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Deterioration of Renal Function Following
Elective Coronary Angiography
and Intervention
A Randomized Controlled Trial
Jay Kay, MBBS, MRCP
Wing Hing Chow, MBBS, FRCP
Tak Mao Chan, MD
Sing Kai Lo, PhD
On Hing Kwok, MBBS, MRCP
Alex Yip, MBBS, FRCP
Katherine Fan, MBBS, MRCP
Chi Hang Lee, MBBS, MRCP
Wai Fai Lam, MBBS, MRCP

CONTRAST NEPHROPATHY IS A

recognized complication af-
ter coronary angiography and
intervention that has been as-

sociated with prolonged hospitaliza-
tion and adverse clinical outcomes.1-3

It is reported that 14.5% of patients de-
velop a 25% increase in serum creati-
nine levels following cardiac catheter-
ization.2 This problem assumes greater
and greater importance with in-
creased use of invasive radiological pro-
cedures to diagnose and treat coro-
nary artery disease.

Contrast nephropathy is potentially
preventable because the administration
of radiocontrast agent is predictable and
high-risk populations also have been
identified.4 Patients at greatest risk are
those with impaired renal function,5 par-
ticularly that caused by diabetic ne-
phropathy.6 However, other than the use
of intravenous hydration2 and low-
osmolality contrast media,7 no previ- Author Affiliations: Cardiac Medical Unit, Grantham

Hospital (Drs Kay, Chow, Kwok, Yip, Fan, Lee, and
Lam) and Nephrology Division, Department of Medi-
cine, Queen Mary Hospital (Dr Chan), University of
Hong Kong; and Institute for International Health,

University of Sydney, Sydney, Australia (Dr Lo).
Corresponding Author and Reprints: Jay Kay, MRCP,
Cardiac Medical Unit,Grantham Hospital, 125 Wong
Chuk Hang Rd, Aberdeen, Hong Kong (e-mail:
flkay@netvigator.com).

Context The antioxidant acetylcysteine prevents acute contrast nephrotoxicity in pa-
tients with impaired renal function who undergo computed tomography scanning. How-
ever, its role in coronary angiography is unclear.

Objective To determine whether oral acetylcysteine prevents acute deterioration in
renal function in patients with moderate renal insufficiency who undergo elective coro-
nary angiography.

Design and Setting Prospective, randomized, double-blind, placebo-controlled trial
conducted from May 2000 to December 2001 at the Grantham Hospital at the Uni-
versity of Hong Kong.

Participants Two hundred Chinese patients aged mean (SD) 68 (6.5) years with stable
moderate renal insufficiency (creatinine clearance �60 mL/min [1.00 mL/s]) who were
undergoing elective coronary angiography with or without intervention.

Intervention Participants were randomly assigned to receive oral acetylcysteine
(600 mg twice per day; n=102) or matching placebo tablets (n=98) on the day be-
fore and the day of angiography. All patients received low-osmolality contrast agent.

Main Outcome Measures Occurrence of more than a 25% increase in serum cre-
atinine level within 48 hours after contrast administration; change in creatinine clear-
ance and serum creatinine level.

Results Twelve control patients (12%) and 4 acetylcysteine patients (4%) devel-
oped a more than 25% increase in serum creatinine level within 48 hours after con-
trast administration (relative risk, 0.32; 95% confidence interval [CI], 0.10-0.96; P=.03).
Serum creatinine was lower in the acetylcysteine group (1.22 mg/dL [107.8 µmol/L];
95% CI, 1.11-1.33 mg/dL vs 1.38 mg/dL [122.9 µmol/L]; 95% CI, 1.27-1.49 mg/
dL; P=.006) during the first 48 hours after angiography. Acetylcysteine treatment sig-
nificantly increased creatinine clearance from 44.8 mL/min (0.75 mL/s) (95% CI, 42.7-
47.6 mL/min) to 58.9 mL/min (0.98 mL/s) (95% CI, 55.6-62.3 mL/min) 2 days after
the contrast administration (P�.001).The increase was not significant in the control
group (from 42.1 to 44.1 mL/min [0.70 to 0.74 mL/s]; P=.15). The benefit of ace-
tylcysteine was consistent among various patient subgroups and persistent for at least
7 days. There were no major treatment-related adverse events.

