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Usefulness of N-acetylcysteine or Ascorbic Acid Versus Placebo to
Prevent Contrast-Induced Acute Kidney Injury in Patients

Undergoing Elective Cardiac Catheterization: A Single-Center,
Prospective, Randomized, Double-Blind, Placebo-Controlled Trial

Martin Brueck, MD', Huelya Cengiz, MD', Reinhard Hoeltgen, MD?, Marcus Wieczorek, MD?,
Rolf-Hasso Boedeker, PhD?, Christine Scheibelhut?, Andreas Boening, MD, PhD*

ABSTRACT: Background. Contrast-induced acute kidney injury
(CI-AKI) is a serious complication of procedures requiring contrast me-
dia associated with rising costs, prolonged hospitalization, and increased
mortality. The aim of this study was to assess whether prophylactic
administration of standard dosages of intravenous N-acetylcysteine or
ascorbic acid reduce the incidence of CI-AKI in patients with chronic re-
nal insufficiency undergoing elective cardiac catheterization. Methods.
In a single-center, prospective, randomized, double-blind, placebo-con-
trolled trial, the preventive effects of N-acetylcysteine and ascorbic acid
were evaluated in 520 patients with chronically impaired renal function
(serum creatinine 21.3 mg/dL) undergoing elective cardiac catheter-
ization. The study drugs (600 mg N-acetylcysteine, 500 mg ascorbic
acid, placebo) were administered intravenously twice (at 24 hours and
1 hour before the procedure). Serum creatinine, estimated glomerular
filtration rate (€GFR) and serum urea were assessed at baseline and at
24 hours and 72 hours after contrast media exposure. CI-AKI was de-
fined as a postangiographical increase in serum creatinine 20.5 mg/dL.
Results. The incidence of CI-AKI was 27.6% in the N-acetylcysteine
group (P=.20 vs placebo group) and in 24.5% in the ascorbic acid group
(P=.11 vs placebo group). CI-AKI occurred in 32.1% of the placebo
group. Conclusions. Standard doses of N-acetylcysteine and ascorbic
acid did not prevent CI-AKI in patients at high risk undergoing cardiac
catheterization with non-ionic, low-osmolality contrast agent.
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The incidence of contrast-induced nephropathy (CIN)
in the general population is low and has been calculated as
less than 2%.! Patients with increased risk of CIN include
those with impaired renal function, advanced age, diabe-
tes mellitus, heart insufficiency, proteinuria, use of high
contrast media doses, concurrent nephrotoxic medication,

From the 'Department of Cardiology, Clinic of Wetzlar, Wetzlar, Germany, *De-
partment of Cardiology, St Agnes-Hospital Bocholt, Bocholt, Germany, *Institute of
Medical Statistics and Informatics, University of Giessen, Giessen, Germany, and ‘De-
partment of Cardiothoracic Surgery, University Hospital Giessen, Giessen, Germany.

Disclosure: The authors have completed and returned the ICMJE Form for Dis-
closure of Potential Conflicts of Interest. The authors report no conflicts of interest
regarding the content herein.

Manuscript submitted January 7, 2013, provisional acceptance given February 20,
2013, final version accepted March 20, 2013.

Address for correspondence: Martin Brueck, MD, Department of Cardiology,
Clinic of Wetzlar, Forsthausstrasse 1, 35578 Wetzlar, Germany. Email: martin.
brueck@lahn-dill-kliniken.de

276

and dehydration.?® The incidence of CIN in such patients
is significantly higher, in the range of 12%-50%.° The
occurrence of CIN, even if transient, has been associated
with a long-term increase in cardiovascular events.®® CIN
is the third most frequent cause of in-hospital acute renal
failure after decreased renal perfusion due to hypotension
and postoperative renal insufficiency’ with a prevalence
of 12%, resulting in prolonged hospitalization, increased
mortality with an odds ratio (OR) of 5.5, and rising costs
of health care.!" The in-hospital mortality rate of patients
with CIN requiring dialysis can be as high as 40%, and
their rate of 2-year survival is 19%.'%1°

CIN is defined as acute deterioration of renal function
after administration of iodinated contrast media in the ab-
sence of other causes. In clinical studies, it is traditionally
defined as an increase in serum creatinine level of at least 0.5
mg/dL (44.2 pmol/dL) or by a relative increase of at least
25% above the baseline value within 48 hours of exposure
to radiographic contrast.'®!”

