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Abstract

Background: Hyperbilirubinemia is a common complication after off-pump coronary artery bypass grafting
(OPCAB), but the incidence and the risk factors are unclear. This study aimed to analyze the incidence and risk factors
of postoperative hyperbilirubinemia in patients undergoing OPCAB.

Methods: From December 2016 to March 2019, a total of 416 consecutive patients undergoing OPCAB were
enrolled in this single-center retrospective study. Patients were divided into the normal serum total bilirubin group
and the hyperbilirubinemia group based on the serum total bilirubin levels. Perioperative variables between the two
groups were compared by univariate logistic regression analysis. Then, multivariate binary logistic regression analysis
was used to analyze the independent risk factors of developing hyperbilirubinemia in patients underwent OPCAB.
P<0.05 was considered as statistically significant.

Results: Thirty two of 416 (7.7%) patients developed postoperative hyperbilirubinemia. Univariate regression analysis
showed significant differences in gender (73.96% vs. 93.75%, P=0.012), preoperative total bilirubin levels (11.92 +4.52
vs. 18.28 +7.57,P<0.001), perioperative IABP implantation (22.66% vs. 43.75%, P=0.008), perioperative blood transfu-
sion (37.50% vs. 56.25%, P=0.037) between the two groups. Multivariate logistic regression analysis revealed that
elevated preoperative serum total bilirubin levels (OR=1.225, 95% C/ 1.145-1.310, P<0.001), perioperative blood
transfusion (OR=4.488, 95% (C/ 1.876-10.737, P=0.001) and perioperative IABP implantation (OR=4.016, 95% C/
1.709-9.439, P=10.001) were independent risk factors for hyperbilirubinemia after OPCAB.

Conclusions: Hyperbilirubinemia is also a common complication after OPCAB. Elevated preoperative serum total
bilirubin levels, perioperative blood transfusion, and perioperative IABP implantation were independent risk factors for
patients developing hyperbilirubinemia after OPCAB. Further studies need to be conducted to confirm the risk factors
of hyperbilirubinemia after OPCAB procedure.
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Background

Off-pump coronary artery bypass grafting (OPCAB) has
been accepted by more and more cardiac surgeons due
to its less neurological complications and lower in-hos-
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bypass (CPB) time and cross-clamp time, sample size
[2-9].

Whereas, the incidence of hyperbilirubinemia after
OPCAB was unclear, since previous studies have not
reached a consensus on the diagnostic criteria of perio-
perative hyperbilirubinemia, the incidence of hyperbili-
rubinemia after conventional CABG was significantly
different, ranging from 13 to 51% [2-7, 9]. Meanwhile,
few studies have elucidated the risk factors of hyper-
bilirubinemia after CABG. Mastoraki et al. and Sharma
et al. have reported the hyperbilirubinemia after cardiac
surgery, but they did not distinguish the surgical types,
use of CPB and other factors [2, 3]. Nishi et al. and Chen
et al. reported hyperbilirubinemia after valve and aortic
surgeries, respectively [10, 11]. However, studies on the
incidence and risk factor analysis of hyperbilirubinemia
after OPCAB are still limited.

Thus, the present study aimed to detect the incidence
and analyze the independent risk factors of postoperative
hyperbilirubinemia after OPCAB.

Materials and methods

Study population

This was a single-center retrospective study conducted
at Beijing Chaoyang Hospital. From December 2016 to
March 2019, 424 consecutive patients undergoing iso-
lated OPCAB were enrolled. The inclusion criteria were:
1. age > 18; 2. patients undergoing isolated OPCAB. The
exclusion criteria were: 1. serious deficiency of clini-
cal data; 2. emergency CABG; 3. previous history of
cardiac surgery; 4. preoperative serum total bilirubin
levels>34.2 umol/L. After exclusion, there were 416
patients enrolled in this study. Figure 1 shows the study
flow.

The study was in accordance with the Declaration of
Helsinki (as revised in 2013). It was authorized by local
research ethics committee of Beijing Chaoyang Hospital,
and subject informed consent for this retrospective study
was waived.

