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Abstract

In this prospective study, we aimed to determine the protective antioxidant role of alpha-lipoic acid (ALA) on development
of contrast-induced nephropathy (CIN) in diabetic patients undergoing coronary angiography. Seventy-eight diabetic
patients undergoing coronary angiography were included. Thirty-nine patients were randomized to control group and 39
patients to ALA group. Both groups were hydrated on the day of angiography, and the ALA group had also received three
doses of “Thioctacid 600 mg HR, MEDA Manufacturing GmbH” in pill form. Serum creatinine clearance, cystatin C, and
urinary neutrophil gelatinase-associated lipocalin (NGAL) were studied before and after angiography. We defined CIN as
either >25% or >0.5 mg/dL increase in serum creatinine at 48th hour after angiography. Baseline clinical characteristics
were similar in both groups. Mehran risk score and creatinine clearance were comparable in control and therapy groups
(5.59 +1.96 vs. 5.49 + 1.73, p = 0.54 and 89 + 21 vs. 96 + 24, p = 0.13, respectively). The volumes of contrast media
(median values of 80 mL vs. 75 mL) and hydration with saline (2862 + 447 mL vs. 2637 + 592 mL) were also similar
(p > 0.05). The incidence of CIN was the same (8%) in both the groups. Alterations in serum creatinine, cystatin C, and
urinary NGAL levels before and after the procedure were comparable between the ALA and control groups (group p-
values were >0.05 in two-way repeated measures analysis of variance). We presented for the first time that ALA therapy
added to hydration does not decrease the risk of CIN development in diabetic patients undergoing coronary angiography.
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INTRODUCTION

Contrast-induced nephropathy (CIN) is defined as acute
impairment of renal functions caused by exposure to
contrast media. The main factors for CIN development
are patients’ characteristics, type and amount of the con-
trast agent, and preventive as well as therapeutic
approaches applied. In clinical practice, CIN is diag-
nosed by a relative rise of >25% or an absolute rise of
0.5 mg/dL (44 pmol/L) over the baseline serum creati-
nine level.! ™ Contrast agents are the third most common
reason for the hospital-acquired acute renal failures.
Today, numerous cardiovascular, peripheral diagnostic
and interventional procedures, and tomographic ima-
gings are performed, all of which lead to anticipated
diagnoses of CIN in daily practice.>®

Pathophysiology of the CIN is not explained exactly.
Direct toxic effects of the contrast agents on the renal

tubular cells, oxidative stress, impairment of renal hemo-
dynamics by increased tubular and renal tissue pressure,
and renal medullary hypoxia due to vasoconstriction are
the main mechanisms. After the recognition of this impor-
tant clinical condition, less nephrotoxic agent is being
developed and preventive approaches are performed
resulting in decreased comorbidities caused by CIN.”®
The key predisposing factor for CIN development is the
pre-existing chronic renal disease. Many risk factors are
determined such as diabetes mellitus (DM), congestive
heart failure (CHF), volume depletion, advanced age,
type and volume of the contrast agent, and exposure to
more than one contrast agent in 72 h.°*? A simple and
useful risk scoring system offered by Mehran et al. is most
frequently utilized in clinical practice.?

The management of CIN is based on the preventive
modalities. Hydration is the best proven approach both for
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prevention and treatment.'® Many vasoactive agents such
as PGEI,'* dopamine,'® fenoldopam,'® theophylline,'”
calcium channel blockers,'® and angiotensin converting
enzyme inhibitors'® have been shown to have minimal or
no effects on the CIN development. Furthermore, a
recently published comprehensive and randomized study
revealed debatable results with the use of N-
acetylcysteine.°

Alpha-lipoic acid (ALA) is a thiol-containing mole-
cule with antioxidant properties.?’ In an animal study,
ALA ameliorated histopathologic changes due to renal
ischemic reperfusion.?? In a study with end stage renal
disease patients on hemodialysis, ALA supplementa-
tion reduced high-sensitive C reactive protein (CRP)
levels.>> However, there is no clinical study yet to
evaluate the possible protective effects of ALA on
CIN occurrence. Accordingly, the aim of this single-
center prospective randomized trial was to determine
the protective antioxidant role of alpha-lipoic acid on
the development of CIN in diabetic patients under-
going coronary angiography.