Although the protective effects of preprocedural hydration
are the most effective means of preventing CIN, the resulting
volume load of approximately 2 L/d is not without risk, espe-
cially for patients suffering from poor left ventricular function,
adult respiratory distress syndrome, or decompensated liver.'®*
Thus, considerable efforts, such as the use of low- or iso-

20-22

osmolal contrast agents, the administration of sodium bi-

224 or early hemodialysis, have been made over the

carbonate,
past few years to reduce the incidence of CIN with some degree
of success.

One of these attempts was the administration of antioxi-
dants. Based on the possible role of oxidative damage in the
kidney following contrast administration, N-acetylcysteine as
an antioxidant with the ability to scavenge a variety of ox-
ygen-derived free radicals and improve endothelium-depen-
dent vasodilation has been tested for the prevention of CIN
in various scenarios, with orally standard and intravenously
high-dose strategies”* showing contradictory results.>*%
Of note, oral N-acetylcysteine has a bioavailability of 10%

4 and the results of a dose-

only due to a high first-pass effect,
dependent effect of intravenous N-acetylcysteine are inconsis-
tent. Moreover, side effects after high-dose N-acetylcysteine

were reported in 14.6% of patients.”’
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The efficacy of ascorbic acid, another antioxidant agent,
was evaluated in animal studies.*’*> Randomized, placebo-
controlled trials with high-dose ascorbic acid in patients
with impaired renal function undergoing percutaneous
coronary or peripheral procedures either confirmed® or dis-
proved these observations.?

There are a lack of randomized trials involving intravenous
N-acetylcysteine and ascorbic acid in standard dosages initiated
on the day before contrast media exposure. To address this is-
sue, we conducted a randomized and controlled study to pro-
spectively evaluate the effect of intravenous N-acetylcysteine
or ascorbic acid in standard dosages for preventing CIN, com-
pared with prehydration in patients with chronic renal insuf-
ficiency endangered by contrast nephrotoxicity, who were elec-
tively admitted for cardiac catheterization.

Methods

Trial design. The design was a single-center, prospective,
randomized, double-blind, placebo-controlled study. Patients
were randomly assigned to the treatment groups as part of their
scheduled cardiac catheterization procedure. Block randomiza-
tion was used to ensure that the treatment arms had approxi-
mately the same size at any time during the trial. According to a
randomization list created by the Institute of Medical Statistics
and Informatics via SAS V9 (SAS Institute), patients were ran-
domly allocated to one of the three following treatment arms
according to a ratio of 2:2:1 — (1) N-acetylcysteine plus con-
ventional therapy; (2) placebo plus conventional therapy; or
(3) ascorbic acid plus conventional therapy. No other preven-
tive drug treatments were administered to the study patients.
The investigators noted the administration of any potentially
nephrotoxic medications. To ensure blinding at the hospital,
the local pharmacists managed the preparation, dispensing, and
accountability of all study medications, as per code assignment.

Study population. Patients age 18 years or older with
stable baseline serum creatinine concentration of 21.3 mg/dL
(114.9 pmol/L) scheduled for diagnostic or interventional car-
diac catheterization at the Department of Cardiology, Clinic
of Wetzlar, Germany, were considered for enrollment. Patients
were excluded if serum creatinine measurements varied >0.3
mg/dL in the 7 days prior to angiography to reassure that the
renal insufficiency had no reversible component. Further exclu-
sion criteria were exposure to contrast agents or nephrotoxic
medication (ie, non-steroidal antiinflammatory drugs, ami-
noglycoside, vancomycine) within the week prior to cardiac
catheterization, renal transplant recipients, and patients who
had plasmocytoma, oxalosis, nephrolithiasis, hyperthyroidism,
unavailability of adequate time prior to angiography to per-
form the study procedures, or previously known insensitivity to
N-acetylcysteine or ascorbic acid. Pregnant and breast feeding
women, as well as those with child-bearing potential not us-
ing an approved method of contraception were also excluded.
Informed written consent was obtained from all patients before
starting any procedures and after explaining the aims, methods,
anticipated benefits, and potential study hazards.

