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Abstract
Purpose ‒ The purpose of our present study was to
explore the characteristics and outcomes of congenital
heart disease (CHD) patients with severe postoperative
hyperbilirubinemia.
Methods ‒ All patients who underwent cardiopulmonary
bypass surgical treatment for CHD and had severe postopera-
tive hyperbilirubinemia (total bilirubin [TB] ≥85.5μmol/L) in
our center between January 2015 and December 2018 were
retrospectively screened. Univariate and multivariate ana-
lyses were employed to identify risk factors for the study
endpoints, including postoperative acute kidney injury (AKI),
in-hospital mortality, and long-term mortality.
Results ‒ After screening, 86 patients were included in
our present study. In-hospital mortality was 10.9%. Fifty-
one (59.3%) patients experienced AKI, and four (4.7%)
patients received continuous renal replacement therapy.
Multivariate analysis identified that the peak TB concen-
tration (P = 0.002) and duration of mechanical ventilation

(P = 0.008) were independent risk factors for in-hospital
mortality, and stage 3 AKI was an independent risk factor
for long-term mortality. The optimal cutoff value for peak TB
concentration was 125.9 μmol/L. Patients with a postopera-
tive TB level ≥125.9 μmol/L had worse long-term survival.
Conclusion ‒ Hyperbilirubinemia was a common com-
plication after CHD surgery. CHD patients with severe post-
operative hyperbilirubinemia ≥125.9 μmol/L and AKI had a
higher risk of mortality.

Keywords: CHD, hyperbilirubinemia, AKI, continuous renal
replacement therapy

1 Introduction

With the development of surgical techniques, adult patients
after congenital heart disease (CHD) surgery have been
reported to have a relatively low mortality rate of 4% in
recent years [1]. Previous studies have reported that the
incidence of hyperbilirubinemia after cardiac surgery
ranged from 10 to 57%, which was dependent on the
type and severity of cardiac diseases. Hyperbilirubinemia
was associated with increased mortality [2–6]. Addition-
ally, recent studies suggested that severe hyperbilirubi-
nemia (5 times the normal upper limit) instead of a mild
or moderate hyperbilirubinemia was significantly corre-
lated with in-hospital mortality for patients with cardiac
surgery [3,7]. Mild or moderate hyperbilirubinemia might
be caused by hemolysis, cardiotomy suction, gaseous
microemboli, and blood transfusions during cardiopul-
monary bypass (CPB), which are transient and resolvable;
however, severe hyperbilirubinemia could induce oxida-
tive stress and cell apoptosis, causing respiratory failure,
thrombocytopenia, and even neurological dysfunction and
consequently lead to multiple organ failure (MOF) and
increased in-hospital mortality for cardiac surgery patients
[7]. Nevertheless, in clinical practice, the mortality of
patients with severe postoperative hyperbilirubinemia dif-
fers significantly. Some of these patients recovered within
weeks, while others progressed to MOF and resulted in
short-term death. Exploration of the characteristics,
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outcome, and risk factors for in-hospital and long-term
mortality could help clinicians assess the acquaintance
of severe postoperative hyperbilirubinemia patients and
their prognosis, which was significant for patient consul-
tation and decision making. Until now, there have been
few reports on the characteristics and outcomes of CHD
patients with severe postoperative hyperbilirubinemia.

Hence, our present retrospective observational study
was performed to describe the characteristics and prog-
nosis of adult CHD patients and identify the risk factors
for mortality in patients with severe postoperative
hyperbilirubinemia.

2 Materials and methods

2.1 Patient inclusion

Our present studywas retrospectively designed.We reviewed
the medical records and the hospital electronic database
of consecutive patients who underwent CHD surgery
between January 2015 and December 2018. Patients with
severe postoperative hyperbilirubinemia were considered
for inclusion. Severe hyperbilirubinemia was defined as a
TB concentration greater than 85.5 μmol/L. Patients were
excluded if they met any of the following conditions: (1)
age <16 years; (2) no CPB surgery; and (3) severe hyperbi-
lirubinemia before surgery.

