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  Foreword by Alan Daneman  
Alan Daneman, MBBCh University of Toronto

 It is a great pleasure to write a Foreword to this Second 
Edition of Imaging of the Newborn edited by Drs. 
Haresh Kirpalani, Monica Epelman, and John Richard 
Mernagh. 

 Imaging in newborns remains a great intellectual 
challenge. While many neonatal conditions may be 
appropriately managed with the aid of plain radio-
graphs, only there are other clinical situations that 
require more sophisticated procedures such as ultra-
sound, contrast examinations of the gastrointestinal 
tract, magnetic resonance imaging, computed tomog-
raphy, or even interventional procedures. Irrespective 
of which modality is used, meticulous technique 
is required in these small patients as the imaging 
requirements are diff erent from those for older infants 
and children. Furthermore, in the newborn, special 
attention to immobilization techniques, temperature 
control, and ventilation during imaging is also vitally 
important. 

 Radiological interpretation of imaging examina-
tions in a newborn is worthless without a good clinical 
history from the neonatologist, neonatal surgeon, or 
physician responsible for the care of the newborn. A 
close dialogue between the clinician and radiologist 
is imperative for accurate and meaningful interpreta-
tion of images from all modalities. Th is is particularly 
important when radiological fi ndings are non-specifi c 
in order to ensure appropriate management and to 

ensure that the correct decision is made whether to 
use other modalities to clarify the fi ndings. 

 Th is book addresses the issues of imaging in the 
newborn exceptionally well. Th e great strength of the 
book lies not only in the comprehensive text, but also 
in the vast number of excellent images used to illus-
trate the various conditions in all organ systems. It is 
a great tribute to the editors, who have made such a 
tremendous eff ort to ensure the production of such an 
informative book. Apart from the pathologic entities 
described, the book also highlights the importance of 
the evaluation of catheters and tubes used to support 
sick neonates, as this is vital, particularly when evalu-
ating plain radiographs. Furthermore, the importance 
of antenatal imaging, as it relates to neonatal condi-
tions, is also emphasized. 

 Th e information in this book is of great value not 
only to pediatric radiologists involved in the care of 
newborns, but also to neonatologists and other sub-
specialty pediatricians and surgeons with whom the 
neonatologists consult. It sets the standard for train-
ees in the fi elds of neonatology and pediatric radiol-
ogy. Th e editors and authors of the chapters must be 
congratulated on the quality of this textbook. It is an 
honor to have been asked to write a foreword to this 
book, which is dedicated to a fi eld that remains both 
fascinating and challenging, and which has such an 
important role in the care of the sick neonate. 
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 Foreword by Phyllis A. Dennery    
   Phyllis A.     Dennery , MD      University of Pennsylvania School of Medicine   

  We frequently rely on imaging studies to aid in 
the diagnosis and management of sick neonates in 
the intensive care nursery. In fact, our usage of 
radiographs has become rather routine and at times 
not well thought through. Th is refreshingly practi-
cal textbook not only discusses various diagnostic 
imaging modalities and their usefulness, but it also 
provides excellent practical points to help us use these 
modalities more judiciously. I particularly enjoyed 
the evidence-based information provided, because 
this is rarely included in textbooks as an objec-
tive decision-making tool to gauge the appropriate-
ness of our tests. In addition, the textbook presents 
benefi ts, limitations, and technical aspects of each 
modality as well as several pertinent examples in 
each chapter. Th e book is very user-friendly, provid-
ing straightforward information and clear guidelines. 
Another important message from this textbook is the 

multidisciplinary approach that is best for using and 
evaluating imaging tools. Th is is further exemplifi ed 
by the collaborative contributions of authors who are 
neonatologists, radiologists, and pediatric and obstet-
ric subspecialists. 

 All neonatal practitioners and front-line clinicians, 
as well as subspecialists who consult in the NICU, will 
benefi t from the information provided here. 

 Th e lead editor, Dr. Haresh Kirpalani, is a master 
clinician and educator with many years of experience 
in neonatology. He has a gift  for making complex 
information clear. His infl uence is apparent through-
out the textbook. He has partnered with two radiolo-
gists who bring signifi cant expertise. 

 Th is textbook is an important contribution to the 
neonatology and radiology literature. I am delighted 
to give it my utmost recommendation. 
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 Foreword by Avroy A. Fanaroff    
   Avroy A.     Fanaroff  , MD    Case Western Reserve University 

 John Caff ey, a giant in the fi eld of pediatric radiology, 
and author of the defi nitive text,  Pediatric Radiologic 
Diagnosis , wrote in the foreword to the fi rst edition, 
“He who would comprehend Röntgen’s pallid shades, 
needs always to know well the solid matrix whence 
they spring. Th e physician needs to know intimately 
each living patient through whom the black light darts 
and fl ashing the hidden depth reveals them in a glow-
ing mirage of thin images, each cast delicately in its 
own halo, but all veiled and blended endlessly.” 

 Advances in medical imaging have proceeded at a 
frenetic pace. It is vital for trainees to understand how 
best to use the various imaging modalities, as well as 
to learn how to interpret them. Kirpalani, Epelman, 
and Mernagh have done a superb job in assembling a 
balanced group of contributors to present the modern 
radiologic approach to the fetus and newborn infant so 
that trainees can meet these goals. Th ey have managed 
to emphasize the evidence-based approach to prob-
lems and have highlighted the benefi ts versus costs 
and potential harm from various studies. Th e editors 
note that, “Th e clinical and radiological  examinations 

are the foundation of medical investigation of the 
acutely ill neonate. Th e proper use and interpretation 
of radiological studies requires teamwork and clear 
communication between the clinicians (including the 
obstetricians and surgeons, as appropriate) and the 
radiologists.” Too true. 

 Th e Russian writer Ivan Turgenev wrote (in 
 Fathers and Sons  in 1862), “A picture shows me at 
a glance what it takes dozens of pages of a book to 
expound.” Th e adage, “A picture is worth a thousand 
words,” refers to the idea that a complex idea can be 
conveyed with just a single still image. It also aptly 
characterizes one of the main goals of visualization, 
namely making it possible to absorb large amounts 
of data quickly. Th is book facilitates the process, per-
mitting the reader to absorb a lot of data in a short 
period of time and in an easily digestible format. I 
congratulate the authors and highly recommend this 
book for pediatric and neonatal–perinatal medicine 
trainees as well as attending physicians and neonatal 
nurse practitioners.  
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  Preface to the second edition   

 Th e care of the newborn has become a team sport; 
one where teamwork is crucial. We can no longer 
think exclusively of the neonatology healthcare team, 
but must also consider all of the other sub-specialty 
disciplines. While some of these disciplines are not 
always available at all healthcare facilities, generally 
radiology is. Th is is because one of the fi rst investiga-
tions performed on so many ill newborn infants is 
the straight x-ray. Th is alone makes it imperative that 
the neonatal team and the radiological team speak 
the same language. Th is is one of the main purposes 
of this book: to allow juniors in each discipline an 
introduction to what the other player is thinking of as 
regards presentations, diff erential diagnoses, etc. Both 
medical specialists (i.e. neonatal, renal, and obstetric 
disciplines) and radiologists have combined to outline 
how this dialogue takes place for an individual infant. 
We intend here to illustrate a joint approach to the ill 
infant. 

 Nowadays the learning demands on junior strata of 
the entire healthcare multidisciplinary team that gets 
involved in looking aft er an ill infant are  enormous. 

Unsurprisingly, the needed emphasis on any single 
aspect of the clinical assessment may not be always 
possible. Th is is true of the radiological assessment. By 
selective examples, we hope that learners who feel the 
need for a fuller immersion in this discipline will fi nd 
this book of benefi t. Hence this is the second main 
purpose of this book. 

 Th e educational layout of the book emphasizes 
pattern recognition. Th is is still a critical part of clini-
cal practice – and the plethora of pictures in this book 
refl ects this. But increasingly, it is recognized that new, 
potentially invasive tests may have great costs, and 
potential risks. We have tried, therefore, to give some 
principles on how to approach issues of diagnostic test 
accuracy and predictive yield in  Chapter 2 . 

 In closing we would like to thank those who gener-
ously shared relevant fi lms with us, and the babies and 
families who have taught us from their experiences. 

 
   Haresh     Kirpalani   
   Monica     Epelman   
   John     Richard Mernagh       
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For example, one study performed an assessment 
before and aft er adoption of CXR guidelines (that 
had been drawn up with radiologists) in French adult 
intensive care units (ICUs). Th e guidelines resulted in 
a 40% relative reduction in the frequency of CXRs, a 
cost saving of approximately €33,000 for a 15-bed uni-
versity tertiary care medical ICU [ 2 ]. Even better, this 
also saved the patients from potentially unnecessary 
radiation exposure. 

 In comparison with the adult patient, there are 
specifi c concerns in the investigation of the neonate. 
In particular, the fragile nature of the neonate requires 
careful consideration of the risks and benefi ts of the 
investigations before they are performed.   

 Diagnostic imaging and radiation 
exposure 
 Plain fi lms, computed tomography (CT), fl uoroscopy, 
and nuclear medicine all use ionizing radiation to 
generate images. Th e “typical” radiation dose from a 
single chest/abdomen fi lm is 0.02–0.03 millisieverts 
(mSv), although this can vary widely with diff erent 
techniques and equipment. How to compare radiation 
dosing between diff erent types of studies in children 
and newborns has been the subject of debate [ 3 ,  4 ]. 
Th e National Institutes of Health recommend that 
the total eff ective dose from a procedure be compared 
with the radiation exposure from natural background 
sources such as the sun, outer space, and radioactive 
materials found in the earth’s air and soil, which is 
3 mSv per year [ 5 ]. 

 Th e organs are not equally sensitive to the eff ects 
of radiation exposure. Furthermore, they experience 
diff erential exposure during diff erent radiological 
procedures. In some nuclear medicine procedures, 
the radioactive agent administered to the patient is 

 The team approach to neonatal 
imaging 
 Th e clinical and radiological examinations are the 
foundation of medical investigation of the acutely 
ill neonate. Th e proper use and interpretation of 
radiological studies requires teamwork and clear 
communication between the clinicians (including the 
obstetricians and surgeons, as appropriate) and the 
radiologists. Some literature confi rms that a radiolo-
gist’s interpretation oft en diff ers from the clinician’s 
interpretation. In a prospective study, fi ve pediatric 
intensivists interpreted 460 chest x-rays (CXRs) and 
were matched against a “gold-standard” opinion of a 
pediatric radiologist. Th is resulted in “important” dis-
cordance in 7% of CXRs, but most of these did not lead 
to management changes [ 1 ]. Th ese data can be used to 
support an argument that clinicians do not need inter-
pretative assistance. Alternatively, one could say that 
clinicians have an unacceptable rate of incorrect inter-
pretation. Th e CXR is the most frequent radiological 
test in intensive care units. Diff erences between clini-
cian and radiologist interpretations are greater when 
less common forms of radiology are evaluated. We 
suggest that the diff erent perspectives of the clinician 
and the radiologist can be viewed as symbiotic. 

 With the advent of digital radiology, direct face-to-
face communication with the radiologist has become 
less common. To facilitate a coordinated approach, 
regular rounds between the radiologists responsible 
for reporting the neonatal fi lms and the clinical team 
are advised. Some hospitals choose to have daily work 
rounds between the clinical staff  and the radiologists. 
Th ese formal rounds allow the physicians on the two 
services to learn from one another, which may facili-
tate proper use of radiological studies. Th ere are other 
methods to improve the clinicians’ use of radiology. 

 Chapter  Introduction to principles of the radiological 
investigation of the neonate    
    Sara B.     DeMauro    ,     John   Richard   Mernagh    ,     Monica     Epelman    ,   and 
    Haresh     Kirpalani      

 1 
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 Understanding the risks associated with diagnos-
tic imaging, how does the clinician explain risk– 
benefi t ratios of imaging to parents of newborns? One 
approach is to explain that the radiation exposure 
from one CXR (0.02–0.03 mSv) is about equal to the 
amount of radiation exposure on one seven-hour 
trans-Atlantic fl ight, and far less than a year’s worth of 
natural radiation exposure (3 mSv) [ 14 ]. An alterna-
tive approach is to refer to the cumulative dose of a 
radiological study in CXR equivalents.   

 The role of “routine” daily imaging 
 Considerations of radiation safety impact the frequency 
of, and the indications for, obtaining fi lms. In an inten-
sive care unit one must consider whether a “routine” 
morning CXR, to check the endotracheal tube position 
or for other reasons, is truly indicated. A large, cluster-
randomized trial in adult ICUs suggests that routine 
x-rays are not warranted, and a meta- analysis supports 
this result [ 15 ,  16 ]. Only one study has evaluated the 
utility of routine CXRs in newborns. Th e authors per-
formed a retrospective review of routine daily CXRs in 
134 very low birth weight infants over the fi rst four days 
of life [ 17 ]. Th ey found that 50% of chest radiographs in 
the later days showed new abnormalities. Th e majority 
of new fi ndings were pulmonary interstitial emphy-
sema, collapse, or consolidation. Th ese fi ndings might 
be less common in the current days of “gentle ventila-
tion.” Based on these data, rigid recommendations are 
currently not possible in the NICU. We suggest, how-
ever, that routine daily radiographs are unlikely to be of 
benefi t in current practice.   

 The role of diff erent image modalities 
 Plain fi lm radiography, ultrasonography (US), com-
puted tomography (CT), fl uoroscopy, nuclear medi-
cine, and magnetic resonance (MR) imaging all have 
important roles in the investigation of neonatal illness 
and anatomy. All of these modalities have specifi c indi-
cations and limitations, knowledge of which is neces-
sary for their proper use. Th e maximum diagnostic 
information will be obtained if the clinician approaches 
the choice of imaging modality with these questions:
   1.     Will this study help me to answer a clinical 

question or change management of this patient?  
  2.     Is this the best study to answer my question, or 

would a diff erent study provide more relevant 
information?  

  3.     Do the benefi ts of this study outweigh the risks?     

distributed in the whole body but then accumulates in 
specifi c organs. For example, the dose to the bladder 
during an 18F-fl uorodeoxyglucose positron emission 
tomography examination can be orders of magnitude 
greater than the eff ective whole-body dose [ 4 ]. Such 
organ diff erences make a simple comparison with 
dosing in terms of number of CXRs potentially inap-
propriate. Nevertheless, clinicians commonly refer to 
radiation dosing in terms of the equivalent number 
of CXRs. A barium swallow is 1 mSv, equal to about 
50–70 CXRs, and a standard CT of the chest and 
abdomen without considering the patient’s size or 
weight, or any other measures to lower radiation, is 
8–10 mSv, equal to about 400–750 CXRs [ 6 ,  7 ]. Even 
low-dose radiation exposure during infancy is asso-
ciated with slightly increased lifetime risk of malig-
nancy [ 3 ]. Because radiation exposure is cumulative, 
clinicians must take particular care with the critically 
ill neonate expected to undergo repeated examina-
tions, sometimes over the course of years. 

 Increasing awareness of the risks associated with 
radiation exposure has led to the practice of  ALARA  
(as low as reasonably achievable) to reduce radiation 
exposure. Adhering to ALARA requires weight-based 
protocols, limited studies, few re-examinations, and 
willingness to use alternative, non-radiation modali-
ties. Studies have demonstrated that development of 
specifi c pediatric or neonatal protocols and careful 
use of technology can yield consistent, acceptable 
quality images and limit radiation dose [ 8 ,  9 ]. Image 
quality is correlated with radiation dose, so compro-
mise will always be required to determine how low a 
radiation dose is  reasonably  achievable. Protection of 
the infant also requires gonadal shielding, a frequently 
overlooked precaution to safeguard future fertility. 
Finally, the environmental confi nes of the neonatal 
ICU (NICU) could impose further radiation risk. 
However, under current recommendations to space 
isolettes/cribs two feet apart, exposure to scatter radi-
ation from x-rays performed on neighboring patients 
should be far less than natural background radiation 
exposure [ 10 ,  11 ]. In addition to the risk associ-
ated with radiation exposure, the administration of 
contrast agents during many radiological procedures 
increases risk because of the potential for allergic and 
nephrotoxic complications. Open communication 
and cooperation between the radiologist and neona-
tologist are imperative to reduce the risks associated 
with any imaging procedure, achieve ALARA, and 
maximize diagnostic yield [ 3 ,  12 ,  13 ]. 
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 Computed tomography 
 Computed tomography (CT) is a cross- sectional imag-
ing technique that allows one to distinguish between 
various tissues and, with intravenous contrast, between 
vascular and non-vascular structures. Computed tom-
ography allows one to measure the density of tissues in 
Hounsfi eld units, with water density at the zero point. 
Fat and gas are less dense than water, with Hounsfi eld 
units in the negative range. Soft  tissue density ranges 
from 35 to 100 units, fl uid ranges from 10 to 20, and 
bone density is more than 300 units. 

 Computed tomography of the head is useful in 
 follow-up investigation of intracranial trauma, hypoxia, 
and hemorrhage. However, more detailed examination 
of the head requires MR. A CT of the chest is useful for 
several specifi c indications including examination of 
space-occupying lesions such a congenital pulmonary 
airway malformation, bronchopulmonary sequestra-
tion, and congenital lobar emphysema. Computed 
tomography angiography may contribute to evalu-
ation of the infant with pulmonary hypertension or 
preoperative planning. Computed tomography of the 
 abdomen and pelvis is rarely used in the neonate.   

 Ultrasound 
 Ultrasonography (US) plays a key role in the investi-
gation of the neonate, and is being applied in a rapidly 
expanding number of situations. Ultrasonography 
does not require the use of ionizing radiation and 
thus eliminates the risks of x-rays. Th e practical, 
versatile, and portable nature of US allows for the 
bedside examination of even the critically ill neonate. 
Ultrasonography should be the fi rst investigation in 
the following situations: 
  1.     Intracranial pathology. Ultrasound is excellent 

for detecting and following subependymal, 
intraventricular and intraparenchymal 
hemorrhage. Ultrasonography aids in diagnosis of 
congenital brain malformations and periventricular 
leukomalacia. It is not reliable in detecting edema 
or for examining the brainstem or posterior fossa. 
Th e US examination is limited by the size of the 
fontanelle because the ultrasound waves cannot 
penetrate bone. Further scans using CT or MR 
imaging may be necessary to clarify US fi ndings.  

  2.     Th rombosis. Doppler US is useful to assess the 
vascular tree for patency. Doppler examination 
is the fi rst study of choice in the investigation of 
superior sagittal or transverse sinus thrombosis in 

 Plain fi lm radiography 
 Before the advent of US, CT, and MR, plain fi lm radiog-
raphy was the only method for the radiological investi-
gation of the neonate. Because of its ease of use, speed 
in interpretation, portability, and fl exibility, plain fi lm 
radiography remains the mainstay of neonatal imag-
ing. Neonatal chest and abdominal fi lms are oft en 
performed on a portable device. Proper technique is 
essential to ensure that follow-up examinations are 
compared adequately with previous examinations. 
Radiography is the test of choice for the following: 
  1.     Th e investigation and follow-up of lung disease. 

In addition, a CXR allows for evaluation of the 
cardiothymic silhouette and of the airway.  

  2.     Assessment of the gas pattern in the bowel. An 
abdominal x-ray is the fi rst-line evaluation for 
an infant with vomiting or concern for any intra-
abdominal process.  

  3.     Confi rmation of position of support devices 
including intravascular lines, gastrointestinal 
tubes, and endotracheal tubes.  

  4.     Evaluation for bone pathology.      

 Fluoroscopy 
 Fluoroscopy is a technique in which rapid sequential 
radiological images are obtained, allowing for real-
time dynamic imaging. 
  1.     Fluoroscopy is particularly useful for investigation 

of the gastrointestinal tract. Th e gastrointestinal 
tract can be studied from the top, with an upper 
gastrointestinal series, or from the bottom, with 
a contrast enema. Because the choice of contrast 
medium depends on the clinical situation, 
communication between neonatology and 
radiology prior to the test is critical.  

  2.     Fluoroscopy can be used to image the genitourinary 
tract, principally with voiding cysto-urethrogram.  

  3.     Fluoroscopy is used less commonly to study 
diaphragmatic excursion and airway anatomy.  

  4.     Because of its invasiveness, angiography is 
reserved for cardiac imaging or interventional 
radiology procedures. For diagnostic purposes, 
angiography is typically used in combination with 
CT or MR angiography.  

  5.     Aft er ultrasound-guided venous puncture, 
fl uoroscopy is a useful tool for confi rming the 
correct position of long intravenous catheters for 
medium- to long-term use.      
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 Limitations of MR are its availability, its expense, 
the frequent need for anesthesia in the neonate, 
and the diffi  culty in monitoring during the test. A 
 randomized trial of MR for prediction of neuro-
developmental outcome in preterm infants used a 
strategy of feeding and bundling with use of an infant 
immobilizer to perform unsedated studies on the trial 
participants [ 22 ]. In everyday practical use, however, 
unsedated studies tend to be time-consuming to per-
form. Furthermore, any infant movement results in 
distorted images and potential diffi  culty in interpret-
ing the study [ 23 ]. Th erefore, a majority of infants 
ultimately require procedural sedation with drugs 
such as narcotics, benzodiazepines, barbiturates, or 
chloral hydrate [ 24 ]. Th e combination of sedating 
drugs and diffi  cult physiologic monitoring while in 
the magnet certainly increases the risk associated with 
MR for infants.   

 Nuclear imaging 
 Nuclear imaging has limited use in the neonatal 
patient, primarily because of advances in US and MR 
imaging. It is still used for specifi c indications such as 
diff erentiating biliary atresia from neonatal hepatitis. 
In combination with CT, positron emission tomog-
raphy (PET) scanning assists in localization of intra-
pancreatic insulin-producing tumors, which is helpful 
for surgical planning in infants with hyper insulinism. 
Otherwise, its potential for providing metabolic infor-
mation has not yet translated into neonatal applica-
tions.    

 Imaging of the fetus 
 In utero exposure to ionizing radiation has been 
linked to childhood cancers, particularly leukemia 
[ 25 ]. As typical doses of radiation used for CT have 
decreased, more recent studies have demonstrated 
slightly lower relative risk of cancer aft er radiation 
exposure. Nevertheless, maternal abdominal imag-
ing with CT clearly increases the risk of childhood 
leukemia [ 25 ]. 

 Th e risk associated with CT imaging during preg-
nancy, and increased demand for detailed fetal imag-
ing and monitoring, are leading to growing popularity 
of alternative means of fetal imaging. Strong evidence 
supports the use of ultrasound as the mainstay of fetal 
imaging and monitoring, as discussed above. Doppler 
of the umbilical artery and vein and middle cerebral 
artery is now used for diagnosis of fetal anemia, 
assessment of twin–twin transfusion syndrome, and 

the neonate. In equivocal cases, CT or MR may be 
needed to verify the fi ndings. Doppler US is also 
necessary for diagnosis of thrombosis in other 
locations, such as extremities.  

  3.     Abdomen and pelvis. Ultrasonography allows 
for good visualization of abdominal and pelvic 
anatomy, specifi cally liver, gall bladder, and 
kidneys. Ultrasonography is the examination of 
choice in the diagnosis of pyloric stenosis, and 
holds promise for the evaluation of malrotation 
and necrotizing enterocolitis (NEC) [ 18 ]. It is 
of limited use for the detailed examination of 
the gastrointestinal tract, for which contrast 
examinations are needed.  

  4.     Musculoskeletal. As the neonatal spine and 
hips are not fully ossifi ed, US is an excellent 
fi rst examination for the spinal cord and hips. 
Specifi cally, US is the diagnostic test of choice for 
tethered cord and developmental displacement of 
the hips.  

  5.     Examination in utero (see  Chapter 12 ). 
An ultrasound scan is a routine part of the 
screening intrauterine examination. In 
particular, US is used for estimation of gestational 
age, surveillance of fetal anatomy, evaluation 
of fetal growth, and detection of multiple 
pregnancies [ 19 ].  

  6.     Finally, as noted above, ultrasound is oft en used for 
location of vessels and guidance of percutaneous 
central venous catheterization. However, there is 
limited evidence to support making ultrasound-
guided line placement a standard of care in the 
neonatal population [ 20 ,  21 ].      

 Magnetic resonance imaging 
 Magnetic resonance imaging (MRI) provides superb 
delineation of anatomical structures, and is needed 
for the detailed investigation of the neonatal head and 
spine. It is not a fi rst-line test, but is used to clarify 
fi ndings of US or CT. Magnetic resonance imaging is 
now the examination of choice in the investigation of 
intracranial pathology including congenital anoma-
lies, trauma, hypoxic events, and brainstem pathology. 
Congenital anomalies include structural malforma-
tions, developmental disorders such as gyral diseases, 
and neuronal migration defects. On the other hand, 
the role of MR in predicting long-term prognosis 
for preterm infants is still unclear (see  Chapter 2 ). 
Magnetic resonance also aids in the diagnosis of car-
diac and other rare anomalies. 
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Two CXRs of the same patient, one taken on 
inspiration and the other on expiration, will look 
entirely diff erent.  

  3.     Neonatal intensive care units can be very crowded 
and busy, making portable examinations diffi  cult.  

  4.     Neonates can be encumbered with lines and tubes 
which may make accurate positioning diffi  cult. 
As well, a neonate may be in an incubator, which 
makes standard positioning even more diffi  cult.  

  5.     Neonates can be seriously ill. Handling of the 
infant to ensure accurate positioning may be ill-
advised.  

  6.     Accurate and reproducible exposures can be 
diffi  cult if both the chest and abdomen are 
included in the same fi lm, as they usually are in 
neonatal examinations.   

Th e above issues are not resolved with the use of 
digital radiology. Th e ability to digitally change the 
contrast and brightness of an image does not correct 
changes in exposure settings of the original exami-
nation, and certainly cannot correct for changes in 
positioning. Furthermore, changing the contrast and 
brightness of an image may cause problems if the 
same changes are not made for all images of the same 
infant that are being compared. Clinicians must be 
acutely aware of these issues. In reviewing exami-
nations, particularly CXRs, clinicians need to bear 
in mind that examinations that at fi rst appear sig-
nifi cantly diff erent may in fact not be diff erent at 
all. Diff erences in the exposure rate and positioning, 
including rotation and inspiration versus expiration, 
will result in fi lms that are signifi cantly diff erent but 
do not accurately refl ect changes in the condition of 
the infant. Clinicians should develop a good working 
relationship with the radiologists and radiology tech-
nicians in their hospital to ensure the best diagnostic 
imaging service possible.     

evaluation of intrauterine growth retardation [ 26 ]. 
Due to theoretical risk of tissue heating associated 
with newer US devices, obstetric US should adhere to 
the principles of ALARA [ 21 ]. Finally, MR imaging 
of the fetus is increasingly available and powerful for 
detailed evaluation of nearly all fetal organ systems, 
oligohydramnios or polyhydramnios, or maternal 
medical conditions [ 27 ].   

 Quality control and reproducibility 
in plain fi lm radiology 
 Quality control and reproducibility are important 
considerations in plain fi lm radiology. All radiology 
departments have their own quality control protocols, 
standard positioning protocols, and exposure  settings 
for various examinations, which x-ray technologists 
follow. Th e clinician is usually not concerned with 
these issues until examinations of poor or non-
di agnostic quality aff ect patient care. Th e clinician 
needs to be aware that examinations taken with diff er-
ent exposure settings and with the patient in diff erent 
positions can result in images with signifi cantly 
diff erent fi ndings. Th ese fi ndings may not necessarily 
refl ect changes in patient condition. Th is is particu-
larly important in chest radiography, where changes 
in exposure or positioning can produce images with 
signifi cantly diff erent fi ndings. 

 Th e issues of quality control and reproducibility 
are even more important in neonatal imaging. Th e 
reasons for this include the following: 
  1.     Th e majority of neonatal plain fi lm examinations 

are portable examinations, not done in a radiology 
department under standard conditions.  

  2.     Neonates cannot cooperate during the 
examination. For example, one cannot ask a 
neonate to take a deep breath or hold their breath. 
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does not consider the agreement that occurs as a result 
of chance. Reliability is most accurately measured 
with a  kappa statistic , which reports the degree of 
agreement between two observers that is  beyond what 
would be expected by chance alone . Kappa can range 
between −1 and +1, with higher values indicating 
better agreement [ 3 ]. A kappa > 0.75 represents excel-
lent agreement, a kappa of 0.40–0.75 represents good 
agreement, and a kappa < 0.40 represents poor agree-
ment between observations or observers. 

 Unfortunately, the subjective nature of much of 
neonatal imaging leads to inconsistent levels of both 
inter-rater and intra-rater reliability. Th e astute neona-
tologist must be aware that interpretation of radio-
logical studies can sometimes be inconsistent. For 
example, chest x-ray has been shown to be unreliable 
for diagnosis of both bronchopulmonary dysplasia 
and patent ductus arteriosus [ 4 ,  5 ]. Cranial ultrasound 
is reliable for high grades of intraventricular hemor-
rhage, but not reliable for low grades of intraventricu-
lar hemorrhage or periventricular leukomalacia [ 6 ]. 
Th e use of a standardized scoring system can oft en 
reduce the degree of disagreement. One study evalu-
ated the extent of agreement between three pediatric 
radiologists in diagnosis of necrotizing enterocolitis 
and found a kappa of only 0.31 (poor agreement) [ 7 ]. 
But, when radiologists used a standardized 10-point 
scale to report abnormal fi ndings suggestive of necro-
tizing enterocolitis, the inter-observer kappa value 
increased to 0.67 (good agreement) [ 8 ]. Similarly, in 
a study of the predictive value of neonatal MRI, two 
independent raters achieved 96% agreement when 
using a standardized scoring system [ 9 ]. Finally, no 
matter the kappa value, always consider whether the 
interpretation of a study is consistent with the clinical 
scenario. In other words, are the results valid?  

 Recent commentaries describe the dearth of evidence 
upon which to base most imaging decisions [ 1 ]. Th e 
lack of instructive literature is arguably an even larger 
defi ciency in newborn medicine than in adult medi-
cine. Unfortunately, very few imaging modalities have 
been subject to randomized trial evaluation to assess 
the value of imaging as a supplement to sound clinical 
assessment. Th e irrational drivers of increased imag-
ing and increased use of more sophisticated modalities 
include fears of liability and clinicians’ or patients’/
parents’ wishes to have the “best” and “latest” imag-
ing technology. In adult practice in Massachusetts, 
a survey indicated that more than 28% of diagnostic 
tests were performed for fear of litigation [ 2 ]. To use 
modern imaging technology effi  ciently and eff ectively, 
the clinician is advised to apply some fundamentals of 
clinical epidemiology. Below we provide a simple criti-
cal approach to assessing the potential value of  imaging 
technology in patient diagnosis and  management.  

 Reliability:   how reproducible 
are the results? 
 “Reliability” refers to the reproducibility or repeat-
ability of results. Th ere are two important types of 
reliability: intra-rater reliability and inter-rater reli-
ability. Intra-rater reliability is the reproducibility of 
interpretation of a diagnostic study  by one individual . 
In other words, it asks: “On a diff erent day, would the 
radiologist/fi lm reader give the same report?” Inter-
rater reliability refers to the repeatability of interpre-
tations  between individuals . Stated another way, this 
asks: “Would two diff erent radiologists give the same 
report on this diagnostic study?” 

 Reliability is commonly reported as a percentage 
agreement, a statistic which is easily calculated but 
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negative PV is the probability that a negative test result 
is a true negative and not a false negative. Th ese PVs 
depend on the population prevalence of the disease. 
When a disease is very rare, a positive test result may 
be more likely to be a false positive than a true positive. 

 To illustrate how   prevalence infl uences the PVs 
of a diagnostic test, we will examine a hypothetical 
situation. Let us suppose that a diagnostic test is 90% 
sensitive and 90% specifi c. If the disease has 1% popu-
lation prevalence in a population of 10,000 people, we 
can calculate the cells for the 2 × 2 table in  Box 2.1  as 
follows:  a  = 90;  b  = 990;  c  = 10;  d  = 8910. We can now 
calculate the positive PV:  a  / ( a  +  b ) = 8%. Now let us 
assume that the disease has a prevalence of 25% in 
the same population of 10,000 people. Th e cells in the 
2 × 2 table are:  a   = 2250;  b   = 750;  c   = 250;  d   = 6750. 
Using the same calculation, the positive PV increases 
to 75%. Th e positive PV tells the clinician the prob-
ability that a positive test result is the truth, and the 
positive test result is much more likely to be true when 
the population prevalence is higher. 

 Since sensitivity   and specifi city   are both important 
aspects of a diagnostic test, it is sometimes helpful 
to combine the two test characteristics.   Likelihood 
ratios combine sensitivity and specifi city to defi ne 
the chance that a patient will have (or will not have) a 
positive test result, before the test is even performed. 
In other words, patients with a disease should have a 
higher “likelihood” of having a positive test result than 
patients without the disease. A high positive  likelihood 
ratio (LR) means that the test has a high likelihood of 
being positive in patients with the disease, and a low 
LR means that the test does not discriminate well 
between people with and without a disease. Th e LR 
can be combined with the “pre-test probability,” which 
is the population prevalence of disease or the clini-
cian’s index of suspicion that the patient has the dis-
ease, to yield “post-test probability.” Th is is the chance 
that the patient actually has the disease if the test is 
positive. A simple nomogram ( Figure 2.1 ) allows one 
to estimate how much the diagnostic test improves 
diagnostic accuracy [ 10 ]. A  line drawn through the 
pre-test probability and the LR connects with the post-
test probability. Online calculators for the nomograms 
make this palatable for even the most number-phobic 
[ 11 ]! Ideally, before  any  test is used in clinical practice, 
these test characteristics should be established and 
understood by the bedside clinician. Only then can 
the results of the diagnostic test be applied optimally 
in a clinical scenario.  

  Validity:   how true are the results? 
 To have a high level of inter-rater reliability, two radi-
ologists do not have to be correct. Th ey only have to 
agree. Th erefore, the clinician needs to know that a 
test or study result is “accurate” or “valid.” Validity 
refers to how well the test measures what it is truly 
intended to measure. For example, when the radiolo-
gist says that a patient has (or does not have) necro-
tizing enterocolitis, one could ask: “How oft en is this 
assessment true?” 

 In diagnostic testing, validity has two components: 
sensitivity and specifi city (see  Box 2.1 ).  Sensitivity  is 
a measure of how well the test identifi es people with a 
disease. A test with high sensitivity will identify nearly 
all people with a disease, with very few false negatives. 
Th erefore, if the result of a highly sensitive test is nega-
tive, the disease is likely to be absent.  Specifi city  is a 
measure of how well the test identifi es people without 
the disease. A test with high specifi city will be negative 
in nearly all people without the disease, with very few 
false positives. Th erefore, if the result of a highly spe-
cifi c test is positive, the disease is likely to be present. 
Th e use of these two statistics can be recalled by the 
simple acronyms SPin (a test with a high specifi city 
rules  in  the diagnosis when the test is positive); and 
SNout (a    test with a high sensitivity rules  out  the diag-
nosis when the test is negative) [ 10 ]. 

 Box 2.1       Helpful formulas to calculate test 
characteristics

   
Disease present Disease absent

Test
positive

Positive predictive
value: a /(a + b)

Test
negative

Negative
predictive value:

c /(c + d)

Sensitivity:
a /(a + c)

Specificity:
d /(b + d)

Positive LR = sensitivity/(1 − specificity)

Negative LR = (1 − sensitivity)/specificity

a
True positive

c
False negative

d
True negative

b
False positive

    

 Insight into the clinical applicability of a test can be 
gained by combining the population prevalence of a 
disease and the sensitivity and specifi city of the test into 
predictive values (PVs) or likelihood ratios (LRs), as in 
 Box 2.1.  Th e positive PV is the probability that a positive 
test result is a true positive and not a false positive. Th e 
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ing any neurodevelopmental impairment. Th e tests 
appear to have nearly equivalent specifi city, but MRI 
is much more sensitive. Recall that a high sensitivity 
means that the test has very few false negatives. So, 
if an abnormality is not seen, the clinician can con-
fi dently “rule out” a poor outcome. Does the higher 
sensitivity provided by MRI mean that all preterm 
babies should receive an MRI? 

 Box 2.2        Using test characteristics to predict 
neurodevelopmental outcome     

   Pre-test probability:  What proportion 
of the population had any neurodevelop-
mental impairment at two years of age? 
(This is equal to the prevalence reported 
in the study.)  

  28%  

   Sensitivity of MRI:  Does a negative test 
result – the absence of moderate-to-
severe white matter abnormalities – rule 
out (predict absence of ) neurodevelop-
mental impairment with confi dence?  

  38%  

   Specifi city of MRI:  Does a positive test 
result – the presence of moderate-to-
severe white matter abnormalities – rule 
in (predict presence of ) neurodevelop-
mental impairment with confi dence?  

  89%  

   Positive/negative likelihood ratios  of 
MRI:  Calculate LRs from sensitivity and 
specifi city, using the formulas from  Box 2.1   

  +LR: 3.45 

 −LR: 0.70  

   Post-test probability, using MRI:  What 
is the probability that the patient will 
have neurodevelopmental impairment 
if the MRI has moderate-to-severe white 
matter abnormalities, given a prevalence 
(pre-test probability) of 28%? To obtain 
the answer, use the nomogram ( Figure 
2.1 ) to use LR and pre-test probability to 
determine post-test probability.  

  57%  

   Post-test probability, using ultrasound:  
 (Repeat the exercise with the ultrasound 
data.)  What is the post-test probability of 
neurodevelopmental impairment if the 
patient has Grade III or Grade IV intra-
ventricular hemorrhage or periventricu-
lar leukomalacia on cranial ultrasound? 
 (Sensitivity 11%, specifi city 95%)  

  46%  

 To answer this, we will assess by how much a positive 
MRI result changes the probability of a bad outcome. 
We start by obtaining a simple set of numbers from 
the Woodward paper: the sensitivity and specifi city of 
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  Reliability and validity in neonatal 
imaging:   an example 
 To illustrate how assessment of the test characteristics 
of an imaging study can facilitate clinical decision-
making, we examine the use of ultrasound and MRI 
for prediction of neurodevelopmental outcome in 
preterm infants. Woodward and colleagues compared 
the predictive validity of neonatal MRI and cranial 
ultrasound for prediction of neurodevelopmental 
outcomes at a corrected age of two years, using the 
standardized outcome measure of the Bayley Scales of 
Infant Development [ 9 ]. Inter-rater agreements were 
good for MRI (0.96). Unfortunately, inter-rater agree-
ments for ultrasound were not reported. Nonetheless, 
the authors reported that abnormalities on cranial 
ultrasound were 11% sensitive and 95% specifi c for 
any neurodevelopmental impairment. In comparison, 
moderate-to-severe white matter abnormalities on 
MRI were 38% sensitive and 89% specifi c for predict-

  Figure 2.1      Nomogram for calculating post-test probability. P(D|T) 
is the pre-test probability, or prevalence of disease.   P(T | D)

P(T | D)
   is the 

likelihood ratio, the ratio between the probability of a positive test 
when disease is present and the probability of a positive test when 
disease is absent. P(D) is the post-test probability of disease. A line 
drawn through the pre-test probability and the likelihood ratio 
intersects with the post-test probability of disease. Reproduced 
from Kirpalani, Mernagh, Gill, eds. “Imaging of the Newborn Baby”; 
1999 with permission from Churchill Livingstone.     
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 characteristics – the reliability and the validity – of 
any diagnostic test that is performed. By incorpo-
rating the prevalence of disease in the population, 
post-test probabilities allow the clinicians to apply 
specifi city and sensitivity in a practical manner. Th e 
clinician must also understand the limitations of 
diagnostic imaging, such as the limitations of brain 
MRI for prediction of neurodevelopmental impair-
ment. All new technologies should undergo a rigor-
ous and comprehensive evaluation before they are 
incorporated into routine practice [ 15 ]. Until a new 
diagnostic modality has been proven to be safe and 
accurate and to positively aff ect patient care, it should 
be considered experimental. As new technologies 
continue to be developed, neonatologists and radiolo-
gists will have to work together to establish the role of 
these technologies in clinical care. Ultimately, a team 
approach between the neonatologist and radiologist 
will allow for integration of clinical and radiological 
data and the optimal performance and interpretation 
of diagnostic studies.     

the MRI and the prevalence of neurodevelopmental 
impairment in the population [ 9 ]. We then use this 
information to calculate likelihood ratios and post-
test probabilities ( Box 2.2 ). So, if a preterm infant 
has moderate-to-severe white matter abnormalities 
on MRI, the infant has a 57% chance of having neuro-
developmental impairment. If the preterm infant has 
abnormalities on cranial ultrasound, the infant has a 
46% chance of having neurodevelopmental impair-
ment. Does MRI improve diagnostic accuracy enough 
that it should be a routine test? At the moment, we and 
other reviewers believe that this is not convincing evi-
dence that every preterm infant should have an MRI 
[ 12 ,  13 ,  14 ]. At the very least, the above exercise reveals 
that this is – at minimum – a debatable question.  

  Conclusions 
 In order to make an accurate diagnosis and explain 
results to patients and families, both the bedside 
clinician and the radiologist should understand the 
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 Since the signs and presentation of neonatal res-
piratory distress are similar despite the underlying 
disease process, clinical examination alone will not 
diff erentiate them. Hence taking a thorough clinical 
history is paramount. Key questions include: 
  •     gestational age;  
  •     timing of onset of signs, whether immediately 

post-natal or aft er an interval;  
  •     antenatal history to include amniotic fl uid volume 

(polyhydramnios or oligohydramnios) and 
anomaly screening;  

  •     maternal receipt of antenatal corticosteroids;  
  •     history of maternal infection including 

chorioamnionitis, presence of prolonged rupture 
of membranes, or post-natal sources of infection;  

  •     mode or diffi  culty with delivery (e.g. cesarean 
section predisposing to transient tachypnea of the 
newborn).   

Th e answers to these questions shape the clinicians’ 
diff erential diagnosis, or their “pre-test probability,” of 
a particular disease process being present (see  Chapter 
2 ). Th e CXR should then be examined for signs con-
sistent with each possible clinical diagnosis. However, 
the CXR fi ndings are oft en very similar for a range of 
diff ering diseases as described below.   

 Radiological tests of the lungs 
and airway 
 Th e plain fi lm of the chest remains the single most 
frequently requested radiological test in neonatology. 
It is used primarily to assess the state of the lungs, 
the size and shape of the heart, and the position of an 
endotracheal tube (ETT), chest drains, nasogastric 
(NG) tubes, and vascular lines. Positions of these in 
the thorax are discussed in detail in  Chapter 11 ; and 

 Physiology, presentations, 
and clinical signs 
 Several newborn lung diseases present very simi-
larly, whether in the preterm or the term infant. 
Varying combinations of tachypnea, apnea, nasal 
fl aring, expiratory grunting, sternal or costal retrac-
tions, and a supplemental oxygen need or cyanosis 
are manifestations of “respiratory distress.” In the 
preterm infant, this usually results from surfactant 
defi ciency which has come to be termed respira-
tory  distress syndrome (RDS). Historically, this same 
disease process has been referred to as hyaline mem-
brane disease (HMD) because of the histological 
appearance of the lung. 

 Th e newborn transition to extrauterine life is dom-
inated by the need to mobilize lung fl uid into the 
interstitial space and establish a functional residual 
capacity (FRC). A vivid illustration of mobilization of 
fetal lung fl uid in an animal model from Hooper  et al . 
[ 1 ] can be seen at  www.fasebj.org/ content/21/12/3329/
suppl/DC1 . Post-natally, the struggle to recruit and 
maintain FRC in the preterm infant continues because 
of the combination of poorly alveolarized lungs and 
surfactant defi ciency. To compound matters, both pre-
term and full-term infants have extremely compliant 
chest walls, which results in a tendency for the respira-
tory units to collapse at end-expiration. 

 Two other physiological features are relevant to 
the growth of the lung. First, the in utero lung is a 
secretory organ which contributes to the production 
of amniotic fl uid. If, however, the volume of amniotic 
fl uid is decreased, known as oligohydramnios, lung 
hypoplasia may result, likely from the altered pressure 
dynamics within the uterus. Second, the lung requires 
space to grow, and if there is restriction from space-
occupying lesions this also can impair growth. 

 Chapter  The chest    
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unnecessary radiation exposure to non-thoracic 
structures [ 3 ]. If, on a frequent basis, abdominal 
views of infants are contained in the “CXR,” 
discuss this with the radiology department in 
order to lower overall exposure to radiation doses.  

  6.     Some like to see an abdominal fi lm with the CXR 
(“babygram”), especially on the fi rst examination. 
Th is may help in ruling out abdominal causes 
of respiratory distress, and is oft en warranted 
to locate the position of lines and catheters. It 
may require caution to interpret lordotic views, 
however ( Figure 3.3 ).      

 Common technical problems 
 Th ese frequently cause interpretational problems. 
  1.     Films in expiration: these may be misinterpreted 

as showing a worsening in the clinical condition. 
For instance,  Figures 3.1A  (inspiratory) and  3.1B  
(expiratory).   

  2.     Rotated fi lms: one lung may be partially obscured 
and appear smaller.  Figure 3.2A  is normal and 
shows symmetry; although even here the clavicles 
can be seen to be slightly rotated.  Figure 3.2B , 
however, is markedly rotated and shows an 
asymmetric appearance of the ribs and clavicles.   

  3.     Lordotic fi lms: the cardiac apex appears elevated, 
giving the impression of right ventricular 
hypertrophy, as in  Figure 3.3 . A lordotic fi lm gives 
a false impression of where the tip of the ETT 
actually lies.    

their use in pinpointing anatomical landmarks in the 
cardiovascular system is discussed in  Chapter 4 . Th e 
CXR may need to be followed by further, more spe-
cifi c, investigations: for instance, if congenital heart 
disease or pulmonary hypertension is suspected, an 
echocardiogram will be necessary. Other less com-
monly used imaging modalities include computed 
tomography scans (CT scans) and magnetic resonance 
imaging (MRI) scans. Isotope scans may be used for 
ventilation/perfusion (V/Q) scans.   

 Technical considerations 
 Th e CXR requires a surprisingly high degree of skill to 
obtain consistently high quality images in the neonatal 
intensive care unit, as the technician has to consider 
the following: 
  1.     Minimization of radiation eff ective doses (usually 

measured as millisievert [mSv]; see also  Chapter 1 ).  
  2.     Patient motion (squirming).  
  3.     Respiratory motion – fast ventilator rate, or a 

tachypnea, may blur images.  
  4.     Th e constraints of working within a confi ned space 

upon a preterm infant with multiple lines and 
tubes.  

  5.     Frequently, although a CXR is requested, fi elds 
of “collimation” (how the image is centered) are 
derived from standard advice to focus the image 
at the nipple line (T6–7), with the collimated fi eld 
extending from the mastoid tip to just superior 
to the iliac crest [ 2 ]. Th is technique results in 

 Figure 3.1      Chest radiograph – eff ect of respiration in a patient with chronic lung disease. (A) Inspiratory radiograph; (B) expiratory 
radiograph. The expiratory fi lm may be misinterpreted as a worsening in clinical condition.    

A B
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enable the penetration to be quickly adjusted 
by the user. Th is is undoubtedly helpful, but, in 
making adjustments across fi lms, be careful to 
make fi lms truly comparable, for example by 
comparing the density of the vertebral bodies.      

 Systematic examination of the chest 
x-ray to assess normality 
 A systematic approach to describing the CXR is 
advised in order to avoid focusing on one area of a 
particular abnormality and thereby missing other fea-
tures. Th e following is one approach. 
  1.     Ensure you are assessing the correct x-ray on the 

correct infant.  
  2.     Assess the degree of pulmonary expansion, 

considering whether an adequate inspiratory fi lm 
was obtained ( Figure 3.1 ). It is considered that 
a posterior rib count of more than eight implies 
adequate fi lling of the lung (however, see below). 
Assess the diaphragm margins: ask “Are they 
displaced upwards from abdominal contents; are 
the angles blunted from fl uid?”  

  3.     Assess the pulmonary parenchyma. Ask “Is this 
aerated (black), or are there densities (white), 
and in what location are they? Are there areas 
of potential ‘over-aeration’ or pneumothorax? 
Are there densities compatible with fl uid 

  4.     Comparing technically light and dark fi lms (i.e. 
the penetration) in a sequence may lead to errors 
of misinterpretation. To assess penetration of 
the fi lm, look for the density of the spine and soft  
tissues ( Figure 3.4A ). In the “over-penetrated” 
fi lm, the arms “appear to disappear” (  Figure 3.4B ). 
New computerized storage and imaging systems 

 Figure 3.2      Chest radiograph – rotation: 50-day-old with a history of non-accidental injury whose pneumothorax has been drained with a 
left-sided chest tube. (A) Straight fi lm; (B) rotated fi lm to the right. Note the appearance of the right clavicle and ribs when compared to the 
left. The posterior ribs demonstrate an elongated appearance on the side to which rotation occurs. In clinical practice “rotated” radiographs 
may be used to better assess the ribs. The arrowheads denote the multiple rib fractures. The arrows indicate the ossifi cation centers for the 
sternum, which become more conspicuous when rotating the patient, and can sometimes be mistaken for nodular lung lesions.    

A B

 Figure 3.3      Chest radiograph – lordotic fi lm. In clinical practice this 
typically occurs when obtaining “babygrams,” as the x-ray beam is 
centered on the upper abdomen and not over the chest. The lordotic 
radiograph is identifi ed by the horizontal position of the posterior 
aspects of the ribs. It also accentuates the vascular markings, 
particularly in the upper lobes. Note that the anterior portions of the 
fi rst three ribs (arrowheads) project above their posterior portions.    
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assessment of the  cardiothoracic (C/T) ratio  
requires a good fi lm. Th e normal upper limit 
is oft en cited as a C/T ratio of less than 55% for 
appropriate-for-gestational-age infants [ 4 ], and less 
than 60% for small-for-gestational-age infants [ 5 ].  

  6.     Assess the pulmonary vessels, which are usually 
indistinct (see  Chapter 4  on cardiac disease).  

  7.     Finally assess tubes, lines, and the bones.      

 The abnormal chest x-ray 
 A density on the CXR is a non-specifi c sign. It repre-
sents replacement of the normal airway and alveoli 
with some abnormal material. One cannot distinguish 
aspirated fl uid, pulmonary hemorrhage, pulmonary 
infection, or pulmonary edema on a CXR. For exam-
ple, a “white-out” pattern of severe RDS is oft en seen 
on the initial fi lm, which can be radiologically indis-
tinguishable from the CXR “white-out” pattern of 
severe, or massive pulmonary hemorrhage. However, 
in the latter, an infant whose clinical history and pres-
entation has deteriorated, with bloody fl uid coming up 
the endotracheal tube and perhaps with clinical signs 
of a patent ductus arteriosus (PDA), is more likely to 
have had a pulmonary hemorrhage. Th e correct inter-
pretation of the diff erential of a CXR “white-out” will 
depend upon the timing of the clinical features.   

 Scoring systems 
 Several scoring systems to gauge severity of lung dis-
ease in newborns are available. Th ese include scores for 
acute disease such as RDS [ 6 ]; and several are available 
for the changes of bronchopulmonary dysplasia (BPD) 

accumulations – are the costophrenic angles 
visible and sharp?” Pulmonary fi ssures are 
seen infrequently – we therefore refer to lung 
“zones” rather than lung “lobes” – admittedly, 
this nomenclature is not universal. If the fi ssures 
are seen, consider underlying pathophysiology 
such as retained lung fl uid indicative of transient 
tachypnea of the newborn (TTN). Major bronchi 
may be seen in the perihilar region, especially 
through the heart; this is a normal fi nding and 
should not be confused with the peripheral air 
bronchogram of RDS.   

  4.     Assess the heart and thymus: in the newborn 
these lie together to form a prominent feature, 
but over the fi rst 24 hours of post-natal life the 
thymus usually “involutes,” especially with stress. 
 Figure 3.5A  shows a baby with minimal interstitial 
markings and a large mediastinum. On follow-up 
with an interval of two days ( Figure 3.5B ), this has 
involuted. Oft en in infants with birth weight < 750 g, 
the thymus is much smaller and may not be seen 
even on the initial CXR ( Figure 3.5C ).  

  5.     Interpreting the heart size is diffi  cult when there is 
rotation or varying degrees of expiration. Positive 
pressure applied to the infant’s chest may aff ect 
the heart size. Th is applies whether this positive 
pressure ventilation is applied non-invasively, 
with a continuous positive airways distending 
pressure (CPAP) or nasal intermittent positive 
airways pressure ventilation (NIPPV); or via an 
endotracheal tube, leading to an intermittent 
positive pressure ventilation (IPPV) or a high 
frequency oscillation (HFO) pressure. Th erefore, 

 Figure 3.4      Comparison of (A) “light” (underexposed) and (B) “dark” (overexposed) fi lms. With current digital technology, the necessity 
of repeating x-rays due to errors in over- or underexposure has been signifi cantly reduced by allowing manipulation and post-processing 
of the images.    

A B
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interaction with the newborn’s own respiratory system. 
Th e parameters likely to interact with the infant’s 
degree of lung distension are, fi rst, on conventional 
ventilation, those that dictate air-trapping or impedi-
ment to a full expiration (the respiratory rate, and the 
inspiratory time : expiratory time ratio); and, second, 
those that aff ect the transmission of pressure through 
the thorax (on conventional ventilation the peak 
inspiratory pressure or tidal volume and the positive 
end expiratory pressure, PEEP; or, on high frequency 
oscillation, the mean airway pressure). Optimally, the 
lung is open enough (or recruited enough) to avoid 
near collapse at end expiration, but not over-infl ated 
implying air-trapping or baro-trauma. Over-infl ation 
also tends to reduce cardiac output by preventing 
venous drainage into the thorax. Currently, clinical 
observation of the degree of respiratory excursions, 

– such as those of Weinstein  et al . [ 7 ]. Th ere are also 
scores for quantifying the CT appearances of chronic 
disease [ 8 ,  9 ]. When using CT, reduced dose images 
should be employed wherever possible [ 10 ] (see also 
 Chapter 1 ). As discussed in  Chapter 2 , use of scoring 
systems may reduce variability in reporting. However, 
in practice these formal scoring systems are not cur-
rently widely used, except in research protocols. Th e 
beginner may fi nd that they provide some initial struc-
ture to be superseded by clinical experience.   

 Using CXRs as a guide to setting lung 
volumes on the ventilator 
 It is obvious that when a baby is on a mechanical venti-
lator, the degree of lung distension, or opening, largely 
refl ects the chosen ventilator parameters and their 

 Figure 3.5      Chest radiographs showing an expected involution of 
the thymus. A prominent thymus (A) usually becomes less apparent 
over 24 hours (B). In infants < 750 g (C), the thymus may not be as 
conspicuous as in term infants. The thymus may normally regress as 
a response to stress.    

A B
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 Although methods to measure volumes from CXR 
were described as early as 1992 [ 11 ], this is not com-
monly done. In the future more formal measures 
of lung volume may become standard as computer-
assisted lung volume derivation from CXR images 
is fast, reproducible, and has low inter-observer 
 variation [ 12 ]. 

 Th ere are some situations where clinicians are 
keen to gauge the degree of lung distension from 
the CXR, as illustrated by clinical examples in
  Figures 3.6 – 3.10 .  

 In the setting of any large abdominal mass creating 
abdominal distension, as in the example of polycystic 
kidney in  Figure 3.6   , there are two distinct pathologies 
that may have detrimental eff ects on lung distension: 
(1) abdominal “competition” from the renal masses; 
and (2) pulmonary hypoplasia from oligohydram-
nios secondary to poor fetal urine output. Polycystic 

coupled with inspection of the CXR for the degree of 
lung fi lling as refl ected by diaphragmatic depth, is the 
most frequently used clinical approach. Th is aims to 
assess the balance between an over- and an under-dis-
tension. Th e question asked clinically is “How well are 
the lungs infl ated and is cardiac venous return being 
compromised by a “narrow small heart?” Th e appear-
ance of a small heart may signify the transmission of 
excess positive pressure across the lung. 

 Diaphragmatic depth is considered as “good” if 
8–10 posterior ribs are seen above the diaphragm. 
However, it is important not to rely only on “rib count-
ing.” A CXR indicating 9 rib expansion may be over- or 
under-infl ated. One must consider other indicators 
such as the appearance of the parenchyma, heart size, 
and shape of the diaphragm. Lungs may appear small 
if pulmonary recruitment is impaired by “abdominal 
competition” – or infra-diaphragmatic pressure. 

 Figure 3.6      Autosomal recessive polycystic kidney disease (ARPKD) in a 22-day-old. In this case, two pathologies worsen lung opening: 
there is an abdominal competition from the mass eff ect exerted by the enlarged kidneys, and there is a pulmonary hypoplasia from the 
intrauterine oligohydramnios. The plain fi lm shows severe abdominal distension with evidence of a small chest, the result of pulmonary 
hypoplasia. There is bulging of the bilateral fl anks related to the enlarged kidneys. The US images (B) and (C) illustrate the typically enlarged 
kidneys with innumerable, relatively uniform small cysts consistent with ARPKD. Note the relative size of the right kidney (arrows) when 
compared to the liver (L) in (B). The enlarged polycystic right kidney is delineated by calipers in (C).    
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excursion. Finally,  Figure 3.9  shows an infant with 
megacystis micro colon, again showing a major upward 
 displacement of the diaphragm.   

 Th e sequence in  Figure 3.10  illustrates some of 
the trade-off s between lung recruitment and over-
distension. Th ese images are of a former 23-week-
premature infant with severe chronic lung disease. 
She developed increased work of breathing and CO 2  
retention. Th e accompanying CXR shows rapid 
changes from a normal lung volume ( Figure 3.10A ), 
to a  dramatic over-distension ( Figure 3.10B ). Aft er 
changing the endotracheal tube, deep suctioning, and 
a change in ventilator strategy that resulted in a drop 
in her mean airway pressure, her CXR returned to its 
baseline appearance ( Figure 3.10C ). Her clinical and 

kidney disease is discussed in detail in  Chapter 8 . 
Rarely, considerations of unilateral nephrectomy may 
be raised [ 13 ]. 

  Figure 3.7  shows another case where abdomi-
nal competition complicates a pulmonary hypoplasia. 
Here an infant with severe oligohydramnios was born 
with contractures, and also with a cloacal malforma-
tion and ambiguous genitalia. Over the fi rst day of life, 
increasing ventilator requirements led to demise with 
an increasing pneumomediastinum.  

  Figure 3.8  shows another abdominal problem aris-
ing from severe NEC and the associated distended 
bowel and disseminated sepsis. In this infant, the 
lung shows both parenchymal disease and abdomi-
nal competition (distension) limiting diaphragm 

 Figure 3.7      A newborn infant with 
prenatal history of cloacal malformation, 
ambiguous genitalia, and anhydramnios. 
The x-ray (A) shows small, hypoplastic 
lungs resulting in a bell-shaped thorax. The 
abdomen is distended by a large soft tissue 
mass, occupying the lower abdomen and 
pelvis. Multiple calcifi c densities (arrows) 
are noted in the bilateral fl anks, which on 
subsequent autopsy represented multiple 
intraluminal colonic calcifi ed meconium 
pellets. On US and physical examination, a 
persistent cloaca with a common perineal 
opening for the genital and gastrointestinal 
tracts was found. Sagittal US (B, C) images 
show a dilated, duplex vagina (V) fi lled with 
urine and debris, which was confi rmed 
on subsequent autopsy. BLD denotes the 
bladder. (D) The kidneys (arrowheads) 
are small and echogenic with poor 
corticomedullary diff erentiation. The patient 
was maintained on a ventilator and required 
escalating ventilator pressures. Subsequent 
frontal (E) and cross-table (F) view x-rays 
re-demonstrate the low lung volumes 
and increasing pneumomediastinum 
(arrowheads). Note how the thymus 
(asterisks) is uplifted and outlined by the 
surrounding air. The baby expired in the 
evening of day 1 of life after withdrawal of 
care, with the cause of death ascribed to 
pulmonary hypoplasia.    
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radiological changes likely represented air-trapping 
(or “ball-valving”) from both a mechanical obstruc-
tion to the endotracheal tube and airway, and the 
inadequate expiratory time allowed on the ventilator. 
CT scanning demonstrated tracheobronchomalacia, 
which substantiated this view; see  Figure 3.10D – F . 
Other features of chronic lung disease evident on these 
images are discussed below.    

 Cardiopulmonary interactions     
 Changes in heart size may refl ect real changes in 
cardiovascular disease as opposed to refl ecting 
 ventilator-induced changes in intrathoracic pressure. 
In the example shown in  Figure 3.11 , an infant with 
esophageal atresia suff ered from a combination of sig-
nifi cant gastroesophageal refl ux and a narrow airway. 
Th e patient developed a gradual increase in the size 
of the cardiac silhouette, refl ecting evolving cor pul-
monale. Once intubated and provided with adequate 
respiratory support, the cardiac silhouette gradually 
decreased in size ( Figure 3.11A – C ). 

 Heart disease may also be signifi cant enough to 
impair accurate evaluation of lung size.  Figure 3.12  
shows a patient with Ebstein’s anomaly who was ini-
tially thought to have lethal pulmonary hypoplasia. Th e 

 Figure 3.9      Newborn with megacystis-microcolon-intestinal 
hypoperistalsis syndrome. The microcolon (arrows) is outlined 
by barium. The bladder was markedly distended on clinical 
examination, and subsequently drained. The diaphragms are 
disturbingly elevated and result in extremely low lung volumes.    

 Figure 3.8      Ex-25-week-premature, 5-week-old infant with perforated necrotizing enterocolitis. Frontal (A) and cross-table (B) views show 
severely air-distended bowel loops, pneumatosis, portal venous gas (better appreciated on B), and free air (arrowheads). The lung volumes 
are diminished, and the parenchyma shows diff use opacifi cation with air bronchograms. The severe abdominal distension resulted in 
elevation of the diaphragm, abdominal competition, and diffi  cult ventilation. Post-surgical x-ray (C) reveals a signifi cant improvement in lung 
volumes. There has been interval decompression of bowel loops and resolution of the previously noted free air and pneumatosis post bowel 
resection. However, the bowel gas pattern remains abnormal, and the imaged air-distended loops are featureless.    
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 Figure 3.10      Ex-23-week-premature infant with severe chronic lung disease. These three sequential images (A–C) show heterogeneous 
aeration, and patchy airspace opacities consistent with areas of subsegmental atelectasis. The aerated lung parenchyma demonstrates 
coarse lung markings and intervening cystic lucencies. Initial fi lm (A) taken at a time when the infant was comfortable; following fi lm (B) 
taken days later, during episodes of hypercarbia and restlessness, shows a marked over-distension with regional air-trapping and cystic 
changes in the lower lung fi elds. The previously noted right upper lung fi eld’s atelectatic changes are no longer seen. Upon adjusting 
the ventilator settings and changing the endotracheal tube, there was marked improvement in the patient’s clinical condition, and the 
radiograph returned to baseline, as demonstrated on fi lm (C). The axial unenhanced, inspiratory low-dose CT image (D) and enhanced 
expiratory low-dose CT image (E) show the fi ndings of chronic lung disease and tracheobronchomalacia more clearly. Note the change 
in caliber of the right upper lobe bronchus (arrows) between the inspiratory (D) and the expiratory (E) images. Air-trapping is noted 
anteriorly within the imaged right upper lobe. The aerated lung parenchyma demonstrates architectural distortion with fi brotic subpleural 
parenchymal bands (arrowheads). Diff use coarse reticular opacities are noted in the left lung on image (D). Areas of subsegmental atelectasis 
are noted predominantly in posterior and perihilar locations. Note the larger size of the main pulmonary artery (MPA) with respect to 
ascending (AA) and descending aorta (DA), a fi nding concerning for pulmonary hypertension. (F) Coronal minimum intensity projection 
obtained by post-processing from the enhanced, expiratory CT study better depicts the same fi ndings as in (D) and (E), and helps to 
delineate the extent of architectural distortion relative to the atelectatic changes; the latter may potentially be recruited subsequently. The 
irregular contours of the airway are presumably related to tracheobronchomalacia.    
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 Figure 3.11      An eight-month-old infant born with esophageal atresia. (A) The initial radiograph demonstrates an enlarged 
cardiomediastinal silhouette and mild changes of chronic lung disease. Note narrowing of the central airway (arrowheads). Radiographs 
obtained following intubation (B) and 10 days later (C) show the gradual decrease in cardiomegaly. Subsegmental right upper lobe 
atelectasis is noted on (C).    
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 Figure 3.12      Infant with Ebstein’s anomaly 
born at 36 weeks of gestation. Coronal 
T2-weighted fetal MRI image (A) and four-
chamber fetal US image (B) show signifi cant 
cardiomegaly, mainly on account of the 
right atrium (RA). The lungs appear mildly 
hypoplastic (arrowheads). RV: right ventricle; 
LV: left ventricle; LA: left atrium; H: heart. 
(C) Post-natal frontal view of the chest and 
abdomen reveals massive cardiomegaly. 
There are low lung volumes, and the thorax 
appears relatively small. Note malpositioned 
umbilical venous line with its tip (arrowhead) 
overlying the expected course of the left 
superior pulmonary vein after crossing from 
the right atrium into the left atrium via the 
foramen ovale. (D) Subsequent radiograph 
reveals signifi cantly improved right lung 
aeration with only mild residual right apical 
atelectasis. The left lung now demonstrates 
complete atelectasis. (E) Coronal minimum 
intensity projection CT image reveals 
extensive changes of chronic lung disease 
including areas of subsegmental atelectasis 
particularly in both mid-lung fi elds. In 
addition, new   pulmonary interstitial 
emphysema (PIE) (arrowheads) was 
appreciated in the upper lobes. (F) Frontal 
chest radiograph reveals extensive PIE, which 
worsened over the course of the days. (G) 
Following successful extubation, only a 
small portion of the left upper lobe appears 
unaerated, which on subsequent sagittal US 
image of the chest (H) showed a prominent 
thymus, likely refl ecting expected rebound 
thymic hyperplasia related to medical 
improvement. The arrowheads indicate the 
ribs. H: heart; T: thymus.    
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surfactant defi ciency will benefi t from therapy with 
exogenous surfactant, although evidence of its use 
in secondary surfactant defi ciency is less compelling.  

 Chest x-ray appearances 
 Th e three characteristic radiographic features of RDS 
are: 
  1.     low volume lungs;  
  2.     air bronchograms;  
  3.     fi ne granular lung pattern.   
Th ese are progressive but may be altered by ventilation 
strategy or surfactant therapy. Mild disease is seen 
as a diff use, linear, granular pattern which is usually 
uniform. Th e term “ground glass” is oft en used to 
describe the appearance of this and moderate disease. 
Moderate disease shows the appearance of peripheral 
air bronchograms (i.e. not behind the cardiac shadow 
which is a normal variant), with the cardiac border 
blurred. In severe disease, the lung fi elds are com-
pletely opaque and indistinguishable from the cardiac 
shadow. Lung volume is not a very specifi c radio-
logical sign, and alters with degree of positive pressure 
ventilation, as described above.   

 Primary surfactant defi ciency 
 Antenatal corticosteroids administered to a mother 
with impending preterm delivery ameliorate the 
severity of RDS in her preterm infant (and also reduce 
the frequency of intraventricular hemorrhage [IVH] 
and necrotizing enterocolitis). However, if RDS has 
not been prevented, post-natal surfactant therapy or 
lung recruitment via CPAP – or both – are the stand-
ard treatments of choice in RDS.  Figure 3.13  illus-
trates a typical sequence of fi lms before and aft er 
surfactant. Th e initial poor aeration is rapidly followed 

initial in utero scanning confi rmed a  cardiomegaly; 
following delivery, this infant received intubation, 
surfactant, ventilation, followed by prostaglandin and 
nitric oxide. Post-natal images  3.12C – D  show the 
dilemma faced aft er delivery. However, over time as 
her cardiovascular status improved, so did her pul-
monary status. Her later CT scan confi rms, however, 
that she developed major heterogeneity from BPD, 
secondary to her long ventilation.   

 Respiratory distress syndrome (RDS) 
 Clinical signs of respiratory distress are expiratory 
grunting, use of accessory muscles, in-drawing, and 
tachypnea (> 60 breaths per minute). Cyanosis indi-
cates hypoxemia which is likely of pulmonary origin 
if the other signs of respiratory distress are present. 
Th e infant may require varying degrees of respiratory 
support including oxygen, CPAP, and intermittent 
positive pressure ventilation (IPPV). Th e clinical signs 
are non-specifi c, and a correct diagnosis depends pri-
marily on the clinical history. Th e CXR appearance 
may help rule out some conditions, as well as provide 
information regarding ETT position, presence of air 
leaks, lung volume recruitment, response to therapy, 
and signs of possible cardiac disorders. Primary sur-
factant defi ciency occurs most commonly in prema-
turity (especially at less than 34 weeks gestational 
age), but may occur in older infants especially if they 
are born to a mother with diabetes. Surfactant defi -
ciency may also occur following other pathology such 
as asphyxia, meconium aspiration, or infection. In 
such instances the surfactant disorder is oft en a con-
sequence of impaired surfactant function rather than 
production. Rarely genetic disorders of surfactant 
production may be found. Th e x-ray appearances are 
oft en indistinguishable. Both primary and secondary 

 Figure 3.13      Two fi lms in an infant 
with   RDS taken one day apart. Note the 
typical “ground glass” appearance in A, 
with low lung volumes and peripheral air 
bronchograms. Note that “air bronchograms” 
seen behind the cardiac silhouette are not 
infrequently seen in normal patients with 
mild retro-cardiac subsegmental dependent 
atelectasis. In this case the bronchograms 
extend distally throughout the lung. (B) 
The second image is taken after surfactant 
therapy, and this shows a marked clearing 
of lung fi elds with better recruitment of 
lung segments. This change can occur very 
quickly, mandating vigilance at the bedside 
to avoid over-ventilation and iatrogenic air 
leaks.    
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 Figure 3.14      An example of RDS with granular pattern and air 
bronchograms. The endotracheal tube (ETT) tip is in an adequate 
position (arrow). Umbilical arterial line (UAL) tip projects over mid-
lower thoracic aorta (arrowhead). A feeding tube is noted coursing 
along the esophagus with its distal end off  the fi eld of view.    

 Figure 3. 15      Asymmetric surfactant injection. (A) Frontal chest radiograph shows a clear left lung and a diff usely opacifi ed right lung, with 
diff use granularity and ground glass attenuation. This was the result of asymmetric injection of surfactant due to accidental prior left lung 
intubation (image not shown). This is not the usual side to be too deeply intubated; owing to the angle of the mainstem bronchi as they 
arise from the carina, this is usually found on the right. (B) Example of endotracheal tube placed with its distal tip in the right main bronchus, 
aerating the right lung only (arrow) in another infant. The left lung is totally collapsed.    

A B

by enhanced lung opening.  Figure 3.14  shows another 
example of RDS with easily visible  bronchograms.   

 Care must be taken when using surfactant to avoid 
iatrogenic complications, as illustrated in  Figure 3.15 , 
where surfactant was administered primarily to the 
left  lung as a consequence of deep endotracheal tube 
position, and this lung has cleared. Th e other common 
complication of surfactant therapy is a pneumothorax. 
Th is results from a rapid change in the lung compli-
ance which may not be quickly accompanied by a fall 
in ventilator pressures.  

 Finally in this category, several genetic mutations 
with congenital surfactant defi ciency have been docu-
mented. Since surfactant is a complex moiety consist-
ing of lipid fractions and four surfactant-associated 

proteins (A, B, C, D), with associated transporters 
(e.g. ABCA3 transporter), there is plenty of scope for 
genetic defects. Many are described [ 14 ], and share 
similar clinical features. Two clues to this diagnosis 
are a family history of recurrent neonatal lung disease, 
and consanguinity. Th e two main presentations are: 
either an insidious deterioration where the infant has 
a degree of respiratory disease out of proportion to the 
infant’s risk factors such as gestational age, progressing 
inexorably to an apparent chronic lung disease; or a 
more dramatic early severe presentation of respira-
tory failure with supervening pulmonary hypertension 
[ 14 ].  Figure 3.16  shows four separate examples, and 
the variation in radiological pattern can be seen (see 
fi gure caption). On top of patterns of initial RDS, over 
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  1.     Hypoxia or shock/under-perfusion: from any cause 
will exacerbate surfactant defi ciency; oft en this may 
be part of an aspiration syndrome (see below).  

  2.     Infections: clinically and radiologically, these 
are mostly impossible to distinguish from 
surfactant defi ciency. It is usual to treat cases with 
antibiotics for 48 hours until cultures are negative. 
Radiology may show areas of consolidation 
and/or streakiness. In particular, group B 
streptococcal (GBS) disease is a great mimic of 
surfactant defi ciency; see  Figure 3.17 . See also 
 Figure 3.41A – D , illustrating the broad range of 
possible appearances.  

time chronic lung changes from baro-volu-trauma 
are superimposed – as in  Figure 3.16C  where PIE has 
developed. Two of these examples concern a Surfactant 
Protein B (SP-B) defi ciency, which shows that even 
disease stemming from a single mutation exhibits con-
siderable variability in radiological appearance.    

 “Secondary RDS” 
 Especially in infants of over 37 weeks’ gestation, con-
sider other causes of RDS than prematurity. Th ese are 
where initial surfactant suffi  ciency becomes inade-
quate, resulting in a “secondary” surfactant defi ciency. 

 Figure 3.16      Examples of congenital surfactant defi ciency. These show some characteristic fi lms but with variable appearanes. Film (A) 
shows SP-C defi ciency; (B) shows SP-B defi ciency; (C) shows another infant with SP-B defi ciency, and fi nally (D) shows an infant with defects 
of ABCA3 transporter. These fi lms were provided by Dr. A. Hamvas (Washington University and St. Louis Children’s Hospital). (A) The lungs are 
hyperinfl ated and the diaphragms appear fl attened. Both lungs demonstrate diff use, homogeneous haziness and ground glass opacifi cation. 
(B) The lungs in this infant are hyperinfl ated and demonstrate extensive bilateral upper lobe pulmonary interstitial emphysema (PIE) over a 
background of diff use hazy opacifi cation. (C) The lungs appear hyperexpanded and there is diff use haziness and granularity throughout both 
lungs, with air bronchograms. A component of mild pulmonary interstitial emphysema is suspected in the left perihilar region. (D) Frontal 
chest radiograph shows diff use hazy granular pulmonary opacifi cation.    
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in addition cardiac enlargement is frequent. IDM 
babies may have a primary surfactant insuffi  ciency 
with clinical manifestations very similar to RDS 
in the preterm baby. Cardiomegaly results from 
excessive insulin secretion in the fetus, where 
insulin is an important intrauterine growth 
hormone, and causes hypertrophic obstructive 
cardiomyopathy (HOCM), visible by 2D echo. It 
may result in severe illness, but usually resolves 
spontaneously.  Figure 3.19  shows the CXR of an 
infant with IDM disease.        

 Transient tachypnea of the 
newborn (TTN) 
 Th is results from a failure of transition of the fetal lung 
to ex utero life. It is usually seen in those infants born 
by cesarean section to non-laboring mothers, but can 
also occur following vaginal delivery. Delivery prior 
to labor prevents the normal catecholamine-induced 
reversal of a fl uid-secreting lung to a fl uid-absorbing 
lung. Th e clinical pattern makes this a diff erential 
diagnosis for RDS.  

 Clinical presentation 
 Most infants have minimal to moderate respiratory 
distress with only modest requirements for therapy. 
Two complications may be seen. If infants are allowed 
to become hypoxemic they may develop a secondary 
PPHN; some infants may develop a secondary sur-
factant defi ciency. Th e process is self-limited in the 
majority of infants, who absorb the excess lung fl uid 
within 48 hours following birth.   

 Classic CXR appearance 
 Th e CXR shows mildly over-expanded hazy lungs, 
with prominent fi ssures, and occasionally pleural eff u-
sions. GBS or other infections or aspiration or sur-
factant defi ciency cannot be confi dently radio logically 
diff erentiated. Th ese usually resolve over hours to 
days, perhaps with respiratory support. See  Figure 
3.20A – B .     

 Air leak syndromes 
 Th is covers the range of possible lung ruptures or 
pneumothorax presentations. Th ese are oft en associ-
ated with mechanical ventilation. All air leaks are 
considered a “baro-volu-trauma” to the lung, and are 
risk factors in developing chronic lung disease or BPD.  

