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OBJECTIVE: Contrast-induced nephropathy is a common cause of

acute renal failure in hospitalized patients. Although patients are of-

ten given N-acetylcysteine to prevent renal injury from contrast agents,

there are no clear guidelines supporting its use. We conducted a sys-

tematic review to determine whether administering N-acetylcysteine

around the time of contrast administration reduces the risk of contrast-

induced nephropathy.

DESIGN: We searched MEDLINE, EMBASE, the Cochrane Collabora-

tion Database, bibliographies of retrieved articles, and abstracts of

conference proceedings, and consulted with experts to identify relevant

studies. Randomized controlled trials of N-acetylcysteine in hospital-

ized patients receiving contrast were included. Studies were excluded if

they did not report change in creatinine or incidence of contrast-in-

duced nephropathy at 48 hours.

MEASUREMENTS AND MAIN RESULTS: Nine randomized controlled

trials satisfied all inclusion criteria and were included in the analysis.

The difference in mean change in creatinine between the N-acetylcy-

steine-treated group and controls was �0.27mg/dl (95% confidence

interval [CI], �0.43 to �0.11). The relative risk of developing contrast-

induced nephropathy was 0.43 (95% CI, 0.24 to 0.75) in subjects ran-

domized to N-acetylcysteine. Significant heterogeneity existed among

studies, suggesting differences in patient populations or study meth-

odology not identified by sensitivity analyses. The incidence of dialysis

was rare (0.2%).

CONCLUSIONS: Our findings suggest that N-acetylcysteine helps pre-

vent declining renal function and contrast-induced nephropathy. While

N-acetylcysteine is inexpensive and nontoxic, undeviating insistence

for dosing at least 12 hours in advance of contrast exposure may delay

diagnostic and therapeutic procedures. Future studies are needed to

address the longer-term clinical outcomes and cost-effectiveness of this

agent.
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T here are over 10 million intravascular contrast proce-

dures performed each year, with more than 1 million

patients undergoing coronary angiography annually.1,2

Contrast-induced nephropathy (CIN) is a common complica-

tion of these procedures, with an incidence ranging from zero

to over 50%, depending on the population studied.3,4

Patients who develop CIN have an increased risk of mor-

bidity, mortality, and length of hospitalization.1,5–9 Several dif-

ferent risk factors for CIN have been identified, including

chronic renal insufficiency,10,11 diabetes,1,3,4,12 and high-con-

trast dose.1,4,11,13–18

Though the exact mechanism by which contrast admin-

istration causes CIN is not known, many potential mecha-

nisms have been proposed. Direct tubular toxicity with

generation of oxygen free radicals as well as renal vasocon-

striction via a nitric oxide or endothelin pathway have been

proposed.19,20 The free radical mechanism of direct tubular

toxicity has led several investigators to focus on the use of

N-acetylcysteine (NAC) for the prevention of CIN, as NAC has

been previously shown to have antioxidant properties.21

Some clinical trials have demonstrated a protective

effect of NAC in the prevention of CIN,22–29 while others have

not.2,30–35 There are currently no established national guide-

lines on whether patients should be given NAC and use of this

agent varies widely.36 We therefore performed a meta-analysis

of published human randomized controlled trials in order to

determine whether the administration of NAC around the time

of contrast delivery is protective against CIN, and to better

quantify the magnitude of this effect.

METHODS

Literature Review

We performed a literature search of MEDLINE (January 1966–

August 2003), EMBASE (1974–August 2003), and the Coch-

rane Collaboration Database (1996–August 2003) using the

keywords acetylcysteine, kidney disease, and clinical trials. In

addition, a manual search of abstracts of conference proceed-

ings since 2000 from the National Kidney Foundation, the

American Society of Nephrology, the American Heart Associa-

tion, and the American College of Cardiology was performed.

This strategy was combined with a manual search of reference

lists from identified articles and consultation with experts.

