
www.wjgnet.com

 BRIEF ARTICLES

Risk of contrast-induced nephropathy in hospitalized 
patients with cirrhosis

Nilesh Lodhia, Michael Kader, Thalia Mayes, Parvez Mantry, Benedict Maliakkal

Nilesh Lodhia, Michael Kader, Thalia Mayes, Parvez 
Mantry, Benedict Maliakkal, Department of Medicine, 
Division of Gastroenterology and Hepatology, University of 
Rochester School of Medicine and Dentistry, Box 646 601, 
Elmwood Avenue, Rochester, NY 14642, United States
Author contributions: Maliakkal B and Mantry P designed 
the research; Kader M and Mayes T performed the research; 
Lodhia N, Kader M, Mayes T, Mantry P and Maliakkal B 
analyzed the data; Lodhia N and Maliakkal B wrote the paper.
Correspondence to: Benedict Maliakkal, MD, Department 
of Medicine, Division of Gastroenterology and Hepatology, 
University of Rochester School of Medicine and Dentistry, Box 
646 601, Elmwood Avenue, Rochester, NY 14642, 
United States. benedict_maliakkal@urmc.rochester.edu
Telephone: +1-585-2754711     Fax: +1-585-2717868
Received: December 25, 2008  Revised: March 5, 2009
Accepted: March 12, 2009
Published online: March 28, 2009

Abstract
AIM: To evaluate the incidence of contrast-induced 
nephropathy (CIN) in cirrhotic patients and to identify 
risk factors for the development of CIN.

METHODS: We performed a retrospective review of 
216 consecutive patients with cirrhosis who underwent 
computed tomography (CT) with intravenous contrast 
at the University of Rochester between the years 
2000-2005. We retrospectively examined factors 
associated with a high risk for CIN, defined as a 
decrease in creatinine clearance of 25% or greater 
within one week after receiving contrast. 

RESULTS: Twenty-f ive percent of our patients 
developed CIN, and 74% of these patients had ascites 
seen on CT. Of the 75% of patients who did not 
develop CIN, only 46% had ascites. The presence of 
ascites was a significant risk factor for the development 
of CIN (P  = 0.0009, OR 3.38, 95% CI 1.55-7.34) in 
multivariate analysis. Patient age, serum sodium, 
Model for End-stage Liver Disease score, diuretic use, 
and the presence of diabetes were not found to be 
significant risk factors for the development of CIN. 
Of the patients who developed CIN, 11% developed 
chronic renal insufficiency, defined as a creatinine 
clearance less than baseline for 6 wk.

CONCLUSION: Our results suggest that in hospitalized 

cirrhotic patients, especially those with ascites, the risk 
of CIN is substantial.

© 2009 The WJG Press and Baishideng. All rights reserved.

Key words: Ascites; Cirrhosis; Contrast-induced 
nephropathy; Renal failure

Peer reviewer: Mercedes Susan Mandell , MD, PhD, 
Department of Anesthesiology, University of Colorado Health 
Sciences Ctr., 12401 E. 17th Ave, B113 Aurora, CO 80045, 
United States

Lodhia N, Kader M, Mayes T, Mantry P, Maliakkal B. 
Risk of contrast-induced nephropathy in hospitalized 
patients with cirrhosis. World J Gastroenterol 2009; 15(12): 
1459-1464  Available from: URL: http://www.wjgnet.
com/1007-9327/15/1459.asp  DOI: http://dx.doi.org/10.3748/
wjg.15.1459

INTRODUCTION
Renal failure is associated with a high morbidity and 
mortality in patients with cirrhosis[1-4]. Cirrhotic patients 
may be particularly predisposed to renal failure because of  
intravascular volume depletion, hyperaldosteronism, and 
altered renal hemodynamics[5]. Furthermore, aggressive 
use of  diuretics, repeated large volume paracenteses, 
and gastrointestinal bleeding often contribute to renal 
insufficiency in these patients[1,2].

Contrast-induced nephropathy (CIN) is a common 
cause of  renal failure, and is associated with substantial 
morbidity and mortality[6-9]. Multiple studies in the 
medical literature have estimated a risk of  2% in low-risk 
patients, rising to 50% in those with risk factors such 
as diabetes mellitus (DM), pre-existing renal disease, 
congestive heart failure, advanced age, anemia, and 
dehydration[10-15].