   While GBS is oft en considered as having two 
distinct presentations, an “early” respiratory 
and a “late” neurological form with meningitis, 
they oft en coincide. Other infections relevant to 
surfactant defi ciency include respiratory syncitial 
virus (RSV). Th is interferes with surfactant 
metabolism, and there are convincing reports of 
benefi t from surfactant therapy.  Figure 3.18A – I , 
however, shows a case where surfactant therapy 
was delayed aft er a diagnosis of worsening 
chronic lung disease complicated by RSV, and 
was ultimately unsuccessful in keeping the 
infant from requiring extracorporeal membrane 
oxygenation (ECMO).  Film 3.18I , at discharge, 
shows that the baby’s lungs were still abnormal, 
but oxygenation was satisfactory on nasal 
cannulae fl ow.   

  3.     Aspiration syndromes: during intrauterine stress 
with asphyxia, the evolving acidosis will stimulate 
the fetus to breathe vigorously before being 
delivered, and this may result in aspiration of 
particulate meconium. Th e resulting pneumonitis 
results in surfactant inactivation, contributing to 
respiratory failure. See  Figure 3.50 .  

  4.     Infant of a diabetic mother (IDM): infants of 
diabetic mothers may have RDS even at term, and 

 Figure 3.17      Patient with GBS infection. There are low lung 
volumes with areas of consolidation including air bronchograms, 
more pronounced at the left lung base. Infection with GBS shows 
diff use, increased interstitial markings and diff use granularity. The 
granularity associated with this raises a diff erential diagnosis of RDS. 
However, the right-sided pleural eff usion (arrow) favors infection, as 
eff usions are uncommon with simple surfactant defi ciency.    
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 Figure 3.18      A 3-month-old, ex-27-weeker with chronic lung disease and RSV infection with respiratory failure. (A) Frontal chest radiograph 
shows bilateral parahilar peribronchial infi ltrates and streaky and patchy areas of multifocal subsegmental atelectasis most pronounced 
in the right upper lobe and left mid-lung fi eld. The remainder of the lungs show interspersed areas of hyperinfl ation and a background 
of slightly coarsened lung markings. The lungs appear more hyperinfl ated in (B), and there has been interval re-expansion of portions 
of the atelectatic changes. The parahilar, peribronchial infi ltrates, as well as the coarsened interstitium are now more conspicuous. (C) 
Multifocal areas of shifting atelectasis were noted in the subsequent examinations, with the exception of the more persistent right upper 
lobe atelectasis. (D) On the following study, further hyperinfl ation of the lungs is noted with severe chronic interstitial changes. The area 
of chronic atelectasis in left paravertebral location (arrowheads) became more conspicuous in this examination. The right upper lobe 
atelectasis has signifi cantly improved in the interim. A new rounded lucency (arrows) is noted in the substernal region, which likely refl ects 
a loculated and distended air bleb within the left upper lobe, as no pneumomediastinum could be appreciated on the cross-table view 
(E). (F) New left lower atelectasis developed in the interim. Note the relative position of the left hemidiaphragm when compared to (D). 
Compensatory hyperinfl ation of the right lung is appreciated including herniation (arrowheads) of a portion of the hyperinfl ated right lung 
into the left hemithorax. On the subsequent examination (G), obtained only four hours later, complete left lung atelectasis is appreciated 
and the compensatory right lung hyperinfl ation as well as the right lung herniation becomes more conspicuous; the last of these resulting 
in moderate mediastinal shift to the left side, which ultimately made diffi  cult ECMO cannulation. (H) Note the tip (arrowhead) of the ECMO 
cannula (arrow) projects within the right atrium and not within the expected suprahepatic inferior vena cava (IVC) location. (I) Image 
obtained prior to discharge; note persistent areas of atelectasis in the right upper lobe, left mid-upper lung fi eld and left paravertebral 
location. The lung interstitium remains mildly coarsened, consistent with history of chronic lung disease.    
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with pulmonary hypoplasia, as in neonates with renal 
agenesis, are at a higher risk. In the delivery room, 
pneumothorax is one possible reason why a newborn 
may not respond to resuscitation. Consider emer-
gency drainage if everything appropriate has been 
done (ask “Is the endotracheal tube in the right place? 
Is the infant receiving chest compressions correctly?” 
etc.) Air leaks later may complicate RDS, aspiration 
syndromes or mechanical ventilation. Outside of the 
delivery room, there may be a sudden respiratory dis-
tress plus decreased chest wall movement; or a sudden 
increase in ventilator requirements. Decreased air 
entry on the aff ected side may be diffi  cult to detect 
in very small infants. If large air leaks are present, 
cardiovascular collapse may be profound, requiring 
volume and inotrope support. Th is collapse implies 

 Clinical presentation 
 Air leak syndromes are generally recognized by a fail-
ure to ventilate and poor chest movements. Th ey can 
result in complete cardiovascular collapse if enough 
air collects that a mediastinal shift  and cardiac com-
pression occurs. A variant known as necrotizing 
tracheo-bronchitis presents with a tracheal block syn-
drome, and a triad of a rising profound hypercarbia 
with an inability to move the chest despite very high 
ventilatory pressures, and severe air leaks. Rigid bron-
choscopy with removal of necrotic airway tissue and 
mucous hypersecretions can be life saving, as can be 
saline instillation, immediately followed by vigorous 
hand-bagging and suction. 

 “Spontaneous” pneumothorax can occur with an 
infant’s fi rst breath, or during resuscitation. Babies 

 Figure 3.19      Infant of a diabetic mother showing mild cardiomegaly. 
Note the prominence of the subcutaneous soft tissues. However 
there is also a clear appearance of streaky lungs and air bronchograms 
consistent with RDS.    

 Figure 3.20      (A) Granularity is seen in both lungs with a diff erential diagnosis of RDS, TTN, infection, or patent ductus arteriosus. Here the 
appearance is more “hazy” than “granular”, and the fl uid in the fi ssure (arrowhead) as well as the small right pleural eff usion (arrow shows the 
blunting of the costophrenic angle) are a contributory feature to the x-ray diagnosis. (B) One day later, without any specifi c treatment, there 
has been clearing of the lungs.    
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fi lm may help to defi ne the position of draining chest 
tubes and may assist in avoiding “shish kebab” lungs or 
lung perforation. Note that, as in  Film 3.22D , very sick 
or stiff  lungs may not collapse despite free air. Other 
examples of pneumothorax or pneumomediastinum 
follow in  Figures 3.23 – 3.30 .             

mediastinal shift  and is referred to as a tension pneu-
mothorax. In dramatic deteriorations, needle aspi-
ration, sometimes preceded by illumination of the 
chest for a large leak, is advisable without awaiting a 
CXR – especially in the delivery room. If small, pneu-
mothoraces may not need drainage and may resolve 
spontaneously.   

 General CXR features 
 As infants are lying fl at, the free air is anterior to the 
lung and therefore an edge of collapsed lung may not 
be visible. Artifacts are important to rule out, includ-
ing overlying equipment and skin folds ( Figure 3.21 ).  

 In reading a CXR for potential air leaks, the  lateral 
fi lm  can be quite helpful where there is a very “clear” 
hypertranslucent edge to the cardiac border on the 
anteroposterior (AP) fi lm. Th e lateral fi lm may show 
that the “clarity” is actually an increased lucency due 
to free air. Th is is shown below in  Films 3.22A – D . In 
addition, the lateral fi lm is useful to correctly place 
chest tubes and ensure that free air has been released. 
Check that the tip of the tube lies within the air pocket 
to be drained; that the perforations on the catheter are 
within the pleural space; and fi nally that the tip of the 
tube is not past the midline. In addition, the lateral 

 Figure 3.21      Attention should be paid not to confuse artifact, 
here a skin fold (arrowheads) with a pneumothorax, a common 
pitfall in this age group. Other potential artifacts include edges 
from mattresses or pads on the infant. Note a prominent skin fold 
projecting over the left hemithorax. Lung markings are identifi ed 
beyond the skin fold.    

 Figure 3.22      Pneumothorax, deep sulcus 
sign. Anteroposterior (A) and cross-table (B) 
views of the chest with a “clear” right cardiac 
border and a “deep costophrenic sulcus” on 
the AP fi lm. The right costophrenic sulcus 
appears deeper (arrowhead) than the left, 
consistent with the so-called “deep sulcus 
sign,” which is a sign of pneumothorax on 
supine views. The lateral fi lm shows that 
the “clarity” is actually an increased lucency 
due to air. Note that the arrowhead by itself 
may indicate only pneumomediastinum. 
Another patient (C, D) shows a right-
sided chest tube in place treating a larger 
pneumothorax; note the more pronounced 
deep sulcus sign (arrowhead) in this 
patient. The cross-table view (D) shows a 
large pocket of air anteriorly (asterisks).    
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 Figure 3.23      Large left tension pneumothorax with marked 
depression of the left hemidiaphragm and mediastinal shift.    

 Figure 3.24      (A) Right-sided pneumothorax (asterisks) showing lucency between right lateral chest wall and lung, also see rim above 
diaphragm. The right costophrenic sulcus appears deeper (arrowhead) than the left, refl ecting the so-called “deep sulcus sign,” which is 
refl ective of pneumothorax on supine views. Note that “stiff  lungs” do not collapse easily. (B) The same infant as in the previous fi gure, 
two days later. There is now a moderate-to-large right pneumothorax, despite the presence of a chest tube. There is deviation of midline 
structures and inferior displacement of the right hemidiaphragm.    
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 Figure 3.25      Small-sized left medial pneumothorax (arrows). There is 
also a pneumomediastinum, which is more conspicuous on the right 
(arrowheads). The thymus (T) is elevated and outlined by air. Note 
a small amount of subcutaneous emphysema (curved arrow) in the 
right neck.    

 Figure 3.26      Small-sized left medial pneumothorax (arrowheads) drained by a chest tube. Anteroposterior (A) and cross-table (B) views of 
the chest show air collecting medial to the lung, which can be confused with a pneumopericardium or a pneumomediastinum. Unlike the 
patient shown in  Figure 3.25 , no pneumopericardium or pneumomediastinum is seen here. Note the granular appearance of surfactant 
defi ciency on the right lung.    
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 Figure 3.28      Anteroposterior (A) and lateral (B) views show 
pneumomediastinum (arrowheads). The thymus is outlined by a 
thin rim of air (arrowheads). Note mild elevation of the bilateral 
thymic lobes by mediastinal air: the so-called angel’s wing sign. The 
thymus (T) is lifted up on the lateral projection (B).    

A B

 Figure 3.27      Right tension pneumothorax and extensive subcutaneous emphysema. (A) Frontal and (B) lateral chest radiographs show 
a mainly right anterior pneumothorax evidenced by diff use hyperlucency of the right hemithorax. Part of the air within the right pleural 
cavity results in displacement of the anterior junction line of the pleura, to the left (arrowheads). There is mediastinal shift to the left. This can 
be misleading, as the right lung is stiff  and is not collapsed and only a “small” lateral pneumothorax (arrows) is noted. In addition, note the 
signifi cant amount of subcutaneous emphysema along the right lateral chest wall.    
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 Figure 3.29      Evolution of pulmonary interstitial emphysema (PIE). (A) Day of life (DOL) 1, showing RDS with a diff use granular pattern 
and air bronchograms. Note that the tip of the endotracheal tube is seen projecting deep just above the carina (arrow) and the tip of the 
umbilical venous line is noted along the course of the left superior pulmonary vein after crossing from the right atrium into the left atrium 
via the foramen ovale (arrowhead). Both should be repositioned. The evolution of PIE can be seen in images (B–D). (B) DOL 2, showing PIE in 
the right upper lobe. (C) DOL 3, showing PIE in the right upper and left upper lobes. (D) DOL 4, showing bilateral extensive PIE and bilateral 
tension pneumothoraces. Note the fl attening of the diaphragms and the marked cardiac compression resulting in a small-size cardiac 
silhouette when compared to priors. Note the stiff  appearance of the bilateral lungs. This patient did not survive.    

A B
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 Other sites of extrapulmonary air 
    1.      Pneumopericardium  
    Usually this is a dramatic emergency event, but 

rather surprisingly it may be more insidious. 
Sometimes it is diffi  cult to distinguish between 
free air in the pleural space or mediastinal space, 
and in the pericardial space. Th e clinical features of 
cardiovascular collapse, poor pulses and 
“muffl  ing” of heart sounds may be present in both. 

Several examples are seen in 
 Figures 3.30 – 3.32 .    

  2.      Pneumoperitoneum  
    Th is is another manifestation of pulmonary 

air leak, where air goes via the foramen of 
Morgagni or Bochdalek into the abdomen. 
Th ere may not be any residual gas in the thorax. 
Obviously, a bowel perforation needs ruling out 
( Figure 3.33 ).   
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  3.      Disseminated intravascular air embolism  
    Here air rupture is directly into the great 

vessels, and embolizes. Th is form of air leak is 
much rarer but is almost always fatal. Both the 
clinical deterioration and the x-ray are dramatic 
( Figure 3.34 ).   

  4.      Pulmonary interstitial emphysema (PIE)  
    Th is is an alveolar rupture into the peribronchial 

spaces that tracks along the lymphatic channels 
and leads to air accumulation within the 
pulmonary interstitium. Oft en, it follows 
high-pressure ventilation, with a deteriorating 
oxygenation. Th e general treatment is to minimize 
further baro-volu-trauma. On CXR, PIE may be 
diff use or localized. Irregular air densities (dark 
areas) appear in the interstitium of the lung, 
oft en with a vague linear orientation towards 
the hilum. Pulmonary interstitial emphysema 
can be mistaken for improvement in RDS, as the 
lungs oft en look better-expanded and darker with 
either PIE or improving RDS. One example of its 
evolution is shown in  Figure 3.29A – D . In areas 
of dramatic local hyperinfl ation (most common 
and easier to treat if on the left  lower lobe), local 
treatment can be attempted by occluding one 

 Figure 3.31      A thin line of pericardium can be seen just lateral 
to pericardial air (arrows). Air surrounds the heart, including its 
diaphragmatic surface; however, and unlike pneumomediastinum, 
it does not extend beyond the great vessels.    

side (e.g. by selective intubation, or by balloon 
infl ation) ( Figures 3.35 – 3.36 ). Note that the CT 
images in  Figures 3.36B – C  were not obtained for 
this reason, and PIE does not of itself warrant CT 
imaging.        

 Figure 3.30      Anteroposterior radiograph of 
another patient with pneumomediastinum 
(black arrowheads), pneumopericardium 
(white arrowheads), and right 
pneumothorax (curved arrow). There is a 
faint lucency overlying the mediastinum. The 
thymic lobes (T) are elevated and outlined 
by air. There is a confi ning boundary of 
the pericardial sac, the so-called “tram line” 
sign or “halo sign.” A right pneumothorax 
is evidenced by a deep, lucent sulcus sign 
(curved arrow). Note that the sideholes of 
both drains are malpositioned (arrows): the 
right-sided chest tube sidehole overlies the 
right lateral costal margin, and the left-sided 
pericardial drain sidehole is outside the 
pericardial air collection.    
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 Figure 3.32      Large pneumopericardium. (A) A broad radiolucent 
halo surrounds the heart and its diaphragmatic surface. A thin line of 
pericardium (arrowheads) can be seen just lateral to pericardial air. 
Findings constitute the “halo sign.” Unlike pneumomediastinum, air 
does not extend beyond the great vessels. However, when extensive, 
this may be diffi  cult to discern on conventional radiography and in 
these cases US or CT may help to unravel the anatomy. Since these 
are emergent situations, it is rare that CT scanning is indicated. (B, C) 
Bilateral decubitus views show the “halo” to encircle the heart contours 
in all positions. Sagittal (D) and coronal (E) reformatted CT images 
re-demonstrate pneumopericardium (asterisks) with no air extending 
beyond the great vessels. H: heart.    
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 Figure 3.33      Pneumoperitoneum with a large amount of free 
air below the diaphragm outlining liver, spleen, and bowel loops. 
Incidentally, note the bilateral inguinal hernias (arrows).    

 Figure 3.34      Gross intravascular air; intestinal air plus vascular air 
in cardiac silhouette and in major arterial vessels. Note also air in the 
cerebral sagittal sinus (arrowheads) and cerebral ventricles (arrows). 
Film provided by Dr. Gerry Gill (McMaster University Hospitals).    

 Bronchopulmonary dysplasia 
and its variants  
 Defi nitions and patterns of disease 
      Radiologists originally recognized that infants who 
previously had died of respiratory failure were now 
surviving with a chronic respiratory insuffi  ciency,      but 
with radiological scarring [ 15 ]. Baro-volu-trauma and 
oxygen toxicity produce an early acute  infl ammatory 
lung response which subsides into a chronic infl am-
mation. Th is classically was accompanied by a usually 
slow,      but inexorable fi brosis that resulted in areas of 
hyperinfl ation and areas of collapse. Th us the older 
defi nition of BPD was that of a preterm infant with 
RDS,      who at 28 days of life had an  Fi O 2  (fractional 
inspired oxygen concentration) > 30% with an abnor-
mal CXR [ 16 ]. Th is defi nition was revised as increased 
survival rates of smaller infants made an increased 
oxygen requirement at >36 weeks corrected  age a 
more appropriate  defi nition [ 17 ]. 

 Currently, many extremely low birth weight 
(ELBW) neonates (less than 1000g birth weight) 
 initially appear to have minimal lung disease imme-
diately aft er birth. Th is is especially so if they have 
had antenatal steroids. Th ese infants oft en show an 
initial clear lung on CXR, and very minimal oxygen 
requirements. Th is is even more common as neonatol-
ogy embraces non-invasive approaches to respiratory 
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 Figure 3.36      (A) Right PIE and pneumomediastinum: there are 
coarse, irregular air densities throughout the right lung, with a 
bubbly appearance, oriented toward the hilum. The air density 
is unlike the “fi ner” air bronchogram and granularity of RDS. 
The left lung reveals a diff use, ground glass attenuation, likely 
a combination of atelectasis and surfactant defi ciency. Large, 
rounded areas of lucency are noted overlying the mediastinum 
(arrows), consistent with pneumomediastinum, better delineated 
on a subsequent CT examination. (B, C) Chest CT images show 
pneumomediastinum (arrows) and air tracking along the 
interstitium (arrowheads), consistent with PIE on the right. No 
fi ndings of PIE are seen on the left.    
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 Figure 3.35      Right lung PIE: there are coarse irregular non-branching 
air densities throughout the right lung, with a bubbly appearance. 
The air density is unlike the “fi ner” air bronchogram and granularity of 
surfactant defi ciency diseases (RDS).    
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may be linked to nosocomial infections which oft en 
precipitate renewed ventilator dependency [ 18 ]. Th is 
forms the picture of the “new BPD” [ 19 ]. Oft en, loss of 
lung volume progresses, leading to scarring and a CXR 
appearance of bronchopulmonary dysplasia (BPD). 

 Th is early deterioration is seen in CXRs, as in 
 Figure 3.37A – D , which demonstrate the progressive 
changes described above in an infant who had received 

support in the delivery room. If micro-atelectasis 
develops, diff use densities ensue. Th ese lead to an 
increasing oxygen requirement, and, by the end of 
the fi rst week of life, increased ventilatory require-
ments. Th is progression can be termed the imma-
ture lung syndrome (ILS). Th e very compliant chest 
wall of these infants, and diaphragmatic fatigue, may 
be exacerbated by apnea and infection. Th is process 

 Figure 3.37      Immature lung syndrome. (A) Initial chest radiograph obtained at day of life (DOL) 1 shows a relatively normal chest 
radiograph with only very mild, diff use haziness, and with maintained lung volumes on CPAP care. (B) At DOL 3, the neonate required 
support and was intubated. The frontal radiograph demonstrates adequate endotracheal tube position. The lungs appear better aerated and 
demonstrate mild increase in diff use haziness, indistinguishable from surfactant defi ciency. (C) By day 7, lung volumes have decreased in 
the interim and there is now a denser, diff use ground glass opacifi cation of the bilateral lungs. Findings are more pronounced at the bases. 
Diff use granularity remains. (D) The lung volumes have further decreased by DOL 15. The lungs remain diff usely opacifi ed; however, this 
opacifi cation is more heterogeneous than on preceding examinations. In addition, some bubbly lucencies and coarsening of the pulmonary 
interstitium are apparent. (We are indebted to Dr. C. Bruno, The Children’s Hospital of Philadelphia for these fi lms.)    
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antenatal steroids. Initially no surfactant need was 
present and the infant was in room air on CPAP. 
However, as the infant tired, despite the use of caf-
feine, a progressive lung atelectasis occurred, resulting 
in the need for intubation. Respiratory  support did 
not avert an inexorable chronic lung process develop-
ing, with  Fi O 2  rising to the 50% range within days.    

 Clinical presentation 
 Th e hallmarks are prolonged supplemental oxygen 
requirement and/or need for mechanical ventilation, 
associated with an abnormal CXR. Th e infant will have 
ventilation/perfusion mismatch, increased airway 
reactivity and, in severe cases, cor pulmonale. Steroids 
may help, but carry many complications. Some are 
short term and resolve (hypertension, glycosuria, car-
diomyopathy), but others are longer-term problems 
such as growth failure and osteoporosis. Furthermore, 
an association between steroid use and an increased 
risk of cerebral palsy has been noted, but this seems to 
be paramount in very high dosing, and early prophy-
laxis courses [ 20 ,  21 ]. BPD itself is associated with 
serious long-term complications which range from 
poor neurodevelopment to minor pulmonary compli-
cations such as wheeze [ 22 ]. Th ese adverse pulmonary 

outcomes can be dramatic and entail major long-term 
morbidity. Th e term chronic lung disease is oft en used 
interchangeably with BPD.   

 General radiological features 
 Coarse interstitial densities are interspersed with 
 cyst-like areas, which lead on to a general hyperinfl a-
tion with larger cysts. In later stages, linear densities 
develop in the lungs. Right ventricular strain may 
show with enlargement suggestive of cor pulmonale. 
Th ese series of changes lead to dramatic architectural 
change in the lungs  Figures 3.38 – 3.39 ). In  Figure 
3.39D – E , the resulting functional changes in gas 
exchange from architectural damage are illustrated by 
the V/Q scans of another baby.   

 BPD may also develop in infants who have not 
been preterm or suff ered from surfactant defi ciency. 
Th is is shown by the six fi lms in  Figure 3.40A – F , where 
a multifactorial process involved ventilator depend-
ency because of an element of pulmonary hypoplasia 
from a large omphalocele at birth. Th e infant later 
developed severe gastroesophageal refl ux disease asso-
ciated with repeated aspirations, and several episodes 
of cardiac failure secondary to  corticosteroid therapy 
for chronic ventilator  dependency.     

 Figure 3.38      Three-month-old, 
ex-premature infant with BPD and a jejeunal 
tube. (A) Frontal and (B) lateral chest 
radiographs show marked hyperinfl ation and 
diff use, coarse lung markings with scattered 
areas of atelectasis. (C, D) Axial CT images 
of the chest show areas of air-trapping, 
interspersed among areas of ground glass 
atelectasis. There is architectural distortion 
with subpleural parenchymal bands 
consistent with chronic lung disease (CLD). 
There are some areas of atelectatic (arrows), 
potentially recruitable lung.    
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 Figure 3.39      Chronic lung disease (CLD). Frontal chest radiograph demonstrates severe changes of chronic lung disease in addition to 
abnormal triangular-shaped lucency (arrows) within the left lung base. The etiology for this lesion at the time of the examination constituted 
an enigma. Several options were postulated, among others a large hiatal hernia or anterior pneumothorax. Coronal CT reformatted (B) 
and coronal minimum intensity projection (MinIP) (C) CT images reveal extensive emphysematous changes in this region (arrows), with 
severe air-trapping delineated by atelectatic lung; this is better appreciated on the MinIP image. This area demonstrates severely attenuated 
vessels. Additional, similar areas are noted throughout both lungs interspersed among areas of ground glass attenuation, and resulting 
in a pattern of mosaic perfusion. Note severe changes of CLD involving the right lung including parenchymal bands and architectural 
distortion. (D, E) Ventilation/perfusion (V/Q) scan corroborates absent perfusion to this same area of the left lung (black arrowheads in D). In 
addition, the ventilation to the left lung exhibits a non-uniform pattern and appears slightly decreased although signifi cantly better than the 
perfusion.    
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 Pneumonia 
 Pneumonias in the newborn oft en give rise to respira-
tory distress, and are frequent causes of morbidity in 
newborns, though they are also oft en diffi  cult to prove 
by culture. Many infections present with non-specifi c 
features like RDS, poor perfusion,  jaundice, or leth-
argy. Two periods of presentation can be  distinguished. 

 An  early presentation  is usually one of respira-
tory distress, with or without other clinical evidence 
of sepsis. Th is presentation is oft en indistinguish-
able from RDS, clinically or radiologically. Th us the 
 diff erential diagnosis may be impossible to establish 
with certainty, though the following may increase 

clinical suspicion: a prolonged rupture of mem-
branes; chorioamnionitis (clinical or histopatho-
logical); and  elevated infl ammatory markers in the 
infant’s blood. 

 In general, most neonatologists recommend treat-
ment with antibiotics and then stopping if, within 48 
hours, cultures are negative. Many would continue a 
course to 7–10 days if the clinical picture seems most 
consistent with an infection. Most early infections are 
either group B streptococci or Gram negative rods. 
Occasionally fungal or viral infections may present 
this early. Th e latter especially may lead to myocarditis 
with cardiac failure. 
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 Figure 3.40      (A) shows the omphalocele, and small volume lungs with an interstitial pattern; these lesions are associated with pulmonary 
hypoplasia. At 2 weeks of age, (B) shows a corrected omphalocele, but there is cardiomegaly and pulmonary consolidation. Note the increased 
soft tissue swelling that was associated with the need for large volume replacement therapy. (C) At 2 months of age, the lungs are over-
expanded with a chronic interstitial pattern, and cardiomegaly persists. (D) At 11 months of age, the child is still ventilator dependent with 
over-expanded lungs, and now has consolidation in the left lower lobe and partial right upper lobe atelectasis. (E) At 18 months of age there was 
a brief period where the child was able to be extubated, but the lungs remain over-expanded, and cardiomegaly persists. (F) At 22 months of 
age, the child is developing normally for speech and intelligence, but is home-ventilated via a tracheostomy, and has had a fundus wrap-around 
(fundoplication) to prevent severe refl ux and aspirations. The wire sutures in the sternum are visible, as is the tubing of the home ventilator.    
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Figure 3.40 (cont.)

  Late presentation : these are oft en nosocomial 
infections, and frequently complicate mechanical ven-
tilation. Common pathogens include  Staphylococcus 
epidermidis ,  Staphylococcus aureus , Gram negative rods 
including  Pseudomonas , and  Candida   (especially  in 
very low birth weight infants). Nosocomial viral infec-
tions such as rhinovirus,  respiratory syncytial virus, 
and infl uenza may also present with similar features 
to other late-onset pneumonias.  

 General radiographic appearances 
 As compared with RDS, the lungs are more expanded 
and the densities are oft en more patchy. However, as 
mentioned above, diff erentiating RDS from  pneumonia 
or aspiration syndromes may be impossible by CXR 
fi ndings alone. Localized lobar  pneumonias are unu-
sual in the newborn, and more commonly due to mis-
placed ETT or collapse with obstruction.    

 Some specifi c infections  
 Group B streptococcus (GBS)  
 Clinical presentation 
 Women are oft en colonized with GBS, although the 
frequency varies by region. Th e neonate can acquire 
infections either in the prepartum, intrapartum, or 
post-partum periods. Th ere are two general forms of 
presentation: an “early” presentation at 1–5 days of life 
is usually a respiratory illness; whereas a “late” presen-
tation at 5–28 days of life oft en consists of meningitis. 
However, an overlap between the early and late forms 
is frequent. Early presentation is as for  pneumonias in 

general. In addition, features of persistent pulmonary 
hypertension of the  newborn  (PPHN) are frequent 
with GBS (see the section on PPHN), and these 
infants have a high mortality.   

 General radiological appearance 
 Th e CXR appearance can vary widely from minimal 
streaking to a widespread interstitial pattern to a dense, 
homogeneous infi ltrate. Th e four examples given in 
 Figure 3.41A – D  show a wide gamut of  severity.     

 Gram negative sepsis, including 
 Escherichia coli  
 Gram negative infections may have a pulmonary 
focus. Such infections may become increasingly prev-
alent as policies for widespread prophylaxis against 
GBS are applied. Th ese can present anywhere from 
the fi rst day of life onwards.  Figure 3.42  shows a case 
of  E. coli .    

 Staphylococcal pneumonia  
 Clinical presentation 
 Th is is still an uncommon infection in neonates, but 
of concern is the rising prevalence of methicillin-
resistant  S. aureus  in both community and hospital 
strains. When  S. aureus  pneumonia does occur, it may 
lead to long-term complications with pneumatoce-
les. Consider immune disorders in infants with this 
 condition.   
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 Figure 3.41      Four examples of Infection with GBS. (A) shows diff use, increased coarse interstitial markings and diff use granularity. The 
granularity associated with this raises a diff erential diagnosis of RDS. However, the right-sided pleural eff usion (arrowhead) favors infection, 
as eff usions are uncommon with simple surfactant defi ciency. (B) A second example of GBS infection in a premature neonate, this time 
showing a fi ne granular pattern in the lungs. Again, the diff erential diagnosis is RDS. In this case the granularity is somewhat coarser than 
normal for RDS, and there are only mild air bronchograms at the bases. (C) and (D) both show a more interstitial patterning and small 
bilateral pleural eff usions. Note the range of severity of the interstitial markings and alveolar opacities, worse in (D).    
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 General radiological appearances 
 Staphylococcal pneumonias are characterized by 
extensive airspace consolidation, sometimes with 
 pleural fl uid, and are occasionally complicated 
by pneumatoceles. Two examples are shown. In 
 Figure 3.43 , large bullae are evident, especially on 
the CT images.  Figure 3.44  shows an infant with 
marked early in-pneumatocele formation, which led 
to dramatic homogeneity and diffi  culty in ventilation. 
Despite trying several modes, the only eff ective strat-
egy was conventional ventilation, with a slow rate and 
long expiratory time. Th e infant survived aft er a long 
ventilator course, and later CXRs were normal.      

 Tuberculosis 
 Newborns may acquire this by transplacental passage 
or by nosocomial droplet-borne spread post-natally, 
usually from the mother with a cavitating pulmonary 
lesion. If acquired prenatally, signs of respiratory dis-
tress, lethargy, fever, and organomegaly (liver, spleen) 
predominate. If acquired post-natally, fever, weight 
loss, and pneumonia with respiratory distress are the 
most frequent presentations. An example is shown in 
 Figure 3.45 .    
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 Figure 3.42      This is a six-day-old with  E. coli  sepsis. (A) The fi rst fi lm in the sequence shows ill-defi ned areas of hazy opacity bilaterally. (B) 
Eight days later a new small left pleural eff usion is seen (white arrowhead); there are now patchy areas of opacity in both mid-lung fi elds with 
development of multiple internal cyst-like cavities (pneumatoceles – black arrowheads). A follow-up examination obtained six months later 
(not shown) revealed complete resolution of the fi ndings.    

 Figure 3.43      Staphylococcal pneumonia. (A) The fi rst fi lm in the 
sequence shows bilateral pneumatoceles (arrowheads). (B, C) CT 
obtained three days later shows coalescence and enlargement of the 
pneumomatoceles in the left lower lobe area, which now reveals a 
thickened wall. At this point it would be diffi  cult to diff erentiate this 
from an abscess. An air–fl uid level is noted within a pneumatocele on 
the left (C, arrow). However, on the right there has been signifi cant 
improvement with only a few small pneumatoceles. (D, E) Three 
months later there has been complete clearing of the pneumatoceles 
on the right. However, on the left there is enlargement and 
coalescence of the pneumatoceles, which results in mild shift of the 
mediastinum to the right.    

A B

C



Chapter 3. The chest

43

D E

Figure 3.43 (cont.)

 Figure 3.44      Ex-27-week premature infant with staphylococcal infection. (A) Frontal chest radiograph obtained at 15 days of life reveals 
several small lucencies in parahilar location (arrowheads). An area of patchier airspace opacity is noted in the right upper lobe, consistent 
with pulmonary interstitial emphysema. (B) Chest radiograph obtained a few hours later demonstrates interval progression with increasing 
size of the parahilar lucencies. Frontal (C) and cross-table views (D) obtained on DOL 25 reveal interval progression with further increase in 
size and number of the pneumatoceles (arrowheads) and pulmonary interstitial emphysema (arrows). These fi ndings are corroborated on 
subsequent axial (E), sagittal reformatted (F), and inverted coronal minimum intensity projection (G) CT images.    
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Figure 3.44 (cont.)
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 Figure 3.45      Primary tuberculosis (TB) in a three-month-old 
infant. (A) Frontal and (B) lateral chest radiographs show bilateral 
reticular nodular shadowing with a cavity (arrowheads) in the 
apical segment of the right lower lobe. (C, D) Axial CT images better 
depict the diff use, extensive reticulonodular opacities throughout 
both lungs, with a cavity (arrowheads) in the apical segment of 
the right lower lobe. (E) Axial, enhanced CT images demonstrate 
low-attenuation lymphadenopathy (arrow), a characteristic fi nding 
of TB. In terms of tuberculosis, a progressive, primary pulmonary 
tuberculosis with bronchogenic spread would account for the 
nodules, cavity, and low-attenuation lymphadenopathy.    
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parent, and the mode of transmission is droplet. 
Th e diff erential includes infl uenza, parainfl uenza, 
human pneumometavirus, etc.  Figure 3.47A – B  
shows an example demonstrating both a lobar 
pattern and a more generalized heterogeneity. See 
also  Figure 3.18  for another example.   

  3.      Generalized enteroviral infections with cardiac 
failure  

    Th ese usually present as a cardiovascular 
collapse oft en associated with acidosis. Th e CXR 
appearance is illustrated in  Figure 3.48 . Th is baby 
presented in profound shock. Depending on 
timing of presentation, there may or may not be 
pulmonary edema. Distinguish from coarctation 
by examination of the pulses, which in myocarditis 
are uniformly poor, but in coarctation syndromes 
classically will show discrepancy between the 
upper and lower limbs. Another diff erential is 
severe metabolic acidosis.        

 Persistent pulmonary hypertension 
of the newborn (PPHN) 
 Th is condition results in severe hypoxemia, and fol-
lows a poor transition to an extrauterine environ-
ment. Normally with the fi rst breath and the cord 
clamping, there is a signifi cant drop in pulmonary 
vascular resistance. Th is allows the circulation that 

 Viral pneumonias 
 Clinically obvious viral pneumonias are less common 
than bacterial infections, except in winter seasonal 
epidemics (e.g. RSV). 

 Th ere are three general patterns to consider: 
  1.      Congenital infections: TORCH  
    As part of a congenital viral infection, there is 

a spectrum of diseases known under the rubric 
of  TORCH  (standing for  to xoplasmosis,  o ther, 
 r ubella,  C MV, and  h erpes). Head US may 
show calcifi cations. In rubella, “celery stalk” bones 
may be seen. Bacterial disease such as syphilis may 
also have some of these features. 

   CMV ( cytomegalovirus ) is probably the 
commonest and most unrecognized of these. 
It may present as a pneumonitis, but if CMV 
was acquired in utero, central nervous system 
disease must be evaluated, as seen in the head CT, 
Figure 3.46B. Obtain also an ophthalmic fundal 
examination.   

  2.      Primarily respiratory illnesses, e.g. RSV 
pneumonitis  

    Babies with established lung disease or with 
congenital heart disease are at high risk of 
developing lower respiratory tract diseases 
from viruses. Consequently, target these infants 
for immunoglobulin prophylaxis against RSV 
specifi cally. Th e vector here is the caregiver or 

 Figure 3.46      Newborn with CMV pneumonia. (A) Frontal chest 
radiograph shows a non-specifi c, diff use, reticular pattern, with 
slightly more pronounced basilar areas of airspace opacity. (B) 
Axial CT image of another patient reveals moderate-to-severe 
ventriculomegaly and periventricular calcifi cations (arrows).    
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 Figure 3.48      Generalized enteroviral infections with cardiac failure. 
Frontal chest radiograph shows a low position of the endotracheal 
tube, with its tip (arrow) near the carina. The cardiomediastinal 
silhouette is moderately enlarged. The right lung appears relatively 
well expanded; however, there is volume loss on the left, possibly 
in part related to the low-lying endotracheal tube. There is a small 
right pleural eff usion (arrowhead), and the right lung demonstrates 
a hazy pattern of interstitial pulmonary edema.    

 Figure 3.47      Respiratory syncytial virus pneumonia demonstrates 
peribronchial thickening, lobar pneumonia, and heterogeneity 
with hyperinfl ated sections. (A) Frontal radiograph of the chest 
shows bilateral areas of dense opacity with faint air bronchograms 
in the right upper and left lower lobes. (B) On a subsequent examination obtained a few days later, more prominent parahilar peribronchial 
infi ltrates, typical of viral pneumonitis, are appreciated. The lungs are markedly hyperinfl ated, left greater than right; note fl attening of the 
bilateral hemidiaphragms.    
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in utero bypasses the lungs, to now perfuse the lungs. 
If this pulmonary arterial vasodilatation does not 
occur, blood continues to bypass the lung alveoli. Th e 
presentation is that of a profound oxygen defi cit, with 
a right to left  shunt seen on oximetry (pre- and post-
ductal oxygen saturation diff erence) or on echocardi-
ography. Echocardiography will rule out congenital 

heart diseases, may show right to left  shunting though 
the ductus arteriosus, and may demonstrate raised 
pulmonary arterial pressure. Th e diagnosis of PPHN, 
however, is a clinical one. 

 PPHN can result from several conditions. If no 
cause is determined, it is termed idiopathic persistent 
fetal circulation; in which there is a CXR of marked 
pulmonary oligemia but no other features of a primary 
disorder. Amongst the secondary causes of PPHN is 
congenital heart disease.  Figure 3.49  shows an infant 
who suff ered an antenatal closure of the patent ductus 
arteriosus, a rare cause of severe, right heart hyperten-
sion at birth. Most PPHN in near-term infants is sec-
ondary to a variety of other conditions like cold stress, 
asphyxia, aspiration syndromes, air leaks, infections 
(especially group B streptococcal disease), or pul-
monary hypoplasia. In secondary PPHN, the CXR 
will show features of the underlying disorder such as 
meconium aspiration, sepsis, etc.    

 Meconium aspiration syndrome 
 In the setting of severe intrauterine stress (asphyxia, 
sepsis, etc.), the fetus may take a gasping breath 
that moves meconium-stained amniotic fl uid into the 
lungs. Amniotic fl uid aspiration without meconium 
can occur, but is much less common than meco-
nium aspiration syndrome (MAS). Th e CXR in simple 
amniotic fl uid aspiration may resemble that of TTN, 
but it may also show evidence of debris (skin squames 
etc.) and the CXR looks far more worrying than the 
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 Figure 3.50      Examples of meconium aspiration. (A) The lungs are hyperinfl ated (note the outpouching of the lungs between the ribs – 
arrowheads) and there are patchy areas of coarse, increased densities and streaky perihilar opacities. An area of more hazy opacity is noted at 
the right lung base, likely atelectasis. Infections, particularly GBS, may have a similar pattern. (B, C) Two fi lms taken six days apart in the same 
patient with a history of meconium aspiration; the fi rst fi lm (B) shows coarse, in-homogeneous deposits. Film (C), taken six days later, shows 
marked hyperinfl ation due to air-trapping, with fl attening of the diaphragms. A tension pneumothorax has developed on the left, with 
marked fl attening to near inversion of the left hemidiaphragm.    
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 Figure 3.49      Persistent pulmonary hypertension of the newborn. (A) This 36-week neonate was admitted with profound hypoxemia and 
right heart failure caused by in utero closure of the ductus arteriosus. Note the essentially black lung fi elds indicating poor pulmonary blood 
fl ow, oligemia. The right atrial margin is prominent (arrows), and the cardiac apex is elevated. Note deep positioning of the umbilical venous 
catheter (arrowhead). It appears to cross the septum, likely at the foramen ovale level, to terminate in the left atrium. (B) A more normal 
pulmonary vasculature is now evident after three weeks of ECMO and the addition of pulmonary vasodilating agents.    
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infant herself does clinically. Usually there is quick 
resolution of oxygen need and respiratory distress.  

 Clinical presentation 
 Aspiration syndromes usually occur in term infants, 
and can lead to a severe right to left  shunt and 
severe hypoxemia, in which case the infant has PPHN. 
Compounding problems may arise from side-eff ects 
of therapy, i.e. severe baro-volu-trauma and oxygen 
toxicity. Meconium may act as an obstruction to 
complete expiration, leading to an air-trapping or ball-
valving phenomenon. Consequently pneumothorax is 
a common complication.   

 General radiological appearances 
 Th ere is a spectrum ranging from simply over-expanded 
lungs, coarse airspace consolidation, and heteroge-
neous parenchymal deposits through to a complete 
“white-out” from both meconium and a secondary sur-
factant defi ciency; air-leak syndromes are common in 
MAS. Infections, again in particular GBS, may have a 
similar pattern; treatment with antibiotics is usual until 
infection is ruled out or fully treated. Note that other 
appearances of meconium include lobar shadowing 
and air leaks, or even simply hyperinfl ation alone. 

  Figure 3.50    shows two examples of meconium aspi-
ration syndrome (MAS). MAS can become very severe 
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 Figure 3.51      A course of an infant with meconium aspiration. 
(A) Frontal chest radiograph shows predominantly right 
paramediastinal and basilar fl uff y, nodular infi ltrates. The lungs are 
well expanded. Note a small, right pleural eff usion (arrowhead), 
which is unusual in meconium aspiration, and raised the question of GBS, but no cultures were positive. Sepsis work-up was instituted and 
yielded no results. Nonetheless, prophylactic antibiotic treatment was instituted. (B) Follow-up examination, 24 hours after the administration 
of surfactant, reveals signifi cant improvement in lung aeration. Note tiny bilateral pleural eff usions (arrowheads). On day 5, a US was obtained 
due to increasing seizures. The coronal US image (C) shows faint, ill-defi ned abnormally increased echogenicity in the parenchyma adjacent 
to the right sylvian fi ssure (arrowheads). Also note the indistinctness of the sylvian fi ssure in this side as compared to the contralateral side, a 
fi nding that in our experience should raise suspicion for underlying abnormality. (D) Corresponding axial CT image reveals a wedge-shaped 
right frontal area of low attenuation (arrowheads) consistent with a right frontal middle cerebral artery (MCA)-territory ischemic injury.    
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with both PPHN and a secondary surfactant defi ciency. 
 Figure 3.51  is a sequence from a term baby who also 
had MAS. She presented with meconium-stained 
amniotic fl uid, and following an emergency delivery 
was markedly hypoxemic despite aspiration of meco-
nium from the ETT. In the presence of a right to left  
shunt, the diagnosis of PPHN was made. Surfactant 
therapy was initially of benefi t, but following a further 
dose the infant developed worse shunting, and was 

placed on ECMO. On ECMO, a US showed evidence 
of a cerebral bleed, while the CT showed a watershed 
area of ischemia. Th is infant survived.      

 Pulmonary hemorrhage 
 Th is usually occurs in infants already in respiratory 
distress, and the volume of bleeding can be quite 
dramatic. However there is a spectrum, from a small 
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going on to massive pulmonary hemorrhage. Th is 
baby also did not survive, despite a high PEEP strategy.     

 Pulmonary hypoplasia 
 Under-developed lungs can result from many under-
lying causes. Th ese include diseases resulting in a 
low amniotic fl uid volume, such as renal disease; 
poor breathing movements from a variety of muscle 
and skeletal defects; and space-occupying lesions of 
the chest or lung (which can be either pleural eff u-
sions or parenchymal masses). We illustrate some of 
these below.  

 Clinical presentation 
 Depending on severity, this may be obvious in the 
delivery room, with hypoxia and hypercapnia. Th e dif-
fi culty in resuscitation may mimic birth asphyxia, and 
high ventilatory pressures may be needed. Following 
the fi rst hours of resuscitation, persistent pulmonary 
hypertension and air-leak syndromes may develop. 
Sometimes a malformed chest may be present. Specifi c 
antenatal features may include prolonged rupture of 
membranes or other causes of oligohydramnios.   

 General CXR features 
 Th ere is a large spectrum depending on the spe-
cifi c etiology, with a common feature of small lungs, 
crowded ribs, and oft en a high diaphragm.    

amount of blood in the trachea, to cardiovascular 
collapse with massive bleeding. Th ere are three main 
etiologies. First, a sudden and major opening of a 
patent ductus arteriosus (PDA) may result in dramati-
cally increased left  to right shunt, resulting in pulmo-
nary fl ooding with massive pulmonary hemorrhage. 
Emergency duct ligation in these situations may be 
needed – but control can oft en be achieved with a 
high PEEP strategy. Second, some cases of asphyxia 
may have myocardial failure leading to a left  heart 
engorgement and bleeding from the small pulmonary 
venules – ECGs may document ischemia. Th ird, some-
times following surfactant treatment the pulmonary 
vascular resistance may rapidly drop, leading to vas-
cular engorgement with hemorrhage. Paradoxically, 
surfactant can treat the resultant respiratory failure 
because the hemorrhage lowers the surface active 
properties of the surfactant. Trauma, disseminated 
intravascular coagulation (DIC), or congenital mal-
formations are unusual causes.  Figure 3.52    shows 
an infant of 24-weeks’ gestational age, who had no 
antenatal steroids, and was stabilized on CPAP, but 
required intubation by four hours of life. Apparently 
stable with low settings on the ventilator, she had signs 
of a PDA and was awaiting an echo when this massive 
pulmonary hemorrhage with a pulmonary white-out 
occurred at about 48 hours of life. Resuscitation was 
not successful.  Figure 3.53    shows another sequence in 
a baby with established respiratory distress syndrome 

 Figure 3.52      Pulmonary hemorrhage. (A) Radiograph taken at two days of life shows diff use, homogeneous haziness on the right, and 
a more heterogeneous pattern of central airspace opacifi cation on the left. (B) Abruptly, a few hours later the infant deteriorated and the 
radiograph now shows marked increase in density and size of the airspace opacifi cation with complete white-out of the lungs. This is 
characteristic of pulmonary hemorrhage. (We are grateful to Dr. S. DeMauro of the Hospital of the University of Pennsylvania for these fi lms.)    

A B
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 Figure 3.53      Another case of pulmonary hemorrhage. Radiograph 
taken on day of life 1 (A) shows only moderate surfactant defi ciency 
RDS in a preterm infant, intubated during the fi rst day of life. This 
was treated successfully with surfactant. (B) On day 2, a marked 
deterioration associated with a pulmonary hemorrhage was found. 
The chest radiograph shows a “white-out” pattern of bilateral 
increased densities, low lung volumes, and air bronchograms. 
Increased positive end expiratory pressure (PEEP) therapy led to 
an improvement, as shown by fi lms taken on day 3 (C). (D) On 
day of life 7, an attempted extubation was followed by massive 
hemorrhage, and the radiograph (E) showed a return of the 
previous appearance of bilateral pulmonary densities. This infant 
did not survive.    
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perinatal asphyxia due to a failure to establish adequate 
lung volume may occur. Later presentations include 
poor feeding and neuromuscular fl oppiness, resulting 
in diaphragm and respiratory muscle weakness with 
hypoventilation, apnea, and ventilator dependency. 
History should probe for familial disorders, maternal 
drug ingestion (phenytoin), maternal myotonic dys-
trophy, myasthenia gravis, etc. 

  Figure 3.57  is of a neonate with myotonic dystrophy.     

 Skeletal abnormalities  
 Clinical presentation 
 Several congenital skeletal abnormalities result in a 
very small thorax and an associated pulmonary hypo-
plasia. Perhaps the most severe are Jeune’s asphyxiat-
ing thoracic dystrophy, and osteogenesis imperfecta. 
Some of these lead to very early death, but this is not 
invariable (see  Chapter 9 ). 

  Figure 3.58  shows a child who had osteogenesis 
imperfecta and associated with this had moderate pul-
monary hypoplasia with respiratory distress. 

  Figure 3.59  shows an infant with Ellis–van Creveld 
syndrome. Th is is another cause of short limbs and 
short stature, where the primary disorder is that of 
ciliary function. It is an autosomal recessive disor-
der, with a gene mutation located on chromosome 4 
short arm. Figure 3.59 illustrates that, if there is one 
congenital anomaly, it is prudent to look for other 
abnormalities. In this syndrome, these include post-
axial polydactyly, congenital heart defects (usually 
atrial septal defect with common atrium), fi ngernail 
dysplasia, and malformed wrist bones.      

 Oligohydramnios Potter’s sequence  
 Clinical presentation 
 Th e infant shows skeletal contractures, oligohydram-
nios, anuria or oliguria, and oft en there is a severe peri-
natal asphyxia. Th is is known as Potter’s sequence. Th is 
condition results in pulmonary hypoplasia because of 
decreased amniotic fl uid, inhibiting pulmonary devel-
opment in utero. Infants oft en have persistent pulmo-
nary hypertension of the newborn (PPHN).   

 Radiological features 
 An ultrasound will quickly confi rm a complete renal 
agenesis, where the prognosis is hopeless ( Figure 3.54 ). 
Short of complete renal agenesis, oligohydramnios 
with some degree of renal function can arise from a 
number of renal conditions (see  Chapter 8 ). Th e renal 
prognosis is variable according to the underlying con-
dition, but the overall prognosis may oft en be dictated 
by the degree of associated pulmonary hypoplasia. 
As discussed before, in these conditions, the small 
lung seen on a CXR may refl ect either anatomical 
hypoplasia or severe competition from abdominal 
 distension – or both.  Figures 3.55  and  3.56  show two 
examples of renal anomalies with this combination – a 
case of cystic kidneys, and one of posterior urethral 
valves. See also  Figure 3.6 .       

 Neuromuscular  
 Clinical presentation 
 Presentation may be antenatal with a history of poly-
hydramnios and poor fetal movements. At delivery, 

 Figure 3.54      Ultrasound image of a 
neonate with renal agenesis shows the 
renal bed with only the adrenal present. As 
the kidney is absent, the adrenal exhibits an 
elongated appearance.    
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 Figure 3.55      Neonate with bilateral dysplastic kidneys and pulmonary hypoplasia. (A, B) Frontal and lateral views of the chest and abdomen 
show bilateral pulmonary hypoplasia and a small thorax with a protuberant abdomen in this baby with posterior urethral valves, bilateral 
renal dysplasia, and ascites. (C) The voiding cystourethrogram (VCUG) shows persistent dilatation of the posterior urethra (arrowheads) with 
posterior urethral valves (arrow) and changing caliber at the level of the inferior margin of the verumontanum. The anterior urethra is normal 
in appearance.    

A B C

 Figure 3.56      Ex-37-week-gestation, 21-day-old neonate with autosomal recessive polycystic kidney disease (ARPKD). (A) Frontal view of 
the chest and abdomen shows clear lungs; however, the lung volumes appear low. The abdomen is protuberant with bulging of the fl anks; 
this may be the result of ascites and nephromegaly. (B) On subsequent US, no ascites was present. However, the kidneys were signifi cantly 
enlarged in size, with the left kidney spanning along the left fl ank and extending down to the pelvis and bladder, denoted as B; S denotes 
spleen. Note the multicystic appearance of the renal parenchyma with innumerable, tiny uniformly sized cysts consistent with ARPKD.    

A B
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 Figure 3.57      Ex-39-weeks neonate with neuromuscular disorder. 
(A) Frontal chest radiograph obtained on day of life 1 demonstrates 
low lung volumes and relative high position of the bilateral 
hemidiaphragms, right slightly more than left, despite respiratory 
support apparatus in place. (B) Subsequent radiograph obtained 
an hour later due to worsening respiratory status demonstrates 
complete opacifi cation of the left hemithorax, with shifting of 
the mediastinum to the left consistent with complete left lung 
atelectasis. In addition, the patient developed a right basilar 
pneumothorax. Note the presence of the deep sulcus sign (arrow).    

A B

 Figure 3.58      Neonate with osteogenesis imperfecta. Babygram 
shows multiple fractures of diff erent ages involving virtually all 
osseous structures imaged. The bones are markedly shortened, 
squat, and bent. There is a small thorax consistent with pulmonary 
hypoplasia.    

 Figure 3.59      Hypoplastic lungs of small infant with Ellis–van 
Creveld. Note the dysplastic appearance of the osseous structures.    
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presentation. Emergency drainage of the left  chest ena-
bled safe transfer to the NICU. Th ere, a CXR revealed 
ongoing right-sided eff usion. In hydrops, both ascites 
and soft  tissue swelling may be seen also.  

 With generalized hydrops, the management is 
to deal with respiratory failure and drain the eff u-
sions, and later to address the underlying issue. In the 
absence of feeding, chylous drainage is clear–straw 
colored. Aft er feeding, chylomicrons may be present. 
Even if unfed, there is oft en still a high lymphocyte 
level present. In some of these cases, a history may 
be obtained of a traumatic delivery with a history of 
rotational injury. It is inferred that the chyle ducts 

 Pleural eff usions 
 Th ese may be either congenital or acquired, and we 
give examples of both here.  

 Clinical presentation 
 Only congenital pleural eff usions cause pulmonary 
hypoplasia. Th ese babies are oft en very sick in the 
delivery room from respiratory failure, oft en with 
associated polyhydramnios or hydrops fetalis syn-
dromes. Th e patient may need emergency drainage 
of the pleural eff usion and possibly also of associ-
ated ascites.  Figure 3.60    shows an infant with such a 

 Figure 3.60      Newborn with congenital pleural eff usion. (A) Frontal chest radiograph reveals near complete opacifi cation of the right 
hemithorax by the large right pleural eff usion (asterisks), despite chest tube in place. Note the signifi cant shift of the mediastinum to the 
left. A chest tube and a small residual eff usion are seen on the left hemithorax. (B) Radiograph obtained at day of life 21 demonstrates some 
unusual areas of dense opacifi cation overlying the bilateral upper lung fi elds and apparently “small” residual pleural eff usions obliterating 
the costophrenic sulci (arrowheads). Drains had been removed after one month. (C) Transverse US image of the upper left chest obtained 
subsequently reveals a large amount of pleural fl uid (asterisks) in these areas. Note the appearance of collapsed left lung (arrow). (D) 
Transverse scan through the left upper abdomen shows a small to moderate amount of sonolucent pleural fl uid (asterisks) collected in the 
depth of the left costophrenic sulcus. (We are grateful to Dr. Huayan Zhang, The Children’s Hospital of Philadelphia, for these fi lms.)    
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dysmorphogeneses, pointing to the homeobox homo-
logues such as the hox gene family [ 24 ,  25 ]. 

 Most of these infants present with RDS and, at 
times, profound hypoxia, caused by two main proc-
esses. First, atresias obviously lead to an absence of 
end-organ. Second, there may be a space-occupying 
lesion of malformed pulmonary parenchymal tissue 
(such as congenital cystic adenomatous malforma-
tions and bronchopulmonary sequestration) com-
pressing normal lung. Congenital diaphragmatic 
hernia also acts as a space-occupying lesion, with 
normal abdominal organs in the chest profoundly 
aff ecting pulmonary development and function. In all 
these conditions, a spectrum of presentation is possi-
ble, with milder versions being asymptomatic at birth 
and only presenting later with infection or pneumot-
horax [ 26 ]. Specifi c other features are discussed under 
the relevant subheading.  

 Diaphragmatic hernia 
 Congenital diaphragmatic hernia is caused by a failure 
of closure of the pleura-peritoneal fold by the ninth 
week of gestational age. Associated anomalies occur 
in 20% of these patients, including central nervous 
system (neural tube defects), gastrointestinal (malrota-
tion, oral cleft , omphalocele), cardiovascular, and geni-
tourinary anomalies. Herniated organs may include 
small bowel, stomach, large bowel, spleen, pancreas, 
kidney, and liver ( Figures 3.62A – D  and  3.63A – B ).   

 Clinical presentation, survival, and age of presen-
tation depend upon the degree of pulmonary hypo-
plasia, which in turn depends upon the gestational 
age at which the hernia occurred and the amount 
of abdominal contents persistently present in the 
thorax. Clinically, PPHN is oft en marked, and may 
prompt high frequency oscillation, or extracorporeal 
membrane oxygenation (ECMO), or nitric oxide. Th e 
CXR is a poor guide to the degree of hypoplasia. In 
the antenatal chapter (13) we discuss prediction of 
outcomes, and other examples are shown in  Chapter 
5  (ECMO). Always look for additional anomalies, 
and  Figure 3.63  shows problems in the vertebrae, and 
this should raise issues of the VACTERL sequence 
( V ertebrae,  A nus anomalies,  C ardiac lesions,  T racheo 
 E sophageal fi stula,  R enal anomalies,  L imb anomalies, 
oft en radial agenesis).   

 Atresias of large airways and lung 
 Th ese are rare and may be at one end of a spectrum 
including the cystic lung lesions. Although rare they 
present a management problem. Complete unilateral 

may have been ruptured. Some chylothoraces follow 
thoracic surgery, most commonly for patent ductus, 
where ligation may traumatize the thoracic duct. 
Intractable chylothoraces may involve pulmonary 
lymphangiectasia, but demonstrating this is oft en dif-
fi cult. Screen for predisposing syndromes such as 
Turner’s, Bonnevie–Ulrich, and Down’s. 

 Management focuses on draining eff usions, and 
respiratory support. With time, new channels of 
lymph absorption may develop. If this is protracted, 
several therapies have been attempted from soma-
tostatin analogues (octreotide) to obliteration of the 
pleural space or pleurodesis (instillation of iodine, 
talc, or pleural stripping). Only limited evidence exists 
for these therapies. Loculation of the fl uid into pockets 
and maintaining sterility become challenges.    

 Acquired eff usions 
 When considering etiology of acquired eff usions, 
pleural eff usions secondary to infections are usually 
small and resolve with the treatment of the underly-
ing infection (see the section on GBS). Generalized 
heart failure can also give eff usions, but gives a picture 
dominated by cardiac dilatation and signs of shock 
or lowered cardiac output, not unlike cardiomyopa-
thy (see  Chapter 4 ). Iatrogenic eff usions are seen if a 
venous catheter for total parenteral nutrition (TPN) 
penetrates the pleural space.  Figure 3.61  shows a 
series of fi lms where a long line extravasated and led 
to a parenteral fl uid collection within the pleura. Th e 
sequence shows accumulating fl uid, which is drained, 
and the situation then resolves. 

 Rapid onset of respiratory distress will be accom-
panied by an x-ray showing eff usions.   

 Radiological features 
 Generally, if there is only a small amount of fl uid the 
costophrenic angle will become blunted. As fl uid accu-
mulates more, it will push the lung down. Depending 
on how the infant is lying and the volume of the fl uid, 
all that may appear is a “haze” over the lung fi eld.    

 Congenital and surgical problems 
in the thorax 
 Th is covers a broad range of anomalies that range 
from atresias of parts of the lung to malformations. 
Th e details of a radiological approach have been 
reviewed recently [ 23 ]. Th e programmed develop-
mental pathway underlying the complex morphologi-
cal changes now off ers clues to the etiology of these 
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 Figure 3.61      Acquired pleural eff usion; former 24-week-premature 
infant with respiratory distress. (A) Frontal radiograph of the chest 
reveals severe changes of chronic lung disease in addition to 
airspace opacifi cation at the bilateral lung bases, attributed initially 
to atelectasis. Note the position of the right-sided central line 
(arrowhead) on this initial study. (B, C) On subsequent radiographs, 
progressive dense opacifi cation of the right hemithorax occurred 
resulting in signifi cant mediastinal shift to the left on (C). Note 
how the tip of the right-sided central line (arrowhead) for total 
parenteral nutrition (TPN) changed when compared to the initial 
examination. (D) Transverse US image of the chest reveals an 
extensive right-sided pleural eff usion (asterisks) that resulted in 
complete atelectasis of the right lung (arrows). Upon drainage, 
the fl uid revealed chemical characteristics of TPN. (E) Subsequent 
frontal radiograph of the chest post-chest tube insertion 
demonstrates return to baseline.    
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 Figure 3.62      Congenital diaphragmatic hernia. On presentation 
(A, B) the left lung appears severely hypoplastic (arrowheads). Note 
that the feeding tube tip is probably within the esophagus. The 
stomach is quite distended with air. (B) Following advancement 
of the feeding tube, the tip is noted within the left intrathoracic 
stomach. The arrowheads in (B) denote the aerated hypoplastic 
left lung. Despite the stomach having been decompressed, the 
degree of mediastinal shift is not signifi cantly changed and raises 
concern for hypoplasia of the right lung as well, which may be 
related to compression in utero. (C) On immediate post-operative 
examination, a large amount of air is noted in the pleural cavity, an 
expected fi nding following this surgery. The left lung remains small. 
The right lung appears slightly better expanded, with the exception 
of right upper lobe atelectasis. Less mediastinal shift is noted. (D) At 
10 days post-operatively, the right lung shows normal volumes and 
only mild hypoplasia is noted on the left.    
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Following a repair, collateral vessels required coiling. 
However, he was still unable to be weaned from the 
ventilation because of persistent lobar collapses, usu-
ally the right upper lobe. Th is led to further imaging 
where a narrowed trachea was found, but with an 
anomalous branching with a so-called “pig bronchus.”    

 Lymphatic channel lesions, cystic hygroma 
 Th ese generally result from anomalies of the devel-
opment of lymphatic channels, most commonly in 
the neck. If large they may cause an extrathoracic 
 tracheal obstruction.  

 Clinical presentation 
 Th is is dictated by size and when it is fi rst detected. 
Some of these may be a part of a generalized lym-
phatic disturbance and may present with generalized 
hydrops antenatally. Large lesions may be disfi guring. 
If major extrathoracic airway obstruction is detected 
antenatally, consideration might be given to an EXIT 
procedure (see  Chapter 13 ).   

 Radiological features 
 Again these are quite protean. Consider obtaining good 
anatomical localization using MRI or CT.  Figure 3.66  
shows use of both in an infant with hydrops.     

agenesis of the lung is oft en associated with other 
anomalies, some of which prove fatal. Survivors of the 
newborn period have a later high mortality before the 
end of the fi rst year of life [ 27 ].  Figure 3.64  illustrates 
one infant who also had esophageal atresia, and who 
developed severe pulmonary  hypertension.    

 Bronchial stenosis 
 Th ese are more common than a complete atresia. 
Some of these are acquired as a complication of BPD, 
with concomitant upper tracheomegaly and lower 
scarring [ 28 ]. It may be thought of as a variant of baro-
volu-trauma manifesting primarily upon the carti-
laginous airway rather than on the parenchyma. Th ese 
may lead to clinical awareness through failure to extu-
bate because of recurrent pulmonary atelectasis. Here 
we illustrate a similar presentation, but arising instead 
from a complex congenital anomaly, in  Figure 3.65   . 
Th is full-term infant at four months of age had a tetral-
ogy of Fallot variant with an absent pulmonary valve. 

 Figure 3.63      Congenital diaphragmatic hernia and vertebral 
anomalies. (A) Babygram and (B) frontal chest radiograph show, 
in this case, a large left diaphragmatic hernia containing stomach 
and air-fi lled loops of bowel. There is rightward mediastinal shift 
with secondary compression to the right lung. There are multiple 
vertebral segmentation defects from the level of the T1 through T5, 
with associated rib anomalies of the second through fourth ribs on 
the right side posteriorly.    

A B



Chapter 3. The chest

60

 Figure 3.64      Right lung agenesis and esophageal atresia. (A) 
Frontal chest radiograph of a newborn with right lung agenesis 
and esophageal atresia with tracheoesophageal fi stula. The tip of 
the endotracheal tube (arrow) is noted just above the carina. Only 
the left mainstem bronchus is identifi ed (curved arrow). A replogle 
(decompressing) tube is projecting over the upper esophageal 
pouch (arrowhead). The right hemithorax is completely opacifi ed, 
due to mediastinal shift to the right. The cardiomediastinal silhouette 
is not identifi ed; however, its presence is denoted by the tip of the 
umbilical vein (UV) line (black arrow). There is crowding of the ribs, 
and the entire right hemithorax is smaller when compared to the left. 
(B, C) Axial CT images show the heart completely dextroposed in the 
right hemithorax, as the right lung is absent. The main pulmonary 
artery (MPA) is moderately prominent in size, a fi nding concerning 
for pulmonary hypertension. In addition, no right pulmonary artery 
(arrow) is identifi ed at the expected bifurcation, a fi nding consistent 
with right lung agenesis. Only the left pulmonary artery (LPA) is 
identifi ed. (D) Volume rendered CT and (E) bronchography images 
show the trachea (T) and the left mainstem bronchus (black arrow). 
A small stump is noted in the expected take off  of the right mainstem 
bronchus (arrowhead). Note the upper esophageal pouch (white 
arrow) distended with air.    
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 Figure 3.65      Tracheobronchial anomalies and stenosis; fi ve-
month-old infant with complex congenital heart disease unable 
to be weaned off  mechanical ventilation. (A, B) Frontal chest 
radiographs demonstrate moderate to severe cardiomegaly, 
prominent central vascularity, and airspace opacifi cation in the 
right upper lobe (arrowheads in B) noted intermittently. In addition, 
note the position of the multiple vascular coils (arrows) needed for 
palliation. The wire sutures in the sternum are visible. (C) Axial CT 
image through the upper chest reveals the presence of a tracheal 
bronchus (arrowhead), so-called pig bronchus or bronchus suis. 
This bronchus demonstrates signifi cant narrowing at its origin, 
which is better appreciated on the 3D reconstructions. In addition, 
note the diminished caliber of the imaged trachea and position 
of the vascular coils (arrow) relative to the bronchus take off . (D, E) 
Coronal minimum intensity projection (D) and 3D volume rendered 
image (E) better depict the diff use small caliber of this tracheal 
bronchus (arrowhead) which demonstrates further narrowing at its 
take off  (black arrows). In addition, note the diff use small caliber of 
the trachea with a focal area of stenosis (white arrows).    
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 Vascular rings 
 Anomalies of the great vessels can fully or partially 
encircle both the trachea and the esophagus, and 
then they usually present with stridor, or signs of 
dysphagia  – sometimes with repeated vomiting  and 

cyanosis. Radiological investigations usually fi rst 
target the closely lying trachea and esophagus. 
Defi nitive diagnosis involves vascular fl ow imaging 
via either CT angiography or MRI angiography. Th e 
two most common causes are illustrated.  
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 Figure 3.66      Cystic hygroma: extensive venolymphatic 
malformation in head, neck, and chest with hydrops. (A) Coronal 
T2-weighted MR image shows no abnormality in the brain, and 
an exophytic mass involving the neck and upper left thorax; 
and (B) axial enhanced CT image of the neck and chest shows a 
large, exophytic, multilobulated, complex mass with mediastinal 
extension (arrowheads). Multiple fl uid–fl uid levels are noted within 
various locules; these may refl ect hemorrhagic products.    

A B

 Double aortic arch 
 See  Figure 3.67 ; this infant had stridor prompting sus-
picion of a vascular ring which was fi rst diagnosed at 
bronchoscopy. Th is was followed by a barium swallow 
which showed the classical appearance of a posterior 
indentation of the esophagus indicating a vascular 
ring. Th is infant had a double aortic arch.    

 Pulmonary artery slings 
 Th is is where the left  pulmonary artery (LPA) origi-
nates from the right pulmonary artery (RPA). Th is 
results in an aberrant posterior course of the LPA. 
Again stridor is the main presentation, as in the 
patient in  Figure 3.68 .     

 Pulmonary cysts 
 Th ese all present on plain fi lms with a space- occupying 
lesion or hyperinfl ation of one area. Patients oft en 
have respiratory distress and may require ventilatory 
assistance. Th ey usually present either in the perinatal 
period from diagnosis by scanning (See  Chapter 13 ) 
or in the newborn period, although this may not nec-
essarily be on the fi rst day of life.   

 Bronchogenic cyst 
 See  Figure 3.69   ; this neonate presented with respira-
tory distress and expiratory stridor.    

 Lobar emphysema 
 Th is is an over-distended area of one or more lobes of 
the lung, and presentation depends on the degree of 
air-trapping. Although the left  upper lobe is the com-
monest aff ected, it can occur in all lobes either right 
or left . Resection of the aff ected area usually results 
in an excellent long-term prognosis. See  Figure 3.70   : 
CXR in a one-day-old neonate with  respiratory dis-
tress clearly shows a hyperlucent left  upper lobe seen 
in lobar emphysema. Th is was treated with a lobec-
tomy, with complete resolution of  symptoms.    

 Congenital cystic adenomatoid 
malformation (CCAM) 
 Th ese may be detected antenatally, or by investigation 
of a baby with respiratory distress and a radiological 
mass in one lobe, associated with collapse of sur-
rounding parenchyma. See  Figure 3.71   . Another illus-
tration is found in  Chapter 13 .    
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 Figure 3.67      Vascular ring: double aortic arch. Bronchoscopy 
suggested the presence of vascular ring. (A) Lateral view of the 
airway shows a narrow trachea in the AP dimension (black arrow). 
(B) Oblique view of the esophagus, during upper gastrointestinal 
(GI) study, shows the impression on the right and left side of 
the esophagus from the double aortic arch (arrows). (C) Lateral 
projection of upper GI study shows a posterior indentation of 
the esophagus (arrow). (D) Axial CT angiography image reveals 
a double aortic arch (arrows) with signifi cant airway narrowing. 
The trachea (arrowhead) appears to be a pinpoint in this image. 
Note that the right and left arches are nearly symmetric in size 
in this patient. (E) Volume rendered image of the vasculature 
shows the double aortic arch as viewed from above. (F) Volume 
rendered image of the airways reveals narrowing of the lower 
trachea (arrowheads). In addition, note signifi cant narrowing of 
the proximal left mainstem bronchus related to bronchomalacia 
(arrow).    
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 Figure 3.68      Pulmonary artery sling and bridging bronchus. (A) 
Maximum intensity projection (MIP) image shows aberrant origin 
of the left pulmonary artery (arrow) off  the right pulmonary artery. 
Tracheobronchial abnormalities are common in these patients. Note 
secondary narrowing of the left mainstem bronchus (arrowhead); 
in part this is the result of bronchomalacia, but also is related to 
secondary compression, as the aberrant left pulmonary artery 
crosses the mediastinum to supply the left lung. (B) Volume rendered image shows a tracheal bronchus for the right upper lobe (curved, 
black arrow). In addition, a “bridging bronchus” confi guration (pink arrow) for the bronchi for the right-middle and right-lower lobes is 
noted, as it originates from the left mainstem bronchus. Note severe bronchomalacia of the mid-portion of the left mainstem bronchus 
(yellow arrow).    

A B

 Figure 3.69      Bronchogenic cyst. The AP fi lm (A) shows signifi cant 
hyperinfl ation of the left lung, with mass eff ect and deviation of the 
airway (asterisks) to the right by a soft tissue density mass (arrows). 
(B) Upper GI: the mass (arrows) exerts mass eff ect and displaces 
the esophagus as well. (C) Enhanced axial CT image shows a fl uid 
density lesion (arrows) posterior to the carina. The lesion exerts 
mass eff ect on the left mainstem bronchus (arrowhead), which 
appears smaller when compared to the right. This results in a 
check ball mechanism and air-trapping in the left lung. The cystic 
nature of the lesion is demonstrated by CT (C). This should measure 
0–20 Hounsfi eld units. (D) Scintigraphic study shows near to no 
ventilation or perfusion of the left lung.    

A B
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Figure 3.69 (cont.)
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 Figure 3.70      A one-month-old with infantile lobar hyperinfl ation 
(formerly known as congenital lobar emphysema) of the left 
upper lobe. (A) Frontal radiograph shows signifi cant, abnormal 
hyperexpansion of the left upper lobe (arrowheads), which is 
radiolucent and exerts mass eff ect on the airway and mediastinum. 
Note that the endotracheal tube (ETT), as well as the orogastric 
tube, is abnormally shifted to the right. Note one lung intubation 
with the tip of the ETT noted over the right mainstem bronchus; 
this was pursued in order to improve ventilation and decrease 
left air trapping. (B) Lateral radiograph shows hyperinfl ation 
evidenced by fl attening of the diaphragm. The abnormal lucency in 
retrosternal location (asterisks) represents the herniated portion of 
the left upper lobe protruding into the right hemithorax. (C) Axial 
CT image shows signifi cant hyperinfl ation of the left upper lobe 
(arrowheads), resulting in mediastinal shift and mass eff ect. The 
remainder of the visualized lungs are normal; however, as a result 
of the mass eff ect they show moderate atelectatic changes. (D) 
Coronal reconstructed minimum intensity projection (MinIP) and 
(E) volume rendered CT images better defi ne the spatial location 
of the lesion and the eff ect on the remainder of the lungs and 
mediastinum.    

C
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 Figure 3.71      A three-week-old with a prenatally diagnosed 
macrocystic congenital cystic adenomatoid malformation. (A) 
Frontal and (B) lateral chest radiographs show extensive lucent 
areas at the right base. (C) Axial CT image of the chest shows large 
cystic lesions consistent with history of CCAM type 1.    
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 Bronchopulmonary sequestration 
 Th is malformation is an isolated area of lung paren-
chyma, which has no connection to the tracheobron-
chial tree, and with a systemic blood supply (rather 
than one from the pulmonary artery). Both their 
size and the amount of blood supply they “steal” will 

dictate the time of presentation. When large, respira-
tory distress with poor oxygenation ensues early in 
life. Some of these are silent in the newborn period 
only to present later with pneumonic changes. See 
 Figures 3.72 – 3.73 .        

 Figure 3.72      Bronchopulmonary sequestration. (A) Axial antenatal US image defi nes a large, echogenic left chest mass (arrows), resulting in 
shifting of the heart (H) and mediastinum to the right. (B) Corresponding sagittal image shows a systemic feeder (arrows) off  the aorta (Ao), 
which supplies the lesion. (C) Coronal T2-weighted fetal MR image shows a hyperintense lesion (arrows) in the left hemithorax. The white 
arrowhead indicates an aortic feeder to the lesion. The black arrowhead indicates a prominent draining vein into the heart. The CXR fi ndings 
were very subtle (image not shown). However, the CT angiography scan (D, E) of the neonate’s chest helped defi ne the complex, partially 
aerated mass (arrows on D). The prominent aortic feeder is indicated by an arrowhead (E). (F, G) Multiplanar reformatted image (F) and 3D 
volume rendered image (G) better defi ne the spatial location of the lesion, the systemic feeder (white arrow) and drainage (black arrow) of 
the lesion.    
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 Figure 3.73      Bronchopulmonary sequestration. (A) In this case a dense, unaerated left lower mass is obvious on this frontal chest 
radiograph. (B) Multiplanar coronal reformatted image demonstrates the lesion and the aortic feeder (arrow).    

A B
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 Introduction 
 State of the art imaging for neonatal congenital heart 
disease (CHD) uses a combination of radiographs, 
ultrasound (echocardiography, echo), magnetic reso-
nance imaging (MRI) and angiography (MRA), com-
puted tomographic angiography (CTA), and catheter 
angiography. Readers are oft en familiar with the chest 
radiograph and echo, as shown in  Figure 4.1  for a 
patient with tricuspid atresia, but may be less familiar 
with imaging strategies with MRI-MRA and CTA. 

 Chapter  Neonatal congenital heart disease    
    Jeff rey C.     Hellinger       and     Mary M. K.     Seshia       4 

 Figure 4.2A  illustrates how an MRI-MRA was utilized 
to diagnose a double aortic arch in a patient who pre-
sented with stridor, while  Figure 4.2B  demonstrates 
the use of CTA to diagnose iatrogenic aortic dissec-
tion in a patient with Ehlers–Danlos syndrome, recov-
ering from tetralogy of Fallot repair. Appropriate, safe, 
and cost-eff ective utilization of all of these modali-
ties is essential in clinical neonatal practice. Th is is 
illustrated in  Figure 4.3 , in which a vascular ring 
is diagnosed non-invasively and without radiation, 

 Figure 4.1      Tricuspid atresia. (A) Chest radiography reveals cardiomegaly and decreased pulmonary blood fl ow (PBF). Note the umbilical 
arterial catheter (UAC; short arrow) terminates at L4 (acceptable position for a low UAC); the umbilical venous catheter (UVC; long arrow) 
crosses the atrial septum to lie in the left superior pulmonary vein – this line should be withdrawn, with the fi nal position of the tip 
confi rmed radiologically at the IVC–RA junction. (B) Echo demonstrates a small right ventricle, and absent tricuspid valve with discontinuity 
between the right atrium (RA) and right ventricle (RV).    

A B
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 Figure 4.2      Aortic imaging. (A) MRI-MRA shows a double aortic arch (arrow); note the complete vascular ring formed by right and left aortic 
arches. (B) CTA, performed emergently, identifi es aortic dissection (arrows) in this patient who developed chest pain following tetralogy of 
Fallot (TOF) repair. This is an unusual complication; subsequent genetic testing confi rmed Ehlers–Danlos.    

