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Abstract

Introduction: Contrast-induced nephropathy (CIN) is the third most common
cause of iatrogenic acute renal failure and is triggered by administration of
radiopaque contrast media. Periprocedural hydration is imperative in pre-
vention of CIN, and uric acid has been recognized to have an integral role
in development of renal disease. The aim of our study is to understand the
efficacy of allopurinol in preventing CIN among patients undergoing percu-
taneous coronary intervention.

Material and methods: A literature search was performed on PubMed (Med-
line), Science Direct and Cochrane Library using a combination of Mesh
terms. We limited our search to randomized controlled trials (RCTs) and arti-
cles published in the English language. The PRISMA protocol was utilized to
conduct this meta-analysis.

Results: Six studies were included in the final analysis. All included stud-
ies were clinical trials conducted between 2013 and 2019. A total of 853
patients were included. There was a significant reduction in the risk of CIN
among patients who were pretreated with adequate hydration plus allopu-
rinol (100 to 600 mg) compared to hydration only before undergoing percu-
taneous coronary angiography (RR = 0.39, 95% Cl: 0.21-0.73). A sensitivity
analysis of studies using 300 mg of allopurinol only reported a significant
reduction in CI-AKI compared to hydration alone (RR = 0.26, 95% Cl: 0.11-
0.57).

Conclusions: Our study demonstrates that Allopurinol is effective in pre-
venting contrast-induced nephropathy in patients undergoing percutaneous
coronary intervention. Larger clinical trials are warranted to better under-
stand this effect.

Key words: contrast-induced nephropathy, allopurinol, percutaneous
coronary intervention, coronary artery disease, acute kidney injury.

Introduction

Contrast-induced nephropathy (CIN) was first described in 1954, which
occurred after intravenous pyelography [1]. CIN is the third most common
cause of iatrogenic acute renal failure [2]. A prospective study by Hou et al.
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on latrogenic renal insufficiency revealed around
79% of cases occurring from decreased renal perfu-
sion, post-operative insufficiency, radiographic con-
trast media and aminoglycosides. Risk factors for
developing CIN are age, diabetes mellitus, chronic
kidney disease, volume of contrast media, conges-
tive heart failure, cardiogenic shock and history of
renal transplant [3]. The accepted definition of CIN
is a 25% relative increase or an absolute increase of
0.5 mg/dlin creatinine levels within 48-72 h of con-
trast exposure, in the absence of other causation
[2—4]. The burden of CIN is rising due to increasing
frequency of contrast-dependent radiologic imag-
ing and therapeutic interventional studies [2]. As
a result of the paradigm shift in the treatment of
structural heart disease and stable ischemic heart
disease, there has been a substantial increase in
the number of percutaneous interventions for many
debilitated patients as in transcatheter aortic valve
replacement (TAVR) for severe aortic stenosis, Mitra
Clip for mitral regurgitation and percutaneous cor-
onary intervention (PCl) for chronically totally oc-
cluded (CTO) coronary arteries. These complex per-
cutaneous interventions have resulted in increasing
procedure time and contrast amount used, which
inadvertently leads to a significant increase in the
incidence of CIN. CIN is known to affect as many as
50% of the high risk patients who undergo coro-
nary angiography or percutaneous coronary inter-
vention [2, 3]. In addition to prolonging hospital
stay, CIN is associated with an overall increase in
mortality with a dramatic increase of in-hospital
mortality up to 5 times [5, 6].

In an effort to counter the effect of contrast
media on renal function, multiple preventative
strategies have been recommended. Current evi-
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dence for employing pharmaceutical intervention
to prevent CIN is inconsistent and warrants fur-
ther prospective studies. In 2014 the European So-
ciety of Cardiology (ESC) recommended the use of
the minimal possible volume of contrast media to
prevent CIN. In addition, periprocedural hydration
is imperative in prevention of CIN as recommend-
ed by the ESC [7]. In recent literature, uric acid
has been implicated in the development of renal
disease as well as CIN, which led many studies to
investigate the efficacy of allopurinol in prevent-
ing CIN [8, 9]. Allopurinol is a competitive inhibitor
of xanthine oxidase (XO) which is used to treat
hyperuricemia; it also inhibits the production of
free radicals that are a potential cause of CIN [4].

