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Abstract. – OBJECTIVE: To determine the in-
cidence of abnormal renal function in an outpa-
tient population referred for contrast-enhanced 
computed tomography (CECT) and assess the 
risk factors that could be used to eliminate su-
perfluous estimated glomerular filtration rate 
(eGFR) testing.

PATIENTS AND METHODS: The following risk 
factors were assessed in random patients re-
ferred for outpatient CECT: age >60 years, dia-
betes mellitus, hypertension, anemia, conges-
tive heart failure, and a history of kidney/urolog-
ical disease or renal surgery. The patients’ se-
rum creatinine and eGFR levels, gender, and the 
type of CECT were recorded. 

RESULTS: The study included 500 patients 
(mean age 50±16 years). Among them, 36 
(7.2%) patients had an eGFR <60 ml/min/1.73 
m2 of which 31 (6.2%) had an eGFR of 59-45 ml/
min/1.73 m2 and 5 (1%) patients an eGFR <45 ml/
min/1.73 m2. No patients had an eGFR <30 ml/
min/1.73 m2. There was a statistically significant 
association between an abnormal eGFR and 
age >60 years, diabetes mellitus, hypertension, 
and chronic kidney disease (p<0.05). By select-
ing only, the patients with one of the identified 
risk factors for eGFR assessment before CECT, 
all the patients with an abnormal eGFR (<60 ml/
min/1.73 m2) were detected with sensitivity and 
a negative predictive value of 100%.

CONCLUSIONS: Patients with an abnormal 
eGFR can be detected with sensitivity and a 
negative predictive value of 100% using our 
screening approach before CECT, and superflu-
ous eGFR testing can thus be reduced by ap-
proximately 50% with concomitant cost savings. 
Outpatients without any risk factors should be 
excluded from routine renal function assess-
ment before CECT.
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Introduction

Post-contrast acute kidney injury (PC-AKI) or 
contrast-induced nephropathy (CIN) is a signif-
icant complication of intravenous (IV) contrast 
medium. The potential impact of CIN ranges 
from a slight increase in serum creatinine to 
severe acute renal failure with anuria1,2. The clin-
ical impact of CIN is a major patient safety chal-
lenge in health care and a significant economic 
burden. Screening for CIN using renal function 
assessments before contrast-enhanced computed 
tomography (CECT) is highly recommended for 
all patients undergoing routine computed tomog-
raphy (CT) imaging3,4. However, the practice 
of performing a renal function test before CT 
for outpatients attending radiology departments 
without a recent blood test can be challenging. 
This problem has been reported to occur in 
5.3% of patients5, and patients without recent 
blood tests are sent for a blood test. This causes 
increased patient waiting times, wasted scanner 
capacity, and longer waiting times in radiology 
departments. 

A recent survey demonstrated that renal func-
tion testing is only required for patients at high 
risk for CIN. The practice has a significant im-
pact on staff workloads, waiting times for scan-
ners, and the streamlining of CT services6. In 
the absence of evidence, the question remains: 
should blood tests be performed on everyone or 
only on patients at high risk of CIN? The true risk 
of CIN from the intravenous administration of a 
contrast medium is not and may never be precise-
ly known. Recently published evidence suggests 
that the risk of CIN in outpatients is much smaller 
than previously thought7. In an analysis of six 
prospective studies8, which included more than 
1000 patients who underwent CECT, the overall 
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prevalence of PC-AKI was 5.1%, and there were 
no cases of death or dialysis as a result of PC-
AKI8. Furthermore, a recent meta-analysis of 13 
controlled studies found a similar or lower rate of 
CECT use compared to non-contrast enhanced CT 
use, suggesting that contrast medium is not the 
causative agent in the majority of PC-AKI cases9.

