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Aims The aim of this study was to assess whether perioperative N-acetylcysteine (NAC), an antioxidant, prevents acute
renal injury (ARI) after cardiac surgery.

Methods
and results

We performed a systematic review of randomized controlled trials (RCTs) of NAC in adult cardiac surgery patients.
The RCTs were identified by searching MEDLINE (1960–2008), clinicaltrials.gov website, and hand-searching refer-
ences of relevant publications. Primary outcome was ARI (absolute increase .0.5 mg/dL or relative increase
.25%, in serum creatinine from baseline within 5 days after surgery). Random effects model was used to
perform a meta-analysis. Forest plots and I2 test were used to assess heterogeneity among studies. Ten RCTs
(n ¼ 1163 patients) were included. Mean age was 70+7.4 years, 71% were male, and 66% underwent coronary
artery bypass surgery. N-Acetylcysteine did not reduce ARI incidence [35% NAC vs. 37% placebo; relative risk
(RR) 0.91, 95% CI 0.79–1.06, P ¼ 0.24]. Overall, 3.3% of patients required haemodialysis (NAC vs. placebo;
RR ¼ 1.13, 95% CI 0.59–2.17) and 3% died (RR ¼ 1.10, 95% CI 0.56–2.16). There was a trend towards reduced
ARI incidence among patients with baseline chronic kidney disease assigned to intravenous NAC (RR ¼ 0.80, 95%
CI 0.64–1.01, P ¼ 0.06).

Conclusion This meta-analysis of RCTs showed that prophylactic perioperative NAC in cardiac surgery does not reduce ARI,
haemodialysis, or death.
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Introduction
Acute renal injury (ARI) is a common complication following
cardiac surgery, associated with infections, prolonged hospitaliz-
ation, and death.1– 11 The mortality risk after cardiac surgery
increases with even minor elevations in creatinine from baseline,4

exceeding 50% in the most severe cases where haemodialysis is
required.11 The risk of post-operative ARI is particularly increased
(�30–40%), among patients with high-risk features such as
advanced age, chronic kidney disease (CKD), diabetes mellitus,
heart failure,8 –10 and in those undergoing complex surgical

procedures with prolonged cardiopulmonary bypass time. Tem-
poral trends in cardiac surgery show that patients with
co-morbidities and complex surgical procedures are increasing.12

Thus, ARI after cardiac surgery is an important health problem
that is expected to increase in incidence.

Although there are isolated reports suggesting that periopera-
tive administration of fenoldopam, clonidine, natriuretic peptides,
sodium nitroprusside, or elective pre-operative haemodialysis
may prevent ARI, none of these interventions has demonstrated
clear efficacy13 and exploration of promising new strategies
continues. The pathophysiology of ARI in the setting of cardiac
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surgery consists of numerous adverse factors including exogenous
toxins, metabolic factors, ischaemia, inflammation, oxidative stress,
and neurohormonal activation that occur during the perioperative
period.1,14,15

N-Acetylcysteine (NAC), a thiol compound with antioxidant and
vasodilatory properties, reduces oxygen free radical production,16

pump-related ischaemia–reperfusion injury,17 and proinflamma-
tory cytokine levels.18 N-Acetylcysteine ameliorates kidney injury
in rats undergoing cardiopulmonary bypass19,20 and appears to
reduce the risk of contrast nephropathy in humans.21,22 Whether
perioperative NAC administration reduces the risk of ARI after
cardiac surgery remains unclear. The few studies addressing this
question have been single-centre studies with relatively small
sample size.23–32 Despite potential effectiveness and increasing
interest, there have been no systematic reviews that comprehen-
sively assess the potential efficacy and adverse effects of periopera-
tive NAC administration in adults undergoing cardiac surgery. We
conducted a systematic review and meta-analysis of randomized
controlled trials (RCTs) to fill this knowledge gap.

Methods

Data sources and study search strategy
We identified RCTs published in MEDLINE from 1960 through January
2008 using the following keywords: [acetylcysteine and all subheadings
or antioxidants or sulphhydril compounds or thiol derivatives] and
[thoracic surgery and all subheadings or coronary artery bypass
surgery or valve surgery]. We limited our search criteria to include
studies published in English language and those involving humans.
We identified additional studies by searching RCTs recorded at clinical-
trials.gov website and by hand-searching the references cited in relevant
publications.

