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Abstract
Background: Surgical repair of total anomalous venous drainage (TAPVD) is lifesaving. The operative mortality is
reported between 4 and 35%. Anatomical type, obstructed presentation, associated single ventricle, and heterotaxy
syndromes are thought to influence short- and long-term outcomes. The effect of simple versus sutureless repair
for primary surgery is unclear. This study reports the outcomes of the surgical repair and the effect of these variables in
a contemporary setting.
Results: Between 2011 and 2019, all patients undergoing surgical repair for TAPVD were included. Operative
mortality, length of hospital stay, and long-term survival were reported. The effect of anatomical type, surgical
technique, obstruction, and associated lesions was assessed. Pearson’s test, Wilcoxson’s test, and generalized
linear regression with Poisson distribution were used.
Forty-nine patients from two centers underwent TAPVD repair. The operative mortality was 4%. Postoperative
pulmonary vein stenosis occurred in three patients, and reoperation was done in one patient. Survival free
from reoperation was 98%, 98%, and 90% at 1, 24, and 60 months in the absence of pulmonary vein stenosis.
However, all three patients who developed pulmonary vein stenosis died, at 0.5, 2.7, and 6.3 months of follow-up,
respectively. We were unable to detect a significant effect of anatomical type, preoperative obstruction, associated single
ventricle, or heterodoxy syndrome on operative mortality or long-term freedom from death or reoperation. Patients who
presented with obstruction and infracardiac or supracardiac TAPVD had longer hospital stay.
Conclusion: TAPVD repair outcomes are excellent except for patients who develop postoperative pulmonary venous
stenosis. Anatomical type, obstructed presentation, associated single ventricle, or heterotaxy are not significant predictors of
survival.
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Background
Surgical correction is a lifesaving treatment for total anomalous pulmonary venous drainage (TAPVD). The operative
mortality of surgery varies widely in the literature between 4
and 35% [1–4]. Anatomical type [5], stenosis of the drainage
pathway [6], surgical technique [6–12], and time era all are
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reported to have an important effect of short- and long-term
outcomes. Associated single ventricle anomalies carry a particularly poor prognosis [13]. The advent of the so-called
sutureless techniques is thought to prevent stenosis and have
an impact on long term outcomes [14, 15]. Pulmonary vein
stenosis is a dreaded and relentless complication reported
with all types of surgical techniques [9]. The use of modern
postoperative measures including high-frequency jet ventilation (HFJV) and extracorporeal membrane oxygenation
(ECMO) is thought to be helpful in some cases with
obstructed TAPVD [16–18]. However, air embolism has
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been reported as a complication of aggressive ventilation that
may be specific to sutureless repair [19].
This study describes the outcomes of surgical repair of
TAPVD and the effect of anatomical and surgical
factors.

Methods
Patients who underwent surgical repair of TAPVD from
September 1, 2011, to December 13, 2019, were included. The data were collected retrospectively using an
encrypted online database [20]. Five surgeons in two
centers contributed to this cohort of patients. Follow-up
was obtained by review of electronic records and direct
contact of the treating physicians and the parents if recent data were not available in the records. The diagnosis was established by detailed echocardiographic studies
and augmented with computed tomography and magnetic resonance imaging when the diagnosis and anatomical type was not clear by echocardiography.
The surgical methods included the use of cardiopulmonary bypass (CPB) with antegrade blood or Del Nido cardioplegia [21], and occasional periods deep hypothermic
circulatory arrest. Direct suture technique between the
posterior wall of the left atrium and the pulmonary venous
confluence was the preferred technique. In the presence
of small pulmonary veins or multiple venous confluences,
sutureless techniques by suturing the incised left atrial
wall to in situ pericardium around the incised pulmonary
veins were used [14]. The draining vertical vein was ligated or divided when possible. In cases of infracardiac
TAPVD or where the drainage vein was stenotic, it was
left untouched. In cases of cardiac TAPVD, the dilated
coronary sinus was completely unroofed and the atrial
septation was recreated with a patch of autologous pericardium. If the pulmonary veins were small or stenotic,
sutureless technique was applied. ECMO and HFJV were
used only when necessary. Delayed sternal closure was
also utilized if needed [22].
Statistical methods