Some evidence10,11 suggests that the risk of CIN 
is greatest in patients with acute renal failure or 
established chronic renal disease (CKD). Although 
the pathogenesis of PC-AKI is not entirely clear, 
it is directly related to a number of preexisting 
conditions, including diabetes, advanced age, hy-
pertension, dehydration, heart failure, and anemia, 
and the concomitant use of nephrotoxic drugs12. 
The estimated glomerular filtration rate (eGFR) 
is the standard test to measure renal function in 
a stable outpatient population. Davenport et al13 
showed that the use of eGFR thresholds (instead 
of serum creatinine-based thresholds) can more 
appropriately identify patients who may be at risk 
of CIN. Currently, there is no definitive eGFR 
threshold below which the risk of CIN increases, 
and there are wide variations in the risk thresholds, 
prophylactic strategies, and absolute contraindica-
tion levels being applied at a clinical level. Data 
on the true incidence and the screening approach 
or models of outpatients with an abnormal renal 
function referred for CECT are lacking and con-
flicting in the current literature14-16. Therefore, the 
main objective of this study was to document the 
incidence of abnormal eGFR (<60 ml/min/1.73 
m2 and <45 ml/min/1.73 m2) and to determine 
which combination of risk factors mentioned in 
CIN prevention guidelines most accurately detect 
decreased eGFR in patients referred for CECT in 
outpatient settings. Based on our study findings 
and the evidence in the literature, we then devel-
oped a simplified screening method to accurately 
detect patients with an abnormal renal function 
who may benefit from renal assessments to elim-
inate superfluous eGFR testing before CECT and 
thus potentially reduce costs and decrease the 
waiting times in radiology departments.

Patients and Methods 

We enrolled 500 random patients (232 females, 
268 males) in this retrospective study in our tertia-
ry care hospital between October and November 
2020. All the patients were outpatients who were 
scheduled for CECT and had undergone serum 
creatinine and eGFR testing less than 30 days prior 

to CECT. Patients younger than 18 years, emergen-
cy room patients, in-patients, patients in intensive 
care, and patients with missing data were excluded 
from the study. The types of CECT included head 
and neck, vascular, cardiac and chest, and abdo-
men and pelvis CT. The standard departmental 
CT protocol was utilized. This included iodinated 
non-ionic contrast media such as iohexol (Om-
nipaque) and iodixanol (Visipaque) (GE Health 
Care Inc., Boston, MA, USA) with an osmolality 
of 300-350 mOsm/kg/H2O. The dose is usually 
weight-dependent and ranges from 100 to 150 cc. 
The flow rate of the contrast is 2-5 ml/s, and the 
needle size is 18-22 gauge depending on the phase 
of the study (i.e., arterial vs. porto-venous).

We screened for the presence of the risk factors 
associated with abnormal kidney function (i.e., an 
abnormal eGFR) that had been considered in the 
recent literature and most CIN prevention guide-
lines13,17. This was done by reviewing the patients’ 
electronic medical records. Patients with incom-
plete data were excluded from the study. The risk 
factors included the presence of diabetes mellitus, 
hypertension, anemia, congestive heart failure, 
peripheral vascular disease, a history of kidney 
or urological disease, prior kidney surgery, or a 
single kidney. We considered these risk factors 
regardless of whether the patients were currently 
receiving therapy or not. We also did not classify 
these risk factors according to severity or dura-
tion. Certain medications with potential neph-
rotoxicities, such as metformin-containing drug 
combinations, non-steroidal anti-inflammatory 
drugs, and chemotherapy, were reported.

The patients’ kidney function was obtained 
from their electronic records (serum creatinine 
and eGFR) before CECT. eGFR was determined 
using the four-inputs modification of diet in renal 
disease (MDRD-4) formula, which takes into 
account serum creatinine levels, age, race, and 
sex, although the MDRD equation derives from 
a study where only patients under 70 years of 
age were included; therefore, the eGFR results 
should be interpreted cautiously for patients older 
than 70 years. We also recorded the time between 
the eGFR measurement and CECT. Notably, eG-
FR was not measured after CECT to determine 
CIN. The requirement for informed consent was 
waived by the hospital ethics committee as the 
study was retrospective, did not interfere with 
the patients’ management, and did not compro-
mise the patients’ expectations of confidentiality. 
The study was approved by our internal Review 
Board.
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Statistical Analysis 
The descriptive statistics detailing the patients’ 

age characteristics were analyzed using frequen-
cies and relative frequencies (percentage) for the 
categorical variables and means and standard 
variations for the numeric variables. The differ-
ence between the patients’ characteristics in the 
two eGFR groups was compared. A chi-squared 
test or Fisher’s exact test was used for the cat-
egorical variables and an independent t-test for 
the numeric variables. The proposed screening 
method was assessed using sensitivity, specific-
ity, and positive and negative predictive values. 
SPSS software version 26 (IBM, Armonk, NY, 
USA) was used for the statistical analyses, and a 
p-value less than 0.05 was considered significant.

