A chest drain is not required unless there is con-
cern about the integrity of the anastomosis. A transanasto-
motic tube is used only if the infant is very premature and 
likely to require gavage feeding.

Thoracoscopic Repair

There is increasing experience with the thoracoscopic 
approach to repair esophageal atresia.12,13,100–103 The main 

Fig.  22.13. Positioning of the patient for open repair of esophageal 
atresia. A transverse incision centered just below the angle of the 
scapula permits an extrapleural approach through the fourth inter-
costal space

Fig. 22.14. In the extrapleural approach the parietal pleura of the right hemithorax is reflected anteriorly, and the azygos vein divided between 
ligatures. This exposes the junction between the fistula and trachea
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advantage of the thoracoscopic approach is magnification of 
the operative field (Table 22.3). The primary disadvantages 
are the small working space and the difficulty in perform-
ing a delicate anastomosis in a confined area. There may 
be an increased risk of sutures tearing the esophagus if the 
anastomosis is under tension because the sutures can only 
be placed one at a time. Most surgeons use a transpleural 
approach13 although an extrapleural approach has also been 
described.104

Not all infants are suitable for thoracoscopic repair. It is 
contraindicated if the infant is unstable or extremely small. 
Relative contraindications include congenital heart disease 
and hyaline membrane disease when the infant is able to tol-
erate only short periods of single-lung ventilation during liga-
tion of the fistula.105 Single-lung ventilation can be achieved 
by selective intubation of the left main stem bronchus by the 
anesthetist. If this is not possible a pneumothorax can be cre-
ated by insufflation of carbon dioxide to 4 mmHg pressure 
with a flow of 1 l/min, which should collapse the lung suf-
ficiently to provide adequate visualization.

Position and Port Placement

The patient is placed in a modified prone position with the 
right side elevated to approximately 30–45° (Fig. 22.17). Ini-
tially a 5-mm port is placed in the fifth intercostal space in 
the posterior axillary line and a 30° scope is introduced. Two 
working ports are then placed in the mid-axillary line one or 

Fig. 22.15. Division of distal tracheoesophageal fistula close to its junction with the trachea

Fig. 22.16. Steps in constructing an end-to-end all layer esophageal anastomosis. (a) 3 or 4 sutures are placed in the far wall of both segments. 
It is important to ensure that mucosa is included in the sutures. (b) The posterior wall sutures are approximated simultaneously to draw the 
two ends of the esophagus together. The sutures are then tied. (c) The nasogastric tube is passed across the anastomosis by the anesthetist. 
Sutures are then placed in the front wall. (d) Once the esophageal anastomosis has been completed the nasogastric tube can be removed

a b c d

Table 22.3. Advantages and disadvantages of the thoracoscopic 
approach to esophageal atresia

Potential advantages of thoracoscopic 
approach

Potential disadvantages
of thoracoscopic approach

Cosmetic appearance (minimal scar-
ring)

Transpleural, should an anasto-
motic leak occur

Magnification provides excellent 
visualization

Small operative space

Uniform collapse of lung eliminates 
retraction trauma

Single-lung ventilation not always 
achievable in neonates

Less postoperative pain Thoracoscopic approach requires 
good lung compliance
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two interspaces above and below the camera port. The upper 
port is 5 mm to allow for a clip applicator and suture. Some-
times a fourth port is required to help retract the lung.

Closure of the Tracheoesophageal Fistula

The chest is insufflated and the lung collapsed. The azygos 
vein is divided. The lower esophageal segment is identified 
and traced in a proximal direction to where it enters the back 
wall of the trachea. A 5-mm endoclip can be applied on the 
tracheal side and the fistula is then divided with scissors.

Mobilization of the Upper Pouch

Downward pressure applied on the orogastric tube by the anes-
thetist helps identify the upper pouch. The pleura overlying 
the pouch is incised and the pouch mobilized toward the neck 
with a combination of blunt and sharp dissection (Fig. 22.18). 
Mobilization can be continued into the thoracic inlet, to gain 
additional esophageal length, depending on the gap that has to 
be overcome to achieve an esophageal anastomosis. The most 
dependent part of the upper esophageal pouch is opened.

Esophageal Anastomosis

A 4/0 or 5/0 absorbable suture is used for the anastomosis. 
Interrupted all-layer sutures must be placed carefully to ensure 
mucosa-to-mucosa approximation. Reasonable-sized bites 
need to be taken to prevent the sutures from tearing out. The 
knot is most easily tied extracorporally using a knot pusher. 
Once the far wall of the anastomosis has been completed a 

catheter introduced through the mouth is advanced into the dis-
tal esophagus. This facilitates completion of the anastomosis.

Postoperative Management

Oral feeds (preferably breast milk) are commenced at 2–3 
days if the child is stable and well. Some surgeons routinely 
obtain a contrast study prior to commencing feeds to confirm 
that there is no anastomotic leakage. However, this may not be 
necessary where the anastomosis has been constructed without 
undue tension and looks secure at the time of surgery. Routine 
dilatation after repair of esophageal atresia is not indicated.106 
Infants with esophageal atresia who have no other major con-
genital abnormalities can usually be discharged home at about 
5 days. Premature infants can be fed through a soft gavage 
feeding tube passed through the anastomosis, either at the 
time of surgery or subsequently.

Role of Postoperative Ventilation and Neck Flexion

Postoperative ventilation and paralysis were first advocated 
for use in low-birth-weight infants likely to develop respi-
ratory difficulties in the immediate postoperative period.107 
Later, its indications were broadened to include those with 
wide-gap esophageal atresia108 as this represented those 
patients where tension on the anastomosis was likely to be 
the greatest. Subsequently, Davies and Beale109 and Al-Salem 
et al.110 further expanded the indications for nonreversal of 
anesthesia to include those following a standard uncompli-
cated repair of esophageal atresia with distal fistula and short 
gap. The assumption, unproven, was that postoperative ven-
tilation might decrease the anastomotic leakage rate because 
neck flexion would reduce the tension on the anastomosis and 

Fig. 22.17. Theatre layout and patient position for thoracoscopic 
repair of esophageal atresia

Fig. 22.18. View toward the thoracic inlet during thoracoscopic 
mobilization of the upper pouch in esophageal atresia (courtesy of 
Dr. Hossein Allal)
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postoperative ventilation allowed the neck to be kept flexed. 
The only study of esophageal compliance and the influence of 
posture on anastomotic tension used a pig model. The authors 
demonstrated that almost 80% of esophageal lengthening 
occurs between full flexion and the neutral position, contribut-
ing to an increase in esophageal length of about 9%. Compli-
ance of the esophagus appeared to be a linear function of the 
natural logarithm of the tension applied.111 Their data implied 
that any postural change that allowed the esophagus to shorten 
produced an exponential reduction in the tension at the anasto-
mosis. For this reason the paralysis with cervical flexion may 
have some application in long-gap esophageal atresia. There is 
still no evidence that it needs to be performed as a routine.112

Surgical Techniques for Long-Gap Esophageal 
Atresia

A long gap between the esophageal ends is likely when there is 
no distal tracheoesophageal fistula. The clue to this is absence 
of gas in the bowel below the diaphragm on plain X-ray of 
the abdomen (Fig. 22.19) and implies one of two anatomical 
variants:

1. Esophageal atresia without any tracheoesophageal fistula 
(75–80%) (Fig. 22.20)

2. Esophageal atresia with a proximal tracheoesophageal fis-
tula (20–25%) (Fig. 22.21)

Some surgeons extend the use of the term “long-gap” 
esophageal atresia to include esophageal atresia with a dis-
tal tracheoesophageal fistula where the upper pouch is rela-
tively short and the fistula arises from the level of the carina 
or below. Admittedly, in some of these patients there may be 
several centimeters between the esophageal ends, but usu-
ally conventional early primary repair is still quite feasible. 
True “long-gap esophageal atresia” is a term that is probably 
best reserved to describe the situation where there is no distal 
tracheoesophageal fistula, and the blind esophageal ends are 
almost always widely separated. In the absence of a fistula 
the distal esophagus tends to be very short, and the distance 
between the esophageal ends is sufficiently great that immedi-
ate esophageal anastomosis is either not possible or extremely 
difficult. In this chapter the term “long-gap esophageal atre-
sia” is restricted to denote the situation where there is no distal 
tracheoesophageal fistula and the gap between the esophageal 
ends is substantial, often precluding early primary definitive 
repair.

A proximal tracheoesophageal fistula occurs in 20–25% 
babies. This can be identified either by performing an upper 
pouch contrast study to demonstrate a communication between 
the upper esophagus and trachea (which has a risk of aspira-
tion) or by performing flexible bronchoscopy while maintain-
ing spontaneous breathing.85 Spiral CT with three-dimensional 
reconstruction may help determine the extent of gap prior to 
surgery,113 but is a technique not widely used.

Initial Management of Esophageal Atresia 
and a Gasless Abdomen

An algorithm for the investigation and management of an 
infant with an esophageal atresia and gasless abdomen is 
provided in Fig. 22.22. Until esophageal continuity has been 
achieved it is important to ensure that the upper pouch is kept 
free of secretions by regular suction on an ongoing basis: this 
avoids aspiration if saliva.

Initial investigation is directed at determining whether there 
is a proximal tracheoesophageal fistula. This is achieved by 
bronchoscopy or a mid-esophageal contrast study. If there 
is a proximal tracheoesophageal fistula it should be divided 
early. Usually esophageal continuity is established at the same 
operation.

In the more common situation there is no proximal trache-
oesophageal fistula. At the time of initial gastrostomy, an 

Fig. 22.19. Absence of gas in the bowel below the diaphragm in an 
infant with esophageal atresia suggests that there is no distal trache-
oesophageal fistula
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Fig. 22.22. Algorithm for the management of an infant with esophageal atresia and a gasless abdomen

ESOPHAGEAL ATRESIA WITH A GASLESS ABDOMEN

→ Division of 
proximal fistula 

Proximal TEF

↑

Infant with
esophageal

atresia
(unable to

pass catheter
into stomach)

→

No gas in
bowel
below

diaphragm
means no
distal TEF

→

? Upper
pouch
fistula →

1. Bronchoscopy
      and/or

2. Mid
      esophageal
      contrast study   

• Gap extensive –
regular upper 
pouch suction 
and delayed 
definite repair 

↓

No proximal TEF
(ie atresia alone) →

Initial 
gastrostomy and
assessment of 
gap between 
esophageal 
ends 

• Gap smaller – 

early
definitive repair 

Fig. 22.21. Esophageal atresia with a proximal tracheoesophageal 
fistula is a less common cause of a gasless abdomen. Again, the gap 
between the esophageal ends can be extensive

Fig. 22.20. “Isolated” esophageal atresia. There is no tracheoesopha-
geal fistula. In this variant of esophageal atresia the gap between the 
esophageal ends is usually extensive and the stomach is small
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assessment of the distance between the esophageal ends is 
made. This is done by introducing a metal bougie or sound 
through the gastrostomy and into the lower esophageal segment, 
exerting gentle pressure upward at the same time as the anes-
thetist inserts a radiopaque-tipped flexible catheter through the 
mouth into the upper esophagus. Fluoroscopic imaging will 
demonstrate the gap between the two ends and allow a decision 
to be made as to whether it is safe to proceed to immediate 
thoracotomy and primary end-to-end anastomosis.114

If it is judged that the ends cannot be anastomosed without 
undue tension because the gap is extensive (often more than 
four vertebral bodies) regular upper pouch suction is reinsti-
tuted and the definitive repair delayed for 1–3 months.

Surgical Techniques Used for Long-Gap Atresia

An extensive gap between the esophageal ends may pose a 
significant technical challenge. The initial step involves exten-
sive mobilization of the upper esophageal segment into the 
neck (via the thorax) followed by mobilization of the lower 
segment down to the diaphragm. These two maneuvers may 
enable the esophageal ends to be brought together, albeit under 
considerable tension.

However, there are times when full and extensive mobi-
lization of the esophageal ends remains insufficient to get 
the esophageal ends together, and other measures to “bridge” 
the gap are required (Table 22.4). In this difficult situation 
there are a number of options available, each of which has its 
protagonists. The relative infrequency of this scenario in any 
one surgeon’s experience, and the absence of multicentered 
controlled studies, has meant that there is limited informa-
tion on the relative merits of each. Of the various methods 
currently employed the following are the most established:

Modified Scharli Technique

This enables extra length of lower esophagus by first dividing 
the left gastric artery, which allows the lower esophagus to be 
brought another centimeter or so into the chest, relying on the 
residual blood supply through the short gastric arteries.115 The 
additional maneuver of partial transverse division of the fundus 
from the lesser curve to create an extension of the lower esopha-
gus, again relying on the short gastric vessels, allows additional 

length to be obtained (Fig. 22.23). Variations of the technique 
have been described.116

Gastric Transposition

Gastric transposition via the mediastinal route has the follow-
ing advantages: (a) good blood supply, (b) adequate length 
can always be obtained, and (c) the procedure is relatively 
easy to perform. The operation can be performed as a transhi-
atal gastric transposition through the posterior mediastinum 
without a thoracotomy, or a gastric transposition via a thora-
coabdominal approach.117,118 Thoracotomy is performed where 
there are likely to be extensive esophageal strictures, and in 
some of those with previous esophageal leakage and failed 
primary anastomoses where careful dissection is required to 
remove the residual native esophagus. The open operation has 
been well described by Spitz117,119 (Fig. 22.24). A laparoscopic 
approach has also been devised.120 Overall, the long-term 
results are satisfactory, although those who have had previous 
failed attempts at esophageal reconstruction or replacement 
tend to have more symptoms.121

Gastric Tube Procedures

A greater curvature gastric tube of the Heimlich-Gavriliu 
type122,123 has stood the test of time and remains a popular 
method for esophageal replacement. The tube can be based 
upon the cardia (“reversed gastric tube”) or the pylorus (“iso-
peristaltic gastric tube”) (Fig. 22.25). It can be performed 
safely in infancy.124 Even though the long-term results of the 
gastric tube have been better than those of esophagocolo-
plasty, significant problems may still occur either during the 
early postoperative period or many years later125 (Table 22.5).

Other Methods

Over the years a number of other methods have been used 
with variable success. For example, esophagocoloplasty, a 
technique that held pride of place for several decades, pro-
duced encouraging short-term results, but the relatively high 
incidence of long-term complications has meant that it is now 
performed infrequently.

There are several techniques of jejunal transfer126–129 but 
none has gained widespread acceptance, perhaps because of 
difficulties in obtaining adequate length of jejunum without 
compromising its blood supply, and absence of long-term evi-
dence of advantages over methods using the stomach. Ileal 
pedicle grafts also have their proponents,130 particularly for 
the infant who already has a cervical esophagosotomy and 
gastrostomy. The technique involves the creation of a Roux-
en-Y limb of proximal jejunum advanced through a wide sub-
cutaneous tunnel overlying the sternum. Reconstruction of the 
esophagus using a free jejunal graft128,131 has not gained wide-
spread acceptance, and more recently, use of a terminal ileal 
pedicle graft has been described as well.130

Table 22.4. Maneuvers to achieve esophageal continuity in long-gap 
esophageal atresia.

Full mobilization of upper esophageal segment into neck
Full mobilization of distal segment down to diaphragm
Circular or spiral esophageal myotomy
Augmentation of esophageal length by:
 •  Scharli technique (division of left gastric vessels, with or without lesser 

curve transection
 • Gastric transposition
 • Great curvature gastric tube (reverse or isoperistaltic)
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b

a

c

Esophageal anastomosis

Left gastric A.
divided

Distal
esophagus

Fundus of Stomach

Spleen

Site of
division of
left gastric A.

Partial
division of
lesser curve

Diaphragm

Fig. 22.24. Gastric transposition esophageal replacement. (a) 
Removal of esophageal stump, division of short gastric arteries to 
mobilize the fundus, closure of the gastrostomy, mobilization of 
the duodenum and pyloromyotomy. (b) The stomach is brought up 
through the mediastinum to enable an esophagogastric anastomosis 
to be constructed

b

a

Fig. 22.23. Division of the left gastric artery and partial transection 
of the gastric fundus provides additional length to the lower esopha-
gus. This may permit an end-to-end anastomosis in a child with long-
gap esophageal atresia. Scharli also described semifundoplication 
to restore the angle of His, and pyloromyotomy to improve gastric 
emptying. (a) The anatomy of the left gastric artery. (b) Ligation and 
division of the left gastric artery and partial division of the fundus 
from the lesser curvature of the stomach. (c) The lower esophagus 
can be mobilized sufficiently to permit anastomosis
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In the early 1990s circular or spiral myotomies of the upper 
esophagus became popular. However, this procedure was 
demonstrated to cause significant injury to the motility and 
vascular supply of the upper pouch,132 had a high leakage and 
stricture rate, and commonly produces a diverticulum133 (Fig. 
22.26). It is now performed rarely.

Another technique described involves raising a flap from 
the upper segment of the esophagus. The rationale for the 
anterior mucomuscular flap134 relied on the observation 
that the upper esophageal segment had a good longitudinal 
blood supply and was of greater caliber than that of the 
lower segment. However, the stricture and leakage rate is 
significant, and this technique now is only performed in a 
few centers.

Finally, some surgeons have claimed excellent results 
by internal or external traction on the esophageal ends, 
inducing esophageal growth and reducing the gap between 
the esophageal segments.135,136 The advantage of these 
techniques is that eventual esophageal continuity can be 
achieved without the need for esophageal replacement 
(with all its shortcomings).

The range of surgical options listed earlier is not an exhaus-
tive testament to the ingenuity of surgeons in devising new 

ways to overcome this difficult technical challenge. No one 
current method is clearly superior to the other methods.

Right-Sided Aortic Arch

A right-sided aortic arch may be suspected on plain chest 
X-ray and confirmed by preoperative echocardiography. In 
practice, however, the diagnosis of a right aortic arch is often 
made only at the time of thoracotomy. The arch may obscure 
the tracheoesophageal fistula and often lies at the level the 
anastomosis would normally be made. Despite this, where it is 
encountered unexpectedly, it is still often possible to perform 
an esophageal anastomosis through the right chest.137 Some-
times it is better to construct the anastomosis to the right of the 
right aortic arch. The anastomosis may be technically easier to 
do in this position, and the aortic arch rarely causes significant 
compression of the esophagus postoperatively. If it proves too 
difficult to construct the anastomosis from the right, the infant 
can be repositioned and a left thoractomy performed under the 
same anaesthetic.137 If a right arch is diagnosed with certainty 
preoperatively, most surgeons repair the atresia through the 
left chest ab initio.

Coexisting Duodenal Atresia and Imperforate 
Anus

Where esophageal atresia and duodenal atresia coexist, the 
esophageal atresia and tracheoesophageal fistula should be 
dealt with first, following which, a duodenoduodenostomy 
can be performed under the same anesthetic.138 Where there is 
a coexisting anorectal malformation as well, the proximal atre-
sias are dealt with first, followed by a colostomy or definitive 

Tube supplied
by gastro-
epiploic arcade

Tube supplied by
right gastro-
epiploic arcade

Esophageal hiatusEsophageal hiatus

a b Fig. 22.25. Gastric tube esopha-
geal replacement. (a) Gastric 
tube based on the cardia (reverse 
gastric tube). (b) Gastric tube 
based on the antrum (isoperi-
staltic gastric tube)

Table 22.5. Postoperative problems following greater curvature gas-
tric tube replacement of the esophagus in esophageal atresia.

Early problems Late problems

Perioperative mortality Dysphagia
Necrosis of the graft Cervical Barrett’s
Leakage of the esophagogastric anastomosis Esophagitis
Dumping syndrome 
Anastomotic stricture (± aspiration pneumonia) 
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surgery to the anorectum, depending on the level and severity 
of the anorectal malformation, the duration of the anesthetic, 
and the condition of the infant. In any combination of gas-
trointestinal atresias division of the distal tracheoesophageal 
fistula is the first priority.

Extreme Prematurity

The extremely premature infant is at risk of developing 
hyaline membrane disease during the first 24 h after birth. 
As ventilation becomes more difficult gas tends to pass 
preferentially through the distal tracheoesophageal fistula. 
This causes gaseous distension of the abdomen, elevating 
and splinting the diaphragm and further impeding ventila-
tion. Sometimes, the grossly distended stomach can rupture 

leading to a tension pneumoperitoneum (Fig. 22.27) and if 
not dealt with urgently, may progress to hypoxia, cardiac 
arrest, and death. Surfactant reduces the severity of hya-
line membrane disease and the need for ventilatory support, 
which helps to keep the airway resistance less than that of 
the fistula.

Where gastric perforation has occurred, immediate inser-
tion of an intravenous cannula into the peritoneal cavity to 
decompress the pneumoperitoneum should enable the infant to 
survive until urgent laparotomy is performed. At laparotomy a 
Foley catheter can be introduced through the gastric perfora-
tion, which, conveniently, is usually on the anterior wall of the 
stomach. The Foley catheter is then directed into the lower 
esophagus, which it will obstruct, even without inflation 

Fig. 22.26. Diverticulum formation following a circular  myotomy

Fig. 22.27. The extremely premature infant with esophageal atresia is 
at risk of gastric perforation. Gas passes preferentially down the dis-
tal tracheoesophageal fistula causing gastric distension. This splints 
the diaphragm and eventually results in gastric perforation. Note the 
severe hyaline membrane disease and tension pneumoperitoneum
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of the balloon. The stability this now achieves allows the tra-
cheoesophageal fistula to be ligated via a thoracotomy.139 If 
the infant is sufficiently stable, the esophageal ends can be 
approximated under the same anesthetic, i.e., complete pri-
mary repair is performed. The abdomen is then closed, with 
or without gastrostomy.

Obviously, there is an advantage to the premature infant if 
the tracheoesophageal fistula is controlled early. Consequently, 
division of the fistula (and repair of the atresia) in the prema-
ture infant is best performed as soon as the infant is stable and 
before hyaline membrane disease becomes established.

Tracheomalacia

Infants with severe tracheomalacia may become symptomatic 
within days or weeks of birth, but generally develop signifi-
cant symptoms at 2–3 months of age. They have a character-
istic harsh barking cough (sometimes called the “TOF cough” 
or “seal bark cough”). They may be reluctant to feed because 
of difficulty in breathing during feeds, or have a respira-
tory arrest or “near miss” sudden infant death. They develop 
wheeze and intercurrent respiratory infections readily. Most 
will demonstrate signs of intermittent expiratory obstruction 
with normal inspiration.140 All infants with esophageal atre-
sia have some degree of tracheomalacia, although in most it 
causes few problems and tends to improve with growth.

Indications for Surgery

The child with recurrent cyanotic episodes due to expiratory 
obstruction who has associated gastroesophageal reflux pres-
ents a difficult problem. The extent to which the respiratory 
obstruction that occurs as a result of the tracheomalacia may 
induce or aggravate associated gastroesophageal reflux or 
whether the gastroesophageal reflux is exacerbating the effects 
of tracheomalacia may be difficult to establish. Some centers 
prefer to correct the gastroesophageal reflux first in the expec-
tation that the symptoms from tracheomalacia will decrease, 
whereas other groups proceed directly to aortopexy. Aortopexy 
is indicated if repeat life-threatening episodes occur.

Aortopexy

Aortopexy involves suture fixation of the aorta to the poste-
rior surface of the sternum, thus elevating the anterior wall 
of the trachea. It is usually performed through a left thoraco-
tomy and usually provides immediate and permanent relief of 
obstructive symptoms.141,142

The fascia covering the ascending arch of the aorta is 
opened to expose its adventitial surface, and the reflection 
of the pericardium onto the ascending aorta is deliberately 
opened. The exposed aorta can be sutured directly to the pos-
terior surface of the sternum using interrupted sutures or by 
suturing a Dacron patch to the anterior surface of the aorta and 
then suturing the patch to the sternum; this draws the ascend-
ing arch of the aorta well forward.143

Complications

Anastomotic Leak

Leakage from the esophageal anastomosis historically has 
been a major cause of morbidity after surgery, and has led 
to several changes in surgical technique – these include the 
type of anastomosis employed and the extrapleural approach. 
Leakage may vary enormously in significance, from a minor 
asymptomatic leak in a well infant only detected on contrast 
radiology, to complete anastomotic disruption with medias-
tinitis, empyema, pneumothorax, and septicemia. Assessment 
of anastomotic leakage must take into account its severity and 
sequelae (Table 22.6).

A number of factors may predispose to leakage from an 
esophageal anastomosis (Table 22.7), and recognition of these 
factors has undoubtedly led to the low leakage rates seen in 
contemporary practice.144 The advent of total parenteral nutri-
tion and better antibiotics has allowed a more conservative 
approach to the management of anastomotic leakage. Even 
major anastomotic dehiscence can be managed nonopera-
tively with chest tube drainage, cessation of oral feeds, total 
parenteral nutrition, and antibiotics.145 Almost always the leak 
will close spontaneously. Radical intervention such as cervi-
cal esophagostomy is virtually never required and should be 
reserved for the patient in whom supportive therapy (e.g., total 
parenteral nutrition) is not available. A longstanding leak may 
require gastrostomy to allow continuation of enteral feeds. If 
there is coexisting gastroesophageal reflux, use of a transpylo-
ric tube should be considered so that reflux from the stomach 
does not perpetuate the leak.

Table 22.6. Management of anastomotic leakage after repair of 
esophageal atresia.

Incidental finding on postop-
erative contrast study, no clinical 
symptoms

Observe No specific treatment 
Continue oral feeds

Minor leakage: saliva in chest drain 
(where used), but infant well

Cease oral feeds Antibiotics 
Will close spontaneously

Major leak: mediastinitis, abscess, 
pneumothorax, or empyema

Major disruption of anastomosis on 
imaging Cease oral feeds 
Antibiotics 
May require further surgery or 
drainage Commence TPN

Table 22.7. Factors that predipose to leakage from the esopahgeal 
anastomosis.

Operative technique Incorrectly placed sutures
Insecure sutures
Sutures “cut through” esophagus

Ischemia Excessive oesophageal mobilization
Extreme tension on esophagus
Esophageal myotomy

Tension Esophageal ends pull apart
Gap between ends >4 cm

Infection
Suture material Silk
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A pseudodiverticulum can occur following leakage from 
the anastomosis but usually heals satisfactorily without long-
term mechanical complications. This should be distinguished 
from ballooning at the site of a circular myotomy, which also 
produces a diverticulum.133

Esophageal Stricture

An anastomotic stricture is the most common reason for fur-
ther surgery to the esophagus after repair of esophageal atre-
sia.144 The factors that influence stricture formation are similar 
to those that produce anastomotic leakage, with the addition 
of gastroesophageal reflux as a potent cause of stricture for-
mation. The combination of gastro-esophageal reflux and 
delayed esophageal clearance (because of esophageal dysmo-
tility) means that the acid may bathe the vulnerable region of 
the anastomosis for prolonged periods, increasing the likeli-
hood of an anastomotic stricture.

Patients with a stricture develop feeding difficulties and 
dysphagia. As babies they may appear to be “slow feed-
ers” and have excessive regurgitation, with or without 
cyanotic spells. Older children may present with foreign 
body impaction of food in the esophagus, particularly in 
the 2–5-year age group. The diagnosis can be confirmed by 
either endoscopy or Barium swallow. Endoscopy is used as 
the first investigation when the child presents with foreign 
body impaction.

Radial balloon dilatation under fluoroscopic control is 
probably the most effective and safest technique of dilatation 
of an anastomotic stricture.146 One or two dilatations may be 
all that is required to treat patients with mild narrowing of the 
esophagus.

Patients with associated gastroesophageal reflux should be 
placed on an H

2
-receptor antagonist or proton pump inhibitor. 

If these fail or are not tolerated, consideration should be given 
to performing a fundoplication at which time a further dilata-
tion of the stricture may be required.

Recurrent Tracheoesophageal Fistula

A recurrent tracheoesophageal fistula remains a severe and 
potentially dangerous complication of esophageal atresia. Its 
incidence has now declined to under 2%. It is believed that 
many recurrent fistulae are caused by an anastomotic leak-
age that results in infection in the area of the repair, particu-
larly when the site of tracheal closure is very close to the 
anastomosis.

Recurrent fistulae may appear in the early postoperative 
period, or several years after surgery. They can present with 
a range of symptoms including coughing, gagging, choking, 
cyanosis, apnea, dying spellings, and recurrent chest infec-
tions. Usually, however, the child simply coughs and splutters 
with each feed.

The diagnosis is confirmed on bronchoscopy or cinera-
diographic tube esophagography with the patient prone 

(Fig. 22.28). The recurrent fistula usually arises from the 
pouch of the original fistula.

Spontaneous closure is unlikely to occur. The fistula should 
be divided when the child is in optimal respiratory and gen-
eral condition, and this may necessitate a period of total par-
enteral nutrition. Gastrostomy is now rarely indicated. The 
conventional approach is through the original right fourth 
interspace using a transpleural approach. The passage of a 
fine ureteric catheter through the fistula immediately prior 
to the thoracotomy may facilitate its localization during the 
operative repair.

Fig. 22.28. Recurrent tracheoesophageal fistula
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There are a number of reports of endoscopic obliteration 
of recurrent tracheoesophageal fistulae using diathermy 
obliteration,147 tissue adhesive,146 and a combination of 
a tissue adhesive and sclerosing agent148 of a coated self-
expanding plastic stent.149 It has been suggested that these 
techniques may have special application in regions where 
additional surgery has an unacceptably high morbidity or 
where parents are reluctant to allow their child to undergo 
further surgery.148

Gastroesophageal Reflux and Esophageal 
Dysmotility

Gastroesophageal reflux can be troublesome for two reasons:

1. It may lead to aspiration of gastric contents
2. Prolonged exposure of the esophageal mucosa to acid may 

lead to an anastomotic stricture and Barrett’s esophagus

There is a tendency for gastroesophageal reflux to improve 
with age, but despite this it must be taken more seriously than 
in the otherwise normal infant. The availability of effective 
H

2
-receptor antagonists and proton pump inhibitors has dra-

matically reduced the need for early fundoplication. Antire-
flux surgery is now reserved for those with ongoing episodes 
of aspiration or recurrent chest infection, or for those in whom 
medication is not tolerated or has failed.

Laparoscopic antireflux surgery in esophageal atresia has 
largely replaced open fundoplication.150 Postoperative pH 
monitoring identifies most, but not all, infants who will go on 
to develop esophagitis or require an antireflux procedure.151

About 30% of children have short-term dysphagia following 
fundoplication probably because the increased resistance at 
the gastroesophageal junction unmasks the preexisting esoph-
ageal dysmotility (poor peristalsis and delayed esophageal 
clearance) that is usual in esophageal atresia. The long-term 
effects of gastroesophageal reflux into an abnormal esophagus 
that has poor motility and delayed clearance are discussed in 
more detail later.

Rare and Unusual Variants

The Congenital “H” Fistula

The isolated tracheoesophageal fistula (“H” fistula) without 
atresia accounts for about 4% of congenital esophageal anom-
alies (Fig. 22.29). It presents with entirely different symptoms 
from esophageal atresia because the esophagus is patent. It 
is included in discussion of esophageal atresia because of its 
presumed common etiology.

Figure 22.29 shows the oblique passage of the fistula that 
runs from the trachea in a caudal direction to the esophagus. 
The symptoms it produces relate to abnormal passage of air 
through the fistula from the trachea to the esophagus (and 

stomach) and of esophageal contents, which may include 
saliva, gastric juice, and milk, into the trachea.

Diagnosis

It usually presents in the first few days of life with choking on 
feeds and unexplained cyanotic spells.152 Choking attacks may 
be associated with abdominal distension.

Older infants may present with recurrent bouts of pneu-
monia, usually involving the right upper lobe, and unex-
plained intermittent bouts of abdominal distension. Less 
common features include a hoarse cry and failure to thrive. 
Some children are months or years old before the diagnosis 
is recognized.

Investigation

An isolated tracheoesophageal fistula can be diagnosed radio-
logically or by endoscopy. Video-esophagography (Fig. 22.30 
involves introduction of a tube into the mid-esophagus, with 
the infant lying prone, with injection of contrast as the tube 
is slowly withdrawn.153 Familiarity with the technique is 
important, as a standard barium swallow will miss an H-fis-
tula in 25% of occasions.154

The fistula can be seen readily on bronchoscopy as an 
abnormal opening on the posterior wall of the trachea. Some-
times bronchoscopy is performed immediately prior to the 
surgery to divide the fistula so that a catheter can be intro-
duced through the fistula to aid in its identification at open 
surgical exploration.155

Fig. 22.29. Congenital isolated tracheoesophageal fistula (“H” fis-
tula) without esophageal atresia
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Operative Management

Almost all H-fistulae can be approached through a right 
supraclavicular incision.154,156 The sternomastoid muscle 
is retracted posteriorly, although division of its sternal 
head may improve the exposure. The incision is deep-
ened antero-medial to the carotid sheath. The trachea is 
recognized by palpating its rings. The fistula is found in 
the groove between the trachea and esophagus, and on its 
external surface it looks surprisingly short and broad. It 
is not necessary to dissect completely around the esopha-
gus or to control it with a vessel loop as this increases the 
risk of damage to the recurrent laryngeal nerve. However, a 
sling placed around the fistula itself may help its dissection 

and division. The fistula should be transfixed and divided 
rather than ligated alone, to reduce the likelihood of recur-
rence of the fistula. Placement of muscular flaps between 
the divided ends of the fistula may also decrease the recur-
rence rate but is probably not required as a routine. Drain-
age of the wound is not necessary and gastrostomy is not 
used. The anesthetist should always inspect the vocal cords 
to confirm their movement at the completion of the opera-
tion. Oral feeds are commenced the next day.

Complications

The main complications of the procedure are recurrent laryn-
geal nerve palsy, either unilateral or bilateral and recurrence 
of the fistula.154 Leakage at the site of closure is rare, but may 
result in mediastinitis, or a recurrent fistula. Other complica-
tions are rare and include injury to the esophagus producing 
mediastinitis or an esophagocutaneous fistula. Pneumothorax 
and tracheal obstruction can be avoided with good surgical 
technique. Postoperative aspiration and pneumonia have also 
been reported.

Other Rare Variants

A large number of rare variants of esophageal atresia have 
been reported.157,158 It is not necessary to list (or learn) them 
all; rather, the surgeon should be aware that bizarre variants 
do occur, and may be encountered unexpectedly at the time of 
surgery. The exact anatomy of the variant should be defined, 
and the abnormality corrected following normal surgical 
 principles.

Congenital Lower Esophageal Stenosis

An encircling “cartilaginous” rest within the wall of the lower 
esophagus is a rare but well-recognized condition that occurs 
in 1:25–50,000 births.159,160 It may produce obstructive symp-
toms and often occurs in association with esophageal atresia. 
Between 5 and 14% of infants born with esophageal atresia 
will also have a congenital stenosis of the esophagus.161 Less 
common variants of this lesion also occur (Table 22.8), but all 
are believed to have a common etiology.

The lesion usually becomes symptomatic at the time of 
introduction of solid foods, or suddenly when foreign body 
impaction of the esophagus occurs.

Fig. 22.30. A congenital “H” fistula can be demonstrated by video-
esophagography with the infant prone

Table 22.8. Classification of congenital stenosis of the lower esoph-
agus.

Encircling cartilaginous “rest”, i.e., tracheobronchial remnant in esophageal 
wall (most common)
Fibromuscular thickening (idiopathic muscular hypertrophy)
Membranous web or diaphragm (extremely rare)
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Contrast radiology demonstrates an abrupt and fixed nar-
rowing, which, in esophageal atresia, may be difficult to 
distinguish from a low esophageal stricture secondary to 
esophagitis and gastroesophageal reflux. High-frequency 
catheter probe endoscopic ultrasonography can demonstrate 
the hyperechoic cartilage at the site of esophageal narrow-
ing.162 The narrowing persists despite attempts at radial bal-
loon dilatation, and definitive treatment involves resection 
of the affected esophageal segment and end-to-end esopha-
goesophagostomy.

Prognosis and Long-Term Outcomes

Predictors of Outcome

Over the last 60 years there has been a dramatic improve-
ment in the survival rate of repaired esophageal atresia (Fig. 
22.31). Nowadays, all patients with esophageal atresia are 
expected to survive almost irrespective of their gestation, 
provided there are no major concomitant congenital malfor-
mations.163 There has been a steady decline in overall mortal-
ity due to esophageal atresia throughout the world until about 
1985.163–166 In the early years much of the mortality was the 
result of respiratory failure, inadequate resuscitation, pneu-
monia, hyaline membrane disease, and other complications 
of prematurity. Another major cause of mortality was from 
complications of the surgery itself, particularly those related 
to anastomotic dehiscence and poor nutrition. Recognition 
of this led to the Waterson classification,167 which used to 
be valuable in identifying risk factors and in predicting out-
come in infants with esophageal atresia. However, it is no 
longer relevant because mortality is now largely determined 

by the type of severity of concomitant congenital abnormali-
ties alone.163

Definitive repair of an esophageal atresia may not be appro-
priate in patients with an identifiable concomitant congenital 
abnormality that is known to be lethal or associated with an 
extremely poor prognosis.

Esophageal Function

The most common long-term problem is dysphagia. It occurs 
in almost half of all patients.168 Likewise, gastroesophageal 
reflux occurs in about 48%.168 It is likely that all patients have 
a degree of esophageal dysmotility and poor peristalsis, but it 
appears to improve with age, or alternatively, patients’ eating 
habits are modified to better accommodate it.

Foreign body impaction is most likely to occur under the 
age of 5 years, after which time it becomes relatively infre-
quent. However, most children and adults with esophageal 
atresia will have their meals with a glass of water and deliber-
ately chew their food well.

Growth

Early studies suggested that growth might be impaired in 
survivors of esophageal atresia.169 Other studies have con-
firmed that some children exhibit early physical develop-
mental retardation but that height and weight eventually 
become normal.168,170 By adulthood both height and weight 
centiles after repair of esophageal atresia follow a normal 
distribution.171

Risk of Esophageal Malignancy After 
Repair of Esophageal Atresia

Now that some of the older survivors of esophageal atresia are 
reaching their sixth decade some of the potential long-term 
sequelae of the condition are becoming evident. There have 
been three reports of esophageal adenocarcinoma following 
repair of esophageal atresia.172–174 Two of these patients were 
in their 20’s and two had areas of Barrett’s epithelium identi-
fied. It is accepted that gastroesophageal reflux and esophagi-
tis are more common in patients after repair of esophageal 
atresia than in the general population,175–177 with a concomi-
tant increase in the incidence of Barrett’s esophagus, a known 
precursor of adenocarcinoma.177 Esophageal atresia patients 
appear to be particularly vulnerable to the adverse effects of 
gastroesophageal reflux because of their esophageal dysmotil-
ity and poor esophageal clearance, which means that the time 
the esophageal mucosa is exposed to acid from reflux is pro-
longed. Squamous cell carcinoma after repair of esophageal 
atresia has also been reported.178 There are two other situations 
in which malignancy may occur in esophageal atresia patients 
(Table 22.9). During esophageal replacement surgery using 

Fig. 22.31. Survival in esophageal atresia, showing the steady 
improvement in outcome with the passing of each decade. The resid-
ual mortality of about 10% is due to congenital abnormalities such as 
hypoplastic left heart, bilateral renal agenesis, and Trisomy 18
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Table 22.10. Esophageal atresia support groups.

Name of group Country Contact

International Esophageal Atresia Team www.tefuater.org/ieat.html
Esophageal Atresia Research Axillary (OARA) Australia Holsom@ozemail.com.au
Speiserohrenmi Bbildungen (KEKS) Germany Info@keks.org or www.keks.org
Tracheoesophageal Fistula Support Newsletter (CHEW) UK Info@tofs.org.uk or www. tofs.org.uk
The VATER Connection USA www.vaterconnection.org
EA/TEF Family Support USA www.eatef.org
KEKS Austria Wagner.c@utanet.at
VOKS Netherlands Info@voks.nl
NFO Norway www.nfoe.homepage.com
Esofagus Gruppen Sweden Rmt@magotarm.sw
KEKS Switzerland Keka@datacom.ch

Table 22.9. Factors contributing to esophageal malignancy after repair of esophageal atresia.

Combination of gastroesophageal reflux and esophageal dysmotility (poor esophageal clearance of reflux acid) leading to Barrett’s epithelium
Retained esophageal segment after oesophageal replacement
Squamous cell carcinoma in skin tube conduits

colon or stomach many surgeons have left the distal esopha-
geal remnant in situ. However, it is now recognized that gas-
tric mucosa can replace the normal squamous epithelium in 
these esophageal remnants, resulting in chronic inflammation 
and a Barrett’s esophagus.179 It is for this reason that it is rec-
ommended that the esophageal remnant should be completely 
excised, ideally at the time of esophageal replacement, or later 
if there is radiological evidence of esophagitis or ulceration, 
or if symptoms occur.179,180

A technique that used to be employed to gain gastrointes-
tinal continuity following cervical esophagostomy involved 
creating an antithoracic tubularized bipedicle skin flap.181,182 
Squamous cell carcinoma is common in these conduits,183 and 
they should be removed before adulthood.

At this stage we do not have accurate information on the 
relative risk of developing an esophageal malignancy after 
esophageal atresia repair, but it is likely to be increased. Cli-
nicians need to be aware of the possibility that these patients 
may develop esophageal malignancy at a young age. It is yet 
to be determined whether the availability of proton pump 
inhibitors reduces this risk. In older patients, the role of regu-
lar endoscopy to assess the esophageal epithelium is yet to be 
established.

Quality of Life

Almost all adult patients enjoy a normal lifestyle, compara-
ble to that of healthy adults in the general population.168,169,184 
Studies have not identified any differences in overall physical 
and mental health, and perhaps surprisingly, concomitant con-
genital abnormalities have not been found to influence generic 
quality of life. However, about one-third of patients report that 
the esophageal atresia had some negative effects on their lives, 
predominantly related to dysphagia (23%).184

Parent Support Groups

Details of some of the parent support groups for families who 
have a child with esophageal atresia are shown in Table 22.10. 
Many of these groups commenced in the 1980s. Some of them 
have extended their influence well beyond their own borders. 
For example, the German group KEKS has helped families in 
a number of war-torn countries and has brought families and 
babies born with esophageal atresia to Europe and cared for 
them in KEKS houses.

The International Esophageal Atresia team is made up of 
parents of esophageal atresia survivors who have children born 
with esophageal atresia and or tracheoesophageal fistula. They 
have joined together with other groups from around the world 
to offer information and support to families who are affected 
by esophageal atresia and the VATER association. Support 
groups can alleviate the isolation parents may feel,168 and can 
provide practical assistance and emotional support to families 
in need. Some groups, e.g., AORA and CHEW, have been 
influential in setting up a number of major research studies.
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Introduction

An intact esophagus is a prerequisite for normal feeding. 
Delay in restoration of esophageal function in early life hin-
ders development of a normal feeding pattern which may have 
long term consequences. Esophageal strictures in children are 
rare and should be managed in specialist centers.

Esophageal strictures in children are rarely neoplastic, in 
contrast to adults. Congenital malformations and gastroesoph-
ageal reflux (GER) are the commonest cause of esophageal 
strictures in children. In some parts of the world caustic stric-
tures are still common.

The natural instinct of the surgeon is to conserve the native 
esophagus. For most conditions causing esophageal stric-
tures this is correct. However, a considered approach must 
be taken and for some children repeated operations on a use-
less esophagus causes only misery to the child and family.[1] 
The esophagus may still join the mouth to the stomach but 
the child will not swallow and family life has disintegrated 
as a result of countless months spent in hospital. The surgeon 
needs to be aware of this and recognize that there are times 
when esophageal replacement is the best course of action. 
The complex subject of esophageal replacement is covered in 
detail in chapter 24.

Historical Perspective

The earliest written accounts of esophageal surgery come 
from the Egyptian document the “Smith Surgical Papyrus” 
unearthed by Edwin Smith in 1862. The papyrus describes 
management of “a gapping wound with penetrating injury to 
the gullet”.[2] The first esophageal dilatation was carried out 
by Thomas Willis in 1674 using a cork-tipped whale bone. 
In 1868 Kussmaul inserted a lighted tube into the esopha-
gus for diagnosis by extending the patient’s neck with the 
help of a sword swallowing entertainer.[3] In nineteenth cen-
tury, the esophagus was still considered a surgical challenge 
because of the mortality associated with esophageal resection. 

Consequently most surgeons avoided tackling the obstruc-
tion and performed an ante-thoracic esophageal replace-
ment.[4] Skin-lined tubes were created in the subcutaneous 
tissues of the anterior chest wall to connect the cervical 
esophagus to the stomach. Subsequently intestine was used 
as an esophageal substitute although an ante-thoracic or ret-
rosternal route was taken to avoid the posterior mediastinum 
and resection of the stricture.[5] Successful operations for 
gastroesophageal reflux (GER) appeared in the middle of the 
last century. Thal described a technique involving incision of 
a distal esophageal stricture with suture of a serosal fundal 
patch to the defect.[6]

The development of fiberoptic endoscopes revolutionized 
the management of esophageal strictures. Safe, accurate endo-
scopic assessment became possible. Disposable balloon dila-
tors became available in the early 1970’s and this opened a 
new era in the treatment of esophageal strictures.

Etiology

Esophageal strictures in children may be congenital or 
acquired. Congenital esophageal strictures comprise esoph-
ageal webs, areas of fibromuscular dysplasia, and stenoses 
due to tracheobronchial remnants.[7, 8] Acquired lesions are 
most commonly postoperative at the site of an anastomosis, 
secondary to trauma such as alkali burns, or the consequence 
of gastroesophageal reflux (GER). Less common causes for 
an acquired stricture include long standing foreign body 
impaction and following the treatment of esophageal varices 
by injection sclerotherapy. Aberrations of the great vessels 
within the chest such as vascular rings or retroesophageal 
left subclavian artery may mimic an esophageal stricture as 
may an intramural leiomyoma or a duplication cyst. An alter-
native classification is to subdivide the causes into extrinsic 
compression, intramural lesions and abnormality within the 
lumen itself.

The common causes of esophageal strictures encountered 
in children are shown in Table 23.1.
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Congenital Lesions

Congenital esophageal stenoses are rare. It is estimated that 
the incidence is between 1:25000 and 1:50000 live births with 
either sex equally affected. Congenital strictures due to tra-
cheobronchial remnants are commonly associated with esoph-
ageal atresia (9, 10).

Clinical Features and Diagnosis

Children with congenital esophageal strictures typically pres-
ent with dysphagia and vomiting at the time solids are first 
introduced into the diet. Neglected cases present with failure 
to thrive and recurrent respiratory symptoms from aspiration. 
Frequently there is a delay in diagnosis.[11]

A Barium swallow will reveal a narrowing. The location 
of the stricture may give a clue to the cause (Fig. 23.1). Stric-
tures related to tracheobronchial remnants usually occur in the 
distal esophagus and show as a localized narrowing close to 
the cardia. Fibromuscular disease typically results in a more 
tapered narrowing compared with the abrupt narrowing of a 
tracheobronchial remnant but these differences are subtle and 
not universal. Strictures from esophageal webs and fibromus-
cular dysplasia may be more proximal but there is overlap in 
the appearances and position of all three entities and the radio-
logical findings alone is not diagnostic.

The histological findings in tracheobronchial remnants are 
those of mature or immature cartilage and seromucinous bron-
chial glands along with ciliated epithelium. Fibromuscular 
hyperplasia is associated with proliferation of smooth muscle 
and varying degrees of fibrosis in the muscular wall of the 
esophagus. An esophageal web comprises a thin membrane of 
squamous epithelium.

Differentiation of congenital strictures from inflamma-
tory strictures due to GER may be difficult. The endoscopic 
appearance, mucosal biopsy findings and the response to 
dilatation are all important. Tracheobronchial remnants show 
as an abrupt distal narrowing with no esophagitis that does 
not yield to dilatation. Endoesophageal ultrasound is a more 
recent method for the differentiation of tracheobronchial 

remnants from other causes of esophageal stricture but use in 
children is still very limited.[7, 11]

Management

Strictures due to tracheobronchial remnants invariably require 
resection whereas esophageal webs respond well to dila-
tion alone. Strictures caused by fibromuscular dysplasia will 
dilate but the response if usually temporary. The pragmatic 
approach is to dilate the stricture and assess the response. 
A stricture that will not respond to dilatation or early recurrence 
of symptoms following 2–3 dilatations constitute indications 
for resection. Failure to appreciate this risks perforation due 
to the unyielding nature of the stenosis and frustration on the 
part of the surgeon.[8, 12]

The operative approach for resection of an esophageal stric-
ture is via the chest or the abdomen, depending on the location 
of the stenosis. A segmental resection of 1–2.5 cm esopha-
gus followed by immediate anastomosis is the procedure of 
choice.[9] At the time of surgery the esophagus is encircled 
and the abnormality inspected and palpated. A balloon dilator 
in the lumen of the esophagus may assist identification of the 

Table 23.1. Esophageal strictures.

Congenital strictures Acquired Strictures

Congenital webs Corrosive ingestion
 Areas of fibromuscular dysplasia Acid/alkali and household chemicals
 Tracheobronchial remnants Iatrogenic
Collagen diseases  Postanastomosis
 Epidermolysis bullosa  Postinstrumental disruption
Congenital lesions causing obstruction  Sclerotherapy for varices
 (not stricture) Peptic esophagitis and stricture
 Leiomyoma  Eosinophilic esophagitis
 Duplication cysts  Schatzki’s ring
 Vascular ring Traumatic strictures

 Foreign body impaction
Acquired webs

Fig. 23.1. Contrast swallow showing a dilated esophagus with a 
stricture at the lower end in an infant. Endoscopy ruled out peptic 
esophagitis. The stricture proved unresponsive to balloon dilatation. 
A cartilaginous ring was found at the gastroesophageal junction and 
this was confirmed histologically
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stenosis as the external appearances are often normal. If there 
is still difficulty identifying the stricture intraoperative endos-
copy can be very useful. Enucleation of a tracheobronchial 
remnant from the esophageal wall has been described as has 
a myotomy in strictures due to fibromuscular dysplasia.[13] 
Specific post operative complications include anastomotic 
leakage, recurrent stenosis and GER if the sphincter mecha-
nism has been disrupted.

Acquired Lesions

Peptic Stricture

Gastroesophageal reflux (GER) is very common in infancy 
and generally resolves spontaneously. Not all GER is benign 
and recognized complications include hemorrhage, stricture 
formation, recurrent respiratory symptoms, Barrett’s change 
and ultimately carcinoma. First line treatment is medical and 
surgical management is reserved for failed medical therapy 
and complications of GER. Severe peptic esophageal disease 
with stricture is now relatively uncommon.

Pathogenesis

Untreated acid reflux into the lower esophagus initially results 
in inflammatory changes confined to the mucosa. In chronic 
peptic esophagitis deeper structural damage takes place with 
destruction of the muscular fibers and replacement by fibrosis. 
The lower esophageal sphincter (LES) can be destroyed in the 
process and both circumferential and longitudinal contraction 
of the esophagus occurs. A hiatus hernia can result if there is 
significant shortening of the esophagus. Microscopically, the 
mucosa and submucosa are infiltrated with chronic inflamma-
tory cells. Fibrosis appears in the muscle layer. Periesophagi-
tis, mucosal ulceration and increased vascularization as a 
result of chronic inflammation may cause recurrent bleeding.

Clinical Features and Diagnosis

Dysphagia, vomiting, slow feeding, failure to thrive, and 
sometimes respiratory symptoms due to aspiration are the 
usual symptoms in a child with an esophageal stricture. Dys-
phagia is usually of insidious onset and progressive in nature. 
In most cases failure to thrive is subtle and not associated with 
significant protein caloric malnutrition. Anemia is invariably 
present due to recurrent bleeding from esophagitis. Food bolus 
impaction can occur but is relatively uncommon in children 
with peptic strictures alone. Dysphagia is hard to appreciate 
in infancy when the diet is predominantly milk.

A stricture is usually identified first on an upper GI contrast 
study or during an upper GI endoscopy (Fig. 23.2). The con-
trast study will also provide useful information about gastric 
emptying and intestinal rotation. The majority of peptic stric-
tures are in the distal third of the esophagus although strictures 

in the proximal third may also occur. Endoscopy is mandatory 
and biopsies should be taken to support the diagnosis and look 
for Barrett’s epithelial changes. The magnitude of the reflux 
can be confirmed with an ambulatory 24 hour pH study.

Management

Proton pump inhibitors should be started as soon as a peptic 
stricture is diagnosed although this is not adequate treatment 
alone.[14] Intralesional steroid injection (triamcinolone) may 
improve the response of the stricture to dilation.[15] However, 
a peptic esophageal stricture is generally considered to be an 
absolute indication for antireflux surgery to give long term 
disease control.[14,16] Indefinite treatment with proton pump 
inhibitors might be considered an alternative to surgery but 
data on the long term efficacy and safety of this medication 

Fig. 23.2. Peptic stricture in a young child
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is only available for up to 2 years in children and 11 years in 
adults.[17]

Schatzki’s Rings

Schatzki and Gray described mucosal rings in the lower 
esophagus rings on contrast swallow[18]. These are seen 
endoscopically just above the squamo-columnar junction of 
the esophagus. Histologically a Schatzki ring shows infiltra-
tion of chronic inflammatory cells within the submucosa with 
little changes in the mucosa or the muscular layers. Mano-
metric studies in adults suggest a second area of high pressure 
in the region of the ring, separate from the LES.[19] Many 
authors have noted an association between Schatzki rings and 
GER and a small hiatus hernia although a causal relation is 
disputed by others.[20]

Pain during swallowing is the predominant feature of a 
Schatzki ring. Symptoms usually resolve with proton pump 
inhibitors. Occasionally dilatation and rarely antireflux sur-
gery are necessary.

Eosinophilic esophagitis

Eosinophilic esophagitis (EE) is reported with increasing 
frequency in the western world.[21] Eosinophilic esophagi-
tis is reported in young children with dysphagia. Food bolus 
impaction is also well recognized.[22] This condition is also 
reported after repair of esophageal atresia.[23]

The diagnosis of eosinophilic esophagitis is confirmed 
by examination of an esophageal biopsy. [24, 25, 26, 27] 
The characteristic histological feature is a dense eosino-
philic infiltrate (more than 20 eosinophils per high power 
field).[28] The esophageal mucosa often has a granular 
appearance visible at endoscopy. Erythema, whitening, 
ulceration (29) and linear furrowing are also recognized 
endoscopic signs.[30] Sometimes the endoscopic appear-
ance is normal and the diagnosis is made only on micro-
scopic examination.

Management

Topical steroids provide effective symptomatic relief from 
eosinophilic esophagitis. Fluticasone swallowed from an 
asthma inhaler is a convenient method for delivering this.
[31] Hypoallergenic elemental milk formulas and oral ste-
roids are also effective.[27, 32, 33]. Eosinophilic esophagi-
tis generally responds poorly to standard antireflux 
medications. Liacouras et al. demonstrated, in a prospec-
tive study of 20 patients with EE, histological improvement 
with a four-week course of oral methylprednisolone.[33] 
Faubion et al reported success with inhaled corticosteroids.
[28] Sodium cromoglycate is effective in some children 
although no controlled series are available.[34] Esophageal 
perforation has been reported with an increased frequency 
following diagnostic endoscopy and dilatation in children 
with EE.[35, 36]

Post-anastomotic strictures

Primary repair of esophageal atresia stands out as one of the 
major advances in pediatric surgery in the twentieth century. 
Survival is now the norm although anastomotic strictures are 
reported in as many as 50% of the survivors.[37]

The occurrence of a stricture at the anastomosis remains a 
troublesome surgical problem (Fig.23.3). Contributory factors 
include tension at the anastomosis, mucosal ischemia, GER, 
and impaired esophageal motility.

Management

Infants with an anastomotic narrowing should be started on 
proton pump inhibitors, and the stricture dilated. Many would 
suggest that acid suppression therapy should be started pro-
phylactically in all infants recovering from esophageal atresia 
repair. Once a stricture is discovered dilatation is usually nec-
essary and may need to be repeated. Intralesional injection of 
triamcinolone may facilitate management of refractory stric-
tures. In general the response to dilatation and medical control 
of GER is excellent.[37, 38, 39, 40] Recurrent stenosis should 
be managed by laparoscopic fundoplication.
Dystrophic Epidermolysis Bullosa and Esophageal Stricture

Children with epidermolysis bullosa (EB) present with a 
wide variety of upper gastrointestinal symptoms. The inci-
dence of EB is 1:300,000 live births and the condition is a 
genetically inherited abnormality of collagen. There are vari-
ous subtypes of EB including simple disease, junctional EB, 
and dystrophic EB. Mucosal lesions are mainly seen in junc-
tional and dystrophic EB. Esophageal involvement is found 
most commonly in dystrophic EB.[41, 42] The genetic defect 
in EB makes the mucosa vulnerable to repeated friction injury 
during swallowing of food boluses, causing oral blisters, 
dysphagia, esophageal stricture, microstomia, pyrosis, den-
tal caries, and lingual adhesions.[43]There is a spectrum of 
esophageal involvement varying from erosions to ulceration 
and stricture formation.

Clinical Features and Diagnosis

Painful swallowing in a child with EB suggests mucosal 
disease with ulceration, although pain may also occur from 
esophageal spasm. Dysphagia caused by a stricture is a chronic 
progressive condition. Anemia is common in children with 
EB, in part because of an inadequate diet. Food bolus impac-
tion, recurrent pulmonary aspiration, spontaneous esophageal 
perforation and hemorrhage are all reported complications of 
esophageal strictures in children with EB.

The commonest site for an esophageal stricture in children 
with EB is at the level of the cricopharyngeus (Fig. 23.4). Less 
frequently strictures occur in mid-esophagus and at the gastro-
esophageal junction.[42] Upper GI endoscopy is contraindi-
cated because of the risk of mucosal trauma and a contrast 
swallow is the investigation of choice. This investigation may 
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also show GER, mucosal edema, esophageal spasm and areas 
of ulceration. Pseudo-diverticula involving the esophagus 
have also been reported.[44, 45]

Management

The prognosis for children with EB complicated by esophageal 
stricture has improved substantially as a result of better gen-
eral care, particularly attention to nutrition.[46, 47] Prior to the 
development of balloon dilators the management of esophageal 
strictures in these children was controversial and generally unsat-
isfactory. The risks of exacerbating the stricture by endoscopy 
and bouginage were recognized with the result that esophageal 
replacement was considered the only option.[48, 49, 50] Boug-
inage is contraindicated in EB because the tangential shearing 
forces cause detachment of the mucosa and further scarring. 
Flexible endoscopy is best avoided for the same reason.

Balloon dilatation is now the treatment of choice for esoph-
ageal strictures complicating EB.[51] A guidewire should be 
negotiated through the stricture under fluoroscopic control and 
then an appropriate sized balloon catheter used for dilatation.

The balloon is kept inflated for as short a time as possible 
and deflated immediately the stricture is fully dilated. The 
inflation time should not exceed 5 seconds to minimize injury 
to intact mucosa adjacent to the stricture. Balloon dilatation is 
well tolerated in children with EB. It can be performed safely, 
repeatedly with minimal injury to the intact esophagus and 
pharynx and with a short hospital stay.[52]

High dose corticosteroids have been recommended by 
some authors to reduce edema and may reduce the recur-
rence rate.[53] Phenytoin may reduce the risk of skin blis-
tering and it has been used to reduce the risk of esophageal 
structure.[54]

Esophageal dilatation requires general anesthesia and great 
care must be taken to avoid iatrogenic skin damage. Con-
ventional adhesive tape used to secure intravenous lines and 
endotracheal tube cannot be used, nor can conventional EKG 
electrodes.[55]

Esophageal replacement is now rarely necessary in children 
with EB. Indications for esophageal replacement are restricted 
to recalcitrant strictures unresponsive to serial dilatation and 
esophageal perforation with mediastinitis.[56]

Fig. 23.3. Anastomotic stricture after long gap esophageal atresia repair by delayed primary anastomosis. Figures (a), (b) and (c) show the 
stricture before, during and after balloon dilatation. Note radioopaque contrast medium in the balloon in figure (b). Contrast medium and the 
fiberoptic endoscope are visible in figure (c), which confirms that the esophagus is intact post-dilatation

a b c
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Corrosive strictures

Worldwide caustic strictures remain the commonest cause of 
esophageal stricture in children. The majority occur in children 
are under the age of five and boys are more often affected than 
girls.[57, 58] In the western world caustic strictures are now 
uncommon as a result of child-proof containers and home safety 
education. Regrettably this is not the case in developing countries.
[59, 60] A number of household agents cause esophageal burns 
including caustic soda, battery acid, kitchen detergents, potassium 
permanganate, potassium chloride, sodium benzoate, aspirin, 
iodine, paint strippers, Clinitest tablets and hair dye products.

Pathogenesis

Ingestion of alkali causes liquifactive necrosis with deep pene-
tration of the tissues whereas acid causes coagulative necrosis 
which is relatively more superficial. The lips, mouth, pharynx, 
epiglottis, larynx, and upper gastrointestinal tract are all com-
monly damaged as a result of caustic ingestion. The corrosive 
effect will vary depending upon the chemical composition of 
the caustic agent, the amount taken and the contact time. House-
hold dishwashing machine detergents are often granular and 
typically cause injury to the oropharynx. Damage to the esopha-
gus results in intense inflammation, infection and later fibrosis. 

Full thickness necrosis may occur with perforation of the 
esophagus or stomach and, rarely, fistulation into the airway 
or aorta. The severity of a caustic injury can be classified 
based on endoscopic evaluation (Table 23.2). This has been 
used to predict the likelihood of stricture formation.[61]

Clinical features and Diagnosis

Any child presenting after accidental ingestion of a corrosive 
should be assumed to have an esophageal injury. Most chil-
dren will be drooling saliva and burns around the lips may be 
evident although their absence does not exclude a significant 
esophageal injury. Endoscopy should be performed within the 
first 48 hours, providing the general condition of the child is 
satisfactory and there is no suggestion of perforation.[62] Cer-
vical surgical emphysema, mediastinal air, mediastinal widen-
ing and a pleural effusion are all radiological signs on a chest 
X-ray that suggest perforation.

At endoscopy the nature of the injury is determined. The 
depth of the injury, the length of esophagus involved and the 
presence of circumferential burn injury should be noted. Using 
the scoring system in Table 23.2 the severity of the injury can 
be assessed. The stomach should also be examined because 
caustic injury may involve the stomach and pylorus in severe 
cases. If minimal injury is present the child is allowed to feed 
following recovery from the anesthetic.

An upper gastro-intestinal contrast swallow should be 
arranged in all children with endoscopic abnormalities. The 
examination should be performed at around 3–4 weeks post 
injury because this corresponds to the most likely time of 
stricture formation.[63] The study may show a stricture has 
already developed. An area of esophagus which atonic or 
spastic and indistensible is likely to stricture.[64,65] Repeat 
endoscopy should be performed in these children and dila-
tions planned if necessary.

Management

The immediate management of a child with a caustic 
injury to the esophagus starts with assessment of the air-
way, breathing and circulation. The chemical nature of the 
substance ingested should be ascertained. Aspiration of cor-
rosive agents may damage the larynx and airway as well as 
producing a chemical pneumonitis. Any suggestion of airway 
involvement should be confirmed by early airway endoscopy. 
Because of the potential for glottic edema endotracheal intu-
bation and mechanical ventilation should be instituted early. 

Table 23.2. Endoscopic classification of caustic injury.

Stage I: mucosal damage with redness
Stage II:  ulceration, focal necrosis, and petechiae; sometimes changes can 

be seen extending into the muscle layers
Stage III:  extensive necrosis and bleeding, with black or brown circumferen-

tial mucosal discoloration
Stage IV: complete carbonization of the mucosa

Fig. 23.4. Stricture in the upper esophagus in a child with epidermo-
lysis bullosa and dysphagia
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Caustic injuries are very painful and adequate analgesia with 
opiates is essential. The use of systemic steroids does not 
prevent stricture formation.[66]

A nasogastric tube can be inserted at the time of the first 
endoscopy. This allows enteral feeding to be resumed before 
the child is willing to swallow by mouth. The tube also main-
tains a track through the esophagus which may facilitate sub-
sequent dilatation. Alternatively a Stamm gastrostomy can be 
opened. Care should be taken when siting the gastrotomy to 
avoid the greater curve which would make future esophageal 
replacement more difficult. Gastroesophageal reflux is com-
mon in children with caustic strictures and this exacerbates 
the esophageal damage. Control of GER with proton pump 
inhibitors prolongs the response to dilatation.[67,68]

The majority of caustic strictures can be managed by 
esophageal dilation (Fig.23.5). Relative contraindications to 
dilatation include a stricture > 5 cm long, a stricture which is 
markedly tortuosity and friable. Occasionally it is impossible 

to negotiate a stricture from above and in this situation ret-
rograde dilatation through a gastrostomy is usually success-
ful. Retrograde dilatation can be facilitated by leaving a string 
through the stricture.[60]

The stricture is gradually dilated at weekly and then fort-
nightly intervals until the caliber of the esophagus stabilizes. 
The frequency of dilatation can then be reduced although usu-
ally it is necessary to persist with dilatations for 6–12 months 
before deciding on the success or failure of this plan. There is 
anecdotal evidence that injection of a long-acting steroid (tri-
amcinolone) into the stricture prior to balloon dilation reduces 
the recurrence rate. [68,69,70] Topical Mitomycin-C may also 
have a role in the management of difficult strictures.[71] The 
likely mode of action of both agents is suppression of granula-
tion tissue and fibrosis.

There is little consensus regarding when to abandon dil-
atation in favor of esophageal replacement. Setting a time 
limit alone is overly simplistic. The frequency of dilatation, 

Fig. 23.5. (a, b) (a) Two corrosive strictures in the mid-esophagus after ingestion of mother’s hair dye product (measurements correspond 
to the length of each stricture).(b) Balloon dilatation showing a minor residual waist at the site of one of the stricture. Despite a guide wire 
perforation, which was treated conservatively, the strictures responded to repeated dilatations and intralesional steroid injections. The child 
is now tolerating a normal diet

ba
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progress, appearance and caliber of the esophagus, the impact 
of repeated hospitalization on the child and family and the 
occurrence of complications should all be considered. The 
most common acute complication is perforation which occurs 
in 1–18% cases.[1, 63] If perforation is suspected following 
dilatation a chest X-ray should be performed immediately and 
intravenous fluids and antibiotics started. A contrast swallow 
will be diagnostic. The perforation may seal with conservative 
management if it is small and the esophagus is in relatively 
good condition but often the perforation has to be repaired 
surgically. Guide wire perforation can usually be managed 
conservatively.

Esophageal Dilation

Bouginage

The traditional method of dilating an esophageal stricture is 
by bouginage. A variety of dilators are available (mercury 
loaded tip, gum elastic) in varying sizes. Passage of a bougie 
achieves dilatation with a tangential force. The main difficulty 
with bouginage is negotiating the dilator into the stricture and 
occasionally it may be necessary to do this with a retrograde 
approach via a gastrostomy. Bouginage is an effective, quick, 
cheap and, in experienced hands, safe method of managing 
esophageal strictures.

Bouginage in children requires general anesthesia. The 
esophagus is intubated with a rigid esophagoscope and the 
stricture identified. A lubricated bougie is gently passed 
through the stricture under direct vision. The diameter of the 
stricture can be calibrated using the largest bougie which will 
pass through the stricture without resistance. This should be 
recorded each time dilatation is performed. It is wise to limit 
the dilatation in one sitting to a dilator a maximum of three 
sizes larger than the dilator used to calibrate the stricture. This 
minimizes the risk of perforation. Minimal pressure should be 
applied to the dilator.

Techniques then evolved by first establishing the lumen 
using a guide wire, and confirming this with the image inten-
sifier, before the passage of a dilator. Excellent results can be 
obtained (63).
Balloon dilation

Balloon dilatation has now replaced bouginage as the 
method of choice for esophageal dilatation in many centers. 
Balloon dilatation has several merits. A flexible guide wire 
is negotiated through the stricture using fluoroscopic con-
trol. The guide wire remains in place throughout the dilata-
tion which avoids the risk of creating a false passage with the 
dilator. A balloon dilator applies a radial force to the stric-
ture which, theoretically, should be more efficient. Progress 
of the dilatation can be monitored fluoroscopically. The prin-
ciple disadvantage of balloon dilatation is the absence of tac-
tile feedback during dilatation. Large series now attest to the 
safety of balloon dilatation in children.[72, 73, 74]

Balloon dilatation can be performed in the X-ray depart-
ment. However, most surgeons prefer to perform the proce-
dure in the operating room with a mobile image intensifier. 
The esophagus is inspected with a flexible endoscope. Once 
the stricture is encountered an appropriate sized balloon cath-
eter is selected and passed through the working channel of the 
endoscope and across the stricture. The position of the guide 
wire and balloon is confirmed radiologically and visually with 
the endoscope. The balloon is inflated with a 50:50 mixture 
of water soluble contrast and saline using a Levene inflating 
syringe with a threaded plunger and a pressure gauge fitted 
(Fig. 24.3b, c). Balloon inflation is observed both by direct 
vision and radiologically. A waist appears in the balloon as 
it is inflated which confirms the stricture is engaged. As the 
balloon is inflated to its rated pressure the stricture is dilated. 
Successful dilatation is achieved when the waist on the bal-
loon is abolished. The balloon should remain inflated for 60 
seconds before deflation. Incremental dilatation with balloons 
of increasing size is safer than using a single large dilator. 
After dilatation the stricture is inspected with the endoscope 
to exclude perforation.

The instrument channel in small pediatric endoscopes is 
too small to accommodate a balloon catheter. An alternative 
approach is to cannulate the stricture with a guide wire passed 
through the endoscope. The endoscope is then withdrawn 
over the guide wire, which remains in place. This necessitates 
using a guide wire which is 260 cm long. The balloon dilator 
is then threaded over the guidewire. The endoscope can be 
inserted alongside the guidewire and balloon to provide visual 
confirmation but it is quite acceptable to rely on fluoroscopic 
guidance.

Although the esophagus is examined with the endoscope 
after dilation it is wise to perform a chest X-ray and water-
soluble contrast study post operatively if there is any suspi-
cion of perforation. As with bouginage, esophageal balloon 
dilatation should take place in a progressive fashion. Dilata-
tion should advance in increments of no more than 2 mm. The 
diameter of the normal esophagus is equal to the diameter of 
the owner’s thumb.[74]

Summary

Congenital strictures of the esophagus tend to be associated 
with other congenital anomalies of the esophagus and gas-
trointestinal tract. Acquired lesions are more common, espe-
cially in developing countries where caustic ingestion remains 
the most likely cause. The rapidity with which a child presents 
with obstructive symptoms depends on age and consistency of 
the diet. Respiratory symptoms and failure to thrive often pre-
dominate in infancy. A contrast swallow is the investigation 
of first choice. Treatment is tailored to the cause. Dilatation, 
stricture resection and fundoplication are all effective and safe 
operative procedures which will restore esophageal function.
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Introduction

It is well established that there is no better conduit than the 
native esophagus1 but there are some conditions in which 
the native esophagus cannot be preserved and needs to be 
replaced. The main indications for esophageal replacement 
in the pediatric population are long-gap esophageal atresia 
(LGEA) and severe esophageal strictures. There are several 
options for replacement depending on the organ (i.e., stom-
ach, colon, jejunum) and the route used (i.e., subcutaneous, 
retrosternal, transhiatal).

In most patients with esophageal atresia (EA) it is possible 
to preserve the native esophagus and perform a primary anas-
tomosis.2 But the group of patients with EA without a distal 
tracheoesophageal fistula (8% pure EA and 2% EA with prox-
imal tracheoesophageal fistula) shares the common features 
of a small stomach and small distal esophageal stump, which 
may preclude a primary anastomosis. The initial surgery of 
these patients is done during the first days of life. At this 
stage a laparotomy and gastrostomy are performed. Through 
an upper abdominal incision the stomach is accessed and the 
lower esophageal pouch is assessed under fluoroscopy intro-
ducing metal dilators. The gastrostomy should be placed dis-
tally and away from the greater curve to facilitate surgery at a 
later stage; it can be difficult in these patients due to a small 
stomach. The presence of a proximal tracheoesophageal fistula 
should be recognized before or at the beginning of the surgery 
with a contrast study of the upper esophagus and endoscopic 

examination. If a proximal fistula is demonstrated it should be 
divided, generally through a neck incision. Cervical esopha-
gostomies are avoided whenever possible and reserved as a 
salvage option in a patient with catastrophic complications. 
The patients are kept on intermittent or continuous oroesopha-
geal sump suction and bolus feeds through the gastrostomy.

All patients with LGEA are assessed for possible primary 
anastomosis. In those with a very meager lower esophagus, 
that is about one-third of the patients, a primary replacement 
is considered sometime in the first 3 months, depending on 
prematurity. This waiting period is important to allow the 
stomach to grow. But esophageal replacement surgery should 
not be delayed unnecessarily as delay may harm the patients’ 
ability to develop a normal swallowing mechanism.

Esophageal strictures are a less common indication for esoph-
ageal replacement. They can be congenital, caustic, or peptic in 
origin. Most of them can be treated conservatively with repetitive 
dilatations, medical therapy, and antireflux surgery when indi-
cated. When the medical treatment fails, more radical procedures 
can be done with preservation of the native esophagus (i.e., resec-
tion of the stricture and anastomosis). There are a small number 
of patients who will need an esophageal replacement.

Esophageal replacement has occasionally been used in 
other rare conditions in children such as large benign tumors,3 
scleroderma,4 epidermolysis bullosa,5–8 diffuse candidiasis,9,10 
herpes virus infections,10 etc.
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The ideal esophageal replacement

• Allows normal swallowing
• Does not become redundant and tortuous
• Does not cause respiratory embarrassment
• Technically simple to perform 
• Low morbidity and possible in small children/infants
•  Minimal GER in the conduit and low risk of future malignancy

Indications for esophageal substitution in esophageal atresia

• Long-gap esophageal atresia (LGEA) (Fig. 24.1)
•  Extreme prematurity unsuitable for delayed primary 

anastomosis
• EA + TEF long gap (rare)
• Failed anastomosis leading to esophagostomy
• Major after EA repair leak with anastomotic disruption
•  Nonfunctioning aperistaltic esophagus due to overzealous 

attempts to preserve native esophagus
• Failed previous esophageal substitutes

D.H. Parikh et al. (eds.), Pediatric Thoracic Surgery, 321
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Historic Perspective

The history of esophageal replacement is closely related to 
the management of esophageal carcinoma in adults. The first 
attempt for esophageal reconstruction was done by Bircher11 in 
1894 using a skin tube. Since then, many methods for esopha-
geal replacement have been developed. Esophageal replace-
ment in children was not employed until the second half of 
the twentieth century when it was introduced for the treatment 
of various types of EA, particularly EA without a fistula, but 
also in patients with EA and distal fistula in whom it was not 
possible to achieve an end-to-end esophageal anastomosis.12 
Before that, patients in whom esophageal continuity could not 
be restored were treated with cervical esophagostomy (“spit 
fistula”) and gastrostomy. Later on, connection was accom-
plished by a rubber tube passing from the cervical esopha-
gostomy to the gastrostomy stoma.13 The next step was the 
formation of a skin tube down the anterior chest wall, which 
was unsatisfactory for a variety of reasons including esthetics 
and development of malignancy.14

The history of esophageal replacements in children needs to be 
examined in the context of the organ used, the route whereby the 
conduit is placed, and the timing of the procedure.

Stomach: Gastric Tube

In 1905 Beck and Carrel15 developed gastric tubes from the 
greater curve of the stomach in dogs and human cadavers and 

placed them subcutaneously in front of the sternum. In 1944 
Swenson and Magruder16 reported experimental work using 
a gastric tube in dogs. Heimlich and Winfield17 published the 
experimental use of gastric tubes in dogs and suggested that it 
may have clinical use in 1955. He performed his first gastric 
tube in 1957 after visiting Gavriliu in Rumania who had been 
using this technique since 1951 and by this year reported a 
series of 52 patients.18 He acknowledged that Gavriliu was the 
pioneer of the gastric tube.19 Lately, Heimlich described his 
experience over 15 years with 53 cases ranging in age from 14 
to 70 years.20 The technique described by Heimlich, and sub-
sequently by Burrington and Stephens21 in Toronto, involves 
the formation of a reverse gastric tube from the greater curve 
of the stomach, splenectomy, and use of the substernal route. 
In Sydney, Cohen22 brought the tube through the left hemitho-
rax and avoided splenectomy, and Middleton23 described the 
isoperistaltic tube. Ein et al.24,25 in Toronto and Anderson and 
Randolph26,27 in Washington, DC are more recent advocates of 
this procedure.

Stomach: Gastric Pull-Up

The first publication on gastric pull-ups was done by Kummel28 
in 1922. He reported two patients who died after an attempted 
gastric pull-up utilizing the mediastinal route. Sweet29 popu-
larized the direct anastomosis of the stomach to the proximal
esophagus in the chest for esophageal cancer. The first attempts 
of substitution of the stomach for the absent esophagus in 

Fig. 24.1. Long-gap esophageal 
atresia
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cases of atresia were done by Rienhoff,30 although he placed 
the stomach subcutaneously anterior to the sternum. Potts31 
replicated the operation shortly after its description, but the 
poor cosmetic result made him reoperate on the patient plac-
ing the esophagus inside the chest. Swenson32 and Sweet33 
successfully used this method in children, but after the good 
results obtained with gastric tubes and colonic replacements, 
the gastric pull-up was virtually abandoned because of the 
believed high postoperative morbidity and mortality rates 
combined with poor functional results and impaired postoper-
ative growth. Later, in 1980, Atwell and Harrison34 published a 
series of six children treated with gastric pull-up as described 
by Lewis,35 of whom five had esophageal atresia and one had 
caustic strictures. Two patients died and one had severe early 
complications, but in the long term the surviving patients did 
well. Contemporary advocates, headed by the group at Great 
Ormond Street in London,36–40 continue to support the gastric 
pull-up based mainly on its simplicity.

Jejunum

Wullstein41 developed an experimental model of jejunal 
replacement in 1904 after the high incidence of fistulae and 
strictures observed in skin tubes. Roux42 was the first to 
attempt an esophageal replacement with jejunum in a child. In 
1906, he created an antethoracic Roux-en-Y limb in a 12-year-
old boy with caustic stricture of the esophagus. However, the 
procedure was not completed until 1911 when the cervical 
esophagojejunostomy was done. The patient was followed-up 
for long time43 and finally died at the age of 53 of causes not 
related to the surgery. Meanwhile, Herzen44 in 1907, in Mos-
cow, performed the first complete replacement of the esopha-
gus with jejunum in a 20-year-old woman with stricture after 
acid ingestion. In 1946, Reinhoff45 placed the jejunum inside 
the chest in an attempt to gain further length for lesions of the 
upper third of the esophagus. Large series of jejunal replace-
ment for acid injuries came later from Russia by Yudin46 and 
Petrov.47 Jezioro,48 from Poland, published a detailed series 
of total esophageal replacement with jejunum in children in 
1958. He performed staged jejunum interposition in 14 chil-
dren. Two patients died but the rest had excellent functional 
results up to 5 years later.

In 1982, Ring49 published his experience in 32 cases of 
jejunal interposition with no operative mortality and good 
long-term results (Table 24.3). Recent advocates of jejunal 
replacement include Saeki50 from Tokio, Cusik51 from Leeds, 
Bax52,53 from Utretch in The Netherlands, and Cauchi54 from 
Birmingham, UK. While jejunum interposition is a popular 
esophageal replacement method in adult, it has not been as 
popular in children.

Colon

Historically, colon replacement has been the preferred esoph-
ageal replacement technique in children.

Kelling55 reported the first case of colonic bypass of the 
esophagus in 1911. He could not use the jejunum as planned to 
bypass an esophageal cancer and had to use transverse colon. 
The patient died of advanced esophageal cancer before the 
completion of the cervical anastomosis. Lundblad56 performed 
the first colonic reconstruction of the esophagus in a 3-year-old 
child with a caustic stricture in 1921; the patient lived and swal-
lowed normally until he died in a car accident 37 years later. In 
1948, Sandblom57 was the first to use the colon for replacement 
in esophageal atresia. In the 1950s, colon replacement became 
more popular with the availability of antibiotics and better 
anesthetics. Javid58 in 1953 performed a retrosternal ileocolic 
replacement in an 18-month-old baby with pure esophageal 
atresia. Sherman and Waterston59 continued to communicate 
further progress in colonic replacement in 1957. Waterston and 
coworkers59,60 and Belsey61 used isoperistaltic transverse colon 
based on the left colic artery in the left chest.

Later, in 1982, Freeman and Cass62 described the use of the 
colon through the native esophageal bed.

Management Options

There is no agreement on the best esophageal replacement 
technique. But there are some characteristics that make some 
techniques superior to others. Overall, the long-term quality 
of life, the ability to eat normally and the fulfillment of the 
nutritional requirements of the children are the most impor-
tant goals.63 Creation of a conduit of normal caliber in the 
mediastinum is important to avoid respiratory and cardiac 
impairment secondary to a “space-occupying lesion.”64 The 
technique chosen should minimize gastric acid reflux, and 
the esophageal substitute will hopefully have the ability to 
tolerate gastric acidity if this happens. Finally, the operation 
should be easy to replicate, with low morbidity and mortality 
and feasible in small children.65

Almost all segments of the gastrointestinal tract have been 
used to replace the esophagus, including the stomach, small 
bowel, and colon.

The stomach has been used to form a tube with preservation of 
the native esophagus elongating the lesser curve, as described 
by Scärli66 (Fig. 24.2a). From the greater curve, gastric tubes 
can be formed with their base in the proximal stomach to form 
a reverse gastric tube as described by Gavriliu18 and popular-
ized by Heimlich17,19,67 (Fig. 24.2b), or with their base distally 
in the stomach (isoperistaltic tube) (Fig. 24.2c).68 The stomach 
can be mobilized and completely pulled up to the neck, 
through the posterior mediastinum or through the retrosternal 
space, without the need of a thoracotomy36–39 (Fig. 24.3).

The jejunum is the less popular alternative for esophageal 
replacement in pediatric surgery because it is technically demand-
ing. It is difficult to achieve enough length for a safe anastomosis 
without jeopardizing the precarious blood supply of a pediculated 
jejunal loop52,53 (Fig. 24.4), and it is even more challenging and 
less reproducible to perform a free jejunal graft with microvascu-
lar anastomoses, particularly in small children.51
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The colon is still a popular alternative for esophageal substi-
tution, but serious long-term complications have been reported 
including bleeding, perforation, and cancer (see later). The 
right or left colon is used based on their main blood supply: 
ileocolic and middle colic or left colic artery. The right colon 
is placed retrosternally while the left colon can be placed 
in the left pleural cavity or the posterior mediastinum (Fig. 
24.5). Subcutaneous colonic bypass was used in the past, but 
now has been abandoned due to the lack of functionality and 
esthetics.

Other replacement techniques used in the past, like syn-
thetic prosthesis or subcutaneous skin tubes, have been aban-
doned due to severe complications.14

Gastric Tube

The primary reverse gastric tube is the preferred method of 
esophageal replacement at The Royal Children’s Hospital in 
Melbourne.69

Operative details: The reverse gastric tube is formed 
from the greater gastric curve (Fig. 24.6). The abdomen is 
explored via a transverse upper abdominal incision. The 
previous gastrostomy is taken down. The distal esophageal 
stump is excised if present. The spleen is preserved and the 
short gastric vessels divided. The gastric tube is formed with 
preservation of the left gastroepiploic arcade. A vertical inci-
sion is made 2–3 cm proximal to the pylorus, and the tube is 
completed incising the stomach parallel to the greater curve 
until adequate length is achieved. The stomach is sutured 
over a large bore tube in two layers of continuous absorb-
able material forming the tube. Alternatively, the stomach 
can be cut with GIA stapler70,71 (Fig. 24.7). While the blood 
supply through the gastroepiploic vessels is quite marginal it 
is likely that the tube is mainly perfused through intramural 

Fig. 24.2. Formation of different types of gastric tubes. (a) Gastric 
tube formed from the lesser curve with preservation of the lower 
esophagus. (b) Reverse gastric tube formed from the greater curve. 
(c) Isoperistaltic gastric tube formed from the greater curve

Fig. 24.3. Esophageal replace-
ment with gastric pull-up. 
(a) The esophageal stump is 
removed; the upper portion of 
the fundus is identified, and 
pyloromyotomy is performed. 
(b) The stomach is pulled up 
and then (c) anastomosed to 
the cervical esophagus
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Fig. 24.4. Jejunal transposition. 
(a) A suitable loop of jejunum is 
identified. (b) The vascular arcade 
is preserved and extravascular 
length is gained by excising a 
segment of bowel. (c) The chosen 
segment is passed up in front of 
the stomach and anastomosed in 
the chest. Jejunal continuity is 
reestablished

Fig. 24.5. Colon replacement. (a) A suitable loop of transverse colon 
is identified. The middle colic is divided after confirming the viability of 
the colon based on the left colic. (b) The colon is passed behind the 
stomach and anastomoses performed

Fig. 24.6. Gastric tube. The figure shows the placement of a reverse 
gastric tube in the greater curve
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vessels; it is important to preserve a wide base for the tube 
near the angle of Hiss. The hiatus is gently dilated. The new 
esophagus is introduced into the chest via the hiatus and the 
abdominal wound is closed after formation of a new gastros-
tomy (Fig. 24.8).

The position of the patient is changed to approach the upper 
pouch through a right extrapleural thoracotomy. The upper 
esophagus is mobilized and anastomosed to the gastric tube 
with interrupted absorbable material (Fig. 24.9).

Pyloroplasty is not routinely indicated.
The patients go to neonatal intensive care for their postop-

erative management, though mechanical ventilation is not rou-
tinely used. Continuous gastrostomy feeding is commenced as 
soon as tolerated. A contrast study is performed 1 week after 
the operation and oral feed is started.

Results and Discussion on Gastric Pull-Ups (Table 24.1)

Gastric tubes were done in two stages in the past72–74; the for-
mation and positioning of the gastric tube in the neck was 
done initially and the cervical esophagogastric anastomosis 
was completed at a later stage. Nowadays, cervical esophago-
stomies are avoided and the gastric tube is completed in one 

procedure. The restrosternal position has been abandoned and 
the tubes are placed in the native esophageal bed.

The reverse gastric tube is easy to reproduce and is reli-
able. The perfusion through the gastroepiploic vessels can 
be quite marginal but the presence of a submucosal plexus 
in the stomach keeps a reliable blood supply to the tube even 
after extensive mobilization. For this reason tube necrosis is 
uncommon.

The incidence of strictures is comparable with other tech-
niques and they seldom need to be revised.

The formation of the tube demands a long suture line and 
therefore an increased risk of leakage. The incidence of leak-
age is higher at the site of a cervical anastomosis24 compared 
with intrathoracic anastomosis.71 Leakages from a gastric tube 
hardly ever need operative management.

Redundancy and dumping syndrome are uncommon.68

Perforations of the tube, fistulization, and hemorrhage have 
been described74,78 but these are rare complications in chil-
dren.

With the gastric tube based on the greater curve one can 
achieve enough length to perform the gastroesophageal anas-
tomosis without tension, even more when the gastric tube is 

Fig. 24.7. Gastric tube. The distal esophageal stump is removed and 
the tube is formed

Fig. 24.8. Gastric tube. The tube is passed up through the  hiatus
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positioned in the native esophageal bed. The small gastric 
capacity after the formation of the tube is compensated rap-
idly as the patients grow and start to feed. For those reasons 
it does not seem to be a major benefit in preserving the distal 
esophagus.

A serious problem of the gastric tubes is the exposure of the 
normal esophageal mucosa to acid. Two factors contribute to 
this: (a) gastroesophageal reflux determined by the absence of 

a competent and functional lower esophageal sphincter and 
the lack of effective esophageal clearance and (b) the vicinity 
of the gastric mucosa to the esophagus. A series of long-term 
follow-up with pH studies of gastric tubes have confirmed the 
presence of both elements.68 Long-term complications of the 
exposure of the native esophagus to the gastric acid include 
esophagitis and gastric metaplasia.79,80 Gastric metaplasia was 
confirmed microscopically in 8 of 18 patients and reported as 
Barret’s esophagus by Lindahl in 1992,80 but the definition 
of Barrett’s esophagus has evolved since its initial descrip-
tion in 1957.81 Nowadays, the accepted definition includes the 
“displacement of the squamocolumnar junction proximal to 
the gastroesophageal junction with the presence of intestinal 
metaplasia”82 and acknowledges for the malignant potential 
of these findings. Therefore, these patients do not fulfill crite-
ria for Barrett’s esophagus under the present definition. There 
have been no reports of intestinal metaplasia, dysplasia, or can-
cer in pediatric patients with gastric tubes. In adults, reports of 
carcinoma of the reconstructed stomach tube are rare; most of 
them are documented in the Japanese literature, and usually, 
correspond to metachronous double cancers after esophageal 
malignancies though there are reports after replacement for 
benign strictures.83–85 Patients with a gastric tube frequently 
complain of gastroesophageal reflux symptoms,86 but their 
quality of life does not differ significantly from other recon-
struction techniques.63 Symptoms and social problems usually 
improve when the patients reach their 20s.63,87 In the meantime 
these symptoms and the gastric acidity can be controlled very 
effectively with proton pump blockers.

Gastric Pull-Up

Operative details: The gastric pull-up is based on the capacity 
of the stomach to tolerate extensive mobilization – thanks to a 
rich submucosal plexus.

To start the mobilization the abdomen is opened through 
an upper abdominal incision. The previous gastrostomy is 
taken down. The great curve is mobilized after division of the 
vessels of the gastrocolic omentum and the short gastric ves-
sels. This should be done at safe distance from the stomach 
to preserve the gastroepiploic vessels. The lesser omentum is 

Table 24.1. Results of gastric tubes series published after 1980.

Type n Leaks % Strictures % Tube failure Deaths

Lindahl et al.72 1983 Reverse gastric tube 14  3 21  1  7 2 0
Goon et al.73 1985 Isoperistaltic/reverse gastric tube 46 35 76 27 59 0 1
Ein et al.74 1987 Isoperistaltic/reverse gastric tube 36 24 66 15 41 1 3
Scärli66 1992 Isoperistaltic tube (lesser curve)  5  1 20  2 40 0 0
Pendersen et al.70 1996 Reverse gastric tube  3  0  0  1 33 0 1
Ein75 1998 Isoperistaltic/reverse gastric tube 11  9 82  8 73 0 1
Fernandez et al.76 1998 Isoperistaltic tube (lesser curve)  4  2 50  1 25 0 0
Schettini and Pinus77 1998 Isoperistaltic/reverse gastric tube 19 12 63  8 42 1 0
McCollun et al.71 2003 Reverse gastric tube  7  0  0  3 43 0 0
Rao et al.64 2003 Isoperistaltic tube  4  0  0  0  0 0 0
Borgnon et al.68 2004 Isoperistaltic tube  21  2 10  2 10 0 0

Fig. 24.9. Gastric tube. The anastomosis is completed in the chest
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opened, the right gastric artery is identified and preserved, and 
the left gastric artery is divided. The distal esophageal stump 
is now freed. The body and fundus of the stomach are now 
completely mobilized, and the distal esophagus can be excised 
and oversewn. To achieve further length the second portion of 
the duodenum is mobilized. Pyloroplasty can be done at this 
stage, though this is still controvertial.88 The highest part of 
the fundus is identified and stay sutures are placed.

The advocates of this technique usually perform a cervical 
esophagostomy at the first operation, which is now mobilized, 
taking care not to damage the recurrent laryngeal nerve. The 
virtual space between the trachea and the prevertebral fascia is 
opened by blunt dissection. The same is done from the abdo-
men through the bed of the esophagus, developing the plane 
behind the heart and anterior to the prevertebral fascia. In a 
case with extensive adhesions (i.e., caustic injury) or previous 
surgery, a thoracotomy may be needed to complete the resec-
tion of the esophagus and the tunnel is created under direct 
vision. Alternativelly, the retrosternal space can be used for 
the pull-up.

A large hemostat is placed from the neck and the stay 
sutures are pulled. Particular care must be taken not to twist 
the stomach during this maneuver.

The gastroesophageal anastomosis is completed in the 
neck. A large nasogastric tube is left in the stomach through 
the anastomosis and the cervical wound is closed.

The pylorus is fixed bellow the hiatus. A feeding jejunos-
tomy can be created before the abdominal wound is closed.

Most of these patients require postoperative mechanical ven-
tilation. A contrast study is performed 1 week after the operation 
and oral feed is commenced.

The gastric pull-up can be assisted with the laparoscope.89

Results and Discussion on Gastric Pull-Ups

The main advantage of the gastric pull-up lies in its simplic-
ity. Gastric pull-ups have been used after the failure of other 
replacement techniques, and, even with previous gastric tubes 
or antireflux operations, it is possible to mobilize the stomach 
safely.38 Gastric pull-ups involve only one anastomosis and 
hence a theoretical reduced risk of leakage.90

One of the major problems with the gastric pull-up is the 
large amount of space occupied by the stomach in the chest 
and the risk of compression of intrathoracic organs. The 
mortality rate in contemporary series is about 5% usually 

secondary to respiratory failure. The average postoperative 
mechanical ventilation was 4 days in one series.38 Despite this, 
the long-term respiratory function remains acceptable in most 
of the patients.90

The incidence of leakage and stricture is about 20% and is 
comparable to other replacement techniques (Table 24.2).

Because of the mobilization, essential to complete the pull-
up, the stomach is vagotomised and therefore gastric emptying 
relies on gravity. Gastric emptying is quite variable but there 
is no good correlation between symptoms and functional stud-
ies.90 Patients frequently complain of heartburn, regurgitation, 
vomiting, and breathlesness.93 Dumping is not infrequent with 
almost every series reporting some cases. Some advocates of 
the procedure perform a pyloromyoromy or pyloroplasty rou-
tinely though this is controversial.88 In general, patients who 
have the procedure done primarily are less symptomatic than 
patients who had previous procedures, including attempted 
primary esophageal anastomosis.90,93

Volvulus of the stomach is a well-described and serious 
complication of the operation.94

Jejunal Transposition

Operative details: A pedicled jejunum transposition is per-
formed dividing a loop of bowel distal to the angle of Treitz 
with preservation of its vascular pedicle. The length of the 
pedicle is achieved by sacrificing variable length of the distal 
jejunum. The curvature of the isolated jejunal loop is reason-
ably straight if the mesentery is divided keeping the first vas-
cular arcade intact. As mentioned earlier, it can be difficult 
to achieve enough length due to the inferior attachments of 
these vessels. Secondly, the loss of distal jejunum may cre-
ate short bowel syndrome. The recent practice is to prepare 
the jejunum while performing the initial gastrotomy ligating 
the vessel at the base of the jejunal loop in continuity. This 
procedure develops improved vascular anastomosis from dis-
tal jejunal mesentery and hypertrophy of the vascular arcade, 
thus improving the blood supply of the isolated jejunal loop 
when required for interposition. Initial results with this tech-
nique are encouraging allowing the replacement of the entire 
length of the thoracic esophagus without any anastomotic leak 
or graft necrosis. The isolated loop of jejunum with its pedi-
cle is then pulled up through the mesentery of the transverse 
colon, posterior to the stomach and through the esophageal 

Table 24.2. Results of gastric pull-up series published after 1980.

n Leak % Stricture % Reoperations Death

Atwell34 1980   6  1 17  1 17 Reoperations 2 in 1 patient for small bowel obstruction 2
Valente40 1987  10  2 20  2 20 1 Revision to colonic replacement 3 (late)
Marujo91 1991  21  4 19  3 14 1 Gastric necrosis 1
Hirschl3 2002  41 15 37 20 49 0 0
Spitz38 2004 173 21 12 34 20 1 For leak, 3 for strictures 9
Tannuri92 2007  34  6 18  4 12 1 Graft necrosis, 1 anastomotic dehiscence, 3 volvulus of 

stomach, 2 leaks
2
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hiatus into the mediastinum. During this process the pedicle 
should not be allowed to be twisted. The jejunum is then anas-
tomosed to the stomach and introduced in the chest through 
the hiatus where the thoracic anastomosis with the proximal 
esophagus is completed. A primary jejunojejunal anastomosis 
is done at the site where the graft was taken. If the jejunum is 
straightened then the redundancy is minimal in long term and 
can be an ideal substitute. Experience suggests that it retains 
the peristaltic activity and has no jejunogastric reflux causing 
ulceration. However, the technical aspect of the pedicle jeju-
nal graft is demanding and does not produce the same results 
in all centers. It requires dedicated surgeons to produce con-
sistently good results, unlike other techniques of esophageal 
substitution, which can reproduce results of other surgeons.

A free jejunal graft involves a microsurgical anastomosis 
between the vascular pedicle of the graft and suitable vessels 
in the chest. The procedure is then completed as with a pedi-
cled graft. This technique has high rate of failure and carries 
significant postoperative morbidity and mortality.51,54

Discussion on jejunal interpositon: Jejunum interposi-
tions have some theoretical advantages compared with colon 
interpositions and gastric pull-ups. The jejunum has a similar 
diameter to the esophagus, and thus there is no compression 
of mediastinal structures by a space-occupying lesion. The 
jejunal grafts preserve the peristaltic activity, which contrib-
ute to the clearance of the organ and help in prevention of acid 
injury.51,54 As with colon interposition, this technique involves 
three intestinal anastomoses. Leakage and stricture are not 
uncommon complications (Table 24.3). The precarious blood 
supply of the jejunum is responsible for some of the seri-
ous early complications seen with this technique, including 
complete necrosis, perforation of the graft, and mediastini-
tis.49–51,54 For that reason leakage in free jejuna grafts should 
be approached earlier and aggressively.54 The potential advan-
tages of free jejunum grafts are eclipsed by the discouraging 
complications and long-term results. The pedicled jejunal 
interposition is less demanding technically and results seem 
to be better.53

Colonic Transposition

Colonic transposition still is the most popular esophageal 
replacement technique in children despite the severe compli-
cations it can have. The viability of the colon is based on the 
collateral circulation provided by Riolan’s arcade.

Operative details: To perform the transposition the abdo-
men is accessed through an upper abdominal incision. The 

colon is completely mobilized after division of all the peri-
toneal attachments from the distal ileum. The mesocolon is 
lifted and the arterial system is identified assisted by transil-
lumination.

If the right colon95 is to be used, the middle colic vessels 
are preserved. The right colic artery is identified and 
occluded with a vascular clamp. The appendix is removed 
and the distal ileum is prepared for division. After 15 min 
of occlusion the colon is inspected and the pulsation of the 
marginal arcade is reassessed. If the colon remains pink and 
the pulsation through the vessels is satisfactory the right 
colic artery is divided near its origin. The graft is completed 
after division of the terminal ileum and transverse colon 
distal to the middle colic artery. The ileum is anastomosed to 
the transverse colon to reestablish intestinal continuity. The 
graft is passed behind the stomach and in front of the left 
lobe of the liver.

A cervical incision is then performed, the esophageal space 
accessed, and the retrosternal space opened with blunt dissec-
tion. The anterior attachments of the diaphragm are divided 
from below and the tunnel is completed. The graft is advanced 
through the retrosternal space taking special care not to twist 
it. The colon is anastomosed to the anterior wall of the stom-
ach, and the cervical anastomosis between the ileum or colon 
and the esophagus is completed.

The transverse colon and the left colon can be used based 
on the left colic vessels. The complete procedure can be 
done through a left thoracotomy as described by Waterston,60 
through separate thoracic and abdominal incisions,96 or 
through a thoracoabdominal incision.8 The colon is mobi-
lized and the vascular arcades are identified. Viability is 
confirmed; the selected loop is divided, and a colocolonic 
anastomosis is performed. The graft is advanced behind the 
pancreas and the stomach. The left colon can be placed in the 
left chest through the diaphragm at the costodiaphragmatic 
angle or in the mediastinum through the hiatus.62 After the 
cervical esophagostomy is freed the coloesophageal anasto-
mosis is completed.

Pyloroplasty or pyloromyotomy can be performed to 
improve gastric emptying.

Results and Discussion on Colonic Transposition

Serious complications of colonic grafts are related to its delicate 
vascular supply. Arterial obstruction can cause early necrosis of 
the graft. Venous thrombosis is responsible for low-grade obstruc-
tion, necrosis, and late perforations.

Table 24.3. Results of jejunal grafts – series published after 1980.

 n Leaks % Strictures % Lost grafts Deaths

Ring et al.49 1982 16 4 25 2 13 0
Saeki et al.50 1988 19 3 16 2 11 1 2
Cusick et al.51 1993 6 1 17 2 33 1 2
Bax et al.52,53 2007 24 5 21 10 42 0 0
Cauchi et al.54 2007 8 4 50 4 50 3 1
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Leakage is a common complication, usually at the esopha-
geal anastomosis site.

Strictures are frequent too and most of the time can be 
treated with dilatations.

Colon grafts are aperistaltic and they empty by gravity.97–100 
Redundancy of the transposed colon is a well-described long-
term complication and occasionally needs surgical correc-
tion.101–103 Several corrective techniques are available as they 
have to fit specific anatomic situations.104–106

Complications due to exposure of the colonic mucosa to 
gastric acid include ulceration, bleeding, and perforation. 
Perforation of the colon frequently can lead to empyema; in rare 
occasions, the thoracic aorta can be involved in the formation 
of a fistula107; these patients present severe hematemesis. There 
are reports of malignancy arising in colonic interpositions after 
esophageal replacements for benign conditions.108–110

Complications

The fact that various surgical procedures are accepted as 
esophageal replacements means that none of them is the ideal. 
All around the world, the advocates of each procedure make 
an effort to show the superiority of theirs over the others. 
However, there are complications that are common to all of 
them.

Anastomotic leakage is a frequent problem after any 
esophageal replacement. Leakage usually happens at the esoph-
ageal anastomosis site. A good blood supply to the anasto-
mosis is essential to the healing process, and the stomach 
has an intrinsic superiority compared with colon or jejunum. 
The presence of fibrous tissue and scarring after a cervical 
esophagostomy can determine poor blood supply and hence 
the increased rate of leakage observed in cervical anasto-
mosis. Leakage, in general, can be treated conservatively, 
the only exception being a leakage with suspicion of graft 
necrosis. Leakage of an intrathoracic anastomosis is usually 
more serious than leakage through a cervical wound, and 
occasionally they can progress to more serious conditions 
such as mediastinitis.

Strictures at the anastomosis site are rather common too. 
They can be aggravated in the presence of gastroesophageal 
reflux. Most of the patients with strictures are treated success-
fully with dilatations and prevention of the acid reflux (phar-
macological or surgical). There is morbidity associated with 
dilatation, primarily due to perforation of the esophagus. A 
small number of patients require revision of the anastomosis 
or a new replacement when the symptoms are severe.

Patients with esophageal atresia have some specific prob-
lems related more to their condition rather than to the replace-
ment. They may have growth retardation and they are usually 
under the 50th percentile for weight.63,93 Swallowing difficul-
ties and feeding aversion are common, especially if the repair 
has been delayed and no sham feeding has been given. Again, 
this is not observed in patients who have undergone replace-
ment for caustic injuries.74

Prognosis/Long-Term Outcome

In general, the prognosis of esophageal replacements in the 
long term is good.

There does not seem to be a major difference in the long-
term quality of life of patients with EA and primary anas-
tomosis and those with EA who required an esophageal 
replacement.

There are reports of malignancy in colonic replacements 
and we still do not know how the other replacements are going 
to do.

We still have to learn about the long-term complications and 
behavior of the different types of esophageal replacements.

Conclusion

Esophageal replacements have satisfactory results. None of 
them is the ideal replacement as they have advantages and 
disadvantages. Primary repairs are better than secondary 
attempts. Long-term follow-up is necessary.

References

 1. Myers N. Oesophageal atresia: the epitome of modern surgery. 
Ann R Coll Surg Engl 1974;54:277–87.

 2. Puri P, Khurana S. Delayed primary esophageal anastomosis for 
pure esophageal atresia. Semin Pediatr Surg 1998;7(2):126–9.

 3. Hirschl RB, Yardeni D, Oldham K, et al. Gastric transposition for 
esophageal replacement in children: experience with 41 consecu-
tive cases with special emphasis on esophageal atresia. Ann Surg 
2002;236(4):531–9; discussion 9–41.

 4. Mansour KA. 1988: Surgery for scleroderma of the esopha-
gus: a 12-year experience. Updated in 1995. Ann Thorac Surg 
1995;60(1):227.

 5. Demirogullari B, Sonmez K, Turkyilmaz Z, et al. Colon inter-
position for esophageal stenosis in a patient with epidermolysis 
bullosa. J Pediatr Surg 2001;36(12):1861–3.

 6. Touloukian RJ, Schonholz SM, Gryboski JD, Oh TH, McGuire J. 
Perioperative considerations in esophageal replacement for epi-
dermolysis bullosa: report of two cases successfully treated by 
colon interposition. Am J Gastroenterol 1988;83(8):857–61.

 7. Harmel RP Jr. Esophageal replacement in two siblings with epi-
dermolysis bullosa. J Pediatr Surg 1986;21(2):175–6.

 8. Canty TG Sr, LoSasso BE. One-stage esophagectomy and in 
situ colon interposition for esophageal replacement in children. J 
Pediatr Surg 1997;32(2):334–6; discussion 7.

 9. Diaz M, Leal N, Olivares P, Larrauri J, Tovar JA. Infectious stric-
tures requiring esophageal replacement in children. J Pediatr 
Gastroenterol Nutr 2001;32(5):611–13.

10. Avila LF, Luis AL, Encinas JL, et al. [Esophageal replacement. 
12 years experience]. Cir Pediatr 2006;19(4):217–22.

11. Bircher E. Ein Beitrag zur plastischen Bildung eines neuen 
Oesophagus. Zentralbl Chir 1907;34:1479–1482.

12. Myers NA. The history of esophageal surgery: pediatric aspects. 
Pediatr Surg Int 1997;12(2–3):101–7.

13. Waterston D. The long term clinical state after resection with 
colon replacement in children. In: Surgery of the Esophagus, The 
Coventry Conference, London: Butterworths, 1972, p. 35–9.



24. Esophageal Replacement 331

14. Nakayama K, Yazawa C, Sakakibara N, Suzuki H, Yano M. A 
report on three cases with carcinoma developing after antetho-
racic reconstructive surgery of the esophagus (by skin graft). Sur-
gery 1971;69(5):800–4.

15. Beck C, Carrell A. Demonstration of specimens illustrating a 
method of formation of a pre-thoracic esophagus. Illinois Med J 
1905;7:463.

16. Swenson O, Magruder T. Experimental esophagostomy. Surgery 
1944;15:954–63.

17. Heimlich HJ, Winfield JM. The use of a gastric tube to replace or 
by-pass the esophagus. Surgery 1955;37(4):549–59.

18. Gavriliu D. Etat actual du procede de reconstruction de 
I’oesophage par tube gastrique. Am Chir 1965;19:219.

19. Heimlich HJ. The use of a gastric tube to replace the esophagus 
as performed by Dr. Dan Gavriliu of Bucharest, Rumania; a pre-
liminary report following a visit to Bucharest, Rumania. Surgery 
1957;42(4):693–5.

20. Heimlich HJ. Esophagoplasty with reversed gastric tube. Review 
of fifty-three cases. Am J Surg 1972;123(1):80–92.

21. Burrington JD, Stephens CA. Esophageal replacement with a gas-
tric tube in infants and children. J Pediatr Surg 1968;3(2):24–52.

22. Cohen D. Esophageal reconstruction using a gastric tube. Aust 
Paediatr J 1970;6:22–4.

23. Middleton A. Esophageal replacement with a gastric tube. In: 
Proceedings of the Paediatric Surgical Congress, The Royal 
Children’s Hospital, Melbourne, 1970, p. 430–5.

24. Ein SH, Shandling B, Simpson JS, Stephens CA. A further look 
at the gastric tube as an esophageal replacement in infants and 
children. J Pediatr Surg 1973;8(6):859–68.

25. Ein SH, Shandling B, Simpson JS, Stephens CA, Vizas D. Four-
teen years of gastric tubes. J Pediatr Surg 1978;13(6D):638–42.

26. Anderson KD, Randolph JG. The gastric tube for esopha-
geal replacement in children. J Thorac Cardiovasc Surg 1973;
66(3):333–42.

27. Anderson KD, Randolph JG. Gastric tube interpostion: a satis-
factory alternative to the colon for esophageal replacement in 
children. Ann Thorac Surg 1978;25(6):521–5.

28. Kummel H. Ueber intrathorakale Oesophagus Plastik. Beitr Klin 
Chir 1922;126:264.

29. Sweet R. Carcinoma of the mid-thoracic esophagus, its treatment 
by radical resection and high intra-thoracic esophago-gastric 
anastomosis. Am Surg 1946;124:653.

30. Rienhoff W. Antethoracal transplantation of the stomach in the 
treatment of congenital atresia of the thoracic esophagus: a pre-
liminary report. Bull John Hopkins Hosp 1948;82:496–9.

31. Potts WJ. Congenital atresia of the esophagus; antethoracic 
placement of the stomach followed by intrathoracic transplanta-
tion. J Thorac Surg 1950;20(5):681–8.

32. Swenson O. End-to-end anstomosis of the esophagus for esopha-
geal atresia. Ann Surg 1947;22:324–34.

33. Sweet R. A new method of restoring continuity of the alimen-
tary canal in cases of congenital atresia of the esophagus with 
trachea-esophageal fistula not treated by immediate primary 
anastomosis. Ann Surg 1948;127:757–68.

34. Atwell JD, Harrison GS. Observations on the role of esophago-
gastrostomy in infancy and childhood with particular reference 
to the long-term results and operative mortality. J Pediatr Surg 
1980;15(3):303–9.

35. Lewis I. The surgical treatment of carcinoma of the oesophagus. 
Br J Surg 1946;34:18–31.

36. Spitz L. Gastric transposition via the mediastinal route for infants with 
long-gap esophageal atresia. J Pediatr Surg 1984;19(2):149–54.

37. Spitz L. Gastric transposition for esophageal substitution in chil-
dren. J Pediatr Surg 1992;27(2):252–7; discussion 7–9.

38. Spitz L, Kiely E, Pierro A. Gastric transposition in children – a 
21-year experience. J Pediatr Surg 2004;39(3):276–81; discus-
sion 81.

39. Spitz L, Kiely E, Sparnon T. Gastric transposition for esophageal 
replacement in children. Ann Surg 1987;206(1):69–73.

40. Valente A, Brereton RJ, Mackersie A. Esophageal replacement 
with whole stomach in infants and children. J Pediatr Surg 
1987;22(10):913–17.

41. Wullstein L. Ueber antethorakale Oesophago-jajunostomie und 
Operationen nach gleichem Prinzip. Deutsch Med Wochenschr 
1904;31:734–6.

42. Roux C. L’esophago-jejuno-gastrome: Nouvelle operation 
pour retrecessement infranchissable de l’esophage. Semin Med 
1907;27:34–40.

43. Pirot-Roux L. Epicrise de la premiére operatain de 
l’oesophagplastie prethoracique faite par le Dr. Cesar Roux en 
1906. Rev Med Suisse Romande 1950;90:19.

44. Herzen P. Eine Modifkation der Roux’schen Oesophagojejuno-
gastrostomie. Zentralbl Chir 1908;35:219–22.

45. Reinhoff W. Intrathoracic esophagojejunostomy for lesions of 
the upper third of the esophagus. South Med J 1946;39:928–40.

46. Yudin S. The surgical construction of eighty cases of artificial 
esophagus. Surg Gynecol Obstet 1944;78:561–83.

47. Petrov B. Retrosternal artificial esophagus from jejunum and 
colon. Surgery 1959;45:890–8.

48. Jezioro Z. Experiences with the retrosternal esophageal replace-
ment employing jejunum or ileum. Surgery 1958;44:275–86.

49. Ring WS, Varco RL, L’Heureux PR, Foker JE. Esophageal 
replacement with jejunum in children: an 18 to 33 year follow-up. 
J Thorac Cardiovasc Surg 1982;83(6):918–27.

50. Saeki M, Tsuchida Y, Ogata T, Nakano M, Akiyama H. Long-
term results of jejunal replacement of the esophagus. J Pediatr 
Surg 1988;23(5):483–9.

51. Cusick EL, Batchelor AA, Spicer RD. Development of a tech-
nique for jejunal interposition in long-gap esophageal atresia. J 
Pediatr Surg 1993;28(8):990–4.

52. Bax N. Early one-stage orthotopic jejunal pedicle-graft interposition 
in long-gap esophageal atresia. Pediatr Surg Int 1994;9:483–5.

53. Bax NM, van der Zee DC. Jejunal pedicle grafts for reconstruction 
of the esophagus in children. J Pediatr Surg 2007;42(2):363–9.

54. Cauchi JA, Buick RG, Gornall P, Simms MH, Parikh DH. 
Oesophageal substitution with free and pedicled jejunum: short- 
and long-term outcomes. Pediatr Surg Int 2007;23(1):11–19.

55. Kelling G. Oesophagoplastik mit Hilfe des quercolon. Zentralbl 
Chir 1911;38:1209.

56. Lundblad O. Uber antethorakale Osophagoplastik. Acta Chir 
Scand 1921;53:535–41.

57. Sandblom P. Treatment of congenital atresia of the esophagus 
from a technical point of view. Acta Chir Scand 1948;97:25–34.

58. Javid H. Esophageal reconstruction using colon and terminal 
ileum. Surgery 1954;36(1):132–5.

59. Sherman CD Jr, Waterston D. Oesophageal reconstruc-
tion in children using intrathoracic colon. Arch Dis Child 
1957;32(161):11–16.

60. Waterston D. Replacement of oesophagus with transverse colon. 
Thoraxchir Vask Chir 1963;11:73–4.



332 J.C. Pattillo and A.W. Auldist

61. Belsey R. Reconstruction of the esophagus with left colon. 
J Thorac Cardiovasc Surg 1965;49:33–55.

62. Freeman NV, Cass DT. Colon interposition: a modification of the 
Waterston technique using the normal esophageal route. J Pediatr 
Surg 1982;17(1):17–21.

63. Koivusalo A, Pakarinen MP, Turunen P, Saarikoski H, Lindahl 
H, Rintala RJ. Health-related quality of life in adult patients 
with esophageal atresia – a questionnaire study. J Pediatr Surg 
2005;40(2):307–12.

64. Rao KL, Menon P, Samujh R, Chowdhary SK, Mahajan JK. Fun-
dal tube esophagoplasty for esophageal reconstruction in atresia. 
J Pediatr Surg 2003;38(12):1723–5.

65. Belsey R. Reconstruction of the oesophagus. Ann R Coll Surg 
Engl 1983;65(6):360–4.

66. Schärli AF. Esophageal reconstruction in very long atresias by elon-
gation of the lesser curvature. Pediatr Surg Int 1992;7(2):101–5.

