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Wirksamkeit von Vitamin E und N-Acetylcysteine
in der Pravention von kontrastmittelinduziertem
Nierenversagen in Patienten mit chronischer
Nierenerkrankung: Eine doppelblinde
randomisierte klinische Studie

Zusammenfassung

Background Kontrastmittelinduziertes Nierenversagen
ist eine der hdufigsten Ursachen fiir akutes Nierenver-
sagen in hospitalisierten Patienten. Die hier prasentierte
Studie untersucht die Wirksamkeit von Vitamin E und
N-Acetylcysteine als Zusatztherapie in der Pridvention
dieser Komplikation. Wir testeten die Hypothese, dass
bei Patienten mit chronischer Niereninsuffizienz, wel-
che im Rahmen einer Computertomographie nicht-io-
nisierendes Kontrastmittel erhalten, Vitamin E oder N-
Acetylcysteine als Zusatz zur herkdmmlichen Standard-
therapie mit 0,45 % Kochsalzlsung besser geeignet sind
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die Nierenfunktion zu erhalten als die alleinige Gabe der
Standardtherapie.

Studiendesign Prospective, randomisierte, doppel-
blinde, double-dummy, plazebokontrollierte, parallele,
klinische Studie.

Methodik Patienten erhielten entweder Vitamin E
(2160 mg i.v.) oder N-Acetylcysteine (4800 mg p.o.) zu-
sétzlich zu 0,45 % Kochsalzlosung (1 mL/kg/h {iiber
24 h) oder 0,45 % Kochsalzlosung alleine. Primirer
Endpunkt der Studie war die Anderung des Serumkrea-
tinins zwischen Studienbeginn und 24 h nach Kontrast-
mittelgabe. Kontrastmittelinduziertes Nierenversagen
wurde definiert als ein Anstieg des Serumkreatinins
iiber 25 % des Basiswertes innerhalb von 48 h nach der
Kontrastmittelgabe.

Ergebnisse Dreissig Patienten wurden in die Studie
aufgenommen (mittleres Alter: 74,6 Jahre; 17 Frauen; 9
Diabetiker; mittleres Serumkreatinin: 1.35 mg/dL; mitt-
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lere Kreatininclearance: 56 mL/min). Keiner der Patien-
ten entwickelte eine Kontrastmittelnephropathie. In kei-
nem der drei Studienarme kam es zu einer signifikanten
Verdanderung des Serumkreatinins.

Schlussfolgerung In der Prdvention eines Kontrast-
mittel-induzierten Nierenversagens ist die zusétzliche
Gabe von Vitamin E oder N-Acetylcysteine der Stan-
dardtherapoie nicht iiberlegen.

Schliisselworter: Computertomographie, Kontrastmit-
telnephropathie, N-Acetylcysteine, Randomisierte klini-
sche Studie, Vitamin E, Chronische Niereninsuffizienz

Summary

Background Contrastinduced acute kidney injury is one
of the most frequent causes of hospital acquired acute
kidney injury. The present study aims to investigate the
efficacy of vitamin E or N-acetylcysteine as an adjunct to
current standard therapy in the prevention of this clini-
cal predicament. We tested the hypothesis that vitamin
E or N-acetylcysteine added to standard therapy with
0.45 % saline is superior in preserving renal function in
patients with chronic kidney disease stage 1-4 under-
going elective computer-assisted tomography with no-
nionic radiocontrast agents when compared to 0.45 %
saline alone.

Design Prospective, randomized, single-center, dou-
ble-masked, double dummy, placebo-controlled, paral-
lel clinical trial.

Methods The patients were randomized to either vi-
tamin E (total dose 2160 mg i.v.) or N-acetylcysteine (to-
tal dose 4800 mg p.o.) in addition to 0.45 % saline (1 mL/
kg/h over 24 h) or saline alone. Serum creatinine change
between baseline and 24 h after radiocontrast was the
primary outcome. Contrast induced acute kidney injury
was defined as a rise in serum creatinine >25 % over the
baseline value within 48 h.

Results Thirty patients (mean age 74.6 years; 17 fe-
males; 9 diabetics; all Caucasians; mean serum cre-
atinine 1.35 mg/dL; mean creatinine clearance 56 mL/
min) were enrolled. No patient developed contrast in-
duced acute kidney injury. There was no significant dif-
ference in serum creatinine change between the three
study arms.