Study procedures. All patients were well hydrated before an-
giography. Fluid therapy consisted of intravenous hydration with
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0.9% saline at a rate of 1.0 mL/kg body weight/hour controlled
by an infusion pump for 12 hours prior to contrast media ad-
ministration and continuing for 12 hours afterward. Modifica-
tions of the rate and duration of intravenous hydration were
permitted, depending on the clinical status of the patient.

Infusions of all three study drugs were prepared by the local
pharmacists, who were aware of the study drug. All other clini-
cal staff, investigators, research personnel, patients, and fami-
lies were blinded to the treatment assignments for the duration
of the trial. To ensure blinding, the 600 mg N-acetylcysteine
(ACC inject; Hexal AG), 500 mg ascorbic acid (Vitamin C
500; Woérwag Pharma GmbH & Co. KG), and placebo were
mixed in identical 250 mL intravenous bags of 0.9% saline and
were administered intravenously over the course of 30 minutes,
at 24 hours and 1 hour before applying the contrast material.

Patients were observed and questioned regarding adverse
events and were instructed to report any symptoms. If the clini-
cal team considered an adverse event to be related to the study
drug, the procedure was discontinued and, whether serious or
not, the adverse event was reported. The study drug could be
continued if, in the judgement of the investigator or attending
physician, the adverse event had been treated, the condition
had been reversed, and the event was not considered as a result
of the study drug. All adverse events were recorded during a
3-day follow-up period.

Serum creatinine, estimated creatinine glomerular filtra-
tion rate (eGFR) applying the Modification of Diet in Re-
nal Disease (MDRD) formula,* and serum urea levels were
measured 7 days prior to admission, at the time of admission,
before contrast material administration, and 24 hours and 72
hours following contrast dye exposure. Blood samples were
analyzed in a blinded fashion at the local hospital-based labo-
ratory with consistent methodology.

Cardiac catheterization. Cardiac catheterization with coro-
nary angiography and/or percutaneous coronary intervention
were performed according to local standards using the femoral
approach. The low-osmolal, non-ionic contrast agent Ultravist
iopromide (Bayer Health Care) was used in all cases. Adjunc-
tive therapy and the dose of contrast agent were left to the dis-
cretion of the interventional cardiologist.

Primary endpoint (clinical definition) and study aims.
The primary endpoint was the development of CIN. CIN was
defined as an absolute increase in serum creatinine concentra-
tion of 20.5 mg/dL (244.2 pmol/L)?*® within 72 hours after
contrast agent exposure.

The primary aim of the study was the comparison of the rate
of CIN between the treatment group receiving N-acetylcysteine
and the placebo group. The secondary aim was the comparison
of the rate of CIN between the treatment group receiving ascor-
bic acid and the placebo group. Furthermore, the incidence of
adverse clinical events was determined and compared between
the three groups.

Sample size. Based on the rate in patients with impaired
renal function undergoing coronary angiography as reported
by Diaz-Sandoval et al* and Durham et al,” we assumed a CIN
rate of 25%. Under this assumption, we calculated 200 patients
in the N-acetylcysteine group and 200 patients in the placebo
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( 520 patients underwent randomization )

208 were assigned to
receive N-acetylcysteine

9 did not get infusion
- 8 had serious events,
independent of infusion

208 were assigned to
receive placebo

104 were aSS|gned to
receive ascorbic acid

10 did not get infusion

- 6 had serious events, independent
of infusion

- 1 had forbidden comedication

- 2 withdrew consent

)

2 did not get infusion
- 1 had serious events,

}( Safety Set )

independent of infusion
- 1 had forbidden

-1 had forbidden comedication

- 1 excluded due to protocol violation

comedication

( 199 patients ) (

198 patients )

( 102 patients

Full-Analysis Set

Modified Intention-

7 excluded due to incomplete 5 excluded due to incomplete 4 excluded due to }
lab results lab results mcomplete lab results

to-Treat-Set

( 192 patients ) (

193 patients )

( 98 patients ) ( Per-Protocol Set )

Figure 1. Numbers of patients who underwent randomization, received the assigned treatment, and were available for follow-up of the study.

group for the primary endpoint in order to detect a decrease of
at least 50% in the occurrence of CIN, with a one-sided alpha
error of 0.025 and a power of 89%.