67. Heimlich HJ. Reversed gastric tube (RGT) esophagoplasty for 
failure of colon, jejunum and prosthetic interpositions. Ann Surg 
1975;182(2):154–60.

68. Borgnon J, Tounian P, Auber F, et al. Esophageal replacement in 
children by an isoperistaltic gastric tube: a 12-year experience. 
Pediatr Surg Int 2004;20(11–12):829–33.

69. Beasley S. Oesophageal atresia without fistula. In: Oesophageal 
Atresia, Beasley SW, Myers NA, Auldist AW (eds), London, 
England: Chapman and Hall, 1991, pp. 137–59.

70. Pedersen JC, Klein RL, Andrews DA. Gastric tube as the pri-
mary procedure for pure esophageal atresia. J Pediatr Surg 
1996;31(9):1233–5.

71. McCollum MO, Rangel SJ, Blair GK, Moss RL, Smith BM, Skars-
gard ED. Primary reversed gastric tube reconstruction in long gap 
esophageal atresia. J Pediatr Surg 2003;38(6):957–62.

72. Lindahl H, Louhimo I, Virkola K. Colon interposition or gas-
tric tube? Follow-up study of colon-esophagus and gastric tube-
esophagus patients. J Pediatr Surg 1983;18(1):58–63.

73. Goon HK, Cohen DH, Middleton AW. Gastric tube oesophago-
plasty – a long-term assessment. Z Kinderchir 1985;40(1):21–5.

74. Ein SH, Shandling B, Stephens CA. Twenty-one year experi-
ence with the pediatric gastric tube. J Pediatr Surg 1987;22(1):
77–81.

75. Ein SH. Gastric tubes in children with caustic esophageal injury: 
a 32-year review. J Pediatr Surg 1998;33(9):1363–5.

76. Fernandez MS, Gutierrez C, Ibanez V, et al. Long-gap esoph-
ageal atresia: reconstruction preserving all portions of the 
esophagus by Scharli’s technique. Pediatr Surg Int 1998;14(1–
2):17–20.

77. Schettini ST, Pinus J. Gastric-tube esophagoplasty in children. 
Pediatr Surg Int 1998;14(1–2):144–50.

78. Salo JA, Heikkila L, Nemlander A, Lindahl H, Louhimo I, 
Mattila S. Barrett’s oesophagus and perforation of gastric 
tube ulceration into the pericardium: a late complication after 
reconstruction of oesophageal atresia. Ann Chir Gynaecol 
1995;84(1):92–4.

79. Shamberger RC, Eraklis AJ, Kozakewich HP, Hendren WH. Fate 
of the distal esophageal remnant following esophageal replace-
ment. J Pediatr Surg 1988;23(12):1210–14.

80. Lindahl H, Rintala R, Sariola H, Louhimo I. Cervical Barrett’s 
esophagus: a common complication of gastric tube reconstruc-
tion. J Pediatr Surg 1990;25(4):446–8.

81. Barrett NR. The lower esophagus lined by columnar epithelium. 
Surgery 1957;41(6):881–94.

 82. Sharma P, McQuaid K, Dent J, et al. A critical review of the 
diagnosis and management of Barrett’s esophagus: the AGA 
Chicago Workshop. Gastroenterology 2004;127(1):310–30.

 83. Kobayashi T, Kimura T, Yoshida M, et al. Carcinoma of the 
reconstructed stomach tube following esophageal resection for 
a benign stricture: report of a case and review of the literature. 
Surg Today 1995;25(3):257–60.

 84. Shigemitsu K, Naomoto Y, Shirakawa Y, Haisa M, Gunduz M, 
Tanaka N. Five cases of early gastric cancer in the reconstructed 
gastric tube after radical resection for esophageal cancer. Jpn J 
Clin Oncol 2002;32(10):425–9.

 85. Pasalega M, Burdescu C, Mesina C, Mirea C, Tenea T, Vasile I. 
[Unusual late complication after esophagoplasty type Gavriliu 
II for esophageal stenosis from chemical burns – cancer of the 
esophagoplasty tube]. Chirurgia (Bucur) 2005;100(2):175–9.

 86. Ure BM, Slany E, Eypasch EP, Weiler K, Troidl H, Holsch-
neider AM. Quality of life more than 20 years after repair of 
esophageal atresia. J Pediatr Surg 1998;33(3):511–15.

 87. Anderson KD, Noblett H, Belsey R, Randolph JG. Long-term 
follow-up of children with colon and gastric tube interposition 
for esophageal atresia. Surgery 1992;111(2):131–6.

 88. Cheung HC, Siu KF, Wong J. Is pyloroplasty necessary in 
esophageal replacement by stomach? A prospective, random-
ized controlled trial. Surgery 1987;102(1):19–24.

 89. Ure BM, Jesch NK, Sumpelmann R, Nustede R. Laparoscopi-
cally assisted gastric pull-up for long gap esophageal atresia. 
J Pediatr Surg 2003;38(11):1661–2.

 90. Davenport M, Hosie GP, Tasker RC, Gordon I, Kiely EM, Spitz 
L. Long-term effects of gastric transposition in children: a 
physiological study. J Pediatr Surg 1996;31(4):588–93.

 91. Marujo WC, Tannuri U, Maksoud JG. Total gastric transposi-
tion: an alternative to esophageal replacement in children. J 
Pediatr Surg 1991;26(6):676–81.

 92. Tannuri U, Maksoud-Filho JG, Tannuri AC, Andrade W, Mak-
soud JG. Which is better for esophageal substitution in chil-
dren, esophagocoloplasty or gastric transposition? A 27-year 
experience of a single center. J Pediatr Surg 2007;42(3):500–4.

 93. Ludman L, Spitz L. Quality of life after gastric transposition 
for oesophageal atresia. J Pediatr Surg 2003;38(1):53–7; dis-
cussion 7.

 94. Chan KL, Saing H. Iatrogenic gastric volvulus during transpo-
sition for esophageal atresia: diagnosis and treatment. J Pediatr 
Surg 1996;31(2):229–32.

 95. Gundogdu HZ, Tanyel FC, Buyukpamukcu N, Hicsonmez A. 
Colonic replacement for the treatment of caustic esophageal 
strictures in children. J Pediatr Surg 1992;27(6):771–4.

 96. Dickson J. Esophageal substitution with colon – the Waterston 
operation. Pediatr Surg Int 1996;11:224–6.

 97. Isolauri J, Koskinen MO, Markkula H. Radionuclide transit 
in patients with colon interposition. J Thorac Cardiovasc Surg 
1987;94(4):521–5.

 98. Isolauri J, Reinikainen P, Markkula H. Functional evaluation 
of interposed colon in esophagus. Manometric and 24-hour pH 
observations. Acta Chir Scand 1987;153(1):21–4.

 99. Louhimo I, Pasila M, Visakorpi JK. Late gastrointestinal compli-
cations in patients with colonic replacement of the esophagus. 
J Pediatr Surg 1969;4(6):663–73.

100. Rodgers BM, Talbert JL, Moazam F, Felman AH. Functional 
and metabolic evaluation of colon replacement of the esopha-
gus in children. J Pediatr Surg 1978;13(1):35–9.



24. Esophageal Replacement 333

101. DeMeester TR, Johansson KE, Franze I, et al. Indications, sur-
gical technique, and long-term functional results of colon inter-
position or bypass. Ann Surg 1988;208(4):460–74.

102. Jeyasingham K, Lerut T, Belsey RH. Revisional surgery after 
colon interposition for benign oesophageal disease. Dis Esoph-
agus 1999;12(1):7–9.

103. Urschel JD. Late dysphagia after presternal colon interposition. 
Dysphagia 1996;11(1):75–7.

104. Mosca F, Stracqualursi A, Lipari G, Persi A, Consoli A, Latteri S. 
[Surgical treatment of redundant colon after retrosternal 
esophagocolonoplasty for caustic esophageal stenosis]. Chir 
Ital 2001;53(1):89–93.

105. Schein M, Conlan AA, Hatchuel MD. Surgical management 
of the redundant transposed colon. Am J Surg 1990;160(5):
529–30.

106. Shokrollahi K, Barham P, Blazeby JM, Alderson D. Surgical 
revision of dysfunctional colonic interposition after esophago-
plasty. Ann Thorac Surg 2002;74(5):1708–11.

107. Debras B, Kanane O, Enon B, Robert M. Aorto-colonic fistula 
as a late complication of colon interposition for oesophageal 
atresia. Eur J Pediatr Surg 1996;6(5):310–11.

108. Altorjay A, Kiss J, Voros A, Szanto I, Bohak A. Malignant 
tumor developed in colon-esophagus. Hepatogastroenterology 
1995;42(6):797–9.

109. Houghton AD, Jourdan M, McColl I. Dukes A carcinoma 
after colonic interposition for oesophageal stricture. Gut 
1989;30(6):880–1.

110. Martin MA, Ferras A. [Colon cancer: a rare complication in a 
colonic esophageal segment after coloesophagoplasty]. Cir Esp 
2005;77(1):46–7.



Introduction

Achalasia of the esophageal cardia is an uncommon condi-
tion in children characterized by high resting pressures within 
the lower esophageal sphincter (LES), a failure of that sphinc-
ter to relax, and a disturbance of esophageal body motility. 
The term achalasia in Greek means failure to relax. Usually 
this abnormality is idiopathic with identified abnormalities of 
Auerbach’s plexus in the body of the esophagus. Dysphagia 
in achalasia is not related to the initiation of swallowing but 
to failure of relaxation of the lower esophageal sphincter. 
Thus, the clinical features of achalasia and its complications 
are dependant on this poor esophageal emptying and both the 
duration and degree of esophageal dilatation.

Although the condition was identified over 300 years ago 
the ideal treatment has remained controversial in part because 
of its rarity in children and in part due to the different treat-
ment strategies that have evolved. Further debate has been 
generated by the introduction of minimally invasive surgical 
techniques adding further options. Given the infrequency of 
cases within the pediatric age range, our understanding of the 
condition can be guided in part by the adult experience, but 
with an even greater emphasis on the therapeutic endeavors 
being efficacious, enduring, and safe.

Historical Perspective

The esophagus in the history was named as “no man’s land” 
between various surgical specialties due to poor outcome 
with its surgery. However, once the advances with respect to 
overall management namely anesthesia, surgical techniques 
of thoracotomy, and postoperative care became more effec-
tive the results of esophageal surgery improved. Achalasia 
was first described by Thomas Willis in 1679 as the spastic 
contraction of the cardia or cardiospasm.1 Willis described 
the use of a whalebone for the dilatation of the esophagus 
in his patient who survived with this disease for several 
years. In 1927 Hurst realized achalasia was a neuromuscular 

 disorder associated with non-relaxation of the lower esopha-
geal sphincter.2

Pathological investigations revealed abnormalities in the 
ganglia of Auerbach’s plexus in the esophagus of patients with 
achalasia.3 Electron microscopy revealed non-specific subcel-
lular changes in the nerve fibers, including nuclear and cyto-
plasmic inclusions, as well as changes in the smooth muscle.4 
Animal models are of little value.

Conservative management with repeated dilatations was 
popularized by Plummer.5 The German surgeon Ernst Heller 
(1877–1964) introduced cardiomyotomy for this disease in 
1913.6 This operation remains popular. More recent modifi-
cations have included concomitant antireflux operations and, 
latterly, minimally invasive approaches.

Pathogenesis

Approximately 5–10% of all reported cases of achalasia 
affect children. The disorder is more common in boys and 
rare in preschool children with only 6% of cases reported 
during infancy.7,8,9,10 The cause of achalasia is unknown. The 
mainstay of treatment is disruption of the lower esophageal 
sphincter (LES). No underlying chromosomal mutation has 
been identified. However, the triple AAA syndrome (acha-
lasia, alacrima and adrenocortical insufficiency) is associ-
ated with mutations at chromosome locus 12q13, raising the 
possibility of a unifying cause.11 Familial cases, and asso-
ciations with Down’s syndrome and esophageal atresia have 
also been reported.12

Changes to the number and morphology of the ganglia in 
the myenteric plexus can be identified at the level of the lower 
esophageal sphincter (LES). Some investigators have shown 
reduced vasoactive peptide (VIP) immunoreactivity in the 
nerve fibers in achalasia.13,14 Fibrosis in the smooth muscle 
wall and a lymphocytic infiltrate have also been seen. In phys-
iological terms the high pressure LES and lack of peristalsis in 
the body of the esophagus equate with reduced level of nitric 
oxide and, as the disease progresses, a more generalized neu-
ronal loss, including excitatory neurons. 
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Chagas disease is a form of achalasia associated with 
infection with the parasite Trypanosoma cruzi. The parasite 
damages the intramural ganglia of the esophagus. Chagas 
disease is confined to areas of South America where try-
panosomiasis is endemic and there is no evidence to support 
the infective agent theory for achalasia in other regions of 
the world. Most attention is now focused on achalasia being 
an immune-mediated disorder as opposed to a myopathy 
or vagal neuropathy.15,16  As the pathogenesis of achalasia 
remains unclear, management is based on symptomatic relief. 
Unfortunately this can produce inconsistent and unsatisfac-
tory results.

Clinical Features and Diagnosis

Achalasia of cardia is largely a disease of adult life. Achala-
sia is known to occur in families and it is seen occasionally 
in infancy.17 In pediatric practice most achalasia is reported 
during adolescence, more often in boys (boys: girls = 2:1). 
Typical symptoms include dysphagia, vomiting or regurgita-
tion of food, chest pain, and weight loss or failure to thrive. 
Symptoms often predate the diagnosis by 1–2 years. Adoles-
cents with achalasia usually suffer from halitosis. In children 
respiratory symptoms consistent with aspiration may occur.7 
Bronchiectasis has also been reported in children with recur-
rent aspirations especially if achalasia is associated with 
Down’s syndrome.18 There are usually no specific clinical 
findings in achalasia.

Radiology and Manometric Studies

The chest x-ray of a child with achalasia may show a widened 
esophagus and an air fluid level. Further evidence comes from 
the barium swallow which will show a widened, and at times, 
tortuous esophagus, narrowing down at the cardia to a bird’s 
beak (Fig. 25.1). The diagnosis is confirmed by esophageal 
manometry. The characteristic findings on manometry are 
(1) a high resting pressure within the LES, (2) failure of the 
LES to relax on swallowing and (3) a variable reduction in the 
amplitude of peristaltic waves in the body of the esophagus 
(Fig. 25.2). A normal manometric study will show a wave of 
high pressure (in the range of 80 mm of Hg) progressing down 
the body of the esophagus after swallowing with complete 
relaxation of the lower esophageal sphincter. 

Other conditions such as diffuse esophageal spasms 
(DES) and vigorous achalasia (VA) can be diagnosed using 
manometry to investigate children with dysphagia. In both 
conditions repetitive high amplitude peristaltic waves are 
seen in the body of the esophagus. The lower sphincter does 
relax in DES but this is not coordinated with the peristaltic 
wave. Diffuse esophageal spasm is more common than VA 
and known to be a precursor of achalasia. In VA the lower 
esophageal sphincter demonstrates a characteristic non-
relaxation.

Esophageal manometry is difficult in children, particu-
larly young children, because a large degree of cooperation is 
required. Acceptance can be improved by passing the manom-
etry catheter under general anesthesia the evening prior to the 
study. Interpretation of the manometric findings in children 
is also difficult, again because considerable cooperation is 
required to locate the LES manometrically. The child also has 
to be willing to swallow when instructed. Unfortunately the 
results of serial manometric studies may be conflicting in the 
same patient with achalasia.19,20 

Endoscopic examination of the esophagus is essential to 
exclude a stricture. The classical endoscopic findings are a 
dilated esophagus filled with food debris yet no impediment to 
passage of the endoscope through the LES. It is common to find 
evidence of peptic esophagitis in association with achalasia.

Fig. 25.1. Contrast swallow demonstrating “bird beak” appearance 
of achalasia with dilatation of the esophagus



25. Achalasia 337

Management

Medical

Calcium channel blockers and anti cholinergic drugs have 
been used to treat achalasia in adults. They are of minimal 
benefit to children with achalasia. Systemic side effects fre-
quently become intolerable as the dose is increased

Surgical

Dilatation

Early surgical treatment of achalasia involved regular bougien-
age. Subsequently dilatation was used to forcibly rupture the 
sphincter mechanism and overcome the functional obstruc-
tion. Balloon dilatation under fluoroscopic control has been 
used with variable success to treat achalasia. Repeated dilata-
tion is invariably necessary. The use of two dilators in tandem 
to disrupt the LES has been described and may be more effec-
tive than a single dilator.21

The success rates for balloon dilatation in adults are well 
established. The risk of perforation during balloon dilation in 
the adult literature is quoted at 2–7%, with a death rate of 1–2 %.
The procedure compares favorably with cardiomyotomy 
although a recent publication of long term results in adults gave 
a 10 year remission rate of only 36%.22 A recent report con-
cluded that repeat intervention was more likely to be necessary 
after dilatation than cardiomyotomy, which supports the view 
that myotomy is the treatment of choice for the fit and young.23

Limited data is available in children. Initial success rates up 
to 90% have been reported.9,24,25 Long term data is not avail-
able for children and one suspects the long term remission 
rate will be lower than in adults. The risk of perforation seems 
lower in children but only small numbers are available.9

Injection of Botulinum Toxin

Botulinum toxin (BT) has been used to treat achalasia in adults 
and, more recently, in children. This has been used as the sole 
treatment although some authors have used it in combination 
with pneumatic dilatation. Data is now available to show that 
BT injection is short acting with the benefit unlikely to last 
more than six months.26 This is inferior to balloon dilation.27 
Moreover, BT injection is no safer than laparoscopic myo-
tomy.28 Routine use of BT injection for achalasia is no longer 
recommended unless life expectancy is short, or the patient is 
unfit for general anesthesia.

The impact of previous endoscopic treatment on the out-
come of subsequent cardiomyotomy remains contentious. 
Surgeons may comment instinctively that cardiomyotomy is 
simpler in patients who have not been subjected to previous 
endoscopic treatment. This finds support in the adult litera-
ture with perforation rates of 28% during myotomy reported 
in group of patients who had previous dilatation, whereas no 
perforations were reported in the group who had not received 
previous endoscopic treatment.29,30. However, other centers 
have published data to show that prior treatment by pneumatic 
dilatation does not affect the surgical technique nor the long 
term outcome.31,32

Fig. 25.2. Manometric study 
showing classical features of 
achalasia with failure of relax-
ation of gastroesophageal sphinc-
ter and uncoordinated peristalsis 
in the body of the esophagus
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Modified Heller’s Cardiomyotomy

Cardiomyotomy for achalasia requires division of the lower 
esophageal sphincter.  Heller described a myotomy extending 
from the esophageal wall down onto the cardia for 1–2 cm. 
In the 1950’s Ellis popularized cardiomyotomy through the 
left thorax.33 He felt that a long myotomy was important for 
complete relief of symptoms. Subsequently the transabdomi-
nal approach became popular, particular when combined with 
a fundoplication. Over the last two decades open procedures 
have been replaced by thoracoscopic and laparoscopic cardio-
myotomy.34,35,36 

The laparoscopic approach to the esophagogastric junction 
(EGJ) is now familiar to many surgeons through their experi-
ence with fundoplication. The positioning of the patient and 
equipment set up are the same and furthermore visualization of 
the LES is excellent. The left lobe of the liver is lifted anteriorly 
and the hiatus is exposed by division of the phrenoesophageal 
ligament. The anterior myotomy commences on the esopha-
gus at the EGJ before heading up the esophagus for 5–8 cm 
and down onto the stomach. Hook diathermy, scissors and the 
harmonic scalpel are all suitable instruments for the myotomy. 
Blunt dissection is used to tease the muscle layers apart. This 
part of the operation may or may not be assisted if an appropri-
ately sized bougie is left in the esophagus. The myotomy should 
extend for 1–2cm onto the cardia and 5-8cm onto the body of 
the esophagus, through the hiatus. The essential step is recogni-
tion of completeness of division of the LES (Fig. 25.3). Intraop-
erative fiberoptic esophagoscopy can be useful to confirm this 
and it will also assist with recognition of a perforation.37

During a cardiomyotomy, especially an endoscopic myo-
tomy, care must be taken to ensure the mucosa is not breached. 
Even greater care must be taken to ensure that a thermal injury 
does not result in a delayed perforation. Fluids can be given 
immediately postoperatively following a laparoscopic car-
diomyotomy. If there is even the slightest concern about the 
integrity of the mucosa a water soluble contrast study should 
be performed prior to resumption of feeding.

Debate over the need for an antireflux operation at the time 
of a cardiomyotomy has been long running. Ellis considered 
the trans-thoracic myotomy achieved a low incidence of gas-
troesophageal reflux by leaving a distal component of the LES 
intact. This has not been the experience of others and the inci-
dence of GER following transthoracic myotomy may be as 
high as 60%.34 Many authors favor an abdominal approach 
to allow an anti reflux operation to be performed at the time 
of cardiomyotomy. Richards and colleagues published a ran-
domized, blinded and controlled trial in 2004 which has gone 
a long way to resolving this debate. They demonstrated that 
over 47% of patients had pathological reflux on 24 hour pH 
measurement after laparoscopic myotomy alone. The addition 
of an anterior Dor fundoplication reduced this figure to 10% 
without worsening dysphagia (Fig. 25.3).39

Other groups have looked at 270 and 360 degree wraps 
and both have their proponents.39,40 Both operations involve a 
more extensive posterior dissection of the esophagus. Unless 
constructed carefully, the 360 wrap has the potential to exac-
erbate dysphagia. The Dor anterior wrap (Fig. 25.3) has the 
specific advantage of buttressing the myotomy in case of 
mucosal injury, recognized or otherwise.

Fig. 25.3. Modified Heller’s cardio-
myotomy and Dor  fundoplication
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Prognosis and Long-term Outcome

Data on long term outcome following cardiomyotomy in 
the laparoscopic era is scarce.39,41 Adult studies suggest that 
long term relief from dysphagia can be obtained in 75–85% 
of patients following laparoscopic myotomy.31,32 Symp-
tomatic improvement is most predictable in those who have 
high preoperative LES pressures and a low postoperatively 
 pressures.31,37

Careful clinical follow up is required. If the dysphagia does 
not improve following cardiomyotomy a contrast swallow and 
manometry should be repeated. If the resting pressure in the 
LES remains elevated repeat myotomy is indicated. Persistent 
dysphagia does occur and occasionally esophageal replace-
ment is necessary for intractable cases. Unless a concomitant 
antireflux operation is performed at the time of cardiomyo-
tomy postoperative gastroesophageal reflux will remain an 
issue. 

Conclusion

The diagnosis of achalasia is based on symptoms, a barium 
swallow, flexible upper GI endoscopy and manometry. The 
treatment of choice is laparoscopic myotomy with the addi-
tion of an anterior fundoplication. This will provide sustained 
relief of dysphagia in most children with achalasia.
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Introduction

Gastroesophageal reflux (GER) is the retrograde flow of 
gastric contents into the oesophagus.1 It is normal for most 
people to experience short episodes of GER, especially after 
meals. In infants, vomiting and regurgitation after feeds is a 
common event, and one that most infants grow out of.2 Gas-
troesophageal reflux disease (GERD) occurs when the spec-
trum of reflux exceeds the physiological norm, resulting in 
symptoms and complications.3 Reflux-associated symptoms 
include pain, heartburn, failure to thrive, or chronic cough, 
while reflux-associated complications include esophageal 
mucosal changes such as inflammation, bleeding, stricture, 
ulceration, and metaplasia.

The distinction between physiological reflux and patholog-
ical reflux in infancy is difficult, partly because of the large 
proportion of infants with self-limiting vomiting and regurgi-
tation, and partly because of the degree of anxiety expressed 
by parents of vomiting or irritable infants.

The true prevalence of GERD in children is unknown, 
because there is no standard definition of GERD worldwide and 
because of the high prevalence gerd of physiological vomiting 
and regurgitation in early infancy. Prevalence studies suggest 
that 50% of infants under 2 months of age have vomiting and 
regurgitation, rising to 70% by 4 months of age. The prevalence 
of these symptoms declines after 6 months of age, with only 
1–5% of infants over 12 months displaying them.4,5

Children with symptoms of reflux beyond age 18 months 
are thought more likely to have GERD as adults.1 Older chil-
dren with GERD present with gerd symptoms more like adults 
with reflux. It is thought that a significant proportion of adults 
with GERD will have had symptoms of GERD in childhood.

Historic Perspective

Billard first published a case of esophagitis in a child in ger 1828 
in Paris.6 In 1855, Rokitansky attributed esophagitis to GER.7 
Yet it was not until half a century later in 1906 that Tileston 

clearly described the symptoms of esophagitis.8 The term 
“peptic esophagitis” itself was coined in the German literature 
in 1934 by Professor Hamperl.9 Wilkenstein wrote a detailed 
description of GER in 1935, using the term “esophagitis” in 
the English literature.10 In infants, GER was well described in 
the mid 1900s, as were ger the benefits of postural treatment 
with nursing infants in the upright position.11

Even though the anatomical anomaly of hiatus hernia was 
well described, it was in 1951 that Professor Phillip Allison 
attributed GER as an abnormal physiological condition sec-
ondary to anatomical defects at the gastroesophageal junc-
tion.12 He devised the transthoracic procedure to reduce the 
herniated gastric cardia into the peritoneal cavity, to suture 
it to the phrenocolic ligament to keep it in place, and lightly 
suture the crura of the hiatus. In 1973, Allison presented a 
20-year follow-up of his procedure, which showed a 49% 
recurrence rate.13

Nissen first performed the “complete wrap” in 1955 after 
initially having tried anterior gastropexy for the manage-
ment of hiatal hernia and reflux symptoms. He published 
two cases of the Nissen fundoplication in 1956, calling the 
procedure “gastroplication.”14 His procedure gained popu-
larity worldwide by the 1970s, and it is the open Nissen 
fundoplication that has been modified to the laparoscopic 
approach in this era.

It was Allison’s operation that was practised for children 
with GERD at our institution, The Royal Children’s Hospital, 
Melbourne, until GERD 1972. In this year, the first Nissen 
fundoplication at our institution was performed in a child in 
whom a previous Allison procedure had failed. The Nissen 
fundoplication has since been the antireflux procedure of 
choice, both laparoscopic and open, at the Royal Children’s 
Hospital, Melbourne.

The medical management of GERD has also evolved dra-
matically, with refinements in diagnosis and the develop-
ment of effective pharmacologic agents, from H

2
 antagonists 

as the mainstay of treatment in the last century, to proton 
pump inhibitors (PPIs) used as the mainstay of treatment 
currently.
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Basic Science/Pathogenesis

Mechanisms Preventing Reflux

A host of factors combined help create the antireflux barrier 
at the gastroesophageal junction. These are both anatomical 
and physiological.

1. The mechanical barrier
 (a) Lower esophageal sphincter (LES)
The LES is a high-pressure zone at the distal esophagus, read-
ily detected on manometry. It was first described in 1956 as 
a high-pressure zone.15 It is not an anatomically identifiable 
structure as such, but a specialized region of smooth muscle 
of the esophageal wall that remains in a state of tonic contrac-
tion.16,17 This state of contraction prevents retrograde passage 
of gastric contents up the esophagus. Ultrasonic anatomical 
assessment reveals that the smooth muscle fibers are thicker 
at the LES compared with the rest of the esophagus.18,19 The 
LES is thought to span a distance of 4 cm, 2 cm of which is 
intrathoracic and grasped by the diaphragmatic crura.17 The 
distal 2 cm is intraabdominal. Oblique smooth muscle fibers 
from the stomach also contribute to the LES.17

LES tone at rest is usually greater than 4 mmHg.2 The LES 
relaxes during episodes of swallowing, belching, or vomiting. 
During swallowing, neurologically controlled, timed relax-
ation of the LES occurs as the wave of peristalsis approaches 
the distal esophagus, allowing the food bolus through.17

 (b) Intraabdominal esophagus
The success of the LES as a barrier for reflux is a function 
of pressure, overall length of the LES as well as intraab-
dominal length of the LES.20 In an adult, the distal 2 cm 
of the LES is intraabdominal.17 Intraabdominal pressure 
applied to both the stomach and intraabdominal esophagus 
will by Laplace’s law preferentially result in collapse of the 
soft narrow-lumen intraabdominal esophagus compared 
with the large-lumen stomach.

The intraabdominal component of the esophagus is 
small in the neonate, but lengthens over the subsequent 6 
weeks after birth to become an effective component of the 
antireflux barrier.21

 (c) Diaphragmatic pinchcock
The role of the diaphragmatic crura at the esophageal 
hiatus in the barrier against reflux was first described in 
1958 by Ingelfinger.22 The esophageal hiatus in the dia-
phragm is formed mainly from the anatomical right crus of 
the diaphragm. The anatomical arrangement of the hiatus 
results in the esophagus being pulled to the right and cau-
dally.23 The crura at the hiatus encircle the proximal half 
of the LES. Contraction of the diaphragm results in pinch-
cock-like compression of the LES by the crura, forming 
an external sphincter mechanism.24 The phrenoesophageal 
membrane attaches the esophagus to the diaphragmatic 
hiatus, and marks the transition of the intrathoracic esopha-
gus to the intraabdominal part.

 (d) Angle of His
The angle of His is the acute angle formed at the junction of 
the esophagus and gastric fundus. This acute angle, along with 
the posterolateral position of the gastric fundus, minimizes 
contact of gastric content with the esophagogastric junction. 
Loss of the acuteness of the angle of His, as with gastric 
distension and with stretching the gastric wall after formation 
of gastrostomy, results in a funnel-like arrangement at the 
gastroesophageal junction, directing gastric contents that are 
retropulsed into the funnel and up the esophagus.

 (e) Mucosal rosette
In the presence of an acute Angle of His, the mucosa at the 
gastroesophageal junction forms rosette-like folds, which 
compress against each other with increased intraabdominal 
pressure to prevent reflux.25

The mechanical factors described earlier are interrelated and 
work in combination to achieve an integrated functional antire-
flux barrier. While the mechanisms described in this category 
are the main antireflux measures, further processes decribed 
later also help in minimizing damage from reflux that occurs 
if the mechanical barrier is breached.

2. Lumenal clearance factors
Prompt clearance of refluxate from the esophagus occurs with 
the assistance of esophageal peristalsis clearing the lumen, as 
well as the influence of gravity in promoting caudal flow of 
esophageal contents. Studies show that defective peristalsis 
is more likely in those with both reflux and esophagitis than 
in those with reflux alone.26 Whether the defective peristalsis 
is secondary to the reflux and mucosal damage, or a primary 
event, is still unclear.

3. Mucosal protection
There is a poorly formed preepithelial mucosal barrier. Saliva, 
along with limited mucous from esophageal submucosal 
glands, helps neutralize acid in the refluxate. Epithelial mech-
anisms help limit the rate of HCl diffusion into cells, and to 
buffer acid. Epithelial blood flow helps with prompt removal 
of H+ ions and in maintaining the acid–base balance at the 
epithelial level27 (Fig. 26.1).

Etiology of GERD

A breakdown of the antireflux mechanisms results in reflux, 
hence the etiology of GERD is multifactorial. We shall discuss 
the common causative factors and associations with reflux.

GERD may be classed as primary, or secondary to other 
problems of the gastrointestinal tract such as gastric outflow 
obstruction and cow’s milk protein intolerance.

While the etiology of primary GERD is multifactorial, the 
main recognized cause is transient LES relaxations (TLESR), 
rather than a low basal esophageal sphincter tone, as was pre-
viously thought.2,28,29 TLESRs are unrelated to swallow, and 
have lower basal pressures and longer duration of relaxation 
than swallow-associated sphincter relaxations. TLESRs occur 
more frequently postprandially. A TLESR occurs when LES 
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pressure drops to the level of gastric pressure or 0–2 mmHg 
for 10 s or more.2

There are data to show that LES tone physiology is similar 
in the neonate, infant, child, and adult, with swallow-associ-
ated sphincter relaxations and TLESRs occurring in all age 
groups in a similar fashion.30–33

Associations/Predisposing Factors

Various associations with and predisposing factors to GERD 
have been recognized.

A genetic association with pediatric GERD is thought to 
exist on a locus on chromosome 13q14.34–37

Both sexes seem equally affected by GERD.
The presence of a hiatus hernia has long been associated 

with GERD. While hiatus hernia itself was well described 
by the first half of the twentieth century, it was not until the 
second half of the twentieth century that Allison attributed 
functional reflux to the presence of hiatus hernia resulting 
in breakdown of the mechanical barrier arrangement.7 This 
observation led to the development of surgical procedures 
that addressed both the problem of the hernia as well as the 
associated reflux.

There is an increased incidence of GERD in children with 
neurological impairment, and it mainly manifests as vomiting. 
Various factors are thought to contribute to this increased inci-
dence – general hypotonia, recumbent posturing with loss of the 
aid of gravity in esophageal clearance, and periods of increased 
intraabdominal pressure due to factors such as seizures or mus-
cle spasticity. In addition, neurologically impaired children are 
more likely to require gastrostomy for feeding, as they often have 
incoordinate swallow mechanisms and are at high risk of aspi-
ration. Creating a gastrostomy alters the anatomy of the stom-
ach, changing the acuity of the angle of His by stretching the 
anterior wall of the stomach. It is estimated that about 30–50% 
of children with no significant reflux prior to gastrostomy will 
have symptomatic reflux and vomit feeds postgastrostomy.38,39 

In addition, large bolus feeds via the gastrostomy can exacerbate 
the problem, and changing to continuous lower volume feeds 
can be helpful in curbing the problem.

Children with tracheoesophageal fistula and esophageal 
atresia have a high incidence of associated GERD, with 
35–58% of TEF/EA patients diagnosed with reflux.40,41 The 
incidence of reflux is thought to be even higher in children 
with pure EA.42 This association may be due to the inherent 
maldevelopment and motor dysfunction of the esophagus, 
perhaps exacerbated by shortening of the intraabdominal 
component of the esophagus due to tension at the anastomo-
sis.43,44 GERD in TEF patients causes or exacerbates anasto-
motic stricturing and makes dilatation of strictures less likely 
to be successful unless the underlying GERD is treated.40 It 
is also thought to exacerbate the effects of coexisting trache-
omalacia. The dysmotility of the esophagus in EA is associ-
ated with poor clearance of the refluxed fluid with a resultant 
increase in all the complications of GERD.

Increasingly, obesity is an associated factor predisposing to 
the development of GERD.

Delayed gastric emptying may predispose to the develop-
ment of GERD and aggravate its effects. Delayed emptying 
with distension for excessive time periods may lead to short-
ening of the intraabdominal component of the esophagus as 
well as loss of the angle of His due to its incorporation into the 
distension at the gastroesophageal junction.45

Clinical Features

Presentation

The clinical presentation of reflux in the pediatric population 
varies. The presentation in infants is generally different to that 
of the older child. Infants present mainly with regurgitation, 
vomiting, and irritability. One is reliant on the history from 
parents and caregivers. Most infantile regurgitation and vomi-
ting settle spontaneously after 6 months to 1 year of age. It 
is difficult to distinguish between physiological regurgitation 
and pathological reflux in the infant population.

Older children, who are able to describe their problems, 
present with similar symptoms to adults. Table 26.1 lists the 
different age-related modes of presentation of GERD.

The presentation and symptoms of GERD in children are 
related to the effects of reflux on the esophagus, the respi-
ratory tract and the general growth and development of the 
child. Thus, complications of reflux can be viewed in four 
main categories:

1. Esophagitis and effects on the esophagus:
 (a) Pain
In older children and adults, the commonest manifesta-
tion of pain is heartburn due to esophageal irritation from 
the acid refluxate. The pain is typically a burning sensa-
tion, often substernal and epigastric. Dysphagia, or pain on 
swallowing, may also occur. Infants with reflux may also 

Fig. 26.1. Factors preventing gastroesophageal reflux
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have pain, but whether this is heartburn is difficult to ascer-
tain in the infant age group.

 (b) Hematemesis
Esophageal mucosal inflammation with ulceration can 
result in hematemesis as the initial manifestation of GERD. 
The hematemesis is often streaks of blood mixed in the 
vomitus.
 (c) Stricture
Esophagitis may result in chronic fibrosis and luminal stric-
turing. Food bolus obstruction at the stricture, odynophagia, 
or dysphagia may thus be the first manifestations of under-
lying GERD, with no other symptoms of esophagitis being 
present. In our experience, once the underlying GERD is 
treated, the stricture heals.
 (d) Sandifer syndrome
Sandifer syndrome is an uncommon syndrome of abnor-
mal head, neck, and trunk movements in patients with 
GERD. The abnormal movements are temporally associ-
ated with  episodes of reflux. While it has been described 
mainly in young, neurologically normal male children, 
there are reports of  Sandifer syndrome affecting females, 
adults, and neurologically impaired children too. The 
pathophysiological relationship between GERD and these 
abnormal neurologic movements is yet to be defined.46 
The most likely explanation is that the reflux episodes 
themselves result in the abnormal posturing, a postula-
tion supported by the fact that these abnormal movements 
usually abruptly stop after antireflux surgery.46,47

 (e) Barrett’s esophagus
Barrett’s esophagus is the presence of metaplastic colum-
nar epithelium in the distal esophagus. It is well estab-
lished as a complication of esophagitis, present in up to 
13% of children with GERD.48 In children, esophageal 
stricture is often present with Barrett’s esophagus.48–51 
Barrett’s esophagus is considered to be a risk factor for 
esophageal adenocarcinoma. It is associated with progres-
sive dysplasia and the risk of developing adenocarcinoma, 
occasionally reported in childhood.52 The management of 
Barrett’s esophagus in childhood is difficult and unclear, 
and is discussed later in this chapter.

2. Failure to thrive and affects on growth
Infants and children with constant chalasia may fail to thrive 
due to various reasons. The main reason is loss of caloric 
intake via the frequent vomitus. Exacerbating this issue is also 
poor feeding and oral aversion to feeding as the child associ-
ates feeding with symptoms such as pain and dysphagia.

3. Respiratory symptoms
It can be extremely difficult to prove a causal relationship 
between respiratory symptoms and GERD. Respiratory symp-
toms can range from chronic cough, wheezing and asthma-
type symptoms, to aspiration and recurrent pneumonitis. 
Microaspiration resulting in chronic cough and airway spasm 
is more common than gross aspiration and aspiration pneu-
monia. Vagal irritation in the esophageal wall by esophagitis 
processes may initiate laryngospasm and bronchospasm in the 
absence of any aspiration via neural reflex arcs. Reflux can be 
a cause of chronic stridor and hypoxia in infants.53

In premature infants, GERD can exacerbate existent respi-
ratory problems and should be suspected and managed if there 
is deterioration of respiratory status, especially in the presence 
of other GERD-related symptoms such as regurgitation and 
failure to thrive.53,54

4. Dying spells
GERD is associated in some infants with severe life-threat-
ening apneas (also known as “blue spells” or “dying spells”). 
Obstructive apneas in response to reflux are thought to occur 
in about 1% of infants, and are due to laryngeal or airway clo-
sure that presumably is triggered in response to reflux.53 They 
are an absolute indication for antireflux surgery.

Diagnosis

A good history and examination establishes the clinical cir-
cumstances of each individual with suspected GERD. The 
particular clinical circumstances in turn determine the appro-
priate selection of investigations to aid diagnosis and manage-
ment. For example, a contrast study is important in an infant 
with postfeed vomiting, to rule out distal obstruction, whereas 
endoscopy is an important investigation in an older child with 
severe heartburn.

Table 26.1. GERD symptoms.

Infants
Gastrointestinal  Vomiting

 Failure to thrive
 Feeding difficulty
 Irritability, pain, colic
 Hematemesis
 Anemia

Respiratory  Apneas, blue spells
 Chronic cough
 Stridor
 Recurrent aspiration
 Pneumonia

Neurobehavioral  Sandifer syndrome
 Seizure activity, infant spasms

Older children
Gastrointestinal  Nausea

 Dysphagia
 Heartburn
 Anemia
 Hematemesis
 Hoarseness
 Esophageal foreign body obstruction

Respiratory  Cough
 Asthma
 Aspiration pneumonia
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The aim of investigations is to accurately diagnose the pres-
ence of GERD, to accurately define the presence of complica-
tions, and in some cases (especially in those with respiratory 
manifestations) to ascertain a causal link between reflux and 
presenting symptoms.

1. Investigations
 (a) Radiology
Contrast study of the esophagus, stomach, and duodenum 
is very important in the assessment of an infant or child 
with vomiting or regurgitation. It will help in defining the 
anatomy of the upper GI tract, and may pick up the pres-
ence of hiatus hernia. It will exclude obstructive causes 
such as pyloric stenosis, malrotation, and antral and duo-
denal webs. It may identify refluxing contrast, but is not a 
useful test for quantifying reflux.
 (b) Endoscopy and biopsies
Endoscopy and biopsies are most useful in cases where 
esophagitis is suspected. Biopsies are an integral part of the 
investigation as it is well documented that endoscopic appear-
ances alone do not correlate with the presence of esophagitis. 
Mucosal biopsies are highly sensitive and specific for the 
presence of GERD-related esophagitis.55 Histologic features 
of esophagitis include the presence of inflammatory cells and 
some eosinophils in the epithelium, basal cell hyperplasia 
to 20% or more of total mucosal thickness, and elongation 
of stromal papillae into the upper half of the epithelium.56,57 
Biopsies will help differentiate GERD from eosinophilic 
esophagitis, which is characterized by the presence of large 
numbers of eosinophils in the mucosa, and which will not 
respond to the usual treatments for GERD.58

Endoscopy will also document and evaluate the presence 
of strictures, ulceration, and Barrett’s esophagus. Endoscopic 
appearances alone cannot accurately identify the presence of 
Barrett’s esophagus, and biopsies are the key investigation 
defining its presence. Barrett’s esophagus is defined by the 
presence of metaplastic columnar epithelium. Three types 
of metaplasia of the distal esophagus are described: cardiac, 
fundic, and intestinal. The intestinal type carries a significant 
risk of dysplasia and malignant transformation.
 (c) pH studies
These have been in use since the 1970s.59 Transnasally 
placed pH probes continuously measure esophageal pH 
over a period of 24 h, which is recorded on a computer to 
allow analysis. Generally, a pH below 4.0 indicates reflux 
of gastric content. The duration and quantity of reflux epi-
sodes are analyzed. An activity diary during the pH mea-
surement study allows one to correlate reflux episodes with 
various activities. The total percentage of time that the pH 
is below 4 is known as the “reflux index,” and this is used 
as a quantification measure for reflux.60

pH studies generally are not required in the work-up 
of children with regurgitatation and endoscopy-diagnosed 
esophagitis. pH studies are most helpful in diagnosing 
the presence of reflux where the clinical presentation is 

unclear, and in eliciting its role in the child’s symptom 
complex. For example, is reflux the underlying cause 
in a child with recurrent pneumonias, airway disease, or 
apneas? Is recurrent reflux present in a child with symp-
toms after fundoplication?
 (d) Multichannel impedance
pH studies are unable to detect nonacid reflux and do not 
detect what has been termed acid rereflux. Acid rereflux 
is reflux that occurs while the pH probe still reads a pH of 
under 4.0 after a previous reflux episode.61,62 It is thought 
to be a major cause of delayed acid clearance from the 
esophagus after reflux episodes. Multichannel intralume-
nal impedence monitoring is a new diagnostic study that 
detects flow of gastric contents into the esophagus. Elec-
trode pairs throughout the esophagus and stomach measure 
impedance, which drops from high to low by contact with 
gastric content. Multichannel impedance monitoring is not 
yet established in routine clinical practice.
 (e) Manometry
Sophisticated pressure transducers and recorders allow 
measurement of esophageal motility in all age ranges, from 
premature infants to adults. It is through manometry that we 
understand the function of the LES, know that its function 
is similar in all age groups, and that TLESRs are the main 
underlying cause of reflux. In adults, manometry has shown 
that increasing severity of reflux correlates with deteriorating 
esophageal function.63 Clinically, manometry plays a limited 
role in the work-up of children with reflux. It may be useful 
in demonstrating an underlying motility disorder, for example, 
in children with previous esophageal atresia repair.

 (f) What is the role of gastric emptying studies?
There is controversy over the role of delayed gastric emp-
tying in the pathophysiology of GERD. Theoretically, 
gastric distension from delayed gastric emptying will shorten 
intraabdominal esophageal length, impairing LES func-
tion and promoting reflux with gastric contractions. While 
it has been shown that up to 40% of children with reflux 
have evidence of delayed gastric emptying, it has not been 
confirmed that this proportion is any more than one would 
find in nonrefluxing children.64–66 There is evidence to sug-
gest that preoperatively present delayed gastric emptying 
improves in a proportion after fundoplication.67 There is 
evidence that delayed gastric emptying is more commonly 
present in neurologically impaired children.68 Is the higher 
reflux recurrence rate postfundoplication in this group due 
in some way to the underlying delayed gastric emptying? 
Studies have not shown a definite benefit from combining 
pyloric drainage procedures with fundoplication, and the 
complication rate may be higher if pyloric drainage proce-
dures are routinely performed.69,70

Given the limited evidence in this matter, the role of routine 
gastric emptying studies prior to fundoplication is unclear. 
Even if delayed gastric emptying is detected, its impact on the 
outcome after reflux surgery cannot be predicted at present.
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2. Differential diagnosis
The differential diagnosis of GERD is broad, and should be 
a symptom-based differential. In a neonate and infant with 
vomiting and regurgitation, surgical causes such as pyloric 
stenosis, pyloric or duodenal atresia, or web and malrotation 
should be considered. Medical causes for vomiting include 
sepsis, cow’s milk allergy with eosinophilic esophagitis, and 
metabolic diseases. In the older child with epigastric pain, gas-
tritis and pancreaticobiliary disease may need to be excluded. 
Hiatus hernia may be present and detectable on chest X-ray. 
Respiratory symptoms such as chronic cough, apneas, and 
recurrent pneumonia should trigger the thought of possible 
underlying GERD as a precipitant or contributor.

Management

Management options for GERD include reassurance, posi-
tioning, thickened feeds, pharmacological management, and 
surgery. Chosen management depends on a range of factors 
including age of the child, the presenting symptoms and their 
severity, parental preference and compliance. Treatment of 
GERD aims to relieve symptoms, heal mucosal damage, and 
prevent and manage complications of GERD.

1. Medical management
 (a) Nonpharmacological management

Parents of most infants with mild degrees of vomiting and 
regurgitation require reassurance. The odds are in favor of the 
infant outgrowing the problem. Positioning of the infant has 
been used for years as part of the management of regurgitation. 
The sitting position at 60° increases reflux, probably because 
of increased intragastric pressure in this position, whereas the 
prone position with 30° head up decreases reflux.71 With the 
increased risk of sudden infant death syndorme (SIDS) associ-
ated with prone positioning, this is not generally recommended. 
The left lateral position has been shown to reduce reflux in pre-
term and term neonates.72 The effect of pacifier use on reflux is 
equivocal and depends on positioning of the infant.73

Feeds thickened with agents such as carob and rice cereal 
have been shown to reduce regurgitation in infants.74,75 Thick-
ened infant formulae are also available on the market, but 
further data on their clinical efficacy are required.

A recent review of randomized trials on nonpharmacologi-
cal management of reflux suggested that it generally does not 
have a proven effect on reflux, even if regurgitation symptoms 
appear improved.76

In older children, dietary recommendations include a lowt-
fat diet and avoiding foods that exacerbate reflux symptoms, 
such as chocolate and spicy foods.

 (b) Pharmacological management

Prokinetic agents •
Prokinetic agents such as metoclopramide and domperidone 
are commonly used to help reduce regurgitation by increa-
sing LES tone and increasing esophageal and gastric emptying. 
However, there are no efficacy data about their use in 

children. In addition, there are significant side effects, such 
as tardive dyskinesia.77 Erythromycin is an analogue of the 
hormone motilin, which stimulates gastric emptying. It 
may be of use in infants with GERD who have underlying 
delayed gastric emptying, but there is no controlled trial 
data to support this theory. Cisapride was hailed as an effec-
tive motility agent, but controlled trial data have not shown 
a consistent improvement in reflux symptoms, although it 
has been shown to reduce esophageal acid exposure.78

Proton pump inhibitors •
Proton pump inhibitors such as omeprazole, esomeprazole, and 
pantoprazole have had a major impact on the management of 
GERD – in adults they are the mainstay of medical manage-
ment of GERD. Their successful use in adults has led to their 
use in the pediatric population, often as first line pharmacologic 
agents. PPIs selectively inhibit gastric acid production by block-
ing the gastric parietal cell H+/K+ ATPase pump. The only way 
for the cell to recover from this block is to synthesize new H+/
K+ ATPase pumps, a turnover that is thought to have a half-life 
of 48 h in adults and likely shorter in children.3

Experience with PPIs in children is limited compared 
with their use in adults. Within the recommended dosage, 
omeprazole use has been shown to be both safe and effec-
tive in children.79 Studies have shown effective resolution 
of symptoms of esophagitis with PPI use in children.79,80 
Rapid healing of esophagitis with PPI use in children has 
also been documented, including severe esophagitis, with 
one study showing 100% healing of ≥stage 2 esophagitis 
by 12 weeks of PPI treatment in a cohort of 28 children.81

A variety of PPIs are available for clinical use in oral and 
intravenous preparations. There are no strong clinical data 
to compare the efficacy between agents.

To date, there have been no serious problems of acid 
suppression and hypergastrinemia documented secondary to 
PPI usage in children, but long-term follow-up is needed. 
Gastric and fundic polyps have been reported in children 
on PPIs, as well as hyperplasia of parietal cells.82

H •
2
 receptor antagonists

Enterochromaffin-like cells of the stomach secrete hista-
mine, which binds to the parietal cell H

2
 receptor, stimu-

lating gastric acid secretion. H
2
 receptor antagonists are 

competitive inhibitors of histamine at the parietal cell H
2
 

receptor. H
2
 receptor antagonists such as ranitidine have 

been used successfully in the management of GERD in 
the pediatric population, with improvements in symptoms 
and endoscopic erosive esophagitis. Tachyphylaxis does 
develop quickly with H

2
 receptor antagonists.1 Once again, 

there is a lack of controlled trials in children looking at 
efficacy, side effects, and long-term effects of acid suppres-
sion.3 The rise in gastric pH due to H

2
 receptor antagonist 

use in neonates is associated with bacterial overgrowth.83 
With the advent of PPIs, use of H

2
 receptor antagonists is 

given less priority, as PPIs are highly efficient and seem to 
be at least as safe.
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Other drugs •
There is limited experience in infants with antacids such 
as bicarbonate salts and aluminum- or magnesium-based 
alkali complexes. They have a rapid onset of action and 
hence are used for symptom relief from heartburn in 
the adult population. In infants and toddlers, the use of 
aluminum-based antacids should be avoided because of the 
risk of systemic absorption of aluminum and its potential 
osteo- and neurotoxicity. Magnesium-rich preparations can 
cause diarrhea and preparations containing sodium carbon-
ate may have excessive sodium content from a nutritional 
intake perspective. Mucosal coating agent sucralfate contains 
aluminum and should be avoided in infants.

2. Surgical management
The indications for surgery in children with GERD have 
changed with time, especially with the advent of the PPIs.

Surgical management is indicated in the following situa-
tions:

Children with life-threatening complications of GERD:  •
apneas and laryngospasm

Children with failure to thrive from caloric loss due to regur- •
gitation and vomiting despite conservative management

Children with esophageal stricture with underlying GERD •
Children with EA who have anastomotic strictures in the  •
presence of GERD

Children with persistent respiratory tract problems second- •
ary to GERD such as aspiration pneumonitis

Children who have failed to respond to maximal medical ther- •
apy, who have significant side effects from medical therapy, 
who are unable to maintain compliance with medical therapy, 
or whose parents opt against long-term medical management 
for GERD

Surgery for reflux is generally thought to have good short- 
and long-term results and low complication rates.84,85 In neu-
rologically normal children, the success rate of fundoplication 
is quoted as >90% with 5-year follow-up, and around 60% for 
neurologically impaired children at 5-year follow-up.85

Laparoscopy is the preferred approach for fundoplication 
currently, with the three most common techniques being the 
Nissen (360° wrap), Toupet (180° wrap), and Thal (270° wrap) 
fundoplications. Other described techniques used in children 
include the Boix-Ochoa procedure.

Surgery is thought to work by creating a high-pressure zone 
at the distal esophagus with the wrap. Additionally, any hiatus 
hernia is repaired, the abdominal component of the esophagus 
is fixed abdominally, and the Angle of His is recreated.

Laparoscopic Nissen Fundoplication

The technique of choice at our institution is the laparoscopic 
Nissen fundoplication. This is a direct modification of the 
open Nissen fundoplication.

Parental consent involves careful discussion about the 
indication for surgery, the expected short- and long-term out-
comes, the potential complications and failure rate, and the 
small risk of conversion to open fundoplication.

Under general anesthetic, the child is placed at the end of 
the operating table, in the frog-leg position for infants, or the 
legs supported in stirrups for older children, with the operator 
standing between the legs. It is important to ensure that the 
stirrups are positioned low, so that the knees of the patient do 
not obstruct operative movement.

A nasogastric tube is placed preoperatively, and a dose of 
prophylactic antibiotics given (IV caphazolin at our institu-
tion). The patient’s skin is prepared with antiseptic solution 
from nipple level to pubis, extending well laterally, especially 
onto the left side, where a lateral port will be placed. Sterile 
drapes are placed around the operative field.

An umbilical port is introduced via the Hasson technique, 
and the peritoneal cavity insufflated with CO

2
. A 30° laparo-

scope is used. All other ports are then placed under vision. 
Two working ports are placed on either side of the umbilicus; 
in bigger children, these will be more cranial on the abdomen, 
in smaller children, more caudal. An epigastric midline port is 
placed just under the xiphisternum for the liver retractor. We 
usually prefer to use a ratcheted toothed grasper that clasps 
the hiatus above the esophagus and lifts up the left lobe of 
liver. A Nathanson retractor may be used instead of the 
grasper. A low left lateral port is placed – this allows for an 
additional instrument to control the positioning of the stomach 
and esophagus during the procedure.

The patient is positioned with elevation of the head end of 
the bed. With the liver retracted giving a clear view of the 
esophageal hiatus, we start off by defining the space between 
the crus and esophagus on both the left and right sides, divide 
the overlying peritoneum, and develop this space with gentle 
blunt dissection. The retroesophageal plane is defined using 
the two working instruments together and the esophagus 
lifted, ensuring that the posterior vagus nerve is intact (Fig. 

Fig. 26.2. Laparoscopic Nissen fundoplication: retroesophageal 
dissection
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26.2). A retractor placed via the low left port is used to keep 
the esophagus in a lifted position while the hiatus is inspected. 
We usually place one or two sutures in the hiatus to secure it, 
taking care not to tighten the space excessively (Fig. 26.3). 
A good rule of thumb is to leave enough laxity in the sutured 
hiatus to allow in the tip of a 5-mm grasper alongside the 
esophagus.

The fundus is then pulled through from left to right from 
behind the esophagus (Figs. 26.4 and 26.5). The “shoe-
shine” maneuver is performed (moving the pulled fundus 
portion side to side behind the esophagus) to ensure the 
wrap is not too tight. We rarely have to divide short gastric 
vessels when they limit mobility of the fundus to achieve an 
acceptable wrap. We usually place three sutures to fashion 

the complete 360° wrap, the cranial-most suture incorporating 
the hiatus above the esophagus, to fix the wrap in position 
(Figs. 26.6 and 26.7).

In children requiring gastrostomy at the same time, a lap-
aroscopic gastrostomy is fashioned after the fundoplication 
procedure. In most children requiring fundoplication with 
gastrostomies in situ, it is possible to perform the procedure 
laparoscopically without taking down the gastrostomy.

Postoperatively, the nasogastric tube is left to free drainage 
until the following day. Oral intake is graded up from clear 
fluids to solids over a couple of days. Children are advised 
to maintain a soft and pureed diet and to avoid chunky foods 
such as meat and bread for 4–6 weeks.

Previous surgery and adhesions may make the laparoscopic 
approach difficult, as may the presence of portal hypertension 
and organomegaly. In neurologically impaired children with 
limb contractures and scoliosis, positioning for laparoscopic 

Fig. 26.4. Laparoscopic Nissen fundoplication: preparing to wrap the 
fundus

Fig. 26.5. Laparoscopic Nissen fundoplication: the fundus should 
come across with ease

Fig. 26.6. Laparoscopic Nissen fundoplication: the first wrap stitch

Fig. 26.7. Laparoscopic Nissen fundoplication: completed wrap

Fig. 26.3. Laparoscopic Nissen fundoplication: hiatal sutures placed
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surgery may be difficult and will require some adjustment of 
port positioning.

Other Antireflux Procedures

Proponents of the Toupet procedure (posterior 270° wrap) 
(Fig. 26.8) describe it as a better procedure in patients with 
known preoperative esophageal dysmotility, or for children 
with previous esophageal atresia repair (this group of children 
generally also have underlying esophageal dysmotility), as it 
theoretically is less tight than a complete wrap, minimizing 
the risk of dysphagia and gas bloat postoperatively.86

Proponents of the Thal procedure (Fig. 26.9) claim that the 
anterior 180° wrap preserves the intraabdominal component 

of the esophagus and re-creates the angle of His, while allow-
ing a physiological degree of reflux and vomiting to occur.27

There are no randomized trials comparing outcomes of 
these three operative tachniques. A recent European study 
comparing outcomes of the Thal, Toupet, and Nissen pro-
cedures in neurologically normal children in three different 
centers did not demonstrate much difference in the long-term 
outcomes and complication rates between the three types of 
procedure.87

The Boix-Ochoa wrap is a modification of the Thal wrap 
that, in addition to the 180° wrap, includes plicating the 
remaining fundus to the left hemidiaphragm to re-create the 
angle of His.27

Redo Fundoplication

Redo laparoscopic fundoplication, although technically chal-
lenging, has been shown to be a safe and feasible approach for 
children requiring reoperation for undone or failed wraps.88,89 
The complication and failure rates in short-term follow-up are 
acceptably low.

Esophagogastric Dissociation

The failure rate of fundoplication in neurologically impaired 
children is relatively high (12–45%). In severely neurologi-
cally impaired children, especially those unable to feed orally 
and reliant almost completely on enteral feed because of 
incoordinate swallow, esophagogastric dissociation has been 
described as a procedure to definitively stop reflux.90–92 It has 
been described both as a rescue procedure in neurologically 
impaired children with failed fundoplications and also as a 
primary antireflux procedure in a carefully selected group of 
neurologically impaired children with reflux. The procedure 
involves disconnecting the gastric cardia from the esopha-
gus, sealing off the gastric cardia, and creating a Roux-en-Y 
esophagojejunal anastomosis, a feeding gastrostomy, and 
pyloroplasty to facilitate gastric drainage.93

Complications of Antireflux Surgery

1. Description and incidence
Complications post antireflux surgery are significantly higher 
in neurologically impaired children than neurologically nor-
mal children,84 thus studies quoting complication and failure 
rates of antireflux surgery should be analyzed for the propor-
tion of neurologically impaired children in their cohort. Reflux 
in neurologically impaired children is discussed in more detail 
later in this chapter.

Large cohort studies have established that the complica-
tion and recurrence rates of antireflux procedures have been 
acceptably low in both neurologically impaired and neuro-
logically normal cohorts.84 However, there is criticism in the 
recent literature about the quality of the follow-up studies of 

Fig. 26.8. Toupet 270° fundoplication.

Fig. 26.9. Thal anterior 180° fundoplication.
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surgical outcome, suggesting that the complications and fail-
ure rates of antireflux surgery are being underestimated and 
improperly studied.94 The argument is really one of balancing 
the true risks of fundoplication with the remarkable success 
of PPIs in managing GERD.94 However, there is no doubt that 
in many cases with complications of volume reflux, such as 
failure to thrive from caloric loss from vomiting, antireflux 
surgery is indicated.

 (a) Intraoperative complications:
Conversion to open procedure – Five to ten percent of lap-
aroscopic cases need to be converted to an open procedure. 
This is usually in the setting of adhesions or intraoperative 
bleeding.

Pneumothorax – Occurs in 2% of laparoscopic cases when 
the pneumoperitoneum communicates with the pleural space.

Esophageal or gastric perforation – One percent risk. May 
be unrecognized at the time and present in the postoperative 
period. Perforation may occur during division of the gastric 
vessels, injuring the stomach wall in the process, or during 
esophageal manipulation.

Bleeding – Uncommon, but bleeding from the liver or 
spleen may necessitate conversion to open to achieve hemo-
stasis and good vision, and rarely may require transfusion.

 (b) Complications in the postoperative period:
Dysphagia – This is worse in the first 4–6 weeks postsurgery 
when tissue edema is present. It can be a persistent symptom 
if the wrap is too tight, or if there was an underlying esoph-
ageal motility problem. While it has been suggested that 
Nissen fundoplication has a higher incidence of postoperative 
dysphagia than partial wraps, there is no definite evidence to 
back this claim. A recent series showed that dysphagia was 
reported in 2.9% of cases postoperatively and spontaneously 
disappeared by 6 months post-op.87

Hiatal herniation (from disruption of the crural stitch or 
lax crural closure) can occur postoperatively. This is usually 
associated with recurrence of symptoms. It will require sur-
gical correction.

Wrap slippage – To prevent this complication, the cranial 
most suture of the wrap usually incorporates the phrenoesoph-
ageal ligament to keep the wrap in position. If not, the wrap 
can slip down the body of the stomach, effectively acting as a 
constricting, obstructing band around the gastric body.

Gas-bloat syndrome – The inability to burp after fundopli-
cation due to the “one-way valve” created by surgery may 
result in gas bloat in 2–5% patients.95 Patients should be coun-
seled preoperatively about avoiding predisposing foods such 
as carbonated drinks.

Failure of fundoplication with recurrent reflux or symptoms 
requiring reoperation – One large series in children noted that 
redo fundoplication was required in 3.6% of neurologically 
normal children and in 11.8% of neurologically impaired 
children.84 Subsequent studies have shown a failure rate 
postfundoplication of between 4 and 44%,87,96 with the higher 
end of the scale reflecting rates in neurologically impaired 

children. Persistent and forceful retching and vomiting pre-
dispose to wrap failure.94 In one recent series, up to two-thirds 
of children were reported to be persistently symptomatic or 
on antireflux medication after antireflux surgery. However, in 
this series, a high percentage (74%) of children in this series 
had concomitant medical disorders such as cystic fibrosis or 
neurodevelopmental delay, which may explain their unusually 
high rate of failure of antireflux surgery.97

2. Diagnosis and management of complications
Intraoperative complications are usually fairly evident as 
they occur, and can immediately be addressed and corrected. 
Intraoperative pneumothorax (secondary to intraperitoneal 
insufflated CO

2
 escaping into the pleural cavity) interfering 

with ventilation may require placement of a chest drain. Gas-
tric or esophageal perforation may not be recognized during 
the procedure and may present postoperatively with signs of 
peritonitis or free gas under the diaphragm. A small leak may 
be managed conservatively with fasting, IV fluids, and anti-
biotics. A large persistent leak evident on contrast study, or a 
child with peritonitis, will require operative intervention.

Children may present with dysphagia or regurgitation of 
food in the immediate postoperative period due to edema and 
tightness at the wrap. Good preoperative counseling about 
expecting this phenomenon and avoiding predisposing foods 
such as bread and meat for 4–6 weeks after surgery is impor-
tant. A small minority will have persistent dysphagia. For 
these children, contrast study may show tightness at the wrap 
or crural closure site. Revision surgery will be required if so. 
In children whose manometry shows esophageal dysmotil-
ity, preoperative consideration may be given to a loose partial 
wrap, although definitive evidence to say that dysphagia rates 
are lower after partial wraps is lacking. Dietary advice about 
avoiding fizzy drinks is also important to minimize the occur-
rence of gas bloat postoperatively. Patients should be aware 
that if they develop severe left upper quadrant tightness and 
discomfort, they should present for medical assistance. The 
diagnosis may be clinically obvious with visible and palpable 
tender gastric fullness in the left upper quadrant. Erect CXR 
will show a large gastric bubble. Nasogastric decompression 
will usually ease symptoms.

Recurrent reflux will present in a variety of ways, often with 
the same symptoms that the child had preoperatively. Endos-
copy to assess the wrap and presence of esophagitis, contrast 
study to assess the wrap, and esophageal pH studies will help 
confirm the diagnosis of recurrent reflux. Redo laparoscopic 
surgery is generally feasible and effective.88

Special Cases

Reflux in Children with Neurological Impairment

Neurologically impaired children have a higher incidence 
of vomiting and GERD than the general pediatric popula-
tion.98 Underlying this increased incidence are factors such as 
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recumbency, hypotonia, scoliosis, spastic quadriplegia, and 
concomitant seizure disorders. Poor oral intake and incoor-
dinate swallow with subsequent failure to thrive and growth 
restriction often necessitate the fashioning of a gastrostomy 
for enteral nutrition, which can further exacerbate vomiting 
and reflux. The complications of reflux are also more frequent 
in the neurologically impaired group, mainly esophagitis,99 
but also strictures,100 Barrett’s esophagus,101 and respiratory 
complications.99,100 Medical management may be useful for 
controlling esophagitis, but volume effects of ongoing vom-
iting with calorie loss, failure to thrive, and aspiration often 
require surgical intervention in this group.

The antireflux procedure of choice for neurologically 
impaired children at our institution is the laparoscopic Nissen 
fundoplication. Other institutions perform the Thal procedure 
by choice, under the theoretical premise that the partial wrap 
allows postoperative physiological burping and vomiting, and 
is thus less likely to be disrupted than the Nissen.102 While 
antireflux surgery has good success rates in controlling symp-
toms in neurologically impaired children, with high rates of 
satisfaction with the outcome in parents and caregivers,103 
complication and failure rates are higher than in nonneuro-
logically impaired children.104

Parents and carers of neurologically impaired children 
should be carefully counseled about the high complication (up 
to 12.8% reported), mortality (up to 20% reported), and fail-
ure rates of fundoplication in this group (30–46%).84,96,105 This 
is usually manifested as a recurrence of symptoms such as 
vomiting. In the subgroup of neurologically impaired children 
who have little or no oral intake, esophagogastric dissociation 
may be considered as a primary definitive antireflux opera-
tion, or as revision surgery if initial fundoplication fails.90,93

Whether or not neurologically impaired children undergoing 
gastrostomy placement for feeding should routinely undergo 
fundoplication is a point of debate. Routine fundoplication 
with gastrostomy has been proposed in the past in view of the 
increased risk of GERD postgastrostomy placement.106 Our 
practice is to perform gastrostomy only where indicated, and 
to perform fundoplication later should symptomatic GERD 
develop, a position that is well accepted in the literature. Less 
than half of these children will develop symptomatic reflux,38,107 
and it is generally possible to perform lap fundoplication around 
preexisting gastrostomies without having to take them down.108

Reflux in Children and Adults with Previous 
Esophageal Atresia Repair

Children with TEF/EA have a high incidence (35–58%) of 
associated GERD.40,41 Reflux in these children can result in the 
usual complications of esophagitis, respiratory complications, 
and death spells. In addition, reflux exacerbates complications 
with esophageal anastomoses such as stricture formation.40 
About 50% of affected children respond to medical manage-
ment of reflux, with the other 50% requiring surgical interven-
tion.27,40 Good results after antireflux surgery are reported in 

this group of children,109–111 with a 15–18% failure rate noted 
in the literature.111,112

Adults with previous esophageal atresia repair also seem to 
have a higher incidence of reflux symptoms such as heartburn 
and a higher incidence of esophagitis and are thought to have 
a higher risk of Barrett’s esophagus than the general popula-
tion.113–115 ‘Barrett’s esophagus denotes specifically the pres-
ence of intestinal metaplasia in the esophagus, and is a risk 
factor for adenocarcinoma. In two studies, gastric epithelium 
was found on esophageal biopsies in 6–8% of TEF/EA chil-
dren and young adults on follow-up endoscopy,116,117 but there 
is uncertainty about whether this represented true metaplasia or 
normal gastric mucosa pulled up above the hiatus. One study 
has showed the presence of true Barrett’s esophagus in 6% of 
adults with previous TEF/EA in their study cohort.113 Whether 
this group of patients truly has a higher risk of Barrett’s esoph-
agus than the general population is unknown. It is thought that 
there is not enough evidence at this stage to recommend regu-
lar endoscopic screening for this cohort of patients.115 There 
are at least three case reports in the literature of adenocarci-
noma of the esophagus in young adults with previous TEF/EA 
repair.118–120 It may be that regular long-term follow-up of these 
patients with specific regard to symptoms of reflux and early 
endoscopy to investigate any new symptoms such as dysphagia 
is prudent.

Controversies

Barrett’s Esophagus in Children with GERD

Barrett’s esophagus is the presence of specialized metaplas-
tic columnar epithelium in the lower esophagus replacing the 
normal stratified squamous epithelium.121 Mucosal damage to 
the lower esophagus from GERD is thought to heal abnor-
mally with metaplastic columnar cells replacing squamous 
ones. The prevalence of Barrett’s esophagus is associated 
with length of GERD symptoms.122 The diagnosis of Barrett’s 
esophagus is made on endoscopy and biopsy confirming the 
presence of columnar metaplasia in the distal esophagus.

Barrett’s esophagus is a precursor to esophageal adenocar-
cinoma, the incidence of which is increasing in the Western 
world. It is estimated that cancer develops in 0.5% of adult 
patients with Barrett’s esophagus per year.123 Progressive dys-
plasia in the intestinal metaplasia of the distal esophagus is 
well documented over a period of years.124 From these risks 
has arisen the practice and recommendation of endoscopic 
screening for patients with Barrett’s esophagus in order to 
detect patients with dysplasia or carcinoma early.

There are many difficulties with endoscopic screening. Up to 
40% of patients with Barrett’s esophagus have no prior history 
of GERD symptoms, making it difficult to define the popula-
tion to screen.125 Only about 5% of patients with adenocarci-
noma were known to have Barrett’s esophagus prior to their 
presentation with cancer.126 Screening has not been proven to 
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reduce deaths from adenocarcinoma.121 Detection of dysplasia 
relies on random endoscopic biopsies from the area of meta-
plasia, since the presence of dysplasia cannot be grossly iden-
tified at endoscopy.121 Patients in whom high-grade dysplasia 
is detected on screening biopsies face the difficult options of 
undergoing further intensive endoscopic surveillance, endo-
scopic ablation of the dysplastic area, or esophagectomy.

There is some evidence that treatment of patients with Bar-
rett’s esophagus with PPIs may result in partial regression of 
the metaplastic epithelium.127 Whether or not either medical 
or surgical antireflux treatment reduces the risk of cancer in 
Barrett’s esophagus is unknown.121

Given the earlier uncertainties in managing adult patients 
with Barrett’s esophagus, one can imagine the difficulties in 
planning management in children with Barrett’s esophagus. 
The prevalence of Barrett’s esophagus in adults undergoing 
endoscopy ranges from 8–12%,128,129 whereas it is thought to 
be lower in children. One retrospective study estimated the 
prevalence of Barrett’s esophagus in children undergoing 
endoscopy to be 2.7%, but it is likely that this is an under-
estimate.130,131 If GERD is a risk for Barrett’s esophagus, and 
dysplasia and malignancy in Barrett’s esophagus are also a 
function of time, then logically GERD and Barrett’s esopha-
gus spanning from childhood will carry significant risk for 
esophageal carcinoma. At present though, there is no evidence 
to support the presumption that this risk is any higher for a 
child with Barrett’s esophagus than for an adult with Barrett’s 
esophagus. There is general agreement that regular endoscopic 
screening with biopsies should be instituted and maintained 
for children with known Barrett’s esophagus.

Conclusion

GERD can be successfully managed with medications and 
antireflux surgery, achieving good symptom control. However, 
the natural history of GERD diagnosed in childhood is as yet 
unclear, and further research is required in defining the links 
of childhood-onset GERD to Barrett’s esophagus and future 
risk of malignant change, and on how best to treat children so 
that these risks are minimized.1,132
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Introduction

Foreign bodies that lodge in the esophagus are potentially a 
serious problem that peaks in children between the ages of 
6 months and 3 years.1 The majority of the ingested foreign 
bodies in children are lodged in the esophagus. Once the foreign 
body passes beyond the esophagus it usually negotiates itself 
through the rest of the gastrointestinal tract. Failure to recognize 
or appropriately manage a foreign body in the esophagus may 
lead to complications and occasional mortality.

Foreign bodies in the esophagus are ingested in young children 
by curiosity as they put objects in the mouth. Accidentally 
ingested foreign bodies are also seen either as food bolus 
impaction or in older children holding objects between their 
teeth. The impacted foreign body in the esophagus may be 
identified in a previously managed or unrecognized esophageal 
stricture.

Historic Perspective

Kelling has been credited with the invention of the first flexible 
esophagoscope in 1902.2 Other prominent surgeons, namely 
Mikulicz, were also instrumental in the development of a flex-
ible scope using lighting at the end of the scope. However, the 
beginning of esophagoscopy in late nineteenth century was 
the result of forward thinking by Professor Adolf Kussmaul, 
of Freiburg, who passed a hollow tube with a reflected light in 
the esophagus of a sword swallower.

Initially indirect visualization using a mirror was first 
described by Bozzini in 1809. Unfortunately, a view beyond 
the oropharynx could not be obtained. The use of an electrical 
light source and transmission of light along the cable rather 
than through a prism formed the basis of the modern endoscope 
that is in use today.3

In the past the diagnosis of an esophageal foreign body 
was achieved using a stethoscope on the patients back, which 

detected a gurgling sound resulting from liquid obstruction at 
the site of the foreign body. In 1875, Duplay used an esophageal 
resonator, which detected a scratching noise at the site of the 
esophageal obstruction.4

Basic Science/Pathogenesis

Foreign bodies are most likely to lodge where the esophagus 
is narrow. These areas include the upper esophageal sphincter 
formed by cricopharyngeaus, the level of the aortic arch (T4) 
where the esophagus is indented on the left by the aortic arch, 
and the lower esophageal sphincter at the gastroesophageal 
junction.

Some series report that, with the exception of sharp objects, 
foreign bodies lodge at either the upper or lower sphincter in 
the vast majority of cases. Our experience suggests that the 
most common site of obstruction for blunt objects is at the 
level of the thoracic inlet (Fig. 27.1). Small sharp objects, such 
as fish bones tend to lodge in the tonsillar region.5 This poses a 
major problem in places such as China because of their habits 
of cooking and easting fish on the bone.6

The vast majority of esophageal foreign bodies occur 
in a normal esophagus. However, underlying esophageal 
pathology should always be considered. The most common 
cause is an esophageal stricture in conjunction with esophageal 
dysmotility following repair of esophageal atresia. A foreign 
body may be the first presentation of peptic stricture of the 
esophagus. Food bolus impacted at the lower end of the 
esophagus following fundoplication may indicate that the 
wrap is too tight.

The most common foreign bodies are coins, which account 
for up to two-thirds of all esophageal foreign bodies in chil-
dren.7 Food bolus is a common cause if there is underlying 
esophageal narrowing. Other foreign bodies less commonly 
encountered include needles, hairpins, disc batteries, and 
bones (usually fish or chicken).
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Foreign bodies impacted in the oropharynx are usually 
sharp and may be complicated by retropharyngeal abscess 
formation.8

Esophageal foreign bodies can damage the esophagus and 
lead to strictures. Objects may erode the esophageal mucosa 
into surrounding tissues and cause esophageal perforation or 
tracheoesophageal fistulae. This in turn may be complicated 
by the development of an empyema. If the object erodes into 
the aorta, rapid exsanguination and death may follow.

Disc or alkaline batteries lodged in the esophagus are of 
special concern; the corrosive effect on the esophagus is 
caused by the production of sodium hydroxide as current flows 
from the anode to the cathode.9 Animal studies have shown 
that full thickness necrosis of the esophagus can occur within 
4 h,10 resulting in esophageal perforation, tracheoesophageal 
fistula, or aortoesophageal fistula. Following the removal of 
a disk battery, follow-up is essential to exclude esophageal 
stricture.

Clinical Features

An estimated 40% of foreign body ingestions by children are 
not witnessed. Esophageal foreign bodies are usually symp-
tomatic, in contrast to foreign bodies that pass through the 
esophagus, which usually remain asymptomatic.1

The most common symptoms are drooling, gagging, and 
refusal of oral intake. Attempts at drinking or swallowing 
solids may result in regurgitation or choking. Older children 

may articulate the feeling of a foreign body lodged in the 
esophagus.

Respiratory symptoms such as wheezing or tachypnea may 
be presenting symptoms if the esophageal obstruction causes 
secondary airway compression. This is especially common in 
food bolus obstructions. Failure to be aware of this may lead 
to the erroneous diagnosis of a primary respiratory problem 
and result in delay of diagnosis.

Long-standing esophageal impaction resulting in incomplete 
obstruction may cause retrosternal discomfort, progressive dys-
phagia, failure to thrive, or recurrent aspiration pneumonia.1

Esophageal perforation is a rare but potentially life-threaten-
ing complication of long-standing esophageal foreign bodies. 
Perforation of the esophagus produces signs of mediastinitis, 
such as fever, malaise and pain, and subcutaneous emphysema 
in the neck.

Diagnosis

The diagnosis of a child with suspected foreign body ingestion 
begins with a physical examination. This should include 
a thorough inspection of the mouth, fauces, and tonsillar 
region.5

When the location of a foreign body is uncertain, plain 
X-rays should be performed and should include the head, neck, 
and abdomen as the foreign body could be located anywhere 
from the nasopharynx to anus. Up to 65% of all foreign body 
bodies are radiopaque.11 The common exceptions include 
wooden, plastic, and glass objects, as well as fish and chicken 
bones, which may not be seen on plain radiographs. Fish 
bones that lodge in the oropharynx are notoriously difficult 
to detect on plain radiographs. Lateral neck radiographs are 
helpful as most fish bones lodge above the level of the cricoid 
where the pharyngeal soft tissues are prominent, rendering the 
radiological interpretation difficult.6

Coins are amongst the most common ingested foreign body 
and their orientation on plain X-ray gives important clues to 
their location. Coins arrested in the esophagus lie in a coronal 
plane whereas coins in the trachea lie in a saggital plane5 
(Fig. 27.2). There should be concern if a coin lies in an oblique 
orientation, especially in conjunction with a long history as 
this may indicate that the coin has eroded into the wall of the 
esophagus. In this situation a CT scan must be considered 
before attempting surgical removal.

If a non-radiopaque foreign body not identified on plain 
X-ray is still suspected on clinical grounds, then either upper 
GI contrast or esophagoscopy should be considered. Because 
contrast studies pose a risk of aspiration, which may compro-
mise endoscopy,1 it is recommended to proceed straight to 
endoscopy rather than barium studies.

CT scans are reserved for rare cases where there is a suspected 
complication (for example, a retropharyngeal abscess) or there 
is a suspicion of the foreign body having eroded through the 
wall of the esophagus into the surrounding tissues.

Fig. 27.1. Plain radiograph of a coin lodged at the level of the aortic  
arch
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Management

Most foreign bodies that lodge in the esophagus fail to pass 
spontaneously once the child presents to hospital and therefore 
require a surgical opinion.

Rigid or flexible endoscopy under general anesthetic and 
removal of the foreign body would appear to be the most effective 
means of treatment. The choice between rigid pharyngoe-
sophagoscopy and flexible esophagoscopy is controversial. 
There are advantages and disadvantages of each technique. 
Rigid endoscopy is potentially associated with a higher risk 
iatrogenic esophageal perforation. However, it can give a better 
view of the hypopharynx and upper esophagus and offer more 
control when removing sharp objects. Flexible endoscopy carries 
a smaller risk of iatrogenic damage to the esophagus and can 
be performed under local anesthetic in adults; however, this is not 
relevant in the pediatric population.6 Small sharp objects such 
as fish bones, which lodge in the pharyngeal region, should be 
visualized and removed at the time of direct laryngoscopy.

Button batteries require urgent removal because of the risk 
of esophageal damage as discussed previously. Follow-up 
with contrast studies or endoscopy to exclude a stricture fol-
lowing its removal is recommended in all cases.

Open safety pins may provide a special challenge. If the sharp tip 
is directed distally, then safe removal is best achieved by grasping 
the blunt apex and extracting it upward under direct vision. If the 
sharp tip is directed proximally, then it can be removed either by 
grasping the tip and removing under direct vision or by turning 
the object around so that the tip points distally.

The Foley and bougienage techniques have been proposed 
to remove smooth objects such as coins.7 In the Foley technique, 
a Foley catheter is passed beyond the coin and the balloon is 

inflated with radiocontrast dye and then pulled out under fluoros-
copy. However, the potential for airway compromise and esoph-
ageal trauma due to excessive balloon pressure has prevented 
it from becoming universally accepted. Despite these concerns, 
the technique may have a role in special circumstances where 
objects such as marbles are difficult to grasp with forceps.

Some have advocated the use of the bougienage where the 
object is pushed into the stomach.1 This can be a useful tech-
nique in an obstructed food bolus, where piecemeal extraction 
using the grasping forceps can be tedious. However, for harder 
objects the bougienage technique carries the risk of impacting 
the object into the lower esophagus, and therefore it is gener-
ally not recommended by the authors.

Technique of Rigid Esophagoscopy

Esophagoscopy in children is performed under general anes-
thesia with endotracheal intubation. All equipment including 
suction devices should be checked before inducing the child. 
The child is placed in supine position with extension of the 
neck achieved by placing a roll under the shoulder.

Care should be taken not to lever the neck by the esopha-
goscope as it may damage either the cervical spine or the 
incisor teeth. The rigid scope is passed under vision 
into the back of the pharynx, and then the cricopharynx is 
entered by elevating the larynx gently forward. The patient’s 
mandible and maxilla are supported by the left hand, while 
negotiating the esophagoscope under direct vision. A view of 
the esophagus lumen should be maintained in the center at all 
time while advancing the scope.

The child should be observed following esophagoscopy for 
signs of possible perforation and is initially restricted to clear 

Fig. 27.2. Coins stuck in the esophagus (A) or trachea (B)
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liquid diet for the first few hours. A chest X-ray should only 
be performed postoperatively if complications are suspected. 
An upper GI contrast study should be performed if esophageal 
perforation is suspected.

A thoracotomy to remove an esophageal foreign body 
may sometimes be required in rare cases. The most common 
cases where this may arise are where a foreign body has been 
present for a long period of time and has imbedded itself in 
the wall of the esophagus, rendering endoscopic removal 
impossible. A thoracotomy may also be required to repair 
a tracheoesophageal fistula (see case study). Esophageal 
strictures resulting from an esophageal foreign body may 
require one or more esophageal dilatations. If an empyema 
occurs secondary to an esophageal perforation, then formal 
drainage may be required (Fig. 27.3).

Rare Case: Tracheoesophageal 
Fistula Caused by Electrolysis of a 
Button Battery Impacted in The Esophagus

An 11-month-old baby swallowed an unidentified foreign 
body. A chest X-ray at the GP revealed a button battery in 
the lower esophagus at the level of C6. X-ray performed 4-h 
postingestion in a hospital revealed that the position was 
unchanged.

A traumatic endoscopic removal using forceps under GA 
was performed 9-h postingestion. The child fed well and was 
discharged home.

At 5 days postremoval of the battery the child developed 
stridor with episodes of choking and the inability to swallow 
anything including saliva.

The infant was readmitted for esophagoscopy and bron-
choscopy on day 7. Following endotracheal intubation an 
esophagoscopy revealed a tracheoesophageal fistula at the mid-
esophageal level. It soon became impossible to ventilate the 
child via the endotracheal tube due to shunting of air through 
the fistula into the stomach. The child was extubated and suc-
cessful mechanical ventilation via mask was established. The 
infant was then transferred to a tertiary institution.

The child was reintubated advancing the endotracheal tube 
into the right main bronchus and urgent repair of the fistula 
was undertaken on full cardiopulmonary bypass.

At operation via a right-sided thoracotomy there was a 
very large fistula between the anterior wall of the lower cervi-
cal esophagus and the trachea, surrounded by inflammatory 
edema. The esophagus was mobilized inferiorly until a short 
distance above the diaphragm, and a primary repair of esopha-
gus and trachea was achieved following division of the fistula. 
The endotracheal tube was then advanced beyond the repair 
and the child was left intubated for 8 days.

Fig. 27.3. (a, b) Complications of esophageal FB. (a) Perforation of 
esophagus in the mediastinum giving rise to empyema, (b) a glass 
piece perforating the retropharyngeal space that can result into ret-
ropharyngeal abscess. Infection from this space can spread into the 
mediastinum

a

b
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Postextubation, a mild stridor was treated with nebulized 
adrenaline and dexamethasone. A barium swallow on day 10 
revealed no leak. On day 16 a stricture at the site of the esoph-
agus repair became clinically apparent, which subsequently 
required five dilatations.

The battery was a new lithium–manganese dioxide button 
cell type DL 2025 with a nominal voltage of 3 V.

Aortoesophageal Fistula

This potential life-threatening complication can be caused 
by either an impacted foreign body or as a result of forcible 
removal, resulting in a severe hemorrhage. The eroding foreign 
body causes an aortoesophageal fistula. Initially this causes 
episodic minor hematemesis, which can eventually result in 
hemorrhage. This potentially fatal complication is very rare; 
however, there are recorded cases of this complication in the 
literature from impacted esophageal foreign bodies.12,13

Generally, the condition should be suspected and investi-
gated when there is an intermittent history of hemetemesis in 
a patient with impacted foreign body or following removal 
of a foreign body. In an evolving aortoesophageal fistula the 
endoscopy may show either a submucosal hematoma or an 
esophageal ulcer with undermined edges at the level of aor-
tic arch. Various endoscopic techniques to prevent the bleed-
ing have been described. These techniques include the use of 
endoscopic hemoclips or fibrin glue in association with an 
endovascular aortic stent. In acute hemorrhage, insertion of 
Sengstaken-Blackmore tube may allow some time so that the 
patient can be stabilized and taken to theatre.14,15

The descending aorta is best approached via a left thoraco-
tomy. Depending on the extent of aortic involvement and the 
severity of infective mediastinitis, the use of Dacron vascular 
interpositional aortic bypass grafts with or without esophageal 
resection may produce good results. In the presence of severe 
infection, diversion esophagostomy rather than primary anasto-
mosis of the esophagus with subsequent restoration of esopha-
geal continuity is advisable. Postoperative broad-spectrum 
antibiotics with adequate thoracic drainage are indicated.
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Introduction

In the USA approximately 300 children die each year from 
choking. In the UK approximately 24 children die each year. 
The number of children presenting to emergency rooms with 
foreign body aspiration (FBAO) is at least 100-fold higher. 
The majority of deaths from FBAO occur in children under 
the age of 5. The objects most commonly aspirated are liquids 
in infants, and food, nuts, candy, small objects, and balloons 
in older children.

Prevention of FBAO involves a combination of parental 
education and manufacturing law. In the UK the Consumer 
Affairs Department of the Department of Trade and Industry 
monitors accidental injuries from choking in children.1 Stan-
dards relating to the design and safety of toys are regulated by 
European directive BB/378/EEC and in the USA by Federal 
law (Consumer Product Safety Commission “small arts regu-
lations”).2,3 This legislation involves testing childrens’ toys 
using a “small parts cylinder” with dimensions that mimic the 
size of an infant’s pharynx (Fig. 28.1). Toys with detachable 
components less than 2.5 cm × 3.2 cm are deemed unsuitable 
for children under the age of 3.

Considerable effort has been put into first aid and 
paramedic training to deal with FBAO.4,5 Algorithms for 
treatment are centered around basic life support and the 
Heimlich maneuver (Fig. 28.2).6,7 Recent advice suggests 
that the Heimlich maneuver should not be used on infants 
because of the potential risk of injury to the abdominal vis-
cera.8–10 Infants should be inverted and foreign bodies dis-
impacted using chest thrusts.

Historical Perspective

Until the late nineteenth century the only method available 
to remove foreign bodies from the airway was bronchotomy. 
The results were generally poor with mortality rates around 
25%. Death was either rapid from hypoxia or protracted from 
bronchiectasis. Killian is credited with successfully removing 

a bone from the right main stem bronchus of a German farmer 
in 1897. Jackson amassed considerable experience in the 
endoscopic removal of foreign bodies in the early twentieth 
century, describing techniques that are still in use.11 By 1936, 
the mortality from an aspirated foreign body had decreased 
from 24 to 2%. The practical problem of illumination ham-
pered endoscopy until the early 1960s when fiber optic cables 
became commercially available. The Hopkins rod-lens tele-
scope was introduced by Storz in 1966. Light transmission 
and viewing angle increased substantially allowing instrument 
diameter to be reduced without diminishing the quality.

Basic Science and Epidemiology

Children between the ages of 1 and 3 are most at risk of FBAO. 
Toddlers are naturally inquisitive creatures who frequently 
place objects in their mouths yet lack the cognitive ability to 
distinguish edible from inedible objects. Their swallowing 
mechanism is still relatively immature and they lack the adult 
dentition for grinding food. Adult supervision of toddlers is a 
challenging exercise at the best of times, and most episodes 
of aspiration in children of this age are difficult, if not impos-
sible, to prevent.

Children can aspirate almost anything that they place in 
their mouths. Toys, or small parts of toys, are frequent cul-
prits, despite the legislation discussed previously. Food is 
probably aspirated most commonly by children. Peanuts and 
other nuts or seeds are particularly liable to aspiration. Pea-
nuts tend to lodge in a main bronchus because of their size 
and smooth surface. Smaller fragments lodge more distally. 
Peanuts swell as they absorb water and the peanut oil causes a 
marked inflammatory reaction with mucosal edema. Granula-
tion tissue develops around the nuts within a few days, making 
extraction progressively more difficult (Fig. 28.3).

FBAO in infants is less common and usually involves 
liquids. If an infant presents with a solid FBAO parental 
supervision should be questioned and occasionally this 
may involve the child protection agencies. FBAO in older 
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children is generally the result of misadventure. Fatalities 
in adolescents frequently involve aspiration of balloons.

Aspirated foreign bodies may lodge in the larynx, trachea, 
or bronchus.12–17 The majority will become lodged in a bron-
chus. Foreign bodies in adults preferentially land in the right 
main bronchus because of the obtuse angle this makes with 
the trachea. The right main bronchus is also of larger diameter 
and caries a greater airflow than the left bronchus. In children 
a foreign body is equally likely to lodge in the left or the right 
main bronchus. It is important to realize that foreign bodies 
may lodge in the esophagus in toddlers and produce very similar 
symptoms to foreign bodies in the trachea.

Diagnosis

Signs and Symptoms

Foreign bodies in the airway usually cause coughing, choking, 
and cyanosis.18 In many cases the aspiration is witnessed by 
a parent or sibling. The characteristic features that distinguish 
FBAO from other causes are the sudden onset, the history, and 
the absence of antecedent fever. Despite this in over half of 
all patients there is a delay in diagnosis ranging from days to 
years because symptoms are attributed incorrectly to asthma, 
croup, or other respiratory diseases. The problem is often 
compounded because after the initial period of coughing and 
choking the symptoms tend to improve.

Foreign bodies lodged in the larynx may cause hoarseness, 
cough, dyspnea, stridor, and cyanosis. If the object lodges in 
the glottis death from asphyxia frequently occurs before medi-
cal attention is possible. Foreign bodies in the trachea will 
cause wheezing, dyspnea, stridor, cough, and cyanosis. Com-
plete obstruction at this level is rapidly fatal.19

Fig. 28.1. Small parts cylinder

Fig. 28.2. Immediate management of pediatric foreign body airway 
obstruction (with permission from UK Resuscitation Council)

Fig. 28.3. Long-standing foreign body with granulation tissue
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Foreign bodies in a bronchus may cause partial or com-
plete obstruction. Partial obstruction is associated with a 
fixed wheeze, audible on both inspiration and expiration that 
does not alter after coughing. Ball valve obstruction from an 
endobronchial foreign body is common and results in progres-
sive inflation of the affected lung. Total obstruction results in 
gradual atelectasis as the air is absorbed. Periodically children 
with endobronchial foreign bodies present after 24–48 h with 
fever, cough, and pneumonia.

Investigations

Confirmation or exclusion of a foreign body in the airway 
ultimately requires endoscopy. However, children presen-
ting with a history of actual or suspected aspiration should 
have a frontal chest X-ray (CXR) and a lateral X-ray of 
the neck.

Most foreign bodies are radiolucent. Radiographs of the 
neck and chest may be completely normal or, at best, show 
subtle indirect signs of a foreign body. Radiological changes 
are more likely to be present if the foreign body has lodged 
in a bronchus and if there has been a delay of 24 h or more 
between aspiration and imaging.20 Svedström et al. reported a 
diagnostic accuracy of 67%, a sensitivity of 68%, and a speci-
ficity 67% for detection of inhaled foreign bodies using plain 
X-rays.21

Foreign bodies in the larynx and trachea may be visible, 
even if nonmetallic, and mucosal edema may be present.12 
However, most often foreign bodies in this region produce no 
radiological abnormality.

Foreign bodies in a bronchus cause a variety of radiologi-
cal abnormalities. The chest X-ray may be normal in 9–33% 
cases.22,23 Check-valve obstruction may result in  hyperinflation 
with mediastinal shift (Fig. 28.4a, b) and occasionally a 
pneumothorax. Total bronchial obstruction will result in 
atelectasis of the whole lung as air is absorbed (Fig. 28.5). 
Impaction of a foreign body in a distal bronchus may present 
with radiological features of lobar pneumonia (Fig. 28.6). 
Inspiratory and expiratory chest X-rays are often noncon-
tributory in small children because of lack of cooperation. If 
air trapping is suspected then fluoroscopy is a better method 
for confirmation.

Computerized tomography (CT) can be used to demon-
strate airway foreign bodies. CT scans can depict the foreign 
body within the lumen of the tracheobronchial tree, and they 
will identify the secondary changes of obstructive emphy-
sema, atelectasis, and lobar consolidation.24 Narrow windows 
decrease the likelihood of missing a foreign body.25 Helical 
multidetector-row CT scanners allow very rapid imaging of 
the thorax and may allow scanning of restless toddlers. The 
role of virtual bronchoscopy (VB) for identification of foreign 
bodies is uncertain at present. In a recent study by Kocaoglu et 
al. foreign bodies were visualized by VB in 15/23 children.26 

Consolidation and atelectasis were seen in a further five chil-
dren but CT and VB were normal in the remaining three chil-
dren with endoscopically proven foreign bodies. The authors 
concluded that VB increased the total examination time (and 
cost) without providing additional information over conven-
tional CT imaging.

Several authors have reported the use of magnetic resonance 
imaging (MR) to identify airway foreign bodies.27,28 Although 
MR avoids radiation exposure long data-acquisition times 
invariably mean sedation or anesthesia for young children, 
which is undesirable if the airway is potentially compromised 
by a foreign body.

a

Fig. 28.4. (a, b) Chest X-rays in inspiration and expiration showing 
air trapping

b
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Management

Immediate Management of Inhaled Foreign Bodies

First-aid management depends on whether the airway is par-
tially or totally obstructed. Coughing, choking, and gagging 
are involuntary efforts to clear the airway. They indicate partial 

airway obstruction, and the child may expel the foreign body 
without further intervention. Immediate assistance is generally 
unwise – a spontaneous cough is likely to be more effective 
and safer than any maneuver a rescuer might perform. Blind 
finger sweeps of the pharynx may unintentionally force a 
foreign body into the hypopharynx with fatal consequences. 
Back blows also risk exacerbating the airway obstruction in a 
conscious child.

If the child is unconscious or has an ineffective cough 
help is needed quickly. The child will be unable to speak and 
may be cyanosed and unconsciousness. Inappropriate action 
may cause injury but inertia may cause death. Help must be 
summoned. The current American Association of Pediatrics 
guidelines (1988)5 and the current UK resuscitation council 
guidelines (2005)7 recommend back blows to a child under 
the age of 1 placed in the prone position as the initial treat-
ment. If this fails the child should be turned into a supine 
position and chest thrusts administered, similar to external 
cardiac massage. If this is not successful mouth-to-mouth 
resuscitation is commenced. For children over the age of 
1 year the Heimlich maneuver should be used. If this fails 
mouth-to-mouth resuscitation should commence. Attempts 
to retrieve a foreign body from the pharynx digitally should 
only be performed on an unconscious child if the object is 
visible.

Definitive Management

Basic resuscitation should be continued in the emergency 
room for an unconscious child and 100% oxygen adminis-
tered using bag and mask ventilation if necessary. Desperate 
attempts to intubate an asphyxiated child in the emergency 
room in the hope of forcing a foreign body into one or other 
main bronchus are invariably futile.

Rigid bronchoscopy is the definitive method for removing 
foreign bodies from the airway. This is not for the tyro. The 
importance of checking that all the necessary equipment are 
present and compatible cannot be overestimated. The scrub 
nurse must be familiar with the equipment and the likely 
sequence of events. Telescopes and bronchoscopes must be 
kept warm to minimize condensation, which will fog the 
endoscopic view. The surgeon and anesthetist should discuss 
strategy and their relative responsibilities prior to the arrival 
of the child. Failed retrieval of an inhaled foreign body has the 
potential to produce complete airway obstruction, with pre-
dictable consequences.

General anesthesia is essential with monitoring of EKG, 
pulse oximetry, capnography, and blood pressure.29 Intra-
venous access is mandatory. Inhalational induction is rec-
ommended using either sevoflurane or halothane in 100% 
oxygen. This can take some considerable time when the 
airway is obstructed.

Spontaneous ventilation is preferable, although occasion-
ally gentle assistance with mask ventilation may be necessary. 
Spontaneous ventilation is unlikely to cause distal migration 

Fig. 28.6. Chest X-ray showing right lower lobe collapse from a for-
eign body

Fig. 28.5. Chest X-ray showing complete collapse of the lung from 
a foreign body
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of the foreign body and also reduces the risk of air trapping 
and pneumothorax.

The Stortz ventilating bronchoscopes are the best choice 
for endoscopic extraction of foreign bodies. These broncho-
scopes are available in a full range of sizes but for foreign 
body extraction the 3.5, 3.7, and 4.0-mm diameter bron-
choscopes should be used because optical grasping forceps 
are available (Fig. 28.7a, b). A wide range of instruments 
is available to enable retrieval of a foreign body (FB), as well 
as other therapeutic procedures. Oxygenation and anesthesia 
are maintained by connecting the anesthetic circuit T-piece 
to the sidearm of the bronchoscope.

A preliminary examination of the pharynx and larynx should 
be made with the anesthetic intubating laryngoscope because 
occasionally foreign bodies can be retrieved from this region 
using McGill’s forceps. The next objective is to assess the 
airway to confirm or exclude the presence of a foreign body. 
Great care must be taken to ensure that the lumen of the airway 
remains in view at all times to avoid pushing a foreign body 
further down the tracheobronchial tree. Once the foreign body 
is located the bronchoscope is positioned approximately 2 cm 
above the obstruction and supported by the surgeon. The opti-
cal biopsy forceps is then assembled with the correct telescope 
and introduced into the bronchoscope. The jaws of the forceps 
are opened once they emerge from the end of the broncho-
scope and the foreign body is grasped under direct vision. In 
the case of spherical or globular foreign bodies it is important 
to ensure that the blades of the forceps pass beyond the equa-
tor of the object to minimize the risk of fragmentation during 
retrieval. This is a particular problem with peanuts, which must 
be grasped with great delicacy. The anesthetist should tempo-
rarily suspend ventilation at this point. If the foreign body is 
small and unlikely to fragment it may be retrieved through the 
bronchoscope. This is not usually possible in which case the 

foreign body and bronchoscope must be withdrawn together. It 
is easy to loosen the foreign body in the upper trachea or lar-
ynx at this stage. After the bronchoscope has been removed the 
anesthetist should take over control of the airway with a face 
mask while the retrieved object is inspected.

If the object cannot be grasped through the bronchoscope 
retrieval with a Fogarty embolectomy catheter may be suc-
cessful.30 The Fogarty catheter can be passed down the bron-
choscope. The catheter is advanced beyond the foreign body 
and the balloon is inflated. Traction is exerted on the catheter 
to withdraw the foreign body (Fig. 28.8). The bronchoscope 
should be removed at this stage and an anesthetic laryngo-
scope inserted. As the object appears in the laryngeal inlet it 
can be grasped with McGill’s forceps and retrieved.

Rarely foreign bodies are found in the tracheobronchial tree 
that are too large for removal through the larynx endoscopi-
cally. If this is felt likely then it is safer to remove the foreign 
body from the airway through a cervical tracheotomy than risk 
impacting the object in the subglottis during extraction through 
the larynx.31 The tracheal incision can then be closed.

It is mandatory to examine the distal airway after removal 
of a foreign body to exclude additional foreign bodies and 
to aspirate secretions. Residual foreign body fragments may 
need to be removed in which case the procedure described 
earlier above should be repeated.

Fibreoptic bronchoscopy has been used for retrieval of 
foreign bodies and this may be successful in some instances.32 
However, the range of instruments for foreign body extraction 

Fig. 28.7. (a, b) Storz ventilating bronchoscope and optical grasping 
forceps Fig. 28.8. Retrieval of a foreign body using a Fogarty catheter
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are limited and complete control of the airway is not possible in 
the way that can be achieved with a rigid bronchoscope. Fail-
ure to retrieve a foreign body by flexible bronchoscopy neces-
sitates rigid bronchoscopy, and facilities must be available to 
proceed with this under the same anesthetic. It is unacceptable 
to anesthetize the child twice as a result of ill-conceived pride 
on the part of the physicians who overestimate their skill with 
fiberoptic bronchoscopy.

Oxygen saturation monitoring should be continued for 
several hours following bronchoscopy for a foreign body. 
Humidified oxygen may be necessary. If there is significant 
lobar collapse distal to a foreign body chest physiotherapy and 
antibiotics may need to be continued for a few days postopera-
tively. Steroids are not usually required. In all cases children 
should remain in hospital under observation overnight.

Complications

Specific complications encountered as a result of bronchos-
copy for foreign bodies include failed retrieval, airway trauma, 
and persistent lobar collapse. Complications are more likely 
to occur if the foreign body is longstanding. In most reported 
series open surgery to retrieve a foreign body is necessary in 
less than 1% of cases. Persistent lobar collapse may indicate 
a residual foreign body, bronchial stenosis, or, in long-stand-
ing cases, bronchiectasis. Repeat bronchoscopy after several 
weeks of intensive medical treatment may be necessary. In the 
case of severe symptomatic bronchiectasis lobectomy may be 
required.

Peanuts provoke a florid inflammatory reaction in the air-
way and rapidly become surrounded by granulation tissue. 
Granulation tissue obscures the view of the foreign body and 
bleeds as soon as an attempt is made to grasp the object. Ice-
cold saline injected down the suction catheter may stop the 
bleeding. Provided the foreign body can be grasped securely it 
should be retrieved. If the view is totally obscured by bleeding 
the safest course of action is to abandon the bronchoscopy and 
make a further attempt after 48–72 h. Bleeding from granula-
tion tissue invariably ceases spontaneously after the foreign 
body has been removed. The granulations will resolve once 
the foreign body is removed.

Organic material, especially peanuts, becomes soggy and 
friable in the airway. Great care is necessary during extrac-
tion to avoid fragmentation. Peanut forceps are recommended 
and the surgeon should ensure that the jaws of the forceps 
pass beyond the equator of the object to be retrieved. The jaws 
should be closed gently and the foreign body, bronchoscope, 
and optical forceps removed together. The object must be 
inspected to confirm integrity and the bronchoscope reinserted 
to exclude residual debris in the tracheobronchial tree.

Sharp objects are uncommon. They should be retrieved 
either blunt end first or by drawing the pointed end into the 
shaft of the bronchoscope, which is then removed.

Foreign bodies impacted in the distal airways or in an upper 
lobe bronchus are rare. They are best located by fiberoptic 
bronchoscopy and, depending on the nature of the foreign 
body, may be amenable to retrieval with a Dormia basket or 
using a Fogarty catheter. Occasionally it is possible to move 
the foreign body to a more accessible location by applying 
suction through the bronchoscope. If all these measures fail 
bronchotomy or lobectomy may be necessary.

If a foreign body is lost during retrieval the bronchoscope 
should be reinserted. If the foreign body lies in the trachea and 
cannot be grasped immediately it should be deposited back in 
the bronchus in which it originally lodged. A second attempt 
should be made to retrieve the object. If the foreign body is not 
seen the bronchoscope should be withdrawn making a careful 
inspection of the larynx and hypopharynx. The airway should 
then be intubated with an endotracheal tube and the mouth, 
nose, and esophagus examined to ensure that the foreign body 
is retrieved.

Bronchiectasis is a recognized complication of prolonged 
retention of airway foreign bodies. In an interesting study of 
children from Turkey, Karakoç et al. included 30 children in 
whom retrieval of a foreign body was delayed by at least 30 
days.33 Bronchiectasis developed in seven of these children 
and three ultimately required lobectomy. Al-Majed et al. 
reported eight patients aged 10–55 years with retained foreign 
bodies for 3 months to 25 years.34 Five of these patients ulti-
mately required lobectomy for symptomatic bronchiectasis. 
All denied the possibility of FBAO.
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29
Vascular Rings
David J. Barron and William J. Brawn

Introduction

Vascular rings consist of a group of rare anatomical anomalies 
of the great vessels, which encircle the trachea and esophagus. 
By convention the pulmonary artery sling is included in this 
group of conditions although this encircles the trachea only. 
Vascular rings are the consequence of persistence of remnants 
of the embryological circulation, which regress during normal 
human development.1

Vascular rings do not cause cardiovascular symptoms. Their 
clinical significance relates entirely to the effects of compres-
sion of the trachea and esophagus. Vascular rings that cause 
no compression do not require treatment.

Historical Perspective

Dysphagia caused by an aberrant subclavian artery was 
described by David Bayford in the eighteenth century. He 
referred to the artery as an “arteria lusoria” meaning a “freak 
of nature.”2 The first division of a vascular ring was performed 
at Boston Children’s Hospital by Gross in 1945,3 and Potts 
was the first to repair a pulmonary artery sling at Memorial 
Children’s Hospital, Chicago, in 1954.4

Incidence

Vascular rings are uncommon malformations. They make 
up less than 2% of all of congenital heart disease although, 
since many remain asymptomatic, the true incidence may 
be more than this. The incidence of a right aortic arch is 
0.1% in the population, although the vast majority of right 
arches are not associated with a vascular ring. The pres-
ence of a right arch together with any symptoms of tra-
cheal or esophageal compression is strongly suggestive of 
vascular ring.

Pathogenesis and Embryology

Most vascular rings are associated with varying degrees of per-
sistence of bilateral fourth aortic arches during early develop-
ment. In normal development the proximal right-sided fourth 
arch becomes the innominate artery and the distal portion 
involutes (Fig. 29.1). The cause of this aberration is not under-
stood but current speculation centers on signaling molecules 
that define left–right asymmetry. There is an association with 
chromosome 22q11 deletions (DiGeorge Syndrome), which 
are also associated with a variety of intracardiac anomalies.5 
Double aortic arch is associated with other cardiac malforma-
tions in 15–20% of cases, particularly Fallot’s tetralogy, pul-
monary atresia, and transposition of the great arteries.6,7

Classification

Double aortic arch: This is the commonest form of vascu-
lar ring (40–50% of cases). It is caused by the persistence 
of the embryological fourth aortic arch creating a complete 
ring around the trachea and esophagus (Fig. 29.2). Each arch 
gives rise to a carotid and subclavian artery and the descend-
ing thoracic aorta usually takes on the normal arrangement of 
passing to the leftward side of the vertebral column. Thus, the 
right-sided arch has to pass behind the esophagus creating the 
characteristic posterior indentation seen on a barium swallow 
(Fig. 29.3).

Both arches can be of equal size but most commonly the right 
arch is dominant, with varying degrees of underdevelopment of the 
left-sided arch from a minor narrowing to coarctation of the left arch 
(always beyond the left subclavian) to atresia of the left arch with a 
fibrous band only completing the ring. Regardless of the degree of 
development of the left arch, the right arch is usually unobstructed. 
The left arch is dominant in less than 5% of cases. It must be remem-
bered that the ductal ligament will pass to the descending aorta, and 
this usually requires division at the time of surgery.

D.H. Parikh et al. (eds.), Pediatric Thoracic Surgery, 373
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Right aortic arch with left-sided ductus: This is the second 
commonest vascular ring (25–30%). A right-sided aortic arch, 
by definition, passes over the right main bronchus (Fig. 29.4). 
In most right arches the first branch is a left-sided innominate 
artery, although it may be the left common carotid artery in 
which case the left subclavian arises anomalously as a fourth 
branch of the arch (passing behind the esophagus). In fact, 
in the case of a right arch/left duct vascular ring this is the 
commonest arrangement (70% of cases), with the anomalous 
left subclavian artery often arising from a diverticulum of 
Kommerell (Fig. 29.5). The descending thoracic aorta reverts 

to its usual position on the left side of the chest. Thus, the 
 indentation in the posterior esophagus is created by the distal 
right arch crossing back to the left side. If there is an anoma-
lous left subclavian artery, this may also contribute to the 
posterior impression. The ductal ligament is left sided and 
runs directly back (over the left main bronchus) to insert into 
the distal arch (or into the root of the anomalous left subclavian 
artery) to complete the ring.

A left (i.e., normal) arch with a right-sided ductus is recog-
nized but it is extremely rare and usually only seen in associa-
tion with complex intracardiac defects. One clue can be that 
the descending thoracic aorta is right sided despite a left arch. 
Bilateral ductus ligaments are seen occasionally but the right-sided 

Fig. 29.1. Diagrammatic representation of the paired branchial arches 
and their relationship to the anatomical appearance at completion of 
development. (a) Normal arrangement. (b) Shows the arrangement in 
a double aortic arch. The dotted lines represent embryological struc-
tures that normally involute during development. LSCA left subcla-
vian artery, RSCA right subclavian artery, LCCA left common carotid 
artery, RCCA right common carotid artery

a

b

Fig. 29.2. Double aortic arch. A common carotid and a subcla-
vian artery arise from each arch. (a) Equal dominance of the two 
arches. (b) The commoner situation of dominant right arch with 
hypoplasia of the distal left arch. This may be only an atretic, 
fibrous cord

b

a
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ligament usually arises from the root of the innominate artery 
and so does not run posteriorly and, consequently, does not 
create a complete ring.

The diverticulum of Kommerell represents persistence of 
the posterior remnant of the fourth arch, appearing as an out-
pouching from the distal arch passing behind the esophagus. It 
is frequently associated with anomalous origin of the subcla-
vian artery, which arises from the distal end of the diverticu-
lum. The diverticulum is most commonly seen in association 
with a right-sided arch, and the duct ligament inserts into 
the apex of the diverticulum, creating the vascular ring. The 
anomaly clearly demonstrates the spectrum of varying degrees 
of persistence of a double arch. Less commonly, the diverticu-
lum is seen with a left-sided arch, in which case the duct usu-
ally inserts to the left side and there is no vascular ring.

Pulmonary artery sling: This is the third commonest form 
of vascular ring (15–20%) and differs from the others in two 
important ways. Firstly, the sling encircles the trachea only 
and so does not cause esophageal compression. Secondly, 
and more importantly, it is frequently (50–67% of cases)8,9 
associated with varying degrees of tracheal stenosis including 
complete tracheal rings – the so-called sling-ring anomaly. 

Fig. 29.3. AP and lateral views from a barium swallow showing indentation of the esophagus from a vascular ring (double aortic arch)

Fig. 29.4. Right-sided arch with left-sided duct ligament. The liga-
ment inserts into a diverticulum of Kommerell, which is probably a 
remnant of the distal portion of the left aortic arch (fourth branchial 
arch). The trachea and esophagus are trapped between the arch and 
the duct ligament
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The sling is created by anomalous origin of the left pulmo-
nary artery (LPA), which arises as the first branch of the right 
pulmonary artery. The vessel runs behind the trachea toward 
the left hilum (Fig. 29.6). The trachea is trapped in the sling 
created by the LPA. A ductal ligament running from the main 
pulmonary artery completes the ring. The pathognomonic 
sign on barium swallow is anterior indentation of the esopha-
gus (caused by the LPA).

Vascular compression syndromes: Symptoms of vascular com-
pression may occur in the absence of a vascular ring. The com-
monest is innominate artery compression of the trachea that 

occurs due to a relatively anterior position of the innominate 
artery in association with a narrow thoracic inlet, creating vascu-
lar compression of the anterior wall of the trachea (“innominate 
artery compression syndrome”). Anterior pulsatile indentation 
is seen on bronchoscopy but the degree of narrowing is usually 
minor. An anomalous right subclavian artery arising from a 
left arch and passing behind the esophagus will produce a pos-
terior indentation visible at endoscopy and on barium swallow. 
There is no vascular ring but the posterior course of the artery 
can occasionally cause a minor degree of dysphagia, usually 
only in later life when a degree of atherosclerosis decreases the 
elasticity of the vessel. This is the so-called dysphagia luso-
ria named from the original description of the anomalous right 
subclavian artery as the arteria lusoria.

Clinical Features

Vascular rings produce symptoms related to compression 
of the trachea and/or esophagus. The commonest present-
ing symptom of a vascular ring is stridor. Around 50–70% 
of symptomatic cases present during the first year of life.10 
Early presentation is associated with a tight ring. Children 
may be misdiagnosed as “asthmatic” or present with recur-
rent chest infections at which time the airway obstruction is 
diagnosed.11 Younger children have a characteristic “seal-
bark” cough associated with biphasic stridor. Older chil-
dren may present with a persistent nonproductive cough, 
which is due to tracheal irritation. In most cases stridor 
is due to tracheomalacia from extrinsic compression on 
the airway at the site of the ring. Vascular rings occasion-
ally cause esophageal symptoms. Infants may suffer from 
vomiting, failure to thrive, and difficulty in feeding. Older 
children may present with dysphagia for solids. Vascular 
ring may be discovered coincidentally on a barium swallow. 

a b

Fig. 29.5. Right-sided arch with aberrant left subclavian arising from a diverticulum of Kommerell. This is shown by both the angiogram (a) and on 
the 3-D reconstructed CT, viewing the aorta and heart from behind (b)

Fig. 29.6. Pulmonary artery sling. The left pulmonary artery arises 
as the first branch of the right pulmonary artery and then runs behind 
the trachea toward the hilum of the left lung
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Asymptomatic vascular rings require no treatment. Pul-
monary artery slings represent a special case because a 
significant number are associated with congenital tracheal 
stenosis.

Vascular rings occasionally present in later life, usually with 
low-grade airway symptoms but occasionally with dysphagia. 
Delayed presentation usually indicates a vascular ring that has 
caused minimal airway compression. In later life atherosclerotic 
changes may decrease the compliance of the vascular ring to a 
point where it becomes symptomatic.

