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For access to Texas Children’s Fetal Center outcomes information online, please visit 

For information about Texas Children’s Fetal Center, informative videos, physician profiles
and more, visit women.texaschildrens.org/fetalcenter. 
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Dear colleagues, parents and friends:

We are very pleased to present the first edition of the Texas Children’s Fetal Center Outcomes Book.
Here you will find important data about patient volumes and outcomes on the diagnoses we frequently
see and treat. As one of the nation's leaders in the diagnosis and treatment of abnormalities in unborn
and newborn infants, Texas Children’s Fetal Center is committed to providing the best possible care
and outcome for each mother, baby and family.

The core staff of Texas Children’s Fetal Center includes fetal and pediatric surgeons, maternal fetal
medicine specialists, subspecialty consultants and specialized coordinators. The Fetal Center’s physicians
are recognized leaders in fetal medicine and fetal and neonatal surgery. As one of only a few centers 
in the United States to provide the full spectrum of fetal therapies, Texas Children’s attracts parents
from around the world seeking the best care for their unborn child. Currently, Texas Children’s Fetal
Center provides the broadest scope of procedures, including experimental interventions, of any center
in the world.

We perform groundbreaking fetal surgeries and other procedures in the state-of-the-art operating 
facilities at Texas Children’s Pavilion for Women, immediately adjacent to our 173-bed neonatal intensive
care unit (76-bed level IV) in Texas Children’s Hospital.The Fetal Center is committed to responsiveness
and open 24/7 with physicians on call to discuss diagnoses and care plans with referring doctors. 
We are prepared for surgical or medical intervention around the clock, all year long.

One of the joys of our work is seeing children thrive. As our patients grow, they often continue to 
receive care through our award-winning hospital and pediatric network. In this publication, we introduce
three patients who have become part of our extended family and whose successful outcomes are a
reminder of the importance of our work.

We hope you find this information useful and inspiring. Thank you for your interest in our center.

Sincerely,

Texas Children’s OB/GYN-in-Chief
Michael A. Belfort, M.D., Ph.D.

and

Texas Children’s Fetal Center Co-Directors
Darrell L. Cass, M.D.
Wesley Lee, M.D.
Oluyinka O. Olutoye, M.D., Ph.D.
Rodrigo Ruano, M.D., Ph.D.
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Texas Children’s mission is to create a healthier future for children and
women throughout our global community by leading in patient care, 
education and research. Renowned worldwide for our expertise and
breakthrough developments in clinical care and research, Texas Children’s
Hospital is ranked #4 among top children’s hospitals in the nation and is
also ranked in all 10 subspecialties in U.S.News & World Report’s list
of America’s Best Children’s Hospitals.

Texas Children’s operates Texas Children’s Hospital, Texas Children’s Health Plan, the nation’s first
health maintenance organization (HMO) created just for children, and Texas Children’s Pediatrics, the
nation’s largest primary care pediatric network with more than 50 practices throughout the greater
Houston area.

The main campus of Texas Children’s Hospital is located near downtown Houston in the Texas Medical
Center, the largest medical center in the world. The main campus includes more than 600 inpatient
beds, the Clinical Care Center for outpatient visits, the Feigin Center for pediatric research and Texas
Children’s Pavilion for Women, a comprehensive OB/GYN facility with a focus on high-risk births. 
Located nearby is the Jan and Dan Duncan Neurological Research Institute at Texas Children’s Hospital,
a basic research institute dedicated to solving childhood neurological diseases. 

To serve the rapidly growing population of Houston, Texas Children’s opened its first community 
hospital in 2011, Texas Children’s Hospital West Campus, and will open its second community hospital
in 2017, Texas Children’s Hospital The Woodlands. Both locations offer an emergency center, ICU
beds, inpatient beds, surgical suites and more than 20 subspecialty clinics. 

Texas Children’s Hospital is affiliated with Baylor College of Medicine in the areas of pediatrics, pediatric
surgery, and obstetrics and gynecology. Baylor is ranked by U.S.News & World Report as one of the nation’s
top 25 medical schools for research. Throughout our more than 60-year partnership, Texas Children’s
Hospital has served as Baylor’s primary pediatric training site and Baylor faculty are the division chiefs
and staff physicians of Texas Children’s patient care centers. The collaboration between Texas Children’s
Hospital and Baylor is one of the top 10 such partnerships for pediatric research funding from the
National Institutes of Health. 

With a staff of more than 11,000 employees and more than 2,000 board-certified physicians (faculty,
residents and fellows), Texas Children’s offers the highest level of care in more than 40 subspecialties,
programs and services.

Texas Children’s Hospital and
Baylor College of Medicine
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Texas Children’s Pavilion for Women

Texas Children’s Pavilion for Women brings together obstetricians, gynecologists, reproductive 
endocrinologists, surgeons, maternal fetal medicine specialists, geneticists, fertility specialists and 
support staff under one roof to provide women and babies the highest quality health care available.
OB/GYNs in top private practices, including Baylor OB/GYN, Partners in OB/GYN Care and the
Women’s Specialists of Houston, provide comprehensive obstetrics and gynecology services at the
Pavilion for Women. 

With more than 6,000 births annually at the Pavilion, we provide a unique model of care called family-
centered maternity care. This evidence-based approach is designed to help a woman achieve her wishes
for her birth experience and to provide postpartum care for mother and baby together, rather than apart.
Mothers and babies are not separated for care unless medically necessary, promoting enhanced bonding
and attachment. For babies who need extra care and monitoring, the Pavilion’s blended-care NICU
provides state-of-the-art medical care in a family-centered environment. In situations that require more
complex care and access to subspecialists, babies are transferred to Texas Children’s Level IV NICU
through a private, patient-only bridge, where they receive the highest level of care available for newborns.

The Pavilion for Women specializes in high-risk pregnancies and births. Because we are part of one of
the nation’s top pediatric hospitals, we are able to offer seamless, collaborative and comprehensive care
before, during and after birth. A cornerstone of this unique model of care is Texas Children’s Fetal Center,
one of only a few centers worldwide to offer comprehensive fetal diagnostic and intervention therapies.

Texas Children’s Fetal Center is
located in the Pavilion for Women.
The close proximity of the 
Fetal Center’s treatment and 
administrative areas enables
team members to respond
quickly to patient needs and 
promotes the collaboration of 
our multidisciplinary team.
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Texas Children’s Fetal Center

Advances in fetal medicine and fetal
surgery mean that early detection of
fetal problems and anomalies is often
matched by equally sophisticated
treatments. Such innovation can help
change emotions surrounding a 
complex pregnancy from fear to hope. 

Texas Children’s Fetal Center, 
established in 2001 and located
within Texas Children’s Pavilion for
Women, is one of only a few centers
in the United States to offer the full
spectrum of fetal therapies. We provide comprehensive care to meet the needs of pregnant women,
including advanced diagnostic procedures and consultation to help families understand complex 
diagnoses and treatment plans. 

Our approach 

Fetal Center physicians are among the world’s leaders in fetal medicine and in perinatal surgery. Our
core staff includes fetal and pediatric surgeons, maternal-fetal medicine physicians and specialized 
coordinators. Depending on the case, the Fetal Center team may call on cardiologists, cardiovascular
surgeons, neonatologists, urologists, neurologists, neurosurgeons, anesthesiologists, radiologists or
genetics specialists with expertise in fetal conditions. The patient’s entire multidisciplinary care team
meets on a regular basis to discuss every aspect of care for the fetal patient.  

Fetal surgery and other interventions are performed in the state-of-the-art operating facilities at Texas
Children’s Pavilion for Women, with immediate access to Texas Children’s Level IV NICU. Texas Children’s
Fetal Center is open around the clock with physicians on call to discuss diagnoses and care plans with
referring doctors. 

Dedicated support 

Every family that comes to Texas Children’s Fetal Center for treatment is paired with a clinical 
coordinator highly trained in the needs of patients with fetal anomalies. The coordinator is available 
to the family from the moment of arrival until treatment is complete. This service provides patients
and families with a direct link to medical information, insight and explanation – and equally important –
a familiar face and source of support throughout treatment.



Advanced diagnostic imaging 

Texas Children’s Fetal Center offers state-of-the-art fetal 
imaging services and consultation from a multidisciplinary 
collaboration of specialties that include maternal-fetal medicine,
radiology, and pediatric surgery, urology, neurosurgery and
cardiology. We perform routine screening for first and second
trimester pregnancies, nuchal translucency assessment, detailed
anatomic surveys, fetal growth evaluation, and antenatal 
assessment for obstetrical complications. The Fetal Center 
offers advanced expertise in fetal magnetic resonance imaging
as a complementary diagnostic imaging technology for the
prenatal diagnosis of severe congenital anomalies. 

Prenatal diagnosis

The Fetal Center also performs standard and advanced diagnostic procedures for genetic and other
testing, including chorionic villus sampling, amniocentesis, fetal cord blood sampling (cordocentesis),
and fetal skin and muscle biopsy.

Genetic counseling 

Experienced genetic counselors provide education and support to families regarding the risks, causes
and tests related to genetic and fetal conditions. We work with families to:
• Discuss the potential cause(s) of fetal conditions
• Make recommendations for further genetic testing
• Offer modern and comprehensive methods for genetic diagnosis, such as chromosomal microarray 

analysis
• Offer emerging new genetic tests, such as whole exome sequencing, for the most complex 

fetal conditions
• Explain the purpose of and meaning of results from complex genetic testing

Fetal therapies

• Catheter-based fetal cardiac intervention (balloon atrial septostomy for HLHS and balloon dilation 
for critical aortic stenosis with evolving HLHS)

• Maternal hyperoxygenation therapy for borderline left heart (research study)
• Treatment of fetal arrhythmias
• Open fetal surgery for pericardial teratoma
• Open fetal surgery for lung masses/CCAM
• Open fetal surgery for SCT and vascular tumors
• Open and experimental fetoscopic surgery for myelomeningocele (spina bifida)
• Ex-utero intrapartum treatment
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Fetal Center Services

3D ultrasound surface rendering
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• Fetoscopic laser photocoagulation for twin-twin transfusion syndrome
• Experimental fetal endoscopic tracheal occlusion for congenital diaphragmatic hernia
• Fetoscopic amniotic band resection
• Fetal shunt placement for pleural effusion and lower urinary tract obstruction
• Intrauterine transfusion
• Management of complicated monochorionic pregnancies using radiofrequency ablation, bipolar cord 

coagulation and/or microwave methods

Fetal anomalies commonly treated

Texas Children’s Fetal Center evaluates and treats many conditions, including the following:
• Abdominal wall defects (gastroschisis and omphalocele)
• Amniotic band syndrome
• CNS lesions (anencephaly, encephalocele, holoprosencephaly, hydrancephaly and hydrocephalus)
• Congenital airway obstruction
• Congenital diaphragmatic hernia
• Craniofacial anomalies (cleft lip and palate)
• Duodenal and intestinal atresia
• Esophageal atresia with tracheoesophageal fistula
• Congenital heart disease (including hypoplastic left heart syndrome, tetralogy of Fallot, atrioventricular

septal defects, other simple and complex anomalies)
• Fetal arrhythmia (including congenital heart block, supraventricular tachycardia, atrial flutter)
• Cardiac masses
• Pericardial effusions
• Fetal chylothorax or hydrothorax
• Giant neck masses
• Lung lesions (congenital cystic adenomatoid malformation, hybrid lesions, pleural effusion, 

pleuro pulmonary blastoma, and pulmonary sequestration)
• Maternal immune disorders affecting the fetus (congenital heart block, platelet alloimmunization, 

red cell alloimmunization)
• Myelomeningocele (spina bifida)
• Non-immune hydrops
• Small bowel obstruction
• Sacrococcygeal teratoma
• Skeletal dysplasia
• Twin abnormalities (discordant intrauterine growth restriction, discordant structural anomalies, 

TRAP sequence (acardiac twin), and twin-twin transfusion syndrome)
• Urinary tract obstruction (bladder outlet obstruction and hydronephrosis)
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Fetal Center Volumes and Outcomes

2009-2014 Evaluations 3,206

2006-2014 Fetoscopic procedures 447

Overall totals

2005-2014 Total fetal echocardiograms 9,901

2012-2014 Number of catheter-based fetal cardiac interventions 11

2012-2014 Number of fetuses undergoing chronic maternal 
hyperoxygenation for borderline left heart