Due to the practicability of this monocenter study, for the
second aim of the study, we had to restrict the study population
to 500 patients. Consequently, assigning 100 patients to the
ascorbic acid group, we could detect a risk reduction of maxi-
mal 56% with a power of 80% and a one-sided alpha error of
0.025. To account for a 4% non-evaluable and drop-out rate,
we planned to enroll a total number of 520 patients.

Statistical analysis. Analysis was done for the full-analysis
set (modified intention-to-treat principle, MITT) and the per-
protocol set. The distributions of the categorical variables were
expressed as percentages and compared between the treatment
arms by Fisher’s exact test. The distributions of the continu-
ous variables were described by median with interquartile range
(IQR) and standard deviation (SD), and compared with the
Mann-Whitney U-test or Kruskal-Wallis H-test, as appropri-
ate. The changes of serum creatinine, serum urea, and eGFR
from baseline to 72 hours after contrast administration were
illustrated by Box and Whisker plots.

Diabetes mellitus was prespecified for subgroup analy-
sis. The Cochran-Mantel-Haenszel Test was used to test
the influence of treatment (for instance, ascorbic acid and
placebo) according to the occurrence of diabetes mellitus.
Homogeneity of ORs was calculated with the Breslow-Day
test. Sensitivity analysis was used to determine the effect of
missing data. The statistical analysis was performed using
SAS V9 and StatXact software.

To examine the effects of different confounding variables
on the incidence of CIN, logistic regression was performed
with the primary endpoint of CIN as the dependent variable
(binary outcome). Treatment as independent variable, the
amount of contrast dye (quartiles), and the baseline serum
creatinine value (as dichotomous variable according to the
median value <1.4 mg/dL and >1.4 mg/dL) as covariates were
entered into the model. The Wald test was used to evaluate
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the strength of the treatment. Values of P <.05 were consid-
ered to be statistically significant in testing the primary aim
of the study.

Eligibility for the per protocol set was defined to include
patients who received all drug infusions, underwent cardiac
catheterization during the study period, and had measurements
of renal function at baseline and at 24 and 72 hours after angi-
ography, and did not show protocol violations. Protocol viola-
tions were defined as failure to meet inclusion criteria, meeting
exclusion criteria, multiple angiographic procedures during the
study period, no cardiac catheterization after randomization,
forbidden comedication, withdrawal of informed consent, in-
complete laboratory measurements, and/or a serious clinical
event during the study period.

Trial management. No interim analysis was performed.
All adverse events were adjudicated and classified by the event-
adjudication committee blinded to treatment assignment. The
study was conducted in accordance with the ethical principles
of Good Clinical Practice (GCP), the Declaration of Helsinki
(Finland, 1964) including all subsequent amendments, and
local regulatory requirements. The study was approved by the
Ethics Committee of the Landesirztekammer Hessen in Frank-
furt, Germany (No. 65/2004), and supervised by the Bundes-
institut fiir Arzneimittel und Medizinprodukte (BfArM) in
Bonn, Germany (No. 4022894). All patients signed the written
informed consent form after receiving oral and written infor-
mation about the trial.

The design, conduct, interpretation, and analysis of the
trial was not funded by the industry or other external sources,
including grants. Funding was derived entirely from internal
sources of the Clinic of Wetzlar. The authors designed and su-
pervised the trial and the statistical analysis plan. The first au-
thor wrote the first draft of the manuscript. Subsequent drafts
were prepared by the other authors. All authors attest that the
study was performed in accordance with the protocol and the
statistical analysis plan and vouch for the accuracy and com-
pleteness of the reported analysis.
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Table 1. Baseline clinical, biochemical, and procedural characteristics of the study patients, according to treatment group (full-

analysis set).