The data were described as frequency and percent for
categorical variables, and median and quartiles for continuous variables. The normality and linearity or continuous variables were assessed, and transformation or
statistical methods suitable for such variables was used
when necessary. The outcome measures of interest were
operative mortality (OM) defined as death due to any
cause during the index admission, postoperative length
of stay (LOS) in the hospital, and long-term survival.
The need for reoperation for pulmonary vein stenosis
was recorded. The effect of anatomical type, simple
versus sutureless repair technique, associated single ventricle lesions, and heterotaxy syndromes as well as
demographic variables was assessed. For OM, due to its
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rarity, Pearson chi-square with continuity correction or
Wilcoxon test was used for categorical and continuous
variables, respectively. For LOS, the analysis was limited
to survivors and a multivariable generalized linear regression model with Poisson distribution was used. For
long-term survival, Kaplan-Meier survival analysis was
used for the graphical description of freedom from death
or reoperation. Log-rank test was used to test for significant associations. All statistical analyses were done using
the R statistical system with Hmisc and rms packages
[23–25].

Results
In the study period, 49 patients underwent primary
TAPVD repair. The anatomical type distribution was
supracardiac in 51% (25), cardiac in 18% (9), infracardiac
in 16% (8), and mixed in 14% (7) of the patients. Single
ventricle lesions and heterotaxy syndromes were each
present in 12% (6) of the patients. According to risk adjustment in congenital heart surgery (RACHS-1) risk
categorization, patients who underwent surgery before
30 days of age were classified as category 4, 22% (11),
and those who were 30 days of age or older were classified as category 2, 78% (39) regardless of anatomical type
or associated lesions [24]. Approximately one third of
the patients, 29% (14), presented with obstructive symptoms and required emergency surgery. The frequency of
presentation with obstruction was significantly higher in
infracardiac TAPVD (87.5%) compared to the other
types (11–12%), P value < 0.001. Moreover, the median
age at operation was significantly younger in patients
with infracardiac TAPVD, P value = 0.01. There were
two main surgeons contributing 67% (33) and 16% (8) of
the patients, respectively. The remaining three surgeons
contributed less patients. Table 1 shows the details of
the patient demographics grouped by anatomical type of
TAPVD.
The CPB and aortic cross-clamp times were higher for
mixed type TAPVD, P value < 0.001. However, delayed
sternal closure was highest in infracardiac TAPVD, P
value < 0.001. There were two deaths during the hospital
stay, one for infracardiac and one for cardiac TAPVD,
and overall OM was 4% (2/49) and was not significantly
different between neonates and older children, P value =
0.9; the anatomical TAPVD types, P value 0.55; or presentation with obstruction, P value 0.8. Completeness of
follow-up was 96%, and there were two late deaths at 6
and 49 months. One of the late deaths was related to
pulmonary vein stenosis in a patient who presented 6
months after surgery to the emergency department at a
peripheral hospital and was not fit for transport to a cardiac surgical facility. The cause of death in the other patient who died at 49-month follow-up is unknown.
Three patients were diagnosed with postoperative
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Table 1 Descriptive statistics by TAPVD type (N = 49)
Cardiac, N = 9
Age in days

79.0

128.0 153.0

Infracardiac, N = 8
23.5

32.5 47.5

Mixed, N = 7
25.5

65.0 135.5

Supracardiac, N = 25
59.0

124.0 267.0

Combined, N = 49
38.0

87.0 157.0

P value
0.011

Gender
F

77.78% (7)

12.50% (1)

42.86% (3)

36.00% (9)

40.82% (20)

M

22.22% (2)

87.50% (7)

57.14% (4)

64.00% (16)

59.18% (29)

Weight in kg
BSA in m

2

0.0462

3.55

3.90 4.20

2.53

3.00 3.55

3.43

3.80 4.55

3.60

4.60 6.50

3.26

4.00 5.00

0.1621

0.23

0.24 0.27

0.18

0.18 0.20

0.21

0.24 0.27

0.22

0.25 0.31

0.20

0.24 0.27

0.0091
0.3042

Single ventricle
No

100.00% (9)