Results 

Patients Characteristics 
We included 500 patients in our study, of 

which 268 (53.6%) were male and 232 (46.4%) 
were female. The mean age of the cohort was 

50±16 years. Among the patients, 345 (69%) were 
<60 years of age, and 155 (31%) were aged >60 
years. The mean body mass index was 28.5±6.7 
kg/m2. The types of CECT included head and 
neck, cardiac and chest, vascular, and abdomen 
and pelvis (Table I).

Risk Factors 
Diabetes was present in 131 (26%) patients, 141 

(28%) had hypertension,15 (3%) had congestive 
heart failure, 73 (14.6%) had anemia,13 (2.6%) 
had peripheral vascular disease, and 37 (7.4%) 
had chronic liver disease. Table I lists the neph-
rotoxic medications in use and the type of CECT.

Incidence of Normal and Abnormal eGFR 
The total number of patients with a normal 

eGFR (≥60 ml/min/1.73 m2) was 464 (92.8%), 
and the number with an eGFR <60 ml/min/1.73 
m2 was 36 (7.2%). The number of patients with 
an eGFR of 59-45 ml/min/1.73 m2 was 31 (6.2%). 
The mean eGFR was 54±4 ml/min/1.73 m2. On-
ly 5 patients had an eGFR <45 ml/min/1.73 m2 
(mean eGFR 42.6±1.5 ml/min/1.73 m2).

Table I. Patient characteristics (N = 500).

   Frequency Percent

Gender Male 268 53.6
 Female 232 46.4
Age, years mean ±SD  50.32 ± 16.42
Age ≤ 60  345 69
Age >60  155 31
Body mass Index (BMI), mean ±SD  28.56 ± 6.76
Creatinine, mean ±SD   72.07 ± 20.63
eGFR < 45   5 1.0
 45-59  31 6.2
 60 and above 464 92.8
Risk Factors 
DM  131 26.2
HTN  141 28.2
CKD   18 3.6
CHF   15 3.0
Anaemia   73 14.6
Liver disease   37 7.4
PVD   13 2.6
Medications
NSAIDs  124 24.8
Chemotherapy  120 24.0
Metformin    49 9.8
Type of CECT Head and neck CT 122 24.4
 Vascular CT 125 25.0
 CT chest and cardiac 125 25.0
 CT abdomen and pelvis 128 25.6

Abbreviations: eGFR; estimated glomerular filtration rate, CECT=contrast enhanced computed tomography, DM; diabetes 
mellitus, CKD; chronic kidney disease, CHF; congestive heart failure, PVD; peripheral vascular disease, NSAID; non-steroidal 
anti-inflammatory drugs.
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Association Between Risk Factors and 
eGFR <60 ml/min/1.73 m2

The total number of patients with an eGFR 
<60 ml/min/1.73 m2 was 36 (7.2%). This included 
the patients with a GFR of 59-45 ml/min/1.73 m2 
and those with an eGFR of <45 ml/min/1.73 m2. 
There were statistically significant associations 

between the normal eGFR and abnormal eGFR 
groups for multiple risk factors, namely, age >60 
years (p<0.0010), diabetes (p<0.001), hyperten-
sion (p<0.001), CKD (p<0.001), and chronic liver 
disease (p<0.012). Otherwise, there were no sta-
tistically significant associations between the two 
groups (Table II). 

Table II. Patient characteristics compared between eGFR groups.

                                      eGFR condition
   
  Normal eGFR ≥ 60 Low eGFR < 60
  (N = 464) (N = 36) p-value*

Gender
  Male N 245 23 0.199
 % 52.8% 63.9% 
  Female N 219 13 
 % 47.2% 36.1% 
Age
  Age ≤ 60 N 330 15 0.001
 % 71.1% 41.7% 
  Age >60 N 134 21 
 % 28.9% 58.3% 
BMI, mean±SD 28.5±6.9 29.2±5.4 0.542
Risk Factors 
  DM N 110 21 <0.001
 % 23.7% 58.3% 
  HTN N 121 20 <0.001
 % 26.1% 55.6% 
 % 0.4% 0.0% 
  CKD N 12 6 0.001
 % 2.6% 16.7% 
  CHF N 14 1 >0.999
 % 3.0% 2.8% 
 % 8.8% 25.0% 
  Anaemia N 65 8 0.179
 % 14.0% 22.2% 
  Liver disease N 30 7 0.012
 % 6.5% 19.4% 
  PVD N 11 2 0.240
 % 2.4% 5.6% 
Nephrotoxic Medications
  NSAIDs N 118 6 0.238
 % 25.5% 16.7% 
  Chemotherapy N 112 8 0.5795
 % 24.1% 22.2% 
  Metformin  N 46 3 0.792
 % 9.9% 8.3% 
Type of CECT
  Head and neck CT N 117 5 0.064
 % 25.2% 13.9% 
  Vascular CT N 120 5 
 % 25.9% 13.9% 
  CT chest and cardiac N 112 13 
 % 24.1% 36.1% 
  CT abdomen and pelvis N 115 13 
 % 24.8% 36.1% 

