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Abstract

Objective: Hyperbilirubinemia after cardiac surgery increases in-hospital mortality and is associated with poor
prognosis. Our present study aimed to compare the efficacy of bilirubin adsorption (BA) and plasma exchange (PEX)
in patients with hyperbilirubinemia after cardiac surgery.

Methods: We retrospectively included patients who underwent BA treatment or PEX treatment due to severe hyper-
bilirubinemia after cardiac surgery at our center from 2015 to 2020. We collected results from urine and liver function
tests before and after treatment and compared the in-hospital mortality and morbidity between the two treatment
groups.

Results: A total of 56 patients were enrolled in this study: 14 patients received BA treatment, and 42 patients
received PEX treatment. Compared to the PEX group, the BA group exhibited a statistically significant reduction in
total bilirubin (p=0.016) and direct bilirubin (p=0.036) levels. The in-hospital mortality was 85.7% (48/56) in the
whole group, and the BA group had a lower mortality than the PEX group (71.4% vs. 90.5%, p=0.078). The BA group
showed better circulatory support, including lower risks of IABP (21.4% vs. 52.4%, p =0.044), ECMO (21.4% vs. 50.0%,
p=0.061), reintubation (64.3% vs. 40.5%, p=0.122) and ventricular arrhythmias (64.3% vs. 45.2%, p=0.217). The
in-hospital mortality was still lower in the BA treatment group than in the PEX treatment group (71.4% vs. 100%,
p=0.049) in the matched cohort.

Conclusions: Compared to PEX treatment, BA treatment had a higher bilirubin removal ability in patients with
hyperbilirubinemia and could reduce the mortality and risks of poor clinical outcomes. BA treatment should be con-
sidered an effective treatment method for patients with higher total bilirubin or direct bilirubin levels.
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Introduction

Cardiac surgery with cardiopulmonary bypass (CPB) can
lead to different degrees of liver damage. In a previous series
of reports, the rate of hyperbilirubinemia was reported to be
approximately 8.6% to 40% [1-3]. Hyperbilirubinemia sig-
nificantly increases the risk of mortality and morbidity [4].
The most serious level of liver damage is acute liver failure
(ALF). ALF usually develops into multiple organ dysfunc-
tion syndrome (MODS) after cardiac surgery. The rate of
MODS combined with ALF is relatively low (4.7%), while it
could increase the mortality rate up to 90% [5, 6].

Current treatments for ALF or hyperbilirubinemia
include plasma exchange (PEX), molecular adsorbent
recirculating system (MARS), extracorporeal blood
purification and bilirubin adsorption (BA). All of these
treatment methods are based on their ability to remove
endotoxin, cytokines and bilirubinemia from blood,
thereby functioning in detoxification and creating condi-
tions for liver cell regeneration.

PEX is a nonbiological artificial liver support system
and has been an effective method for treating ALF. PEX
treatment is recommended for the early stage of viral
hepatitis and liver failure. BA is an important part of the
artificial liver support system to overcome adverse reac-
tions such as plasma dosage restrictions, plasma allergies
and blood transfusion infection. It is another option for
the treatment of ALF and hyperbilirubinemia.

Multiple processes are associated with ALF in patients
after cardiac surgery, including CPB, low cardiac output
syndrome and elevation of venous pressure. Therefore, it
remains controversial which treatment for ALF after car-
diac surgery has better clinical outcomes. Furthermore,
only a few clinical studies with limited sample sizes have
been performed to address this question. PEX and BA
have been used at our center for the treatment of ALF
after cardiac surgery since 2015. We designed this ret-
rospective study to compare the effectiveness of BA and
PEX treatment in patients with ALF after cardiac surgery.

