O N

A R DI

C
C

G

OLOGY

ENITA AL

TODAY

Timely News and Information for BC/BE Congenital/Structural Cardiologists and Surgeons

June 2013; Volume 11; Issue 6
International Edition

Total Anomalous Pulmonary Venous
Connection in the Neonate

By Claudeen K. Whitfield, MD;

P. Syamasundar Rao, MD

~Page 1

The Congenital Heart Intervention
Mission Support Project: Aiming

To Help Kids With CHD Around The
World

By Karim Diab, MD; Damien Kenny, MD
~Page 8

DEPARTMENTS
Medical News, Products and

Information
~Page 9

UPCOMING MEDICAL MEETINGS
See website for additional meetings

iCi 2013 - Imaging in Structural,

Valvular & Congenital Interventions

Jun. 26, 2013; Frankfurt, Germany
Www.ici-congress.org

CSI 2013 - Congenital,
Structural & Valvular Interventions
Jun. 27-29, 2013; Frankfurt, Germany
WwWw.Csi-congress.org

International Academy of Cardiology,
18th World Congress on Heart Disease,
Annual Scientific Sessions 2013
Jul. 26-29, 2012; Vancouver, Canada
www.cardiologyonline.com/

ESC (European Society of Cardiology) Congress
Aug. 31- Sep. 4, 2013; Amsterdam, Netherlands
www.escardio.org

TRENDS Asia Pacific - Renal Denervation,
Device Based Treatment of Hypertension,
Neurohumoral Stimulation
Sep. 21, 2013; Hong Kong, Hong Kong
www.csi-congress.org/trend-workshop.php

CONGENITAL CARDIOLOGY TODAY

Editorial and Subscription Offices

16 Cove Rd, Ste. 200

Westerly, RI 02891 USA
www.CongenitalCardiologyToday.com

© 2013 by Congenital Cardiology Today
ISSN: 1544-7787 (print); 1544-0499 (on-
line). Published monthly. All rights reserved.

Total Anomalous Pulmonary Venous

Connection in the Neonate

By Claudeen K. Whitfield, MD;
P. Syamasundar Rao, MD

Introduction

In the previous issues of this publication, we fo-
cussed on several general topics on Congenital
Heart Disease (CHD) in the neonate.™® More
recently, we began addressing individual car-
diac lesions, namely: Transposition of the Great
Arteries® and Tetralogy of Fallot,” Hypoplastic
Left Heart Syndrome® and Tricuspid Atresia.® In
this issue of Congenital Cardiology Today, we
will discuss Total Anomalous Pulmonary Venous
Connection (TAPVC). Other conditions with
similar embryological and clinical findings, as
well as therapeutic implications, such as atresia
of the common pulmonary vein, cor triatriatum
and stenosis/atresia of the individual pulmonary;
veins will not be reviewed in this paper.

Total Anomalous Pulmonary Venous Connection

In TAPVC, all the pulmonary veins drain into
systemic veins; most commonly they drain into
a common pulmonary vein which is then con-
nected to the left innominate vein, superior vena
cava, coronary sinus, portal vein or other rare
sites. Occasionally, individual veins drain direct-
ly into the right atrium. TAPVC is the fifth most
common cause of cyanotic congenital heart dis-
ease (CHD), and the twelfth most common CHD
in critically ill infants. TAPVC occurs in 0.6 to 1.2
per 10,000 live births. Sixty-eight percent are di-
agnosed as neonates.'” TAPVC is an isolated le-
sion in approximately two-thirds of patients and

occurs in association with other CHD, as well
as heterotaxia syndromes in the remaining one-
third of patients. The male to female ratio in the
Baltimore-Washington infant study was 18:23.1°
In other reports, a strong male preponderance
of 3:1 was observed in patients with infra-di-
aphargmatic connection. If left unrepaired, 50%
of the babies may survive up to 3 months, and
20% up to 1 year of age, depending on the type
and degree of obstruction.

Embryology

During normal development, the lung buds are
outgrowths of the primitive foregut, and early in
fetal life venous drainage from the lungs is via the
splanchnic plexus to the cardinal and um-bilicovi-
telline venous systems. The common pulmonary
vein arises from the posterior left atrium as a
small pouch that enlarges and connects with the
pulmonary venous component of the splanchnic
plexus. When pulmonary venous drainage via the
common pulmonary vein is established, the con-
nections to the cardinal and umbilicovitelline ve-
nous systems involute and eventually disappear.
The common pulmonary vein is incorporated into
the posterior left atrial wall by differential growth,
and the pulmonary veins then connect directly to
the left atrium. If the common pulmonary vein fails
to develop or fails to connect to the splanchnic
plexus, the primitive venous connections persist,
and result in total anomalous pulmonary venous
connection. The type of TAPVC is determined by
which of the connections to the cardinal or umbili-
covitelline venous system persists. Drainage of
the pulmonary veins may be into the right atrium,
the right common cardinal system (superior vena
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cava or azygos vein), the left common cardinal system (left in-nominate
vein or coronary sinus), or the umbilicovitelline system (portal vein,
ductus venosus, etc.)."?

Classification

Darling et al"® proposed a TAPVC classification system based on the
site of pulmonary venous drainage: Type | in which there is a supra-car-
diac connection and all four pulmonary veins are connected to the com-
mon pulmonary vein, which is then drained by a connecting anomalous
vein into the right superior vena cava, left superior vena cava, or their
tributaries; Type Il where there is a cardiac connection and the common
pulmonary vein is connected directly to the right heart (coronary sinus
or the right atrium); Type lll is characterized by an infra-cardiac con-
nection and the common pulmonary vein is drained by an anomalous
channel which travels caudally anterior to the esophagus through the
diaphragm to connect to the portal venous system; and Type IV where
there are mixed connections, and the right and left pulmonary veins
drain to different sites (for example, left pulmonary veins into the left
vertical vein and then into the left innominate vein and right pulmonary
veins directly into the right atrium or coronary sinus)."® Supra-cardiac
connection is the most common (45%), followed by cardiac (25%), in-
fra-cardiac (25%) and mixed (5%).14®

A simpler classification was proposed by Smith and associates:"® su-
pra-diaphragmatic without pulmonary venous obstruction and infra-
diaphragmatic with obstruction. Although the supra-diaphragmatic
forms are generally non-obstructive, obstruction can also occur in
these as well, as reviewed elsewhere.?’ However, the infra-diaphrag-
matic forms are almost always obstructive. Connection to the left in-
nominate vein is the most common type of TAPVC.?'2® Infra-diaphrag-
matic type is most common form in neonates.?'-?

