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Abstract

Background: Hepatic dysfunction (HD) increases the morbidity and mortality rates after cardiac surgery. However,
few studies have investigated the association between HD and acute DeBakey type | aortic dissection (ADIAD) sur-
gery. This retrospective study aimed to identify risk factors for developing HD in patients who received acute type |
aortic dissection repair and its consequences.

Methods: A total of 830 consecutive patients who received ADIAD surgery from January 2014 to December 2019

at our center were screened for this study. The End-Stage Liver Disease (MELD) score more than 14 was applied to
identify postoperative HD. Logistic regression model was applied to identify risk factors for postoperative HD, Kaplan—
Meier survival analysis and Cox proportional hazards regression assay were conducted to analyze the association
between HD and postoperative long-term survival.

Results: Among 634 patients who eventually enrolled in this study, 401 (63.2%) experienced postoperative HD with a
30-Day mortality of 15.5%. Preoperative plasma fibrinogen level (PFL) [odds ratio (OR): 0.581, 95% confidence interval
(C1):0.362-0.933, P=0.025], serum creatinine (sCr) on admission (OR: 1.050, 95% Cl 1.022-1.079, P<0.001), cardiopul-
monary bypass (CPB) time (OR: 1.017, 95% CI 1.010-1.033, P=0.039), and postoperative mechanical ventilation (MV)
duration (OR: 1.019, 95% Cl 1.003-1.035, P=0.020) were identified as independent risk factors for developing postop-
erative HD by multivariate analyses. In addition, the Kaplan-Meier analysis indicated that the long-term survival rate
was significantly different between patients with or without postoperative HD. However, the hazard ratios of long-
term survival for these two groups were not significantly different.

Conclusions: HD was a common complication after ADIAD surgery and associated with an increasing 30-Day mor-
tality rate. Decreased PFL, elevated sCr, prolonged CPB duration, and longer postoperative MV time were independent
risk factors for postoperative HD.
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[1]. Even though with the advancing techniques, the suc-
cessful rate of ATAAD surgery has been increasing, the
30-Day mortality is still relatively high with approxi-
mately 10% to 20% according to recent comprehensive
studies [2, 3]. Acute DeBakey type I aortic dissection
(ADIAD) is a severe subset of ATAAD and demands a
more challenging surgical procedure [4]. Most ADIAD
operation are performed in emergency, and prolonged
cardiopulmonary bypass (CPB) time and multiple trans-
fusions are often occurred. What’s more, the short-term
malperfusion complications and long-term adverse aortic
events arising after surgical treatment of ADIAD are con-
sidered to be high because of the wide presence of a false
lumen [5, 6].

Hepatic dysfunction (HD) is a common complica-
tion after cardiothoracic surgery which often result in
increasing mortality. It has been estimated that the inci-
dence of postoperative HD after cardiovascular surger-
ies ranges from 21.9 to 60.9% [7-9]. The most important
criteria of HD had been the Child-Turcotte-Pugh (CTP)
classification for the past 30 years which has been chal-
lenged recently by the model of End-Stage Liver Dis-
ease (MELD) score. Both of these two criteria have been
applied to examine the association between HD and
ADIAD surgery yet limited by the small cohorts of fewer
than 100 patients with a definite diagnoses of liver cirrho-
sis [10—12]. Recently, several reports proved that MELD
is a better assessment tool to predict postoperative mor-
tality than CTP in patients received cardiothoracic sur-
geries, as it does not include subjective variables [8, 13].

Even though multiple studies have been conducted to
examine the association between HD and general car-
diothoracic surgeries, the association between HD and
ADIAD has not been specifically studied. In this retro-
spective analysis, we applied the MELD criteria to iden-
tify the risk factors for postoperative HD and examine
its influence on long-term prognosis in a relatively large
cohort of ADIAD patients who received aortic dissection
surgery.

Methods and materials

Study population

This study was approved by the Ethics Committee of the
Nanjing Drum Tower Hospital. The individual patient
consent was waived considering the nature of this study.
A total of 830 medical records of patients who received
ADIAD surgery within 14 days of symptom onset at
our center between January 2014 and December 2019
were retrospectively screened. Patients who were on
renal replacement therapy before surgery (n=26) were
excluded because its influence on serum creatinine (sCr).
In addition, patients who died during or within 24 h after
surgery (n=18) were excluded. Patients accompanied
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with severe alcoholic or viral liver disease (n=18) were
also excluded. Considering that the MELD score includes
international normalized ratio (INR) in the formula,
patients who received warfarin before or after surgery
(n=129) were excluded from this study. 5 patients with
incomplete data were excluded from the study as well.
Patients’ general health status was followed up once
every year by telephone since 2014. The date and cause
of deaths were collected during the follow up if occurred.
AKI was defined by the Kidney Disease Improving Global
Outcome (KDIGO) classification by the changes in sCr.