Conclusion Acetylcysteine protects patients with moderate chronic renal insuffi-
ciency from contrast-induced deterioration in renal function after coronary angio-
graphic procedures, with minimal adverse effects and at a low cost.
JAMA. 2003;289:553-558 www.jama.com
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ous strategies have been convincingly
shown to prevent contrast nephropa-
thy in high-risk patients. Efficacious and
safe prophylactic intervention of con-
trast nephropathy is expected to de-
crease morbidity and mortality during
hospitalization, including the need for di-
alysis, and thus reduce health costs.

Acetylcysteine is an antioxidant that
has been shown to attenuate ischemic
renal failure in animal studies.7,8 It pre-
vents acute renal dysfunction in noncar-
diac patients with chronic renal insuffi-
ciency exposed to small doses of contrast
agents during computed tomography.9

Patients with renal disease also fre-
quently have severe coronary disease and
are referred for coronary angiography
and intervention.10 In addition to the use
of larger volumes of contrast media, car-
diac catheterization involves greater re-
nal vasoconstriction with intra-arterial
injections in patients with variable he-
modynamic status. A higher incidence
of contrast media–induced nephrotox-
icity has been demonstrated in patients
undergoingcardiaccatheterization.11 The
low cost of acetylcysteine, its ease of ad-
ministration, and its limited adverse ef-
fects are all compelling reasons to fur-
ther investigate its role in patients
undergoing angiography. We therefore
conducted a prospective randomized
clinical trial with detailed measure-
ment of renal function to determine the
effect of oral acetylcysteine in patients
with chronic renal impairment who were
at high risk for contrast nephrotoxicity
after elective diagnostic and/or interven-
tional coronary angiographic proce-
dures.

METHODS
Study Population

This prospective, randomized double-
blind, placebo-controlled trial was con-
ducted at the Grantham Hospital at the
University of Hong Kong between May
2000 and December 2001, in accor-
dance with the principles of good clini-
cal practice and the Declaration of Hel-
sinki. The study protocol was approved
by the Research and Ethics Commit-
tee of Grantham Hospital. All patients
gave written informed consent.

Patients scheduled for elective coro-
nary angiography and/or intervention
were eligible for the study if they had a
serumcreatinineconcentrationabove1.2
mg/dL (106 µmol/L) or creatinine clear-
ance below 60 mL/min (1.0 mL/s). Cre-
atinine clearance was estimated from se-
rum creatinine concentration using the
Cockcroft-Gault formula12 and subse-
quently confirmed by collection of uri-
nary creatinine over 24 hours. Eligible
patients were adults with known chronic
renal impairment and stable serum cre-
atinine concentrations. Dialyzed pa-
tients were excluded from participa-
tion, aswerepatientswhohadacute renal
failure, who had a change in use of di-
uretic or antihypertensive agents, or who
had received iodinated contrast media or
nephrotoxic agents within the 30 days
prior to the study entry. We did not en-
roll patients with overt congestive heart
failure, severe valvular disease, or ad-
vanced left ventricular systolic dysfunc-
tion defined as left ventricular ejection
fraction less than 35%. Patients who had
acute chronic obstructive lung disease or
asthma exacerbation, or allergy to ace-
tylcysteine, were ineligible.

