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Toward a Safe Method of Minimally
Invasive Myelomeningocele Repair
Oklahoma resident Hailee Nail is the
beneficiary of more than a decade of
research conducted at The University of
Texas Health Science Center at Houston
(UTHealth) and The Fetal Center at
Children’s Memorial Hermann Hospital.
Nail delivered her daughter, Lily, vaginally at 39 weeks of
pregnancy on Dec. 8, 2020, as the first patient enrolled
in a single-center trial of fetoscopic myelomeningocele
repair of small defects at McGovern Medical School at
UTHealth.
The study is led by Ramesha Papanna, MD, MPH, an
associate professor of maternal-fetal medicine who is
internationally recognized for his research on improving
outcomes following fetal intervention and investigating
methods for the prevention of preterm delivery. “Our
primary outcome measure for the fetoscopic patch study
is successful surgical closure of the spina bifida defect
with a watertight patch that approximates native tissue
and allows for the natural growth of the spinal cord,”
Dr. Papanna says. “The procedure differs from in utero
repair, which requires a large incision on the uterus and
delivery by cesarean section. Instead, we repair the spina
bifida defect in two layers through three small incisions

living cells while retaining the extracellular matrix and
growth factors/cytokines within. Extensive laboratory
and clinical research on a number of ocular indications
has shown that birth tissue that includes amniotic membrane and umbilical cord helps manage inflammation
in wounds, facilitates cell proliferation, and creates an
environment for tissue regeneration.
The study, the first to use a meningeal patch to cover
the spina bifida defect, will enroll 15 patients ages 18 and
older, who, like Hailee Nail, have a singleton pregnancy,
a defect of 4 centimeters or less, and no preterm birth
risk factors. Participants also must meet other study
qualifications.
A digital image of the fetal repair site is captured

in the uterus using a fetoscope, a high-resolution camera,

immediately after the repair, and efficacy of the repair is

and tiny surgical tools. The first layer is closed using the

assessed after birth by three blinded reviewers. Reviewing

NEOX® Cord 1K patch as a meningeal patch placed over

neurosurgeons are Arthur Day, MD, McGovern Medical
School and UTHealth Neurosciences in Houston; Bradley
Edward Weprin, MD, UT Southwestern Medical Center in
Dallas; and John Honeycutt, MD, Cook Children’s Health
Care System in Fort Worth.
Patients referred to UT Physicians, the clinical practice
of McGovern Medical School, and The Fetal Center at
Children’s Memorial Hermann Hospital who intend to

the spinal cord, followed by a second layer of primary
closure of the skin. Mothers undergo vaginal delivery,
unless there is an obstetrical indication for delivery by
C-section.”
Developed by Amniox Medical, Inc., the NEOX Cord
1K patch is cryopreserved human umbilical cord and
amniotic membrane manufactured by devitalizing all
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undergo open in utero spina bifida repair will be offered
and screened for the alternative minimally invasive
approach. Women who participate in the study must agree
to deliver at Children’s Memorial Hermann Hospital.
“We published promising preclinical data and rigorously tested our techniques before taking fetoscopic repair
to humans,” Dr. Papanna says. “Our research is changing
the way we approach spina bifida to improve closure,
reduce scar tissue formation, reduce neurological deficits,
and improve function. With this trial we hope to show that
the cryopreserved human umbilical cord patch optimizes
long-term outcomes for these kids.”

Independence from Spina Bifida: A Decade of Research
In 2011, fetal surgeon KuoJen Tsao, MD, and pediatric
neurosurgeon Stephen Fletcher, DO, were following
the results of a landmark clinical trial, Management of
Myelomeningocele Study (MOMS), which found that if a

Center continues to produce excellent outcomes with
patients chosen based on the selection criteria established
in the MOMS trial. The selection process for in utero
repair employs a strict prenatal algorithm emphasizing
education to prepare families to make an informed decision about treatment.

Designing a Regenerative Patch for Open In Utero Repair
Initially, the NEOX Cord 1K was used as a skin patch
when primary skin closure of the spina bifida defect was
not possible. Made from donated human umbilical cord
(HUC) of healthy newborns, the patch has been used for
the repair of large defects in three cases performed by
UTHealth surgeons at Children’s Memorial Hermann
Hospital. All cases were approved by the U.S. Food and

fetus undergoes surgery in utero to repair a spina bifida
defect, serious complications could be reversed or lessened when compared to infants who underwent repair
after birth. The study found that fetal surgery decreased
the need for ventriculoperitoneal shunting for infants,
and nearly half were able to walk without crutches by the
age of 30 months.
Dr. Tsao – who serves as a professor of pediatric surgery
at McGovern Medical School, The Children’s Fund, Inc.