METHODS

Study Population

Seventy-eight consecutive, eligible diabetic patients, to
whom elective coronary angiography (CAG) was per-
formed on an outpatient basis in Baskent University
Medical School, Ankara Education and Research
Hospital between January 2010 and February 2011,
were included in the study. There were 31 females and
47 males with a mean age of 65 + 9 (40-84) years.
Thirty-nine patients were randomized to control group
and 39 patients to ALA group. ALA group received
three doses of “Thioctacid 600 mg HR, MEDA
Manufacturing GmbH” in pill form before meal;
30 min before and at 24th and 48th hour of coronary
angiography. The study was conducted in accordance
with the guidelines proposed in the Helsinki
Declaration and was approved by the local ethics com-
mittee. Each patient has given informed consent form.

Patients with a serum creatinine of >1.5 mg/dL,
known malignancy, liver disease, allergy to contrast
media, use of any nephrotoxic agent within 48 h and
exposure to contrast agent within 7 days, unstable angina
and hemodynamically unstable patients as well as the
patients to whom ad-hoc percutaneous coronary inter-
vention (PCI) should be performed were not included.
All patients were scanned in terms of risk factors, such as
hypertension, diabetes mellitus, smoking, hyperlipide-
mia, history of coronary artery disease (CAD), and per-
ipheral artery diseases (PAD).

Diagnosis of CIN was made by studying serum crea-
tinine levels just before and at 48th hour of CAG. A
relative rise of >25% or an absolute rise of 0.5 mg/dL
(44 pmol/L) over the baseline serum creatinine level
was determined as CIN.'™* Non-ionic low osmolar
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contrast agent “iohexol” was used in all patients. The
amount of contrast agent used in diagnostic proce-
dures was noted. When a percutaneous coronary inter-
vention was required, it was postponed and performed
electively. All patients were hydrated intravenously on
the day of CAG; saline infusion was started 3 h before
procedure and continued for 24 h with a classical infu-
sion rate of 1 mI/kg/h and the amount of saline was
recorded.

Laboratory Measurements

Serum blood urea nitrogen (BUN), creatinine and cysta-
tin C levels, and urinary NGAL levels were studied
before CAG. Estimated creatinine clearance was calcu-
lated by Cockcroft—Gault formula. During follow-up,
measurement of serum creatinine levels was performed
at 24th and 48th hours, serum cystatin C levels at 24th
hour, and urine NGAL levels at 4th hour of CAG. There
was a time interval of 3 h between the last dose of ALA
and creatinine level at 48th hour. Blood pressure,
amount of hydration, and urine of the patients were
recorded.

Serum creatinine level was measured by using Jaffe’s
Kinetic Method (Hitachi Modular PP Analyzer, Roche
Diagnostics GmbH, Mannheim, Germany). Serum
cystatin C level was detected with sandwich enzyme
immunoassay method wusing commercial Human
Cystatin C kits (Biovendor Laboratory Medicine,
Inc., Modrice, Czech Republic) by DYNEX
Technologies DSX Model Microelisa Analyser device
(Prague, Czech Republic). Urinary NGAL levels were
analyzed with similar method using Human Lipocalin-
2/NGAL kits (Biovendor Laboratory Medicine, Inc.).

Statistical Analysis

Continuous variables were presented as mean + SD if
normally distributed, otherwise, as median with 25th and
75th percentiles and interquartile range (IQR). The nor-
mality was tested using Shapiro—Wilk test. Levene’s test
is used to assess variance homogeneity. Categorical vari-
ables were presented as numbers and percentages and
were compared using the Fisher’s Exact test. For com-
parison of the independent continuous variables, ¢-test or
Mann—Whitney U test was used, where appropriate. The
laboratory measurements of the same objects in different
times were compared using two-way repeated measures
analysis of variance including group factor. Before per-
forming this test, a right skewed distribution of the vari-
ables was detected. Hence, logarithmic transformation
was applied to provide the conditions of this analysis. For
multiple post-hoc comparisons, Bonferroni test was uti-
lized. A multivariate logistic regression analysis model
was used to determine the predictors of CIN develop-
ment. The variables included in the model were age,
hypertension, treatment with ALA, hydration and con-
trast medium amounts, baseline levels of creatinine
clearance, serum cytidine C, and urinary NGAL.
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Table 1. Baseline clinical parameters, laboratory findings, and medications of the patients.