Our analysis was limited to randomized controlled trials

examining the efficacy of NAC for the prevention CIN. In order

to be included, studies were required to report sufficient data

to calculate either a mean change in creatinine in each group

after contrast administration or the percentage of patients

developing CIN.

Data Extraction

Two of the authors (D.N. and J.I.) independently reviewed each

of the identified studies to determine eligibility and perform

data abstraction. Using a standardized form, the reviewers re-

corded sample size, study setting, patient characteristics,

methods and timing of NAC administration, presence of and

type of prehydration, baseline and final creatinine, and defi-

nition of CIN and all other reported outcome variables. All
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studies were assessed for quality by evaluating the appropri-

ateness of randomization, allocation concealment, and blind-

ing technique (patients and providers). High-quality studies

were defined as complying with 2 or more of these quality fea-

tures. If there was no information in the study regarding the

quality criterion, the study was not credited with that criterion.

A third author (R.L.) adjudicated any discrepancies noted

between the two reviewers.

Statistical Methods

For the primary outcome measure—the difference in mean

change in creatinine in patients given NAC versus patients

given placebo—we performed a meta-analysis using a random

effects model for continuous variables. For the secondary out-

come measure, risk of developing CIN or requiring dialysis, we

used a random effects model, weighting the summary measure

from each study by the inverse variance for each study. Stata

(Stata Statistical Software, Release 8.0, Stata Corporation,

College Station, TX) was used to carry out the analyses. To

test for publication bias, we used the Stata program Metabias,

which performs the Begg and Mazumdar adjusted rank corre-

lation test for publication bias and performs the Egger et al.

regression asymmetry test for publication bias.37,38 The Begg

adjusted rank correlation test is a direct statistical analog of

the visual funnel graph. The Begg and Mazumdar procedure

tests for publication bias by determining whether there is a

significant correlation between the effect estimates and their

variances.37 Metabias carries out this test by, first, standard-

izing the effect estimates to stabilize the variances and, sec-

ond, performing an adjusted rank correlation test based on

Kendall’s t (Stata Statistical Software, Release 8.0).

To test for heterogeneity, we calculated a w2 statistic

that is the sum of the squared differences between each study

and the summary mean divided by the variance, that is,

S(studyi�mean)2/vari.
39 Assessment of the relative value of

NAC in liquid or tablet form could not be made as the specific

formulations were not generally reported in the studies.

RESULTS

Study Selection

The computerized database search identified 10 articles, and 7

more were identified from conference abstracts, review of bib-

liographies, and contact with experts (Table 1). Four studies

were not randomized and were therefore excluded.2,24,25,31

Two studies had active treatment arms but no control groups

and were therefore excluded.40,41 One randomized trial was

excluded from analysis because it did not include data on out-

comes.30 Another randomized trial was excluded because it

reported data in subgroups only and did not provide sufficient

information to calculate mean change in creatinine or the in-

cidence of CIN.32 This left 9 randomized controlled trials of

NAC, which met all eligibility criteria and were included in the

meta-analysis (Table 1).

Study Description

The 9 studies selected took place from 2000 to 2003 and varied

in size from 54 to 200 patients, with a total of 1,028 patients

available for analysis. A total of 33 patients was lost to follow-

up (3%).

All studies were performed on hospitalized patients with

an average age of 64 to 74. With the exception of one study,28

patients received intra-arterial contrast, primarily for cardiac

catheterization. Where reported, the populations studied had a

high prevalence of comorbidities. The prevalence of significant

illnesses varied as follows: diabetes 32%–64%, congestive

heart failure 0%–57%, and hypertension 39%–92%. The mean

baseline creatinine varied from 1.35 to 2.8mg/dl. Medication

use varied as follows: diuretics 20%–70% and ACE inhibitor

14%–65%.

The method of NAC administration differed between stud-

ies. N-acetylcysteine was administered orally in all studies ex-

cept one.29 No individual dose of oral NAC was less than

400mg. The highest dose of oral NAC was 1,200mg. Oral dos-

es were given over varying amounts of time. The most common

dose was 600mg NAC by mouth, and the most common sched-

ule was twice a day, 3 doses before and 1 dose after the pro-

cedure (Table 1).

