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ABSTRACT

Background: Infracardiac obstructive total anomalous
pulmonary venous return (TAPVR) has a poor outcome fol-
lowing surgical correction. We compared the surgical out-
comes of obstructive TAPVR between non-infracardiac and
infracardiac types.

Methods: Among 51 patients who underwent surgical
repair for obstructive TAPVR, 23 with infracardiac type and
28 with non-infracardiac type were included in this inves-
tigation. The study compared the immediate postoperative
courses in the intensive care unit and long-term mortality and
pulmonary vein stenosis. The risk factors for long-term sur-
vival in obstructive TAPVR also were investigated.

Results: The postoperative follow-up period was 79.8
+ 81.5 months. Immediate major operative complications
were observed in 22 patients (43.1%); 10 patients (19.6%)
died, and eight patients (15.7%) experienced pulmonary
vein stenosis during the follow-up period. The Kaplan-
Meier curve showed better cumulative survival in patients
with infracardiac TAPVR (P = 0.308). The significant fac-
tors for survival after surgical repair of obstructive TAPVR
did not include anatomical type but instead were postopera-
tive course of ventilator care and lengths of intensive care
unit and hospital stays.

Conclusion: Patients with non-infracardiac TAPVR with
obstruction had a longer postoperative course and experi-
enced more complications. Their survival rate was poorer,
and postoperative pulmonary vein stenosis was more fre-
quent in those patients compared with infracardiac TAPVR
patients. However, a large-scale study is mandatory to gather
more data and confirm our findings.

INTRODUCTION

Total anomalous pulmonary venous return (TAPVR) is
one of the most fatal congenital heart diseases. If not repaired
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within the first month of life, obstructive TAPVR typically
is symptomatic and often leads to death [Michielon 2002].
There has been remarkable improvement in surgical results
and development of preoperative diagnostic methods, opera-
tive techniques, and postoperative management strategies
[Anil Kumar 2003]. There are four types of TAPVR clas-
sified based on the involved connecting vein: supracardiac,
cardiac, infracardiac, and mixed [Shaw 2017]. The infra-
cardiac type is most frequently associated with obstruction
that accounts for poor patient outcomes following surgical
repair [Hawkins 1995; Kirshbom 2002; Hancock Friesen
2005; Karamlou 2007; Seale 2010; Yong 2011]. However, the
treatment results in obstructive TAPVR patients with types
other than infracardiac are not well known. Therefore, the
aim of this study was to evaluate the immediate and mid-
term results of total repair for obstructive TAPVR and to
compare these results in non-infracardiac and infracardiac

TAPVR patients.

METHODS

Patients

We performed a retrospective study of all patients who
underwent surgery for obstructive TAPVR at Samsung Medi-
cal Center between January 1995 and December 2018. All
cases that were comorbid with other major congenital heart
diseases (single ventricle, atrial isomerism, hypoplastic left
heart syndrome, double outlet right ventricle, complete atrio-
ventricular septal defect, and pulmonary atresia with ventric-
ular septal defect, etc.) were excluded.

Study design and data collection: Patients were classified
into four groups, according to TAPVR type as defined using
the Craig and Darling Classification system [Craig 1957]:
supracardiac, intracardiac, infracardiac, and mixed. Further
division was carried out into infracardiac and non-infra-
cardiac types, depending on obstruction site. Preoperative
demographic data and information regarding the postopera-
tive hospital course, such as duration of ventilator care, dura-
tion of intensive care unit (ICU) stay, and total duration of
hospitalization, were compiled by review of medical records.
Major complications were defined as various postoperative
events that required surgical or medical intervention, such
as chylothorax, diaphragmatic palsy, arrhythmia, and pleu-
ral effusion, which were treated with surgery or medication.
Postoperative pulmonary vein stenosis on echocardiography,
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early hospital mortality defined as death during initial hospi-
talization or within the first 30 postoperative days, and long-
term mortality also were assessed.

Statistical analysis

Data are given as frequency, median with minimum and
maximum value, or mean = standard deviation, as appropri-
ate. Patient survival time was evaluated using Kaplan-Meier
curves based on whether the TAPVR was infracardiac or
non-infracardiac. Relative risk for survival was evaluated by
Cox’s proportional hazards model. For comparison between
two groups, %2 and Student’s t-test were used, when appro-
priate. All data were analyzed using the Statistical Package
for the Social Sciences (SPSS), version 25.0 IBM Corp.,
Armonk, NY, USA). A P value > 0.05 was accepted as sta-
tistically significant. This study was approved by the Insti-
tutional Review Board of Samsung Medical Center, and the
need for informed consent was waived, due to its retrospec-
tive nature.

