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Contrast Medium–induced 
Nephrotoxicity Risk Assessment 
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of Serum Creatinine Level– and 
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Rate–based Screening Methods1

Matthew S. Davenport, MD
Shokoufeh Khalatbari, MS
Richard H. Cohan, MD
James H. Ellis, MD

Purpose: To compare serum creatinine (SCr) level– and esti-
mated glomerular filtration rate (eGFR)-based screening 
methods for identifying adult inpatients at risk for con-
trast medium–induced nephrotoxicity (CIN).

Materials and 
Methods:

Institutional review board approval was obtained; in-
formed consent was waived for this HIPAA-compliant 
retrospective study. Computed tomographic examinations 
performed during 10 years in adult inpatients with stable 
renal function were identified (n = 28 390). The propor-
tion of inpatients meeting various eGFR (60, ,60, ,45, 
,30, 30–44, 45–59 mL/min/1.73 m2) and SCr (,1.5, 
1.5, 1.6, 1.7, 1.8, 1.9, 2.0 mg/dL) thresh-
olds were contrasted with each other and with published 
guidelines (2.0 mg/dL [SCr] and ,45 mL/min/1.73 m2 
[eGFR]) using McNemar and binomial tests.

Results: Most inpatients were considered low risk for CIN with com-
monly used thresholds: 92.6% (26 285 of 28 390) had SCr 
,1.5 mg/dL; 91.3% (25 922 of 28 390) had eGFR of 45 
mL/min/1.73 m2. Using SCr threshold of 1.5 mg/dL, iden-
tified inpatients had the following eGFRs: 19.6% (413 of 
2105), 45–59 mL/min/1.73 m2; 51.1% (1075 of 2105), 30–44 
mL/min/1.73 m2; 28.6% (603 of 2105), ,30 mL/min/1.73 
m2; and 0.7% (14 of 2105), 60 mL/min/1.73 m2 . Using 
SCr threshold of 2.0 mg/dL, identified inpatients had the 
following eGFRs: 100% (658 of 658), ,45 mL/min/1.73 m2; 
74.6% (491 of 658), ,30 mL/min/1.73 m2. Threshold of 
SCr 2.0 mg/dL could not be used to identify eGFR ,30 
mL/min/1.73 m2 in 0.4% (112 of 28 390) and ,45 mL/
min/1.73 m2 in 6.4% (1810 of 28 390) of all inpatients. Using 
eGFR ,45 mL/min/1.73 m2 instead of SCr of 1.5 mg/dL 
would result in a significant but small increase in identified 
inpatients (8.7% [2468 of 28 390; 95% confidence interval: 
8.4%, 9.0%] vs 7.4% [2105 of 28 390; 95% confidence inter-
val: 7.1%, 7.7%]; P , .0001).

Conclusion: Screening using eGFR ,45 mL/min/1.73 m2 instead of 
common SCr thresholds would significantly increase the 
number of inpatients identified to be at risk for CIN but 
would reduce misidentification of a large number of inpa-
tients at low risk according to eGFR criteria.
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In contradistinction to the Ameri-
can experience, the European Society 
of Urogenital Radiology (ESUR) has 
adopted an eGFR-based screening 
strategy (18,19), in which CIN risk 
for iodinated contrast media is strati-
fied by both eGFR and expected route 
of administration (with a threshold 
level of , 45 mL/min/1.73 m2 used to 
indicate patients at risk prior to IV in-
jections). The ESUR guideline is sup-
ported by a large propensity-matched 
retrospective multivariate analysis 
of adult inpatients with stable renal 
function (20) that showed that IV io-
dinated contrast medium is a border-
line nephrotoxic risk factor in patients 
with an eGFR of 30–44 mL/min/1.73 
m2 and is a substantial nephrotoxic 
risk factor in patients with an eGFR 
of lower than 30 mL/min/1.73 m2. 
The ESUR position is also supported 
by findings in other series (21–24) 
that demonstrated that the incidence 
of post–computed tomographic (CT) 
acute kidney injury is highly corre-
lated with increasing stage of chronic 
kidney disease, with those patients 
who have an eGFR of lower than 45 

clinical landscape (3). In a 2006 survey 
of academic, private, and mixed radi-
ology practices in the United States, 
Elicker et al (3) demonstrated that 92% 
(369 of 400) of all surveyed radiologists 
still used an SCr level–based threshold 
value to stratify CIN risk prior to in-
patient examinations, while only 2% 
(eight of 400) used estimated creatinine 
clearance. In addition, because of the 
lack of published studies in which CIN 
risk relative to eGFR was assessed, the 
ACR Manual on Contrast Media from 
the ACR Committee on Drugs and Con-
trast Media of the American College of 
Radiology (ACR) (4) does not advocate 
eGFR-based screening. In fact, it offers 
no definitive guideline in regard to any 
laboratory-based screening threshold 
level, although it does state that, owing 
to recent evidence indicating CIN fol-
lowing intravenous (IV) iodinated con-
trast material administration is much 
less common than previously believed 
(5–17), an SCr “threshold [level] of 2.0 
mg/dL in the setting of stable chronic 
renal insufficiency is probably safe for 
most patients” (4). (For SCr values, to 
convert conventional units to Système 
International units in micromoles per 
liter, multiply by 88.4.)

