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ABSTRACT                                                                                                                                             

Background: We assessed risk factors for early mortal-
ity in isolated total anomalous pulmonary venous connection 
over a modern era excluding emergent cases to eliminate the 
influence of associated factors on surgical outcome.  

Methods: 70 patients with isolated total anomalous pul-
monary venous connection who were repaired electively 
between January 2013 and February 2018 were included. 

Results: In-hospital mortality was encountered in 4 
patients (5.7%). Upon univariate analysis, low age (P = .003) 
and weight (P = .001) at surgery, preoperative pulmonary 
venous obstruction (P = .010), preoperative low oxygen satu-
ration (P = .031), long cardiopulmonary bypass (P = .001) and 
aortic cross clamp (P = .003) times, long duration of mechani-
cal ventilation (P = .001), chest infection (P = 0.041), postop-
erative low CO syndrome (P < .001) and long postoperative 
inotropic support (P = .015) were significant predictors of in-
hospital mortality. In multivariate analysis postoperative low 
cardiac output syndrome (OR: 1.060; 95% CI: 1.008-1.116) 
and prolonged postoperative mechanical ventilation (OR: 
1.772; 95% CI: 1.141-2.751) were independent factors of in-
hospital mortality.

Conclusion: Surgical repair of TAPVC is now performed 
with acceptable results. According to our study, postoperative 
low cardiac output syndrome and prolonged postoperative 
mechanical ventilation were the most significant predictors 
for early mortality.

INTRODUCTION

Total anomalous pulmonary venous connection (TAPVC) 
is a rare heterogeneous group of congenital anomalies rep-
resenting 1-3% of all congenital heart diseases with an inci-
dence of about 1/100,000 live births [Herlong 2000]. Out-
come of surgical repair of TAPVC is dependent on many 
variables such as early age at surgery, preoperative pulmonary 
venous obstruction (PVO), anatomic variations and associ-
ated anomalies with a rate of in-hospital mortality of about 
5-10% [St Louis 2012]. In this study, we assess risk factors 

for early mortality in isolated TAPVC over a modern era of 
5 years, eliminating the influence of associated factors on the 
outcome of repair. Emergent cases were excluded due to the 
combined effects like higher incidence of preoperative PVO 
as well as more severity of symptoms in such cases.

PATIENTS AND METHODS

This study was approved by the ethical committee of our 
university. Data were collected from the hospital medical 
registers and outpatient records. An informed consent was 
obtained from at least one of the parents of the patients. 70 
patients who underwent elective primary operative repair of 
isolated TAPVC between January 2013 and February 2018 at 
our institute were included in this study. Echocardiography 
and computed tomography angiography were performed on 
all patients to establish the diagnosis. Cases associated with 
cardiac anomalies other than patent ductus arteriosus (PDA) 
and atrial septal defect (ASD) as well as emergency cases were 
excluded. Emergency cases were defined as those requiring 
surgery within 24 hours of the established diagnosis. Early 
mortality was defined as death occurring during the same hos-
pital stay after the primary operation. PVO was indicated by a 
non-phasic flow velocity >1.8 m/s or a pressure gradient along 
the pulmonary venous flow >5 mmHg, either due to intrinsic 
stenosis, eg at the pulmonary venous ostia, or external stenosis 
at the connecting vein or atrial communication [Kato 2014]. 
Risks of early mortality were measured individually with 
patient parameters to assess their significance on the outcome 
of surgical repair. These factors included: age and weight at 
the time of initial surgery, gender, type of TAPVC, preop-
erative PVO, preoperative O2 saturation, preoperative  signs 
of heart failure, cardiopulmonary bypass (CPB) time, aortic 
cross-clamp (ACC) time, postoperative complications (pul-
monary restenosis, arrhythmia, low cardiac output syndrome, 
chest infection, bleeding, and diaphragmatic paralysis), total 
hospital stay, duration of postoperative ventilation and dura-
tion of postoperative inotropic support. Low cardiac output 
syndrome was defined as persistent hypotension, oliguria or 
anuria, metabolic acidosis, and delayed peripheral capillary 
refill time with a cardiac index of less than 2.0 L/min/m2.

