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To determine the causal association and effect of intra-
venous iodinated contrast material exposure on the inci-
dence of acute kidney injury (AKI), also known as con-
trast material-induced nephropathy (CIN).

This retrospective study was approved by an institutional
review board and was HIPAA compliant. Informed con-
sent was waived. All contrast material-enhanced (contrast
group) and unenhanced (noncontrast group) abdominal,
pelvic, and thoracic CT scans from 2000 to 2010 were
identified at a single facility. Scan recipients were sorted
into low- (<1.5 mg/dL), medium- (1.5-2.0 mg/dL), and
high-risk (>2.0 mg/dL) subgroups of presumed risk for
CIN by using baseline serum creatinine (SCr) level. The
incidence of AKI (SCr = 0.5 mg/dL above baseline) was
compared between contrast and noncontrast groups after
propensity score adjustment by stratification, 1:1 match-
ing, inverse weighting, and weighting by the odds methods
to reduce intergroup selection bias. Counterfactual analysis
was used to evaluate the causal relation between contrast
material exposure and AKI by evaluating patients who un-
derwent contrast-enhanced and unenhanced CT scans dur-
ing the study period with the McNemar test.

A total of 157140 scans among 53439 unique patients as-
sociated with 1510 001 SCr values were identified. AKI risk
was not significantly different between contrast and non-
contrast groups in any risk subgroup after propensity score
adjustment by using reported risk factors of CIN (low risk:
odds ratio [OR], 0.93; 95% confidence interval [CI]: 0.76,
1.13; P = .47; medium risk: odds ratio, 0.97; 95% CI: 0.81,
1.16; P = .76; high risk: OR, 0.91; 95% CI: 0.66, 1.24;
P =.58). Counterfactual analysis revealed no significant dif-
ference in AKIincidence between enhanced and unenhanced
CT scans in the same patient (McNemar test: x* = 0.63,
P =.43) (OR =0.92; 95% CI: 0.75, 1.13; P = .46).

Following adjustment for presumed risk factors, the inci-
dence of CIN was not significantly different from contrast
material-independent AKI. These two phenomena were
clinically indistinguishable with established SCr-defined
criteria, suggesting that intravenous iodinated contrast
media may not be the causative agent in diminished renal
function after contrast material administration.

©RSNA, 2013
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he nephrotoxic potential of iodin-

ated contrast media is widely ac-

cepted in the medical literature
(1-5). Such injury, termed contrast
material-induced nephropathy (CIN),
is typically defined as an absolute or
percentage increase in serum creati-
nine (SCr) level over baseline. Recently,
however, the causal link between intra-
venous iodinated contrast material and
nephrotoxicity has come under scrutiny
based on several observations (6,7).
First, the presumed nephrotoxicity of
intravenous contrast material has been
largely extrapolated from more invasive
angiocardiographic studies of intraar-
terial contrast material administration
(6). Second, because these intraarterial
studies inherently lack control groups
where contrast material was not ad-
ministered, they cannot extricate the
true incidence of CIN from iatrogenic
and physiologic confounders that also
elevate SCr (8,9). Third, only a small
fraction of CIN studies were directly fo-
cused on intravenous contrast material
use, and of those, only 13 included con-
trol groups where contrast material was
not administered (10-22). Collectively,
these 13 controlled studies paradoxically

Advances in Knowledge

B After propensity score adjust-
ment for differences in presumed
risk factors of contrast material-
induced nephropathy (CIN), re-
cipients of unenhanced CT scans
are at equivalent risk of serum
creatinine (SCr)-defined acute
kidney injury (AKI) compared
with recipients of contrast-
enhanced CT scans.

B Counterfactual analysis of a large
subset of patients who under-
went both a contrast-enhanced
and unenhanced CT scan demon-
strates an equivalent likelihood
of AKI after either scan.

B These results question both the
utility of SCr level as a marker
for kidney injury in this setting
and the long-held causal relation
between intravenous contrast
material exposure and SCr-
defined AKI.

demonstrated that acute kidney injury
(AKI) is as common if not more com-
mon in patients not exposed to contrast
material compared with contrast mate-
rial-exposed patients (23).

Although these controlled studies
add value to prior uncontrolled case
series regarding the true incidence of
CIN, important knowledge gaps remain.
Most of these studies examined small
numbers of focused patient populations
not randomly assigned as to whether
they were administered contrast mate-
rial. Thus, it remains possible that the
lack of evidence for CIN in these con-
trolled studies simply reflects selection
bias where clinicians were able to tri-
age at-risk patients away from contrast
material exposure. The effect of this
potential bias on the incidence of AKI
remains undefined in these prior con-
trolled studies.

The ideal mechanism for determin-
ing the nephrotoxic potential of con-
trast material would be a prospective
randomized trial. As no such trial exists
at present, important advances in our
understanding of CIN could be gained
through large, retrospective, controlled
studies with adjustment for presumed
risk factors for CIN between contrast
material-exposed and unexposed co-
horts (23). In our study, we therefore
sought to compare the incidence of
AKI between recipients of contrast
material-enhanced and those of unen-
hanced CT scans after adjustment for
potentially confounding variables with

Implications for Patient Care

B Qur study indicates that SCr-
defined AKI after intravenous
contrast material administration
is clinically indistinguishable from

contrast material-independent
AKI.

B These findings suggest that CIN is
either a diagnosis of misattribu-
tion or represents a condition
obscured by other factors con-
tributing to AKI.

B Prospective randomized studies
are needed to define the true
nephrotoxic risks of intravenous
contrast material.

propensity score and counterfactual
analysis to determine the causal effect
of intravenous contrast material admin-
istration on AKI.

Materials and Methods

Investigator-initiated ~ grant  support
for our study was provided to authors
(J.S.M. and E.E.W.) by GE Healthcare
(Princeton, NJ). No author of our study
is a consultant to this company, and the
authors had control of all data and in-
formation presented herein.

