www.aging-us.com

AGING 2020, Vol. 12, No. 7

Research Paper
Renin-angiotensin-aldosterone system blockade is associated with

higher risk of contrast-induced acute kidney injury in patients with
diabetes

Mengqing Ma'”, Xin Wan?", Min Gao!, Binbin Pan?, Dawei Chen?, Qing Sun?, Mengyu Zhang3,
Changgao Zhou?, Tao Li%, Hanchao Pan?, Wei Shao?, Zhihe Liu?, Yue Chen?, Changchun Cao?

!Department of Nephrology, Sir Run Run Hospital, Nanjing Medical University, Nanjing 211166, Jiangsu, China
’Department of Nephrology, Nanjing First Hospital, Nanjing Medical University, Nanjing 210006, Jiangsu, China
3Department of Nephrology, Xu Zhou Medical University Hospital, Xuzhou 221000, Jiangsu, China
“Department of Cardiology, Affiliated Shu Yang Hospital, Nanjing University of Traditional Chinese Medicine,
Shuyang 223600, Jiangsu, China

*Equal contribution

Correspondence to: Changchun Cao; email: caochangchun@njmu.edu.cn

Keywords: contrast-induced acute kidney injury, diabetes mellitus, angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, coronary angiography

Received: July 8, 2019 Accepted: March 24, 2020

Published: April 2, 2020

Copyright: Wan et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and
source are credited.

ABSTRACT

As the incidence of diabetes and cardiovascular comorbidities continues to rise, driven by increased prevalence
of obesity and an aging population, so does the demand for percutaneous coronary intervention (PCl) to
restore cardiac blood flow. Renin-angiotensin-aldosterone system (RAAS) inhibitors are commonly prescribed
to hypertensive diabetic patients to prevent diabetic nephropathy. However, evidence suggests that
angiotensin-converting enzyme inhibitors (ACEls) and angiotensin receptor blockers (ARBs) may increase the
risk of contrast-induced acute kidney injury (CIAKI) following coronary angiography (CAG) and PCl. We
therefore conducted a retrospective, multicenter study applying the propensity score matching method to
evaluate the impact of RAAS inhibition on CIAKI in diabetic patients undergoing CAG/PCl. Among 2240 subjects
that met the inclusion criteria, 704 patients in the ACEIs/ARBs group were successfully matched to eligible
control patients. The incidence of CIAKI (serum creatinine increase 20.5 mg/dl or 225% from baseline within 72
h post-CAG/PCl) was significantly higher in the ACEIs/ARBs group than in the control group (26.6% vs. 16.2%,
P<0.001). However, control patients showed increased risk of overall adverse cardiovascular events (4.1% vs.
1.8% for ACEIs/ARBs; P=0.016). These data indicate that RAAS inhibition increases the risk of CIAKI in diabetic
patients, but confers protection against early cardiovascular events.

INTRODUCTION

The incidence of diabetes and coronary heart disease
continues to rise as a result of the current obesity
epidemics and an increasingly aging population
worldwide. Consequently, we are seeing a steady
increase in the number of percutaneous coronary
intervention (PCI) procedures performed to restore

blood supply to the heart [1, 2]. Contrast-induced acute
kidney injury (CIAKI) is a common complication after
PCI, and is associated with significant short- and long-
term morbidity and mortality [3]. The incidence of
CIAKI varies widely depending on the different
definition criteria, study populations, and prevention
strategies [4]. In the general population, CIAKI occurs
in less than 3% of patients undergoing PCI, whereas in
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higher-risk populations such as those with diabetes or
renal failure, the incidence can be as high as 50% [5].
Diabetes is one of the most important and common risk
factors for CIAKI [6]. In diabetic patients complications
develop 3 times faster than in those without the disease
[7], and ClAKI-related mortality rates can be as high as
30% [8].

Renin-angiotensin-aldosterone system (RAAS)
inhibitors  [i.e. angiotensin  converting enzyme
inhibitors (ACEIs) and angiotensin receptor blockers
(ARBs)] are commonly used to reduce blood pressure
and preserve renal function [9, 10]. RAAS inhibitors
are also commonly prescribed to hypertensive patients
with diabetes or chronic kidney disease (CKD) to
reduce urinary albumin excretion and prevent or delay
the onset of diabetic nephropathy and end-stage renal
disease (ESRD) [11-13]. However, despite the proven
benefits of long-term administration of ACEIS/ARBs in
these settings, clinicians have become aware of several
potential unwanted effects. For instance, the latest
ACC/AHA High Blood Pressure Clinical Practice
Guideline has pointed out that in patients with
hypertension undergoing major surgery, especially
cardiac surgery, preoperative discontinuation of
ACEIs/ARBs may be considered [11]. The relationship
between  ACEIs/ARBs and CIAKI  remains
controversial, since several studies indicated that
RAAS blockers are independent risk factors for the
occurrence of CIAKI [14, 15], while other
investigations showed opposite results [16, 17]. Thus,
guidelines issued by the Contrast Media Safety
Committee of the European Society of Urogenital
Radiology (ESUR) have indicated that there is
insufficient evidence to determine whether ACEIs
should be discontinued or not before surgery, and
stressed the need for further research [18]. Therefore,
we conducted a retrospective multicenter research
study that assessed the impact of RAAS blockers on
CIAKI incidence in diabetic patients undergoing
coronary angiography (CAG) and PCI.

RESULTS
Baseline clinical characteristics

A total of 2,240 diabetic patients (1,525 from Nanjing
First Hospital and 715 from 3 other hospitals) who
underwent PCI treatment met the inclusion criteria.
The basic characteristics of all patients before and
after PSM are listed in Table 1. Before matching,
patients in the ACEIS/ARBs group had relatively
higher preoperative systolic blood pressure. The
prevalence of hypertension, proteinuria, unstable
angina, multi-vessel disease, and use of B-blockers,
oral hypoglycemic agents, and diuretics was also

higher in patients receiving ACEIs/ARBs compared
with controls. By propensity score, 704 patients in the
ACEIs/ARBs group were successfully matched to an
equal number of eligible patients in the control group.
There were no significant differences in baseline
characteristics between the two groups. As for the
unmatched patients, those in the ACEIsS/ARBs group
had higher preoperative systolic and diastolic blood
pressure, and lower estimated glomerular filtration rate
(eGFR) than controls. In turn, prevalence of
hypertension, CKD, acute myocardial infarction
(AMI), prior myocardial infarction, unstable angina,
multi-vessel disease, B-blockers, diuretics, calcium
channel blockers (CCB), oral hypoglycemic agents,
and proteinuria were also higher in the ACEI/ARB
group. The characteristics of the patients from the 4
participating medical centers are listed in
Supplementary Tables 1 and 2. The characteristics of
patients before and after merging each matched center
are listed in Supplementary Table 3.

RAAS blocker therapy is an independent risk factor
for CIAKI

Conditional logistic regression analysis performed in
the total matched patient sample indicated that
ACEI/ARB use was a risk factor for CIAKI (OR: 1.993,
95% CI: 1.415-2.809; P<0.001), and remained a risk
factor after PSM-matched data for 659 pairs of patients
were merged (OR: 1.706, 95% CI: 1.295-2.246;
P<0.001) (Figure 1). The incidence of CIAKI, no matter
which definition was used, was significantly higher in
the ACEIS/ARBs group than in the control group
(26.6% vs. 16.2%, P<0.001) (Figure 2A;
Supplementary Figure 1). Under the different
definitions, the two groups in the matched cohort were
analyzed based on the conditional logistic regression.
Results revealed that RAAS blockade was an
independent risk factor for CIAKI (OR: 1.993, 95% CI.
1.415-2.809; P<0.001). Meanwhile, multivariate
logistic regression analysis showed that ACEIs/ARBs
increased the likelihood of developing CIAKI in the
unmatched cohort (OR: 1.757, 95% CI: 1.401-2.203;
P<0.001) (Table 2 and Supplementary Table 4).
Additional independent risk factors for CIAKI included
female gender, age >70 years, congestive heart failure
(CHF), AMI, diabetes history, multi-vessel disease,
eGFR, CKD, contrast agent dose, anemia, proteinuria,
albumin <35 g/, uric acid >420 umol/l, and left
ventricular ejection fraction (LVEF) <40% (Table 3).
Use of ACEIS/ARBs also increased the incidence of
CIAKI in various patient subgroups, especially in those
with high risk factors such as age >70 yrs (OR: 2.21,
95% CI: 1.47-3.33; P<0.001), contrast volume >300 mL
(OR: 3.61, 95% CI: 1.68-7.75; P=0.001 ), eGFR <60
mL/min/1.73 m? (OR: 3.11, 95% Cl: 1.64-5.90;
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Table 1. Baseline characteristics of patients in all centers.

Before matching

After propensity matching

The rest after matching

ACEI/ARB Control

ACEI/ARB

Control

ACEI/ARB

Control

Variable p
group group P value group group P value group group value
(n=1310)  (n=930) (n=704)  (n=704) (n=606)  (n=226)
Demographics:
Female 458(35.0)  311(334) 0455  239(339)  231(328) 0.685 219(36.1)  80(35.4)  0.843
Age (yrs) 66+10 66+11 0238  66£10 66+10  0.777  66+10 6311 0312
BMI (kg/m?) 254+31  249+30 0381 252430  251#30 0595  256:31  243%+28  0.367
Medical history:
([);ri;’etes history 8.0+5.38 83t60 0433 86459 8.4+62 0584  7.8458 78458  0.845
Hypertension 1146(875)  547(588) <0.001 550(78.1)  537(763) 0.255  596(98.3)  10(44)  <0.001
CHF 105(14.9)  132(142)  0.648  94(13.4)  103(14.6) 0538 101(167)  29(12.8)  0.175
CKD 181(138)  108(11.6) 0.125  95(135)  92(13.1) 0877  86(14.2)  16(71)  0.005
AMI 274(209)  222(239) 0097  141(200)  156(22.2) 0361  133(21.9)  66(29.2)  0.029
Prior myocardial
e 106(8.1) 64(6.9) 0287  51(7.2) 5781 0624  5509.1) 7G1) 0003
s;i?c'::izng'”a 81(6.2) 66(7.1) 0390  54(7.7) 52(7.4) 0919  27(45) 14(6.2)  0.303
Unstable angina  525(40.1)  323(34.7) 0010  278(395)  260(36.9) 0.340  247(408)  63(27.9)  0.001
CAG and PCI:
g/i':;;';’esse' 797(60.8)  512(55.1)  0.006  401(57.0)  399(56.7) 0.957  396(65.3)  113(50.0) <O0.001
ji'g:’;:;’esse' 390(20.8)  293(31.5)  0.380  219(3L.1)  220(31.3) 1000  171(282)  73(32.3)  0.250
z;e;pHe;“W SBP 137417 131+17 0017  134+16 134+17 0828  142+18 121414 <0. 001
Preoperative DBP g, 15 78+11 0685 7810 79+11 0567 8313 74+10  0.006
(mmHg)
Contrast agent:
ONSC:T':C')CI’Z:C 1s0- 638(48.7)  444(47.7)  0.654  350(49.7)  348(49.4) 0959  288(47.5)  96(425)  0.194
ONSC:T':C')CI’Z:C low- 657(50.2)  479(515) 0528  347(49.3)  349(49.6) 0959  310(51.2)  130(57.5)  0.102
Volume of contrast g, 76 179474 0681 18374 183+77 0867 185478 166461  0.405
agent (mL)
Medications :
B-blocker 843(64.4)  439(47.2) <0.001 382(54.3)  360(51.1) 0.193  461(76.1)  79(35.0)  <0.001
Diuretics 330(252)  143(154) <0.001 122(17.3)  124(17.6) 0942  208(34.3)  19(84)  <0.001
CccB 326(249)  213(22.9) 0280  204(29.0)  201(28.6) 0904  122(20.1)  12(53)  <0.001
Insulins 584(44.6)  419(45.1)  0.824  327(46.4)  332(47.2) 0.827  257(424)  87(385)  0.308
%:r:thypog'ycem'c 764(58.3)  496(533) 0019  385(54.7)  385(54.7) 1000  379(62.5)  111(49.1)  <0.001
Pre-procedural laboratory determinations:
Glucose (mmol/L)  9.6+3.6 96439 0183  9.6435 95¢36 0541  9.5+37 9.9+43  0.124
Za;‘jl' /’:_e) creatinie 2731992 7654342 0750  77.6431.6 7774330 0969  76.9+261 72.7437.6  0.819
eGFR 84.4+20.8  86.3:20.9  0.419  84.6+209  84.8+20.9 0912  84.1+206 9114201  0.045
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(mL/min/1.73 m?)

