
Int J Clin Exp Med 2016;9(9):18525-18530
www.ijcem.com /ISSN:1940-5901/IJCEM0026811

Original Article
Risk factors of mortality in neonates with congenital 
heart disease after cardiopulmonary bypass:  
a retrospective study in China

Xiaoyang Hong1,2, Change Liu1,2, Gengxu Zhou1,2, Yingyue Liu1,2, Hui Wang1,2, Gang Wang1,2, Xiaojuan 
Zhang1,2, Haitao Gao1,2, Zhichun Feng1,2

1SPICU, Affiliated Bayi Children’s Hospital, PLA Army General Hospital, Beijing, China; 2Beijing Key Laboratory of 
Pediatric Organ Failure, Beijing, China

Received February 27 2016; Accepted August 12, 2016; Epub September 15, 2016; Published September 30, 
2016

Abstract: Objective: Increasing congenital heart disease (CHD) neonates receive cardiac surgery especially after 
two-child policy in China. This study was to investigate the risk factors for the mortality of CHD neonates after cardio-
pulmonary bypass (CPB). Methods: CHD neonates (n=123) undergoing CPB were prospectively enrolled. According 
to the early outcome, neonates were divided into survivor group and non-survivor group. The demographics and 
peri-operative factors were collected and compared between them. Variables with significant difference in univari-
ate analysis were screened out by forward likelihood selection procedure, and included for multivariable logistic 
regression analysis. Results: A total of 23 neonatesdied after CPB. The overall in-hospital mortality was 18.70%. 
Univariate analysis indicated that the RACHS-1 score (P=0.029), time of CPB (P=0.003), incidence of cardiac arrest 
(CA) (P=0.005), proportion of neonates receiving extracorporeal membrane oxygenation (ECMO) (P=0.040) and 
lactate level (P=0.003) were significantly different between two groups. These 5 variables with significant differ-
ence in univariate analysis were screened out by forward likelihood selection procedure and multivariatelogistic 
regression analysis was performed. Results showed the odds ratio (OR) of death was increased by 1.009 for every 
unit increase in the time of CPB (OR: 1.009, P=0.046) and by 4.937 for CA present postoperatively (OR: 4.937, 
P=0.009). Conclusion: Long CPB and postoperative presence of CA were independent risk factors for mortality in 
neonates after CPB. Thus, clinicians should shorten the time of CPB and take measures to reduce CA, aiming to 
reduce the post-operative mortality.
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Introduction

The developments of the techniques for cardi-
ac surgery and the peri-operative manage-
ments have led to significant improvements in 
the survival after neonatal cardiac surgery 
[1-3]. In China, increasing congenital heart dis-
ease (CHD) neonates receive cardiac surgery 
especially after the two-child policy. Neonatal 
CHDs will be paid increasing attention to in 
near future. However, the mortality remains at 
a relatively high level especially in those who 
required cardiopulmonary bypass (CPB) during 
cardiac surgery. Firstly, neonatal myocardial tis-
suesare immature and have high water con-
tent, which make the cardiac surgery more dif-
ficult. Secondly, CPB is needed during cardiac 

surgery in most CHD neonates, which may 
induce systemic inflammatory response syn-
drome postoperatively and result in severe low 
cardiac output syndrome (LCOS) or even multi-
ple organ dysfunction syndrome (MODS). Few 
studies have been conducted to investigate the 
risk factors for the mortality of CHD neonates 
after CPB in China. This study was to investi-
gate the risk factors for mortality in neonates 
who received cardiac surgery under CPB. 

Materials and methods

Patients

This retrospective study was approved by the 
Institutional Review Board of Beijing Military 
General Hospital, People’s Republic of China, 
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and neonates were recruited from the neonatal 
surgical intensive care unit between January 
2011 and December 2014. The requirement 
for parents’ consent was waived because this 
study was conducted based on anonymized 
data from routine clinical care. In this study,  
the clinical information of 123CHD neonates 
who received cardiac surgery under CPB was 
reviewed and analyzed. The inclusion criteria 
were as follows (1) structural cardiac surgery 
was conducted between 2011 and 2014, (2) 
patients were aged younger than 30 days at 
operation, (3) surgery was performed under 

CPB, and simultaneous surgical closure of pa- 
tent ductus arteriosus (PDA) was also allow- 
able.

