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Introduction 

Complex intra-cardiac anatomy and spatial 
relationships are inherent to congenital heart 
defects (CHD). Until recently, our ability to 
image the heart by echocardiography has 
been limited to two-dimensional (2D) tech-
niques. Advances in transducer technology, 
beam-forming and computer processing 
power and speed have led to significant im-
provements in spatial and temporal resolu-
tion using 2D echocardiography (2DE). How-
ever, 2DE has fundamental limitations. The 
nature of a 2D slice, which has no thickness, 
necessitates the use of multiple orthogonal 
‘sweeps’. The echocardiographer then men-
tally reconstructs the anatomy, and uses the 
structure of the report to express this vision. 
This means that the only 3D image of the 
heart is the ‘virtual image’ seen by the echo-
cardiographer alone. It is not easy for an 
untrained, nevertheless interested observer 
to understand the images obtained in the 
course of a sweep: expert translation is re-
quired. As a corollary to this, 2DE tech-
niques do not lend themselves to quantita-
tion of cardiac structures of irregular 
shapes; it is impossible to quantitate a 
virtual image. 

Recognition of these limitations of 2DE led to 
burgeoning research and clinical interest in 
the modality of three-dimensional echocardi-
ography (3DE). Early reconstructive ap-
proaches were based on 2DE acquisitions 
and subsequent stacking of 2DE images to 
recreate a 3D dataset. However, the need 
for offline processing imposed fundamental 
limitations on the practicality of these ap-
proaches. More recently, the focus has 
shifted towards the acquisition of a 3D 
‘wedge’ or trapezoid in real time. New 
transducer technology has enabled this, 

evolving from the familiar phased array of 
2DE (with 128 elements) to the matrix array 
that is designed for 3DE (with 2500 to 3000 
elements). 3DE matrix array transducers 
have been commercially available since the 
spring of 2003. Given the early phase of 
technology development at the time, it is not 
surprising that these transducers were 
heavy, with a large footprint, low frame rates 
and limited features. The inherently low fre-
quency of these transducers translated into 
poor spatial resolution. As a result, the pe-
diatric community continued to view 3DE 
with skepticism. The gap between existing 
imaging technologies and the ideal imag-
ing modality has remained large. But what 
is ideal? 

The Ideal Modality 

The ideal modality for non-invasive imag-
ing of the heart would have the following 
characteristics: 

For the echocardiographer: 

• The modality should be able to image the 
entire region of interest in three dimen-
sions in real time. 

• The modality should be integrated into 
current imaging equipment. 

• The modality should be portable and eas-
ily performed and repeated. 

• Spatial and temporal resolution should be of 
diagnostic quality. 

• It should be adaptable to patients of vary-
ing sizes and heart rates. 

• The modality should overcome the limita-
tions imposed by the two-dimensional dis-
play. 

• Images should be easily viewed, manipu-
lated and quantified at any time, and 
should be accessible from any PC. 
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bled at that rate. Concomitantly, other components of computers 
including switching, buses, memory and disk density have all 
increased exponentially in both capacity and speed. As a result, 
the availability of high-powered, miniaturized computing power 
has increased dramatically. This has been an important contribu-
tor to the advances in pediatric echocardiographic imaging. 

Piezoelectrics: The Basics 

The piezoelectric material in an ultrasound transducer is a funda-
mental determinant of system image quality. Piezoelectric trans-
ducer elements are responsible for delivery of ultrasound energy 
into the scanned tissue and for converting returning ultrasound 
echoes into electric signals. Their coupling efficiency in convert-
ing electrical energy to mechanical energy or vice versa is a key 
determinant of image quality, Doppler sensitivity and penetration. 
To create an overall piezoelectric effect, these elements must be 
subject to the application of an external electric field to align di-
poles within polycrystalline materials. For almost 40 years, a ce-
ramic polycrystalline material, PZT (lead-zirconate-titanate) or 
PZT composites, has been the standard piezoelectric material 
used in medical imaging. This material is a uniform powder that is 
mixed with an organic binder and baked into a dense polycrystal-
line structure. At its best, it achieves ~ 70% alignment of dipoles 
due to imperfect alignment of the individual dipoles. This leads to 
a corresponding constraint in the electromechanical coupling 
efficiency of the material. 