Proteinuria 207(15.8)  105(11.3)  0.002  80(11.4)  84(119) 0804  127(21.0)  21(9.3)  <0.001
Hemoglobin (gL)  132.1+16.7 132.6+16.8 0.83L 13217 132417 0594 132417 134+17  0.975
Albumin (g/L) 30.3+t4.0  38.9t44 0260  39.1#39  39.0:45 0566  39.6:4.1  38.7+¢38  0.165
Uricacid (umol/L) 338.7+1106 328.1+1099 0273 3320+1104 335.0+107.1 0611 346.6+1104 307+1160 0.174
(Trﬁtz'of/':_‘;'esmm' 40412 4012 0899  3.9+11 39¢11 0763  4.1%12 41+#13  0.543
(Tn:'r?q'é'lclir)'des 1.9+15 1814 0318 1816 18t13 058  19+15 19t17 0576
HDL (mmol/L) 1014026  1.02+026 0783  1.01+0.25 1.0120.26 0971  1.0120.26 1.02+027  0.574
LDL (mmol/L) 2.33+0.92  2.34:094 0756  2.30+0.87 2.31#0.89 0.697  2.38:0.98  2.44+106  0.796
LVEF (%) 58.4+98  58.6:07 0495  50.0¢9.5  58.6:07 0433 57.9+101  585:¢9.6  0.323

Abbreviations: ACEl, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CKD,
chronic kidney disease; CHF, congestive heart failure; AMI, acute myocardial infarction; CCB, calcium channel blocker; eGFR,
estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVEF, left ventricular ejection
fraction.

P<0.001), anemia (OR: 2.05, 95% CI: 1.14-3.67, Impact of ACEIs/ARBs on CIAKI onset and other
P=0.016), albumin <35 g/L (OR: 3.59, 95% CI: 1.92- outcomes
6.71; P<0.001), uric acid > 420 pmol/l (OR: 2.20, 95%
Cl: 1.28-3.76; P=0.004) and proteinuria (OR: 3.34, 95% The total incidence of CIAKI after PSM adjustment was
Cl: 1.66-6.72; P=0.001) (Figure 3). 21.4%, which was higher than for other definitions
Step 1: Draw the preliminary conclusion 1525 screened eligible patients
Using the data from the first center (913 ACEIs/ARBs and 612 controls)

461 pairs of patients were enrolled after PSM
ACEI/ARB and CIAKI: P=0.001.0R=1.900

Step 2: Verify the conclusion 715 patients were enrolled

Using the data from the other three centers (397 ACEIs/ARBs and 318 controls)

198 pairs of patients were enrolled after PSM

W ACEI/ARB and CIAKI: P=0.079.0R=3.129

Step 3: Draw the final conclusion 2240 patients

Conbined the data from all centers and each center matched (1310 ACEIs/ARBs and 930 controls)

All data matched Each center matched
4
704 pairs of patients were enrolled after PSM 659 pairs of patients were enrolled after PSM
ACEI/ARB and CIAKI: P<0.001.0R=1.993 ACEI/ARB and CIAKI: P<0.001.0R=1.706

Figure 1. Summary of study design, methods, and results. Propensity score matching (PSM) was conducted on 1310 ACEIs/ARBs
patients and 930 controls from four medical centers, resulting in 704 patient pairs. After merging matched data from each center, 659 patient
pairs were obtained. The conditional logistic model was used to evaluate the association between ACEls/ARBs use and CIAKI incidence.
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(19.0% and 11.9%) (Figure 2A). There were statistical
differences in the incidence of CIAKI (defined as an
increase in serum creatinine >44 pumol/l (0.5 mg/dl) or
25% or more from baseline) at different time points
(24, 48, and 72 h) post-procedure. Thus, CIAKI
manifested at higher rates within 24-48 h, compared to

>

30 - P<0.001

Incidence of CIAKI (%)

P<0.001

the 48-72 h post-CAG/PCI interval (Figure 2B
and 2C).

Death occurred in 3 patients from the control group and
in 1 patient from the ACEIs/ARBs group (P=0.625).
One patient in each group needed dialysis (P=1.000).

= All patients
u ACEI/ARB group

& Control group

P<0.001

15 A
10 -
5 4
0 .
SCr increase > SCr increase > SCr increase >
25% or 44 umol/l in  25% or 44 umol/l in  50% or 26.4 umol/l
72 hours 24 or 48 hours in 48 hours
B M 24 hours
60 M 48 hours
—_ W 72 hours
X 50
49.1
% w0l P<0001
“C-' 35.6
e ' P<0.001
g 2
3 J
R3] 212
= 10 4
0 -
All patients ACEI/ARB group Control group
c M 24 hours
439 P<0.001 w M 48 hours
< 40 s i 72 hours
< 35 :
E 352 P<0.001
&)
b 272
8
5
=
Q
=}

All patients ACEV/ARB group

Control group

Figure 2. Impact of RAAS inhibition on CIAKI incidence. (A) Incidence of CIAKI in the PSM-matched cohort under different definitions.
(B) Incidence of CIAKI in the matched cohort at different times post-CAG/PCI. We screened 52/704 pairs of patients within the PSM-matched
cohort who had serum creatinine values documented at 24, 48, and 72 h post-procedure. (C) Incidence of CIAKI in the unmatched cohort at
different times post-CAG/PCl. We screened 613/2240 patients who had serum creatinine values documented at 24, 48, and 72 h post-

procedure.
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Table 2. The relationship between ACEI/ARB and CIAKI before and after matching all patients.

Unmatched cohort Matched cohort

Definitions

OR (95% CIY’ P value

*

OR (95% CI)” P value’

Primary CIAKI end point:
SCr increase > 25% or 44 umol/l in 72 hours
Other defining criteria for CIAKI:

1.757 (1.401-2.203) <0.001 1.993 (1.415-2.809) <0.001

SCr increase > 25% or 44 umol/l in 24 or 48 hours ~ 1.583 (1.259-1.990) <0.001 1.725 (1.209-2.460) <0.001
SCr increase > 50% or 26.4 umol/l in 48 hours 2.009 (1.510-2.673) <0.001 2.695 (1.672-4.343) <0.001

"Multivariable analysis was applied in the unmatched cohort. OR and 95% confidence interval (Cl) were obtained by adjusting

variables.

"Conditional logistic model was applied in the matched cohort, OR with 95% confidence interval (Cl) was obtained.

Abbreviations: SCr, serum creatinine; CIAKI, contrast-induced acute kidney injury.

Table 3. Multivariable analysis determining the predictors of primary outcome CIAKI in the unmatched cohort.

Variable OR 95% CI P value
Female 1.540 1.229-1.929 <0.001
Age > 70 yrs 1.555 1.212-1.995 0.001
CHF 1.787 1.334-2.394 <0.001
AMI 1.937 1.508-2.489 <0.001
Diabetes history 1.023 1.006-1.042 0.010
Multi-vessel disease 1.216 0.967-1.528 0.094
ACEI/ARB 1.757 1.401-2.203 <0.001
Contrast agent does 0.999 0.997-1.000 0.079
eGFR 1.019 1.009-1.028 <0.001
CKD 2.074 1.310-3.284 0.002
Anemia 1.944 1.443-2.620 <0.001
Albumin < 35 g/L 1.600 1.179-2.170 0.003
Uric acid > 420 umol/L 1.673 1.265-2.213 <0.001
Proteinuria 1.389 1.037-1.860 0.027
LVEF < 40% 1.480 0.991-2.212 0.056

Abbreviations: ACEl, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CKD,
chronic kidney disease; CHF, congestive heart failure; AMI, acute myocardial infarction; CCB, calcium channel blocker; eGFR,
estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVEF, left ventricular ejection

fraction.

Stroke occurred in 3 patients in the control group and in
2 patients in the ACEIs/ARBs group (P=1.000).
Myocardial infarction occurred in 6/301 patients (2.0%)
with CIAKI and in 12/1107 patients (1.1%) without
CIAKI (P=0.213). Worsening heart failure was
documented in 7/301 patients (2.3%) with CIAKI and in
11/1107 patients (1.0%) without CIAKI (P=0.068), and
RAAS blockade had no impact on these variables. In
addition, our study showed no differences for patients
treated with or without RAAS blockers in length of in-
hospital stay. However, patients in the control group
had a higher risk of overall adverse cardiovascular
events (death, myocardial infarction -new-onset or
recurrence-, worsening heart failure, and stroke) after
PCI (4.1% vs. 1.8%, P=0.016) (Table 4; Supplementary
Table 5).

