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ABSTRACT
Objectives: To determine the incidence of contrast induced nephropathy  (CIN) and to study the applicability of the Mehran's Risk Score (MRS) in 
the prediction of CIN in our population. 
Patients and Methods: A total of 250 patients (186 males and 64 females) who received non ionic iso osmolar contrast media during PCI were 
included in the study. CIN was defined as a relative increase of >25% or an absolute increase of >0.5 mg/dl in serum creatinine levels two days post 
procedure and  the MRS used to accurately predict the incidence of CIN in patients belonging to the respective risk group. 
Results: The overall incidence of CIN was 16%. In univariate analysis: age >75 years, diabetes mellitus, heart failure, hypotension, CKD 
[creatinine  >1.5mg/dl] and increased contrast volume predicted a trend towards risk of CIN whereas anemia, gender and IABP failed to reach 
statistically significance. As MRS increases, the incidence of CIN increases with 11.25%, 17.24%, 32% and 57.14% for low, intermediate, high and 
very high risk group respectively. 
Conclusion- CIN is related with many risk factors, so whenever a patient's MRS is found to be >10 [preprocedure], lowest dose of contrast should 
be used by incorporating “maximal allowable contrast (MAC) dose” as a part of pre-procedure contrast 'Time-Out' and measures for the prevention 
of CIN should be taken.
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INTRODUCTION
The use of intravascular iodinated contrast agents has continued to 
increase over recent years. Contrast induced nephropathy [CIN] is an 
iatrogenic renal injury that follows administration of radio-opaque 
contrast media in susceptible individuals. CIN is widely recognised as 
the third most common cause of hospital acquired acute kidney injury 
(AKI) after renal hypoperfusion and the use of nephrotoxic 
medications and accounts for 11% to 12% of all cases of in hospital 
AKI with in hospital mortality rate of 6% [1,2,3]. It is important to 
exclude other causes of AKI as small rises in serum creatinine have 
been demonstrated to occur in 8 to 35% of patients admitted to hospital 
without exposure to contrast media [4]. Among all procedures utilizing 
contrast media for diagnostic or therapeutic purposes, coronary 
interventions are associated with the highest rates of CIN [2]. Most 
cases of CIN are self limiting with serum creatinine levels returning to 
baseline within 2 weeks [5, 6]. It should be noted that the well validated 
MRS was formulated in a western population where the incidence of 
CIN was found to be 13.1% [7]. Our patients have higher atherogenic 
burden with a higher incidence of risk factors for CIN.

CIN: AKI in the setting after contrast media administration derives 
from many causes including ischemia, atheroembolism or 
nephrotoxicity of the contrast itself. The latter is referred to as CIN. 
The most accepted definition is that of the European Society of 
Urogenital Radiology (ESUR) which defines CIN as “an increase in 
serum creatinine by >25% or an absolute increase of 44.2 mmol/l [0.5 
mg/dl] within 3 days after intravascular administration of contrast 
medium, without an alternative etiology” [8]. Diagnosing CIN is 
challenging, as it is a diagnosis of exclusion after other causes of AKI 
(prerenal /intrinsic /post renal) have been ruled out. CIN was 
diagnosed when an increase in serum creatinine by >25% or an 
absolute increase of 44.2 mmol/l [0.5 mg/dl] occur within 2 days after 
intravascular administration of contrast medium. 

Exclusion criteria: Patients having a history of allergic reaction to 
contrast agents or iodine, patients with serum creatinine >2mg/dl, 

patients who were on a dialysis regimen, pregnancy, active 
malignancy, patients who did not have a pre-procedure serum 
creatinine level analysis, patients with post�procedure serum 
creatinine level analysis not done at the same reference laboratory and 
patients with single functional kidney.

Risk prediction scores for CIN: There are numerous risk scores for the 
prediction of CIN in patients undergoing interventions with radio-
contrast media [9, 10]. Of these simple risk scoring, which has shown 
to have clinically significant predictive value for CIN, is ACEF score. 
It uses three variables namely age, creatinine level and ejection 
fraction and has been developed for patients undergoing coronary 
angiography [11, 12]. Another scoring system by Mehran et al has been 
well validated in external populations other than in India and is 
provided with an online calculator. The only weakness with the MRS is 
that it can only be calculated once the procedure is complete. 