Advances Specific to the X7-2 Transducer 

The X7-2 transducer (Philips Medical Systems, Andover, MA) 
utilizes PureWave crystal technology, which represents a com-
pletely new type of piezoelectric material. This technology in-

For the hospital: 

• The modality should be financially viable. 

• It should lead to improvements in work flow. 

• It should be integrated into existing image management  
systems. 

For the operator: 

• The modality should have a realistic learning curve. 

• It should be fun to use and easy to interpret. 

• The ergonomics of the modality should be reasonable. 

For the surgeon: 

• Images should be amenable to post-processing. This      
provides the potential for viewing perspectives that may be 
critical for surgery, but not necessarily obvious to others. 

For the patient: 

• The modality should provide valuable additional information. 

• It should provide the potential for making a real difference to 
the patient’s care and outcome. 

• It should be quick, risk-free and easy. 

For the researcher: 

• The researcher should be able to rely on the industry’s   
commitment (in its ongoing research and development) to 
the new technology. 

• The modality should yield new information that is important 
enough to make the researcher’s proposals competitive for 
grant funding. 

While the ideal modality as detailed above does not exist cur-
rently, recent advances hold great promise for the future. This 
review focuses on the new pediatric matrix transthoracic X7-2 
3DE transducer (Philips Medical Systems, Andover, MA), 
which our laboratory has helped to develop, optimize and vali-
date. 

Advances in Computer Technology 

In 1965, Gordon Moore suggested that the number of transis-
tors per integrated circuit would grow exponentially, doubling 
every couple of years [1]. In the subsequent 40 years, the num-
ber of components actually doubled every 18 months or so - and 
thus the power of central processing unit (CPU) chips also dou-

“The introduction of miniaturized new     
technologies is a technical challenge for   
industry, and a mental challenge for              
practitioners. Paradigm shifts can be            

intimidating for the busy echocardiographer 
and laboratory.  New techniques must be 
evaluated, old paradigms re-examined, and 
inertia overcome as needed.” 
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cently, we have critically evaluated tools that are available 
for 3DE quantification of left ventricular volumes and ejection 
fraction [5]. We have demonstrated that these tools provide 
the ability to rapidly quantitate LV function in a reproducible 
manner, and that there is a negotiable learning curve with 
these tools. However, the transducers that have been avail-
able to date have had limited acceptance in pediatrics due to 
their weight, large footprint, low imaging frequency and low 
frame rates. Since 2005, we have been involved in the devel-
opment, optimization, evaluation and validation of the X7-2 
MHz miniaturized matrix 3DE transducer. This transducer 
has been optimized for pediatric applications in terms of size, 
footprint, imaging frequency, near-field resolution and frame 
rates. 

Imaging With the X7-2 Transducer 

The X7-2 transducer has excellent ergonomics: it weighs 65 
grams (approximately 2 oz.) and has a footprint that meas-
ures 1.7x1.3 cm. We have been able to obtain high quality 
3D images on patients ranging from neonates to small adults 
(see Figure 3). Image resolution in the near field has been 

volves growing crystals from a molten ceramic material, resulting 
in a homogenous crystal with fewer defects, lower losses and no 
grain boundaries. When these crystals are poled at the preferred 
orientation(s), near perfect alignment of dipoles (~100%) is 
achievable (see Figure 1) resulting in dramatically enhanced elec-
tromechanical properties. The efficiency of converting electric-to-
mechanical energy improves by as much as 68-85% when com-
pared to PZT ceramics currently used in ultrasound transducers. 
These efficiencies translate into the ability to increase miniaturiza-
tion, as exemplified by the X 7-2 transducer, which contains 2,500 
active elements (see Figure 2). 