A B

 Figure 4.3      Right aortic arch with an aberrant left subclavian artery. Bright-
blood, non-gadolinium-based MRA, in coronal (A, B) and transverse (C, D) 
projections, demonstrates a right aortic arch (RAA; arrowhead on A), a small 
diverticulum of Kommerell (arrow on B), and an aberrant left subclavian artery 
(arrow on C and D), defi ning anatomy for a complete vascular ring. Diagnosis 
was made non-invasively, without radiation, and without an intravascular 
contrast agent. In this particular case, the neonate was hemodynamically 
stable without respiratory distress – key considerations in deciding to proceed 
with an MRI examination.    

A B
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using MRA. Achieving these goals requires considera-
tion of the type of CHD, the patient’s hemodynamic 
and pulmonary stability, and the inherent accuracy, 
advantages, and limitations of each modality in the 
neonate. Imaging strategies for individual patients 
require close collaboration between the neonatologist, 
cardiologist, cardiothoracic surgeon, cardiovascular 
imager, and interventional cardiologist. In this chap-
ter we will discuss the fundamentals of the  imaging 
modalities , provide a  systematic approach  to imaging 
evaluation of CHD, and conclude with a comprehen-
sive and anatomical approach to  clinical diagnosis .      

 Imaging modalities  
 Radiography 
 Chest radiography is readily available, rapidly 
obtained, and inexpensive. It characterizes the pulmo-
nary vascularity and cardiac chamber morphology – 
essential to evaluating CHD. In addition, inserted 
tubes and lines can be assessed (see also  Chapter 11 ). 
Th e fi rst anterior-posterior (AP) chest radiograph for 
a neonate with suspected CHD should be combined 
with an abdominal–pelvis radiograph to enable vis-
ceral situs to be determined, and allow for recognition 
of potential associated congenital non-cardiovascular 
disease ( Figures 4.4A – C ,  4.5A ,  4.6 ). Subsequent neo-
natal chest radiographs should extend to at least the 

upper abdomen to account for variable degrees of 
inspiration and confi rm stability of cardiac support 
devices, as in the post-operative patient ( Figure 4.7 ).       

 Echocardiography 
 Transthoracic echocardiography ( Figures 4.1B ,  4.8D , 
 4.9 ,  4.10B ,  4.11D – E ,  4.12 ,  4.13C – D ,  4.14 ) should be 
the next diagnostic modality employed. Echo directly 
and non-invasively assesses morphology, function, and 
fl ow, all without exposure to radiation or  potentially 
nephrotoxic contrast medium. It is widely available 
and can be performed rapidly at the bedside in the 
neonatal intensive care unit (NICU) with minimal 
sedation requirements. Real-time two-dimensional 
(2D) gray scale images and CINE-loops are acquired 
in multiple projections to the heart, aorta, central 
pulmonary arteries and veins, and central intra -
thoracic systemic veins. Spectral and color Doppler 
assess normal and abnormal fl ow dynamics across 
valves, septae, and stenoses. State of the art 3D echo 
techniques can provide volumetric data and sophis-
ticated real-time morphological displays, improving 
structural evaluation (e.g. valves, septal defects).        

 Echo is limited by the acoustic impedance of air (in 
newborns this is less problematic), operator skill, and 
visualization of peripheral vascular segments, includ-
ing those of the pulmonary arteries, pulmonary veins, 

 Figure 4.4      Left-sided obstructive lesions. Chest radiographs for three neonates (A–C) all demonstrate non-specifi c cardiomegaly with 
pulmonary venous congestion (PVC) suggestive of left-sided obstructive lesions. Note the prominent, but indistinct, interstitium in each 
radiograph; fl uid in the horizontal fi ssure is noted in image (A) (arrowhead). For patients in (A) and (B), echo confi rmed hypoplastic left heart 
syndrome (HLHS); the neonate in (B) had a more dominant, enlarged RV (arrowheads), as the mitral valve was atretic. For the neonate in (C), 
echo revealed an interrupted aortic arch. As shown by catheter angiography (D) in a patient with distal aortic arch hypoplasia (beginning 
after the left subclavian artery, short arrow) and coarctation, systemic perfusion for each of these left-sided obstructive lesions is dependent 
on fl ow across a PDA (long arrow). Support devices: in (A), the suprahepatic UVC (long arrow) and UAC (L4) (short arrow) are in appropriate 
positions; in (B) and (C), (long arrows) the UVC: is displaced into the left portal vein (requires reinsertion); the UAC tip (in B) (short arrow) is too 
high (T4) and needs to be withdrawn to T6–10.    
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 Figure 4.6      Critical pulmonary stenosis with right ventricular hypoplasia. Initial 
combined chest–abdomen–pelvis radiograph shows decreased pulmonary 
blood fl ow (PBF) with mild cardiomegaly, midline liver, and suggestion of 
bilateral hyparterial bronchi (short arrows, i.e. main bronchi are caudal to the 
branch pulmonary arteries). Echo and abdominal sonography (not shown) 
subsequently confi rmed critical pulmonary stenosis (PS) with RV hypoplasia 
as well as left isomerism heterotaxy. Note the low-lying, malpositioned UAC, 
terminating in the proximal right common iliac artery (long arrow), and which 
must be removed.    

 Figure 4.5      Cardiomyopathy AP chest radiographs (A, B) demonstrate moderate cardiomegaly with mild PVC in (A) and moderate PVC in (B). 
Prompt echo diagnosed hypertrophic cardiomyopathy and a dilated (ischemic) cardiomyopathy, respectively. The etiology for the ischemic 
cardiomyopathy (B) was shown on echo (not displayed) to be secondary to an anomalous right coronary artery arising from the pulmonary 
artery (ARCAPA). Support devices: in (A), the UAC terminates at L3 vertebral body (short arrow) and the UVC terminates in the intrahepatic 
IVC (long arrow); both require repositioning.    

A B
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 Figure 4.7      Coarctation of aorta – post-operative. A two-day-old male with severe coarctation underwent urgent surgical repair with an 
open sternotomy. Post-operative CHD devices are shown in (A) and (B), in which the sternum is fi rst held together with median-sternotomy 
retention sutures (MSRS on A) and then subsequently closed with sternal wires (B).   Support devices: ETT = endotracheal tube; OET = oral-
enteric tube; PL = pericardial lead; RAMC = right atrial monitoring catheter; RCT = right chest tube.    

A B

 Figure 4.8      Pericardial eff usion – post-operative. This cyanotic neonate underwent repair of double outlet right ventricle (DORV). In the 
preoperative chest radiograph (A), note the cardiomegaly with mild shunt vascularity. The immediate post-operative radiograph shows 
an expected cardiac silhouette with a mediastinal–pleural drain projecting over the heart (B). Four days following drain removal, the 
cardiomediastinal silhouette enlarged with globular confi guration, obscuring the hilar borders, extending to the aortic arch (arrows on C), 
suggestive for a pericardial eff usion. This was confi rmed with echo (arrow on D), leading to pericardial drain placement (arrow on E). The 
drain was subsequently removed with a residual pneumopericardium (arrows on F) as well as a residual pericardial eff usion.    
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 Figure 4.9      Rhabdomyoma. Echocardiography shows a large sessile echogenic mass at the RV apex (arrows), best depicted in parasternal 
long-axis (A) and short-axis views (B). The imaging features, together with the family history of tuberous sclerosis, were diagnostic for a 
neonatal cardiac rhabdomyoma. The AP chest radiograph (not shown) for this patient was normal.    

A B

 Figure 4.10      Ebstein’s anomaly. (A) Chest radiograph demonstrates marked cardiomegaly from right atrial (RA) dilatation, and decreased 
PBF. (B) Typical apical four-chamber echocardiogram demonstrates inferior tricuspid valve (TV) displacement into the right ventricle (RV). FT: 
feeding tube; LV: left ventricle; MV: mitral valve; UVC: umbilical venous catheter.    

A B
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 Figure 4.11      Left-sided obstructive 
lesions: circulatory shock. Admitting 
chest radiographs (A–C) are shown 
for three neonates presenting with 
circulatory shock within 48–96 hours of 
birth. Key fi ndings include generalized 
mild cardiomegaly with moderate 
PVC. Prominence along the left heart 
border – right ventricular outfl ow 
tract (RVOT; arrowheads) and MPA 
(short arrows), suggests dominant 
and dependent right-sided function. 
Echocardiography revealed HLHS (A), 
critical aortic stenosis (B), and high-
grade, pre-ductal coarctation (C), 
respectively. Four-chamber and short-axis 
echocardiographic images from the 
HLHS patient (A), shown in (D) and (E), 
demonstrate an enlarged RA and RV, a 
small left atrium, severely hypoplastic left 
ventricle, and a diminutive ascending 
aorta (arrow on E).    

A

C

B

D E

 Figure 4.12      Total anomalous pulmonary venous return: multimodality images. Echocardiographic fi ndings demonstrate (A) dilated right 
heart structures with a small left heart and (B) right to left shunting across the atrial septal defect (ASD). (C) Catheter angiography illustrates 
the pulmonary vein confl uence draining via a vertical vein to the innominate vein and then to the superior vena cava (SVC). (D) Doppler 
interrogation demonstrates phasic variation in unobstructed total anomalous pulmonary venous return (TAPVR). Obstructed pulmonary 
veins (infradiaphragmatic TAPVR) show a high gradient and no phasic variation on Doppler (E).    
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 Figure 4.13      Conotruncal abnormality – 
transposition of the great arteries (D-TGA). 
Initial NICU chest radiographs for two 
patients with D-TGA: (A) demonstrates 
mild cardiomegaly with peripheral 
oligemia (mild decreased PBF), indicating 
the atrial and ventricular septae are intact; 
(B) reveals a narrow mediastinum and 
mild cardiomegaly with an “egg on side” 
confi guration. PBF is mildly increased, 
consistent with admixture across an atrial 
and/or ventricular septal defect. Echo 
from the patient in (B) demonstrates 
that the aorta and pulmonary artery 
are running in parallel, with the aorta 
positioned anterior to the pulmonary 
artery on both parasternal (C) and 
short-axis projections (D). Normally, the 
pulmonary artery should lie anterior to 
the aorta.    

A B
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 Figure 4.14      Conotruncal abnormality 
(D-TGA) – balloon atrial septostomy. (A) 
Echocardiography demonstrates a nearly 
intact atrial septum (arrowhead denotes 
small ASD). (B) and (C) demonstrate 
the balloon atrial septostomy. The 
catheter crosses the ASD (arrow) and 
the balloon is infl ated in the left atrium 
(B), pulled across the atrial septum into 
the right atrium (C), tearing the septum. 
The resultant defect is large (D) and 
demonstrates a fl ail (mobile) segment 
(arrow) indicative of a good result.    
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and supra-aortic branch arteries. Transesophageal 
echocardiography is most valuable in the operating 
room and in the post-operative patient with an open 
chest, which can limit transthoracic imaging. 

 In the majority of neonates with CHD, echo 
provides the key diagnostic information necessary 
for medical, endovascular, and/or surgical manage-
ment. Catheter angiography and cardiovascular MRI 
(CVMRI) and CT (CVCT) are available adjunct 
modalities which are infrequently required but may 
be necessary to further assess morphology, hemody-
namics, or both.   

 Catheter angiography 
 Catheter angiography ( Figures 4.4D ,  4.15C – D ,  4.16C –
 D ) is the reference standard for assessing hemody-
namics and fl ow, and at present, for coronary artery 
angiography. It generates 2D projectional images with 
conventional equipment, but state of the art angi-
ographic units now off er useful 3D cardiac, vascular, 
and soft  tissue reconstructions [ 1 ]. Being invasive, 
it carries risk of injury. It exposes the neonate to 
radiation and iodinated contrast, and requires moder-
ate conscious sedation or general anesthesia. Cardiac 
catheterization is reserved for either (1) diagnostic 
problem-solving for issues of morphology, fl ow, or 

function not answered by the other modalities; or 
(2) trans-catheter interventions ( Figures 4.16B ,  4.17 , 
 4.18B – C ). In the absence of these requirements, if 
imaging beyond echo is needed, CVMRI and CVCT 
are the next options.        

 Cardiovascular MRI and CT 
 Cardiovascular MRI and CT both provide compre-
hensive multiprojectional 3D anatomical recon-
structed displays for interactive interpretation and 
eff ective treatment planning. CVMRI ( Figures 4.2A , 
 4.3 ,  4.19C ,  4.20B ) should always be given priority as it 
does not expose the neonate to radiation or iodinated 
contrast medium; function and hemodynamics are 
assessed along with morphology. Non-cardiovascular 
structures can be evaluated, but potentially at the cost 
of a longer examination time. Depending upon the 
region imaged, resolution may be inferior to CT (e.g. 
airway and lungs).   

 With its inherent dependence upon radiation, 
CVCT ( Figures 4.2B ,  4.19B ,  4.21B – E ,  4.22 ,  4.23 ) should 
be utilized judiciously in the neonate [ 2 ]. Th e radiation 
risks posed by CT must be understood by the team 
and discussed with the neonate’s parents (see  Chapter 
1 ). Neonatal CVCT is indicated when MRI is either 
not available, is contraindicated (e.g. during extra-

 Figure 4.15      Tetralogy of Fallot (TOF): 
chest radiographs and angiography. 
Image (A) shows signifi cantly decreased 
PBF, a hypoplastic pulmonary segment 
(arrowhead), and a dominant RV 
contributing to the left heart border 
(small arrow). Segmental anatomical 
review reveals situs solitus with a RAA 
(long arrow). Note the trachea is midline 
and not deviated to the right. In (B), PBF 
is only mildly decreased; the aortic arch 
is left sided (arrow). Images (C) and (D) 
demonstrate typical AP (C) and lateral 
(D) catheter angiographic appearance 
in a TOF patient with signifi cant RVOT 
obstruction: an overriding aorta, severe 
subpulmonary stenosis (Sub PS), 
pulmonary valve stenosis, malalignment 
of the outlet septum, and a ventricular 
septal defect (VSD).    

C

A B
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 Figure 4.16      Pulmonary atresia: chest 
radiography and catheter angiography. 
Anteroposterior chest radiograph (A) reveals 
marked oligemia, mild cardiomegaly (note 
prominent RA and LV) and an absent 
pulmonary arterial shadow (arrowhead). Echo 
(not shown) confi rmed pulmonary atresia 
with an intact ventricular septum. Image (B) 
demonstrates the stent placed to maintain 
ductal fl ow (arrow).   Angiograms from a 
patient with TOF and pulmonary atresia 
show other alternative retrograde sources 
of PBF (major aortopulmonary collaterals, 
MAPCAs). In image (C), the MAPCA (long 
arrow) is supplied by the innominate artery 
(short arrow). In image (D), the MAPCA is an 
enlarged bronchial artery (long arrow), which 
arises from the proximal descending thoracic 
aorta (short arrow).    

A B

C D

 Figure 4.17      Neonatal endovascular 
intervention for left-sided obstructive lesions. 
In images (A) to (C), frontal radiographs 
from three diff erent patients with HLHS 
show stents (arrows) deployed across the 
atrial septum following emergent balloon 
atrial septostomy (A); within a modifi ed 
Blalock–Taussig shunt, following Stage 1 
surgical intervention and early post-operative 
shunt stenosis (B); and within the native 
LPA to treat severe extrinsic neo-aorta 
compression following Stage 1 palliation 
(C). Image (D) shows a stent (arrow) placed 
across the isthmus in a neonate with critical 
coarctation. Note the RA and carotid arterial 
(CA) ECMO (EC) cannulae; lungs are opacifi ed 
with alveolar edema (congestion) and lobar 
atelectasis.    

A B

C D
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 Figure 4.18      Patent ductus arteriosus. Signifi cant cardiomegaly with increased PBF is seen in this infant with a large left to right shunt 
through a PDA (confi rmed by echo – not shown). Chamber analysis in (A) reveals a prominent main pulmonary artery (long arrow) and an 
enlarged left atrium (arrowheads) and left ventricle (short arrow). A subsequent endovascularly placed PDA occluder device is seen in (B) and 
(C) (long arrows).    

A B C

 Figure 4.19      Pericardial cyst. (A) Chest radiograph in this surprisingly asymptomatic neonate revealed mass-like opacifi cation, confl uent 
with the right heart border (arrows) in the right lower lung zone, in keeping with the clinical fi nding of absent breath sounds over the left 
base. A non-contrast chest CT was performed (B), followed by MRI (C). Both revealed an elongated paracardiac mass (arrows) with fl uid 
characteristics, consistent with a pericardial cyst, which was subsequently electively resected.    

A B C

 Figure 4.20      Scimitar syndrome: partial anomalous pulmonary venous return (PAPVR). Chest radiography (A) reveals dextroposition of the 
heart, an enlarged right atrium (short arrows), enlarged pulmonary trunk (arrowheads), and a draining vein to the inferior vena cava (IVC; 
long arrows), consistent with scimitar syndrome. In this case, the right lung is hypoplastic. In another neonate, bright-blood MR angiography 
(B) confi rms the right lung scimitar vein (long arrow) to the IVC (short arrows)–RA confl uence.    

A B
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 Figure 4.22      Patent ductus venosus. 
Undergoing evaluation for CHD at one 
month of age, this infant had unexplained 
obstructive jaundice and abnormal liver 
function with a coagulopathy. Oblique 
projections of a biphasic abdominal CTA 
demonstrate a patent ductus venosus 
(arrow) bridging the left portal vein (LPV) 
to the IVC, forming a portosystemic 
shunt. The ductus venosus may remain 
patent because of abnormal portal vein 
development and/or elevated resistance 
in the portal system. MPV: main portal 
vein.    

A B

 Figure 4.21      Neonate with VACTERL association: dextroposition and partial right lung agenesis. (A) Chest radiography reveals 
dextroposition of the heart with shunt vascularity; note the tracheostomy tube. CTA was subsequently performed, demonstrating right 
upper lobe agenesis (arrow on B), an enlarged right heart along with the dextroposition (C), and a normal right pulmonary artery 
(arrow on D). CTA review of the thoracic spine shows multiple vertebral body segmentation anomalies (arrows on E), as found on a targeted 
view of the chest radiograph (arrow on F). Further CTA analysis found an atrial septal defect (not shown), accounting for the enlarged right 
heart and shunt vascularity.    

A

C
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 Figure 4.23      Pulmonary sling. CT 
angiography is performed emergently in 
an 11-day-old neonate with respiratory 
distress. An oblique maximum intensity 
projection image (A) reveals a pulmonary 
artery sling with the origin of the left 
pulmonary artery (LPA; arrows) arising 
from the right pulmonary artery. A 
coronal volume rendered image (B) 
demonstrates severe distal trachea 
stenosis associated with moderate 
proximal right main bronchus narrowing, 
at the level of the anomalous coursing 
LPA (arrow). The mid- and distal trachea 
also shows mild irregular narrowing from 
complete tracheal rings.    

BA
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corporeal membrane oxygenation), is non-diagnostic 
(e.g. ferromagnetic materials – coils, clips, stents), or 
where MRI has a high pre-test probability of yielding 
a non-diagnostic examination. Further CT advantages 
include fl exible availability, short examination times, 
ease of access for critical management, and high spa-
tial resolution. In addition, non-cardiovascular struc-
tures are evaluated during the same scan acquisition 
and in a very short time. In summary, we support the 
use of CT in the newborn period when there is a high 
sedation or general anesthesia risk, co-assessment of 
non-cardiovascular structures is required (especially 
airway), emergent imaging is necessary, and when 
higher spatial resolution is needed.    

 Although CVMRI and CVCT are “non-invasive,” 
neither is risk-free: both require intravenous access 
and both may require conscious sedation, with intu-
bation and general anesthesia generally necessary for 
CVMRI. Profound circulatory changes are induced 
by mechanical ventilation, oxygen use, and medica-
tions administered (by changing vascular resistances), 
and monitoring can be limited, especially for MRI. 
It is therefore imperative that neonatal intensivists 
and anesthesiologists with cardiovascular expertise 
are in immediate attendance. With current second-
generation multidetector-row CT (MDCT) scanners, 
scan times for a neonatal chest CT angiogram may 
be as low as 1.2–1.5 seconds, such that utilization 
of a sucrose-fl avored pacifi er may lead to a motion-
less examination, obviating the need for sedation or 
general anesthesia [ 3 ]. With current third-generation 
MDCT scanners, sub-second acquisitions are pos-
sible, which may allow imaging to proceed independ-
ently of the neonate’s motion. In contrast, complete 
CVMRI examinations typically are acquired over 
30–45 minutes, with each sequence ranging from a 
few seconds to several minutes. Acquiring only select 
sequences can reduce the examination time to 10–15 
minutes, but in most instances, this does not obviate 
the need for sedation or general anesthesia.   

 Modality interpretation: 
  a systematic approach 
 A systematic approach to interpretation of each imaging
modality will ensure complete assessment of pertinent 
structural and physiological details. Evaluation begins 
with image quality and then the support devices in the 
imaged fi eld of view. Finally the non-cardiovascular 
and cardiovascular anatomy is reviewed.  

 Step 1     Image quality 
 Examinations must be of suffi  cient quality to allow 
for accurate interpretation and eff ective treatment 
planning. With chest radiography, assessment of 
image quality includes patient positioning, overlying 
devices, and the degree of exposure, inspiration, and 
motion (see  Chapter 3 ). Oblique and cranio-caudad 
radiographic angulations can lead to projectional arti-
facts, diminishing cardiac interpretation and clinical 
yield, at the expense of radiation. 

 For echo, adequacy of the sonographic window is 
the main determinant for image quality. Coils, surgical 
clips, stents, catheters, and pacing wires, along with soft  
tissue edema, chest wall deformities, pleural eff usions, 
ascites, lung disease, pneumothorax, pneumomediasti-
num, and enteric and colonic gas (e.g. congenital dia-
phragmatic hernia) may degrade the acoustic window. 

 CVMRI may be degraded by motion (e.g. patient, 
respiratory, cardiovascular pulsation), metallic densi-
ties and devices, and air. Pre-screening of neonates 
can help optimize CVMRI by planning adequate con-
scious sedation or general anesthesia and also by 
recognizing both intra- and extrathoracic metallic 
densities and devices. 

 CVCT image quality may also be degraded by 
motion and metallic densities; however, these artifacts 
have less negative impact. As with MRI, appropriate 
patient preparation and adjustments in the examina-
tion acquisition can potentially obviate these artifacts.   

 Step 2     Devices:   tubes, lines, and cannulae 
 Cardiovascular and pulmonary devices are necessary 
for survival, if not prior to, then following correc-
tive and palliative surgeries ( Figure 4.7 ). While the 
radiographs obtained aft er initial device placement 
and subsequent manipulations seek to confi rm appro-
priate position ( Figures 4.4A – C ,  4.5A ,  4.6 ,  4.13A – B ; 
 Table 4.1 ), device assessment also plays an important 
role in recognition and classifi cation of congenital 
heart and vascular defects ( Figure 4.24 ). As listed 
in  Table 4.1 , the course of devices can off er clues to 
anatomy of CHD, including a right aortic arch (RAA), 
circumfl ex descending aorta, situs inversus, hetero-
taxy, a persistent left  superior vena cava (SVC), and a 
persistent left  inferior vena cava (IVC).   

 When CVMRI or CVCT are acquired, the entire 
course of all devices is reviewed. However, because 
anatomy is directly visualized, the course of devices 
as an aid to diagnosis is superseded. Echo is restricted 
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 Table 4.1       Support devices as predictors for congenital heart disease   

  Device    Ideal position    CHD indicator  

  Airway support      

  ETT    5–10 mm above the carina    Leftward deviation: RAA  

  Venous cathers      

  UVC    Ascends: right aspect of lumbar spine 
 Terminates: IVC–RA junction  

  Ascends on the left: situs inversus vs. heterotaxy 
Leftward intracardiac course, crosses the spine: ASD, PFO  a    

  PICC line    UE: right SVC–RA junction 
 LE: right IVC–RA junction  

  Descends along left mediastinum: LSVC to coronary sinus 
 Ascends on the left: LIVC  

  Arterial catheters      

  UAC    Ascends: left aspect of lumbar spine 
 Terminates: between L3 and L4 or between T6 
and T10  

  Abdomen: 
 – ascends on the right: situs inversus 
 Chest: 
 – ascends on right: RAA 
 – ascends on left, crosses right of spine: RAA with circumfl ex aorta  

  Enteric      

  Oral–gastric    Left-sided stomach    Courses to right-sided stomach: situs inversus vs. heterotaxy  

  Feeding tube    Stomach/duodenum/ jejunum    Courses to right-sided stomach: situs inversus vs. heterotaxy  

  ASD: atrial septal defect; ETT: endotracheal tube; IVC: inferior vena cava; LE : lower extremity; LIVC: left IVC; LSVC: left SVC; PFO: patent 
foramen ovale; PICC: peripherally inserted central venous catheter; RA: right atrium; RAA: right aortic arch; SVC: superior vena cava; UAC: 
umbilical arterial catheter; UE: upper extremity; UVC: umbilical venous catheter.  
   a   Often courses into a pulmonary vein.    

 Figure 4.24      Double outlet right ventricle (DORV). Chest radiographs for two full-term neonates with DORV and subpulmonary VSDs (A, B).
Both are remarkable for cardiomegaly and shunt vascularity (greater in neonate B), typical for this subtype of DORV, and indicative of 
unrestricted admixture. Patient (A) has heterotaxy, evident by dextrocardia, a right-sided stomach receiving the oral–enteric tube (OET), and 
bilateral left-sided (hyparterial) bronchi (small arrows). Patient (B) has situs solitus.    

A B
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to assessing only short segments of intrathoracic and 
intracardiac devices, and their entire course may not 
be appreciated; additionally they can cause artifacts 
which may be falsely interpreted as pathology or may 
degrade the acoustic window. Echo, however, can be a 
valuable tool to diagnose potential catheter and wire 
complications, including thrombosis and pericardial 
and pleural eff usions (secondary to perforation).   

 Step 3     Anatomy 
 Anatomical review for congenital heart disease con-
sists of three levels of analysis: anatomical relations 
and connections, non-cardiovascular anatomy, and 
cardiovascular morphology and function; all anatomy 
covered in the radiograph, echo, CVMRI, or CVCT 
requires assessment. When imaging the thorax, 
depending upon the modality, review may include 
the pericardium, systemic thoracic veins (innominate 
veins, SVC), pulmonary veins, atria, ventricles, septae, 
atrioventricular valves, semilunar valves, pulmonary 
arteries, thoracic aorta and branch arteries, coronary 
arteries, coronary sinus, airways (trachea and bron-
chi), lung parenchyma, pleura, chest wall, vertebral 
bodies, and ribs. If the abdomen is included in the 
coverage, again depending on the imaging modal-
ity, additional anatomy for review may include the 
abdominal aorta and branch arteries, IVC and drain-
ing veins, mesenteric veins, portal veins, hepatic veins, 
liver, spleen, stomach, small bowel, colon, and lower 
axial skeleton. If upper extremities are included in the 
fi eld of view, the humerus, radius, ulna, carpal bones, 
metacarpals, and phalanges can also be assessed, 
depending on how much of the extremity is displayed.  

 Anatomical relations and connections 
 Segmental anatomical review of abdominal viscera, 
thoracic airway and lung morphology, and cardio-
vascular structures is essential to the understand-
ing of a neonate’s cardiac anatomy and connections, 
and allows communication of fi ndings in a standard 
manner ( Figures 4.6 ,  4.24 ). Th is is best achieved using 
the Van Praagh approach, in which three letter-coded 
segmental descriptions are based upon the visceral–
atrial situs, ventricular looping, and conotruncal 
(aorta, pulmonary artery) positions, to establish veno-
atrial, atrioventricular, and ventriculo-arterial con-
nections. Further details are beyond the scope of this 
chapter but are referenced [ 4 ]. 

 Th e neonatologist can readily determine visceral–
atrial situs relations with bedside radiography, by 

evaluating abdominal visceral shadows; the bowel gas 
pattern; the course of enteric tubes; umbilical venous 
catheters (UVCs), and femoral peripherally inserted 
central venous (PICC) lines; and the central airway 
morphology ( Figures 4.6 ,  4.24 ;  Tables 4.1 – 4.2 ). Th e 
outline of the liver, spleen, and air in the stomach 
fundus will determine abdominal visceral positions. 
Th e liver shadow may be either right sided (normal), 
left  sided (inversus), or midline (heterotaxy). Th e 
spleen may be either left  sided (normal), right sided 
(inversus), or not visualized (absent or obscured). 
Th e stomach air bubble may either be left  sided 
(normal), right sided (inversus), or absent (fl uid-fi lled 
stomach). Enteric tubes coursing into the right upper 
quadrant indicate a right-sided stomach. Th e distribu-
tion of small bowel and colonic air-fi lled bowel loops 
is assessed to determine the presence of associated 
bowel malrotation (situs ambiguous). Colonic air in 
either upper quadrant should not be interpreted as 
gastric air. Th e course of a UVC will reveal the loca-
tion of the porta hepatis; while the course of a femoral 
PICC line will confi rm IVC patency or interruption 
and exclude a persistent left  IVC. 

 Regarding the central airways, with adequate tech-
nical exposure, the AP chest radiograph can directly 
demonstrate the neonatal bronchial branching pat-
tern. Th e normal trachea bifurcates into right and left  
main bronchi at approximately the T4 vertebral body 
level (carina) [ 5 ]. Th e right main bronchus is distin-
guished by a short, more vertical course, giving rise 
to the right upper lobe bronchus at the lateral margin 
of the right main bronchus, 1–2 cm from the carina. 
Subsequent arborization gives rise to the right middle 
and lower lobe bronchi, completing the trifurcation. 
Th e normal left  main bronchus has a relatively longer, 
more horizontal course, bifurcating into left  upper 
and lower. Bilateral right- or left -sided bronchi suggest 
right or left  atrial isomerism, respectively ( Table 4.2 ).  

 Th e central airway is also used radiographically 
to determine the aortic arch morphology ( Figure 
4.15A – B ). Under normal circumstances the trachea 
is slightly deviated to the right of the midline, from 
the left  aortic arch. Tracheal deviation to the left  in 
the absence of an intrathoracic pathology is strongly 
suggestive of an RAA. An umbilical arterial catheter 
(UAC) that crosses the spine from left  to right above 
the diaphragm also suggests an RAA. An RAA may be 
found more commonly with truncus arteriosus, tetral-
ogy of Fallot (TOF), and aortic arch anomalies; RAA 
anatomy should be distinguished as either having 
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 Table 4.2       Determining visceral–atrial situs   

    Situs solitus    Situs inversus    Situs ambiguus  

      Right isomerism    Left isomerism  

  Findings        Bilateral right sidedness    Bilateral left sidedness  

  Abdomen    Right – liver, GB, IVC 
 Left – stomach, spleen  

  Right – stomach, spleen 
 Left – liver, GB, IVC  

  Midline liver, IVC present, asplenia    Midline liver, polysplenia, 
interrupted IVC with azygous 
continuation  

  Bronchi    Right – eparterial 
 Left – hyparterial  

  Right – hyparterial 
 Left – eparterial  

  Bilateral eparterial 
 BPA: anterior to ULB (lateral CXR)  

  Bilateral hyparterial 
 BPA: posterior to ULB (lateral CXR)  

  Lung    Right – trilobed 
 Left – bilobed  

  Right – bilobed 
 Left – trilobed  

  Bilateral trilobed    Bilateral bilobed  

  Atria    Right – systemic atrium 
 Left – pulmonary atrium  

  Right – pulmonary atrium 
 Left – systemic atrium  

  Bilateral right systemic atria 
 (Bilateral right atrial appendages  a  )  

  Bilteral left pulmonary atria 
 (Bilateral left atrial appendages  b  )  

  CHD    Low probability with 
levocardia (1%) 
 High probability with 
dextrocardia (95%)  

  Low probability with 
dextrocardia (3–5%) 
 High probability with 
levocardia (95%)  

  High probability (100%) 
 LSVC, ASD, CAVC, PS, PA, PAPVR, 
TAPVR, TGA, DORV 
 Single ventricle physiology >70%  

  High probability (90–95%) 
 LSVC, ASD, PS, PA, PAPVR, TAPVR, left 
obstructive lesions, heart block/
bradycardia 
 Single ventricle physiology 25%  

  Pearls    Levocardia is normal 
 Left stomach bubble; 
enteric tube courses to 
the LUQ  

  With dextrocardia: situs 
inversus totalis 
 Right stomach bubble; 
enteric tube courses to 
the RUQ 
 Kartagener’s syndrome  

  Juxtaposed IVC and aorta 
 Absent splenic function 
 Malrotation 
 Hiatal hernia 
 Enteric tube may course into RUQ  

  Interrupted IVC 
 Azygous vein may parallel left aorta 
to an LSVC 
 May have non-functioning 
splenic tissue 
 Malrotation 
 Biliary atresia, 
hypoplastic/absent GB 
 Urinary anomalies 
 Duodenal atresia 
 Enteric tube may course into RUQ  

  ASD: atrial septal defect; BPA: branch pulmonary artery; CAVC: common atrioventricular canal; DORV: double outlet right ventricle; 
GB: gall bladder; IVC: inferior vena cava; LSVC: left superior venae cava; LUQ: left upper quadrant; PA: pulmonary atresia; PAPVR: partial 
anomalous pulmonary venous return; PS: pulmonary stenosis; RUQ: right upper quadrant; RVOT: right ventricular outfl ow tract; TAPVR: total 
anomalous pulmonary venous return; TGA: transposition of great arteries; ULB: upper lobe bronchi.  
   a   Right atrial appendage is distinguished by a triangular shape with a wide orifi ce, defi ned by the crista terminalis.  
   b   Left atrial appendage is distinguished by a fi nger-like shape with a narrow orifi ce, which is not defi ned by the crista terminalis.    

mirror image branching or an aberrant left  subclavian 
artery, as this conveys diff erent risk for complex CHD. 
Knowledge of the aortic arch sidedness is important 
for surgical planning, as in an emergent thoracotomy 
and placement of a systemic to pulmonary artery 
shunt (Blalock–Taussig shunt). 

 Cardiac position and the base–apex axis do not 
determine situs relations but may indicate the pres-
ence of underlying congenital cardiovascular and/or 
pulmonary disease. Th e normal heart is positioned 
in the left  chest (levoposition) with the cardiac base–
apex axis directed towards the left  (levocardia). Th e 
heart may be abnormally positioned into the right 
chest (dextroposition) or midline chest (mesoposi-
tion) with preservation of levocardia. Potential etiolo-
gies of dextroposition and mesoposition include right 
lung volume loss (e.g. right lung hypoplasia, partial 

right lung agenesis ( Figures 4.20 ,  4.21 ), or a left  lung 
(e.g. congenital lung lesion) or left  hemithorax (con-
genital diaphragmatic hernia) space-occupying mass 
with resultant left  to right shift . In the case of right 
lung volume loss, recognition on the chest radio-
graph of a draining pulmonary vein to the central 
IVC will diagnose partial anomalous pulmonary 
venous return with scimitar syndrome ( Figure 4.20 ). 
Accentuated cardiac levoposition with levocardia will 
have a similar diff erential diagnosis – e.g. left  lung 
hypoplasia, partial left  lung agenesis, or a right lung 
space- occupying mass with right to left  shift . 

 Abnormal orientations of the cardiac base–apex 
axis include dextrocardia (rightward axis) and meso-
cardia (midline axis). Both may be present with situs 
solitus (normal), situs inversus, or situs ambiguus 
(heterotaxy). Once recognized radiographically, the 
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neonatologist can use the cardiac axis and visceral–
atrial situs to predict the probability for congenital 
heart disease ( Table 4.2 ,  Figure 4.24 ), based upon the 
concordant, discordant, or ambiguous visceral, car-
diac, and/or vascular relationships as follows. 
  1.     Concordant cardiac axis and visceral–atrial situs: 

levocardia with situs solitus, and dextrocardia with 
situs inversus totalis predict a low probability for 
congenital heart disease. Immotile cilia syndrome 
(Kartagener’s syndrome) should be excluded in 
patients with situs inversus totalis.  

  2.     Discordant cardiac axis and visceral–atrial situs: 
dextrocardia with situs solitus, and levocardia 
with situs inversus predict a high probability 
(95–100%) for complex CHD [ 6 ]. Possible 
pathology includes atrioventricular discordance 
(L-looped ventricles), ventricular septal defect 
(VSD), and single ventricle physiology with 
pulmonary stenosis (PS) or atresia (PA), and 
ductal dependent pulmonary blood fl ow.  

  3.     Ambiguous visceral–atrial situs: heterotaxy 
predicts a high probability for complex congenital 
heart disease (left  isomerism: 90%; right 
isomerism: 99–100%) [ 6 ]. Right cardiac chamber 
obstructive lesions (PS, PA), pulmonary vein 
anomalies, and conotruncal pathologies are 
common fi ndings. A persistent left  SVC is also 
commonly encountered.      

 Non-cardiovascular 
 Review of non-cardiovascular structures is impor-
tant for recognition of potential co-morbid congenital 
pathologies and identifi cation of ancillary fi ndings 

that may help diagnose CHD and related syndromes 
( Figures 4.6 ,  4.21 ,  4.24 ,  4.25C ). Congenital abnor-
malities of the airway, lungs, thymus, esophagus, 
diaphragm, abdominal viscera, chest wall, vertebral 
bodies, ribs, and upper extremities, associated with 
CHD, all may be identifi ed with neonatal chest radio-
graphy depending on the coverage and presence of 
relevant support devices.    

 Cardiovascular 
 Congenital heart disease diff erential diagnoses are 
made by categorizing radiographic fi ndings based 
upon the degree of pulmonary blood fl ow (PBF: 
normal, decreased, increased, venous congestion) and 
clinical oxygenation (acyanotic, cyanotic;  Table 4.3 ). 
Cardiac chamber size (normal, increased) and tho-
racic aorta morphology (arch sidedness, size, course) 
add specifi city to the possible disease state.  

 Pulmonary blood fl ow is assessed by evaluating 
the main pulmonary artery (size), branch pulmonary 
arteries and central veins at the hila (size, distribu-
tion, and distinctness), and peripheral pulmonary 
arteries and veins (size, distribution, arborization and 
distinctness). Normal fl ow is distinguished by uni-
form pulmonary artery arborization extending from 
the hila to the periphery. Flow is greater to the lower 
lobes, resulting in a normal lobar and segmental pul-
monary artery ratio of 2  :  1 (lower to upper lobes). 
Decreased pulmonary vascularity is characterized by 
global attenuated caliber of both pulmonary arteries 
and veins, associated with radiolucent lungs (from the 
decreased blood fl ow;  Figures 4.1A ,  4.6 ,  4.10 ,  4.13A , 
 4.15 ,  4.16 ). Increased pulmonary (shunt) vascularity 

 Figure 4.25      Intracardiac left to right shunt lesions. Frontal chest radiographs show cardiomegaly and increased PBF in these three 
neonates. Chamber analysis in (A) reveals an enlarged right atrium (long arrows) and right ventricle (short arrows) consistent with an ASD. 
In (B), there is a dominant right ventricle (short arrows) with an enlarged left atrium (widened carina; wide arrows), consistent with a VSD. In 
(C), the right atrium (long arrows), right ventricle (short arrows), and left atrium (widened carina; wide arrows) are enlarged, which along with 
recognition of 11 paired ribs (arrowheads), confi rms the diagnosis of an atrioventricular septal defect in a patient with trisomy 21.    
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 Table 4.3       Integrated congenital heart disease evaluation: chest radiography and clinical oxygenation   

   Pulmonary   
  blood fl ow   

  Normal  
 (2 : 1 ratio  a  )  

  Decreased  
 (Oligemia)  

  Increased  
 (Shunt vascularity)  

  Venous congestion 
 (Pulmonary edema)  

   Oxygenation     Acyanotic    Cyanotic    Acyanotic    Cyanotic    Acyanotic    Cyanotic  

  Heart size    Normal    Normal    Increased    Increased    Increased    Normal    Increased    Normal  

  CHD lesions    Pericardium  b    
 Myocardium  b    
 Afterload lesions  g    
 AAA  
 Normal  

  Infundibular   
Stenosis (TOF)  e    

  Ebstein’s anomaly 
 Tricuspid atresia 
 Critical PS/PA 
 TOF with PA 
 D-TGA with IVS 
 L-TGA with PS 
 DORV “TOF” variant  

  ASD 
 AVSD 
 VSD 
 PDA 
 PAPVR 
 L-TGA with VSD  

  TAPVR  c   
 Double inlet ventricle  f   
 D-TGA with VSD 
 DORV  h   
 Truncus arteriosus  

  Cor triatriatum   
Pulmonary vein stenosis  

  Mitral stenosis   HLHS 
 Critical AS 
 Arch hypoplasia 
 IAA 
 Coarctation 
 Cardiomyopathy 
 L-TGA with TR  

  TAPVR  d    

  AAA: aortic arch anomaly; AS: aortic stenosis; ASD: atrial septal defect; AVSD: atrioventricular septal defect; DORV: double outlet right ventricle; HLHS: hypoplastic left heart syndrome; 
IAA: interrupted aortic arch; IVS: intact ventricular septum; PA: pulmonary atresia; PAPVR: partial anomalous pulmonary venous return; PDA: patent ductus arteriosus; PS: pulmonary stenosis; 
TAPVR: total anomalous pulmonary venous return; TGA: transposition of the great arteries; TOF: tetralogy of Fallot; TR: tricuspid atresia; VSD: ventricular septal defect.  
   a   Lower to upper lobes.  
   b   In the absence of congestive heart failure.  
   c   Pulmonary vein confl uence drains either extracardiac via a vertical vein to the innominate vein and then to SVC (Type 1), or intracardiac via a common pulmonary vein to the coronary 
sinus (Type 2).  
   d   Pulmonary venous confl uence drains infradiaphragmatic via a common pulmonary vein, into the portal, hepatic, or mesenteric venous systems (Type 3).  
   e   Heart size is often normal with mild stenosis; when there is critical RVOT stenosis and/or pulmonary atresia, heart size is typically enlarged; may be acyanotic if stenosis is mild.  
   f   In the absence of pulmonary stenosis.  
   g   Afterload lesions (e.g. AS and PS) with mild obstruction.  
   h   Includes “VSD,” “TGA,” and “single ventricle” subtypes.    
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is distinguished by accentuated size and contour of the 
central and peripheral pulmonary arteries, while arte-
rial borders remain distinct and arborization remains 
normal to the periphery ( Figures 4.13B ,  4.18 ,  4.24 , 
 4.25 ,  4.26A – B ,  4.27 ,  4.28 ). Pulmonary venous con-
gestion may manifest radiographically as fl ow redis-
tribution, indistinct peripheral vessels, prominent 
and ill-defi ned hilar vessels, interlobular septal lines, 
peribronchial cuffi  ng, alveolar opacities, fi ssural fl uid, 
and pleural eff usions ( Figures 4.4A – C ,  4.5 ,  4.11A – C , 
 4.26C ), depending upon the degree of systemic aft er-
load, myocardial dysfunction, and pulmonary venous 
obstruction.    

 Although the cardiothoracic ratio (maximum 
midline cardiac silhouette diameter divided by the 
internal thoracic diameter) on an AP chest radiograph 
may be used as a means to determine cardio megaly, 
review of individual cardiac chambers (contour and 
size) is the most accurate means to determine specifi c 
and global chamber enlargement(s) ( Figures 4.18 , 
 4.25 ). On the AP projection, chamber assessment 
focuses on the right and left  heart borders and the 
carina (central main bronchi). Th e right heart border 
(extending cranio-caudad) is formed by the SVC, 
right atrium (RA), and IVC, while the left  heart 
border (extending cranio-caudad) is formed by the 
main pulmonary artery (MPA), left  atrial append-
age, and left  ventricle (dominant part of left  heart 
border). When the right ventricle enlarges, it will 
contribute to the superior and mid-left  heart border 
on the AP radiograph. Most commonly, a prominent 
or enlarged right heart border will signify right atrial 
enlargement, while prominence or enlargement of 
the left  heart border, focally or globally, may indicate 

central MPA, right ventricular, left  atrial append-
age and/or left  ventricular enlargement, on the basis 
of either obstructive physiology, shunt physiology, 
or atrioventricular valvular pathology with or with-
out diastolic dysfunction. Th e left  atrium (LA) in 
neonates is oft en identifi ed as a double contour, just 
below the carina, with left  atrial enlargement leading 
to widening of the bronchial angle ( Figures 4.18A , 
 4.25B – C ), uplift ing of the bronchi, or both. Although 
infrequently obtained, a lateral radiograph can be 
used to confi rm right ventricular enlargement, as the 
retrosternal space will be obliterated. Th e posterior 
cardiac margin on the lateral radiograph is formed 
by the left  atrium superiorly and the left  ventricle 
inferiorly. Enlarged left  atrial and ventricular con-
tours are readily depicted on the lateral radiograph, 
displacing the air-fi lled esophagus posteriorly and 
encroaching upon the spine. Left  atrial enlargement 
will also lead to posterior displacement of the carina 
and main bronchi. A large thymus or a physiologically 
signifi cant pericardial eff usion ( Figures 4.8B – F ) can 
enlarge the cardiomediastinal silhouette and should 
be distinguished from an enlarged heart. An enlarged 
thymus is distinguished by mediastinal structures, 
lung markings, or both projecting through the thymic 
shadow. As the pericardium encompasses the heart 
and extends across the hila to the superior margin 
of the aortic arch, a pericardial eff usion, depending 
upon its size, will be depicted radiographically as an 
enlarged cardiac silhouette with round heart borders 
or a globally enlarged, confl uent cardiomediastinal 
silhouette with obscured hilar and superior medias-
tinal structures. Serial review of current and recent 
radiographs is essential to confi rming the diagnosis.     

 Figure 4.26      Total anomalous pulmonary venous return (TAPVR): chest radiography. Chest radiographs for three diff erent cyanotic neonates 
with TAPVR are shown. Patient (A) exhibits cardiomegaly, a wide mediastinum, a vertical draining vein (arrows), and shunt vascularity. Patient 
(B) has cardiomegaly, shunt vascularity, and a relatively narrow mediastinum (allowing for positioning). Patient (C) has a small heart, narrow 
mediastinum, and mild pulmonary venous congestion, consistent with obstructive, infradiaphragmatic pulmonary venous return. Note the 
umbilical arterial catheter (UAC) tip at T9 and the umbilical venous catheter (UVC) tip at T10. OET: oral–enteric tube.    
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 Figure 4.28      Truncus arteriosus. Initial chest radiograph (four 
days of age): note the mild cardiomegaly and a slightly narrowed 
mediastinum. The pulmonary vascularity is mildly increased centrally, 
suggesting pulmonary blood fl ow is only mildly elevated. The UVC 
is positioned high at T7 in the mid-right atrium, and should be 
retracted.    

 Figure 4.27      Vein of Galen malformation. An initial chest radiograph (A) in a seven-day-old baby girl with a bruit over the occiput 
demonstrates cardiomegaly, increased pulmonary vascularity to the lower lobes (arrowheads), and mild pulmonary venous congestion. 
Clinically the patient was in high output cardiac failure, and 24 hours later chest radiography (B) confi rmed worsening pulmonary edema. 
Head Doppler ultrasound (C) and subsequent MRA with arterial (D) and venous (E) phases found a vein of Galen malformation, which led to 
endovascular coil embolization (F, arrowheads). The malformation is supplied by multiple enlarged arterial feeders from the anterior (F) and 
posterior (D) circulations; it is drained by enlarged choroidal veins into an aneurysmal vein of Galen (arrow on C–F), which feeds directly into 
the superfi cial venous system. The high venous output leads to global enlargement of the straight sinus (ST), torcula (TC), transverse sinus 
(TV), sigmoid sinus (SM), and internal jugular vein (IJ).    

A C E
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 Clinical diagnosis of congenital 
heart disease 
 Th e challenge which the neonatologist frequently 
encounters is determining whether a neonate has 
a primary cardiac or a primary pulmonary pathol-
ogy. Th is arises because the cardinal clinical signs 
of cardiac and pulmonary pathologies are similar: 
namely tachypnea, cyanosis, and pallor. Even more 
challenging are neonates with combined cardiac and 
pulmonary disease, as, for example, the term infant 
illustrated in  Figure 4.21 , who presented with tach-
ypnea and central cyanosis, who then had progressive 
respiratory deterioration, and required a tracheos-
tomy. Physical examination showed external anoma-
lies (imperforate anus, spinal deformity), suggesting 
VACTERL association. Th e initial chest radiograph 
revealed cardiac dextroposition and cardiomegaly; 
the cardiomegaly was subsequently explained by an 
atrial septal defect (ASD). Th e dextroposition was 
explained by agenesis of the right upper lobe, demon-
strated on the CTA. Th e combination of the cardiac 
and pulmonary malformations explained the severity 
of the symptomatology, as the ASD alone could not 
have been the cause of the cyanosis and severe respi-
ratory compromise. 

 When suspecting CHD in the newborn, an ini-
tial diff erential diagnosis can be developed, through 
consideration of the perinatal history, with emphasis 
on the timing of onset of symptoms and signs and 
their progression; this allows consideration of the 
hemodynamic changes which normally occur in the 
transition from fetal to extrauterine life – namely the 
rise in systemic vascular resistance, the fall in pulmo-
nary vascular resistance, and closure of the ductus 
arteriosus (DA) and foramen ovale. Th is then facili-
tates a pathophysiological and anatomical approach 
to diagnosis. Th e following three clinical situations 
demonstrate the relevance of fetal vascular pathways 
to clinical presentation. 

  Figure 4.4  illustrates chest radiographs of two 
neonates with hypoplastic left  heart syndrome 
(HLHS;  4.4A – B ), and one with an interrupted aortic 
arch (IAA;  4.4C ). All presented at 24–48 hours post-
delivery with poor feeding, mild pallor, decreased 
femoral pulses, and delayed capillary refi ll. Th is onset 
coincided with closing of the ductus arteriosus, as sys-
temic perfusion was ductal dependent for each patient 
(obligatory ductal fl ow). In distinction to ductal-
dependent lesions, there may be a persistently patent 

ductus arteriosus (PDA) resulting in non-obligatory 
left  to right shunting.  Figure 4.18  illustrates a neonate 
who presented to the emergency room in cardiac 
failure from a PDA with left  to right shunt. More 
rarely, and seldom clinically recognized, is persistent 
patency of another fetal vascular pathway, the ductus 
venosus ( Figure 4.22 ). If the ductus venosus remains 
patent, it usually represents a response to hepatic and 
portal hypertension, and manifests clinically with 
hepatic dysfunction [ 7 ]. Its persistence in the setting 
of CHD can add complexity to CHD management. 

 Initial clinical observations should include identi-
fi cation of syndromic associations of cardiac disease 
such as CHARGE, DiGeorge, and Down’s syndromes. 
Detailed and systematic physical examination will 
emphasise the cardiovascular system: are all pulses 
symmetrically present and of normal amplitude? Are 
thrills present? Is the capillary refi ll normal? Is there 
hepatosplenomegaly? Auscultation may detect mur-
murs, added heart sounds, or bruits over the head or 
liver. Oxygen saturation, blood pressure determina-
tion, blood gas analysis, and an electrocardiogram 
will provide further insight. 

 Even aft er this evaluation, tachypnea and cyano-
sis may remain the predominant clinical signs, and 
confusion may still exist as to whether the primary 
etiology is cardiac or pulmonary. An initial chest 
radiograph should be obtained and this may aid in 
diff erentiation. Th e chest radiograph off ers an indi-
rect evaluation of cardiopulmonary pathophysiol-
ogy by depicting the PBF and cardiac morphology: 
it should be determined whether PBF is normal, 
decreased (oligemic), increased (shunt vascularity), 
or congestive (pulmonary edema) and whether the 
heart size is normal or enlarged. Alternatively, the 
chest radiograph may demonstrate a clear underlying 
pulmonary process – such as surfactant defi ciency 
in the preterm neonate, transient tachypnea of the 
newborn, pneumonia, or meconium aspiration (see 
 Chapter 3 ). 

 As shown in  Table 4.3 , integration of presenting 
clinical fi ndings (e.g. cyanosis) with chest radiogra-
phy (PBF, heart size) enables one to generate a more 
specifi c diff erential diagnosis for CHD, based upon 
cardiopulmonary anatomical structure. Lesions may 
be classifi ed as those related to abnormal pericar-
dium, myocardium, or coronary arteries; right- or 
left -sided obstruction; left  to right intra- and extra-
cardiac shunts; morphologic admixture lesions; and 
obstructive aortic arch anomalies.  
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 Pericardium 
 Th ree pericardial pathologies may be encountered 
on neonatal imaging –  eff usions ,  congenital absence 
of the pericardium , and  cysts  [ 8 ]. Of these, peri-
cardial eff usions in the NICU are encountered most 
frequently from a malpositioned central line causing 
a perforation. In CHD, they occur most commonly 
post- operatively and may require emergent peri-
cardiocentesis as illustrated in a neonate recovering 
from a double outlet right ventricle (DORV) repair 
( Figure 4.8 ) who, four days following removal of the 
mediastinal–pleural drain, developed a pericardial 
eff usion requiring drainage. Rarely a neonate with 
severe congestive failure may develop an eff usion. 
Although an eff usion may be suspected by clinical 
signs of poor cardiac output and from fi ndings on 
chest radiography, echo may be required to confi rm 
the diagnosis. 

 Pericardial cysts and congenital absence of the 
pericardium (a feature of pentalogy of Cantrell) occur 
rarely in the neonatal population. As shown in  Figure 
4.19 , an asymptomatic infant, at the time of discharge 
from hospital, was noted to have decreased breath 
sounds over the right lower chest. Chest radiograph, 
followed by non-contrast CT and later MRI demon-
strated a pericardial cyst.   

 Myocardium 
 Abnormal myocardium in the neonate may be 
encountered with a  cardiomyopathy  [ 9 ] or rarely a 
 cardiac tumor  [ 10 ]. 

 Of the cardiomyopathies, subtypes more com-
monly found in the neonate include hypertrophic, 
dilated, and infi ltrative. Th e neonates shown in  Figure 
4.5  both presented to the NICU at two days of age with 
a history of poor feeding, pallor, and delayed capillary 
refi ll. Bedside echo revealed a hypertrophic cardiomy-
opathy in infant A and a dilated (ischemic) cardiomy-
opathy in infant B. Metabolic causes, such as Pompe 
disease, disorders of energy metabolism or acylcarni-
tine defi ciency should be considered in a neonate with 
an infi ltrative or dilated cardiomyopathy. 

 Cardiac tumors may present with variable 
signs – murmurs, arrhythmias, cardiac failure, res-
piratory distress, cyanosis – depending on their loca-
tion. Th ey may cause right or left  chamber outfl ow 
tract obstruction (with associated radiological fi nd-
ings) or cardiac arrhythmias (oft en diffi  cult to con-
trol). Th e most common cardiac tumor in the neonate 

is a rhabdomyoma, as in  Figure 4.9 . Th is infant pre-
sented at two weeks of age with an arrhythmia; there 
was a family history of tuberous sclerosis. Th e echo 
fi ndings, together with the family history, pointed 
to a diagnosis of congenital rhabdomyoma, which, 
fortunately is not only a benign tumor, but undergoes 
spontaneous regression.   

 Coronary anomalies 
 Isolated symptomatic coronary anomalies present-
ing in the neonatal period are rare. When they occur, 
they most commonly are a right ( ARCAPA ;  Figure 
4.5B ) or left  ( ALCAPA ) coronary artery arising from 
the pulmonary artery [ 11 ]. Physiologically, these lead 
to myocardial ischemia and, when unrecognized, 
an ischemic cardiomyopathy. Clinically, symptoms 
and signs may include feeding intolerance, irritabil-
ity, pallor, respiratory diffi  culty, and congestive heart 
failure. Chest radiographs typically show non-specifi c 
cardiomegaly with pulmonary venous congestion. Th e 
anomalous coronary origin may be directly visualized 
with echo, MRI, and CTA.   

 Right-sided obstructive lesions 
 Infants with right-sided obstructive lesions [ 12 , 13 ] 
are cyanotic and have diminished pulmonary blood 
fl ow. With any severe obstruction, irrespective of 
the specifi c lesion, cyanosis, tachypnea, and labored 
breathing increase as the ductus arteriosus constricts 
and PBF decreases. As illustrated in the cases of TOF 
in  Figures 4.15A – B , and  C – D , the degree of pulmo-
nary oligemia will be determined by the severity of the 
obstruction, the presence of intracardiac right to left  
shunting, and the presence of obligatory left  to right 
fl ow across the ductus arteriosus and/or recruited 
systemic to pulmonary collateral arteries. 

 Th e right-sided obstructive lesion may be mechan-
ical or functional, whether at the tricuspid valve, 
infundibulum (i.e. right ventricular outfl ow tract, 
RVOT), and/or pulmonary valve.  

 Tricuspid valve abnormalities 
 Th ese include  tricuspid atresia  and  Ebstein’s anom-
aly . In tricuspid atresia, there is an absent or mem-
branous valve apparatus, resulting in mechanical 
obstruction and enlargement of the right atrium 
and an obligatory ASD. In distinction, in Ebstein’s 
anomaly, there is a dysplastic tricuspid valve, with 
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displacement into and atrialization of the right ven-
tricle, leading in turn to decreased forward fl ow to 
the pulmonary artery (functional obstruction). Th e 
end result is pulmonary oligemia and massive cardio-
megaly – notable for marked right atrial and mild to 
moderate right ventricle enlargement, as illustrated 
in the chest radiograph in  Figure 4.10A , obtained in 
a neonate with profound cyanosis. Ebstein’s anomaly 
was confi rmed by echo; note in  Figure 4.10B  the 
inferior tricuspid valve displacement, the atrialized 
portion of the right ventricle, and the small size of 
the native right ventricle. Th e infant with tricuspid 
atresia ( Figure 4.1A – B ) presents similarly. On chest 
radiography, the degree of PBF and cardiac enlarge-
ment depends upon the size of a VSD and whether 
the great vessels are normally related or if there is 
transposition physiology. Pulmonary oligemia and 
cardiomegaly typically indicate the presence of a 
VSD; in the absence of a VSD the heart size is gener-
ally normal.   

 Infundibulum 
 Obstruction at this level results in the most common 
form of cyanotic CHD,  tetralogy of Fallot  (TOF). 
In TOF the constellation of anomalies is infundibu-
lar pulmonary stenosis, right ventricle hypertrophy 
(RVH), malalignment type VSD, and an overrid-
ing aorta. Associated cardiovascular abnormalities 
include subvalvular or supravalvular pulmonary ste-
nosis or pulmonary atresia, branch pulmonary artery 
abnormalities, right aortic arch (25%), and coronary 
anomalies. In infants with TOF, the cyanosis may 
be minimal, and in the fi rst few days of life prior to 
ductus arteriosus closure, may be present only upon 
crying. 

 Chest radiograph fi ndings depend on the degree 
of infundibular stenosis, the presence of critical PS 
or PA, and the amount of ductal fl ow; PBF is usually 
decreased and heart size may be normal or vari-
ably increased with an uplift ed cardiac apex ( Figure 
4.15A – B ). Since this latter fi nding results from an 
enlarged right ventricle, it may not be present at birth. 
When present, the enlarged right ventricle dominates 
the upper left  heart border and displaces the left  
ventricle posteriorly; the pulmonary artery concavity 
then results in a “boot shaped heart.” Echo, MRI, and 
CT all allow for direct visualization of the level and 
degree of RVOT obstruction, RVH, VSD, and over-
riding aorta, with echo typically providing complete 
information.   

 Pulmonary valve 
 Abnormalities of the pulmonary valve include  pul-
monary stenosis  (PS), which results from congeni-
tal fusion of the pulmonary leafl ets, and  pulmonary 
atresia  (PA), where there is failure of development 
of the pulmonary valve. In PS, symptoms depend 
upon the adequacy of pulmonary blood fl ow and 
patency of the ductus arteriosus. Radiographically, 
the heart size may be normal to enlarged; echo, MRI, 
and CT all show restricted aperture of the leafl ets. 
Radiographic fi ndings are illustrated for an infant 
with pulmonary stenosis in  Figure 4.6 . Th is neonate 
presented to the NICU at 12 hours of age with wors-
ening cyanosis, increasing tachypnea and subcostal 
retractions. Th e initial chest–abdomen–pelvis radio-
graph shows decreased PBF, mild cardiomegaly and a 
midline liver. Echo showed critical pulmonary stenosis 
with right ventricle hypoplasia, and left  atrial isomer-
ism. Infants with critical PS absolutely require ductal 
patency to maintain pulmonary blood fl ow. As with 
all CHD neonates where ductal dependency needs to 
be assured, infusion of prostaglandin E1 (PGE1) is the 
fi rst-line therapy. In contrast, infants with PA may or 
may not be duct dependent, depending on whether 
the ventricular septum is intact or not. If the ventricu-
lar septum is intact, PBF is duct dependent and the 
peripheral pulmonary arteries are typically normal; 
if there is a VSD, PBF is oft en retrograde from major 
arterial pulmonary collateral arteries (MAPCAs) as 
well as the ductus arteriosus (when patent). Chest radi-
ographs for neonates with pulmonary atresia and VSD 
typically show a globular, markedly enlarged cardiac 
silhouette, dominated by right atrium and left  ventricle 
enlargements. Echo, MRI, and CT may show discon-
tinuation of RVOT with central pulmonary arteries 
and direct visualization of the confl uence of MAPCAs 
with main or branch pulmonary arteries. MRI and CT 
may be obtained to further defi ne MAPCAs. Th ese 
radiographic and angiographic fi ndings for pulmo-
nary atresia are illustrated in  Figure 4.16 ; ( 4.16A ) and 
( 4.16B ) correspond to an infant who became pro-
foundly cyanotic within a few hours of birth. Th e fi rst 
AP chest radiograph ( 4.16A ) reveals marked oligemia 
with mild cardiomegaly and an absent pulmonary 
arterial shadow. Subsequent echo confi rmed PA with 
an intact ventricular septum. To maintain fl ow into the 
pulmonary circulation and discontinue PGE1 infu-
sion, an emergent stent was placed across the ductus 
arteriosus ( 4.16B ). Select catheter angiograms from a 
diff erent infant, who has TOF with PA and a VSD, are 
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shown in  4.16C – D , illustrating innominate ( 4.16C ) 
and bronchial artery ( 4.16D ) sources of MAPCAs.    

 Left-sided obstructive lesions 
 Th e infant with a left -sided obstructive lesion [ 14 ] 
may appear normal at birth and with no clinical 
cyanosis. However as the ductus closes, systemic 
blood fl ow decreases and pulmonary venous pressure 
rises; systemic hypoperfusion, manifesting as pallor, 
and decreased urinary output, as well as respiratory 
distress, ensues. Radiographically, left -sided obstruc-
tive lesions show pulmonary venous congestion with 
the heart size ranging from normal to markedly 
increased. If a septal defect is present with left  to right 
shunting, there may be a component of increased 
pulmonary vascularity. Advanced imaging with echo 
usually defi nes left -sided obstructive lesions with reli-
able accuracy. In select instances, MRI-MRA or CTA 
may be required to further defi ne a left -sided obstruc-
tive lesion. Echo or MRI may be used to quantify the 
pressure gradient across the obstruction. 

 Non-specifi c cardiomegaly with pulmonary 
venous congestion were the key radiographic fi nd-
ings for the neonates from  Figure 4.4 , with HLHS 
( 4.4A – B ) and IAA ( 4.4C ) left -sided obstructive 
lesions. Although the presenting symptoms for these 
neonates were mild, if unrecognized they could have 
progressed to a shock-like state. Th is occurred in the 
neonates whose radiographs are shown in  Figure 4.11 , 
who presented at 48–96 hours of age with profound 
circulatory collapse and hypotension but minimal 
cyanosis. Chest radiographs showed mild cardio-
megaly with moderate pulmonary venous congestion. 
Of note, the clinical presentation of left -sided obstruc-
tive lesions may be indistinguishable from sepsis or 
more rarely a cardiomyopathy ( Figure 4.5 ). In the 
latter, cardiomegaly is more pronounced. 

 Anatomical left -sided obstruction, with resultant 
decreased aortic blood fl ow, may occur at: 
  •     the left  atrium infl ow, as in  cor triatriatum , which 

results from incomplete embryonic pulmonary 
vein incorporation into the wall of the left  atrium. 
Th is results in an accessory chamber and resultant 
obstruction between “the accessory atrium” and 
the true left  atrium;  

  •     the left  atrium outfl ow, as in  mitral stenosis or 
atresia ;  

  •     the left  ventricular outfl ow, as in either the  left  
ventricular outfl ow tract (LVOT) or at the aortic 
valve (atresia or critical stenosis ,  Figure 4.11B );  

  •     the ascending aorta and aortic arch, as in 
 hypoplasia or interruption of the aortic arch ;  

  •     the aortic isthmus, as in  coarctation .   
In HLHS, the left -sided anatomical obstructions 

occur as a continuum from the mitral valve to the 
ascending aorta ( Figures 4.4A – B ,  4.11A ,  4.11D – E ). Th e 
right ventricle functions as the single dominant ventri-
cle following delivery. Survival depends upon an ASD/
patent foramen ovale (PFO) and ductal systemic per-
fusion. Emergency management always includes infu-
sion of PGE1. As shown in  Figures 4.17A – C , emergent 
and urgent endovascular intervention may be required 
in the neonatal period both prior to and following 
Stage 1 surgical palliation for HLHS. Frequently asso-
ciated malformations include aortic arch hypoplasia, 
IAA, coarctation, and aortic arch branch artery anom-
alies. Diagnosis is usually by echo; rarely preoperative 
CVMRI or CT may be necessary to better defi ne the 
primary and associated abnormalities. 

 Coarctation of the aorta ( Figure 4.4D ,  4.11C ) [ 15 ] 
in the neonate is focal and pre-ductal (infantile type). 
Presentation is variable depending upon the severity 
of the coarctation and the patency of the ductus. If 
mild, it may be suspected because of weak or absent 
femoral pulses, mildly decreased perfusion to the 
lower limbs, or decreased lower limb blood pres-
sure; whereas if severe and following ductal closure, 
absent femoral pulses, severe systemic hypoperfusion, 
shock, and cyanosis will occur and be indistinguish-
able from any other severe outfl ow tract obstruction. 
While surgical repair is the standard defi nitive ther-
apy, emergent endovascular stent placement may be 
the only solution in critical neonates ( Figure 4.17D ). 
Associated anomalies include bicuspid aortic valve, 
ASD, VSD, HLHS, aortic arch hypoplasia, and IAA. 
Echo can directly detect the stenosis and any associ-
ated structural abnormalities.   

 Left to right shunt lesions 
 In the neonate with a left  to right shunt [ 16 ], tach-
ypnea and respiratory distress are the typical clinical 
signs, with development of pulmonary overcircula-
tion and congestive failure. Cyanosis is not present 
in the neonatal period in non-obligatory left  to right 
shunt lesions. Radiographically, all display various 
degrees of cardiomegaly with enlarged central pul-
monary arteries and increased pulmonary blood fl ow 
(shunt vascularity). 

 Left  to right shunts may be intracardiac or 
extracardiac.  
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 Intracardiac shunt lesions 
 Th ese lesions comprise  ASD , atrioventricular septal 
defect ( AVSD ),  VSD  (most common congenital heart 
defect), and  PDA . Symptoms are generally not present 
at birth. Th ey develop as pulmonary vascular resist-
ance drops, leading to increased left  to right fl ow. 
As outlined in  Table 4.3 , patients are acyanotic and 
radiographs show increased PBF with cardiomegaly. 
Radiographs for neonates with an ASD, VSD, and 
AVSD are shown in  Figures 4.25A – C , respectively. 
Each neonate initially was asymptomatic, but devel-
oped tachypnea and mild respiratory distress at three 
weeks of age; auscultation for the infants in ( 4.25B ) 
and ( 4.25C ) revealed a systolic ejection murmur. 
Importantly, the radiograph for the neonate shown 
in ( 4.25C ) revealed 11 pairs of ribs – consistent with 
this neonate’s clinical features of Down’s syndrome. 
Th e neonate with a PDA shown in  Figure 4.18  was 
delivered at 35 weeks’ gestation; the PDA was diag-
nosed clinically at discharge 2 weeks later. Although 
asymptomatic at that time, 5 weeks later (42 weeks 
post-menstrual age), he presented to the emergency 
room in severe cardiac failure with a 2-week history 
of poor feeding and increasing respiratory distress. 
Medical management was instituted, but he subse-
quently underwent endovascular ductal occlusion.   

 Extracardiac shunt lesions 
 Extracardiac shunt lesions may occur within or out-
side the chest. Most commonly they are intrathoracic, 
involving anomalous pulmonary venous drainage. 
Extrathoracic etiologies include peripheral high fl ow 
vascular malformations and tumors.    

Intrathoracic 
 Anomalous pulmonary venous return may be total or 
partial. All will result in pulmonary overcirculation. 
Anomalous pulmonary venous return must always 
be suspected in the neonate who presents with mild 
respiratory distress, which progressively worsens and 
cyanosis develops; initially these signs may be present 
only on exertion, as with feeding or crying.

  In  total anomalous pulmonary venous return 
(TAPVR) , the pulmonary veins may drain: 
  •     via a vertical vein to the innominate vein and then 

to the superior vena cava;  
  •     via a common pulmonary vein to the coronary 

sinus;  
  •     via a pulmonary venous confl uence and common 

infradiaphragmatic draining vein into the portal, 

hepatic, or mesenteric venous systems, resulting in 
fl ow obstruction at the level of the diaphragm.   
All patients with TAPVR will have an obligatory 

ASD or PFO with right to left  intra-atrial  shunting. 
Radiographs for three neonates with TAPVR are 
shown in  Figures 4.26  A – C . Infant A had drainage 
via a vertical vein, as suspected by the wide medi-
astinum. Infant B had intracardiac drainage to the 
coronary sinus, as could be predicted by cardiome-
galy, shunt vascularity, and a relatively narrow medi-
astinum, allowing for positioning. Infant C had a 
small heart, narrow superior mediastinum, and pul-
monary venous congestion; pulmonary veins drained 
infra diaphragmatically. Such a pattern of drainage, 
as in infant C, can constitute a neonatal cardiac 
emergency, as severe pulmonary venous obstruction 
readily leads to rapid cardiorespiratory deterioration. 
Serial radiographs are oft en necessary to confi rm pro-
gressive increasing pulmonary edema. Recognition 
of the normal size heart with pulmonary edema in a 
patient with cyanosis and worsening respiratory dis-
tress should prompt urgent cardiology and echo con-
sultations. Key TAPVR sonographic and angiographic 
fi ndings are shown in  Figure 4.12 . 

 In  partial anomalous pulmonary venous return 
(PAPVR) , one or more pulmonary veins drain directly 
into systemic veins (e.g. SVC, IVC, left  subclavian 
vein, innominate veins), right atrium, or coronary 
sinus, leading to a left  to right shunt with partial 
admixture. Less commonly, pulmonary veins from 
one lung are anomalous while those of the other lung 
drain to the left  atrium. In all cases, the shunt leads to 
enlarged right cardiac chambers and increased PBF; 
clinically, patients are acyanotic ( Table 4.3 ). Right 
PAPVR is more common than left , with high associa-
tions to sinus venosus ASD, heterotaxy, and scimitar 
syndrome. Examples of scimitar syndrome are shown 
in  Figures 4.20A – B . Both neonates presented with 
poor feeding. Th e chest radiograph for neonate A 
showed dextroposition of the heart and the abnormal 
draining pulmonary vein, typical fi ndings suggestive 
for scimitar syndrome. Magnetic resonance angiog-
raphy for neonate B confi rms scimitar syndrome with 
right lung PAPVR to the IVC–RA confl uence. 

 Echo for suspected cardiac disease must always 
include direct visualization of the pulmonary veins 
and potential TAPVR or PAPVR pattern as well as 
cardiac chamber and septal evaluation; Doppler inter-
rogation of all pulmonary veins is crucial. MRI and 
CT may be indicated for complete pulmonary vein 
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visualization, including central and peripheral veins 
and any potential common draining vein.   

 Extrathoracic 
 Depending on the magnitude of the shunt, these may 
present either very shortly aft er birth or later, with 
signs of respiratory distress and congestive failure 
developing over several days; circulation is hyper-
dynamic. Th e more common lesions to be encoun-
tered are the high fl ow  vein of Galen malformations  
( Figure 4.27 ),  extremity arterial–venous malforma-
tions , and  hepatic hemangioendotheliomas . Physical 
examination should include a search for bruits over 
the head, extremities, and liver, respectively. Th e chest 
radiograph confi rms variable cardiomegaly, pulmo-
nary edema, and increased caliber of the pulmonary 
vasculature. Echo demonstrates a structurally normal 
heart, no intracardiac shunt, and no anomalous pul-
monary venous drainage. Vascular Doppler ultra-
sound will confi rm the diagnosis; MRI-MRA or CTA 
may be required to further defi ne the lesion.     

 Morphologic admixture lesions 
 Th ese are structural abnormalities, leading to direct 
admixture of deoxygenated and oxygenated blood, 
generally resulting in cyanosis; admixture is the 
primary result of the lesion and not secondary to 
any obligatory shunt. Heart size may be normal or 
increased. Complete admixture occurs with a  double 
inlet ventricle  (single ventricle), where there is a 
single anatomically functioning ventricular chamber 
receiving fl ow from both atria. Th e more common 
admixture lesions are the conotruncal (RVOT and 
LVOT) biventricular abnormalities [ 17 ]. Conotruncal 
lesions discussed in this section include those with 
primary admixture with or without obstruction. 
Th ose with primary obstruction have been discussed: 
namely TOF, PS, PA, AS, and IAA.  

 Transposition of the great arteries 
 In transposition of the great arteries (TGA), the aorta 
arises from the right ventricle anterior to the pulmo-
nary artery, and the pulmonary artery arises from 
the left  ventricle (ventriculo-arterial discordance), 
with either atrioventricular concordance (D-TGA) or 
discordance (L-TGA, “congenitally corrected TGA”). 
Infants with D-TGA invariably present with signifi -
cant cyanosis shortly aft er birth, and “eff ortless tach-
ypnea.” A septal defect (ASD, PFO, VSD) and/or PDA 

is necessary for survival (communication between 
parallel circulations). Heart size is generally increased 
and there is variable PBF (normal to decreased if 
the ventricular septum is intact; increased if there 
is a VSD). With an intact ventricular septum, bal-
loon atrial septostomy may be indicated and may be 
required emergently. Associated anomalies are rare. 
Defi ning coronary anatomy for the defi nitive repair 
(arterial switch) is crucial. 

  Figure 4.13  shows the initial NICU chest radio-
graphs for two patients presenting with cyanosis and 
tachypnea, and diagnosed by echo as having D-TGA. 
Symptoms for patient A began immediately aft er birth; 
chest radiograph revealed mild cardiomegaly with 
mild decreased PBF, indicating parallel circulations 
without signifi cant communication (and admixture). 
Echo confi rmed an intact ventricular septum and a 
nearly intact atrial septum ( Figure 4.14A ). Th e second 
patient ( Figure 4.13B ) developed progressive worsen-
ing of symptoms over 72 hours; radiography showed 
a narrow mediastinum and mild cardio megaly with 
an “egg on its side” confi guration. Th e PBF is mildly 
increased, consistent with admixture across an atrial 
(ASD) and/or ventricular (VSD) septal defect. Echo 
( Figure 4.13C – D ) for this patient confi rms the aorta 
and pulmonary artery are running in parallel, with 
the pulmonary artery extending posteriorly ( 4.13C , 
parasternal long axis). Normally, the aorta is poste-
rior. Th e short axis view again shows the right anterior 
aorta ( 4.13D ). 

 For the D-TGA neonate depicted in  Figures 4.13A  
(chest radiograph) and  4.14A  (diagnostic echo – intact 
VSD with a nearly intact atrial septum), PGE1 infu-
sion was initiated, but oxygen saturation remained 
around 70%. As illustrated in  Figures 4.14B – D , to 
optimize mixing of blood and improve oxygenation, 
this patient underwent a successful emergency bal-
loon septostomy, performed under ultrasound guid-
ance in the NICU. Th e balloon was infl ated in the 
left  atrium ( 4.14B ) and then pulled across the atrial 
septum into the right atrium ( 4.14C ) to create a large 
ASD ( 4.14D ). 

 L-TGA is much less common; however associated 
abnormalities are more common, including VSD, val-
vular or subvalvular PS, tricuspid valve (left  AV valve) 
dysplasia or insuffi  ciency, dextrocardia, mesocardia, 
and aortic arch obstructive lesions. Importantly, it is 
the associated anomalies which determine the clinical 
presentation and not the malpositioning of the great 
arteries. When it is an isolated lesion, patients are 
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oft en acyanotic; radiographically PBF is increased and 
cardiomegaly is present ( Table 4.3 ).   

