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Abstract
Background: The incidence of hyperbilirubinemia after off-pump coronary artery bypass grafting (OPCAB) is
unclear. This study aimed at retrospectively analyzing the incidence and character of perioperative
hyperbilirubinemia in patients undergoing OPCAB, to analyze the independent risk factors, to identify the
correlation with adverse events and mortality, and to explore the management strategy of perioperative
hyperbilirubinemia.

Methods: Clinical data for 416 patients (314 males and 102 female), who had been subjected to off-pump
coronary artery bypass grafting in the Department of Cardiac Surgery, Beijing Chaoyang Hospital from
December, 2016 to March, 2019 were recorded. Hyperbilirubinemia was de�ned as serum total bilirubin ≥ 34.2
μmol/L within 5 days after surgery. Based on the occurrence of hyperbilirubinemia, patients were divided into the
normal serum total bilirubin group and the hyperbilirubinemia group. Perioperative variables between the two
groups were compared by univariate logistic regression analysis. Multivariate logistic regression analysis was
used to analyze variables with statistical signi�cance. Then, we determined the independent risk factors for
hyperbilirubinemia after OPCAB. Moreover, incidences of adverse events, length of ICU stay, time of mechanical
ventilation and mortality rates between the two groups were compared.

Results: Thirty two of 416 patients were found to exhibit postoperative hyperbilirubinemia. The incidence rate
was 7.7%. Based on univariate regresssion analysis, differences in gender, preoperative total bilirubin levels,
perioperative IABP implantation, perioperative blood transfusion between the two groups were signi�cant.
Multivariate logistic regression analysis revealed that elevated preoperative serum total bilirubin levels
(OR=1.241, p<0.001), perioperative blood transfusion (OR=0.237, p=0.002) and perioperative IABP implantation
(OR=0.238, p=0.003) were independent risk factors for hyperbilirubinemia after OPCAB. Compared to the normal
bilirubin group, incidences of new acute renal failure, continuous renal replacement therapy, perioperative
myocardial infarction, pulmonary infection, multiple organ dysfunction syndrome and in-hospital mortality in the
hyperbilirubinemia group were signi�cantly increased.

Conclusions: Perioperative hyperbilirubinemia is associated with adverse events and mortality. In clinical
practice, changes in serum total bilirubin levels among patients undergoing OPCAB should be routinely
monitored, and active as well as early interventions in patients with risk factors performed. In this manner,
postoperative complications can be reduced, thereby improving patient prognosis.

Background
Hyperbilirubinemia is a common complication after off-pump coronary artery bypass grafting (OPCAB). It has
been reported that postoperative hyperbilirubinemia is signi�cantly related with poor patient prognosis.
Perioperative hyperbilirubinemia patients have been shown to exhibit prolonged mechanical ventilation time,
longer hospital stay, and signi�cantly increased complications as well as hospital mortality rates(1–8).

However, a limited number of studies have elucidated on the risk factors of hyperbilirubinemia after CABG.
Mastoraki et al. and Sharma et al. have reported on hyperbilirubinemia after cardiac surgery, but did not
distinguish between surgical types, the presence or absence of cardiopulmonary bypass (CPB) and other factors.
Therefore, clinical implications of their studies are limited(1, 2). Nishi et al. and Chen et al. reported
hyperbilirubinemia after valve and large vessel surgeries, respectively(9, 10). However, to the best of our
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knowledge, studies have not reported on hyperbilirubinemia after OPCAB. Given that on-pump and off-pump
CABG have completely different pathophysiological processes, and OPCAB is being performed in many cardiac
surgical centers, we retrospectively analyzed incidences and risk factors for hyperbilirubinemia after OPCAB, as
well as its correlation with postoperative adverse events, so as to guide clinical practice, promote surgical quality
and improve prognostic outcomes.

Materials And Methods
Study population and patients selection

A total of 416 patients undergoing OPCAB in our center from December 2016 to March 2019 were enrolled in this
study. All patients were diagnosed with coronary heart disease by coronary angiography before operation.
Diagnostic criteria of hyperbilirubinemia: highest serum total bilirubin ≥ 34.2 µmol/L within 5 days after surgery.

