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Abstract

Objective: Patients with heterotaxy syndrome have a myriad of visceral and cardiac malformations historically resulting in significant
morbidity and mortality. We sought to assess whether current era management strategies have improved outcomes in patients with visceral
heterotaxy.Methods: A retrospective review (1994—2008) of our database identified 45 consecutive heterotaxy patients who underwent surgical
palliation. There were 29 patients with right atrial isomerism (RAI) and 16 patients with left atrial isomerism (LAI). Functional single ventricle was
present in 32 patients. Pulmonary outflow obstruction was present in 29 of the patients. Twenty patients had total anomalous pulmonary venous
return (TAPVR), of which 9 were obstructed. An initial neonatal surgical approach was performed in 27 patients. Thirty patients had systemic to
pulmonary artery shunt. Mean follow-up was 43.6 � 47 months in RAI and 41.0 � 40.8 months in LAI patients (p = 0.4). Results: There were three
hospital deaths, all after the first operation, and four interstage deaths (six RAI; one LAI). There were no deaths after cavopulmonary shunt,
Kawashima or Fontan operation. A multivariate Cox regression identified greater than moderate atrioventricular valve regurgitation (Hazard
Ratio (HR) 17.5, p = 0.017) and obstructed TAPVR (HR 17.5, p = 0.007) as factors associated with increased RAI mortality. Due to the absence of
late mortality in both groups, patient survival at 3 years were 79% in RAI and 94% in LAI patients and remained stable after that (p = 0.22). All
survivors but one are in NYHA class I or II, without significant cardiovascular related symptoms. LAI patients have a higher incidence of sinus node
dysfunction than RAI patients (47% vs 12.5%, p = 0.009). Conclusions: Surgical outcomes in heterotaxy patients are improving in the current era.
The risk for operativemortality and attrition is highest between the first and second stage palliation procedures. Significant atrioventricular valve
regurgitation and obstructed TAPVR remain risk factors for RAI mortality. Survivors are doing well with no activity restrictions, although LAI
patients maintain a higher proclivity of sinus node dysfunction.
# 2008 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Visceral heterotaxy syndromes are characterized by
abnormal development of left or right sided structures.
Although in heterotaxy there are distinct anatomic abnorm-
alities in the lungs and various intra-abdominal organs,
cardiac anomalies dictate for the most part of the long-term
outcome [1]. The hallmark lesion of cardiac heterotaxy is the
similarity between the two atrial appendages [2,3]. Histori-
cally visceral heterotaxy has been associated with significant
morbidity and mortality [2,4—7]. Right atrial isomerism has
been described by some as one of the worst forms of
contemporary heart disease [8] with overall 5-year survival
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ranging from 30% to 74% [9,10]. The results are better in left
atrial isomerism with 5-year survival rates ranging between
65% and 84%, which is still considerably lower than survival
for most other forms of congenital heart disease [2,10]. The
combination of structural abnormalities of systemic and
pulmonary venous connections, increased incidence of single
ventricle physiology, the presence of obstruction to the
pulmonary and aortic outflows, the increased incidence of
significant arrhythmias, and sepsis associated with splenic
dysfunction have all been implicated in the poor surgical
outcomes in these patients [2,5—7,9—11]. In order to identify
whether current era management strategies have improved
outcomes in patients with visceral heterotaxy we reviewed
our experience.

2. Methods

Between June of 1994 and June of 2008 45 consecutive
patients who underwent surgical treatment for visceral
Surgery. Published by Elsevier B.V. All rights reserved.
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Table 1
Anatomic details in patients with right and left atrial isomerism.