 Double outlet right ventricle 
 Double outlet right ventricle (DORV) is a less common 
cyanotic lesion in which the aorta and the pulmonary 
arterial trunk both arise from the right ventricle, typi-
cally above the conus, with concordant atrioventricu-
lar connections and an associated VSD. Depending 
upon the level of the VSD and the presence of asso-
ciated anomalies (e.g. mitral stenosis/atresia, left  
ventricle hypoplasia/absence, subpulmonic stenosis/
pulmonary atresia, subaortic stenosis, coarctation), 
the physiology, presentation, and chest radiographic 
fi ndings may vary. Radiographically, the heart size is 
oft en enlarged, typically with a dominant right ventri-
cle forming the left  upper heart border. In the absence 
of PS or PA, PBF is increased. Radiographic examples 
of two neonates with DORV and subpulmonic VSDs 
are shown in  Figure 4.24 . Both presented with mild 
cyanosis and tachypnea within a few days of birth. 
Th e cyanosis, non-specifi c cardiomegaly, and shunt 
vascularity led to a working diff erential diagnosis 
( Table 4.3 ); fi nal diagnosis was made with echo, which 
demonstrated all essential structural abnormalities.   

 Truncus arteriosus 
 Anatomically, in  truncus arteriosus , the systemic, 
pulmonary, and coronary arterial systems arise from 
a common trunk, associated with a large VSD lying 
immediately below the truncal valve. Th e truncal valve 
may be bicuspid, tricuspid, or quadricuspid. Subtypes 
are defi ned by the origins of the main and/or branch 
pulmonary arteries. A high association exists with 
RAA and   DiGeorge syndrome.  Figure 4.28  shows the 
initial chest radiograph from a four-day-old neonate 
who presented with mild cyanosis and progressive 
tachypnea. Key fi ndings include mild cardiomegaly, a 
slightly narrowed mediastinum, and mildly increased 
pulmonary vascularity. Echo confi rmed truncus arte-
riosus, leading to surgical repair.      

   Obstructive aortic arch anomalies 
 Th is group of lesions results from abnormal aortic 
arch development, in which vessels and/or ligaments 
surround and either compress or eff ace the trachea, 
esophagus, or both. Th e anomalies include vascular 
rings ( Figures 4.2A ,  4.3 ), pulmonary slings ( Figure 
4.23 ), and innominate artery anterior compression 
(IAC) on the trachea [ 15 ]. Neonatal presentation is 
typically with respiratory symptoms, but may also 
include gastrointestinal symptoms. Prompt diagnosis 
requires a high index of clinical suspicion, leading to 
diagnostic imaging. Detection on chest radiography 
requires recognition of the side of the aortic arch, the 
level and location of tracheal narrowing, and presence 
of air-trapping. Two projections are oft en required. 
Echo can demonstrate the side of the aortic arch and 
the branch artery origins, but may not completely 
depict distal arterial segments or tracheal morphol-
ogy. MRA or CTA provides defi nitive diagnosis with 
high accuracy [ 15 ].  Figure 4.23  depicts CTA oblique 
maximum intensity projection ( 4.23A ) and three-
dimensional (3D) volume rendered ( 4.23B ) images in 
a neonate with a pulmonary sling. Th e neonate pre-
sented with refractory and progressive worsening of 
respiratory distress. Echo was suggestive for a pulmo-
nary sling, as the left  pulmonary artery (LPA) origin 
was not identifi ed, leading to the CTA. Computed 
tomographic angiography confi rmed the LPA arising 
from the right pulmonary artery ( 4.23A ), along with 
moderate proximal right main bronchus narrowing, 
at the level of the anomalous coursing LPA ( 4.23B , 
arrow) and mild irregular narrowing in the mid- 
and distal trachea, from complete tracheal rings (a 
common association with pulmonary sling).      
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vein into the right atrium (RA). Th is mode of support 
relies on native left  ventricular function for delivery 
of oxygenated blood to the systemic circulation. It is 
achieved by the insertion of a double lumen cannula. 
Diff erent companies supply catheters that diff er in 
size and structure. Correct placement of the 12 and 
15 Fr catheters places the tip within the right atrium 
so that the arterial return ports are directed towards 
the tricuspid valve. A wire-reinforced 13 Fr veno-
venous cannula is diff erent from the aforementioned 
cannula in that there are two venous drainage ports 
(one proximal and one distal) and one arterial infu-
sion port (located between the venous drain ports). 
Th e location of the tip of this cannula is intended to 
be in the proximal inferior vena cava (IVC). Th us, 
the proximal venous port drains the SVC, the distal 
venous port drains the IVC, and the arterial blood 
returns to the right atrium with fl ow directed towards 
the tricuspid valve, as shown in  Figure 5.1A . Ideally, a 
cardiac ultrasound is obtained to assess position of the 
cannula, as seen in  Figure 5.1B .  

 Many cannulae are radiopaque to the tip ( Figure 
5.2A ), while others have a radiopaque dot to signify 
the distal end of the cannula ( Figure 5.2B ).  

 Given these diff erences, it is important to know 
the cannula type being used, in order to comment on 
placement on plain fi lm, and assess position on a daily 
basis.   

 Venoarterial ECMO 
 In VA ECMO, blood is removed from the venous 
circulation and returned to the arterial circulation via 
the right internal jugular vein and right carotid artery, 
respectively [ 2 ]. Th is mode is oft en chosen when there 
is cardiac dysfunction, especially severe right-sided 
ventricular dysfunction. 

 Extracorporeal membrane oxygenation (ECMO) 
describes extended extracorporeal cardiopulmonary 
support for acute, severe, reversible cardiac and respira-
tory failure unresponsive to conventional medical man-
agement. ECMO provides cardiopulmonary rest, while 
allowing the underlying pulmonary or cardiac dysfunc-
tion to resolve without the risk of further injury from 
hyperoxia and baro-trauma. Th is involves bypassing 
the pulmonary circulation to eff ect oxygenation exter-
nal to the body. It requires extrathoracic vascular can-
nulation for extended periods of time, usually ranging 
from 3 to 20 days, as well as adequate anticoagulation 
to prevent thrombus formation throughout the circuit. 

 ECMO is indicated as a supportive intervention 
for infants of > 2.0 kg and > 34 weeks gestational age, 
who are at high risk of dying despite optimal treat-
ment [ 1 ]. It has been used in newborns for multiple 
intractable conditions, including respiratory distress 
syndrome/hyaline membrane disease, sepsis/pneu-
monia, congenital diaphragmatic hernia, meconium 
aspiration syndrome, persistent pulmonary hyperten-
sion, and congenital heart disease. 

 Th is chapter focuses on the imaging of patients on 
ECMO, including the technical devices required (cir-
cuit and cannulae) and ECMO complications.  

 Correct placement of ECMO cannulae: 
  a radiological assessment 
 Neonatal ECMO requires the placement of cannulae 
in the major blood vessels of the neck. Support may be 
either venovenous (VV) or venoarterial (VA).  

 Venovenous ECMO 
 In VV ECMO, the blood is removed from and returned 
to the venous circulation via the right internal jugular 
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 Typical course on ECMO 
 Anasarca is invariable during the course. A SIRS 
(systemic infl ammatory response syndrome) response 
aft er exposure to the foreign material in the ECMO 
circuit tubing, combined with changes in pulmonary 
hemodynamics and an abrupt decrease in airway 
pressure immediately aft er initiation of ECMO predis-
pose to generalized lung opacifi cation, typically called 
“white-out” [ 4 ]. Time of development varies with each 
patient, but it usually occurs during the fi rst 24 to 48 
hours.  Figure 5.4A  shows the chest of a patient right 

 Venoarterial ECMO requires the insertion of an 
arterial and a venous single lumen cannula ( Figure 5.3 ). 
Th e venous cannula has both end and side ports to 
enhance drainage. Its tip should lie approximately 
at the level of the eight–ninth ribs posteriorly, thus 
ensuring that both tip and side ports lie within the 
atrium. Th e arterial cannula is inserted in the right 
common carotid artery; its tip has a single end port for 
infusion of oxygenated blood, and lies at the level of 
the second–third ribs posteriorly, typically within the 
innominate artery [ 3 ].     

 Figure 5.1      (A) Optimal position of the 13 Fr wire-reinforced 
venovenous (VV) cannula. The tip of the cannula overlies the 
suprahepatic inferior vena cava (IVC). This type of device exhibits 
specifi c ports for adequate placement in the superior vena cava 
(SVC), right atrium (RA) and IVC. (B) Echocardiography shows 
adequate position of the venovenous cannula tip in the IVC.    
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 Figure 5.2      In image (A) the cannula is radiopaque along its entire 
course (arrow), while on image (B) the tip of the cannula is gauged 
by position of a radiopaque tip (arrow), which lies approximately at 
the level of the IVC.    
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 Complications 
 Complication rates can be signifi cant as, before 
ECMO, patients are severely ill: hypotensive, hypox-
emic, and acidotic. Systemic heparinization places 
these infants at an increased risk of bleeding in vari-
ous sites, discussed below.   

 Medical complications  
 Hemothorax 
 Hemodynamic instability is not uncommon in 
patients on bypass, especially early in the course 
of treatment. Th e diff erential diagnosis during an 
acute hemodynamic decompensation is challenging, 
because tension pneumothorax, pericardial tampon-
ade, and tension hemothorax present with similar 
clinical fi ndings. Ultrasonography is oft en the most 
useful imaging tool once the lung “white-out” has 
occurred. Fluid collections are well depicted and 
there may be clues as to the complexity of the collec-
tion. An anechoic lesion likely represents fl uid, while 
hyperechoic lesions suggest blood. If this bleeding has 
been chronic there may develop a septated, hyper-
echoic collection. Acute hemothorax is therefore 
usually identifi ed by a fl uid collection of heterogene-
ous hyperechogenicity, which may be indistinguish-
able when the lung fi elds are opacifi ed on plain CXR 
( Figure 5.5A – B ).    

 Cardiac stun 
 Cardiac stun is the complete or near complete absence 
of ventricular contribution to cardiac output. If it 

before cannulation, and  Figure 5.4B  shows the same 
patient 24 hours later.  

 Particular care should be taken to correctly ana-
lyze the position of ECMO cannulae daily, since 
increasing soft  tissue edema can displace them caus-
ing their dislodgement and subsequent accidental 
decannulation (see below).   

 Figure 5.3      A two-day-old term female with left congenital 
diaphragmatic hernia (CDH). Chest radiograph immediately after 
venoarterial (VA) cannulation shows adequate position of the 
venous cannula in the right atrium (RA) and arterial cannula at the 
level of the innominate artery.    

 Figure 5.4      (A) A one-month-old, term male infant status post-esophageal atresia repair shows two right-sided chest tubes in place. Both 
lungs are adequately aerated before ECMO cannulation. (B) Complete white-out of both lungs is appreciated 24 hours later as well as 
increased soft tissue edema. The VV cannula tip terminates over the lower right atrium, in a too high position (arrow).    

A B
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 hemorrhage (Grade II or greater) or large areas 
of ischemia are a contraindication to being placed 
on ECMO ( Figure 5.7 ). Even then, new bleeds or 
ischemic areas may develop on ECMO, and vigi-
lance is needed to maintain appropriate levels of 
anticoagulation. Strict imaging protocols play an 
important role in identifying those patients with 
adverse outcomes. In our institution, head ultra-
sounds are obtained before initiation of ECMO, 
then daily for fi ve days and every other day for the 
duration of the ECMO run. Increased echogenic-
ity on head ultrasound is occasionally seen during 
ECMO. Th is fi nding may be seen with ischemic and 
hemorrhagic insults. CT scans may be performed on 
ECMO to clarify equivocal ultrasounds ( Figure 5.8 ). 
Intracranial hemorrhage usually leads to discon-
tinuation of ECMO support. Because of the practical 
and  safety issues, brain MRIs are usually recom-
mended and obtained only aft er ECMO runs ( Figure 
5.9A – B ).      

 Cerebral extra-axial fl uid 
 A common fi nding on head ultrasound during neo-
natal ECMO is prominent cerebral extra-axial fl uid 
( Figure 5.10 ). Although called “benign” extra-axial 
fl uid, the fi nding of increased extra-axial fl uid has 
been associated with an increased risk of developmen-
tal delay and cerebral palsy [ 6 ].     

occurs, it is usually between 1 and 64 hours aft er 
initiation of ECMO [ 5 ]. Th e cause is unknown, but is 
postulated to involve some combination of electrolyte 
disturbances, mainly hypocalcemia and hyperkalemia, 
a reperfusion injury to the myocardium, or an inabil-
ity of the left  ventricle to eject antegrade against an 
excessively elevated aft erload. Cardiac stun during VV 
ECMO represents a medical emergency, and conver-
sion to VA ECMO should be executed immediately. 
Th is can usually be avoided if the initiation of ECMO 
fl ow is performed slowly. Nowadays, cardiac stun is 
more common during the initiation of VA ECMO, 
because this process, of necessity, is much faster, leav-
ing less time for adaptation. Once cardiac stun ensues, 
there is no native cardiac output. In turn, there is a 
build-up of blood returning from the lungs, thebesian, 
and bronchial veins – which raises left  atrial (LA) pres-
sure and causes its dilatation ( Figure 5.6A ). If the PFO 
is restrictive, this even further exacerbates the pressure 
rise in the LA. Th is produces a pulmonary conges-
tion and edema. Treatment for left  atrial hypertension 
requires a balloon atrial septostomy to drain the LA and 
relieve pulmonary pressures ( Figure 5.6B  and  5.6C ).    

 Intracranial hemorrhage and 
ischemic infarcts 
 Th ese infants are at high risk of cerebrovascular 
injury before and during ECMO. An  intraventricular 

 Figure 5.5      (A) A two-week-old male, on VA ECMO following right 
thoracotomy for congenital cystic adenomatoid malformation 
(CCAM) resection. Chest radiograph shows bilateral lung 
opacifi cation, concerning for hemothorax secondary to a bleeding 
vessel. (B) Sagittal ultrasound (US) image through the lower 
chest of the same patient reveals a complex right-sided pleural 
eff usion (arrows), proven on further drainage to represent a large 
hemothorax.    
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 Figure 5.6      (A) Chest radiograph demonstrates an infant on VA ECMO with moderate cardiomegaly and pulmonary edema. (B) Fluoroscopic 
image shows septostomy balloon across the interatrial septum to relieve left atrial pressure. (C) Chest radiograph of the same patient reveals 
resolution of pulmonary edema and cardiomegaly following atrial septostomy.    

A CB

 Figure 5.7      A one-day-old, male, 34-weeker with left CDH, on VA 
ECMO, whose support was withdrawn for increasing intracranial 
bleed. Head US image reveals a moderate sized right parietal 
hemorrhage (arrow) with a small accompanying subdural 
hematoma (arrowhead).    

 Figure 5.8      Enhanced CT image demonstrates a right-sided infarct 
in the MCA territory (arrow).    

 Figure 5.9      (A) Coronal and (B) axial 
T2-weighted image of a 25-day-old female 
post-ECMO shows extensive left cerebral 
edema involving the left frontal, temporal, 
and parietal lobes as a result of an acute 
left anterior circulation infarct, which was 
secondary to a blood clot at the bifurcation 
of the left internal carotid artery and the left 
proximal middle cerebral artery (MCA).    

A B



Chapter 5. Special considerations for neonatal ECMO

103

and replacement. Mediastinal shift s make cannula 
insertion and positioning challenging, as seen in 
 Figures 5.12A – B .     

 Kinking 
 Some types of 12 and 15 Fr venous cannulae were at 
one time notorious for kinking. Th is led to the devel-
opment of the newer wire-reinforced 13 Fr cannulae – 
which do seem to avoid kinking and resultant ECMO 
fl ow problems. 

 Suboptimal circuit drainage refl ected as “cutting 
out” requires immediate attention. Th is should lead to 
an evaluation of the head position and volume status 
assessment, as well as ruling out cannula kinking or 
malposition. Suturing the cannula in place may cause 
inadvertent narrowing of the catheter or kinking, with 
its subsequent collapse ( Figure 5.13 ). Deep catheters 
can also get kinked at the level of the right atrium 
( Figures 5.14A – B ).     

 Cannula migration 
 Increasing soft  tissue edema and subsequent ana-
sarca can displace cannulae which were previously 
adequately positioned, leading to an increased risk 
of accidental decannulation ( Figures 5.15A – B ). Th is 
infant in fact had a very prolonged resuscitation from 
an accidental decannulation and required also an 
emergent new arterial cannulation.       

 Mechanical complications  
 Cannula malposition 
 Immediately aft er cannulation, x-ray is performed to 
confi rm adequate cannula position. It is extremely 
important to rule out high as well as deep can-
nula positions to ensure adequate function. If the 
cannula is too high, there is an increased risk of 
dislodgement with the subsequent accidental decan-
nulation. If the cannula is too deep, there may be 
inadequate circuit drainage and the circuit may “cut 
out.” During insertion, cannulae may follow an aber-
rant vessel ( Figures 5.11A – B ), requiring removal 

 Figure 5.10      Coronal head ultrasound image shows “benign” 
extra-axial fl uid.    

 Figure 5.11      (A) Malpositioned venous cannula following the course of an aberrant vessel (arrow). (B) In this patient, the VV cannula follows 
the course of a left-sided SVC.    

A B
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 Figure 5.12      A 3-month-old, female, ex-27-weeker with RSV bronchiolitis and respiratory failure. (A) Chest radiograph shows overdistension 
and air-trapping of the right lung immediately after initiation of VV ECMO, and high position of the VV cannula after diffi  cult cannulation due 
to mediastinal shift (arrow). (B) Complete “white-out” of both lungs appreciated 24 hours later.    

A B

 Figure 5.13      Chest radiograph of a three-week-old male reveals kinking of VV 
cannula (arrow) within soft tissues of the neck.    

 Figure 5.14      A 14-day-old male after right CCAM resection. Chest 
radiograph, (A) anteroposterior view and (B) cross-table lateral view, 
shows kinking of the venous cannula at the level of the RA (arrow).    

A B
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 Figure 5.15      (A) Chest radiograph demonstrates adequate position of ECMO cannula. (B) Same patient after 24 hours of ECMO shows 
cephalic migration of the arterial cannula secondary to severe soft tissue edema and anasarca. The arterial cannula is now too high (arrow) 
and resulted in inadvertent displacement and decannulation, with subsequent life-threatening hemorrhage.    
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 Introduction 
 Neonatal imaging of the central nervous system has 
progressed rapidly in the last few years, although 
ultrasound (US) imaging remains the mainstay of 
bedside investigation. However, with the increased 
availability of magnetic resonance imaging (MRI), its 
potential utility is increasing. We highlight the relative 
usefulness of the imaging techniques available.   

 Principles of neuroimaging  
 Neuroinjury in the newborn 
    •      In the preterm  a range of potential eff ects stem 

from the physiologically large and vascular 
structure of the germinal matrix of the preterm; 
and may include the superadded eff ects of 
hypoxemia or ischemia. Th ese extend from 
bleeds, to obstructive lesions of the ventricles, 
to periventricular leukomalacia. Details of the 
neuroanatomical eff ects that are usually seen 
clinically are discussed below under “A standard 
approach to assessing normal anatomy on US 
examinations.”  Figure 6.1A – D  shows diagrams 
that depict the anatomical location of the germinal 
matrix and its potential for damaging changes. 
Th ese are coupled with corresponding ultrasound 
images and can be compared with those in 
 Figure 6.2 .  Figure 6.3A – D  shows the relevant 
comparable MRI images.  Figure 6.4A – C  shows 
relevant US anatomy in axial scans obtained via 
a transmastoid approach. Finally,  Figure 6.5A – D  
shows US Doppler images obtained for the 
evaluation of the superior sagittal sinus with a 
corresponding MR venography image.       
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  •      In infants greater than 34 weeks of gestation , 
the germinal matrix has usually involuted. Of far 
greater concern in older gestational age infants are 
pathophysiological events that are associated with 
trauma, oft en involving ischemia or thrombosis or 
infections.  

  •     Th e pattern of long-term neurodevelopment eff ects 
will depend on the neuroanatomical location of the 
pathology, especially in relation to the eff ects on 
the corticospinal tracts (see  Figure 6.6 ).  

  •      Figure 6.6  shows a “homunculus” (or little man) 
lying over the cerebral surface, drawn on the left  
to show the somatosensory cortex and on the right 
for the motor cortex. Th ey splay over the body part 
for which they exert control. Each has projecting 
fi bers that come together to form the corticospinal 
tract. Th e size of the cortex that their body part 
overlies is in proportion to the extent of the 
cerebral cortex devoted to that anatomical part. 
Th e narrow corticospinal tract passes near the 
basal ganglia. Hence, neural injury in the brain can 
have eff ects in specifi c muscle groups at any level 
from where the neural origin is drawn. Th is is why 
intraparenchymal lesions in preterm infants close 
to the basal ganglia oft en lead to cerebral palsy 
(from Penfi eld and Boldrey [ 1 ]).       

 Choice of modality 
 All modalities are vitiated by diff ering rates of inter-
observer agreement.  

 Ultrasound (US) 
 Utility: 
  •     Can be carried out on neonatal units in unstable 

infants without the need for sedation.  
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 Figure 6.1      Schematic and ultrasound correlation 
of brain anatomy. (A) Coronal view through the 
anterior horns; (B) coronal view through the bodies 
of the lateral ventricles; (C) sagittal view through the 
midline; (D) sagittal view through the right lateral 
ventricle. These can be directly compared with the 
images in Figure 6.2.    

 Figure 6.2      Sequence of images from a normal cranial US 
examination. (A) Coronal view through the anterior horns; the white 
arrows denote the bilateral sylvian fi ssures; the white arrowhead 
indicates the inter-hemispheric fi ssure; the black arrowhead 
points out the third ventricle. FH: frontal horn; CSP: cavum septum 
pellucidum, a common normal variant. (B) Coronal view through the 
bodies of the lateral ventricles; CP: choroid plexus. (C) Sagittal view 
through the midline; arrowheads indicate the corpus callosum; B: 
brainstem; CV: cerebellar vermis. (D) Sagittal view through the right 
lateral ventricle. FH: frontal horn; CP: choroid plexus; PH: posterior 
(occipital) horn; TH: temporal horn.    
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 Figure 6.3      (A, B) Normal axial and sagittal 
T1-weighted images, and axial and sagittal 
T2-weighted images (C, D) of a neonatal 
brain.    
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 Figure 6.4      Axial US images through a transmastoid approach.These images are particularly 
useful to evaluate the cerebellar hemispheres and posterior fossa structures. (A) Axial scan 
with color Doppler through the posterior fossa demonstrates bilateral patent sigmoid sinuses 
(arrowheads). The arrow denotes the fourth ventricle. (B) Axial scan demonstrates a normal-
appearing brainstem with symmetric cerebral peduncles (arrows). (C) Axial scan with color 
Doppler demonstrates a complete circle of Willis. MCA: middle cerebral artery; PCA: posterior 
cerebral artery.    

A B C

  •     Equipment needs are standardized by professional 
body recommendations (American College of 
Radiology and the British Society of Paediatric 
Radiology)[ 2 ] as follows: US machine with 
real-time 2D settings and a setup for cranial US 
imaging; a phased array or sector scanner which 
will fi t the fontanelle with a frequency range of 
5–7 MHz is ideal; and high-frequency linear probe 
to assess the superior sagittal sinus and extra-axial 
spaces.  

  •     No radiation burden.  
  •     Repeatable without adverse eff ects allowing 

evolving lesions to be followed.  
  •     Views through the anterior fontanelle or 

posterior fontanelle if open. Views through 
the posterior auricular region for the 
posterior fossa.  

  •     Reliable for germinal matrix hemorrhage, 
intraventricular hemorrhage and post-
hemorrhagic ventricular dilatation [ 3 ].  
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 Figure 6.6      Motor and 
sensory homunculus, drawn 
overlying a coronal section 
through the pre- and post-
central gyri respectively. 
Cortical damage in these 
areas leads to corresponding 
neurological defi cit.    

 Figure 6.5      Coronal color Doppler (A), 
sagittal duplex (B) and sagittal power 
Doppler (C) images show fl ow within 
the superior sagittal sinus (SSS) (arrows/
arrowheads). (D) Maximum intensity 
projection of time-of-fl ight MR venogram 
demonstrates fl ow in the entire SSS 
(arrows) as well as other major dural 
venous sinuses. The entire SSS is diffi  cult 
to evaluate by color Doppler, since a large 
portion is covered by bone.    
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  •     Increased periventricular echogenicity is 
a less specifi c fi nding and can represent 
edema, ischemia, cerebritis, or hemorrhage.   

Limitations and practical aspects: 
  •     Limited views of the posterior fossa.  
  •     Views limited by size of the fontanelle.      

 Computed tomography (CT) 
 Utility: 
  •     Particularly useful in trauma.  
  •     Acute hemorrhage, extra-axial collections, 

and ventriculomegaly are well 
demonstrated.   
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 Diff usion-weighted MRI (DWI) 
 Th is technique allows good diff erentiation between 
normal cells and edematous (hence injured) cells in 
the brain. 
 Utility: 
  •     Excellent for imaging the acutely unwell neonate.  
  •     Accurately and reliably detects focal parenchymal 

injury with cell edema.  
  •     Can assist in timing of lesions.   
Limitations: 

 Th ose of MRI (see above). Please see  Figure 6.9  
for an example of diff usion-weighted imaging as 
compared to T1 and T2 imaging.    

 T1- and T2-weighted imaging and 
anisotropy 
 Th e detailed physics of MRI is beyond the scope of 
this chapter. An understanding of the underlying 
principles of MRI does, however, allow us to under-
stand why soft  tissue contrast is so good compared to 
other imaging modalities. 

 All biological tissues are composed of collections 
of atoms that contain varying protons. Diff erent tis-
sues such as gray and white matter have a diff erent 
cellular and atomic composition. MRI utilizes this dif-
ference in cellular composition to generate soft  tissue 
contrast as follows. 

 When protons are placed in the magnet, they align 
themselves with, or against, the external magnetic 
fi eld. A radiofrequency pulse is then applied to these 
protons, which raises the energy state of the protons. 
Th e radiofrequency pulse is then switched off , the 
protons relax releasing the energy over a very short 
period of time (msec), and this can be measured in 
space with a receiver to generate a picture. By alter-
ing the radiofrequency pulses that are applied and 
the time at which this signal is measured, the diff er-
ent MRI sequences including T1- and T2-weighted 
images are acquired. 

 Th e purpose of these sequences is to generate 
soft  tissue contrast between the various structures. In 
general, T1-weighted images give good  anatomical 
 information, with gray matter structures  appearing 
lighter than white matter, and with water or CSF 
appearing black. T2-weighted images show gray matter 
structures to be darker than white matter, and water or 
CSF to be white. T2-weighted images tend to be more 

Limitations and practical aspects: 
  •     Radiation burden, particularly with repeated 

investigations.  
  •     Transfer of the patient and monitoring are 

necessary during investigation.  
  •     US assessment of ventricular size is comparable to 

that of CT [ 4 ].      

 Magnetic resonance imaging (MRI) 
 Utility: 
  •     No ionizing radiation.  
  •     Particularly useful and superior to US in assessing 

the white matter [ 3 ,  5 ].  
  •     MRI with diff usion imaging is very sensitive to 

ischemic damage.  
  •     Can provide accurate anatomical detail in 

developmental anomalies.  
  •     Advanced imaging techniques (e.g. MR 

spectroscopy to measure lactate in hypoxic-
ischemic injury) provide additional information, 
which may complement structural imaging. 
Th is may be more useful in inborn errors of 
metabolism (see  Chapter 10 ).   

Limitations and practical aspects: 
  •     Hazards associated with transfer and monitoring, 

especially if requiring ventilator support. Only a 
few centres have a dedicated MR magnet on the 
neonatal unit to limit these logistic issues and so, 
more usually, the baby must be stable for transfer 
to the imaging department.  

  •     MR compatible transport and monitoring 
equipment is needed to monitor the neonate 
from outside the scanning room. Metal tubes 
and equipment cannot go into the MRI scanner. 
If the infant has had a patent ductus arteriosus 
(PDA) clip ligation, or any other metallic device, 
depending on materials used this may be a 
contraindication.  

  •     Sedation may be required as MR is susceptible 
to motion artifacts. Avoid this by using a “feed 
and wrap” technique or oral sedation e.g. chloral 
hydrate.  

  •     MR compatible anesthetic equipment must be 
available if the baby is to be imaged under general 
anesthetic.  

  •     Uncertain predictive value, although data are 
accumulating.  

  •     Expensive in comparison with US.      
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sensitive to pathology as most  pathological conditions 
generate edema and therefore appear bright. 

 Unfortunately, the neonatal brain is immature and 
watery, as large parts of it are unmyelinated at birth. 
Th e brain myelinates over the fi rst two years of life, at 
which point it should be complete. Th e  combination 
of T1-and T2-weighted imaging can monitor this 
myelination process. 

 Diff usion-weighted imaging measures move-
ment of free water within the brain. It is therefore 
 particularly useful in the watery neonatal brain as it 
can sensitively diff erentiate altered free water move-
ment in certain conditions, most usefully infarction. 
In infarction there is cell death resulting in cytotoxic 
edema, which results in reduced free water movement 
between cells, i.e. restricted diff usion. Infarction, 
which is bright on T2, would naturally be harder to 
see on the normal bright T2 background of unmyeli-
nated brain. Diff usion-weighted imaging is therefore 
a standard sequence in the neonate when looking for 
hypoxic-ischemic injury. 

 In reality, diff usion is not entirely random or 
free in the brain due to the presence of the various 
fi bers and tracts transmitting information through 
the brain. Water diff uses more rapidly in the direction 
aligned with the internal structure, and more slowly 
as it moves perpendicular to the preferred direction, 
which is anisotropy. Isotropy, where the diff usion rate 
of water appears to be the same when measured along 
any axis, does occur in gray matter in the cerebral 
cortex and in the major brain nuclei. 

 Th e directional information of anisotropy is 
exploited to select and follow neural tracts through 
the brain, and this is called tractography.   

 A standard approach to assessing 
normal anatomy on US examinations  
 Images 
 See  Figures 6.1 ,  6.2 ,  6.4 , and  6.5 . A standardized series 
of views includes coronal and sagittal views through 
the anterior fontanelle and views through the pos-
terior auricular region to assess the posterior fossa. 
Additional views may be obtained to demonstrate 
identifi ed pathology more clearly. 

 Th e most commonly used views are:
   Coronal  
  •     Anterior to frontal horns  
  •     Anterior horns of lateral ventricles  
  •     Th ird ventricle and thalami  

  •     Choroid plexus in posterior horns of lateral 
ventricles  

  •     Posterior to choroid plexus; occipital lobes  
  •     While it is usually recommended that there is a 

measurement of ventricles at the level of the third 
ventricle to minimize inter- and intra-observer 
variability, in routine practice this seems oft en to 
be omitted [ 6 ].    

 Sagittal   
  •     Midline  
  •     Each lateral ventricle with caudothalamic groove  
  •     Lateral through hemisphere to show deep white 

matter.         

 Variations of normal seen in US 
 An extensive review of the variation in US fi ndings 
that may be classifi ed as “normal” is beyond the scope 
of this chapter. Th e reader is referred to Enriquez  et al.  
[ 7 ] for more detailed information on this subject.  

 Ventricles 
 On coronal imaging through the anterior horns of 
the lateral ventricles, there can be the appearance of 
a septum through both horns, giving the impression 
of an adjacent cyst. Th is must be diff erentiated from 
cystic periventricular leukomalacia (cPVL), where the 
cyst lies above the level of the anterior horn, and a 
germinal matrix cyst where it lies below. When the 
“cyst” is at the same level as the tip of the anterior 
horn, this is a normal variant – ventricular coarcta-
tion ( Figure 6.7 ). For comparison to a picture of a true 
cPVL lesion, see  Figure 6.10 .    

 Choroid plexus 
 Cysts within the choroid plexus are not uncommon 
( Figure 6.8 ). Small cysts are of no consequence, but 
large cysts can be associated with chromosomal 
abnormalities. Th e choroid plexus lies in the posterior 
horn of the lateral ventricles, and may give the impres-
sion of an inferior fl uid level if they have a sharp infe-
rior border.     

 Assessing normal anatomy on MRI 
examinations 
 A combination of imaging sequences (sagittal T1, 
axial T1, axial T2, coronal T2, and diff usion-weighted 
sequences) should take no more than 45 minutes. Th is 
ensures that the multiplanar capabilities of MRI and 
soft  tissue characterization are optimized.   
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 Figure 6.8      Coronal (A) and sagittal US 
(B) images from a cranial US examination 
showing a single, small, left anechoic 
choroid plexus cyst (arrows) in the left 
lateral ventricle.    

A B

 Figure 6.7      Coronal (A) and sagittal (B) 
images from a cranial US examination 
showing bilateral connatal cysts 
(arrowheads) also known as coarctation 
of the lateral ventricles, a normal variant. 
Magnifi ed coronal (C) and sagittal (D) 
images better depict the left connatal 
cyst (asterisk). These are located at or 
just below the supero-lateral angles 
of the frontal horns or body of the 
lateral ventricles, and are the result of 
approximation of the walls of the frontal 
horns of the lateral ventricles causing 
a rounded confi guration of the most 
external portions of the ventricles and 
giving the sonographic appearance 
of a cyst. Corresponding MRI axial 
T2-weighted (E) and sagittal T1-weighted 
(F) images: the arrowheads indicate the 
connatal cysts.    
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 Who should be scanned, how 
and when?  
 Very low birth weight infants 
    •     25% of babies < 30 weeks will have signifi cant 

cranial abnormalities on imaging that may 
infl uence their ongoing clinical care and/or 
neurodevelopmental outcome.  

  •     Th e clinician will wish to know whether there 
is evidence of intraventricular hemorrhage or 
leukomalacia, and in the latter case, whether the 
lesions occurred in the antenatal or post-natal 
period.  

  •     Th e primary modality of imaging will usually be 
ultrasound.  

  •     Combining an early US (on day 1 of life) and a 
later one at 7–14 days will detect most lesions 
resulting from both antenatal events and post-
natal intraventricular hemorrhage. Some units 
will not necessarily perform an early US, except 
where a diffi  cult antenatal history was present.  

  •     Use serial scans to monitor evolution of 
abnormalities.  

  •     Scan at 36 to 40 post-menstrual weeks or 
before discharge to detect sequelae from early 
intracranial events.  

  •     Sudden deterioration in the clinical condition 
of a preterm infant, or unexpectedly rapid head 
growth, should prompt a cranial US scan.      
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 Predicting outcome in term asphyxia 
and trauma 
    •     In global hypoxic-ischemic injury, the basal 

ganglia and thalamus are most oft en aff ected. 
Bilateral lesions strongly predict a poor motor 
outcome [ 15 ].  

  •     Isolated white matter infarction aft er a global 
hypoxic insult is less common and is more likely to 
result in cognitive impairment, but milder motor 
impairment [ 16 ].  

  •     Th erapeutic hypothermia or “cooling” in infants 
with hypoxic-ischemic encephalopathy is 
associated with a reduction in abnormalities of the 
basal ganglia, thalamus, and posterior limb of the 
internal capsule (PLIC). Th e process of cooling 
does not alter the predictive value of MRI for later 
neurodisability [ 17 ].  

  •     In hypoxic-ischemic encephalopathy, a normal 
MRI with diff usion imaging is predictive of 
a normal neuromotor outcome at 18 months of 
age [ 17 ].  

  •     Magnetic resonance spectroscopy ( 1 H MRS) 
is a useful adjunct to investigate cerebral 
metabolism following an asphyxial insult. Th ere 
are characteristic changes in spectral peaks, 
principally a rise in lactate, indicating tissue 
ischemia, and fall in  N -acetyl aspartate, indicating 
neuronal damage [ 18 ].      

 Neuropathologic features and imaging 
correlation of hypoxic-ischemic injury (HII) 
 Th ere are four major patterns of hypoxic-ischemic 
lesions: (1) parasagittal brain injury; (2) periventricu-
lar leukomalacia; (3) selective neuronal necrosis; and 
(4) focal or multifocal ischemic brain lesions [ 19 – 21 ].
   1.      Parasagittal brain injury : 
    Th is type of injury is associated with chronic, 

likely repetitive ischemic insults and/or with mild 
to moderate hypotension, so-called prolonged 
partial asphyxia [ 22 – 24 ]. Th is usually occurs in 
term neonates. Injury is secondary to insuffi  cient 
perfusion to the “watershed” areas between the 
anterior, middle, and posterior cerebral arteries 
territories [ 19 ,  21 ]. Imaging in this type of 
injury reveals classical bilateral and symmetric 
abnormalities in the parasagittal portions of the 
cerebral convexities ( Figure 6.9 ). Neonates with 
this type of injury may present with seizures, 

 Term infants 
    •     While US may still assist in these infants [ 8 ], in 

general CT or particularly MRI are more likely to 
be helpful.  

  •     In babies with encephalopathy, neurological 
signs or evidence of shock (following a history of 
overt birth trauma, forceps, or vacuum assisted 
delivery), low hematocrit, or coagulopathy, a CT 
soon aft er birth is useful to look for hemorrhage 
including subgaleal bleeds [ 9 ].  

  •     If CT does not explain abnormal neurological 
status, MRI between days 2 and 8, with DWI and 
spectroscopy, may clarify.  

  •     DWI is optimally performed at 5–8 days to avoid 
misinterpretation of fi ndings when DW-MRI 
scans appear “normal” even where there is 
underlying damage [ 10 ].       

 Using imaging to predict outcome 
in preterm infants 
    •     A normal neonatal US scan does not necessarily 

denote a good prognosis, and some babies with 
normal scans will go on to develop cerebral palsy.  

  •     Overall there is poor correlation between US 
classifi cation and MRI group classifi cations [ 5 ].  

  •     Later imaging has greater prognostic value. If 
major abnormalities (echodense intraparenchymal 
lesions, periventricular leukomalacia [PVL], or 
ventriculomegaly) are seen on US performed just 
prior to hospital discharge, this represents one 
of three additive predictive factors for adverse 
outcome by 18 months [ 11 ].  

  •     Severe white matter abnormalities on MRI, at term 
equivalent gestational age, are associated with 
worse cognitive outcome, developmental delay, 
and cerebral palsy; increasing severity is associated 
with increasing impairment [ 12 ].  

  •     Recent MRI studies in preterm infants at term 
have highlighted a pattern of diff use white matter 
injury and focal tissue loss in the thalamus, basal 
ganglia, corona radiata, and periventricular white 
matter. Th ese changes were associated with poor 
neurodevelopmental outcome in comparison 
with term infants or preterm infants without 
such changes [ 13 ]. Th e term “encephalopathy of 
prematurity” has been used to describe fi ndings of 
PVL and neuronal disease thought to be related to 
interplay between developmental and destructive 
processes [ 14 ].      
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hypotension or both. Injury to these areas 
involves mainly the motor cortex responsible for 
proximal extremity function; therefore, usually 
the upper extremities are more severely aff ected 
than the lower extremities. Later in life, these 
patients present with seizure disorders and spastic 
quadriplegia [ 21 ,  22 ,  25 ].   

  2.      Periventricular leukomalacia (PVL) : 
    PVL is the typical injury of preterm neonates 

and is related to the anatomic characteristics of 
brain circulation at this age. Before 32 weeks, 
vessels penetrate the cortex from the pial surface. 
Th is primitive circulation results in a relatively 
poorly vascularized periventricular white matter, 
predisposed to ischemic injury ( Figures 6.10  and 
 6.11 ). Th e areas more prone to damage are the 
periventricular white matter dorsal and lateral to 
the external angles of the lateral ventricles. Since 
the lower extremity axons of the corticospinal 
tract, which are periventricular in location, course 
medially to upper extremity axons, these patients 

present later in life with impaired motor function 
aff ecting particularly the lower extremities, 
so-called “spastic diplegia.” Due to the damage to 
the optic radiations, visual fi eld disorders are also 
typical aft er this type of injury [ 21 ,  22 ,  26 ].    

  3.      Selective neuronal necrosis (SNN) : 
    Selective neuronal necrosis is the most common 

pattern associated with HII, and usually 
coexists with all other patterns. Th e site of the 
injury depends on the severity of the insult and 
gestational age of the neonate. Four major patterns 
are recognized: diff use; cerebral cortex – deep gray 
matter; deep gray matter – brainstem; and 
pontosubicular injury [ 19 – 21 ].   Long-term sequelae 
of this type of injury include mental retardation, 
spastic quadriparesis and seizures. Choreoathetosis 
and dystonia may be seen when the thalamus and 
basal ganglia are involved, as the basal ganglia 
are particularly sensitive to hypoxia. Bulbar and 
pseudobulbar palsy occurs if the brainstem and 
tegmentum are aff ected [ 19 – 21 ]. 

 Figure 6.9      A two-day-old, full-term neonate with a prolonged, diffi  cult delivery and ongoing seizure activity. (A, B) Axial DW images 
show bilateral, nearly symmetric areas of restricted diff usion involving the anterior arterial watershed zones and left parieto-occipital 
region (white arrows). (C ) Axial T2-weighted image reveals ill-defi ned, increased T2 signal (white arrows) associated with loss of the 
cortical ribbon (black arrows) within both frontal lobes and left posterior parietal convexity. This corresponds with the areas of restricted 
diff usion in (A), (B), and is in keeping with cytotoxic injury and edema within these watershed regions. Note that there is also mild signal 
abnormality as well as mild diff usion restriction within both thalami, since, clinically, in many cases, hypoxia patterns of injury coexist. 
(D) Coronal US image shows slit-like ventricles and diff use, patchy areas of increased echogenicity (white arrows) in the bilateral frontal 
regions. (E) Color duplex evaluation of the anterior cerebral artery reveals an abnormally low resistive index (0.40). (F) Shaded areas in 
this schematic diagram refl ect the characteristic pattern of perinatal brain injury from prolonged, partial hypoxic-ischemic injury in the 
term neonate. This type of injury is related to chronic repetitive stress, and mainly aff ects the cortex/white matter in regions of watershed 
perfusion. The deep gray nuclei are typically spared, unlike in this case. Please note that diff erent patterns of hypoxic-ischemic injury do 
coexist, not infrequently.    
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 Figure 6.10      A 30-day-old, ex-29-week premature infant with seizures. Coronal US images (A, B) obtained nine days apart show increased 
periventricular echogenicity. Coronal (C) and sagittal (D) US images obtained a week later demonstrate hypoechoic cystic changes in 
the periventricular white matter in keeping with cystic periventricular leukomalacia. A few days later, sagittal (E) US image shows interval 
incorporation of the cystic changes into larger cysts. (F) Shaded areas in this schematic diagram refl ect the characteristic pattern of perinatal 
brain injury seen in this case, and consistent with prolonged, partial hypoxic-ischemic injury in the preterm neonate. This type of injury is 
related to chronic repetitive stress in premature infants, and mainly aff ects the periventricular white matter as, in the primitive circulation, the 
watershed areas of perfusion are localized here. This child presented later with classical spastic diplegia which occurs due to damage to the 
corticospinal tracts which pass through the posterior periventricular regions.    
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  a.     Diff use neuronal injury: this occurs with 
severe, very prolonged insults in term and 
premature infants, and aff ects nearly all 
neurons in the neuroaxis, although it most 
frequently aff ects the cortex, hippocampus, 
cerebellum, and anterior horn cells of the 
spinal cord [ 19 ,  21 ].  

  b.     Cerebral cortex – deep gray matter: this type 
of injury is, in fact, typical of HII in the term 
neonate. It is described aft er moderate to 
severe, usually prolonged ischemic events. 
Injury is typically bilateral and aff ects the 
dorsolateral putamen and ventrolateral 
thalami [ 21 ,  24 ,  25 ].  

  c.     Deep gray matter – brainstem: this type of HII 
is associated with severe, prolonged insults 

of abrupt onset in term neonates. Despite 
injury to the basal ganglia and thalamus in 
approximately three-quarters of the patients, 
only in one-quarter of the cases with HII is 
deep gray matter and brainstem involvement 
the prevailing lesion ( Figure 6.12 ), and only 
a small portion of these will evolve to “status 
marmoratus.” Status marmoratus refers to the 
marbled appearance acquired by the aff ected 
structures following this type of injury, and 
is characterized by neuronal loss, gliosis, and 
hypermyelination. Th is type of pathologic 
picture is not apparent until at least eight 
months aft er birth, and yet still the insult 
occurs in the perinatal period. Later in life these 
patients demonstrate cognitive defi cits and 
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 Figure 6.11      Follow-up MRI at three 
months of age of the neonate shown 
in Figure 6.10 reveals severe cystic 
encephalomalacic changes of the 
periventricular white matter (A, B). Sagittal 
FLAIR (A); sagittal T1-weighted (B); and 
axial T2-weighted (C, D) images confi rm 
loss of periventricular white matter with 
cystic changes reaching the ventricular 
margins, which are irregular (arrowheads). 
Some of the cysts, particularly in the 
frontal regions, show further incorporation 
into larger cysts (black arrows on C). Note 
signifi cant thinning of the corpus callosum 
in keeping with loss of white matter (white 
arrow on B).    
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 Figure 6.12      A two-day-old, term infant 
with a history of abruptio placenta 
presents with prolonged seizures, episodes 
of apnea, and abnormal eye movements. 
(A) Axial T1-weighted image shows 
vague increase in T1 signal involving the 
bilateral posterior putamina (arrowheads) 
and bilateral ventrolateral thalami (black 
arrows) refl ecting cytotoxic edema 
from ischemic injury. There is loss of the 
expected normal myelination within the 
posterior limb internal capsule – so-called 
PLIC sign. Axial diff usion-weighted 
image (B) and ADC (apparent diff usion 
coeffi  cient) maps (C) reveal abnormal 
restricted diff usion in these areas, 
refl ecting cytotoxic edema from ischemic 
injury. (D) Coronal US image shows slit-like 
ventricles and diff use, patchy areas of 
increased echogenicity (white arrows) in 
the bilateral basal ganglia. Color duplex 
evaluation of the anterior cerebral artery 
reveals an abnormally low resistive index 
(0.38). (F) Shaded areas in this schematic 
diagram refl ect the characteristic pattern 
of perinatal brain injury in this case, 
consistent with profound hypoxic-
ischemic injury in term neonates, and 
usually aff ects areas of high metabolic 
activity, such as the deep gray nuclei. The 
cortex is relatively preserved.    
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movement disorders, including choreoathetosis 
and dystonia, which become apparent aft er one 
to four years of age [ 21 ,  24 ,  25 ].   

  d.     Pontosubicular injury: this type of injury 
occurs mainly in preterm neonates and is 
strongly associated with PVL. It involves 
neurons of the basis pontis and the subiculum 
of the hippocampus. Clinically it is associated 
with hypoxia–ischemia, hypocarbia, and 
hyperoxia [ 21 ,  27 ].     

  4.      Focal or multifocal ischemic brain lesions : 
    Th is form of injury is unusual in preterm 

infants and is more commonly seen as a result 

of post-natal events. It mainly aff ects the 
middle cerebral artery territory ( Figure 6.13 ). 
If venous, thrombosis mainly aff ects the superior 
sagittal sinus ( Figure 6.14 ). Major etiologies 
for these lesions include perinatal asphyxia, 
infections, trauma, and coagulation disorders. 
However, the etiology remains unknown in 
almost half of the cases.     

In clinical practice, diff erentiation between all lesion 
types and mainly focal or multifocal necrosis, para-
sagittal injury, and PVL may be challenging, and in 
the vast majority of cases, these patterns of injury 
coexist.    

 Figure 6.13      A six-day-old with right-sided seizures and clinical concern for left middle cerebral artery infarct. (A) Coronal US image shows 
faint, ill-defi ned abnormally increased echogenicity in the parenchyma adjacent to the left sylvian fi ssure. Note increased echogenicity and 
eff acement of the left sylvian fi ssure (black arrow) compared to the contralateral side (white arrow). (B) Coronal US image through the bodies 
of the lateral ventricles reveals a more ill-defi ned area of faint increased echogenicity (arrows) within the subcortical and deep white matter. 
(C) Unenhanced axial CT image demonstrates a wedge-shaped, hypodense area in the left hemisphere (white arrows), compatible with 
edema. (D) Coronal T2-weighted image demonstrates increased T2 signal in the left perisylvian region (arrows), with loss of the cortical ribbon. 
(E, F) Axial diff usion-weighted MR image confi rms restricted diff usion within the left temporal–parietal area in the distribution of the distal left 
middle cerebral artery, consistent with ischemic injury.    
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 Figure 6.14      A one-week-old with 
sepsis and extensive superfi cial venous 
thrombosis. Sagittal (A) and coronal (B) US 
color Doppler images reveal no fl ow in the 
expected area of the superior sagittal sinus 
(arrows). Corresponding sagittal (C ) and 
axial (D) T1-weighted images demonstrate 
extensive thrombus formation, fi lling and 
expanding the superior sagittal (arrows) 
and transverse sinuses (arrowheads).    

A

C

B

D

 Hemorrhagic lesions and their 
sequelae in preterm infants 
 Th ese represent a spectrum of changes, including hem-
orrhagic and ischemic changes. Th e large germinal 
matrix, poor cerebral autoregulation in the extremely 
preterm neonate, and sudden changes in cerebral 
blood fl ow and pressure are contributing factors.  

 Intraventricular hemorrhage (IVH)  
 Etiology 
 Th e subependymal germinal matrix is an area of 
neuronal proliferation in the developing brain, which 
gradually involutes during gestation. It is supplied 
by a network of fragile capillaries. By 32 weeks, the 
germinal matrix is located only along the ventricu-
lar surface adjacent to the caudate, the border of 
the thalamus and the caudothalamic groove. Preterm 
neonates are susceptible to hemorrhage in this area up 
to 30 weeks’ gestation. Blood from hemorrhages can 
spread throughout the ventricular system; clots may 
cause obstruction to the fl ow of cerebrospinal fl uid. 

 Extremely preterm infants are vulnerable to devel-
oping areas of hemorrhagic necrosis in the peri-
ventricular white matter. Many have associated large 
intraventricular hemorrhage. Th ese are hemorrhagic 
venous infarctions, thought to be caused by obstruc-
tion of the terminal veins following germinal matrix 
hemorrhage, and result in ischemia rather than an 
extension of hemorrhage.   

 Classifi cation 
 Originally, Papile proposed a classifi cation for IVH 
in 1978 [ 28 ], based on fi ndings from CT imaging, 
which graded intraventricular hemorrhages from I to 
IV. Ultrasound is now used routinely to detect IVH. 
However this has been modifi ed into a  description that 
emphasises severe lesions: intraparenchymal echo-
density, thereby avoiding distinctions of  hemorrhage 
or ischemia; or ventriculomegaly; or PVL [ 29 ]. Some 
still argue for the use of Papile’s classifi cation [ 30 ].   

 Clinical features 
    •     80% of hemorrhages occur in the fi rst 72 hours aft er 

birth, and almost all before the end of the fi rst week.  
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 Figure 6.15      Coronal (A) and sagittal 
(B) US images of left Grade I germinal 
matrix hemorrhage (arrows). Note the 
focal area of increased echogenicity in the 
caudothalamic groove (B) region compared 
to the contralateral, normal right side.    
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  •     Clinical features vary depending on the extent and 
location of the bleeding.  

  •     Subependymal hemorrhage (Grade I) or small 
intraventricular hemorrhages (Grade II) have no 
clinical relevance as long-term sequelae.  

  •     Large intraventricular hemorrhage may be 
associated with hypotension, metabolic acidosis, 
and fall in hemoglobin level or seizures.  

  •     Where a substantial amount of blood enters the 
ventricle, there is a 20–50% risk of hydrocephalus, 
due to obstruction of the aqueducts and/or 
arachnoid villi (Grade III). Th ese need monitoring 
with serial imaging. A ventricular width at the 
level of the third ventricle is useful, but when the 
ventricles are very large an AP diameter of the 

occipital horns of the lateral ventricles can be more 
sensitive [ 31 ].  

  •     Post-hemorrhagic hydrocephalus carries a 
high risk of neurodevelopmental morbidity; 
many infants require later insertion of 
ventriculoperitoneal shunts.  

  •     Intraparenchymal hemorrhagic infarction (Grade 
IV) will damage germinal matrix, glial precursors, 
and white matter. However, only 50% of survivors 
will develop cerebral palsy [ 32 ].      

 Radiological appearance 
    Grade I: hemorrhage confi ned to the germinal matrix 
and/or choroid plexus ( Figures 6.15 ,  6.16 , and  6.17 ).    

 Figure 6.16      Coronal (A, B) and sagittal right 
(C) and sagittal left (D) US images of bilateral 
Grade I germinal matrix hemorrhages (white 
and black arrows) in diff erent stages, with 
early cystic changes depicted on the right 
(white arrows).    
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 Grade II: germinal matrix hemorrhage ruptures 
through the ependyma into the ventricles; however, 
without ventricular dilatation ( Figures 6.18  and 6.19).   

 Grade III: hemorrhage results in unilateral or 
bilateral ventricular dilatation ( Figure 6.20 ).  

 Grade IV: hemorrhage involves the periventricular 
white matter as a result of venous infarction ( Figures 
6.21 ,  6.22 ,  6.23 ).          

 Periventricular leukomalacia (PVL)  
 Etiology 
 Two processes are implicated: either ischemia from 
decreased blood fl ow to the white matter adjacent 
to the lateral ventricles, and subsequent hyper-
emia during reperfusion; or infection and infl am-
mation with pro-infl ammatory cytokine damage. 
Predisposing factors include placental abruption and 
antepartum hemorrhage, multiple gestations, chorio-
amnionitis and prolonged rupture of membranes, 
sepsis, hypotension, and necrotizing enterocolitis.   

 Clinical features 
    •     PVL detected on the fi rst post-natal day is due to 

an antenatal intrauterine insult and carries a poor 
prognosis.  

  •     PVL in the neonatal period is oft en not associated 
with any clinical signs and might present as an 
unanticipated fi nding on routine cranial US.  

  •     Echodensities that disappear spontaneously do 
not imply an increased risk of cerebral palsy.  

  •     Periventricular echogenicity may indicate early 
changes of PVL. Follow-up is required to assess for 
subsequent cystic change.  

  •     Increased echogenicity in the peritrigonal 
regions may appear artifi cially bright due 
to an anisotropic eff ect on the US beam. 
Parenchymal change can be confi rmed through 
the posterior fontanelle or on follow-up imaging 
( Figures 6.10 , 6.11).  

  •     Persisting PVL aff ects approximately 3% of very 
low birth weight infants, and carries a risk of 
neurodevelopmental impairment.  

 Figure 6.17      Coronal (A) and sagittal 
(B) US images of Grade I intrachoroidal 
hemorrhage (arrows). Note the lobulated 
margins of the right choroid plexus (B). 
Color Doppler image (C) shows no fl ow 
in the area. (D) Axial, contrast-enhanced 
CT image shows no enhancement in the 
same area, refl ecting intrachoroidal clot 
(arrow).    
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 Figure 6.19      A 15-day-old, ex-25-
weeks-premature infant with septo-optic 
dysplasia. Coronal (A) and axial (B) US, 
coronal T2-weighted (C), and sagittal 
T1-weighted (D) MR images show bilateral 
germinal matrix hemorrhages (arrows) 
with intraventricular extension (asterisk 
in D). Note the absence of the septum 
pellucidum on the coronal images.    
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 Figure 6.18      Coronal (A) and sagittal 
(B) US images show bilateral Grade 
II intraventricular hemorrhages with 
echogenic blood products (asterisks) 
within the lateral ventricles, but no 
ventricular enlargement. Note the 
similarity in echogenicity between 
blood (asterisks) and the choroid plexi 
(CP). Magnifi ed coronal image (C) shows 
echogenic blood (white arrowheads) 
within the bilateral frontal horns. Normally, 
no choroid plexus exists in the frontal 
horns; therefore, material of increased 
echogenicity at this level is likely to refl ect 
intraventricular hemorrhage. Sagittal 
magnifi ed US image (D) shows blood clot 
(asterisk) fi lling the posterior horn. Axial 
US image (E) demonstrates echogenic 
material within the frontal (FH) and 
posterior horns (PH); however, without 
ventricular dilation.    
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 Figure 6.20      Sagittal left (A), sagittal right 
(B), coronal US image (C), unenhanced CT 
image (D), coronal T2-weighted (E), and 
sagittal T1-weighted (F) MR images of 
Grade III intraventricular hemorrhage with 
echogenic clot (asterisk) in the left lateral 
ventricle, and layering of blood products 
(arrowheads) in the lateral ventricles, 
which are enlarged. CP: choroid plexus.    
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 Figure 6.21      (A, B) Coronal US images 
of Grade IV hemorrhage (arrows), 
with echogenic blood in the lateral 
ventricles and large parenchymal 
echogenicity lateral to the ventricle, 
refl ective of venous infarction 
(arrowheads).    
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  •     Older children present most commonly with 
spastic diplegia or cognitive impairment; visual 
impairment and epilepsy can occur.      

 Radiological appearance 
 See  Figures 6.10 ,  6.11 ,  6.24  and  6.25 . On serial imag-
ing, the initial suggestion of white matter damage may 
be an increase in echogenicity (“fl ares”) in the peri-
ventricular white matter, confi rmed in two orthogonal 
planes. Th is increase in periventricular echogenicity 
may either disappear or progress to form cysts, seen 
as echolucencies separate from the ventricle. From 
increased periventricular echogenicity to cyst forma-
tion takes approximately two weeks [ 33 ]. Necrosis 
of the periventricular white matter is thought to be 
ischemic in origin. A classic triad of imaging features 
is seen on MRI [ 34 ]:

   1.     increased ventricular size with irregular outlines  
  2.     lack of white matter, particularly posteriorly  
  3.     white matter signal change.         

 Porencephalic cyst  
 Etiology 
 Antenatal or post-natal periventricular hemorrhage 
in preterm infants (usually before 26 weeks’ gestation) 
with destruction of aff ected parenchyma will oft en 
form a porencephalic cyst. Porencephaly may also arise 
from ischemia or PVL cysts coalescing, or infection.   

 Clinical features 
    •     Depends on the size and site of the lesion.  
  •     May give rise to a wide range of motor and 

cognitive defi cits.      
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 Figure 6.23      A two-day-old, 34-weeks-
premature infant with a history of fetal 
ventriculomegaly and intracranial hemorrhage. 
Coronal (A, B), and axial (C) fetal MR images show 
fi ndings consistent with right Grade IV and left 
Grade III hemorrhages. There is severe dilatation 
of the bilateral ventricles, right greater than left. 
Clot (asterisk) is noted within the ventricles. 
Increased susceptibility artifact is noted along the 
margins of both lateral ventricles in keeping with 
hemosiderin and prior hemorrhage. A large right 
porencephalic cyst (arrow) is noted occupying 
the majority of the right temporal lobe. Mild 
periventricular cystic changes (arrowhead) are 
noted in the right periventricular white matter, 
consistent with cystic encephalomalacia. Post-
natal coronal US image (D) and axial T1-weighted 
(E) and T2-weighted (F) MR images show 
similar fi ndings. Note severe ventriculomegaly. 
Blooming artifact is noted outlining the cystic 
changes on (F), refl ecting old blood products in 
the right frontal lobe adjacent to periventricular 
leukomalacia. There is dependent debris and 
layering of blood products in the ventricles.    
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 Figure 6.22      Ex-32-weeks premature, 
now two-week-old infant, presenting with 
syndrome of inappropriate antidiuretic 
hormone, hyponatremia, and anemia. 
Coronal (A) and parasagittal (B) US images 
show extensive, abnormal areas of increased 
periventricular echogenicity (arrowheads) 
in the frontal regions and in the bilateral 
thalami (arrows). There are also extensive 
bilateral intraventricular hemorrhages with 
clot (asterisks) fi lling and expanding the 
bilateral lateral ventricles. (C) Color power 
Doppler US image reveals no fl ow in the 
imaged portion of the superior sagittal 
sinus (arrow). Unenhanced CT image 
(D) shows similar fi ndings in addition to 
thrombus formation fi lling and expanding 
the straight (black, thick arrow) and the 
superior sagittal sinus (white, thick arrow); 
these fi ndings are consistent with sinus vein 
thrombosis in both the deep and superfi cial 
venous systems. Mid-sagittal, T1-weighted 
MR image (E) reveals extensive thrombus 
formation fi lling the superior sagittal 
sinus (black arrowheads). Parasagittal 
T1-weighted (F) and axial gradient-echo 
(G) MR images show similar fi ndings in 
addition to areas of hemorrhage in the 
periventricular areas in the distribution of 
the medullary veins (white arrowheads) 
related to medullary vein thrombosis 
and parenchymal hemorrhagic venous 
infarction. (H, I) Coronal US images obtained 
at three months of age demonstrate 
extensive cystic encephalomalacia (arrows) 
in the periventricular and deep white 
matter. (J) Unenhanced axial CT image 
performed at nine months of age reveals 
massive dilatation of the lateral ventricles, 
secondary to ex vacuo dilatation.    
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 Figure 6.24      (A) Coronal and (B) axial 
T2 HASTE sequences confi rm loss of 
periventricular white matter with cystic 
(arrowheads) high-T2 changes reaching 
the ventricular margins, which are 
irregular. There is loss of bulk of white 
matter with cortex nearly reaching 
ventricular margins.    
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 Figure 6.25      Axial T2-weighted (A, B) 
and FLAIR (C ) MR images from an ex-28-
weeks premature baby with a stormy 
neonatal course but no defi nite injury on 
US examination other than mild areas of 
increased periventricular echogenicity. 
MRI reveals bilateral ventriculomegaly, 
particularly posteriorly, with undulating 
margins (arrows) and periventricular signal 
change extending along the borders 
of the lateral ventricles, consistent with 
periventricular leukomalacia.    
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 Radiological appearance 
 See  Figure 6.26 . Porencephalic cysts may be single or 
multiple and may communicate with the ventricular 
system. On MRI imaging, these appear as cavities with 
smooth walls and have internal signal that follows 
that of CSF. Th is appearance may be indistinguishable 
from dilatation of the lateral ventricle secondary to 
destruction of the adjacent white matter – so-called ex 
vacuo dilatation [ 33 ,  35 ].     

 Hypoxic-ischemic Injury  
 Etiology 
 Th e pattern of brain injury in term infants depends 
on both the severity and duration of the hypoxic 
event. Th e brain partially compensates for mild to 
moderate cerebral hypotension by shunting blood 
to preserve the posterior circulation and hence the 
brainstem, basal ganglia, and cerebellum. In this type 
of injury, damage is seen to the cortex and watershed 

areas. When there is severe reduction in cerebral 
blood fl ow, these compensatory mechanisms fail. 
Damage is initially seen in the thalami and basal 
ganglia and in the most metabolically active cortical 
areas, e.g. the perirolandic region. Later on, damage 
to the white matter and the rest of the cerebral cortex 
ensues.   

 Clinical features 
    •     Preceding history of perinatal asphyxia, usually 

in a term infant (fetal distress, poor Apgar scores, 
and umbilical cord pH < 7.0).  

  •     Encephalopathy within 48 hours of delivery, 
with seizures and abnormalities on either 
cerebral function monitoring (CFM) or 
electroencephalogram (EEG).  

  •     Encephalopathy is oft en graded as mild (Grade 1), 
moderate (Grade 2) or severe (Grade 3), according 
to the Sarnat classifi cation [ 36 ].  
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 Figure 6.26      (A) US image showing 
established multicystic encephalomalacia 
with septations and ex vacuo dilatation 
of the lateral ventricles. Axial T1-weighted 
(B) and T2-weighted (C) images reveal 
extensive white matter infarction and 
gliosis, resulting in porencephaly (white 
arrows) on the left and almost complete 
white matter infarction on the left, with 
areas of cystic encephalomalacia. Areas 
of previous hemorrhage (black arrows) 
are noted.    

A B C

  •     May be accompanied by multiorgan failure with 
poor myocardial contractility, and abnormal renal 
and liver function.  

  •     Prognosis is guarded in infants with hypoxic-
ischemic encephalopathy; absence of seizures with 
rapid recovery to normal responsiveness and early 
establishment of successful feeding is a positive 
sign.  

  •     Severe encephalopathy is associated with high 
mortality and severe neurodevelopmental 
impairment in survivors.  

  •     Th erapeutic hypothermia is a proven management 
strategy in hypoxic-ischemic injury in term infants 
to prevent secondary neuronal injury. If started 

within six hours of the insult, it is associated 
with improved survival without increase in 
neurodevelopmental disability.      

 Radiological appearance 
 See  Figures 6.9 ,  6.12 , and  6.27 . Initial US may show 
a general increase in parenchymal echogenicity. On 
MRI, brain lesions are most obvious between one and 
two weeks aft er birth. However, MRI with diff usion 
imaging at 5–8 days is particularly useful for early 
diagnosis and assessment of the extent of brain injury. 
Th is is important for making clinical decisions. Th e 
pattern of injury seen depends on the nature of the 
insult. A severe acute pattern includes damage to the 

 Figure 6.27      Full-term newborn with severe 
encephalopathy. This is an example of two types of injury 
(prolonged, partial HII and profound HII). (A, B) Axial 
T2-weighted and (C, D) diff usion-weighted images show 
acute infarction with abnormal T2 signal and restricted 
diff usion within the temporal, parietal, and occipital lobes 
(arrowheads), with relative sparing of the frontal lobes. 
There is loss of the gray/white matter diff erentiation in the 
aforementioned areas. Restricted diff usion is also noted in 
the posterior bilateral thalami (white arrows in C) and in 
the posterior limb of the internal capsules (black arrows). 
Marked edema is noted surrounding the skull, involving the 
subcutaneous tissues.    
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basal ganglia, thalami, brainstem, hippocampi, and 
corticospinal tracts. Cortical damage may also occur 
with an acute insult; changes are seen along the cen-
tral sulcus and medial aspect of the inter-hemispheric 
fi ssure. Approximately 50% of infants with basal gan-
glia and thalamic injury will also have evidence of 
white matter damage.  

 Parasagittal infarction from hypoxic-ischemic 
injury in the term infant can lead to characteristic 
mushroom-shaped gyri called ulegyria. Th is occurs 
as there is greater perfusion to the apices of the gyri 
than to the cortex at the depths of sulci at term [ 37 ]. 
Ulegyria is linked with epilepsy, which may frequently 
be refractory to drug therapy [ 38 ]. 

 Imaging is helpful to exclude other neurological 
causes of neonatal encephalopathy, congenital malfor-
mations, and prenatally acquired lesions.    

 Cerebral infarction  
 Etiology 
 Cerebral infarction usually occurs in the territory of the 
middle cerebral artery. Risk factors have not been well 
studied, but probably include maternal coagulation 
disorders and intrapartum complications. Th e insult 
may occur antenatally and may be due to thrombus 
from the fetal placenta bypassing the hepatic and pul-
monary circulation and embolizing to the brain [ 39 ].   

 Clinical features 
    •     Aff ects 1 in 4000 deliveries.  
  •     Early onset of seizures, oft en focal, together with 

asymmetrical fi ndings on EEG.  
  •     Hypotonia, feeding diffi  culties, and apnea can 

occur.  
  •     Anticoagulant treatment may be indicated.  
  •     Outcome of perinatal stroke depends on the size 

and location of the lesion; the most common 
fi nding is hemiplegia in around 40% of infants.  

  •     May be clinically silent due to neuronal plasticity 
in the developing brain.      

 Radiological appearance 
 See  Figure 6.13 . 
  •     Initial US may be normal; many will show non-

specifi c abnormalities [ 40 ].  
  •     MRI with diff usion within two to seven days of 

clinical suspicion is most sensitive. Aft er seven 
days, conventional imaging sequences become 
more useful [ 41 ].  

  •     Timing of imaging is crucial to detect and 
interpret abnormalities.  

  •     CT perfusion may prove to be a useful technique, 
but has not yet been widely used in children 
or neonates. Th is is a high radiation-dose 
examination.        

 Traumatic hemorrhage  
 Subdural hemorrhage 
 Th e term subdural hemorrhage includes: 
  •     tentorial “tear” with hemorrhage from the straight 

sinus, transverse sinus, or vein of Galen;  
  •     falx laceration with rupture of the inferior sagittal 

sinus;  
  •     rupture of superfi cial convexity veins.     

 Clinical features 
    •     Most infants aff ected are born at full term.  
  •     History of a diffi  cult delivery oft en with a brow or 

face presentation during which the baby’s head is 
subjected to greater than normal stresses.  

  •     Clinical signs vary with the site and extent of the 
birth trauma. In severe cases, condition at birth 
is poor. In large unilateral hemorrhages, surgical 
drainage techniques may be needed.  

  •     Subdural hemorrhage is a recognized presentation 
in non-accidental injury.      

 Radiological appearance 
 See  Figures 6.28 ,  6.29 . Small subdural hemorrhages 
may be seen as an incidental fi nding in neonates 
imaged post-natally for other reasons as a result of 
birth trauma. Th is occurs in around 31% of normal 
vaginal deliveries [ 42 ,  43 ]. Large subdural collections 
appear on US as echodensities or with evidence of 
mass eff ect and midline shift . In contrast to older chil-
dren and adults, subdural hemorrhage in the infant is 
usually seen as a widespread, bilateral, thin fi lm, rather 
than a large unilateral space-occupying clot [ 44 ]. Small 
subdural collections can be missed with ultrasound. 
CT is used most commonly for confi rmation.      

 Non-accidental head injury 
 Head injury is a common cause of death in abused 
infants. Non-accidental injury is oft en due to 
 shaking of the infant, and presents with a combina-
tion of intracranial injuries, fractures, and retinal 
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 Figure 6.28      Cephalohematoma post-forceps delivery. Axial 
T2-weighted (A), and parasagittal T1-weighted (B) images show 
a cephalohematoma (arrows) in this two-week-old neonate, 
which consists of a subperiosteal hematoma confi ned by the 
suture lines where the periosteum is bound tightly to bone. 
Note the hematocrit eff ect on the axial T2-weighted image (A). 
(C) Midline sagittal T1-weighted image shows a small amount of 
posterior fossa subdural blood (arrowhead), a common incidental 
post-delivery fi nding. (D) Skull radiograph obtained at three 
months of age shows partial resorption and calcifi cation of the 
cephalohematoma (arrows).    
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 Figure 6.29      Neonate with severe anemia and low platelet count, presenting with seizures following a traumatic delivery. Coronal (A) and 
sagittal (B) US images show a large amount of subdural blood (asterisks) encircling the right hemisphere. This results in severe edema and 
mass eff ect to the adjacent temporal lobe as evidenced by the increased gray–white diff erentiation (arrow). Note the mass eff ect on the 
lateral ventricles with complete eff acement of the right lateral ventricle (white arrowhead) compared to the left ventricle (black arrowhead). 
Axial unenhanced CT (C), coronal T2-weighted (D), and axial gradient-echo (E ) MR images confi rm the mainly extra-axial location of 
the hematoma (arrows in C and D). In addition, multiple foci of hemorrhage are noted in both cerebral hemispheres as well as in the 
brainstem (black arrowheads in E). There is mass eff ect and subfalcine herniation to the left side. Maximum intensity projection (MIP) MR 
angiography image (F) reveals displacement of the branches of the right middle cerebral artery (MCA; white arrow), but no focal narrowing is 
demonstrated. Compare the course of the right MCA (white arrow) to the normal left MCA (black arrow).    
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they may be related to intrauterine thrombosis and 
recanalization of the straight sinus [ 46 ].  

 Clinical features 
    •     Choroidal type presents with high-output cardiac 

failure in the neonatal period.  
  •     Mural type presents in infancy with developmental 

delay, hydrocephalus, and seizures.  
  •     Clinical examination reveals an intracranial bruit; 

there may be bounding pulses and seizures.  
  •     Early diagnosis is important, and treatment of 

choice is endovascular embolization.  
  •     Mortality is high without treatment.      

 Radiological appearance 
 See  Figure 6.31 . 

 US: 
  •     Shows an anechoic structure in the midline lying 

posterior to the third ventricle, continuous with 
the straight sinus or a persistent falcine sinus.  

  •     Color fl ow Doppler helps to diff erentiate this 
vascular lesion from others, e.g. arachnoid cyst.   
MRI: 

  •     Shows hypointensity on T2 in the varix, and 
additional hypointense feeding vessels.  

  •     Helpful to assess any parenchymal damage from 
the fi stula.  

 hemorrhages. Secondary brain injury may result from 
cerebral edema and hypoxic damage [ 45 ].  

 Clinical features 
    •     Combined history, clinical radiological and 

examination are needed to identify non-accidental 
injury.  

  •     Questionable clinical history or multiple injuries 
of diff erent ages should alert the clinician to the 
possibility.  

  •     Delayed presentation is common.      

 Radiological appearance 
 See  Figure 6.30 . 
  •     Subdural hemorrhage is a common fi nding.  
  •     CT is usually the initial examination in acute 

presentation and is useful for identifying skull 
fractures.  

  •     MRI is useful for identifying blood of diff erent 
ages, indicating repeated injury and other 
associated parenchymal injuries.         

 Congenital abnormalities  
 Vein of Galen aneurysm 
 Vein of Galen malformations are rare congenital arte-
rio-venous fi stulas of unknown etiology, although 

 Figure 6.30      A three-week-old 
with seizures after being shaken 
by the mother’s boyfriend in 
the setting of non-accidental 
trauma. (A, B) Unenhanced 
axial CT images show bilateral 
subdural hematomata with 
evolving blood products of 
diff erent ages. The arrows 
indicate hyperdense acute 
hemorrhage. (C) Lateral 
radiograph shows an extensive 
diastased occipital fracture 
(arrow) which also involved the 
skull’s base. Coronal T2-weighted 
(D), and sagittal and axial 
T1-weighted MR images (E, 
F) obtained the following day 
confi rm the bilateral subdural 
hematomata of diff erent ages. 
The arrows indicate acute 
hemorrhage. The arrowhead on 
(E) denotes a hematocrit eff ect, 
which occurs when high-signal-
intensity blood products are 
seen layering in the dependent 
portion of the hematoma.    
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 Figure 6.31      A two-day-old, term neonate with a vein of Galen malformation and congestive heart failure. Coronal (A) and midline sagittal 
(B) US scan shows an apparent cystic mass in a supracerebellar location (white arrows). (C) Color Doppler image demonstrates turbulent 
fl ow within the lesion (white arrows), consistent with a large vein of Galen malformation with a prominent internal carotid artery (ICA) 
and pericallosal branches (yellow arrows). (D) Sagittal T1-weighted MR image shows the same fi ndings as the US images. The dilated vein 
of Galen (arrow) communicates with a persistent falcine sinus (arrowhead). Note the extensive phase artifact due to the malformation. 
(E) Coronal T2-weighted image reveals a large, dilated fl ow void of vein of Galen (arrow), with associated serpiginous feeding vessels 
terminating in the varix. (F) MR venogram MIP image demonstrates numerous dilated arteries and drainage of the large vein of Galen 
malformation (arrow) into a prominent torcular through a persistent falcine sinus (arrowhead). (G) Portable view of the chest and abdomen 
shows moderate cardiomegaly and shunt vascularity in keeping with mild congestive heart failure, which is a common presentation. The 
arrowhead denotes a small pleural eff usion along the minor fi ssure.    
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  •     Vascular anatomy is best shown with MR 
angiography.        

 Congenital hydrocephalus    
 Obstruction at any level of the CSF circulation may 
cause hydrocephalus. Th e most common cause is 
aqueductal stenosis ( Figure 6.32 ), where the lateral 
and third ventricles above the level of obstruction 
are dilated, but the fourth ventricle is normal in size. 
Hydrocephalus may be a feature seen in a number of 
other congenital abnormalities such as: 
  •     Arnold–Chiari malformations ( Figure 6.33 ): 

varying degrees of cerebellar tonsillar herniation 
cause obstruction of CSF fl ow at the craniocervical 
junction, with a small posterior fossa.   

  •     Dandy–Walker malformations ( Figure 6.34 ): a 
spectrum of abnormalities with varying-sized 
posterior fossa cysts and enlarged posterior fossa.   

  •     Congenital aqueductal stenosis: narrowing of 
the aqueduct of Sylvius may be genetic or may be 
associated with in utero infection, infl ammation, 
or rarely tumor. Onset of symptoms may be slow, 
and presentation can be in adulthood.     

 Clinical features 
    •     Excessively large head, with increasing head 

circumference and tense fontanelle.  
  •     Abnormal eye movements or “sunsetting” 

appearance indicating failure of upward gaze.      

 Radiological appearance 
 Diff erentiation from ex vacuo dilatation due to pre-
vious injury should be made; head circumference 
measurements may be useful. MRI may provide 
further information about the level of obstruction, 
during which fl ow through the aqueduct and at the 
craniocervical junction can be assessed with volume 
T2-sequence or even dedicated CSF fl ow studies.    