Abbreviations: eGFR; estimated glomerular filtration rate, CECT=contrast enhanced computed tomography, DM; diabetes 
mellitus, CKD; chronic kidney disease, CHF; congestive heart failure, PVD; peripheral vascular disease, NSAID; non-steroidal 
anti-inflammatory drugs.
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Proposed Screening Method for 
Abnormal Kidney Disease 

The proposed screening approach involved 
screening all the patients with diabetes, hyper-
tension, CKD, or age >60 years. Based on this 
screening method, 257 patients were selected, 
which represented 51.4% of the total sample. All 

the patients with a low eGFR <60 were success-
fully selected (Figure 1). This indicated that the 
screening method had a high sensitivity of 100% 
(95% confidence interval: 90.26%-100.00%) and 
a negative predictive value of 100%, as presented 
in Tables III and IV.

Discussion 

Our study data showed that the incidence of 
an abnormal eGFR <60 ml/min/1.73 m2 in the 
outpatient population referred for CECT was 7.2% 
(6.2% <60 ml/min/1.73 m2 and 1% eGFR <45 ml/
min/1.73 m2), and the mean eGFR of the patients 
with an eGFR <45 was 42.6±1.5 /min/1.73 m2. 
Most importantly, there were no patients with 
an eGFR less than 30 ml/min/1.73 m2. These 
data strongly suggest that routine renal function 
measurement in outpatient populations referred 
for CECT is not indicated as a significant risk for 
CIN from IV iodinated contrast material in all 
outpatients if we use an eGFR <30 ml/min/1.73 m2 
threshold. The patients with an eGFR of 30-44 ml/
min/1.73 m2 were borderline but not at a statistical-
ly significant risk13. In fact, one study showed that 
there is no risk for CIN from IV iodinated contrast 
media regardless of the baseline eGFR11.

Figure 1. Screening for eGFR condition using DM, HTN, 
CKD, or age > 60.

Table III. Screening for eGFR using DM, HTN, CKD, or age > 60.

                              eGFR  condition
   
   Normal eGFR ≥ 60 Low eGFR < 60
   (N = 464) (N = 36) Total

Screening using DM,   Not selected for  
HTN, CKD, or age > 60 for eGFR measurement  N 243 0 243
  % 52.4% 0.0% 48.6%
 Selected for N 221 36 257
  % 47.6% 100.0% 51.4%
Total  N 464 36 500
  % 100.0% 100.0% 100.0%

Abbreviations: eGFR; estimated glomerular filtration rate, DM; diabetes mellitus, CKD; chronic kidney disease.

Table IV. Characteristics of the proposed screening methodology.

 Statistic Value 95% CI

Sensitivity 100.00% 90.26% to 100.00%
Specificity 52.37% 47.72% to 57.00%
Disease prevalence  7.20% 5.09% to 9.83%
Positive predictive value  14.01% 12.90% to 15.20%
Negative predictive value  100.00%  
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Our proposed approach was very conservative 
as we selected only patients with one risk factor, 
namely, diabetes, CKD, hypertension, or age >60 
years. In our study, there was a reduction of 49% 
in the eGFR measurements (from a possible 500 
to 257) when utilizing this very conservative 
approach. All the patients with an eGFR <60 ml/
min/1.73 m2 were detected with sensitivity and 
a negative predictive value of 100%. This sim-
plified conservative approach can eliminate the 
need for pre-contrast renal function assessments 
in approximately 50% of patients. Schreuder et 
al15 showed a 46% reduction in eGFR measure-
ments (from a possible 1001 to 543) using a 
screening model that included diabetes, CKD, 
hypertension, and cardiovascular disease (as well 
as congestive heart failure); however, although 
this model had excellent sensitivity in detecting 
eGFR <45 ml/min/1.73 m2, 11 (1%) patients with 
an eGFR <60 ml/min/1.73 m2 were missed. A 
similar finding was reported by Moos et al18.