Although cirrhosis has been suggested as a risk 
factor for CIN[13-17], only two studies, to our knowledge, 
have specifically investigated this issue. A prospective 
study by Guevara et al [18] did not find an increased 
susceptibility to CIN in cirrhotic patients. Although 
this was a well-conducted study, it was conducted under 
idealized circumstances. Our goal was to conduct a study 
that may be more representative of  the cirrhotic patients 
we encounter on a frequent basis[18]. The study by Najjar 
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et al[19] was a retrospective study which also did not find 
an increased prevalence of  CIN in cirrhotics. However, 
the authors did not precisely define CIN, making it 
difficult to interpret the results of  the study[15]. We 
believe that cirrhosis is a risk factor for the development 
of  CIN, and we aimed to identify risk factors for the 
development of  CIN. We thus performed a retrospective 
review of  cirrhotics who received iodinated contrast 
during hospitalization for further analysis.

MATERIALS AND METHODS
After approval by the University of  Rochester’s 
Institutional Review Board, we reviewed the charts of  
347 patients with cirrhosis who underwent computed 
tomography (CT) with intravenous contrast during 
hospitalization at our institution between the years 
2000-2005. Inclusion criteria consisted of  the presence 
of  cirrhosis, inpatient hospitalization, and the use of  
iodinated contrast for CT. Patients with pre-existing 
sepsis, known congestive heart failure, gastrointestinal 
bleeding, spontaneous bacterial peritonitis (SBP), and 
chronic kidney disease (CKD), defined as baseline Cr > 
18 mg/L, were excluded from our study. Patients who 
received peri-contrast intravenous sodium chloride, 
sodium bicarbonate, N-acetylcysteine, as well as those 
whose diuretic therapy was held during the day of  
contrast exposure were also excluded from our study. 

Clinical data that were reviewed included the Model 
for End-stage Liver Disease (MELD) score, use of  
diuretics, serum sodium, a documented diagnosis of  
diabetes mellitus (DM) in the medical record, and the 
presence of  ascites seen on CT. The use of  potentially 
nephrotoxic medications, such as angiotensin-converting 
enzyme inhibitors (ACE inhibitors), angiotensin receptor 
blockers (ARBs), nonsteroidal anti-inflammatory drugs 
(NSAIDs), and aspirin was documented. The age and 
race of  each patient were also noted. Statistical analysis 
was performed by faculty of  the Department of  
Biostatistics at the University of  Rochester. Multivariate 
and univariate analyses were performed using logistic 
regression, and odds ratios were calculated.

All patients received 150 mL of  iodinated contrast 
dye (iohexol, Omnipaque) intravenously per standard 
radiology protocol. Post-contrast creatinine was then 
reviewed and compared to baseline values. Serum 
creatinine on the day of  contrast exposure was used to 
calculate the pre-contrast creatinine clearance (CrCl). 
Post-contrast CrCl was determined by the highest 
recorded creatinine value within one week after contrast 
exposure. The aim of  this study was to evaluate the 
development of  CIN, which we defined as a decrease in 
CrCl of  25% or greater, temporally associated with the 
use of  contrast. CrCl was estimated using the Cockroft-
Gault equation. Patients who developed CIN were 
followed for 6 wk to assess the development of  chronic 
renal insufficiency (CRI), defined as a CrCl less than 
baseline for 6 wk. The need for dialysis during this time 
period was also documented. 

RESULTS
A total of  216 patients met the inclusion criteria. 34 
patients were greater than 65 years of  age (16%). The 
mean age was 53.2 years. 158 patients were Caucasian, 
37 were African American, 10 were Hispanic, and 3 were 
Asian (Table 1). The mean MELD score for all patients 
was 15.3.

A total of  53 (25%) patients developed CIN. Baseline 
characteristics of  these patients included a mean MELD 
of  17, mean age of  51.9, and mean serum sodium of  
134.7 mmol/L. In 36 of  these patients (68%), renal 
insufficiency persisted for at least one week. A total 
of  39 (74%) of  these patients had ascites (Table 2). 
Although 6 patients (11%) developed CRI, none of  
those patients required dialysis during our 6 wk review.

