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Abstract. Aim: To explore the protective role of hydration, urine alkalization (Na bicarbonate) 
and high doses of antioxidant (N-acetylcysteine) in the prevention of CIN. Material and 
methods: In a prospective, randomized, single-blinded study patients were divided into three 
groups: 1) peroral hydration, 2) Na bicarbonate infusion and 3) N-acetylcysteine (NAC) plus 
NaHCO3 infusion. Serum creatinine (SCr), blood urea nitrogen (BUN), and neutrophil 
gelatinase-associated lipocalin (NGAL) were measured before and 48 hours after the 
angiography. Mehran score was calculated for each patient. Results: The study included 106 
patients. Groups were comparable regarding the baseline characteristics. According to Mehran 
risk score 70 % of patients had a low risk, 24% medium and 6% high risk score for development 
of CIN. After the procedure renal function was preserved in all patients (SCr 103(87.0-121.5), 
BUN 5.8 (4.9-7.6), creatinine clearance 74.7(55.3-97.6), NGAL 11.4(5.4-19.9)) regardless of the 
Mehran risk score. The follow up was completed for 73 patients (68 %). Twenty two patients 
(32 %) developed chronic kidney disease, mostly classified as G3a and G3b according to KDIGO 
guidelines. Chronic kidney disease developed in patients with the positive history of diabetes 
and in patients who had higher Mehran score before the diagnostic procedure. Conclusion: The 
study showed that patients with preserved renal function are not prone to CIN. Regardless of 
the protocol used, no case of CIN was observed. Our results indicate that adequate hydration is 
a key component in maintaining the renal function. Higher Mehran score might be useful in 
predicting the development of chronic kidney disease.
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Sažetak. Cilj: Ispitati protektivnu ulogu hidracije, alkalizacije mokraće (natrijevim bikarbonatom) 
i visokih doza antioksidansa (N-acetilcistein) u prevenciji kontrastne nefropatije. Materijali i 
metode: U prospektivnom istraživanju pacijenti su bili podijeljeni u tri skupine: 1) peroralna 
hidracija, 2) infuzija natrijevog bikarbonata i 3) infuzija N-acetilcisteina (NAC) i NaHCO3. 
Serumska vrijednost kreatinina, ureje i neutrophil gelatinase-associated lipocalin (NGAL) 
izmjerene su prije i 48 sati nakon angiografije. Svakom pacijentu izračunati su Mehran bodovi 
koji predstavljaju rizik razvoja kontrastne nefropatije. Rezultati: U istraživanje je uključeno 106 
pacijenata. Sve tri skupine pacijenata imale su usporedive osnovne karakteristike. Prema 
bodovima po Mehranu, 70 % pacijenata imalo je niski rizik, 24 % srednji i 6 % visoki rizik razvoja 
kontrastne nefropatije. Nakon kontrastne pretrage bubrežna funkcija bila je očuvana u svih 
pacijenata (serumski kreatinin 103 (87.0 – 121.5), urea 5.8 (4.9 – 7.6), klirens kreatinina 74.7 
(55.3 – 97.6), NGAL 11.4 (5.4 – 19.9)) neovisno o riziku procijenjenom bodovima po Mehranu. 
Praćenje je završeno za 73 pacijenta (68 %). Dvadeset i dva pacijenta (32 %) razvila su kroničnu 
bubrežnu insuficijenciju, klasificiranu prema KDIGO smjernicama kao G3a i G3b. Kronična 
bubrežna insuficijencija razvila se u pacijenata sa šećernom bolesti i u pacijenata koji su imali 
viši broj bodova prema Mehranu prije dijagnostičke pretrage. Zaključak: Istraživanje je pokazalo 
da pacijenti s normalnom bubrežnom funkcijom imaju mali rizik razvoja kontrastne nefropatije. 
U ispitivanoj skupini pacijenata nije zabilježen niti jedan slučaj kontrastne nefropatije bez obzira 
na vrstu protokola koji je korišten za hidraciju. Naši rezultati ukazuju na to da je adekvatna 
hidracija ključna u prevenciji kontrastne nefropatije. Nadalje, postoji mogućnost da viši broj 
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bodova po Mehranu može poslužiti kao prediktor razvoja 
kronične bubrežne bolesti. 

