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University, Shanghai, China

Background: Little is known about preoperative factors affecting cardiac surgery
outcomes of neonates in China. We sought to examine the association between
characteristics of neonates with congenital heart disease (CHD) and early postoperative
outcomes after cardiac repair in a tertiary care paediatric hospital.

Methods: A single-centre retrospective cohort study of neonates who underwent
cardiac surgery between January 2006 and December 2019 was performed.
Demographic, institutional, and surgical characteristics of neonates were examined
and their association with in-hospital mortality was analysed using multivariable logistic
regression models.

Results: During the study period, we analysed the outcomes of 1,078 neonates.
In-hospital mortality decreased to 13.8% in the era 2017-2019. The overall in-hospital
mortality rate was 16.3%. Normal weight at surgery [odds ratio (OR), 0.63; 95%
confidence interval (Cl), 0.47-0.85; P = 0.003] was associated with lower mortality risk.
Poor health status (emergent: OR, 3.11; 95% Cl, 1.96-4.94; P < 0.001; elective: OR,
1.63; 95% ClI, 1.11-2.40; P = 0.013), higher Society of Thoracic Surgeons-European
Association for Cardio-Thoracic Surgery (STAT) categories (STAT 5 category: OR, 2.58;
95% Cl, 1.04-6.43; P = 0.042), and limited individual surgeon experience (surgeon with
5-10 operations per year: OR, 1.43; 95% CI, 1.06-1.95; P = 0.021) were associated
with higher odds of early death.

Conclusion: In-hospital mortality after neonatal cardiac surgery remained high in
our centre over the past 10 years. Some preoperative aspects, including low-weight
at surgery, poor health status, increased surgical complexity, and limited surgeon
experience were significantly associated with higher mortality. Based on the observed
associations, the necessary practises to be modified, especially in preoperative care,
should be identified and assessed in future research.
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FIGURE 3 | Early survival rates in different group of primary diagnosis. CTD, conotruncal defects; LHL, left heart lesions; LRS, left to right shunt; RHL, right heart
lesions; UHL, univentricular heart lesions.

TABLE 3 | Multivariable model of preoperative factors associated with

in-hospital mortality.

Mortality
OR (95% CI) P value

Age 0.97 (0.97-1.00) 0.147
Weight 0.63 (0.47-0.85) 0.003
Female, sex 1.23 (0.92-1.64) 0.156
Prematurity 0.82 (0.44-1.50) 0.509
Inotropic agents 1.26 (0.92-1.74) 0.150
Mechanical ventilation 0.88 (0.60-1.30) 0.520
Health status

Urgent Reference

Emergent 3.11 (1.96-4.94) <0.001

Elective 1.63 (1.11-2.40) 0.013
STAT category

2 Reference

5 2.58 (1.04-6.43) 0.042
Surgeon experience

>10 cases per year reference

5-10 cases per year 1.43 (1.06-1.95) 0.021

Cl, confidence interval; OR, odds ratio; STAT, Society of Thoracic Surgeons-European
Association for Cardio-Thoracic Surgery.

(OR, 1.23; 95% CI, 0.92-1.64; P = 0.033), emergent status (OR,
2.68; 95% CI, 1.57-4.58; P < 0.001), elective status (OR, 1.58;
95% CI, 1.03-2.42; P = 0.034), right heart lesions (OR, 3.06;
95% CI, 1.01-9.28; P = 0.049), univentricular heart lesions (OR,
3.63; 95% CI, 1.35-9.78; P = 0.011), and aortic clamp time
(OR, 1.0; 95% CI, 1.0-1.01; P < 0.001) (Supplementary Table 2).
In-hospital mortality remained significantly higher in patients
who underwent cardiac surgery in emergent (29.6%) or elective
(15.6%) status than that in urgent status (8.4%; P < 0.001).
Figure 5 shows the forest plot for the adjusted OR of each factor
included in the multivariate analysis.