Statistical Analysis
Data were coded and entered into the statistical package 

SPSS (Statistical Package for the Social Sciences) version 
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25. Data were summarized using mean ± standard devia-
tion, median, minimum and maximum (range) in quantita-
tive data as well as frequency (count) and relative frequency 
(percentage) for categorical data. Univariate analysis and 
the significance of the association between quantitative vari-
ables were done using the non-parametric Mann-Whitney 
test. For comparing categorical data, Pearson chi-square test 
was performed and Fisher exact test was used instead when 
the expected frequency was less than 5. Multivariate logistic 
regression analysis was done to detect independent predic-
tors of death. P values less than .05 were considered statisti-
cally significant. Kaplan-Meier curves were used to determine 
the overall survival rate and freedom from pulmonary venous 
restenosis or reintervention.

Surgical Techniques
All operations were performed under general anesthesia 

through full median sternotomy. Cardiopulmonary bypass 
was established via aorto-bicaval cannulation. Myocardial 
protection was carried on with intermittent antegrade cold 
blood cardioplegia and systemic hypothermia to 28°C. Deep 

hypothermic circulatory arrest was not used. The vertical vein 
was ligated in 68 patients (97%). In only 2 cases the vein was 
left as a vent due to significantly high left atrial pressure. The 
median total cardiopulmonary bypass time for all patients 
was 90 minutes (range 48-180 minutes), median aortic cross 
clamp (ACC) duration was 60 minutes (range 30-90 min-
utes) and median total operative time was 130 minutes (range 
95-240 minutes). A PDA was found in 32 patients (45.7%) 
and was ligated.

Supra-cardiac type. The posterior wall of the left atrium 
(LA) was anastomosed to the pulmonary venous conflu-
ence side-to-side in a transverse fashion. The ASD was then 
closed through right atriotomy with a pericardial patch to 
enlarge the LA.

Cardiac type. The ASD was extended through right atri-
otomy to un-roof the coronary sinus, and was then closed using 
a pericardial patch to baffle the anomalous veins into the LA.

Infra-cardiac type. A vertical incision was made in the 
confluence of pulmonary veins and a matching incision was 

Table 1. Patient Characteristics (n = 70)

Sex, n (%)

Male 37 (52.9)

Female 33 (47.1)

Median weight at surgery 4.6 kg (3-10)

Median age at surgery 5 mo (1.23-36)

Type of TAPVC, n (%)

Cardiac 18 (25.7)

Supra-cardiac 43 (61.4)

Infra-cardiac 5 (7.14)

Mixed 4 (5.7)

Pre-repair pulmonary venous obstruction, n (%)

Cardiac 1 (5.6)

Supra-cardiac 6 (14)

Infra-cardiac 3 (60)

Mixed 1 (25)

Preoperative signs heart failure, n (%) 42 (60)

Cyanosis, n (%) 28 (40)

Preoperative O2 saturation 89.96±4.85

Postoperative complications, n (%)

Postoperative pulmonary restenosis 3 (4.3)

Arrhythmia 8 (11.4)

Postoperative low cardiac output syndrome 3 (4.3)

Chest infection 6 (8.6)

Bleeding 3 (4.3)

Diaphragmatic paralysis 3 (4.3)

Superficial wound infection 2 (2.8)

Figure 1. Kaplan-Meier curve for survival (time in months).

Figure 2. Kaplan-Meier curve for pulmonary venous restenosis (time 
in months).
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done on the posterior left atrial wall. Both incisions were 
then anastomosed side-to-side together. Finally, the ASD was 
closed using a pericardial patch.

Mixed type. A combination of the above techniques was used.

RESULTS

Thirty-seven cases were males (52.9%) and 33 were 
females (47.1%). Median age and weight at surgery were 5 
months (range 1.23-36 months) and 4.6 kg (range 3-10 kg), 
respectively. The TAPVC anatomy was supra-cardiac in 
43 (61.4%) cases, cardiac in 18 (25.7%), infra-cardiac in 5 
(7.14%), and mixed in 4 (5.7%). In the supra-cardiac cases 
the vertical vein was found draining the venous confluence in 
the innominate vein in 25 patients, in the superior vena cava 
in 10 patients, and in the azygous vein in 8 patients; while in 
the cardiac form the venous confluence was connected to the 

coronary sinus in all cases. In the infra-cardiac variant, the 
vertical vein drained into the inferior vena cava in 2 patients 
and into the hepatic vein in 3 patients.

