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Introduction

Contrast-induced nephropathy (CIN) is a common compli-
cation after coronary catheterization, with an incidence of as 
high as 20–40% in patients with renal insufficiency, and is 
associated with increased in-hospital and long-term clinical 
outcome, as well as prolonged hospital stay and raised 
healthcare costs.1–3 Avoiding the use of nephrotoxic drugs is 
one of the most fundamental preventive strategies for CIN.

It is a common practice in many centres to prescribe 
angiotensin-converting enzyme inhibitors (ACEIs) or 
angiotensin receptor blockers (ARBs) for patients with 
coronary artery disease before and after coronary 
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angiography because it reduces morbidity and mortality 
rates in the long term.4,5 But the role of the periprocedural 
use of ACEIs/ARBs on preventing CIN remains contro-
versial, as the available literature is conflicting and  
inconclusive. Bainey et al. found that ACEIs/ARBs dem-
onstrated a reduction of the post-procedural rise of creati-
nine in patients with moderate renal insufficiency 
undergoing cardiac catheterisation, although not reducing 
the rate of CIN.6 The European Society of Cardiology 
guidelines on myocardial revascularisation have recom-
mended optimal medical therapy including ACEIs as a 
preventive strategy of CIN for chronic kidney disease 
(CKD) patients (class I, level A).7 On the other hand, 
some studies have revealed neither beneficial nor adverse 
effects with the use of these drugs prior to contrast admin-
istration in patients with and without CKD.8–10 Moreover, 
a meta-analysis even showed that discontinuation of 
ACEIs/ARBs could reduce the incidence of CIN.11 Thus, 
paradoxical opinions exist among clinicians as to whether 
the administration of ACEIs/ARBs should be discontin-
ued prior to coronary catheterisation, especially in patients 
with reduced renal function. The varying conclusions 
might be because of differences in characteristics of study 
populations and interventions in studies. Similar to 
ACEIs/ARBs, the protective effect of saline hydration on 
CIN has been partly attributed to the inhibition of the 
renin–angiotensin–aldosterone system (RAAS).12 We 
hypothesised that saline hydration may further influence 
the circulatory volume and the renal blood flow after the 
administration of ACEIs/ARBs, thus affecting the devel-
opment of CIN.

Previous studies did not analyse the effect of ACEIs/
ARBs under various doses of saline hydration. Therefore, 
we conducted this study to evaluate the potential effect of 
hydration intensity on the role of ACEIs/ARBs on the risk 
of CIN in patients with CKD.

Methods

Subjects

All eligible patients in the Predictive Value of Contrast 
Volume to Creatinine Clearance Ratio (PRECOMIN, 
ClinicalTrials.gov NCT01400295) study were included in 
the present analysis. In this prospective observational 
study, the data were reviewed of all consecutive patients 
who had undergone coronary catheterisation between 
January 2010 and October 2012, at the Guangdong 
Cardiovascular Institute of the Guangdong Academy of 
Medical Sciences, Guangdong General Hospital. The eli-
gibility criteria were patients 18 years or older, creatinine 
clearance rate (CrCl) between 15 mL/minute and 60 mL/
minute, and agreement to stay in the hospital for at least 2 
days after coronary catheterisation. The exclusion criteria 
included pregnancy, lactation, contrast medium (CM) or 

ACEI/ARB allergy, renal artery stenosis, hyperkalemia, 
systolic blood pressure (SBP) less than 90 mmHg, renal 
replacement, CM exposure within 7 days before or 3 days 
after the procedure, cardiovascular surgery, malignancy, 
and no isotonic saline for hydration. Finally, 1254 patients 
were included in the analyses. The institutional study pro-
tocol was approved by the Guangdong General Hospital 
ethics committee. Written informed consent was obtained 
from all patients before the procedure.