RESULTS

All data for patients with obstructive TAPVR are pre-
sented in Table 1. (Table 1) Overall, 149 patients were diag-
nosed with TAPVR and underwent surgery; only 51 of these
patients with isolated TAPVR and pulmonary venous obstruc-
tion as diagnosed using two-dimensional echocardiography
were enrolled in this study. Of these 51 patients, 19 were
female, and 32 were male. Operation age and body weight
were 21.3 = 30.9 days and 3.4 = 0.7 kg, respectively. The sur-
gical procedure was performed successfully for supracardiac
(22 patients), cardiac (four patients), mixed (six patients), and
infracardiac (19 patients) types. In six mixed TAPVR cases,

three of four pulmonary veins drained into the portal vein
in four patients, so that those four cases belonged to infra-
cardiac type. Therefore, 51 patients with obstructive TAPVR
were divided into infracardiac TAPVR (23 patients) and non-
infracardiac TAPVR (28 patients) types.

The length of the postoperative follow-up period was
79.8 + 81.5 months. The mean postoperative periods, where
ventilator care and intensive care were required, were 13.9
and 20.0 days, respectively. Immediate major operative com-
plications, including diaphragmatic palsy, chylothorax, pleu-
ral effusion, arrhythmia, and pump weaning failure, were
observed in 22 patients (43.1%). (Table 2) Seven patients
died early in the postoperative course. Three of these seven
patients were of the infracardiac type, and the remaining
four had non-infracardiac type TAPVR. One patient died
due to postoperative brain damage, while the other six died
from acute respiratory failure due to pulmonary hyperten-
sive crisis. After initial hospitalization or after the first 30
postoperative days, there were no deaths from infracardiac
TAPVR, but three patients with non-infracardiac TAPVR
died. Overall, 10 patients (19.6%) died, and eight addi-
tional patients (15.7%) suffered from pulmonary vein ste-
nosis, during the follow-up period. The Kaplan-Meier curve
showed a better cumulative survival time in patients with
infracardiac TAPVR than for those with non-infracardiac
TAPVR, but this difference was not statistically significant
(P =0.308). (Figure 1)

According to Cox’s proportional hazards model, the sig-
nificant factors for survival after repair of obstructive TAPVR
did not include anatomical type of TAPVR, but instead post-
operative course of ventilator care, ICU stay, and total hos-
pital stay. (Table 3) Finally, our study revealed significantly
longer hospitalization in patients with non-infracardiac

TAPVR compared with infracardiac TAPVR.

Table 1. Data for all patients after the repair of obstructive total anomalous pulmonary venous return (TAPVR)

Total Infracardiac Type Non-Infracardiac Type P-value
Number ** 51 23 (45) 28 (55)
Gestation age (week)* 39.0 £ 1.2 39.2+ 1.1 38.8+ 1.3 .333
Birth weight (kg)* 3.08 + 0.46 3.14 + 0.48 3.02 £ 0.44 377
Age at operation (day)* 21.3 £30.9 10.4 £ 15.4 30.2 £ 37.2 .022
Weight at operation (kg)* 3.36 £ 0.74 3.22 +0.60 3.48 £0.83 214
Postoperative ventilator care (day)* 13.9 £ 13.1 10.0+72 17.0 £ 16.0 .046
Postoperative intensive care (day)* 20.0 + 16.9 14.0+6.8 24.9+20.9 .020
Postoperative hospital stay (day)* 28.9 +£27.9 18.9+7.2 373 £35.1 .016
Postoperative major complications** 22 (43.1) 7 (30.4) 15 (53.6) .155
Hospital mortality** 7 (13.7) 3 (13.0) 4 (14.3) 1.000
Follow-up mortality** 10 (19.6) 3 (13.0) 7 (25.0) 480
Postoperative pulmonary vein stenosis** 8 (15.7) 2 (8.7) 6 (21.4) 269

* Mean + SD, ** N (%)
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Table 2. Postoperative major complications

Non-Infracardiac

Total Infracardiac Type Type
Diaphragmatic palsy (n) 5 1 4
Chylothorax (n) 4 1 3
Pleural effusion (n) 7 3 4
Arrhythmia (n) 5 2 3
ECMO insertion (n) 1 0 1

n : number of patients

Our study suggested that patients with non-infracardiac
TAPVR with obstruction had a longer postoperative course
and more complications than the other group. In addition,
the survival rate was poorer, and the postoperative pulmo-
nary vein stenosis rate was more frequent in these patients
compared with infracardiac TAPVR patients with obstructive
pulmonary vein stenosis, although this difference was not sta-
tistically significant.