Our data also showed a statistically signifi-
cant difference in the risk factors in the patients 
with both normal and abnormal eGFRs. As ex-
pected, these factors (i.e., age >60 years, diabe-
tes mellitus, hypertension, CKD, liver disease) 
were more prevalent in patients with abnormal 
eGFRs. The most prevalent risk factor in our 
population was diabetes (26%). The majority 
of previous studies have reported that diabetes 
is an independent predictor of CIN19. In a large 
study20 of patients with normal renal function, 
diabetes was an independent predictor of CIN 
(odds ratio, 1.19; 95% confidence interval, 1.38-
2.61). The most appropriate characterization of 
diabetes with respect to CIN is that, in the set-
ting of an eGFR <60 ml/min/1.73 m2, diabetes 
amplifies the risk of CIN21. 

There are several risk factors for decreased 
kidney function described in CIN prevention 
guidelines, but these may be cumbersome to 
apply in daily practice. A survey among Euro-
pean radiologists showed that they had highly 
variable insights into the definition, impacts, 
and risk factors for CIN22. Several risk factors 
for predicting CIN are not typically present 
in outpatient populations, such as hypotension 
(systolic blood pressure <80 mmHg for 1 hour 
requiring inotropic support), intra-aortic bal-
loon pumps (within 24 hours periprocedurally), 
and the administration of high-dose contrast 
media. The overall incidence of PC-AKI in a 
study of coronary angiography was higher than 
in studies of patients who received IV iodinated 

contrast media. The data from cardiac angiogra-
phy studies are therefore likely to overestimate 
the risk of CIN in patients undergoing CECT23. 
Although multiple risk factors have been pro-
posed as risk factors for CIN, these factors have 
not been rigorously observed. For example, we 
did not find a significant association between an 
abnormal eGFR and risk factors such as anemia, 
congestive heart failure, peripheral vascular dis-
ease, nephrotoxic medications such as non-ste-
roidal anti-inflammatories, or chemotherapy. 
Notwithstanding, a positive association between 
these risk factors and abnormal renal function 
and CIN has previously been reported24-27. 

Our simplified conservative screening ap-
proach for renal function before IV contrast me-
dium administration is highly concordant with 
previously published expert opinions suggesting 
that a renal assessment is required before CECT 
if a patient has one of the following risk factors: 
age >60 years, history of CKD (e.g., dialysis, kid-
ney transplantation, single kidney, renal cancer, 
or prior renal surgery), a history of hypertension 
requiring medical therapy, or diabetes mellitus, 
or if the patient is on a metformin-containing 
combination therapy28,29.

Limitations 
As with any retrospective study, our inves-

tigation had some limitations. Our study anal-
yses include eGFR and CIN risk factors in a 
single-center hospital. We did not include all 
outpatients referred for IV CECT during the 
study period, and patients with incomplete risk 
factors were excluded. Therefore, selection bias 
cannot be excluded, and our findings cannot be 
generalized without further validation. A large 
multicenter prospective study is needed to bet-
ter define the true incidence of abnormal renal 
function before IV CECT and to better predict 
the patients with risk factors who may benefit 
from a renal assessment before CECT, if there 
are any. We did not perform repeat serum cre-
atinine and eGFR tests in our patients; however, 
the objective of our paper was not to determine 
the rate of CIN, which is a diagnosis with in-
consistent definitions based purely on laboratory 
values. Accordingly, this is not to be considered 
a limitation of the present study. We also did not 
include in-patients or emergency room patients 
as these patients may have other indications 
requiring renal function testing and may have 
different risk factors.
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Conclusions

Based on our study findings of a very low 
incidence of abnormal eGFR (1% eGFR <60 
ml/min/1.73 m2) and a review of literature, we 
arrived at the following conclusions and recom-
mendations: 
• Routine renal function assessment before IV 

CECT in outpatients could be reasonably elim-
inated for all patients since there were no 
patients with an eGFR <30 ml/min/1.73 m2 in 
our study, and there is very little evidence that 
IV iodinated contrast materials are an indepen-
dent risk factor for PC-AKI in patients with an 
eGFR >30 ml/min/1.73 m2.

• All the outpatients in our study without risk 
factors for CIN, namely, age >60 years, diabe-
tes, a history of CKD, or hypertension, had a 
normal renal function.  

