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Abstract

Background: To examine the correlation between
the preoperative elevated aspartate aminotransferase
(AST)/alanine transaminase (ALT) (De Ritis) ratio and
the drainage volume in patients after aortic arch surgery.
Methods: This retrospective cohort study was conducted
from January 2017 to December 2018. The exposure
factor was the preoperative AST/ALT ratio and the primary
outcome was the total amount of the drainage volume. The
optimal AST/ALT ratio cutoff value was determined by
the maximum Youden index. Accordingly, we defined
the ratio ≥0.92 as a high AST/ALT ratio and <0.92 as
a low AST/ALT ratio. Based on the median drainage
volume of all participants, we dichotomized the study
population: patients with a total drainage volume of
1670 mL or more were classified into high-output group
(HOPG) and the remaining patients were classified into the
low-output group (LOPG). Univariable and multivariable
logistic regression analyses were conducted to investigate
the correlation between the elevated AST/ALT ratio and
drainage volume. Results: 425 participants were enrolled.
213 participants were divided into the LOPG and the
others were in the HOPG. 244 participants were divided
into the low AST/ALT ratio group. In the univariable
logistic regression analysis, the odds ratio (OR) and 95%
condifence interval (CI) for the large drainage volume
in participants with elevated AST/ALT ratio were 1.810
and 1.226–2.670 (p = 0.003). After adjustments with the
confounders, multivariable logistic regression analysis
showed an elevated AST/ALT ratio was significantly
associated with the total amount of drainage volume (OR
= 1.725, 95% CI 1.115–2.669, p = 0.014). Conclusions:
Preoperative elevated AST/ALT ratio is an independent
risk factor for the pericardial and mediastinal drainage
volume in patients undergoing aortic arch surgery. It might
represent a novel marker for individual risk assessment for
cardiac surgery.
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Introduction

Pericardial and mediastinal drains are routinely in-
serted in patients after cardiovascular surgery postoper-
atively in order to avoid developing cardiac tamponade.
Postoperative chest drainage is associated with operative
deaths following pericardiectomy [1]. Prolonged drainage
may increase the risk of infection and the use of analgesic
agents [2]. The drainage volume determines the time to
remove the drains. A higher drainage volume is associ-
ated with higher 30-day mortality and other postoperative
complications [3]. A postoperative drainage volume higher
than 100–150 mL/h, is a cause for concern [4]. It had been
shown that the structure and material of the drains may re-
duce the amount and duration of drainage [5–7]. However,
few studies have investigated the correlation between pre-
operative status and the total drainage volume. Identifica-
tion of the potential risk factors for increased drainage vol-
ume is helpful to avoid postoperative complications.

In patients with acute type A aortic dissection, co-
agulation and fibrinolysis factors may be altered prior to
surgery due to changes in liver function [8]. Hepatic dys-
function is a common concomitant symptom in patients
with cardiovascular disease (CVD). Transaminases such as
aspartate aminotransferase (AST) and alanine transaminase
(ALT) can reflect hepatocellular damage and are routinely
available in clinical practice. The AST/ALT ratio (De Ritis)
is a predictor of chronic liver disease and can predict clin-
ical outcomes in patients with CVD [9], digestive disease
[10], and urinary tract disease [11,12]. A study has shown
that the AST/ALT ratio may be used as an independent pre-
dictor of postoperative mortality in patients with cardiovas-
cular surgery [13]. As AST/ALT may provide more infor-
mation on the risk assessment of CVD, we hypothesized
that the preoperative De Ritis ratio is associated with the
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total drainage volume. The purpose of this study was to ex-
amine the relationships between the preoperative elevated
AST/ALT ratio and the increased drainage volume in pa-
tients after aortic arch surgery.

Patients and Methods

Study Design and Patients

Patients requiring aortic arch surgery were selected for
this study and were excluded if they (1) had missing data on
the preoperative AST or ALT; (2) were treated with anti-
coagulants preoperatively; (3) needed extracorporeal mem-
brane oxygenation (ECMO) support postoperatively; (4)
underwent minimally access surgery. Patients younger than
18 years old were also excluded. The indications for total
arch replacement were type I and type II aortic dissection.
The indications for hemiarch reconstruction were the pres-
ence of an ascending aortic aneurysm and type II thoracic
aortic dissection, limited to the ascending aorta.