Exclusion criteria: i. Serious de�ciency of clinical data; ii. Emergency CABG; iii. Previous history of cardiac
surgery; iv. CABG performed under cardiopulmonary bypass; v. Patients subjected to valve surgery or other
cardiac surgical procedures, including one-step hybrid surgery with PCI, at the same time; vi. Preoperative serum
total bilirubin levels ≥ 34.2 µmol/L.
Data collection

Through a review of medical records, the obtained clinical data were: age, gender, body mass index (BMI),
smoking history, general complications, cardiac function and NHYA classi�cation, left ventricular end diastolic
diameter (LVEDD), left atrial diameter (LAD), left ventricle ejection fraction (LVEF), latest laboratory examination
results including hemoglobin levels, albumin levels, liver and kidney functions, operation time, intraoperative
blood loss, perioperative blood transfusion, and IABP implantation among others (Table 1). Serum total bilirubin,
direct bilirubin and indirect bilirubin levels were recorded on the �rst day and on the thirty ~ �fth day after
surgery.
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Table 1
Baseline characteristics and perioperative details of patients in both groups

Variables* All patients (n = 
416)

Normal serum total
bilirubin group (n = 
384)

Hyperbilirubinemia
group (n = 32)

Z
value/t
value/
χ2

P
value

Age ≥ 75 years 52(12.5) 49(12.8) 3(9.4) 0.310 0.783

Male 314(75.48) 284(73.96) 30(93.75) 6.252 0.012

BMI, kg/m2 25.45 ± 3.21 25.45 ± 3.22 25.49 ± 3.04 0.073 0.942

Smoking history 217(52.16) 200(52.08) 17(53.13) 0.013 0.910

Complication          

Diabetes 186(44.71) 175(45.57) 11(34.28) 1.498 0.221

Hypertension 289(69.47) 268(69.79) 21(65.63) 0.242 0.623

Hyperlipidemia 235(56.49) 215(55.99) 20(62.5) 0.509 0.475

CKD 4(0.96) 4(1.04) 0(0.00) 0.337 1.000

COPD 8(1.92) 7(1.82) 1(3.13) 0.266 0.476

Peripheral vascular
disease

32(7.69) 30(7.81) 2(6.25) 0.102 1.000

Cerebrovascular
disease

92(22.12) 82(21.35) 10(31.25) 1.679 0.195

Anemia 147(35.34) 139(36.20) 8(25.00) 1.621 0.203

NYHA III ~ IV 74(17.79) 66(17.19) 8(25.00) 1.233 0.267

Previous myocardial
infarction

191(45.91) 178(46.35) 13(40.63) 0.390 0.532

Left ventricular
ejection fraction, %

60.71 ± 11.01 60.77 ± 10.93 60.03 ± 12.07 0.364 0.716

Left ventricular end
diastolic diameter,
cm

49.48 ± 5.81 49.42 ± 5.74 50.23 ± 6.70 0.762 0.446

Left atrial diameter,
cm

37.44 ± 4.55 37.41 ± 4.55 37.78 ± 4.63 0.439 0.661

Pulmonary artery
hypertension

8(1.92) 6(1.56) 2(6.25) 3.441 0.120

Absolute value of
red blood cell,
×1012/L

4.31 ± 0.54 4.30 ± 0.54 4.45 ± 0.50 1.542 0.124

*: Continuous variables with normal distribution are presented as mean ± SD unless noted. §: presented as
median (P25, P75). BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary
disease; IABP, intra-aortic balloon pump.
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Variables* All patients (n = 
416)

Normal serum total
bilirubin group (n = 
384)

Hyperbilirubinemia
group (n = 32)

Z
value/t
value/
χ2

P
value

Albumin, g/L 39.72 ± 3.41 39.71 ± 3.38 39.87 ± 3.78 0.036 0.971

Serum creatinine,
µmol/L§

73.70(63.10,87.25) 73.55(62.60,87.08) 76.75(66.75,88.30) 1.096 0.273

Abnormal liver
enzymes

58(13.94) 50(13.02) 8(25.00) 3.533 0.105

Serum total
bilirubin, µmol/L

12.41 ± 5.10 11.92 ± 4.52 18.28 ± 7.57 5.155 0.000

Operation time,
hours

3.89 ± 0.71 3.87 ± 0.71 4.01 ± 0.76 0.581 0.561

Intraoperative blood
loss, ml

465.79 ± 176.90 463.33 ± 174.40 495.31 ± 205.32 0.522 0.601

Perioperative blood
transfusion

162(38.94) 144(37.5) 18(56.3) 4.367 0.037

Perioperative IABP
implantation

101(24.28) 87(22.66) 14(43.8) 7.149 0.008

*: Continuous variables with normal distribution are presented as mean ± SD unless noted. §: presented as
median (P25, P75). BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary
disease; IABP, intra-aortic balloon pump.

