
C
O
N
G
EN

IT
A
L
H
EA

R
T

Surgical Repair of Pulmonary Atresia With
Ventricular Septal Defect and Major
Aortopulmonary Collaterals With Absent
Intrapericardial Pulmonary Arteries
Sergio A. Carrillo, MD, Richard D. Mainwaring, MD, William L. Patrick, BS,
Holly D. Bauser-Heaton, MD, PhD, Lynn Peng, MD, V. Mohan Reddy, MD, and
Frank L. Hanley, MD
Divisions of Pediatric Cardiac Surgery and Pediatric Cardiology, Lucile Packard Children’s Hospital, Stanford University, Stanford,
California
Background. One anatomic variant of pulmonary
atresia with ventricular septal defect and major aorto-
pulmonary collaterals (PA/VSD/MAPCAs) is character-
ized by the absence of intrapericardial pulmonary
arteries. This anatomy obviates the possibility of incor-
porating the pulmonary arteries for reconstruction or
palliative procedures. The purpose of this study was to
evaluate the surgical results in patients undergoing
repair of PA/VSD/MAPCAs with absent pulmonary
arteries.

Methods. This was a retrospective review of 35 patients
who underwent surgical repair of PA/VSD/MAPCAs
with absent pulmonary arteries between 2007 and 2014.
The median age at the time of surgery was 3.4 months,
and the median weight was 4.9 kg. All patients under-
went unifocalization of MAPCAs, with an average of
3.5 ± 1.4 MAPCAs per patient.

Results. Twenty-eight of the 35 patients (80%) under-
went complete single-stage surgical repair, including
unifocalization of MAPCAs, VSD closure, and right
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ventricle to pulmonary artery conduit. After complete
repair, the average right ventricular to aortic pressure
ratio was 0.33 ± 0.07. There were no deaths in this sub-
group. Seven patients (20%) were not deemed suitable
candidates for VSD closure after their unifocalization
procedure, and therefore underwent palliation with a
central shunt. There was 1 operative death and 1 interim
death. Three patients have subsequently undergone
complete repair, and 2 are awaiting further evaluation
and treatment.
Conclusions. The majority of patients with PA/VSD/

MAPCAs and absent pulmonary arteries can undergo
complete single-stage repair with satisfactory post-
operative hemodynamics. These results suggest that
unifocalization of MAPCAs can provide a reasonable
pulmonary vascular bed in the absence of intrapericardial
pulmonary arteries.

(Ann Thorac Surg 2015;100:606–14)
� 2015 by The Society of Thoracic Surgeons
ulmonary atresia with ventricular septal defect and
Pmajor aortopulmonary collaterals (PA/VSD/MAP-
CAs) is a complex and diverse form of congenital heart
disease [1]. One aspect of this diversity is the variable
anatomy of the central branch pulmonary arteries [2–5].
Approximately 80% of patients with PA/VSD/MAPCAs
have central branch pulmonary arteries, whereas 20% of
patients have a complete absence of intrapericardial
pulmonary arteries [6–11]. The developmental factors
resulting in the presence or absence of central pulmonary
arteries in PA/VSD/MAPCAs are currently not well
defined. However, the anatomy of the central branch
pulmonary arteries has important implications regarding
the surgical options for these patients.
The central branch pulmonary arteries have been