MATERIAL AND METHODS
We prospectively enrolled 250 consecutive patients (age ≥ 18 years) 
with the diagnosis of coronary artery disease (CAD) or the worsening 
symptoms in patients with known history of coronary artery disease 
(CAD) who were admitted to undergo PCI, between january 2017 to 
december 2018 at a tertiary care hospital in north India. Clinical history 
taken and blood samples were obtained at admission and at 48 hours 
after the PCI(percutaneous coronary intervention). Nephrotoxic drugs 
if any, being used, and metformin was stopped 24 hours before the 
procedure. A nonionic, iso osmolar contrast medium (iohexol) was the 
sole contrast agent used. Following the procedure, serum creatinine 
levels were obtained from the same reference laboratory where 
preprocedure serum creatinine levels were determined to negate the 
inter laboratory variability in the measurements of serum creatinine 
levels. Post procedure serum creatinine levels thus obtained were 
compared with the pre�procedure levels to determine whether CIN 
had occurred or not. We evaluated incidence of CIN, need for dialysis 
and CIN related mortality during index hospitalisation and the MRS 
used to accurately predict the incidence of CIN in patients belonging to 
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the respective risk groups.

RESULTS
In current study, all 250 patients were adults with age ranging from 18 
to 85 years. CIN occurred in 40 (16%) patients.

Table 1. Baseline parameters and comparison between patients 
with and without CIN

The various risk factors evaluated in our study were age, gender, 
anemia, hypotension, volume of contrast, congestive heart failure, 
intra-aortic balloon pump, DM and preprocedural serum creatinine 
levels. There was a male predominance observed in our study, with 186 
(74.4%) were males and 64 (25.6%) were females, the male : female 
ratio was 3:1. Table 1 showing univariate analysis of binary logistic 
regression for the dependent variables. 

 Table:-2 The split up of the patients based on the MRS. 

As MRS increases, incidence of CIN increases with 11.25%, 17.24%, 
32% and 57.14% for low, intermediate, high, and very high risk 
respectively(table 2). Similarly as MRS increases the need for dialysis 
increases, with high score showing 4% and very high risk score 
showing 14.28% patients required dialysis in current study [p= <0.05]. 
The mean MRS of the study population was 6.42. It was observed that a 
majority of the patients {64%, n = 160} belonged to the low MRS (<5). 
Another 32 patients (12.8%) had a high MRS of more than 10. In 
univariate analysis age >75 years, DM, CHF, hypotension, CKD 

[creatinine>1.5mg/dl] and increased contrast volume predicted a trend 
towards risk of CIN among patients undergoing PCI. Among those 
patients who developed CIN post procedure, two required 
hemodialysis (5%) and one patient died of sudden cardiac arrest 
(2.5%) in hospital.

Table- 3 showing relation between contrast volume and 
development of CIN.

As volume of contrast increases, there is exponential increase in CIN 
incidence (table 3). In our study the mean volume of contrast 
administered was significantly higher in CIN group (P < 0.001). There 
was statistically significant difference in whether procedure completed 
in < 100 ml or >100ml [p=0.0044].

DISCUSSION
In our study, we used a CIN risk stratification score based on eight 
readily available variables, and we observed that an increasing score 
number confers exponentially increased CIN risk. The incidence of 
CIN quoted in the literature varies widely. The two larger studies, 
which included 7586 and 8628 patients undergoing PCI reported 
incidences of CIN of 3.3% and 16.5%, respectively [13,14]. Dr. K. 
Sreekanth et al reported the incidence of CIN as high as 28% among the 
population undergoing cardiac catheterization [15]. The overall 
incidence of CIN in our study was 16%. 

Fig 1 Figure showing comparision of CIN in current study versus 
risk of CIN based on MRS.

Fig 2 showing comparision of risk of dialysis in current study 
versus based on MRS.

