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Background: This study compares the incidence of post-contrast acute kidney injury (PC-AKI) in patients who received a single ad-
ministration of iodine-based contrast medium (ICM) with that in patients who received a sequential administration of ICM and gado-
linium-based contrast agents (GBCA) in a single visit to an emergency department (ED) to determine the risk factors for PC-AKI. 
Methods: Patients who received one or more contrast media in the ED from 2016 to 2021 were included in this retrospective study. 
They were divided into the ICM alone and ICM + GBCA groups, and the incidence of PC-AKI was compared between the groups. The 
risk factors were assessed using a multivariable analysis after propensity score matching (PSM). 
Results: Overall, 6,318 patients were analyzed, of whom 139 were in the ICM + GBCA group. The incidence of PC-AKI was significant-
ly higher in the ICM + GBCA group than in the ICM alone group (10.9% vs. 27.3%, p < 0.001). In the multivariable analysis, sequential 
administration was a risk factor for PC-AKI, and single administration was not (adjusted odds ratio [95% confidence interval] in the 
1:1, 2:1, and 3:1 PSM cohorts: 2.38 [1.25–4.55], 2.13 [1.26–3.60], and 2.28 [1.39–3.72], respectively). In subgroup analyses of 
the ICM + GBCA group, osmolality (1.05 [1.01–1.10]) and estimated glomerular filtration rate (eGFR, 0.93 [0.88–0.98]) were associ-
ated with PC-AKI. 
Conclusion: Compared with a single administration of ICM alone, sequential administration of ICM and GBCA during a single ED visit 
might be a risk factor for PC-AKI. Osmolality and eGFR might be associated with PC-AKI after sequential administration. 
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Introduction 

Contrast media are indispensable for enhanced imaging 

examinations, such as computed tomography (CT) and 

magnetic resonance imaging (MRI), because they allow 

physicians to gain essential information. Despite their 

advantages, intravenous iodine-based contrast medium 

(ICM) and gadolinium-based contrast agents (GBCA) have 

been identified as causes of post-contrast acute kidney in-

jury (PC-AKI) [1–3], though well-designed meta-analysis 

studies have reported that the nephrotoxicity associated 

with these contrast media has been overestimated [4–7]. 

Nonetheless, multiple administrations of contrast medi-

um in a short period are still proposed as a risk factor for 

PC-AKI [8]. Because the association between sequential 

administrations of ICM and GBCA on the same day and 

the development of PC-AKI is not yet clear, the current 

guideline from the European Society of Urogenital Radiol-

ogy recommends that patients with normal or moderately 

reduced renal function (estimated glomerular filtration 

rate [eGFR] of >30 mL/min/1.73 m2) should have an inter-

val of at least 4 hours between administrations of ICM and 

GBCA, based on their half-lives for excretion from the body 

[9]. On the other hand, the American College of Radiology 

(ACR) guideline regards that as ambiguous and does not 

endorse a specific time interval for sequential administra-

tions of two contrast media [10,11]. 

The currently available evidence about risk factors for 

PC-AKI, particularly in patients who sequentially receive 

ICM and GBCA on a single visit to an emergency depart-

ment (ED), is still limited because this issue is uncommon 

in a general clinical environment. However, urgent or 

emergency medical issues can lead to this clinical situa-

tion, especially in an ED. Therefore, we examined the in-

cidence of PC-AKI in patients with a baseline eGFR of >30 

mL/min/1.73 m2 and compared those who received a sin-

gle administration of ICM alone with those who received 

sequential administrations of ICM and GBCA during a 

single ED visit. We also investigated the risk factors for de-

veloping PC-AKI among patients who received sequential 

administrations of ICM and GBCA during a single ED visit. 

Methods 

Study design and population 

This was a single-center, retrospective cohort study 

conducted by reviewing data extracted from electronic 

medical records of patients who visited the ED of Chun-

gnam National University Hospital; approximately 56,000 

patients visit the ED annually. This study was conducted 

according to the guidelines of the Declaration of Helsinki 

and approved by the Institutional Review Board of Chun-

gnam National University Hospital (No. 2021-11-024). The 

extracted data included only clinical data; no personally 

identifiable information was collected. Therefore, the need 

for informed consent was waived. 

Patients who were admitted from the ED after either a 

single administration of ICM or sequential administration 

of both contrast media were included in this study. Among 

them, pediatric patients (aged <18 years) and patients who 

had an eGFR of <30 mL/min/1.73 m2, as measured in the 

ED; had a medical history of kidney transplantation; or 

were missing data for creatinine or eGFR measured before 

the administration of contrast medium were excluded. The 

enrolled patients were divided into two groups: ICM alone 

(single administration of ICM in the ED) and ICM + GBCA 

(sequential administration of ICM and GBCA). 