utilized in the surgical treatment of PA/VSD/MAPCAs
in several ways. The branch pulmonary arteries pro-
vide a convenient target for shunting procedures. The
use of shunts in the treatment of PA/VSD/MAPCAs is
not surprising from a historical standpoint, as shunting
procedures were also used extensively in the early
treatment of tetralogy of Fallot. Several groups
continue to advocate the use of either a central shunt
or right ventricle to pulmonary artery conduit as the
principal method to achieve “pulmonary artery reha-
bilitation” [12–16]. The central pulmonary arteries can
also be utilized in conjunction with unifocalization of
MAPCAs for repair of PA/VSD/MAPCAs [6–11, 17–19].
This strategy provides a versatile approach to the
management of PA/VSD/MAPCAs and has yielded
excellent hemodynamic results [20]. There is currently
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Fig 1. Preoperative angiogram of a typical patient with pulmonary atresia with ventricular septal defect and major aortopulmonary collaterals
(PA/VSD/MAPCAs) and absence of intrapericardial central pulmonary arteries. The angiogram demonstrates two MAPCAs to the right lung (A, B)
and one large MAPCA supplying the entire left lung (C). There is no filling of a central pulmonary artery on any of the injections. The absence of
central branch pulmonary arteries was subsequently confirmed at surgery. This patient was able to undergo a single-stage complete repair.
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a spirited debate in the literature regarding the
optimal management of patients with PA/VSD/MAP-
CAs in the presence of central branch pulmonary ar-
teries [21, 22].

For the 1 in 5 patients with PA/VSD/MAPCAs and
complete absence of intrapericardial pulmonary ar-
teries, MAPCAs provide the sole source of pulmonary
blood flow [8, 9, 19]. This anatomy precludes all of the
shunting options because there are no central branch
pulmonary arteries to serve as receiving targets for a
shunt. In this circumstance, unifocalization of MAP-
CAs provides the only viable surgical option. There are
many published series reporting the results of uni-
focalization and complete repair, but most have re-
ported a collective experience and have not made a
distinction between patients with and patients without
intrapericardial pulmonary arteries. The few studies
that have analyzed the impact of central pulmonary
arteries on outcomes after unifocalization have had
mixed results. Carrotti and associates [8] reported that
the presence of central pulmonary arteries conferred a
benefit to patients undergoing unifocalization and
complete repair, whereas Davies and colleagues [10]
and our group at Stanford University have reported no
significant difference [6, 7].

To date, there has been no study focused solely on
patients with PA/VSD/MAPCAs and absent intra-
pericardial pulmonary arteries. The purpose of the
present study was to address this deficiency in the
literature by summarizing our experience with repair of
PA/VSD/MAPCAs with absent intrapericardial pulmo-
nary arteries.
Material and Methods

This study was approved by the Institutional Review
Board at Stanford University. Patients were identified
through the cardiac database, and the medical records
were subsequently reviewed.
Downloaded from ClinicalKey.com at Sta
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The current study summarizes our experience with
35 patients who were born with PA/VSD/MAPCAs and
absent intrapericardial pulmonary arteries. All patients
underwent preliminary cardiac catheterization to
delineate the anatomy of the MAPCAs (Fig 1). The
cardiac catheterization also identified the absence of
intrapericardial pulmonary arteries, a finding that
would subsequently be confirmed at surgery in all
patients. The patients in this study had surgical
treatment between 2007 and 2014. There were 20 male
and 15 female patients; 14 patients had deletion of
chromosome 22q11. The median age at the time of
surgery was 3.4 months (range, 1 to 122). The median
weight at the time of surgery was 4.9 kg (range, 2.3 to
31.9 kg).
All patients underwent unifocalization of all available

MAPCAs using the techniques that have been previ-
ously described [6, 7]. A flow study was performed in
select patients to evaluate the pulmonary vascular
physiology after the unifocalization procedure. Our
current criteria for passing the flow study are a mean
pulmonary artery pressure less than 25 mm Hg at a flow
rate to the lungs of 3 L $ min�1 $ m�2 [23]. The patients
who were deemed suitable candidates for complete
repair underwent VSD closure with an autologous
pericardial patch and closure of the atrial septal defect
when present. Aortic homografts were utilized to
establish continuity of the right ventricle to the recon-
structed MAPCAs. Two transthoracic pressure lines
were placed at the conclusion of the procedure to
monitor left atrial and right ventricular pressures, and
representative values were recorded after separation
from cardiopulmonary bypass. Patients who were not
deemed suitable for complete repair had placement of a
central shunt from the ascending aorta to unifocalized
MAPCAs.
Statistical results are reported as the mean � SD.