Exposures and Primary Endpoint

The exposure factor was the preoperative AST/ALT
ratio. To calculate the optimal AST/ALT ratio cutoff to dif-
ferentiate the level of postoperative drainage, the maximum
Youden index based on the receiver operating characteristic
curve (ROC) analysis was calculated. Accordingly, we de-
fined the ratio≥0.92 as a high AST/ALT ratio and<0.92 as
a low AST/ALT ratio. The primary endpoint was the level
of the total amount drainage volume. Based on the median
drainage volume of all participants, we dichotomized the
study population: patients with a total drainage volume of
1670 mL or more were classified into high-output group
(HOPG) and the remaining patients were classified into the
low-output group (LOPG).

Postoperative Drain Management

Patients will be transferred to the cardiac intensive
care unit (ICU) after surgery, and the postoperative man-
agement of patients will not be very different due to the
differences between the two types of surgery, and in gen-
eral, the patient will regain consciousness and get off the
ventilator as soon as possible while maintaining stable cir-
culatory function, so as to promote early recovery. Drains
were routinely inserted in all patients undergoing aortic arch
surgery. One drain was placed at the anteroinferior sinus
of pericardium, one was placed behind the sternum. All
drains were placed on negative pressure suction. Nurses
would disinfect the edge of the drains regularly and record
the drainage volume continuously. The decision to remove
the drains was usually made by attending doctors. In gen-
eral, the drains would be removed when the drainage vol-
ume was less than 150 mL within 24 hours.

Data Collection

The following information on preoperative character-
istics was retrieved from the hospital’s electronic medical
records system, which was the source of this database: de-
mographics, smoking history, preoperative ejection frac-
tion (EF) and preoperative comorbidities. Preoperative lab-
oratory test results routinely performed 1 to 3 days before
surgery were collected. The type of surgery, postopera-
tive complications and special postoperative treatment were
also retrieved. The total volume of the pericardial and me-
diastinal drainage was collected from the nursing record
sheet. The length of ICU stay and hospital stay and the in-
hospital death were also recorded. All of these data were
obtained from our Department of Information.

Statistical Analysis

The normality of continuous variables was tested us-
ing the Shapiro-Wilk test. Normally distributed contin-
uous variables are shown as mean ± standard deviation
(M ± SD) and were compared using the Student t test.
Non-normally distributed continuous variables are shown
as medians (25th and 75th percentiles) and were com-
pared using the Wilcoxon Mann-Whitney test. Categori-
cal variables are expressed as frequency with percentages
and were compared using the chi-squared test or Fisher’s
exact test. The drainage volume was dichotomized into a
binary variable using its median. The AST/ALT ratio was
dichotomized into a binary variable using a cutoff suggested
by the Youden index. We classified patients as having an
elevated AST/ALT ratio if it was larger than that with the
highest Youden index. The univariable logistic regression
analysis was conducted to explore the correlation between
the AST/ALT ratio level and the drainage volume. Results
are presented as odds ratios (OR) with 95% confidence in-
terval (CI). In order to identify the potential confounders,
potential risk factors were compared between the HOPG
and the LOPG. Factors with a p-value < 0.1 in the univari-
able analysis were considered candidates for multivariable
logistic regression analysis which was used to determine
the risk factors influencing the volume of drainage volume.
All statistical analysis was performed with SPSS®, version
23.0 (SPSS Inc., Chicago, IL, USA) with 2-sided p < 0.05
considered statistically significant.

Results

Baseline Characteristics

510 consecutive patients were screened, 425 patients
fulfilled the criteria and were included in the final anal-
ysis (Fig. 1). They consisted of 181 participants whose
AST/ALT ratio was <0.92 and 244 participants with the
AST/ALT ratio ≥0.92. Perioperative characteristics of the
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Fig. 1. Flow chart. ALT, alanine transaminase; AST, aspartate aminotransferase; ECMO, extracorporeal membrane oxygenation.

study population are presented in Table 1. Preoperative in-
formation of the low AST/ALT ratio and high AST/ALT ra-
tio groups are presented in Table 2. Total drainage volume
in the high AST/ALT ratio group was significantly greater
than in the low AST/ALT ratio group (p = 0.002). The pre-
operative ALT level in the low ratio group was much higher
than that in the high ratio group (p < 0.001). There were
also significant differences between the groups regarding
age, gender, body mass index (BMI), and smoking history.