Outcomes and de�nitions

Perioperative events including cumulative time of mechanical ventilation, occurrence of perioperative myocardial
infarction, new onsets of acute renal failure, new onsets of pulmonary infection, occurrence of other related
complications, incidences of multiple organ dysfunction syndrome (MODS) and in-hospital mortality were also
recorded (Table 2). The de�nition of AKI were based on the 2012 Kidney Disease Improving Global Outcomes
(KDIGO) guideline.
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Table 2
Comparisons of postoperative adverse events and mortality between the two groups

Variables* All patients (n = 416) Normal serum total
bilirubin group (n = 
384)

Hyperbilirubinemia
group (n = 32)

Z value/
χ2

P
value

New onset
of acute
renal failure

10(2.40) 7(1.82) 3(9.38) 7.181 0.034

Continuous
renal
replacement
therapy

5(1.20) 2(0.52) 3(9.38) 19.501 0.004

Cumulative
mechanical
ventilation
time, hours§

17.00(17.00,22.00) 17.00(17.00,21.00) 18.00(17.00,98.00) 1.651 0.099

Re-
intubation

14(3.37) 11(2.87) 3(9.38) 3.850 0.084

ICU stay,
hours§

116.00(72.00,170.00) 116.00(72.00,168.75) 131.50(70.50,222.75) 0.846 0.398

Perioperative
myocardial
infarction

27(6.49) 22(5.72) 5(15.63) 4.766 0.046

New onset
of
pulmonary
infection

25(6.01) 17(4.43) 8(25.00) 22.133 0.000

New onset
of stroke

7(1.68) 6(1.56) 1(3.13) 0.436 0.431

New onset
of atrial
�brillation

42(10.10) 36(9.38) 6(18.75) 2.860 0.118

MODS 3(0.72) 1(0.26) 2(6.25) 14.801 0.016

In-hospital
mortality

11(2.64) 7(1.82) 4(12.50) 13.081 0.007

Hospital
stay, days§

22.00(19.00,27.00) 22.00(19.00,27.00) 22.50(18.00,29.75) 0.048 0.962

*: Continuous variables with normal distribution are presented as mean ± SD unless noted. §: presented as
median (P25, P75). ICU, intensive care unit; MODS, multiple organ dysfunction syndrome.

Surgical procedure

Surgical procedures were performed by the same group of surgeons. A total of 389 patients were subjected to
median sternotomy, 26 patients were subjected to endoscope assisted mini incision while 1 patient was
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subjected to the left anterolateral mini incision. The left internal mammary artery (LIMA) to left anterior
descending artery (LAD) bridge was routinely selected. For the other coronary arterial grafts, there were 402
cases of great saphenous vein bridge, 6 cases of radial arterial bridge, 5 cases of great saphenous vein + radial
arterial bridge and 3 cases of right breast arterial bridge. The average quantity of bridges was 2.86 ± 0.58, while
the average operation time was 3.88 ± 0.71 hours.

Statistical analysis

Statistical analyses were performed using the SPSS 26.0 software. The Shapiro Wilk test was used to test the
normality of measurement data. Measurement data of normal distributions were expressed as means ± standard
deviation, and independent sample t-test was used for between group comparisons. Measurement data of non-
normal distributions were presented as M (P25,P75), and the non-parametric Mann-Whitney U test was used for
group comparisons. Count data were expressed as frequencies (percentage), and Pearson chi-square test or
Fisher’s exact test were used for between group comparisons. For variables that exhibited signi�cant differences
in univariate analysis, the multivariate logistic regression analysis model was used to obtain further conclusions.
p ≤ 0.05 was considered statistically signi�cant.

Results
Baseline characteristics

A total of 416 patients, including 314 males (75.48%) and 102 females (24.52%) undergoing OPCAB were
enrolled in this study. Their average age was 64.16 ± 8.83 years.

