@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 12: 1412-1418, 2016

Serum angiotensin-converting enzyme 2 is an independent risk
factor for in-hospital mortality following open surgical
repair of ruptured abdominal aortic aneurysm
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Abstract. Open surgical repair (OSR) is a conventional
surgical method used in the repair a ruptured abdominal aortic
aneurysm (AAA); however, OSR results in high perioperative
mortality rates. The level of serum angiotensin-converting
enzyme 2 (ACE2) has been reported to be an independent risk
factor for postoperative in-hospital mortality following major
cardiopulmonary surgery. In the present study, the association
of serum ACE2 levels with postoperative in-hospital mortality
was investigated in patients undergoing OSR for ruptured
AAA. The study enrolled 84 consecutive patients underwent
OSR for ruptured AAA and were subsequently treated in the
intensive care unit. Patients who succumbed postoperatively
during hospitalization were defined as non-survivors. Serum
ACE2 levels were measured in all patients prior to and
following the surgery using ELISA kits. The results indicated
that non-survivors showed significantly lower mean preopera-
tive and postoperative serum ACE2 levels when compared with
those in survivors. Multivariate logistic regression analysis also
showed that, subsequent to adjusting for potential confounders,
the serum ACE?2 level on preoperative day 1 showed a signifi-
cant negative association with the postoperative in-hospital
mortality. This was confirmed by multivariate hazard ratio
analysis, which showed that, subsequent to adjusting for
the various potential confounders, the risk of postoperative
in-hospital mortality remained significantly higher in the two
lowest serum ACE2 level quartiles compared with that in the
highest quartile on preoperative day 1.In conclusion, the present
study provided the first evidence supporting that the serum
ACE?2 level is an independent risk factor for the in-hospital
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mortality following OSR for ruptured AAA. Furthermore, low
serum ACE?2 levels on preoperative day 1 were found to be
associated with increased postoperative in-hospital mortality.
Therefore, the serum ACE2 level on preoperative day 1 may
be a potential biomarker or prognostic factor for in-hospital
mortality following OSR for ruptured AAA.

Introduction

Abdominal aortic aneurysm (AAA) involves the dilation of
the abdominal aorta and occurs in up to 9% of adults with
an age of >65 years in Western countries (1). The mortality
resulting from ruptured AAA remains <90% despite
medical advances (2). Currently, the only treatment for AAA
is surgery, and approximately 48% of the perioperative
mortality rate is associated with surgical repair of ruptured
AAA (3). The conventional method used to repair a ruptured
AAA is open surgical repair (OSR) with replacement of the
ruptured aneurysm using a synthetic tube graft, which is an
extensive repair method that results in a high postoperative
mortality rate (4). Patients undergoing OSR for ruptured
AAA may succumb to the disease in the intensive care unit
(ICU) within days after surgery (5). Thus, the identification
of preoperative or early postoperative predictive biomarkers
of mortality in these patients may reduce postoperative
in-hospital mortality.

The renin-angiotensin system (RAS) serves a crucial
role in cardiovascular regulation (6). Angiotensin-converting
enzyme 2 (ACE2), which is expressed in the majority of
tissues, is known to serve a pivotal role in the body as an
endogenous regulator of the RAS (7). Recent studies have
demonstrated the value of the serum ACE2 level in the predic-
tion of in-hospital mortality and morbidities subsequent to
major cardiopulmonary surgeries (8,9). Wang et al reported
that the serum ACE2 level was an independent risk factor for
postoperative myocardial infarction and in-hospital mortality
following coronary artery bypass grafting (CABG) (8).
Furthermore, Li et al reported that the serum ACE2 level was
an independent risk factor for in-hospital mortality and major
morbidities following major pulmonary resection in non-small
cell lung cancer (NSCLC) patients (9). In the present study,
the association of serum ACE2 levels with postoperative
in-hospital mortality was examined in patients undergoing
OSR for ruptured AAA.
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Table I. Baseline general characteristics of patients.
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Subject Characteristics Survivors (n=51) Non-survivors (n=33) P-value
Age (years) 69.4+10.7 73.9+8.3 0.07
Gender 0.21

Male 40 (78.4) 21 (63.6)

