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Abstract

Objective: To explore the risk factors of hyperbilirubine-
mia after acute type A aortic dissection (ATAAD). Meth-
ods: Retrospective analysis of the data of 150 patients with
ATAAD surgery in the First Affiliated Hospital of Gan-
nan Medical University from 2021 to 2023. There were
117 males and 33 females. They were divided into patients
according to the highest postoperative plasma total biliru-
bin level. Two groups, 85 cases in the hyperbilirubinemia
group (HB group) total bilirubin (TBIL) >51.3 pmol/L;
65 cases in the non-hyperbilirubinemia group (NHB group)
(TBIL <51.3 umol/L). Two independent samples ¢-test was
used to compare the two groups of samples, binary logistic
regression analyzed the risk factors leading to postoperative
HB, and the receiver operating characteristic (ROC) curve
analyzed the critical values of the risk factors. Result: The
incidence of postoperative HB was 56.7%. The preoper-
ative plasma TBIL had an odds ratio (OR) of 1.213 (95%
confidence interval (CI): 1.044-1.410, p = 0.012). The op-
eration time had an OR of 1.019 (95% CI: 1.008-1.030, p
=0.001). The cardiopulmonary bypass (CPB) time had an
OR of 1.053 (95% CI: 1.019-1.087, p = 0.022). The aor-
tic cross-clamp time had an OR of 1.030 (95% CI: 1.006—
1.055, p = 0.015). ROC curve analysis revealed critical
values for preoperative plasma TBIL, operation time, CPB
time, and aortic cross-clamp time as 12.95 pumol/L, 387.5
min, 190.5 min, and 117.5 min, respectively. Conclusion:
HB is a frequently observed complication after surgery in
patients with ATAAD, and it is associated with a poor prog-
nosis. Several risk factors contribute to the increased oc-
currence of HB, including preoperative serum TBIL levels,
operation time, CPB time, and aortic cross-clamp time.

acute type A aortic dissection; hyperbilirubinemia; risk fac-
tors

Introduction

Acute type A aortic dissection (ATAAD) is a life-
threatening cardiovascular disease characterized by rapid
onset and high mortality [1]. The mortality rate increases
by 1% within 1 hour after onset, and without timely medical
intervention, the mortality rate can reach as high as 30%—
50% within 48 hours [2]. Sun’s surgery [3], which involves
total aortic arch artificial vascular replacement and stent-
elephant trunk surgery, is currently considered the stan-
dard surgical procedure for treating ATAAD. However, this
surgery is challenging, time-consuming, highly complex,
and traumatic. Even with timely surgery, postoperative
complications remain a significant factor affecting patient
prognosis.

Hyperbilirubinemia (HB) is a common complication
after cardiac surgery, particularly after ATAAD surgery,
which involves a lengthy and challenging procedure with
prolonged cardiopulmonary bypass (CPB) time. Bilirubin,
a metabolite of heme, is normally excreted by the liver.
However, during surgery, red blood cells are destroyed and
hemolyzed, and there may be liver dysfunction, leading to
excessive bilirubin production and abnormal excretion, re-
sulting in its accumulation in the plasma. HB occurs when
the concentration of total plasma bilirubin is too high. Since
bilirubin itself is toxic to some extent, HB poses signifi-
cant harm to the human body, impacting prognosis, and in
severe cases, even jeopardizing the patient’s life. The in-
cidence of HB after cardiac surgery ranges from 10% to
40% and is associated with increased postoperative mor-
bidity and mortality [4,5]. However, the specific cause of
postoperative HB in ATAAD patients remains unclear, and
there is a scarcity of relevant studies.

The purpose of this study was to retrospectively ana-
lyze the clinical data of patients who underwent surgery for
acute type A aortic dissection (ATAAD) and investigate the
risk factors associated with postoperative HB.
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Materials and Methods
General Information

The clinical data of patients with ATAAD who un-
derwent ascending aortic replacement + Sun’s surgery in
the First Affiliated Hospital of Gannan Medical University
from January 2021 to November 2023 were collected. The
study included patients of all genders and ages above 18
years old. Exclusion criteria for the study were patients who
had undergone other types of cardiac surgery, secondary
surgery, preoperative HB, chronic liver and renal insuf-
ficiency, or postoperative extracorporeal membrane oxy-
genation (ECMO) placement. Postoperative HB was de-
fined as a postoperative plasma total bilirubin (TBIL) level
greater than 51.3 pmol/L. The patients were divided into
two groups: the HB group and the non-hyperbilirubinemia
(NHB) group. This study was approved by the hospital
ethics committee.

