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Simulator based team preparation for neonatal resuscitation, following antenatal
intrauterine fetal tracheal occlusion, in the management of congenital diaphragmatic hernia.
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Introduction

Case

NESCTL
:

Results

• Fetus with severe CDH had balloon inserted
during pregnancy
• planned removal at birth

• Elective Cesarean section “EXIT’
procedure at 36 weeks gestation

Challenges with Team Preparation for Birth:

• uncomplicated removal of balloon
(see video on laptop below)

• timeline: balloon had to be removed immediately
after birth or potentially fatal airway obstruction
• lack of any experience with clinical task (novel
case - first in North America)
• removal required coordinated care of 4 teams:
Obstetrics, Paediatric ENT, Neonatology and
Anaesthesia (approximately 15 staff in room)
• required endoscopic facilities at time of
Cesarean

• neonatal resuscitation uncomplicated
• University of Toronto plans to join
randomised trial of FETO for CDH.

Summary

Methods
• A high fidelity fetal model was created (FLB) with
simulated airway dimensions replicating fetal MRI
measurements

A high fidelity fetal CDH model
allowed:
• safe planning of novel procedure
(FETO balloon insertion)

Team Planning and Drilling for resuscitation:
• model-based
• all 4 disciplines
• multiple occasions
• systems trouble-shooting

• team preparation for high-stakes
procedure (immediate balloon
removal at birth)

•Techniques:
• variations explored
• repetitive practice
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Fig. 1 Teaching fetoscopic endotracheal balloon occlu
sion removal at Mt. Sinai Hospital’s Surgical Skills Lab
Fig. 2 Teaching fetoscopic endotracheal balloon occlu
sion removal at Mt. Sinai Hospital’s Surgical Skills Lab
Fig. 3 28 Week-old Fetus with upper airway optimized for
the teaching of fetoscopic endotracheal balloon occlu
sion (FETO) to treat congenital diaphragmatic hernia.
Fig. 4 Teaching fetoscopic endotracheal balloon occlu
sion removal at Mt. Sinai Hospital’s Surgical Skills Lab
Fig. 5 Amniocentesis simulator, with 24-week old fetus
umbilical and placenta
Fig. 4

OCAD University
Francis LeBouthillier, in collaboration with Dr. Rory Windrim & Dr. Greg Ryan
of Mount Sinai Hospital, Toronto, Canada.

Fig. 5

Surgical Training
Fetus

Photos: F. LeBouthillier, Fig.1,2,4,5 - D. Renelli Fig. 3

These images depict two surgical simulators that were used to teach amniocentesis procedures and a highly specialized prenatal
surgical intervention used to abate Chronic Diaphragmatic Hernia. These research projects were developed in collaboration with
Mount Sinai Hospital and the University of Toronto Surgical Skills Lab.
The main goal of these research projects has been to create
custom teaching tools that help medical practitioners to perfect their surgical skills within a controlled environment. Working in collaboration with medical research partners, including
research teams at Toronto’s Mt. Sinai Hospital and Women’s
College Hospital, LeBouthillier developed, designed and
manufactured a simulator for fetoscopic endotracheal balloon occlusion (FETO) to treat congenital diaphragmatic hernia (CDH)
CDH is a condition where the wall of the diaphragm does not
fully develop in the fetus. This has serious implications for
optimal lung development. This procedure involves strategically
placing a saline-filled balloon in the larynx of a 28-week old fetus
to prevent vent the displacement of the developing lungs.
This model is currently being used in the Fetal Medicine Unit at
Toronto’s Mt. Sinai Hospital, in the Texas Fetal Center at Memorial
Hermann Children’s Hospital in Houston, Texas, and at the
UniversityHospital in Leuven, Belgium.
LeBouthillier also developed, designed & manufactured
that contains a 24-week old fetus. This simulator has been
optimally designed to reproduce the life-like feel of inserting
a needle into the amniotic sac by reproducing, in silicone, the
multiple densities and viscosities of tissue. The accurate
placement of the needle into the amniotic sac to extract an
is used in many hospitals to aid in the training of obstetricians
safety of the mother and fetus.

www.sustainablepals.org

Conference poster presented at the Association for the Advancement of Sustainability
in Higher Education (AASHE) Los Angeles Convention Center October 14-17, 2012.
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Research matters because sculpture can save a baby’s life

RESEARCH MATTERS BECAUSE SCULPTURE CAN SAVE A
BABY’S LIFE
Posted on May 10, 2012 by Patchen Barss

If it looks like a fetus, flexes like a fetus, and shows up on ultrasounds like a fetus, what is it?
If you’re a surgeon-in-training, then it just might be an incredibly accurate medical model created by OCAD University
sculptor and researcher Francis LeBouthillier.

ABOUT THE PROJECT

Lead Researchers
Francis LeBouthillier

LeBouthillier has spent more than a decade becoming an expert in a highly unusual combination of research areas:
materials science, fetal abnormalities, foundry techniques, laparoscopic surgical procedures, and more.

