
Figure 1: Occlutech® Fenestrated Atrial Septal
Defect Occluder.
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Introduction
Pulmonary Arterial Hypertension (PAH) is a 
chronic disease with progressively increasing
right ventricular (RV) pressure, Right-Heart 
Failure (HF), and death.1 An association 
between PAH and secundrum-type Atrial 
Septal Defect (ASD) is observed in 9 to 35% of 
patients, especially in females. It is speculated 
that ASD-Associated PAH resolves after 
intervention and rarely progresses especially
with early intervention.2-4 However, as most of 
these patients are left with untreated ASDs, 
there is a dearth of information. Fenestrated 
ASD closure is preferable in patients with 
moderate to severe PAH. A restricted interatrial 
shunt in these patients can enhance systemic
ventricular output at the expense of 
desaturation if shunt reversal occurs when 

progressive PAH ensues. Maintaining 
a sustainable restricted interatrial 
communication is challenging without the 
use of a dedicated device such as the 
Occlutech® Fenestrated Atrial Septal Defect 
(FASD) occluder (Figure 1). We describe 
compassionate use of the FASD Occluder 
with optimal outcomes in a 56-year-old female 
with ASD-Associated PAH.

Case Report
A 56-year-old female with progressive PAH 
was referred to the Congenital Heart Center 
for evaluation and management. She was 
receiving combination medical therapy with 
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macitentan and tadalafil. However, she 
continued to experience dyspnea when 
attempting to climb a flight of stairs and 
had bilateral lower extremity edema. 

At the age of 48 years, she did not fully 
recover from bronchitis with symptoms 
including orthopnea, paroxysmal nocturnal 
dyspnea, dyspnea on exertion, fatigue, 
wheezing, cough, near-syncope, and 
nausea, which was later diagnosed as 
severe PAH with moderately elevated 
Pulmonary Vascular Resistance (PVR). 
Right ventricular (RV) systolic pressure was 
95 mmHg, pulmonary artery (PA) pressure 
was 95/30 (53) mmHg with systemic blood 
pressure of 112/66 (81) mmHg. Cardiac 
output was 3.87 L/min (Fick method).

She had a 27 mm ostium secundum ASD. 
A three-dimensional transesophageal 
echocardiogram (3DTEE) showed 
predominantly left-to-right shunt with some
flow reversal. Her six-minute walk test 
distance dropped from 1580 to 1400 feet in
a span of three months. As a result of 
worsening PAH on maximal medical 
therapy, a decision was made by a 
multidisciplinary team including a 
pulmonologist and lung transplant director, 
and congenital heart specialists to close 
the defect with a fenestrated device. 
The Occlutech® FASD Occluder was 
selected for use under the U.S. Food 
and Drug Administration’s compassionate 
use guidance. The patient was given 
comprehensive education on the risks 
and benefits of the procedure, including 
complications of general anesthesia, TEE,
cardiac catheterization and the occluder 
itself. The potential intraprocedural and 
postprocedural risks including air embolus,
allergic reaction to nickel, arrhythmia, 
bleeding, injury to blood vessels, 
device embolization and migration, 
and thromboembolic events were also 
discussed. The patient signed the 
compassionate use informed consent form
after all questions were addressed to her 
satisfaction prior to the procedure.

Procedure
Under general anesthesia, 3DTEE 
confirmed the presence of a significant 
atrial communication with persistent 
left-to-right shunt. A detailed right-heart 
catheterization was performed under 
aseptic precautions with stepwise oximetry 

and hemodynamics. The patient’s RA 
pressure was 12/7 (9) mmHg, PA pressure 
was 80/29 (47) mmHg with systemic blood 
pressure of 100/50 (67) mmHg. Oximetry 
in 30% oxygen included superior vena 
cava (SVC) 78%, inferior vena cava 
(IVC) 75%, RA 80%, RV 81%, PA 80%, 
and LA 92%. Although the pre-procedure 
calculated Qp:Qs was 0.91 suggesting a 
net right-to-left shunt through the ASD, the
pulmonary reactivity testing showed 
Qp:Qs of 1.5: 1 on 100% oxygen and nitric 
oxide. A balloon occlusion test showed 
no hemodynamic instability on complete 
occlusion. Cardiac output was 3.81 L/min
(Fick method).