Data collections and definitions

Demographics variables, comorbidities, and periopera-
tive data including age, gender, body mass index (BMI),
smoking history, hypertension, diabetes, hyperlipi-
demia, chronic kidney disease (CKD), chronic obstruc-
tive pulmonary disease (COPD), peripheral vascular
disease (PVD), cerebrovascular disease, prior myocar-
dial infarction (MI), left ventricular end diastolic diam-
eter (LVEDD), left ventricle ejection fraction (LVEF),
biochemical indicators (albumin, liver enzyme, serum
creatinine, urea nitrogen, etc.), target vessels, operation
time, perioperative blood transfusion, and periopera-
tive intra-aortic balloon pump (IABP) implantation were
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collected via local database of our center. Postoperative
serum total bilirubin, direct bilirubin and indirect biliru-
bin levels were recorded on the first, third and fifth day
after surgery routinely. For patients with high serum bili-
rubin level and continuous upward trend, measurement
intervals were shortened and detection frequency were
increased.

Key data elements were defined according to the
“2020 AHA/ACC Key Data Elements and Definitions
for Coronary Revascularization” [12]. Hyperbilirubine-
mia was defined as the occurrence of serum total biliru-
bin > 34.2 pmol/L (twice the upper limit of normal value)
at any time after surgery [13].

Surgical procedures

Surgical procedures were performed by the same group
of surgeons. Most patients were subjected to median
sternotomy (n=2389, 93.5%), while some of the patients
underwent minimally invasive direct coronary artery
bypass (MIDCAB) or minimally invasive coronary artery
bypass grafting (MICS-CABG), with a 6 cm incision in
the fourth or fifth intercostal space (n =27, 6.5%). The left
internal mammary artery (LIMA) pedicle to left anterior
descending artery (LAD) graft was used in all patients.
Saphenous vein grafts (SVG) were harvested via endo-
scope (n=378) or openly (n=24).

Statistical analysis

Statistical analyses were performed using SPSS 26.0 sta-
tistical software (IBM Corp. Released 2013. IBM SPSS
Statistics for Windows, Version 26.0. Armonk, NY:
IBM Corp). The Shapiro Wilk test was used to test the
normality of measurement data. Measurement data of
normal distributions were expressed as means=+ stand-
ard deviation, and t-test was used for group compari-
sons. Measurement data of non-normal distributions
were presented as M (P, P,;), and the non-parametric
Mann-Whitney U test was used for group comparisons.
Categorical variables were expressed as frequencies (per-
centage), and chi-square test or Fisher’s exact test were
used for group comparisons. For variables that exhibited
significant differences in univariate analysis, the multi-
variate binary logistic regression analysis model was used
to obtain further conclusions. P<0.05 was considered
statistically significant.

Results

Baseline characteristics

A total of 416 patients undergoing OPCAB were
enrolled, and the baseline characteristics were shown
in Table 1. There were 32 patients developing hyper-
bilirubinemia after surgery, and the incidence of
postoperative hyperbilirubinemia was 7.7%. The
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A total of 424 patients underwent isolated OPCAB

Serious deficiency of clinical data (n=2)

Previous history of cardiac surgery (n=1)
Preoperative serum total bilirubin levels >

Emergency CABG (n=1)

34.2 umol/L (n=4)

Patients enrolled in this study (n=416)

U

Data collection of these patients from local
database

<
U

U

Normal serum total bilirubin group
(n=384)

Hyperbilirubinemia group

(n=32)

U

U

U

Univariate logistic regression analysis

1y

Multivariate logistic regression analysis
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Independent risk factors of hyperbilirubinemia
after OPCAB were detected

Fig. 1 Flow chart of the study design. OPCAB, off-pump coronary artery bypass grafting

hyperbilirubinemia group had a higher basal serum
total bilirubin level, a higher proportion of male
patients, perioperative blood transfusion and perio-
perative IABP implantation compared with normal
serum total bilirubin group. In the hyperbilirubinemia
group, severe hyperbilirubinemia (serum total biliru-
bin>51.3 pumol/L) occurred 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, which was
significantly different (P <0.001). There were 23 of
hyperbilirubinemia patients (71.88%) had direct biliru-
bin levels elevation with a extent from 4.29% to 48.21%,

and 4 patients died. There were 9 patients (28.13%) with
indirect bilirubin levels elevation, and none of them
died.

