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Use of angiotensin-converting enzy
me inhibitors or angiotensin
receptor blockers increases the risk of postoperative acute kidney
injury after elective endovascular abdominal aortic aneurysm repair
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Abstract
Background: Endovascular abdominal aortic aneurysm repair (EVAR) is the major treatment for abdominal aortic aneurysm
(AAA); however, EVAR still carries a considerable risk of acute kidney injury (AKI). The present study aimed to investigate the risk
factors for AKI after elective EVAR procedures.
Methods: This was a retrospective observational study. Eligible patients who underwent EVAR from September 2011 to March
2019 inWest China Hospital were included. The primary outcome was the occurrence of AKI within two days after EVAR, which
was defined by the Kidney Disease Improving Global Outcomes Clinical Practice Guideline. Demographics, comorbidities,
medications, laboratory tests, anatomical parameters of AAA, and relative operative details were collected as variables.
Univariable and multivariable logistic regression analyses were applied to identify the risk factors among variables, and covariate
interactions were further assessed.
Results:A total of 679 eligible patients were included. The incidence of postoperative AKI was 8.2% (56/679) in the whole cohort,
and it was associated with a lower 5-year survival rate (63.5% vs. 80.9%; x2= 4.10; P= 0.043). The multivariable logistic
regression showed that chronic kidney disease (OR, 5.06; 95% CI: 1.43–17.95; P= 0.012), angiotensin-converting enzyme
inhibitors (ACEIs)/angiotensin receptor blockers (ARBs) (OR, 2.60; 95% CI: 1.17–5.76; P= 0.019), and short neck (OR, 2.85;
95%CI: 1.08–7.52; P= 0.035) were independent risk factors for postoperative AKI. In the covariate interaction analysis, the effect
of ACEIs/ARBs use on postoperative AKI was similar across all subgroups (P> 0.05), thereby suggesting a robust effect of ACEIs/
ARBs use in all patients undergoing elective endovascular abdominal aortic aneurysm repair.
Conclusions: Postoperative AKI was associated with lower survival rate, and the use of ACEIs/ARBs was the only adjustable
independent risk factor. Clinicians should consider withdrawing ACEIs/ARBs in high-risk patients undergoing elective
endovascular abdominal aortic aneurysm repair to prevent postoperative AKI.
Keywords: Acute kidney injury; Endovascular procedures; Abdominal aortic aneurysms; Risk assessment; Angiotensin-converting
enzyme inhibitors; Angiotensin receptor blockers
Introduction

Endovascular abdominal aortic aneurysm repair (EVAR)
is a major treatment for abdominal aortic aneurysm
(AAA) and has lower rates of perioperative morbidity and
mortality than open surgical repair (OSR).[1] Although the
incidence of postoperative acute kidney injury (AKI) after
EVAR is significantly lower than that after OSR, EVAR
still carries a considerable risk for AKI.[2,3] Recent data
have suggested that approximately 9.4% to 24.0% of
patients develop AKI after EVAR,[2,4-7] and the rate is even
higher in patients with poor cardiovascular function.[8,9]

It has been demonstrated that postoperative AKI, even
when only temporary, is related to high mortality after
cardiovascular surgery.[10-12] Some studies have reported
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the risk factors for AKI after EVAR, including chronic
kidney disease, peripheral arterial disease, ischemic heart
disease, the use of beta-blockers, and the use of angiotensin
blockers.[7,13-15]
The samples of previously reports were either small or lack
of homogeneity, for example, some included both EVAR
and OSR patients, or included patients using different
types of stent grafts or with ruptured AAA.[4,6,7] Few
studies have reported acute kidney injury after elective
EVAR using the same stent graft, especially in the Chinese
population. Therefore, the present study aimed to identify
the risk factors for AKI and their potential interaction
after elective EVAR procedures.
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Methods

Study design and patients

The present study was approved by the Ethical Committee
of West China Hospital, which issued a waiver for
informed consent (No. 2018-44). All AAA patients who
underwent elective EVAR in our hospital from September
2011 toMarch 2019 were potential research subjects, and
their information was extracted from the hospital
information system. The following patients were excluded
from this study: (1) patients who were under reinterven-
tion for prior EVAR; (2) patients who were diagnosed
with ruptured AAA; and (3) patients who hadmissing data
of perioperative serum creatinine or urine output.