Diagnosis and Investigations

Clinical examination may reveal inspiratory or biphasic stridor. 
A plain chest radiograph is not usually diagnostic. There are, 
however, features that may suggest the diagnosis of a vascular 
ring. The cardiac silhouette may reveal the knuckles of a double 
arch on each side of the trachea (Fig. 29.7) or the silhouette of a 
right arch. Occasionally a very tight double aortic arch will cause 
air trapping with overinflation of the lungs.

The most useful first-line investigation if a vascular ring is 
suspected is a barium swallow (Fig. 29.3). Provided good disten-
sion of the esophagus is obtained there will be a fixed indenta-
tion in the posterior esophagus. Pulsatility may be appreciated on 
screening. In the case of a pulmonary artery sling anterior inden-
tation of the esophagus may be seen. Computerized tomography, 
with intravenous contrast, or MR scanning are required to define 
the vascular anatomy in detail (Fig. 29.8). It is rarely possible to 
define the anatomy completely using transthoracic echocardiog-
raphy. Increasingly MR with 3-D reconstruction of the vascular 
structures and trachea is becoming the preferred method of imag-
ing vascular rings.12,13

Angiography (Fig. 29.9) has been largely superseded by 
CT/MRI although occasionally this may be necessary if 
there is doubt about which side of the arch is dominant. 

Fig. 29.7. Plain CXR of an adult with double aortic arch

Fig. 29.8. Serial coronal CT images showing a double aortic arch. 
This series of five frames moves sequentially from anterior to pos-
terior, top to bottom. In the first frame two arches can be seen strad-
dling the trachea – the right arch being dominant and considerably 
larger than the left. The tracheal compression caused by the ring can 
be seen in the next frame and the “double-knuckle” appearance of 
the two arches joining posteriorly can be seen in frames 3 and 4. In 
the final frame the descending aorta only reaches the left side of the 
thorax at the level of the diaphragm
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Ligamentous structures (i.e., a ductus ligament or the liga-
mentous remnant of a double arch) cannot be seen on either 
echocardiography or CT scan but their position can be 
inferred from the nature of the ring.

Bronchoscopy is not essential as a part of routine assessment 
of a vascular ring unless a pulmonary artery sling is suspected. 
However, some infants and children with vascular rings will have 
had airway endoscopy because they present with stridor. The 
endoscopic appearances are characteristic, with pulsatile extrinsic 
compression of the airway (Fig. 29.10). Airway examination by 
bronchoscopy or bronchography does form an important part 

of the assessment of a pulmonary artery sling because of the 
common association with tracheal stenosis. Bronchography has 
the advantage of providing dynamic information on the airways 
during respiration but this requires considerable expertise on the 
part of the radiologist.

Differential Diagnosis

Because most children with vascular rings present with stri-
dor, the differential diagnosis includes other causes of stridor. 
The history can provide important clues – for example, the 
acute presentation of laryngotracheobronchitis or epiglottitis 
is totally different from the chronic history of a vascular ring. 
Laryngomalacia is a common cause of stridor in infancy. The 
stridor is high-pitched, musical, and exclusively inspiratory. 
If there is doubt about the diagnosis airway endoscopy and/or 
a barium swallow will clarify matters. Subglottic stenosis is 
usually acquired as a consequence of prolonged endotracheal 
intubation and, therefore, more common in ex-premature 
infants. The diagnosis is made by airway endoscopy.

Management

Treatment is based on the severity of the symptoms. Asymp-
tomatic rings do not require treatment, and mild symptoms 
can be managed conservatively. Significant airway obstruction 
and any airway obstruction in an infant from a vascular ring 
requires surgical treatment. This involves division of the 
vascular ring with or without an aortopexy or tracheopexy, 
depending on the magnitude of the associated tracheomalacia.

Fig. 29.9. Angiographic images showing a double aortic arch

Fig. 29.10. Tracheal compression due to a double aortic arch
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The surgical approach depends on the precise anatomy of 
the ring. Most rings can be approached via a fourth intercos-
tal space posterolateral thoracotomy. The majority of double 
aortic arches can be approached from the left side because the 
right arch is dominant. Occasionally the left arch is dominant 
or there is a left-sided arch with a right-sided duct in which 
case the right side of the chest should be opened. In the rare 
setting of equal-sized arches the approach should be on the 
side of the descending thoracic aorta since this allows access 
and control to all the vascular components of the arch and to 
the ductal ligament. If there is any doubt over the dominance 
of the arch or if there is an intracardiac lesion requiring surgery 
at the same time then a midline sternotomy approach should 
be used. Each arch can be test-occluded with a clamp in turn 
and any changes in the femoral blood pressure recorded to 
confirm the arch to be divided.

The vascular structures are mobilized from the mediasti-
nal fascia and controlled with vascular slings. The recurrent 
laryngeal and phrenic nerves must be identified and preserved. 
In the case of a double arch the nondominant arch is divided 
between the subclavian artery and the descending aorta. Each 
side is oversewn with two layers of nonabsorbable suture, or, 
if there is ligamentous continuity only, doubly ligated. Any 
residual fascial connections between the medial aspect of the 
vessels and the trachea/esophagus are divided to allow the 
separated ends of the ring to fall apart. Frequently the ring is 
under tension and springs apart as it is divided. The distal end 
tends to fall away behind the esophagus after division because 
of traction from the intact side of the ring. It is, therefore, very 
important that secure hemostasis is achieved before removing 
the side-biting clamp on the vessel. It is also wise to place 
a vascular sling around the distal right arch so that it can be 
retrieved easily in the event of bleeding. After division of the 
aortic arch the ductal ligament must also be divided. Failure to 
complete this step will result in a persistent ring between the 
duct and the right arch.

A right-sided arch with left duct is also dealt with through 
a left thoracotomy. An aberrant left subclavian artery does not 
usually need further attention after the ring has been divided. 
Some authors, however, recommend division of the artery 
(and Kommerell diverticulum, if present) and reimplantation 
of the vessel into the side of the left common carotid artery.14

Pulmonary artery slings are best managed through a mid-
line sternotomy. Both pulmonary arteries are fully mobi-
lized, freeing the LPA behind the trachea and identifying it 
where it reappears on the left side. The ductal ligament is 
divided. A side-biting clamp is placed on the origin of the 
LPA, which is then divided. The resulting defect in the right 
pulmonary artery is then oversewn. The LPA is then retrieved 
from behind the trachea and brought forward to assume the 
anatomical position next to the main pulmonary artery. A 
side-biting clamp is then placed on the left side of the main 
pulmonary artery and a vertical incision made to receive the 
LPA. Although it is possible to perform this procedure with-
out cardiopulmonary bypass there is a significant risk of 
inadequate pulmonary blood flow during manipulation of the 

vessels. This and the risk of major bleeding leads most authors 
(including ourselves) to recommend that the procedure is per-
formed on cardiopulmonary bypass, usually at normothermia 
and without cardioplegia.

If the pulmonary artery sling is associated with tracheal 
stenosis this should be repaired at the same time. Localized 
stenoses can be treated with resection and reanastomosis. 
A sliding tracheoplasty may be required for longer stenoses. 
More extensive stenoses with complete tracheal rings can 
require complex reconstruction on cardiopulmonary bypass 
and should only be undertaken by specialist teams.15,16 It is 
important that the tracheal anatomy is accurately assessed 
preoperatively so that patients who need tracheal reconstruction 
can be referred to specialist centers. If the pulmonary artery 
sling is divided without consideration of the underlying airway 
anomaly future reoperation on the trachea becomes considerably 
more difficult.

Residual tracheomalacia associated with vascular rings can 
be difficult to assess. In most children, division of the vascu-
lar ring alone will relieve the symptoms. However, the more 
severe the compression and the younger the patient then the 
greater the likelihood of significant residual tracheomalacia. 
For this reason we prefer to perform bronchoscopy at the time 
of surgery to assess the trachea before and after division of 
the ring. If there is significant tracheomalacia then there are 
two options: aortopexy and tracheopexy. Aortopexy involves 
suspending the ascending aorta from the back of the sternum 
using double-armed pledgetted nonabsorbable sutures placed 
through the aortic adventitia. This can be performed through 
the posterolateral thoracotomy incision or through a separate 
anterior second intercostal space mediastinotomy. It is important 
that the fascial attachments between the aorta and the trachea 
are left intact so that the maneuver opens up the anterior 
trachea. If the chest has been opened through a midline 
sternotomy a tracheopexy can be performed in a similar way. 
The trachea is mobilized along the malacic segment and 
pledgetted sutures are placed in the anterior wall on the left 
and right side through a tracheal cartilaginous ring. These 
sutures are then suspended (tied) to the back of the sternum at 
the sternochondral junctions to splint open the trachea.

Vascular compression syndromes: Innominate artery com-
pression of the trachea rarely causes symptoms. Barium swal-
low is normal but bronchoscopy reveals pulsatile external 
compression of the anterior trachea. If symptoms are severe and 
persistent then aortopexy may relieve the compression. Severe 
cases are associated with the innominate artery arising in an 
anomalous manner more distally from the aortic arch with the 
result that it crosses the front of the trachea. The innominate 
artery can be divided and reimplanted more proximally via a 
median sternotomy to bring the vessel away from the trachea.17

Dysphagia lusoria due to an anomalous right subclavian 
artery and or a diverticulum of Kommerell rarely requires sur-
gical treatment. However, if symptoms are severe the anoma-
lous artery can be approached through a right thoracotomy 
or supraclavicular incision, divided, and reimplanted into the 
carotid artery. Aortopexy alone may also be helpful.
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Minimally invasive approaches to treat vascular rings are 
becoming popular. Until recently thoracoscopy was gener-
ally reserved for the division of ligamentous structures on 
the grounds that patent vascular structures are probably 
approached more safely through open thoracotomy. In 1995 
Burke et al. reported a series of eight patients treated by video-
assisted thoracoscopic surgery.18 More recently  Al-Bassam and 
colleagues reported a series of nine children treated successfully 
using minimally invasive surgery, including two children with 
double aortic arches.19

Outcomes

Surgery is safe and operative mortality is low. Early mortality 
of 1–2% is reported in the current era.20,21 The only exception 
to this is when extensive tracheal surgery is required at the 
same procedure. Mortality in the region of 10–15% is attribut-
able to the tracheal surgery.9,22

There is immediate improvement in stridor in about 85% 
children following surgery. Complete resolution of stridor is 
unusual and this often persists for several months, depend-
ing on the degree of tracheomalacia. Severe symptomatic tra-
cheomalacia, particularly in infants, may necessitate further 
treatment. Bronchoscopy should be performed to assess the 
airway and consideration given to aortopexy or tracheopexy if 
these were not performed at the primary operation. This rein-
forces the importance of proper assessment of the airway at 
the time of surgery. The alternative to aortopexy is usually 
several months of airway support (usually CPAP) until the tra-
cheomalacia regresses.

Complications

Persistent tracheomalacia requiring prolonged ventilatory sup-
port is the most serious complication. If the trachea is of nor-
mal dimension and all compression has been relieved then the 
outcome is extremely good, although typically requires at least 
noninvasive positive pressure airway support for 3–6 months. 
Other specific complications include injury to the phrenic or 
recurrent laryngeal nerves with a risk of 2–5%. There is a risk 
of major bleeding but, as long as care is taken to control the 
vessels prior to division, this should be a rare occurrence.

Controversies

There is still debate over whether aortopexy/tracheopexy 
should be performed as a matter of routine at the time of 
division of the vascular ring. The role of video-assisted tho-
racic surgery (VATS) in the management of vascular rings is 
still not defined. Many of the patients are neonates or small 
infants and, as a result, many surgeons still prefer an open 
approach. Most vascular rings would be quite suitable for a 

VATS approach but thoracoscopic division of major vessels 
demands considerable expertise with minimally invasive 
surgery and also a sufficiently large caseload to develop and 
maintain competence.

Conclusions and Future Perspectives

Vascular rings are a rare group of conditions that are eminently 
suitable to surgical repair. Long-term results are very good 
and patients can expect permanent relief of symptoms. The 
small group of children with pulmonary artery slings asso-
ciated with complex tracheal anomalies remains the great-
est challenge. The prognosis for these unfortunate children 
depends on the nature of the tracheal anomaly rather than on 
the vascular ring.

Computerized tomography and magnetic resonance scanning 
have brought considerable advances in the imaging of vascu-
lar rings. Angiography is now rarely necessary. Recognition of 
the importance of tracheomalacia has led to a more thoughtful 
approach to assessing the airway pre- and postoperatively and a 
more liberal approach to concomitant aortopexy.
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Introduction

Foregut duplications are cystic masses that arise during 
embryogenesis from the esophagus (enteric cysts) or the upper 
airway (bronchogenic cysts). A third form of foregut cyst is 
the neurenteric cysts, which involves the vertebral column 
or the nervous system. Collectively, these cysts account for 
20% of all mediastinal masses.1,2 Bronchogenic cysts are more 
common than enteric cysts and account for approximately 
50–60% of mediastinal cysts whereas pure enteric cysts 
account for 5–10%.2,3

Historic Perspective

Bronchogenic cysts were first described in 1911, and the 
first esophageal duplication was reported by Blasius in 
1674.4 Subsequently reports of esophageal duplication cysts 
involving the spine appeared. This led to the term “neuren-
teric cyst” by McLetchie, Purves, and Saunders in 1954.5 
In 1937, Ladd defined enteric duplications as having three 
characteristics: (a) the presence of a layer of smooth muscle 
(now defined as having two layers), (b) an epithelial layer 
of intestinal mucosa, and (c) intimate association with the 
gastrointestinal tract.6 Surgical therapy for mediastinal 
tumors began in the late nineteenth century when Bastinelli 
was the first to report resection of an anterior mediastinal 
dermoid cyst. Mediastinal tumor resections gained popular-
ity in the mid-twentieth century when anesthesia techniques 
improved. Now many, if not most, mediastinal tumors are 
resected thoracoscopically.

Basic Science

Most foregut cysts arise from aberrant foregut development 
between the 4th and 8th week of gestation. Bronchogenic 
cysts result from abnormal budding of the ventral foregut. 
The bronchogenic cyst is lined by ciliated, pseudostratified, 

columnar epithelium and frequently contains elements of the 
tracheobronchial tree such as bronchial glands and smooth 
muscle bundles (Fig. 30.1). Enteric cysts develop from abnor-
mal budding of the dorsal foregut and are usually lined with 
gastrointestinal epithelium. However, esophageal duplication 
cysts may be lined with respiratory epithelium in about 3% 
of cases, making the differentiation of esophageal form of 
bronchogenic cysts difficult. In his case series, Ware reported 
that 55.6% of foregut cysts were lined with gastric mucosa, 
33.3% were lined with esophageal mucosa, 21% with small 
intestinal mucosa, 5% with pancreatic mucosa, and 2.5% with 
colonic mucosa.4,7 There are several theories regarding the 
etiology of enteric foregut cysts. The first theory suggests an 
error in canalization or vacuolization of the foregut. During 
development, a lumen of the solid tube forms by coalescence 
of vacuoles. Failure of coalescence may lead to an extraluminal 
cyst. A second theory suggests that duplication cysts develop 
as a result of partial or abortive twinning. The frequency of 
multiple duplication cysts supports this theory. Finally, some 
suggest that a split in the notochord during embryogenesis 
allows herniation of the endoderm through the split and thus 
the development of an extraluminal cyst. Frequent coexistent 
vertebral anomalies with enteric foregut cysts supports this 
theory. Neurenteric cysts are enteric cysts that involve the 
spine or nervous system. These cysts are typically lined with 
a combination of alimentary and neural tissue, and they are 
frequently associated with other vertebral anomalies.

Clinical Features

There is a wide array of presenting symptoms in children 
with foregut cysts. Rarely, foregut cysts are discovered coinci-
dentally in adults. The majority of foregut cysts present 
during childhood.4 Children frequently present with respira-
tory symptoms because of extrinsic compression of the airway 
by the cyst. In her case review of children with foregut cysts, 
Nobuhara reported that 20–35% of children were asymp-
tomatic with incidental discovery of the cyst, 53–54% had 
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respiratory symptoms, 9–13% presented with gastrointestinal 
symptoms, and 3–6% presented with chest pain.8 It is rare 
for an esophageal duplication cyst to communicate with the 
esophageal lumen. Sixty percent of esophageal duplication 
cysts are identified in the lower esophagus.9 Fistula forma-
tion is rare but can occur between the duplication cysts and 
the respiratory tract and even transdiaphragmatic to the small 
bowel. An unusual presentation of an esophageal duplica-
tion cyst may be bleeding from the esophageal wall from a 
communicating duplication cyst lined with heterotopic gastric 
mucosa. Patients with neurenteric cysts may present with 
neurologic symptoms.

Diagnosis

At least one-third of foregut cysts will be discovered as 
an incidental finding on chest X-ray, computed tomography 
(CT), or prenatal ultrasound (Figs. 30.2 and 30.3). However, 
the other two-thirds of patients will present with a variety of 
symptoms, each of which may lead down a different diagnostic 
pathway. The majority of patients present with respiratory 
symptoms including cough, recurrent pneumonia, or dyspnea. 
These patients will typically have a chest X-ray performed, 
which often identifies a radiolucent mass. Patients with 
bronchogenic cysts will typically have a well-demarcated 
mass in the middle mediastinum usually at the level of the 
carina whereas those with esophageal cysts will often have a 
radiolucent mass to the left of midline just above the diaphragm. 

Any evidence of a cystic mass on chest X-ray should be 
followed by a CT scan or magnetic resonance imaging (MRI), 
which may not only help in diagnosis but may aid in preop-
erative planning. Firstly, CT or MRI may help better define 
whether the cyst is bronchogenic or esophageal in origin 
as well as differentiate a foregut cyst from other mediastinal 
masses such as a teratoma (which usually will have calcifica-
tions). CT or MRI may differentiate a true mediastinal mass 
from a pleural or pulmonary mass that is encroaching on the 
mediastinum such as a pulmonary sequestration or a congeni-
tal cystic adenomatoid malformation (CCAM).

Children who present with dysphasia will frequently undergo 
a barium esophagogram, which may demonstrate extrinsic 
compression of the esophagus or a communicating  esophageal 
cyst (Fig. 30.4). Either of these findings should be followed by 
a CT or MRI.

There is little role for percutaneous aspiration of a medi-
astinal cyst except in an emergency if there is life-threatening 

Fig. 30.1. Bronchogenic cyst wall showing a typical columnar epi-
thelium

Fig. 30.2. Displacement of a nasogastric tube caused by an undiag-
nosed esophageal duplication cyst

Fig. 30.3. CT appearance of a paratracheal bronchogenic cyst
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airway compression. Furthermore, most cysts will require 
surgical excision regardless of the diagnosis. Lymphoma is 
essentially the only lesion that would not require surgical 
resection, so this should be ruled out.

The differential diagnosis for mediastinal cysts includes 
esophageal duplication cyst, bronchogenic cyst, neurenteric 
cyst, and pericardial cyst. Other rare cystic lesions in the 
mediastinum may include lymphangioma, parathyroid cyst, 
abscess, retention cyst, thoracic duct cyst, thymic cyst, or an 
encroaching cystic lesion of the lung into the mediastinum 
such as a CCAM or pulmonary sequestration.

Management

Routine prenatal ultrasound will occasionally identify a 
foregut duplication cyst. Currently there is no antenatal inter-
vention available for these cysts or even indicated as most of 
these are asymptomatic at birth.

Children with foregut cysts who present with pneumonia 
should be treated with antibiotics until the pneumonia resolves 
prior to proceeding with surgical intervention. Similarly, the 
rare patient with a communicating, gastric-lined, esophageal 
duplication cyst who presents with gastrointestinal bleeding 
from esophageal ulceration should have the bleeding con-
trolled with medication such as proton pump inhibitors and 
possibly even endoscopic therapy prior to surgical excision. 
Children with severe respiratory distress from airway obstruc-
tion from the cyst may need preoperative drainage of the cyst 
to stabilize the child. This can be performed either percutane-
ously or endoscopically.

Surgical therapy not only involves definitive diagnosis but 
also complete resection. Simple aspiration, marsupialization, 
or unroofing of the cyst is invariably associated with recur-
rence. Occasionally, especially in the case of a bronchogenic 
cyst, complete resection is unsafe, and unroofing of the cyst 
with mucosectomy may be necessary. This is because the cyst 
has a common wall with the membranous portion of the tra-
chea, and so complete resection is impossible without injuring 
the native tracheal or bronchial wall.

Conventional therapy for an esophageal duplication cyst 
involves entering the chest through a posterior-lateral thoraco-
tomy (Fig. 30.5). If the lesion is in the mid-esophagus, this is 
best approached from the right side whereas distal esophageal 
lesions may be best approached with a left lateral thoracotomy 
or a left thoracoabdominal incision. If possible, a muscle-
sparing incision is created and the esophagus is exposed in an 
extrapleural fashion.

The technique of esophageal cyst excision depends on the 
type of cyst. For a noncommunicating cyst the muscular wall 
can be opened and the cyst can be extirpated without disrupt-
ing the true esophageal mucosa (Fig. 30.6). The muscular 
wall should then be reapproximated. If the cyst is communi-
cating with the esophagus, the cyst should be excised com-
pletely with layered closure of the esophagus from mucosa 
to muscularis. In these patients, we leave a nasogastric tube 

Fig. 30.4. Filling defect on barium swallow from an esophageal 
duplication cyst 

Fig. 30.5. Exposure of a bronchogenic cyst adjacent to the right 
lower lobe through a conventional thoracotomy
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for several days and chest tube for drainage. If the cyst 
is a long tubular duplication, or double esophagus, and is 
asymptomatic, surgical intervention may not be necessary. 
However, symptomatic long tubular duplications are excised 
completely with esophageal closure performed over a bougie 
or nasogastric tube. For communicating tubular esophageal 
duplications, a bougie, rubber catheter, or nasogastric tube 
can be placed through the fistula tract to aid in the dissection.4 
In all types of cysts, the vagus and phrenic nerves should be 
identified and protected.

Recently, the video-assisted thoracoscopic surgical (VATS) 
approach to foregut duplication cysts has gained popularity.10–13 
Cyst excision can usually be performed with three ports: a 
5 mm 30° scope, a 3- or 5-mm grasper, and an instrument for 
dissection (scissors or heat dissector). The patient is typically 
placed in the left lateral decubitus position with the right side 
up and the operation is performed through the right chest. For 
lower esophageal lesions the left side may be a better approach. 
Placement of the ports depends on the location of the cyst. Typ-
ically the ports are placed opposite from the lesion (inferior/
posterior ports for superior/anterior lesions) in a triangular fash-
ion. A dual-lumen endotracheal tube may be used but is rarely 
necessary because a modest CO

2
 pneumothorax can usually be 

tolerated by the patient and typically offers adequate exposure. 
The muscle fibers are split with a combination of blunt dissec-
tion and heat dissection. We prefer the “hook” electrocautery 
to bluntly hook under each bundle of muscle fibers and then 
divide (Fig. 30.7). The cyst can be extirpated from the muscular 
shell with blunt dissector. One of the trocar sites may need to 
be enlarged to remove the cyst. Some authors have described 
mobilization of the cyst with an endoscope in the esophagus to 
provide transillumination when dividing the muscle fibers 
to avoid entering the mucosa although care needs to be taken to 
avoid thermal injury to the esophageal mucosa.

If a neurenteric cyst is suspected MRI should be performed 
to document the extent of spinal involvement. If neurologic 
symptoms are present the spinal component of the cyst should 
be excised first, and this may necessitate laminectomy.

Postoperative Care

Postoperative care is usually uncomplicated. In most cases, 
especially those cases performed thoracoscopically, and 
without injury to the esophageal mucosa or tracheal wall, no 
chest tube is left. Routine postoperative pain medication and 
chest physiotherapy are needed but the majority of children 
are discharged the day following surgery. Patients who pre-
sented with complications of their cyst, such as infection, have 
a much more complicated course. Their surgical resection is 
more complicated because of the loss of clear tissue planes 
from the inflammatory response as well as possible abscess 
formation. This is one of the strongest arguments for early 
surgical resection even in asymptomatic children.

Complications

Complications from foregut cyst excision are related to the 
cyst excision itself and to thoracic surgery in general. Gen-
eral thoracic surgery complications include postoperative 
atelectasis, pneumonia, wound infection, injury to the vagus 
or phrenic nerve, pleural effusion, and pain. The chance of 

Fig. 30.6. Thoracoscopic view of an esophageal duplication cyst

Fig. 30.7. Dissection of a bronchogenic cyst using “hook” electro-
cautery
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developing atelectasis or pneumonia can be minimized with 
good pain control and aggressive postoperative deep breath-
ing exercises with incentive spirometry, bubbles, or pinwheel 
depending on the age of the patient. Wound infections can 
be minimized with perioperative antibiotics and sterile 
technique. Development of a sympathetic pleural effusion is 
rare and usually self-limiting but may require chest tube drain-
age. For the open thoracotomy approach epidural analgesia 
will minimize postoperative pain and splinting.

The two major complications related to cyst excision include 
esophageal or bronchial leak and cyst recurrence. For large 
cyst resections we routinely leave a chest tube and perform a 
postoperative esophagogram prior to feeding to look for a leak. 
If a chest tube was left in place intraoperatively, an esopha-
geal leak may declare itself with foamy secretions in the tube. 
Likewise, an air leak may be seen in the chest tube if there 
is a bronchial leak. Occasionally, a leak occurs that is unrec-
ognized or inadequately drained and the patient may develop 
fever, leukocytosis, and/or chest pain. These patients should 
have a chest X-ray to look for an undrained effusion or abscess 
and an esophagogram to rule out a leak. Any undrained collec-
tion should have a drain placed under radiologic guidance.

Cyst recurrence can occur if the lining of the cyst was 
incompletely excised and is rare. This typically occurs when 
trying to avoid disrupting the common wall during mucosec-
tomy. Recurrences require repeat excision, which can often be 
performed thoracoscopically.

Rare and Unusual Cases

Rarely esophageal duplication cysts may fistulate into struc-
tures below the diaphragm such as the gallbladder, stomach, or 
small bowel. These patients may present with bilious emesis. 
This can usually be identified by CT, MRI, esophagogram, or 
endoscopy. Resection of these cysts usually requires separate 
thoracic and abdominal incisions or can be performed through 
a thoracoabdominal incision.

Controversies

Thoracoscopic resection of foregut duplication cysts is a rela-
tively new technique. Some still question the safety of this 
procedure. However, several studies have demonstrated that 
in experienced hands, this technique is as safe as the open 
approach.10–14 Moreover, when comparing the open to thora-
coscopic technique, Bratu found that the thoracoscopy group 
had significantly fewer chest tube days (1.6 vs. 3.3 days) and 
a shorter hospital stay (2.6 vs. 6.6 days).14

Prognosis and Long-Term Outcome

Stringer reported a 7% postoperative mortality in his series 
from 1973 to 1992, and Nobuhara reported a 10% mortality 

rate from 1937 to 1995 in children.8,15 Many of the patients 
in these studies were treated prior to the advent of current 
diagnostic modalities. Therefore, many of these patients were 
probably undiagnosed until the cysts were very large, which 
increased the risk of morbidity and mortality. Today the mor-
tality rate is probably significantly less since newer diagnostic 
modalities afford earlier diagnosis.3,10–12,14 The rate of recur-
rence of foregut cysts following resection is very low with 
several studies showing no recurrences.10–13

Conclusion

The term “foregut cyst” encompasses a wide array of enteric 
and respiratory cystic duplications. While many children pres-
ent with symptoms, improved diagnostic modalities including 
prenatal ultrasound, CT, and MRI have led to a large number 
of incidental discoveries. Although most cysts cause little dan-
ger to the child, the small risk of malignant degeneration, the 
possibility of future symptoms, and the uncertainty of diagnosis 
without tissue have led to the current standard of complete sur-
gical resection. Improved minimally invasive techniques have 
afforded patients the opportunity for safe and complete resection 
with decreased pain, improved cosmesis, and possibly decreases 
postoperative wound infections, atelectasis, and pneumonia.
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Section 7
Lung Disease



Introduction

Congenital cystic adenomatoid malformation (CCAM) is a 
rare developmental anomaly of the lower respiratory tract. 
The term encompasses a spectrum of conditions, the origins 
of which remain debatable. Affected patients may be completely 
asymptomatic or present with severe respiratory distress in 
the newborn period. Others become symptomatic later in life 
with acute respiratory distress, acute infection, or other 
manifestations. Many cases, which previously would have 
gone on undetected until complications arose later in life, are 
now detected by routine prenatal ultrasound. Thus the 
pediatric surgeons’ role has changed from simply dealing 
with a patient with acute respiratory issues to often providing 
prenatal consultation for the expectant parents.

Historical Perspective

The earliest reports date from the late 1890s when a cystic 
disease process was identified in nonsurviving infants.1 
However, it was not until 1949 that the term congenital 
adenomatoid malformation was introduced by Chi’in and 
Tang.2 In 1973, three varieties were described by Van Dijk: 
cystic, intermediate, and solid.3 A further classification was 
proposed by Stocker in 1997 on the basis of cyst size.4 Stocker 
later termed the phrase congenital pulmonary airway malfor-
mation, but this has not been widely adopted.5

Pathogenesis

CCAM are rare lung malformations with a reported incidence 
between 1/8,000 and 1/35,000.6,7 The pathogenesis is uncer-
tain but appears to result from an abnormality of branching 
morphogenesis of the lung and represents a maturation defect. 
The different types of CCAMs are thought to originate from 
different levels of the trachea-bronchial tree and at different 
stages of lung development. CCAM is distinguished from 

other lesions and normal lung by five main criteria. These 
include polypoid projections of the mucosa, an increase in 
smooth muscle and elastic tissue within the cyst walls, an 
absence of cartilage in the cystic parenchyma, the presence 
of mucous secreting cells, and the absence of inflammation. 
Although the CCAM portion of the lung does not participate 
in normal gas exchange, there are connections to the trachea-
bronchial tree, which can lead to air-trapping and respiratory 
distress in the newborn period.

The exact mechanism resulting in CCAM is unknown but 
is thought to include an imbalance between cell proliferation 
and apoptosis (i.e., increased cell proliferation and decreased 
apoptosis when compared with gestational controls).8 
This process may be mediated in part by glial cell derived 
neurotropic factor (GDNF), which is widely expressed, 
especially in organs with development characterized by 
epithelial-mesenchymal interaction.9 Liechty et al. identified 
increased levels of PDGF-B gene expression and PDGF-B 
protein production in fetal CCAMs that grew rapidly, 
progressed to fetal hydrops, and required in-utero resection, 
compared with normal fetal lung.10 There is still significant 
work to be done to determine the true pathogenesis.

CCAM are hamartomatous lesions composed of both cystic 
and adenomatous overgrowths of terminal bronchioles. If large 
cysts develop in utero they may compress and compromise the 
growth of normal surrounding tissue. CCAM can affect all 
lobes and are equally distributed between the right and left 
side. They can affect more than one lobe and be bilateral but 
this rare. CCAMs are connected to the tracheobronchial tree, 
although the connecting bronchi are generally abnormal. 
The blood supply comes from the normal pulmonary vascu-
lature as opposed to sequestration, which receives an arterial 
supply from the systemic arterial system.

Stocker’s classification currently comprises 5 types based 
on the size of the cyst and the cellular characteristics.4,5,11 
The initial classification included Type 1, which include large 
cysts composed of primarily bronchial cell type characteristics; Type 
2, intermediate cysts with bronchiolar type cells; and Type 3, 
small cysts with bronchiolar/alveolar duct cells.4 Types 0 and 
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4 were added later and were based on the site of origin of the 
malformation.5

Type 0 CCAMs are the least common, accounting for less than 
3% of all cases. They are thought to have a tracheal origin. The 
cysts are very small with a maximum diameter of <0.5 cm and 
are lined with ciliated pseudo-stratified epithelium. Mucous and 
cartilage are present but skeletal muscle is absent.

Type 1 is the most common and accounts for over 65% of 
CCAMs (Fig. 31.1). This type is thought to be of distal bron-
chial or proximal bronchiolar origin. The cysts are 2–10 cm in 
diameter and may be single or multi-loculated. These cysts are 
lined with ciliated pseudo stratified columnar epithelium and 
contain both smooth muscle and elastic tissue. In a small num-
ber of cases, there are occasional islands of abnormal carti-
lage. Mucus producing cells are present in approximately one 
third of cases. Adjacent tissue tends to be relatively normal 
but the cysts can cause significant compression of normal lung 
tissue and mediastinal shift.

Type 2 accounts for 20–25% CCAMs and are composed 
of multiple smaller cysts 0.5–2 cm in diameter. The cysts are 
primarily bronchiolar in origin and are lined with ciliated 
cuboidal and columnar epithelium. Mucus secreting cells and 
cartilage are absent. There is usually little mass effect on sur-
rounding normal lung. Interestingly, Stocker noted that type 2 
CCAMs were associated with other congenital anomalies in 
up to 60% of cases. These included esophageal atresia, renal 
agenesis, intestinal atresias, and other defects.

Type 3 CCAMs are usually very large and can affect the 
entire lobe or multiple lobes. This type arises from alveolar 
duct cells and accounts for less than 10% CCAMs. They consist of 
either a combination of cystic and solid elements or appear 
completely solid. Because of their large size and poor 
differentiation, these CCAMs are thought to develop in 

early gestation, before 4 weeks. The cysts are <0.5 cm and 
lined by nonciliated cuboidal epithelium. Mucus secreting 
cells and cartilage are absent.

Type 4 CCAM is rare, accounting for only 2–4% of CAMs.12 
The cysts can be as large as 7 cm and consist of nonciliated, 
flattened, alveolar lining cells lacking mucus and skeletal 
muscle cells. These CCAMs are thought to have an alveolar 
or distal acinar origin.

Clinical Features

The presentation of CCAM is quite variable and can extend 
from the early prenatal period to late in adult life. The spectrum 
runs from an incidental finding on a routine chest X-ray, in 
a completely asymptomatic patient, to severe respiratory 
distress in the newborn period.

More and more of CCAMs are now identified in the prenatal 
period on routine screening ultrasound, allowing for prenatal 
consultation and planning.13 The findings on ultrasound ranges 
from an incidental finding of a cystic appearing lesion to mas-
sive pulmonary involvement with the development of hydrops.14 
Hydrops can develop in up to 40% of fetal CCAMs. Conversely, 
regression of the lesion is seen in up to 40% CCAMs during the 
course of gestation.7 The need for fetal intervention is rare and 
limited to those cases with severe hydrops with a predicted mor-
tality of near 100%. Because of the increased prenatal detection 
rate, it is now recognized that there is complete spontaneous 
resolution during gestation in up to 20% of lesions.15

Development of hydrops in the prenatal period is secondary 
to mediastinal shift and compression of the inferior vena cava, 
resulting in increased central venous pressure. It is difficult 
to predict which fetuses with CCAM will develop hydrops 
and run into clinical problems.16 One report suggests that 
large microcystic lesions were more often associated with 
hydrops and had a worse prognosis then large cystic lesions.17 
A number of indices have been use to try and predict outcome 
including the lung to thorax transverse area ratio (L/T value) 
and the CAM volume ratio (CVR), which is the CCAM vol-
ume divided by head circumference to correct for the fetal 
size.16,18 In the study by Crombleholme et al., hydropic fetuses 
had a higher CVR (3.1 vs. 0.74) than nonhydropic fetuses.16 
The authors found that a CVR of greater than 1.6 was highly 
predictive of hydrops, which developed in 80%.

Presentation

Of those CCAMs diagnosed antenatally approximately 60% 
present in the newborn period with some degree of respiratory 
symptoms. The majority of CCAMs causing symptoms in the 
newborn period are Type 1, and infants usually present with 
grunting, retractions, and occasionally cyanosis (Fig. 31.2). In 
some cases, air trapping can occur in the larger cysts resulting 
in a progressive and occasionally acute respiratory decompen-

Fig. 31.1. Macroscopic appearance of a type I CAM involving the 
left lower lobe. Arrow indicates major fissure and asterisk indicates 
CAM
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sation. Type 2 CCAMs present with similar symptoms but are 
often diagnosed earlier because of associated congenital abnor-
malities. Type 3 CCAMs are often large and can involve the 
entire lung. A hydropic fetus may be stillborn or develop imme-
diate severe respiratory distress from pulmonary hypoplasia.

Approximately, one third of non-antenatally diagnosed 
CCAMs are discovered during infancy or childhood. These 
are often diagnosed following pneumonia. The initial chest 
X-ray (CXR) may show what appears to be a lobar consolida-
tion, but follow-up X-rays (Fig. 31.3) or computed tomogra-
phy scan (CT) demonstrate the cystic nature of the diseased 
lung.19 Other presenting complaints include chronic cough, 
dyspnea on exertion, or pleuritic chest pain. Large lesions may 
cause asymmetry of chest wall development.20

Diagnosis

The differential diagnosis of CCAM includes other cystic dis-
eases of the lung including bronchopulmonary sequestration 
(BPS), bronchogenic cyst, and congenital lobar emphysema. 
The primary differentiation between CCAM and BPS are 
based on two anatomic points. Sequestrations have no con-
nection to the tracheobronchial tree and are supplied by an 
anomalous systemic artery. CCAMs are not. However, the 
difference between the two lesions is not as discreet as once 
though and it is more likely that the two are variants of the 
same abnormal development pathway. More and more studies 
are showing hybrid lesions, which contain systemic vessels 
but morphology consistent with a CCAM.21,22

Prenatal diagnosis is usually made by ultrasonography with 
CCAMs classified into two categories: microcystic lesions with 
cyst <5 mm, which appear echogenic and solid (Fig. 31.4) and 
macrocystic lesions of one or more cysts >5 mm (Fig. 31.5).23 
Magnetic resonance imaging (MRI) is also being used more 
frequently to exam the fetus and can help differentiate CCAM 
from other thoracic lesions including congenital diaphragmatic 
hernia, foregut duplications, and others (Fig. 31.6).24

In the neonatal period, the diagnosis is usually suspected 
based on clinical presentation and the initial chest X-ray. 
Type 1 and 2 CCAMs show evidence of large air and fluid-
filled cysts. Type 3 CCAMs may appear as a more solid 
 space-occupying lesion. A CT scan is usually definitive, 
although the exact diagnosis may not be made until surgical 
exploration is performed.

Fig. 31.3. Chest X-ray of a five-year old after resolution of a right 
lower lobe pneumonia showing air fluid level within a CAM

Fig. 31.4. Fetal ultrasound showing a large echogenic solid CAM

Fig. 31.2. Chest X-ray of newborn infant with respiratory distress 
from a CAM causing mediastinal shift
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In an asymptomatic patient, the chest X-ray may appear 
normal but a CT scan is almost 100% sensitive in picking up 
the diagnosis (Fig. 31.7a–c).25 Therefore, how far diagnostic 

imaging is pursued should depend on the degree of suspicion. 
Diagnosis later in life is usually dependant on late symptoms 
or in some cases an incidental finding on a routine CXR. Com-
puted tomography is still the gold standard in these cases.

Treatment

The treatment for CCAM ranges from fetal surgery for hydropic 
fetuses to elective resection in asymptomatic patients. The indi-
cations for fetal therapy are few and should be reserved only 
for those fetuses with a predicted 100% mortality. This is pri-
marily includes patients with large CCAMs when fetal hydrops 
develops prior to 32 weeks gestation. Resection can result in 
resolution of fetal hydrops and evidence of lung growth in 
within one to two weeks. Other options for fetal intervention 
include thoracocentesis (single or multiple) or placement of a 
thoracoamniotic shunt. These procedures are less invasive than 
fetal lung resection, but are limited to cases where there is a 
single large cyst which is accumulating fluid.23, 26,27

Treatment for both symptomatic and asymptomatic patients is 
surgical resection. In most case, lobectomy or a wedge resection 
of the involved lobe is indicated. This is favored because of the 
difficulty, on a macroscopic level, of determining what portion 
of the lung is involved and which is not. The increased difficulty 
and morbidity associated with a partial resection does not war-
rant the limited benefits of preserving a portion of possibly dis-
eased lung. There are cases where more than one lobe appears 
to be involved and occasionally bilateral disease is encountered. 
There are also cases where there are no clear anatomic planes 
between the upper and lower lobe lobes and segments of both are 
grossly involved. In these cases, non-anatomical lung resection 
becomes necessary. The symptomatic neonate should be treated 
on immediately. In extreme cases, an emergency thoracotomy 
with decompression of the lung can be life saving followed by 
emergency lobectomy. However, in most neonatal cases, espe-
cially with the increased incidence of prenatal diagnosis, the 
baby is asymptomatic or has mild to moderate symptoms and a 
semi-elective resection can be performed.

The timing of surgery remains controversial but there is 
little evidence to suggest that delayed resection benefits the 

Fig. 31.5. Fetal ultrasound showing a macrocystic CAM

Fig. 31.6. Fetal MRI demonstrating a large CAM (arrow)

Fig. 31.7. CT appearances of CAMs: (a) Type I CAM, (b) Type II CAM, (c) Type III CAM (arrow)

a b c
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child in any significant way. In fact, delayed surgery may 
increase the risk of infection or respiratory compromise. Also 
early resection maximizes the compensatory lung growth of 
the remaining lobe (s).

Many centers have recommended resection at between 1 and 
6 months of age to allow for growth of the baby to decrease 
the risk of the anesthetic. We have favored early intervention 
to minimize the risk of later complications because we feel 
current anesthetic and surgical techniques nullify any risks of 
early resection.

The standard therapy has been a formal lobectomy through 
a postero-lateral thoracotomy incision. This can usually be 
done using a muscle sparing approach, decreasing the morbid-
ity associated with conventional thoracotomy, including scolio-
sis, shoulder girdle weakness, and chest wall deformity, all of 
which have been well documented in infants. This technique 
involves a standard skin incision with the development of upper 
and lower skin flaps. The anterior border of the latissimus dorsi 
muscle is then mobilized and retracted posteriorly. This exposes 
the posterior border of the serratus anterior muscle, which is 
mobilized and retracted anteriorly. This gives good exposure to 
ribs and intercostal muscles. The chest is entered through the 
fifth or sixth interspace depending on the lobe being resected. 
Dissection should stick to anatomic planes and involve divi-
sion of lobar vessels and airways to ensure complete resection. 
In infants with large space occupying cysts, confirmation of 
the anatomy can be difficult. In these cases, dissection can be 
facilitated by eviscerating the cystic portion of the lung or by 
compressing/involuting the cysts as described below.

For the last decade, we have preferred minimally invasive 
techniques to perform lobectomies in these infants.28 The 
benefits of avoiding a formal thoracotomy and the morbidity 
associated with it greatly out way the disadvantages of the 
increased technical difficulty and operative time. In fact with 
experience, the operative times have equaled or are faster than 
with a standard thoracotomy.

The technique of a lower lobectomy is detailed here for 
demonstration purposes.

The room set-up is shown in Fig. 31.8. The surgeon and assis-
tant are at the patient’s front with the monitor at the patients back. 
The chest is initially insufflated thru a Veres needle placed in the 
mid-axillary line at the fifth or sixth interspace. A low flow, low 
pressure of CO

2
 is used to help complete collapse of the lung. A 

flow of one liter per minute and pressure of 4–6 mmHg is main-
tained throughout the case. Occasionally it is necessary to use 
a higher pressure initially to get complete collapse of the lung. 
Thus, it is important to use valved ports so that a mild tension 
pneumothorax can be maintained. We prefer radially expandable 
ports as it prevents trauma to the intercostal vessels and nerve. 
The first port (a 5 mm) is placed at this site to determine the 
position of the major fissure and evaluate the lung parenchyma. 
A 4 or 5 mm 30° lens is used. This allows the surgeon to look 
directly down on the fissure and his instruments. In general, this 
will be the camera port. Position of the fissure should dictate 
the placement of the other ports as the most difficult dissection 
occurs in this plane. The working ports (3 or 5 mm) are then 

placed in the anterior axillary line between the fifth and ninth 
interspace. Port size depends on the size of the patient and the 
equipment to be used. If the Endo-GIA™ stapler (Tyco USSC, 
Norwalk CT, USA) is to be used a 12 mm port is placed in the 
lower port site in the largest interspace possible that will align 
with the front edge of the fissure. This is usually the seventh or 
eighth interspace. In smaller patients, the Ligasure™ (Valleylab, 
Boulder CO, USA.) or Endo-clips™ (Tyco USSC, Norwalk CT, 
USA) are used and these only require a 5 mm port.

Upon entering the chest the anatomy is often difficult to iden-
tify because of the large space occupying cysts. Therefore to cre-
ate space and improve visualization, the cysts are decompressed 
using the Ligasure device (Fig. 31.9). The cysts are grasped 
and sealed until enough compression is achieved to allow for 

Fig. 31.8. Operating room setup for infant lobectomy (With permis-
sion Journal of Pediatric Surgery)

Fig. 31.9. Decompression of a cyst (asterisk) using the Ligasure™
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 identification of all anatomic structures. The compressed lobe is 
also much easier to manipulate with laparoscopic instruments.

The first step is mobilization of the inferior pulmonary ligament. 
Care should be taken to look for a systemic artery coming off 
the aorta in case this is a misdiagnosed sequestration or one 
of the hybrid lesions. The inferior pulmonary vein is dissected 
out but not ligated at this point. Ligation of the vein prior to 
division of the pulmonary artery can lead to congestion in 
the lower lobe, which can create space issues especially in 
the smaller child and infant. The fissure is then approached 
going anterior to posterior. In cases of an incomplete fissure 
the Ligasure™ or Endo-GIA™ stapler can be used to complete 
the fissure (Fig. 31.10a–c). Gradually the pulmonary artery to 
the lower lobe is isolated. Often it is necessary to dissect into 
the parenchyma of the lower lobe to gain extra exposure and 
length. If possible the artery is ligated as it passes through the 
fissure. However, it is often easier to dissect out the vessel 
after the first or second bifurcation (Fig. 31.11). This also 
provides a longer segment of artery to work with. The bronchus 
to the lower lobe lies directly behind the artery and can often 
be palpated before it is seen.

Once the artery is divided, complete dissection of the vein 
is facilitated because of improved exposure. The vein can also 
be taken in one of several ways depending on the size of the 
vessel. Prior to dividing the vein, it is helpful to divide the 
pleura along the posterior border of the lobe. The inferior 

pulmonary vein is then divided and the bronchus to the lower 
lobe isolated. The bronchus is divided with the Endo-GIA™ 

Fig. 31.10. Division of an incomplete major fissure to facilitate lobectomy: (a) Incomplete fissure (C = CAM, U = upper lobe), (b) Division 
of the fissure using the Ligasure™, (c) Division of the fissure using the Endo-GIA™ stapler

Fig. 31.11. Dissection of the inferior pulmonary artery as it divides 
(arrow) within the lower lobe

a b

b

c
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stapler in larger children or cut sharply and closed with 3–0 
PDS™ (Ethicon, Sommerville NJ, USA) suture in smaller 
patients. In infants under 5 kg, it is possible to seal the bron-
chus with Endo-clips™. It is extremely important, especially in 
smaller patients not to compromise the bronchus to the other 
lobes while dividing the lower lobe bronchus. That is why the 
Endo-GIA™ stapler should not be used in smaller patients as 
it may encroach on the upper or middle lobe bronchus. The 
specimen is then brought out through the lower anterior axil-
lary line trocar site, which is slightly enlarged if necessary 
either whole or piecemeal with a ring forceps. If there is any 
risk of infection or malignancy, it should be placed in an endo-
scopic specimen bag. The endotracheal tube is then pulled 
back to ensure that the remaining lung inflates appropriately. 
A chest tube is then placed through the lower trocar site and 
all incisions are closed in layers with absorbable sutures.

In case where there is bilateral or unilateral multilobar 
disease complete lobar resection may not be appropriate. 
The surgeon needs to decide whether lung-sparing surgery is 
a better long-term therapy than multilobar resection. There is 
little written about this dilemma. In cases of apparent bilateral 
disease, the most involved side should be resected first with 
close follow up the residual disease. A plan resection on the 
other side can then be performed 2–3 months later.

If more than one lobe is involved on the same side, then 
a lung sparing procedure should be performed. This is best 
illustrated by a case in which on CT scan the CCAM appeared 
to involve just the left lower lobe. At exploration both the api-
cal portion of the lower lobe and posterior segment of upper 
lobe were involved, and there was no major fissure. There 
were some mild fetal lobulations, which appeared to define 
a plane between the normal and diseased lung. These planes 
where developed using the Ligasure devise to perform a biseg-
mentectomy, involving the apical segment of the lower lobe 
and the posterior segment of the upper lobe. The patient was 
discharged home after 48 h and follow-up CT at three months 
showed no obvious residual cystic disease.

The postoperative care is the same as for any lobectomy. 
A single chest tube is left until no air leak is present. In the 
majority of cases, this is 1–3 days. Once the chest tube is 
removed, the patient is discharged with routine follow-up in 
2 weeks. If a partial resection is performed or there is bilat-
eral disease, then a follow-up CT scan should be obtained in 
3–6 months to evaluate for residual disease. In cases where 
a second resection is indicated, we will usually perform this 
after three months.

Controversies

There is still some controversy regarding the treatment of small 
asymptomatic lesions. Some have advocated simple monitor-
ing without surgical resection.29 The risk of complications arising 
in childhood and adulthood has already been mentioned and 
include infection, hemothorax, respiratory compromise, and 

most worrisome cancer. Bronchioloalveolar carcinoma and 
rhabdomyosarcoma have both been documented to be associ-
ated with CCAM.30,31 A case of pleuropulmonary blastoma 
has also been documented, although this is extremely rare.32 
However, most surgeons feel the risk of malignancy is real 
enough and the morbidity of surgery low enough that resection 
should be performed even in small asymptomatic lesions.

Conclusion

The outcomes for patients with CCAM depend largely on the 
type of the lesion. The majority of patients with type 1 lesions 
can undergo surgical resection in the neonatal period and have 
an excellent long-term outcome. Type 4 lesions have a similar 
good outcome. The remaining lung can undergo compensa-
tory hypertrophy and the patients can live a full and asymp-
tomatic life. Patients with type 2 and 3 CCAMs have a less 
favorable course. There is a high degree of associated lesions 
and many with type 3 lesion develop significant pulmonary 
hypoplasia.

Surgical resection remains the mainstay of current therapy 
with complete resection via lobectomy being the procedure 
of choice. However, observation or partial lobar resections of 
only the grossly involved segments have been advocated and 
further long-term follow-up is necessary to determine the effi-
cacy of these therapies.
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Introduction

Pulmonary sequestration (PS) is a rare congenital malforma-
tion of the lower respiratory tract. It consists of a nonfunction-
ing mass of lung tissue that lacks normal communication with 
the tracheobronchial tree, which receives an arterial blood 
supply from the systemic circulation.1 The majority of seques-
trations fall into two categories: intralobar (ILS) and extralo-
bar (ELS). Intralobar sequestration is defined as a lesion that 
lies within the normal lobe and lacks a separate visceral pleura 
(Fig. 32.1). Extralobar sequestration is a mass located outside 
the normal lung invested is a separate layer of visceral pleura. 
There is a third, rarer, variant termed bronchopulmonary 
foregut malformation (BPFM) in which the abnormal lung is 
attached to the gastrointestinal tract.2

Historic Perspective

The term sequestration was first termed in 1946 by Pryce and 
was used to describe a segment of lung separated from normal 
vascular and bronchial connections.3 In 1974 Sade termed the 
expression “spectrum sequestration” to include all the different 
combinations of pulmonary and systemic arterial supply, pul-
monary and systemic venous drainage, normal and abnormal 
pulmonary tissue, gastrointestinal fistula, and deficiencies of 
the diaphragm.4 Bratu et al. felt that to facilitate the manage-
ment of these lesions, they should be classified based on the 
type of connection to the tracheobronchial tree, arrangement 
of the visceral pleura, arterial supply, venous drainage, nature 
of communication to the foregut, histology, mixed or mul-
tiple lesions, and associated malformations.5 Gerle used the 
term sequestration or bronchopneumointestinal malformation 
whenever the pulmonary parenchyma had lost normal bron-
chial, arterial, or venous connections yet had retained other 
foregut or systemic vascular connections.6

It is widely agreed that PS comprises a spectrum of lesions that 
arise from a common embryologic pathogenesis.7 These malfor-
mations include ELS and ILS, PS with a patent gastroesophageal 

communication, esophageal or gastric  diverticulum, esophageal 
or bronchogenic duplication cyst, and cystic adenomatoid mal-
formation (CCAM).

Pathogenesis

The exact embryologic basis for the development of PS is 
unclear. The lesion likely occurs early in embryologic devel-
opment prior to the separation of the aortic and pulmonary 
circulations.4 One explanation is an abnormality of lung bud 
formation.4–8 This could result not only in PS but also CCAM, 
bronchogenic cyst, foregut duplication, or even congenital lobar 
emphysema. Another explanation is that a portion of the devel-
oping lung bud is mechanically separated from the rest of the 
lung by compression from cardiovascular structures, traction 
by aberrant systemic vessels, or inadequate pulmonary blood 
flow.4 Others believe that ILS may be an acquired lesion or a 
variant of CCAM because a number of ILS are not identified 
until later in life after the patient has had a significant pulmo-
nary infection.9,10 Whatever the etiology it is clear that there is 
some spectrum, which exists between PS, CCAM, and other 
bronchopulmonary malformations, and all need to be consid-
ered in the diagnosis when one of these lesions is encountered.

The majority of sequestrations occur in the lower lobes, but 
they can occur anywhere in the chest as well as below the dia-
phragm and in the retroperitoneal space.4 Intra-lobar seques-
tration is more common than ELS. Most ELS involve the left 
hemithorax. According to Savic, nearly 80% occur between 
the left lower lobe and the diaphragm, with approximately 
13% located below the diaphragm.11 Approximately 60% of 
ILS involve the left lower lobe, the majority in the posterior 
basal segment. Broncho-pulmonary foregut malformations are 
more common on the right side.12 The incidence of a commu-
nication with the foregut is much higher with ELS then ILS.

The majority of ILSs have no connection to the bronchial 
tree. If there is a connection it is abnormal and does not per-
mit normal air exchange. However, bacteria may enter the 
sequestration either via an abnormal airway connection or via 
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pores of Kohn and result in recurrent infection. It is rare for an 
ELS to have any connection with the bronchial tree and conse-
quently infectious complications are rare. The vascular supply 
for both ILS and ELS generally arises directly from the lower 
thoracic or upper abdominal aorta.11 The majority of sequestra-
tions have a single arterial feeder, although up to a third may 
have multiple vessels. The venous drainage is usually normal 
to the left atrium but abnormal drainage to the right atrium, 
vena cava, and azygous vein have all been documented.11 Both 
ELS and ILS have been documented in the same patient.

It is not uncommon for other congenital abnormalities to be 
associated with PS, more with ELS then ILS. These include, but 
are not restricted to, congenital diaphragmatic hernia, verte-
bral anomalies, congenital heart disease, pulmonary hypoplasia, 
and colonic duplication.2,11 In one series, ELS was associated with 
CCAM in up to 50% of cases, again suggesting that these condi-
tions are simply a spectrum of a single disease process.13,14

Clinical Features

The clinical presentation varies depending on the size, type, 
and location of the PS. More and more lesions are being 
detected in the prenatal period by routine ultrasound. They 

tend to be echogenic masses, which can be small or occupy 
the entire thoracic cavity (Fig. 32.2). Larger lesions may cause 
mediastinal shift and in extreme cases hydrops secondary to 
vascular compression. A large percentage of these lesions, in 
some series over 70%, will regress during gestation so post-
natal evaluation is essential.15–17

Intralobar sequestration is more common than extralobar 
but rarely diagnosed in early life because most patients are 
asymptomatic until pulmonary infection occurs. Up to 25% 
of infants with ELS will present early with feeding difficul-
ties or respiratory distress, or both. Recurrent pneumonia is 
less uncommon in these infants. Older infants can present 
with evidence of congestive heart failure because of excessive 
blood flow through the aberrant artery. Most symptoms from 
ELS are secondary to a mass affect. PS may be discovered 
coincidentally in an older asymptomatic patient on a routine 
chest X-ray. In rare cases, these patients may present with 
heart failure, secondary to high flow through the anomalous 
systemic artery, or with hemoptysis.4

There are reports of massive hemoptysis occurring in 
untreated sequestrations.18–21 There are case reports of a 
fibrous mesothelioma and carcinoma arising from an ILS.22,23 
However, these appear to be hybrid lesions and may be more 
consistent with CCAM. This again supports the contention 
that all congenital lung lesions should be excised.

Diagnosis

Many PSs are now detected antenatally by ultrasound. ELS 
appears as a well defined echodense homogenous mass, which 
is separate from the lung. The classic finding is that of a systemic 
artery coming from the aorta to the lung lesion, which is easily 
identified with color flow Doppler US (Fig. 32.3). Occasionally, 
a systemic artery can also be seen in a CCAM as documented by 
Coran and Stocker in over 50 cases.13 MRI has also been used 
in the prenatal period and can help to differentiate between PS, 
CCAM, and CDH.24 However, none of these diagnostic methods 
have proven to be 100% specific.

Postnatal diagnosis is made by a number of modalities. An 
initial chest X-ray (CXR) can be highly suggestive. This usually 

Fig. 32.2. Fetal pulmonary sequestration

Fig. 32.1. Extra-lobar sequestration (arrow) with a separate visceral 
pleural investment from the lower lobe (asterisk)
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shows a mass of uniform increased density within the lower 
thoracic cavity or within the parenchyma of the lobe. There 
may be a mass effect with mediastinal shift early in the new-
born period (Fig. 32.4). Chest X-ray may also show air-fluid 
levels due to bronchial communication (Fig. 32.5 ), primarily in 
cases of ILS. If PS is expected a contrast CT scan is obtained. 
This can confirm the extralobar mass in cases of ELS and show 
abnormal parenchyma in cases of ILS. Other findings include 
large cavitating lesions with air-fluid levels, many small cystic 
lesions containing fluid or air, or a well-defined cystic mass. 

Emphysematous changes may also be present on the periphery 
of the mass.

Conventional CT does not always demonstrate the systemic 
artery, especially if the vessels are less then 1 mm. Therefore, 
a contrast enhanced or helical CT is recommended which can 
show greater definition and increase the yield of these studies 
(Fig. 32.6).25,26 Magnetic resonance imaging (MRI) can show 
the lesion and identify the aberrant artery especially if an MR 
angiogram (MRA) is used27 (Fig. 32.7). Previously angiog-
raphy was recommended prior to surgery to demonstrate the 
arterial anatomy and the location of the aberrant systemic 
artery, but this is no longer necessary with improved CT and 
MRI. Ultrasound with Doppler can also be used in the post-
natal period but most authors agree that CT is more sensitive 
and specific.28

Fig. 32.3. Doppler ultrasound identifying feeding vessel to sequestra-
tion (arrow)

Fig. 32.4. Newborn with a large left ELS causing mediastinal shift 
and respiratory failure

Fig. 32.5. Air-fluid levels within an infected left basal ILS in an 
eight-year-old child

Fig. 32.6. Spiral CT scan showing right basal sequestration (asterisk) 
and feeding vessel (arrow)
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Treatment

The treatment approach is somewhat controversial and 
depends on the time of diagnosis, the patient’s respiratory 
status, evidence of recurrent infections, or if the patient is 
asymptomatic. There is a general consensus that seques-
trations causing symptoms should be resected.29 There is 
an argument for observation of asymptomatic patients with 
ELS on the basis that these lesions rarely produce symp-
toms, and there have been no reports of malignant degen-
eration. However, this fails to take in to account that a 
number of lesions thought to be sequestrations are actually 
hybrid lesions, with CCAM-type morphology an a systemic 
arterial supply. We, therefore, feel resection in all cases is 
the most appropriate therapy.

Embolization of the systemic feeding vessel has been used 
as an alternative to surgical resection.30,31 The rationale for this 
is that some fetal sequestrations undergo spontaneous regres-
sion possibly due to thrombosis of the feeding vessel. There 
are a few small series with relatively short follow-up that show 
partial or in some cases complete regression following embo-
lization, although long-term results are not available. Consid-
ering that embolization requires general anesthesia and most 
sequestration can be safely resected thoracoscopically, we see 
no advantage to embolization over resection. Fetal interven-
tion for PS is rarely indicated.15,28

Surgical Resection

The complexity of surgical resection varies with the type and 
location of the lesion. In general, resection of an ELS is easier 
because the sequestration has a separate pleural investment, no 

connection to the bronchial tree and a discrete systemic arterial 
supply. Unless the ELS is very large and causing mediastinal 
shift resection is relatively straightforward and a thoracoscopic 
approach is preferable. The biggest challenge is to identify and 
ligate the systemic vessel safely especially if the origin of the ves-
sel is subdiaphragmatic. There are reports of the vessel being torn 
and retracting below the diaphragm resulting in exsanguination 
before vascular control could be regained.

We, and others, prefer to resect PSs thoracoscopically, 
although a traditional thoracotomy is still favored by many 
pediatric surgeons.32–34 If a conventional open approach is 
used, the patient is positioned in a lateral decubitus position 
and a standard postero-lateral incision is made. The chest is 
usually entered in the fifth or sixth interspace as these lesions 
tend to be posterior and inferior. Once the lesion is identified, 
the systemic vessel should be identified, ligated, and divided. 
There are then usually only minimal pleural attachments, and 
the ELS is easily mobilized and removed.

If approaching the lesion thoracoscopically, single lung 
ventilation is helpful as this allows collapse of the normal lung 
and better exposure of the ELS. The patient should be placed in 
a modified lateral decubitus position rolled anteriorly approxi-
mately 20–30°. Since the sequestration is a posterior structure 
this position allows the collapsed lung to fall anteriorly and 
inferiorly by gravity, thus improving the exposure of the ELS. 
If the prenatal diagnosis is wrong and it is an ILS the table can 
be rotated away from the surgeon to have the patient in a more 
true lateral decubitus position for a standard lobectomy.

The procedure is started with insufflation of CO
2
 through a 

Veres needle in about the sixth intercostal space, just behind 
the mid-axillary line. This is slightly inferior and posterior to 
the position used for lobectomy because most of the dissection 
occurs in the posterior mediastinum and near the diaphragm. 
A valved trocar is then placed and a 30° thoracoscope used 
for the procedure. The diagnosis should be confirmed once 
the scope is inserted. Two other ports are then placed between 
the anterior and mid-axillary lines between the fifth and tenth 
interspaces. Careful examination of the ELS is then performed. 
Once the feeding vessel is identified the overlying pleura is 
incised and the vessel dissected out (Fig. 32.8 ). Multiple 
vessels maybe present in 30–40% of cases. The vessels are 
then ligated and divided (Fig. 32.9). This can be accomplished 
by suture ligation, or a sealing device such as the Ligasure? 
(Valleylab, Colorado, USA). The technique used will depend 
on the size of the vessel and the surgeon’s experience. When 
the vessel is seen to arise from below the diaphragm, extreme 
care must be taken. If the vessel tears and retracts below the 
diaphragm, regaining vascular control will be extremely 
difficult. Once the vessel are divided usually only rudimen-
tary pleural attachments remain which are easily divided 
sharply or with cautery. The specimen can then be placed in 
a specimen bag and brought out through a slightly enlarged 
trocar incision (Fig. 32.10). This may be done in a piecemeal 
fashion to limit the size of the incision. Once the specimen is 
removed, the chest cavity is reexamined to check for blood 

Fig. 32.7. MR angiogram showing arterial supply to the sequestration
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or residual tissue. As there is no bronchial connection and 
no attachment to the normal lung, there should be no air leak. 
The endotracheal tube is pulled back into the trachea and the 
lung reinflated. This can be facilitated by leaving a small chest 
tube through one of the port incisions, which is then removed 
at the end of the procedure. The majority of patients can be 
discharged on the first postoperative day.

In cases of ILS, a formal lobectomy is indicated as described 
in the chapter on CCAM. Again the systemic vessel should be 
identified and ligated as a first step. This is generally achieved 
by dividing the inferior pulmonary ligament. The vessel is 

usually adjacent to this ligament and inferior to the inferior 
pulmonary vein.

In cases of sub-diaphragmatic ELS, we have preferred a 
laparoscopic approach. The majority of these lesions lie in 
the retroperitoneum, usually behind the stomach.35,36 With 
the laparoscope in the umbilicus an excellent view can 
be obtained by placing stay sutures through the anterior 
abdominal wall and through the anterior wall of the stom-
ach. This allows the stomach to be retracted anteriorly. The 
lesser sac can then be opened and the “mass” identified. 
The sequestration is then mobilized from the retroperitoneum 
taking care to identify the feeding vessel arising from the 
aorta. In cases where an ELS is associated with a congenital 
diaphragmatic hernia, the lesion should be resected as part 
of the procedure to repair the CDH.

Postoperative Care

The postoperative care is generally straightforward. A chest 
tube is rarely needed after ELS resection, and the postoperative 
course should be short and benign. Following thoracoscopic 
resection, the majority of the patients are discharged home 
within 24 h. For ILS the course is similar to that of patients 
requiring a lobectomy. A chest tube is left for 1–3 days in 
most cases or until an air leak ceases. Once the chest tube 
is removed, most patients are ready for discharge in 24–48 h. 
Long-term follow-up is generally not necessary as resection 
should be curative. There are reports of bilateral PS, or PS 
associate with either a unilateral or contralateral CCAM.37 
These reports are extremely rare and such cases must be dealt 
with on an individual basis.

Fig. 32.8. Thoracoscopic view of an ELS with aorta (asterisk) and 
feeding vessel (arrow)

Fig. 32.9. Feeding vessel isolated and about to be clipped

Fig. 32.10. Removal of sequestration through an enlarged port 
incision
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Unusual Cases

The scimitar syndrome is an unusual constellation of anoma-
lies, which includes right-sided pulmonary hypoplasia, PS, 
and partial anomalous pulmonary venous drainage of the right 
lung, usually into the inferior vena cava.

The term scimitar syndrome was first used by Neill et al. 
in 1960 to describe the curved shape of the anomalous draining 
vein on a chest X-ray, which resembles a Turkish sword (the 
scimitar).38 There is a relatively high incidence of other cardiac 
anomalies in the scimitar syndrome, and children may pres-
ent with congestive heart failure and pulmonary hypertension. 
Other children may be asymptomatic or present with wheez-
ing or recurrent pulmonary infections. Treatment for scimi-
tar syndrome depends on the precise nature of the anomaly. 
Observation may be all that is necessary for some children. 
However, lobectomy and, in some cases pneumonectomy, is 
required as an alternative to rerouting the anomalous pulmo-
nary venous drainage of the right lung into the left atrium, 
if there is a substantial right to left shunt. Correction of any 
cardiac anomaly may also be required.

Controversies

The most controversial aspect of the treatment of PS is the 
argument for observation versus resection of asymptomatic 
antenatally diagnosed malformations. The potential risk of 
conservative management is late or recurrent infection, which 
not only caries morbidity but also makes subsequent resection 
using minimally invasive techniques more difficult.

Conclusion

PS is part of a spectrum of BPFMs and can present in a myr-
iad of ways. A greater number of lesions are now diagnosed 
prenatally and a number are seen to regress prior to delivery. 
Most surgeons favor early excision, even in asymptomatic 
patients, to prevent long term complications. The majority of 
these procedures can now be carried out safely using mini-
mally invasive techniques.
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Introduction

Congenital lobar emphysema (CLE) is a rare anomaly of 
lung development, which often presents in the neona-
tal period with hyperinflation of one or more pulmonary 
lobes.1,2 Other terms for this entity include congenital lobar 
over-inflation and infantile lobar emphysema. The patient 
may also present with a radio-opaque mass on chest X-ray 
because of delayed clearance of lung fluid of the affected 
lobe. The differential diagnosis must include other types of 
congenital cystic lung disease such as congenital adenoma-
toid malformation, bronchopulmonary sequestration, bron-
chogenic cyst, as well as other anomalies such as congenital 
diaphragmatic hernia.

Historical Perspective

The first cases of CLE were reported by Bartholinus in 1687 
and Kaufman in 1904, but Nelson was the first to describe 
the entity precisely in 1932.3 The earliest case reports insisted 
on an association between emphysema and cystic lesions. In 
1943, Gross and Lewis performed the first curative lobectomy 
on a four-year-old girl with CLE. Early reports of successful 
surgical therapy were reported in the 1960s by Hendren, 
Murray, Kennedy, and Binet.4–7

Pathogenesis

CLE is a relatively rare developmental anomaly that occurs 
in 1/20,000–1/30,000.8 The upper lobes tend to be the most 
frequently involved with the left side more common (40–50%) 
than the right (20%). The middle lobe is occasionally involved 
(25–30%) and lower lobe disease is extremely rare (2–5%).9 
The male to female ratio is three to one.

The etiology of CLE is multifactorial and likely a common 
endpoint for a number of different disease pathways. 
Progressive hyperinflation is the end result of a number of 
variations of disruption of bronchopulmonary development. 
These disturbances may cause a change in the number of 
airways or alveoli and alveolar size.10

The most frequently documented cause of CLE is obstruc-
tion of the developing airway, which occurs in approximately 
25% of cases. Airway obstruction can either be intrinsic or 
extrinsic, although intrinsic is the most common. This results 
in a check-valve type obstruction with air trapping. This results 
in histologic changes of alveolar distension without structural 
abnormality.

Intrinsic obstruction is often caused by defects within the 
bronchial wall, such as a deficiency of bronchial cartilage. 
This can result in bronchial collapse during expiration and 
air trapping. Other congenital bronchial anomalies include 
atresia, stenosis, diffuse bronchomalacia, bronchiectasia, and 
abnormal bronchial takeoffs. Acquired causes of bronchial 
obstruction include meconium or mucus plugs, foreign bod-
ies, granulation tissue, torsion of the bronchus, or abnormal 
bronchial mucosal folds.

Extrinsic compression maybe caused by a number of struc-
tural irregularities such as vascular anomalies and intrathoracic 
masses. These include pulmonary artery sling, anomalous 
venous return, or foregut cyst and teratomas.

In a large percentage of cases, a specific etiology either 
intrinsic or extrinsic can still not be identified.

Gross inspection of the affected lobe shows hyperexpansion 
with parenchymal pallor (Fig. 33.1). The histologic findings 
are variable. They range from simple uniformly dilated 
airways and airspaces to a polyalveolar form. In the later, the 
small airways are of normal size and number but the alveoli 
are grossly enlarged and increased in number. However, true 
emphysematous changes are lacking in both types. This has 
led some to classify this disease as congenital hyperinflation 
rather then lobar emphysema.
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Clinical Features

Symptoms occur during the first few days of life in approxi-
mately 50% of the cases. Approximately 23–30% present at 
birth with 50% presenting by one month of age. Almost all cases 
become symptomatic by 6 months. The severity and time of 
onset of symptoms varies depending on the degree of parenchy-
mal distension. Progressive respiratory distress develops rapidly 
in some infants, while others have a more gradual and insidious 
onset.11–14 Some patients remain asymptomatic for years.

Infants present primarily with tachypnea and increased work 
of breathing. They can often become cyanotic and episodes 
may be exacerbated by feeding or crying. Physical findings 
include retractions, hyper-resonant percussion, and dimin-
ished breath sounds on the affected side. There may also be 
a shift in the cardiac point of maximal impulse depending on 
the degree of mediastinal shift. The chest may appear hyper-
expanded and there maybe limited respiratory excursion. The 
infants may present with recurrent respiratory infections or 
poor feeding with failure to thrive. They may also present with 
cough, wheezing, and apnea.

Other congenital anomalies may occur with CLE. As men-
tioned, cardiovascular are the most common in up to 20% but 
renal, gastrointestinal, musculoskeletal, and cutaneous disor-
ders also occur.15,16

Diagnosis

The diagnosis of CLE often can be made from its characteris-
tic appearance on chest radiograph (CXR). Radiographs show 
over-distension of the affected lobe with asymmetry in paren-

chymal transparency with a hyperlucent zone. Depending on 
the degree of hyperinflation, there maybe mediastinal shift 
with compression and atelectasis of the contralateral lung. 
The diaphragm on the ipsilateral side is often flattened as well 
(Fig. 33.2). If the CXR is obtained immediately after birth, the 
affected lobe may appear opacified due to retained fetal fluid. 
As the fluid is reabsorbed and the lung fills with air progres-
sive hyperinflation occurs.

Computed tomography (CT) of the chest and magnetic 
resonance (MR) imaging can also be used to help make the 
diagnosis (Fig. 33.3).17,18 These studies may help demonstrate 
an unusual source of intrinsic or extrinsic compression. CT 
studies with intravenous contrast or MR angiography can 
show vascular structures, which may cause airway com-
pression. Echocardiography can also identify these vascular 
abnormalities. Computed tomography can also be useful in 

Fig. 33.1. Macroscopic appearance of congenital lobar empyhsema 
(courtesy of Prof A De Cruz)

Fig. 33.2. Chest X-ray appearance of congenital lobar emphysema. 
Note mediastinal shift, collapse of the left lower and right upper lobes

Fig. 33.3. CT appearance of congenital lobar emphysema
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differentiating cystic lesions, which are picked up on prenatal 
ultrasound.19 A ventilation perfusion scan (V/Q) can demon-
strate decreased ventilation and nearly absent perfusion of the 
affected lobe. This investigation may be of particular help in 
older, less symptomatic patients, when trying to determine 
whether or not surgical resection is indicated.20 Bronchoscopy 
can also be useful in looking for sources of intrinsic airway 
obstruction but is often not necessary to make the diagnosis 
of CLE.

CLE is being diagnosed more frequently during prenatal 
evaluation. Prenatal ultrasonography shows lung lesions with 
increased echogenicity and or cystic appearing lesions.21 Fetal 
MR may also be used to make the diagnosis.22 Predictors of 
respiratory distress and mortality include polyhydramnios, 
fetal hydrops, and lung to thorax transverse area ratio (L/T 
value) of less then 0.25.23

The differential diagnosis includes congenital cystic 
adenomatoid malformation, bronchopulmonary sequestra-
tion, bronchogenic cyst, and congenital diaphragmatic hernia, 
although there are other diagnoses in the newborn, which must 
be ruled out. These include pulmonary interstitial emphysema 
as well as other causes of local hyperinflation. One must also 
rule out spontaneous pneumothorax. These are important 
distinctions as the mode of therapy can differ dramatically. 
The inadvertent placement of a tube thoracostomy for pre-
sumed pneumothorax for a case of CLE can have disastrous 
results.24 The emphysematous lobe in a case of CLE usually 
has linear bronchovascular and alveolar markings, which will 
be absent in the case of a pneumothorax. Pulmonary intersti-
tial emphysema should be suspected in infants who are being 
ventilated at high airway pressures. A change to an alternate 
form of ventilation may allow resolution of this problem. 
There is an entity called unilateral hyperlucent lung syndrome 
(HLS) or Swyer-James-Mcleod syndrome, which also results 
in decreased pulmonary vascularity and hyperinflation. In 
contrast to CLE, most patients with HLS are asymptomatic, 
and the condition is only diagnosed when a CXR is obtained 
for some other reason. Airflow obstruction is generally pres-
ent on pulmonary function testing and V/Q scans often show 
decreased perfusion of the affected lobe.25 Pertussis infec-
tion has been implicated in HLS, and other cases have been 
identified with unrecognized pulmonary artery agenesis. 
Complications of HLS include recurrent infections with the 
development of bronchiectasis, lung abscess, and spontane-
ous pneumothorax.26,27 Lung resection is indicated in the most 
severe cases.

Treatment

The traditional treatment of CLE in newborns with respiratory 
distress is lobectomy.28,29 This has been performed to relieve 
respiratory distress and correct the mediastinal shift. It also 
relieves compression of the unaffected lobes and allows for 

compensatory lung growth. However, despite relatively uni-
form good results with surgical resection, many debate the 
merits of conservative, nonoperative therapy over surgical 
resection.

Surgical resection has traditionally been performed via a 
standard posterolateral thoracotomy incision. High frequency 
jet ventilation, selective bronchial intubation, and selective 
endoscopic decompression of the affected lobe may be used 
as an adjunct in severely affected patients in the preoperative 
management of these infants but most will require lobectomy 
for definitive treatment.30,31 Recently successful thoracoscopic 
resection for these lesions has been reported.32,33 Because of 
the hyperinflated nature of the lung and the fixed domain 
of the chest cavity, it is usually necessary to compress or 
collapse the emphysematous lobe to create working space.

There are an increasing number of reports of conservative 
treatment of CLE. This is generally reserved for infants and 
children with minimal or no symptoms. A few series have doc-
umented gradual clinical and radiological improvement over 
time with long-term outcomes similar to surgically-treated 
patients. Ozeclik in a report of 30 children over a 27-year 
period documented the course of 21 undergoing lobectomy 
and 9 children managed conservatively.28 The conserva-
tively treated patients were older at the time of diagnosis and 
their degree of respiratory compromise less. All nine patients 
showed decreased hyperexpansion of the affected lobe with 
time. In another report of 20 children treated over an eight-
year period, eight cases were diagnosed antenatally.34 Eleven 
patients were symptomatic at presentation and six showed 
clinical improvement with conservative therapy. Other reports 
have similar findings. What appears to clear is that patients 
who present later in life, or who have minimal symptoms, 
can be followed and treated conservatively. Resection is only 
necessary if there are chronic or recurrent infections or symp-
tomatic deterioration. With this in mind we have attempted a 
few cases of lung reduction therapy in neonates with severe 
respiratory compromise who do not improve with conserva-
tive measures. This has been accomplished with thoracoscopic 
techniques and resulted in a correction of the mediastinal shift 
with reduction in the hyperinflation of the affected lobe. Long-
term follow-up is necessary to determine whether or not this 
therapy has any merit.

Conclusion

CLE continues to be a poorly understood entity with multi-
ple etiologies. It exists more as a spectrum of disease than a 
clearly-defined disease entity. Prenatal diagnosis is becoming 
more common, and this may help document the natural 
history of the disease. Treatment options depend on the time 
and severity of onset but newer lung conservation techniques 
may help preserve all or part of the involved lobe, even in the 
most severely affected infants.
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Introduction

Respiratory disorders in the newborn account for the majority 
of admissions to neonatal units. A successful transition from 
fetal to neonatal life is dependent on cardiorespiratory adap-
tation. Some infants, especially premature infants, need help 
with this transition. Intensive care is needed for infants who 
are unable to breathe adequately (usually as a result of pre-
maturity and respiratory distress syndrome (RDS) ) and fail 
to adapt to an extra uterine environment. Reportedly almost 
two third of infants admitted to the neonatal intensive care 
require intermittent positive pressure ventilation. Other con-
ditions such as air leak syndromes usually occur as a conse-
quence of a primary pathology and ventilatory support. This 
chapter reviews the various disorders of the respiratory system 
including chronic respiratory conditions of the newborn. Our 
understanding of respiratory physiology in relation to lung 
pathology has improved significantly in the last two decades 
and prevented chronic lung disease in many infants requir-
ing respiratory support. Administration of steroids to mothers 
ante partum and improved ventilatory strategies have changed 
the outcome for premature infants requiring prolonged respi-
ratory support.

Historical Perspective

Recognition of the importance of respiratory management 
was a milestone in the history of neonatology. In 1959, Mary 
Ellen Avery and Jere Mead showed that respiratory distress 
syndrome (RDS) was linked with surfactant deficiency.[1] 
This lead to the introduction of assisted ventilation in the mid 
1960’s for these babies to tide them over the acute period of 
RDS until they recovered. Two main problems that were rec-
ognized early on to occur as a consequence of assisted ventila-
tion were bronchopulmonary dysplasia (BPD) and pulmonary 
interstitial emphysema (PIE). Bronchopulmonary dysplasia 
was first described in 1967 by Northway [2] and it was subse-
quently recognized that BPD was caused by barotrauma and 

oxygen toxicity. It frequently led to cor pulmonale and death. 
However since the advent of surfactant for the treatment of 
RDS, BPD is a much more benign disease. Air leaks such as 
pneumothorax and pneumomediastinum occurred frequently 
after the introduction of assisted ventilation. However the 
incidence of these has reduced substantially since the intro-
duction of surfactant.[3] Another major factor that has con-
tributed to the reduction in respiratory morbidity in preterm 
infants was the introduction of antenatal corticosteroids. In 
1972, Liggins and Howie showed that the use of betametha-
sone antenatally prevented or minimized the severity of RDS. 
However, it took several more years before antenatal steroids 
were used routinely in threatened preterm labor. The use of 
surfactant in combination with antenatal corticosteroids has 
resulted in the reduction of the incidence of neonatal death 
and RDS by 50%.

Acute Respiratory Diseases

Respiratory Distress Syndrome

Respiratory distress syndrome (RDS), also known as hyaline 
membrane disease (HMD) commences at or shortly after birth 
and increases in severity until progressive resolution occurs, 
usually between the second to fourth day. The term ‘HMD’ 
is an autopsy diagnosis and thus the term ‘RDS’ is preferred. 
It is a disease of the preterm infant caused by surfactant defi-
ciency. The incidence of RDS is inversely related to the gesta-
tion. Approximately 1% of infants develop RDS.[4] Before 
the routine use of antenatal steroids and postnatal surfactant 
the incidence of RDS was between 2–3 times higher.[5] 
About 50% of infants less than 30 weeks gestation develop 
RDS compared to 2% of those between 35 and 36 weeks.[4] 
The incidence of RDS is higher in infants of diabetic moth-
ers. Respiratory distress syndrome in the newborn is a major 
cause of neonatal mortality and morbidity and a significant 
contributor to admission to the neonatal unit. The outcome 
for RDS has improved in recent years with increasing use of 
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antenatal steroids, postnatal surfactant therapy and improve-
ments in ventilatory management.

Pathogenesis and Basic Science

Respiratory distress syndrome results from the deficiency of 
surfactant due to immaturity of the lungs. Prematurity is an 
important contributory factor in the development of RDS, 
although there are several predisposing factors.[4] Males are 
more likely to develop RDS than females. Black infants are 
less likely to develop RDS. Babies born with a poor respira-
tory effort, bradycardia or poor tone at birth are more likely to 
develop RDS.[6] Fetal hypoxia causes decreased lung perfu-
sion and damage to the capillaries. This results in leakage of 
protein rich fluid that inhibits surfactant. The resulting hypoxia 
and acidosis further reduce surfactant production. Family his-
tory of RDS, second twin and hypothermia are other predis-
posing factors.

Surfactant is a complex substance containing phospho-
lipids and a number of apoproteins that is produced by type 
II alveolar cells, and lines the alveoli and smallest bronchi-
oles. Surfactant reduces surface tension, thereby increasing 
lung compliance. Deficiency of surfactant leads to alveolar 
collapse, decreased lung compliance and reduced functional 
residual capacity and ventilation-perfusion mismatch. Most 
babies have some surfactant at birth. The symptoms of RDS 
worsen when protein rich exudates leaks into the damaged 
lung, inhibiting surfactant. Alveolar hypoventilation results in 
hypoxia and acidosis reduce surfactant production and affect 
pulmonary vascular resistance, cardiac contractility, cardiac 
output and systemic blood pressure. The lungs remain non-
compliant until levels of surfactant begin to rise at around 
36–48 hours. Pulmonary arterial pressure (PAP) remains high 
in babies with RDS up to one week of life.[7] High PAP may 
result in right to left shunting.

Microscopic examination of the lung in RDS reveals col-
lapse of peripheral airspaces and alveolar epithelial cell 
necrosis. Hyaline (proteinaceous) membranes are formed on 
denuded areas and by 24 hours more extensive membrane 
formation occurs, lining the distended terminal and respira-
tory bronchioles. There is also a noticeable diffuse interstitial 
edema with congested capillaries and dilated lymphatics.[8]

Clinical Features

The spectrum of severity varies from a mild form to a severe, 
fatal form. The diagnostic criteria for RDS are respiratory 
rate more than 60 per minute, expiratory grunt, sternal and 
intercostal recessions and cyanosis in air. The disease presents 
within the first 4 hours of life. In the milder form the disease 
initially worsens by 24–36 hours and the severity decreases by 
36–48 hours as the surfactant synthesis commences. This is 
often associated with spontaneous diuresis. Some babies may 
present with alternate periods of shallow, rapid breathing with 
slow breathing with recessions. This is often associated with 
apneas and is a sign of respiratory failure. The more mature 

babies present with tachypnea, grunting, flaring of the alae 
nasi and cyanosis needing oxygen. In contrast the immature 
babies may need positive pressure ventilation from birth.

Diagnosis

Radiological Diagnosis

The chest radiograph (CXR) (Fig. 34.1) helps to establish the 
diagnosis. The CXR shows diffuse, fine granular opacification 
of both lung fields with an ‘air bronchogram’ due to air filled 
bronchi that stand out against the white opacified lung. The 
ground glass appearance with an obscured heart border is a 
classical picture of RDS.

Blood gas estimations help to detect hypoxemia and hyper-
capnia. This is useful to assess the severity of the lung disease 
and in further management. In ventilated babies with RDS, it 
is important to perform blood gases regularly, ideally arterial 
but capillary blood gas may be done, especially within half 
an hour after surfactant administration to prevent hypocapnia 
which is detrimental to the brain.

Differential Diagnosis

There are a number of conditions that have similar clinical 
features to RDS. Congenital pneumonia, aspiration pneu-
monia, meconium aspiration syndrome, transient tachypnea 
of the newborn, pneumothorax, diaphragmatic hernia and 

Fig. 34.1. Chest X-ray typical of Respiratory distress syndrome



34. Respiratory Disorders of the Newborn 413

congenital heart disease are some of them. However the his-
tory, presentations and CXR findings vary.

Management

Prenatal Steroids

Antenatal administration of corticosteroids such as dexam-
ethasone or betamethasone significantly reduces the inci-
dence of RDS in preterm neonates.[9] Betamethasone is 
now preferred because of a lower incidence of periventricu-
lar leukomalacia.[10] It should ideally be administered 48 
hours prior to delivery but its usefulness has been shown 
even if administered less than 24 hours.[11] Risk assess-
ment for the administration of steroids to mother in preterm 
labor has shown negligible risk and improved survival of 
preterm infants. Increased risk of infection in the mother 
with prolonged rupture of membranes and diabetic mothers 
with disturbed glucose homeostasis can be managed effec-
tively. Studies of neonates who received prenatal steroids 
have shown that they do not suffer from more infective epi-
sodes or developmental delay.

Surfactant Replacement

Prophylactic surfactant has been shown to reduce the inci-
dence of pneumothorax, mortality and combined outcome of 
mortality and chronic lung disease (CLD). Trials comparing 
prophylactic surfactant versus selective use of surfactant have 
shown a better outcome in the prophylactic group. There was 
significant reduction in mortality and a borderline significant 
reduction in pneumothorax.[12]

Surfactant therapy improves the outcome of infant with 
RDS. Trials have demonstrated that there is greater early 
improvement in requirement for ventilatory support, fewer 
pneumothoraces and fewer deaths with natural surfactant com-
pared to synthetic surfactant.[3] Surfactant administration is 
associated with reduced oxygen and ventilatory requirement. 
It has been shown to reduce the incidence of pneumothorax, 
mortality and combined outcome of chronic lung disease 
(CLD) and mortality.[12]

Neonatal Intensive Care

The mortality and morbidity among premature infants with 
RDS is significantly reduced by skilled resuscitation after 
delivery and subsequent neonatal intensive care management. 
The management of RDS comprises of supportive management 
supplemented with surfactant and assisted ventilation to main-
tain adequate gas exchange. Maintenance of normal tempera-
ture, oxygenation and correction of acid base balance is vital as 
hypothermia, hypoxemia and acidosis can inactivate surfactant. 
These babies should be handled minimally as if they become 
hypoxic and their right to left shunt increases, their PaO2 may 
fall rapidly. Blood gas measurement should be undertaken regu-
larly with an aim to maintain the arterial PaO2 in the range of 
7–10 kPa (50–75 mmHg). Normal PaCO2 in a newborn baby is 

between 4.6–5.4 kPa (30–40 mmHg). However in more mature 
infants and older babies it is acceptable to run higher PaCO2 
providing the pH is satisfactory. Hypocapnia should be avoided 
because it is associated with periventricular leukomalacia.[13] 
Fluid restriction in initial phase of the management is vital. 
Very immature infants may require infusion of dopamine to 
treat hypotension.

Respiratory Support

Progressive hypercapnia is a sign of respiratory failure and 
constitutes an indication for mechanical ventilation. Acidemia 
is common in the neonate with RDS. Respiratory acidosis is 
treated with assisted ventilation. Metabolic acidosis has a 
number of causes including hypoxia, hypotension, infection 
and respiratory muscle exhaustion. It is important to identify 
the cause and treat it according. Correction of a metabolic aci-
dosis with intravenous sodium bicarbonate or trishydroxym-
ethylaminomethane (THAM) is sometimes necessary.

The severity of RDS increases with decreasing gestation. 
The amount of support required may vary from supplemen-
tal oxygen to ventilation. Continuous positive airway pres-
sure (CPAP) improves oxygenation by increasing functional 
residual capacity through recruitment of collapsed alveoli. 
It may be used in infants with persistently low PaO2 below 
7 kPa (50–70 mmHg) despite increase in oxygen requirement 
to 50%.[14] One meta-analysis concluded that the use of 
CPAP in preterm babies with RDS reduced respiratory fail-
ure and mortality.[15] However, there have been other stud-
ies to suggest that babies with mild RDS treated with early 
CPAP did not do as well as the controls.[16] Nevertheless, 
many centers use nasal CPAP in preference to early intuba-
tion and IPPV.[17, 18]

Mechanical ventilation is used in more severe respiratory 
disease to achieve adequate gas exchange while decreasing 
the work of breathing. The approach should be one that deliv-
ers an appropriate tidal volume while minimizing complica-
tions. Ventilatory strategies have evolved using time cycled 
pressure limited ventilation with an aim to improving survival 
and minimizing CLD. Other modes of ventilation such as vol-
ume controlled and high frequency ventilation are also avail-
able although these have not been shown to confer any major 
benefit over conventional ventilation. In premature infants less 
than 1000 grams with a patent ductus arteriosus on echocar-
diogram the outcome may be improved by pharmacological or 
surgical closure of the ductus.

Pulmonary Air Leak Syndromes

Air leak syndromes encompass a wide-spectrum of diseases 
that share a common problem. They include pneumothorax, 
pulmonary interstitial emphysema (PIE) pneumomediastinum, 
pneumopericardium, pneumoperitoneum and subcutaneous 
emphysema. Pneumothorax and PIE are the most commonly 
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encountered mainly as a result of barotrauma in mechanically 
ventilated premature infants.

Pathogenesis and Basic Science

Alveolar ventilation is uneven during spontaneous respira-
tion and this becomes markedly worse with mechanical ven-
tilation. The immature lung has a reduced number of pores 
of Kohn (alveolar connecting channels) which exacerbates 
uneven alveolar ventilation. Pulmonary air leaks occur as a 
result of air trapping leading to alveolar over-distension and 
rupture. When the critical shear force is exceeded alveoli rup-
ture at the alveolar–capillary interface.

In 1939 Macklin proposed that escaping air might dissect 
along the perivascular planes into the pleural space, leading to 
a pneumothorax, into the mediastinum (pneumomediastinum), 
into the pericardium (pneumopericardium), into the peritoneal 
cavity (pneumoperitoneum), into the interstitium of the lung 
(pulmonary interstitial emphysema) or out of the thorax along 
subcutaneous tissue planes (subcutaneous emphysema).[19] 
An alternate hypothesis is that interstitial air enters the pleural 
cavity directly as result of rupture of a subpleural bleb.[20]

Pulmonary Interstitial Emphysema

Pulmonary interstitial emphysema is gas trapped within the 
perivascular sheaths of the lung following alveolar rupture. 
It occurs most commonly in ventilated preterm infants with 
RDS. It is also seen in association with meconium aspiration.
[21] Rarely PIE is seen as a complication of congenital dia-
phragmatic hernia and following resection of a large congeni-
tal cystic adenomatoid malformation. In both instances PIE 
develops from the combination of severe pulmonary hypopla-
sia and mechanical ventilation. PIE can be focal or diffuse 
and may affect one or both lungs. The incidence of PIE has 
decreased with the use of artificial surfactant and gentle ven-
tilation strategies.

Pathogenesis and Basic Science

Pulmonary interstitial emphysema decreases in lung com-
pliance. Air trapped within the pulmonary interstitium com-
presses the airways and increases airway resistance. In addition 
pulmonary venous drainage and lymphatic flow are decreased 
allowing the fluid to accumulate in the alveoli and interstitial 
compartment. Reductions of both ventilation and perfusion 
cause carbon dioxide retention and hypoxemia. Pulmonary 
vascular resistance may rise from pulmonary arteriolar com-
pression leading to right to left shunting, further exacerbat-
ing hypoxemia. Unilateral PIE may result in mediastinal shift, 
compression of “normal” lung and circulatory compromise.

Clinical Features

Pulmonary interstitial emphysema is a radiological diagnosis. 
Clinical signs include respiratory acidosis and hypoxemia in a 

severely ill infant. Localized PIE may resolve spontaneously 
or may persist for several weeks.

Diagnosis

The chest X-ray is diagnostic. In the early stages the lungs 
are hyperinflated with a characteristic cystic appearance. Less 
severe disease is associated with subtle, rounded, nonconflu-
ent radiolucencies, which may be unilateral (Fig. 34. 2). The 
CXR should be examined for signs of a pneumothorax, pneu-
momediastinum and pneumopericardium.

In later stages of PIE large bullae may appear (Fig. 34.3a), 
similar to lobar emphysema or congenital cystic adenomatoid 
malformation of the lung. Computed tomography (CT) may 
be necessary to differentiate these conditions (Fig. 34.3b d).

Management

The aim of management is to reduce or prevent further 
barotrauma. Ventilation should be as gentle as possible. High 
frequency oscillation (HFO) may improve oxygenation babies 
with severe PIE although no benefit could be demonstrated in 
a randomized control trial.[22] If the PIE is unilateral posi-
tioning the baby with the affected side down will sometimes 
reduce the air trapping.[23] Selective bronchial intubation has 
been used with some success.[24] The affected lung is rested 
and the good lung ventilated selectively for 24–48 hours. 
When two lung ventilation is resumed the PIE does not usu-
ally recur. In practice the “good” lung is rarely normal and it 
may be impossible to maintain oxygenation with single lung 

Fig. 34.2. Chest X-ray showing predominantly left sided pulmonary 
interstitial emphysema (PIE). This infant could be managed by selec-
tive intubation of the right main bronchus
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ventilation. When all other measures fail incision of the 
visceral pleura allows the interstitial air to escape. A sub-
stantial pneumothorax ensues which must be drained. Neo-
natologists have achieved this by inserting a needle through 
the chest wall and scarifying the lung. A more effective 
method is to use diathermy to open subpleural blebs at tho-
racotomy.

As PIE evolves the air may collect into a dominant cyst 
which will compress the surrounding lung (Fig. 34.4a, b). This 
may be amenable to surgical resection in a baby who remains 

oxygen dependent with lungs which are apparently otherwise 
healthy when assessed by CT scanning (Fig. 34.5).

Prognosis

Historically the mortality from diffuse PIE is high. However, 
these studies predate the use of antenatal steroids and surfac-
tant. Infants weighing less than 1000 grams with PIE are at 
significant risk of mortality and morbidity, mostly related to 
chronic lung disease.

Fig. 34.3. (a) Chest X-ray showing severe, localized PIE (b) CT scan showing the extensive nature of PIE causing severe mediastinal shift 
with respiratory and cardiac compromise (c) Histopathology showing PIE, atelectasis, infiltration with inflammatory cells and signs of arte-
riolar muscular hypertrophy (d) CT scan showing congenital lobar emphysema – compare with (b) above
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Pneumothorax

Pneumothorax is the most common form of air leak in the 
newborn. Air collects in varying amounts in the pleural space. 
The right side is more commonly affected than the left. Fifteen 
to twenty percent of pneumothoraces are bilateral. Spontane-
ous pneumothorax occurs in 1–2% of term neonates but only 
10% are symptomatic.[25] The incidence of pneumothorax 
increases 3–4 fold in babies requiring mechanical ventilation 
(Fig. 34. 6).[26, 27] Surfactant reduces the risk of pneumotho-
rax to around 9% in premature infants requiring ventilation.
[28] There are conflicting reports as to whether gestation 

affects the incidence of pneumothorax. McIntosh reported 
that the risk of pneumothorax increased in more premature 
infants requiring ventilation although Greenough and Rober-
ton did not find any trend.[29, 30]

Pathogenesis and Basic Science

A pneumothorax may be spontaneous or secondary to under-
lying lung disease. Most pneumothoraces in term infants are 
spontaneous. These are thought to result from uneven alveolar 
inflation combined with the high negative intrathoracic pres-
sures that occur during the first few breaths.[31] Secondary 
pneumothoraces in neonates are associated with RDS, meco-
nium aspiration syndrome and congenital malformations.

Pneumothoraces can be iatrogenic from mechanical ven-
tilation with high pressures, direct perforation of lung by 
the endotracheal suction catheters and following lung resec-
tion.[32, 33] A mean airway pressure (MAP) of more than 
12 cmH

2
O increases the prevalence of air leak to 39% com-

pared to 17% if the MAP is less than 12 cmH
2
O.[34] The inci-

dence of air leak increases from 21% to 34 % with a positive 
end expiratory pressure (PEEP) of 3 to 8 cmH

2
0 compared to 

no PEEP in ventilated infants.[35]

Clinical Features

Small pneumothoraces are usually asymptomatic and tend 
to resolve spontaneously. A large or tension pneumothorax 
is associated with an abrupt deterioration and may present 
with bradycardia, hypotension and shock. Blood gas analy-
sis confirms poor oxygenation although the pH and PaCO

2
 

may remain normal.[36] Lipscomb et al reported an increased 
risk of intraventricular hemorrhage in preterm babies with 
a pneumothorax.[37, 38] This is thought to result from the 

a

Fig. 34.4. (a) Localized PIE with pneumatocele formation in a pre-
mature baby which may cause acute cardio-respiratory compromise 
or rupture to cause a tension pneumothorax.(b) CT scan confirming 
pneumatocele. This must be distinguished from a type I congenital 
cystic adenomatoid malformation of the lung

b Fig. 34.5. Localized PIE at thoracotomy
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increase in cerebral blood flow velocity that accompanies a 
pneumothorax.

Diagnosis

A pneumothorax is a life-threatening complication of assisted 
ventilation in the neonatal unit associated with a high mortal-
ity and morbidity (Fig. 34.6).[38] Pneumothoraces generally 
develop rapidly in neonates who decompensate dramatically. 
The diagnosis is generally made on clinical suspicion and 
confirmed by radiology.

A chest X-ray is best method for diagnosis of a pneu-
mothorax in a neonate. The radiological picture of a pneu-
mothorax includes increased lucency of the affected lung with 
decreased lung markings. The cardiac border, diaphragm and 
costophrenic angle of the affected side become sharp and 
prominent.[39] If the pneumothorax is under tension there 
is mediastinal shift and eversion of the diaphragm associated 
with collapse of the ipsilateral lung. A small pneumothorax 
may only be recognized by difference in lucency between the 
two lung fields.

Transillumination with a cold light is commonly used for 
emergency diagnosis of a pneumothorax. The accumulated air 
increases transillumination. Pulmonary interstitial emphysema 
may give a similar appearance.[40] The use of intrathoracic 
pressure changes and transthoracic impedance are research 
techniques that are not generally used in clinical practice.[41] 
McIntosh et al suggested that the use of trend monitoring of 
transcutaneous pCO

2
 might allow the diagnosis to be made 

earlier.[42].

Management

The incidence of pneumothorax has reduced substantially 
with advances in neonatology. The use of prophylactic sur-
factant has made a dramatic impact.[43] Use of higher ven-
tilator rates with low pressures has been shown to reduce 
the risk of pneumothorax. A meta analysis demonstrated 
a lower rate of pneumothorax with high frequency posi-
tive pressure ventilation (HFPPV) compared to continuous 
mandatory ventilation.[44] This is mostly likely because 
spontaneous respiration synchronizes better with a faster 
ventilator rate. High frequency oscillatory ventilation 
(HFOV) has not been shown to reduce the incidence of 
pneumothorax. In fact, it has been suggested that the use 
of a high volume strategy in HFOV increases the risk of 
pulmonary air leaks.[45] Paralysis has been used to reduce 
the risk of pneumothorax. However this is not necessary for 
all ventilated babies and should be reserved for infants with 
an active expiratory pattern.

Small, asymptomatic pneumothoraces do not require 
treatment. A term infant with mild symptoms may respond 
to 100% inspired oxygen, which increases the rate of resorp-
tion of the extra-alveolar gas. This is not advisable in prema-
ture infants because of the risk of retinopathy of prematurity. 
All tension pneumothoraces, symptomatic pneumothoraces, 
and pneumothoraces in ventilated babies should be drained. 
Needle thoracocentesis should be performed in an emer-
gency. This is done by inserting an 18 gauge butterfly needle 
through the second intercostal space in the mid clavicular 
line. Air can be aspirated with a syringe and the butterfly 
end held underwater in a sterile container while a chest is 
inserted.

In all but the most dire situations a chest X-ray should 
be taken to confirm the diagnosis before insertion of a 
chest drain. A size 10–14 F gauge chest drain should be 
inserted under local anesthesia. They can be inserted ante-
riorly in the second intercostal space lateral to the mid 
clavicular line or laterally in the sixth intercostal space 
along the mid clavicular line. Although anterior placement 
achieves better drainage, lateral placement is preferred for 
cosmetic reasons as the scar is less visible in the axillary 
region. Conventionally the drain is connected to an under-
water seal drain. Heimlich flutter valve’s can be used but 
these may add resistance to the drain, especially if fluid 
accumulates in the valve.[46] Rarely a second drain may 
be needed to ensure complete drainage. Complications of 
chest drain insertion include chylothorax resulting from 
trauma to the thoracic duct, hemorrhagic pericardial effu-
sion, cardiac tamponade, lung perforation, and phrenic 
nerve injury.[47] Persistent pneumothoraces have been 
treated with fibrin glue but this is not without side effects 
such as bradycardia, hypercalcemia, diaphragmatic paral-
ysis and local tissue necrosis.[48] Rarely a bronchopleural 
fistula develops which needs surgical closure [49] or fibrin 
glue pleurodesis.[50]

Fig. 34.6. Pneumothorax in a premature infant with parenchymal dis-
ease in the left upper lobe. This requires urgent attention with inser-
tion of a chest drain. A gentle ventilation strategy is necessary to 
avoid a bronchopleural fistula
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Pneumomediastinum

Pneumomediastinum occurs when air tracks through the 
perivascular and peribronchial cuffs to the hilum and rup-
tures into the mediastinum. Clinical experience suggests 
that accumulated air in the mediastinum seldom achieves 
sufficient tension to cause respiratory or circulatory embar-
rassment although the condition is often associated with 
a pneumothorax. In rare cases when air is under pressure 
it usually dissects into subcutaneous tissues of the neck 
giving rise to surgical emphysema or ruptures into pleu-
ral cavity causing pneumothorax. A pneumomediastinum 
is invariably associated with RDS, meconium aspiration 
syndrome (MAS) and mechanical ventilation. It occurs in 
about 2.5 per 1000 live births. The appearance of a pneu-
momediastinum on chest X-ray is characteristic: the thy-
mus appears be lifted off the mediastinum as a result of 
a rim of air adjacent to the borders of the heart giving the 
appearance of a ‘spinnaker sail’.

Pneumopericardium

A pneumopericardium occurs in 1.6% of babies with RDS.
[51] It occurs when air from the pleural space or mediastinum 
enters the pericardium through a defect near the entrance of 
one of the pulmonary veins. The majority of cases occur in 
infants ventilated with high pressures and a long inspiratory 
times. A pneumopericardium may present with signs of car-
diac tamponade but is usually asymptomatic. Chest X-ray is 
diagnostic. It demonstrates gas contained within the pericar-
dium surrounding the heart and outlining the root of the great 
vessels. It can be differentiated from a pneumomediastinum 
by the presence of gas inferior to the diaphragmatic surface of 
heart. The size of the heart may be reduced. A pneumopericar-
dium causing tamponade should be drained by direct pericar-
diocentesis via the subxiphoid route. Recurrence may warrant 
catheter drainage. Asymptomatic cases may be observed. The 
mortality is 80–90% if there is cardiac tamponade.[52]

Pneumoperitoneum

A pneumoperitoneum may arise from a pulmonary air leak 
or an intestinal perforation. Often the infant is receiving 
mechanical ventilation. Distinguishing the cause of the pneu-
moperitoneum is important for management. Babies may be 
asymptomatic or present with abdominal distension that may 
in turn result in respiratory compromise. Needle aspiration or 
drainage is required if the abdomen is under tension. Other-
wise conservative management is usually sufficient.

Pleural Effusions

Pleural effusions in the neonatal period may be congenital or 
acquired. Congenital effusions are often diagnosed antentally.
[53] They may be unilateral or bilateral.

Pathogenesis and Basic Science

Pleural effusions can result from intrauterine, perinatal and 
postnatal infections. The usual organisms causing intrauter-
ine infections are cytomegalovirus, toxoplasmosis, rubella 
and adenovirus. Group B Streptococcus and Staphylococcus 
aureus infections may be associated with pleural effusions in 
the neonatal period. Pleural effusions may be associated with 
chromosomal and congenital abnormalities which are some-
times detected antenatally, including congenital diaphrag-
matic hernia.[54]

Small pleural effusions are common in babies with MAS, 
transient tachypnea of newborn (TTN), persistent pulmonary 
hypertension of newborn (PPHN), heart failure and congeni-
tal myotonic dystrophy. Large pleural effusions may be iatro-
genic, including erosion of the inferior vena cava by a central 
venous catheter.[55]

Clinical Features

Small pleural effusions are asymptomatic and detected 
coincidentally on chest X-ray. Infants with large congenital 
effusions present with respiratory distress in the newborn 
period and are usually difficult to resuscitate. These infants 
may have pulmonary hypoplasia and they may develop 
PPHN.

Diagnosis

Large pleural effusions appear as a ‘whiteout’ on a chest X-ray. 
With smaller effusions the fluid collects in the dependent parts 
of the chest, around the lateral chest wall and diaphragm. 
Ultrasonography is useful not only for diagnosis but also for 
guiding a chest drain into appropriate place. Diaphragmatic 
eventration and atelectasis may look similar to effusions on 
chest X-ray.

Management

Large effusions identified on prenatal ultrasound may need 
draining in utero. Fetal drainage may prevent pulmonary 
hypoplasia. Drainage may be carried out by intermittent tho-
racocentesis or by insertion of a thoracoamniotic shunt.[56] 
Postnatally, those babies present with respiratory distress 
at birth are likely to require intubation and ventilation. The 
effusions need to be drained to achieve adequate ventilation. 
One way of performing thoracocentesis is using a 21 gauge 
butterfly needle attached to a syringe with the baby turned to 
the contralateral side. Large or recurrent effusions will need a 
tube thoracostomy.

Prognosis

Fetal pleural effusions are often associated with pulmonary 
hypoplasia. Antenatally detected pleural effusions espe-
cially before 32 weeks gestation have a mortality as high 
as 55%.[57]
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Chylothorax

Congenital chylothorax affects in 1 in 10,000 newborns.[58] 
The chylothorax may be idiopathic. The condition is also seen 
in association with Trisomy 21, Turner’s syndrome, Noo-
nan’s syndrome, pulmonary sequestrations and congenital 
lymphangiectasia. Acquired causes of chylothorax include 
obstruction to the superior vena cava following central venous 
catheterization [59] and following cardiac surgery or repair of 
a diaphragmatic hernia.[60]

In the majority of cases a congenital chylothorax will pres-
ent during the first week of life.

The presence of protein, triglycerides, and lymphocytes in 
the pleural effusion is diagnostic of a chylothorax. The char-
acteristic milky appearance to the fluid will only develop after 
the baby has started feeding.

Some cases of congenital chylothorax respond to a single 
thoracocentesis. The majority require a period of chest drain-
age. The infant should be fed with medium chain triglyceride 
(MCT) formula for at least 2 weeks after the effusion has dis-
appeared. Intravenous feeding may be required in more resis-
tant cases. Octreotide may be useful although no consensus 
exists on the optimal route of administration, dose, duration of 
therapy, or strategy for cessation of therapy.[61]

Ligation of the thoracic duct or pleurodesis may be indi-
cated after the failure of medical management. This is covered 
in detail in chapter 46.

Hemothorax

Hemothorax is rare in the neonatal period and, unfortunately, 
usually iatrogenic. The intercostal vessels may be inadver-
tently lacerated during insertion of a chest drain. Clotting 
abnormalities, arterio-venous malformations and spontane-
ous rupture of a ductus arteriosus are all rare causes. Inter-
costal drainage is required and surgical exploration may be 
necessary.

Pulmonary Hemorrhage

Neonatal pulmonary hemorrhage (PH) is a rare but serious 
condition characterized by bleeding into the lungs. The inci-
dence is inversely proportional to the gestational age of the 
baby and the condition is most common in infants weighing 
less than 1500 grams. Prematurity, RDS and surfactant therapy 
and a patent ductus arteriosus (PDA) are the four most con-
sistent risk factors associated with pulmonary hemorrhage. 
Between 3–5% of babies receiving surfactant will develop a 
pulmonary hemorrhage.[62] Pulmonary hemorrhage may fol-
low severe birth asphyxia, hydrops, left heart failure, sepsis, 
fluid overload and disseminated intravascular coagulation 
(DIC). Pulmonary hemorrhage is a manifestation of hemor-
rhagic pulmonary edema brought about by an acute increase 
in pulmonary blood flow secondary to the normal postnatal 

fall in pulmonary vascular resistance and improved pulmonary 
compliance. This may be triggered by surfactant therapy.

The clinical signs depend on the magnitude of PH. In severe 
cases an abrupt deterioration is accompanied by bloody secre-
tions from the airways. The baby is pale, floppy and may be 
hypotensive. Hypoxia, hypercarbia and an increase in ven-
tilatory requirements are seen. Rarely the infant may look 
remarkably well despite the blood loss. The chest X-ray may 
reveal a complete ‘white out’ with an air bronchogram simi-
lar to severe surfactant deficiency. Sometimes the chest X-ray 
will show scattered haziness, consolidation or fluffy densities. 
An echocardiogram is recommended to look for a PDA.

Management

Adequate blood pressure should be maintained. Blood trans-
fusion may be required and a metabolic acidosis should be 
corrected. Increase in ventilatory support may be needed with 
a higher respiratory rate and positive end-expiratory pres-
sure (PEEP). Diuretics should be given if fluid overload is 
suspected. Coagulopathy should be corrected. Antibiotic pro-
phylaxis should be given as infection is a recognized cause 
of PH.

Meconium Aspiration Syndrome

This is a potentially serious condition that usually occurs 
in term or post-term infants. It results from the aspiration 
of meconium in-utero, during or immediately after birth. 
The incidence is lower in Europe (1:1000–5000) than North 
America. Although meconium stained amniotic fluid is seen 
in approximately 20% of births only about 5% of these babies 
develop meconium aspiration syndrome (MAS).[63]

Pathogenesis and Basic Science

Passage of meconium in-utero and subsequent inhalation of 
the meconium is linked to fetal asphyxia. Factors that lead to 
the passage of meconium in-utero include placental insuffi-
ciency, maternal hypertension, pre-eclampsia, maternal infec-
tion, chorioamnionitis and fetal hypoxia.

Aspirated meconium is a chemical irritant that causes pneu-
monitis and interstitial pulmonary edema. Respiratory efforts 
force the meconium into the peripheral airways which block 
leading to atelectasis in some area and areas of hyperinfla-
tion in others. The chemical irritation stimulates the release of 
inflammatory mediators which are responsible for the paren-
chymal injury.[64] Meconium inhibits surfactant production 
and function.[65] This inevitably results in poor gas exchange. 
The continuing inflammatory process results in the infiltra-
tion of the alveolae with neutrophils and other inflammatory 
cells, necrosis of the airway epithelium and accumulation of 
proteinaceous debris within the alveoli. These pathological 
changes increase airway resistance, decrease lung compliance 
and lead to the development of pneumothorax, PIE and pneu-
momediastinum. In addition, the lung in MAS is predisposed 
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to secondary bacterial infection. Persistent pulmonary hyper-
tension (PPH) with right to left shunting complicate matters 
further.

Clinical Features

The baby presents with signs of respiratory distress such as 
tachypnea, intercostal recession and grunting. The symp-
toms may settle within 24 hours or persist for a week. Severe 
cases need ventilatory support. Depending on the severity of 
the original perinatal hypoxic insult, the baby may become 
encephalopathic.

Diagnosis

Meconium aspiration will be evident in the delivery room. 
Hypoxia may be noted on blood gas analysis. The CXR shows 
widespread patchy infiltration. Pleural effusion, pneumotho-
rax, patchy atelectasis and emphysema or changes sugges-
tive of PIE may be seen. In severe cases there may be diffuse 
opacification of both lung fields.

Management

In the immediate period after birth oropharyngeal suc-
tion should be performed to clear meconium from the oral 
cavity. Chest physiotherapy with humidified oxygen may 
suffice for mild cases. In an asphyxiated baby endotra-
cheal intubation and suctioning of meconium is required. 
Respiratory support will be required with gentle assisted 
ventilation. Nasal or endotracheal continuous positive air-
way pressure support (CPAP) may improve oxygenation. 
Positive pressure ventilation should be reserved for infants 
who are unable to maintain an arterial PaO

2
 greater than 

50 mm of Hg in 100% oxygen. High end expiratory pres-
sure should be avoided to prevent air trapping, lung injury 
and pneumothorax although moderate levels of PEEP may 
be needed in some cases. Surfactant therapy is indicated as 
meconium inactivates surfactant.[66] Inhaled nitric oxide 
may be required if the baby has PPH and extracorporeal 
membrane oxygenation (ECMO) is of benefit if other 
options fail (see chapter 41). Antibiotics should be given to 
prevent secondary bacterial infection.

Prognosis

Meconium aspiration carries a high risk of respiratory compli-
cations and PPH. The mortality is high in severe cases. Prompt 
obstetric intervention in the event of fetal distress during labor 
and expert resuscitation at delivery improves the outcome.

Persistent Pulmonary Hypertension 
of the Newborn

Persistent pulmonary hypertension of the newborn (PPHN) 
exists when the pulmonary artery pressure (PAP) fails to 
decline after birth. The condition is characterized by severe 

hypoxia, relatively mild lung disease and shunting across 
persistent fetal pathways (the ductus arteriosus and foramen 
ovale) in the presence of a structurally normal heart. PPHN 
may be primary or secondary to intrapartum asphyxia, infec-
tion or pulmonary hypoplasia.