Logistic regression analysis for risk factors

of hyperbilirubinemia after OPCAB

All the potential risk factors were involved in the uni-
variate logistic regression analyses. Based on univariate
regression analysis, male (P=0.012), preoperative total
bilirubin levels (P<0.001), perioperative IABP implan-
tation (P =0.037) and perioperative blood transfusion
(P=0.008) were risk factors for developing hyperbiliru-
binemia. Then, multivariate binary logistic regression
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Table 1 Baseline characteristics of included patients
Variables® All patients (n=416) Normal serum total Hyperbilirubinemia Z/t /)(2 Pvalue
bilirubin group (h=384) group (n=32)
Age > 75 years 52(12.5) 49(12.8) 3(9.4) 0310 0.783
Male 314(7548) 284(73.96) 30(93.75) 6.252 0.012¢
BMI, kg/m2 25.45+£3.21 2545+£322 25494+3.04 0.073 0.942
Smoking history 217(52.16) 200(52.08) 17(53.13) 0013 0910
Comorbidities
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 0475
CKD 4(0.96) 4(1.04) 0(0.00) 0337 1.000
COPD 8(1.92) 7(1.82) 1(3.13) 0.266 0476
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 -1V 74(17.79) 66(17.19) 8(25.00) 1.233 0.267
Myocardial infarction occurring > 21 days 191(45.91) 178(46.35) 13(40.63) 0.390 0.532
before operation
Left ventricular ejection fraction, % 60.714£11.01 60.77+£10.93 60.03+12.07 0.364 0.716
Left ventricular end diastolic diameter, cm 4948 +£5.81 4942 +£5.74 50.234+6.70 0.762 0.446
Left atrial diameter, cm 37.44+£4.55 3741£455 37.78+£4.63 0439 0.661
Pulmonary artery hypertension 8(1.92) 6(1.56) 2(6.25) 3441 0.120
Absolute value of red blood cell, x 10'%/L 4314054 4304054 4454050 1542 0.124
Albumin, g/L 39.72+£3.41 39.71£338 39.87+3.78 0.036 0.971
Serum creatinine, umol/L° 73.70 (63.10, 87.25) 73.55 (62.60, 87.08) 76.75 (66.75, 88.30) 1.096 0.273
AST, U/LP 22.00 (17.00, 31.00) 22.00 (17.00, 30.00) 21.00 (17.25, 36.00) 0.036 0971
ALT, U/L® 22.00 (16.00, 37.75) 22.00 (16.00, 30.00) 21.00 (14.25,44.00) 0.361 0.718
ALP, U/L® 69.00 (57.00, 80.00) 68.50 (57.00, 79.00) 74.50 (56.25, 86.25) 1.342 0.180
GGT, U/L® 26.00 (18.00, 43.00) 26.00 (18.00, 41.00) 27.00 (19.25,59.75) 1513 0.130
Serum total bilirubin, umol/L 12414£5.10 11924452 18.28+7.57 5155 <0.001¢
Operation time, hours 3.89+0.71 3.87+0.71 401£0.76 0.581 0.561
Intraoperative blood loss, ml 465.794+176.90 463.331+174.40 495.31+£205.32 0.522 0.601
Perioperative blood transfusion [14] 162(38.94) 144(37.50) 18(56.25) 4367 0.037¢
Perioperative IABP implantation 101(24.28) 87(22.66) 14(43.75) 7.149 0.008°¢
Target vessels? 3.00(2.00, 3.00) 3.00(2.00, 3.00) 3.00(2.00, 3.00) 0.343 0.732

BMI body mass index, CKD chronic kidney disease, COPD chronic obstructive pulmonary disease, AST aspartate aminotransferase, ALT alanine aminotransferase, ALP
alkaline phosphatase, GGT y-Glutamyl transpeptidase, /ABP intra-aortic balloon pump

2 Continuous variables with normal distribution are presented as mean = SD unless noted. °Continuous variables of non-normal distribution are presented as median
(P55, P75). °P <0.05 was considered as statistically significant

Discussion

analysis was performed with variables that had been
significant in previous univariate analysis (male, preop-
erative total bilirubin levels, perioperative IABP implan-
tation and perioperative blood transfusion). Finally, we
revealed that elevated preoperative serum total bilirubin
levels (OR=1.225, 95% CI 1.145-1.310, P<0.001), perio-
perative blood transfusion (OR=4.488, 95% CI 1.876—
10.737, P=0.001) and perioperative IABP implantation
(OR=4.016, 95% CI 1.709-9.439, P=0.001) were inde-
pendent risk factors for developing hyperbilirubinemia
after OPCAB (Table 2).