Procedures and hydration

Coronary catheterisation was performed by experienced 
interventional cardiologists according to standard clinical 
practice via the femoral or radial approach, using standard 
devices. All patients received non-ionic, low-osmolarity 
contrast agents (either iopamiron or iopromide, both 370 
mg I/mL). The contrast dose was based on the need for the 
procedure. Pharmacotherapy and behavioural interven-
tions were administered at the discretion of the clinicians 
according to the clinical practice guidelines. Isotonic 
saline hydration was performed at the rate of 1 mL/kg per 
hour (0.5 mL/kg per hour in the case of left ventricular 
ejection fraction (LVEF) <40% or severe congestive heart 
failure) for at least 2–12 hours before and 6–24 hours after 
the procedure.2 Serum creatinine (SCr) concentrations 
were measured in all patients at admission and on days 1, 
2 and 3 after the procedure. CrCl was calculated using the 
Cockcroft–Gault formula. The hydration volume of iso-
tonic saline 12 hours before and 24 hours after the proce-
dure was recorded, and the hydration volume-to-weight 
(HV/W) ratio was calculated to indicate the adjusted 
intensity of hydration. Patients were stratified into low, 
moderate and high hydration groups according to tertiles 
of baseline HV/W: <10.21 mL/kg, 10.21 to <17.86 mL/
kg, and ⩾17.86 mL/kg.

Endpoints

The primary endpoint was the occurrence of CIN, defined 
as an absolute increase in SCr by 0.5 mg/dL or greater 
(44.8 mmol/L) from the baseline value within 48–72 hours 
after CM exposure. Other endpoints were: in-hospital all-
cause death; combined major adverse clinical events 
(MACEs) including all-cause death, non-fatal recurrent 
myocardial infarction, target vessel revascularisation, 
acute heart failure, arrhythmia, stroke and renal replace-
ment therapy.

Statistical analysis

All analyses were performed with SAS version 9.2 (SAS 
Institute, Cary, NC, USA), and statistical significance was 
considered if the P value was less than 0.05 (two-tailed). 
Continuous variables are described as means ± standard 
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deviation or median (if not normally distributed), while 
categorical variables are presented as absolute values (per-
centages). To identify differences in baseline characteris-
tics between the ACEI/ARB and non-ACEI/ARB groups, 
Student’s t-test or the Wilcoxon rank sum test were used 
for continuous variables, and the Pearson chi-square test or 
Fisher’s exact test were applied for categorical variables, 
as appropriate. The association between ACEI/ARB treat-
ment and CIN occurrence was assessed by using logistic 
regression analysis after adjusting for potential confound-
ing variables; the variables included either exhibited a sta-
tistically significant difference from baseline or were 
considered to have an important effect on the endpoints 
based on findings from clinical practice or previous stud-
ies. The in-hospital and long-term clinical outcomes 
between groups were compared using the log-rank test and 
Kaplan–Meier survival method. Cox regression analysis 
was conducted to determine the risk factors for follow-up 
death and MACEs and to determine the relationship 
between the accumulated risk of adverse events and the 
periprocedural administration of ACEIs/ARBs.

Results

Of the 1254 consecutive CKD patients (mean CrCl, 
45.1±10.5ml/min), 1094 were treated with ACEIs/ARBs 
during the periprocedural period and the other 160 were 
non-users. Compared to the non-ACEI/ARB group, the 
ACEI/ARB group in the first tertile (HV/W <10.21 mL/
kg, 375 patients) had a higher body weight (61.2±8.5 kg 
vs. 58.0±5.5 kg, P=0.001), LVEF (58.3±12.8% vs. 
52.5±14.4%, P=0.012), contrast volume (129.1±66.3 ml 
vs. 93.3±52.6 ml, P<0.001), and lower HV/W ratio 
(8.2±1.4 vs. 8.5±0.7 ml/kg, P=0.019), and a greater pro-
portion had hypertension (67.7% vs. 51.2%, P=0.03). The 
ACEI/ARB group in the second tertile (10.21⩽ HV/W 
<17.86 mL/kg, 369 patients) had fewer patients older than 
75 years (7.3% vs. 9.3%, P=0.017), higher SBP 
(132.1±21.9 mmHg vs. 121.7±22.4 mmHg, P=0.001), 
and diastolic blood pressure (DBP, 75.0±12.0 mmHg vs. 
69.8±10.6 mmHg, P=0.003), and a lower proportion of 
patients had anaemia (43.8% vs. 61.5%, P=0.017). The 
ACEI/ARB group in the third tertile (HV/W ⩾17.86 mL/
kg, 350 patients) had higher SBP (132.1±21.0 mmHg vs. 
114.0±26.5 mmHg, P<0.001) and DBP (74.5±10.7 mmHg 
vs. 65.0±15.3 mmHg, P<0.001) and a lower Mehran risk 
score (8.0±4.7 vs. 11.0±6.6, P<0.001), HV/W ratio 
(26.4±8.6 mL/kg vs. 32.1±17.3 mL/kg, P=0.012), base-
line SCr (113.6±38.4 vs. 142.3±69.7, P=0.002), and pro-
portion of CrCl <30 mL/minute (14.6% vs. 36.5%, 
P<0.001) and incidence of chronic heart failure (CHF) 
(24.6% vs. 41.3%, P=0.006). The other demographic, 
laboratory and procedural characteristics, such as gender, 
triglyceride, uric acid and stent number, were similar 
between the two groups for all tertiles (Table 1).