The aim of our study is to understand the ef-
ficacy of allopurinol in preventing CIN among pa-
tients undergoing percutaneous coronary inter-
vention.

Material and methods

We performed a literature search on PubMed
(MEDLINE), Science Direct and Cochrane Library
using a combination of MeSH terms and keywords
which included contrast-induced injury, acute
kidney injury, allopurinol, percutaneous coronary
intervention, contrast medium and coronary an-
giography. We limited our search to randomized
control trials (RCTs) and articles published in the
English language. The PRISMA (Preferred Report-
ing Items for Systemic Review and Meta-Analysis)
protocol was utilized to conduct this meta-analy-
sis (Figure 1) [10].

A total of 400 titles and abstracts were re-
viewed, up to the date of 12/30/2019. All litera-
ture was tabulated in Mendeley citation manager.
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Figure 1. PRISMA diagram showing screening process starting from titles retrieved at initial literature search, rea-
sons of exclusion and total articles included in final quantitative analysis
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Table 1. Inclusion and exclusion criteria, used by the studies in our meta-analysis, to recruit eligible patients for
assessing the effect of contrast-induced nephropathy after percutaneous cardiac intervention

Authors/year

Exclusion

Inclusion

Definition of CIN

Erol et al./2013

Patients with acute myocardial infarction (AMI),
cardiogenic shock, acute renal failure, current
peritoneal dialysis or hemodialysis, planned
post-contrast dialysis, history of intravascular
administration of contrast agents or anticipated
re-administration of contrast agents within the
following 4 days

Patients with
stable serum
creatinine levels
> 1.1 mg/dl

An increase in
baseline serum
creatinine
concentration by
25%

Kumar et al./2014

Patients who received more than the maximum
permissible dose of the dye, patients on any
nephrotoxic drugs, patients with gout or
serum uric acid levels > 10 mg/d|, history of
hypersensitivity or intolerance to allopurinol,
congestive heart failure or ejection fraction < 40%
and inability to give consent

Patients
undergoing
angiography or
angioplasty with
stable creatinine

A rise in serum
creatinine levels
of 0.5 mg/d|, or
a 25% increase
from baseline

Ghelich et al./2017

Patients with acute coronary syndrome, CABG/
PPCI, patients with a history of allopurinol use,
gout, SCr > 3 mg/dl or eGFR < 60 ml/min, hepatic
failure, 6MPB warfarin, azathioprine, history of
allergy to allopurinol

eGFR > 60 ml/min

A 25% increase
in serum cystatin
C relative to the
patient’s baseline
value in the first
24 h

Sadineni et al./2017

Patients with acute renal failure, end stage
renal disease requiring dialysis, recent history
of intravascular administration of contrast
material within previous 6 days, pregnancy,
lactation, emergent coronary angiography, history
of hypersensitivity reaction to contrast media,
cardiogenic shock, pulmonary edema, mechanical
ventilator, parenteral use of diuretics, recent use
of NAC, recent use of ascorbic acid, and use of
metformin or NSAIDS within 48 h of procedure
were excluded from the study

Patients with
age more than
30 years and
a stable serum
creatinine of
> 1.2 mg/dl

An increase in
serum creatinine
from baseline
of > 25% or an
absolute increase
of >0.3

Iranirad et al./2017

Patients with end-stage renal insufficiency (eGFR
less than 15 ml/min), acute renal insufficiency,
pregnancy and lactation, pulmonary edema,
cardiogenic shock, multiple myeloma, history of an
allergic reaction to contrast agents or allopurinol,
contrast media exposure within seven days before
the procedure, uremia, renal failure resulting
in receiving dialysis and the administration of
NAC, metformin, dopamine, theophylline, sodium
bicarbonate, mannitol, fenoldopam, diuretics
and nephrotoxic medicines within 48 h before
a procedure