Study Design

Design and execution of this single-cen-
ter retrospective study was subject to
institutional review board oversight and
Health Insurance Portability and Ac-
countability Act privacy guidelines. In-
formed consent was waived. All authors
participated in study design. All clinical
data were extracted from our electronic
medical record with relational database
software (DDQB; IBM, Armonk, New
York) by authors (J.S.M. and R.J.M.)
and were parsed on a shared-resource
multinode Beowulf-style supercomput-
ing cluster (R.J.M. and J.P.B.). Cur-
rent procedural terminology coding was
used to identify procedural data, and
International Classification of Diseases,
Ninth Edition, Clinical Modification

Published online before print
10.1148/radiol. 12121823 Content code:

Radiology 2013; 267:106-118

Abbreviations:

AKI = acute kidney injury

Cl = confidence interval

CIN = contrast material-induced nephropathy

ICD-9 = International Classification of Diseases, Ninth
Edition, Clinical Modification

1QR = interquartile range

SCr = serum creatinine
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(ICD-9) diagnostic codes were used
to identify specific medical diagnoses
within the electronic medical record.
Additional details of the data retrieval
from the electronic medical record, pro-
pensity score analysis, and counterfac-
tual analysis are provided in Appendix
E1 (online).

Study Population

Inclusion criteria, as shown in Figure 1,
were as follows: (a) all patients who
underwent an unenhanced (noncon-
trast group) or intravenous contrast-
enhanced (contrast group) abdominal,
pelvic, and/or thoracic CT scan from
January 1, 2000, to December 31, 2010,
at our institution; (b) who had one or
more postscan SCr results during the
time period of expected development
of CIN (24-72 hours after CT scanning)
(24); and (c) who also had at least one

baseline SCr result in the 24-hour win-
dow prior to scanning. Exclusion crite-
ria included patients who had preexist-
ing renal dialysis requirements; did not
have sufficient SCr data to permit detec-
tion of AKI; or who underwent multiple
distinct CT scans or percutaneous car-
diac interventions with iodinated con-
trast material within a 14-day period.
This 14-day threshold was selected on
the basis of published contrast material
use guidelines as a means to avoid the
transient acute renal effects from prior
contrast material exposure at the sub-
sequent examination (24). Consecutive
CT acquisitions at different anatomic
locations were treated as a single-scan
event.

In addition to the “complete data set”
representing all scan records meeting in-
clusion and exclusion criteria described
previously, two smaller subgroups of

this data set were created for additional
analyses. First, in an effort to minimize
potential bias from patients who under-
went multiple scans over the course of
the 11-year study window, a “single-scan
data set” was generated that included
only the most recent scan performed
per patient. Second, a “counterfactual
data set” was generated that included
only patients who underwent both a
contrast-enhanced and unenhanced CT
scan during the study time frame to as-
sess the causal relation between intra-
venous contrast material administration
and subsequent development of AKI as
described below.

Predictor Variables

The exposure of interest was intrave-
nous contrast material administration
during CT scanning. Demographic infor-
mation, including age, inpatient status

All Contrast-Enhanced and Unenhanced
Thoracic, Abdominal & Pelvic CT Scans
Performed at a Single Facility (2000-2010).

\

( Exclusion Criteria - Scan Records

~

Number of CT Scans: N = 1,029,899
Number of patients: N = 251,728
Number of associated SCr values: N = 21,422,489

v

Included Study Population

1) lacking >1 pre and 1 post scan SCr value in each time
window as shown below: N = 799,885

SCFeereerasemsarsnrenensassnsananead ....":

Pre-scan SCr window
(24 hrs prior to CT scan) i

CT scan

Post—sc.an SCrwindow
< (24-72 hrs post CT scan)

i | 'CIN evolution window
R e po e o s |

-7

Total number of CT scans: N = 157,140

Number of contrast-enhanced CT scans: N = 116,694
Number of unenhanced CT scans: N = 40,446
Number of SCr values associated with CT scans: N = 1,510,001

2) associated with pre-existing dialysis requirement: N = 24,876

3) multiple contrast doses w/in 14 days of CT scan: N = 47,998

0 +7
days

J

v

v

A

4 Full Dataset )
All CT scans performed during the study period

W Number of scans / patient = 3127
N Total scans = 157,140

Analysis
Propensity Score Adjusted O.R. using:

a) Stratification Method
b) 1:1 Matching Method

g J
Figure 1:

3 ™

Most Recent Scan Dataset
Most recent CT scan per patient during the
study period
N Total Scans = 53.439

Analysis
Propensity Score Adjusted O.R. using:
a) 1:1 Matching Method
b) Inverse Weighting (IPTW) Method
\ ¢} Weighting by the Odds Method /

4 )

Counterfactual Dataset
Patients who underwent both a contrast
enhanced and unenhanced CT scan
N Total Scans = 8,530

Analysis

1) O.R. using conditional logistic regression
2) IPTW of the O.R. for drift in clinical characteristics
3) McNemar test for marginal homogeneityy

.Y /

Study inclusion flowchart. /PTIW = inverse probability of treatment weighting, 0.R. = odds ratio, w/in = within. ¢ = mean.
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at the time of scan, sex, and race, were
extracted from the electronic medical
record. Predisposing medical conditions
reportedly associated with development
of AKI after contrast material admin-
istration, including diabetes, diabetic
nephropathy, congestive heart failure,
chronic renal failure, chronic renal
pathophysiology, and acute renal failure,
were also identified (25-27). Charlson
comorbidity scores, a validated measure
of comorbidity severity and mortality
probability based on 19 unique chronic
medical conditions, were calculated for
each patient by using ICD-9 codes as
previously described (28). All SCr data
associated with each scan record were
extracted from the electronic medical
record and temporally sorted with re-
spect to the date of each unique scan
record with a supercomputing cluster.
Scan recipients were stratified with re-
spect to their presumptive risk for AKI
by baseline SCr level as follows: low
risk, SCr < 1.5 mg/dL; medium risk,
SCr 1.5-2.0 mg/dL; high risk, SCr =
2.0 mg/dL. (To convert SCr level to In-
ternationa System of Units [umol/L],
multiply by 88.4.) These SCr-defined
risk subgroups were derived from in-
stitutional practice guidelines and prior
literature that have used similar thresh-
olds to stratify the presumed risk of CIN
(3,29,30).

