
The recent developments in fetal imaging have provided 

a major impetus to the advancement of fetal medicine. 

Although many of these advancements have yet to enter 

clinical practice, the technological achievements in 

ultrasound (US) and MRI (magnetic resonance imaging) 

have provided us with an unprecedented insight into fetal 

structural development in utero. 

For more than 20 years, fetal imaging has been a strength 

of Children’s National Health System while under the 

leadership of Dorothy Bulas, MD. Recently, we became 

one of the few centers in the nation with a specialized 

fetal neuroradiology team. Gilbert Vezina, MD, leads this 

team, which consults on all fetal neurological referrals. 

This clinical team works closely with the Advanced 

Pediatric Brain Imaging Research Laboratory led by 

Catherine Limperopoulos, PhD, enabling the institute to 

move advanced fetal MRI imaging methods rapidly into 

the clinical arena. In this edition of Fetal Connections, we 

are proud to showcase our clinical Fetal Imaging 

Program; the fetal MRI research program will be featured 

in a future edition.

Our Topics in Fetal Medicine WebEx series is up and 

running, and Continuing Medical Education (CME) credit 

is available for your participation in this series. More 

information can be found on page 4.

Sincerely,

Fetal imaging is one of the fastest developing radiology fields. 
Improved ultrasound (US) technologies (see Fig. 1) such as 
high-resolution linear transducers, advanced Doppler, and 3D 
capabilities, have enabled earlier and more accurate fetal 
evaluations. Faster MRI sequences can obtain high-resolution 
images in multiple planes, revolutionizing our ability to 
examine and care for the developing fetus.  

Our Fetal Imaging Program draws from the rich expertise at 
Children’s National Health System. Our team includes 
pediatric radiologists and neuroradiologists who are experts in 
fetal imaging, as well as MRI technologists and sonographers 
who have advanced training in obstetric imaging. 

Dr. Bulas, Director of our Fetal Imaging Program, is the section 
head of ultrasound and vice chair of academic affairs for the 
Division of Diagnostic Imaging and Radiology at Children’s 
National. She is a board-certified pediatrician and radiologist, 
and a professor of pediatrics and diagnostic imaging. Dr. Bulas 
is an internationally recognized leader in pediatric radiology, 
having overseen fetal imaging at Children’s National for more 
than 20 years. She is a coeditor of the recently published 
Fundamental and Advanced Fetal Imaging Ultrasound and MRI 
textbook. Dr. Bulas leads a team of board-certified radiologists 
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(Fig. 1) 3D-US image of a face and hands at 19 weeks gestation.



The Fetal Medicine Institute recently evaluated a  
fetal patient at 21 weeks gestational age (GA) who 
was referred for multiple anomalies of the brain, 
heart, lungs, bowel, and extremities. The initial 
differential diagnosis was broad, including 
Trisomy, Noonan, and DiGeorge syndromes. After 
same-day, combined fetal US and MRI studies, the 
patient was diagnosed with Apert syndrome (AS). 
Visualized subtle skull contour changes and lung 
and airway abnormalities warranted follow-up 
fetal MRI studies for delivery planning. 

AS is caused by autosomal dominant fibroblast 
growth factor receptor 2 (FGFR2) mutations that 
are completely penetrant. While individuals with 
AS may have an affected parent, most cases 
develop as a result of a de novo mutation.1 Most 
patients (98 percent) with AS possess Ser252Trp 
(66 percent) or Pro253Arg (32 percent) mutations 
that increase FGFR2 binding affinities for FGF 
ligands.2 The exact cellular mechanisms of the 
genetic mutation are complex, although those 
leading to craniosynostosis likely involve abnormal 
proliferation, apoptosis, and differentiation 
of osteoblasts bordering the cranial suture 
mesenchyme.3 While complex craniosynostosis 
and syndactyly are classic AS features, identifying 
other less common features on prenatal imaging 
can help with delivery planning. It has been 
shown that patients can have associated partial or 
complete tracheal cartilage sleeve abnormalities 
that can lead to severe airway compromise.4 