Data from July 2016 to July 2021 were extracted by an 

experienced research assistant who underwent rigorous 

training on our explicit protocol, including clearly defined 

variables and standardized coding methods. The system-

atic data abstraction was performed by abstractors who 

were blinded to the overall goals of the research to ensure 

unbiased chart reviews. Any conflicting or ambiguous 

charts were flagged by the abstractors for additional review 

by two board-certified emergency physicians and nephrol-

ogists. We recorded the following data from the index visit: 

baseline demographics (age, body mass index [BMI], sex), 

Charlson comorbidity index (CCI) calculated from preex-

isting illness, ED chief complaint, ED disposition, ED vital 

signs, laboratory results in ED, type and interval of each 

enhanced image examination in the cohort (both CT and 

MRI) performed in the ED on the same day, and mortality 

rates. 
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Interventions (process of radiologic examinations) 

The enhanced CT and MRI procedures included a chest 

CT, abdominal CT, three-phase CT, brain CT angiography, 

head and neck CT, neck CT angiography, extremity CT an-

giography, head MRI with magnetic resonance angiogra-

phy, spine MRI, and perfusion brain MRI. All CT and MRI 

scans were performed using a 64-channel system (Soma-

tom Sensation 64; Siemens Healthineers) and a 3T scanner 

(Achieva 3T; Philips Healthcare), respectively. According to 

our institutional policy, preventive hydration with a fixed 

volume (500 mL) of normal saline was infused into patients 

at high risk of developing PC-AKI after the administration 

of contrast medium (serum creatinine level of >1.7 mg/dL 

or eGFR of <45 mL/min/1.73 m2) at the discretion of the 

attending physicians. 

All administrations of contrast medium (Supplementary 

Table 1, available online) were performed according to in-

stitutional protocols (available online at https://www.ctis-

us.com/protocols). The ICM used in the ED is a low-osmo-

lality and non-ionic contrast agent that was administered 

intravenously according to image examination-specific 

protocols at a volume of 80 to 120 mL. Similarly, GBCA was 

administered at 0.1 mL/kg according to examination-spe-

cific protocols. 

Outcomes 

The primary outcome of this study was the development of 

PC-AKI. Traditionally, PC-AKI has been defined as a signif-

icant increase in serum creatinine from baseline within 72 

hours after the last administration of contrast medium [9]. 

Recently, however, eGFR has gained attention as a poten-

tially better marker of PC-AKI risk [12,13] because it pre-

dicts the true GFR more accurately than serum creatinine 

[14]. Therefore, we added an eGFR-based criterion and 

defined PC-AKI in this study as an increase in serum cre-

atinine of ≥25% or 0.5 mg/dL over the baseline value [9] or 

the reduction of eGFR by ≥25% of the baseline value within 

72 hours after the last administration of contrast medium 

(ICM or GBCA) [15]. eGFR was estimated according to the 

guidelines of the Korean Society of Nephrology [16]. The 

secondary outcome was AKI recovery, defined as a return 

to the baseline serum creatinine level, within 7 days after 

the ED visit [17]. 

Statistical analysis 

Categorical and continuous variables had a non-normal 

distribution in this study, so differences between the 

groups were analyzed using the chi-square test with con-

tinuity correction in 2 × 2 tables or Fisher exact test for 

categorical variables and the Mann-Whitney U test for con-

tinuous variables, with the results expressed as a frequency 

with the percentile and median values with interquartile 

ranges (IQRs), respectively. 

We performed propensity score matching (PSM) be-

tween the ICM alone and ICM + GBCA groups to balance 

potential covariables. A binary logistic regression model 

was used to determine the propensity scores for the ICM 

+ GBCA group using baseline characteristics and clinical 

status in the ED. For the PSM analysis, each patient in the 

ICM + GBCA group was matched to one patient in the ICM 

alone group to the nearest fifth decimal point using a near-

est-neighbor algorithm. A caliper setting of 0.2 was used. 

Standardized differences (SDs) were used to confirm a 

balanced matching result. The matching result was consid-

ered balanced when the SD was <0.1. There was no over-

lapping of non-exposure cases in the final models. Many 

subjects received ICM alone; therefore, we also used ma-

ny-to-one PSM (1:1, 2:1, and 3:1) to minimize the standard 

error between the groups. After PSM, multivariable logistic 

regression analyses were performed for each PSM cohort. 