9

2005-2014 Number of fetal arrythmia patients 74

2001-2014 EXIT-to-airway 23

2007-2009 EXIT-to-ECMO (extracorporeal membrane oxygenation) 2

2005-2014 EXIT-to-resection of high risk lung mass 14

TOTAL 39

2006-2014 Lung lesions and teratomas 7

2011-2014 Neural tube defects 25

TOTAL 32

Fetal cardiac conditions/interventions

Open fetal surgeries

EXIT (ex-utero intrapartum treatment) procedures

Since 2001, Texas Children’s Fetal Center has been at the forefront of innovations in fetal diagnostics
and intervention therapies. The following data represents evaluations, procedures and outcomes
through 2014.
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Fetal lung malformations

2003-2004 Patients evaluated for congenital pulmonary airway malformation/
congenital cystic adenomatoid malformation (CCAM)

162

2006-2014 Open fetal surgeries for CCAM 4

2005-2014 EXIT-to-resection procedures 14

2001-2014 Patients evaluated for high-risk lung malformations* 46

* Defined as those with hydrops or CCAM volume ratio >1.6% 
** Two deaths due to non-lung related problems

Survival rate for open fetal surgeries for CCAM 75%

Survival rate for EXIT-to-resection procedures 100%

Survival rate for patients with high risk lung masses* 83%

Survival rate for patients with low risk lung masses** 98%

Fetal tumors and neck masses

Amniotic band syndrome

2012-2014 Patients evaluated for amniotic band syndrome 8

2012-2014 Fetoscopic interventions for amniotic band release/
shunt complications

5

2003-2014 Patients evaluated for fetal tumors, including cervical, mediastinal
and sacrococcygeal teratomas

33

2001-2014 EXIT-to-airway procedures performed to treat patients with
cervical tumors or epignathus

20

2002-2014 Patients evaluated for fetal neck masses 40

Survival rate after fetoscopic procedure 100%

Percent of patients who did not need amputation after fetoscopic procedure 80%
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Fetal Center Volumes and Outcomes

2004-2014 Patients evaluated for LUTO 43

2006-2014 Fetal bladder shunts 22

Survival for patients with fetal bladder shunts 86%

Normal renal function at 6 months after fetal bladder shunts 67%

Lower urinary tract obstruction (LUTO)

2001-2014 Patients evaluated for CDH 212

2012-2014 Number of fetal endoscopic tracheal occlusion procedures 12

Congenital diaphragmatic hernia (CDH)

* O/E – TFLV > 35%–

 ECMO 
(survival=55%)

Isolated CDH
(n=114, 84% survival)

All patients
(n=212)

Associated anomalies
(n=98, 63% survival)

O/E-TFLV>35%
(survival=95%)

Liver up
(survival=75%)

 ECMO
(survival=60%)

 O/E-TFLV>35%
(survival=94%)

 Liver up
(survival=62%)

_ _

Survival to discharge for CDH patients (January 2004 to December 2014)

2004-2014 Survival to discharge for isolated CDH* 84%

2004-2014 Survival to discharge for CDH with associated anomalies 63%
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2011-2014 Patients evaluated for NTD 106

2011-2014 Open fetal procedures 25

2014 Fetoscopic procedures* 1

2002-2014 Patients evaluated for omphalocele 77

Neural tube defects (NTD)

Mean gestational age at delivery (in weeks) for those who 
underwent surgery

34.5

Total shunt rate with follow up 3/27 (2 weeks)

Shunt rate for those > 1 year of age** 3/21

Survival of at least one twin after SFLP 88%

Survival of both twins after SFLP 63%

* 14 fetoscopic NTD repairs completed in 2015
** Includes endoscopic third ventriculostomy (ETV) or shunt

Omphalocele

Survival for isolated omphalocele in live-born infants 100%

Survival for minor omphalocele with associated anomalies 83%

Survival for major omphalocele with associated anomalies 59%

2006-2014 Total evaluations for TTTS 626

2006-2014 Fetal surgical interventions to treat TTTS
(SFLP – selective fetoscopic laser photocoagulation)

412

2001-2014 Procedures for TTTS with triplet gestation 18

Twin-twin transfusion syndrome (TTTS)
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Fetal Cardiology Program
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Atrioventricular septal defect/atrioventricular canal defect

#2Prenatal diagnosis can improve outcomes for babies with cardiac conditions. Patients who seek
treatment at Texas Children’s Fetal Center are cared for by a multidisciplinary team of experts, in 
collaboration with Texas Children’s Heart Center, one of the top two pediatric heart centers in the
country.This collaboration between the Fetal and Heart Centers, the Fetal Cardiology Program, has
provided new hope for children with congenital heart issues. To learn more about Heart Center 
outcomes, please visit texaschildrens.org/heartoutcomes.
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Hypoplastic left heart syndrome and associated conditions
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Total number of patients Total number of visits
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Arrhythmias

Ventricular septal defect



| 
  T

EX
A

S 
CH

IL
D

RE
N

’S
 F

ET
A

L 
CE

N
TE

R 
  |

   
O

U
TC

O
M

ES
 2

01
4

14

Hypoplastic left heart syndrome (HLHS) is a complex congenital heart defect that occurs when the
left side of the heart does not form properly.The mitral valve, the left ventricle and the aortic valve
are too small, and there is not enough blood pumping through the left side of the heart to support
the rest of the body. Related conditions include evolving HLHS, where the valve is beginning to narrow
and there is concern that the baby will have HLHS by the time of birth, and borderline left heart, where
multiple left-sided structures are smaller than they should be.

Texas Children’s Hospital has successfully completed in-utero fetal cardiac interventions for all three
conditions. A coordinated effort among a large, multidisciplinary team of fetal cardiologists, obstetricians
and gynecologists, interventional cardiologists, congenital heart surgeons, fetal imaging experts, maternal
and fetal anesthesiologists and other clinical specialists, Texas Children’s Hospital is the first in the
southwestern U.S. to create a program to treat these defects in utero.

Catheter-based fetal aortic valvuloplasty for fetal aortic stenosis (evolving HLHS)

We perform this catheter-based procedure for babies with severe aortic stenosis in utero (evolving
HLHS). A tiny balloon is inflated inside the aortic valve to open up the leaflets, and removed.This allows
blood to  flow more easily through the left side of the baby’s heart and potentially improve growth of
left-sided structures.

Fetal Cardiology Program

Fetal AS 
baseline

Fetal valvuloplasty for 
AS intervention

Fetal AS 
post-intervention

Fetal cardiac interventions for HLHS and associated conditions

Illustrations by Beth Sumner
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Catheter-based atrial septal interventions for HLHS with intact or restrictive atrial 
septum (RAS)

Babies who already have HLHS in utero with no potential for growth of the left-sided structure depend
on a hole in the atrial septum to keep blood circulating throughout their body. In some babies, this hole
either does not exist or it is too small, and they have a high risk of complications and death.

In a catheter-based procedure, we use a balloon or stent to create an atrial septal defect (a hole between
the top chambers of the heart) to keep blood flowing through the baby’s heart.

Chronic hyperoxygenation for borderline left heart

For babies with borderline left heart, Texas Children’s Fetal 
Center is the first in the country to offer a brand new research
protocol in which mothers receive daily oxygen therapy
throughout their third trimester. By delivering extra oxygen to
the mother through face mask or cannula, we hope to increase
the amount of oxygen in her blood, the amount of oxygen going
to the placenta and fetus, and ultimately the amount of oxygen
flowing into the baby’s lungs and into the left side of the baby’s
heart. By improving flow to the left side of the heart, growth
should improve as well. Nine mothers have participated in the
trial so far.

HLHS with RAS
baseline

HLHS with RAS 
intervention

HLHS with RAS 
after stent placement

Borderline 
left heart
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Congenital Diaphragmatic Hernia

During a sonogram at 15 weeks, Jeanie and Shaun
Glenn of Seward, Alaska, found out their baby’s
heart was off center. Additional tests eventually
revealed congenital diaphragmatic hernia (CDH)
with the liver, spleen, stomach and a portion of
intestines all squeezed above the diaphragm into
the chest cavity.

“Our doctor told us, if you want this baby to
live, you need to seek care at an expert center,” 
recalled Jeanie. 

The Glenns searched to try to find the best center
to treat their unborn baby with CDH. 

“Our thinking was that if we had to leave home
anyway, we might as well pick a hospital which is
known to have the best outcomes and extensive
experience in treating CDH,” Jeanie said.

They chose Texas Children’s Fetal Center, and Jeanie’s doctor began coordinating care with Dr. Oluyinka
Olutoye and Dr. Darrell Cass, co-directors of the Fetal Center. 

Jeanie underwent extensive prenatal evaluation which included ultrasound and echocardiography studies
which revealed severe left-sided CDH. Mother and fetus were followed closely until 37 ½ weeks, at
which time labor was induced due to concerns about fetal distress and poor growth. 

Shaun, still working in Alaska, made it to Houston with just three hours to spare before baby John was
delivered by emergency cesarean section due to a decrease in his heart rate. Weighing just 4 pounds, 
9 ounces, John immediately went on a ventilator to support his severely underdeveloped lungs. John was
treated with what is known as a “gentle ventilation” approach and a number of medicines to optimize
the heart and lung function. His condition stabilized and then slowly started to improve. Remarkably,
extra corporeal membrane oxygenation, a treatment for the most serious cases of heart/lung failure,
was avoided.

At just five days old, Dr. Cass performed surgery on John in the NICU, a strategy pioneered at Texas
Children’s Hospital. The liver, spleen, stomach and intestines were carefully removed from the chest
and placed into their normal spots. John was born with almost no diaphragm muscle on the left side,
and thus the repair required the use of a large patch to close the hole.  

John Glenn

Glenn Family finds hope far from home
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In addition to the excellent care John received,
Texas Children’s Hospital is also able to 
provide treatment for the most severe cases
of CDH under a research protocol approved
by the Food and Drug Administration. 

Fetal endoscopic tracheal occlusion places a
tiny balloon in the trachea of the fetus in mid
gestation to improve lung growth. The balloon
is then removed later in the pregnancy to allow
the baby be delivered normally. 

The physicians and team at Texas Children’s Hospital have the most experience with
this treatment modality in the United States and are currently evaluating and treating
patients in this study.

Fetal endoscopic tracheal occlusion

John slowly recovered. After 100 days in Texas Children’s NICU, the Glenns flew back to Seward with
John on oxygen. He has had a couple of scares since moving back to Alaska, but overall John is progressing
remarkably well given the severity of his initial diagnosis.  

“We are incredibly lucky,” said Jeanie. “We picked Texas Children’s because they said that they would
give our baby every chance, and that’s exactly what they did. All along the way, they never gave up. I
don’t think John would be alive if we had not found the excellent care that we received at the Texas
Children’s Fetal Center and Texas Children’s Hospital.”
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Neural Tube Defects

When Althea Canezaro found out she was pregnant, 
she was thrilled to give her son, Blaine, a sibling. But, her
22-week ultrasound revealed something she didn’t 
expect – spina bifida. 

In 2014,Althea and her son, Grayson, became the first 
in the United States to successfully undergo a minimally
invasive two-port, fetoscopic procedure to repair spina 
bifida in utero.

After being diagnosed, Althea’s physicians in Baton Rouge
immediately referred her to Texas Children’s Fetal Center,
where she met with OB/GYN-in-Chief Dr. Michael Belfort,
pediatric neurosurgeon Dr. William Whitehead and their
team, who explained the delicate surgery and how it could
change the course of their son’s life.

“Each doctor took their time answering all of my questions, which put my nerves at ease,” Althea said.
“Even though this was the first experimental procedure, I had no fear in me.”

Texas Children’s team of fetal surgeons proposed a new, experimental approach that builds upon the
success of the open fetal surgery technique to treat spina bifida, but with a focus on reducing risks to
the mother.While open fetal surgery improves motor function in spina bifida patients treated in utero –
as proven in a landmark trial known as the Management of Myelomeningocele Study – the procedure
requires a six-centimeter opening in the uterus, which increases the risk of uterine rupture and other
pregnancy complications.

To counter these risks, Drs. Belfort and Whitehead collaborated with physicians from Vall d’Hebron
University Hospital in Barcelona to develop a fetoscopic method using two 4 mm uterine incisions.

“By navigating two small ports with the aid of a fetoscope, our goal is to minimize complications to
the mother’s uterus,” Dr. Whitehead said. “The potential risks that occur after open fetal surgery –
like preterm delivery, the need for cesarean section for every delivery, and placenta accreta – make
the fetoscopic approach more attractive.”

Years of preparation and training went into developing this surgical innovation. It began with 
Dr. Belfort and Dr. Whitehead practicing the technique in an animal model before creating their own
unique inanimate experimental prototype. They performed more than 30 simulated procedures.