Ethics approval and consent to participate: This retro-
spective study was approved by the ethics committee of
Xijing Hospital, the Fourth Military Medical University,
China, and performed in accordance with the Declaration
of Helsinki. Because of the retrospective design of the
study, the need to obtain informed consent from eligible
patients was waived by the ethics committee.

Consent for publication: Not applicable.

2.2 Data collection

The demographic and operation data were collected from
the patients’ electronic medical records. Demographic
variables included age, sex, blood pressure, pre-existing
diseases (hypertension, diabetes mellitus, cerebrovas-
cular disease, liver disease, and renal disease), cardiac
diagnosis, and ejection fraction on cardiac color Doppler
ultrasound. Surgery-related information included the

duration of operation, CPB time, aortic cross-clamp (ACC)
time, amount of blood transfusion required during the sur-
gery, operation type, and risk adjustment in congenital
heart surgery (RACHS-1) score. We also reviewed routine
laboratory data before surgery (the nearest to the time of
surgery) and every day after the operation until discharge.
Daily urine output was routinely recorded after surgery in
our center and was collected as well. The severity of illness
was evaluated using the acute physiology and chronic
health evaluation (APACHE II) score, the sequential organ
failure assessment (SOFA) score, and the model for end-
stage liver disease (MELD) score.

2.3 Outcomes and definition

Postoperative outcomes included in-hospital mortality,
long-term mortality, the amount of blood transfusion,
the use of extracorporeal membrane oxygenation (ECMO),
vasoactive agents after surgery, the duration of hospitaliza-
tion, ICU time, mechanical ventilation time, the occurrence
of AKI, and acceptance of continuous renal replacement
therapy (CRRT). In our clinical practice, the surviving
patients were regularly followed up at 1, 3, and 6 months
and then every 6 months after the surgery.

AKI was ascertained and categorized based on crea-
tinine or urine output according to the kidney disease:
improving global outcomes (KDIGO) criteria [8]. The
serum creatinine (SCr) concentration on admission was
defined as the preoperative SCr concentration. The main
indications for starting CRRT included progressive
AKI, fluid overload, hyperkalemia, and severe metabolic
acidosis.

Figure 1: The inclusion flow chart.
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2.4 Calculation

Descriptive variables were reported as the mean value ±
standard deviation for continuous variables with normal
distribution, median (first quartiles and third quartiles)
for continuous variables with no normal distribution, and
frequency (percentage) for categorical variables. Student’s
t-test was employed to evaluate the difference in contin-
uous variables between groups. Categorical variables were
compared by using the chi-square test or Fisher’s exact
test. Risk factors identified by univariate analysis and
clinically important parameters were included in the mul-
tivariate logistic regression analysis or Cox proportional
hazard analysis to identify the independent risk factors.
Kaplan–Meier survival analysis and the log-rank test were
performed to evaluate long-termmortality. The area under
the receiver operating characteristic curve (AUC-ROC) was
calculated to assess the effect of peak TB concentration on
the ability to detect in-hospital mortality. The Youden
index was used to assess optimal cutoff values. All statis-
tical tests were 2-sided, and a P-value <0.05 was consid-
ered statistically significant. All analyses were performed
by using SPSS version 22.0 software (IBM SPSS Software
for Predictive Analytics; SPSS, Chicago, IL, USA).