• Renal function assessment before IV CECT 
may be justified in high-risk patients, such as 
patients with any of the identified risk factors. 
By selecting these patients for eGFR measure-
ments, the number of superfluous eGFR tests 
can be reduced by approximately 50%, with 
significant cost savings, reduced waiting times 
in the radiology department, and reduced scan-
ner use. 

• Large multicenter or nationwide prospective 
studies are needed to better define the true 
incidence of abnormal eGFRs and accurately 
detect patients who will benefit from renal 
assessment before IV CECT in outpatient set-
tings.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
We thank Dr. Mohammed Elsherif, MBBCh, MPH for as-
sistance in the statistical analysis. 

References

 1) Andreucci M, Solomon R, Tasanarong A. Side ef-
fects of radiographic contrast media: pathogene-
sis, risk factors, and prevention. Biomed Res Int 
2014; 2014: 741018.

 2) Harris MA, Snaith B, Clarke R. Strategies for as-
sessing renal function prior to outpatient con-
trast-enhanced CT: a UK survey. Br J Radiol 
2016; 89: 20160077.

 3) Keaney JJ, Hannon CM, Murray PT. Contrast-in-
duced acute kidney injury: how much contrast is 
safe?. Nephrol Dial Transplant 2013; 28: 1376-
1383.

 4) Morabito S, Pistolesi V, Benedetti G, Di Roma 
A, Colantonio R, Mancone M, Sardella G, Ci-
belli L, Ambrosino M, Polistena F, Pierucci A. 
Incidence of contrast-induced acute kidney in-
jury associated with diagnostic or intervention-
al coronary angiography. Br J Radiol 2016; 25: 
1098-1107.

 5) Lee-Lewandrowski E, Chang C, Gregory K, Le-
wandrowski K. Evaluation of rapid point-of-care 
creatinine testing in the radiology service of a 
large academic medical center: impact on clinical 
operations and patient disposition. Clin Chim Ac-
ta 2012; 413: 88-92.

 6) McDonald RJ, McDonald JS, Newhouse JH, Dav-
enport MS. Controversies in contrast material-in-
duced acute kidney injury: closing in on the truth? 
Radiology 2015; 277: 627-632.

 7) Meinel FG, De Cecco CN, Schoepf UJ, Katzberg 
R. Contrast-induced acute kidney injury: defini-
tion, epidemiology, and outcome. Biomed Res Int 
2014; 2014: 859328.

 8) Katzberg RW, Lamba R. Contrast-induced ne-
phropathy after intravenous administration: fact or 
fiction? Radiol Clin North Am 2009; 47: 789-800, 
v.

 9) McDonald JS, McDonald RJ, Comin J, William-
son EE, Katzberg RW, Murad MH, Kallmes DF. 
Frequency of acute kidney injury following intra-
venous contrast medium administration: a sys-
tematic review and meta-analysis. Radiology 
2013; 267: 119-128.

10) Davenport MS, Cohan RH, Ellis JH. Contrast me-
dia controversies in 2015: imaging patients with 
renal impairment or risk of contrast reaction. AJR 
Am J Roentgenol 2015; 204: 1174-1181.

11) McDonald RJ, McDonald JS, Carter RE, Hartman 
RP, Katzberg RW, Kallmes DF, Williamson E. In-
travenous contrast material exposure is not an in-
dependent risk factor for dialysis or mortality. Ra-
diology 2014; 273: 714-725.

12) Lameire NH. Contrast-induced nephropathy--pre-
vention and risk reduction. Nephrol Dial Trans-
plant 2006; 21: i11-23.

13) Davenport MS, Khalatbari S, Cohan RH, Dillman 
JR, Myles JD, Ellis JH. Contrast material-induced 
nephrotoxicity and intravenous low-osmolality io-
dinated contrast material: risk stratification by us-
ing estimated glomerular filtration rate. Radiology 
2013; 268: 719-728.

14) Moos SI, Nagan G, de Weijert RS, van Vemde 
DN, Stoker J, Bipat S. Patients at risk for con-
trast-induced nephropathy and mid-term effects 
after contrast administration: a prospective cohort 
study. Neth J Med 2014; 72: 363-371.