DISCUSSION

This study reports the clinical outcomes of neonates who
underwent cardiac surgeries in Shanghai Children’s Medical
Center, a Chinese paediatric hospital in a resource-constrained
middle-income country, as observed over 14 years. This study
evaluated the preoperative factors associated with in-hospital
mortality. We found an improvement in postoperative in-
hospital mortality rates after neonatal cardiac surgery in
our department. Health status, as an important variable of
perioperative care, was independently associated with in-hospital
mortality, especially in neonates undergoing cardiopulmonary
bypass and aortic clamp procedure.
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FIGURE 4 | Kaplan-Meier analysis for the 30-day survival of neonates with congenital heart diseases according to their preoperative health status.
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Despite major progress in surgical techniques and monitoring
equipment during the past two decades, the in-hospital mortality
of our department was still significantly higher than that of most
contemporary HICs (7, 11-14). The mortality rate of 16.3% in
this study is an important reminder that some conditions in
resource-constrained LMIC environments might carry inherent
risks. Factors affecting outcomes are likely heterogeneous and
vary at the geographic, socioeconomic, hospital, and patient
levels. It is crucial to recognise that there is still much room for
improvement in LMICs.

Preoperative health status, a comprehensive reflection of the
quality of neonatal management, is one of the most important
factors affecting surgical outcomes. In the present study, 18.4%
of patients who underwent emergent surgeries within 48 h after
admission for unstable conditions had a significantly increased
mortality, which underlined the importance of good preoperative
status. The factors affecting poor and deteriorating health status
in neonates in LMICs are complex. Lack of prenatal diagnosis,
inadequate number of paediatric cardiologists in community
hospitals, and undeveloped transfer systems may be responsible
in the pre-hospital setting (15-17). More importantly, there is

great uncertainty about the optimal preoperative in-hospital care
for neonates awaiting cardiac surgery. There remains a lack of
accurate risk stratification models that may improve surgical
outcomes through the identification of potential outcome
determinants in an LMIC setting.

In our study, the use of prostaglandin infusion, inotropes, and
mechanical ventilation before surgery was performed consistent
with practises in HICs. However, more aggressive interventions
to provide physiologically favourable attributes to atrial septal
defects and patent ductus arteriosus cannot be accessed easily.
Consequently, a preceding septostomy was rarely performed
in our centre. Patients who underwent this intervention were
excluded from this study. Similarly, this practise was found
to be only used in a comparatively small group of cases in
other LMIC healthcare institutions (4, 18). Conversely, a
septostomy is considered a valuable aspect of preoperative
care in HICs and is performed frequently (4, 19). This
difference not only suggests the lack of adequate catheterisation
equipment, facilities, and expertise but also reflects a significant
cognitive bias in LMICs. For instance, most paediatric
cardiac surgeons in China prefer to undertake a primary
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FIGURE 5 | Forest plot showing adjusted OR of factors associated with in-hospital mortality in patients experiencing both cardiopulmonary bypass and aortic clamp
procedure. Cl, confidence interval; OR, odds ratio, RHL, right heart lesions; UHL, univentricular heart lesions.
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repair than to perform a relatively safe staged operation for
economic reasons.

To date, the optimal timing of cardiac surgery in neonates
presenting with stable preoperative status remains controversial.
A recent review showed that the majority of neonates with
CHD can be operated on early with better results compared
to medical management or palliation (20). It has also been
documented that in neonates with TGA, earlier arterial switch
operation was not associated with a higher risk of early
mortality (19, 21, 22). However, some unfavourable preoperative
characteristics, including low birth weight, prematurity, and
being small for gestational age, could delay the timing of
surgery. Conventional management of these patients continues
to be the deferral of corrective surgery using aggressive medical
management or palliative surgery until certain stability is
achieved. Unfortunately, the optimal duration of delay has not
been clearly defined. This approach of delaying surgery could
bring tremendous uncertainty for these neonates and eventually
increase the risk for infections, gastrointestinal ischemia, and
worsening hemodynamic status. Unsurprisingly, patients with
elective status in our study were found to be associated
with higher in-hospital mortality compared to those with
urgent status.