3 Results

3.1 Patient characteristics

Between January 2015 and December 2018, 125 patients
(2.0%) developed severe postoperative hyperbilirubinemia.
Patients aged <16 years (n = 32), those with severe hyperbi-
lirubinemia before surgery (n = 5), and those who did not

Table 1: Baseline characteristics of study patients

Variable Value

Preoperative
Age (years) 37.2 ± 14.5
Male, n (%) 49 (57%)
Hypertension, n (%) 3 (3.5%)
Diabetes, n (%) 1 (1.2%)
LVEF (%) 54.3 ± 9.0
Pulmonary arterial hypertension, n (%) 15 (17.4%)
APACHE II score 5.5 ± 3.0
MELD score 9.2 ± 4.4
SOFA score 2.2 ± 1.7
MAP (mm/Hg) 86.2 ± 9.2
TB (μmol/L) 32.6 ± 16.6
TB ≥ 34 μmol/L, n (%) 39 (45.3%)
AST (U/L) 22 (17, 30)
ALT (U/L) 21 (14, 30)
WBC (109/L) 6.7 ± 2.8
Hb (g/L) 146.9 ± 27.1
PLT (109/L) 171.4 ± 66.3
SCr (μmol/L) 97.1 ± 39.0
PT (s) 12.2 ± 2.5

Intraoperative
Operation duration (h) 4.5 ± 2.2
CPB time (min) 147.1 ± 76.0
ACC time (min) 68.3 ± 36.2
Temperature of CPB (℃) 30.49 ± 1.70
Blood transfusion requirement (U) 6.4 ± 11.6

RACHS-1 score of the primary procedure
1 2 (2.3%)
2 40 (46.5%)
3 37 (43%)
4 7 (8.1%)

Primary procedure
Fontan revision 1 (1.2%)
Aneurysm repair 8 (9.3%)
Radical surgery for tetralogy of Fallot 5 (5.8%)
Aortic valve replacement 27 (31.4%)
Tricuspid valve repair 23 (26.7%)
Foramen ovale repair 3 (3.5%)
Mitral valve repair 12 (14.0%)
Aortic arch repair 1 (1.1%)
Ventricular septal defect repair 22 (25.6%)
Atrial septal defect repair 13 (15.1%)
Pericardiectomy 2 (2.3%)
Endocardial cushion defect repair 2 (2.3%)
Coronary artery bypass grafting 12 (14.0%)
Right ventricular outflow tract

reconstruction
7 (8.1%)

Postoperative
The use of inotropics, n (%) 53 (61.6%)
APACHE II score 17.4 ± 2.6
SOFA score 10.5 ± 2.2
MELD score 17.3 ± 4.5
TB (μmol/L) 83.1 ± 27.0
WBC (109/L) 14.7 ± 5.1
Hb (g/L) 125.9 ± 20.5
PLT (109/L) 130.2 ± 49.5

Table 1: Continued

Variable Value

SCr (μmol/L) 126.9 ± 50.2
PT (s) 13.4 ± 3.1
Peak bilirubin level (μmol/L) 134.9 ± 75.1
Time to peak TB level (day) 2.8 ± 2.1

ACC, aortic cross-clamp; ALT, alanine aminotransferase; APACHE II,
acute physiology and chronic health evaluation II; AST, aspartate
aminotransferase; CPB, cardiopulmonary bypass; Hb, hemoglobin;
LVEF, left ventricular ejection fraction; MAP, mean arterial pressure;
MELD, model for end-stage liver disease; min, minute; PLT, platelet;
PT, prothrombin time; RACHS-1, risk adjustment in congenital heart
surgery; SCr, serum creatinine; SOFA, sequential organ failure
assessment; TB, total bilirubin; and WBC, white blood cell.

(Continued)
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undergo CPB surgery (n = 2) were excluded (Figure 1).
Finally, 86 patients were included in the analysis.

Patient baseline characteristics are presented in Table 1.
Of the 86 patients, 49 (57%) were males, and the mean age
of the patients was 37.2 ± 14.5 years. The top three most
common primary surgical interventions included aortic
valve replacement, tricuspid valve repair, and ventricular
septal defect repair. Of the included patients, three (3.5%)
of them received a reoperation for postoperative active
bleeding (Table 2). The median follow-up time was 25.50
(0.1–56.6) months. One patient was lost during the follow-
up period. The time of loss to follow-up was the 92nd day
after the surgery.