A total of  163 patients (75%) did not develop CIN. 
Their mean MELD score was 14.8, mean age was 53.6, 
and mean sodium was 135.8 mmol/L. Seventy-five of  
these patients (46%) had ascites seen on CT (Table 2).

The presence of  ascites was a significant risk factor 
for the development of  CIN (P = 0.0009, OR 3.38, 95% 
CI 1.55-7.34) in multivariate analyses (Table 3, Figure 1). 

Table 1  Demographic data of the 216 patients included in 
the study

Factor Patients Percentage

Mean age      53.2 N/A
> 65 YO   34 16
< 65 YO 182 84
Male 128 59
Female   88 41
Caucasian 158 73
African 
American

  37 17

Hispanic   10   4
Asian     3   1
Unknown     8   5

Table 2  Characteristics of patients who developed CIN (n  = 
53) vs  those who did not develop CIN (n  = 163)

Factor Percent with CIN Percent without CIN P-value

Ascites 74 46 0.0009
MELD > 15 60 48 0.1774
Age > 65   9 18 0.2171
On diuretics 66 57 0.3200
Na ≥ 130 91 88 0.8449

Table 3  Relationship of ascites to incidence of CIN

Factor Patients Percentage

Ascites 114 53
   CIN   39 34
   No CIN   75 66
No ascites 102 47
   CIN   14 14
   No CIN   88 86

Ascites was a significant risk factor for the development of CIN (P = 0.0009, 
OR 3.38, CI 1.55-7.34).
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A total of  33 patients were on ACE inhibitors, ARBs, 
NSAIDs, or aspirin. Ascites remained a significant risk 
factor when these patients were excluded from this 
analysis (P = 0.00006, OR 3.98, 95% CI 1.83-8.69). Ascites 
was also a significant risk factor for the development 
of  CRI, as 5/6 patients (83%) who developed CRI had 
ascites seen on CT scan. Age, serum sodium, and MELD 
score were not found to be significantly associated with a 
higher risk of  CIN in multivariate analysis. Our analysis 
also did not show a significant association between the use 
of  diuretics and an increased risk of  CIN in patients with 
or without ascites (Figure 2).

In our study, the presence of  DM was not a 
predisposing factor to CIN (Figure 1). A total of  66 
diabetic patients were included in the analysis. The 
incidence of  CIN was 18/66 (27%) in these patients, a 
nonsignificant difference compared to nondiabetics, where 
the incidence of  CIN was 36/150 (24%). Among the total 
number of  diabetic patients, three had evidence of  mild 
kidney disease prior to the scan, defined as Cr > 15 mg/L. 
Only one (33%) of  these patients developed CIN.

DISCUSSION
Intravenous contrast remains an important cause of  
acute renal failure in patients who receive CT scans. 
There is little data on whether the presence of  cirrhosis 
serves as an important risk factor for the development 
of  CIN. 

We performed a large retrospective review at our 
institution of  hospitalized cirrhotic patients who received 
intravenous contrast for CT imaging and found that 
there was a high rate of  CIN. In multivariate analysis, the 
presence of  ascites was a significant risk factor for the 
development of  CIN, conferring over three times the 
risk compared to the absence of  ascites. Factors such as 
MELD score, serum sodium, diuretic use, the presence 
of  DM, and age failed to show a similar association.

The results of  this study are dissimilar to those 
found in a prospective study by Guevara et al[18], who did 
not find an increased susceptibility to CIN in cirrhotic 
patients[18]. However, this study was limited by a relatively 
small sample size and diuretic therapy was withheld for 

at least 5 days prior to inclusion in the study. Our study 
included patients on diuretic therapy, and is therefore 
reflective of  a broad range of  cirrhotic patients. 

A second retrospective study by Najjar et al [19] 
comparing 72 cirrhotic patients receiving intravenous 
contrast with 72 non-cirrhotic controls, revealed the 
development of  CIN in 2 patients with cirrhosis 
(2.8%) and in 1 patient in the control group (1.4%), a 
non-significant difference. The authors of  this study 
concluded that cirrhosis may not be a risk factor for 
CIN. However, the results of  this study should be 
interpreted with caution because the study does not 
clearly define CIN[19]. Without a precise definition of  
CIN, it is difficult to interpret the results of  this study.