The MRS categorizes patients into 4 risk categories. The MRS offers 
not just the risk of CIN but also outlines the risk of hemodialysis 
specific to each category [7]. Figure 1 and 2 showing comparision of 
incidence CIN and need for dialysis in our study and MRS 
respectively. When the patients were subclassified based on the 
Mehran risk score {MRS} it was seen that 18 patient [11.25%] with an 
MRS <5 developed CIN. The incidence of CIN in the high risk group 
with MRS of 11 to 15 was 3 fold higher, [p = 0.0214] compared to the 
group with MRS of <5. Within each subcategory of MRS, the observed 
incidence of CIN in our study was higher than the expected risk based 
on the MRS. The incidence of CIN in very high risk group [>16] was 
similar in our study and reference group in MRS (Fig 1). 

Advanced age is a risk factor for the occurrence of CIN [16]. Ageing 
predispose patients to renal sodium and water wasting due to reduction 
in renal mass, function, and perfusion. The study by Mehran et al in 
2004 puts (12) the incidence at as high as 21.8% among those aged >75 
years [17]. The incidence of CIN in the elderly being higher than 
younger individuals in our study (37.5% vs. 12.84%), and it did 
achieve statistical significance (P < 0.001).
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Risk factors  Patient % CIN % Relative 
risk

P value

Age > 75 Yes 32 (12.8%) 12 (37.5%) 2.92  <0.001
No 218 (87.2%) 28 (12.84%)

Gender Male 186 (74.4%) 33 (17.7%) 1.62 0.2
Female 64 (25.6%) 7 (11%)

Anemia Yes 55 (22%) 10 (18.2%) 1.18 0.617
No 195 (78%) 30 (15.4%)

Creatinine 
> 1.5

Yes 18 (7.2%) 8 (44.44%) 3.22 0.001
No 232 (92.8%) 32 (13.8%)

CHF Yes 38 (15.2%) 11 (28.95%) 2.116 0.018
No 212 (84.8%) 29 (13.68%)

DM Yes 45 (18%) 15 ( 33.33%) 2.733  <0.001
No 205 (82%) 25 (12.2%)

Hypotensi
on

Yes 25 (10%) 10 ( 40%) 3 0.001
No 225 (90%) 30 (13.33%)

IABP Yes 2 (0.8%) 1 (50%) 0.319 0.188
No 248 (99.2%)  39 (15.7%)

Mehran's 
risk score 

Risk 
category 

Patient 
%

CIN % p 
value

Dialysis 
in our 
study

p value

≤ 5 Low 160 
(64 % ) 

18 
(11.25%)

0.0063 0% ---

6-10 Intermediate 58 
(23.2%)

10 
(17.24%)

0.769 0% ---

11-16 High 25 
(10%)

8 (32%) 0.021  1 (4%)  <0.001

>16 Very high 7 
(2.8%)

4 
(57.14%) 

0.003 1
(14.28%)

<0.001

Contrast in ml Total patient Patient 
without CIN 

Patient with 
CIN 

P value

<100 ml [65] 63 ( 96.9%) 2 ( 3.1%) <0.001

100-200 ml [110] 94 ( 85.45%) 16 (14.54%)
200-300ml [55] 41 (74.54%) 14 ( 25.45%)

300-400 ml [20] 12 ( 60%) 8 ( 40%)



In one study female sex was an independent predictor of CIN [17], 
while in another study male gender was an independent risk factor for 
CIN [5]. However, we were not able to observe any statistically 
significant gender preponderance [p= 0.2].

 Preexisting renal insufficiency is the most important and predictive 
risk factor for CIN. We found that the baseline serum creatinine levels 
of those who developed CIN were higher than those who did not 
develop CIN (p=0.001). The incidence of CIN in patients with 
underlying chronic kidney disease is extremely high, ranging from 
14.8 to 55% [18, 19]. In our study CIN occurred in 44.44% patients 
with creatinine >1.5mg/dl. Two patients (5%) who developed CIN, 
required hemodialysis and one out of 40 patients (2.5%) died after 
developing CIN, although, it is difficult to establish that CIN was 
actually the cause of the death in that patient, however, CIN is a marker 
for increased mortality. 