Actuarial analysis was performed comparing patients
who underwent complete repair versus patients who
nford University January 20, 2017.
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Fig 2. Preoperative cardiac catheterization of a second patient with pulmonary atresia with ventricular septal defect and major aortopulmonary
collaterals (PA/VSD/MAPCAs) and absent intrapericardial central pulmonary arteries. The angiograms demonstrate a total of 5 MAPCAs, with
three to the right lung (A, B, C) and two to the left lung (D, E). This patient underwent a single-stage complete repair at 8 months of age.
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were shunted. Log rank analysis was performed to
compare these two subgroups.
Results

All patients underwent a complete unifocalization of their
MAPCAs, with an average of 3.5 � 1.4 MAPCAs per pa-
tient. There was an average of 1.9 � 1.0 MAPCAs to the
right lung and 1.6 � 0.7 MAPCAs to the left lung. Twenty-
five patients had favorable preoperative physiology (sat-
urations greater than 85%) indicative of a well-developed
pulmonary vascular bed. In this subset of 25 patients,
1 patient had 1 MAPCA, 8 patients had 2 MAPCAs,
6 patients had 3 MAPCAs, 4 patients had 4 MAPCAs, and
6 patients had 5 MAPCAs (for an average of 3.1 � 1.1
MAPCAs per patient). An example of a patient with
5 MAPCAs is in shown in Figure 2. These 25 patients
proceeded directly to complete repair without an intra-
operative flow study. Ten patients had less favorable
preoperative physiology (saturations less than 80%),
indicating that the pulmonary vascular bed was less well
developed. In this subset, 1 patient had 2 MAPCAs,
3 patients had 3 MAPCAs, 2 patients had 4 MAPCAs,
2 patients had 5 MAPCAs, and 2 patients had 6 MAPCAs
(average 4.2 MAPCAs per patient, p < 0.05 compared with
Downloaded from ClinicalKey.com at Sta
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subset of 25 patients). These patients had an intra-
operative flow study performed. Three of the 10 patients
passed the flow study and proceeded to complete repair,
whereas 7 patients did not pass the study. An example of
a patient with 5 MAPCAs who did not pass the flow study
is shown in Figure 3.
The 28 patients who underwent a single-stage complete

repair had an average right ventricular peak systolic
pressure of 30 � 6 mm Hg, with an average aortic peak
systolic pressure of 91 � 10 mm Hg (Fig 4). The calculated
right ventricle to aortic peak systolic pressure ratio (RV/
Ao) was 0.33 � 0.07. There was no operative mortality in
this cohort of 28 patients.
Seven of the 35 patients (20%) with PA/VSD/MAPCAs

and absent intrapericardial pulmonary arteries were not
deemed suitable candidates for complete repair. These
patients underwent placement of a central shunt from
the aorta to reconstructed MAPCAs. There was 1 oper-
ative death secondary to development of multisystem
organ failure. Six patients were discharged from the
hospital, and 3 have subsequently undergone complete
repair with postoperative hemodynamics (RV/Ao pres-
sure ratio 0.33) similar to those of the 28 patients who
underwent a single-stage repair. There was 1 interim
death of a patient who had an infectious complication.
nford University January 20, 2017.
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Fig 3. (A) Preoperative angiogram
of 1 of the 7 patients who under-
went complete unifocalization of
their major aortopulmonary col-
laterals (MAPCAs) but failed the
intraoperative flow study and
therefore did not undergo complete
repair at this operation. The spe-
cific patient shown had four
MAPCAs (a, b, c, d), with one (c)
giving branches to both the right
and left sides (so, effectively, three
MAPCA branches to the right and
two to the left). The angiogram
demonstrates the absence of
intrapericardial central pulmo-
nary arteries, and that was
confirmed at surgery. (B) Angio-
gram of the same patient after
complete unifocalization of the
MAPCAs to a central shunt. The
two figures demonstrate the sepa-
rate injections into the right (a)
and left (b) lungs. This patient
subsequently underwent comple-
tion of the repair with closure of
the ventricular septal defect and
insertion of a right ventricle to
reconstructed pulmonary conduit.
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Two patients in this subgroup are awaiting further
evaluation and treatment. The flow chart for the entire
cohort of 35 patients is shown in Figure 5. The actuarial
analysis comparing the 28 patients who were able to
undergo single-stage complete repair versus the 7 pa-
tients who were not able to undergo single-stage com-
plete repair is shown in Figure 6.