Canezaro Family first to undergo successful two-port 
fetoscopic spina bifida repair in U.S.

Grayson Canezaro
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After receiving Institutional Review Board approval for this experimental procedure, Texas Children’s
multidisciplinary team of fetal experts performed the in-utero spina bifida fetoscopic closure for the
first time on July 29, 2014. At 25 weeks gestation, they successfully closed the opening in Grayson’s spine.

Seven weeks later, Grayson was born. Today he is doing remarkably well. “He never developed 
hydrocephalus and has full movement of his legs,” Althea said. “We are grateful to Dr. Belfort, 
Dr. Whitehead and their team for helping our son achieve this, which would not have been possible
without the exceptional care we received at Texas Children’s Hospital.”

While the fetoscopic procedure is in the early stages of experimentation and refinement, Belfort said,
“I’m excited to see what the future holds when it comes to repairing anomalies fetoscopically. With
advanced technology and imaging capabilities, our hope is that this innovation will lead us to a new era
of fetal medicine and surgery.” 

Spina bifida is a type of neural tube defect with a wide
range of severity. For the most serious cases of
myelomeningocele (MMC), where the baby’s spinal 
column is exposed and leaking cerebral spinal fluid,
Texas Children’s Fetal Center offers a research protocol
for fetoscopic MMC repair.The mother receives general
anesthesia, a small incision is made using a two-port or
three-port fetoscopic procedure, the MMC is repaired
by a neurosurgeon, and then the incision is closed.

After a five day recovery at the hospital, the pregnancy
is closely monitored with once or twice weekly ultrasounds until birth. While there
are risks associated with this invasive procedure, trials have shown potential benefits
that are being evaluated, including a smaller uterine scar, the ability to deliver vaginally,
and less risk of long-term placenta- related complications while maintaining the same
benefit for the fetus.  

Fetoscopic repair of MMC
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Twin-Twin Transfusion Syndrome

When Julie Burroughs went in for an 
ultrasound of her twins at 16 weeks, she
was shocked to learn that they were 
not growing properly due to twin-twin
transfusion syndrome (TTTS).

TTTS occurs in approximately 10 to 15
percent of pregnancies in which identical
twins share one placenta.

Abnormal blood vessel connections cause
the fetuses to share a blood supply, and
the smaller (donor) twin pumps blood to
the larger (recipient) twin. 

It’s a condition that causes a host of problems for both babies, and without treatment, many may die.

Julie’s obstetrician in Des Moines, Dr. Karen Drake, contacted Dr. Michael Belfort, OB/GYN-in-chief of
Texas Children’s Hospital, and sent Julie’s ultrasound results to Dr. Belfort who confirmed TTTS.

Julie and her husband Tony flew to Houston the next day and underwent a comprehensive evaluation
by the Fetal Center team. Dr. Belfort and the team explained the procedure they would need 
to perform. 

Fetoscopic laser photocoagulation uses a small camera and lasers to locate and seal the abnormal
blood vessels on the surface of the placenta. It stops the transfer of blood between twins and gives
the babies time to develop normally in the womb before birth. 

The Texas Children’s Fetal Center team monitored Julie closely for two and a half weeks before 
the time was right to perform the surgery. In Julie’s case, because of the position of her placenta, a 
laparoscope-assisted procedure was required. This is more complex than the routine fetoscopic laser
surgery. The procedure was a success, and the Burroughs were back in Iowa a few days later.

Dr. Drake and Dr. Belfort continued to coordinate care and monitor Julie closely. At 23 weeks, she
was put on hospital bed rest. Six weeks later, at 29 weeks, daughters Avery and Brynn were born. 

Weighing 3 pounds 5 ounces and 3 pounds 4 ounces, the girls were larger and healthier than expected
and spent just six weeks in the NICU before going home.

Burroughs Family evens the odds with TTTS treatment

Avery and Brynn Burroughs



At Texas Children’s Fetal Center, our experts have refined the use of a delicate 
in-utero laser ablation to stop the uneven blood exchange when it occurs between
monochorionic diamniotic twins. Fetoscopic laser photocoagulation is a minimally 
invasive surgical procedure that should be performed between 16-26 weeks gestation. 

Using ultrasound to continuously monitor the procedure and a small camera (fetoscope)
to locate abnormal blood vessel connections in the placenta, a laser seals the abnormal
blood vessels and disconnects them permanently. After sealing the blood vessels 
between the twins, our surgeons laser a line between the connections in order to 
coagulate even smaller vessels from one side to the other. 

A Texas Children’s Fetal Center study
published in the journal Ultrasound
in Obstetrics & Gynecology showed
that this procedure is responsible
for a better survival rate of both
twins. It is the preferred method of
treatment for certain severe cases of
TTTS, stopping the transfer of blood
between fetuses, and often halting
the progression of TTTS.

Fetoscopic laser photocoagulation for TTTS
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“Looking back at our journey, it seemed like such a very dark time, but now we see it as an inspiring,
strengthening time in our lives,” said Julie. 

“Because of what we experienced, we have so much gratitude for our healthy and happy little girls –
as well as for the doctors and nurses at Texas Children’s Fetal Center who cared for us and our babies.”
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Meet Our Leaders

Michael A. Belfort, M.B.B.C.H., M.D., Ph.D., is obstetrician and gynecologist-
in-chief of Texas Children’s Pavilion for Women and the Ernst W. Bertner chairman
and professor in the Department of Obstetrics and Gynecology at Baylor College
of Medicine. A nationally and internationally renowned specialist in maternal fetal
medicine and fetal intervention, Dr. Belfort is board certified in Obstetrics and 
Gynecology and in Maternal Fetal Medicine by the American Board of Obstetrics
and Gynecology. He is also co-director of the Perinatal Surgery Fellowship at 
Baylor College of Medicine.

A native of South Africa, Dr. Belfort received his medical degree (M.B.B.C.H.) from the University of
the Witwatersrand in Johannesburg, South Africa. He received a Doctorate in Medicine (M.D.) from the
University of Cape Town, South Africa, and a Ph.D. from the Karolinska Institute in Stockholm, Sweden.
Dr. Belfort is the author/editor of several textbooks notably, Hypertension in Pregnancy, Obstetric Clinical
Algorithms: Management and Evidence, Preeclampsia: Etiology & Clinical Practice and Critical Care Obstetrics
and has more than 219 peer reviewed papers.

    



| 
  T

EX
A

S 
CH

IL
D

RE
N

’S
 F

ET
A

L 
CE

N
TE

R 
  |

   
O

U
TC

O
M

ES
 2

01
4

23

Darrell Cass, M.D., is co-director of Texas Children’s Fetal Center and associate
professor of Surgery, Pediatrics and OB/GYN at Baylor College of Medicine. He is
co-founder of the fetal surgery team and a general pediatric and thoracic surgeon.
After receiving his M.D. in 1991 from the University of California Los Angeles School
of Medicine (with AOA honors), Dr. Cass pursued residency in general surgery 
at the University of California San Francisco. Dr. Cass studied as a postdoctoral
research fellow at the Fetal Treatment Center at the University of California San
Francisco and at the Center for Fetal Diagnosis and Treatment at The Children’s

Hospital of Philadelphia. He completed training in pediatric surgery at Texas Children’s Hospital and
Baylor College of Medicine in 2001. 

Dr. Cass has expertise and clinical interest in fetal and neonatal surgery for a range of problems, including
fetal lung malformations, congenital diaphragmatic hernia, omphalocele and esophageal atresia. He is also
experienced in laparoscopic and minimally invasive surgery, chest and lung surgery, the Nuss repair of
chest wall deformities and endocrine surgery. His basic research interests center on the mechanisms of
fetal tissue healing. His research goal is to understand the mechanisms involved in these unique reparative
processes in order to develop new strategies to surgically treat problems that affect the developing
fetus. Dr. Cass’s clinical research focuses on treatment advances of fetal and neonatal surgical conditions.

Wesley Lee, M.D., is co-director of Texas Children’s Fetal Center and professor
of Obstetrics and Gynecology at Baylor College of Medicine. He also serves as 
division director for Women’s and Fetal Imaging at Texas Children’s Pavilion for
Women. His medical degree was from Oregon Health Sciences University in 
Portland, and his OB/GYN residency was completed at Parkland Memorial Hospital
in Dallas. Additional training included a maternal-fetal medicine fellowship at 
Baylor College of Medicine. 

Dr. Lee has authored more than 149 peer-reviewed articles and 20 book chapters pertaining to perinatal
medicine, prenatal detection of congenital anomalies, fetal growth, 3D/4D fetal ultrasonography, and
fetal magnetic resonance imaging. He is an associate investigator with the Perinatology Research
Branch of the Eunice Kennedy Shriver National Institute of Child Health and Human Development
and served as a scientific advisor to the World Health Organization for fetal growth studies. He
 has chaired task force committees regarding the development of practice guidelines for prenatal 
ultrasonography; chaired the Clinical Standards Committee at the International Society of Ultrasound
in Obstetrics and Gynecology; served as deputy editor of the Journal of Ultrasound Medicine; and co-edited
the textbook Sonography in Obstetrics and Gynecology, Principles and Practice, McGraw-Hill, 2011. 
In 2015, Dr. Lee received the William J. Fry Memorial Lecture Award for his significant contributions
in fetal imaging.
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Meet Our Leaders

Oluyinka Olutoye, M.D., Ph.D., is co-director of Texas Children’s Fetal Center
and professor of Surgery, Pediatrics and OB/GYN at Baylor College of Medicine.
He is co-founder of the fetal surgery team and a general pediatric and thoracic
surgeon. Dr. Olutoye received his M.D. from Obafemi Awolowo University in 
Ile-Ife, Nigeria, and his Ph.D. in anatomy from Virginia Commonwealth University.
He completed his residency in general surgery at the Medical College of Virginia
Hospitals, Virginia Commonwealth University, and his fellowship in pediatric surgery
at The Children’s Hospital of Philadelphia and the University of Pennsylvania School

of Medicine. Dr. Olutoye is the 2016 co-president of the International Fetal Medicine and Surgery 
Society, a Fellow of the Surgical Section of the American Academy of Pediatrics, the American College
of Surgeons, and the West African College of Surgeons and the American Surgical Association. He is
certified by the American Board of Surgery both in general surgery and pediatric surgery.

Dr. Olutoye has specialized clinical expertise in fetal and neonatal surgery, with specific interest in
congenital diaphragmatic hernia, necrotizing enterocolitis and complex wounds. Dr. Olutoye’s research
interests include understanding the role of the fetal inflammatory response in scarless fetal wound
healing, development of animal models of congenital anomalies, in-utero correction of severe congenital
malformations, deformation of early indications of necrotizing enterocolitis and effects of anesthesia
on fetal brain development. 

Rodrigo Ruano, M.D., Ph.D., is co-director of Texas Children’s Fetal Center and
professor of Obstetrics and Gynecology at Baylor College of Medicine. He is also
an adjunct professor in the Department of Bioengineering at Rice University. Dr.
Ruano received his medical degree from the Medical School of University of São
Paulo in Brazil in 1997. He completed his residency at Hospital das Clinicas Medical
School of University of São Paulo in 2001. Additional training included a maternal-
fetal medicine fellowship at Hôpital Necker-Enfats Malades at the University of
Paris in 2003 and fetal surgery fellowship at Centre Hospitalier Intercommunal

Saint-Germain-en-Laye in Versailles in 2004. He concluded his Ph.D. thesis “Evaluation of lung volumes
by 3D-ultrasonography in fetuses with diaphragmatic hernia congenital isolation” at Medical School of
University of São Paulo in 2005. 

    Dr. Ruano has authored more than 160 peer-reviewed articles (PUBMED) and 50 book chapters pertaining
to maternal-fetal medicine, prenatal detection of congenital anomalies, 3D/4D fetal ultrasonography, and
fetal surgery. Dr. Ruano focuses his clinical efforts on developing and investigating new minimally invasive
fetal therapies such as fetal endoscopic tracheal occlusion for congenital diaphragmatic hernia, fetal
cystoscopy for fetal bladder obstruction and fetoscopic laser ablation for twin-twin transfusion syndrome.
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Physicians

Anesthesiology
Titi Aina, M.D., M.P.H.
Priscilla Garcia, M.D.
David Mann, M.D.
Kim Nguyen, M.D.
Toyin Olutoye, M.D., M.Sc. 
Catherine Seipel, M.D.
Thomas Shaw, M.D.
Luigi Viola, M.D.
Erin Williams, M.D.