3DE in CHD: Our Laboratory’s Role 

Over the past four years, our laboratory has been exploring the 
applicability of 3DE techniques to CHD. Our prior work on 3DE, 
albeit using earlier-generation, low frequency transducers, has 
shown the promise of this modality. We initially performed de-
scriptive studies that evaluated the role of 3DE in patients with 
atrioventricular septal defects, aortic arch anomalies and in 
guiding endomyocardial biopsies in children [2-4]. More re-
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Figure 1. Orientation of dipoles during poling of traditional PZT                 
(lead-zirconate-titanate) ceramics versus PureWave crystal. (Image:        
courtesy, Philips  Medical Systems).   

Figure 2. The pediatric miniaturized matrix 3D X7-2 Transducer (Image: 
courtesy, Philips Medical Systems).   
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Frames rates for 3DE Color Flow have ranged from 19 to 33 
frames per second. We have found 3DE to be particularly 
useful in evaluating complex intracardiac anatomy to guide 
surgical options. The X7-2 transducer has also provided ex-
cellent quality 2DE images, including gray-scale, color flow 
and pulsed wave Doppler. 

outstanding. The quality of 3D color flow imaging, presented 
with the black and white image suppressed, thus providing an 
‘echocardiographic angiogram’[3], has been excellent (see 
Figure 4 on page 6). Frame rates for Live 3DE have ranged 
from 24 to 46 frames per second, and frame rates for Full 
Volume 3DE have ranged from 23 to 83 frames per second. 

www.CongenitalCardiologyToday.com 
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Figure 3. Parasternal short axis view of an isolated cleft of the anterior mitral leaflet. The two edges of the cleft are marked by asterisks. The posterior 
mitral leaflet has a prominent middle scallop (P). L, left; LVO, left ventricular outflow; P, posterior; RV, right ventricle; S, septum. 

http://www.CongenitalCardiologyToday.com


practitioners. Paradigm shifts can be 
intimidating for the busy echocardiogra-
pher and laboratory. New techniques 
must be evaluated, old paradigms re-
examined, and inertia overcome as 
needed. Over the short term, the path of 
least resistance is that of the skeptic. 
What happens over the long term? Our 
community has now been empowered 
with a revolutionary transducer opti-
mized for pediatric 3D applications 
(interestingly, there is not yet a 3D Pure-
Wave transducer optimized for imaging 
adults). How will we deal with this chal-
lenge? 

Conclusions 

The new 2-7 MHz 3DE transducer pro-
vided excellent image quality, and high 
temporal and spatial resolution in pa-
tients spanning a wide range of diagno-
ses and body sizes. The new availability 
of high frame rates should potentially 
enable the wider application of 3DE 

Future Directions 

The X7-2 transducer provides pediatric 
echocardiographers with a new array of 
imaging capabilities. Advances in soft-
ware tools must keep pace with these 
advances. Existing tools allow easy 
quantification of LV systolic function. 
However, now that we have access to a 
digital dataset that contains the right 
ventricle, we would like to similarly 
quantify RV volume and systolic func-
tion. Similarly, the ability to capture a 3D 
dataset that includes all of the color flow 
across a valve leads to questions re-
garding reliable quantification of flows. 
The continuing evolution of such tech-
niques will probably result in a paradigm 
shift in our ability to obtain quantitative 
information on our patients. 

Challenges 

The introduction of miniaturized new 
technologies is a technical challenge for 
industry, and a mental challenge for 
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Figure 4. Suprasternal notch view: Echocardiographic ‘angiogram’ of a  modified right Blalock-Taussig 
shunt (BTS). The grayscale component of   the image has been suppressed. dRPA, distal right      
pulmonary artery; I, I nferior; Inn, innominate artery; L, left; pRPA, proximal right pulmonary artery; 
SVC, superior vena cava.  

quantitative methods to infants and chil-
dren. 
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sulted in the mice's cardiac integrity being 
compromised, leading to dilation of the 
right ventricle, buildup of scar and fatty 
tissue, and arrhythmia. 

Towbin calls ARVC "underrecognized" in 
the United States primarily because of its 
relative newness and difficulty evaluating 
the right ventricle technically, which can 
lead to misdiagnosis and improper treat-
ment. Statistics of its prevalence in the 
United States have yet to be determined, 
but in Italy the disease is known to be the 
leading cause of sudden cardiac death in 
otherwise healthy young adults. 