Outcome Variables

For our study, AKI was defined as a
rise in maximal observed SCr level of
0.5 mg/dL or greater over baseline in
the 24-72 hours after the time of CT
scan. This definition and terminology
was applied to both contrast material-
dependent renal injury after contrast-
enhanced CT, colloquially termed CIN,
and contrast material-independent
renal injury after unenhanced CT to
provide a uniform and commonly used
definition of AKI (31). This definition of
AKI was chosen over the more recently
proposed lower threshold for CIN/AKI
of 0.3 mg/dL by the Acute Kidney Injury
Network because the former is poten-
tially more specific, less likely to yield
false-positive results from cumulative
biologic and assay variability, repre-
sents the definition of CIN during the

time period of our study, and remains a
more commonly used definition in cur-
rent medical practice (30,32-34).

Contrast Material Use

At our institution, patients with a base-
line SCr level greater than 2.0 mg/dL
who warrant a contrast-enhanced CT
examination received the iso-osmolar
contrast agent Visipaque (iodixanol, GE
Healthcare), while all others received
the low-osmolar agent Omnipaque 300
(iohexol, GE Healthcare). Contrast ma-
terial dosing at our institution is proto-
col-specific but based on a standardized
dosing nomogram adjusted for patient
weight and baseline renal function. Typ-
ical intravenous iodinated contrast ma-
terial doses ranged between 80 and 200
mL and were followed by a 50-mL saline
flush.

Propensity Score Analysis

Propensity score adjustment represents
a means to account for the potential
selection bias that arises from non-
randomized distributions of covariates
between treated and control groups in
observational studies. Accounting for
risk factors reported to be associated
with the outcome of interest, a pro-
pensity score model can be generated
that represents the probability of treat-
ment in both treated and control groups
(35,36). This method replicates the
process in which prospective randomi-
zation controls for known confounding
variables, permitting the comparison
of patients with similar characteristics,
thereby minimizing selection bias.
Propensity score estimates, repre-
senting the probability of intravenous
contrast material administration for pa-
tients in both the contrast and noncon-
trast groups, were generated for each
AKI risk subgroup by authors (R.J.M.,
J.S.M., and R.E.C.) using a logistic re-
gression model derived from 160 unique
ICD-9 codes and seven additional clin-
ical variables (Appendix E1 [online])
(35). Covariates included in these
models are shown in Table 1. The risk
of AKI was analyzed after several well-
established propensity score adjust-
ment methods including stratification
(37,38), 1:1 matching (39), weighting

by the odds (36,40), and inverse proba-
bility of treatment weighting (36,41,42).
Matching methods were performed
without replacement. Stratification and
1:1 matching were initially performed
on the complete data set, representing
scan records from one or more scans
for each unique patient (Fig 1). Addi-
tional propensity score adjustment (1:1
matching, weighting by the odds, and
inverse probability of treatment weight-
ing) was performed on the single-scan
data set to minimize potential bias (Fig

1) (43).

Counterfactual Causal Effect Analysis

Counterfactual analysis represents an
experiment whereby a single patient
cohort is subjected, simultaneously,
to both arms of a two-arm study (eg,
treated and control arms) (44). Such an
experiment nullifies the potential effect
of confounding bias from unbalanced
covariates, as each individual serves as
his or her own internal control (Fig E1
[online]). Counterfactual analysis rep-
resents the ideal means to elucidate
causality, yet because it is impossible to
subject patients to both study arms si-
multaneously, it remains largely theoret-
ical. However, because CIN is reported
to be a transient self-limited phenom-
enon, the conditions of counterfactual
analysis can be approximated in this
study, and separate contrast-enhanced
and unenhanced CT scans performed in
the same individual can be treated as
unique unrelated events (43).
Accordingly, we identified the sub-
set of patients who underwent both a
contrast-enhanced and unenhanced CT
scan at least 14 days apart during the
study time frame (counterfactual data
set) (Figs 1, E1 [online]). Propensity
scores were generated (R.J.M., J.S.M.,
and R.E.C.) for each paired scan event
by using the same logistic model noted
previously. Approximated counterfac-
tual conditions were simulated with in-
verse probability weighting adjustment
of the propensity score to account for
small changes in baseline clinical char-
acteristics and demographics (eg, age,
new comorbidities) that might occur
between the initial and subsequent scan
in the same patient. After adjustment,

Radiology: \/olume 267: Number 1—April 2013 = radiology.rsna.org

109



CONTRAST MEDIA: Contrast Material Association with Kidney Injury

McDonald et al

Radiology

Table 1

Patient Demographics and Clinical Characteristics of Unadjusted Complete and Matched Single-Scan Data Sets