Study selection
We included RCTs of adults undergoing cardiac surgery, in which at
least one of the treatment groups received NAC, administered orally
or intravenously, immediately before, during, or immediately after
cardiac surgery at any dose, for any length of time. We required that
individual studies reported pre-operative (baseline) and post-operative
(within 5 days after surgery) creatinine levels or the incidence of ARI
after heart surgery in each treatment group. When data were
missing or incomplete, we contacted the authors of the original
studies to provide the necessary information.

Data extraction
Two reviewers (A.S.A. and A.K.N.) examined the titles, abstracts, and
full-length articles identified by the described search strategy to deter-
mine whether the study met the inclusion and exclusion criteria. Both
reviewers separately abstracted full-length articles that met the sys-
tematic review inclusion criteria using standardized data collection
forms. Discrepancies between the two reviewers regarding study eligi-
bility and data extraction were infrequent and resolved by discussion.
Results were reviewed with all members of the study team. Abstracted
information included study characteristics (design, enrolment criteria,
comparison group, blinding, intention-to-treat analysis, methods of
allocation concealment, and length of follow-up), patient character-
istics (age, sex, baseline creatinine, hypertension, diabetes mellitus, per-
ipheral arterial disease, New York Heart Association functional class,
and body mass index), details of cardiac surgery (type of surgery,

cardiopulmonary bypass time, ischaemic time, and proportion of
re-do and urgent surgery), dosage and timing of NAC, adverse
effects, dropouts, and relevant outcomes.

Outcomes
The primary outcome variable was the incidence of ARI, defined as an
absolute increase of .0.5 mg/dL or a relative increase of .25%, in
serum creatinine from the pre-operative value (baseline) to within 5
days following surgery. Secondary outcomes included maximum
change in serum creatinine from baseline within 5 days following
surgery, need for post-operative haemodialysis, all-cause mortality,
and lengths of stay in the intensive care unit (ICU) and the hospital.

Methodological quality
Factors considered in methodological quality included concealment of
treatment allocation, similarity of study groups at baseline, blinding of
the patient, clinician, and outcome assessor, point estimates and
measures of variability for the primary outcome variable, and application
of intention-to-treat analysis.33 We also explored potential heterogen-
eity in estimates of treatment efficacy attributable to each quality criteria.

Assessment of heterogeneity
We used Forest plots to visualize the extent of heterogeneity among
studies.22 We examined I2, a standard test for heterogeneity that
measures the degree of inconsistencies across studies.22 I2 values,
which range from 0% to 100%, describe the proportion of variation
in treatment effect estimates that is due to true variation rather than
sampling error.34 A value of 0% indicates no observed heterogeneity.
Higgins et al.34 suggest describing I2 values of 25%, 50%, and 75% as
low, moderate, and high, respectively. We obtained the group-specific
and overall I2 as a standard output of the metan program. We limited
publication bias by using a comprehensive electronic and hand-search
strategy as well as contacting authors of identified studies.

Data synthesis and statistical analysis
We assessed outcomes for individual studies. When judged to be both
clinically appropriate and statistically feasible, we used a random effects
model to combine data. For continuous variables, weighted mean
differences and 95% confidence interval (CI), and for categorical vari-
ables, weighted risk ratios and 95% CI were calculated. We performed
a predetermined subgroup evaluation to assess if the subjects’ risk
profile or the route of administration of NAC influenced the
primary outcome variable. Studies in which enrolment was predicated
upon risk factors for the development of ARI, such as baseline CKD,
age �70 years, diabetes mellitus, left ventricular ejection fraction
,35%, New York Heart Association functional class III/IV, and valve,
re-do, or urgent surgery, were considered to have high-risk subjects.
All comparisons were two-sided and a P-value ,0.05 was considered
statistically significant. Review Manager (version 4.2 for Windows.
Copenhagen: The Nordic Cochrane Centre, The Cochrane Collabor-
ation, 2003) was used in all analyses.