The endpoint of this study was discharge or in-
hospital mortality. Neonates included in this 
study were grouped into survivor group and 
non-survivor group according to the outcome. 
The cardiac surgery was performed by the 
same cardiac surgical team in these neonates. 
Patients who received any concomitant proce-
dure other than cardiovascular system were 
excluded from this study.

Table 1. Risk factors in survivors and non-survivors
Risk factors Group Statistic 

(χ2/t/Z) P
Survivors (n=100) Non-survivors (n=23)

Demographic
Age (d)

_
x±s 19.53±10.71 19.13±11.76 0.158 0.874

Gender Male 71 17 0.078 0.780
Female 29 6

Weight
_
x±s 3.43±0.69 3.21±0.43 1.442 0.152

Pe-operative
RACHS-1 score 2 23 0 -2.177 0.029

3 23 6
4 54 17

Lactate 2.15 (1.00-3.68) 3.70 (1.50-6.10) -1.960 0.050
Emergency surgery No 83 20 * 0.764

Yes 17 3
Intra-operative
Cross clamp time 61.00 (43.50-85.75) 68.00 (41.00-95.00) -0.535 0.592
Time of CPB 104.50 (75.00-133.00) 131.00 (111.00-150.00) -2.965 0.003
Delay sternal closure No 44 9 0.181 0.671

Yes 56 14
Post-operative
Cardiac Arrest No 93 16 * 0.005

Yes 7 7
ECMO No 96 19 * 0.040

Yes 4 4
Lactate 4.85 (3.00-6.90) 6.90 (5.00-13.20) -2.947 0.003
BUN <7.2 27 7 0.110 0.740

≥7.2 73 16
Cr <115 97 21 * 0.234

≥115 3 2
ALT 18.50 (13.00-27.75) 17.00 (13.00-32.00) -0.396 0.692
AST 110.00 (79.50-153.50) 117.00 (69.00-146.00) -0.415 0.678
Notes: *Fisher Exact Test; RACHS-1, Risk Adjustment in Congenital Heart Surgery-1; CPB, cardiopulmonary bypass; ECMO, 
extracorporeal membrane oxygenation; BUN, blood urea nitrogen; Cr, creatinine; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase.
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The characteristics of CHD neonates included 
body weight, gender and age. The preoperative 
characteristics included The Risk Adjustment  
in Congenital Heart Surgery (RACHS-1) score, 
plasma lactate level and emergency surgery. 
Intra-operative characteristics included time of 
CPB and aortic clamping time. Post-operative 
characteristics included delayed sterna clo-
sure, extracorporeal membrane oxygenation 
(ECMO) support and cardiopulmonary resusci-
tation (CPR). The lactate level and other plasma 
parameters of kidney and liver function, such 
as urea nitrogen (BUN), creatinine (Cr), alanine 
aminotransferase (ALT) and aspartate amino-
transferase (AST) were also recorded and com-
pared between two groups.

Statistical analysis

Demographic, pre-operative, intra-operative 
and post-operative details were compared for 
survivors and non-survivors. Continuous data 
with normality were presented mean ± stan-
dard deviation and two samples t test was 
used. The categorical data were compared with 
the Chi square test, the Fisher exact test was 
used when expected counts in >20% of cells 
were <5. Non-normality data were presented 
median values with interquartilerange (25th 
percentile, 75th percentile). The non-normality 
data and ranked data compared with non-para-
metric test. Candidate variables for inclusion in 
multivariable logistic regression model to iden-
tify risk factors associated with in-hospital mor-
tality for CHD neonates were chosen from the 
univariate analysis. A forward likelihood selec-
tion procedure was used for entry of variables 
into the model, and criteria for variable inclu-
sion in the model were set at a probability value 
<0.05 and for exclusion were set at >0.1. A 
value of two-tailed P<0.05 was considered sta-
tistically significant.

Results

A total of 123 neonates met the inclusion crite-
ria, including 88 males (58.13%) and 35 
females (41.87%). Overall, 23 patients died 

There were no significant differences in the  
age at operation (age: 19.53±10.71 months ve- 
rsus 19.13±11.76 months, P=0.874), gender 
(71/29 versus 17/6, P=0.780) and body weight 
(3.43±0.69 kg versus 3.21±0.43 kg, P=0.152) 
between two groups.

There were no significant differences in the lac-
tate level before cardiac surgery (P=0.05) and 
the proportion of neonates receiving emergen-
cy surgery (83/17 versus 20/3, P=0.764) bet- 
ween two groups. In the survivor group, the 
RACHS-1 score of 2 was found in 23, 3 in 23 
and 4 in 54. In non-survivor group, RACHS-1 
score of 3 was found in 6 and 4 in 17, but 
RACHS-1 score of 2 was not observed. Among 
pre-operative risk factors, only RACHS-1 score 
was significantly different between two groups 
(P=0.029). 