Overall, 6.2% (67/1094) patients developed CIN in the 
ACEI/ARB group and 10.8% (17/160) in the non-ACEI/
ARB group, respectively. The incidences of CIN were sig-
nificantly lower in patients treated with periprocedural 
ACEIs/ARBs than non-users (6.2% vs. 10.8%, P=0.029). 
Similar results were also obtained for the rates of in-hospi-
tal death (2.9% vs. 7.5%, P=0.003) and arrhythmia (6.0% 
vs. 11.9%, P=0.005). However, there were no significant 
differences between the two groups in the rates of MACEs 
(11.1% vs. 16.3%, P=0.057) and other in-hospital adverse 
events such as renal replacement therapy (1.4% vs. 3.1%, 
P=0.098; Table 2).

Multivariate logistic regression analysis indicated that 
periprocedural ACEI/ARB administration had no signifi-
cant effect on the risk of CIN (odds ratio (OR) 0.89, 95% 
confidence interval (CI) 0.46–1.73, P=0.735) after adjust-
ing for potential confounding risk factors (age >75 years, 
CrCl <30 mL/minute, CHF, contrast volume, anaemia, 
SBP, DBP and HV/W). Age greater than 75 years 
(P=0.045), CrCl less than 30 mL/minute (P<0.001) and 
CHF (P<0.001), and contrast volume (P=0.021) were risk 
factors for CIN occurrence in this population (Table 3).

The periprocedural administration of ACEIs/ARBs sig-
nificantly reduced the incidence of CIN in the second ter-
tile (5.44% vs. 13.21%, P=0.031). In addition, the 
incidence of CIN in patients treated with periprocedural 
ACEIs/ARBs compared to that of non-users was not sig-
nificantly different in the first tertile (3.51% vs. 2.38%, 
P=0.701) and in the third tertile (9.7% vs. 14.75%, 
P=0.254; Figure 1).

Consistent with the results mentioned above, multivari-
ate logistic regression analysis revealed that the periproce-
dural administration of ACEIs/ARBs significantly reduced 
the risk of CIN after coronary catheterisation in CKD 
patients only in the second tertile after adjusting for age 
greater than 75 years, CrCl less than 30 mL/minute, CHF, 
contrast volume, anaemia, SBP, DBP and HV/W ratio (OR 
0.26, 95% CI 0.09–0.74, P=0.012; Figure 2).

The median follow-up period was 2.59 years (interquar-
tile range 1.84–3.44 years) and was continued for all patients 
who survived until discharge. Patients treated with peripro-
cedural ACEIs/ARBs demonstrated a lower incidence of 
all-cause death in the second tertile (14.5% vs. 26.2%, 
P=0.043) and MACEs in the first (6.8% vs. 16.7%, P=0.027) 
and second tertiles (15.2% vs. 28.6%, P=0.023; Figure 3).