Conclusion Following radiocontrast administration,
neither vitamin E nor N-acetylcystein in addition to sa-
line demonstrated an additional beneficial effect on kid-
ney function when compared to saline alone.

Keywords: Computer-assisted tomography, Contrast
induced acute kidney injury, N-acetylcysteine, Rand-
omized controlled trial, Vitamin E, Chronic kidney dis-
ease

Introduction

Contrast induced acute kidney injury (CIAKI) is one of
the most common causes of hospital-acquired acute kid-

ney injury (AKI); it is defined as an impairment in renal
function occurring within 3 days following the intrava-
scular administration of contrast medium in the absence
of an alternative etiology. CIAKI commonly presents as
a reversible, nonoliguric form of AKI with an increase in
baseline serum creatinine of 25 %. In otherwise healthy
subjects, the prevalence of CIAKI is less than 3 %; howe-
ver, with rates as high as 20 % in patients with underlying
risk factors (e.g. impaired renal function, cardiovascular
disease, diabetic nephropathy, reduced effective arterial
volume, and high total dose of contrast agent), the esti-
mated annual incidence of CIAKI in the United States
amounts up to 150,000 cases [1, 2]. CIAKI is associated
with a one-year mortality of up to 35 % and for patients
with CIAKI requiring dialysis, one-year mortality was
found to be as high as 45.2 % [3]. CIAKI can occur with
intraarterial contrast studies (e.g. coronary angiograms)
as well as after intravenous administration of contrast
media (e.g. computer-assisted tomography; CT) [4]. As
the number of interventional procedures remains high,
so will the number of contrast medium administrations
(currently approximately 60 million doses per year in the
US) and therefore the associated risk for CIAKI [5]. It is
estimated that in the United States, the annual costs of
radiocontrast-induced nephropathy are approximately
US$180 million [6]. This notion in addition to the ailments
inflicted on our patients highlight the need for strategies
and international protocols that can prevent CIAKI.

The proposed pathophysiological mechanisms of
CIAKI involve intrarenal vasoconstriction with resultant
medullary hypoxia, production of reactive oxygen spe-
cies (ROS), and direct tubular toxicity. During normal
conditions, the mammalian renal medulla pO2 levels are
as low as 30 mmHg. The limited regional oxygen supply
hardly matches the high local oxygen demand necessary
for normal tubular reabsorption [7]. Hence, even minor
changes in renal blood flow can markedly affect renal
parenchymal oxygenation. Radiocontrast injection leads
to an abrupt but transient increase in renal plasma flow,
glomerular filtration rate, and urinary output [8]. Never-
theless, after a brief increase in renal blood flow follo-
wing the administration of radiocontrast, a prolonged
decline of 10-25 % below baseline is noted [9]. Studies
found that ionic high-osmolar as well as nonionic low-
osmolar radiologic contrast media markedly reduced
inner medullary blood flow [10, 11]. The importance of
renal vasoconstriction in the pathogenesis of CIAKI was
further strengthened when preclinical trials revealed
promising effects of fenoldopam, a selective dopamine-1
receptor agonist that produces renal arterial vasodila-
tion, on renal hemodynamics in animal models [12].
However, a recently performed randomized controlled
clinical trial could not extend these findings to humans
[13]. The complex pathophysiological mechanism
responsible for the development of CIAKI may explain
why fenoldopam alone was not able to prevent CIAKI in
a clinical setting. Contrast agents cause renal medullary
ischemia with generation of free oxygen radicals. ROS
enhance tubular transport activity and increase oxygen
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consumption, thereby augmenting the generation of free
oxygen radicals [14]. Moreover, ROS induce endothelial
dysfunction, and interfere with the generation of the
hypoxia response, thus, setting in motion a vicious circle
of hypoxia, free radical formation, and further hypoxic
injury [15]. Studies have shown increased markers of
ROS (e.g. 15-Isoprostane-F2t) in the urine after contrast
media administration [16, 17]. On a further note, oxida-
tive stress was found to augment oxygen consumption
and impair oxygen tension in the kidneys of diabetic rats
[18]. This finding goes well in line with the clinical notion
that N-acetylcysteine (NAC), a free radical scavenger,
yields some protection from developing CIAKI in pati-
ents with diabetic nephropathy [16].