The 33 survivors have been followed for an average of
3.7 � 2.2 years. To date, 8 patients have undergone sub-
sequent reinterventions on their reconstructed pulmo-
nary vascular beds. Five patients had reinterventions in
Downloaded from ClinicalKey.com at Sta
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the cardiac catheterization laboratory. Four of the patients
(1 patient with 4 MAPCAs, 2 patients with 5 MAPCAs,
and 1 patient with 6 MAPCAs) had postoperative perfu-
sion scans that indicated a shift in pulmonary blood flow
distribution. These patients had balloon dilation of rela-
tively discrete areas of proximal stenosis. One patient
(originally with 5 MAPCAs) had echocardiographic evi-
dence of increased right ventricular pressure 9 months
after single-stage repair. This patient underwent several
balloon dilations of peripheral stenoses and a stent in the
proximal right pulmonary artery.
nford University January 20, 2017.
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Fig 4. Hemodynamic data for the
28 patients who underwent single-
stage complete repair. The average
right ventricle (RV) to aortic (Ao)
pressure ratio was 0.33 � 0.07.
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Three patients (1 with 4 MAPCAs and 2 with 5 MAP-
CAs) have undergone reoperation. The first patient had a
long segment narrowing of the right lower lobe pulmo-
nary artery. This patient had homograft patch augmen-
tation of this artery, with complete relief of the narrowing
and gradient. The second and third patients had proximal
pulmonary artery stenosis (one left and one right) in
conjunction with conduit dysfunction. These patients had
homograft patch augmentation of their proximal pulmo-
nary artery and replacement of the right ventricle to
pulmonary artery conduit. The 8 patients who have
required reinterventions on their unifocalized pulmonary
vascular beds were concentrated at the high end of
Fig 5. Flow chart demonstrating
the results for the 35 patients with
pulmonary atresia with ventricu-
lar septal defect and major aorto-
pulmonary collaterals and absent
intrapericardial central pulmo-
nary arteries.

Downloaded from ClinicalKey.com at Sta
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MAPCAs per patient, with all having either 4, 5, or 6
MAPCAs.
Comment

We have summarized our experience with 35 patients
who underwent surgical repair of PA/VSD/MAPCAs in
the absence of intrapericardial central pulmonary ar-
teries. These patients had unifocalization of all available
MAPCAs, and by definition, the reconstruction was per-
formed without the benefit of any native pulmonary ar-
tery tissue. In this study, the percentage of patients who
were able to have a single-stage complete repair rate was
nford University January 20, 2017.
Copyright ©2017. Elsevier Inc. All rights reserved.



Fig 6. Actuarial analysis
comparing the 28 patients who
were able to undergo single-stage
complete repair (heavy solid line)
versus the 7 patients who under-
went unifocalization of major
aortopulmonary collaterals to a
central shunt (dashed line).
(Lighter solid line ¼ overall.)
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80% (28 of 35), which compares quite favorably with our
previously published data for all patients with PA/VSD/
MAPCAs [24] in which the percentage of patients who
had single-stage complete repair was 56%. These data
included both patients with and patients without central
intrapericardial pulmonary arteries, and therefore, by
inference, the percentage of patients able to achieve
single-stage complete repair with central pulmonary ar-
teries would be slightly less than 50%. Therefore, there
appears to be a dichotomy between patients with and
patients without central intrapericardial pulmonary
arteries.

