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Effectiveness of Acetylcysteine
on Preventing Renal Dysfunction
In Patients Undergoing
Coronary Procedures

Shereif H. Rezkalla, MD; Michele Benz, CMA

ABSTRACT

Objective: Experimental studies have shown that
acetylcysteine is beneficial in preserving kidney func-
tion during coronary procedures. However, its role in
routine clinical practice is not known.

Methods: We studied 75 consecutive patients undergo-
ing coronary procedures who received acetylcysteine,
and compared them with 56 consecutive similar pa-
tients who served as control. All patients had renal dys-
function, and a single operator did all procedures.

Results: Patients in the acetylcysteine group had a de-
crease in serum creatinine of 0.1 + 0.3 mg/dl versus a
rise of 0.2 + 0.6 mg/dl in the control group (P<0.001).
When the benefit in the active drug group was corre-
lated with baseline creatinine, it occurred in all patients,
regardless of the degree of kidney dysfunction.

Conclusion: We conclude that in patients with varying
degrees of renal dysfunction who undergo coronary
procedures, acetylcysteine should be used in addition
to hydration. It should be an accepted clinical practice
that should be adopted routinely in the cardiac
catheterization laboratory.

INTRODUCTION

Chronic renal insufficiency is frequently encountered
in coronary artery disease patients requiring coronary
angiography and is an independent marker for the
severity of coronary artery disease.l3 Furthermore,
renal dysfunction is an independent risk factor for
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post-procedural complications and mortality.#> When
dealing with such patients in clinical practice, we have
to balance the benefit of accessing coronary disease
with the risk of worsening kidney function in some
patients. A variety of measures are usually adapted to
preserve renal function. Acetylcysteine, a drug used
for treating acetaminophen toxicity, has antioxidant
properties. Because of that, it was thought it might
prevent contrast nephropathy. In a prospective study
of 63 patients with chronic renal insufficiency, acetyl-
cysteine administration in the peri-procedural period
prevented the reduction in kidney function.6 We insti-
tuted such a regimen in our practice 2 years ago.

The purpose of this study is to see whether institut-
ing such a practice in a routine clinical setting results in
a similar outcome. We thus report the change in the
kidney function when acetylcysteine therapy is uti-
lized, compared to a control group that only received
hydration and general measures for the prevention of
contrast nephropathy.

MATERIALS AND METHODS

All patients who underwent coronary angiography
and/or intervention between July 2000 and August
2002 were reviewed. Patients with chronic renal failure
were identified from the electronic medical records. No
patients were excluded from the analysis in either
group. The use of acetylcysteine was adjudicated by re-
view of the original records, as well as the creatinine be-
fore and after the procedure. The preoperative creati-
nine was obtained using the routine preoperative
kidney function assessment obtained 1-7 days before
the procedure. These data were compared with the data
obtained for cases done January 1999-June 2000, where
only general measures were utilized, and before insti-
tuting the acetylcysteine protocol. Acetylcysteine was
used in a dose of 600 mg po 1 hr prior to the procedure
and a second dose the evening of the procedure. The re-
search regulatory office and the institutional review
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board approved the protocol prior to data collection.
To avoid the bias of multiple operative technique vari-
ability, a single operator did all the cases in the active
treatment group and control group. The single operator
was a prerequisite to make sure that the same technique
was utilized in both the study and the control group.
The generally accepted practices of maintaining good
hydration and minimizing the amount of dye were ob-
served for all patients.

STATISTICAL METHODS

Descriptive analyses are presented by group and in-
clude the mean, standard deviation, range for age, labo-
ratory results, and the frequency and percent by gen-
der. Post-procedure laboratory results were compared
after the adjustment for baseline by 2 standard statisti-
cal methods. First, paired differences were compared
among groups using the Wilcoxon Rank-sum test.
Secondly, analysis of covariance was used to model the
post-procedure creatinine based upon the group and
baseline creatinine. This statistical model was fit after
logarithmic transformation and restriction to a baseline
range of 1.2-2.9 mg/dl, common to both groups.
Residuals from the model were analyzed to verify that
the model fit the data well. A P-value <0.05 was con-
sidered significant.