Another important component of the antioxidative
network and protective mechanism is vitamin E. Vitamin
E is highly lipophilic and is incorporated readily into cell
membranes. Its efficiency as a free radical scavenger has
been intensively studied on animal models of oxidative
stress as well as hepatic and cerebral ischemia/reperfu-
sion injury [18-20]. However, there are still several uncer-
tainties about the usefulness of antioxidant therapy in a
clinical setting. For instance, it is questionable whether
most currently used antioxidants are reaching their tar-
get, namely the mitochondria, which are the primary site
of free radical generation [21].

Given the current confusion as to whether antioxi-
dant therapy has a clinical application in the prevention
of CIAKI, our study set itself to compare two free radical
scavengers, namely N-acetylcysteine (NAC) and vita-
min E, when given additionally to the current standard
saline therapy in a randomized, double-masked, double-
dummy, placebo-controlled trial.

Methods
Study population

This study was approved by the Ethics Committee, at
the Krankenhaus der Barmherzigen Briider, Graz, Aust-
ria, and carried out in accordance with the declaration
of Helsinki and Good Clinical Practice regulations. The
enrollment period started in August 2002 and ended in
July 2003. The patients were enrolled after receiving infor-
mation regarding details of the clinical study and giving
their written and dated consent. The patients 18 years of
age or older with a serum creatinine above 1.25 mg/dL
for males and 1.09 mg/dL for females (cutoff values were
defined by using the hospital’s normal serum creatinine
ranges), who did not undergo renal replacement therapy,
were considered for enrollment. Exclusion criteria inclu-
ded acute kidney injury, a serum creatinine increase in
the enrollment period of more than 0.2 mg/dL, adminis-
tration of vitamin E, NAC, or other antioxidant therapy
within 4 weeks prior to the radiological investigation.
Further exclusion criteria were participation in an inves-
tigational clinical trial within 1 month prior to the start of
the study, known or suspected allergy to the investigatio-

nal drugs, and current use of a theophylline, dopamine,
furosemide, or mannitol.

Study protocol

This single-center, prospective, double-blind, double-
dummy, placebo-controlled, randomized, parallel in-
center clinical trial tested the hypothesis that Vitamin E
or NAC when added to standard therapy with half-nor-
mal (0.45 %) saline is superior to standard half-normal
saline therapy in preserving renal function in patients
with CKD undergoing elective diagnostic nonionic
radiocontrast CT. Because this study was conducted in
patients with preexisting CKD, 0.45 % saline rather than
0.9 % saline was used in order to avoid potentially harm-
ful salt loading of the patient. Eligible patients were ran-
domly assigned in a double-masked manner in a 1:1:1
ratio to one of the following three treatment arms:

e NAC group: N-acetylcysteine granules + placebo
emulsion +0.45 % saline infusion (prepared by 1:1 di-
lution of 0.9 % saline with 5 % glucose solution)

e Vitamin E: group placebo granules + Vitamin E emul-
sion +0.45 % saline infusion

¢ Control group: placebo granules + placebo emulsion +
0.45 % saline infusion

All study drugs were provided by Fresenius Kabi Austria
GmbH, Graz, Austria. Randomization was performed by
a statistician not involved in the data analysis, a block
randomization scheme (block size=6) was used based
on the responsible statisticians’ software, and all associa-
ted details were documented in the office of the respon-
sible statistician. Treatment allocation was not known
to the investigator, the statistician evaluating the study,
the clinical study personnel, the patient, and the study
sponsor. Patients” demographics including body weight,
height, and smoking status were documented. A detailed
medical history was obtained and a full physical exami-
nation was performed 2 days prior to the CT. Blood was
drawn 24 h before CT, immediately before the CT, 24 and
48 h after CT (Fig. 1). Creatinine clearance was determi-
ned based on urine collections in the 24 h immediately
before and after CT. During the CT, the patients received
the contrast agent 100 ml iopromide (Ultravist 300, Sche-
ring, Schering AG. Berlin, Germany) which is a nonionic
radiocontrast agent with an iodine content of 300 mg/ml.