The exact mechanism by which iodinated contrast 
agents induce renal dysfunct ion is not ent ire ly 
understood. The pathophysiology is complex, and 
a variety of  factors act in concert to induce CIN. 
In v i t r o and animal studies sug gest that damage 
secondary to iodinated contrast to the kidneys is likely 
mediated by a combination of  toxic or obstructive 
injury to the renal tubules, ischemic injury by reactive 
oxygen species, and renal medullary hypoxia. The 
predominant factor is likely to be renal medullary 
hypoxia, in which adenosine, calcium, and endothelin 
bring about intrarenal vasoconstriction after contrast 
exposure[17,20-25]. Tubular toxicity is also thought to play 
a role in CIN through both direct nephrotoxicity and 
tubular obstruction. The generation of  reactive oxygen 
species can cause toxic, ischemic, and immune-mediated 
direct nephrotoxicity[26-28]. Contrast dye increases urate 
excretion and leads to the deposition of  Tamm-Horsfall 
proteins within the renal tubules, both of  which can 
cause tubular obstruction[29-31].

Factors such as age, serum sodium, MELD score, 
and diuretic use were not found to be associated with 
the development of  CIN. It is surprising that there is no 
statistically significant relationship between diuretic use 
and CIN in our study. There are a fair number of  studies 
suggesting that peri-contrast hydration can reduce 
the incidence of  CIN[32-36]. Furthermore, prophylactic 
forced diuresis with furosemide has been shown to 

Figure 1  Percentage of patients experiencing CIN in the presence or 
absence of ascites (P = 0.0009) or diabetes (P = 0.73).
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Figure 2  Percentage of patients experiencing CIN in relation to diuretic 
use and the presence of ascites.
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augment the risks of  CIN[32]. However, there are no 
data, to our knowledge, on the association between 
maintenance diuretic therapy and CIN. Although an 
increased frequency of  CIN in the setting of  diuretic 
use is biologically plausible, this relationship should be 
explored further before any conclusions can be made.

In our analysis, the presence of  DM did not confer 
an increased risk of  CIN. Although DM is considered 
to be a risk factor for CIN, the data on whether this 
relationship is present independent of  underlying renal 
impairment are conflicting[7,8,37]. Only three patients 
with DM in our analysis had evidence of  mild kidney 
disease before receiving contrast, and one of  these 
developed CIN. Because our study was retrospective, we 
were unable to assess our patients for the presence of  
microalbuminuria or overt proteinuria. Furthermore, our 
exclusion criteria of  heart failure and CKD may have 
excluded many diabetic patients with significant vascular 
disease. Our sample may thus have consisted of  a higher 
proportion of  patients with uncomplicated diabetes and 
therefore at a lower risk of  CIN.

In those patients that developed CIN, a large 
proportion (68%) had CIN that persisted for at least 
one week. 11% of  these patients developed CRI as a 
possible result of  contrast exposure. Although none of  
these patients required dialysis, even transient elevations 
in creatinine without progression to dialysis have been 
associated with prolonged hospital stay, adverse cardiac 
events, and increased mortality[6-9].

There have been mult iple studies performed 
investigating whether certain prophylactic regimens may 
reduce the risk of  CIN. These have included agents such 
as N-acetylcysteine, diuretics, dopamine, hemofiltration, 
as well as hydration with sodium chloride or sodium 
bicarbonate[38]. However, none of  these have been 
performed in cirrhotic patients, and reviews of  these 
trials have given discrepant results. Currently, only the 
use of  low osmolality contrast medium at the lowest 
dose possible, in conjunction with saline hydration is 
recommended in a recent review article[17].