RESULTS

Seventy-five patients were identified in the acetylcys-
teine group and 56 in the control group. There was no
significant difference between the 2 groups in baseline
characteristics (Table 1). All patients received the gen-
eral measures of hydration and biplane cineangiogra-
phy using only minimal amounts of iodine dye, if at all
possible. Post-angiography BUN and creatinine were
higher in the control group, while they decreased in the
acetylcysteine group. The difference was consistent and
in favor of the acetylcysteine group (Table 2). In the
acetylcysteine group, the creatinine clearance improved
following angiography by 5.3 + 13.0 ml/min. While the
rise in serum creatinine in the control group was corre-
lated with baseline creatinine (the worse the baseline,
the greater rise in creatinine was noted), the benefit in
the acetylcysteine group was not correlated with the
baseline creatinine (Figure 1).

DISCUSSION

Patients with renal dysfunction present a real chal-
lenge to the invasive and interventional cardiologist.
The occurrence of contrast nephropathy ranges be-
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Table 1. Baseline Characteristics

Acetylcysteine Group Control Group

Variable (n=75) (n=56) P

Age 70.2 + 11.4 years 722 +9.5years N.S.*

Male sex 64.0% 67.9% N.S.

Baseline BUN 30.3 + 10.5 mg/dl  28.2 + 12.5 mg/dl N.S.

Baseline 1.5+ 0.3 mg/dl 1.7+ 09 mg/dl N.S.
creatinine

*N.S.=not significant

Table 2. Change in BUN and Creatinine Following
Angiography

Acetylcysteine Control
BUN change* -1.8 + 6.8 mg/dIt 3.0 + 8.2 mg/dl
(range -26 to +13) (range -16 to +36)
Creatinine -0.1 £ 0.3 mg/di* 0.2 + 0.6 mg/dl
change (range -0.7 to +0.8)  (range -0.3t0 3.2) *

* Acetylcysteine versus control (Wilcoxon test)
T P =0.001
¥ P <0.001
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Figure 1. Correlation between post-procedural creatinine and
baseline serum creatinine in the acetylcysteine group (open
circle) and control group (triangle). Patients in the acetylcys-
teine group had a decrease in creatinine values, while the
control group had an increase (P<0.001 Wilcoxon test). While
control post-procedure values correlated well with baseline
(correlation 0.3 by Spearman correlation), there was no corre-
lation in the treatment group and no specific pattern, suggest-
ing a benefit for the drug regardless of baseline creatinine.
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tween 5% in patients with mild renal dysfunction to
50% in those with significant kidney disease.” Since
the factors that predispose people to coronary artery
disease are similar to those that lead to renal dysfunc-
tion, it is not surprising that more than one-third of
patients with acute coronary syndromes who un-
dergo coronary angiography have preexisting renal
dysfunction.8 The problem is compounded by the
fact that each of these patients may require repeat
procedures. With a decline in kidney function, every
subsequent procedure may exacerbate renal dysfunc-
tion. Therefore renal dysfunction became a very im-
portant factor in predicting outcomes in acute coro-
nary syndromes.

To avoid higher complication rates, the utilization of
cardiac catheterizations and interventions in renal dys-
function patients is less than in those with normal func-
tion? despite the increased necessity of these proce-
dures in patients with renal dysfunction. For all of
these reasons, prevention of contrast nephropathy is
becoming a major priority in the cardiac catheteriza-
tion laboratories. Several measures were utilized in the
past to decrease the incidence and severity of contrast
nephropathy. In all cases, the use of a less dye volume,
agent is recommended.
Techniques like biplane angiography and rotational

non-ionic, low osmolar
spin may help us to achieve this goal.1

Hydration is another routine general measure that
should be utilized. Isotonic hydration was shown to be
superior to the use of half normal saline.!! Forced di-
uresis with mannitol has not consistently proven to be
of any benefit!2 and its use is currently not in vogue.
Adjunctive therapy with theophylline or dopamine had
a variable result in various studies.!3-17 Fenoldopam has
some promise, however. In a randomized controlled
study of 45 patients, the drug had augmented the renal
plasma flow, yet the effect on decreasing contrast
nephropathy incidence was not statistically signifi-
cant.!8 A recent study presented at the American
College of Cardiology meeting did cast more doubt on
the benefit of this drug. The use of this drug also adds a
significant cost to the procedure. The need to have a
medication that is simple to use, has a low cost, and
consistently shows a benefit in preventing contrast
nephropathy is still there. This ignited the recent inter-
est in the use of acetylcysteine.