Diagnostic criteria for postoperative HD

The MELD score was calculated using the standard for-
mula published by Mayo Clinic College of Medicine:
MELD=11.2 * In (INR)+3.78* In (total bilirubin [mg/
dL])+9.57* In (creatinine [mg/dL])+6.43* (cause).
Where cause equaled 0 for bilious or alcoholic liver dis-
ease and 1 for otherwise [14]. Any variable with a value
less than 1 was assigned a value of 1 to avoid negative
scores. The MELD score was recorded daily for a week
after the surgery during which the postoperative HD was
determined based on the highest MELD score. Previous
studies set the cutoff point as 12 or 13 for HD diagno-
sis after different surgical procedures [8, 10, 11]. Con-
sidering ADIAD surgery is more complicated than other
cardiac surgeries, the cutoff value of 14 was selected to
define postoperative HD in this study, which was consist-
ent with a previous study [9]. Patients were then classi-
fied into HD group (> 14) and non-HD group (< 14).

Statistical analysis

Categorical variables were presented as frequencies with
percentages. Continuous variables were presented as
means + standard deviation or median with interquartile
range (IQR). The x? tests or Fisher exact test was applied
for categorical variables and the t-test was applied for
normally distributed continuous variables whereas the
Mann—Whitney U-test was used for non-normally dis-
tributed variables. Multivariate logistic regression analy-
sis was conducted to identify independent risk factors
for postoperative HD. For regression analysis, all vari-
ables with a p-value less than 0.50 in univariate analysis
were included in the model. A stepwise enter method
was used to introduce variables to the final models. A
receiver-operating characteristic (ROC) curve analy-
sis was performed to detect the best cut-off value of the
predictors for postoperative HD. Crude survival was esti-
mated with the Kaplan—Meier method. Differences in
survival between groups were further analyzed with log-
rank tests. Cox proportional hazard analysis was applied
to identify independent factors that affect long-term
survival. For Cox regression analysis, all variables with



Wang et al. J Cardiothorac Surg (2021) 16:296

a p-value less than 0.20 identified in univariate analysis
were included in the model. A stepwise enter procedure
was used to introduce variables to the final models. A p
value less than 0.05 was considered statistically signifi-
cant. All analyses were conducted with SPSS version 25.0
(IBM Corp, Armonk, NY, USA).

Results

A total of 634 patients were eventually included in
the study with a median age of 52.5 years old (range
24-85 years), and 480 (75.7%) of these patients were
men. Our data suggested that a total of 401 patients
(63.2%) developed postoperative HD. Patient clinical

Table 1 Comparison of preoperative variables
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characteristics and preoperative variables associated with
MELD score were presented in Table 1. The time from
symptom onset to surgery and liver blood supply con-
dition were similar between HD and non-HD groups.
For serum laboratory test results, there were significant
differences between patients with or without HD in
terms of white blood cell, platelet, fibrinogen, troponin
T, D-dimer, albumin, creatinine, blood urine nitrogen,
INR, total bilirubin, alanine transaminase, and aspartate
transaminase upon admission. For the operative param-
eters, CPB duration and aortic cross-clamp time were
significantly different between the two groups. Further-
more, we discovered that patients with postoperative HD

Variables Total (n=634) MELD< 14 (n=233) MELD > 14 (n=401) PValue®
Demographic data

Age (year) 53.0+124 534+£121 528+126 0.348
Male (%) 480 (75.7) 161 (69.1) 319 (79.6) 0.003
BMI (kg/mz) 264+4.7 26.1+43 265+49 0.243
Medical history

Hypertension (%) 492 (77.6) 178 (76.4) 314 (78.3) 0.578
Diabetes mellitus (%) 15(24) 7 (3.0) 8 (2.0) 0420
Previous cardiac surgery (%) 30(4.7) 114.7) 19 4.7) 0.992
Previous cardiovascular disease (%) 2032 6(2.6) 14 (3.5) 0.525
Cerebrovascular disease (%) 24(3.8) 10 (4.7) 14 (3.2) 0.347
MELD score 16.8(11.9,22.4) 11.2(94,125) 20.6(17.1,26.4) <0.001
Time from onset to surgery (h) 16.8+52 174472 163+64 0.644
Pericardial tamponade (%) 110 (17.4) 37 (15.9) 73 (18.2) 0.456
Involving the celiac trunk (%) 134 (21.1) 47(20.2) 87(21.7) 0.676
Involving the superior mesenteric artery (%) 120 (18.9) 43 (18.5) 78 (19.2) 0.703
Preoperative laboratory data

