
Vol:.(1234567890)

Pediatric Cardiology (2021) 42:662–667
https://doi.org/10.1007/s00246-020-02527-4

1 3

ORIGINAL ARTICLE

Surgical Timing and Outcomes of Unilateral Versus Bilateral Superior 
Cavopulmonary Anastomosis: An Analysis of Pediatric Heart Network 
Public Databases

Jeffrey M. Shuler1   · Chris Statile2,3 · Haleh Heydarian2,3 · David G. Lehenbauer2,3,4 · Garick D. Hill2,3

Received: 28 July 2020 / Accepted: 18 December 2020 / Published online: 8 January 2021 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC part of Springer Nature 2021

Abstract
Requiring bilateral superior cavopulmonary anastomosis (bSCPA) instead of unilateral superior cavopulmonary anastomosis 
(uSCPA) could influence surgical timing and outcomes. We compared surgical timing and outcomes for patients who under-
went uSCPA to those who underwent bSCPA through use of the Pediatric Heart Network’s public datasets for the Infant 
Single Ventricle trial and Single Ventricle Reconstruction trial. There was no statistically significant difference in median 
age at SCPA (158 vs. 150 days, p = 0.68), hospital length of stay (LOS) (7 vs. 7 days, p = 0.74), intensive care unit (ICU) 
LOS (4 vs. 5 days, p = 0.53), time requiring ventilator support (2 vs. 2 days, p = 0.51), or oxygen saturation at discharge 
(82 vs. 81%, p = 0.22) between the uSCPA and bSCPA groups, respectively. However, sub-analysis comparing only those 
who underwent early SCPA, at < 120 days of age, revealed significantly longer hospital LOS (8 vs. 13 days, p = 0.04), ICU 
LOS (5 vs. 11 days, p = 0.01), and time requiring ventilator support (2 vs. 4 days, p = 0.03) for the early bSCPA group when 
compared to the early uSCPA group. A multivariable logistic regression revealed bSCPA to be the only significant predic-
tor of prolonged hospital LOS for patients who underwent early SCPA (odds ratio 4.1, 95% CI 1.2–14.2). Overall, there 
was no difference in surgical timing or outcome measures between uSCPA and bSCPA. However, early bSCPA, performed 
at < 120 days, had worse outcome measures than early uSCPA. Delaying elective bSCPA until at least 120 days of age could 
minimize morbidity in infants with bilateral superior venae cavae.
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Introduction

The superior cavopulmonary anastomosis (SCPA) operation, 
also known as the bidirectional Glenn, involves connect-
ing the superior vena cava (SVC) directly to the pulmonary 
arteries (PAs) and is typically used as part of a staged pal-
liation in patients with a functionally univentricular heart. 

It is usually performed around four to 6 months of age as a 
second-stage palliative procedure toward the ultimate goal 
of Fontan completion, also known as total cavopulmonary 
anastomosis [1, 2]. For patients with a single SVC, the pro-
cedure is a unilateral superior cavopulmonary anastomosis 
(uSCPA) and for patients with bilateral SVCs, the procedure 
is a bilateral superior cavopulmonary anastomosis (bSCPA). 
In a bSCPA, each superior vena cava must be anastomosed 
to its ipsilateral PA, thus making bSCPA a more complex 
procedure.

Multiple studies have compared uSCPA and bSCPA. 
Some have shown bSCPA to be a risk factor for thrombus 
formation and unfavorable alterations in PA growth [3], 
while others have directly contradicted this and shown no 
such risk increase [4]. Some have shown bSCPA to be safe 
with subsequent Fontan success [4, 5], while others have 
shown that bSCPA patients have higher rates of post-opera-
tive complications, Fontan failure, and early mortality when 
compared to uSCPA patients [6]. There are conflicting data 
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on whether bSCPA patients have worse outcomes than 
uSCPA patients, although many factors and hypotheses have 
been proposed [3, 4, 6, 7]. Age at surgery and anatomic 
complexity have been shown to be associated with adverse 
outcomes [7, 8]. SCPA timing and perioperative practices 
vary by center [9–11]. Although optimal timing of SCPA has 
been evaluated in some populations, it has not been directly 
compared between uSCPA and bSCPA [12].