Contrast materials decrease medullary blood flow
and exert a direct toxic effect thought to be mediated
through the production of oxygen free radicals.!?
Acetylcysteine may increase renal medullary blood
flow and is a free-radical scavenger. Because of these
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properties, it was studied in an attempt to decrease the
incidence of contrast nephropathy.

In a prospective study, 83 patients undergoing com-
puted tomography were randomized to acetylcysteine
or placebo. The dose of the drug was 600 mg orally,
twice daily. Acetylcysteine prevented the deterioration
in renal function.6 Similar beneficial results were noted
in patients undergoing coronary angiography.20-22
Despite the consistency in results, the benefits are mod-
est and only work when used with the general mea-
sures, including hydration and the use of the least nec-
essary amount of dye. When the amount of dye exceeds
140 ml/patient, no significant benefit is to be ex-
pected.?’

In our study, acetylcysteine was beneficial in im-
proving serum creatinine and creatinine clearance, con-
trary to the control group where serum creatinine dete-
riorated. More importantly, the benefit of
acetylcysteine was not correlated with baseline kidney
function and the benefit appears to be universal to all
patients. In other words, acetylcysteine benefited pa-
tients with mild as well as moderate kidney dysfunction.
This study suggests that the benefit shown in controlled
experimental studies with this drug can be produced in
real time clinical practice, and that this benefit can be
elicited regardless of baseline kidney function.

STUDY LIMITATIONS

The majority of patients with renal dysfunction in our
study were mild to moderate with a maximum creati-
nine level of 2.9 mg/dl. The benefit in a more severe
form of kidney dysfunction needs further investigation.

ACKNOWLEDGMENTS

We thank Richard Berg for his superb statistical analy-
sis and assistance in establishing various statistical
models. We thank Linda Weis and Alice Stargardt for
outstanding secretarial and editorial assistance. We also
thank Dr Graig Eldred for his excellent critique of our
manuscript.

REFERENCES

1. Conlon PJ, Little MA, Pieper K, Mark DB. Severity of renal
vascular disease predicts mortality in patients undergoing
coronary angiography. Kidney Int. 2001;60:1490-1497.

2. Vaitkus PT. Current status of prevention, diagnosis, and
management of coronary artery disease in patients with kid-
ney failure. Am Heart J. 2000;139:1000-1008.

3. Reis SE, Olson MB, Fried L, et al. Mild renal insufficiency is
associated with angiographic coronary artery disease in
women. Circulation. 2002;105:2826-2829.

4. Gruberg L, Waksman R, Ajani AE, et al. The effect of intra-
coronary radiation for the treatment of recurrent in-stent

40 W isconsin Medical Journal 2004 - Volume 103, No. 1




10.

11.

12.

13.

restenosis in patients with chronic renal failure. J Am Coll
Cardiol. 2001;38:1049-1053.

Hemmelgarn BR, Ghali WA, Quan H, et al. Poor long-term
survival after coronary angiography in patients with renal in-
sufficiency. Am J Kidney Dis. 2001;37:64-72.

Tepel M, van der Giet M, Schwarzfeld C, Laufer U, Liermann
D, Zidek W. Prevention of radiographic-contrast-agent-in-
duced reductions in renal function by acetylcysteine. N Engl
J Med. 2000;343:180-184.

Curhan GC. Prevention of contrast nephropathy. JAMA.
2003;289:606-608.

Freeman RV, Mehta RH, Al Badr W, Cooper JV, Kline-
Rogers E, Eagle KA. Influence of concurrent renal dysfunc-
tion on outcomes of patients with acute coronary syndromes
and implications of the use of glycoprotein llb/llla inhibitors.
J Am Coll Cardiol. 2003;41:718-724.

McCullough PA. Why is chronic kidney disease the “spoiler”
for cardiovascular outcomes? J Am Coll Cardiol. 2003;
41:725-728.

Kuon E, Niederst PN, Dahm JB. Usefulness of rotational
spin for coronary angiography in patients with advanced
renal insufficiency. Am J Cardiol. 2002;90:369-373.