DISCUSSION

Our multi-center study, conducted on a total of 2240
diabetic patients, indicated that RAAS blocker therapy
was an independently risk factor for CIAKI, both before
and after matching RAAS-blocker users and non-users
via PSM analysis (n=704 patient pairs or n=659 patient
pairs). Some researchers also found that patients
receiving ACEIs/ARBs developed CIAKI more often
than those who did not take these medications [19, 20].
The Dialysis-versus-Diuresis (DVD) trial showed that
the incidence of CIAKI in a general hospital population
was significantly higher in patients treated with RAAS
inhibitors (11.9 vs. 4.2%, P=0.006) [21]. Results from a
prospective cohort study that evaluated the effect of
RAAS blockers on CIAKI in diabetic patients with
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renal dysfunction showed that RAAS treatment was an
independently risk factor for CIAKI with an OR value
of 2.7 [22]. In addition, in a similar prospective study,
Cirit et al. reported that RAAS blockade significantly
increased CIAKI incidence in 230 patients with CKD
[23]. Meanwhile, inhibition of renin expression with a
vitamin D3 analog counteracted the increase in contrast-
induced nephropathy induced by the ARB losartan in a
rat model of CIAKI [24]. Nevertheless, the influence of
RAAS blockers on CIAKI incidence is still
controversial. For instance, in a small sample study,
Gupta et al. found that the ACEI captopril was a
protective factor for CIAKI in 71 patients with diabetes
[25]. Meanwhile, a recent study involving 1254 patients
with CKD indicated that RAAS blockade reduced the
occurrence of CIAKI when a moderate periprocedural
hydration volume-to-weight ratio (10.21 to <17.86
mL/kg) was implemented [26]. On the other hand, Spatz
et al. reported a retrospective study of 178 patients with
CKD that concluded that RAAS blockade had no
significant association with CIAKI, and this was also
true for diabetic participants [27]. Meanwhile, a
randomized prospective trial reported by Rosenstock et
al. and conducted on 283 patients with stage 3-4 CKD
concluded that withdrawing ACEIls or ARBs 24 h prior

to CAG did not modify CIAKI incidence [28].
However, the study by Spatz et al. had a small sample
size, and neither Spatz et al. nor Rosenstock et al.
factored in some important variables such as blood
pressure, LVEF, body mass index (BMI), and albumin
and uric acid levels, which may have led to different
results.

The pathophysiologic mechanisms of CIAKI have not
been fully clarified, although several factors, including
oxidative stress, endothelial dysfunction, and free
radical damage, have been pointed out [29, 30].
Substantial research links these processes to elevations
in plasma glucose [31]. Experimental and clinical
evidence has shown that acutely increased plasma
glucose levels suppress flow-mediated vasodilatation
and promote vascular damage through increased
production of oxygen-derived free radicals [32, 33].
Moreover, acute hyperglycemia may induce osmotic
diuresis, resulting in volume depletion and dehydration
and further increasing AKI risk and severity [34].
Therefore, conditions associated with hyperglycemia,
like diabetes, may exacerbate through oxidative stress
the deleterious effects of contrast agents on kidney
function and thus increase CIAKI risk. In this regard,

ACEIVARB Control OR OR
Subgroup n/N n/N 95%Cl 95%CI P
Female 78/239  44/231 P 2.04[1.33,3.12]  0.001
Male 109/465 70/473 P 1.77[1.27,2.471 0.001
Age > 70 yrs 84/239 50/249 : —— 2.21[1.47,3.33] <0.001
Age <70 yrs 103/465 64/455 P 1.75[1.24,2.47] 0.002
Diabetes history < 5 yrs 79/289 42/318 — 245[1.62,3.72] <0.001
5 yrs < Diabetes history < 10 yrs 72/294 49/259 H—— 1.38[0.92,2.08] 0.121
Diabetes history >10 yrs 36/121 23/127 i 1.94 [1.06, 3.53] 0.031
Contrast volume < 100 mL 56/215 33/218 P 1.96[1.21,3.17] 0.006
100 mL < Contrast volume < 300 mL 102/389 70/380 P 1.56 [1.11,2.21] 0.011
Contrast volume > 300 mL 29/100 11/106 : f . i 3.61[1.68,7.75] 0.001
eGFR =90 81/343 48/343 Po—e— 1.92 [1.30,2.86] 0.001
60 <eGFR <90 62/266 46/269 e 1.4710.96,2.25] 0.079
eGFR < 60 44/95 20/92 : —_— 3.11[1.64,5.90] <0.001
LVEF < 40% 21/43 15/45 { 1.91[0.81,4.52] 0.141
LVEF = 40% 166/661 99/659 —— 1.89[1.43,2.49] <0.001
Anemia 47/105 28/98 e 2.05[1.14,3.67] 0.016
No anemia 140/599 86/606 —a— 1.83[1.36,2.46] <0.001
Albumin < 35 g/L 48/91 23/98 ——  3.59[1.92,6.71] <0.001
Albumin > 35 g/L 139/613 91/606 —— 1.65[1.24,2.22] 0.001
Uric acid > 420 umol/L 50/126 31/134 —— 2.20[1.28,3.76] 0.004
Uric acid < 420 umol/L 137/578 83/570 —— 1.81[1.34,2.45] <0.001
Proteinuria 37/80 18/84 ———  3.34[1.66, 6.72] 0.001
No proteinuria 150/624 96/620 —— 1.7211.30,2.29] <0.001
I I [ [
0.5 2 5 10
Control Worse ACEI/ARB Worse

Figure 3. Subgroup analysis of the effect of RAAS blockers on CIAKI incidence in the matched cohort. n = number of patients
with CIAKI; N = total number of patients in each subgroup; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction.
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Table 4. Comparison of in-hospital outcomes between the control group and the ACEI/ARB group in the matched

cohort (704 pairs of patients).

Control group

ACEI/ARB group

Outcome (n=704) (n=704) P value
CIAKI, n (%) 114 (16.2) 187 (26.6) <0.001
Dialysis, n (%) 1(0.1) 1(0.1) 1.000
Deaths, n (%) 3(0.4) 1(0.1) 0.625
Worsening heart failure, n (%) 10 (1.4) 5(0.7) 0.302
Myocardial infarction, n (%) 13 (1.8) 5(0.7) 0.096
Stroke, n (%) 3(0.4) 2(0.3) 1.000
Overall adverse cardiovascular events (at least 1) 29(4.1) 13(1.8) 0.016
Length of in-hospital stay, d 7.94+4.1 8.23+4.1 0.169

Abbreviations: CIAKI, contrast-induced acute kidney injury

evidence indicates that production of reactive oxygen
species (ROS) after contrast media exposure reduces
renal nitric oxide (NO) levels and potentiates
vasoconstriction mediated by adenosine, angiotensin Il
(Angll), and endothelin I, among others, thus favoring
renal ischemia and hypoxia [35]. Theoretically, these
effects can be counteracted by ACEIs, which increase
the synthesis and bioactivity of NO and other
vasodilator factors [36, 37]. Although such a protective
role of RAAS inhibitors against CIAKI appears to be
supported by the aforementioned study results from
Gupta et al. [25], our results as well as others’ suggest
that RAAS blockade actually increases CIAKI risk in
high-risk diabetic patients. Other purported benefits of
ACEIs on renal function include relieving Angll-
mediated vasoconstriction of efferent glomerular
arterioles, thus decreasing both glomerular venous
pressure and glomerular filtration rate [38]. However, it
was shown that due to these effects, the clearance of
contrast media becomes slower, which may lead to
persistent Kidney damage [39]. Angll induces the
production of transforming growth factor-p1 (TGF-p1),
an important mediator of renal fibrosis that showed
however protective effects against renal proximal tubule
cell necrosis [40, 41]. Thus, it was speculated that by
inhibiting Angll production, ACEIs would negate the
potentially protective effect of TGF-f1 in the kidney
and favor CIAKI onset [42].

We found that the incidence of CIAKI peaked during
the initial 48 h post-CAG/PCI, but new cases were still
detected up to 72 h following the procedure. Data from
Reddan et al. [43] and Davidson et al. [44] showed that
a single 24-h measurement would have missed 58.2% of
CIAKI cases that were otherwise detected over a 48-h
time frame. Based on these considerations, we chose a
72-h window to evaluate the incidence of CIAKI in our
study. We also found that CIAKI incidence was higher
in elderly patients. This is not surprising, since with
increased age there are structural changes in the kidney

(i.e. cortical thinning, volume decrease, reduction in the
number of functional nephrons and glomeruli,
arteriosclerosis, etc.) that contribute to reduce GFR
[45]. As in previous studies, factors such as CHF,
anemia, CKD, hypoalbuminemia, multi-vessel disease,
and myocardial infarction were also correlated with
higher CIAKI incidence [46-48]. Hyperuricemia was
also an independent risk factor for CIAKI in our study.
A recent report suggested that a serum uric acid value of
5.55 mg/dl or more was the best predictor of CIAKI
[48]. Hyperuricemia was found to contribute to renal
dysfunction by reducing NO availability, activating the
local RAAS in the kidney, and promoting ROS
production and oxidative stress [49]. Additionally, we
found that proteinuria, which has been largely
overlooked as a risk factor until recently, was also
associated with CIAKI incidence. Evidence indicates
that proteinuric patients are less tolerant to renal
hemodynamic changes and more susceptible to injury
caused by nephrotoxic substances such as iodinated
contrast agents [50]. Therefore, hyperuricemia and
proteinuria should be considered for risk assessment in
PCl patients. The ESUR Contrast Media Safety
Committee has pointed out that patients who need
contrast enhancement tests should be asked if they have
a history of kidney disease, kidney surgery, proteinuria,
diabetes, hypertension, and gout [51]. Meanwhile,
several prevention strategies (i.e. lower contrast agent
volumes,  pre-procedural  hydration, and  N-
acetylcysteine and statin  supplementation), are
commonly adopted in clinical practice [52].

In summary, our data indicates that the incidence of
CIAKI in diabetic patients might be increased after
RAAS blockade, especially in high-risk subgroups such
as the elderly, higher volume of contrast agent, and
eGFR <60 mL/min/1.73 m? We also found that
worsening heart failure occurred more frequently in
patients who developed CIAKI than in those who did
not (2.3% vs. 1.0%, respectively) although this trend did
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not attain significance. Of note, patients in the
ACEIs/ARBs group had fewer adverse cardiovascular
events than control patients (1.8% vs. 4.1%, P=0.016),
which is consistent with the cardioprotective effects of
RAAS inhibitors [9].

Our study has some limitations. It was retrospective in
nature, and although PSM has been used to reduce
potential confounding and selection biases, there are
still some important factors that were not addressed. At
the same time, a large number of unmatched patients
were eliminated during PSM, so we were unable to
draw conclusions regarding this patient set. Also, the
long-term prognosis of CIAKI in our patient cohorts is
still not known, therefore follow-up data on renal and
cardiovascular outcomes need to be collected. Third,
our analysis did not discriminate outcomes based on
ACEIs/ARBs dosage and types, which may have
provided a more precise account of the impact of RAAS
blockade on CIAKI incidence. Nevertheless, this is the
first  multi-center  research  study  addressing
perioperative use of RAAS blockers in high-risk
patients with diabetes exposed to contrast media during
CAG/PCI procedures. In the future, prospective
randomized clinical trials should provide a clearer
picture of the effects of RAAS inhibition therapy on
CIAKI and other early and long-term outcomes.