Results
Our initial search yielded 906 citations (Figure 1). We excluded 860
of these by title search due to irrelevant content or duplicate publi-
cations. The abstracts of the remaining 45 articles were reviewed and
an additional 25 were excluded because the intervention was not
NAC (n ¼ 16), study was not an RCT (n ¼ 4), procedure was not
cardiac surgery (n ¼ 1), study was not reported in English (n ¼ 1),
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study subjects were neonates (n ¼ 1), study recruitment was conti-
nuing (n ¼ 1), and insufficient information in a study that was only
published as an abstract (n ¼ 1). After full-text review, 10 of the
remaining 20 articles were excluded because 9 did not report
renal function and 1 was a duplicate publication. The remaining 10
articles were included in the systematic review (Figure 1).23– 32

Study and patient characteristics
The characteristics of the 10 studies that met eligibility criteria are
displayed in Table 1. All studies were published between 2005 and
2008. Three were performed in Canada,25,26,32 two in the United
States,23,24 and the others in Australia,28 Finland,30 Germany,27

Italy,31 and Turkey.29 Placebo control was used in all but one
study, where the control group consisted of patients under usual
care.29 One study had a 2 � 2 factorial design, in which participants
were randomized to NAC, fenoldopam, both, or neither.24 Only
the NAC and placebo arms of this study were considered in the
meta-analysis. In 6 of the 10 studies, participants were considered
to have a high-risk profile for developing ARI,23– 25,28,31,32 although
the criteria for high risk varied across studies. In four studies, base-
line CKD was a compulsory inclusion criterion.23,24,31,32 In eight
studies, NAC was administered intravenously,25–32 although
there was considerable variation in the dose, duration, and route

of administration. Three studies involved patients undergoing cor-
onary artery bypass graft (CABG) surgery alone,26,27,29 where the
other seven included CABG or valve surgery (Table 1). Two
studies reported follow-up creatinine at 14 and 30 days after
surgery.23,24 The mean duration of follow-up for creatinine was
8.2 days and ranged from 3 to 30 days. Study quality varied, with
eight studies23 –25,27,28,30– 32 reporting adequate allocation conceal-
ment and five clearly describing an intention-to-treat analysis.23 –

25,28,32 Withdrawals were reported in five studies23,28,30– 32 and
adverse events in three.23,25,32

The 10 RCTs included a total of 1163 patients (range 20–295),
randomly assigned to NAC (n ¼ 584) vs. control (n ¼ 579) groups.
The pooled baseline clinical and surgical characteristics of the study
patients are displayed in Table 2. Patients were 70+7.4 years in
age and 71% were male. Co-morbid conditions such as diabetes
mellitus, heart failure, and prior myocardial infarction were
common. Overall, 66% of the patients underwent CABG alone
or combined CABG and valve surgery (Table 2). The baseline
characteristics were well-balanced in each individual trial (data
not shown).

Incidence of outcomes and efficacy of
N-acetylcysteine
An overview of the kidney-related outcomes reported in each
clinical trial is presented in Table 3. Compared with placebo,
NAC did not provide a statistically significant reduction in any of
the assessed outcomes. There was no difference in the incidence
of ARI [35% NAC vs. 37% placebo; relative risk (RR) 0.91, 95%
CI 0.79–1.06, P ¼ 0.24] (Figure 2) or maximum change in serum
creatinine from baseline (0.32 mg/dL+ 0.51 vs. 0.32 mg/dL+
0.47; P ¼ 0.95) (Table 4). The individual studies were inadequately
powered to assess mortality and haemodialysis, but in the pooled
analysis, these outcomes were not different between NAC and
placebo groups (Table 4). Overall, 3.3% of patients required hae-
modialysis (NAC vs. placebo; RR 1.13, 95% CI 0.59–2.17) and
3% of patients died (RR 1.10, 95% CI 0.56–2.16). N-Acetylcysteine
did not statistically reduce the length of ICU or hospital stay,
although the lengths of stay varied widely between studies
(Table 4).