The percentage of patients who are able to undergo a
single-stage complete repair is significant, as it provides a
proxy regarding the adequacy of the pulmonary vascular
bed [25, 26]. Our experience has shown that patients with
higher preoperative oxygen saturations (greater than
85%) have a higher likelihood of undergoing single-stage
complete repair than patients who do not have these
features. The higher oxygen saturations are indicative of
increased pulmonary blood flow, and typically corre-
spond to a pulmonary to systemic blood flow ratio of 2:1
or greater at cardiac catheterization. The inference we
would draw is that patients who have higher oxygen
saturations and larger values of the pulmonary to sys-
temic blood flow ratio have better developed pulmonary
vascular beds, and that accounts for the higher likelihood
of single-stage complete repair.

The anatomic corollary to increased oxygen saturations
is larger sized MAPCAs, which are typically fewer. In this
series of patients with PA/VSD/MAPCAs and absent
intrapericardial pulmonary arteries, the average number
of MAPCAs was just 3.5. The large MAPCAs are relatively
straightforward to handle and reconstruct, and also pro-
vide ample material for a living tissue to living tissue
reconstruction that has ongoing growth potential. The
Downloaded from ClinicalKey.com at Sta
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combination of increased oxygen saturations and larger
sized MAPCAs was found in 25 of the 35 patients, and for
this subset of patients, we no longer perform an intra-
operative flow study as we are confident that the patients
can have a single-stage complete repair. That is why flow
studies were performed in only 10 of the 35 patients in
this study.
Thirty-one patients in this series have undergone

complete repair (28 single stage and 3 two stage), with an
average RV/Ao pressure ratio of 0.33 � 0.07. This ratio is
significantly lower compared with our previously pub-
lished data, which included nonselected patients with
both present and absent central pulmonary arteries. The
finding that patients with PA/VSD/MAPCAs and absent
central pulmonary arteries have lower RV/Ao pressure
ratios than patients with central pulmonary arteries is
consistent with the concept that absence of central pul-
monary arteries is associated with superior development
of the pulmonary vascular bed.
One hypothesis that may account for the more

favorable MAPCAs seen in patients with absent native
pulmonary arteries relates to the fundamentals of
embryologic development. The MAPCAs normally
originate from the bronchopulmonary foregut, but
involute in response to the subsequent growth and
development of the pulmonary vasculature. It is our
conjecture that very early atresia of the pulmonic valve
results in both a failure of the growth and development
of the central pulmonary arteries and failure of the ge-
netic signaling for MAPCA involution. As a conse-
quence, the unaltered MAPCAs remain large and well
developed in association with a nicely developed pul-
monary vascular bed. Patients with PA/VSD/MAPCAs,
central pulmonary arteries, and “dual supply MAPCAs”
represent the antithesis of PA/VSD/MAPCAs and ab-
sent branch pulmonary arteries. Dual supply MAPCAs
nford University January 20, 2017.
Copyright ©2017. Elsevier Inc. All rights reserved.
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occur where there is normal arborization of the native
pulmonary arteries and MAPCAs that supply the same
segments of lung. It is our conjecture that this situation
is the result of “late” atresia of the pulmonic valve. The
consequence is normal arborization of the pulmonary
arteries (albeit underdeveloped owing to limited flow)
and partial but not complete involution of the MAPCAs.
In this setting, not only are the pulmonary arteries hy-
poplastic, but also the MAPCAs tend to be small and of
poor quality. We have previously evaluated our expe-
rience with normally arborizing pulmonary arteries and
dual supply MAPCAs, which is encountered in
approximately 5% of patients, and for whom we advo-
cate an initial aortopulmonary window [27, 28]. In this
cohort, the subsequent next-stage complete repair rate
was only 12%.