15) Schreuder SM, Stoker J, Bipat S. Prediction of 
presence of kidney disease in patients under-
going intravenous iodinated contrast enhanced 



A. Fathala, S. Almehemeid, I. Alkharji, R. Alrwais, R. Benkuddah, J. Aljahani

2510

computed tomography: a validation study. Eur 
Radiol 2017; 27: 1613-1621.

16) Too CW, Ng WY, Tan CC, Mahmood MI, Tay KH. 
Screening for impaired renal function in outpa-
tients before iodinated contrast injection: compar-
ing the Choyke questionnaire with a rapid point-
of-care-test. Eur Radiol 2015; 84: 1227-1231.

17) Benko A, Fraser-Hill M, Magner P, Capusten B, 
Barrett B, Myers A, Owen RJ; Canadian Associa-
tion of Radiologists. Canadian Association of Ra-
diologists: consensus guidelines for the preven-
tion of contrast-induced nephropathy. Can Assoc 
Radiol J 2007; 58: 79-87.

18) Moos SI, Stoker J, Nagan G, de Weijert RS, van 
Vemde DN, Bipat S. Prediction of presence of 
kidney disease in a general patient population 
undergoing intravenous iodinated contrast en-
hanced computed tomography. Eur Radiol 2014; 
24: 1266-1275.

19) Bartholomew BA, Harjai KJ, Dukkipati S, Bou-
ra JA, Yerkey MW, Glazier S, Grines CL, O’Neill 
WW. Impact of nephropathy after percutaneous 
coronary intervention and a method for risk strat-
ification. Am J Cardiol 2004; 93: 1515-1519.

20) Lindsay J, Apple S, Pinnow EE, Gevorkian N, 
Gruberg L, Satler LF, Pichard AD, Kent KM, Sud-
dath W, Waksman R. Percutaneous coronary in-
tervention-associated nephropathy foreshadows 
increased risk of late adverse events in patients 
with normal baseline serum creatinine. Catheter 
Cardiovasc Interv 2003; 59: 338-343.

21) McCullough PA, Wolyn R, Rocher LL, Levin RN, 
O’Neill WW. Acute renal failure after coronary 
intervention: incidence, risk factors, and rela-
tionship to mortality. Am J Med 1997; 103: 368-
375.

22) Reddan D, Fishman EK. Radiologists’ knowledge 
and perceptions of the impact of contrast-induced 
nephropathy and its risk factors when performing 

computed tomography examinations: a survey 
of European radiologists. Eur J Radiol 2008; 66: 
235-245.

23) Katzberg RW, Newhouse JH. Intravenous con-
trast medium-induced nephrotoxicity: is the med-
ical risk really as great as we have come to be-
lieve? Radiology 2010; 256: 21-28.

24) Li WH, Li DY, Han F, Xu TD, Zhang YB, Zhu H. 
Impact of anemia on contrast-induced nephrop-
athy (CIN) in patients undergoing percutaneous 
coronary interventions. Int Urol Nephrol 2013; 45: 
1065-1070.

25) McKechnie RS, Smith D, Montoye C, Kline-Rog-
ers E, O’Donnell MJ, DeFranco AC, Meengs WL, 
McNamara R, McGinnity JG, Patel K, Share D, 
Riba A, Khanal S, Moscucci M; Blue Cross Blue 
Shield of Michigan Cardiovascular Consortium 
(BMC2). Prognostic implication of anemia on 
in-hospital outcomes after percutaneous coro-
nary intervention. Circulation 2004; 110: 271-277.

26) Ho YF, Hsieh KL, Kung FL, Wu FL, Hsieh LL, 
Chou H, Chen SJ. Nephrotoxic polypharmacy 
and risk of contrast medium-induced nephrop-
athy in hospitalized patients undergoing con-
trast-enhanced CT. AJR Am J Roentgenol 2015; 
205: 703-708.

27) Andreucci M, Faga T, Pisani A, Sabbatini M, Rus-
so D, Michael A. Prevention of contrast-induced 
nephropathy through a knowledge of its patho-
genesis and risk factors. ScientificWorldJournal 
2014; 2014: 823169.

28) Choyke PL, Cady J, DePollar SL, Austin H. De-
termination of serum creatinine prior to iodinat-
ed contrast media: is it necessary in all patients? 
Tech Urol 1998; 4: 65-69.

29) Tippins RB, Torres WE, Baumgartner BR, 
Baumgarten DA. Are screening serum creatinine 
levels necessary prior to outpatient CT examina-
tions? Radiology 2000; 216: 481-484.