Pathogenesis and Basic Science

Infants with PPHN may have normal or abnormal pulmonary 
vascular morphology. PPHN associated with normal pul-
monary vascular morphology occurs in response to hypoxia 
in association with asphyxia, MAS or sepsis. Anatomical 
abnormalities of the lung and the pulmonary vascular bed 
are associated with pulmonary hypoplasia (including con-
genital diaphragmatic hernia and large congenital cystic lung 
lesions). Maldevelopment of pulmonary vessels and abnor-
malities of vascular smooth muscle have been identified in 
the lungs of infants dying from PPHN.[67] Smooth muscle 
hypertrophy within the walls of arterioles to the level of the 
intra-acinar vessels that are normally non-muscular causes 
luminal obstruction. PPHN is associated with chronic intra-
uterine hypoxia.

Clinical Features and Diagnosis

Infants with PPHN typically present within 12 hours of 
birth with cyanosis but relatively mild respiratory dis-
tress. This often mimics congenital cyanotic heart disease. 
Infants with PPHN secondary to a respiratory disease will 
have features of the underlying condition. The second 
heart sound may be loud on auscultation and a murmur of 
tricuspid insufficiency may be heard. Arterial blood gas 
analysis will show a severely reduced pO

2
 with a relatively 

normal pCO
2
. There will be a difference in oxygen satura-

tion in the blood between the right radial and umbilical 
arteries. The chest X-ray in idiopathic PPHN looks rela-
tively normal although reduced pulmonary vascular mark-
ings and cardiomegaly may be apparent. In infants with 
PPHN secondary to lung disease (e.g. MAS) these features 
should be apparent on chest X-ray. Prompt cardiac assess-
ment with ultrasound is essential to rule out an underlying 
cardiac anomaly and to assess the degree of pulmonary 
hypertension.

Management

The main aim in all infants with PPHN is to lower the pulmo-
nary vascular resistance, maintain systemic blood pressure, 
reversing the right to left shunt. It is important to avoid hypo-
thermia, hypovolemia and hypoglycemia. Acidosis should be 
corrected. Maintenance of systemic blood pressure is impor-
tant and adequate ventilation should be established. Vasodi-
lator drugs such as tolazoline, prostacyclin and magnesium 
sulfate were widely used until the discovery of nitric oxide 
(NO). Extracorporeal membrane oxygenation is a rescue 
treatment.
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Prognosis

The mortality in babies with PPHN is in the range of 20–40% 
and neurological handicap ranges from 10–25%.[68, 69]

Chronic Lung Disease

Chronic lung disease (CLD) is a condition that develops in the 
newborn treated with oxygen and mechanical ventilation for a 
primary lung disorder. All babies who are oxygen dependent 
beyond 28 days of life, by definition, have CLD. Two distinct 
forms of CLD can be recognized: Wilson-Mikity syndrome 
and bronchopulmonary dysplasia (BPD).

Bronchopulmonary Dysplasia

Bronchopulmonary dysplasia is a chronic lung disease that 
most affects premature infants who have needed oxygen 
therapy and mechanical ventilation for respiratory distress 
syndrome. It may also develop in premature infants who have 
few signs of lung disease in the early post natal period.[70] 
Although primarily a disease of the premature infant, BPD 
may occur in term infants who have needed prolonged ventila-
tory support.

The exact definition of BPD remains the subject of debate. 
BPD is generally defined as the presence of chronic respira-
tory signs, a persistent oxygen requirement, and an abnormal 
chest X-ray at one month or 36 weeks corrected age. How-
ever, there is a growing recognition that CLD occurring after 
preterm delivery in the surfactant era may have a different 
clinical course and pathology. This recent, so-called, ‘new 
BPD’ is characterized by a disruption of distal lung growth.
[70] A more extensive definition has been proposed by a US 
NIH-sponsored workshop that incorporates many elements of 
the older definition and attempts to categorize the severity of 
the CLD.[71]

The overall incidence of BPD is about 20% of ventilated 
newborns with birth weight less than 1500 grams.[72] How-
ever, the incidence varies based on the definition used. Most 
infants with BPD are born prematurely and 75% of the infants 
affected weigh less than 1000 g at birth.[73]

Pathogenesis and Basic Science

BPD has a multifactorial etiology. Factors that increase the risk 
of development of BPD include volutrauma and barotrauma, 
oxygen toxicity, inflammation, infection and poor nutrition. 
That ventilator-induced lung injury results in BPD is sug-
gested by studies that show an inverse relationship between 
hypocarbia and BPD.[74] The association between BPD and 
oxygen toxicity was first described in 1967. Prolonged expo-
sure to high oxygen concentrations has complex biochemical 
and microscopic effects on the lungs which relate to increased 
production of cytotoxic oxygen free radicals which overwhelm 
the host antioxidant defense mechanisms.[75] Premature babies 

are more vulnerable to oxygen toxicity as they are deficient in 
antioxidant enzyme systems.

There is a strong association between patent ductus arte-
riosus and BPD and the effect is potentiated by infection. 
Chorioamnionitis may predispose to BPD.[76] PIE has been 
associated with an increased risk of BPD.[77] Inflammation 
plays an important role in the pathogenesis of BPD. Oxygen 
toxicity, barotrauma and volutrauma induce an inflammatory 
reaction which persists in infants with BPD. Pro-inflamma-
tory cytokines (IL-1β, IL-6 and ICAM-1) present from day 
one reach a peak during the second week in babies with RDS 
who proceed to develop BPD. Leukotrienes are also present 
in high levels in infants with BPD. These mediators cause 
bronchoconstriction, vasoconstriction, edema and mucous 
production.[78]

Lung compliance is reduced in babies with BPD due to small 
airway narrowing, interstitial fibrosis, edema and atelectasis. 
This results in ventilation perfusion (V/Q) mismatch. Car-
diovascular changes associated with BPD include pulmonary 
hypertension and, potentially, cor pulmonale.

Clinical features

Most babies with BPD are premature. Respiratory signs 
include tachypnea, shallow breathing, retractions, and a para-
doxical breathing pattern. Course rhonchi and wheeze may be 
apparent on auscultation. A Harrison’s sulcus may be present. 
Rarely, signs of right heart failure may be present. Babies with 
BPD usually fail to thrive and are at risk of recurrent infection. 
They may also develop osteopenia.[79] There is a high inci-
dence of feeding problems and gastro esophageal reflux.

Diagnosis

Characteristic abnormalities on chest X-ray in babies with 
BPD include hyperinflated lung fields, multiple linear inter-
stitial opacities, lung cysts and emphysema.[80] Computed 
tomography is more sensitive, especially in older babies, and 
shows multifocal areas of hyperinflation, bronchial wall thick-
ening and linear and triangular subpleural opacities.[81]

Management

Prevention is the key strategy with BPD. The rationale is 
limitation of disease progression while maintaining adequate 
gas exchange. Oxygen administration is reduced as quickly 
as possible to the minimum required. The association of 
barotrauma or volutrauma with BPD has led to the use of 
ventilator strategies designed to keep lung injury to the mini-
mum. High tidal volumes are avoided. Peak inspiratory pres-
sures should be kept to the minimum to maintain adequate gas 
exchange. The results of randomized trials of high frequency 
oscillatory ventilation and jet ventilation to reduce BPD have 
yielded inconsistent results.[82, 83] Many centers prefer to 
minimize mechanical ventilation by the use of nasal CPAP 
with or without exogenous surfactant and some have reported 
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a low incidence of BPD. However, this strategy of respiratory 
support needs further research regarding its safety, efficacy 
and target population. Adequate nutrition is a very important 
as it helps to promote normal lung growth and maturation. 
Fluid intake should be monitored carefully as fluid over-
load is tolerated poorly in infants with BPD. Early manage-
ment of a patent ductus arteriosus may reduce the severity of 
BPD. Diuretic therapy can improve pulmonary function with 
a reduction in airway resistance. However, long term treat-
ment with furosemide may result in electrolyte disturbances 
and nephrocalcinosis. Prolonged therapy with hydochlorthi-
azide and spironolactone has been shown to improve the out-
come of babies with BPD.[84]. Inhaled bronchodilators has a 
short term benefit but there are no trials assessing long term 
outcomes. Corticosteroids have been shown to improve lung 
mechanics, gas exchange and reduce inflammation.[85]. They 
have been used for both prevention and treatment of BPD. 
However, routine use of high dose steroids in premature babies 
is discouraged because of concern regarding an increased risk 
of neurodevelopmental disability and poor head growth.[86] 
Steroids and bronchodilators may be beneficial for babies 
with established BPD with airway obstruction.

Administration of vitamin A supplements to premature 
babies may reduce the mortality and oxygen requirements 
at one month of age.[87] A study on the use of prophylac-
tic human recombinant antioxidant enzyme supplements has 
suggested promising results in preventing BPD.[88] Inhaled 
nitric oxide does not reduce the incidence of CLD.[89]

Prognosis

The mortality rate for babies with severe BPD is 25–30%.[90] 
Many babies with BPD are likely to require prolonged oxygen 
therapy at home. Babies with BPD are twice as likely to be 
readmitted to hospital than preterm babies without BPD.[91] 
These babies are more likely to have frequent respiratory tract 
infections and problems with growth and development.

Tracheobronchomalacia

Tracheomalacia (TM) is the most common congenital anom-
aly of the trachea.[92] It may be an isolated finding in healthy 
infants but it is seen commonly in premature infants.[93] Tra-
cheobronchomalacia (TBM) contributes to the persistent respi-
ratory problems in infants with bronchopulmonary dysplasia 
and results in difficulty weaning from respiratory support. In 
preterm infants with an oxygen requirement at 36 weeks post 
conceptional age, 15–25% have moderate to severe trache-
omalacia identified by flexible bronchoscopy.[94] However, 
TBM is diagnosed infrequently.

Pathogenesis and Basic Science

TBM can be primary or secondary. In primary tracheomalacia, 
the cartilages of the trachea and bronchi are weak resulting in 
flattening of the normal D-shape and collapse of the lumen on 

respiration. This may follow prolonged intubation in preterm 
infants and it is often seen in association with congenital heart 
disease. Secondary causes include gastro esophageal reflux, 
following esophageal atresia repair and where there is extrin-
sic compression of the airway from a vascular ring (chapter 
29) or mediastinal tumor.

Clinical features

TBM presents primarily with expiratory or biphasic stridor. 
The stridor may worsen with supine position or crying. Babies 
may present with a persistent cough due to difficulty in clear-
ing secretions, increased work of breathing and a persistent 
oxygen requirement. Subcostal and intercostal recession may 
be present. The condition worsens during intercurrent respira-
tory infections.

Diagnosis

Investigation of TBM requires care in infants with significant 
respiratory instability. TBM can be confirmed by dynamic 
microlaryngoscopy and bronchoscopy with the baby breath-
ing spontaneously under general anesthesia without CPAP.
[95] On the neonatal unit TBM can be assessed by flexible 
bronchoscopy which can be performed through an endotra-
cheal tube, providing no positive airway pressure is given 
during the examination. However, this may overestimate the 
degree of malacia as inevitably there will be some airway 
collapse because of the negative intrathoracic pressure.[96] 
Fluoroscopic screening of the airways can be used to iden-
tify severe tracheomalacia. However, it is difficult to quantify 
the degrees of malacia by fluoroscopy alone and the bronchi 
cannot be assessed properly. A study comparing computerized 
tomography with bronchography concluded that bronchogra-
phy was the investigation of choice.[97]

Management

The natural history of TM in premature infants is improve-
ment with growth. The symptoms often resolve in children 
with mild-to-moderate TM by 1–2 years of age. Severe 
primary malacia can be treated with positive pressure ven-
tilation or CPAP. Sometimes more invasive options such 
as tracheotomy or intraluminal stenting may be required. 
Jacobs et al reviewed 50 cases of TM and reported that tra-
cheotomy was required in 75% of premature infants and 
in 39% of full-term infants. Of those, 71% were able to 
undergo decannulation after an average of 30 months with-
out further intervention.[93]

In infants with severe forms of TM unresponsive to medical 
management presenting with recurrent life-threatening symp-
toms, surgical intervention may be necessary. Indications for 
surgery include recurrent pneumonia, intermittent respiratory 
obstruction, and an inability to extubate the airway. Dying spells, 
the most concerning of all symptoms, is an indication for contin-
ued hospitalization and definitive surgical intervention.[98]
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Placement of endotracheal stents will relieve the airway 
obstruction and may liberate the child from mechanical ven-
tilation. However, airway stents are far from trouble free with 
growth of granulation tissue around the stent a common com-
plication.[99]
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Introduction

Cystic fibrosis (CF) is a multisystem disorder (Fig. 35.1) that 
principally affects the respiratory and gastrointestinal systems. 
The disease has a major impact on affected people and their 
families because of its many clinical effects and life-limiting 
outcome. Pediatric surgeons are often involved with the earliest 
typical presentation, namely neonatal obstruction due to meco-
nium ileus. Surgeons may also become involved in the care of 
older patients due to some of the complications e.g., rectal pro-
lapse, distal intestinal obstruction syndrome, nasal polyposis, 
bleeding esophageal varices, pancreatitis, and pneumothorax. 
Surgeons may also be asked to undertake some elective proce-
dures, usually for more severely affected patients e.g., insertion 
of a gastrostomy, or totally implantable venous access devices 
(TIVADs), and even lung transplantation. For this reason, it is 
important that pediatric surgeons have an understanding of the 
disease and its many complications.

Background and History

CF was first described in 1938, following autopsy studies 
of malnourished infants. These children were found to have 
extensive mucus plugging of the airways and pancreas, and 
clinical features included steatorrhoea, malabsorption, lung 
infections, and poor growth. Life expectancy was around six 
months and death usually occurred due to recurrent respira-
tory infections. During the 1948 heat wave in New York, it 
was noted that many of the children with heat exhaustion and 
excessive salt losses had CF. The sweat of children with CF 
was discovered to be abnormal, with an excess of sodium and 
chloride. This became the basis of the diagnostic sweat test, 
standardized in 1959, using pilocarpine iontophoresis.1

The underlying basic defect in chloride transport was 
identified in 1983, and in 1989 the CF gene was discovered 
on chromosome 7. The underlying defect was found to be 
a cAMP-regulated chloride channel. This has lead to the 
introduction of diagnostic DNA analysis, and there are over 

1,400 gene mutations identified so far. There are more than 
7,500 people with CF in the UK, with slightly more adults 
than children now. Life expectancy is constantly improv-
ing, but patients still tend to die of respiratory failure in their 
late twenties/early thirties. The improvement in survival has 
mainly been attributed to improved nutrition and more effec-
tive treatment of CF lung disease, particularly the aggressive 
treatment of respiratory infections.2

Pathogenesis

CF is an autosomal recessive disease affecting mostly, but not 
exclusively, the Caucasian population. The carrier frequency 
in the UK is 1 in 25, hence the incidence of CF is 1 in 2,500 
live births. The CF gene has been localized to the long arm 
of chromosome 7, and encodes for a polypeptide termed 
CF transmembrane regulator (CFTR). About 30 mutations 
account for 95% of the 1,400 or so identified mutations in 
Caucasians. The commonest one is known as ΔF508, which 
accounts for 70% of CF chromosomes within the UK, hence 
the commonest CF genotype is homozygous ΔF508/ΔF508, 
accounting for around 50% of the CF population. This muta-
tion causes a deletion of three base pairs, resulting in a dele-
tion of phenylalanine at this position. Generally, there is only 
a slight correlation between the genotype and phenotypic pic-
ture, although some genes may cause a milder clinical picture. 
Almost all patients homozygous for the ΔF508 mutation are 
pancreatic insufficient.

CFTR is a chloride channel, but it also inhibits the epithelial 
sodium channel (eNac). The defect in CFTR leads to a failure 
to excrete chloride across the epithelium. This is accompanied 
by increased reabsorption of sodium, which brings water with 
it. The epithelial surfaces become dehydrated, leading to vis-
cous secretions, particularly in the airways. Mucociliary clear-
ance and mucosal defence against infection is thus impaired. 
In the sweat glands, the chloride cannot get into the cell across 
the epithelial surface, hence less sodium and water can get in; 
this accounts for the increased sodium and chloride in sweat of 
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affected people (see sweat test below). It also accounts for why 
babies with CF taste salty if their foreheads are licked (eigh-
teenth century folklore relates “Woe is the child who tastes 
salty from a kiss on the brow, for he is cursed, and soon must 
die”). The basic problem of thick sticky secretions accounts 
for many of the clinical effects, with small airways, pancreatic 
ducts, bile ducts, and the vas deferens all blocked or poorly 
formed. For example, blocked pancreatic ducts lead to an exo-
crine insufficiency, hence fat malabsorption, steatorrhoea and 
failure to thrive. The body’s host defence and inflammatory 
response to infection is also an important part of the pathogen-
esis, particularly in the lungs.

Diagnosis

Aside from the history and examination, investigations are 
required to confirm the diagnosis.

Immunoreactive Trypsin

Immunoreactive trypsin (IRT) is released from the pancreas 
into the small intestine. However in CF, due to pancreatic 
duct obstruction, IRT is not secreted into the gut, but instead 
is released into the bloodstream. Hence IRT is usually raised 

in affected neonates (two to fivefold) and is even high in 
children who are pancreatic sufficient. Unfortunately, the test 
is unreliable in neonates who have had surgery for meconium 
ileus. The level of IRT falls over the first two months of life, 
and the test is unreliable after the first 6 weeks. In general, a 
level >900 μg/L means CF needs excluding. Raised IRT on 
a Guthrie card forms the starting point of the UK newborn 
screening programme.

Sweat Test

This is the gold standard for making the diagnosis, and British 
guidelines for sweat testing are available on http://www.acb.
org.uk. It involves collecting a small amount of sweat from 
the child’s forearm or leg using pilocarpine iontophoresis; the 
macroduct system tends to be used now rather than collec-
tion onto preweighed filter paper. With the macroduct, 100 mg 
of sweat is no longer required, and analysis can be reliably 
performed on smaller quantities. Sweat testing can be per-
formed once a baby is >48 h old, although often inadequate 
samples are obtained in the first few weeks. It is also difficult 
to obtain enough sweat from children with dry atopic eczema. 
It is important that the test is carried out in experienced cen-
ters to obtain reliable results and tests should be performed 
in duplicate. The test measures levels of sodium and chloride 

Fig. 35.1. Cystic fibrosis: a multi-system 
disorder
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in the sweat, which are elevated in CF. Although results must 
be interpreted in the clinical context, the normal range is 
Cl− < 40 mmol/L (<30 mmol/L in infants); equivocal range is 
Cl− 40–60 mmol/L (although in infants, this is likely to be CF); 
and a level indicative of CF is Cl− > 60 mmol/L. Levels in 
the equivocal range must be repeated, although if the Na+ > 
Cl− it is more likely to be normal. There are a number of condi-
tions theoretically linked to false-positive sweat test results, 
although this is rarely seen in practice. False-negative results 
can occur with malnutrition and rarely (<1%) with certain CF 
mutations; flucloxacillin has no effect on a sweat test.

DNA Analysis for Genotype

Genetic analysis should be performed in all children with 
a positive or borderline sweat test. Genotype screening can 
be tailored for different ethnic populations. It will also form 
part of the screening programme in infants with elevated 
IRT. However, there are a number of important limitations to 
genetic testing. There are at least 1,400 known CFTR muta-
tions. Clearly, it is not feasible to test for all mutations, and so 
if there is no known mutation within the family, it is only pos-
sible to test for the more common mutations. Negative genetic 
analysis does not therefore exclude CF (although a positive 
result can be relied upon). Similarly, the isolation of only one 
mutation does not necessarily confirm carrier status rather 
than disease. As with all investigations, the results need to be 
interpreted in the context of the clinical situation.3

Fecal Elastase

In patients who are pancreatic insufficient, fecal elastase lev-
els are low. There are degrees of pancreatic insufficiency, and 
the levels of elastase measured will reflect this. Although a 
level <200 μg/g stool is abnormal, patients with CF who are 
pancreatic insufficient, almost always have a level <15 μg/g. 
Samples should be obtained after 3 days of age in term infants, 
and after 2 weeks in those born at less than 28 weeks gesta-
tion, as the test is unreliable prior to this time.4 It must be 
stressed that this is not a diagnostic test for CF, but neverthe-
less is important additional evidence toward the diagnosis. A 
false-positive result may be found in infants who are severely 
malnourished or have an enteropathy.4

Neonatal Screening

By 2007 neonatal screening for CF should be universal 
throughout the UK alongside the programs of Australia and 
the USA. Screening will detect a significant proportion of 
cases, and involves initially testing for raised immunoreactive 
tryspsin (IRT) on the Guthrie card bloodspot taken at 6 days 
of age. If the sample is positive, then the sample is sent for two 
stage genetic analysis. As it is not possible to test for every 
known gene, some children will test positive for IRT, but may 
only have one, or possibly neither, gene isolated. If there is 

any uncertainty, a sweat test will need to be performed to 
determine if these children are likely to be carriers or to have 
CF. There are a number of causes of false-positive IRT, which 
will leave the diagnosis uncertain in a proportion of children 
until an adequate sweat test is performed. There have been a 
number of long-term studies looking at the benefits of screen-
ing programmes for CF. The most important has been the ran-
domized controlled trial conducted in Wisconsin, USA. The 
significant findings from Wisconsin have been the improved 
growth and nutritional status in those children detected by 
screening.5 Also, as a result of earlier correction of low plasma 
vitamin E, improved cognitive function was detected in chil-
dren aged 7–16 years.6 However, no differences were seen in 
lung function at 7 years.7

Clinical Presentations

Some of the commoner presentations are outlined in Table 35.1.

Meconium Ileus

Because of reduced fluid secretion into the intestines, babies 
with CF produce thick viscid meconium, which may lead to 
intestinal obstruction. This is known as meconium ileus (MI) 
and around 10–15% of patients with CF present in this man-
ner. However, MI strongly suggests an underlying diagnosis 
of CF as >90% babies with it have CF, hence all infants must 
be investigated. All CF infants presenting with MI are pancre-
atic insufficient. The condition can also occur antenatally and 
may be first detected as “echogenic bowel” during antenatal 
ultrasound. Complications of MI include peritonitis, volvulus, 
atresia, necrosis of the bowel, and perforation.

Presentation is with signs and symptoms suggestive of 
intestinal obstruction – abdominal distension, bile-stained 
vomiting, and failure to pass meconium, usually within 48 h 
of birth. The plain abdominal radiograph will show dilated 
loops of small bowel (Fig. 35.2a). Calcification in the lower 
abdominal cavity can indicate sterile perforation that has 
occurred antenatally. There may also be clinical features of 
perforation (meconium peritonitis), but since it is sterile the 
child is not as toxic as in a typical bowel perforation seen in 
older children. The soap-bubble sign is sometimes seen within 

Table 35.1. Commonest presentations of CF by age.

Newborn Neonatal obstruction – meconium ileus
Prolonged conjugated jaundice
Newborn screening
Screening due to family history

Infancy and older children Failure to thrive with abnormal stools
Recurrent respiratory infection/symptoms
Rectal prolapse
Nasal polyposis

Adults Infertility
Bronchiectasis
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the bowel as a result of small (swallowed) air bubbles mixed 
with meconium. A contrast enema may show the presence of 
a microcolon with meconium pellets.

Many uncomplicated cases of meconium ileus can be man-
aged with the administration of water-soluble contrast enemas 
such as gastrografin. This is administered as a hyperosmo-
lar solution, which draws water into the gut. This influx of 
fluid can cause significant bowel distension, which may lead 
in extreme cases to perforation and ischemia of the bowel 
mucosa. Patients may easily become hypovolaemic due to the 
considerable fluid shift into the bowel, so all infants must be 
closely monitored and given intravenous fluids following the 
enema administration.8

More severe cases and those with peritonitis require surgery. 
Enemas should not be administered in these patients. Surgery 
may involve intraoperative bowel irrigation via an enterostomy 
or small bowel resection; it is important to record how much 
ileum is resected. Primary anastomosis is usually achievable 
but sometimes a temporary ileostomy is necessary. The stoma 
is usually closed once the child has reached 5 kg body weight. 
Occasionally a hemi-colectomy may be required.

Malabsorption and Failure to Thrive

Because of pancreatic insufficiency, infants often develop 
steatorrhoea with malabsorption. The frequent stools are 
pale, greasy, loose, and offensive due to fat malabsorption. 
As a result, there is associated poor weight gain, with reduced 
muscle mass; wasting is particularly evident in the buttocks 
and thighs. The malabsorption is corrected with pancreatic 
enzyme supplementation together with fat soluble vitamins. 

The stool consistency and frequency corrects fairly quickly 
allowing catch-up growth. Once treatment starts, the child’s 
appetite often seems to decrease, but this is because they are 
no longer ravenously hungry; the babies are usually much 
more content as well.

If there is inadequate response to the enzyme supplementa-
tion, it is worth considering concomitant diagnoses such as 
coeliac disease or cow’s milk protein intolerance. Some of 
the newly diagnosed infants are sodium depleted, which will 
also impact adversely on growth. In an infant who is failing 
to thrive, a random urinary sodium should be measured, and 
if <20 mmol/L is evidence of total body sodium depletion, 
supplementation is required.

Recurrent Respiratory Infections

One of the commonest presenting features in infants and 
young children is that of recurrent chest symptoms. The child 
may have an overt pneumonia with chest radiographic signs; 
if this occurs early or more than once the child needs to have 
CF excluded. More common than actual pneumonia is the 
presentation of recurrent “chestiness.” This is manifested by 
recurrent acute episodes or a more chronic picture of a persistent 
cough, sometimes with wheeze. If the child is pancreatic 
sufficient and is thriving, there is more likelihood the diagnosis 
is missed or delayed, as many infants have recurrent chest 
symptoms, which are more usually due to simple viral colds 
or infantile asthma. A wet cough, particularly if productive of 
sputum in an older child, must be taken seriously and a sweat 
test is mandatory. Features such as finger or toe clubbing and 
chest deformity are also warning signs.

Fig. 35.2. Plain abdominal 
radiographs of (a) neonatal 
intestinal obstruction due to 
meconium ileus, and (b) distal 
intestinal obstruction syndrome 
with marked fecal loading
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Pseudo-Bartter’s Syndrome

This is due to an underlying electrolyte imbalance, causing 
hypochloraemic, hypokalaemic metabolic alkalosis. Treat-
ment involves electrolyte supplementation to correct the bio-
chemical abnormalities. Depletion of electrolytes through 
sweat losses can occur in hot weather. Generally, this can be 
managed by adding extra salt to food. However, in some situ-
ations, additional sodium supplementation may be required.9

Rectal Prolapse

Infants and young children may first present with a rectal 
prolapse so any child with this condition must have CF 
excluded with a sweat test. It is reported to occur in up to 
23% of patients with CF and commonly occurs between the 
ages of 6 months and 3 years. It is usually a manifestation 
of a loaded bowel and often corrects once enzyme supple-
mentation is started and the diet improves. Most cases 
respond to manual reduction. If this fails, then treatment 
with a sclerosing agent may be effective. Surgery is occa-
sionally required if the above measures are unsuccessful, 
if there is significant pain or bleeding, or if the prolapse is 
incarcerated. Outcome following surgery is variable, with 
some patients developing recurrent prolapse.10

Rarer Neonatal Presentations

Vitamin E deficiency can lead to hemolytic anemia and other 
hematological abnormalities can occur.11 Hypoalbuminaemia 
due to malnutrition may lead to the presentation of edema, 
sometimes accompanied by a Kwashiorkor-like skin rash.12

Clinical Features and Their Management

Respiratory Disease

CF lung disease is the major cause of morbidity and mor-
tality in CF. It is due to a combination of excessive viscous 
secretions, poor mucociliary clearance, and chronic bacterial 
infections with a subsequent excessive neutrophilic inflam-
matory response. Although children with CF appear to have 
normal lungs at birth, lung function abnormalities manifest 
early in life.13 The lung disease inevitably progresses, but at 
varying rates in different patients, and bronchiectasis devel-
ops (Fig. 35.3). Respiratory function and exercise tolerance 
fall, and eventually this results in respiratory failure, which is 
by far the leading cause of death in CF.

Infection and Respiratory Exacerbations

It is beyond the scope of this chapter to outline in detail all 
aspects of respiratory infections, but this has been recently 
reviewed.14 The principle of antibiotic therapy is for long 
courses with high doses. Prophylactic antibiotics are used 
as well as suppressive treatment of chronic infection.15 

Exacerbations are treated quickly and antibiotics changed 
once sensitivities are known. Regular surveillance is impor-
tance, culturing cough swabs or sputum. Sometimes bron-
choalveolar lavage is necessary in nonsputum producing 
children. If a child has a general anesthetic it is usual to 
take the opportunity of obtaining cultures from the lower 
airways with blind or bronchoscopic lavage.

Respiratory exacerbations occur more frequently as the 
children get older and their lung disease deteriorates. They 
are commoner in the winter and can be due to many of the 

Fig. 35.3. (a) Chest radiograph of an adolescent showing moder-
ately severe lung disease with an indwelling portacath on the right. 
(b) Chest CT scan of a different child showing severe bilateral cystic 
bronchiectasis

a

b
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microorganisms outlined below. Symptoms include: increased 
cough, increased sputum production (which is darker and 
thicker), breathlessness with reduced exercise tolerance, leth-
argy and malaise, occasionally chest pain, and occasionally 
hemoptysis. Reduction in lung function is usual and a signifi-
cant decline is an absolute drop in FEV

1
 of >10% predicted; 

oxygen saturation may also drop. It is unusual for there to be 
accompanying pyrexia, and the chest may be clear on auscul-
tation. Sputum or a cough swab should be sent for microbio-
logical analysis. Oral antibiotics will be started immediately 
and intravenous antibiotics given if there is no response.

Respiratory Viruses

Respiratory viral infections have a significant impact on 
patients with CF, especially in the autumn and winter, and 
respiratory viruses may precipitate up to 40% of chest exacer-
bations. Viruses implicated in causing infections in CF are the 
same as those that may affect anyone, namely respiratory syn-
cytial virus (RSV), adenovirus, parainfluenza virus types 1–3, 
influenza A & B, and rhinovirus. Viral infections may lead to 
increased frequency and duration of hospitalization for respi-
ratory exacerbations, followed by deterioration in clinical sta-
tus and lung function, which may persist for several months. 
The viruses that have the greatest impact in CF are RSV and 
influenza. Respiratory viral infections are also associated with 
onset of secondary bacterial infections, and the first isolation 
of a particular organism (particularly P. aeruginosa) often fol-
lows a viral infection.

Staphylococcus aureus

Methicillin-sensitive Staphylococcus aureus (MSSA) is 
the most common pathogen isolated in sputum of children 
with CF during the first decade. It is an important pathogen 
throughout life and often occurs as a coinfecting organism in 
patients chronically infected with other bacteria. In children, 
it can be associated with an increase in respiratory symptoms 
but rarely causes a systemic inflammatory response. There is 
still some debate as to its pathogenicity, as it can be cultured 
in sputum without any change in symptoms; and bronchos-
copy studies indicate that up to 40% of infants under 3 years 
have S. aureus cultured from bronchoalveolar samples. Some 
CF centers advocate the use of long-term prophylactic anti-
staphylococcal antibiotic treatment, while others treat on the 
basis of symptoms and positive sputum cultures, usually with 
flucloxacillin.

Hemophilus influenzae

This occurs reasonably frequently in patients with CF, but there 
is little evidence to indicate its significance. This organism is 
pathogenic in non-CF bronchiectasis and chronic obstructive 
pulmonary disease, so there is no reason to suggest that is not 
the case in CF. It is often associated with increased symptoms 
and should be treated when isolated with an oral antibiotic 
such as co-amoxiclav.

Pseudomonas aeruginosa

This is the most common organism causing chronic lung dis-
ease in patients with CF and chronic infection with P. aerugi-
nosa is an important predictor of survival in CF and the most 
important cause of morbidity. Infection usually occurs late in 
the first decade, or during the second decade of life, and by 
the third decade, over 80% of people with CF have chronic 
infection with P. aeruginosa. Once this is established in CF 
airways, it is not possible to permanently eradicate it. At 
this point the P. aeruginosa has established a bacterial-host 
relationship, which results in a sustained host inflammatory 
response.16 When first isolated, an attempt is made to eradi-
cate the organism with oral ciprofloxacin (or two intravenous 
antibiotics if the child is unwell) and 3 months of nebulised 
antibiotics (usually colistin). Once established, chronic infection 
is partially controlled with long-term nebulised antibiotics (colis-
tin or tobramycin).17 Chest exacerbations are treated with oral 
antibiotics if minor or at least two weeks of two intravenous 
antibiotics if more severe.

Stenotrophomonas maltophilia

The prevalence varies considerably from center to center and 
some have reported prevalence rates of up to 30%. A number 
of studies have demonstrated that S. maltophilia is not a cause 
of significant adverse morbidity or mortality in CF.18 How-
ever, some patients do become chronically infected, and have 
chronic symptoms as well as acute exacerbations in a similar 
way to those seen in P. aeruginosa infection. The organism is 
constitutively multiply antibiotic resistant but cotrimoxazole 
can be useful.

Burkholderia Cepacia Complex

Since the earlier reports of infection with Burkholderia 
cepacia and its consequences in CF, it has become recog-
nized that Burkholderia is a genus containing a number of 
species that were previously identified as genomovars. All 
of the members of the B. cepacia complex group have been 
described as causing infection in CF, but the majority are 
caused by B. cenocepacia (previously genomovar III) and 
B. multivorans (previously genomovar II). Infection with B. 
cepacia complex is associated with increased morbidity and 
reduced survival in CF but the individual response to this 
infection is very variable and is determined by the species 
involved and the host response to infection. B. cenocepacia 
is the most highly transmissible member of this complex and 
is associated with a rapid deterioration and early death in up 
to one third of patients who acquire the organism (cepacia 
syndrome).19 For those patients who do not succumb to an 
acute cepacia syndrome, subsequent prognosis is still poor. 
The problem is that B. cepacia is almost always multiply 
resistant and frequently pan-resistant to antibiotics making 
effective therapy difficult. It is critical that infected patients 
do not come into contact with other CF patients to avoid 
cross-infection.
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Methicillin-Resistant Staphylococcus aureus (MRSA)

S. aureus stains resistant to methicillin and other β-lactam 
antimicrobials have become an endemic problem in most 
healthcare facilities in the Western world. MRSA is usually 
acquired from the hospital environment but there is evidence 
that strains can be community-acquired. Patient to patient 
spread has also been well documented. Patients need to be 
segregated from all CF patients and not attend regular clinics 
until they have three clear sputum cultures over 6–12 months. 
Not surprisingly the prevalence of MRSA in CF varies from 
center to center, but has been reported in up to 23% of cen-
ters in North America. Infection with MRSA most frequently 
occurs in patients with poor lung function and may result in an 
increase in requirement for antibiotics. However, other stud-
ies have not demonstrated any significant deterioration in CF 
patients infected with this organism. Eradication with topical 
treatment should be initiated and if it is felt that the MRSA is 
having a clinical impact, then options include IV vancomycin 
or teicoplanin or oral linezolid.

Aspergillus Species

Aspergillus is a widely-distributed spore-bearing fungus, 
and since it can grow at body temperature and the spores are 
respiratory particle sized (2–4 μm), it can be associated with 
respiratory disease in humans There are several species but A. 
fumigatus is most often implicated. Aspergillus is commonly 
found in the sputum in CF (variably reported as 1–60%), and 
it is not always obvious whether it is causing disease or just 
harmless colonization. Aspergillus lung disease may take the 
form of lung infection, aspergilloma, invasive aspergillosis, 
or allergic bronchopulmonary aspergillosis (see below). It is 
the first and last that are most relevant to CF, however. An 
aspergilloma is a discrete fungal ball (mycetoma) found in 
an existing cavitatory lung lesion, which commonly causes 
hemoptysis. It is rare in children with CF but may be more 
common in adult patients, and is likely to be recognized more 
often with increased use of chest CT scanning. Invasive asper-
gillosis occurs when the fungus invades the lung tissue; it is 
rare and more often associated with congenital or acquired 
immunodeficiency (including posttransplant). If Aspergillus 
is repeatedly cultured, (and especially if no bacteria are 
isolated), then in a patient who is symptomatic or chronically 
deteriorating, treatment with an antifungal agent is prudent. 
A typical regimen would be oral itraconazole or voriconazole 
for 1 month.

Non-Tuberculous Mycobacteria

Mycobacterium avium complex (MAC) is the most common 
non-tuberculous mycobacterial infection in CF, accounting 
for around 70% of isolates, while the rapid grower M. absces-
sus accounts for 16%. Isolates may cause transient infection 
or are often present in low numbers, and it is likely NTM are 
acquired from the environment. Patients with NTM infection 
compared with case controls do not show any acceleration in 

decline in lung function20 but M. abscessus seems to be more 
virulent than MAC or other types of NTM. The diagnosis 
of clinically significant NTM infection is difficult to make 
in CF as many features suggesting NTM is pathogenic are 
found in CF lung disease anyway. NTM are usually resistant 
to standard anti-tuberculous antibiotics, but there are certain 
combinations that may be helpful, for example rifampicin, 
ethambutol, azithromycin, and a fluroquinolone (ciprofloxa-
cin or moxifloxacin) have been shown to be of benefit in CF 
and non-CF populations. If undertaken, treatment may be 
required for 6–18 months.

Chest Physiotherapy

Chest physiotherapy should be initiated at the time of diagno-
sis and becomes part of the daily treatment for patients with 
CF, even when well. The aim of physiotherapy is airway clear-
ance; it helps the child to bring up pulmonary secretions that 
would otherwise stay within the lower airways. Children do 
not tend to expectorate sputum until over 6 years or so, the 
younger ones swallow the sputum and if large amounts are 
being produced may vomit mucus. For a young child, physio-
therapy is provided by parents or carers. As children become 
older they are able to take a more active role in their treatment. 
By introducing physiotherapy in well asymptomatic young 
children, treatment becomes part of normal routine. Parents 
and children become skilled in physiotherapy techniques 
and also develop awareness of when sputum production is 
increased, heralding a probable exacerbation.21

Physiotherapy for infants and young children involves pos-
tural drainage, chest percussion, and other manual techniques. 
Breathing techniques can be employed from around the age of 3 
years onwards. For older children, active cycle of breathing tech-
niques (ACBT), which comprise a specific sequence of breathing 
manoeuvres, may be combined with postural drainage to clear 
secretions. Adjunctive devices may be helpful in older children 
if sputum is particularly difficult to expectorate. These include 
positive expiratory pressure (PEP) masks and Flutter devices. 
The latter create an intermittent oscillatory positive expiratory 
pressure, which is transmitted to the airways and aids clearance 
of secretions. Physiotherapy is the most time-consuming treat-
ment for children and their families and is usually the main area 
of nonadherence to treatment. Exercise should also be encour-
aged but is not a substitute for physiotherapy.

Wheeze and Small Airways Disease

Patients with CF may also have bronchial hyperreactivity 
with wheeze, and respond to bronchodilator therapy and 
inhaled corticosteroids as per routine asthma management.22 
The presence of atopy to common aeroallergens (excluding 
aspergillus) and a strong atopic family history may point to 
concomitant asthma. Treatment is with conventional asthma 
therapy. Unresponsive wheeze may indicate an alternative 
diagnosis such as allergic bronchopulmonary aspergil-
losis (ABPA), tracheobronchomalacia, or gastro-oesophageal 
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reflux, in which case further investigations may be indicated. 
There are a small group of children with severe small air-
ways disease unresponsive to treatment and they represent a 
difficult clinical problem.23

Bronchodilators

Bronchodilator therapy (salbutamol or terbutaline) should be 
administered prior to physiotherapy, to aid bronchodilation 
and airway clearance. Otherwise they are used for acute bron-
chospasm i.e., when the children become wheezy or have a 
tight chest with a dry tight cough.

Inhaled Corticosteroids

These may be taken twice daily to control symptomatic wheez-
ing when bronchodilators alone are not sufficient. They have also 
been used as antiinflammatory therapy to combat lung inflam-
mation, although there is little evidence this is effective in CF.

Long-Acting b
2
 Agonists

Some children who have small airways problems despite 
inhaled corticosteroids may need an inhaled long-acting β

2
 

agonist (salmeterol or formoterol) in addition.

Other Respiratory Therapies

Mucolytics

It is important to maintain adequate hydration to prevent dry-
ing of secretions. If sputum remains particularly viscous and 
difficult to expectorate, nebulised treatments may be ben-
eficial. The two commonest treatments in use at present are 
recombinant human deoxyribonuclease (rhDNase) and hyper-
tonic saline.

Recombinant human deoxyribonuclease (rhDNase, Pul-
mozyme): Dead and dying neutrophils are responsible for 
7% of the viscosity of the sputum. rhDNase breaks down 
neutrophil-specific DNA so can reduce viscosity and aid 
sputum clearance. It is nebulised, usually once a day or on 
alternate days. As with all nebulised treatments, it may cause 
bronchospasm, and therefore a supervised trial dose is given 
first, with spirometry if possible. Bronchodilator therapy is 
usually administered prior to treatment. It is expensive, but 
can be extremely effective.24

Hypertonic (7%) saline: This works to draw water into the 
airway, thus loosening viscous secretions and rehydrating the 
airway surface liquid. Although it has not been shown to sig-
nificantly improve lung function, hypertonic saline appears 
to decrease respiratory exacerbations.25 Presumably this is 
through improved mucus clearance. It is much less expensive 
than rhDNase, but it is poorly tolerated in some children due 
to the taste, and can cause severe bronchospasm so a broncho-
dilator should be given prior to treatment. A 3.5% solution 
may be more acceptable in some children.

Long-Term Azithromycin

The macrolide antibiotic azithromycin can reduce the activity 
of Pseudomonas aeruginosa. Although it does not directly kill 
the bacteria, it helps break down the mucoid colonies allowing 
other antibiotics to be more effective. It is likely they also have 
an antiinflammatory effect. Small but significant improve-
ments in lung function have been demonstrated in patients 
treated with azithromycin long term.26 Clinical experience has 
also shown a reduction in the number of exacerbations the 
patients experience.

Allergic Bronchopulmonary Aspergillosis

Allergic bronchopulmonary aspergillosis (ABPA) is a hyper-
sensitivity disease of the lung due to an immune response to 
A. fumigatus antigens, which occurs in around 6% of patients 
with CF in the UK.27 The diagnosis of ABPA is based on a 
combination of clinical, biological, and radiological criteria. 
Diagnosis is, however, difficult as several of the criteria are 
common manifestations in patients with CF without ABPA.28 
Presenting features include wheeze, worsening cough which 
may be dry or productive of brown/black plugs of sputum, 
dyspnoea, chest pain, or malaise. There is usually a reduction 
in lung function with reduced exercise tolerance.

Features suggestive of the diagnosis are:

• Brown/black plugs in sputum, which may culture A. fumigatus
• High serum IgE – in particular an abrupt recent rise to 

>500 IU/mL or a fourfold increase above baseline IgE. Even 
more suggestive if this falls with prednisolone therapy.

• High specific IgE aspergillus radioallergosorbent test 
(RAST) or positive skin prick test to aspergillus antigen

• Positive IgG aspergillus precipitins
• Eosinophilia
• Chest X-ray pulmonary infiltrates >1 cm diameter and seg-

mental collapse
• Reversible bronchoconstriction
• Central bronchiectasis on HRCT scan

Management consists of oral nonenteric coated corticoster-
oids and an antifungal agent such as itraconazole or voricon-
azole. The steroid dose is gradually reduced over 4–6 months 
guided by clinical response and IgE. Relapse is common 
within 2–3 years of first episode, and often high doses of ste-
roids are needed for a long time.

Pneumothorax

Spontaneous pneumothorax is uncommon in children with CF 
and mostly occurs in adults. The incidence also increases with 
underlying disease severity, with a lifetime risk of around 19% 
in the adult male CF population. Most patients have an FEV

1
 

< 40% at the time of first pneumothorax. The presence of a 
pneumothorax is a poor prognostic indicator and studies have 
quoted an average of 30 months survival after the first episode 
with a coexistent decline in lung function, although the occur-
rence reflects the severity of the underlying disease rather than 



35. Cystic Fibrosis 435

being an independent risk factor. Most pneumothoraces in CF 
arise from rupture of apical pleural blebs, but bronchial cysts 
may also develop which, in the lung periphery, predispose 
to pneumothorax formation. Mucus plugging and inflamma-
tory changes may also lead to air trapping within the alveoli; 
these may subsequently rupture and lead to a pneumothorax. 
There is a high rate of subsequent ipsilateral and contralateral 
pneumothoraces (40%). Because the lungs are usually stiff, 
complete collapse is unusual. Presentation is usually with 
acute chest pain, shortness of breath and unexpected deterio-
ration. Small pneumothoraces may be asymptomatic and only 
detected on routine chest X-rays. A CT scan may sometimes 
be required to detect some pneumothoraces or to guide man-
agement.

The BTS guidelines suggest early and aggressive treat-
ment of pneumothoraces in CF, and the treatment is similar 
to that for non-CF patients.29 Oxygen saturations should be 
monitored and oxygen is provided. An intercostal chest drain 
should be inserted urgently in the emergency situation of a 
tension pneumothorax. A small pneumothorax without symp-
toms can be observed or aspirated but larger pneumothoraces 
require treatment with intercostal tube drainage. The collapsed 
lung can be stiff and take a long time to reexpand. All patients 
should receive antibiotic cover intravenously and adequate 
analgesia. Gentle physiotherapy should continue, but with-
out positive expiratory pressure (PEP) masks or intermittent 
positive pressure breaths (IPPB). Further treatment options 
include pleurodesis, pleural abrasion, and pleurectomy, which 
all have markedly lower reported recurrence rates than obser-
vation or tube thoracostomy alone, which has an unacceptably 
high recurrence rate of 50%. Partial pleurectomy has a suc-
cess rate of 95% with little reduction in pulmonary function 
associated with surgery, and it is generally felt to be the treat-
ment of choice in CF patients with recurrent pneumothoraces 
who are fit to undergo surgery.29 In those patients who are too 
ill to undergo surgery, it can take 2–3 weeks for the lung to 
reexpand with intubation and suction. In this group, talc instil-
lation or repeated instillation of the patient’s own blood are 
effective alternatives.

Pleural procedures were thought previously to make sub-
sequent lung transplantation more difficult due to adhesions 
and transfusion requirements. More recent studies have shown 
that the outcome is not affected by previous pleural proce-
dures (although sclerosants can make transplantation more 
difficult) and that these should not be a contraindication to 
lung transplantation.30 Certainly, surgical intervention should 
be considered after the first episode, provided the patient is fit 
for the procedure.

Hemoptysis

Minor streaky hemoptysis is common with chronic infection 
due to chronic airway inflammation, but may be a manifes-
tation of an acute infective exacerbation. Sputum should 
therefore be sent for microbiological analysis, and antibiotic 
cover should be provided as appropriate. It usually settles 

within a few days but can be frightening for the child the 
first time it occurs.

Rarely, massive hemoptysis may occur due to vessel rupture, 
particularly of collateral blood vessels formed secondary to 
bronchiectasis.31 Massive hemoptysis is defined as >250 mL 
in a 24-h period. It is more common in older patients and those 
with severe lung disease and can be recurrent. It is important 
to remember that hemoptysis, particularly if associated with 
chest pain and breathlessness in a child with a totally implantable 
venous access device, may be a manifestation of underlying 
pulmonary embolus, although this is rare.

The bleeding may be significant enough to require  resuscitative 
measures due to airway obstruction or hypotension, although 
this is unusual. Oxygen should be provided and the child 
should be positioned with the presumed side of bleeding 
down (the child can almost always locate the side due to a 
gurgling sensation). Blood should be sent to assess hemoglo-
bin and platelet levels, as well as a coagulation profile and 
blood should be cross-matched. Chest radiographs are rarely 
helpful.  Conventional resuscitative measures are paramount, 
with volume replacement and coagulopathy correction, using 
appropriate colloids, packed cells, or fresh frozen plasma.

Further management options may be required if bleeding is 
severe or persistent (daily for 7 days with >100 mL on 3 out of 
7 days). Vasoconstrictor administration in the form of intrave-
nous vasopressin infusion or terlipressin boluses may be given 
after a loading dose; they can lead to water intoxication and 
can cause bronchoconstriction, although terlipressin is said to 
have fewer side effects. Bronchoscopy may enable identifica-
tion of a bleeding site or may facilitate clot removal (beware 
precipitating further bleeding), but rigid rather than flexible 
bronchoscopy is necessary if bleeding is severe. Tamponade 
with a Fogarty catheter may then be possible. Hemostasis may 
also be achieved with agents such as thrombin glue or lavage 
with iced saline or a vasoconstrictor agent. Oral tranexamic 
acid has been used long term in patients with recurrent bleed-
ing with some success.

Selective bronchial angiography and embolisation is occa-
sionally required. Numerous dilated tortuous bronchial arter-
ies are often identified some of which may take origin from 
aberrant sources. The actual source of bleeding is difficult to 
discern but generally a number of large vessels (>2.5 mm) 
are embolised using variable sized gel foam pledgets. Great 
care must be taken to avoid the spinal artery (with consequent 
paraplegia). Postembolisation pain requiring narcotic analge-
sia and transient dysphagia are common. This is not a cure 
and many patients develop new vessels within months or years 
that may bleed and so require further embolisation.32

Pulmonary Resection

Occasionally the question of a lobectomy is considered in a 
child with CF. Generally, it is only an issue if there is very 
severe bronchiectasis confined to one area of the lung, while 
the rest of that side and the other lung are in good condition 
(confirmed on high resolution CT imaging). The rationale then 
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is that the severely affected lobe is nonfunctioning but acting 
as a sump of infection for the rest of the lungs. Experience, 
however, is that although there may be short term advantages, 
the long term prognosis is unlikely to be altered.33,34

Gastrointestinal Disease

Pancreatic Insufficiency and Nutrition

Approximately 90% of CF patients are pancreatic insufficient. 
In some infants, pancreatic insufficiency can develop over 
time – at 6 weeks of age, 60% of infants are likely to be pan-
creatic insufficient but 90% of children within the same cohort 
are likely to exhibit pancreatic insufficiency by 12 months of 
age. Pancreatic insufficiency leads to malabsorption (particu-
larly for fat), which is treated with pancreatic enzyme replace-
ment (enteric-coated microspheres of pancreatin).35 The dose 
should be titrated to provide normal stool formation, absence 
of abdominal symptoms, and satisfactory growth; the maxi-
mum dose should be 10–15 units lipase/kg/day. An apparent 
need for higher doses should prompt investigation for other 
causes of malabsorption e.g., coeliac disease, food intolerance/
allergy, or an enteropathy. Stomach acid reduces the absorp-
tion of pancreatic enzymes so antacid therapy (e.g., ranitidine) 
may reduce the requirement. The most common preparations 
used in the UK contain 10,000 units of lipase per capsule as 
well as amylase and protease. The starting dose for an infant 
is usually ½ capsule per feed (6–8 g fat), whereas a toddler 
will typically require 2 capsules per meal and 1 for a snack. 
In babies, the capsule contents should be mixed with milk or 
apple puree and not placed directly in the child’s mouth. The 
dose is generally titrated to clinical response and the enzyme 
requirement quite variable (usually 8–15 per meal in an older 
child/adult). High dose pancreatic enzyme capsules containing 
25,000 units lipase are generally avoided due to an  association 
with gut stricture formation and fibrosing colonopathy. There 
is not much a child can eat without first taking enzymes e.g., 
fruit, vegetables (except potatoes, beans, and peas), fruit 
juice, boiled sweets, etc. If the child is on special feeds such 
as neocate, enzymes are required, while if on pregestimil or 
emsogen, enzymes are not usually needed or given in smaller 
doses. Fat malabsorption means patients require supplementa-
tion with the fat-soluble vitamins A, D, and E, and sometimes 
K. Diets with a high fat and calorie content are encouraged.

Despite all this, a poor nutritional state is not uncommon. 
There are many factors that affect nutritional status, includ-
ing reduced appetite, higher energy expenditure, and behav-
ioral/psychological issues. Unfortunately, it is associated with 
a worse prognosis and those with poor nutritional status are 
more prone to chest infections.36 Poor growth and nutrition 
are therefore treated aggressively and a dietitian is an integral 
part of the CF team. It is important to establish that the child 
has not developed CF-related diabetes or other concomitant 
diagnoses as discussed earlier. Correct enzyme dosage can be 
checked by assessing fat absorption, initially by looking for 

fat globules within the stool, and if necessary by a three-day 
fecal fat measurement with a fat intake diary. Extra nutritional 
supplementation may then be necessary. Initially, oral calorie 
supplements are used but if this fails, overnight enteral feeds 
are given via a gastrostomy. Percutaneous endoscopic gastros-
tomies (PEGs) are usually inserted by a surgeon and/or gastro-
enterologist. Traditionally a two-step procedure is performed, 
with a PEG inserted followed by a button type gastrostomy 
6 weeks later; more recently buttons have been inserted in a 
single procedure (Fig. 35.4).

Distal Intestinal Obstruction Syndrome

Distal intestinal obstruction syndrome (DIOS), formerly 
known as meconium ileus equivalent, is caused by a number 
of factors including pancreatic insufficiency (it does not occur 
in pancreatic sufficient patients), thickened intestinal secre-
tions, dehydration, and poor gastrointestinal motility. Viscid 
mucofeculent material obstructs the terminal ileum and/or 
right sided colon. It occurs in 7–15% CF patients and is more 
common in patients with a preceding history of meconium 
ileus. It may be exacerbated by inadequate enzyme therapy 
and there are often preceding issues with nonadherence to 
taking enzymes. It causes abdominal pain usually in the right 
lower quadrant and partial intestinal obstruction. There is usu-
ally abdominal fullness and there may be a palpable mass in 
the right iliac fossa. It quite often has an insidious onset with 
intermittent grumbling abdominal colic. Parents often report 
that the child is having diarrhoea (which is due to overflow of 
liquid stools); in this situation a plain abdominal radiograph 
should lead to the correct diagnosis showing a colon loaded 
with feces (Fig. 35.2a). The differential diagnosis of abdomi-
nal pain is shown in Table 35.2.

Management involves disimpaction by a water-soluble 
contrast preparation such as gastrografin given orally (or via 
a nasogastric tube if the child will not drink it). One or two 
doses are usually enough, and it is important the child is well 
hydrated (intravenous fluids may be necessary). Occasionally 
gastrografin is given rectally. If this fails, then use of alterna-
tive bowel cleansing solutions such as Klean-Prep can be used. 
Again care must be taken to prevent hypovolaemia, and it must 
not be used if there is evidence of peritonitis. Occasionally, a 
colonoscopy is required to clear the obstruction and rarely a 
laparotomy. Once the acute situation is resolved, underlying 
causes must be corrected and the pancreatic enzyme dosage 
may need to be adjusted (or taken in the first place!); fiber is 
encouraged in the diet. Children are sometimes discharged on 
regular lactulose or oral acetylcysteine.

Constipation is not uncommon in CF and may precede 
DIOS. It is treated aggressively to prevent progression, with 
laxatives and attention to enzyme intake and diet.

Gastro-Esophageal Reflux

Gastro-esophageal reflux (GER) is common in children and more 
so in the presence of underlying lung disease. It is estimated to 
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occur in 1 in 4 children with CF under 5 years of age.37 Proposed 
mechanisms include elevated abdominal pressure from chronic 
cough, hyperinflation with diaphragm depression, and medica-
tions which lower the lower oesophageal sphincter pressure (e.g., 
bronchodilators). The downwards head tilt position sometimes 
employed for chest physiotherapy may exacerbate GER. It is 
well established that GER impacts negatively on lung disease, 
particularly if there is associated aspiration. Symptoms that 
suggest GER are recurrent vomiting, epigastric pain, persistent 
wheezing, and recurrent dry cough. It should also be considered 
in any child with CF who has deteriorating lung function with 
frequent chest exacerbations.

Occasionally, a therapeutic trial of anti-reflux medication is 
carried out, but usually diagnostic proof is required before the 

child is given yet more drugs. A 24-h pH study is usually per-
formed, with the probe placed just above the lower esophageal 
sphincter. In infants who are mainly milk fed, it is more useful 
to perform a dual probe pH study, whereby a second probe is 
the stomach. This allows recalculation of the reflux index to 
take into account the time the stomach is acidic to reduce the 
number of false-negative studies. For the study to be success-
ful, children need to be on bolus rather than continuous feeds. 
If there is a naso-gastric tube in-situ, it is important to bear in 
mind that this will affect the integrity of the lower oesopha-
geal sphincter and may worsen GER.

Treatment is with H
2
-antagonists (e.g., ranitidine) or proton 

pump inhibitors (e.g., omeprazole) as well as a prokinetic agent 
(e.g., domperidone). Occasionally this fails and a Nissen’s 
fundoplication is needed whereby the fundus of the stomach 
is wrapped around the distal esophagus. Gastric distension 
following a feed increases pressure around the wrap, thus pre-
venting reflux of gastric contents. The parents must be warned 
that the child will no longer be able to vomit.

Fibrosing Colonopathy

Fibrosing colonopathy results in a thickened or narrowed seg-
ment of colon. Clinical features are similar to DIOS – usually 
insidious onset of abdominal pain, distension, vomiting and 
constipation, eventually resulting in intestinal obstruction. 
Occasionally onset is quicker, just a few days. It can also pres-
ent with a colitic picture – bloody diarrhoea, pain, distension. 
Fibrosing colonopathy is associated with the use of high doses 
of pancreatic enzymes and perhaps with high-strength prepara-

a bFig. 35.4. (a) Child giving 
herself a feed through a percu-
taneous endoscopic gastrostomy 
(PEG). (b) Button gastrostomy 
with scar from Nissen’s 
fundoplication.

Table 35.2. The differential diagnosis of abdominal pain in cystic 
fibrosis.

Gastroesophageal reflux
Malabsorbtion
Constipation
Intestinal obstruction:
 Distal intestinal obstruction syndrome
 Volvulus
 Adhesions after previous surgery for meconium ileus
 Fibrosing colonopathy
 Intussusception
Appendicitis
Gallstones
Pancreatitis
Recurrent non-specific abdominal pain
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tions (25,000 U lipase per capsule),38 and since their use became 
less common (following epidemiological studies of the “mini 
epidemic” of fibrosing colonopathy in the early 1990s), the 
incidence has markedly reduced. Diagnosis is suggested by 
abdominal radiograph and ultrasound, and contrast studies, but 
is confirmed by biopsy. Enzyme dosage should be reduced (if 
high) and conservative management attempted; however, some-
times surgery is necessary, including subtotal colectomy.

Pancreatitis

Pancreatitis is unusual in children with CF but typically occurs 
in patients who are pancreatic sufficient. It may present as a 
severe acute attack or chronic recurrent abdominal pain; how-
ever, the patients are not as systemically unwell as non-CF 
patients with pancreatitis. The pain is epigastric, which radi-
ates through to the back or elsewhere, and is accompanied by 
vomiting. Serum amylase is raised and abdominal ultrasound 
or CT scan often diagnostic. The pulmonary effects of pancre-
atitis seen in non-CF patients (pulmonary effusions, oedema, 
and atelectasis) do not seem to occur in CF patients. Therapy 
is with intravenous fluids, nasogastric drainage, and stomach 
acid suppression.39 Recent studies have shown that idiopathic 
cases of pancreatitis may be associated with CF carrier status.

Liver Disease

Clinically-occult liver disease is common but symptomatic dis-
ease less so (around 4% CF patients). It is the cause of death 
in only 2% CF patients. CF liver disease usually develops after 
puberty with a peak incidence of 16–20 years; it is twice as 
common in males. The pathology is a diffuse intrahepatic bil-
iary abnormality due to blocked biliary ducts from viscous bile, 
fibrosis develops, and eventually focal or multilobular biliary 
cirrhosis. However in infancy, presentation may be with bile 
duct obstruction (neonatal cholestasis with a conjugated jaun-
dice) due to inspissated bile, or with fatty change that may cause 
abdominal distension. Cholecystitis and gallstones may also 
develop and management is similar to that of non-CF patients.

Liver disease should be assessed clinically, and if hepato-
megaly or hepatosplenomegaly are detected, an ultrasound is 
required. Although liver enzymes may be raised (and coagula-
tion abnormal), this is not the best test as the problem is biliary 
rather than hepatocellular. Liver biopsy is rarely indicated.40

Many patients with CF liver disease are commenced on 
ursodeoxycholic acid. This is a treatment for primary biliary 
cirrhosis and has been shown to reduce cholestasis and return 
liver enzymes to normal levels. It is not clear whether therapy 
prevents fibrosis and further progression to cirrhosis, and gener-
ally its usefulness in CF has been hard to demonstrate.41 Nev-
ertheless, since it is safe (diarrhoea being the commonest side 
effect) it is usually tried. Vitamin K is also routinely used. Portal 
hypertension may subsequently develop and can lead to the for-
mation of esophageal varices, which have a tendency to bleed. 
Bleeding varices can be managed by variceal obliteration (scle-

rotherapy) or portosystemic shunting. If there is decompensated 
liver disease, liver transplantation may be the only option.

CF-Related Diabetes

In CF patients with exocrine pancreatic insufficiency, insu-
lin deficiency develops with increasing age due to a loss 
of islet cells. Insulin secretion is reduced even in individu-
als with normal glucose tolerance, and with age there is an 
increase in the development of impaired glucose tolerance 
and diabetes. CF-related diabetes (CFRD) is rare in those 
under 10 years (standard type I diabetes mellitus must be 
considered), although up to a third of this age group will 
already have impaired glucose tolerance. The reported 
prevalence of CFRD depends on the diagnostic criteria 
used and screening methods, but approximately 50% of 
individuals with CF will have CFRD by 30 years of age 
with onset usually in adolescents and young adults. It is 
commoner in females. Patients with CFRD have increased 
morbidity and mortality, and impaired glucose tolerance is 
a strong determinant of decline in lung function.42 Poor dia-
betic control also leads to impaired growth and recurrent 
chest exacerbations. The adverse impact of diabetes on CF 
appears to be related to loss of the anabolic effect of insulin 
and also possibly the effect of increased glucose levels in 
secretions affecting infection rates. This evidence of the 
adverse effect of diabetes on CF has resulted in a change 
in approach in recent years, with insulin treatment being 
introduced much earlier.

There is usually a slow insidious onset, with weight loss, 
fatigue, poor appetite, and a general deterioration including 
in lung function. Presentation with ketoacidosis is rare and 
should make one consider standard type I diabetes, but CFRD 
should be suspected in patients with polyuria and polydyp-
sia. Fasting blood glucose and glycosuria should not be relied 
upon to make the diagnosis but an oral glucose tolerance test 
should be performed. Glycosylated hemoglobin is helpful for 
monitoring control but is not a diagnostic test.

Management and initiation of insulin should be directed by 
a pediatric endocrinologist experienced in CFRD. Generally 
insulin requirements are relatively low. It is also important to 
emphasize that a normal CF diet should be encouraged (with 
no restrictions) and insulin adjusted appropriately. The usual 
low sugar, controlled calorie diet normally advised to diabet-
ics is inappropriate in CFRD. Psychosocial support is critical; 
adding on the therapy required for diabetes to that already in 
place for CF cannot be underestimated. Prior to any general 
anesthetic, a plan must be made to reduce or stop the insulin 
while the child is fasting.

Otorhinolaryngology

Nasal Polyps

Nasal polyps are common in CF occurring in about 10% of 
children and up to 40% of adults.
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They are uncommon under 5 years of age and onset is gen-
erally between 8 and 10 years. Unlike in adult life, where 
polyps are most commonly related to allergy and aspirin-
sensitive asthma, polyps in children should prompt immediate 
investigation to rule out CF. The etiology is uncertain but may 
be related to infection, allergy, immune factors, altered secre-
tions, and abnormal cilia. There is also an association with 
chronic sinus infection.

Although usually asymptomatic, they can result in chronic 
nasal obstruction (which increases airway resistance and may 
lead to mouth-breathing), headaches, and impaired smell and 
taste. Chronic rhinitis may develop, which can increase the 
incidence of pulmonary infections. The diagnosis is made by 
simply looking up the nose with a light but sometimes it is dif-
ficult to differentiate them from inflamed turbinates.

If troublesome, initial treatment is usually a steroid nasal 
spray such as fluticasone or mometasone; anti-histamines are 
of limited value. If unsuccessful, surgery should be consid-
ered, but due to the high recurrence rate (60–90%), multiple 
procedures may be necessary. Oral steroids are occasionally 
used for severe multiple recurrent polyps.

Sinusitis

Although almost all children with CF have chronic paranasal 
sinusitis, only 1% of children are symptomatic. Radiographs 
of the sinuses are of little value, as over 92% of all children 
with CF will have opacification of the maxillary, ethmoid, 
and sphenoid sinuses. Initially, opacity is due to retention of 
thick secretions but later it may be due to polyposis within the 
sinuses. The frontal sinuses rarely develop in children with 
CF, probably due to early onset of sinusitis, which prevents 
pneumatisation. Chronic sinusitis is commonly associated 
with nasal polyposis.

Sinusitis may cause headaches, particularly on tilting 
the head forwards. Other symptoms are related to chronic 
nasal obstruction (mouth-breathing, snoring, loss of sense 
of smell) and purulent drainage (postnasal drip, constant 
throat-clearing, halitosis). Long-term oral antibiotics may 
be of value (3–6 weeks), and oral metronidazole may 
improve halitosis. Sinus washout is rarely successful, as 
the secretions are thick and tenacious; occasionally, more 
radical surgical drainage procedures are necessary to alle-
viate symptoms.

Bone Disease

Increasing survival of CF adults has thrown up the finding 
of low bone density in at least one third of young adults. 
Clearly nutrition has a crucial role with poor vitamin D 
absorption, poor nutritional status, and low Vitamin K lev-
els all playing a part. Other factors that contribute to bone 
disease include delayed puberty, hypogonadism, physical 
inactivity, glucocorticoid therapy, and chronic lung inflam-
mation.43 Bone disease also tends to be worse in patients 
with more severe lung disease more than 90% of patients 

referred for lung transplantation have osteopenia or osteo-
porosis. The sequelae of CF bone disease include fractures 
and kyphosis formation.

Bone densitometry (DEXA scans) is useful although 
“normal levels” in children are an issue. Treatment includes 
attention to diet, calcium intake, reduction of steroid use and 
encouragement of exercise/mobility (particularly weight-
bearing exercise). The role of drug therapy (bisphosphonates) 
in children is uncertain. Sex hormone replacement therapies 
have been used in some children but must be directed by a 
pediatric endocrinologist.

Joint Disease

Arthropathy may occur in up to 10% of children with CF and 
the mean age of onset is 13–20 years. CF arthropathy is a 
specific condition, which may be immune-complex mediated 
and related to chronic pulmonary infection and inflammation. 
Typically, the children have an episodic arthritis with pain and 
swelling, usually of large joints such as knees and ankles and 
wrists. It is often accompanied by low-grade fever, and there 
may be erythema nodosum or an erythematous rash or pur-
pura. X-rays of the joint are usually normal. Episodes tend to 
settle spontaneously after 3–4 days and respond well to non-
steroidal antiinflammatory drugs (e.g., ibuprofen). Intensifica-
tion of chest therapy may also help control joint symptoms.

Some of the children with arthritis and advanced lung dis-
ease have features of hypertrophic pulmonary osteoarthropa-
thy (HPOA), this occurs in 2–7% of CF patients with a median 
age of onset of 20 years. In this condition, as well as arthri-
tis, which is often accompanied by joint effusions, there are 
features of periostitis. The latter consists of tenderness and 
pain over the long bones with periosteal elevation on X-ray. 
Periosteal changes may also be noted on radioisotope bone 
scan. HPOA is seen in patients with more severe lung disease 
and worsens during chest exacerbations. Antiinflammatory 
drugs may be necessary.44

Puberty and Fertility

Men with CF are almost universally infertile because of con-
genital bilateral absence of the vas deferens. It is important for 
patients to realize that this is not an absolute consequence, and 
it is still possible for some patients to father children. In early 
childhood, the vas deferens is blocked by viscous secretions and 
is reabsorbed. Spermatogenesis is, however, likely to be normal. 
Some male patients are diagnosed with CF following investiga-
tions for infertility. Male patients with CF have fathered children 
using assisted fertilization techniques (ICSI – intracytoplasmic 
sperm injection). Preimplantation genetic analysis has been 
used so that only “non-CF” embryos are implanted.

Women with CF can become pregnant, and provided 
lung function is adequate and weight gain during pregnancy 
appropriate, women can carry healthy infants to term.45 How-
ever, fertility may be impaired by thickened cervical mucus. 
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Women who are under-weight may also have irregular men-
strual cycles, again affecting fertility. The chances of having a 
baby with CF can be minimized by DNA analysis of the father 
or preimplantation diagnosis.

Stress Incontinence

Urinary incontinence is a condition where certain activities 
e.g., coughing, laughing, jumping, etc. leads to a leak of urine. 
This can be anything from a slight dribble to a complete emp-
tying of the bladder. It is known that many women with CF are 
affected by urinary incontinence, and it has become increas-
ingly recognized that young girls may also be affected. This 
has been highlighted by the recent survey carried out where 
it was found 1 in 3 girls aged 11–17 years had a problem at 
times, and it was associated with increased lung disease.46 For 
many (if not all) girls, this is rather embarrassing and many 
do not want to talk to their parents about it, and especially not 
to male doctors! It is more likely they will discuss this with 
female members of the team (nurse specialists, physiothera-
pists). Sometimes simple “pelvic floor exercises” can help.

Other Surgical Issues

Totally Implantable Venous Access Devices

Totally implantable venous access devices (TIVADs) are often 
sited in children who require frequent courses of intravenous 
antibiotics (Fig. 35.3a). They are also used in children when 
it has become difficult to site peripheral lines because of poor 
venous access (assuming access is required regularly). They 
are not a solution for needle phobic children as they still need 
to be flushed every month. The device is inserted under gen-
eral anesthetic, usually via a subclavian vein into the superior 
vena cava, with the access port usually buried on the upper 
lateral chest, away from the shoulder joint and breast tissue. 
TIVADs need to be flushed once a month with 10 mL hepa-
rinised saline and are accessed using a specific type of needle 
(straight bevelled). Local anesthetic cream is used on the skin 
overlying the port.

Potential postoperative complications include hematoma, 
hemathorax, and pneumothorax, so a chest radiograph should be 
performed after the device is sited. The commonest late compli-
cation is blockage; urokinase inserted into the port may relieve 
this, otherwise the TIVAD may need removing. Patients with 
CF have a thrombophilic tendency so a thrombophilic screen 
should be carried out prior to initial insertion.47 A port leak may 
occur if a forceful flush is attempted when the line is blocked or 
if the wrong type of needle is repeatedly used damaging the dia-
phragm. Diagnosis is with a contrast portagram. Local infection 
may occur around the port and intravenous antibiotics are given 
through a different line. Line infection usually requires surgical 
removal and intravenous antibiotics via another route, although 
occasionally injecting vancomycin or teicoplanin into the sys-

tem may work. A thrombus may form, which can lead to septic 
pulmonary emboli. Blood cultures and an echocardiogram may 
help the diagnosis and sometimes radio-opaque contrast can 
collect in a thrombus if injected down the line. Occasionally, 
the catheter may fracture and the fragments need to be retrieved 
by cardiac catheterization. It must be remembered that one of 
the commonest causes of pulmonary emboli in children is an 
endovascular foreign body. An association has also been found 
between the risk of vascular thrombosis and the use of polyure-
thane versus silicone devices.48,49 In a CF child with pleuritic 
pain and/or breathlessness and/or hemoptysis, the diagnosis 
must be considered. Finally if the child develops tinnitus at the 
time of antibiotic administration, the line may have migrated 
into the neck veins passing cranially.

Peri-Operative Management of the Patient with CF

The approach to the peri-operative patient, as with all aspects 
of CF, should be multidisciplinary. This should include the 
CF specialist, anesthesiology, physiotherapy and nutritional 
support with the aim of reducing associated morbidity and 
mortality. General anesthesia and reduced mobility in the 
postoperative period contribute to peri-operative atelecta-
sis and infection. For elective procedures, it is important to 
ensure optimization of pulmonary function prior to surgery. 
If the child has minimal lung disease – (especially if it is 
minor surgery) they can receive high dose oral antibiotics for 
48 h pre and 48 h postop. With moderate lung disease – (most 
children) they should have intravenous antibiotics for 48 h 
preop and at least 48 h postop, while those with severe lung 
disease they will need 7–14 days intravenous antibiotics pre-
surgery and 7 days postoperatively. Attention must be paid to 
whether the child is having or has recently had a prolonged 
course of oral corticosteroids, and also if the child has CF-
related diabetes. It is important that analgesia is adequate 
for physiotherapy to continue and to prevent the build-up 
of pulmonary secretions in the postoperative period. There 
should also be dietetic input, ensuring sufficient nutritional 
intake and appropriate management of pancreatic enzyme 
supplements.

Lung Transplantation

It is not appropriate to cover this aspect in detail but there 
are many good reviews.50,51 Over the years, most trans-
plants performed in CF children were heart–lung with the 
CF patient’s heart being used in a domino procedure for 
another patient. More recently, double or bilateral sequen-
tial lung transplantation has become the techniques of 
choice, although numbers are still small (60–90 per year 
worldwide). Although living lobar transplants (a lower lobe 
each from two relatives, most commonly parents) have been 
performed in adults and some pediatric centers abroad, they 
are not yet routinely performed in pediatric practice in the 
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UK. Five year survival in UK is now 57% and has been 
slowly improving.50

Criteria for lung transplantation are based on an estimated 
life expectancy of less than two years without treatment. 
These include:

• Significantly reduced lung function, usually with FEV1 
< 30% predicted. May include rapidly declining FEV1 even 
if still >30% predicted.

• Severely impaired quality of life
• Oxygen-dependent (resting SaO2 < 90%)
• Child and family committed to the idea

There are, however, a number of contraindications. These 
may differ to a small extent between centers and may be 
subject to change over time. The decision whether to place 
a patient on to the transplant waiting list will be influenced 
by the presence of multiple problems within an individual 
child.

Absolute Contraindications

• Other organ failure (excluding hepatic when a combined 
transplant could be considered)

• Untreated Mycobacterium tuberculosis
• Invasive pulmonary aspergillosis
• Non-pulmonary infections e.g., Hepatitis B or C, HIV
• Malignancy
• Child does not want the procedure

Relative Contraindications

• Long-term high dose corticosteroid treatment (>5 mg/day)
• Previous thoracic surgery – pleurodesis will make the pro-

cedure more difficult
• The presence of multiresistant organisms e.g., genomovar III 

of B. cepacia complex, MRSA, panresistant P. aeruginosa
• Severe osteoporosis
• Psychosocial issues/lack of family support
• Nonadherence to current treatment

Transplantation is so familiar to many people now due to 
media coverage, which tends to be biased toward successful 
outcomes, that it is often perceived as a miracle cure. It is, 
therefore, important when discussing the issues with the fam-
ily and child, that a balanced viewpoint is given. Important 
issues are:

• Acceptance onto the waiting list does not guarantee a trans-
plant. Because of a shortage of donors about 50% of patients 
will die before organs become available. The time spent 
with a pager waiting for organs will be extremely stressful 
(uncertainty, false alarms, etc.).

• Heart/lung or lung transplantation is not a complete cure 
for CF, it is merely palliative. After the operation, invasive 
procedures including bronchoscopy and biopsies are likely 
to be required. In addition, unless complete eradication of 

reservoirs of infection has been successful (which almost 
never occurs due to chronic infection of sinuses), there is 
potential for bacterial infection of the transplanted lungs, 
which may make ongoing antibiotic therapy and physio-
therapy necessary.

• Transplantation has little impact on the non-pulmonary 
manifestations of the disease (i.e., enzyme replacement and 
other therapies need to be continued), although there may 
be nutritional benefits in the medium term. CF-related dia-
betes may worsen.

• Problems associated with transplantation include early rejec-
tion, severe sepsis related to immunosuppression and later 
development of bronchiolitis obliterans syndrome (BOS). 
BOS develops in 50% of early survivors by 3 years and is 
irreversible.50 This can eventually lead to severe respiratory 
impairment and death.

Conclusions

Life expectancy for patients with CF has improved consider-
ably over the last 30 years, with children born today estimated 
to have a median survival of around 40 years. The improved 
survival is primarily due to advances in nutrition, aggressive 
management of pulmonary infections, and new therapies to 
aid mucus clearance. However, despite the advances in many 
aspects of CF treatment, there is still no therapy available to 
correct the underlying defect. Successful gene therapy, which 
aims to insert a normal copy of the CF gene into cells, has 
proven elusive despite early promise. Other pharmacological 
treatments have tried to target the electrolyte abnormalities 
due to abnormal CFTR, but again no routine therapy is avail-
able 52. Despite this, a huge amount of research continues and 
it is hoped that the important discovery is not far off. In the 
meanwhile, it is important to keep the CF children as healthy 
as possible in order for them to be able to benefit from future 
therapeutic advances.
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Introduction

The lungs have a rich and complex vascular supply and so it is 
not surprising that episodes of pulmonary hemorrhage are not 
uncommon in pediatric respiratory medicine. The appearance 
of even a small amount of blood can be very alarming and 
often results in significant distress to both patient and carer. 
Assessment of this problem is rendered difficult because 
of the large number of potential sources, multiple possible 
pathologies, the inability of many children to expectorate, and 
the frequently intermittent nature of symptoms. True pulmo-
nary hemorrhage, which we will define as bleeding into the 
lungs and conductive airways, is uncommon but potentially 
life-threatening. This group of problems needs to be differen-
tiated from bleeding from the nose and nasopharynx, which is 
much more common and usually benign, and also from other 
rare causes, including factitious illness.

History

In the majority of cases, pulmonary hemorrhage occurs inter-
mittently. It is important to document the nature and fre-
quency of the episodes along with associated symptoms such 
as cough, pain, and possible localizing factors. The nature of 
the expectorate should be recorded, and whether this is appar-
ently pure blood or mixed with sputum, vomitus, or other sub-
stances. A history of epistaxis should be sought, and whether 
the patient picks their nose, although it should be assumed that 
all children do so! A careful general medical history should 
be taken concentrating specifically on previous respiratory ill-
nesses, bleeding diatheses, and renal disease.

Pathophysiology

Following an acute bleed, fresh red blood cells blood can be 
detected within the alveolar spaces and interstitium. Hemo-
globin is then transformed into hemosiderin, which is ingested 

by macrophages. The presence of hemosiderin laden mac-
rophages (HLM) in bronchoalveolar lavage fluid is usually 
considered to be diagnostic of pulmonary hemorrhage in the 
absence of conditions associated with transfusion-related iron 
overload such as thalassemia (Fig. 36.1). It takes several days 
before HLM appear, but they can then be detected for several 
weeks.1 Macrophages produce proinflammatory cytokines 
resulting in inflammation and fibrosis with thickening of the 
alveolar epithelium and hyperplasia of type II pneumocytes 
if there is chronic or repeated hemorrhage.2 Chronic bleeding 
causes an irritant bronchitis resulting in goblet cell hyperpla-
sia and the production of large amounts of airway mucus.

Diffuse alveolar hemorrhage may be associated with a 
small vessel vasculitis. In these cases, infiltration of activated 
neutrophils results in necrosis of arteriolar walls, venules, and 
capillaries within the interstitial compartment. The accumula-
tion of edema, fibrin, and neutrophilic infiltrate thickens the 
interstitial space resulting in fibrinoid necrosis. This decreases 
the integrity of the interstitial capillaries allowing red blood 
cells to enter the interstitial compartment and fill the alveo-
lar spaces.3 Small thrombi may be visible in capillaries and 
venules.

The lungs have two major sources of blood supply, the 
low pressure pulmonary arterial circulation and the smaller 
higher pressure bronchial circulation. There are natural links 
between the two circulations in the form of collateral ves-
sels.4 In lung, diseases associated with bronchiectasis chronic 
infection results in loss of connective tissue, proliferation of 
vessels, and bronchial artery enlargement. The formation of 
fragile bronchial-artery pulmonary artery fistulas and expo-
sure to systemic pressures can then result in rupture of these 
vessels.4,5

Clinical Presentation and Physical 
Examination

Pulmonary hemorrhage does not necessarily result in frank 
hemoptysis. Presentations vary according to the total volume, 
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rate of bleeding, and age of the child. These range from acute 
life threatening hemorrhage to chronic low grade hemorrhage 
presenting with features of iron deficiency anemia. Respi-
ratory symptoms may include dyspnea, cough, and wheeze. 
On rare occasions massive blood loss results in cardiovascular 
instability and collapse. In some cases, patients with focal 
pulmonary hemorrhage may localize the site of bleeding as a 
“gurgling” on that side with associated focal chest pain.

Initial assessment should ensure that there are no features of 
cardiovascular compromise such as tachycardia, weak thready 
pulse, hypotension, or the high output state found in patients 
with arteriovenous malformations. Particular attention should be 
paid to examination of the nose and nasopharynx for evidence 
of hemorrhage and potential sites of bleeding including trauma 
to Little’s area, the presence of nasal polyps, and active infec-
tion of the palatine tonsils. Examination of the skin may reveal 
evidence of a bleeding diathesis with bruising, signs of iron defi-
ciency anemia, or other clues such as purpura or telangiectasia. 
General examination of the respiratory system may be normal, 
but evidence of clubbing, central cyanosis, and the presence of 
focal signs such as crackles and bronchial breathing should be 
sought. Careful general physical examination should always be 
performed for other signs including hepatosplenomegaly.

Specific Causes of Pulmonary Hemorrhage

Causes of pulmonary hemorrhage are summarized in Table 
36.1 and the most common causes of pulmonary hemorrhage 
in children are discussed below.

Cystic Fibrosis (CF)

The management of CF lung disease has improved signifi-
cantly in recent years. Significant pulmonary hemorrhage is 
now uncommon in pediatric practice compared with figures 
from previously reported series.6 Although the production of 
blood streaked sputum is still relatively common, true pulmo-
nary hemorrhage is now very unusual under ten years of age. 

Presentation tends to be at an older age in boys than girls,6 
reflecting the relationship between sex and the severity of 
lung disease.

Fig. 36.1. Lung biopsy 
 specimens demonstrating 
hemosiderrin laden macrophages 
within the alveoli a Hematoxylin 
stain (×4 magnification) and b 
Perls stain (×20 magnification)

ba

Table 36.1. Causes of pulmonary hemorrhage.

Localized hemorrhage

Infection Abscess
Pneumonia
Bronchiectasis
Herpes simplex 
Parasite

Foreign body
Congenital defects A-V malformations

Sequestration
Bronchogenic cysts

Trauma Contusion
Fracture trachea/
bronchus  
Gunshot wound

Iatrogenic Post surgical
Post biopsy

Tumors Benign
Malignant

Diffuse hemorrhage

Inflammatory Henoch Schonein 
purpura
Goodpasture’s 
syndrome
Wegener’s granuloma-
tosis
Systemic lupus erythe-
matosis
Sarcoidosis

Idiopathic pulmonary 
hemosiderosis
Congenital defects Cardiac defects
toxic Penicillamine

Cocaine
Propylthiouracil
Azothioprine
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Acute pulmonary hemorrhage is frequently associated 
with exacerbations of respiratory infection. Most cases can 
be treated effectively with a conservative regime of intensive 
antibiotic therapy. Patients still require physiotherapy, but this 
must be administered gently to avoid precipitating a further 
acute bleed. It is important to exclude vitamin K deficiency 
and liver disease, which may exacerbate the bleeding ten-
dency in this patient group.

Pulmonary Renal Syndromes

In all cases, patients should be examined for any systemic 
involvement such as sinusitis, glomerulonephritis, or synovitis 
that would indicate a systemic vasculitis or renal syndrome.

Henoch-Schönlein Purpura (HSP) is the most common 
vasculitis seen in children. Renal involvement is a common 
manifestation of the disease, which is characterized by pur-
pura of the lower extremities. The presence of glomerular 
IgA distinguishes HSP from other vasculitic syndromes. 
Although pulmonary involvement is a rare complication 
of the disorder, it does significantly increase mortality.7 If 
a biopsy is performed immunofluorescence may reveal IgA 
immune complexes.

Goodpasture’s syndrome is characterized by the presence 
of anti-basement membrane antibodies that maybe detected 
in serum or as continuous linear deposits seen along the base-
ment membrane in either pulmonary and/or renal tissue. In 
the majority of cases, lung and renal disease appear at the 
same time, although only one organ may be affected. Renal 
involvement manifests as hematuria, proteinuria, and progres-
sive renal failure. Pulmonary hemorrhage is more common in 
patients who smoke tobacco.8

Systemic lupus erythematosus (SLE) is an auto-immune 
disease, which affects many organs including the lungs. 
Serum antinuclear antibodies and antidouble stranded DNA 
antibodies may be detected along with decreased comple-
ment levels. Immune complexes may be visible along alveolar 
walls, around small vessels and within glomerular capillaries.3 
Pulmonary hemorrhage is more common in adult patients, but 
is a recognized complication in children.9 Hemoptysis is often 
severe and life-threatening.

Wegener’s Granulomatosis is more likely to result in local-
ized bleeding from a cavitating lesion than a diffuse bleed. 
The cytoplasmic staining anti-nuclear cytoplasmic antibody 
(cANCA) is usually detected in patient sera, while the 
perinuclear staining antibody (pANCA) is not. This condition 
is rare in children. The disease presents as a pulmonary gran-
ulomatous disease with frequent cavitation associated with 
midline upper airway lesions. There may also be vasculitic 
skin lesions and renal involvement. The prognosis is variable 
with some children dying from sepsis or multiorgan failure 
and others surviving into adulthood.10

Microscopic polyangitis shares many features with Wegener’s 
Granulomatosis including necrotizing glomerulonephritis. 
However, circulating ANCA is generally of the “p” form and 

pulmonary capillaritis occurs in the absence of granulomatous 
disease of the respiratory tract.11 Prognosis appears to be simi-
lar to that of Wegener’s Granulomatosis.

Lymphoid granulomatosis is an angiocentric and 
angiodestrcutive lymphoproliferative disorder, which is very 
rare in childhood.12 Skin, central nervous system, and renal 
involvement are common, and involvement of other systems 
including the upper airways, eyes, and gastrointestinal tract 
has been reported. Widespread destruction of lung paren-
chyma resulting in respiratory compromise with or without 
pulmonary hemorrhage is a major cause of death.12 The prog-
nosis is very variable with spontaneous resolution in some 
patients and progression to lymphoma on others.

Pulmonary hemorrhage has been reported in association 
with crescentic glomerulonephritis when no antibodies are 
present.13 The prognosis from the renal disease is generally 
poor. ANCA-negative vasculitis is associated with restrictive 
lung disease, which in some cases is secondary to pulmonary 
hemorrhage.14

Pulmonary hemorrhage secondary to small vessel vasculitis 
can also be associated with drugs including Hydralazine and 
Propylthiouracil.

Idiopathic Pulmonary Hemosiderosis

Idiopathic pulmonary hemosiderosis (IPH) was first described 
as “brown lung induration” by Virchow in 1874. It is a condition 
of unknown etiology primarily affecting children under 10 years 
of age and should be considered as a diagnosis of exclusion after 
discounting all other known causes of pulmonary hemorrhage. 
A retrospective review of cases of IPH in Greece postulated that 
exposure to toxic insecticides may have been causal in some 
cases,15 but this has not been reported elsewhere.

Symptoms are usually episodic although ongoing sub-
clinical bleeding can be detected in some patients. His-
tology demonstrates the presence of HLM along with 
pulmonary fibrosis in some chronic cases, but there is no 
evidence of any inflammatory process. The estimated inci-
dence is 0.24–1.23 cases per million16,17 with males and 
females equally affected. There may be a genetic compo-
nent to the condition as a high frequency of consanguinity 
is reported in some series.18 Autoimmunity may be a factor 
in some cases as evidenced by the anecdotal response to 
immunosuppressive therapies in some patients.18 Paradoxi-
cally, findings at lung biopsy are consistent with recurrent 
hemorrhage, without evidence of vasculitis.19 IPH has an 
extremely variable course with some children dying within 
a few years of diagnosis and others surviving for decades. 
Spontaneous resolution has been reported in some patients 
who have not responded to treatment.19 Of the patients 
that do go on to survive a proportion will have impaired 
respiratory function. A mean survival of only 2.5 years is 
frequently cited,20 although this appears to have improved 
with more aggressive medical therapy in recent years and 
some series now quote a 5-year survival of 86%.19,20
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Heiner’s Syndrome

In 1962, Heiner described a cohort of seven infants and young 
children with chronic respiratory disease with high titres of 
serum precipitins to cow’s milk proteins.21The cohort was 
selected after screening over 2,000 patients with respiratory 
symptoms.22 Not all of the children displaying symptoms of 
IPH had hemoptysis, several had anemia and HLM were found 
in either gastric or bronchial aspirates.4,5 Over a decade later, 
Boat described a similar cohort of six infants detected following 
screening of 160 infants with idiopathic chronic lung disease. 
All six infants demonstrated recurrent pulmonary infiltrates, 
but only five had HLM and four were anemic. As with Hei-
ner’s cohort, all six infants improved on a cow’s milk free diet. 
The majority of infants subsequently became tolerant of milk 
in both series. The release of histamine, tryptase, and eosino-
phil cationic protein have been demonstrated in BAL following 
milk challenge along with bleeding into the alveolar spaces.23 
Despite this, the true existence of this condition is now ques-
tioned and many authorities are sceptical as to whether cow’s 
milk allergy is a true cause of pulmonary hemorrhage.

The Cleveland “Epidemic”

An apparent epidemic of IPH was described in Cleveland, 
Ohio between 1993 and 2000. Presentation of these cases dif-
fered from that of typical IPH with patients presenting at a 
much younger age and having a worse prognosis. It has been 
suggested that the presence of the mould Stachybotrys atra 
in the home may have been relevant. However, a significant 
proportion of patients had other medical problems including 
developmental delay and seizures.24 The true cause of this epi-
sode remains an enigma.

Pulmonary Hemorrhage Secondary 
to Cardiovascular Abnormalities

Alveolar hemorrhage secondary to cardiac failure results from 
high pulmonary capillary pressure causing mechanical injury to 
the epithelium.25 Hemoptysis in congenital cardiac disease may 
be associated with pulmonary vascular obstruction. As the major-
ity of patients with congenital cardiac disease undergo repair at 
an early age, the acquisition of aorto-pulmonary collateral arter-
ies in conditions such as Tetralogy of Fallot is now rare.

Some patients with pulmonary atresia have congenital col-
lateral vessels arising from the aorta. These patients are at 
risk of pulmonary hemorrhage, which is often precipitated by 
infection and may be fatal.

Infection

Infection is a common cause of hemoptysis in children, 
especially in the developing world where the majority of 

hemoptysis is secondary to tuberculosis.26 The presence 
of an infectious process such as necrotising pneumonia, 
tuberculosis, lung abscess, or bronchiectasis leads to 
localized destruction of the lung parenchyma and erosion 
of blood vessels. Patients with pneumococcal pneumonia 
classically present with fever, chest pain, and a cough pro-
ductive of rusty brown sputum. Pulmonary hemorrhage 
can also be caused by more unusual infections such as 
histoplasmosis.27 Invasive aspergillus infection can cause 
pulmonary hemorrhage, usually in immune compromised 
patients. Hemorrhage can also occur when preexisting 
cavitatory disease is complicated by aspergilloma forma-
tion, or rarely in association with allergic bronchopulmo-
nary aspergillosis.

The majority of cases of pulmonary hemorrhage following 
bone marrow transplantation are secondary to infection.

Foreign Body Aspiration

Pulmonary hemorrhage is an unusual presentation of foreign 
body aspiration. Hemorrhage is most likely to occur as a con-
sequence of endobronchial infection in relation to the delayed 
diagnosis of retained organic objects.22

Pulmonary Hemorrhage in Newborn 
Infants

Neonatal pulmonary hemorrhage is most common in preterm 
infants. The immature vascular system and endothelial barrier 
make diffuse pulmonary hemorrhage relatively common. The 
reduced hematocrit of fluid aspirated during acute pulmonary 
hemorrhage suggests that there is often associated pulmonary 
edema.28 Patent ductus arteriosus, surfactant deficient lung 
disease, infection, intracranial hemorrhage, and hypothermia 
are also more common in this group of patients, but the rela-
tive contributions and associations of these conditions to the 
causation of hemorrhage are not clearly defined. Antena-
tal corticosteroids protect against pulmonary hemorrhage.29 
Treatment primarily focuses on mechanical ventilation, in 
particular the increase of positive end-expiratory pressure, 
and the correction of any coagulopathy as well as treatment 
of any associated conditions. Mortality is related to coexistent 
pathologies, principally the degree of prematurity and sever-
ity of pulmonary insufficiency, and in some case series this 
approaches 40%.29

Pulmonary hemorrhage occurs rarely in term infants, usually 
within a few hours of birth. Many of these infants have intra-
uterine growth retardation, but the condition is also associated 
with meconium aspiration, delivery room resuscitation, and 
hypotension. Mortality is high, and often associated with the 
underlying risk factors.29
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Trauma

Direct trauma to the chest can cause pulmonary contusions and 
occasionally overt pulmonary hemorrhage. Tracheo-bronchial 
rupture resulting from nonpenetrating trauma, or traumatic 
endobronchial intubation, can rarely result in fatal uncontrol-
lable pulmonary hemorrhage.30

Pulmonary hemorrhage secondary to a tracheostomy is 
relatively common with some series reporting bleeding in 
approximately 10% of long-term patients.31 Hemorrhage 
is generally secondary to abrasions and the formation of 
granulation tissue. Rarely, a tracheo-inominate artery fistula 
can cause life threatening hemorrhage. Symptoms usually 
resolve with minor changes to tracheostomy care such as the 
use of softer suction catheters and increased use of humidi-
fication.

Accidental or intentional smothering can cause intra-alveolar 
hemorrhage. A review of cases of sudden infant death 
syndrome found significant intra-alveolar hemorrhage in 47% 
of cases at autopsy32 In some cases, mothers have subsequently 
confessed to having smothered their infants.33

Congenital Lung Abnormalities

Several congenital lung abnormalities may occasionally pro-
duce pulmonary hemorrhage, usually secondary to infection. 
Bronchogenic cysts result from abnormal budding of the 
primitive foregut during fetal growth. Pulmonary hemorrhage 
occurs either via the connecting bronchus, or rupture into a 
bronchus resulting in profuse bleeding. Pulmonary sequestra-
tion is pulmonary tissue that is isolated from normal functioning 
lung, receiving its blood supply from systemic arteries. 
The majority of patients with pulmonary sequestration do 
not present until adolescence, and hemoptysis is relatively 
common in older patients. Hemorrhage may also occasion-
ally occur in children with congenital cystic adenomatous 
malformation (CCAM). Most of these problems are managed 
by surgical excision.

Neoplasm

Primary carcinoma of the lung is extremely rare in childhood 
with metastatic lesions including Wilm’s tumour, osteogenic 
sarcoma, hepatoblastoma, and carcinoid being less uncom-
mon. Hemoptysis is a relatively common presenting symptom 
of benign endo-bronchial tumours, of which the most com-
mon form is adenoma.

Pulmonary hemorrhage has been reported as a result of 
juvenile recurrent respiratory papillomatosis.34 This is a rel-
atively common benign neoplastic condition of the larynx 
in children caused by the human papilloma virus, which 
is acquired from mother in the birth canal. Wart like neo-

plasms may spread through the respiratory and digestive 
tracts, and in some cases can cause upper airway obstruc-
tion. Treatment is usually by excision. Surgical excision 
by microlaryngoscopy was common, although now many 
surgeons choose CO

2
 laser or microdebrider excision as 

there is better control of hemostasis. There are reports that 
microdebrider excision is a less painful procedure that 
results in a quicker improvement in voice quality.35 Spon-
taneous resolution occurs, but recurrence is also common. 
In these cases, adjuvant therapy including α interferon, 
indole-3-carbinol, and cidofovir has been used to slow the 
growth of the lesions. There have been reports of malignant 
transformation later in life.35

Pulmonary hemorrhage is also seen in acute lymphoblas-
tic leukemia, both as an autopsy finding and as a finding at 
bronchoscopy. Bleeding may cause acute airway obstruction 
in these patients.36

Vascular Malformations

Pulmonary arterio-venous malformations can be isolated 
congenital abnormalities, be associated with hereditary hem-
orrhagic telangiectasia (Osler-Weber-Rendu disease), or be 
acquired as a result of chronic liver or cardiac disease. Pulmo-
nary hemorrhage with or without hemothorax can result from 
rupture of these vascular malformations. Treatment depends 
on the nature of the underlying condition, but may include 
transvenous transcatheter embolotherapy using metal coils, 
detachable balloons, or gelfoam.

Diagnosis

Laboratory Investigations

The investigation of pulmonary hemorrhage depends upon the 
mode of presentation and nature of any underlying condition. 
A full blood count and film may show hypochromic, micro-
cytic anemia with a reticulocytosis and low ferritin levels, if 
there has been chronic hemorrhage. Hemoglobin level will be 
normal during the initial phase of acute bleeding. It is unusual 
for disorders of coagulation to present as pulmonary hemor-
rhage, but clotting studies should be considered especially in 
cases where vitamin K, deficiency is likely such as such as in 
CF or liver disease. Fecal occult blood may be positive and 
HLM maybe present in gastric aspirates where blood has been 
swallowed. If possible sputum should be sent for microbial 
examination including acid fast bacilli. If tuberculosis is sus-
pected a Mantoux test should be performed.

If the cause of pulmonary hemorrhage is not known, an 
auto-antibody screen may be useful in diagnosing a vascu-
litis or autoimmune problem. Urinalysis may detect signs of 
nephritis and hemoglobinuria may be present in diffuse brisk 
lung hemorrhage.37
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Pulmonary Function Tests

Pulmonary function tests are not usually helpful, but may 
occasionally be useful in diagnosis and monitoring for dis-
ease progression. Single-breath carbon monoxide uptake 
may be elevated acutely as a result of the binding of carbon 
monoxide to the hemoglobin in intra-alveolar blood.38 How-
ever, decreased uptake of carbon monoxide occurs if there 
is thickening of the alveolar septae as a result of repeated 
episodes of pulmonary hemorrhage. Fibrosis secondary to 
chronic hemorrhage may result in a restrictive defect.

Bronchoscopy

Bronchoscopy may reveal focal hemorrhage from localized 
endobronchial lesions such as hemangioma or adenoma. Bron-
choalveolar lavage may be used to look for HML and for evi-
dence of infection. Although flexible fibreoptic bronchoscopy 
is generally a safe and appropriate investigation, it is not an 
appropriate technique to use in the presence of massive pul-
monary hemorrhage, for biopsy of a potentially hemorrhagic 
tissue mass or for removal of foreign bodies. Under these cir-
cumstances, it is necessary to use rigid bronchoscopy to control 
potential bleeding as rapid aspiration of large volumes of blood 
cannot be achieved using the suction channel of a flexible bron-
choscope. Focal bleeding may also be controlled with the use of 
iced saline lavage, epinephrine, or balloon tamponade.39

Radiological Diagnosis

X-Ray

Plain chest radiograph may distinguish between localized and 
diffuse disease. In focal hemorrhage, a localized area of coales-
cent acinar nodules, dense consolidation, discrete mass, or 
atelectasis maybe seen.5 Diffuse alveolar hemorrhage classically 
causes symmetrical ground glass alveolar opacity, more marked 
in the peri-hilar regions and lower zones and with sparing of 
the apices and costophrenic angles.5 This may be difficult to 
differentiate from interstitial pneumonia or pulmonary oedema. 
Focal hemorrhage with secondary aspiration of blood in to the 
contralateral lung may give a similar picture to diffuse disease. 
In isolated hemorrhage, the radiographic signs resolve rapidly 
over 2–3 days. The chest radiograph may also demonstrate 
signs of the underlying disease such as collapse, bronchiecta-
sis, or evidence of an inhaled foreign body. In chronic cases, 
decreased lung aeration and nodular lesions may be present. 
Hyperinflation of the lung fields and thickening of lung fissures 
is not uncommon during exacerbations. The chest radiograph is 
normal in approximately one third of cases.

Computed Tomography (CT)

CT may demonstrate underlying pathology as well as the 
extent, site, and severity of hemorrhage. The ground glass 
appearance of diffuse alveolar hemorrhage seen on the plain 

chest radiograph correlates with that on CT, with changes 
usually more marked in the lower lobes.

High resolution CT (HRCT) may demonstrate diffuse 
nodular opacities with no zonal predominance.40 These 
nodules are thought to represent hemosiderrin laden 
macrophages.  Findings suggestive of vasculitis such as 
centri-lobular perivascular densities both centrally and 
peripherally can be detected by both CT and HRCT.5 In 
Wegener’s Granulomatosis, CT may demonstrate diffuse 
centrilobular perivascular opacities.41

MRI

The ferrous component of hemosiderin causes T2 shortening. 
Therefore, an increased signal in T1 images and decreased 
signal in T2 images confirms the presence of hemosiderin 
within the lungs.

Radionulide Imaging

The use of 99m technetium labeled red blood cells can be used 
to localize the site of bleeding shortly after the initial bleed. 
99m technetium colloid may also be used, but is less useful as 
it has a shorter half life.

Lung Biopsy

Open lung biopsy may be required where an underlying 
pathology has not been proven by other investigations. For 
example, in Goodpasture’s syndrome, electron microscopy 
and immunofluorescence studies may demonstrate immune 
deposits with abnormalities of the basement membrane, even 
though all other investigations have proven normal.

Management

In acute life threatening pulmonary hemorrhage, initial 
management should focus upon resuscitation with adequate 
volume replacement, oxygen and cardiovascular support. It 
may be necessary to stabilize the airway by endotracheal 
intubation with mechanical ventilation to optimize oxygenation 
and very occasionally support with extracorporeal membrane 
oxygenation is required. Placing the patient with the affected 
lung in the dependent position may minimize bleeding into 
the unaffected lung. Occasionally, severe localized pulmonary 
hemorrhage has been managed by tamponade of the affected 
lung with selective intubation and ventilation of the unaffected 
lung. Case reports document the benefit of exogenous surfac-
tant in infants with pulmonary hemorrhage requiring mechani-
cal ventilation, although any benefit has not been proven by 
randomized controlled trial.42

It is clearly important to optimize the treatment of any 
known underlying conditions such as CF, bleeding disorders, 
and respiratory tract infections.
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Conservative Management

Many cases of pulmonary hemorrhage may resolve spontane-
ously with conservative management of bed rest and treatment 
of the underlying condition.

Medical

Infection should be treated vigorously with the appropriate 
antimicrobial agents. This alone may resolve the problem in 
conditions such as primary bacterial pneumonia or infectious 
exacerbations exacerbations of CF.

If hemorrhage is due to a diffuse vasculitis then immuno-
suppression with corticosteroids and other antiinflammatory 
agents is usually indicated according to the precise nature of 
the condition. These cases should be managed in collabora-
tion with pediatric immunologists or rheumatologists experi-
enced in these problems.

The pulmonary vasculature is frequently abnormal in 
conditions characterized by chronic infection such as CF. 
There may be pulmonary hypertension with abnormally 
tortuous and thickened bronchial arteries. These vessels 
contract in response to vasoactive agents such as vasopres-
sin, resulting in temporary slowing or cessation of bleed-
ing.43 Antifibrinolytic agents such as tranexamic acid have 
also been used with some success in both acute and chronic 
hemorrhage.44,45

Bronchial Artery Embolisation (BAE)

BAE was first reported by Remy et al. in 1974.46 It is used 
to thrombose abnormal dilated arteries responsible for local-
ized pulmonary hemorrhage in conditions such as CF to 
control the acute bleed and delay recurrence. The presence 
of enlarged and/or abnormally tortuous vessels emanating 
from the descending aorta and intercostal arteries is initially 
assessed by femoral artery catheterisation. Embolisation is 
then performed using a coil or embolic materials such as poly-
vinyl alcohol or gelfoam (Fig. 36.2). Although the technique 
is reasonably effective, it is less successful if there are mul-
tiple abnormal vessels and further bleeding may occur either 
from unembolized arteries or from recannulisation,47 so that 
the procedure may need to be repeated on several occasions. 
Immediate success is reported as being as high as 75–98%,6,47 
but with reembolisation rates in children with CF ranging 
from 42–26%.

Complications of BAE are uncommon, but include chest 
pain, dysphagia, bronchial necrosis, bowel ischemia, and 
pyrexia. Paraplegia may occur as a consequence of interrup-
tion of spinal arteries arising from bronchial arteries, which 
are present in up to 55% of patients,48 and the presence of 
these vessels is considered to be relative contraindication to 
this procedure. Pain following BAE can be sufficiently severe 
to require administration of intravenous analgesics, but usu-
ally resolves within a few days.48

Lobectomy

Successful conservative medical management and BAE have 
greatly reduced the need for acute lobectomy to control mas-
sive pulmonary hemorrhage, and this is now rarely required. 
Elective lobectomy may be indicated if hemorrhage is asso-
ciated with significant localized pathology such as bron-
chiectasis, and favorable results have been reported in this 
situation.49

Complications

Pulmonary hemorrhage can be fatal. Risk of death is closely 
related to the etiology and is more common in cavitating TB, 
anaerobic lung abscesses, or endobronchial tumours. Predic-

Fig. 36.2. Thoracic angiogram showing enlarged tortuous vessels 
before (a) and after (b) bronchial artery embolisation

a

b
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tors of mortality include age, volume of hemoptysis, receipt 
of blood products, pyrexia, and intermittent positive pressure 
ventilation. The acute mortality is reported as up to 13%.50

Chronic pulmonary hemorrhage results in a progressive fall 
in lung function secondary to pulmonary fibrosis. This has 
occasionally been managed with lung transplantation.

Conclusions

Pulmonary hemorrhage is a rare but potentially life threaten-
ing condition in children. Bleeding can either be localized or 
diffuse and occurs at a very variable rate. Clinicians need to 
be aware of both the acute and chronic management of such 
cases. Although many milder cases may be managed conser-
vatively, all cases of significant hemorrhage require special-
ist assessment and further investigation. The prognosis varies 
greatly according to etiology of the condition.
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Introduction

Interstitial lung disease (ILD) in children comprises a 
heterogeneous group of rare conditions defined by diffuse 
infiltrates on chest X-ray and impairment of gas exchange. 
Interstitial infiltrates may cause inflammatory response, 
fibrosis, and damage to the lung parenchyma. Restrictive 
lung function abnormalities may be demonstrated. There 
are a large number of etiological agents and diseases 
described under this umbrella, many of them are exceed-
ingly uncommon. ILD is a misleading term as pathology in 
many may show involvement of the interstitium, alveolar 
wall, vasculature, and airspaces. In clinical practice, the 
diagnosis is invariably made by histopathological evalua-
tion of tissue samples. Therefore, the clinical presentation 
of tachypnoea, crackles on auscultation, and hypoxaemia 
associated with the diffuse interstitial changes on chest 
X-ray triggers a number of investigations to identify a more 
specific cause.

The etiology is varied and in many cases no cause is found. 
In addition to primary pulmonary ILDs, for example hyper-
sensitivity and infectious pneumonitis, and systemic condi-
tions with pulmonary involvement, for example connective 
tissue disease, there is a group of rare interstitial disorders, 
which have been thought to be idiopathic. These can be 
grouped together using the term pediatric interstitial lung dis-
ease (PILD). The classification of these cases is confusing, 
and there is some debate about which conditions should be 
included in the classification.

The natural history of ILD in children differs from that in 
the adult population, and depends on the underlying etiol-
ogy. Outcome varies between complete resolution and death. 
Approaches to investigation and management also differ, 
although there is some overlap in conditions occurring in 
adolescence. Treatment modalities for PILD have been based 
on anecdotal evidence and have had variable benefit. Recent 
advances including the identification of genetic abnormali-
ties in surfactant protein production are improving our under-
standing of the etiology and may lead to the development of 
novel approaches to treatment.

Historical Perspective

Acute ILD in adults was first described in the 1940s.1 Further 
descriptions of more chronic conditions were made in sub-
sequent years.2,3 The presence of ILD was described in chil-
dren in the late 1950s and early 1960s.4–6 As more cases were 
described classifications were developed based on histological 
appearances.7 Because of a lack of consensus of classification, 
a standardized classification of the interstitial pneumonias was 
formulated by the American Thoracic Society and European 
Respiratory Society.8 The advantage of this scheme over previ-
ous ones is the correlation between histological and clinical/
radiological/pathological diagnosis. This classification can 
be applied to a certain extent to pediatric ILD. However, even 
some of the more common diagnostic categories, for example 
UIP (usual interstitial pneumonia) has a different appearance 
in children. In addition, more recently some unique entities 
have been described in the pediatric age group, for example, 
neuro-endocrine hyperplasia of infancy (NEHI), which will be 
discussed later in the chapter. This raises the question of how 
applicable this classification is to all cases of pediatric ILD.

In an attempt to clarify the diagnostic categories in chil-
dren less than 2 years of age, a collaborative research group in 
North America has drafted a new system of lung tissue classi-
fication in this age group.9 This includes disorders specific to 
infancy, disorders of the previously abnormal host, disorders 
of the abnormal host, and disorders associated with systemic 
disease. It remains to be seen whether this reclassification will 
be of benefit in the clinical management of these patients and 
will be applicable to the older pediatric age group.

Epidemiology

Although known to be rare in children, the prevalence of ILD 
in children in unclear. In 2002, a national survey of pediatri-
cians in UK and Ireland with an interest in respiratory disease 
revealed 46 cases of ILD proven on lung biopsy.10 This gives 
an estimated prevalence of only 0.36/100,000. However, as 
already stated there is still controversy about the definition 
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of ILD and establishing the diagnosis of ILD is difficult. This 
figure is, therefore, likely to be an underestimate.

Pathogenesis and Basic Science

There is a significant controversy on the definition of the 
“interstitium” of the lung. In the parenchyma of the lung, it is 
the spaces between pulmonary alveolar endothelium and cap-
illary vasculature and tissues within the septa including peri-
bronchiolar and perilymphatic tissues. There is usually a very 
close interrelationship between the exudates occurring in the 
alveolar walls, interstitium, and within the alveoli of the lung 
related to thin single basement layer pulmonary vascular and 
alveolar endothelium. ILD primarily involves the peripheral 
parts and is generally diffuse. Definition of ILD is nonspecific 
where the infiltrate including cells and extracellular matrix 
deposited within the interstitium of the lung, causing derange-
ment of the lung architecture and parenchymal destruction 
depending on the inflammatory response.

The pathological processes that result in ILD are likely to 
vary depending on the cause and are not well understood. 
Recent research on the pathological processes that occur 
in the lung has led to new concepts about the etiology of 
ILD.11 It is recognized that the essential feature of ILD is 
the derangement or disruption of the alveolar walls. It was 
previously accepted that an inflammatory process ensued 
and fibrotic changes resulted from the chronic inflamma-
tory response.12 Recent theories, however, emphasize the 
importance of the healing process following alveolar injury 
by the agents responsible for the disease, e.g., environmental 
inhalant or infectious pathogen. Part of an abnormal healing 
process includes failure of reepithelialization, migration and 
proliferation of fibroblasts, and deposition of extracellular 
matrix.13 This leads to impaired gas exchange as seen in ILD. 
Although inflammation may not play the central role as previ-
ously thought, it still plays a role in the process. Lung devel-
opment and growth is also likely to influence the remodeling 
process and may explain the some of the differences between 
pediatric and adult ILD.

Etiology

The term ILD can be applied to a number of different con-
ditions with the same clinical pattern of presentation. The 
etiology is not always known or fully understood. In the 
past, the classification of conditions by histological char-
acteristics has led to confusion and does not always reflect 
etiology. A comprehensive classification system would 
enable a logical diagnostic pathway to be followed and 
known causes to be identified. However, such a classification 
system does not exist.

One system of classification divides chronic pediatric ILD 
into primary and secondary causes and subdivides the pri-
mary causes onto known and unknown causes (Table 37.1). 

This may be helpful when considering clinical features 
involving other systems, in particular, cardiovascular, skin 
and joints, and in identifying associated conditions that can 
give rise to ILD.

Primary ILD remains very difficult to classify. There are 
many known causes of primary ILD including infective 
agents, environmental inhalants, and drugs. However, many 
clinical presentations of ILD have no known etiology. As our 
understanding of lung physiology improves, this situation 
is likely to change. In recent years, greater understanding
has been gained about the role of surfactant proteins in 
ILD; surfactant protein deficiencies have been identified 
in cases of familial ILD.15 In due course, this may help in 
understanding some of the histological findings previously 
described. However, surfactant protein-C (SP-C) deficiency 
has been found in a variety of histological subtypes (UIP, 
DIP, NSIP)15,16 and further work is still required before the 
etiology is fully understood.

Many causes of ILD occur across the age spectrum but 
may have a different clinical course in children compared 
with adults. Some conditions are described only in infants 
and young children.9 These include chronic pneumonitis of 
infancy,17 cellular interstitial pneumonitis,18 neuro-endocrine 
cell hyperplasia of infancy (NEHI),19 pulmonary interstitial 
glycogenosis (PIG),20 and lymphangiectasia.21 These condi-
tions can be grouped into diffuse developmental abnormali-
ties, surfactant dysfunction disorders, pre and postnatal growth 
abnormalities and undefined, possibly, reactive disorders. Further 
research will refine this classification.

The improved understanding we have about the etiology 
of complex pathological processes that occur in pediatric 
ILD are likely to lead to the development of new therapeutic 
approaches.

Clinical Features

Symptoms occur as a result of reduced lung compliance and 
abnormal gas exchange. Clinical presentation is very variable, 
ranging from asymptomatic to the development of hypoxae-
mia, respiratory failure, and pulmonary hypertension. Breath-
lessness is the commonest clinical symptom, sometimes 
occurring only with exertion. In infants and younger children, 
breathlessness is associated with difficulty in feeding and 
failure to thrive. Nonspecific symptoms such as failure to 
participate in sports, excessive tiredness or fatigue are common. 
In older children, hemoptysis, chest pain, and dry cough may 
occasionally be encountered.

In most instances, vital signs are normal but can show tac-
hypnoea and tachycardia. Chest retractions can be present in 
younger children. Clinical examination showing deformity 
of the chest wall (for example, Harrison’s sulci) and finger 
clubbing would suggest chronic and progressive disease. The 
presence of generalized inspiratory crackles on auscultation 
is much more common in generalized fibrosing disease and 
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exudates. The general examination in children in systemic 
disorders such as systemic lupus erythematosus and dermat-
omyositis may give a clue to the diagnosis.

It is vital to establish the duration of symptoms and the speed 
with which they have developed as this gives a clue to the 
progression of the disease. Slowly progressive disease may only 
become apparent after attendance in Outpatient clinics and 
several visits to the Emergency Department with intermittent 
respiratory symptoms. The development of consistent symptoms 
only occurs when there is significant respiratory compromise. 
Reexamination of previously reported normal chest X-rays may 
reveal subtle changes. A positive family history may suggest 
systemic conditions or some primary disorders like desquama-
tive interstitial pneumonitis or idiopathic pulmonary fibrosis.