The use of prehydration was included in all studies, but

also varied considerably. The most common dose was 0.45%

normal saline at 1ml/kg/hour. The most common schedule of

hydration was for 12 hours before the procedure and 12 hours

after the procedure. All studies that reported data used a low

osmolar contrast agent, but the dose varied widely. The lowest

average dose reported was 75ml, and the highest dose was

238ml. The total amount of saline given was not consistently

reported.

There were varying definitions of CIN. Most studies used

either a 25% increase in serum creatinine or a 0.5mg/dl in-

crease in serum creatinine. Placebos were used in 6 of the

studies but varied widely and included matching tablets, or-

ange juice, normal saline, and ginger ale. Study quality ranged

from 0 to 2 out of a total possible score of 4, with significant

variation in the quality marker criteria that were satisfied

(Table 1).

Summary Effects

Eight randomized studies reported the main outcome meas-

ure, mean change in creatinine at 48 hours. The summary es-

timate of these studies showed a difference in mean change in

creatinine of �0.27mg/dl (95% confidence interval [CI],

�0.43 to �0.11), as compared to placebo subjects, indicating

a significant benefit in patients receiving NAC (Fig. 1). Heter-

ogeneity was present in the included studies (Po.01).

In an attempt to identify the source of heterogeneity in the

summary estimate, we conducted sensitivity analyses by ex-

amining subgroups of studies with similar features, and by

including some of the studies excluded from the main analysis

(Table 2). In every combination that included more than 2

studies, heterogeneity was present. Despite the persistent het-

erogeneity, almost all of the subgroups showed a statistically

significant benefit from NAC. In the analysis that included only

randomized studies with a placebo control group there was a

benefit from NAC, with a decrease in creatinine relative to pla-

cebo of �0.39 (95% CI, �0.56 to �0.22).

Nine randomized studies compared the incidence of CIN

in patients treated with NAC versus controls. Combining these

studies showed a summary relative risk (RR) of developing CIN

of 0.51 (95% CI, 0.35 to 0.74), indicating a statistically signif-

icant benefit from NAC (Fig. 2). Heterogeneity was also present

in this summary measure (P=.03). We again conducted sen-
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sitivity analyses to investigate sources of heterogeneity. As

with the primary outcome measure, almost all subgroups

showed a statistically significant benefit to NAC, and hetero-

geneity was present in each case when more than 2 studies

were included (Table 3).

We found no evidence of publication bias when testing the

primary outcome measure, the difference in mean change in

creatinine between treatment groups (P=.62 for Begg’s test,

P=.85 for Egger’s test; Fig. 3). When assessing for the presence

of publication bias in the outcome of CIN, the results were

Table 1A. Study Characteristics

Study # Author (Year) Patients,
N

Randomized Placebo Quality
Score
(0–4)w

NAC Dosing
(Total Dose,

Grams)

Mean Contrast
Volume (ml)
NAC/Controls

Type
of IVF

% DM NAC/
Controls

1 Kay (2003) 200 Y Y 1 600 mg BID (2.4) 130/120 .9 NS 40/36
2 Baker (2003) 80 Y N 0 150 mg/kg IV 238/222 .9 NS 41/44
3 Shyu (2002) 121 Y Y 0 400 mg BID (1.6) 119/115 .45 NS 63/64
4 Ochoa (2002)� 100 Y Y 0 1,000 mg (2) 132/150 .45 NS z

5 Durham (2002) 81 Y Y 2 1,200 mg (1.4) 77.4/84.7 .45 NS 50/46.3
6 Diaz-Sandoval (2002) 54 Y Y 2 600 mg BID (2.4) 179/189 .45 NS 48/52
7 Briguori (2002) 183 Y N 0 600 mg BID (2.4) 194/200 .45 NS 43/32.5
8 Allaqaband (2002) 126 Y N 1 600 mg BID (2.4) z .45 NS 53/43
9 Tepel (2000) 83 Y Y 0 600 mg BID (2.4) 75 .45 NS 32/33