Eleven patients (16%) were diagnosed with pre-repair pul-
monary venous obstruction. Of these patients, 6 out of the 43 
cases (14%) with the supra-cardiac type of TAPVC, 1 out of 
the 18 cases (5.6%) with the cardiac type, 3 out of the 5 cases 
(60%) with the infra-cardiac type and 1 out of the 4 cases 
(25%) with the mixed type were obstructed at the time of 
diagnosis. The 6 patients of supra-cardiac TAPVC with PVO 
had obstruction of the ascending vertical vein. The patient 
of cardiac TAPVC with PVO had obstruction at the atrial 
communication. In infra-cardiac TAPVC, one patient had 
obstruction of the vertical vein and the other 2 had obstruc-
tion in the intra-hepatic vein. The patient of mixed TAPVC 
with PVO had the obstruction at the vertical vein connect-
ing the common pulmonary confluence to innominate vein. 
Forty-two patients (60%) presented preoperatively, mainly 

Table 2. Univariate Analysis of Patient Variables to Determine Significant Risks of Early Mortality

In-hospital Mortality P

Yes (n = 4) No (n = 66)

Age, mo 3.06 ± 1.23 6.93 ± 5.58 .003

Sex, n (%)

Male 2 (50) 2 (50)

Female 34 (51.5) 32 (48.5) .699

Weight, kg 3.67 ± 0.48 5.32 ± 1.73 .002

TAPVC type, n (%)

Supra-cardiac 2 (50) 40 (60)

Cardiac 0 17 (26)

Infra-cardiac 1 (25) 5 (8)

Mixed 1 (25) 4 (6) .069

Preoperative PVO, n (%) 1 (25) 10 (15) .038

Preoperative O2 saturation (%) 83.14 ± 4.18 87.38 ± 4.76 .031

Preoperative signs of heart failure, n (%) 1 (25) 36 (54.5) .061

Cardiopulmonary bypass time, min 128.57 ± 37.05 87.24 ± 13.77 .007

Aortic cross-clamp time, min 73.57 ± 13.14 57.60 ± 10.36 .008

Postoperative pulmonary restenosis, n (%) 1 (25) 2 (3) .275

Arrhythmia, n (%) 7 (12.1) .087

Postoperative low CO, n (%) 3 (75) 0 .001

Chest infection, n (%) 1 (25) 5 (7.5) .041

Postoperative bleeding, n (%) 0 3 (4.5) .275

Diaphragmatic paralysis, n (%) 0 3 (4.5) .275

Total hospital stay, days 8.95 ± 2.78 8.86 ± 5.70 .434

Postoperative ventilation, days 7.14 ± 4.74 1.22 ± 1.17 .001

Postoperative inotropic support, days 7.14 ± 4.81 2.03 ± 1.71 .015

CO indicates cardiac output; PVO, pulmonary venous obstruction. Bold indicates statistically significant values.
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with signs of heart failure. 28 patients (40%) presented mainly 
with cyanosis. Preoperative O2 saturation (SO2) ranged 
between 76% and 95% with a mean of 89.96% (Table 1).

Some complications were encountered postoperatively 
(Table 1). The most frequent type of arrhythmia was nodal 
rhythm as it was reported in 5 patients, while sinus tachy-
cardia was reported in 2 patients, and complete heart block 
occurred only in one case which was managed by permanent 
pacemaker. Four of the patients who developed arrhythmia 
were of supra-cardiac type (4/43, 9.3%), 3 were of cardiac 
type (3/18, 16.7%), and 1 was of mixed type (1/4, 25%). PVO 
was found postoperatively in 3 patients (4.3%). Two of these 
patients had stenosis at the anastomotic sites of the conflu-
ence to the left atrium and were managed with balloon dilata-
tion without surgical intervention to be discharged home in 
a good general condition. The third patient had stenosis at 2 
pulmonary veins before the confluence and was reoperated 
on during the same hospitalization with patch augmentation 
of the individual stenotic veins, but died later in the ICU. 
Wound infection was superficial (2 cases) and was managed 
conservatively with antibiotics according to culture and sen-
sitivity and frequent dressings. Postoperative chest infection 
was a complication in 6 patients (8.6%) and was significantly 
associated with increased duration of mechanical ventilation 
with P < .001. Patients with diaphragmatic paralysis (3 cases) 
received diaphragmatic placation on the side of paralysis 
through a postero-lateral thoracotomy. 