Ključne riječi: acetilcistein; bolesti bubrega; kontrastno 
sredstvo; natrijev bikarbonat; Republika Hrvatska 
Registar i broj registracije: ClinicalTrials.gov Identifier: 
NCT02761577

INTRODUCTION

Contrast-induced nephropathy (CIN) is a common 
complication of procedures that use contrast me-
dia. It is defined as either an absolute (≥ 0.5 mg/
dL; ≥ 44 μmol/L) or relative (≥ 25 %) increase in 
serum creatinine levels 48-72 hours after expo-
sure to the iodinated contrast media. 
Even though there are more than 1662 articles 
pertaining to the CIN indexed on Pubmed, there 
is still an ongoing debate about the incidence, in-
fluence on hospital morbidity and mortality and 
treatment/ prevention of CIN. No study concern-
ing CIN was performed in Croatia. 
According to some studies, CIN is the third most 
common cause of hospital acquired acute renal 
failure1. Other studies showed that CIN is respon-
sible for nearly 10 % of hospital acquired acute 
renal failure2-4. On the other hand, Thomsen et al 
found that the risk of CIN is less than 1 % in pa-
tients without history of renal disease5. 
Certain groups of patients are more prone to CIN. 
Mehran et al made a risk score for the develop-
ment of CIN6. The risk factors included in the 
score were hypertension, congestive heart fail-
ure, chronic kidney disease, age >75 years old, 
anemia, volume of contrast and need for the use 
of intra-aortic balloon pump. Patients with a 
score less than 5 have a 7.5 % risk of CIN and 
0.04 % risk of dialysis, whereas patients with a 
score greater than 16 have a 57.3 % risk of CIN 
and 12.6 % risk of dialysis.
As there is no specific treatment for CIN, preven-
tion remains the most effective strategy. Several 
interventions have been investigated for the pre-
vention of CIN. They are based on the hydration 
protocols with different solutions and various 
amount of fluids applied (0.9 % sodium chloride, 
0.45 % sodium chloride plus 5 % glucose7). Also, 
numerous pharmacologic agents have been inves-
tigated in the prevention of CIN, such as sodium 

bicarbonate (Na bicarbonate)8, N-acetylcysteine 
(NAC)9-12, theophylline2, simvastatin13, atorvasta-
tin14, nebivolol15, and even erythropoietin16. The 
majority of the studies found benefits of hydration 
with Na bicarbonate and high doses of NAC in pre-
vention of CIN. Administration of nebivolol and 
atorvastatin showed some benefits in the preven-
tion of CIN, while application of simvastatin and 
erythropoietin had no effect. However, all these 
results necessitate further research and standardi-
zation of protocols.

Contrast-induced nephropathy (CIN) is a form of kidney 
injury caused by exposure to iodinated contrast media. 
CIN is considered as the third most common cause of 
hospital acquired acute renal failure. Even though more 
than 1662 articles referring CIN is indexed on Pubmed 
no study was conducted in Croatia.

Neutrophil gelatinase-associated lipocalin (NGAL) 
also known as lipocalin-2 (LCN2) or oncogene 
24p3 is a protein that is used as a biomarker of 
kidney injury. Urinary NGAL is an early marker of 
acute kidney injury (AKI) in a wide variety of set-
tings17-19. Elevated urine NGAL levels are detected 
within two hours of the kidney insult20. Recent 
studies found NGAL a promising biomarker of CIN 
after coronary angiography21- 22 and computed to-
mography23. However, as with hydration proto-
cols there was no uniform time at which urine 
NGAL was estimated. 
Primary goal of this study was to define hydration 
protocols and to explore the protective role of 
hydration (peroral and parenteral), urine alkaliza-
tion (Na bicarbonate) and high doses of antioxi-
dant (NAC) in the prevention of CIN. 

MATERIALS AND METHODS 

This was a prospective randomized trial conduct-
ed at the University Hospital Centre Zagreb, 
Croatia. Study included adult patients (older than 
18 year) admitted to the medical ward in the pe-
riod from June 2012 to July 2013. The patients 
admitted due to angina (stable, unstable), coro-
nary artery disease, cardiomyopathy, valvular dis-
ease, vasculitis and peripheral arterial disease 
were included in the study. 
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Exclusion criteria were already known kidney 
dysfunction, uncontrolled hypertension (systolic 
blood pressure >160 mm Hg and/or diastolic 
blood pressure >100 mm Hg), pregnancy and lac-
tation, the history of allergic reaction to contrast 
agents, cardiogenic shock, pulmonary edema, 
multiple myeloma, urgent coronary angiography, 
receiving contrast agents two days prior to the 
study and 48 hours within the study, using diuret-
ics, NAC, sodium bicarbonate, theophylline, 
dopamine, mannitol, metformin, and non-steroi-
dal anti-inflammatory drugs during the study. 