3.2 Postoperative AKI

Fifty-one (59.3%) patients developed AKI after CHD sur-
gery. Of these patients, 36 (41.9%), 7 (8.1%), and 8 (9.3%)
patients were classified as having stage 1, stage 2, and
stage 3 AKI, respectively. During the hospital stay, 4
(4.7%) AKI patients received CRRT (Table 2). There were
significant differences between AKI patients and those
without AKI in age, sex, ejection fraction, and SCr con-
centration. A clinically important variable, CPB time which
was not identified as a risk factor in univariate analysis,
was incorporated into the multivariate logistic regression
analysis. The multivariate analysis demonstrated that
older age (OR 1.042, 95% CI 1.006–1.079; P = 0.023),
male sex (OR 4.700, 95% CI 1.748–12.640; P = 0.001),
and CPB time (OR 1.008, 95% CI 1.000–1.016; P = 0.042)
were independent risk factors for AKI in CHD patients with
severe postoperative hyperbilirubinemia (Table 3).

3.3 In-hospital and long-term mortalities

In our present cohort, 9 (10.5%) patients died during their
hospital stay between 3 and 16 days after surgery. MOF
(n = 5) and heart failure (n = 2) were the main causes of
death. Other causes included hemorrhagic shock (n = 1)
and sepsis (n = 1). Univariate analysis identified 12 pre-
operative, intraoperative, and postoperative factors asso-
ciated with in-hospital mortality. Multivariate logistic
regression analysis indicated that the peak TB level after
surgery (OR 1.021, 95% CI 1.007–1.034; P = 0.002) and
duration of postoperative mechanical ventilation (OR
3.268, 95% CI 1.336–7.822; P = 0.008) were independent
predictors of in-hospital mortality (Table 4). ROC analysis
(Figure A1) identified that the optimal cutoff value of the
peak TB concentration for the prediction of in-hospital
mortality was 125.9 μmol/L (sensitivity: 89% and specifi-
city: 75%).

The 1-year, 2-year, and 3-year cumulative mortality
rates in our cohort were 13.4, 13.4, and 15.5%, respectively

Table 2: Postoperative outcomes of patients

Variable Value

In-hospital mortality, n (%) 9 (10.5%)
Cause of death

MOF, n (%) 5 (5.8%)
Heart failure, n (%) 2 (2.3%)
Hemorrhagic shock, n (%) 1 (1.2%)
Sepsis, n (%) 1 (1.2%)

Onset time of severe hyperbilirubinemia (day) 1.8 ± 0.9
Length of hospital stay (day) 16.2 ± 4.9
length of ICU stay (day) 2.8 ± 1.8
Postoperative AKI, n (%) 51 (59.3%)
Stage of AKI

Stage 1, n (%) 36 (41.9%)
Stage 2, n (%) 7 (8.1%)
Stage 3, n (%) 8 (9.3%)

Use of CRRT, n (%) 4 (4.7%)
Use of ECMO, n (%) 2 (2.3%)
Reoperation, n (%) 3 (3.5%)
Use of vasoactive agent, n (%) 53 (61.6%)

Prolonged use of inotropics, n (%) 5 (5.8%)
Duration of mechanical ventilation (day) 1.8 ± 1.9
Blood transfusion requirement (U) 18.4 ± 21.7

AKI, acute kidney injury; CRRT, continuous renal replacement
therapy; ECMO, extracorporeal membrane oxygenation; MOF,
multiple organ failure; ICU, intensive care unit.