The variable clinical presentation of children with ILD is 
mirrored by a varied outcome. The severity of symptoms, 
degree of hypoxia, and presence of pulmonary hypertension 
at presentation may reflect the likely survival as shown by Fan 
and Kozinetz.22

The problem faced by the clinician in this situation is that 
the spectrum of pathology is wide. The prudent approach 
for a clinician is to establish the nature of the disease process 
in terms of its acuteness from a careful history and clinical 
examination of the child as a whole. This clinical appraisal 
and the findings in the plain chest X-ray invariably leads to 
further investigations that may result in a diagnosis. The skill 
is to select the most appropriate investigations to produce a 
diagnostic yield.

Table 37.1. Classifi cation of chronic interstitial lung disease in children (modifi ed from Hilman and Amaro-Galvez, 2004).14 

Primary causes Secondary causes

Unknown causes Systemic diseases
Usual interstitial pneumonitis (UIP)a Collagen vascular diseases
Desquamative interstitial pneumonitis (DIP) Juvenile idiopathic arthritis (JIA)
Non-specifi c interstitial pneumonitis (NSIP) Dermatomyositis/polymyositis

Idiopathic pulmonary fi brosis (IPF) Systemic lupus 
erythematosis (SLE)

Fibrosing alveolitis (FA) Progressive systemic sclerosis (scleroderma)
Primary (idiopathic) pulmonary haemosiderosis Ankylosing spondylitis
Pulmonary infi ltrates with eosinophilia Mixed connective tissue disease
Pulmonary alveolar proteinosis Immunological disorders
Bronchiolitis obliterans (BO) Sjogren’s syndrome
Cryptogenic organising pneumonia (COP)b Goodpasture’s syndrome
Chronic pneumonitis of infancy (CPI)
Cellular interstitial pneumonitis
Pulmonary microlithiasis

Sarcoidosis
Langerhans cell histiocytosis (Histiocytosis X)

Associated with pulmonary vasculitides
Polyarteritis

Known causes Wegener’s granulomatosis
Infectious or post-infectious Churg-Strauss syndrome
(e.g. Adenovirus, Legionella, Pneumocystis, Mycoplasma) Pulmonary vascular disorders
Lymphocytic interstitial pneumonitis (LIP) 
(secondary to HIV)

Obstructive pulmonary venous disease (e.g. pulmonary vein atresia/stenosis, 
anomalous pulmonary venous drainage)
Veno-occlusive disease
Diffuse arterio-venous malformations (e.g. hereditary haemorrhagic 
telangiectasia)

Environmental inhalants (e.g. silica, asbestos, sulphuric acid, chlorine, 
ammonia, organic dustsc, avian allergens†)
Radiation – induced
Drug-induced (e.g. cyclophosphamide, methotrexate, azathioprine,cytosine 
arabinoside, vinblastine, 
bleomycin, nitrofurantoin)

Pulmonary lymphatic disorders

Surfactant protein B (SP-B) defi ciency Aspiration syndromes
Surfactant protein C (SP-C) defi ciency

Miscellaneous
Malignancies
Metabolic disorders e.g. lipid storage disease
Disorders associated with gastro-intestinal tract e.g. Crohn’s disease, 
primary biliary cirrhosis
Neurocutaneous syndromes e.g. neurofi bromatosis

a may not occur in children
b previously known as bronchiolitis obliterans organising pneumonia
c can cause hypersensitivity pneumonitis
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Diagnosis

Laboratory Studies

The full blood count with differential count is not specific 
except in cases of raised eosinophil count would suggest aller-
gic or eosinophilic lung disease. The erythrocyte sedimentation 
rate can be elevated in ILD but is nonspecific. Blood tests of 
hepatic and renal function are necessary to rule out involvement 
of these organs in a systemic disease. Cultures, skin tests, and 
serologic titers for infectious diseases may be useful.

Genetic studies can now be performed for surfactant B and 
C dysfunction. Angiotensin converting enzyme (ACE) can be 
raised in sarcoidosis.

Immunological Tests

The detection of serum antibodies to various allergens (in par-
ticular avian allergens in children, e.g., pigeon) would suggest 
extrinsic allergic alveolitis. High titers of nonspecific autoanti-
bodies (antinuclear antibody, rheumatoid factors) are associated 
with systemic conditions like systemic lupus erythematosus, 
scleroderma and juvenile idiopathic arthritis (JIA). Anti-glom-
erular basement membrane (GBM) antibody would support 
the diagnosis of Goodpasture’s syndrome. Other useful blood 
tests could include anti-cytoplasmic nuclear antibody (ANCA), 
which is usually raised in Wegener’s granulomatosis.

Radiology

Chest Radiograph

Chest X-ray (CXR) is valuable in initial assessment and 
should be considered along with clinical features. CXR 
guides further investigation and help monitor the clinical 
progress of the disease. Invariably the plain CXR in most 
cases of ILD is normal unless fibrosis or oedema is pres-
ent when the attenuation of the interstitium increases and 
becomes detectable on plain radiograph (Fig. 37.1). The 
infiltrate seen on X-ray becomes coarse as the disease 
advances until eventually honeycomb and cyst formation 
appears in late cases. Occasionally, it may give clue to the 
diagnosis depending on the distribution of the infiltrate and 
the nature of the opacification. Small round nodules may 
suggest either silicosis or sarcoidosis (rare in children), 
while small irregular nodules may suggest pneumoconiosis 
(rare in children), acute hemosiderosis, eosinophilic granuloma, 
extrinsic allergic alveolitis, or fibrosing alveolitis. In contrast 
very small nodules would suggest miliary tuberculosis or 
early pneumoconiosis, pneumocystis carinii or idiopathic 
chronic hemosiderosis.

Computed Tomography (CT Scan)

High resolution CT scan in these cases is particularly use-
ful23,24 (Fig. 37.2). CT scan gives the distribution and more 
accurate mapping of the disease process than plain chest 

X-ray. Mediastinal nodal disease, areas of emphysema, and 
the distribution of the nodular infiltrate is more accurately 
defined. The underlying lung disease is identified so that if 
biopsy is planned it can be directed to the specific areas to 
achieve a diagnostic sample. Therefore, CT scan is manda-
tory prior to consideration of obtaining a tissue sample.

Other Radiological Investigations

Ventilation Perfusion isotope scans invariably show abnor-
malities and defects depending on the clinical circumstances. 
These scans do not have any diagnostic value.

Barium swallow test may be useful as part of the assessment 
of possible chronic aspiration syndromes, excluding H-type 
fistulas, and sometimes identifying gastro-oesophageal reflux.

Lung Function Tests

The lung function tests typically show a restrictive pattern i.e., 
reduced functional residual capacity (FVC) and forced expi-
ratory volume in 1 s (FEV

1
). A mixed restrictive/obstructive 

Fig. 37.1. Chest X-ray showing interstitial changes

Fig. 37.2. HRCT section showing the typical “ground glass” appear-
ance of the interstitium
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pattern may also be seen. Although there results support a 
diagnosis of ILD, they are not diagnostic tests. They are usu-
ally performed for the assessment of the child’s functional 
respiratory capacity and help in monitoring treatment. The 
restrictive lung disease in these cases tends to improve with a 
successful management.

Lung function is usually performed in children older than 
5–6 years of age but infant lung function testing, which is 
available in some specialized centers can provide informa-
tion regarding diagnosis and response to treatment in younger 
cases.

Oxygen saturation monitoring may reveal hypoxia at rest 
but in many cases of ILD, hypoxia is only apparent during 
sleep or exercise. Overnight oxygen saturation monitoring or 
a 6-min walk test may be necessary to identify moderately 
severe problems with gas exchange.

Other Noninvasive Investigations

If cardiac disease is suspected, ECG and echocardiography is 
essential. A pH study will provide more specific information 
about the presence of gastro-oesophageal reflux than a barium 
contrast study.

Bronchoalveolar Lavage (BAL)

BAL is very useful if appropriate investigations are carried out 
and may have high yield in diagnosis of ILD,25 particularly in 
diagnosing infection in the immunocompromized host. Electron 
microscopic examinations of BAL showing lipo-proteinaceous
material indicate alveolar proteinosis, intracellular X bodies 
indicate eosinophilic granuloma, while hemosiderin laden 
macrophages are seen in idiopathic pulmonary hemosidero-
sis. The presence of lipid laden macrophages may occur in 
chronic aspiration syndromes but are not specific to this. 
Bacteriological examination may show organisms especially 
pneumocystis carinii. Inorganic material in BAL can confirm 
specific exposure.

A differential count in BAL is helpful as high lymphocyte 
count favors the diagnosis of extrinsic allergic alveolitis, 
sarcoidosis, and chronic infections such as tuberculosis and 
fungal infections. Neutrophilia and raised eosinophilic count 
in BAL may suggest the diagnosis of idiopathic pulmonary 
fibrosis and exposure to inorganic dust. The cell counts are 
only indicative but not diagnostic of the diseases as super-
added bacterial infections and chronicity of the disease may 
affect results.

Lung Biopsy

In most cases of ILD, a biopsy is required to obtain or con-
firm a diagnosis. The biopsy will provide information on the 

degree and type of inflammation and infiltrate as well as pres-
ence and extent of fibrosis. Widespread and extensive fibro-
sis and parenchymal destruction is unlikely produce a good 
response to medical therapy.

Two types of biopsy can be performed, namely transbron-
chial biopsy or via a transthoracic approach. Percutaneous 
needle biopsy has been described but may be associated 
with higher complication rates and lower yield. The decision 
about which technique to use depends to a certain extent on 
local expertise. The transbronchial biopsy is useful particu-
larly if the disease distribution is central, but the yield may 
be lower than the transthoracic approach which remains the 
“gold standard.” Generalized parenchymal disease is best 
diagnosed with open lung biopsy either with thoracotomy 
or with the help of video-assisted thoracoscopic (VAT) tech-
niques.

In addition to routine light microscopy, the lung tissue 
should be subjected additionally to culture (fresh samples), 
immunoflorescent staining (using frozen samples), and elec-
tron microscopy (samples preserved in glutaraldehyde). 
Biopsy material should also be frozen in case further material 
is needed for more staining and other procedures.

Acute Interstitial Disease

Children with polytrauma may develop respiratory distress 
syndrome and a total “white out” is seen on the plain X-ray; 
or localized and confluent lesions due to hemorrhage and con-
tusions are seen. Smoke and toxic fume inhalation results in 
delayed infiltrative changes on the chest X-ray. Acute infec-
tions related to viral pneumonia are common in epidemics and 
with family history as well in imunocompromized children. In 
children with HIV and hematological malignancies, sudden 
development of lung infiltration in presence of fever is more 
likely to be of infective origin. The diagnosis of pneumocystis 
carinii infection is important to achieve early especially as it 
responds well to treatment. Acute pulmonary eosinophilia in 
tropics due to parasitic infestation is suggested by high blood 
eosinophilic counts and IgE levels. A wide range of medica-
tions can also present with acute eosinophilia. Cytotoxic drugs 
used in chemotherapy can also give rise to acute infiltrative 
disease but care must be taken to differentiate this obvious 
diagnosis from infiltration caused by the opportunistic infec-
tions. More than usually empirical random use of antibiotics 
results in delayed diagnosis.

Once the known causes mentioned above are eliminated as 
the cause of acute infiltrative disease, other unknown causes 
and syndromes must be considered for the differential diag-
nosis. Further investigations such as HRCT, bronchoscopy, 
BAL, and lung biopsy should be considered to establish the 
diagnosis. In case of eosinophilic infiltrates and raised blood 
eosinophil counts, moderate doses of corticosteroids are 
usually given to treat cryptogenic pulmonary eosinophilia. 
A non-eosinophilic infiltrate creates diagnostic dilemma as 
lung histology is nonspecific but helpful in eliminating the 
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infective cause. Pulmonary hemorrhage may be a presenting 
symptom with wide spread pulmonary infiltrative changes on 
X-rays and may be associated with anemia. There may be an 
underlying systemic condition for example, systemic lupus 
erythematosus, Wegener’s granulomatosis, and Behcet’s syn-
drome. Many causes of pulmonary hemorrhage such as Good-
pasture’s syndrome are immunologically mediated. Idiopathic 
pulmonary hemosiderosis is a diagnosis of exclusion, made 
when there is no cardiovascular abnormality and there is no 
identified systemic or immunological process.26,27

Chronic Interstitial Diseases

A careful clinical appraisal of history of breathlessness and 
progression of the symptoms in association with careful review 
of the radiology is essential in achieving the diagnosis. Recur-
rent history of viral pneumonia, heart disease, renal failure, 
and a specific history of oil inhalation are all important clues 
toward the diagnosis. Cytotoxic drugs for chemotherapy gener-
ally result in insidious onset interstitial disease and can be eas-
ily overlooked. In longstanding cases withdrawal of drug may 
not result in reversal of symptoms and pathology. A physician 
should keep in mind that secondary spread of tumours in the 
lung can simulate ILD. Generally, good detective work by the 
respiratory physician result in a diagnosis without the need for 
lung biopsy.

In children, however, the underlying cause can remain 
unknown in many chronic ILD cases. Histology becomes an 
essential part in these cases to classify and to get some prog-
nostic clues. In most cases, a large amount of tissue would 
be required to assess the histological appearance in detail. A 
small sample may be sufficient for the diagnosis in certain 
types of chronic ILD such as sarcoidosis, alveolar proteinosis, 
and hemosiderosis.

Certain types of cell dysplasias in children such as lipoidosis 
can only be defined by lung biopsy. However, stigmata in sys-
tems suggesting syndromes such as tuberous sclerosis and neu-
rofibromatosis may aid diagnosis, and would avoid lung biopsy.

The commonest chronic interstitial disease showing per-
sisting pulmonary lesions and where BAL may show mod-
erately raised lymphocyte count and mucosal biopsy may 
give a positive result showing chronic granulomata of sarcoi-
dosis.19 BAL may be useful is establishing the diagnosis in 
some conditions for example sarcoidosis and hypersensitiv-
ity pneumonitis.28 BAL examined under electron microscope 
may show the Langerhans cells and a typical tubular struc-
ture within the cytoplasm suggestive of eosinophilic granu-
lomata in Langerhans cell histiocytosis. Invariably the chest 
ray showing parenchymal lesions with bilateral hilar lymph-
adenopathy suggestive of tuberculosis, but in sarcoidosis the 
tuberculin test is negative and clinically otherwise relatively 
healthy patient. The lung shadows spares the bases and show 
bullae in the upper lobe. On many occasions sarcoidosis can 
be diagnosed with indirect evidence.

Wegener’s chronic granulomata is diagnosed at open lung 
biopsy in absence of the systemic extrapulmonary features of 
lymphomatoid granulomatosis.

Widespread ILD with pulmonary architectural changes 
and fibrosis is commonly seen in connective tissue disorders. 
Clinically cryptogenic fibrosing alveolitis associated with 
widespread crepitations and breathlessness on exercise. BAL 
in this case is nonspecific with neutrophil predominance and 
occasionally eosinophilia within the aspirate. Histology on the 
open lung biopsy is the most reliable method of diagnosis but 
the changes within the lung parenchyma is dependent upon 
the stage of the disease. Histology helps to grade the disease 
in this disease which is associated with poor outcome. Impor-
tantly open biopsy rules out rare diseases and infection.

Management

Supportive Care

Supplementary oxygen for hypoxia is essential. Adequate 
nutrition with added calories is required as most of these 
children will have growth failure and vomiting related to sec-
ondary gastro-oesophageal reflux. Antibiotics for secondary 
and intercurrent infections are necessary. Some children may 
respond to bronchodilators. Avoiding environment containing 
irritants such as smoke within the house helps these children 
significantly.

Antiinflammatory Treatment

Corticosteroids mainly oral prednisolone and intravenous (iv) 
methylprednisolone are extremely useful in many of these 
conditions with dose reduction subsequently depending on 
the clinical response. There is no consensus as to the most 
effective regime. A high dose regime that aims to minimize 
potential side-effects gives a dose of iv methylprednisolone 
at 30 mg/kg per dose (up to a maximum of 1 g) on a monthly 
basis for six months (pulsed regime).29

Alternatively hydroxychloroquine, azathioprine, cyclo-
phosphamide, ciclosporin, methotrexate, and intravenous 
gammaglobulin are given, although evidence to use cyto-
toxic agents in the management of ILD has not been evalu-
ated. Hydroxychloroquine has been shown to be effective 
in some cases of desquamative pneumonitis. It is primarily 
anti-fibrotic.30

Lung transplantation can be considered for the progressive 
and end-stage ILD.

Specific Conditions

Disorders Specific to Infancy and Childhood

Some cases of ILD are particular to infancy presenting in 
neonates and children less than 2-years of age. The num-
bers of cases is small and their etiology is poorly understood. 
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To improve understanding of these cases, the children’s 
ILD collaborative research group (CHILD) has developed 
a system of classification, which identifies four groups of 
patients.9 These include diffuse developmental abnormalities, 
surfactant dysfunction disorders, pre and postnatal growth 
abnormalities and undefined, possibly, reactive disorders 
such as NEHI and PIG.

Developmental Abnormalities

Our understanding of this area is increasing rapidly. It is 
apparent that there is a complex interplay of genetics and pro-
cesses, which can result in abnormal lung morphogenesis and 
function if defects occur. It is likely that in the future we will 
understand current idiopathic causes of ILD in this way.31,32

Surfactant Protein Disorders

Surfactant protein disorders are increasingly recognized as 
a cause of ILD in neonates and infants, particularly where 
there is a positive family history. Mutations in the surfac-
tant protein-B (SP-B), surfactant protein-C (SP-C) gene, or 
ABCA3 gene (one of the ATP-binding cassette family) may 
be involved. The mode of presentation and clinical course is 
variable depending on the mutation. Autosomal recessive dis-
orders of SP-B are fatal in the neonatal period. Pulmonary 
alveolar proteinosis occurring in neonates has been shown to 
be due to SP-B deficiency (see below). Recessive mutations 
in the ABCA3 gene can lead to ILD of variable severity from 
fatal in the neonatal period to ILD in older children. Auto-
somal dominant mutations in the surfactant protein C results 
in ILD in older infants and children.

Treatment options are limited.33 Administration of exog-
enous surfactant has not been beneficial. Lung transplantation 
may be an option in severe cases who survive beyond the neo-
natal period.

Other Rare Disorders of Infancy

NEHI (Neuroendocrine Hyperplasia of Infancy)

Neuroendocrine hyperplasia associated with persistent tachyp-
noea in infancy has been described in a small group of chil-
dren less than 2 years of age.19 These children have tachypnoea, 
hypoxia, crackles on auscultation and nondiagnostic findings 
on lung biopsy. The diagnosis is suggested by identification of 
increased amounts of bombesin (a neuroendocrine cell prod-
uct) on immuno-histochemical staining of the biopsy. Although 
treatment with oxygen may be required initially, the outcome is 
good with reduction in symptoms with time.

PIG (Pulmonary Interstitial Glycogenosis)

This has been described in neonates presenting in the first 
month of life with ILD.20 Lung biopsies show excessive 
amounts of glycogen storage in primitive interstitial mesen-

chymal cells. Treatment with steroids and hydroxychloroquine 
has been used with good outcome.

Desquamative Interstitial Pneumonitis (DIP)

Along with fibrosing alveolitis (FA), DIP represents part of the 
spectrum of conditions of unknown etiology described in terms 
of histological characteristics. They have different features 
compared with the same conditions presenting in adulthood.34 
The features seen on biopsy range between desquamation of 
cells of the alveolar lining and predominant fibrosis. The age 
of presentation is variable and is often during infancy or early 
childhood. The mainstay of treatment has been the use of ste-
roids but chloroquine has been used as an adjunct to or instead 
of steroids. Other immunosuppressive agents such as metho-
trexate, cyclophosphamide, and ciclosporin have been used. 
There is a variable response to treatment, ranging from resolu-
tion through ongoing symptoms to decline and death. Some 
may be left with some functional impairment and be able to 
lead relatively normal lives and others will have significant 
morbidity.

It is likely that with increasing knowledge of the pathophysi-
ology of surfactant disorders and other genetically determined 
processes occurring within the lung this heterogeneous group 
of patients will be more clearly defined.15,16 Targeted treatment 
modalities can be expected.

Idiopathic Pulmonary Hemosiderosis (IPH)

Pulmonary hemosiderosis in children can be primary (idio-
pathic) or secondary to an autoimmune small vessel vasculitis, 
coagulation disorder, or diseases with increased venous pressure. 
IPH is a rare but serious and potentially life-threatening condi-
tion, which often presents late with anemia, diffuse interstitial 
changes on CXR and rarely with a history of hemoptysis. A 
lung biopsy may not be required if the BAL shows hemosiderin 
laden macrophages, and other diagnoses have been excluded. 
Lung function shows a falsely-elevated carbon monoxide dif-
fusion (D

CO
) during episodes of bleeding. Crises that can be 

life-threatening occur with acute episodes of hemorrhage. If the 
process is untreated progressive fibrosis can occur (Fig. 37.3). 
Most cases are treated with steroids, using higher doses to con-
trol symptoms and during crises with a background low dose to 
maintain control. Other agents such as cyclophosphamide and 
azothiaprine (as a steroid-sparing agent) have been used.35 The 
prognosis has improved with early diagnosis and aggressive 
treatment.

Pulmonary Alveolar Proteinosis

This rare condition is characterized by accumulation of surfac-
tant phospholipids and proteins within the lung alveoli. There 
are acquired and congenital forms.36 Congenital forms may be 
due to SP-B deficiency (see above) or mutations of the genes 
encoding granulocyte-macrophage colony-stimulating factor 
(GM-CSF receptor) subunits. The clearance of surfactant by 
alveolar macrophages may be the key in acquired forms. Lung 
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lavage and administration of GM-CSF has been beneficial in 
some acquired forms but not in congenital alveolar proteinosis. 
The clinical course is variable but may result in early death.

Extrinsic Allergic Alveolitis (EAA)

The most common extrinsic allergens that cause EAA in chil-
dren are from birds. This is an immune-mediated response, which 
results in susceptible individuals after repeated exposure.37 A care-
ful history can usually establish the diagnosis. Allergen avoidance 
usually results in the resolution of symptoms but steroids may be 
required in severe cases. The prognosis is generally good.

Primary Pulmonary Lymphangiectasia

Pulmonary lymphangiectasia results from abnormal drainage 
of the lymphatics in the interstitial and subpleural spaces. It 
can be secondary to obstruction of the pulmonary lymphatics 
or vein. Primary pulmonary lymphangiectasia presents in the 
neonatal period with respiratory distress. Although associated 
with early neonatal deaths, if survival occurs beyond the neo-
natal period with supportive therapy, the long-term outcome 
can be good.21

Systemic Diseases

ILD has been described in a wide variety of systemic condi-
tions including SLE, scleroderma, dermatomyositis, Wegen-
er’s granulomatosis, and sarcoidosis.38 SLE in particular 
has a range of potentially serious pulmonary complications. 
Although presentation in adulthood is the norm, cases have 
been described in adolescence and even earlier in childhood. 
Steroids are used in most cases, although d-penicillamine may 
be used in scleroderma and cyclophosphamide is often used in 
Wegener’s granulomatosis with steroids.

Conclusion

The term ILD covers a wide range of conditions with over-
lap with other conditions, which are not strictly speaking 
interstitial. The type of investigation will be determined by 
age of presentation and associated presenting features. Tis-
sue diagnosis is the “gold standard.” The nature of the rare 
conditions presenting in the neonatal period and early infancy 
is being elucidated along with greater understanding of the 
physiological processes occurring during early lung growth 
and development. There is potential for more rapid diagnosis 
and therapeutic options in the future.

References

 1. Hamman L, Rich A. Acute interstitial fibrosis of the lungs. Bul-
letin of Johns Hopkins Hospital 1944;74:177–212.

 2. Liebow A, Steer A, Billingsley J. Desquamative interstitial pneu-
monia. American Journal of Medicine 1965;39:369–404.

 3. Scadding J, Hinson K. Diffuse fibrosing alveolitis (diffuse inter-
stitial fibrosis of the lungs): Correlation of histology at biopsy 
with prognosis. Thorax 1967;22:291–304.

 4. Bradley C. Diffuse interstitial fibrosis of the lungs in children. 
Journal of Pediatrics 1956;48:442–450.

 5. Hilton H, Rendle-Short J. Diffuse progressive interstitial fibrosis 
of the lungs in childhood (Hamman-Rich syndrome). Archives of 
Diseases in Childhood 1961;36:102–106.

 6. Hewitt C, Hull D, Keeling J. Fibrosing alveolitis in infancy and 
childhood. Archives of Diseases in Childhood 1977;52:22–37.

 7. Liebow A. New concepts and entities in pulmonary disease. In: 
Liebow A, Smith D, editors. The lung. Baltimore: Williams and 
Wilkins; 1968. pp. 332–365.

 8. ATS, ERS. American Thoracic Society/European Respiratory 
Society International multidisciplinary consensus classification 
of the idiopathic interstitial pneumonias. American Journal of 
Respiratory and Critical Care Medicine 2002;165:277–304.

 9. Dishop M, Deutsch G, Deterding R, Fan L, Young L, Cutz E, et al. 
A Working Histologic Classification of the Pediatric Interstitial 
Lung Disease Cooperative Group. Proceedings of the American 
Thoracic Society 2005;2:A474.

10. Dinwiddie R, Sharief N, Crawford O. Idiopathic interstitial pneu-
monitis in children: a survey in the United Kingdom and Ireland. 
Pediatric Pulmonology 2002;34:23–29.

11. Clement A, Henrion-Caude A, Faroux B. The pathogenesis of inter-
stitial lung diseases in children. Paediatric Respiratory Reviews 
2004;5:94–97.

12. Selman M, King T, Pardo A. Idiopathic pulmonary fibrosis: prevail-
ing and evolving hypotheses about its pathogenesis and implica-
tions for therapy. Annals of Internal Medicine 2001;134:136–151.

13. Selman M, Pardo A. The epithelial/fibroblastic pathway in the 
pathogenesis of idiopathic pulmonary fibrosis: tying up loose 
ends. American Journal of Respiratory Cellular and Molecular 
Biology 2003;29:S93–S98.

14. Hilman B, Amaro-Galvez R. Diagnosis of interstitial lung disease 
in children. Paediatric Respiratory Reviews 2004;5(2):101–107.

15. Amin R, Wert S, Baughman R, Tomashefski J, Nogee L, A B, et al. 
Surfactant protein deficiency in familial interstitial lung disease? 
Journal of Pediatrics 2001;139(1):85–92.

Fig. 37.3. Lung biopsy appearance in idiopathic pulmonary hae-
mosiderosis showing debris in the alveoli with large haemosiderin 
deposits



37. Interstitial Diseases of the Lung 463

16. Thomas A, Lane K, Phillips J, Prince M, Markin C, Speer M, 
et al. Heterozygosity for a surfactant protein C gene mutation 
associated with usual interstitial pneumonitis and cellular intersti-
tial pneumonitis in one kindred. American Journal of Respiratory 
and Critical care Medicine 2002;165:1322–1328.

17. Katzenstein A, Gordon L, Oliphant M, Swender P. Chronic pneu-
monitis of infancy – a unique form of interstitial lung disease 
occurring in childhood. American Journal of Surgical Pathology 
1995;19:439–447.

18. Schroeder S, Shannon D, Mark E. Cellular interstitial pneumoni-
tis in infants – a clinicopathological study. Chest 1992;101:1065–
1069.

19. Deterding R, Pye C, Fan L, Langston C. Persistent tachypnea of 
infancy is associated with neuroendocrine cell hyperplasia. Pedi-
atric Pulmonology 2005;40(2):157–165.

20. Canakis A, Cutz E, Manson D, O’Brodovich H. Pulmonary inter-
stitial glycogenosis: a new variant of neonatal interstitial lung 
disease. American Journal of Respiratory and Critical Care Med-
icine 2002;165(11):1466–1467.

21. Barker P, Esther C, Fordham L, Maygarden S, Funkhouser W. 
Primary pulmonary lymphangiectasia in infancy and childhood. 
European Respiratory Journal 2004;24:413–419.

22. Fan L, Kozinetz C. Factors influencing survival in children with 
chronic interstitial lung disease. American Journal of Respiratory 
and Critical Care Medicine 1997;156:939–942.

23. Copley S, Bush A. HRCT of paediatric lung disease. Paediatric 
Respiratory Reviews 2000;1(2):141–147.

24. Zompatori M, Bna C, Poletti V, Spaggiari E, Ormitti F, Calabro E,
et al. Diagnostic imaging of diffuse infiltrative disease of the 
lung. Respiration 2004;71(1):4–19.

25. Fan L, Lung M, Wagener J. The diagnostic value of bronchoal-
veolar lavage in immunocompetent children with chronic diffuse 
pulmonary infiltrates [see comments]. Pediatric Pulmonology 
1997;23:8–13.

26. Avital A, Springer C, Godfrey S. Pulmonary haemorrhagic syn-
dromes. Paediatric Respiratory Reviews 2000;1(3):266–273.

27. Susarla S, Fan L. Diffuse alveolar hemorrhage syndromes in 
children. Current Opinion in Pediatrics 2007;19(3):314–320.

28. Costabel U, Guzman J. Bronchoalveolar lavage in interstitial 
lung disease. Current Opinion in Pulmonary Medicine 2001;7(5):
255–261.

29. Fan L, RR D, C L. Pediatric interstitial lung disease revisited. 
Pediatric Pulmonology 2004;38:369–378.

30. Dinwiddie R. Treatment of interstitial lung disease in children. 
Paediatric Respiratory Reviews 2004;5:108–115.

31. Groenman F, Unger S, Post M. The molecular basis for 
abnormal human lung development. Biology of the neonate 
2005;87(3):164–177.

32. Whitsett J, Wert S, Trapnell B. Genetic disorders influencing 
lung formation and function at birth. Human Molecular Genetics 
2004;13:R207–R215.

33. Hamvas A. Inherited surfactant protein-B deficiency and surfac-
tant protein-C associated disease: clinical features and evalua-
tion. Seminars in Perinatology 2006;30(6):316–326.

34. Sharief N, Crawford O, Dinwiddie R. Fibrosing alveolitis and 
desquamative interstitial pneumonitis. Pediatric Pulmonology 
1994;17:359–365.

35. Nuesslein T, Teig N, Rieger C. Pulmonary haemosiderosis 
in infants and children. Paediatric Respiratory Reviews 2006; 
7(1):45–48.

36. Ioachimescu O, Kavuru M. Pulmonary alveolar proteinosis. Chronic 
respiratory disease 2006;3(3):149–159.

37. Fan L. Hypersensitivity pneumonitis in children. Current Opinion 
in Pediatrics 2002;14(3):323–326.

38. Singsen B, Stilwell P, Platzker A. Pulmonary involvement in the 
rheumatic disorders of childhood. In: Chernick V, Boat T, edi-
tors. Kendig’s disorders of the respiratory tract. Philadelphia: 
WB Saunders; 1998. pp. 1071–1102.



Introduction

A pneumothorax is present when air accumulates in the pleural 
space. A pneumothorax may develop spontaneously or it may 
follow trauma, which may be iatrogenic.1 Pneumothoraces 
can be classified as primary when the lung is otherwise nor-
mal and secondary when there is underlying lung pathology.2 
A spontaneous pneumothorax (SP) occurs when air enters the 
pleural space without an external cause. Primary spontaneous 
pneumothorax (PSP) is idiopathic and occurs in otherwise 
healthy individuals without preexisting lung disease. Second-
ary spontaneous pneumothorax (SSP) arises as a complication 
of underlying lung disease. Most pneumothoraces in children 
occur as the result of trauma, mechanical ventilation, or other 
iatrogenic causes.2 Pneumothoraces in the newborn period 
usually occur in premature babies associated with meconium 
or blood aspiration. This chapter focuses chiefly on spontane-
ous pneumothoraces. Pneumothoraces arising in neonates or as 
a result of trauma are covered elsewhere in this book.

The incidence of PSP in children is unclear but is almost 
certainly considerably lower than the figure of approximately 
10 per 100,000 reported in adults.3,4 In a small retrospective 
study from the USA, SP accounted for one admission per 
10,000 hospitalized children and 3.4 admissions per 10,000 
hospitalized infants.5 A review of hospital admissions to a ter-
tiary pediatric hospital in Australia identified only 12 cases 
of SP over a 25-year period.6 These findings are supported by 
another study from the USA, which recorded only 17 patients 
with SP under the age of 16-years over a 12-year period.7

In adults, there is a bimodal age distribution for pneumotho-
rax with the first peak between the ages of 15–34 and the sec-
ond after 55 years.4 The first peak is due to PSP, which tends 
to occur in tall, thin young men who smoke and is rare after 
the age of 40.1 The second peak in incidence is due to SSP. In 
adults between 70 and 80% of these cases are due to chronic 
obstructive pulmonary disease (COPD). Pediatric studies 
show similar findings: the incidence of PSP rises sharply in 
adolescence6,8 and is higher in boys than girls,3 particularly 
those with a tall, thin body habitus (ectomorphs).9 In the west-
ern world, the most common cause of SSP in children is cystic 
fibrosis.10 SP in infants and young children is almost always 
secondary to underlying lung disease.5,7,8

The literature concerning pneumothorax in children is scarce 
and consists primarily of small retrospective studies with vari-
able, but generally limited, follow-up.3,5,6 This has created 
an unhealthy but necessary dependence on adult guidelines 
for the management of children with pneumothoraces.11,12 
Unfortunately, the two most commonly used adult guidelines 
(British Thoracic Society and the American Academy of Chest 
Physicians) are divergent and poorly adhered to in practice.13–16 
It is questionable whether these recommendations should be 
applied to children because of clear differences in etiology,17,18 
higher recurrence rates,3,19 and longer life expectancy.

Historic Perspective

Hippocrates described the use of incision, cautery, and metal 
tubes to drain empyemas 2,400 years ago, laying the foun-
dations for the technique of thoracocentesis. In the sixteenth 
century, Vesalius noted the requirement for positive pres-
sure ventilation to keep the lungs expanded once the pleural 
space had been opened. Itard, a student of Laennec, was the 
first to use the term pneumothorax in 1803. However, it was 
the development of the stethoscope by Laennec himself that 
allowed a detailed description of the condition.11 Although 
predominantly seen as a complication of pulmonary tubercu-
losis, Laennec noted that pneumothorax could occur in other-
wise healthy lungs. Despite his observations, tuberculosis was 
considered to be the primary cause of SP until 1932, when 
Kjaergaard discovered that the majority of cases occurred in 
adults with otherwise healthy lungs.20

The treatment of pneumothoraces was improved by the 
introduction of underwater seal drainage and chest tubes in 
1875. Kenyon was the first to describe intercostal tube drain-
age in its modern form, when he published his “siphon” 
method for draining traumatic hemothoraces in 1916.21 Closed 
tube drainage was popularized the following year during the 
influenza epidemic of 1917.22

The earliest attempts at pleurodesis stemmed from a need to 
create adhesions to facilitate lobectomy.23,24 Intrapleural talc 
was first used in 193524 but its application to prevent recurrent 
pneumothorax was only realized in the late 1940s.25 Despite 
initial concerns regarding asbestos contamination, talc quickly 
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became widely used for pleurodesis.26 Since then a variety of 
sclerosants have been used for pleurodesis (Table 38.1).

In 1941, Tyson and Crandall described excision of subpleu-
ral blebs and gauze abrasion of the parietal pleura to prevent 
recurrent pneumothorax.27 Gaensler pioneered the technique 
of parietal pleurectomy in 1956.28 Early surgical treatment 
was approached via standard posterolateral thoracotomy with 
a combination of suture or resection of bullae and pleurec-
tomy or pleural abrasion. Although this approach proved suc-
cessful, with recurrence rates of less than 0.5–1%, it suffered 
from the potential morbidity of a thoracotomy.29,30 “Minimally 
invasive” approaches have gained popularity in recent years. 
Axillary mini-thoracotomy was described in 1976 by Becker 
and Munro.31 Thoracoscopy was first described by Jacobeus 
in 1910, who used it to perform intrapleural pneumolysis in a 
patient with tuberculosis.32 In 1991, ligation of subpleural bul-
lae with parietal pleurectomy was performed for the first time 
using the newly developed technique of VATS.33 Over the last 
15 years technological advances have caused an explosion in 
the popularity of thoracoscopy.

Basic Science

The visceral pleura is a thin serous layer covering the lungs. 
It reflects at the hilum to become the parietal pleura. Between 
the two layers lies the pleural space, which extends from the 
root of the neck to the costodiaphragmatic recess. The parietal 
pleura secretes around 2,400 mL of fluid per day in adults, 
which is continuously reabsorbed by the visceral pleura. This 
maintains a thin layer of fluid between visceral and parietal 
pleura. The intrapleural pressure is below atmospheric pres-
sure, although this varies with the phase of respiration. At 
the start of inspiration, the intrapleural pressure is around 
−2.5 cm H

2
O because of the elastic recoil of the lung and the 

tendency of the chest wall to expand at volumes less than 75% 
of total lung capacity.34 During inspiration the diaphragm con-

tracts, increasing the vertical dimension of the thorax, and 
the external intercostal muscles contract, causing the ribs to 
move superiorly and anteriorly, increasing the anteroposterior 
dimension of the chest cavity. As the chest cavity expands the 
intrapleural pressure becomes more negative, predominantly 
due to an increase in lung elastic recoil. Although this nega-
tive intrapleural pressure drives inspiration, any abnormal 
communication between the pleural space and the airway 
or the outside world will result in a pneumothorax. Once air 
enters the pleural space, the intrapleural pressure rises causing 
the lung to collapse and the chest wall to spring outwards, as 
both return to their equilibrium positions.34

Resorption of Gas from the Pleural Space

Once gas has accumulated in the pleural space, pressure gra-
dients and the physical laws of gases determine the rate of 
resorption. Gas is resorbed by passive diffusion from the pleu-
ral space along a pressure gradient. The rate of resorption is 
governed by four variables:

(1) The diffusion properties and solubilities of the gases pres-
ent in the pleural space

(2) The pressure gradients between the gases in the pleural 
space and venous blood

(3) The pleural surface area in contact with pleural gas
(4) The permeability of the pleura

Because oxygen is resorbed 62 times faster than nitrogen, 
inhalation of high concentrations of oxygen washout nitrogen 
from the pleural capillaries. The partial pressure of nitrogen in
the blood reduces, increasing the pressure gradient between 
the pneumothorax and the pleural capillary network thereby 
increasing the driving force for gas resorption.35 For this rea-
son, 100% oxygen should be administered to patients prior to 
invasive procedures such as transpleural lung biopsy, which 
have a high risk of inducing pneumothorax. In patients with 
established pneumothoraces, high flow oxygen results in a 
fourfold increase in the rate of resorption.36

Etiology

In contrast to adults where around half of all pneumothoraces 
occur spontaneously,4 most pneumothoraces in children occur 
following trauma or mechanical ventilation,3,37 SP is rare in 
children and the majority are secondary to underlying lung 
disease.7,38 PSP is rare outside the adolescent age group. In the 
largest pediatric series of 58 patients with PSP, none occurred 
in children under the age of 2 years and only nine occurred 
before the age of eight. The remaining 49 cases occurred in 
adolescents with a mean age of 15 years.3 For this reason, the 
onset of a SP in a child should prompt a thorough search for 
lung pathology5 (Table 38.2).

The largest reported series of SP in children are from 
Turkey and India with 97 and 95 patients, respectively.37,38 

Table 38.1. Agents used for pleurodesis.

Antibiotics
Tetracycline
Doxycycline
Minocycline
Gentamicin
Antimalarials
Quinacrine
Cytotoxic drugs
Bleomycin
Biological agents
Suspension of killed Corynebacterium parvum
Olive oil
Fibrin glue
Blood
Miscellaneous chemicals
Hypertonic glucose solution
Silver nitrate
Talc
Povidone iodine
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Pyogenic lung infections and tuberculosis account for the 
majority of pneumothoraces in these countries, typically 
occurring in children before the age of 5 years.8,38 Lung 
infections cause a relatively small proportion (0–17%) of 
pneumothoraces in the west3,7 where most SPs occur in ado-
lescents secondary to cystic fibrosis.10,39 The incidence of SP 
in children with CF is increasing as improved treatment pro-
longs survival. Contrary to early reports,40 asthma is a rare 
cause of pneumothorax in children.6

The occurrence of SP in a patient with pulmonary metas-
tases was first described by de Barrin in 1937.41 This occurs 
considerably more often in children with pulmonary metastases 
than in adults. The majority occur in children with metastatic 
osteosarcoma.

Foreign body aspiration is an unusual cause of pneumothorax 
but emphasizes the importance of the history in a child with an 
apparently SP.8,41 Following tube thoracostomy, bronchoscopy 
will be required to remove the foreign body, which is most 
commonly food.

Occasionally a pneumothorax is secondary to a pneumo-
peritoneum. The term “porous diaphragm syndrome” has 
been used to describe this condition, which is attributed to 
small fenestrations in the diaphragm permitting the gas in the 
peritoneal space to enter the pleural space.42

Alter’s ten-year retrospective review is the only series to 
have examined the occurrence of SP in infants.5 Of six infants 
with pneumothoraces, four occurred secondary to underlying 
lung pathology (two cases of Pneumocystis carinii pneumonia 
and one case each of cystic adenomatoid malformation and 
bronchiolitis). Of the remaining two cases, one infant suffered 
a bilateral SP secondary to a prolonged febrile seizure and the 
other was associated with a cystic hygroma. No case of PSP 
was observed in infancy over the ten-year period.

Pathogenesis

The pathogenesis of PSP is poorly understood. For a pneu-
mothorax to exist, one of three events must have occurred: 
(1) direct communication between an alveolus and the pleu-
ral space, (2) direct communication between the atmosphere 
and the pleural space, or (3) the presence of gas-producing 
organisms in the pleural space. In SP the first is by far the 
most important. The widely held view that the air leak in PSP 
arises as a result of spontaneous rupture of an apical bleb or 
bullus has been challenged recently.43 Although often used 
interchangeably, bullae and blebs are not synonymous. Bullae 
are air-filled spaces of more than 1 cm in diameter, which lie 
distal to terminal bronchioles and are associated with pulmo-
nary tissue destruction. Blebs are localized collections of air 
between the lamina elastica interna and externa of the vis-
ceral pleura. The term emphysema-like changes (ELCs) is an 
umbrella term, which can be used to describe these parenchy-
mal abnormalities44 (Fig. 38.1).

The mechanism of bullus formation remains speculative 
but is probably related to airway inflammation. Pleuropulmo-
nary adhesions are commonly seen during surgery for PSP. 
Resected lung tissue from patients with PSP invariably shows 
chronic inflammatory changes with an eosinophilic inflam-
matory reaction in the lung and pleura.45 Smoking triggers 
inflammation with an influx of neutrophils and macrophages 
causing degradation of elastin fibers. The cause for inflamma-
tion in nonsmoking adolescents with PSP is unknown. In some 
cases of “familial” pneumothorax mutations in the folliculin 
(FLCN) gene can be identified, which may be responsible for 
the formation of thin-walled subpleural cysts.46 Others have 
suggested that the presence of smaller than normal bronchi 
with abnormal anatomical arrangements predisposes to bullus 
formation.47

Table 38.2. Etiology of spontaneous pneumothorax 
in children.

Primary Spontaneous Pneumothorax
Subpleural blebs/bullae
Boys > girls
Ectomorphs
Familial (rare)
Secondary Spontaneous Pneumothorax
Chronic obstructive pulmonary disease
Cystic fibrosis
Asthma
Infection
Bacterial pneumonia
Fungal pneumonia
Pneumocystis pneumonia
Hydatid disease
HIV/AIDS
Pulmonary tuberculosis
Connective tissue disease
Marfan’s syndrome
Ehlers-Danlos syndrome
Neurofibromatosis
Tuberous sclerosis
Lymphangioleiomyomatosis
Swyer-James syndrome
Neoplasia
Metastatic osteosarcoma
Primary pulmonary rhabdomyosarcoma
Metastatic Wilms tumor
Pleuropulmonary blastoma
Rheumatological
Systemic lupus erythematosus
Juvenile dermatomyositis
Drugs and toxins
Chemotherapy for malignancy
Radiation therapy for Hodgkin’s lymphoma
Paraquat poisoning
Immunological disease
Langerhans’ cell histiocytosis
Hypereosinophilic syndrome
Job’s syndrome
Other
Congenital cystic adenomatoid malformation
Primary bullous emphysema
Azygos lobe
Birt-Hogg-Dube syndrome
Porous diaphragm syndrome
Foreign body aspiration
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The colocalization of bullae, blebs, and air leaks to the apical 
regions of the lungs is likely to be related to the greater distend-
ing pressures that act across the alveoli in these regions.48 Since 
the pressure expanding an area of lung is closely related to the 
intrapleural pressure in the adjacent pleural space, it follows 
that the apical alveoli are subjected to greater mechanical stress 
than those at the base. This theory is supported by observations 
that apical alveoli are more expanded than those in the lower 
zones. The most likely explanation for this is the effect of gravity 
compressing the lower regions of the lung. West used a lung-
shaped elastic structure and an engineering technique called 
finite-element analysis to confirm that the apex of the upright 
lung is exposed to expanding stresses several times those at the 
base.49 As West concludes, “it [the apex]… will be more vulner-
able to mechanical failure in the event of randomly occurring 
weaknesses in the tissues or generalized parenchymal disease.” 
Clinical studies confirming an association between PSP and an 
ectomorphic body habitus support this theory.9 Ectomorphs are 
taller than average with a flat thorax in the antero-posterior plane. 
These changes in body habitus occur most rapidly between the 
ages of 11 and 14 years. It is possible that the disproportionate 
increase in negative intrathoracic pressure at the apex of the lung 
accompanying this period of rapid growth induces apical cyst 
formation predisposing to subsequent PSP.

The evidence for a causative link between ELCs and PSP 
remains circumstantial and is based on the high frequency 
with which these changes are found in patients with PSP. Even 
in nonsmokers, the incidence of ELCs in patients undergo-
ing surgery or high resolution CT for PSP is between 75 and 
100%.49–51 In patients undergoing thoracotomy for PSP, the 
reported incidence of ELCs consistently approaches 100%. 
Baronofsky, for example, noted blebs in 25 of 26 young men 
undergoing thoracotomy for SP.52 By contrast, in control 
patients without PSP matched by age, smoking, and gender, 
the incidence of ELCs is nearer 20%.50,53

It remains unclear whether ELCs are the site of air leakage. 
In the largest series of 1,199 patients with SP, including 218 
patients with PSP, only 28% of patients undergoing surgery 
found to have visibly leaking ELCs.54

Although contralateral ELCs are found in 96% of patients 
with PSP,52 contralateral recurrence is uncommon with esti-
mates ranging between 2 and 26.7%.55 In addition, the num-
ber and size of blebs does not correlate with the risk of PSP. 
Ohata and Suzuki examined blebs removed at thoracotomy 
in 126 patients with PSP.56 In no case could a defect in the 
visceral pleura overlying the bleb be found. The external sur-
face of the blebs appeared thinned with an absence of meso-
thelial cells resulting in exposure of the underlying collagen. 
In the absence of rupture, pores in the collagen 10–20 μm in 
diameter were observed and seen to correlate with the site of 
air leakage during surgery. These changes were not seen in 
giant bullae without pneumothorax and were less marked in 
bullae associated with pneumothorax. Such observations may 
in part explain the rarity with which leaking bullae are found 
at thoracoscopy and the fact that 25% of patients undergoing 
surgery for pneumothorax have no visible ELC’s.57 In nonran-
domized studies comparing bullectomy alone with bullectomy 
and pleurodesis, significantly more recurrences were noted 
after isolated bullectomy.58 Whether this observed difference 
reflects a failure of the surgeon to locate and resect all ELCs 
or is indicative of an alternative site of air leak is unclear.

Malignancy

A number of mechanisms have been suggested for malignancy-
associated pneumothorax. Direct invasion of bronchioles by 
the metastasis may cause a ball-valve obstruction resulting 
in air-trapping and eventual rupture. Bronchopleural fistulae 
may develop from direct tumor invasion or as a consequence 
of tumor necrosis after chemotherapy. These mechanisms do 
not explain the well-recognized phenomenon of preclinical 
pulmonary metastases presenting with SP.41 An alternative 
explanation is that small secondary deposits rupture into the 
lung itself causing free-air to track along vascular bundles to 
the mediastinum. Mediastinal air eventually ruptures through 
the mediastinal pleura resulting in pneumothorax.

It remains unclear why bone tumors are so frequently asso-
ciated with SP. At diagnosis approximately 10% children will 
have pulmonary metastases, which are usually bilateral and 
multiple. Pneumothorax characteristically occurs approxi-
mately one week after starting chemotherapy and presumably 
this relates to tumor necrosis.

Cystic Fibrosis

SP in patients with cystic fibrosis is usually seen with advanced 
lung disease.39 Most authors agree that pneumothorax in CF 
is the result of rupture of a subpleural bleb or bullus, which 

Fig. 38.1. Operative photograph showing sub-pleural blebs (arrow)
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occurs after prolonged air entrapment. Recurrent small airway 
obstruction with mucus and infected viscous secretions creates 
a check-valve mechanism leading to atelectasis, air trapping, 
interstitial emphysema, bullus formation, bronchiectasis with 
cavitation and abscess formation. Pseudomonas aeruginosa 
infection causes pronounced inflammation in the lungs of CF 
patients and accelerates the cycle of airway obstruction, alve-
olar hyperinflation and lung destruction.60 Postmortem stud-
ies have identified three types of pulmonary air cysts in CF 
patients – bronchiectatic cysts, interstitial cysts, and emphy-
sematous bullae – all of which appear most commonly in the 
upper lobes.61 Pneumonia, bronchiectasis, and mucous plug-
ging invariably accompany these changes. SP occasionally 
occurs in CF patients without subpleural cysts. In this group 
interstitial air cyst rupture with air dissection along vascular 
sheaths appears to be the most likely mechanism.

Clinical Features

The typical patient with a PSP is a tall, thin boy with a below 
average body mass index,3 a finding that is consistent with the 
adult literature. Most series suggest a male to female ratio of 
2:1,3,7 although this has not been a universal finding6 and there 
may be a female preponderance below the age of 8.17 SP usu-
ally presents with sudden onset pleuritic chest pain, shortness of 
breath and occasionally a dry cough. The onset is usually at rest 
and there is no association with exercise. Older children may 
describe the initial chest pain as “sharp” and later as a “steady 
ache.” In SSP, other symptoms may occur related to the underly-
ing disease process, e.g., pyogenic lung infection. In most cases 
symptoms resolve within 24 h, even in the absence of treatment. 
In the case of asthmatics, shortness of breath, without chest 
pain, appears to be the most common presentation. Rarely there 
may be a family history of pneumothorax.62

Clinical findings range from normal to acute respiratory dis-
tress. A simple pneumothorax occupying less than 15% of the 
thoracic cavity is difficult to detect on clinical examination.1 
The size of pneumothorax, however, correlates poorly with 
clinical manifestations. Chest wall movement may be reduced. 
Percussion of the affected thorax may be hyper-resonant. Aus-
cultation may demonstrate decreased breath and heart sounds. 
Surgical emphysema is a rare finding. The presence of marked 
tachycardia, hypotension, cyanosis, neck vein engorgement, 
contralateral tracheal deviation, or a cardiac arrest with electro-
mechanical dissociation suggests a pneumothorax under tension.

The severity of respiratory distress in a child with a pneu-
mothorax depends on their age, pulmonary reserve, the eti-
ology of the pneumothorax, and whether the pleural gas is 
under tension. As a general rule, signs and symptoms are more 
marked in SSP where pulmonary reserve is lower.63 Typically, 
infants present respiratory distress with marked subcostal 
recession, intercostal indrawing and widespread accessory 
muscle use, particularly in the neck. A high proportion of 
infant pneumothoraces present under tension. In child receiving 

positive pressure ventilation, the onset of a pneumothorax will 
be heralded by an abrupt deterioration in gas exchange and 
hypotension.

Diagnosis

Radiological Diagnosis

A pneumothorax can usually be diagnosed with a plain pos-
tero-anterior (PA) chest radiograph (Fig. 38.2). This is best 
performed with the patient in the upright position.3 The pres-
ence of a thin visceral pleural line without distal lung mark-
ings is diagnostic of a pneumothorax. When a pneumothorax is 
suspected clinically, but not confirmed on the upright PA chest 
radiograph, a lateral radiograph provides useful information in 
14% of cases.64 Lateral or decubitus chest radiographs with the 
affected hemithorax positioned superiorly are particularly use-
ful in neonates or ventilated patients and in cases where the 
patient cannot be positioned upright.65 In this projection, the 
visceral pleural line is seen in a retrosternal position or overly-
ing the vertebrae parallel to the chest wall. The lateral decubi-
tus radiograph is as sensitive as CT scanning in the diagnosis 
of pneumothorax and is a useful adjunct to a standard PA chest 
radiograph in children with chronic lung disease in whom a 
small undiagnosed pneumothorax is likely to have significant 
consequences.66 Expiratory chest radiographs are not helpful.67 
In the supine patient air in the pleural space is most easily seen 
in the cardiophrenic recess where it enlarges the costophrenic 

Fig. 38.2. Chest radiograph showing a simple pneumothorax
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angle giving rise to the “deep sulcus sign”65 (Fig. 38.3). The 
radiological diagnosis of pneumothorax in a ventilated child 
can be difficult. Images obtained from supine, portable chest 
radiography are usually suboptimal and the presence of con-
current lung disease may lead to “atypical” distributions of free 
air or loculated gas collections.68 Small effusions are common 
if a pneumothorax has been present for more than 24 h.

There are several potential diagnostic pitfalls in the evalu-
ation of a chest radiograph for a pneumothorax. Skin folds, 
clothing, bed sheets, the medial border of the scapula and 
suture material from previous surgery all give rise to “lines,” 
which mimic the visceral pleural line of a pneumothorax.65 
Generally, skin folds do not run parallel to the chest wall 
and tend to continue beyond the confines of the chest cavity. 
A visceral pleural line is less dense than the line arising from 
a skin fold. In all these cases, distal lung markings should be 
present preventing further confusion. If doubt remains, repeat 
radiography should be performed after removal of clothes 
and bed sheets and repositioning of the patient. Companion 
shadows are radio-opaque lines commonly seen accompany-
ing the inferior border of the first and second ribs, which arise 
due to protruding extra-pleural fat or the subcostal groove. 
Unlike visceral pleural lines, they do not run parallel the chest 
wall but are closely related to the inferior border of the rib. 
The chest radiograph should also be scrutinized for underly-
ing lung disease such as cystic fibrosis, pneumonia, congeni-
tal anomalies, and metastatic pulmonary malignancy. These 
patients require significantly different management to patients 
with an uncomplicated PSP. It is rare to see bullae on a chest 
radiograph.55

There is no agreement about whether small pneumothoraces 
require treatment. The ACCP and BTS adult guidelines use 
different classifications of pneumothorax size.11,12 The plain 
chest radiograph is a poor method of quantifying the size of 
a pneumothorax and tends to underestimate the volume of air 
leak.69 There are two objective methods for quantifying pneu-
mothorax size on erect chest radiographs – the Rhea70 and 
Collins71 methods. Both use formulae based on measurements 
of inter-pleural distance and show close agreement for small 
pneumothoraces but diverge as pneumothorax size increases, 
with the Rhea method tending to underestimate the amount 
of pleural air. Both methods require absolute size measure-
ments in centimeters and with digital image processing, which 
may lack an absolute scale, use of these formulae is limited. 
Relative or proportional size estimates such as the Light Index 
circumvent this problem and have been shown to correlate 
well in adults with the volume of air aspirated by syringe in 
SP.72 The Light Index is, however, a simple and useful tool 
for estimating the size of a pneumothorax (Fig. 38.4). Thus in 
an adult with lung and hemithorax diameters of 9 and 10 cm, 
respectively, a 1 cm pneumothorax comprises 27% and a 2 cm 
pneumothorax 49% of the hemithorax volume.

Although computerized tomography (CT) scanning is the 
most accurate method for determining the size of a pneu-
mothorax, it is rarely indicated solely for this purpose. The 
indications for CT scanning in SP are poorly defined and 
routine use is not justified. CT scanning may be useful in dif-
ficult cases where the lungs are obscured by overlying surgi-
cal emphysema or to allow differentiation of a pneumothorax 
from bullae in complex cystic lung disease11 or postinfec-
tive pneumatoceles. High resolution CT scanning identifies 
parenchymal disease including blebs and bullae.53 Some 
authors have suggested routine CT scanning in all children 
with PSP to identify ipsilateral and contralateral subpleural 
lung blebs.73 However, since the evidence linking the pres-
ence of blebs or bullae on CT with an increased risk of recur-
rent SP is not strong and does not support primary surgical 
intervention for these asymptomatic findings, the routine use 
of CT scanning in children with a first episode of SP is prob-
ably unnecessary.

If the position of a poorly draining chest tube cannot be con-
firmed by PA chest radiography CT may be useful to exclude 
extrapleural, mediastinal, or intrapulmonary placement. The 
clinical significance of a chest tube that lies in a fissure is con-
troversial. One study found that tubes in this position drained 
poorly and correlated with a prolonged hospital stay,74 while 
another found that tubes lying within a fissure function as 
effectively as those located elsewhere in the pleural space.75 
Transthoracic ultrasound currently has little role in the diagnosis 
of pneumothorax.

Figure 38.3. The “deep sulcus” sign (arrow)

Fig. 38.4. The light index

Size of pneumothorax  (%) = 100  – (average lung diameter)3
 x 100

(average hemithorax diameter)3
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Other Investigations

In large PSPs a decrease in vital capacity and an increase in 
the alveolar-arterial oxygen gradient will result in hypoxemia 
on arterial or capillary blood gas measurement, particularly 
in infants. The degree of hypoxemia correlates with pneu-
mothorax size and the presence of underlying lung disease.76 
Hypercapnia does not occur in PSP because the underlying 
lung function is normal and is usually only seen in patients 
with SSP. Pulmonary function tests (PFTs) are not useful in the 
acute setting. The ACCP guidelines showed good consensus 
regarding the use of previous PFTs to advise patients regard-
ing the need for treatment to prevent recurrence.12 Patients 
with SSP and poor lung function should be strongly advised 
to consider surgery to prevent recurrence because they will 
tolerate further pneumothoraces badly.

If an infective etiology is suspected sputum and pleural 
fluid, if present, should be sent for culture. Further investiga-
tions directed at determining the cause of the pneumothorax 
should based on the history and clinical findings, particularly 
in young children, in whom PSP is exceedingly rare.

Differential Diagnosis

The differential diagnosis of a pneumothorax includes the long 
list of causes of acute respiratory distress and chest pain in 
children. The radiological differential comprises other causes 
of intrathoracic gas collection. Pneumatoceles are air-filled 
cystic lesions of the lungs that usually occur in association 
with pneumonia. Staphylococcus aureus, Haemophilus influ-
enzae, and Pseudomonas aeruginosa are the most common 
organisms. Pneumatoceles have also been described follow-
ing caustic aspiration and trauma. The risk of pneumatoceles 
formation is increased if mechanical ventilation is necessary. 
Misdiagnosis of pneumatoceles as pneumothoraces on chest 
X-ray has resulted in deaths from failed attempts at percutane-
ous drainage.77

Late-presenting diaphragmatic hernias may present with 
unilateral lung findings and radiographic appearances mim-
icking a pneumothorax.78 Between 5 and 25% of congenital 
diaphragmatic hernias present outside the neonatal period. 
Failure to recognize the gastric bubble in the left hemithorax 
has resulted in unnecessary tube thoracostomy and iatrogenic 
gastric perforation.79

Congenital bronchogenic cysts are large oval fluid or air 
filled structures, typically in a subcarinal or intrapulmonary 
location. Occasionally, a bronchogenic cyst will communi-
cate with the airway with a check-valve mechanism causing 
rapid expansion of the cyst and mediastinal shift, mimicking 
a tension pneumothorax.80 Unlike the child with a tension 
pneumothorax, however, the child with a communicating 
bronchogenic cyst is usually stable, and the dramatic radio-
graphic findings are out of keeping with the clinical picture. 
Typically a tension pneumothorax causes crowding of the col-

lapsed lung toward the hilum, whereas a bronchogenic cyst 
compresses and displaces the lung away from the hilum.

“Ex vacuo” pneumothorax has been described after resolu-
tion of a total bronchial obstruction, as a complication of acute 
lobar collapse.81 Management is based on relief of the bron-
chial obstruction and not evacuation of pleural gas, which will 
resorb spontaneously. This term has also been used for the 
appearance after repair of a congenital diaphragmatic hernia. 
Typically, the hypoplastic lung does not fill the hemithorax 
resulting in a “dead space” between the pleural layers. Radio-
graphically this may cause diagnostic confusion with a “true” 
pneumothorax due to an air leak. The space will gradually fill 
with fluid, mediastinal shift occurs and, over time, the lung 
will grow to fill the residual space. Intercostal drainage is not 
required.

Management

The best treatment for SP is unknown. In both adults and chil-
dren, however, the broad aims can be summarized as (1) the 
evacuation of air from the pleural cavity allowing reexpan-
sion of the lung and (2) the prevention of recurrence. There 
is no consensus regarding which patients require treatment 
and controversy exists about when to offer treatment and what 
treatment to offer. Historically, emphasis has been placed on 
the size of the pneumothorax as the key determinant. Unfortu-
nately definitions of “large” and “small” pneumothoraces are 
inconsistent. The British Thoracic Society (BTS) use the thick-
ness of the rim of air around the lung on a PA chest radiograph 
to define pneumothorax size, with 2 cm as the cut-off between 
“large” and “small.”11 The American College of Chest Physi-
cians (ACCP) defines pneumothorax size based on the apex to 
cupola distance on a PA chest radiograph, with 3 cm the divide 
between “large” and “small” pneumothoraces in adults.12 The 
chest radiograph does not accurately or consistently predict 
pneumothorax size. Furthermore, clinical manifestations do 
not correlate with pneumothorax size.

The pragmatic approach is to manage pneumothoraces in 
children on the basis of symptoms and whether the pneumotho-
rax is primary or secondary. PSP generally has a low-mortality, 
and although death has been reported from progression to a 
tension pneumothorax, this is very rare. In contrast, SSP can 
be life threatening and rapidly fatal in children with a poor 
respiratory reserve.7,8

Initial Management

After confirming the clinical suspicion of a pneumothorax with 
a PA chest radiograph, several questions must be addressed.

Removal of Air vs. Observation

The primary goal in the treatment of SP is complete lung 
reexpansion, which is usually accomplished by pleural drainage. 
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However, the natural history of SP is slow spontaneous resolu-
tion. In the 1960s, Stradling demonstrated that in adults with 
SP, conservative management was successful in 83% cases.82 
The mean time to full lung reexpansion was 19 days in adults 
with a pneumothorax less than 50% managed conservatively 
and 48 days if the pneumothorax was greater than 50%. 
A further study reported a mean time to reexpansion of four 
weeks without treatment.83 High flow oxygen causes a four-
fold increase in the rate of pneumothorax resolution and can 
be given to all children admitted for observation, regardless of 
their transcutaneous oxygen saturation.11,36 Observation may be 
appropriate for small primary pneumothoraces causing mini-
mal symptoms and small secondary pneumothoraces in asymp-
tomatic patients. All other secondary pneumothoraces and all 
symptomatic primary pneumothoraces require treatment.11

Aspiration vs. Drainage

Options for removing pleural air include simple aspiration 
(thoracocentesis) and intercostal tube drainage (tube thoracos-
tomy). In adults aspiration is easy to perform, relatively nonin-
vasive, and recommended by the BTS as the first line treatment 
for all primary pneumothoraces requiring intervention.11 In 
contrast, the ACCP consensus guidelines state that simple 
aspiration is rarely appropriate.12 Critics of aspiration point to 
a high risk of early recurrence, because it fails to promote pleu-
ral symphysis, an effect attributed to chest tubes. However, the 
validity of this argument must be questioned as the recurrence 
rate following tube drainage is similar to aspiration.

Four randomized controlled trials,84–87 one meta-analysis88 
and one systematic review89 have compared simple aspiration 
and tube drainage (TD) in adults with SP. Andrivert compared 
20Fr chest tube drainage with needle aspiration (NA) using a 
16 or 18G plastic catheter.86 TD was performed immediately 
but simple aspiration was arbitrarily delayed by 72 h in stable 
patients to allow pleural healing and increased “chance of suc-
cess.” The initial success rate was significantly better with TD 
(93%) compared with NA (67%). Nine of the 11 patients who 
failed NA underwent successful TD. In a second arm of the 
study, 35 patients underwent immediate needle aspiration with 
identical success rates to the group who underwent delayed 
aspiration. The other trials used immediate aspiration with 
initial success rates of 62%,84 66%,87 and 59%,85 respectively. 
A review of the literature confirms this finding consistently 
suggesting no benefit from delayed aspiration.

The use of a bedside tracer gas technique may help to pre-
dict outcome following aspiration. Pneumothorax patients are 
given a tracer gas (the hydrocarbon propellant from a metered 
dose inhaler) to inhale from a Douglas bag during aspiration 
of the pneumothorax. If flame ionisation confirms the pres-
ence of tracer in the aspirate (a positive test) this indicates 
a continuing air leak.90 A negative test was associated with 
successful aspiration in 93% and 86% of episodes of PSP 
and SSP, respectively. Conversely, a positive test was associated 
with either failure of reexpansion following aspiration or 

early recollapse in 66% and 71% of episodes of PSP and SSP, 
respectively, despite initial radiographic evidence of complete 
reexpansion.

Recurrence Prevention

Unfortunately, there is currently no reliable way of predicting 
which patients are likely to suffer recurrent PSPs. Children have 
higher rates of recurrence (40–50%) than adults.3,7,19 This risk 
increases with each subsequent recurrent pneumothorax. The 
recurrence risk is a time-related event, with most recurrences 
occurring within the first few months of the initial PSP. In one 
study, children with a first PSP had a 57% recurrence rate but 
this figure rose to 75% for those with a second PSP.19 Multiple 
failed attempts at tube drainage followed by delayed surgery 
are costly and unacceptable to children and parents. Options to 
prevent recurrence include medical pleurodesis or surgery.

Chemical Pleurodesis

The instillation of many substances into the pleural space 
leads to aseptic pleural inflammation, dense adhesions, and 
ultimately pleural symphysis (Table 38.1). Historically, a 
number of agents have been used. Although chemical pleu-
rodesis is effective in preventing recurrent pneumothoraces 
in adults, use in children is limited. There are no case series 
and any pediatric cases form part of much larger adult series. 
If this technique is to be used in children, it is desirable that 
future thoracotomy should be possible. Talc renders subse-
quent thoracotomy exceedingly difficult and should only be 
used in low doses.91 Tetracycline, the recommended first-line 
sclerosant for both PSP and SSP, is increasingly hard to obtain 
due to manufacturing problems.

Chemical pleurodesis is far more painful than thoracotomy. 
The value of chemical pleurodesis for PSP is questionable given 
the potential for adverse effects and the well-documented supe-
riority of surgical pleurodesis.11 As a consequence, most pedi-
atric surgeons consider that chemical pleurodesis has no role in 
the management of recurrent pneumothorax in children.

Surgical Management

There are two objectives in the surgical management of SP. 
The first is to treat the underlying cause, which is invariably 
rupture of a subpleural bleb or bullus. This can be achieved by 
stapled or sutured resection.92 The second objective is to prevent 
recurrence by inducing pleural symphysis either by mechanical 
abrasion or pleurectomy. On the basis of the statistical risk of 
recurrence, the indications for operative intervention in SP are 
as follows:

Second ipsilateral spontaneous pneumothorax
First contralateral pneumothorax
Bilateral spontaneous pneumothorax
Persistent air leak (PAL) after days 5–7 of tube drainage
Professions at risk (e.g. pilots and divers)
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The timing of surgery in patients with a persistent air leak 
(PAL) is controversial. In a retrospective review of 142 patients 
undergoing TD of SP, 73 (51%) developed PAL (defined as 
continued air leak at 2 days or more after tube insertion).93 In 
the PSP group, 83% had resolved by nine days with a marked 
slowing of the rate of resolution after this time. In the SSP 
group, 42% had resolved by 9 days, although the rate of reso-
lution remained constant thereafter. Persistent air leaks (PAL) 
are more common in SSP than in PSP. Another study by Chee 
et al. found a PAL resolution rate of 75% in PSP and 61% in 
SSP after seven days of TD. However, all the PALs in PSP 
patients and 79% of the PALs in SSP patients had resolved by 
14 days.94 A pragmatic approach to the problem of PALs and 
surgery is to discuss the available options with the child and 
their parents after 7 days of unsuccessful TD. This minimizes 
the number of children undergoing surgery for an air leak that 
is likely to resolve spontaneously.

In the absence of a PAL, the remaining indications are 
based on the probability of recurrent pneumothorax. The 
decision-making process must therefore involve the child 
and family and take into account the underlying lung condi-
tion. The threshold for intervention in a child with acquired 
immune deficiency syndrome (AIDS) or cystic fibrosis (CF) 
should be low.

Some surgeons suggest VATS for a first PSP arguing that it 
is more cost-effective than tube drainage. However, universal 
application of this policy may result in as many as three-quar-
ters of patients undergoing unnecessary surgery. Cook con-
firmed that adopting a policy of VATS with bleb resection and 
pleurodesis at first PSP would result in a 32% ($213,000 vs. 
$315,000) cost saving compared with an initial conservative 
management followed by surgical intervention for a recur-
rent pneumothorax.19 However, a policy of initial tube drain-
age and VATS for all first recurrences accrued a similar cost 
profile, without the 40–50% unnecessary operation rate of the 
initial strategy.

Thoracotomy

Open thoracotomy and resection of apical blebs combined 
with mechanical abrasion or parietal pleurectomy is the “gold-
standard” for the prevention of recurrent pneumothorax, with 
a recurrence rate of less than 1% and a morbidity of 15% in 
adults.92 There is debate about the relative merits of partial and 
total pleurectomy compared with pleural abrasion. Both tech-
niques obliterate the pleural space. The advantage abrasion 
is preservation of the extrapleural plane in case subsequent 
thoracotomy is necessary. Comparison between the two tech-
niques, albeit not in the form of randomized controlled trials, 
shows that both pleural abrasion and pleurectomy have recur-
rence rates of less than 1%.92 It is not the technique but more 
the fact that some form of treatment to the pleura has taken 
place that seems important. This is confirmed in a study of 
thoracotomy and apical wedge resection without pleurodesis, 
which reported a higher recurrence rate of 5%.58

Limited Thoracotomy

Most surgeons have moved away from posterolateral thoraco-
tomy to smaller incisions. A variety of incisions are described 
including axillary thoracotomy, anterior thoracotomy and 
muscle-sparing lateral thoracotomy, all with the aim of reduc-
ing the cosmetic and musculoskeletal morbidity associated 
with conventional thoracotomy.

Trans-Axillary Minithoracotomy

Becker and Munro first described this technique in 1976.31 
The incision is performed at the hairline in the axilla and has 
a maximum length of 5–6 cm. The chest is entered through 
the third intercostal space, allowing the procedures described 
above to be performed. In the case of bullectomy the lobe 
can be drawn to the level of the skin allowing stapling to take 
place outside or inside the chest. The largest published experi-
ence of 362 consecutive adult patients treated by this approach 
reported a mean hospitalization of 6 days, a recurrence rate of 
0.4%, and a minor complication rate of 10%.30 This procedure 
has the same excellent results as standard posterolateral thora-
cotomy with the advantage of superior cosmesis and reduced 
duration of hospitalization.

VATS

The popularity of VATS in SP has outstripped the evidence for 
its effectiveness. Indeed, VATS became the preferred approach 
to recurrent SP surgery long before any prospective, random-
ized controlled trials confirmed its superiority over thoraco-
tomy. Early series reported results that were less good than 
thoracotomy in terms of recurrence rates. Furthermore, the 
expected reduction in postoperative pain and other complica-
tions did not materialize with complication rates similar to 
thoracotomy. In part this represents the learning curve but also 
it likely reflects the attempts of surgeons to reproduce their 
“open” technique through a minimally invasive approach. 
Two early, randomized controlled trials comparing VATS and 
thoracotomy in SP showed lower recurrence rates using lim-
ited posterolateral or axillary incisions. The perceived ben-
efits of reduced analgesic requirements, duration of drainage 
and length of hospitalization were not apparent in the VATS 
group. This led Massard to conclude a review published in 
1998 with the question “is there any future for VATS in recur-
rent pneumothorax?”92

Now in 2007, we have the results of a systematic review 
of randomized controlled trials comparing VATS and thora-
cotomy in the management of recurrent SP in adults.95 The 
review identified four trials comparing VATS and thoraco-
tomy with a further two trials comparing VATS and pleural 
drainage. All trials reported a reduced need for analgesia in 
the VATS group. Ayed reported a 10% recurrence rate in the 
VATS group with a 0% recurrence rate in the thoracotomy 
group, although the difference did not reach significance 
due to the low power of the study.96 A similar nonsignificant 
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increase in recurrences in the VATS group was observed in 
Waller’s study.97 It should be noted that both of these trials 
report the early part of the learning curve with the VATS tech-
nique. As expected, the recurrence rate in the VATS group 
was considerably lower than in the tube drainage groups. 
Although metaanalysis was not possible due to study design 
heterogeneity, Sedrakyan concluded that VATS was associ-
ated with a shorter length of stay, less pain, and a reduced 
analgesia requirement compared with thoracotomy. A recent 
large case series confirm the safety and effectiveness of the 
VATS technique in children.98

Complications

Recurrence rates following operative and nonoperative tech-
niques are discussed elsewhere in this chapter. Simple aspiration 
and chest tube drainage provide reliable ways of evacuating 
air from the pleural cavity. Simple aspiration has complication 
rates as low as 1% in adults. Although the insertion of a drain-
age tube into the pleural cavity is a simple procedure, the com-
plication rate is higher than in simple aspiration. Numerous 
complications have been described in the literature, includ-
ing fatalities.99 The most common complication is a tube that 
ceases to function due to kinking, displacement or blockage. 
If there is a continuing air-leak this places the patient at risk 
of a tension pneumothorax. Serious complications related 
to tube insertion have been described including perforation 
of the lung, diaphragm, heart, aorta, and intercostal vessels. 
Phrenic nerve injury causes acute diaphragmatic paralysis and 
eventration. Horner’s syndrome has been reported. Uninten-
tional compression of the neonatal aorta from a chest drain 
has been reported. Intraabdominal placement of the tube may 
result in visceral injury to the liver, spleen, stomach, kidney, 
or bowel. Mediastinal, extrapleural, intrafissural, or intrapul-
monary placement of chest tubes may be difficult to recognize 
on a plain chest radiograph and a CT scan may be required to 
determine the precise position. The use of needle-wire dilator 
technique (Seldinger technique) minimizes the force required 
to enter the pleural cavity and probably reduces the risk of 
penetrating injury. The use of a trocar for chest tube insertion 
is associated with a higher incidence of complications and 
should be avoided.

Infective complications related to tube placement include 
exit-site sepsis, empyema and necrotising fasciitis.99 The rate 
of empyema after chest tube insertion in adults is estimated at 
1%.11 Care must be taken to avoid skin necrosis at the exit site 
from overly tight sutures as this increases the risk of infec-
tion. Prophylactic antibiotics are not necessary for closed 
tube drainage of SP. Surgical emphysema is not uncommon, 
although this is usually only of cosmetic significance, resolv-
ing spontaneously after a few days. The likelihood of surgical 
emphysema is increased if the tube blocks or when a small 
tube is used to drain a large air leak. Anteriorly placed chest 
tubes cause unsightly scarring.

Reexpansion pulmonary oedema (RPO) is a rare but poten-
tially lethal complication of chest tube drainage in SP.100 It 
is characterized by the sudden onset (usually within 1 h) of 
coughing, tachypnoea, tachycardia, and hypothermia. The 
pathophysiology of this condition is poorly understood but 
risk factors include a long-standing SP before drainage, total 
collapse of the lung, tension pneumothorax and rapid reex-
pansion. For this reason, the use of suction in stable patients 
with large pneumothoraces (>30%) is best avoided. Treatment 
of RPO is supportive and includes mechanical ventilation with 
positive end expiratory pressure, patient positioning and cir-
culatory support.

Complications of Pleurodesis

More than 30 pleural sclerosants and a variety of techniques 
of instillation have been used over the years with varying suc-
cess in the prevention of recurrent pneumothorax.91 Silver nitrate 
was widely used prior to the 1980s, although it provokes a florid 
painful exudative reaction requiring prolonged chest drainage. 
Tetracycline was commonly used in the 1980s for pleurodesis 
but manufacture has virtually ceased and this agent is no lon-
ger available. Talc is effective, inexpensive and easily avail-
able. However, although complications with talc pleurodesis 
are not common, they can be life-threatening. Severe pain and 
prolonged fever are frequent short-term complications. Fever is 
attributable to sterile pleurisy. Empyema complicates 0–11% of 
procedures. More disturbingly, the literature contains more than 
35 cases of acute respiratory distress syndrome (ARDS) result-
ing in at least 8 deaths, following intrapleural administration 
of talc in adults. This complication has not been observed with 
tetracycline derivatives or bleomycin and may be dose-related. 
The composition of talc is variable and contaminants may be 
present. The incidence of ARDS in talc pleurodesis is likely to 
be around 1%.91

Long-term complications of talc pleurodesis are rare. Intra-
pleural talc does not appear to adversely affect long-term pul-
monary function. Lung function testing 22–35 years after talc 
pleurodesis only found an insignificant restrictive impairment 
of pulmonary function.101 Although a higher death rate has 
been observed in patients undergoing talc pleurodesis com-
pared with a control population, this has been attributed to 
a selection bias for patients with an underlying lung disease. 
Initial concerns regarding asbestos contamination in talc and 
the risk of mesothelioma have not been substantiated.

Alternatives to talc include iodopovidone, which has been 
used successfully to achieve pleurodesis with minimal side 
effects. In a metaanalysis of observational studies including 
six studies and 265 patients undergoing iodopovidone pleurod-
esis, chest pain was the most significant problem and hypoten-
sion was recorded in three patients. There were no deaths.102 
Tetracycline, if available, is a very effective pleural sclerosant 
but it is very painful. Minocycline, a proposed replacement for 
tetracycline, can provoke vestibular symptoms and hemotho-
rax in the doses required for pleurodesis.91
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Complications of Surgery

Surgery for SP is generally safe and well-tolerated. A recent 
systematic review of randomized controlled trials compar-
ing VATS and thoracotomy in the treatment of SP reported 
very low morbidity in both groups, although follow-up was 
short.95

Video-Assisted Thoracoscopic Surgery (VATS)

Three of four randomized-controlled trials comparing VATS 
and thoracotomy reported a lower degree of pain postopera-
tively in the VATS group.95 However, VATS bleb excision 
and pleural abrasion has been associated with a 26% chronic 
chest pain rate of 26% at 2 months and 10% at 1-year in one 
series.103 Pain may be related to intercostal nerve injury at 
the time of surgery. Intraoperative complications in this series 
occurred in 3/182 patients and included one pulmonary lac-
eration during port insertion due to an adherent lung, one 
retained metal piece of staple cartridge in the pleural cavity 
and hemorrhage from an adhesion on the subclavian artery 
requiring conversion to thoracotomy. One patient subse-
quently required reoperation by VATS for clotted hemotho-
rax. The overall postoperative complication rate was 27.4% 
with prolonged air leak occurring in 27 (14.8%) of patients. 
15/182 (8.2%) patients required a second chest tube for tube-
related complications, there were 2 cases of transient Horner’s 
syndrome and pneumonia and single cases of chylothorax, 
pleural effusion, incomplete brachial cutaneous nerve palsy 
and acute renal failure. The relatively high complication rates 
in this series may in part reflect the “learning curve” of a new 
surgical technique.

In a representative series of 163 patients with PSP treated 
by VATS with stapled bullectomy and pleural abrasion, one 
required thoracotomy for bleeding from excessive pleural 
abrasion. Six patients had prolonged air leak, two of which 
required limited lateral thoracotomy. At redo surgery, a 
missed bullous area and an air leak on the row of staples 
were found to be the cause of the initial failure. Two patients 
had incomplete reexpansion of the lung and required redo 
surgery.104

Most VATS series report a complication rate of around 
10%, which is similar to that found in thoracotomy.92 Sub-
group analysis suggests that complication rates for VATS in 
SSP are as high as 28% compared with a rate of 6.8% in PSP, 
which again mirrors the results of thoracotomy.105

The most common complications seen in the VATS approach 
to SP are prolonged air leak which occurs in 8% of patients, 
failed pleurodesis and hemothorax requiring reoperation in 
5%.92 In PSP, VATS bleb resection and mechanical pleurod-
esis can be performed with the same low morbidity as simple 
tube thoracostomy.19 VATS is more technically demanding in 
SSP and up to 29% of patients require conversion to thora-
cotomy for technical difficulties compared with a conversion 
rate of 2–10% in PSP.1

Thoracotomy

Thoracotomy with bleb excision and pleurodesis, either by 
mechanical abrasion or pleurectomy, has been an established 
treatment for SP for over 50 years with consistently good 
results. However, thoracotomy consistently has an incidence 
of postoperative complications of around 15%, with the 
majority related to the underlying pulmonary disease.92 The 
most common complications are hemothorax and prolonged 
air leaks. Hemothorax is more common after pleurectomy 
with an incidence of 0–4% and total pleurectomy results in a 
higher rate of hemothorax than apical pleurectomy. Prolonged 
air leaks occur in up to 10% of patients.

Transaxillary minithoracotomy is considered a minimally inva-
sive procedure in terms of the length of incision and hospital stay. 
In the largest published series by Deslauriers, 362 patients under-
went bleb excision and apical pleurectomy by this approach.106 
Four patients requiring reoperation for bleeding (n = 3) or air leak 
(n = 1) and 30 experienced minor complications

Special Cases

Acquired Immune Deficiency Syndrome (AIDS)

In recent years, the etiology of SP has changed, with a shift 
away from the predominant subpleural bleb disease. Acquired 
immune deficiency syndrome (AIDS) is an increasingly 
important cause of SP accounting for 27% of cases in some 
adult series.63 A patient with AIDS has a risk of sustaining 
a SP that is 450 times that of the general population. SP in 
patients with AIDS is associated with a high mortality rate 
and a high incidence of primary treatment failure. In Wait and 
Estrera’s series, AIDS-related SP had an in-hospital mortality 
rate of 34% and a recurrence rate of 34%.63 Although in chil-
dren this entity remains uncommon, management differs from 
that of SP in general and warrants special mention.107

AIDS-related pneumothorax is usually related to pulmonary 
infections, most commonly Pneumocystis carinii (PCP), but 
also cytomegalovirus pneumonia and tuberculous or atypical 
mycobacterial infections. Aerosolized pentamidine treatment 
may be associated with an increased risk of pneumothorax,91 
although, to date, this association has not been described 
in children. The pathogenesis of SP in children with AIDS 
remains unknown but may be related to chronic interstitial 
inflammation, which promotes the formation of subpleural 
cysts and pleural adhesions. PCP is associated with a par-
ticularly virulent form of necrotising alveolitis, which results 
in the development of thin walled pneumatocoeles and large 
subpleural air cysts. The presence of active inflammation and 
pleural adhesions may prevent successful reexpansion of the 
lung with chest tube drainage accounting for the high failure 
rate with nonsurgical modalities. Thoracotomy with parietal 
pleurectomy and excision of visible blebs has been used to 
prevent recurrence in AIDS-related SP with some success.107 
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The British Thoracic Society currently recommends early 
and aggressive treatment of AIDS-related SP with early tube 
drainage and talc pleurodesis, early VATS-assisted talc poudrage 
or unilateral/bilateral pleurectomy.11

Cystic Fibrosis

Improvements in pulmonary and neonatal intensive care, 
earlier diagnosis through the introduction of a national new-
born screening programme and advances in postural drainage 
techniques, antibiotics, and aggressive physiotherapy have 
improved the longevity of patients with cystic fibrosis (CF).10 
The mean survival of patients with CF was 4 years in 1950, 
19 years in 1976, and over 30 years in 2006. One consequence 
of improved survival in these patients has been a rise in the 
overall incidence of SP, which now tends to occur in older 
adolescents and young adults.108,109 The largest study to date of 
SP in CF patients reports an annual incidence of 0.64% with 
as many as 40% presenting under tension.108

The onset of SP reflects the severity of the underlying lung dis-
ease and usually heralds a grave prognosis. The incidence of SP 
in CF rises sharply once FEV

1
 falls below 50% of the predicted 

value. 75% of CF patients suffering SP have an FEV
1
 of less than 

40% predicted.108 In one large series, the median survival from the 
date of first pneumothorax was 29.9 months.39 Around one third 
of patients will die in the first year following SP.108 Most die of 
end-stage cardiorespiratory failure secondary to CF,110 although a 
risk of mortality between 6.3% and 14.3% directly attributable to 
the pneumothorax itself has been described.108

Conservative management of CF with tube drainage has an 
unacceptably high recurrence rate, which has been reported 
between 64 and 83%.111 The initial size and presenting 
symptoms of the pneumothorax do not predict the risk of 
recurrence. As many as 60% of small, asymptomatic pneu-
mothoraces recur with observation alone. For this reason, cur-
rent guidelines recommend surgical intervention after a first 
SP.60 Several studies have confirmed the efficacy and safety of 
thoracotomy and pleurectomy or pleural abrasion in selected 
patients. Thoracotomy and partial pleurectomy has a success 
rate of 95% and is considered the treatment of choice in CF 
patients with recurrent pneumothoraces.39 Chemical pleurod-
esis with talc or instillation of the patient’s own blood may be 
acceptable alternatives for patients who cannot tolerate thora-
cotomy.11 However, sclerosants should only be used after con-
sultation with the regional lung transplant team as they make 
transplantation considerably more difficult. Specifically, it 
takes longer to remove the lungs, prolonging the ischaemic 
time for the donor lungs, and results in heavy bleeding.

These complex patients should be managed in a tertiary 
centre. Since SP in CF may be preceded or precipitated by 
an acute exacerbation of an underlying pulmonary infection, 
management should include aggressive intravenous antibiotic 
therapy. This reduces the risk of sputum retention, which may 
delay reexpansion of the collapsed lung. SP in CF is asso-
ciated with pathogens such as Pseudomonas aeruginosa and 

Aspergillus spp.108 The importance of postoperative chest 
physiotherapy and analgesia cannot be underestimated.109

Malignancy

The association of pulmonary metastases with SP in children is 
well described. The most frequently implicated primary tumor 
is a bone sarcoma,41 although associations with other tumors 
have been described including primary pulmonary rhabdomy-
osarcoma,112 metastatic Wilm’s tumor,113 and pleuropulmonary 
blastoma.114 Some authors have suggested that the occurrence 
of a SP in a child with a bone sarcoma but no known pulmonary 
metastases is highly suggestive that occult pulmonary metasta-
ses are present.41 Cytotoxic agents and radiotherapy have also 
been implicated in causing spontaneous pneumothoraces. The 
occurrence of a pneumothorax in a patient with pulmonary 
metastases does not appear to adversely affect the overall prog-
nosis, with survival being dependent on the underlying tumor. 
Management of these patients should be in close cooperation 
with the oncologists. Nonoperative treatment with tube drain-
age has been used with good success.

Alveolar-Pleural Fistula

Air leaks, or alveolar-pleural fistulas, are the most common 
complication of elective pulmonary resections and video-
assisted procedures.115 Although air leaks are often described 
as “bronchopleural fistulas” (BPF), this is not technically 
correct. An alveolar-pleural fistula represents a communica-
tion between the pulmonary parenchyma distal to a segmental 
bronchus and the pleural space. In contrast, a BPF is a com-
munications between the pleural space and the bronchial tree 
at the mainstem, lobar, or segmental level. Bronchopleural fis-
tulae are uncommon, have a high morbidity and mortality, and 
almost always require reoperation. Air leaks occur in around 
33% of patients after elective pulmonary resection and will 
usually cease spontaneously. They are more likely to follow 
bi-lobectomy and upper lobectomy as postoperative apposi-
tion of the parietal to visceral pleural occurs less rapidly than 
following lower lobectomy. As an air leak diminishes it will 
change from being continuous throughout the respiratory 
cycle to being present during expiration only and then only 
on forced expiration (i.e., coughing). Spontaneous closure of 
an air leak will generally only occur when there is no longer a 
pneumothorax – in other words apposition of the parietal and 
visceral pleura. For this reason low pressure high volume suc-
tion (10–20 cm water) will aid closure of an air leak if there is 
a persistent pneumothorax.

Persistent large air leaks may require further surgery or pleu-
rodesis. A randomized controlled study comparing instillation 
of autologous blood with continued tube thoracostomy alone in 
patients with prolonged air leak after lobectomy, found a reduc-
tion in length of drainage and hospitalisation in the instillation 
group.116 They concluded that the instillation of 50 mL autolo-
gous blood is effective in sealing postoperative air leaks.
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Tension Pneumothorax

Tension pneumothorax is an emergency, which requires 
decisive and prompt intervention to avoid an adverse out-
come. In a child with a pneumothorax, the presence of marked 
tachycardia, hypotension, cyanosis, neck vein engorgement, 
contralateral tracheal deviation suggest the diagnosis of pleu-
ral air under tension. In the intensive care setting, unexplained 
deterioration or a cardiac arrest with electromechanical dis-
sociation in a mechanically ventilated patient may herald the 
onset of tension pneumothorax. Tension pneumothorax occurs 
when the intrapleural pressure exceeds atmospheric pressure 
throughout inspiration as well as expiration. This situation 
arises as a result of a one-way valve system which admits air 
to enter the pleural space during inspiration but prevents its 
escape during expiration.

The management of tension pneumothorax is based on 
Advanced Pediatric Life Support guidelines. High concentra-
tion oxygen should be administered and a large-bore cannula 
introduced into the pleural space via the second anterior inter-
costal space in the mid-clavicular line. A rush of air is heard as 
the cannula breaches the parietal pleura, which confirms the 
diagnosis of tension pneumothorax. Following cannulation 
of the pleural space air should be aspirated until the patient 
has stabilized at which point a formal tube thoracostomy is 
performed. The cannula should remain in-situ until bubbling 
from the underwater seal system confirms the chest drain to 
be functioning correctly.

Prognosis/Long-Term Outcome

The recurrence rates for PSP and SSP have been discussed 
elsewhere in this chapter. There is little accurate data regard-
ing the mortality rate for pneumothorax in children. In adults 
the mortality rate in the UK is 1.26 per million per year in men 
and 0.62 per million per year in women.4 The case-fatality rate 
in the UK is 0.09% and 1.8% in men and 0.06% and 3.3% in 
women for the ages 15–34 and 55+, respectively.4 PSP can 
be considered an essentially benign but troublesome condition 
with a significant recurrence rate in children.

In SSP, the long-term prognosis is related to the underly-
ing condition of the lungs. In cystic fibrosis, the onset of SP, 
reflecting advanced pulmonary disease, is associated with a 
dramatic increase in mortality, with mean survival times of 30 
months reported in some series.39 In patients with AIDS, SP 
has an in-patient mortality rate of 34%.63

Advice on Air Travel

The traditional advice that travels in pressurized aircraft 
should be deferred for 6 weeks following thoracic surgery or 
a pneumothorax has been revised recently.

Current BTS guidelines advise a minimum delay of 1 week 
after full radiographic resolution on chest X-ray before air 
travel and 2 weeks delay in the case of a traumatic pneumotho-

rax or thoracic surgery.117 The Aerospace Medical Association 
guidelines suggest that air travel can be undertaken safely 2–3 
weeks after drainage of a pneumothorax or uncomplicated 
thoracic surgery.118 The presence of an untreated pneumotho-
rax is, of course, an absolute contraindication to flight in a 
pressurized aircraft because of the risk of expansion or devel-
opment of a tension pneumothorax.

Following thoracotomy with surgical pleurodesis or talc 
insufflation (at thoracotomy), the risk of recurrent pneu-
mothorax is so low that no subsequent travel restrictions are 
necessary.92 For children who have not undergone a definitive 
surgical procedure, there remains a significant risk of recur-
rence, which is maximal within the first year. These children 
may be advised to consider alternative forms of transport for 
at least one year after a first PSP.

Conclusion/Future Perspective

There is little direct evidence to underpin the management 
of pneumothorax in children. Recent guidelines concerning 
the management of pneumothorax in adults are contradictory 
and their recommendations not readily applicable to children. 
Pneumothorax remains an uncommon clinical entity before 
late adolescence. In this younger age-group, the majority of 
pneumothoraces are secondary to overt or occult lung disease 
and a thorough search for the precipitating condition must be 
undertaken. Adolescents with a PSP can be managed accord-
ing to adult guidelines. In younger patients, particularly those 
with an SSP, management is empirical out of necessity. Recur-
rence rates are higher in children than adults. Surgical treat-
ment is highly effective and generally preferable to chemical 
pleurodesis.

As with most areas of pediatric surgery, there is a desper-
ate need for good-quality evidence upon which to establish 
guidelines specifically for children. The relative infrequency 
of pneumothoraces in children suggests this will only be pos-
sible through multicentre collaboration. Small-bore pigtail 
catheters are gaining popularity and may prove a valuable tool 
for aspiration of pneumothoraces in children. The optimum 
surgical approach for children with recurrent pneumothoraces 
remains unclear.
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Congenital Diaphragmatic Hernia
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Definition and History

Congenital diaphragmatic hernia (CDH) is a birth anomaly 
where there is a defect in the diaphragm. The commonest vari-
ant of CDH involves a posterolateral defect with herniation 
of the abdominal organs into the thoracic cavity, as well as a 
varying degree of lung hypoplasia (Fig. 39.1). This Bochdalek 
hernia accounts for >95% of CDH.1,2 Other variants of con-
genital diaphragmatic defects include anterior or retrosternal 
Morgagni hernias, anterolateral defects, and agenesis of the 
diaphragm.

Diaphragmatic defects and a small ipsilateral lung had 
been reported some time before Bochdalek first described the 
congenital posterolateral diaphragmatic defect that bears his 
name.3,4 In these early years CDH was thought to be a simple 
anatomical/surgical problem with a diaphragmatic defect, 
which allowed herniation of the abdominal organs and com-
pression of the lung.5 As early as 1925 urgent surgery was 
considered to offer the best chance of survival.6,7

Historically, while some patients with CDH did survive, 
babies presenting in the newborn period rarely did. Although 
Ladd and Gross reported successful neonatal CDH repair in 
1940 it was not until the 1950s that an explanation for the 
generally poor outcome of newborns emerged with the first 
descriptions of lung hypoplasia.8–10 Despite this emergency 
surgery for CDH was still a common practice until the mid-
1980s.11 Over the past 20 years lung hypoplasia and pulmonary 
hypertension have been recognized as critical factors for sur-
vival. As a consequence management of infants with CDH has 
evolved in favor of delayed surgery and gentle ventilation.

Embryology

The embryological basis of the Bochdalek hernia is incompletely 
understood, not least because detailed study of development 
of the normal human diaphragm is not possible. Conventional 
understanding of the embryology of the diaphragm is based on 
studies of the Carnegie collection of human embryos.

Prior to separation of the pleural and peritoneal cavities in 
the 7th week of gestation, these cavities interconnect via two 
large openings – the pericardioperitoneal canals. The lungs 
begin to grow into these canals as they develop but the canals 
are soon too small to accommodate them. Thus, the lungs begin 
to expand into the body wall mesenchyme, separating it into 
the body wall proper and two ridges of tissue – the pleuro-
peritoneal folds. From the time they first appear at the begin-
ning of the 5th week these folds expand medially and ventrally 
eventually fusing with the mesentery of the esophagus and 
the ventrally placed septum transversum to close the pericar-
dioperitoneal canals and create the diaphragm. The pleuroperi-
toneal folds are initially membranous but as the pleural cavities 
expand a muscular rim migrates into the diaphragm from the 
body wall. Myoblasts from this rim migrate into the membra-
nous area to create the muscular diaphragm (Fig. 39.2).12

Lung Development

Lung hypoplasia is a key feature of CDH. In addition pulmo-
nary hypertension is a significant cause of mortality. Thus, 
a description of normal human lung development follows to 
provide a better understanding of the pathology of CDH. Lung 
development is conveniently divided into four stages:13

• Embryonic stage is up to week 7.
• Pseudoglandular stage from 7 to 17 weeks.
• Cannalicular stage from 17 to 27 weeks.
• Saccular stage lasts from 28 weeks until term.

Some texts describe a further period called the alveolar 
stage that spans the late fetal period until the child has devel-
oped the adult number of alveoli at around 8 years of age.

Lung development begins with an outgrowth of epithelium 
(the respiratory diverticulum or lung bud) from the foregut 
during the 4th week of gestation. This diverticulum expands 
caudally and separates from the foregut so that the dorsal part 
of the foregut becomes the esophagus and the ventral part the 
trachea and lung bud. The lung bud becomes invested with 
mesenchyme and the distal end branches into two. During 
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week 5 the lung buds enlarge to form the right and left bron-
chi and then branch further. There is continuing growth both 
caudally and laterally as the developing lungs begin to fill the 
pericardioperitoneal canals, which, in turn, become the pleural 
cavities. By the end of the embryonic period the lungs can be 
identified as two separate organs within the thoracic cavity.

During the pseudoglandular stage repeated divisions of the 
tracheal diverticulum create the bronchial tree. This period 
of extensive epithelial branching is regulated by a complex 
network of signaling molecules. In the cannalicular stage the 
bronchioles continue to divide into smaller and more abun-
dant canals. As the saccular stage is entered the number of 
respiratory bronchioles and terminal sacs (alveoli) increases 
further, a process which continues during postnatal life.

Pulmonary Vascular Development

To understand the consequences of lung hypoplasia in CDH 
it is necessary to understand development of the pulmonary 
vasculature. The pulmonary vascular bed evolves in parallel 
with airway development. The prime role of the lung is gas 
exchange, and the arrangement of the pulmonary vasculature 
to allow sufficient blood flow to the alveolar bed is crucial 
for this to occur efficiently. Some argue that vessel growth is 
driven, in part, by development of the airways.14–16 It has also 
been suggested that the pulmonary vasculature is the driving 
force behind lung branching morphogenesis and that abnor-
mal vascular development may be one of the key causes of 
abnormal lung development.17 Either way, a complex network 

Fig. 39.1. Postmortem appearance showing herniation of small bowel 
through a left CDH with shift of the thoracic organs to the right and 
a hypoplastic left lung

Fig. 39.2. Transverse illustrations showing the embryology of the normal human diaphragm. A: Pleuroperitoneal folds appear at the begin-
ning of the 5th week, B: Pleuroperitoneal folds fuse with the septum transversum and mesentary of the esophagus in the 7th week, C: A rim 
of muscle derived from the body wall forms the peripheral part of the diaphragm



39. Congenital Diaphragmatic Hernia 485

of vessels must develop from the mesenchyme surrounding 
the lung bud and form a circuit between the right and left sides 
of the heart.16

Blood vessel development is the result of two complimentary 
mechanisms, vasculogenesis, and angiogenesis. Vasculogenesis 
is the process whereby vessels form de novo through recruit-
ment of multipotential mesenchymal progenitors coalescing to 
create endothelial tubes.18,19 Angiogenesis is the formation of 
new vessels by capillary outgrowth from existing vessels. Sub-
sequently, periendothelial support cells are recruited from the 
mesenchyme to become pericytes and vascular smooth muscle 
cells. The initial establishment, and subsequent maturation of 
vessels, is controlled by an intricate network of biochemical 
signals.

Blood vessel formation occurs at all stages of lung devel-
opment mostly by vasculogenesis.14,15 As early as 34 days of 
gestation the new lung bud has an accompanying pulmonary 
vessel extending from the outflow tract of the heart, a capil-
lary plexus, and a vein returning to the primitive heart.13,15 This 
primary vascular plexus develops from endothelial precursors 
or angioblasts that form within the mesenchyme around the 
terminal buds of the airways.20 Growth factors produced by 
the airway epithelium are thought to influence organization 
of these early vessels.21 Alongside the larger airway branches 
capillaries coalesce into larger vessels, which, in turn, become 
continuous with vessels adjacent to the main airway branches. 
Rather than being concentrated in a specific period of lung 
development there is continuous development of the vascula-
ture corresponding with lung morphogenesis.14 The pulmonary 
veins also develop throughout this stage from the same mesen-
chyme although independently from the pulmonary arteries. 
Some of the primitive arteries remodel and increase in size with 
time gaining an investment of smooth muscle as they become 
mature pulmonary arteries. This muscle layer is essential to 
control vascular tone and pulmonary blood flow.22

Prevalence of Congenital 
Diaphragmatic Hernia

The estimated prevalence of CDH is 1 in 2,500 with CDH rep-
resenting 8% of all major congenital anomalies.23–25 The esti-
mated prevalence in live births is nearer to 1 in 5,000.25,26 The 
reported ratio of male to female infants affected with CDH 
varies widely, from 0.6 to 1.58.1

Accurate determination of the prevalence of CDH is dif-
ficult. Individual reports should be scrutinized for the source 
and type of data used to arrive at the figures presented as stud-
ies may be based on antenatal detection rates, hospital admis-
sions, or population-based registries. The latter, which attempt 
to identify all CDH cases in a given population, probably offer 
the most accurate estimated prevalence.26,27

Six percent of affected pregnancies end in spontaneous 
abortion or stillbirth.26–28 In addition, a number of infants suc-
cumb to severe respiratory distress within the first few hours 

of life. Consequently, a significant number of cases of CDH 
are never recognized.28

Pathophysiology

The pathology of CDH comprises three elements: the dia-
phragmatic hernia, pulmonary hypoplasia, and herniation of 
the abdominal organs into the thorax. A patent ductus arterio-
sus and patent foramen ovale are also frequently seen, as well 
as nonrotation of the intestines.29 The hernia is located on the 
left side in 84%, the right in 13%, and in 2% of cases there 
are bilateral herniae.1 The defect is usually complete but in 
approximately 10%, there is a sac of peritoneum/pleura sepa-
rating the thoracic and abdominal organs.5

The lung on the side of the diaphragmatic defect is invari-
ably hypoplastic but the contralateral lung is also affected 
to a lesser degree.30–32 The hypoplastic lung has fewer air-
way generations and fewer, smaller, alveoli with a delay in 
differentiation of pulmonary epithelial cells. Lung hypopla-
sia precedes formation of the diaphragm in the teratogenic 
nitrofen model of CDH.33,34 As outlined earlier, lung growth 
is intricately linked to pulmonary vascular development such 
that a deficiency in one will contributes to a deficiency in 
the other.35 The vascular bed is hypoplastic with a reduced 
number of arterial branches. Further, these vessels are 
abnormally small with thickened media and adventitia. The 
excess smooth muscle of the media extends peripherally into 
the normally nonmuscularized intra-acinar arteries. These 
changes are most exaggerated in the ipsilateral lung but the 
contralateral lung is also affected. These findings contrib-
ute to the increase in pulmonary vascular resistance seen in 
CDH.31,32,36–39

The precise sequence of events that results in the poste-
rolateral defect of a Bochdalek hernia remain incompletely 
understood. However, based on rodent models, normal dia-
phragmatic development has been studied extensively and a 
number of pathological mechanisms have been suggested. 
These include the following:

1. A primary lung abnormality
2. Defective innervation of the diaphragm by the phrenic nerve
3. Improper myotubule formation
4. Failure of the pleuroperitoneal canal(s) to close
5. Defective embryogenesis of the pleuroperitoneal fold(s)40

Which elements of these theories are correct is unclear 
although current data from animal models of CDH point to 
a defect in the developing pleuroperitoneal folds as the cause 
of the diaphragmatic defect.41–43 Nevertheless, this model may 
not be directly applicable to human CDH.44 What is widely 
accepted, however, is the presence of a mesenchymal lesion 
that results in the diaphragmatic defect.45 Subsequent link-
ing of the diaphragmatic defect and lung hypoplasia, and the 
timing of these two pathologies, again evokes a number of 
theories.
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One hypothesis, supported by observation that abnormal 
lung morphogenesis precedes development of CDH in the 
teratogenic nitrofen model, implicates development of a dia-
phragmatic hernia as a consequence of primary lung hypopla-
sia.33 However, the murine fgf10 null mutant mouse model 
raises doubts about this since these mice have no lungs yet a 
normal diaphragm.46 A second hypothesis, based on genera-
tion of lung hypoplasia following surgical creation of CDH, 
suggests that the lung lesion follows development of CDH and 
may be caused by it.45,47 A further hypothesis, in keeping with 
the evidence both for and against the previous hypotheses, 
merges the two lines of thought, postulating that the lungs are 
affected both prior to and after the development of the dia-
phragmatic defect, i.e., there is a “dual-hit.”48

A final hypothesis focuses on the mesenchyme as the site 
of faults that result in both diaphragmatic and lung lesions, as 
well as many of the other anomalies associated with CDH.45 
Indeed, a mesenchymal lesion affecting normal development 
of the vascular smooth muscle (VSM) conveniently accounts 
for the pulmonary vascular aberrations and pulmonary hyper-
tension seen in CDH.

Pulmonary Hypertension in CDH

A key factor in mortality associated with CDH is development 
of persistent pulmonary hypertension of the newborn (PPHN). 
This is usually evident through poor oxygenation with, in par-
ticular, a difference between pre- and postductal arterial oxy-
gen saturation. Echocardiography reveals raised pulmonary 
vascular resistance and high right ventricular pressures.49 In a 
number of cases, adaptation from fetal to newborn circulation 
is impaired and the pressure in the pulmonary vascular bed 
remains high or becomes abnormally high after birth. Blood 
flow through the lungs is hampered and blood flows prefer-
entially into the systemic circulation via the ductus arteriosus 
and foramen ovale – right-to-left shunting.22

The etiology of PPHN is varied but can be divided con-
veniently into lung hypoplasia and underdevelopment of the 
pulmonary vascular bed, such as that seen in CDH, or failure 
of adaptation of the vascular bed due to a number of perinatal 
or early postnatal insults including acidosis and hypoxia, fac-
tors which may also occur in CDH.50 The pathophysiology of 
PPHN is complex, involving endothelial and smooth muscle 
dysfunction. In addition, there is imbalance of circulating 
vasodilator and vasoconstrictive factors, each with a differ-
ing contribution at various stages of the disease.51 Nitric oxide 
(NO), made chiefly in the endothelial cells, is one critical fac-
tor that causes smooth muscle relaxation. A lack of NO may 
be caused by stimuli such as hypoxia. Inhaled NO (iNO) ther-
apy has greatly improved outcome for babies with PPHN from 
many causes although sadly this does not include CDH.50,52

Pulmonary hypertension in CDH has two components. 
There is an exaggerated, but reversible, pulmonary vasocon-
striction and secondly there is a fixed resistance from the hyp-
oplastic vascular bed associated with hypoplasia of the lung.53 

In approximately 50% of infants with CDH pulmonary hyper-
tension is transitory and resolves over the first few weeks of 
life.11,54 Other infants have intractable pulmonary hyperten-
sion with persistently raised pulmonary vascular pressures, 
despite therapeutic interventions. Historically, infants with 
refractory pulmonary hypertension rarely survived. In recent 
years survival of these severely affected infants is improving 
largely due to the acceptance of hypercarbia, which allows 
“gentle ventilation” of the lungs and avoids iatrogenic lung 
damage.11 There remains a cohort of babies who die or are 
left with long-term pulmonary hypertension.53 Persistent pul-
monary hypertension has been recorded in up to 35% of CDH 
survivors and, not surprisingly, is associated with increased 
overall morbidity.53,55

Etiology and Genetics

Most cases of CDH are sporadic and the cause is unknown. 
The etiology of CDH is considered to be multifactorial with 
environmental, genetic, gene/gene, and gene/environmental 
factors each contributing.2 Genetic factors are increasingly 
thought to play a key role.56,57 Familial cases account for less 
than 2% and the recurrence risk within the same family is 
equally low.23,58 In some kindreds, familial patterns emerge 
with autosomal recessive, autosomal dominant, and X-linked 
– all reported.2

Overall CDH is considered to be genetically heteroge-
neous but there are a number of rare syndromes that include 
CDH.1 The commonest is Fryns syndrome. This is a heteroge-
neous autosomal recessive syndrome with a large number of 
potential features but CDH is almost always present.59 CDH 
is also a cardinal feature of the Donnai-Barrow syndrome.57 
In most syndromes where CDH may feature, no consistent 
genetic defect has been confirmed. These include Beckwith-
Wiedemann syndrome, Coffin-Siris, Brachman-de-Lange, and 
Perlman syndromes. CDH has, however, been reported as part 
of syndromes with identified genetic aberrations, including, 
Denys Drash (gene wilms tumour 1, wt1), Simpson-Golabi-
Behmel (glipican-3), Marfan (fibrillin1), and craniofronto-
nasal syndrome (ephrin-B1).2,60

The gene most prominently associated with CDH is wt1. 
Syndromes with wt1 mutations associated with CDH include 
Denys-Drash61 and Meacham syndrome62 while in Beckwith-
Wiedemann syndrome abnormal imprinting has been found in 
a gene that is repressed by wt1. The WAGR syndrome (Wilms 
tumour, aniridia, genitourinary anomalies, and mental retarda-
tion) is a contiguous gene deletion syndrome involving wt1 
and has been associated with CDH in two cases (although in 
one case the hernia was a Morgagni type).63 It is interesting 
to note that a proportion of wt1 null-mutant mice also have 
Bochdalek-type diaphragmatic hernia.43,64 However, screening 
of a CDH population failed to identify any defects in wt1, so it 
is unlikely that this gene plays a major role in the pathogenesis 
of CDH.
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Sex reversal syndromes such as Meacham syndrome have 
also been reported with CDH.62 There is large variation in the 
male to female ratio for CDH reported in the literature. This 
figure ranges from 0.6 to 1.58, suggesting no definitive sex 
linkage.1 Interestingly, in a large study in teratogen-induced 
CDH the male to female ratio was equal and there was no 
discordance of internal and external genitalia to suggest sex 
reversal or other intersex states.65

Finally, CDH has also been described in various chromo-
somal numerical abnormalities including trisomies 13, 18, 
21, and Turner’s syndrome.2 CDH has been associated with 
a number of recurrent chromosome deletions including 1q42, 
8p, 15q26, and distal Xp. Complex “high-resolution” genome 
studies are currently underway, which may, in turn, reveal 
more of the etiology of CDH.56

Experimental Models

A number of experimental models for CDH have been 
described. None of the models is ideal, which is not surpris-
ing given the variable environmental factors and changeable 
genetic background associated with CDH.66 Established CDH 
models include teratogenic (nitrofen-induced), dietary (vita-
min A deficiency), genetic modification (murine knockouts), 
and surgically created defects (CDH lamb).

Teratogen-Induced CDH Models

Several teratogens result in CDH, including 4-biphenyl car-
boxylic acid, SB-210661, and bis-diamine. The best recog-
nized teratogen model is based on administration of nitrofen to 
pregnant rodents.34,67–71 A number of reports confirm the simi-
larity of the embryopathy created by nitrofen exposure in both 
rats and mice to human CDH. Not only is there a diaphragmatic 
defect and lung hypoplasia, but the pulmonary vasculature is 
comparable to that in human PHT.67,72 Other malformations 
such as cardiac defects and intestinal malrotation are present 
in nitrofen-induced CDH, in keeping with the incidence of 
these anomalies in human disease.73–77 These similarities sug-
gest that the embryological “hit” caused by nitrofen exposure 
may be comparable to the developmental insult(s) that result 
in human CDH. These considerations together with the fact 
that the model is reproducible and comparatively inexpensive 
make it popular for studies of CDH pathophysiology, includ-
ing evaluation of new therapies.5,68,78

Vitamin A-Deficient Rodents

The association between maternal vitamin A deficiency and 
diaphragmatic defects was first reported in 1941.79 Vitamin 
A has three active forms, two of which – retinol and retinoic 
acid – act as signaling molecules controlling the expression of 
genes important for growth and differentiation. With this in 
mind it is not surprising that vitamin A deficiency and excess 

can both result in birth defects.79,80 In a study of human CDH 
newborns with diaphragmatic hernia and their mothers were 
found to have abnormal retinol levels.81 A “retinoid hypoth-
esis” for the etiology of CDH has been proposed.82

A number of factors implicate a problem with the retinoid 
signaling pathway in CDH although much of the evidence has 
come from animal models making direct comparison with the 
human condition difficult. Nonetheless, links between CDH 
and the pathway surrounding vitamin A and its retinoid deriv-
atives are numerous:

1. Vitamin A deficiency prior to and during pregnancy in 
rodents leads to predominantly right-sided CDH in 67% 
of the offsprings.43,79,83

2. Administration of vitamin A during vitamin A-deficient 
pregnancies reduces the incidence of CDH.83

3. The incidence of nitrofen-induced CDH is reduced by giving 
vitamin A or retinoic acid.84

4. Posterolateral diaphragmatic defects are seen in a pro-
portion of offsprings in a compound (dual) retinoic acid 
receptor (RAR) knockout model.85

5. Infants with CDH have lower retinol and retinol binding 
protein levels than control newborns, while retinol levels 
are elevated in mothers of CDH-affected infants.81

6. Nitrofen inhibits a retinoic acid response element in mice 
embryos and this effect is reversed by retinoic acid supple-
ments.86

7. Retinal dehydrogenase-2 is inhibited by four teratogens 
that all cause CDH.70

8. CDH is associated with gene defects in chromosome 
15q, a region that encodes cellular retinoic acid-binding 
protein-1.2,70,87

9. Disruption of retinoic acid signaling inhibits lung bud for-
mation in embryonic cultures and retinoic acid deficiency 
results in lung agenesis.88

These data support a role for the retinoid signaling pathway 
in experimental CDH at least. However, there has been only a 
single report in humans of abnormal retinol levels in a small 
cohort of infants with CDH,81 and the association with the 
genetic defect in chromosome 15q is by no means universal 
in CDH patients.2 A role for the pathway in normal lung and 
diaphragmatic development is likely but it is crucial to note 
that a severe embryopathy due to excess use of retinoids in 
pregnancy has also been described.80,87 Over 20% of affected 
pregnancies end in miscarriage or stillbirth while 11% of live-
born infants have malformations, which precludes attempting 
to reduce the incidence of CDH through maternal vitamin A 
supplementation.80

Genetic Models

Recent sequencing of the human genome has paved the way 
for studies of the role of individual genes in normal develop-
ment and disease. A wide variety of methodologies have been 
described that allow gene expression to be reduced or elimi-
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nated either from the beginning of development or at a prede-
termined time point. Such genetic models have been applied 
to the problem of CDH but lack of a single genetic defect has 
hindered identification of an ideal model. While diaphrag-
matic defects have been described in several gene-knockout 
mouse models in a number of these the diaphragm is either 
complete but abnormally muscularized (e.g., the Fog2 mutant 
mouse) or there is a central ventral defect, as seen in Slit3- 
and Gata4-deficient mice.89–91 However, posterior defects 
more comparable to the Bochdalek-type hernia have also been 
reported. This type of hernia is found in MyoR and Capsu-
lin double mutants, Wilms’ tumour 1 (wt1) null mutant mice, 
retinoic acid receptor (RAR) α, and RARβ2 double mutants 
and in conditional COUP-TFII null mutant animals.64,85,92,93 Of 
particular interest are the wt1 knockout model, because of the 
link with Denys-Drash syndrome and its link with vitamin A 
metabolism. It should be noted that in many of these genetic 
modes a wide range of other defects are present, which are 
not found in human CDH. In wt1 knockout mice the lungs 
grow down through the diaphragmatic defect and heterozy-
gote mice do not show the predisposition to Wilms’ tumor that 
is seen in humans with a wt1 mutation.64 Equally, a diaphrag-
matic defect is not seen in all mutant fetuses, and the clas-
sic pulmonary vasculopathy has not been described in these 
models.43 The genetic contributions from these elegant studies 
may unravel molecular clues to further our understanding of 
the etiology and treatment of CDH.56

Lamb CDH Model

First described in 1967, this was the earliest model for CDH.94 
A diaphragmatic defect is created in mid-late gestational surgi-
cal creation based on the theory that lung hypoplasia is caused 
by compression of the lung by herniated abdominal organs 
in the chest.94–97 This model has permitted detailed studies of 
CDH pathophysiology. Indeed, the surgical model has proven 
to be invaluable for studying the effects of antenatal tracheal 
occlusion and its role in management of antenatally diagnosed 
human CDH.98–101

Associated Anomalies/Malformations

CDH may be isolated or occur in association with a wide range 
of other congenital malformations and genetic aberrations. 
The rate of associated anomalies is reported to be between 40 
and 60%.102,103 Combining data from various reports suggests 
that 50–60% of fetuses have isolated CDH while 40–50% 
have major associated malformations, mostly independent 
of recognized syndromes.1,27,29 In some cases the associated 
anomaly may be detected prenatally and may alert the sonog-
rapher to the presence of other anomalies although CDH may 
remain undetected until after birth.87,104

The majority of associated anomalies are congenital cardiac 
defects, most commonly ventricular septal defects, tetralogy 

of Fallot and aortic coarctation.29,104–106 Less serious cardiac 
conditions such as patent ductus arteriosus and patent foramen 
ovale are also common in babies with CDH. Anomalies are 
also found in other systems including the genitourinary sys-
tem (23%), gastrointestinal tract (14–17%), central nervous 
system (14%), skeletal system (10%), and other pulmonary 
anomalies in 5%, while 10% have chromosomal defects.29,105 
Associated anomalies are significantly more frequent in fetuses 
with bilateral CDH but the incidence of almost all anomalies 
does not appear to correlate with the side of the defect.26,107 
However, a recent report based on the California Birth Defects 
Monitoring Program found differing frequencies of a num-
ber of anomalies according to the side of the diaphragmatic 
defect.108 The significance of this finding is unknown.