The mortality rate, following repair of isolated TAPVR, has
decreased dramatically [Karamlou 2007; Modi 2008; Lemaire
2017]. However, preoperative pulmonary vein obstruction
and infracardiac TAPVR have been suggested as risk factors
for early mortality in various studies [Karamlou 2007; Husain
2012; Lemaire 2017; Shi 2017]. In obstructive TAPVR, Jing-
hao et al. reported an operative mortality of 2.9% [Jinghao
2014], whereas Huiwen et al. found an overall mortality rate
of 26.7% in the preoperative obstructive type [Shi 2017].
Based on our study’s results, length of hospital stay and long-
term mortality in obstructive TAPVR were 13.7% and 19.6%,
respectively, and significant risk factors for survival according
to a Cox’s proportional hazards model were duration of post-
operative ventilator care, length of ICU stay, and hospitaliza-
tion duration but not anatomical type of TAPVR. Therefore,
the overall outcome of repair for obstructive TAPVR is likely
associated with the immediate postoperative course.

TAPVR type
=1 infracardiac type
11 non-infracardiac type

\ —— 1-censored

= 2-censored

Cummulative Survival Rate

o 50 100 150 200 250
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Figure 1. The Kaplan-Meier cumulative survival curve revealed a bet-
ter survival rate postoperatively in patients with infracardiac obstruc-
tive TAPVR than in patients with non-infracardiac obstructive TAPVR.
TAPVR; total anomalous pulmonary venous return.

Previous studies have reported that infracardiac TAPVR
with obstruction carries a higher mortality than non-
infracardiac TAPVR with obstruction [Jinghao 2014; Shi
2017]. However, we observed that the immediate postop-
erative course was significantly worse in patients with non-
infracardiac TAPVR based upon longer length of ICU stay,
ventilator care requirements, and overall length of hos-
pitalization. Although the difference was not statistically
significant, major postoperative complications and pulmo-
nary vein stenosis were more frequent in patients with non-
infracardiac TAPVR. In addition, higher total mortality and
lower cumulative survival rates were observed in patients
with non-infracardiac type. We suggest that this trend
might be associated with time pulmonary venous obstruc-
tion occurred. Due to patent ductus venosus during the fetal
period, pulmonary venous obstruction in infracardiac type
patients might only present after birth, and pulmonary con-
gestion then progresses rapidly after closure of the ductus
venosus at birth. However, pulmonary venous obstruction in
non-infracardiac type patients is not related to patent ductus
venosus and can therefore exist during the fetal period. The
successful stenting of ductus venosus soon after birth in two

Table 3. Relative risk (Cox’s proportional hazards model) for survival after repair of obstructive TAPVR

B SE Wald

95.0% Cl for Exp(B)

df sig Exp(B) lower upper
Age at operation -0.186 0.202 0.847 1 0.357 0.83 0.558 1.234
Weight at operation -1.107 1.372 0.651 1 0.420 0.33 0.022 4.867
Postoperative ventilator care -0.658 0.214 9.474 1 0.002 0.52 0.341 0.787
Postoperative intensive care 0.315 0.110 8.212 1 0.004 1.37 1.105 1.701
Postoperative hospital stay 0.126 0.043 8.675 1 0.003 1.13 1.043 1.233
TAPVR type -0.0687 0.690 0.990 1 0.320 0.503 0.130 1.946
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neonates, who demonstrated a good outcome, supports our
hypothesis [Higaki 2010].

This study had the usual limitations of a retrospective,
non-randomized investigation. Because this study was a
single institutional study, the treatment protocol and surgical
techniques were likely uniform, which made it is easy to ana-
lyze the data. However, due to the small number of patients,
statistical significance could not be determined. And there are
many confounding factors that might make different surgical
outcomes, such as limitations in diagnosis, time of surgery,
different surgical techniques, and patient’s characteristics.
Some patients were lost to follow up and other reasons for
bias can exist in this study. Therefore, a large-scale, well-
controlled study will be required to support the findings of
inferior outcomes in repair of non-infracardiac TAPVR.

Although this is a limited study with small number of patient,
the outcomes of surgical repair for obstructive TAPVR of the
non-infracardiac type were not better than those of infracardiac
type. A longer postoperative course and more complications
were observed in patients with non-infracardiac TAPVR with
obstruction. Their survival rate was poorer, and postoperative
pulmonary vein stenosis was more frequent in those patients
compared with infracardiac TAPVR. However, a large-scale
and well designed study is mandatory for support our findings.
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