"ARVC is underrecognized here in the 
United States because of the novelty of 
the disorder and the lack of advances in 
technology that assess the right ventri-
cle," said Towbin. "But I predict that in the 
next several years this will be shown to 
be a key player in sudden cardiac 
death." 

The new findings will help pediatric and 
adult cardiology experts better under-
stand the root cause of ARVC and ad-
vance the care of patients with this spe-
cific abnormality, Towbin said. 

"We now have the genetic ability - that is, 
making a diagnosis off of a blood test of 
the gene - to evaluate these patients from 
the perspective of the disease's origin," 
said Towbin. "Hopefully we will be able to 
engineer new targeted therapies on the 
basis of these findings." 

Towbin's coauthors include first author Dr. 
Zhao Yang, of BCM, as well as contributors 
from Johns Hopkins University, University 
of Arizona, Harvard Medical School, and 
the University of Padua in Italy. 

For more information: www.bcm.edu/news 

Genetic Clues to Cardiomyopathy's 
Origins Revealed in Mice 
A genetic discovery sheds new light on 
the cause of cardiomyopathy and sudden 
death in young adults, which originates in 
the previously overlooked right ventricle 
of the heart, said a researcher at Baylor 
College of Medicine (BCM) and Texas 
Children's Hospital (TCH) in Houston. 

In a report that appeared online in the 
Journal Circulation Research, Dr. Jeffrey 
Towbin, professor of pediatrics at BCM 
and chief of pediatric cardiology at TCH, 
reported that a study in mice identifies 
conclusively for the first time genetic ori-
gins of cardiomyopathy, one of the lead-
ing causes of sudden cardiac death in 
young adults. 

"We are getting to the underlying cause 
of this disease," said Towbin, principal 
investigator of the study. "For the first 
time, we have taken a human disease 
gene and put it into an animal model so 
that we can study its mechanisms in 
greater detail." 

Arrhythmogenic Right Ventricular Cardio-
myopathy (ARVC) is a rare, progressive 
condition that causes diseased heart 
muscle and impairs cardiac function. In 
many cases, ARVC leads to fatigue, ir-
regular heartbeat (arrhythmia), and, po-
tentially, heart failure and sudden cardiac 
death. 

In a previous study, Towbin and col-
leagues first identified mutations in the 
desmoplakin gene, which encodes a pro-
tein in the connecting junction between 
heart cells. In this study, funded by the 
National Institutes of Health and the Na-
tional Heart, Lung, and Blood Institute, 
the authors implanted a mutant human 
desmoplakin gene into mice, which re-

Pediatric Rapid Response Team at 
Yale Reduces Cardiorespiratory      
Arrests 

Yale School of Medicine's Department of 
Pediatrics and the Pediatric Intensive 
Care Unit at Yale-New Haven Hospital 
have been recognized by the Institute for 
Healthcare Improvement for implement-
ing a rapid response team that aims to 
reduce the numbers of cardiorespiratory 
arrests in pediatric patients.  

Cardiorespiratory arrests, in which respi-
ration and circulation stops, is usually 
associated with adults, but also affects 
about seven percent of pediatric patients. 
Rapid response teams made up of ICU 
nurses and physicians can immediately 
evaluate any child upon request by any 
staff member. These teams help identify 
earlier signs that a child may be in trouble. 
The Rapid Response Team at Yale-New 
Haven Hospital was created in 2004.  

"We are one of the first pediatric hospitals 
in the country to have instituted this sys-
tem, which is a key component of The 
Institute of Healthcare Improvement's 
100,000 lives campaign," said Associate 
Professor of Pediatrics and Chief of Criti-
cal Care Medicine Clifford Bogue, MD. 
"This has resulted in a remarkable 50 
percent decrease in cardiorespiratory 
arrests outside of the pediatric Intensive 
care unit."  

Yale-New Haven Hospital has also been 
named a Mentor Hospital by the National 
Association of Children's Hospitals and 
Related Institutions. As a result, faculty 
members in pediatrics will serve as a 
resource for training in this area to other 
children's hospitals around the country.  
 
