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Low- and iso-osmolality iodinated contrast media (ICM) 
are commonly administered intravenously during pe-

diatric CT examinations to enhance visualization of the 
vasculature, viscera, and disease (1). Although generally 
safe, ICMs have historically been considered to carry a risk 
of contrast-induced nephropathy, commonly defined as 
acute kidney injury (AKI) in the 48 hours following, and 
directly resultant from, intravascular exposure of an ICM 
(2). However, over the last decade, the phenomenon of 

contrast-induced nephropathy has been called into ques-
tion (3). Until recently, the majority of contrast-induced 
nephropathy investigations have not included a control 
group of patients unexposed to ICM (2,4,5). Furthermore, 
association does not imply causation, and there are many 
risk factors for postcontrast AKI (PC-AKI) related to de-
creased kidney perfusion, direct nephrotoxic exposures, in-
trinsic kidney disease, and obstruction of urinary flow that 
may confound AKI observations (6–8).

Risk of Acute Kidney Injury Following Contrast-enhanced 
CT in Hospitalized Pediatric Patients: A Propensity Score 
Analysis

Leah A. Gilligan, MD  • Matthew S. Davenport, MD • Andrew T. Trout, MD  • Weizhe Su, MS • Bin Zhang, PhD •  
Stuart L. Goldstein, MD • Jonathan R. Dillman, MD, MSc 

From the Department of Radiology, Cincinnati Children’s Hospital Medical Center, MLC 5031, 3333 Burnet Ave, Cincinnati, OH 45229 (L.A.G., A.T.T., J.R.D.); Depart-
ment of Graduate Medical Education, Mount Carmel Health System, Columbus, Ohio (L.A.G.); Department of Radiology, Michigan Medicine, Ann Arbor, Mich (M.S.D.); 
Departments of Radiology (A.T.T., J.R.D.) and Pediatrics (B.Z., S.L.G.), University of Cincinnati College of Medicine, Cincinnati, Ohio; Division of Biostatistics and 
Epidemiology (W.S., B.Z.) and Division of Nephrology and Hypertension (S.L.G.), Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio. Received August 25, 
2019; revision requested October 9; final revision received November 8; accepted November 14. Address correspondence to J.R.D. (e-mail: jonathan.dillman@cchmc.org).

Supported in part by the National Center for Advancing Translational Sciences of the National Institutes of Health (5UL1TR001425–03). The content is solely the 
responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.

Conflicts of interest are listed at the end of this article.

See also the editorial by Paltiel in this issue.

Radiology 2020; 00:1–9  • https://doi.org/10.1148/radiol.2020191931 • Content codes:   

Background: Acute kidney injury (AKI) remains a concern in hospitalized children undergoing CT with intravenous iodinated 
contrast material (ICM). Adult studies have shown frequencies of AKI after CT with intravenous ICM to be similar to propensity 
score–matched ICM-unexposed patient groups; similar data in pediatric patients are lacking.

Purpose: To evaluate the association between intravenous ICM exposure and AKI in hospitalized pediatric patients with stable kid-
ney function undergoing contrast material–enhanced CT by comparing with a propensity score–matched ICM-unexposed patient 
sample undergoing abdominal US.

Materials and Methods: In this retrospective observational study, hospitalized patients aged 18 years or younger with stable kidney 
function and available serum creatinine (SCr) measurement before and after imaging who underwent CT with intravenous ICM or 
abdominal US (control group) between January 2009 and November 2018 were identified. The 1:1 propensity score matching was 
performed by using 23 covariates, stratified by estimated glomerular filtration rate (eGFR) before imaging (60 mL/min/1.73 m2 
or ,60 mL/min/1.73 m2). AKI was defined by using Acute Kidney Injury Network SCr-related criteria. Multivariable logistic re-
gression was performed to identify risk factors for AKI after imaging, including the effects of eGFR and intravenous ICM exposure 
before imaging.

Results: A total of 1850 unique patients were included in the propensity score–matched sample (925 exposed to ICM [mean age 
6 standard deviation, 8 years 6 6; 484 female patients]; 925 unexposed to ICM [mean age, 7 years 6 6; 484 female patients]). 
Frequency of AKI with eGFR greater than or equal to 60 mL/min/1.73 m2 was 2.2% (20 of 889) for CT and US (odds ratio [OR]: 
0.98; 95% confidence interval [CI]: 0.52, 1.86; adjusted P = .95) and with eGFR less than 60 mL/min/1.73 m2 was 5.6% (two of 
36) and 11.1% (four of 36) for CT and US, respectively (OR: 0.75; 95% CI: 0.11, 5.00; adjusted P = .76). Significant multivari-
able predictors of AKI included eGFR before imaging (OR: 0.99; 95% CI: 0.98, 0.995; P = .001), body mass index (OR: 1.06; 
95% CI: 1.02, 1.10; P = .003), acquired kidney disease (OR: 1.95; 95% CI: 1.004, 3.78; P = .049), and nephrotoxic antibiotic ex-
posure (OR: 2.86; 95% CI: 1.55, 5.25; P , .001). Intravenous ICM exposure was not predictive (OR: 0.91; 95% CI: 0.51, 1.64; 
P . .05).