Pathophysiology

In all types of TAPVC, entire pulmonary venous blood eventually re-
turns to the right atrium. Intra-cardiac mixing of systemic and pulmo-
nary venous returns occurs. Therefore, right-to-left shunt across the
atrial septum (patent foramen ovale or atrial septal defect) must be
present for survival. A restrictive atrial communication is not uncom-
mon. If atrial communication is restrictive, the amount of blood reach-
ing the left atrium is limited, and systemic blood flow (cardiac output)
is reduced. If there is wide-open atrial communication, the flow dis-
tribution to systemic and pulmonary circuits is dependent on relative
compliances of the atria and ventricles; these compliances are even-
tually linked to pulmonary and systemic vascular resistances.

In babies with a non-obstructive type of TAPVC, as the pulmonary
vascular resistance decreases (with age), there is progressive in-
crease in pulmonary blood flow. This causes pulmonary over-circu-
lation and eventually congestive heart failure. Right atrial and right
ventricular enlargement and dilatation of main and branch pulmonary
arteries are usually seen. If untreated, increased pulmonary blood
flow will result in pulmonary arteriolar medial hypertrophy and intimal
proliferation, and the patients will develop pulmonary hypertension
and eventually pulmonary vascular obstructive disease.

In babies with obstructive types of TAPVC, because of high pulmo-
nary venous pressure, reflex pulmonary arteriolar constriction occurs
resulting in high pulmonary artery pressure and decreased pulmonary
blood flow. When the osmotic pressure of the blood exceeds the hy-
drostatic pressure in the capillaries, pulmonary edema develops. This
is partly compensated for by increased pulmonary lymphatic drain-
age, development of alternative pulmonary venous bypass channels
and altered capillary permeability.

Obstruction to pulmonary venous return is uniformly present in the
infra-diaphragmatic type. It may be extrinsic at the level of the dia-
phragm as the connecting vein passes through it, constriction of the
ductus venosus, high resistance to the passage of the blood through
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the hepatic sinusoids, intrinsic stenosis of the connecting vein or a
combination thereof.?® The long connecting vein itself may offer im-
pedance to the pulmonary venous return.?’ In the supra-diaphrag-
matic types, the obstruction can also occur and it may be at multiple
sites and with varying degrees of severity. It may be intrinsic, within
the connecting vein itself or extrinsic by compression (of the vertical
vein) between the left bronchus and left pulmonary artery. The intrinsic
stenosis of the anomalous connecting vein may be at its junction with
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the common pulmonary vein, at its entry into the left innominate vein,
superior vena cava, azygos vein or right atrium, somewhere within
the vein itself or a combination thereof. Also, the left innominate vein,
superior vena cava or azygos vein may themselves be narrowed. For
further details, the reader is referred elsewhere.?® Obstruction is least
likely to occur when the pulmonary veins drain into the coronary si-
nus. The potential for obstruction at the atrial septal defect level has
already been mentioned above.

Clinical Features

Clinical features are largely determined by the degree of pulmonary
venous obstruction. If obstruction is present, the majority (~75%) of
patients will present within the first few days of life and the reminder
at a later time. The presentation is shortly after the first 12 hours
of life; this is in contradistinction to Respiratory Distress Syndrome
which usually presents at birth. These babies are acutely ill and
manifest tachypnea, dyspnea, hypoxemia and metabolic acidosis.
These signs and symptoms appear to be related to severe pulmo-
nary venous congestion. Physical examination is significant for rales
and rhonchi in both lung fields. Cardiovascular findings include wide-
ly split second heart sound with an accentuated pulmonary compo-
nent and no murmurs. Sometimes a non-specific ejection systolic
murmur along the left sternal border may be heard. Hepatomegaly
is usually present. Obstructive TAPVC is present in almost all infra-
diaphragmatic types and in only 50% of supra-diaphragmatic types.

In the absence of pulmonary venous obstruction, the presentation is
within the first month of life in more than half of the patients and the
reminder during the first year of life. They usually present with signs
of congestive heart failure. Tachypnea, tachycardia, feeding difficul-
ties and failure to thrive are usual presenting symptoms. Findings on
physical examination are similar to those in patients with a secundum
atrial septal defect in that there is a prominent right ventricular im-
pulse (hyperdynamic), widely split and fixed second heart sound, an
ejection systolic murmur at the left upper sternal border and a mid-di-
astolic flow rumble at the left lower sternal border. In addition, pulmo-
nary component (P,) of the second heart sound is accentuated, and
an ejection systolic click plus third and/or fourth heart sounds (mul-
tiple cardiac sounds) may be present. Cyanosis is minimal and may
not be clinically detectable because of markedly increased pulmonary
blood flow. Signs of cardiac failure are usual. Another clinical feature
is a venous hum heard at the left or right upper sternal borders or in
the infraclavicular regions in the supra-cardiac types of TAPVC; the
venous hum is not altered by changes in the position of the patient.

Non-Invasive Evaluation
Chest X-ray

In the obstructive type, the size of the heart is small and normal or
mildly enlarged. There is evidence of marked pulmonary edema with
stippled densities and reticular pattern in the lung parenchyma, par-
tially obscuring the cardiac borders (Figure 1). The reticular pattern
may some- tococcal infection. In the non-obstructive type where there
is unrestricted pulmonary blood flow, there is cardiomegaly and in-
creased pulmonary vascular markings, but usually no pulmonary ede-
ma is seen. In the supracardiac type draining into the left innominate
vein, a snowman-type of cardiac silhouette may be seen; however,
this may take several weeks/months to develop and may not be obvi-
ous in the neonatal period.