WBC (10%/L) 11.5(8.8,14.3) 11.0(8.7,13.4) 11.7 (8.8,14.9) 0.038
Hemoglobin (g/L) 1242+£246 1272+£20.7 1224+£26.5 0.102
PLT (10°/L) 1532+£945 166.9+126.5 14544687 <0.001
Fibrinogen (g/L) 22(1.6,3.0) 25(1.8,3.5) 2.0(1.5,3.0) <0.001
Triglyceride (mmol/L) 1.1(0.7,1.5) 1.1(0.7,1.5) 1.1(08,1.5) 0.841
CRP (mg/dl) 23.7 (4.9, 84.4) 22.0(4.4,80.0) 30.3(5.8,884) 0.148
TNT (ng/ml) 0.02 (0.01,0.11) 0.01(0.01,0.03) 0.03 (0.01,0.16) <0.001
D-dimer (ng/mL) 49(2.7,9.9) 42(2.1,7.5) 513.0,11.7) 0.005
Albumin (g/L) 36.8£50 379441 362453 0.001
ALT (U/L) 25.1(16.2,44.5) 204 (15.1,35.7) 29.0(17.2,523) <0.001
AST (U/L) 31.2(21.0,53.6) 26.0(19.0,41.3) 33.3(220,720) <0.001
Cr (umol/L) 100.1£65.7 682+198 1186+£75.2 <0.001
Bun (mmol/L) 81+£36 6.7+£24 90+£39 <0.001
Total bilirubin (umol/L) 15.3(11.2,22.8) 13.7 (10.5,20.0) 16.6(11.8,23.9) 0.001
INR 1.08 (1.00, 1.20) 1.05(0.97,1.12) 1.13(1.03, 1.25) <0.001

Bold values indicate significance at p < 0.05

Data presented as n (%), median (IQR), or means =+ standard deviation

BMI body mass index, WBC white blood cell, PLT platelet, CRP c-reactive protein, TNT troponin T, ALT alanine transaminase, AST aspartate transaminase, Cr creatinine,

Bun blood urea nitrogen, INR international normalized ratio

2 P values indicate differences between HD patients and non-HD patients. P < 0.05 was considered statistically significant
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often resulted in unfavorable outcomes, including more
frequent dialysis requirement, postoperative acute kid-
ney injury, drainage volume 24 h after surgery, tracheos-
tomy rate, longer intensive care unit stay time, and worse
30-Day mortality (Table 2).

As suggested in Table 3, the multivariate analysis indi-
cated that preoperative plasma fibrinogen level (PFL)
[odds ratio (OR): 0.581, 95% confidence interval (CI):
0.362-0.933, P=0.025], preoperative sCr (OR: 1.050, 95%
CI 1.022-1.079, P<0.001), CPB time (OR: 1.017, 95% CI
1.010-1.033, P=0.039), and postoperative mechanical
ventilation (MV) duration (OR: 1.019, 95% CI 1.003-
1.035, P=0.020) were independent risk factors for devel-
oping postoperative HD.

In addition, to better determine the predictive value of
PFL and sCr. The ROC curves were plotted and the cutoff
values of PFL and sCr levels upon admission for preop-
erative HD were 2.25 g/L and 88.85 pmol/L, respectively.
These values were associated with a sensitivity of 57.7%
and a specificity of 60.9% for PFL and of 58.1% and 86.7%
for sCr, respectively. In addition, the AUC for PFL was
0.606 (95% CI 0.561-0.651, P<0.001) and 0.772 (95% CI
0.737-0.807, P<0.001) for sCr, respectively (Fig. 1).

65 patients (16.2%) in the HD group and 7 patients
(3.0%) in the non-HD group died during the hospi-
talization period. By December 2020, 562 patients had
been followed up with a median of 20 months. 38 of 562

Table 2 Comparison of operative and postoperative variables
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(6.8%) patients were lost from the cohort and excluded
from the survival analysis. A total of 6 patients dead in
the non-HD group and 24 in the HD group during fol-
low-up period. A significant overall difference was indi-
cated between two groups by the Kaplan—Meier survival
curves (Fig. 2; P=0.025 by log-rank test), whereas after
adjusting for confounders, the hazard ratios for postop-
erative HD (1.150, 95% CI 0.295 to 4.481, P=0.841) was
not significantly different compared to non-HD patients
(Table 4).

Discussion

In this study, we examined the incidence and risk fac-
tors of developing postoperative HD in patients who
received ADIAD surgery. Our data suggested that among
all enrolled 634 patients, 401 patients (63.2%) devel-
oped postoperative HD. Multivariate logistic regres-
sion analysis revealed that decreased PFL and elevated
sCr on admission, longer CPB duration, and longer MV
time were independent risk factors for postoperative
HD. The present study also indicated a clear trend that
patients with postoperative HD had a lower survival rate,
although the hazard ratios was not significantly differ-
ent compared to patients without HD. The strength of
the present study is that this was the first study aimed to
identify the risk factors for and long-term outcomes of