Study treatments were administered at prespecified
time points. All patients received 0.45 % saline infusion at
arate of 1 ml/kg BW/h for 12 h before and after CT. Over a
period of 30 min, an emulsion containing 540 mg of vita-
min E (or placebo emulsion in the NAC and the control
group) was given intravenously 12 and 6 h before and 6
and 12 h after the CT. NAC 1200 mg (or placebo granules
in the vitamin E and control groups) were administrated
per oral route, 12 and 6 h before and 6 and 12 h after the
CT. All patients received half-normal saline infusion for
12 h prior and for 12 h after CT. Vital signs (blood pres-
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Fig. 1 Study flow-chart
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* One patient has been excluded after randomization due to the use of euphyllin.

sure, heart rate, body temperature) were monitored at
the intervention time points and at discharge.

Study end points, laboratory tests, and statistical
analyses

The primary efficacy end point was defined as a change
in serum creatinine concentration from time of con-
trast medium administration to 24 h after CT (Fig. 1).
Secondary efficacy end points were a change in serum
creatinine concentration from time of contrast medium
administration to 48 h after CT, the change in creatinine
clearance between 24 h before and 24 h after CT, and the
development of CIAKI, defined as an increase in serum
creatinine of more than 25 % over the baseline value in
the following 48 h after CT. Creatinine was determined
by the Jaffe method. Estimated glomerular filtration rate
(eGFR) was calculated applying the 4-variable Levey-
modified version of the Modification of Diet in Renal
Disease (MDRD) formula [22, 23].

Continuous data are presented using the mean + stan-
dard deviation (SD). Groups were compared using
one-way ANOVA and post-hoc test with Bonferroni cor-
rection, or by y* test when appropriate. The formal null
hypothesis of this study stated that the preventive effects
of vitamin E or NAC do not differ from the control arm
(saline). A two-sided p<0.05 was considered significant.
Treatment effect differences between groups are repor-
ted as mean and 95 % confidence interval (95 % CI).

Sample size estimation based on a study by Tepel et al.
[24] indicated that 90 patients (30 per treatment arm) are
sufficient to achieve 90 % power to detect a serum crea-
tinine change of 0.6 mg/dl at a significance level X of 0.05
between the three groups. After 30 patients, an interim

analysis was conducted with the option to terminate the
trial in the absence of a trend toward a benefit of either
treatment. All analyses were done on an intention-to-
treat basis. All statistical analyses were performed with
SPSS version 11.5 (SPSS Inc.).

Results

The baseline characteristics of the study population are
summarized in Table 1. Baseline demographics were
well matched between the three treatment groups. The
trial was terminated based on the results of the interim
analysis after the enrollment of 30 patients. One patient
was excluded after randomization and prior to treatment
administration due to a protocol violation (administra-
tion of theophylline prior to the administration of study
treatment). All subsequent analyses were done with the
29 remaining patients.

None of the patients developed CIAKI, defined as an
increase in serum creatinine of more than 25 % over the
baseline value in the 48 h following CT scan. Serum crea-
tinine concentration changes 24 and 48 h after contrast
agent administration did not differ between the three tre-
atment arms (Table 2 and Fig. 2a, b, and c).

Change of creatinine clearance and eGFR 24 h after
contrast agent administration did not differ between the
three groups (Table 2).

Discussion
This study was designed to investigate the prophylactic

effect of vitamin E and NAC, when added to the current
standard therapy (i.e. saline infusion), in preventing
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Table 1. Baseline characteristics of the enrolled study population. Continuous variables are presented as mean+SD