Table 3: Logistic regression analysis for postoperative AKI

Characteristic Univariate logistic regression Multivariate logistic regression

OR (95% CI) P value OR (95% CI) P value

Age 1.037 (1.004–1.071) <0.001 1.042 (1.006–1.079) 0.023
Male 4.062 (1.631–10.117) 0.003 4.700 (1.748–12.640) 0.002
Preoperative EF (%) 0.924 (0.869–0.983) 0.012
Preoperative SCr 1.036 (1.006–1.067) 0.019
CPB time 1.007 (0.999–1.015) 0.078 1.008 (1.000–1.016) 0.042

CPB, cardiopulmonary bypass; EF, ejection fraction; and SCr, serum creatinine.
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(Figure 2a). Kaplan–Meier survival curves indicated
that postoperative AKI and a peak TB concentration
≥125.9 μmol/L were associated with long-term mortality
(Figure 2b and c). Multivariate analysis suggested that
stage 3 AKI (HR 15.011, 95% CI 3.554–63.401; P < 0.001)
was independently associated with poor long-term survival
(Table 5).

4 Discussion

Hyperbilirubinemia is a severe complication of CPB sur-
gery and is associated with increased mortality. The
mortality in patients with severe postoperative hyperbi-
lirubinemia remained significantly divergent, and lim-
ited information was available on the in-hospital and
long-term mortalities for CHD patients with severe post-
operative hyperbilirubinemia. Our study presented several
findings. First, the incidences of AKI and in-hospital
mortality were higher than those in previous studies
of patients who underwent CHD surgery without severe
hyperbilirubinemia. Second, older age, male sex, and pro-
longed CPB time were independent risk factors for post-
operative AKI. Third, peak TB concentration and duration
of mechanical ventilation were positively associated with

in-hospital mortality. Stage 3 AKI was identified as an
independent risk factor for long-term mortality.

4.1 CHD patients with severe
hyperbilirubinemia had a worse
prognosis

The analysis of our present cohort of CHD patients with
severe postoperative hyperbilirubinemia showed an overall
incidence of postoperative AKI of 59.3% and an in-hospital
mortality rate of 10.5%. The reported AKI incidences in CHD
patients who underwent CPB cardiac surgery in previous
studies ranged from 11 to 51% [9–13], and the in-hospital
mortalities ranged from 1.1 to 4% [10,14]. The discrepancies
were most likely attributed to the differences in disease
severity of the included patients between the studies. The
development of severe hyperbilirubinemia after CHD sur-
gery might be related to the severity of the CHD and the
severity of injury during CHD operation. In an animal
model, hyperbilirubinemia was confirmed to have proapop-
totic effects and aggravate renal ischemia-reperfusion injury
[15], which increased the incidence of AKI. Additionally, a
high concentration of bilirubin could lead to an inflamma-
tory response and cell apoptosis of the brain [16], which

Table 4: Logistic regression analysis for in-hospital mortality

Variables Univariate logistic regression Multivariate logistic regression

OR (95% CI) P value OR (95% CI) P value

Intraoperative
Operating time 1.440 (1.101–1.884) 0.008
CPB time 1.001 (1.002–1.020) 0.020

Postoperative
Reoperation 10.833 (2.378–49.362) 0.002
The total amount of blood transfusion 1.046 (1.017–1.075) 0.001
Mechanical ventilation time 2.479 (1.453–4.229) 0.001 3.268 (1.336–7.822) 0.008
SOFA score 2.502 (1.492–4.196) 0.001
AKI (yes/no) 28.350 (3.842–209.203) 0.001

Stages of AKI <0.001
Stage 1 0.971 (0.058–16.163) 0.984
Stage 2 0.000 0.999
Stage 3 238.000 (13.244–4276.914) <0.001

Peak TB concentration 1.021 (1.009–1.034) <0.001 1.021 (1.007–1.034) 0.002
Peak TB ≥ 125.9 μmol/L (yes/no) 24.421 (2.866 – 208.073) <0.001
Time to peak TB concentration 3.727 (1.644 -8.449) 0.002
ICU stay time 1.453 (1.047 – 2.016) 0.026

AKI, acute kidney injury; CPB, cardiopulmonary bypass; ICU, intensive care unit; SOFA score, sequential organ failure assessment score;
and TB, total bilirubin.
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might be one of the potential mechanisms of the poor prog-
nosis of our present cohort with severe hyperbilirubinemia.