Procedures and outcomes

All elective patients underwent laboratory tests and
computed tomography (CT) angiography (CTA) before
the operation. EVARs were performed in operating room
under a standard and unified protocol. Patients were
routinely hydrated with at least 500 ml of 0.9% saline over
4 hours before the operation, and 1 L of 0.9% saline in
the first 8 hours after the operation, and patients were
encouraged to drink. Postoperative laboratory tests were
performedwithin2days after the operation.All the patients
were asked to visit the outpatient clinics at 1, 3, and 12
months as well as annually thereafter.

The outcome was the occurrence of postoperative AKI,
which was defined by the serum creatinine and urine
output according to the Acute Kidney Injury Network
(AKIN),[16] and Kidney Disease Improving Global Out-
comes (KDIGO) Clinical Practice Guideline.[17]

Variables

Demographics, comorbidities, medications, laboratory
tests, anatomical parameters ofAAA, and relative operative
details were collected as variables. The presence of
hypertension or diabetes was defined based on the medical
documents or the use of antihypertensive/antidiabetic
medications. Coronary artery disease (CAD) was defined
based on symptoms, CT examination, angiography, or
intervention history. Chronic kidney disease (CKD) was
defined as an estimated glomerular filtration rate (eGFR)
<60mL/minper 1.73m2, ormarkers of kidneydamage, for
at least 3 months.[18] Chronic obstructive pulmonary
disease (COPD), and stroke were defined with previous
medical documents. The types of medication were also
extracted from the admission documents, including
antiplatelets, statins, b-receptor blockers, angiotensin-
converting enzyme inhibitors (ACEIs)/angiotensin receptor
blockers (ARBs), and calcium channel blockers (CCBs).
Anatomical parameters of AAA were measured using
preoperative CTA, including neck length, a/b angles, neck
diameter, and aneurysm size. Short neck (SN) was defined
as infrarenal neck length<10mmdown to4mm.[19] Severe
neck angulation (SNA) was defined as a neck length
>15mm with an infrarenal angle (b) >75° and/or
suprarenal angle (a) >60°, or neck length >10mm and
�15mm with b >60° and/or a >45°.[20] Aneurysm size
was defined as the maximum transverse diameter of the
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aneurysm sac. Relative operative details were collected
from the operation records, including the proximal
diameter of the implanted stent-grafts and the volume of
contrast medium (Omnipaque, GE Healthcare, Shanghai,
China) used in the procedure. The proximal neck oversize
ratio was calculated as follows: proximal neck oversize
ratio= (proximal diameter of implanted stent graft–neck
diameter)/neck diameter.
Statistical analysis

All assessment variables had less than 5% missing data.
Shapiro-Wilk test was used to test the normality of
continuous variables. Continuous variables with normal
distribution were described as the mean± standard
deviation (SD) and compared with unpaired t tests,
continuous variables with non-normal distribution were
described as medium (Q1, Q3) and compared with Mann-
Whitney U tests. Categorical variables were presented as
numbers (%) and analyzed using x2 tests or Fisher’s exact
test, as appropriate. Kaplan–Meier analysis was used to
demonstrate the survival rate, and the P value was
calculated by the log-rank test. Univariable and multivari-
able logistic regression analysis was applied to analyze the
risk factors for AKI, and variables with P values< 0.10 in
univariable analysis or considered to have clinical value
were included in multivariable analysis. The performance
of the multivariable analysis was evaluated using the
receiver operating characteristic (ROC) curve, the area
under the curve (AUC) was used to determine the accuracy
of the model (0.50–0.70, low accuracy; 0.71–0.90,
moderate accuracy; and 0.91–1.00, high accuracy). The
interaction between using ACEIs/ARBs and other varia-
bles was assessed separately using logistic regression, and
the age variable was converted into a dichotomous
variable according to its mean value. All statistical
analyses were performed using R statistical software (R
Studio, version 1.4, Boston, MA, USA). All P values were
two-sided, and P values less than 0.05 were considered
statistically significant.
Results

Patients and demographic characteristics

Data for a total of 821 patients who underwent EVAR
were extracted from the hospital information system. The
detailed flow diagram is shown in Figure 1. Due to the
limited available stent grafts, all the patients in our
center were treated with Endurant stent grafts (Med-
tronic, Minneapolis, MN, USA). At last, 679 patients
were included in this cohort, in which 56 patients had
postoperative AKI, 50 of whom were graded as AKI stage
1, 5 patients were graded as AKI stage 2 and 1 patient
graded as stage 3.

