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UC San Diego Engineer Develops Method to Combat 
Congenital Heart Disease in Children

Congenital heart defects account for five times more deaths 
annually  than all childhood cancers combined. Alison Marsden, 
an Assistant Mechanical and Aerospace Engineering Professor 
at the University  of  California at San Diego, has developed a 
unique set of  computer modeling tools that are expected to 
enhance pediatric surgeons' ability  to perform heart surgery  on 
children. Marsden's work focuses on designing and using 
simulation tools to provide a way  of  testing new surgery 
designs on the computer before trying them on patients,  much 
like, for example, engineers use computer codes to test new 
designs for airplanes or automobiles.

Certain severe forms of  congenital heart defects leave a 
patient  with only  one functional heart  pumping chamber. These 
"single ventricle" defects are uniformly  fatal if  left  untreated, 
and require a patient to undergo multiple heart surgeries, 
ending with a Fontan procedure.

In the Fontan surgery, the veins returning blood to the heart 
from the body  are directly  connected to the arteries that send 
deoxygenated blood to the lungs, forming a modified t-shaped 
junction. This bypasses the heart on the one side so that the 
resulting circulation puts the single pumping chamber to 
optimal use. Using models derived from MRI image data, 

Marsden has come up with a way  to optimize a Y-Graft model 
for the Fontan procedure which can help pediatric  surgeons 
determine whether this procedure will benefit a patient, as well 
as determine how a patient's heart will perform during moderate 
exercise. Marsden's research findings on the Y-Graft were 
published in a paper called, "Evaluation of  a novel Y-shaped 
extracardiac Fontan baffle using computational fluid dynamics," 
in the February  issue of  the Journal of  Thoracic and 
Cardiovascular Surgery.

An advantage of  Marsden's proposed Y-Graft  design is that  it 
can be optimized or modified for an individual patient by  custom 
manufacturing the graft portion prior to surgery.

"Our goal is to provide a set of  personalized tools that can be 
used in collaboration with surgeons to identity  the best 
procedure for patients," Marsden said.

Pediatric surgeons at Stanford University  plan to use Marsden's 
Y-Graft computer models for a Fontan procedure for the first 
time later this  year. One of  the pediatric cardiologists working 
with Marsden is Dr. Jeff  Feinstein,  an Associate Professor of 
Pediatrics (Cardiology) at Stanford with a specialization in 
interventional cardiology, and Director of  the Vera Moulton Wall 
Center for Pulmonary Vascular Disease at Stanford.

"Alison's work enables us to look at things we can't look at in 
any  other way," Feinstein said. "The whole concept of  simulation 
based medicine offers opportunities to try  things with zero risk to 
the patients. With this type of  computer modeling, you can do 
100 simulations before you ever try it in a patient."

Marsden has also been working with Dr. John Lamberti,  a 
Professor in the Department of  Surgery  at the UC San Diego 
School of Medicine.

"The research Alison is doing is very  relevant to the treatment of 
the most complex forms of  congenial heart disease," said 
Lamberti,  also a Pediatric Cardiac Surgeon and Director of  the 
Heart Institute at Rady  Children's Hospital. "This type of 
computer modeling could provide a patient with better long-term 
cardiac performance and better exercise tolerance, particularly 
during the teenage years and into adulthood when conventional-
type Fontan procedures begin to fail."

Part of  Marsden's work on the Y-Graft includes increasing flow 
rates to simulate exercise.

"These simulations allow us to obtain information that is difficult 
to measure in the clinic," Marsden said. "This way  we can 
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Alison Marsden, a UC San Diego mechanical and aerospace 
engineering professor, has developed breakthrough simulation 
tools to assist pediatric heart surgeons.

April 2009                                            10           CONGENITAL CARDIOLOGY TODAY  

http://www.scai.org


CONGENITAL CARDIOLOGY TODAY

© 2009 by Congenital Cardiology Today                           
(ISSN 1554-7787-print; ISSN 1554-0499-
online). Published monthly. All rights 
reserved.

Headquarters                                                   
9008 Copenhaver Dr. Ste. M                           
Potomac, MD 20854 USA 

Publishing Management                                      

Tony Carlson, Founder & Editor                                        

TCarlsonmd@mac.com                 

Richard Koulbanis, Publisher & Editor-in-Chief                  

RichardK@CCT.bz                                    

John W. Moore, MD, MPH, Medical Editor/

Editorial Board                                                   

JMoore@RCHSD.org                                  

Editorial Board                                                      
Teiji Akagi, MD                                                      

Zohair Al Halees, MD                                           

Mazeni Alwi, MD                                                    

Felix Berger, MD                                            

Fadi Bitar, MD                                                         

Jacek Bialkowski, MD                                                     

Philipp Bonhoeffer, MD                                         

Mario Carminati, MD                                       

Anthony C. Chang, MD, MBA                                 

John P. Cheatham, MD                                 
Bharat Dalvi, MD, MBBS, DM                               

Horacio Faella, MD                                                

Yun-Ching Fu, MD                                                 

Felipe Heusser, MD                                                 

Ziyad M. Hijazi, MD, MPH                                      

Ralf Holzer, MD                                                      

Marshall Jacobs, MD                                               

R. Krishna Kumar, MD, DM, MBBS                        

Gerald Ross Marx, MD                                            

Tarek S. Momenah, MBBS, DCH                              
Toshio Nakanishi, MD, PhD                           