Diagnosis and Management

Antenatal Diagnosis

Up to 56% of CDHs are now diagnosed antenatally, usually 
on a 20-week routine fetal anomaly ultrasound (US) scan 
(Fig. 39.3).26–28,109 The stomach or bowel is seen within the 
chest and the mediastinum is displaced from the side of the 
lesion.110 The rate of antenatal detection is increasing and is 
likely to rise further with advances in USS technology mak-
ing first trimester diagnosis possible.26 Antenatal diagnosis 
has a significant impact on the outcome for an infant with 
CDH. This is not only through planning of perinatal care 
but also because many parents will opt for termination of 
pregnancy. Fetuses with an antenatally diagnosed CDH are 
more likely to have other anomalies, which have a significant 
adverse effect on the prognosis. Survival is lower in the ante-
natally detected group due largely to associated anomalies 
rather than CDH per se, i.e., antenatal diagnosis on its own 
is not a poor prognostic factor.26,105,111 Nonetheless, the rate of 
elective termination of pregnancy is rising following antenatal 

Fig. 39.3. Antenatal ultrasound image showing the fetal heart and 
stomach in the chest
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diagnosis of a CDH with recent studies reporting termination 
rates of 19–24%.26–28

For babies detected in utero antenatal counseling, ideally 
from a multidisciplinary team, should be offered. Termination 
of pregnancy may be considered. Karyotyping by amniocen-
tesis or chorionic villus sampling should be offered. Parents 
should be informed of the unpredictable postnatal course for 
these babies. Delivery should be planned in a tertiary obstet-
ric center with access to specialist neonatal and surgical care. 
There is debate over the merits of centralizing CDH care 
and delivery of affected babies in “high-volume” specialized 
centers.103,112

The first question that many parents will ask when a con-
genital anomaly is detected is the likely outcome for the preg-
nancy. Unfortunately, there is no consensus regarding the 
ideal method by which to predict prognosis due to CDH, par-
ticularly in infants with isolated CDH.110 A number of features 
appear to have some predictive value including bilateral her-
nia, the position of the liver, and fetal lung–head ratio. Other 
factors such as polyhydramnios and mediastinal shift previ-
ously considered important now seem to be poor predictors 
of outcome.113,114

Measurement of fetal lung to head ratio (LHR) has 
gained popularity in recent years as a method of deter-
mining prognosis. Two-dimensional US is used to calcu-
late the ratio of the area of the contralateral fetal lung at 
the level of the four chamber view of the heart to the fetal 
head circumference at the level of the lateral ventricles 
(Fig. 39.4).115 There results of antenatal prognostication 
by LHR are unfortunately not consistent. This is probably 
due to inconsistencies in measurement of lung as well as 
the variable gestational age at which the measurements are 
taken.116–118 Moreover, a recent systematic review and meta-
analysis found that calculation of prognosis from LHR is 
not supported by current evidence.119 More recently, Can-
nie et al. reported the use of magnetic resonance imaging 

(MRI) as a new method for predicting outcome in ante-
natally diagnosed CDH.120 They correlated total fetal lung 
volume with total fetal body volume to generate a lung vol-
ume observed–expected ratio. A ratio below 35% predicted 
a poor prognosis although thus far the patient numbers are 
small, and the technique requires validation before being 
used for antenatal counseling.

Antenatal Surgery

With the concept that mortality in isolated CDH is related 
to pulmonary hypoplasia much interest has centered on 
fetal intervention to improve lung growth. The first strategy 
involved in-utero repair of the diaphragm. While this was 
technically possible outcome was no better following ante-
natal repair than with conventional postnatal treatment.121 An 
alternative strategy arose from the observation that congeni-
tal laryngeal atresia results in lung hyperplasia.122 From this 
came the concept of tracheal occlusion (TO) to promote lung 
growth in CDH – the so-called plug the lung until it grows 
strategies.123 Subsequent experimental studies in both surgi-
cally created and teratogen-induced CDH confirmed lung 
enlargement following TO.78,100,101,123 Improvement in pulmo-
nary vascular morphology and physiology was also demon-
strated in animal models although the timing and duration of 
TO were critical.23,78,101,124,125

When these experiments were first translated into 
humans, the procedure involved TO via a hysterotomy with 
reversal at the time of delivery by an ex-utero intrapartum 
procedure (EXIT). Mortality from premature delivery and 
respiratory insufficiency was unacceptably high.126 The 
technique of fetal TO evolved to less invasive endoscopic 
tracheal clipping followed by an EXIT procedure. The latest 
methods for TO involve percutaneous “fetoscopic” endolu-
minal tracheal occlusion (FETO) with a detachable balloon 
at 26–28-weeks gestation and prenatal balloon retrieval 

Fig. 39.4. Measurement of the lung-to-head 
ratio in a section through the four-chamber 
view, both schematically (right) and on an 
ultrasound image (left). The contralateral 
lung is proportionated over the head cir-
cumference (bottom right). With permission 
from Deprest et al.115
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at around 34-weeks gestation (Fig. 39.5).25,127 Morbidity 
includes premature prelabor rupture of membranes and sub-
sequent premature delivery in more than 15% of patients 
although this is a marked improvement from the more inva-
sive techniques.115,128 Maternal issues include an increase in 
the cesarean section rate.

Given that open fetal surgery did not improve survival Har-
rison and coworkers led a trial of FETO with EXIT to seek 
improved survival in severe CDH.128 As already outlined, pre-
dicting outcome in antenatally diagnosed CDH is difficult. 
This study used LHR <1.4 and liver herniation in an attempt to 
select severe cases but survival was not significantly different 
between the FETO (73%) and conventional (77%) treatment 
groups. Preterm delivery was, however, significantly greater 
in the FETO group. FETO is now reserved for fetuses that 
fulfill stricter criteria of severity in an attempt to select babies 
with the poorest chance of postnatal survival.117 A recent non-
randomized nonblinded report found survival of 50% in the 
FETO-treated group compared with 9% survival of infants 
who did not undergo surgery.127

Antenatal surgery for CDH is still in evolution with patient 
selection proving to be a bigger hurdle than the procedure 
itself. These interventions should be offered in specialized 
fetal treatment centers as part of clinical trials.11 In Europe the 
“FETO” groups are working to refine trial criteria (J. Deprest, 
personal communication). Outcomes from these European 
studies are awaited with interest.

Antenatal Steroid Therapy

For normal infants at risk of premature delivery antenatal ste-
roids (dexamethasone) improve lung maturity and reduce the 
incidence of surfactant-deficient lung disease.129 Data from 
animal models of CDH support the administration of ante-
natal glucocorticoids for the fetus with CDH. Studies show 
improved pulmonary morphology, compliance, biochemistry, 
and fetal survival.68,69,130–132 However, a recent multicenter ran-
domized trial was inadequately powered and failed to show a 
survival benefit in human CDH.133 With such compelling ani-
mal data, an adequately powered randomised trial is required 
to answer the question although large patient numbers will be 
necessary to detect a significant advantage.

Delivery

For those infants with an in-utero diagnosis of CDH delivery 
should be planned to optimize postnatal care. In most cases 
obstetric care will be given in a tertiary unit with surgical ser-
vices on site. The delivery itself, unless indicated for obstet-
ric reasons, is usually vaginal although some centers elect to 
deliver these infants by cesarean section.134 There is no evi-
dence to support cesarean delivery.135 Bag-valve-mask venti-
lation should be avoided and the infant intubated as soon as 
possible to minimize gaseous distension of the stomach. For 
this purpose a nasogastric tube should be inserted, and this 

Fig. 39.5. Illustration of the FETO technique: the fetal tracheoscope is advanced through the pharynx into the trachea and the balloon 
deployed (insert). With permission from Deprest et al.25
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may help confirm the diagnosis if the tube is seen within the 
chest on X-ray.

Exogenous surfactant therapy has been offered to new-
borns with CDH due to improved pulmonary hemodynamics 
reported in the lamb model.136 However, while both human 
and animal studies suggest a deficiency of surfactant in CDH, 
use is only recommended in premature infants. No benefit has 
been identified in term neonates and surfactant may even be 
harmful in this group.109,137

Postnatal Diagnosis

Around 50% of babies with a CDH remain undiagnosed until 
birth. The classical presentation in these babies is of a term 
infant with acute respiratory distress shortly after, or within, 12 h 
of birth. These infants may have clinically apparent mediastinal 
shift, a scaphoid abdomen and, instead of breath sounds, bowel 
sounds may be heard within the chest. An X-ray then reveals 
the characteristic combination of bowel loops within the chest, 
lung hypoplasia, and mediastinal shift away from the side of 
the hernia (Fig. 39.6). A proportion of infants presenting in this 
way will succumb soon after birth from lung hypoplasia. At the 
other end of the spectrum a small number of cases are asymp-
tomatic and the CDH goes undetected for months or years. This 
subset has normal lungs and the transition to extrauterine life is 
unremarkable. Such patients are not usually included in studies 
of management and outcome for CDH as their pre- and post-
operative course cannot be compared with that of infants who 
present with acute respiratory distress.

Postnatal Management

Since the realization that CDH is a physiological insult as well 
as a surgical one there has been a move away from emergency 
surgery. It has become apparent that the method of ventila-
tion in these infants is crucial, not least because they are very 
susceptible to PPHN. In the 1980s hyperventilation and alka-
linization were the mainstay of treatment for pulmonary hyper-
tension because experimental data showed reversal of ductal 
blood flow and shunting with aggressive ventilation.138,139 
Unfortunately this strategy resulted in significant barotrauma 
and it is now accepted that mortality actually increases. “Gen-
tle ventilation” is emerging as the standard of care.109,112 If 
adequate oxygenation cannot be achieved using conventional 
ventilation high-frequency oscillating ventilation (HFOV), 
extracorporeal membrane oxygenation (ECMO), and inhaled 
nitric oxide (iNO) are used as adjunctive treatments.140–142

Gentle Ventilation and Permissive Hypercapnia

One important recent advance in management of infants with 
CDH began with the report by Wung et al. describing “gentle 
ventilation” for respiratory failure and PPHN.143 The infant 
is intubated but allowed to breath spontaneously and hyper-
capnia is tolerated (permissive hypercapnia). Crucially, high 

ventilator pressures are avoided with the aim of minimizing 
iatrogenic/ventilator-induced lung injury.112 Although indi-
vidual centers have differing ventilation protocols, typical set-
tings are shown in Table 39.1.112,144 This ventilatory strategy 
was not universally embraced at first but when others began 
to employ the technique survival rates for CDH improved 
considerably. Permissive hypercarbia is associated with fewer 
complications notably a reduced incidence of pneumothorax. 
Survival in infants treated by gentle ventilation reaches 76% 
and if infants with lethal associated anomalies are excluded, 
survival approaches 100% in some centers.142

High-Frequency Oscillating Ventilation

High-frequency oscillating ventilation (HFOV) is a method 
of ventilation that aims to reduce the barotra-uma associated with 
high airway pressures. The rate of ventilation is very high with a 
mean airway pressure of 18–20 cmH

2
O. Gas exchange takes place 

through  diffusion rather than bulk gas flow. The chief benefit 

Fig. 39.6. Radiograph of a newborn with a left-sided CDH show-
ing herniation of bowel into the thoracic cavity and mediastinal shift 
away from the lesion
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of HFOV is recruitment of lung with minimal barotrauma. The 
advantages of HFOV have been reported in many centers caring 
for infants with CDH.134,145–147

Inhaled Nitric Oxide

Native NO is produced by the vascular endothelium and acts 
as a vasorelaxant. Inhaled NO (iNO) is an established therapy 
for PPHN. Inhaled NO has been shown to lower pulmonary 
artery pressure in infants with CDH although the effect is tran-
sient.54 This transient physiological benefit does not, unfortu-
nately, translate into improved clinical outcome.112 Indeed, a 
Cochrane Database Systematic Review also found that iNO 
therapy does not benefit infants with CDH and may increase 
requirement for ECMO.52 However, many units continue to 
use this therapy although the effect of treatment should be 
monitored using echocardiography.54

Extracorporeal Membrane Oxygenation (ECMO)

Extracorporeal membrane oxygenation (ECMO) is a treat-
ment for potentially reversible hypoxemic respiratory fail-
ure. It is identical to cardiopulmonary bypass but rather than 
being used for the duration of an operation it may be used 
for days or weeks to support cardiac and pulmonary func-
tion.148 ECMO has been used for selected CDH infants since 
the late 1980s.149 Initially it was used as rescue therapy post-
surgical repair of CDH but it is now also employed during the 
preoperative stabilization phase.150 ECMO is associated with 
a significant morbidity, so the eligibility criteria for ECMO 
therapy are strict.

The evidence surrounding the use of ECMO in infants with 
CDH is conflicting. In their parallel publications, the “tale of 
two cities,” Azarow et al. and Wilson et al. reported equivalent 
survival either with and without ECMO.140,145 A Cochrane Data-
base of Systematic Reviews report found only a short-term 
benefit with ECMO, and the overall effect of ECMO use in 
CDH was unclear.151 Indeed, many long-term survivors have 
significant disability.152

Liquid Ventilation

Liquid ventilation was first investigated in the 1950s for use 
by astronauts. The technique has evolved considerably since 
that time and now utilizes perfluorocarbons, which are inert 
liquids capable of carrying considerable amounts of O

2
 and 

CO
2
. The perfluorocarbon liquid fills and ventilates the lung. 

Barotrauma is minimized and liquid ventilation promotes 
lung growth through mechanical stretching.153 Experimental 
animal studies and initial human studies have confirmed that 
the technique is feasible but trials in a range of children with 
respiratory failure are currently halted due to an excess mor-
tality in the liquid ventilation group.154,155

Surgery

The necessity for surgical repair of the diaphragmatic defect 
to reduce the intestines from the thoracic cavity and repair 
the diaphragmatic defect is undisputed. However, the tim-
ing of surgery remains a question for debate. Current prac-
tice favors delayed over immediate surgery.156 However, a 
recent Cochrane Database Systematic Review concluded that 
there is no clear evidence to favor delayed over immediate 
repair although an advantage could not be ruled out.157 Most 
centers continue to allow a period of stabilization prior to 
surgery.112,142,157 Surgery is scheduled when the newborn has 
stabilized. Criteria vary between centers – surgery may be 
undertaken within days or 1–2 weeks following birth. Ideally 
operative repair should take place during normal working 
hours as a semielective case.

Repair of the diaphragmatic hernia is usually performed 
through the abdomen through a subcostal or transverse mus-
cle cutting incision on the side of the diaphragmatic defect. 
The abdominal viscera are gently returned to the abdomen 
and the defect visualized (Fig. 39.7). Where a hernial sac is 
found this is excised. Following mobilization of the posterior 
rim of the diaphragmatic defect primary repair will be pos-
sible in the majority of infants using interrupted nonabsorb-
able sutures. Care should be taken to ensure that significant 
chest wall deformity is not created by aggressive attempts to 
close the defect primarily. Where there is inadequate native 
diaphragm the defect can be closed with a patch of prosthetic 
material or native tissue. Most surgeons use a prosthetic sheet 
such as Gore-tex (W.L. Gore & Associates, USA) or a bio-
prosthetic material such as Surgisis Gold (Cooke Surgical, 
USA), although some prefer to rotate native tissue such as the 
latissimus dorsi or abdominal wall muscles.158–160 Once the 
viscera are returned to the abdomen it is sometimes difficult 
to close the abdominal wound without causing an abdominal 
compartment syndrome. In such cases, the abdominal wall 
may also be closed with a prosthetic patch. A chest drain is 
best avoided to prevent overdistension of the ipsilateral lung 
and pneumothorax.144,161

Alternatives to the traditional surgical technique described 
earlier include laparoscopic and thoracoscopic repair of the 
diaphragmatic hernia.162–164 Most reported series are based 
around late presenting CDH in adults and older children 
although a number of them include infants of less than 1 week 
of age.162,164 Although there is still some question over the best 
approach to CDH repair, Yang et al. have, using strict selec-
tion criteria, undertaken successful thoracoscopic repair in a 
series of newborns.164

Table 39.1. “Gentle” ventilation strategy in CDH.144

PIP (peak inspiratory pressure) 20–25 cmH
2
O

PEEP (positive end expiratory pressure) 5 cmH
2
O

Preductal O
2
 saturation >90%

PaCO
2
 (arterial partial pressure of CO

2
) <60 mmHg
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Complications related directly to repair of the diaphragmatic 
hernia include recurrent herniation, small bowel obstruction, 
pleural effusion, chylothorax, and patch-associated problems 
such as infection. Chest wall deformity may also be seen in 
the long term. Recurrence of CDH is seen in up to 7% of chil-
dren who have undergone a primary repair, occurring most 
commonly in the first year of life.165,166 Recurrent herniation 
(44–46%) and small bowel obstruction (7%) both occur more 
frequently in the first year of life following patch repair. Recur-
rence of CDH in patch repairs is likely to relate to the inability 
of the patch to expand with the children as they grow. Pleural 
effusions are more common following patch repair and may 
require drainage. Chylous effusions have been treated suc-
cessfully with octreotide.167,168

Postnatal Prognosis

A number of prognostic factors have been identified for infants 
with CDH after birth. Birth weight, Apgar score, best postductal 
partial pressure of oxygen (pO

2
), age at presentation, side of 

the hernia, and the need for and duration of extracorporeal 
membrane oxygenation (ECMO) have all been associated 
with prognosis.140,169,170 Unfortunately none is universally 
accepted.134 An alternate predictor is pulmonary to systemic 
artery pressure ratio, by serial echocardiograms.54

Overall Survival

Survival rates for babies with CDH vary considerably from 50 
to 80%.26–28,114,115 There are a number of explanations for the 
variation in survival. These include the following:

(1) Patient population
(2) True differences in pathology severity, e.g., CDH associ-

ated with another lethal malformation
(3) Other CDH-specific factors, e.g., bilateral herniae
(4) Postnatal management

Case selection bias is crucial. The sickest infants may never 
reach a tertiary pediatric surgery center and, thus, may not be 
included in outcome figures. A substantial fetal and early neo-
natal loss rate is well recognized for CDH and the diagnosis is 
not made for many, if not the majority, of these cases. Reports 
citing impressive survival figures must always be viewed with 
scepticism about ascertainment bias, even though this is rarely 
mentioned.

The presence of another major anomaly or chromosomal 
defect reduces the survival chances for newborns with CDH 
significantly.105,171 In a recent population-based study, the over-
all survival was 47% rising to 63% for isolated CDH.26 These 
authors reported a survival of only 19% in babies with major 
associated anomalies. Cardiac anomalies account for the bulk 
of the increased mortality.

The pathophysiology of CDH also affects outcome. Postna-
tal mortality is, by and large, the result of respiratory failure 
due to a combination of pulmonary hypoplasia and pulmonary 
hypertension.53 The degree of pulmonary hypoplasia is vari-
able with some infants succumbing very soon after birth while 
others have apparently normal lungs.172 The position of the 
fetal liver has also been related to survival although its predic-
tive value is not universally accepted.118 Two recent publica-
tions suggest that liver position alone is the best prognostic 
indicator for isolated left-sided CDH.117,173 Herniation of the 
liver into the thoracic cavity on antenatal USS (“liver up”) is 
associated with greater postnatal mortality than when the liver 
is confined to the abdomen (“liver down”). Historically the 
side of the hernia was thought to predict outcome, with right-
sided hernias carrying a worse prognosis than left.27 However, 
emerging data show no difference in survival although new-
borns with bilateral herniae do have greater mortality.26,28,140

The fourth factor that may influence survival rates in CDH 
is postnatal care. The Canadian Neonatal Research Network 
recently reported better than expected outcome in centers 
caring for greater numbers of infants with CDH.174 A recent 
systematic review included reports from centers treating >20 
infants/year and with survival of >75% in isolated CDH in 
order to seek a benchmark of care.109 The overall survival in 
the combined studies was 79% (range 69–93%) with survival 
of 85% (78–96%) in isolated CDH. Management strategies 
based on gentle ventilation were cited consistently.

Improved postnatal survival correlates with the termination rate 
following antenatal diagnosis.28 The effect of termination is to 

Fig. 39.7. Operative photograph showing margins of the diaphrag-
matic defect and the underlying lung
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“replace” some of the neonatal deaths with aborted fetuses. Case 
selection bias of this type has a profound effect on survival.26,28,115

Long-Term Sequelae

A large number of babies with CDH survive with appar-
ently normal lung function although up to 25% will have 
some CDH-related symptoms in later life.175,176 This subset 
of children mostly suffer from respiratory and gastroin-
testinal symptoms with a proportion also having neurode-
velopmental sequelae including hearing loss.175,177–179 
Gastrointestinal morbidity is largely due to gastroesopha-
geal reflux although there is a small incidence of adhesional 
obstruction.180 Failure to thrive may require nutritional 
support via a gastrostomy in up to one-third of patients 
with up to 20% requiring fundoplication for intractable 
reflux.178,181,182 Other long-term problems in CDH patients 
include spine and chest wall deformities including pectus 
excavatum and scoliosis.175,181

Respiratory symptoms are related to primary lung hyp-
oplasia, the sequelae of neonatal ventilation, and the effects 
of gastroesophageal reflux. A proportion of children develop 
chronic lung disease, similar to that seen in premature infants, 
and require prolonged oxygen therapy.180 Even some seem-
ingly well children are found to have reduced inspiratory 
muscle strength and a degree of small airways obstruction.181 
A recent report documenting postnatal lung growth, measured 
by serial ventilation–perfusion (V/Q) scintigraphy, showed 
persisting abnormalities, especially in children with a patch 
repair.183 Whether the need for a patch is a marker of worse 
lung hypoplasia or the patch impairs stretch-induced lung 
growth is unknown. Lastly, a small subset of patients have 
residual chronic pulmonary hypertension requiring long-
term pulmonary vasodilator therapy.184 The implications of 
increased survival rates in babies with severe CDH for long-
term lung function remain to be seen.175,181,185

Future Directions

Work continues in many areas related to CDH care and 
research. At the time of writing these include the following:

• Accurate case selection of the “high risk” fetus for tracheal 
occlusion (FETO)

• Improving survival raises debate on centralizing CDH care 
to high-volume centers

• Pharmacological therapies – can we find better selective 
treatment of pulmonary hypertension (e.g., PDE5 inhibitors 
– Sildenafil)

• Novel agents to stimulate lung growth prenatally (e.g., 
growth factors)

• International registries to define “best practice” and link the 
contributions of the CDH study group and its parent orga-
nization CHERUBS.
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Introduction

The term eventration is used to describe an abnormal eleva-
tion of the diaphragm. This may be congenital or acquired and 
one cause for the latter is phrenic nerve palsy. The distinction 
between a congenital diaphragmatic hernia with a sac and a 
congenital eventration is often confused. Margins of normal 
diaphragm should be apparent in a diaphragmatic hernia with 
a sac whereas an eventration will have a uniform contour. 
Congenital eventration may present in the newborn period 
with respiratory symptoms or they may be detected coinci-
dentally in later life. Phrenic nerve palsies will usually present 
with respiratory failure.

Historical Perspective

The term eventration was used first by Becklard in 1829 although 
Petit probably described the condition in 1790.1 Bingham 
described plication of the diaphragm in 1954.2

 Basic Science, Embryology, 
and Pathogenesis

The muscular part of the diaphragm functions most efficiently 
if stretched to an optimal length. This length correlates with 
the functional residual capacity of the lungs and, in this posi-
tion, the diaphragm adopts the typical dome shape. If the dia-
phragm is paralyzed or the muscle component is deficient the 
diaphragm will bulge upward, or eventrate, into the thorax. 
This is usually associated with paradoxical movement – the 
normal hemidiaphragm descends during inspiration and the 
abnormal hemidiaphragm rises.3 The respiratory consequences 
of a diaphragmatic eventration are more severe in infants than 
in older children and adults. The physiological basis for this 
involves three factors4,5:

1.  The minimal contribution intercostal muscles make to ven-
tilation in infancy.

2. The extreme mobility of the mediastinum in infancy.
3. The decrease in chest wall compliance with age.
4.  Infants are habitually supine and their abdominal viscera 

press on the diaphragm from below.

These factors are cumulative and reduce the functional resid-
ual capacity (FRC) of the lungs to the critical closing volume 
at which point atelectasis occurs. The work of breathing then 
increases substantially, leading to a vicious cycle of fatigue 
and hypoxia.

The diaphragm is innervated by the phrenic nerves. The 
phrenic nerves arise chiefly from the fourth cervical nerve 
root, receiving branches from C3 and C5. The phrenic nerves 
descend to the root of the neck beneath the prevertebral fascia 
on the anterior surface of the scalenus anterior muscles. The 
fibers from C5 may arise separately from the superior trunk of 
the brachial plexus lateral to the anterior scalene as an acces-
sory phrenic nerve, which joins the main phrenic nerve a vari-
able distance into the thorax. The phrenic nerves usually enter 
the chest sandwiched between the subclavian vein and artery, 
medial to the internal mammary artery, although occasionally 
they may descend anterior to the subclavian vein or, rarely, 
penetrate the vein.6 The nerves descend under the mediastinal 
pleura in front of the hila of the lungs to the diaphragms. At 
this point the nerves divide into two terminal branches, which 
enter the diaphragm, and then each branch subdivides into two 
rami, which innervate the muscle. The course of the terminal 
rami of the phrenic nerves over the diaphragms is fairly con-
stant,7 a matter of some relevance when planning incisions in 
the diaphragm (Fig. 40.1). The phrenic nerves are liable to 
injury at any point along their course.

Congenital eventration of the diaphragm affects the left side 
more commonly than the right.8,9 The embryology of diaphrag-
matic eventration is incompletely understood but pulmonary 
hypoplasia is uncommon, in contradistinction to congenital 
diaphragmatic hernia. As a consequence the condition may go 
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undetected at birth only to be discovered coincidentally in the 
future, usually on a chest X-ray taken for other reasons.

Acquired eventration of the diaphragm is often termed 
“paralytic.” The phrenic nerves may be injured at the time 
of birth, following cardiac surgery or following trauma.8–10 
Although phrenic nerve palsy is associated with obstetric bra-
chial plexus injury (OBPI) this is rare. In a recent UK study of 
over 300 cases of OBPI, phrenic nerve palsy was only reported 
in one infant.11 Obstetric brachial plexus injury affects approx-
imately 0.5–2/1,000 births in countries with well-developed 
obstetric services. Risk factors include shoulder dystocia, 
high birth weight, and assisted delivery.12 The most common 
injury is Erb’s palsy, affecting the upper plexus (C5–C6 and 
occasionally C7). Bony injuries are present in around 10% 
cases, most commonly fractures of the clavicle and humerus. 
Around one-half of affected infants will recover fully by 6 
months and the remainder will show varying degrees of recovery, 
including around 2% showing no signs of recovery.13,14

The commonest cause of phrenic nerve palsy is now cardiac 
surgery. The incidence is between 0.3 and 13% of cardiac opera-
tions (Table 40.1). The superficial course of the left phrenic 
nerve renders it prone to injury during cardiac surgery although 
the right phrenic nerve is occasionally damaged, probably as 
a result of traction injury. Cardiac operations most commonly 
associated with phrenic nerve injury include systemic pulmo-
nary artery shunts (particularly the Blalock-Taussig shunt), 
operations on the right ventricular outflow tract and pulmo-
nary arteries, and operations in which a large pericardial patch 
is harvested.15 Cold irrigation solutions within the pericardium 
have also been incriminated.16 Phrenic nerve injuries are more 
likely to occur during revision operations.17

Diaphragmatic palsy may be a feature of spinal cord injury.18 
This may be traumatic, as a result of compression from tumors or 
following infarction or transverse myelitis. Spinal cord injury at 
or above C3–C5 level is likely to involve the phrenic nerves and 
cause total or partial paralysis of the diaphragm (Fig. 40.2). More 
distal injuries will paralyze the intercostal muscles to a varying 
degree and, more importantly, the abdominal wall muscles. The 
intercostal muscles, as well as providing accessory muscles for 
breathing, stabilize the chest wall in older children and improve 
the efficiency of diaphragmatic respiration. Abdominal wall 
muscle tone is essential for efficient coughing and clearance of 
secretions.

It has been estimated that around 1,500 children are admit-
ted to US hospitals each year with acute spinal cord injuries.19 
Approximately 30% of these injuries involve the cervical 
spine. The majority are caused by motor vehicle accidents 
(47%), accidental falls (24%), firearm injuries (14%), and 
sports injuries (9%).

The acute phase of spinal cord injury is associated with spi-
nal shock. This is a transient reflex depression of cord function 
below the level of the injury with complete loss of sensorimo-
tor function. Spinal cord shock lasts for a period of several 
hours to a few days. Resolution is associated with the return of 
reflex arcs below the level of the injury. Respiratory function 
improves spontaneously at this stage because flaccid paralysis 
of the intercostal muscles is replaced by spasticity.

The prognosis in terms of respiratory function depends on 
the level and extent of the cervical cord injury and the pres-
ence of other injuries, particularly head injuries. The degree 
of recovery does not seem to correlate with age or sex. Oo 
et al. studied diaphragmatic function in a group of patients, 

Fig. 40.1. Course of the phrenic 
nerves over the diaphragm, 
viewed from above (with per-
mission from Merendino et al.7)
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including children, with cervical cord injuries who initially 
required mechanical ventilation.20 Twenty-one patients (11 chil-
dren) with complete C1–3 injuries either remained ventilator 

dependent or had phrenic nerve pacing devices inserted. Dia-
phragmatic function returned in 12 patients (3 children) with 
complete C2–4 injuries after 40–569 days. Carter studied 22 
patients with diaphragmatic paralysis secondary to cord injury 
below C4 level and found that recovery occurred in 16 after an 
interval up to 14 months.21

Werdnig-Hoffmann disease (spinal muscular atrophy type 
I) is a disease of infancy characterized by loss of lower motor 
neurons in the spinal cord (and cranial nerves V, VII, IX, and 
XII) caused by degeneration of the anterior horn cells. Dia-
phragmatic function is typically normal but involvement of 
the intercostal muscles leads to a progressive respiratory fail-
ure. Affected children never sit or stand and usually die from 
respiratory infection before the age of 2. A variant of this con-
dition has been described, which is associated with early onset 
diaphragmatic weakness and respiratory failure.22,23 This has 
been termed spinal muscular atrophy with respiratory distress 
(SMARD).24 Molecular genetic studies reveal mutations in the 
IGHMBP2 gene on chromosome 11q13.3 encoding the immu-
noglobulin μ-binding protein 2.24

Diagnosis

Eventration of the diaphragm is usually identified first on a 
chest radiograph (Fig. 40.3). Although this investigation is 
simple and noninvasive it provides no information about dia-
phragmatic function.

The most reliable method for assessing movement of the 
diaphragm is fluoroscopy.3 Fluoroscopy yields real-time 
information about motion of the dome of the diaphragm. This 
is often best appreciated using a lateral projection so that both 
hemidiaphragms can be viewed simultaneously. A paralyzed 
hemidiaphragm will move paradoxically cephalad during 
inspiration. Assessment of diaphragmatic excursion during 
quiet respiration may be inconclusive. The investigation 
is best performed by asking the child to inhale as fully as 

Table 40.1. Phrenic nerve palsy following cardiac surgery.

Authors Year Period No of 
patients

Incidence 
of phrenic 
nerve palsy

% Bilateral % Extubated 
without placation

% Plicated Time to 
plication

Time to 
extubation

Recommended 
interval to plication 
(weeks)

Haller34 1979 2–6
Shoemaker46 1981 5 1500 7 (0.4%) 32 4
Watanabe47 1986 12 7670 125 (1.6%) 14 2
Affatato48 1988 8 300 18 (6%) 18 3
Langer49 1988 10 NS 18 (2%) 100% 21 2 3
Serraf50 1989 10 9149 109 (1.2%) 18 3
Hamilton51 1990 2 960 31 (3.2%) 7/31 29% (9/31) 58%(18/31) 14 3 2
Kunovsky52 1992 8m 86 11 (12.8%) NS NS
Van Onna53 1998 4 867 17 (1.9%) 1/17 18% (3/17) 82% (14/17) 5 4 5 days
De Leeuw54 1999 NS 10395 170 (1.6%) 10/170 (6%) 40%
Joho-Arreola55 2005 4 802 43 (5.4%) 3/43 (7%) 29/43 21
Akay56 2006 10 3464 174 (5%) 11/174 37% (64/174)
Lemmer57 2006 14 5128 74 (1.4%) 9/74 (54%) 40/74 25 1
Dagan58 2006 3214 NS 9/3214 (33%) 3/9

Fig. 40.2. MR scan showing complete transection of the cervical spinal 
cord following trauma from a motorcar accident
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Fig. 40.4. Determination of diaphragmatic movement by ultrasound: 
the zone of apposition

Fig. 40.3. (a, b) Appearance of diaphragmatic eventration on a chest 
X-ray, pre- and postrepair

a

b

possible and then exhale as fully as possible or, alternatively, 
asking the child to sniff.25 This, of course, requires consider-
able cooperation and is only really applicable to older children. 
False negative results are common in ventilated children 
because positive end-expiratory pressure will tend to flatten 
the diaphragms. If the investigation is to be conclusive under 
these conditions, the ventilator must be disconnected tempo-
rarily.

Ultrasound can be used to evaluate diaphragm dome 
motion in the same way as fluoroscopy. Although this avoids 

ionizing radiation it is difficult to determine the magnitude 
of excursion of the dome of the diaphragm accurately using 
ultrasound. More recently ultrasound has been used to exam-
ine the diaphragm in the zone of apposition to the rib cage 
rather than motion of the dome.26 The zone of apposition is the 
area of the chest wall where the abdominal contents abut the 
lower rib cage (Fig. 40.4). On the right side, the diaphragm is 
sandwiched between the lower rib cage and the liver and this 
provides an ideal region for visualizing the pleura, diaphragm 
muscle, and peritoneum. The advantage of this approach is 
that contraction of the diaphragm muscle is documented by 
measuring changes in the thickness of the diaphragm during 
contraction.

The thickness of the diaphragm at the end of expiration is 
measured along with the change in thickness during inspira-
tion. Changes in thickness during inspiration are proportional 
to diaphragm shortening in adults and infants,26,27 whereas 
thickness of the diaphragm measured at end-expiration is pro-
portional to diaphragm strength.28 The technique is performed 
by imaging the diaphragm with a 7–10-MHz ultrasound trans-
ducer placed over the lower rib cage between the seventh and 
ninth intercostal spaces in the midaxillary line. Advantages 
of ultrasound are that it is portable, noninvasive, and requires 
minimal patient cooperation. With diaphragmatic paralysis 
the diaphragm does not thicken during inspiration.

Phrenic nerve function can be measured by electrical stim-
ulation.29 The phrenic nerve can be stimulated transcutane-
ously although it is difficult to identify the nerves selectively 
in infants and avoid mass stimulation of the brachial plexus, 
which is painful. Provided the nerve can be  identified 
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 transcutaneously phrenic nerve conduction times can be mea-
sured. Phrenic nerve conduction time is the time from the 
onset of the stimulus to the onset of a diaphragmatic action 
potential, which is measured using surface electromyography 
electrodes on the lower rib cage. This can be used to assess 
the integrity of the phrenic nerve. Conduction times less than 
7.5 ms can be considered normal in children.30 Conduction 
times in infants less than 1 year of age are probably slightly 
longer because of immature myelination. The phrenic nerves 
can be stimulated by magnetic discharge, which is technically 
easier than transcutaneous electrical excitation.31

In adults the contribution of diaphragmatic function to 
respiratory mechanics and lung volumes can be assessed. 
Transdiaphragmatic pressure changes can be measured using 
intragastric and intraesophageal manometry catheters.32 Simi-
lar measurements can be performed in infants. The maximal 
static transdiaphragmatic crying pressure provides an estimate 
of the force produced by the diaphragm.33 This requires tem-
porary occlusion of the airway during vigorous crying. The 
infant must be crying vigorously and although a high value 
will confirm good diaphragm function a low value may be 
artifactual.

Management

Treatment of a diaphragmatic eventration depends on symp-
toms. A newborn presenting with respiratory failure will 
almost certainly require surgery whereas an eventration dis-
covered coincidentally in an older child with no symptoms 
may require no treatment. Haller suggested that an infant with 
paralyzed diaphragms who could be supported with continu-
ous positive airway pressure (CPAP) would benefit from sur-
gery.34 Although this observation related originally to infants 
with phrenic nerve palsies it does provide a useful method for 
assessing which infants with congenital eventration require 
surgery. Continuous positive airway pressure will restore the 
functional residual lung capacity lost as a consequence of the 
eventration. If there is no significant parenchymal lung dis-
ease the infant will maintain normal blood gases in room air or 
30–40% oxygen. This child will generally do well following 
plication. If the child requires CPAP with a greater inspired 
oxygen concentration then it is unlikely that plication of the 
diaphragm alone will permit extubation.

The indications for plication of a paralyzed diaphragm are 
more controversial, particularly if there is potential for spon-
taneous recovery. Phrenic nerve palsy after cardiac surgery 
causes significant morbidity. These children require prolonged 
mechanical ventilation and are more likely to develop postop-
erative respiratory infection. These sequelae are considerably 
more common in the presence of bilateral palsies. However, a 
number of phrenic palsies will resolve within a few weeks of 
surgery, presumably representing neuropraxia. For this reason 
a consensus opinion favors waiting 2–3 weeks following sur-
gery before considering plication (Table 40.1).

The diaphragm can be approached through the abdomen 
or through the thorax for plication. Minimally invasive tech-
niques are becoming increasingly popular.

A transthoracic approach to the right diaphragm avoids the 
liver and is the preferred route. The left diaphragm can be 
approached from above or below but because of the potential 
risk of hollow visceral injury a transabdominal approach is 
favored. Open bilateral plication should be performed through 
the abdomen.

A number of methods have been described for plication 
of the diaphragm. Bisgard imbricated the diaphragm with 
three successive rows of sutures.1 Bishop and Koop excised 
the central portion of the diaphragm and sutured the edges 
together.35 Sethi and Reed created a series of radial pleats in 
the diaphragm.36 Stauffer and Rickham sutured the anterior 
diaphragm to the rib cage via a thoracotomy.37 Schwartz 
and Filler described a technique that remains popular 
because of simplicity and preservation of the branches of 
the phrenic nerve.38 Heavy nonabsorbable sutures are used 
to create a series of pleats in the diaphragm (Fig. 40.5. The 
precise orientation of the plication is not important but care 
must be taken to avoid inadvertent injury to structures on 
the blind side of the diaphragm. If the diaphragm is par-
ticularly thin the sutures can be buttressed with pledgets of 
Dacron®.39 Occasionally it is convenient to excise part of 
the diaphragm and this certainly avoids any risk of injury 
to structures on the opposite side of the diaphragm. The 
aim of the procedure should be to flatten the diaphragm 
to a physiological position. It is possible to flatten the dia-
phragm completely but this is counterproductive because it 
diminishes the functional residual capacity by tethering the 
costal margin.

Endoscopic plication of the diaphragm is performed most 
easily through the chest. The operation can be performed in an 
identical fashion to open plication and the view is excellent, 
with magnification helping avoid the branches of the phrenic 
nerves.40,41 Thoracoscopic plication using a knifeless endo-
GIA stapler has been described in adults.42

Fig. 40.5. Plication of the diaphragm – placement of sutures
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Complications

Recurrent eventration is a potential complication of diaphrag-
matic plication but this is rarely seen in practice except in chil-
dren with neuromuscular disorders, for whom the procedure is 
of no benefit anyway. When plication of the left diaphragm is 
performed through the chest there is a risk of sutures lacerat-
ing the transverse colon if the bowel is particularly gassy and 
deep bites are taken. The bare area of the liver prevents this 
risk on the right side. There are several ways of avoiding this 
complication. The stomach should be emptied with a nasogas-
tric tube. Redundant diaphragm can be gathered in a series of 
Alice tissue forceps and the tissue palpated to ensure that no 
bowel is entrapped prior to inserting the plication sutures. The 
redundant diaphragm can be excised and the edges bought 
together although this invites distended colon to be herni-
ated into the chest, making the repair more difficult. If adhe-
sions between the colon and the underside of the diaphragm 
are anticipated (e.g., previous abdominal surgery) plication 
may be safer if performed through the abdomen. Becmeur 
et al. discuss strategies for avoiding this complication during 
thoracoscopic plication.41 The redundant diaphragm can be 
gathered and rolled with endoforceps in a similar way to the 
description for open surgery and this is probably sufficient. 
Induction of a pneumoperitoneum has been suggested but is 
probably unnecessary.

Persistent respiratory failure following plication is the 
result of parenchymal lung disease. As discussed in the pre-
vious section a trial of CPAP will, to a large degree, correct 
the mechanical consequences of the eventration. The severity 
of any underlying lung disease should then be apparent from 
the alveolar-arterial oxygen gradient. However, in infants 
and children who have been ventilated for any length of time 
respiratory muscle atrophy will have occurred. Weaning from 
mechanical can then prove to be a tedious slow process. Con-
sideration should be given to a tracheostomy to facilitate inter-
mittent CPAP. A gastrostomy will allow nutritional support 
and avoids the need for a nasogastric tube, which, by defini-
tion, causes airway obstruction and increased work of breath-
ing by occluding one nostril. Commonly these children will 
also have significant gastroesophageal reflux and may require 
fundoplication.

Prognosis and Long-Term Outcome

The variable clinical presentation and course of diaphragmatic 
eventration make discussion of the long-term outcome diffi-
cult. Physiological changes in respiratory mechanics with age 
diminish the consequences of a diaphragmatic eventration. 
In addition, traumatic phrenic nerve injury may recover with 
time. Historically several authors concluded that there was lit-
tle justification for diaphragmatic plication.43 While it is hard 
to argue against this for asymptomatic children, for symptom-
atic children plication will result in a dramatic improvement 

in respiratory function, particularly in infants dependent on 
mechanical ventilation.

It is important to determine whether plication has any long-
term deleterious effect on diaphragmatic function. Kizilcan 
et al. studied diaphragmatic function in a group of 12 children 
between 1.5 and 11 years after plication.44 The previously pli-
cated diaphragm had a normal position on chest X-ray in all 
children. Movement, assessed by fluoroscopy, was described 
as “satisfactory” in 5/12, “moderately satisfactory” in 4/12, 
and “absent” in 3/12. Paradoxical movement was not seen in 
any of the plicated diaphragms. The authors were able to study 
respiratory function by spirometry in six children: FEV

1
 and 

FVC were >80% predicted in 5/6 and <80% predicted in 1/6. 
One child had continuing respiratory symptoms but the other 
children were asymptomatic. Stone et al. examined diaphrag-
matic movement by fluoroscopy in six children who under-
went plication for eventration secondary to phrenic palsy 1–7 
years previously.45 They demonstrated normal diaphragmatic 
function in all six children.

Conclusions

Recognition and treatment of diaphragmatic eventration in 
children with respiratory failure can avoid lengthy periods 
of mechanical ventilation. It is now widely accepted that 
there is no merit in delaying plication for children who 
sustain phrenic palsies following cardiac surgery. Plication 
can be performed equally well through the chest or abdo-
men and the results of endoscopic surgery are equivalent to 
those of open surgery.
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Introduction

Extracorporeal life support (ECLS), also known as extracor-
poreal membrane oxygenation (ECMO), is a form of intensive 
care management that utilizes the principles of cardiopulmo-
nary bypass (CPB) to provide prolonged support for infants, 
children, and adults with severe cardiac or respiratory failure 
who are failing conventional therapies.

History of ECLS

The success of extracorporeal bypass in cardiac surgery led 
to the concept of prolonged extracorporeal support. It was not 
until the use of silicone rubber in the artificial lung that over-
came problems of protein and cellular damage allowed the 
principle of prolonged support to be achieved. Experimental 
work with this new artificial lung was pioneered by Kolobow 
toward the end of the 1960s.1 In 1972, Hill et al. reported the 
use of prolonged extracorporeal support for 3 days in a vic-
tim of a motorcycle accident who had sustained a ruptured 
aorta and developed ARDS.2 A subsequent randomized trial 
in 90 adults with ARDS failed to demonstrate improved sur-
vival with this technique over conventional treatment modali-
ties.3 However, the research of Drs. Bartlett and Gazzaniga in 
Orange County, California led to the successful support of a 
2-year-old child who had developed postoperative cardiac fail-
ure and then a neonate with meconium aspiration syndrome.4 
Further centers in the USA started to provide ECLS and in 
1989 the Extracorporeal Life Support Organization (ELSO) 
and the ELSO registry were formed.

Presently, there are four centers in the United King-
dom offering ECLS as part of National Services. These 
are based at Glenfield Hospital (Leicester), Great Ormond 
Street Hospital (London), Freeman Hospital (Newcastle), 
and The Royal Hospital for Sick Children (Glasgow). The 
first UK ECMO service was started in Leicester in 1989. By 
1992, four centers offered neonatal ECLS. With the initial 
expansion of neonatal ECLS programs, there was a degree 

of skepticism particularly surrounding the need for such a 
service and there was a perception that infants would sur-
vive at the expense of unacceptably high levels of disability.5 
To address these and other questions, the UK Collaborative 
ECMO Trial was commenced in January 1993. To date this 
is still the only randomized controlled trial investigating the 
effectiveness of ECLS (see CESAR trial). The trial involved 
transportation of patients randomized to ECLS to one of the 
UK centers providing ECLS. Infants randomized to conven-
tional support were managed in the referring center. During 
the trial neonatal ECLS for eligible patients in the UK was 
only available within the context of this trial. Following the 
recruitment of 185 babies over nearly 3 years, the trial was 
stopped on the advice of an independent data monitoring 
committee. Primary analysis, by intention to treat, showed 
almost twice as many survivors in the ECLS limb without 
a rise in severe disability at the age of 1 year.6 The study 
also confirmed the cost-effectiveness of ECLS.7 Subse-
quent follow-up at 4 years (and 7 years) has confirmed that 
the improvement in survival was not offset by an increase 
in handicap.8 The trial was a milestone in methodology of 
assessment of life support therapy.

Physiology and Components of the ECLS 
Circuit

The different methods of delivering ECLS support will be 
discussed in the next section. In both modalities, venovenous 
and venoarterial, the circuit is essentially the same. Blood is 
drained from the venous circulation, typically through a can-
nula placed via the right internal jugular vein (RIJV) into the 
right atrium, and continuously passed through a modified CPB 
circuit where it is oxygenated and cleared of carbon dioxide 
before being delivered back to the patient at a controlled tem-
perature (Fig. 41.1a, b). Unlike CPB, not all the circulating 
volume is diverted into the circuit, maintaining some pulmo-
nary blood flow. This and the absence of a large blood reser-
voir ensure continuous flow of blood allowing a lower level 

41
Extra-corporeal Membrane Oxygenation
Gregor M. Walker and Carl F. Davis

D.H. Parikh et al. (eds.), Pediatric Thoracic Surgery, 509
DOI: 10.1007/b136543_41, © Springer-Verlag London Limited 2009



510 G.M. Walker and C.F. Davis

of anticoagulation compared with CPB. A pump ensures con-
tinuous flow of blood through the oxygenator and back to the 
patient. Roller pumps are most commonly used although some 
institutions use centrifugal pumps. As the effects of negative 
pressure in the right atrium could be potentially damaging and 
risk air entrapment, the venous drainage needs to be a pas-
sive process, requiring a sufficient height difference between 
patient and pump.

In normal cardiorespiratory physiology, venous blood is 
pumped by the heart through the lungs, where oxygen is 
absorbed by hemoglobin and delivered to the tissues through 
the systemic circulation. “Oxygen sufficiency” occurs when 
tissue oxygen consumption is met, or exceeded, by oxygen 
delivery. Oxygen delivery is determined by two primary 
variables: oxygen content of the blood and the blood flow 
(cardiac output). In ECLS, as blood is pumped through the 
oxygenator, a countercurrent gas flow results in efficient 
oxygenation of the blood resulting in high oxygen content 
with 100% saturation (SaO

2
). Although a high level of dis-

solved oxygen is also achieved fully saturated hemoglobin 
is a much more important determinant of oxygen content, 
and maintaining an adequate hematocrit is recommended 
(Fig. 41.2).

The balance between oxygen delivery and tissue consump-
tion is reflected in the oxygen content of venous blood, which 
represents the amount of residual oxygen after tissue extrac-
tion. In ECLS, as blood passively drains into the circuit, 
 continuous in-line venous saturation measurements (SvO

2
) 

are used as a guide to adequacy of oxygen delivery. Insuffi-
cient oxygen delivery is managed by optimizing the hemoglobin 

concentration and increasing ECLS blood flow. The rate of 
blood flow through the ECLS circuit is calculated as a per-
centage of the patient’s cardiac output (ml/kg/min), and ini-
tial flows are typically set at around 50% of predicted cardiac 
output. Early oxygenators used a silicone rubber membrane. 
Recent advances in hollow fiber technology using polymeth-
ylpentene (MEDOS Medizintechnik AG, Stolberg, Germany) 
have resulted in greater oxygenator efficiency and reduced 
priming volume (Fig. 41.3). Oxygenators come in varying 
sizes, each with a maximum rated blood flow beyond which 
the efficiency is compromised, so the choice of oxygenator 
depends upon the patient’s weight.

The countercurrent gas flow in the oxygenator results in 
extremely efficient carbon dioxide (CO

2
) transfer (six times 

greater than oxygen) and occasionally CO
2
 has to be added 

to the gas mix to prevent hypocarbia. The CO
2
 content of the 

postoxygenator blood is determined by the rate of flow and 
the air/O

2
/CO

2
 ratio of the gas mix with improved clearance 

achieved by increasing rate of gas flow or reducing the CO
2
 

content of the gas mix. Typically patients with respiratory 
failure have high PaCO

2
 when ECLS is commenced. Close 

monitoring is required in the early stages to ensure a gradual 
reduction toward normocarbia.

Oxygenated blood is rewarmed with a counter current heat 
exchanger before being returned to the patient. This may also 
be used to induce hypothermia in appropriate cases. In addi-
tion to the pump, oxygenator, and heat exchanger various 
ports are available for the administration of drugs and fluids. 
Platelets and clotting factors must be given in postoxygen-
ator ports to avoid oxygenator damage.

Fig. 41.1. (a) Schematic of the ECMO circuit, (b) ECMO in clinical use
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Types of ECLS

Venoarterial ECLS

ECLS is broadly divided into two distinct forms that differ 
with respect to the route of returning the oxygenated blood 

from circuit to patient. In both forms, venous blood is usu-
ally drained from a cannula positioned into the right atrium. In 
venoarterial (VA) ECLS oxygenated blood is returned, under 
pressure, usually via the right common carotid artery (RCCA) 
into the ascending aorta and the systemic arterial circulation 
(Fig. 41.4). This results in a degree of circulatory support in 

b

Fig. 41.1. (continued)
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addition to respiratory support and is the method of choice for 
patients with isolated cardiac failure or combined cardiac and 
respiratory failure. The blood draining into the ECLS circuit 
is “true venous” blood and, if some cardiac output is main-
tained, the reduced proportion of deoxygenated blood not 
drained through the circuit continues to flow through the pul-
monary circulation. Blood ejected from the left ventricle into 
the aortic arch will mix with the richly oxygenated blood from 
the ECLS circuit. In pulmonary hypertension, the pulmonary 
arterial pressures will markedly drop due to drainage of blood 
from the right atrium into the ECLS circuit. Excellent oxy-
genation is achieved with this modality. Potential disadvan-
tages reflect the method of cannulation and the direct return 
of blood into the aorta and, in turn, the cerebral circulation. 
There are concerns, particularly in the neonate, about delivery 
of supersaturated blood to the cerebral circulation.9 Addition-
ally, any particulate matter or entrapped air from the circuit 
will be returned directly into the systemic circulation leading 
to the possibility of cerebral emboli.10 Despite excellent tissue 
oxygenation, there is some evidence that blood returning from 
the ECMO circuit does not adequately perfuse the coronary 
arteries limiting myocardial perfusion to the relatively poorly 
saturated blood that is ejected from the left ventricle.11,12 Most 
ECLS circuits in current use are nonpulsatile, and so, although 
circulatory support is offered, alterations in pulsatility are seen. 
A phenomenon peculiar to VA ECLS is the development of 
“cardiac stun,” where myocardial contractility diminishes lead-
ing to a barely perceptible pulse pressure after the initiation of 
ECLS.13 This may be due to the previously hypoxic myocar-
dium being exposed to “hyperoxic” blood and it tends to be a 
transient phenomenon. The diagnosis must be confirmed with 
echocardiography as loss of pulse pressure may be due to car-
diac tamponade or incorrect arterial cannula placement.

Methods of Cannulation for VA ECLS

The commonest vessels for cannulation in VA ECLS are the 
RIJV and the RCCA. The patient is positioned over a shoul-
der roll to extend the neck and the head is turned to the left. 

Fig. 41.2. Oxygen delivery graph

Fig. 41.3. The membrane oxygenator

Fig. 41.4. Chest X-ray showing VA ECMO cannulae
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Paralysis and analgesia/sedation are recommended. An open 
cut down technique is usually employed where the vessels are 
exposed through either a transverse or oblique incision with 
sternocleidomastoid split with blunt dissection. When the 
carotid sheath is opened and the RCCA exposed, a loading 
dose of intravenous heparin is administered (usually 50 units/
kg). The RCCA is controlled with two 2/0 silk ties (Fig. 41.5a) 
and, at least 90 s following the heparin injection, the cranially 
placed ligature is tied. The artery is occluded caudally and 
opened with a size 11 blade. The arteriotomy is dilated with 
dilators (e.g., Garrett), and a lubricated, clamped, arterial can-
nula is advanced through the arteriotomy after release of the 
caudal occlusion clamp (Fig. 41.5b). The tip of the arterial 
cannula should be sited one-third of the distance between the 
sternal notch and the xiphoid. The clamp is released to fill the 
cannula with blood and secured with the two silk ties over a 
plastic “sloop.” The RIJV is controlled in an identical fashion 
and a lubricated, clamped venous cannula is advanced through 
the venotomy so that the tip is located halfway between the 
sternal notch and the xiphoid. Pressure on the liver is often 
required before release of the clamp to fill the cannula with 
blood and prevent entrainment of air. Once the cannulae are 
secured (Fig. 41.5c) they are connected to the ECLS circuit, 
taking care to ensure that the arterial cannula is connected to 
the postoxygenator tubing.

Utilizing the neck vessels for cannulation involves occlu-
sion of the RCCA for the duration of the ECLS run. This raises 
theoretical concerns regarding perfusion of the right cerebral 
hemisphere although there is a lack of consensus regarding 
this risk in the literature. Reports utilizing EEG monitor-
ing,14,15 near infrared spectroscopy,16 and Doppler imaging17 
yield conflicting results.

Following successful weaning from ECLS (see later) both 
RCCA and RIJV are usually permanently ligated though 
some authors advocate repair of the RCCA with variable suc-
cess.18,19 In our center we have recently developed a method 
of percutaneous insertion of both RIJV and RCCA cannulae 
using Seldinger technique in infants and children that does 
not require ligation of either vessel. Doppler studies at 12–36 
months following ECLS showed normal flow in each vessel 
with no evidence of stenosis.

In patients requiring support for a low cardiac output state 
following cardiac surgery, VA ECLS cannulation can also 
be undertaken through the sternotomy wound. The venous 
cannula is placed directly into the right atrium (through the 
appendage) and the arterial cannula in the ascending aorta. 
Follow-up studies in pediatric cardiac surgery patients show 
no difference in outcome between chest cannulation and neck 
cannulation,20 although the open chest wound can lead to 
increased bleeding complications.21 We prefer neck cannula-
tion where possible with sternotomy wound closure to reduce 
blood loss and facilitate chest physiotherapy.

In adults, particularly when ECLS is instituted during car-
diopulmonary arrest, VA ECLS can be carried out through 
cannulae inserted into the femoral artery and vein.22,23 Case 
reports of femoral arterial cannula placement also described 
this technique in the child24 and neonate.25

Venovenous ECLS

In venovenous ECLS (VV ECLS) the oxygenated blood 
from the circuit is returned into the venous circulation, either 
directly into the right atrium (Fig. 41.6) or via the femoral 
vein. Adequate native cardiac output is mandatory for this 
method of support although, in patients where myocardial 
contractility is reduced secondary to hypoxia, the improved 
oxygenation resulting from VV ECLS can result in improved 
cardiac function and a reduction in inotrope requirements.26 
As the oxygenated blood reenters the venous circulation, all 
blood is directed through the pulmonary circulation and the 
pulmonary arterial system is exposed to fully saturated blood 
resulting in pulmonary arterial vasodilatation facilitating reso-
lution of pulmonary hypertension. Venous blood drained into 
the ECLS circuit will inevitably be mixed with some returned 
oxygenated blood, leading to a degree of “recirculation” of 
oxygenated blood in the venous cannula. The in-line SvO

2
 is, 

therefore, not a true indication of venous oxygenation, so it is 
less useful in determining the efficacy of tissue oxygenation. 
Venovenous ECMO avoids the need for arterial cannulation 
and, in the absence of a large ASD or VSD, should not be 
associated with cerebral embolic phenomena. In adults, if 

a cb

Fig. 41.5. Cannulation for VA ECMO. (a) Control of the RCCA between silk slings, (b) Insertion of the arterial cannula, (c) Arterial and 
venous cannulae in place
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sufficient venous drainage can be obtained from a cannula 
sited in the inferior vena cava, the venous return to the right 
atrium will remove any recirculation and allow equivalent 
support at a lower ECLS flow rate.

Cannulation Techniques for VV ECLS

In neonates and infants VV ECLS is carried out through a 
single double-lumen catheter (VVDL ECLS). Venous blood 
is drained into the circuit as before but the oxygenated blood 
is returned through a separate lumen with side holes that are 
positioned, under echocardiographic guidance, to direct the 
“arterial” jet toward the tricuspid valve. Correct positioning 
reduces recirculation and improves venous drainage. The 
main limitation to this technique is cannula size. As only 
12Fr, 15Fr, and 18Fr cannulae are presently available, this 
restricts use to patients between 2.5 and 12 kg. Some authors 
advocate the use of cephalad catheters to improve drainage 
of deoxygenated blood and prevent possible venous conges-
tion,27 although critical analysis of ELSO data does not support 
routine use of this maneuver.28 VVDL catheters can be placed 
using a Seldinger technique where the RIJV is accessed percu-
taneously with a 21-gauge needle (Fig. 41.7a), followed by 
insertion of a 0.018-in. guide wire. Subsequent placement of 
a larger sheath allows the passage of a 0.035-in. guide wire. 
The tract is then serially dilated and the cannula is inserted 
over the guide wire (Fig. 41.7b). This technique avoids liga-
tion of the RIJV and obviates the need for neck exploration 
to decannulate.29 We advocate the percutaneous technique 
where possible and long-term follow-up of patients dem-
onstrates patency of the RIJV in the majority (unpublished 

data). An “exposure-assisted” method of cannulation offers 
the same benefits as the percutaneous technique, where 
following exposure of the vein, a needle and guide wire 
are inserted through the skin and into the vein under direct 
vision.29

In older age groups VV ECLS is carried out through 
two cannulae with the RIJV cannula typically utilized for 
venous drainage and a femoral venous catheter inserted for 
return of the oxygenated blood. Percutaneous access has 
been described for both pediatric30 and adult patients31 and 
is the method of choice. In cases where a RIJV or femoral 
venous line has been inserted prior to referral, a guide wire 
can be advanced through the distal lumen to allow access for 
the ECLS cannula once alternative venous access has been 
obtained.

Fig. 41.6. Chest X-ray showing VV ECMO cannula

a

b

Fig. 41.7. Percutaneous cannulation of the RIJV for VV ECMO. (a) 
Percutaneous puncture of the RIJV, (b) Advancement of the VV can-
nula over a Seldinger guidewire



41. Extracorporeal Membrane Oxygenation 515

Indications and Exclusions for ECLS

ECLS is reserved for children with respiratory failure where 
conventional treatment is failing or continued support is 
expected to lead to increased morbidity. In this situation early 
discussion with an ECLS center is advised. Initial case series 
reporting the use of ECLS in neonatal respiratory failure chose 
inclusion criteria that reflected an expected high mortality if 
conventional management was continued. An alveolar-arterial 
oxygen gradient greater than 630 torr for 2 h, or greater than 
620 torr for 8 h32 or an oxygen index (OI) greater than 40, 
as used in the UK Collaborative Trial,6 equates with a mor-
tality of 80%. The oxygenation index is defined as the mean 
airway pressure (cmH

2
O) × fraction inspired oxygen/arterial 

PO
2
. The advantage of calculating the OI is that it takes into 

account the ventilation pressures.
Exclusion criteria reflect complications related to prematu-

rity, anticoagulation, and the temporary nature of ECLS. The 
risk of intraventricular hemorrhage excludes infants less than 
32–34-weeks gestation. The presence of nonsurvivable car-
diac or pulmonary abnormalities should be identified before 
embarking on a futile ECLS run.

Similar exclusion criteria pertain to older children and 
adults. Most centers will be reluctant to offer ECLS to 
patients who have been ventilated for more than 10 days 
at high pressures, because of the iatrogenic lung damage 
caused, although discussion of individual cases is encour-
aged.

Management of the Patient on ECLS

Respiratory Support During ECLS

Patients referred for ECLS, especially those with refractory 
respiratory failure, will be exposed to high-pressure ventila-
tory settings prior to cannulation. Once ECLS is established, 
ventilator settings are reduced to “rest settings,” with reduced 
inspiratory pressures and rate but increased PEEP and inspira-
tory time, with an aim to maintain a degree of lung disten-
sion, avoiding complete atelectasis while avoiding further 
barotrauma.33 Inspired fraction of oxygen is usually reduced 
to 0.3–0.4. In cases where significant air leak has occurred 
prior to cannulation, we advocate maintaining CPAP only for 
24–48 h before returning to “rest settings” to facilitate healing 
of damaged lung parenchyma.

In adults and children where VA ECLS is commenced for 
a low cardiac output state iatrogenic lung injury may not be 
a significant factor. In these cases adequate mechanical ven-
tilatory support is indicated to maintain a normal pulmonary 
venous oxygen level to preserve adequate coronary oxygen 
delivery, although a high PEEP strategy is often employed to 
avoid pulmonary edema.34

Regular chest physiotherapy is important, and in certain 
conditions, such as meconium aspiration syndrome, it repre-
sents the main therapeutic intervention.

Cardiac Support During ECLS

In VV ECLS, no direct circulatory support is offered by the 
circuit, although optimal oxygenation will often result in 
improved myocardial function. In patients requiring high 
levels of inotropic support, initiation of VV ECLS will usu-
ally allow relatively rapid weaning of the dose.26 A low-
dose dopamine infusion is often continued to improve renal 
perfusion.

In VA ECLS, direct circulatory support is offered, although 
the effects on left ventricular ejection need to be considered. 
Although the return flow from the ECLS circuit is nonpul-
satile, if left ventricular function is maintained, ejection 
against the return flow results in reduced pulsatility. However, 
if left ventricular dysfunction exists, the increased afterload 
can exacerbate left ventricular failure, leading to ventricular 
dilatation, pulmonary edema, and reduced myocardial perfu-
sion.35 In practice this rarely happens in the neonate, probably 
because the left-sided circulation decompresses through the 
patent ductus arteriosus. In the older child ventricular dilata-
tion should be managed by reducing arterial resistance with 
systemic vasodilators, and by increasing ECLS flows to ade-
quately drain the right side of the heart and reduce pulmonary 
venous return. Occasionally, decompressing the left side of 
the heart by transseptal atriotomy is required.36

Echocardiography is essential to distinguish acute left 
ventricular dilatation from the phenomenon of cardiac stun, 
a condition of poorly understood etiology where myocardial 
contractility is transiently diminished.13 Function typically 
returns within 24–36 h.

Systemic hypertension is seen regularly with VA ECLS. 
Possible causes include the effect of reduced pulsatile flow 
on the kidney, stimulation of the renin–angiotensin system, 
and alterations in electrolytes. In our experience, intermit-
tent doses of hydralazine are effective, although occasionally 
nitrite infusions are required. Hypertension rarely persists 
after withdrawal of ECLS.

Anticoagulation

Anticoagulation is necessary to prevent clot formation in the 
ECLS circuit. Inadequate anticoagulation may result in clot 
formation and oxygenator failure and overanticoagulation 
results in uncontrolled bleeding. Continuous monitoring is 
carried out with at least hourly measurement of the activated 
clotting time (ACT). Typically, target ACT levels are between 
180 and 210 s, and these are achieved with a continuous hepa-
rin infusion into the circuit. Clot formation in the circuit is 
less likely when blood flow rates are high and lower ACT lev-
els are tolerated but when blood flow rates are reduced, for 
example, when weaning from ECLS, a slightly higher ACT 
is advisable.

Bleeding on ECLS can be a difficult problem. Heparin is 
still required to prevent clot formation in the circuit but this 
hampers attempts to stop the bleeding. The basic principles 
for management of bleeding on ECLS are optimization of 
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coagulation, drug therapy, and surgical treatment.37 Optimiza-
tion of coagulation is achieved with acceptance of lower ACTs 
by maintaining circuit blood flows at a high level and platelet 
transfusion to achieve a platelet level above 150,000/μl. Drug 
therapy includes vitamin K administration, antifibrinolytics, 
and recombinant activated factor VII.

Commonly used antifibrinolytics are epsilon-aminocaproic 
acid (Amicar) and Aprotinin. Amicar works by displacing plas-
minogen from fibrin, thereby preventing fibrinolysis. The most 
widespread indication for Amicar use is to control bleeding from 
surgical sites during an ECLS run.38 One group described the 
prophylactic use of Amicar on ECLS in high-risk patients, 
demonstrating a reduced incidence of bleeding complications 
compared with historical controls,39 although another multicenter 
randomized controlled study did not support this practice.40 
Standard ACT parameters should be set during Amicar infusion.

In the United Kingdom, Aprotinin is the most commonly 
used antifibrinolytic that acts through inhibition of plasmin 
and both plasma and tissue kallikrein. There is good evidence 
to support its use to prevent and treat bleeding after cardiac 
surgery,41,42 and its use during ECLS has also been described.43 
The main concern with antifibrinolytic use is clot formation 
in the circuit and that accurate ACT monitoring is essential. 
In our experience, the administration of Aprotinin leads to 
inaccurate results when using celite-based ACT tubes, and we 
have changed our practice to use kaolin-based ACT tubes for 
more reliable monitoring. Some centers continue to use celite-
based tubes but increase the ACT parameters by 20 s.43

Administration of recombinant factor VII (rFVIIa) enhances 
the rate of thrombin formation, leading to a more stable fibrin 
plug. This is a novel therapy for bleeding complications 
during ECLS and reports are limited, so far, to small case 
series.44,45 There does appear to be evidence for the cautious 
use in refractory bleeding. We currently ensure that there is a 
spare circuit primed to crystalloid in the event of oxygenator 
failure due to thrombus.

Sedation/Paralysis

Neonates, children, and adults are routinely sedated during 
ECLS, predominantly to decrease pain and anxiety, reduce 
oxygen consumption and CO

2
 production, and prevent can-

nula displacement. The most commonly used drugs for seda-
tion are benzodiazepines (e.g., midazolam), morphine, and 
fentanyl.46 The pharmacokinetics of these drugs are altered 
from the larger volume of distribution, changes in intra- and 
extracellular volumes, nonpulsatile flow, and reduced plasma 
protein concentration.47 There has been a reduction in the use 
of paralyzing agents during ECLS and lower levels of seda-
tion, resulting in increased awareness of the patient.48

Nutritional Support During ECLS

Patients on ECLS are catabolic and nutritional support is 
essential to preserve lean body mass.49 Historically, due to con-

cerns regarding gut mucosal integrity in previously hypoxemic 
patients, the parenteral route was preferred during ECLS. How-
ever, recent reports demonstrate the feasibility in using enteral 
feeds in neonates,50 children,51 and adults52 with no evidence 
of increased septic complications secondary to translocation of 
gut organisms.53

Weaning and Decannulation

When native cardiopulmonary function shows signs of recov-
ery, the level of extracorporeal support is gradually reduced 
(or weaned). In VV ECLS two modes of weaning are com-
monly employed – reducing ECLS blood flow or reducing 
the oxygen fraction in the gas flow through the oxygenator. 
At low blood flows, an increased level of heparinization is 
required to avoid the risk of thrombus, so in high-risk patients 
a higher flow with weaning the blender is preferable. When 
a low level of support is reached (typically ~10–15% cardiac 
output) a “trial off ECLS” is undertaken. In VV ECLS this 
can be achieved by “capping off” the oxygenator, disconnect-
ing the gas flow, thereby stopping oxygen and CO

2
 diffusion. 

Unaltered venous blood circulates through the ECLS circuit 
and with continued cardiopulmonary stability, the cannula(e) 
can be removed.

In VA ECLS reducing the ECLS blood flow reduces the level 
of extracorporeal oxygenation. Reducing the oxygen fraction 
in the blender gas through the oxygenator has a similar effect 
although at low oxygen levels this introduces a large right-
to-left shunt of poorly oxygenated blood. The patient needs 
to be excluded from the ECLS circuit to “trial-off” before 
removing the cannulae. During this trial blood recirculates 
through the oxygenator circuit through the bridge. Clamping 
and unclamping of the bridge (“flashing”) is advisable every 
15 min to avoid blood clotting in the cannulae.

Decannulation from ECLS when cannulae have been placed 
percutaneously (or with an open-assisted technique) does not 
require surgical involvement. In an appropriately sedated 
patient (we prefer paralysis to avoid entrainment of air), the 
cannulae are removed and direct pressure is applied over the 
site. Bleeding usually ceases after 10–15 min and the skin can 
be closed with sutures or adhesive dressings. Open decan-
nulation requires a surgical team. The RCCA and RIJV are 
usually ligated although some advocate repair of the RCCA, 
especially after a short ECLS run.

Complications

ECLS specialists carry out regular monitoring of circuit and 
patient to allow prompt recognition of potential complica-
tions. Fortunately, serious complications are rare but a rigor-
ous critical incident reporting system coupled with regular 
multidisciplinary meetings to discuss “near-misses” in a non-
judgmental environment is essential to the smooth running of 
an ECLS service. All ECLS specialists undergo formal training 
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and then keep a record of “pump-hours” to demonstrate ade-
quate exposure. In our unit we use an ECLS clinical simulator 
and scenario-based training to augment our practice of regular 
water drills.

Oxygenator Failure

Impending oxygenator failure can be recognized by reduced 
efficacy of gaseous exchange (rising pCO

2
 or falling pO

2
), or 

from increased preoxygenator pressures, which are monitored 
continuously. Occasionally, the membrane can become satu-
rated with condensation (“wet lung”) leading to poor gaseous 
exchange. This is resolved by increasing the blender gas flow 
rate to “sigh” the membrane, resulting in improvement in the 
blood gases. If this step does not rectify the problem, thrombus 
formation should be suspected and the membrane changed. 
In cases where the circuit is relatively new and there is little 
evidence of clot elsewhere, the membrane can be changed in 
isolation, although in a circuit over 1-week old or with other 
sites of thrombus, changing the whole circuit is advisable. 
During circuit or membrane changes, the patient will be off 
extracorporeal support, so a full team is required to support 
the patient throughout.

Tubing or Raceway Rupture

Since the introduction of Super Tygon raceway tubing (Nor-
ton Performance Plastics, Akron, OH), this complication has 
become rare. The raceway is put under repeated occlusive 
stress from the occlusive roller-head pump and in prolonged 
ECLS runs it should be “walked” to avoid excessive exposure 
to an individual segment. In neonates, where smaller tubing is 
used, we usually walk the raceway every 7 days but in older 
patients this is carried out more frequently.

Air Embolism

A bolus of air in the ECLS circuit can circulate quickly 
and be delivered to the patient with potentially catastrophic 
consequences. In VA ECLS air embolus can result in cerebral 
infarction and in VV ECLS it will be delivered to the pul-
monary circulation. Possible sources of air include bubbles 
in infusions (imperative to avoid), entrainment of air from 
cracked tubing or connections, and supersaturation with 
oxygen at low blood flow rates. When air is recognized 
in the circuit the patient should be taken off support by 
opening the circuit bridge. By manipulation of the tubing 
bubbles can be positioned close to a pigtail where they can 
be aspirated safely. If an air embolus is inadvertently deliv-
ered to the patient the head should be lowered to encourage 
any emboli away from the cerebral circulation. Inotropic 
support may be required if air enters the coronary arter-
ies leading to myocardial dysfunction. Close vigilance by 
the ECLS team is essential to recognize and prevent this 
complication.

Bleeding

Bleeding is the most common complication of ECLS. Bleed-
ing from cannulae sites can be controlled by direct pressure, 
application of hemostatic dressings, or placement of a purse-
string suture. Bleeding from other surgical sites such as the 
chest and abdomen may require repeated exploration for 
hemostasis. Intracranial hemorrhage (ICH) is a devastating 
complication that occurs in 6% of neonates and 5% of pedi-
atric patients.54 The appearance of a new ICH or enlargement 
of a preexisting bleed is an indication to discontinue ECLS. 
Measures to prevent bleeding have been described previously. 
Ensuring optimal platelet count, fibrinogen levels, and close 
control of heparinization are incorporated into the daily rou-
tine. Rarely, heparin-induced thrombocytopenia is encoun-
tered, and hematological advice should be sought before 
changing to an alternative anticoagulant.

Infection

Many patients who receive ECLS have severe infections 
and are colonized with a multitude of potentially pathogenic 
organisms. They are usually already on broad-spectrum anti-
biotics. The incidence of septic complications in neonates, 
children, and adult ECLS patients ranges from 10 to 22%.54 
Regular surveillance cultures should be performed with a low 
threshold for commencing or changing antibiotic regimes. We 
recommend routine antifungal prophylaxis for all patients on 
broad-spectrum antibiotics.

Renal Failure

Many patients requiring ECLS have significant fluid over-
load and have some degree of renal compromise. Acute renal 
failure is often attributed to the pre-ECLS hypoxemia and 
poor renal perfusion. Oliguria is common during ECLS. An 
aggressive diuretic policy is warranted to remove excess fluid, 
and it is not unusual to require slow continuous ultrafiltration 
(SCUF) due to refractory oliguria. Continuous hemofiltration 
(CVVH) or hemodialysis/diafiltration (CVVHD/CVVHDF) 
is easily achieved by attaching a hollow fiber hemodialysis 
filter or dialysis machine to the ECLS circuit.55 Careful man-
agement of fluid balance is essential as there can be large fluid 
shifts, especially in smaller patients. Renal ultrasonography is 
recommended to exclude structural anomalies.

Common Conditions Requiring ECLS 
and Outcome

Neonatal Respiratory Failure

Refractory respiratory failure in the neonate represents the 
most common indication for ECLS and comprises over 60% 
of all reported patients (nearly 21,000 patients) in the most 
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recent ELSO report (ELSO report 2007). The most frequent 
diagnoses are meconium aspiration syndrome (MAS), per-
sistent pulmonary hypertension of the newborn (PPHN), 
congenital diaphragmatic hernia (CDH), sepsis/pneumonia, 
respiratory distress syndrome (RDS), and air leak syndrome. 
Therapies introduced over the past 15 years such as high-fre-
quency ventilation, surfactant replacement, and inhaled nitric 
oxide have reduced the numbers of patients referred for ECLS 
and changed the demographics of this group.56

This is the patient group that has benefited most, to date, 
from ECLS. The most recent ELSO report (January 2007) 
demonstrates a cumulative survival of 76% for all diagno-
ses. The diagnosis with the most optimistic outcome is MAS, 
with 94% reported survival. However, a recent questionnaire 
study of neonatologists highlighted the lack of awareness of 
these promising results.57 Early contact with an ECLS center 
in a deteriorating neonate with MAS is recommended before 
utilizing other unproven therapies such as hyperventilation, 
alkalinization, and systemically administered pulmonary 
vasodilators.

The use of ECLS in CDH is controversial with some cen-
ters limiting its use to selected cases and others excluding 
support. In our center we continue to offer ECLS to infants 
with CDH as part of a lung-protective strategy to prevent ven-
tilator-induced lung injury. The CDH Registry demonstrated 
improved survival with ECLS when cases were stratified 
into predictive mortality risk.58 It is important to realize that, 
although an improved survival to discharge is demonstrated, 
there is significant morbidity and additional mortality in the 
first year of life59 and multidisciplinary follow-up is essential 
for best results.

Pediatric Respiratory Failure

Common conditions in older children leading to refractory 
respiratory failure include pneumonia (viral and bacterial), 
aspiration, and ARDS. The cumulative number of children in 
this category represents around 10% of total cases in the most 
recent ELSO report. Although a reduction in neonatal referrals 
has been noted over the past decade with the introduction of 
new therapies, the number of children referred with respiratory 
failure has remained relatively constant. Survival in this group 
is not as high as in the neonates, with around 64% surviving 
ECLS (ELSO report 2007). There are no randomized trials 
in children looking at the efficacy of ECLS compared with 
conventional management. A retrospective multicenter study 
in 331 pediatric patients with respiratory failure demonstrated 
improved survival with ECLS on multivariate logistic regres-
sion analysis.60 In the same study, a paired analysis of patients 
matched for disease severity demonstrated a reduced mortal-
ity in the ECLS group compared with conventional manage-
ment (26.4% vs. 47.2%).

The circuit for pediatric ECLS is the same as in neonates with 
the exception of larger diameter tubing and a larger capacity 
oxygenator. The majority are supported with VV ECLS. The 

largest double-lumen VV ECLS cannula currently available is 
18Fr, which can be used in children up to 12 kg. In children larger 
than this, a two-cannula technique must be employed. Larger 
double-lumen cannulae are presently under development.

Adult Respiratory Failure

Adults with respiratory failure have an overall survival of 
59% (ELSO report, 2007) and represent 4% of cases reported. 
This may be surprising given the large numbers of adults 
with ARDS and pneumonia that would be potential candi-
dates for ECLS. The reason for apparent underutilization of 
ECLS in this group may be related to the impact of the result 
of a poorly designed randomized controlled trial reported in 
1979.3 In this NIH ECMO trial, 90 patients were randomized 
to receive ECLS or conventional management but a high mor-
tality in both limbs resulted in premature cessation of the trial. 
Critics (and trialists) have cited the duration of treatment prior 
to randomization (mean 9.6 days), the high-pressure ventila-
tion delivered during ECLS, the high level of heparinization 
that lead to significant bleeding complications61 as well as the 
fact that many of the centers that provided ECLS had no prior 
experience as reasons for the poor results. Ventilation-induced 
lung injury is a major determinant of mortality in ARDS,62 
with irreversible damage occurring after 7–9 days, although 
younger patients may be more resilient.

Recent survival figures suggest that up to 70% of ECLS 
runs are successful for adult respiratory failure. Over the 
past 6 years the ECLS service in Leicester has been conduct-
ing the CESAR trial (conventional ventilation or ECMO for 
severe adult respiratory failure). The trial stopped recruiting 
at the end of 2006 and the results are awaited with consider-
able interest.

ECLS for Cardiac Failure

Mechanical circulatory support is an established treatment 
for cardiac failure. For adults in the acute setting, intra-
aortic balloon pumping and left ventricular assist devices 
(LVAD) can provide circulatory support, and implantable 
LVADs can be used in the chronic setting.63 These devices 
do not offer extracorporeal oxygenation, which is required 
when biventricular failure is present, as is often the case in 
children. VA ECLS is the mainstay of mechanical support 
for ventricular failure in infants and children, but is used 
only occasionally in adults.

Most cases are postcardiac surgery where there have either 
been difficulties in weaning from bypass or a low cardiac 
output state has developed in the postoperative period. Early 
consideration for ECLS is recommended to avoid prolonged 
periods of low cardiac output in the postoperative period that 
can result in end-organ damage.64,65 It is essential to ensure that 
there is no surgically correctable cause for the failure. Cardiac 
catheterization may be necessary to confirm this, especially if 
there is concern about the coronary circulation. Indications for 
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ECLS should be discussed on an individual basis. Congenital 
anomalies represent the most common diagnosis, but patients 
with cardiomyopathy, myocarditis, and cardiogenic shock 
have also been supported.

ECLS can be continued for a number of days or weeks, 
although, in postcardiotomy patients, lack of improvement 
in ventricular function within 72 h is associated with poorer 
prognosis.66 Early consideration for transplantation in patients 
without any evidence of improved function at this stage is rec-
ommended. In patients with myocarditis, complete recovery 
of ventricular function may occur only after prolonged periods 
of support.67 ECLS can be used as a bridge to transplant, and 
there appears to be no difference in survival to transplanta-
tion for children who require ECLS (or VAD) compared with 
those managed medically.68

ECLS for cardiopulmonary support has been used to resus-
citate pediatric and adult patients in cardiac arrest or shock. 
Rapid deployment ECLS (or ECRP) in the pediatric age group 
has a reported survival rate of 30% following in-hospital car-
diac arrest.69 Similar results have been reported in adults,70,71 
although these two groups represent a small minority of ECLS 
runs (~2%).

Innovations Using ECLS

ECLS offers a period of respiratory and/or cardiac support 
during which time excellent tissue oxygenation and perfusion 
is achieved, allowing time for recovery of lung parenchyma 
and myocardium. This period of stability can also provide an 
opportunity to try other therapies.

The temperature of blood returning from the ECMO circuit 
is closely controlled and can be manipulated to cool the patient. 
The neurological consequences of a cerebral insult in the neo-
nate may be improved by a period of mild hypothermia, and 
a pilot study reported the feasibility of using ECLS to achieve 
a temperature of 34°C in neonates for 48 h without adverse 
effects.72 A multicenter prospective randomized trial of mild 
hypothermia in neonates on ECLS is currently being carried 
out in the UK. In the Neonatal ECMO Study of Temperature 
(NEST) trial patients less than 28 days of age with respiratory 
failure, who meet ECLS criteria are randomized into being 
maintained at normothermia (37°C) or cooled to 34°C for up 
to the first 72 h of ECLS and then rewarmed. The primary out-
come of neurodevelopmental status will be assessed at 2 years 
of age, and secondary outcomes include mortality, parental 
reports, and growth and behavior rating. Recruitment com-
menced in 2006 and the projected time scale is 5 years.

ECLS for congenital diaphragmatic hernia is controversial 
because pulmonary hypoplasia will limit survival. ECLS may 
allow time to introduce therapies directed at acceleration of 
lung growth. Continuous intrapulmonary distension with per-
fluorocarbon has been demonstrated to accelerate lung growth 
in newborn lambs,73 and the feasibility of this treatment has been 
reported in newborns with diaphragmatic hernia on ECLS.74–76

ECLS is often seen as a “therapy of last resort” and as a 
consequence, at the point of referral, transportation of a criti-
cally unwell patient may not be possible. In the early 1990s 
it was reported that over 10% of neonates referred for ECLS 
died before, during, or soon after transportation to an ECLS 
center.77 Mobile ECLS is offered by selected centers in the 
USA including Wilford Hall Medical Centre,78 Arkansas Chil-
dren’s Hospital,79 and the University of Michigan Medical 
Centre,80 and in Europe by the Karolinska Institute in Stock-
holm81 and the Virchow-Klinikum, Humboldt University in 
Berlin.82 The University of Michigan Medical Centre recently 
reported an institutional review of the first 100 patients trans-
ported on ECLS, with no complications during transportation 
that adversely affected outcome.80

One of the concerns with providing a mobile ECLS service 
is the risk of introducing an inappropriate delay before contact 
with an ECLS center is considered. Although some of the bar-
riers to safe transportation in the early 1990s have now been 
overcome with the widespread ability to transfer on inhaled 
nitric oxide83 and certain centers offering transportation on 
high-frequency oscillation ventilation, early contact with an 
ECLS center should be encouraged in all patients where con-
ventional management is failing.

Summary

ECLS has become an established treatment modality for neo-
natal respiratory failure with strong evidence for a reduction 
in mortality and morbidity compared with continued conven-
tional management. ELSO data also support its use in pediat-
ric respiratory failure. The future of ECLS in adult respiratory 
failure awaits the results of the CESAR trial. This will have a 
major influence on the future of adult intensive care support 
of severe respiratory failure.

ECLS has facilitated many developments in severe cardio-
pulmonary failure by acting as a safety net for relevant trials. 
Attempts to scientifically support its use, both by randomized 
trials and by the ELSO Registry, have set a standard that newer 
treatment modalities need to emulate.
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Introduction

Diaphragmatic pacing was first reported in 1966 by Dr. William 
Glenn, a pioneer of cardiac pacemaker technology, to help 
adults with central hypoventilation secondary to quadriplegia.1 
The use of phrenic nerve pacing to treat infants and children 
with primary Congenital Central Alveolar Hypoventilation 
Syndrome (CCAHS) was reported by Hunt et al. in 1978.2 
The focus of this chapter will be the indications for diaphrag-
matic pacing in children, a detailed description of the surgical 
aspects of diaphragmatic pacers, and the long-term follow-up 
information available for this group of patients.

Historical Background: Ondine’s Curse

Ondine (Undine in some texts) was a mythological figure 
of European tradition. She was a water nymph destined to 
become human when she fell in love with a mortal. The mor-
tal was doomed to die if he was unfaithful to her. In the medi-
cal literature, Ondine’s curse is synonymous with disorders of 
central hypoventilation, sleep apnea, and loss of autonomic 
ventilation.3–6 In these writings, Ondine is regarded as having 
“cursed” her husband with loss of automatic breathing as 
a result of his infidelity.7,8 How did disorders of respiration 
become associated with this legend?

In the early 1950s abnormalities of respiratory control result-
ing in hypoventilation were observed in patients afflicted with 
bulbar poliomyelitis.9 The term Ondine’s curse was first used by 
Severinghaus and Mitchell in 1962. The authors reported post-
operative respiratory problems in a group of patients who had 
undergone high bilateral spinothalamic cordotomies for relief 
of chronic pain. They observed prolonged periods of apnea in 
these patients who were, nonetheless, able to breathe on com-
mand.10 The authors considered their observations to match the 
description of the German legend of Undine. In 1973, Mellins 
et al. applied the term “Ondine’s curse” to infants with congeni-
tal alveolar hypoventilation in whom there was a failure of auto-
matic control of ventilation by the central nervous system.11

There is, however, one small problem attributing these 
abnormalities of respiratory control to Ondine. In none of the 
classic writings does Ondine ever curse her husband! Although 
less prosaic, the term congenital central alveolar hypoventila-
tion syndrome is, therefore, factually more accurate.

Pathophysiology

Congenital central hypoventilation syndrome (CCAHS) is 
defined as a congenital defect of automatic breathing con-
trol. Acquired abnormalities of respiratory control have been 
reported in association with viral encephalitis, asphyxia, 
trauma, brain tumors, brainstem infarction, and some rare 
inborn errors of metabolism (Leigh’s disease, pyruvate dehy-
drogenase deficiency, and carnitine deficiency).

In children with CCAHS ventilation is most severely 
affected during quiet sleep, a state during which automatic 
neural control is predominant. Ventilatory patterns may also be 
abnormal during active sleep and during wakefulness, depend-
ing upon the severity of the disorder. The severity of respira-
tory dysfunction in CCAHS ranges from mild hypoventilation 
during quiet sleep, with relatively good ventilation and oxy-
genation during wakefulness, to complete apnea during sleep 
and severe hypoventilation during wakefulness. Other symp-
toms indicative of brainstem or autonomic dysfunction may 
be present, but these are not essential components of CCAHS. 
While there is some evidence for deterioration of respiratory 
control with age, the usual reason for decline in respiratory 
function is incremental lung damage from recurrent infec-
tion. It is important to realize that children with CCAHS are 
unable to respond automatically to stress, such as intercurrent 
illness, with the result that rapid accumulation of CO

2
 is liable 

to occur.
The pathophysiology of CCAHS has been the subject of 

intense speculation and research. It has been postulated that 
the condition arises from prenatal genetic damage to respi-
ratory center in the brainstem, or from a more widespread 
involvement of the central nervous system.4 Replication of 
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the abnormalities of ventilatory control typical of CCAHS has 
been reproduced in cats by localized destruction of the inter-
mediate area of the ventral surface of the medulla oblongata in 
the brainstem. Other investigators have suggested hypoplasia 
of the arcuate nucleus in the ventral surface of the medulla 
as the probable cause of CCAHS.12 Although this experimen-
tal data seem compelling careful radiological surveys of the 
brainstem in patients with CCAHS have failed to identify any 
recognizable lesion.13

Physiologic Abnormalities in Ventilatory Control

CCAHS was initially thought to be a disorder of central 
chemoreceptors rendering them insensitive to carbon dioxide. 
The ventilatory response to both low oxygen and high car-
bon dioxide was essentially random, without any evidence of 
progressive ventilatory stimulation, suggesting that children 
with CCAHS have absent chemoreceptor responses to both 
hypercapnea (central) and hypoxia (peripheral) while awake.14 
There has also been speculation that the defect in CCAHS lies 
in the central integration of chemoreceptor signals.15

Ventilatory and arousal responses to respiratory stimula-
tion apparently involve separate pathways. Consequently, 
if children with CCAHS have a disorder of chemoreceptor 
input integration they should still respond to other respiratory 
stimuli. Marcus and coworkers, however, concluded that most 
children with CCAHS do respond to hypercapnea, indicating 
some central chemoreceptor sensitivity.16 They speculated that 
because these children are able to respond to hypercapnea, the 
most probable mechanism for CCAHS is a brainstem lesion in 
the region responsible for integration of chemoreceptor infor-
mation.

Despite absent rebreathing ventilatory responses to both 
hypercapnea and hypoxia, most patients with CCAHS are able 
to maintain adequate ventilation during wakefulness. Gozal 
et al. hypothesized that the ability of children with CCAHS 
to maintain waking ventilation was due to intact peripheral 
chemoreceptor (chemoreceptors in the great vessels respond-
ing to changes in oxygen and carbon dioxide levels) func-
tion.17 Tidal breathing of 100% oxygen results in patients with 
CCAHS and normal controls result in a similar decreases in 
ventilation, suggesting that peripheral chemoreceptors are 
indeed intact. Acute hypoxia produces similar increases in 
minute ventilation in the two groups although children with 
CCAHS increased their minute ventilation by a preferential 
increase in respiratory rate as opposed to tidal volume. Vital 
capacity breaths of each of 5 and 15% CO

2
-containing gas 

mixtures induced similar increases in minute ventilation in 
CCAHS and controls. Gozal et al. concluded that peripheral 
chemoreceptor function, when assessed by acute hypoxia, 
hyperoxia, or hypercapnea, is preserved in children with 
CCAHS who are able to sustain adequate ventilation during 
wakefulness.17 They speculated that the apparent large vari-
ability in CCAHS results from defective brainstem integration 
of chemoreceptor information.

Chemoreceptors play an important role in respiratory con-
trol during exercise. During maximal exercise, oxygen con-
sumption and minute ventilation appear lower in CCAHS. The 
increase in minute volume is the result of increasing respira-
tory rate rather than tidal volume. Furthermore, respiratory 
rate and ventilation increase proportionately to exercise inten-
sity in CCAHS, suggesting that exercise-induced increases in 
ventilation can occur in the absence of chemoreceptor func-
tion. Paton et al. also speculated that, in the absence of ventila-
tory response to progressive chemoreceptor stimulation from 
rising carbon dioxide or reduction in oxygen levels in blood, 
motion has a direct effect on respiratory rate, and consequently 
minute ventilation, during exercise.15 They demonstrated this 
by strapping the legs of subjects with CCAHS to the pedals 
of a motorized bicycle to produce passive leg motion. Motion 
at pedal frequency above 40 cycles per minute results in an 
increase in minute ventilation in both CCAHS subjects and 
normal controls. Proprioceptive stimuli from joint and muscle 
receptors are probably responsible for this increase.

In controls, the increase in ventilation is tightly coupled to 
the increase in metabolic requirements. However, in CCAHS, 
passive leg motion is associated with ventilation in excess of 
metabolic requirements, resulting in normalization of carbon 
dioxide levels. Normalization of CO

2
 levels with motion in 

subjects with CCAHS lends support to the theory that there 
is a basic defect affecting integration of sensor inputs to the 
brain center responsible for matching breathing with the meta-
bolic requirements of the body.

CCAHS is characterized by abnormal ventilatory control 
in the absence of a recognized anatomic lesion resulting in 
disturbances of autonomic nervous system (ANS) function. 
Another symptom of malfunction of the ANS is a reduction 
in heart rate variability.18,19 Patients with CCAHS show dis-
turbed moment-to-moment heart rate variability. A prospec-
tive Holter study by Silvestri et al. demonstrated baseline 
bradycardia, coupled with atrial and ventricular premature 
beats.20 These changes are found with increasing frequency 
with advancing age. The long-term significance of these find-
ings is unclear, but it certainly justifies close monitoring as 
these aberrant cardiac rhythms occur more frequently under 
general anesthesia although they usually resolve spontane-
ously. However, Kolb et al. recently reported a patient with 
CCAHS who received a diaphragmatic pacing system in early 
childhood who, at the age of 17 years, also required a cardiac 
pacemaker.21 It is noteworthy that this could be done without 
significant interaction between the devices.

Genetics of CCAHS

The first few years of the twenty-first century saw a break-
through in the understanding of CCAHS. Mutations in 
the PHOX2B gene have been identified in subjects with 
CCAHS.22 Pursuing a genetic explanation for CCAHS was 
supported by data from familial occurrences and genetic 
segregation analyses. Instead of being considered a disorder 
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restricted to abnormalities of breathing control, CCAHS has 
come to be regarded as a more generalized ANS dysfunction. 
Using the candidate approach to search for CCAHS-suscep-
tibility genes, Amiel et al. reported their findings in 2003.23 
They identified mutations in the homeobox gene PHOX2B 
in patients with CCAHS that were not found in normal con-
trols. These mutations consisted mostly of polyalanine repeat 
expansions although they also identified frameshift mutations 
in some patients. These initial findings were subsequently 
corroborated even more convincingly by Weese-Mayer et 
al., adding weight to the theory that PHOX2B is the disease-
defining gene in CCAHS.24,25

PHOX2B is a gene located on chromosome 4p12, which 
encodes a highly conserved transcription factor known to play 
a key role in the development of ANS reflex circuits in mice. 
PHOX2B normally encodes a protein that contains two poly-
alanine repeat sequences of 9 and 20 residues in length. In 
CCAHS, expansions of 25–33 repeats have been identified in 
these polyalanine sequences.

PHOX2B encodes a transcriptional activator involved in 
promoting pan-neuronal differentiation in early embryologic 
development of the nervous system.26 Through a separate 
pathway, it represses expression of neurogenesis inhibi-
tors. In addition, PHOX2B is required to express tyrosine 
hydroxylase, dopamine beta-hydroxylase, and receptor 
tyrosine kinase, thereby confirming its regulatory role in the 
noradrenergic phenotype in vertebrate neural cells.27 Pattyn 
et al. studied PHOX2B extensively and were able to demon-
strate an early expression pattern in the rhombencephalon, 
suggesting a link between early patterning events and later 
neurogenesis in the hindbrain.28 The original references are 
included for the avid reader. For the purpose of this text, it 
will suffice that there is now solid data to establish PHOX2B 
as a key transcription factor in development of autonomic 
reflex pathways. In children with CCAHS there seems to be 
an imbalance in the sympathetic and parasympathetic ner-
vous systems as well as relative dysfunction in the enteric 
nervous system.

These recent discoveries have not only advanced our under-
standing of the basic science of this rare disease. They also 
have critical clinical implications. There is now a reliable 
molecular genetic test to diagnose CCAHS. The disease is 
inherited in an autosomal dominant fashion and it is, there-
fore, recommended that parents and siblings of affected chil-
dren are screened.

Associated Anomalies

Hirschsprung’s disease has been associated with CCAHS. 
In 1978, Haddad et al. described three patients with CCAHS 
and Hirschsprung’s disease, including two siblings with total 
colonic aganglionosis.29 Several further reports have appeared 
since then.30–35 There would appear to be a female preponder-
ance of around 2:1 in patients with Hirschsprung’s disease 
and CCAHS, in contrast to the 4:1 male predominance seen 

in isolated Hirschsprung’s disease. The majority of patients 
with Hirschsprung’s disease and CCAHS have total colonic 
aganglionosis.

Neuroblastoma, ganglioneuroblastoma, and neurofibroma-
tosis have also been seen in children with CCAHS.36–39 These 
associations hint at a primary defect of neural crest cell migra-
tion. In 1974, Bolande coined the term “neurocristopathy” to 
describe lesions resulting from maldevelopment of the neural 
crest tissues.40 Twenty years later, the same author published 
a review describing the advances in neural crest ontogeny as 
well as the increase in number and variety of neurocristopa-
thies.41 Advances in the molecular genetics offer the tantaliz-
ing prospect of unifying the neurocristopathy concept with 
the phenotypic abnormalities seen in CCAHS, Hirschsprung’s 
disease, and other malformations of the ANS.

Clinical Features of CCAHS

The clinical presentation of CCAHS is variable, dependent on 
the severity of the disorder.42 Although most infants are vigor-
ous at birth, with normal Apgar scores, the severely affected 
become apneic as soon as they fall asleep and will require 
assisted ventilation in the newborn nursery. Some spontane-
ous improvement is observed in infancy but this apparent 
improvement results from normal maturation of the respira-
tory system and alteration of the normal wake/sleep cycle 
rather than a real change in the underlying disorder. Apnea or 
hypoventilation will persist during sleep.

Some individuals with CCAHS will present with cyanosis, 
edema, and signs of right-sided heart failure during later child-
hood. Almost invariably these children are thought initially to 
have a cyanotic congenital heart anomaly, only to be found 
to have severe pulmonary hypertension at the time of cardiac 
catheterization.

Patients with milder forms of CCAHS may present with 
tachycardia, diaphoresis, and/or cyanosis during sleep. For-
tunately, these children generally come to medical attention 
before they develop intractable right heart failure. Finally, 
some children present with unexplained apnea, or an apparent 
life-threatening event.

Diagnosis of CCAHS

Diagnostic criteria for CCAHS are shown in Table 42.1.43 
Confirmation of the diagnosis of CCAHS clinically requires 
continuous noninvasive monitoring of ventilation during 
sleep. This is best accomplished using transcutaneous oxy-
gen and carbon dioxide measurements, pulse oximetry, and 
end-tidal capnography. Intermittent blood gas sampling 
by arterial puncture or arterialized capillary sampling is 
not helpful because it will invariably result in arousal of 
the patient and therefore not represent gas exchange during 
sleep. Typically, infants with CCAHS have a decreased or 
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absent ventilatory response to hypercapnea and/or hypoxia, 
although these abnormalities may not be seen in all patients 
depending on the methodology used.14 Genetic mutation anal-
ysis should be performed in suspected cases.

Respiratory Failure Associated with Spinal 
Cord Trauma

Some degree of respiratory insufficiency is present in all per-
sons with cervical spinal cord injuries and tetraplegia because 
of loss of intercostal muscle innervation. However, injuries at 
or above C4 level will also damage the phrenic nerve. Although 
spontaneous recovery of diaphragmatic function occurs in 
some patients during the first year after injury, patients with 
cervical cord injuries above the level of C3 invariably require 
long-term respiratory support.44

Conventional treatment consists of mechanical ventila-
tion through a tracheostomy. Provided suitable financial and 
domestic support is available it may be possible to rehabilitate 
children to home on long-term mechanical ventilation.

Diaphragmatic pacing following cervical cord trauma was 
first described by Glenn in 1972.45 Considerable advances in 
microelectronics since then have made diaphragmatic pacing 
for respiratory support in tetraplegic patients a viable proposi-
tion.46 Elefteriades et al. have proposed a series of selection 
criteria for pacing quadriplegic patients (Table 42.2).47

Management

Pharmacologic Management

Over the years all known (and some only suspected) respira-
tory stimulants have been used to treat CCAHS without sus-
tained benefit. Theophylline and caffeine may have limited use 
in the mildest forms of CCAHS. Progesterone may be of use 
although feminizing side effects limit its utility. Methylpheni-
date has some effect but excessive doses results in sleep 
deprivation. Doxapram is a respiratory stimulant occasionally 
given to babies with apnea of prematurity when caffeine fails, 
or for respiratory depression following anesthesia. It has been 

of some use in CCAHS but long-term treatment is limited by 
the nonspecific adrenergic stimulation.

Mechanical Ventilation

Positive pressure ventilation through a tracheotomy is the most 
commonly used method of support for children with CCAHS 
and now considered the standard treatment.48 However, there 
are many inherent problems associated with long-term trache-
otomy in children, including a significant mortality.49 Speech 
and language development is hindered, and lower respiratory 
tract infections are frequent.50,51

Noninvasive positive pressure ventilation (NPPV) avoids 
the need for tracheotomy. Positive pressure ventilation can be 
applied using a nasal mask. The first use of this method of ven-
tilation to treat a 6-year old with CCAHS appeared in 1987.52 
Subsequently this technique has been used to treat a 9-month-
old infant.53 Noninvasive ventilation in the home setting requires 
a considerable degree of patient cooperation and an even greater 
degree of parental supervision, rendering it impractical for many 
families. Prolonged use of nasal mask ventilation may lead to 
pressure-induced distortion of maxillary growth from the tight-
fitting mask. Growth of the maxilla fails to follow growth of 
the mandible creating a pseudoprognathis deformity of the 
mid-face.54 Gas exchange is apt to become inadequate during 
respiratory tract infections because of either nasal obstruction 
or excessive secretions with the result that ICU admission and 
endotracheal intubation become necessary.

Negative pressure ventilation using a chest shell (cuirass) 
provides another alternative for noninvasive ventilation. Neg-
ative pressure ventilation has the additional advantages of 
augmenting normal breathing patterns and avoiding a trache-
otomy. However, this technique is of limited value in the pres-
ence of lung disease, especially as lung compliance declines. 
Moreover, frequent refitting becomes necessary because of 
growth, and the equipment is cumbersome.

Diaphragmatic Pacing

Diaphragmatic pacing was first described in 1966 for patients 
with respiratory failure secondary to quadriplegia.1  Subsequently, 
Hunt et al. developed a modified method of diaphragmatic 

Table 42.1. Diagnostic criteria for congenital central hypoventila-
tion syndrome.

Hypoventilation (hypopnea) during quiet sleep leading to progressive 
hypercarbia (pCO

2
 > 60 torr) and hypoxemia

Absent or negligible ventilatory and arousal sensitivity to hypercarbia 
during sleep
Variable deficiency in hypoxic ventilatory responsiveness, with absent or 
negligible hypoxic arousal responsiveness during sleep
Lack of response to respiratory stimulants
Absence of autoresuscitation
Onset of symptoms during the first year of life
Absence of primary pulmonary disease or neuromuscular dysfunction to 
explain the hypoventilation

Table 42.2. Selection criteria for diaphragmatic pacing quadriplegic 
patients.

Stable cervical spinal cord injuries at C3 level or above
At least 3 months postinjury to allow time for spontaneous recovery
Intact phrenic nerves, assessed by transcutaneous stimulation of the phrenic 
nerves in the neck
Normal lung function
Low-pressure urinary drainage, controlled urinary tract infections
No significant musculoskeletal deformities
Age > 10 years
Supportive family network, including domestic stability and financial 
security
Normal cognitive function and motivation to pursue independence
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pacing for infants and children.2 Diaphragmatic pacing allows 
ventilation of the lungs by diaphragmatic excursion (i.e., 
negative pressure). For patients with normal waking ventila-
tion the real benefit of diaphragmatic pacing at night is free-
dom from positive-pressure ventilation. In children who also 
require ventilatory support while awake, pacing can improve 
their quality of life substantially. This is accomplished mainly 
as a result of increased mobility, which brings considerable 
benefits for general physical and mental development through 
independent living.55 Normal breathing patterns can be simu-
lated. The need for a face mask or cuirass and equipment for 
mechanical ventilation is avoided. Feeding and speech are 
not compromised. From a financial point of view, although 
the initial cost of diaphragmatic pacing is expensive, the sav-
ings incurred in ventilator-related expenses are such that, on 
average, the pacemaker will pay for itself within 4–5 years. 
Thereafter, diaphragmatic pacing is approximately $20,000 
per annum, which is less expensive than mechanical ventila-
tion at home.

Diaphragmatic pacing becomes feasible in children over the 
age of 1 year. Below this age the chest wall is too compliant 
to allow effective pacing. In addition to age, there are several 
general criteria that must be met before considering diaphrag-
matic pacing (Table 42.3).55 Traditionally phrenic nerve and 
diaphragm function is evaluated by documenting the contrac-
tile response of each hemidiaphragm to electrical stimulation 
of each phrenic nerve by surface electrodes.56 More recently, 
the relationship between cerebral and diaphragmatic function 
has been evaluated using cortical and cervical magnetic stim-
ulation.57 The principle of magnetic stimulation is to create 
a brief and intense magnetic field that, unlike electrical cur-
rent, is only mildly attenuated by natural barriers such as skin 
and bone. This enables magnetic fields to reach deeply seated 
structures. Furthermore, magnetic stimulation is less painful 
and therefore better tolerated than electrical stimulation, par-
ticularly in children.

There are two diaphragmatic pacing systems available com-
mercially in the USA.58 The Avery breathing pacemaker sys-
tem (Avery Laboratories, Commack, NY) is FDA approved 
and has been in clinical use for many years.59 The Atrostim 
phrenic nerve stimulator (Atrotech, Tampere, Finland) is FDA 
approved for investigational use only although this system is 
widely used outside the USA.60 A third system is manufactured 

by MedImplant Biotechnisches Labor, Vienna, Austria but 
this is not available in the USA.

The main differences between the three pacing systems lie 
in the electrodes. The Avery system uses monopolar or bipo-
lar nerve cuff electrodes. The Atrostim system uses a four-
pole sequential stimulation. Each electrode comprises four 
contacts evenly spaced around the phrenic nerve, which are 
stimulated sequentially activating different parts of the nerve 
with the aim of delaying diaphragmatic muscle fatigue. The 
MedImplant system features a similar system with four elec-
trodes sutured to each phrenic nerve.

Diaphragmatic pacing systems used in clinical practice 
consist of four components (Fig. 42.1).

Nerve electrode. A titanium or platinum noncircumferential 
electrode is attached to the phrenic nerve. This connects to the 
receiver via a high-flexibility stainless steel cable insulated by 
a silicone sheath (Fig. 42.2).

Receiver. The receiver is a totally implanted device about the 
size of a Canadian dollar coin. This receives radiofrequency 
energy and converts it into electrical impulses, which in turn 
stimulate the phrenic nerve to elicit contraction of the dia-
phragm (Fig. 42.3).

Fig. 42.1. The Avery breathing pacemaker system (courtesy of Avery 
Biomedical Devices, Commack, NY, USA)

Table 42.3. General criteria for diaphragmatic pacing in children.

Chronic respiratory failure requiring long-term respiratory support by 
mechanical ventilation via a permanent tracheotomy on either a temporary, 
intermittent, or continuous basis
A defined central neurologic cause such as alveolar hypoventilation or spinal 
cord trauma interrupting neuronal conduction at C3 level or above
Intact phrenic nerves, assessed by transcutaneous stimulation of the phrenic 
nerves in the neck
Normal, or near normal, lung function
Supportive family network, including domestic stability and financial 
security
Normal cognitive function and motivation to pursue independence
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External antenna. An antenna is worn over each implanted 
receiver. The antennae send radio signals transcutaneously 
from the transmitter to the internal receiver (Fig. 42.4).

Pulse generator. The external generator provides the signals 
for phrenic nerve stimulation. The power and frequency of the 
signals can be adjusted (Fig. 42.5).

The phrenic nerves can be exposed for attachment of pacing 
electrodes through the neck or through the chest. The preferred 
site for electrode placement is the intrathoracic segment of the 
phrenic nerve, just above the reflection of the pericardium. 
The intrathoracic phrenic nerve can be approached using 
several routes. It can be reached by an anterior thoracotomy 
incision although the resulting scar is cosmetically unsatis-
factory. When using an open technique, we prefer a transax-
illary approach through the third intercostal space. A small 
incision is made in the inferior aspect of the axilla, extending 
between the latissimus dorsi muscle posteriorly and the pecto-
ralis major anteriorly. The exposure provided by this approach 

is satisfactory and, since no muscle is divided, postoperative 
discomfort is minimal. The cosmetic result is excellent.

The phrenic nerve is exposed approximately 5 cm above 
the pericardial reflection by incising the mediastinal pleura 
over a distance of 1.5 cm. Extreme care must be exercised to 
avoid damage to the nerve by overzealous dissection of the 
epineurium. The electrode is secured in position using fine 
nonabsorbable sutures placed in the pleura. We do not rou-
tinely leave a chest tube at the end of the procedure because of 
the potential risk of infection.

In recent years we have used thoracoscopy for electrode 
placement. The procedure takes us longer thoracoscopically 
than through an axillary thoracotomy, and the postoperative 
analgesia requirements are similar. This probably relates to 
the learning curve for an uncommon procedure and it seems 
likely that thoracoscopy will provide advantages for adult 
patients.

The phrenic nerve can also be exposed in the neck, 
where it lies on the anterior scalene muscle.61 Unfortunately 

Fig. 42.4. The external antenna, worn over each implanted receiver coil

Fig 42.5. The external pulse generator. This is a dual-channel device 
for simultaneous control of both pacing electrodesFig. 42.3. The receiver coil, which is implanted subcutaneously

Fig. 42.2. The nerve-stimulating electrode
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the phrenic nerve may comprise the C3/4 root only in the 
neck. The C5 component then forms an accessory phrenic 
nerve, which joins the C3/4 root only in the lower thorax.62 
Consequently, one might only capture 75% of the fibers in 
the neck. Moreover, cervical electrodes may inadvertently 
stimulate the brachial plexus giving rise to undesirable neck 
or arm twitches, particularly in small patients. For these rea-
sons, we reserve the cervical approach for patients who have 
a hostile thoracic cavity, e.g., following previous thoracic sur-
gery or an empyema.

Whether the thoracic or cervical approach is used to affix 
the electrodes to the phrenic nerves, the connecting wires are 
tunneled to a subcutaneous location on the lower lateral chest 
wall on each side. A subcutaneous pocket is created for the 
receiver (Fig. 42.3). At the end of the procedure all compo-
nents are totally implanted and the wounds are closed in a 
standard fashion. Before leaving the operating room correct 
functioning of the pacing system must be verified. The sur-
face antenna is placed over the receiver and the generator is 
activated (Fig. 42.6).

The pacing generator is left inactive for several days after 
surgery, to allow recovery and general convalescence. There 
then follows a period of diaphragmatic training, which usually 
lasts 3–4 months.47,63 Diaphragmatic conditioning is a process 
whereby the fast-contracting muscle fibers that are anaerobic, 
highly glycolytic, and susceptible to fatigue, are progressively 
transformed into slow-contracting, fatigue-resistant fibers. 
This process makes long-term diaphragmatic pacing possible. 
Pacing is started at 1–2 h per day, and increased by 30–60 min 
each week. Once diaphragmatic conditioning is complete 
long-term pacing continues at a rate of about 7–10 breaths per 
minute. The long-term risk of diaphragmatic fatigue appears 
to be minimal when these pacing frequencies are used.

Most children requiring long-term respiratory support will 
have a tracheostomy. Diaphragmatic pacing offers a small 
chance of life without a permanent tracheostomy. In practice 
this is realized infrequently.64 Although phrenic nerve stimulation 

causes contraction of the diaphragmatic muscle resulting in 
inhalation, exhalation is passive. Diaphragmatic pacing is, 
therefore, not capable of producing an effective cough in tet-
raplegic patients.

