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Abstract

Background: The purpose of this study was to systematically evaluate the effect of renin—angiotensin—aldosterone
system blockers on the incidence of contrast-induced nephropathy in patients undergoing coronary angiography or
percutaneous coronary intervention.

Methods: A systematic literature search of several databases was conducted to identify studies that met the inclusion
criteria. A total of |2 studies with 14 trials that performed studies on a total of 4864 patients (2484 treated with renin—
angiotensin—aldosterone system blockers and 2380 in the control group) were included. The primary endpoint was the
overall incidence of contrast-induced nephropathy. Analyses were performed with STATA version 12.0.

Results: The overall contrast-induced nephropathy incidence in renin—angiotensin—aldosterone system blocker and
control groups was 10.43% and 6.81%, respectively. The pooled relative risk of contrast-induced nephropathy incidence
was .22 (95% confidence interval: 0.81—1.84) in the renin—angiotensin—aldosterone system blocker group. An increased
risk of developing contrast-induced nephropathy in the renin—angiotensin—aldosterone system blocker group was
observed among older people, non-Asians, chronic users, and studies with larger sample size, and the pooled RRs and
95% confidence intervals were 2.02 (1.21-3.36), 2.30 (1.41-3.76), 1.69 (1.10-2.59) and 1.83 (1.28-2.63), respectively.
Conclusions: Intervention with renin—angiotensin—aldosterone system blockers was associated with an increased risk
of contrast-induced nephropathy among non-Asians, chronic users, older people, and studies with larger sample size.
Large clinical trials with strict inclusion criteria are needed to confirm our results and to evaluate the effect further.
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Introduction the patients with DM or CKD, the incidence of CIN will be
much higher in the future.® Therefore, it is important and
urgent to find a way to prevent CIN.

Due to the increased usage of renin-angiotensin-aldos-
terone system (RAAS) blockers, including angiotensin-
converting enzyme inhibitors (ACEIs) and angiotensin 11
receptor blockers (ARBs), in patients with hypertension,

With the wide use of contrast media (CM), contrast-induced
nephropathy (CIN) has become an important cause of hos-
pital-acquired kidney injury, which accounts for increase in
morbidity, in-hospital stays, and mortality.'> CIN is defined
as an absolute rise in the serum creatinine (Scr) level by at
least 44 pumol/l (0.5 mg/dl) or an increase in Scr level of
>25% over baseline within 3 days following intravascular
CM exposure.® The incidence of CIN has been reported to
be <2% in general population, but it can rise up to 20% or
more in high-risk groups such as the elderly patients and
patients with diabetes mellitus (DM) or chronic kidney dis- ;f’r';esP:"dI;“g a‘t’th°': ¢ Neshrolosy. The First Hosoital of Chi
cas (CKD) Withthecontinuous increase nthe reament <200 s DFreen f Neshrlgy o oo i
of coronary angiography (CAG) or percutaneous coronary 0001, People’s Republic of China.

intervention (PCI), and the number of elderly patients and Email: xdliu@cmu.edu.cn

Department of Nephrology, The First Hospital of China Medical
University, People’s Republic of China

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and
Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/jra
mailto:xdliu@cmu.edu.cn

Journal of the Renin-Angiotensin-Aldosterone System

heart failure, renal glomerular disease, and diabetic
nephropathy, the effect of them on CIN is of increasing
concern.””!! However, results from studies on the effect of
ACEIs or ARBs on the incidence of CIN are conflicting.
Some reported that RAAS blockers increased the risk of
developing CIN, while others suggested they reduced the
risk.!>!3 Since the available data is conflicting, it is still not
clear whether people should withhold ACEI or ARB use in
order to prevent CIN. Therefore, we performed this meta-
analysis to investigate the influence of ACEIs or ARBs on
CIN incidence. Compared with other reviews, we excluded
the trials that used high osmolar CM (HOCM) which is an
identified risk factor for CIN. Furthermore, we performed
more extensive subgroup analyses based on mean age,
race, type of intervention, type of RAAS blockers, and
sample size.