Mueller C, Buerkle G, Buettner HJ, et al. Prevention of con-
trast media-associated nephropathy: randomized compari-
son of 2 hydration regimens in 1620 patients undergoing
coronary angioplasty. Arch Intern Med. 2002;162:329-336.
Stevens MA, McCullough PA, Tobin KJ, et al. A prospective
randomized trial of prevention measures in patients at high
risk for contrast nephropathy: results of the P.R.I.N.C.E.
Study. Prevention of Radiocontrast Induced Nephropathy
Clinical Evaluation. J Am Coll Cardiol. 1999;33:403-411.
Huber W, ligmann K, Page M, et al. Effect of theophylline on
contrast material-nephropathy in patients with chronic renal
insufficiency: controlled, randomized, double-blinded study.
Radiology. 2002;223:772-779.

WISCONSIN MEDICAL JOURNAL

14.

15.
16.

17.
18.

19.
20.

21.
22.

23.

Hans SS, Hans BA, Dhillon R, Dmuchowski C, Glover J.
Effect of dopamine on renal function after arteriography in
patients with pre-existing renal insufficiency. Am Surg.
1998;64:432-436.

Gare M, Haviv YS, Ben-Yehuda A, et al. The renal effect of
low-dose dopamine in high-risk patients undergoing coro-
nary angiography. J Am Coll Cardiol. 1999;34:1682-1688.
Katholi RE, Taylor GJ. Renal effect of low-dose dopamine in
high-risk patients undergoing coronary angiography. J Am
Coll Cardiol. 2000;36:306-307.

Abizaid AS, Clark CE, Mintz GS, et al. Effects of dopamine
and aminophylline on contrast-induced acute renal failure
after coronary angioplasty in patients with preexisting renal
insufficiency. Am J Cardiol. 1999;83:260-263, A5.

Tumlin JA, Wang A, Murray PT, Mathur VS. Fenoldopam
mesylate blocks reductions in renal plasma flow after radio-
contrast dye infusion: a pilot trial in the prevention of con-
trast nephropathy. Am Heart J. 2002;143:894-903.

Katholi RE, Woods WT Jr, Taylor GJ, et al. Oxygen free radi-
cals and contrast nephropathy. Am J Kidney Dis.
1998;32:64-71.

Diaz-Sandoval LJ, Kosowsky BD, Losordo DW.
Acetylcysteine to prevent angiography-related renal tissue
injury (the APART trial). Am J Cardiol. 2002;89:356-358.
Shyu KG, Cheng JJ, Kuan P. Acetylcysteine protects against
acute renal damage in patients with abnormal renal function
undergoing a coronary procedure. J Am Coll Cardiol.
2002;40:1383-1388.

Kay J, Chow WH, Chan TM, et al. Acetylcysteine for preven-
tion of acute deterioration of renal function following elective
coronary angiography and intervention: a randomized con-
trolled trial. JAMA. 2003;289:553-558.

Briguori C, Manganelli F, Scarpato P, et al. Acetylcysteine
and contrast agent-associated nephrotoxicity. J Am Coll
Cardiol. 2002;40:298-303.

Wisconsin Medical Journal 2004 - Volume 103, No. 1 41




" Medical Journal

The mission of the Wisconsin Medical Journal is to provide a vehicle for professional
communication and continuing education of Wisconsin physicians.

The Wisconsin Medical Journal (ISSN 1098-1861) is the official publication of the
Wisconsin Medical Society and is devoted to the interests of the medical profession and
health care in Wisconsin. The managing editor is responsible for overseeing the produc-
tion, business operation and contents of Wisconsin Medical Journal. The editorial board,
chaired by the medical editor, solicits and peer reviews all scientific articles; it does not
screen public health, socioeconomic or organizational articles. Although letters to the
editor are reviewed by the medical editor, all signed expressions of opinion belong to the
author(s) for which neither the Wisconsin Medical Journal nor the Society take responsi-
bility. The Wisconsin Medical Journal is indexed in Index Medicus, Hospital Literature
Index and Cambridge Scientific Abstracts.

For reprints of this article, contact the Wisconsin Medical Journal at 866.442.3800 or e-
mail wmj@wismed.org.

© 2004 Wisconsin Medical Society