Conclusion: Hospitalized children with stable kidney function who underwent CT with intravenous iodinated contrast material 
(ICM) had a similar frequency of acute kidney injury (AKI) compared with a propensity score–matched ICM-unexposed patient 
group. In pediatric inpatients with estimated glomerular filtration rate greater than or equal to 60 mL/min/1.73 m2, ICM was not 
independently associated with AKI.
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Challenges of prospective study designs for PC-AKI include 
inherent differences in patients who undergo contrast mate-
rial–enhanced and unenhanced CT examinations, equipoise 
challenges (eg, conducting a randomized trial assigning pa-
tients to undergo contrast-enhanced vs unenhanced imaging), 
and sample size barriers. Therefore, PC-AKI investigations have 
used propensity score matching in retrospective observational 
studies to improve statistical rigor and to uncover the poten-
tial nephrotoxic effect of ICM (8–13). Such studies in adult 
patients have demonstrated either no risk of AKI from intrave-
nous ICM exposure or risk only in patients with severe kidney 
impairment (ie, estimated glomerular filtration rate [eGFR] 
,30 mL/min/1.73 m2) (8–13). Thus, contrary to historical be-
lief, most cases of AKI after CT with ICM are likely not caused 
by the contrast material. Although contrast-induced nephropa-
thy may exist, it is probably uncommon, occurring in patients 
with substantially impaired kidney function due to underlying 
chronic kidney disease or acute kidney injury (3).

To date, there is a paucity of literature using propensity score 
matching to determine the association between ICM exposure 
and the development of AKI in hospitalized pediatric patients. 
One recent pediatric study (14) using propensity score matching 
found no significant difference in the frequencies of AKI in a 
sample of 305 ICM-exposed and 305 ICM-unexposed patients; 
however, the authors noted their conclusions were limited given 
the small sample size. The purpose of our investigation was to 
further evaluate the association between ICM exposure and PC-
AKI in the pediatric population by comparing with a propensity 

score–matched ICM-unexposed patient sample undergoing ab-
dominal US.

Materials and Methods
Our institutional review board approved this retrospective, sin-
gle-institution, Health Insurance Portability and Accountabil-
ity Act–compliant, propensity score–matched observational 
cohort study. The requirement for written informed consent 
was waived.

Patients and Data Collection
All patients 0–18 years of age who underwent a CT exami-
nation with intravenous ICM while hospitalized at Cincin-
nati Children’s Hospital Medical Center (Cincinnati, Ohio) 
between January 2009 and November 2018 were eligible for 
inclusion in the ICM-exposed patient sample. Similarly, hospi-
talized patients 0–18 years of age who underwent an abdomi-
nal US examination during the same period were eligible for 
inclusion in the ICM-unexposed patient sample. Patients were 
identified by using electronic billing records held in the depart-
ment of radiology.

The electronic medical record (Epic Systems, Verona, Wis) 
of identified patients was queried to derive the following: de-
mographic data, including age, sex, height, and weight obtained 
closest to and within 1 year of CT or US; clinical data, including 
length of stay and days in the intensive care unit prior to CT or 
US, total length of stay, medical diagnoses present before CT 
or US (using International Classification of Diseases, ninth and 
10th revision codes), certain procedures performed before CT or 
US (using Current Procedural Terminology codes), and medica-
tions given from time of admission until CT or US, including 
nephrotoxins defined by the Nephrotoxic Injury Negated by 
Just-in-time Action collaborative (15); imaging data, including 
dates of contrast-enhanced imaging examinations using ICM; 
and laboratory data, including hemoglobin value (obtained dur-
ing admission, closest to, and before CT or US) and various 
serum creatinine (SCr) values (see definitions below). Further 
details regarding data collection can be found in Table 1 and 
Table E1 (online).

Exclusion of Patients
After data were collected from the electronic medical record, 
imaging encounters with any of the following were excluded: 
(a) inability to link examination from billing records to an 
exact patient encounter in the electronic medical record (eg, 
due to CT technologist failing to electronically document ad-
ministration of ICM); (b) missing SCr data (baseline, before 
imaging, or after imaging; defined below); (c) no available 
height; (d) history of continuous renal replacement therapy, 
dialysis, or renal transplantation; (e) exposure to ICM (from 
cardiac catheterization, interventional radiology procedure, 
or CT examination) within the 5-day period prior to or the 
2-day period following the CT or US examination used for 
this investigation; and (f ) unstable kidney function before 
imaging (defined below). To eliminate repeat measures within 
an individual, the most recent imaging examination per pa-
tient was used, and patients were preferentially assigned to 

Abbreviations
AKI = acute kidney injury, CI = confidence interval, eGFR = estimated 
glomerular filtration rate, ICM = iodinated contrast material, OR = 
odds ratio, PC-AKI = postcontrast AKI, SCr = serum creatinine

Summary
Iodinated contrast media for CT was not an independent risk fac-
tor for acute kidney injury in hospitalized pediatric patients with 
an estimated glomerular filtration rate of 60 mL/min/1.73 m2 or 
greater.