Methods

Data sources and search strategies

The databases of PubMed, EMBASE, Cochrane Central
Register of Controlled Trials, the China National
Knowledge Infrastructure (CNKI) Database, Wanfang
Digital Periodicals Database (WFDP), Chinese Biological
and Medical Database (CBM), Chinese Journal Full-text
Database (CJFD), China Doctoral and Masters Dissertations
Full-text Database were searched. The following keywords
and MeSH terms were applied: “angiotensin-converting
enzyme inhibitor,” “ACE inhibitor,” “angiotensin receptor
blocker,” “renin angiotensin aldosterone system,” “contrast-
induced nephropathy,” “kidney injury,” “renal failure.” The
search included all relevant studies published before 9
December 2016 with no language limitation. We also
screened the reference lists of relevant review articles and
included studies for additional information.

Selection standards

We included studies investigating the effect of RAAS
blockers on CIN incidence. The studies had to meet the fol-
lowing criteria: (a) adult patients received CM during the
procedure of CAG or PCI; (b) the comparison included
chronic administration of an ACEI/ARB versus control or
withdrawal of the ACEI/ARB prior to the procedure, and
new administration of ACEI/ARB versus control; (c) the
study design was a randomized controlled trial (RCT), non-
randomized prospective registry analysis or retrospective
analysis; (d) the primary outcome of interest is CIN inci-
dence that defined as an absolute increase in Scr values
(>0.5 mg/dl) or by a relative increase as compared with the
baseline value (>25%) within 2-3 days after exposure to
CM. Additionally, the values of Scr after exposure to CM
72 h were also pooled; (e) all patients received hydration
therapy. Studies that used HOCM or did not report what
kind of CM was used were excluded. Furthermore, if

multiple publications were available for a study, we
included the most recent or the most detailed one.

Data extraction and quality assessment

Two of our authors extracted the following data indepen-
dently, using a pre-defined standardized data extraction
form: first author name, publication year, country of origin
of the population studied, study design, inclusion criteria,
sample size, participant characteristics, mean and standard
deviation of the value of Scr, glomerular filtration rate
(GFR) and blood urea nitrogen (BUN) before and after
exposure to CM, detailed preprocedural hydration proto-
cols, name and dose of CM, name and dose of ACEI/ARB,
the usage methods of ACEI/ARB (chronic or new), defini-
tion of the CIN, CIN events in case and control group. The
differences between these were resolved through discus-
sion and consensus with another of our authors.

We assessed the quality of RCTs using the Jadad
Scale,!* which features three principal assessment
domains: randomization, blinding, and participant drop-
out. Total scores range from 0-7, studies scoring fewer
than three points were considered to be of low quality. As
for observational studies, the Newcastle-Ottawa Quality
Assessment Scale (NOS) was used, which is a validated
scale for non-randomized studies in meta-analyses con-
taining nine items.'> Each item is assigned with a star if a
study meets the criteria of the item. Studies can be awarded
a maximum score of nine stars, and be considered of high
quality with a score of five stars or more.

Statistical analysis

The relative risk (RR) and 95% confidence interval (CI)
was considered as the effect size for CIN incidence, while
the standard mean difference (SMD) was used to summa-
rize results for the values of Scr after exposure to CM 72
h. A fixed-effects model was used if there was low hetero-
geneity existing between studies, otherwise, a random-
effects model was used. Heterogeneity was evaluated by
the Chi-square-based Q statistic test and quantified by 72,
classified as low (12<25%), moderate (25%</*<50%), or
high (1=50%).!6 Potential publication bias was evaluated
by funnel plots by Begg’s test and Egger’s regression
test.!”!® Sensitivity analyses were conducted to test
whether the pooled RRs were influenced by certain indi-
vidual studies by omitting a study each time and recalcu-
lating the pooled RR of the rest of the studies. Subgroup
analyses based on mean age, race, type of intervention
(chronic or new use), type of RAAS blockers (ACEI or
ARB), and sample size (=200 or <200) were conducted
to assess possible sources of statistical heterogeneity.
Analyses were performed with STATA version 12.0
(StataCorp, College Station, Texas, USA) and all tests
were two-sided with a significance level of 0.05.
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713 articles were identified by database search

676 articles were

v

excluded by abstract

v

37 full-text articles identified

25 articles were excluded:
Meta-analysis: 6

\| Lack of important data: 3

No hydration prevention: 3
No mention of CM categories

oruse HOCM: 8

Poor quality: 5

12 articles (14 trails) met inclusion criteria

Figure |. Flow chart of study selection.
CM: contrast media; HOCM: high osmolar contrast media.