Data Acquisition

The following data was collected for each patient:
age, gender, smoking history, systolic blood pressure, di-
astolic blood pressure, preoperative D-dimer, preoperative
white blood cells, preoperative alanine aminotransferase
(ALT), preoperative aspartate aminotransferase (AST), pre-
operative creatinine, preoperative total bilirubin, preopera-
tive direct bilirubin; intraoperative data such as operation
time, CPB time, blocking time, and blood transfusion sta-
tus; postoperative data including postoperative ALT, post-
operative AST, postoperative creatinine, postoperative total
bilirubin, and postoperative direct bilirubin.

Surgical Methods

After establishing extracorporeal circulation, the pa-
tient is cooled down to induce cardiac arrest. The ascend-
ing aorta is then blocked and incised, and the thrombus in
the false lumen is removed. Cardioplegia is infused directly
through the openings of the left and right coronary arteries,
and the four-branch artificial blood vessel is connected to
the aorta for arterial root anastomosis. Once the nasal tem-
perature drops to 28 °C, the brachiocephalic trunk artery,
left common carotid artery, and left subclavian artery are
individually blocked. At the same time, selective cere-
bral perfusion is performed through the right axillary artery,
leading to circulatory arrest. The ascending aorta is incised
up to the aortic arch and transected, and three bifurcated
blood vessels are used. The proximal end of the left sub-
clavian artery is sutured with 4/0 prolene sutures. An ap-
propriate type of stent elephant trunk is selected and im-
planted into the true lumen of the descending aorta through
the distal port of the aortic arch. The aortic arch tissue is
trimmed to match the diameter of the stent elephant trunk.
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During the operation, the stent is implanted in the distal de-
scending aorta and anastomosed end-to-end with the distal
end of the four-branch artificial blood vessel, with intermit-
tent reinforcement. The artificial blood vessel perfuses the
branches to restore circulation, and the corresponding three
branches are first anastomosed to the left common carotid
artery using continuous 5/0 prolene sutures. After opening
the exhaust, rewarming is initiated to restore cardiac circu-
lation, and finally, the brachiocephalic trunk artery and the
left subclavian artery are anastomosed.

Statistical Analysis

Data analysis was performed using SPSS 26.0 soft-
ware (IBM Corp., Chicago, IL, USA). Count data were pre-
sented as the number of cases and percentage (%), while
measurement data were presented as mean =+ standard de-
viation (Z £ s). A two independent samples #-test was used
to compare groups, and predictors in the one-way analy-
sis of variance (ANOVA) test were included in the binary
logistic regression model to analyze risk factors for HB af-
ter ATAAD surgery. An receiver operating characteristic
(ROC) curve was plotted to analyze the area under the curve
and the critical values of the risk factors. Statistical signif-
icance was set at p < 0.05.

This study examined 150 patients with acute type A
aortic dissection who underwent ascending aorta replace-
ment combined with Sun’s surgery. Of the participants, 117
were male and 33 were female. Upon admission, the study
cohort consisted of 88 cases with hypertension, 27 cases
with diabetes, 5 cases with coronary atherosclerotic heart
disease, 43 cases with pulmonary infection, 21 cases with
shock, 1 case with celiac artery malperfusion, and 6 cases
with pericardial effusion. In the HB group, the male to fe-
male ratio was 65/20, with an average age of 55.48 4+ 12.23
years, the mean systolic blood pressure on admission was
(138.55 + 29.82) mmHg, with a corresponding mean dias-
tolic blood pressure of (76.68 + 20.97) mmHg and a smok-
ing history rate of 38.82%. In the NHB group, the male
to female ratio was 52/13, with an average age of 54.80
+ 9.66 years, the mean systolic blood pressure on admis-
sion was (131.32 4+ 34.01) mmHg, with a mean diastolic
blood pressure of (73.57 £ 18.55) mmHg and a smoking
history rate of 43.08%. Postoperative hyperbilirubinemia
occurred in 56.7% of cases, with 85 cases in the HB group
and 65 cases in the NHB group. The HB group had signifi-
cantly higher preoperative plasma total bilirubin levels (p <
0.001) compared to the NHB group. Additionally, the HB
group had longer operation time (p < 0.001), CPB time (p
< 0.001), and aortic cross-clamp time (p < 0.001) than the
NHB group. No statistically significant differences were
found in other indicators between the two groups (Table 1).
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Table 1. Comparison of two groups of sample data.