Key Results
 n After propensity score matching, the frequency of acute kidney 

injury (AKI) after imaging in hospitalized children with estimated 
glomerular filtration rate (eGFR) greater than or equal to 60 mL/
min/1.73 m2 was the same in patients who underwent contrast 
material–enhanced CT versus abdominal US (2.2% vs 2.2%; odds 
ratio [OR]: 0.98; adjusted P = .95).

 n After propensity score matching, the frequency of AKI after 
imaging in hospitalized children with eGFR less than 60 mL/
min/1.73 m2 was no different between the patient groups who 
underwent contrast-enhanced CT and abdominal US (5.6% 
compared with 11.1%; OR: 0.75; adjusted P = .76).

 n Significant predictors of AKI after imaging in hospitalized children 
included eGFR before imaging (OR: 0.99; P = .001), body mass 
index (OR: 1.06; P = .003), acquired kidney disease (OR: 1.95; 
P = .049), and nephrotoxic antibiotic exposure (OR: 2.86; P , 
.001) at multivariable analysis, whereas intravenous contrast mate-
rial was not an independent risk factor (P . .05).



Gilligan et al

Radiology: Volume 00: Number 0— 2020  n  radiology.rsna.org 3

increase or decrease of greater than or equal to 50%, comparing 
SCr values before imaging to baseline SCr values. To improve 
the specificity of AKI diagnosis in patients with a baseline SCr 
value or SCr value before imaging that was less than 0.3 mg/dL, 
AKI or unstable kidney function was not assigned if the follow-
up SCr value was less than 0.5 mg/dL. Otherwise, small and 
likely clinically irrelevant increases, such as from 0.2 mg/dL to 
0.3 mg/dL, would meet the AKI diagnosis (15).

The eGFR before imaging was calculated with the Bedside 
Schwartz equation by using patient height and SCr values be-
fore imaging (18). Patients were grouped into two categories by 
eGFR before imaging: normal or mildly impaired kidney func-
tion (eGFR 60 mL/min/1.73 m2) or moderately to severely 
impaired kidney function (eGFR ,60 mL/min/1.73 m2) (19).

Iodinated Contrast Material Administration
All contrast-enhanced CT examinations performed in patients 
included in this study had been performed with a low-osmolal-
ity ICM, ioversol 320 mg I/mL (Optiray; Guerbet, Princeton, 

the ICM-exposed patient sample if eligible for inclusion in 
either sample.

Kidney Function Definitions
Three SCr values were queried from the electronic medical re-
cord per imaging examination. Baseline kidney function was 
defined as SCr values obtained between 1 year and 5 days prior 
to CT or US, using the value closest to CT or US. Kidney 
function before imaging was defined as SCr values obtained 
within 5 days prior to CT or US, using the value closest to CT 
or US. Kidney function after imaging was defined as SCr val-
ues obtained within 48 hours after CT or US, using the highest 
value. AKI after imaging was defined by using stage I Acute 
Kidney Injury Network SCr-related criteria: an absolute in-
crease in SCr of greater than or equal to 0.3 mg/dL or a percent 
increase in SCr of greater than or equal to 50% (comparing 
SCr value after imaging to SCr value before imaging) (16,17).

Unstable kidney function was defined as an absolute increase 
or decrease of greater than or equal to 0.3 mg/dL, or percent 

Table 1: Summary of Covariates Used for Propensity Score Matching for the Iodinated Contrast Material–exposed and  
Unexposed Patient Samples after Matching

eGFR before Imaging 60 mL/min/1.73 m2 eGFR before Imaging ,60 mL/min/1.73 m2

Variable CT US P Value CT US P Value
Total no. of patients 889 889 … 36 36 …
Age (y)* 7.7 6 6.1 7.2 6 6.3 .046† 2.2 6 4.9 1.4 6 4.1 .48
Female sex 463 (52.1) 460 (51.7) .89 21 (58.3) 24 (66.7) .63
Body mass index (kg/m2)* 19.2 6 5.7 18.9 6 5.1 .24 16.1 6 4.7 14.9 6 4.6 .28
Length of stay (d)* 21.1 6 43.1 22.1 6 37.2 .60 35.4 6 92.8 33.9 6 42.5 .93
Length of stay in ICU (d)* 8.3 6 25.3 9.9 6 25.8 .19 32.5 6 89.3 33.8 6 43.3 .94
Hemoglobin level (g/dL)* 11.1 6 2.2 11.1 6 2.3 .82 12.3 6 3.1 12.6 6 2.6 .65
Hypertension 337 (37.9) 320 (36.0) .40 10 (27.8) 10 (27.8) ..99
Diabetes mellitus 66 (7.4) 57 (6.4) .40 3 (8.3) 1 (2.8) .61
Kidney disease‡

