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Heart Disease

By Evan M. Zahn, MD

Angiography of congenital cardiac anomalies has
been somewhat limited since its inception by the
fact that this technology only allows for two-
dimensional imaging (2D) of complex three-
dimensional structures. While advances such as
axial angiography in the 1970’'s and digital
acquisition in the 1990’s greatly improved image
quality, angiography has continued to be
hampered by its 2-dimensional nature. This has
become more and more evident over the past
decade as it has become commonplace to view
complex cardiac and vascular anatomy in three
dimensions through the wide spread utilization of
cardiac MRI and CT scanner technology.'-3 These
advanced imaging techniques have greatly added
to our understanding of both native congenital
cardiac anomalies as well as post-surgical
anatomy.

Recently the ability to obtain rotational
angiograms, which can be rapidly processed to
provide 3D-dimensional images in the
congenital*® catheterization laboratory have
become commercially available. We believe this
emerging technology, which has been widely
used by interventional and neuro-radiologists,®8
has the potential to: improve diagnostic accuracy,
provide new information regarding the relationship
between adjacent structures, add information
regarding the mechanisms responsible for
commonly seen lesions and improve assessment
following selected interventions. In short, we
believe that, in time, this technology will radically
change the way cardiac catheterizations and
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trans-catheter interventions are performed for
patients with congenital and structural heart
disease. Herein, we will describe our experience
to date with this new imaging modality and use
several cases to illustrate how three-dimensional
rotational angiography (3DRA) can be of value in
the congenital heart catheterization laboratory.

Technique

Obtaining high quality images using 3DRA

involves some important technical modifications

when compared with standard bi-plane
angiography. Fundamental differences include:

1) use of a single imaging gantry,

2) high speed gantry rotation around the patient
during image acquisition,

3) a relatively long time needed for acquisition of
the data set (typically 4-5s) during which time
the area of interest needs to be densely
opacified with contrast media and

4) understanding that the images obtained are
static rather than dynamic (i.e. no variation
with the cardiac cycle). The static nature of
these images has numerous implications
when planning technique and interpreting the
final product. For instance, when imaging the
branch pulmonary arteries, contrast media
that returns to the left atrium via the
pulmonary veins during the acquisition may
overlie the area of interest and result in
unwanted artifact (see below).

With these differences in mind, our current
technique is as follows. The lateral flat panel
detector is placed in the “parked” position and the
area of interest is placed in iso-center of the
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frontal flat panel detector by placing the spine
in the center of the screen on the frontal
projection, rotating the gantry 90 degrees and
adjusting the table height until the sternum is
just at the top of the image. The table is then
locked in place and one of several automated
3DRA acquisition programs is selected based
on body weight. Our system has an 8 cm
frontal detector (Toshiba Infinix-i bi-plane flat
panel catheterization, Toshiba, Japan) and was
used for acquisition of all images featured in
this report. While radiation doses were
relatively high when the system was first
installed, working with company engineers it
was possible to develop a variety of acquisition
protocols to minimize radiation exposure while
maintaining a high level of image quality similar
to the experience described by Glatz, et al.5

“We believe this emerging
technology [3-Dimensional
Rotational Angiography],
which has been widely
used by interventional and
neuro-radiologists,®8 has
the potential to: improve
diagnostic accuracy,
provide new information
regarding the relationship
between adjacent
structures, add
information regarding the
mechanisms responsible
for commonly seen
lesions and improve
assessment following
selected interventions.”

Currently our typical protocols acquire 100
frames during a 200 degree rotation over a 5
second time frame with a 0.5 second
acquisition delay on either end of the rotation.
The purpose of these delays is to ensure that
an adequate amount of contrast is present in
the area of interest throughout the acquisition
period. Standard non-ionic contrast media
(Optiray 320, Mallinckrodt, St. Louis, MO) is
administered in a dose ranging between 0.5-2
cc/kg, via a synchronized power injector
(Medrad Avanta, Warrendale, PA). In smaller
children contrast is diluted with normal saline
(in a ratio ranging between 1:2-3) to obtain an
adequate volume to sustain dense
opacification of the area of interest over the

entire acquisition period while minimizing
contrast load.

Over time we have learned that our best
images are obtained when contrast is injected
through a multi-side hole catheter positioned
proximal to (rather than within) the area of
interest (in contra-distinction to standard bi-
plane angiography). For example, to best
image a stenosis of a proximal branch
pulmonary artery, the injection is made in the
right ventricle or main pulmonary artery rather
than into the branch itself. Image acquisition
was not gated to the cardiac or respiratory
cycle, however both of these variables were
manipulated during acquisition (see below) to
minimize artifact and enhance image quality.
The rotational 2D data set is automatically
transferred to a reconstruction computer and
subsequently to a dedicated 3D work-station
(Vitrea, Vital Solutions). While the 2D rotational
angiogram is available for review immediately,
approximately 35 seconds are required until
the 3D reconstructed images are available for
viewing on the workstation. We have found
that the unprocessed 2D rotational angiogram
as well as the 3D surface rendered images
and reconstructed cross-sectional tomographic
images all provide useful diagnostic
information that are complimentary to one
another.

Typically, 3-5 minutes are spent performing
post-processing on the 3D images (currently
performed table side using sterile controls),
obtaining quantitative vessel analysis from the
cross-sectional tomographic slices and
selecting reference images which can then be
routed into the procedure suite to be used
throughout the remainder of the case as
roadmaps. The 3D surfaced-rendered images
can be rotated in limitless projections including
virtual projections that could never be actually
obtained using bi-plane angiography. We
typically use the 3DRA images to guide gantry
position for subsequent 2D angiography and
fluoroscopic-guided catheter manipulation
during interventions. Importantly, because the
data set used for reconstruction of the 3D
images is obtained over several seconds, any
movement during this acquisition period may
result in significant artifact and image
degradation. For this reason, we have utilized
general anesthesia in nearly all cases
performed in children which allows us to
suspend respirations during the rotational
acquisition. In conscious, cooperative patients
this can be replaced with a simple breath-hold.
Additionally, we have found that in many cases
rapid ventricular pacing (180-280 beats/
minute) or bolus injection of adenosine (0.1-0.4
mg/kg) during image acquisition greatly
improves image quality (Video 1). These
maneuvers transiently depress cardiac output
and blood pressure, resulting in delayed
passage of contrast media through the area of
interest and improved opacification throughout
the entire rotation, thereby enhancing image
quality. Additionally, these maneuvers reduce

motion artifact caused by cardiac contractility,
and when imaging the pulmonary arteries,
diminish or eliminate the appearance of
contrast in the pulmonary veins and left atrium
both of which can cause unwanted artifact.
These modifications are particularly important
when trying to image more dynamic structures,
such as the branch pulmonary arteries after
Tetralogy of Fallot repair associated with free
pulmonary insufficiency versus more sluggish
circulations such as the pulmonary arterial
circulation after cavo-pulmonary connection. To
date we have used these maneuvers in over
60 cases and on the whole feel they have
greatly enhanced the quality of our 3D images
while not resulting in any major adverse
events. Our current technique and algorithm
for obtaining high quality 3DRA are shown in
Figure 1.