Results

Search results and study characteristics

We identified 713 citations, of which 12 studies including
14 trials met the inclusion criteria (Figure 1). The popula-
tion for our meta-analysis was composed of 4864 patients
(2484 treated with ACEI or ARB and 2380 in the control
group).'’3° The characteristics of the individual studies
are summarized in Table 1. There were eight studies
(10 trials) performed in Asians.?!?323-30 Nine RCTs were
identified in this study,?-?22423272930 while the other
five studies were a non-randomized prospective registry
analysis or retrospective analysis.!?20:232628 Patients in
six trials received ACEIs, 21252729 i four trials received
ARBs,?>?%% and in four studies received either ACEIs
or ARBs.20232428 n six trials patients received chronic
intervention of ACEIs or ARBs.!>?%23-25 There were five
studies with a sample size greater than 200.'%2023:25:26
Assessment of quality of the studies found that nine RCTs
scored 3-5, and five observational studies scored six stars,
suggesting a moderate quality.

The overall effect of RAAS blockers on CIN
incidence

There were 14 trials included and the overall CIN incidence
in ACEI/ARB and control groups was 10.43% (259/2484)
and 6.81% (162/2380), respectively. The pooled RR of CIN
incidence in the ACEI/ARB group was 1.22 (95% CI:
0.81-1.84, Figure 2) under the random-effects model as a
significant heterogeneity existed (=61%, p=0.002). The

administration of ACEIs/ARBs was not associated with
decreased or increased risk of CIN incidence. There was no
publication bias (Figure 3; Egger’s test: p=0.437). Given
the marked between-study heterogeneity, a sensitivity anal-
ysis was conducted to see whether there was a certain study
accounting for the heterogeneity. We found that after we
omitted the study by Chen et al.,?® the remaining pooled RR
changed to 1.53 (95% CI: 1.12-2.09, Figure 4) and the
heterogeneity decreased (I>=17%, p=0.273). Other studies
were not observed to significantly influence the overall
analysis.

Subgroup analyses of CIN incidence

The results of subgroup analyses were shown in Table 2.
An increased risk of developing to post-procedure CIN in
the ACEI/ARB group was observed among older people
(mean age=65 years), non-Asians, chronic users who
continued ACEI/ARB before and after the contrast-using
procedure, and studies with larger sample size (popula-
tion=200), and the pooled RR and 95% CI were 2.02
(1.21-3.36), 2.30 (1.41-3.76), 1.69 (1.10-2.59), and 1.83
(1.28-2.63), respectively. Asians, new use of ACEI/ARB,
and studies with smaller sample size (population<<200)
had a slightly decreased risk of CIN incidence, but all of
them did not reach significance. Ten trials reported spe-
cific usage of ACEI or ARB medications, while we found
that the administration of neither ACEI nor ARB were
associated with CIN incidence. Similar results were
observed in subgroups stratified by study design.

The values of Scr after exposure to CM 72 h

There were six trials that reported the values of Scr after
exposure to CM 72 h, and the pooled SMD was —0.082
(95% CI: —0.216-0.053) under a fixed-effects model
(7=0.0%, p=0.420). The ACEI/ARB group did not signifi-
cantly change Scr values after exposure to CM 72 h.

Discussion

In this study we examined the association of ACEI/ARB
treatment with the incidence of CIN among patients under-
going CAG or PCI.

CM are traditionally classified by their osmolality:
HOCM, >1500 mOsm/kg (i.e. 5-8 times plasma); low-
osmolar CM (LOCM), 550-850 mOsm/kg (i.e. 2-3 times
plasma); and iso-osmolar CM (IOCM), 290 mOsm/kg (i.e.
isotonic to plasma).®3! Compared with HOCM, decreased
risk has been identified with the use of LOCM or IOCM,
particularly in high-risk patients.3>* In our analysis, studies
that used HOCM or did not report what kind of CM was used
were excluded. Comparing with previous meta-analyses,>*
the obvious risk factor for CIN was removed in our study.