Methods

Study population

From 2015 to 2020, 11,483 adult patients underwent car-
diac surgery at our center, 56 of whom were diagnosed
with AFL or hyperbilirubinemia after cardiac surgery.
Fourteen patients who received BA treatment were
chosen from 2019 to 2020, and forty-two patients who
received PEX treatment were chosen from 2015 to 2020.
This study was approved by the Medical Ethics Commit-
tee of Affiliated Nanjing Drum Tower Hospital, Nanjing
University Medical College (2020-249-01). The require-
ment for informed consent from the patients was waived,
and all the authors had full control of the data and infor-
mation regarding this study.
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Indications

We diagnosed ALF based on the following criteria [7-9]:
lab indication of jaundice progressing quickly with total
bilirubin (TBil)>10 x upper limit of normal (ULN) or
daily increasing data>17.1 umol/L. Patients with ALF
usually have hyperbilirubinemia and develop multi-
ple organ dysfunction (MODS) after cardiac surgery.
We divided the 56 patients into two groups: 14 patients
who received BA treatment and 42 who received PEX
treatment.

Treatment approach

Vascular access was obtained via a double-lumen hemo-
dialysis catheter introduced into the femoral, jugular or
subclavian veins. Blood anticoagulation was controlled
using unfractionated heparin (target clotting time of
140-200 s).

For the BA treatment device, PF 2000N (Gambro
Dialysatoren GmbH) was used as the plasma filter, BS330
(Jafron Biomedical Co., Ltd, China) as the bilirubin
absorption column (Jafron Biomedical Co., Ltd, China),
HA330-II (Jafron, China) as the disposable hemoperfu-
sion cartridge, and the Diapact CRRT system (Fresenius
Medical Care, Germany) to perform the procedure; the
following parameters were applied: blood flow rate 120—
150 ml/min; plasma flow rate 30 ml/min; average dura-
tion of treatment 4 h; and average amount of plasma 6 L.

For the PEX treatment device, PF 2000N (Gambro
Dialysatoren GmbH) was used as the plasma filter, and
the Diapact CRRT system (Fresenius Medical Care, Ger-
many) was used to perform the procedure; the following
parameters were applied: blood flow rate 120-150 ml/
min; plasma flow rate 25 ml/min; average duration of
treatment 2 h; and average amount of plasma 3 L.

Statistical analysis

Data analysis was performed using SPSS for Windows
version 22 (IBM Corporation, Armonk, NY). Generally,
continuous variables are presented as the mean =+ stand-
ard deviation. Categorical variables are presented as
absolute numbers and proportions (n, %). Differences
in categorical variables were analyzed using the x2 test.
Differences in continuous variables were tested by t-test
or the Mann—Whitney U-test. Some bias might exist in
our study. Adjustment for indication bias was further
assessed using a matched cohort. To overcome the bias
in our study, we used a matched cohort of 28 patients
(14 who received BA treatment and 14 who received
PE treatment) with similar conditions. In the matched
cohort, the PEX subjects were selected and matched for
sex, age (£2 years) and EuroSCORE II (£1%). Differ-
ences were considered significant at p<0.05.
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Results

Preoperative and intraoperative variables are listed
in Table 1. The mean age of all the patients was
66.0+10.6 years. Most of the patients were male (41/56,
73.2%) and had cardiac insufficiency (NYHA class III/IV,
55/56, 98.2%). The patients in the BA treatment group
had higher risks of surgery mortality with higher Euro-
Score 1II scores than those in the PEX treatment group
(p=0.006). None of the patients had a history of chronic
renal failure or liver disease. Baseline liver function and
renal function were not different between the two groups.
The type of cardiac operation showed no differences
between the two groups. The mean cardiopulmonary
bypass time and aortic cross-clamp were 225.9 £ 80.7 and
164.9 +£60.7 min, respectively. The BA treatment group
presented a longer bypass time and cross-clamp time,
while there were no differences between the two groups.

The baseline total bilirubin (TBil) level of all patients
before treatment was 306.0 &= 100.7 umol/l, and the direct
bilirubin (DBil) level was 174.0+68.3 pmol/l. Before
adsorption or exchange, DBil (p=0.040) levels were
much higher in the BA treatment group than in the PEX
treatment group. Compared to the plasma exchange
treatment, the bilirubin adsorption treatment provided a
statistically significant reduction in TBil (p=0.016) and
DBil (p=0.036) levels. The details of the levels of TBil
and DBil before and after BA/PE treatment are shown in
Table 2.

