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Preventive Effect of Trimetazidine on Contrast-Induced 
Acute Kidney Injury in CKD Patients Based on Urinary 
Neutrophil Gelatinase-associated Lipocalin (uNGAL): 
A randomized Clinical Trial 
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Introduction. Contrast-induced Acute Kidney Injury (CI-AKI) is a 
prevalent complication of chronic kidney disease (CKD) patients. 
The aim of this study was to evaluate the effects of periprocedural 
administration of trimetazidine as an anti-oxidant agent on the 
incidence of CI-AKI in CKD patients based on changes of Neutrophil 
Gelatinase-Associated Lipocalin (uNGAL) level, which has recently 
been introduced as an early predictor of CI-AKI.
Methods. One hundred CKD patients with a mean GFR of 50 ± 7 
cc/min who were candidate for coronary angiography assigned 
randomly to receive (50 patients, intervention group) or not receive 
(50 patients, control group) trimetazidine (70mg/d) for 72 hours. 
CI-AKI was defined as 0.5 mg or 25% increase in serum creatinine. 
We also checked uNGAL before and 12h after angiography.
Results. Serum creatinine, showed a trend of less increment in the 
case group, although could not achieve a significant difference, 
there was a significant difference in urinary NGAL rise between 
two groups. CI-AKI was defined as 1.7 times increase in uNGAL 
level (12h after angiography to pre-procedurally uNGAL level ratio) 
according to the ROC curves. The incidence of CI-AKI according 
to urinary NGAL definition was 8% in the Trimetazidine group 
and 24% in the control group (P < .05).
Conclusion. We concluded that Trimetazidine treatment before 
angiography may be effective in CI-AKI prevention. Moreover, it 
is shown that 1.7 times increase in urine NGAL after angiography 
is a valuable cut off point for clinicians to discriminate high risk 
patients for contrast nephropathy.
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INTRODUCTION
Contrast-Induced acute kidney injury (CI-AKI), 

a sudden deterioration of renal function resulting 
from contrast media injection, is known as the 
third most common causes of hospital-acquired 
acute kidney injury (AKI).1,2 Among well-known 
risk factors of CI-AKI like chronic kidney disease 

(CKD), diabetes mellitus and aging,3 modality of 
interventions has an effect on incidence of CI-
AKI. Intra-arterial injections, such as coronary 
angiography with a higher dose of contrast exposure 
are associated with the highest incidence rate 
of CI-AKI.4,5 As seen in most cases, it presents 
with a non-oliguric acute renal injury and an 
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asymptomatic transient decline in renal function. 
CI-AKI was defined as an absolute increase of 
serum creatinine > 0.5 mg/dl or 25% increase of 
serum creatinine from baseline in 48-72 hours 
after exposure when alternative explanations for 
renal impairment have been excluded.6,7 Recently 
urine Neutrophil Gelatinase-associated Lipocalin 
(uNGAL) has been highlighted as a novel marker 
for early detection of acute kidney injury.8 It 
has small molecular size (25 kDa), excreted and 
detected in urine and is resistant to degradation. 
After nephrotoxic and ischemic damage, NGAL 
is highly accumulated in human kidney cortical 
tubules, blood and urine.9 It may become one of 
the most reliable next-generation biomarkers in the 
diagnostic, predictive and clinical field of human 
AKI.5 Ischemia-reperfusion injury, reactive oxygen 
radical formation, and direct tubular damage due 
to injection of contrast media have been introduced 
as the mechanistic causes of CI-AKI.10-13 Numerous 
trials have been conducted to evaluate different 
pharmacological agents for prevention of CI-AKI. 
The majority of them were unable to determine 
any benefit in decreasing CI-AKI incidence rate.14

It was previously demonstrated that a cellular 
anti-ischemic agent Trimetazidine (TMZ) has 
beneficial impacts during ischemia-reperfusion 
at the cellular as well as mitochondrial level. 
Moreover, TMZ has strong antioxidant effects on 
a variety of tissue preparations.15,16

Based on the assumption that there might be 
involvement of reactive oxygen radicals in the 
pathogenesis of CI-AKI, we hypothesized that TMZ 
might be useful in preventing CI-AKI following 
coronary angiography procedures. From another 
aspect, some studies have shown uNGAL is more 
sensitive than serum NGAL in the projection of 
contrast-induced nephropathy.17-22 However, this 
biomarker is not validated quantitatively. We 
designed this study to find a comparable cutoff 
point for CI-AKI prediction.