Study Protocol
All eligible patients (N=200; mean [SD]
age, 68 [6.5] years) were randomly al-
located to either the acetylcysteine group
or the control group based on random
numbers generated by computer. Par-
ticipants, those administrating the in-
terventions, and those assessing the out-
comes were unaware of the group
assignment. Patients were randomized
to receive either oral acetylcysteine (Flu-
imucil [Zambon Group SpA, Milan,
Italy], 600-mg tablet twice daily) or
matching placebo on the day before and
on the day of administration of the con-
trast agent, for a total of 2 days. Three
doses were given before and 1 dose af-
ter cardiac catheterization. Physiologi-
cal (0.9%) saline was given intrave-
nously at a rate of 1 mL/kg of body
weight per hour for 12 hours before and
for 6 hours after the contrast exposure.
Liberal intake of oral fluid was encour-
aged to ensure good hydration status, ex-
cept for the 4 hours preprocedure or

when clinically contraindicated. Vol-
ume status and body weight were moni-
tored closely. Serum creatinine and urea
levels were measured at the time of ad-
mission, then at 24 hours, 48 hours, and
7 days following the administration of
contrast medium. Twenty-four–hour
urine creatinine levels were collected at
the time of admission, then at 48 hours
and 7 days after contrast administra-
tion. Bromhexine was used as a muco-
lytic agent if clinically indicated. Met-
formin was withheld before cardiac
catheterization due to its potential toxic
accumulation after acute contrast neph-
rotoxicity13 and reinstituted after the
completion of study. Oral sulphonyl-
urea or insulin was used to optimize
blood sugar levels if necessary.

Standard coronary angiography
and/or percutaneous coronary inter-
vention were performed. All patients re-
ceived a nonionic, low-osmolality con-
trast agent (iopamidol). Adjunctive
drug therapy and the dose of contrast
agent were left to the discretion of the
attending cardiologist.

Outcomes
The primary outcome was the occur-
rance of acute contrast-induced reduc-
tion in renal function; the second pri-
mary outcome was change in creatinine
clearance and serum creatinine con-
centration. Secondary outcomes were
acute pulmonary edema, major ad-
verse cardiac events, need for dialysis,
and length of hospitalization.

Definitions
Stable serum creatinine concentration
was defined as a difference of 0.1 mg/dL
(8.8 µmol/L) or less between serum cre-
atinine levels measured 1 to 2 months
before angiography and baseline lev-
els measured 12 to 24 hours before
coronary angiography. Acute contrast-
induced reduction in renal function was
defined as a greater than 25% increase
in serum creatinine level2,14-16 that oc-
curred within 48 hours after contrast
exposure and for which alternative ex-
planations for renal impairment had
been excluded. Major adverse cardiac
events were defined as cardiac death,
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nonfatal myocardial infarction (de-
fined as �3 times upper limit of cre-
atine kinase-MB levels), or revascular-
ization of the target lesion.

Statistical Analysis
Based on previous findings that the SD
of serum creatinine levels in the angio-
graphic population at high risk for con-
trast nephropathy would be 0.85 mg/dL
(75.1 µmol/L),17 a sample size of ap-
proximately 80 patients in each treat-
ment group (a 2-tailed significance level
of .05 and a statistical power of 0.95)
was required to detect a difference in
serum creatinine level of 0.5 mg/dL
(44.2 µmol/L) (a standardized differ-
ence of 0.59 or an effect size of 0.29),
a difference that is comparable to that
detected in previous studies.9,17 To ac-
count for the possibility of patients lost
to follow-up and to ensure a real clini-
cal difference, the planned sample size
was 200 patients.

The Kolmogorov-Smirnov test was
used to determine if continuous vari-
ables were normally distributed. Base-
line characteristics of the study groups
were compared using the 2-tailed t test,
or Mann-Whitney test where appropri-
ate, for continuous data and the �2 test
for categorical data. Modified intention-
to-treat analysis was carried out on all
randomized patients who received at
least 1 dose of the study medication (no
patients were excluded because they did
not receive a first dose). Difference in in-
cidence of acute contrast-induced re-
duction in renal function between the 2
treatment groups was tested using a �2

test. Serial serum creatinine concentra-
tions and creatinine clearance were com-
pared within and between groups using
repeated-measures analysis of variance
followed by contrast. While the overall
� level was set at .05, the sharpened Bon-
ferroni method18 was used to adjust for
individual � level when multiple tests
wereperformed.Datawereanalyzedwith
SPSS v10.0 (SPSS Inc, Chicago, Ill).