On multivariable Cox proportional hazard regression 
analysis, periprocedural ACEI/ARB administration sig-
nificantly reduced the risk of death (hazard ratio (HR) 
0.426, 95% CI 0.207–0.877, P=0.02) and MACEs (HR 
0.43, 95% CI 0.216–0.856, P=0.016) only in the second 
tertile after adjusting for age greater than 75 years, DM, 
CrCl, CHF, SBP and HV/W ratio. In addition, age greater 
than 75 years, DM and CrCl were independent risk factors 
for long-term death and MACEs after coronary catheteri-
sation in the second HV/W tertile (Figure 4).
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Discussion

The key finding of our study was that the effect of ACEIs/
ARBs on CIN in CKD patients varied according to the 
intensity of hydration. ACEIs/ARBs presented as a pre-
ventive factor for CIN and significantly reduced CIN risk 
by more than 70% in the second HV/W tertile with moder-
ate intensity hydration, but showed neither adverse nor 
beneficial effects with a non-significant trend towards 
higher CIN risk in the first and third tertiles after adjusting 
for potential confounding factors. Therefore, ACEIs/ARBs 
prescribed during the periprocedural period may reduce 
CIN incidence in CKD patients administered moderate-
intensity saline hydration. To our knowledge, this is the 
first study that investigated the effect of the periprocedural 
use of ACEIs/ARBs on the risk of CIN at particular saline 
hydration levels in a prospective observational manner.

The use of ACEIs/ARBs was reported to be a risk fac-
tor for CIN in some previous studies in which the details 

Table 2. In-hospital events of the ACEI/ARB group and the non-ACEI/ARB group.

Variables ACEI/ARB (n=1094) No ACEI/ARB (n=160) P value

CIN 67 (6.2%) 17 (10.8%) 0.029
Death 32 (2.9%) 12 (7.5%) 0.003
Renal replacement therapy 15 (1.4%) 5 (3.1%) 0.098
Acute heart failure 56 (5.1%) 9 (5.6%) 0.791
Non-fatal recurrent MI 9 (0.8%) 0 (0.0%) 0.249
Target vessel revascularisation 3 (0.3%) 0 (0.0%) 0.529
Arrhythmia 65 (6.0%) 19 (11.9%) 0.005
Stroke 9 (0.8%) 2 (1.3%) 0.590
MACEs 121 (11.1%) 26 (16.3%) 0.057

Values are reported as n (%).
ACEI/ARB: angiotensin-converting enzyme inhibitor or angiotensin receptor blocker; CIN: contrast-induced nephropathy; MI: myocardial infarction; 
MACEs: major adverse clinical events (all-cause death, non-fatal recurrent myocardial infarction, acute heart failure, arrhythmia, stroke and renal 
replacement therapy).

Table 3. Multivariate analyses for the association between 
ACEIs/ARBs and CIN risk.

Variables OR 95% CI P value

ACEI/ARB 0.89 0.46~1.73 0.735
Age >75 years 1.66 1.01~2.72 0.045
CrCl <30 mL/min 4.29 2.44~7.54 0.000
CHF 3.25 2.01~5.25 0.000
Contrast volume 1.00 1.00~1.01 0.021
Anaemia 0.99 0.61~1.61 0.979
SBP 0.99 0.98~1.01 0.349
DBP 1.00 0.98~1.03 0.855
HV/W 1.02 1.00~1.04 0.068

ACEI/ARB: angiotensin-converting enzyme inhibitor or angiotensin 
receptor blocker; CI: confidence interval; CrCl: creatinine clearance; 
CHF: chronic heart failure; DBP: diastolic blood pressure; HV/W: 
hydration volume-to-weight ratio; OR: odds ratio; SBP: systolic blood 
pressure.

Figure 1. Incidence of CIN in the ACEI/ARB group and the 
non-ACEI/ARB group according to HV/W tertiles.
ACEI/ARB: angiotensin-converting enzyme inhibitor or angiotensin re-
ceptor blocker; CIN: contrast-induced nephropathy; HV/W: hydration 
volume to body weight.