MATERIALS AND METHODS
This study was a single blind, randomized, 

controlled trial  in CKD patients who were 
candidates for coronary angiography (angioplasty 
in 82 patients and just angiography in 18 patients). 
The study was carried out in Firoozgar hospital 
from March 2016 to September 2017. After approval 
of the ethical committee of Iran university and 

registration in IRCT.ir (IRCT20171004036555N1), 
we included those CKD patients with estimated 
Glomerular Filtration Rate (eGFR) 30-60 cc/min 
if ejection fraction was more than 45% with no 
urgent indication for angiography. Patients with 
contraindication of taking Trimetazidine (e.g. 
Parkinsonism, severe tremors and severe renal 
impairment with a creatinine clearance below 
30 mL/min, allergy to contrast media, active 
inflammation and unstable kidney function) 
were excluded (Figure 1). Contrast nephropathy 
was defined when absolute serum creatinine 
increase > 0.5 mg/dL or relative increase > 25% in 
serum creatinine at 48–72h after exposure to contrast 
agent compared to baseline serum creatinine values. 
We also decided to measure uNGAL as a marker 
of AKI to increase the sensitivity and Mehran 
score to calculate CI-AKI risk in each group. After 
evaluation of 681 coronary angiography candidates, 
100 patients met our inclusion criteria. Patients 
enrolled in study were 44 male and 56 female 
with the mean age of 66.1 ± 6.3 years and mean 
eGFR = 50.6 ± 7.47 (Range 30-60) mL/min calculated 
based on CKD-EPI equation (GFR = 141 * min (Scr/κ, 
1) α * max (Scr/κ, 1) -1.209 * 0.993 Age * 1.018 [if 
female] * 1.159 [if black]).23 They were randomly 
divided into intervention or control groups. All 
patients filled a written consent and the local ethics 
committee approved the protocol. After routine 
evaluations including history, physical examination, 
laboratory assessment, and echocardiography, all 
patients received parenteral hydration in the form 
of isotonic saline 1 ml/kg body weight per hour 
starting 12h before angiography up to 12h after. 
The intervention group also received Trimetazidine 
35 mg twice daily orally starting 48h before the 
procedure up to 24h after the procedure. Visipaque 
(non-ionic, 320mg I/mL, GE healthcare, Ireland) 
used in all procedures from femoral access. 
Prior to coronary angiography, serum creatinine 
and urea concentrations were measured and 
repeated 24h, and 48h after the procedure. Urine 
samples also were gathered before and 12h after 
angiography, centrifuged and stored at -80°C and 
ultimately measured by NGAL ELISA Kit (Human, 
Bioportoshop, 10-1000 ng/mL, Denmark).

Statistical Analysis
SPSS software version 22.0.0 (IBM Corp., Armonk, 

NY, USA) was used to analyze the provided data. 
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Continuous variables with normal distribution were 
described using means ± standard deviation and 
those with a non-normal distribution as median 
and interquartile range. Comparison between 
groups was conducted through independent t 
test and assessment of the differences between 
re-measured variables was done by repeated 
measurement analysis. To check the association 
between binary or ordinal qualitative variable, we 
used chi-square test. Correlations between uNGAL 
and other variables were evaluated by Pearson’s 
or Spearman’s rank correlation coefficient test. To 
estimate the sensitivity and specificity of uNGAL 
level for the diagnosis of CI-AKI, receiver-operating 
characteristic (ROC) curves were generated and the 
area under the curve (AUC) was calculated. We 
defined the cut-off as closest point to sensitivity 
and (1-specificity) = 1.0 on ROC curve. In all tests, 
differences were considered significant at 5%.

RESULTS
Among 681 patients that were introduced 

for elective coronary angiography, 550 patients 
were excluded because of the GFR > 60 mL/
min in the first step. Thirty-one patients did not 
accept participation consent or met one or more 
of exclusion criteria, therefore were excluded 

(Figure 1). Finally, the overall analysis consisted 
of 100 patients (50 in the control group 50 in the 
intervention group) with a mean age of 66.1 ± 6.3 
years. The mean baseline serum creatinine was 
1.28 ± 0.18 mg/dL. The mean baseline uNGAL 
was 97.9 ± 79.7 ng/mL. Laboratory results and 
patient’s data was extracted from the patient’s 
chart. Demographic characteristic data between 
two groups i.e. the intervention and control group 
are presented in Table 1.