A 0.035-inch extra-stiff guidewire was 
placed into the pulmonary vein and a 14F
Mullins sheath was advanced over the 
guidewire and positioned into the uppper-
left pulmonary vein. A 27 mm FASD 
occluder with 6 mm fenestration was 
loaded on the delivery cable system and 
advanced in through the sheath. The LA 
disk was deployed followed by deployment 
of the RA disk under fluoroscopic and 

3DTEE guidance. After confirming secure 
deployment of the FASD occluder on 3D 
TEE (Figures 2 and 3), hemodynamic 

discharges with a principle diagnosis  of  the 
three most frequent CHDs- VSD, ASD, PDA.   

Design/Methods

We performed a serial cross-sectional analysis 
of  childhood hospitalizations during the years 
1997-2012, using the Healthcare Cost and 
Utilization Project's (HCUP) Kids’ Inpatient 
Database (KID), which represents a 
nationwide sample of  inpatient pediatric 
admissions, compiled by the Agency  for 
Healthcare Research and Quality.6 With this 
database, we can describe national trends in 
rates of  inpatient diagnoses, trends in hospital 
charges/costs, and mortality  rates. Hospital 
discharges for patients age 0 to 17 years, who 
had an International Classification of  Diseases, 
Ninth Revision, Clinical Modification (ICD-9-
CM) code for CCHDs (Common truncus, 
Corrected Transposition of  Great Vessels, 
Congenital tricuspid atresia/stenosis, Complete 
Transposition of  the Great Vessels,  Ebstein’s 
Anomaly, Double outlet right ventricle, 
Tetralogy  of  Fallot, Hypoplastic Left  Heart 
Syndrome, Total Anomalous Pulmonary 
Venous connection and the three most 
common CHDs – ASD, VSD, PDA), were 
included in our analyses. We queried the ICD 

9-codes in principal diagnosis and All-listed 
modes. The principal diagnosis denotes the 
first listed diagnosis that is chiefly  responsible 
for the patient’s admission to the hospital and 
is used to describe trends in length of  stay  and 
hospital charges for each diagnosis. All-listed 
diagnoses include the principle diagnosis plus 
additional conditions that coexist at the time of 
admission and this mode was used to 
describe trends in discharges and mortality. 

We also selected another cohort from the 
National Inpatient Sample (NIS) database for 
the years 1997 through 2012 using the 
Clinical Classification Software (CCS) 
principal diagnosis category  213, cardiac and 
circulatory  Congenital Anomalies to evaluate 
trends, hospital costs  and inpatient mortality.7 
Descriptive analyses were used to describe 
the results and Z-test was used to determine 
statistical significance among trends.  

Results

Our analysis suggests there was a statistically 
significant trend in the number of  discharges 
of  Hypoplastic Left Heart Syndrome (HLHS) 
(p=0.00028) during the study  period. 
Interestingly,  though statistically  not significant, 
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Table 1. Trends in discharges - All diagnosis- ICD-9.

Archiving Working Group
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Paediatric and Congenital Heart Disease
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The Johns Hopkins University  School of 
Medicine is seeking an exceptional 
individual to lead the Division of 
Pediatric Cardiology  and Helen B. 
Taussig Heart Center. Applicants should 
have demonstrated evidence of 
leadership qualities and outstanding 
achievements in clinical care, research 
and teaching. The successful applicant 
m u s t s h a r e o u r u n w a v e r i n g 
commitment to excellence, integrity, 
collegiality  and respect for and inclusion 
of individuals of diverse backgrounds.

Our goal is to recruit a talented Director 
w i t h s t r o n g i n t e r p e r s o n a l a n d 
communication skills who has a proven 
track record of  mentorship, excellent in 
patient care and education, and 
s c h o l a r l y  a d v a n c e m e n t i n 
cardiovascular research. The ability  to 
work effectively  with faculty  members 
from a variety  of  scientific and clinical 
disciplines is particularly  important. As 
we continue the School of  Medicine’s 
efforts to increase the diversity  of  our 
leadership, we are interested in 
ident i fy ing minor i ty  and women 
candidates.