For more information: www.yale.edu/opa 

ME D IC A L NE W S ,  NE W  PRO D U C T S A N D  INF OR MATION   

    The Barth Syndrome Foundation  
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Growth Retardation 
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Siem Reap and were interested in volunteering.  Mr. Morgan 
replied that because the days were few, he would prefer to ar-
range a simple visit to the hospital for them.  With that, Susan 
informed Paul to “pack your stethoscope,” but no further details 
about the side trip were presented.  Within a few days of leaving 
for Southeast Asia, the destination of the “side trip” was revealed 
to Paul and his curiosity about Cambodia and the hospital began 
to peak. 

About Angkor Hospital for Children 

Angkor Hospital for Children is supported by the not-for-profit, 
New York based group, Friends Without a Border.  Friends and     
Angkor Hospital for Children are committed to improving the 
health and future of Cambodia’s children by providing pediatric 
care and medical education.  Additionally, Angkor Hospital for 
Children is the only accredited teaching hospital in Cambodia.  
Currently, the outpatient department sees 300-500 patients per 
day and the hospital maintains 50 inpatient beds. Patients pay a 
nominal fixed fee per visit, but only if they can afford to.  All treat-
ment is free of charge after that. Angkor Hospital for Children’s 
goal is to increase the number of properly trained healthcare 
professionals in the entire region, including training government 
healthcare workers from health centers and other hospitals.   
Since its inception in 1999, Angkor Hospital for Children has 
treated over 363,000 children and strives for Cambodian self-
sufficiency.  The plan is to turn over AHC to the Cambodian Min-
istry of Health with a highly trained all-Cambodian staff by 2007. 

Angkor Hospital for Children is one of only two hospitals in Siem 
Reap province capable of providing pediatric surgical care.  AHC 

By Susan T. Grossfeld, BS, and Paul D. Grossfeld, MD 

 

On July 27, 2006 an enthusiastic medical team from the Univer-
sity of California, San Diego and Rady Children’s Hospital San 
Diego arrived in Siem Reap, Cambodia to volunteer their time 
and expertise to perform heart surgeries on children at the    
Angkor Hospital for Children (AHC).  They also aimed to provide 
valuable education to the physicians and nursing staff.  For the 
next week, this team would evaluate, operate on, and care for 
children from Siem Reap and neighboring provinces who had a 
patent ductus arteriosus. 

 Thanks to Variety Children’s Lifeline’s dedication to supporting 
medical missions for children in third world countries, as well as 
their commitment to hospital staff education and to achieving a 
self sustaining medical facility, a future mission to AHC will take 
place in the summer of 2007. 

 Variety Children’s Lifeline is based in Solana Beach, California 
and was founded in 1982.  Supported strictly by individual dona-
tions, Variety Children’s Lifeline founder, Salah Hassanein, has 
supported previous missions to Chile, Nicaragua, India, Africa, 
Panama and Peru.  With a major cardiology surgical hub open-
ing in New Delhi, the opportunity to reach into Southeast Asia 
was ripe.  Unknowing to Variety Children’s Lifeline, this opportu-
nity was about to present itself. 

How this Mission Came About 

In the fall of 2005, Dr. Paul Grossfeld, a pediatric cardiologist 
from UCSD and his wife Susan, were set to travel to Thailand on 
holiday. While arranging the vacation, Susan asked Paul if he 
would object to a “side trip to an undisclosed destination” for 
about 4 days.  Being the good sport that he is, Paul had no ob-
jections. 

Several major temples of interest are located just outside the 
village of Siem Reap, Cambodia’s third largest city.  While con-
ducting some on-line research about the temples and Siem 
Reap, Susan found out about a small, privately funded children’s 
hospital called Angkor Hospital for Children.  The hospital’s web 
site indicates its primary needs in the fields of infectious dis-
eases and malnutrition.   It is also in the process of developing a 
cardiology program.  An e-mail was sent to the hospital director, 
Jon Morgan, indicating that Paul and Susan would be visiting 

HO LIDAY  IN  SO U T H E A S T  A S I A  LE A D S TO ME D IC A L MIS S IO N I N  
S IE M  RE A P,  CA MB O D IA  

Figure 1:  Dr. Paul & Susan Grossfeld arrive at Angkor Hospital for Children.  
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tion facilities.  The 5-year plan at AHC 
is to develop a cardiac surgical program 
that will include simple cardiopulmonary 
bypass cases.   The demand for spe-
cialized cardiology care at AHC has 
been filled by a general pediatrician, Dr. 
Ngeth Pises.  He has taken it upon him-
self to learn as much as he can about 
cardiology and, is, as a result, self-
trained.  Echocardiograms are performed 
by a general radiologist, Dr. Luy Lyda, 
who has taken the initiative to learn  how 
to perform pediatric echocardiograms.   