N-Acetylcysteine Placebo Ascorbic Acid | P-Value
(n =199) (n =198) (n=102)
Age (years) 75 (70-79) 74 (69-77) 75 (69-79) 157
Male sex 130 (65.3%) 123 (62.1%) 65 (63.7%) .807
Body mass index (kg/m?) 28.6 (26.0-32.0) 28.2 (25.6-31.2) 27.8 (25.0-32.1) 378
Cardiovascular risk factors
Hypertension 188 (94.4%) 187 (94.4%) 5(93.1%) .854
Diabetes 86 (43.2%) 102 (51.5%) 8 (47.1%) 254
Hypercholesterolemia 111 (55.8%) 121 (61.1%) 6 (45.1%) .031
Current smoking 8 (14.1%) 27 (13.6%) 12 (11.8%) .886
History 0(35.2%) 61 (30.8%) 31 (30.4%) 583
Previous myocardial infarction 83 (41.7%) 9 (39.9%) 4 (43.1%) .858
Previous CABG surgery 9 (24.6%) 44 (22.2%) 4 (23.5%) .863
Previous PCI 4 (27.1%) 48 (24.2%) 9 (28.4%) .688
Drugs 770
Beta-blockers 170 (85.4%) 174 (87.9%) 88 (86.3%)
ACE/AT-1 inhibitors 176 (88.4%) 167 (84.3%) 86 (84.3%)
Calcium antagonists 72 (36.2%) 46 (23.2%) 27 (26.5%)
Diuretics 153 (76.9%) 157 (79.3%) 73 (71.6%)
Statins 143 (71.9%) 141 (71.2%) 73 (71.6%)
Nitrates 82 (41.2%) 102 (51.5%) 38 (37.3%)
Alpha-blockers 9 (4.5%) 6 (3.0%) 3(2.9%)
Vasodilators 9 (4.5%) 9 (4.6%) 11 (10.8%)
ASS 169 (84.9%) 169 (85.4%) 87 (85.3%)
Diabetic nephropathy 84 (42.2%) 99 (50.0%) 44 (43.1%) .265
History of acute renal failure 6 (3.0%) 8 (4.0%) 7 (6.9%) 309
History of contrast medium-induced acute renal failure 1(0.5%) 1 (0.51%) 0 (0.0%) 1.000
Baseline serum creatinine (mg/dL) 1.5 (1.3-1.8) 1.5 (1.3-1.7) 1.5 (1.3-1.7) 817
eGFR (mL/min/1.73 m?) 40.2 (34.1-49.0) 42.0 (33.8-48.4) 43.0 (36.6-48.9) 522
Baseline serum urea (mg/dL) 53.0 (42.0-70.0) 53.0 (41.0-69.0) 57.0 (45.0-74.0) 239
Contrast volume (mL) 110 (80-160) 110 (80-150) 115 (90-150) 359
Data given as number (percentage) or median and interquartile range.
The body mass index is the weight in kilograms divided by the square of the height in meters.
AT-1 = angiotensin-1; CABG = coronary artery bypass graft; ACE = angiotensin-converting enzyme; eGFR = estimated glomerular filtration rate (by applying
the MDRD formula) ; LVEF = left ventricular ejection fraction; PCI = percutaneous coronary intervention.

Results

Study population. Between December 2004 and April
2008, a total of 520 patients were enrolled. Of these, 208 pa-
tients were assigned to the N-acetylcysteine group, 104 patients
to the ascorbic acid group, and 208 patients to the placebo
group. All 520 patients received at least one drug infusion and
were therefore included in the safety set. Twenty-one patients
dropped out due to distinct reasons (Figure 1). Thus, the full
analysis set (MITT) contained 499 patients (N-acetylcysteine,
n = 199; placebo, n = 198; ascorbic acid, n = 102). Sixteen
patients had relevant protocol violations (Figure 1). Therefore,
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483 patients were included in the per-protocol analysis (N-
acetylcysteine, n = 192; placebo, n = 193; ascorbic acid, n = 98).

The baseline characteristics of the patients in the full-anal-
ysis set are expressed in Table 1. The groups were homogenous
regarding age, gender, and body mass index. Cardiovascular
risk factors were similar in all groups, although there was a
small P-value computed for the comparison of the incidence of
hypercholesterolemia (P=.031). All treatment groups appeared
to be comparable in terms of previous myocardial infarction,
coronary artery bypass grafting (CABG), or percutaneous coro-
nary intervention (PCI), incidence of diabetic nephropathy and
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P=.20 P=.11
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Figure 2. Incidence of contrast-induced acute kidney injury (CI-AKI)
in the study groups after exposure to contrast media.

history of acute or contrast-media induced renal failure. The
amount of intravenous volume applied pre- and postprocedure
was not statistically different between the treatment groups.

