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Roleof N-Acetylcysteinein Prevention of Contrast-lnduced Nephropathy after
Cardiovascular Procedures. A MetacAnaysis
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Summary

Background: Contrast-induced nephropathy is one of the
common causesof acuterend insufficiency after cardiovascu-
lar procedures.

Hypothesis: The objective of this paper was to analyze
the published data on the usefulness of N-acetylcysteinein
the prevention of contrast-induced nephropathy after these
procedures.

Methods: Trials were selected if they were prospective,
randomized, controlled, had selected patientswithimpaired
rend function, used low-osmoldity, nonionic contrast media
intrecarterialy, administered atotal of four dosesof N-acetyl-
cysteinein addition to intravenous saline hydration, and had
contrast-induced nephropathy as their primary outcome.
Contrast-induced nephropathy was defined asan increasein
serum creatinine concentration by >0.5 mg/dl or a25% in-
crease above basdline at or within 48 h post procedure. Meta-
analysis was performed using the Fisher's Combined Test
withameasure of effect size. The magnitude of the N-acetyl-
cysteine effect was estimated using random-effects models.
Homogeneity was evaluated using the chi-square test of ho-
mogeneity and standard Q statistic. Reporting bias was ex-
plored by the Rosenthal method.

Results: The Fisher's Combined Test was significant at
p<0.005infavor of N-acetylcysteine. Thesizeof theN-acetyl-
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cysteneeffect wasto reduce contrast-induced nephropathy by
20%. There was a 62% relative risk reduction in contrast-in-
duced nephropathy with N-acetyl cysteine using afixed-effects
model, and a 70% relativerisk reduction using the random-€f-
fectsmodd. In addition, we found that 27 unpublished trids
showing no effectsof N-acetylcysteinewould exist to overturn
the combined significance of p<0.005 of thefivetrialsin our
meta-anaysis.

Conclusion: Oral administration of N-acetylcysteinein ad-
ditiontointravenous sdine hydration hasabeneficid effectin
the prevention of contrast-induced nephropathy after cardio-
vascular proceduresin patientswith impaired renal function.
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radio contrast dyes, renal failure, coronary angiography, per-
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Introduction

Contrast-induced nephropathy is one of the common caus-
esof acuterend insufficiency in hospitalized patients. Withan
increasing number of patients undergoing cardiovascular pro-
cedures with significant comorbidities, there is a need for
agentsto prevent theincidence of contrast-induced nephropa-
thy. Therate of contrast-induced nephropathy among all pa-
tientsundergoing cardiovascular procedures has been report-
ed to beanywhere from 7.8 to 17%.1 Of these patients, 0.5to
2% will require dialysis, this trandates into longer hospital
stays and increased health care costs.2 The exact mechanism
causing contrast-induced nephropathy isunknown; howeve,
direct cytotoxicity of the contrast agents, gpoptosis, and vaso-
congtriction of therenal vasculature with resultant decreased
rena blood flow haveall been proposed. The only established
modality for the prevention of contrast-induced nephropathy
is peri-procedure hydration.3-> The efficacy of N-acetylcys
teine in preventing contrast-induced nephropathy has been
studiedin severd small single-center trids. Itsproposed mech-
anism of action could be related to its antioxidant properties,
which might prevent oxidativetissuedamageinthekidney, or
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toitshemodynamic effectsby improving endothelium-depen-
dent vasodil atation.58 Advantages of N-acetylcysteine areits
low cost and lack of significant Side effects. Inthismeta-and-
ysis, our aim was to examine the usefulness of N-acetylcys
teinein the prevention of contrast-induced nephropathy after
cardiovascular procedures.

Trial Selection

Our meta-anadysisincluded tria sthat focused ontherole of
N-acetylcysteine in the prevention of contrast-induced
nephropathy after cardiovascular procedures. We identified
triasby performingaMEDL INE search aswell asby review-
ing the references of theidentified articles.®13 Tridswerein-
cludedif they were published inthe English language and met
thefollowing criteria: design asprospective, randomized, con-
tralledtrids; inclusion of patientswhowereat highrisk dueto
their renal status (impaired renal function); use of low-osmo-
Idity nonionic contrast mediaintra-arterialy for diagnostic or
therapeutic cardiovascular procedures; use of N-acetylcys
teine to prevent contrast nephropathy in addition to intra-
venoussdinehydration; administration of atota of four doses
of N-acetylcysteinestarting the day before procedureand con-
tinued through theday of procedure. All of thetrialscompared
ordly administered N-acetylcysteine and peri-procedura hy-
dration (treatment group) to peri-procedural hydration alone
(control group). In each of the selected trials, the endpoint of
interest was contrast-induced nephropathy, whichwasdefined
asanincreaseinthecreatinineconcentration by >0.5mg/dl or
a25%increaseabovebasdinecreatinineat or within 48 h post
administration of contrast agent.