Patients were divided into two groups based on the
occurrence of postoperative AKI, and their baseline
characteristics are shown in Table 1. All continuous
variables conformed to the normal distribution except for
creatinine and eGFR.When comparedwith the AKI group,
the non-AKI group had higher baseline hemoglobin
(126.53± 19.72 g/L vs. 116.02± 26.25 g/L; t= 2.84;
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P= 0.006) and cholesterol levels (4.51± 1.26mmol/L vs.
4.02± 1.36mmol/L; t= 2.72; P= 0.007), but the serum
creatinine and eGFR levels were similar between the two
groups. For comorbidities, the AKI group had a higher rate
Figure 1: Flow diagram of selecting patients who met inclusion criteria. AAA: Abdominal
aortic aneurysm; AKI: Acute kidney injury; EVAR: Endovascular abdominal aortic aneurysm
repair.

Table 1: Baseline characteristics of patients undergoing endovascular

Variables Patients with postoperative AKI (n= 56)

Age (years) 72.70± 9.13
Female 11 (19.6)
BMI (kg/m3) 22.92± 3.45
Current smoker 37 (66.1)
Baseline laboratory test
Hemoglobin (g/L) 116.02± 26.25
White blood cell (�109/L) 7.48± 2.43
Cholesterol (mmol/L) 4.02± 1.36
Creatinine (mm/L) 82.95 (68.00, 114.00)
eGFR (ml/min per 1.73m2) 76.16 (46.90, 94.95)

Comorbidities
Hypertension 42 (75.0)
Diabetes 5 (8.9)
CAD 17 (30.4)
COPD 16 (28.6)
CKD 10 (17.9)
Previous stroke 7 (12.5)

Medicationx

Antiplatelet 42 (75.0)
Statin 14 (25.0)
Beta blockers 15 (26.8)
ACEI/ARB 15 (26.8)
CCB 29 (51.8)

Anatomy/operative details
General anesthesia 23 (41.1)
Neck diameter (mm) 22.22± 3.25
Oversize ratio (%) 21.69± 6.24
Short neck 9 (16.1)
Severe neck angulation 16 (28.6)
Aneurysm size (mm) 58.32± 15.50
Contrast volume (ml) 90.27± 23.88

Data are described as n (%), median (Q1, Q3), or mean± stand deviation (SD
patients in the non-AKI group was missing. ACEI: Angiotensin converting
blocker; BMI: Body mass index; CAD: Coronary artery disease; CCB: Ca
obstructive pulmonary disease; eGFR: Estimated glomerular filtration rate.
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ofbeing complicatedbyCAD(30.4%vs.16.9%;x2= 5.47;
P= 0.019) and CKD (17.9% vs. 3.7%; x2= 19.34;
P< 0.001) than the non-AKI group. There were more
patients who took ACEIs/ARBs as antihypertensive
medicine in the AKI group (26.8% vs. 13.7%; x2= 5.97;
P= 0.015) compared with the non-AKI group. In addition,
the AKI group had a higher rate of general anesthesia
(41.1% vs. 26.0%; x2= 5.11; P= 0.024) and short
aneurysm neck (16.1% vs. 6.3%; x2= 7.19; P= 0.007)
than the non-AKI group. The aneurysm size
(58.32± 15.50mm vs. 54.17± 14.03mm; t= 2.08;
P= 0.038) and neck diameter (22.22± 3.25mm vs.
21.12± 2.76mm; t= 2.41; P= 0.019) were significantly
larger in the AKI group.
Postoperative AKI and long-term survival

The included patients were followed up until November
2020, and 23 patients (3.4%) were lost to follow-up. The
medium follow-up time was 29.50 months in the AKI
group, and 33.00 months in the non-AKI group
(Z=�1.72, P= 0.085). The all-cause mortality during
the follow-up period was 16.7% (110/656) in the whole
abdominal aortic aneurysm repair.