There were no significant differences in the median contrast
medium volume used during the procedure between treatment
groups. Median contrast volume was 110 mL (IQR, 80-160
mL) in the N-acetylcysteine group, 115 mL (IQR, 90-150 mL)
in the ascorbic acid group, and 110 mL (IQR, 80-150 mL) in
the placebo group (P=.36).

Endpoint. The CIN rate was 27.6% (53/192) in the N-ace-
tyleysteine group (95% CI, 21.4%-34.5%), 32.1% (62/193)
in the placebo group (95% CI; 25.6%-39.2%), and 24.5%
(24/98) in the ascorbic acid group (95% CI, 16.4%-34.2%).
Concerning the primary aim of the study, there were no sig-
nificant differences in CIN between the N-acetylcysteine group
and the placebo group (P=.20). Also, there were no differences
detected in the CIN rate between the ascorbic acid group and
the placebo group in the secondary aim of the trial (P=.11; Fig-
ure 2). No patient required renal replacement therapy.

The mean + standard deviation/median (IQR) increase of
serum creatinine from baseline up to 72 hours after contrast
administration was 0.15 + 0.31/0.10 mg/dL (0-0.2 mg/dL) in
the N-acetylcysteine group, 0.17 + 0.37/0.20 mg/dL (0-0.2 mg/
dL) in the ascorbic acid group, and 0.20 + 0.35/0.20 mg/dL (0-
0.5 mg/dL) in the placebo group. This increase was significant
(P<.001) in all treatment groups. The eGFR measured 72 hours
after angiography also decreased in each treatment group signifi-
cantly (P<.001 for all three treatment groups). The comparison of
serum urea measurements at baseline and 72 hours after contrast
exposure failed to demonstrate changes in the N-acetylcysteine
group (P=.83) and the ascorbic acid group (P=.68), in contrast
to the placebo group which showed a significant increase (P=.04;
Figure 3). Figure 4 shows the distributions of the peak serum
creatinine increase throughout 72 hours after contrast exposure
in each treatment group. The changes between baseline and 72
hours after of serum creatinine, eGFR, and serum urea were not
different between the treatment groups: Perum creatinine = 73>
PeGER = -68, Pserum urea = -24. The results of the analysis of the
full-analysis set were comparable to the results of the analysis of
the per-protocol set.
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Figure 3. Change in baseline and follow-up serum creatinine (A), cre-
atinine clearance (B), and blood urea concentrations (C) before and
after administration of contrast agent in the study groups.

A logistic regression analysis was performed in order to ex-
amine the influence of baseline serum creatinine concentration
and amount of contrast dye administered as possible confound-
ers. The dependent variable was the development of CIN and
the independent variable of interest was the treatment. Baseline
serum creatinine concentration and amount of contrast dye ad-
ministered failed to predict CIN in the N-acetylcysteine group.
When the ascorbic acid group was categorized by median se-
rum creatinine concentration, using the Wald model we could
identify a subgroup of patients with a baseline serum creati-
nine <1.4 mg/dL receiving ascorbic acid in which the OR of
CIN development (10.6%) is much less than 1 compared to
the placebo group (33.7%; P=.0048). The occurrence of CIN
in patients with baseline serum creatinine >1.4 mg/dL and re-
ceiving ascorbic acid (37.3%) was similar to the placebo group

(30.9%; P=.14).

Subgroup Analysis

Effect on patients with diabetes mellitus. The occur-
rence of diabetes mellitus had no influence on the OR of
CIN, when comparing the N-acetylcysteine group with pla-
cebo or the ascorbic acid group with placebo, respectively

The Journal of Invasive Cardiology®
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Figure 4. Box and whisker plots of the maximum increase/decrease in (A)
serum creatinine, (B) estimated glomerular filtration rate (eGFR), and (C)
serum urea from baseline up to 72 hours after contrast exposure according to
treatment groups (per protocol population).
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(PN—acetylcysteine vs placebo = -65, Pascorbic acid vs placebo =
.62). Among the 236 patients with diabetes mellitus,

the incidence of CIN was 35.0% in the placebo group,
28.4% in the N-acetylcysteine group, and 29.8% in the
ascorbic acid group.