“The procedure differs from in utero repair, which
requires a large incision on the uterus and delivery by
cesarean section. Instead, we repair the spina bifida
defect in two layers through three small incisions in the
uterus using a fetoscope, a high-resolution camera, and
tiny surgical tools.” – Dr. Papanna

Distinguished Professor in Pediatric Surgery, and co-director of The Fetal Center at Children’s Memorial Hermann
Hospital – and his maternal-fetal medicine colleagues were
in the process of screening patients for the study when Faith
Hagler’s parents, Ivan and Colette Hagler of Dallas, were
referred to The Fetal Center. Based on the MOMS trial protocols, which included medical, psychological, and social
criteria, the team determined that Mrs. Hagler, Faith’s
mother, was an ideal candidate for the procedure.
After the surgery – the first fetal myelomeningocele repair in Texas – Hagler remained at Children’s
Memorial Hermann Hospital and delivered Faith almost
nine weeks later on the Fourth of July, a date that Hagler
describes as “so symbolic” of the independence her
daughter has achieved since her birth. Faith began crawling at 11 months, took her first steps at 21 months, and
today, she’s dancing.
The 10-year-old fetal surgery program at The Fetal

Drug Administration Expanded Access Program, The
Fetal Center at Children’s Memorial Hermann Hospital,
and the UTHealth Institutional Review Board prior to
surgery. Patients underwent surgery performed by Dr.
Stephen Fletcher, an associate professor of pediatric
neurosurgery at McGovern Medical School, and Dr. Tsao.
All patients have good lower-extremity motor and sensory
function and two have been able to walk.
Fewer than half of the patients who undergo open in
utero spina bifida repair with a patch show improvement
in spinal cord function, based on the MOMs trial longterm follow-up study. For the past decade, Dr. Papanna
and Lovepreet K. Mann, MBBS, an assistant professor
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in the Department of Obstetrics, Gynecology and
Reproductive Sciences at McGovern Medical School, and
their research team have been working to gain greater
understanding of the lack of complete benefit after fetal
surgery. They tested the cryopreserved HUC patch as a
meningeal patch, overlaying the spinal cord below the
skin closure, to improve spinal cord function and reduce
spinal cord tethering.
Preliminary data formulated in Dr. Papanna’s lab led
the researchers to a collaboration with the industry leader
in regenerative matrices, Scheffer C.G. Tseng, MD, PhD,
a world-renowned surgeon in ocular surface reconstruction, who uses human amniotic membrane and umbilical
cord donated by mothers of healthy infants to repair

Dr. Papanna is the clinical lead principal investigator
in a multicenter study of open in utero repair of severe
spina bifida using an investigational new drug called
TTAX02. TTAX02 is a newer version of the HUC patch
developed by TissueTech, the parent company of Amniox
Medical, Inc. (NEOX Cord 1K) TTAX02 is nearly identical
to the commercially available NEOX Cord 1K, which is
widely used for chronic skin ulcers and many other indications because its innate regenerative properties facilitate
faster healing. In addition to McGovern Medical School
and The Fetal Center, participating centers include the
University of Colorado Denver; Children’s Hospitals and
Clinics of Minnesota; Fetal Care Center Dallas in Medical
City Children’s Hospital; and the University of California,
San Francisco.
Dr. Papanna’s current fetoscopic research builds on
his laboratory’s experience with cryopreserved HUC for
open in utero spina bifida repair. His findings have been
published in multiple peer-reviewed journals including

Spina bifida is the most common neural tube defect
in the United States, affecting about 1,500 to
2,000 of the more than 4 million babies born in
the country each year, according to the National
Institute of Neurological Disorders and Stroke.