The overall pooled analysis shows that the administra-
tion of ACEIs/ARBs is not associated with decreased or
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Study %
ID RR (95% CI) Weight
i
Cirit, 2006 ‘:—+— 270 (1.16, 6.25) 9.53
Kiski,2010 E—o— 2.84(1.21,6.62) 9.47
Li,2011 E 0.95(0.27,3.37) 6.36
Oguzhan,2013 E 2.67(0.76,9.41) 6.37
Rim,2012 E el 1.82(1.41,2.35) 14.94
Rosenstock,2008 - : 0.98 (0.30, 3.20) 6.82
Zheng GA,2013(a) : 0.32(0.07,1.57) 474
Zheng GA,2013(b) l 1.20 (0.34,4.19) 6.43
Liao B,2011 E 1.01(0.09, 10.99) 251
Hu YN,2012 ) E 0.62(0.15, 2.49) 5.62
Chen CL,2015 —;— E 0.61(0.40, 0.92) 13.63
LiTT,2010 : 0.57 (0.14,2.28) 5.66
Fan $B,2012(a) E + 1.95 (0.37, 10.30) 440
Fan $B,2012(b) - 0.96 (0.14, 6.63) 352
Overall (--squared = 61.0%, p = 0.002) <:> 1.22(0.81, 1.84) 100.00
T
NOTE: Weights are from random effects analysis E
.06164 1 15:.1

Figure 2. The forest plot evaluating the effect of angiotensin-converting enzyme inhibitor (ACEl)/angiotensin Il receptor blocker
(ARB) use on the overall incidence of contrast-induced nephropathy (CIN).

Cl: confidence interval; RR: relative risk.

Begg’s funnel plot with pseudo 95% confidence limits
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o
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Figure 3. The Begg’s funnel plot of publication bias.

increased risk of CIN incidence. However, if we omitted
one study carried out by Chen et al.,?® the remaining pooled
RR changed from 1.22 (95% CI: 0.81-1.84) to 1.53 (95%
CI: 1.12-2.09) and the heterogeneity decreased. The result
indicates that there should be some protective factors in this
study. By analyzing it carefully, we found that this study
was the only one that excluded patients with DM, while
other studies included different proportions of patients with
DM. DM is an important risk factor for CIN. Administration
of CM will aggravate kidney changes associated with
DM, including changes in renal hemodynamics, enhanced
tubular transport activity, and ROS generation.*® Removing

the factor of DM might indicate the protective issue for the
result. Since there were few clinical trials performed with-
out this obvious risk factor, more information could be
attained by performing clinical trials excluding patients
with DM in the future.

The subgroup analysis was conducted for the back-
ground complexity of the study population. The important
and interesting finding in our study is that using ACEIs/
ARBs increased the risk of developing CIN in non-Asians.
Despite the fact that therapeutic and preventive strategies
of renal diseases are mainly based on clinical observations,
there have been notable advances in genetic studies in
recent years.’’ Genetic factors, such as angiotensin-
converting enzyme (ACE) gene polymorphisms, are com-
plicating factors in the treatment of renal diseases among
different racial and ethnic groups.*®** Meanwhile, genetic
background may also determine the responsiveness to
ACEI/ARB drugs. For example, Narita et al. found that the
apparent lack of therapeutic efficacy of RAAS blockers
could be influenced by M235T and A(-20)C genotype of
the angiotensinogen gene (AGT) on renal survival in
immunoglobulin A nephropathy.*’ In addition, with exper-
imental studies showing that inflammatory reaction played
amajor role in the pathogenesis of CIN, the effect of ARBs
on the reduction of inflammatory factors was found to be
related to the insertion/deletion (I/D) polymorphism in the
ACE gene.*"* These studies suggest that testing for ACE
or AGT gene polymorphism is important for predicting the
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Figure 4. Sensitivity analysis for the overall estimate on the association between angiotensin-converting enzyme inhibitor (ACEI)/
angiotensin Il receptor blocker (ARB) use and contrast-induced nephropathy (CIN).