Adverse events. The safety population consisted of all
520 patients who received at least one dose of a study drug.
N-acetylcysteine and ascorbic acid both had good safety
and adverse-event profiles. Fifty-five of 520 enrolled pa-
tients (10.6%) comprised of 21 patients in the N-acetyl-
cysteine group (10.1%; 95% CI, 6.4%-15.0%), 9 patients
in the ascorbic acid group (8.7%; 95% ClI, 4.0%-15.8%),
and 25 patients in the placebo group (12.0%; 95% CI,
7.9%-17.2%) experienced at least 1 adverse event. All
these adverse events in the study were non-serious, self-
resolving, and considered to be unrelated to the study drug
by the event-adjudication committee. The three treatment
groups were associated with a similar number of adverse
events (P=.663). Twenty patients terminated the study
prematurely, comprised of 9 patients in the N-acetylcys-
teine group (4.3%; 95% CI, 2.0%-8.1%), 2 patients in
the ascorbic acid group (1.9%; 95% CI, 0.2%-6.8%), and
9 patients in the placebo group (4.3%; 95% CI, 2.0%-
8.1%) (P=.556).

Discussion

The present study fails to demonstrate that intrave-
nous administration of N-acetylcysteine or ascorbic acid
in standard dosages was effective as antioxidative agents to
prevent CIN in patients with chronic renal insufficiency
undergoing elective cardiac catheterization. These results
were consistent among higher-risk patients, such as those
with diabetes mellitus and those who received higher
amounts of contrast media.

Our findings were in line with recently published, large-
scale studies confirming the upcoming evidence based on
these high-quality, well-powered trials showing no preven-
tive effect of N-acetylcysteine on the incidence of CIN.?¢%
A recent meta-analysis revealed that smaller trials with in-
adequate methodology tended to overestimate the effect
of N-acetylcysteine on the risk of contrast-induced acute
kidney injury with important between-trial heterogene-
ity.® In the current trial, we sought to ensure adequate
methodological quality by using randomization, blinding
patients and investigators, analyzing data according to the
modified intention-to-treat principle and per-protocol set,
and by having 93% of patients with complete follow-up.

The influence of the amount of contrast media adminis-
tered on the occurrence of renal function deterioration has
been a topic of controversy, with recent reports offering op-
posite conclusions; some show no effect, but most show an
increase of the incidence of CIN.?**4 In the present study,
the amount of contrast agent administered was not an in-
dependent predictor of the occurrence of CIN. Compared
to other studies with relatively high contrast doses,***"*
we used much less contrast media (median value, 110-115
mL), which might help explain the lack of influence of the
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contrast amount on the occurrence of CIN. There is, however,
a general consensus on the use of a small dose of contrast me-
dia, and the avoidance of repetitive studies within a small time
frame, both recommended to prevent CIN.

The study population, which was comprised of 47% diabet-
ics with impaired renal function, represents a high-risk group
for CIN, reflected by the high incidence of CIN in the placebo
group (32.1%). In contrast to Kay et al,”” post hoc subanalysis of
the 236 diabetics in our study indicated that N-acetylcysteine
and ascorbic acid were not effective in preventing contrast-in-
duced acute kidney injury, underscoring the lack of effect.

It could be that a substantially higher intravenous dose of
N-acetylcysteine than the dose administered in our trial would
be effective and might result in a reduced incidence of CIN.
Indeed, recently published trials support the hypothesis that
high doses of N-acetylcysteine seem more beneficial than stan-
dard doses in CIN prevention, both in elective and urgent
contrast administration in patients with chronic renal insufh-
ciency.”?*¥ However, in the LIPSIA-N-ACC trial, this dose-
dependent effect of high-dose intravenous N-acetylcysteine
(total dose, 6000 mg) could not be confirmed.*

Tepel et al® were the first to report that oral N-acetylcys-
teine along with hydration is more effective than hydration
alone in preventing CIN in patients with chronic kidney dis-
ease receiving low-osmolality contrast dye. A difference be-
tween our study and that of Tepel was in the protocol for
N-acetylcysteine administration. Tepel et al® gave the drug
at 600 mg orally twice daily, the day before and on the day
of contrast infusion, while in our study protocol the drug was
applied at the same dosage but intravenously. We used in-
travenous N-acetylcysteine because of a high first-pass effect,
resulting in a very low bioavailability of 10%.%“ Moreover, we
preferred intravenous drug administration to ensure double-
blinding due to the sulfurous odor of oral N-acetylcysteine.*
It would seem unlikely that this difference in administration
schedule would explain the absence of N-acetylcysteine ef-
ficacy in our study.