Heart failure predisposes to increased risk of CIN. In the studies done 
by Rihal et al [19] and Bartholomew et al [20] CHF was an independent 
risk factor for CIN. The incidence of CIN in CHF group in our study 
was 28.95% [p < 0.018].

 A baseline hematocrit value < 39% for men and < 36% for women is a 
risk for developing CIN [21]. With every 3% decrease in the 
haematocrit the odds of CIN in patients with CKD is significantly 
increased [22]. However, we did not observed such association in our 
study, possibly because mild anemia (mean Hb 11.44 mg/dl) may not 
cause statistically significant difference in CIN [P=0.617], also 
adequate hydration was given and nephrotoxic drugs were avoided.

In Diabetic patients nitric oxide dependent renal vasodilation is 
characteristically altered, and the renal outer medullary pO2 is 
significantly reduced [23]. DM was found to predict CIN only if there 
was associated diabetic microangiopathy [24]. The incidence of CIN 
in diabetic patients varies from 5.7 to 29.4% [25]. In our study 
incidence of CIN in DM was 33.33% [p < 0.001].

The volume of contrast is a main modifiable risk factor in the 
development of CIN. In our study iodine content of contrast ranges 
from 300 to 370 mg/ml. As volume of contrast increases, there is 
exponential increase in CIN incidence in our study (P < 0.001) (table 
3). Volume of contrast administered was directly linked to the 
occurrence of CIN in the present study as already established [7]. Low 
dose of contrast defined as <30-125ml or <5ml/kg, is less nephrotoxic 
and associated with lower risk of CIN. Brown et al proposed formula 
for “maximal allowable contrast (MAC) dose” (contrast volume limit 
[ml = 5 × body weight {kg}]/ [88.4 × SCr {μmol/l}]), which correlated, 
with development of CIN [26]. Various studies have a positive 
correlation between volume of contrast injected and risk of 
development of CIN [27, 28]. 

 IABP insertion may be linked with CIN through mechanisms that may 
either provoke or potentate renal impairment via (a) atheroemboli to 
the renal circulation during IABP insertion, counterpulsation or 
removal (b) as a partial occlusion of the renal blood flow if it is 
positioned too low (i.e. in the abdominal instead of the descending 
thoracic aorta and (c) as a marker of increased vascular complications 
and post-PCI hypotension. Peri PCI hypotension and use of IABP were 
shown to be powerful independent predictors of CIN [29]. In our study, 
IABP was used only in two patients (0.8%) and one of them developed 
CIN, but it failed to reach statistically significance [p=0.188]. 

 Study limitations: a) non randomized study, b) small sample size, 
data derived from a single hospital, c) contrast volume used in a wide 
range [100ml] in risk scoring, d) the absence of data on serum 
creatinine later than 48 h after PCI in the present study might result in 
the slight underestimation of CIN, e) long term follow up of CIN 
patients is not available.

 CONCLUSION 
CIN is a marker for increased mortality. Short hospital duration 
decreases the awareness of and preventive treatment of CIN. What so 
ever the scoring system we use, and what so ever our score is, and what 
weightage we give to contrast volume, CIN require contrast media to 
occur. CIN can even occur with small (30 ml) volume of contrast, 
ruling out threshold effect. So, all patients should be categorized based 
on the Mehran's risk score and whenever a patient's MRS is found to be 
>10 [preprocedure], lowest dose of contrast should be used by 

incorporating MAC as a part of preprocedure contrast 'Time-Out' and 
measures for the prevention of CIN should be taken. The best approach 
to prevent CIN is to identify the patient at risk, provide adequate 
periprocedural hydration and minimize the amount of contrast.

REFERENCES
[1]  Shusterman N, Strom BL, Murray TG, Morrison G, West SL, Maislin G. Risk factors 

and outcome of hospital-acquired acute renal failure: clinical epidemiologic study. The 
American journal of medicine. 1987 Jul 1;83(1):65-71

[2]  Nash K, Hafeez A, Hou S. Hospital-acquired renal insufficiency. American Journal of 
Kidney Diseases. 2002 May 1;39(5):930-6..