Variables Total (n=634) MELD< 14 (n=233) MELD > 14 (n=401) PValue®
TAR (%) 359 (56.6) 129 (55.4) 230(574) 0.626
CABG (%) 28 (4.4) 52.1) 23(5.7) 0.034
CPB time (min) 2259+62.8 213.0x524 2335+670 <0.001
Aortic cross-clamp time (min) 1556+519 14744462 16044545 0.004
DHCA time (min) 307124 303112 309+130 0.922
Drainage volume 24 h after surgery (ml) 545.0 (320.0,892.5) 450.0 (287.5,670.0) 600.0 (350.0,947.5) <0.001
Re-exploration for bleeding (%) 23(3.6) 10 (4.3) 13(3.2) 0.495
Dialysis (%) 95 (15.0) 0(0) 95 (23.7) <0.001
AKI (%) 366 (57.7) 79(33.9) 287 (71.6) <0.001
Mechanical ventilation time (hour) 179 (11.4,44.3) 14.3 (9.6, 23.0) 23.8(13.6,62.0) <0.001
Stroke (%) 59(93) 20 (8.6) 39(9.7) 0.633
Paraplegia (%) 22(3.5) 6(2.6) 16 (4.0) 0.348
Tracheostomy (%) 28 (4.4) 4(1.7) 24 (6.0) 0.012
Deep sternal wound infection (%) 1101.7) 1(0.4) 10 (2.5) 0.063
ICU stay time (day) 5.0(3.0,8.0) 4.0(3.0,5.0) 6.0 (4.0,10.0) <0.001
Hospital stay time (day) 216+£120 190+£76 23.1+£137 <0.001
30-Day mortality (%) 69 (10.9%) 7(3.0) 62 (15.5) <0.001

Bold values indicate significance at p < 0.05
Data presented as n (%), median (IQR), or means =+ standard deviation

TAR total arch replacement, CABG coronary artery bypass graft, CPB cardiopulmonary bypass, DHCA deep hypothermic circulatory arrest, AKI acute kidney injury, ICU

intensive care unit, HD hepatic dysfunction

2 P values indicate differences between HD patients and Non-HD patients. P < 0.05 was considered statistically significant
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Table 3 Multivariate analysis of risk factors for postoperative HD

Variables OR 95% Cl P value

Age 1.001  0.962-1.043 0.945
Male 0712 0.189-2.684 0616
BMI 1.016  0913-1.131 0.769
Diabetes mellitus 0486  0.027-8.810 0.626
Cerebrovascular disease 1346 0.078-23.186 0.838
Pericardial tamponade 1.698  0.294-9.802 0.554
WBC 0957  0.882-1.039 0.298
Hemoglobin 1.001  0.975-1.029 0915
PLT 1.009  1.000-1.019 0.058
Fibrinogen 0581  0.362-0.933 0.025
CRP 0997  0.984-1.009 0.590
TNT 1.065 0219-5.177 0.938
D-dimer 1036  0.986-1.087 0.160
Albumin 0956 0851-1.074 0.446
ALT 0995 0978-1.013 0.577
AST 1.015  0.991-1.040 0.220
Cr 1.050  1.022-1.079 <0.001
Bun 1137 0.899-1.439 0.284
Total bilirubin 1.042  0.996-1.091 0.076
INR 1944  0.774-4.880 0.157
CABG 0123  0.003-4.385 0.250
CPBtime 1.017  1.010-1.033 0.039
Aortic cross-clamp time 0994  0.977-1.011 0.480
Drainage volume 24 h after surgery ~ 1.001  1.000-1.002 0.069
Mechanical ventilation time 1.019  1.003-1.035 0.020

Bold values indicate significance at p < 0.05

HD hepatic dysfunction, BMI body mass index, WBC white blood cell, PLT
platelet, CRP c-reactive protein, TNT troponin T, ALT alanine transaminase, AST
aspartate transaminase, Cr creatinine, Bun blood urea nitrogen, INR international
normalized ratio, CABG coronary artery bypass graft; CPB, cardiopulmonary
bypass

P<0.05 was considered statistically significant

postoperative HD in a relatively large cohort which also
excluded the influence of warfarin treatment.

The incidence of postoperative HD in our study
was similar to that found in a previous study [9] which
showed a incidence of HD of 60.9% among 215 patients
who received ATAAD surgery with deep hypothermic
circulatory arrest. Liu and colleagues [15] reported that
early postoperative HD incidence was 8.7% after ATAAD
surgery, while another study showed an HD incidence
of 1.5% postoperatively among patients with descending
thoracic and thoracoabdominal aortic dissection [16].
However, these studies relied on biochemical markers
to evaluate liver function rather than a comprehensive
evaluation.

Our data suggested that the 30-Day mortality in
patients with HD was 15.5% (62 of 401 patients), which
was comparable to a previous study focused on tho-
racic aortic surgery (16.8%) [9]. It has been known that
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Fig. 1 Receiver operating characteristics curve for determination of
the cut-off for prognostic serum creatinine value upon admission in
predicting postoperative hepatic dysfunction in DeBakey type | aortic
dissection

postoperative HD is associated with worse disease out-
comes such as 30-Day mortality, morbidity, and increas-
ing cost [7, 8]. However, these studies did not examine
the association between postoperative HD and long-term
survival. The present study showed that patients with
postoperative HD have a significantly lower long-term
survival rate compared to patients without HD. How-
ever, after adjusting for confounders, the hazard ratios for
postoperative HD was not significantly higher compared
to patients without HD. It might be that the HD occurred
after surgery was temporary and did not result in chronic
liver disease. Therefore, identifying risk factors and pre-
venting postoperative HD is critical in improving short-
term prognosis. For long-term survival, more studies and
longer follow-up are needed to confirm the reproducibil-
ity of these results.