Cases of postoperative hyperbilirubinemia were found in 32 patients (7.7%). Among them, cases of severe
hyperbilirubinemia (serum total bilirubin ≥ 51.3 µmol/L) were reported in 6 patients (1.4%). In the
hyperbilirubinemia group, the percentage of direct bilirubin to total bilirubin was 36.12%±6.32% before surgery,
and 51.46%±19.98% after surgery. Statistically signi�cant difference was shown (p < 0.001). There were 23
patients (71.88%) whose direct bilirubin levels were elevated. Among them, 4 patients died. There were 9 patients
(28.13%) whose indirect bilirubin levels were elevated, and none of them died.

Logistic regression analysis for risk factors of AKI after HCR

Based on univariate regresssion analysis, the proportion of males in the hyperbilirubinemia group was far higher
than that of the normal serum bilirubin group (p = 0.012). Preoperative total bilirubin levels, the incidence of
perioperative IABP implantation and perioperative blood transfusion in the hyperbilirubinemia group were
signi�cantly increased than those in the normal serum total bilirubin group (p < 0.05). There were no signi�cant
differences in age, BMI, smoking, basic diseases, cardiac function classi�cation, echocardiographic indices and
laboratory examination indices between the two groups (p > 0.05) (Table 1).

Multivariate logistic regression analysis revealed that elevated serum total bilirubin levels (OR = 1.241, 95%CI:
1.156 ~ 1.333, p < 0.001), perioperative IABP implantation (OR = 0.238, 95%CI: 0.094 ~ 0.604, p = 0.003),
perioperative blood transfusion (OR = 0.237, 95%CI: 0.095 ~ 0.590, p = 0.002) were independent risk factors for
hyperbilirubinemia after OPCAB.
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In addition, incidences of new onset of acute renal failure, continuous renal replacement therapy, perioperative
myocardial infarction, new onset of pulmonary infection, MODS and in-hospital mortality levels were
signi�cantly elevated in the hyperbilirubinemia group (p < 0.05), as shown in Table 2. There were no signi�cant
differences in cumulative mechanical ventilation time, re-intubation, new onset of stroke, new onset of atrial
�brillation, ICU stay and total hospital stay between the two groups (p > 0.05).

Discussion
Hyperbilirubinemia is a common complication after OPCAB. However, there is no consensus on the diagnostic
criteria of perioperative hyperbilirubinemia. Previous studies set it at the upper limit of normal value to 51.3
µmol/L. In these studies, incidences of hyperbilirubinemia after CABG were signi�cantly different (13% ~ 51%)(4,
6). In most studies, elevated serum total bilirubin levels ≥ 34.2µmol/L within 5 days after operation were de�ned
as hyperbilirubinemia(2, 4, 5). This diagnostic standard is also used in this study. In this study, the incidence of
hyperbilirubinemia after OPCAB was found to be 7.7%, while the incidence of severe hyperbilirubinemia was
1.4%, which were less than those reported in previous studies. This difference may be attributed to the strict
exclusion criteria of our study.

Regarding the nature of postoperative hyperbilirubinemia, most patients (71.88%) exhibited elevated direct
bilirubin levels, which is in agreement with previous reports(1, 10). Nishi et al. reported that patients with elevated
direct bilirubin levels were more likely to have higher mortality rates and worse prognostic outcomes than
patients with elevated indirect bilirubin levels(10). This difference was also found in this study (17.39% for direct
bilirubin vs. 0% for indirect bilirubin, p = 0.303), although the difference was not signi�cant. In contrast,
Mastoraki et al. reported that patients with elevated indirect bilirubin levels have worse prognostic outcomes,
which may be due to the longer operation time and extracorporeal circulation time, larger intraoperative blood
loss and perioperative blood transfusion, resulting in increased hemolytic hyperbilirubinemia(1).

In this study, in the hyperbilirubinemia group, 19 patients (59.38%) had direct bilirubin / total bilirubin ratio > 50%,
10 patients (31.25%) had direct bilirubin / total bilirubin ratio between 20% and 50%, 3 patients (9.38%) had
direct bilirubin / total bilirubin ratio < 20%, while 5 patients (15.63%) had elevated liver enzyme levels, implying
that the main cause of hyperbilirubinemia after OPCAB was intrahepatic cholestasis, followed by hepatocyte
damage, and hemolysis in a few patients. Which is in agreement to the conclusion of Mastoraki et al(1).