[3]  Hou SH, Bushinsky DA, Wish JB, Cohen JJ, Harrington JT. Hospital-acquired renal 
insufficiency: a prospective study. The American journal of medicine. 1983 Feb 
1;74(2):243-8. 

[4]  Newhouse JH, Kho D, Rao QA, Starren J. Frequency of serum creatinine changes in the 
absence of iodinated contrast material: implications for studies of contrast 
nephrotoxicity. American Journal of Roentgenology. 2008 Aug;191(2):376-82

[5]  Rudnick MR, Kesselheim A, Goldfarb S. Contrast-induced nephropathy: how it 
develops, how to prevent it. Cleveland Clinic journal of medicine. 2006 Jan 1;73(1):75. 

[6]  Schweiger MJ, Chambers CE, Davidson CJ, Zhang S, Blankenship J, Bhalla NP, Block 
PC, Dervan JP, Gasperetti C, Gerber L, Kleiman NS. Prevention of contrast induced 
nephropathy: recommendations for the high risk patient undergoing cardiovascular 
procedures. Catheterization and cardiovascular interventions. 2007 Jan;69(1):135-40. 

[7]  Mehran R, Aymong ED, Nikolsky E, Lasic Z, Iakovou I, Fahy M, Mintz GS, Lansky AJ, 
Moses JW, Stone GW, Leon MB. A simple risk score for prediction of contrast-induced 
nephropathy after percutaneous coronary intervention: development and initial 
validation. Journal of the American College of Cardiology. 2004 Oct 6;44(7):1393-9. 

[8]  Thomsen HS, Morcos SK. Contrast media and the kidney: European Society of 
Urogenital Radiology (ESUR) guidelines. The British journal of radiology. 2003 
Aug;76(908):513-8

[9]  Sendeski MM. Pathophysiology of renal tissue damage by iodinated contrast media. 
Clinical and Experimental Pharmacology and Physiology. 2011 May;38(5):292-9. 

[10]  Silver SA, Shah PM, Chertow GM, Harel S, Wald R, Harel Z. Risk prediction models for 
contrast induced nephropathy: systematic review. bmj. 2015 Aug 27;351:h4395. 

[1 ]  Ranucci M, Castelvecchio S, Menicanti L, Frigiola A, Pelissero G. Risk of assessing 
mortality risk in elective cardiac operations. Circulation. 2009 Jun 1;119(24):3053-61..

[12]  Capodanno D, Ministeri M, Dipasqua F, Dalessandro V, Cumbo S, Gargiulo G, 
Tamburino C. Risk prediction of contrast-induced nephropathy by ACEF score in 
patients undergoing coronary catheterization. Journal of cardiovascular medicine. 2016 
Jul 1;17(7):524-9.

[13]  Sadeghi HM, Stone GW, Grines CL, Mehran R, Dixon SR, Lansky AJ, Fahy M, Cox DA, 
Garcia E, Tcheng JE, Griffin JJ. Impact of renal insufficiency in patients undergoing 
primary angioplasty for acute myocardial infarction. Circulation. 2003 Dec 
2;108(22):2769-75. 

[14]  Iakovou I, Dangas G, Mehran R, Lansky AJ, Ashby DT, Fahy M, Mintz GS, Kent KM, 
Pichard AD, Satler LF, Stone GW. Impact of gender on the incidence and outcome of 
contrast-induced nephropathy after percutaneous coronary intervention. The Journal of 
invasive cardiology. 2003 Jan;15(1):18-22. 

[15]  Dr. K. Sreekanth ,Dr. K.V.L. Sudha et al Study on incidence and risk factors of contrast 
induced nephropathy in patients undergoing cardiac catheterization studies, Indian 
journal of applied research Volume-8 | Issue-8 | August-2018 | ISSN - 2249-555X | IF : 
5.397 | IC Value : 86.18

[16]  Toprak O, Cirit M, Yesil M, Bayata S, Tanrisev M, Varol U, Ersoy R, Esi E. Impact of 
diabetic and pre-diabetic state on development of contrast-induced nephropathy in 
patients with chronic kidney disease. Nephrology Dialysis Transplantation. 2006 Nov 
7;22(3):819-26.6] 

[17]  Iakovou I, Dangas G, Mehran R, Lansky AJ, Ashby DT, Fahy M, Mintz GS, Kent KM, 
Pichard AD, Satler LF, Stone GW. Impact of gender on the incidence and outcome of 
contrast-induced nephropathy after percutaneous coronary intervention. The Journal of 
invasive cardiology. 2003 Jan;15(1):18-22. 