The results of this study demonstrated that preopera-
tive sCr was a risk factor for postoperative HD, which
implied that presence of impaired renal function con-
tributed to developing deranged liver function tests. As
the OR for preoperative sCr to predict postoperative
HD is only 1.050, which imply that preoperative renal
function is not a strong risk factor that affect postop-
erative HD. A previous study showed that preoperative
sCr>133 umol/L was a risk factor for postoperative HD
in patients undergoing ATAAD operations [15], which
was consistent with our results. Acute liver dysfunction
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Fig. 2 Kaplan-Meier survival curve of postoperative hepatic dysfunction in all patients with acute DeBakey type | aortic dissection treated with
surgical repair

Table 4 Hazard ratios for long-term survival

Variables Hazard ratio 95% Cl Pvalue
Age (> 65 year) 3.026 0.956-9.579 0.060
Pericardial tamponade 2.689 0.715-10.120 0.143
Postoperative AKI 9.502 1.143-79.022 0.037
Postoperative HD 1.150 0.295-4.481 0.841
Prolonged MV time (=48 h)  7.039 2413-20.530 <0.001

Bold values indicate significance at p < 0.05
AKl acute kidney injury, HD hepatic dysfunction, MV mechanical ventilation
P<0.05 was considered statistically significant

is associated with renal insufficiency, whose mechanism
may be related to activation of the hepatorenal reflex [17,
18].

The logistic regression model identified lower PFL
as an independent risk factor for developing HD.
Decreased fibrinogen level upon hospital admission
within 24 h after symptom onset has been demon-
strated as a powerful predictor of mortality in patients
with ATAAD [19, 20], as fibrinogen is a very common

substance in the coagulation system and could lead to
activation of the coagulation cascade [21]. It has been
proved that low PFL is a risk factor for postoperative
blood loss [22, 23]. Several possible mechanisms might
explain the association between low fibrinogen level
and postoperative HD. Fibrinogen is synthesized and
secreted by the liver and participates in the thrombosis.
Previous studies indicated that the level of coagulation
and fibrinolytic activation was proportionally related to
the anatomic extent of the dissection [24]. Intimal tear-
ing in aortic dissection induces subendothelial element
exposure and tissue factor release which further acti-
vates the coagulation cascade. This process consumes
large amounts of fibrinogen and results in a decreased
serum level. It has been hypothesized that lower PFL
indicates greater extent injury of the aorta and more
severely impaired liver function. On the other hand,
it has been proposed that PFL as a surrogate marker
for consumption coagulopathy in patients with dis-
secting aorta which is associated with increasing risk
of transfusion, complications, and fatality [25]. Large
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prospective cohort studies should be performed to fur-
ther explore the role of fibrinogen in TAAD treatment.

In addition to fibrinogen level, longer CPB duration
was identified as another risk factor for HD, as has been
demonstrated previously [15]. It has been reported that
the blood volume in liver arteries decreases by 20-25%
during CPB [26]. The decreased liver perfusion often
results in liver damage. Furthermore, surgical proce-
dure and CPB could induce the release of inflammatory
cytokines and endotoxins, which influences the hemo-
dynamics, coagulation system, immune system, vascular
resistance and permeability as well as platelet concentra-
tion and function [27]. Furthermore, hypothermia and
nonpulsatile circulation during CPB are thought to con-
tribute to hemodynamic deterioration that often lead to
overwhelming protective mechanisms and synergistically
exacerbate hypoxic liver damage [28]. However, another
study reported that the aortic cross-clamp time, rather
than CPB time, was associated with the developing of HD
[9]. These controversies might be attributed to confound-
ing factors in heterogeneous patient cohorts.

The postoperative MV time was identified as another
risk factor for postoperative HD. Prolonged MV dura-
tion indicated an extended postoperative respiratory
dysfunction. Previous study showed that the incidence
of prolonged MV (>48 h) was up to 44.5% after ADIAD
surgery [29]. Previous studies identified that prolonged
extubation substantially increased the risk of develop-
ing postoperative acute kidney injury in cardiac surgical
patients [6, 30, 31]. Our findings suggested that the dura-
tion of postoperative positive pressure ventilation was an
important and previously under estimated risk factor for
developing HD after ADIAD surgery that was consist-
ent with a previous study which identified postoperative
respiratory dysfunction as a risk factor for HD in patients
who received ATAAD surgery [9]. MV can reduce car-
diac output, blood pressure, effective circulating blood
volume, and ultimately liver perfusion. It is believed that
prolonged MV time not only induces hemodynamic dis-
turbance but also aggravates systemic inflammatory reac-
tion through mechanical damage to the lung [32]. It has
been well known that MV is an important risk factor of
causing and aggravating hepatic function damage in criti-
cal ill patients even after successful resuscitation [33].

Limitations

This study had some limitations. Firstly, although the
number of patients was relatively large compared with
other studies, this study was conducted in a single center
and might not be representable for the general popula-
tion. Secondly, because of the emergent nature of the dis-
ease, complete demographic data were absent for some
patients. Finally, our surgical technique has been advanced
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over the study period, and the results in this study might be
influenced by the involvement of different techniques and
surgeons. Therefore, additional prospective multicenter
studies are warranted to assess the prognostic significance
of HD and establish the most effective strategies to pre-
vent and treat postoperative HD in patients who received
ADIAD surgery.

