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Review Article

Contrast Induced Nephropathy - A

Archives of Clinical Nephrology

In the modern era of widespread utilisation of imaging procedures for preoperative diagnosis and
minimal invasive surgeries, intravenous contrast plays a major role in delineation of variety of information
related to vascularity of normal as well as abnormal tissues. Vascular structures may themselves be focus
of attention for various vascular interventional procedures, again requiring intravenous contrast. Since
the intravenous contrast agent used in the imaging procedures is primarily excreted through kidneys,
hence pre-procedural renal function should be adequate not only to facilitate its excretion for preventing

effects related to contrast retention in body but also contrast-induced nephrotoxicity. As contrast-induced
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nephropathy is being increasingly encountered in day-to-day practice recently, hence this article focuses

on the different facets of contrast-induced nephropathy secondary to iodinated contrast from etiology,
risk factors to management.

Introduction

Contrast-induced nephrotoxicity (CIN) refers to sudden
deteriorationinrenal function following therecentintravascular
administration of iodinated contrast agent (IoCoAg) in the
absence of any another nephrotoxic event. Though, there are
no standard criteria for its diagnosis yet percent change in
baseline serum creatinine (an increase of 25% to 50%) and
absolute elevation from baseline serum creatinine (an increase
of 0.5 to 2.0 mg/dL) have been used in the past to indicate
CIN. The commonly used criterion is an absolute increase of
serum creatinine by 0.5 mg/dL keeping other parameters as
method used for estimation and laboratory being constant. CIN
is usually asymptomatic with serum creatinine levels reaching
peakin 3 to 5 days but in severe oliguric patients, it may take 5
to 7 days to reach a peak.

Acute Kidney Injury (AKI) Network defines acute kidney injury
as one of the following occurring within 48 hours after a
nephrotoxic event (e.g. intravascular IoCoAg exposure) [1]:

1. Absolute serum creatinine increase of 20.3 mg/dL (226.4
pmol/L).

2. A percentage increase in serum creatinine of =250 percent
(1.5-fold above baseline).

3. Urine output reduced to <0.5 mL/kg/hour for at least 6
hours.

CIN is the third most common cause of hospital acquired
AKI and represent 10-15% of cases [2].

Pathogenesis

Though exact pathophysiology of CIN is not well understood
yet following etiologies have been suggested [2]:

* Renal medullary hypoxia secondary to reduced renal
perfusion due to renal vasoconstriction (low BP,
peripheral vasodilatation) or reduced vasodilators
(nitric oxide or prostaglandins).

* Renal glomerular injury manifesting as proteinuria

* Renal tubular injury due to osmolarity, chemotoxicity or
ischemia

+ Contrast media precipitation of Tamm-Horsfall protein
that blocks renal tubules

+ Swelling of renal tubular cells causing obstruction

* Both osmotic and chemotoxic mechanisms including
agent-specific chemotoxicity

The incidence of CIN in patients with normal renal function
is <1 percent with intravenous and 2 to 7 percent with intra-
arterial administration of IoCoAg in optimal doses. The higher
incidence of CIN in the latter group is not only due to increased
incidence of arterial disease in patients requiring such
procedures but also due to complications related to catheter-
associated procedures. The incidence is approximately up to
16% higher in non-azotemic diabetic patients and up to 33%
higher in patients with pre-existent azotemia. Incidence
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of 3-16% CIN has been reported in patients undergoing
percutaneous coronary interventions as many of these patients
have additional risk factors [3-9]. Though AKI is associated
with worsened clinical outcome yet current research suggests
that is independent of intravenous IoCoAg administration
due to lack of causal relationship and presence of multiple
confounding factors [9].

Risk factors associated with increased incidence of CIN
include [2]

* Pre-existingrenalimpairment(Serumcreatinine>1.3mg/
dL, GFR<60mL/min)

* Dehydration

* Congestive cardiac failure & use of intra-aortic balloon
pumps

* Use of nephrotoxic drugs (NSAID, aminoglycosides)
* Hypersensitivity disease (bronchial asthma)

* Uncontrolled hypertension

* Hyperuricemia (as in active gout)

* Proteinuria (> 0.5 gm/dL)

* Diseases like diabetes mellitus, multiple myeloma,
hypoalbuminemia, anemia, hepatic cirrhosis,

* Age > 70 years.