A lthough estimated glomerular 
filtration rate (eGFR) is widely 
recognized by nephrologists as 

more accurate than serum creatinine 
(SCr) level for the assessment of renal 
function in patients with stable chronic 
kidney disease (1,2), SCr level–based 
screening strategies to predict preproce-
dural risk for contrast medium–induced 
nephrotoxicity (CIN) still dominate the 

Implications for Patient Care

nn Conversion to an eGFR-based 
screening method for assessing 
preprocedural CIN risk by using 
a lower than 45 mL/min/1.73 m2 
threshold level would result in a 
significant but small increase in 
the number of identified at-risk 
adult inpatients compared with 
the more commonly used SCr 
threshold level of 1.5 mg/dL or 
higher.

nn Conversion to an eGFR-based 
screening method for assessing 
preprocedural CIN risk by using 
a lower than 45 mL/min/1.73 m2 
threshold level would reduce the 
misidentification of a large 
number of adult inpatients at low 
risk for CIN on the basis of 
eGFR criteria that are identified 
by using a 1.5 mg/dL or higher 
SCr threshold level.

Advances in Knowledge

nn Converting from a serum creati-
nine (SCr) level–based screening 
process using a 1.5 mg/dL or 
higher threshold level to an esti-
mated glomerular filtration rate 
(eGFR)-based screening process 
using a lower than 45 mL/
min/1.73 m2 threshold level for 
contrast medium–induced neph-
rotoxicity (CIN) risk in adult 
inpatients will result in a signifi-
cant but small increase in the 
number of identified at-risk inpa-
tients (7.4% [2105 of 28 390; 
95% confidence interval {CI}: 
7.1%, 7.7%] vs 8.7% [2468 of 
28 390; 95% CI: 8.4%, 9.0%], 
respectively; P , .0001).

nn An SCr screening threshold level 
for CIN of 2.0 mg/dL or higher 
would fail to identify an eGFR 
lower than 30 mL/min/1.73 m2 in 
0.4% (112 of 28 390; 95% CI: 
0.33%, 0.48%) and an eGFR 
lower than 45 mL/min/1.73 m2 in 
6.4% (1810 of 28 390; 95% CI: 
6.1%, 6.7%) of the adult inpa-
tient population.

nn An SCr screening threshold level 
for CIN of 1.5 mg/dL or higher 
will capture a large number of 
adult inpatients (20.3% [427 of 
2105]; 95% CI: 18.6%, 22.1%) 
with an eGFR of 45 mL/min/1.73 
m2 or higher.

nn An eGFR screening threshold 
level for CIN of lower than 45 
mL/min/1.73 m2 will capture a 
large minority of adult inpatients 
(32.0% [790 of 2468]; 95% CI: 
30.2%, 33.9%) with an SCr level 
of lower than 1.5 mg/dL.
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cohorts were partially derived from 
the larger study population reported 
in this study (13 644 inpatients and 
CT studies are shared among all three 
studies).

Renal Function
Renal function was evaluated for each 
patient by using two methods: (a) pre-
CT SCr level and (b) pre-CT eGFR 
(calculated by using pre-CT SCr level 
and the four-variable MDRD equa-
tion). Patients with a pre-CT SCr level 
that met one or more threshold levels 
(,1.5, 1.5, 1.6, 1.7, 1.8, 1.9, 
2.0 mg/dL) were further stratified 
by using a variety of eGFR categories 
(60, ,60, ,45, ,30, 30–44, 45–59 
mL/min/1.73 m2) to determine the 
number of patients that colocalized to 
each SCr level–eGFR subgroup. Sim-
ilarly, patients with a pre-CT eGFR 
level that met one or more threshold 
levels (60, ,60, ,45, ,30, 59–45, 
30–44 mL/min/1.73 m2) were further 
stratified by using a variety of SCr 
level categories (,1.5, 1.5, 1.6, 
1.7, 1.8, 1.9, 2.0 mg/dL) to 
determine the number of patients that 
colocalized to each eGFR–SCr level 
subgroup.