Univariate logistic regression analysis revealed that there were signi�cant differences in gender, preoperative
total bilirubin level, perioperative IABP implantation and perioperative blood transfusion between the two groups.
Preoperative serum total bilirubin levels (OR = 1.241, p < 0.001), perioperative IABP implantation (OR = 0.238, p = 
0.003) and perioperative blood transfusion (OR = 0.237, p = 0.002) were found to be independent risk factors for
hyperbilirubinemia after OPCAB.

Perioperative IABP implantation ensures blood supply to the heart and brain, therefore, it is bound to reduce
blood supply to the liver, resulting in insu�cient liver perfusion, ischemia and hypoxia of liver cells, triggering
atrophy and apoptosis, as well as inhibition of liver functions to varying degrees(1, 11). Therefore, all stages of
the bilirubin circulatory pathway, including albumin transport, hepatocyte uptake, carrier protein transport and
related enzyme catalysis, are blocked by inhibition of hepatocyte function, resulting in continuous accumulation
of bilirubin in serum(7, 12). At the same time, functions of Kupffer cells of macrophages in hepatic sinuses are
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inhibited, while their roles in clearing aging, damaged red blood cells, as well as clearing microorganisms and
poisons from the intestinal tract are weakened, resulting in pathophysiological changes such as bilirubin stasis
and intestinal endotoxemia(13, 14). The former aggravates inhibition of the roles of Kupffer cells, while the latter
can damage the intestinal mucosal barrier through a series of actions and promote endotoxin absorption,
thereby leading to a vicious cycle. Endotoxin accumulation may cause hepatocyte injury and induce apoptosis
through immune cell activation, induction of the production of free oxygen radicals, secretion of cytokines and
in�ammatory mediators, inhibiting bilirubin circulation, and �nally, by leading to the formation of hepatocyte
hyperbilirubinemia(7, 12–14).

Lockey et al. and Wang et al. reported that elevated indirect bilirubin levels were the main causes of
postoperative hyperbilirubinemia(6, 11), implying that hemolysis is an important factor in hyperbilirubinemia
occurrence and development. Massive intraoperative and early postoperative blood transfusion, exceeding
treatment threshold of the liver with functional inhibition, and hemolysis of red blood cells in stored blood can
lead to massive accumulation of bilirubin, resulting in postoperative hyperbilirubinemia(15). Mathie et al.
reported that massive blood transfusion may cause microthrombosis, elevated free radical levels and disorders
of liver blood �ow, further aggravating liver injury and forming hyperbilirubinemia(7). Moreover, An et al.
proposed that prolonged operation time is an independent risk factor for postoperative hyperbilirubinemia(8),
implying that elevated tissue oozing and bleeding associated with prolonged operation time, intraoperative
destruction and loss of red blood cells and coagulation factors may be some of the involved mechanisms(4).
There were no signi�cant differences in operation time between the two groups, however, intraoperative and early
postoperative blood transfusion was an independent risk factor for postoperative hyperbilirubinemia.

Most studies were positive about the correlation between hyperbilirubinemia and postoperative complications as
well as with adverse events(3, 5, 10–12, 16–18). Hyperbilirubinemia after cardiac surgery (especially after
cardiopulmonary bypass) is a risk factor for postoperative respiratory(8), circulatory(12, 18), urinary(19, 20),
gastrointestinal complications(21) and hospital mortality. In this study, incidences of pulmonary infection, new
acute renal failure, continuous renal replacement therapy, perioperative myocardial infarction and other related
complications in the hyperbilirubinemia group were elevated, while incidences of MODS and hospital mortality
were higher than those of the normal serum total bilirubin group, with statistically signi�cant differences.

The mechanisms through which hyperbilirubinemia leads to complications and poor prognosis are complex, and
have not been fully elucidated. Elevated bilirubin concentrations can trigger cell oxidative stress, induce
apoptosis, and participate in a variety of pathological processes, including respiratory dysfunction,
thrombocytopenia(19), renal tubular epithelial cell damage(19), neural cell differentiation and myelination
inhibition(23). In addition, persistent hyperbilirubinemia is only a manifestation of a potential disease, such as
persistent low cardiac output syndrome, rather than a direct cause of death(2).