Number of
patients (n)

RAI LAI

Sex
Male 28 17 11
Female 17 12 5

Spleen
Polysplenia 14 2 12
Asplenia 24 22 2
Single right spleen 5 3 2
Single left spleen 2 2 0

Cardiac position
Levocardia 18 12 6
Dextrocardia 21 14 7
Mesocardia 6 3 3

Systemic veins
Left SVC 16 11 5
Right SVC 10 7 3
Bilateral SVC 19 11 8
Interupted IVC-hemiazygous continuation 6 3 3
Interupted IVC-azygious continuation 6 0 6
Separate IVC-hepatic vein orifice right 4 3 1
Separate IVC-hepatic vein orifice left 3 2 1

Pulmonary venous connection
Normal pulmonary venous drainage 25 12 13
Anomalous pulmonary venous drainage 20 17 3
Anomalous non-obstructed pulmonary

venous drainage
10 8 2

Obstructed pulmonary venous drainage 10 9 1a

Atrium
Common atrium 20 15 5
Common AV valve 22 18 4
Secundum atrial septal defect 5 3 2
Patent foramen ovale 4 2 2
Primum atrial septal defect 12 9 3

Single ventricle 32 26 6
Morphologic right 20 16 4
Morphologic left 4 3 1
SV indeterminate 8 7 1

Two ventricles
Intact ventricular septum 4 1 3
Double outlet right ventricle 3 1 2
Balanced-complete atrioventricular

septal defect
1 1 0

Pulmonary outflow obstruction/atresia
Pulmonary stenosis or atresia 29 17 12

Systemic outflow obstruction/atresia
Aortic stenosis 6 4 2
Coarctation or hypoplasia of the aorta 5 4 1

Normal heart 1 0 1

Congenital complete heart block 1 0 1

Extracardiac anomalies
Congenital hydrocephalus 1 1 0
Seizure disorder 1 1 0
Intestinal malrotation anomalies 4 3 1
Chromosomal abnormality

(translocation between 4 and 15)
1 1

RAI: right atrial isomerism; LAI: left atrial isomerism; SVC: superior vena cava;
and IVC: inferior vena cava.

a This patient had obstruction of partial anomalous cardiac pulmonary
venous drainage.
heterotaxy were identified using the Cardiology and
Cardiothoracic Surgery Database at Phoenix Children’s
Hospital. Thirty-seven patients (82%) were operated on by
the senior author (M.F.T.). The operative strategy including
the decision to proceed with biventricular repair or single
ventricle palliation was made by the surgeon and the primary
cardiologist caring for each individual patient. The study was
approved and monitored by the institutional review board
and, due to its retrospective nature, need for patient consent
was waived.

2.1. Patient identification—diagnostic criteria

The best diagnostic criteria for right and left atrial
isomerism still remain controversial [5]. The main criterion
used in this study was direct inspection of the atrial
appendage morphology during operation. The diagnosis
was further supported by echocardiographic evidence of
juxtaposition of the abdominal aorta and the inferior vena
cava for right atrial isomerism or presence of an interrupted
IVC for left atrial isomerism. Abdominal ultrasound or CTscan
was obtained to verify the splenic anatomy, although it is
recognized that asplenia and polysplenia are not constant
features of patients with right and left atrial isomerism [1].

2.2. Data collection and analysis

The following data were retrieved: (1) basic demo-
graphic data, (2) cardiac morphology data, (3) surgical
history, and (4) follow-up information obtained from the
last recorded clinic visit including NYHA class, presence of
arrhythmias and need for pacemaker insertion. Sinus node
dysfunction was defined as the presence of sinus brady-
cardia, junctional rhythm or combination of the two. The
length of follow-up was calculated from the last clinic or
hospital visit documented in the patient’s chart.

Results for quantitative variables are reported as mean
with standard deviation or median with range. Frequencies
are given for qualitative variables and dependencies are
tested with chi-square or Fisher’s exact test. Patient survival
was estimated by Kaplan—Meier method and log rank test was
used to compare groups. Univariate analysis was used to
describe the effect of various variables on mortality in right
atrial isomerism. In a multivariate model risk factors were
estimated using a Cox regression model. A p value of less than
0.05 was considered significant. All analyses were performed
using SAS 9.2 (SAS Institute, Cary, NC).