Statistical Analysis
Categorical data (eg, proportion of 
patients in each SCr level–eGFR and 
eGFR–SCr level subgroup) are sum-
marized with counts and percentages. 
The 95% confidence intervals (CIs) 
are included for some of the estimated 
proportions where subgroup differ-
ences were tested. Subgroup com-
parisons were made by using McNe-
mar tests. Binomial tests were used 
for comparison of independent sub-
groups. The proportion of inpatients 
in each renal function subgroup were 
compared with published SCr level– 
and eGFR-based screening guidelines 
from the ACR (4) (ie, 2.0 mg/dL 
for the SCr threshold level) and from 
the ESUR (18,19) (, 45 mL/min/1.73 
m2 for the eGFR threshold level) by 
using the McNemar test. These com-
parisons were made to illustrate how 
many and which patients would be 
captured by using these threshold 

SCr level obtained more than 5 days 
prior to the index CT examination), 
(b) pre-CT SCr level (the most recent 
SCr level obtained between the time of 
the index CT examination and 5 days 
prior), and (c) at least one of three 
early post-CT SCr values (the first SCr 
value obtained in each 24-hour period 
for the first 72 hours after the index 
CT examination). The MDRD eGFR 
calculations were performed by us-
ing the pre-CT SCr level. There were 
75 699 CT examinations that met the 
inclusion criteria.

CT examinations were excluded if 
they belonged to a patient who had un-
dergone an earlier CT examination that 
met the inclusion criteria (n = 30 250 
CT examinations). An additional 520 
examinations were excluded because 
of missing data in regard to contrast 
material administration; 16 152 were 
excluded because the patients had un-
stable renal function prior to the CT 
study, and 387 were excluded because 
the calculated eGFR was higher than 
200 mL/min/1.73 m2. Unstable renal 
function was defined as an increase or 
decrease in SCr level by 50% of base-
line and/or 0.3 mg/dL when comparing 
the pre-CT SCr level with the baseline 
SCr level (25). Patients with unstable 
renal function and patients with eGFR 
higher than 200 mL/min/1.73 m2 were 
excluded because eGFR calculations are 
not reliable in this setting (1).

The final study population was 
composed of 28 390 adult inpatients 
with stable renal function (14 786 fe-
male patients [mean age, 58 years; 
range, 18–103 years] and 13 604 male 
patients [mean age, 58 years; range, 
18–101 years]) imaged in 12 538 
nonenhanced CT examinations and 
15 852 contrast material–enhanced 
CT examinations. This population 
included 2933 African Americans, 
81 multiracial patients, 453 Asians, 
23 743 whites, 317 Hispanics, 109 
Middle Easterners, 75 Native Ameri-
cans, eight Pacific Islanders, 14 South 
Asians, and 657 patients of other 
races. In two prior studies (20,26) 
in which the researchers investigated 
the role of IV iodinated contrast ma-
terial in the development of CIN, the 

mL/min/1.73 m2 being at highest risk. 
However, most of these other studies 
are limited by a lack of appropriate 
control subjects who have not re-
ceived contrast material (raising the 
substantial question of whether the 
incidence of post-CT acute kidney in-
jury in those studies is primarily due 
to CIN or other causes).

As clinicians in practices consider 
changing from an SCr-based strategy 
to a potentially more accurate eGFR-
based strategy for assessing preproce-
dural renal function, it would be useful 
to know how such a shift would affect 
the number of patients considered at 
risk for CIN and whether these pa-
tients would be the same patients 
previously considered at risk. The 
purpose of our study was to compare 
SCr level– and eGFR-based screening 
methods for identifying adult inpa-
tients at risk for CIN.

Materials and Methods

Two authors (R.H.C. and J.H.E.) are 
consultants to a law firm representing 
GE Healthcare (Milwaukee, Wis) in re-
gard to ongoing nephrogenic systemic 
fibrosis litigation. Another author 
(M.S.D.) had control of all data that 
might represent a conflict of interest 
for the other authors. Institutional re-
view board approval was obtained, and 
the requirement for informed patient 
consent was waived for this Health In-
surance Portability and Accountability 
Act–compliant retrospective study.

Subjects
The study population was composed 
of all adult (18 years) inpatients who 
had never undergone renal replacement 
therapy (eg, dialysis, renal transplanta-
tion) but who had undergone CT exami-
nations of any type at a single large aca-
demic institution from January 1, 2000, 
to May 14, 2010.

Inclusion criteria included avail-
able data to permit calculation of the 
four-variable Modification of Diet in 
Renal Disease (MDRD) eGFR formula 
(age, race, sex, SCr level) and all of 
the following SCr measurements: (a) 
baseline SCr level (the most recent 
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at risk for CIN will vary with changes 
in CIN screening policies. For example, 
if clinicians in a practice are using an 
SCr threshold level of 1.5 mg/dL or 
higher for adult inpatients with stable 
renal function, and a change is made 
to emphasize eGFR-based screening, 
those clinicians in that practice can ex-
pect that approximately 20% (19.6%, 
413 of 2105) of inpatients previously 
considered at risk (SCr level, 1.5 
mg/dL) will have an eGFR between 
45 and 59 mL/min/1.73 m2, approx-
imately 50% (51.1%, 1075 of 2105) 
will have an eGFR between 30 and 
44 mL/min/1.73 m2, approximately 
30% (28.6%, 603 of 2105) will have 
an eGFR lower than 30 mL/min/1.73 
m2, and approximately 1% (0.7%, 14 
of 2105) will have an eGFR of 60 mL/
min/1.73 m2 or higher (Table 3).