the Journal of Neurosurgery: Spine,1 Journal of Pediatric
Neurosurgery,2 Prenatal Diagnosis,3 AJP Reports,4
Obstetrics & Gynecology,5 and Ultrasound in Obstetrics
and Gynecology.6
“The HUC patch acts as a watertight scaffold, allowing
native tissue to regenerate in an organized manner,” says
Dr. Mann. “Preclinical data have shown that the patch
promotes organized cell growth, resulting in a spinal cord
repair that appears more normal with better function. It
also has anti-scarring and anti-inflammatory properties.
Preventing the scarring could prevent spinal cord tether-

ocular surface diseases. Dr. Tseng is the chief technology
officer and co-founder of TissueTech, Inc. The research
team believes that HUC has the potential to improve the
quality of life of children and families with spina bifida,
which can result in paralysis, urinary and bowel dysfunction, and mental retardation.
“After investigating many types of patches in surgical

ing, a common problem with spina bifida, which in turn
can prevent further damage to the cord.”
Dr. Mann says the research team is focusing on further
improving outcomes by pushing the boundaries of fetal
wound healing through regenerative repair. “If we can
make a small change and improve the quality of life for
these children, we have really accomplished something,”
she says.

animal models, we found that the HUC could promote

Spina bifida is the most common neural tube defect

regeneration of the protective layers around the spinal

in the United States, affecting about 1,500 to 2,000 of

cord after surgery and improve neurological function,”

the more than 4 million babies born in the country each

Dr. Papanna says. “We have compared the HUC patch to

year, according to the National Institute of Neurological

conventionally used methods in an effort to reduce scar

Disorders and Stroke. Associated disorders include

formation and improve spinal cord function at and below

hydrocephalus and learning disability. An estimated

the defect site.”

166,000 individuals with spina bifida live in the U.S.
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Neural placode
dissection

Suture close the
umbilical cord as
meningeal patch

Primary closure of
the skin defect

T H E F E TA L C E N T E R – C H I L D R E N ’ S M E M O R IA L H E R M A N N H O S P I TA L

07

FEATURE: INNOVATION

“HUC could be a game changer for spina bifida
repair,” Dr. Papanna says. “Our ultimate goal is to
ensure that babies born with the disorder can walk and
lead normal lives. We also think HUC will lead to new
paradigms in fetal wound healing for other spinal defects
and repairs.”
Currently, the research team is working to find ways
to optimize repair in utero and new ways to deploy the
patch over the defect site through less invasive means.
“We’ve made progress at an incredibly rapid pace,” he
says. “Taking an idea from the lab to human use typically
takes about a decade. We’ve been able to reduce that
time by more than half. We have a good system in place
with strong collaborators, all of whom have track records

hydrocephalus, some degree of weakness in the extremities, and bladder and bowel disturbances,” he adds.
“These problems have existed alone or in combination.
What a pleasure it is to see, after more than 100 of these
surgeries, an increasing number of patients who have no
detectable ambulation problems, no hydrocephalus and,
remarkably, have normal bladder and bowel function.”

Lily Nail
Hailee Nail learned her baby had spina bifida on August
13, 2020, when she saw her obstetrician in Tulsa,
Oklahoma, for her 20-week anatomy scan. “My OB-GYN
told me that it would require surgery and gave me the
names of several centers, but he said he wanted me to go
to Houston,” she says.
Nail arrived at The Fetal Center at Children’s Memorial
Hermann Hospital on August 25 and went through a fourday evaluation with members of the UTHealth spina bifida
surgery team. “She came to us when our study of fetoscopic

“We see patients who come from across the country,
and when I ask them why they travel so far, they say
it’s because of the research we’re doing at UTHealth.
We are leaders in the field, and we’re moving forward
deliberately to answer every question and avoid the
failures that have occurred in other programs.”
– Dr. Fletcher

repair using the NEOX Cord 1K patch had just opened,”
Dr. Papanna says. “She was 19, and it was her first pregnancy. Her baby had a myelomeningocele sac, which allows
for easier closure of the skin. Fetoscopic repair will allow for
vaginal birth, and she can have more children in the future
with less concern for uterine rupture. We offered her open
in utero repair or the opportunity to enroll in the fetoscopic
clinical trial.”
Nail asked a lot of questions and remembers feeling well
informed by Dr. Papanna and by Dr. Fletcher, whose role
would be to reveal the spinal cord and sew the patch in place
over the small defect on Lily’s lumbosacral joint. “I decided