3. Results

There were 29 patients with right atrial isomerism and 16
patients with left atrial isomerism (Table 1). Thirty-two (71%)
of the patients had a functional single ventricle. Eight (18%)
patients, all with functional single ventricle, had more than
moderate systemic atrioventricular valve regurgitation on
their first echocardiogram. Pulmonary outflow obstruction or
atresia was present in 29 (64%) patients. Systemic outflow
obstruction or atresia was identified in 6 (13%) patients.

Normal pulmonary venous drainage was identified in 25
patients. Twenty patients had total anomalous pulmonary
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venous drainage (TAPVD). Nine (20%) patients had obstructed
TAPVD — seven supracardiac and two infracardiac. All
patients with obstructed TAPVD had right atrial isomerism.
One patient with left atrial isomerism had obstruction of
partial anomalous pulmonary venous return (right sided
cardiac).

The mean age at first operation was 2.0 � 4 months. The
median follow-up was 27 months (range: 0—118 months) in
right and 17 months (range: 0—145 months) in left atrial
isomerism patients ( p = 0.4). Seven (15%) patients had
biventricular repair and 38 (85%) had various forms of single
ventricle palliation. Twenty-seven (60%) patients had their
first operation in the first 30 days of life. Thirty (67%) patients
underwent systemic to pulmonary artery shunt. Of the eight
patients presenting with more than moderate systemic
atrioventricular valve regurgitation, no patient underwent
valve repair during the first operation. Three patients died
after the first stage repair, two patients required atrioven-
tricular valve repair and three never required valvuloplasty.

3.1. Surgical interventions—left atrial isomerism

The surgical interventions on the patients with left atrial
isomerism are shown in Fig. 1. Six (37.5%) patients had
biventricular repair. Of the 10 patients with single ventricle
palliation, five patients completed the Fontan palliation.
Five patients are awaiting their next stage palliation. Of
these one had a shunt as a newborn but presented a month
later with obstructed partial cardiac anomalous pulmonary
venous drainage and left pulmonary artery stenosis. He had
repair of the veins, shunt revision and left pulmonary
arterioplasty followed by a cavopulmonary shunt. Seven
Fig. 1. Surgical interventions on patients with left atrial isomerism. Six patients had
ASD: atrial septal defect; VSD: ventricular septal defect; TAPVD: total anomalous
cavopulmonary shunt; and IAA: interrupted aortic arch.
patients with left atrial isomerism developed sinus node
dysfunction (44%) and three (19%) required pacemaker
placement. One additional patient is scheduled to undergo
pacemaker placement at her upcoming Fontan procedure.

3.2. Surgical interventions—right atrial isomerism

The surgical interventions of the 12 right atrial isomerism
patients who had normal pulmonary venous drainage are
shown in Fig. 2. One patient had biventricular repair. Of the
11 patients with a single ventricle, seven patients completed
their Fontan palliation. Two patients are awaiting surgery,
one after first and one after second stage palliation. One
patient developed sinus node dysfunction and had pacemaker
insertion. Fig. 3 shows the surgical interventions in eight
patients with right atrial isomerism who had non-obstructed
TAPVD. No patient in this group underwent biventricular
repair. All six surviving patients completed their Fontan
palliation. Two (25%) patients developed sinus node dysfunc-
tion and one needed placement of a pacemaker for sinus
node dysfunction. One patient failed the Fontan circulation
and had Fontan takedown. The surgical interventions on the
nine patients with right atrial isomerism who had obstructed
TAPVD are shown in Fig. 4. There were no biventricular
repairs in this group of patients. One patient made it to
Fontan and four patients are still waiting for further
palliation; one after first stage and three after second stage
palliation. One of them was a low birth baby (1500 g), who
had unifocalization with a central shunt as a newborn. His
pulmonary venous anatomy could initially not be delineated.
A month later he had revision of his pulmonary artery
reconstruction. At 3 months of age he was diagnosed with
biventricular repair. PA: pulmonary artery; Unifoc: unifocalization procedure;
pulmonary venous drainage; AVV: atrioventricular valve; BCPS: bidirectional
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Fig. 2. Surgical interventions on patients with right atrial isomerism and normal pulmonary venous drainage. One patient had biventricular repair. CPB:
cardiopulmonary bypass; AP: aortopulmonary; PA: pulmonary artery; BCPS: bidirectional cavopulmonary shunt; and AVSD: atrioventricular septal defect.
supracardiac obstructed TAPVD and had a bidirectional
cavopulmonary shunt with TAPVD repair.