Electrocardiogram

Electrocardiogram reveals right ventricular hypertrophy in the ob-
structive type; however, it may be difficult to distinguish it from normal
neonatal right ventricular preponderance. In the non-obstructive type,
right axis deviation, right atrial enlargement as seen by tall P waves
in lead Il and right precordial leads and right ventricular hypertrophy,
manifested tall R waves in right precordial leads, sometime with rSR
pattern are usually seen.

Figure 1.Chest x-ray of a neonate with total anomalous pulmonary
venous connection of an infra-diaphragmatic type demonstrating
severe pulmonary venous congestion. Mild cardiac enlargement is
also seen.

Echocardiogram

Echocardiographic studies are useful in confirming the diagnosis, and
in defining various issues germane to the management of these sick
babies. Inability to easily visualize the entry of pulmonary veins into
the left atrium by two-dimensional (2D) and color flow mapping should
arouse the suspicion of the diagnosis of TAPVC. Enlargement of the
right atrium, right ventricle and pulmonary artery is seen in all types
of TAPVC (Figure 2). The left atrium and left ventricle usually appear
relatively small compared to the very large right ventricle.?>2¢ The en-
larged right ventricle encroaches onto the left ventricle, compressing
it posteriorly (Figure 2 A & C) and to the left (Figure 2D). The left
atrium is smaller than normal (because of lack of contribution of the
common pulmonary vein), but is easily seen (Figure 2 A, B & D).

The right ventricular and pulmonary artery pressures are elevated, as
demonstrated by high tricuspid valve regurgitant velocity (Figure 3A).
The right ventricular and pulmonary artery systolic pressure may be
estimated by modified Bernoulli equation:

Right ventricular and pulmonary artery systolic pressure = 4V2
+ 5 mmHg

Where V is peak velocity of the regurgitant tricuspid jet, and 5 is the
estimated right atrial pressure.

Right to left shunt across the patent foramen ovale is also seen in all
types of TAPVC (Figure 3B).

The common pulmonary vein is seen behind the left atrium (Figure 2
A & B) and every effort should be made to demonstrate the entry of
all pulmonary veins into this chamber by using a combination of 2D
imaging and color flow mapping (Figures 4 & 5) in multiple views.
Parasternal, subcostal and suprasternal notch views are most helpful
in this regard. The size and orientation (horizontal or vertical) of the
common pulmonary vein should also be determined. Careful color
flow imaging should be used to demonstrate the anomalous connect-
ing vein and the site of its drainage.
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Figure 2. Selected video frames of a 2-dimensional echocardiogram
in parasternal long (A) and short (B & C) axis and apical four cham-
ber (D) views demonstrating a large right atrium (RA), right ventricle
(RV) and main pulmonary artery (MPA) in an infant with total anoma-
lous pulmonary venous connection. Note that the enlarged RV en-
croaches onto the left ventricle compressing it posteriorly (A & C) and
to the left (D). Common pulmonary vein (CPV) is located behind (A &
B) and superior to the left atrium (LA) (D).

Examples of TAPVC with connection to infra-diaphragmatic (Figure
4), left innominate (Figure 5) and coronary sinus (Figure 6) sites are
shown. Stenosis of the connecting vein can occur and may be dem-
onstrated by imaging actual narrowing, by dilated proximal portion of
the connecting vein, by turbulent, continuous and increased Doppler
flow velocity (Figure 7) or a combination thereof.

If the ductus arteriosus is patent, right to left shunt across it is usu-
ally seen, particularly in patients with obstructed TAPVC; this might
partially bypass pulmonary circuit with high pulmonary vascular resis-
tance in the obstructed TAPVC and support the cardiac output.

Magnetic Resonance Imaging

Because precise anatomic details are often outlined by echocardio-
graphic studies in the neonate, there is little need for MRI in this age
group irrespective of pulmonary venous obstruction. When echo-
Doppler studies can't, for certain, demonstrate all pulmonary veins,?
particularly when connection to multiple sites (mixed type of TAPVC)
is suspected or in patients with poor echo windows, MRI can provide
vital anatomic information.

Figure 3. A. High tricuspid regurgitant Doppler flow velocity is shown
and is suggestive of elevated pulmonary artery pressure in a neonate
with an infra-diaphragmatic type of total anomalous pulmonary ve-
nous connection. B. Color Doppler flow mapping demonstrating right
to left shunting across the atrial septum. RA, right atrium; LA, left
atrium.

Figure 4. Selected video frames from suprasternal notch views in
a baby with infra-diaphragmatic type of total anomalous pulmonary
venous connection showing pulmonary veins (PV) draining into a
common pulmonary vein (CPV) which is located adjacent to the left
atrium (LA); 2-dimensional (A) and color flow mapping (B) images
are shown. Anomalous trunk (AT) traversing towards the diaphragm
is shown in C.

Cardiac Catheterization

Cardiac catheterization is not usually necessary to confirm the diag-
nosis in the neonate. However, beyond infancy, it may be indicated
in order to measure the pulmonary vascular resistance and study its
responses to vasodilators.

Management

The initial management of neonates with TAPVC is similar to that of
any cyanotic/distressed infant with suspected serious heart disease
and is discussed in depth elsewhere* and will not be detailed here.
Maintenance of neutral thermal environment, normal acid-base sta-
tus, normoglycemia, and normocalcemia should be undertaken by
appropriate monitoring and correction as needed.* No more than 0.4
F10, is necessary unless Pulmonary Parenchymal Disease is pres-
ent. Metabolic acidosis, defined as pH < 7.25 should be corrected
with sodium bicarbonate (usually 1-2 mEq/kg diluted half and half
with 5% or 10% dextrose solution) immediately. In the presence of
respiratory acidosis, appropriate suctioning, intubation and assisted
ventilation should be undertaken.
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Figure 5. Selected video frames from suprasternal notch views in a
baby with supra-diaphragmatic type of total anomalous pulmonary
venous connection showing dilated vertical vein (VV), left innominate
vein (L Inn) and superior vena cava (SVC); 2- dimensional (A) and
color flow mapping (B) images are shown. 2-dimensional images of
pulmonary veins (PV) draining into a common pulmonary vein (CPV)
which is located adjacent to the left atrium (LA) are also shown (C).