The incidence of hyperbilirubinemia after OPCAB was
7.7%, and the incidence of severe hyperbilirubinemia
was 1.4% in this single-center study, which were less
than those reported in previous studies, ranging from 13
to 51% [2-7, 9]. The potential reason may be that only
patients undergoing OPCAB were enrolled. Since CPB is
non-physiological, it will bring a series of stress responses
and inflammatory reactions to the body, which may
aggravate liver injury and hepatocyte destruction, lead-
ing to hepatocellular hyperbilirubinemia. At the same
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Table 2 Multivariate logistic regression analysis on risk factors of hyperbilirubinemia after OPCAB

Variables B OR 95% CI P
Preoperative serum total bilirubin (umol/L) 0.203 1.225 1.145-1.310 <0.001°%
Perioperative blood transfusion 1.501 4488 1.876-10.737 0.0012
Perioperative IABP implantation 1.390 4016 1.709-9.439 0.001%

B regression coefficient, OR odds ratio, C/ confident interval
# P<0.05 was considered as statistically significant

time, CPB can cause inevitable mechanical damage to red
blood cells, resulting in hemolytic hyperbilirubinemia
[3, 4, 8, 9]. After excluding these potential influence fac-
tors, the incidence of hyperbilirubinemia after OPCAB
has decreased. This was consistent with our theoretical
expectations.

Multivariate logistic regression analysis demon-
strated that elevated preoperative serum total biliru-
bin levels (OR=1.225, 95% CI 1.145-1.310, P<0.001),
perioperative blood transfusion (OR=4.488, 95% CI
1.876-10.737, P=0.001) and perioperative IABP implan-
tation (OR=4.016, 95% CI 1.709-9.439, P=0.001) were
independent risk factors for developing hyperbilirubine-
mia after OPCAB. Mild elevation of preoperative bili-
rubin (exceeding the upper limit of the reference value,
but not exceeding twofold) is an independent risk factor
for hyperbilirubinemia after OPCAB. Even if the preop-
erative bilirubin level does not meet the diagnostic cri-
teria of hyperbilirubinemia, and is not accompanied by
other manifestations of abnormal liver function such as
elevated liver enzymes, decreased albumin or abnormal
coagulation function, it is also closely related to postop-
erative hyperbilirubinemia. The increase of basic serum
bilirubin indicates the insufficient reserve of liver func-
tion, poorer compensatory ability, and there might be
potential hepatocyte injury before surgery. These patients
are more likely to have liver dysfunction after surgery,
which may cause hepatocyte injury and intrahepatic
cholestasis and result in hyperbilirubinemia.

IABP implantation ensures blood perfusion to the
heart and brain [15, 16]. On the other hand, it would
reduce the perfusion of liver and other organs, result-
ing in insufficient liver perfusion, ischemia and hypoxia,
atrophy and apoptosis of liver cells, which lead to varying
degrees of liver dysfunction [2, 17]. Moreover, 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 accumula-
tion of bilirubin in serum [8, 18]. Meanwhile, functions
of Kupffer cells of macrophages in hepatic sinuses are
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 [19, 20]. 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 lead-
ing 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 inflammatory media-
tors, inhibiting bilirubin circulation, and finally, by lead-
ing to the formation of hepatocyte hyperbilirubinemia [8,
18-20].