Control (n=10) Vitamin E (n=10) NAC (n=10) p value
Age (years) 74+85 73.3+11.9 76.6+9.5 0.74
Weight (kg) 75.5+13.4 73.9+7.2 71.8+141 0.8
Sex (F/M) 5/5 4/6 8/2 0.17
Body-mass index (kg/m2) 27.7+3.7 27.4+3.2 26.4+5 0.77
CKD stage
CKD 1 1 1 1 0.7
CKD 2 2 4 3
CKD 3 6 4 3
CKD 4 0 1 2
Causes of CKD (n)? 0.3
Diabetes Mellitus 3 2 0
Hypertension 7 9 8
Renal artery stenosis 0 0 1
Unilateral small kidney 1 0 0
Cystic kidney 0 1 0
Unknown 1 0 2
Patients with diabetes (n) 4 ) 2 0.6
Antihypertensive drugs (n) 0.9
Beta blockers 7 6 6
Calcium channel blockers 3 3 3
ACE inhibitors/ARB 7 9 4
Other 4 6 4
Diuretics (n) 6 5 9 0.14
Clinical indicators
Systolic BP (mmHg) 125+15 123+13 132+19
Diastolic BP (mmHg) 7615 72+11 737
Heart rate (beats/min) 69+8 72+9 7112
Serum creatinine (mg/dI) 1.33+£0.12 1.37+0.2 1.37+0.51
Creatinine clearance (ml/min) 63 +21 64 +24 56 +25

aMultiple diagnoses are possible

Table 2. Serum creatinine levels, creatinine clearances, and eGFR following radiocontrast administration. Continuous variab-

les are presented as mean +SD

QOutcome Treatment N Baseline 24 h 48 h 24 h Mean 24 h Treatment 48 h Mean 48 h Treatment
Mean(SD) Mean +SD Mean +SD change +SD effect (95 % Cl)  change+SD effect (95 % Cl)

Serum creatini-  Control 9 133+012 1312012  136=011 —002+0.13 - 003+0.12 -

ne (mg/dL) VitaminE 10 1.37x02  1.42+018  1.36+022 005+015 007 (-0.8-0.2) 003=02*  0(-0.2100.2)
NAC 10 137+051 1.39+049  1.38+054 002+011  0.04(01-02) 00101  -0.02(-0.2t00.2)

Creatinine Control 9 63+21 5927 N/A —-4+14 - N/A N/A

ﬂ?r"]‘)fa”ce MY VitaminE 6  60+26 4835 /A —12+24 ~8(-33t016) N/A /A
NAC 6 52+27 40+23 N/A ~12+20 _8(-35t018) NA /A

eGFR (mU/min/  Control 9 482+7.4 49611 456458 1.4+58 - 1340 -

1.73 m2) VitaminE 10 49.6+11.4 472491  509+11.3 -24+7 38(-310107) —-1.0+84* —-03(~7.9t07.4)
NAC 10 455+93  447+109 457+123 —08+44  22(-46t0  02+48 ~15(-8.7105.8)

9.1)
a8 patients

N/A not available
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Fig. 2 Serum creatinine
concentrations prior to, 24 h 2 -

Control group

Vitamin E group

29 137+02 1424018  136+022
after, and 48 h after radio- g 1.33+£0.12 1.31£0.12 1.36+0.11 g
inistration i E) ) ESER
contrast adrrlnnls.tratlon in 215, —— —h E L5
control (a), vitamin E (b), and ° —— — >
. =] o =]
N-acetylcysteine (c) groups 2 E 14
i 8
5] 5
§ 0.5 1 g 0.5
Q [0
w1 v
0 T T ) 0 T T |
a Pre-CT 24 h Post-CT 48 h Post-CT b Pre-CT 24 h Post-CT 48 h Post-CT
3 N-Acetylcysteine group
2 25 U
3 137051 1.39+049  1.38+0.54
E 5
o
£
E 154
< [ —
5 —_————y
5} 1 A
£
5 0.5+
wn
0 . . :
C Pre-CT 24 h Post-CT 48 h Post-CT

CIAKI in a CKD population undergoing elective contrast
CT investigation. None of the 29 studied patients deve-
loped CIAKI; however, our results indicate that there is
no beneficial effect on kidney function (as measured by
serum creatinine levels) with addition of intravenous
vitamin E or oral NAC to standard therapy.

Contrast induced acute kidney injury is a major cause
of hospitalization and mortality in the CKD population,
especially in patients with diabetes. Previous studies
have shed light on the multifaceted pathogenesis of
CIAKT; although not fully elucidated, two mechanism
of injury are currently being thought of as the main dri-
vers of end-organ damage in this clinical conundrum:
namely renal hypoperfusion and free radical generation
[5, 21]. First, the vasoconstrictory effects of the contrast
agent itself can cause renal medullary ischemia due to
hypoperfusion, which then leads to the generation of free
oxygen species causing damage to the tubular epithelial
cells and acute tubular necrosis. Free oxygen radicals
have also been shown to cause endothelial dysfunction,
hampering the hypoxia-adaptive response [15]. This may
set off a vicious cycle with hypoxia leading to the genera-
tion of ROS, which in turn aggravates the effects of hypo-
xia, which further increases ROS generation; thereby
augmenting cellular injury and ameliorating adaptive
measures.