Figure 6. Two-dimensional (A) and color flow mapping (B) images in
a baby with total anomalous pulmonary venous connection to coro-
nary sinus (CS) demonstrating dilated CS. An anomalous trunk (AT)
connects the pulmonary veins (PV) to the CS.

Figure 7. Continuous wave Doppler recordings from the obstructed
anomalous trunks demonstrating high velocities in two different pa-
tients with total anomalous pulmonary venous connection, infra-dia-
phragmatic (A) and supra-diaphragmatic (B).

Almost all patients have a large pulmonary venous confluence behind
the left atrium. This structure is horizontal in babies with supra-cardiac
and cardiac connection and vertical in those with infra-diaphragmatic
connection. The surgical repair usually involves making an anastomo-
sis between this pulmonary venous confluence and the posterior wall
of the left atrium under cardiopulmonary bypass and/or hypothermia.
In TAPVC connected to coronary sinus, surgical excision of the com-
mon wall between the coronary sinus and left atrium is performed
along with closure of orifice of the coronary sinus and the PFO.

In the obstructive type, initial stabilization by intubation and ventila-
tion with high airway pressure should be initiated. Prostaglandin E1

(PGE,) infusion to open the ductus may decompress the pulmonary
vascular bed and augment systemic blood flow. In addition, it may
open the ductus venosus, thus decreasing pulmonary venous ob-
struction. This effect is not as certain as with ductus arteriosus and is
not reliable. Intravenous infusion of PGE, may be started at a dose of
0.05 to 0.1 g per kilogram of body weight per minute and the rate of
infusion is reduced to 0.02 ug per kilogram once the ductus is open.
This lower dose has been most helpful in reducing the incidence and
severity of some of the drug’s bothersome side effects, namely, ap-
nea and hyperpyrexia. It is important to emphasize, however, that
most patients with infra-diaphragmatic type have severe obstruction
and the main treatment mode is surgical correction. After initial stabi-
lization, emergent surgical correction by anastomosis of the common
pulmonary vein to the left atrium is mandatory. High mortality seen in
early years with surgery has decreased over the years.?

In non-obstructive type, elective surgery is recommended after con-
trol of cardiac failure is achieved and the patient is stabilized. Conges-
tive heart failure is managed with ionotropic support and diuretics.
The entire systemic flow must pass though the patent foramen ovale
(PFO) and therefore, if the PFO is restrictive, systemic perfusion is
significantly reduced. These patients with supra-diaphragmatic type
of TAPVC with a restrictive PFO will benefit from a balloon atrial sep-
tostomy.?2® Surgical correction involves anastomosis of the common
pulmonary vein with the left atrium. Ligation of the connecting vein is
routinely performed. Depending on surgical preference, the PFO is
usually, but not always, closed.

In the presence of mixed type of TAPVC, a single large posterior
pulmonary venous confluence is absent. Therefore, if the patient is
stable and without significant pulmonary hypertension or pulmonary
venous obstruction then one management option is to follow these
patients medically until individual anomalous veins are large enough
to be an-astomosed to the left atrium.%

Clinical and echocardiographic follow-up is recommended to detect
development of pulmonary venous obstruction.

Summary and Conclusions

In TAPVC, all pulmonary veins drain into systemic veins, most com-
monly they drain into a common pulmonary vein which is then con-
nected to the left innominate vein, superior vena cava, coronary sinus,
portal vein or other rare sites. TAPVC is the fifth most common cya-
notic CHD and occurs in 0.6 to 1.2 per 10,000 live births. Irrespective
of the type, all pulmonary venous blood eventually gets back into right
atrium, mixes with systemic venous return, and gets redistributed to
the systemic (via patent foramen ovale) and pulmonary (via tricuspid
valve) circulations. The TAPVC is classified based on the anatomic
location to which the connecting veins drain, namely, supra-diaphrag-
matic (supra-cardiac and cardiac) or infra-diaphragmatic and physi-
ologic based on obstruction to the pulmonary venous return, namely,
obstructive or non-obstructive. The supra-diaphragmatic forms are
generally non-obstructive, and the infra-diaphragmatic forms are al-
most always obstructive. Connection to the left innominate vein is the
most common type of TAPVC. Infra-diaphragmatic type is most com-
mon form in the neonate.

The obstructive types present within the first few hours to days of
life with signs of severe pulmonary venous congestion and manifest
severe tachypnea, tachycardia and cyanosis. Examination reveals
rales in the lung fields and a loud pulmonary component of the sec-
ond heart sound. The non-obstructive TAPVC patients, on the other
hand, usually present with symptoms of congestive heart failure
later in the first month of life. On examination, they have very mild
or no visible cyanosis and may have clinical signs of heart failure.
Other findings on examination are similar to those seen in patients
with secundum atrial septal defect. Clinical and chest x-ray findings
are suggestive of the diagnosis and can be confirmed by echocar-
diographic studies.
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In the obstructive type, initial stabilization by
intubation and ventilation with high airway
pressure should be undertaken. This is fol-
lowed by emergent surgical correction by
anastomosis of the common pulmonary vein
with the left atrium. In the non-obstructive
type, control of congestive heart failure and
stabilization of the patient, followed by elec-
tive or semi-elective surgery is recommend-

ed.

Follow-up to detect development of pul-

monary venous obstruction is recommended.
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Program topics will include management strategies of
acute heart failure syndromes, methods of hemodynamic
and physiologic monitoring, renal protective techniques,
and updates on mechanical circulatory support in children.

When: October 10-12, 2013
Where: Houston Texas

" Website: http://www.texaschildrenshospital.org/phfs2013/
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The Congenital Heart Intervention Mission Support
Project: Aiming To Help Kids With CHD Around The World

By Karim Diab, MD; Damien Kenny, MD

For many years there have been rumblings in
the congenital interventional community about
consolidating our approach to mission work in
developing countries. A significant proportion of
interventionalists in developed countries are in-
volved in one way or another in supporting mis-
sion trips; however, challenges exist with re-
gard to coordinating these trips, acquiring and
transporting equipment, as well as successfully
navigating it through erratic border and custom
inspection. It is estimated that there are well
over one hundred separate charities and mis-
sions supporting congenital heart interventions
in North America alone, however, these act
independently of each other, often confronting
similar problems without any exchange of infor-
mation to rationalize the organizational quag-
mire experienced by other evolving missions.