Control group (n = 39) ALA group (n = 39) p

Gender F: 16 (41%) F: 15 (38.5%) 1.000
M: 23 (59%) M: 24 (61.5%)
Age 66.5 + 9.6 64.3 + 8.4 0.29
BMI (kg/m?) 28.8 + 3.7 29.1 £3.9 0.76
Smoking 10 (25.6%) 1 (2.6%) 0.002
Hypertension 35 (89.7%) 34 (87.2%) 1.0
Diabetes mellitus Insulin: 13 (33.3%) Insulin: 12 (30.8%) 1.0
OAD: 26 (66.7%) OAD: 27 (69.2%)

CAD hx 11 (28.2%) 24 (61.5%) 0.04
Detected CAD 26 (66.7%) 33 (84.6%) 0.11
Mehran risk score 5.59 +£1.96 5.49 +£1.73 0.54
PAD 1 (2.6%) 1 (2.6%) 1.0
HL 30 (76.9%) 24 (61.5%) 0.22
Laboratory findings
Hb (g/dL) 13.38 + 1.57 13.64 + 1.62 0.46
HbAlc (%) 7.07 +1.38 7.63 +1.42 0.08
BUN (mg/dL) 18.23 +4.87 18.43 £ 6.93 0.88
Creatinine (mg/dL) 0.89 +0.18 0.86 + 0.18 0.49
Cr Cl (mL/dk/1.73 mz) 88.87 £+ 21.09 96.73 £+ 23.91 0.13
NGAL(u) (ng/mL) 16.80 (3.60-37.00) 14.00 (5.50-24.70) 0.67
Cystatin C (ng/mL) 1109 (846-1526) 916 (727-1115) 0.036
Medications
ACEI 13 (33.3%) 11 (28.2%) 0.807
ARB 15 (38.5%) 12 (30.8%) 0.635
CCB 14 (35.9%) 13 (33.3%) 1.000
BB 23 59.0%) 21 (53.8%) 0.820
Statins 19 (48.7%) 25 (65.8%) 0.169
ASA 19 (48.7%) 29 (74.4%) 0.033
Warfarin 2 (5.1%) 3 (7.7%) 1.000
Furosemide 2 (5.1%) 5 (12.8%) 0.431
Thiazide 16 (41.0%) 8 (20.5%) 0.085
Spironolactone 1 (2.6%) 2 (5.1%) 1.000
Nitrate 3 (7.7%) 11 (28.2%) 0.018

Note: ALA, alpha-lipoic acid; F, female; M, male; BMI, body mass index; CAD hx, coronary artery disease history; PAD, peripherial arterial
disease; HL, hyperlipidemia; Hb, hemoglobin; HbAlc, hemoglobin Alc; BUN, blood urea nitrogen; NGAL(s), neutrophil gelatinase-
associated lipocalin serum, NGAL(u), neutrophil gelatinase-associated lipocalin urine; Cr Cl, creatinine clearence; ACEI, angiotensin
converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; BB, beta-blocker; ASA, acetyl salicylic acid.

Table 2. Contrast medium and hydration amounts and CIN incidence between the groups.

Control group (n = 39)

ALA group (n = 39)

Contrast (mL)
Contrast (mL/min)

80.00 (60.00~120.00)
1.17 (0.47-2.43)

75.00 (50.00-100.00)
1.01 (0.32-3.33)

Hydration (mL) 2862 + 447 2636 + 592
Urine (mL) 2500 + 471 2305 + 651
CIN (>25% increase) 3 (7.7%) 3 (7.7%)
CIN (>0.5 mg/dL increase) 2 (5.1%) 0 (0%)

Notes: ALA, alpha-lipoic acid.
p > 0.05 for all comparisons.

p-Value of <0.05 was considered statistically significant.
The SPSS for Windows ver. 17.0 statistical software
(SPSS Inc., Chicago, IL, USA) was used for all the
statistical calculations.

RESULTS

Clinical characteristics and laboratory values of the study
patients are given in Table 1. There were no differences
in terms of age, gender, body mass index, hypertension,
and hyperlipidemia (p > 0.05). Baseline creatinine,

creatinine clearance, HbAlc, and urine NGAL values
were also similar (p > 0.05). However, in control group,
baseline cystatin C level was borderline higher than the
ALA group (p = 0.04) (Table 1). The medications used
were comparable except for acetyl salicylic acid and
nitrate (Table 2). Due to a higher number of CAD his-
tories in ALA group, smoking ratio, ASA, and nitrate use
were different between the groups.