Institution
OCAD University

“I made part of that fetus on my lathe,” he says, pointing at one of his prototypes. A self-described “machine fetishist,” his
750 ft2 studio is crammed with sheet metal shears, press drills, welding equipment, degassers, rubber and binding agents

More Information

and other tools required to make finely detailed, three-dimensional models for surgical simulations.

OCAD University

Since his first medical job – creating two full-term fetuses for use at the Surgical Skills Lab at the University of Toronto –
LeBouthillier has progressed toward increasingly complex models that have allowed doctors in many countries to master intricate life-saving operations.
“Doctor Rory Windrim at Mount Sinai approached me to do a 28 week-old fetus model that involved building the larynx and full airway,” LeBouthillier says. The
model is used to practice a procedure to treat a condition called “diaphragmatic hernia.” In this congenital condition, the fetal diaphragm doesn’t fully form, causing
the stomach to expand into the chest cavity and prevent the lungs from developing.
Surgeons used LeBouthillier’s model to practice a mindboggling operation, moving surgeons’ tools into the fetus’s mouth, past the larynx, and down the throat,
inserting a tiny barrier – a fluid-filled balloon smaller than a pea – that allows the lungs to develop.
LeBouthillier has become part of a medical team whose advances have already saved many babies’ lives.
“I feel very lucky to have these skills to do this work,” he says. His research continues, exploring new possibilities including using computer-assisted 3D modeling to
allow even greater precision, and retooling to create affordable training models for developing nations.

MAJOR FUNDERS FOR THIS RESEARCH
Major funders for this research include Dean’s Fund, Faculty of Medicine, University of Toronto Department of Obstetrics and Gynaecology and Mount Sinai
Hospital Network for Excellence in Simulation.

http://yourontarioresearch.ca/because-sculpture-can-save-a-babys-life/
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Everybody is born

EVERYBODY IS BORN
Posted on June 19, 2012 by Patchen Barss

Sculptor Francis LeBouthillier creates detailed, medically accurate fetal models to assist surgeons with in-utero procedures.

By Patchen Barss
“Everybody is born,” says Rory Windrim, a specialist in high-risk obstetrics at Mount Sinai Hospital in Toronto.
Not everybody has an easy time of it though. While the vast majority of pregnancies go smoothly, the small percentage that do not become a powerful focal point
for both expecting parents and doctors like Windrim.
Consider a rare fetal condition known as “congenital diaphragmatic hernia” or CDH.
The diaphragm is a layer of muscle that separates the chest cavity from the abdominal cavity. A fetus with CDH lacks some or all of this barrier. Without the
diaphragm, the intestine, spleen, stomach and liver can press up on the lungs, preventing them from developing properly.
A fetus doesn’t need lungs, but a baby does. That means a mother can carry a CDH pregnancy to term, and then lose the child immediately at birth.
Here’s what doctors can do about it: Using laparoscopy, they can work a tiny balloon through the womb, into the mouth of the fetus, down the throat and lodge it at
the top of the lungs. With this barrier in place, the fetus’s lungs fill with fluid creating enough pressure to push back the abdominal organs. The lungs have room to
grow.
But the danger isn’t over.
Doctors must remove this balloon just before the baby is born, so that her airways are clear when she takes her first breath.
How do you test something like this? How do you refine the procedure? How do you train surgeons in something so elaborate, and with such grave consequences?
How can new surgical teams practice until they get it right?
Even less complicated in-utero treatments such as amniocentesis and fetal blood transfusions once had to be learned on the job.

http://yourontarioresearch.ca/everybody-is-born/#more-824

Page 1 of 3

The Research Matters campaign on-line interview with Dr Rory of Mount Sinai Hospital ).
By Patchen Barss, Creative Director and Managing Editor, Research Matters (COU) June, 2012

Everybody is born | Research Matters

2013-03-06 2:34 PM

“Practitioners of this kind of procedure went through a training program where a more experienced
teacher mentored them with real babies and real pregnancies,” Windrim says. “The lay public might
expect that the person starting the procedure had done it before. That wasn’t always the case.”
This form of training demanded great surgeons who also happened to be great teachers.
“It took a very experienced teacher where your hands become his or her hands,” says Windrim. “I was
lucky enough to have one of those teachers.”
He is now a teacher himself, and is keenly aware of how stressful it is for many trainees to master such
delicate, high-stakes procedures. His career, though, happens to have coincided with an expanded role
for simulations. Not computer simulations – no graphics could duplicate the feel of a needle puncturing a
uterus, or the physical reaction to lodging a balloon in a fetus’ throat. To test and practice this kind of
procedure, they needed physical simulations. That’s where OCAD University sculptor and researcher
Francis LeBouthillier came in.
“We contacted Francis to see if he could make models for some of these procedures,” Windrim said.
“The first was an amniocentesis. Francis built a simulated womb and fetus that allowed trainees to
practice the procedure without posing any risk to an actual mother or child.”
LeBouthillier not only had to research the medical procedure, but also had to find the right materials for
his models. The material had to be ultrasound compatible. It had to be durable. A needle couldn’t leave