Adjusted odds ratios (aORs) with 95% confidence intervals 

(CIs) for the exposure variable were calculated in each 

analysis. Backward selection was used to develop the final 

adjusted model. The goodness of fit of the final model was 

evaluated using the Hosmer-Lemeshow test. The results of 

the logistic regression analysis are expressed as aORs with 

95% CIs. 

A subgroup multivariable logistic regression analysis was 

performed to identify the independent risk factors for PC-

AKI in the ICM + GBCA group. All variables with a p-value 

of <0.1 in the univariable analyses were included using 

the same multivariable logistic regression method just de-

scribed. Potential multicollinearity was assessed using tol-

erance and the variance inflation factor (VIF) to verify that 

multicollinearity did not significantly influence the mod-

el’s coefficients. Multicollinearity between variables was 

defined as a tolerance of <0.1 or a VIF of >10 [18]. Receiv-

er-operating characteristic (ROC) curves were constructed 

https://www.krcp-ksn.org/upload/media/j-krcp-22-026-Supplementary-Table-1.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-22-026-Supplementary-Table-1.pdf
https://www.ctisus.com/protocols
https://www.ctisus.com/protocols
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to determine the predictive value of factors independently 

associated with the development of PC-AKI, and the area 

under the ROC curve (AUROC) was obtained for single ef-

fective variables and their combination. The combination 

was divided into two steps: first, a probability value was ob-

tained using a binary logistic regression analysis; second, 

an ROC curve analysis was performed using this proba-

bility value as a test variable. The analysis was performed 

using R software (version 4.1.0; R Foundation for Statistical 

Computing) and MedCalc version 15.2.2 (MedCalc Soft-

ware). Results were considered statistically significant at a 

p-value of <0.05. 

Results 

Study population 

Of the 13,839 patients who received ICM for enhanced CT 

in the ED, 349 pediatric patients, 64 patients for whom the 

data for estimating renal function before the use of contrast 

medium were unavailable, 6,974 patients whose eGFR was 

<30 mL/min/1.73 m2 at baseline, and 134 patients who 

had undergone kidney transplantation were excluded (Fig. 

1). Of the remaining 6,318 patients, 6,179 (97.8%) and 139 

(2.2%) were in the ICM alone and ICM + GBCA groups, re-

spectively. 

The demographic and baseline characteristics of the to-

tal cohort in this study are provided in Table 1. The groups 

differed significantly in liver disease (335 [5.4%] vs. 18 

[12.9%], p < 0.001) and ischemic heart disease (417 [6.7%] 

vs. 22 [15.8%], p < 0.001) as past medical history; however, 

the CCI did not differ between the groups (3 [IQR, 1–4] 

vs. 3 [IQR, 1–5], p = 0.14) (Table 1). Neurologic symptoms 

(675 [10.9%] vs. 47 [33.8%], p < 0.001) and cardiac arrest 

(54 [0.9%] vs. 7 [5.0%], p < 0.001) as the chief complaint 

during the ED visit were significantly higher in the ICM + 

GBCA group than in the ICM alone group (Table 1). After 

performing PSM to adjust the balance between the groups, 

the baseline characteristics and clinical status of the two 

groups were as displayed in Table 2, and the adjustment 

status after PSM that we estimated using the standard 

mean differences between the groups is shown in Sup-

plementary Fig. 1 (available online). None of the baseline 

characteristics or clinical status in the ED differed signifi-

cantly between the groups after PSM (Table 2). 

Figure 1. Flow diagram of the patients included in this study.
CKD, chronic kidney disease; ED, emergency department; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; 
GBCA, gadolinium-based contrast agents; HD, hemodialysis; ICM, iodine-based contrast medium; PD, peritoneal dialysis.