[18]  McCullough PA, Wolyn R, Rocher LL, Levin RN, O’Neill WW. Acute renal failure after 
coronary intervention: incidence, risk factors, and relationship to mortality. The 
American journal of medicine. 1997 Nov 1;103(5):368-75. 

[19]  Rihal CS, Textor SC, Grill DE, Berger PB, Ting HH, Best PJ, Singh M, Bell MR, 
Barsness GW, Mathew V, Garratt KN. Incidence and prognostic importance of acute 
renal failure after percutaneous coronary intervention. Circulation. 2002 May 
14;105(19):2259-64

[20]  Bartholomew BA, Harjai KJ, Dukkipati S, Boura JA, Yerkey MW, Glazier S, Grines CL, 
O'Neill WW. Impact of nephropathy after percutaneous coronary intervention and a 
method for risk stratification. The American journal of cardiology. 2004 Jun 
15;93(12):1515-9.

[21]  McCullough PA, Soman SS. Contrast-induced nephropathy. Critical care clinics. 2005 
Apr 1;21(2):261-80

[22]  Nikolsky E, Mehran R, Lasic Z, Mintz GS, Lansky AJ, Na Y, Pocock S, Negoita M, Moussa 
I, Stone GW, Moses JW. Low hematocrit predicts contrast-induced nephropathy after 
percutaneous coronary interventions. Kidney international. 2005 Feb 1;67(2):706-13. 

[23]  Heyman SN, Rosenberger C, Rosen S. Regional alterations in renal haemodynamics and 
oxygenation: a role in contrast medium-induced nephropathy. Nephrology Dialysis 
Transplantation. 2005 Feb 1;20(suppl_1):i6-11. 

[24]  Victor SM, Gnanaraj A, VijayaKumar S, Deshmukh R, Kandasamy M, Janakiraman E, 
Pandurangi UM, Latchumanadhas K, Abraham G, Mullasari AS. Risk scoring system to 
predict contrast induced nephropathy following percutaneous coronary intervention. 
indian heart journal. 2014 Sep 1;66(5):517-24 [25 ] Lasser EC, Lyon SG, Berry CC. 
Reports on contrast media reactions: analysis of data from reports to the US Food and 
Drug Administration. Radiology. 1997 Jun;203(3):605-10

[26]  Brown JR, Robb JF, Block CA, Schoolwerth AC, Kaplan AV, O'connor GT, Solomon RJ, 
Malenka DJ. Does safe dosing of iodinated contrast prevent contrast-induced acute 
kidney injury?. Circulation: Cardiovascular Interventions. 2010 Aug;3(4):346-50

[27]  Cigarroa RG, Lange RA, Williams RH, Hillis D. Dosing of contrast material to prevent 
contrast nephropathy in patients with renal disease. The American journal of medicine. 
1989 Jun 1;86(6):649-52. [28] Kane GC, Doyle BJ, Lerman A, Barsness GW, Best PJ, 
Rihal CS. Ultra-low contrast volumes reduce rates of contrast-induced nephropathy in 
patients with chronic kidney disease undergoing coronary angiography. Journal of the 
American College of Cardiology. 2008 Jan 1;51(1):89-90

[29]  Dangas G, Iakovou I, Nikolsky E, Aymong ED, Mintz GS, Kipshidze NN, Lansky AJ, 
Moussa I, Stone GW, Moses JW, Leon MB. Contrast-induced nephropathy after 
percutaneous coronary interventions in relation to chronic kidney disease and 
hemodynamic variables. The American journal of cardiology. 2005 Jan 1;95(1):13-9 

International Journal of Scientific Research 57

PRINT ISSN No. 2277 - 8179Volume-8 | Issue-6 | June-2019