RESULTS
The trial profile is shown in FIGURE 1.
In terms of baseline characteristics the
8 patients without follow-up data did

not differ significantly from the remain-
ing population.

The mean (SD) baseline serum cre-
atinine level and 24-hour creatinine
clearance for all patients were 1.36 (0.44)
mg/dL (120.2 [38.9] µmol/L) and 43.5
(12.3) mL/min (0.7 [0.2] mL/s), respec-
tively. The study groups were similar in
their baseline characteristics (TABLE 1).
The causes of chronic renal impair-
ment were determined by clinical as-
sessments and were not significantly dif-
ferent between the groups. Most patients
were scheduled for cardiac angiogra-
phy and/or intervention because of
symptomatic coronary ischemia. The
mean volume of administered contrast
medium was 139 (53) mL for all pa-
tients. The study groups were similar in
terms of left ventricular ejection frac-
tion (LVEF), angiographic diagnoses,
and volume of contrast agent adminis-
tered. No patient had significant hypo-
tension or dysarrhythmias during or af-
ter cardiac catheterization that might
have altered renal function.

Clinical outcomes are given in
TABLE 2. Patients receiving acetylcyste-
ine experienced acute contrast-induced
reduction in renal function two thirds
less frequently (12% vs 4%, P=.03). The
average length of hospitalization was also
a half-day shorter in the group receiv-
ing acetylcysteine (P=.02). A trend to-

ward a lower incidence of oliguria and
acute increase in serum creatinine lev-
els of at least 50% was noted in patients
assigned to acetylcysteine treatment. No
patients in this study developed acute
nephrotoxicity requiring dialysis as a re-
sult of the administration of contrast ma-
terial. One patient receiving acetylcys-
teine developed congestive heart failure
due to unstable angina. There were no
major adverse cardiac events except 1 pa-
tient in the control group sustained an
uncomplicated non–ST-segment eleva-
tion myocardial infarction after coro-
nary intervention.

The changes in the serum creatinine
concentrations and creatinine clear-
ance after the administration of con-
trast material are described in FIGURE 2.
The mean serum creatinine concentra-
tion and creatinine clearance before ra-
diocontrast administration were simi-
lar in the 2 groups. The serum creatinine
concentration decreased after angiogra-
phy in the acetylcysteine group com-
pared with the control group (Figure 2).
In the acetylcysteine group, the mean se-
rum creatinine concentration de-
creased significantly from 1.35 to 1.22
mg/dL (119.3 to 107.8 µmol/L, P�.001)
at day 2 after the administration of the
contrast medium. In the control group,
the change in mean serum creatinine
concentration (1.36 to 1.38 mg/dL

Figure 1. Flow of Patients Through the Trial

219 Patients Assessed for Eligibility

200 Randomized

98 Assigned to Receive Placebo 102 Assigned to Receive Acetylcysteine

98 Included in Primary Analysis 102 Included in Primary Analysis

4 Dropped Out
1 Underwent Urgent

CABG Surgery
3 Declined Follow-up

4 Dropped Out
2 Underwent Urgent

CABG Surgery
2 Declined Follow-up

19 Ineligible
12 Did Not Meet

Protocol Criteria
7 Unwilling to

Participate

CABG indicates coronary artery bypass graft.
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[120.2 to 122 µmol/L) was not signifi-
cant (P=.13). The differences in changes
(from baseline) between the control and

acetylcysteine groups were significant at
day 1 (1.32 vs 1.22 mg/dL [116.7 vs
107.8 µmol/L], P=.02) and day 2 (1.38

[95% CI, 1.27-1.49] vs 1.22 [95% CI,
1.11-1.33] mg/dL [122 vs 107.8 µmol/
L], P=.006) after administration of con-
trast medium, but not significant at day
7 (1.38 vs 1.31 mg/dL [122 vs 115.8
µmol/L], P=.23) (Figure 2).