Carlos A. C. Pedra, MD                                           

Daniel Penny, MD                                                   

James C. Perry, MD                                                                      

P. Syamasundar Rao, MD                                                            

Shakeel A. Qureshi, MD                                         

Andrew Redington, MD                                          

Carlos E. Ruiz, MD, PhD                                         

Girish S. Shirali, MD                                               

Horst Sievert, MD                                                    
Hideshi Tomita, MD                                                  

Gil Wernovsky, MD                                              

Zhuoming Xu, MD, PhD                                             

William C. L. Yip, MD                                               

Carlos Zabal, MD    

                                                                      
FREE Subscription                                              
Congenital Cardiology Today is available 
free to qualified professionals worldwide in 
pediatric and congenital cardiology.  
International editions available in electronic 
PDF file only; North American edition 
available in print.  Send an email to 
Subs@CCT.bz.  Include your name, title, 
organization, address, phone and email.                              

Contacts and Other Information                                               
For detailed information on author 
submission, sponsorships, editorial, 
production and sales contact, current and 
back issues, see website or send an email 
to: INFO@CCT.bz.

April 2009                                           10                      .                        

design something that would allow a 
patient to perform well at rest but  also 
during exercise.

Marsden – who joined the UC San Diego 
Jacobs School faculty  in 2007 after 
r ece i v i ng he r Ph .D . a t S tan fo rd 
University  – hopes to eventually  apply 
her current research and computer 
m o d e l s t o a w h o l e r a n g e o f 
cardiovascular diseases both in children 
and adults.

"One of  the reasons I  came to UC San 
Diego was because it's a really  great 
place to do this type of  work," Marsden 
s a i d . " We h a v e o n e o f  t h e t o p 
bioengineering departments in the 
country, as well as  a top mechanical 
engineering department and medical 
school. I had a lot of  offers, but I chose 
UC San Diego because of  its strong 
combination of  engineering and medicine 
expertise. San Diego also has a huge 
biotech presence, which is a plus for 
researchers in the region."
  
Copies of  Marsden's paper, "Evaluation 
of  a novel Y-shaped extracardiac Fontan 
b a f f l e u s i n g c o m p u t a t i o n a l f l u i d 
dynamics," are available upon request. 
For more information: www.ucsd.edu.   

Gene Therapy Reversed Heart Damage 
in Heart Failure
 
Long-term gene therapy  resulted in 
improved cardiac function and reversed 
deterioration of  the heart in rats with heart 
failure, according to a recent study 
conducted by  researchers at Thomas 
Je f fe rson Un ivers i t y ’s Center fo r 
Translational Medicine. The study  was 
published online in Circulation.

The rats were treated with a gene that 
generates a peptide called bARKct, which 
was administered to hearts in combination 
with recombinant-adeno-associated virus 
serotype 6 (rAAV6). bARKct works by 
inhibiting the activation of  G protein-
coupled receptor kinase 2 (GRK2).

GRK2 is a kinase that is increased in heart 
failure myocardium. Enhanced GRK 
enzymatic activity  contributes to the 

deterioration of  the heart in heart failure, 
according to Walter J. Koch, PhD, the W.W. 
Smith Professor of  Medicine and the 
director of  the Center for Translational 
Medicine at Jefferson Medical College of 
Thomas Jefferson University. Dr. Koch’s 
research team carried out the study,  which 
was led by  Giuseppe Rengo, MD, a post-
doctoral fellow.

“The theory  is that  by  inhibiting this kinase, 
the heart  will recover partially  due to 
reversal of  the desensitization of  the b-
adrenergic receptors,” Dr. Koch said.  “The 
expression of  bARKct leads to a negative 
neurohormonal feedback that prevents the 
heart from continuing on the downward 
slope during heart failure.  This was one 
novel finding of the study.”

Dr. Koch and his colleagues used five 
groups of  rats in their study. Two groups 
received rAAV6 with the bARKct peptide, 
two groups received rAAV6 with green 
fluorescent protein (GFP),  and the last 
group received a saline treatment.  One of 
the bARKct groups and one of  the GFP 
groups also received the beta blocker 
metoprolol concurrently.

Twelve weeks after receiving the treatment, 
the rats who received the bARKct  had a 
significantly  increased left  ventricular 
ejection fraction. The treatment also 
reversed the left ventricular deterioration 
and normalized the neurohormonal status. 
Dr. Koch said that targeting the GRK2 
enzyme with bARKct was sufficient to 
reverse heart fai lure even without 
concomitant metoprolol.

The rats that  received GFP or saline alone 
experienced more deterioration of  cardiac 
function during the course of  the study. This 
deterioration was prevented, but not 
reversed, with the concomitant metoprolol.

In future trials in humans, the bARKct 
peptide will be administered with beta 
blockers, which are the standard treatment.  
However, Dr. Koch said that  i f  a 
pharmaceutical inhibitor can be developed, 
then a new class of  drugs to treat heart 
failure could possibly  even replace beta 
blockers.
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