Female 11 (21.6) 12 (36.4)
Body mass index (kg/m?) 28.6+7.3 29.247.5 0.72
Systolic blood pressure (mmHg) 130.9+17.5 139.2+18.4 0.52
Diastolic blood pressure (mmHg) 85.2+11.9 94.6£13.6 0.33
Current smoker 15(29.4) 16 (48.5) 0.11
Hypertension 33 (64.7) 23 (69.7) 0.81
Diabetes mellitus 10 (19.6) 12 (364) 0.13
Hyperlipidemia 46 (90.2) 30 (90.9) <0.99
Kidney disease 3(6.0) 3.1 0.68
Cardiovascular comorbidity 43 (84.3) 29 (87.9) 0.76
Pulmonary comorbidity 16 (31.4) 12 (36 4) 0.64

Values are expressed as the mean =+ standard deviation for continuous variables (comparisons performed with Student's t-test) and as n (%) for

categorical variables (comparisons performed with  test).

Patients and methods

Patients. Between May 2011 and December 2014, 84 consecu-
tive patients who underwent OSR for ruptured AAA and were
subsequently treated in the ICU at the Department of Vascular
Surgery of the Third Xiangya Hospital, Central South
University (Changsha, China) were enrolled in the present
study. Baseline characteristics were collected up to preopera-
tive day 1. Baseline systolic and diastolic blood pressure were
calculated as the mean values of blood pressure measurements
taken from preoperative day 7 to preoperative day 1 using the
HEM907XL Professional Digital Blood Pressure Monitor
(Omron Co., Ltd., Beijing, China). The initial AAA diameter
and iliac and renal artery involvement were assessed at admis-
sion and reconfirmed on preoperative days 7-9 using multislice
computed tomography (CT; Somatom Definition scanner;
Siemens, Munich, Germany). Preoperative medication usage
were ascertained from a case history evaluation of the 3 years
prior to preoperative day 1. The body mass index (BMI) and
smoking status of all patients was collected on preoperative
days 5-7. Hyperlidemia was detected by blood tests at admis-
sion. Kidney disease and other comorbidities were collected
from the case history at admission. The study was approved by
the Ethics Committee of the Third Xiangya Hospital (Central
South University), and all the participants provided written
informed consent prior to commencing the study.

Surgical procedure. The open surgical procedure was
performed according to standard vascular techniques (4),
using an anterior transperitoneal approach in all patients
under general anesthesia. Subsequent to aortic clamping, the
lumbar artery branches were minimally dissected and, when
necessary, intrasaccular ligation was also performed. Next,
the prosthetic graft was attached to the proximal and distal
aspects of the aneurysm by suturing. Aortoaortic ‘straight

tube’ grafts and bifurcated prostheses (Endurant II Stent Graft
System; Medtronic, Inc., Minneapolis, MN, USA) were used.

Definition of ruptured AAA. AAA was defined as a focal dila-
tion of the abdominal aorta that exceeded 50% of the original
artery diameter and/or was >3 cm in diameter (4,10). Ruptured
AAA was defined as hemorrhage outside the aortic wall and
was diagnosed by CT. In hemodynamically unstable patients,
imaging could not be performed and thus the diagnosis was
confirmed intraoperatively. Patients who succumbed to the
disease postoperatively during hospitalization were classified
as non-survivors, and the patients who survived postoperatively
during hospitalization were termed survivors. The hospitaliza-
tion period ranged from 1-3 weeks.

Measurement of serum ACE2 levels. Serum samples were
collected from all patients preoperatively on days 3, 2 and 1,
and postoperatively at 1 h after surgery and on days 1,2 and 3.
Serum ACE2 levels were measured using an ACE2 (human)
ELISA kit (cat. no. K4918-100; BioVision, Inc., Milpitas, CA,
USA) according to the manufacturer's instructions. The assay
range of detection was 0.391-25 ng ACE2/ml.

Statistical analysis. Continuous variables are expressed as
the mean + standard deviation and comparisons between the
means of the two groups were performed using Student's t-test.
Categorical variables are expressed as the number (%) and
were analyzed using the ¥ test. The multivariate Cox propor-
tional hazard model was used to calculate the adjusted hazard
ratios (HRs) and 95% confidence intervals (CIs). In addition,
multivariate logistic regression analysis was performed in
order to assess the odds ratios (ORs) and 95% CIs. Statistical
analysis was performed using SPSS version 19.0 (IBM Corp.,
Armonk, NY, USA). A two-tailed P<0.05 was considered to
indicate statistically significant difference.
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Table II. Baseline disease characteristics of patients.
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Subject characteristics Survivors (n=51) Non-survivors (n=33) P-value
AAA initial diameter (cm) 5.3+0.8 6.4+1.2 0.13
Length of AAA (cm) 73+2.3 8.5+2.0 0.62
Left iliac involvement 7(13.7) 8(24.2) 0.25
Right iliac involvement 8 (15.7) 10 (30.3) 0.17
Renal artery involvement 239 309.1) 0.38
Medication history
[-blocker 40 (78.4) 27 (81.8) 0.79
Statin 46 (90.2) 29 (87.9) 0.73
ACE inhibitor/ARB 29 (56.9) 21 (63.6) 0.65
Daily aspirin 45 (88.2) 30 (90.9) <0.99
Anticoagulant 14 (27.5) 10 (30.3) 0.81