In subgroup analysis, the patient risk profile and the NAC route
of administration were not associated with ARI. However, there
was a trend towards reduced ARI incidence among patients with
baseline CKD randomized to NAC (RR 0.86, 95% CI 0.70–1.05,
P ¼ 0.14), particularly if NAC preparations were administered
intravenously (RR 0.80, 95% CI 0.64–1.01, P ¼ 0.06).

Post-hospitalization renal function
In two RCTs, kidney function was evaluated 14 and 30 days after
cardiac surgery.23,24 In both studies, the trends in kidney function
were similar in the NAC and control groups at 14 and 30 days
after surgery. Although kidney function improved in both groups,
it did not return to baseline in many patients. Mean creatinine
clearance was �5 mL/min lower than baseline 14 days after
surgery24 and 14% of the patients still had ARI 30 days after
cardiac surgery (compared with 40% within the first five post-
operative days).23

Figure 1 Selection of the studies included in the systematic
review.
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Adverse events
Adverse events were reported in only 3 of the 10 studies.23,25,32

Among 436 patients, nausea and vomiting occurred in 26 patients

(9 NAC vs. 17 placebo), and hypotension and diarrhoea were
reported in 1 patient each. There was no difference in the need
for intravenous inotrope or pressor medications.24

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Description of randomized clinical trials of perioperative N-acetylcysteine after cardiac surgery

Author Participants Surgery Intervention Study quality

Adabag et al.23 NAC: 50; placebo: 52; total: 102 CABG only: 66 (65%) 600 mg p.o. b.i.d. � 14 Allocation concealment: adequate

High-risk patients with GFR
,60 mL/min/1.73 m2

CABG þ valve: 17 (17%) Intention-to-treat: yes

Valve only: 19 (19%) Dropouts reported: yes

Adverse effects reported: yes

Barr and Kolodner24 NAC: 20; placebo: 19; total: 79 CABG only: 33 (85%) 600 mg p.o. b.i.d. � 4 Allocation concealment: adequate

High-risk patients with GFR
�40 mL/min

Valve only: 6 (15%) Intention-to-treat: yes

Dropouts reported: no

Adverse effects reported: no

Burns et al.25 NAC: 148; placebo: 147; total:
295

CABG only: 250 (88%) 600 mg i.v. b.i.d. � 4 Allocation concealment: adequate

High-risk patients with �1 criteria
below: creatinine .1.4 mg/dL,
age �70 years, diabetes
mellitus, EF ,35%, complex
surgery or re-do

CABG þ valve: 42 (14%) Intention-to-treat: yes

Valve only: 2 (1%) Dropouts reported: no

Adverse effects reported: yes

El-Hamamsy et al.26 NAC: 50; placebo: 50; total: 100 CABG only: 100 (100%) 600 mg p.o. � 1 Allocation concealment: unclear

Low-risk patients CABG or CPB 150 mg/kg i.v. � 1 Intention-to-treat: unclear

12.5 mg/kg/h i.v. � 24 h Dropouts reported: no

Adverse effects reported: no

Fischer et al.27 NAC: 20; placebo:20; total: 40 CABG only: 40 (100%) 100 mg/kg i.v. � 1 Allocation concealment: adequate

Low-risk patients with CABG or
CPB

20 mg/kg/h � 75 min Intention-to-treat: unclear

Dropouts reported: no

Adverse effects reported: no

Haase et al.28 NAC: 31; placebo: 30; total: 61 CABG only: 18 (30%) 150 mg/kg i.v. � 1 Allocation concealment: adequate

High-risk patients with �1 criteria
below: creatinine .1.36 mg/
dL, age .70 years, NYHA class
III/IV or EF ,50%, diabetes
mellitus, valve or complex or
re-do surgery

CABG þ valve: 19 (31%) 50 mg/kg i.v. � 1 Intention-to-treat: yes

Valve only: 24 (39%) 100 mg/kg � 1 Dropouts reported: yes

Adverse effects reported: no

Orhan et al.29 NAC: 10; usual care: 10; total: 20 CABG only: 20 (100%) 50 mg/kg i.v. � 1 Allocation concealment: unclear