Median postoperative ICU stay was 7 days (1-16 days). 
Median duration of mechanical ventilation in all patients was 
1 day (range 0.5-13 days) while that in patients who died was 8 
days. On the other hand, median duration of postoperative ino-
tropic support was 2 days (range 0.5-13 days) and in those who 
died was 8 days. Median postoperative total hospital stay was 8 
days (1-20 days). In-hospital mortality reached 4 patients (5.7%). 
The main cause of death was refractory low cardiac output (CO) 
syndrome in three cases and respiratory failure with inability to 
wean off mechanical ventilation due to chest infection followed 
by sepsis with multisystem organ dysfunction in one case. 

Of the 66 patients who survived until discharge, 61 patients 
could be followed up with echocardiography for a period of 
7 to 48 months (mean 26.87 ± 10.46 months). If echocardio-
graphic findings were inconvenient, especially regarding the 
possibility of post-repair PVO, computed tomography angi-
ography was performed. There were 2 late deaths at 12 and 
18 months due to non-cardiac cause (gastroenteritis). 

Five patients of the 61 followed cases (8.6%) developed 
pulmonary venous stenosis. Two of these patients developed 
early postoperatively restenosis and were managed with bal-
loon dilatation. These 2 patients were managed 24 and 28 
months after the initial surgery, respectively, with patch aug-
mentation and pulmonary vein endarterectomy due to wors-
ening of symptoms (recurrent hemoptysis and decreasing 
exercise tolerance) and did well during the later follow up. 
The other 3 patients were not symptomatic and were man-
aged with repeated balloon dilatation after a median period 
of 11.4 months from the primary repair at 1 year intervals 
(Figures 1 and 2).

Upon univariate analysis to determine significant risks of 
early mortality, lower age and weight at time of surgery, pre-
operative PVO, lower preoperative oxygen saturation, longer 
CBP and ACC times, longer duration of mechanical ventila-
tion, chest infection, postoperative low CO syndrome, and 
longer postoperative inotropic support were all found to be 
associated with increased mortality (Table 2).

Significant variables in mortality were entered in multi-
variate analysis to determine the independent predictors of 
in-hospital mortality. These were: the occurrence of postop-
erative low cardiac output syndrome and prolonged postop-
erative mechanical ventilation duration (Table 3).

DISCUSSION

The natural course of TAPVC without surgical treat-
ment is associated with progressive heart failure, which is 
linked with >80% mortality in the first year of life without 
surgery. Therefore, surgical correction is recommended once 
the diagnosis has been confirmed. Thanks to improvements 
in the diagnosis modalities, surgical techniques, and postop-
erative care regimens, surgical mortality of TAPVC patients 
decreased from 80% in early series to 5-10% in recent reports 
[Michielon 2002].

This mortality is influenced by anatomical factors and 
clinical aspects, as well as surgical issues. Most previous stud-
ies either represented a small cohort of individual centers or 
included cases with associated anomalies over a long period, 
which imposes a dramatic impact on the outcome [St Louis 
2018; Shi 2017]. Therefore, in our cohort we included only 
cases with simple TAPVC over a recent period, minimizing 
the influence of associated anomalies as well as surgical eras on 

Table 3. Most Significant Predictors of Early Mortality on Multivariate Analysis

B SE Wald df P OR 95% CI

Lower Upper

Postoperative low CO .059 .026 5.118 1 .024 1.060 1.008 1.116

Postoperative ventilation .572 .224 6.496 1 .011 1.772 1.141 2.751

Constant 9.890 2.940 11.316 1 .001 0.000

CO indicates cardiac output.



Predictors of In-Hospital Mortality in Isolated Total Anomalous Pulmonary Venous Connection—Elamry et al

E195© 2019 Forum Multimedia Publishing, LLC

the early mortality. In addition, we excluded emergency cases 
which are associated with the highest mortality in most series 
due to combined factors like increased incidence of preopera-
tive PVO and worsened symptoms of cyanosis (lower preop-
erative O2 saturation), as well as signs of heart failure which 
represent individual risk factors for early mortality [Karamlou 
2007; Kanter 2006; Wu 2016; Kelle 2010]. To our knowledge, 
our study is thus unique in highly isolating risk factors of early 
mortality in simple TAPVC in elective patients.

According to our study, significant factors for mortality 
were low age and weight at the time of surgery, preoperative 
PVO, preoperative low O2 saturation, long CPB time, long 
aortic cross clamp time, long postoperative mechanical ven-
tilation, chest infection, postoperative low CO syndrome and 
long postoperative inotropic support.