of success in their fields.”
“Dr. Papanna is a workhorse for UTHealth and our
efforts to further research in a very fast-moving and
competitive market,” Dr. Fletcher says. “We see patients
who come from across the country, and when I ask
them why they travel so far, they say it’s because of the
research we’re doing at UTHealth. We are leaders in the
field, and we’re moving forward deliberately to answer
every question and avoid the failures that have occurred
in other programs.
“After spending nearly 40 years in the field of neurosurgery, it seemed to me that the accepted norm for
most patients with open neural tube defects was to have
08
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to go with fetoscopic repair to give my daughter a better
quality of life,” she says.
The surgery was scheduled for September 1. “They
opened my abdomen vertically from the top of my belly
button to midway down the pelvic bone,” she says. “When
they got to the uterus, they drilled three holes in order to
insert two instruments and a camera. In the photos you can
see the patch being placed and skin being pulled together
and sewn up.”
After the surgery, which took six hours, 3 ½ of which
were devoted to the fetoscopic repair, Nail returned to
Oklahoma for two months before traveling to Houston
again to deliver at Children’s Memorial Hermann Hospital.
“My recovery was actually really good,” Nail says. “I

stayed in the hospital for five days and stayed in a hotel
room for two weeks after discharge. I went for an ultrasound the first week and second week, then flew home.”
Lily entered the world via vaginal birth. “In the end, I
had to be induced,” Nail says. “Lily is amazing. Her bowel
and bladder function are good. She has great leg movement
and kicks a lot. I’m absolutely amazed at how awesome
this team is. I’m not one for hospitals, but I loved my care
before, during, and after birth.”
Nail and her daughter will return to Houston at 12
months after delivery in December 2021. As participants in
the clinical trial, they will be back for follow-up exams for
the next six years.
“The most important thing is that we work together
very well as a team and were able to close the defect,”
Dr. Papanna says. “Other centers are using two ports to
perform a myofascial closure, moving muscle tissue over
to the spinal cord and then covering it with skin. The
myofascial closure requires a dissection cut into the fetal
muscle and sometimes into the bone. This takes more
time in the OR and can cause bleeding and wound healing
problems, resulting in a scar. We want to avoid that. We
use three ports and a high-resolution camera to place the
human umbilical cord (HUC) patch and suture it to create
a watertight closure that helps the spinal cord grow and
repair the site, reducing the potential for tethering. While
most centers want to keep moms there for the remainder of
the pregnancy, our goal, after we complete the clinical trial,
is to send them home for delivery.
“The amazing thing about Hailee is that she was able
to go full term with no complications during pregnancy,”
he says. “After we induced her, she had 24 hours of labor
and then a baby. Lily’s back looked totally normal, with
no cerebrospinal fluid leakage. The skin had healed in
the uterus, she had no hindbrain herniation, and her legs
were moving. Although the HUC is based on very strong
preclinical data, we need to complete the test of our methodology and compare it to the more traditional approach.
We’re now using it for myelomeningocele, and in the
future, we hope to expand its use to the most severe form
of spina bifida, myeloschisis.”
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The facts and the physician affiliations discussed in this article
were confirmed at the time of the article’s original publication.
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Children’s Memorial Hermann
Hospital Receives Level 1
Verification by American
College of Surgeons
Children’s Memorial Hermann Hospital has been verified
as a Level 1 Children’s Surgery Center by the American
College of Surgeons (ACS) Children’s Surgery Verification
(CSV) Quality Improvement Program. The distinction
recognizes pediatric surgery centers that meet the highest
standards in surgical quality and have a track record of
preventing complications, reducing costs and saving lives.
As one of 28 ACS CSV-verified children’s hospitals
in the United States, Children’s Memorial Hermann
Hospital has demonstrated it has the resources
available to achieve optimal surgical outcomes for
pediatric patients. The hospital received its official
designation in October 2020.
“The Children’s Surgery Verification means that
we have the capability to take care of children with
the highest level of quality and safety through optimal
resources, continuing education, and quality improvement,” says KuoJen Tsao, MD, professor and chief of
the Division of Pediatric General and Thoracic Surgery
at McGovern Medical School at UTHealth and co-director of The Fetal Center at Children’s Memorial
Hermann Hospital. “Parents can have the utmost
confidence when their children undergo surgery at
Children’s Memorial Herman Hospital that the affiliated team offers the highest level of care.” Dr. Tsao
is The Children’s Fund Distinguished Professor in

Pediatric Surgery at McGovern Medical School.
The CSV program is endorsed by multiple specialty
societies, including the American Academy of Pediatrics,
American Pediatric Surgical Association, and Society of
Pediatric Anesthesiology.