Conclusions

In conclusion, our data confirmed that the HD was a com-
mon complication among patients who received ADIAD
surgery. The decreased PFL, elevated sCr, increased CPB
duration, and prolonged MV time were identified as inde-
pendent risk factors for postoperative HD.

Abbreviations

HD: Hepatic dysfunction; ADIAD: Acute DeBakey type | aortic dissection;
MELD: Model of end-stage liver disease; PFL: Preoperative fibrinogen level;
CPB: Cardiopulmonary bypass; MV: Mechanical ventilation; OR: Odds ratio; Cl:
Confidence interval.

Acknowledgements
Not applicable.

Authors’ contributions

DJW and ZGW designed the study; CC and LCL collected the data; ZGW and
MG analyzed the data; MG and LFZ analyzed and interpreted the results; DJW
support and encourage the study; All the authors wrote this article; All the
authors have read and reviewed this manuscript.

Funding
Not applicable.

Availability of data and materials
Data sharing in the current study are available from the corresponding author
on reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval was obtained from Nanjing Drum Tower Hospital ethics com-
mittee. This retrospective study was conducted without informed consent

for some objective reasons and was approved by the ethics committee. All
procedures performed in studies were in accordance with the Declaration of
Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors have declared that they have no competing interests.

Author details

! Department of Cardio-Thoracic Surgery, Affiliated Drum Tower Hospital,
Medical School of Nanjing University, Zhongshan Road 321, Nanjing 210008,
China. ?Department of Psychiatry, The First Affiliated Hospital, Zhengzhou
University, Zhengzhou, China.

Received: 15 July 2021 Accepted: 25 September 2021
Published online: 10 October 2021



Wang et al. J Cardiothorac Surg

(2021) 16:296

References

1.

Wang D, Wang ZY, Wang JF, Zhang LL, Zhu JM, Yuan ZX, et al. Values of
aortic dissection detection risk score combined with ascending aorta
diameter >40 mm for the early identification of type A acute aortic dis-
section. J Thorac Dis. 2018;10(3):1815-24. https://doi.org/10.21037/jtd.
2018.02.42.

Stevens LM, Madsen JC, Isselbacher EM, Khairy P, MacGillivray TE, Hilgen-
berg AD, et al. Surgical management and long-term outcomes for acute
ascending aortic dissection. J Thorac Cardiovasc Surg. 2009;138(6):1349-
57. https://doi.org/10.1016/j.jtcvs.2009.01.030.

Bekkers JA, Raap GB, Takkenberg JJ, Bogers AJ. Acute type A aortic
dissection: long-term results and reoperations. Eur J Cardiothorac Surg.
2013;43(2):389-96. https://doi.org/10.1093/ejcts/ezs342.

Wu Q, Wang Z, Qiu Z, Shen'Y, Chen X, Chen X, et al. Mid-term outcomes
of modified valve-sparing aortic root replacement versus the Bentall
procedure for middle-aged Chinese patients with acute DeBakey | aortic
dissection: a single-center retrospective study. BMC Cardiovasc Disord.
2021;21(1):196. https://doi.org/10.1186/512872-021-02014-5.

Omura A, Miyahara S, Yamanaka K, Sakamoto T, Matsumori M, Okada

K, et al. Early and late outcomes of repaired acute DeBakey type |

aortic dissection after graft replacement. J Thorac Cardiovasc Surg.
2016;151(2):341-8. https://doi.org/10.1016/j,jtcvs.2015.03.068.

Wang Z, Ge M, Chen T, Chen C, Zong Q, Lu L, et al. Acute kidney injury

in patients operated on for type A acute aortic dissection: incidence,

risk factors and short-term outcomes. Interact Cardiovasc Thorac Surg.
2020;31(5):697-703. https://doi.org/10.1093/icvts/ivaa164 (PubMed
PMID: 32851399).

Araujo L, Dombrovskiy V, Kamran W, Lemaire A, Chiricolo A, Lee LY,

et al. The effect of preoperative liver dysfunction on cardiac surgery
outcomes. J Cardiothorac Surg. 2017;12(1):73. https://doi.org/10.1186/
$13019-017-0636-y.

Murata M, Kato TS, Kuwaki K, Yamamoto T, Dohi S, Amano A. Preoperative
hepatic dysfunction could predict postoperative mortality and morbidity
in patients undergoing cardiac surgery: Utilization of the MELD scoring
system. Int J Cardiol. 2016;203:682-9. https://doi.org/10.1016/j.jcard.
2015.10.181.

ZhouW,Wang G, LiuY, Tao Y, Du Z, Tang Y, et al. Outcomes and risk factors
of postoperative hepatic dysfunction in patients undergoing acute type
A aortic dissection surgery. J Thorac Dis. 2019;11(8):3225-33. https://doi.
0rg/10.21037/jtd.2019.08.72.