Figure 1. Flow chart describing the current
sequence of events used in our laboratory to
acquire 3DRA. See video 1
(www.CHDVideo.com/3D) to view an
acquisition.

Case 1: Improved Imaging of the Right
Ventricular Outflow Tract Prior to
Trans-catheter Valve Placement

A six-year-old, 22 kg girl born with an initial
diagnosis of double outlet right ventricle was
taken to the catheterization suite for
consideration of Melody valve (Medtronic Inc.,
Minneapolis, MN) implantation for a primary
indication of pulmonary insufficiency. Her
previous history was notable for: initial
physiologic repair using a 12 mm pulmonary
homograft at 11 months of age, requirement
for conduit stenting at 16 months of age,
conduit replacement with a 19 mm pulmonary
homograft at 3.5 years of age and the
requirement for stenting of the second conduit
at 4.2 years of age. At the time of
catheterization, cardiac MRI revealed that she
had severe pulmonary regurgitation (PRF
=46%), a markedly enlarged RV
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(RVEDVI=161 cc/m2) and normal bi-
ventricular systolic function (RVEF = 54%).
Catheterization was performed under
general anesthesia and following
hemodynamic assessment, a single 3DRA
was performed. After suspending
respirations, the right ventricle was paced at
220 betas/min and 60 cc of a 1:2 mix of
contrast and saline (1.3 cc/kg of contrast)
where injected via an 8F multi-track
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catheter positioned over a guide wire into
the RVOT.

Figure 2 depicts the 3D volume rendered
surface images obtained in this case. These
images demonstrate that using this
technique, a single injection, provides
details of the right heart anatomy from the
trabeculations of the right ventricle to the
tertiary branch pulmonary arteries. In Panel
A, a straight frontal projection, the details of
the previously placed conduit stent, as well
as its relationship to the sternum
(represented by sternal wires) can be seen
in striking detail. In Panel B, the image has
been rotated to an angle optimized to
elongate the conduit and view the
bifurcation of the branch pulmonary arteries
(in this case a “virtual angle” (RAO 21/CRA
59), not truly obtainable with current
equipment). Note the proximal right
pulmonary artery stenosis, not visible
without extreme cranial angulation. In Panel
C, the image has been rotated from a
standard “lateral projection” (LAO 90/CRA)
typically used for most conduit valve
implantations to a more optimal angle
(LAO79/CRA22) for visualizing the entire
length of the conduit in this patient. Images
such as these will be of great value when
assessing more irregular right ventricular
outflow tracts (e.g. after transannular repair
of Tetralogy of Fallot) for suitability of
implantation of the next generation of
pulmonary valves. From the same data set
it is possible to obtain orthogonal slices
(axial, longitudinal and coronal) through the
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area of interest (in this case the conduit),
which can be used to make measurements
of the area being considered for
intervention (Panel D). These
measurements are based on calibration
performed during 3D reconstruction of the
2D planar images, and included in the
resultant 3D images as pixel spacing. This
information is converted to patient
coordinates or linear measurements at the
Vitrea workstation, thus eliminating the
need (and inherent errors associated with)
for calibration to a catheter or other object.

This technique is similar to measurement
made with MRI or CT scan and recent work
from our group (Berman, et al submitted for
publication) suggests that measurements
obtained in this way and those obtained
from 2-D biplane angiography have a very
high correlation coefficient, at least in
vascular structures with limited pulsitility.
We believe, in fact, that measurements
made in this fashion which are obtainable in
a limitless number of planes and virtually
will always “profile” the lesion in question,
will be more consistently accurate than
those made from traditional 2 dimensional
angiography. It is, however, important to
remember that measurements made using
this technology currently utilize static
images and therefore do not reflect
variations in dimension seen throughout the
cardiac cycle. This issue, which is most
important in dynamic circulations, will likely
be overcome with the advent of 4D imaging
in the next generation of catheterization

Figure 2. 3DRA images of the right heart in a six- year-old prior to Melody valve insertion. Note
the excellent imaging of the PA bifurcation, including a proximal right PA stenosis seen with
virtual angulation (B) as well as the ability to obtain diameter measurements in multiple
orthogonal planes including cross-sectional plane which is never possible with 2D angiography (D).
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laboratories. This patient underwent
successful Melody valve implantation and
was discharged home within 24 hours.

Case 2: Improved Imaging of Multiple
Aorto-pulmonary Collaterals (MAPCA’s) in
a Newborn with Single Ventricle and
Pulmonary Atresia

A seven-day-old, 2.7 kg neonate with
multiple congenital anomalies was
diagnosed by echocardiography as having a
complex form of single ventricle, pulmonary
atresia, absent central pulmonary arteries
and multiple aorto-pulmonary collateral
arteries (MAPCA). To best plan his surgical
strategy, a catheterization was performed to
delineate the precise anatomic location,
size and distribution of his MAPCA’s. Due to
his small size, young age and presumed
need for several future cardiac
catheterizations, we felt it was important to
minimize his radiation and contrast
exposure at this initial catheterization
without sacrificing diagnostic precision. A 4F
pigtail catheter was placed into his distal
transverse aortic arch and rotational
angiography performed using 15 cc of a 1:2
contrast/saline mixture (1.9 cc/kg of
contrast). As this case was early in our
experience, respirations were held;
however, overdrive pacing was not
performed.

The most pertinent images are shown in
Figure 3. As seen in panel A, a simple
frontal projection, this single injection
provided visualization of all MAPCA’s,
their relationship to one another, relative
size and distribution and areas of
stenosis. With the ability to rotate the
image to views which are unobtainable
with standard 2D angiography (note the
“‘down the barrel” view of the thoracic
aorta in Panel E) and segment and

LAOO CRAO

selectively colorize individual MAPCA’s

(panels B-D) we were able to confirm the
individual vessel origins from the anterior

RAO49 CAU29

LAQO CRAO

thoracic aorta and follow the tortuous
course of each complex overlapping
MAPCA (something that is not always

Figure 3. 3DRA aortography in a newborn with
MAPCA’s. In Panels C-D segmentation has
been used to isolate the individual MAPCA's
and in this case colorize them for easy
identification and tracking. This technique also
allows for individual post-processing of various
segments to maximize diagnostic quality as
well temporarily “remove” segments to
eliminate overlay when needed.

easily done with 2D angiography). It is
important to note that since these are
static images the ability to diagnose single
or dual supply to individual lung segments
through the observance of contrast “wash-
in” or “wash-out” is not currently possible
with 3DRA alone and selective 2D
injections may still be required. However,
cannulation of these small and tortuous
vessels is greatly simplified with a 3DRA
road map to guide gantry angulation and
catheter movement. Four months later,
this baby underwent palliative stent
placement into one of the MAPCA’s after
a diagnosis of severe stenosis by 3DRA
was associated with worsening cyanosis.
Currently the baby is stable with this form
of palliation.