Patients without postoperative AKI (n= 623) Statistics P values

71.26± 9.47 1.09
∗

0.278
107 (17.2) 0.08† 0.777
23.23± 3.59 0.62

∗
0.534

370 (59.4) 0.70† 0.404

126.53± 19.72 2.84
∗

0.006
6.84± 2.31 1.92

∗
0.055

4.51± 1.26 2.72
∗

0.007
78.00 (67.00, 92.95) -1.71‡ 0.088
84.86 (70.07, 101.80) -2.36‡ 0.068

415 (66.6) 1.28† 0.257
76 (12.2) 0.26† 0.611
105 (16.9) 5.47† 0.019
119 (19.1) 2.33† 0.127
23 (3.7) 19.34† <0.001
37 (5.9) 2.65† 0.104

506 (81.6) 1.06† 0.302
114 (18.4) 1.06† 0.302
156 (25.2) 0.01† 0.915
85 (13.7) 5.97† 0.015
313 (50.5) <0.01† 0.962

162 (26.0) 5.11† 0.024
21.12± 2.76 2.41

∗
0.019

21.59± 6.72 0.10
∗

0.919
39 (6.3) 7.19† 0.007

168 (27.0) 0.01† 0.919
54.17± 14.03 2.08

∗
0.038

84.86± 29.89 1.59
∗

0.116

).
∗
t values. †x2 values. ‡U values. xThe medication information of three

enzyme inhibitor; AKI: Acute kidney injury; ARB: Angiotensin receptor
lcium channel blocker; CKD: Chronic kidney disease; COPD: Chronic
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cohort. The 1-year, 3-year, and 5-year survival rates were
88.3%, 78.6%, and 63.5% in the AKI group, and 96.2%,
88.4%, and 80.9% in the non-AKI group, respectively.
The 5-year survival rate was significantly lower in the AKI
Figure 2: Kaplan-Meier estimates of overall survival rate for patients with or without
acute kidney injury (AKI) after elective endovascular abdominal aortic aneurysm repair.

Table 2: Univariable and multivariable analyses of potential risk factor

Univariable analysis

Variables OR 95% CI

Age 1.02 0.85–1.79
Female 1.18 0.59–2.35
BMI 0.98 0.62–1.28
Current smoker 1.33 0.75–2.37
Baseline laboratory test
Hemoglobin 0.98 0.96–0.99
White blood cell 1.11 0.99–1.82
Cholesterol 0.69 0.39–0.85
Creatinine 1.08 1.04–1.23
eGFR 0.99 0.53–1.00

Comorbidities
Hypertension 1.50 0.80–2.82
Diabetes 0.71 0.27–1.82
CAD 2.15 1.17–3.95
COPD 1.69 0.92–3.13
CKD 5.67 2.55–12.63
Stroke 2.26 0.96–5.34

Medications
Antiplatelet 0.68 0.36–1.28
Statin 1.48 0.78–2.80
b-receptor blocker 1.09 0.58–2.02
ACEI/ARB 2.30 1.22–4.34
CCB 1.05 0.61–1.82

Anatomy/operative details
General anesthesia 1.98 1.13–3.47
Neck diameter 1.13 1.04–1.24
Oversize ratio 1.00 0.71–1.46
Short neck 3.13 1.42–6.90
Severe neck angulation 1.08 0.59–1.99
Aneurysm size 1.02 1.00–1.04
Contrast volume 1.01 0.88–1.87

ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin recepto
Calcium channel blocker; CI: Confidence interval; CKD: Chronic kidney di
glomerular filtration rate; OR: Odds ratio.
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group compared with the non-AKI group (P= 0.043)
[Figure 2].
Risk factors for postoperative acute kidney injury