Compared to low weight or small for gestational age, the
severity of lesions, and the complexity of surgical procedures
were more widely accepted as significant predictors of early

mortality after cardiac surgery in neonates. We found that clinical
outcomes in this report were similar to those identified by the
Society of Thoracic Surgeons in that the in-hospital mortality
increased with higher STAT categories and Category 5 was
associated with the highest risk (11-14, 23). Additionally, a
longer aortic cross-clamp time was considered an important
risk factor for in-hospital mortality. An increased aortic
cross-clamp time was found to be consistent with a more
complex cardiovascular malformation, leading to a technically
demanding repair and subsequently, prolonged circulatory
support. Another notable similarity between our centre and
most settings in the United States and Europe is that increasing
surgeon or hospital experience is associated with better clinical
outcomes (24, 25). In the present study, surgeons with annual
neonatal surgical volumes exceeding 10 cases displayed a
lower risk of operative mortality. The significant variation
in morbidities incurred among surgeons undoubtedly reflects
a discrepancy in the learning curve for the operative care
of neonates.

Care must be taken in interpreting observed trends in CHD
during the past 10 years in our department. First, the remarkable
growth of left heart lesions, represented by total anomalous
pulmonary venous drainage, has dramatically changed the
constitution of CHDs and raised the complexity of preoperative
diagnosis. Second, more complex surgical procedures (STAT
Categories 4 and 5) have emerged and have contributed to an
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increase in operative difficulty. Third, although all surgeons who
participated in this study had considerable operative experience,
operations performed by more experienced surgeons accounted
for only one-third of all surgeries. Furthermore, the number
of surgeons included in this study greatly exceeded that in
studies from centres in HICs. However, one database from
HICs was only linked to a hospital cardiac surgery program,
and uncommonly, to an individual cardiac surgeon (19, 24,
25). Taken together, with an increasing number of neonates
undergoing cardiac surgery, more strategic modifications should
be considered, and greater efforts should be made in the current
and future era.

This study has limitations. First, it is a non-randomised
retrospective study that has a limited statistical power. Second,
restricted by the scope of our database, details regarding
the prenatal diagnosis, presence of genetic syndrome, and
importantly, nutritional and infective history were not captured
completely. Therefore, the interplay between these factors and
early surgical outcomes cannot be comprehensive. Our models
were adjusted for only the factors that are captured in the
database. Finally, this was a single-centre study, and there
may be some selection bias that could confound the results.
Thus, we could not provide much insight into the therapeutic
strategies that might be advantageous for given clinical situations.
The following are important factors to note for the study,
in terms of possible confounders: (1) Our cohort extended
across a period that included substantial advances in surgical
technology and intensive care treatment; (2) The sex ratio of
the study population was severely unbalanced, which meant
that more male patients were preferentially referred to the
hospital; (3) Patients rarely underwent a preceding catheter
treatment before surgical repair in our centre, and some patients
lacking physiologically favourable attributes had to be put in
aggravated preoperative health status; and (4) Although most
experienced surgeons undertook most complex cases in this
study, majority of operations were performed by surgeons
with 5-10 operations per year. This situation may lead to
in-hospital mortality in some types of CHD remains in a
high level.

Although in-hospital mortality of neonatal cardiac surgery has
improved in the past 14 years in our centre, it is still notably
higher than that in HICs. Weight at surgery, preoperative health
status, STAT category, and surgeon experience were associated
with mortality. Compared to emergent or elective status,
preoperative urgent status was associated with a significantly
decreased risk of mortality. Trends in the prevalence and
mortality of patients were also evaluated. These findings
suggest that greater effort should be made in the management
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