Left to right Drs. Damien Kenny and Karim Diab.

These mission trips which usually originate
from North America and Europe mainly come
as a result of certain personal collaborations
with specific programs or hospitals. They
represent a very pure desire to help those
who are less fortunate than ourselves and
exist purely due to the unquestionable com-
mitment of a limited few who are willing to
donate so much time. However, there has
been a persistent lack of coordination for
such missionary work resulting in mission
trips organized to similar regions, and limited
coordination with various programs in many
developing countries that are in need for
such help and support. This is largely due to
the lack of an infrastructure that allows such
programs to have access to mission ftrips,
and of a centralized effort that can help bring
support to such missions in terms of provid-
ing personnel or equipment needed for such
sustainable charitable work. In addition, mis-
sion trips have resulted in little or no sustain-
able improvement of many local programs as
they can be limited in their ability to improve
the local skills in providing cardiac care or in
providing equipment needed for such care.

The potential need is endless. In 2012 at the
PICS~AICS Symposium, Dr. Bharat Dalvi
speaking at a special Round Table Discus-

sion session indicated that in India alone
there are an estimated 250,000 children
born annually with Congenital Heart Disease
(CHD). Eighty thousand of these young pa-
tients require some form of surgical or cath-
eter intervention. At present 5,000 children
receive the care they need!

As a consequence, the Congenital Heart In-
tervention Mission Support (CHIMS) project
was recently launched at the Pediatric Inter-
ventional Cardiology Symposium, which took
place in Miami in January 2013. The project
aims at helping children with CHD who need
interventions in developing countries by
adopting a new and innovative strategy.

The CHIMS project was conceived to help cen-
tralize and consolidate pre-existing charitable
mission work. Its main aim is to centralize and
distribute donated interventional devices, cathe-
ters and other equipment necessary for congeni-
tal heart catheterization to be used for mission
work in developing countries around the world.
As this evolves, the aspiration is to build a registry
of mission groups and of congenital heart inter-
ventionalists, nurses and technologists involved
in such work, as well as a registry of developing
programs in need of mission trips in order to pro-
vide a platform for both groups to have access to
one another. We already have a list of 18 mission
trips requesting personnel support! The ultimate
goal of the project is to foster appropriate knowl-
edge and technical skills in local physicians and
provide them with the equipment needed in order
to support development of sustainable self-suffi-
cient interventional programs in developing coun-
tries. The organization has no desire or intent to
interfere in any way with pre-existing missions
and has, as one of its founding tenents, a com-
mitment to ensuring that each mission retains its
independence. CHIMS exists to provide support
and a platform for sharing personnel, equipment
and knowledge.

The team involved at CHIMS is largely a vol-
unteer group of physicians, nurses and tech-
nicians who are involved in caring for children
with congenital heart disease. This growing
group currently includes: name should be fol-
lowed by a capitalized title ex. Dr. Damien
Kenny, Director (and the person who launched
the project this past January); Dr. Karaim Diab,
Executive Secretary; Dr. Andrew Lashus, in-
dustry liaison coordinator, Karen Lacono,
nursing representative, Kathleen Nolan, tech-
nologist representative, and Jane Reich, phil-
anthropic liaison coordinator. The members of
the team are committed to working together to
make sure this project succeeds.

The concept is straightforward. We are ask-
ing all interested catheter laboratories to reg-
ister and donate surplus inventory. This will be
itemized on the website prior to shipping and
then, thanks to support from the International

Children’s Heart Foundation (ICHF), sent via
Fed-Ex to a central warehouse. Charity mis-
sions will then have the opportunity to also
register and request the donated equipment
to be shipped to a location of their choice that
may include the country where the mission will
take place. CHIMS requests no input or con-
trol over any charity mission and fully respects
the independence of all established missions.
Our organization has already launched a web-
site to support mission trips and developing
countries that will list: mission trips, the needs
of developing countries, as well as available
equipment donations. It can be accessed at
www.chimsupport.org. Since its conception,
the project has received organizational sup-
port through the PICS Foundation, as well as
from the International Children’s Heart Foun-
dation, the CCISC and Congenital Cardiology
Today. The launching the CHIMS project at
PICS 2013 in Miami, included a 5K race spon-
sored by Siemens in an effort to help support
the funding of the project. Aimost 100 partici-
pants signed up for the run and 80 participat-
ed. Dr. Ralf Holzer was the winner! Dr. Ziyad
Hijazi announced that this will be an annual
event at PICS in an effort to continue to help
support this initiative and help children with
CHD around the globe.

The overwhelming response from the con-
genital heart community has been one of
support. However, our aim is to channel that
goodwill into a meaningful effective support
service to ensure that the heroic individuals
who donate their time and efforts to mission
work are able to maximize as much ben-
efit as possible from their work abroad. We
hope this project will make a major impact in
helping to support mission trips to develop-
ing countries and as such help improve the
outcome and life quality of children with CHD
around the world. You can check out the
website, volunteer, donate or request equip-
ment after you register at the website. This
endeavor cannot survive without your sup-
port, but may flourish with it!
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Medical News, Products and Information

Drug-Resistant MRSA Bacteria -- Here to
Stay in Both Hospital and Community

The drug-resistant bacteria known as MRSA,
once confined to hospitals but now wide-
spread in communities, will likely continue to
exist in both settings as separate strains, ac-
cording to a new study.

The prediction that both strains will coexist
is reassuring because previous projections
indicated that the more invasive and fast-
growing community strains would overtake
and eliminate hospital strains, possibly pos-
ing a threat to public health.

Researchers at Princeton University used
mathematical models to explore what will
happen to community and hospital MRSA
strains, which differ genetically. Originally
MRSA, which is short for methicillin-resistant
Staphylococcus aureus, was confined to
hospitals. However, community-associated
strains emerged in the past decade and
can spread widely from person to person in
schools, athletic facilities and homes.

Both community and hospital strains cause
diseases ranging from skin and soft-tissue
infections to pneumonia and septicemia.
Hospital MRSA is resistant to numerous anti-
biotics and is very difficult to treat, while com-
munity MRSA is resistant to fewer antibiotics.