Because inpatients with an eGFR 
of 45 mL/min/1.73 m2 or higher are 
probably not at substantial risk of de-
veloping CIN from IV iodinated contrast 
material (18–20), use of a 1.5 mg/dL 
or higher SCr screening threshold level 
will result in the inadvertent inclusion 
of approximately 20% (20.3% [427 of 
2105]; 95% CI: 18.6%, 22.1%) of inpa-
tients who are not at a particularly in-
creased risk (eGFR, 45 mL/min/1.73 
m2). However, on the basis of our data, 
conversion from a 1.5 mg/dL or higher 
SCr threshold level to a lower than 45 
mL/min/1.73 m2 eGFR threshold level 
would actually result in a significantly 
larger fraction of patients being iden-
tified as at risk (Table 1) (7.4% [2105 
of 28 390; 95% CI: 7.1%, 7.7%] vs 
8.7% [2468 of 28 390; 95% CI: 8.4%, 
9.0], P , .0001). This is because in our 
data set there were more inpatients 
(n = 790) with an eGFR lower than 45 
mL/min/1.73 m2 who had an SCr level 
lower than 1.5 mg/dL than there were 
inpatients (n = 427) who had an eGFR 
of 45 mL/min/1.73 m2 or higher with 
an SCr level of 1.5 mg/dL or higher.

Using the ACR-considered SCr 
threshold level of 2.0 mg/dL or higher, 
74.6% (491 of 658) of identified at-risk 
inpatients had an eGFR lower than 30 
mL/min/1.73 m2, and 100% (658 of 
658) had an eGFR lower than 45 mL/
min/1.73 m2 (Table 2). This means 

42.6% (95% CI: 38.7%, 46.4%) and 
44.6% (95% CI: 40.6%, 48.7%) in in-
patients with an SCr level of 2.0 mg/
dL or higher (42.6%, 280 of 658) or an 
eGFR lower than 30 mL/min/1.73 m2 
(44.6%, 269 of 603), respectively. The 
rate of diabetes mellitus was relatively 
constant among all SCr-level subgroups 
with threshold levels of 1.5 mg/dL or 
higher and eGFR subgroups with thresh-
old levels lower than 45 mL/min/1.73 m2, 
ranging from 36.1% (673 of 1865), with 
an eGFR of 30–44 mL/min/1.73 m2, to 
44.6% (269 of 603), with an eGFR lower 
than 30 mL/min/1.73 m2.

Tables 2 and 3 show stratification 
of the inpatient population by using 
pre-CT SCr levels and demonstrate the 
observed proportion of inpatients at a 
given SCr threshold level that also met 
one or more eGFR threshold levels. 
Tables 4 and 5 exhibit similar findings 
in reverse, starting with eGFR and 
displaying the observed proportion of 
inpatients at a given eGFR threshold 
level that also met one or more SCr 
threshold levels. These tables can be 
used to make predictions about how 
the population of inpatients labeled as 

levels as opposed to each other, as 
well as opposed to other commonly 
used threshold levels (3).

Results

Table 1 details the proportion of inpa-
tients with stable renal function prior to 
CT who met each SCr level and eGFR 
threshold value, as well as the fraction of 
inpatients in each subgroup with type 1 
or 2 diabetes mellitus. Most inpatients 
would not be considered at risk for CIN 
by using any commonly accepted met-
ric: Of 28 390 inpatients, 92.6% (26 285) 
had an SCr level lower than 1.5 mg/
dL, 78.9% (22 397) had an eGFR of 60 
mL/min/1.73 m2 or higher, and 91.3% 
(25 922) had an eGFR of 45 mL/min/1.73 
m2 or higher. The fraction of inpatients 
with diabetes mellitus was significantly 
higher (P , .0001) in those with impaired 
renal function, with rates of 18.1% (95% 
CI: 17.6%, 18.6%) and 19.7% (95% 
CI: 19.2%, 20.2%) in inpatients with an 
eGFR of 60 mL/min/1.73 m2 or higher 
(18.1%, 4046 of 22 397) or an SCr level 
lower than 1.5 mg/dL (19.7%, 5171 of 
26 285), respectively, and with rates of 

Table 1

Adult Inpatients with Stable Renal Function Who Met SCr or eGFR Threshold Levels 
before Diagnostic CT Examinations of Any Type