87.50% (7)

100.00% (7)

80.00% (20)

87.76% (43)

Yes

0.00% (0)

12.50% (1)

0.00% (0)

20.00% (5)

12.24% (6)

No

88.89% (8)

87.50% (7)

100.00% (7)

84.00% (21)

87.76% (43)

Yes

11.11% (1)

12.50% (1)

0.00% (0)

16.00% (4)

12.24% (6)

No

55.56% (5)

12.50% (1)

85.71% (6)

92.00% (23)

71.43% (35)

Yes

44.44% (4)

87.50% (7)

14.29% (1)

8.00% (2)

28.57% (14)

2

88.89% (8)

50.00% (4)

57.14% (4)

88.00% (22)

77.55% (38)

4

11.11% (1)

50.00% (4)

42.86% (3)

12.00% (3)

22.45% (11)

A

55.56% (5)

87.50% (7)

57.14% (4)

52.00% (13)

59.18% (29)

B

44.44% (4)

12.50% (1)

42.86% (3)

48.00% (12)

40.82% (20)

A

22.22% (2)

50.00% (4)

14.29% (1)

4.00% (1)

16.33% (8)

B

66.67% (6)

25.00% (2)

71.43% (5)

80.00% (20)

67.35% (33)

C

11.11% (1)

12.50% (1)

14.29% (1)

8.00% (2)

10.20% (5)

D

0.00% (0)

12.50% (1)

0.00% (0)

4.00% (1)

4.08% (2)

E

0.00% (0)

0.00% (0)

0.00% (0)

4.00% (1)

2.04% (1)

Heterotaxy
0.7252

Obstructed
< 0.0012

RACHS
0.062

Hospital
0.3552

Surgeon
0.2932

b c represent the lower quartile a, the median b, and the upper quartile c for continuous variables. Numbers after proportions are frequencies
Kruskal-Wallis test
2
Pearson test
a
1

Table 2 Operative and outcome statistics (N = 49)
Cardiac, N = 9

Infracardiac, N = 8

Mixed, N = 7

Supracardiac, N = 25

Combined, N = 49

P value
< 0.0011

CPB time (min)

43.0

Aortic clamp time (min)

23.00

DHCA used

0.00% (0)

25.00% (2)

0.00% (0)

16.00% (4)

12.24% (6)

0.2872

Sutureless repair

11.11% (1)

12.50% (1)

14.29% (1)

4.00% (1)

8.16% (4)

0.7452

Delayed Sternal Closure

22.22% (2)

87.50% (7)

0.00% (0)

16.00% (4)

26.53% (13)

< 0.0012

ECMO

11.11% (1)

12.50% (1)

0.00% (0)

0.00% (0)

4.08% (2)

0.2672

Operative death

0.00% (0)

12.50% (1)

0.00% (0)

4.00% (1)

4.08% (2)

0.5462

Stenosis

11.11% (1)

12.50% (1)

0.00% (0)

4.00% (1)

6.12% (3)

0.6582

Reoperation

0.00% (0)

0.00% (0)

0.00% (0)

4.00% (1)

2.04% (1)

0.8062

64.0 64.0
35.00 43.00

65.0

84.0 103.5

28.50

44.50 63.25

78.5

100.0 114.0

54.50

62.00 84.00

42.0

53.0 69.0

25.00

32.00 37.00

45.0

64.0 83.0

26.00

35.00 48.00

b c represent the lower quartile a, the median b, and the upper quartile c for continuous variables. Numbers after proportions are frequencies
Kruskal-Wallis test
2
Pearson test
a
1