When 24-hour creatinine clearance
was examined (Figure 2), the increase
in the control group was only signifi-
cant vs baseline at day 7 (42.1 to 48.4
mL/min [0.70 to 0.81 mL/s], P�.001)
after the administration of contrast (at
day 2: 42.1 to 44.1 mL/min [0.70 to
0.74 mL/s], P=.15). Patients in the ace-
tylcysteine group, on the other hand,
had a 30% increase, from 44.8 (0.75
mL/s) (95% CI, 42.7-47.6) to 58.9 (0.98
mL/s) (95% CI, 55.6-62.3) mL/min (0.7
to 1.0 mL/s, P�.001) at day 2 after an-
giography. The change was signifi-
cantly different between the 2 groups
(P�.001). A higher creatinine clear-
ance was also evident at day 7 after an-
giography (55.2 mL/min [0.92 mL/s],
P=.045).

The consistency of the benefits of
acetylcysteine in a number of key sub-
groups is shown in FIGURE 3. There was
a tendency toward a greater benefit
among patients who had diabetes melli-
tus (P=.001) and who received a vol-
ume of contrast medium greater than
100 mL (P�.001).

The changes in weight after angiog-
raphy were nonsignificant in both
groups. The groups also did not differ
significantly in the ratio of serum urea
levels to serum creatinine levels and in
total urinary output after angiography.

One patient assigned to placebo
discontinued the study medication
because of nausea. No other adverse
effects were reported.

COMMENT
This study demonstrates that acetyl-
cysteine prevents contrast nephrotox-
icity in patients with moderate chronic
renal insufficiency undergoing coro-
nary diagnostic and/or interventional
procedures. Its renoprotective effects
were similar in various patient sub-
groups. The similar changes in serum
urea and creatinine concentrations sug-
gest that the changes in glomerular fil-

Table 1. Baseline Characteristics

Characteristic

Study Group

P
Value

Control
(n = 98)

Acetylcysteine
(n = 102)

Age, median (IQR), y 69 (48-82) 69 (50-81) .60
Men, No. (%) 62 (63) 61 (60) .62
Body mass index, mean (SD) 23.7 (3.0) 23.7 (3.2) .84
Blood pressure, mean (SD), mm Hg

Systolic 139 (12) 140 (13) .47
Diastolic 78 (8) 76 (9) .37

Causes of renal impairment, No. (%)
Diabetic nephropathy 29 (30) 38 (37)
Hypertensive nephropathy 36 (37) 33 (32)
Obstructive nephropathy 23 (23) 16 (16) .34
Other 2 (2) 1 (1)
Unknown 8 (8) 14 (14)

Serum urea, median (IQR), mg/dL* 18.8 (9.2-60.2) 17.4 (7.8-39.2) .50
Serum creatinine, median (IQR), mg/dL* 1.26 (0.75-3.64) 1.24 (0.77-2.99) .65
Serum creatinine �2.5 mg/dL, No. (%) 3 (3) 4 (4) .74
Estimated creatinine clearance, mL/min† 44.8 (16.0-58.6) 46.4 (13.9-57.8) .46
24-h creatinine clearance, mL/min 45 (12.7-59.8) 47 (14.0-59.4) .11
Diabetes mellitus, No. (%)‡ 35 (36) 40 (39) .61
Hypertension, No. (%)§ 42 (43) 39 (38) .51
Previous myocardial infarction, No. (%) 37 (38) 37 (36) .83
Previous CABG surgery, No. (%) 3 (3) 8 (8) .14
Previous PCI, No. (%) 22 (22) 15 (15) .16
LVEF 35%-50%, No. (%) 25 (26) 30 (29) .54
Medications, No. (%)

ACE inhibitor 39 (40) 40 (39) .71
Diuretic 20 (20) 21 (21) .98
Calcium channel blocker 37 (38) 46 (45) .29
Angiotensin II receptor inhibitor 4 (4) 8 (8) .26

Cardiac angiographic procedure, No. (%)
Coronary angiography 65 (66) 61 (60)
Coronary angiography and ad hoc PCI 27 (28) 33 (32) .63
PCI 6 (6) 8 (8)