Cardiovascular Surgery
Iki Adachi, M.D.
Charles D. Fraser, Jr., M.D.
Jeffrey S. Heinle, M.D.
Lauren Kane, M.D.
E. Dean McKenzie, M.D.
Carlos M. Mery, M.D.

Craniofacial Team – Plastic and
Reconstructive Surgeons
Edward P. Buchanan, M.D.
Larry H. Hollier, M.D.
David Y. Khechoyan, M.D.
Edward I. Lee, M.D.
Laura A. Monson, M.D.

Down Syndrome Clinic 
Kathryn K. Ostermaier, M.D.  
Jonathan Porter-Castillo, M.D.  

Ethics
Laurence McCullough, Ph.D. 

Fetal Cardiology/Echocardiography
Carolyn A.Altman, M.D.
Nancy A.Ayres, M.D.
Judith A. Becker, M.D.
Joshua Kailin, M.D.
Regina Lantin-Hermoso, M.D.
Emily J. Lawrence, D.O., M.S.
Keila N. Lopez, M.D., M.P.H.
Shiraz A. Maskatia, M.D.
Shaine A. Morris, M.D., M.P.H.
Alexia Beatriz Santos M.D., M.P.H.
S. Kristen Sexson Tejtel, M.D., Ph.D.
Betul Yilmaz, M.D.

Fetal Imaging/Radiology
Christopher Cassady, M.D.
Nilesh Desai, M.D.
Carolina Guimares, M.D.
Amy Mehollin-Ray, M.D.

Fetal Intervention/Fetal Surgery
Michael A. Belfort, M.D., Ph.D. 
Jimmy Espinoza, M.D.
R. Todd Ivey, M.D.
Susan Raine, M.D.
Rodrigo Ruano, M.D., Ph.D.
Magda Sanz-Cortes, M.D., Ph.D.
Alireza Shamshirsaz, M.D.

Fetal Interventional Cardiology
Henri Justino, M.D.
Aimee Liou, M.D.
Athar Quershi, M.D.

Genetics
Carlos Bacino, M.D.
Karla M. Bermudez-Wagner, M.D.
Seema Lalani, M.D.
Melissa Russo, M.D.
Vernon R. Sutton, M.D.
Ignatia B. Van den Veyver, M.D.

Infectious Disease
Gail J. Demmler-Harrison, M.D.

Maternal Fetal Medicine Specialists
Kjersti M. Aagaard-Tillery, M.D.
Jerasimos Ballas, M.D.
Michael A. Belfort, M.D., Ph.D.
Karla Bermudez-Wagner, M.D.
Robert Carpenter, Jr., M.D.
Steven Clark, M.D.
Christina Davidson, M.D.
Gary A. Dildy, M.D.
Catherine Eppes, M.D.
Nancy Eriksen, M.D.
Jimmy Espinoza, M.D.
Karin Fox, M.D.
Manisha Gandhi, M.D.
Nicole R. Hall, M.D.
Lisa Hollier, M.D.
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Physicians

Wesley Lee, M.D.
Michael Lucas, M.D.
Joan Mastrobattista, M.D.
Manju Monga, M.D.
Martha Rac, M.D.
Susan Ramin, M.D.
Mildred Ramirez, M.D.
Rodrigo Ruano, M.D., Ph.D.
Melissa Russo, M.D.
Magda Sanz-Cortes, M.D., Ph.D.
Alireza Shamshiraz, M.D.
Stacy L. Strehlow, M.D.
Anju Suhag, M.D.
Kiran Tam Tam, M.D.
Ignatia B. Van den Veyver, M.D.
Alex Vidaeff, M.D.

Neonatology
Gerardo Cabrera-Meza, M.D.
Melissa Carbajal, M.D.  
Xanthi Couroucli, M.D.  
Jonathan Davies, M.D.   
Daniela Dinu, M.D.   
Caraciolo Fernandes, M.D.  
Paraskev Georgiadis, M.D. 
Alfred Gest, M.D.   
Ganga Gokulakrishnan, M.D.  
Charleta Guillory, M.D. M.P.H.  
Amy Hair, M.D.   
Karen Johnson, M.D.
Pablo Lohmann, M.D.   
Torey Mack, M.D.   
George Mandy, M.D. 
Alicia Moise, M.D.  
Mohan Pammi, M.D.       
Frank Placencia, M.D.     
Muralidhar Premkumar, M.D.       
Judy Rhee, M.D.     
Danielle Rios, M.D.        
Alina Saldarriaga, M.D.       
Nathan Sundgren, M.D., Ph.D.       
Guatham Suresh, M.D.        
Stephen Welty, M.D.   

Nephrology
Joseph R. Angelo, M.D.
Michael Braun, M.D.

Neurology
Gary Clark, M.D.
Lisa Emrick, M.D.

Neurosurgery
Daniel Curry, M.D.
Robert Dauser, M.D.
Andrew Jea, M.D.
Thomas Luerssen, M.D.
William Whitehead, M.D.

Obstetrics
Jennifer Bump, M.D. 
R. Todd Ivey, M.D.
Susan Raine, M.D.

Orthopaedics 
Howard R. Epps, M.D.
Frank Travis Gerow, M.D. 
Jaclyn F. Hill, M.D.
Scott McKay, M.D. 
William A. Phillips, M.D. 
Scott B. Rosenfeld, M.D. 
Vinitha Shenava, M.D.

Pathology
Edwina Popek, M.D. 

Perinatal Pediatric Advanced Care Team
Karen Johnson, M.D.
Tiffany McKee-Garrett, M.D. 
Frank Placencia, M.D.

Pediatric Surgeons/Fetal Surgeons
Darrell Cass, M.D.
Sundeep G. Keswani, M.D.
Timothy Lee, M.D.
Oluyinka Olutoye, M.D. Ph.D.

Spina Bifida Clinic 
Jonathan P. Castillo, M.D., Ph.D.
Kathryn K. Ostermaier, M.D. 

Urology
Chester Koh, M.D.
David Roth, M.D.
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Providers and Staff

Clinical and Business Operations
Aimee Jackson, D.N.P., R.N.C.-O.B., R.D.M.S., 

W.H.N.P.-B.C.
Sean McGowen
Cris Treadway, M.S., L.P.C.

Fetal Center Nurse Coordinators
Florence Anyanwu, D.N.P.-B.C., R.N.C.-O.B.  
Annie Boggs, R.N.
Laura Mollett, R.N.
Jayme Molohon, B.S.N., R.N.
Christine Moran, B.S.N., R.N.
Carol Roth, R.N. 

Fetal Center Intake Coordinators
Ivonne Gutierrez
Veronica Montoya
Blanca Perrett

Fetal Center Outcomes Coordinator
Angel Krueger, B.S., R.N.

Genetic Counselors
Shannon Mulligan, M.S., C.G.C.
Samantha Stover, M.S., C.G.C.

Fetal Echosonographers
James Dozier, R.D.C.S., (A.E., P.E.)
Maggie Nguyen, R.D.C.S., (F.E., P.E.)
Lacey Schoppe, R.D.C.S., (F.E., P.E.)
Jianhong Zhang, R.D.C.S., (F.E., P.E., A.E.)

Fetal Medicine Sonographers
Nasrin Benion, R.D.M.S., N.T.Q.R.
Maria Gonzalez, R.D.M.S., N.T.Q.R.
Chris Hoang, R.D.M.S., N.T.Q.R.
Mary Jones, R.D.M.S., N.T.Q.R.
Deborah Reid, R.D.M.S., N.T.Q.R. 
Jeannie Silva, R.D.M.S., N.T.Q.R.
Anne Steele-Buhl, R.D.M.S., N.T.Q.R.
Tamara Wilson-Nelson, R.D.M.S., N.T.Q.R.

Physician Liaison
Elizabeth More
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Publications

CHAOS

Fetal laryngoscopy to evaluate vocal folds in a fetus with congenital high airway obstruction syndrome (CHAOS).
Ruano R, Cass DL, Rieger M, Javadian P, Shamshirsaz AA, Olutoye OO, Belfort MA. Ultrasound Obstet Gynecol. 2014
Jan;43(1):102-3. 

Congenital Diaphragmatic Hernia

Pulmonary capillary hemangiomatosis in a neonate with congenital diaphragmatic hernia. Akinkuotu AC, Sheikh F,
Cass DL, Lee TC, Welty SE, Kearney DL, Olutoye OO. Pediatr Surg Int. 2015 May;31(5):501-4. Epub 2015 Feb 13.

Longitudinal assessment of two-dimensional ultrasonographic lung measurements in fetuses with isolated left-sided
congenital diaphragmatic hernia. Ruano R, Britto IS, Sangi-Haghpeykar H, Bussamra LC, da Silva MM, Belfort MA,
Deter RL, Lee W, Tannuri U, Zugaib M. Ultrasound Obstet Gynecol. 2015 May. 45:566-71. 

Revisiting outcomes of right congenital diaphragmatic hernia. Akinkuotu AC, Cruz SM, Cass DL, Cassady CI,
Mehollin-Ray AR, Williams JL, Lee TC, Ruano R, Welty SE, Olutoye OO. J Surg Res. 2015 Apr 3. 

Persistent hypercarbia after resuscitation is associated with increased mortality in congenital diaphragmatic hernia 
patients. Abbas PI, Cass DL, Olutoye OO, Zamora IJ, Akinkuotu AC, Sheikh F, Welty SE, Lee TC. J Pediatr Surg. 2015
May;50(5):739-43. Epub 2015 Feb 20.

Are all pulmonary hypoplasias the same? A comparison of pulmonary outcomes in neonates with congenital 
diaphragmatic hernia, omphalocele and congenital lung malformation. Akinkuotu AC, Sheikh F, Cass DL, Zamora IJ,
Lee TC, Cassady CI, Mehollin-Ray AR, Williams JL, Ruano R, Welty SE, Olutoye OO. J Pediatr Surg. 2015 1):55-9.
Epub 2014 Dec 19.

Quantification of liver herniation in fetuses with isolated congenital diaphragmatic hernia using two-dimensional
ultrasonography. Britto IS, Olutoye OO, Cass DL, Zamora IJ, Lee TC, Cassady CI, Mehollin-Ray A, Welty S, 
Fernandes C, Belfort MA, Lee W, Ruano R. Ultrasound Obstet Gynecol. 2014 Nov 4. 

Congenital heart anomaly in newborns with congenital diaphragmatic hernia: A single-center experience Ruano R,
Javadian P, Kailin JA, Maskatia SA, Shamshirsaz AA, Cass DL, Zamora IJ, Sangi-Haghpeykar H, Lee TC, Ayres NA,
Mehollin-Ray A, Cassady CI, Fernandes C, Welty S, Belfort MA, Olutoye OO. Ultrasound Obstet Gynecol.
2014 Aug 26.

Fetal lung volume and quantification of liver herniation by magnetic resonance imaging in isolated congenital 
diaphragmatic hernia. Ruano R, Lazar DA, Cass DL, Zamora IJ, Lee TC, Cassady CI, Mehollin-Ray A, Welty S, 
Fernandes CJ, Haeri S, Belfort MA, Olutoye OO. Ultrasound Obstet Gynecol. 2014 Jun;43(6):662-9. 

Fetal endoscopic tracheal occlusion for congenital diaphragmatic hernia: Indications, outcomes, and future 
directions. Ruano R, Ali RA, Patel P, Cass D, Olutoye O, Belfort MA. Obstet Gynecol Surv. 2014 Mar;69(3):147-58.
doi: 10.1097/OGX.0000000000000045. Review. 

Prenatal MRI fetal lung volumes and percent liver herniation predict pulmonary morbidity in congenital 
diaphragmatic hernia (CDH). Zamora IJ, Olutoye OO, Cass DL, Fallon SC, Lazar DA, Cassady CI, Mehollin-Ray AR, 
Welty SE, Ruano R, Belfort MA, Lee TC. J Pediatr Surg. 2014 May;49(5):688-93. Epub 2014 Feb 22.

Fetal cardiac tamponade in a case of right-side congenital diaphragmatic hernia. Salmanian B, Shamshirsaz AA,
Cass DL, Javadian P, Ruano R, Ayres NA, Mehollin-Ray A, Belfort MA. Obstet Gynecol. 2014 Feb;123
(2 Pt 2 Suppl 2):447-50. 



| 
  T

EX
A

S 
CH

IL
D

RE
N

’S
 F

ET
A

L 
CE

N
TE

R 
  |

   
O

U
TC

O
M

ES
 2

01
4

29

Repair of congenital diaphragmatic hernias on Extracorporeal Membrane Oxygenation (ECMO): Does early 
repair improve patient survival? Fallon SC, Cass DL, Olutoye OO, Zamora IJ, Lazar DA, Larimer EL, Welty SE,
Moise AA, Demny AB, Lee TC. J Pediatr Surg. 2013 Jun;48(6):1172-6. 