were measured at the baseline and 48 hours af-
ter the diagnostic procedure. All tests were per-
formed in the hospital central laboratory. A 
chemiluminescent microparticle immunoassay 
(CMIA) (ARCHITECT analyzer, Abbott Diagnostics) 
was used for the quantitative determination of 
NGAL in urine. The expected range was deter-
mined to be less than or equal to 131.7 ng/mL. 
The follow up was preformed 5 years after the in-
dexed hospitalization. Chronic kidney disease 
was classified according to KDIGO guidelines 
(2012) into five categories according to GFR (ml/
min/ 1.73 m2: G1 Normal or high ≥90, G2 Mildly 
decreased 60-89, G3a Mildly to moderately de-
creased 45-59, G3b Moderately to severely de-
creased 30-44, G4 Severely decreased 15-29 and 
G5 Kidney failure <1524. 

Statistics

Chi-squared test25 was used to determine if proto-
cols were comparable ����������������������������regarding all baseline char-
acteristics, except for age where we used the 
Kruskal–Wallis test26. Shapiro–Wilk test27 was used 
to determine whether the data distributions of 
continuous variables follow the normal distribu-
tion. Since most of the data did not follow the nor-
mal distribution we used the Kruskal–Wallis test  
to establish if protocols significantly differ from 
each other. If the test was statistically significant 
Conover–Iman test28 was used to determine which 
protocols differ. All tests were conducted in the R 
statistical environment29 with a probability of type 
I error of α=5 %. The study protocol was reviewed 
and approved by the Ethics Committee of the Uni-
versity Hospital Centre Zagreb. All patients includ-
ed in the study signed an informed consent form. 
The study was not funded or supported by any or-
ganization, group or individual.

RESULTS

One hundred and six patients were enrolled in 
the study, 71 (67 %) males and 35 females (33 %). 
Median age of the patients was 69. There were 
37 patients in the first group (control), 40 in the 
second (NaHCO3 infusion) and 29 in the third 
group (NAC + NaHCO3 infusion). 
The most common diagnosis was angina and cor-
onary angiography the most common diagnostic 

Adequate hydration before the intervention is a key 
component in maintaining the renal function in pati-
ents with low risk for development of CIN. After 5 years 
chronic kidney disease developed in patients with posi-
tive history of diabetes and in patients who had higher 
Mehran score before the diagnostic procedure.

The sample size was estimated to 90 patients tak-
ing into account the significance level of 0.05 
with the power of 80 %.
Patients were randomly assigned to the standard 
hydration protocol used in our institution (first 
group – peroral hydration of 1500 ml water on the 
day of the procedure) and an active prophylactic 
treatment before angiography (the second group 
– a bicarbonate infusion; the third group – NAC 
plus Na bicarbonate infusion). Na bicarbonate 
solution was prepared by adding 150 mL Na bicar-
bonate 8.4 % to 850 mL isotonic normal saline. 
The second group received 3 mL/kg/hour of Na bi-
carbonate, an hour prior to angiography and 1 mL/
kg/hour, within six hours after angiography. The 
third group received parenteral NAC (1200 mg 
twice a day) one day before angiography, on the 
day of the angiography, and one day after the di-
agnostic procedure in addition to Na bicarbonate 
solution on the day of the angiography. In both 
groups, the maximum dose administered was that 
administered for patients weighing 100 kg. The 
low-osmolar iodinated contrast agent was used. 
CIN was defined as an absolute increase of 0.5 
mg/dL or a relative increase of >25 % in creati-
nine levels 48 hours after the procedure. Serum 
creatinine, BUN, creatinine clearance and NGAL 
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Table 1. Baseline patients’ characteristics. Values are medians with interquartile ranges

Variable All patients
(N= 106)

Control
(N= 37)

NaHCO3
(N= 40)

NaHCO3+NAC
(N= 29)

Age (years) 69 (60-75) 68 (58-78) 67.5 (61-75) 71(61.5-74)
Male sex, n (%) 71 (67%) 21 (57%) 28 (70%) 22 (76%)
Diagnosis 
Angina (stable, unstable) 71 25 30 16
Coronary artery disease 13 2 4 7
Cardiomyopathy 6 4 1 1
Valvular disease 10 4 2 4
Other (vasculitis, peripheral arterial disease) 6 2 3 1
Diagnostic procedure
Coronary angiography 98 33 37 28
CT angiography 6 3 2 1
Peripheral angiography 2 1 1 0
Co-morbidities
Hypertension 93 33 37 28
Diabetes 28 11 10 7
Hyperlipidemia 36 15 12 9
BMI (kg/m2) 29 (25.7-31) 28.1(24-31) 28(25.9-29.8) 30.6(27.1-33)

CT computed tomography, BMI body mass index

Table 2. Laboratory values at the baseline and after the procedure. Values are medians with interquartile ranges. The results of the 
Conver-Iman test are shown beside the median and range values. For all groups with the same letter, the difference between them is 
not statistically significant. If two variables have different letters (a and b), they are significantly different.