Serum aminotransferase levels reflecting hepato-
cyte cytolysis syndrome also significantly improved:
aspartate aminotransferase (AST) and alanine ami-
notransferase (ALT) levels were both decreased after
BA or PEX treatment (Table 2). Since the majority of
the patients with AFL received renal replacement ther-
apy before BA or PEX treatment for MODS, the base-
line serum creatinine and blood urea nitrogen (BUN)
levels were not very serious: the serum creatinine
level was 112.3+43.4 umol/l, and the BUN level was
14.546.0 mmol/l. After BA or PEX treatment, the serum
creatinine level was 86.8 +27.8 pmol/l, and the BUN level
was 12.1+3.7 mmol/l (Table 2). The improvement in
renal function indicated that both treatments could elim-
inate water-soluble toxic substances.

The in-hospital mortality was 85.7% (48/56) in the
whole group, and the BA group had a trend toward a
lower mortality than the PEX group (71.4% vs. 90.5%,
P=0.078). BA treatment showed better circulatory sup-
port, including lower risks of IABP (21.4% vs. 52.4%,
p=0.044), ECMO (21.4% vs. 50.0%, p=0.061), rein-
tubation (64.3% vs. 40.5%, p=0.122) and ventricular
arrhythmias (64.3% vs. 45.2%, p=0.217). One of the
main efficacy criteria of treatment therapy was its impact
on maintaining homeostasis. BA treatment reduced the
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incidence of hepatic encephalopathy (35.7% vs. 71.4%,
p=0.017) and septic shock (35.7% vs. 52.4%, p=0.280).
The peak lac adsorption (p=0.004) and vasoactive ino-
tropic score (VIS) (p=0.002) after treatment were both
lower in the BA treatment group than in the PEX treat-
ment group. Although the difference in the two groups
was not statistically significant, there seems to be some
practical difference in that the BA treatment group
showed better clinical efficacy and outcomes. The
detailed early outcomes are listed in Table 3.

After matching, a total of 28 patients were enrolled
in the analysis (14 in the BA treatment group and 14 in
the PEX treatment group). The in-hospital mortality was
lower in the BA treatment group than in the PEX treat-
ment group (71.4% vs. 100%, P=0.049). The circulatory
supports were similar between the two groups, including
the usage of IABP, ECMO, reintubation and ventricular
arrhythmias. The BA treatment group had advantages in
maintaining homeostasis, reflecting a lower incidence of
hepatic encephalopathy (35.7% vs. 92.9%, p=0.002) and
lower VIS score (P =0.013) and lac levels (P =0.045) after
treatment. The BA treatment group also showed better
efficacy in removing toxins and exhibited a statistically
significant reduction in TBil, DBil, ALT, AST, serum cre-
atinine, BUN and C-creative protein levels. The results of
the matched cohort are listed in Table 4.