Postoperative Drainage Volume

Of the 425 patients, the median of the total amount of
drainage volume was 1670 (1030, 2655) mL. There were
213 participants in the LOPG with a median total drainage
volume of 1030 (715, 1335) mL and 212 participants in
the HOPG with a median total drainage volume of 2657.5
(2070, 3610) mL, in which 15 participants had more than
1000 mL of drainage on the first day after surgery. Dif-
ferences between the two groups are presented in Table 3.
Participants in the HOPG were older than the LOPG (p =

0.070). In the LOPG, 106 participants (49.77%) had a low
AST/ALT ratio, compared to 77 (36.32%) in the HOPG (p
= 0.003). The serum total protein (TP) level and the pro-
thrombin temporal activity (PTA) were higher in the LOPG.
While participants in the HOPG had a higher concentra-
tion of serum creatinine (p = 0.005) and blood urea ni-
trogen (BUN) (p = 0.001) and an increased prothrombin
time (PT) (p = 0.008). The international normalized ratio
(INR) value was slightly higher in the HOPG (p = 0.015).
Postoperatively, patients, who developed acute kidney in-
jury (AKI) and required continuous renal replacement ther-
apy (CRRT), re-intubation, had an increased amount of the
drainage volume. There were also significant differences
between the two groups regarding the surgical type, hospi-
tal and ICU stay.

Risk Factors Analysis

In the univariable logistic regression analysis, com-
pared with patients whose AST/ALT ratio <0.92, the OR
for the large drainage volume in patients with an elevated
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Table 1. Demographics and perioperative data of patients in
this cohort.

Variable Median (IQR)/Mean ± SD/n (%)

Age (year) 52.4 (44.4, 63.3)
Gender

Male 288 (67.80)
Female 137 (32.20)

BMI (kg/m2) 26.00 (24.0, 29.0)
Preoperative comorbidities

Hypertension 324 (76.20)
Diabetes 14 (3.30)
Hyperlipemia 239 (56.20)
COPD 3 (0.70)
CKD 8 (1.90)
Cerebral vascular disease 30 (7.10)
Peripheral vessel disease 19 (4.50)
Smoking history 175 (41.20)
EF value 60 (59.0, 63.0)

Surgical treatment
Total arch replacement 371 (87.30)
Hemiarch reconstruction 54 (12.70)

Preoperative Laboratory test
Albumin (g/L) 40.00 (36.00, 42.70)
TP (g/L) 66.66 ± 36.54
ALT (U/L) 21.00 (14.00, 33.00)
AST (U/L) 21.00 (16.00, 27.00)
AST/ALT 1 (0.72, 1.44)
Creatinine (mg/dL) 82.17 (67.07, 102.71)
BUN (mmol/L) 5.65 (4.53, 7.14)
PT (s) 14.10 (13.40, 14.80)
PTA 86.68 ± 13.15
INR 1.10 (1.03, 1.17)
APTT (s) 36.80 (34.40, 40.80)
Hospital stay (d) 13.35 (9.59, 17.41)
ICU stay (d) 4.00 (2.00, 5.00)
In-hospital Mortality 12 (2.80)

Postoperative complications
MI 7 (1.60)
AKI 98 (23.10)

Special postoperative treatment
CRRT 28 (6.60)
Tracheotomy 3 (0.70)
IABP 3 (0.70)
Re-open cheat surgery 18 (4.20)
Re-ICU 4 (0.90)
Re-intubation 15 (3.50)

IQR, interquartile range; SD, standard deviation; BMI, body mass in-
dex; COPD, chronic obstructive pulmonary disease; CKD, chronic
kidney disease; EF, ejection fraction; TP, total protein; ALT, alanine
transaminase; AST, aspartate aminotransferase; BUN, blood urea ni-
trogen; PT, prothrombin time; PTA, prothrombin temporal activity;
INR, international normalized ratio; APTT, activated partial throm-
boplastin time; ICU, intensive care unit; MI, myocardial infarction;
AKI, acute kidney injury; CRRT, continuous renal replacement ther-
apy; IABP, intra-aortic balloon pump; y, year; d, day; s, second.