Variable Hyperbilirubinemia (n =85)  Non-hyperbilirubinemia (n = 65)  p-value
Male/female ratio 65/20 52/13

Age 55.48 +12.23 54.80 4 9.66 0.71
Smoking habit 38.82% 43.08% 0.60
Systolic pressure, mmHg 138.55 +29.82 131.32 4+ 34.01 0.17
Diastolic pressure, mmHg 76.68 + 20.97 73.57 £ 18.55 0.35
D-dimer, mg/L 18.41 £ 24.53 20.89 +23.20 0.53
Preoperative white blood cells, x10°/L 12.54 £ 4.19 13.87 £ 4.61 0.07
Preoperative ALT, U/L 19.27 £ 10.81 22.69 +19.38 0.17
Preoperative AST, U/L 30.32 £ 19.65 47.22 +71.98 0.07
Preoperative creatinine, pmol/L 118.72 + 134.30 116.68 + 102.43 0.92
Preoperative TBIL, pmol/L 14.32 +£4.92 10.98 +3.17 0.00
Preoperative DBIL, pmol/L 5.18 £ 1.95 425+ 1.16 0.00
Preoperative IBIL, pmol/L 9.14 £+ 3.46 6.74 +2.45 0.00
Postoperative ALT, U/L 93.55 + 447.09 64.85 + 109.96 0.61
Postoperative AST, U/L 169.51 4+ 563.43 165.74 + 266.04 0.96
Postoperative creatinine, pmol/L 157.42 + 73.34 150.15 + 85.50 0.58
Postoperative TBIL, pmol/L 72.36 £ 16.17 29.72 £ 10.21 0.00
Postoperative DBIL, pmol/L 42.49 + 14.02 16.35 £ 8.06 0.00
operation time, min 45520 + 77.37 340.11 + 43.04 0.00
CPB time, min 215.42 +40.23 169.23 +19.43 0.00
Aortic cross-clamp time, min 122.75 4+ 29.66 103.46 4+ 20.22 0.00
RBC,U 3.38 £2.37 2.72 +1.40 0.05
Plasma transfusion, mL 422.35 4+ 148.10 397.69 £ 138.47 0.30

ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL,

indirect bilirubin; RBC, red blood cell; CPB, cardiopulmonary bypass.

Table 2. Logistic regression analysis of risk factors.

Risk factors OR 95% CI p-value
Preoperative TBIL 1.213  1.044-1.410 0.012
Operation time 1.019  1.008-1.030 0.001
CPB time 1.053  1.019-1.087 0.002

1.006-1.055 0.015

OR, odds ratio; CI, confidence interval.

Aortic cross-clamp time  1.030

Predictive factors were analyzed using binary logis-
tic regression, and it was found that preoperative plasma
TBIL (odds ratio (OR): 1.213, 95% confidence interval
(CI): 1.044-1.410, p = 0.012), operation time (OR: 1.019,
95% CI: 1.008-1.030, p = 0.001), CPB time (OR: 1.053,
95% CI: 1.019-1.087, p = 0.002), and aortic cross-clamp
time (OR: 1.030, 95% CI: 1.006-1.055, p = 0.015) were
significant predictors of postoperative HB (Table 2).

The preoperative plasma TBIL had a critical value of
12.96 umol/L, with an area under the curve of 0.707. The
critical value for operation time was 387.5 minutes, with an
area under the curve of 0.914. The critical value for CPB
time was 190.5 minutes, with an area under the curve of
0.885. The critical aortic cross-clamp time was 117.5 min-
utes, with an area under the curve of 0.714 (Table 3, Fig. 1).

Yoden Index: The Youden index is a method used to
assess the accuracy of a screening test, particularly when
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false negatives and false positives are considered equally
harmful. It is calculated by adding sensitivity and speci-
ficity and then subtracting 1. This index reflects the overall
effectiveness of a screening method in distinguishing true
patients from non-patients. A higher index value indicates
a better screening test with increased accuracy.

ROC curves
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Fig. 1. The ROC curve of preoperative total bilirubin, oper-
ation time, CPB time and blocking time was analyzed. ROC,

receiver operating characteristic.
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Table 3. The critical value of ROC curve of risk factors.

Risk factors Yoden Index  Critical value  Areas under curve
Preoperative TBIL 0.422 12.95 0.707
Operation time 0.778 387.50 0.914
CPB time 0.695 190.50 0.885
Aortic cross-clamp time 0.338 117.50 0.714

The postoperative hospitalization time for patients in
the HB group was (28.30 £ 19.13) days, with an intensive
care unit (ICU) hospitalization time of (101.75 + 54.42)
hours. In comparison, patients in the NHB group had a
hospitalization time of (20.75 4+ 11.55) days and ICU hos-
pitalization time of (89.20 4 53.47) hours. The difference
between the two groups was statistically significant. The
mortality rate for patients in the HB group during hospi-
talization was 2.35%, while the remaining patients were
successfully treated and discharged with positive follow-up
outcomes.