3.3. Patient outcomes

The in-hospital mortality for the whole cohort of patients
was 6.7% (3/45 patients). There were four additional inter-
stage deaths (all within the first 6 months from the first
operation) for a total mortality of 15%. Six of the mortalities
had right and onehad left atrial isomerism.The characteristics
of the patients who did not survive are shown in Table 2. There
Fig. 3. Surgical interventions on patients with right atrial isomerism and non-obstruc
repair. TAPVD: total anomalous pulmonary venous drainage; BCPS: bidirectional cav
were no deaths after cavopulmonary shunt, Kawashima
procedure or Fontan operation. Three patients, all with right
atrial isomerism were lost to follow-up. One patient was last
seen 8 months after repair of supracardiac unobstructed
TAPVD and bidirectional cavopulmonary shunt, one 18 months
after bilateral bidirectional cavopulmonary shunt and TAPVD
repair and one patient 2 years after Fontan completion. In an
explanatory Cox regression in children with right atrial
isomerism we only identified the presence of obstructed
pulmonary veins (Hazard Ratio (HR) 21.2; p = 0.007) and
greater than moderate atrioventricular valve regurgitation on
ted total anomalous pulmonary venous drainage. No patient had biventricular
opulmonary shunt; PA: pulmonary artery; and AVV: atrioventricular valve.
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Fig. 4. Surgical interventions on patients with right atrial isomerism and obstructed total anomalous pulmonary venous drainage. No patient had biventricular repair.
TAPVD: total anomalous pulmonary venous drainage; PA: pulmonary artery; BCPS: bidirectional cavopulmonary shunt; and AVV: atrioventricular valve.

Table 2
Summary of deaths in right and left atrial isomerism.

Patient anatomy Age at death Interval since surgery Cause Surgical history Type of death

RAI 6 days 5 days Cardiogenic shock TAPVD + PA Band In hospital
RAI 3 months 1 day Cardiogenic shock TAPVD + Shunt In hospital
LAI 6 months 1 day Arrhythmia ASD/VSD In hospital
RAI 31 days 24 days Respiratory arrest Shunt + PA Plasty Interstage
RAI 35 days 35 days PV re-obstruction TAPVD + Shunt Interstage
RAI 5 months 4 months Arrhythmia PA Band Interstage
RAI Before 2nd stage Unknown Unknown Norwood Interstage

RAI: right atrial isomerism; LAI: left atrial isomerism; TAPVD: total anomalous pulmonary venous drainage; PA: pulmonary artery; ASD: atrial septal defect; and VSD:
ventricular septal defect.
presentation (HR 17.5; p = 0.017) as potential risk factors of
mortality. No impact could be found for the use of a shunt,
need for neonatal operation or single ventricle palliation
(Table3). Patient survival at1, 3,and5yearswas94%, 94%,and
94% in left atrial isomerismand79%, 79%, and79% in right atrial
isomerism (p = 0.22).

Of the 15 patients with left atrial isomerism who are alive,
13 are in NYHA class I and two in NYHA class II. All nine
Table 3
Cox regression multivariate analysis model in right atrial isomerism.

Variable p value H.R. 95% C.I.

