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Abstract

Original Article

Introduction

Contrast‑induced nephropathy (CIN) is a sudden deterioration 
in renal function following the recent intravascular 
administration of iodinated contrast medium in the absence 
of another nephrotoxic event. CIN is one of the significant 
causes of morbidity in patients receiving intravenous 
contrast.[1,2] CIN is defined as absolute increase in serum 
creatinine (SC) values by ≥0.5 mg/dl or ≥25% from baseline 
values.[3,4] The incidence of CIN may be as low as 2% in 
patients without risk factors. But with risk factors, like 
diabetes, the number rises to 9% and 90% with diabetes with 
CKD.[5] The most common risk factors for CIN are preexistent 
renal insufficiency, diabetes mellitus  (DM), hypertension, 
advanced age, nephrotoxic medications, dehydration, and 
heart diseases.[6‑10] Advanced age has been variably defined 
as age >55 years,[8] >60 years,[2] and >70 years.[9] In addition 
to the large number of risk factors, studies are further 

complicated by the interrelationship between many of these 
risk factors.

In most institutes, SC levels are routinely obtained for all 
patients, before intravenous contrast‑enhanced examinations 
as a method for assessing renal function and susceptibility 
for CIN.[1,2] SC on its own may not be a reliable measure 
of renal function as it has inherent limitations. Therefore, 
calculation of estimated glomerular filtration rate  (eGFR) 
has important role in assessing the true renal function.[11‑13] 
The American and Japanese society guidelines prefer eGFR 
threshold <60 ml/min/1.73 m2 for abnormal renal function.[3,4] 
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SC or eGFR measurements can be safely excluded in patients 
with the absence of risk factors according to some literature and 
guidelines from the American College of Radiology (ACR).[3]

In this study, we reviewed the renal profile of Indian patients 
attending our department. We aimed to determine whether SC 
levels are routinely required in all patients undergoing contrast 
examination and is there any added value of calculating eGFR 
in every patient. We also reviewed ACR and The Royal College 
of Radiologist (RCR) contrast administration guidelines and 
its applicability in the Indian population.

Materials and Methods

We prospectively analyzed 785 consecutive patients referred 
to the Department of Imaging for cross‑sectional examination. 
Only outpatients were included in the study. Patients with 
non‑Indian origin were excluded from the analysis. This study 
was considered as a departmental review, and patient consent 
was not deemed necessary. The study protocol was discussed 
and approved by the departmental ethics review board.

The data collected included age, history of diabetes, 
hypertension, renal/cardiac disease, dehydration, and/or 
nephrotoxic drug consumption. Insulin and oral hypoglycemic 
treatment history was obtained in patients with known diabetes. 
SC and eGFR levels were collected in all patients referred 
for contrast examination. Most recent laboratory values were 
considered and laboratory values more than 3 months old were 
excluded from the analysis.

Age >55 years was considered as a risk factor. Hypertension 
and diabetes risk factors were subjectively divided into the 
three groups well controlled, reasonably controlled, and 
poorly controlled according to patient’s perception. Insulin 
and oral hypoglycemic treatment history was considered in 
patients with diabetes. Other risk factors were divided into the 
history of dehydration, presence of renal/cardiac diseases, and 
nephrotoxic drug consumption.

SC of ≥1.5 mg/dl was considered as abnormal.[4,13] Estimated 
GFR was classified according to Kidney Disease: Improving 
Global Outcome guidelines [Table 1].[14]

Statistical analysis
Standard statistical methods for the assessment on proportions, 
percentages, and measures of central tendencies  (mean and 
standard deviation) were used. Continuous variables were 
expressed as mean and interquartile range; categorical 
variables were expressed as frequency and percentage.

Results

Out of 785  patients, 484  (62%) were male with a 
male to female ratio of 1.6:1. The median age was 
45 (range 2 months–98 years). A total of 234 (30%) patients 
were above 55 years of age and 29 were above 70 years. One 
hundred and twenty‑two (15.5%) patients had DM, of these 
18 (15%) were on insulin. Among these, 69 (56.5%) belonged 

to reasonably controlled group and 6 (5%) patients belonged 
to poorly controlled group. We found 167 (21.2%) patients 
with hypertension of which 88 (53%) belonged to reasonably 
controlled group. There were 33 patients (4.2%) with known 
renal/cardiac diseases, 35  (4.4%) with recent vomiting/
diarrhea, and 10 (1.2%) with a positive history of long‑term 
nephrotoxic drug consumption.

Out of 785 patients, 515 (65.6%) were referred for contrast 
examinations. Among these, 20 (3.9%) patients had abnormal 
SC. All of these 20  patients had at least one risk factor. 
Twelve  (60%) patients had two or more risk factors and 
8 (40%) had single risk factor. The known renal disease was 
the most common risk factor in this group of patients.