Interested applicants should provide 
a letter of application and curriculum 

vitae to: 

Dr. Peter Mogayzel at 
pmogayze@jhmi.edu or mail to:

Luca Vricella, MD and 
Peter Mogayzel, MD, PhD
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Director of Pediatric Cardiology

Johns Hopkins Hospital
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Baltimore, MD 21287

An Affirmative Action/Equal 
Opportunity Employer

Temporal Trends in Discharges of Common Critical Congenital Heart Diseases

Figure 3: The FASD Ocludder (red arrow) with left-to-right shunting through the fenestration
(orange arrow) on two-dimensional TEE post deployment.

Figure 2: Post-deployment 3DTEE shows a
well-seated FASD. The red arrow shows the
6 mm fenestration in the occluder.
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http://www.congenitalcardiologytoday.com/Clicks/forward.php?fname=http://www.ipccc-awg.net


7CONGENITAL CARDIOLOGY TODAY t www.CongenitalCardiologyToday.com t May 2017

measurements were repeated. The patient’s RA pressure was 
10/8 (8) mmHg, PA pressure was 72/26 (43) mmHg with systemic 
blood pressure of 139/68 (94) mmHg. Cardiac output improved to 
5.97 L/m (Fick Method) with no significant demonstration of left-to-
right shunt post device deployment. The delivery cable was then 
released from the device and withdrawn.

The patient’s hemodynamics were stable throughout the procedure
and there were no arrhythmias or other complications. She was 
also extubated without any complications and discharged home 
the next day. As PAH warrants anticoagulation therapy; the 
patient’s anticoagulation regimen (clopidogrel and aspirin) was 
continued after the deployment of the device.

Following discharge, the patient developed a right pseudoaneurysm
with an arteriovenous fistula at the catheterization site requiring 
two thrombin injections. The complication resolved over time and 
was determined to be unrelated to the FASD occluder.

At her one-month follow-up visit, the patient reported significant 
improvement in her exercise tolerance and she had more energy
with recorded resting saturation of 99%. Her six-minute walk test
distance was relativity unchanged at 1430 feet. She remained 
without pedal edema on the same diuretic therapy. An 
echocardiogram demonstrated good device placement, improved 
RV pressures, and continuous left-to-right shunt across the FASD 
Occluder at rest.

Four months after the procedure, the patient reported feeling very
well with significant improvement in her stamina and exercise 
tolerance. An echocardiogram demonstrated improved RV 

there was a downward trend in discharges of 
Tetralogy  of  Fallot and significant in discharges 
of  Double Outlet Right Ventricle (DORV) were 
noted between years 1997-2012 (Table 1). 
Significant reduction in inpatient mortality  (4% 
vs. 2.9% p=0.001) (Table 2) and estimated 
total number of  discharges (33,124 vs. 28,000; 
p=0.21) from congenital cardiac and circulatory 
anomalies were seen during the study  period 
while mean total hospital charges (Table 2) and 
mean hospital charges for each diagnosis 
(Table 3) increased exponentially. There was a 
consistent increase in average length of  stay 
for each principal diagnosis of  CCHD (Table 4). 
We also noted that there was an upward trend 
increase in hospital discharges with all listed 
diagnoses of  ASD and PDA during the last 15 
years (Table 5).

Conclusions

During the last decade, there was a significant 
increase in the number of  patients (3034 ±389 
vs. 5355 ±506) cared for with a diagnosis of 
HLHS and inpatient mortality  from congenital 
cardiac and circulatory  anomalies has 
decreased by 40% in U.S. hospitals. Mean 
hospital charges for treatment of  CCHDs 
increased four-fold;  overall charges of 
treatments increased from $1.6 billion to 6.1 
billion, along with increased length-of-stay  for 
all CCHDs. Increasing numbers of  children 
(0-17 years) with diagnosis of  ASD and PDA  
were cared for in hospitals during study period. 
 