Complete Data Set* 1:1 Matched Single-Scan Data Sett
Variable and Risk Contrast Group Noncontrast Group Unadjusted  Adjusted  Contrast Group Noncontrast Unadjusted  Adjusted
Subgroup P Value P Value* Group P Value P Value$
No. of patients
Low 102590 22692 7281 7281
Medium 11357 8294 2447 2447
High 2747 9460 958 958
Age (y)"
Low 60 (45-72) 60 (46-72) <.001 .81 62 (49-74) 63 (48-74) 21 .76
Medium 69 (57-78) 68 (57-78) .75 91 71 (59-79) 71 (59-80) .25 .92
High 67 (56-77) 68 (56-78) .09 .28 69 (58-77) 68 (56-77) .58 43
Female sex
Low 51026 (50) 11658 (51) <.001 .83 3783 (52) 3745 (51) .53 .68
Medium 3770 (33) 3098 (37) <.001 72 849 (35) 869 (36) .55 .80
High 1023 (37) 3427 (36) .33 74 352 (37) 346 (36) 77 .78
Race
White
Low 85078 (83) 18887 (83) .27 .95 5985 (82) 6080 (84) .04 .87
Medium 9564 (84) 7262 (88) <.001 .90 1950 (80) 2034 (83) .002 .64
High 2268 (82) 8053 (85) <.001 .33 786 (82) 785 (82) .95 41
Black
Low 1217 (1) 295 (1) 16 91 84 (1) 119 (2) .01 .28
Medium 134 (1) 88 (1) 44 .92 28 (1) 29 (1) .89 .65
High 38 (1) 147 (2) .52 .96 10 (1) 12 (1) .67 45
Asian
Low 715 (1) 199 (1) .004 .81 57 (1) 63 (1) .58 .92
Medium 66 (1) 50 (1) .84 91 16 (1) 12 (0) 45 42
High 21 (1) 44 (0) .06 .79 4(0) 3(0) 71 .96
Other or not specified
Low 15580 (15) 3311 (15) .023 .96 1120 (15) 1054 (14) A3 .81
Medium 1593 (14) 894 (11) <.001 .90 453 (19) 372 (15) .002 .60
High 425 (15) 1217 (13) <.001 .28 158 (16) 158 (16) .99 .46
Inpatient versus outpatient
Low 92741 (90) 20337 (90) <.001 .84 6657 (91) 6543 (90) <.001 .34
Medium 10360 (91) 7436 (90) <.001 .92 2203 (90) 2202 (90) .96 .54
High 2508 (91) 8611 (91) .66 .85 874 (91) 863 (90) .39 A1
Baseline SCr level"
Low 1.0 (0.8-1.1) 1.0(0.2-1.2) <.001 .36 0.9 (0.8-1.1) 1.0(0.8-1.2) <.001 24
Medium 1.6 (1.5-1.8) 1.7(1.6-1-9) <.001 .55 1.7 (1.5-1.8) 1.7(1.5-1.8)  <.001 M
High 2.4 (2.1-2.9) 2.6 (2.3-3.4) <.001 .50 2.4 (2.1-3.0) 2.5(.2-3.00 <.001 .68
Charlson score'
Low 2(1-3) 2(1-3) 49 .03 2(1-3) 2 (1-3) <.001 .92
Medium 2(1-3) 2 (2-4) <.001 .93 2(1-3) 2 (1-4) <.001 42
High 2 (2-4) 2 (2-4) <.001 .92 — 2 (2-4) 44 .65
Diabetes mellitus
Low 15338 (15) 3731 (16) <.001 .94 1345 (18) 1170 (16) <.001 .70
Medium 2585 (23) 2172 (26) <.001 .79 639 (26) 620 (25) .53 .85
High 694 (25) 2543 (27) .09 .20 250 (26) 247 (26) .88 .52
Diabetic nephropathy
Low 161 (0.2) 101 (0.4) <.001 .05 23 (0) 23 (0) 48 .39
Medium 128 (1.5) 83(0.7) <.001 .79 27 (1) 27 (1) .99 .87
High 40 (1) 250 (3) <.001 .82 13 (1) 17 (2) .88 42

Table 1 (continues)
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Patient Demographics and Clinical Characteristics of Unadjusted Complete and Matched Single-Scan Data Sets

Complete Data Set* 1:1 Matched Single-Scan Data Sett
Variable and Risk Contrast Group Noncontrast Group Unadjusted  Adjusted  Contrast Group Noncontrast Unadjusted  Adjusted
Subgroup P Value P Value* Group P Value P Value$
Chronic renal disease
Low 2099 (2) 984 (4) <.001 <.001 259 (4) 299 (4) .08 44
Medium 1205 (11) 1526 (18) <.001 .69 379 (15) 400 (16) A .96
High 504 (18) 2782 (29) <.001 93 181 (19) 180 (19) .95 43
Chronic renal pathophysiology
Low 658 (1) 339 (1) <.001 .008 99 (1) 105 (1) 67 64
Medium 295 (3) 480 (6) <.001 .62 98 (4) 102 (4) 77 43
High 106 (4) 770 (8) <.001 42 42 (4) 46 (5) .66 .89
Acute renal disease
Low 8619 (8) 2821 (12) <.001 66 695 (10) 779 (11) 02 33
Medium 3472 (31) 3384 (41) <.001 .64 934 (38) 958 (39) 48 .57
High 1444 (53) 5565 (59) <.001 A7 524 (55) 540 (56) .46 .64
Congestive heart failure
Low 8209 (8) 2508 (11) <.001 27 802 (11) 888 (12) .03 45
Medium 1954 (17) 1621 (20) <.001 .97 511 (21) 542 (22) .28 .73
High 469 (17) 1752 (19) .08 .21 192 (20) 169 (18) 18 73

Note.—Unless otherwise indicated, data are numbers of scans, with percentages in parentheses.
* Full data set represents all recipients with and without contrast enhancement meeting inclusion and exclusion criteria as outlined in Figure 1 and in the Materials and Methods section.

T One-to-one propensity score matching on the single-scan data set was generated from full data set by using nearest neighbor (greedy-type) 1:1 matching methods utilized in the R software package
Matchlt (R Foundation for Statistical Computing, Vienna, Austria). Each scan in this data set represents data from the most recent scan during the study period (2000-2010).

* Adjusted differences between contrast and noncontrast groups in the full data set were determined by conditional logistic regression, controlling for decile-stratified results through conditional

estimation.

§ Adjusted differences between contrast and noncontrast groups in the 1:1 propensity score matched data derived from the single-scan data set were determined by conditional logistic regression,

controlling for matched strata through conditional estimation.
' Data are medians, with interquartile ranges in parentheses.
# For Charlson score, see Appendix E1 (onling) and reference 28.

the incidence of AKI was compared
between the paired scans (eg, contrast-
enhanced and unenhanced CT scans) of
the counterfactual data set.