The presence of a hernia sac in congenital diaphragmatic hernia is associated with better fetal lung growth and
outcomes. Zamora IJ, Cass DL, Lee TC, Welty S, Cassady CI, Mehollin-Ray AR, Fallon SC, Ruano R, Belfort MA,
Olutoye OO. J Pediatr Surg. 2013 Jun;48(6):1165-71. 

Fetal MR imaging of congenital diaphragmatic hernia. Mehollin-Ray AR, Cassady CI, Cass DL, Olutoye OO. 
Radiographics. 2012 Jul-Aug;32(4):1067-84. 

Defining "liver-up": does the volume of liver herniation predict outcome for fetuses with isolated left-sided 
congenital diaphragmatic hernia? Lazar DA, Ruano R, Cass DL, Moise KJ Jr, Johnson A, Lee TC, Cassady CI, 
Olutoye OO. J Pediatr Surg. 2012 Jun;47(6):1058-62. 

Jugular vein hypoplasia can preclude extracorporeal membrane oxygenation cannulation in the neonate with 
congenital diaphragmatic hernia: Potential identification of the neonate at risk by fetal magnetic resonance imaging.
Cassady CI, Mehollin-Ray AR, Olutoye OO, Cass DL. Fetal Diagn Ther. 2011;30(3):225-8. Epub 2011 Sep 28.

Impact of prenatal diagnosis and therapy on neonatal surgery. Cass DL. Semin Fetal Neonatal Med. 2011
Jun;16(3):130-8. Epub 2011 May 6. Review.

Impact of prenatal evaluation and protocol-based perinatal management on congenital diaphragmatic hernia 
outcomes. Lazar DA, Cass DL, Rodriguez MA, Hassan SF, Cassady CI, Johnson YR, Johnson KE, Johnson A, Moise
KJ, Belleza-Bascon B, Olutoye OO. J Pediatr Surg. 2011 May;46(5):808-13. 

Fetal surgery for congenital diaphragmatic hernia: the North American experience. Cass DL. Semin Perinatol. 2005
Apr;29(2):104-11. Review.

EXIT Procedures

Tracheoesophageal displacement index and predictors of airway obstruction for fetuses with neck masses. Lazar
DA, Cassady CI, Olutoye OO, Moise KJ Jr, Johnson A, Lee TC, Cass DL. J Pediatr Surg. 2012 Jan;47(1):46-50. 

Case scenario: Anesthesia for maternal-fetal surgery: The ex utero intrapartum therapy (EXIT) procedure. 
Garcia PJ, Olutoye OO, Ivey RT, Olutoye OA. Anesthesiology. 2011 Jun;114(6):1446-52. 

Ex-utero intrapartum treatment procedure for giant neck masses – fetal and maternal outcomes. Lazar DA, 
Olutoye OO, Moise KJ Jr, Ivey RT, Johnson A, Ayres N, Olutoye OA, Rodriguez MA, Cass DL. J Pediatr Surg. 2011
May;46(5):817-22. 
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Publications

Extra-Corporeal Membrane Oxygenation

Outcomes comparing dual-lumen to multisite venovenous ECMO in the pediatric population: The extracorporeal
life support registry experience. Zamora IJ, Shekerdemian L, Fallon SC, Olutoye OO, Cass DL, Rycus PL, Burgman
C, Lee TC. J Pediatr Surg. 2014 Oct;49(10):1452-7. Epub 2014 Sep 8.

Initial experience with single-vessel cannulation for venovenous extracorporeal membrane oxygenation in pediatric
respiratory failure. Fallon SC, Shekerdemian LS, Olutoye OO, Cass DL, Zamora IJ, Nguyen T, Kim ES, Larimer EL,
Lee TC. Pediatr Crit Care Med. 2013 May;14(4):366-73.

The use of ECMO for persistent pulmonary hypertension of the newborn: A decade of experience. Lazar DA,
Cass DL, Olutoye OO, Welty SE, Fernandes CJ, Rycus PT, Lee TC. J Surg Res. 2012 Oct;177(2):263-7. Epub 2012
Aug 10.

Extracorporeal membrane oxygenation support of a severe metabolic crisis in a child with methylmalonic acidemia.
Stark RJ, Naik-Mathuria BJ, Lam FW, Olutoye OO, Sutton VR, Shekerdemian LS. ASAIO J. 2012 Jul;58(4):438-9.

Outcomes of neonates requiring extracorporeal membrane oxygenation for irreversible pulmonary dysplasia: 
the Extracorporeal Life Support Registry experience. Lazar DA, Olutoye OO, Cass DL, 
Fernandes CJ, Welty SE, Johnson KE, Rycus PT, Lee TC. Pediatr Crit Care Med. 2012 Mar;13(2):188-90.

Venovenous cannulation for extracorporeal membrane oxygenation using a bicaval dual-lumen catheter in
neonates. Lazar DA, Cass DL, Olutoye OO, Kim ES, Welty SE, Fernandes CJ, Lee TC. J Pediatr Surg. 2012
Feb;47(2):430-4.

Jugular vein hypoplasia can preclude extracorporeal membrane oxygenation cannulation in the neonate with 
congenital diaphragmatic hernia: Potential identification of the neonate at risk by fetal magnetic resonance imaging.
Cassady CI, Mehollin-Ray AR, Olutoye OO, Cass DL. Fetal Diagn Ther. 2011;30(3):225-8. Epub 2011 Sep 28.

Fetal Cardiology

Electrocardiographic intervals in fetuses with CHD. Yilmaz B, Narayan HK, Wilpers A, Wiess C, Fifer WP, Williams
IA. Cardiol Young. 2016 Jan;26(1):84-9. doi: 10.1017/S1047951114002686. Epub 2015 Jan 20. 

A pilot study of chronic maternal hyperoxygenation and effect on aortic and mitral valve annular dimensions in
fetuses with left heart hypoplasia. Lara DA, Morris SA§, Maskatia SA, Melissa Karlsten, Maggie J. Nguyen, Feigin DK,
Lacey Schoppe, Jianhong Zhang, Bhatt A, SK Sexson-Tejtel, Lopez KN, Lawrence EJ, Wang Y, Andreas S, Belfort M,
Ruano R, Ayres NA, Altman CA, Aagaard K, Becker J. Obstetrics in Ultrasound in Gynecology, 2015 Dec 23. [Epub
ahead of print]. 

Outcomes and Predictors of Perinatal Mortality in Fetuses With Ebstein Anomaly or Tricuspid Valve Dysplasia in
the Current Era: A Multicenter Study. Freud LR, Escobar-Diaz MC, Kalish BT, Komarlu R, Puchalski MD, Jaeggi ET,
Szwast AL, Freire G, Levasseur SM, Kavanaugh-McHugh A, Michelfelder EC, Moon-Grady AJ, Donofrio MT, 
Howley LW, Tierney ES, Cuneo BF, Morris SA, Pruetz JD, van der Velde ME, Kovalchin JP, Ikemba CM, Vernon MM,
Samai C, Satou GM, Gotteiner NL, Phoon CK, Silverman NH, McElhinney DB, Tworetzky W. Circulation. 2015 Aug
11;132(6):481-9. doi: 10.1161/CIRCULATIONAHA.115.015839. Epub 2015 Jun 9. 
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Publications

Extra-Corporeal Membrane Oxygenation

Outcomes comparing dual-lumen to multisite venovenous ECMO in the pediatric population: The extracorporeal
life support registry experience. Zamora IJ, Shekerdemian L, Fallon SC, Olutoye OO, Cass DL, Rycus PL, Burgman
C, Lee TC. J Pediatr Surg. 2014 Oct;49(10):1452-7. Epub 2014 Sep 8.

Initial experience with single-vessel cannulation for venovenous extracorporeal membrane oxygenation in pediatric
respiratory failure. Fallon SC, Shekerdemian LS, Olutoye OO, Cass DL, Zamora IJ, Nguyen T, Kim ES, Larimer EL,
Lee TC. Pediatr Crit Care Med. 2013 May;14(4):366-73.

The use of ECMO for persistent pulmonary hypertension of the newborn: A decade of experience. Lazar DA,
Cass DL, Olutoye OO, Welty SE, Fernandes CJ, Rycus PT, Lee TC. J Surg Res. 2012 Oct;177(2):263-7. Epub 2012
Aug 10.

Extracorporeal membrane oxygenation support of a severe metabolic crisis in a child with methylmalonic acidemia.
Stark RJ, Naik-Mathuria BJ, Lam FW, Olutoye OO, Sutton VR, Shekerdemian LS. ASAIO J. 2012 Jul;58(4):438-9.

Outcomes of neonates requiring extracorporeal membrane oxygenation for irreversible pulmonary dysplasia: 
the Extracorporeal Life Support Registry experience. Lazar DA, Olutoye OO, Cass DL, 
Fernandes CJ, Welty SE, Johnson KE, Rycus PT, Lee TC. Pediatr Crit Care Med. 2012 Mar;13(2):188-90.

Venovenous cannulation for extracorporeal membrane oxygenation using a bicaval dual-lumen catheter in
neonates. Lazar DA, Cass DL, Olutoye OO, Kim ES, Welty SE, Fernandes CJ, Lee TC. J Pediatr Surg. 2012
Feb;47(2):430-4.

Jugular vein hypoplasia can preclude extracorporeal membrane oxygenation cannulation in the neonate with 
congenital diaphragmatic hernia: Potential identification of the neonate at risk by fetal magnetic resonance imaging.
Cassady CI, Mehollin-Ray AR, Olutoye OO, Cass DL. Fetal Diagn Ther. 2011;30(3):225-8. Epub 2011 Sep 28.

Fetal Cardiology

Electrocardiographic intervals in fetuses with CHD. Yilmaz B, Narayan HK, Wilpers A, Wiess C, Fifer WP, Williams
IA. Cardiol Young. 2016 Jan;26(1):84-9. doi: 10.1017/S1047951114002686. Epub 2015 Jan 20. 

A pilot study of chronic maternal hyperoxygenation and effect on aortic and mitral valve annular dimensions in
fetuses with left heart hypoplasia. Lara DA, Morris SA§, Maskatia SA, Melissa Karlsten, Maggie J. Nguyen, Feigin DK,
Lacey Schoppe, Jianhong Zhang, Bhatt A, SK Sexson-Tejtel, Lopez KN, Lawrence EJ, Wang Y, Andreas S, Belfort M,
Ruano R, Ayres NA, Altman CA, Aagaard K, Becker J. Obstetrics in Ultrasound in Gynecology, 2015 Dec 23. [Epub
ahead of print]. 

Outcomes and Predictors of Perinatal Mortality in Fetuses With Ebstein Anomaly or Tricuspid Valve Dysplasia in
the Current Era: A Multicenter Study. Freud LR, Escobar-Diaz MC, Kalish BT, Komarlu R, Puchalski MD, Jaeggi ET,
Szwast AL, Freire G, Levasseur SM, Kavanaugh-McHugh A, Michelfelder EC, Moon-Grady AJ, Donofrio MT, 
Howley LW, Tierney ES, Cuneo BF, Morris SA, Pruetz JD, van der Velde ME, Kovalchin JP, Ikemba CM, Vernon MM,
Samai C, Satou GM, Gotteiner NL, Phoon CK, Silverman NH, McElhinney DB, Tworetzky W. Circulation. 2015 Aug
11;132(6):481-9. doi: 10.1161/CIRCULATIONAHA.115.015839. Epub 2015 Jun 9. 
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International Fetal Cardiac Intervention Registry: A Worldwide Collaborative Description and Preliminary Outcomes.
Moon-Grady AJ, Morris SA, Belfort M, Chmait R, Dangel J, Devlieger R, Emery S, Frommelt M, Galindo A,
Gelehrter S, Gembruch U, Grinenco S, Habli M, Herberg U, Jaeggi E, Kilby M, Kontopoulos E, Marantz P, Miller O,
Otaño L, Pedra C, Pedra S, Pruetz J, Quintero R, Ryan G, Sharland G, Simpson J, Vlastos E, Tworetzky W, 
Wilkins-Haug L, Oepkes D; International Fetal Cardiac Intervention Registry. J Am Coll Cardiol. 2015 Jul
28;66(4):388-99. doi: 10.1016/j.jacc.2015.05.037.  