Case 3: Improved Imaging of Complex
Pulmonary Artery Stenoses after Fontan
Completion

A four-year-old, 16 kg patient with an
initial diagnosis of Hypoplastic Left Heart
Syndrome underwent a Stage 1 Norwood
reconstruction as a newborn, followed by
a bi-directional cavo-pulmonary
anastomosis and further surgical
reconstruction of his aortic arch at 6
months of age. Prior to completion of his
fenestrated extra-cardiac Fontan, he was
noted by 3DRA to have bilateral branch

6 CONGENITAL CARDIOLOGY TODAY ¢ www.CongenitalCardiologyToday.com 4 July 2011



PA stenosis, with the mechanisms being
an acute take-off of the right PA (mild)
from the superior vena cava and a torsion
lesion of the left PA (Figure 4, A and B).
During surgery a large-sized vascular
stent was placed into the proximal left PA
under direct vision, however, in the post-
operative period the patient continued to
suffer from excessive cyanosis.
Seventeen days after surgery he was
taken to the catheterization laboratory
where 3DRA performed via the right
internal jugular vein (secondary to
bilateral femoral venous obstruction) and
utilizing retrograde RV pacing, revealed
what was now significant proximal right
PA stenosis and a more distal LPA

LAOS0 CRA1

Figure 4. Pre-Fontan 3DRA performed in the
superior vena cava demonstrates a torsion
lesion (arrow) of the left pulmonary artery
secondary to upward rotation of the previously
ligated main pulmonary artery (**) (A, B). This
lesion is best appreciated by viewing the
structures from virtual angles from nearly

stenosis, past where the operatively
placed stent ended (Figure 4, C and D).
Note how the proximal RPA, notoriously
hard to visualize after extra-cardiac
Fontan, is well seen from a virtual
posterior vantage point (LAO 138).
Following bilateral stent placement, SVC
and right upper lobe angioplasty, full
thickness MIP projections clearly
demonstrated the final result, in particular,
the complex relationship between the
proximal stents and the cavo-pulmonary
anastomosis (Figure 4E). Following these
interventions, the patient made a rapid
recovery and was discharged home a few
days later with oxygen saturations in the
high 80’s.

Case 4: Assessing Complex Post-
operative Aortic Obstruction

A 17-month-old born prematurely (30
weeks,1.8 kg) with Hypoplastic Left Heart
Syndrome underwent a Hybrid Stage 1
palliation and followed by operative
adjustment of her PA bands x 2 as well as
PDA stent enlargement and placement of a
retrograde distal aortic arch stent. At five
months of age she underwent a
comprehensive Stage 2 operation
consisting of aortic arch reconstruction,
removal of stent material, bi-directional
cavo-pulmonary anastomosis, PA
reconstruction and atrial septectomy.

Vitres®
WIL 2460119
Otiique 100mm M

directly above and/or below the lesion. The blue-segmented structures are the right pulmonary veins which drain faster than the left veins likely due to
the LPA stenosis. As these structures overlay the area of interest (the right pulmonary artery), they have been segmented, colorized and made
transparent. Following the Fontan procedure (C-E), the importance of the proximal right PA stenosis which appears more significant than prior to the
operation, can only be appreciated by virtually viewing the Fontan from the back (C, LAO 138). The distal left PA stenosis (D) is visualized best by
segmenting and removing the right pulmonary artery and thereby eliminating overlap in this steep projection (LAO 50). After implantation of 2 stents
to treat these lesions, full thickness transparent MIP images (E) can be rotated in multiple planes to gain a better understanding of the result and the
relationship of these stents to the one another and the entrance of the superior vena cava.
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The current catheterization was performed
at 7 months of age (6.2 kg), primarily to
further delineate a suspected ascending
aortic obstruction detected by
echocardiography and explore the
possibility of treatment with catheter
intervention. Hemodynamic evaluation
confirmed an important obstruction prior to
the take-off of the head and neck vessels.
Via hepatic venous access, a Berman
angiographic catheter was positioned in
the neo-ascending aorta and with
respirations suspended, 30 cc of diluted
contrast (1:2) were injected at 6cc/second.

AOS53 CRA13

Although 2D angiography demonstrated
the obstruction, it was not possible to tell
the relationship of this stenosis to the
hypoplastic native aortic root (i.e. coronary
blood supply) or the single origin of the
head and neck vessels. By rotating the
images

3DRA surface-volume rendered

RAO6 CRA1

LAOD2 CAU7

Figure 5. 3DRA aortography illustrating an unusual ascending aortic arch obstruction following
Norwood-type aortic reconstruction. The lesion appears to be a fold (A-C) in close proximity to the
takeoff of both the single vascular origin of the head and neck vessels, as well as the hypoplastic
native ascending aorta which in this circulation acts as a single coronary artery. Using software
features which allows for planar “cutaways” of the 3D surface rendered image (D, E) it is clear that
to successful stent this lesion, the origins of both of these structures will need to be crossed. Figure
D is meant to show the reader where the planar cutaway has been made, and Figure E the
diagnostic image obtained by rotating this image roughly 90 degrees.

and using software to obliquely “cut
through” the image, we were able to clearly
show that stent placement across this
obstructive fold would by necessity come
in close proximity and/or cover the origin of
the native aorta and head and neck
vessels (Figure 5). After discussion with
her surgeon it was decided to take the
patient back to the operating room where
she underwent successful relieve of this
complex obstruction.

“By rotating the 3DRA
surface-volume rendered
images and using software
to obliquely “cut through”
the image, we were able to
clearly show that stent
placement across this
obstructive fold would by
necessity come in close
proximity and/or cover the
origin of the native aorta
and head and neck
vessels (Figure 5).”

Case 5: Previously Unrecognized
Clinically Important Branch Pulmonary
Artery Stenosis late after Fontan
Operation

A 10 year old (27 kg) born with an initial
diagnosis of tricuspid atresia, transposed
great arteries and coarctation of aorta
underwent a modified Norwood procedure
followed by a bidirectional caval
pulmonary anastomosis and an extra-
cardiac Fontan procedure. Following the
Fontan procedure he required
implantation of a large stent across the
anastomosis of his Fontan conduit and
inferior vena cava to treat persistent lower
body edema.

The current catheterization was performed
for worsening exercise intolerance.
Hemodynamic evaluation was unrevealing
as was 2-dimensional angiography of his
Fontan circulation with the exception of
what appeared to be diffuse hypoplasia of
his left pulmonary artery (Figure 6). With
respirations suspended, RA was
performed with an injection in the Fontan
conduit using 60 cc of diluted contrast
(2:1) injected at 12 cc/second. Surface
volume rendered images rotated to virtual
angles essentially looking up through the
Fontan circulation from the feet towards
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the head, revealed an important stenosis
of the left pulmonary artery where 2D
angiography had suggested hypoplasia.
Evaluation of the axial tomographic

images clearly showed the lesion to be
secondary to compression from a dilated

ascending aorta. Following implantation of
an adult-sized stent, repeat 3DRA not only
showed resolution of the lesion in all
planes but also the impact of this
intervention on the posterior wall of the
aorta. Whether this slight deformation of

the aortic wall will be of importance
clinically is unknown, but there is little
argument that knowledge of this
relationship is beneficial in long term
follow-up.

“The current
catheterization was
performed for worsening
exercise intolerance.
Hemodynamic evaluation
was unrevealing as was
2-dimensional
angiography of his Fontan
circulation with the
exception of what
appeared to be diffuse
hypoplasia of his left
pulmonary artery

(Figure 6).”