Variable All patients
(N= 106)

Controls  
(N= 37) 

NaHCO3  
(N= 40) 

NaHCO3+NAC  
(N= 29) 

Baseline 
Serum creatinine (µmol/mL) 101(88-117.25) 97 (89.5-114.25) a 102(88.5-117.5) a 104(86.5-130) a
BUN (mmol/L) 6.35(5.1-8.0) 6.6(5.5-7.7) ab 5.7(4.9-7.3) a 7.6(6.0-9.7) b
Creatinine clearance (ml/min) 71.8(54.9-92.5) 69(55.9-90.1) a 65.1(52.8-91.1) a 80.3(68.1-97.6) a
NGAL (ng/mL) 8.8 (5.5-16.7) 6.9(4.1-14.0) a 8.4(4.9-13.5) a 13.7(8.5-28.4) b
Post-procedural 
Serum creatinine (µmol/mL) 103(87.0-121.5) 100(90.0-112.5) a 106(90.0-123.0) a 99.0(83.0-127.8) a
BUN (mmol/L) 5.8 (4.9-7.6) 6.4(5.-8.8) a 5.4(4.9-6.5) b 5.9(4.3-7.6) ab
Creatinine clearance (ml/min) 74.7(55.3-97.6) 75.0(60.5-105-2) a 75.5(51.6-93.7) a 72.1(58.9-94.5) a
NGAL (ng/mL) 11.4(5.4-19.9) 10.6(4.6-19.8) a 10.8(4.7-16.1) a 14.0(8.8-33.8) a
Difference
Serum creatinine (µmol/mL) 0.0(-5.0 – 8.0) 1.0(-3.5 – 8.0) a 1.5(-4.0 – 9.0) a -2.5 (-14 – 2.0) b
BUN (mmol/L) 0.2(-0.7 – 1.3) 0.0(-0.8 – 0.7) a 0.1(-0.9 – 0.85) a 1.9(0.43–2.9) b
Creatinine clearance (ml/min) -2.0(-19.6–17.3) -7.2(-20.0 –26.4) a -0.75(-17.9–15.5) a 2.1 (-21.0 – 16.3) a
NGAL (ng/mL) 0.6(-1.27 – 4.3) 1.4 (-0.2 – 3.6) a -0.2 (-1.4 – 3-4) a 1.3 (2.3 – 6.9) a

BUN blood urea nitrogen, NGAL neutrophil gelatinase-associated lipocalin

procedure. Hypertension (93 patients from 106), 
hyperlipidemia (38 patients from 106) and diabe-
tes (28 patients from 106) were the most com-
mon co-morbidities. The most used statin was 
atorvastatin (28 patients, 74 %), followed by sim-
vastatin (7 patients, 18 %) and rosuvastatin (3 pa-
tients, 8 %). 

All groups were comparable regarding baseline 
characteristics (P > 0.05; Table 1). 
According to Mehran risk score for development 
of CIN, majority of patients had a low risk (75 pa-
tients, 70 %), quarter had medium risk (25 pa-
tients, 24 %) and 6 (6%) patients had high Mehran 
risk score.
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At the baseline all patients had normal serum 
creatinine level, creatinine clearance and NGAL. 
BUN level significantly differed among bicarbo-
nate and bicarbonate with NAC group. Before the 
diagnostic procedure, NGAL was significantly 
higher in the group of the patients that received 
infusion of bicarbonate and NAC in comparison 
with the control group (P=0.01) and the bicarbo-
nate group (P=0.03) (Table 2). 
After the procedure SCr, creatinine clearance and 
NGAL remained within normal range in all study 
groups. BUN was lower in all three groups of pa-
tients. However, statistical significance was 
reached only between the control and the bicar-
bonate group (P=0.03). After the contrast study 
NGAL levels were higher in comparison with 
baseline levels in all study groups, however, it did 
not reach statistical significance. When compar-
ing serum creatinine difference among groups it 
is notable that patients in the third group had a 
significant decrease (-2.5 (-14 – 2.0)) in compari-
son with the control group (P=0.04) and with the 
bicarbonate group (P= 0.02). 
The follow up was preformed 5 years after the in-
dexed hospitalization. Data were collected for 73 
patients (68 %). Twenty two patients (32 %) de-
veloped chronic kidney disease, mostly classified 
as G3a and G3b according to KDIGO guidelines. 
Chronic kidney disease developed in patients 
with positive history of diabetes and in patients 
who had higher Mehran score before the diag-
nostic procedure. 