Values are expressed as the mean + standard deviation for continuous variables (comparisons performed with Student t-test) and as n (%) for
categorical variables (comparisons performed with > test). AAA, abdominal aortic aneurysm; ACE, angiotensin-converting enzyme; ARB,

angiotensin II receptor blocker.
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Figure 1. Preoperative and postoperative serum ACE2 levels in survivors and non-survivors. (A) Serum ACE2 levels were measured using a human ACE2
ELISA kit in patients undergoing OSR for ruptured AAA on preoperative days 3, 2 and 1, at 1 h after surgery and at postoperative days 1, 2 and 3. The
serum ACE2 levels were compared between patients succumbing postoperatively during hospitalization (non-survivors) and patients that survived postopera-
tively (survivors). (B) Mean preoperative and postoperative serum ACE2 levels were compared between non-survivors and survivors. 'P<0.05 vs. non-survivors.

ACE2, angiotensin-converting enzyme 2.

Results

Preoperative and postoperative serum ACE2 levels
in non-survivors and survivors following OSR for
ruptured AAA. In the present study, patients succumbing to
the disease during the hospitalization period following OSR
for ruptured AAA were defined as non-survivors, as opposed
to patients that survived. As shown in Table I, there were no
statistically significant differences between the non-survivors
and survivors regarding parameters including age, gender,
BMI, current smoking status and comorbidities (P>0.05).
As shown in Table II, there were no significant differences
between the non-survivors and survivors with regard to the
baseline disease characteristics, such as the AAA initial
diameter, iliac and renal artery involvement, and preopera-
tive medications.

Serum ACE2 levels were measured in all patients
on preoperative days 3, 2 and 1, at 1 h after surgery and
on postoperative days 1, 2 and 3. A shown in Fig. 1A, the
serum ACE?2 levels of non-survivors were significantly lower
compared with those in survivors, preoperatively and on
postoperative days 2 and 3 (P<0.05). However, there was no
significant difference in the mean serum ACE2 levels prior
to and following surgery in non-survivors or in survivors
(Fig. 1B). The findings suggested that the serum ACE2 level
may be a predictive indicator for the in-hospital mortality
following OSR for ruptured AAA, since the level was consis-
tently increased in non-survivors.

Multivariate logistic analysis for risk factors of postoperative
in-hospital mortality. Multivariate logistic regression analysis
was then performed to identify the risk factors for in-hospital
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Table III. Variables included in multivariate logistic regression analysis.
Variable Factor Value assignment
X1 Age (years) 51-59=1, 60-69=2, 70-79=3, =80=4
X2 Gender Female=1, Male=0
X3 Current smoker Yes=1, No=0
X4 Diastolic blood pressure (mmHg) 71-89=1,90-119=2, >120=3
X5 Diabetes mellitus Yes=1, No=0
X6 Cardiovascular comorbidity Yes=1, No=0
X7 Pulmonary comorbidity Yes=1, No=0
X8 Kidney disease Yes=1, No=0
X9 AAA initial diameter, cm 4.4-49=1,5.0-59=2,6.0-6.9=3,7.0-7.9=4, >8.0=5
X10 Left iliac involvement Yes=1, No=0
XI11 Right iliac involvement Yes=1, No=0
X12 Renal artery involvement Yes=1, No=0
X13 Serum ACE2 at preoperative day 1 (ng/ml) <1.01=1, 1.02-1.34=2, 1.35-1.79=3, =1.80=4
Y Postoperative in-hospital survival Non-survivor=1, Survivor=0
AAA, abdominal aortic aneurysm; ACE2, angiotensin-converting enzyme 2.
Table IV. Logistic regression model of risk factors for postoperative in-hospital mortality.