Overall,  we noted that hospital discharges and 
survival of  few patients with CCHDs like HLHS 
and DORV are increasing in number, while 
others are trending down or remained stable. 
Robust state/ federal surveillance programs are 
needed to measure the active and accurate 
birth prevalence rates of  CCHDs to plan for 
adequate resource allocation, care quality  and 
monitoring. The ongoing interest in finding 
precise biomarkers and genetic sequencing 
may  provide some additional insights into the 
causal associations of  CCHDs.  We hypothesize 
that survival rates among these infants are 
improving as a result of  advancement in science 
and technology, with better antenatal ultrasound 
surveillance, early  identification, better 
understanding of  pathophysiology,  improved 
surgical techniques, superior cardiac critical 
care and focused approach to manage the 
associated disabilities.
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Table 3. Trends in mean charges for each CCHD as principal diagnosis.

Table 2.  Trends in average hospital charges and inpatient mortality- CCS.

Trends in Overall Hospital and Inpatient Mortality - Congenital 
Cardiac and Circulatory Diseases

Trends in Mean Changes for CCHD as Principal Diagnosis

patient’s  RA pressure was 10/8 (8) mmHg, PA pressure was 72/26 
(43) mmHg with systemic blood pressure of  139/68 (94) mmHg. 
Cardiac output improved to 5.97 L/m (Fick method) with no 
significant demonstration of  left-to-right shunt post device 
deployment. The delivery  cable was then released from the device 
and withdrawn.

The patient’s hemodynamics was stable throughout the procedure 
and there were no arrhythmias or other complications. She was also 
extubated without any  complications and discharged home the next 
day.  As PAH warrants anticoagulation therapy, the patient’s 
anticoagulation regimen (clopidogrel and aspirin) was continued after 
the deployment of the device.

Following discharge, the patient developed a right pseudoaneurysm 
with an arteriovenous fistula at the catheterization site requiring two 
thrombin injections.  The complication resolved over time and was 
determined to be unrelated to the FASD occluder.

At her one-month follow-up visit,  the patient reported significant 
improvement in her exercise tolerance and she had more energy 
with recorded resting saturation of  99%.  Her six-minute walk test 
distance was relativity  unchanged at 1430 feet. She remained 
without pedal edema on the same diuretic therapy. An echocardiogram 
demonstrated good device placement, improved RV pressures, and 
continuous left-to-right shunt across the FASD occluder at rest.

Four months after the procedure, the patient  reported feeling very 
well with significant improvement in her stamina and exercise 
tolerance. An echocardiogram demonstrated improved RV pressures 
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“In patients with ASD associated PAH, 
the unrestricted shunting can lead to 
severe symptoms and progressive PAH. 
A fenestrated device must be considered 
in these patients to restrict significant 
left-to-right shunting, but simultaneously 
allow for any necessary overflow if and 
when right HF develops in the future.... 
The significant symptomatic 
improvements and the sustained atrial 
communication four months after 
implantation of the FASD occluder in our 
patient shows that it may be a useful 
closure device in patients with ASD 
associated PAH.”

Advanced Practitioner - Pediatric Interventional 
Cardiology – Charlotte, NC

When your child needs care for a pediatric congenital heart condition only 
the very best will do! 

Named a Best Children’s Hospital in cardiology and heart surgery by US News 
& World Report, Levine Children’s Hospital and Sanger Heart & Vascular offer 
the most advanced and most complete pediatric heart care in the region. Due 
to growth, we are seeking an experienced Pediatric Nurse Practitioner and/or 
Physician Assistant to join our team!

Position Details: The Pediatric Nurse Practitioner/Physician Assistant in 
Pediatric Interventional Cardiology works in collaboration with the supervising 
physician and assists in performing diagnostic and interventional procedures 
for cardiology patients with critical acuity. The ACP will work with our two 
interventionalists and one transplant cardiologist and be the liason between 
the Pediatric Cardiologist, patients and families and staff. Our new state of the 
art two Cath Lab suite opened in February 2017 right beside our CVICU. The 
cath lab volume has been growing at a rate of 10-15% per year, and we will be 
developing a 3-D printing program in the next 6 months. Active industry 
sponsored research is ongoing, affording many opportunities for clinical 
research projects. 