Renal Function Criteria and Threshold Levels Proportion of Inpatients (n = 28 390) (%) Proportion with DM (%)

SCr level (mg/dL)*
  ,1.5 92.6 (26 285) 19.7 (5171/26 285)
  1.5 7.4 (2105) 38.7 (814/2105)
  1.6 5.6 (1604) 40.3 (647/1604)
  1.7 4.4 (1239) 41.6 (515/1239)
  1.8 3.5 (981) 42.9 (421/981)
  1.9 2.8 (798) 43.1 (344/798)
  2.0 2.3 (658) 42.6 (280/658)
eGFR (mL/min/1.73 m2)
  60 78.9 (22 397) 18.1 (4046/22 397)
  45 91.3 (25 922) 19.5 (5043/25 922)
  45–59 12.4 (3525) 28.3 (997/3525)
  30–44 6.6 (1865) 36.1 (673/1865)
  ,30 2.1 (603) 44.6 (269/603)
  ,45 8.7 (2468) 38.2 (942/2468)
  ,60 21.1 (5993) 32.4 (1939/5993)

Note.—Total population in the study was 28 390. DM = type 1 or 2 diabetes mellitus. Numbers in parentheses were used to 
calculate the percentages.

* To convert to Système International units in micromoles per liter, multiply by 88.4.
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significant reduction in the number of 
inpatients labeled as at risk (for 1.5, 
1.6, 1.7, 1.8, and 1.9 mg/dL, P 
, .0001; for 2.0 mg/dL, P = .001).

Discussion

Our study results demonstrate the ef-
fect on inpatient CIN risk assignment of 

eGFR threshold level of lower than 45 
mL/min/1.73 m2. In contrast, if a com-
monly used SCr level–based screening 
threshold level (SCr, 1.5–2.0 mg/
dL) is changed to a lower than 30 mL/
min/1.73 m2 eGFR-based screening 
threshold level (the population at high-
est risk of CIN from IV iodinated con-
trast material [18–20]), there will be a 

that all identified inpatients with a 
SCr level of 2.0 mg/dL or higher had 
an eGFR that has been associated with 
either a borderline or substantially in-
creased risk of CIN (18–20). However, 
an SCr threshold level of 2.0 mg/dL 
or higher would not identify an eGFR 
lower than 30 mL/min/1.73 m2 in 0.4% 
(112 of 28 390; 95% CI: 0.33%, 0.48%)  
of all inpatients and an eGFR lower 
than 45 mL/min/1.73 m2 in 6.4% (1810 
of 28 390; 95% CI: 6.1%, 6.7%) of all 
inpatients. This indicates that a small 
number of potentially at-risk inpatients 
still will not be identified as at risk by 
using a 2.0 mg/dL SCr threshold level.

If the suggested threshold level of 
the ESUR of lower than 45 mL/min/1.73 
m2 is used, approximately 30% (32.0% 
[790 of 2468]; 95% CI: 30.2%, 33.9%)  
of included inpatients will have an SCr 
level lower than 1.5 mg/dL. This rep-
resents a large proportion of inpatients 
that would not have been identified with 
most currently used SCr level–based 
screening methods (3). None of the in-
patients (zero of 2468) in our population 
with both an eGFR lower than 45 mL/
min/1.73 m2 and an SCr level lower than 
1.5 mg/dL had an eGFR lower than 30 
mL/min/1.73 m2. Therefore, all of the 
inpatients who were identified as poten-
tially at risk by using the eGFR-based 
criterion of a level lower than 45 mL/
min/1.73 m2 who also had an SCr level 
lower than 1.5 mg/dL were in the bor-
derline-risk eGFR population, and not 
the highest-risk eGFR population (20).

If any of the commonly used SCr 
level–based screening threshold levels 
(SCr,  1.5–2.0 mg/dL) are converted 
to an eGFR-based screening method 
using a threshold level of lower than 
45 mL/min/1.73 m2, there will be a 
significant increase in the number of 
patients labeled “at-risk” (for  1.5,  
1.6,  1.7,  1.8,  1.9, and  2.0 
mg/dL, P , .0001). As Table 1 shows, 
the SCr threshold levels of 1.5 mg/
dL or higher and 2.0 mg/dL or higher 
could be used to identify 7.4% (2105 
of 28 390; 95% CI: 7.1%, 7.7%) and 
2.3% (658 of 28 390; 95% CI: 2.1%, 
2.5%), respectively, of inpatients as 
at risk, compared with 8.7% (2468 of 
28 390; 95% CI: 8.4%, 9.0%) for the 

Table 4

Adult Inpatients with Stable Chronic Kidney Disease Who Met One or More eGFR 
Threshold Levels and One or More SCr Threshold Levels before Diagnostic CT 
Examinations of Any Type: Stratification Beginning with eGFR

eGFR Proportion of Inpatients (%) Proportion with DM (%)