Vitres®
WIL 71140
Obiique 12.41mm Average

Figure 6. (A,B) AP and Lateral 2-dimensional angiography performed with injections in the superior vena cava as well as selective left pulmonary artery
(LPA) fail to demonstrate a discrete obstruction to flow in the LPA. Similarly, a 3D volume surface rendered image in the frontal projection shows what
appears to be diffuse hypoplasia of the LPA (C ). It is not until the image is rotated to the virtual view of LAO 135/CAUDAL 78 that a severe narrowing of
the LPA in the anterior-posterior direction is seen (D, arrows). An axial MIP (E) clearly demonstrates the mechanism of stenosis to be a result of anterior
compression (***) of the LPA by a dilated reconstructed aorta (Ao). Note the proximity of the left main stem bronchus (LB) to the stenosis. Following stent
placement, repeat 3DRA shows improvement in LPA diameter in multiple planes as well as the slight flattening of the posterior wall of the aorta caused
by stent placement (***). Importantly, there does not appear to be any compression of the left bronchus (++) by the stent.
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Case 6: Creating a Roadmap for
Accessing Complex Pulmonary Arterial
Anatomy

A 20-month-old born with pulmonary
atresia, ventricular septal defect (PAVSD),
multiple aorto-pulmonary collaterals
(MAPCA’s) and absent central pulmonary
arteries underwent a series of staged
procedures including unifocalization of
MAPCA’s to a conduit followed by several
interventional catheterizations which

culminated in surgical VSD closure and
placement of a new Contegra (Medtronic,
MN) conduit.

Two months following surgery a planned
interventional catheterization was
undertaken to assess the surgical results
and perform any PA rehabilitation, which
might be required. Hemodynamic
assessment revealed that right ventricular
pressure was elevated near systemic
levels secondary to what was suspected

RAO112 CRA33

Figure 7. 3DRA of complex unifocalized pulmonary arterial anatomy after physiologic repair using
an RV-PA conduit. Note the catheter in the RV apex used for overdrive pacing (*) as well as the
angiographic catheter in the RV outflow tract (£). While a straight frontal projection (A) reveals little
information, rotating the 3DRA volume rendered image in multiple planes reveals multiple
stenoses (arrows), each of which can be seen using a single injection (B-D). Despite the
complexity of these lesions and their proximity to one another, rotation of the volume rendered
image allows each lesion to be perfectly profiled for the purposes of measurements and planning

intervention.

to be numerous proximal and distal
branch pulmonary artery stenoses. In view
of this infant’s previous history of
significant radiation exposure (secondary
to numerous radiologic procedures
including cardiac catheterization), as well
as the complexity of her reconstructed
pulmonary arterial anatomy, we began our
angiographic assessment with 3DRA
(Figure 7). With respirations suspended,
0.6 mg of adenosine were injected
centrally and 30 cc of diluted contrast
(1:2) were injected into the right
ventricular outflow tract over at 6cc/
second. In this case a single rotational
angiogram and reconstruction provided
enough detailed diagnostic information
regarding areas of proximal and distal
branch pulmonary artery stenosis, and the
relationships of the various reconstructed
branches to one another, that no other
angiograms were needed prior to
performance of a series of interventions
aimed at further rehabilitating the branch
pulmonary arteries. Importantly, this
single RA injection provided roadmaps
and gantry angles for performance of this
complex case, greatly facilitating catheter
and wire passage and contributing to the
safety and efficacy of this procedure.
Following a lengthy intervention right
heart hemodynamics improved and the
child was discharged home the following
day.

In view of this infant’s
previous history of
significant radiation
exposure (secondary to
numerous radiologic
procedures including
cardiac catheterization),
as well as the complexity
of her reconstructed
pulmonary arterial
anatomy we began our
angiographic assessment
with 3DRA (Figure 7).”
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Case 7: Imaging Complex Intra-cardiac
Baffle Obstruction with 3DRA

A 3.5-year-old, 19 kg patient with an initial
diagnosis transposition of the great
arteries, VSD and pulmonic stenosis
underwent initial palliation with a PDA
stent and subsequent Rastelli repair at
age 13 months.

“Hemodynamics revealed
systemic right ventricular
pressure secondary to
severe conduit stenosis
and a peak gradient
between 10-20 mmHg
across the sun-aortic
baffle (left ventricular
outflow tract). Two
separate rotational
acquisitions were
performed in the left and
right ventricles utilizing
breath-holding and RV
overdrive pacing.”

The current catheterization was
undertaken due to suspicions raised on
echocardiography of worsening conduit
stenosis as well as narrowing of the
intra-ventricular tunnel from the left
ventricle to the aorta. Hemodynamics
revealed systemic right ventricular
pressure secondary to severe conduit
stenosis and a peak gradient between
10-20 mmHg across the sun-aortic baffle
(left ventricular outflow tract). Two
separate rotational acquisitions were
performed in the left and right ventricles
utilizing breath holding and RV overdrive
pacing. The images of the left ventricular
outflow tract were particularly revealing
in that the anatomic degree of stenosis
could be assessed in multiple planes
(Figure 8). In fact, using standard
projection angles (30 degrees RAO, 60

degrees LAO with 20 degrees cranial),
the degree of baffle stenosis appeared
rather minimal and only when the image

was rotated to unobtainable angles was
the severity of the lesion appreciated.

AO30 CRAO

RAO80 CAU44

LAO60 CRA20

Figure 8. 3DRA performed in the left ventricle to assess the left ventricular outflow tract after
Rastelli operation. Using standard projections (A, B) the obstruction appears mild. It is not until the
image is rotated to virtual angles that the true potential severity of the lesion can be appreciated
(C,D).
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The patient underwent successful bare
metal stent placement into the RV-PA
conduit with a plan for future trans-
catheter valve implantation and careful
monitoring of the left ventricular outflow
tract obstruction.

Summary

In summary, we believe that the ability to
perform 3D rotational angiography in the
catheterization laboratory represents a
paradigm shift in angiographic imaging of
congenital heart lesions. This technology
provides significantly more information
regarding the exact mechanisms
underlying stenotic lesions, a limitless
amount of “views” from a single injection,
information about the influence and effect
of surrounding structures on the areas of
interest, the ability to perform
quantitative vessel analysis without the
inaccuracies inherent to calibration and a

LAO1 CRA4

LAOS3 CAU20

LAGO CAU31 - LAOS0 CAU18

Figure 9. Simultaneous injections into the superior vena cava and aorta in this 3.5 year old that
had undergone aortic arch reconstruction and a cavo-pulmonary anastomosis were performed.
Through segmenting the various structures, this single injection allows for imaging all of the
pertinent anatomy as one (A), as partial images (B) (i.e., removing the ascending aorta to better
visualize the LPA stent) or as individual structures (C, D). The ability to see the relationship
between stent vessels is greatly enhanced with this technique.

more precise way to evaluate the results
of various interventions.