Discussion

The occurrence of hyperbilirubinemia after cardiac sur-
gery has been observed for a long time, and despite
demonstrable improvements in surgical techniques and
perioperative care over the last decade, hepatic dysfunc-
tion remains a serious postoperative complication [10,
11]. Relevant factors for hyperbilirubinemia after car-
diac surgery include [4, 12-14] the following: (1) hepatic
ecchymosis due to high pressure of the right atrium;
(2) nonpulsatile flow in CPB and its associated risk of
regional malperfusion causing liver ischemic damage; (3)
massive transfusion; (4) hemolysis caused by cardiotomy
suction, membrane oxygenation and various other ele-
ments of CPB; and (5) postoperative infection. Different
methods have been used to treat hyperbilirubinemia,
such as the molecular adsorbent recirculating system
(MARS), plasma exchange (PEX) and bilirubin adsorp-
tion (BA). It is still unclear which treatment strategy is
more useful for patients with hyperbilirubinemia after
cardiac surgeryl5. We presented a retrospective analysis
of prospectively collected data that compared BA treat-
ment with PEX treatment in hyperbilirubinemia after
cardiac surgery. This study demonstrated the following:
(I) BA treatment could be considered an effective strat-
egy for the reduction of TBil and DBil levels in patients
with postoperative hyperbilirubinemia. (II) Compared to
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Table. 3 Outcomes
Variable Bilirubin adsorption (n=14) Plasma exchange (n =42) P value
Death (n, %) 10, 71.4% 38,90.4% 0.078
CRRT (n, %) 12,85.7% 30, 71.4% 0.285
IABP (n, %) 3,214% 22,524% 0.044
ECMO (n, %) 3,21.4% 21,50.0% 0.061
Re-intubation (n, %) 9,64.2% 17,40.5% 0.122
Septic shock (n, %) 5,35.7% 22,52.4% 0.280
Ventricular arrhythmias (n, %) 9,64.2% 19, 45.2% 0217
Hepatic encephalopathy (n, %) 5,357% 30,71.4% 0.017
Peak VIS after adsorption/exchange 5154122 65.1+£156 0.002
Peak lac adsorption/exchange (mmol/L) 84+2.1 106+23 0.004
Lac: arterial lactate
Table. 4 Outcomes and hepatorenal function in matched cohort
Variable Bilirubin adsorption (n=14) Plasma exchange (n=14) P value
Death (n, %) 10, 71.4% 14, 100.0% 0.049
CRRT (n, %) 12,85.7% 12,85.7% —
IABP (n, %) 3,214% 8,57.15% 0.060
ECMO (n, %) 3,21.4% 3,21.4% —
Re-intubation (n, %) 9,64.2% 10,71.4% 0.500
Septic shock (n, %) 5,35.7% 4,286% 0.500
Ventricular arrhythmias (n, %) 9, 64.2% 6,42.9% 0.225
Hepatic encephalopathy (n, %) 5,35.7% 13,92.9% 0.002
Peak VIS after adsorption/exchange 473£59 629+19.8 0.013
Peak lac adsorption/exchange (mmol/L) 84+22 101£21 0.045
After adsorption/exchange
ALT 289 (19.4-64.0) 42.1(32.9-94.0) 0.021
AST 58.0 (46.6-74.5) 76.3(60.3-101.7) 0.012
GGT 69.0 (20.0-118.5) 79.0 (30.0-125.3) 0.667
TBil 1629+763 23524829 0.024
DBl 9044352 139.1£535 0.009
LDH 394541278 435141617 0.467
Serum Creatinine 80.1£119 107.8+22.8 0.001
BUN 103428 145443 0.010
C-creative protein 835+£158 151.6£49.2 0.018

PEX treatment, BA treatment could reduce in-hospital
mortality and risks of poor outcomes.

Several studies have reported that the incidence of
hyperbilirubinemia after cardiac surgery is between 10
and 40% [4, 16, 17], which has been consistent since the
first report in 1967 [2]. In our center, the incidence of
hyperbilirubinemia is 0.48%, which is similar to previ-
ous studies. Most patients suffered severe cardiac disease
with NYHA class III/IV [18], and valvular surgery and
CABG were the most common surgery types. These find-
ings are similar to those of previous studies, and com-
plicated valve surgery procedures caused more frequent

postoperative hyperbilirubinemia [4, 12, 18-20]. There-
fore, the severity and complexity of valve surgery might
be important predictive factors for the incidence of post-
operative hyperbilirubinemia.