SCr Level , 1.5
60 99.9 (22 383/22 397) 18.1 (4045/22 383)
,60 65.1 (3902/5993) 35.9 (1399/3902)
,45 32.0 (790/2468) 34.6 (273/790)
,30 0 (0/603) NA

SCr Level  1.5
60 0.1 (14/22 397) 7.1 (1/14)
, 60 34.9 (2091/5993) 38.9 (813/2091)
,45 68.0 (1678/2468) 39.9 (669/1678)
,30 100 (603/603) 44.6 (269/603)

SCr Level  1.6
60 0 (0/22 397) NA
,60 26.8 (1604/5993) 40.3 (647/1604)
,45 60.4 (1491/2468) 40.8 (609/1491)
,30 100 (603/603) 44.6 (269/603)

SCr Level  1.7
60 0 (0/22 397) NA
,60 20.7 (1239/5993) 41.6 (515/1239)
,45 48.8 (1204/2468) 41.7 (502/1204)
,30 100 (603/603) 44.6 (269/603)

SCr Level  1.8
60 0 (0/22 397) NA
,60 16.4 (981/5993) 42.9 (421/981)
,45 39.2 (967/2468) 42.8 (414/967)
,30 94.9 (572/603) 44.4 (254/572)

SCr Level  1.9
 60 0 (0/22 397) NA
,60 13.3 (798/5993) 43.1 (344/798)
,45 32.2 (794/2468) 42.9 (341/794)
,30 87.4 (527/603) 43.8 (231/527)

SCr Level  2.0
60 0 (0/22 397) NA
,60 11.0 (658/5993) 42.6 (280/658)
,45 26.7 (658/2468) 42.6 (280/658)
,30 81.4 (491/603) 43.2 (212/491)

Note.—The SCr level was measured in milligrams per deciliter, and the conversion factor for Système International units is given 
in Table 1. The eGFR was measured in milliliters per minute per 1.73 m2. The proportion of inpatients refers to the proportion of 
inpatients at that eGFR level. The denominator of each percentage is based on the total number of patients who met each eGFR 
threshold level (Table 1). Numbers in parentheses were used to calculate the percentages. DM = type 1 or 2 diabetes mellitus, 
NA = not available.
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changing preprocedural screening prac-
tices from SCr level–based methods to 
eGFR-based methods, and vice versa. 
Converting from an SCr level–based 
method (SCr level, 1.5–2.0 mg/dL) to 
an eGFR-based method using a lower 
than 45 mL/min/1.73 m2 threshold 
level, as has been recommended by the 
ESUR (18,19), will result in an increase 

in the number of inpatients identified 
as at risk for CIN. This effect will be 
minor if an SCr threshold level of 1.5 
mg/dL or higher was used previously 
(the number of identified inpatients will 
increase from 7.4% to 8.7%) or will be 
substantial if an SCr threshold level of 
2.0 mg/dL or higher was used previously 
(the number of identified inpatients will 

increase from 2.3% to 8.7%). This ef-
fect is reversed if an eGFR threshold 
level of lower than 30 mL/min/1.73 m2 
is chosen instead of the lower than 45 
mL/min/1.73 m2 threshold level, with a 
reduction in the number of inpatients 
labeled as at risk for all commonly used 
SCr threshold levels (3).

In two large propensity-matched ret-
rospective multivariate analyses in which 
CIN risk was stratified by using preproce-
dural SCr level (26) and eGFR (20), the 
researchers showed that the overall pop-
ulation of inpatients with either an SCr 
level lower than 1.5 mg/dL or an eGFR of 
45 mL/min/1.73 m2 or higher were not at 
increased risk of CIN and that inpatients 
with an eGFR of 30–44 mL/min/1.73 m2 
were at borderline increased risk of CIN 
(20). In our study, none of the inpatients 
with an SCr level lower than 1.5 mg/dL 
had an eGFR lower than 30 mL/min/1.73 
m2, and only 3.0% (790 of 26 285) had 
an eGFR of 30–44 mL/min/1.73 m2. Of 
inpatients with an eGFR lower than 30 
mL/min/1.73 m2, 100% (603 of 603) had 
an SCr level of 1.7 mg/dL or higher and 
81.4% (491 of 603) had an SCr level of 
2.0 mg/dL or higher.