Pacing can produce upper airway obstruction as a result 
of vigorous diaphragm contraction, which is not coordinated 
with phasic muscle control of the upper airway. All infants 
and young children require tracheostomy to prevent upper air-
way obstruction during sleep. A small number of older chil-
dren and adults (<10%) are eventually able to manage without 
a tracheostomy.65

Although patient numbers remain small there is some long-
term follow-up data available for diaphragmatic pacing. This 
includes information on a limited number of children (Table 
42.4). In a retrospective study of quadriplegic adults, Carter 
et al. suggested that there was a survival advantage in patients 
supported by phrenic pacing.70 The patients reported in this 
study were paced for a mean duration of 13.7 years, which 
is impressive given the limited life expectancy that follows 
traumatic quadriplegia.

Complications

The perioperative morbidity associated with implantation 
of a diaphragmatic pacing system is low and the mortality 
approaches zero. Intraoperative complications include dam-
age to the phrenic nerve, especially in redo situations. One of 
our patients developed an empyema postoperatively and, as 
a consequence, we chose to replace the electrode in his neck 
rather than returning to the hostile thoracic cavity.71 Immedi-
ate postoperative complications include a pneumothorax and, 
as alluded to earlier, infections. We do not leave a chest tube 
routinely at the end of the procedure since the visceral pleura 
is usually not damaged and we feel that this may add an unnec-
essary risk of infection. One patient developed a pneumotho-
rax shortly after returning to the intensive care unit post-op. 
A chest tube was placed, the lung reexpanded immediately, 
and the tube was removed the following day.

The most common long-term issue is equipment failure. 
The receiver requires replacement most frequently. The subcu-
taneous location of the receiver makes this a relatively simple 
procedure, which can be performed as an outpatient. In recent 
years the longevity of the pacing receivers has increased con-
siderably. Pacing electrodes occasionally need replacement 
because of fracture of the silicone sheath surrounding the 
wire. The most feared complication for these patients with 
diaphragmatic pacing devices is entrapment of the phrenic 
nerve as a consequence of scar tissue formation around the 
electrode. We have experienced this in one patient. A seg-
mental phrenic nerve resection with primary reanastomosis 
was performed with partial recovery. Two other groups have 
reported successful recovery after phrenic nerve damage.72,73

Intramuscular electrode placement has been proposed as 
a method of avoiding intrathoracic dissection of the phrenic 

Fig. 42.6. Before leaving the operating room correct functioning of 
the pacing system is verified
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nerves.74 The abdominal surface of the diaphragm is approached 
laparoscopically, and electrodes are placed at the sites where 
the phrenic nerves enter the diaphragm. This requires electro-
physiologic mapping to determine the optimum site for elec-
trode placement since the phrenic nerves are not visible on the 
inferior surface of the diaphragm. Preliminary results appear 
comparable to conventional electrode placement.

Summary

Infants with CCAHS whose parents choose to continue treat-
ment should be offered diaphragmatic pacing after the age of 
1 year. It has an acceptably low complication rate and leads to 
greatly enhanced quality of life for these unfortunate children. 
Children with less severe forms of CCAHS who can breathe 
spontaneously during the day benefit from overnight pacing 
and thereby become free from mechanical ventilation. Patients 
with a more severe disease require overnight mechanical ven-
tilation but can be paced during the day and, again, this aug-
ments their freedom greatly.

We now have three patients with diaphragmatic pacing sys-
tems who have reached adulthood. One young man, now aged 
21, is a computer technician, and we have a young lady who 
is a member of her school’s basketball team. These patients 
attest to the long-term benefits of diaphragmatic pacing tech-
nology.
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Section 9 
Chest Wall Abnormalities



Introduction

Pectus excavatum (Latin: excavated chest) is a depression of 
the anterior chest wall and is the most frequent chest wall 
deformity, occurring in 1 in 400 to 1 in 1,000 children.1 It 
constitutes about 90% of childhood chest wall deformities. 
It is to be distinguished from pectus carinatum, in which the 
sternum and costal cartilages protrude too far anteriorly, pro-
ducing what has been called a “pouter pigeon chest” or “keel” 
chest. Although often present at birth, the depression may 
arise from a normal chest or progress in a congenital case at 
the time of puberty. Although the physiologic and psycho-
logic consequences vary for a large number of patients, the 
lesion is troublesome enough that they welcome corrective 
surgery.

Historical Perspective

Pectus excavatum was recognized and described at least as 
early as the sixteenth century. Johan Schenck (1531–1590) 
collected literature on the subject, as cited in Ebstein.2 Symp-
toms of dyspnea and paroxysmal cough were attributed to 
severe pectus excavatum by Bauhinus in 1594.3 It was not 
until the twentieth century that general anesthesia permitted 
surgical treatment for the condition.

In 1911 in Germany, Meyer made a failed attempt at treat-
ment by resection of the second and third costal cartilages.4 
Two years later Sauerbruch succesfully treated a watch maker 
with a pectus excavatum incapacitated by dyspnea and palpi-
tations.5 Surgical treatment involved excision of a section of 
the anterior chest wall, including the left fifth to ninth costal 
cartilages, and a segment of the adjacent sternum. After recov-
ery the patient was able to resume work without dyspnea in 
his father’s watch factory, despite visible cardiac pulsations 
beneath a muscle flap. He was married three years later. By 
the 1920s, Sauerbruch performed the first pectus repair utiliz-
ing bilateral costal cartilage resection and sternal osteotomy,6 
a technique popularized by Ravitch’s reports more than 20 

years later. Sauerbruch advocated external traction for six 
weeks after operation.

Oschsner and Debakey published a review in 1939 of all 
the published cases and surgical approaches for pectus repair 
up to that time.7 Simple line drawings depicted the varied 
resections utilized. That same year, Lincoln Brown proposed 
that shortened diaphragmatic ligaments attached to the under-
surface of the sternum caused the condition.8 Though clearly 
disproven by thoracoscopy, some physicians still mistakenly 
adhere to this theory today.

In 1948, Ravitch had success with an extensive operation 
at Johns Hopkins which mobilized the sternum completely, 
divided all sternal attachments including the intercostal bun-
dles, rectus muscles, diaphragmatic attachments, and excised 
the xiphisternum.9 By 1958, Welch at Boston Children’s Hos-
pital advocated a less radical approach, preserving the inter-
costal bundles.10

Internal support was suggested in 1950 by Dorner, who uti-
lized homologous rib.11 Metal support was described first in 
1956 by Wallgren and Sulamaa, who pushed a slightly curved 
stainless steel bar through the caudal end of the sternum from 
side to side and bridged the newly created gap between the 
sternum and ribs.12 In 1961, Adkins and Blades suggested 
passing the bar behind the sternum rather than through it.13 
A variety of other techniques have been reported to be effective: 
Titanium miniplates,14 Dacron vascular graft strut,15 seagull 
wing self retaining prosthesis,16 bioabsorbable weave,17 and 
substernal mesh bands.18 Plastic surgeons have treated pectus 
excavatum by implantation of silicone bags in the depression, 
which restores the external contour of the chest, but does not 
address the shape of the chest wall.19,20 Sternal turnover was 
a totally new concept introduced in 1954 by Judet.21 In 1968, 
Wada of Japan reported a large series.22 He removed the whole 
deformed sternum, turned it over, and sutured it back in place. 
This procedure was not widely adopted outside Japan, because 
of major complications in the event of infection.

Concern regarding the growth of the chest after resection of 
the entire length of the costal cartilages was voiced by Pena 
and associates in a 1990 report describing failure of growth of 
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the thoracic cage following costochondral cartilage resection 
in baby rabbits.23 The human counterpart of this phenomenon 
was described in 1996 by Haller and associates, who reported 
chest wall constriction after too extensive and too early opera-
tions.24

In 1997, Nuss presented a 10-year experience with a mini-
mally invasive technique requiring no cartilage incision or 
resection, no sternal osteotomy, relying instead on placement 
of an internal brace with a stainless steel bar.25 This technique 
was made possible by the flexibility of costal cartilage. The 
rationale for this technique was based on the malleability of 
the pediatric chest.26,27 Chest reconfiguration occurs in adults 
who develop a barrel-shaped chest in response to the stiff lungs 
of chronic obstructive pulmonary disease.28 The technique has 
been adopted world wide with positive results.

Pathogenesis and Basic Science

The etiology of pectus excavatum is unknown. Epidemio-
logical hints its cause may lie in the animal kingdom and 
geographic distribution and heritability. Animals occasion-
ally affected include dogs and cats.29 The incidence of pectus 
excavatum in man varies from 38 per 10,000 births among 
white infants to 7 per 10,000 births among African-American 
infants in a 1975 Collaborative Perinatal Project in the United 
States. This study represented a collaborative endeavor by 
12 major medical centers and the National Institute of Neu-
rological and Communicative Disorders and Stroke of the 
National Institutes of Health.1 Reports of large numbers of 
cases treated surgically have appeared from the Far East and 
in the Indian subcontinent.22,30 A report of congenital chest 
wall malformations in Nigerians surveying 2,195 autop-
sies from the University of Ilorin reported one patient with 
Poland’s syndrome, one with Cantrell’s syndrome, and none 
with pectus excavatum, suggesting it is an uncommon occurrence 
among black Africans.31 However, it may be that the condi-
tion was simply not recorded, as was the case in autopsies at 
Johns Hopkins until 1947.

Pectus excavatum has a strong familial tendency. A family with 
three affected brothers was reported by Coulson in 1820.32 
Fifty years later, a 17-year-old patient born with pectus exca-
vatum was reported by Williams, who noted that his father 
and brother were also affected.33 In our series of patients, 
about 45% of patients with pectus excavatum have a family 
history.34 The mode of inheritance was sought in 34 families 
with more than one affected individual. Of the 34 families, 
14 families suggested autosomal dominant inheritance, 4 
families suggested autosomal recessive inheritance, 6 families 
suggested X-linked recessive inheritance, and 10 families had 
complex inheritance patterns.35

The effects on longevity and health after childhood 
attributable to untreated pectus excavatum remain unclear. 
To examine this, a study of all patients noted to have pec-
tus excavatum at autopsy at a major medical center with a 

longstanding interest in the condition over a 112-year period 
was made. Pectus excavatum was identified in 62 of 50,496 
cases at Johns Hopkins between 1889 and 2001. Of those 62 
patients, 17 were 65 years or older and appeared to have died 
of causes unrelated to pectus excavatum, the oldest being 91 
years. The severity of the deformity could not be determined 
from the autopsy data. Survival analysis indicated that pec-
tus excavatum patients had a different survival than controls. 
Pectus excavatum patients tended to die earlier; but pectus 
excavatum patients who survived past the age of 56 years 
tended to survive longer than their matched controls. There 
were no reported cases of pectus excavatum before 1947, 
roughly coincident with Ravitch’s reports from the same 
institution.28

No consistent histological abnormalities have been iden-
tified in the cartilage of patients with pectus excavatum but 
associations with several connective tissue abnormalities 
were identified in the autopsy series report.28 These associa-
tions include Marfan syndrome, in about 25% of patients, and 
Ehlers Danlos syndrome in 5% of patients.34

Pulmonary function tests in affected patients have shown 
that preoperative forced vital capacity (FVC) and forced expi-
ratory volume (FEV

1
) medians lower than normal by 13%. 

Forced expiratory flow (FEF
25–75

) medians are lower than nor-
mal by 20%. Postoperative patients show statistically signifi-
cant improvement after surgery by the Nuss procedure for all 
parameters. Patients older than 11 years at the time of sur-
gery had lower preoperative values and larger mean postbar 
removal improvement than younger patients. An older patient 
with a preoperative FEF

25–75
 score of 80% of normal would 

be predicted by our data to have a postoperative FEF
25–75

 of 
97%, indicating almost complete normalization for this func-
tion. FVC and FEV

1
 also improved by clinically significant 

amounts. These results are consistent with patient reports of 
clinical improvement.

Since patients with pectus excavatum seldom complain 
of shortness of breath at rest, but rather during heavy exer-
tion like running or swimming, exercise pulmonary function 
tests should be expected to show more profound differences. 
A comprehensive search of the literature identified eight stud-
ies that met all inclusion criteria. Those studies of 169 pec-
tus excavatum patients indicated that surgical repair of pectus 
excavatum significantly improves cardiovascular function. 
Malek reported a metaanalysis of cardiovascular function fol-
lowing surgical repair of pectus excavatum in 2006.36 Previ-
ously, Malek et al. had reported on 21 patients with severe 
pectus excavatum who underwent exercise pulmonary func-
tions testing. Maximum oxygen uptake (VO

2
max) and oxygen 

pulse (VO
2
max/cardiac frequency) – both indices of maximum 

aerobic exercise capactity – were significantly lower than the 
reference values. Patients exhibited cardiovascular limitation, 
but not ventilatory limitation. The metabolic threshold for lac-
tate accumulation was abnormally low (41% of the reference 
value), and was consistent with cardiovascular impairment 
rather than physical deconditioning.37
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Clinical Features

Pectus excavatum is a depression of the anterior chest wall 
and is almost always worst in the region of the inferior ster-
num. The depth and shape of the depression are variable. 
Often asymmetric, the depression of the chest can be localized 
and deep (cup-shaped Fig. 43.1), diffused and shallow (sau-
cer-shaped Fig. 43.2), or may extend cephalad to the clavicles 
(furrow-shaped). A depression on one side of the sternum may 
be associated with a protrusion on the other side (a mixed cari-
natum/excavatum deformity).38 Many but not all patients are 
tall and thin suggesting a connective tissue disorder. About 

20% patients show physical signs of Marfan syndrome, and 
2% of Ehlers-Danlos syndrome.34 Mild scoliosis is present in 
about 20% of patients and severe scoliosis in another 10%. 
The depression may be noted at birth or appear during child-
hood. It tends to progress as the child grows and is especially 
prone to progress during puberty. Whether patients “outgrow” 
pectus excavatum remains dubious. Patients tend to stand with 
a posture characterized by thoracic kyphosis, rounded shoul-
ders, and a protuberant abdomen (Fig. 43.3). In severe cases, 
symptoms are frequent (Table 43.1) and are dominated by 
complaints of easy fatigability, shortness of breath on exer-
tion, and short-duration chest pain, often over the mid or lower 
sternum of just to one side of the sternum. Ravitch noted 50 
years ago that while some patients have no limitation of activ-
ity, “it is more common to hear of a boy who can ‘fool around’ 
shooting basketball but not play a game, or play a game of 
tennis but not a set.”9

Self consciousness about the appearance of the chest arises 
in many. Usually children develop this concern around school 
age, since classmates often point out their previously unrec-
ognized “flaw” using unflattering words. Many school-age 
patients become unwilling to go swimming or play sports they 
might otherwise play to avoid ridicule.39 Just as one would not 
leave cleft lip untreated, surgical correction of such a disrup-
tive problem should be undertaken when practical.

Diagnosis

Diagnosis of pectus excavatum is made by physical exami-
nation. On visual examination, the patients not only have an 
obvious depression of the anterior chest wall but also have the 
classic pectus posture, consisting of rounded shoulders and 
protuberant abdomen (Fig. 43.3). It is important to examine 
the patient in different positions, since seated or standing posi-
tions can exaggerate the defect by flexion of the thoracic spine. 
The supine position gives the most reproducible result. Palpa-
tion is helpful to determine cardiac displacement and sternal 
torsion. Determining the location of the deepest part of the 
depression is helpful in planning surgical correction. Usually 
the deepest point is at the xiphoid or inferior of the sternum. If 
the deepest point is not in the midline, the depression is asym-
metric (Fig. 43.4). The costal cartilages inferior to the sternum 
are sometimes “flared” that is they protrude anteriorly in the 
upper abdomen inferior to the depression.

Investigations

Since many patients with pectus excavatum complain of exer-
cise intolerance, easy fatigability, or chest pain, we obtain pul-
monary function studies and echocardiography on all patients. 
Static pulmonary function tests (PFT’s) do not generally 
show profound deficits but in a large series of patients (more 
than 600) we have found that the mean forced vital capacity 

Fig. 43.1. Cup-shaped excavatum deformity

Fig. 43.2. Saucer-shaped excavatum deformity
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(FVC), forced expiratory volume in one second (FEV
1
), and 

the midportion of the forced expiratory flow (FEF
25–75

) are in 
the low normal range of 80–89% of predicted values, whereas 
in the normal population, the majority are in the 90–110% 

range. It is frequently the case that static PFTs are 85% pre-
dicted while the VO

2
 max in the same patient is in the 50–65% 

predicted range. It is important that the exercise PFTs be done 
by a protocol that seeks to measure gas exchange. Recent 
reports verify the sustained improvement in performance 
following repair.40

Cardiology

Common cardiology protocols such as the Bruce protocol will 
be reported as showing a normal response to exercise, since 
the patient will not have EKG findings of cardiac ischemia, 
and will increase heart rate in a normal way.

Cardiology evaluation is important since a significant frac-
tion of patients will have findings of right ventricular com-
pression or mitral valve prolapse.41 It is also useful in patients 
with exertional chest pain for whom one contemplates a 
major thoracic operation to assure normal cardiac function. 
For example, we have uncovered an unrecognized AV canal 
defect requiring surgical repair during pre-operative testing 
for pectus repair. Some of the decreased ability to do work 
noted in the exercise studies may be explained by decreased 
cardiac output due to compression of the heart, which results 
in incomplete filling and decreased stroke volume. Compres-
sion can also interfere with normal valve function. Mitral valve 
prolapse was present in 17% of our patients, and in up to 65% 
of those in other series, compared with only 1% in the normal 
pediatric population.41–43 Dysrhythmias, including first-degree 
heart block, right bundle branch block, and Wolff-Parkinson-
White syndrome were present in 16% of our series.28

Radiological Diagnosis

Radiological evaluation of pectus excavatum can be carried 
out with plain lateral chest X-ray by measuring the distance 

Fig. 43.3. Posture characterized by thoracic kyphosis, rounded shoul-
ders, and a protuberant abdomen

Fig. 43.4. Asymmetric excavatum deformity

Table 43.1. Preoperative symptoms in patients undergoing repair of 
pectus excavatum (N = 900).

Exercise intolerance 739 (82%)
Chest pain (with or without 
exercise)

615 (68%)

Lack of endurance 603 (67%)
Shortness of breath 386 (43%)
Asthma or asthma-like symptoms 257 (29%)
Frequent URI 226 (25%)
Mild scoliosis 150 (17%)
Severe scoliosis 91 (10%)
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from the posterior surface of the sternum to the anterior edge 
of the body of the spine. Computed tomographic (CT) scan 
provides much more information regarding the anatomy of 
the defect. Haller suggested dividing the transverse diameter 
by the AP diameter, which gives a useful indicator of sever-
ity (Fig. 43.5).44 In normal patients, the ratio is 2.0 or less.45 
Haller and associates reported severe pectus corresponded 
to an index of 3.2 or greater. CT scans should by convention 
be obtained in quiet respiration, not at full inspiration, since 
the pectus index is markedly changed at full inspiration. In 
measuring the pectus index in a patient with a deep (barrel) 
chest that arithmetic will reduce the Haller index and under-
represent the severity of the depression. CT scans also give 
much better assessment of cardiac compression and displace-
ment: Asymmetry of the cartilaginous component of the chest 
wall, the three-dimensional nature of the depression is bet-
ter seen by CT, and the vertical extent of the depression and 
the amount of sternal torsion associated with twisted costal 
cartilages are better seen and measured by CT. These factors 
may allow better determination of appropriate surgical treat-
ment such as where to place the bars and whether two or more 
bars are needed. Most of the advantages of CT are accrued by 
MRI without radiation but most radiologists believe that bony 
structures like the chest wall are better evaluated by CT. Also, 
the CT images can be acquired in about a minute, without the 
concerns for sedation or claustrophobia, which often occurs 
during the 20 min or so in a dark noisy tunnel to get the MRI 
scan. Respiratory motion of the chest wall is insignificant on 
CT, but not on MRI.

Management

Antenatal/Perinatal Management

Pectus excavatum has been rarely noted antenatally.46 In our 
perinatal center, which cares for 5,000 deliveries per year, we 
have encountered only one case in ten years (personal com-
munication, Alfred Abuhamad MD, 2007), although pectus 

excavatum is common at birth. Shamberger states 33% of 
pectus deformities are present at birth.41

Medical

Prior to the twentieth century, treatment was confined to fresh 
air and exercise without success. Various exercises, efforts 
to improve posture and braces such as the “figure of eight” 
clavicular fracture splint have been employed. Critical studies 
of their effectiveness are lacking. Because compression braces 
have been very successful in correcting pectus carinatum,47 
novel approaches to treat pectus excavatum with external 
suction48 and implanted magnets49 have been attempted with-
out success to date. The external suction approach has suf-
fered from recurrence and skin injury. The implanted magnet 
approach is moving to phase I clinical trial.

Surgical

Conventional Operative Techniques: Description 
of Modified Ravitch Operation

Because of the occurrence of asphyxiating thoracic chon-
drodystrophy following extensive cartilage resection, most sur-
geons perform a less extensive resection than previously.50 In the 
open technique, an anterior thoracic incision is made, which can 
be either infra-mammary or vertical. Skin flaps are elevated, and 
the pectoralis major and rectus abdominal muscles are reflected 
off the sternum. The third through sixth costal cartilages are 
exposed. The perichondrium is incised. The standard approach 
is to make a longitudinal incision through the perichondrium 
and then remove the entire deformed cartilage, preserving the 
perichondrium. An increase in number of surgeons now favor 
removing two short segments of the cartilage, each about a cen-
timeter long, at either end of the cartilage, taking care to pre-
serve the bone – cartilage junction as it is the epiphyseal growth 
plate. An osteotomy is performed through the anterior table of 
the sternum at the location of the angulation. The posterior table 
is fractured, and then the sternum is elevated and untwisted if 
necessary. The osteotomy is closed with nonabsorbable sutures. 
A strut may be inserted under the sternum to bridge the gap 
between the ribs and the sternum and prevent the sternum from 
sinking back into the chest. The perichondrial “sleeves” are 
resutured, drains are inserted, the muscle flaps sutured back into 
position and the incisions are closed. Postoperative management 
is similar to that of the closed technique, except that patients are 
required to refrain from contact sports for at least three months 
vs. six weeks for the closed technique.

Minimally Invasive Operative Techniques: Description 
of Nuss Operation

In the minimally invasive approach, a convex stainless steel 
or titanium bar (Biomet Microfixation, Jacksonville, Florida) 
(Fig. 43.6) is inserted under the sternum, elevating it anteriorly 

Fig. 43.5. Pectus index
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and holding it in the desired position. Incisions on each side of 
the chest are used to create a subcutaneous tunnel from the lat-
eral chest to the top of the pectus ridge on each side. The pectus 
ridge is the most anterior prominence lateral to the depression 
on each side. At the top of the ridge, bilateral thoracostomy 
incisions are made, and then a centimeter wide, flat, appropri-
ately curved metal tunneler (an introducer Fig. 43.7) is inserted 
into the chest under thoracoscopic guidance.

Very carefully, with the thoracoscope in place and the intro-
ducer and vital structures under good vision, the pleura and 
pericardium are dissected off the undersurface of the sternum 
(Fig. 43.8). The introducer is slowly advanced across the 
mediastinum and then brought out through the thoracostomy 
 incision on the contralateral side (Fig. 43.9). When the intro-
ducer has been passed across the mediastinum, it is lifted ante-
riorly, while at the same time applying pressure on the lower 
costal margin. Elevating the sternum with the introducer is 
repeated until the sternal depression has been corrected. An 
umbilical tape is attached to the introducer, and the introducer 

is slowly pulled back across the mediastinum by withdrawing 
it from the chest. A pectus support bar is then attached to the 
umbilical tape and slowly guided through the substernal tunnel 
by applying traction on the umbilical tape under thoracoscopic 
scope control, with the convexity of the bar facing posteriorly 
until it emerges on the contralateral side (Fig. 43.10).

The length of the bar is determined by measuring the 
distance from the mid-axillary line to mid-axillary line and 
subtracting 2.5 cm (1 in.). The bar is bent to the desired con-
figuration at the operating table. Once the bar is in position 
inside the chest with the convexity facing posteriorly, it is 
turned over by using specially designed bar flippers (Fig. 
43.11). This gives instant correction of the pectus excavatum. 
The bar is stabilized by wiring a stabilizer to one end of the bar 
(Fig. 43.12) and by placing sutures around the bar and under-
lying ribs. The sutures are usually placed with thoracoscopic 
guidance by using an autosuture needle. It is essential that the 
bar be adequately stabilized or it will displace with activity 
after recovery. Once the bar is in position, the incisions are 
closed. The thoracoscope is removed, and the pneumotho-
rax is evacuated by using a water-seal system. Postoperative 
analgesia is provided by a thoracic epidural for three postop-
erative days. Discharge from hospital is usually possible on 
the fourth or fifth day. Patients need to refrain from sporting 
activities for six weeks after surgery. All patients are started 
on an exercise and posture program to facilitate chest expan-
sion and to maintain a good posture.

Severe scoliosis associated with pectus excavatum and 
acquired thoracic dystrophy may be managed by the verti-
cally expandable prosthetic titanium rib (VEPTR). Expan-
sion thoracoplasty with this device allows serial expansion 
of the chest wall to allow continued growth of the thorax 
and spine until skeletal maturity is achieved. More than 300 
patients with various disorders have been treated with this 
technique, developed by Campbell and associates.51 Anterior 
rib osteotomies adjacent to the costochondral junction and 
posterior osteotomies adjacent to the transverse process of the 
spine in ribs three to nine are performed in Jeune’s asphyxi-
ating thoracic dystrophy. The mobilized segment of thoracic 
wall is distracted, moved postero-laterally, and anchored to 
a curved metallic device that is attached to the second and 
tenth ribs. The mobilized section of chest is secured to the 
VEPTR with 2 mm titanium rings stabilizing the segment and 
allowing healing of the multiple osteotomies. A second stage 
is done three months later. The devices can be expanded every 
six months as necessary.52

Complications

Description and Incidence

Until now complications following the open operation have 
all been recorded retrospectively. Table 43.2 shows the 
prospectively obtained operative complication rates from a 

Fig. 43.6. Pectus bar bent to the contour of the chest

Fig. 43.7. Bar introducer
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multicenter study of pectus excavatum in the US and Canada. 
Collected by study nurses, these data have been compiled by 
centers  performing both Nuss and Ravitch-type operations. 
Overall, the initial postoperative complication rates are low 
and similar for the open and closed operations. With either 
type of operation rare bizarre complications have occurred: 
With open operation, cardiac perforation by the stabilizing 
bar,53 migration of the stabilizing bar into the ventricle of 
the heart,54–55 hemopericardium,56 laceration of the phrenic 
artery,57 and movement of the bar into the abdomen have 
been reported.58 Nuss operation patients have suffered car-
diac perforation,59–60 erosion of the pectus bar into the great 
vessels following untreated displacement,61 and pulmonary 
injury in published reports.

Fig. 43.8. Transthoracic dissection 
under thoracoscopic guidance

Fig. 43.9. Bar introducer emerging from the opposite side of the tho-
rax. Instead of using thoracoscopy, a short incision has been made 
below the xiphisternum to allow the surgeon’s finger to guide the 
introducer through the chest

Fig. 43.10. Pectus bar drawn through the thorax

Fig. 43.11. Pectus bar “flippers” applied in preparation to rotate the bar
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Recurrence

Recurrence following the open or Ravitch operation was 
summarized by Ellis and colleagues in a 1997 report.62 
Recurrence rates were reported to be 2% by Fonkalsrud, 

2.4% by Shamberger, 5% by Haller et al. in a contempo-
rary report, 6% by Sanger et al., 10% by Gilbert, 11.8% by 
Singh, 16% by Pena, and 20.5% by Willital and Meier if no 
internal supporting bar was used, but only 8.9% if a bar was 
used. Subsequent to that report, Lacquet in 1998 reported 
16% unsatisfactory results in a large series.63 In Fonkalsrud’s 
2002 series of 116 adult patients, seven had failed previous 
Ravitch procedures. It is worth emphasizing that the reason 
for recurrence is often unclear. Recurrence affects patients 
of even the most expert surgeons at all centers reporting in 
the literature.

Recurrence rates after the Nuss repair are less well estab-
lished, since the operation only came into general use, about 
10 years ago. Numerous observers have suggested that until a 
large cohort of children who have undergone the repair have 
passed through puberty, and reliable recurrence rates will not 
be available. In our series, late recurrence has occurred in 
0.9% (7/794) of patients treated at CHKD/EVMS.

Recurrence can generally be repaired by reoperation. How-
ever, in one subset of patients, those with asphyxiating thoracic 
chondrodystrophy, no ideal operative treatment is available. 
Asphyxiating thoracic chondrodystrophy was reported in 
1996 following extensive cartilage resection at a young age.24 
Most surgeons now wait to do the open procedure until the 
patient has completed the pubertal growth spurt and will limit 
the amount of cartilage resected. In children who underwent 
operation at less than 5 years of age, and whose cartilages 
were removed aggressively, the chest in later years failed to 
grow and the thoracic cage was constricted to an inadequate 
size. Patients with this problem have significant restriction of 
exercise intolerance and shortness of breath on mild exertion. 
Radiographs or CT scans show a replacement of the normally 
cartilaginous connection between the sternum and ribs with 
dense bone.64 This problem has proven very difficult to treat. 
Weber has reported some success with a sternal split main-
tained by rib sections placed between the split halves of the 
sternum to provide additional intrathoracic volume.65 Cur-
rently, most authors using the Ravitch approach favor pre-
vention by emphasizing limited resection and leaving a few 
millimeters of cartilage on the rib and sternal ends to encour-
age regrowth of the cartilage. Haller and associate, who first 
reported the problem after operations done by others, advise 
against operation in children younger than four years of age, 
and against removal of five or more pairs of cartilages.24

Infection

Infection occurred in 1.5% of patients after Nuss operation 
in our series. Published rates range from 1 to 6.8%.66 These 
include bar infections, cellulitis, and stitch abscesses. Diagnosis 
is based on physical findings at the wound site. Bar infections 
are defined as an abscess in contact with the bar manifesting 
as purulent drainage from the surgical incision. Cellulitis is 
defined as erythema and warmth at the surgical site without 
drainage, fluctuance, or induration; which responds to a single 

Fig. 43.12. Final bar position with stabiliser plate

Table 43.2. Complication rates for open and minimally invasive 
repair of pectus excavatum.

Complication

Number (%) of Nuss 
patients with compli-
cations within 30 days 
of surgery

Number (%) of 
patients undergoing 
open surgery with 
complications within 
30 days of surgery

Bar shift 7 (2.5) 0 (0)
Bar reaction 1 (0.4) 0 (0)
Stabilizer displacement 0 (0) 0 (0)
Wire displacement 0 (0) 0 (0)
Wire breakage 0 (0) 0 (0)
Pneumothorax > 20% 12 (4.2) 3 (7.0)
Hemothorax 0 (0) 0 (0)
Pericarditis 0 (0) 0 (0)
Pericardial effusion with 
tamponade

0 (0) 1 (2.3)

Horner’s syndrome 20 (7.0) 2 (4.7)
Wound infection 5 (1.8) 1 (2.3)
Hematoma 2 (0.7) 0 (0)
Stitch abscess 2 (0.7) 0 (0)
Stabilizer breakage 0 (0) 0 (0)
Skin rash 4 (1.4) 1 (2.3)
Pneumonia 0 (0) 1 (2.3)
Atelectasis 141 (50) 16 (37)
Pleural effusion 92 (33) 2 (4.7)
Total no. of patients 352 233
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course of antibiotics. A stitch abscess is defined as a super-
ficial abscess that did not go down to the bar and responded 
to a short course of antibiotics. Bar infections manifest with 
local symptoms, including erythema, tenderness, and purulent 
drainage. Systemic illness was sometimes present. Fever and 
leucocytosis may or may not be present but an elevated ESR 
and CRP tend to be universal. Management consists of IV anti-
biotics and wound washout followed by prolonged oral antibi-
otics. To date, methicillin-sensitive Staphylococcus aureus has 
been the most common infecting organism, occurring in 83% 
of cases. In three of our six patients with bar infections, early 
removal of the infected bar was necessary, in the others wound 
care and antibiotics allowed control of the infection until the 
planned removal 24 months after insertion. Experience at 
CHKD and Kansas City suggests that the bar can usually be 
left in place.66–67

Allergy

Allergy to nickel used in producing the stainless steel bar has 
occurred in just over 2% of patients. A history of atopy was 
present in 56% of those who developed bar allergy. Manifesta-
tions have been similar to those of infection, with erythema or 
rash, granuloma, and pleural effusion. Preoperative screening 
detected 15% of patients. Symptoms of metal allergy should be 
sought on preop evaluation: Does the patient have reaction to 
jewelry such as a wrist watch or earrings, orthodontic braces, 
metal snaps on clothes? A history of food or metal allergy 
should prompt consultation with a medical allergy specialist. 
Our allergists use a TRUEpatch® skin test (Allerderm, Phoe-
nix, AZ). If nickel allergy is confirmed a non-allergenic tita-
nium bar should be preordered from the manufacturer. Since 
titanium is not as malleable as stainless steel, the bar has to be 
prebent for the patient by the manufacturer using the patient’s 
CT scan as a reference. Because tissue in-growth occurs with 
titanium, the bar has to be highly polished and care must be 
taken to avoid scratches during insertion. One should secure 
the titanium stabilizer to the bar with nonabsorbable sutures.66 
We have had to remove stainless steel bars in three patients 
and replace them with titanium implants.

In the orthopedic literature, a 13% incidence of metal 
allergy has been reported.68 Metal allergy, most frequently 
to nickel, is the most common contact allergy in the US and 
Europe. Following extensive study of the problem in Europe 
legislation has been passed to decrease the amount of nickel 
in jewelry.69–70

Controversies

Despite clear data to the contrary, many pediatricians still con-
tinue to believe that pectus excavatum has no physiological 
consequences. Convincing them requires the offices of our 

pulmonary colleagues who have demonstrated that it is not 
“just a cosmetic condition.”

Adult patients have been successfully managed by both 
the open and Nuss operations.50,71 Reports of repair in adults 
emphasize low complication rates, high patient satisfaction, 
and rare need for reoperation.72 Some groups have reported 
increased incidence of complications following Nuss repair 
in older patients.73 Others have reported few difficulties.74–75 
The best management for patients with failed childhood 
open (Ravitch type) pectus repair remains unclear. We 
have had considerable success with the Nuss operation in 
such patients, and reported a series of 50 redo operations 
in 2005.34

Prognosis and Long-Term Outcome

Children with severe pectus excavatum report almost uni-
versally that their physiologic and psychologic limitations 
are improved after surgery. Questionnaires were devel-
oped to assess the impact of surgical repair on the quality 
of life related to both physical and psychosocial function-
ing. One instrument was for the children’s self-reports, and 
the second was for their parents. In a study undertaken to 
validate the questionnaires, children indicated significant 
improvement in exercise intolerance, shortness of breath, 
and fatigue. Parents also reported significant improvement 
in their child’s exercise tolerance and decrease in the fre-
quency of chest pain, shortness of breath, and fatigue. All 
indicators of psychosocial function improved. Of nine psy-
chosocial questions asked of the children, all but one item 
showed significant improvement after surgery. Similarly, 
parents confirmed significant improvements on all psycho-
social items and conveyed a significant reduction in their 
own concerns about the effects of pectus excavatum on their 
child’s life.39 These findings have been confirmed by others 
and with adult patients.76–77

Recurrence has been the main long-term complication 
of the Ravitch procedre. Numerous authors have noted 
that significant time will have to pass to verify whether 
the low early recurrence rates reported following the Nuss 
operation will hold up as patients pass through puberty, 
which is when most late recurrences occur. Ten years after 
the first major report, however, the 1–2% recurrence rate 
noted after the Nuss operation continues to stand in stark 
contrast to the 8–16% recurrence rates noted after the open 
operation.

Conclusions and Future Perspectives

Pectus excavatum is a frequent, symptomatic, and remediable 
problem. Surgical therapy continues to move in the direc-
tion of less-invasive procedures. The cause of the condition 
remains unknown.
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Introduction

The thoracic outlet is defined as the anatomical space bor-
dered by the first rib, the clavicle, and the scalene muscles, 
extending laterally to the pectoralis minor muscle The term 
thoracic outlet compression syndrome (TOCS) refers to a 
group of disorders that arise as a consequence of compression 
affecting the neurovascular structures (vein, artery, or nerve) 
that traverse the thoracic outlet.

The significance of cervical ribs was recognized in the 
second century by Galen and Vesalius,1 and operative decom-
pression was suggested and first undertaken in the nineteenth 
century.2,3 Symptoms usually correspond to the structure most 
affected by compression, and therefore are classified as pre-
dominantly venous, arterial, or neurological. The cause of 
compression may be congenital or acquired but this distinc-
tion may not be clear-cut in the case of fibrous bands. The 
majority of cases present in early adult life and over 90% 
manifest neurological symptoms, essentially representing a 
neuritis arising from intermittent compression of elements of 
the brachial plexus by the first rib, the scalene muscles, and 
related structures. Cervical ribs are implicated in only about 
5% of such cases.

In children, TOCS is comparatively rare. Although all types 
of presentation have been described, the proportion of cases 
demonstrating congenital skeletal abnormality is higher with 
associated arterial involvement caused by encroaching bony 
structures. It seems logical to postulate that the greater com-
pliance of musculo-skeletal tissue found in childhood limits 
the potential for compression of the neurovascular bundle at 
the thoracic outlet that is evident in adults. It should also be 
acknowledged that children are less able than adults to recog-
nize and describe subtle neurological symptoms.

Anatomical Considerations

The remarkable mobility of the upper limb depends on the 
floating platform of the gleno-humeral joint, supported by the 

trapezius, para-scapular, deltoid and pectoral muscles, with 
the sterno-clavicular joint providing the sole bony articulation 
of the upper limb with the thoracic cage. During elevation of 
the arm, the rising clavicle presents the neurovascular bundle 
to the angulated first rib and the scalene muscles so that any 
undue prominence of these structures arising from congenital 
malformation, hyperplasia, neoplasia, or injury can result in 
neurovascular compression. Conversely, hyper-extension of 
the neck and arm can subject the scalene muscles and the bra-
chial plexus to stretching forces.

The subclavian vein crosses the first rib between the clav-
icle and the anterior scalene muscle in close relation to the 
subclavius muscle. Increased activity of the upper limb arising 
from work and sporting activity may produce subclavius and 
scalene muscle hypertrophy, generating compressive trauma 
to the vein wall at this point. This is the postulated mechanism 
for the phenomenon of effort thrombosis (Paget-Schroetter 
syndrome4). Another possible site of upper limb venous com-
pression arises as the axillary vein passes under the pectoralis 
minor tendon at its insertion onto the coracoid process.

The subclavian artery crosses the first rib at the base of the 
scalene triangle, formed by the first rib and the anterior and 
median scalene muscles. Both these muscles arise from the 
fourth, fifth, and sixth cervical transverse processes. The ante-
rior scalene muscle inserts on the scalene tubercle, a low bony 
protuberance arising on the superior surface of the first rib in 
its anterior third, separating the subclavian artery and vein. 
The phrenic nerve (C3–5) runs along the anterior surface of 
the anterior scalene muscle before entering the superior medi-
astinum. The posterior surface of the anterior scalene muscle 
may form a tendinous aponeurosis, capable of exacerbating 
neurovascular compression.

The median scalene muscle inserts on the supero-lateral 
aspect of the first rib behind the subclavian artery. Above and 
behind the artery, the five nerve roots (C5–8 and T1), which 
laterally form the brachial plexus, emerge from the origins of 
the scalene muscles on the cervical transverse processes and 
enter the scalene triangle where they merge into upper, mid-
dle, and lower trunks. The long thoracic nerve (C5–7) passes 
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through the posterior aspect of the median scalene muscle to 
cross the postero-lateral border of the first rib on its way to 
supplying the scalenus anterior muscle. The posterior scalene 
muscle follows the posterior border of the median but inserts 
onto the second rib and does not form a part of the scalene 
triangle.

Note should be made of the scalene fat pad, which offers 
a protective covering to the vessels and nerves crossing the 
supraclavicular fossa, lying deep to the supraclavicular cuta-
neous nerves and the platysma muscle.

Causation and Pathological Anatomy

Cervical ribs are found in about 1% of the general population, 
in about 5% of all cases of thoracic outlet syndrome, and in 
over 80% of those cases presenting with arterial compression 
(Fig. 44.1). In a proportion of cases the cervical rib, which 
normally articulates with the C7 transverse process behind 
and the scalene tubercle of the first rib in front, is incomplete 
or vestigial, comprising little more than a prominent C7 trans-
verse process. In such cases, a fibrous band may replace the 
anterior component of the rib and such structures are undoubt-
edly capable of producing TOCS.

Neurovascular compression in the scalene triangle can 
result from skeletal abnormality such as a congenital cervical 
rib, a prominent scalene tubercle, congenital pseudoarthrosis 
of the clavicle,5 or from acquired bony encroachment in cases 
of traumatic callus, neoplasia, functional hypertrophy, or sep-
sis. The Klippel-Fiel syndrome has been implicated in neuro-
genic TOCS in children.6

Compression can also arise from encroachment by soft tis-
sue structures discrete from cervical ribs such as fibro-muscu-
lar bands, as classified by Roos,7 or from spasm or fibrosis of 
the scalene muscles, which may arise as a late consequence 
of “whiplash injury”, producing characteristic histological 
appearances.8

Direct overstretching of the brachial plexus in cervical 
hyperextension–hyperflexion injury can result in entrapment 
in fibrous scar tissue, producing TOCS symptoms, which may 
be relieved by neurolysis.9

Cervical roots C5 and 6 are vulnerable to compression by the 
origins of the scalene muscles but the C8 and T1 roots, which 
contribute to the ulnar nerve, are most likely to be affected 
by cervical ribs inserting on the first rib or associated fibrous 
bands; most patients suffering nontraumatic TOCS experience 
pain in these dermatomes. Soft tissue tumors in the root of the 
neck and apex of the thorax may invade or distort the brachial 
plexus, producing TOCS symptoms.10,11 One study recorded 
the anatomical abnormalities found in patients with clinical 
TOCS and found that similar abnormalities were detectable 
on bilateral neck dissection in 46% out of 250 cadavers.12

Violent or repetitive arm movements associated with sports 
or related occupations have been implicated in arterial13,14 and 
neurological14,15 injuries at the thoracic outlet.

Hypertrophy of the subclavius and scalene muscles may 
result from overuse arising from increased sporting or occu-
pational activity. This may account for a proportion of cases of 
neurogenic TOCS and is implicated in the majority of cases of 
venous TOCS (Paget-Schroetter syndrome4).

When arterial compression is the predominant presenting 
feature, pathological manifestations may include focal steno-
sis, intimal injury, and post-stenotic aneurysm formation, all 
capable of producing thrombo-embolic complications in the 
ipsilateral arm or even stroke.16

Presentation and Management

Neurogenic TOCS

This syndrome characteristically presents in young adults (20 
to 40-years old) and affects women twice as often as men. 
Patients complain of pain, dysaesthesia, numbness, and weak-
ness in a variable distribution affecting the neck, shoulder, 
arm, hand, and back and as many as 50% of patients may have 
symptoms resembling Raynaud’s phenomenon.17 Sometimes 
there is associated occipital headache18 and often symptoms are 
exacerbated by posture particularly that associated with work, Fig. 44.1. Thoracic outlet X-ray demonstrating bilateral cervical ribs
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or with sustained use of the arm in elevation. There may be a 
history of hyperextension injury (“whiplash”) preceding the 
development of symptoms.19 Physical signs may be minimal 
and it is rare to find identifiable weakness or wasting of mus-
cles, probably because the neural compression at the thoracic 
outlet is usually intermittent. The detection of thenar wasting 
in the affected hand should raise the suspicion of carpal tunnel 
compression, and if this is excluded then the presence of this 
sign in TOCS points to the probability of a prominent cervical 
rib or band and of irreversible fibrotic changes in the brachial 
plexus. Tenderness or hypersensitivity of the brachial plexus 
elicited by gentle thumb compression in the supraclavicular 
fossa is a common finding but the most useful sign is a posi-
tive elevated arm stress test (EAST), where the patient is asked 
to raise both arms in the “surrender” position and repeatedly 
grip and release the hands. This exercise should provoke the 
onset of the patient’s typical shoulder and arm pain within a 
minute. Other tests designed to provoke symptoms by placing 
the scalene muscles on the stretch are less useful.

It is important to exclude alternative causes of pain in the 
arm or neck through careful examination of the cervical spine 
and the shoulder, elbow and wrist joints, checking movement, 
sensation and strength in the hand.

Evidence of arterial involvement in neurogenic TOCS is 
rare and the finding of radial pulse diminution with full abduc-
tion of the arm has little discriminatory value, being observed 
in 10–20% of normal individuals. However, the C8/T1 root 
lies close to the subclavian artery as it crosses the first rib so 
that duplex ultrasound evidence of arterial flow disturbance 
when the arm is raised to a position where neural symptoms 
are provoked may be used as a surrogate maker of compres-
sion. It is necessary to undertake bilateral brachial blood pres-
sure measurement in all cases.

Plain X-rays will detect significant cervical spondylosis, 
cervical ribs, and obvious deformity of the first rib, clavicle 
and gleno-humeral joint, while MRI scans are capable of 
detecting some fibrous cervical bands in expert hands. Neu-
rophysiolgical tests commonly prove normal in neurogenic 
TOCS,20 although reversible changes in motor-evoked poten-
tials on elevation of the affected arm have been described.21 
The main value of neurophysiological testing is to exclude 
other disorders and to establish a baseline for medico-legal 
reasons.

Arterial TOCS

Although arterial involvement (Fig. 44.2) features in less than 
5% of adult TOCS cases, its prompt recognition is important 
since thrombo-embolic complications can threaten the viabil-
ity of the arm. Bony abnormality, usually a cervical rib, is 
present in over 80% of cases and surgical correction is usually 
required.22

Sometimes the condition will come to light when exami-
nation prompted by neurological symptoms reveals reduced 
pulsation or blood pressure in the affected arm or the patient 

gives a history of unilateral Raynaud’s phenomenon or of 
coldness or claudication in the arm. Otherwise, presentation 
can be acute, with a range of thrombo-embolic symptoms 
ranging from digital micro-embolisation to acute ischemia of 
the arm. Usually the age of the patient will provide a clue but 
in patients at risk of atherosclerosis or cardiac disease the dif-
ferential diagnosis may be confusing.

Compression of the subclavian artery at the thoracic outlet 
can produce local intimal injury resulting in the formation of 
intra-luminal thrombus, or else turbulent flow can lead to a 
post-stenotic dilatation or aneurysm. Either condition can gen-
erate local or distant thrombosis. If this is treated by peripheral 
embolectomy alone, overlooking the subclavian lesion, recur-
rence of the ischemia is inevitable and the viability of the arm 
will be compromised unnecessarily. It is, therefore, essential 
to undertake a careful history and examination to detect pos-
sible thoracic outlet problems and to request Duplex scanning 
of the subclavian artery if there is any suspicion of compro-
mise. Cross-sectional imaging or arteriography (angiography) 
used selectively will resolve doubt.

The three essentials in treating arterial TOCS are to remove 
the source of subclavian compression, to repair any damaged 
section of artery and to restore distal patency. Adjunctive mea-
sures such as cervical sympathectomy and arm fasciotomy are 
rarely necessary, and the prognosis, providing the three essen-
tial objectives are met, is good. Endovascular therapy will sel-
dom provide a better option in these cases.

Venous TOCS

Deep venous thrombosis (DVT) affects the lower limb about 
30 times more frequently than the upper limb. In the mod-
ern era of intravenous monitoring, therapy and haemodialy-
sis, 40% of upper limb DVTs is secondary to catheterization, 
another 35% are secondary to trauma, neoplasia, irradiation, 
or infection, and only about 25% represent primary subcla-
vian vein thrombosis, of which the majority is associated with 
TOCS (Fig. 44.3).23–27

Catheter-related upper limb DVT produces pain and swell-
ing in the affected arm. The diagnosis should be confirmed 
by duplex ultrasound scanning and treatment involves catheter 
removal and anticoagulation.

Non-thrombotic venous obstruction in the upper limb is 
uncommon and can be difficult to evaluate. The patient may 
give a history of intermittent heaviness, discoloration, and 
swelling of the arm, and in some cases suspicion of TOCS 
may be raised by associated pains and paraesthesia in the 
neck, shoulder and arm. There may be a history of positional 
or occupational exacerbation and obesity or mammary hyper-
plasia may be contributory. If the hand is not cyanotic or 
edematous and the veins on the dorsum collapse when the arm 
is elevated to the horizontal position, the problem is likely to 
be postural so that reassurance and general advice are all that 
is required. If signs of venous congestion are more severe and 
persistent, duplex insonation of the subclavian vein should 
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be undertaken with the arm held in partial and full abduction 
and if abnormal venous return is shown, dynamic venography 
should be requested, with the object of identifying the site of 
extrinsic venous compression.

Subclavian vein compression by the first rib should be man-
aged by removal of the rib, usually by the transaxillary route.28 
Obstruction by the tendon of pectoralis minor is less common 
and can be managed by pectoralis minor tenotomy.29 Endolumi-
nal stenting of subclavian vein stenosis should not be regarded as 
a substitute for surgical decompression; normal arm movement 
produces distortion at the thoracic outlet and this has been shown 
to produce stent fracture and re-stenosis.30

Spontaneous acute thrombosis of the subclavian vein is 
commonly referred to as “effort thrombosis” or the Paget-
Schroetter syndrome. Although this condition is usually 
attributed to repeated compressive trauma associated with 
increased activity and shoulder girdle, muscle hypertrophy, 
essential thrombophilia,31 and the use of oral contraceptive pill 
may be implicated in some cases. There is usually no underly-
ing bony abnormality.

The typical presentation comprises a sudden tense swelling 
of the dominant upper limb of a young fit adult and on exami-

nation the swelling, purple/pink discoloration, and superficial 
venous congestion extends from shoulder to hand with no 
improvement on elevating the limb. A history of increased use 
of the limb is usually obtained, and the patient may recall pre-
vious transient symptoms, which resolved spontaneously.

Investigation should include chest X-ray to exclude bony 
abnormalities and neoplasia, as well as routine blood count 
and clotting screen. Duplex ultrasound scanning should 
confirm the diagnosis and indicate the extent of thrombus; 
elevation maneuvres may demonstrate arterial or venous 
compression at the thoracic outlet. In two thirds of patients, 
evidence of asymptomatic contralateral venous compres-
sion can be detected but bilateral thrombosis is uncommon. 
Before embarking on venographic investigation, it is helpful 
to discuss the natural history of the condition with the patient, 
especially if treatment is to be conservative, venography is 
nonessential.

In untreated axillary/subclavian vein thrombosis, there is 
a 12% risk of pulmonary embolism,32–34 so anticoagulation is 
always warranted unless contraindicated. Unfortunately, after 
three months of anticoagulation, 80% of patients report persis-
tent symptoms and 40% are disabled. Thrombolysis is highly 

Fig. 44.2. (a) Prominent complete left cervical rib in female adolescent with mixed vascular and neurological symptoms. (b) Arteriogram 
showing upward displacement of left subclavian artery by cervical rib. (c) The left cervical rib has been removed
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effective in clearing acute thrombus but re-thrombosis is usual 
unless venous decompression is performed. Selection of the 
optimal treatment will, therefore, depend on the patient’s age, 
fitness, occupation, and lifestyle. The risks of thrombolysis 
include a theoretical 1% stroke risk plus bleeding, failure of 
re-canalisation, and re-thrombosis.

Venography is best performed via the ante-cubital basilic vein 
so that the catheter can be passed directly into the thrombus in 
the axillary and subclavian veins. Initial seeding of the clot with 
a 5 mg bolus of tissue plasminogen activator (t-PA) through a 
side-hole or pulse-spray catheter is followed by an infusion of 
0.5–1 mg/h for 12–24 h, during which time heparin is infused 
through the angiographic sheath at 250IU/h to prevent catheter-
related thrombosis and oral aspirin 75 mg daily is given as a plate-
let inhibitor. Follow-up films should demonstrate re-canalisation 

or guide catheter redeployment if clearance is incomplete. After 
thrombolysis anticoagulation should be maintained until surgical 
decompression is achieved, otherwise rethrombosis is likely.

Surgical decompression is achieved by resection of the 
first rib, by either the supraclavicular35 or more commonly 
the transaxillary route,36 combined with removal of any peri-
venous fibrous tissue (venolysis). In cases where preliminary 
thrombolysis was impracticable or incomplete, open venous 
thrombectomy or reconstruction can be combined with rib 
resection.37

Following thrombolysis and subsequent rib resection, there is 
a significant risk of re-stenosis of the subclavian vein, particu-
larly at the site of a consistent valve where the vein crosses the 
first rib. Consequently, close postoperative follow-up is important 
and unless duplex scanning at two to three weeks is completely 

Fig. 44.3. Series of venograms in a patient giving 10-month history of swelling and aching of the right arm. Duplex ultrasound suggested 
subclavian vein compression at the thoracic outlet, increasing on abduction of the arm, without evidence of thrombosis. (a) Right transbra-
chial venogram in abduction, demonstrating compression of the subclavian vein over the first rib. (b) Right transbrachial venogram two days 
following transaxillary resection of the Right first rib with subclavian venolysis – improved appearances with arm adducted. (c) Same study as 
(b) but arm abducted – apparent residual web at thoracic outlet. (d) Right transfemoral venogram shows improved appearance of subclavian 
vein – the “web” was an artefact produced by the large superior collateral
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normal, venography should be repeated with a view to balloon 
venoplasty. A recent approach is to undertake on-table venogra-
phy and venoplasty at the time of surgical decompression.38

Conservative Management in TOCS

As always, treatment is founded on a thorough diagnostic 
assessment. Conservative measures should constitute the first 
line of management in neurogenic TOCS, unless there is com-
pelling evidence of progressive neurological injury (muscle 
wasting, intractable pain, deranged nerve conduction). Evi-
dence of vascular compromise, whether arterial or venous, 
warrants decompressive surgery.

Conservative management of TOCS should be a holistic 
exercise. A sympathetic and supportive approach is essential 
since many patients are anxious and depressed about their 
condition after months or years of disability, diagnostic con-
fusion, and ineffective interventions. An explanation of the 
mechanisms of the condition usually helps. Patients who have 
become confused by their own researches may require clarifi-
cation and reassurance.

It is important to identify occupational stresses and poor 
posture so that factors that reinforce symptoms can be altered. 
Issues of inadequate sleep, obesity, poor diet and abuse of 
tobacco, drugs or alcohol abuse need to be identified and 
addressed. Psychosocial strains at work or at home may be a 
source of muscle tension and insomnia.

The object of physiotherapy is to alleviate irritation of the 
brachial plexus and related nerves by expanding the bony 
thoracic outlet and relaxing muscle spasm in the neck and 
shoulder girdle. Attention should focus on improved posture 
through elevation of the shoulder girdle on the thorax,39 deep 
breathing and developing extension of the thorax, neck, and 
shoulders. Exercises of the thoracic, scalene, paravertebral, 
parascapular, and trapezius muscle groups are designed to 
relieve spasm and improve strength and flexibility. Active 
conservative management along these lines should demon-
strate improvement within 1 month and at 6 months 70–80% 
of patients should report continued benefit. Patients showing a 
poor response are more likely to be seeking compensation for 
work-related strain, suffering from obesity or to be affected by 
concomitant carpal tunnel syndrome.40

A more recent approach in patients suffering pain and spasm 
in the scalene muscles is to employ intra-muscular injection of 
local anesthetic or botulinum toxin.41 A temporary response 
may predict a more durable benefit following surgery.

Surgical Techniques for Thoracic Outlet 
Decompression

Selection of the optimal surgical approach is tailored to the 
individual and will depend on the perceived anatomical cause 
of compression, the need to deal with complications and 

 secondary factors such as cosmesis, or the need for adjunctive 
procedures such as cervical sympathectomy. The informed 
consent process should include a clear explanation of the 
procedure and a realistic appraisal of its potential benefit. 
An account of possible complications should include injuries 
to nerves (cutaneous: supraclavicular or intercosto-brachial, 
phrenic, sympathetic or brachial plexus), vessels (subcla-
vian artery and vein and their branches, thoracic duct) and 
intrathoracic structures. The possible need for transfusion, 
chest drains, and thoracotomy should be covered as should 
the likelihood of postoperative pain and stiffness. At least one 
member of the surgical team should be fully trained and expe-
rienced in thoracic outlet surgery.

The main decision concerns the choice of a supra-clavicular or 
a trans-axillary approach; opinion has shifted over the decades. 
When there is clear evidence of arterial compression attributable 
to a cervical rib or band, most surgeons would select a supra-
clavicular approach. Similarly most would regard a transaxillary 
approach to first rib resection as first choice for the relief of 
venous TOCS. Neither of these strategies is standardized, and the 
literature contains reports of satisfactory outcomes using either 
approach for arterial or venous TOCS cases.

The debate continues as to how best to manage the larg-
est group of TOCS patients, those presenting with neurogenic 
symptoms refractory to conservative management. In this group, 
durable decompression of the brachial plexus may involve the 
removal of cervical ribs and bands, anterior scalenectomy and 
first rib resection. However, too radical an approach to thoracic 
outlet surgery may precipitate the development of peri-neural 
fibrosis leading to chronic pain and stiffness. Current opinion 
favors a supraclavicular approach combining scalenectony with 
removal of bands to achieve brachial plexus decompression with 
the option of removing the first rib through the same incision if 
this appears to be necessary.42 Occasionally, a separate antero-
medial infraclavicular approach may facilitate removal of the 
inaccessible anterior section of the first rib, reducing the risk of 
damaging the subclavian vein.43

The Supraclavicular Approach

Endotracheal general anesthesia is advisable, and the patient 
is positioned supine with the table inclined 5° head up in order 
to reduce venous filling. The skin incision commences 1 cm 
above the clavicle, 2 cm lateral to the midline and extends 
postero-laterally, following the root of the neck for 6–8 cm 
(Fig. 44.4). The external jugular vein and the supra-clavicular 
nerves are encountered immediately beneath the platysma; 
the former can be divided but the latter should be mobilized 
carefully and preserved. The clavicular head of sterno-cleido-
mastoid can be divided to improve exposure but the sternal 
head should always be preserved to maintain the contour of 
the neck. The scalene fat pad should then be divided inferiorly 
and reflected upwards, to reveal the omo-hyoid and anterior 
scalene muscles, the brachial plexus and the superior aspect of 
the subclavian artery. The omo-hyoid muscle can be retracted 
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but excision is easier and incurs no morbidity. The phrenic 
nerve should be dissected carefully off the front of the anterior 
scalene muscle and retracted with a soft elastic sling and the 
subclavian artery is mobilised and slung, dividing costo-cervi-
cal and thyro-cervical branches as required. At this point, the 
bony inferior border of the thoracic outlet should be assessed, 
noting the first rib, the scalene tubercle and any cervical rib 
or band, after which the anterior and median scalene muscles 
are inspected to detect fibrous thickening and tightness. Once 
the strategic compass of the operation has been decided, dis-
section of the brachial plexus and scalene muscles proceeds. 
The attachment of the anterior scalene muscle to the first rib 
is divided, and the muscle reflected superiorly to uncover the 
brachial plexus before being resected. Sibson’s fascia can now 
be separated from the concavity of the first rib, protecting the 
pleura and lung, after which a cervical rib can be identified, 
freed from its attachment to the first rib anteriorly, then fol-
lowed back to the cervical spine using a combination of sharp 
and blunt dissection (a Pennybacker dissector is useful here). 
If the first rib is to be resected, it should first be divided anteri-
orly then followed posteriorly, in the same way as the cervical 
rib is removed. To join the brachial plexus, the T1 root has to 
cross the necks of both the first rib and of any cervical rib so it 
must be retracted and protected before the posterior origins of 
these ribs are divided using bone shears and nibblers. Spikes 
of bone should be trimmed meticulously. When detaching the 
middle scalene muscle from the first rib, care must be taken to 
remain in the sub-periosteal plane to avoid damaging the long 
thoracic nerve (c 5–7), which innervates the serratus anterior 
muscle. Bone nibblers are used to trim back the anterior stump 
of the first rib but since this is covered by the subclavian vein, 
it occasionally requires removal through a separate anterior 
infraclavicular approach.

After confirming the removal of all constricting bones, bands 
and muscle, hemostasis is secured and the neurovascular struc-
tures are inspected. Stricture, aneurysm, or intimal injury of 

the subclavian artery should be detected and corrected at this 
stage, if necessary with the help of intraoperative ultrasonogra-
phy. Decompression of the brachial plexus should seek to avoid 
disturbing the perineural connective tissue in order to minimize 
adhesions. For the same reason, the scalene fat pad should be 
sutured back in place before wound closure.

Providing there is no air leak from the lung, an underwater 
seal chest drain is not needed and closed suction drainage will 
deal with hemoserous exudates. A suction drain is adequate if 
the pleura is breached providing the lung is intact, to reduce 
the likelihood of postoperative pleuritic pain.

Providing pain control is adequate, and clinical examina-
tion or chest X ray confirm normal ventilation, patients can be 
discharged home on the second postoperative day.

The Transaxillary Approach

Under general anesthesia, the patient is positioned in 45° of lat-
eral tilt with the arm wrapped and suspended in a sling above 
the axilla to permit a full range of movement. A horizontal skin 
incision is made 2–3 cm below the apex of the axilla,  extending 
from the pectoralis major muscle anteriorly to the latissimus 
dorsi muscle posteriorly and this is then deepened through the 
axillary fat pad, taking care to preserve the intercosto-brachial 
and latissimus dorsi nerves. An assistant then elevates the arm in 
a cephalad direction, effectively lifting it off the chest, enabling 
the operating surgeon to palpate the first rib, and identify the 
neurovascular bundle at the thoracic outlet. The anterior scalene 
muscle should be palpated separating the subclavian artery and 
vein and the presence of abnormal cervical ribs or bands noted. 
To remove the first rib, an incision in the first intercostal space is 
developed in the sub-periosteal plane, so that the lateral aspect 
can be dissected anteriorly to the costo-clavicular ligament and 
posteriorly to the neck of the rib, again taking care to protect the 
long thoracic nerve as it pierces the middle scalene muscle.

The attachment of the anterior scalene muscle to the rib 
is divided well away from the phrenic nerve, the accessible 
muscle cut back, and any fibrous bands are excised similarly. 
Removal of the first rib is usually facilitated by dividing its 
mid part, then following the two stumps anteriorly and pos-
teriorly. On completion of rib resection, the brachial plexus 
posteriorly and the subclavian vein anteriorly should be free 
of all bony impingement.

At this stage, in cases of venous TOCS, all peri-venous 
fibrous tissue should be removed until the vein is fully com-
pressible and free to dilate. It should be possible to resect the 
anterior end of the first rib sufficiently to free the subclavian 
vein but if this remains inaccessible, it can be removed under 
the same anaesthetic through a separate medial infra-clavicu-
lar approach.

After hemostatic checks, the axillary wound is closed with 
suction drainage same as for the supraclavicular operation.

Endoscopic approaches to thoracic outlet decompression, 
with or without robotic assistance, have been developed in 
recent years.44 They offer excellent visualization with a modest 

Fig. 44.4. Supraclavicular decompression of the thoracic outlet
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cosmetic benefit but are expensive in terms of equipment and 
increased operative time. As with other minimally-invasive 
innovations, technical advance will make them increasingly 
relevant in the future.

Outcomes After TOCS Surgery

There are numerous reports of the results of thoracic outlet 
decompression procedures in the world of literature, with gen-
eral agreement that interventions for arterial complications are 
successful in relieving ischemia and providing durable symp-
tom relief in over 90% of cases.

In venous TOCS, initial restoration of venous patency 
may be followed by late re-stenosis or thrombosis. However, 
because of the development of collateral venous drainage, 
many of these late failures are asymptomatic, overlooked, 
and unreported; significant long-term morbidity is confined 
largely to patients who elude adequate primary treatment.

The picture with respect to neurogenic TOCS is more diverse, 
presumably owing to the subjective nature of the symptomatol-
ogy and the intractability of psycho-social factors. A number 
of scoring systems have been employed to provide an objective 
evaluation of outcome. Altobelli and colleagues45 used a 10 point 
patient-scored scale to evaluate return to normality in 254 opera-
tions for neurogenic TOCS in 185 patients treated between 1994 
and 2002. The transaxillary first rib resection with lower part 
scalenectomy was the primary intervention and supraclavicular 
residual scalenectomy was performed for patients with persis-
tent or recurrent symptoms. Only 46% of the primary operations 
were judged successful, with most symptomatic recurrences 
developing in the second postoperative year. Eighty percent of 
the secondary procedures were performed for recurrent symp-
toms of which 56% showed sustained success. The authors con-
cluded that symptomatic improvement was often transient and 
that patients should be followed for a minimum of 18 months to 
evaluate outcome.

Degeorges and colleagues46 reported on 176 procedures 
in 155 patients between 1979 and 1999, utilizing a variety 
of operative approaches for all forms of presentation, 54.5% 
comprising mixed neurovascular symptoms. Follow-up was 
for a mean of 7.5 years, using Derkash’s classification by 
means of a telephone survey. They recorded excellent to good 
outcomes in 84% of cases with the worst results occurring 
in patients suffering from poorly systematized neurological 
symptoms. The authors recommended caution in offering sur-
gical treatment to this subset of patients.

The “DASH” questionnaire47 (Gummeson 2003) may prove 
to be the most appropriate tool for the objective evaluation of 
outcome in TOCS surgery. One recent study48 appears to confirm 
its potential. Between 1998 and 2005, 23 consecutive patients 
undergoing decompressive surgery for TOCS (14 venous and 9 
neurogenic) completed the DASH questionnaire before and after 
the operation. The results showed a clear separation between the 
two clinical groups, with venous TOCS proving less incapaci-

tating than neurogenic TOCS. Surgery produced a striking early 
improvement in the neurogenic group.

Providing surgery is offered selectively and providing oper-
ations are planned and performed with skill and care. Eighty 
percent of patients undergoing intervention should achieve 
sustained benefit with few complications. Particular caution 
is warranted in patients with diffuse neurological symptoms, 
who should be offered counseling and physiotherapy as first 
line treatment. Follow-up should be maintained for a mini-
mum of two years and a proportion of patients will require 
more than one intervention.

TOCS in children is rare. Review of the literature, much 
of which comprises single case reports, suggests that recog-
nizable skeletal abnormality with vascular involvement is 
responsible for a higher proportion of presentations than in the 
adult population. In general, management of TOCS-related 
complications in children should adhere to the same principles 
that apply in adults.49 Children appear to be less likely than 
adults to present with neurological symptoms in the absence 
of recognizable skeletal abnormality. Because growth offers 
an opportunity of skeletal remodeling, it is logical that neuro-
genic cases should be offered physiotherapy and that surgery 
is reserved for persistent symptoms.50

Conclusion

Success in the treatment of TOCS is contingent on distin-
guishing the three main types of presentation, recognizing the 
need for prompt intervention to correct arterial and venous 
complications and for conservatism in the management of 
exclusively neurogenic symptoms.
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“A soul with two thoughts. Two hearts that beat as one.”
McCoy sisters

Introduction

Conjoined twins represent rare and most challenging congeni-
tal malformations, the etiology of which remains obscure. The 
birth of conjoined twins has always fascinated mankind with 
the public’s view of malformed children greatly influenced 
by the prevailing culture and religious beliefs. Surgeons over 
the years have attempted to separate these twins with variable 
success. Systematic preoperative surgical planning is essen-
tial. Knowledge of the anatomy and its variations including 
understanding of physiology of the conjoined twins, the use of 
newer imaging techniques along with a multidisciplinary team 
approach to the complex surgical problem has also improved 
outcome. The management of thoracopagus conjoined twins 
is not only surgically challenging, and poses moral and ethical 
dilemmas, but also has obstetric implications, anesthetic con-
siderations, and demands significant and complex postopera-
tive care (Fig. 45.1).

Conjoined twins are always joined at homologous sites, 
and the clinical classification is based on the most prominent 
site of union, combined with the suffix “pagus” meaning “that 
which is fixed.”1 Conjoined twins are individual and deformed 
but symmetrical and proportional, truly a “harmony in form.” 
There are also asymmetrical forms. Eight symmetrical config-
urations are recognized, i.e., thoracopagus (chest), omphalop-
agus (umbilicus), ischiopagus (hip), pygopagus (rump), 
rachipagus (spine), craniopagus (cranium), cephalopagus 
(head), and parapagus (side). Asymmetrical or incomplete 
conjoined twins (heteropagus) result from the demise of one 
twin with remnant structures attached to the complete twin 
but the junction remains at or near one of the common sites 
of union.(Fig. 45.2) Fetus-in-feto are asymmetrical monozy-
gotic di-amniotic intra-parasitic twins.2 Conjoined triplets are 
exceptionally rare and their pathogenesis remains even more 

obscure3 (Fig. 45.3). Conjoined twins often have discordant 
anomalies occurring in one twin, especially reversal of cardiac 
situs (71%), congential diaphragmatic hernia, and anomalous 
pulmonary and hepatic venous drainage.

“E pluribus unum – out of many, one
Ex uno plures – out of one, many”

Incidence

Although the worldwide incidence of monozygotic twinning 
is the same in all ethnic groups, the incidence of conjoined 
twins appears to be higher in Sub-Saharan Africa, ranging 
from 1:50,000 to 1:100,000 live births, or 1 in 400 monozy-
gotic twin births.4–6 The natural history that follows a prenatal 
diagnosis of conjoined twins confirms that a large number of 
infants die either in utero (28%) or immediately after birth 
(54%); in fact, only around 20% survive.7

Conjoined twins are monozygotic, mono-amniotic, and 
mono-chorionic and are always of the same gender with a 3:1 
female preponderance. In human gestations, no factors have 
been consistently linked to the incidence of conjoined twins. 
Conjoined twins can also occur in association with triplet and 
quadruplet pregnancies. Two theories are proposed: The first 
is the fission theory in which the fertilized egg splits partially. 
Their formation occurs after the primitive streak begins to 
form and is the consequence of incomplete separation of the 
embryonic plate between 15 and 17 days gestation with two 
centers of embryonic growth arising. The second is the fusion 
theory, in which a fertilized egg completely separates, but stem 
cells (which search for similar cells) find like-stem cells on 
the other twin and fuse the twins together. This results in early 
reattachment of two separate embryonic discs at the dorsal 
neural tube or ventral yolk sac areas at 3–4 weeks gestation. 
Spencer’s extensive embryological studies appear to favor the 
latter theory (as did Aristotle), but this remains controversial – a 
theory that was also held by Aristotle. Although genetically 
identical, one infant is almost always weaker or smaller than 
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the other and may have additional congenital defects. Despite 
their anatomical conjunction and same genetic and environ-
mental factors, different personality traits can be distinguished 
from an early age.8–10

Historical Perspective

In prehistoric times, conjoined twins were depicted in cave 
drawings, on pottery or as figurines and often assumed the 
female form. In folklore, they were generally regarded as an 
omen of impending disaster; eliciting strong emotions ranging 
from wonder and admiration to rejection and hostility. Although 
malformed children were treated compassionately at times, his-
torical records show that infanticide was frequently practiced, 
and the mother often held responsible for causing the malforma-
tion.11,12 A 17-cm marble statue of a parapagus twin excavated 

Fig. 45.1. (a) Thoraco-omphalopagus 
twins operated on with a view to 
attempting to save one with a more 
normal heart. The thoracotomy was 
made to incorporate much of the tho-
racic wall of the chest of the twin on 
the right. (b) Note the surviving twin 
with a mild chest deformity indicat-
ing successful thoracic wall and skin 
closure. (c) MRI showing the shared 
internal organs including fused liver

Fig. 45.2. A parasitic thoracopagus twin with heterotopic attach-
ment of the parasite of pelvis, buttocks and legs to the chest of the 
autosite

a b

c
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from a Neolithic shrine in Anatolia is the earliest example of a 
pair of conjoined twins. Three thousand years later Australian 
Aborigines inscribed a memorial to a dicephalus conjoined twin 
on a rock, and 2,000 years later (700 BC) conjoined Molion-
ides brothers appeared in Greek geometric art. Double-headed 
human figures have also been described in ancient South Pacific 
chalk drawings, pre-Columbian clay figures from Mexico, and 
in woodcuts from Middle Aged Europe.

Mary and Eliza Chalkhurst, the Biddenden pygopagus 
twins, were born in 1100 AD in Kent, England and lived 
together for 34 years. The statement filled with pathos “As 
we came together, we will also go together” is ascribed to the 
surviving twin on the death of her sister. She died 6 h later.

During the sixteenth century, conjoined twins were com-
monly described and radically different opinions developed 
between the concepts of deformity as divine design and defor-
mity as an accident – this became known as the “quarrel of the 
monsters.” Ambroise Pare, a distinguished surgeon from six-
teenth century described in his book “Of Monsters and Prodi-
gies” possible causes of conjoined twins (Pare A. Complete 
works (Translation) by Johnson T. 1678.). The most celebrated 
twins were Eng and Chang Bunker who were “discovered” in 
1811 in Siam; and were responsible for the inappropriate term 
“Siamese” twins over the years. They were joined by a short 
anterior abdominal band containing fibrous tissue and liver. 
They were taken to America where they were first portrayed 
as human anomalies but later performed as acrobats in a circus. 

Later on they became wealthy cotton plantation owners in 
North Carolina. They married sisters and between them had 
22 children. They died within hours of each other at the ripe 
age of 63 years.

The first recorded unsuccessful attempt at separation was 
made in 907 AD in Armenia on male ischiopagus twins at 
the age of 30 years, and the first successful separation was 
performed by Johannes Fatio in 1689 in Basel, Switzerland 
on xypho-omphalopagus twins. Both children survived.13,14 
Since then more than 1,200 cases had been reported in the 
literature by 2000.

Clinical Features

Thoracopagus twins are joined predominantly at the sternum 
but this conjunction may extend to the umbilical region, tho-
raco-omphalopagus, which are the most frequently seen vari-
ety. Reportedly, 75% of these cases have various degrees of 
cardiac fusion. Prenatal ultrasonography can accurately diag-
nose significant cardiac fusion as well as cardiac anomalies, 
allowing a choice regarding termination of the pregnancy. Fetal 
MRI may be especially useful in defining detail of conjunc-
tion and associated anomalies. Clinical outcome of thoraco-
pagus twins are related to their cardiac anomalies. The typical 
conjunction is along the whole length of the sternum from the 
suprasternal notch to the xiphisternum. The join frequently 
extends to the upper abdomen and may also be associated 
with an exomphalos. The twins face each other and of neces-
sity the necks are extended in an almost opisthotonic posture. 
Each twin has a nipple in the appropriate position in relation 
to the fused but separated sternums. The ribs on each side join 
a sternum with a wide central oval shaped area of conjunction 
in which lie the two hearts most often in a single pericardial 
cavity. Lung hypoplasia, usually in one twin more than the 
other, along with rib abnormalities may occur. Although the 
sternal conjunction is variable, if there is any upper abdomi-
nal conjunction, this usually extends to the umbilicus and is 
always associated with extensive liver fusion. In this case, the 
foregut of each twin is separate with again a varying degree of 
join from the duodenum distally.

Thoracopagus conjoined twins may be classified according to 
the degree of cardiac conjunction (Leachman’s Classification):

1. Type A completely separate hearts
2. Type B atrial connection only
3. Type C both atrial and ventricular connections

Diagnosis

Prenatal Diagnosis

The main objective of prenatal diagnosis is to define the extent 
of the abnormalities and to counsel the parents accordingly. 
Prenatal assessment of the extent of organ involvement is often 

Fig. 45.3. Conjoined triplets – one set of thoracopagus twin with a 
parapagus twin attached to the one thoracopagus twin
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difficult for technical reasons i.e., the position of the fetuses 
in utero, and the presence of oligo or polyhydramnios. A team 
approach for prenatal counseling and management is highly 
recommended combining the experience of the ultrasonogra-
pher, obstetricians, neonatologists, geneticists, pathologists 
and pediatric surgeons of all subspecialty disciplines. Recent 
advances in ultrasound technology, the usage of color Dop-
pler flow studies, prenatal MRI and multi-slice CT scans have 
improved prenatal diagnosis15 (Figs. 45.1c, 45.4a, b).

Fig. 45.4. (a) Scout coronal view prior to CT scan of a set of thoraco-
omphalopagus twins with extensive abdominal conjunction and less 
marked cervical spine extension. In this case the hearts were sepa-
rate, the liver was fused, and the gastrointestinal tracts were separate. 
Successful separation was achieved. (b) Axial CT of a set of thoraco-
pagus twins. Note the central pericardium. Although the hearts look 
fused in fact they were separate and lay one on top of the other. The 
rib cage is slightly asymmetrical with each sternum receiving ribs 
from a mirror image of the other twin

a

b

In 1950, Gray proposed radiological criteria for diagnos-
ing ventrally fused twins. Roentological findings are: both 
fetal heads are at the same level and in the same plane; an 
unusual opisthotonic position of the cervical spines, which 
becomes more pronounced with time; an extremely narrow 
space between the lower cervical and upper thoracic spines 
not allowing the development of a normal thoracic cage; no 
change in the relative positions after maternal movement or 
manual manipulation. Other features include persistent align-
ment of the two fetuses facing each with continuity of the skin 
and mirror image body parts with limbs close together.16

The wide prevalence of the use of prenatal ultrasound 
investigations has undoubtedly resulted in an increased 
detection of conjoined twins with the diagnosis having been 
made as early as 9 weeks gestation.17,18 The bifid appear-
ance of the first trimester fetal pole is an early sonographic 
feature. However, due to the complexity of conjunction 
prenatal diagnosis is more accurate from 20 weeks gesta-
tion. The presence of a single heart and fused liver would 
confirm the diagnosis. Additional findings include same sex 
twins, a single placenta, more than three umbilical cord ves-
sels and shared organs. The diagnosis is seldom missed by 
those experienced in obstetrical ultrasound. Ultrasound is 
also important in evaluating the fetuses for other anomalies 
that may affect outcome. Serial scans in the second and third 
trimesters may be necessary to further define anatomy.

Fetal echocardiography is essential in establishing the pres-
ence and severity of cardiac anomalies. The ECG is generally 
unreliable as two separate ECGs do not rule out significant 
sharing of cardiac structures. Serial fetal echocardiography 
can be used as a prognostic indicator determining postnatal 
feasibility of successful separation. Termination of pregnancy 
is offered when fetal echocardiography shows a shared heart, 
if the anticipated deformities following separation are exten-
sive and in the presence of cerebral conjunction. Fetal MRI 
is also useful in complex cases to define anatomy and may 
help in the decision making. Management of parents who opt 
to continue with the pregnancy is aimed at maximizing the 
potential for survival of the twins and minimizing maternal 
morbidity.

Obstetric Implications

In human gestations, no maternal factors have been consis-
tently linked to the development of conjoined twins. In the 
majority, the prenatal course is uneventful. The birth of con-
joined twins may be unexpected, particularly in rural commu-
nities, resulting in obstructive labor with difficult transvaginal 
delivery or emergency caesarean section (CS).6,19 These com-
plications can be avoided by planned CS at 36–38 weeks once 
the lungs have reached maturity because of the high rate of 
stillbirths and dystocia. Children weighing less than 3 kg, 
including thoracopagus and ischiopagus have been born vagi-
nally, and this is made possible through prematurity and 
tissue pliability. Most children born vaginally do not sustain 
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any damage to the connecting sites (bridges), except where 
there is an omphalocoele associated with thoraco-omphalop-
agus conjunction. Rupture of the exomphalos and eviscera-
tion of liver and bowel may occur.20 Maternal mortality during 
labor has also been reported.

Ideally the immediate perinatal management of the babies is 
also planned, and in one case in which a twin with a normal heart 
perfused the co-twin with a rudimentary heart, the ex utero 
intrapartum treatment procedure (EXIT) was utilized because 
of concern that the normal twin would suffer immediate car-
diac decompensation at birth.7 This EXIT to separation strategy 
allowed prompt control of the airway and circulation before 
clamping the umbilical cord and optimized management of a 
potentially lethal situation with survival of the normal twin.

Postnatal Diagnosis and Management

Immediate postnatal management consists of resuscitation 
and stabilization of the twins. This is followed by a thorough 
physical examination with special investigations to define the 
anatomy of conjunction, feasibility of separation, and addi-
tional abnormalities. In general, it is better to wait until 6–9 
months age before attempting separation as outcomes are bet-
ter and greater preparation can be made in planning the opera-
tion. If emergency surgery is anticipated, all twins should 
undergo echo-cardiography and plain roentgenography, which 
provides limited but essential information. The site of con-
junction will determine the type and order of special investi-
gations. The information obtained will determine the surgical 
approach, the timing of separation, the allocation of organs 
and structures, and the eventual prognosis regarding survival 
and functional outcome.21,22

These imaging studies must include a thorough evaluation 
of the cardiovasular, diaphragmatic, hepatobiliary, pulmo-
nary, upper gastro-intestinal tract, and vascular systems (Table 
45.1). These investigations should provide excellent anatomi-
cal detail, demonstrating organ position, shared viscera and 
vascular anatomy. Contrast imaging evaluates the gastroin-
testinal tract. A routine search for other anomalies is made. 
Radioisotope scanning can assess regional perfusion fields. 
Multiplanar imaging techniques provide the best overall ana-
tomical detail, but CT scan is more useful if bony detail is 
required. The use of diagrams, 3D organ models, and surgical 
rehearsal of the planned separation procedure if feasible will 
ensure the best possible outcome. Despite all these investiga-
tions and careful analysis of findings, preoperative interpreta-
tion may still be difficult with incorrect conclusions drawn.

Ethical and Moral Considerations

Ethical considerations, which need to reconcile the best 
options for the twins and their parents, are playing an increas-
ing role in present day decision-making.23–25 The sacrifice 
of one twin, because of inability to sustain life alone, is the 

controversy that evokes the most anguish. The decision  
whether to operate or not is rendered more complex by those 
about surviving conjoined twins who consciously elected not 
to be separated and report that they have lived socially acceptable 
lives.26 Equally, controversy surrounds those few conjoined 
twins who have survived to adulthood and then decide that 
separation should be attempted despite the operative risks and 
the potential for significant long-term morbidity as life in con-
junction was considered unbearable.

Being conjoined does not necessarily negate individual 
development. Religious views may only support minimal sur-
gical interference, especially when one twin will be sacrificed 
at surgery, “We cannot accept one baby must die so that the 
other one may live. It is not God’s will,” which differs from 
the legal opinion “Why I must order twin baby to die,” or a 
twin’s own opinion, “As we came together, we will also go 
together,” Eliza Chulkhurst.12

From a practical point of view, the Great Ormond Street 
Ethical Guidelines for Conjoined Twin Separation have been 
generally accepted; where separation is feasible with a reason-
able chance of success it should be carried out; when surgery 
is not possible, custodial care should be offered and nature 
allowed to take its course; where one twin is dead or has a 
lethal abnormality and cannot survive independently from its 
normal twin and if unoperated both twins could die, separa-
tion to save the healthy twin should be attempted.24

Anesthetic Considerations

Anesthesia for separation of conjoined twins is a complex, 
demanding procedure, which is facilitated by having two 
color-coded anesthetic teams representing each child.27,28

Preoperative planning and rehearsals are essential for elec-
tive separations. The extent of cross-circulation between the 

Table 45.1. Investigation of conjoined twins

System Evaluation

Cardio respiratory Electrocardiogram
Echocardiography/Doppler ultrasound
MRI/CT with contrast
Cardiac catheterization and Angiography

Alimentary tract Contrast meal and enema
Ultrasound
Radio-isotope scans (liver); technetium
Tc99m-(Sn) colloid and excretion Tc99m 
mebrofenin
Radio-isotope scintigraphy

Genito-urinary Ultrasound
Isotope renography
Micturating cystourethrography
Genitogram

Skeletal system Radiography
MRI (spinal cord)
Ultrasound

Vascular Doppler ultrasound
Angiography

Cross-circulation Radio-isotope scan Tc99m-DMSA
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infants is unpredictable despite detailed and thorough preop-
erative work-up. The preoperative planning should include 
availability of additional team members in case of prolonged 
anesthesia and surgery, to provide rest. Thoracopagus con-
junctions are associated with a significant risk of anesthetic 
complications; therefore, the anesthetic team should also be 
aware preoperatively of ethical issues and decisions made in 
favor of one twin to the detriment of the other in case where 
unfortunate and unavoidable sacrifice of one twin in favor of 
the other has to be made. It may only be possible to make 
this decision during the separation procedure when the true 
anatomy is exposed and defined.

Anesthetic Challenges

Although the neck and head are not often involved in the con-
junction of twins where separation is considered, access to 
these structures for anesthesia and vascular access is a consid-
erable challenge. The higher the conjunction, the greater is the 
degree of hyperextension of the babies’ heads and necks, and 
the more difficult is airway access (Fig. 45.1).

Thoracopagus twins have the highest mortality of all the types 
of conjoined twins29,27 as an isolated abnormality and may be 
further complicated by additional complex conjunctions at other 
levels – either cephalad (head and neck) or caudad (abdomen, 
pelvis, spine). In many series, early morbidity and the inability 
to separate the twins occurs in this group. The EXIT (ex utero 
intrapartum treatment) procedure has presented an unusual 
approach to this problem and may offer a realistic option in 
managing these infants prior to delivery.7,30 The EXIT procedure 
is aimed at maintaining both oxygenation and cardiopulminary 
stability for the conjoined twins.31 If one baby is not viable, sur-
gery may be performed at this time using placental “cardiopul-
monary bypass” while separation is achieved.

Preoperative Work-Up

All of the above factors will impact on many aspects of preop-
erative workup for separation, as well as those investigations 
that are necessary prior to separation. The two major factors 
that determine survival are the degree of conjunction of the 
hearts and their anatomical structures, and how feasible it is 
to provide enough cover for the deficit of skin and chest wall 
(i.e., ribs and sternum) to enable functional and stable chest 
dynamics for both babies after their separation. Therefore, 
a thorough evaluation of cardiac and lung function and their 
anatomy help the anesthetist plan and manage the surgery 
more effectively.

There has been very little emphasis placed on investigat-
ing the respiratory system of these babies. Lung abnormalities 
when assessed by bronchoscopy have been identified as tra-
cheomalacia and the presence of aberrant bronchi. These find-
ings raise the consideration that all thoracopagus twins should 
undergo bronchoscopy during the work-up to surgery.32,33

Cardiac and circulatory effects will depend on the com-
plexity of the conjunction and the anatomical abnormalities 

in either or both twins’ hearts. Pericardium is usually shared 
but the variation in the rest of the heart structures is unpre-
dictable, and each set of twins needs to be assessed in their 
own right. Angiography under general anesthetic may still be 
needed, but it remains a high risk procedure with an unpredict-
able response to anesthesia. In a set of twins with venous-pole 
sharing, induction of anesthesia resulted in asystole in the twin 
with a myopathic ventricle – resulting in brain death in that 
twin, an emergency separation with survival of the other.4

Vascular access: Venous access may become reduced 
during a prolonged hospital stay. Ultrasound scanning is 
useful in finding vessels as they are not always in the normal 
anatomical positions.

Airway management is usually difficult. These babies lie 
face to face in proximity to each other. The larynx is very 
anterior and endotracheal intubation with the aid of a fibreop-
tic bronchoscope has been used successfully but depends on 
operator ability and the availability of a small caliber bron-
choscope for the neonatal age-group. The use of lignocaine 
local anesthesia to the vocal cords is advised. It is necessary 
to employ an anesthetist for each twin to manage the airways, 
and muscle relaxation should not be administered until the 
airway can be controlled. Awake intubation should not be 
attempted except in moribund patients. Emergency intubation 
in these babies should be avoided if possible. Their deterio-
ration should be anticipated, and intubation performed in a 
controlled planned way.

Positioning for surgery and the changes required for the 
different disciplines needs to be discussed with each surgical 
team. Where cardiopulmonary bypass is required, space for 
the bypass machine needs to be identified and the placement 
of the cannulas in the patient(s) needs to be clarified. In gen-
eral, the babies’ heads are at the top end of a normal operating 
table with the anesthetic machines on either side. In older, big-
ger twins, it is important to ensure that the twins will fit onto 
the table in the space available, and it may be necessary to use 
a wider table or modify the one planned for use.

Equipment Preparation and/or Adaptation

Providing anesthesia for two babies simultaneously requires 
organization and preparation of the environment. Numerous 
options have been reported. A Carlens (Y) adaptor to fash-
ion a connector to both babies’ airways to allow for synchro-
nous ventilation has been used successfully.33 We have used 
a “splitter” for the gas pins at the main supply plug to enable 
the use of two machines from one gas outlet in the cardiac 
catheterization laboratory.

Anesthesia for Procedures Prior to Separation

Computerized tomography scanning (CT), magnetic reso-
nance imaging (MRI), radioisotope studies, and cardiac cathe-
terization may all be necessary for determining the anatomical 
structures and deciding whether surgery is possible or not. In 
complex conjunctions, transthoracic echocardiography may 
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be limited and transesophageal echo, MRI angiography, and 
cardiac catheterization with angiography may be required.33

Surgical procedures prior to separation include examination 
under anesthesia for clarification of anatomical structures, bron-
choscopy, systemic to pulmonary shunts where the anatomy of 
the heart is abnormal, laparotomy for necrotizing enterocolitis, 
decompression of intestinal obstruction where the conjunction 
has involved bowel, and placement of tissue expanders. Also 
these infants may require surgery that is common for any child, 
for example, adenoidectomy for upper airway obstruction.27

Surgical Management

Preoperative Preparation

Preoperative assessment should include all parameters prior 
to normal pediatric anesthesia. Documentation of all investi-
gations is essential and any anticipated difficulties discussed 
with the surgical team. Features of cardiac failure and respira-
tory compromise should be identified and treated. In general, 
these babies are fairly similar in size so that the medication 
administered can be calculated by taking the combined weight 
and dividing this in half. Unless there is significant discrep-
ancy between the sizes of the infants, each baby should have 
its own medication given on a dose/kg per individual, regard-
less of the cross-over between circulations. Color labeling 
for each twin’s medication allows easier identification. In the 
period prior to planned surgery for separation, the upper limbs 
should not be used for phlebotomy or vascular access to spare 
these vessels for use intra-operatively.

Planning of the operating room environment is vital to suc-
cessful peri-operative management.

Intraoperative Management

In thoracopagus infants, there is extensive cross circulation. 
With complex cardiopagus, inhalational anesthesia given to 
one twin may affect the twin not receiving the agent before the 
one receiving the anesthetic (personal experience). One has to 
be prepared for any eventuality.

During surgery difficulties with vascular access, hemody-
namic stability, temperature control, and blood loss can be 
expected. Because of cross circulation, pharmacokinetics, and 
pharmacodynamics are inconsistent and altered drug responses 
must be expected. Prior to separation, the surgeon may still 
not know the exact nature of venous connections, coronary 
arterial anatomy, and the branching anatomy of the head and 
neck vessels and the true size of the atria and ventricles.

General Principles of Surgery

The surgical separation of conjoined twins presents a great 
challenge. Improved survival rates for conjoined twins are due 
to advances in perinatal and postnatal diagnostic techniques, 

meticulous interpretation of the special investigations, and 
correct anesthetic and surgical management carried out by an 
experienced multidisciplinary team.26,29,34–39

Many descriptions of surgical procedures to separate the 
various types of conjoined twins have been published.26,29,35–38,40 
Technical details are determined by the anatomy of conjunc-
tion, the allocation of sharing of organs and structures, and the 
planned reconstruction. Standard approaches are normally uti-
lized but variations may demand a novel surgical approach or 
alternative techniques. Major factors that will govern success-
ful separation include the order of separation, the distribution 
of organs between the twins, meticulous aseptic surgical tech-
niques, the reconstruction of divided organs, and structures 
and wound closure. It is also necessary to distinguish between 
structures that are shared by both twins and those belonging 
only to one individual.8 Unexpected anatomical variations are 
often encountered, including previously unrecognized car-
diac, gastrointestinal, and hepatobiliary anomalies. Operation 
time is prolonged with the separation of the more complex 
thoracopagus twins in the order of 7–13 h.

Emergency surgery is indicated when there is damage to 
the connecting bridge or when correctable anomalies threaten 
the survival of one or both twins, and there is the possibility 
of saving at least one of the twins. Emergency separation has 
resulted in up to a 70% mortality rate compared with 20% 
for elective procedures, emphasizing the need to stabilize the 
infants initially and to postpone surgery until the basic inves-
tigations have been completed.7 In our experience, emergency 
surgery was necessary to alleviate intestinal obstruction, to 
manage a ruptured exomphalos and for deteriorating cardiac-
respiratory status, threatening survival of one or both twins.

Elective surgery is best scheduled for when the infants are 
thriving, and all investigations have been completed, provid-
ing a comprehensive and functional description of normal and 
fused anatomy. Delaying separation into early childhood may 
result in increased postnatal deformities and psychological 
problems. If separation is possible and desirable, it is proposed 
that surgery should be performed within the first 6–9 months 
before an awareness of their condition develops. Motor skills, 
sensory integration, and personality need to develop in a 
separate state.41

Skin Closure

Whenever there is extensive sharing of body surface areas, clo-
sure of the disconnected surfaces may pose major problems, 
especially when separation is undertaken as an emergency.42–44 
A wide variety of techniques have been described, including 
elevation of wide skin flaps, use of relaxation incisions, inser-
tion of prosthetic material, delayed split skin grafts, and the 
use of prior tissue expanders to develop abundant native skin 
to allow for tension free closure without causing increase in 
intracompartmental pressure, local wound problems or restric-
tion of respiratory excursion. Cardiovascular and respiratory 
failures are the most frequent causes of death in the immediate 
postoperative period. Subcutaneous tissue expansion is used to 
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provide tissue for reconstruction or closure where insufficient 
natural tissue exists44–46 (Fig. 45.5). Closure under tension is 
poorly tolerated, and it is preferred that both chest and abdo-
men cavities be left open if necessary for later staged closure 
with plastic reconstruction using skin and muscle flaps or split 
skin grafting onto granulation tissue. Vacuum dressings may 
assist a more rapid healing, earlier grafting, and wound closure. 
Unfortunately, tissue expansion is not always possible, and has 
a nearly 60% incidence of complications such as bleeding, 
wound sepsis, and skin necrosis. Skin expanders must be cor-
rectly sited, and placements are best tolerated in older infants. 
It takes 6–8 weeks to gain maximum advantage.37

Hepatobiliary and Gastro-Intestinal Tract

The liver is shared in all thoraco-omphalopagus twins. Ultra-
sound, CT, and radio nucleotide scanning provide the best 
overall picture of hepatic conjunction, the biliary drainage 
system including the gall bladder and configuration of the 
pancreas. For successful hepatic division, each liver has to 
have an inferior vena cava to its own heart; absence thereof is 
incompatible with survival after surgery. Hepatic conjunction 
is along an oblique plane, and venous connections may con-
sist of a labyrinth of small venous channels, which may bleed 
excessively during surgery. In our experience, hepatic divi-
sion has always been possible. Cardiac disconnection must be 
accomplished before hepatic division, as a large volume of 
blood can circulate through the liver, creating a false impres-
sion that both hearts are able to sustain independent life.

As 25% of thoracopagus twins share a biliary system, the 
anatomy of the extra hepatic biliary system (EHBS) needs to 
be evaluated. This is best achieved with dynamic biliary scin-
tigraphy and two gallbladders with independent excretion into 
separate duodenums are indicative of two EHBS. However, 
intraoperative cholangiography may also be required.38,47 Two 
gallbladders do not always equate with two EHBSs, espe-

cially if there is fusion of the proximal duodenum. This may 
be demonstrated by upper contrast radiography. Bile drainage 
is imperative and in the presence of a single EHBS, one twin 
should be allocated the EHBS, while every attempt should 
be made to establish bile drainage through a Roux-Y hepati-
cojejunostomy in the other twin.5 Anatomically, the pancreas 
belongs to the duodenum, and is best left with the EHBS if 
there is a single pancreas.

The upper gastrointestinal tract from the duodenum distally 
is shared in 50% of thoracopagus conjunction. This junction 
can extend to the level of Meckel’s point where it will divide 
into two separate distal ilea. High duodenal conjunction is a 
pointer appointed toward a single or shared EHBS.

Musculoskeletal System

Children with hemivertebrag asymmetrical or diminutive chest 
cavities, and even those with caudal junction are prone to 
develop progressive scoliosis of the spine, sometimes in areas 
remote from the area of conjunction. Long-term follow up is 
therefore mandatory.

Cardiorespiratory System and Chest Wall

The twins should be anesthetized on their sides. The whole of 
the twins below the separate cervical areas should be skin pre-
pared and draped to be included in the operative field. If two 
survivors are possible arrangements for two separate operating 
tables and teams of surgeons should be made in preparation 
for the chest and abdominal reconstruction after separation. 
(It may be that a decision has yet to be made on the neces-
sity to sacrifice one twin, depending on anatomy found.). The 
skin incision is made circumferentially along the sternum on 
the upper side. If only one survivor is possible then a curved 
incision on Twin A’s side of the thorax is made from the cer-
vical conjunction and curving across to beyond the nipple 
and extending caudally down into the abdomen incorporat-
ing a substantial part of the chest wall of the other twin. This 
donated thoracic cage can be used to reconstruct the chest wall 
after the separation (Fig. 45.1b). The pericardium is opened 
and the two hearts inspected.

The thoracotomy approach to the heart is very limited in 
terms of assessing the anatomy. The pericardium and hearts 
can only be adequately exposed and examined once the inci-
sion is taken across into twin B’s chest, and the anterior of 
both hearts can be seen. We found this in both sets we have 
done with fused left ventricles: very little could be assessed 
until both chests had been opened quite widely.

The cardiac anatomy will of course have been determined to 
some extent before surgery, and there would be at least a working 
supposition of the anatomy, and what needs to be confirmed.

Decisions are made according to the anatomy. If the two 
hearts are separate and can maintain cardiovascular autonomy, 
the general surgeons can then open the abdomen and divide 
the single liver mass into two along an oblique median plane.

Fig. 45.5. Skin expanders inserted over the chest wall of omphalo-
ischiopagus twins illustrating the gain in skin cover that can be 
achieved
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If the hearts are completely separate the issue is uncom-
plicated. If there is any bridge of tissue the most important 
first determination to be made if they are to be separated is 
the nature of the coronary supply to each heart, and the coro-
nary sinus drainage. If they are in any way codependent for 
coronary supply or coronary venous drainage they cannot be 
separated. Beyond that, atrial connections can generally be 
divided, and ventricular connections cannot (or never have 
been with any survivors.) In our two sets with ventricular 
connections, we elected to leave the fused heart unseparated 
totally in twin B’s chest.

The separation of the thorax is then completed from ante-
rior to posterior. The diaphragms are attached in the normal 
manner posteriorly and to a large central tendon and inferior 
floor of the pericardium anteriorly. After separation there is 
a very large central defect. The pericardium can be replaced 
with a Gore-Tex patch but primary skin cover is not possible 
unless tissue expanders have been placed prior to separa-
tion. Even with skin expanders and skin cover, the anterior 
diaphragmatic attachment needs to be stabilized to facilitate 
normal respiratory ventilatory function. Staged closure with 
eventual skin graft is another method of achieving wound clo-
sure. What is important is that closure under tension is to be 
avoided as cardiac and respiratory compromise will result.

In a case with a single fused heart, one being rudimentary, the 
following procedure was carried out. The thoracic cavity was 
opened via thoracotomy in Twin A’s side at the level of the fifth 
intercostal space. The heart and great vessels were exposed as 
far as possible with dissection and carefully examined. The car-
diac abnormalities were as predicted (Figs. 45.6 and 45.7).

Twin A had a double-outlet univentricular heart of LV mor-
phology, with a vestigial anterior ventricle and large ven-
tricular septal defect, with transposition of the great vessels 
(Taussig-Bing type), and the major ventricle was fused with 
Twin B’s left ventricle. The preoperative decision was that this 
twin could not survive with this cardiac anatomy.

Twin B had dextrocardia, probably situs inversus, with ven-
tricular apices towards the right. The left ventricle was fused 
to Twin A’s heart with a communication through the common 
wall, but there was no VSD or outflow obstruction.

The coronary artery system of twin B was separate from 
that of twin A. All the great vessels and left pulmonary veins 
(we could not access the right pulmonary veins) and both 
venae cavae of twin A were identified. A’s ductus arteriosus 
was divided and oversewn, as was the azygos vein and a small 
left SVC. Silk ties were placed around the great vessels and 
the venae cavae, and around the left pulmonary veins. By 
snaring them a trial occlusion of all of the vessels leading to 
and from the heart of twin A was attempted. Because there 
was a concern for this side of the heart lacking coronary sup-
ply after occluding the vessels, and causing a general arrhyth-
mia of both hearts, and an attempt was to be made to connect 
A’s ascending aorta to B’s with a synthetic shunt. However, 
it proved impossible to side-clamp the aortas, so trial occlu-
sion was done instead. Although it significantly darkened, 

and there was some distension especially of the vestigial right 
ventricle, A’s heart continued to function well, and after about 
10 min looked healthy again. No other adverse events occurred 
during the test occlusion and the arterial and venous structures 
were individually ligated and divided. Occlusion of the great 
vessels resulted in the cessation of circulation in twin A. The 
separation was completed with the division of the thoracic 
cage well onto Twin A’s side about 2 cm outside the nipple 
line. Twin A’s body was removed from the operating table. 
The heart now protruded anteriorly from the thoracic cavity 
of Twin B. Any attempt at manipulating the heart to put it 
within the thoracic cavity resulted in ventricular arrhythmias. 
The bony defects in the chest wall were thus closed using a 

Fig. 45.6. One of a very few survivors (10 years) of a twin from a set 
of thoracopagus twins with a fused heart. Note gross chest deformity. 
At the time of initial surgery, the chest wall of the other twin was 
used to cover the chest wall defect. Any change in position of the 
heart resulted in arrhythmia. Late reconstruction of the chest wall 
is planned. [A personal comment: Our survivor of almost 10 years 
has had a very unhappy course including severe cerebrovascular 
accidents from thrombus discharged from the “appendage” heart, 
which has also significantly interfered with his own heart’s function. 
There is a strong opinion amongst the clinicians caring for him that 
we should never have embarked on the procedure in the first place. 
I have wondered about it myself, and think I would probably support 
doing it again, though we have some experience now on which to 
build. (J.H. author)]
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section of the ribcage of twin A. Skin closure was achieved 
using skin from Twin A.

No twin with ventricular conjunction has ever been success-
fully separated with both twins surviving. However there is a 
report of thoracopagus twins with two normal hearts joined by 
a myocardial bridge who were seperated successfully.48,49 In a 
situation where one twin is acardiac or with shared ventricles 
successful separation is impossible without sacrificing one 
infant. The chest wall and skin of the sacrificed twin can be 
used to obtain skin cover and to create a firm structure to pro-
tect the protuberant fused single heart as any dislocation of the 
heart from its natural position is likely to cause disturbance of 
function. All the main inflow and outflow vessels from one 
twin have to be disconnected from the heart and the whole 
cardiac complex assigned to the infant selected to survive. We 
have had two such infants surviving a sacrifice procedure one 
survived 30 days and died from aspiration, and the other is 
a long-term survivor of nearly 9 years (Figs. 45.6 and 45.7). 
Subsequent reconstruction of the deformed chest is possible 
at a later stage.50

Postoperative Management

Cardiovascular and respiratory failure remain the most frequent 
causes of death in the immediate postoperative period. Further 
operations may be required for secondary wound closure or 

dehiscence and skin grafting. There is also hidden long-term mor-
bidity and mortality. A number of infants died later from factors 
such as unresolved aspiration, bronchopneumonia, poor respira-
tory function, gastro oesophageal reflux, and cerebral anoxia.

Postoperative challenges maybe regarded as early or late, 
and are determined by all the other predictors of survival after 
thoracopagus surgery for separation.27

Postoperatively, the separated twins should be transported 
to the Intensive Care Unit and continually monitored for 
bleeding, hypotension, hypothermia, hypoxia, hypercarbia, 
acidosis, and electrolyte disturbances. Ongoing volume losses, 
respiratory impairment, and cardiogenic instability commonly 
occur in separated twins. Cardiovascular, respiratory failure 
and sepsis remain the most frequent causes of morbidity and 
mortality in the immediate postoperative care. Additional 
postoperative complications include chest wall and sternal 
insufficiency, diaphragmatic dysfunction, gastro-oesophageal 
reflux, and the risk of inadequate skin cover.

Further operations may be required for secondary wound 
closure, wound dehiscence, and vascular access.

Results

Over a period of 43 years (1964–2007), the Red Cross 
War Memorial Children’s Hospital has managed 47 sets of 
 symmetrical and asymmetrical conjoined twins. The relevant 

Fig. 45.7. Diagram of the ven-
tricular and atrial arrangement of 
a set of twins with a single heart 
after separation to save the life 
of one
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information is shown in Table 45.2. There was a tendency 
toward premature labor and CS for obstructive labor. There 
were few postnatal maternal complications.

The surgical management of conjoined twins has been 
divided into three categories (Tables 45.3 and 45.4).

1. Nonoperative management: Ten sets were stillborn, 8 of 
which were thoracopagus, 1 ischiopagus, and 1 triplet. 
Intrauterine death was either due to elective abortion (13–
32 weeks), obstetric error or complex cardiac anomalies 
incompatible with life, confirmed by postmortem examina-
tion. These fetuses were lost during the 26–30th week of 
gestation. Six sets of thoracopagus twins were born alive 
but subsequently died from complex cardiac anomalies 
with cardiac failure at 9 days – 2 months postbirth. One 
symmetrical ischiopagus twin died as a result of a perfo-
rated colon and peritonitis.

2. Emergency separation: Emergency operations were per-
formed on three symmetrical sets during the neonatal period. 
A thoracopagus twin deteriorated on day 15 necessitating 
emergency separation. Great difficulty was encountered 
closing the thoraco-abdominal defects primarily, which 
resulted in irreversible respiratory failure. An omphalopagus 
twin was born with a ruptured exomphalos with evisceration 
of liver and loops of bowel and demise of the other. The one 
parapagus twin was moribund at birth necessitating surgical 
separation within 17 h once preliminary investigations were 
performed. Only two of six children survived separation 
with one dying at 6 weeks from bronchopneumonia.

3. Elective separation: Elective separations were performed 
on 14 sets at ages ranging from 4 days to 11 months, when 
tissues were still pliable and the infants in the optimal 
physiological state. Reasons for the wide variation included 
allowing time for the infants to grow and to bond with their 
families and also completion of the multitude of investiga-
tions required. On occasion it was also necessary to resolve 
complex moral and ethical issues when there was a threat 
to the survival of one or both infants. Additional delay was 
due to the use of tissue expanders in two sets of ischiopa-
gus twins to facilitate wound closure, repeated operative 
rehearsals, and reordering of selected investigations, where 
uncertainty existed. Twenty-two of a potential 28 children 
survived. In one set of thoracopagus twins with a combined 
complex heart, the decision was made to sacrifice the one 
child, with the parents’ permission to save the life of his 
brother. This child is the only long-term survivor following a 
procedure of this kind.

An assessment of the cardiac anomalies encountered in 16 
thoracopagus infants during presurgical investigations, during 
surgery and at postmortem, revealed the following: a shared 
pericardial sac with separate hearts in 5, conjoined hearts in 8 
who manifested varying types of atrial or ventricular fusion, 
while 3 had a single heart.

Other abnormalities identified included anomalous pulmo-
nary veins, atrio-ventricular septal defects, hypoplastic 
pulmonary vessels, abnormal vena caval drainage and abnor-
mal origin of major arterial vessels from the aortic arch 9.

Surgical Outcome

The surgical outcome of our series is depicted in Table 45.3 
and compared with two international series in Table 45.4. The 
overall survival for symmetrical twins was 33.3% but 64.7% 
for those that were operated upon. Emergency surgery had 

Table 45.2. Obstetric implications implications of conjoined twins 
(based on data from 54 sets of twins).a

Maternal history

Maternal age in years 23 (16–45 range)
Parity – Nulliparous 38% (17 of 45 sets)
Family history of 
twinning

14.3% (8 of 54 sets)

Stillbirths 39.6% (21 of 54 sets)
Antenatal diagnosis 41% (32 sets)

Birth
Presentation: 

° Breech 52% (13 of 25 sets)

° Vertex 48% (12 of 25 sets)
Vaginal delivery 41% (19 of 46 sets)
Mean gestational age 
weeks

35.3 (20 sets)

Combined weight/kg 3.9 (2.7–4.9 in 13 sets)
Elective Cesarean 
section

59% (27 of 46 sets)

a Obstetrical information extrapolated from available data 5

Table 45.3. Conjoined twins 1964–2006.

Sets Operations Survivors

Symmetrical twins
Thoracopagus 23  9 10
Omphalopagus  1  1  1
Ischiopagus  5  3  6
Pygopagus  2  2  4
Parapagus  1  1  1
Craniopagus  1  1  0
Cephalopagus  1  0  0

Total 34 17 22
Incomplete or asymmetrical twins

Ischiopagus  4  3  3
Parasitic  5  5  5
Fetus in fetus  3  3  3

Total 12 11 11
Conjoined triplets

 1  0  0

Table 45.4. Outcome in three major studies on conjoined twins.

Symmetrical twins

Operated

Emergency 
surgery Elective surgery

Source
No of 
sets

Not 
operated 
sets

No of 
sets

No of 
Survi-
vors (%)

No of 
sets

No of 
survivors 
(%)

Spitz and Kiely34 22 6 7 4 (29) 9 15 (83)
O’Neill37 18 5 5 1 (10) 8 13 (81)
Red Cross Hospital 
Series

34 17 3 2 (33) 14 20 (72)
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a dismal outcome with only two infants surviving (33%.). 
Asymmetrical separation had a 92% survival rate.

Late deaths are reported in those babies who have been sep-
arated but have poor respiratory dynamic function and have 
died from aspiration.27,4 Sepsis is another significant contribu-
tor to morbidity and mortality of these babies.

Conclusions

Prenatal diagnosis allows careful planning for delivery and for 
preoperative assessment. Emergency surgery may be required, 
but it is preferable to delay surgery to allow growth and the 
completion of investigations. Inevitably, the ultimate progno-
sis will depend on the state of the conjoined organs and the 
potential for successful separation. Tragically in some, separa-
tion will not be possible. Detailed preoperative assessment is 
essential to determine the best surgical approach, reconstruc-
tion methods, and ultimate outcome. Despite successful sepa-
ration, some children are left crippled and disabled, requiring 
life-long follow-up and care.
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Section 10
Miscellaneous



Introduction

Chylothorax is defined as a collection of lymphatic fluid within 
the pleural spaces, and is an uncommon but potentially serious 
condition in infants and children. Asellius and Bartolet first 
described chylothorax more than 400 years ago, but Quincke 
reported the first case in 1875. The first case reports of spon-
taneous chylous pleural effusion in children appeared in 1917 
and 1926 by Pisek and Stewart. Blalock provided the earli-
est understanding of the underlying pathophysiology of the 
disease in 1936 when he showed experimentally that superior 
vena cava occlusion produced chylothorax an average of 17 
days later. Preemptive ligation of the thoracic duct prevented 
development of the effusion.1 This led to the introduction of 
therapeutic thoracic duct ligation by Lampson in 1948.

Subsequent developments focused on understanding the 
physiology of chyle production and flow. In recent decades 
basic and clinical research has led to advances in both medi-
cal and surgical therapy for chylothorax. On the medical side 
understanding the metabolism of medium versus long-chain 
fatty acids led to the introduction of low fat diets to treat chy-
lothorax. Subsequently, the development of total parenteral 
nutrition with complete bowel rest has greatly improved 
outcomes. Modern surgical advances include pleuroperito-
neal shunting, which was introduced to pediatric surgery by 
Azizkahn and colleagues in 1983.2,3

Embryology

The lymphatic system begins its initial development in the 
sixth gestational week. This diffuse system of endothelial-
lined channels develops from six different outpouchings of 
the venous endothelium: two jugular sacs, two femoral sacs, 
a retroperitoneal sac, and the cisterna chyli. These sacs grow 
longitudinally and link together by the ninth gestational 
week, eventually forming a bilateral system of lymphatic 
trunks connected across the midline by numerous horizontal 
and diagonal anastomoses. Regression of the superior portion 
of the right trunk and the inferior portion of the left trunk, 
with maintenance of a diagonal connection at the level of the 

fourth to sixth thoracic vertebra, ultimately yields the final 
thoracic duct.1,4

Anatomy

The thoracic duct represents the most important lymphatic 
channel in the development of chylothorax. It arises from the 
cisterna chyli near the midline at the level of the second lumbar 
vertebra, and passes through the aortic hiatus of the diaphragm 
into the right chest medial to the azygos vein. The duct remains 
as a single structure in the inferior aspect of the chest, but on its 
upward passage numerous lymphatic tributaries empty into it 
from the chest wall. In the majority of patients the thoracic duct 
crosses as a single structure into the left chest at the fourth or 
fifth thoracic vertebra and continues into the left neck, where it 
forms an arch that rises 3–4 cm above the clavicle. It then drains 
into the left subclavian vein near the junction of the subclavian 
and left internal jugular veins.

Chyle Physiology

Chyle is a milky fluid consisting of lymph and emulsified fats, 
which is produced by the mucosal cells of the small intestine 
during the process of digestion. It is taken up by lacteals, which 
join with larger lymphatics that are carrying lymph fluid from 
the rest of the body. Ultimately these converge to form the 
cisterna chyli, which empties into the thoracic duct. The high 
lymphocyte content of chyle is important both diagnostically 
and clinically (see the section “Pathophysiology of Chylotho-
rax”) as chylothorax patients can become lymphopenic with 
up to threefold increased susceptibility to infection after long 
courses of therapeutic drainage.5

Pathophysiology of Chylothorax

Chylothorax in children falls into two main categories: con-
genital and acquired. Most reports identify congenital eti-
ology in approximately 10% of pediatric chylous effusions, 
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with the remainder caused by injury to the thoracic duct or 
elevated venous pressure in the superior vena cava.6 A third 
form of chylothorax, antenatal primary fetal hydrotho-
rax (PFHT), bears mentioning because pediatric surgeons 
may be asked for consultative advice on its course and 
management.

Congenital

Although they represent the minority of chylothoraces in chil-
dren, congenital chylous effusions can represent a significant 
management challenge. Multiple etiologies exist for congenital 
chylothorax, including abnormalities of the lymphatic system 
(including lymphangiectasia and less severe intrathoracic lym-
phatic malformations), genetic syndromes such as Noonan’s 
syndrome, and various chromosomal abnormalities, congenital 
heart disease, and mediastinal tumors (see Table 46.1).6,7 A higher 
proportion of children with congenital chylothorax fail conserva-
tive therapy than those whose effusions occur after cardiothoracic 
surgery or trauma.