Figure 2. Multivariate analysis for association between 
periprocedural administration of ACEI/ARB and CIN risk based on 
HV/W tertiles. (OR were adjusted for age >75 years, CrCl <30 
mL/minute, CHF, contrast volume, anaemia, SBP, DBP and HV/W.).
ACEI/ARB: angiotensin-converting enzyme inhibitor or angiotensin 
receptor blocker; CIN: contrast-induced nephropathy; CrCl: creatinine 
clearance rate; CHF: chronic heart failure; CI: confidence interval; DBP: 
diastolic blood pressure; HV/W: hydration volume to body weight; OR: 
odds ratio; SBP: systolic blood pressure.
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on hydration were not detailed. Toprak et al.13 performed 
a randomised controlled study on the effect of periproce-
dural captopril on CIN in 80 patients with SCr less than 2 
mg/dL. Compared with patients treated without ACEIs/
ARBs, those treated with captopril had a significantly 
higher CIN incidence (8.3% vs. 3%, P=0.02). Similar 
results were observed in elderly patients and patients with 
imparied renal function.14,15 Accordingly, some research-
ers suggested withdrawing these drugs during the peripro-
cedural period in CIN high-risk patients.

However, other studies reported neutral or even contra-
dicting results. Rosenstock et al., in a randomised controlled 
study on patients at stages 3–4 CKD (n=281), compared the 
effect of continuing or discontinuing of long-term ACEI/
ARB therapy before and 24 hours after the procedure with no 

ACEI/ARB therapy on CIN development. No difference in 
CIN incidence was detected among the three groups (6.2%, 
3.7% and 6.3%, P=0.66), and thus the authors concluded that 
patients at stages 3–4 CKD undergoing percutaneous coro-
nary intervention do not need to withdraw ACEIs/ARBs dur-
ing the periprocedural period.10 Another randomised 
controlled study conducted among 208 patients with moder-
ate renal insufficiency by Bainey et al. indicated that contin-
ued ACEIs/ARBs caused a lower increase in mean SCr after 
the procedure in patients who continued ACEIs/ARBs 
(0.3±0.5 vs. 0.1±0.3 mg/dL, P=0.03) while not increasing 
the rate of CIN.6 So they suggested withholding this low-cost 
intervention before cardiac catheterisation.

The most recent meta-analysis regarding ACEIs/ARBs 
on CIN risk including 14 studies (15,447 subjects) indicated 

Figure 3. Kaplan–Meier curves for the cumulative probability of follow-up all-cause death (a, b and c for the first, second and third 
tertiles) and MACEs (d, e and f for the first, second and third tertiles).
ACEI/ARB: angiotensin-converting enzyme inhibitor or angiotensin receptor blocker; MACEs: major adverse clinical events.

Figure 4. Multivariate Cox regression analysis of risk factors for follow-up all-cause death (a) and MACEs (b) according to HV/W 
tertiles. HR were adjusted for age greater than 75 years, DM, CrCl, CHF, SBP and HV/W.
ACEI/ARB: angiotensin-converting enzyme inhibitor or angiotensin receptor blocker; CrCl: creatinine clearance rate; CHF: chronic heart failure; CI: 
confidence interval; DM: diabetes mellitus; HV/W: hydration volume to body weight; HR: hazard ratio; MACEs: major adverse clinical events; SBP: 
systolic blood pressure.
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that ACEI/ARB treatment significantly increased the risk of 
CIN in seven observational studies (OR 1.84, 95% CI 1.19–
2.85, P=0.006) but not in the randomised controlled trials 
(OR 0.88, 95% CI 0.41–1.90, P=0.74).16 The conflicting 
results that lead to paradoxical opinions among clinicians 
may be due to differences in characteristics of study popula-
tions and interventions such as isotonic saline hydration that 
are reported to affect renal haemodynamics and thus 
decrease CIN risk partly by inhibiting the RAAS.