Lockey et al. and Wang et al. reported that elevated
indirect bilirubin levels were the main causes of post-
operative hyperbilirubinemia [7, 17], implied that
hemolysis is an important factor in hyperbilirubine-
mia occurrence and development. Perioperative blood
transfusion is a main reason of hemolysis, hemolysis of
stored red blood cells can lead to massive accumulation
of bilirubin, resulting in postoperative hyperbilirubine-
mia [21]. Mathie et al. [8] reported that massive blood
transfusion may cause microthrombosis, elevated free
radical levels and disorders of liver blood flow, further
aggravating liver injury and forming hyperbilirubinemia.
Moreover, An et al. [9] proposed that prolonged opera-
tion time is an independent risk factor for postoperative
hyperbilirubinemia, indicating that elevated tissue oozing
and bleeding associated with prolonged operation time,
intraoperative destruction and loss of red blood cells and
coagulation factors may be the potential mechanisms [5].

Regarding the categories of postoperative hyperbiliru-
binemia, most patients (71.88%) exhibited elevated direct
bilirubin levels, which is consistent with previous reports
[2, 11]. 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 [11]. 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 significant. In contrast, Mastoraki
et al. [2] reported that patients with elevated indirect bili-
rubin levels had worse outcomes. In the hyperbilirubine-
mia patients of this study, 19 patients (59.38%) had direct
bilirubin/total bilirubin ratio>50%, 10 patients (31.25%)
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had direct bilirubin/total bilirubin ratio between 20 and
50%, 3 patients (9.38%) had direct bilirubin/total biliru-
bin ratio<20%, while 5 patients (15.63%) had elevated
liver enzyme levels, demonstrated that the main cause of
hyperbilirubinemia after OPCAB was intrahepatic chol-
estasis, followed by hepatocyte damage, and hemolysis in
a few patients. Which is in agreement to the conclusion
of Mastoraki et al. [2].

Most studies were positive about the correlation
between hyperbilirubinemia and postoperative compli-
cations as well as with adverse events [4, 6, 11, 17, 18,
22-24], which embodied the importance of this study.
Hyperbilirubinemia after cardiac surgery (especially after
cardiopulmonary bypass) is a risk factor for postopera-
tive respiratory [9], circulatory [18, 24], urinary [25, 26],
gastrointestinal complications [27] and associated with
in-hospital mortality [2-7, 9].

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 [23], and participate in a variety of pathologi-
cal processes, including respiratory dysfunction, throm-
bocytopenia [25], renal tubular epithelial cell damage [26,
28], neural cell differentiation and myelination inhibition
[29]. 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 [3].

This study has certain significance for clinical practice.
Firstly, for patients with elevated serum total bilirubin
levels before OPCAB, potential causes should be inves-
tigated and early therapy for the primary disease should
be administered. Secondly, the experience level of the
surgical team should be improved to reduce iatrogenic
complications of IABP implantation, decrease intraoper-
ative bleeding, shorten operation time, so as to suppress
the chances of perioperative hyperbilirubinemia caused
by iatrogenic factors. Thirdly, there is a need to improve
the management ability of blood products. For patients
with high risk of bleeding and transfusion, autologous
blood transfusion and a restrictive transfusion strategy
[21, 30] should be adopted. Moreover, regular measure-
ment of postoperative serum total bilirubin levels is nec-
essary. For patients with mild elevations of serum total
bilirubin, choleretic drugs such as ursodeoxycholic acid
and transmetil could be effective. Meanwhile, hepato-
protective medicine such as glutathione, polyene phos-
phatidylcholine, magnesium isoglycyrrhizinate would
be administrated. For patients with severe elevations
of serum total bilirubin and acute liver failure, artificial
liver support system (ALSS), including plasma bilirubin
adsorption (PBA), plasma exchange (PE), hemofiltration
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(HF), hemodialysis (HD) and their combination strate-
gies 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 [31, 32].

This study had some limitations. First, as a single
center retrospective study, the sample size was still lim-
ited. Then, we did not record factors such as the volume
and component of transfusion, time of IABP use, which
may affect the results of this study. Consequently, further
studies are need to verify the risk factors of developing
hyperbilirubinemia after OPCAB.

Conclusion

In this study, we revealed that hyperbilirubinemia was
also a common complication after OPCAB. Elevated
preoperative serum total bilirubin levels, perioperative
IABP implantation and perioperative blood transfusion
were independent risk factors for hyperbilirubinemia
after OPCAB. In clinical practice, these factors should be
significantly focused and prevented to reduce the occur-
rence of postoperative hyperbilirubinemia after OPCAB.
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