Acquired

Traumatic chylothorax, either postoperative from thoracic 
surgery or by accidental or nonaccidental trauma,8,9 repre-
sents the majority of acquired cases in infants and children. 
Most studies place the incidence of postcardiac surgery chy-
lothorax in children around 3–7%,10 but these cases repre-
sent 65–80% of all pediatric chylous effusions. In addition to 
direct injury to the duct, thrombosis of the superior vena cava 
leads to high central venous pressure transmitted back to the 
thoracic duct. This form of acquired chylothorax accounted 
for 27% of the cases of neonatal and pediatric chylothorax in 
one large study.6

Antenatal Primary Fetal Hydrothorax

Although relatively rare (1 in 10–15,000 pregnancies) pediatric 
surgeons may be asked to do prenatal consultations on patients 

with chylothorax discovered in the antenatal period.11,12 A meta-
analysis of all reported cases of PFHT showed that the progno-
sis is dependent upon whether the effusion is bilateral, whether 
it spontaneously regresses with expectant management, and 
whether a premature delivery becomes necessary.11 The single 
most important predictor of outcome, however, is the presence 
of hydrops fetalis at any time, with the overall survival decreasing 
from 75 to 24% in PFHT fetuses with hydrops.

Treatment of PFHT includes expectant management with 
a single drainage in the immediate prenatal period, serial 
thoracocenteses with each reaccumulation of fluid in recur-
rent PFHT, and pleuroamniotic shunting with placement of 
a double-pigtail catheter between the fetal chest cavity and 
the amniotic sac.11 The authors of the meta-analysis offer a 
management algorithm, which begins with emergency thora-
cocentesis for fetuses who initially present with fetal distress. 
Once the emergency has resolved, a full workup to rule out 
causes of secondary hydrothorax (the same as for congenital 
chylothorax – see Table 46.1) is needed. Once PFHT has been 
diagnosed ultrasound scans should be done semimonthly. 
Regression of the PFHT portends near 100% survival with 
observation alone. In fetuses whose PFHT stabilizes, monitor-
ing with a single thoracocentesis immediately before delivery 
is recommended. For those whose chylothorax worsens, the 
preferred approach depends on the gestational age of the fetus. 
Results are best with pleuroamniotic shunting in fetuses less than 
32 weeks and with serial thoracocentesis in those greater than 
32-weeks gestational age.

Associated Systemic Abnormalities

Untreated chylothorax can lead to significant nutritional 
and immunologic pathology. Protein loss in the drained 
lymphatic fluid can lead to hypoalbuminemia, electrolyte 
derangements, and nutritional compromise. These patients 
require parenteral nutrition to avoid severe metabolic com-
plications. In addition, one group reported lymphopenia and 
infections in about 30% of chylothorax patients although the 
group did not identify a correlation between infection and 
lymphocyte count.5,13

Diagnosis

The presence of milky fluid in the pleural space raises the 
suspicion of chylothorax although in children who are not 
being fed the fluid can appear completely clear. An elevated 
level of triglyceride within the fluid is necessary to confirm 
the diagnosis. Triglyceride level greater than 110 mg/dl in the 
pleural drainage is the generally accepted level for diagnosis. 
In addition, the high chylomicron (in enterally fed patients) 
and lymphocyte counts in normal lymphatic fluid make these 
markers useful diagnostic tools in differentiating chylothorax 
from other types of pleural effusions.

Table 46.1. Causes of congenital chylothorax.

Thoracic, noncardiac
 Congenital diaphragmatic hernia
 Congenital cystic adenomatoid malformation
Lymphatic
 Lymphangiectasia
 Lymphatic malformations
Neoplastic
 Mediastinal tumors
 Pleural tumors
Genetic
 Noonan’s syndrome
 Various chromosomal abnormalities
Infectious
 TORCH infections
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Medical Therapy

Dietary

The mainstay of treatment for chylothorax has been drain-
age of the pleural space and complete bowel rest with total 
parenteral nutrition. More recently medium chain triglyceride 
(MCT) milk formulas have been used as initial therapy. Unlike 
long-chain fatty acids, MCT lipids are taken up directly into 
the venous circulation without first being packaged in the 
lymph. The high-MCT feeds therefore decrease overall lym-
phatic flow. Most reports indicate little difference in outcome 
between parenteral nutrition and high-MCT enteral nutrition, 
with about three-fourths of patients responding to these mea-
sures and chest drainage alone.14,15 In several pediatric stud-
ies time to cessation of drainage generally ranges from 1 to 4 
weeks although more recent authors have recommended more 
aggressive treatment if drainage does not decrease to less than 
250 cc per day after 2 weeks.

Adjunctive Medications

In addition to bowel rest or restriction of dietary fat several 
drugs have been used for the treatment of chylothorax in chil-
dren. The most extensively studied and widely used of these is 
the synthetic somatostatin analogue, octreotide. Although the 
mechanism of action is unclear several studies have demon-
strated the efficacy of somatostatin in children with congeni-
tal and acquired chylothorax resistant to dietary measures.16–18 
Octreotide may reduce lymph fluid production by acting 
directly on somatostatin receptors in the gut circulation. It is 
also thought to decrease gastric, pancreatic, and biliary secre-
tions, thus decreasing the overall volume and protein content 
of fluid going to the thoracic duct.19

Cannizaro and colleagues studied 85 neonatal and pediatric 
patients with chylous pleural effusion over a 5-year period. 
They used a staged protocol with increasing therapeutic inva-
siveness ranging from fat-free diet to total parenteral nutri-
tion to the addition of octreotide to surgical intervention. Once 
patients were deemed to have failed a level of therapy they 
moved to the next level in the protocol. Eighty-five percent 
of their patients were cured with fat-free diet or total paren-
teral nutrition alone. Only 15% required the addition of oct-
reotide. Approximately half of these failed to resolve with 
octreotide therapy with three deaths (one of whom responded 
to octreotide but died of sepsis 2 weeks later). The other four 
patients went on to surgical treatment. This represents the 
largest reported cohort of pediatric patients treated with oct-
reotide for chylous effusions.10

Helin et al. reviewed 20 small case series of patients (1–3 
patients in each, with 1 series having 7) successfully treated 
with somatostatin or octreotide.19 These reports employed 
a variety of modes of delivery – including subcutaneous, 
intravenous bolus, and intravenous infusion – without any 

clear benefit for any one. Dosage was also variable, with 
some groups tapering upward and some groups tapering 
down after beginning with high doses. No dosing regi-
men demonstrated greater efficacy than others did. Treat-
ment protocols are therefore hard to develop, as experience 
overall, and in any given institution, is limited. The fact 
that most reports of somatostatin use in the pediatric chy-
lothorax literature are small case series may also suggest 
underreporting of treatment failures. For now, somatostatin 
should probably be seen as a potential adjunct for pediatric 
chylothorax refractory to dietary measures, rather than front 
line therapy.

Other medications reported to reduce lymphatic drainage in 
the chest cavity include inhaled nitric oxide20 and corticoster-
oids.21 Success of these therapies remains anecdotal with no 
replication of their positive outcomes reported as yet.

Surgical Approaches

Drainage

Simple drainage, along with dietary modification, has been 
the mainstay of therapy for many years in pediatric patients 
with chylothorax who fail medical management or for those in 
whom the effusion is symptomatic. In one of the largest pedi-
atric series of chylous effusions Chan et al. reported a median 
drainage period of 5 days for chylothoraces resulting from 
cardiothoracic surgery.21 More than one-half of their patients 
required chest tube reinsertion after drainage had apparently 
stopped. Longer duration of drainage, and increased failure 
rates after drainage and dietary modification, are generally 
seen in patients with congenital chylothorax or vena caval 
obstruction than in those with direct trauma to the thoracic 
duct. Few reports mention the use of pleurodesis with the 
authors that do indicating that it has usually failed as a thera-
peutic option.

Thoracic Duct Ligation

Continued significant drainage after a lengthy course of 
dietary modification and bowel rest represents the main indi-
cation for surgery in children with chylothorax. Historically, 
the most common surgical approach to this problem has been 
ligation of the thoracic duct. Surgeons have attempted to ligate 
the duct at the site of injury,1 or perform mass ligation of the 
duct at its origin just above the right hemidiaphragm.22 More 
recently, case reports and small series have highlighted the 
safety and efficacy of a thoracoscopic approach to thoracic 
duct ligation. In both open and thoracoscopic approaches, the 
introduction of high-fat liquids (e.g., cream) into the stomach 
has anecdotally been found to increase lymphatic flow and 
turn the chyle white, improving the chances of identifying the 
lymphatic leak at the time of operation (Fig. 46.1).
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Although widely cited as the most common surgical 
approach to recalcitrant pediatric chylothorax, thoracic duct 
ligation has generally yielded equivocal results. In one large 
series of postcardiac surgery chylothorax, all four of the 
patients treated with duct ligation failed and three of them 
died.21 Other authors have reported success rates between 
25 and 100%, but no series includes more than five patients 
treated with this procedure.6,22,23 It is likely that the equivocal 
results are related to selection bias toward sicker patients.21 
As such, some authors have suggested that a more aggres-
sive approach earlier in the course of the chylothorax might 
improve both surgical and overall outcomes.

Pleuroperitoneal Shunt

While traditional medical and surgical approaches are usually 
successful, a subset of patients remains refractory to dietary 
manipulation, medications, thoracic duct ligation, and exter-
nal drainage. Approximately 25 years ago, Azizkahn intro-
duced the technique of pleuroperitoneal shunting for such 
patients.3 Several series since then have demonstrated greater 
than 75–85% success rates in treating refractory pediatric chy-
lothorax.2,3,23

The procedure involves creation of subcutaneous tunnels 
in both the chest wall (mid-axillary line of the affected side) 
and abdominal wall. The two cuffed ends of the shunt are 
passed through the tunnels and into the pleural and peri-
toneal cavities. The middle of the shunt tube contains a 
1.5–2.5-cc pumping chamber that can be positioned either 
externally24 or subcutaneously.3 The chamber includes a 
one-way valve, and when manually pumped pushes fluid 

from the chest cavity into the abdomen. The fluid is then 
absorbed by peritoneal vessels. The chest cavity is emp-
tied several times daily until the pumping sessions can be 
weaned and ultimately discontinued.24

Wolff et al. reported successful clearance of 16 out of 19 
refractory chylothoraces in patients aged 1 month to 11 years 
(median 3 months) who had failed at least 2 weeks (and up 
to 2 years) of parenteral nutrition and external drainage.24 
The patients required from 12 to 365 days of pleuroperito-
neal shunting for their effusions to disappear (median 14 days 
of therapy). Complications included six shunt malfunctions 
requiring further surgical intervention and two shunt infec-
tions requiring removal.

Treatment Recommendations

Clearly, chylothorax in children represents a difficult man-
agement dilemma. New therapies and management strate-
gies have increased the therapeutic armamentarium but no 
adequately sized trials exist to define the optimal order, 
dosing, and duration of the various therapeutic approaches. 
On the basis of available data, we suggest the treatment 
algorithm detailed in Fig. 46.2, which can be tailored to 
the availability and experience of the individual physician 
or institution.

Fig. 46.1. Thoracoscopic thoracic duct ligation

TPN and bowel rest
(2 weeks)

with tube thoracostomy

Drainage stops
completely 

for one week 

Significantly
decreased
drainage

Drainage does not
decrease

significantly 

High MCT enteral
nutrition
(2 weeks)

followed by
regular diet 

Continue TPN 
and bowel rest for
another 2 weeks 

Consider thoracic duct
ligation, pleuroperitoneal

shunt, or pleurodesis 

Diagnosis
of chylothorax 

Fig. 46.2. Treatment algorithm for chylothorax
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Introduction

Disorders of the thymus are challenging both in terms of diag-
nosis and treatment. Alterations in the size and radiographic 
appearance of the thymus with age compound these problems. 
The thymus is well protected from the surgeon behind the 
sternum, and the proximity of the great vessels and phrenic 
nerves demand a meticulous approach.

Historical Perspective

The thymus has a long and colorful history.1 The name thy-
mus is derived from the Greek word thymos meaning “a warty 
excrescence” because of its resemblance to the flowers of 
the thyme plant. The ancient Greeks considered the thymus 
represented the seat of the soul. Galen considered the thy-
mus responsible for purification of the nervous system. He 
described changes in the size of the thymus with age correctly. 
In the seventeenth century, Vesalius wrote that the thymus was 
a protective cushion for the thoracic viscera. A century later 
Hewson published the first scientific treatise on the thymus 
and concluded that the thymus was a modified lymph gland. 
Hassall and Vanarsdale studied the structure of the thymus 
by light microscopy in 1846 and described the Hassall’s cor-
puscles. The general opinion by the end of this period was, 
however, that the thymus served no useful purpose.

Major changes relating to the investigation of death occurred 
in the late nineteenth century. There was growing concern that 
many unnatural deaths from homicide were going undetected. 
Coroners became concerned with determining the circumstances 
and causes of death, including sudden death in infancy. Disorders 
of the thymus that caused “suffocation” provided a convenient 
explanation for sudden infant death. The idea that compression 
of the airway by the thymus could cause asphyxia gained wide 
acceptance during this period and remained popular for at least 
a century. Despite the lack of scientific evidence, thymic asthma 

and status thymicolymphaticus became widely accepted causes 
of sudden death in infancy.

Thymic asthma was first described by Kopp in 1830.1 
The unfortunate infant would be afflicted by paroxysms of 
respiratory distress with inspiratory and expiratory stridor 
leading to cyanosis and death in extreme cases. In 1889, the 
Austrian physician Paltauf described the condition of status 
thymicolymphaticus.1 This disorder was thought to be due 
to lymphatic enlargement. The principle manifestation in the 
victims was an enlarged thymus. This condition differed from 
thymic asthma because direct airway compression was no lon-
ger thought to occur. What was, however, essential was that 
there should be no other potentially fatal abnormality found 
at autopsy. The recent invention of Roentgenology played a 
central role in the diagnosis of thymic asthma and status thy-
micolymphaticus. The treatment for both these conditions was 
initially thymectomy, despite an operative mortality of close 
to one child in three. Discovery that the thymus was radio-
sensitive unfortunately led to the irradiation of thousands of 
children in the mistaken belief that thymic asthma or status 
thymicolymphaticus were being prevented.2 Recognition of 
the increased risk of thyroid malignancy (and other tumors, 
including breast cancer) in the late 1940s bought an end to 
this catastrophic period.3,4 This coincided with the emergence 
of pediatric radiology as a specialty and recognition of the 
normal appearances of the thymus in infancy.5

Anatomy and Embryology

The epithelial component of the thymus develops from paired 
diverticula of endoderm from the third pharyngeal pouches. 
These extend dorsally into the adjacent mesoderm where they 
join and then descend into the anterior mediastinum. The 
pharyngeal opening of each diverticulum soon obliterates but 
the tracts persist for some time as cellular cords – the thy-
mopharngeal ducts. Thymic epithelium may also arise from 
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the fourth branchial pouches. Lymphoid cells from bone-mar-
row progenitors migrate into the thymus at a later stage and 
coalesce to form the lymphoid follicles.

The upper poles of the thymus extend into the neck while 
the lower poles drape over the pericardium. The right lobe is 
slightly larger than the left, and the two lobes interconnect by 
a bridge of loose areolar tissue. The thymus receives blood 
supply from the internal mammary arteries and the venous 
drainage enters the brachio-cephalic and internal thoracic 
veins. The lymphatic drainage of the thymus is along the 
internal mammary vessels, anterior mediastinal lymph nodes, 
and hilar lymph nodes.

The thymus progressively decreases in size during late 
childhood and adult life.

Significant variations in size, shape, and extent of the thy-
mus have been described. These anatomical variations are of 
clinical importance when complete thymectomy is contem-
plated for myasthenia.6 Thymic tissue may be found beyond 
the anatomical capsule of the gland in up to 72% of individu-
als.7,8 The thymus extends into the neck in 32% of individuals 
and thymic tissue may be found anywhere from the anterior 
triangle of the neck to the diaphragm. Thymic tissue is com-
monly found in the mediastinum beyond the confines of the 
thymus gland in the region of phrenic nerves, behind the 
innominate vein, in the aorto-pulmonary window, in the aorto-
caval groove and in the cardio-phrenic groove (Fig. 47.1). In 
approximately 4% of cases the left lobe of the thymus lies 
inferior to left innominate vein.

Fig. 47.1. Variations in the 
surgical anatomy of the thymus 
and sites of ectopic thymic 
tissue. Numbers in parentheses 
are the frequencies with which 
these variations occur. Black = 
thymus, grey = fat which may 
contain islands of thymus. 
AP = aorticopulmonary window. 
From: Neurology 1997; 48(suppl 
5): S52–63. With permission
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Consequences of Thymectomy

The human thymus is required for establishment of the T cell 
pool in fetal life. Following thymectomy in infancy there are 
measurable changes in T lymphocyte subtypes. Numbers of 
CD4+ T cells (mature helper T cells) are reduced by 30–50%, 
and some studies report reductions in CD3+ and CD8+ T 
cells.9,10 Other studies have shown evidence for extra-thymic 
maturation of T cell following thymectomy.11 No studies have 
shown any clinical consequence of thymectomy in terms of 
frequency of infections, response to childhood vaccinations, 
or presence of organ-specific autoantibodies.

Thymic Hyperplasia

True thymic hyperplasia is rare in children. Most instances of 
thymic “hyperplasia” are physiological. Thymic “rebound” is 
a relatively common condition in childhood and adolescence. 
It can be seen following recovery from severe thermal burns, 
cardiac surgery, tuberculosis, treatment of malignancies (espe-
cially lymphoma), and after discontinuation of oral steroids.12 
Most cases of rebound thymic hyperplasia occur within a year 
and the gland typically returns to normal size.

It is important to differentiate thymic hyperplasia from 
residual/recurrent lymphoma and other thymic tumors.13 The 
thymus should appear symmetrically enlarged on CT/MR 
scanning with no discrete mass. Early experience with FDG-
PET scanning is promising – high concentrations of FDG in 
the thymus are suggestive of malignancy.14

DiGeorge Syndrome

DiGeorge syndrome is a rare congenital malformation caused 
by a deletion on chromosome 22 at locus 22q11.2.15 DiGeorge 
described this condition in 1965. Although the cardinal features 
of the DiGeorge syndrome relate to hypoplasia of the thymus 
and parathyroids, the phenotype is very variable (Table 47.1) 
even among members of the same family.16,17 Because the 
signs and symptoms of 22q11.2 deletion syndrome are so 

varied, different groupings of features were once described 
as separate conditions. These included the velo-cardio-facial 
syndrome, Shprintzen’s syndrome, CATCH-22, and the 
DiGeorge syndrome.

The incidence of DiGeorge syndrome is approximately 1 
in 4,000 population with an equal sex incidence and no clear 
racial or ethnic predilections. About 93% of cases have a de 
novo deletion of 22q11.2 but about 7% inherit the deletion 
from a parent in an autosomal dominant manner. Prenatal test-
ing is possible by amniocentesis. Genetic testing may also be 
offered after antenatal detection of congenital heart disease 
and/or cleft palate.

DiGeorge syndrome is often first recognized when the 
affected newborn develops seizures from hypocalcaemia. 
Hypocalcaemia is managed by oral calcium and vitamin D 
supplements. Infants may suffer from recurrent viral or fungal 
infections due to a deficient T cell response. Live vaccines 
should be avoided. Most children outgrow this problem by the 
first year, although some continue to have trouble into adult-
hood. There is an increased incidence of autoimmune disease 
including juvenile rheumatoid arthritis and Grave’s disease. 
Microdeletions in chromosomal region 22q11 are associated 
with a 30-fold increased risk of schizophrenia.

Thymoma

Thymoma is rare in children and account for less than 1% of 
all anterior mediastinal tumors.18–20 The majority of thymo-
mas arise in the third and fourth decades of life. Less than 2% 
thymomas arise in children, although the majority of these are 
malignant.

Diagnosis

Between a third and half of patients with thymic tumors are 
asymptomatic, and the diagnosis is found on routine exami-
nation or investigation.21–23 Of those with symptoms up to 
50% are related to paraneoplastic syndromes, predominantly 
myasthenia.24 A further 40% present with symptoms related to 
intrathoracic mass, for example compression of neighboring 
structures. The remainder have generalized systemic symp-
toms such as weight loss or malaise.

Paraneoplastic Conditions

Thymomas are associated with a variety of paraneoplastic 
conditions.22 Myasthenia gravis (MG) is the most common 
and is characterized by the development of autoimmune anti-
bodies to the acetylcholine receptor. Approximately 30% 
of patients with a thymoma develop myasthenia while only 
10–12% of patients with myasthenia have thymomas.25 Pure 
red cell aplasia (PRCA) is the second most common paraneo-
plastic syndrome associated with thymoma.22 PRCA occurs 
in 5–10% of patients with a thymoma and is thought to result 

Table 47.1. Abnormalities seen in the DiGeorge syndrome.

• Congenital heart disease (75%), typically conotruncal malformations 
(tetralogy of Fallot, interrupted aortic arch, ventricular septal defect, and 
persistent truncus arteriosus)

• Palatal abnormalities (70%), particularly velopharyngeal incompetence, 
submucosal cleft palate, and cleft palate

• Characteristic facies, including hypertelorism, low-set ears, micrognathia
• Developmental delay (70–90%)
• Immune deficiency (80%)
• Hypocalcaemia (50%)
• Renal anomalies (37%)
• Feeding problems (30%)
• Deafness (conductive and sensorineural)
• Schizophrenia
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from immune-mediated suppression of erythropoiesis. Other 
paraneoplastic conditions associated with thymomas include 
polymyositis, systemic lupus erythematosus, rheumatoid 
arthritis, thyroiditis, ulcerative colitis, acute pericarditis, myo-
carditis, hemolytic anemia, Addison’s disease, and Cushing’s 
syndrome.

Pathology

Thymomas vary in size and appearance from a small fibrotic 
plaque to a large lobulated mass. Degenerative cysts, calcifi-
cation, and hemorrhage are all common. Encapsulated tumors 
have a good prognosis following complete resection in con-
trast with tumors that invade adjacent structures.

Traditionally, thymomas are classified into three histological 
types based on the predominant cell type: lymphocytic, 
epithelial, and lymphoepithelial. Histopathological classification 
of thymomas is, however, difficult because of the wide variation 
in morphological appearance. A number of systems have been 
proposed but none is perfect and none bears a particularly 
close correlation with clinical prognosis.26 The World Health 
Organization (WHO) classification27 is shown in Table 47.2.

Carcinoma of the thymus comprises 1% of thymic malig-
nancies.28 Paraneoplastic syndromes are uncommon in thymic 
carcinomas. The usual presentation is with cough, chest pain, 
phrenic nerve palsy, superior vena cava syndrome or as an 
incidental finding. Local invasion of contiguous mediastinal 
structures is present in up to 80% of patients at the time of 
presentation. Metastatic or lymph node spread is present in 
40% of patients at presentation, and the commonest sites for 
metastatic spread are bones, lung, pleura, and liver.

Diagnosis and Imaging

An anterior mediastinal mass may be identified on a plain chest 
radiograph.29 CT and MRI are both good methods for imag-
ing the thymus, identifying nodal involvement and metastatic 
spread.30,31 The normal thymus has been extensively studied 
using both modalities.32 Positron emission tomography (PET) 
and integrated FDG-PET/CT are promising techniques for 
imaging thymic tumors.33 PET is a nuclear medicine imag-
ing technique, which produces a three-dimensional image 
of functional processes in the body. PET scanning with the 
tracer fluorine-18 fluorodeoxyglucose (FDG-PET) is widely 
used in clinical oncology. This tracer is a glucose analogue 

that is taken up by glucose-using cells and phosphorylated 
by hexokinase. High levels of mitochondrial hexokinase are 
found in most rapidly-growing malignant tumors.

Preresection biopsy of a thymoma is generally not helpful 
unless there is real doubt about the nature of a malignant ante-
rior mediastinal tumor. Biopsy will, by definition, breach the 
tumor capsule and this may increase the risk of local recur-
rence.

Staging

The surgical staging of thymomas is controversial. The Masoka 
surgical staging is widely used, although many authors have 
modified it.34 This system is based on macroscopic and micro-
scopic features of tumor invasion beyond the capsule of the 
thymus (Table 47.3).

Management

Surgical resection is the mainstay of treatment for thymomas 
since most tumors are localized (85–90%) at presentation.23 
Complete surgical resection offers the best outcome for thy-
mic tumors. In stage 1 thymomas complete surgical resection 
should be possible in 100% cases. This success rate falls with 
higher stage tumors, to an average of 47% (0–89%) for stage 
3 and 26% (0–78%) for stage 4 tumors.

Median sternotomy is the easiest incision to remove a thy-
moma.23 Trans-cervical thymectomy avoids the sternotomy but 
this is a technically challenging procedure. Thoracoscopic and 
robot-assisted thymectomy is growing in popularity, although 
it remains to be seen how long-term survival rates will com-
pare with open surgery. For malignant tumors sternotomy 
remains the incision of choice. Neo-adjuvant chemotherapy 
prior to surgery is accepted practice for advanced thymic car-
cinomas. The role of adjuvant radiotherapy or chemotherapy 
for early stage tumors is unclear.23

Myasthenia Gravis

Myasthenia gravis is a chronic autoimmune disease character-
ized by varying degrees of skeletal muscle weakness.35–37 The 
muscle weakness characteristically worsens during periods of 
activity and improves after periods of rest. Bulbar muscles are 
most frequently affected, although peripheral muscles and the 
diaphragm may also be affected.

Table 47.2. World Health Organization classification of thymic tumors.

Type Histological description

A  Medullary thymoma
AB Mixed thymoma
B1  Predominantly cortical thymoma
B2  Cortical thymoma
B3  Well-differentiated thymic carcinoma
C Thymic carcinoma

Table 47.3. Masaoka staging system for thymoma and associated 
survival data.

Masaoka stage Criteria

I  Encapsulated tumor
IIA Microscopic capsular invasion
IIB Macroscopic invasion into fatty tissue
III  Invasion into great vessels, pericardium or lung
IV A Pleural and/or pericardial dissemination
IV B Lymphatic or hematogenous metastases
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The earliest description of myasthenia was probably made 
by a London physician Thomas Willis in 1672.38 Myasthenia 
was recognized as a distinct clinical entity around 1880 by the 
German neurologists Erb and Jolly. They noticed that the mus-
cle weakness in myasthenia was fatigable. The term myasthe-
nia gravis was first used in 1895. Claude Bernard elucidated 
the mechanism of neuromuscular contraction in the 1850s 
and demonstrated that curare could block this. A decade later 
Fraser found that the calabar bean poison protected against 
curare and purified physostigmine. In 1934 Walker used phys-
ostigmine clinically to treat a patient with myasthenia.39 Dale 
and Feldberg discovered that acetylcholine was the mediator 
of neuromuscular conduction the same year.40

Thymic tumors had been recognized in myasthenics in the 
late nineteenth century but it was not until 1937 that Blalock 
successfully resected the first thymoma with dramatic clini-
cal improvement.41 In the 1960s Miller and Good showed that 
the thymus was responsible for generating T lymphocytes.38 
The realization that myasthenia was an autoimmune disease 
came during this period. During the following decade assays 
for antibodies to the acetylcholine receptor were developed, 
and it became clear that most patients with myasthenia had 
high levels of these. This led to the use of plasmaphareisis and 
immunosuppressants as treatments for myasthenia.

Basic Science

Myasthenia gravis is caused by an abnormality in neuromus-
cular transmission.

Antibodies block the nicotinic acetylcholine receptors at 
the neuromuscular junction preventing muscle contraction 
from occurring.

Propagation of an action potential across the neuromuscu-
lar junction involves release of acetylcholine from the synap-
tic vesicles. Acetylcholine diffuses across the synaptic cleft 
and binds to acetylcholine receptors (AChR) in the motor 
end-plate. This causes membrane depolarization triggering 
muscle contraction. Comparatively few acetylcholine recep-
tors need to be occupied on the motor end-plate to produce 
muscle contraction and normally there is a large excess of 
receptors so that repetitive stimulation can take place without 
fatigue. Acetylcholine must be removed from the synaptic 
space rapidly for repolarization to occur. This is accom-
plished by hydrolysis of ACh catalysed by acetylcholinest-
erase, which is present in high concentrations on the motor 
end-plate cell membrane.

In classical MG autoantibodies accelerate degradation of the 
AChR and prevent normal neuromuscular conduction.42 This 
reduces the number of receptors available for repetitive con-
duction leading to muscle fatigue and weakness. Antibodies 
to the AChR can be detected in approximately 80% of patients 
with myasthenia.43,44 Approximately 10–20% of patients with 
typical symptoms of MG do not have AChR antibodies. Pre-
viously these patients were considered to have seronegative 
MG. Muscle specific tyrosine kinase (MuSK) is a cell-surface 

membrane enzyme that is responsible for aggregating AChR 
during development of the neuromuscular junction. Its role in 
mature muscle is not yet clear but recent studies have shown 
that antibodies to MuSK are present in 40–50% of patients 
with seronegative MG.45 Anti-MuSK antibodies have not been 
found in patients with ocular myasthenia nor in those who 
have anti-AChR antibodies.

Role of the Thymus in Myasthenia Gravis

The relationship between the thymus gland and myasthe-
nia gravis is not yet fully understood. The thymus has been 
implicated in the production of AChR antibodies. In adults 
with MG lymphoid hyperplasia can be seen in the thymus in 
50–60% cases. B lymphocytes from these lymphoid follicles 
secrete AChR-antibodies in vitro. Between 10 and 25% adult 
myasthenic patients develop thymic tumors.46 Remission of 
the symptoms of myasthenia following thymectomy is well 
documented.

Clinical Features

Myasthenia gravis occurs in all ethnic groups and both gen-
ders. Myasthenia most commonly affects adult women in their 
second or third decades and men over the age of 70.35–37

Three subtypes of myasthenia are seen in childhood.47,48 
Neonatal MG is a transient disease resulting from trans-
placental transfer of antibodies from a myasthenic mother 
to her baby during pregnancy. Neonatal myasthenia gravis 
is transient, resolving around 2–3 months after birth. The 
congenital myasthenic syndrome (CMS) is a term used for a 
group of uncommon hereditary disorders of the neuromuscu-
lar junction. A variety of different structural and functional 
abnormalities of the neuromuscular junction can be identi-
fied with differing patterns of inheritance, clinical symptoms, 
electrophysiology, and response to therapy. Children with 
congenital myasthenia tend to have lifelong but relatively 
stable symptoms of generalized fatigable weakness. These 
disorders are nonimmune and consequently patients do not 
respond to immune therapy often used in patients with auto-
immune myasthenia gravis, including thymectomy. Juvenile 
myasthenia gravis (JMG) is indistinguishable from the adult 
disease. Children account for 10–30% of all patients with 
immune myasthenia gravis.

Although myasthenia gravis may affect all voluntary mus-
cles, the muscles that control eye and eyelid movement, facial 
expression, and swallowing are most severely affected. The 
onset of the disorder may be sudden and often the symptoms 
are not immediately recognized as myasthenia gravis. In most 
cases, the first symptom is weakness of the extra-occular mus-
cles with diplopia, ptosis, and blurred vision. Less often dys-
phagia and dysarthria are the first signs. The degree of muscle 
weakness varies greatly among patients ranging from a local-
ized form, limited to eye muscles (ocular myasthenia), to a 
severe generalized form which affect the respiratory muscles. 
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Osserman and Genkins49 described five grades of increas-
ing severity of MG (Table 47.4). Neurological examination 
reveals specific muscle group weakness worsening as the 
day progresses and improving with rest. The child gradually 
develops increasing fatigue and exhaustion.

Clinical Course

The clinical course of juvenile myasthenia is variable, although 
most children will develop progressive weakness and fatigue 
without treatment.50–54 In approximately two thirds of patients 
maximum weakness develops during the first year after diag-
nosis. Two thirds of children with occular myasthenia will 
develop generalized disease within this period.52 If spontane-
ous improvement is destined to occur this is most likely early 
in the course of the disease. A myasthenic crisis occurs when 
the muscles that control breathing weaken to the point that 
ventilation is inadequate. Myasthenic crises may be triggered 
by infection, fever, or an adverse reaction to medication.

Diagnosis

The diagnosis of MG is usually confirmed with a Tensilon® 
test.55 Electromyography and serological testing are also valu-
able, although children with occular myasthenia may be sero-
negative.48 Acetylcholine receptor antibodies can be detected 
in approximately 85% of patients with MG. Antibodies to 
MuSK can be identified in 40–70% patients who do not have 
AChR antibodies. A chest X-ray and contrast CT scan of 
the thorax should be performed once the diagnosis of MG is 
established to identify thymic pathology.

Edrophonium chloride (Tensilon®) is a short acting acetyl-
cholinesterase inhibitor, which is administered intravenously 
in a dose of 0.15–0.2 mg/kg (up to 10 mg). If the test is posi-
tive an increase in muscle strength should be observed within 
30 s of injection. The effects should wane after 10 min. The 
Tensilon test has 85% sensitivity for ocular and 95% sensitiv-
ity for generalized myasthenia gravis.56

Electromyography studies can provide support for the 
diagnosis of MG.57 Repetitive nerve stimulation will identify 
a post-synaptic defect with fatigue. Muscle fibres in myas-
thenia gravis, as well as other neuromuscular disorders, do 
not respond as well to repeated electrical stimulation com-
pared with normal individuals. Single fiber electromyogra-
phy (SFEMG) involves stimulating a single muscle fiber to 
detect impaired nerve-to-muscle transmission, although this 

is a difficult examination to perform in children. This tech-
nique detects jitter or blocking and identifies subclinical cases 
of myasthenia. The test is abnormal in 90% of patients with 
mild generalized myasthenia and virtually 100% of cases with 
moderate to severe cases.

Management

There are no controlled trials to guide the management of 
myasthenia gravis in children, although the goal of treatment 
is clear to establish and maintain remission.

Medical Management

Anticholinesterases (Pyridostigmine) provide reasonable 
symptom relief in early disease.48 The onset of action is about 
30 min after ingestion and the effect lasts for about 4 h. Pyri-
dostigmine is generally well-tolerated, although some children 
complain of abdominal pain and diarrhoea. Corticosteroids 
are recommended if the response to pyridostigmine is subop-
timal. Steroids are useful for children awaiting thymectomy 
and those who continue to have symptoms after thymectomy. 
Steroids are also used for ocular myasthenia. Corticosteroids 
improve symptoms in 80% of cases. Immunosuppression with 
cyclosporine or azathioprine has been used to treat myasthe-
nia, although this is controversial. Plasmapharesis may be of 
value in a myasthenic crisis. It is also useful in severe gen-
eralized weakness as a preparation for thymectomy. Four to 
five plasma exchanges are performed over 10–15 days. Some 
children respond to intravenous immunoglobulin with a clini-
cal improvement after 1–2 weeks, which may last for several 
months.

Surgical Management

Although myasthenia associated with a thymoma is an abso-
lute indication for thymectomy, there continues to be a debate 
about the role of thymectomy in the treatment of non-thy-
momatous myasthenia gravis. This debate persists primarily 
because of the lack of controlled prospective studies. There is 
also debate regarding the best approach for thymectomy. The 
Quality Standards Sub-committee of the American Academy 
of Neurology recently carried out a systematic review to ana-
lyze the role of thymectomy in adults with myasthenia.58 Over 
310 articles discussing MG and thymectomy were included 
in the review. Twenty-eight controlled studies were identi-
fied but none were randomized. The reviewers concluded that 
the benefit of thymectomy in non-thymomatous autoimmune 
myasthenia has not been established. They did, however, offer 
the rather cautious advice that thymectomy was “an option to 
increase the probability of remission or improvement.”

Given the uncertainty over the role of thymectomy in adults 
with myasthenia, it is not surprising that there is even greater 
uncertainty in children. Indications for thymectomy in chil-
dren with myasthenia include48:

Table 47.4. Osserman and Genkins grading of myasthenia severity.

Grade I Focal disease (ocular myasthenia)
Grade II Generalized disease
Grade IIa Mild
Grade IIb Moderate
Grade III Severe generalized disease
Grade IV Myasthenic crisis with respiratory impairment
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• Thymoma
• Early-onset generalized anti-AChR positive myasthenia
• Progressive generalized weakness
• Non-thymoma-related autoimmune myasthenia unrespon-

sive to treatment

Thymectomy is not recommended for seronegative myasthe-
nia, anti-MuSK antibody positive myasthenia, and pure ocular 
myasthenia.48 Preoperative assessment of respiratory function 
is mandatory prior to thymectomy for children with general-
ized and severe disease. Plasmapharesis may be indicated in 
children with severe disease to minimize postoperative respi-
ratory morbidity.

Surgical Exposure of the Thymus

There are three basic options for thymectomy: trans-sternal, 
trans-cervical, and thoracoscopic. Debate has continued 
for over two decades regarding whether there is a relation-
ship between the extent of resection and remission rate. In 
turn, this debate colors the choice of thymectomy technique. 
Jaretzki has long been a proponent of radical thymectomy, 
citing improved long-term outcome compared with simple 
thymectomy.59 The same authors have, more recently, pro-
posed a classification system for the approach to and extent 
of thymic resection to allow meaningful comparison of data 
(Table 47.5).60

Median Sternotomy

This incision provides excellent exposure for removal of the 
thymus.61 Some surgeons add a cervical incision to allow 
radical extirpation of thymic tissue from the neck to the dia-
phragm.59 Sternotomy is the incision of choice for removal 
of a thymoma. Thymectomy can often be achieved without 
opening the pleura. The phrenic nerves on either side must be 
identified and protected during the dissection, particularly in 
the root of the neck if a radical dissection is performed. The 
recurrent laryngeal nerves are also vulnerable during a radical 
thymectomy. The chest is closed over an anterior drain using 
sternal wires. Simple thymectomy can be performed through a 
partial sternal split. In this approach the manubrium is divided 
through an upper midline incision.

Trans-Cervical Approach

This approach gives good access to upper mediastinum, and a 
good cosmetic result but trans-cervical thymectomy is techni-
cally challenging.62 Pronounced extension of the neck, a head-
light for the surgeon, and specially designed self-retaining 
Pearson retractors facilitate exposure. A transverse incision is 
made just above the sternal notch. The upper poles of thymus 
are identified under the sternomastoid muscles and the blood 
supply from the inferior thyroid artery divided. Blunt dissec-
tion proceeds inferiorly and posteriorly to ligate and divide the 
venous drainage into the innominate vein. Subsequent retrac-
tion allows sternum to be elevated anteriorly allowing dissec-
tion of the thymus to continue under direct vision. In a series 
of 164 myasthenic patients, Shrager et al. reported response 
rates comparable to trans-sternal thymectomy.63 Henze et al., 
however, reported incomplete thymectomy in 27% patients 
undergoing trans-cervical thymectomy and concluded that the 
procedure should be abandoned.64

VATS Thymectomy

Several groups have now reported small series of patients 
treated by VATS thoracoscopy.65–67 More recently reports 
of robotically-assisted thoracoscopic thymectomy have 
appeared.68,69 The thymus can be approached through either 
hemithorax using a thoracoscope.70 The right sided approach 
is more popular for a number of reasons. Dissection of the 
thymus in a caudal-cranial direction is ergonomically more 
efficient for a right-handed surgeon through the right chest. 
The confluence of the innominate veins and the superior vena 
cava is easier to identify through the right thorax, and there-
fore, ligation of the thymic vein(s) is safer. The main argument 
in favor of the left-sided approach is access to the aortopulmo-
nary window for removal of mediastinal fat containing ecto-
pic thymic tissue. Mineo et al. induced a pneumomediastinum 
to facilitate dissection of the thymus but this has not gained 
widespread popularity.71

Results After Thymectomy

Mortality should be negligible and morbidity minimal in chil-
dren undergoing thymectomy for myasthenia. Establishing 
the long-term benefit of thymectomy conclusively is difficult 
in adults and consequently almost impossible in children.

The natural history of myasthenia is variable.72 Debate 
regarding the benefits of radical over simple thymectomy 
complicates matters. Differing outcome measures makes 
comparison between studies exceedingly difficult. Although 
most large studies include some children, studies confined to 
children and generally small.73–79

Summarizing the adult literature leads to the conclusion that 
the long-term benefit of thymectomy in MG is variable. Most 
patients begin to improve within one year following a thymectomy, 
and a variable number eventually enter permanent remission 

Table 47.5. Thymectomy classification.

T1 Trans-cervical thymectomy
 (a) Basic
 (b) Extended
T2 Thoracoscopic thymectomy
 (a) Conventional
 (b) Video-assisted extended thymectomy (VATET)
T3 Trans-sternal thymectomy
 (a) Simple
 (b) Extended
T4 Combined trans-cervical and trans-sternal thymectomy 

(Radical thymectomy)
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off medication. Whether remission rates vary according to 
the type of thymectomy performed is hotly debated.80,81 The 
proponents of radical thymectomy cite significant long-term 
benefits over simple thymectomy (Fig. 47.2). The counter-
argument over the morbidity of simple vs. radical thymectomy 
and endoscopic thymectomy is equally important.85

Other Thymic Tumors

Thymolipoma

Thymolipoma is a rare benign slow-growing neoplasm of the 
thymus that usually affects young adults, although it has been 
reported in children.86,87 Approximately half of the patients are 
asymptomatic. Thymolipomas are composed of mature adi-
pose cells and thymic tissue. Radiologically, thymolipomas 
are large soft anterior mediastinal masses, which changes in 
shape with changes in patient position. CT and MRI appear-
ances are characteristic with a combination of fat and soft-
tissue elements. Surgical excision is curative.

Mediastinal Lymphangioma

Mediastinal lymphangiomas are benign lymphatic malfor-
mations that appear in young children.88,89 Fifty percent are 
present at birth, and 90% are discovered by 2 years of age. 
Mediastinal lymphangiomas typically occur in the superior 

aspect of the anterior mediastinum and are usually contiguous 
with a cervical or axillary component. Radiologically these 
are rounded, lobulated, multicystic tumors that can reach mas-
sive sizes. Lymphangiomas may infiltrate tissue planes and 
they may surround or displace mediastinal structures. Because 
of the infiltrative nature of this condition complete surgical 
resection is often impossible.

Thymic Cysts

Thymic cysts may be congenital or acquired.90,91 Congenital 
thymic cysts derive from remnants of the thymopharyngeal 
duct. These cysts are generally unilocular and may occur any-
where along the course of the embryonic thymus from the 
mandible to the manubrium. Acquired thymic cysts are most 
often multilocular and are induced by thymic inflammation. 
They may be found within thymomas or thymic germ cell 
neoplasms. The cyst wall is lined by squamous, transitional, 
or simple cuboidal or columnar epithelium. Ulceration with 
underlying fibrosis and chronic inflammation is common as is 
evidence of previous hemorrhage.

Thymic cysts are indistinguishable from other thymic 
masses on chest X-ray. CT scans show a well-defined cystic 
mass demonstrating low attenuation values consistent with 
fluid, although the appearance may vary if hemorrhage or 
infection has occurred. Surgical excision is the treatment of 
choice.

Conclusion and Future Perspective

Although the thymus plays a crucial role in prenatal devel-
opment of the immune system, postnatal thymectomy has no 
clinical consequences. Changes in the size and shape of the 
thymus with age often lead to confusion with anterior medi-
astinal tumors. The precise role of thymectomy in the man-
agement of childhood myasthenia gravis is uncertain because 
of the lack of randomized trials. It does, however, seem likely 
that thymectomy increases the prospect of remission for chil-
dren with myasthenia. The optimum route and technique for 
thymectomy remain a matter for debate.
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Introduction

Generalized sweating is a normal physiological response to 
reduce body temperature. Humans are the smallest mammals 
that sweat. Smaller mammals, such as dogs, lose heat by panting. 
Limited sweating of the palms and soles controls the humidity 
of the stratum corneum of the skin and improves grip.

Hyperhidrosis or excessive sweating of the hands, axillae, 
and soles of the feet can be a debilitating condition. Children 
suffering from palmar hyperhidrosis find writing difficult as 
the page becomes wet and their academic work may suffer. 
They may find holding a pen or pencil difficult. Sports that 
involve a strong grip may be impossible as may also playing 
musical instruments. The child may become withdrawn and 
find difficulty mixing socially with peers. Occasionally 
hyperhidrosis affects the whole body but the debilitating 
areas for which they seek treatment are usually the palms 
and axillae.

Hyperhidrosis affects 1–3% of the population.1,2 The condi-
tion is more common in hot humid climates, and in certain 
racial groups especially middle eastern Jews, Japanese, and 
Taiwanese. Most cases are idiopathic. Secondary hyperhidrosis 
is exceedingly rare in childhood but lymphoma, hyperthyroid-
ism, phaeochromocytoma, and anxiety disorders should be 
considered in the differential diagnosis.

Historic Perspective

Galen described the sympathetic trunk but incorrectly he 
considered the vagus nerve to be part of the sympathetic chain. 
Claude Bernard recognized the physiological significance 
of the sympathetic chain in 1852. The first sympathectomy 
was performed by Alexander 1889. Naively sympathectomy 
was recommended for various conditions including epilepsy, 
exophthalmic goiter, idiocy, and glaucoma. Subsequently 
sympathectomy was offered as a treatment for angina pectoris, 

Raynaud’s disease, and Sudeck’s atrophy, conditions for which 
the procedure still has limited application.3

The first use of the sympathectomy for vascular disorders 
was reported by Leriche and Fontaine in 1932.3 Most surgeons 
including Jaboulay, who was first to recognize that sym-
pathectomy might improve the circulation, used an anterior 
approach.4 Adson and Brown described a posterior approach 
to the sympathetic chain, which involved resecting the second 
rib.5 Variations in this approach involving paravertebral, pos-
terolateral incisions, and resection of the third and fourth ribs 
have been described. More recently the transaxillary approach 
has become popular, particularly since thoracoscopic sym-
pathectomy has become routine. Kux reported the first large 
series of patients undergoing thoracoscopic sympathectomy 
in 1978.6

The main indication for sympathectomy today is hyper-
hidrosis. The technique of sympathectomy has been modified 
over recent decades with a trend to minimize the extent of sur-
gery from open to endoscopic approaches, from resection of 
ganglia to thermoablation, transection, and clipping. Despite 
this compensatory hyperhidrosis remains a significant prob-
lem for a number of patients.

Basic Science

The surface of the body is covered with sweat glands of two 
types.7,8 Eccrine sweat glands secrete a clear odorless fluid 
that serves to aid thermoregulation by evaporation. Eccrine 
glands are widespread but present in higher density on the soles 
of the feet, forehead, and palms. Apocrine sweat glands are 
restricted to the axillae and groin. Apocrine glands produce a 
thick fluid that undergoes bacterial decomposition to produce 
a strong odor.

The thermoregulatory center in the hypothalamus con-
trols body temperature by regulating blood flow to the skin 
and eccrine sweat production. The thermoregulatory center 
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responds to changes in core temperature and also physical 
activity, emotion, hormones, and endogenous pyrogens. 
Almost certainly negative feedback loops will be involved 
with sympathetic afferent fibers conveying information from 
peripheral thermoreceptors and proprioceptors. Emotional 
and physical activity are thought to influence the hypothala-
mus via the limbic system.

Although the topographical anatomy of the autonomic ner-
vous system is well understood, the segmental arrangement 
of sympathetic innervation is poorly understood and probably 
variable. Sympathetic outflow from spinal cord segments T1 
to T2 innervates the skin of the head and neck, T2 to T7 the 
skin of the upper limb, T4 to T12 the skin of the trunk, and 
T10 to L2 the skin of the lower limbs.

Autonomic nerves comprise afferent and efferent fibers. The 
latter consists of visceral and somatic branches. Sweat glands are 
innervated by the somatic branches. In the case of the upper limb, 
the somatic sympathetic nerves are conveyed and distributed via 
the brachial plexus. The neurotransmitter for the eccrine glands 
is acetylcholine and the receptors are muscarinic.

The cell bodies for the preganglionic fibers of the sympa-
thetic nerves are located in the lateral horns of the spinal cord 
between C8 and L2. The axons of these nerves are myelinated 
and emerge through the anterior roots of the spinal nerves 
T1-L2 but then separate to form white rami communicantes, 
which join the sympathetic chain. The sympathetic chain com-
prises a series of ganglia joined by myelinated nerve fibers, 
which extends the full length of the spinal cord. The ganglia of 
the thoracic part of the sympathetic chain overly the heads 
of the ribs at the articulations with the transverse processes of 
the vertebral bodies. In the neck, segmental ganglia fuse to 
form superior, middle, and inferior cervical ganglia. The infe-
rior cervical ganglia fuses with the first thoracic ganglion to 
form the stellate ganglion on the head of the first rib. Pregan-
glionic myelinated nerves from the T1-L2 sympathetic out-
flow ascend and descend in the sympathetic chain to synapse 
at different levels. Postganglionic non-myelinated fibers leave 
the chain as grey rami communicantes to rejoin the segmen-
tal nerves. At this point there is considerable variation in the 
anatomy of the postganglionic sympathetic nerves. Additional 
interconnecting rami occur at all thoracic levels, with vari-
able frequency. The variable interconnecting ramus between 
T2 and T1 is known as the nerve of Kuntz (Fig. 48.1).9 This 
nerve conveys sympathetic fibers to the brachial plexus with-
out passing up the sympathetic chain and out through the grey 
ramus of the T1 ganglion. In a detailed cadaver study, Cho 
et al. identified additional interconnecting sympathetic rami 
from T2 in 67%, from T3 in 32% and from T4 in 13%. The 
authors noted greatest anatomical variation in the rami arising 
from T2.10

The major sympathetic supply to the head and neck originates 
from the T1 level passing via the white ramus of the stellate 
ganglion. Providing this ganglion remains intact a Horner’s 
syndrome should not occur. The sympathetic innervation of 

the upper limb and palm arises mainly from the second and 
third thoracic ganglia and partly from the first, fourth, and 
fifth thoracic ganglia. The axilla is innervated mainly by the 
fourth and fifth thoracic ganglia. If the sympathetic chain is 
divided between the stellate and the second thoracic ganglion 
and any additional interconnecting rami from T2 are ablated, 
a near complete upper limb sympathectomy will be achieved. 
An adequate sympathectomy for palmar hyperhidrosis can, 
however, usually be achieved by interrupting the sympathetic 
chain between the second and third ganglia or between the 
third and fourth ganglia.

Sweat glands in patients with hyperhidrosis are identical to 
normal in number and histologically appearance. Hyperhidro-
sis is caused by hyperfunction, which may be due to excessive 
sympathetic tone. Basal sweat production is above normal, 
and there is an exaggerated response to emotional or physical 
stress, although thermoregulation is normal.11,12

Etiology

Hyperhidrosis is primary or idiopathic in the vast majority 
of children. Hyperhidrosis is localized to the palms, axillae, 
and feet in most children. The condition starts in childhood 

Fig. 48.1. The thoracic sympathetic chain
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but worsens substantially during puberty. Occasionally there 
is familial history.13 Secondary hyperhidrosis is exceptionally 
rare in children, and when it occurs the sweating is invariably 
generalized. Conditions associated with hyperhidrosis are 
shown in Table 48.1.

Clinical Features

Many children with hyperhidrosis do not seek medical atten-
tion or are ignored. Clinical awareness about treatment for 
hyperhidrosis is low. The extent and severity of hyperhidrosis 
should be documented by taking a careful clinical history and 
a thorough clinical examination. Frequent changes of clothing, 
the pattern of sweating, difficulty handling objects and the 
impact on daily activity should be documented. The Hyper-
hidrosis Disease Severity Scale is a quick and simple tool that 
provides a qualitative measure of the severity of the patient’s 
condition, based on how it affects daily activities (Table 48.2). 
The views of the child about the effect of sweating on their 
social, personal, and academic life should be identified. Skin 
maceration and skin infection (especially feet and fingers) is 
common.

Diagnosis

The diagnosis of primary hyperhidrosis can be made on the 
basis of history and physical examination alone. It occurs in 
young, healthy patients with a family history, and onset during 
childhood or adolescence. There is bilateral symmetric involve-
ment of palms, soles, and/or axillae. Patients with primary 
hyperhidrosis usually do not sweat excessively during sleep.

Investigations may be necessary to exclude underlying 
causes for hyperhidrosis. The most important clues to the 
presence of secondary hyperhidrosis come from the clinical 
history and examination. Basic investigations should include 
full blood count with ESR, urea and electrolytes, liver func-
tion tests, thyroid function tests, and a random blood sugar.

During the assessment of a patient with primary hyperhidro-
sis, it may be helpful to measure the rate of sweat production. 
For palmar hyperhidrosis, low grade hyperhidrosis would be a 
moist palmar surface without visible droplets of perspiration. 
If palmar sweating extends toward the fingertips, the condi-
tion may be considered moderate and if sweat drips off the 
palm and reaches the fingertips it can be considered severe.

The severity of sweating on the palms and in the axillae 
can be measured gravimetrically.14 After drying the surface 
a preweighed piece of filter paper is applied to the palm or 
axilla for a defined period of time. The paper is then weighed 
and the rate of sweat production calculated in milligrams per 
minute. Palmar sweating rates above 20 mg/min are consid-
ered abnormal.

Management

Conservative Management

General advice should include loose-fitting clothing, avoid-
ance of clothes made from synthetic fabrics, and appropriate 
use of antiperspirants. Support groups for hyperhidrosis can 
offer further useful advice. Talcum powder may act as an absor-
bent. Advice on socks and footwear is important. Sandals or 
leather shoes are preferable to training shoes (sneakers).

Medical Therapy

Topical antiperspirants are widely used to treat hyperhidrosis.15,16 
These all act by temporarily occluding the pores of the sweat 
glands. Preparations containing aluminium chloride hexahy-
drate are the most effective. Aluminium chloride hexahydrate 
concentrations of 10–15% are suitable for the axillae. Con-
centrations up to 30% are needed for the palms and soles. 
Preparations should be reapplied every 24–48 h initially and 
treatment can continue indefinitely if effective. Tanning agents 
with astringent properties can be used to treat hyperhidrosis, 
although contact dermatitis is fairly common. They temporarily 
occlude the sweat pores by denaturing keratin.

Table 48.1. Causes of secondary hyperhidrosis.

Anxiety disorders
Cardiac failure
Endocrine
 Hyperthyroidism
 Acromegaly
 Diabetes mellitus
 Pheochromocytoma
Infection
 Tuberculosis
 Brucellosis
Inherited conditions
 Familial Dysautonomia
 Nail-patella syndrome
Neurogenic
 Hypothalamic lesions
 Spinal cord injury
Malignancy
 Hodgkin’s disease
 Carcinoid tumor

Table 48.2. Hyperhidrosis disease severity score (HDSS).

Grade 1  Sweating is never noticeable and never interferes with my daily 
activities

Grade 2  Sweating is tolerable but sometimes interferes with my daily 
activities

Grade 3  Sweating is barely tolerable and frequently interferes with my 
daily activities

Grade 4  Sweating is intolerable and always interferes with my daily 
activities



592 D.C.G. Crabbe and D.H. Parikh

Systemic medication can be used for the treatment of gen-
eralized or focal hyperhidrosis but side effects are common 
and limit widespread use.16 Anticholinergics block the sym-
pathetic stimulation of eccrine glands. Anticholinergics used 
for hyperhidrosis include propantheline, glycopyrronium bro-
mide, oxybutynin, and benztropine.

Botulinum toxin blocks the release of acetylecholine from 
cholinergic nerves supplying the sweat glands. Multiple intra-
dermal injections are required and repeated injection is really 
only feasible in the axilla. A large double blind randomized 
control trial involving 230 patients between botulinum and 
placebo reported by Naumann showed that after four week 
significantly improved response and patient satisfaction (94% 
with botulinum toxin vs. 36% with placebo).17 Compensatory 
sweating does not seem to occur with this treatment.

Ionotophorosis

Ionotophorosis involves the use of an electrical current to 
draw ionized molecules through intact skin.18 In the 1940s, 
Takata and Shelley discovered independently that iontophore-
sis with tap water could stop sweating.19,20 How iontophoresis 
reduces sweating is not well-understood, although it probably 
involves occlusion of the sweat ducts by reversibly altering the 
outer layer of the skin. Commercially available iontophoreisis 
equipment for home use is relatively expensive, and although 
there is plenty of anecdotal evidence for the effectiveness of 
this treatment, controlled trials are lacking.

During an iontophoresis session, the patient sits with 
hands or feet, or both, immersed in shallow trays of water for 
20–40 min. Electrodes are placed in each tray and the elec-
trical circuit is completed through the patient. The current is 
increased to around 10–20 mA. The anode has a better inhibi-
tory effect on sweating than cathode, so electrode polarity is 
reversed half way through the treatment. Intensive treatment 
is necessary until sweating ceases followed by weekly main-
tenance treatment. If iontophoresis with tap water is not effec-
tive glyocpyrrolate can be added to the water. Side effects seen 
during tap water iontophoresis are usually mild. Most patients 
notice a mild tingling from the electricity, although cuts and 
abrasions can be very painful during iontophoreisis.

Surgical Management

Surgical options for the treatment of hyperhidrosis include 
sympathectomy, which is applicable to palmar and axillary 
hyperhidrosis, and local excision, which is applicable only to 
the axillary sweat glands.

Excision or curetting the sweat glands from the undersur-
face of the axillary skin is an effective and permanent treat-
ment for hyperhidrosis.21–23 The area to be treated must be 
mapped by drying the skin then applying iodine and starch. 
Sweat results in a blue discoloration as the iodine and starch 
react. Complications rates can be high, particularly infection 
and wound dehiscence.

Thoracic Sympathectomy

Sympathectomy has been used to treat axillary and palmar 
hyperhidrosis for several decades. The earliest operations 
involved removal of the stellate ganglion but this was soon 
abandoned because of the accompanying Horner’s syndrome.

The sympathetic chain can be approached through poste-
rior, supraclavicular, and transaxillary incisions.24–28 Although 
endoscopic sympathectomy was first described in detail by 
Kux in 1951, the technique remained obscure.29 With improve-
ments in endoscopic imaging and lighting over the last decade, 
the thoracoscopic approach has become the procedure of 
choice for upper limb sympathectomy. The only contraindica-
tion to thoracoscopic sympathectomy is impenetrable adhe-
sions around the apex of the lung, and this would also make 
sympathectomy through an open incision very difficult.

The extent and technique for interruption of the sympa-
thetic nerve supply to the upper limb remains a subject for 
debate. In part this is because of concern about the incidence 
of compensatory sweating in other parts of the body follow-
ing sympathectomy. However, it is also recognized that com-
plete sympathetic denervation of the palm may be undesirable 
because the hand becomes so dry that grip becomes affected. 
Terminology is confusing and in many publications it is dif-
ficult to determine exactly how the sympathetic innervation to 
the arm has been interrupted (Table 48.3). The original descrip-
tion by Kux suggested a number of options: “… by means of a 
thoracoscope, a long needle is then introduced, through which 
the sympathetic chain can be injected or divided by cautery 
by direct vision at any given point above the diaphragm. With 
a suitable instrument, the sympathetic chain, including the 
nerves from below the diaphragm, can then be avulsed.”29

The majority of the sympathetic innervation of the upper 
limb arises from T2 and T3 levels. Consequently division of 
the sympathetic chain above and below the T2 ganglion (Fig. 
48.2) is probably the technique used most widely for palmar 
hyperhidrosis. Most authors also ensure accessory rami from 
T2 joining the T1 root are divided – the nerve of Kuntz. This 
will result in complete cessation of palmar sweating in almost 
100% patients. Division of the sympathetic chain above and 
below the T3 ganglion seems to be equally effective and may 
reduce the incidence of compensatory hyperhidrosis. Neu-
mayer et al. reported satisfactory results clamping the sympa-
thetic chain above and below the T4 ganglion with 65% palms 
being completely dry and substantial reduction in sweating in 
36%.45 Division of the sympathetic chain above and below the 
T5 ganglion is not effective for palmar hyperhidrosis.46

Several different techniques can be used to interrupt the 
sympathetic chain. Division of the chain and excision of one 
or more ganglia (Fig. 48.3) guarantees a sympathectomy and 
allows histological confirmation, although, of course, this 
does not confirm the level of the sympathectomy.47 Wittmoser 
described selective division of rami communicates with a 
thoracoscope without interruption of the sympathetic chain 
(Fig. 48.4).48 This technique is relatively complicated and may 
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Fig. 48.2. T2 sympathectomy

Fig. 48.3. Division and excision of 
sympathetic ganglia
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be associated with a higher recurrence rate.35 Currently the 
most popular techniques for endoscopic sympathectomy are 
cautery and division of the sympathetic chain without gan-
glion excision and clipping of the chain (Fig. 48.5). Both are 
relatively straightforward and reliable procedures for palmar 
hyperhidrosis. A potential advantage of clipping the sympa-
thetic chain is the option to reverse the procedure if compen-
satory sweating is intolerable.38

Sympathectomy for axillary hyperhidrosis is considerably 
less effective than for palmar hyperhidrosis. Indeed, some 
authors advise against sympathectomy for isolated axillary 
hyperhidrosis.46 In part this is because although sympathec-
tomy reduces the volume of sweating, it does not affect the 
apocrine glands, which are responsible for the odor of axil-
lary sweat. If sympathectomy is performed for axillary hyper-
hidrosis, most authors agree that the T3 and T4 ganglia should 
be disconnected.47

Operative Technique

Open sympathectomy is now an obsolete operation. Thora-
coscopic sympathectomy is associated with less postopera-
tive pain, reduced hospital stay, and better cosmetic results. 

Sequential bilateral sympathectomy can be performed safely 
under the same anesthetic. Single lung ventilation is not 
required for thoracoscopic sympathectomy.

Bilateral sympathectomy is performed most easily with the 
patient supine and 45° head up. The arms should be abducted 
and a small role behind the scapulae will lift the axillae from 
the operating table and facilitate access. Some surgeons prefer 
a lateral position in which case the patient must be reposi-
tioned for the opposite side.49 The surgeon stands at the side 
of the patient with the imaging screen positioned above the 
patient’s head. Sympathectomy can be performed using one to 
three ports. Placement is shown in Fig. 48.6. Carbon dioxide 
is insufflated to achieve partial lung collapse using a pressure 
of between 8 and 12 mmHg. A 30° thoracoscope is inserted 
into the center port, and a small curved grasping instrument 
and a monopolar hook cautery inserted into the other ports. If 
a single port is used this is best sited in the anterior axillary 
line of the fourth or fifth intercostal space.

The first rib is not usually visible thoracoscopically, and 
the stellate ganglion is hidden behind the subclavian artery. 
The second rib is easily visible, and the sympathetic chain can 
be identified running along the neck of the ribs close to the 
costovertebral junctions. The sympathetic chain can then be 

Fig. 48.4. Wittmoser technique for 
sympathectomy
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interrupted at the chosen level(s) using one of the techniques 
described previously.50 If a segment of the sympathetic chain 
is to be resected, the chain is divided at the upper and lower 
levels and collateral branches transected as the dissection pro-
ceeds from each end.

Accessory communicating rami can be divided reliably by 
dissection and coagulation along the second rib 3–4 cm lateral 
to the sympathetic chain. Frequently, there is a small vein over-
lying the sympathetic chain between the second and third gan-
glia. This should be coagulated and divided if the sympathetic 
chain is to be interrupted at this level to avoid troublesome 
bleeding. Care must be taken to avoid damage to the stellate 
ganglion because a Horner’s syndrome will result.

Sympathectomy is accompanied by an almost immediate 
vasodilatation in the ipsilateral hand. Characteristic changes in 
pulse oximetry waveforms have been reported.51 The lung is then 
inflated under direct vision, the trocar(s) removed and the wound(s) 
closed maintaining a high level of positive end expiratory airway 
pressure. This step eliminates the need for a chest drain. The 
procedure can then be repeated on the opposite side.

Fig. 48.5. T4 sympathectomy by 
cautery or clipping without 
ganglion excision

Fig. 48.6. Port placement for thoracoscopic sympathectomy
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Postoperative Management

A chest X-ray should be performed in the recovery room after 
surgery to confirm complete lung expansion. Bilateral sym-
pathectomy may be performed as a day case procedure pro-
vided postoperative discomfort is minor.

Results

Upper limb sympathectomy is a highly effective long-term 
treatment for palmar hyperhidrosis (Table 48.3). The results 
for isolated axillary hyperhidrosis are less good and also more 
variable. Gossot reported a high initial success rate but a 65% 
relapse rate leading him to the conclusion that local therapy 
should be the treatment of choice for axillary hyperhidrosis.52 
De Campos et al. found better results with 100% initial suc-
cess and only a 2.5% recurrence rate.53 The authors attributed 
these impressive results to resection of the T4 ganglion.

Side Effects of Sympathectomy

Sympathectomy was used as a treatment for angina pectoris 
in the past, and has been likened to long-term beta blockade. 
Sympathectomy results in a decrease in maximal heart rate 
of around 10%, although no functional consequences can be 
identified using objective methods.54–56 Modest reduction in 
the rise of blood pressure in response to exercise have been 
noted. Some authors have noted minor reductions in resting 
heart rate, although others have failed to observe any change, 
which may be because resting heart rate is regulated by vagal 
rather than sympathetic tone. Sympathectomy produces slight 
bronchial constriction suggesting that in patients with essen-
tial hyperhidrosis bronchial motor tone is influenced by the 
sympathetic nervous system. Again, this is not associated 
with any measurable reduction in exercise tolerance. Noppen 
looked specifically for alterations in lung function in children 
following sympathectomy and concluded that the changes 
were statistically insignificant and of no functional conse-
quences.57

Compensatory sweating (CS) is the single most important 
side effect of sympathectomy. CS may occur on the back, 
chest, abdomen, legs, face, and buttocks as a side effect of 
sympathectomy. This side effect is grave because it can be 
equally or even more extreme than the original hyperhidrosis. 
The reported incidence of CS is highly variable with some 
authors suggesting zero37 and others close to 100%.58 Steiner 
et al. studied the time course of CS after sympathectomy in 
265 patients.59 CS developed immediately in 50% of affected 
patients, in 80% after 3 months, and in 90% after 3 more 
months. The severity of CS remained static in 70% during the 
first two postoperative years, and it increased in severity in 
10% and decreased in severity in 20%.

The cause of CS is unclear and it is undoubtedly more com-
plex than compensatory thermoregulation. Chou et al. outline 

an attractive hypothesis based on loss of negative feedback 
following sympathectomy and coin the term “reflex sweat-
ing” instead of “compensatory hyperhidrosis.”37 They suggest 
that changes in sweating patterns are not compensatory but a 
reflex response originating in the hypothalamus. Sympathetic 
afferent fibers convey negative feedback information from 
target organs (i.e., sweat glands) to the hypothalamus from 
where the efferent positive feedback signals originate (Fig. 
48.7). They found the incidence of compensatory hyperhidro-
sis to be highest after T2 sympathectomy, less severe after T3 
sympathectomy, and least after T4 sympathectomy. They pos-
tulated that T2 sympathectomy caused most interruption to 
the afferent sympathetic negative feedback to the hypothala-
mus (Fig. 48.8). Consequently an exaggerated efferent signal 
is released inducing severe compensatory sweating. The same 
mechanism can be applied to T3, T4 sympathectomy. In con-
trast to the T2 block, sympathectomy at T3 or T4 level pre-
serves some negative feedback and, as a result, the efferent 
signals are less intensive than after T2 sympathectomy with 
less compensatory sweating (Fig. 48.9).

Several studies comparing the incidence of CS with sym-
pathectomy at various levels support this theory (Table 48.3). 
However, other authors report no difference in the incidence 
of CS with sympathectomy at different levels.60

Gustatory sweating is facial sweating, which occurs when 
eating typically spicy or acidic foods. Gustatory sweating may 
occur as a complication of sympathectomy, although the phys-
iological basis for this is unknown. The reported incidence 
varies considerably.45,61 Licht et al. studied gustatory sweating 
after sympathectomy by questionnaire and discovered that it 
affected one third of patients.61 Options for treatment include 
oral anticholinergics, topical aluminium chloride, and botuli-
num toxin injection.

Fig. 48.7. Negative feedback regulation of normal sweating (with 
kind permission from Springer37)
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Horner’s syndrome (HS) is an uncommon complication of 
sympathectomy, although it is reported in almost all series. 
Horner’s syndrome can be total or partial (without miosis), 
and it may be temporary or permanent. It is caused by dam-
age to the T1 ganglion either by excessive traction on the 
sympathetic chain during dissection or by conduction of stray 
diathermy current. The reported incidence of postoperative 
Horner’s syndrome ranges from 0% to 17%.30,39 Most authors 
agree that the endoscopic approach reduces the rate of HS 
because of better visualization.

Other rare complications of endoscopic sympathectomy include 
bleeding, pneumothorax, chylothorax, and hypoxic cerebral 
injury.62,63 Routine use of a chest drain following thoracoscopic 
sympathectomy is unnecessary, particularly if reexpansion of 
the lung is monitored thoracoscopically as the pneumothorax 
is released. Open conversion rates following endoscopic 
sympathectomy are less than 1% in experienced hands.

Conclusions and Future Perspective

Endoscopic sympathectomy is a safe and effective treatment 
for severe palmar hyperhidrosis. There is a significant inci-
dence of compensatory sweating after sympathectomy and this 
is sufficiently troublesome in some patients for them to regret 
surgery. The best level for sympathectomy and the technique 
used to interrupt the sympathetic chain remain the subject of 
debate. There is growing evidence that limited sympathectomy 
(T3 or T4 level) is effective for palmar hyperhidrosis with a 
lower incidence of compensatory sweating than conventional 
T2 sympathectomy. The results of sympathectomy for isolated 
axillary hyperhidrosis are frequently unsatisfactory.

Predictably there is comparatively little published specifi-
cally on the management of hyperhidrosis in children.64–68 
These series are small in comparison to the large adult series 
but it is clear that the results and complications are directly 
comparable.
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non-Hodgkin lymphoma (NHL), 226–227

management, 226
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CT-scan depicts, 228
mediastinum, 228

thymus, 229
vascular tumors and anomalies

classifications, 229
kaposiform hemangioendothelioma, 229
malformations, 229–230
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Antireflux procedures

complications
description and incidence, 349–350
diagnosis and management, 350

Toupet and Thal, 349
Aorta arch, 8, 9
Aortoesophageal fistula, 361
Aprotinin, 516
Arndt endobronchial blocker, 63–64
Arterial TOCS, 549
Ascaris lumbricoides, 185
Aspergillus fumigatus, 182
Aspiration, 146
Avery breathing pacemaker system

external antenna and pulse generator, 528–529
nerve electrode and receiver, 527–528

Axillary thoracotomy, 84
Azygos veins, 14

B
Barrett’s esophagus, 351–352
Bilateral empyema, 122–123
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Blastomyces dermatitidis, 182
Blunt chest trauma, 147
Blunt thoracic trauma

CXR and CT, 199
diaphragmatic rupture, 209–210
esophageal injury, 210
gastric dilatation, 199–200
great vessel injury, 208–209
hemothorax

clinical examination and investigations, 205–206
management and complications, 206

myocardial contusion, 208
pericardial tamponade, 207–208
pulmonary contusion

diagnosis, 201–202
management and complications, 202

pulmonary hematoma, 203
pulmonary laceration

complications, 203
diagnosis and management, 203
types, 202

rib and sternal fractures
complications, 201
diagnosis, 200–201
flail chest, 200
management, 201

simple pneumothorax, 203–204
tension pneumothorax, 204–205
traumatic asphyxiation, 206–207

Bony chest wall infections, 188
Botulinum toxin (BT), 337–338
Bougienage, 359
Bronchial artery embolisation (BAE), 451
Bronchiectasis, 103, 336

clinical features, 173
diagnosis

gastroesophageal reflux investigation, 174, 175
high resolution CT scanning (HRCT), 174
Kartegener’s syndrome, 173, 174
magnetic resonance imaging (MRI), 174

history, 169–170
medical management, 175, 176
morbidity and mortality, 177
pathogenesis

etiology, 170–171
pathophysiology, 171–173

surgical management, 176–177
Bronchoalveolar lavage (BAL), 459, 460
Bronchodilators, 434
Bronchogenic cysts

clinical features, 383–384
complications, 386–387
diagnosis, 384–385
history, 383
management, 385–386
postoperative care, 386
prognosis and long-term outcome, 387

Bronchopleural fistulae (BPF), 476
Bronchopulmonary dysplasia (BPD), 421–422
Bronchopulmonary segments, 15
Bronchoscopy, 174, 175, 187

Bronchus intermedius, 12, 16
Burkholderia cepacia complex, 432

C
Cardiac injury. See Blunt thoracic trauma
Cardiac notch, 15
Casoni skin test, 163
Cell-mediated immune response (CMI), 132
Cervical ribs, 4
CF-related diabetes (CFRD), 452–453
CF transmembrane regulator (CFTR), 441–442
Chest radiology

computed tomography (CT), 43–44
contrast media, 41–42
fluoroscopy, 42
ionizing radiation risk, 41
magnetic resonance imaging (MRI), 44–45
patient care, 41
pediatric chest X-ray interpretation

heart and great vessels, 48
lungs/pleural cavities, 48–53
preliminary steps, 45–46
superior mediastinum, 47, 48
thoracic skeleton and soft tissues, 53–55
trachea, main bronchi, and hilar regions, 

46, 47
radiography, 42, 43
radionuclide imaging, 45
ultrasound imaging (US), 42–43

Chest wall injury. See Blunt thoracic trauma
Chest wall tumors

benign rib tumor
chondromatous hamartoma, 264
eosinophilic granuloma, 263–264
fibrous dysplasia, 263
mesenchymal hamartoma, 264
osteoblastoma and osteoid osteoma, 264
osteochondroma and chondroma, 263

benign soft tissue tumor
fibroblastic-myofibroblastic tumor, 264–265
giant cell fibroblastoma, 266
lipoblastomatosis, 265–266

biopsy, 262
chest wall reconstruction

implications and considerations, 271–272
skeletal and soft tissue reconstruction, 272

clinical features, 262
deformities, 271
historical perspective, 261
infections, 271
long-term complications, 272–273
malignant bony tumor

chondrosarcoma, 267
MSRCT, 267–271

pathogenesis, 261–262
radiology, 262
sternal tumor

clinical features, 273–274
diagnosis and management, 274
enchondroma and osteoblastoma, 273

surgical management, 271
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Chlamydia pneumoniae
antibiotic resistance, 102
etiology, 95

Chlamydia trachomatis
etiology, 95
radiological appearance, 96

Chondromatous hamartoma, 264
Chronic empyema, 166
Chronic lung disease (CLD)

bronchopulmonary dysplasia (BPD), 421–422
tracheobronchomalacia (TBM), 422–423

Chronic pleuropulmonary infections
actinomycosis, 184–185
acute benign pulmonary histoplasmosis and normal host, 188
allergic bronchopulmonary aspergillosis (ABPA), 184
aspergilloma, 182, 183
blastomycosis, 182
chronic necrotizing aspergillosis (CNA), 184
coccidioidomycosis, 182
excessive fibrosis and healed primary lesion, 188
fungal infections, 180
histoplasmosis, 180–181
invasive pulmonary aspergillosis (IPA), 183–184
nocardiosis, 185
pulmonary candidiasis, 184

Chronic pulmonary infections
inhaled foreign body, 186–187
lung, congenital malformations, 187
lung resection, 188

Chylothorax, 419
antenatal primary fetal hydrothorax, 574
associated systemic abnormalities, 574
chyle physiology, 573
congenital and acquired, 574
diagnosis, 574
dietary and adjunctive medications, 575
embryology and anatomy, 573
surgical approaches

drainage, 575
pleuroperitoneal shunt, 576
thoracic duct ligation, 575–576

treatment recommendations, 576
Clavicle bone, 4
Cleveland “epidemic,” 448
c-met gene, 23
Colon

replacement method, 323
transposition, 329

Compensatory sweating (CS), 597
Congenital central hypoventilation syndrome (CCAHS)

clinical features, 525
diagnostic criteria, 525–526
genetics of, 524–525
Hirschsprung’s disease, 525
pathophysiology, 523–524
physiologic abnormalities, 524

Congenital cystic adenomatoid malformation (CCAM), 52, 104
bronchopulmonary sequestration (BPS), 393–394
clinical features, 392
differential and prenatal diagnosis, 393–394
history, 391

outcomes, 397
pathogenesis, 391–392
presentation, 392–393
treatment

lobectomy, 394–395
pulmonary vein dissection, 396
wedge resection, 394

types, 391–392
Congenital cystic lung lesions, 67
Congenital diaphragmatic hernia (CDH), 21, 23–24

anomalies/malformations, 488
antenatal detection

diagnosis, 488–489
steroid therapy, 490
surgery, 489–490

care and research, 494
definition and history, 483
delivery, 490–491
embryology, 483
etiology and genetics, 486–487
extracorporeal membrane oxygenation (ECMO), 492
genetic models, 487–488
gentle ventilation and permissive hypercapnia, 491
high-frequency oscillating ventilation, 491–492
inhaled NO (iNO), 492
lamb model, 488
liquid ventilation, 492
long-term sequelae, 494
lung development, 483–484
lung hypoplasia, 484
pathophysiology, 485–486
postnatal diagnosis, 491
postnatal prognosis, 493
prevalence of, 485
pulmonary hypertension, 486
pulmonary vascular development, 484–485
surgery, 492–493
survival rates, 493–494
teratogens in, 487
vitamin A-deficient rodents, 487

Congenital H fistula
complications, 302
diagnosis and investigations, 301
operative management, 302

Congenital lobar emphysema (CLE), 67
clinical features, 408
diagnosis, 408–409
history, 407
pathogenesis, 407
treatment, 409

Conjoined twins. See Thoracopagus conjoined twins
Continuous positive airway pressure (CPAP), 413
Contrast medium-induced nephrotoxicity (CIN), 42
Corticosteroids, 137
Costo-transverse ligament, 4
C-reactive protein (CRP), 112, 113
Cylindrical/fusiform bronchiectasis, 171
Cystic fibrosis (CF), 24–25, 468–469, 476

bone disease, 439
CF-related diabetes (CFRD), 438
clinical presentations
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Cystic fibrosis (CF) (Continued)
malabsorption, 430
meconium ileus, 429–430
pseudo-Bartter’s syndrome, 431
rectal prolapse, 431
recurrent respiratory infections/symptoms, 430

fecal elastase, 429
gastrointestinal disease

distal intestinal obstruction syndrome (DIOS), 436
fibrosing colonopathy, 437–438
gastro-esophageal reflux (GOR), 436–437
pancreatic insufficiency and nutrition, 436
pancreatitis, 438

genetic analysis, 429
history, 427
immunoreactive trypsin (IRT), 428
joint disease, 430
liver disease, 438
lung transplantation, 440–441
neonatal screening, 429
otorhinolaryngology, 438–439
pathogenesis, 427–428
peri-operative management, 440
puberty and fertility, 439–440
respiratory disease

allergic bronchopulmonary aspergillosis (ABPA), 434
bronchodilators, 434
Burkholderia cepacia complex, 432
chest physiotherapy, 433
hemoptysis, 435
infection and exacerbations, 431–432
inhaled corticosteroid, 434
long-acting β

2
 agonists, 434

methicillin-resistant Staphylococcus aureus 
(MRSA), 433

mucolytics, 434
Mycobacterium avium complex (MAC), 433
pneumothorax, 434–435
pulmonary resection, 435–436
viral infections, 432
wheeze and small airways disease, 433–434

stress incontinence, 440
sweat test, 428–429
totally implantable venous access devices (TIVADs), 440

Cystic fibrosis transmembrane conductance regulator 
(CFTR), 24, 104

Cystic mediastinal teratoma, 115, 116
Cytomegalovirus (CMV), 97

D
Decortication technique, 121
Deep venous thrombosis (DVT), 549
Delayed-type hypersensitivity (DTH), 132
Desmoid tumors, 265
Desquamative interstitial pneumonitis (DIP), 461
Diaphragmatic eventration and phrenic nerve palsy

complications, 506
diagnosis

chest radiograph, 504
fluoroscopy and ultrasound, 503–504
phrenic nerve function, 504–505

embryology and pathogenesis
acquired eventration, 502
diaphragmatic function, 502–503
paradoxical movement, 501
spinal cord injury, 502

history, 501
management, 505
prognosis and long-term outcome, 506

Diaphragmatic hernia, 36
Diaphragmatic pacing technology

Avery breathing pacemaker system
external antenna and pulse generator, 528–529
nerve electrode and receiver, 527–528

complications, 529–530
congenital central hypoventilation syndrome

clinical features, 525
diagnostic criteria, 525–526
genetics of, 524–525
Hirschsprung’s disease, 525
pathophysiology of, 523–524
ventilatory control, physiologic abnormalities, 524

history, 523
mechanical ventilation, 526
outcomes in children, 530
pharmacologic management, 526
spinal cord trauma, 526

Diaphragmatic pinchcock, 342
Diffuse esophageal spasms (DES), 336
Di George syndrome, 47, 581
Distal intestinal obstruction syndrome (DIOS), 436
Double-lumen endotracheal tubes, 176
Dying spells, 344
Dysphagia, 350
Dysphagia lusoria, 379
Dyspnoea, 173

E
Echinococcus granulosus, 161
Empyema thoracis

clinical features, 112
diagnosis

acute phase reactants, 112–113
biochemistry, 113
bronchoscopy, 115
coagulation studies, 113
hematology, 113
pleural aspiration, 113
radiology, 113–115

etiology, 109–110
history, 109
management

antibiotics, 116
bronchopleural fistula and pyopneumothorax, 122
early surgery, 119
intercostal chest tube drainage, 117–118
intercostal tube drainage and fibrinolytics, 117
intrapleural fibrinolytic agents, 118–119
lung abscess and necrotizing pneumonia, 121–122
minithoracotomy and debridement, 119–120
pleural aspiration, 116
serratus anterior myoplastic flap technique, 122



Index 605

surgical management, 116–117
thoracotomy and decortication, 121
video-assisted thoracic surgery (VATS) debridement, 120

microbiology, 112
pathogenesis

extrapulmonary complications, 111–112
exudative phase, 110–111
fibropurulent and organization phase, 111
pneumatocele and necrotizing pneumonia, 111

Enchondroma, 273
Endo-GIA™, 395–397
Endothoracic fascia, 6
Endotracheal tube (ETT)

tracheoesophageal fistula, 66–67
univent bronchial-blocker tube, 63–64

Entamoeba histolytica, 185
Eosinophilic esophagitis (EE), 314
Eosinophilic granuloma, 263–264
Eosinophilic pneumonia (EP), 186
Epidermolysis bullosa (EB)

clinical features and diagnosis, 314–315
incidence and subtypes, 314
management, 315–316

Erector spinae, 6
Esophageal atresia

anatomical considerations
esophagus, innervation and blood supply, 284–285
trachea, 285
upper and lower esophageal segment, 284

antenatal diagnosis, 286
antenatal management, 289
complications

anastomotic leak, 299–300
congenital H fistula, 301–302
esophageal stenosis, 302–303
esophageal stricture, 300
gastroesophageal reflux and dysmotility, 301
recurrent tracheoesophageal fistula, 300–301

congenital abnormalities
heart disease and atresia coexistence, 288–289
urinary tract abnormalities, 289
VATER, 288

congenital lower esophageal stenosis, 314–315
duodenal atresia and imperforate anus, 297–298
embryogenesis

abnormal notochord, 282, 284
sonic hedgehog gene, 283–284
tracheoesophageal separation, 281–282
upper esophageal pouch, 283

epidemiology, 285–286
extreme prematurity, 298–299
historical perspective, 281
life quality, 316
long-gap atresia

anatomical variants, 293
gastric transposition, 295
gastric tube procedures, 295, 296
management and gasless abdomen, 293–295
modified scharli technique, 295

open thoracotomy, 289–290
postnatal diagnosis

clinical features, 286
confirmational test, 286–287
disease type determination, 287–288

postoperative management, 292–293
preoperative care, 289
prognosis and long-term outcomes, 303–304
right-sided aortic arch, 297
thoracoscopic repair, 209–292
tracheomalacia, 299

Esophageal atresia (OA), 321
abnormal notochord, 282, 284
sonic hedgehog gene, 283–284
tracheoesophageal separation, 281–282
upper esophageal pouch, 283

Esophageal foreign bodies
clinical features, 358
complications

aortoesophageal fistula, 361
tracheoesophageal fistula, 360–361

diagnosis, 358
history, 357
pathogenesis, 357–358
rigid endoscopy technique, 359–360

Esophageal injury, blunt thoracic trauma, 210
Esophageal replacement technique

colon
replacement method, 323
transposition, 329

complications, 330
gastric pull-up method

advantages and disadvantages, 328
operation, 327–328

gastric tube method
operation, 324–326
results and discussion, 326–327

history of, 322
jejunum

replacement method, 323
transposition, 328–329

management options, 323–324
prognosis, 330
stomach, 322–323
strictures, 330

Esophageal strictures
acquired lesions

corrosive strictures, 316–318
eosinophilic esophagitis (EE), 314
peptic stricture, 313–314
post-anastomotic strictures, 314–316
Schatzki’s rings, 314

congenital lesions
clinical features and diagnosis, 312
management, 312–313

etiology, 311–312
historical perspective, 311

Esophagitis, 341–344
Esophagogastric dissociation, 349, 363
Extra-adrenal phaeochromocytoma, 247
Extracorporeal life support (ECLS)

adult respiratory failure, 518
anticoagulation, 515–516
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Extracorporeal life support (ECLS) (Continued)
bleeding and infection, 517
cardiac failure, 518–519
history of, 509
indications and exclusions, 515
mobile ECLS service, 519
neonatal respiratory failure, 517–518
nutritional support, 516
oxygenator failure and air embolism, 517
pediatric respiratory failure, 518
physiology and components

membrane oxygenator, 511–512
oxygen delivery and tissue consumption, 510
oxygen delivery graph, 512
schematic of, 510

renal failure, 517
respiratory and cardiac support, 518–519
sedation/paralysis, 516
tubing/raceway rupture, 517
venoarterial (VA)

cannulation methods for, 512–513
chest X-ray, 512

venovenous ECLS (VV ECLS)
cannulation techniques for, 514
chest X-ray, 513–514

weaning and decannulation, 516
Extracorporeal membrane oxygenation (ECMO). 

See Extracorporeal life support (ECLS)
Extra hepatic biliary system (EHBS), 564
Extrinsic allergic alveolitis (EAA), 462

F
Fiber-optic bronchoscope (FOB)

flexible fiber-optic bronchoscopy, 66
single-lung ventilation, 62–64

Fibreoptic bronchoscopy, 369–370
Fibroblastic-myofibroblastic tumor, 264–265
Fibrosing colonopathy, 437–438
Fibrous dysplasia, 263
Fluoroscopy, 42
Fogarty catheters, 152, 369
Foley techniques, 359
Forced vital capacity (FVC), 27–30, 36
Foregut

airways and blood vessels, 21
cysts, 383, 384
endoderm

origin, 20–21
products, 21

genes, 26–27
septation

failure, esophageal atresia/tracheoesophageal fistula (EA/TEF), 22
laryngotracheal groove, 21–22

Foreign body aspiration (FBAO), 365
Functional residual capacity (FRC), 34

G
Gas-bloat syndrome, 350
Gastric pull-up method. See also Stomach

advantages and disadvantages, 328
operation, 327–328

Gastric tube method. See also Stomach
operation, 324–326
results and discussion, 326–327

Gastro-esophageal reflux, 436–437
Gastro-esophageal reflux disease (GERD). See also Cystic 

fibrosis (CF)
clinical features, 343–344
diagnosis

differential diagnosis, 346
investigations, 344–345

etiology, 342–343
history, 341
medical management, 346–347
pathogenesis, 342
predisposing factors, 343
reflux-associated symptoms, 341
surgical management, 347
symptoms, 341
thoracic approach, 338–339

Gastrointestinal disease
distal intestinal obstruction syndrome (DIOS), 436
fibrosing colonopathy, 437–438
gastro-esophageal reflux (GER), 436–437
pancreatic insufficiency and nutrition, 436
pancreatitis, 438

Giant cell fibroblastoma, 266
Goodpasture’s syndrome, 447
Gustatory sweating, 597

H
Haemophilus influenzae, 95
Haller index, 55
Hasson technique, 347
Heiner’s syndrome, 448
Hematological investigations, 134
Hemoptysis. See Pulmonary hemorrhage
Hemosiderin laden macrophages (HLM), 445
Hemothorax, 419

blunt thoracic trauma, 205–206
penetrating thoracic trauma, 215–216

Hodgkin lymphoma (HL), 227
HOM-C genes, 20
Horner’s syndrome, thoracic sympathectomy, 598
Hox genes, 20
H

2
 receptor antagonists, 346

Hyaline membrane disease (HMD). See Respiratory distress 
syndrome (RDS)

Hydatid compliment fixation test, 163–164
Hydatid cysts, empyema, 110
Hydropneumothorax. See Chronic empyema
Hyperactive antiretroviral therapy (HAART), 156
Hyperhidrosis and thoracic sympathectomy

clinical features and diagnosis, 591
eccrine sweat glands, 589
etiology, 590–591
history, 589
management

conservative management, 591
ionotophorosis and surgical management, 592
medical therapy, 591–592

sympathetic chain, 590
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thoracic sympathectomy
data for, 593
operative technique, 595–596
port placement for, 596
postoperative management, 597
results, 597
side effects, 597–598
sympathetic ganglia, division and excision of, 594
Wittmoser technique, 595

Hyperhidrosis disease severity score (HDSS), 591
Hyperlucent lung syndrome (HLS), 409
Hypertrophic pulmonary osteoarthropathy (HPOA), 439

I
Idiopathic pulmonary hemosiderosis (IPH), 461

Cleveland “epidemic,” 448
Heiner’s syndrome, 448
pathophysiology, 447

Immunoreactive trypsin (IRT), 428
Inferior vena cava (IVC), 14
Intercostal chest tube insertion

catheter, 86
complications, 87
safe triangle, 86
suction, 86–87
technique, 86
ward management, 87

Intercostal veins, 5–6
Intermittent positive pressure ventilation (IPPV), 70
Internal mammary artery, 5
Interstitial lung disease (ILD), 75–76

acute interstitial disease, 459–460
antiinflammatory treatment, 460
biopsy, 459
bronchoalveolar lavage (BAL), 459, 460
chronic interstitial diseases, 460
classification of, 457
clinical features, 456–457
developmental abnormalities, 461
diagnosis

immunological tests, 458
laboratory studies, 458
radiology, 458

DIP and IPH, 461
epidemiology, 455–456
etiology, 456
extrinsic allergic alveolitis, 462
history, 455
infancy and childhood, 460–461
lung function tests, 458–459
NEHI and PIG, 461
noninvasive investigations, 459
pathological processes, 456
primary pulmonary lymphangiectasia, 462
pulmonary alveolar proteinosis, 461–462
supportive care, 460
surfactant protein disorders, 461
systemic diseases, 462

Intraabdominal esophagus, 342
Intrathoracic tumor, 115

J
Jejunum

replacement method, 323
transposition, 328–329

K
Kartegener’s syndrome, 173, 174

L
Laparoscopic Nissen fundoplication, 347–349
Lateral decubitus position (LDP), 59–60
Latissimus dorsi muscle, 6
Left lobe intact hydatid cyst, 162, 163
Limited thoracotomy, 83–84
Lipoblastomatosis, 265–266
Lobectomy

left lower lobectomy, 91
left upper lobectomy, 89–91
lung resection, 88
right upper, lower and middle lobectomy, 

89, 90
Long-gap atresia

anatomical variants, 293
gastric transposition, 295
gastric tube procedures, 295, 296
management and gasless abdomen, 293–295
modified scharli technique, 295

Long-gap esophageal atresia (LGOA), 321–322
Lower esophageal sphincter (LES), 342
Lung abscess

clinical features, 148–149
diagnosis

microbiology, 150
radiology, 149–150

history, 145
HIV-infected patient, 155–156
management

anesthetic considerations, 151–152
broncho-pleural fistula, 152, 153
chronic staphylococcal abscess, 

153, 154
medical management, 150–151
nosocomial pneumonia, 153–155
surgical management, 151

morbidity and mortality, 156
pathogenesis

etiology, 146, 147
microbiology, 148
pathophysiology, 147–148

Lung clearance index (LCI), 33
Lungs/pleural cavities

air leaks, 51–52
diaphragm, 53
focal areas, 48
interstitial infiltration, 49
pleural fluid, 49, 50
pulmonary collapse, 49
pulmonary masses and nodules, 52
ring shadow, 52–53
translucency, 50–51
tumor, 50
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Lung tumors
clinical presentation, 252
diagnosis, 252
history, 251
juvenile papillomatosis, 253
mucous gland adenoma, 253
parenchymal tumor

benign type, 254–255
malignant type, 255–257

pathology, 251
pleomorphic mixed adenoma, 253
tracheo-bronchial tumor

benign type, 253
bronchogenic carcinomas, 254
fibrosarcoma, 254
malignant type, 253–254

Lymphoid granulomatosis, 447
Lymphoma, 271

M
Magnetic resonance imaging (MRI), 174
Malignant small round cell tumors (MSRCT)

congenital-infantile fibrosarcoma, 270
Ewings sarcoma and Askin’s tumor, 267–269
lymphoma, 271
neurofibrosarcoma, 270
osteosarcoma, 269
rhabdomyosarcoma, 269–270

Mantoux test, 140
Meconium aspiration syndrome (MAS), 419–420
Median arcuate ligament, 7
Median sternotomy, 84–85
Mediastinum

middle mediastinum
left pulmonary hilum, 10
pericardiu, 12
right pulmonary hilum, 10–12

posterior mediastinum
descending aorta, 12
esophagus, 12–13
lymphatics, 13–14

superior mediastinum
brachiocephalic vein, 8
phrenic nerve, 9
thymus gland, 9–10
trachea, 8–9
vagus nerve, 9, 10

Medium chain triglyceride (MCT), 575
Mesenchymal hamartoma, 264
Methicillin-resistant Staphylococcus aureus (MRSA), 433
Miliary TB, chest X-ray, 135
Mini thoracotomy. See Limited thoracotomy
Modified Heller’s cardiomyotomy, 338–339
Mounier–Kuhn syndrome, 46
Mucolytics, 434
Mucosal rosette, 342
Multidetector row computed tomography (MDCT) scanners, 43
Multidrug resistant (MDR) TB, 140
Muscle precursor cells (MPCs), 23
Muscle-sparing incisions, 83–84

Myasthenia gravis and thymus
acetylcholine receptors (AChR), 583
clinical features, 583–584
diagnosis and clinical course, 584
median sternotomy, 585
medical management, 584
results, 585–586
surgical management, 584–585
thymus role, 583
trans-cervical approach, 585
VATS thymectomy, 585

Mycobacteria, 131
Mycobacterium avium complex (MAC), 433
Mycoplasma pneumoniae. See Chlamydia pneumoniae
Myocardial contusion, 208

N
Nasal polyps, 438–439
Nasopharyngeal aspirates, 100
Necrotizing pneumonia, 147
Neurilemomma, 245–246
Neuroblastoma

biology and cytogenetics, 236
biopsy, 243
clinical features, 237
Dartevelle approach, 244–245
differential diagnosis, 241
embryology and pathology, 236
historical perspective, 235
incidence and epidemiology, 235–236
laboratory investigations

CT and MRI, 238
INSS staging system, 240
mass screening, 241
MIBG, staging, 238–239
prognostic factors, 239–240
skeletal radiographs, 238
tumour stage and site, 240–241
ultrasonography, 239

management protocols, 241–242
minimally invasive resection, 245
molecular pathology, 236
surgical complications and survival, 245
surgical management, 242–243
treatment strategies, 241
tumor markers, 237
tumor resection, 243–244

Neuroendocrine hyperplasia of infancy (NEHI), 461
Neurofibroma, 246–247
Neurofibrosarcoma, 247, 270
Newborn respiratory disorders

chronic lung disease (CLD)
bronchopulmonary dysplasia (BPD), 421–422
tracheobronchomalacia (TBM), 422–423

chylothorax, 419
hemothorax, 419
history, 411
meconium aspiration syndrome (MAS), 419–420
persistent pulmonary hypertension (PPHN), 420–421
pleural effusions, 418
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pneumomediastium, 418
pneumopericardium, 418
pneumoperitonium, 418
pneumothorax

clinical features and diagnosis, 416–417
management, 417
pathogenesis, 416
pathophysiology, 416

pulmonary air leak syndromes, 413–414
pulmonary hemorrhage (PH), 419
pulmonary interstitial emphysema (PIE)

clinical features and diagnosis, 414
management, 414–415
pathogenesis, 414
prognosis, 415–416

respiratory distress syndrome (RDS)
clinical features, 412
diagnosis, 412–413
management, 413
pathogenesis, 412
pathophysiology, 411–412

Non-Hodgkin lymphoma (NHL), 226–227
Non-neurogenic tumors, 247–248
Nosocomial pneumonia

antibiotic therapy, 154, 155
gram-negative bacilli, 153–154

O
Osteoid osteoma, 264
Otorhinolaryngology, 438–439

P
Pancreatitis, 438
Panton-Valentine leukocidin (PVL), 99
Parasitic infestations

ascariasis, 185–186
paragonimiasis, 186
pleuropulmonary amebiasis, 185

Parenchymal lung tumor
benign type

haemangiopericytomas, 255
hamartomas, 254–255
inflammatory myofibroblastic tumors, 254
sclerosing haemangiomas, 255

malignant type
metastatic tumors, 256–257
pleuropulmonary blastomas (PPB), 255–256
rhabdomyosarcomas, 256

Pathogens, immunocompetent child, 95, 96
Pectoralis major and minor mucles, 6
Pectus excavatum

antenatal/perinatal management, 539
asymmetric excavatum deformity, 538
cardiology and radiological diagnosis, 538–539
clinical features, 537
complications

allergy, 543
description and incidence, 540–542
infection, 542–543
recurrence, 542

cup-shaped excavatum deformity, 537
diagnosis, 537
history, 535–536
investigations, 537–538
medical management, 539
pathogenesis, 536
pectus index, 539
preoperative symptoms, 538
prognosis and long-term outcome, 543
saucer-shaped excavatum deformity, 537
surgical management

conventional operative techniques, 539
minimally invasive operative techniques, 539–540

Pectus index. See Haller index
Pediatric chest X-ray interpretation

pattern recognition
heart and great vessels, 48
lungs/pleural cavities, 48–53
superior mediastinum, 47, 48
trachea, main bronchi, and hilar regions, 

46, 47
preliminary steps, 45–46
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Penetrating thoracic trauma
bilateral pneumothoraces, 217
cardiac laceration

complications, 220
diagnosis, 219
management, 219–220

chest X-ray (CXR), 213
esophageal injury

complications, 218
diagnosis, 217–218
management, 218

hemothorax
cardiac injury, 215
complications, 216
diagnosis, 215–216
management, 216

open pneumothorax
complications, 215
management and diagnosis, 215
physiological events, 214
tracheobronchial tree, 214

pericardial tamponade
complications, 219
management and diagnosis, 219
myocardial contusion, 218–219

pneumomediastinum, 217
thoracic duct injury

diagnosis, 220–221
management and complication, 221

tracheobronchial injuries
diagnosis, 216–217
management and complications, 217
pneumomediastinum, 216

vessel injuries
complications, 220
diagnosis and management, 220

Peptic esophagitis, 341
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Peptic stricture
clinical features and diagnosis, 313
management, 313–314
pathogenesis, 313

Persistent air leaks (PAL), 473
Persistent pulmonary hypertension of the newborn (PPHN), 

420–421, 486
PHOX2B gene, 524–525
Pleural effusions, 418
Pneumatoceles, 103
Pneumocystis carinii (PCP), 475
Pneumocystis jirovecii, 97, 155
Pneumomediastium, 418
Pneumonectomy, 91
Pneumonia

basic science and pathogenesis, 95
bronchiolitis obliterans, 103
clinical features

acute abdominal pain, 96–97
immunocompromised children, 97–98
neonatal period, 95–96
neurodisability, 99
older children, 96
PVL producing MRSA, 99
sickle cell disease, 98
tracheostomies, 99

definition, 95
diagnosis, 100, 101
etiological factor, 105
extrapulmonary inflammatory complications, 103–104
history, 95
management, 101–103
pericarditis and pneumatoceles, 103
prognosis and long-term outcome, 105
radiology, 100–101
syndrome of inappropriate antidiuretic hormone (SIADH), 103
treatment, 105

Pneumopericardium, 418
Pneumoperitonium, 418
Pneumothorax, 434–435

acquired immune deficiency syndrome (AIDS), 475–476
air removal vs. observation, 471–472
alveolar-pleural fistulas, 476
aspiration vs. drainage, 472
chemical pleurodesis, 472
clinical features, 469
clinical features and diagnosis, 416–417
complications, 474
cystic fibrosis, 468–469, 476
differential diagnosis, 471
etiology, 466–467
gas resorption, 466
history of, 465–466
initial management, 471
intrapleural pressure, 466
limited thoracotomy, 473
malignancy, 468, 476
management, 417
pathogenesis, 416

emphysema-like changes (ELCs), 467–468
primary spontaneous pneumothorax (PSP), 467

pathophysiology, 416
pleurodesis

agents, 466
complications, 474

prognosis/long-term outcome, 477
radiological diagnosis

deep sulcus sign, 470
light index and CT scanning, 470
plain postero-anterior (PA) chest radiograph, 469

recurrence prevention, 472
surgery complications, 475
surgical management, 472–473
tension pneumothorax, 477
thoracotomy, 473, 475
trans-axillary minithoracotomy, 473
video-assisted thoracoscopic surgery (VATS), 473–475

Polymerase chain reaction (PCR), 134
Positive end-expiratory pressure (PEEP), 59
Posterior mediastinal tumors

extra-adrenal pheocromocytoma, 247
neurilemomma, 245–246
neuroblastoma

biology and cytogenetics, 236
biopsy, 243
clinical features, 237
CT and MRI, 238
Dartevelle approach, 244–245
differential diagnosis, 241
embryology and pathology, 236
historical perspective, 235
incidence and epidemiology, 235–236
INSS staging system, 240
management protocols, 241–242
mass screening, 241
MIBG, staging, 238–239
minimally invasive resection, 245
molecular pathology, 236
prognostic factors, 239–240
skeletal radiographs, 238
surgical complications and survival, 245
surgical management, 242–243
treatment strategies, 241
tumor markers, 237
tumor resection, 243–244
tumour stage and site, 240–241
ultrasonography, 239

neurofibroma, 246–247
Posterolateral thoracotomy, 82–83
Postlobectomy empyema, 123
Postoperative pneumonia, 98
Post-primary TB cavitation, 150
Primary fetal hydrothorax (PFHT), 574
Prokinetic agents, 346
Proton pump inhibitors (PPIs), 346
Pseudo-Bartter’s syndrome, 431
Pulmonary alveolar proteinosis, 461–462
Pulmonary function tests

lung volume measurements
application, 33
functional residual capacity (FRC), 30
gas dilution, 31–32
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indices, 32
interpretation, 32–33
plethysmographic measurement, 30–31

maximum respiratory pressure
application, 35
diaphragmatic weakness, 34
indices and interpretation, 35
at mouth, 34
respiratory muscle weakness, 33
sniff pressure, 35
vital capacity, 33–34

respiratory function measurement, 27
spirometry measurement

application, 30
equipment, 27–28
indices, 28
interpretation, 28–30
procedure, 28

ventilatory efficiency measurement, 33
Pulmonary gangrene, 147
Pulmonary hematoma, 203
Pulmonary hemorrhage (PH), 419

bronchial artery embolisation (BAE), 451
clinical presentation and physical examination, 445–446
complications, 451–452
congenital lung abnormalities, 449
cystic fibrosis (CF), 446–447
diagnosis

bronchoscopy, 450
computed tomography (CT), 450
laboratory investigations, 449
magnetic resonance imaging (MRI), 450
pulmonary function tests, 450
radionulide imaging, 450
X-ray, 450

hemoptysis
foreign body aspiration, 448
infection, 448

history, 445
idiopathic pulmonary hemosiderosis (IPH)

Cleveland “epidemic,” 448
Heiner’s syndrome, 448
pathophysiology, 447

lobectomy, 451
management

conservative, 451
medical, 451

neoplasm, 449
in newborn infants, 448
pathophysiology, 445
renal syndromes, 447
trauma, 449
vascular malformations, 449

Pulmonary hydatid disease
bronchial tree, 166
clinical features, 162
conservative management, 164
control programs, 162
history, 161
medical treatment, 164
pathogenesis, 161, 162

surgical management
intact cysts, 164, 165
multiple pulmonary cysts, 165–166

Pulmonary interstitial emphysema (PIE)
clinical features and diagnosis, 414
management, 414–415
pathogenesis, 414
prognosis, 415–416

Pulmonary interstitial glycogenosis (PIG), 461
Pulmonary laceration, 202–203
Pulmonary sequestration (PS), 67

clinical features, 400
diagnosis, 400–401
history, 399
pathogenesis, 399–400
postoperative care, 403
scimitar syndrome, 404
surgical resection, 402–403
treatment, 402

Pulmonary tuberculosis
anti-tuberculosis drugs, 136
atelectasis, 132
Bacille Calmette-Guérin (BCG) vaccine, 139
bronchopneumonia, 132
childhood TB pyramid, 130, 131
clinical features, 133
diagnosis, 133, 135
directly observed treatment short course (DOTS), 136–137
epidemiology, 129
etiology, 130, 131
fibrosis and bronchiectasis, 132
history, 129–130
investigations

nucleic acid amplification techniques, 134
radiology, 134–135
tuberculin sensitivity testing, 133–134

medical management, 135–136
microbiology, 131
multidrug resistant (MDR) TB, 140
mycobacteria other than M. tuberculosis (MOTT), 140–141
pathogenesis, 131–132
surgical management, 138–139
treatment, 143
tuberculosis, HIV, 139–140

Pyopneumothorax, 113, 114

R
Rectal prolapse, 431
Redo laparoscopic fundoplication, 349
Reexpansion pulmonary oedema (RPO), 474
Respiratory distress syndrome (RDS), 24

clinical features, 412
diagnosis, 412–413
management

neonatal intensive care, 413
prenatal steroids, 413
surfactant replacement, 413
ventilatory support, 419

Respiratory function test contribution, 35–37
Respiratory syncytial virus (RSV), 97
Revised National Tuberculosis Control Programme (RNTCP), 137
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Rhabdomyosarcoma, 269–270
Rigid bronchoscopy, 65–66, 368
Rigid endoscopy technique, 359

S
Saccular bronchiectasis, 171
Sandifer syndrome, 344
Schatzki’s rings, 314
Scimitar syndrome, 53, 404
Scintigraphic ventilation, 36
Scoliosis, 272–273
Seldinger technique, 117
Serology, 100
Serratus anterior muscle, 6
Serratus anterior myoplastic flap technique, 122
Sibson’s fascia, 6
Single-lung ventilation (SLV)

management
double-lumen endobronchial tube (DLT), 62–63
univent bronchial-blocker tube, 63–64

physiology, 59–60
Sinusitis, 439
Sniff nasal inspiratory pressure (SNIP), 34, 35
Sonic hedgehog gene, 283–284
Spontaneous pneumothorax (SP). See Pneumothorax
Sternal tumor

clinical features, 273–274
diagnosis and management, 274
enchondroma and osteoblastoma, 273

Sternum, 3
Stomach

gastric pull-up, 322–323
gastric tubes, 322

Stortz ventilating bronchoscopes, 369
Streptococcus pneumoniae, 95, 112
Strictures, 330
Subglottic stenosis, 67
Superior vena cava (SVC), 181

azygos vein, 14
phrenic nerve, 9
right pulmonary hilum, 10
superior mediastinum, 8

Supreme intercostal artery, 5
Surfactant, 412
Surfactant protein disorders, 461
Surgical management, bronchiectasis, 176–177
Sweat test, 428–429
Syndrome of inappropriate antidiuretic hormone (SIADH)

fluid management, 102
hyponatremia, 103

Systemic lupus erythematosus (SLE), 447

T
Tensilon®, 584
Thoracic anesthesia

anterior mediastinal mass, 68–69
bronchoscopy, 61
chest roentgenogram, 60
computed tomography (CT), 60–61

echocardiography and angiography, 61
history, 57–58
infection, 67–68
magnetic resonance imaging (MRI), 61
management

monitoring, 62
postoperative analgesia, 64–65

neonates
anatomical and physiological consideration, 58–59
infants, 66–67

Nuss procedure, 71
procedures, 65–66
pulmonary function tests (PFTs), 61–62
single-lung ventilation (SLV)

management, 62–64
physiology, 59–60

sonography and bronchography, 61
thymectomy, 70
trauma, 69–70

Thoracic duct, 13–14
Thoracic incisions

axillary thoracotomy, 84
chest drain, 85–87
consideration, 81–82
history, 81, 82
intraoperative complication, 91–92
limited thoracotomy, 83–84
lobectomy, 88–91
median sternotomy, 84–85
pneumonectomy, 91
posterolateral thoracotomy, 82–83
postoperative complication, 92
pulmonary resection, 87–88
segmental resection, 91
thoracoabdominal incision, 85

Thoracic outlet compression syndrome (TOCS). 
See Thoracic outlet syndrome

Thoracic outlet syndrome
anatomical considerations, 547–548
arterial TOCS, 549
causation and pathological anatomy, 548
conservative management, 552
neurogenic TOCS, 548–549
outcomes, 554
surgical techniques for

supraclavicular approach, 552–553
transaxillary approach, 553–554

venous TOCS
deep venous thrombosis (DVT), 549
effort thrombosis, 550
venography, 551–552

Thoracic skeleton and soft tissues
CT and ultrasound examination, 55
dysphagia and respiratory distress, 53, 54
generalized abnormality, 53
mediastinal/intrathoracic extension, 54, 55

Thoracic trauma
assosiated injuries, 196
emergency department, 196–197
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history, 193
incidence, 194–195
injury types, 195–196
mechanisms, 195, 196
mortality, 196
pediatric thorax, 193
physiology, 193–194
prehospitals, 196

Thoracic vertebrae, 4
Thoracopagus conjoined twins

anesthetic considerations
challenges in, 562
equipment preparation and adaptation, 562
preoperative work-up, 562
separation procedures, 562–563

classification, 557
clinical features, 559
conjoined triplets, 559
ethical and moral considerations, 561
history, 558–559
incidence of, 557–558
obstetric implications, 560–561
parasitic thoracopagus twin, 558
postnatal diagnosis and management, 561
postoperative management, 566
prenatal diagnosis, 559–560
results, 566–567
surgery

cardiorepiratory system and chest wall, 564–566
emergency surgery, 563
hepatobiliary and gastro-intestinal tract, 564
management, 563
musculoskeletal system, 564
outcome, 567–568
skin closure, 563–564
ventricular and atrial arrangement, heart, 566

thoraco-omphalopagus twins, 558
Thoracoplasty, 121
Thoracoscopy

anesthetic consideration, 76–77
indication, 75, 76
instrumentation, 78–79
positioning, 77
postoperative care, 79
preoperative workup, 75–76
trocar placement, 78

Thoracotomy, 473, 475
Thorax

cystic fibrosis (CF), 24–25
developmental biology, 19–20
diaphragm, 23–24

crus, 6–7
foramina, 7
inferior surface, 7
middle mediastinum, 10–12
phrenic nerve, 7, 9
pleura, 15
posterior mediastinum, 12–14
superior mediastinum, 8

thoracic sympathetic chain, 14–15
foregut

airways and blood vessels, 21
endoderm, 20–21
septation, 21–22

Hox genes, 20
left–right asymmetry, chest, 24
lung development, 22–23
lungs

bronchopulmonary segment, 15
left lower lobe, 17
left upper lobe, 16–17
right middle and lower lobe, 16
right upper lobe, 15–16

surfactant deficiency, 24
thoracic skeleton, 3–4
thoracic wall

chest wall muscles and fasciae, 6
endothoracic fascia, 6
intercostal space, 4–6
suprapleural membrane, 6

Thymoma
diagnosis, 581
imaging, 582
management, 582
Masaoka staging system, 582
paraneoplastic conditions, 581–582
pathology, 582

Thymus
anatomy and embryology, 579–580
cysts, 586
DiGeorge syndrome, 581
history, 579
hyperplasia, 581
mediastinal lymphangioma, 586
myasthenia gravis

acetylcholine receptors (AChR), 583
clinical features, 583–584
diagnosis and clinical course, 584
median sternotomy, 585
medical management, 584
results, 585–586
surgical management, 584–585
thymus role, 583
trans-cervical approach, 585
VATS thymectomy, 585

thymectomy consequences, 581
thymolipoma, 586
thymoma

diagnosis, 581
and imaging, 582
management and staging of, 582
paraneoplastic conditions, 581–582
pathology, 582
World Health Organization classification, 582

Totally implantable venous access devices 
(TIVADs)TTT, 440

Toupet procedure, 349
Tracheal stenosis, 379
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Tracheo-bronchial tumor
benign type, 253
malignant type

bronchogenic carcinomas, 254
fibrosarcoma, 254
pulmonary carcinoid tumors, 253

Tracheobronchomalacia (TBM), 422
Tracheoesophageal fistula, 36, 66–67, 360–361. See also 

Esophageal atresia
abnormal notochord, 282, 284
distal tracheoesophageal fistula, 287–288
epidemiology, 285
esophagus

innervation, 284–285
lower esophageal segment, 284

H fistula, 301–302
long-gap esophageal atresia

duodenal atresia coexistence, 297–298
management, 293
thoracotomy, 297
variants, 293

open thoracotomy, 289–290
prematurity, 298–299
recurrent tracheoesophageal fistula, 300–301
sonic hedgehog gene deletion, 283
thoracoscopic repair, 292

Tracheomalacia, 299
Trapezius muscle, 6
Traumatic asphyxiation, 206–207
TRUEpatch®, 543
Tuberculin skin test, 133

U
Ubx (Ultrabithorax) gene, 20

V
Varicose bronchiectasis, 171
Vascular rings

classification

double aortic arch, 373
pulmonary artery sling, 375–376
right aortic arc, 376
vascular compression syndromes, 390

clinical features, 376–377
complications and outcomes, 380
diagnosis and investigations, 377–378
history and incidence, 373
management

residual tracheomalacia, 379
surgical approach, 379
tracheal stenosis, 379
vascular compression syndromes, 379–380

pathogenesis and embryology, 373
Venoarterial (VA) ECLS

cannulation methods for, 512–513
chest X-ray, 512

Venous TOCS
deep venous thrombosis (DVT), 549
effort thrombosis, 550
venography, 551–552

Venovenous ECLS (VV ECLS)
cannulation techniques for, 514
chest X-ray, 513–514

Vicious cycle theory, 172
Video-assisted thoracic surgery (VATS), 120
Video-assisted thoracoscopic surgery (VATS), 473–475
Visceral pericardium, 12

W
Ward management, 87
Wegener’s granulomatosis, 447
Wrap slippage, 350

X
Xiphisternum, 84

Z
Ziehl-Neelsen (ZN) stain, 131
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