10 Boccalandro (2003) 181 N N 2 600 mg BID (2.4) 192/191 z 67/57
11 Vallero (2002) 101 Y N 0 600 mg BID (2.4) 203 0.9 NS 14.6/30
12 Mouhayar (2002)� 110 N N 1 unclear z z z

13 Kahlon (2002)� 51 Y Y 0 600 mg BID (2.4) z .9 NS z

14 Erickson (2002)� 139 N N 0 unclear z z z

15 Adamian (2002)� 57 N N 1 600 mg BID (unclear) 273/303 z 57/70

Studies included in the analysis are listed above the solid line, while excluded studies are listed below the solid line. All studies used IV hydration pre-

and postcontrast administration. All studies enrolled490% of patients undergoing cardiac catheterization, except for Tepel et al.,28 which enrolled

patients undergoing CT scanning. Briguori et al.41 and Bader et al.40 are not included in the table because they both had another active treatment arm,

but no control group. Kay et al. 22 reported median contrast volume rather than mean contrast volume.
�Articles found only in abstract form.
wDefine quality score as 1 point for each of the following: appropriate randomization, allocation concealment, blinded patients, and blinded providers.
zValue unclear from provided data.

NAC, N-acetylcysteine; NS, normal saline; BID, twice daily; IVF, intravenous fluids; DM, diabetes.

Table 1B. Study Results

Study # Author Mean Baseline
Cr, NAC
Group
(mg/dl)

Mean Baseline
Cr, Control

Group
(mg/dl)

Mean change
in Cr, NAC

Group
(mg/dl)

Mean change
in Cr, Control

Group
(mg/dl)

Mean
Difference
Change in
Creatininew

% CIN
NAC/

Controls

RR of
CIN

Patients
Needing

Dialysis NAC/
Controls, N

Reason for
Exclusion

1 Kay 1.35 1.36 �0.13 10.02 �0.15 3.9/12.2 0.32 0
2 Baker 1.85 1.75 �0.08 0.05 �0.14 4.9/20.4 0.24 0
3 Shyu 2.80 2.80 �0.29 10.24 �0.53 3.3/24.6 0.14 0/1
4 Ochoa� 2.00 1.87 0.06 10.23 �0.17 11.1/25.0 0.44 0
5 Durham 2.20 2.30 z z N/A 26.3/22.0 1.20 z

6 Diaz-Sandoval 1.66 1.56 �0.10 10.30 �0.4 8.0/44.8 0.18 z

7 Briguori 1.52 1.54 �0.04 �0.01 �0.03 6.5/11.0 0.59 0/1
8 Allaqaband 2.20 2.03 0.01 10.09 �0.08 17.8/15.0 1.19 z

9 Tepel 2.50 2.40 �0.40 10.20 �0.6 2.4/21.4 0.11 0

10 Boccalandro 1.80 1.90 0.17 10.19 �0.02 13.7/12.3 1.12 z Not randomized
11 Vallero z z z z N/A z N/A z Groups separated

by Cr, varying
definitions of CIN

12 Mouhayar� 2.00 1.80 �0.40 0.10 �0.5 z N/A z Not randomized
13 Kahlon� 2.16 2.07 z z N/A z N/A z Outcomes not

reported
14 Erickson� z z z z N/A 30/20 1.69 6/1 Not randomized
15 Adamian� 1.89 1.96 �0.01 10.52 �0.53 2.9/36.4 0.08 1/3 Not randomized

Studies included in the analysis are listed above the solid line, while excluded studies are listed below the solid line. All studies assessed time to

outcome at 48 hours except Kahlon et al.,30 which assessed outcome at 96 hours. Briguori et al.41 and Bader et al.40 are not included in the table because

they both had another active treatment arm, but no control group.
�Articles found only in abstract form.
wNegative values mean improvement in creatinine in NAC group compared to control group.
zValue unclear from provided data.