Left ventriculography, No. (%) 93 (95) 93 (91) .30
LVEF, median (SD), % 61 (22.0) 58.5 (18.3) .18
Angiographic diagnosis, No. (%)

Normal 12 (12) 8 (8)
Nonobstructive disease 16 (16) 16 (16)
Single-vessel disease 25 (26) 27 (26)

.73
Double-vessel disease 18 (18) 25 (25)
Triple-vessel disease 25 (26) 22 (22)
Graft disease 2 (2) 4 (4)

Volume of contrast agent, median (IQR), mL 120 (70-380) 130 (75-320) .29
Volume of contrast agent per body weight,

median (IQR), mL/kg
2.1 (1.1-7.6) 2.2 (1.1-5.5) .74

Abbreviations: ACE, angiotensin-converting enzyme; CABG, coronary artery bypass graft; IQR, interquartile range; LVEF,
left ventricular ejection fraction; PCI, percutaneous coronary intervention.

*To convert from mg/dL to µmol/L, multiply serum urea values by 0.357; multiply serum creatinine values by 88.4.
†For men, estimated creatinine clearance = (140−age) � weight/serum creatinine � 72, with age in years, weight in

kg, and serum creatinine in mg/dL. For women, estimated creatine clearance = 0.85 � value calculated for men. To
convert mL/min to mL/s, multiply values by 0.0167.

‡Glycosylated hemoglobin level �6.2% or concurrent use of insulin or oral hypoglycemic therapy.
§Arterial pressure �140/90 mm Hg or current use of antihypertensive therapy.
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tration underlie the prophylactic ef-
fects of acetylcysteine.

Contrast nephropathy results from
direct renal tubular toxicity and renal
medullary ischemia.6 Administration
of contrast medium increases the pro-
duction of nephrotoxic oxygen free
radicals.19,20 Besides scavenging oxy-
gen free radicals that mediate cell
necrosis after myocardial infarction21

and after angioplasty,22 acetylcysteine
may act as an antioxidant to inhibit
ischemic cell death in the kidney.7,8

Previous studies also suggest that ace-
tylcysteine has vasodilatory proper-
ties.23,24 Therefore, acetylcysteine may
prevent contrast nephrotoxicity by
inhibiting direct oxidative tissue dam-
age and by improving renal hemody-
namics.

We studied patients with moderate
chronic renal insufficiency because they
represent the majority of patients at
high risk of contrast nephropathy who
are selected for coronary procedures.
Moderate renal insufficiency also
doubles the risks of in-hospital major
adverse cardiac events.25

A more than 25% increase in serum
creatinine level following contrast ad-
ministration was a marker of poor clini-
cal outcomes in a recent study26 and was
the typical definition of an acute con-
trast-induced reduction in renal func-
tion in the preceding studies.2,13-16,19 Our
incidence (12%) is in agreement with
a previous large epidemiologic study.2

Such complication may prolong hos-
pitalization because of additional labo-
ratory testing and postponement of fur-
ther radiographic contrast exposure or
surgical intervention.1,27 We found a
slight but statistically significant de-
crease in length of hospitalization
among the patients receiving acetyl-
cysteine.

One percent of our patients devel-
oped a more than 50% increase in cre-
atinine level after contrast exposure and
no patient required acute dialysis. This
reinforces the previous finding5,28,29 that
the more severe forms of contrast neph-
rotoxicity are uncommon. Acute dialy-
sis is uncommon (0.77%) after coro-
nary intervention.2 Clinically serious

renal injury is expected to be more com-
mon in daily clinical practice because
our patients were carefully selected, op-

timally hydrated, and free of other fac-
tors that may predispose them to con-
trast nephropathy.

Figure 2. Change in Mean Serum Creatinine Concentration and 24-Hour Creatinine
Clearance After Administration of Contrast Agent
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Data are presented as mean (SEM). A, Mean serum creatinine concentration at day 1 and day 2 decreased
significantly in the acetylcysteine group and changed insignificantly in the control group (for acetylcysteine vs
control: P=.02 at day 1; P=.006 at day 2). For day 7 vs baseline: P�.001 (acetylcysteine) and P=.13 (control).
To convert mg/dL to µmol/L, multiply values by 88.4. B, Mean creatinine clearance in the acetylcysteine group
was significantly higher at day 2 and remained higher at day 7 (for acetylcysteine vs control: P�.001 at day 2
and P=.045 at day 7). For day 7 vs baseline: P�.001 for both groups.