Currently available software programs
which allow for segmentation (Figure 9),
vessel drive through and oblique peel-
away imaging will increase our level of
understanding of complex cardiac and
vascular anatomy beyond what is
possible with 2 dimensional angiography.
With minor modifications to acquisition
protocols, radiation exposure can be
brought down to acceptable levels
(approximately equal to a 2D acquisition
using 15 fps bi-plane); and the dose of
contrast media is comparable to standard
2 injections. Finally, it is our belief that as
this technology evolves and gets
increasingly integrated into the
congenital cardiac catheterization
laboratory (e.g. the ability to use 3D for
roadmaps, 3D fluoroscopy, etc), the time
will come when a single-plane system
with the ability to perform high quality
3DRA may be preferable to a bi-plane
system for the imaging of most
congenital heart lesions.
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Trans-catheter Pulmonary Valve Implantation: A
Decade of Disruptive Technology

By Louise Coats, MRCP, PhD and Philipp Bonhoeffer, MD

Introduction

Technological developments in medicine usually occur in an incremental
manner with gradual and rational improvements made to existing
therapies. Occasionally, an innovation is introduced that completely
disrupts the status quo and transforms patient management.

The story of the Melody® valve (Medtronic, Inc., MN) represents a pivotal
moment in the history of Congenital Cardiology, leading to a rethink on
how we should manage the growing population of children and adults
with repaired congenital heart disease. It details how feasibility, safety
and efficacy of a new device can be successfully achieved alongside a
necessary shift in conventional clinical wisdom. Further, it highlights the
difficulties associated with introducing new therapies into the clinical
arena and the crucial importance of a multi-disciplinary team approach.
Trans-catheter pulmonary valve implantation is now carried out in more
than 150 centers worldwide with over 2,500 patients treated.

History

The concept of placing an expandable valve in the circulation by a
trans-catheter approach was first developed in the early 1950s, before
the era of cardiopulmonary bypass. Charles Hufnagel implanted a
prosthetic heart valve in the descending aorta of a patient in an attempt
to relieve the effects of severe chronic aortic insufficiency.! At about the
same time, development of the extracorporeal circulation was taking
place and it was this success that ensured native valve replacement
via a surgical approach, became the conventional treatment in
subsequent decades.

With rapid progress in cardiac catheterisation during the nineteen-eighties
and nineties, the notion of a percutaneously-delivered valve was revived
and, in 2000, the first trans-catheter valve was implanted into the
dysfunctional right ventricule-to-pulmonary artery conduit of a 12-year-old
boy by one of the authors.? Subsequently, a programme of pulmonary
valve implantation was carried out, first at the Necker Hospital and latterly
at Great Ormond Street Hospital, that showed feasibility and early efficacy
underpinning later industry-sponsored trials and regulatory submissions.3#
The 100th patient was treated with the Melody® valve in September 2005
and CE Mark and Canadian regulatory approval was granted the following
year. Implantation in the United States began in 2007 with the 1,000th
patient treated in 2009 and FDA Approval under HDE was achieved in
2010, some ten years after the first pioneering case.

Indications for Trans-catheter Pulmonary Valve Implantation

Trans-catheter pulmonary valve implantation is now performed primarily
to prolong the lifespan of right ventricle to pulmonary artery conduits,
postponing and reducing the need for repeated open-heart surgery in
children and adults with repaired congenital heart disease. It is intended
for use as an adjunct to surgery in the management of pediatric and

ACAA

Adult Congenital Heart Association

adult patients with at least moderate regurgitation or a mean gradient
235 mmHg in a circumferential right ventricular outflow tract conduit
(original diameter 216mm) and a clinical indication (usually symptoms)
for intervention. Typical conditions include repaired Tetralogy of Fallot,
pulmonary atresia with ventricular septal defect, truncus arteriosus and
arterial transposition with either a Rastelli or arterial switch repair. Early
experience with Melody® quickly established the unsuitability of the
device for patients with trans-annular patches although in selected cases
implantation has been successful.35

Contraindications to the Melody® trans-catheter valve include:
unsuitable venous anatomy, unfavourable right ventricular outflow tract
morphology including anomalous coronary arteries at risk of occlusion,
severe right ventricular outflow obstruction not responsive to balloon
dilatation, and clinical or biological signs of infection.

Adults with congenital heart disease are a rapidly growing population;
many have had to undergo multiple open heart operations in childhood.®
Whilst surgical pulmonary valve replacement is relatively safe with low
morbidity and mortality, the chance to delay repeated surgery and
thereby reduce the total number of re-operations an individual may
require during a lifetime is attractive both to patient, cardiologist and
surgeon. Additionally, trans-catheter pulmonary valve implantation offers
an option for intervention in patients who would conventionally be
considered too high risk for surgery such as those with thoracic wall
abnormalities, pulmonary hypertension or cardiogenic shock.” The
optimal timing for pulmonary valve replacement has been greatly
debated; limited longevity of available bio-prosthetic valves has
necessitated acceptance of a degree of valve dysfunction in order to
avoid too many surgical procedures. Trans-catheter valve implantation
has provided a new opportunity to study the potential for recovery of the
chronically volume and pressure overloaded right ventricle. Results tend
to support the growing inclination for earlier intervention in asymptomatic
patients with significant hemodynamic lesions; more work is needed,
however, before this is fully clarified.®20 Nevertheless, a ‘lifetime
management’ strategy has now emerged where trans-catheter and
surgical valve replacement are seen as complementary rather than
competing therapies. Individual case discussion in a multi-disciplinary
setting which includes cardiologists and surgeons is therefore strongly
advocated prior to proceeding with intervention.

Assessment prior to trans-catheter pulmonary valve implantation should
include cardiopulmonary exercise testing (VO2max<65% considered
significant), trans-thoracic echocardiography (to assess right ventricular
outflow tract dysfunction and right heart dilatation/dysfunction) and
where at all possible cardiac magnetic resonance to further qualify
cardiac function, define the suitability of the implantation site in terms of
dimensions and outline the coronary anatomy.

The Device and Delivery System
The Melody® valve is a bovine jugular venous valve sutured inside a

platinum iridium frame (Figure 1). It is 28mm in length, with a crimped
diameter of 6mm that can be extended up to 22mm on re-expansion.

ACHA - 6757 Greene Street, Suite 335 - Philadelphia, PA, 19119

P: (888) 921-ACHA - F: (215) 849-1261

A nonprofit organization which seeks to improve the quality of life and extend

the lives of congenital heart defect survivors.

http://achaheart.org
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The suturing is clear for all points except at the device outflow line, which
is blue. This aids correct orientation of the device on the delivery system
and thus successful deployment. The Balloon-In-Balloon delivery system
(Ensemble®, available with balloon diameters of 18, 20 or 22 mm) has a
22Fr outer diameter and an overall length of 100cm; a retractable sheath
covers the Melody® valve once it is frontloaded and crimped over the
balloon (Figure 1).

Since the first device was deployed in a clinical setting, the structural
integrity of both valve and delivery system has been scrutinised. Various
modifications have subsequently occurred, notably to deal with the
unforeseen ‘Hammock Effect’ and to improve the flexibility of the delivery
system. A new appreciation of the heterogeneity of surgically-repaired
right-ventricular outflow tract morphology has highlighted the limitations
of pre-clinical bench testing and the lack of relevant animal models in
percutaneous device design.!"1213

=

Figure 1. The Melody® trans-catheter valve and Ensemble® delivery
system.