The primary limitation of  our study is the use 
of  serum creatinine in determining the incidence of  
CIN. The assessment of  renal function is notoriously 
difficult in patients with cirrhosis, and creatinine is 
likely a sub-optimal measure of  renal function in these 
patients. Although we assessed CrCl rather than an 
absolute change in serum creatinine, studies suggest 
that creatinine-based formulas (e.g. Cockroft-Gault, 
Modification of  Diet in Renal Disease) can only provide 
a crude approximation of  true glomerular filtration rate 
(GFR) in cirrhotics[38-40]. However, direct measurement 
of  kidney function (e.g. inulin clearance) is impractical 
in large cohorts, and cystatin C-based equations (e.g. 
Larsson and Hoek) are also unable to accurately assess 
GFR in patients with cirrhosis[41]. Furthermore, the 
prognostic impact of  serum creatinine in patients 
with cirrhosis is well-validated[5,42-45], and its predictive 
value is reflected by its inclusion in the MELD score. 
Additionally, numerous studies have used either a 25% 

rise in serum creatinine or a 25% decrease in estimated 
GFR to assess the development of  CIN[7-9,11,12,34,38]. While 
not ideal, we feel that using a 25% decrease in CrCl is an 
adequate means of  detecting clinically significant CIN.

Another important limitation of  our study is that we 
defined CIN based solely upon the peak CrCl within one 
week after receiving contrast. Although patients with 
heart failure, SBP, sepsis, and CKD were excluded from 
the study, there are other causes of  increases in serum 
creatinine in cirrhotic patients exposed to intravenous 
contrast (e.g. hepatorenal syndrome, large volume 
paracenteses). Fluctuations in serum creatinine are 
common in the inpatient setting, and often no discernable 
cause is found for these variations[46]. It is therefore 
possible that other factors may have contributed to 
alterations in CrCl in some of  our patients. However, in 
hospitalized patients with no other apparent cause for 
a decline in renal function temporally associated with 
the administration of  intravenous contrast, it is difficult 
to exclude CIN as a major contributing factor for this 
deterioration. 

The retrospective nature of  our study creates 
many limitations on our research, most notably the 
lack of  a control group without intravenous contrast 
administration. The presence of  a control group is 
particularly important when evaluating the incidence 
of  CIN, as fluctuations in serum creatinine can have a 
multitude of  causes. There are only two published studies, 
to our knowledge, that specifically compare the incidence 
of  post-contrast renal dysfunction with the incidence of  
renal dysfunction in a control group of  patients who did 
not receive intravenous contrast. Neither of  these studies 
attributed a significant difference in the risk of  renal 
failure to intravenous contrast, suggesting that the risk of  
CIN may be exaggerated. However, both of  these studies 
were limited by a lack of  randomization and a high 
threshold for the diagnosis of  renal dysfunction (defined 
as a 50% increase in serum creatinine), and it is possible 
that differences in methodology may account for their 
findings[47,48]. Nonetheless, future studies assessing the 
risk of  CIN in cirrhotic patients would be strengthened 
by the inclusion of  a parallel control group[49,50].

It is also important to note that although diuretic 
use did not have an independent association with the 
development of  CIN, there may be an association that our 
retrospective analysis was not able to elucidate. Patients 
with ascites are the most likely to receive high doses of  
diuretic therapy. It is difficult to sub-classify patients 
on the aggressiveness of  their diuretic therapy, and 
we were thus unable to differentiate between patients 
on minimal doses of  diuretics and those receiving 
aggressive diuresis. It is possible that high doses of  
diuretics may be a significant contributing factor to the 
development of  CIN in patients with ascites. In patients 
with ascites receiving large doses of  diuretic therapy, our 
retrospective study was unable to differentiate whether 
the development of  CIN was from volume depletion 
from diuretic use or whether ascites was an independent 
predisposing factor.
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In conclusion, our large retrospective study of  
hospitalized cirrhotic patients revealed a high incidence 
of  CIN, especially in patients with ascites. CIN was 
associated with a significant percentage of  patients 
progressing to CRI as a likely result of  contrast exposure. 
These results suggest that in hospitalized cirrhotic 
patients, especially those with ascites, the risk of  CIN 
is substantial. Alternative imaging strategies should be 
considered, and post-contrast renal function should be 
meticulously followed. Prospective studies evaluating 
the risk of  contrast-induced nephropathy in cirrhotic 
patients, with and without the presence of  ascites, should 
be performed for further investigation.
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