4.2 Risk factors for postoperative AKI

In our present study, older age was identified as an inde-
pendent risk factor for postoperative AKI, and the asso-
ciation between older age and AKI was well recognized
[17]. In a review, Wang et al. indicated that aging was
commonly accompanied by diminished kidney function
due to adverse structural and functional changes in the
kidney [17,18]. Meanwhile, aging was related to diminished
functional capacity of the liver and added the burden of
patients with severe hyperbilirubinemia.

The influence of sex on AKI is still controversial. In a
study by Thakar et al. [19], females were proven to have a
higher risk of AKI after cardiac surgery. However, consis-
tent with research of Kheterpal et al. [20], male sex was
identified as an independent risk factor for AKI in our
present study. In animal models, Wei et al. found that
males were more susceptible to ischemia-reperfusion
injury, whereas females were more sensitive to nephro-
toxic injury [21,22]. Additionally, Müller et al. [23] further
suggested that estrogen played an important role in pro-
tecting females from ischemic AKI by limiting endothelin
activation, which is a potential explanation for the increased
risk of AKI in male CHD patients with severe postoperative
hyperbilirubinemia observed in our present study. Signifi-
cantly, patient cohort in our study was highly selected and
other unlisted risk factors were unevenly distributed

Figure 2: Long-term survival results of (a) all patients, (b) patients without AKI and those with stage 1, 2, or 3 AKI, and (c) patients with
postoperative peak TB ≥ 125.9 μmol/L and those with postoperative peak TB < 125.9 μmol/L.
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between male and female. Therefore, the conclusion
needed further study.

Additionally, our results indicated that a prolonged
CPB time was associated with an increased risk of AKI.
Several previous reports suggested that CPB could
increase the risk of postoperative AKI. Significant hemo-
lysis was commonly observed during CPB, and the occur-
rence of hemolysis was proven to be associated with
the development of postoperative AKI [24]. Furthermore,
a longer circuit time can lead to reduced perfusion of
the kidney and the production of more inflammatory fac-
tors, which might be associated with increased AKI risk.
Therefore, the improvement in operation strategies and
the reduction in CPB duration could most likely be a
potential effective method to reduce the risk of AKI.

4.3 Risk factors for in-hospital and
long-term mortalities

The results of the logistic regression showed that the
peak TB concentration was identified as an important
predictor of in-hospital mortality. Additionally, we found
that the optimal cutoff value for peak TB concentration
was 125.9 μmol/L. This is further supported by the ROC

analysis results, showing a correlation between increased
long-term mortality and peak bilirubin concentrations
greater than 125.9 μmol/L. Mastoraki et al. [25] found
that postcardiac surgery patients with an early mild
increase in bilirubin concentration could recover sponta-
neously in most instances when cardiac output was suffi-
cient and oxygen delivery was adequate, which indicated
that early mild postoperative hyperbilirubinemia might
be associated with the transient damage caused by CPB,
hypotension, and hypoxia during surgery [26]. However,
late severe postoperative hyperbilirubinemia might be a
consequence of hepatic dysfunction, which is commonly
related to persistent cardiac failure or sepsis [27]. In the
present study, MOF and cardiac failure were also observed
among hospitalized deaths. These might be one of the
potential mechanisms by which peak TB concentration
was associated with increased mortality. Furthermore,
prolonged mechanical ventilation was identified as another
factor associated with in-hospital mortality. A prolonged
duration of mechanical ventilation was correlated with peri-
operative and early postoperative hypoxia, which in turn
was an important factor in the development of severe post-
operative hyperbilirubinemia. In this instance, more atten-
tion should be paid to the stability of hemodynamics to
prevent further deterioration of liver function. Additionally,
high serum bilirubin levels lead to an inflammatory

Table 5: Cox regression analyses of the risk factors of long-term survival

Variables Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Preoperative
PT 1.216 (1.055–1.400) 0.007