CIN, contrast-induced nephropathy; NAC, N-acetylcysteine; RR, relative risk; Cr, creatinine.
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mixed. Analysis based on risk ratios showed evidence of pub-

lication bias (P=.005 for Begg’s test, P=.007 for Egger’s test),

while analysis based on risk differences showed no publication

bias (P=.92 for Begg’s test, P=.97 for Egger’s test). Funnel

plots for CIN, which provide a visual format for examining the

presence of publication bias, are shown in Figure 4.

Seven of the included studies reported information on di-

alysis, and 3 of the studies reported information on death. No

patients required dialysis in the NAC group while 2 patients

required dialysis in the no-NAC group, yielding an RR of 0.64

(95% CI, 0.15 to 2.78).

There were no deaths reported. Only 1 study reported in-

formation on length of hospitalization and oliguria.28 In this

study, the mean length of hospitalization was 3.4 days in the

NAC group and 3.9 days in the control group (RR, 0.52;

P=.02). One patient in the NAC group and 3 patients in the

control group developed oliguria (RR, 0.32; P=0.29).

Quality scores ranged from 0 to 2 out of 4. The majority of

studies did not provide sufficient information to establish

whether they met at least some quality criteria.

In the subgroup of studies that included patients under-

going cardiac catheterization (all studies except Tepel et al.28),

there was a benefit of NAC administration, with mean differ-

ence change in creatinine of �0.22mg/dl (95% CI, �0.38 to

�0.06) and an RR of developing CIN of 0.46 (95% CI, 0.26 to

0.82). Significant heterogeneity was present for both outcome

measures (Po.01 and P=.04, respectively).

DISCUSSION

Contrast-induced nephropathy is an important cause of acute

renal failure and is associated with increased morbidity and

mortality in hospitalized patients.15,42 Our analysis suggests

that administration of NAC around the time of contrast ad-

ministration prevents renal injury. Patients treated with NAC

had both a lower mean creatinine (difference in mean

DCr=�0.27mg/dl; 95% CI,�0.43 to�0.11) and a reduced

risk of developing CIN compared with control patients (RR,

0.43; 95% CI, 0.24 to 0.75). In our sensitivity analyses, use of

NAC was protective against renal injury in almost all sub-

groups that included at least 3 studies.

A particular strength of our study was our analysis of two

separate outcome measures, both showing a benefit from NAC

administration. Our use of a second outcome measure was

particularly important given the varying definitions of CIN

used in the studies. Some studies reported CIN as a rise in

creatinine of 0.5mg/dl, while others reported CIN as a 25%

increase in serum creatinine. Differing definitions of CIN make

comparison between studies more difficult. Having change in

creatinine as a second outcome measure allowed us to validate

the findings of our first outcome measure, and provided an

outcome measure that may be easier to interpret for most

clinicians.

Despite the consistent results between the two outcome

measures, the summary estimates must be interpreted with

caution due to the presence of heterogeneity. We attempted to

identify sources of heterogeneity by examining subgroups of

studies with similar features. However, heterogeneity was pre-

sent in almost all subgroups regardless of study characteristics

including prevalence of diabetes, high baseline creatinine,

FIGURE 1. Weighted mean difference of change in creatinine be-

tween NAC and controls. Analysis based on random effects mod-

el. Units for weighted mean difference are mg/dl.