Morisaki A, Hosono M, Sasaki Y, Kubo S, Hirai H, Suehiro S, et al. Risk factor
analysis in patients with liver cirrhosis undergoing cardiovascular opera-
tions. Ann Thorac Surg. 2010;89(3):811-7. https://doi.org/10.1016/j.athor
acsur.2009.12.021.

. Filsoufi F, Salzberg SP, Rahmanian PB, Schiano TD, Elsiesy H, Squire A, et al.

Early and late outcome of cardiac surgery in patients with liver cirrhosis.
Liver Transpl. 2007;13(7):990-5. https://doi.org/10.1002/1t.21075.
Vanhuyse F, Maureira P, Portocarrero E, Laurent N, Lekehal M, Carteaux
JP, et al. Cardiac surgery in cirrhotic patients: results and evaluation of
risk factors. Eur J Cardiothorac Surg. 2012;42(2):293-9. https://doi.org/10.
1093/ejcts/ezr320.

Dimarakis I, Grant S, Corless R, Velissaris T, Prince M, Bridgewater B, et al.
Impact of hepatic cirrhosis on outcome in adult cardiac surgery. Thorac
Cardiovasc Surg. 2015;63(1):58-66. https://doi.org/10.1055/5-0034-13890
84.

Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau TM, Kosberg
CL, et al. A model to predict survival in patients with end-stage liver dis-
ease. Hepatology. 2001;33(2):464-70. https://doi.org/10.1053/jhep.2001.
22172.

Liu N, Sun LZ, Chang Q. The relative risk factors analysis of hepatic
dysfunction following aortic dissection repair. Zhonghua Wai Ke Za Zhi.
2010;48(15):1154-7.

Achouh PE, Madsen K, Miller CC 3rd, Estrera AL, Azizzadeh A, Dharesh-
war J, et al. Gastrointestinal complications after descending thoracic
and thoracoabdominal aortic repairs: a 14-year experience. J Vasc Surg.
2006;44(3):442-6. https://doi.org/10.1016/,jvs.2006.05.018.

20.

21.

22.

23.

25.

26.

27.

28.

29.

30.

31

32.

33.

Page 8 of 8

Akriviadis E, Botla R, Briggs W, Han S, Reynolds T, Shakil O. Pentoxifylline
improves short-term survival in severe acute alcoholic hepatitis: a dou-
ble-blind, placebo-controlled trial. Gastroenterology. 2000;119(6):1637-
48. https://doi.org/10.1053/gast.2000.20189.

Ming Z, Fan YJ, Yang X, Lautt WW. Contribution of hepatic adenosine A1
receptors to renal dysfunction associated with acute liver injury in rats.
Hepatology. 2006;44(4):813-22. https://doi.org/10.1002/hep.21336.

Yang S, Xue Y, Liu J, Zhang H, Jiang W. Is fibrinogen plasma level a risk
factor for the first 24-hour death of medically treated acute type A aortic
dissection patients? Ann Transl Med. 2020;8(16):1015. https://doi.org/10.
21037/atm-20-5466.

Liu J, Sun LL, Wang J, Ji G. The relationship between fibrinogen and
in-hospital mortality in patients with type A acute aortic dissection. Am J
Emerg Med. 2018,;36(5):741-4. https://doi.org/10.1016/j.ajem.2017.10.001.
Sorensen B, Larsen OH, Rea CJ, Tang M, Foley JH, Fenger-Eriksen C. Fibrin-
ogen as a hemostatic agent. Semin Thromb Hemost. 2012;38(3):268-73.
https://doi.org/10.1055/5-0032-1309287.

Walden K, Jeppsson A, Nasic S, Backlund E, Karlsson M. Low preoperative
fibrinogen plasma concentration is associated with excessive bleeding
after cardiac operations. Ann Thorac Surg. 2014,97(4):1199-206. https://
doi.org/10.1016/j.athoracsur.2013.11.064.

Gielen C, Dekkers O, Stijnen T, Schoones J, Brand A, Klautz R, et al. The
effects of pre- and postoperative fibrinogen levels on blood loss after car-
diac surgery: a systematic review and meta-analysis. Interact Cardiovasc
Thorac Surg. 2014;18(3):292-8. https://doi.org/10.1093/icvts/ivt506.
Ohlmann P, Faure A, Morel O, Petit H, Kabbaj H, Meyer N, et al. Diagnostic
and prognostic value of circulating D-Dimers in patients with acute aortic
dissection. Crit Care Med. 2006;34(5):1358-64. https://doi.org/10.1097/01.
CCM.0000216686.72457.EC.

Paparella D, Rotunno C, Guida P, Malvindi PG, Scrascia G, De Palo M, et al.
Hemostasis alterations in patients with acute aortic dissection. Ann
Thorac Surg. 2011;91(5):1364-9. https://doi.org/10.1016/j.athoracsur.
2011.01.058.

Mathie RT. Hepatic blood flow during cardiopulmonary bypass. Crit Care
Med. 1993;21(2 Suppl):S72-6. https://doi.org/10.1097/00003246-19930
2001-00013.