Prolonged bilirubin peak time in patients with hyperbilirubinemia is an independent predictor of death. Chen et
al., Sharma et al. and others reported that early jaundice after cardiac surgery is mostly transient, and is mainly
caused by surgical strikes, while late and persistent hyperbilirubinemia (lasting for more than 5 days after
operation) may be related to cardiac failure(12, 17, 18) or septicemia, leading to acute liver failure, with rapidly
elevated in-hospital mortality rates(2, 11, 20). Farag et al. reported that patients with bilirubin peak time more
than 3.5 days and peak value exceeding 91.5 µmol/L had signi�cantly higher mortality rates while patients with
bilirubin peak value exceeding 436.1 µmol/L had mortality rates above 99%(16). However, these conclusions
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lack support from molecular biology experiments. Studies should aim at elucidating the pathophysiological
signi�cance of bilirubin at the molecular level.

This study has certain signi�cance for clinical practice. First, for patients with elevated serum total bilirubin
levels before OPCAB, potential causes should be investigated and corresponding therapy for the primary disease
administered. Second, the experience level of the surgical team should be improved to reduce iatrogenic
complications of IABP implantation, decrease intraoperative bleeding, shorten operation time, so as to suppress
the chances of perioperative hyperbilirubinemia caused by iatrogenic factors. Third, there is a need to improve
the management ability of blood products. For patients with more intraoperative bleeding and a higher
possibility of perioperative blood transfusion, restrictive and autologous blood transfusion strategy(15, 24)
should be adopted. Moreover, active and regular measurements of postoperative serum total bilirubin levels is
necessary. For patients with mild elevations of serum total bilirubin, choleretic drugs such as Smectite and
Yinzhihuang could be effective; for patients with severe elevations of serum total bilirubin and acute liver failure,
arti�cial liver support system (ALSS), including plasma bilirubin adsorption (PBA), plasma exchange (PE),
hemo�ltration (HF), hemodialysis (HD) and their combination strategies should be applied, according to the
indications. If the progress of hyperbilirubinemia cannot be controlled by the above methods, liver
transplantation may be the last chance(25, 26).

This study is associated with some limitations. First, as a single center retrospective study, the collection of
bilirubin index data is limited to a certain extent. Only the bilirubin peak near the measurement time was
recorded. Therefore, false negatives might be in existence. Studies should aim at establishing standardized time
points, where serum bilirubin levels among all patients can be continuously and repeatedly measured, so as to
reduce the above bias. Second, we did not record factors such as storage time of blood products, IABP mode and
duration of use, which may affect the results of this study. Therefore, multicenter prospective randomized
controlled trials are need to overcome these biases.

Conclusion
Perioperative hyperbilirubinemia is associated with adverse events and mortality. Elevated preoperative serum
total bilirubin levels, perioperative IABP implantation and perioperative blood transfusion rates are independent
risk factors for hyperbilirubinemia after OPCAB. In clinical practice, changes in serum total bilirubin levels among
patients undergoing OPCAB should be routinely monitored, and active as well as early interventions in patients
with risk factors performed. In addition, technical levels of the surgical team should be continuously improved
while perioperative blood management should be strengthened. In this manner, postoperative complications can
be reduced, thereby improving patient prognosis.

List Of Abbreviations
OPCAB, off-pump coronary artery bypass grafting

CABG, coronary artery bypass grafting

PCI, percutaneous coronary intervention

OR, odds ratio
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CI, con�dence interval

CPB, cardiopulmonary bypass

BMI, body mass index

COPD, chronic obstructive pulmonary disease

LVEF, left ventricle ejection fraction

LVEDD, left ventricular end diastolic diameter

LAD, left atrial diameter

IABP, intra-aortic balloon pump

AKI, acute kidney injury

MODS, multiple organ dysfunction syndrome

LIMA to LAD, left internal mammary artery to left anterior descending artery

ICU, intensive care unit

ALSS, arti�cial liver support system

PBA, including plasma bilirubin adsorption

PE, plasma exchange

HF, hemo�ltration

HD, hemodialysis
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