Three intra-operative risk factors including the 
cross clamping time, time of CPB and propor-
tion of neonates with delayed sterna closure 
were compared between survivor group and 
non-survivor group. There was no significant 
difference in the cross clamping time between 
two groups (P=0.592). Delayed sternal closure 
was observed in 56 CHD neonates of survivors 
group and in 14 neonates of non-survivor 
group, showing no marked difference (44/56 
versus 9/14, P=0.671). The time of CPB was 
104.50 min (range: 75.00-133.00 min) in survi-
vor group and 131.00 min (range: 111.00-
150.00 min) in non-survivor group. The time of 
CPB in non-survivor group was significantly lon-
ger than in survivor group (P=0.003).

There were seven post-operative factors which 
were compared between two groups. Seven 
neonates suffered from cardiac arrest (CA) and 
postoperative CPR was required in survivor 
group, and another 7 neonates in non-survivor 
group also received CPR due to CA. There was 
significantly higher incidence of CA in non-survi-
vor group (P=0.005). Postoperative ECMO sup-
port due to severe cardiac failure was found in 
4 neonates in survivor group and 4 neonates in 

Table 2. Factors associated with in-hospital mortality
Factors B SE Wald P OR 95% CI
Time of CPB 0.009 0.005 3.978 0.046 1.009 1.0001 1.0187
CA* 1.597 0.614 6.754 0.009 4.937 1.48072 16.4605
*CA yes=1, no=1.

after CPB with the mortality of 
18.70%. The pre-operative, in- 
tra-operative and post-opera-
tive variables were compared 
between two groups and resu- 
lts are reported in Table 1. 
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non-survivor group, showing dramatic differ-
ence (P=0.040). The postoperative plasma lac-
tate level in survivor group was 4.85 mmol/L 
(range: 3.00-6.90 mmol/L) and 6.90 mmol/L 
(range: 5.00-13.20 mmol/L) in non-survivor 
group, showing significant difference between 
two groups (P=0.003). To evaluate the kidney 
and liver function, the plasma BUN, Cr, ALT and 
AST were measured in the first 24 h after car-
diac surgery. There were no significant differ-
ences in these 4 parameters between survivor 
group and non-survivor group (BUN: P=0.740, 
Cr: P=0.234, ALT: P=0.692, AST: P=0.678).

Table 2 illustrates the results from multivariate 
analysis of risk factors of the mortality in CHD 
neonates undergoing CPB with the forward like-
lihood selection procedure. Univariate analysis 
showed 5 risk factors including RACHS-1 score, 
time of CPB, CA, ECMO support and postopera-
tive lactate level were significantly associated 
with the mortality. The results showed RACHS-1 
score, ECMO support and postoperative lactate 
level had no relationship with the mortality, but 
the time of CPB and CA were significantly relat-
ed to the mortality in these neonates. The OR 
of death was increased by 1.009 for every unit 
increase in the time of CPB (OR: 1.009, P= 
0.046) and by 4.937 for CA present postopera-
tively (OR: 4.937, P=0.009).

Discussion

This study investigated the risk factors for the 
mortality following cardiac surgery under CPB 
in CHD neonates. The risk factors from dem- 
ographics and peri-operative characteristics 
were compared between survivor group and 
non-survivor group. Finally, two independent 
risk factors (time of CPB and CA) for mortality 
were identified in these neonates. Mortality 
was increased significantly only in neonates 
who had a long time of intra-operative CPB or 
CPR due to postoperative CA. Despite out-
comes have been improved for many CHD neo-
nates after cardiac surgery under CPB, chal-
lenges remain in neonates with complex con- 
genital cardiac lesions who needed a long time 
of intra-operative CPB and they may develop 
severe low cardiac output syndrome (LCOS) 
due to post-operative CA.

Overall, the surgical mortality in our cohort was 
18.70%, which was a little bit higher than that 
reported in other centers and surgical registry 

databases in the US and Europe [4, 5]. The 
EACTS [5] and STS studies [4] reported that the 
mortality was 10.7% and 11.5%, respectively. 
The higher mortality in our study may be expl- 
ained as follows: Firstly, only CHD neonates 
who received cardiac surgery under CPB were 
included into this study; Secondly, few neo-
nates in our cohort had a prenatal diagnosis 
prior to delivery, and a definite diagnosis was 
made in most neonates after admission. 
Holland et al. [6] reported that the prenatal 
diagnosis not only improved the pre-operative 
survival, but the overall survival. Because a pre-
natal diagnosis may increase the chance of 
undergoing planned cardiac surgery compared 
with those diagnosed postnatally.