The new study found that these differences in
antibiotic resistance, combined with more ag-
gressive antibiotic usage patterns in hospitals
versus the community setting, over time will
permit hospital strains to survive despite the
competition from community strains. Hospital-
based antibiotic usage is likely to successfully
treat patients infected with community strains,
preventing the newcomer strains from spread-
ing to new patients and gaining the foothold
they need to out-compete the hospital strains.

The researchers made their predictions by
using mathematical models of MRSA trans-
mission that take into account data on drug-
usage, resistance profiles, person-to-person
contact, and patient age.

Published February 28" in the journal PLOS
Pathogens, the study was conducted by
postdoctoral researcher Roger Kouyos, now
a scholar at the University of Zurich, and Eili
Klein, a graduate student who is now an as-
sistant professor in the Johns Hopkins School
of Medicine. They conducted the work under
the advisement of Bryan Grenfell, Princeton’s
Kathryn Briger and Sarah Fenton, Professor
of Ecology and Evolutionary Biology and
Public Affairs at Princeton’s Woodrow Wilson
School of International and Public Affairs.

RK was supported by the Swiss National Sci-
ence Foundation (Grants PAOOP3_131498

and PZ0OP3_142411). EK was supported
by Princeton University (Harold W. Dodds
Fellowship), as well as the Models of Infec-
tious Disease Agent Study (MIDAS), under
Award Number U01GM070708 from the Na-
tional Institutes of General Medical Sciences.
BG was supported by the Bill and Melinda
Gates Foundation; the Research and Policy
for Infectious Disease Dynamics (RAPIDD)
program of the Science and Technology Di-
rectorate, Department of Homeland Security;
and the Fogarty International Center, Nation-
al Institutes of Health.

Sudden Death in Young Athletes:
Important Causes Not Identified by the
Screening Process

Even though young athletes are required to
receive health screens to be cleared to play
sports, those tests failed to detect impor-
tant cardiovascular abnormalities in cleared
players, and many were allowed to play
despite suspicions of dangerous cardiovas-
cular conditions, according to a large regis-
try study of patients who died from sudden
death. The study results were presented on
March 10" by Kevin Harris, MD, Research
Cardiologist at the Minneapolis Heart Insti-
tute Foundation (MHIF) at the annual Ameri-
can College of Cardiology Scientific Ses-
sions in San Francisco.

Aortic stenosis, which occurs when the aor-
tic heart valve does not fully open, is consid-
ered a rare, but important, cause of death in
young people. Aortic dissection and rupture
which occur when the aortic wall tears and
ruptures respectively are catastrophic condi-
tions that are not usually associated with the
death of younger individuals. However, the
role of these very serious conditions is not
understood as causes of athletic field deaths,
and their identification is often missed during
routine pre-participation screening.

“While the majority of these young athletes
are being screened, there is unfortunately
great variability in the screening process, and
we have had very sparse data on the effec-
tiveness of these screening efforts,” explains
Harris, who is also Co-Director of the Echo-
cardiography Laboatory at the Minneapolis
Heart Institute® at Abbott Northwestern Hos-
pital in Minneapolis.

The American Heart Association has recom-
mended specific historical questions and phys-
ical examination components which should
comprise pre-participation cardiac screening.

For this study, MHIF researchers analyzed the
US National Registry of Sudden Death in Young
Athletes for occurrences of sudden death due
to aortic disease (including dissection, rupture
or coarctation) and aortic stenosis.

Of the 2,588 deaths in the registry, 44 events
were related to aortic stenosis (19) or aortic
disease (25). On average, this group of ath-
letes was 17.6 years old, and 40 were males.
The most prominent sports represented in
this group were football and basketball, fol-
lowed baseball and softball.

Eighteen of the 19 deaths related to aortic
stenosis occurred just after exercise, report-
ed Harris. Also, 16 deaths attributed to aortic
disease occurred during exercise, 6 occurred
during sedentary activity, and 2 during sleep.

Data on pre-participation screening were
available for 34 of the 44 athletes. Of the
34 deaths, 15 young athletes had been as-
sessed specifically by cardiologists, 3 of the
athletes had a known aortic abnormality and
8 had previously been diagnosed with aortic
stenosis or bicuspid aortic valves—the latter
of which occurs when an aortic valve only
has two leaflets instead of three.

Based on their findings, the researchers
concluded that aortic stenosis and aortic
diseases are uncommon, but important,
causes of sudden death among young, com-
petitive athletes, usually while playing bas-
ketball or football.

Twenty-five percent of the athletes (11 of
44) complained of symptoms of chest, back
or abdominal pain in days prior to collapse.
Three of the 11 had been seen in the emer-
gency room. Two of the 11 had seen a cardi-
ologist the day prior to death.

“We were able to identify the majority of the
athletes in this study had been cleared to
participate in sports and one-third had been
evaluated by a cardiologist,” Harris reports.
“The widespread screening process failed to
detect important cardiovascular abnormali-
ties in 19 of the deaths. In the remaining 15
cases, suspicion of cardiovascular conditions
was raised, but the athletes were allowed to
continue to compete in competitive sports.”

Shalom Jacobovitz Named CEO of
American College of Cardiology

The American College of Cardiology Board
of Trustees announced in April that Shalom
“Shal” Jacobovitz has been selected as the
college’s Chief Executive Officer.

“Shal has a track record that demonstrates
he is the right person to lead a strong organi-
zation like the ACC and to take it to the next
level at a time when health care is undergo-
ing massive changes,” said ACC President
John Gordon Harold, MD, MACC. “He is
an innovative and proven leader as well as
a successful mentor and team builder. Shal
brings a unique perspective at a time when
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the College is ramping up to meet the evolv-
ing needs of cardiovascular professionals do-
mestically and around the globe.”

Jacobovitz comes to the ACC from Actelion
Pharmaceuticals US, a biopharmaceutical
company specializing in cardio-pulmonary
therapies, where he has served as president
since 2004. At Actelion, Jacobovitz developed
a strong patient- and customer-centered corpo-
rate strategy, which he implemented globally.