 Congenital 46 (5.2) 44 (5.0) .83 8 (22.2) 8 (22.2) ..99
 Acquired 129 (14.5) 124 (14.0) .73 11 (30.6) 10 (27.8) ..99
Sickle cell disease 17 (1.9) 19 (2.1) .74 0 0 …
Congenital heart disease 215 (24.2) 217 (24.4) .91 30 (83.3) 32 (88.9) .74
Congestive heart failure 56 (6.3) 56 (6.3) ..99 6 (16.7) 8 (22.2) .77
History of cardiac arrest 24 (2.7) 29 (3.3) .49 4 (11.1) 3 (8.3) ..99
Shock 83 (9.3) 84 (9.5) .94 3 (8.3) 3 (8.3) ..99
SIRS or sepsis 130 (14.6) 137 (15.4) .64 6 (16.7) 7 (19.4) ..99
Mechanical ventilation 11 (1.2) 12 (1.4) .83 0 0 …
Vasopressor‡ 129 (14.5) 122 (13.7) .63 5 (13.9) 6 (16.7) ..99
Blood transfusion 79 (8.9) 83 (9.3) .74 9 (25.0) 10 (27.8) ..99
Nephrotoxin‡

 Antibiotic 233 (26.2) 243 (27.3) .59 19 (52.8) 23 (63.9) .47
 Antihypertensive or diuretic 79 (8.9) 73 (8.2) .61 5 (13.9) 4 (11.1) ..99
 Analgesic 157 (17.7) 142 (16.0) .34 6 (16.7) 5 (13.9) ..99
 Other 92 (10.4) 84 (9.5) .53 4 (11.1) 3 (8.3) ..99

Note.—Unless otherwise specified, data are numbers, with percentages in parentheses. eGFR = estimated glomerular filtration rate, ICU = 
intensive care unit, SIRS = systemic inflammatory response syndrome.
* Data are means 6 standard deviation.
† Indicates statistically significant P values.
‡ See Table E1 (online) for list of included diagnoses or medications.
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from the ICM-unexposed (US) patient sample 
that were similar in baseline characteristics and 
AKI risk factors to the ICM-exposed (CT) patient 
sample (9–11,20). Matching was stratified into two 
groups based on eGFR before imaging (normal or 
mildly decreased kidney function [eGFR 60 mL/
min/1.73 m2] and moderately to severely decreased 
kidney function [eGFR ,60 mL/min/1.73 m2]).

Statistical Analysis
Continuous variables were summarized by using 
means and standard deviations, whereas categorical 
variables were summarized by using counts and per-
centages. The Student t test (two-tailed) and the x2 
test were performed to assess differences in continu-
ous and categorical variables, respectively, between 
ICM-exposed and ICM-unexposed patient samples 
before and after 1:1 propensity score matching. 
These tests were also used to compare patients who 
did and patients who did not experience AKI af-
ter imaging. After 1:1 propensity score matching, 
univariable and multivariable logistic regression 
analyses were performed to assess the association 
between ICM and other covariates with the devel-
opment of AKI after imaging. For multivariable 
modeling, stepwise model selection was used with 
entry and stay significance levels of .05.

A P value less than .05 was considered to indicate 
statistical significance for inference testing, and 95% 
confidence intervals (CIs) were calculated as appro-
priate. All statistical analyses were performed by us-
ing SAS (version 9.4; SAS Institute, Cary, NC).

Results

Patient Characteristics
A total of 21 106 imaging examinations were 
identified based on our inclusion criteria (CT 
with intravenous ICM [exposed sample], 14 757; 
abdominal US [unexposed sample], 6349). After 
applying exclusion criteria and before propensity 
score matching, a total of 2198 imaging examina-
tions remained (exposed sample, 1137; unexposed 
sample, 1061). After propensity score match-

ing, 1850 imaging examinations were selected for analysis 
(ICM-exposed, 925; ICM-unexposed, 925; eGFR 60 mL/
min/1.73 m2, 889 per sample; eGFR ,60 mL/min/1.73 m2, 
36 per sample). See the Figure for a flow diagram detailing how 
the inclusion and exclusion criteria were applied.

Table 1 and Table E2 (online) summarizes the covariates used 
for propensity score matching of the exposed and unexposed sam-
ples, stratified by eGFR before imaging. After propensity score 
matching stratified by eGFR before imaging, only a single variable 
(age) remained different between patient samples for the eGFR 
greater than or equal to 60 mL/min/1.73 m2 stratum (CT vs US 
samples: 7.7 years 6 6.1 [standard deviation] vs 7.2 years 6 6.3; 
P = .046). Table 2 summarize these covariates for the entire 1:1 

NJ). Dosing of contrast material was weight based, adminis-
tered at a dose of 1.5–2 mL/kg during the study period with 
a maximum volume of 125 mL. Patients were not universally 
given intravenous hydration prior to their CT examination. No 
intravenous contrast media was given during US examinations.