Congenital heart anomaly in newborns with congenital diaphragmatic hernia: A single-center experience. Ruano R,
Javadian P, Kailin JA, Maskatia SA, Shamshirsaz AA, Cass DL, Zamora IJ, Sangi-Haghpeykar H, Lee TC, Ayres NA,
Mehollin-Ray A, Cassady CI, Fernandes C, Welty S, Belfort MA, Olutoye OO. Ultrasound Obstet Gynecol. 2015
Jun;45(6):683-8. Epub 2015 May 4.

5, 4, 3, 2, 1: embryologic variants of pentalogy of Cantrell. Kaul B, Sheikh F, Zamora IJ, Mehollin-Ray AR, Cassady
CI, Ayres NA, Cass DL, Olutoye OO. J Surg Res. 2015 Apr 9. pii: S0022-4804(15)00414-X. [Epub ahead of print].

Impact of change in delivery practice on neonatal and maternal outcomes in cases of significant congenital heart
disease. Dadlez NM, Brubaker SG, Simpson LL, Yilmaz B, Williams IA. Congenit Heart Dis. 2014 Sep-Oct;9(5):368-72. 

Prenatal diagnosis, birth location, surgical center, and neonatal mortality in infants with hypoplastic left heart 
syndrome. Morris SA, Ethen MK, Penny DJ, Canfield MA, Minard CG, Fixler DE, Nembhard WN. Circulation. 2014
Jan 21;129(3):285-92. doi: 10.1161/CIRCULATIONAHA.113.003711. Epub 2013 Oct 17.

Diagnosis and treatment of fetal cardiac disease. A scientific statement from the American Heart Association.
Donofrio MT, Moon-Grady AJ, Hornberger LK, Copel J, Sklansky MS, Abuhamad A, Cuneo BF, Huhta JC, Jonas RA, 
Krishnan A, Lacey DO, Lee W, Michelfelder EC, Rempel GR, Silverman NH, Spray TL, Strassburger JF, Tworetzky W,
Rychik J. Circulation. 2014; 129:  2183-242.  

Collaborative study of 4-dimensional fetal echocardiography in the first trimester of pregnancy. Espinoza J, Lee W,
Viñals F, Martinez JM, Bennasar M, Rizzo G, Belfort M. J Ultrasound Med. 2014;33:1079-84.  PMID: 24866615.

AIUM practice guideline for the performance of fetal echocardiography. Lee W. Task Force Chair. American Institute
of Ultrasound in Medicine. J Ultrasound Med. 2013; 32: 1067–1082. 

ISUOG Practice Guidelines (updated): Sonographic screening examination of the fetal heart. Carvalho JS, Allan LD,
Chaoui R, Copel JA, DeVore GR, Hecher K, Lee W, Munoz H, Paladini D, Tutschek B, Yagel S. Ultrasound Obstet 
Gynecol. 2013; 41: 348-59. 

Re: Nuchal translucency and major congenital heart defects in fetuses with normal karyotype: A meta-analysis.
Lee W. Referee commentary. Sotiriadis A, Papatheodorou S, Eleftheriades M, Makrydimas G. Ultrasound Obstet
Gynecol. 2013; 42: 373. 

The fetal cardiovascular response to increased placental vascular impedance to flow determined with 4-dimensional
ultrasound using spatiotemporal image correlation and virtual organ computer-aided analysis. Hamill N, Romero
R, Hassan S, Lee W, Myers SA, Mittal P, Kusanovic JP, Balasubramaniam M, Chaiworapongsa T, Vaisbuch E, Espinoza J,
Gotsch F, Goncalves LF, Mazaki-Tovi S, Erez O, Hernandez-Andrade E, Yeo L. Am J Obstet Gynecol. 2013; 208:153.e1-13. 

Fetal cardiac malposition: incidence and outcome of associated cardiac and extracardiac malformations. Kovalchin
JP. Am J Perinatol. 2008 May;25(5):277-81. Epub 2008 Apr 9.
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Publications

Diagnosis of pentalogy of cantrell in the fetus using magnetic resonance imaging and ultrasound. McMahon CJ, 
Taylor MD, Cassady CI, Olutoye OO, Bezold LI. Pediatr Cardiol. 2007 May-Jun;28(3):172-5. Epub 2007 Mar 20.

Characteristics and outcomes of fetuses with pericardial effusions. Slesnick TC, Ayres NA, Altman CA, Bezold LI,
Eidem BW, Fraley JK, Kung GC, McMahon CJ, Pignatelli RH, Kovalchin JP. Am J Cardiol. 2005 Aug 15;96(4):599-601.

American Society of Echocardiography guidelines and standards for performance of the fetal echocardiogram.
Rychik J, Ayres N, Cuneo B, Gotteiner N, Hornberger L, Spevak PJ, Van Der Veld M. J Am Soc Echocardiogr. 2004
Jul;17(7):803-10. No abstract available.

Images in cardiovascular medicine. Fetal diagnosis of right ventricular aneurysm associated with supraventricular
tachycardia with left bundle-branch block aberrancy. John JB, Bricker JT, Fenrich AL, Vick GW, El-Said HG, Ayres
NA, Bezold LI. Circulation. 2002 Jul 2;106(1):141-2. 

Fetal diagnosis of right ventricular aneurysm associated with supraventricular tachycardia with left bundle-branch
block aberrancy. John JB, Bricker JT, Fenrich AL, Vick GW, El-Said HG, Ayres NA, Bezold LI. Images in cardiovascular
medicine. Circulation. 2002 Jul 2;106(1):141-2. PubMed PMID: 12093784.   

Harmonic imaging in fetal echocardiography. Kovalchin JP, Lewin MB, Bezold LI, Altman CA, Ayres NA. J Am Soc
Echocardiogr. 2001 Oct;14(10):1025-9. PubMed PMID: 11593208.   

Premature closure of the foramen ovale associated with aortic stenosis, left ventricular dilation with thrombus,
and early mortality. Nowlen TT, Ayres NA, Kearney DL, Nihill MR, Grifka RG. Am J Cardiol. 2000 May 1;85(9):1159-
61, A9. PubMed PMID: 10781774.   

In utero diagnosis of intrapericardial teratoma: a case for in utero open fetal surgery. Riskin-Mashiah S, Moise KJ
Jr, Wilkins I, Ayres NA, Fraser CD Jr. Prenat Diagn. 1998 Dec;18(12):1328-30. PubMed PMID: 9885028.   

Fetal Echocardiography: Who Needs It? Ayres NA. Cardiol Rev. 1998 May;6(3):156-167. PubMed PMID: 10348938.   

Advances in fetal echocardiography. Ayres NA. Tex Heart Inst J. 1997;24(4):250-9. Review.  

Indomethacin for preterm labor: fetal toxicity in a dizygotic twin gestation. Hallak M, Reiter AA, Ayres NA, Moise
KJ Jr. Obstet Gynecol. 1991 Nov;78(5 Pt 2):911-3. 

Fetal supraventricular tachycardia treated with flecainide acetate. Perry JC, Ayres NA, Carpenter RJ Jr. J Pediatr.
1991 Feb;118(2):303-5. 

Renal responses to hypoxemia during renin-angiotensin system inhibition in fetal lambs. Nakamura KT, Ayres NA,
Gomez RA, Robillard JE. Am J Physiol. 1985 Jul;249(1 Pt 2):R116-24. 

Factors controlling aldosterone secretion during hypoxemia in fetal lambs. Robillard JE, Ayres NA, Gomez RA,
Nakamura KT, Smith FG Jr. Pediatr Res. 1984 Jul;18(7):607-11. 

Echocardiographic Parameters and Outcomes in Primary Fetal Cardiomyopathy. Ezon DS, Ayres N, Altman CA,
Denfield S, Morris SA, Maskatia S. Journal of Ultrasound in Medicine, in press.
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Fetal Diagnosis

Diagnostic accuracy of ultrasonography and magnetic resonance imaging for the detection of fetal anomalies – 
a blinded case-control study. Gonçalves LF, Lee W, Mody S, Shetty A, Sangi-Haghpeykar H, Romero R. Ultrasound
Obstet Gynecol, 2015 Oct 6. 

Prenatal identification of Pierre Robin Sequence: a review of the literature and look towards the future. Kaufman
MG, Cassady CI, Hyman CH, Lee W, Watcha MF, Hippard HK, Olutoye OA, Khechoyan DY, Monson LA, Buchanan
EP. Fetal Diagn Ther. 2015 May 8. [Epub ahead of print]. 

Prenatal imaging of occipital encephaloceles. Kasprian GJ, Paldino MJ, Mehollin-Ray AR, Shetty A, Williams JL, 
Lee W, Cassady CI. Fetal Diagn Ther. 2015;37:241-8. 

Prenatal diagnosis of renal vein thrombosis: A case report and literature review. Moaddab A, Shamshirsaz AA,
Ruano R, Salmanian B, Lee W, et al. Fetal diagnosis and therapy. 2015; PubMed [journal].

Comparing characteristics and outcomes in infants with prenatal and postnatal diagnosis of esophageal atresia.
Fallon SC, Ethun CG, Olutoye OO, Brandt ML, Lee TC, Welty SE, Ruano R, Cass DL. J Surg Res. 2014
Jul;190(1):242-5. Epub 2014 Mar 27.

Fetal MRI improves diagnostic accuracy in patients referred to a fetal center for suspected esophageal atresia.
Ethun CG, Fallon SC, Cassady CI, Mehollin-Ray AR, Olutoye OO, Zamora IJ, Lee TC, Welty SE, Cass DL. J Pediatr
Surg. 2014 May;49(5):712-5. Epub 2014 Feb 22.

Spatial mapping of translational diffusion coefficients using diffusion tensor imaging: A mathematical description.
Shetty AN, Chiang S, Maletic-Savatic M, Kasprian G, Vannucci M, Lee W. Concepts Magn Reson Part A Bridg Educ Res.
2014; 43: 1-27.  

Vasa previa: Clinical presentations, outcomes, and  implications for management. Bronsteen R, Whitten A, 
Balasubramanian M, Lee W, Lorenz R, Redman M, Goncalves L,  Seubert D, Bauer S, Comstock C. Obstet Gynecol.
2013; 122: 352-7. 

Magnetic resonance diffusion-weighted imaging: Reproducibility of regional apparent diffusion coefficients for the
normal fetal brain. Boyer AC, Gonçalves LF, Lee W, Shetty A, Holman A, Yeo L, Romero R. Ultrasound Obstet 
Gynecol. 2013; 41:190-7. 

ISUOG Practice Guidelines: use of Doppler ultrasonography in obstetrics. Bhide A, Acharya G, Bilardo CM,
Brezinka C, Cafici D, Hernandez-Andrade E, Kalache K, Kingdom J, Kiserud T, Lee W, Lees C, Leung KY, Malinger
G, Mari G, Prefumo F, Sepulveda W and Trudinger B. Ultrasound Obstet Gynecol. 2013; 41: 233-239. 

Does the use of automated fetal biometry improve clinical workflow efficiency? Espinoza J, Good S, Russell E, Lee
W. J Ultrasound Med. 2013; 32:847-50. 

The use of combined ultrasound and magnetic resonance imaging in the detection of fetal anomalies. Santos XM,
Papanna R, Johnson A, Cass DL, Olutoye OO, Moise KJ, Jr, Belleza-Bascon B, Cassady CI. Prenat Diagn. 2010
May;30(5):402-7.
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Publications

Fetal Gastrointestinal Problems

Evaluation of the prenatally diagnosed mass. Lee TC, Olutoye OO. Semin Fetal Neonatal Med. 2012 Aug;17(4):
185-91. Epub 2012 Mar 15. 

Advances in fetal and neonatal surgery for gastrointestinal anomalies and disease. Cass DL, Wesson DE. Clin Perinatol.
2002 Mar;29(1):1-21. Review.

Fetal Gene Therapy

BAPS Prize – 1997. Fetal gene therapy: Efficacy, toxicity, and immunologic effects of early gestation recombinant
adenovirus. British Association of Paediatric Surgeons. Yang EY, Cass DL, Sylvester KG, Wilson JM, Adzick NS. 
J Pediatr Surg. 1999 Feb;34(2):235-41.

Fetal Growth

Growth patterns of fetal lung volumes in healthy fetuses and fetuses with isolated left-sided congenital diaphragmatic
hernia. Ruano R, Werneck IS, Sananes N, Sangi-Haghpeykar H, Lee W, Deter RL. Journal of Ultrasound in Medicine, 
in press.