AST/ALT ratio (≥0.92) was 1.810 (95% CI 1.226–2.670, p
= 0.003). After identifying the potential confounders using
a less stringent cut-off of 0.1 for the p value, the multivari-
able logistic regression analysis was conducted with adjust-
ments for age, surgical type, AKI, CRRT, re-intubation, and
preoperative laboratory tests (TP, serum creatinine, BUN,
PT, PTA, INR). Variables following the multivariable anal-
ysis are presented in Table 4. A preoperative elevated
AST/ALT ratio (≥0.92) was significantly associated with
the total amount of drainage volume (OR = 1.725, 95% CI
1.115–2.669, p = 0.014). In the ROC, the area under the
curve was 0.571 (95% CI 0.517–0.626, p = 0.011). Com-
pared with total arch replacement, hemiarch reconstruction
may be a potential protective factor for drainage volume
(OR = 0.242, 95%CI 0.111–0.526, p< 0.001). Participants
who developed AKI postoperatively may have a higher
drainage volume (OR = 3.148, 95% CI 1.748–5.669, p <

0.001). After excluding 15 patients with a drainage volume
greater than 1000 mL on the first day after surgery, we per-
formed a sensitivity analysis and the results remained stable
(OR = 1.738, 95% CI 1.116–2.706, p = 0.014), see details
at Table 5.

Discussion

The present study used retrospectively collected data
from patients undergoing aortic arch surgery in order to in-
vestigate the predictive impact of the serum AST/ALT ratio
on the total amount of drainage volume. We found that a
preoperative elevated AST/ALT ratio is significantly asso-
ciated with drainage volume and is an independent risk fac-
tor for the total drainage volume. These findings indicated
that the AST/ALT ratio might represent a novel marker for
individual risk assessment for cardiac surgery.

The leading cause of increased postoperative drainage
volume is bleeding, which may require a re-exploration to
stop the bleeding. In addition, primary or secondary coag-
ulation abnormalities, surgery types, age, and use of preop
anticogulants are the reasons for the increased drainage vol-
ume. The structure and material of the drains may reduce
the amount and duration of drainage [5–7]. In this study,
we sought to identify potential risk factors for increased
drainage volume and focused on preoperative risk factors.

The AST/ALT (De Ritis) ratio was initially described
in 1957 and was found to be a useful indicator of struc-
tural liver cell damage when the ratio was elevated [14].
An elevated AST/ALT ratio is also associated with non-
alcoholic fatty liver disease which has been shown to in-
crease cardiovascular morbidity [15]. A recent study had
shown that the elevated AST/ALT ratio was a strong pre-
dictor for long-termmortality after acute myocardial infarc-
tion (AMI), which was associated with systemic hypoper-
fusion and end-organ damage [16]. It was also associated
with higher mortality after cardiac arrest which may cause
ischaemic-reperfusion injury of hepatocytes [17]. Patients
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Table 2. Preoperative information of the low De Ritis ratio group and high De Ritis ratio group.

Variables
Low AST/ALT ratio Group High AST/ALT ratio Group

z/t/χ2 value p-value
M (IQR)/Mean ± SD/n (%) M (IQR)/Mean ± SD/n (%)

Age (y) 48.5 (42.4, 58.4) 55.8 (46.7, 64.6) –4.763 <0.001
Gender 26.112 <0.001

Male 147 (81.22) 141 (57.79)
Female 34 (18.78) 103 (42.21)

BMI (kg/m2) 27.00 (24.00, 30.00) 25.00 (23.00, 28.00) –4.756 <0.001
Preoperative comorbidities