Mehran risk scores of the control and ALA groups
were 5.59 + 1.96 and 5.49 + 1.73 respectively
(» = 0.54). Amount of contrast media and hydration

Renal Failure
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Table 3. Comparison of changes in serum cystatin C and urinary NGAL levels between the groups.

Control group (n = 39) ALA group (n = 39) p*
Sis C (ng/mL) (B) 1109 (846-1526) 916 (727-1115) 0.25
IQR:680 IQR:388
Sis C (ng/mL) (24) 1013 (821-1633) 912 (756-1305)
IQR:812 IQR:549
NGAL (ng/mL) (B) 16.80 (3.60-37.00) 14.00 (5.50-24.7) 0.32
IQR:33.4 IQR:19.2
NGAL (ng/mL) (4) 14.10 (1.60-21.10) 14.50 (4.40-20.00)
IQR:19.5 IQR:15.6

Notes: ALA, alpha-lipoic acid; NGAL, neutrophil gelatinase-associated lipocalin; Cys, cystatin C; B, baseline; 24, 24th hour; 4, 4th hour.

*p-Value of variance analysis in repeated measures.

with saline were not different (Table 3). According to the
CIN criteria, three patients in each group (7.7%) devel-
oped CIN (p = 1.000) (Table 2). In patients diagnosed
with CIN, there was no need of prolonged hospitalization
or hemodialysis. In these patients, renal functions were
ameliorated during follow-up.

Differences in baseline, 24th hour, and 48th hour
levels of blood urea nitrogen (BUN) were not statistically
significant (p = 0.59). The changes in serum creatinine
levels over time (pre-procedure and at 24th and 48th
hours) were significant (p = 0.024). Multiple post-hoc
comparisons revealed that this difference was originated
by baseline and 48th hour values. However, the altera-
tion in serum creatinine levels did not differ between the
ALA and control groups (group p-value = 0.98). When
baseline, 24th hour, and 48th hour values of creatinine
clearance were compared, there was a significant differ-
ence over time (p = 0.011). Multiple post-hoc compar-
isons showed that this difference was driven by baseline
and 48th hour values and 24th hour and 48th hour
values. The alteration in creatinine clearance levels did
not differ between the ALA and control groups (group p-
value = 0.82). There were no significant changes in
serum cystatin C levels at baseline and 24th hour after
CAG (p = 0.25). It was found that there was no interac-
tion between the group factor and change in cystatin C
over time (group p-value = 0.39). Similarly, baseline and
4th hour urine NGAL values were found to be compar-
able (p = 0.32, group p-value was 0.47; Figures 1 and 2 ).

Multivariate logistic regression analysis revealed base-
line levels of serum creatinine clearance (p = 0.01),

1200
1000 \
——————
%00 p>0.05
=
£ 600 —— Control
= —- ALA
400
200
0

Cystatine C — baseline  Cystatine C — 4th hour

Figure 1. Changes in urinary NGAL levels in control and treat-
ment groups.

© 2013 Informa Healthcare USA, Inc.

serum cystatin C (p = 0.009), and amount of contrast
medium (p = 0.02) as the independent predictors of CIN
occurrence.

DISCUSSION

In the present study, we presented that ALA therapy
added to hydration does not decrease the risk of CIN
development in diabetic patients undergoing coronary
angiography.

In daily practice, numerous cardiovascular and per-
ipheral diagnostic and interventional procedures and
tomographic imagings are performed, all of which result
in the increased diagnoses of CIN, a kind of acute kidney
injury.”® Several biomarkers are introduced for early
diagnosis of this clinical condition. Plasma cystatin C
levels at 24th hour of contrast exposure was shown to
determine CIN accurately.?* Supporting this finding,
cystatin was an independent predictor of CIN occur-
rence in our study. Urinary NGAL level measured within
6 h after use of contrast medium was determined as a
specific and sensitive marker of CIN.?> Correspondingly,
Malyszko et al. declared that NGAL was an early marker
and predictor of nephropathy and unstable angina in
patients undergoing cardiac catheterization.’® In our
study, in each of the control and treatment group,
serum creatinine levels were increased and creatinine
clearance values were decreased. However, urinary
NGAL levels did not change significantly before and at
4th hour of angiography. Similarly, despite a borderline
higher basal serum value of the control subjects, changes

18

> >—.