Personalized third trimester fetal growth evaluation: comparisons of individualized growth assessment, percentile
line, and conditional probability measurements. Deter RL, Lee W, Sangi-Haghpeykar H, Tarca AL, Li J, Yeo L,
Romero R. J Matern Fetal Neonatal Med. 2015 Sep 25:1-9. [Epub ahead of print].

Fetal growth cessation in late pregnancy: its impact on predicted size parameters used to classify small for 
gestational age neonates. Deter RL, Lee W, Sangi-Haghpeykar H, Tarca AL, Yeo L, Romero R. J Matern Fetal 
Neonatal Med 2015; 28: 745-54. Jun 17: 1-11. 

A modified prenatal growth assessment score for the evaluation of fetal growth in the third trimester using single
and composite biometric parameters. Deter RL, Lee W, Sangi-Haghpeykar H, Tarca AL, Yeo L, Romero R. J Matern
Fetal Neonatal Med. 2015; 28: 745-54. 

Reference ranges for 2-dimensional sonographic lung measurements in healthy fetuses: a longitudinal study. Britto
IS, Araujo Júnior E, Sangi-Haghpeykar H, Bussamra LC, Deter RL, Belfort MA, Lee W, Ruano R. J Ultrasound Med.
2014; 33: 1917-23.  

Customized growth curves for the identification of large-for-gestational age neonates delivered to pre-eclamptic
women. Espinoza J, Lee W, Martin SR, Belfort MA. Ultrasound Obstet Gynecol. 2014; 43:165-9. 

Individualized fetal growth assessment: Critical evaluation of key concepts in the specification of third trimester
size trajectories. Deter RL, Lee W, Sangi-Haghpeykar H, Tarca AL, Yeo L, Romero R. J Matern Fetal Neonatal Med.
2014; 27: 543-51.  

Prospective validation of fetal weight estimation using fractional limb volume. Lee W, Deter R, Sangi-Haghpeykar H,
Yeo L, Romero R. Ultrasound Obstet Gynecol. 2013; 41: 198-203. 
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Fetal Wound Healing, Fetal Response to Fetal Surgery

Age-dependent recruitment of neutrophils by fetal endothelial cells: Implications in scarless wound healing. 
Naik-Mathuria B, Gay AN, Zhu X, Yu L, Cass DL, Olutoye OO. J Pediatr Surg. 2007 Jan;42(1):166-71.

Neutrophil recruitment by fetal porcine endothelial cells: Implications in scarless fetal wound healing. Olutoye OO,
Zhu X, Cass DL, Smith CW. Pediatr Res. 2005 Dec;58(6):1290-4.

Hyaluronan receptor expression increases in fetal excisional skin wounds and correlates with fibroplasia. Lovvorn HN
3rd, Cass DL, Sylvester KG, Yang EY, Crombleholme TM, Adzick NS, Savani RC. J Pediatr Surg. 1998 Jul;33(7):1062-9;
discussion 1069-70.

Modulation of the human homeobox genes PRX-2 and HOXB13 in scarless fetal wounds. Stelnicki EJ, Arbeit J,
Cass DL, Saner C, Harrison M, Largman C. J Invest Dermatol. 1998 Jul;111(1):57-63.

Diminished interleukin-8 (IL-8) production in the fetal wound healing response. Liechty KW, Crombleholme TM,
Cass DL, Martin B, Adzick NS. J Surg Res. 1998 Jun;77(1):80-4.

Epidermal integrin expression is upregulated rapidly in human fetal wound repair. Cass DL, Bullard KM, Sylvester KG,
Yang EY, Sheppard D, Herlyn M, Adzick NS. J Pediatr Surg. 1998 Feb;33(2):312-6. 

A new in vivo model for the study of fetal wound healing. Stelnicki EJ, Bullard KM, Harrison MR, Cass DL, Adzick NS.
Ann Plast Surg. 1997 Oct;39(4):374-80.

Scar wars: Implications of fetal wound healing for the pediatric burn patient. Cass DL, Meuli M, Adzick NS. Pediatr Surg
Int. 1997 Sep;12(7):484-9. Review.

Myofibroblast persistence in fetal sheep wounds is associated with scar formation. Cass DL, Sylvester KG, Yang EY,
Crombleholme TM, Adzick NS. J Pediatr Surg. 1997 Jul;32(7):1017-21; discussion 1021-2.

Transforming growth factor beta-1 decreases interstitial collagenase in healing human fetal skin. Bullard KM, Cass DL,
Banda MJ, Adzick NS. J Pediatr Surg. 1997 Jul;32(7):1023-7.

Wound size and gestational age modulate scar formation in fetal wound repair. Cass DL, Bullard KM, Sylvester KG,
Yang EY, Longaker MT, Adzick NS. J Pediatr Surg. 1997 Mar;32(3):411-5.

Fetoscopy

Fetoscopic gene therapy for congenital lung disease. Sylvester KG, Yang EY, Cass DL, Crombleholme TM, Adzick NS.
J Pediatr Surg. 1997 Jul;32(7):964-9.

Genetics

Reproductive genetic counseling challenges associated with diagnostic exome sequencing in a large academic 
private reproductive genetic counseling practice. Westerfield LE, Stover SR, Mathur VS, Nassef SA, Carter TG, Yang Y,
Eng CM, Van den Veyver IB. Prenat Diagn. 2015 Oct;35(10):1022-9. doi: 10.1002/pd.4674. Epub 2015 Sep 4. 

Pregnant patients' risk perception of prenatal test results with uncertain fetal clinical significance: ultrasound versus
advanced genetic testing. Richards EG, Sangi-Haghpeykar H, McGuire AL, Van den Veyver IB, Fruhman G. Prenat Diagn.
2015 Aug 19. doi: 10.1002/pd.4680. [Epub ahead of print] PubMed.
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Publications

Genome-Wide Sequencing for Prenatal Detection of Fetal Single-Gene Disorders. Van den Veyver IB, Eng CM. 
Cold Spring Harb Perspect Med. 2015 Aug 7;5(10). pii: a023077. doi: 10.1101/cshperspect.a023077. Review. 

Prenatal diagnosis of CLOVES syndrome confirmed by detection of a mosaic PIK3CA mutation in cultured 
amniocytes. Emrick LT, Murphy L, Shamshirsaz AA, Ruano R, Cassady CI, Liu L, Chang F, Sutton VR, Li M, Van den
Veyver IB. Am J Med Genet A. 2014 Oct;164A(10):2633-7. doi: 10.1002/ajmg.a.36672. Epub 2014 Jul 14. 

Counseling Challenges with Variants of Uncertain Significance and Incidental Findings in Prenatal Genetic Screening
and Diagnosis. Westerfield L, Darilek S, van den Veyver IB. J Clin Med. 2014 Sep 12;3(3):1018-32. doi:
10.3390/jcm3031018. Review. 

Giant Neck Masses

Prenatally diagnosed neck masses: Long-term outcomes and quality of life. Sheikh F, Akinkuotu A, Olutoye OO,
Pimpalwar S, Cassady CI, Fernandes CJ, Ruano R, Lee TC, Cass DL. J Pediatr Surg. 2015 Jul;50(7):1210-3. Epub 2015
Mar 21.

Fetoscopic laser ablation of vasa previa for a fetus with a giant cervical lymphatic malformation. Hosseinzadeh P,
Shamshirsaz AA, Cass DL, Espinoza J, Lee W, Salmanian B, Ruano R, Belfort MA. Ultrasound Obstet Gynecol. 2015 Jan
22. [Epub ahead of print].

EXIT procedure for fetal neck masses. Olutoye OO, Olutoye OA. Curr Opin Pediatr. 2012 Jun;24(3):386-93.

Tracheoesophageal displacement index and predictors of airway obstruction for fetuses with neck masses. Lazar DA,
Cassady CI, Olutoye OO, Moise KJ Jr, Johnson A, Lee TC, Cass DL. J Pediatr Surg. 2012 Jan;47(1):46-50.

Ex-utero intrapartum treatment procedure for giant neck masses – fetal and maternal outcomes. Lazar DA, Olutoye OO,
Moise KJ Jr, Ivey RT, Johnson A, Ayres N, Olutoye OA, Rodriguez MA, Cass DL. J Pediatr Surg. 2011 May;46(5):817-22.

Indications for Fetal Surgery and Treatment

Mainstem bronchial atresia: A lethal anomaly amenable to fetal surgical treatment. Zamora IJ, Sheikh F, Olutoye OO,
Cassady CI, Lee TC, Ruano R, Cass DL. J Pediatr Surg. 2014 May;49(5):706-11. Epub 2014 Feb 22. Review.

Defining hydrops and indications for open fetal surgery for fetuses with lung masses and vascular tumors. Cass DL,
Olutoye OO, Ayres NA, Moise KJ Jr, Altman CA, Johnson A, Cassady CI, Lazar DA, Lee TC, Lantin MR. J Pediatr
Surg. 2012 Jan;47(1):40-5.

Tracheoesophageal displacement index and predictors of airway obstruction for fetuses with neck masses. Lazar DA,
Cassady CI, Olutoye OO, Moise KJ Jr, Johnson A, Lee TC, Cass DL. J Pediatr Surg. 2012 Jan;47(1):46-50.

Impact of prenatal diagnosis and therapy on neonatal surgery.  Cass DL. Semin Fetal Neonatal Med. 2011
Jun;16(3):130-8. Epub 2011 May 6. Review. [PubMed - indexed for MEDLINE].

Laparoscopy-assisted fetoscopy for laser surgery in twin-twin transfusion syndrome with anterior placentation.
Papanna R, Johnson A, Ivey RT, Olutoye OO, Cass D, Moise KJ. Ultrasound Obstet Gynecol. 2010 Jan;35(1):65-70.

Fetal surgery for congenital diaphragmatic hernia: The North American experience. Cass DL. Semin Perinatol. 2005
Apr;29(2):104-11. Review.

Advances in fetal and neonatal surgery for gastrointestinal anomalies and disease. Cass DL, Wesson DE. Clin Perinatol.
2002 Mar;29(1):1-21. Review.
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Lower Urinary Tract Obstruction (LUTO)

Fetal Lower Urinary Tract Obstruction - A proposal of Standardized Multidisciplinary Prenatal Management based
on Disease Severity. Ruano R, Sananes N, Wilson C, Au J, Koh CJ, Gargollo P, Shamshirsaz AA, Espinoza J, Safdar A,
Moaddab A, Meyer N, Cass DL, Olutoye OO, Olutoye OA, Welty S, Roth DR, Braun MC, Belfort MA. Ultrasound
Obstet Gynecol. 2015 Dec 22. doi: 10.1002/uog.15844. [Epub ahead of print].

Defining and predicting 'intrauterine fetal renal failure' in congenital lower urinary tract obstruction. Ruano R, 
Safdar A, Au J, Koh CJ, Gargollo P, Shamshirsaz AA, Espinoza J, Cass  DL, Olutoye OO, Olutoye OA, Welty S, Roth DR,
Belfort MA, Braun MC. Pediatr Nephrol. 2015 Nov 2. [Epub ahead of print].

Prenatal Diagnosis and Perinatal Outcomes of Congenital Megalourethra: A Multicenter Cohort Study and 
Systematic Review of the Literature. Moaddab A, Sananes N, Hernandez-Ruano S, Werneck Britto IS, Blumenfeld Y,
Stoll F, Favre R, Ruano R. J Ultrasound Med. 2015 Nov;34(11):2057-64. doi:10.7863/ultra.14.12064. Epub 2015 Oct 7. 

Fetal intervention for severe lower urinary tract obstruction: A multicenter case-control study comparing fetal 
cystoscopy with vesicoamniotic shunting. Ruano R, Sananes N, Sangi-Haghpeykar H, Hernandez-Ruano S, Moog R,
Becmeur F, Zaloszyc A, Giron AM, Morin B, Favre R. Ultrasound Obstet Gynecol. 2015 Apr;45(4):452-8. Epub 2015
Mar 2. 

Outcomes of fetuses with lower urinary tract obstruction treated with vesicoamniotic shunt: A single-institution
experience. Ethun CG, Zamora IJ, Roth DR, Kale A, Cisek L, Belfort MA, Haeri S, Ruano R,Welty SE, Cassady CI,
Olutoye OO, Cass DL. J Pediatr Surg. 2013 May;48(5):956-62.  