Shunt 0.446 0.49 0.08 3.11
Moderate_plus_AV_valve_regurgitation 0.017 17.49 1.67 183.98

Single ventricle 0.619 1.83 0.17 19.96
Obstructed pulmonary veins 0.007 21.19 2.30 195.25

Neonatal operation 0.227 3.51 0.46 26.86

AV: atrioventricular valve; H.R.: Hazard Ratio; and C.I.: confidence intervals.
Bold values are significant.
survivors with right atrial isomerism who had normal
pulmonary venous drainage are in NYHA class I. Of the six
surviving patients with right atrial isomerism and non-
obstructed TAPVD one failed Fontan and currently is on home
ventilation. Four patients are in NYHA class I and one in NYHA
class II. Of the five survivors with right atrial isomerism and
obstructed TAPVD one patient who made it to Fontan was lost
to follow-up 2 years after the operation as mentioned above
and all four patients awaiting further surgery are in NYHA
class I.

Patients with left atrial isomerism had a higher incidence
of late sinus node dysfunction when compared to right atrial
isomerism patients (7 of 15 or 47% vs 3 of 24 or 12.5%,
p = 0.009). In contrast there was no difference in the late
incidence of cyanosis from pulmonary or intrahepatic
arteriovenous malformations ( p = 0.2), need for pacemaker
( p = 0.2) or presence of greater than moderate late
atrioventricular valve regurgitation ( p = 0.17) between the
two groups.
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4. Discussion

Surgical outcomes in visceral heterotaxy are improving in
the current era. Although in our series there were fewer
deaths in patients with left atrial isomerism compared to the
patients with right atrial isomerism, this difference did not
reach statistical significance in 1- and 5-year survival. Sixty
percent of our patients required surgery in the first 30 days of
life and most heterotaxy patients required single ventricle
palliation. The risk for operative mortality and attrition is
highest both at the first operation, and between the first and
second stage palliation procedures. There were no deaths
after cavopulmonary shunt, Kawashima and Fontan proce-
dure. In our series it was possible only to perform analysis of
mortality in patients with right atrial isomerism due to the
small numbers of left atrial isomerism patients. The need for
neonatal operation, the presence of single ventricle
physiology and the construction of a systemic to pulmonary
artery shunt was not identified as independent risk factors for
mortality in patients with right atrial isomerism. In contrast,
the presence of obstructed TAPVD and moderate atrioven-
tricular valve regurgitation on presentation were risk factors
for mortality in the patients with right atrial isomerism. In
follow-up the majority of patients do well and are in NYHA
class I and II. The patients with left atrial isomerism maintain
a higher proclivity of sinus node dysfunction, but this did not
translate to a higher incidence of pacemaker insertion.

Previous reports in the literature have suggested that
patients with left atrial isomerism have better outcome than
patients with right atrial isomerism. This has in part been
attributed to more complex single ventricle anatomy in right
atrial isomerism [2,5—7,12]. In a recent comprehensive
analysis of heterotaxy 68% of the patients with left atrial
isomerism underwent biventricular repair, compared with
14% in right atrial isomerism patients [10]. This discrepancy
was true in our series as well (37.5% for left atrial isomerism
and 3.4% for right atrial isomerism). However, despite the
higher likelihood of single ventricle in right atrial isomerism,
the presence of single ventricle palliation in this cohort was
not an independent predictor of mortality. This may be in
part due to the better current understanding of single
ventricle physiology and management. It is possible that the
small number of patients in our series did not allow
differences in the survival between the two groups to be
established.