There is a debate whether the administration of N-acetyl-
cysteine on the day before contrast exposure is useful because
orally administered N-acetylcysteine leads to peak serum levels
in approximately 1 hour, and the elimination half-life is 2.1
+ 0.8 hours.”” From the standpoint of pharmacokinetics, it
is unlikely that administration on the day prior to exposure
would be effective. However, since it cannot be ruled out that a
metabolite of N-acetylcysteine might have antioxidant or other
favorable properties, it is possible that earlier administration
could have been beneficial.

The preventive effect of orally high-dose administered
ascorbic acid to prevent CIN in patients with chronic renal
insufficiency, firstly reported by Spargias et al,*® has not been
confirmed by Briguori et al,** so no conclusive evidence on the
effectiveness of ascorbic acid has been provided. In the study
by Spargias,” 3 grams of ascorbic acid in chewable tablets or
placebo in chewable tablets were supplied at least 2 hours be-
fore the start of the procedure, followed by 2 grams the night
and the morning after the procedure. It has to be kept in mind
that the volume of contrast dye used by Spargias® was more
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than twice as high as in our study. We tested a physiological
dose of ascorbic acid (500 mg the day before and the day of
contrast exposure) administered intravenously due to the low
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bioavailability after oral administration.
with Briguori* using the same high dosage of ascorbic acid
as Spargias® but administered intravenously, we found no
benefit of ascorbic acid in physiological dosage administered
intravenously. Notably, in a post hoc analysis, ascorbic acid
seems to reduce the rate of CIN in patients with mildly
impaired renal function (serum creatinine <1.4 mg/dL) as
compared with saline hydration alone. Although our find-
ings are promising, further data are needed before any con-
clusions can be made.

Study limitations. The study represents a single-center
experience with a limited number of patients. The measure-
ment of serum creatinine within 72 hours of contrast expo-
sure is another potential limitation of the trial because a later
increase of serum creatinine level beyond this time interval
remained unnoticed. On the other hand, most clinical trials
on preventive measures for CIN have demonstrated a peak of
serum creatinine level within a time frame of 72 hours after
contrast administration, and 90% of CIN cases develop within
72 hours after contrast administration.?® The creatinine clear-
ance was estimated by the MDRD formula, which is widely
used in clinical practice; however, it is not a formal measure-
ment of this parameter.

The sample size of this trial was calculated to ascertain a
statistically significant difference between the incidence of CIN
after placebo versus N-acetylcysteine. The study was under-
powered for the comparison of ascorbic acid versus placebo due
to practical reasons of this single-center trial making a type II
error possible.

Serum creatinine used to assess renal function is not an ideal
marker of eGFR estimation because it is eliminated by both
glomerular filtration and tubular excretion. Furthermore, se-
rum creatinine concentration is dependent on other factors,
such as age, sex and muscle mass. Moreover, creatinine con-
centration is inaccurate in low serum concentration.” Finally,
some authors also point out that N-acetylcysteine could have
a direct influence on serum creatinine concentration indepen-
dent of eGFR.*’ Hence, other markers for eGFR in clinical
trials regarding CIN assessment and prevention are required.
Cystatin C, for example, is an accurate and promising marker
of CIN that describes kidney function more precisely.

Conclusions

In the present study, there is no evidence that standard
dosage of N-acetylcysteine or ascorbic acid administered in-
travenously the day before and the day of contrast dye expo-
sure provides any benefit over placebo with respect to CIN
prevention in patients with renal insufficiency undergoing
cardiac catheterization. Correct indication for the contrast
media administration, periprocedural hydration, the use of a
small amount of low-osmolality contrast agent, and the avoid-
ance of repetitive administration of closely spaced contrast
dye remain the most important determinants in the preven-

tion of CIN.
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