Previously, AHC would refer its patients 
requiring surgery to neighboring countries 
and facilities.   However, outcomes were 
suboptimal, and this was not a feasible 
financial option  for most Cambodians.  A 

surgeons have performed a variety of 
operations, including acute trauma 
cases, tumors, orthopedic and hernia 
repairs. In 2005 the first cardiac surger-
ies (PDA ligations) were performed at 
AHC by a visiting cardiologist and car-
diothoracic surgeon from Singapore. 

The medical team at AHC has identified 
over 500 children with congenital heart 
defects, including 60 with PDA’s.  AHC 
does not have a trained cardiologist, 
cardiothoracic surgeon, or dedicated 
echo technologist.  They do not have 
cardiopulmonary bypass or catheteriza-

Figure 2.  PDA patient awaits her surgery.  
Photography by Daniel Rothenberg of AHC.  

Figure  3.  Dr. Ngeth Pises of AHC, UCSD     
echo tech William Elias and Dr. Paul Grossfeld. 

Figure 5.  Cardiac surgery nurse practitioner 
Stephanie Moriarty, Dr. Jolene Kriett, and Dr. 
Michael Madani evaluate an x-ray for the next 
case.  
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small number of children have been sent 
to hospitals in Malaysia, Singapore and 
Thailand with the aid of limited private 
sponsorship.   Located in the capital city 
of Phnom Phen is the Phnom Phen Heart 
Center, a facility capable of performing 
limited procedures. There was a 50% 
complication rate for PDA ligations per-
formed at the Phnom Phen Heart Center.  
Compounding this high complication rate, 
the Heart Center charges $1,500 USD 
per procedure. Although this amount may 
be small by U.S. standards, the majority 
of Cambodians cannot afford this fee. 

Moved by the plight of AHC and the chil-
dren of Cambodia, and inspired by the 
commitment, dedication and eagerness 
to learn on the part of the medical team at 
AHC, Dr. Grossfeld inquired about the 
opportunity to return to Cambodia with a 
team of medical professionals for the 
purpose of performing PDA ligations.  
The planning process began with hopes 
to return to Siem Reap by the end of 
2006. 

The Planning Process 

While Paul assembled the medical team, 
his wife Susan set out to organize the 
logistics of this mission.  Working closely 
with the executive staff, physicians, radi-
ologist, anesthesiologist, general surgeon 
and the OR manager from AHC, Susan 
secured dedicated operating room time, 
coordinated the scheduling of potential 
cases for pre-op echocardiogram evalua-
tions, identified the surgical and anesthe-
sia needs, and collected the list of up-
coming surgery candidates.  The air 
travel, ground transportation and lodging 
accommodations fell quickly into place.  
Within 5 months of returning from South-
east Asia, Paul, Susan, and the rest of 
the medical team were set to travel to 
Cambodia, as the first American medical 
team to perform cardiac surgeries at Ang-
kor Hospital for Children. 

Figure 4. Dr. Mark Greenberg instructs           
Cambodian anesthesiologists.  
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One of the keys to the efficient, rapid and successful planning 
process was the support, commitment, and competence the 
American team received from the staff at AHC.  The only 
mode of communication with the Cambodian team was via e-
mail, and this invaluable tool made it possible to share vis-
ual aids, equipment lists, patient records, and facilitate 
dialogue between the two teams efficiently. Drs. Pises and 
Lyda did an outstanding job screening potential patients 
for surgery. 