MATERIALS AND METHODS
Study population

This multi-center, retrospective study included patients
from Nanjing First Hospital, Sir Run Run Hospital at
Nanjing Medical University, Xu Zhou Medical
University Hospital, and Affiliated Shu Yang Hospital.
From January 2014 to July 2017, patients with diabetes
that underwent CAG and PCI in one of the above four
medical centers were screened for inclusion in the
study. Patients were excluded based on: (1) allergy to
contrast agents; (2) missing periprocedural creatinine
data; (3) ESRD requiring dialysis before surgery; (4)
use of metformin, nonsteroidal anti-inflammatory drugs,
aminoglycoside antibiotics or other nephrotoxic drugs
within 48 h before surgery; (5) repeated exposure to
contrast medium within the last 2 weeks; (6) history of
cardiogenic shock; (7) bilateral renal artery stenosis or
hyperkalemia; (8) acute diabetic complications
including diabetic ketoacidosis, non-ketonic
hyperosmolar coma, and diabetic lactic acidosis; and (9)
acute kidney injury before surgery. The study was
performed in accordance with the Declaration of
Helsinki on human research. Our hospitals approved
this study and waived the requirement for informed
consent because of its retrospective design. On
admission, all patients were administered aspirin,

clopidogrel, and statin. Intravenous hydration with 500
ml of 0.9% sodium chloride was administered at least 6
h before and after exposure to the contrast agent.

ACEIs/ARBs administration

Prescription drug history was assessed by reviewing the
patient medication record systems. Patients who
received RAAS blockers 24 h prior to and over 3 days
following PCI treatment were included in the
ACEIs/ARBs group, while patients who did not receive
RAAS blockers in the perioperative period were
included in the control group.

Data collection

Demographic and laboratory data, including age,
gender, BMI, blood pressure before surgery,
preoperative complications, coronary artery disease,
contrast agent administration, and periprocedural
biochemical indicators were obtained from medical
records. Perioperative medication (ACEIs/ARBs, B-
blockers, calcium channel blockers, diuretics, insulins,
and oral hypoglycemic agents) were retrieved from
patients’ medication records at each institution.
Baseline creatinine level was defined as the lowest
creatinine value within 7 days before surgery and we
collected all recorded creatinine values 72 h
postoperatively.

CAG and PCI

Coronary artery disease was defined as presence of at
least one coronary stenosis >50%. CAG was performed
via transradial or transfemoral routes using the
Seldinger technique, by placing a 6-F catheter into the
radial or femoral artery followed by conventional
positioning of a contrast catheter in the coronary ostia.
PCI was performed by balloon dilatation or stenting;
stent type was chosen at the discretion of the surgeon.

Clinical endpoints

The primary endpoint was CIAKI, defined as a relative
increase in serum creatinine >25% or an absolute
increase > 44 pumol/l (0.5 mg/dl) from baseline within
72 h after contrast agent exposure, excluding other
factors that could cause acute kidney injury [53, 54].
Other defining criteria for CIAKI were an absolute
increase in serum creatinine >0.3 mg/dl (26.4 pmol/l),
or a relative increase >50% over baseline within 48 h
[55]. Additional endpoints were dialysis, adverse
cardiovascular events such as myocardial infarction
(including new-onset or recurrence), worsening
heart failure, stroke, and death, and length of in-
hospital stay.
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Other definitions

Based on the New York Heart Disease Association
(NYHA) classification system, diagnosis of CHF was
established for patients with NYHA class 11 or higher. A
cut-off age of 70 years was chosen to classify the elder.
Anemia was defined as hemoglobin <110 g/l in females
or <120 g/l in males. Hypoalbuminemia was defined as
albumin <35 g/l. Hyperuricemia was defined as uric acid
>420 umol/l. Hypercholesterolemia
was defined as cholesterol >5.17  mmol/l.
Hypertriglyceridemia was defined as triglycerides >2.3
mmol/l. According to the American Diabetes Association
Practice Guidelines, diabetes mellitus (DM) was defined
by fasting blood glucose concentration >126 mg/dl, or a
clinical diagnosis of DM with dietary, oral, or insulin
treatment [56]. Hypertension was defined as office SBP
values > 140 mmHg and/or diastolic BP (DBP) values
> 90 mmHg [57]. CKD was defined as estimated GFR
(eGFR) <60 ml/min/1.73 m?, proteinuria (defined as trace
or greater by dipstick), or both on at least 2 occasions >3
months apart [58, 59].

Data analysis

We used propensity score matching (PSM), which allows
reducing potential confounding and selection biases, and
the conditional logistic model to examine the effect of
ACEIs/ARBs on the incidence of CIAKI. First, we
analyzed the data from a single center (Nanjing First
Hospital) to obtain preliminary results. Then, we
validated those results using data from the other three
hospitals. Finally, we combined all the data and the
matched data from each center separately to arrive at the
final results (Figure 1).

Prior to PSM analysis, differences between ACEIs/ARBS
and control groups were compared using chi-square test
or Fisher’s exact test for categorical variables or unpaired
t test for continuous variables, as appropriate. Continuous
variables were expressed as the mean + SD, and
categorical variables were expressed as percentages.
Multivariate logistic regression analysis with the
backward stepwise method was employed to determine
independent risk factors for CIAKI. Adjusted variables
were female gender, age >70 years, BMI, diabetes
history, hypertension, CHF, prior myocardial infarction,
AMI, angina pectoris, single- or multi-vessel coronary
artery disease, types and volumes of contrast agents used,
preoperative systolic and diastolic blood pressure, B-
blockers, diuretics, CCB, insulins, hypoglycemic agents,
preoperative glucose, baseline creatinine, urea nitrogen,
eGFR, CKD, proteinuria, anemia, albumin <35 g/L, uric
acid >420 umol/I, hypercholesterolemia,
hypertriglyceridemia, high-density lipoprotein (HDL),
low-density lipoprotein (LDL), and LVEF <40%.

To analyze the correlation between ACES/ARBSs use and
CIAKI incidence, we first applied a multivariable
logistic regression analysis model to predict the
probability of receiving ACEs/ARBs treatment. Then,
the propensity score for each patient was calculated by
using the covariates listed in Table 1. Finally, the nearest
neighbor matching algorithm was used to match
ACES/ARBs users with non-users in a 1.1 ratio
(unmatched patients were excluded from analysis). After
PSM was finished, the balance of covariates between the
two groups was assessed through paired t tests and
McNemar’s tests as appropriate for continuous and
categorical variables. Once the matched data was
adjusted for the effect of the covariates on the outcome,
the relationship between RAAS blockade and CIAKI
was determined by conditional logistic regression.
McNemar’s tests were used to contrast the main effect
on CIAKI between the ACEIs/ARBs and control groups.
Nonparametric tests were used to compare the incidence
of CIAKI in both patient groups within 24, 48, and 72 h

post-CAG/PCI. The effect of RAAS blockade on CIAKI
was also evaluated in various subgroups (defined by
gender, age, diabetes history, contrast volume, eGFR,
LVEF, anemia, albumin, uric acid, or proteinuria) using
matched data and adjusted for the propensity scores.

Data are expressed as odds ratio (OR) with 95%
confidence interval (CI) and percentage, and P<0.05 was
considered significant. SPSS version 23.0 (SPSS,
Chicago, IL, USA) and R software (version 3.2.1;
http://www.r-project.org/) were used for statistical
analyses.

Abbreviations

CIAKI: contrast-induced acute kidney injury; CKD:
chronic kidney disease; CHF: congestive heart failure;
AMI: acute myocardial infarction; eGFR: estimated
glomerular ~ filtration rate; HDL: high-density
lipoprotein; LDL: low-density lipoprotein; LVEF: left
ventricular  ejection  fraction; CAG:  coronary
angiography; PCI: Percutaneous coronary intervention.

AUTHOR CONTRIBUTIONS

The research was designed by M.M., X.W., and C.C. All
authors helped to write the report and commented on the
manuscript. M.M., B.P., and W.S. analyzed the data and
advised on statistical procedures. C.C. was the research
administrator, obtained the data, and prepared
communications with participating centers and the data
monitoring committee. X.W. and C.C. were the study
funders. Q.S., M.Z,, C.Z, T.L., HP.,, W.S,, ZL., and
Y.C. were research nurses responsible for recruitment
and return of data.

WWW.aging-us.com 5867

AGING


http://www.r-project.org/

CONFLICTS OF INTEREST

The authors state that there are no conflicts of interest to
be declared.

FUNDING

This work was supported by grants from the Natural
Science Foundation of  Jiangsu Province
(SBK2017020756). The funders had no role in study
design, data collection and analysis, decision to publish,
or preparation of the manuscript.

REFERENCES

1. Morice MC, Serruys PW, Kappetein AP, Feldman TE,
Stahle E, Colombo A, Mack MJ, Holmes DR, Choi JW,
Ruzyllo W, Religa G, Huang J, Roy K, et al. Five-year
outcomes in patients with left main disease treated
with either percutaneous coronary intervention or
coronary artery bypass grafting in the synergy
between percutaneous coronary intervention with
taxus and cardiac surgery trial. Circulation. 2014;
129:2388-94.
https://doi.org/10.1161/CIRCULATIONAHA.113.006689
PMID:24700706

2. Farooq V, van Klaveren D, Steyerberg EW, Meliga E,
Vergouwe Y, Chieffo A, Kappetein AP, Colombo A,
Holmes DR Jr, Mack M, Feldman T, Morice MC, Stahle
E, et al. Anatomical and clinical characteristics to guide
decision making between coronary artery bypass
surgery and percutaneous coronary intervention for
individual patients: development and validation of
SYNTAX score Il. Lancet. 2013; 381:639-50.
https://doi.org/10.1016/50140-6736(13)60108-7
PMID:23439103

3. Posma RA, Lexis CP, Lipsic E, Nijsten MW, Damman K,
Touw DJ, van Veldhuisen DJ, van der Harst P, van der
Horst IC. Effect of Metformin on Renal Function After
Primary Percutaneous Coronary Intervention in
Patients Without Diabetes Presenting with ST-
elevation Myocardial Infarction: data from the GIPS-IlI
Trial. Cardiovasc Drugs Ther. 2015; 29:451-59.
https://doi.org/10.1007/s10557-015-6618-1
PMID:27656713

4. McCullough PA, Adam A, Becker CR, Davidson C,
Lameire N, Stacul F, Tumlin J, and CIN Consensus
Working Panel. Epidemiology and prognostic
implications of contrast-induced nephropathy. Am J
Cardiol. 2006; 98:5K—13K.
https://doi.org/10.1016/j.amjcard.2006.01.019
PMID:16949375

5. Bartorelli AL, Marenzi G. Contrast-induced
nephropathy. J Interv Cardiol. 2008; 21:74-85.

10.

11.

12.