14

b p>0.05
Q
£ 10 ~a~ Control
2 8 -= ALA

6

4

2

0

NGAL - baseline NGAL - 4th hour

Figure 2. Changes in serum cystatine levels in control and treat-
ment groups.
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in cystatin C levels were not significant before and at 24th
hour of the procedure. Importantly, alterations in all of
these markers did not differ between the groups. In clin-
ical practice, for diagnosis of CIN, certain cut-off values
of plasma cystatin C and urinary NGAL levels are not
determined. Therefore, CIN incidences calculated from
serum creatinine were found to be similar between con-
trol and treatment groups. As a result of these findings,
we can conclude that treatment with ALA did not influ-
ence the development of CIN.

Baseline characteristics such as age, gender, body mass
index, creatinine, hemoglobin, HbA1c levels, left ventri-
cular systolic functions, and use of ACE inhibitor/angio-
tensin II receptor blocker, calcium channel blocker,
statin and diuretics were similar between control and
treatment groups. The amount of contrast medium as
well as the amount of hydration with saline was also
comparable. It was essential to check all of these factors
to directly observe the possible protective effect of ALA
therapy against CIN.

Alpha-lipoic acid (ALA) is a thiol-containing molecule
with antioxidant properties. It is found in mitochondria
and lysosomes of various tissues.?! Alpha-lipoic acid is
rapidly absorbed by the intestine after oral administra-
tion, and maximal plasma level is measured after half-
hour.?™?” An oral dose of 600 mg daily is successfully
used in symptomatic diabetic polyneuropathy.?® In the
literature, there are several studies that mention the use
of ALA for prevention of acute kidney injury. In the study
by Sheila et al., treatment with AL A ameliorated histo-
pathologic findings of ischemia-reperfusion injury of the
kidney in rats. This effect was attributed to regulatory
functions of ALA in inflammation.?* This favorable
result was also confirmed by a recent animal study by
Koga et al.?*

According to the best of our knowledge, there is no
clinical study yet using ALA for the prevention of CIN
occurrence in diabetic patients. When physiopathology of
CIN is considered, we expected a lower incidence of CIN
in ALA group, but we did not derive any beneficial effect.
In the study by Jo S.H and colleagues,® alpha-lipoic
acid was given to patients with basal renal insufficiency
(CrCl < 60 mIL/dk). The authors indicated that additional
use of alpha-lipoic acid may be inferior to simple hydration
in terms of peak increase of serum creatinine. Additionally,
the incidence of CIN was similar in both groups (3.8% in
ALA and 3.6% in control group, p = 1.0). The most
remarkable finding of this study was a very low rate of
incidence of CIN even in patients at high risk. At this
point, intensive hydration again seems to be an absolute
approach for prevention of CIN.

The small number of study population is the main
limiting factor for an adequate number of patients diag-
nosed with CIN. Additionally, this condition may also
explain why changes in urinary NGAL and serum cystatin
levels over time were not found to be significant. When
our patients were considered in terms of the Mehran risk
score,’ in spite of the diabetes mellitus, they were

relatively at lower risk for CIN. When patients with higher
risk for CIN were included, benefit of the ALA treatment
might be pronounced. In accordance with our results, two
recent studies defining urinary NGAL as a marker of the
early diagnosis of CIN after angiography reported CIN
incidences as 8.7% and 10.3%,"*? respectively. These
rates of CIN are similar to that found in our study. The
possible explanation for these results is adequate, “in
fact”, intensive hydration of the patients. In our study,
intensive hydration of the patients with modest Mehran
scores had inevitably resulted in a lower incidence of CIN
and might have masked beneficial effects of ALA. We
measured serum creatinine levels just before and at 24th
and 48th hours after CAG. A creatinine follow-up beyond
48 h might result in a higher number of patients being
diagnosed with CIN. Meanwhile, a longer monitoring
period might also aid in observing positive results.
Although we aimed to evaluate the acute effects of ALA
therapy on CIN occurrence, after long-term use of ALA,
CIN ratio might also be diminished.

In conclusion, we demonstrated that ALA therapy
added to hydration does not decrease the risk of CIN
development in diabetic patients undergoing coronary
angiography. There is a great lack of clinical studies
regarding protective and therapeutic effect of ALA on
the contrast nephropathy, at this point; despite the lim-
itations mentioned above, our study could be an inspira-
tion to further trials.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible for the
content and writing of the paper.
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