Propensity Score Matching
Twenty-three covariates that have been or may be associated 
with a risk of developing AKI as a hospitalized inpatient were 
included in our 1:1 propensity score–matched logistic regres-
sion model (Table 1). The 1:1 propensity score matching was 
performed based on previously published methods by using the 
“nearest neighbor” matching method. Patients were selected 

Flowchart shows patient selection. CRRT = continuous renal replacement therapy, ICM = iodinated 
contrast material, IV = intravenous, SCr = serum creatinine.
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Table 2: Characteristics of Propensity Score–matched Study Population Grouped by Patient Sample with and without Acute  
Kidney Injury after Imaging

Overall No AKI AKI P Value P Value
CT Cohort Exposed to ICM

Total no. patients 925 903 22 …
eGFR before imaging (mL/min/1.73 m2)* 129.9 6 47.0 130.3 6 46.9 111.8 6 45.5 .068
eGFR category before imaging
 60 mL/min/1.73 m2 889 (96.1) 869 (96.2) 20 (90.9) .20
 ,60 mL/min/1.73 m2 36 (3.9) 34 (3.8) 2 (9.1) …
Age (y)* 7.5 6 6.1 7.5 6 6.1 10.2 6 6.3 .04†

Female sex 484 (52.3) 471 (52.2) 13 (59.1) .52
Body mass index (kg/m2)* 19.1 6 5.7 19.0 6 5.6 23.5 6 9.1 .03†

Total length of stay (d)* 50.6 6 77.4 50.9 6 78.0 40.6 6 48.9 .35
Length of stay before CT or US (d)* 21.7 6 46.0 21.8 6 46.3 15.8 6 33.1 .54
Length of stay in ICU before CT or US (d)* 9.3 6 30.7 9.3 6 30.8 7.5 6 24.5 .79
Hemoglobin level (g/dL)* 11.2 6 2.3 11.2 6 2.3 11.0 6 2.2 .67
Hypertension 347 (37.5) 338 (37.4) 9 (40.9) .74
Diabetes mellitus 69 (7.5) 67 (7.4) 2 (9.1) .77
Kidney disease‡

 Congenital 54 (5.8) 53 (5.9) 1 (4.6) .79
 Acquired 140 (15.1) 135 (15.0) 5 (22.7) .31
Sickle cell disease 17 (1.8) 16 (1.8) 1 (4.6) .34
Congenital heart disease 245 (26.5) 240 (26.6) 5 (22.7) .69
Congestive heart failure 62 (6.7) 61 (6.8) 1 (4.6) .68
History of cardiac arrest 28 (3.0) 28 (3.1) 0 .40
Shock 86 (9.3) 85 (9.4) 1 (4.6) .44
SIRS or sepsis 136 (14.7) 133 (14.7) 3 (13.6) .89
Mechanical ventilation 11 (1.2) 10 (1.1) 1 (4.6) .14
Vasopressor‡ 134 (14.5) 131 (14.5) 3 (13.6) .91
Blood transfusion 88 (9.5) 84 (9.3) 4 (18.2) .16
Nephrotoxin‡

 Antibiotic 252 (27.2) 242 (26.8) 10 (45.5) 0.05
 Antihypertensive or diuretic 84 (9.1) 82 (9.1) 2 (9.1) .0.99
 Analgesic 163 (17.6) 162 (17.9) 1 (4.6) 0.10
 Other 96 (10.4) 94 (10.4) 2 (9.01) 0.84

US Cohort Unexposed to ICM
Total no. patients 925 901 24 …
eGFR (mL/min/1.73 m2)* 127.5 6 46.8 128.4 6 46.6 95.8 6 43.2 ,.001†

eGFR category before imaging
 60 mL/min/1.73 m2 889 (96.1) 869 (96.5) 20 (83.3) .001†

 ,60 mL/min/1.73 m2 36 (3.9) 32 (3.6) 4 (16.7) …
Age (y)* 6.9 6 6.3 6.9 6 6.3 7.1 6 6.5 .88
Female sex 484 (52.3) 470 (52.2) 14 (58.3) .55
Body mass index (kg/m2)* 18.7 6 5.1 18.7 6 5.1 19.0 6 6.8 .83
Total length of stay (d)* 49.3 6 73.3 48.5 6 73.4 79.5 6 63.3 .04†

Length of stay before CT or US (d)* 22.6 6 37.5 22.4 6 37.6 31.5 6 31.8 .24
Length of stay in ICU before CT or US (d)* 10.9 6 27.1 10.6 6 27.0 21.2 6 28.4 .06
Hemoglobin level (g/dL)* 11.2 6 2.3 11.2 6 2.3 11.8 6 2.4 .16
Hypertension 330 (35.7) 320 (35.5) 10 (41.7) .53
Diabetes mellitus 58 (6.3) 56 (6.2) 2 (8.3) .67
Kidney disease‡

 Congenital 52 (5.6) 49 (5.4) 3 (12.5) .14
 Acquired 134 (14.5) 125 (13.9) 9 (37.5) .001†

Sickle cell disease 19 (2.1) 19 (2.1) 0 .47
Table 2 (continues)
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was 2.2% (20 of 889) in both the exposed and unexposed 
propensity score–matched samples (OR: 0.98 [95% CI: 0.52, 
1.86]; adjusted P = .95). In patients with an eGFR before im-
aging of less than 60 mL/min/1.73 m2, AKI after imaging oc-
curred at a higher absolute frequency in the ICM-unexposed 
propensity score–matched sample (11.1%, four of 36) than in 
the ICM-exposed propensity score–matched sample (5.6%, 
two of 36), although this difference was not statistically sig-
nificant and underpowered due to small sample size (OR: 0.75 
[95% CI: 0.11, 5.00]; adjusted P = .76). The overall frequency 
of PC-AKI was 2.4% (22 of 925) when including patients 
from both eGFR strata. Table 5 shows the association between 
ICM exposure and AKI after imaging after controlling for co-
variates that were significant in the multivariable logistic model 
for hospitalized pediatric patients, with an eGFR before imag-
ing of greater than or equal to 60 mL/min/1.73 m2.