Additionally, the hospital facility in Siem Reap, while basic, 
was adequately equipped to support this mission.  Available 
for use were an echo machine, anesthesia equipment, venti-
lators (although at any given time, only a couple were func-
tional), cardiopulmonary monitors, cautery machine and blood 
bank availability. 

The Mission Team 

The energetic and enthusiastic team of 11 included pediatric 
cardiologist Paul Grossfeld, MD (UCSD), cardiothoracic sur-
geon Jolene Kriett, MD (UCSD), cardiothoracic surgeon    
Michael Madani, MD (UCSD), anesthesiologist Mark      
Greenberg, MD (UCSD), anesthesiology resident Gloria 
Cheng, MD (UCSD), respiratory therapist Phillip Panzarella 
(UCSD), echo tech  William Elias (UCSD), cardiac intensive 
care nurse Stephanie Moriarty (Rady Children’s Hospital San 
Diego), OR nurses Lourdes Pugeda and Genaro Hidalgo 

Figure  6.  Susan Grossfeld with PDA patient and his brother.  

(Rady Children’s Hospital San Diego) and program coordina-
tor/photographer Susan Grossfeld. 

The Challenges 

As with any medical mission to a third world country, the trip 
to Cambodia was not without its own challenges, both medi-
cally and logistically.  Because the UCSD team was relying 
on a thorough and accurate diagnosis by a general pediatri-
cian and radiologist, Paul and the echo tech arrived in Siem 
Reap three days ahead of the rest of the team, in order to 
assess patients and determine which would be suitable for 
undergoing surgical ligation.  Of 17 patients evaluated, 15 
were deemed amenable for surgical ligation. Most of these 
patients were severely malnourished and had congestive 
heart failure. 

Faced with a minimally equipped OR, the surgeons were not 
afforded the luxury of a bypass machine, should complica-
tions arise.  Coupled with the surgical findings of very difficult 
“fat and short” PDA’s, the cardiothoracic surgeons were chal-
lenged on every case.  In addition, most of the medications 
had to be transported by the respective team members in their 
checked baggage. 

Happy Ending 

The 15 surgeries were performed over three and a half days.  
All patients did exceptionally well.  There were a few minor 
complications:  One patient with a history of probable TB 

Figure 7.  Dr. Jolene Kriett and Dr. Michael Madani offer instruction to 
AHC’s surgeon Dr. Vann Thy.  
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In line with the vision of Salah          
Hassanein, future missions are cur-
rently being planned, with the aim of 
creating a self-sufficient cardiac surgi-
cal program at AHC within the next five 
years:  a lofty but noble goal!  Based on 
their experience, after witnessing the 
resolve of this Cambodian medical 
community, the American team has no 
doubts that this goal can be achieved. 

~CCT~ 

pneumonia had significant post-
operative bleeding. He was explored 
with subsequent resolution.  Another 
patient developed a pneumothorax 
post-operatively.  The patient improved 
after placement of a chest tube.  All 15 
patients were able to be discharged 
home within a few days after surgery, 
prior to the departure of the American 
team. 

Teaching:  Fulfilling the mission 

In addition to performing the surgical 
ligations, the American team devoted 
significant time to teaching, both di-
dactic and “hands on.”  Dr. Grossfeld 
gave a lecture to the pediatric resi-
dents on interpretation of the pediatric 
EKG, Dr. Mark Greenberg lectured on 
ventilator management to the hospital 
staff, Mrs. Stephanie Moriarty lec-
tured on post-operative nursing care 
issues.  In addition, Drs. Jolene Kriett 
and Michael Madani spent hours dem-
onstrating their surgical technique to 
the AHC general surgeons. By the 
end of the week, AHC surgeons were 
assisting Drs. Kriett and Madani dur-
ing the cases. Dr. Greenberg shared 
his knowledge on state-of-the-art an-
esthesia approaches with the AHC 
anesthesiologists. 

Susan T. Grossfeld, BS                  
University of California                  
San Diego, CA USA       

Figure 8.  Dr. Michael Madani and Dr. Jolene 
Kriett say goodbye to their patients. 

Figure 9.   Dr. Michael Madani demonstrates  
suture technique to AHC’s surgeons, Dr.            
Sar Vuthy and OR manager, Chhoy Chan.  
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