“This is an exciting time for the College,” said
former ACC President William Zoghbi, MD,
MACC, who led the CEO Search Commit-
tee. “Shal comes to the ACC with more than
25 years in health care, including extensive
international and domestic experience. He
shares the College’s commitment to quality,
innovation and strategic management, and
we are confident he will advance the ACC’s
mission to transform cardiovascular care and
improve heart health.”

Prior to Actelion, Jacobovitz held positions at
F. Hoffmann La Roche, where he served as
general manager for Central America and the
Caribbean, led the Pharmaceutical, OTC and
Diagnostic divisions, and served as the global
lifecycle leader for cardiovascular products in
Basel, Switzerland. He also held positions
with Abbott Canada, Nordic Labs and Marion
Merrill Dow (now known as Aventis) in Can-
ada. Jacobovitz earned his Bachelor of Sci-
ence Degree in Biology at the University of
Western Ontario in Canada.

“It is a privilege for me to join the ACC,” Jaco-
bovitz said. “The College is a thriving medical
professional society that is well positioned to
be at the center of rapid changes in health
care. | look forward to working with the ACC’s
dedicated professional staff and member
leaders to build on the College’s legacy of
leadership in quality improvement, patient-
centered care, clinical education and practice
excellence.”

Jacobovitz was chosen as CEO following
a year-long nationwide search led by the
executive search firm, Korn/Ferry Interna-
tional. He will assume the role beginning in
May. During the search period, Tom Arend,
COO and General Counsel served as Inter-
im Chief Staff Officer.

For more information, visit cardiosource.org/
ACC.

Physicians Interactive Introduces Omnio
- A Customized, Comprehensive iPad
App for Medical Professionals

Physicians Interactive (Pl), a leading pro-
vider of online and mobile clinical resources
and solutions for healthcare professionals,
announced in March the launch of Omnio, a
versatile, new app that invigorates the medi-
cal app market by unleashing the power of
the iPad in a personalized point-of care tool.

The free Omnio app is available for download
in the App Store: https://itunes.apple.com/us/
app/omnio/id5457756017?mt=8.

From the point of download, Omnio connects
clinicians to comprehensive drug and disease
references and calculators that are essential
in their specialty. Omnio is easy to expand,
connecting users to a worldwide medical
marketplace of trusted publishers, allowing
them to further customize Omnio into the op-
timal point-of-care companion.

Since its mid-December debut in the App
Store, word of mouth and social referral among
medical professionals have driven Omnio to
top the charts of free medical apps in the App
Store, bolstered by a stellar rating near 5 stars.

“With more than 31 million new entrants
coming into the American healthcare system
under healthcare reform, clinicians have a
pressing need for tools to simplify their work-
flow,” said Physician Interactive’s CEO and
Vice Chairman Donato Tramuto. “Yet, only
5% of medical professionals are satisfied
with current medical apps (July 2012 Worl-
dOne Research Survey). Omnio changes
everything, allowing clinicians one-tap ac-
cess to their favorite mobile tools and serving
all the diverse roles clinicians now play. We
chose the name Omnio because this app will
become the omnipresent clinical assistant for
the emerging healthcare workflow.”

Omnio is designed to be the modern-day digi-
tal black bag for clinicians to keep all their most
important “must haves” just a tap away on their
iPads. The app was developed with extensive
user research to ensure it met the needs of
medical professionals who have been frus-
trated with the limitations of other medical apps.

The research found that hundreds of apps
designed for clinicians on the market today
were too overwhelming to manage separate-
ly. They often focused on just one function,
did not allow clinicians to customize the app
for their specialties, and too often failed to

provide the relevant information and resourc-
es clinicians needed at the point-of-care.

“Clinicians don’t have time to scroll through
five screens of medical apps to find the one
tool they need,” said Physician Interactive’s
Chief Medical Officer and Senior VP of Prod-
uct Management Gautam Gulati, MD, MBA,
MPH. “We provide those core tools, for each
specialty, then apply the latest design and
technology to make it easy to add, swap,
drag and drop to customize Omnio into their
optimal point-of-care resource. Clinicians
are coming to Omnio to get the latest news
in their field, check drug dosing and interac-
tions, review evidence-based guidelines, and
perform calculations at the point-of-care. We
make it quick and easy for them to access the
tools they need.”

Omnio’s free content includes: drug look-up,
dosing recommendations, medical calcula-
tors, drug interaction, formulary information,
disease reference materials, curated spe-
cialty news feeds, and much more with ongo-
ing releases of new updates. All the offerings
are personalized by profession and specialty
to identify the most relevant resources from
publishers, peers in healthcare, and profes-
sional associations. Clinicians can bookmark
and tag these key resources—which can
range from books to medical calculators to
entire Web sites—so they are just one tap
away on the iPad. With Omnio, clinicians can
spend less time looking for information and
more time practicing medicine.

“I can use Omnio on my iPad every day to an-
swer questions specific to my branch of car-
diology,” said Jordan Safirstein, MD, FACC,
FSCAI, RPVI, who specializes in cardiac and
peripheral vascular intervention. “It is person-
alized information chosen by me that is always
accessible on my iPad. This type of function-
ality is part of the appeal of the iPad—so it's
great to finally have this in a medical app.”

For more information - visit www.omnio.com.

Carnitine Supplement May Improve Survival
Rates of Children with Heart Defects

A common nutritional supplement may be
part of the magic in improving the survival
rates of babies born with heart defects, re-
searchers report.

Carnitine, a compound that helps transport
fat inside the cell powerhouse, where it can
be used for energy production, is currently
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used for purposes ranging from weight loss
to chest pain.

New research shows it appears to normal-
ize the blood vessel dysfunction that can
accompany congenital heart defects and
linger even after corrective surgery, said Dr.
Stephen M. Black, cell and molecular physi-
ologist at the Vascular Biology Center at the
Medical College of Georgia at Georgia Re-
gents University.

“My hope is this is going to have a major, ma-
jor impact on survival of babies,” Black said.
About half the babies born with heart defects
have excessive, continuous high pressure on
their lungs from misdirected blood flow. Early
surgery can prevent full-blown pulmonary vas-
cular disease, but scientists are finding more
subtle disruptions in the signaling inside blood
vessels walls that can be problematic — even
deadly — up to 72 hours after surgery.