Low-risk patients with elective
CABG with CPB

Intention-to-treat: unclear

Dropouts reported: no

Adverse effects reported: no

Ristikankare et al.30 NAC: 40; placebo: 40; total: 80 CABG only: 38 (49%) 150 mg/kg � 1 i.v. Allocation concealment: adequate

Low-risk patients with creatinine
.1.14 mg/dL and cardiac
surgery CPB

CABG þ valve: 25 (32%) 50 mg/kg � 1 i.v. Intention-to-treat: no

Valve only: 14 (18%) 100 mg/kg � 1 i.v. Dropouts reported: yes

Adverse effects reported: no

Sisillo et al.31 NAC: 129; placebo: 125; total:
256

CABG only: 105 (41%) 1200 mg � 4 i.v. Allocation concealment: adequate

High-risk patients with GFR
,60 mL/min

CABG þ valve: 32 (13%) Intention-to-treat: unclear

Valve only: 117 (46%) Dropouts reported: yes

Adverse effects reported: no

Wijeysundera et al.32 NAC: 88; placebo: 87; total: 175 CABG only: 93 (53%) 100 mg/kg � 1 i.v. Allocation concealment: adequate

High-risk patients with GFR
,60 mL/min with elective
CABG with CPB

CABG þ valve: 48 (27%) 20 mg/kg/h i.v. Intention-to-treat: yes

Valve only: 34 (19%) Dropouts reported: yes

Adverse effects reported: yes

GFR, glomeruler filtration rate; NAC, N-acetylcysteine; CABG, coronary artery bypass graft; CPB, cardiopulmonary bypass; EF, ejection fraction.
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Assessment of within-group
heterogeneity
We found no evidence of statistical heterogeneity in the effects of
NAC on ARI (I2 ¼ 0; P ¼ 0.75), haemodialysis (I2 ¼ 0; P ¼ 0.58),

or death (I2 ¼ 0; P ¼ 0.94) among pooled studies suggesting that
results were consistent across studies. On the other hand, we
found moderate to high level of heterogeneity on the effects of
NAC on maximum change in creatinine (I2 ¼ 50%; P ¼ 0.05),
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Table 2 Baseline clinical and surgical characteristics (pooled) of the study populations

Variable Weighted mean or frequency
among study participants

No. of studies reporting
the variable

References of the studies
reporting the variable

Clinical characteristics

Age (mean þ SD)a 70+7.4 10 23–32

Male, n (%) 831/1163 (71%) 10 23–32

Baseline creatinine, mg/dL (mean þ SD) 1.29+0.4 9 23,25–32

BMI, kg/m2 (mean þ SD) 29.4+3.8 5 23,26,28–30

NYHA class III/IV, n (%) 186/789 (24%) 7 23,26,28–32

Diabetes mellitus, n (%) 402/1163 (34%) 10 23–32

LV dysfunction (EF ,50%), n (%) 307/1026 (30%) 7 23–26,28,31,32

Hypertension, n (%) 832/1104 (75%) 8 23,25–28,30–32

Peripheral arterial disease, n (%) 152/749 (20%) 6 23–25,28,30,32

Prior myocardial infarction, n (%) 172/618 (28%) 6 23,25–29

Surgical characteristics

CABG only, n (%) 763/1163 (66%) 10 23–32

CABG and valve, n (%) 183/1124 (16%) 9 23,25–32

Valve only, n (%) 210/1124 (18%) 9 23,25–32

CPB time, min (mean þ SD) 105+38 9 23,25–32

Ischaemic time, min (mean þ SD) 70+26 9 23–30,32

Off-pump surgery, n (%) 50/1163 (4%) 10 23–32

Prior cardiac surgery, n (%) 55/1046 (5%) 8 23–26,28,29,31,32

Urgent/emergent surgery, n (%) 4/907 (2%) 6 23,25,28,29,31,32

BMI, body mass index; NYHA, New York Heart Association; LV, left ventricle; CABG, coronary artery bypass graft surgery; CPB, cardiopulmonary bypass; EF, ejection fraction.
aWeighted mean þ SD.
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Table 3 Outcomes reported (X) in randomized clinical trials of perioperative N-acetylcysteine after cardiac surgery