Point Standard Wald Odds ratio

Selected variables estimate error ¥ test P-value (95% CI)
Age (years) 352 1.35 6.40 0.011 8.67 (1.93-29.86)
Serum ACE2 at preoperative day 1 (ng/ml) -3.17 1.22 6.31 0.012 0.34 (0.25-0.82)
Current smoker 1.93 0.81 525 0.021 5.09 (1.38-21.45)
Diastolic blood pressure (mmHg) 1.54 0.73 4.11 0.045 4.29 (1.06-18.70)

Stepwise logistic regression analysis was performed with o;,=0.05 and a,,=0.10. ACE2, angiotensin-converting enzyme 2; CI, confidence

interval.

mortality following OSR for ruptured AAA. The postop-
erative in-hospital survival status was used as the dependent
variable (Y) in the logistic regression analysis (Table III).
Cardiovascular comorbidity, pulmonary comorbidity, kidney
disease, as well as variables with a P<0.50 in comparisons
between non-survivors and survivors (Tables I and II),
including age, gender, diastolic blood pressure, current
smoking status, diabetes mellitus, AAA initial diameter, left
iliac involvement, right iliac involvement and renal artery
involvement were selected as independent variables (X1-X13;
Table III). Among these, the continuous variables including
age, diastolic blood pressure and AAA initial diameter were
categorized into groups for more accurate analysis results
(Table IIT) (11). The serum ACE?2 level on preoperative day 1
was used as an independent variable (X10), and was divided
into the following quartile categories: <1.01, 1.02-1.34,
1.35-1.79 and =1.80 ng/ml (Table III).

As shown in Table IV, the age, current smoking status,
serum ACE2 level and diastolic blood pressure were found to
be significantly associated with the postoperative in-hospital
survival (P<0.05). Based on the variable value assignment
listed in Table III, the results in Table IV indicated that a higher

age and diastolic blood pressure was associated with reduced
postoperative in-hospital survival. Similarly, a lower serum
ACE2 level on preoperative day 1 was associated with lower
postoperative in-hospital survival and thus higher postoperative
in-hospital mortality. In the entire cohort of patients (n=84),
the serum ACE2 levels on preoperative day 1 were not signifi-
cantly correlated with age (r=-0.19; P=0.13), or with diastolic
(r=-0.15; P=0.21) and systolic blood pressure (r=-0.14; P=0.25).
Furthermore, there was no statistically significant difference in
the serum ACE2 level between current smokers and non-current
smokers (1.2+0.08 vs. 1.3£0.06; P=0.11). These results confirmed
that the serum ACE2 level may be an independent risk factor for
the in-hospital mortality following OSR for ruptured AAA.

Multivariate HR analysis of postoperative in-hospital mortality
by serum ACE2 levels. The present study assessed the HRs of
postoperative in-hospital mortality according to the serum
ACE2 levels. Initially, adjustment was performed for cardio-
vascular comorbidity, pulmonary comorbidity, kidney disease,
age, gender, diastolic blood pressure, current smoking status,
diabetes mellitus, AAA initial diameter, left iliac involvement,
right iliac involvement and renal artery involvement. As shown
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Table V. Adjusted hazard ratios of postoperative in-hospital mortality according to serum ACE2 levels.

Serum ACE2 levels (ng/ml)

P-value
<1.01 1.02-1.34 1.35-1.79 >1.80 (across Continuous P-value
(n=21) (n=21) (n=21) (n=21) categories) log scale® (continuous)
Total mortality 14 (66.7) 11 (52.4) 6 (28.6) 2(9.5)
HR"(95% CI) 6.1 (3.3-23.8) 34(2.2-125) 1.1(0.8-4.1) 1 (°ref) <0.001 55(5.1-64) <0.001

"HR per 1-standard deviation decrease of log-transformed ACE2. "adjusted for cardiovascular comorbidity, pulmonary comorbidity, kidney
disease, age, gender, diastolic blood pressure, current smoking status, diabetes mellitus, initial diameter of abdominal aortic aneurysm, and
left iliac, right iliac and renal artery involvement. °=1.80 column was the reference column and all other columns shown relative risk to it. HR,

hazard ratio; ACE2, angiotensin-converting enzyme 2.

Table VI. Association of serum ACE2 levels with postoperative in-hospital mortality.