Statistical Analysis

Statistical analyses were performed by
four authors (R.J.M., J.S.M., J.P.B.,
R.E.C.) by using R software (version
2.15, R Foundation for Statistical Com-
puting, Vienna, Austria) (46). Dichoto-
mous variables were displayed as counts
with percentages, categorical data were
displayed as relative frequencies (in
percentages), and continuous data were
presented as medians with interquartile
ranges (IQRs). The effects of contrast
material exposure on the incidence of
AKI within risk subgroups were assessed
with the Fisher exact test. The collective
risk of AKI across risk subgroups was

assessed with Cochran-Mantel-Haenszel
estimates. Propensity score adjust-
ment by stratification and 1:1 match-
ing methods was performed with the
Matchlt package, whereas weighting by
the odds and inverse propensity score
weighting were performed by using the
IPTW and Twang packages (42,47,48).
Conditional logistic regression was used
to re-estimate covariate balance after
propensity score generation. The risk of
AKI after contrast material exposure in
the counterfactual data set was deter-
mined by conditional logistic regression,
controlling for paired data with condi-
tional estimation. Counterfactual esti-
mates of marginal homogeneity to test
the causal relationship between intra-
venous contrast material exposure and
subsequent AKI were assessed with the
McNemar test (49,50).

Patient Population

A total of 1029899 scan records from
251728 unique patients were initially
identified. Of these, 157140 scan re-
cords among 53439 unique patients as-
sociated with 1510001 SCr values met
all inclusion and exclusion criteria (Fig
1). The median number of SCr values
collected per patient was two (IQR = one
to five) prior to scanning and five (IQR
= three to nine) after scanning. The
majority of excluded scan records (n =
799885, 78%) represented an enriched
population of outpatients who lacked
sufficient postscan SCr data as a direct
result of absent outpatient follow-up. As
such, a majority of the patients included
in our study represented inpatients
who, as expected, were more likely to
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Table 2

Propensity Score-adjusted Risk of AKI after CT Scan

AKI after Contrast-enhanced CT Scan

AKI after Unenhanced CT Scan

Subgroup and Adjustment Method (Contrast Group) (Noncontrast Group) Odds Ratio* P Value
Low risk (SCr < 1.5 mg/dL)
Unadjusted (complete data set) 2615/102590 (3) 804/22692 (4) 0.71(0.66, 0.77) <.0001
Stratified (complete data set)t 2615/102590 (3) 804/22692 (4) 0.88 (0.78, 0.99) .02
1:1 matched (complete data set)* 741/22467 (3) 787/22 467 (4) 0.94 (0.85, 1.04) .24
1:1 matched (single-scan data set)’ 210/7281 (3) 226/7281 (3) 0.93(0.76, 1.13) A7
Inverse weighting (single-scan data set)$ 950/35751 (3) 228/7292 (3) 0.98 (0.96, 1.01) .61
0dds weighting (single-scan data set) 950/35751 (3) 228/7292 (3) 0.97 (0.83,1.13) .33
Medium risk (1.5 = SCr < 2.0 mg/dL)
Unadjusted (complete data set) 776/11357 (7) 764/8294 (9) 0.72 (0.65, 0.80) <.0001
Stratified (complete data set)t 776/11357 (7) 764/8294 (9) 1.02 (0.91,1.13) .80
1:1 matched (complete data set)* 609/7408 (8) 624/7408 (8) 0.97 (0.87, 1.09) .68
1:1 matched (single-scan data set) 209/2447 (9) 215/2447 (9) 0.97 (0.81,1.16) .76
Inverse weighting (single-scan data set)$ 30074023 (8) 221/2509 (9) 1.01 (0.99, 1.02) .57
0dds weighting (single-scan data set)S 300/4023 (8) 221/2509 (9) 0.91 (0.76,1.10) 12
High risk (SCr = 2.0 mg/dL)
Unadjusted (complete data set) 238/2747 (9) 1198/9460 (13) 0.65 (0.56, 0.76) <.0001
Stratified (complete data set)t 238/2747 (9) 1198/9460 (13) 0.71 (0.61, 0.82) <.0001
1:1 matched (complete data set)* 238/2736 (9) 293/2736 (11) 0.79 (0.66, 0.95) .01
1:1 matched (single-scan data set)’ 96/958 (10) 103/958 (11) 0.91 (0.66, 1.24) .58
Inverse weighting (single-scan data set) 108/959 (11) 346/2905 (12) 0.99 (0.97,1.01) .59
0dds weighting (single-scan data set)s 108/959 (11) 346/2905 (12) 0.90 (0.72,1.14) .56

Note.—Unless otherwise indicated, data are number of scans, with percentages in parentheses.

* Data in parentheses are 95% Cls.

T After propensity score generation, patients in each risk subgroup of the full data set of 157 140 patient scan records were stratified into deciles of the propensity score. The summed odds ratio was

calculated as discussed in Appendix E1 (online).

* One-to-one matching on the propensity score was performed on the full data set of 157 140 patient scan records as discussed in the Materials and Methods.

§ One-to-one matching on the propensity score and weighting methods, including weighting by the odds and inverse weighting of the propensity score, were performed on the subset of data
representing the most recent scan performed in each patient in the full data set, representing 53 439 patient scan records, as discussed in Materials and Methods.

receive postscan SCr monitoring as part
of their routine medical care (Table 1).
Additional exclusions included patients
with preexisting dialysis requirements
(n = 24876, 2%) and patients exposed
to multiple intravenous or intraarterial
contrast material doses within 14 days
(n =47998, 5%).