It is evident that the vast majority (70% to 75%) of pa-
tients with PA/VSD/MAPCAs fall somewhere between
these two extremes. That is most likely the result of
atresia of the pulmonic valve somewhere between early
and late. The consequence is a wide range of anatomy
characterized by varying degrees of pulmonary arbori-
zation in combination with some MAPCAs that are dual
supply and some that are isolated supply. Our current
preference is to perform elective surgical repair for these
patients between 3 and 6 months of age. The indications
for early repair (which include unremitting heart
failure and a ductus or hemitruncus to one lung with
MAPCAs to the other) have been outlined in a previous
publication [29].

Many groups have now reported their surgical results
for repair of PA/VSD/MAPCAs (Table 1). These reports
summarize a variety of approaches to and preferences for
solving this challenging problem. The percentage of pa-
tients undergoing single-stage complete repair has been
reported in the literature from 0% to 56%, and ultimately
Table 1. Review of Literature on Single-Stage Complete
Repair, Ultimate Complete Repair, and Postoperative
Hemodynamics of Patients With Pulmonary Atresia With
Ventricular Septal Defect and Major Aortopulmonary
Collaterals

First
Author

Year
Published

Single-Stage
Repair

Ultimate
Repair

Postoperative
RV/LV Ratio

Carrillo Current study 80% 91% 0.33
d’Udekem 2005 0% 65% 0.62
Ishibashi 2007 0% 81% 0.70
Carotti 2010 48% 77% 0.48
Liava’a 2012 0% 48% 0.64
Griselli 2004 23% 72% 0.60
Song 2009 0% 43% 0.57
Amark 2006 33% 60% .

Mumtaz 2008 0% 62% .

Davies 2009 56% 85% .

De Campli 2010 24% 68% .

Hibino 2014 0% 76% .

LV ¼ left ventricle; RV ¼ right ventricle.
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VSD closure in 43% to 85%. Fewer groups have reported
their hemodynamic data after complete repair, but for the
groups that have, the right ventricle to aortic pressure
ratios have ranged from 0.48 to 0.70. Based on the extant
literature on tetralogy of Fallot, it is likely that long-term
survival will be predicated on the two crucial factors of
achieving complete repair with the lowest possible right
ventricular pressures.
In summary, the results of this study demonstrate that

patients with PA/VSD/MAPCAs and absent central pul-
monary arteries had a high incidence of single-stage
complete repair and had favorable RV/Ao pressure
ratios. These findings are both counterintuitive and con-
tradictory to the widely held belief that the absence of
central pulmonary arteries would result in worse out-
comes. These results provide further evidence that
several subgroups fall under the anatomic diagnosis of
PA/VSD/MAPCAs, and these subgroups can be predicted
to have different clinical outcomes.
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DISCUSSION
DR JEFFREY P. JACOBS (St. Petersburg, FL): Thank you very
much. Clearly, this is a lesion that your institution is known for
more than most. While people are formulating some questions,
you may have said this, but what is your cutoff to completely
septate the heart versus leaving a fenestrated ventricular septal
defect (VSD), or not closing the VSD, or reopening the VSD for
RV/aortic pressure ratios?

DR CARRILLO: Thank you, Dr Jacobs. As a matter of fact, we do
not fenestrate the VSD. What we do in the operating room is do a
flow study, and the criteria to pass a flow study is a mean pul-
monary arterial pressure of 25 or less at a flow rate to the lungs of
3 L per minute per meter squared.

DR JACOBS: And if it is more than that, you just leave the VSD
open?

DR CARRILLO: No. If it is more than that, what we do is create a
systemic to pulmonary artery shunt and we leave the VSD open,
clearly, yes.

DR JACOBS: So are there any patients where you had the pul-
monary artery connected to the right ventricle with the VSD left
open?
DR CARRILLO: No. No, none.