Serum ACE2 levels (ng/ml)

Postoperative in-hospital Patient no.
mortality (n=84) <1.34 (n=42) >1.34 (n=42) P-value
Total mortality 33(39.3) 25 (59.5) 8(19.0) <0.001
Cause of mortality
Cardiac AEs 11 (13.1) 9(214) 2(4.8) 0.048*
Pulmonary AEs 10 (11.9) 9(214) 124 0.015*
Renal failure 6 (8.3) 6(14.3) 0(0.0) 0.026*
Other 6 (8.3) 1(24) 5(11.8) 0.202

*P<0.05. Data are expressed as the n (%). The percentage indicates the individual % of the total subject number in each column. Other mortality
causes included infection and compartment syndrome. ACE2, angiotensin-converting enzyme 2; AE, adverse events.

in Table V, the risk of postoperative in-hospital mortality was
markedly higher in the two lowest serum ACE2 level quartiles
of <1.01 and 1.02-1.34 ng/ml (HR, 6.1 and 3.4, respectively)
when compared with the highest quartile level of =1.80 ng/ml
(P<0.001). This finding confirmed that a low serum ACE2 level
may be an independent risk factor for increased in-hospital
mortality following OSR for ruptured AAA.

Next, the lowest two ACE2 level quartiles were combined
into one category (<1.34 ng/ml; n=42) in order to compare
these with the combined highest two ACE2 level quartiles
(>1.34 ng/ml; n=42). As shown in Table VI, 25 out of 42 (59.5%)
patients with a serum ACE2 level <1.34 ng/ml succumbed during
postoperative hospitalization; by contrast, only 8 in 42 (19.0%)
patients with a serum ACE2 level >1.34 ng/ml succumbed
during postoperative hospitalization. In addition, stratified
analyses of the causes of postoperative in-hospital mortality
showed that mortality in patients with a serum ACE2 level
<1.34 ng/ml was primarily a result of cardiopulmonary adverse
events and renal failure. An increased number of patients in
the <1.34 ng/ml group succumbed due to these causes, when
compared with those in the >1.34 ng/ml group (Table VI).

Discussion

OSR is a conventional surgical method performed to repair
a ruptured AAA, however it is associated with a high

postoperative mortality rate (4). Patients undergoing OSR may
succumb within a few days of ICU hospitalization (5). Thus,
identifying the risk/predictive factors or biomarkers of post-
operative mortality in these patients may lead to adjustment of
treatment and improved outcomes. The present study provided
evidence supporting that the preoperative serum ACE2 level
is an independent risk factor for the in-hospital mortality
following OSR for ruptured AAA.

Previous studies have shown significant variations in the
serum ACE2 levels prior to and following major cardiopul-
monary surgeries (12-14). Wang et al reported that the serum
ACE2 level in patients who underwent CABG with cardiopul-
monary bypass was increased over the baseline value at 1 h
post-CABG, with the value peaking at 6 days after surgery
and returning to the baseline level 12 days after surgery (8).
Furthermore, Li et al showed that the serum ACE2 level in
NSCLC patients peaked 24 h after major pulmonary resection
and returned to the baseline level 3 days after the surgery (9).
In the present study, the serum ACE2 levels remained roughly
the same prior to and following OSR for ruptured AAA. The
observed discrepancy between the present and previous studies
may be due to the different tissues, disease types and surgical
techniques involved in these studies. Notably, although there
were no significant differences in the general and disease
characteristics at baseline, the non-survivors showed consis-
tently significantly lower serum ACE2 levels when compared
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with those in survivors, both before and after the surgery,
suggesting that the serum ACE2 level may be associated with
in-hospital mortality subsequent to OSR for ruptured AAA.

The current study analyzed the serum ACE2 level on
preoperative day 1. Serum ACE2 levels are suggested
as a potential biomarker based on the observation that
non-survivors consistently showed significantly lower
serum ACE?2 levels when compared with survivors, both
prior to and following the surgery. In addition, there was no
significant difference in the mean serum ACE2 levels prior
to and following the surgery in non-survivors or survivors.
Therefore, preoperative prediction of the mortality risk,
based on the serum ACE2 levels, could provide a greater
time frame for adjustment of the treatment. In the present
study, preoperative day 1 was the last tested time point prior
to surgery, on which biochemical assay results would most
closely reflect the patient's condition.