The association between risk factors and postoperative
AKI was investigated by logistic univariable analysis. As
shown in Table 2, several variables were significantly
associated with the occurrence of AKI in univariable
analysis, including baseline hemoglobin (OR, 0.98; 95%
confidence interval [CI]: 0.96–0.99; P< 0.001), choles-
terol (OR, 0.69; 95% CI: 0.39–0.85; P= 0.006), serum
creatinine (OR, 1.08; 95% CI: 1.04–1.23; P= 0.006),
CAD (OR, 2.15; 95% CI: 1.17–3.95; P= 0.013), CKD
(OR, 5.67; 95%CI: 2.55–12.63; P< 0.001), ACEIs/ARBs
use (OR, 2.30; 95% CI: 1.22–4.34; P= 0.010), general
anesthesia (OR, 1.98; 95% CI: 1.13–3.47; P= 0.017),
neck diameter (OR, 1.13; 95%CI: 1.04–1.24; P= 0.006),
SN (OR, 3.13; 95% CI: 1.42–6.90; P= 0.005), and
aneurysm size (OR, 1.02; 95% CI: 1.00–1.04; P= 0.039).
Adjusted multivariable logistic regression analysis
indicated that CKD (OR, 5.06; 95% CI: 1.43–17.95;
s associated with postoperative acute kidney injury.

Multivariable analysis

P OR 95% CI P

0.277 1.01 0.70–1.90 0.583
0.641 1.22 0.46–3.24 0.687
0.534 – – –

0.330 – – –

<0.001 0.99 0.53–1.42 0.565
0.057 1.10 0.92–1.84 0.134
0.006 0.84 0.49–1.20 0.238
0.006 1.00 0.94–1.27 0.249
0.050 1.01 0.84–1.93 0.260

0.203 – – –

0.472 – – –

0.013 1.93 0.93–4.09 0.080
0.092 1.27 0.59–2.75 0.542

<0.001 5.06 1.43–17.95 0.012
0.062 1.33 0.46–3.86 0.596

0.229 – – –

0.229 – – –

0.789 – – –

0.010 2.60 1.17–5.76 0.019
0.852 – – –

0.017 1.28 0.63–2.63 0.499
0.006 1.05 0.76–1.96 0.403
0.919 0.99 0.55–1.51 0.729
0.005 2.85 1.08–7.52 0.035
0.796 0.75 0.35–1.64 0.471
0.039 1.01 0.76–1.93 0.423
0.188 1.01 0.83–2.02 0.259

r blocker; BMI: Body mass index; CAD: Coronary artery disease; CCB:
sease; COPD: Chronic obstructive pulmonary disease; eGFR: Estimated

http://www.cmj.org


Figure 3: Receiver operating characteristic curve for the adjusted multivariate regression
model. Area under the curve was 0.76 (95% CI: 0.68–0.83).
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P= 0.012), ACEIs/ARBs use (OR, 2.60; 95% CI: 1.17–
5.76; P= 0.019), and SN (OR, 2.85; 95% CI: 1.08–7.52;
P= 0.035) were independent risk factors for postoperative
AKI. The performance of the adjusted multivariable
logistic regression was evaluated by ROC analysis, and the
AUC was 0.76 (95% CI: 0.68–0.83) [Figure 3].

In subgroup analyses, the interaction between ACEIs/
ARBs use and other variables was investigated. The results
demonstrated that the effect of ACEIs/ARBs use was
similar in each predefined subgroup. Age, comorbidities,
and other medicines did not significantly interact with
ACEIs/ARBs use [Figure 4].
Discussion

This was a large single-center observational study that
included 679 patients. The incidence of postoperative AKI
was 8.2% in the whole cohort, and the majority of AKI
was graded as stage 1. Recently, studies reported varied
incidences of postoperative AKI defined by the AKIN or
KDIGO criteria from 9.4% to 24.0% in patients who
underwent EVAR.[2,4-7] The reasons for different AKI
incidences are mainly due to the different types of stent
grafts used between studies, and the heterogeneity of the
population. Some studies had included AAA patients who
underwent open repair or emergent operative or fenes-
trated/branched EVAR procedures. In this study, all
included patients had infrarenal AAA and underwent
elective EVAR using the same stent graft.