Several trials investigated the role of NAC as a free
radical scavenger and its possible vasodilatory effects;
however, there is still substantial disagreement regarding
its efficacy in prevention of CIAKI. In agreement with our
findings, a recently performed study in 90 diabetic CKD
patients undergoing elective cardiac angiography could
not demonstrate a significant benefit of NAC use as an
adjunct to hydration in CIAKI prevention [25]. It has been
argued that the levels of NAC administered in these pre-
vious studies, which failed to demonstrate a protective

effect of NAC administration, are too low to cause a suf-
ficient decrease in ROS [26]. However, we were unable to
demonstrate a favorable effect of NAC over standard the-
rapy alone, when given at a dose of 1,200 mg twice daily
[26, 27].

In recent years, the focus on vitamin E has increa-
sed considerably due to its antioxidant properties, with
alpha-tocopherol being the main compound of inter-
est, as its intestinal absorption, hepatic transport, and
cellular uptake have been well studied and described
[28]. In the present study, an intravenous emulsion of
alpha-tocopherol has been used, since it has been shown
that absorption and bioavailability of orally adminis-
tered vitamin E strongly rely on physiological factors of
fat digestion, such as pancreatic esterase secretion and
chylomicron formation [29, 30]. In our study, no bene-
ficial effects of intravenous alpha-tocopherol adminis-
tration on kidney function in CKD patients undergoing
elective CT were seen. Interestingly, in a recent randomi-
zed controlled trial performed in 103 Thai CKD patients
undergoing elective coronary angiography, 525 IU of oral
alpha-tocopherol led to a significant 17.2 % reduction of
CIAKI (5.9 % in the intervention group; 23.1 % in the pla-
cebo group) [31]. This finding is promising and suggests
that the efficacy of vitamin E may depend on its route of
administration. However, bearing in mind the uncertain-
ties involved with oral administration (e.g. absorption,
first-pass effect), one would suspect the parenteral route
to be superior. Of note, the frequency of CIAKI in the pla-
cebo group was unusually high, considering that none of
the patients had CKD stage greater than 2.

A limitation of most studies of preventive strategies,
including ours, is that approaches are targeted only
against one of the several pathophysiological aspects of
CIAKI. Future studies investigating combination thera-
pies, aimed against hypoperfusion and ROS generation
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(e.g. fenoldopam in conjunction with vitamin E), are of
great interest, since they are likely to better account for
the complex nature of CIAKI. A recent finding in support
of combination strategies comes from the REMEDIAL
study results, where the combination of isotonic bicarbo-
nate and NAC has shown to offer better protection from
CIAKI development than NAC and saline alone [32].

Our study has limitations: first, the trial was termin-
ated after 30 patients, since the interim analysis revealed
no significant trend for a difference between the treat-
ment arms and a continuation was deemed unjustified
by the study team. Second, the study population consis-
ted only of Caucasians, thereby limiting the adaptability
of our results to other races. Third, 0.45 % saline rather
than 0.9 % saline was used. The reason for this appro-
ach was to avoid salt loading and potentially harmful
acute expansion of the extracellular volume; all enrol-
led patients had, by design, preexisting CKD and thus an
increased likelihood of salt and water retention. Finally,
since no patient met the primary endpoint, the final con-
clusion remains difficult. Nevertheless, since all studied
patients received hydration therapy, it is conceivable that
standard treatment alone exhibited a preventive effect,
which could not be further increased by the addition of
NAC or vitamin E.

In conclusion, adding intravenous vitamin E or oral
NAC, to 0.45 % saline therapy for prevention of CIAKI,
did not translate into improved kidney function in CKD
patients undergoing elective CT with radiocontrast
administration. Future studies employing combination
therapies, which are designed to account for the multi-
faceted pathophysiologic nature of CIAKI, will hopefully
lead to the development of more successful preventive
strategies in patients at high risk.
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