A study by Bhak er al (2) demonstrated that the current
smoking status and diastolic blood pressure of patients were
positively associated with the AAA expansion rate, while
diabetes mellitus was negatively associated with the expansion
rate. In addition, Steyerberg er al (15) reported in 1995 that
age, gender and the presence of cardiac, renal and pulmonary
comorbidities were risk factors for perioperative mortality of
elective AAA surgery. In order to adjust for the aforemen-
tioned potential confounders on the association between the
serum ACE?2 level and the in-hospital mortality following OSR
for ruptured AAA, the present study included age, gender,
current smoking status, diabetes mellitus, cardiovascular
comorbidity, pulmonary comorbidity and kidney disease,
as well as any variables with P<0.50, in the comparisons
between non-survivors and survivors as independent variables
in multivariate logistic regression analysis. Subsequent to
adjusting for the potential confounders, the serum ACE2 level
on preoperative day 1 was found to present a significant nega-
tive association with the postoperative in-hospital mortality;
this suggested that a low serum ACE2 level on preoperative
day 1 was an independent risk factor for increased in-hospital
mortality following OSR for ruptured AAA. This finding was
confirmed by multivariate HR analysis, which showed that,
subsequent to adjusting for the potential confounders, the risk
of postoperative in-hospital mortality remained significantly
higher in the two lowest serum ACE2 level quartiles when
compared with that in the highest quartile on preoperative
day 1. Therefore, the serum ACE2 level on preoperative day 1
may be a potential novel biomarker or prognostic factor for
in-hospital mortality following OSR for ruptured AAA. In
view of various commercially available ELISA kits that can
readily quantify serum ACE2 levels within 5 h, the serum
ACE?2 level may be the first potential biomarker for the
in-hospital mortality following OSR for ruptured AAA. This
finding may have significant clinical application potential,
given that a reference value range for the serum ACE2 level
on preoperative day 1 is determined in future studies. The
observations of the current study will be explored further in
future larger patient population studies.

ACE2, which is expressed and active in the majority of
tissues, is an essential endogenous regulator of the RAS that
serves a crucial role in cardiovascular regulation (6). Previous
studies have reported increased morbidities and risk of
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postoperative myocardial infarction following major cardio-
pulmonary surgery (8,9). In agreement with previous studies
demonstrating the cardiopulmonary protective effects of high
levels of serum ACE2 (8,9), the present stratified analysis
of postoperative in-hospital mortality causes revealed that
patients with lower serum ACE2 levels experienced a signifi-
cantly higher number of postoperative cardiopulmonary
adverse effects and renal failure, which resulted in postopera-
tive mortality. This suggests that increasing ACE2 levels may
reduce in-hospital mortality following OSR for ruptured AAA
by reducing postoperative cardiopulmonary and renal adverse
events. However, the underlying mechanisms of the action of
ACE2 remain unclear. In the current study, this action is not
likely to be associated with the regulation of blood pressure,
since the serum ACE2 level was not correlated with blood
pressure, as indicated in correlation and multivariate analyses.
Furthermore, this action is not associated with potential regu-
lation of the AAA disease characteristics by serum ACE2,
since adjustment for the disease characteristics did not alter
the significant association between the serum ACE2 level
and postoperative in-hospital mortality. As mentioned earlier,
the current study observed decreased serum ACE2 levels in
non-survivors, whereas there was no significant difference
between the preoperative and postoperative mean levels in
non-survivors or survivors. According to these observations,
the serum ACE2 is likely to represent a stress hormone, the
level of which may determine the efficiency of stress response
to major cardiovascular or cardiopulmonary surgery in
patients. This concept will be elaborated further in our future
studies.

The present study used a relatively large sample size of
patients undergoing OSR for ruptured AAA (n=84), which
provided adequate statistical accuracy in the multivariate
analyses that adjusted for multiple relevant factors. However,
the current study had certain limitations. Only the association
of serum ACE2 levels with postoperative in-hospital mortality
was assessed, thus the long-term association remains unclear.
In addition, the current findings may have clinical application
potential, but a reference value range for the serum ACE2
level within 24 h before OSR for AAA has yet to be defined.
Using this range, surgeons may potentially identify patients
with higher risk of postoperative mortality and thereby adjust
clinical management accordingly for better outcomes. This
will require a prospective cohort study with a larger patient
population for further validation.

In conclusion, the present study provided the first evidence
supporting that the serum ACE2 level is an independent risk
factor for in-hospital mortality following OSR for ruptured
AAA. In particular, low serum ACE2 levels on preoperative
day 1 were associated with increased postoperative in-hospital
mortality. Therefore, the serum ACE2 level on preoperative
day 1 may be the first potential biomarker or prognostic factor
for in-hospital mortality subsequent to OSR for ruptured AAA.
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