13.

https://doi.org/10.1111/j.1540-8183.2007.00318.x
PMID:18086132

Nough H, Daryachahei R, Hadiani L, Najarzadegan MR,
Mirzaee M, Hemayati R, Meidani M, Mousazadeh R,
Namayandeh S. Ascorbic acid effect on CIN incidence
in diabetic patient after coronary angiography. Adv
Biomed Res. 2016; 5:69.
https://doi.org/10.4103/2277-9175.180638
PMID:27169100

Zaytseva NV, Shamkhalova MS, Shestakova MV,
Matskeplishvili ST, Tugeeva EF, Buziashvili Ul, Deev AD,
Dedov II. Contrast-induced nephropathy in patients
with type 2 diabetes during coronary angiography: risk-
factors and prognostic value. Diabetes Res Clin Pract.
2009 (Suppl 1); 86:563—-69.
https://doi.org/10.1016/50168-8227(09)70012-9
PMID:20115935

From AM, Bartholmai BJ, Williams AW, Cha SS,
McDonald FS. Mortality associated with nephropathy
after radiographic contrast exposure. Mayo Clin Proc.
2008; 83:1095-100.
https://doi.org/10.4065/83.10.1095 PMID:18828968

Regoli D, Plante GE, Gobeil F Jr. Impact of kinins in the
treatment of cardiovascular diseases. Pharmacol Ther.
2012; 135:94-111.
https://doi.org/10.1016/j.pharmthera.2012.04.002
PMID:22537664

Gillespie EL, White CM, Kardas M, Lindberg M,
Coleman Cl. The impact of ACE inhibitors or
angiotensin Il type 1 receptor blockers on the
development of new-onset type 2 diabetes. Diabetes
Care. 2005; 28:2261-66.
https://doi.org/10.2337/diacare.28.9.2261
PMID:16123505

Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins
KJ, Dennison Himmelfarb C, DePalma SM, Gidding S,
Jamerson KA, Jones DW, Maclaughlin EJ, Muntner P,
Ovbiagele B, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the
Prevention, Detection, Evaluation, and Management of
High Blood Pressure in Adults: Executive Summary: A
Report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice
Guidelines. Hypertension. 2018; 71:1269-1324.
https://doi.org/10.1161/HYP.0000000000000066
PMID:29133354

Mascitelli L, Pezzetta F. Renin-angiotensin system and
cardiovascular risk. Lancet. 2007; 370:24.
https://doi.org/10.1016/S0140-6736(07)61035-6
PMID:17617259

Palmer SC, Mavridis D, Navarese E, Craig JC, Tonelli M,
Salanti G, Wiebe N, Ruospo M, Wheeler DC, Strippoli

WWW.aging-us.com 5868

AGING


https://doi.org/10.1161/CIRCULATIONAHA.113.006689
https://www.ncbi.nlm.nih.gov/pubmed/24700706
https://doi.org/10.1016/S0140-6736%2813%2960108-7
https://www.ncbi.nlm.nih.gov/pubmed/23439103
https://doi.org/10.1007/s10557-015-6618-1
https://www.ncbi.nlm.nih.gov/pubmed/27656713
https://doi.org/10.1016/j.amjcard.2006.01.019
https://www.ncbi.nlm.nih.gov/pubmed/16949375
https://doi.org/10.1111/j.1540-8183.2007.00318.x
https://www.ncbi.nlm.nih.gov/pubmed/18086132
https://doi.org/10.4103/2277-9175.180638
https://www.ncbi.nlm.nih.gov/pubmed/27169100
https://doi.org/10.1016/S0168-8227%2809%2970012-9
https://www.ncbi.nlm.nih.gov/pubmed/20115935
https://doi.org/10.4065/83.10.1095
https://www.ncbi.nlm.nih.gov/pubmed/18828968
https://doi.org/10.1016/j.pharmthera.2012.04.002
https://www.ncbi.nlm.nih.gov/pubmed/22537664
https://doi.org/10.2337/diacare.28.9.2261
https://www.ncbi.nlm.nih.gov/pubmed/16123505
https://doi.org/10.1161/HYP.0000000000000066
https://www.ncbi.nlm.nih.gov/pubmed/29133354
https://doi.org/10.1016/S0140-6736%2807%2961035-6
https://www.ncbi.nlm.nih.gov/pubmed/17617259

14.

15.

16.

17.

18.

GF. Comparative efficacy and safety of blood pressure-
lowering agents in adults with diabetes and kidney
disease: a network meta-analysis. Lancet. 2015;
385:2047-56.
https://doi.org/10.1016/S0140-6736(14)62459-4
PMID:26009228

Oguzhan N, Cilan H, Sipahioglu M, Unal A, Kocyigit 1,
Kavuncuoglu F, Arikan T, Akpek M, Elcik D, Sahin O,
Gulme E, Pala C, Tokgoz B, et al. The lack of benefit of a
combination of an angiotensin receptor blocker and
calcium channel blocker on contrast-induced
nephropathy in patients with chronic kidney disease.
Ren Fail. 2013; 35:434-39.
https://doi.org/10.3109/0886022X.2013.766566
PMID:23413781

Wu Z, Zhang H, Jin W, Liu Y, Lu L, Chen Q, Zhang R. The
Effect of Renin-Angiotensin-Aldosterone System
Blockade Medications on Contrast-Induced
Nephropathy in Patients Undergoing Coronary
Angiography: A Meta-Analysis. PLoS One. 2015;
10:e0129747.
https://doi.org/10.1371/journal.pone.0129747
PMID:26083525

Dangas G, lakovou I, Nikolsky E, Aymong ED, Mintz GS,
Kipshidze NN, Lansky AJ, Moussa |, Stone GW,
Moses JW, Leon MB, Mehran R. Contrast-induced
nephropathy after percutaneous coronary
interventions in relation to chronic kidney disease and
hemodynamic variables. Am J Cardiol. 2005; 95:13-19.
https://doi.org/10.1016/j.amjcard.2004.08.056
PMID:15619387

Bainey KR, Rahim S, Etherington K, Rokoss ML,
Natarajan MK, Velianou JL, Brons S, Mehta SR, and
CAPTAIN Investigators. Effects of withdrawing vs
continuing renin-angiotensin blockers on incidence
of acute kidney injury in patients with renal
insufficiency undergoing cardiac catheterization:
Results from the Angiotensin Converting Enzyme
Inhibitor/Angiotensin Receptor Blocker and Contrast
Induced Nephropathy in Patients Receiving Cardiac
Catheterization (CAPTAIN) trial. Am Heart J. 2015;
170:110-16.
https://doi.org/10.1016/j.ahj.2015.04.019
PMID:26093871

Stacul F, van der Molen AJ, Reimer P, Webb JA,
Thomsen HS, Morcos SK, Almén T, Aspelin P, Bellin MF,
Clement O, Heinz-Peer G, and Contrast Media Safety
Committee of European Society of Urogenital
Radiology (ESUR). Contrast induced nephropathy:
updated ESUR Contrast Media Safety Committee
guidelines. Eur Radiol. 2011; 21:2527-41.
https://doi.org/10.1007/s00330-011-2225-0
PMID:21866433

19.

20.

21.

22.

23.

24,

25.

26.

Rim MY, Ro H, Kang WC, Kim AJ, Park H, Chang JH, Lee
HH, Chung W, Jung JY. The effect of renin-angiotensin-
aldosterone system blockade on contrast-induced
acute kidney injury: a propensity-matched study. Am J
Kidney Dis. 2012; 60:576-82.
https://doi.org/10.1053/].ajkd.2012.04.017
PMID:22658321

Goo JJ, Kim JJ, Kang JH, Kim KN, Byun KS, Kim MK, Kim
Tl. Effect of renin-angiotensin-system blockers on
contrast-medium-induced acute kidney injury after
coronary angiography. Korean J Intern Med. 2014;
29:203-09.
https://doi.org/10.3904/kjim.2014.29.2.203
PMID:24648803

Kiski D, Stepper W, Brand E, Breithardt G, Reinecke H.
Impact of renin-angiotensin-aldosterone blockade by
angiotensin-converting enzyme inhibitors or AT-1
blockers on frequency of contrast medium-induced
nephropathy: a post-hoc analysis from the Dialysis-
versus-Diuresis (DVD) trial. Nephrol Dial Transplant.
2010; 25:759-64.

https://doi.org/10.1093/ndt/gfp582

PMID:19903660

Toprak O, Cirit M, Yesil M, Bayata S, Tanrisev M, Varol
U, Ersoy R, Esi E. Impact of diabetic and pre-diabetic
state on development of contrast-induced
nephropathy in patients with chronic kidney disease.
Nephrol Dial Transplant. 2007; 22:819-26.
https://doi.org/10.1093/ndt/gfl636

PMID:17090607

Cirit M, Toprak O, Yesil M, Bayata S, Postaci N, Pupim L,
Esi E. Angiotensin-converting enzyme inhibitors as a
risk factor for contrast-induced nephropathy. Nephron
Clin Pract. 2006; 104:c20-27.
https://doi.org/10.1159/000093255

PMID:16685140

Sahin I, Ozkaynak B, Sar M, Biter HI, Mert B, Okuyan E,
Kayalar N, Can MM, Giingor B, Erentug V, Dinckal MH.
Paricalcitol counteracts the increased contrast induced
nephropathy caused by renin-angiotensin-aldosterone
system blockade therapy in a rat model. Eur Rev Med
Pharmacol Sci. 2014; 18:2895-902.

PMID:25339484

Gupta RK, Kapoor A, Tewari S, Sinha N, Sharma RK.
Captopril for prevention of contrast-induced
nephropathy in diabetic patients: a randomised study.
Indian Heart J. 1999; 51:521-26.

PMID:10721643

Guo XS, Wu DX, Bei WJ, Li HL, Wang K, Zhou YL, Duan
CY, Chen SQ, Lian D, Li LW, Liu Y, Tan N, Chen JY.
Intensity of hydration changes the role of renin-
angiotensin-aldosterone system blockers in contrast-
induced nephropathy risk  after coronary

WWW.aging-us.com

5869

AGING


https://doi.org/10.1016/S0140-6736%2814%2962459-4
https://www.ncbi.nlm.nih.gov/pubmed/26009228
https://doi.org/10.3109/0886022X.2013.766566
https://www.ncbi.nlm.nih.gov/pubmed/23413781
https://doi.org/10.1371/journal.pone.0129747
https://www.ncbi.nlm.nih.gov/pubmed/26083525
https://doi.org/10.1016/j.amjcard.2004.08.056
https://www.ncbi.nlm.nih.gov/pubmed/15619387
https://doi.org/10.1016/j.ahj.2015.04.019
https://www.ncbi.nlm.nih.gov/pubmed/26093871
https://doi.org/10.1007/s00330-011-2225-0
https://www.ncbi.nlm.nih.gov/pubmed/21866433
https://doi.org/10.1053/j.ajkd.2012.04.017
https://www.ncbi.nlm.nih.gov/pubmed/22658321
https://doi.org/10.3904/kjim.2014.29.2.203
https://www.ncbi.nlm.nih.gov/pubmed/24648803
https://doi.org/10.1093/ndt/gfp582
https://www.ncbi.nlm.nih.gov/pubmed/19903660
https://doi.org/10.1093/ndt/gfl636
https://www.ncbi.nlm.nih.gov/pubmed/17090607
https://doi.org/10.1159/000093255
https://www.ncbi.nlm.nih.gov/pubmed/16685140
https://www.ncbi.nlm.nih.gov/pubmed/25339484
https://www.ncbi.nlm.nih.gov/pubmed/10721643

27.

28.

29.

30.

31

32.

33.