In 2008, Herts et al (27) evaluated 
the incidence of renal insufficiency in 
patients being screened prior to out-
patient CT (2689 patients had suffi-
cient data to compute the four-variable 
MDRD eGFR formula) and then com-
pared the number of patients who had 
an SCr level higher than 1.4 mg/dL with 
the number of patients with an eGFR 
lower than 60 mL/min/1.73 m2. The au-
thors found that a substantially greater 
fraction of patients met the eGFR cri-
terion than met the SCr level criterion 
(15.3% [412 of 2689] vs 6.2% [166 of 
2689], P , .0001). These two thresh-
old levels were chosen to determine the 
ramifications of changing CIN screening 
from a commonly used SCr threshold 
level (.1.4 mg/dL), which is the same 
as our 1.5 mg/dL threshold level, to 
a less commonly used eGFR threshold 
level (,60 mL/min/1.73 m2). The au-
thors made an assumption that these 
SCr level and eGFR cutoff values ap-
propriately indicated a threshold level 
above or below which a patient might 
be at increased risk for developing CIN. 

Table 5

Adult Inpatients with Stable Chronic Kidney Disease Who Met One or More eGFR 
Threshold Levels and One or More SCr Threshold Levels before Diagnostic CT 
Examinations of Any Type: Stratification Beginning with eGFR

eGFR Proportion of Inpatients (%) Proportion with DM (%)

SCr Level , 1.5
60 99.9 (22 383/22 397) 18.1 (4045/22 383)
45–59 88.3 (3112/3525) 36.2 (1126/3112)
30–44 42.4 (790/1865) 34.6 (273/790)
,30 0 (0/603) NA

SCr Level  1.5
 60 0.1 (14/22 397) 7.1 (1/14)
45–59 11.7 (413/3525) 34.9 (144/413)
30–44 57.6 (1075/1865) 37.2 (400/1075)
,30 100 (603/603) 44.6 (269/603)

SCr Level  1.6
 60 0 (0/22 397) NA
45–59 3.2 (113/3525) 33.6 (38/113)
30–44 47.6 (888/1865) 38.3 (340/888)
,30 100 (603/603) 44.6 (269/603)

SCr Level  1.7
 60 0 (0/22 397) NA
45–59 1.0 (35/3525) 37.1 (13/35)
30–44 32.2 (601/1865) 38.8 (233/601)
,30 100 (603/603) 44.6 (269/603)

SCr Level  1.8
60 0 (0/22 397) NA
45–59 0.4 (14/3525) 50 (7/14)
30–44 21.2 (395/1865) 40.5 (160/395)
,30 94.9 (572/603) 44.4 (254/572)

SCr Level  1.9
60 0 (0/22 397) NA
45–59 0.1 (4/3525) 75.0 (3/4)
30–44 14.3 (267/1865) 41.2 (110/267)
,30 87.4 (527/603) 43.8 (231/527)

SCr Level  2.0
60 0 (0/22 397) NA
45–59 0 (0/3525) NA
30–44 9.0 (167/1865) 40.7 (68/167)
,30 81.4 (491/603) 43.2 (212/491)

Note.—The SCr level was measured in milligrams per deciliter, and the conversion factor for Système International units is given 
in Table 1. The eGFR was measured in milliliters per minute per 1.73 m2. The proportion of inpatients refers to the proportion of 
inpatients at that eGFR level. The denominator of each percentage is based on the total number of patients in each eGFR 
category (Table 1). Numbers in parentheses were used to calculate the percentages. DM = type 1 or 2 diabetes mellitus, NA = 
not available.
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that such absent information would 
not have been necessary for this study. 
However, given that this number of pa-
tients is small, relative to the overall 
study population (1.8%, 520 of 28 390), 
and that missing contrast material doc-
umentation is probably not a cause of 
bias with respect to SCr and/or eGFR  
determinations, we do not believe that 
this limitation is substantial. The study 
population was derived from patients 
with repeated SCr measurements. This 
factor could have biased our results to-
ward patients with greater renal func-
tion impairment. However, we would 
not expect this potential bias to have 
had a greater effect on either SCr level 
or eGFR calculations; therefore, such a 
bias is unlikely to have affected our con-
clusions. An additional limitation was 
that, in our study, we solely assessed 
the relationship of SCr and eGFR with 
respect to the inpatient population. 
The inpatient population in this study 
is probably older than the general out-
patient population, and older patients 
tend to have lower eGFR determinations 
than younger patients with otherwise 
identical SCr levels, age, and sex. Other 
studies would be needed to determine 
whether the conclusions of this study 
remain true for outpatient screening. 
Finally, our study population was com-
posed solely of patients with stable re-
nal function. This factor was so because 
both SCr level and the MDRD formula 
(which relies on SCr level) are inaccu-
rate in patients with unstable renal func-
tion because SCr is a lagging indicator of 
renal function. Furthermore, the MDRD 
formula does not incorporate body mass 
index or other measures of muscle mass 
that may affect SCr levels.