 Agenesis of the corpus callosum 
 Th e corpus callosum provides the route of commu-
nication for nerve fi bres from one side of the brain to 
the other. Agenesis may be either an isolated fi nding 
or associated with other abnormalities, particularly of 
the midline. Antenatal diagnosis is possible. Agenesis 
may be partial or complete.  
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 Clinical features 
 Within this spectrum of midline anomalies is septo-
optic dysplasia, where there is absence of the septum 
pellucidum, pituitary abnormalities, and hypoplasia 
or absence of the optic nerves. Clinical fi ndings are 
variable and include hypertelorism, ocular abnormal-
ities, and cleft  palate, although clinical signs are absent 
in many infants. Outcome depends on the cause and 
any other associated abnormalities.   

 Radiological appearance 
 See  Figures 6.35 ,  6.36 . Characteristic features of the 
condition are seen whichever imaging modality is 
used: 

  1.     High-riding third ventricle due to loss of the 
crossing corpus callosal fi bres.  

  2.     Colpocephaly (dilated occipital horns of the lateral 
ventricles).  

  3.     Parallel positioning of the lateral ventricles.         

 Holoprosencephaly 
 Th is is a spectrum of abnormalities where there is a 
failure of cleavage of the brain into right and left  hemi-
spheres. Abnormalities range from complete absence 
of the inter-hemispheric fi ssure to where there is 
cleavage apart from rostral fusion.  

 Figure 6.32      Congenital 
aqueductal stenosis. (A, B) 
Fetal MRI images (whole 
body, and axial T2 HASTE 
images) of a 21-week fetus 
showing hydrocephalus of 
lateral and third ventricles 
due to congenital aqueduct 
stenosis. (C) Post-natal sagittal 
T1 image shows narrowing of 
the cerebral aqueduct (arrow), 
confi rming the diagnosis.    
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 Figure 6.33      Arnold–Chiari 
II malformation. Sagittal (A) 
and coronal (B) T2-weighted 
fetal MR images at 23 weeks 
of gestation show a large 
dysraphic defect within the 
lower spine (arrows), a small 
posterior fossa, hindbrain 
herniation (arrowheads), and 
marked reduction in the 
supratentorial CSF spaces 
(B). On midline sagittal (C) 
and axial (D) transmastoid 
US scans, the cerebellum 
(c) is low in the posterior 
fossa, and the cisterna 
magna is obliterated. Coronal 
anterior US image (E) shows 
a square or box-like shape 
of the frontal horns, which 
is attributed to defi ciency 
or absence of the septum 
pellucidum. (F) Parasagittal US 
scan demonstrates anterior 
pointing of the frontal horn 
with colpocephaly (enlarged 
occipital horn).    
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 Figure 6.34      A one-day-
old, full-term neonate with a 
Dandy–Walker malformation. 
(A) Midline sagittal US image 
reveals a retrocerebellar 
collection of CSF (arrows). 
(B) Coronal US scan shows 
vermian agenesis and a 
wide communication with 
a “keyhole” appearance 
between the cyst posteriorly 
(arrows) and the fourth 
ventricle (4) anteriorly. The 
cerebellar hemispheres (c) 
are hypoplastic. (C) Axial 
transmastoid US image shows 
the fi ndings in (B) more clearly; 
c: cerebellar hemisphere. 
(D, E, F) Unenhanced CT (D), 
sagittal (E), and coronal (F) 
T2-weighted MR images 
show the Dandy–Walker 
malformation with enlarged 
posterior fossa. The vermis 
is hypoplastic and rotated 
(arrowhead on E), and there is 
torcular/lambdoid inversion. 
No hydrocephalus is present in 
this patient on day 1 of life.    
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 Figure 6.35      Callosal agenesis. Fetal MRI 
demonstrates complete absence of the 
corpus callosum in all three planes. (A) 
Coronal T2-weighted MR image shows the 
typical “Texas Longhorn” confi guration of 
the lateral ventricles (arrows). (B) Sagittal 
T2-weighted image reveals absence of the 
corpus callosum and cingulate gyrus, with 
the remaining gyri arrayed radially. (C) 
Axial T2-weighted image shows parallel 
lateral ventricles. Post-natal sagittal (D) and 
coronal (E ) US images on day 1 of life in 
this neonate born at 35 weeks of gestation 
reveal similar fi ndings. Note the radial 
(“sunburst”) pattern of the gyri and sulci 
on (D) and the parallel confi guration of 
the ventricles on (E).    
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 Clinical features 
 Severe holoprosencephaly is associated with midline 
facial abnormalities and may involve a proboscis and 
“cyclops” deformity. Less obvious signs include hyper-
telorism, fl attened nose or absent philtrum. Th ese 
features may be part of severe chromosomal abnor-
malities such as trisomy 13 or 18.   

 Radiological appearance 
 See  Figure 6.37 . 
  •     Alobar holoprosencephaly is the most severe form. 

Th ere is fusion of the thalami, no falx, corpus 
callosum, or third ventricle, and a “pancake” mass 
of cerebral tissue anteriorly with a monoventricle 
communicating with a dorsal cyst.  

  •     Semilobar holoprosencephaly shows failed 
cleavage anteriorly but partially formed falx 

posteriorly. Th e splenium of the corpus callosum 
is present. Th ere is only partial fusion of the 
thalami, and a small third ventricle is therefore 
present.  

  •     Lobar holoprosencephaly is the least severe. Th ere 
is a fully formed third ventricle, frontal horn 
formation, and formation of the posterior half of 
the corpus callosum in addition to the splenium 
[ 35 ].         

 Neuronal migration abnormalities    
 Normal neuronal multiplication before 20 weeks of 
gestation is followed by migration of neurones to the 
cortical layers of the brain. Disturbances of the normal 
sequence of migration will result in an  abnormal gyral 
pattern and neurological defi cit.  

 Figure 6.36      Absent corpus callosum and inter-hemispheric lipoma. Sagittal (A), coronal (B), and axial (C) US images show an echogenic 
mass (arrows) superior to the elevated third ventricle. (D) Sagittal T1-weighted image reveals absent corpus callosum and cingulate gyrus. (E, 
F) Consecutive axial T1-weighted images show a parallel confi guration of the lateral ventricles with colpocephaly. The arrows indicate a well-
delineated, multilobulated, high-T1-signal, extra-axial mass consistent with a bulky inter-hemispheric lipoma.    

A

D

B

E

C

F



Chapter 6. The central nervous system

133

 Clinical features 
 Although it can be an isolated fi nding, lissencephaly 
is oft en accompanied by other malformations, fea-
tures of which may point to the underlying cerebral 
malformation. Syndromes that include lissencephaly 
are: 
  •     Miller–Dieker syndrome (fetal 

polyhydramnios, prominent forehead, small 
jaw, mental retardation, and infantile 
spasms);  

  •     Walker–Warburg syndrome (hydrocephalus, 
retinal dysplasia, and encephalocele);  

  •     Zellweger syndrome, a peroxisomal disorder 
(mental retardation, unusual facies, and 
hepatomegaly).      

 Radiological appearance 
 See  Figures 6.38 ,  6.39 . Lissencephaly or “smooth 
brain” is the most easily diagnosed neuronal  migration 

 Figure 6.37      Lobar holoprosencephaly: 
(A) midline sagittal T1-weighted image 
shows absence of the anterior portion 
of the corpus callosum. Posterior corpus 
callosum is normal. Coronal (B) and axial 
(C) T2-weighted images show partial 
cleavage of the anterior inter-hemispheric 
fi ssure. Frontal horns are partially 
developed on axial T2-weighted image 
(D).    
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 Figure 6.38      A two-week-old with classical lissencephaly (Type 1). 
Axial (A) and coronal (B) T2-weighted MR images show a thick 
inner band of gray matter (asterisks), paralleling the cortex; a thin 
cell-sparse layer of white matter (arrows); and a thin, smooth outer 
cortex (arrowheads). The sylvian fi ssures are shallow, and the brain 
itself shows an “hourglass” confi guration.    
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defect on all imaging modalities. Lack of sulcation of 
the brain leads to agyria. Polymicrogyria and schi-
zencephaly are best demonstrated on MRI and may 
remain occult on US.       
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 Imaging in acquired neonatal 
conditions  
 Neonatal hypoglycemia 
 See  Figure 6.40 . Th e clinical features of repeated and 
profound hypoglycemia are oft en non-specifi c, and 
the diagnosis may therefore be delayed. Typical fea-
tures include stupor and jitteriness. Prolonged and 
profound hypoglycemia may lead to diff use brain 

damage, which most severely aff ects the parietal and 
occipital cortex. In the subacute phase, T1 and T2 
shortening may be seen in the cortex, possibly second-
ary to petechial hemorrhage [ 35 ].    

 Kernicterus 
 See  Figure 6.41 . Neonates with severely elevated 
bilirubin levels may present with jaundice, stupor, 
and decreased tone in the fi rst few days of life, which 

 Figure 6.39      A 19-day-old with enlarging head circumference. (A) Coronal US image shows asymmetry of the cerebral hemispheres. The 
right hemisphere is enlarged and the gray–white matter diff erentiation appears indistinct. Note also midline shift (arrowhead) to the left. 
Right (B) and left (C) peripheral angled parasagittal views show abnormal gray–white matter diff erentiation on the right (B) and normal-
appearing gray–white matter diff erentiation on the left (C). Axial T1-weighted (D) and sagittal T2-weighted (E) MR images show extensive 
cortical dysplasia and polymicrogyria involving the right hemisphere. Note the irregular contours of cortical–white matter junction. (F) 
Sagittal T1-weighted image fused with diff usion tensor imaging (DTI) tractography clearly shows the asymmetry of the white matter tracts.    
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 Figure 6.40      A fi ve-day-old with 
persistent seizure activity related to 
hypoglycemia. (A) Axial T2-weighted 
MR image shows marked loss of gray–
white matter distinction within the 
posterior parieto-occipital regions, with 
corresponding restricted diff usion on 
DW image (B). (C) Axial T2-weighted, 
follow-up MR image at 14 months of 
age reveals nearly symmetrical bilateral 
parieto-occipital atrophy in keeping with 
previous neonatal hypoglycemia.    
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then progresses to hypertonia. Seizures are seen in 
a minority. Areas of brain that are susceptible to 
damage in kernicterus are the globus pallidus, sub-
thalamic nuclei, and hippocampus. On MRI, high T1 
and T2 signal is seen in the aff ected areas. Long-term 
sequelae include sensorineural hearing loss, choreo-
athetosis, and learning diffi  culties [ 35 ].     

 Spinal imaging 
 Suspected neural tube defects (spina bifi da) are one 
of the commonest reasons for spinal imaging in the 
neonate. Trauma to the spinal cord is uncommon, but 
can occur, and imaging is useful in these rare cases.  

 Neural tube defects 
 Clinically, an open neural tube defect may be obvi-
ous, or may have been identifi ed on antenatal US 
scans. A number of other clinical fi ndings such as 
sacral dimples and hairy patches may herald an 
occult spinal dysraphism. Th ese require clarifi cation 
with imaging. 
  •     US is useful in babies, as the posterior elements 

are incompletely ossifi ed at this stage, creating an 

acoustic window. A high-frequency linear probe 
should be used with the baby lying prone; sagittal 
and axial planes of the spinal canal are required. 
Th e spinal cord can be visualized and the level of 
the conus determined by counting the number of 
vertebral bodies.  

  •     In more complex anomalies, or where 
determination of a dermal sinus tract is required, 
MRI is the imaging modality of choice. Both 
US and MRI can be used to image the brain and 
craniocervical junction to assess for any associated 
Chiari malformation or hydrocephalus.     

 Myelomeningocele 
 See  Figure 6.42 . Th ese are open defects with no skin 
covering. Neural tissue and a CSF sac are exposed 
through a posterior fusion defect. 99% are associ-
ated with low-lying conus and with Arnold–Chiari II 
malformation. Th ere may be a syrinx – a fl uid fi lled 

 Figure 6.41      Kernicterus: (A, B) axial T1-weighted and (C, D) 
coronal images showing typical high-T1 signal changes (arrows) 
in the globus pallidi and subthalamic nuclei in a term baby with 
severe neonatal jaundice consistent with kernicterus.    
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 Figure 6.42      Myelomeningocele: (A, B) sagittal T1 and T2, and 
(C, D) axial T1 and T2 images show a large sacral meningocele 
with herniation of CSF-fi lled (high on T2, low on T1) meningeal sac 
(arrowheads). The terminal cord is low-lying to L5 (arrows).    
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cavity within the spinal cord. Surgical correction is 
indicated, and MRI is the preoperative imaging of 
choice. US is relatively contraindicated due to the risk 
of introducing infection.    

 Spinal lipoma 
 See  Figure 6.43 . Th is is the most common occult 
spinal dysraphism and can range from thickening 
of the fi lum terminale to an intradural lipoma or 
lipomyelomeningocele (where a lipoma and neural 
placode extend through a spinal defect but which is 
skin-covered). T1 MRI imaging well demonstrates the 
intradural fat signal. US can be used as a screening 
investigation with MRI follow-up if positive.    

 Diastematomyelia 
 See  Figure 6.44 . Th is is a condition where there is a 
“split” cord in the sagittal plane resulting in two hemi-
cords. Th e cause of the split may be a fi brous or bony 
septum and there can be an associated syrinx.     

 Spinal cord injury 
 Trauma to the cord or extra-axial hematoma can be 
imaged using either US or MRI. 

 Damage to the cord may occur during delivery and 
is associated with use of forceps and also abnormal 
fetal lie, e.g. breech position. Clinically, the infant will 
have fl accid paralysis in the extremities. Th is can be 
diff erentiated from spinal muscular atrophy by clinical 

 Figure 6.43      Closed spinal 
dysraphism with a low-lying 
cord and lipomyeloschisis. 
(A) Mid-sagittal US image 
from the level of T12, (B) US 
image slightly lower than (A), 
and (C) sagittal T1-weighted 
MR image of the spine show 
absent posterior sacral and 
posterior coccygeal elements. 
The cord (arrows) extends at 
least six vertebral bodies below 
the level of T12 by US. On MRI, 
the tip of the conus is noted 
at L4. A large soft tissue mass 
(arrowheads) tethers the cord 
posteriorly. On MRI this mass 
(white asterisks) demonstrates 
high signal on T1, consistent 
with fat, which is contiguous 
to the subcutaneous fat (black 
asterisks) through a wide bone 
defect.    
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 Figure 6.44      Diastematomyelia. 
(A) Axial US scan at the level 
of T1, and corresponding 
T1-weighted MR image (B) 
demonstrate a split spinal cord 
(arrows).    
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it still passes in an anteroposterior direction through 
the abdomen. 

 A plain erect fi lm may also be used to look for free 
gas or fl uid levels. However, it is less preferred than 
the lateral decubitus view. Th e cross-table lateral fi lm 
(taken with the patient still lying supine) is much less 
useful in most circumstances and should not nor-
mally be requested when looking for gastrointestinal 
tract disease.   

 Use of contrast 
 When contrast medium is indicated, non-ionic or low-
osmolar water-soluble contrast is usually used, to avoid 
some of the potential risks associated with barium. 
Th ese are two-fold: iatrogenic bowel obstruction and 
granuloma formation in the event of the medium leak-
ing from perforated bowel into the peritoneal cavity; 
and water and salt loss from osmotic forces. As a 
general rule, upper GI contrast examinations are used 
where proximal obstruction is suspected, and lower 
GI contrast study, or contrast enema, is used where the 
obstruction is thought to be distal.   

 Ultrasound 
 Ultrasound examination of the gastrointestinal tract 
is useful in some circumstances. Th e hollow viscera 
(stomach and bowel) are not visualized well with 
ultrasound. Th e solid organs, however, can usually be 
characterized well. For example, ultrasound examina-
tion can provide much more information about the 
liver and biliary tree than does plain radiography. 
Similarly, the pancreas can usually be seen easily on 
ultrasound. Other signs of gastrointestinal disease 
that may be sought or examined using ultrasound 
include ascites, and portal venous gas seen in necro-
tizing enterocolitis.    

 Introduction 
 At the moment of birth, the gastrointestinal tract is 
gasless. Th e newborn infant will swallow air virtu-
ally from the fi rst breath. Th e progressive aeration of 
the gut is, however, surprisingly rapid. Radiographs 
reveal gas in the stomach within a minute of birth, 
the proximal small bowel within an hour, the distal 
small bowel and cecum by about 6 hours, and the 
distal large bowel by 12–24 hours [ 1 – 4 ]. It is this gas, 
and knowledge of its normal appearance, that acts 
as a useful contrast medium, allowing the clinician 
to detect pathology. Only occasionally is barium or 
similar contrast medium needed to characterize the 
gastrointestinal tract.  

 Which views? 
 Where gastrointestinal disease is suspected in the 
newborn, a plain supine anteroposterior radiograph is 
normally the preferred initial imaging investigation. 
Th is provides the clinician with a lot of useful infor-
mation in most circumstances. In many situations, the 
astute clinician will obtain enough information from 
this fi lm so that further views are unnecessary. 

 Other views may occasionally be requested where 
the plain supine fi lm provides inadequate  information. 
Th e commonest, and probably most useful, of these 
other views is the lateral decubitus. Th is is usually 
requested where pneumoperitoneum is suspected but 
cannot be clearly seen on the plain supine fi lm, but 
it can also reveal fl uid levels within the bowel. Th e 
lateral decubitus fi lm should be taken with the patient 
lying on the left  side (a left  lateral decubitus) so that 
the liver is uppermost. Th is allows free gas to collect, 
outlining the liver, which therefore is more easily 
distinguished from loops of bowel. Remember that 
in this view the x-ray beam is across the bed, so that 
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 If gastrointestinal obstruction is suspected then 
the initial investigation of the baby includes a plain 
abdominal radiograph (also a chest radiograph if 
esophageal atresia is suspected). Proximal obstruc-
tions are characterized by a dilated stomach and fewer 
dilated loops of bowel than are distal obstructions. 

 Newborns do not have well-developed haustral 
folds in the large bowel, so distinction between it 
and the small bowel can be very diffi  cult. Lower GI 
contrast studies are sometimes used to characterize 
the large bowel and distal small bowel where distal 
obstruction is suspected.  

 Esophageal atresia 
 Esophageal atresia usually occurs in association with 
a tracheoesophageal fi stula. Th e most common form 
of the malformation is an esophageal atresia with 
a distal tracheoesophageal fi stula [ 7 ,  8 ]. Th e upper 
esophagus ends blindly approximately 10  cm from 
the mouth. 

 Th ere may be a history of polyhydramnios. Th e 
newborn infant is characteristically very “mucousy”, 
resulting from the inability to swallow oral secretions. 

 Upon inserting a feeding tube, resistance may be 
felt at a depth of approximately 10 cm – corresponding 
to the mid-esophagus. Small-gauge tubes can easily 
coil in the upper esophageal pouch, giving the impres-
sion that the esophagus is patent. A plain radiograph 
or air esophagogram is helpful. To obtain the latter, 
inject 20 ml of air quickly as the x-ray exposure is 
made. Th is will reveal the tube within, and dilatation 
of, the upper esophageal pouch. See  Figures 7.1 ,  7.2 .   

 Ensure the abdomen is included in the fi eld, as 
the presence of gas in the stomach indicates that a 
tracheoesophageal fi stula is present. Absence of air 
in the abdomen may indicate the absence of a tra-
cheoesophageal fi stula (the next most common form 
aft er that described above) [ 7 ,  8 ]. It is important also 
to look for associated anomalies. Esophageal atresia 
commonly exists as part of the VATER or VACTERL 
association. Other parts of the gastrointestinal tract 
may also be atretic (e.g. duodenal or anal atresia) [ 8 ]. 
See  Figures 7.3 – 7.5 .    

 If signifi cant lung disease coexists with tra-
cheoesophageal fi stula, the need for assisted ventila-
tion may result in distension of the stomach via the 
fi stula rather than lung infl ation as desired. Th is can 
result in such gross overdistension of the stomach 
that gastric rupture occurs, with resultant massive 

 Gastrointestinal obstruction 
 Gastrointestinal obstruction can occur in newborn 
infants at numerous anatomical sites from the esopha-
gus to the anus. In the very preterm, these obstruc-
tions are usually functional. However in larger, more 
mature infants, most are anatomical (e.g. atresia) 
rather than functional. Th ey may result from extra-
luminal, intraluminal, or intramural causes that 
occlude, or signifi cantly narrow, the gut lumen. Mid- 
to lower bowel atresia is thought usually to result 
from an in utero vascular accident of the mesentery 
with subsequent obliteration of the aff ected portion 
of bowel [ 5 ]. 

 Th e anatomical level of obstruction dictates the 
presentation. As a general rule, higher obstructions 
present with earlier onset of vomiting (oft en bile 
stained) but with less impressive abdominal disten-
sion than the lower obstructions. Th e absence of bile 
in the vomitus suggests that the obstruction is above 
the ampulla of Vater. Additionally, the infant with 
esophageal obstruction will be unable to swallow 
secretions and will be noted to have “mucousy vomit-
ing”; not true vomiting, as the obstruction is above 
the stomach. 

 Obstruction at any level, but particularly the 
higher ones, may be preceded by a history of poly-
hydramnios. It is therefore important when initially 
examining an infant born to a mother with a history 
of polyhydramnios, to carefully attempt to pass a 
large-bore (FG 8–10) feeding tube to the stomach. If it 
appears to pass to the stomach then aspirate to deter-
mine the volume and nature of the gastric contents. 
A large amount of bile-stained fl uid suggests a proxi-
mal intestinal obstruction. 

 More than 90% of infants with congenital duode-
nal obstructions have bile-stained vomiting or aspi-
rates, as the obstruction is only rarely proximal to the 
ampulla of Vater [ 6 ]. Remember, bile-stained vomit-
ing usually indicates gastrointestinal obstruction and 
should be properly investigated. 

 In utero vomiting may also be a feature of proxi-
mal intestinal obstructions. Th is will tend to give the 
amniotic fl uid a greenish color that is sometimes con-
fused with meconium staining. 

 Th e more distal obstructions (ileal and below) 
tend to present with abdominal distension followed 
possibly by bilious vomiting. Failure to pass meco-
nium and electrolyte imbalance are other features 
that are increasingly common with more distal 
obstructions. 
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 Figure 7.1      Supine AP view of the chest and 
abdomen. The esophageal pouch is dilated and has 
a feeding tube  in situ . The presence of air in the gut 
indicates the presence of a distal tracheoesophageal 
fi stula. This infant also had a ventricular septal defect 
and coarctation of the aorta.    

 Figure 7.2      Supine AP view of the chest. A fi ne feeding tube was 
passed and assumed to be in the stomach. It can be seen coiled 
in the grossly dilated upper esophageal pouch. The presence of 
air in the gut indicates a distal tracheoesophageal fi stula. Note the 
thoracic butterfl y vertebra. The unusual shadow over the abdomen 
is the cord clamp.    

 Figure 7.3      Supine AP view of the chest and upper abdomen. 
A large-bore tube is in the esophageal pouch. There is no 
gas visible within the gut, suggesting no tracheoesophageal 
fi stula – this was confi rmed at operation. An endotracheal tube and 
umbilical lines are present. The opacity curving across the chest 
and arms is a monitoring lead.    

 Figure 7.4      Supine AP view of the chest and abdomen, showing 
esophageal atresia and tracheoesophageal fi stula, with a number 
of associated skeletal abnormalities: bifi d proximal rib end, rib 1 on 
the left; “butterfl y” vertebral bodies at C8, T3, and T7; radial aplasia 
on the right; six lumbar vertebrae (VATER or VACTERL association).    
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 Th e diagnosis can be confi rmed by endoscopic 
examination or with a carefully performed contrast 
swallow. Treatment is surgical ligation of the fi stula. 
See  Figure 7.7 .     

 Pyloric stenosis 
 Pyloric stenosis is uncommon in the immediate neo-
natal period, typically presenting at around six weeks 
of age with progressively worsening non-bilious 
 projectile vomiting, and possibly dehydration and 
metabolic alkalosis. Th e infant may have a palpable 
pyloric tumor, described as an olive-shaped mass, in 
the epigastrium, and visible peristaltic waves across 
the upper abdomen, especially during feeding. 

 In recent years ultrasonography has replaced 
upper GI contrast series as the imaging investiga-
tion of choice. Ultrasound imaging can be used to 
measure the length and thickness of the pyloric 
muscle. With contrast examination, the “string sign” is 

pneumoperitoneum. Th e only eff ective treatment is to 
operatively tie the fi stula. See  Figure 7.6 .  

 Th e infant’s initial problems are related to the 
inability to swallow secretions, which results in 
 intermittent respiratory obstruction. Th erefore, the 
initial treatment consists of insertion of a large-bore 
catheter (e.g. Replogle tube) for continuous suction, 
and parenteral fl uids. Defi nitive treatment is surgical. 
Gastroesophageal refl ux and esophageal dysmotility 
are very common sequelae.  

 H-type tracheoesophageal fi stula 
 H-type tracheoesophageal fi stula oft en goes undiag-
nosed in the neonatal period (esophageal atresia is 
not a feature of this abnormality). It oft en presents 
months to years later with a history of respiratory 
distress or coughing with feeding, persistent stridor, 
or recurrent pneumonias. Symptoms may begin in the 
newborn period. 

 Figure 7.5      Supine AP view of the chest and abdomen. 
The “nasogastric” tube is curled in the atretic upper 
esophageal pouch. Absence of gas in the abdomen 
indicates lack of tracheoesophageal fi stula. Associated 
vertebral abnormalities are present: bifi d L4, which will 
produce some scoliosis, and abnormalities of the distal 
sacral segments. This infant also had anal atresia.    

 Figure 7.6      Pneumoperitoneum. This very small (490 g) 
baby was originally x-rayed without insertion of a nasogastric 
tube. The following morning pneumoperitoneum occurred, 
shown here. Nasogastric tube would not pass beyond 5 cm. 
The pneumoperitoneum resulted from gastric rupture which 
sometimes occurs in cases of tracheoesophageal fi stula when high 
ventilatory pressures are needed to overcome lung disease.    
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 diagnostic. Defi nitive treatment is by pyloromyotomy. 
See  Figures 7.8 – 7.10 .      

 Duodenal atresia 
 Persistent, bilious vomiting from soon aft er birth is 
characteristic of duodenal atresia. Th ere may be a his-
tory of polyhydramnios antenatally, due to reduced 
fetal swallowing of liquor and/or fetal vomiting. Bile 
staining of the amniotic fl uid can be misinterpreted 
as meconium staining. Aspiration of the stomach 
contents via a nasogastric tube will generally yield a 
large volume of fl uid. Duodenal atresia is commonly 
associ ated with Down’s syndrome as well as other 
gastro intestinal tract anomalies including multiple 
atresias. 

 Th e pathognomonic “double bubble” appearance 
is seen on an erect abdominal radiograph. Th e plain 
supine radiograph will show a “J” shaped shadow – 
gas in the distended stomach and duodenum – and 
an absence of gas more distally. See  Figures 7.11 ,  7.12 .     

 Duodenal stenosis 
 Th e clinical presentation of duodenal stenosis is simi-
lar to that of duodenal atresia, but may be later or 
less severe, depending on the degree of obstruc-
tion. Duodenal stenosis may be due to an intrinsic 

 Figure 7.8      Pyloric stenosis. This baby of just fi ve days of age was 
completely intolerant of attempts to feed him after treatment 
for pulmonary hypertension. Vomiting without bile staining 
occurred. Abdominal radiograph revealed the very large stomach 
shown here. Ultrasound examination (Figure 7.9) showed 
features of pyloric stenosis, confi rmed at operation and cured by 
pyloromyotomy.    

 Figure 7.7      Images (A–C) show three fi lms from a pull-back esophagogram. The neonate is in the decubitus position with a 
nasogastric (NG) tube in the distal esophagus. Contrast is injected as the tube is pulled back into the upper esophagus. Contrast 
fi rst outlines the esophagus (A), then outlines a small fi stula (B) and then outlines the trachea (C), confi rming the presence of a 
tracheoesophageal fi stula. Overzealous injection of the esophagus may lead to aspiration via the larynx and result in a falsely positive 
study. The esophagus and trachea more distally were normal.    

A B C

defect (e.g. duodenal web) or due to extrinsic com-
pression (e.g. an annular pancreas, aberrant vascular 
 structures) [ 9 ]. 
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 Figure 7.10      Pyloric stenosis; fi lm from an upper GI series on 
a neonate with recurrent non bilious vomiting. Note the large 
amount of contrast in the stomach but little in the duodenum with 
a long, narrow pylorus, which is almost string-like, indicating pyloric 
stenosis (arrow).    

 Figure 7.11      Supine AP view of the chest and abdomen 
showing duodenal atresia. This infant was born at 36 weeks and 
had Down’s syndrome. The stomach and proximal duodenum 
are grossly distended, with no gas beyond the obstruction. The 
nasogastric tube has failed to reach the stomach. Umbilical lines 
are  in situ .    

 Figure 7.9      Pyloric stenosis. Image (A) shows a normal pyloris. The 
normal upper limits are 18 mm in length, 14 mm in AP dimension 
and a wall thickness of 4 mm. Images (B) and (C) show an example 
of pyloric stenosis.    

A B

C
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 Figure 7.12      Erect AP view of the abdomen. This shows the 
characteristic double bubble seen in an infant with duodenal 
atresia.    

 Figure 7.13      Erect AP view of the abdomen. In this case there is 
a small amount of gas visible beyond the obstruction, as seen in 
duodenal stenosis.    

 Figure 7.14      Duodenal stenosis. Supine radiograph shows dilated 
stomach and duodenum with gas throughout the remainder of the 
bowel. The baby proved to have a duodenal stenosis.    

 A plain erect abdominal radiograph may reveal a 
“double bubble,” but with gas present beyond the level 
of the obstruction. A contrast examination shows the 
distended stomach and duodenal cap, with a small 
trickle of contrast passing through the stenosis. See 
 Figures 7.13 – 7.15 .      

 Small-bowel atresia 
 As a general rule, the higher the level of obstruction, 
the earlier is the clinical presentation. Bilious vomit-
ing and abdominal distension are characteristic clini-
cal features. On occasion, more than 100 ml of fl uid 

 Figure 7.15      Duodenal web. Contrast in the upper bowel of a 
baby with duodenal web shows the dilated stomach and proximal 
duodenum.    

can be drained via a nasogastric tube. Th ere may be 
a history of polyhydramnios antenatally and failure 
to pass meconium post-natally. Small-bowel atresias 
may result from in utero events such as volvulus, with 
infarction and subsequent reabsorption of a portion 
of bowel. Th e association with Down’s syndrome is 
much less frequent than in duodenal atresia. 

 In jejunal atresia, a plain erect radiograph may 
reveal a “triple bubble” sign. In ileal atresia there are 
multiple dilated loops of small bowel. A contrast 
enema study reveals a microcolon, distal to the atretic 
segment of bowel. See  Figures 7.16 – 7.18 .      
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 Colonic obstruction 
 Colonic atresia is less common than small-bowel 
atresia. It presents with abdominal distension, bilious 
vomiting, palpable bowel loops, and failure to pass 
meconium. Th e atresia is usually proximal to the 
splenic fl exure [ 6 ]. 

 Dilated loops of bowel are visible on a plain radio-
graph. Contrast enema shows a microcolon distal to 
the atretic segment. See  Figure 7.19 .    

 Anal atresia:   imperforate anus 
 Anal atresia can occur in isolation but is frequently 
associated with other anomalies, including vertebral, 
genitourinary, and gastrointestinal malformations. It 
is a feature of the VATER/VACTERL association. 

 Figure 7.16      Jejunal 
atresia. In small-bowel 
atresia, a number of 
loops of dilated bowel 
are seen, as well as a 
dilated stomach and 
duodenum.    

 Figure 7.17      Ileal 
atresia. Atresia further 
down the bowel (ileum) 
shows a number of 
dilated loops of bowel.    

 Clinical features include failure to pass meconium, 
abdominal distension, and vomiting. Th e fi nding of 
meconium in the nappy does not exclude the diag-
nosis of imperforate anus, as there may be a fi stula 
present; it is important to carefully examine the anal/
perineal anatomy in  all  newborn infants. A spot of 
meconium at the urethra, vulva, or on the perineum is 
suggestive of this lesion. Where there is an associated 
fi stula, it usually opens onto the perineum or into the 
urethra in males, and to the vestibule of the introitus 
(posterior fourchette) in females. Th ere may be an 
“anal” dimple which can be mistaken for a normal 
anus – it is usually located more anteriorly than the 
normal anus. 

 Abdominal radiograph shows features of a low 
bowel obstruction: distended loops of bowel, with or 
without gas in the rectum, depending on the length 
of the atretic segment. It can be useful to place a 
radiopaque marker on the “anal” dimple to help defi ne 
this distance. Ultrasonography is useful in imaging 
the spine where associated spinal anomalies are sus-
pected. See  Figures 7.20 ,  7.21 .     

 Meconium ileus 
 Meconium ileus is characterized by vomiting, abdom-
inal distension, and failure to pass meconium. It is 
caused by intraluminal obstruction, usually of the 
ileum, by thick inspissated meconium, and is fre-
quently associated with cystic fi brosis. 

 A plain radiograph will show gaseous distension of 
the gut, usually with some gas present in the rectum. 
Oft en there will be an absence or paucity of gas in the 
right iliac fossa due to the presence of the inspissated 
meconium, which can appear as granular “frogspawn” 
meconium. See  Figure 7.22 .  

 Contrast enema may illustrate a microcolon, and 
may also be eff ective in relieving the obstruction. Th e 
microcolon results from the absence of solid contents 
in it over a long period of time. Surgical intervention 
may be required to relieve the obstruction and is also 
indicated for complicated meconium ileus (e.g. volvu-
lus, atresia, perforation). See  Figure 7.23 .  

 See also below for radiology of intrauterine meco-
nium perforation.   

 Hirschsprung’s disease 
 Hirschsprung’s disease is a functional lower intes-
tinal obstruction due to aganglionosis extending 
proximally from the rectum. Typical clinical features 
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 Figure 7.18      Ileal atresia. (A) Abdominal fi lm 
taken at 12 hours of birth showing an essentially 
normal abdomen. The infant was premature 
with respiratory distress syndrome (RDS). (B, C) 
Taken three and six days later respectively, these 
show progressive abdominal distension with 
increasingly severely dilated loops of bowel. 
(D) Single fi lm from a barium enema; the large 
bowel is small (microcolon) but otherwise 
normal. The cecum is in the right upper 
quadrant as shown by the appendix (arrow). 
Several loops of distal ileum are opacifi ed and 
are of normal caliber. (E, F) Two fi lms from an 
upper GI series show a normal upper jejunum 
and multiple distended loops of mid-small 
bowel. Surgery confi rmed ileal atresia.    

E

A B C

D

F



Chapter 7. The gastrointestinal tract

148

 Figure 7.19      Colonic atresia. (A) Plain supine abdominal x-ray demonstrates a distal bowel obstruction. (B) Contrast enema 
shows the microcolon ending blindly at the transverse colon. Colonic atresia was corrected at surgery with a right 
hemicolectomy and an ileocolonic anastomosis.    

A B

 Figure 7.20      Radiological fi ndings in anal atresia are non-
specifi c, but include multiple segments of dilated bowel. 
In this case, a large segment of apparently sigmoid colon 
is seen arising out of the pelvis, as well as loops of dilated 
bowel higher up in the abdomen. The same appearance 
might be present in rectal atresia.    

 Figure 7.21      This baby with anal atresia shows, 
in addition to dilated bowel, multiple vertebral 
abnormalities in the lumbar spine and sacrum, 
consistent with the VATER or VACTERL association.    
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include delayed passage of meconium, with or with-
out abdominal distension and vomiting. If left  undi-
agnosed there will tend to follow a history of recurrent 
constipation. Occasionally enterocolitis and mega-
colon can occur. 

 A radiograph may show dilatation of the upper 
bowel, with multiple fl uid levels in erect view. Th e 
appearances are usually not specifi c to any one 
diagnosis, but diff erential diagnosis must include 
Hirschsprung’s disease, meconium ileus, large-bowel 
or low small-bowel atresia (although the presence of a 
small amount of gas in the rectum would make atresia 
unlikely, unless it had been introduced by rectal exam-
ination or instrumentation). See  Figures 7.24 ,  7.25 .   

 A lower bowel contrast study is oft en non-specifi c. 
In the neonatal period, the typical appearance of 
proximal dilatation and a narrowed distal segment 
may not be demonstrated. Th e diagnosis is suggested, 
however, by the persistence of contrast material in the 
colon the day aft er the contrast study. See  Figure 7.26 .    

 Malrotation, volvulus 
 Malrotation represents a congenital mesenteric inser-
tion abnormality.  Normal in utero development 
entails a physiological gut herniation, where the bowel 
rotates. It is anchored by the mesentery around which 

 Figure 7.22      Meconium ileus, often associated with cystic fi brosis, 
has non-specifi c radiological signs. This infant has a number of 
dilated bowel loops, and an “empty right iliac fossa” representing 
the presence of impacted meconium in the distal ileum and 
cecum. Sometimes bubbles of gas are present in the meconium if 
diagnosis is not immediate after birth.    

 Figure 7.23      Lower bowel contrast study in a baby with 
meconium ileus reveals a “microcolon” because impaction with 
meconium higher up leaves the distal large bowel undistended for 
a prolonged time in utero. Note here the multiple small pellets of 
meconium present with the very small colon.    

 Figure 7.24      Hirschsprung’s disease of the 
colon has non-specifi c signs of generalized 
distension of the bowel on plain radiograph.    
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Upper GI contrast studies are defi nitive and must be 
peformed emergently. In malrotation, the proximal 
small bowel is shown to drop away inferiorly from 
the distal duodenum. See Figure 7.27. Normally the 
small bowel goes up to the left  upper quadrant from 
the duodenum, and fi lls the abdominal cavity from 
there to the right iliac fossa. Ladd’s bands (peitoneal 
bands) are the predominant cause of obstruction. See 
 Figures 7.27 ,  7.28 .   

 Prompt surgical intervention is required to poten-
tially avoid catastrophic ischemic bowel injury. Ladd’s 
procedure is performed and non-viable bowel will 
need to be resected. US can be helpful. Th e term 
“whirlpool sign“ refers to a fi nding described on 
transverse abdominal sonograms of newborns and 

normal rotation occurs, but if this goes awry, then 
fi xation upon return of bowel to the abdomen is faulty. 
Th is may lead to a narrow mesenteric root with poten-
tial for volvulus.  Onset of symptoms of a malrotation 
with volvulus – bile-stained vomiting and variable 
abdominal distension – can be from very soon aft er 
birth to several months later. Th e mesenteric vascular 
supply can be compromised, resulting in necrosis of 
the bowel, bloody stools, peritonitis, and shock. Th is 
is a medical emergency that must be recognized and 
treated urgently, before necrosis if possible. 

 A plain abdominal radiograph of malrotation with 
volvulus may show a dilated stomach and proximal 
duodenum; an appearance that can be mistaken for 
duodenal atresia. However, the latter can be excluded 
by the appearance of gas more distal to the  obstruction. 

 Figure 7.25      In lateral decubitus view, multiple fl uid levels are 
seen in this baby with Hirschsprung’s disease.    

 Figure 7.26      Supine AP view of the abdomen taken 26 hours 
after a contrast enema was performed. While a clear transition 
zone cannot be seen, the persistence of contrast at this stage is 
suggestive of Hirchsprung disease. The colon is dilated proximal to 
the level of functional obstruction.    

 Figure 7.27      AP and lateral views 
from an upper G.I. study show the 
proximal small bowel dropping away 
inferiorly from the distal duodenum 
(arrow) rather than following its 
normal course to the left upper 
quadrant.  

A B
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bloody and/or mucousy stools, abdominal wall ery-
thema, and shock. Th e severity of illness is usually 
classifi ed according to the Bell criteria: Stage I, sus-
pected NEC (usually simply feed intolerance and per-
haps distension); Stage II, defi nite (clinical signs and 
radiographic changes); Stage III, advanced (including 
shock or pneumoperitoneum) [ 11 ]. Th ese stages were 
later modifi ed in an attempt to guide therapeutic 
decision-making [ 12 ]. NEC of the large bowel tends to 
be much less severe than small-bowel NEC. 

 Th e characteristic radiographic fi nding in NEC is 
pneumatosis intestinalis, which represents gas in the 
submucosal or subserosal layer. Th e gas is produced 
by intestinal bacteria. Th ree patterns of pneuma-
tosis intestinalis are seen: the circle of intramural 
gas in bowel viewed in cross-section; a “ train-line” 
appearance of intramural gas in bowel viewed 
 longitudinally; and a “whorl” pattern seen when look-
ing through a bowel wall with pneumatosis in it. See 
 Figures 7.29 ,  7.30 .   

 Less common, but also characteristic, is portal 
venous gas. Th is results when intramural gas is 
absorbed into the portal venous system and travels 
to the liver, where it can be seen as a linear branching 
lucency on a plain radiograph. It can also be detected 
with real time ultrasound. See  Figure 7.31 .  

young infants with midgut volvulus and it denotes a 
swirling whirlpool appearence of the bowel, superior 
mesenteric vein (SMV) and the mesentery around 
the superior mesenteric artery (SMA) in a clockwise 
direction as a result of the volvulus. Th e appearance 
is enchanced by the vascular signal on color Doppler 
imaging. See Figure 7.28B. Th e whirlpool sign can be 
diagnostic of midgut volvulus when seen on cross-
sectional images, including US and CT studies. 

 Malrotation without volvulus is a cause of persist-
ent or recurrent vomiting in the newborn period.   

 Necrotizing enterocolitis 
 Necrotizing enterocolitis (NEC) is a potentially fatal 
acquired condition most commonly seen in prema-
ture infants. Th e etiology of the condition remains 
obscure but is almost certainly multifactorial. Th e 
pathogenesis probably includes gut ischemia, coloni-
zation with bacteria, and enteral feeding. A number of 
strategies aimed at reducing the risk of NEC have been 
postulated and tried with variable success, but prema-
turity remains the greatest risk factor [ 10 ]. 

 Clinical features of NEC include feeding intol-
erance, abdominal distension, vomiting, lethargy, 
metabolic acidosis, temperature instability, diarrhea, 

 Figure 7.28      (A) Upper GI contrast study showing malrotation. Note the distension of the stomach and proximal duodenum. The 
duodenum tapers to a sharp beak-like narrowing, and contrast falls away inferiorly into the jejunum. The jejunum should normally go up 
into the left upper quadrant of the abdomen. (B) A 2-day-old with intermittent episodes of bilions vomiting. Transverse US scan through the 
mid-upper abdomen shows the characteristic whirlpool (arrows) appearence of the SMV and the mesentery twisted around the SMA, which 
is pathognomonic of midgut volvulus. The arrowheads denote the aorta.    

A B
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 Figure 7.29      Supine AP view of the abdomen. All three patterns of 
pneumatosis intestinalis can be seen in this fi lm showing extensive 
NEC. There is widespread “whorl” patterning of the aff ected bowel; 
the “train-line” pattern can be seen at the sides; and the circle of 
intramural gas is visible where a loop of bowel is seen in cross-
section below the liver.    

 Figure 7.30      Supine AP view of the abdomen. This appearance 
can be mistaken for pneumatosis intestinalis but is simply fecal 
loading. This infant was clinically well.    

 Figure 7.31      Supine AP view of the abdomen. Portal venous gas 
can be clearly seen within the liver shadow. This is characteristic 
of NEC.    

 On the plain radiograph, look also for evidence of 
ileus (seen as generalized or local distension), accu-
mulated intraperitoneal fl uid (separation of bowel 
loops), and pneumoperitoneum from perforation. 
More recently, the potential for ultrasound detection 
of intramural gas has been exploited for early detec-
tion of NEC [ 13 ]. See  Figure 7.32 .  

 Treatment of NEC consists of decompression of 
the stomach with a naso- or orogastric tube, “nil-
by-mouth,” IV fl uids, and IV antibiotics, along with 
frequent clinical review. Evidence of perforation is an 
absolute indication for surgical intervention.   

 Milk curd obstruction syndrome 
 Milk curd obstruction is an uncommon cause of gut 
obstruction. It is most oft en seen in preterm infants 
who are receiving high caloric formula or fortifi ed 
breast milk feeds. It is thought to result from poor 
absorption of calcium and fat with subsequent calcium 
soap formation. Not uncommonly, the aff ected infant 
has had previous abdominal surgery. Mortality is high. 

 Th e characteristic appearance seen on a plain 
abdominal radiograph is that of obstruction and an 
intraluminal mass with a halo of air. In many cases, 
however, the radiograph appearance is non-specifi c. 
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 Figure 7.32      (A) Supine AP view of the abdomen: NEC with 
perforation. Pneumatosis is seen in the right lower and left upper 
quadrants. Free gas is visible over the liver, and Rigler sign is 
present. Distended loops of bowel are present. The circular shadow 
at the left of the abdomen is an artifact from the access hole in the 
top of the cot. (B) Sick premature infant with increasing abdominal 
girth and worsening ventilatory settings shows a non-specifi c 
bowel gas pattern with a generalized paucity of bowel gas but 
without evidence for pneumatosis, free air, or portal venous gas 
to suggest NEC. These types of abdominal bowel gas patterns 
are ideal for US evaluation as, in general, gas and air are poor 
sound transmitters. The abdominal radiograph reveals a nearly 
gasless abdomen, which is a non-specifi c fi nding and may refl ect 
either bowel wall thickening or fl uid accumulation within the 
bowel lumen or in the peritoneal cavity. (C) Transverse US scan 
through the right lower quadrant shows slightly distended, mildly 
thickened, fl uid-distended bowel loops (L) fi lled with echogenic 
contents, the latter believed to be secondary to sloughing of the 
mucosa. On color Doppler interrogation all these bowel loops 
demonstrated fl ow. (D) On the left upper quadrant, the bowel 
appears less distended, although the bowel wall is mildly thickened 
(arrowheads). (E) In the mid-abdomen, an ovoid-shaped, thin-
walled collection is seen (arrowheads). No fl ow could be elicited on 
color Doppler interrogation. A necrotic bowel loop embedded in a 
collection was found at surgery.    
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 Figure 7.33      Milk curd obstruction. It may be very diffi  cult to 
distinguish this condition from necrotizing enterocolitis. This 
baby did not have NEC; at laparotomy the bowel was healthy, but 
impacted with milk curd. The distinguishing feature is the absence 
of intramural gas – the halo of gas around the fecal mass in the 
right iliac fossa here is in the lumen. There are no submucosal gas 
bubbles as would be typical of NEC.    

 Figure 7.34      A useful bedside test for the suspected 
presence of free gas in the peritoneal cavity is 
transillumination – if there is free gas present, the 
abdomen lights up brilliantly as shown. If there is no free 
gas, the gas inside bowel loops may light up, but the 
bowel walls are seen as multiple dark lines intersecting 
the transilluminated area.    

 Figure 7.35      Supine AP view of the abdomen: football sign. The 
large oval shadow lying centrally in the fi lm is free gas which has 
risen to the anterior abdominal wall. The falciform ligament cannot 
be seen in this case. A nasogastric tube, umbilical catheters, and a 
urinary catheter are present.    

It can be very diffi  cult to distinguish preoperatively 
between milk curd obstruction and NEC [ 14 ]. See 
 Figure 7.33 .     

 Perforation 
 Intestinal perforation is commonly, but not necessarily, 
seen in the context of necrotizing enterocolitis. In the 
absence of NEC, it is oft en referred to as “isolated” or 
“spontaneous” intestinal perforation. It can be diffi  cult 
to distinguish the two conditions preoperatively. Risks 
for isolated intestinal perforation include extreme pre-
maturity, patent ductus arteriosus, indometacin, early 
post-natal steroids, and visceral distension (e.g. from 
obstruction or mechanical ventilation) [ 15 – 17 ]. 

 When examining the infant’s abdomen, remember 
that the “ropey” abdomen usually represents dilated 
loops of bowel visible through the abdominal wall, 
and hence is unlikely to be found in the presence of 
perforation. Th e abdomen with free gas from perfo-
rated bowel is almost always smooth in appearance. 
See  Figure 7.34 .  

 In a plain supine radiograph of the abdomen, free 
gas in the peritoneal cavity is oft en seen as a gray out-
line around the abdominal edge, with the  falciform 
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 Figure 7.37      Left lateral decubitus view of the abdomen: 
same patient as in Figure 7.31. The free gas can be clearly seen 
contrasted against the liver.    

 Figure 7.38      Supine AP view of the abdomen: Rigler sign. In this 
instance there is so much free gas that most of the bowel becomes 
contrasted on its mucosal and serosal surfaces. Free gas is visible 
throughout the abdomen and into the scrotum. The latter can 
occasionally be the fi rst fi nding to alert the clinician to the presence 
of a gastrointestinal perforation.    

 Figure 7.39      Supine AP view of the abdomen. In this example 
there is an unusually shaped shadow in the left upper quadrant 
that does not conform to an anatomical structure.    

 Figure 7.36      Supine AP 
view of the chest and 
abdomen: extremely 
premature infant with 
bronchopulmonary 
dysplasia. The football 
sign is present, this 
time with the falciform 
ligament clearly visible 
to the right of the lower 
thoracic spine. There is 
generally diminished 
bowel gas.    

 collect in the center of the upper abdomen, but may 
rise above the right lobe of the liver in the lateral decu-
bitus view. See  Figure 7.37 .  

 Pneumoperitoneum may also be indicated by the 
Rigler sign; this is the double-shadowing seen when 
the serosal surface, as well as the mucosal surface, has 
(free) gas abutting it, creating an air–tissue interface. 
Th e resulting sharply contrasted bowel wall is charac-
teristic of perforation [ 19 ]. See  Figure 7.38 .  

 Unusually shaped shadows that do not conform 
to anatomical structures should also raise the sus-
picion of free gas within the peritoneal cavity. See  
Figure 7.39 .   

ligament visible centrally. Th is is referred to as the 
“football” sign, fi rst described by Miller [ 18 ]. See 
 Figures 7.35 ,  7.36 .   

 In the supine position the free gas will tend to 
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 Figure 7.40      Supine AP view of the abdomen: meconium 
peritonitis. This infant presented on day 2 of life with signs of gut 
obstruction. Numerous areas of intraperitoneal calcifi cation can 
be seen, indicating antenatal perforation. In some cases, such as 
here, the perforation does not heal before birth, leading to the 
accumulation of free gas post-natally.    

 Meconium peritonitis 
 Meconium peritonitis occurs following a gastrointes-
tinal perforation occurring in utero, with resultant 
scattered peritoneal calcifi cations [ 20 ]. At operation 
the perforation may be evident or it may have already 
healed spontaneously. If the perforation remains 
 post-natally, peritoneal free gas may accumulate, but 
this is uncommon. Th e commonest underlying pathol-
ogy is cystic fi brosis with meconium ileus. Other 
causes include bowel atresia or obstruction, perhaps 
from an in utero volvulus. See  Figures 7.40 ,  7.41 .      

 Hepatic lesions 
 In a newborn infant, the liver is soft  and can normally 
be palpated 1 to 2 cm below the right costal margin. 
Careful clinical examination of the newborn will 
usually detect enlargement of the liver or other right 
upper quadrant mass. In some instances a hepatic 
lesion is noted coincidentally (e.g. on a plain radio-
graph taken for another indication). 

 Hepatomegaly may be seen in the context of a 
neonate with hydrops fetalis (which should be 
 clinically obvious), or congestive/right-sided cardiac 
failure of post-natal onset. Th e hepatic congestion 

 Figure 7.41      Supine AP view of the abdomen: gestational age 
35 weeks, with Down’s syndrome. Intraperitoneal calcifi cations are 
visible on the right side. Duodenal atresia is present. The antenatal 
perforation, however, was found to be at the cecum. Note the cord 
clamp visible to the right of the lumbar spine.    

and enlargement can be isolated or can coexist with a 
more generalized edema. Obstructive jaundice (with 
conjugated hyperbilirubinemia) can also result in 
hepatomegaly, as can portal vein thrombosis, and 
storage disorders. 

 Hepatic lesions less likely to cause gross hepato-
megaly (and therefore more likely to be detected 
 coincidentally, either antenatally or post-natally) 
include vascular lesions such as hemangioma, cal-
cifi cation, and neoplasms (very rare). Occasionally, 
however, vascular lesions of the liver can be so large as 
to cause hepatomegaly and also cause cardiac failure. 

 Plain radiography can reveal lesions where there 
is a tissue density interface, such as calcifi cation or 
portal venous gas. Ultrasonography may be very 
useful in imaging hepatic lesions. Abscesses may show 
up as echolucent areas. Calcifi cation may be local-
ized more accurately with ultrasound than with plain 
radiography. Th e investigation of obstructive jaundice 
should include liver ultrasound, where lesions such 
as choledochal cyst and extrahepatic biliary atresia 
may be demonstrated. Vascular lesions, including 
thrombus, may be readily defi ned using ultrasound 
combined with Doppler. See  Figure 7.42 .      
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 Ultrasonography 
 Ultrasonography is most valuable to assess for gross 
structural abnormality of the kidneys, ureters, and 
bladder. Th is includes but is not confi ned to looking 
for an absent kidney (renal agenesis), small kidneys 
(hypoplasia and dysplasia), ectopic kidneys (pelvic or 
horseshoe), a mass in the kidney, and obstructed or 
duplicated collecting systems. Th e ultrasound appear-
ance of the normal neonatal kidney is shown in 
 Figures 8.1 – 8.3 , and the size of the kidneys in  Table 
8.1 . Th e presence of a spontaneous pneumothorax 
or fi nding of a single umbilical artery in a newborn 
is not, in itself, indication for kidney ultrasound, as 
the association with an underlying renal abnormality 
is weak.       

 Antenatal scanning 
 Many kidney abnormalities can be diagnosed ante-
natally on high resolution ultrasound scans. Renal 
anomalies that require surgical intervention con-
tinue to pose challenges. Th e polycystic kidney 
poses a diagnostic problem and there is no prenatal 
therapeutic intervention, but post-natal support-
ive measures can be instituted. A major diffi  culty 
concerns management of antenatally diagnosed 
pelvicalyceal dilatation. Th e goal of intervention is 
to preserve renal function when dilatation is the 
consequence of obstruction; however, ultrasound 
evidence of  signifi cant obstruction oft en implies 
established renal damage. Fetal intervention is most 
 appropriate when severe oligohydramnios is associ-
ated with  hydronephrosis, especially in the presence 
of a  solitary kidney or in bilateral disease. Post-
natally, all neonates with renal tract dilatation should 
have serial measurements of renal pelvis diameter 
with functional correlation from radionuclide scans 

 Introduction 
 During pregnancy, routine imaging of the fetal kidney 
is usual, although it may be prompted by an abnormal 
amount of amniotic fl uid. In the newborn, imaging 
is performed as follow-up to fetal fi ndings or it is 
prompted by clinical indications. Th ese include the 
following: 
  •     in the antenatal period oligohydramnios may 

signal onset of the Potter sequence;  
  •     pulmonary hypoplasia with need for respiratory 

support and/or air-leak syndromes;  
  •     features consistent with a syndrome, (trisomy 21; 

VACTERL; prune-belly syndrome, etc.);  
  •     oliguria – defi ned in the newborn as < 1 ml/(kg hr) 

of urine aft er the fi rst day of life;  
  •     renal failure – progressive azotemia at or aft er 72 

hours of life;  
  •     macroscopic or microscopic hematuria;  
  •     renal masses found on examination or by prenatal 

ultrasound;  
  •     no or poor urinary stream aft er the fi rst day of life;  
  •     evidence of urosepsis;  
  •     ascites.      

 Modalities of imaging 
 Th e clinical value of newborn urogenital imaging 
can be separated into two categories. First, imaging 
can be used to provide detailed anatomical informa-
tion. Second, imaging is increasingly being used to 
provide functional information about the kidneys. In 
the newborn, functional information even from the 
newer imaging modalities in the fi rst two weeks of life 
is limited by nephrogenesis ending at 36 weeks gesta-
tional age, by a reduced glomerular fi ltration rate, and 
by reduced concentration ability.  

 Chapter  The kidney    
    Kevin     Meyers       and     Monica     Epelman       8 
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 Figure 8.2      Normal newborn kidney with transient increased 
medullary hyperechogenicity. This increase in medullary 
echogenicity (arrows) may be seen in 3.9–37% of renal sonograms 
performed in neonates after birth. This transient increase in 
echogenicity has been suggested to represent the precipitation of 
Tamm–Horsfall protein, a mucoprotein produced in large quantities 
by immature cells of the thick ascending limb of the loop of 
Henle and the convoluted distal tubule. This phenomenon usually 
resolves by two weeks of age.    

 Figure 8.1      (A, B) Normal premature (30 weeks) kidney. (A) Longitudinal and (B) transverse scans of the kidney demonstrate increased 
echogenicity of the renal cortical parenchyma relative to the liver (denoted by L) with prominent, triangular, hypoechoic medullary 
pyramids. The cortex is thinner when compared to older children and adults and there is near to no central sinus echogenicity. (C) Normal 
CT appearance of the newborn kidney. The cortex is relatively thin compared to the prominent medullary pyramids (denoted by P). The 
kidney contours are nodular and refl ect normal fetal lobulations, a remnant of the fetal kidney, which consists of numerous lobules which 
fuse late in the second trimester. As fusion progresses in infancy, the kidney outline becomes smoother. (D) Normal full-term kidney. The 
kidney contours reveal regular indentations (arrows) occuring between the medullary pyramids, refl ecting normal fetal lobulations. This is a 
normal variant and must not be mistaken for renal scars. The cortex is relatively thin and is isoechoic to the liver or splenic parenchyma. The 
medullary pyramids are prominent, triangular in shape, hypoechoic, and regularly arranged. The renal cortex is thinner when compared to 
older children and adults, and there is near to no central sinus echogenicity. (E) Normal three-year-old kidney. Note the echogenic junctional 
parenchymal defect (arrow), a normal variant of no clinical signifi cance. The cortex appears thicker than in newborns, the renal pyramids are 
less distinct, and the central sinus echoes (asterisks) are more prominent.    
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 Figure 8.3      (A) Normal corticomedullary diff erentiation at high 
resolution sonography of the lower pole of the right kidney in a 
four-month-old infant. The arrowheads denote the hypoechoic 
medullary pyramids. (B) Demonstration of the normal kidney 
vasculature on power Doppler sonography depicting normal 
cortical vessels and the physiological hypovascular medullary 
pyramids.    
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 Figure 8.4      A two-month-old with a history of antenatal hydronephrosis. Longitudinal (A) and transverse (B) US images of the right reveal 
a normal-size right kidney with a mild to moderately dilated extrarenal pelvis. The kidney cortex is normal in echogenicity and thickness, 
and there is maintained corticomedullary diff erentiation. On the left (C, D), there is moderate to marked pelvicaliectasis. Image (E) of a 
 99m Tc MAG3 scan at three months of age shows less activity within the abnormal left kidney (scan taken posteriorly with the right kidney 
on the right side of the image). Image (F) shows the renal function curves; the left kidney shows urine stagnation with decreased renal 
function. Follow-up MR urography obtained at seven months of age redemonstrates a right extrarenal pelvis (G) and moderate to severe 
left pelvicaliectasis (H, I). Following the administration of IV gadolinium (J), a normal right kidney nephrographic eff ect is seen. The left 
kidney cortex is thinned. On delayed images (K), prompt contrast material excretion is seen on the right, while delayed excretion is noted 
on the left. The enhancement curves (L), as well as the function map (M), reveal urine stagnation and decreased left kidney function, 
as compared to the normal right kidney. A nephrostogram (N) obtained intraoperatively confi rms a left-sided pelvic–ureteric junction 
(PUJ) stenosis.    

 Table 8.1       Kidney size (rounded to the nearest mm from 
30 weeks gestational age)   

  Weeks of gestation    Mean (mm)    ± 2 SD  

  14    9.3    1.5  

  16    12.7    2.5  

  18    16.3    3.2  

  22    23.6    4.6  

  24    27.1    6.7  

  26    30.4    6.2  

  28    33.4    6.9  

  30    36    7  

  32    38    8  

  34    40    8  

  36    42    9  

  38    43    8  

  40    44    9  

  42    45    9  

( Figure 8.4 ). Th is will enable detection of kidneys that 
are at risk of losing function, while at the same time 
circumventing unnecessary surgery in those kidneys 
that remain dilated but are functionally stable.    

 Cystourethrograms 
 When physical obstruction or dilating ureteric refl ux 
is suspected, a voiding (VCUG) or retrograde cysto-
urethrogram is required ( Figure 8.5 ). Th is will help 
delineate the possible sites of obstruction or exclude 
the presence of vesicoureteric refl ux. Additional ana-
tomical and functional studies are oft en required to 
further delineate upper tract obstruction.    

 Nuclear renal scans 
 Renal function is assessed clinically by blood pressure, 
presence of fl ank or bladder masses, urine fl ow, and by 
electrolyte, urea, and creatinine handling. However, 
perfusion, uptake, and excretion studies using either 
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 Angiography 
 Conventional and/or CT angiography, although rarely 
performed in neonates, may be used to diagnose renal 
artery stenosis or mid-aortic syndrome ( Figure 8.6 ).    

 Technical limitations 
 Ultrasonography is non-invasive, does not require 
sedation, has no ionizing radiation, and can be done at 
the bedside of newborns that are too ill to image in the 
radiology department. A disadvantage is that its qual-
ity depends on the skill of the operator. Physiological 
information can only be inferred indirectly, and an 
understanding of developmental anatomy and dis-
ease conditions is required to ascertain useful clinical 
information.   

 Timing 
 Renal function continues to improve in the neonate 
up to two weeks aft er birth. Functional studies are 
thus oft en best done aft er two weeks of life.   

 Interpretation 
 Interpretation of prenatal ultrasound fi ndings can be 
diffi  cult at times. Unlike in adults, in neonates and 
young infants, the normal renal cortex can be iso-
echoic and less commonly hyperechoic to the liver 
and spleen. Th is usually persists for up to six months 
and is believed to be related to the greater volume of 
glomeruli occupying the renal cortex (approximately 
18% in neonates as compared to 9% in adults). Other 
features of the normal neonatal kidney include promi-
nent hypoechoic medullary pyramids, an accentuated 
corticomedullary boundary, and very little central 
renal sinus echogenicity, related to a lesser amount 
of fat within this area at these ages. Th e hypoechoic 
medullary pyramids appear quite prominent and 
are regularly arranged around the collecting system. 
Th e renal contours may show regular indentations 
between the medullary pyramids, related to normal 
fetal  lobulations. In preterm neonates the normal 
renal cortex may be hyperechoic to the liver and 
spleen; this cortical hyperechogenicity is inversely 
related to gestational age ( Figures 8.1 – 8.3 ).    

 Some specifi c lesions of the fetus 
and newborn 
 Antenatally detected urinary tract abnormalities are 
the most common abnormalities found by antenatal 

99m-technetium-labeled diethylenetriamine penta-
acetic acid ( 99m Tc DTPA) or mercaptoacetyltriglycine 
(MAG3) labeled with  99m Tc may provide valuable 
additional information ( Figure 8.4 ). A radionuclide 
scan such as dimercaptosuccinic acid (DMSA) can be 
used to confi rm the diagnosis and establish the func-
tional state of a solitary kidney.   

 Magnetic resonance imaging 
 Combined use of conventional and high-resolution 
ultrasonography with magnetic resonance urography 
(MRU) allows anatomic and functional defi nition 
of the extent of kidney disease without the use of 
ionizing radiation ( Figure 8.4  G – M ). MRU is a kind 
of “one-stop shop” and provides both anatomic and 
functional information. Magnetic resonance imaging 
may be used to provide additional information and 
staging with respect to renal and adrenal masses. MR 
cholangiopancreatography (MRCP) allows detailed 
defi nition of the extent of kidney and hepatobil-
iary disease in autosomal recessive polycystic kidney 
 disease (ARPKD).   

 Computed tomography (CT) scanning 
 Computed tomography scanning plays a minimal role 
in evaluating neonates, with the exception of diagno-
sis of renal, retroperitoneal, and pelvic masses.   

 Figure 8.5      Posterior urethral valves. Image of micturating 
cystourethrogram reveals a marked dilation of the posterior urethra 
with a sharp transition to the anterior urethra. The bladder neck 
appears hypertrophied and the bladder wall is trabeculated.    
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 Figure 8.6      A two-week-old with cardiomyopathy, hypertension, 
and mid-aortic syndrome. (A) Longitudinal US scan of the right 
kidney reveals a small, atrophic right kidney (delineated by calipers), 
when compared to (B) the left; the left kidney (delineated by 
calipers) shows mild compensatory hypertrophy. Both kidneys 
demonstrate mild, diff use increase in cortical echogenicity, however, 
with maintained corticomedullary diff erentiation. (C) Spectral 
Doppler of the stenotic left renal artery demonstrates increased 
peak systolic and end-diastolic velocities. (D) Coronal, color Doppler 
image of the abdominal aorta (Ao) reveals turbulent fl ow at the 
left main renal artery (LT MRA) ostial level (red arrow). The right 
main renal artery could not be defi nitely identifi ed. Retroperitoneal 
collaterals (yellow arrowhead and arrows) with turbulent fl ow 
were noted supplying the right kidney. (E) Arteriogram obtained 
subsequently demonstrates mild, diff use narrowing of the 
infra-mesenteric aorta consistent with mid-aortic syndrome, 
long-segment moderate left renal stenosis (arrow), and a severely 
atrophic right kidney with no visualization of the right main renal 
artery, refl ecting occlusion. The right kidney is supplied by multiple 
retroperitoneal collaterals (arrowheads). (F, G) Follow-up US at two 
years of age demonstrates further size discrepancy with advanced 
atrophy of the right kidney (F), which now appears diff usely 
hyperechoic with loss of the corticomedullary diff erentiation. The 
left kidney (G) demonstrates compensatory hypertrophy. (H) CTA 
image obtained subsequently shows an atrophic, poorly enhancing 
right kidney (arrows). (I) MIP (maximum intensity projection) CTA 
image now demonstrates moderate to severe ostial and post-ostial 
left main renal artery stenosis (arrow) and diff use mild to moderate 
narrowing of the infra-mesenteric abdominal aorta (arrowheads).    
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ultrasonography. Th ere is little consensus on the man-
agement of these patients except that all will require fur-
ther post-natal imaging studies. Antenatal  counseling 
must be cautious, individualized, and should be com-
bined with an assurance that post-natal investigations 
will be performed in a stepwise manner based on the 
initial post-natal ultrasound scan and clinical fi ndings.   

 Congenital lesions  
 Aplasia/dysplasia and hypoplasia 
 Aplasia/dysplasia results from failure of normal devel-
opment of the ureteric bud or failure of the uret-
eric bud to join up with the metanephric mesoderm 

( Figure 8.7 ). Most cases are sporadic and identifi ed 
antenatally; however there is a signifi cant association 
in the female with genital abnormalities of the uterus 
and vagina ( Figure 8.8 ). Abnormalities of the contra-
lateral kidney, including vesicoureteric refl ux, may be 
present in 15–20% of cases. Bilateral aplasia/dysplasia 
shows the Potter sequence and presents with severe 
oligohydramnios leading to pulmonary hypoplasia; 
if severe, the condition may not be compatible with 
survival ( Figure 8.9A ). Post-natally ultrasound scan 
of the kidney/s is indicated ( Figure 8.9B ). In the pres-
ence of a single kidney, a DMSA scan can be used to 
confi rm the diagnosis and establish the functional 
state of the solitary kidney.      
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 Ectopic kidneys 
 Th e kidney undergoes rotation as well as caudo- cranial 
migration during embryological development. It pro-
gressively takes its blood supply from the middle 
sacral artery, the iliac artery, and the aorta. Presence of 
more than one renal artery to the kidney is common. 
Malrotation may occur with incomplete, excessive, or 
reversed rotation. Th e renal hilum faces in an abnor-
mal direction and may give rise to obstruction and 
infection. Interruption of normal ascent will result in 
abnormal positions of the kidney. Th e most common 

 Figure 8.7      Right renal agenesis. Longitudinal US scan of the right 
fl ank shows the liver (denoted by L), the hypoechoic psoas muscle 
(denoted by P) and the elongated right adrenal gland (arrowheads) 
in the right renal fossa.    

 Figure 8.8      A three-month-old girl born 
with Meyer–Rokitansky–Kuster–Hauser 
type II syndrome, also known as MURCS 
(Müllerian duct aplasia, Renal aplasia, 
and Cervicothoracic Somite dysplasia) 
association. (A) Coronal and (B, C) axial 
T2-weighted images of the pelvis reveal 
a rudimentary unicornuate uterus (black 
arrow). The left ovary is identifi ed within the 
left inguinal canal (black asterisks on B). A 
communication (arrow on B) is apparently 
present between the bladder (denoted by 
B) and the unicornuate uterus (indicated 
by U). (C) A horseshoe kidney is present 
(white asterisks). (D) Genitogram confi rms 
a high level of communication between 
the bladder and uterine cervix (arrow). The 
sacrum appears dysplastic (denoted by S).    
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is the pelvic kidney. Th is may be seen by ultrasound; 
however a radionuclide scan may be required as the 
pelvic position may make it diffi  cult to identify the 
kidney. Th e abnormal pelvic kidney is associated with 
vesicoureteric refl ux and a predisposition to urosepsis. 
Fusion of the lower poles of the kidneys results in a 
horseshoe confi guration ( Figure 8.8 ). Th ese kidneys 
may have obstructed ureters. Horseshoe kidney is 
the most common renal anomaly seen in girls with 
Turner’s syndrome (XO). Crossed-fused ectopia refers 
to a displaced kidney across the midline and fused infe-
riorly to a normally positioned contralateral kidney 
( Figure 8.10 ). In this anomaly both ureters drain 
 normally in their expected positions. Th ese kidneys 
are prone to vesicoureteric refl ux, and may be asso-
ciated with obstructive uropathy and/or multicystic 
dysplasia. Single kidneys and crossed-fused ectopia 
are commonly encountered in VACTERL association.    

 Cystic disease 
 Many cystic diseases involving the kidney have a 
genetic basis, and their nomenclature is now clearly 
defi ned. Th ey may, however, be diffi  cult to  diff erentiate 
by imaging techniques. Th e diagnosis may be made 
either incidentally on scans done for other reasons, 
or they may cause a variety of symptoms or signs that 
lead to their detection. A positive family history may 
provide important clues to the type of cystic disease 
and may lead to early detection. Ultrasonography is 
the fi rst line of investigation.  
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 Figure 8.10      A two-month-old with crossed-fused ectopia. (A) VCUG image shows vesicoureteral refl ux into the right collecting system. The 
right ureter (white arrowheads) crosses the midline and enters into an ectopically positioned right kidney within the left renal fossa. (B) VCUG 
image during micturition demonstrating refl ux into an orthotopic, normally inserted left ureter at the bladder trigone (black arrowheads). 
(C) Longitudinal US scan shows a larger than usual left kidney with two renal moieties (arrow). The right renal fossa was empty (image not 
shown). (D) Transverse US scan shows the crossed-fused right renal moiety to overlie the spine (denoted by S). (E, F) DMSA scans show the 
right kidney lying inferior to the left kidney in the midline and connecting to the left lower pole.    

 Figure 8.9      Neonate with bilateral 
dysplastic kidneys and pulmonary 
hypoplasia. (A) Plain fi lm shows bilateral 
pulmonary hypoplasia and a small thorax 
with a protuberant abdomen in this baby 
with posterior urethral valves, bilateral renal 
dysplasia, and ascites. (B, C) Longitudinal 
scans of the right (B) and left (C) kidneys 
show bilateral echogenic, dysplastic 
kidneys with a few cysts (between calipers). 
Ascites is denoted by an asterisk on (B).    
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 Simple cyst 
 Th ese may be single or multiple and frequently are 
picked up as incidental fi ndings ( Figure 8.11 ). Th ey 
rarely cause pain and, even more rarely, when infected 
may develop into renal abscesses.    

 Multilocular cystic nephroma 
 Th ese are cystic benign tumors presenting as non-
communicating cystic structures. Th ere is a bimo-
dal age distribution, and in infancy, patients most 

 commonly present between the ages of three months 
and two years, with a male preponderance. It can be 
diffi  cult to distinguish this lesion from a cystic Wilms’ 
tumor; therefore these lesions are surgically excised. 
Th e diagnosis is made on ultrasound and CT scans 
( Figure 8.12 ).    

 Multicystic dysplastic kidney 
 Findings include the presence of large anechoic cysts 
that do not communicate with the renal pelvis but 

 Figure 8.11      A two-year-old with a simple 
parapelvic cyst masquerading as PUJ 
stenosis. (A) Longitudinal and (B) tranverse 
US scans of the left kidney show a cystic 
structure in the expected left renal pelvic 
region. (C– E) Delayed axial CT images 
show contrast material in a non-dilated left 
renal pelvis (asterisks on E). The left cystic 
structure (arrowheads) remains low density 
with fl uid characteristics.    
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 Figure 8.12      A two-year-old boy with 
multilocular cystic nephroma. (A, B) Axial 
and (C) sagittal, reconstructed enhanced-CT 
images of the abdomen show a solitary, 
rounded, well-encapsulated, multiseptated 
mass of non-communicating fl uid-
fi lled loculi, surrounded by compressed 
renal parenchyma originating from 
the right kidney. Note the crescent of 
residual compressed renal tissue (arrows) 
constituting the so-called “claw” sign.    
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replace the kidney parenchyma. Th ere may be no 
central pelvis or presence of a tiny remnant kidney if 
the organ involutes ( Figure 8.13 ). Th ere is no, or very 
little, renal uptake, and the contralateral kidney may 
show vesicoureteric refl ux.    

 Cystic dysplasia 
 Cystic dysplastic kidneys may be unilateral or bilat-
eral, and aff ected kidneys may be small, of normal 
size, or large. Th e cysts may be cortical or medul-
lary and do not communicate with the collecting 
system. Dysplasia may be associated with glomerulo-
cystic changes. On ultrasound the aff ected kidney is 
echogenic with poor corticomedullary diff erentiation 
( Figures 8.9  and  8.14 ). DMSA scan will show reduced 
uptake. VCUG can be performed to look for vesico-
ureteric refl ux.    

 Polycystic kidney disease (PKD) 
 Polycystic kidney disease may have autosomal reces-
sive (ARPKD) or dominant inheritance (ADPKD). 
Th e terms infantile and adult are no longer used. 
ADPKD is due to mutations in two diff erent genes: 
 PKD1  or  PKD2 . Th eir protein products, polycystin-1 
and polycystin-2, regulate renal tubule epithelial cell 
division and diff erentiation. ARPKD is associated 
with mutations or deletions in the  PKHD1  gene; the 
protein product is fi brocystin whose function is not 
fully elucidated. ARPKD is an inherited recessive 

disorder in which both kidneys are aff ected by cysts 
which develop from dilated collecting ducts. Th e con-
dition is associated with congenital hepatic fi brosis 
which leads to the development of portal hyperten-
sion. Th e renal cystic changes may appear in utero 
and are associated with poor renal function leading 
to oligohydramnios. Neonates with severe disease 
have a mortality rate of up to 50%. Neonates may 
have abdominal distension due to the enlarged kid-
neys and liver, hypertension, renal failure, and later 
develop esophageal varices. Severe kidney disease 
tends to be associated with milder liver involvement, 
and the reverse applies when liver manifestations are 
 predominant. Diagnosis is made by history, clinical 
examination, and imaging, of which ultrasound is the 
most commonly used. Biopsy of the kidney or liver 
is not usually necessary. ADPKD is the commonest 
inherited kidney disease with an incidence of 1 in 
500 to 1 in 1000. Th e clinical presentation usually is 
in adults; most children are asymptomatic and the 
diagnosis is not commonly made in the neonate. In 
ADPKD, cysts originate from the epithelia of the 
nephron and renal collecting system. Th ey may be 
cortical or medullary and are macroscopic. Th e ultra-
sound appearance of ARPKD is of enlarged echogenic 
kidneys that may be seen on prenatal and post-natal 
ultrasound scanning ( Figures 8.15  and  8.16 ). Th e 
presence of macroscopic cysts suggests ADPKD, espe-
cially in the presence of a positive family history.      