Hypertension 138 (76.24) 186 (76.23) 0.000 1.000
Diabetes 5 (2.76) 9 (3.69) 0.280 0.785
Hyperlipemia 109 (60.22) 130 (53.28) 2.035 0.167
COPD 2 (1.10) 1 (4.10) 0.068 0.578
CKD 2 (1.10) 6 (2.46) 0.429 0.476
Cerebral vascular disease 10 (5.52) 20 (8.20) 1.131 0.341
Peripheral vessel disease 6 (3.31) 13 (5.33) 0.986 0.354
Smoking History 90 (49.72) 85 (34.84) 9.509 0.003
EF value 60 (60, 63) 60 (58, 63) –0.385 0.701

Surgical type 0.346 0.659
Total arch replacement 160 (88.40) 211 (86.48)
Hemiarch reconstruction 21 (11.60) 33 (13.52)

Total Drainage volume 1420 (920, 2340) 1795 (1187.5, 2805) –3.152 0.002
Preoperative Laboratory test

Albumin (g/L) 38.92 ± 5.65 39.49 ± 4.76 –1.106 0.270
TP (g/L) 67.11 ± 6.28 66.32 ± 5.84 1.343 0.180
ALT (U/L) 32.00 (24.00, 50.00) 15.00 (11.00, 21.00) –12.454 <0.001
AST (U/L) 21.00 (16.00, 28.00) 20.00 (16.00, 26.00) –0.432 0.665
Creatinine (mg/dL) 83.62 (68.97, 104.07) 80.85 (64.97, 100.51) –1.694 0.090
BUN (mmol/L) 5.65 (4.57, 7.10) 5.64 (4.51, 7.36) –0.234 0.815
PT (s) 14.10 (13.40, 14.60) 14.10 (13.4, 14.90) –1.116 0.264
PTA 86 (80, 96) 86 (77, 95) –1.090 0.276
INR 1.10 (1.03, 1.15) 1.1 (1.03, 1.18) –1.152 0.249
APTT (s) 37.50 (34.70, 41.25) 36.6 (34.20, 39.90) –1.765 0.078

IQR, interquartile range; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; EF, ejection fraction; TP, total
protein; ALT, alanine transaminase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; PT, prothrombin time; PTA, pro-
thrombin temporal activity; INR, international normalized ratio; APTT, activated partial thromboplastin time; ICU, intensive care unit;
y, year; d, day; s, second.

diagnosed with aortic dissection may have potential liver
hypoperfusion which could cause an elevated AST/ALT
ratio. Therefore, an elevated AST/ALT ratio would be a
biomarker of liver cell injury, which may be the result of
liver disease itself or it may be a secondary result of hypop-
erfusion associated with aortic dissection. Although there
were differences in demographic variables between the low
AST/ALT ratio group and the high AST/ALT ratio group
regarding age, gender and BMI, after univariable and mul-
tivariable regression analysis, these variables were not risk
factors for drainage volume. It also had been reported that
gender has an influence on the AST/ALT ratio in the general
population [18], indicating that there is an objective differ-
ence in demographic indicators between the groups.

Hepatic injury can bemanifested as a drugmetabolism
or liver-associated coagulation factor synthesis disorder,
which may impact coagulation function. Cao et al. [19],

have shown that patients with an elevated AST/ALT ratio
were found to more readily develop an INR ≥4 within 10
days after the initiation of warfarin compared with low De
Ritis ratios. This may explain why the elevated AST/ALT
ratio was a risk factor for the drainage volume. In our study,
a De Ritis ratio >0.92 had an impact on the drainage vol-
ume, indicating that patients hepatic dysfunction may have
underlying coagulation abnormalities. The exact mecha-
nism responsible for the relationship between AST/ALT ra-
tio and the increased risk of drainage volume is still unclear
and requires further investigation.

The type of surgery and the development of postop-
erative AKI may also influence the total drainage volume.
The effect of the surgical type on drainage volume may be
attributed to the size of the trauma. In order to avoid the
effect of surgery on drainage, we did a sensitivity analy-
sis after excluding patients with drainage greater than 1000
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Table 3. Univariate analysis of risk factors compared the HOPG with the LOPGa.