DR YVES D’UDEKEM (Melbourne, Australia): Congratula-
tions for this presentation. These results are magnificent. I
was particularly impressed by the second case, since you had
only 36% of the aortic pressure in the right ventricle, espe-
cially since I thought you had lost some of the two inferior
major aortopulmonary collaterals (MAPCAs). And I was sur-
prised that you can achieve such low pressure with these
distal pulmonary arteries. My feeling is that when you talk
about the patients with absent central pulmonary arteries,
that encompasses a variation within the same condition, a
spectrum of disease, and I think your examples were quite
good for that.
You have patients who have a high pulmonary blood flow

because they have isolated MAPCAs going to almost normal
intrapulmonary branches. These patients can be in heart failure
early in life. And obviously these patients should have these
intrapulmonary arteries reconnected to the central pulmonary
arteries; but you have also patients with very small, multiple
collateral arteries. So my question is, did you try to analyze the
characteristics of the patients who were failing the single-stage
repair, number of MAPCAs, or maybe I was thinking, did you
look at the age between the two groups? Because age may be
nford University January 20, 2017.
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your surrogate to know whether the patients were in heart failure
early after birth, or maybe had multiple small MAPCAs.

DR CARRILLO: Thank you for your comments, and certainly
you have done plenty of work on this topic. First of all, we did not
delineate. We did not think that the age was a risk factor. The age
of these patients were all infants basically. There was just 1 pa-
tient who was above infancy, and we do not believe that age is a
risk factor for the presence of MAPCA, or the number of
MAPCAs.

We did notice that there is a trend toward more difficult
reconstruction of patients who have a higher number of MAP-
CAs; and the reason why is because the more MAPCAs there are,
there is less pulmonary vascular bed development. And if the
saturations of the patient are appropriate, let us say if their sat-
urations are greater than 85%, we usually proceed with a single-
stage complete repair, unless the patient fails an intraoperative
flow study. But in those patients, even with the presence of 5 or 6
MAPCAs, with perfect saturations, that is what we would do. If
they have lower saturations or they fail a flow study, we will do a
shunt.

DR D’UDEKEM: So if I understand, the patients with more
MAPCAs are failing more the single-stage repair?

DR CARRILLO: With higher MAPCAs. They tend to fail single-
stage repair because they have segmental stenosis.

DR D’UDEKEM: Maybe they are the ones you should not uni-
focalize, maybe.

DR CARRILLO: Thank you.

DR SITARAM M. EMANI (Boston, MA): Very nice study and
impressive results. Maybe I missed the slide. How many patients
had catheter-based reintervention on the pulmonary arteries in
Downloaded from ClinicalKey.com at Sta
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each series to achieve these results? I think, as you know, when
you go from the front to do the inner focalization, you leave a fair
amount of arterialized segment attached, and our experience has
been that almost universally, these segments tend to stenose over
time. So how often, or if any, catheter-based interventions were
necessary to achieve these excellent results?

DR CARRILLO: Thank you, Dr Emani, for your comment and
your question. We had a total of 8 patients who required rein-
tervention. Five of them underwent endovascular therapies with
balloon dilation, and 1 of them had a central right pulmonary
arterial stenosis around the placement of a stent. The other 3, on
the one surgical reconstruction, there was 1 patient who had a
long segment of right pulmonary artery stenosis after the uni-
focalization, single stage, that underwent augmentation with a
patch. And the other 2 who required operation were patients
who had conduit dysfunction at the same time with proximal
pulmonary artery stenosis. So somewhere, in total, we had 8
reinterventions: 5 dealt with endovascular therapies and 3
surgical.

DR FRANK SCHOLL (Hollywood, FL): Oftentimes, there are
significant distances to get some of these together. What is the
preferred material if you do not have enough of the native pul-
monary artery to bring these together in the middle? What is
your technique?

DR CARRILLO: We prefer obviously the use of native tissue,
but if that is not possible, what we use is pulmonary ho-
mograft tests that would prefer a patch to augment the
MAPCAs. But the majority of the time, the MAPCAs can
come close to each other, and in that way, you can create a
native tissue, posterior anastomosis, and kind of enlarge the
anterior portion of it.

DR JACOBS: Thank you very much.
nford University January 20, 2017.
Copyright ©2017. Elsevier Inc. All rights reserved.
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