Prevention of contrast induced nephropathy in high risk
patients [10-18].

Utilisation of eGFR: It refers to estimation of glomerular
filtration rate (eGFR) calculated using the serum creatinine,
age, sex and weight of an individual using various formulae.
One the commonly used formula is Cockrauft-Gault equation.
It is an indicator of the renal function. It has been proved in
multiple studies that the risk of CIN with hypo or hyperosmolar
iodinated contrast medium is more when the eGFR is less than
50ml/min/1.73mz2.

Avoidance of iodinated contrast medium: In high-risk
patient, the possibility of obtaining the necessary diagnostic
information from test not utilising iodinated contrast medium
(e.g. ultrasonography, magnetic resonance imaging) must
be considered. In some clinical situations, where the use of
intravascular iodinated contrast medium may be necessary,
lowest possible dose of contrast medium should be used [17,18].

Contrast media selection: Increased osmotic overload on the
diseased kidney is considered to be one of the major etiologies
of CIN. This can be significantly reduced by substituting LOCM
for the very hypertonic HOCM [11]. Isosmolar contrast agent,
Iodixanol has recently been introduced which can further
minimise renal injury.

Hydration: Adequate hydration is considered to be the
single most effective method of preventing CIN. Though, the
ideal infusion rate and volume is unknown, yet isotonic fluids

like Ringer lactate or 0.9% normal saline are usually preferred.
The American Society of Radiology and the European Society
of Urogenital Radiology recommend prophylactic intravenous
hydration at the rate of 1.0-1.5ml/kg/hr at least 6 hours prior &
after the IoCoAg administration in patient at risk of AKI. Oral
hydration has also been utilized, but with less demonstrated
effectiveness. Pediatric infusion rates are variable and should
be based on patient weight [9,10,12].

Sodium bicarbonate: It has been found to be useful in
prevention from CIN according to some studies [14,15].
Avoiding concomitant use of nephrotoxic drugs should also be
avoided.

Anti-oxidants (N-acetylcysteine & ascorbic acid):
Their role is still controversial. However, there is evidence
that N-acetylcysteine reduces serum creatinine in normal
volunteers without altering Cystatin-C which is a better marker
of GFR than serum creatinine. This raises the possibility that
N-acetylcysteine might be simply lowering serum creatinine
without actually preventing renal injury and should not be
considered a substitute for appropriate pre-procedural
patient screening and adequate hydration [2,16,17]. Some
studies suggest that Allopurinol may have a protective effect in
patients with CIN [2].

Hemodialysis and hemofiltration: There role is
controversial in the prevention of CIN even in patients with
pre-existing renal diseases [2].

Conclusion

Contrast-induced nephropathy secondary to intravascular,
iodinated contrast agent is a commonly encountered clinical
condition due to increasing using of various imaging
procedures especially in high-risk patients. Though, the risk
of CIN is minimal in patients with normal renal function yet
caution is needed in patients with serum creatinine >2mg/
dL or eGFR < 30mL/min/1.73m>2. Hydration is the single best
protective measure to prevent against CIN. Hence, appropriate
knowledge will go a long way in following a balanced approach.

References

1. Bellin MF, Jakobsen JA, Tomassin |, et al. (2002) Contrast medium
extravasation injury: guidelines for prevention and management. Eur Radiol
12:2807-2812. https://goo.gl/AF3YwK

2. Mohammed NMA, Mahfouz A, Achkar K, Rafie IM, Hajar R (2013) Contrast-
induced nephropathy. Heart views 14: 106—116. https://goo.gl/eQ7C0OS

3. Porter GA (1994) Radiocontrast-induced nephropathy. Nephrol Dial
Transplant 9: 146-56. https://goo.gl/JINLMTG

4. Barrett BJ, Parfrey PS, Vavasour HM, McDonald J, Kent G, et al. (1992)
Contrast nephropathy in patients with impaired renal function; high versus
low osmolar media. Kidney Int 41: 1274-1279. https://goo.gl/g4T6LD