Other Trans-catheter Pulmonary Valves

In the wake of Melody®, a variety of other devices for implantation in the
pulmonary position, most notably the Edwards SAPIEN™ valve
(Edwards Lifesciences LLC, Irvine, CA), have emerged. This bovine
pericardial valve mounted inside a balloon-expandable stainless steel
stent has the advantage of being available in diameters of 23 and
26mm, with 20mm and 29mm prototypes also under development. Early
feasibility data is encouraging with the outcome of the COMPASSION
safety and efficacy trial awaited. One further benefit of this device is a
lower frequency of stent fractures in the stainless steel frame.

In the pre-clinical arena, much interest surrounds the development of
valved stents with infinite durability, comparable performance and no
requirement for anticoagulation. Experimental trans-catheter
implantation of such tissue-engineered valves in the pulmonary position
has recently been reported.'®

The Procedure

Melody® implantation is typically performed from a femoral approach
under general anaesthesia with the guidance of biplane angiography
(Figure 2). Standard right heart hemodynamics are measured at the
outset and angiographic assessment of the pulmonary regurgitation is
carried out. If there is any concern regarding dimensions of the proposed
implant site from prior magnetic resonance imaging or if this
investigation has not been carried out, balloon sizing of the outflow tract
is undertaken. Similarly, if the existing conduit is not circumferential or a
patch is present further information concerning the distensibility of the
site should be sought. Aortic root angiography should be performed in all
cases to define the relationship between the coronaries and the right
ventricular outflow tract. If the coronary arteries appear at risk of
potential compression, selective coronary angiography with
simultaneous high-pressure balloon inflation at the implantation site
should be performed and a decision to proceed made on the basis of
this evaluation.

The Melody® device is hand-crimped and front loaded onto the delivery
system, where a sheath is advanced over it to provide protection prior to
arrival at the implantation site. Training for implanting physicians is
provided by industry sponsored peer-to-peer training before a centre may
begin performing this procedure. Once in situ, the sheath is retracted and
positioning confirmed with contrast prior to deployment of the valve.
Detailed procedural technique has been described elsewhere.®

Pre-dilatation of the implantation site with a high-pressure balloon can
facilitate passage of the delivery system and positioning of the device. The
risk of conduit rupture whilst rare, must, however, be considered if
undertaking this manoeuvre prior to placing the Melody® valve, which can
act like a covered stent. Increasingly, experience with Melody® supports
pre-stenting the implantation site with a bare metal stent. This guides
device delivery, provides anchorage, improves early hemodynamic
results, particularly in those with moderate to severe obstruction and
reduces the risk of future stent fractures (Figure 3).'2'7 In the presence of
a residual gradient, multiple post-dilatations of the device can be
performed; valve integrity does not appear to be affected.

Although not mandatory, Melody® implantation is best undertaken in
centers with availability of autotransfusion kits, ECMO and experienced
congenital heart disease surgeons, so that rare, but serious
complications can be adequately managed.

Clinical Results
The Paris/London Series

The index clinical series of Melody® implantation was undertaken on an
individual patient basis, according to traditional surgical criteria, with
humanitarian exemption approval from the relevant regulatory body. As
such, the population was relatively heterogeneous and, with the clinical
procedure in its infancy, many referrals were for patients in whom
surgery was high risk or not possible. Implantation was attempted in a
few patients with native outflow tracts or transannular patches, but these
were exceptional. Concomitant procedures such as ventricular septal
defect closure, paravalvular leak closure and coarctation stenting were
also performed.

Despite these limitations it was evident from an early stage that
deployment of the device was feasible in the vast majority. Valve
competency and durability during early follow-up were excellent and
reduction in outflow tract gradient and right ventricular pressure
achievable.# Furthermore, valve implantation was associated with
symptomatic and functional improvement, as well as better cardiac output
as assessed by magnetic resonance imaging.'® Nevertheless a clear
learning curve, particularly with regards to procedural complications, was
evident with many of the recommended procedural maneuvers and
selection criteria, outlined above, developing as a direct result of this
experience with individual cases.
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The United States Experience

The United States Melody® valve trial, provided safety and short-term
efficacy data to support the Humanitarian Device Exemption Application to
the FDA. In total, 150 patients received a Melody® implant in this trial
between January 2007 and January 2010, and will be followed for five
years. A recent publication reported results of trans-catheter pulmonary
valve implantation at five centers in the United States between January
2007 and August 2009.1° Of the total 150 patients in this series, one-year
follow-up is now available on two-thirds of the patient group.2° Inclusion
and exclusion criteria were fundamentally those described above.
Melody® implantation was not attempted in those under the age of 5 years
or less than 30kg in weight.

The median age of those treated was 22 years (range 7-53) with the
predominant primary diagnosis being Tetralogy of Fallot (48%) followed by
the Ross operation (21%). Most had dysfunctional homografts (76%) with
a mixture of bioprosthetic and synthetic conduits accounting for the
remainder. Forty-four percent of patients had undergone more than one
surgical revision of their right ventricular to pulmonary artery conduit
previously, and 22% had had previous bare metal stenting. In total, 166
patients were catheterized, with only 150 proceeding to valve implantation.
The procedure was abandoned in some due to unsuitable right ventricular
outflow tracts (7), risk of coronary artery compression (6), and issues
related to branch pulmonary artery stenosis and pulmonary artery
stenting. Of the 150 implants, one patient required explant within 24 hours
due to homograft rupture; there have been two late deaths, one further
explant and two patients lost to follow-up. At one year, freedom from
reoperation was 98.7%, freedom from re-intervention was 96.9%, mean
right ventricular outflow tract gradient was 21.2 mmHg and 93.3% had no
or trace pulmonary regurgitation.

The German Experience

The most recent series of trans-catheter pulmonary valve implantation is
from two centers carrying out the intervention in Germany.2' One hundred-

two patients, with a similar demographic profile to the United States series,
were treated. Importantly, in this series pre-stenting of the outflow tract
was carried out in 95%. Excellent haemodynamic results were seen, at a
median follow-up of just under a year, with one procedural death due to
coronary artery compression and one late explant for endocarditis reported.
The conclusion, is therefore, that whilst technically challenging, trans-
catheter pulmonary valve implantation can be performed by experienced
interventionalists with similar results to those achieved in the index group

Complications and Their Avoidance

Combined data from the Paris/London series (n=242), the US Melody®
valve ftrial (n=124) and the German Experience (n=102) permits a
reasonable estimation as to the expected frequency of various
complications. 1921

Procedure-Related Adverse Events

Major procedural complications have occurred in just under 6% of patients
and have included: homograft rupture (8), device dislodgement (2);
hypercarbia necessitating ventilation (1); coronary artery compression (2);
coronary artery dissection (1); major arrhythmia (1); femoral vein
thrombosis (1); obstruction or damage to branch pulmonary artery (n=5)
and tricuspid valve entrapment (n=6). In total, bailout surgery has been
required in 7 patients with no associated mortality.