Lung Lesions/CCAM

Are all pulmonary hypoplasias the same? A comparison of pulmonary outcomes in neonates with congenital 
diaphragmatic hernia, omphalocele and congenital lung malformation. Akinkuotu AC, Sheikh F, Cass DL, Zamora IJ,
Lee TC, Cassady CI, Mehollin-Ray AR, Williams JL, Ruano R, Welty SE, Olutoye OO. J Pediatr Surg. 2015 Jan;50(1):55-
9. Epub 2014 Dec 19.

Fetal MRI lung volumes are predictive of perinatal outcomes in fetuses with congenital lung masses. Zamora IJ,
Sheikh F, Cassady CI, Olutoye OO, Mehollin-Ray AR, Ruano R, Lee TC, Welty SE, Belfort MA, Ethun CG, Kim ME,
Cass DL. J Pediatr Surg. 2014 Jun;49(6):853-8; discussion 858. 

Mainstem bronchial atresia: A lethal anomaly amenable to fetal surgical treatment. Zamora IJ, Sheikh F, Olutoye
OO, Cassady CI, Lee TC, Ruano R, Cass DL. J Pediatr Surg. 2014 May;49(5):706-11. Epub 2014 Feb 22. Review.

EXIT-to-resection for fetuses with large lung masses and persistent mediastinal compression near birth. Cass DL,
Olutoye OO, Cassady CI, Zamora IJ, Ivey RT, Ayres NA, Olutoye OA, Lee TC. J Pediatr Surg. 2013 Jan;48(1):138-44. 

Defining hydrops and indications for open fetal surgery for fetuses with lung masses and vascular tumors. Cass DL,
Olutoye OO, Ayres NA, Moise KJ Jr, Altman CA, Johnson A, Cassady CI, Lazar DA, Lee TC, Lantin MR. J Pediatr
Surg. 2012 Jan;47(1):40-5.

Fetal lung interstitial tumor: A cause of late gestation fetal hydrops. Lazar DA, Cass DL, Dishop MK, Adam K, 
Olutoye OA, Ayres NA, Cassady CI, Olutoye OO. J Pediatr Surg. 2011 Jun;46(6):1263-6.

Prenatal diagnosis and outcome of fetal lung masses. Cass DL, Olutoye OO, Cassady CI, Moise KJ, Johnson A, 
Papanna R, Lazar DA, Ayres NA, Belleza-Bascon B. J Pediatr Surg. 2011 Feb;46(2):292-8.
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Publications

Prenatal presentation and outcome of children with pleuropulmonary blastoma. Miniati DN, Chintagumpala M,
Langston C, Dishop MK, Olutoye OO, Nuchtern JG, Cass DL. J Pediatr Surg. 2006 Jan;41(1):66-71.

Elevated platelet-derived growth factor-B in congenital cystic adenomatoid malformations requiring fetal resection.
Liechty KW, Crombleholme TM, Quinn TM, Cass DL, Flake AW, Adzick NS. J Pediatr Surg. 1999 May;34(5):805-9;
discussion 809-10.

Increased cell proliferation and decreased apoptosis characterize congenital cystic adenomatoid malformation of
the lung. Cass DL, Quinn TM, Yang EY, Liechty KW, Crombleholme TM, Flake AW, Adzick NS. J Pediatr Surg. 1998
Jul;33(7):1043-6; discussion 1047.

Cystic lung lesions with systemic arterial blood supply: A hybrid of congenital cystic adenomatoid malformation
and bronchopulmonary sequestration. Cass DL, Crombleholme TM, Howell LJ, Stafford PW, Ruchelli ED, Adzick NS. 
J Pediatr Surg. 1997 Jul;32(7):986-90.

Maternal Outcomes following Fetal Surgery

Maternal morbidity and reproductive outcomes related to fetal surgery. Zamora IJ, Ethun CG, Evans LM, Olutoye OO,
Ivey RT, Haeri S, Belfort MA, Lee TC, Cass DL. J Pediatr Surg. 2013 May;48(5):951-5. 

Multiple Gestations

Clinical significance of amniotic fluid sludge in twin pregnancies with a short cervical length. Boyer A, Cameron L,
Munoz-Maldonado Y, Bronsteen R, Comstock CH, Lee W, Goncalves LF. Am J Obstet Gynecol. 2014;211:506.e1-9.   

Neural Tube Defects (NTD)

Fetoscopic repair of meningomyelocele. Belfort MA, Whitehead WE, Shamshirsaz AA, Ruano R, Cass DL, Olutoye OO.
Obstet Gynecol. 2015 Apr 28. [Epub ahead of print].

Communication about maternal-fetal surgery for myelomeningocele and congenital diaphragmatic hernia: Preliminary
findings with implications for informed consent and shared decision-making. Blumenthal-Barby JS, Krieger H, Wei A,
Kim D, Olutoye OO, Cass DL. J Perinat Med. 2015 Apr 14. pii: /j/jpme.ahead-of-print/jpm-2015-0039/jpm-2015-
0039.xml. [Epub ahead of print].

Omphalocele

5, 4, 3, 2, 1: Embryologic variants of pentalogy of Cantrell. Kaul B, Sheikh F, Zamora IJ, Mehollin-Ray AR, Cassady
CI, Ayres NA, Cass DL, Olutoye OO. J Surg Res. 2015 Apr 9. pii: S0022-4804(15)00414-X. [Epub ahead of print].

Giant omphaloceles: Surgical management and perinatal outcomes. Akinkuotu AC, Sheikh F, Olutoye OO, Lee TC,
Fernandes CJ, Welty SE, Ayres NA, Cass DL. J Surg Res. 2015 Mar 25. pii: S0022-4804(15)00323-6. [Epub ahead of print].

Are all pulmonary hypoplasias the same? A comparison of pulmonary outcomes in neonates with congenital 
diaphragmatic hernia, omphalocele and congenital lung malformation. Akinkuotu AC, Sheikh F, Cass DL, Zamora IJ,
Lee TC, Cassady CI, Mehollin-Ray AR, Williams JL, Ruano R, Welty SE, Olutoye OO. J Pediatr Surg. 2015 Jan;50(1):55-
9. Epub 2014 Dec 19.
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Publications

Prenatal presentation and outcome of children with pleuropulmonary blastoma. Miniati DN, Chintagumpala M,
Langston C, Dishop MK, Olutoye OO, Nuchtern JG, Cass DL. J Pediatr Surg. 2006 Jan;41(1):66-71.

Elevated platelet-derived growth factor-B in congenital cystic adenomatoid malformations requiring fetal resection.
Liechty KW, Crombleholme TM, Quinn TM, Cass DL, Flake AW, Adzick NS. J Pediatr Surg. 1999 May;34(5):805-9;
discussion 809-10.

Increased cell proliferation and decreased apoptosis characterize congenital cystic adenomatoid malformation of
the lung. Cass DL, Quinn TM, Yang EY, Liechty KW, Crombleholme TM, Flake AW, Adzick NS. J Pediatr Surg. 1998
Jul;33(7):1043-6; discussion 1047.

Cystic lung lesions with systemic arterial blood supply: A hybrid of congenital cystic adenomatoid malformation
and bronchopulmonary sequestration. Cass DL, Crombleholme TM, Howell LJ, Stafford PW, Ruchelli ED, Adzick NS. 
J Pediatr Surg. 1997 Jul;32(7):986-90.

Maternal Outcomes following Fetal Surgery

Maternal morbidity and reproductive outcomes related to fetal surgery. Zamora IJ, Ethun CG, Evans LM, Olutoye OO,
Ivey RT, Haeri S, Belfort MA, Lee TC, Cass DL. J Pediatr Surg. 2013 May;48(5):951-5. 

Multiple Gestations

Clinical significance of amniotic fluid sludge in twin pregnancies with a short cervical length. Boyer A, Cameron L,
Munoz-Maldonado Y, Bronsteen R, Comstock CH, Lee W, Goncalves LF. Am J Obstet Gynecol. 2014;211:506.e1-9.   

Neural Tube Defects (NTD)

Fetoscopic repair of meningomyelocele. Belfort MA, Whitehead WE, Shamshirsaz AA, Ruano R, Cass DL, Olutoye OO.
Obstet Gynecol. 2015 Apr 28. [Epub ahead of print].

Communication about maternal-fetal surgery for myelomeningocele and congenital diaphragmatic hernia: Preliminary
findings with implications for informed consent and shared decision-making. Blumenthal-Barby JS, Krieger H, Wei A,
Kim D, Olutoye OO, Cass DL. J Perinat Med. 2015 Apr 14. pii: /j/jpme.ahead-of-print/jpm-2015-0039/jpm-2015-
0039.xml. [Epub ahead of print].

Omphalocele

5, 4, 3, 2, 1: Embryologic variants of pentalogy of Cantrell. Kaul B, Sheikh F, Zamora IJ, Mehollin-Ray AR, Cassady
CI, Ayres NA, Cass DL, Olutoye OO. J Surg Res. 2015 Apr 9. pii: S0022-4804(15)00414-X. [Epub ahead of print].

Giant omphaloceles: Surgical management and perinatal outcomes. Akinkuotu AC, Sheikh F, Olutoye OO, Lee TC,
Fernandes CJ, Welty SE, Ayres NA, Cass DL. J Surg Res. 2015 Mar 25. pii: S0022-4804(15)00323-6. [Epub ahead of print].

Are all pulmonary hypoplasias the same? A comparison of pulmonary outcomes in neonates with congenital 
diaphragmatic hernia, omphalocele and congenital lung malformation. Akinkuotu AC, Sheikh F, Cass DL, Zamora IJ,
Lee TC, Cassady CI, Mehollin-Ray AR, Williams JL, Ruano R, Welty SE, Olutoye OO. J Pediatr Surg. 2015 Jan;50(1):55-
9. Epub 2014 Dec 19.

Sacrococcygeal Teratoma (SCT)

Tumor volume to fetal weight ratio as an early prognostic classification for fetal sacrococcygeal teratoma. Rodriguez MA,
Cass DL, Lazar DA, Cassady CI, Moise KJ, Johnson A, Mushin OP, Hassan SF, Belleza-Bascon B, Olutoye OO. 
J Pediatr Surg. 2011 Jun;46(6):1182-5.

Twin-Twin Transfusion Syndrome

Comparison between laparoscopically assisted and standard fetoscopic laser ablation in patients with anterior
and posterior placentation in twin-twin transfusion syndrome: A single center study. Shamshirsaz AA, Javadian P,
Ruano R, Haeri S, Sangi-Haghpeykar H, Lee TC, Molohon J, Cass DL, Salmanian B, Mollett L, Moaddab A, 
Espinosa J, Olutoye OO, Belfort MA. Prenat Diagn. 2015 Apr;35(4):376-81. Epub 2015 Mar 1. 

Fetoscopic laser ablation of placental anastomoses in twin-twin transfusion syndrome using ‘Solomon technique.’
Ruano R, Rodo C, Peiro JL, Shamshirsaz AA, Haeri S, Nomura ML, Salustiano EM, de Andrade KK, Sangi-Haghpeykar H,
Carreras E, Belfort MA. Ultrasound Obstet Gynecol. 2013 Oct;42(4):434-9. Epub 2013 Sep 2. 

Laparoscopy-assisted fetoscopy for laser surgery in twin-twin transfusion syndrome with anterior placentation.
Papanna R, Johnson A, Ivey RT, Olutoye OO, Cass D, Moise KJ. Ultrasound Obstet Gynecol. 2010 Jan;35(1):65-70.

Established in 2001, Texas Children’s Fetal Center is one of the only centers in
the United States to offer the full spectrum of fetal therapies. Our core staff
includes fetal and pediatric surgeons, maternal fetal medicine physicians, specialized
coordinators and support staff.Working with a multidisciplinary team of experts
including cardiologists, neonatologists, urologists, neurologists, neurosurgeons,
anesthesiologists, radiologists and genetics specialists, we provide seamless,
collaborative and comprehensive care before, during and after birth. 

Send us your toughest cases  . We’re known for delivering.

Meet the Texas Children’s Fetal Center team. (FLIP OPEN)



Texas Children’s Fetal Center
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Referrals

We are staffed and supported for surgical or medical intervention around the clock, all year long.

You can have confidence knowing that when you refer your patients to Texas Children's Fetal Center,
they will not only receive the best possible fetal evaluation and treatment, but they will also be treated
with care and compassion.

To refer a patient to Texas Children's Fetal Center for consultation for fetal intervention or fetal surgery,
contact us at:

832-822-BABY (2229) 
1-877-FetalRx (338-2579) - toll-free
fetalcenter@texaschildrens.org

For more information, please visit women.texaschildrens.org/fetalreferrals.
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