< 0.0011
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pulmonary vein stenosis at 2 weeks, 6 months, and 49
months after the primary surgery. The patient diagnosed
at 2 weeks postoperatively was a patient with supracardiac TAPVD who was discovered to have retroesophageal course of the venous confluence draining vein [26].
She underwent reoperation during the same hospital admission and remains asymptomatic at 5 months’ followup after the reoperation. The patient who was diagnosed
at 6 months is the same patient who was reported above
as a late death and did not undergo reoperation. The
third patient with presumed pulmonary vein stenosis
had infracardiac TAPVD. Her initial presentation was
with obstructed TAPVD and had a complicated postoperative course and was not fit to undergo reoperation
(Table 2).
Over long-term follow-up, pulmonary vein stenosis
was significantly associated with death or reoperation, Fig. 1, P value < 0.001. However, the anatomical type of TAPVD and repair technique were not
significantly associated with freedom from death or
reoperation, Figs. 2 and 3, respectively. The presence
of preoperative obstructed TAPVD also did not
affect the long-term freedom from death or reoperation, P value 0.5.
Obstructed presentation was significantly associated
with prolonged hospital stay in survivors, P value =
0.002, Fig. 4. The prolonged hospital stay was also significantly associated with infracardiac and supracardiac
TAPVD types and with body surface area in a non-linear
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fashion, Fig. 4. Single ventricle anomalies, heterotaxy
syndrome, and age at operation were not significant predictors of postoperative hospital stay, Fig. 4.

Discussion
In a recent meta-analysis of 26 studies involving over
2700 patients, Wu et al. concluded that primary sutureless repair was associated with less post-operative pulmonary vein stenosis and need for reoperation; however,
there was no difference in early late or overall survival
[10]. In line with that, we did not find any significant association between the repair technique and freedom
from death or reoperation; the determination of whether
the type of surgical technique is associated with postoperative stenosis and long-term outcomes is in need for
prospective randomized trials and cannot be made from
retrospective studies.
There were only two deaths before hospital discharge
and two late deaths; therefore, we were not able to perform a multivariable analysis for survival. However, in
univariable analysis, we did not find that neonatal age,
weight, TAPVD anatomical type, or presentation with
obstruction were significantly associated with operative
or long-term death. This contrasts with the findings of
the larger and more long-term studies like Yong et al.
[13] and Sakamoto et al. [4] which showed that neonatal
age, weight less than 2 kg, and mixed TAPVD were factors associated with reduced survival.

Fig. 1 Kaplan-Meier freedom from death or reoperation in patients who developed postoperative pulmonary vein stenosis and those who
did not
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Fig. 2 Kaplan-Meier freedom from death or reoperation shown by TAPVD anatomical types

Fig. 3 Kaplan-Meier freedom from death or reoperation in classic and sutureless repair patients
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Fig. 4 Predictors of postoperative length of stay using a generalized linear model with Poisson distribution. Test shown is Wald statistic of model
analysis of variance. SV: single ventricle anomalies, TAPVDtype: anatomical TAPVD type, Crdc: cardiac TAPVD, Infr: infracardiac TAPVD, Mixd: mixed
TAPVD, Sprc: supracardiac TAPVD, BSA: body surface area

The current study has shown that pulmonary vein
stenosis is an important predictor of long-term freedom
from death or reoperation. It is our current belief that if
surgery can be done avoiding postoperative pulmonary
vein stenosis, then the outcomes should be very good regardless of other factors [27, 28].
The presence of TAPVD in association with heterotaxy syndromes and single ventricle anomalies is believed to be a poor prognostic indicator, and some
would deny such patients’ surgical care. In the current
study, we did not find that to be justifiable. This is consistent with the reporting of outcomes of patients who
underwent TAPVD repair with single ventricle anomalies and then went on to receive a Fontan operation,
Yong et al. [13]. The outcomes of patients who had
TAPVD repair then Fontan operation were comparable
to Fontan patients without TAPVD repair.
The present study is limited by its retrospective nature
and small number of patients and outcomes. However, it
represents the complete experience of two surgical centers over an 8-year period with near-complete follow-up.

Conclusion
Surgical correction of TAPVD is a lifesaving operation
and is applicable to patients who present with this

anomaly regardless of age, weight, anatomical type, heterotaxy, or single ventricle anomalies. Preoperative obstruction of the pulmonary venous pathway is likely a
significant factor in the patient reaching or failing to
reach the operative setting; however, once the repair is
performed, preoperative obstruction does not affect
long-term outcome but may prolong the hospital stay. It
is the development of postoperative pulmonary vein
stenosis that significantly reduces freedom from death
and reoperation.
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