Combined fetal US and MRI studies identified 
additional abnormalities and refined the initial 
differential diagnosis to include FGFR-related 
craniosynostosis syndromes such as AS. 
Subsequent amniocentesis confirmed the likely  
AS diagnosis. Serial fetal MRI studies proved useful 
in monitoring findings (ascites, edema, and airway 
abnormalities) that may affect the fetal, delivery, 
and immediate postnatal periods.   
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Quarterly Case Review
Clinical Findings 
The following are the findings from the fetal MRI studies  
performed at 21 weeks GA:
n   Large field-of-view MRI scans in three dimensions showed subtle skull and   
 facial anomaliesincluding macrocephaly, frontal bossing, hypertelorism, a   
 depressed nasal bridge, and a “lamp shade” skull characteristic of turricephaly.   
 These early subtle findings suggested  craniosynostosis (see Figs. 1-2). 

n    Additional findings included an absent septum pellucidum (see Fig. 1),  
 cervical anomalies (not shown); and syndactyly (see Fig. 2).

n    The large, hyperintense lung parenchyma and poor visualization of the  
 distal trachea raised concern for tracheal stenosis (see Figs. 2-3). 

n   Ascites and nuchal edema also were observed, which may suggest  
 future hydrops fetalis (see Fig. 3). 

(Fig. 2) T2-weighted sagittal MRI of the  
fetal brain, neck, and airway demonstrates 
scaphocephaly with frontal bossing (black 
arrow), airway termination at the proximal 
trachea (long white arrow), and hyperintense 
lungs (asterisk) with a flattened diaphragm 
(arrowhead). Note the fused hand digits 
consistent with the “mitten” shape of 
syndactyly (short white arrow).

(Fig. 1) T2-weighted coronal MRI of the 
fetal brain shows a “lamp shade” skull of 
turricephaly and an absent septum 
pellucidum (arrow).
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(Fig. 3) T2-weighted coronal MRI of the 
fetal chest and abdomen demonstrates 
hyperintense and hyperinflated lungs 
(asterisk) with associated hemidiaphragm 
flattening (arrowheads). Detection of only 
the proximal trachea (long white arrow) 
suggests stenosis. Nuchal edema (black 
arrow) and a small amount of ascites 
(short white arrows) are present.

The following are the findings from the follow-up fetal MRI studies 
performed at 30 weeks GA:
n   There was resolution of earlier pulmonary and  airway findings, as well as a  
 decrease in ascites/edema (see Fig. 4).

n   There was a marked progression of multisutural  craniosynostosis.

*

*

(Fig. 4) T2-weighted sagittal follow-
up MRI at 30 weeks GA shows 
craniosynostosis progression with striking 
macrocephaly/scaphocephaly (white 
arrow). The lung parenchyma is properly 
sized with a normal signal, while the 
diaphragm is appropriately contoured 
(arrowhead). The body wall ascites/
edema also has decreased. *
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(Fig. 3) Sagittal T2-weighted 
MRI image of the fetal brain 
and chest at 23 weeks gestation 
demonstrating a fluid-filled 
pharynx and trachea. 

(Continued on page 4.)

(Fig. 2) Coronal T1-weighted 
MRI image of the abdomen at 
34 weeks gestation. The 
meconium is high in signal and 
delineates the normal appearing 
rectosigmoid.

Dorothy Bulas, MD
Director, Fetal Imaging Program

Dr. Bulas has overseen the Fetal Imaging 
Program at Children’s National since 1990 
and is an internationally recognized expert in 
the field, particularly in the application of 
ultrasound and MRI (magnetic resonance 
imaging) for prenatal and neonatal imaging. 

Gilbert Vezina, MD
Director, Neuroimaging 

Gilbert Vezina, MD, is an attending in the 
Division of Diagnostic Imaging and 
Radiology. He is the director of the 
neuroradiology program and section 
head of neuro MR.

Fetal Imaging Program Team Leaders

Our Fetal Imaging Program (continued from page 1.)

with considerable fetal US and MRI expertise that includes  
Eva Rubio, MD, and Anna Blask, MD.  

A particular strength of our Fetal Imaging Program is the 
inclusion of pediatric neuroradiologists. Dr. Vezina, is Director 
of Neuroimaging at Children’s National and leader of our fetal 
neuroradiology team. He is a professor of radiology and 
pediatrics and a nationally and internationally renowned 
pediatric neuroradiologist. His team of board-certified 
pediatric neuroradiologists who interpret imaging studies of 
the fetal central nervous system includes Jonathan Murnick, 
MD, Matthew Whitehead, MD, and Zarir Khademian, MD. 