Table 2. Sensitivity Analysis for Primary Outcome, Mean Difference in Change in Creatinine

Subgroups of Studies Studies Included Estimated Mean Difference in DCr (mg/dl) 95% CI P Homogeneity�

Studies included in meta-analysis 1–4,6–9 �0.27 �0.43 to �0.11 o.01
High baseline Cr (Cr �2.0) 3,4,8,9 �0.36 �0.63 to �0.09 o.01
Low baseline Cr (Cro2.0) 1,2,6,7 �0.18 �0.36 to 0.00 .02
High mean contrast volume (vol �150 ml) 2,6,7 �0.20 �0.45 to 0.06 .01
Low mean contrast volume (volo150 ml) 1,3,4,9 �0.38 �0.62 to �0.14 o.01
High mean percentage with diabetes (�50%) 3,6 �0.46 �0.59 to �0.33 .29
Low mean percentage with diabetes (o50%) 1,2,7–9 �0.20 �0.40 to 0.00 o.01
Studies using 0.9 NS for hydration 1,2 �0.15 �0.31 to 0.01 .96
Studies using 0.45 NS for hydration 3,4,6–9 �0.31 �0.51 to �0.10 o.01
All studies reporting mean differencew 1–4,6–10,12,15 �0.28 �0.43 to �0.13 o.01
Randomized, placebo-controlledw 1,3,4,6,9 �0.39 �0.56 to �0.22 .01
Studies using oral NAC formulation 1,3–9 �0.29 �0.46 to �0.11 o.01
Studies using intra-arterial contrast 1–8 �0.22 �0.38 to �0.06 o.01

Mean difference change in creatinine, NAC versus placebo. Calculations were done using a random effects model. Study numbers are referenced from

Table 1. The quality of studies was not included in the sensitivity analysis because only 1 study fit criteria for high quality. Studies using high doses of

oral NAC were not analyzed because only 1 study fit criteria for high-dose oral NAC.
�Heterogeneity is present when Po.1.
wAnalysis includes excluded studies.

Cr, creatinine; NAC, N-acetylcysteine; NS, normal saline; CI, confidence interval.
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high- or low-contrast dose, and high and low study quality. In

particular, sensitivity analysis eliminating the study using in-

travenous NAC29 or the study using intravenous rather than

intra-arterial contrast28 failed to reduce the heterogeneity of the

studies. The persistent heterogeneity suggests that there are

differences in patient populations or studymethodology that we

were unable to identify. We were not able to perform sensitivity

analysis on the different formulations of NAC as the specific oral

formulation of NACwas not consistently reported in the studies.

Control of independent risk factors for renal dysfunction

was not noted in most studies. For example, many of the med-

ications that could affect renal function are not described

clearly in the included studies. Medications such as furosemide

may impair renal function in the setting of contrast adminis-

tration.43 Other medications such as nonsteroidal anti-inflam-

matory drugs and angiotensin-converting enzyme inhibitor

(ACEi) may affect renal function or the efficacy of NAC itself.

Without more information, it is not possible to determine

the contribution of these medications to the observed out-

come measures.

Many of the studies did not receive high-quality scores.

However, most of these studies did not specify whether or not

they fit the quality criteria. The studies, therefore, could have

had higher-quality scores than realized.

N-acetylcysteine is inexpensive, easy to administer, and

appears to have no significant toxicity. Our analysis suggests

that it is effective for preventing the increase in serum creati-

nine caused by contrast administration, especially in the set-

ting of cardiac catheterization. While the change in serum

creatinine was only assessed at 48 hours, prior studies have

documented that large changes in serum creatinine (CIN, or a

change of 40.5mg/dl) are associated with in-hospital mor-

bidity and mortality.1,5–9 While the incidence is rare, it is also

possible in those with advanced underlying renal disease that

CIN could lead to a permanent loss of renal function and there-

fore earlier dialysis.44 Given the apparent low cost of NAC and

the potential benefits, one might reasonably argue that NAC

should be recommended for widespread use prior to contrast

administration in all patients.

However, a major limitation of all of the included studies

is the focus on the short-term changes in creatinine rather

than on longer-term and more clinically relevant outcomes

such as the incidence of dialysis and other adverse events

during hospitalization, the length of hospitalization, and the

rate of progression to end-stage renal disease after discharge.