According to eGFR values, 258 (50%) patients had normal 
values. There were 204 (40%) patients with Stage 2, 46 (9%) 
with Stage 3, and 7  (1%) with Stage 4 renal dysfunction. 
There were no end‑stage renal disease patients in the study 
group. All Stage 4 renal disease patients showed abnormal 
SC values. All patients in Stage 1 and Stage 2 renal disease 
had normal SC values. About 71% of patients with Stage 
3 renal disease had normal SC values. Of these, only four 
patients were under the age of 55 years and did not have any 
risk factors for CIN.

Discussion

CIN is a serious condition associated with increased morbidity 
and mortality. In routine practice, all patients referred for 
intravenous contrast examination would undergo renal function 
test for the assessment of SC. To the best of our knowledge, 
this is the first study assessing risk factors for CIN in the Indian 
population to determine necessity of calculating SC in patients 
undergoing contrast studies.

CIN is commonly associated with patients who have risk 
factors such as age, DM, hypertension, and CKD. In our study 
population, advanced age of more than 55 years (30%) was the 
most common risk factor for CIN, followed by hypertension 
and DM. We found abnormal creatinine values in 4% of 
patients of which most common associated single risk factor 
was previous renal disease (62%). All patients with abnormal 
creatinine values had at least one risk factor and about 60% 

Table 1: Stages of chronic kidney diseases according to 
the National Kidney Foundation‑Kidney Disease Outcome 
Quality Initiative guidelines

Stage Description GFR (ml/min/1.73 m2)
1 Kidney damage with normal 

or increased GFR
>90

2 Kidney damage with mild 
reduction in GFR

60‑89

3 Moderate reduction in GFR 30‑59
4 Severe reduction in GFR 15‑29
5 ESRD or renal failure <15 (or dialysis)
ESRD: End‑stage renal disease, GFR: Glomerular filtration rate
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had multiple risk factors. We did not observe any abnormal 
creatinine values in patients under the age of 55 years.

Calculating eGFR can recognize patients with borderline renal 
function but normal SC. In our group, all patients with mild renal 
dysfunction (Stage 1 and 2) (eGFR 60–89 ml/min/1.73 m2) had 
normal creatinine values. This bodes well as CKD Stage 1 and 
2 are not considered as an independent risk factor for CIN.[4] 
Stage 3 renal dysfunction (eGFR of < 60 ml/min/1.73 m2) are 
recognized risk factor for developing CIN. It is vital to recognize 
this group of patients before giving intravenous contrast so 
that appropriate precautions can be taken.[14‑17] In our study, 
majority (71%) of patients with Stage 3 renal dysfunction had a 
normal creatinine. This incidence is alarmingly high compared 
to other published literatures with a reported incidence of 
11.6%–13.6%.[13‑18] These patients are often missed out if only 
SC levels are assessed to risk stratify for CIN. Some of these 
patients may not even have any other risk factors for CIN and 
will often go unrecognized. In our group, four patients in this 
group did not have any other recognized risk factor for CIN.

ACR and RCR have specific guidelines in assessing patients 
for CIN before giving contrast.[19,20] If these were to be applied 
to our population dataset, then six patients according to ACR 
guidelines and nine patients according to RCR guidelines 
with Stage 3 disease would have not been recognized to be at 
risk of CIN and would have undergone the examination with 
contrast [Table 2]. In our study, we found four patients under 
the age of 55 years without any risk factors with Stage 3 renal 
disease. In this group, three patients were between 50 and 
55 years. If we consider the threshold of 50 years, only one 
patient would have gone unrecognized which gives the overall 
risk of 0.28%. This is much less compared to the risks we get 
after applying ACR or RCR guidelines in our study group 
which measured 1.4% and 1.8%, respectively.

Based on our observations, we would recommend that SC 
and eGFR should be calculated in all patients above the age 
of 50 years and in patients with known risk factor for CIN if 
under the age of 50 years.

The incidence of DM and unrecognized hypertension is 
relatively high in Indian patients. Therefore, the findings of 

this study are not a major surprise. Authors do recognize the 
limitations of this study, which includes modest number of 
cases and lack of longitudinal follow‑up of the patients to 
assess the development of CIN. Appropriate management 
of patients at risk of CIN is beyond the scope of this study. 
Inpatients were not included in the study, as they often have 
questionable hydration status and may be receiving multiple 
medications which may interact with renal function.

Conclusion

The incidence of occult renal dysfunction is high in the 
Indian population. Hypertension, DM, and advanced age 
are the most common risk factors for CIN in the Indian 
population. eGFR should be calculated in all patients 
having SC assessment. Both SC and eGFR should be 
calculated in all patients above the age of 50 years and in 
patients with known risk factor for CIN if they are below 
50 years of age.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Tippins  RB, Torres  WE, Baumgartner  BR, Baumgarten  DA. Are 

screening serum creatinine levels necessary prior to outpatient CT 
examinations? Radiology 2000;216:481‑4.

2.	 Lautin  EM, Freeman  NJ, Schoenfeld  AH, Bakal  CW, 
Haramati  N, Friedman  AC, et  al. Radiocontrast‑associated renal 
dysfunction: Incidence and risk factors. AJR Am J Roentgenol 
1991;157:49‑58.