Discussion
There is a lack of propensity score–matched studies document-
ing the risk of acute kidney injury (AKI) after intravenous 
iodinated contrast material (ICM) exposure in the pediatric 
population. Similarly, there is a paucity of published literature 
assessing specific risk factors for AKI after imaging, including 
ICM exposure. In this propensity score–matched study, we ob-
served identical frequencies of stage I AKI (2.2%; adjusted 
P = .95) in hospitalized pediatric patients with estimated glo-
merular filtration rate (eGFR) greater than or equal to 60 mL/
min/1.73 m2 who underwent contrast material–enhanced CT 
and abdominal US (ICM-unexposed sample), respectively. We 
found an incidence of stage I postcontrast AKI (PC-AKI) of 
2.4% for the entire contrast-exposed study sample, although 
pediatric patients with eGFR less than 60 mL/min/1.73 m2 
are generally underrepresented, thereby limiting conclusions 
in this group. Multivariable logistic regression showed intra-

propensity score–matched study population, grouped by patient 
sample and by presence or absence of AKI after imaging.

Univariable Logistic Regression Analyses
Results from univariable logistic regression analyses testing the 
association between covariates and the development of AKI af-
ter imaging in the 1:1 propensity score–matched population 
are presented in Table 3. Of note, significant univariable pre-
dictors for AKI after imaging included eGFR before imaging 
(odds ratio [OR]: 0.99 per unit [95% CI: 0.98, 0.99]; P , 
.001), body mass index (OR: 1.06 per unit [95% CI: 1.02, 
1.10]; P = .005), presence of an acquired kidney disease (OR: 
2.60 [95% CI: 1.37, 4.94]; P = .004), and nephrotoxic anti-
biotic exposure (OR: 2.89 [95% CI: 1.61, 5.21]; P , .001). 
ICM exposure was not a significant predictor of AKI after im-
aging (OR: 0.91 [95% CI: 0.51, 1.64]; P = .77).

Multivariable Logistic Regression Analyses
Table 4 demonstrates the results of multivariable logistic re-
gression for AKI after imaging. ICM exposure was not an in-
dependent predictor of AKI after imaging and therefore was 
not included in the final multivariable model following the 
stepwise variable selection process. The following variables 
were found to be significant independent predictors of AKI in 
the multivariable model: eGFR before imaging (OR: 0.99 per 
unit [95% CI: 0.98, 0.995]; P = .001), body mass index (OR: 
1.06 per unit [95% CI: 1.02, 1.10]; P = .003), presence of an 
acquired kidney disease (OR: 1.95 [95% CI: 1.004, 3.78];  
P = .049), and nephrotoxic antibiotic exposure (OR: 2.86 
[95% CI: 1.55, 5.25]; P , .001).

Incidence of AKI after Imaging
The incidence of AKI after imaging in patients with an eGFR 
before imaging of greater than or equal to 60 mL/min/1.73 m2 

Table 2 (continued): Characteristics of Propensity Score–matched Study Population Grouped by Patient Sample with and  
without Acute Kidney Injury after Imaging

Overall No AKI AKI P Value P Value
Congenital heart disease 249 (26.9) 242 (26.9) 7 (29.2) .80
Congestive heart failure 64 (6.9) 59 (6.6) 5 (20.8) .007†

History of cardiac arrest 32 (3.5) 30 (3.3) 2 (8.3) .19
Shock 87 (9.4) 83 (9.2) 4 (16.7) .22
SIRS or sepsis 144 (15.6) 136 (15.1) 8 (33.3) .02†

Mechanical ventilation 12 (1.3) 12 (1.3) 0 .57
Vasopressor‡ 128 (13.8) 120 (13.3) 8 (33.3) .005†

Blood transfusion 93 (10.1) 90 (10.0) 3 (12.5) .69
Nephrotoxin‡

 Antibiotic 266 (28.8) 252 (28.0) 14 (58.3) .001†

 Antihypertensive or diuretic 77 (8.3) 73 (8.1) 4 (16.7) .13
 Analgesic 147 (15.9) 140 (15.5) 7 (29.2) .07
 Other 87 (9.4) 85 (9.4) 2 (8.3) .86

Note.—Unless otherwise specified, data are numbers, with percentages in parentheses. AKI = acute kidney injury, ICM = iodinated contrast 
material, eGFR = estimated glomerular filtration rate, ICU = intensive care unit, SIRS = systemic inflammatory response syndrome.
* Data are means 6 standard deviation.
† Indicates statistically significant P values.
‡ See Table E1 (online) for list of included diagnoses or medications.
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population supporting the grow-
ing body of literature in adults 
calling into question the nephro-
toxicity of intravenous ICM for 
patients with mild kidney impair-
ment. Our study is one of a very 
small number of pediatric inves-
tigations to use propensity score 
matching to study PC-AKI and 
follows published adult data: no 
propensity score–matched study 
in adults has found an increased 
risk of AKI in ICM-exposed pa-

tients with eGFR greater than or equal to 60 mL/min/1.73 m2 
(11). We believe our results should reassure medical care pro-
viders who order clinically indicated contrast-enhanced CT ex-
aminations in pediatric patients with normal or mildly impaired 
renal function.