Renal medullary hypoxia resulting from alternation in 
renal haemodynamics such as the reduction in renal blood 
flow secondary to renal artery vasoconstriction after CM 
exposure was considered the main pathophysiology of 
CIN.17,18 There was rapid renal vasodilatation followed by 
prolonged vasoconstriction after CM exposure, associated 
with increased intrarenal vascular resistances, decreased 
renal blood flow, and reduced glomerular filtration rate 
(GFR), which may partly result from and be further aggra-
vated by the activated RAAS.19–21 Both ACEIs and ARBs 
are RAAS blockers that prevent vasoconstriction, reduce 
the generation of reactive oxygen species, and increase the 
synthesis of nitric oxide by inhibiting angiotensin II.22,23 
Experimental data suggest an important role of RAAS 
activation in contrast-induced intrarenal vasoconstriction 
and renal tubular cell apoptosis, and the blockade of angio-
tensin II decreased the duration of renal vasoconstriction 
and renal tissue injury following CM exposure.24 However, 
the decrease in renal vascular resistance is predominant  
on the efferent arteriole of the glomerule rather than the 
afferent arteriole, and therefore the GFR may be further 
decreased by reducing the intraglomerular pressure.25 The 
decreased GFR may not only prolong the excretion of CM, 
but also further affect renal tubulodynamics, increasing the 
duration of CM exposure, nullifying the increase in renal 
perfusion, and even reducing renal blood flow in the case 
of hypovolaemia.

Isotonic saline hydration is a well proved and widely 
accepted preventive strategy for CIN decreasing the direct 
toxic effects of CM on the renal tubules by diluting CM, 
countering against renal vasoconstriction by downregulat-
ing tubuloglomerular feedback to inhibit the RAAS, and 
decreasing the release of vasoconstrictors and production 
of reactive oxygen species.26 The effects of isotonic saline 
hydration on renal haemodynamics may prevent the dele-
terious effect of ACEIs/ARBs on GFR and further increase 
renal blood flow through volume expansion and sodium 
load.27 Therefore, we propose that ACEIs/ARBs may 
reduce the incidence of CIN when treated with a certain 
intensity of periprocedural isotonic saline hydration, while 
increasing the risk of CIN occurrence in the case of insuf-
ficient hydration accompanying pre-existing hypovolae-
mia, and have no effect on CIN if the hydration intensity is 
sufficient to inhibit the RAAS completely. However, none 
of the studies mentioned above investigated the effect of 
ACEIs/ARBs on CIN under different hydrations.

In our present observational study, saline hydration 
strategies were based on the judgement of clinicians. 
Patients with hypovolaemia or a higher risk of CIN received 
a higher intensity of saline hydration. Therefore, a trend 
towards increased CIN incidence with increasing HV/W 
level was observed, and patients in the first HV/W tertile 
with a mean LVEF of 55.9% should be adequate in circulat-
ing volume. Consistent with our hypothesis, the periproce-
dural administration of ACEIs/ARBs was a protective 
factor for CIN prevention in the second tertile, and there 
was no effect in the other two tertiles. In addition, we 
observed a significant protective effect of periprocedural 
ACEI/ARB treatment on the long-term all-cause death and 
MACEs in the second HV/W tertile. That may be attributed 
to a reduced incidence of CIN, which has been well proved 
to be associated with worse long-term clinical outcomes.

The present study has several limitations. First, this is a 
retrospective analysis of prospective study data, and hence 
causality would need to be confirmed in future randomised 
controlled trials. Second, the incidence of CIN may have 
been underestimated because SCr was not monitored con-
tinuously, as the peak value of SCr after CM exposure 
could not be predicted. Finally, variation in the measure-
ment times may have led to reduced precision of the results.

Conclusion

Our study results indicate that in patients undergoing coro-
nary angiography or intervention with CKD, the effect of 
the periprocedural administration of ACEIs/ARBs on the 
risk of CIN varied according to isotonic saline hydration 
intensity. When a moderate intensity of saline hydration 
was administered concomitantly during the periprocedural 
period, ACEI/ARB use was associated with a significant 
reduction in CIN incidence and improvement in long-term 
outcomes. Thus, we recommend patients with CKD to be 
prescribed ACEIs/ARBs when administrated moderate 
hydration in order to prevent CIN.
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