Baseline Demographic Characteristics

The demographic and clinical charac-
teristics of included patients, sorted
by contrast material exposure and pre-
sumed AKI risk, are shown in Table 1.
The frequency of contrast material ex-
posure diminished among patients in
the medium- and high-risk subgroups
compared with low-risk patients. In
general, patients exposed to contrast
material were younger, were less likely
to have comorbidities, and had lower

baseline SCr levels than those not ex-
posed to contrast material in each risk
subgroup.

Unadjusted Effect of Contrast Material
Exposure on AKI Incidence

The unadjusted effect of contrast ma-
terial exposure on the incidence of
SCr-defined AKI, sorted by presumed
AKI risk, is shown in Table 2. Adjust-
ing for baseline AKI risk alone, indi-
viduals in the noncontrast group were
significantly more likely than individ-
uals in the contrast group to develop
AKI (Cochran-Mantel-Haenszel x? = 52;
P < .0001; pooled odds ratio = 0.70;
95% confidence interval [CI]: 0.61,
0.82). Similar findings were seen after
adjustment by estimated glomerular
filtration rate—defined Kidney Disease
Outcomes Quality Initiative stages of

chronic renal failure (Table E1 [online])
(Cochran-Mantel-Haenszel x> = 257; P
< .0001; pooled odds ratio = 0.41; 95%
CI: 0.39, 0.43) (51).

Propensity Score Analysis

Propensity score distributions of the
unadjusted complete data set, sorted
by risk subgroup and scan type, are
shown in Figure 2, A. Distributions
were very similar between contrast
and noncontrast groups in all risk
strata. Propensity score adjustment
significantly improved covariate bal-
ance in all data subsets (Table 1). The
relative influence of the covariates on
the estimated propensity score, sorted
by baseline risk, is shown in Figure 3.
In all logistic models, age and baseline
SCr level were the major determinants
of propensity score.
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Figure 2:  Chart shows distribution of propensity scores in study population. Patients who underwent contrast-enhanced CT scan (contrast group) are shown
above the x-axis and patients who underwent unenhanced CT scan (noncontrast group) are shown below the x-axis. A, Distribution of the full unadjusted data set
(n=157140) and low-, medium-, and high-risk subgroups. B, Distribution of the subset of scans included in the counterfactual analysis (7 = 8530).

After propensity score adjustment
by stratification (Table E2 [online]),
the excess incidence of AKI in the non-
contrast group relative to the contrast
group was significantly reduced for in-
dividuals in the medium-risk subgroup
(Table 2) (odds ratio = 1.02; 95% CI:
0.91, 1.13; P = .80). Noncontrast group
patients in the low- and high-risk sub-
groups retained a significantly elevated
likelihood of AKI compared with con-
trast group members (low-risk group:
odds ratio = 0.88; 95% CI: 0.78, 0.99;
P = .02; high-risk group: odds ratio =
0.71; 95% CI: 0.61, 0.82; P < .0001).

Heterogeneity in the stratified odds
ratio trends (Table E2 [online|) prompt-
ed additional propensity score adjust-
ment to further eliminate confounding
bias. One-to-one matching of the com-
plete data set, representing 65222 scan
events, further reduced the excess AKI

incidence in the noncontrast group, rel-
ative to the contrast group, for individ-
uals at low and medium, but not high,
risk of AKI (Tables 2, E3 [online]). Pro-
pensity score adjustment of the single-
scan data set with 1:1 matching, repre-
senting 21372 scan records (Table 1),
completely eliminated the excess sig-
nificant risk of AKI in the noncontrast
group, relative to the contrast group,
for all risk subgroups (Table 2) (low-
risk group: odds ratio = 0.93; 95% CI:
0.76,1.13; P = .47; medium-risk group:
odds ratio = 0.97; 95% CI: 0.81, 1.16; P
=.76; high-risk group: odds ratio = 0.91;
95% CI: 0.66, 1.24; P = .58). Weighting
by the odds and inverse probability of
treatment also resulted in nonsignificant
differences in the risk of AKI between
recipients of contrast-enhanced and un-
enhanced imaging in all risk subgroups
(Tables 2, E4 [online]).

Counterfactual Analysis

A total of 4265 patients were identified
in the counterfactual data set who met
all inclusion and exclusion criteria and
underwent both a contrast-enhanced
and unenhanced CT scan during the
study period (Table 3). The median
duration in time between the first and
second scan was 141 days (IQR, 41-653
days). The propensity score distribution
of this subset of patients is shown in Fig-
ure 2, B. In this group of patients, the
risk of AKI was not significantly differ-
ent between contrast-enhanced and un-
enhanced scans within the same patient
(Table 4) (odds ratio = 0.92; 95% CI:
0.75, 1.13; P = .46). Propensity score
adjustment of the counterfactual data
set resulted in similar findings (odds ra-
tio = 0.97; 95% CI: 0.79, 1.18; P = .65)
and improved covariate balance (Table
3). The McNemar test of association of
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Figure 3: Chart shows the relative influence of the covariates on the estimated propensity score for each

risk subpopulation.

the off-diagonal matched-pair observa-
tions resulted in nonsignificant results
(Fig4) (x*=0.63,df =1, P=.43), dem-
onstrating the presence of marginal ho-
mogeneity (50). Notably, these findings
were insensitive to the order of contrast
material exposure.

The results of our large, single-center,
retrospective study revealed that, after
propensity score adjustment for differ-
ences in presumed risk factors of CIN,
recipients of unenhanced CT scans
were at equivalent risk of SCr-defined

AKI compared with recipients of con-
trast-enhanced CT scans, regardless of
baseline renal function. Counterfactual
analysis of patients who underwent both
contrast-enhanced and unenhanced CT
scans suggested a coincidental rather
than a causal relationship between in-
travenous contrast material exposure
and AKI. These results question both
the utility of SCr as a marker for kid-
ney injury and the long-held causal re-
lation between intravenous contrast ma-
terial exposure and SCr-defined AKI.
Our study did not identify CIN as be-
ing a distinct phenomenon that can be

accurately determined by SCr-derived
tests of renal function, as the incidence
of contrast material-independent renal
injury obfuscates diagnosis of contrast
material-dependent renal injury. If CIN
occurs at all, it appears to occur at a
rate low enough to be obscured by other
causes of renal injury.