Accurate measurement of the implantation site, assessment of outflow
tract distensibility and a stepwise approach to the assessment of coronary
anatomy are now a standard component of Melody® implantation (Figure
2). Damage to distal pulmonary artery branches can be minimized by
ensuring stable guidewire positioning at all times and avoidance of
damage to the tricuspid valve can be achieved by use of a balloon
flotation catheter when crossing for the first time. Homograft rupture
remains the most difficult complication to predict, and therefore, avoid.
Aggressive post-dilatation after deployment of the valve may reduce the
risk of severe bleeding. If bleeding occurs, auto-transfusion should be

Figure 2. Melody® Implantation: a) Left anterior oblique view of the left coronary artery with a PTS sizing-ballon catheter placed in the right
ventricular outflow tract. Lateral views demonstrating b) angiography of the stenosed mildly regurgitant conduit with the multi-track catheter,
¢) assessment of conduit dimensions with sizing balloon, d) pre-dilatation of conduit with an Atlas PTA balloon catheter, e) pre-stenting of the
conduit with two CP stents, f) positioning of Melody® inside the stented conduit, g) outer balloon inflation leading to Melody® deployment and
h) a competent valve with relief of conduit stenosis.
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Figure 3. The effect of pre-stenting with a bare metal stent on trans-
catheter pulmonary valve implantation in patients with a) mild, b)
moderate and c) severe right ventricular outflow tract obstruction
(Adapted from Nordmeyer J et al. Heart 2011,97:118-123).

initiated as soon as possible to re-establish a sufficient circulation for
further intervention or ‘watchful waiting.” Acute thoracotomy is not advised,
since decompression of the chest may exacerbate bleeding and lead to
later difficulty locating the source.

Device Related Adverse Events
» The ‘Hammock Effect’ describes an in-stent stenosis resulting from

blood passing between the wall of the vein and the recipient outflow
tract. This problem predominantly affected the initial cohort of patients

and led to a revision of the suturing within the device. In theory it may
still occur in the context of stent fractures or suture rupture where
adherence of the venous wall to the stent becomes disrupted.

« Stent Fractures are a potential complication of all cardiovascular stent
applications. In the United States series, freedom from Melody® stent
fracture at one year was 81.5% with freedom from device dysfunction
93.5%. Implantation into a “native” RVOT, absence of RVOT
calcification and qualitative recoil of the valve just after implantation are
predictive of stent fracture.'? Pre-stenting with a bare metal stent
reduces the risk of stent fracture (Figure 3).” Minor fractures with no
loss of stent integrity can be managed conservatively; however, major
fractures that lead to restenosis should be considered for repeat
Melody® implantation or surgery. Embolization, which to date has only
been seen in one case, inevitably necessitates surgery. Serial
radiographic and echocardiographic follow-up is essential to detect and
monitor stent fractures and facilitate timely re-intervention. Fluoroscopy
is a useful adjunct to assess device stability.

Repeat Melody® implantation (and in some cases a third device)
has been performed for the 'Hammock effect,’ stent fracture and
residual stenosis. The procedure is feasible and has excellent and
sustained haemodynamic results.?? In the future, it is to be expected
that repeat Melody® procedures will be performed for late valvar
degeneration in the index device.

« Haemolysis is rare having occurred in only one reported case with
unrelieved obstruction in a small conduit; patient subsequently underwent
surgical explantation of the device.® Routine screening is not performed.

« Endocarditis has been documented on both the venous wall and the
valve itself. It may or may not result in device dysfunction and surgical
or medical management strategies should be employed accordingly.
Various organisms have been reported.

« Thromboembolism has not been reported. In the United States clinical
study, no new pulmonary emboli were identified among 63 patients who
underwent six-month follow-up computerised tomography pulmonary
angiograms or in 32 subjects who underwent scans at one year.
Lifelong Aspirin is recommended.

Late Follow-up

Whilst ten-year follow-up is now available in the Paris/London cohort,
actuarial survival and freedom from re-intervention in this group is strongly
influenced by the impact of the “learning curve,” and thus should be
interpreted cautiously.* Nevertheless, the availability of this data in itself
supports the premise that if patients are selected correctly and an optimal
procedure is performed, a long-lasting trans-catheter result is achievable.

Wider Implications and Future Developments

Implantation of Melody® has been combined very successfully with other
trans-catheter procedures to treat structural heart disease. In addition,
the device has also been used to treat other dysfunctional conduits,
such as in the Bjork modification of the Fontan palliation.23 Application in
the dilated right ventricular outflow tract is beginning to reach clinical
practice.'® Finally, the success of this clinical program has led the way
for many other trans-catheter valve interventions, most notably aortic
valve replacement.

Conclusions

Trans-catheter pulmonary valve implantation is rapidly becoming part of
the standard armamentarium for treatment of dysfunctional right-
ventricular-to-pulmonary-artery conduits in the growing population of
patients with repaired congenital heart disease. The challenge, over the
coming years, will be to provide a percutaneous option to all those with a
clinical indication irrespective of the nature of their outflow tract.
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Medical News, Products & Information

Early Clinical Experience With EDWARDS INTUITY™ Valve System
Demonstrates Promise of New Technology

Edwards Lifesciences Corporation (NYSE: EW), a global leader in the
science of heart valves and hemodynamic monitoring, announced that
interim data from a multi-center European prospective study of the
investigational EDWARDS INTUITY™ Valve System showed
promising results for patients undergoing surgical aortic valve
replacement (AVR). The results generally reflect those found in
traditional open-heart surgery, but demonstrate reduced cross-clamp
and bypass times as compared to those of The Society of Thoracic
Surgeons' (STS) National Database, according to a presentation
during the Emerging Technologies and Techniques Forum at the May
American Association for Thoracic Surgery's 91st Annual Meeting in
Philadelphia.

These data are from the TRITON clinical study, evaluating the
feasibility, safety and performance of the EDWARDS INTUITY™ Valve
System, which is based on Edwards' market-leading pericardial tissue
valve design. These data are intended to support the company's CE
Mark application for European commercial approval.

In this first clinical experience, surgeons at five centers achieved a
technical success rate (the valve was implanted as intended) of 94
percent. A total of 90 patients with severe, symptomatic aortic stenosis
or stenosis-insufficiency received the EDWARDS INTUITY™ Valve
System in an isolated AVR or AVR with a concomitant procedure. For
the isolated AVR procedures, mean aortic cross-clamp times were
reduced by 43%, and mean bypass times by 41%, compared to the
STS National Database. Comparable data for concomitant procedures
are not available. Published studies indicate that a shorter duration of
aortic cross-clamping is associated with a reduction in mortality and
morbidity after AVR.

"We are encouraged by these interim results and the promise of this
new technology. Implantation using the EDWARDS INTUITY™ Valve
System may enable smaller incisions for isolated valve cases, which
we believe could result in clinically significant benefits for patients,"
said Prof. Axel Haverich, MD, Head of the Department of
Cardiothoracic Transplantation and Vascular Surgery at Hannover
Medical School in Germany and lead investigator of the study. "At
three months' follow-up, these patients demonstrated sustained
clinical status improvement and the valve provided excellent
hemodynamic performance."

The EDWARDS INTUITY™ Valve System leverages the proven
design of Edwards' pericardial valve platform, which features aortic
valves with nearly 30 years of clinical experience, and includes an
innovative balloon-expandable frame. The valve system enables rapid
valve deployment and is designed to reduce procedural complexity. It
is an investigational device limited by law to investigational use only,
and is not yet available commercially in any country.