 Figure 8.13      Neonate with right 
multicystic dysplastic kidney. 
(A) Longitudinal and (B) transverse US 
images of the right kidney reveal multiple 
non-connecting cysts of varying sizes with 
complete loss of normal renal parenchyma. 
The right renal pelvis is not identifi ed. Note 
the normal-appearing left kidney (denoted 
by LT K) on (B); S denotes spine. (C) 
Abdominal x-ray shows mass eff ect on the 
right abdomen with air-fi lled bowel loops 
displaced to the left related to the large 
right multicystic dysplastic kidney. (D) Axial 
T2-weighted image obtained as part of a 
spinal MRI confi rms the multicystic nature 
of the lesion.    
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 Figure 8.14      Neonate with posterior urethral valves and bilateral cystic dysplasia. Longitudinal US scans of the right (A) and of the left 
(B, C, D) kidney show bilateral echogenic kidneys with poor corticomedullary diff erention. Several cysts are noted on the right (A), and 
innumerable cysts are appreciated on the periphery of the left kidney (B, C, D). (E) Transverse scan of the left kidney redemonstrates 
numerous peripheral tiny cysts. (F) VCUG image during voiding reveals a marked dilation of the posterior urethra with a sharp transition to 
the anterior urethra. There is severe (Grade V) vesicoureteral refl ux to the left collecting system.The bladder wall appears trabeculated.    
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 Obstructive uropathy  
 Pelvic–ureteric junction (PUJ) obstruction 
 Simple hydronephrosis without megaureter is seen 
with PUJ obstruction, and is the commonest anomaly 
aff ecting the renal collecting system. Th e condition 
results from an intrinsic stenosis of the ureter, usually at 
the point where it joins the pelvis. Th e abnormal ureteric 
segment fails to transport urine down the ureter. Most 
PUJ obstruction is detected on prenatal ultrasound 
scans. However, fi nding PUJ dilatation in the fetus 
needs to be interpreted with caution as many dilated 
moieties resolve spontaneously in the post-natal 
period. Th erefore a system of grading based on the 
AP diameter of the renal pelvis has been developed 
to evaluate the severity of the hydronephrosis. Most 

children with PUJ obstruction are asymptomatic and 
the condition is detected prenatally. Post-natal symp-
toms and signs might include fl ank pain, vomiting, 
hematuria, urinary tract infection, and fl ank mass. 
A sudden acute distension of the renal pelvis can 
bring on abdominal pain with vomiting, especially 
aft er an increase in fl uid intake – described as Dietl 
crisis. Management of hydronephrosis secondary to 
PUJ obstruction aims to preserve renal function. In 
the infant, asymptomatic unilateral hydronephrosis 
with stable renal function can be managed conserv-
atively, while obstructive dilatation requires serial 
assessments and a decision about surgical correction. 

 Neonates with prenatally detected hydronephro-
sis should have post-natal ultrasound scans. Specifi c 
parameters should be noted on the ultrasound 
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 Figure 8.15      Neonate with autosomal recessive polycystic kidney disease. (A) Plain fi lm of the abdomen shows bilateral enlarged kidneys 
with bulging fl anks. (B) Longitudinal and (C) transverse US scans of the right kidney demonstrate an enlarged, echogenic kidney with loss of 
the corticomedullary diff erentiation. Numerous tiny cysts are seen throughout. (D–F) High resolution US images of portions of the bilateral 
kidneys show innumerable dilated, radiating-appearing tubules.    
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 Figure 8.16      Autosomal recessive 
polycystic kidney disease. (A) Transverse 
US image of the liver shows an enlarged, 
heterogeneous, mainly echogenic liver with 
fi ndings consistent with congenital hepatic 
fi brosis. (B, C) Coronal, (D, E) sagittal and 
(F, G) axial T2-weighted MR images of the 
abdomen show an inhomegeneous liver 
with coarse parenchyma and dilated biliary 
ducts more conspicuous in the periphery of 
the liver. The spleen is enlarged, refl ecting 
portal hypertension. Both kidneys are 
enlarged and show symmetric involvement.    
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fi lm; massive hydro-uretero-nephrosis and absent 
anterior abdominal musculature by ultrasonogra-
phy; dilated bladder and ureters on retrograde cys-
tourethrogram; and gastrointestinal abnormalities 
identifi ed on upper and lower gastrointestinal tract 
evaluations ( Figures 8.17  and  8.18 ).      

 Duplex collecting system and ureterocele 
 Duplication is the most common anomaly of the 
upper renal collecting system and is found most oft en 
in girls. A duplex collecting system can be unilateral 
or bilateral; it can be complete with two separate renal 
pelvices and ureters for each kidney, or partial. It may 
be associated with an ureterocele ( Figures 8.19  and 
 8.20 ). Neonates with partial duplex systems are usu-
ally asymptomatic. Patients with complete  duplication 
may present with signs of sepsis that  usually occurs 
in the upper pole system. Th e lower pole system 
is not usually obstructed but may have associated 
vesicoureteric refl ux. Associated  abnormalities of 
obstruction can include dysplasia of the upper pole 
moiety and urinoma as a result of urine leak.   

 Th e usual fi ndings on ultrasonography of a dupli-
cated collecting system are of obstruction of the upper 
pole system with hydronephrosis and associated 
hydroureter. A ureterocele is sometimes seen. Th e 
lower pole system usually looks normal. By VCUG 
there may be refl ux to the lower pole ureter, and a 
ureterocele might be seen in the bladder.   

 including the AP diameter of the renal pelvis, the 
degree of caliectasis, the renal length, thickness of 
the renal cortex, the echogenicity, and corticomedul-
lary diff erentiation ( Figure 8.4 ). A MAG3 scan can 
be used to assess the split function, drainage curves, 
and percentage isotope retention. Th e VCUG will rule 
out refl ux.   

 Posterior urethral valves (PUV) 
 Posterior urethral valves are congenital folds of tissue 
located at the junction of the posterior urethra and 
penile urethra. PUV are the most common cause of 
urethral obstruction in the male neonate. Presentation 
may be with a poor urinary stream or with sepsis, 
shock, and life-threatening hyperkalemia. Antenatal 
ultrasound diagnosis is made on the fi nding of dilated 
upper tracts associated with a thick-walled bladder 
and oligohydramnios. Cases where the ultrasound 
features appear before 20 weeks’ gestation and upper 
tract dilatation is moderate to severe have a poor 
prognosis; when the diagnosis is made aft er 20 weeks 
gestation, the outcome in terms of renal function 
is oft en favorable. Post-natally, a urinary catheter is 
placed and an ultrasound of the renal tract includ-
ing the bladder and posterior urethra is performed. 
Ultrasound fi ndings are those of obstruction at the 
level of the urethra. One then proceeds to perform a 
contrast study of the bladder and urethra. It is impor-
tant to visualize the urethra adequately by completely 
withdrawing the catheter. Th e diagnosis of PUV is 
confi rmed by this study, and vesicoureteric refl ux if 
present will also be identifi ed ( Figures 8.5 ,  8.9 , and 
 8.14 ). PUV may be associated with renal dysplasia 
with or without cysts.   

 Prune-belly syndrome 
 Prune-belly syndrome (Eagle–Barrett syndrome) is 
a congenital multisystem disorder that exists almost 
exclusively in males. Th e syndrome is caused by 
urethral obstruction early in development and is 
the result of massive bladder distension and uri-
nary ascites. It is characterized by a triad: absent 
abdominal musculature and urinary tract abnormali-
ties (including megalocystis, megaloureter, urethral 
anomalies, and cryptorchidism) with gastrointesti-
nal abnormalities (including malrotation, intestinal 
atresia, and imperforate anus). Poor urine fl ow from 
the bladder may lead to oligohydramnios, pulmonary 
hypoplasia, and Potter facies. Th e radiological fea-
tures include those of a distended abdomen on plain 

 Figure 8.17      Neonate with prune-belly syndrome. Prominent 
anterior urethra, so-called anterior megalourethra related to 
absence of portions of the corpus spongiosum. The posterior 
urethra is elongated and dilated. The bladder appears elongated 
and vertical and there is a prominent urachal remnant (asterisk).    
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 Figure 8.19      A two-week-old with a 
history of antenatal bilateral hydronephrosis 
secondary to obstructing bilateral 
ureteroceles. (A) Longitudinal US scan of 
the right kidney and (B) transverse US scan 
of the left kidney demonstrate bilateral 
moderate to severe pelvicaliectasis. Note 
the dilated left proximal ureter (denoted 
by U). (C) Parasagittal scan through the 
right bladder (labeled B) shows distal 
right ureterectasis (denoted by U) and a 
ureterocele (asterisk). (D) Transverse US 
scan through the bladder (labeled B) shows 
bilateral ureteroceles (asterisks). (E) VCUG 
shows two intraluminal radiolucent fi lling 
defects (arrows) corresponding to the 
bilateral ureteroceles seen on US.    
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 Figure 8.18      Prune-belly syndrome. (A, B) 
Longitudinal scans of the right abdomen 
show severe right pelvicaliectasis (A) and 
ureterectasis (B). (C) The left kidney also 
demonstrates severe pelvicaliectasis and 
ureterectasis (not shown). (D) VCUG image 
shows a hypotonic bladder with severe 
bilateral vesicoureteral refl ux. Both ureters 
are tortuous and markedly distended. 
(E) MAG3 renal scan images show 
hydronephrotic, poorly functioning kidneys, 
with delayed excretion and slow drainage.    
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 Urachal abnormalities 
 Embryologically there is a normal communication 
between the apex of the bladder and the umbili-
cus that closes prior to birth. Persistence of this 
communication can result in a persistent urachus 
with resulting passage of urine from the bladder to 
the umbilicus. Patent urachus may be present when 

there is underlying obstruction such as with prune-
belly syndrome. A urachal diverticulum results in 
the  presence of the urachus that is open at the 
 bladder end. A urachal cyst results from the persist-
ence of a fl uid-fi lled urachus that is closed at the blad-
der and  umbilical ends. Both of these may become 
infected. 
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 Figure 8.20      Double collecting system, left upper moiety hydronephrosis, and ureterocele. (A) Longitudinal scan of the left kidney shows 
a double collecting system with a normal-appearing parenchyma in the lower moiety. The upper pole moiety shows severe pelvicaliectasis 
and thinning of the parenchyma (arrowheads). The calyces are completely eff aced. (B) Transverse and (C) longitudinal US scans through the 
bladder (denoted by B) show severe left distal ureterectasis (denoted by U) and a large ureterocele (asterisks) occupying nearly the entire 
bladder. Note the echogenic contents along the entire left upper pole collecting system. This may refl ect debris, pus, or blood products in 
the appropriate clinical context. (D) MAG3 scan image shows a fi lling defect (arrow) within the left upper pole moiety, refl ecting decreased 
function and corresponding to the US images.    
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 Ultrasonography and computed tomography 
are best suited for demonstrating urachal remnants 
( Figures 8.21  and  8.22 ). A patent urachus is dem-
onstrated with longitudinal ultrasonography, and 
occasionally by computed tomography, as a tubu-
lar connection between the anterosuperior aspect of 
the bladder and the umbilicus. An umbilical–urachal 
sinus manifests on ultrasound as a thickened tubular 
structure along the midline below the umbilicus. 
A vesicourachal diverticulum is usually discovered 
incidentally using axial computed tomography. It 
appears as a midline cystic lesion just above the antero-
superior aspect of the bladder.      

 Acquired lesions  
 Renal failure 
 Acute renal failure is now referred to as acute kidney 
injury (AKI). AKI in neonates is most oft en pre-renal 
and is related to perinatal asphyxia with associated 
hypotension. Rapid correction of under-perfusion 
oft en prevents development of  established renal  failure 
with associated acute tubular  necrosis. Renal AKI 
is also associated with medication  administration, 
 especially aminoglycosides and indometacin. 
 Post-renal failure is most oft en associated with 
obstructive conditions.   
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 Figure 8.21   
   Urachal 
abnormalities. 
Sagittal fetal MR 
image shows 
an expected 
patent urachal 
sinus (arrow) 
in this 20-week 
fetus. L: liver; P: 
placenta; S: spine; 
B: bladder.    

 Perinatal asphyxia 
 Hypoxic–ischemic encephalopathy arises from peri-
natal asphyxia. Aff ected organs, other than the brain, 
include the heart with myocardial necrosis (oft en 
 papillary muscle necrosis), the gastrointestinal tract 
with necrotizing enterocolitis, and the kidney with 
AKI. An antecedent history of diffi  culties with birth 

 Figure 8.22      Urachal abnormalities: infected urachal remnant. Composite US image shows a complex cyst (arrowheads) at the level of the 
umbilicus. A connection is noted between the cyst and the dome of the bladder (denoted by B). Edema and signs of infl ammation (arrows) 
are appreciated within the soft tissues surrounding the connection.    

and poor Apgar scores is oft en obtained. Th ere may 
be a history of abruption of the placenta and fl uid 
resuscitation. AKI in perinatal asphyxia is usually 
tubular, usually transitory, and may be associated 
with oligo-anuria and hematuria. Profound peri-
natal asphyxia however may cause cortical necrosis 
with neonatal demise or long-term sequelae includ-
ing loss of renal function with chronic kidney dis-
ease. Ischemic  medullary and cortical damage of this 
type may result in heterotopic dysplastic calcifi cation 
( Figures 8.23  and  8.24 ).     

 Nephrocalcinosis and calculi 
 A diagnosis of nephrocalcinosis or nephrolithiasis 
is usually suspected from the history or is noted as 
a fi nding as part of an ultrasound examination. It 
most oft en results from exposure to furosemide that 
is given to the premature neonate with chronic lung 
disease. It is probably multifactorial and depends 
on the length of exposure to a loop diuretic, the 
degree of hypercalciuria, the ability to acidify the 
urine, urinary osteopontin/calcium ratio and other 
causes. Nephrocalcinosis may be seen with heal-
ing aft er severe asphyxia (see above), with partial 
renal tubular acidosis and with cystic disease includ-
ing ARPKD. Th erapy is usually not required in the 
 newborn  period, although furosemide should be 
stopped. Although in some cases the nephrocalcino-
sis will regress, renal function may be aff ected later 
in life. 
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 On ultrasound, neonatal medullary nephro-
calcinosis is seen as increased echogenicity in the 
renal pyramids with normal-appearing renal cortex 
( Figure 8.25 ).    

 Renovascular  
 Renal vein thrombosis 
 Renal vein thrombosis may occur in isolation or in 
conjunction with thrombosis elsewhere in the body. 
It may happen aft er intravascular volume depletion, 

asphyxia, sepsis, or umbilical vein catheterization. 
Most oft en multiple mechanisms are at play. Infants 
of diabetic mothers are at increased risk for renal 
vein thrombosis. Renal vein thrombosis is associ-
ated with the triad of fl ank mass, hematuria, and 
 thrombocytopenia in two-thirds of patients. Stage 1 
hypertension and azotemia may be found, although 
clinical presentation can be subtle. Attendant throm-
bosis of the inferior vena cava will result in swelling of 
the legs and lower body. A prothrombotic risk factor 
may be identifi ed in the newborn or mother in about 

 Figure 8.23      Perinatal asphyxia. (A, B) US images of the left and right kidney of a neonate with signifi cantly increased echoes in the renal 
medulla (arrows). Compare with the normal neonatal kidney in  Figure 8.1 .    
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 Figure 8.24      Perinatal asphyxia. (A, B) US images of the left and right kidney of a neonate with signifi cantly increased cortical echogenicity 
with loss of the corticomedullary diff erentiation. Compare with the normal neonatal kidney in  Figure 8.1 .    
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 Figure 8.25      Medullary nephrocalcinosis. (A) Longitudinal and (B) transverse US scans of the right kidney show 
increased echogenicity of the medullary pyramids (denoted by P) when compared to renal cortex.    
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40–50% of cases. Treatment with anticoagulation is 
oft en attempted, but evidence-based recommenda-
tions on treatment cannot be made at the present 
time. Atrophy of the aff ected kidney is usual, and 
chronic renal failure may occur. 

 Th e ultrasonographic examination shows enlarged 
kidneys with loss of corticomedullary diff erentiation. 
Hyperechogenic intramedullary linear densities char-
acteristic of the initial stage of thrombosis may be 
seen. Doppler examination can show the decrease 
in venous return from the kidney(s). A thrombus 
can sometimes be noted in the inferior vena cava. 
Functional  follow-up studies using DMSA and MAG3 

will reveal a non-functioning kidney and a small 
echogenic kidney on US ( Figure 8.26 ).    

 Aortic and renal arterial thrombosis 
 Aortic thrombosis may present in a similar manner 
to hypoplastic heart syndrome with cardiovas-
cular collapse. Renal artery thrombosis may also 
present with hypertensive cardiac failure and with 
 microscopic hematuria. Th e most likely cause of 
thrombosis of the renal artery or aorta is presence of 
an indwelling umbilical artery line, although hypo-
volemia, hypoalbuminemia, and inherited abnor-
malities of coagulation are occasionally described. 

 Figure 8.26      A six-day-old with 
hypertension and hematuria related to 
renal vein thrombosis. (A) Longitudinal 
US scan of the normal right kidney. (B) 
Longitudinal US scan of the left kidney 
shows an enlarged, swollen left kidney 
with poor corticomedullary diferentiation. 
(C) On Doppler examination, no venous 
fl ow could be elicited (image not shown). 
Spectral display of an interlobar left renal 
artery reveals abnormal spectral tracing 
with reversed fl ow on diastole, indicating 
increased resistance to fl ow. (D) Follow-up 
US two years later shows an atrophic, small 
echogenic left kidney (between calipers) 
with poor corticomedullary diff erentiation.    
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 Figure 8.27      A 3-month-old, former 
24-week-premature infant with 
hypertension and aortic thrombus. (A) 
Sagittal US image through the aorta reveals 
an echogenic, linear thrombus (arrows) 
in the infra-renal abdominal aorta. (B) 
Transverse US scan shows the thrombus 
(arrowhead) to be adherent to the right 
aortic wall immediately below the right 
renal artery ostium (arrow). Ao: aorta; S: 
spine; LT K: left kidney. (C) Color Doppler 
sagittal image demonstrates turbulent fl ow 
within the infra-mesenteric aorta (seen as 
a heterogeneous color pattern breaking 
up on the right). Ao: aorta; SMA: superior 
mesenteric artery. (D) Transverse color 
Doppler image through the midline shows 
patent bilateral renal arteries (asterisks); 
although fl ow appears slightly turbulent 
on the right, there is no fl ow limitation. 
The velocities (image not shown) were 
only mildly elevated on the right when 
compared to the left. Flow in the aorta (Ao) 
appears slightly turbulent as well.    
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Approaches to management include use of serial 
Doppler  ultrasounds ( Figures 8.27  and  8.28 ); evi-
dence of clot resolution would lend itself to ongo-
ing supportive care, whilst presence of thrombus or 
extension thereof, or severity of the clinical condition 
may necessitate systemic anticoagulation or vascular 
surgery.      

 Renal infection  
 Pyelonephritis 
 In contrast to the distinction of cystitis and pyelone-
phritis in infants and children, infection of the uri-
nary tract in neonates oft en includes the kidney. 
Th e symptoms and signs are non-specifi c: vomit-
ing, temperature dysregulation, lethargy, failure to 
thrive, jaundice. Th ere may be underlying structural 
abnormalities of the genitourinary tract in up to 
30–55% of neonates with urinary tract infection. 
Renal  ultrasound can be used to look for structural 
 abnormalities; aft er two weeks of age DMSA scan-
ning can be used to look at renal function and for 
focal scars. A VCUG should be performed once the 
urine is sterile.   

 Renal candidiasis 
  Candida  species are a cause of nosocomial urinary 
tract infection in newborns requiring intensive care. 
Renal candidiasis is frequently associated with these 

urinary tract infections and is manifested by “fungal 
balls” or renal parenchymal infi ltration. Th e vector of 
 Candida  is oft en maternal in early presentations, and 
the disease may present as a congenital pneumonia. 
In later cases the vector may be the caregivers or 
colonizing skin fl ora. Multiple courses of antibiotics 
may diminish host resistance. Presentation is usu-
ally that of non-specifi c sepsis. Prophylactic nystatin 
applied to the mouth is indicated in very low birth 
weight infants. Candidal urinary tract infections 
in high-risk newborns are oft en associated with 
candidemia, warranting systemic antifungal therapy. 
Th e key to diagnosis is a high level of suspicion; 
any positive blood cultures should be acted upon. 
A positive blood culture must lead to an active 
search at other sites, including two- dimensional 
echocardiography, an eye examination by an oph-
thalmologist looking for retinal fungal foci, renal 
ultrasonography, and cerebrospinal fl uid  analysis for 
meningeal involvement. Ultrasonography is useful 
in diagnosing renal candidiasis, obstruction from 
“fungus balls,” and abscesses. Fungal balls are seen as 
echogenic, non-shadowing masses in the renal pelvis 
and calyces ( Figure 8.29 ). Th ey cannot be  readily 
distinguished from other  non-shadowing masses 
in the renal pelvis, such as blood clots. Negative 
 radiological fi ndings must be weighed with clinical 
fi ndings. Th e sonographic appearance of “fungus 
balls” may persist long aft er clinical  resolution of 
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 Figure 8.28      A one-week-old with hypertension, microhematuria, and cardiomyopathy related to mid-aortic syndrome. A longitudinal 
US scan of (A) the right and (B) left kidneys reveals bilateral abnormal renal echotexture, with increased renal cortical echogenicity and 
accentuation of the corticomedullary diff erentiation. (C) Sagittal midline view of the abdominal aorta shows a long-segment circumferential 
narrowing involving the origins of the celiac axis, SMA, and bilateral renal arteries. The aortic walls at this level are echogenic and thickened 
(arrowheads). (D) Color Doppler image at the same level as (C) reveals turbulent fl ow. (E) Unenhanced CT image through the area 
demonstrates diff use, concentric calcifi cation (arrow). (F) Reconstructed coronal CTA MIP image shows long-segment mid-aortic stenosis 
(arrows) corresponding to the US images. There is resultant hypoperfusion of the kidneys with signifi cant attenuation of the bilateral renal 
arteries and their branches.    
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 Candida  infection in neonates, and should not aff ect 
duration of antifungal therapy. Amphotericin B is 
currently the drug of choice for neonates with renal 
 candidiasis and  candidal urinary tract infection. 
Surgical  management should be reserved for decom-
pression of obstructive  candidiasis  and drainage of 
abscesses.     

 Tumors 
 Renal tumors are uncommon in the fetus and neonate. 
Approximately 5% of perinatal tumors arise from the 
kidney. In the perinatal period, in descending order, 

tumors of the kidney occur as mesoblastic nephroma 
( Figure 8.30 ), Wilms’ tumor, rhabdoid tumor, and 
clear cell sarcoma.    

 Nephroblastomatosis 
 Nephroblastomatosis is a complex abnormality of 
nephrogenesis. It is characterized by the persistence 
of metanephric blastema beyond 36 weeks’ gestation. 
Nephroblastomatosis has the potential to undergo 
malignant transformation and may convert to Wilms’ 
tumor. In surgically removed renal tissue, nephroblas-
tomatosis may be present in patients with unilateral 
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 Figure 8.30      Newborn with a prenatal 
history of a left renal mass. (A) Plain fi lm of 
the abdomen shows a soft tissue density 
with mass eff ect displacing the bowel 
loops to the right. (B) Sagittal US image 
of the left kidney reveals a complex renal 
mass. The mass appears well delineated 
by a hypoechoic rim (arrowheads); a 
fi nding typically associated with congenital 
mesoblastic nephroma. (C, D) Contrast-
enhanced CT images of the abdomen 
demonstrate a heterogeneous, renal 
space-occupying lesion, which appears 
well delineated by a peripheral rim of 
enhancement. Pathology was consistent 
with classic congenital mesoblastic 
nephroma.    
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 Figure 8.29      Renal candidiasis. Sagittal 
US images of the right (A) and left (B) 
kidneys show multiple rounded, echogenic 
lesions, the fungus balls (arrows). Note 
that the kidney cortical echogenicity is 
increased bilaterally and there is poor 
corticomedullary diff erentiation. (C) 
Transverse scan of the right kidney shows in 
addition a moderate amount of perihepatic 
ascites (asterisks). There is bilateral 
moderate to severe pelvicaliectasis. (D) 
Sagittal US image through the right fl ank 
shows in addition moderate ureterectasis 
(between calipers) with echogenic 
contents.    
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Wilms’ tumor but is almost universal in those with 
bilateral Wilms’ ( Figure 8.31 ).    

 Bleed:   adrenal hemorrhage 
 In the newborn, adrenal hemorrhage is associated 
with birth trauma, especially breech presentations, 
or less commonly with hemorrhagic disorders. It is 

seen within the fi rst week of life and is bilateral in 10% 
of cases. Endocrine or blood pressure changes are 
unlikely either acutely or over time. Adrenal hemor-
rhage is detected with ultrasound; an echogenic mass 
is seen which becomes hyperechoic as the hemor-
rhage resolves. Th e hemorrhagic area may later calcify 
( Figure 8.32 ).       
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 Figure 8.31      A 15-month-old with 
nephroblastomatosis. Enhanced axial 
(A) and coronal (B) reformatted CT images 
show multiple low-attenuation peripheral 
nodules with poor to no enhancement 
relative to that of adjacent normal renal 
parenchyma on the right. On the left, 
the kidney is involved by the diff use type 
of nephroblastomatosis and there is a 
peripheral, large rim of residual mesoblastic 
tissue resulting in loss of corticomedullary 
diff erentiation and nephromegaly. The 
reniform shape is maintained. (C, D) US 
images of the right and left kidneys show 
severe nephromegaly, left worse than right. 
However, the nephrogenic rests are hard 
to diff erentiate from the adjacent normal 
parenchyma.    
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 Figure 8.32      Adrenal hemorrhage. (A) Longitudinal and (B) 
transverse US scans of the right suprarenal area show a complex, 
primarily hypoechoic lesion with no internal fl ow elicited on color 
Doppler image (C). (D) Follow-up US scan a year later shows a 
smaller area of dystrophic calcifi cations.    
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 Plain radiographs may show abnormal bones, with 
thin cortices and poor mineralization. Th e earliest 
changes may be noted in the ribs or long bones such as 
the humerus. Bone mineralization, however, needs to 
be decreased by at least 20–40% for changes to be vis-
ible. A dual-emission x-ray absorptiometry (DEXA) 
scan is a better modality to evaluate bone density due 
to its precision. Th e utility of these scans has been 
validated in neonates and premature infants; however, 
many centers have limited expertise in the use of 
DEXA scans in this population. 

 In the acute phase, fractures may also be seen in 
up to 10% of infants, particularly of the ribs, although 
these may be hard to detect until callus begins to 
develop ( Figure 9.1 ).    

 Rickets 
 Rickets results from vitamin D defi ciency. In healthy 
term infants, rickets may be seen around three months 
of age in exclusively breast-fed infants or infants with 
poor sunlight exposure, especially those with pig-
mented skin. Vitamin D defi ciency rickets may also be 
seen in ex-preterm babies with limited dietary intake 
of vitamin D, and in patients with severe renal disease, 
severe liver disease, and secondary to the administra-
tion of certain types of drugs. 

 Th e characteristic features of rickets are best seen 
in the wrists and the knees. Th ere is cupping and 
irregularity of the metaphysis, a widened growth 
plate, and poor mineralization of the epiphyseal cent-
ers (see  Figure 9.2 ). Similar changes may be seen at the 
costochondral junctions of the ribs, and the proximal 
humeral metaphyses, although they are harder to rec-
ognize at these sites. Th ere may also be some widening 
of the cranial sutures.     

 A variety of skeletal abnormalities can be seen in the 
newborn period as the result of a myriad of underlying 
disease processes that aff ect bone development. Th ese 
include metabolic, genetic, endocrine, and infectious 
etiologies. Th e metabolic diff erential is vast, but most 
common are the bone changes associated with prema-
turity. In addition, fractures either due to underlying 
bony insuffi  ciency or due to trauma can be seen. 

 Radiology plays an important role in the inves-
tigation of all skeletal abnormalities in the newborn 
period. Th e primary imaging modality is x-ray. CT 
and MRI may be indicated in special circumstances. 
Ultrasound is a very useful supplementary imaging 
modality.  

 Metabolic bone disease  
 Osteopenia of prematurity 
 Poor mineral stores in the preterm infant result from 
the loss of the normal third trimester accretion of 
minerals. Th is may then be compounded by increased 
mineral demands and decreased activity and tone 
in the sick preterm. Finally, if there is inadequate 
vitamin D supplementation, further demineraliza-
tion ensues. Collectively, this may result in metabolic 
bone disease of the preterm, known as osteopenia of 
prematurity. 

 Th e fi rst radiological signs are usually seen 
between 6 and 12 weeks of post-natal life. Biochemical 
investigations, such as serum calcium and alkaline 
phosphatase, correlate poorly with bone mineraliza-
tion. Th is is oft en noted on x-rays performed for other 
reasons, most oft en a CXR. Hence, it is important to 
ensure that all images for preterms include an inter-
pretation of the bones. 

 Chapter  Some principles of in utero and post-natal 
formation of the skeleton    
    Saima     Aft ab    ,     Anne     Ades    ,   and     Martin     Reed      9 
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 Figure 9.1      Three-month-old premature 
infant with osteopenia of prematurity. There 
is callus forming around the seventh and 
eighth ribs on the right, and the seventh, 
eighth, and ninth ribs on the left as a result 
of fractures at these sites.    

asymptomatic and require no treatment. Th ey may 
be recognized incidentally on radiographs obtained 
for other reasons. Congenital pseudoarthrosis of the 
clavicle is a rare congenital abnormality which may be 
mistaken for a fracture.  

 Fractures of the long bones can also occur, par-
ticularly of the humerus and the femur ( Figure 9.4 ). 
Typical presentations include decreased movement 
of the aff ected extremity, swelling, pain with passive 
movement, and crepitus. Th ese are usually mid-shaft  
fractures and have some displacement or angulation 
so that they are easily diagnosed on x-ray. However, 
occasionally the fracture involves an epiphysis of the 
long bone, particularly a proximal humeral or distal 
femoral epiphysis. Th ese may not be visible on x-rays 
or may be very subtle, but ultrasound is an excellent 
modality for visualizing these fractures.  

 Trauma  
 Birth injuries 
 Fractures are not uncommon when birth injury 
occurs. Th e most frequent is a fracture of the clavicle, 
usually the right clavicle ( Figure 9.3 ). Th e incidence 
ranges from 3 to 29 per 1000 newborns. Most are 

 Figure 9.3      Fracture of the left clavicle in a neonate, a birth injury.    

 Figure 9.2      
Rickets: note the characteristic cupping and irregularity of the distal 
metaphyses of the radius and ulna, in an older infant.    
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 Non-accidental trauma 
 Fractures are a common manifestation of non-acci-
dental trauma in infants. However, the diagnosis 
depends on the whole clinical picture, including 
features such as an inconsistent history, extensive 
 bruising, retinal hemorrhages, and evidence of intra-
cranial bleeding. Nonetheless, with respect to the 
skeleton, the clinician should be particularly sus-
picious of non-accidental trauma if the infant has 
multiple fractures or fractures in various stages of 
healing. Bilateral or unilateral rib fractures, particu-
larly posterior rib fractures ( Figure  9.6 ) are very 
suggestive of the  diagnosis. Long bone fractures in 
a non-ambulatory infant are also highly suspicious. 
Th ese are most commonly diaphyseal fractures, 
and spiral fractures suggest a twisting injury. Trans-
metaphyseal fractures, particularly around the knees 
and at the ankle, are virtually pathognomonic ( Figure 
9.7 ). Th ese are sometimes called metaphyseal chip 
fractures or “bucket handle” fractures. Skull fractures 
and a variety of other fractures may also be seen in 
these children.      

 Infection  
 Bone involvement in congenital infections 
 Th e incidence of congenital infection in the fetus 
and newborn is about 0.5–2.5%. Th e most common 
causes are rubella virus, cytomegalovirus, toxoplas-
mosis, and more rarely treponemal infections. Some 
infants develop intrauterine growth restriction, hepato-
splenomegaly, pneumonia, central nervous system 
involvement, and bone lesions. However most of these 
infections remain asymptomatic. 

 Th e bony manifestations of rubella and cytome-
galovirus congenital infection are similar. In both 
cases, longitudinal radiolucent metaphyseal stria-
tions may be seen in the long bones, particularly 
around the knee. Th is has been described as the 
“celery stalk” appearance. Abnormalities seen in 
 congenital treponemal infections are more specifi c. 
Th ey also involve the metaphyses. Th e medial aspect 
of the proximal tibia is a characteristic site of ero-
sion, known as the Wimberger sign. Th ere may also 
be  diaphyseal peri osteal new bone formation and 
sclerosis. Congenital toxoplasmosis infections do 
not   usually have any skeletal manifestations. See 
 Figure 9.8 .    

 Figure 9.5      Newborn macrosomic baby who had a diffi  cult 
vacuum extraction. There is a depressed right parietal skull fracture. 
Note extensive adjacent soft tissue swelling.    

 Rarely linear or depressed skull fractures can 
be seen ( Figure 9.5 ), which may be associated with 
extracranial or intracranial bleeding. Th ese are usu-
ally related to forceps delivery or vacuum extraction.    

 Figure 9.4      Newborn girl on the fi rst day of life. An x-ray of the 
right humerus shows a fracture of the mid-shaft.    
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 Figure 9.6      A 45-day-old with a pattern of highly specifi c fractures of diff ering ages, consistent with non-accidental trauma. (A) Frontal view 
of the chest shows healing fractures of the lateral margins of the fi rst ribs bilaterally, more conspicuous on the right. Healing fractures with 
exuberant callus formation are noted involving the lateral margins of several left ribs (arrowheads). Healing fractures are also seen involving 
the posterior aspects of the right and left ribs, some of which are indicated by arrowheads. (B) Lateral view of the thoracolumbar spine 
reveals a vertical compression fracture of T11 (arrow); the vertebral body has lost approximately 30% of its height; this is consistent with 
hyperfl exion/axial loading injury.    
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 Figure 9.7      Two-month-
old baby who suff ered 
non-accidental trauma. 
There is a healing trans-
metaphyseal fracture of 
the proximal tibia with 
associated periosteal 
new bone formation.    

 Osteomyelitis and septic arthritis 
 Osteomyelitis may be diffi  cult to diagnose in the 
neonate because the clinical and laboratory fi ndings 
are variable. Th e infected regions are usually red, swol-
len, and hot, but these fi ndings are not always present. 
Although fever is usually present, some neonates can 
present with hypothermia. Th e common organisms are 
 Staphylococcus aureus ,  Escherichia coli , group B strep-
tococcus, and coagulase-negative staphylococcus. In 
neonates, infections in the metaphysis cross readily into 
the epiphysis and result in an associated septic arthritis. 

 In the fi rst few days of osteomyelitis there may be 
no defi nite radiological abnormalities. However, early 
signs include bone destruction in the metaphyseal 
region, soft  tissue swelling and periosteal reaction, 
which occurs quite early in the disease. Ultrasound is 
an excellent imaging modality for assessing  suspect 
osteomyelitis or septic arthritis in the neonate. In 
addition, it is an excellent means of demonstrat-
ing joint eff usions, and can also show subperiosteal 
abscesses, indicative of osteomyelitis ( Figure 9.9 ).     
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the hip joint renders the femoral head susceptible to 
displacement from the acetabulum and may progress 
to acetabular maldevelopment, or developmental dys-
plasia of the hip (DDH). Abnormal hip joint laxity is 
seen in 1–2% of newborns, of which only 10% will 
have true DDH. 

 DDH is six times more common in girls than in 
boys. It occurs mostly on the left  side (60%) but is 
bilateral in 20% of cases. Infants at risk include those 
with a positive family history, breech positioning 
at the time of birth, neuromuscular disorders, and 
intrauterine postural deformities such as clubfoot and 
congenital torticollis. 

 Th e American Academy of Pediatrics (AAP) rec-
ommends clinical screening for hip dysplasia by qual-
ifi ed health professionals at birth, two weeks, and then 
periodically as per healthcare guidelines. Th e AAP 
does not recommend routine ultrasound screening 
of all newborns. If the newborn hip examination is 
abnormal by Ortolani or Barlow maneuvers, prompt 
orthopedic referral is recommended. If “soft  signs” 
are present (clicks/clunks) that do not resolve on two-
week follow-up examinations, ultrasound should be 
performed by three weeks of age. In high-risk groups 

 Congenital abnormalities  
 Developmental deformities  
 Developmental dysplasia of the hip 
 Th is covers a spectrum from abnormal hip joint laxity 
to frank dislocation of the hip. Abnormal laxity of 

 Figure 9.9      An 18-day-old infant with suspected osteomyelitis of 
the proximal humerus. The x-ray was normal and the bone scan 
was equivocal. The ultrasound shows an intramuscular abscess 
arising from the proximal humeral metaphysis, confi rming the 
diagnosis of osteomyelitis. There was also a joint eff usion indicative 
of an associated septic arthritis.    

A
 Figure 9.8      A two-month-
old infant, delivered ex-30 
weeks premature with 
congenital CMV infection. 
(A) Frontal view of the 
chest and abdomen and 
(B) frontal view of the 
right femur show vertical 
radiolucencies in the 
metaphyses (arrowheads) 
of the long bones, 
resulting in a celery stalk 
appearance. Note soft tissue 
density in the left hemi-
abdomen consistent with 
splenomegaly (arrows).    

B
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 Figure 9.10      (A) A normal hip ultrasound in a neonate. The infant is positioned in the lateral decubitus position with the hip in mild fl exion. 
The transducer is placed on the lateral aspect of the hip. The unossifi ed femoral head (denoted FH) is seen within the acetabular fossa 
and is adequately covered by bony acetabulum (arrowheads). Note the gluteal muscles inserting in the cartilaginous, hypoechoic greater 
trochanter (denoted GT). (B) Ultrasound of DDH in a neonate. Note the shallow, dysplastic acetabulum (arrowheads) and the poor coverage 
of the femoral head (FH), which is subluxed.    

A B

such as breech (both genders) or family history of hip 
dysplasia (girls), ultrasonography at six weeks may be 
performed to allow for early detection. 

 In infancy the hip joint is largely cartilaginous, 
making x-ray less useful in the newborn. Ultrasound 
is the ideal imaging modality for the assessment 
of possible DDH in the newborn. Dysplasia of the 
acetabulum, displacement of the femoral head out 
of the acetabulum, and hip instability can all be 
assessed with ultrasound ( Figure 9.10 ). Aft er four to 
six months, x-rays become more useful as the femoral 
head ossifi es, making it easier to identify the relation-
ship between the femoral head and the acetabulum.    

 Foot deformities 
 A variety of congenital deformities of the foot are 
seen quite commonly in neonates, including talipes 
equinovarus, metatarsus varus, and congenital verti-
cal talus. Th ese are usually assessed clinically in the 
neonatal period because the tarsal bones are not well 
ossifi ed at that time, making x-ray of little benefi t.   

 Other limb abnormalities 
 A multitude of congenital limb defi ciencies and other 
abnormalities can occur. Th ese are usually isolated 
abnormalities, but they may also be part of syn-
dromes. One of the more common is longitudinal 
defi ciency of the radial ray ( Figure 9.11 ), which can 
vary in severity from minor thumb abnormalities to 
complete absence of the radius and the fi rst digital 
ray. Polydactyly ( Figure 9.12 ) of the hands or feet 
or both is another common abnormality. All these 

 Figure 9.11      A newborn infant with longitudinal defi ciency of the 
radial ray. There is complete absence of the radius and only a very 
hypoplastic thumb.    

 Figure 9.12      A neonate with a duplicated big toe (preaxial 
polydactyly).    
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 dysraphism in the fi rst few weeks of life, before the 
neural arches ossify. MRI provides the most detailed 
imaging of congenital abnormalities of the spinal cord 
and canal.   

 Craniosynostosis 
 Craniosynostosis, the premature fusion of one or 
more cranial sutures, may occur in up to 1 of 2,000 
live births. Th e sagittal suture is the most commonly 
aff ected suture and shows a strong male predominance 
(male : female ratio of 3.5 : 1). Th e fusion of the sagit-
tal suture results in an elongated, narrow skull shape 
called scaphocephaly. Bilateral fusion of the coronal 
sutures leads to a short, high head with a fl attened 
forehead, a brachycephalic skull. Unilateral fusion of 
the coronal or lambdoid suture produces an asym-
metric skull shape called plagiocephaly. Plagiocephaly 
secondary to craniosynostosis has to be distinguished 
from positional plagiocephaly, which is the result of 
the infant’s lying in one position for prolonged periods 
of time. 

 Skull x-rays are usually adequate for the initial 
assessment and diagnosis of craniosynostosis. CT 
scanning is generally reserved for preoperative assess-
ment of proven cases, as these images are extremely 
helpful to the surgeon in planning for the surgery. 

 Craniosynostosis is usually an isolated abnormal-
ity, rarely associated with abnormalities of the brain. 
However craniosynostosis can also be part of a large 
variety of syndromes including Crouzon’s disease, 
Apert’s sydrome ( Figure 9.14   ), or Pfeiff er’s syndrome 
( Figure 9.15   ).      

 Skeletal dysplasias 
 Th ere are a number of skeletal dysplasias, all of them 
rare, and very oft en lethal in utero, usually because 
of a very small or restricted thoracic cavity. Th e most 
common of these is thanatophoric dysplasia, from 
the Greek “thanatos” for death ( Figure 9.16   ).  Some 
salient phenotypic features of thanatophoric dyspla-
sia include macrocephaly, narrow bell-shaped thorax, 
normal trunk length, and severe shortening of the 
limbs.  

 Th e most common skeletal dysplasia seen in 
the neonatal period is achondroplasia, which is 
also the commonest form of short-limb dwarfi sm. 
It is caused by mutations of the fi broblast growth 
factor receptor 3 gene (FGFR-3), and is inherited as a 
Mendelian autosomal dominant trait with complete 
penetrance. However, approximately 80% of cases 

 Figure 9.13      A newborn infant with a right-sided hemivertebra in 
the lower thoracic spine.    

 abnormalities can be assessed eff ectively with x-ray, 
although MRI is sometimes of value in assessing more 
complex abnormalities.     

 Vertebral abnormalities 
 Isolated segmentation defects of the vertebrae such 
as hemivertebra ( Figure 9.13 ), butterfl y vertebra, ver-
tebral bars, or block vertebra are quite common. 
Th ese may be associated with congenital visceral 
 abnormalities either alone or as part of a syndrome 
such as the VACTERL association. More severe spinal 
abnormalities may be seen, such as sacral agenesis, 
part of the caudal regression syndrome which is more 
common in infants of diabetic mothers.  

 Spinal dysraphism is the other severe form of 
congenital spinal abnormality, ranging from an open 
myelomeningocele to various forms of occult spinal 
dysraphism. X-ray fi ndings suggestive of spinal dys-
raphism include localized widening of the spinal 
canal, defi ciencies in ossifi cation of the neural arches, 
and oft en associated segmentation abnormalities of 
the vertebrae. Ultrasound can be used to evaluate 
the spinal cord in cases of suspected occult spinal 
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 Figure 9.14      Apert’s syndrome. The 3D renderings (A, B) 
and lateral view of the skull (C) show turricephaly (towering 
appearance of the skull) due to premature closure of both 
coronal and both lambdoid sutures. (D) AP view of the 
hands shows the typical mitten appearance of the hand 
due to soft tissue and osseous syndactyly involving the 
second, third, fourth, and fi fth digits. Note the characteristic 
hitchhiker posture of the thumb related to radial deviation 
of the fused phalanges.    

A B

DC

 Figure 9.15      Coronal synostosis. 
A 5-day-old with Pfeiff er’s syndrome 
and bilateral coronal synostosis. (A) The 
3D rendering of the face shows bilateral 
exophthalmos and typical down-slanting 
of the palpebral fi ssures, right greater than 
left. The 3D anterior (B), posterior (C), and 
bilateral oblique (D, E) views of the skull 
show premature closure of the left (red 
arrowheads) and right (blue arrowheads) 
coronal sutures. The posterior view 
(C) also shows unilateral left lambdoid 
synostosis. The right lambdoid suture 
(green arrowhead) is widely patent. These 
fi ndings are diffi  cult to appreciate on the 
frontal view of the skull (F). However image 
(F) does show an apparent lack of sutures.    
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 Figure 9.17      A one-month-old with achondroplasia. (A) Frontal view of the 
thoracolumbar spine shows interpediculate distance narrowing, with absence of 
the expected widening in the lumbar spine. (B) Lateral view of the spine shows 
cuboid-appearing vertebrae with thick inter-disc spaces. There is suggestion 
of mild kyphosis at the thoracolumbar junction. (C) Frontal view of the pelvis 
demonstrates the typical square-shaped iliac wings, the fl at acetabular roofs, and 
the bulky proximal femora. (D) Note the trident appearance of the hand, with 
mild widening of the space between the third and fourth digits. The metacarpals 
are almost equal in length, and the proximal and middle phalanges are short and 
broad (brachydactyly). The ulna is shorter than the radius, with cupping of the 
distal metaphysis. (E) The lateral skull radiograph reveals moderate frontal bossing 
and a relative midface hypoplasia.    

A B C

are due to new or  de novo  dominant mutations. In 
addition to short stature, phenotypic features include 
megalencephaly, a prominent forehead (frontal boss-
ing), midface hypoplasia, rhizomelic shortening of 
the arms and legs, a normal trunk length, prominent 
lumbar lordosis, genu varum, and a trident hand con-
fi guration. Th e radiographic abnormalities are quite 

characteristic, aff ecting the spine, the pelvis, and the 
limbs ( Figure 9.17   ).  

 Th ere are many other skeletal dysplasias, some of 
which do present in the neonatal period, but most 
of these require the combined eff orts of a geneticist 
and an experienced pediatric radiologist for their 
diagnosis.      

 Figure 9.16      (A, B) Thanatophoric dwarfi sm. Note 
the short, rather broad tubular bones which are 
mildly bowed, the short ribs, the fl at vertebral 
bodies, best appreciated on the lateral view, and 
the small, square iliac bones.    

BA
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Although imaging alone rarely provides a diagnosis 
for an inborn error of metabolism, important fi nd-
ings may help direct the investigations that should be 
considered by the neonatologist and radiologist, and 
we provide some examples for illustration.   

 Mucolipidosis II (I-cell disease) 
 Th is uncommon lysosomal disorder has a  more 
common form that presents aft er the neonatal period 
with developmental delay, failure to thrive,  coarse 
facies, skeletal abnormalities, and hepatosplenomeg-
aly. However, there is a rare and severe neonatal form 
that can present with bowing of the lower extremi-
ties, osteopenia, fractures, hyperparathyroidism, and 
hepatosplenomegaly [ 1 ,  2 ]. Th e main diff erential of 
the neonatal form includes rickets, other causes of 
hyperparathyroidism,  osteogenesis imperfecta, sial-
idosis, and Hurler-type mucopolysaccharide storage 
diseases.  Figure 10.1  illustrates a female infant who was 

 Introduction 
 Inborn errors of metabolism (IBEM) can aff ect any 
organ. In a newborn infant, there are some character-
istic patterns that defi nitely warrant investigation for 
an inborn error of metabolism. Th ese patterns include 
acute encephalopathy, seizures, hypotonia, liver dis-
ease, cardiac disease, and any associated biochemical 
abnormalities such as hypoglycemia, hyperammon-
emia, and acidosis (which may be accompanied by 
increased lactate and ketosis). A prompt and accurate 
diagnosis is essential to management, due to the large 
number of IBEM, and the keys to establishing a diag-
nosis include: maintaining a high clinical index of 
suspicion with an acute, unexplained deterioration; 
using wide-ranging rather than limited investigations; 
using details from the feeding history and family his-
tory; and consulting a specialist in IBEM. In many 
newborn infants, imaging may already have been 
performed that can provide clues to the diagnosis. 

 Chapter  Metabolic diseases    
    Xing-Chang     Wei       and     Aneal     Khan       10 

 Figure 10.1      I-cell disease; plain 
radiographs obtained at two days of age. 
There is demineralization of the visualized 
bones with coarse trabeculation. The 
bony thorax is bell-shaped. The ribs are 
thin and ribbon-like. All the extremity 
long bones including the humeri, radii, 
ulnae, femora, tibiae, and fi bulae are 
rather short and broad with extensive 
periosteal reactions, resulting in a 
“bone within bone” appearance. Their 
metaphyses are splayed and irregular, and 
there is bowing of many of these bones. 
Cortical irregularities suggesting fractures 
are noted in the distal femora bilaterally. 
The pelvis also has a “bone within bone” 
appearance.    

 

A B
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during feeding, or catabolic stress from the delivery 
and inadequate calories to limit catabolism. Ornithine 
transcarbamylase defi ciency is the most common urea 
cycle disorder. Hyperammonemic encephalopathy in 
the newborn is a medical emergency, and the treatment 
can vary, depending on the situation, from urea cycle 
salvage therapy (with sodium benzoate, sodium phe-
nylacetate, and  l -arginine) to dialysis,  hemofi ltration, 
or liver transplant. Th e fi ndings on neuroimaging 
should not be considered specifi c to urea cycle dis-
orders, but we illustrate how the hyperammonemic 
encephalopathy can aff ect the brain using magnetic 
resonance imaging. 

 We present a case of a three-day-old infant boy 
who became unresponsive and was found to have a 
plasma ammonium level of 638 μmol/l, low plasma 
citrulline (<0.001 mmol/l; control 0.007–0.050; Floyd 
Snyder, University of Calgary, Calgary, Canada), 
and a homozygous deletion c.4112G>T (p.R1371L) 
in the CPS1 gene (William Craigen, Baylor College of 
Medicine, Houston, USA) for a diagnosis of  carbamoyl 
phosphate synthetase I defi ciency ( Figure 10.2 ).  

 delivered at 34 weeks’ gestation and was noted to have 
angular deformities of the legs. Periosteal elevation 
was noted on initial plain x-rays, and she was found to 
have hyperparathyroidism. Testing of peripheral blood 
leukocyte and plasma lysosomal enzymes led to a diag-
nosis of I-cell disease. Th e diagnosis was verifi ed by 
fi nding a homozygous deletion c.3486delACAG in the 
GNPTAB gene (Monica Basehore, Greenwood Genetic 
Center, Greenwood, South Carolina, USA).  

 Th ese radiographs illustrate eff ects primarily from 
osteopenia and hyperparathyroidism, but fi ndings of 
dysostosis multiplex should also warrant considera-
tion of a lysosomal storage disease.   

 Urea cycle defects 
 Th e principal problem in urea cycle disorders is the 
inability to detoxify waste nitrogen from protein catab-
olism to urea, which leads to toxicity from high ammo-
nia levels. Hyperammonemia will lead to irreversible 
brain damage, coma, and death. In newborn infants, 
hyperammonemia can result from the protein given 

 Figure 10.2      Urea cycle defect. (A) Plain CT 
scan of the head reveals diff use hypodensity 
in cerebral white matter. The entire brain 
appears swollen as evidenced by diminished 
cerebral sulci, lateral, and third ventricles. No 
focal lesion is obvious on CT. MRI of the brain 
was performed two days after the CT scan 
and normalization of ammonia with dialysis. 
Structural images demonstrated improved 
cerebral edema when compared to CT (B and 
C). Fairly symmetric areas of restricted diff usion 
are seen in bilateral cerebral peduncles, globi 
pallidi, and bilateral periventricular white 
matter (D–H). Restricted diff usion is also seen 
in subcortical U-fi bers in the deep sulci of 
bilateral perirolandic regions (arrowheads 
in E) and right deep insular sulcus (arrow 
in D–E). Corresponding changes in T1- (B) 
and T2-weighted images (not shown) are 
subtle. Follow-up MRI a month later showed 
hyperintense T1 signal in bilateral globi pallidi, 
corresponding to the diff usion changes 
on previous MRI, which is probably due to 
necrosis of gray matter (I).    
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 Injuries to bilateral lentiform nuclei and the 
deep sulci of the insular and perirolandic regions are 
 consistently seen in neonatal-onset hyperammonemic 
encephalopathy resulting from urea cycle disorders 
[ 3 ,  4 ].   

 Galactosemia 
 Galactosemia results from inability to convert galac-
tose to glucose. Th e most common form, “classical” 
galactosemia, is due to defi ciency of the enzyme 
galactose-1-phosphate uridyl transferase (GALT). In 
many jurisdictions, newborn screening programs will 
screen for classical galactosemia. Untreated classi-
cal galactosemia in the newborn period can be fatal. 
Th e other (less common) types of galactosemia are: 
galactokinase defi ciency (galactosuria, cataracts, but 
not the acute manifestations of classical galactosemia) 
and epimerase defi ciency (variable clinical spectrum, 
from benign to features similar to classical galactos-
emia). Th e presentation of classical galactosemia in 
the newborn period includes encephalopathy, poor 
feeding and failure to thrive, liver disease (cholesta-
sis, hypertransaminasemia, and hepatomegaly), renal 
tubular disease (hyperchloremic metabolic acidosis 
with aminoaciduria), cataracts, and vitreous hemor-
rhage. In some cases, magnetic resonance spectros-
copy (performed for acute encephalopathy) may show 
a profi le suggestive of galactosemia. Th e diagnosis is 
established by enzyme assay. We illustrate a female 
term infant who presented with lethargy and poor 
feeding at birth. Erythrocyte galactose-1-phosphate 
uridyl transferase activity was low (<0.5; control 16.7–
28.7 units/g; Floyd Snyder, University of Calgary, 
Calgary, Canada), confi rming “classical” galactosemia 
( Figure 10.3 ).    

 Glycine encephalopathy (non-ketotic 
hyperglycinemia) 
 Th is disorder is due to a defi ciency of the glycine 
cleavage system leading to high levels of the amino 
acid glycine. Glycine is also a neurotransmitter, and 
the neonatal form of non-ketotic hyperglycin emia 
(NKH) presents as a combination of lethargy, hypo-
tonia, seizures, and apnea. Th e prognosis is poor, 
and survivors usually have serious intellectual 
disability. Non-ketotic hyperglycinemia should be 
distinguished from ketotic hyperglycinemia, which 
can be due to certain organic acid disorders (such 
as propionic acidemia), and from valproate toxicity. 

Magnetic resonance spectroscopy (oft en performed 
because of the encephalopathy) can indicate a sus-
picion for NKH prompting further investigations. 
We illustrate this with a fi ve-day-old full-term infant 
who presented with a coma of unclear etiology. Usual 
causes such as sepsis, intraventricular hemorrhage, 
and hypoglycemia were ruled out. Abnormal MR 
spectroscopy fi ndings prompted a lumbar puncture 
for assessment of ratio of the concentration of glycine 
in CSF to that in the plasma. Th e diagnosis was con-
fi rmed with markedly elevated CSF to plasma glycine 
ratio ( Figure 10.4 ).    

 Figure 10.3      Galactosemia. Non-contrast CT on day 6 of life was 
normal (not shown). MRI was performed two days later. Structural 
MR images and diff usion-weighted images are normal except for 
two small periventricular cysts (arrows on A). Proton MR spectrum 
obtained from right basal ganglia (B) with short echo time (TE) 
(35 msec) reveals enormous peaks at the region of 3.7 ppm 
(arrow). On spectra obtained from right basal ganglia (C) and left 
basal ganglia (D) with intermediate TE (135 msec), these peaks 
persist and are partially inverted. This behavior is characteristic 
for carbohydrate signals, most likely due to galactitol in this 
patient with untreated galactosemia [ 5 ,  6 ]. Eight months after 
treatment, proton MR spectra obtained from right basal ganglia 
with intermediate TE (E) and short TE (F) show resolved abnormal 
galactitol peaks. Cr: Creatine; Cr2: methylene protons of creatine; 
Cho: choline; NAA:  N -acetyl aspartate.    
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 Mitochondrial disease 
 Mitochondrial diseases have a very broad phenotypic 
spectrum, and there is no gold-standard diagnostic 
test for mitochondrial disease. Most mitochondrial 
diseases are due to nuclear DNA mutations and a 
much smaller proportion is due to mitochondrial 
(mtDNA) mutations. Th e diagnosis of a mitochon-
drial disease in a newborn infant should be suspected 
when encephalopathy, seizures, liver dysfunction, car-
diomyopathy, or poor growth are present without any 
other identifi able explanation. Th e blood lactate level 
may be elevated. Magnetic resonance imaging with 
spectroscopy can be an essential component when 
investigating for a mitochondrial disease. 

 We illustrate this point with the case of an infant 
girl who was seen at fi ve days of age because of sei-
zures ( Figure 10.5 ). Skeletal muscle biopsy showed 
mtDNA copy number was 41% of control (Dr. William 
Craigen, Baylor College of Medicine, Houston, USA). 
Muscle mitochondrial respiratory chain activities 
showed a reduced complex I to citrate synthase ratio 
of 0.05 (control 0.07–0.28 nmol/min/mg protein) and 
complex IV of 0.34 (control 0.52–1.90 nmol/min/mg 
protein) (Jose Marin, Th e Molecular Cardiology and 
Neuromuscular Institute Inc., Highland Park, USA).    

 Zellweger spectrum disorder 
 Th ese disorders of peroxisomal biogenesis aff ect pri-
marily the brain, liver, and kidney. Th is clinical pattern 
in the neonate can be due to many types of peroxisomal 
defects, which can range from Zellweger, to neonatal 
adrenoleukodystrophy, to infantile Refsum disease. 
Th e diagnosis is suspected from an abnormal profi le 
of plasma very long chain fatty acids (VLCFAs) and 
phytanic and pristanic acids. Th e specifi c defect can be 
identifi ed in one of a number of diff erent PEX genes 
that govern peroxisomal function. Th e neuroimag-
ing fi ndings of polymicrogyria, periventricular cysts, 
and plain radiography showing stippling (particularly 
aff ecting the epiphyses) consitute one of the patterns 
that should warrant testing for peroxisomal disorders. 

 Th e one-day-old term baby shown in  Figure 10.6  
presented with profound hypotonia and was diag-
nosed with Zellweger syndrome.    

 Menkes disease 
 Menkes disease (also called kinky hair disease, steely 
hair disease, trichopoliodystrophy) is an X-linked dis-
order resulting in copper defi ciency. Th e disease is 

 Figure 10.4      Non-ketotic hyperglycinemia. Structural MRI revealed 
well-formed but diff usely thinned corpus callosum (arrows on A). 
Diff usion-weighted images (DWIs) demonstrate restricted diff usion 
in pontine tegmentum (B), bilateral middle cerebellar peduncles 
(B), and posterior limbs of bilateral internal capsules (C). Single-
voxel MR spectrum obtained from left basal ganglia with short 
TE (30 msec; D) and long TE (144 msec; E) reveal a prominent 
glycine peak at about 3.55 ppm (arrows on D and E). On MR 
spectra obtained with short TE, a prominent peak at 3.55 ppm can 
represent either myo-inositol or glycine, since both substances 
exhibit similar chemical shifts. However, on MR spectra with longer 
TE, myo-inositol usually disappears. A remaining peak at 3.55 ppm 
on longer TE MR spectra indicates elevated glycine [ 7 ,  8 ]. The 
restricted diff usion is located in the myelinated tracts, which are 
compatible with the expected sites of abnormality in vacuolating 
myelinopathy [ 9 ].    
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suspect with a low plasma copper and ceruloplasmin 
level, and can be confi rmed by mutation analysis of 
the ATP7A gene. Mutations in the ATP7A gene are also 
known to cause a milder condition called occipital horn 
syndrome. Menkes disease is characterized by hypo-
tonia, skin laxity and hernias, vascular tortuosity, and 
seizures. In newborn infants, there can be prematurity, 
low birth weight, poor temperature regulation (a sign 
of autonomic dysfunction), hypoglycemia, hyperbiliru-
binemia, and failure to thrive, but the characteristic hair 
appearance may not be present in the fi rst month of life. 
Th e hair can be sparse, light colored, short, brittle, 
have a rough texture, and have a characteristic  pili torti  
appearance using light microscopy. We illustrate a case 
of a seven-month-old boy with Menkes disease who 
presented with growth failure, encephalopathy, sparse 
and brittle hair, and had exquisite vascular tortuosity on 
magnetic resonance angiography ( Figure 10.7 ).  

 Excessive tortuosity of cerebral arteries is the 
most characteristic imaging fi nding in patients with 
Menkes disease [ 13 ]. Transient lesions in bilateral 
temporal lobes with signal intensities consistent 

 Figure 10.5      mtDNA depletion. MR 
of the brain was performed on the day 
of delivery. T1-weighted images show 
punctuate periventricular hyperdensities 
(arrows on A and B), suggesting 
calcifi cation, which is further confi rmed 
on non-contrast CT scan performed 
two days later (C). Diff use white matter 
changes are seen in bilateral temporal 
and occipital lobes that demonstrate 
hypointense signal on T1-weighted images 
(D, G), hyperintense signal on T2-weighted 
images (E, H), and increased diff usion on 
diff usion-weighted images (F). The cerebral 
cortex in bilateral temporal and occipital 
lobes is smooth and thickened, suggesting 
lissencephaly. On single-voxel proton MR 
spectroscopy obtained with TE of 35 msec 
(I), a lactate doublet is present at 1.3 ppm 
(arrow), next to which is a small doublet 
peak of 1,2-propan-diol (also known as 
methyl glycol, and 1,2-dihydroxypropane) 
at 1.1 ppm, a commonly used organic 
solvent for anticonvulsants (arrowhead) 
[ 10 ].    
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with  predominantly vasogenic edema have also been 
reported [ 14 ,  15 ]. Th e white matter swelling soon 
evolves into atrophy, and the white matter remains 
poorly myelinated [ 13 ].   

 Neonatal hypoglycemia 
 Hypoglycemia is common in the newborn period, 
but is usually not very severe and most oft en, if 
asymptomatic, there is a good chance that the baby 
will not have any long-term defi cits. In rare cases, a 
vast number of diff erent constitutional causes may 
result in hypoglycemia. Th ese include endocrinologi-
cal causes of hyperinsulinism (such as nesodioblas-
tosis, growth hormone defi ciency), metabolic genetic 
diseases (such as glycogen storage diseases, fatty acid 
oxidation defects), and other genetic diseases with 
dysmorphism (such as Beckwith–Wiedemann syn-
drome). We illustrate a case of hypoglycemia for 
which no primary cause was found, to highlight an 
example of neurological injury from the low blood 
sugar alone. In this case, a three-day-old male infant 
with a normal delivery developed seizures and was 
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 Figure 10.6      Zellweger syndrome. MR images obtained at one 
day of age (A–D) demonstrate bilateral symmetric perisylvian 
polymicrogyria (arrowheads), which are better seen on 
T2-weighted images (B, D) than on T1-weighted images (A, C). 
There are also bilateral periventricular large germinolytic cysts 
(arrows on A and C), which are better seen on T1-weighted images. 
The combination of polymicrogyria that are most severe in the 
perisylvian and perirolandic regions, and the germinolytic cysts, 
is highly suggestive of Zellweger syndrome in the proper clinical 
setting [ 11 ,  12 ]. Markedly delayed myelination is another common 
fi nding, but not seen in this neonate. Stippled, irregular calcifi cation 
of patellae is also noted in both knees (arrows on E and F), which 
would be obvious when compared to normal neonates.    
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found to have a heelstick glucose of 0.8 mmol/l, and 
no inappropriate insulin or C peptide levels were 
found. Th is patient survived but developed intellec-
tual delay and spasticity ( Figure 10.8 ).  

 Th e image pattern of cytotoxic edema predomi-
nantly involving bilateral occipital lobes in a neonate 
is characteristic for brain injury secondary to severe 
neonatal hypoglycemia [ 16 ,  17 ].   

 Maple syrup urine disease 
 Metabolic encephalopathies in the newborn period 
can be due to accumulation of ammonia, metabolic 
acidosis (due to lactate, keto-acids, and various 
organic acids), and hypoglycemia. In maple syrup 
urine disease, accumulation of leucine can lead to 
coma and death within hours. Early recognition and 
treatment of maple syrup urine disease are essen-
tial to a successful recovery, but can be challenging 
due to non-specifi c fi ndings of common biochemical 
indices: ketonuria may be present, hyperammonemia 
can be present but can be mild, and the patients tend 
not to have a metabolic acidosis. Early detection of 
maple syrup urine disease is aided by reviewing the 
family history for this disease, and newborn screening 
programs. Detection of elevated leucine and alloiso-
leucine levels warrants immediate intervention with 
intravenous glucose with a minimum glucose infu-
sion rate of 8–10  mg/(kg minute), or, if indicated, 

 Figure 10.7      Menkes disease. Non-contrast CT scan (A) at 
presentation shows prominent ventricles and extra-axial CSF 
spaces, which suggests cerebral atrophy given the small head 
circumference (third percentile for corrected age). Focal areas 
of decreased attenuation are seen in bilateral temporal white 
matter (arrows on A). Axial and coronal T2-weighted MR images 
(B, C) confi rmed the fi nding of cerebral atrophy and white matter 
abnormalities in bilateral temporal lobes (arrows). (D) Excessive 
tortuosity of cerebral arteries is evident on this axial projection of 
an MR angiogram, but is also seen on T2-weighted images (B).    
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 Figure 10.8      Neonatal hypoglycemia. 
Diff usion-weighted images (DWIs) (A–C) 
and apparent diff usion coeffi  cient (ADC) 
map (D–F) show symmetric changes in 
bilateral occipital lobes (A, B, D, E) and 
perirolandic regions (C, F). The aff ected 
brain parenchyma shows hyperintense 
signal on DWI and hypointense signal on 
ADC map, suggesting cytotoxic edema.    
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 Figure 10.9      Maple syrup urine disease. 
MRI shows hyperintense signal in white 
matter of cerebellum, dorsal brainstem, 
thalami, globi pallidi, posterior limbs of 
internal capsules, and the corona radiata. 
These changes are symmetric, and easily 
recognizable on axial (A–L) and coronal 
(M) diff usion-weighted images. The 
corresponding areas are dark on ADC 
map (arrows on N), which is consistent 
with restricted diff usion. The restricted 
diff usion appears to occur only in 
myelinated white matter and has been 
attributed to cytotoxic or intramyelinic 
sheath edema [ 18 ]. The changes are 
reversible with treatment without evident 
persistent tissue damage [ 18 ]. Children 
with maple syrup urine disease who 
present at later age have been reported 
to have a diff erent pattern of restricted 
diff usion, which is apparently attributable 
to the diff erence in myelination [ 19 ].   Axial 
T2-weighted image (O) shows diff use 
white matter edema involving the entire 
cerebellar and cerebral hemispheres. 
Hyperintense T2-signal is also seen in 
areas that have restricted diff usion, as 
exemplifi ed here by the changes in 
bilateral globi pallidi, internal capsules, 
and thalami (arrowheads on O). The 
abnormalities on the structure images 
can be diffi  cult to recognize at fi rst glance. 
Comparison with images of normal 
children at the same age (P) is helpful.    
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 hemofi ltration or dialysis. Long-term treatment will 
require a specialized diet. In a newborn baby with 
unexplained encephalopathy, a number of fi ndings on 

neuroimaging can suggest maple syrup urine disease 
and are presented in the images of this full-term new-
born infant at eight days of age ( Figure 10.9 ).      
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suffi  ciently well tolerated by the baby for a feed to be 
commenced, and only aft er 15 ml of feed had been 
given were there suffi  cient signs in the baby to raise 
concern. Th e baby recovered well with a few days of 
antibiotic treatment. However, upon withdrawal of 
the tube a pneumothorax may ensue.  

 Beware the nasogastric tube that will not advance 
as far as expected;  Figure 11.4  shows a nasogastric 
tube with its tip at the body of T8, and which could 

 Th e practice of neonatal intensive care necessitates 
placement of a number of catheters and tubes to 
infuse fl uids and aid nutrition, to ventilate the lungs, 
to monitor blood gases and blood pressure, and to 
drain pneumothoraces that occur either spontane-
ously or as a complication of assisted ventilation. Th is 
chapter discusses the normal and abnormal positions 
of nasogastric tubes, endotracheal tubes, intercostal 
catheters, umbilical arterial and venous catheters, and 
central venous catheters (peripherally inserted central 
venous catheters [PICCs]).  

 Nasogastric tubes 
 A nasogastric tube is inserted via the nose into the 
stomach to provide enteral feeds to babies who are too 
immature or too ill to take suck feeds. Th e catheter 
passes along the fl oor of the nose, beneath the inferior 
turbinate, into the pharynx and down into the stomach, 
normally directing itself towards the left  and sitting in 
the body of the stomach ( Figure 11.1 ). Th e insertion is 
preceded by an estimate of the length required to enter 
the stomach, and this can be a clue if things go wrong. 
Th ese tubes are usually relatively free of complications. 
However,  Figure 11.2  shows a nasogastric tube that is 
curled back on itself in the lower esophagus. A baby 
with a tube in this position will oft en become unsta-
ble with feeds, have an increased number of apnoeic 
episodes, and commence “spilling” when fed; so it is 
worth x-raying a baby who shows these signs to ensure 
that the nasogastric tube is correctly positioned.   

 Another, although infrequent, complication of 
insertion is passage into the trachea instead of the 
esophagus. When this occurs, oft en the baby will 
cough and splutter and become cyanotic with stridu-
lous breathing.  Figure 11.3  shows such a “nasogastric” 
tube positioned in the left  main-stem bronchus. It was 

 Chapter  Catheters and tubes    
    David     Cartwright       and     Garry     Inglis      11 

 Figure 11.1      Nasogastric tube in normal position, passing via the 
pharynx and esophagus to the stomach in the left upper abdomen. 
In the pharynx and upper thorax, the tube lies centrally over the 
vertebral bodies. The head is turned to the right, and the trachea 
can be seen to the right of the vertebral bodies.    

 Imaging of the Newborn, ed. H. Kirpalani, M. Epelman and John Richard Mernagh. Published by Cambridge University Press. 
© Cambridge University Press 2011. 
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not be advanced any further. Th e baby was referred 
with suspected esophageal atresia, but the NG tube 
was too far in, as the atretic esophagus usually reaches 
only to around T4–5 (see  Chapter 7  ). Esophagoscopy 
showed that the NG tube exited the piriform fossa and 
entered the posterior mediastinum. In fact because 
of the stiff er material, such a problem usually occurs 
aft er a traumatic endotracheal intubation where trau-
matic injury to the lower pharynx allows entry to the 

 Figure 11.3      This nasogastric tube has inadvertently been passed 
down the trachea and into the left main bronchus. Note, in the 
upper thorax the tube is to the right of the vertebral bodies, 
with the baby’s chin to the right (in the trachea). A tube feed has 
produced the left lower lobe changes.    

Tip of nasogastric 
tubeTip of umbilical 

venous catheter

 Figure 11.4      This nasogastric tube would not advance beyond the 
position shown here at the body of the seventh thoracic vertebra. 
It was inserted after a diffi  cult intubation, and had perforated 
through the piriform fossa in the pharynx, then travelled in the 
posterior mediastinum to this position.    

 Figure 11.5      This nasogastric tube was also inserted after a 
diffi  cult intubation, and would not advance further than shown. 
Note the fl uid over the left upper lobe, which was milk fed through 
the nasogastric tube.    

posterior mediastinum. Underlying this complication 
is that in very small infants there is only a very weak 
musculature around the pharynx, which may become 
perforated. A catheter from here can migrate into the 
pleural space also. Most oft en the site of perforation is 
above the esophagus and no surgical repair is required: 
simply remove the catheter, give antibiotics for a few 
days, and insert another one if needed.  Figure 11.5  
shows such a catheter that would not advance beyond 
the position shown here, inserted aft er a diffi  cult intu-
bation that resulted in considerable blood in the phar-
ynx. Th e problem was not initially recognized, and 
feeding continued. Later deterioration necessitated 

 Figure 11.2      Nasogastric tube curled on itself in the lower 
esophagus.    
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aspiration of the left  chest whereupon milk was 
obtained (fl uid over the top of the left  lung can be seen 
in this radiograph). An appropriately positioned NG 
tube was able to be inserted ( Figure 11.6 ) (although a 
little generously advanced at fi rst); the malpositioned 
tube was removed and feeding resumed aft er a few 
days of rest from feeds.      

 Endotracheal tubes 
 Endotracheal tubes (ETTs) may be inserted via 
the mouth or nose into the trachea for mechanical 
ventilation. Our practice is to insert them almost 
exclusively via the mouth (orotracheal tubes). It is 
common practice to x-ray with the baby’s head mid-
line. However, this does not allow one to be certain 
whether the tip of the ETT is in the trachea or the 
esophagus, as both are midline. Turning the head to 
the side separates these two structures laterally, with 
the trachea towards the same side as the baby’s chin. 
Th erefore, we fi nd it most advantageous to x-ray with 
the head turned to the side, which allows much more 
certainty of the correct positioning of the tube in the 
trachea ( Figure 11.7 ). Note that the tip position with 
this head-to-side versus head neutral is higher. Note 

 Figure 11.6      Attempts to further advance the nasogastric tube 
shown in  Figure 11.5  resulted in its tip staying fi xed (in the left 
pleural space) and bending on itself. A correctly positioned tube 
has been able to be passed, although a little long. There is now 
more fl uid in the left pleural space.    

also that with the chin down, the tip is higher and 
the reverse is true when the chin is raised. Hence the 
positioning of the head during imaging is critical. Th e 
ETT should generally be on the same side of the spine 
as the chin. If it is on the other side of the vertebral 
bodies, it is very likely to be in the esophagus, and the 
trachea can usually be seen lying beside the esophagus 
( Figure 11.8 ). Of course, usually, other clinical factors 
will make that assessment faster (CO 2  detection, gas 
exchange, auscultation).   

 Figure 11.7      A correctly positioned endotracheal tube. 
X-rayed in the “head-to-side” position, with the fi lm including 
the mouth, gives maximum information. The tapes holding 
the tube at the mouth can be clearly seen; the tube is largely 
to the same side of the vertebral bodies as the chin, with the 
nasogastric tube more central in the esophagus, and the tip 
of the ETT is two vertebral bodies above the carina, at the 
level of the second thoracic vertebral body (T2).    

 Figure 11.8      An endotracheal 
tube in the esophagus. X-rayed 
in the “head-to-side” position, 
the tube passes down the left 
side of the vertebral bodies 
– the opposite side to the 
chin. The lower esophagus is 
distended with gas, and the 
trachea can be clearly seen 
outlined to the right of the 
vertebral bodies.    
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strip built into them, which mostly runs along the 
long side of the curve of the tube, and meets the 
end half way along the bevel. In the “head-to-side” 
method of x-raying described above, this radiopaque 
line runs right along the long side of the curve of 
the tube and cannot be seen as separate from that 
wall of the ETT, which should be taped with this 
line orientated towards the upper lip for appropri-
ate bevel  orientation at the distal end. In one of the 
most commonly used ETTs, this radiopaque line is 
colored blue, and the maxim “blue line to upper lip” 
reminds one how to tape it. If the tube is allowed to 
rotate, it may result in the bevel being up against the 
wall of the trachea at its distal end ( Figure 11.11 ). 
Th is impedes the egress of gas from the lungs, pro-
ducing ineffi  cient  ventilation, or even predisposing 
to air leaks in the form of interstitial emphysema or 
pneumothorax. In  Figure 11.11 , the radiopaque line 
can be seen distinctly, and  separate from the two sides 
of the ETT. A 90° rotation like this at the distal end 
of the ETT  usually results from a 180° rotation at the 
mouth – take a look at the mouth end of the ETT in 
 Figure 11.11A .    

 As noted above, intubation can sometimes be 
traumatic, with a resultant pharyngeal or esopha-
geal tear or perforation. Th is may cause either the 
ETT or, more commonly, the nasogastric tube to be 
misplaced, with the tip located within mediastinal 
structures. Figure 11.11B–E highlight the hazards of 
a traumatic intubation and diffi  culty in recognizing 
the misplaced nasogastric tube. A clue to detecting a 
pharyngeal or esophageal tear is the presence of air 

 Some advocate that if the mouth end of the tube 
is included in the radiograph, then the tapes visible in 
the radiograph allow one to see if the tube is pushed 
in or pulled out at the time of the exposure. But this is 
by no means a universal practice. 

 Th e ideal position for the ETT tip is around 1 cm 
above the carina. Th at is usually about the level of 
vertebral body T2, with the carina usually at T4. 
 Figure 11.9  shows the ETT tip right at the carina, 
but a careful examination of the mouth end of the 
tube reveals the tapes pushed into the mouth there, 
so all that needs to be done to remedy the tip posi-
tion is to retape the tube fi rmly at its previously taped 
(intended) position. If it were to be taped shorter, its 
tip would likely be much too high.  

 Th e left  main bronchus is closer to the horizon-
tal than is the right main bronchus, so if an ETT 
is advanced too far, it is most likely to go into the 
right main bronchus ( Figure 11.10 ). Th is will oft en 
result  in poor ventilation of the left  lung because 
of lack of gas fl ow into the left  main bronchus, and, 
since the right upper-lobe bronchus comes off  the 
right main bronchus just past the carina, the right 
upper lobe also is likely to be underventilated and 
may collapse.  