Paparella D, Yau TM, Young E. Cardiopulmonary bypass induced inflam-
mation: pathophysiology and treatment. An Update Eur J Cardiothorac
Surg. 2002;21(2):232-44. https://doi.org/10.1016/51010-7940(01)01099-5.
Laribi S, Mebazaa A. Cardiohepatic syndrome: liver injury in decompen-
sated heart failure. Curr Heart Fail Rep. 2014;11(3):236-40. https://doi.org/
10.1007/511897-014-0206-8.

Ge M,Wang Z,ChenT, Cheng Y, Ye J, Lu L, et al. Risk factors for and out-
comes of prolonged mechanical ventilation in patients received DeBakey
type | aortic dissection repairment. J Thorac Dis. 2021;13(2):735-42.
https://doi.org/10.21037/jtd-20-2736.

Heringlake M, Nowak Y, Schon J, Trautmann J, Berggreen AE, Charitos El,
et al. Postoperative intubation time is associated with acute kidney injury
in cardiac surgical patients. Crit Care. 2014;18(5):547. https://doi.org/10.
1186/513054-014-0547-4.

Nemati MH, Astaneh B. The effects of preoperative statins on the
incidence of postoperative acute kidney injury in patients undergoing
cardiac surgeries. Interact Cardiovasc Thorac Surg. 2015;21(4):493-8.
https://doi.org/10.1093/icvts/ivv194.

Lellouche F, Dionne S, Simard S, Bussieres J, Dagenais F. High tidal
volumes in mechanically ventilated patients increase organ dysfunction
after cardiac surgery. Anesthesiology. 2012;116(5):1072-82. https://doi.
0rg/10.1097/ALN.0b013e3182522df5.

Ferreira FL, Bota DP, Bross A, Melot C, Vincent JL. Serial evaluation

of the SOFA score to predict outcome in critically ill patients. JAMA.
2001;286(14):1754-8. https://doi.org/10.1001/jama.286.14.1754.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.21037/jtd.2018.02.42
https://doi.org/10.21037/jtd.2018.02.42
https://doi.org/10.1016/j.jtcvs.2009.01.030
https://doi.org/10.1093/ejcts/ezs342
https://doi.org/10.1186/s12872-021-02014-5
https://doi.org/10.1016/j.jtcvs.2015.03.068
https://doi.org/10.1093/icvts/ivaa164
https://doi.org/10.1186/s13019-017-0636-y
https://doi.org/10.1186/s13019-017-0636-y
https://doi.org/10.1016/j.ijcard.2015.10.181
https://doi.org/10.1016/j.ijcard.2015.10.181
https://doi.org/10.21037/jtd.2019.08.72
https://doi.org/10.21037/jtd.2019.08.72
https://doi.org/10.1016/j.athoracsur.2009.12.021
https://doi.org/10.1016/j.athoracsur.2009.12.021
https://doi.org/10.1002/lt.21075
https://doi.org/10.1093/ejcts/ezr320
https://doi.org/10.1093/ejcts/ezr320
https://doi.org/10.1055/s-0034-1389084
https://doi.org/10.1055/s-0034-1389084
https://doi.org/10.1053/jhep.2001.22172
https://doi.org/10.1053/jhep.2001.22172
https://doi.org/10.1016/j.jvs.2006.05.018
https://doi.org/10.1053/gast.2000.20189
https://doi.org/10.1002/hep.21336
https://doi.org/10.21037/atm-20-5466
https://doi.org/10.21037/atm-20-5466
https://doi.org/10.1016/j.ajem.2017.10.001
https://doi.org/10.1055/s-0032-1309287
https://doi.org/10.1016/j.athoracsur.2013.11.064
https://doi.org/10.1016/j.athoracsur.2013.11.064
https://doi.org/10.1093/icvts/ivt506
https://doi.org/10.1097/01.CCM.0000216686.72457.EC
https://doi.org/10.1097/01.CCM.0000216686.72457.EC
https://doi.org/10.1016/j.athoracsur.2011.01.058
https://doi.org/10.1016/j.athoracsur.2011.01.058
https://doi.org/10.1097/00003246-199302001-00013
https://doi.org/10.1097/00003246-199302001-00013
https://doi.org/10.1016/s1010-7940(01)01099-5
https://doi.org/10.1007/s11897-014-0206-8
https://doi.org/10.1007/s11897-014-0206-8
https://doi.org/10.21037/jtd-20-2736
https://doi.org/10.1186/s13054-014-0547-4
https://doi.org/10.1186/s13054-014-0547-4
https://doi.org/10.1093/icvts/ivv194
https://doi.org/10.1097/ALN.0b013e3182522df5
https://doi.org/10.1097/ALN.0b013e3182522df5
https://doi.org/10.1001/jama.286.14.1754

	Hepatic dysfunction in patients who received acute DeBakey type I aortic dissection repair surgery: incidence, risk factors, and long-term outcomes
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods and materials
	Study population
	Diagnostic criteria for postoperative HD
	Statistical analysis

	Results
	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