In the sample of patients with moderate to severe kidney 
impairment (eGFR ,60 mL/min/1.73 m2), a higher absolute 

venous ICM exposure was not independently associated with 
AKI after imaging (P . .05; ICM exposure did not enter the 
final model).

We observed that intravenous ICM exposure was not a 
significant predictor of AKI in univariable or multivariable lo-
gistic regression analyses in the 1:1 propensity score–matched 
study population. Our study provides evidence in a pediatric 

Table 3: Univariable Logistic Regression for Predictors of Acute Kidney Injury after Imaging in 1:1 Propensity Score–matched 
Population

Variable AUC Odds Ratio P Value
ICM exposure 0.51 (0.44, 0.59) 0.91 (0.51, 1.64) .77
eGFR before imaging (mL/min/1.73 m2) 0.65 (0.56, 0.74) 0.99 (0.98, 0.99) ,.001*

Age (y) 0.56 (0.47, 0.65) 1.04 (0.99, 1.08) .14
Female sex 0.53 (0.46, 0.61) 1.3 (0.72, 2.36) .38
Body mass index (kg/m2) 0.57 (0.47, 0.67) 1.06 (1.02, 1.1) .005*

Total length of stay (d) 0.64 (0.58, 0.70) 1 (1, 1) .32
Length of stay before CT or US (d) 0.57 (0.49, 0.65) 1 (0.99, 1.01) .76
Length of stay in ICU before CT or US (d) 0.61 (0.53, 0.69) 1 (1, 1.01) .28
Hemoglobin level (g/dL) 0.53 (0.44, 0.62) 1.05 (0.93, 1.19) .46
Hypertension 0.52 (0.45, 0.60) 1.23 (0.68, 2.22) .50
Diabetes mellitus 0.51 (0.47, 0.55) 1.3 (0.46, 3.69) .62
Kidney disease†

 Congenital 0.52 (0.47, 0.56) 1.59 (0.56, 4.52) .38
 Acquired 0.58 (0.51, 0.65) 2.6 (1.37, 4.94) .004*

Sickle cell disease 0.50 (0.48, 0.52) 1.12 (0.15, 8.38) .91
Congenital heart disease 0.50 (0.44, 0.57) 0.97 (0.5, 1.89) .92
Congestive heart failure 0.53 (0.48, 0.58) 2.11 (0.88, 5.07) .10
History of cardiac arrest 0.51 (0.48, 0.54) 1.37 (0.32, 5.78) .67
Shock 0.51 (0.46, 0.55) 1.19 (0.46, 3.05) .72
SIRS or sepsis 0.55 (0.48, 0.61) 1.79 (0.9, 3.57) .10
Mechanical ventilation 0.50 (0.48, 0.53) 1.8 (0.24, 13.65) .57
Vasopressor† 0.55 (0.49, 0.61) 1.94 (0.97, 3.88) .06
Blood transfusion 0.53 (0.47, 0.58) 1.68 (0.74, 3.82) .21
Nephrotoxin†

 Antibiotic 0.62 (0.55, 0.70) 2.89 (1.61, 5.21) ,.001*

 Antihypertensive or diuretic 0.52 (0.47, 0.57) 1.6 (0.67, 3.82) .29
 Analgesic 0.50 (0.45, 0.56) 1.05 (0.48, 2.27) .91
 Other 0.51 (0.46, 0.55) 0.86 (0.31, 2.44) .78

Note.— There was a total of 1850 patients and 46 acute kidney injury events after imaging. Data in parentheses are 95% confidence inter-
vals. AUC = area under the receiving operating characteristic curve, eGFR = estimated glomerular filtration rate, ICM = iodinated contrast 
material, ICU = intensive care unit, SIRS = systemic inflammatory response syndrome.
* Indicates statistically significant P values.
† See Table E1 (online) for list of included diagnoses or medications.

Table 4: Significant Variables in Multivariable Regression Model for Acute Kidney Injury 
after Imaging in 1:1 Propensity Score–matched Patient Population

Variable Odds Ratio 95% CI P Value
eGFR before imaging (mL/min/1.73 m2) 0.99 0.98, 0.995 .001
Body mass index (kg/m2) 1.06 1.02, 1.10 .003
Acquired kidney disease* 1.95 1.004, 3.78 .049
Nephrotoxin, antibiotic* 2.86 1.55, 5.25 ,.001

Note.—There was a total of 1850 patients and 46 acute kidney injury events after imaging. Intra-
venous iodinated contrast material did not enter the final model. CI = confidence interval, eGFR = 
estimated glomerular filtration rate.
* See Table E1 (online) for list of included diagnoses or medications.
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comorbidities for propensity score matching. Prior to our in-
vestigation and the recent pediatric study by McDonald et al, 
conclusions regarding the association between intravenous ICM 
exposure and PC-AKI in pediatric patients could only be extrap-
olated from adult studies (8–10,12–14). Although there remains 
only a small body of pediatric literature on this topic to date, the 
results of these studies have mirrored those observed in adults.