The Infant Single Ventricle (ISV) and Single Ventricle 
Reconstruction (SVR) trials, conducted by the Pediatric 
Heart Network, generated extensive databases of patients 
with single ventricle lesions who underwent surgical pal-
liation. The ISV trial examined effects of angiotensin-
converting enzyme inhibition in these infants and the SVR 
trial compared survival of newborns randomized to either a 
modified Blalock-Taussig shunt or a right ventricle to pul-
monary artery shunt as part of the Norwood procedure [13, 
14]. Through the use of databases from these studies, we 
sought to compare timing of surgery for patients who have 
undergone uSCPA versus bSCPA and to assess for any cor-
relation between surgical timing and outcomes.

Material and Methods

Data from the publicly available and de-identified datasets 
of the ISV and SVR trials were utilized. The ISV trial was a 
randomized double-blind placebo-controlled trial, conducted 
at 10 centers in the United States and Canada from 2003 to 
2007 to evaluate the efficacy of enalapril in patients with 
single ventricle anatomy. The database includes data for 
185 infants from < 45 days old through 14 months [13]. The 
SVR trial was a randomized trial, conducted at 15 centers 
from 2005 to 2009, with a database that includes data for 
549 infants with single ventricle anatomy who underwent 
surgical palliation randomized to two different shunt types 
at the time of the Norwood operation. Patients were enrolled 
as newborns prior to Norwood palliation and followed to 
14 months of age [14]. Common variables from both data-
sets were merged to form a combined dataset. Patients who 
underwent SCPA were included, while those with inter-
rupted IVC requiring Kawashima (n = 11) were excluded. 
The combined dataset created for the full cohort of patients 
included 481 uSCPA patients and 70 bSCPA patients. A sub-
analysis was performed for an early SCPA cohort, defined as 
SCPA performed at less than 120 days of age. This age cutoff 
was chosen as it represents approximately the first quartile 
for SCPA timing [7]. This early SCPA cohort included 81 
early uSCPA patients and 15 early bSCPA patients. Demo-
graphics and outcome variables for patients who underwent 
uSCPA were compared to those of patients who underwent 
bSCPA.

Statistical analyses were performed using StataIC15 
(Stata Corp, College Station TX). Continuous variables 
are expressed as median with interquartile range. Categori-
cal data are expressed as frequency with percentage. Fish-
er’s exact test was performed for categorical data and the 
Mann–Whitney U test was performed for continuous data. 
A multivariable logistic regression was performed for early 
SCPA patients to determine factors associated with hospital 
LOS greater than 10 days.

Results

For the full cohort (n = 551) there were 188 (34%) females 
with 443 (80%) white, 81 (15%) black/African American 
and 91 (17%) of Hispanic ethnicity. The median gestational 
age was 38 (38–39) weeks and median birth weight was 3.2 
(2.8–3.5) kg. There were 70 patients (12.7%) who under-
went bSCPA. Comparison of demographic data for the full 
cohort (Table 1) and sub-analysis for the early SCPA cohort 
(Table 2) revealed no significant differences between the 
uSCPA and bSCPA groups in median birth weight, median 
gestational age, sex, race, ethnicity, or age at time of SCPA. 
Among the uSCPA patients, 454 (94.4%) had undergone a 
Norwood operation prior to SCPA compared to 60 (85.7%) 
of the bSCPA patients (p = 0.007).

Table 1   Demographic characteristics, full cohort

uSCPA unilateral superior cavopulmonary anastomosis, bSCPA bilat-
eral superior cavopulmonary anastomosis

uSCPA (n = 481) bSCPA (n = 70) P value

Birth weight, g 3200 (2844–3518) 3229 (2880–3640) 0.74
Gestational age, 

weeks
38 (38–39) 39 (37–40) 0.83

Male, n (%) 316 (65.7) 47 (67.1) 0.89
White race, n (%) 391 (82) 52 (74.3) 0.41
Hispanic ethnicity, 

n (%)
79 (16.7) 12 (17.1) 0.87

Age at SCPA, days 158 (128–187) 150 (128–197) 0.68

Table 2   Demographic characteristics, SCPA at < 120 days

uSCPA (n = 81) bSCPA (n = 15) P value

Birth weight, g 3255 (2925–3600) 3180 (2935–3325) 0.42
Gestational age, 

weeks
38 (38–39) 38 (38–39) 0.98

Male, n (%) 64 (79) 13 (86.7) 0.73
White race, n (%) 66 (81.5) 13 (86.7) 0.53
Hispanic ethnicity, 