Only 1 study reported information on length of hospitalization

and oliguria, and none of the studies reported the effect of NAC

on overall costs or outcomes after discharge. Of the 7 studies

that reported the incidence of dialysis among participants, di-

alysis was required in only 2 patients in the control group and

in none in the NAC group. Although our meta-analysis

had limited power to show a benefit from NAC administration

in terms of preventing dialysis (due to the small number

of patients requiring dialysis), our study did show that this

outcome is rare (0.2%). Therefore, when emergent intraven-

ous contrast is indicated, our data suggest that there should

FIGURE 2. Relative risk of contrast-induced nephropathy between

N-acetylcysteine and control group. Analysis based on random

effects model.

Table 3. Sensitivity Analysis for Secondary Outcome, CIN

Subgroups of Studies Studies Included Summary RR 95% CI P Homogeneity�

Studies included in meta-analysis 1–9 0.43 0.24 to 0.75 .03
High baseline Cr (Cr �2.0) 3–5,8,9 0.50 0.21 to 1.20 .02
Low baseline Cr (Cro2.0) 1,2,6,7 0.35 0.19 to 0.62 .51
High qualityw 5,6 0.51 0.08 to 3.24 .02
Low quality 1–4,7–9 0.40 0.22 to 0.71 .14
Studies using NAC 600 mg BID � 4 doses 1,6–9 0.42 0.20 to 0.90 .09
Studies using high-dose PO NAC (�1,000 mg/dose) 4,5 0.78 0.30 to 2.04 .14
High mean contrast volume (vol �150 ml) 2,6,7 0.35 0.16 to 0.74 .32
Low mean contrast volume (volo150 ml) 1,3–5,9 0.37 0.16 to 0.88 .03
High mean percentage with diabetes (�50%) 3,6 0.16 0.06 to 0.42 .79
Low mean percentage with diabetes (o50%) 1,2,5,7–9 0.56 0.29 to 1.08 .07
Studies using 0.9 NS for hydration 1,2 0.29 0.12 to 0.70 .75
Studies using 0.45 NS for hydration 3–9 0.46 0.23 to 0.91 .02
All controlled studies reporting CIN 1–10,14,15 0.50 0.29 to 0.86 o.01
Randomized, placebo-controlled 1,3–6,9,13 0.33 0.15 to 0.73 .03
Studies using oral NAC formulation 1,3–9 0.45 0.24 to 0.82 .03
Studies using intra-arterial contrast 1–8 0.46 0.26 to 0.82 .04

Relative risk of CIN, NAC versus placebo. Calculations were done using a random effects model. Study numbers are referenced from Table 1.
�Heterogeneity is present when Po.1.
wDefine quality as: explicitly complying with 2 or more of predefined quality features from abstraction form. These include appropriate randomization,
allocation concealment, blinded patients, and blinded providers. Analysis includes excluded studies.
CIN, contrast-induced nephropathy; RR, relative risk; CI, confidence interval; Cr, creatinine; NAC, N-acetylcysteine; NS, normal saline; BID, twice daily;

PO, by mouth.
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not be a delay in diagnostic or therapeutic procedures for

administration of NAC. A related concern is that the wide-

spread adoption of NAC may delay the identification and

implementation of other potentially more beneficial interven-

tions to reduce CIN.

To address the lack of information regarding clinically rel-

evant outcomes, we believe that randomized controlled trials

are needed to assess the effect of NAC on important long-term

clinical outcomes and overall costs. Ideally, these studies

should use a standardized dose and schedule of NAC, fluid hy-

dration, contrast, and placebo, and should include outcomes

such as renal failure, rates of dialysis, death, major cardiac

events, and length of hospitalization. In addition, the baseline

populations should be clearly defined in order to determine the

effect of baseline renal function, diabetes, and concomitant

medication use on outcomes.