There is a wide range of reported mortality for neonatal
operations in right atrial isomerism [4,13—15]. Takeuchi and
associates [15] reported 13 times higher odds of death for
neonates requiring surgery compared with patients operated
on after 30 days of life. Sadiq and associates [4] reported that
the early survival rate was 36% in the patients who required
surgical intervention within the first 30 days of life versus
100% in the patients who required surgical intervention past
the 1st month of life. In contrast we and others found that
operative repair within the first 30 days of life was not an
independent risk factor for mortality in the patients with
right atrial isomerism [13,14]. Improvement in surgical
outcomes may be attributed in part to advancements in
preoperative diagnosis, surgical technique and postoperative
care, which have allowed previous risk factors to be
neutralized [14].
In our series there were no deaths after second stage
palliation. This is consistent with other reports. Compre-
hensive multidisciplinary care of associated anomalies has
contributed to this success [14]. A review of the Boston
Children’s experience reported no mortality after the Fontan
procedure since 1993 [16]. This is in sharp contrast with
previous reports in the literature that show a continued risk
of attrition in these patients [5,6]. In our center we have
combined the lessons offered by previous reports and have
adopted a very aggressive approach to these patients. In the
recent years a complete GI workup is performed prior to
discharge to identify patients with malrotation and affected
patients are treated surgically before the second stage
procedure. Identifying and addressing early residual or
recurrent lesions like recurrent arch obstruction, shunt
and pulmonary artery stenosis and recurrent pulmonary vein
obstruction is also critical. In addition recently we started
enrolling all heterotaxy patients with single ventricle in a
home monitoring program that follows the principles of the
Medical College of Wisconsin home monitoring program [17].

The presence of obstructed TAPVD has been previously
identified as an independent risk factor for mortality in
patients with right atrial isomerism [2,4,5,7,12,14]. Gaynor
and associates [12] analyzed histologic specimens of lung
tissue from patients with single ventricle and TAPVD (many
of whom were heterotaxy patients) and found that even in
the absence of clinical evidence for pulmonary venous
obstruction the veins are abnormal. In our series only one
patient presented with recurrent pulmonary venous
obstruction and this patient died. It is not clear why our
rate of pulmonary venous re-operation is lower than
previously reported in the literature. We continue to utilize
circulatory arrest to improve visualization and accuracy of
the anastomosis and tailor the technique of repair to
individual patient anatomy.

Previous studies have also reported the association of
significant atrioventricular valve regurgitation with
increased mortality risk in heterotaxy [5,7,11,15]. Common
atrioventricular valves, particularly prevalent in patients
with heterotaxy and functional single ventricle, are more
likely to be incompetent than normal atrioventricular valves
[18]. Aggressive management and/or correction of atrioven-
tricular valve insufficiency are essential. The mechanism of
insufficiency is frequently multifactorial and it is very
difficult to achieve a satisfactory long-term surgical outcome
particularly in the newborn. The subgroup of heterotaxy
patients with significant atrioventricular valve regurgitation
is in our experience the most difficult cohort of heterotaxy
patients.

The majority of patients who reached the Fontan are free
of significant cardiovascular symptoms. Others have reported
similar outcomes. Azakie and associates reviewed their mid-
term outcomes of the Fontan operation and found that at a
mean follow-up time of 3.4 years 20 of the 25 survivors had
qualitatively good ventricular function [19]. Bartz and
associates obtained follow-up data on 41 of the 81 late
heterotaxy survivors of the modified Fontan procedure. Of
these, 80% reported no or mild symptoms with ordinary
physical activity [20]. Atz and associates in a study carried
out by the Pediatric Heart Network investigated the
functional state of patients with heterotaxy syndrome
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following the Fontan operation. Although patients with
heterotaxy were taking a greater number of medications
when compared to nonheterotaxy patients, the majority of
patients reported their general health to be excellent and
their life to be unaffected by their disease [21].

Electrophysiologic abnormalities are common in patients
with heterotaxy syndrome. Hearts with isomeric right atrial
appendages tend to have bilateral sinus nodes in the terminal
groove. This is in contradistinction to hearts with isomeric
left atrial appendages where the sinus node tends to be both
hypoplastic and malposed [22]. Sinus node dysfunction in
patients with left atrial isomerism typically manifests as sinus
bradycardia, junctional rhythm or some combination of the
two. Pacemaker should be considered in patients with
symptomatic sinus node dysfunction, during age inappropri-
ate bradycardia or profound pauses. In our series patients
with left atrial isomerism had a much higher incidence of
sinus node dysfunction when compared to patients with right
atrial isomerism.