n (%)
66 (82.5) 12 (80) 0.73

Age at SCPA, days 103 (92–108) 93 (78–110) 0.11
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Analysis of post-operative outcome variables for the 
full cohort revealed no significant difference between the 
uSCPA and bSCPA groups with regards to days requiring 
ventilator support, days in the intensive care unit (ICU), 
post-operative hospital length of stay (LOS), oxygen satu-
ration (SpO2) at discharge, or mortality up to 14 months 
(Table 3). Sub-analysis of the same outcome variables for 
the early SCPA cohort revealed that patients who under-
went early bSCPA spent significantly more days on the 
ventilator, more days in the ICU, and more days in the 
hospital post-operatively than those who underwent early 
uSCPA, but there was no difference in SpO2 at discharge 
or mortality up to 14 months (Table 4). When comparing 
post-operative hospital LOS in only those patients who 
had undergone a Norwood operation prior to their SCPA, 
there was no difference between the uSCPA and bSCPA 
patients (13.7 ± 21.4 days vs. 14.4 ± 35.8 days, p = 0.7).

Scatterplots of age at SCPA and post-operative length of 
stay are shown for the uSCPA (Fig. 1) and bSCPA groups 
(Fig. 2). Multivariable logistic regression for early SCPA 
patients who had prolonged hospital LOS revealed that, 
among those undergoing an early SCPA, those who under-
went bSCPA had an odds ratio of 4.1 for prolonged hospi-
tal LOS compared to those who underwent uSCPA. Birth 
weight, gestational age, sex, race and ethnicity were not sig-
nificantly associated with prolonged LOS (Table 5).

Use of cardiopulmonary bypass and time was only col-
lected for the SVR trial. In the 390 eligible patients of all 
ages in this dataset, bypass was used in 384 with a median 
cardiopulmonary bypass time of 85 (64–118) minutes for 
the 344 who underwent uSCPA and 102 (71–157) minutes 
for the 44 who underwent bSCPA (p = 0.06).

Discussion

This study demonstrated that timing of stage II single ven-
tricle palliation and short-term post-operative outcomes 
did not differ significantly between uSCPA and bSCPA in 
patients from the ISV and SVR trials. The lack of difference 
in short-term outcomes between patients undergoing bSCPA 
versus uSCPA is similar to the findings of Kogon et al. [15]. 
However, they did find a significant difference in age and 
weight between these groups, with the bSCPA patients being 
almost 30 days older and 0.6 kg larger in their single institu-
tion study. A prior evaluation of the ISV cohort for factors 

Table 3   Post-operative outcome 
variables, full cohort

ICU intensive care unit, LOS length of stay, SpO2 peripheral oxygen saturation

uSCPA (n = 481) bSCPA (n = 70) P value

Time on ventilator, days 2 (1–3) 2 (1–4) 0.51
ICU LOS, days 4 (3–7) 5 (3–7) 0.53
Hospital LOS, days 7 (5–11) 7 (5–11) 0.74
SpO2 at discharge, % 82 (79–85) 81 (77–84) 0.22
Mortality by 14 months, n (%) 33 (6.9) 4 (5.7) 0.98

Table 4   Post-operative outcome variables, SCPA at < 120 days

uSCPA (n = 81) bSCPA (n = 15) P value

Time on ventilator, days 2 (1–4) 4 (2–11) 0.03
ICU LOS, days 5 (4–8) 11 (5–23) 0.01
Hospital LOS, days 8 (7–18) 13 (10–31) 0.04
SpO2 at discharge, % 81 (79–83) 80 (75–82) 0.16
Mortality by 14 months, 

n (%)
8 (9.9) 2 (13.3) 0.65

Fig. 1   Hospital LOS by age at 
uSCPA. Scatter plot display-
ing relationship between age 
at uSCPA and post-uSCPA 
hospital length of stay. Black 
dots represent patients who 
underwent uSCPA at < 120 days 
of age and gray dots represent 
patients who underwent uSCPA 
at > 120 days of age
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that influenced timing of SCPA did not specifically evaluate 
bSCPA versus uSCPA but found that younger age at SCPA 
was associated with increased pre-operative complexity and 
pre-SCPA morbidity [7]. Meza et al. determined that 2-year 
survival after the Norwood procedure was greatest when 
SCPA was performed at > 3 months but optimal age differed 
by risk group [12]. In evaluating longer term outcomes, after 
discharge from SCPA, we did not find any difference in mor-
tality between uSCPA and bSCPA out to 14 months of age. 
Iyer at el. similarly found no significant difference in longer 
term mortality between these groups in a cohort undergoing 
their SCPA between 1982 and 1998 [3].