A recently published systematic review concluded that

NAC reduces the risk of CIN by 56% compared with control

patients, but this study did not examine continuous outcomes

(change in creatinine) or the incidence of dialysis among study

patients. Furthermore, the results were limited by the finding

of publication bias. In our study, we found no evidence of pub-

lication bias when examining our main outcome measure, the

difference in mean change in creatinine between treatment

groups. When assessing the presence of publication bias in the

secondary outcome measure of CIN, we found publication bias

only when using the same outcome measure as that used in

the earlier study (i.e., relative risk; Fig. 4). This variability of

results in tests of publication bias based on methodology has

been described previously in the literature.45,46 While there is

no evidence that one methodology of assessing publication bi-

as is superior another, interpretation of publication bias based

on risk differences would be in agreement with the results of

our primary outcome measure. In our primary outcome meas-

ure, publication bias is not present and does not affect the ac-

curacy of the summary estimate of the effect of NAC for the

prevention of CIN.

Our study also identified 6 additional studies2,23,29–31,41

not mentioned in the prior review. Two of these studies

satisfied all inclusion criteria and were included in our meta-

analysis.23,29 We also performed a more extensive sensitivity

analysis to examine the effect of patient characteristics

and study design on heterogeneity, but were unable to identi-

fy the source of heterogeneity. However, the identification of 2

additional studies provided a more precise estimate of the ef-

fect of NAC in the subgroup of patients undergoing cardiac

catheterization. We found a statistically significant benefit

from NAC administration in these patients, while the prior

study did not.47

There remain several important limitations to our meta-

analysis, including the fact that many of the studies did

not receive high-quality scores. Most of these studies did not

specify whether or not they met the quality criteria, and

the true quality of the studies therefore remains uncertain.

Another important limitation is the inconsistent reporting

among included studies of baseline patient characteristics

and methods. In particular, lack of information regarding pa-

tient characteristics makes it difficult to identify subgroups

that may or may not benefit from NAC. Furthermore, lack

of more detailed information on the formulation of NAC

used made it difficult to determine the optimal method of

delivering the medication. Despite this limitation, we were

able to use available data to identify a subgroup of patients

FIGURE 4. Funnel plots for outcomemeasure, contrast-induced ne-

phropathy. The top funnel plot represents analysis based on risk

ratios, showing asymmetry with a larger number of small positive

studies (studies shown in lower right section of figure) compared to

small negative studies (no studies in upper right section of figure),

which suggests publication bias. The lower funnel plot represents

analysis based on risk differences, showing lack of asymmetry and

therefore suggesting lack of publication bias. The analysis based

on risk differences is consistent with results shown in Figure 3.

FIGURE 3. Funnel plot of weighted mean difference (WMD) versus

standard error of WMD. There is no clear asymmetry around the

summary estimate, indicating that the number of small negative

and small positive studies is similar, and does not indicate the pres-

ence of publication bias for this outcome measure.

198 JGIMLiu et al., N-Acetylcysteine and Contrast-Induced Nephropathy



undergoing cardiac catheterization that may benefit from NAC

administration.

Finally, our ability to translate a reduced incidence of CIN

and a lower mean creatinine to applicable clinical outcomes

such as length of hospitalization and progression to end-stage

renal disease is limited by the available data. In our analysis,

the incidence of dialysis was rare, occurring in only 0.2% of

patients. Further studies are needed to assess the impact of

NAC on these useful clinical endpoints.

Conclusions

Our meta-analysis suggests that administration of NAC

around the time of contrast delivery protects against worsen-

ing renal function and CIN at 48 hours. However, the incidence

of dialysis is rare, and the long-term effect of this agent on

more clinically important outcomes is not established. Wide-

spread use of this agent has the potential to delay diagnostic or

therapeutic interventions. Further studies are needed to as-

sess the long-term effects of this agent and the overall cost-

effectiveness of routine NAC administration prior to contrast

delivery, particularly in high-risk patients.

This work was supported by grant 1 K08 ATO1338-01 (Dr. Bent)
from the National Center for Complementary and Alternative
Medicine (NCCAM), and supported by funds from the PRIME
Residency Program, University of California, San Francisco.
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