Two group of Patients had no significant 
difference in demographic characteristics and 
risk factors including age, gender, eGFR, contrast 
dose, ejection fraction, history of diabetes mellitus, 
and hypertension (P > .05). CI-AKI occurred in 14 
patients (14%) based on its definition with serum 
creatinine level. In the intervention group, 4 (8%) 
of 50 patients developed CI-AKI compared to 10 
(20%) of 50 patients in the control group (P > .05). 
Data analysis also showed a significant rise in 
serum creatinine before and after the procedure 
in the control group (P < .05). However, there 
was no significant change in serum creatinine in 
the intervention group (P > .05) (Figure 2). The 
intervention group had a lower incidence of CI-AKI 
compared with the control group; nevertheless, 
it did not show a significant difference (P > .05). 

550 Patients didn't Meet the 
Criteria of GFR <60 cc/min

31 Patients Excluded:
* 25 Patients Declined Participation Consent
* 6 Patients Met Exclusion Criteria

681 Patients Referred for Coronary Angiography

131 Patients Eligible for the Study

100 Included Patients

Randomization
50 Patients in 

Intervention Group
50 Patients in Control 

Group

Figure 1. Diagram showing the Enrollment and Randomization
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uNGAL inversely correlated with eGFR (P < .05) 
and its increment level among intervention and 
control groups were (16.04 ± 48.55 vs. 87.77 ± 188.30 
ng/mL), respectively (P < .05) (Figure 3). Based 
on CI-AKI definition, the best AUC of uNGAL 
for diagnosis CI-AKI with a sensitivity of 87% 
and specificity of 92% were 0.96 ± 0.018 (P < .05) 
(Figure 4). According to the ROC curve, a 1.7 times 
rise in uNGAL level (12 hours after angiography 
to pre-procedurally uNGAL level ratio (uNGAL12 
/ uNGAL0) had positive and negative predictive 
values of 63.2% and 97.5%, respectively. Regarding 
the uNGAL cutoff point of 1.7 times, the overall 
incidence of CI-AKI was 16%. There were 4 patients 
(8%) in the intervention group in comparison with 

12 patients (24%) in the control group (P < .05), 
which confirmed the protective effect of TMZ in 
the intervention group (Table 2). No potential 
side effects relevant to TMZ administration were 
reported during the study.

DISCUSSION
Acute kidney injury (AKI) is associated with 

increased morbidity, mortality, cost and decreased 
quality of life especially in patients with comorbid 
diseases.24 There is a global health system decision 
to lower the rate of AKI till 2025. At this point, all 
preventable causes of AKI should be eliminated.CI-
AKI is a prevalent cause of AKI that its incidence 
rate can approximate to 50% in high-risk patients.

Figure 3. Comparison Between 2 Groups Regarding uNGAL 
Peri-procedurally

Characteristic Intervention Group Control Group P
Number of Subject 50 50
Age, y 65 ± 6 67 ± 6 > 0.05
Men / Women 20/30 24/26 > 0.05
Weight, kg 66 ± 6 66 ± 5 > 0.05
Ejection Fraction (%) 51 ± 4 51 ± 5 > 0.05
Baseline Urinary NGAL, ng/mL 95 ± 70 101 ± 89 > 0.05
eGFR, cc/min 50 ± 7 50 ± 8 > 0.05
Hemoglobin, g/dL 13.4 ± 1 12.76 ± 2 > 0.05
Baseline Serum Creatinine, mg/dL 1.27 ± 0.15 1.29 ± 0.15 > 0.05
Hypertension (%) 68 56 > 0.05
Diabetes Mellitus (%) 64 62 > 0.05
Contrast Dosage, mL/min 116.80 121.80 > 0.05
Mehran Score 8 ± 2 8 ± 2 > 0.05

Table 1. Demographic and Clinical Characteristics Between Two Groups Intervention and Control Group (n = 100)