Our study had limitations. Propensity score matching in 
an observational study can only control known confounders. 
Therefore, our study may be biased by unknown confounders 
that enrich the control group with greater risk. We relied on our 
hospital’s electronic medical record to identify pediatric patients 
exposed and patients unexposed to ICM as well as associated 
comorbidities, medications, anthropomorphic data, et cetera. 
This methodology is vulnerable to biases related to record accu-
racy and completeness. For example, we were unable to identify 
which patients received renoprotective measures prior to CT, 
such as intravenous hydration. Although our matched popula-
tion included more than 1800 pediatric patients, our study is 
still relatively small when compared with similar adult investiga-
tions, because CT is less commonly performed in children. Our 
study included only 72 patients with moderate or severe kidney 
impairment, which prevented assessment of the nephrotoxic risk 
of ICM in that cohort. Furthermore, those patients were, on av-
erage, much younger than were those with an eGFR greater than 
or equal to 60 mL/min/1.73 m2. Finally, we did not compare the 
total volume of ICM injected with the risk of AKI in this study, 
as the volume administered is standardized based on patient size.

In conclusion, hospitalized pediatric patients with stable kid-
ney function who underwent contrast material–enhanced CT im-
aging had a similar frequency of acute kidney injury (AKI) com-
pared with a propensity score–matched patient sample unexposed 
to iodinated contrast material (ICM) who underwent abdominal 
US. We found the overall frequency of postcontrast AKI (PC-
AKI) to be 2.4%. In patients with normal or mildly decreased 
kidney function (estimated glomerular filtration rate 60 mL/
min/1.73 m2), intravenous ICM exposure was not independently 
associated with PC-AKI.
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Informatics at Cincinnati Children’s Hospital Medical Center, which provided in-

frequency of AKI was observed after abdominal US (11.1%) 
than after contrast-enhanced CT (5.6%). However, the frequen-
cies of AKI were not different between the two groups (under-
powered assessment; 36 per cohort). Data in the adult literature 
are conflicting regarding differential AKI risk in intravenous 
ICM-exposed patients with moderate to severe chronic kidney 
disease (11). One large study using propensity score matching 
showed a lower risk of AKI after imaging in ICM exposed versus 
unexposed adult patients (13). Conversely, a similar propensity-
matched study in adult inpatients found a greater risk of AKI 
in patients with severe kidney impairment (eGFR ,30 mL/
min/1.73 m2) who were exposed to intravenous ICM (36% vs 
19%) (8). Because of small sample size, we are unable to make 
any strong conclusions about the association between AKI af-
ter imaging and intravenous ICM exposure in pediatric patients 
with moderately to severely impaired kidney function. We be-
lieve further research in this population would be of particular 
interest.

The observed rate of AKI after imaging in our propensity 
score–matched study population is lower than the observed rates 
in other pediatric studies. In a study by Sutherland et al (21), the 
incidence of AKI, defined by Acute Kidney Injury Network SCr-
related criteria, in hospitalized children was 37%. However, the 
Sutherland et al study aimed to elicit differences in AKI rates be-
tween available standardized definitions, did not apply exclusion 
criteria similar to our study, and observed patients for AKI over 
an entire admission. It is noteworthy that our study intentionally 
excluded patients with unstable baseline creatinine or history of 
renal transplant, continuous renal replacement therapy, or dialy-
sis and observed for AKI only over a 48-hour period following 
imaging (per established guidelines). In a pediatric investigation 
similar to ours, McDonald et al (14) demonstrated a frequency 
of PC-AKI in an ICM-exposed group of 3.3%.

We elected to use abdominal US for our control group for 
several reasons. First, unenhanced abdominal CT examinations 
are infrequently performed at our pediatric hospital, yielding a 
small number of potential study participants and possible selec-
tion bias. Second, abdominal US examinations are frequently 
performed at our hospital, and these inpatients may be ill and/
or unable to travel to CT examinations, yielding a relatively 
large number of potential unexposed study participants with 

Table 5: Effect of Intravenous Iodinated Contrast Material on AKI after Imaging after Controlling for Covariates Found to Be  
Significant at Multivariable Analysis

Cohort Overall No AKI AKI Rate of AKI (%) Odds Ratio* 95% CI P Value

eGFR 60 mL/min/1.73 m2 0.98 0.52, 1.86 .95
 CT 889 869 20 2.2
 US 889 869 20 2.2
All patients 0.92 0.51, 1.67 .78
 CT 925 903 22 2.4
 US 925 901 24 2.6

Note.—Significant multivariable covariates included estimated glomerular filtration rate (eGFR) before imaging (in milliliters per minute 
per 1.73 m2), body mass index (in kilograms per square meter), acquired kidney disease, and nephrotoxin (antibiotic). AKI = acute kidney 
injury, CI = confidence interval.
* Odds ratio for relationship between intravenous iodinated contrast material exposure and AKI in patients with eGFR less than 60 mL/
min/1.73 m2 was not calculated due to small sample size.
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