Variables
Low-output Group High-output Group

z/t/χ2 value p-value
M (IQR)/Mean ± SD/n (%) M (IQR)/Mean ± SD/n (%)

Age (y) 50.9 (43.7, 61.8) 53.9 (45.2, 63.7) –1.813 0.070
Gender 0.811 0.407

Male 140 (65.73) 148 (69.81)
Female 73 (34.27) 64 (30.19)

BMI (kg/m2) 26.00 (24.00, 29.00) 26.00 (24.00, 29.00) –0.468 0.640
Preoperative factors

Hypertension 162 (76.06) 162 (76.42) 0.008 1.000
Diabetes 7 (3.29) 7 (3.30) 0.000 1.000
Hyperlipidemia 117 (54.93) 122 (57.55) 0.296 0.625
COPD 3 (1.41) 0 (0.00) 1.333 0.248
CKD 3 (1.41) 5 (2.36) 0.132 0.503
Cerebral vascular disease 19 (8.92) 11 (5.19) 2.255 0.184
Peripheral vessel disease 12 (5.63) 7 (3.30) 1.353 0.348
Smoking history 87 (40.85) 88 (41.51) 0.019 0.922
EF value 60.00 (60.00, 63.00) 60.00 (58.00, 63.00) –0.335 0.737

DRr group 8.996 0.003
AST/ALT <0.92 106 (49.77) 77 (36.32)
AST/ALT ≥0.92 107 (50.23) 137 (64.62)

Surgical type 18.931 <0.001
Total arch replacement 171 (80.28) 200 (94.34)
Hemiarch reconstruction 42 (19.72) 12 (5.66)

Preoperative Laboratory test
Albumin (g/L) 39.9 (36.2, 42.7) 40.00 (35.95, 42.35) –0.057 0.954
TP (g/L) 67.44 ± 5.86 65.88 ± 6.13 2.683 0.008
ALT (U/L) 22.00 (14.00, 33.00) 20.00 (13.00, 33.50) –0.940 0.347
AST (U/L) 20.00 (15.00, 27.00) 21.00 (16.00, 27.50) –0.926 0.355
Creatinine (mg/dL) 79.33 (65.05, 96.10) 86.02 (70.81, 110.65) –2.78 0.005
BUN (mmol/L) 5.29 (4.48, 6.51) 5.93 (4.575, 7.92) –3.288 0.001
PT (s) 14.10 (13.60, 14.75) 14.30 (13.60, 15.10) –2.635 0.008
PTA 86.00 (79.00, 92.00) 84.00 (76.00, 92.00) –2.530 0.011
INR 1.10 (1.05, 1.16) 1.11 (1.06, 1.19) –2.435 0.015
APTT (s) 36.80 (34.35, 40.55) 37.30 (34.30, 40.90) –0.215 0.830
Hospital stay (d) 10.68 (8.40, 14.72) 14.52 (11.40, 19.33) –6.464 <0.001
ICU stay (d) 3.00 (2.00, 5.00) 5.00 (3.00, 6.00) –4.697 <0.001
In-hospital Mortality 6 (2.82) 6 (2.83) 0.000 1.000

Postoperative complications
MI 4 (1.88) 3 (1.42) 0.000 1.000
AKI 27 (12.68) 71 (33.49) 25.946 <0.001

Postoperative special treatment
CRRT 9 (4.23) 19 (8.96) 3.874 0.053
Tracheotomy 0 (0.00) 3 (1.42) 1.352 0.123
IABP 2 (0.94) 1 (0.47) 0.000 1.000
Re-open cheat surgery 6 (4.23) 12 (5.66) 2.118 0.157
Re-ICU 1 (0.47) 3 (1.42) 0.257 0.372
Re-intubation 4 (1.88) 11 (5.19) 3.420 0.071

a Variables with p < 0.1 would be included for the multivariable analysis.
IQR, interquartile range; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; EF, ejection fraction; TP, total protein;
ALT, alanine transaminase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; PT, prothrombin time; PTA, prothrombin temporal
activity; INR, international normalized ratio; APTT, activated partial thromboplastin time; ICU, intensive care unit; MI, myocardial infarction;
AKI, acute kidney injury; CRRT, continuous renal replacement therapy; IABP, intra-aortic balloon pump; y, year; d, day; s, second.

mL on the postoperative day, and the results were consistent
with the previous results. Patients with AKI complications

postoperatively may also develop fluid shifts into the third
space and in addition to increased drainage.
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Table 4. Variables significantly associated with High-output following multivariable analysisa.