Edwards Lifesciences is the global leader in the science of heart
valves and hemodynamic monitoring. Driven by a passion to help
patients, the company partners with clinicians to develop innovative
technologies in the areas of structural heart disease and critical care
monitoring that enable them to save and enhance lives. Additional
company information can be found at www.edwards.com.

This news release includes forward-looking statements within the
meaning of Section 27A of the Securities Act of 1933 and Section 21E
of the Securities Exchange Act of 1934. These forward-looking
statements include, but are not limited to, Prof. Haverich's statements
and statements regarding potential clinical results and benefits of the
EDWARDS INTUITY™ Valve System, the potential for reduced
mortality and morbidity, and the potential timing and results of
regulatory submissions and approvals for the valve.

PEDIATRIC CARDIOLOGY
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multidisciplinary group, providing inpatient care
in our children’s hospital and outpatient care
locally and at outreach locations. It provides
opportunities to practice state-of-the-art
medicine, teach students and residents, benefit
from a fully digital echo system, and work with
others providing comprehensive advanced cardiac
care. Research opportunities are available.

Geisinger Health System is seeking a BC/BE Pediatric Cardiologist to join its
collaborative team of 4 Pediatric Cardiologists and 1 Pediatric Cardiovascular
Surgeon at Geisinger’s Janet Weis Children’s Hospital, an exceptional tertiary
referral center, located on the campus of Geisinger Medical Center in Danville, PA.

advanced cardiac imaging center, an Interventional
Cardiac Catheterization program, ECMO, a 12-bed
PICU and a 38-bed Level III NICU, with all sub-
specialties well represented.

Geisinger Health System serves nearly 3 million
people in Northeastern and Central Pennsylvania
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practices and quality care. A mature electronic
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email:
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children’s hospital within a hospital, with an
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care physicians.

Learn more at Join-Geisinger.org/150/PedCard
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Director of Non- Invaswe Imaging

Cleveland Clinic is seeking a Director of Non-Invasive Imaging for the Pediatric Cardiology
Department within the Institute of Pediatrics and the Cleveland Clinic Children’s Hospital.

The successful candidate would join our staff of 4 Pediatric Echocardiographers and one advanced
non-invasive imaging fellow in training in a busy clinical and academic practice. Our main campus
facility is expanding to 4 echo labs with an additional dedicated lab for sedated echos. We
currently are involved in performing over 6,500 echocardiograms and over 100 cardiac MRI’s
annually. The Echo lab is ICAEL accredited. We have an active fellowship program with funding
available for a 4th year non-invasive fellowship.

A faculty appointment at a rank commensurate with experience will be with the Cleveland Clinic .
Lerner College of Medicine of Case Western Reserve University. The Department deservedly enjoys N e V e r M I S S C] B e C] 1' !
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Cleveland Clinic Children’s Health System has approximately 400 beds and three neonatal
intensive care units staffed by 250 physicians and over 400 nursing professionals. The Children’s
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that are staffed 24-hours a day with senior staff. The Pediatric Intensive Care Unit (PICU) is a 25 < 46l ith
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PEDIATRIC AND ADULT INTERVENTIONAL CARDIAC SYMPOSIUM

The Division of Pediatric Cardiology at the University Of Utah School
Of Medicine is recruiting a pediatric cardiologist with a major interest
in Adult Congenital Heart Disease. The candidate should have a
strong clinical background in all areas of pediatric cardiology with
expertise in caring for adults with congenital heart disease. The
candidate will be joining a 24-member division of Pediatric
Cardiology including one pediatric cardiologist currently running the
Adult Congenital Heart Disease Program. The Division has a very
active clinical program, currently seeing a large volume of adults with

congenital heart disease. The Division also has a very active clinical COURSE DIRECTORS: Ziyad M. H,ﬁj;az,-l MD, John P Cheatham, MD,
research program and is one of the participating centers in the Carlos Pedra, MD & Thomas K. Jones, MD
Pediatric Heart Disease Clinical Research Network funded by the

NIH. There will be protected time for clinical research with mentoring FOCUSING ON THE LATEST ADVANCES IN INTERVENTIONAL
available within the Division for clinical research studies. This faculty THERAPIES FOR CHILDREN AND ADULTS

position will be involved in a very active academic teaching program.

The successful candidate will receive a faculty appointment at the SPECIAL SESSIONS

University of Utah. The Pediatric Cardiology Division is based at

Primary Children’s Medical Center, a tertiary referral center for a HOT DAILY DEBATES

three-state area located on the hills overlooking Salt Lake City.

Adults with congenital heart disease are seen at the children’s N “MY NIGHTMARE CASE IN THE CATH LAB”

hospital and at nearby ‘adult’ hospitals. The area offers an excellent
quality of life with immense cultural and recreational opportunities
close and available.

« LIVE CASE DEMONSTRATIONS

The University of Utah is an Affirmative Action/Equal Opportunity
employer and does not discriminate based upon race, national BREAKOUT SESSIONS
origin, color, religion, sex, age, sexual orientation, gender identity/
expression, disability, or status as a Protected Veteran. Upon
request, reasonable accommodations in the application process wiill
be provided to individuals with disabilities. To inquire about the ORAL & POSTER ABSTRACT PRESENTATIONS
University’s nondiscrimination policy or to request disability ONE DAY SYMPOSIUM

accommodation, please contact: Director, Office of Equal
Opportunity and Affirmative Action, 201 S. Presidents Circle, Room
135, (801) 581-8365.

MEET THE EXPERT SESSION

Interested individuals should send or email a cover letter
and curriculum vitae to:

Lloyd Y. Tani, M.D.

Chief, Division of Pediatric Cardiology u Abstract Submission Deadline is March 25, 2011

University of Utah School of Medicine THE

100 N. Mario Capecchi Drive UNIVERSITY

Salt Lake City, UT 84113 OFUTAH (1 Bswssems g | ASEmmms
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Pediatrix Cardiology is a national provider of outpatient and inpatient cardiology care of the
fetus, infant, child and adolescent, as well as adults with congenital heart disease.

We have an opportunity for you, whether you're a recent graduate looking to gain experience
or a seasoned pediatric cardiologist seeking a leadership role. With a wide variety of services
and a presence in several states, you can choose the practice environment and location that
best suits you.

Our Pediatric Cardiologists enjoy:

» Competitive salaries m Stability in an organization with more than

m Health (choice of two PPO options), life, 30 years of health care industry experience
vision, dental and disability insurance = Opportunities to participate in clinical quality

= 401(k) with potential company percentage improvement initiatives and clinical research
match m Professional liability insurance

= Annual CME allowance m Assistance with mandatory hospital

= Potential for relocation assistance credentialing and state licensing, and

m Employee stock purchase plan reimbursement of associated fees

More than 90 pediatric cardiologists have chosen to join our team to pursue their personal and
professional goals. Now it’'s your turn.

Please contact us to learn more about pediatric cardiology positions in:

Phoenix, AZ + Springfield, MO
Austin, TX « El Paso, TX « Fairfax, VA

800.243.3839, ext. 6511

Pediatrix Cardiology is an equal opportunity employer. www.pediatrix.com/cardijobsnow
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