Discussion

HB is a common complication following surgery for
ATAAD and is associated with increased mortality [6]. In
this study, the incidence of HB after ATAAD surgery was
found to be 55.6%, which is significantly higher compared
to patients undergoing valve repair or replacement (36.2%)
and coronary artery bypass grafting during the same period
(34.1%) [7]. The higher incidence in ATAAD surgery can
be attributed to its more challenging nature, longer opera-
tion time, and prolonged intraoperative CPB time, which
result in greater damage to red blood cells and more severe
liver dysfunction. The destruction of red blood cells leads to
the production of bilirubin during hemoglobin metabolism,
and impaired liver function hinders the proper excretion of
bilirubin, thereby increasing the occurrence of postopera-
tive HB.

This study demonstrates that operation time, CPB
time, and aortic cross-clamp time are risk factors for HB af-
ter ATAAD. Prolonged operation time results in increased
tissue exudation and bleeding, as well as intraoperative de-
struction and loss of red blood cells and coagulation factors
[8]. This further contributes to postoperative multi-organ
dysfunction, including liver dysfunction, which leads to el-
evated bilirubin levels. An et al.’s study [9] also found
that prolonged operation time is an independent risk factor
for postoperative HB, aligning with our findings. During
ATAAD surgery, organ and tissue hypoperfusion can occur,
causing damage. Prolonged operation time exacerbates the
damage to organs and tissues, particularly liver function,
ultimately resulting in postoperative HB.

Extracorporeal circulation is a vital procedure in the
surgical treatment of ATAAD [10]. However, due to its
non-physiological nature, CPB can trigger a series of stress
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and inflammatory reactions in the body, potentially exac-
erbating liver damage and hepatocellular HB [11]. Liver
cell destruction, micro-emboli, cytotoxic substances, and
inadequate local perfusion during extracorporeal circula-
tion contribute to liver dysfunction. Furthermore, CPB-
induced hemodilution can reduce tissue oxygen delivery
and result in ischemic injury [12]. Additionally, extracor-
poreal circulation causes mechanical damage to red blood
cells and triggers systemic inflammatory responses, leading
to red blood cell destruction [13]. These factors contribute
to the excessive accumulation of bilirubin in the plasma, ul-
timately leading to HB. Studies have shown that prolonged
CPB time is arisk factor for liver dysfunction following aor-
tic dissection [14]. Longer CPB duration increases hemol-
ysis, alters visceral perfusion, and intensifies inflammation.
CPB can also induce hypoperfusion, hypoxia, or inflamma-
tory reactions in abdominal organs, thereby causing liver
and kidney damage [6].

Preoperative serum TBIL is an independent risk fac-
tor for postoperative HB after ATAAD. Poor liver perfusion
during the progression of ATAAD affects the blood supply
to the liver, resulting in liver dysfunction. This impairment
in the liver’s ability to excrete bilirubin leads to an increase
in total plasma bilirubin concentration. Elevated preopera-
tive plasma TBIL levels can indicate the presence of preop-
erative liver dysfunction in ATAAD patients and may also
serve as an indicator of the severity of dissection and predict
the occurrence of postoperative HB.

The mechanisms underlying the complications and
poor prognosis associated with HB are intricate and not
yet fully understood [11]. Bilirubin itself possesses a cer-
tain level of toxicity, leading to an accumulation of biliru-
bin in the bloodstream. In mild cases, this can result in
severe jaundice, while in severe cases, it can even pose a
life-threatening risk to patients. Moreover, the buildup of
bilirubin in the liver exacerbates liver damage. Elevated
bilirubin levels can initiate cellular oxidative stress and trig-
ger cell apoptosis [15], contributing to various pathological
processes. For instance, it induces inflammatory responses
and apoptosis in the brain [ 16], alveolar epithelial cell apop-
tosis leading to pulmonary edema and injury [17], and
can worsen renal ischemia-reperfusion injury [18]. Con-
sequently, HB following ATAAD not only impacts the pa-
tient’s prognosis and prolongs hospitalization and intensive
care unit (ICU) monitoring time but also diminishes the pa-
tient’s survival rate.
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Conclusion

Postoperative HB is a frequently observed complica-
tion in patients with ATAAD following surgery. It is associ-
ated with a high incidence rate, unfavorable prognosis, and
extended hospitalization and ICU monitoring and treatment
duration. Our study reveals that several factors, including
preoperative serum TBIL levels, operation time, CPB time,
and aortic cross-clamp time, contribute to the development
of HB in these patients.
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