3.	 Cohan  RH, Davenport  MS, Dillman  JR, Ellis  JH, Hartman  RP, 
Herts BR, et al. American College of Radiology Manual on Contrast 
Media Version 9 ACR Manual on Contrast Media. American College of 
Radiology; 2013.

4.	 JSN, JRS and JCS Joint Working Group. Guidelines on the use of 
iodinated contrast media in patients with kidney disease 2012: Digest 
version. Circ J 2013;77:1883‑914.

5.	 McCullough PA, Wolyn R, Rocher LL, Levin RN, O’Neill WW. Acute 
renal failure after coronary intervention: Incidence, risk factors, and 
relationship to mortality. Am J Med 1997;103:368‑75.

6.	 Manske CL, Sprafka JM, Strony JT, Wang Y. Contrast nephropathy in 

Table 2: The American College of Radiology and Royal College of Radiologist recommendations applied to our study 
group

Number of patients 
(who would not have had blood test)

With abnormal eGFR Percentage risk

ACR
Age <60 years without HT, DM, known renal 
disease

434 6 (all SC between 1 and 1.4) 1.4

RCR
Age <70 years without DM, HT, known heart 
or renal disease

496 9 (all SC between 1 and 1.4) 1.8

Our recommendation
Age <50 years without risk factors 353 1 (SC of 1.4) 0.28

ACR: The American College of Radiology, RCR: The Royal College of Radiologist, DM: Diabetes mellitus, HT: Hypertension, eGFR: Estimated 
glomerular filtration rate, SC: Serum creatinine



Auti, et al.: Renal function screening before contrast studies – Indian scenario

Journal of Natural Science, Biology and Medicine  ¦  Volume 10  ¦  Issue 1  ¦  January-June 201990

azotemic diabetic patients undergoing coronary angiography. Am J Med 
1990;89:615‑20.

7.	 VanZee BE, Hoy WE, Talley TE, Jaenike JR. Renal injury associated 
with intravenous pyelography in nondiabetic and diabetic patients. Ann 
Intern Med 1978;89:51‑4.

8.	 Cochran ST, Wong WS, Roe DJ. Predicting angiography‑induced acute 
renal function impairment: Clinical risk model. AJR Am J Roentgenol 
1983;141:1027‑33.

9.	 Gomes AS, Lois JF, Baker JD, McGlade CT, Bunnell DH, Hartzman S, 
et al. Acute renal dysfunction in high‑risk patients after angiography: 
Comparison of ionic and nonionic contrast media. Radiology 
1989;170:65‑8.

10.	 Rudnick  MR, Goldfarb  S, Wexler  L, Ludbrook  PA, Murphy  MJ, 
Halpern EF, et al. Nephrotoxicity of ionic and nonionic contrast media 
in 1196 patients: A  randomized trial. The Iohexol Cooperative Study. 
Kidney Int 1995;47:254‑61.

11.	 Florkowski CM, Chew‑Harris JS. Methods of estimating GFR – Different 
equations including CKD‑EPI. Clin Biochem Rev 2011;32:75‑9.

12.	 Shemesh O, Golbetz H, Kriss JP, Myers BD. Limitations of creatinine as a 
filtration marker in glomerulopathic patients. Kidney Int 1985;28:830‑8.

13.	 Kannapiran  M, Nisha  D, Madhusudhana Rao A. Underestimation of 
impaired kidney function with SC. Indian J Clin Biochem 2010;25:380‑4.

14.	 National Kidney Foundation. K/DOQI clinical practice guidelines for 

chronic kidney disease: Evaluation, classification, and stratification. Am 
J Kidney Dis 2002;39:S1‑266.

15.	 Mehran R, Aymong ED, Nikolsky E, Lasic Z, Iakovou I, Fahy M, et al. 
A simple risk score for prediction of contrast‑induced nephropathy after 
percutaneous coronary intervention: Development and initial validation. 
J Am Coll Cardiol 2004;44:1393‑9.

16.	 Schilp  J, de Blok  C, Langelaan  M, Spreeuwenberg  P, Wagner  C. 
Guideline adherence for identification and hydration of high‑risk 
hospital patients for contrast‑induced nephropathy. BMC Nephrol 
2014;15:2.

17.	 Benko A, Fraser‑Hill M, Magner P, Capusten B, Barrett B, Myers A, 
et  al. Canadian association of radiologists: Consensus guidelines for 
the prevention of contrast‑induced nephropathy. Can Assoc Radiol J 
2007;58:79‑87.

18.	 Duncan L, Heathcote J, Djurdjev O, Levin A. Screening for renal disease 
using serum creatinine: Who are we missing? Nephrol Dial Transplant 
2001;16:1042‑6.

19.	 The American College of Radiology. ACR Manual of Contrast Media, 
Version. 10.3; 2017. Available from: https://www.acr.org/Clinical-
Resources/Contrast-Manual. [Last assessed 2017 May 31].

20.	 The Royal College of Radiologists. Standards for Intravascular Contrast 
Agents Administration to Adult Patients. 3rd  ed. London: The Royal 
College of Radiologists; 2015.