Rory Windrim: a surgeon’s hands and a sculptor’s simulation.

an “optical scar” – which would cause the model to lose ultrasound transparency over time.
The partnership between sculptor and surgeon developed over many years, with new models allowing
the practice of increasingly complex procedures, including CDH.
“This procedure is usually done between 24 and 28 weeks – we got MRIs of bronchi and lungs of babies
at that age and asked Francis to create a simulation with accurate throat and windpipe,” Windrim says.
LeBouthillier’s models not only allowed a medical team to learn how to do the procedure, it also helped
them decide whether they should.
“The model has allowed us to step forward into a new area as carefully as possible. Every possible due
diligence has been paid to making it as safe as possible for mothers for this still-under-investigation
technique,” he says.
While it’s difficult to gather clinical data on the effect of simulation training on mother-and-child wellbeing, Windrim has no doubt that LeBouthillier has made a huge difference to the field. He is part of a
team led by Mount Sinai’s Greg Ryan that has treated several challenging CDH cases, and attributes
their success to their collaboration with LeBouthillier.
“It’s hard to see how else we could have prepared for that first case,” he says. “We worked it out step by
step as a team with our paediatric colleagues at Mount Sinai and the Hospital for Sick Children. I can’t
see how we could have proceeded as safely without Francis’ model.”
Sculptor Francis LeBouthillier
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Making Digital Matter – Surgical Training
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Research Team Lead
Francis LeBouthillier, OCAD University
Researchers
Dr. Mike J. Wiley
Dr. Rory Windrim
Dr. Mike Seed
Damiaan Habets
Greg Phillips
Andrea Zariwny
Abstract:
Medical surgeons need to hone their skills prior to performing high-risk surgical procedures on fetuses in utero and on newborns. To date, highly representational 3-dimensional
fetal models, that have life-like physical properties, do not exist. The goal of our research project is to create a series of accurate and responsive fetal models to help surgeons
visualize the complex physiology of a newly developing fetus and their associated pathologies. These models will provide surgeons with the visual and tactile information
necessary to confidently implement highly complicated fetal surgical procedures.
Research Description:
In collaboration with the University of Toronto’s, Division of Anatomy, the Department of Surgery (Wiley), Mount Sinai Hospital’s Special Pregnancy Program (Windrim) and
the Hospital for Sick Children (Seed) we plan to develop a surgical training fetus using magnetic resonance imaging (MRI) and computed tomography (CT) scan data. This high
fidelity 3-dimensional medical model will be manufactured from synthetic materials to accurately represent the tactile and life-like characteristics of the human body. The data
derived from MRI/CT scans will be used to create digital forms that will be produced through rapid prototyping technology (Habets, Phillips, Zariwny). We will then employ a
complex moulding system to produce a pliable three-dimensional model containing the vital organs, skeletal structures and soft tissues.
Once constructed, the Surgical Training Fetus models will be used to simulate a variety of medical conditions that surgeons could address through laparoscopic and ultrasoundguided surgical procedures in-utero and on newborns. This project will involve extensive research and development in the application of highly specialized software packages
that support the creation of three-dimensional models from MRI/CT data.
Some of our key design challenges in this project encompass how to manufacture the fetal models in materials that can be visible within an ultrasound and MR/CT scan
environment. Success in this area will enable surgical teams to use crucial visualization tools (MR/CT scans) to guide invasive perinatal surgeries. We are also researching new
approaches to manufacturing technology that facilitate the 3-D printing of soft and pliable materials that have characteristics similar to the human body
The Surgical Training Fetus model could be used to address such fetal surgeries as:
- Fetal Oral Teratoma
- Fetal Bladder Obstructions
- Aortic or Pulmonary Valvuloplasty – opening the aortic or pulmonary fetal heart valves to allow blood flow
- Atrial Septostomy – opening the inter-atrial septum of the fetal heart to allow unrestricted blood flow between the atriums
- Critical Aortic Stenosis – narrowing of the main outlet valve of the left ventricle.
- Congenital Diaphragmatic Hernia – Balloon tracheal occlusion
- Spina Bifida – Fetoscopic closure of the malformation

Theme 1: Volumetric Visualization for Bioinformatics and Medical Applications
http://www.civ-ddd.net/?project=making-digital-matter-surgical-training-fetus
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Website content from The Centre for Innovation in Information Visualization and Data-Driven Design
(CIV/DDD). CIV/DDD is a research project led by York University in partnership with OCAD University and the University of Toronto and private sector partners to develop the next generation of data
discovery, design, analytics and visualization techniques for new computational tools, representational strategies and interfaces.
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