Statigtical Analysis

Meta-anays swasperformed using the Fisher’sCombined
Test with ameasure of effect size. Thistest hasbeen shownto
be more asymptotically optimal and more conservative than
the other combination methods. This statistical test was ac-
companied with severd indicesof effect Szetogainfurtherin-
sight asto the strength of the effect of N-acetylcysteine. The
magnitude of the N-acetylcysteine effect waseval uated by es-
timating the population effect size using a random-effects
model (both unweighted and weighted by the sample size of
eachtria). The pooled relative risk weighted by inverse vari-
ance (aquality weight that isthe product of the precision) was
aso calculated using both thefixed-effectsand random-effects
models. Homogeneity of datawas evaluated using the meth-
ods outlined by Hunter et al.1* and McDanid et al., > which
used achi-squaretest of homogeneity and examined the abso-
luteamount of residual variance, respectively. Thestandard Q
Statistic was also ca culated for comparison to the preceding.
Finaly, to explorethe presence of reporting biasor publication
bias, we used the method of Rosenthal 16 to cal cul ate the num-
ber of no-effect findingsthat would have to exist unpublished
toinvalidateasignificant overal p.

Resaults

Fivetrialswereidentified based on our search;*3thetria
dataare summarized in Table . Thetotal number of patients
included was 643, of which 319 patientswere randomized to
hydration alone (control group) and 324 to N-acetylcysteine
and hydration (trestment group). The age of the patients
ranged from 64 to 73 yearsand the baseline creatinineranged
from 1.36 to 2.8 mg/dl. The amount of contrast agent used
ranged from 115 + 48t0 200 + 144 ml. N-acetylcysteinewas
administered asatwice-daily dose starting theday prior to pro-
cedurefor atotd of four dosesin eachtrid.

Theincidence of the primary endpoint of contrast-induced
nephropathy was 11 to 45% in the control group versus 3 to
18% in the treatment group. Patients with greater severity of
rend insufficiency inthestudy by Shyuet al.20 demonstrated a
remarkable reduction in contrast-induced nephropathy from
44% inthe control armto 8% inthetreatment arm. Briguori et
al.12 did an analysisbased on the volume of contrast used and
divided the patients into two groups, those with <140 ml of
contrast administered (n = 60 in each control and treatment
groups) and those with >140 ml (n = 30 in the control group
and 32 inthetreatment group). They concluded that N-acetyl-
cysteinewaseffectivein preventing contrast-induced nephrop-
athy only inthe subgroup of patientswho received < 140 ml of
contrast agent.

Theindicators of homogeneity showed that fivetrials had
significant heterogeneity; however, including only the sub-
group of patients who received <140 ml of contrast in the
Briguori trid, al of thetests of homogeneity agreed that this
population was homogeneous (Tablel1). For further analyss,
the subgroup of patientsfrom the Briguori trial who received
>140ml of contrast (n= 62 patients) wasexcluded. The Fish-
er'sCombined Test wassignificant at p<0.005infavor of N-
acetylcysteine (Tablelll). Thesize of the N-acetylcysteine ef -
fectillustrated by the pooled correl ation coefficient (weighted
mean r) wasto reduce contrast-induced nephropathy by 20%.
Thismeta-anaysisshowed a62% relativerisk reductionin pa-
tients given acetylcysteine using a fixed-effects model, and a
70% risk reduction using the random-effects model showing
robustness. In addition, we found that 27 unpublished trials
showing no effectsof N-acetyl cysteinewould exist to overturn
the combined significance of p<0.005 of thefivetrialsin our
meta-analyss.

Discussion

Initially Tepe et al .17 demongtrated the positive effect of the
use of N-acetylcysteinein the prevention of contrast-induced
nephropathy in patients undergoing computed tomography
scanswith an intravenous administration of 75ml of contrast.
Theincidence of contrast-induced nephropathy in the control
group was 21 versus 2% inthetreatment arm. Following this,
therewasaninterest in the use of N-acetylcysteinefor the pre-
vention of contrast-induced nephropathy in patients undergo-
ing cardiovascular procedures.
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TAaBLE 1 Meta-andysisdata
Diaz-Sandova Shyu Allagaband Briguori Kay
etal. (9 etal. (10) etal. (11) etal. (12) etal. (13)
Number of patients(n)
Control group 29 61 40 91 98
N-acetylcysteinegroup 25 60 45 92 102
Contrast agent loxilan lopamidol loversol or lodixa lopromide |opamidol
N-acetylcysteinedose 600mg X 4 400mg X 4 600mg X 4 600mg X 4 600mgx 4
Angiography/angioplasty Coronary Coronary ~ Coronary, periphera Coronary, peripherd Coronary
Volumeof contrast (ml)
Control group 189+ 12 115+ 48 122+ 16 200+ 144 120 (median)
N-acetylcysteinegroup 179+8 119+3 122+ 16 194+ 127 130 (median)
Basdlinecreatinine (mg/dl)
Control group 156+0.05 28+08 203+0.79 154+0.36 136
N-acetylcysteinegroup 1.66+0.06 28+08 220+0.73 152+043 135
48-h crestinine (mg/dl)
Control group 1.88+0.09 31+10 2.03+48 153+045 1.38
N-acetylcysteinegroup 153+0.09 25+10 222+1.0 148+0.36 122
Pvalue (of changein creatinine) <0.0001 <0.001 NS NS 0.006
Contrast-induced nephropathy
Control group (n) (%) 13/29(44.8) 15/61 (24.6) 6/40(15) 10/91(11) 12/98(12.2)
N-acetylcysteinegroup (n) (%) 2/25(8) 2/60(3.3) 8/45(17.8) 6/92(6.5) 4/102(3.9)
P-value (of contrast-induced nephropathy) 0.005 <0.001 0.73 0.22 0.03
Reativerisk of contrast- 0.18 0.14 118 0.59 0.32
induced nephropathy (0.04,0.72) (0.03,0.57) (0453.12) (0.22,1.57) (0.10,0.96)
Pearson’s correl ation coefficient (r) 041 031 0.04 0.08 0.15
Messureof effect Size(d) 0.90 0.65 0.08 0.16 0.30