5. Lautin EM, Freeman NJ, Schoenfeld AH, Bakal EW, Haramati N, et al. (1991)
Radiocontrast associated renal dysfunction: Incidence and risk factors. Am
J Roentgenol 157: 49-58. https://goo.gl/cguleN

6. Rihal CS, Textor SC, Grill DE, Berger PB, Ting HH, et al. (2002) Incidence and
prognostic importance of acute renal failure after percutaneous coronary
intervention. Circulation 105: 2259-2264. https://goo.gl/o0ZjTKu

Citation: Rastogi R, Bhagat PK, Gupta Y, Sharma S, Sinha P, et al. (2017) Contrast Induced Nephropathy - A Review. Arch Clin Nephrol 3(1): 001-003.

DOI: http://dx.doi.org/10.17352/acn.000016



™ Peertechz Publications Pvt. Ltd.

.Weisbord SD, Palevsky PM (2008)

McCullough PA, Wolyn R, Rocher LL, Levin RN, O'Neill WW (1997) Acute renal
failure after coronary intervention: Incidence, risk factors, and relationship to
mortality. Am J Med 103: 368-375. https://goo.gl/Nam9Sc

Gruberg L, Mehran R, Dangas G, Mintz GS, Waksman R, et al. (2001) Acute
renal failure requiring dialysis after percutaneous coronary interventions.
Catheter Cardiovasc Interv 52: 409-416. https://goo.gl/nlqqe8

Wichmann JL, Katzberg RW, Litwin SE, Zwerner PL, De Cecco CN, et al.
(2015) Contrast-induced nephropathy. Circulation 132: 1931-1936.
https://goo.gl/DqVdzN

. Thompson HS, Webb JAW (2009) Contrast media; Safety issues and ESUR

Guidelines. 2nd Revised edition 40-49. https://goo.gl/ffXtGZ

. Barrett BJ, Carlisle EJ (1993) Meta-analysis of the relative nephrotoxicity of

high and low-osmolality iodinated contrast media. Radiology 1993; 188: 171-
178. https://goo.gl/0dpHeh

Prevention of contrast-induced
nephropathy with volume expansion. Clin J Am Soc Nephrol 3: 273-280.
https://goo.gl/pnblvn

. Taylor AJ, Hotchkiss D, Morse RW, McCabe J (1998) Preparation for

Angiography in Renal Dysfunction: a randomized trial of inpatient vs

outpatient hydration protocols for cardiac catheterization in mild-to-moderate
renal dysfunction. Chest 114: 1570-1574. https://goo.gl/KOYicd

.Merten GJ, Burgess WP, Gray LV, Holleman JH, Roush TS, et al

(2004) Prevention of contrast-induced nephropathy with sodium
bicarbonate: a randomized controlled trial. JAMA 291: 2328-2334.
https://goo.gl/GbfTVL

. Navaneethan SD, Singh S, Appasamy S, Wing RE, Sehgal AR (2009) Sodium

bicarbonate therapy for prevention of contrast-induced nephropathy: a
systematic review and meta-analysis. Am J Kidney Dis 53: 617-627.
https://goo.gl/2LZk9j

. Stenstrom DA, Muldoon LL, Armijo-Medina H, et al. (2008) N-acetylcysteine

use to prevent contrast medium-induced nephropathy: premature phase Il
trials. J Vasc Interv Radiol 19: 309-318. https://goo.gl/zkOPWT

. Vaitkus PT, Brar C (2007) N-acetylcysteine in the prevention of contrast-

induced nephropathy: publication bias perpetuated by meta-analyses. Am
Heart J 153: 275-280. https://goo.gl/YSkKS

. Solomon R, Werner C, Mann D, D’Elia J, Silva P (1994) Effects of saline,

mannitol, and Frusemide to prevent acute decrease in renal function
induced by radiocontrast agents. N Engl J Med 331: 1416-1420
https://goo.gl/vCWpTN

Copyright: © 2017 Rastogi R, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and r eproduction in any medium, provided the original author and source are credited.

Citation: Rastogi R, Bhagat PK, Gupta Y, Sharma S, Sinha P, et al. (2017) Contrast Induced Nephropathy - A Review. Arch Clin Nephrol 3(1): 001-003.
DOI: http://dx.doi.org/10.17352/acn.000016