Author Acute
kidney
injury

Maximum
change in
creatinine

Peak
post-operative
creatinine

Long-term
kidney
function

Haemodialysis Deatha Length
of stay
(ICU)

Length of
stay
(hospital)

Adabag et al.23 Xb Xb Xb Xc X X X X

Barr, 200824 Xd Xe X X X X

Burns, 200525 Xb X X X X

El-Hamamsy et al.26 Xb Xb Xb X X X X

Fischer et al.27 Xb Xb X X

Haase et al.28 Xb Xb Xb X X X X

Orhan et al.29 Xb Xb Xb X X X X

Ristikankare et al.30 Xb Xb Xb X X X

Sisillo et al.31 Xd Xd Xd X X X

Wijeysundera et al.32 Xd Xd Xd X X X X

ICU, intensive care unit.
aIn-hospital or 30-day.
bBy post-operative Day #5.
cPost-operative Day #30.
dBy post-operative Day #3.
ePost-operative Day #14.
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ICU length of stay (I2 ¼ 94%; P , 0.00001), and total hospital
length of stay (I2 ¼ 55%; P ¼ 0.05).

Discussion
In this systematic review of 10 RCTs involving more than 1100
patients who underwent cardiac surgery, we found that prophylac-
tic administration of NAC in the perioperative period did not
reduce any of the preplanned clinical outcomes including the inci-
dence of ARI, haemodialysis, death, or length of stay in the ICU and
in the hospital. In an exploratory subgroup analysis, there was a
trend towards reduced ARI among patients with baseline CKD
who were administered intravenous NAC. We also found that
NAC was, in general, well tolerated and not associated with
adverse events in the few studies that reported this information.

Post-operative ARI is a common event following cardiac
surgery.1 –11 When defined as a 50% increase in serum creatinine,
ARI complicates between 7% and 39% of all operative pro-
cedures.35– 38 Small increases in serum creatinine following
cardiac surgery have been associated with increased duration of

mechanical ventilation,39 length and cost of hospitalization, and
the risk of short-term mortality.4,40,41 Recently, a number of
studies have evaluated the long-term complications of small
changes in serum creatinine during the hospitalization.42,43

Increases in serum creatinine following myocardial infarction are
associated with an increased long-term risk of end-stage kidney
disease42 and mortality.43 While it currently remains unclear
whether ARI itself is pathological or simply a marker of poor out-
comes, current epidemiological data suggest that preventing
increases in serum creatinine following cardiac surgery may
reduce adverse health outcomes. N-Acetylcysteine has been
demonstrated to ameliorate ARI in rats following cardiac
surgery19,20 and appears to decrease the rise in creatinine associ-
ated with contrast administration.21,22 However, the results from
the present systematic review do not suggest that prophylactic
NAC administration prior to cardiac surgery reduces either the
incidence of ARI or the maximal increase in serum creatinine fol-
lowing surgery.

Although there is no consensus in the definition of post-cardiac
surgery ARI in the medical literature, an absolute increase in serum

Figure 2 Forest plot describing the relative risk of acute kidney injury among cardiac surgery patients randomized to NAC vs. placebo.
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Table 4 Pooled relative risk or weighted mean difference of the outcome variables in patients randomized to NAC vs.
placebo/usual care

NAC Control Relative risk (95%
confidence limits)

Weighted mean difference
(95% confidence limits)

P-value

Acute kidney injury, n (%)23–26,28–32 195/564 (35%) 208/559 (37%) 0.91 (0.79–1.06) 0.24

Operative mortality, n (%)23–32 19/584 (3.3%) 16/579 (2.8%) 1.10 (0.56–2.16) 0.78

Haemodialysis, n (%)23–32 20/584 (3.4%) 18/579 (3.1%) 1.13 (0.59–2.17) 0.71

Maximum change in creatininea (mg/dL)23,26–32 0.32+0.51 0.32+0.47 0.00 (20.11–0.10) 0.95