Patients with
congestive
heart failure,

hypertension and
diabetes mellitus,

age above
75 years and

renal insufficiency

< eGFR less

than 60 ml/
min/1.73 m? or
baseline serum

creatinine

> 1.5 mg/dl

An increase in SCr
levels by
44.2 pumol/l
(0.5 mg/dl) or
25% above the
baseline within
24-48 h

Bodgah et al./2019

The exclusion criteria were a history of acute/
chronic renal failure, diabetes mellitus (DM),
emergency angioplasty, and a family history of
renal diseases

Patients aged
> 55 years as
well as with the
first experience
of angioplasty,
elective
procedures, and
serum creatinine
(SCr) value
> 1.1 mg/kg were
included in the
study

An increase of
> 25% in serum
creatinine on 2"

lab testing
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Data extraction and study characteristics

Screening was performed by two independent
researchers (KM and MS). Eligible studies were in-
cluded. Patients in all studies were subjected to
either coronary angiography or percutaneous cor-
onary intervention. The definition of contrast-in-
duced nephropathy was generally the same across
all RCTs with the exception of Erol et al. [4], who
defined CIN as > 25% elevation of serum cystatin
C. Kumar in their study divided the study popula-
tion into two groups based on the type of contrast
medium used (Omnipaque and Visapique); the
same study had three arms (hydration alone, hy-
dration with NAC and hydration with allopurinol).
We used the groups as separate studies as dif-
ferent contrast media would likely confound the
results if combined together [11]. Ghelich Khan
et al. did not report the type of contrast medium
used [12], while the rest of the studies utilized
nonionic contrast media.

Inclusion/exclusion criteria

Eligible randomized control trials, where com-
parison groups included patients pre-treated with
allopurinol or a known treatment prior to under-
going cardiac catheterization (CA or PCl), were in-
cluded. Measured outcomes were an increase of
0.5 mg/dl of serum creatinine (SCr), reduction of
25% from baseline eGFR, elevation of blood urea
nitrogen (BUN), and elevation of uric acid (UA).
Observational studies, pediatric studies and stud-
ies that did not report the abovementioned out-
comes were excluded. The inclusion and exclusion
criteria of the studies included in this meta-analy-
sis are shown in Table I.

Statistical analysis

We conducted a meta-analysis based on the
random effects model according to DerSimoni-
an and Laird methods using Comprehensive Me-
ta-Analysis (CMA) Version 3.3.070. To compare the
efficacy of treatment and placebo groups, we used
odds ratios (OR) as a measure of effect. Heteroge-
neity in trials was assessed using the Q-statistic,
which was quantified by > expressed as a per-
centage. It represents the non-random variation of
the study, i.e., variation due to differences in study
design, interventions, or populations. Heterogene-
ity was graded as follows: I* < 25% = negligible,
>=50% = moderate and I*> 75% = substantial.
A funnel plot was used to assess publication bias.

Results

We retrieved 400 titles on our initial search.
Based on pre-determined exclusion criteria, we
excluded 376 articles. Out of the 24 articles left,

Table Il. Baseline characteristics for all the studies included in our systematic review and meta-analysis

Procedure

F/U

[h]

ALL
[mg]

NS*
[ml/kg/h]

Contrast administered in intervention

Ctrl (SCr)

AKI (n/N) ALL (SCr)

N

(c/ctrl)

Design

Authors/year

and control group

Ctrl

ALL

Contrast

Ctrl

ALL

[ml]

119 +26

[ml]

121 £25

PCl and CA
PCl and CA
PCl and CA

96

1
1

300
300
300
600
300

Omnipaque

1.48 [1.1-2.96]

1.43[1.1-4.15]

6/80
16/45

0/79
0/40
0/50

159 (79/80)

90 (45/45)

95 (50/45)
209 (101/108)