While previous studies have com-
pared patients undergoing contrast-
enhanced CT to those undergoing un-
enhanced CT, most have focused on

specific patient subgroups, including
those with acute trauma, advanced
age, acute stroke, and intracranial

114

radiology.rsna.org = Radiology: \olume 267: Number 1—April 2013



Radiology

CONTRAST MEDIA: Contrast Material Association with Kidney Injury

McDonald et al

Table 3 Table 4

Patient Demographics and Clinical Characteristics of the Counterfactual Data Set

Contrast-enhanced Unenhanced Unadjusted Adjusted

Variable Scans Scans P Value* P Valuet
No. of patients 4265 4265 . ..
Age (y)* 62 (48-72) 62 (49-72) .84 .95
Female sex 1980 (46) 1980 (46) .99 .83

Race

White 3692 (87) 3692 (87) .99 .62
Black 53 (1) 53 (1) .99 94
Asian 34 (1) 34 (1) .99 .90
Other or not specified 486 (11) 486 (11) .99 .69
Inpatient versus outpatient 4135 (97) 4109 (96) 40 .85
Baseline SCr level* 1.0 (0.8-1.3) 1.1(0.9-1.6) <.001 .04
Charlson score* 2(1-3) 2(1-4) <.001 .85
Diabetes mellitus 981 (23) 1065 (25) .03 .88
Diabetic nephropathy 16 (0) 16 (0) .99 .84
Chronic renal disease 298 (7) 391 (9) <.001 .76
Chronic renal pathophysiology 171 (4) 215 (5) .02 .52
Acute renal disease 682 (16) 856 (20) <.001 .59
Congestive heart failure 851 (20) 897 (21) a7 o0/

Note.—Unless otherwise indicated, data are numbers of scans, with percentages in parentheses.
* Unadjusted Pvalues were derived from the Student ¢test for the differences between the contrast-enhanced and unenhanced

subgroups.

 Adjusted P values were derived from conditional logistic regression, conditioned on the pair identification of each matched

enhanced-unenhanced scan performed.
* Data are medians, with interquartile ranges in parentheses.

hemorrhage (10,17-21). Our study of-
fers several advances over these previ-
ous studies. First, compared with these
previous studies, the large sample size
of our study permitted inclusion of
multiple risk factors and comorbidities
reported to increase the risk of CIN.
Second, our study utilized rigorous pro-
pensity score adjustment techniques to
minimize the effects of selection bias re-
sulting from unequal distributions of de-
mographic variables between contrast
material-exposed and unexposed indi-
viduals that may causally influence the
incidence of AKI. Third, we performed
a counterfactual analysis to study the
causal association of contrast material
on AKI among patients who underwent
both a contrast-enhanced and unen-
hanced CT scan, essentially eliminating
the intrinsic selection bias present in
retrospective studies.

The causes of the unadjusted excess
AKI in the noncontrast group compared
with the contrast group are likely a re-
sult of several factors. First, patients

not exposed to contrast material were
more likely to have an elevated SCr level
and comorbidities associated with acute
and chronic renal dysfunction. This ob-
servation is likely a manifestation of the
underlying selection bias present in the
consideration of contrast material use
and reflects the ability of clinicians to
identify at-risk individuals. If the inci-
dence of AKI is at least partially unre-
lated to contrast material administra-
tion as our propensity score adjusted
data suggest, the excess AKI in the non-
contrast group may be a manifestation
of greater frequency of comorbidities in
that group that can independently ele-
vate SCr levels. Indeed, the majority of
prior CIN studies demonstrated slightly
higher rates of AKI in the noncontrast
groups, similar to our unadjusted re-
sults. Second, it has been hypothesized
that contrast material administration,
as a partial result of the additional
fluid administration from the contrast
material itself and from additional pro-
phylactic intravenous fluid doses, may

Risk of AKI after CT Scan in the

Counterfactual Data Set
Variable AKI
Group
Contrast enhanced* 194/4265 (4.5)
Unenhanced* 209/4265 (4.9)
Unadjusted analysis’
0dds ratio* 0.92(0.75,1.13)
Pvalue .46
Adjusted analysis$
0dds ratio* 0.97 (0.79,1.18)

Pvalue .65

* Data are numbers of scans, with percentages in
parentheses.

T Unadjusted analysis represents the odds ratio derived
from conditional logistic regression, controlling for paired
patient data with conditional estimation.

*0dds ratios are reported with 95% Cls in parentheses.
S Adjusted analysis represents the odds ratio derived
from propensity score adjustment by using the inverse
propensity score weighting method to account for minor
changes in propensity score, within the same patient, that
took place over time between the first and subsequent
scan.

actually have a paradoxical renal protec-
tive effect (45). However, our adjusted
analyses argue against this hypothesis.
After propensity score adjustment,
we could not detect a statistically sig-
nificant difference in the AKI rate be-
tween recipients of contrast-enhanced
and unenhanced CT scans. The ability to
discriminate clinically significant differ-
ences in these rates can be determined
from the precision (width) of the Cls.
These widths define the range of values
considered to be statistically compati-
ble with the point estimate of the odds
ratio (52-54). Values greater than the
upper bound of the 95% CI, relative to
the point estimate, are considered sig-
nificantly different. Thus, for a given
probability of AKI, the largest observed
upper confidence limit represents a con-
servative estimate of the smallest signif-
icant difference between contrast and
noncontrast groups detectable by the
study (53). Among low-risk individuals,
significant differences as small as 0.5%
in AKI can be detected (assuming AKI
rate = 4%; upper CI limit = 1.13). Even
among the high-risk group, where the
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Figure 4: Incidence of AKI within the paired counterfactual data set. Contingency tables compare the

incidence of AKI after contrast-enhanced scans with the incidence of AKI after unenhanced CT scans for the
entire counterfactual data set (black), the subset of patients within the counterfactual data set where the
contrast-enhanced examination was performed first (red), and the subset of patients within the counterfac-
tual data set where the unenhanced examination was performed first (blue).

smaller sample size diminished some
precision of the estimated odds ratios,
the ClIs were sufficiently narrow to de-
tect AKI rate differences as small as
2.6% (assuming AKI rate = 13%; upper
CI limit = 1.24). The magnitude of these
differences is smaller than reported
rates of contrast material-dependent
AKI (1,3-6). Thus, the precision of the
odds ratio estimates in our study was
not adversely affected by sample size
limitations and was sufficient to make
meaningful interpretations.