34,

catheterisation in patients with chronic kidney disease.
J Renin Angiotensin Aldosterone Syst. 2017,
18:1470320317708894.
https://doi.org/10.1177/1470320317708894
PMID:28490226

Spatz C, Saadulla L, Lapsiwala A, Parhizgar A,
Ghahramani N. Effect of renin-angiotensin-aldosterone
system blockade therapy on incidence of contrast-
induced nephropathy in patients with chronic kidney
disease. Iran J Kidney Dis. 2012; 6:432-36.
PMID:23146980

Rosenstock JL, Bruno R, Kim JK, Lubarsky L, Schaller R,
Panagopoulos G, DeVita MV, Michelis MF. The effect of
withdrawal of ACE inhibitors or angiotensin receptor
blockers prior to coronary angiography on the
incidence of contrast-induced nephropathy. Int Urol
Nephrol. 2008; 40:749-55.
https://doi.org/10.1007/s11255-008-9368-1
PMID:18438718

Wong PC, Li Z, Guo J, Zhang A. Pathophysiology of
contrast-induced nephropathy. Int J Cardiol. 2012;
158:186-92.
https://doi.org/10.1016/j.ijcard.2011.06.115
PMID:21784541

McCullough PA. Acute kidney injury with iodinated
contrast. Crit Care Med. 2008 (4 Suppl); 36:5204-11.
https://doi.org/10.1097/CCM.0b013e318168cdc3
PMID:18382195

Seeliger E, Sendeski M, Rihal CS, Persson PB. Contrast-
induced kidney injury: mechanisms, risk factors, and
prevention. Eur Heart J. 2012; 33:2007-15.
https://doi.org/10.1093/eurheartj/ehr494
PMID:22267241

Kawano H, Motoyama T, Hirashima O, Hirai N, Miyao Y,
Sakamoto T, Kugiyama K, Ogawa H, Yasue H.
Hyperglycemia rapidly suppresses flow-mediated
endothelium-dependent vasodilation of brachial
artery. J Am Coll Cardiol. 1999; 34:146-54.
https://doi.org/10.1016/S0735-1097(99)00168-0
PMID:10400004

Monnier L, Mas E, Ginet C, Michel F, Villon L, Cristol JP,
Colette C. Activation of oxidative stress by acute
glucose fluctuations compared with sustained chronic
hyperglycemia in patients with type 2 diabetes. JAMA.
2006; 295:1681-87.
https://doi.org/10.1001/jama.295.14.1681
PMID:16609090

Marenzi G, Cosentino N, Milazzo V, De Metrio M,
Rubino M, Campodonico J, Moltrasio M, Marana |,
Grazi M, Lauri G, Bonomi A, Barbieri S, Assanelli E, et
al. Acute Kidney Injury in Diabetic Patients With
Acute Myocardial Infarction: Role of Acute and

35.

36.

37.

38.

39.

40.

41.

42.

Chronic Glycemia. J Am Heart Assoc.
7:e008122.
https://doi.org/10.1161/JAHA.117.008122

PMID:29654205

2018;

Persson PB, Hansell P, Liss P. Pathophysiology of
contrast medium-induced nephropathy. Kidney Int.
2005; 68:14-22.
https://doi.org/10.1111/j.1523-1755.2005.00377.x
PMID:15954892

Fleming |, Kohlstedt K, Busse R. New fACEs to the
renin-angiotensin system. Physiology (Bethesda). 2005;
20:91-95.
https://doi.org/10.1152/physiol.00003.2005
PMID:15772297

Minzel T, Keaney JF Jr. Are ACE inhibitors a “magic
bullet” against oxidative stress? Circulation. 2001;
104:1571-74.

https://doi.org/10.1161/hc3801.095585
PMID:11571254

Schoolwerth AC, Sica DA, Ballermann BJ, Wilcox CS,
and Council on the Kidney in Cardiovascular Disease
and the Council for High Blood Pressure Research of
the American Heart Association. Renal considerations
in angiotensin converting enzyme inhibitor therapy: a
statement for healthcare professionals from the
Council on the Kidney in Cardiovascular Disease and
the Council for High Blood Pressure Research of the
American Heart Association. Circulation. 2001;
104:1985-91.

https://doi.org/10.1161/hc4101.096153
PMID:11602506

Umruddin Z, Moe K, Superdock K. ACE inhibitor or
angiotensin Il receptor blocker use is a risk factor for
contrast-induced nephropathy. J Nephrol. 2012;
25:776-81.

https://doi.org/10.5301/jn.5000059

PMID:22322819

Lee HT, Kim M, Kim J, Kim N, Emala CW. TGF-betal
release by volatile anesthetics mediates protection
against renal proximal tubule cell necrosis. Am J
Nephrol. 2007; 27:416-24.
https://doi.org/10.1159/000105124

PMID:17622749

Junaid A, Rosenberg ME, Hostetter TH. Interaction of
angiotensin Il and TGF-beta 1 in the rat remnant
kidney. J Am Soc Nephrol. 1997; 8:1732-38.
PMID:9355076

Kalyesubula R, Bagasha P, Perazella MA. ACE-I/ARB
therapy prior to contrast exposure: what should the
clinician do? Biomed Res Int. 2014; 2014:423848.
https://doi.org/10.1155/2014/423848
PMID:24605330

WWW.aging-us.com

5870

AGING


https://doi.org/10.1177/1470320317708894
https://www.ncbi.nlm.nih.gov/pubmed/28490226
https://www.ncbi.nlm.nih.gov/pubmed/23146980
https://doi.org/10.1007/s11255-008-9368-1
https://www.ncbi.nlm.nih.gov/pubmed/18438718
https://doi.org/10.1016/j.ijcard.2011.06.115
https://www.ncbi.nlm.nih.gov/pubmed/21784541
https://doi.org/10.1097/CCM.0b013e318168cdc3
https://www.ncbi.nlm.nih.gov/pubmed/18382195
https://doi.org/10.1093/eurheartj/ehr494
https://www.ncbi.nlm.nih.gov/pubmed/22267241
https://doi.org/10.1016/S0735-1097%2899%2900168-0
https://www.ncbi.nlm.nih.gov/pubmed/10400004
https://doi.org/10.1001/jama.295.14.1681
https://www.ncbi.nlm.nih.gov/pubmed/16609090
https://doi.org/10.1161/JAHA.117.008122
https://www.ncbi.nlm.nih.gov/pubmed/29654205
https://doi.org/10.1111/j.1523-1755.2005.00377.x
https://www.ncbi.nlm.nih.gov/pubmed/15954892
https://doi.org/10.1152/physiol.00003.2005
https://www.ncbi.nlm.nih.gov/pubmed/15772297
https://doi.org/10.1161/hc3801.095585
https://www.ncbi.nlm.nih.gov/pubmed/11571254
https://doi.org/10.1161/hc4101.096153
https://www.ncbi.nlm.nih.gov/pubmed/11602506
https://doi.org/10.5301/jn.5000059
https://www.ncbi.nlm.nih.gov/pubmed/22322819
https://doi.org/10.1159/000105124
https://www.ncbi.nlm.nih.gov/pubmed/17622749
https://www.ncbi.nlm.nih.gov/pubmed/9355076
https://doi.org/10.1155/2014/423848
https://www.ncbi.nlm.nih.gov/pubmed/24605330

43.

44,

45.

46.

47.

48.

49.

50.

Reddan D, Laville M, Garovic VD. Contrast-induced
nephropathy and its prevention: what do we really
know from evidence-based findings? J Nephrol. 2009;
22:333-51. PMID:19557710

Davidson CJ, Hlatky M, Morris KG, Pieper K, Skelton TN,
Schwab SJ, Bashore TM. Cardiovascular and renal
toxicity of a nonionic radiographic contrast agent after
cardiac catheterization. A prospective trial. Ann Intern
Med. 1989; 110:119-24.
https://doi.org/10.7326/0003-4819-110-2-119
PMID:2909204

Denic A, Lieske JC, Chakkera HA, Poggio ED,
Alexander MP, Singh P, Kremers WK, Lerman LO,
Rule AD. The Substantial Loss of Nephrons in
Healthy Human Kidneys with Aging. J Am Soc
Nephrol. 2017; 28:313-20.
https://doi.org/10.1681/ASN.2016020154
PMID:27401688

Mehran R, Aymong ED, Nikolsky E, Lasic Z, lakovou I,
Fahy M, Mintz GS, Lansky AJ, Moses JW, Stone GW,
Leon MB, Dangas G. A simple risk score for prediction
of contrast-induced nephropathy after percutaneous
coronary intervention: development and initial
validation. J Am Coll Cardiol. 2004; 44:1393-9.
https://doi.org/10.1016/j.jacc.2004.06.068
PMID:15464318

Nakahashi H, Kosuge M, Sakamaki K, Kiyokuni M, Ebina
T, Hibi K, Tsukahara K, Ilwahashi N, Kuji S, Oba MS,
Umemura S, Kimura K. Combined impact of chronic
kidney disease and contrast-induced nephropathy on
long-term outcomes in patients with ST-segment
elevation acute myocardial infarction who undergo
primary percutaneous coronary intervention. Heart
Vessels. 2017; 32:22-29.
https://doi.org/10.1007/s00380-016-0836-8
PMID:27106917

Elbasan Z, Sahin DY, Gir M, Kuloglu O, Kivrak A, Igen
YK, Tirkoglu C, Yildirim A, Ozdogru |, Cayli M. Contrast-
induced nephropathy in patients with ST elevation
myocardial  infarction  treated with  primary
percutaneous coronary intervention. Angiology. 2014;
65:37-42.
https://doi.org/10.1177/0003319712463816
PMID:23109331

Filiopoulos V, Hadjiyannakos D, Vlassopoulos D. New
insights into uric acid effects on the progression and
prognosis of chronic kidney disease. Ren Fail. 2012;
34:510-20.
https://doi.org/10.3109/0886022X.2011.653753
PMID:22260409

Yoshihara F. Why Is Proteinuria an Independent Risk
Factor for Contrast-Induced Nephropathy? Circ J. 2015;
79:1456-7.

51.

52.

53.

54,

55.

56.

57.