Postoperative AKI was strongly related to worse long-term
survival regardless of which stent grafts were used orwhich
type of surgery was performed. Saratzis et al[2] reported
that AKI patients after elective EVAR using Anaconda
(Vascutek, UK) stent grafts have a lower survival rate, and
the present study found a similar result using Endurant
stent grafts. Saratzis et al[4] also reported that AKI patients
after both EVAR and OSR are more likely to develop
cardiovascular events. Another study involved 10,518
patients who underwent major surgery suggested that
long-term survival rate is worse among patients with AKI,
even though renal function is completely recovered.[21]
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In the present study, multivariable analysis, which was
adjusted by several factors that may be associated with
AKI, showed that CKD, ACEIs/ARBs use, and SN were
independent risk factors for postoperative AKI following
elective EVAR using Endurant stent grafts. This result
was in accordance with previous studies, which reported
that CKD was an independent risk factor for AKI after
EVAR.[13,22] However, in previous studies, serum creati-
nine was not associated with postoperative AKI, and it
was not clear whether baseline eGFR was related to
postoperative AKI. Some studies have suggested that there
is a significant association between baseline eGFR and
postoperative AKI,[22,23] while others have suggested that
there is no significant association[24,25].

The present study showed that SN was significantly
associated with postoperative AKI. In a previous study,[26]

no significant difference in postoperative AKI incidence
was found between the SN and non-SN groups. The
proportions of SN patients were similar between
the previous study and the current study; however, the
sample in our study was approximately 3 times larger than
the previous study, which might lead to different results.
An in vitro study has also shown that compared to an
adequate proximal sealing zone (15mm), stent grafts
anchoring at a shorter zone (10mm) would obtain
dislodgement with a lower force.[27] This dislodgment
of bare stent struts may cause direct damage to the renal
artery ostium, and lead to postoperative AKI.

Recent evidence has shown that the use of ACEIs/ARBs is
associated with an increased risk of postoperative AKI
after surgical valve replacement and colorectal cancer
surgery.[28,29] A previous study on EVAR with a cohort of
149 patients has reported that ARBs use is a risk factor for
AKI after EVAR, while ACEIs use does not increase the
risk.[15] However, in the present study, ACEIs or ARBs
were combined as one variable because the usage rates of
ACEIs and ARBs are relatively low, and both ACEIs and
ARBs are targeted at the renin-angiotensin system (RAS).
The interaction between ACEIs/ARBs use and other
predefined variables was further analyzed, which suggested
that there was no significant interaction and indicated a
robust effect of ACEIs/ARBs use in all patients. A large
meta-analysis including 1663 patients has suggested
that withdrawal of ACEIs/ARBs before coronary angiogra-
phy and cardiac surgery may reduce the incidence of
postoperative AKI.[30] The potential association between
ACEIs/ARBs and AKI is that the RAS blockade lowers
the angiotensin II levels or antagonizes receptor binding,
thus blunting the effect of vasoconstriction of peritubular
blood flow. These events result in a lower filtration fraction
and lower glomerular filtration rate of the kidney, resulting
in high serum creatinine.[31] These findings indicated that
ACEIs/ARBs use increases the risk of AKI after EVAR.
Because ACEI/ARB use is the only adjustable risk factor,
withdrawing or switching ACEIs/ARBs to another antihy-
pertensive drug before EVAR might be beneficial to the
patients, but further assessment is required.

Contrast administration is the main mechanism for
AKI,[18] however, the occurrence of postoperative AKI
was not associated with contrast load in the present study.
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Figure 4: Forest plot about the results of the interaction between ACEIs/ARBs use and other variables by logistic models. ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin
receptor blocker; CAD: Coronary artery disease; CCB: Calcium channel blocker; CI: Confidence interval; CKD: Chronic kidney disease.
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Most previous studies have reported similar results,
showing that contrast load is not an independent risk
factor for postoperative AKI.[22-25] Thus, the effect of
contrast administration is still unclear.

The present study had several limitations. First, this was
a nonrandomized, retrospective, observational study,
indicating that selective bias could not be avoided. Some
patients were lost to follow-up, and the perioperative
renal function data of some patients were missing.
Second, due to the imperfect follow-up plan, the renal
function of patients was not monitored after discharge,
and only AKI which occurred within two days after
EVAR was considered in the present study. Further
attention should be focused on the long-term change in
renal function, and the follow-up protocol should be
2841
improved. Overall, the present study involved a large
number of patients without heterogeneity, and it
provided strong evidence that ACEIs/ARBs use indepen-
dently increases the risk of AKI.

In conclusion, postoperative AKI after elective EVAR was
associated with lower survival, and ACEIs/ARBs use is the
only adjustable independent risk factor for it. Clinicians
should consider withdrawing ACEIs/ARBs in high-risk
EVAR patients to prevent postoperative AKI.
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