Figure 3. Change in 24-Hour Creatinine Clearance From Baseline to Day 2 After
Administration of Contrast Agents in Subgroups
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Creatinine clearance in the acetylcysteine group increased significantly after contrast exposure. The benefit of
acetylcysteine is consistent among various patient subgroups. Circles indicate means; boxes, 95% confidence
intervals; and error bars, 99% confidence intervals.

Table 2. Clinical Outcomes in the Control and Acetylcysteine Groups

Outcome

Study Group

RR (95% CI)
P

Value
Control
(n = 98)

Acetylcysteine
(n = 102)

Acute contrast-induced reduction
in renal function, No. (%)*

12 (12) 4 (4) 0.32 (0.10-0.96) .03

Serum creatinine level increased �50%
over baseline, No. (%)

2 (2) 0 (0) .15

Oliguria† 3 1 0.32 (0.03-3.03) .29

Length of hospitalization, mean (SD), d‡ 3.9 (2.0) 3.4 (0.9) 0.52 (0.08-0.96)§ .02
Abbreviations: CI, confidence interval; RR, relative risk.
*Defined as �25% increase in serum creatinine level within 48 hours after exposure to contrast agent.
†Hourly urine output �0.5 mL � body weight in kg.
‡From admission to discharge.
§Values indicate difference between groups (95% CI).
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Less than5%ofourpatientshadserum
creatinine levels above 2.5 mg/dL (221
µmol/L). Even low doses of contrast (30-
100 mL) have been shown to induce the
need for dialysis in patients with severe
renaldisease.6,10 Little isknownabout the
most appropriate treatments of coro-
nary artery disease in patients with
advanced renal insufficiency. The clini-
cal outcomes of these patients undergo-
ing a percutaneous coronary interven-
tion are poor. Best et al25 have reported
significanthighercumulative1-yearmor-
tality and cardiac events in patients with
creatinine clearance �30 mL/min (0.5
mL/s) than those with moderate renal
disease (25% vs 10%, P�.001).

Acetylcysteine has been used to pre-
vent acute renal damage in a small num-
ber of patients with serum creatinine lev-
els above 1.5 mg/dL (132.6 µmol/L) and
undergoing cardiac catheterization.30-32

Shyu et al33 have recently demonstrated
the renoprotective effect of acetylcyste-
ine in 121 patients with a mean serum
creatinine level of 2.8 mg/dL (247.5
µmol/L) and undergoing coronary an-
giography or intervention. Their find-
ings correlate well with our significant
treatment difference in the change of se-
rum creatinine levels after coronary pro-
cedures. Acute dialysis was uncommon
(1.6% of control patients) and not sig-
nificantly affected by administration of
acetylcysteine. Major cardiac events were
not reported. Acute nephrotoxicity fol-
lowing contrast administration, de-
fined as an increase in serum creatinine
level of at least 0.5 mg/dL (44.2 µmol/
L), occurred in 15 (25%) of 61 control
patients. We administered a larger mean
dose of radiocontrast agent (140 vs 120
mL). Contrast nephrotoxicity by the
same definition, however, occurred less
often in our study. This may be related
to the smaller body mass index of our pa-
tients and lower baseline serum creati-
nine concentrations of our samples.

We concluded that oral acetylcyste-
ine is a safe, effective, and inexpensive
prophylactic treatment against acute re-
nal dysfunction for patients with mod-
erate chronic renal insufficiency under-
going coronary angiographic procedures.
Additional larger studies will be re-

quired to determine if acetylcysteine re-
duces the morbidity (eg, acute dialysis)
and mortality of nephrotoxicity follow-
ing administration of contrast media.
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