58.

https://doi.org/10.1253/circj.CJ-15-0556
PMID:26027447

Thomsen HS. How to avoid CIN: guidelines from the
European Society of Urogenital Radiology. Nephrol Dial
Transplant. 2005 (Suppl 1); 20:i18-22.
https://doi.org/10.1093/ndt/gfh1070

PMID:15705944

Azzalini L, Spagnoli V, Ly HQ. Contrast-Induced
Nephropathy: From Pathophysiology to Preventive
Strategies. Can J Cardiol. 2016; 32:247-55.
https://doi.org/10.1016/j.cjca.2015.05.013
PMID:26277092

Fahling M, Seeliger E, Patzak A, Persson PB.
Understanding and preventing contrast-induced acute
kidney injury. Nat Rev Nephrol. 2017; 13:169-80.
https://doi.org/10.1038/nrneph.2016.196
PMID:28138128

Barbieri L, Verdoia M, Schaffer A, Cassetti E, Marino P,
Suryapranata H, De Luca G; Novara Atherosclerosis
Study Group (NAS). Uric acid levels and the risk of
Contrast Induced Nephropathy in patients undergoing
coronary angiography or PCl. Nutr Metab Cardiovasc
Dis. 2015; 25:181-6.
https://doi.org/10.1016/j.numecd.2014.08.008
PMID:25315668

Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C,
Warnock DG, Levin A, and Acute Kidney Injury
Network. Acute Kidney Injury Network: report of an
initiative to improve outcomes in acute kidney injury.
Crit Care. 2007; 11:R31.
https://doi.org/10.1186/cc5713 PMID:17331245

Genuth S, Alberti KG, Bennett P, Buse J, Defronzo R,
Kahn R, Kitzmiller J, Knowler WC, Lebovitz H, Lernmark
A, Nathan D, Palmer J, Rizza R, et al, Expert Committee
on the Diagnosis and Classification of Diabetes
Mellitus. Follow-up report on the diagnosis of diabetes
mellitus. Diabetes Care. 2003; 26:3160-7.
https://doi.org/10.2337/diacare.26.11.3160
PMID:14578255

Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi
M, Burnier M, Clement DL, Coca A, de Simone G,
Dominiczak A, Kahan T, Mahfoud F, Redon J, et al, and
ESC Scientific Document Group. 2018 ESC/ESH
Guidelines for the management of arterial
hypertension. Eur Heart J. 2018; 39:3021-104.
https://doi.org/10.1093/eurheartj/ehy339
PMID:30165516

Foundation NK, and National Kidney Foundation.
K/DOQI clinical practice guidelines for chronic kidney
disease: evaluation, classification, and stratification.
Am J Kidney Dis. 2002 (Suppl 1); 39:51-266.
PMID:11904577

WWW.aging-us.com

5871

AGING


https://www.ncbi.nlm.nih.gov/pubmed/19557710
https://doi.org/10.7326/0003-4819-110-2-119
https://www.ncbi.nlm.nih.gov/pubmed/2909204
https://doi.org/10.1681/ASN.2016020154
https://www.ncbi.nlm.nih.gov/pubmed/27401688
https://doi.org/10.1016/j.jacc.2004.06.068
https://www.ncbi.nlm.nih.gov/pubmed/15464318
https://doi.org/10.1007/s00380-016-0836-8
https://www.ncbi.nlm.nih.gov/pubmed/27106917
https://doi.org/10.1177/0003319712463816
https://www.ncbi.nlm.nih.gov/pubmed/23109331
https://doi.org/10.3109/0886022X.2011.653753
https://www.ncbi.nlm.nih.gov/pubmed/22260409
https://doi.org/10.1253/circj.CJ-15-0556
https://www.ncbi.nlm.nih.gov/pubmed/26027447
https://doi.org/10.1093/ndt/gfh1070
https://www.ncbi.nlm.nih.gov/pubmed/15705944
https://doi.org/10.1016/j.cjca.2015.05.013
https://www.ncbi.nlm.nih.gov/pubmed/26277092
https://doi.org/10.1038/nrneph.2016.196
https://www.ncbi.nlm.nih.gov/pubmed/28138128
https://doi.org/10.1016/j.numecd.2014.08.008
https://www.ncbi.nlm.nih.gov/pubmed/25315668
https://doi.org/10.1186/cc5713
https://www.ncbi.nlm.nih.gov/pubmed/17331245
https://doi.org/10.2337/diacare.26.11.3160
https://www.ncbi.nlm.nih.gov/pubmed/14578255
https://doi.org/10.1093/eurheartj/ehy339
https://www.ncbi.nlm.nih.gov/pubmed/30165516
https://www.ncbi.nlm.nih.gov/pubmed/11904577

59. Stevens LA, Schmid CH, Greene T, Zhang YL, Beck GJ, Renal Disease (MDRD) Study equations for estimating

Froissart M, Hamm LL, Lewis JB, Mauer M, Navis GJ, GFR levels above 60 mL/min/1.73 m2. Am J Kidney Dis.
Steffes MW, Eggers PW, Coresh J, Levey AS. 2010; 56:486—95.

Comparative performance of the CKD Epidemiology https://doi.org/10.1053/j.ajkd.2010.03.026
Collaboration (CKD-EPI) and the Modification of Diet in PMID:20557989

WWww.aging-us.com 5872 AGING


https://doi.org/10.1053/j.ajkd.2010.03.026
https://www.ncbi.nlm.nih.gov/pubmed/20557989

SUPPLEMENTARY MATERIALS

Supplementary Figure
M All patients
30 ! ACEI/ARB group
P<0.001 M Control group
o
>~
N’
P
é
Q
Gy
(@]
[5)
Q
=
)
)
o
=]
||
SCr increase > SCr increase > SCr increase >
25% or 44 umol/l 25% or 44 umol/l 50% or 26.4 umol/l
in 72 hours in 24 or 48 hours in 48 hours

Supplementary Figure 1. Impact of RAAS inhibition on CIAKI incidence. Incidence of CIAKI in the PSM-matched cohort under
different definitions (after merging matched data from each center, 659 pairs of patients).
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Supplementary Tables

Supplementary Table 1. Baseline characteristics of patients in the first center before and after propensity score
matching.

Before matching After propensity matching
. ACEI/ARB Control ACEI/ARB Control
Variable
group group P value group group P value
(n=913) (n=612) (n=461) (n=461)
Demographics:
Female 299(32.7) 197(32.2) 0.819 144(31.2) 147(31.9) 0.884
Age (yrs) 67+10 66+11 0.557 67+10 67+10 0.638
BMI (kg/m?) 25.5+3.1 24.843.0 0.310 25.0£3.0 25.1+£3.0 0.816
Medical history:
Diabetes history (yrs) 8.55.6 8.215.6 0.972 8.415.3 8.5+5.7 0.897
Hypertension 829(90.8) 376(61.4) <0.001  378(82.0) 367(79.6) 0.090
CHF 148(16.2) 87(14.2) 0.290 76(16.5) 70(15.2) 0.656
CKD 181(13.8) 108(11.6) 0.125 68(14.8) 20(15.2) 0.923
AMI 184(20.2) 142(23.2) 0.155 92(20.0) 102(22.1) 0.456
Prior myocardial infarction 81(8.9) 44(7.2) 0.241 35(7.6) 37(8.0) 0.904
Stable angina pectoris 62(6.8) 54(8.8) 0.142 40(8.7) 37(8.0) 0.807
Unstable angina 311(34.1) 197(32.2) 0.447 161(34.9) 152(33.0) 0.582
CAG and PCI:
Multi-vessel disease 522(57.2) 344(56.2) 0.709 265(57.5) 257(55.7) 0.647
Single-vessel disease 307(33.6) 198(32.4) 0.605 155(33.6) 155(33.6) 1.000
Preoperative SBP (mmHg) 137+17 130+16 0.021 133+15 133+16 0.933
Preoperative DBP (mmHg) 80+12 7711 0.758 78+£10 78+11 0.362
Contrast agent:
Nonionic iso-osmolar 504(55.2) 343(56.0) 0.745 269(58.4) 264(57.3) 0.781
Nonionic low-osmolar 391(43.2) 262(42.8) 0.894 188(40.8) 191(41.4) 0.889
Volume of contrast agent (mL) 194+73 189+70 0.683 190+72 192471 0.672
Medications :
B-blocker 550(60.2) 318(52.0) 0.001 256(55.5) 247(53.6) 0.589
Diuretics 144(15.8) 100(16.3) 0.767 69(15.0) 75(16.3) 0.643
CCB 227(24.9) 129(21.1) 0.087 121(26.2) 122(26.5) 1.000
Insulins 454(49.7) 315(51.5) 0.504 232(50.3) 231(50.1) 1.000
Oral hypoglycemic agent 491(53.8) 326(53.3) 0.845 255(55.3) 254(55.1) 1.000
Pre-procedural laboratory determinations:
Glucose (mmol/L) 9.8+3.7 9.7£3.7 0.879 9.8+3.6 9.6+3.6 0.489
Baseline creatinine (umol/L) 79.3£29.6 79.0+£36.3 0.309 79.31£31.6 80.2+32.0 0.678
eGFR (mL/min/1.73 m?) 82.9+20.7 84.5+21.2 0.657 83.2+20.8 82.5+20.8 0.581
Proteinuria 147(16.1) 60(9.8) <0. 001 39(8.5) 46(10.0) 0.489
Hemoglobin (g/L) 131.9+16.7 131.8+16.7 0.961 131+17 132+17 0.997
Albumin (g/L) 38.7+3.7 38.4+4.0 0.284 38.5+3.7 38.4+4.0 0.510
Uric acid (umol/L) 344.1+113.4  335.841115  0.438  343.9+115.7 342.5+109.0 0.847
Total cholesterol (mmol/L) 3.9+1.1 3.9+1.8 0.178 3.9+1.1 3.8+1.2 0.608
Triglycerides (mmol/L) 1.8+1.4 1.7+¢1.5 0.659 1.8+1.4 1.8+1.6 0.818
HDL (mmol/L) 0.99+0.24 0.99+0.24 0.688 0.98+0.23 0.99+0.23 0.724
LDL (mmol/L) 2.30+0.92 2.32+0.95 0.445 2.30+0.91 2.27+0.90 0.586
LVEF (%) 59.1+10.0 58.7+10.0 0.481 59.1+10.1 58.9+9.8 0.822

Abbreviations: ACEl, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CKD,
chronic kidney disease; CHF, congestive heart failure; AMI, acute myocardial infarction; CCB, calcium channel blocker; eGFR,
estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVEF, left ventricular ejection
fraction.
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Supplementary Table 2. Baseline characteristics of patients in other three centers before and after propensity score
matching.