 Another ETT problem not commonly appreci-
ated is that of rotation. Most tubes have a radiopaque 

 Figure 11.10      
ETT with its tip 
in the right main 
bronchus, past 
the take-off  of 
the right upper-
lobe bronchus 
and the left 
main bronchus, 
resulting in lack of 
ventilation of the 
right upper lobe 
and left lung.    

 Figure 11.9      ETT tip at the carina – too far in for safety. Note that 
the tapes can be seen pushed into the mouth. They have become 
loose, so all that needs to be done to remedy the tip position is to 
retape the tube fi rmly at its previously taped position.    

Tapes
pushed into
mouth 
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 Figure 11.11      (A) Rotated ETT. At the mouth, the radiopaque line is directed towards the lower lip, instead of the upper lip. The bevelled 
tip of the tube may therefore be lying against the tracheal wall. Three distinct lines can be seen at the ETT tip – the two edges of the tube, 
and the radiopaque line. In a correctly positioned tube, only two lines should be visible at the tip. (B–E) are fi lms of an ex-23-weeks-and-
2-days premature, 510 g infant who had a tracheal perforation, but who was initially misdiagnosed with a tracheoesophageal fi stula. In 
hindsight, two clues – (1) the presence of air in the soft tissues of the neck on the initial fi lm (B), and (2) history of diffi  cult intubation during 
initial resuscitation – should have prompted the diagnosis. This was a traumatic intubation, with esophageal perforation, resulting in a fl ap 
of tissue covering the esophagus. This accounts for the lack of distal air on subsequent fi lms (E); the NG tube is shown caught in the false 
pouch formed during the traumatic intubation – and mistaken for a tracheoesophageal fi stula initially (D). This infant did not survive. (B) 
Chest and abdominal fi lm taken at 30 minutes of life following resuscitation; the resuscitation was notable for endotracheal intubation 
after three attempts. Arrows indicate emphysema from air leaking into the soft tissues of the neck, but no other air leak. (C) At 60 minutes 
of life, there is a large tension pneumothorax, as well as persistence of air in the neck, as indicated by the arrow. (D) After drainage of the 
pneumothorax, the NG tube is coiled high in the proximal esophagus. Based on this fi lm, the tentative diagnosis of esophageal atresia with 
distal tracheoesophageal fi stula was made, and the patient was referred to tertiary care for surgical evaluation. (E) On day 4 of life; note the 
gasless abdomen, and the arrow indicating the distal end of the NG tube that was not able to be passed into the stomach. If the diagnosis 
was esophageal atresia with distal tracheoesophageal fi stula, then, in the presence of mechanical ventilation, air in the abdomen would 
be expected. However this patient was taken to surgery for tracheoesophageal fi stula ligation; but no fi stula was found during the surgical 
exploration. We are grateful to Dr. C. Wright, Children’s Hospital of Philadelphia, who made these fi lms available to us.    
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insertion of the catheter through the skin is too pos-
terior, such as in the mid-axillary line. Also, if the 
infant is rolled towards the operator then it is very 
diffi  cult to direct the catheter anteriorly. To get the 
tip anterior to the lung, it is best to insert the cath-
eter through the skin close to the anterior axillary 
line ( Figure 11.13 ), in the fi ft h or sixth intercostal 
space, and then direct the tip anteriorly and towards 
the xiphisternum. However, be sure to still avoid the 
breast bud. Th is may be aided by having an assistant 
roll the baby slightly away from the operator just aft er 
the tip has entered the pleural space. Always insert 
the catheter well away from the nipple.   

 On a plain AP chest fi lm, it can be diffi  cult to tell 
whether the catheter tip lies anterior or posterior to 

(“surgical emphysema”) within the soft  tissues of the 
neck. 

 Intercostal catheters (ICCs) 
 Intercostal catheters are inserted to drain gas (pneu-
mothorax) or fl uid (hemothorax, chylothorax, surgi-
cal site ooze) from the pleural space or extrapleural 
space. Th e desired tip position depends on what is 
being drained. For a surgical site drain (e.g. aft er 
repair of esophageal atresia), the drain is placed by 
the surgeon at the time of operation with the tip near 
the surgical site, which is usually extrapleural. For 
fl uid removal from the pleural space, it is advisable 
to place the drain tip posterior to the lung (if the 
baby is lying supine), as the lung fl oats on the fl uid 
and the most eff ective drainage will be obtained 
from behind the lung. Th e more common and more 
diffi  cult drain to place is that to drain a pneumot-
horax. Th e gas in a pneumothorax in a newborn 
baby accumulates around the lung in the positions 
shown in  Figure  11.12A . (Th e collection least well 
appreciated is the medial gas between the lung and 
the mediastinum.) Th e place where all of these col-
lections meet is at the antero-infero-medial lung 
edge, near the xiphisternum, which is also the highest 
point of the chest wall for a baby lying supine. Th is is 
the best place to aim to have the tip of the intercostal 
catheter to most eff ectively drain a pneumothorax 
( Figure 11.12B ). Th e catheter tip can quite easily be 
inadvertently directed posterior to the lung if the 

 Figure 11.12      (A) Pneumothorax in a newborn. gm: gas between the lung and mediastinum. Lung markings can be seen here as you are 
looking through the medial surface of the lung which has “fl opped out” laterally. gl: gas lateral to the lung – no lung markings are present 
here. gs: subpulmonary gas. There is also a lot of gas anterior to the lung. Arrow: antero-medial border of lung which is normally in the 
midline. (B) The same infant; a drain positioned with its tip anterior to the lung, and at the antero-infero-medial margin, will drain all of the 
gas collections illustrated in (A).    

gm

gl

gs

A B

 Figure 11.13      It is much easier to get the intercostal catheter tip 
positioned anteriorly if the drain is inserted at the anterior axillary 
line rather than the mid-axillary line.    

Here,

Not here
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these two positions, and fi nds the high position has 
fewest short-term complications [ 1 ]. However caution 
is  suggested, as the review was unable to fi nd conclu-
sive evidence regarding other outcomes such as mor-
tality and long-term outcomes. Additionally, most of 
the included studies enrolled infants of variable gesta-
tion and birth weight and were conducted many years 
ago. Th ere were no subgroup analyses reported and 
it remains plausible that complication rates may vary 
between subgroups (e.g. birth weight strata). Also, 
care of lines may diff er today and this may impact on 
the rates of complications. 

 Knowing the anatomy is essential to understand-
ing the route that the catheters take in the body as 
shown on the radiographs.  Figure 11.15  shows this.  

  Figure 11.16  shows an umbilical arterial catheter 
which passes down the left  umbilical artery into the 
left  internal and then common iliac artery, and to the 
aorta, with its tip lying at the lower border of T6. Note 
that the external portions of the UAC and UVC in this 
radiograph pass laterally across the baby’s body to the 
left  – it is very useful to deliberately do this, and to 
remove any other extraneous catheters and tubes from 
the x-ray fi eld, when taking an x-ray to confi rm UAC 
position. If not done, this leads to confusion (see  Figure 
11.17 ). Here the external portions of both the UAC and 
UVC pass fi rst up the abdomen, then down between 
the baby’s legs, making interpretation quite diffi  cult.   

 It is most important to always x-ray a baby aft er 
insertion of a UAC to confi rm that it is appropriately 
positioned.  Figure 11.18  shows a catheter that passes 
across the aortic bifurcation and travels down the left  

the lung. In most cases where the tip is anterior 
to the lung, the pneumothorax will be eff ectively, if 
not completely, drained. If there is little or no diff er-
ence in the appearance of the pneumothorax it may be 
because the tip of the catheter has passed posterior to 
the lung. Th is will be demonstrated on a lateral chest 
fi lm ( Figure 11.14 ).  

 While it is logical to place the tip of the catheter 
at the apex of the lung in an older patient, who will 
oft en be upright, this approach is less sensible in a 
newborn who will be nursed lying down. An api-
cally placed catheter tip will probably not be at the 
highest part of the chest of a supine newborn infant. 
Th is may also be a cause of an inadequately drained 
pneumothorax.   

 Umbilical arterial catheters (UACs) 
 Catheters are inserted into the umbilical artery to aid 
monitoring of blood gases, blood sugars, and electro-
lytes when these need to be performed frequently (e.g. 
more than twice per day). Th ey also allow continuous 
monitoring of blood pressure. Th e aim is to get the 
tip into the aorta, with disagreement among clini-
cians regarding the optimal and safest tip placement. 
Th ere is general agreement that the tip should not 
be at the level of the renal arteries or the mesenteric 
arteries, which means avoiding the level of the fi rst 
and second lumbar vertebrae. So a “high” UAC has 
its tip around the level of the diaphragm, T8–10, and 
a “low” UAC has its tip below L2 – generally L3 or L4 
level. Th e Cochrane review by Barrington compares 

 Figure 11.14      (A) An apparently 
well-positioned intercostal catheter 
on the right side has not drained the 
pneumothorax. (B) Lateral view shows 
that the tip of the catheter is not anterior 
to the lung, and may be between the 
upper and lower lobes, so fails to drain 
the pneumothorax. If the catheter tip 
is not placed where the gas is, it won’t 
drain it!    

A B
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 Figure 11.15      The post-natal circulation and the path of the 
umbilical vasculature (modifi ed from Moore [ 2 ]). Dark shading 
indicates oxygenated or arterial blood; light shading indicates 
deoxygenated or venous blood. Shown in the fi gure is the path from 
the umbilicus to the placenta: emerging from the skin, the umbilical 
vessels in the fetus continue into the placenta, where, in utero, the 
umbilical vein provides oxygenated blood from the placenta to the 
fetus, and the umbilical arteries return the deoxygenated blood to 
the placenta. The ductus venosus, in utero, bypasses the liver, so that 
the most oxygenated blood can be tracked to the upper extremities. 
Ideally, the umbilical venous catheter should cannulate the ductus 
venosus and enter the supra-diaphragmatic portion of the vena cava. 
It can be seen that the umbilical artery enters the internal iliac artery 
and then into the common iliac and then should move in an upward 
direction. This path can be seen on the fi lms and helps to distinguish 
radiologically which vessels have been cannulated.    

 Figure 11.16      Umbilical artery catheter passes down the left 
hypogastric (umbilical) artery then turns up into the aorta, travelling 
fi rst centrally up the vertebral bodies, then slightly to their left, to 
terminate with its tip at the level of the lower edge of the sixth 
thoracic vertebra.    
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femoral artery, and should be removed.  Figure 11.19  
shows the accidental placement of two UACs, on 
opposite sides, when the intention had been to place 
a UAC and a UVC, and  Figure 11.20  shows the acci-
dental placement of two UACs in the same umbilical 
artery when the intention had been to place a UAC 
and a UVC. Figure 11.21 shows the starting point for 
the depth of insertions. However there are several 
diff ering methods of gauging depth, and this is just 
one – an experienced clinician knows the depths for 
newborns of a range of sizes.       

 Figure 11.17      A very confusing picture because of inadequate 
attention to positioning of lines and failure to remove extraneous 
lines from the radiological fi eld. An umbilical arterial and an 
umbilical venous catheter are present. Following up from between 
the legs, the catheters outside the body loop downwards at the 
black arrow, then enter the umbilicus at the white arrow. The UAC 
passes down the right hypogastric artery, and loops up into the 
aorta to terminate at the body of L4 (white dotted arrow).    

  Figure 11.18      This UAC passes up the right internal iliac artery 
into the right common iliac artery, across the bifurcation of the 
aorta and down into the left common iliac artery, most likely into 
the left external iliac artery passing towards the femoral artery.    

 Figure 11.19       An attempt to insert a UAC and UVC in this baby 
has resulted in two UACs, one on each side, with their tips at the 
body of T10 and between L3 and L4 vertebral bodies.    

 Figure 11.20      An attempt to insert a UAC and UVC in this baby 
has resulted in two UACs on the same side. This is a very diffi  cult 
trick to perform!    
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 Umbilical venous catheters (UVCs) 
 Catheters are inserted into the umbilical vein to pro-
vide a site for fl uid infusion in small and sick newborn 
babies. Th e umbilical vein can be accessed for a few 
days aft er birth, sometimes up to the end of the fi rst 
week of life. Th e procedure is simple and atraumatic. 
Th e umbilical vein provides direct access to the right 
atrium, providing the catheter can negotiate through 
the ductus venosus, which in our practice occurs in 
about 60% of babies of <1000 g birth weight, and in 
48% of babies of ≥1500 g birth weight (unpublished 
data, Royal Brisbane and Women’s Hospital). 

 Th e umbilical vein runs directly cephalad from the 
umbilicus to the right atrium, via the ductus venosus. 
In so doing, it must pass from the anterior abdominal 
wall to the posterior abdominal wall; it passes for a 
few centimeters just under the anterior abdominal 
wall, then dives posteriorly, travelling in the inferior 
edge of the falciform ligament along the under sur-
face of the liver to meet with the left  hepatic portal 
vein. From there, the ductus venosus provides entry 
to the inferior vena cava just before the latter enters 
the right atrium. In a true anteroposterior radiograph, 
the course of the umbilical venous catheter appears 
to be straight into the heart ( Figure 11.22A ), but its 

 Figure 11.21      Guide to catheterization of (A) umbilical artery 
and (B) umbilical vein, using an end-hole catheter marked at 5 cm, 
10 cm, and 15 cm from the tip (total length 38 cm). With permission 
from Dunn [ 3 ].    

 Figure 11.22      (A) An umbilical venous 
catheter (UVC) passes cephalad from the 
umbilicus (where the two catheters cross at 
L4–5 in this radiograph), just to the right of 
the vertebral bodies to enter into the right 
atrium. In doing so, it must pass from the 
anterior to the posterior abdominal wall (see 
image B). (B) The course of a correctly placed 
umbilical venous catheter from anterior to 
posterior abdominal wall is shown in this 
lateral radiograph.    

A B
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 Figure 11.23      The anteroposterior course 
of the UVC produces an apparent lateral 
bowing of the catheter when shown in 
a radiograph with the baby rotated; here 
shown with a rotation to the right.    

A B
 Figure 11.24      (A) The 
cavo-atrial junction can 
be approximated by 
drawing a line along the 
bottom of the heart. Here 
it lies at the lower edge 
of T10. (B) Here the cavo-
atrial junction lies at the 
lower edge of T7.    

course from anterior to posterior in the abdomen 
can be seen in a lateral radiograph ( Figure 11.22B ). It 
is this course that gives the UVC an apparent lateral 
bowing appearance if the baby is rotated at the time 
the x-ray is taken ( Figure 11.23 ) – there is no lateral 
bowing of the catheter, we simply see the projection 
of the anteroposterior direction of the catheter onto 
the x-ray fi lm.   

 Th e ideal position for the tip of a UVC is at the 
cavo-atrial junction, right at the bottom of the right 
atrium. You can approximate this by drawing an 
imaginary line around the bottom of the right atrium 
( Figure 11.24A – B ). It is oft en, but not always, at the 
level of the body of T8, but could be anywhere from 
T7 to T10. Catheters inside the right or left  atrium 
have been known to perforate the atrial wall and 
produce cardiac tamponade and death. A feature of 
UVCs is that the tip moves, and it is usual for it to 
move inwards in the fi rst couple of days of a baby’s 

life ( Figure 11.25A – B ). Th erefore it is imperative to 
re-x-ray babies with a UVC daily for the fi rst few days 
and pull the UVC back if it migrates into the heart.   

 Once in the right atrium, if the catheter is advanced 
further, it very quickly crosses the inter-atrial septum 
into the left  atrium, and may go out into a pulmonary 
vein ( Figure 11.26 ).  

 Th e exact position of the tips of umbilical venous 
catheters that do not reach the heart can be diffi  cult 
to determine with plain radiography. Just before the 
left  hepatic portal vein ( Figure 11.27 ), there is oft en a 
dilatation in the umbilical vein, known as the umbili-
cal vein recess. At the point where the umbilical vein 
joins with the left  hepatic portal vein, the catheter 
may travel directly through into the ductus venosus 
( Figure 11.27 , labeled e), or it may travel either to the 
right or left  of the midline in the left  hepatic portal 
vein ( Figure 11.27 , a or b), or it may not negotiate this 
junction at all, sometimes even curling on itself in the 
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 Figure 11.26      This umbilical venous catheter has been inserted 
too far. It has passed through the ductus venosus, as desired, but 
has then passed across the inter-atrial septum, through the left 
atrium, and just into a pulmonary vein.    

umbilical vein recess, or coming right back down the 
umbilical vein.  

 If the catheter enters the ductus venosus, it will 
then almost always pass into the right atrium, but 
entry down the IVC rather than up it has been 
described [ 4 ]. Entry into the hepatic vein via the IVC 
is conceivably possible, but we have never seen it, nor 
seen it described. If the catheter travels to the left  into 
the left  hepatic portal vein ( Figure 11.27 , a), it remains 
in that vein. If it travels to the right into the left  hepatic 
portal vein, it may then proceed further to the right 
into the right hepatic portal vein ( Figure 11.27 , d), 
or inferiorly into the main portal vein ( Figure 11.27 , 
labeled c, and  Figure 11.28 ), from where it some-
times gains access to the splenic vein ( Figure 11.29 ), 
appearing to loop through a full circle and pass off  
to the left  upper quadrant. Appearances of a catheter 
in the portal vein can vary with rotation of the baby, 
and sometimes it is not possible to discern whether a 
catheter is in the portal vein or is looped in the umbili-
cal vein recess. In either case, it should be removed or 
pulled back until its course runs directly cephalad in 
the umbilical vein.   

 It is possible for a catheter to leave the umbili-
cal vein completely and enter the peritoneal cavity 
( Figure 11.30 ). Th is may cause severe bleeding and a 
surgical emergency, or hypoglycemia and/or ascites.    

 Central venous catheters 
 Peripherally inserted central venous catheters 
(PICCs) are frequently used in neonates to aid 
venous access, and are variously used for delivering 

 Figure 11.25      (A) UVC tip below the cavo-
atrial junction, most likely in the ductus 
venosus. (B) The following day, the UVC tip is 
well up into the right atrium. The suturing at 
the abdominal wall had not been adjusted. 
This inward movement of a UVC is common.    

A B
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 Figure 11.27      Schematic drawing of the 
umbilical and portal veins. The main portal 
vein branches at point c into the left and 
right hepatic portal veins, carrying blood 
from the gut to the liver. The umbilical vein 
joins into the left hepatic portal vein, and 
the ductus venosus takes off  from this vein, 
usually opposite the umbilical vein, to drain 
into the IVC and right atrium.    

d c

b
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Right atrium

 Figure 11.28      An umbilical venous catheter passing to the right 
in the left hepatic portal vein, and downwards into the main portal 
vein.    

 Figure 11.29      An umbilical venous catheter passing to the right 
at T11 in the left hepatic portal vein, and downwards into the main 
portal vein, then off  to the left in the splenic vein, eff ecting a loop.    

parenteral  nutrition, other fl uids, and antibiotics. In 
our own practice, parenteral nutrition is delivered 
exclusively through some form of central venous 
catheter, being UVC, PICC, or, very rarely, a surgi-
cally placed catheter. Any of the larger veins can be 
used, most commonly the basilic, cephalic, or axil-
lary vein in the arm, or the long or short saphenous 
or femoral vein in the leg. Th e aim is to have the 
tip of the catheter in a large central vein with high 
blood fl ow, so that potentially irritant solutions will 
not damage the vein wall. Care must be taken that 
the catheter tip is not in a position where it might 

erode into the pericardial sac and cause pericardial 
tamponade and potentially death. A review com-
missioned by the Chief Medical Offi  cer for England 
(Th e “Manchester Report”) examined the deaths of 
four patients in the UK related to the placement of 
umbilical venous catheters (in two) and PICCs (in 
two), and made a recommendation that “until fur-
ther  investigation is undertaken concerning the ideal 
positioning of the catheter tip, all central venous 
lines inserted  specifi cally for parenteral nutrition in 
this age group should be sited outwith the cardiac 
 chambers.” [ 5 ]  
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 Figure 11.30      This umbilical venous catheter passes from the 
umbilicus at L3–4 up to the left upper quadrant of the abdomen. 
There is no venous structure that runs in this direction, and the 
catheter must have exited the umbilical vein soon after insertion 
and passed into the peritoneal cavity.    

 Figure 11.31      A central venous line (PICC), inserted into the basilic 
vein at the right antecubital fossa, travels up the axillary vein into 
the subclavian vein and into the superior vena cava, where a small 
stream of contrast medium is running from its tip into the right 
atrium. The arm is abducted. When it adducts, this catheter tip will 
advance further into the SVC.    

 Figure 11.32      A central venous line (PICC) inserted into a leg 
travels up into the IVC and terminates just below the heart. A blush 
of contrast medium can be seen coming from the end of the 
catheter and travelling into the right atrium.    

 PICCs:   acceptable positions 
 It is generally the view that PICC tips should be in 
the SVC if inserted via an upper limb ( Figure 11.31 ), 
or IVC if inserted via a lower limb ( Figure 11.32 ). 
A jugular vein or innominate (brachiocephalic) vein is 
also adequate for tip position ( Figure 11.33 ).    

 To maximize the chances of getting an upper 
limb catheter tip into a central vein, it is our prefer-
ence to insert the catheter into a medial forearm or 
antecubital fossa vein (the basilic system), or into 
the axillary vein. While these catheters are labeled 
as being “radiopaque,” they are just slightly less radi-
olucent than other catheters.  Figure 11.34  shows a 
PICC injected with radiopaque contrast medium 
( Figure  11.34A ), and the same catheter not injected 
( Figure 11.34B ). It can be seen that the clear outline 
of the non-injected catheter is lost once it enters the 
mediastinum, and one really cannot be certain of the 
tip position ( Figure  11.34B ). Our own practice is to 
always inject the catheter with radiopaque contrast 
medium while the x-ray exposure is taken, aiming to 
be still injecting very slowly at the moment of expo-
sure. Th at ensures that the tip of the catheter can be 
clearly seen, and the pattern of contrast coming from 

the tip shows if the catheter is in a small or large vein 
(see below).    

 PICCs:   unusual positions 
 Catheters inserted into the cephalic vein sometimes 
have diffi  culty negotiating the junction between the 
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days later chest wall edema occurred. Re-x-ray then 
showed the catheter tip to be at the level of the sixth 
rib ( Figure 11.38 ), and it was removed.     

 PICC tips move around much more than is mostly 
appreciated ( Figure 11.39 ). During general baby 
movements, a catheter tip might move considerably. 
Catheters travelling via the axillary vein move in when 
the arm is adducted ( Figure 11.40A ), and move out 
when the arm is abducted ( Figure 11.40B ). Catheters 
travelling via the cephalic vein move out when the 
arm is adducted, and in when the arm is abducted. In 
order to gain access to the various positions illustrated 
in  Figure 11.39 , the tip must fi nd its way back to the 
superior vena cava, and then thread into the alterna-
tive location. It is therefore most important that, if a 
catheter travels up the right arm into the left  innomi-
nate vein or jugular vein and it is to be left  there, it is 

cephalic vein and the subclavian vein, and if then left  
in the cephalic vein they do not last as long. Th e angle 
between the cephalic vein and the subclavian vein 
can sometimes be such that a catheter might not be 
able to pass through into the subclavian vein to travel 
medially to the SVC ( Figure 11.35 ), or on occasions 
the natural way for the catheter to travel might be 
to pass laterally down the axillary vein back into the 
arm ( Figure 11.36 ), or into a lateral chest wall vein 
( Figure 11.37 ) (there are a number of these and they 
drain into the axillary vein, and also communicate 
with the posterior intercostal veins). Th e actual tip of 
the catheter shown in  Figure 11.37  cannot be clearly 
seen, but the fact that contrast outlines just the sev-
enth intercostal vein (with contrast spilling into the 
azygos vein medially) would indicate that it must be at 
the seventh rib. It was pulled back just 1 cm, and two 

 Figure 11.33      Schematic drawing of relevant venous anatomy of the 
upper limbs. The basilic vein becomes the axillary vein at the lower 
border of teres major. The axillary vein becomes the subclavian vein at 
the outer border of the fi rst rib, which is very close to where it is joined 
by the cephalic vein. The subclavian vein and internal jugular vein join 
to become the brachiocephalic vein. This is very short on the right, 
longer on the left where it is sometimes called the innominate vein.    

Right
brachiocephalic vein

Left brachiocephalic
(innominate) vein

Superior vena cava

Basilic vein

Median cubital
vein

Median vein
of forearm
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Axillary vein

Subclavian vein

Jugular vein

 Figure 11.34      Image (A) shows a PICC injected with radiopaque contrast medium. Its tip in the middle of the right atrium is clearly seen, 
with a small amount of contrast material in the turbulent fl ow within the atrium. Image (B) is the same catheter not injected (and with the 
arm abducted). The catheter cannot be clearly seen once it gets past the fi rst rib on the left.    

A B
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 Figure 11.37      This PICC travelling via the cephalic vein has passed 
back down the axillary vein, then into a lateral chest wall vein. 
Injected contrast outlines the posterior intercostal vein beneath the 
seventh rib, indicating that the catheter tip must be at the seventh 
rib. The contrast medium runs medially into the azygos vein.    

 Figure 11.38      The PICC on the right here is the same one as in 
 Figure 11.37 . It was pulled back 1 cm from its position there, and 
two days later resulted in edema of the right chest wall. Its tip here 
is as expected, too far down the chest wall to be useful.    

 Figure 11.35      Contrast injected through 
a catheter with its tip in the right cephalic 
vein travels into the subclavian, illustrating 
that the angle between the cephalic and 
subclavian veins is approximately 90°. It 
is easy to see why it is often diffi  cult to 
negotiate this bend when inserting a PICC 
via the cephalic vein.    

 Figure 11.36      A PICC inserted from the 
antecubital fossa into the cephalic vein 
passes back towards the arm in the axillary 
vein when the cephalic vein reaches the 
subclavian vein. Radiopaque contrast 
medium injected into the catheter comes 
back up the axillary vein and into the SVC.    
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 Figure 11.39      (A) PICC tips are very mobile. This PICC has its tip in the mid-right atrium. It was pulled back to be in the lower 
SVC. (B) The following day, without any retaping, the tip is in the left brachiocephalic (innominate) vein (arrow). (C) Another day 
later, the tip is in the lower part of the jugular vein on the right. This is almost certainly the internal jugular vein. In order to move 
to all of these locations, the tip must come back into the SVC with movements of the right arm.    

A B C

 Figure 11.40      (A) This line is not injected, but the approximate position of the tip in the lower right atrium can be seen, with the left arm 
adducted and the catheter travelling up the axillary vein. (B) With the arm abducted, the tip of the PICC moves to the upper right atrium.    

A B

not so long that it could be low enough to impinge on 
the atrial wall and perforate it if it fi nds its way into the 
right atrium. A useful practice, if leaving a PICC tip in 
the left  innominate vein aft er inserting into the right 
arm, is to leave it at or only just past the midline when 
the arm is adducted.   

 Our local data show that a PICC that travels up a 
jugular vein can be safely left  in the mid-neck position 
as in  Figure 11.39C  (unpublished). However this is 
not universally held, and there is no fi rm evidence one 
way or the other. 

 Th e PICC shown in  Figure 11.41A  has come up 
the cephalic and looped into the axillary vein – no 
doubt the catheter entered the subclavian vein, and 
then the tip became caught where the subclavian vein 
joins with the jugular vein to become the brachio-
cephalic (innominate) vein, and with further attempts 
at advancement the catheter looped into the axil-
lary vein. It was decided to leave it there, and the 
following day the tip had advanced spontaneously 

( Figure  11.41B ), and while its exact location cannot 
be certain (it is not contrast-injected in this fi lm), it is 
well into the right atrium, and was pulled back to be 
in the SVC.  

 A PICC inserted into an arm vein may travel right 
through the heart, out into the IVC or even hepatic vein, 
and into a liver lobule ( Figure 11.42 ). Th e tip of this 
catheter in  Figure 11.42  cannot clearly be seen because 
of the large amount of contrast medium present – the 
catheter must be pulled back and  re-injected to be sure 
the tip comes out into the SVC.    

 PICCs:   risky positions 
 Catheters should not be left  in very small vessels. Our 
practice is to ensure that blood can easily be with-
drawn in the position where the catheter is to be left . 
Th e contrast patterns shown in  Figures 11.43A – B , 
and  C  indicate that all of these catheters are in small 
vessels which are likely to be easily injured when 
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 Figure 11.42      This PICC has passed from the left arm, right through 
the heart and into the hepatic vein, going far enough peripherally 
that radiopaque contrast medium injected through it outlines a liver 
lobule. The exact location of the tip cannot be determined.    

hypertonic fl uids are infused. Catheters should not be 
left  in these positions. Note that without injection of 
contrast medium  at the moment the x-ray is taken , the 
catheter in  Figure 11.43A  would probably be deemed 
to be in a large central vein and therefore might have 
been left  there.  

 Be wary of catheters that pass to the left  of the mid-
line – they may be in the aorta. If inserted from an arm, 
the contrast will continue past the end of the catheter, 
as in  Figure 11.44 , where it then outlines a number 
of intercostal arteries, and what looks like the splenic 
artery. If inserted from a leg, any contrast injected will 
pass back down past the catheter, as in  Figure 11.45 , 
where contrast can be seen to outline the iliac arter-
ies on the other side, and to enter both kidneys. If 
the catheter was in the IVC and injected, the contrast 
would continue on towards the heart. If this particular 
catheter were not injected  at the moment the x-ray was 
taken , it may well be interpreted as being in the IVC.   

 Cephalad directions are also seen. A cathe-
ter should not be left  with its tip in the sigmoid 

 Figure 11.43      The PICCs in these three fi gures are all in very small veins and are likely to result in extravasation if left there: (A) presumed 
to be in the vasa vasorum of the SVC; (B) in a small vein of the upper arm; (C) in an abdominal wall vein. Reproduced from D. W. Cartwright. 
Central venous lines in neonates: a study of 2186 catheters.  Arch Dis Child Fetal Neonatal Ed   2004 ;  89 :F504–8 [ 3 ], with permission from BMJ 
Publishing Group Ltd.    
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 Figure 11.41      (A) This PICC has its tip just at the point where the subclavian vein joins with the internal jugular vein to become the 
left brachiocephalic (innominate) vein. It has stopped there, and continued attempts to advance the catheter have resulted in it folding 
down into the axillary vein. It was left there, and the following day (B) the catheter has straightened out, and its tip is in the right atrium 
(this time not contrast injected, so not as readily visible), approximately where the arrow is. It was then pulled back to the SVC.    

A B
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 Figure 11.44      This PICC has travelled up the right arm, and passes 
to the left of the vertebral bodies to approximately T7. Radiopaque 
contrast medium injected to demonstrate the catheter tip travels 
downwards, with some going out into subcostal vessels, and in 
the abdomen into a large vessel, probably the splenic artery. The 
catheter is in the aorta.    

 Figure 11.45      This PICC is also in the aorta. Note that the blush of 
contrast from the end of the catheter is coming back down past the 
catheter, and there is contrast medium outlining the external iliac 
artery and its branches on the right, and the kidneys on both sides.    

 Figure 11.46      The tip of the PICC shown here is in the left sigmoid 
sinus. This is not a safe position to leave the catheter as it may result 
in cerebral sinus thrombosis.    

sinus ( Figure 11.46 ), as catheter tips there have been 
recorded as resulting in cerebral venous thrombosis.  

 Th e catheter shown in  Figure 11.47  is a curiosity: 
note that it comes up the left  arm, descends to the left  
of the vertebral bodies, then across the base of the car-
diac shadow to the right and upwards into the upper 
portion of the right atrium. Th is can only happen 
when there is a left  superior vena cava present, which 
usually drains into the coronary sinus and hence the 
catheter gains entry to the right atrium. It was pulled 
back to leave the tip in the left  SVC.

 Figure 11.47      The PICC shown here is a little diffi  cult to see, but 
follow the arrows. It passes from the left arm down to the left of the 
vertebral bodies and sweeps around at the level of the body of T9, 
passing then upwards to the right of the vertebral bodies. This can 
only be entering a left SVC, then gaining entry to the right atrium 
via the coronary sinus. It was pulled back to the left SVC.    

     PICCs:   dangerous positions 
 Some positions of a PICC tip are frankly dangerous: in 
summary, they are any catheter that is curled within 
the heart, and a catheter which is in the ascending 
lumbar vein. Catheters in the former position are the 
ones most likely to perforate the atrial or ventricular 
wall and cause cardiac tamponade, and those in the 
latter position have been associated with paraplegia. 

 It is impossible to accurately measure the distance 
required to pull back a catheter that is curled as in 
 Figures 11.48 ,  11.49 , and  11.50 , because the plane 
of the curled part might not be parallel to the plane of 
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the x-ray plate, and one will underestimate the length 
of the catheter involved in the curl. One must estimate 
a best guess of the length required, pull the catheter 
back, and immediately re-x-ray to assess position. 
Only when the path of the catheter in the IVC/SVC is 
straight can one be certain that the measurement will 
be accurate. Th e catheters in  Figures 11.49  and  11.50  
can be seen to be directed right into the right atrial 
wall, with the pattern of contrast at their tip diff using 
around between trabeculae in the atrial wall muscu-
lature. Th e one in  Figure 11.50  was not pulled back 

 Figure 11.48      It is impossible to be certain exactly where this PICC 
travels, but any catheter curled in the heart like this is extremely 
dangerous, and must be pulled back and re-x-rayed until its 
position is certain and safe.    

 Figure 11.49      This PICC is also extremely dangerous. It curls (black 
arrow) in the right atrium and its tip (white arrow) is pushing into 
the wall of the right atrium – see the blush of radiopaque contrast 
medium just above the mid-portion of the right atrial wall (dashed 
arrow).    

 Figure 11.50      Another very dangerous PICC curled in the right 
atrium with its tip pushed up against the lower atrial wall (arrow).    

suffi  ciently initially, and the baby had an episode of 
pulmonary hemorrhage requiring CPR that evening, 
when it was recognized that the catheter needed to 
be pulled back further. He recovered, and had a peri-
cardial eff usion noted on cardiac echo, which slowly 
resolved. He has gone on to develop very normally 
aft er this very lucky escape, but others in the literature 
have not been so fortunate.    

 Catheters that gain entry to the pleural space can 
also cause potentially lethal pleural fl uid collections. 
 Figure 11.51  shows a chest radiograph of a baby who 
unexpectedly and rapidly became tachypneic one day 
aft er insertion of a PICC, whose tip appeared to be 
in a good position in the SVC, but clearly migrated 
out into the pleural space. Th e right pleural space 
was aspirated by needle thoracocentesis, and 40 ml 
of parenteral nutrition fl uid was obtained, providing 
immediate relief of the baby’s respiratory symptoms.  

 A catheter in the ascending lumbar vein may 
appear to be in the IVC until contrast is injected, when 
a typical “swirling” pattern of blood in the paraverte-
bral venous plexus can be seen ( Figure 11.52 ). It must 
be pulled back until in the common or external iliac 
vein, or removed.       
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 Figure 11.51      Even having the tip of a PICC outside the confi nes 
of the heart does not guarantee safety. The tip of this PICC 
appeared to be in the SVC when it was inserted, but the following 
day there was an acute respiratory deterioration, cured by 
aspiration of parenteral nutrition fl uid from the right pleural space.    
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vaginal bleeding or abdominal pain, with or without 
realizing their pregnant status. In recent years, fi rst 
trimester scanning for Down’s syndrome screening 
has become a key indication. Other indications are 
listed in  Table 12.1 .   

 Dating pregnancy 
 Women oft en do not recall their last menstrual period 
(LMP) exactly or may have irregular periods. Hence, 
ultrasound provides the estimated date of delivery 
(EDD) and the approximate gestational age of the 
pregnancy. Th e most accurate dating by ultrasound 
occurs in the fi rst trimester, with the measurement of 
the crown–rump length (CRL) ( Figure 12.1 ). Dating 
by the CRL has been validated in pregnancies cor-
rectly dated by assisted reproduction.    

 Currently pregnant women in the industrialized parts 
of the world expect to have an ultrasound of the 
fetus. Th ere is no clear evidence that ultrasound will 
decrease perinatal morbidity or mortality in low-risk 
women [ 1 ]. However, the mother’s perception is that 
she will fi nd out if the fetus is “normal” and what the 
gender is. Oft en she will bring a partner and/or family 
members. 

 Universal ultrasound imaging of all pregnancies 
has not been offi  cially endorsed, particularly in low-
risk women; however 60–70% of women develop 
a medical indication resulting in a prenatal ultra-
sound [ 2 ]. Several bodies (the American Institute 
of Ultrasound in Medicine [AIUM], the American 
College of Obstetrics and Gynecology [ACOG], and 
the American College of Radiology [ACR]) agree on 
the indications for ultrasound in pregnancy and the 
minimum requirement of images, regardless of who 
performs the studies: radiologists or obstetricians. 

 Prenatal ultrasound may improve specifi c preg-
nancy outcomes indirectly. For example, ultrasound 
may: (1) identify congenital anomalies to allow for 
the option of termination or appropriate delivery 
or management at specialized centers; (2) accurately 
date the gestation in case of preterm delivery; (3) best 
recognize multiple gestations, as well as signifi cant 
growth disturbances.  

 First trimester ultrasounds (up to 
13 weeks and 6 days of gestation) 
 Th e main emergent reasons women undergo early 
ultrasound are to determine viability of the preg-
nancy (identifi cation of embryonic heart tones) and 
to exclude ectopic pregnancy, aft er presenting with 

 Chapter  Routine prenatal screening 
during pregnancy    
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 Table 12.1       Indications for fi rst trimester ultrasound   

  • Confi rm the presence of an intrauterine pregnancy  

  • Estimate gestational (menstrual) age  

  • Defi ne the cause of vaginal bleeding  

  • Evaluate pelvic pain  

  •  An adjunct to chorionic villus sampling, embryo transfer, and 
localization and removal of an IUD  

  • Evaluate a suspected ectopic pregnancy  

  • Diagnose or evaluate multiple gestations  

  • Confi rm cardiac activity  

  • Evaluate maternal pelvic masses and/or uterine abnormalities  

  • Evaluate suspected hydatidiform mole  

  •  To measure nuchal translucency when part of a screening 
program for fetal aneuploidy  

 Imaging of the Newborn, ed. H. Kirpalani, M. Epelman and John Richard Mernagh. Published by Cambridge University Press. 
© Cambridge University Press 2011. 
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 Features of the examination up to 12–13 
weeks 
 Th e ultrasound may be performed transabdominally 
or transvaginally. Th e CRL is the primary measure of 
the embryo or early fetus. In addition the following 
are assessed: cardiac activity ( Figure 12.2 ), the ges-
tational sac ( Figure 12.3 ), the yolk sac ( Figure 12.4 ), 
the uterus, and the ovaries ( Figure 12.5 ). Th e pres-
ence of embryonic heart tones is expected with a CRL 
of at least 5 mm. If absent, for example with a 6 mm 
CRL, this is consistent with an embryonic demise. 
If the CRL is less than 5 mm and no cardiac activity 
is detected, a repeat ultrasound or evaluation of the 
patient’s quantitative beta hCG (bhCG) is indicated.       

 Figure 12.1      The calipers are measuring a crown–rump length 
equivalent to 8.5 weeks’ gestation.    

 Figure 12.2      The heart rate is documented, preferably with 
M-mode to reduce the Doppler exposure to the embryo and early 
fetus. Here the heart rate is 153 bpm.    

 Figure 12.3      The overall contour of the uterus is seen here with 
the echolucent gestational sac (arrow) within the uterus. A yolk sac 
is not seen in this view.    

 Figure 12.4      The yolk sac (denoted ys) is seen within the 
gestational sac, confi rming an intrauterine pregnancy but not 
guaranteeing a viable pregnancy, i.e. an embryo with heart tones.    

 Figure 12.5      The calipers demarcate the diameters of the 
right ovary.    
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rate of 5% [ 6 ]. Th e addition of a second trimester 
blood sample assessing maternal serum alpha-feto-
protein (MSAFP), estriol, bhCG, and inhibin A can 
improve the detection rates for Down’s syndrome 
to 95% [ 7 ,  8 ]. Th e presence of a nasal bone further 
improves these screens to detect Down’s syndrome [ 9 ]. 
Other potential early markers include tricuspid regur-
gitation and abnormal ductus venosus fl ow. A positive 
screening test, with appropriate counseling, may then 
lead to early diagnostic testing for fetal karyotype by 
amniocentesis or chorionic villus sampling.   

 Multiple gestations 
 Th e fi rst trimester is the ideal time to determine 
the chorionicity of multiple gestations. Th is helps to 
counsel families regarding risks for twin–twin trans-

 Screening for gross anomalies 
 By 12–13 weeks, oft en limb buds, fetal head, early 
cord insertion, early stomach, bladder, and proper 
situs may be seen ( Figure 12.6 ). However, absence of 
these viscera at this gestational age is not diagnostic. 
Abnormalities that can be identifi ed include cystic 
hygroma, acrania/anencephaly, and gastroschisis. 
Note that the gut herniation that occurs at approxi-
mately 8 weeks’ gestation is physiological and will 
“resolve” by the 11th week. To avoid mis-identifying 
this herniation as abnormal, a repeat evaluation aft er 
12 weeks is indicated.    

 Screening for chromosomal disorders 
 Nuchal translucency represents the small amount of 
fl uid seen behind the early fetal neck ( Figure 12.7 ). Its 
size relates to the CRL and, if increased, it is associ-
ated with an elevated risk of chromosomal abnor-
malities, particularly Down’s syndrome, as well as 
a risk for cardiac defects [ 3 ,  4 ]. Strict guidelines for 
nuchal translucency measurements are established 
by the Fetal Medicine Foundation and the Nuchal 
Translucency Quality Review Program run by the 
Society of Maternal Fetal Medicine, for quality assur-
ance purposes [ 5 ] (see  Table 12.2 ).     

 Th e nuchal translucency at 11 weeks to 13 weeks 
6 days (CRL 45–84 mm) when combined with bhCG 
and PAPP-A (pregnancy-associated plasma protein 
A) analytes from maternal blood estimates a moth-
er’s risk for Down’s syndrome and trisomy 18. First 
trimester screening has detection rates of close to 
85–90% for Down’s syndrome, with a false positive 

 Figure 12.6      The calipers now measure a crown–rump length 
(CRL) of 10.5 weeks’ gestation. The fetal head (asterisk at the nose) 
and the lower extremities (LE) are discernible.    

CRL
LE *

 Figure 12.7      The nuchal translucency is measured at 12 weeks’ 
gestation; the arrow points to the measurement. Notice the 
presence of the labeled amnion in the image and the magnifi cation 
of the fetus. n: fetal nose; ch: fetal chin.    

 Table 12.2       Guidelines for the performance of a nuchal 
translucency measurement   

   1 .  The crown–rump length measures 45–84 mm (gestational 
ages 11 wk to 13 wk 6 d).  

   2 .  Mid-sagittal view of the fetus with the fetal head and thorax 
occupying approximately 75% of the image is used.  

   3 .  Calipers are appropriately placed on the borders of the 
nuchal translucency.  

   4 .  Maximum nuchal translucency of good quality should be 
used.  

   5 .  If a nuchal cord is present, the nuchal translucency should 
be measured above and below the nuchal cord and the 
average of the two measurements should be used for the 
risk estimation.  

   6 .  The fetus should be in a neutral position (i.e. the fetal head 
is not fl exed or extended). The amnion should be seen 
separately from the nuchal translucency.  
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uterus, adnexa, and cervix. Not all required views can 
be obtained, oft en due to fetal position or maternal 
obesity. Th e required fetal anatomical views (AIUM, 
ACOG, and ACR) fall into the categories of head and 

fusion syndrome with monochorionic twins, or for 
potential neurodevelopmental sequelae in a surviving 
twin if there is a fetal demise, as the risk in mono-
chorionic twins is higher than that in dichorionic 
twins. Identifying a thick membrane with a “ lambda ” 
or “ twin peak ” sign ( Figure 12.8 ), helps to identify a 
dichorionic diamniotic twin gestation [ 10 ]. A thin 
wispy membrane inserting into the placenta consist-
ent with a “ perpendicular sign ” ( Figure 12.9 ) sug-
gests a monochorionic diamniotic twin pregnancy. 
Th ese signs can be applied to higher order multiples. 
Absence of a membrane is concerning for monoam-
niotic twins, which have high stillbirth rates (approxi-
mately 15%) due to the risks of cord entanglement.      

 Second trimester (14 to 28 weeks) 
and third trimester (28 weeks and 
upwards) 
 Th e role of ultrasound in the second trimester is 
usually to confi rm gestational age when the patient 
may not have recognized the pregnancy earlier, and 
to survey the fetal anatomy. Ideally, the anatomical 
survey is performed at 18–20 weeks. However, obes-
ity, now a frequent concern in women of reproductive 
age, impacts imaging due to the technical issues of 
sound penetration, requiring older and larger fetuses 
(22–23 weeks) to better visualize fetal parts. Th e pri-
mary indication for third trimester prenatal ultrasound 
is growth assessment of the fetus. See  Table 12.3  [ 11 ].  

 Ideal imaging in the second and third trimester 
includes: fetal biometry, cardiac activity, number of 
fetuses, fetal presentation, anatomy, amniotic fl uid 
assessment, placental location, evaluation of the 

 Figure 12.8      The image demonstrates the thick inter-twin 
membrane with the arrow highlighting the “lambda sign” of a 
dichorionic, diamniotic gestation.    

 Figure 12.9      In contrast, the inter-twin membrane is very thin and 
the arrow now indicates the “perpendicular sign” formed from the 
thin membrane interface with the gestational sac wall, consistent 
with a monochorionic diamniotic twin pregnancy.    

 Table 12.3       Indications for second and third trimester 
ultrasound   

  • Surveillance of fetal anatomy  

  • Estimation of gestational age  

  • Discrepancy: size vs. dates  

  • History of previous congenital anomaly  

  • Vaginal bleeding  

  • Evaluation of fetal well-being  

  • Fetal presentation  

  • Incompetent cervix  

  • Abnormal biochemical markers  

  • Abdominal/pelvic pain  

  • Premature rupture of membranes and/or premature labor  

  • Evaluation of fetal growth  

  • Suspected multiple gestation  

  • Suspected abruption/previa  

  • Suspected fetal death  

  • (Adjunct) external cephalic version  

  • (Adjunct) cerclage placement  

  • Adjunct to amniocentesis  

  • Suspected uterine abnormality/masses  

  • Suspected amniotic fl uid abnormalities  

  • Follow-up evaluation of a fetal anomaly  

  •  Follow-up evaluation of placental location for suspected 
placenta previa  
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 Head and neck 
 Th e fetal head and neck views include: the cerebral 
ventricles, choroid plexus, cerebellum, cisterna magna, 
falx, and cavum septum pellucidum ( Figures  12.11 –
 12.13 ). Assessment aims to exclude anomalies such 
as hydrocephalus or Dandy–Walker malformation. 
Measurement of the nuchal skin fold at the level of the 
cerebellum is the best single non-specifi c ultrasound 
parameter in the second trimester  evaluating for the 
risk of fetal aneuploidy [ 13 ]. Additionally, comprehen-
sive targeted anatomy scans visualize the orbits, nose 
and lips, and a profi le view ( Figures 12.14 – 12.16 ). Th e 
two latter views may show facial cleft s, or evidence 
of micrognathia or frontal bossing, and presence of a 
nasal bone (which if absent carries an increased risk of 
Down’s syndrome, as in the fi rst trimester).         

neck, chest, abdomen, spine, extremities, and gender. 
As gestation progresses to greater than 28 weeks, visu-
alizing specifi c fetal anatomy becomes more diffi  cult 
due to the growing fetus, fetal position, and smaller 
pockets of amniotic fl uid ( Figure 12.10 ). Th erefore, 
late in gestation, a fetus may, for example, never have 
the heart well imaged or have fetal hands or feet well 
documented.   

 Anatomical assessment 
 Th e sensitivity of ultrasound for structural malfor-
mations is dependent upon a number of factors, 
such as whether the pregnancy is at high or low 
risk for malformations (e.g. abnormal screening 
for Down’s syndrome, family history of structural 
anomalies, medication exposure), the organ system 
involved, the gestational age at time of the scan, 
maternal body habitus, fetal position and number, 
site of the examination (i.e. academic institution 
vs. community-based site), and number of ultra-
sound studies. In the prospective Eurofetus Study 
from 1990 to 1993 with the participation of over 
170,000 unselected women (mixed risk population), 
the overall detection rate for anomalies was 56.2%, 
but with higher detection of major malformations 
(73.7%) than minor ones (45.7%); performance 
varied with organ system, with an 88.3% detection 
rate for certain central nervous system anomalies 
compared to 38.8% for cardiac malformations [ 12 ]. 
Th erefore it is important that patients understand 
that there are limitations to ultrasound in diagnos-
ing fetal abnormalities.  

 Figure 12.10      An example of poor imaging due to 
oligohydramnios because of preterm premature rupture of 
membranes in an obese patient. The internal landmarks of the 
head are not well seen. The calipers are measuring the head 
measurements with no surrounding anechoic (black) amniotic fl uid.    

 Figure 12.11      The brain anatomy includes documentation of the 
midline falx (fatter arrow) and the anterior box-shaped hypoechoic 
region (thinner arrow) representing the cavum septum pellucidum, 
indicating that the corpus callosum is present.    

 Figure 12.12      The lateral ventricles are seen in each cerebral 
hemisphere with the brighter echogenic choroid plexus which 
produces the cerebrospinal fl uid (arrows). The atrium of the 
lateral ventricle is measured (dotted line) and should be less 
than 10 mm. Ventriculomegaly or choroid plexus cyst would be 
identifi ed in this view.    
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 Chest 
 Th e chest views include: the four-chamber heart view 
(4CHV;  Figure 12.17 ) and cardiac outfl ow tracts if 
possible ( Figures 12.18 – 12.19 ). Th e aortic and ductal 
arches may also be seen ( Figures 12.20 – 12.21 ). Th e 
simple 4CHV may only identify a third of structural 
heart anomalies; hence it is recommended that outfl ow 
tracts be added for information on the great vessels.        

 The abdomen 
 Th e abdominal views encompass the stomach, kid-
neys ( Figures 12.22 ,  12.23 ), bladder ( Figure 12.24 ), 
cord insertion ( Figure 12.25 ), and documentation of 
the three-vessel cord ( Figure 12.26 ). Th e gall bladder 
may be documented as well. Documentation of these 
structures will evaluate for abdominal wall defects 
and renal and cord anomalies.        

 Figure 12.13      The posterior fossa view identifi es the cerebellum, 
the cisterna magna (CM), and the nuchal fold (NF), the measurement 
of the skin overlying the skull at the level of the cerebellum (Cereb). 
The nuchal fold confers increased aneuploidy risk in the second 
trimester, if greater than 6 mm at 18–20 weeks’ gestation.    

Cereb

CM CB NF

CM

NF

 Figure 12.14      The orbits are documented, often with the 
lens (arrows) seen within the orbital area. Measurement of the 
biorbital diameter can give information about the risk of hypo- or 
hypertelorism.    

 Figure 12.15      The facial profi le is seen with the nasal bone 
(asterisk), the absence of which would increase the risk for Down’s 
syndrome. Micrognathia or frontal bossing can be detected in this 
view. ch: fetal chin.    

 Figure 12.16      The nose and lips are seen here (arrow pointing 
to upper lip) without evidence of a cleft lip. These surface views 
cannot exclude isolated cleft palate. The asterisk is located at the tip 
of the nose.    

 Figure 12.17      The 4CHV is the most important cardiac view for 
fetal assessment. The heart should occupy one-third of the chest 
with approximate symmetry of the ventricles (RV: right ventricle; 
LV: left ventricle) and the atria (RA: right atrium; LA: left atrium) with 
a leftward cardiac axis. The mitral (m) and tricuspid (t) valves are 
off set from each other.    
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 Figure 12.20      The aortic arch resembles a “candy cane” and the 
neck vessels (arrow) are seen arising from the top of the arch.    

 Figure 12.21      The ductal arch has more of a “hockey stick” 
appearance (white line).    

 Figure 12.22      The fetal kidneys are commonly seen in a transverse 
plane, positioned laterally to the vertebra (v). There can be a small 
amount of urine seen in the renal pelvis (rp), and this is assessed by 
an anteroposterior measurement, such that 4 mm or less is normal 
in the second trimester.    

 Figure 12.23      The kidney can also be seen in a coronal plane, with 
better assessment of the full length of the organ to exclude cysts or 
other abnormalities that may not be seen on one transverse cut of 
the kidneys. The asterisks mark the two polar ends of the kidney.    

 Figure 12.19      The short axis of the heart gives information about 
the right side of the heart with the aorta (Ao) in the center. pv: 
pulmonic valve; pa: pulmonary artery; da: ductal arch.     Figure 12.18      The left ventricular outfl ow tract extends from the 

left ventricle (LV) up through to the aorta (Ao). St: stomach; fn: 
fetal neck.    
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 The spine 
 Th e spine is oft en documented in a transverse seg-
mental fashion at the cervical, thoracic, lumbar, and 
sacral levels ( Figure 12.27 ), as well as in a sagittal 
fashion ( Figure 12.28 ) to exclude anomalies such as 
myelomeningocele. Identifi cation of the skin fold over 
the vertebrae helps to exclude the presence of open 
spina bifi da. Ultrasound can visualize up to 95% of 
open neural tube defects (ONTDs) [ 14 ].     

 The extremities 
 Th e extremities are frequently visualized in a standard 
obstetrical scan ( Figures 12.29 –12.33).      

 Figure 12.24      Often the use of Doppler ultrasound identifi es the 
two umbilical arteries that fl ank the fetal bladder (bl), pointing to 
the presence of a three-vessel cord. fem: femur.    

fem

bl

 Figure 12.25      The abdominal cord insertion (ci) is visualized with 
the lateral abdominal wall (aw) intact and smooth. The presence of 
an omphalocele or gastroschisis would be obvious at this view.    

aw

ci

aw

CI

 Figure 12.26      The three-vessel cord is seen here in cross-section 
with two smaller arteries (ua) and the much larger umbilical 
vein (uv).    

uv ua
ua

 Figure 12.27      The cross-sectional view of the lumbosacral spine 
identifi es the overlying skin (asterisk) covering the three ossifi cation 
centers (indicated by o) of the vertebra as well as the iliac wings, in 
order to exclude open neural tube defects (ONTDs).    

 Figure 12.28      This is a sagittal view in order to identify the skin 
covering the spinal cord (arrowheads). Often these views will be on 
more than one image.    
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 Figure 12.29      The superior femur length in the image is 
measured, but both femurs are identifi ed in this view.    

 Figure 12.32      The radius (r) and ulna (u) can be seen and may be 
important as there are clinical syndromes that involve abnormalities 
of the radius.    

u

r

 Figure 12.33      Documentation of open hands can be important, 
especially if there is a suspicion of an aneuploidy, such as trisomy 
18, with abnormal clenching of the hands.    

 Figure 12.30      The lower legs are present in this view where both 
distal ends of the tibia and fi bula (arrowhead) are seen.    

 Figure 12.31      The feet are demonstrated, but often individual toes 
(t) are not counted, though polydactyly can be observed.    

t
t

FEET

 More targeted imaging includes measurements of 
all four extremities and their long bones. Information 
derived from the fetal long bones not only helps 
exclude skeletal dysplasia, but may also help to assess 
intrauterine growth restriction [ 15 ].   

 Gender 
 Gender may be identifi ed for medical purposes, but 
a patient may choose not to be informed of this fi nd-
ing ( Figures 12.34 ,  12.35 ). Gender can be extremely 
important when identifying fetuses in multiple gesta-
tions as well as helping to exclude ambiguous genitalia 
or determining syndromes that are sex linked. In 
certain countries there is legislation that prohibits the 
use of ultrasound for the purposes of gender selection, 
since it is clear that abuse of the technology could lead 
to sex-selective abortions. Many organizations such as 
ACOG and AIUM agree that use of ultrasound to iden-
tify gender for non-medical purposes is “inappropriate 
and contrary to responsible medical practice.” [ 16 ]      

 Fetal well-being assessments and 
biophysical profi le 
 Evaluation of fetal well-being later in gestation can 
be performed by the biophysical profi le (BPP). Oft en 
these are performed for pregnancies at high risk for 
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equivocal and needs further evaluation of well-being 
and timing of delivery – depending on the clini-
cal circumstances, such as gestational age. If growth 
restriction persists and the patient is undelivered, 
serial testing aims to assure fetal well-being while 
 attempting to prevent stillbirth.   

 Dating and growth assessments in the 
second to third trimester 
 While a single measurement, the CRL, is used in the 
fi rst trimester, multiple biometric measurements are 
used in the second and third trimester. Th ese include 
the biparietal diameter and head circumference (HC) 
at the level of the fetal thalamus ( Figure 12.36 ), 
abdominal circumference (AC) ( Figure 12.37 ), and 
the femur length (FL) ( Figure 12.38 ). Th e cerebellar 
diameter and the humeral length are among other 
measurements that may also be assessed. All these 
display an increasing standard deviation with increas-
ing gestational age.    

 In understanding dating and growth by pre-
natal ultrasound, it is important to state that a single 
 biometric measurement can be used in two ways. 
First, if the  gestational age is known , the biometric 
measurement can also be reported as growth per-
centile for that gestational age. Alternatively,  if the 
gestational age is unknown , the measurement obtained 
represents the 50th percentile for a specifi c gestational 
age (oft en listed in gestational weeks). For example, 
an HC of 22.1 cm represents the 50th percentile for 24 
weeks’ gestation, but in a fetus known to be dated at 
25 weeks and 4 days, this measurement is at the 11th 

fetal acidemia and stillbirth, such as growth restric-
tion. Th e components assessed over 30 minutes in 
the BPP include: amniotic fl uid pocket (of at least 
2  cm in depth with at least 1  cm transversely), fetal 
tone (at least one episode of fl exion/extension of an 
extremity or spine), fetal movement (three or more 
movements), fetal breathing (at least one episode last-
ing a minimum of 30 seconds), and non-stress testing 
(showing at least two fetal heart accelerations of at 
least 15 bpm for 15 seconds). Two points are assigned 
to each category if the requirements are met, and zero 
if not. A score of 8 or 10/10 is felt to be reassuring, 
implying that the fetus is being oxygenated suffi  ciently 
with no acidemia, with an adequately functioning 
placenta. However a 0 or 2/10 portends fetal asphyxia 
within one week, and will usually prompt the decision 
to deliver the fetus. A score of 4 or 6/10 is considered 

 Figure 12.35      Male gender is demonstrated, with the arrow 
pointing at the phallus.    

 Figure 12.36      The biparietal diameter is measured from the 
outer table of one parietal bone to the inner table of the opposite 
bone at the level of the thalamus (Th). In the same view, the 
occipitofrontal diameter and HC are measured.    

 Figure 12.34      Female gender is identifi ed by the presence of the 
three echogenic lines medial to the leg (asterisk) and not merely by 
the absence of male genitalia.    
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the head measurements, though the AC is the single 
best measurement refl ective of fetal growth distur-
bances. Dating by ultrasound in the second trimester 
usually is reported as a single EDD, whereas the true 
date is likely ±10–14 days from the prescribed EDD, 
and in the third trimester the range can be ±3 weeks.   

 Dating discrepancies 
 If the expected size of the fetus based on LMP or 
reported EDD does not match observed US measure-
ments, the possibility of an incorrect EDD (“wrong 
dates”) arises. Information such as detailed menstrual 
history, prior ultrasounds, use of contraception or 
assisted reproductive techniques all become necessary 
to better estimate the true EDD. A greater than three- 
to fi ve-day discrepancy in CRL size in the fi rst trimes-
ter (i.e. six to seven weeks) may require a change of the 
EDD [ 20 ]. Convention indicates that the ultrasound-
based EDD would be used if the diff erence is more 
than seven days in the fi rst trimester as compared to 
dates by LMP [ 21 ]. For example, if a patient had a CRL 
of 7.8 cm (equivalent to 13 wk 4 d) but by LMP she was 
supposedly 17 weeks, the ultrasound would be used 
for her EDD. In the early second trimester, i.e. at the 
time of the anatomical survey, a greater than 10-day 
diff erence between the expected vs. the composite 
sonographic age would suggest changing the gesta-
tional age. As the third trimester has more variation 
in the individual biometric measures, the composite 
sonographic age of the fetus would have to be discord-
ant by more than three weeks to result in a gestational 
age change [ 21 ]. If the EDD is subsequently changed, 
another ultrasound to re-evaluate growth may help 
corroborate this. Alternatively, while size inconsisten-
cies may be due to inaccurate dating, the other pos-
sibility is a growth disturbance, such as intrauterine 
growth restriction (IUGR)/small for gestational age or 
macrosomia/large for gestational age (LGA).   

 Estimated fetal weights 
 Estimated fetal weight (EFW) by ultrasound is for-
mula dependent and oft en relies on a combination 
of either biparietal diameter or HC (or both), AC, 
and FL. Th e validation of the EFW formulae used 
in an ultrasound lab is important, as the regression 
formula used in one population may diff er from 
that of the population being scanned. Diff erent clin-
ics should then test the performance of diff erent 
formulas to identify which performs the best [ 22 ]. 
For  example, formulas derived in Japan may not be 

percentile. Th e percentiles vary by the reference charts 
used in a particular ultrasound laboratory. 

 Assigning an EDD in the second and third tri-
mester is usually performed by averaging the 50th 
percentile gestational ages of the biparietal diameter, 
HC, AC, and FL. Th e combination of biometric meas-
ures will better determine the gestational age with less 
error than any single parameter [ 17 ,  18 ].  

 Individual parameters 
 When evaluating the individual biometric parameters 
in the latter part of pregnancy, the biparietal diameter 
has a smaller standard deviation in the early second 
trimester, with a margin of ±7–11 days [ 19 ]. However, 
variations in skull shape make the performance of 
biparietal diameter for dating less precise, where over-
all the HC performs better. Both FL and the AC have 
much larger margins of estimation comparatively than 

 Figure 12.38      The calipers in this image measure the femur length 
along the shaft of the bone. The femur length is felt to be reliable 
after 14 weeks of gestation for dating.    

 Figure 12.37      The ellipse encompasses the abdominal 
circumference taken just below the diaphragm at the level of the 
stomach (St) and the umbilical vein (UV) joining the left portal vein 
into the portal sinus (PS) in the transverse plane.    
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earlier delivery prior to the EDD, but frequently aft er 
37 weeks’ gestation, to optimize fetal organ maturity, 
depending on the severity of the growth restriction. 
However, in cases identifi ed earlier, antenatal testing 
may include CTG, BPP, and the adjunctive use of 
Doppler velocimetry of the fetal vessels to attempt to 
determine optimal timing of delivery.   

 Doppler assessments of placenta and fetus 
 Doppler ultrasound of the fetal vessels, particularly 
the umbilical artery, can aid in the management of 
high-risk pregnancies, particularly those aff ected by 
growth restriction. A recent Cochrane review con-
cluded that umbilical artery Doppler use in high-risk 
pregnancies aff ected with IUGR helped decrease peri-
natal mortality by almost 30% [ 23 ]. Use of umbili-
cal artery Doppler fl ow indices ( Table 12.4 ,  Figure 
12.39 ) derives from the observation that IUGR occurs 
due to uteroplacental insuffi  ciency or in association 
with increased vascular resistance in the placenta 
due to fi brosis or infarct. As resistance increases, 
blood fl ow through the umbilical artery will decrease 
during diastole, with severe cases resulting in absence 
or reversal of end-diastolic fl ow, or resistance index 
values approaching 1, or increased pulsatility index 
values ( Figures 12.40 ,  12.41 ).       

 In some IUGR fetuses, an abnormal pattern of vas-
cular fl ow change ensues: initially the umbilical artery 
(UA) Doppler indices change, followed by brain-
sparing with increased diastolic fl ow in the middle 
cerebral artery, followed by venous Doppler changes 
which can precede oligohydramnios and ultimately 
stillbirth [ 24 ]. 

 Th e ductus venosus is the most common vein 
assessed for venous Doppler studies ( Figure 12.42 ); 
progressive loss or reversal of the forward blood fl ow 
in atrial systole is considered among the very last signs 
of fetal deterioration ( Figure 12.43 ). Th is may refl ect 
worsening cardiac function due to dysfunction of the 
placenta and poor perfusion. Th e validity of these 
measures ultimately depends on how eff ectively they 

 appropriate for an inner-city, urban pregnant popu-
lation in Philadelphia. Ultimately the multitude of 
formulas and reference charts available which serve as 
standards vary immensely; providers must be aware 
of the applicability of the data to their own popula-
tion, particularly in defi ning a fetus as IUGR or LGA. 
While it is true that many formulas are available to 
determine EFW, it is clear that as gestational age 
progresses the range of variation associated with a 
calculated sonographic EFW increases, such that it is 
common to state that, at term, the actual birth weight 
is likely to be EFW ±15–20% (EFW).   

 Macrosomia 
 Large fetuses are associated with maternal obesity and 
diabetes, or a familial predisposition. Th ese may be 
defi ned by specifi c weight thresholds, such as 4500 g, 
or by percentiles, such as the 95th percentile for a par-
ticular gestational age. Less commonly, LGA fetuses 
can be associated with overgrowth syndromes such 
as Beckwith–Wiedmann. Since the EFW at term has 
a larger range of variation, this makes prediction of 
true extremes of birth weight diffi  cult, particularly in 
relation to predicting macrosomia.   

 Intrauterine retardation 
 Intrauterine growth restriction (IUGR) is oft en 
defi ned by the estimated fetal weight being less than 
the 10th percentile of some reference population for 
the specifi c gestational age. Other defi nitions include 
an AC < 5th percentile. Th e etiology of IUGR is diverse 
and not within the scope of this chapter. However, 
consideration of fetal, maternal, and placental fac-
tors will help guide diagnosis and management. Fetal 
factors include aneuploidy (especially if there is early 
symmetric IUGR), structural anomalies, infections, 
and multiple gestations. Severe maternal diseases, 
such as hypertension, vascular disease, or chronic 
drug or tobacco use, are among the maternal condi-
tions which infl uence fetal growth, particularly in 
the third trimester. Placental abnormalities related to 
poor implantation or size may contribute to the poor 
growth of the fetus as well. IUGR is oft en identifi ed 
in the late second trimester or early third trimester. 
Depending on the gestational age, these pregnancies 
are followed with serial growth scans to observe for 
some continued interval growth. Oft en antenatal test-
ing (e.g. non-stress tests or cardiotocography [CTG], 
BPP) will be performed to ensure fetal well-being 
as the pregnancy progresses. Th is may precipitate 

 Table 12.4       Umbilical artery Doppler parameters for IUGR 
assessment   

  • Systolic / diastolic (S/D) ratio  

  •  Assessment for the absence of end-diastolic fl ow or reversed 
diastolic fl ow  

  • Resistance index (RI) = (S – D) / S  

  • Pulsatility index (PI) = (S – D) / Average (S, D)  
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can be shown in randomized trials to reduce morbid-
ity or mortality. A recent multicenter trial of manage-
ment of fetuses from 24 to 36 weeks’ gestation with 
IUGR included umbilical arterial Doppler assessment 
but not venous Doppler [ 25 ]. Th e trial randomized 
fetuses to delivery aft er steroid administration was 
completed, versus delaying delivery until fetal well-
being was no longer reassuring in order to achieve 
more time in utero. Ultimately, the increased number 
of neonatal deaths in the fi rst group was similar to the 
number of stillbirths in the second group. Th e role of 
venous Doppler in determining when to intervene 
for preterm IUGR fetuses and subsequent outcome 
of IUGR pregnancies is still undetermined and awaits 
data from the ongoing Trial of umbilical and fetal fl ow 
in Europe (TRUFFLE) [ 26 ]. But at this time, Doppler 
insonation of fetal vessels remains an adjunctive study 

 Figure 12.39      Normal umbilical artery Doppler fl ow with noted 
systolic (S) and diastolic (D) fl ow.    

 Figure 12.40      In this view, as placental resistance of blood fl ow 
increases due to infarction or fi brosis, for example, the diastolic fl ow 
decreases and may be absent (asterisk).    

 Figure 12.41      In severe cases of placental insuffi  ciency/IUGR, the 
diastolic fl ow may be reversed (arrow) – below the baseline.    

 Figure 12.42      Venous Doppler assessment, in this case the ductus 
venosus, may refl ect cardiac function with observation of the 
systolic (s), diastolic (d), and “a” wave (forward velocity with atrial 
contraction).    

 Figure 12.43      If cardiac blood is decreased in an IUGR fetus, 
or if there is cardiac dysfunction for other reasons, there will be 
decreasing, absent, or even reversed forward fl ow with the “a” 
wave, often heralding poor fetal well-being, leading to delivery 
or stillbirth. The dotted line marks one cardiac cycle; s: systolic; 
d: diastolic; a: “a wave.”    
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 Figure 12.44      This screenshot captures 
the three orthogonal planes which can 
be assessed simultaneously from a 3D 
volume dataset, where the highlighted dot 
represents the same structure in all three 
planes with (A) sagittal plane of the fetus; 
(B) the axial or transverse plane; and (C) the 
coronal or “en face” view.    

A B

C

 Figure 12.45      The surface rendering of a three-dimensional 
image is most commonly a fetal face, often more revealing as the 
pregnancy progresses, but can be limited by the presenting part 
pushed against the uterus or covered by a fetal part.    

 Figure 12.46      The surface rendering can allow the patient/family 
to better conceptualize the abnormality a fetus is facing, in this 
case an epignathus, or teratoma arising from the fetal oral cavity 
protruding out of the mouth (arrow).    

to evaluate the well-being of IUGR fetuses, and should 
not be applied to low-risk pregnancies.       

 Three-dimensional (3D) ultrasound 
 Th e use of this imaging modality has been enhanced 
in recent years by improving technology and auto-
mated acquisition of volumes, which does not require 
 freehand “sweeps” of volumes with the examiner 
moving the ultrasound probe. Th e data captured are 
multiple two-dimensional sonographic slices stacked 
together. Th e power of the technology lies in the abil-
ity to view the same structure in three orthogonal 
planes ( Figure 12.44 ).  

 Currently the role of 3D ultrasound is adjunctive 
to 2D imaging, to better clarify potential anomalies. 

It may better image the fetal face ( Figure 12.45 ), 
 particularly for facial cleft s; assist in delineation of 
abnormal spine or brain fi ndings; and further image 
the fetal heart. Th e use of the 3D image may also aid 
the parents to better understand the nature of the 
specifi c anomaly ( Figure 12.46 ). In addition, the use 
of actual fractional limb volumes (rather than 2D 
derived biometric measures) results in more accurate 
estimation of estimated fetal weight, with standard 
deviations in the 5–10% range [ 27 ].       
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 Clinical features and management 
 Th e pregnancy may be complicated by polyhy-
dramnios resulting from failure of fetal swallowing 
 function. Infants born with anencephaly are gener-
ally considered to be non-viable, and management of 
these pregnancies and deliveries takes on a palliative-
care approach. Th erefore, cesarean section is not rec-
ommended for fetal indications.   

 Ultrasonographic appearance 
 Key features, shown in  Figure 13.1 , consist of the 
absence of part or all of the cranium and cerebral 
structures above the level of the upper brainstem. Th e 
orbits are prominent and can appear to be “frog-like,” 
especially in frontal orientation.     

 Introduction 
 Th is chapter surveys a number of prenatally recogniz-
able fetal anomalies, commonly documented by ultra-
sound. When these are identifi ed, the information can 
be used to better counsel parents regarding expecta-
tions and prognosis of the fetus and pregnancy. Since 
many severe structural abnormalities are associated 
with aneuploidy, it is recommended that amniocen-
tesis or chorionic villus sampling be off ered to pursue 
fetal karyotyping. With early recognition, parents can 
consider all options of management, including termi-
nation of pregnancy. Th is very sensitive topic demands 
a full appreciation of the complex factors including 
severity of the prognosis, gestational age, and personal 
views of the family. A team approach for management 
of the pregnancy is paramount, especially regarding 
timing and location of the delivery. Joint meetings 
of obstetricians, perinatologists, neonatologists, and 
pediatric subspecialists allow for a coordinated eff ort 
for perinatal and neonatal management as well as 
aff ording families the most comprehensive support 
through one of the most diffi  cult times in their lives.   

 Central nervous system anomalies  
 Anencephaly 
 Anencephaly is the congenital absence of the cranium 
and cerebral structures above the level of the upper 
brainstem. Oft en considered one of the extremes of 
open neural tube defects (ONTDs), developmentally 
it is thought to be associated with abnormal closure of 
the anterior neuropore. More recent data suggest that 
the fetus presents with acrania as the primary insult, 
which subsequently leads to damage and degeneration 
of the neuronal tissue.  

 Chapter  Antenatal diagnosis of selected defects    
    Michael A.     Posencheg       and     Eileen Y.     Wang       13 

 Figure 13.1      Anencephaly. A profi le view is demonstrated in an 
anencephalic fetus where the arrow points to the orbit, but no 
forehead or cranium is seen.    
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 Figure 13.2      Encephalocele. The fetus is prone in this view with 
the arrow delineating a small protruding sac from the occipital area 
of the skull. c: calvarium; sp: spine.    

 Encephalocele 
 Encephaloceles are identifi ed by a focal defect of the 
cranium with a protrusion of a sac-like structure 
containing neuronal tissue. Th ese defects may occur 
anteriorly, in the frontal–nasal region, but more com-
monly occur in the occipital region.  

 Clinical features and management 
 Encephaloceles may be associated with a variety of 
syndromes, most oft en inherited in an autosomal 
recessive manner. When an occipital encephalocele is 
seen in conjunction with polycystic kidneys, and post-
axial polydactyly, Meckel–Gruber syndrome must be 
considered. 

 Delivery for these fetuses is via cesarean sec-
tion and should be performed in a center with the 
appropriate neurosurgical service for post-natal man-
agement. Outcome is variable by location, amount of 
neural tissue involved, and associated anomalies.   

 Ultrasonographic appearance 
 Encephaloceles can be detected prenatally with the 
use of ultrasound by evaluating the confl uence of the 
fetal cranium. Findings during the rest of the anatom-
ical survey can help the practitioner make the diag-
nosis of associated syndromes (e.g. Meckel–Gruber). 
 Figure 13.2  depicts an occiptal encephalocele.     

 Myelomeningocele 
 A myelomeningocele results when there is a failure of 
the closure of the posterior neural tube during early 
gestation. Th ere is a defect in the spinal column at the 
site, which may or may not be skin covered.  

 Clinical features and management 
 Myelomeningocele may be suspected if the mother 
has an elevated maternal serum alpha-fetoprotein 
(MSAFP). Th is defect has been clearly associated with 
folate defi ciency during conception and early gesta-
tion, and folate supplementation prior to conception 
has resulted in a decrease in the incidence of neural 
tube defects. Most defects occur in the lumbar region 
(approximately 80%), but they can occur anywhere 
along the length of the spinal column. 

 Depending on the level of the defect there can be 
associated neurological defi cits, including urinary and 
bowel incontinence, as well as lower extremity muscle 
control and cutaneous sensation. Decreased move-
ment of the lower extremities in utero can result in 
talipes equinovarus (club feet). An associated fi nding 
in the CNS is termed the Arnold–Chiari II malforma-
tion. Th is is characterized by inferior displacement 
of posterior cranial structures such as the medulla, 
fourth ventricle, and cerebellum. Hydrocephalus and 
brainstem compression may result and impact the 
infant’s respiratory drive aft er birth. 

 Recently, a randomized controlled trial evaluated 
prenatal repair of myelomeningocele, against stand-
ard post-natal surgery. Th e primary outcome was fetal 
or neonatal death or the need for a cerebrospinal fl uid 
shunt to treat hydrocephalus. In the standard group 
the rates of death or shunt were 98%, which decreased 
to 68% in the prenatally treated group. Prenatal sur-
gery also improved mental and motor function at 
30 months, although a higher preterm delivery rate 
and an increased uterine dehiscence at delivery was 
also present. Selected centers in the United States are 
 currently off ering this fetal intervention. 

 Th e route of delivery in the presence of mye -
lo meningocele is controversial, especially if the myelo-
meningocele is small. Earlier studies recommended 
solely cesarean delivery regardless of the size of the 
lesion, in order to reduce exposure of the aff ected area to 
the vaginal fl ora and the “forces” of labor. Re-evaluation 
of this topic has not shown defi nite evidence of an advan-
tage for long-term outcome with cesarean section. 

 Care in the delivery room begins with ensuring an 
adequate breathing pattern, given the possibility of an 
impaired respiratory drive. Furthermore, care is taken 
to treat open lesions with sterility as much as possible. 
Warm saline-soaked sterile gauze can be used to cover 
the defect until the infant is transported to a neonatal 
intensive care unit equipped to treat such lesions. If 
possible, delivery should occur in a center with the 
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 Figure 13.3      Neural tube defect. A sagittal view of the spine is 
seen here with the arrow illustrating the disruption of the vertebral 
column and overlying skin by a sac-like protrusion consistent with a 
myelomeningocele.    