ICU length of staya (days)23,24,26,28–32 3.6+2.5 3.5+2.9 0.07 (20.92–1.06) 0.89

Hospital length of staya (days)23,24,26,28,29,32 8.2+2.1 8.2+3.4 0.04 (21.00–1.07) 0.95

NAC, N-acetylcysteine; ICU, intensive care unit.
aMean+ SD.
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creatinine .0.5 mg/dL or a relative increase .25% from baseline
after cardiac surgery has been widely used in previous studies. The
risk of complications and death related to kidney injury are highest
among patients who require haemodialysis following cardiac
surgery.12 Haemodialysis and death are also hard endpoints that
a recent consensus statement has encouraged investigators to
use as outcome variables in studies of ARI after cardiac
surgery.13 However, these are also relatively rare outcomes. In
our investigation, these outcomes occurred in 3% of the study par-
ticipants, many of whom had high-risk features at baseline.
N-Acetylcysteine did not alter the risk of either haemodialysis or
death compared with placebo. Given that our observed incidence
for haemodialysis and death is similar to previous cohort
studies44– 46 of cardiac surgery patients, our results are likely
generalizable to larger populations. Furthermore, a recent
meta-analysis of RCTs of NAC administered perioperatively to
patients undergoing cardiac or abdominal surgeries has also
reported no difference in mortality, haemodialysis, ARI, and ICU
length of stay, supporting our results.47

Six of the 10 RCTs in this systematic review included only those
patients perceived to be at high risk for developing ARI after
surgery.23– 25,28,31,32 However, baseline CKD, a very important
predictor of post-operative ARI, was a compulsory entry criterion
in only four studies.23,24,31,32 In the other two studies, patients with
serum creatinine .1.4 mg/dL comprised fewer than 25% of their
study population and led to a lower incidence of haemodialy-
sis.25,28 In subgroup analyses, a trend towards reduced ARI with
NAC was observed among patients with baseline CKD, particularly
if NAC was administered intravenously. These observations
suggest that it may be more prudent to make baseline CKD a com-
pulsory inclusion criterion in future studies evaluating interventions
to reduce renal injury after heart surgery.

The strengths of this systematic review include the methodology
used in identifying and analysing the individual studies and its ability
in garnering a sufficiently large study population in this area domi-
nated by relatively small studies. The limitations, on the other hand,
include the following. Acute renal injury has been used as a surro-
gate measure to assess intervention efficacy. However, this is less
desirable than hard clinical outcomes such as haemodialysis or
death. Although, there was not a trend towards benefit (or
harm) with NAC in haemodialysis or death, none of the individual
studies nor our pooled analysis of these trials was of sufficient size
and/or duration to detect (or exclude) a statistically or clinically
significant difference in these relatively rare, but important out-
comes. Also, in the individual studies, the diagnosis of ARI was pri-
marily based on an increase in serum creatinine, which may not
accurately reflect true changes in glomeruler filtration rate
(GFR).48 Further, it has recently been suggested that NAC may
decrease serum creatinine concentration without affecting renal
function.49 This observation, although subsequently contradicted
by data demonstrating that NAC improves both GFR and creati-
nine concentration, suggests that newer urinary biomarkers such
as cystatin C or NGAL may be more sensitive to identify kidney
damage.50,51 However, at present, serum creatinine is the cheapest
and most broadly accepted marker of kidney function.52 Also, the
regimen of NAC administration varied between studies. We per-
formed subgroup analyses to account for the differences in route

of NAC administration (e.g. oral vs. intravenous). Finally, although
we did not test for publication bias, which is difficult to assess with
a small number of studies, we took steps to minimize it by including
broad search and inclusion criteria, hand-searching of references,
and contacting the authors of the primary studies.53

In conclusion, randomized trial evidence demonstrates that pro-
phylactic administration of NAC in the perioperative period to
patients undergoing cardiac surgery does not reduce the incidence
of ARI, haemodialysis, death, or lengths of stay. Future trials are
needed to determine if intravenous NAC improves these clinical
outcomes in patients with baseline CKD. Until then, the use of
NAC in patients undergoing cardiac surgery is not supported by
evidence.
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