Program Care Recommendations 
When patients are referred to our institute, our care team 
determines which imaging studies and specialist consultations 
will be most useful. Indications for diagnostic imaging methods 
and the rationale for performing repeat or follow-up imaging 
studies are outlined below.

Fetal Ultrasound Studies 
Ultrasound remains the screening modality of choice for fetal 
assessment and can be the only modality needed to make an 
appropriate diagnosis (e.g., cases of isolated club foot, cleft lip, 
or reteropelvic junction obstruction). Each study lasts 60 to 90 
minutes and involves a comprehensive exam of the entire fetus. 
Advanced fetal US imaging utilizing Doppler, 3D, transvaginal 
and/or high-resolution linear transducers may be used to 
evaluate fetal growth and well-being.

Our specialists often recommend US at our institute because 
our fetal radiologists may identify additional findings that 
impact diagnosis, care planning, and counseling. Often, the 

referring provider can perform follow-up US studies to monitor 
fetal growth, Doppler parameters, and amniotic fluid levels. 

Fetal MRI Studies 
Fetal MRI can be a useful adjunct when US raises questions that 
warrant further assessment. A typical fetal MRI study lasts 60 
minutes. For some cases, advanced fetal MRI techniques 
including volumetric data and spectroscopy may be used for 
additional assessment of the fetus.

MRI is not limited by fetal lie or the presence of oligohydramnios, 
overlying bone, or maternal obesity. MRI can image the fetus in 
any plane, providing a large field of view of the fetus and 
placenta with excellent soft-tissue resolution of the brain, 
brainstem, spinal cord, airways, lung parenchyma, and abdomen. 
Various image types can be acquired (e.g., T1/T2-weighted, 
diffusion, and echo planar), which help distinguish between 
blood, fat, meconium, and cartilage and therefore may increase 
diagnostic accuracy (see Fig. 2). Also, fetal MRI can visualize the 
larynx, pharynx, and trachea (see Fig 3). This is particularly useful 
in delivery planning when fetuses have oral or neck masses that 
may compromise breathing immediately after birth. In such 
cases, our specialists use these fetal MRI studies to determine the 
need for ex–utero intra-partum treatment (EXIT) procedures in 
the delivery room. 

.Combined Imaging Studies 
Combined fetal US and MRI studies are a unique strength  
of our Fetal Imaging Program. US is important not only in  
the identification of anomalies, but the assessment of fetal 
well-being and growth. Fetal MRI can confirm or exclude the 
presence of lesions noted by fetal US and detect subtle 
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Our Fetal Imaging Program (cont.) Topics in Fetal Medicine WebEx Series
This online event is jointly sponsored by the Inova Office of 
Continuing Medical Education, which is accredited by the Medical 
Society of Virginia to provide CME for all participating community 
obstetricians, gynecologists, maternal-fetal medicine specialists, 
and other healthcare professionals. Upcoming talks include:

May 19, 2015:  Ethical Dilemmas in Counseling for  
Congenital Anomalies

June 16, 2015:  Congenital Diaphragmatic Hernia:  
What We Know and Don’t Know

To register for this series, email FetalMedicine@ChildrensNational.org.  
For more information, visit www.ChildrensNational.org/Topics-Fetalmed
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anomalies that are not well visualized by US but may  
alter the outcome. 

If needed, our Fetal Heart Program can perform fetal 
echocardiograms during the same visit. This allows the 
appropriate institute specialists, including our radiologists  
and neuroradiologists, to give patients and their families 
same-day comprehensive evaluations and counseling 
about all identified fetal health issues.

OUR FETAL HEART PROGRAM WILL BE FEATURED  
IN THE NEXT EDITION OF FETAL CONNECTIONS. 

Conclusions 
Our program provides the highest level of advanced fetal 
imaging expertise for an array of fetal abnormalities, 
supporting continuity of care for each patient, beginning 
in the fetal period and extending to the postnatal period. 
Our fetal imaging experts may be the same pediatric 
radiologists and neuroradiologists who care for your 
patient’s child at Children’s National after delivery.  
Our program has a long history of following prior fetal 
patients for many years after their delivery and providing 
continuous support to patients and their families long 
after the initial fetal referral.
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