This study has several limitations. The most important is
that it is impossible to identify the total number of patients
who during the period of the study presented to our Heart
Center and were not referred for surgery for various reasons.
This may have contributed to a slight selection bias. In
addition the study is retrospective and we reviewed multiple
sources to make sure we included all possible patients. The
criteria by which the patients were included in the various
subgroups (i.e. obstructed vs non-obstructed TAPVD) were
not standardized.

In conclusion this study shows that the surgical outcomes
in patients with visceral heterotaxy are improving. The
higher risk for mortality is in the 1st year of life and certainly
before the second stage reconstruction. In right atrial
isomerism the presence of obstructed TAPVD and more than
moderate atrioventricular valve regurgitation continue to be
independent risk factors for mortality. Heterotaxy patients
who survive single ventricle palliation to Fontan have a good
long-term outcome with good quality of life similar to
biventricular repair patients.
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Appendix A. Conference discussion

Dr H. Lindberg (Oslo, Norway): I have some comments and some
questions.

You state in your title that the results have improved in the current era and
I totally agree with that, but I’d like a comparison. Did you compare this to your
historical data, or is this a meta-analysis of an earlier published paper?

You also said in your manuscript, which is not very focused in your
presentation, that right atrial isomerism is worse than left. And I think that
maybe this is due to your increased number of obstructed pulmonary veins in
your right isomerism. I just wanted to know if you have excluded the
obstruction of pulmonary veins and see what impact that would do on your
patient population.

The same goes for the atrioventricular valve insufficiency. That’s obviously,
as you have shown, a risk factor and it’s more common, I think, in your right
atrial isomerisms. So if you could just tell us if you have excluded those
parameters and made an analysis on that.

In your paper, not mentioned here, you state something about the aortic
arch. And if I read your paper right, you have six Norwoods, one interrupted
arch, and one arch repair, and you have no late reinterventions. So for the sake
of my curiosity, could you please tell us how you do your arch repairs since you
have no problems with late obstructions.
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In your paper you state long-term outcome. I was very happy that you said
in your conclusion that this needs further follow-up because this is not a long-
term observation and I think that 4 years it’s at best a mid-term and not a long-
term outcome.

And since in the paper you also used the term quality of life instead of
functional classes, I think if you use quality of life I think you should tell us the
parameters you have used for your quality of life evaluations.

Dr Anagnostopoulos: We are a pretty young center, so we don’t have
historical data. We’re creating our history so that we can compare our data in
the future.

No, we have not excluded the pulmonary veins or the atrioventricular valve
regurgitation. I suspect that if you excluded all those patients, the outcome of
right atrial isomerism and left atrial isomerism would be the same, although
we did not do that analysis.

In terms of how we do the arch reconstruction, we excise the ductal tissue
during the Norwood procedure, re-anastomose the aorta posteriorly and
perform an anterior patch augmentation with a homograft material. And in the
interrupted aortic arches, themajority of our practice has been to do a primary
repair without anterior augmentation with a patch, kind of like the Texas Heart
paper and series.

In terms of your comment on our follow-up period, I agree. We went back
and looked at our manuscript critically just before we came here and we
decided, as you correctly pointed out, that those were not long-term
outcomes. Those at best are mid-term outcomes. But we are going to
continue to follow-up on these patients and try to update our series in the
future.

In terms of quality of life, yes, this is New York Heart Association
classification and, really, we haven’t done questionnaires to answer the quality
of life aspect of it. It’s just that this was a retrospective study and we got our
follow-up from the cardiology notes. And their recurrent theme is that these
patients were doing excellent, whatever that means. But no, we have not done
specific quality of life questionnaires.
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