Younger age as well as lower body weight at initial repair 
were noted to be significant risks for mortality in some stud-
ies [Karamlou 2007; Kanter 2006; Karaci 2012]. On the other 
hand, other studies like the study of Chi-Lun Wu and asso-
ciates showed younger age at repair not to be a risk factor 
for mortality [Wu 2016]. There is a trend in pediatric car-
diac surgery in general and in TAPVC in particular towards 
early repair once the diagnosis has been confirmed. However, 
whether younger age and lower weight represent a risk factor 
for mortality remains contradictory and is more related to 
center conditions and health care systems.

Preoperative pulmonary vein obstruction was reported to 
occur in 20-60% of TAPVC patients and to be more common 
in infra-cardiac and mixed types [Kelle 2010]. This was also 
true in our study with an incidence of 16% in our cases. PVO 
is linked in most studies, as well as ours, to both increased 
in-hospital mortality rate, and may be due to the need for 
emergent surgery, as well as increased incidence of postop-
erative pulmonary venous restenosis [Wu 2016; Karaci 2012; 
Husain 2012].

Lower preoperative initial SO2 and the presence of signs 
of heart failure may reflect the poor general condition of 
the patient and may point also to preoperative pulmonary 
obstruction or restrictive shunting of blood across the atrial 
communication. In our study, both factors were associated 
with higher mortality but only low preoperative O2 satura-
tion was statistically significant. This agrees partly with the 
study of Chi-Lun Wu and associates, where patients with 
preoperative low O2 saturation, especially those requiring 
preoperative mechanical ventilation or inotropic support, 
showed higher mortality [Wu 2016].

Longer durations of cardiopulmonary bypass and aortic 
cross clamp as predictors of mortality are controversial 
among different studies. Both were significant risks for 
mortality in our study as well as the studies done by Gaynor 
et al and Husain et al [Husain 2012; Gaynor 1999]. In con-
trast, these factors were not shown as risk factors in the 
studies of Karamlou T and Wu CL. When assuming that 
all operations are done by the same experienced surgeons, 
long CPB and aortic cross clamp times are usually attrib-
uted to more complex procedures due to unfavorable anat-
omy especially if other anomalies are associated [Karamlou 
2007; Wu 2016].

Long postoperative mechanical ventilation is usually 
attributed to the presence of chest infection or residual PVO. 
These were associated with higher mortality rate in our study 
as well as others [Wu 2016].

Similarly, the occurrence of postoperative low COP and 
the need of long postoperative inotropic support are closely 
related to increased mortality rate [Hancock Friesen 2005]. 
The occurrence of postoperative low cardiac output syn-
drome together with prolonged postoperative mechanical 
ventilation were the most significant risks for mortality upon 
multivariate analysis in our study. This agrees with the study 
done by Karamlou et al regarding postoperative low cardiac 
output syndrome [Karamlou 2007].

We did not find a significant association between the type 
of TAPVC and mortality (P = .069). Some series showed a 
significant correlation between surgical mortality and the 
infra-cardiac group [Husain 2012]. Nevertheless, the impact 
of TAPVC type on mortality remains controversial between 
different studies according to the study cohort [Kirshbom 
2002]. Similarly, post-repair pulmonary vein restenosis was 
not associated with increased early mortality in our study, 
in contrast to other studies, [Lacour-Gayet 2006] due to the 
low number of patients who developed such complications, as 
they were managed successfully. 

Finally, this study represents a homogenous cohort of iso-
lated TAPVC assessing individually risk factors of early mor-
tality. This would help surgeons to explain potential risks and 
outcomes in TAPVC to the parents before surgery. However, 
our study carries the limitation of the retrospective nature 
and the individual center, pointing to the need for further 
prospective multi-institutional studies. 

Conclusion
Surgical repair of TAPVC is now performed with accept-

able results. According to our study, younger age and lower 
weight at repair, preoperative pulmonary venous obstruction, 
preoperative low O2 saturation, longer duration of CPB and 
ACC, longer duration of postoperative mechanical ventila-
tion and inotropic are significant risk factors for in-hospital 
mortality. Postoperative low cardiac output syndrome and 
prolonged postoperative mechanical ventilation are the most 
significant predictors for mortality upon multivariate analysis.
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