aPearson’scorrel ation coefficient (r) iscal cul ated for each study using theformula: r =+ x2/n, and then converted to ameasure of effect Size(d) us-

ingtheformula: d=2r/(v1-r?).

TaBLE Il  Datahomogeneity results TaBLE Il Meta-analysisresults
Method Results Method Results
Qdatistic 9.4665 (with 4 df, p=0.0504) Fisher’'scombined test 41.76 (with 10 df, p<0.005)
Random effectsmodel Edtimateof effect size
Residua standard deviation 0.03849 (< 1/4 of thepopulation Pooled correlation coefficient 0.213
effect size) Weighted correlation coefficient2  0.196
Observed variance accounted 84.3% (> 75% of the observed Pooled relativerisk weighted
for by ssmpling error varianceaccounted for by by inversevariance
sampling error) Fixed effectsmodd 0.380(95%Cl: 0.214,0.676),
Chi-squaretest of homogeneity ~ 5.92956 (with 4 df, p=0.2045) p=0.0010
0, .
Abbreviation: of = degreesof freedom, Random effectsmodel 0.2?9 (95%Cl: 0.110,0.815),
p=0.0183
aWeighted by samplesize.

In this meta-analysis we combined data from a homoge-
neous group focusing on the trids that used low-osmoldity,
nonionic contrast media intra-arterially for cardiovascular
proceduresand administered atota of four dosesof N-acetyl-
cysteine. Thesizeof theN-acetylcysteine effect wasto reduce
contrast-induced nephropathy by 20%, illustrated by the
pooled correlation coefficient weighted by sample size. We
estimated a significant reduction in the relative risk of con-
trast-induced nephropathy in patients given acetylcysteine
(62% using the fixed-effects model and 70% using the ran-

Abbreviations: Cl = confidenceinterval, df = degreesof freedom.

dom-effectsmodel). M eta-analyses are subject to publication
bias becausethey largely summarize the results of published
positivetrialsthat weremorelikely to be published than nega-
tivetrials. Nonethe ess, it would need 27 unpublished negative
trialsto overturn the results of thismeta-analysis, whichisa
fairly large number of unpublished negativetrids. By exclud-
ing the subgroup of patientswho received > 140 ml of contrast
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inthe Briguori trial, we might have increased the positive ef-
fect found by our analysis, but it wasredlistic to excludethis
group to haveahomogeneity inthe pooled data.
Contrast-induced nephropathy remains a major issue in
the cardiovascular procedures, and the conflicting results
have been reported by relatively small trialsontherole of N-
acetylcysteing, in addition to saline hydration, in the preven-
tion of contrast-induced nephropathy. We have attempted to
addressthisissue by gathering relatively narrow but specific
datainthismeta-anaysis. However, meta-andysisinnot are-
placement for alargetria; therefore, larger trialsare needed
to clarify the role of N-acetylcysteine in the prevention of
contrast-induced nephropathy after cardiovascular proce-
dures. In addition, newer iso-osmolar contrast agents have
been shown to reduce the incidence of contrast-induced
nephropathy in high-risk patientswith chronic renal insuffi-
ciency and diabetes, and the effect of N-acetylcysteinein ad-
dition to the use of these agents needs to be studied.’® Re-
cently, astudy from United Kingdom hasreported beneficial
effects of anintravenously administered, accelerated dosing
regimen of N-acetylcysteinein preventing contrast-induced
nephropathy in patients undergoing cardiac catheterization
andinterventionwhentimeurgency did not permit itsoral ad-
ministration;1® however, the parenteral preparation of N-
acetylcysteineisnot availablein United States.

Conclusion

Ord administration of N-acetylcysteinein additionto sdine
hydration hasabeneficid effect inthe prevention of contrast-
induced nephropathy after cardiovascular proceduresin pa
tientswith impaired renal function. Increased morbidity and
higher health care costs associated with contrast-induced
nephropathy can possibly be reduced by using N-acetylcys-
teine, which hasminimal cost and hasno mgjor sdeeffects.
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