Patients admitted from ED after eithersingle
or sequential administration of contrast media(s)

(n = 13,839)

Included analysis (n = 6,318)

Single administration of ICM
(ICM alone group) (n = 6,179)

Sequential administrations of ICM and GBCA
(ICM + GBCA group) (n = 139)

Pediatric patients (<18 years) (n = 349)
No initial creatinine and eGFR in ED (n = 64)
eGFR of < 30 mL/min/1.73 m2 measured before using 

contrast media in ED (n = 6,974)
- Known ESRD with HD or PD (n = 518)
- Newly diagnosis of CKD of stage 4 or 5 in ED (n = 6,456) 
History of kidney transplantation (n = 134)

https://www.krcp-ksn.org/upload/media/j-krcp-22-026-Supplementary-Fig-1.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-22-026-Supplementary-Fig-1.pdf
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Table 1. Baseline demographics, characteristics, and outcomes of the study population
Variable Total cohort ICM alone group ICM + GBCA group p-value
No. of patients 6,318 6,179 139
Demographics
 Age (yr) 65 (49–77) 65 (49–77) 63 (49–73) 0.16
 Body mass index (kg/m2) 23.5 (21.0–25.9) 23.5 (21.0–26.0) 23.0 (21.1–24.9) 0.19
 Male sex 3,574 (56.6) 3,484 (56.4) 90 (64.7) 0.06
Preexisting illnesses
 Hypertension 2,460 (38.9) 2,405 (38.9) 55 (39.6) 0.72
 Diabetes 1,539 (24.4) 1,503 (24.3) 36 (25.9) 0.55
 Liver disease 353 (5.6) 335 (5.4) 18 (12.9) <0.001
 Chronic kidney disease 179 (2.8) 171 (2.8) 8 (5.6) 0.004
 Pulmonary disease 230 (3.6) 223 (3.6) 7 (5.0) 0.36
 Congestive heart failure 214 (3.4) 207 (3.4) 7 (5.0) 0.23
 Ischemic heart disease 439 (6.9) 417 (6.7) 22 (15.8) <0.001
 Cerebrovascular disease 750 (11.9) 733 (11.9) 17 (12.2) 0.79
 Charlson comorbidity index 3 (1–4) 3 (1–4) 3 (1–5) 0.14
Chief complaint at ED visit
 Trauma 2,355 (37.3) 2,310 (37.4) 45 (32.4) 0.25
 Neurologic 722 (11.4) 675 (10.9) 47 (33.8) <0.001
 Cardiac arrest 61 (1.0) 54 (0.9) 7 (5.0) <0.001
Vital sign at ED visit
 Mean arterial pressure (mmHg) 95.0 (83.0–107.0) 95.0 (83.0–107.0) 91.0 (77.0–107.0) 0.03
 Pulse rate (beats/min) 93.0 (80.0–108.0) 93.0 (80.0–108.0) 87.0 (72.0–104.0) 0.009
 Respiratory rate (beats/min) 20.0 (20.0–22.0) 20.0 (20.0–22.0) 20.0 (20.0–22.0) 0.64
 Body temperature (°C) 37.0 (36.5–37.7) 37.0 (36.5–37.7) 36.7 (36.2–37.4) 0.001
 SpO2 (%) 97.0 (96.0–98.0) 97.0 (96.0–98.0) 97.0 (96.0–98.0) 0.93
Laboratory data at ED visit
 White blood cell (×103/μL) 10.0 (7.5–14.5) 10.1 (7.5–14.5) 9.5 (7.3–14.2) 0.67
 Hemoglobin (g/dL) 13.0 (11.2–14.4) 13.0 (11.2–14.4) 13.1 (11.0–14.4) 0.90
 Hematocrit (%) 38.2 (33.6–42.1) 38.2 (33.6–42.2) 37.9 (33.1–42.0) 0.90
 Platelet (×103/μL) 222.0 (168.0–281.0) 222.0 (168.0–281.0) 217.0 (146.0–264.0) 0.097
 Osmolality (mOsmol/kg) 292.0 (283.0–301.0) 292.0 (283.0–301.0) 296.2 (285.0–308.0) 0.001
 Na (mEq/L) 137.1 (134.4–139.5) 137.0 (134.4–139.5) 139.2 (136.6–142.0) <0.001
 K (mEq/L) 4.0 (3.7–4.4) 4.0 (3.7–4.4) 4.0 (3.7–4.2) 0.63
 Cl (mEq/L) 102.6 (98.5–105.9) 102.6 (98.5–105.8) 104.1 (99.0–109.2) 0.002
 Glucose (mg/dL) 127.0 (106.0–165.0) 128.0 (106.0–165.0) 119.0 (94.0–170.0) 0.046
 Albumin (g/dL) 3.7 (3.2–4.1) 3.7 (3.2–4.1) 3.8 (3.3–4.1) 0.07
 BUN (mg/dL) 16.0 (11.6–22.0) 16.0 (11.4–22.0) 17.7 (14.0–23.0) 0.06
 Creatinine (mg/dL) 0.8 (0.7–1.1) 0.8 (0.7–1.1) 0.9 (0.7–1.1) 0.79
 eGFR (mL/min/1.73 m2) 86.6 (67.7–103.6) 86.6 (67.6–103.6) 93.1 (71.2–107.1) 0.07
 CRP (mg/dL) 4.6 (0.8–11.1) 4.7 (0.8–11.1) 2.3 (0.6–8.6) 0.001
 Lactate (mEq/L) 2.1 (1.5–3.2) 2.1 (1.5–3.2) 2.5 (1.5–4.1) 0.01
Development of PC-AKI 714 (11.3) 676 (10.9) 38 (27.3) <0.001
Renal recovery from PC-AKI 531 (74.4) 501 (74.1) 30 (78.9) 0.57
Survival discharge 6,050 (95.8) 5,919 (95.8) 131 (94.2) 0.39