When hyperbilirubinemia turned to acute liver failure,
a large amount of endotoxin, cytokines and other patho-
genic factors, especially those associated with albumin,
accumulated in plasma. The combined toxin was difficult
to pass through traditional blood purification treatments
such as hemodialysis. These toxins play a key role in the
development of liver failure and can cause hemodynam-
ics and hepatorenal syndrome. It has been proven that
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short-term mortality depends on high levels of bilirubin
[21], and low levels of bilirubin can facilitate hepato-
cyte regeneration. High levels of bile acids may induce
apoptosis and cell necrosis of hepatocytes and retard
hepatic regeneration [22]. In addition, bilirubin has neu-
rotoxic and encephalopathic effects [23]. For these rea-
sons, the removal of bilirubin seems to be an important
therapeutic target. BA treatment and PEX treatment are
both effective therapies for hyperbilirubinemia [24, 25].
Plasma exchange therapy can remove a variety of toxins,
supply coagulation factors and regulate immune func-
tion. Bilirubin adsorption works through resin adsor-
bents, which have acceptable capacity for toxins such as
bilirubin and cytokines. In our study, we found that BA
treatment had a higher removal ability for TBil and DBil
than PEX treatment, while the removal ability of ALT,
AST and serum creatinine was similar between the two
treatments. The following rate-limiting factors influenced
the removal ability of albumin-binding toxins: [1] plasma
ion strength and pH value [26]; [2] the possible loss of
albumin due to its binding to the absorber columns [27];
and [3] the molar ratio of bilirubin to albumin [28]. The
20-fold higher molar ratio of serum bilirubin to albumin
compared to the respective dialysate [26, 29] and the loss
of albumin with time were due to its binding to the filter
[27].

Our findings demonstrated that postoperative hyper-
bilirubinemia resulted in significantly increased in-hospi-
tal mortality, as the mortality was up to 85.7%, which was
much higher than the reported early mortality between
19 and 25% [3, 18]. Patients in our study were all critical
patients with severe congestive heart disease, and most
of them were NYHA class III/IV. EuroSCORE II scores
showed that these patients suffered huge risks of mortal-
ity and complications. Indeed, patients in our study had
almost acute liver failure with MODS, and the mortality
of MODS after cardiac surgery was reported to be up to
90% [5, 6]. Acute liver failure combined with MODS can
cause disorder of the internal environment and hemo-
dynamic instability. In this study, most patients suf-
fered poor clinical outcomes, especially in the usage of
IABP, ECMO, CRRT, etc. Almost all the patients died of
MODS.

There have been limited studies regarding the optimal
techniques for bilirubin removal, and no direct com-
parison exists between BA and PEX in patients after
cardiac surgery. Recently, Chen X and his colleagues
concluded that BA treatment was an effective and safe
method for treating hyperbilirubinemia in patients after
cardiac surgery [30]. Our study added evidence that BA
treatment not only had a higher bilirubin removal abil-
ity but also could lower the mortality and risks of poor
clinical outcomes in patients with hyperbilirubinemia
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after cardiac surgery. Moreover, PEX treatment requires
a large amount of plasma or albumin, which could be
associated with limitations regarding plasma and patients
with rare blood types. BA treatment has an advantage in
this aspect; it can adsorb bilirubin in a competitive bind-
ing manner compared to albumin. After the free biliru-
bin in plasma is adsorbed, the bilirubin bound to plasma
albumin is partially dissociated and then adsorbed, and
albumin and coagulation factors are protected in this
way.

Study limitations

This study was a retrospective study with limited patients
in one center. Missing data for other possible factors,
such as the amount of bleeding, postoperative central
venous pressure and coagulation function, may limit
our findings. We tried to compare two treatment thera-
pies more clearly according to a matched cohort. How-
ever, factors that affect assignment to treatment and
outcomes but that cannot be observed could not have
been accounted for in the matched cohort. Moreover,
after matching, the sample size was decreased, which
may result in some statistical errors. Furthermore, the
patients in the two groups were chosen from different
periods, which may also cause some potential errors.
These hidden biases might have remained in the matched
cohort and led to statistical errors. In addition, the treat-
ment timing for different therapies was not discussed in
this study, and we thought a larger sample size and pro-
spective studies would be needed to investigate this issue.

Conclusion

Compared to PEX treatment, BA treatment had a higher
bilirubin removal ability in patients with hyperbiliru-
binemia and could reduce the mortality and risks of poor
clinical outcomes. BA treatment should be considered an
effective treatment method for patients with higher TBil
levels or DBil levels.
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