The observation of similar AKI inci-
dence rates after contrast-enhanced and
unenhanced scans has several clinical
implications. First, our findings demon-
strate that SCr-defined AKI after intra-
venous contrast material administration
is clinically indistinguishable from con-
trast material-independent AKI. This
observation suggests either that CIN is
a diagnosis of misattribution or repre-
sents a condition obscured by other fac-
tors contributing to AKI. These causes

notwithstanding, our results demon-
strate the true incidence of CIN remains
indeterminate using accepted SCr-
based definitions. Second, while such
findings may be interpreted as evidence
for more liberalized use of intravenous
contrast material, further studies, in-
cluding randomized prospective studies,
are needed to extricate contrast mate-
rial-dependent from contrast material—
independent effects on renal function.
Ideally, our study will provide additional
evidence to justify these future studies.
If our findings are recapitulated in fu-
ture prospective studies, the benefits
of enhanced tissue conspicuity could
potentially improve diagnostic accuracy
among individuals who, at present, un-
dergo unenhanced CT imaging studies
because of concern over compromised
preexisting renal function.

Selection bias is an inherent con-
cern for any observational nonran-
domized study. This selection bias was
clearly evident in our unadjusted data

set and likely arises from the ability of
clinicians to identify at-risk individuals
for AKI. The use of propensity score ad-
justment and subsequent counterfactual
analysis permits the comparison of in-
dividuals between contrast and noncon-
trast groups with similar demographics,
comorbidities, and risk for AKI. To that
end, our propensity score model ac-
counted for the major variables thought
to be associated with subsequent de-
velopment of CIN. However, other po-
tential variables, including hydration
status, prophylactic treatments, nephro-
toxic medications, prescan fluctuations
in SCr level, and other comorbidities,
were not included in our model. These
variables were not easily retrievable
from the medical record (nephrotoxic
medications), were a subject of some
debate with respect to their efficacy
(prophylactic treatments), were not
present in sufficient numbers (trends in
prescan SCr data), or involved difficulty
in identifying the timing of the adminis-
tration before or after the CT scan (in-
travenous fluid administration). Finally,
propensity score adjustment cannot ac-
count for unknown variables that may
confound the incidence of AKI.

In addition to the potential selection
bias mentioned previously, our study
had several additional limitations. First,
large numbers of patients were ex-
cluded because of insufficient SCr data,
predominantly representing an outpa-
tient population that did not receive fol-
low-up SCr testing. As such, our data
were enriched with inpatients and were
favorably biased toward individuals with
greater comorbidity and propensity to-
ward AKI. Our results are therefore not
generalizable to the outpatient popu-
lation. Second, our study used SCr to
diagnose AKI, even though it is known
to be a less sensitive marker for renal
function compared with measured glo-
merular filtration rate. The decision to
use a SCr-based definition of AKI/CIN
was influenced by the fact that mea-
sured glomerular filtration rate assays
are rarely used in the clinical setting,
have not been validated in the setting of
AKI/CIN, and are still limited by numer-
ous laboratory assay issues (55). Third,
as the majority of high-risk patients
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received iso-osmolar contrast material
per our institutional guidelines, the inci-
dence of CIN in this risk group may have
been reduced compared with if they had
been administered low-osmolar contrast
material. However, the efficacy of iso-
osmolar agents in reducing AKI com-
pared with that of low osmolar agents
has been debated (56-59). Fourth, the
reasons physicians chose to administer
intravenous contrast material, whether
because of concern for AKI or because
of the scan indication, were beyond the
scope of our study. Finally, our analysis
relied on use of electronic medical re-
cord ICD-9 coding to identify patients
with AKl-predisposing comorbidities.
This method of identifying comorbidi-
ties can be less sensitive and specific
compared with medical chart review.
Although coding errors are common
among electronic medical record data,
they have been shown to occur in a ran-
dom pattern (60). As such, it is unlikely
that coding errors would manifest in a
manner that would bias one of the two
groups in our study.

In conclusion, our findings directly
question the causal relationship be-
tween intravenous contrast material ad-
ministration and AKI. While our data
cannot directly refute the existence of
intravenous CIN, they indicate that ac-
cepted SCr-based definitions of CIN
cannot identify this phenomenon as
a distinct clinical entity. The current
clinical definition of contrast material-
dependent AKI is confounded by a suf-
ficiently high false-positive rate of con-
trast material-independent AKI so as to
make detection of CIN impossible, even
among patients with the most compro-
mised renal function. Additional studies
are necessary to further evaluate the in-
cidence and clinical importance of CIN.
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for the Study of the Liver-Asociacion
Latinoamerica para el Estudio del Higa-
do guidelines (8).

uate portal hypertension and the pres-
ence of esophageal varices in patients with
HCV-related  cirrhosis.  Gastroenterology
2012;143(3):646-654.

Erratum in:
Radiology 2016;278(1):306
DOI:10.1148/radiol.2015154044

Table E2, under the category “Medium-
Risk Subgroup,” the odds ratio data for
strata row 1 should read as follows:

5. Sharma P, Kirnake V, Tyagi P, et al. Spleen
stiffness in patients with cirrhosis in predict-
ing esophageal varices. Am J Gastroenterol
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