Our study is not the first to show an association between 
early SCPA and prolonged ICU stay, hospitalization, and 
duration of mechanical ventilation [16, 17]. Others have 
also identified potential disadvantages of an early SCPA 
[18]. However, these concerns must be balanced against 
the risk of prolonging the period of shunt-dependent 
physiology and increased vulnerability to sudden cardiac 
death that exists while awaiting second-stage palliation 
[19]. Centers with a later median age at SCPA follow-
ing Stage 1 Norwood have indeed been shown to have 
higher rates of interstage mortality [20]. Furthermore, the 

age at which SCPA is considered early remains a moving 
target. Even extremely early SCPA, at less than 8 weeks, 
has been shown to have good outcomes in some patients 
with worsening cyanosis and heart failure, challenging the 
notion that young age alone should contraindicate SCPA 
[21]. Part of this change may be improved growth for these 
patients making surgery technically feasible at a younger 
age [22, 23].

Our study is unique in that it represents multi-institution 
data comparing timing and outcomes of SCPA in popula-
tions randomized for other studies. This study also identi-
fied poorer short-term outcomes after early bSCPA, defined 
as < 120 days of age, compared to early uSCPA. The rea-
sons for this finding could have multiple contributing fac-
tors. While it was not statistically significant in the SVR 
cohort alone, the median bypass time for bSCPA was almost 
20 min longer than for uSCPA, regardless of surgical timing. 
This may have a more significant effect on post-operative 
recovery in the younger and smaller cohort, as both have 
been associated with worse outcomes after SCPA [7, 24]. 
This is compounded by the slightly younger age at SCPA in 
the bSCPA versus the uSCPA group in our study, although 
again, this did not reach statistical significance. It is pos-
sible that some institutions seek to delay bSCPA, as seen in 
the study by Kogon et al., and therefore may reserve early 
bSCPA for only those with unmanageable physiology, such 
as severe desaturation or inability to gain weight. In con-
trast, these institutions may feel more comfortable with early 
uSCPA for those who are doing well. However, some dif-
ference in age between the groups in the full cohort would 
be expected if this were the case. Furthermore, the fact that 
uSCPA patients were more likely to have undergone a Nor-
wood than were bSCPA patients, rather than vice versa, sug-
gests that bSCPA was not merely a surrogate for greater 
complexity or increased pre-operative risk.

Fig. 2   Hospitals LOS by age at 
bSCPA. Scatter plot display-
ing relationship between age 
at bSCPA and post-bSCPA 
hospital LOS. Black dots rep-
resent patients who underwent 
bSCPA at < 120 days of age and 
gray dots represent patients who 
underwent bSCPA at > 120 days 
of age
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Table 5   Multivariable logistic regression, early SCPA with prolonged 
hospital LOS

Odds ratio (95% CI) P value

Sex 0.45 (0.13–1.6) 0.2
Race 0.91 (0.59–1.4) 0.7
Ethnicity 0.49 (0.15–1.6) 0.2
Birth weight 1 (0.998–1.001) 0.8
Gestational age 1.1 (0.7–1.8) 0.6
SCPA type 4.1 (1.2–14.2) 0.03
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Limitations

Our study’s comparisons were limited to the demographics, 
diagnostic information, and outcomes that were measured in 
the ISV and SVR trials. By combining the two datasets, meas-
ured variables were primarily limited even further to those 
that were shared between both trials. While speculations can 
be made, we do not have data that definitively elucidate what 
specific factors led to certain patients undergoing surgery ear-
lier than others. Furthermore, while these data sets combined 
did produce a robust data set, even so, the bSCPA group was 
relatively small in size with only 70 total bSCPA patients and 
15 early bSCPA patients. Finally, while there were mortality 
data out to 14 months of age, longer term outcomes were not 
available for comparison.

Conclusions

Timing of SCPA and hospital outcomes are similar between 
patients with unilateral and bilateral superior venae cavae. 
However, early bSCPA, performed before 120 days of life, 
is less well tolerated than early uSCPA with increased dura-
tion of mechanical ventilation and hospitalization. Delaying 
elective SCPA until at least 120 days of age could minimize 
short-term morbidity in infants with bilateral superior venae 
cavae, but additional delay compared to patients with a single 
superior vena cava is not necessary.
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