RCT
RCT
RCT
RCT
RCT
RCT

Erol et al./2013

20
20

1+

Omnipaque

Kumar et al./2014
Kumar et al./2014
Ghelich et al./2017

1+

Visipaque

15/50
25/108

PCI
PCl and CA

24

212.3 £+84.1 207.7 £76.5

Omnipaque 68.7 +46.77 77.33 +43.3

0.96 +0.24
2.19 £1.01

0.88 +0.24
1.91 +£0.72

17/101
5/30
8/70
6/50

0.5"

11/30

60 (30/30)
140 (70/70)

Sadineni et al./2017
Iranirad et al./2017
Bodagh et al./2019

CA
PCl

41.1£15.5 40.1+14.4 1 100 96
300 72

lodixanol

+0.3

1.2 +0.3 1.

11/70

19/50

100 (50/50)
C - cases, Ctrl — control, RCT — randomized controlled trial, SCr — serum creatinine, ALL — allopurinol, F/U — follow-up, NS — normal saline. *12 h pre- and post-procedure, *ml/kg bw/min, ~0.3 ml/kg/h for patients with ejection

fraction < 40%.

RCT
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Study name  Time Statistics for each study Risk ratio and 95% CI
point Risk ratio Lower limit Upper limit Z-value P-value

Erol et al. 2013 0.084 0.005 1.486 -1.689 0.091 q——
Kumar et al. 2014 0.035 0.002 0.568 -2.358 0.018 <———
Kumaretal 1 2014 0.033 0.002 0.543 -2.389 0.017 <——
Khan et al. 2017 0.727 0.418 1.264 -1.129 0.259
Sadinenietal. 2017 0.455 0.180 1.150 -1.665 0.096
Iranirad etal. 2017 0.727 0.311 1.699 -0.736 0.462
Bodaghetal 2019 0316 0138 0724 -2722 0006 E B

0.393 0.211 0729  -2.959 0.003 ‘
> = 51%, p-value = 0.06

0.01 0.1 1 10 100
Allopurinol Placebo

Figure 2. Forest plot comparing efficacy of allopurinol and hydration with hydration alone in preventing CIN among

patients undergoing percutaneous intervention
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Figure 3. Risk of bias assessment for included studies

14 duplicates were removed, and 10 studies were
considered eligible for full text review. Four studies
were deemed unrelated to our study and six stud-
ies were included in the final analysis. Reasons of
exclusion for the remainder of the studies are out-
lined in Figure 1. All included studies were clinical
trials conducted between 2013 and 2019. A total
of 853 evaluable patients were included and their
baseline characteristics are shown in Table II.
They underwent either coronary angiography
or percutaneous coronary intervention. The fol-
low-up period was between 24 h and 5 days [4,
11-15]. Three out of the 7 clinical trials included
patients with baseline SCr > 1.1-1.5 [4, 13, 14].

Included studies used Omnipaque or Visapique as
the contrast agent. Most studies used 300 mg of
allopurinol with hydration 24 h before adminis-
tering contrast agent. Iranirad et al. used 100 mg
of allopurinol and Ghelich et al. used 600 mg of
allopurinol with hydration 24 h before interven-
tion. There was a significant reduction in the
risk of CIN among patients who were pretreated
with adequate hydration plus allopurinol (100 to
600 mg) compared to hydration only before un-
dergoing percutaneous coronary angiography (RR
=0.39, 95% Cl: 0.21-0.73) (Figures 2, 3). A sensi-
tivity analysis of studies using 300 mg of allopuri-
nol only reported a significant reduction in CI-AKI
compared to hydration alone (RR = 0.26, 95% Cl:
0.11-0.57).