The good news is the changes are reversible
and that camitine speeds recovery and can
even prevent the damage in a lamb model of
these human heart defects, according to studies
published in the Journal Pediatric Research.

Normally, most blood flow bypasses the
lungs in utero when the placenta provides
blood and oxygen for the baby. Baby’s first
breaths naturally expand the lungs and blood
vessels, activating a process inside the lining
of vessels that enables them to accommo-
date the initial blood surge, then reduce pres-
sure quickly, dramatically and permanently.

This natural transition doesn’t occur when
heart defects misdirect blood flow. “It’s kind
of like a chronic fetal-to-newborn transi-
tion,” said Black, the study’s correspond-
ing author. Lungs get pounded with about
three times the normal flow and, even
when surgeries are done as early as pos-
sible to repair the defect, correct blood flow
and protect the lungs, the 20% death rates
from acute pulmonary hypertension have
remained unchanged for a decade. “That’s
1 in 5 kid (with this condition),” Black said.

Left unchecked, the barrage thickens blood
vessels, making them unresponsive, much
like those of an elderly individual who has
lived for years with uncontrolled high blood
pressure. The comparatively brief periods of
pounding these babies experience impairs
the ability of the endothelial cells, which line
blood vessels, to produce nitric oxide, a ma-
jor dilator of blood vessels.

The shear force disrupts carnitine homeosta-
sis, weakens the mitochondria and impairs
nitric oxide production. To make bad matters
worse, the precursor to nitric oxide instead
makes more peroxynitrite, prompting endothe-
lial cells to grow and thickening blood vessels.
Black was also corresponding author of a re-
cent study in the Journal of Biological Chemis-
try that showed peroxynitrite does this by turn-
ing on the cell survival protein kinase Akt1.

The new study indicates that even without
fixing the heart defect, high daily doses of
carnitine in the first four weeks of life can
prevent endothelial dysfunction. In fact, the
laboratory lambs’ ability to make nitric oxide
is preserved even without the benefit of heart
surgery and the responses to the chemical
activity that enables blood vessel dilation is
normalized, Black said.

Study co-author Dr. Jeffrey Fineman, a
whole-animal physiologist and physician at
the University of California, San Francisco,
developed the model, a lamb whose four-
chambered heart is very similar to humans.
In utero surgery that misdirects too much
blood to the lungs, means that, like children,
the lambs are born with the defect.

Black is now working with Fineman, who is
pursuing additional funding to resolve ques-
tions such as the optimal dosage and timing
for giving carnitine. The researchers also plan
to examine carnitine homeostasis in the blood
of children with heart defects to see if it's dis-
rupted. If it is, they plan to start clinical trials.

The research was funded by the National
Institutes of Health, the Foundation Leducq
and the American Heart Association.

Mayo Clinic, U.S. and European
Researchers Find Heart Disorder Genetic
Variants in Stillbirth Cases

In a first-of-its-kind study, researchers from
the US and Europe discovered genetic mu-
tations associated with Long QT Syndrome
(LQTS), a genetic abnormality in the heart’s
electrical system, in a small number of intra-
uterine fetal deaths, according to a study in
the April 10 issue of the Journal of the Ameri-
can Medical Association.

Researchers conducted a molecular genet-
ic evaluation (referred to as a postmortem
cardiac channel molecular autopsy) in 91
cases of unexplained fetal death (stillbirths)
from 2006-2012. They discovered the preva-
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lence of mutations in the three most common
LQTS-susceptible genes, KCNQ1, KCNH2
and SCN5A. Two of the most common genes
were discovered in three cases (KCNQ1 and
KCNH2); and five of the cases exhibited SC-
N5A rare non-synonymous genetic variants.

Intrauterine fetal death or still birth happens in
approximately one out of every 160 pregnan-
cies and accounts for 50% of all perinatal deaths.
“We know that the post-mortem evaluation often
has not been able to explain these deaths,” says
Michael J. Ackerman, MD, PhD, at Mayo Clinic
and co-study senior author along with Peter J.
Schwartz, MD, PhD, of the University of Pavia, It-
aly. “Those of us who study LQTS and treat LQTS
patients have often wondered whether LQTS
may be the cause of some of these deaths.”

In the study, more than 1,300 ostensibly
healthy individuals served as controls. In ad-
dition, publicly available exome (the entire
portion of the genome consisting of protein-
coding sequences) databases were as-
sessed for the general population frequency
of identified genetic variances.

“Our preliminary evidence suggests that LQTS
may be the cause for approximately 5% of oth-
erwise unexplained stillbirths and points to the
need for further large-scale studies,” says Dr.
Ackerman, Director of Mayo’s LQTS Clinic and
Windland Smith Rice Cardiovascular Genom-
ics Research Professor. “With LQTS, when we
know of its presence, it is a very treatable con-
dition but still more work needs to be done to
prevent the family’s first tragedy from occurring.”

In LQTS, which affects one in 2,000 people,
the rapid heartbeats can trigger a sudden
fainting spell, seizure, or sudden death. Life-
threatening cardiac arrhythmias can occur
unexpectedly, mainly during childhood or
adolescence. Treatment can involve medica-
tion, medical devices, or surgery.

Other study authors are: Lia Crotti, M.D.,
PhD, University of Pavia, Pavia, Italy; David
Tester, Wendy White, MD, Melissa Will, Jen-
nifer Blair, Daniel Van Dyke, PhD, Myra Wick,
MD, PhD, Brian Brost, MD, all of Mayo Clinic;
Daniel Bartos, Ellyn Velasco, Brian Delisle,
PhD, all of University of Kentucky, Lexing-
ton; Robert Insolia, PhD, and Alice Ghidoni,
both University of Pavia; Alessandra Besana,
PhD, IRCCS Instituto Auxologico ltaliano, Mi-
lan, ltaly; Jennifer Kunic and Alfred L. George
Jr., MD, Vanderbilt University, Nashville,
Tenn.; Irene Cetin, MD, University of Milan,
Italy; and Fabio Facchinetti, MD, University
of Modena and Reggio Emilia, Italy.
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