Variables β OR
95% Confidence Interval

p-value
Lower Upper

Age 0.013 1.013 0.994 1.033 0.188
Surgical type* –1.418 0.242 0.111 0.526 <0.001
CRRT –0.724 0.485 0.175 1.346 0.165
AKI 1.147 3.148 1.748 5.669 <0.001
Re-intubation 0.554 1.741 0.488 6.205 0.393
Elevated AST/ALT ratio 0.545 1.725 1.115 2.669 0.014
Pre-TP –0.022 0.978 0.943 1.014 0.231
Pre-Creatinine 0.000 1.000 0.993 1.008 0.924
Pre-BUN 0.078 1.082 0.960 1.218 0.196
Pre-PT 2.176 8.807 0.767 101.146 0.081
Pre-PTA 0.060 1.062 0.990 1.139 0.092
Pre-INR –14.415 0.000 0.000 5352.561 0.219
a The odds ratio and 95% confidence interval were measured through binary logistic regression.
* hemiarch reconstruction vs total arch replacement.
CRRT, continuous renal replacement therapy; AKI, acute kidney injury; ALT, alanine transaminase;
AST, aspartate aminotransferase; TP, total protein; BUN, blood urea nitrogen; PT, prothrombin time;
PTA, prothrombin temporal activity; INR, international normalized ratio.

Table 5. Sensitive analysis for the risk factor of drainage volumea.

Variables β OR
95% Confidence Interval

p-value
Lower Upper

Age 0.014 1.014 0.994 1.034 0.184
Surgical type* –1.560 0.210 0.091 0.483 <0.001
CRRT –0.896 0.408 0.140 1.195 0.102
AKI 1.033 2.810 1.547 5.104 0.001
Re-intubation 0.631 1.880 0.522 6.771 0.334
Elevated AST/ALT ratio 0.553 1.738 1.116 2.706 0.014
Pre-Total Protein –0.027 0.974 0.938 1.010 0.158
Pre-Creatinine 0.001 1.001 0.994 1.009 0.758
Pre-BUN 0.065 1.067 0.944 1.206 0.297
Pre-PT 2.369 10.690 0.900 126.992 0.061
Pre-PTA 0.067 1.069 0.994 1.150 0.071
Pre-INR –15.724 0.000 0.000 1975.110 0.186
a The odds ratio and 95% confidence interval were measured through binary logistic regression.
* hemiarch reconstruction vs total arch replacement.
CRRT, continuous renal replacement therapy; AKI, acute kidney injury; ALT, alanine transaminase;
AST, aspartate aminotransferase; TP, total protein; BUN, blood urea nitrogen; PT, prothrombin time;
PTA, prothrombin temporal activity; INR, international normalized ratio.

We also found that the median time of hospital and
ICU stay in the HOPG were significantly longer than that
in the LOPG, which had an impact on the patient’s recov-
ery. These results emphasized the importance of paying at-
tention to drainage volume, which could also affect pain
management, and altered coagulation.

Limitation

This study is subject to the inherent limitations of ret-
rospective analyses of observational data. Some records,
such as the drainage duration, were lost and unavailable
for analysis. In order to explore the relationship between

variables, we converted two continuous variables into two
categorical variables. The basis of conversion into classifi-
cation variables was the median of total amount of drainage
and the approximate value was determined according to
the sensitivity of predicting the high and low amount of
drainage. Based on our statistical results, we found a corre-
lation between the AST/ALT ratio and the total amount of
drainage volume. It is necessary to establish a unified stan-
dard before further investigation in order to clearly explore
the correlation between an elevated AST/ALT ratio and the
drainage volume.
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Conclusions

The preoperative elevated AST/ALT ratio is an inde-
pendent risk factor for pericardial and mediastinal drainage
volume in patients undergoing aortic arch surgery. As a
readily available biomarker in clinical practice, it might rep-
resent a novel marker for individual risk assessment for an
increased volume of drainage postoperatively and help to
optimize perioperative management for cardiac surgery.
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