In summary, screening by using 
eGFR lower than 45 mL/min/1.73 m2 
instead of commonly used SCr thresh-
old levels would result in a significant 
increase in the number of patients iden-
tified as at risk for CIN; this effect would 
be minor (8.7% vs 7.4%) compared 
with a threshold level of 1.5 mg/dL and 
substantial compared with a thresh-
old level of 2.0 mg/dL (8.7% vs 2.3%). 
Our study results showed that a small 
number of inpatients with eGFR levels 
lower than 45 and/or lower than 30 mL/

They concluded that using eGFR to 
identify patients with renal insufficiency 
prior to CT may lead to a substantially 
greater fraction (approximately 2.5 
times) of patients being considered at 
risk. This conclusion differs somewhat 
from ours, but there are several impor-
tant distinctions between our two stud-
ies that may explain this discrepancy.

Herts et al (27) evaluated outpatients 
prior to contrast-enhanced CT and did 
not limit their analysis to patients with 
stable renal function; in contrast, in 
our study, we assessed inpatients with 
stable renal function prior to CT exam-
inations of any type (both nonenhanced 
and contrast enhanced). In addition, and 
more important, in their study, these re-
searchers considered the use of eGFR 
lower than 60 mL/min/1.73 m2 to signify 
increased risk for post-CT acute kidney 
injury (and by extension, CIN risk). On 
the basis of recent work (20,21), and rec-
ommendations by the ESUR (18,19), it 
has been suggested that an eGFR thresh-
old level of lower than 45 mL/min/1.73 
m2 may be more appropriate to identify 
patients at risk for CIN from IV iodin-
ated contrast material; of course, fewer 
patients will meet this criterion than will 
meet the eGFR of lower than 60 mL/
min/1.73 m2 threshold level of Herts 
et al (27). Although we also detected 
a significant increase (P , .001) in the 
proportion of inpatients presenting for 
CT with an eGFR of lower than 45 mL/
min/1.73 m2 compared with the propor-
tion with an SCr level of 1.5 mg/dL or 
higher, the rates in our study are actually 
much closer to each other (8.7% [2468 
of 28 390; 95% CI: 8.4%, 9.0%] vs 7.4% 
[2105 of 28 390; 95% CI: 7.1%, 7.7%]) 
than the difference reported by Herts et 
al (15.3% [412 of 2689] vs 6.2% [166 
of 2689]) (27). In other words, switch-
ing from an SCr level–based screening 
strategy by using a 1.5 mg/dL or higher 
threshold level to an eGFR-based screen-
ing strategy by using a lower than 45 
mL/min/1.73 m2 threshold level proba-
bly would not have a major effect on the 
fraction of inpatients labeled at higher 
risk of CIN. This is particularly true if 
inpatients with an eGFR of 30–44 mL/
min/1.73 m2 are truly considered at bor-
derline and not at substantially increased 

risk (in which case, the number of inpa-
tients considered at higher risk may ac-
tually decrease if eGFR-based screening 
is adopted). Only 2.1% (603 of 28 390) 
of all inpatients with stable renal function 
in our study had an eGFR that was in 
the subgroup at greatest risk for devel-
oping CIN (eGFR, ,30 mL/min/1.73 m2) 
(18–20).

If an SCr level–based screening 
strategy is continued instead, our re-
sults indicate that the threshold level 
suggested by the ACR (SCr level, 2.0 
mg/dL) may fail to help detect all at-
risk inpatients with stable renal func-
tion. Although this criterion is specific 
(74.6% [491 of 658] of identified in-
patients had an eGFR lower than 30 
mL/min/1.73 m2, and 100% [658 of 
658] had an eGFR lower than 45 mL/
min/1.73 m2), it failed to help identify 
an eGFR lower than 30 mL/min/1.73 
m2 in 0.4% (112 of 28 390) of the in-
patient population and an eGFR lower 
than 45 mL/min/1.73 m2 in 6.4% (1810 
of 28 390) of the inpatient population. 
Therefore, while the statement of the 
ACR that a “threshold [level] of 2.0 mg/
dL in the setting of stable chronic renal 
insufficiency is probably safe for most 
patients” is true, there are 0.4%–6.4% 
of potentially at-risk inpatients who 
would be falsely labeled as not at risk 
if this threshold level was utilized. Al-
though these percentages are small, 
they may have clinical implications, 
given the large number of CT exam-
inations performed each year. On the 
other hand, if an SCr threshold level 
of 1.5 mg/dL or higher is used instead, 
fully 20.3% (427 of 2105) of identified 
inpatients in our study had an eGFR of 
45 mL/min/1.73 m2 or higher, a sub-
group for which IV iodinated contrast 
material does not appear to represent 
a significant nephrotoxic risk factor 
(18–20).

Our study had several limitations. 
The database we used was originally 
derived to evaluate the effect of IV 
low-osmolality contrast material on 
the development of CIN. Therefore, 
520 patients who did not have appro-
priate documentation in regard to the 
use of contrast material with their CT 
examination were excluded, despite 
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