Intraoperative
Operation duration 1.325 (1.101–1.596) 0.003
CPB time 1.008 (1.004–1.012) <0.001

Postoperative
Reoperative, yes 13.375 (3.612–49.530) <0.001
Duration of mechanical

ventilation
1.035 (1.020–1.051) <0.001

ICU stay time 1.304 (1.011–1.680) 0.041
Blood transfusion requirement 1.009 (1.007–1.011) <0.001

Stages of AKI <0.001 <0.001
Stage 1 0.239 (0.027–2.142) 0.201 0.312 (0.032–3.006) 0.314
Stage 2 0 0.985 0 0.990
Stage 3 14.398 (4.013–51.665) <0.001 15.011 (3.554–63.401) <0.001

CRRT, yes 42.201 (8.915–199.271) <0.001
SOFA score 1.44 (1.325–1.566) <0.001
Peak bilirubin level 1.009 (1.005–1.013) <0.001
Time to peak TB level 1.588 (1.330–1.898) <0.001

AKI, acute kidney injury; CPB, cardiopulmonary bypass; CRRT, continuous renal replacement therapy; ICU, intensive care unit; PT, pro-
thrombin time; SOFA score, sequential organ failure assessment score; and TB, total bilirubin.
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response and cell apoptosis in the brain, lung, and other
organs [16], which also increases patient mortality. The
molecular adsorbent recirculation system and fractio-
nated plasma separation and adsorption have proven
to be effective at reducing bilirubin concentrations [28–31]
and improving patient outcomes in acute and chronic liver
failure. For patients with severe hyperbilirubinemia after
CHD surgery, the effectiveness and survival benefits of these
methods as well as the ideal timing for intervention need
further evaluation.

AKI has been incorporated into a risk tool to predict early
mortality for patients who underwent CHD surgery [11]. In
our present study, stage 3 AKI (the most severe stage) was
identified by multivariate Cox regression analysis as a risk
factor for long-term mortality. Both AKI and hyperbilirubi-
nemia occurred in most patients with heart failure. Heart
failure results in systemic hypoperfusion, which leads to
insufficient oxygen delivery and energy deficits in all organs
and could simultaneously cause kidney and liver damage.
Additionally, several studies suggested that hyperbilirubi-
nemia could induce cell apoptosis in the kidney, espe-
cially in patients with renal ischemia-reperfusion injury,
which increased the incidence of AKI [15]. Moreover, the
occurrence of AKI would increase the risk of volume over-
load, acid–base disorder, and electrolyte disorder and
consequently increase patient in-hospital mortality. There-
fore, methods for early diagnosis and commencement
of appropriate interventions for AKI would most likely
improve the prognosis of CHD patients with severe post-
operative hyperbilirubinemia.

4.4 Limitations

Our present study had several limitations. First, we used
the SCr concentration on admission to evaluate preopera-
tive renal function, but some patients might have already
developed AKI at the time of admission. Accordingly, the
number of patients with AKI might be underestimated.
Second, although renal function after discharge is impor-
tant for the evaluation of renal outcome, it was not effec-
tively analyzed due to incomplete data. Third, the relatively
small sample size and the low mortality rate (10.9%) in our
cohort significantly limited our ability to analyze multiple
risk factors. Therefore, further prospective multicenter stu-
dies are needed to assess the predictive value of severe
postoperative hyperbilirubinemia for in-hospital and long-
term prognoses, with the aim of establishing the most effec-
tive proactive measures to prevent and attenuate the results
of hyperbilirubinemia.

5 Conclusion

In postoperative CHD patients with severe hyperbilirubi-
nemia, the development of steep hyperbilirubinemia and
severe AKI (stage 3) were independently associated with
higher mortality. Closer monitoring and more proactive
interventions should be implemented for these patients.
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Appendix

Figure A1: Receiver operator curve (ROC) of peak TB concentration
predicting in-hospital mortality (area under the curve: 0.86, 95% CI:
0.714–1.000).
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