Cl: confidence interval.

Table 2. Subgroup analyses of contrast-induced nephropathy (CIN) incidence.

Subgroup Trials, n RR (95% CI) Heterogeneity, I
Mean age (years)

=65 4 2.02 (1.21-3.36) 6.10%
<65 10 0.99 (0.58-1.68) 66.80%
Race

Asian 10 0.92 (0.54-1.54) 65.00%
Non-Asian 4 2.30 (1.41-3.76) 0.00%
Study design

RCT 9 0.98 (0.62—1.56) 0.00%
Non-RCT 5 1.56 (0.78-3.12) 84.20%
Type of intervention

chronic use 6 1.69 (1.10-2.59) 37.30%
new use 8 0.75 (0.53-1.05) 0.00%
Type of RAAS blockers

ACEI 6 0.98 (0.51-1.89) 39.50%
ARB 4 1.81 (0.78-4.17) 0.00%
Sample size

=200 5 1.83 (1.12-3.00) 40.30%
<200 9 0.78 (0.57-1.07) 0.00%

ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin Il receptor blocker; Cl: confidence interval; RAAS: renin—angiotensin—aldosterone

system; RCT: randomized controlled trial; RR: relative risk.

effect of RAAS blockers in patients with CIN. Our data
shows that there is difference between the Asian and non-
Asian populations in preventing CIN with ACE-I/ARB
usage. This result may give a clue to help explain the con-
flicting findings in part of previous studies, and research

studies with large samples focusing on genotype may give
us more accurate information. According to our result, the
genetic background should be concerned when evaluating
the effect of ACEIs/ARBs on incidence of CIN.
Applications of genotype could be a reliable tool to
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identify patients at risk and those who may benefit the
most from therapy with RAAS blockers undergoing CAG
or PCI, and to guide individualized strategies.

Since ACEIs and ARBs constitute a major treatment for
CKD, DM, and cardiovascular disease, chronic usage of
them is very common among patients undergoing CAG or
PCIL. It is very important to analyze the effect of ACElIs/
ARBs on CIN between chronic and new users. By conduct-
ing subgroup analysis, we found that ACEI/ARB use was a
risk factor for developing CIN in chronic users who contin-
ued such drugs before and after the contrast-using proce-
dure. Ciritetal."” also found that chronic ACEI administration
is a risk for developing CIN in elderly patients with renal
insufficiency. Although the pathogenesis of CIN is not com-
pletely understood, change in renal hemodynamics is one of
the primary mechanisms.** Using ACEIs/ARBs leads to a
decrease in glomerular hydrostatic pressure and glomerular
filtration, and combined with increased viscosity of CM this
may increase the incidence of CIN.

Advanced age has been recognized as an independent
risk factor for the development of CIN for years.**® Our
result is consistent with this, with the increase of age, renal
tubular function, renal vascular compliance, and renal
blood flow auto-regulation decline which lead to decreased
renal blood flow and prolonged excretion of contrast agent.
We should master the indications for using contrast agents
in elderly patients strictly, and pay much attention to the
preventive treatment. An increased risk of developing to
CIN in the ACEI/ARB group was observed in studies with
larger sample size. A large sample size may have less bias,
and thus reduce the impact on the result. This result is con-
sistent with a previous meta-analysis.?

There are still some limitations in our study. For exam-
ple, the methodological quality of included literature was
not high, the brand name and dose of ACEI/ARB drugs
were not the same, and the baseline usage of other drugs,
such as N-acetylcysteine (N-ACC) were different. The
proportion of patients undergoing CAG or PCI and whether
magnetic resonance angiography (MRA) was performed
were not specified.

Conclusions

In the meta-analysis, we found that administration of
RAAS blockers was associated with the increased risk of
developing CIN among non-Asians, chronic users, older
people, and studies with larger sample size. However, the
robustness of our study remains weak for the complexity
of the population background, and large-scale trials with
strict inclusion criteria are needed to evaluate the effect
further in the future.
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