Responsibilities include but not limited to:
• Provide advanced nursing pre- and post-procedure recovery care clinical 

management and monitoring
• Provide education and support for Pediatric Interventional Cardiology 

patients and their families
Serve as the liaison and resource for multidisciplinary health care team 
members patients and families

• Utilize interpersonal skills to maximize excellence in customer service, safe 
patient care, and professionalism

• Contribute to a positive work environment of caring and cooperation in the 
Cardiology/CVICU units

• Lead, supervise, teach, and collaborate with other healthcare team members
• Utilize expertise in the delivery of care to the whole person

Competitive salary and wealthy benefits package including: 
PTO, CME, 401k, & Relocation.

Charlotte is the largest city in North Carolina and South Carolina and the 
second largest in the Southeast, making it the 13th largest city in the United 
States. The “Queen City” has a great assortment of cultural activities, dining 
options and professional sporting teams. Charlotte is centrally located, making 
it just a short drive to both coastal and mountain resorts for weekend trips.

For more information, please email your interest and CV to:
Dr. Joseph Paolillo

Director, Pediatric Cardiac Catheterization Program
Sanger Heart & Vascular Institute/ Levine Children’s Hospital

Carolinas HealthCare System
Joseph.Paolillo@CarolinasHealthCare.org

OR
Michael Barbee

Physician & Advanced Practice Recruitment
Carolinas Healthcare System

Michael.Barbee@CarolinasHealthCare.org
1-800-847-5084.

To explore all of our opportunities, 
please visit Careers.CarolinasHealthCare.org.  

Carolinas HealthCare System is an Equal Opportunity and Affirmative Action Employer.

“In patients with ASD-Associated PAH, 
the unrestricted shunting can lead to 
severe symptoms and progressive PAH. A 
fenestrated device must be considered in 
these patients to restrict significant left-to-
right shunting, but simultaneously allow for 
any necessary overflow if and when right HF 
develops in the future.... 
The significant symptomatic improvements 
and the sustained atrial communication 
four months after implantation of the FASD 
Occluder in our patient shows that it may be 
a useful closure device in patients with ASD-
Associated PAH.”
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pressures with continuous left-to-right 
shunt across the FASD Occluder at 
rest. Her six-minute walk test distance 
significantly improved to 1520 feet.

Discussion
The association between PAH and ASD in 
young adults, especially in females is well - 
recognized. It is typically independent of the 
degree of shunting and increased pulmonary 
blood flow through the ASD.2-4 Although it can 
be slow in becoming symptomatic, these 
patients can develop progressive PAH. It is 
critical to appreciate the difference between 
this group of patients from those who do 
not develop mild PAH with large ASDs. 
In the latter group, it can resolve after 
intervention, especially when performed 
early and rarely do patients develop 
progressive PAH. When considering our 
patient’s clinical presentation and cardiac 
catheterization findings at the time of ASD 
closure, she is likely to have had ASD-
Associated PAH.

Patients who develop PAH immediately or
several months or years after ASD closure
have poorer prognosis when compared to 
Congenial Heart Disease (CHD) patients 
with PAH.5-7 As such, a fenestrated ASD 
closure is preferred in patients with ASD 
and moderate-to-severe PAH to decrease 
significant left-to-right shunting, but allow 
possible overflow for right HF in the future.7

Creating a restricted and sustainable atrial 
communication can be challenging and 
compelled us to use the FASD Occluder 
that can maintain a fenestration. However,
spontaneous closure can occur in 
fenestrated devices.7-9