Discussion

CIN is the third most common cause of hospi-
tal-acquired acute renal failure [16]. Diagnosis is
usually based on a rise in serum creatinine after
exposure to a contrast agent [16]. The pathophys-
iology of CIN is not fully understood. However, it
is proposed that renal medullary hypoxia and di-
rect tubular epithelial cell toxicity are the main
factors responsible [17]. Contrast media cause
intrarenal vasoconstriction with consequent re-
duction in renal perfusion, leading to ischemia,
most pronounced in the renal medulla [17]. This
effect is compounded by reactive oxygen species
(ROS) produced by the polymorphonuclear cells
attracted to the area of tissue damage [17]. Allo-
purinol is a substrate for xanthine oxidase and is
oxidized to oxallopurinol, which is retained at the
active site of the enzyme; the hydrogen-bonding
potential of allopurinol makes it a potent inhibitor
of xanthine oxidase [18]. An experimental study
by Prieto-Moure et al. proved that allopurinol had
a protective renal effect when used prior to or
during renal ischemia in rats by decreasing lip-
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id peroxidation and neutrophilic activation with
a down regulatory effect in inflammatory cyto-
kines [19]. Another human study demonstrated
noteworthy variances in biochemical markers
when allopurinol was compared to hydration for
high risk patients, to prevent CIN, but no con-
siderable effectiveness was found [13]. Another
study demonstrated that allopurinol dosage of
> 200 mg/day is independently protective against
incident renal failure in elderly allopurinol users.
The literature also reports that a longer duration
of allopurinol use may be associated with lower
risk of incident renal failure among allopurinol
users [20]. It was reported that pre-procedural al-
lopurinol significantly reduced the risk of CI-AKI
(RR = 0.39, 95% Cl: 0.20-0.74). It also led to
a significant reduction in blood urea nitrogen
levels (SMD = -0.40, 95% Cl: —0.60 to —0.020)
and a trend toward lower serum uric acid levels
(SMD = -0.72, p = 0.01). They did not report
a dose-based sensitivity analysis which we per-
formed, thereby supporting the core analysis as
well as the findings of other meta-analyses. Our
study was not without limitations. First, there
was moderate heterogeneity in the results. It can
be explained by baseline differences in kidney
function of included patients. It is also a conse-
quence of the two studies using a dose of 100 mg
and 600 mg of allopurinol in contrast to a dose of
300 mg, which was predominantly used in many
studies. Second, publication bias was observed in
the funnel plot, which depicted under-reporting of
studies that were not published because of insig-
nificant results. Retrospectively, our findings are
supported by a study that compared saline, ace-
tylcysteine and allopurinol, which demonstrated
significant results in the allopurinol + hydration
arm compared to acetylcysteine and saline inde-
pendently in patients undergoing percutaneous
coronary angiography [11]. In summary, allopu-
rinol showed a significant reduction in the rate
of CI-AKI when compared to pre-procedural hy-
dration alone. Sensitivity analysis of the 300 mg
dose of allopurinol also reinforced the base case
analysis. Further clinical trials may be warranted
to establish guidelines when taking into account
the absolute effectiveness of allopurinol in reduc-
ing rates of CI-AKI.

In conclusion, our study demonstrates that
allopurinol has a protective effect in preventing
contrast-induced nephropathy in patients under-
going percutaneous coronary intervention. Larger
clinical trials are warranted to better understand
this effect.

Conflict of interest

The authors declare no conflict of interest.

a systematic review and meta-analysis

References

1. Bartels ED, Brun GC, Gammeltoft A, Gjgrup PA. Acute
Annria following intravenous pyelography in a patient
with myelomatosis. Acta Med Scand 2009; 150: 297-
302.

2. Katholi RE. Contrast-induced nephropathy — update and
practical clinical applications. US Cardiovasc Dis 2006;
3:73-80.

3. Mehran R, Nikolsky E. Contrast-induced nephropathy:
definition, epidemiology, and patients at risk. Kidney Int
2006; 69: S11-5.

4. Erol T, Tekin A, Katircibasi MT, et al. Efficacy of allopu-
rinol pretreatment for prevention of contrast-induced
nephropathy: a randomized controlled trial. Int J Cardiol
2013; 167: 1396-9.

5. Rihal CS, Textor SC, Grill DE, et al. Incidence and prog-
nostic importance of acute renal failure after percuta-
neous coronary intervention. Circulation 2002; 105:
2259-64.