Several previous studies indicated that the age 
of <30 d and the body weight of <2.5 kg were 
risk factors for mortality in infants receiving 
surgery [7-9]. Kang et al. found the risk for mor-
tality increased exponentially for each decreas-
ing day of age in the neonatal period [8]. The 
study of Curzon et al. demonstrated in the STS 
Congenital Heart Surgery database that body 
weight of <2.5 kg in infants with the age of <90 
days was associated with a two-fold increase in 
the mortality, even after stratifying for case-
complexity using RACHS-1 [10]. However, in our 
study, there were no significant differences in 
the age at operation, gender and body weight 
between survivor group and non-survivor group. 
Methodological differences may partially exp- 
lain the discrepancy. In our study, only neo-
nates were recruited, but the conclusion was 
drawn based on the analysis of entire paediat-
ric cohort, including neonates. Other factors, 
including the patients’ pre-operative status or 
surgeon criteria for selecting patients and time 
of operation, may also contribute to the differ-
ences between our study and others. After ad- 
justing for age in paediatric population, Jenkins 
et al. and Kang et al. showed that body weight 
was not a risk factor of mortality [7, 8], which 
was similar to our findings.

Three pre-operative variables including RACHS-
1 score, plasma lactate level and emergency 
surgery were compared between survivors and 
non-survivors. There were no significant differ-
ences in the plasma lactate level and emergen-
cy surgery between two groups. RACHS-1 score 
was significantly related to the post-operative 
death. Our finding was similar to that reported 
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by Kang et al. [8] who found RACHS-1 score 
was risk factor for mortality in a population 
including both CPB neonates and those under-
going off pump surgery. 

Three intra-operaitve variables including cross 
clamping time, time of CPB and delayed sterna 
closure were compared between survivors and 
non-survivors. Univariate analysis showed only 
long CPB time was significantly associated with 
the mortality, which was consistent with pre- 
viously reported [11, 12]. The cross-clamping 
time was comparable between two groups, 
which was contrary to the finding reported by 
Kansy et al. [5] who found longer aortic cross-
clamping time was associated with a higher 
morbidity. In our study, the surgery was per-
formed by the same surgical team, but differ-
ent surgical teams performed the surgery in 
the study of Kansy et al. [5].

Univariate analysis was also performed for 
seven post-operative variables. CA, ECMO sup-
port and high lactate level were demonstrated 
to be significantly associated with the mortali-
ty. According to the CA and ECMO support, it 
can be concluded that the postoperative inci-
dence of LCOS in non-survivor group was sig-
nificant higher than in survivor group. A total of 
8 neonates needed ECMO support and 14 neo-
nates developed CA post-operatively. CA was 
always caused by severe LCOS post-operative-
ly, and ECMO support was an effective treat-
ment for severe LCOS. Because it was difficult 
to accurately measure the neonatal cardiac 
output index (CI), we failed to compare the CI 
directly between two groups in this study. Pla- 
sma lactate level has been proposed as a ma- 
rker of tissue perfusion influenced by cardiac 
out [13]. Lactate is a metabolic end product of 
anaerobic glycolysis and is produced by the 
reduction of pyruvate and primarily cleared by 
the liver [14, 15]. Lactate has been proven to 
increase the risk for mortality in adults after 
cardiac surgery [16, 17]. When acute ischemic 
hepatocellular injury occurs in critically ill 
patients with circulatory or respiratory failure, 
lactate clearance is reduced and thus might 
remain at an elevated level [18]. The ALT and 
AST were also compared between two groups, 
and there were no significant differences in 
both AST and ALT between them. It can be con-
cluded that the elevated lactate in non-survi-

vors had no relationship with the liver function 
in this study. 

Finally, risk factors with statistical significance 
in univariate analysis were included for multi-
variate analysis with forward likelihood selec-
tion procedure. Longer time of CPB and postop-
erative CA were identified as independent risk 
factors for the mortality. Thus, clinicians should 
minimize the time of intra-operative CPB, which 
may improve the post-operative outcome. Mo- 
reover, LCOS should be treated more aggres-
sively and earlier to avoid CA.
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