DISCUSSION

This study showed that patients with preserved 
renal function are not prone to CIN. Regardless 
the protocol used, only peroral hydration, infu-
sion of bicarbonate or infusion of bicarbonate 
with high dose of NAC, no case of CIN was ob-
served. The results indicate that adequate  
hydration before the intervention is a key com
ponent in maintaining the renal function in pa-
tients exposed to the contrast agents. In support 
of this claim is the fact that patients in the third 
group had higher levels of BUN and NGAL before 
the diagnostic procedure, and that after hydra-
tion BUN level decreased and NGAL did not rise.
In this study we used standard laboratory meas-
ures for the evaluation of renal function such as 

serum creatinine and creatinine clearance along 
with a novel biomarker of renal injury – NGAL. In 
previous studies NGAL was determined four 
hours3- 22, six hours23, 24 hours3 and 48 hours22 af-
ter the procedure. Liebetrau et al3 found that 
NGAL concentration was significantly higher one 
day after percutaneous coronary intervention 
(PCI) in the group of patients that developed CIN, 
and no difference was observed 4 hours after PCI. 
These results differ from the findings of Padhy et 
al22 that detected an increase of the serum NGAL 
4h after the PCI and a gradual decline to near 
normal level at 48h in CIN cases. Filiopoulos et 
al23 found a significant elevation of plasma NGAL 
six hours after the procedure. 
Given the fact that CIN is defined as a change in 
serum creatinine 48-72h after the contrast expo-
sure, and that there is no consensus regarding 
the time of determining the NGAL in the context 
of CIN, we decided to measure NGAL at the same 
time as Scr. The results show no increase of 
NGAL. However, we should take into account that 
NGAL is an early biomarker of renal injury, so it is 
possible that NGAL levels would be higher if de-
termined earlier. 
According to previous studies hypertension22 and 
hypercholesterolemia, at least in rats30, are possi-
ble risk factors for development of CIN. Even 
though hypertension and hyperlipidemia where 
quite frequent co-morbidities in the studied pop-
ulation, we observed no influence on the inci-
dence of CIN. 
Previous studies found a positive effect of certain 
statins on preservation of renal function during 
contrast procedures. Even though statins were 
not a part of a protocol for prevention of CIN, we 
analyzed the possible effects of those drugs on 
renal function. We observed no additional posi-
tive effect of lipid lowering agents for prevention 
of CIN, taking into account the low number of pa-
tients taking statins and heterogeneity of statins 
in the studied population. 
The follow up was completed for two thirds of 
patients. Data indicate that patients with higher 
Mehran score more often develop chronic renal 
disease. Even though Mehran score is used to 
predict CIN in the acute setting, we observed 
that in the follow up renal function remained 
normal in patients with low Mehran score, and 

http://www.eudict.com/?lang=engcro&word=regardless of
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liebetrau C%5BAuthor%5D&cauthor=true&cauthor_uid=24304491
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majority of patients with high Mehran score (5/6 
patients) developed chronic kidney disease. In 
studied population patients with high Mehran 
score also had a positive history of diabetes, 
which is a well known risk factor for development 
of renal disease. To conclude, it is possible that 
higher Mehran score could be associated with 
later development of renal injury but further in-
vestigations are needed.
The most important limitation of this study is rela-
tively small number of patients. However, the 
number is comparable with other studies3-22. Re-
sults of the study indicate that CIN does not repre-
sent an important health problem in population 
with previously normal renal function.

CONCLUSIONS

The study showed that patients with preserved 
renal function are not prone to contrast induced 
nephropathy. Our results indicate that adequate 
hydration is a key component in maintaining the 
renal function. Infusion of sodium bicarbonate or 
N-acetylcysteine provided no additional benefit 
on preservation of renal function in the patients 
with a low risk for the development of contrast 
induced nephropathy.
Even though Mehran score serves as an acute 
predictor of contrast induced nephropathy, it 
could be useful in predicting the development of 
chronic kidney disease.
Neutrophil gelatinase-associated lipocalin is an 
early biomarker of kidney injury and its determi-
nation is a useful predictor of contrast induced 
nephropathy, however, there is no uniform pro-
tocol defining the period when to determine it. 
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