Before matching After propensity matching
Vari ACEI/ARB Control ACEI/ARB Control
ariable
group group P value group group P value
(n=397) (n=318) (n=198) (n=198)
Demographics:
Female 114(35.8) 159(40.1) 0.251 66(33.3) 68(34.3) 0.921
Age (yrs) 65+10 64+11 0.256 66+10 65+11 0.442
BMI (kg/m?) 25.3+2.8 25.2+3.0 0.898 25.3+2.7 25.4+2.8 0.777
Medical history:
Diabetes history (yrs) 7.7%6.3 8.316.9 0.272 8.5+6.3 8.8+7.4 0.653
Hypertension 317(79.8) 171(53.8) <0.001  146(73.7) 136(68.7) 0.289
CHF 47(11.8) 45(14.2) 0.359 29(14.6) 24(12.1) 0.551
CKD 44(11.1) 26(8.2) 0.194 23(11.6) 21(10.6) 0.878
AMI 90(22.7) 80(25.2) 0.438 45(22.7) 38(19.2) 0.483
Prior myocardial infarction 25(6.3) 20(6.3) 0.997 15(7.6) 15(7.6) 1.000
Stable angina pectoris 19(4.8) 12(3.8) 0.509 8(4.0) 11(5.6) 0.648
Unstable angina 214(53.9) 126(39.6) <0. 001 88(44.4) 90(45.5) 0.920
CAG and PCI:
Multi-vessel disease 275(69.3) 168(52.8) <0. 001 113(57.1) 113(57.1) 1.000
Single-vessel disease 83(20.9) 95(29.9) 0.006 55(27.8) 55(27.8) 1.000
Preoperative SBP (mmHg) 137+18 132+18 0.333 136+18 136+18 0.903
Preoperative DBP (mmHg) 81+12 78+11 0.705 80+11 80+11 0.755
Contrast agent:
Nonionic iso-osmolar 134(33.8) 101(31.8) 0.573 79(39.9) 67(33.8) 0.251
Nonionic low-osmolar 263(66.2) 217(68.2) 0.573 119(60.1) 131(66.2) 0.251
Volume of contrast agent (mL) 161+77 159476 0.941 166187 165184 0.889
Medications :
B-blocker 293(73.8) 121(38.1) <0.001  109(55.1) 100(50.5) 0.321
Diuretics 186(46.9) 43(13.5) <0. 001 39(19.7) 39(19.7) 1.000
CCB 99(24.9) 84(26.4) 0.653 56(28.3) 57(28.8) 1.000
Insulins 130(32.7) 104(32.7) 0.991 75(37.9) 69(34.8) 0.621
Oral hypoglycemic agent 273(68.8) 170(53.5) <0. 001 114(57.6) 114(57.6) 1.000
Pre-procedural laboratory determinations:
Glucose (mmol/L) 9.1+3.3 9.4+3.9 0.033 9.3+£3.6 9.2+3.7 0.770
Baseline creatinine (umol/L) 72.8+27.6 71.6+£29.2 0.451 75.8+£29.7 74.6£33.9 0.703
eGFR (mL/min/1.73 m?) 88.0+20.4 89.8+19.8 0.456 86.3+20.8 87.8+20.8 0.475
Proteinuria 60(15.1) 45(14.2) 0.718 23(11.6) 24(12.1) 1.000
Hemoglobin (g/L) 132.4+16.8 134.2+16.9 0.648 133+16 136+17 0.117
Albumin (g/L) 40.6x4.5 40.0£4.9 0.401 40.1+4.2 40.445.2 0.467
Uric acid (umol/L) 326.4+102.9  313.3%1055  0.447 329.1+103.5 320.4+101.6 0.388
Total cholesterol (mmol/L) 42412 4.1+1.1 0.056 4.0+1.22 4.1+1.1 0.548
Triglycerides (mmol/L) 1.9+1.5 1.8+1.4 0.318 2.0£1.7 1.9+1.2 0.211
HDL (mmol/L) 1.07+0.29 1.06+0.29 0.695 1.02+0.25 1.04+0.27 0.625
LDL (mmol/L) 2.41+0.93 2.37+0.92 0.596 2.35+0.92 2.37+0.95 0.800
LVEF (%) 57.1+9.4 58.4+9.0 0.160 57.9+9.8 58.4+9.0 0.652

Abbreviations: ACEl, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CKD,
chronic kidney disease; CHF, congestive heart failure; AMI, acute myocardial infarction; CCB, calcium channel blocker; eGFR,
estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVEF, left ventricular ejection
fraction.
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Supplementary Table 3. Baseline characteristics of patients before and after merging each center matched.

Before matching

After merging each center

The rest after matching

matched
Variable ACEI/AR Control p ACEI/AR Control P valu ACEI/AR Control
B group group value B group group B group group value
(n=1310) (n=930) (n=659) (n=659) (n=651) (n=271)
Demographics:
Female 458(35.0) 311(33.4) 0.455  210(31.9) 215(32.6)  0.815 248(38.1) 96(35.4) 0.445
Age (yrs) 6610 6611 0.238 6610 6710 0.982 65+10 63+11 0.356
BMI (kg/m?) 25.4+3.1 24.9+3.0 0.381 25.1+2.9 25.2+2.9 0.726 25.7+3.2 24.4+3.0 0.239
Medical history:
Diabetes history (yrs) 8.2+5.8 8.3+6.0 0.433 8.4+5.6 8.6+6.2 0.704 8.0£6.1 7.5%5.6 0.287
Hypertension 1146(87.5) 547(58.8) <0.00  524(79.5) 503(76.3)  0.053 622(95.5) 44(16.2) <0. 00
1 1
CHF 195(14.9) 132(14.2) 0.648  105(15.9) 94(14.3) 0.445 90(13.8) 38(14.0) 0.937
CKD 181(13.8) 108(11.6) 0.125 91(13.8) 91(13.8) 1.000 90(13.8) 17(6.3) 0.001
AMI 274(20.9) 222(23.9) 0.097  137(20.8) 140(21.2)  0.893 137(21.0) 82(30.3) 0.003
Prior myocardial infarcti 106(8.1) 64(6.9) 0.287 50(7.6) 52(7.9) 0.919 56(8.6) 12(4.4) 0.027
on
Stable angina pectoris 81(6.2) 66(7.1) 0.390 48(7.3) 48(7.3) 1.000 33(5.1) 18(6.6) 0.342
Unstable angina 525(40.1) 323(34.7)  0.010  249(37.8) 242(36.7) 0.734  276(42.4) 81(29.9) <0. 00
1
CAG and PCI:
Multi-vessel disease 797(60.8) 512(55.1) 0.006  378(57.4) 370(56.1) 0.703  419(64.4) 142(52.4)  0.001
Single-vessel disease 390(29.8) 293(31.5) 0.380  210(31.9) 210(31.9)  1.000 180(27.6) 83(30.6) 0.362
Preoperative SBP 137417 131+17 0.017 134+16 133417 0.887 141+18 124+16 0.005
(mmHg)
Preoperative DBP 80+12 78+11 0.685 78+11 79+11 0.355 83+13 75+10 0.004
(mmHg)
Contrast agent:
Nonionic iso-osmolar 638(48.7) 444(47.7)  0.654  348(52.8) 331(50.2)  0.355 290(44.5) 113(41.7)  0.427
Nonionic low-osmolar 657(50.2) 479(51.5) 0.528  307(46.6) 322(48.9) 0.418 350(53.8) 157(57.9)  0.247
Volume of contrast 184+76 179+74 0.681 183+77 184+76 0.800 185+74 16667 0.828
agent (mL)
Medications :
B-blocker 843(64.4) 439(47.2) <0.00 365(55.4) 347(52.7) 0313  478(73.4) 92(33.9) <0. 00
1 1
Diuretics 330(25.2) 143(154) <0.00 108(16.4) 114(17.3)  0.701 222(34.1) 29(10.7) <0. 00
1 1
CCB 326(24.9) 213(22.9) 0.280  177(26.9) 179(27.2)  0.950 149(22.9) 34(12.5) <0. 00
1
Insulins 584(44.6) 419(45.1) 0.824  307(46.6) 300(45.5) 0.736 277(42.5) 119(43.9) 0.704
Oral hypoglycemic agent ~ 764(58.3) 496(53.3) 0.019  369(56.0) 368(55.8)  1.000 395(60.7) 128(47.2)  <0.00
1
Pre-procedural laboratory determinations:
Glucose (mmol/L) 9.6+3.6 9.6+3.9 0.183 9.6+3.6 9.5+3.6 0.460 9.54+3.5 9.9+4.1 0.038
Baseline creatinine 77.3429.2  76.5+342 0.750 78.2+31.1  785+327 0.895  76.3+27.0 71.7£374  0.332
(umol/L)
eGFR (mL/min/1.73 m?)  84.4+20.8  86.3+20.9 0.419 84.2+20.8  84.1+20.9 0.945 84.7+20.7 91.8+19.6  0.002
Proteinuria 207(15.8) 105(11.3)  0.002 62(9.4) 70(10.6) 0.519 145(22.3) 35(12.9) 0. 001
Hemoglobin (g/L) 132.1+16.7 132.6+16.8 0.831 132+17 133+17 0.382 132+17 132+16 0.568
Albumin (g/L) 39.3+4.0 38.9+4.4 0.260 39.0£3.9 39.0+4.5 0.954 39.6+4.1 38.7+4.0 0.834
Uric acid (umol/L) 338.7+£110. 328.1+109. 0.273  339.4+112. 335.9+107. 0.539  338.0+109. 309.4+114. 0.277
6 9 3 2 0 3
Total cholesterol 4.0£1.2 4.0£1.2 0.899 3.9+1.2 3.9+1.1 0.924 4.0£1.2 4.1+1.2 0.077
(mmol/L)
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Triglycerides (mmol/L) 1.9+15 1.8+1.4 0.318 1.8+1.4 1.8+1.5 0.766 1.9+1.6 1.7+#1.1 0.054

HDL (mmol/L) 1.01+0.26  1.02+0.26  0.783  1.00+0.24  1.00+0.25  0.567 1.03+0.28  1.05+0.29  0.626
LDL (mmol/L) 2.33+0.92  2.34+0.94 0.75%6  2.31+0.92 2.30+091 0.751  2.35+0.93  2.44+0.98 0.674
LVEF (%) 58.4+9.8 58.6+9.7 0.495  59.7+10.0 58.7+9.6 0.957 58.2+9.6 58.2+9.9 0.532

Abbreviations: ACEl, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CKD,
chronic kidney disease; CHF, congestive heart failure; AMI, acute myocardial infarction; CCB, calcium channel blocker; eGFR,
estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVEF, left ventricular ejection
fraction.

Supplementary Table 4. The relationship between ACEI/ARB and CIAKI before and after matching (using the data
before and after merging each center matched).

Unmatched cohort Matched cohort

Definitions OR (95% CI)’ P value” OR (95% CI)" P value™

Primary CIAKI end point:

SCr increase > 25% or 44 umol/l in 72 hours 1.757 (1.401-2.203) <0.001 1.706 (1.295-2.246) <0.001
Other defining criteria for CIAKI:

SCr increase > 25% or 44 umol/l in 24 or 48 hours ~ 1.583 (1.259-1.990) <0.001 1.484 (1.111-1.982) 0.008
SCr increase > 50% or 26.4 umol/l in 48 hours 2.009 (1.510-2.673) <0.001 1.814 (1.268-2.594) 0.001

* Multivariable analysis was applied in the unmatched cohort. OR and 95% confidence interval (Cl) were obtained by adjusting
variables.

™ Conditional logistic model was applied in the matched cohort, OR with 95% confidence interval (Cl) was obtained.
Abbreviations: SCr, serum creatinine; CIAKI, contrast-induced acute kidney injury.

Supplementary Table 5. Comparison of in-hospital outcomes between the control group and the ACEI/ARB group in
the matched cohort (using the data after merging each center matched, 659 pairs of patients).

Control group ACEI/ARB group

Outcome (n=659) (n=659) P value
CIAKI, n (%) 104 (15.8) 161 (24.4) <0.001
Dialysis, n (%) 0 1(0.2) -
Deaths, n (%) 2(0.3) 0 -
Worsening heart failure, n (%) 5(0.8) 3(0.5) 0.727
Myocardial infarction, n (%) 7(1.1) 1(0.2) 0.070
Stroke, n (%) 0 1(0.2) -
Overall adverse cardiovascular events (at least 1) 14(2.1) 5(0.8) 0.039
Length of in-hospital stay, d 7.93+4.13 8.34+4.20 0.071

Abbreviation: CIAKI, contrast-induced acute kidney injury.
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