Rodrigo Ruano, MD, PhD,
Joins The Fetal Center as
Co-director
We are pleased to welcome
Rodrigo Ruano, MD, PhD, as
professor in the Department
of Obstetrics, Gynecology,
and Reproductive Sciences at
McGovern Medical School at
UTHealth and co-director of
The Fetal Center at Children’s
Memorial Hermann Hospital. An internationally
renowned specialist in maternal-fetal medicine, Dr.
Ruano joined our team from the Mayo Clinic in Rochester,
Minnesota, where he was professor of obstetrics and gynecology, professor of pediatrics, and chair of the Division of
Maternal and Fetal Medicine.
Dr. Ruano received his medical degree at the
Faculdade de Medicina da Universidade de São Paulo
in Brazil and completed residency training in obstetrics
and gynecology at the Hospital das Clinicas da Faculdade
de Medicina at the same institution, where he was chief
resident. During residency, he also trained at the Mayo
Clinic in Jacksonville, Florida, and Mount Sinai Medical
Center in New York City, and completed fellowship training in maternal-fetal medicine at Hôpital Necker-Enfants
Malades at the Université de Paris V in France. In 2005,
he returned to the Faculdade de Medicina da Universidade
de São Paulo to complete his doctorate with a dissertation
on lung volumes in fetuses with congenital diaphragmatic hernia. He went on to complete clinical fellowships
in maternal-fetal medicine in Paris and postdoctoral
research fellowships at Maternité Necker Enfants Malades
in fetal renal vascularity; at Baylor College of Medicine
in fetal cerebral vascularity in twin-twin transfusion
syndrome; and at Hospital Vall d’Hebron in Barcelona on
fetoscopic repair of myelomeningocele.
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Dr. Anthony Johnson [C]
and Dr. KuoJen Tsao [R],
Co-directors of The Fetal
Center, and Dr. Eric Bergh
[L] work together to perform
the fetoscopic endoluminal
tracheal occlusion (FETO)
procedure on a patient of
The Fetal Center affected by
congenital diaphragmatic
hernia (CDH).

Eric Bergh, MD, Joins
The Fetal Center
Eric Bergh, MD, joined the medical staff at Children’s Memorial
Hermann Hospital in September
2020, concurrent with his faculty
appointment as assistant professor

Thomas Cunningham Joins
The Fetal Center as Director of
Clinical Operations
Thomas Cunningham, MSN, RN,
has joined McGovern Medical
School at UTHealth and The Fetal
Center at Children’s Memorial
Hermann Hospital as director of
clinical operations. Cunningham
has 22 years of nursing experi-

in the Department of Obstetrics,
Gynecology and Reproductive
Sciences at McGovern Medical
School at UTHealth. In his new role, Dr. Bergh serves as
a maternal-fetal medicine specialist affiliated with The
Fetal Center and will provide specialized care to patients
at Children’s Memorial Hermann Hospital.
Dr. Bergh earned his medical degree at the Robert

ence, including 20 years in fetal
surgery in the perioperative setting at Texas Children’s
Hospital (TCH).
At the TCH Pavilion for Women, Cunningham spent
six years in perioperative leadership as head of Women’s

Wood Johnson School of Medicine at Rutgers University

Surgery, OB/MFM, and Fetal Surgery. He joined The

in Piscataway, New Jersey. He completed both residency

Fetal Center at Children’s Memorial Hermann Hospital in

training in obstetrics and gynecology and fellowship

January 2020.

training in maternal-fetal medicine at the Mount Sinai
Hospital in New York City. Subsequently, he completed a
fetal intervention fellowship at The Fetal Center, working
closely with the Center’s affiliated team.

Cunningham is a co-author of “Maternal morbidity
in patients with morbidly adherent placenta treated with
and without a standardized multidisciplinary approach,”
published in the American Journal of Obstetrics &
Gynecology in 2015 and “Use of Microcatheter for
Intraabdominal Survey,” in the Journal of Pediatric
Surgery in 2012. He was named the Association of
periOperative Registered Nurses (AORN) Greater
Houston Chapter Nurse of the Year in 2009.
T H E F E TA L C E N T E R – C H I L D R E N ’ S M E M O R IA L H E R M A N N H O S P I TA L

11

Contact Us
THE FETAL CENTER AT CHILDREN’S MEMORIAL
HERMANN HOSPITAL
The University of Texas Health Science Center
Professional Building
6410 Fannin, Suite 210
Houston, TX 77030
Phone: 832.325.7288
Fax: 713.383.1464
Email: thefetalcenter@memorialhermann.org
Located within the Texas Medical Center,
The Fetal Center is affiliated with Children’s
Memorial Hermann Hospital, McGovern Medical
School at UTHealth, and UT Physicians.
To view The Fetal Center’s online resources, visit
memorialhermann.org/fetal
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