Conclusion
In patients with ASD-Associated PAH, 
the unrestricted shunting can lead to 
severe symptoms and progressive PAH. 
A fenestrated device must be considered 
in these patients to restrict significant 
left-toright shunting, but simultaneously 
allow for any necessary overflow, if and 
when right HF develops in the future. It 
is desirable to achieve higher systemic 
ventricular output with marginal increase in 
cyanosis in these patients with an optimal 
saturation range of 87-90% at rest. The 
significant symptomatic improvements 
and the sustained atrial communi cat ion 
four months after implantation of the FASD 
occluder in our patient shows that it may 

be a useful closure device in patients with 
ASD associated PAH.
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The congenital heart professionals network exists to facilitate 
communications between congenital heart professionals locally, 
regionally, and globally.
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On Wednesday, January  18th,  2017 live cases 
were transmitted from New York City, Houston 

and Dallas. Again, each site transmitted two 
live cases. After the end of  the live cases at 
1:00 pm, different breakout sessions took 
place,  including: taped cases sessions from 
Cedar Sinai,  Seattle and Dublin;  an 
intervention outside the heart session; a 
pushing the boundaries session, which 
focused on unusual interventions, including: 
fetal interventions, closure of  the premature 
duct, intervention in pulmonary  hypertension 
and advances in surgical techniques; a Left 
A t r ia l Appendage and Mi t ra l Va lve 
Interventions session; a measuring and 
reducing risk session, which was in 
collaboration with CCISC, and finally. a 
Spanish session.

In the evening, the traditional dinner party  took 
place at the famous Nikki Beach, where all 
participants were treated to a great dinner and 
entertainment. During this event, many  awards 
were given, including distinguished service 
awards to a few individuals who for the last 20 
years have worked to make this meeting the 
best. The recipients of the awards were: 

• Ms. Colene Diodati and Ms. Sally Cook, 
who have been managing the 
conference since its start in 1997,

• Ms. Michaleen Wallig, who is Dr. Hijazi’s  
Assistant and Treasurer of the PICS 
Foundation, and 

• Ms. Kim Ray, the PICS Coordinator 
since 1999. Kim works very hard with 
the faculty and industry to ensure a 
successful meeting. 

Other awards given included: The Young 
Leadership Award, received by  Jeff  Zampi. 
(The winner of  this award becomes a PICS 
faculty); the Charles S. Kleinman Scientific 
Award, where the PICS Foundation donates 
$5,000 towards the recipient’s research; the 
winner of  the oral abstracts; the winner of  the 
moderated abstracts; and finally, the new 
Terry  King Travel Award, which was created 
and funded by  the PICS Foundation.  This 
award helps an interventional cardiologist 
travel to attend the PICS~AICS meeting. 
Travel expenses, including air,  hotel and 
registration is covered by this award.

The last day  of  the symposium took place on 
Thursday, January  19th, 2017. Live cases were 
transmitted from Columbus, OH; Pittsburgh, 
Penn. and Los Angeles,  Calif. Each site 
transmitted two live cases. In between the two 
live cases sessions, there was a didactic 
session: Update on Structural Heart 
Interventions for Congenital Interventionalists. 
Then, the famous session, “My  Nightmare 

Case” took place, the winner of  this year’s 
case was a fellow from Denver Children’s 
Hospital. Then the last scientific session of  the 
day  was, “Simplifying the Complex – My  Step-
by-Step Approach” with step-by-step approach 
to: RVOT stenting, VSD closure via retrograde 
approach, PDA stenting in TOF, hybrid MVR in 
infants, hybrid PVR, hybrid for HLHS and 
modal i t ies to suppor t  la rge sheath 
advancements in RVOT interventions.

The final session of  the afternoon continued 
with the tradition from last year - “Battle of 
the Continents” session, where four teams 
were assembled to represent: North 
America, South America, Asia/Africa/ROW 
and Europe. Again,  this year North America 
won the contest. There were 30 questions 
presented to the four teams, and the North 
American team won by a wide margin.

At the end of  the day, Dr. Hijazi selected 
the PICS-AICS Passport Winner, and 
closed the meeting.

During the four days of  the conference, 
abstracts that were selected as posters were 
displayed in the foyer for all participants to read.

The feedback received from attendees has 
been very  positive, and many  indicated 
that this meeting was the best ever.

We hope to see you for PICS-AICS 2018, 
to be held at the famous MGM in Las 
Vegas, NV, September 5th-8th, 2018 - For 
more information, www.picsymposium.com.
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