6. McCullough PA, Wolyn R, Rocher LL Levin RN,
O’Neill WW. Acute renal failure after coronary interven-
tion. Am J Med 1997; 103: 368-75.

7. Mullasari A, Victor SM. Update on contrast induced ne-
phropathy. e-Journal Cardiol Pract 2014; 13(4).

8. Mendi MA, Afsar B, Oksuz F, et al. Uric acid is a useful
tool to predict contrast-induced nephropathy. Angiology
2017; 68: 627-32.

9. Kanbay M, Solak Y, Afsar B, et al. Serum uric acid and
risk for acute kidney injury following contrast. Angiolo-
gy 2017; 68: 132-44.

10. PRISMA [Internet]. [cited 2017 Jan 18]. Available from:
http://www.prisma-statement.org/PRISMAStatement/
Default.aspx

11. Kumar A. Comparative study of renal protective effects
of allopurinol and n-acetyl-cysteine on contrast induced
nephropathy in patients undergoing cardiac catheter-
ization. J Clin Diagnostic Res 2014; 8: HCO3-7.

12. Ghelich Khan Z, Talasaz AH, Pourhosseini H, Hosseini K,
Alemzadeh Ansari MJ, Jalali A. Potential role of allopuri-
nol in preventing contrast-induced nephropathy in pa-
tients undergoing percutaneous coronary intervention:
a randomized placebo-controlled trial. Clin Drug Investig
2017; 37: 853-60.

13. Iranirad L, Sadeghi MS, Bagheri A, et al. Allopurinol
prophylactic therapy and the prevention of contrast-in-
duced nephropathy in high-risk patients undergoing
coronary angiography: a prospective randomized con-
trolled trial. ARYA Atheroscler 2017; 13: 230-5.

14. Sadineni R, Karthik KR, Swarnalatha G, Das U, Taduri G.
N-acetyl cysteine versus allopurinol in the prevention of
contrast nephropathy in patients with chronic kidney
disease: a randomized controlled trial. Indian J Nephrol
2017; 27:93-8.

15. Bodagh H, Esfahani Z, Aslanabadi N, Amiri B, Heidari
Sarvestani A. Effect of allopurinol in the prevention of
contrast-induced nephropathy in patients undergoing
angioplasty: randomized clinical trial. J Anal Res Clin
Med 2019; 7: 118-21.

16. Jorgensen AL. Contrast-induced nephropathy: patho-
physiology and preventive strategies. Crit Care Nurse
2013; 33: 37-46.

17. Lameire NH. Contrast-induced nephropathy — preven-
tion and risk reduction. Nephrol Dial Transplant 2006;
21 (Suppl 1):111-23.

18. Prusiner B Sundaralingam M. Stereochemistry of nucleic
acids and their constituents. XXIX. Crystal and molec-

Arch Med Sci Atheroscler Dis 2021

€201



Kanaan Mansoor, Mohamed Suliman, Mohammad Amro, Saad Malik, Ahmad Amro, Zachary Curtis, Mehiar El-Hamdani,
Iheanyichukwu Ogu, Wilbert S. Aronow

ular structure of allopurinol, a potent inhibitor of xan-
thine oxidase. Acta Crystallogr Sect B Struct Crystallogr
Cryst Chem 1972; 28: 2148-52.

19. Prieto-Moure B, Lloris-Carsi JM, Belda-Antoli M, Toledo-
Pereyra LH, Cejalvo-Lapefa D. Allopurinol protective ef-
fect of renal ischemia by downregulating TNF-a, IL-18,
and IL-6 response. J Investig Surg 2017; 30: 143-51.

20. Singh JA, Yu S. Are allopurinol dose and duration of
use nephroprotective in the elderly? A Medicare claims
study of allopurinol use and incident renal failure. Ann
Rheum Dis 2017; 76: 133-9.

e202 Arch Med Sci Atheroscler Dis 2021



	_GoBack
	OLE_LINK1
	OLE_LINK2
	OLE_LINK3
	OLE_LINK4