 Figure 13.4      Neural tube defect. A transverse view shows the 
irregular sac at the distal aspect of the spine (arrow). Refer to 
 Chapter 12  for a view of the normal sacral spine.    

 Figure 13.5      Neural tube defect. The “lemon sign” associated with 
ONTDs describes concavity at the frontal bones of the calvarium 
(arrows). This fi nding can be present in 1% of normal fetuses.    

 Figure 13.6      Neural tube defect. The arrows are outlining the 
“banana”-shaped cerebellum associated with ONTDs, where 
the normal cerebellar contour is distorted as there is tethering 
downward of the cerebellum into the spinal canal, leading to an 
abnormal posterior fossa.    

appropriate multidisciplinary services such as neuro-
surgery, physical therapy, urology, orthopedics, and 
neonatology.   

 Ultrasonographic appearance 
 Th e lesion is confi rmed by ultrasound when there is a 
defect of the skin overlying the vertebral column; bony 
defects may also be visible, and a protruding sac from 
the defect may or may not be present. Th is is demon-
strated in sagittal view in  Figure 13.3  and in transverse 
view in  Figure 13.4 . Frequently there are associated 
sonographic fi ndings in the fetal head, known as the 
lemon sign (scalloping of the frontal bones; see  Figure 
13.5 ) and the banana sign (normal cerebellar contour 

is distorted as there is tethering downward of the cer-
ebellum into the spinal canal, as seen in  Figure 13.6 ).     

 Th e use of 3D ultrasound has allowed better locali-
zation of the level of the aff ected vertebrae by analyz-
ing the diff erent orthogonal views of the spine in 
relation to the ribs and fetal pelvis. 

 Due to tethering of the cord, the cerebellum and 
other posterior structures may be displaced down-
ward (Arnold–Chiari II malformation). Th e resulting 
obstructive pattern in the cerebrospinal fl uid (CSF) 
fl ow can lead to ventriculomegaly or hydrocephalus, 
which can be clearly detectable by ultrasound.    
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ages, when the ratio is larger normally, it is not used as 
consistently. Th e diff erential diagnosis of ventriculom-
egaly includes structural concerns such as aqueduc-
tal stenosis or other CNS-related anomalies (such as 
myelomeningocele, described elsewhere), genetic syn-
dromes including aneuploidy, and infection. Fetal MRI 
can better clarify CNS structure, with evidence that 
this modality will change or add to a diagnosis in up to 
40% of cases. Serial examinations to defi ne progression 
are also important.  Figure 13.7    demonstrates hydro-
cephalus with enlarged ventricular size and a dangling 
choroid plexus. In  Figure 13.8 , the hydrocephalus is so 
extensive that there is little cerebral cortex seen.      

 Dandy–Walker malformation 
 Th e Dandy–Walker malformation (DWM) is com-
prised of a complex of fi ndings including an absent or 
hypoplastic vermis of the cerebellum, cystic dilation 
of the fourth ventricle, and hydrocephalus. Agenesis 
of the corpus callosum and other migrational defects 
can accompany this constellation of fi ndings due to a 
shared developmental period. Th e primary causative 
factor resulting in this malformation is a failure of the 
foramen of Magendie to open. Th ere are variants of 
the DWM where there is only an absent vermis or a 
large cisterna magna.  

 Clinical features and management 
 With the ability to identify features of the DWM in 
utero, diagnosis is being made earlier. Previously, the 
presence of hydrocephalus at or shortly aft er birth 
prompted an investigation of the cause, but hydro-
cephalus is not always clinically apparent. Post-natal 
management is centered upon neurosurgical shunting 
of the CSF. What diff erentiates this from ventriculom-
egaly is the potential need to shunt both the lateral and 
fourth ventricles to adequately decompress the ven-

 Ventriculomegaly and hydrocephalus 
 Th e diff erence between ventriculomegaly and hydro-
cephalus is subtle, but hinges on CSF pressures. Any 
ventricular enlargement can be referred to as ventricu-
lomegaly, whether due to increased CSF production 
or the destruction of surrounding brain tissue. In this 
way, the corresponding head circumference can be 
small, normal, or enlarged. When the term hydroceph-
alus is used, the presumption is that the ventricles are 
enlarged due to increased pressure from increased CSF 
production or, more likely, impaired CSF drainage.  

 Clinical features and management 
 Infants born with ventriculomegaly can appear normal 
or have a head circumference close to or exceeding 
50 cm in extreme circumstances. Th e challenge in the 
delivery room is to evaluate the infant’s respiratory 
pattern and adequacy of airway patency to determine 
appropriate intervention. Post-natal evaluation of this 
disorder usually involves advanced head imaging with 
either CT or MRI scanning, and possible neurosurgi-
cal intervention with ventriculoperitoneal shunting. 
Management is dictated by the etiology of the disorder. 
An isolated fi nding of mild ventriculomegaly in utero is 
oft en associated with an excellent long-term prognosis.   

 Ultrasonographic appearance 
 Ventriculomegaly is defi ned by in utero ultrasound 
when the measurement of the atrium of the lateral 
ventricle (behind the choroid plexus) is more than 
10 mm. Mild ventriculomegaly is described when the 
measurement is between 10 and 15  mm, and severe 
ventriculomegaly is defi ned as 15  mm or greater. 
Previously, the ratio of the lateral ventricle width to 
the hemispheric width was used, with normal ratios 
being 1  :  2 or 1  :  3 depending upon gestational age. 
Given the variability of this fi nding in early gestational 

 Figure 13.7      (A) Hydrocephalus: 
the measurement of the lateral 
ventricle atrium is 25.8 mm, 
consistent with hydrocephalus. 
(B) Hydrocephalus and dangling 
choroid plexus: in this image 
there is evidence of a “dangling” 
choroid plexus (arrow), often seen 
when the lateral ventricles are 
enlarged.    

A B
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HPE have more signifi cant clinical fi ndings. Clinical 
features may include: cyclopia, proboscis, absence 
of a nose, hypotelorism, cleft  lip/palate, and a single 
central incisor. Endocrine abnormalities are due to 
a failure of hypothalamic/pituitary development and 
can result in hypogonadism. Apnea and seizures are 
more common in these infants as well. Trisomy 13 is 
the most common aneuploidy associated with holo-
prosencephaly, but other genetic associations have 
been described.   

 Ultrasonographic appearance 
 Alobar holoprosencephaly is easiest to diagnose due 
to the single sickle-shaped lateral ventricle, as seen 
in  Figure 13.10 . Variations in cerebral separation, the 
presence of the corpus callosum, and anatomy of the 
ventricles can be detected with the use of prenatal 

tricular system. Th e DWM is associated with both an 
increased mortality and neurodevelopmental morbid-
ity. Infants and children with DWM are at increased 
risk for hypotonia, ataxia, delayed motor development, 
and mental retardation. Earlier diagnosis has been 
previously associated with worse outcome but this may 
not hold true any longer, with increased in utero diag-
nosis of more subtle features. Likely, the association of 
accompanying systemic anomalies, such as congenital 
heart disease, cleft  lip/palate, neural tube defects, and 
renal/urinary anomalies, may play a larger role.   

 Ultrasonographic appearance 
 Th e diagnosis of DWM can be made in utero with the 
detection of the usual constellation of signs includ-
ing hypoplasia or aplasia of the cerebellar vermis 
and cystic dilation of the fourth ventricle. A poste-
rior fossa cyst is noted by the arrows in  Figure 13.9 . 
Further imaging can detect associated anomalies such 
as agenesis of the corpus callosum.     

 Alobar holoprosencephaly 
 Holoprosencephaly (HPE) is a defect of the forebrain 
in which there was either partial or complete failure 
of separation into two cerebral hemispheres. Th ere 
are multiple variants based on the degree of failure of 
forebrain separation. Th e most recognizable by ultra-
sound is the alobar type, where there is only one “lat-
eral” ventricle, which is sickle shaped and surrounds 
the fused thalami.  

 Clinical features and management 
 Th e fetus and infant with holoprosencephaly have var-
iable clinical presentation dependent upon the degree 
of lack of forebrain separation. More severe forms of 

 Figure 13.8      Massive hydrocephalus at term, where the falx is 
identifi ed but little to no cerebral cortex is seen.     Figure 13.9      Dandy–Walker malformation. An example of a 

posterior fossa cyst associated with DWM is seen here, with the 
arrows highlighting the splayed cerebellar hemispheres. T: thalami.    

 Figure 13.10      Alobar holoprosencephaly; the fused thalami 
(asterisk) are seen surrounded by the single “sickle”-shaped 
ventricle. V: ventricle.    



Chapter 13. Antenatal diagnosis of selected defects

240

measurements of the lung–head ratio (or LHR), as 
well as determining the relative position of the liver, 
have been reported to predict mortality or need for 
ECMO. Th e LHR is an ultrasound measurement of the 
contralateral lung area (right lung in left -sided CDH 
fetuses) normalized to head circumference. Studies 
associating LHR with outcome are mixed; therefore 
this measurement has fallen out of favor as a predictor 
of outcome. However, liver position has been more 
consistently associated with poor outcome (see the 
article by Hedrick in the “Selected reading” section at 
the end of the chapter for more information). For left -
sided CDH, when a portion of the fetal liver is in the 
thorax, this is associated with a larger defect, a greater 
degree of pulmonary hypoplasia, increased ECMO 
utilization, and increased mortality.     

 Cystic lung lesions:   congenital cystic 
adenomatoid malformation and 
bronchopulmonary sequestration 
 Th e prenatal diagnosis of cystic lesions in the fetal 
chest has improved in recent years with improv-
ing technology. Th e most common lesions include 
the congenital cystic adenomatoid malformation 
(CCAM), bronchopulmonary sequestration (BPS), 
and bronchogenic cysts. Hybrid lesions have compo-
nents of both CCAM and BPS. CCAMs are an abnor-
mal development of the terminal bronchioles, and 
therefore are in communication with the normal air-
ways. Although other classifi cation systems have been 
used, CCAMs are generally divided into macroscopic 

ultrasound. Many of the facial defects noted above can 
also be detected in utero, especially with the use of 3D 
ultrasound.      

 Anomalies in the thorax  
 Congenital diaphragmatic hernia 
 A congenital diaphragmatic hernia (CDH) develops 
when there is a defect in either side of the develop-
ing fetal diaphragm resulting in abnormal location 
of abdominal contents in the fetal thorax. Th e most 
common form is the Bochdalek hernia, occurring in 
a posterio-lateral location. Another form of CDH is 
the Morgagni hernia, occurring in a more anterior 
location. CDH can develop on the left  or right, but 
the left -sided lesions are more common. Liver, spleen, 
stomach, intestine and, sometimes, pelvic organs can 
be abnormally located in the chest. Th e presence 
of these structures in the thorax leads to a variable 
amount of pulmonary hypoplasia and contralateral 
shift  of mediastinal structures, including the heart.  

 Clinical features and management 
 Infants with CDH are commonly critically ill in the 
delivery room. Th ere is a variable amount of respi-
ratory distress, and many infants have a “scaphoid 
abdomen” due to the fact that much of their intestinal 
contents is now located in their chest. Respiratory 
insuffi  ciency from pulmonary hypoplasia usually 
requires mechanical ventilation. Nasogastric decom-
pression allows for optimal lung infl ation by removing 
air from the stomach and intestines. Another major 
clinical feature is pulmonary hypertension associated 
with both reactive pulmonary vasculature (reversible 
component) and developmental pruning of the pul-
monary vascular bed (fi xed component). Advanced 
ventilation strategies, inhaled nitric oxide (iNO), and 
extracorporeal membranous oxygenation (ECMO) 
are all supportive therapies that are used in these 
infants. Survival is dictated by the degree of pulmo-
nary hypoplasia and pulmonary hypertension associ-
ated with this developmental defect.   

 Ultrasonographic appearance 
 Th e presence of a diaphragm in a fetus does not exclude 
a CDH, which can present later in gestation, even aft er 
a normal anatomical survey at 20 weeks. Classically 
what is visualized on ultrasound is the thorax in 
cross-section with the fetal stomach seen adjacent to 
the fetal heart, oft en with displacement of the heart 
into the right chest, as shown in  Figure 13.11 . Routine 

 Figure 13.11      Congenital diaphragmatic hernia. Classically, the 
transverse view of the thorax shows the fetal stomach adjacent to 
the fetal heart, often with displacement of the heart into the right 
chest. St: stomach; rv: right ventricle; lv: left ventricle.    
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 BPS can have similar and variable clinical presen-
tations as the CCAM. One unique feature of the BPS is 
the possibility of high-output heart failure due to the 
presence of systemic arterial vascular supply directly 
from the aorta. Extralobar sequestrations are more 
likely to have a silent post-natal course.   

 Ultrasonographic appearance 
 CCAMs can be detected at as early as 12 weeks of gesta-
tion but are generally found at the time of the anatomy 
scan at 20 weeks. Observation of a cystic or echogenic 
solid or mixed structure in the fetal chest in the area of 
the fetal lungs would suggest either a CCAM or a BPS. 
 Figure 13.12  shows both sagittal and cross-sectional 
views of a CCAM. Bronchopulmonary sequestrations 
are usually diff erentiated by the presence of a vascular 
feeding vessel arising from the aorta. Doppler fl ow to 
a BPS can be seen in  Figure 13.13 .   

 Growth of CCAMs generally peaks at approxi-
mately 28 weeks of gestation. Th e CVR, or CCAM 
volume ratio, is a way to follow growth of the lesion 
while normalizing it for gestational age. Th e CVR is 
the volume of the lesion divided by the head circum-
ference. A CVR > 1.6 is correlated with more severe 
neonatal disease and a higher probability of develop-
ing hydrops fetalis.     

 Congenital heart defects 
 A variety of congenital heart defects are easily diag-
nosed in utero with the use of fetal echocardiography. 
In the following we will review a general approach to 
management of fetuses and infants with congenital 
heart defects and provide imaging information for 
selected lesions.  

 Clinical features and management 
 With the increased use of fetal echocardiography, 
more congenital heart defects are being diagnosed 
in utero. Optimal timing for this study is between 16 

(> 5  mm) and microscopic (< 5  mm) variants. BPS 
diff ers from CCAM in that it usually has a systemic 
arterial vascular supply and does not communicate 
with the airways. Variations of BPS include intralobar 
and extralobar forms.  

 Clinical features and management 
 Th e clinical presentation of CCAM can range from an 
asymptomatic infant at birth to in utero hydrops feta-
lis and death, owing to the large size, mediastinal shift , 
and cardiovascular collapse. Large lesions can inhibit 
both the ipsilateral and contralateral lung growth so 
severely that the infant is born with signifi cant pulmo-
nary hypoplasia. However, many prenatally diagnosed 
CCAMs spontaneously regress, becoming no longer 
detectable by ultrasound by the end of pregnancy. 
Even asymptomatic infants at birth, however, can 
develop symptoms as they transition to neonatal life, 
due to air-trapping in these lesions. 

 Due to the variability of clinical presentation, 
management of these infants depends on multiple fac-
tors. Following the changes in appearance in utero can 
aid the neonatologist and pediatric surgeon in deter-
mining the appropriate post-natal approach. Many 
infants are asymptomatic at birth and remain that 
way. Th ese infants can oft en be followed as out patients 
and CCAM resection arranged at approximately 8–12 
weeks of life. At the other extreme, some infants 
require immediate post-natal surgical intervention 
either right aft er birth or while still on placental 
bypass (via an EXIT [ex utero intrapartum treatment] 
procedure) in an eff ort to remove the mass, which 
has the potential to expand with positive pressure 
ventilation, while allowing the residual normal lung 
to expand to its fullest. Some infants have required 
ECMO as supportive therapy immediately aft er birth. 
Regardless of size, some centers advocate for eventual 
resection of all CCAMs due to the low but possible 
risk of malignant transformation that exists with these 
lesions. 

 Figure 13.12      Congenital cystic 
adenomatoid malformation. (A) Sagittal 
and (B) cross-sectional views demonstrate 
the hyperechoic lung mass (arrow) in the 
left lung, with slight displacement of the 
heart into the right chest with a normal 
cardiac axis. Color Doppler can evaluate 
for aberrant vasculature to help distinguish 
between CCAM and bronchopulmonary 
sequestration. St: stomach; lv: left ventricle; 
la: left atrium; ra: right atrium; rv: right 
ventricle.    

A B
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return (TAPVR) are diffi  cult to detect by fetal echo. 
Management of these lesions post-natally is individu-
alized based on cardiac function and fl ow abnormali-
ties unique to each of them. 

 Delivery at a tertiary care center with the ability 
to care for infants with CHD is important in order 
to provide resuscitation and post-delivery care in an 
expeditious fashion. If systemic or pulmonary circu-
lation is dependent on the ductus arteriosus being 
patent, prostaglandins can be started immediately or 
shortly aft er birth, either in the delivery room or inten-
sive care unit. In extreme cases where fl ow across the 
atrial septum is limited but important for post-natal 
oxygenation, an atrial septostomy can be performed 
in the catheterization lab immediately aft er birth. In 
most cases, however, a post-natal echocardiogram 
confi rms the diagnosis, and post-natal surgical inter-
vention is individualized based on the specifi c lesion 
and oft en performed during the birth hospitalization.   

 Ultrasonographic appearance  
 Hypoplastic left heart syndrome 
 Classically this entity is seen when the four-chamber 
heart view (4CHV) is obtained with distinctly small 
left  ventricle. As shown in  Figure 13.14 , the right 
atrium can be enlarged while the left  atrium is gener-
ally small. Very little, if any, left  ventricle is visible. 
It is important to evaluate whether or not there is a 
restrictive atrial septum as this can impact the infant’s 
ability to transition to neonatal life and may require 

and 30 weeks’ gestation. Aft er this time, images are 
more diffi  cult to obtain due to fetal positioning and 
maternal habitus. Not all fetuses require a fetal echo, 
and there are specifi c indications for this study based 
on a variety of risk factors, including, but not limited 
to: an abnormal obstetric anatomical survey, identifi -
cation of other anomalies that may be associated with 
CHD, increased fi rst trimester nuchal translucency, 
and certain maternal diagnoses like diabetes and phe-
nylketonuria, as well as family history of CHD. 

 Prenatal diagnosis of fetal CHD assists both the 
family and the medical team. Families can be pre-
pared regarding what to expect aft er birth and can 
alter their birthing location to a tertiary center adept 
at caring for neonates with CHD. Details on the fetal 
echo will assist the medical team in providing delivery 
room and post-natal care. Infants whose CHD is diag-
nosed prenatally have improved outcomes compared 
to those diagnosed in the fi rst few days or weeks of 
life (see the article by Jone and Schowengerdt in the 
“Selected reading” section at the end of the chapter for 
more information). 

 A variety of CHDs can be diagnosed prenatally. 
Some of these lesions include: hypoplastic left  heart 
syndrome (HLHS), atrioventricular canal defect, tri-
cuspid atresia or stenosis, tetralogy of Fallot, pul-
monary atresia or stenosis, transposition of the great 
arteries (TGA), truncus arteriosus, double outlet right 
ventricle (DORV), and coarctation of the aorta. Large 
subaortic ventricular septal defects (VSDs) can be 
seen, but smaller VSDs, secundum atrial septal defects 
(ASDs), and total anomalous pulmonary venous 

 Figure 13.14      Hypoplastic left heart. This transverse view 
illustrates an abnormal four-chamber view. The right atrium, right 
ventricle (ra, rv), and the tricuspid valve are seen close to the chest 
wall. There is very little of the left side of the heart visible next to 
the inter-ventricular septum (asterisk).    

 Figure 13.13      Bronchopulmonary sequestration: whether intra- 
or extralobar, the sequestration will have aberrant blood supply, 
usually arising from the aorta. Here the echogenic lung lesion sits 
behind the heart with a large vessel that appears to arise from the 
aorta (Ao).    
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emergent balloon septostomy to decompress the left  
atrium. HLHS may be on a continuum of disease with 
bicuspid aortic valve in the parent, for example.    

 Ventricular septal defect 
 Ventricular septal defects (VSDs) are the most common 
cardiac defects and can be variable in presentation. 
While some can be detected in utero by fetal echo, very 
small lesions may not be detectable until aft er birth by 
auscultation aft er the pulmonary vascular resistance 
has fallen suffi  ciently to allow for trans-septal shunting 
of blood through the VSD.  Figure 13.15A – B  illustrates 
a suspected VSD (arrowhead on  13.15A ), confi rmed 
when Doppler fl ow is examined ( 13.15B ). Th e arrow-
head in  Figure 13.15C  clearly shows a large VSD in a 
patient with tetralogy of Fallot.    

 Tetralogy of Fallot 
 Th e combination of right ventricular outfl ow tract 
obstruction, right ventricular hypertrophy, VSD, and 
overriding aorta comprises the specifi c elements of 
this lesion. Retrograde fi lling of the main pulmonary 
artery from the PDA indicates signifi cant right ven-
tricular outfl ow tract obstruction. Right ventricular 
hypertrophy may be diffi  cult to detect on fetal echo. 
 Figure 13.16  illustrates an aorta that appears to be 
straddling the ventricular septal defect.    

 Endocardial cushion defect/atrioventricular canal 
 Th is condition is also known as a common atrioven-
tricular canal, a combination of an atrial septal defect 
(ASD) and a VSD oft en resulting in the absence of 
the crux seen in the normal four-chamber view of the 
heart.  Figure 13.17  illustrates a fetal heart without a 

 Figure 13.15      Ventricular septal defect. (A) An interruption in the inter-ventricular septum is suspected, as denoted by the arrowhead. 
(B) Color Doppler is used to visualize (blue) fl ow across the defect previously suspected. (C) Large VSDs, as seen here (arrow), are obvious, but 
smaller ones often require the use of color Doppler for identifi cation.    

A B C

 Figure 13.16      Tetralogy of Fallot. A normal four-chamber view 
may be seen with a TOF, often without early evidence of right 
ventricular hypertrophy. Sonographic clues include a VSD, absent 
or hypoplastic pulmonary artery, or an overriding aorta as seen 
here with the VSD, such that the aorta seems to straddle the inter-
ventricular septum (denoted by s). lv: left ventricle; rv: right ventricle.    

clear atrial septum, as well as a VSD. Th is defect is 
classically associated with Down’s syndrome.    

 Transposition of the great vessels 
 With transposition, the four-chamber view can be 
normal since the defect is extracardiac and involves 
the large vessels. Th e expected “crossing over” of the 
aorta with the right outfl ow tract is not seen and 
the outfl ow tracts are seen in parallel. Th is is shown 
by Doppler fl ow in  Figure 13.18 . It is important to 
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 Clinical features and management 
 Th e post-natal evaluation of a neonate with sus-
pected urinary tract abnormality can be performed 
in a stepwise fashion. Renal ultrasound performed 
on the second day of life can avoid false-negative 
results on the fi rst post-natal day due to low urinary 
fl ow. Amoxicillin prophylaxis is usually started until 
assured that there is no renal anomaly posing an 
increased risk for urinary tract infection. A repeat 
renal ultrasound is performed at one month of age, 
as is a voiding cystourethrogram (VCUG), to evalu-
ate for VUR. If amniotic fl uid is low, or bladder size 
is enlarged, or if there are other concerns for an 
obstructed urethra, decompression of the bladder 
should be undertaken with a feeding tube or Foley 
catheter, and a pediatric urologist should be con-
sulted as this may be diffi  cult. When PUV are sus-
pected, transfer to a tertiary center is indicated. In all 
situations, urinary fl ow and function should also be 
followed closely in the post-natal period. In some cir-
cumstances, a radionuclide renal scan (MAG3) may 
be indicated to evaluate renal function and drainage 
more specifi cally.   

 Ultrasonographic appearance 
 Dilation of the renal pelvis of the fetal kidney is con-
sidered greater than normal if the anterior–posterior 
(AP) measurement is > 4 mm in the second trimester 
and > 7 mm aft er 32 weeks’ gestation. If the AP meas-
urement is greater than 10 mm and there is evidence 
of calyceal dilatation, then the abnormality would 
be called hydronephrosis. While pelviectasis is quite 
common in routine obstetrical sonography, hydro-
nephrosis is much less common. Dilated renal calyces 
and pelvis are illustrated in the two images shown in 
 Figure 13.19 .  

 Sometimes the cystic dilation is within the kidney 
itself instead of within the collecting system. When 
this occurs, the diagnosis is more likely to be multi-
cystic dysplastic kidney disease (MCKD). In this dis-
order, the surrounding renal tissue is echogenic, and 
it is commonly a unilateral fi nding with functional 
compensation by the non-aff ected kidney. An exam-
ple of MCKD is shown in  Figure 13.20 .  

 When the outlet of the bladder (urethra) is 
obstructed, the bladder appears like a keyhole, and 
is concerning for obstructive diagnoses like poste-
rior urethral valves (in males). Th is is shown in both 
images in  Figure 13.21 .      

evaluate whether or not there is an associated VSD or 
restrictive atrial septum, as this can impact on how 
the infant transitions to neonatal life and the need for 
emergent balloon septostomy.      

 Genitourinary abnormalities  
 Pelviectasis/hydronephrosis 
 When dilation of the fetal renal pelvis or calyx is 
detected prenatally, post-natal evaluation is warranted 
to investigate the possibility of a urinary tract abnor-
mality. Possible diagnoses include: ureteropelvic junc-
tion obstruction, posterior urethral valves (PUV), 
vesicoureteral refl ux (VUR), ureteroceles, ectopic ure-
ters, and megaureters. Depending on other associated 
fi ndings on ultrasound, a more specifi c diagnosis can 
be entertained.  

 Figure 13.17      Common atrioventricular canal. The silhouette of 
the 4CHV and the asterisk sits in the common atrium as no clear 
atrial septum is seen. The arrow points to the VSD and the observed 
valves do not meet at the center to form a crux. (Please refer to the 
normal 4CHV in the previous chapter.)    

 Figure 13.18      Transposition of the great vessels: the pulmonary 
artery and aorta normally cross over each other but here they are 
parallel to each other. lv: left ventricle; rv: right ventricle.    
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 Clinical features and management 
 Fetuses with an omphalocele should be evaluated for 
other anomalies, as this defect is more commonly 
associated with genetic or syndromic diagnoses. 
Some of these associated diagnoses include: pental-
ogy of Cantrell (defects of the abdominal wall, ster-
num, anterior diaphragm, pericardium, and heart), 
Beckwith–Wiedemann syndrome, and trisomy 13. 

 If the defect measures greater than 5  cm, it is 
termed a “giant omphalocele.” Th is is important 
from a prognostic standpoint as it is associated with 
increased morbidity and mortality. 

 Th e fetus with gastroschisis is less likely to have an 
associated syndrome, but may however have atretic 
areas of bowel associated with the same ischemic insult. 
Th eir mothers are more likely to be young and there 
may be a history of illicit or other vasoactive drug use. 

 Delivery of a fetus with an abdominal wall defect 
should occur in a tertiary care center with the type of 
multidisciplinary care these infants need aft er birth. 
Alternatively, such a center should be available to 
transport the infant to aft er birth, once stabilized. 

 In the delivery room, careful attention must be 
paid to the perfusion of the intestine. Signifi cant heat 
and water loss can occur due to the defect; therefore, 
these infants are placed in clear plastic bags with 
warm saline. Th is is more of an issue in gastroschisis 
due to the lack of a covering membrane. 

 Attention should be paid to the infant’s  respiratory 
status, as many infants with an omphalocele have pul-
monary hypoplasia. Th ese infants may also  experience 
increasing respiratory decompensation with serial 
reductions of their abdominal wall defect. 

 Figure 13.20      Multicystic dysplastic kidney. In this image which 
shows the polar length of a kidney, there are cysts of multiple sizes 
that do not connect with each other, consistent with MCKD. Often 
the renal parenchyma is echogenic. The calipers denote the size of 
the kidney.    

 Abdominal wall defects:   omphalocele 
and gastroschisis 
 An omphalocele is a midline defect in the abdominal 
wall aft er 12 weeks of gestation, involving protru-
sion of variable intra-abdominal components, such 
as intestine, liver, stomach, gall bladder, spleen, and 
pelvic structures. Unlike gastroschisis, the defect 
involves the umbilical cord insertion site. 

 A gastroschisis is a periumbilical defect of the 
abdominal wall. It can contain the same intra-abdom-
inal components as an omphalocele but is more likely 
due to a specifi c ischemic insult rather than a genetic 
or developmental syndrome.  

 Figure 13.21      Bladder outlet 
obstruction. (A) A severe bladder outlet 
obstruction is seen with a distended 
bladder. bl: bladder; sp: spine. (B) A cross-
sectional view of the bladder with the 
arrow pointing to the the dilated urethra 
with suggestion of a distorted “keyhole.”    
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 Figure 13.19      Hydronephrosis. Image 
(A) depicts a transverse view of the 
kidneys and the visible renal pelves 
(denoted by P); the outline of dilated 
calyces (denoted by c) is better seen in 
image (B), which shows the polar view of 
the right kidney.    

A B
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 Th e gastroschisis is placed in a Silastic silo shortly 
aft er birth, so much of the reduction of this defect is 
the result of gravity. Once the defect is mostly reduced, 
the abdominal wall is closed in the operating room. 

 Th e surgical approach for omphalocele most oft en 
involves serial reductions of the defect with tighten-
ing of the abdominal wall. Care must be taken not 
to cause increased intra-abdominal pressure. If the 
defect is small enough, the defect can be closed pri-
marily. In some circumstances, the defect is dressed in 
a sterile fashion and allowed to epithelialize without 
surgery.   

 Figure 13.22      Omphalocele. Image 
(A) shows an omphalocele that protrudes 
from the anterior abdominal wall of 
one fetus from a twin gestation. o: 
omphalocele; Sp: spine. Image (B) depicts 
a transverse view of an omphalocele 
with Doppler fl ow box showing portal 
blood fl ow into the structure. The 
stomach (denoted by St) can also be seen 
in the sac.    

A B

 Figure 13.23      Gastroschisis. This 
transverse view (A) shows the bowels 
extruding beyond the abdominal wall 
defect, lateral to the cord insertion (CI), 
usually on the right. The sagittal view (B) 
of the fetus shows the irregular bowel 
echoes, clearly diff erent from the smooth 
contour of the sac of the omphalocele.    

A B

 Ultrasonographic appearance 
 Th e midline defect of the omphalocele may involve 
the entire ventral abdominal wall. Th e umbilical cord 
inserts at the apex of the defect and there is  herniation 
of abdominal viscera at the base of the umbilical cord 
with a covering peritoneal/amniotic membrane.  Figure 
13.22  shows two views of an omphalocele. In  13.22A , 
protrusion of abdominal contents covered in a sac can 
be seen on transverse view. Image  13.22B  shows portal 
blood fl ow in the structure, with the use of Doppler.  

 In contrast, a gastroschisis generally does not have 
a covering membrane and the defect is periumbilical, 
most oft en to the right of the umbilical insertion site. 
Th e bowel appears more free-fl oating, and may con-
tain other organs, like the liver, if the defect is large 
enough. Examples of this are shown in the two images 
in  Figure 13.23 , as well as in  Figure 13.24 .      

 Other assorted skeletal anomalies  
 Clubfoot 
 Clubfoot, or talipes equinovarus, is a common con-
genital defect, found more commonly in males than 
females. It is characterized by medial inversion of the 
foot with varying degrees of plantar fl exion. Th is fi nd-
ing can occur in isolation and can oft en be seen among 
family members. However, the presentation of clubfoot 
is seen in over 200 diff erent syndromes, and therefore 
careful survey of the fetal anatomy becomes critical in 

 Figure 13.24      Gastroschisis: a massive gastroschisis is seen with 
the liver and intestines seen outside of the abdominal cavity. This 
may result from a large abdominal wall defect, or be due to rupture 
of an omphalocele.    
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While there are hundreds of separate diagnoses of 
skeletal dysplasia, some specifi c diagnoses have char-
acteristic fi ndings. Th anatophoric dysplasia is the 
most common lethal skeletal dysplasia due to signifi -
cant pulmonary hypoplasia. Infants with  osteogenesis 
imperfecta commonly have angulated bones. Th e 
characteristic fi nding of another common skeletal 
dysplasia, achondroplasia, is frontal bossing. Th e fetus 
in  Figures 13.26  and  13.27  has short-rib polydactyly. 
In  Figure 13.26  you can see the abnormal chest cir-
cumference;  Figure 13.27  illustrates abnormally short 
bones in the same fetus.     

better predicting outcome.  Figure 13.25  shows a good 
example of a clubfoot with medial inversion.    

 Skeletal dysplasias 
 Skeletal dysplasias are a class of congenital defects of 
the skeleton, including both the bones and connective 
tissue. Th is class of structural abnormalities is easily 
identifi able due to the abnormalities in the long bones 
of these fetuses. Th e diffi  culty lies in determining the 
specifi c diagnosis and whether or not there will be 
associated risks of lethality due to pulmonary hypo-
plasia. A number of biometric ratios, such as thoracic 
circumference / abdominal circumference and femur 
length  /  abdominal circumference, have been used 
to predict survival, but 100% accuracy is not guar-
anteed. Specifi c elements of the skeleton should be 
assessed to allow for a stricter diff erential diagnosis. 
Th e assessment of a fetus with suspected skeletal dys-
plasia should include the following. 
  1.     Verify gestational age.  
  2.     Document the presence of and measure all long 

bones.  
  3.     Observe the shape of the long bones (straight, 

curved, angulated).  
  4.     Examine the echodensity of the bones and the 

appearance of the metaphyseal ends.  
  5.     Examine feet and hands.  
  6.     Obtain a lateral view of the chest.  
  7.     Measure the head, abdominal, and chest 

circumferences.  
  8.     Examine the cranium and vertebrae.  
  9.     Examine the facial profi le (evaluate for 

micrognathia, frontal bossing).   

 Figure 13.25      Clubfoot: the classic ultrasound view involves 
visualizing the plantar surface of the foot in conjunction with the 
length of the tibia and fi bula. This image should be captured at 
diff erent time points since fetuses could temporarily position their 
feet inward.    

 Figure 13.26      Skeletal dysplasia. A sagittal view of a fetus at 30 
weeks aff ected with short-rib polydactyly illustrates the chest 
hypoplasia that is ultimately associated with pulmonary hypoplasia, 
with the asterisk demarcating the border from the chest to 
abdomen. They typically relate to each other at a 1 : 1 ratio.    

 Figure 13.27      Skeletal dysplasia. The femur measurement of the 
same fetus as  Figure 13.26  shows a measurement equivalent to 
23 weeks three days, while the fetus dated at 30 weeks and one day.    
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 Cleft lip/palate 
 Cleft ing of the lip and/or palate can frequently be 
identifi ed by standard 2D ultrasound. Lip involvement 
of delineation of laterality (80% unilateral) versus a 
median cleft  (which can be associated more with syn-
dromes). Isolated cleft  palate is diffi  cult to assess on 
standard ultrasound since it is not a surface abnormal-
ity. Th e use of 3D volumetric  scanning to better assess 

 Figure 13.29      Cleft lip. A 3D rendering of a 
fetal face demonstrating a median cleft lip 
with a poorly developed nose, in a fetus that 
also had holoprosencephaly.    

 Figure 13.28      Cleft lip. This view is of the fetal nares (n) and lips 
with the arrow clearly identifying the defect in the upper lip. The 
asterisk delineates the tip of the nose. Frequently, 2D ultrasound 
cannot consistently identify isolated cleft palate.    
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 abdomen  
   gasless,      153      
   prenatal screening,   225     
   scaphoid,   240     
   shadow,      155       

   abdominal circumference,      230      
   abdominal wall defects,   245–246     
   abruptio placentae,      116      
   achondroplasia,   187  ,    189      
   adrenal hemorrhage,      180      
   agenesis of corpus callosum,   129–130     
   air embolism, disseminated 

intravascular,   26  , 32     
   air leak syndromes,     24–27  , 32    

   other sites of extra-pulmonary air,   31–32      
   ALCAPA,   91     
   alphafetoprotein,   236     
   ambiguous genitalia,      17   ,    66      
 amniotic fl uid  

   aspiration,   24  , 47  , 49–50     
   fetal in utero vomiting,   140        
   Potter’s sequence,   52      

   anal atresia,   146  ,    148             
   anasarca,   99     
   anatomical assessment,   224–228     
   anemia, and low platelet count,      127      
   anencephaly,   235  , 235  ,    239      
   antenatal scanning, kidney,   159–161     
 aortic arch  

   candy cane,      226      
   double,   62     
   interruption,   93     
   morphology,   84–85  , 86     
   obstructive anomalies,   95–96         

   aortic coarctation,   74  ,      93      
   aortic thrombus,   176–177          

   US images,      177              
   Apert syndrome,      187      
   aqueductal stenosis,      130      
   ARCAPA,   91     
   Arnold–Chiari II malformation,      

130   , 236  , 237     
   arterial–venous malformations, 

extremity,   95     
 asphyxia  

   pericardial,   174  ,    175      
   perinatal, kidney in,      175             
   prediction of outcome,   113      

   aspiration syndromes,   24    
   amniotic fl uid,   47  , 49–50   
  see also  meconium    

   autosomal recessive polycystic kidney 
disease,      53   ,    170     

   liver image,      170       

   Bayley Scales of Infant Development,   9     
   Beckwith–Wiedmann syndrome,   231     
   biophysical profi le, prenatal screening,   

228–229  , 233     
   biparietal diameter (BPD),      229      
   birth injuries,   182–183     
   bladder fi stula,      165      
   bladder outlet obstruction,      245      
   Blalock–Taussig shunt,   85     
   Bochdalek hernia,   240     
 bone  

   fractures,   182–183  ,    183   ,    184      
   infections,   183      

   bone mineralization,   181     
 bowel  

   necrotic,      153      
   sloughing of mucosa, secondary,      153      
   wall thickening,      153       

 brain anatomy  
   normal cranial US,      107      
   schematic, US correlation,      107       

 brain/injury  
   bilateral ventriculomegaly,      124      
   cerebral artery infarct,   117  ,    126      
   coarctation of lateral ventricles,      112      
   Dandy–Walker malformation,      131      
   diastematomyelia,      134   ,    136      
   encephalomalacia, multicystic,      125      
   focal/multifocal ischemic lesions,   117     
   hemorrhagic lesions,   118–128       
   hypoxic–ischemic injury (HII),   113  , 

124–126     
   intrachoroidal hemorrhage, 

grade I,      120      
   intracranial hemorrhage, complication of 

ECMO,   101     
   intraventricular hemorrhages,   118     
   non-accidental trauma,   126–128  , 183     
   parasagittal brain injury,   113–114     
   periventricular leukomalacia,   114  , 

120–122     
   porencephalic cyst,   122–124     
   subdural hemorrhage,   126     
   vein of Galen aneurysm,   128–129     
   white matter loss,      124       

   bronchi, rt/lt sided, atrial isomerism,   84     
   bronchial stenosis,   59     
   bronchogenic cyst,   62  ,    64   ,    65      
   bronchopulmonary dysplasia (BPD),   7  , 

34–37  ,    37     
   complications,   36  , 37  , 38–40     
   football sign,      154              

   bronchopulmonary sequestration,   67  ,    67   ,   
 68   , 240–241  ,    242      

 calcifi cation  
   Down syndrome,      156      
   post adrenal hemorrhage,      180       

   calculi,   174–175     
   callosal agenesis,      131      
   candidiasis, renal,      179      
 cardiac,    see also  heart   
   cardiac base–apex axis,   85    

   abnormal orientation,   85      
   cardiac dysfunction,      232      
 cardiac failure  

   with enteroviral infections,   46     
   enteroviral infections,   46  ,    47       

   cardiac stun,   100–101    
   complication of ECMO,   100–101      

   cardiac tumors,   91       
   cardiac view, fetal assessment,      225      
   cardiomegaly,      19   ,    20   ,    73      
   cardiomyopathy,   73  ,    91     

   hypertension and mid-aortic 
syndrome,      164       

   cardiopulmonary disease, ventilator-
induced changes in intrathoracic 
pressure,   18–21     

   cardiothoracic (C/T) ratio,   52  , 88     
   cardiotocography,   231     
   cardiovascular MRI and CT,   78–82  , 88    

   multidetector-row CT scanners, 2nd and 
3rd generation,   82      

   catheter angiography,   78     
   catheters,   199–218    

   central venous line (PICC),   210–218     
   intercostal,   204–205     
   umbilical artery catheter (UAC),   205–207     
   umbilical vein catheter (UVC),   208–210      

   central nervous system,   106–136    
   anomalies,   235–240     
   congenital brain defects,   128     
   hemorrhagic lesions,   118–128     
   hypoxic–ischemic injury (HII),   113     
   neuroimaging,   106–117   
  see also  brain 
  see also  spinal cord    

   central venous line (PICC),   210–218  ,    
212            

   acceptable positions,   212     
   dangerous positions,   217–218     
   radio-opaque contrast medium,      213      
   risky positions,   215–217     
 tip mobility  

   aorta,      217      
   ascending lumbar vein,      219      
   axillary vein,      214      
   brachiocephalic vein,      215      

 Index     

Page numbers in bold refer to images.

                                                                                            
                                                          
                                                            



Index

252

central venous line (PICC) (cont.)
   chest wall vein,      214      
   curled in heart,      218      
edema of right chest wall,      214   
   hepatic vein,      216      
   jugular vein,      215      
   left  sigmoid sinus,      217            
   right atrium,      215   ,    218                           
   right atrium via coronary sinus,      217      
   right cephalic vein,      214      
   in SVC, aspiration of parenteral 

nutrition fl uid,      219      
   vertebral body to T7,      217      
   very small veins,      216      
   wall of right atrium,      218       

   unusual positions,   212–215      
   cephalohematoma,      127      
   cerebral artery infarct, US image,      117      
   cerebral extra-axial fl uid, complication of 

ECMO,   101     
   chest CXR,   11–14    

   aberrant left  subclavian artery,      71      
   artifact,      27      
   assessing abnormality,   13–14     
   asymmetric surfactant injection,      22      
   axial US images,      108      
   congenital heart disease,   72     
   eff ect of radiation,      12      
   granularity,      26      
   heart narrowing,   16     
   lordotic fi lm,      13      
   normal T1-weighted images,      108      
   obstructive lesions, left -sided,      76   ,    79      
   rotation,      13      
   technical considerations,   12–13  , 14     
   ventilation, setting lung volumes,   15–21      

 chest disorders/disease  
   scoring systems,   14–15     
   signs/presentations,   11      

   choroid plexus,   111  ,    112      
   chromosomal disorders,   222     
   chronic lung disease,      25   ,    38     

   severe,      19       
   chylomicrons,   55     
   chylothoraces, pulmonary 

lymphangiectasia,   56     
   circulation, postnatal, schematic,      206      
   clavicle, fractures,   182  ,    182      
   cleft  lip,      248             
   cloacal malformation,      17      
   clubfoot,      247      
   coarctation of lateral ventricles,      112      
   colonic atresia,      148      
   colonic obstruction,   139  , 146     
   computed tomography,   3     
   congenital brain defects,   128     
   congenital cystic adenomatoid 

malformation (CCAM),   62     
   congenital diaphragmatic hernia,   56  ,    58   , 

240  ,    240      
   congenital heart defects/disease,   70–96  , 

241–244    
   anatomical review,   84–86     
   cardiovascular morphology,   86–88  , 90     
   clinical diagnosis,   82  , 90     
   clinical management,   241–242     
   coronary anomalies,   91     

   devices: tubes, lines, cannulas,   82–84     
   diff erential diagnosis,   90     
   endocardial cushion/atrioventricular 

canal,   243        
   extrathoracic,   72–82  , 95     
   HLHS,        72   ,    79   , 90,  242 , 242–243  ,          
   image quality,   82  , 90     
   imaging modalities,   72–82  , 95    

   cardiovascular MRI and CT,   78–82  , 88     
   catheter angiography,   78     
   chest CXR,   72     
   echocardiography,   72–78     
   interpretation,   82–88     
   radiation risks,   78      

   integrated evaluation, CXR and 
oxygenation,   87     

   left -sided obstructive lesions,   93     
   left -to-right shunt lesions,   93–96        
   morphologic admixture 

lesions,   95–96        
   non-cardiovascular structures,   86     
   obstructive aortic arch anomalies,

   95–96        
   prenatal diagnosis,   242     
   right-sided obstructive lesions,   91–93     
   support devices as predictors,   83     
   tetralogy of Fallot,        78   , 92, 243  ,    243      
   total anomalous pulmonary venous 

return (TAPVR),        76   ,    88, 94      
   transposition of great arteries,   95–96  , 

243–244  ,    244      
   ventricular septal defect,   243  ,      243      
   visceral–atrial situs,   86      

   congenital infections of bone,   183     
   congenital pleural eff usion,      55      
   congenital surfactant defi ciency,      23      
   connatal cysts,      112      
 cono-truncal abnormality  

   balloon atrial septostomy,      77      
   transposition of great arteries,      77       

   cor triatriatum,   93     
   coronal synostosis,      188      
   corpus callosum,     238

   agenesis,   129–130      
   corticosteroids, impending preterm 

delivery,   21–23     
   craniosynostosis,   187     
   crossed-fused ectopia,   165  ,    166      
 crown–rump length  

   8.5 weeks gestation,  221    
   10.5 weeks gestation,      222       

   ‘cyclops’ deformity,   132     
   cystic adenomatoid malformation,        17   , 62,   

 66   , 240–241  ,    241      
   cystic diseases, kidney,   165     
   cystic encephalomalacic changes,      116      
   cystic hygroma,   59  ,    62      
   cystic nephroma,      167      
   cytomegalovirus (CMV) infection,      46   ,    184     

   CMV pneumonitis,   46      

   Dandy–Walker malformation,   238–239  ,    239     
   US image,      131       

   dating of pregnancy    
   discrepancies,   230      

   deep sulcus sign,      28   ,    31      
   developmental dysplasia of hip,   185–186     

   dextrocardia, with situs solitus,   86     
   diabetes, infant of diabetic mother 

(IDM),   24  ,    26      
   diaphragmatic depth,   16     
   diaphragmatic hernia,   56  ,    58   , 240  ,    240     

   and vertebral anomalies,      59       
   diastematomyelia, US image,        134   ,   135,  136      
   diff usion-weighted MRI, neuroimaging,   110     
   DiGeorge syndrome,   96     
   disseminated intravascular air 

embolism,   26  , 32     
   DMSA scans,      166      
   Doppler ultrasound,   231–233     
   double aortic arch,   62  ,    71     

   vascular ring,      63       
 double bubble sign  

   duodenal atresia,      145      
   malrotation/volvulus,      150       

   double inlet ventricle,   95     
   double outlet right ventricle (DORV),      83      
   double outlet ventricle,   96     
 Down syndrome  

   calcifi cation,      156      
   duodenal atresia,      144      
   ribs,   94     
   screening,   222      

   ductus venosus, venous Doppler 
assessment,   231–233  ,    232      

   duodenal atresia,   143  ,    144     
   double bubble sign,      145       

   duodenal stenosis,   143–145  ,    145             
   duodenal web,      145      
   dysplastic kidneys,      53   ,    166             

   Eagle–Barrett syndrome,   171     
   Ebstein anomaly,      20   ,    75      
 echocardiography  

   congenital heart disease,   72–78     
   limitations,   72      

   ECMO,   98–103    
   anasarca,   99     
   atrial septostomy,      102      
   cannula malposition,   103     
   cannula migration,   103     
   cannula position,      99     

   hemorrhage,      105       
   cardiac stun,   100–101     
   cardiomegaly and pulmonary edema,      102      
   CCAM resection,      104      
   cerebral edema,      102      
   cerebral extra-axial fl uid,   101     
   complications,   100–103    

   cardiac stun,   100–101     
   cerebral extra-axial fl uid,   101     
   hemothorax,   100     
   intracranial hemorrhage and ischemic 

infarcts,   101      
   coronal HUS image, benign extra-axial 

fl uid,      103      
   correct placement of cannulae,   98–99    

   subsequent migration,   103     
   VA ECMO,   98–99     
   VV ECMO,   98      

   cystic adenomatoid malformation 
(CCAM),      101      

   diaphragmatic hernia (CDH),      100      
   diffi  cult cannulation,      104      
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   hemothorax,   100     
   incorrect placement of cannulae,   103    

   kinking,   103      
   infarct in middle cerebral artery,      102      
   intracranial hemorrhage and ischemic 

infarcts,   101     
   kinking of cannula,   103     
   kinking of VV cannula,      104      
   optimal position of 13 Fr wire reinforced 

VV cannula,      99      
   parietal hemorrhage with subdural 

hematoma,      102      
   post esophageal atresia repair,      100      
   RSV bronchiolitis,      104      
   SIRS response,   99     
   superior vena cava (SVC),      103      
   typical course,   99–100     
   VA,   98–99     
   VV,   98      

   ectopic kidney,   159–163  , 165  ,    166     
   crossed-fused ectopia,      166       

   Ellis–Van Creveld syndrome,   52  ,    54      
   encephalocele,   236  ,    236      
   encephalomalacia, multicystic,      125      
   encephalopathy,      125     

   glycine encephalopathy,   193–194             
   endocardial cushion/atrioventricular 

canal,   243        
   endotracheal tube (ETT),   201–202    

   correctly positioned,      201      
   esophagus,      201      
   resuscitation,      203      
   rotated,      203      
   tip at carina,      202      
   tip in right main bronchus,      202      
   tracheal perforation, mis-diagnosed as 

TEF fi stula,      203       
   enteroviral infections, with cardiac 

failure,   46  ,    47      
    Esch. coli  sepsis,   40  ,    42   , 184     
   esophageal atresia,      19   , 140–142  ,    203     

   gastrointestinal tract,   140–142     
   and lung agenesis,      60      
   tracheo-esophageal fi stula,      141   ,    203       

   esophageal pouch,      141     
   nasogastric tube,      142      
   no tracheo-esophageal fi stula,      141      
   tracheo-esophageal fi stula,      141                     

   esophagogram, tracheo-esophageal 
fi stula,      143      

   Eurofetus study,   224     
   evidence-based diagnostic imaging,   7  , 10     
   extremity arterial – venous 

malformations,   95     

   fecal loading, vs pneumatosis 
intestinalis,      151      

   feet,     228
   clubfoot,      247      
   deformities,   186     
   polydactyly,   186      

   female gender,      228
   femur length,      228
   fetal face,      233     

   profi le,      225      
   teratoma,      233       

   fetal heart,      225      

   fetal imaging,   4–5    
   Doppler assessment,   231–233      

   fetal kidney,      226             
   fetal macrosomia,   231     
   fetal ventriculomegaly,      123      
   fetal weight,   230–231     
   fetal well-being,   228–229  , 233    

   prenatal screening,   228–229  , 233      
   fi brocystin,   168     
   fi rst trimester ultrasound, indications,   220     
   fl uoroscopy,   3     
   folate defi ciency,   236     
   football sign,   152  ,    154             
   foramen of Magendie,   238     
   fractures,   182–183  ,    183   ,    184     

   birth injuries,   182–183     
   clavicle,   182  ,    182      
   non-accidental trauma,   183  ,    183   ,    184      
   parietal skull fracture,      183       

   functional residual capacity (FRC),   11     

   galactosemia,      193      
   gasless abdomen,      153      
   gastrointestinal obstruction,   140–150    

   anatomical level,   140        
   fetus, in utero vomiting, amniotic fl uid,   

140        
   polyhydramnios,   140         

   gastrointestinal tract,   139–156    
   at birth,   139  , 146     
   Bell criteria,   151     
   contrast medium,   139     
   football sign,   152     
   hepatic lesions,   155–156     
   Ladd’s bands,   150     
   mesenteric vascular supply,   150     
   portal venous gas,   152     
   preferred imaging,   139     
   ultrasound,   139     
   VATER or VACTERL association,   140      

   gastroschisis,   245–246  ,    246     
   massive,      246       

 GBS   see streptococcal disease, group B   
   gender, prenatal screening,   228  ,    229      
   genitalia, ambiguous,      17   ,    66      
   genitourinary abnormalities,   244     
 germinal matrix hemorrhage  

   early cystic changes,      119      
   US image,      119       

   gestational age,   229–230    
   dating discrepancies,   230      

   gestational sac,      221      
   glycine encephalopathy,   193–194            
   Gram negative sepsis (including  E. coli ),   

40  ,    42      
   ‘ground glass’ appearance,   21     
   gut herniation,   222     

   hands,     228
   polydactyly,   186      

   head, biparietal diameter (BPD),      229      
   head circumference, enlarging,      134      
   head and neck, prenatal screening,   224     
 heart  

   aortic arch, candy cane,      226      
   common AV canal,      244      
   ductal arch, hockey stick,      226      

   fetal assessment,      225      
   hypoplastic left  heart syndrome (HLHS),       

 72   ,    79   ,  90,   242      
   narrowing,   16        
   short axis,      226      
   ventricular outfl ow tract,      226    
  see also  cardiac   congenital 

heart disease    
   heart rate, M-mode,      221      
   hematuria, renal vein thrombosis,      176      
   hemivertebra,        186 , 187     
 hemothorax  

   complication of ECMO,   100     
   ECMO,   100      

   hepatic hemangioendotheliomas,   95     
   hepatic lesions,   155–156     
   hepatomegaly, hydrops fetalis,   155     
   hip, developmental dysplasia,   185–186     
   hip ultrasound, normal,      185      
   Hirschsprung disease,   146–149  ,    

149   ,    150      
   holoprosencephaly,   130–132  ,    133   , 

239–240  ,    239   ,    248      
   horseshoe kidney,      165      
   humerus, osteomyelitis,      185      
   hydrocephalus,   129  , 238  ,    238     

   dangling choroid plexus,      238      
   massive,      239       

   hydronephrosis,   169–171  ,    172   , 244  ,    245     
   ureteroceles,      172   ,    173       

   hydrops fetalis,   55  , 155     
   hyperammonemia,      192      
   hyperglycinemia, nonketotic,      194      
 hypertension  

   and mid-aortic syndrome,      164      
   renal vein thrombosis,      176       

   hypertrophic obstructive cardiomyopathy 
(HOCM),     24–27  , 32     

   hypoglycemia,   134  ,    134   ,   195–196     
   hypoplastic left  heart syndrome (HLHS),        

 72   ,    79   , 90, 242–243  ,    242      
   hypoxic–ischemic injury (HII),   113  , 

124–126    
   focal/multifocal ischemic lesions,   117     
   parasagittal brain injury,   113–114     
   periventricular leukomalacia,   114     
   selective neuronal necrosis (SNN),   

114–117      

   I-cell disease,   191–192     
   ileal atresia,      146   ,    147      
   immature lung syndrome,   36  ,  36 , 37  , 

38–40            
   inborn errors of metabolism,   191–197     
   infant of diabetic mother (IDM),   24  ,    26             
   infections,   183     
   inguinal hernias,      34      
   inspiratory time/

expiratory time ratio,   15     
   intestinal perforation,   152     
   intracranial hemorrhage, complication 

of ECMO,   101     
   intrathoracic pressure, ventilator-induced 

changes,   18–21     
   intrauterine retardation (IUGR),   231     
   intravascular air,      34     

   embolism,   26  , 32      
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   intraventricular hemorrhages,   118    
   grade I,      119   ,    120      
   grade II,      121             
   grade III,      122      
   grade IV,      108, 122              

 ischemic infarcts  
   complication of ECMO,   101     
   ECMO,   101      

   jaundice,   155     
   jejunal atresia,      146      

   Kartagener’s syndrome,   86     
   kernicterus,   134  ,    135      
   kidney,   159–179    

 acquired conditions  
   adrenal hemorrhage,   179     
   aortic thrombosis,   176–177     
   atrophy,      164                    
   calculi,   174–175     
   compensatory hypertrophy,      164      
   nephroblastomatosis,   178–179  ,    179, 

180             
   nephrocalcinosis and calculi,   174–175  ,   

 176      
   perinatal asphyxia,   174  ,    175      
   pyelonephritis,   177     
   renal arterial thrombosis,   176–177     
   renal artery stenosis,      164      
   renal candidiasis,   177–178     
   renal failure,   159  , 164  , 173–179        
   renal infections,   177     
   renal vein thrombosis,   175–176     
   tumors,   178      

   congenital conditions,   159  , 164–173    
   aplasia/dysplasia and hypoplasia,   159  , 

164  ,  166 , 173–179            
   cystic diseases,   165     
   cystic dysplasia,   168     
   dilated extrarenal pelvis,      161      
   duplex collecting system and 

ureterocele,   171     
   ectopic,   159–163  , 165  ,    166      
   hydronephrosis,   169–171  ,    245      
   hyperplasia,      166      
   multicystic dysplastic kidney (MCKD),   

167–168  ,    168   ,    245      
   multilocular cystic nephroma,   167     
   MURCS and Mullerian duct aplasia,     

 165      
   obstructive uropathy,   169     
   pelvic–ureteric junction (PUJ) 

stenosis,    161 , 169–171            
   pelvicaliectasis,      161             
   polycystic kidney disease (PKD),   168     
   posterior urethral valves (PUJ),    163 , 

171            
   prune belly syndrome,   171     
   renal agenesis,      52   ,    165      
   simple cyst,   167     
   urachal abnormalities,   172–173      

   fetal kidney,      226             
   fi brocystin,   168     
   function map,      161      
   imaging modalities,   159–163  , 165    

   antenatal scanning,   159–161     
   CT angiography,   163  ,    164      

   CT angiography, maximum intensity 
projection,      164      

   CT scanning,   163     
   CT scanning, normal,      160      
   cystourethrograms,   161     
   delayed images,      161      
   Doppler sonography, normal 

perfusion,      160      
   enhancement curves,      161      
   interpretation,   163     
   MR cholangiopancreatography 

(MRCP),   163     
   MR imaging (MRI),   163     
   MR urography (MRU),   163     
   nephrographic eff ect,      161      
   nephrostogram,      161      
   normal newborn, medullary 

hyperechogenicity,      160      
   normal premature US,      160      
   nuclear renal scans,   161–163     
   Tc-99m MAG3 scan at 3 months,      161      
   technical limitations,   163     
   ultrasonography,   159  , 163     
   ultrasonography, corticomedullary 

diff erention (US),      160   ,    176              
   Meyer–Rokitansky–Kuster–Hauser type 

II syndrome,      165      
   mid-aortic syndrome,      164   ,    178             
   normal 3 year old,      160      
   normal fullterm,      160      
   normal perfusion, Doppler sonography,     

 160      
   oliguria,   159  , 164–173     
   renal artery, turbulent fl ow,      164      
   renal function curves,      161      
   retroperitoneal collaterals,      164      
   size, weeks of gestation,   161     
   Tamm–Horsfall protein,      160      
   Turner syndrome,   165      

   Ladd’s bands,   150     
   lambda sign, twin dichorionic diamniotic 

gestation,      223      
   left  to right shunt lesions,      86      
   levocardia, with situs inversus,   86     
   LGA fetus, macrosomia,   231     
   likelihood ratios (LRs),   8       

   MRI,   8  , 9      
   lissencephaly,      133      
 liver  

   normal,      157      
   and polycystic kidney disease,      170      
   ultrasound,      157       

   liver abscess,      157      
   lobar emphysema,   62     
   lobar hyperinfl ation,      65      
   lumbosacral spine,      227      
   lung agenesis,   59    

   and esophageal atresia,      60       
   lung atresia,   56–59     
   lung baro-volu-trauma,   15, 24  , 34  , 59        
 lung disease  

   chronic,      19   ,    25   ,    38      
   tracheo-esophageal fi stula,   140  , 142      

   lung volumes, setting for ventilation,   
15–21     

   lysosomal disorders,      191      

   macrosomia,   231    
   parietal skull fracture,      183       

   magnetic resonance imaging and 
angiography (MRI-MRA),   70     

   magnetic resonance imaging (MRI),   4  , 163    
   likelihood ratios (LRs),   8  , 9     
   neuroimaging,   110  , 111     
   post-test probability,   9     
   prediction of neurodevelopmental 

outcome,   9  , 10     
   sensitivity,   9     
   specifi city,   9     
   T1 and T2 weighted imaging and 

anisotropy,   110–111     
   Texas Longhorn confi guration of lateral 

ventricles,      131       
   male gender,      229      
   malrotation,   149–150  ,    151     

   double bubble sign,      150       
   maple syrup urine disease,   196–197     
   Meckel–Gruber syndrome,   236     
   meconium aspiration,   15, 24  , 47–49  ,    48   ,          49      
   meconium ileus,   146  ,    149     

   microcolon,      149       
   meconium peritonitis,   155  ,    156     

   gut obstruction,      156       
   medullary nephrocalcinosis,      176      
   megacystis-microcolon-intestinal-

hypoperistalsis syndrome,      18      
   megalourethra, prune belly syndrome,      171      
   Menkes syndrome,   194–195  ,    196      
   metabolic diseases,   191–197    

   bone disease,   181–183     
   encephalopathies,   193–194  ,    197       

   Meyer–Rokitansky–Kuster–Hauser type II 
syndrome,      165      

   microcolon, meconium ileus,      149      
   mid-aortic syndrome,   164,    178            

   color Doppler,      178      
   coronal CTA MIP,      178      
   and hypertension,      164      
   unenhanced CT,      178       

   milk curd obstruction syndrome,   152  ,    154      
   Miller–Dieker syndrome,   133     
   mitochondrial diseases,   194–195    

   mtDNA depletion,      195       
   mitral stenosis,   93     
   Morgagni hernia,   240     
   motor and sensory homunculus,      109      
   mtDNA depletion,      195      
   mucolipidosis II,   191–192     
   Mullerian duct aplasia,      165      
   multicystic dysplastic kidney (MCKD),   

167–168  ,    168   , 244  ,    245      
   multiple gestations,   222–223     
   myelomeningocele,   135  ,    135   , 236–237     
   myocardium,   91     
   myotonic dystrophy,   52     

   nasogastric tubes,   199–201    
   atretic upper esophageal pouch,      142             
   diffi  cult intubation,      200      
   esophageal atresia,      203      
   fi xed tip,      201      
   lower esophagus,      200      
   main bronchus,      200      
   normal position,      199      
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   perforation,      200      
   pneumothorax,      203       

   necrotic bowel,      153      
   necrotizing enterocolitis,   7  ,    18   , 150–152    

   free gas,      155      
   with perforation,      153      
   portal venous gas,      152       

   necrotizing tracheobronchitis,   26  , 31     
   nephroblastomatosis,   178–179  ,    179   ,    180      
   nephrocalcinosis,   174–175  ,    176      
   neural tube defect,   134–135  , 235    

   banana shaped cerebellum,      237      
   lemon sign,      237      
   myelomeningocele,      237      
   sacral sac,      235       

   neurodevelopmental outcome,   9  , 10  , 110  , 111     
   neuroimaging,   106–117    

   computed tomography,   109–110     
   diff usion-weighted MRI,   110     
   hemorrhagic lesions,   118–128     
   hypoxic–ischemic injury (HII),   113     
   MRI,   110  , 111    

   assessing normal anatomy,   111–113      
   in the newborn,   106     
   preterm infants, prediction of outcome,   

113     
   term infants,   113     
   ultrasound,   106–109    

   assessing normal anatomy,   111       
   neuromuscular disease,   52  ,    54      
   neuronal migration abnormalities,   132–133     
   non-accidental trauma,   183    

   fractures,      183   ,    184      
   head injury,   126–128     
   seizures,      128       

   non-ketotic hyperglycinemia,   193–194     
   nose and lips,      225      
   nuchal fold,      225
 nuchal translucency (NT)  

   12 weeks gestation,      222      
   measurement,   222      

   nuclear imaging,   4  , 161–163     

   obstructive aortic arch anomalies,   95–96        
   obstructive uropathy,   169     
   oligohydramnios,      224     

   Potter’s sequence,   52      
   oliguria,   159  , 164–173     
   omphalocele,      39   , 245–246  ,    246      
   orbits,      221   ,    225      
   ornithine transcarbamylase defi ciency,      192      
   osteogenesis imperfecta,      54      
   osteomyelitis,   183  , 184    

   humerus,      185       
   osteopenia of prematurity,   181  ,    182      
   ovary diameters,      221      

   parasagittal brain injury,   113–114     
   parietal skull fracture, macrosomia,      183      
   partial anomalous venous return 

(PAPVR),   94     
   patent ductus arteriosus,   7    

   and cardiomegaly,      80       
   patent ductus venosus,      81      
   pelvic–ureteric junction obstruction,    161 , 

169–171           
   parapelvic cyst,      167       

   pelvicaliectasis,            161   ,    172   ,    179      
   pelviectasis,   244     
   pericardial cysts,      80      
   pericardial eff usions,   74, 91           
   pericardial pathologies,   91    

   congenital absence,   91      
   perinatal asphyxia,   174  ,    175            

   kidney,      175      
   prediction of outcome,   113      

   perinatal brain injury,      115      
   peritoneal cavity, transillumination,      154      
   periventricular leukomalacia,   114  , 

120–122     
   peroxisomal disorder,      194      
   perpendicular sign, twin monochorionic 

diamniotic twin pregnancy,      223      
   persistent pulmonary hypertension of 

newborn (PPHN),   46–47  , 48     
 PICC    see  Central venous line (PICC)   84, 

211,  212, 216      
   placenta, Doppler assessment,   231–233     
   placental insuffi  ciency,   232       
   placental resistance,   232       
   plagiocephaly,   187     
   plain fi lm imaging,   3    

   reproducibility,   5     
   underexposed vs overexposed fi lms,      14    
  see also  chest CXR   reliability 

of results    
   pleural eff usions,   55–56    

   acquired,   16, 56  ,          57       
   PLIC sign,      116      
   pneumatosis intestinalis,   151    

   vs fecal loading,      151       
   pneumomediastinum,            27   ,    29,       30
   pneumonias,   36  , 37  , 38–40    

   CMV,   46     
   RSV,      47      
    Staph. aureus ,   40–41     
   viral,   46      

   pneumopericardium,   26  , 29, 31  ,    33            
   pneumoperitoneum,   26–27  , 31  ,    34   , 139    

   (490g baby) gastric rupture,      142      
   Rigler’s sign,   152      

   pneumothorax,      27   ,    28   ,    31     
   complication of surfactant therapy,   22     
   drainage,            203   ,    204     

   failure,      205       
   newborn,      204      
   spontaneous,   26–27  , 31     
   tension,      203       

   polycystic kidney disease,   168    
   ADPKD,      16      
   ARPKD,      53   ,    170       

   polydactyly,   186  ,    186      
   polyhydramnios,   55    

   gastrointestinal obstruction,   140         
   porencephalic cyst,   122–124  ,    125      
   portal veins, schematic,      211      
   portal venous gas,   152  ,    157     

   NEC,      152      
   necrotizing enterocolitis,      152       

   portosystemic shunt,      81      
   post-test probability,   8  , 9    

   nomogram,   8  , 9     
   using MRI,   9     
   using ultrasound,   9      

   posterior urethral valves,        163   ,    166 , 171    
   cystic dysplasia,      169       

 postnatal circulation  
   schematic drawing,      206      
   umbilical vasculature,      206       

   Potter’s sequence,   52     
   pre-test probability,   8  , 9     
   predictive values (PV),   8     
   prenatal screening,   220–233    

   abdomen,   225     
   anatomical assessment,   224–228     
   biophysical profi le,   228–229  , 233     
   chest,   225     
   chromosomal disorders,   222     
   congenital heart defects/disease,   242     
   dating pregnancy,   220       
   Eurofetus study,   224     
   fetal weight,   230–231     
   fetal well-being,   228–229  , 233     
   fi rst trimester ultrasound,   220–223    

   indications,   220      
   gender,   228  ,    229      
   head and neck,   224     
   second and third trimester ultrasound,   

223–228  ,    223     
   dating/growth,   229     
   indications,   223      

   spine,   227      
   preterm infants, neuroimaging,   113     
   prevalence,   8     
   prune belly syndrome,   171    

   megalourethra,      171      
   pelvicaliectasis,      172      
   ureterectasis,      172       

    Pseudomonas s pp.,   40     
   pulmonary artery sling,   62  ,    81     

   and bridging bronchus,      64       
   pulmonary atresia,   79, 92–93           
   pulmonary blood fl ow (PBF),   86–88     
   pulmonary cysts,   62     
   pulmonary hemorrhage,   14  , 47  , 49–50  ,   

 50   ,    51      
   pulmonary hyperplasia,      16   ,    53, 57             
   pulmonary hypertension,      48      
   pulmonary hypoplasia,   26  , 32  , 50  , 55     
   pulmonary interstitial emphysema (PIE),   

20,    23 , 32  , 35, 40–41                            
   pulmonary lymphangiectasia,   56     
   pulmonary stenosis,   92    

   with right ventricular hypoplasia,      73       
   pulmonary venous congestion,      72      
   pulmonary venous return, total anomalous,     

 76   ,    88      
   pyelonephritis,   177     
   pyloric stenosis,   142–143  ,    143   ,    144             

   radiation exposure,   1  , 2    
   ALARA (as low as reasonably achievable),   2      

 radius  
   absence,      186      
   defi ciency of radial ray,   186      

   radius and ulna,   182       
   reliability of results,   7    

   inter-rater reliability,   7     
   intra-rater reliability,   7     
   kappa statistic,   7     
   worked example,   9–10      
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   renal agenesis,      52   ,    165     
   Potter’s sequence,   52      

   renal artery, turbulent fl ow,      164      
   renal artery stenosis,      164      
   renal artery thrombosis,   176–177     
   renal candidiasis,   177–178  ,    179      
   renal failure,   159  , 164  , 173–179     
   renal function curves,      161      
   renal infections,   177     
 renal mass  

   contrast-enhanced CT,      179      
   plain fi lm,      179      
   sagittal US,      179       

   renal pelvicaliectasis,      161, 172   ,                179      
   renal size, weeks of gestation,   161     
   renal tumors,   178     
   renal ureterectasis,      179      
   renal vein thrombosis,   175–176    

   hypertension and hematuria,      176       
   reproducibility, in plain fi lm imaging,   5     
   respiratory distress syndrome (RDS),   21  , 

21 ,    22,   56           
   corticosteroids, impending preterm 

delivery,   21–23     
   secondary RDS,   23–24      

   respiratory syncytial virus disease (RSV),   24  , 
25, 40  , 46  ,    47             

   resuscitation, ETT,      203      
   rhabdomyoma,      75      
   rickets,   181  ,    182      
   Rigler’s sign,      155      
   routine daily imaging,   2     
 RSV   see respiratory syncytial virus disease   
   rubella, congenital infections of bone,   183     

   sacral agenesis,   187     
   sagittal sinus,      109      
   scaphocephaly,   187     
   scimitar syndrome, partial anomalous 

pulmonary venous return (PAPVR),      80      
 second and third trimester ultrasound  

   dating/growth,   229     
   indications,   223      

   seizure activity,      114   ,    115      
   selective neuronal necrosis (SNN),   114–117     
   sensitivity,   8     
   septic arthritis,   183  , 184  ,    185      
   septo-optic dysplasia,      121      
   SIADH, hyponatremia and anemia,      123      
   SIRS response, ECMO,   99     
   situs inversus totalis,   86     
   skeletal abnormalities,   52  , 181–189    

   congenital abnormalities,   185–189     
   dysplasias,   187–189  , 247  ,    247             
   trauma,   182–183  , 182     
   vertebrae,   187      

   small bowell atresia,   145     
   SNout,   8     
   ‘spastic diplegia’,   114     
   specifi city,   8     
   SPin,   8     
   spinal cord,   134–136  ,    227      
   spinal cord injury,   136     
   spinal dysraphism,   187    

   lipoma,   135     
   and lipomyeloschisis,      134   ,    136       

   spine, prenatal screening,   227     
   staphylococcal infection,      43     

   coagulase-negative,   184     
    Staph. aureus ,   40  , 184      

   staphylococcal pneumonia,   40–41  ,    42      
    Staphylococcus epidermidis ,   40     
   ‘status marmoratus’,   115     
   stiff  lung,      28   ,    30   ,    31      
   streptococcal disease, group B (GBS),   24, 

40  ,           41   , 184    
   mimic of surfactant defi ciency,   23      

   subclavian artery, aberrant left ,      71      
   subdural hemorrhage,   126     
   superior sagittal sinus,      109      
   surfactant defi ciency,      29     

   primary,     21–23      
 surfactant injection    

   asymmetric,      22      
   complication, pneumothorax,   22      

   Tamm–Horsfall protein,      160      
   team approach,   1     
 term infants  

   neuroimaging,   113    
   prediction of outcome,   113       

   tetralogy of Fallot,   92  ,    78   , 243  ,    243     
   variants,   59      

   thanatophoric dwarfi sm,      188      
 thorax  

   anomalies,   240–244     
   chylothoraces,   56     
   congenital and surgical 

problems,   56      
   three-dimensional ultrasound,   233    

   orthogonal planes,   233  ,    233       
 thymus  

   normal involution,      15      
   prominent thymus,      15   ,    49       

   tibia and fi bula,   228, 247       
   TORCH,   46     
   total anomalous pulmonary venous return 

(TAPVR),   76,   88, 94                
   toxoplasmosis, congenital,   183     
   tracheo-esophageal fi stula,   140  ,   142    

   esophageal pouch,      141             
   esophagogram,      143      
   H-type,   140  , 142      

   tracheobronchial anomalies 
and stenosis,   61       

   tracheobronchomalacia,   18  ,    19      
   tractography,   111     
   transient tachypnea of 

newborn (TTN),   24     
   transposition of great arteries,   95–96  , 

243–244  ,    244      
   trauma,   182–183    

   birth injuries,   182–183     
   non-accidental trauma,   126–128  ,    128   , 

183  ,    183   ,    184      
   prediction of outcome,   113   
  see also  brain/injury    

   tricuspid atresia,   91  ,    70      
   trisomy 13,   239     
   truncus arteriosus,   96  ,    89      
   tuberculosis,   41  ,    45      
 twins  

   dichorionic diamniotic, lambda sign,      223      
   monochorionic diamniotic twin 

pregnancy, perpendicular sign,      223       

   ultrasound,   3–4    
   assessing normal anatomy,   111     
   Doppler assessment,   231–233     
   liver,      157      
   neuroimaging,   106–109     
   prediction of neurodevelopmental 

outcome,   9  , 10     
   three-dimensional,   233   
  see also  prenatal screening    

   umbilical artery,     232
   Doppler fl ow,   231     
   Doppler parameters for IUGR 

assessment,   231      
   umbilical artery catheter (UAC),   205–207  ,   

 206   ,    208     
   right internal iliac artery,      207      
   two UACs one on each side,      207      
   two UACs on the same side,      207      
   and UVC,      207       

 umbilical cord  
   abdominal cord insertion,      232
   three vessel cord,      232
   vasculature, schematic drawing,            206, 211       

   umbilical vein catheter (UVC),   208–210  ,    208       
   apparent lateral bowing,      209      
   below cavo-atrial junction,      210      
   cavo-atrial junction,      209             
   eff ecting a loop,      211      
   inserted too far,      210      
   left  hepatic portal vein,      211      
   peritonal cavity,      212      
   right atrium,      210       

   unicornuate uterus,      165      
   urachal abnormalities,   172–173  ,    174             
   urea cycle defects,   192–193            
   ureterectasis,      179      
   ureteroceles, hydronephrosis,      172      
   uterus, unicornuate,      165      

   VACTERL association,      81   , 187     
   validity of results,   8    

   predictive validity,   9–10      
   vascular ring,   61    

   double aortic arch,      63       
   VATER or VACTERL association,   140     
   vein of Galen malformation,      89   , 128–129    

   congestive heart failure,      129       
 venous anatomy of upper limbs  

   axillary vein becoming subclavian vein,     
 213      

   basilic vein becoming axillary 
vein,      213             

   brachiocephalic vein,      213      
   schematic drawing,      213       

   venous Doppler, ductus venosus,      232      
   venous thrombosis and sepsis,      118      
 ventilation  

   setting lung volumes,   15–21   
  see also  ECMO    

   ventilator-induced changes in intrathoracic 
pressure,   18–21     

   ventricles, US,   111     
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   ventricular septal defect,   243    ,    243     
   color Doppler,      243       

 ventriculomegaly  
   bilateral,      124      
   and hydrocephalus,   238      

   vertebrae, abnormalities,   187     
   viral pneumonias,   46     

   visceral–atrial situs,   86    
   ambiguous,   86      

   vitamin D defi ciency,   181     
   voiding cystourethrogram (VCUG),      166   , 

244     
   volvulus,   149–150  ,    151     

   double bubble sign,      150       

   Walker–Warburg syndrome,   133     
   white matter loss,      124      
   Wimberger sign,   183     

   yolk sac,      221   ,    225      

   Zellweger syndrome,   133  ,    196      
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