Figure 2. Comparison Between 2 Groups Regarding Serum 
Creatinine Peri- procedurally
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Different approaches to decrease CI-AKI have been 
introduced and most of them were not validated in 
large studies and meta-analysis. It seems that these 
failures can have two justifications: inappropriate 
method for prevention or misdiagnosis of CI-AKI 
due to creatinine based diagnosis. We decided to 
overcome these two problems in our study. First, 
we had the knowledge that the pathophysiology 
of contrast nephropathy is direct toxicity and 
ischemia. It decreases the antioxidant enzyme 
activity in the nephron and consequently direct 
cytotoxicity to the renal cells.25,26 TMZ has been 
introduced as an effective drug to improve exercise 
tolerance and cardiac function in patients with 
ischemic heart disease.27 Noble et al. has shown in 
myocardial ischemia model in rabbits, that TMZ 
can decrease the infarct size.28 Experimental studies 
have reported that during cellular ischemia TMZ 
retains the intracellular concentration of ATP and 
inhibits the extracellular leakage of potassium. In 

this study, we used the effective dose in ischemic 
heart disease (35 mg Trimetazidine, twice daily, for 
72h starting from 48h before the procedure). Second 
was the method of diagnosis, as we know all of 
the studies and guideline criteria for the diagnosis 
of AKI is creatinine based. Since creatinine level 
has not enough sensitivity, it could not diagnose 
subclinical cases. On the other hand, it needs at 
least 24-72 hours for detection of CI-AKI. NGAL 
has been introduced as a biomarker to diagnose 
CI-AKI in earlier stages.29 It is a reliable diagnostic 
biomarker for AKI since its serum and urinary 
levels rise after two hours when patients exposed 
to contrast and exhibits better sensitivity than 
serum creatinine alone.30 In a meta-analysis which 
included 19 studies and more than 2500 patients, 
Hasse et al. showed urinary NGAL has a more 
sensitivity in comparison with plasma NGAL in 
diagnosis of acute kidney Injury and a urinary 
cut-off NGAL > 150 ng/mL on a standardized 
platform was suggested to have optimal sensitivity 
and specificity to predict acute kidney injury.31 
Since there is a large variability in urine NGAL 
especially higher levels in patients with chronic 
kidney disease,32 we decided to use urinary NGAl 
ratio before and after the procedure. We validated 
our NGAl results based on the creatinine-based 
definition of CI-AKI. As presented, there was a 14% 
incidence rate of contrast nephropathy, but 2 out 
of 100 patients had a significant increase in urinary 
NGAL with no creatinine change. We found a 1.7 
ratio of uNGAL before, 12 hours after procedure 
have a sensitivity (87%), and specificity (92%) based 
on the ROC curve. Our study revealed that TMZ 
with normal saline injection in CKD patients can 
significantly decrease the risk of CI-AKI incidence 
(P < .05) as respects on CI-AKI definition based on 
uNGAL (uNGAL12 / uNGAL0) (Table 2).

Akgüllu in 2014 reported the prophylactic effect 
of TMZ in 24 Wistar rat33 that his study approved 
in the human setting by Shehata who published his 
study on 100 patients with diabetes mellitus and 
showed a preventive effect of TMZ on CI-AKI.34 On 
2017, Ibrahim et al evaluated the preventive effect 
of TMZ in one hundred chronic kidney disease 
patients with eGFR < 90 cc/min. They reported a 
significant difference regarding the rate of CI-AKI 
among TMZ versus control groups (10% vs. 26%).35 
A meta-analysis by Natkarni and coworkers in 290 
patients was also in support of TMZ preventive 

Variables
Intervention 

Group
N = 50

Control 
Group
N = 50

CI-AKI Incidence According to 
Serum Cr Definition

4 (8%)  10 (20%)

CI-AKI Incidence According to 
Urinary NGAL Definition

4 (8%) 12 (24%)

Table 2. Comparison of CI-AKI Incidence Rate According to 
Serum Creatinine and uNGAL Definition

Figure 4. Predictive Performance of uNGAL 12/uNGAL 0 in 
Diagnosis of AKI
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effect in CI-AKI.36 We confirmed the TMZ effect 
by a more sensitive marker of AKI.

Several limitations during the project should 
take in to consideration. Our study had a relatively 
small sample size and was single blind. The 
dosage of oral TMZ was derived from the standard 
therapeutic regimen of myocardial ischemia, it is 
possible that a loading dose of TMZ has a more 
preventive role in CI-AKI. We excluded patients 
with CKD 4 and 5 due to drug recommendations. 
Accordingly, the results of this study could not 
extend to these patients’ population.

CONCLUSION
TMZ administration had a protective effect on 

prevention of CI-AKI in our study. Our results 
should be reevaluated in a larger study with 
different doses of TMZ. We also concluded that a 
cutoff point of 1.7 times rise in uNGAL, 12 hours 
after angiography to pre-procedurally uNGAL 
level ratio can discriminate high risk patients for 
CI-AKI. This cutoff point can guide us to early 
diagnosis, decreasing hospitalization in low-risk 
cases, and better patient support.
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