Data are expressed as number only, median (interquartile range), or number (%).
BUN, blood urea nitrogen; CRP, C-reactive protein; ED, emergency department; eGFR, estimated glomerular filtration rate; GBCA, gadolinium-based con-
trast agents; ICM, iodine-based contrast media; PC-AKI, post-contrast acute kidney injury; SpO2, oxygen saturation.
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Table 2. Comparison of baseline characteristics and clinical status between two groups in each propensity score matched cohorts

Variable ICM + GBCA group 
(n = 139)

ICM alone group
1:1 PSM cohort

 (n = 139) p-value 2:1 PSM cohort 
(n = 278) p-value 3:1 PSM cohort 

(n = 417) p-value

Demographics
 Age (yr) 63 (49–73) 79 (61–103) 0.78 87 (68–104) 0.86 67 (52–77) 0.73
 Body mass index (kg/m2) 23.0 (21.1–24.9) 23.3 (20.8–25.1) 0.13 23.6 (21.0–25.6) 0.25 23.3 (20.8–25.7) 0.19
 Male sex 90 (64.7) 86 (61.9) 0.69 172 (61.9) 0.73 245 (58.8) 0.83
Preexisting illnesses
 Hypertension 55 (39.6) 55 (39.6) 0.15 106 (38.1) >0.99 166 (39.8) 0.67
 Diabetes 36 (25.9) 36 (25.9) 0.88 74 (26.6) 0.90 111 (26.6) 0.90
 Liver disease 18 (12.9) 19 (13.7) >0.99 31 (11.2) 0.86 52 (12.5) >0.99
 Chronic kidney disease 8 (5.6) 8 (5.8) >0.99 16 (5.8) >0.99 24 (5.8) 0.74
 Pulmonary disease 7 (5.0) 7 (5.0) 0.68 15 (5.4) >0.99 24 (5.8) 0.76
 Congestive heart failure 7 (5.0) 6 (4.3) >0.99 14 (5.0) 0.82 23 (5.5) 0.83
 Ischemic heart disease 22 (15.8) 21 (15.1) 0.78 48 (17.3) 0.64 65 (15.6) >0.99
 Cerebrovascular disease 17 (12.2) 18 (12.9) >0.99 38 (13.7) 0.74 54 (12.9) >0.99
 Charlson comorbidity index 3 (1–5) 4 (2–6) 0.49 4 (1–5) 0.18 4 (1–5) 0.22
Chief complaint at ED visit
 Trauma 45 (32.4) 44 (31.7) 0.40 88 (31.7) >0.99 139 (33.3) >0.99
 Neurologic 47 (33.8) 47 (33.8) >0.99 92 (33.1) 0.81 141 (33.8) 0.91
 Cardiac arrest 7 (5.0) 7 (5.0) >0.99 16 (5.8) >0.99 21 (5.0) >0.99
Vital sign at ED visit
 Mean arterial pressure 

(mmHg)
91.0 (77.0–107.0) 92.0 (80.0–99.8) 0.43 93.0 (80.0–104.0) 0.25 92.0 (80.0–103.0) 0.80

 Pulse rate (beats/min) 87.0 (72.0–104.0) 91.5 (75.5–106.8) 0.60 91.0 (75.0–107.0) 0.07 89.0 (73.8–106.0) 0.12
 Respiratory rate (beats/min) 20.0 (20.0–22.0) 20.0 (18.5–22.0) 0.49 20.0 (20.0–22.0) 0.73 20.0 (20.0–22.0) 0.57
 Body temperature (°C) 36.7 (36.2–37.4) 36.9 (36.4–37.6) 0.88 36.8 (36.3–37.6) 0.59 36.8 (36.4–37.5) 0.47
 SpO2 (%) 97.0 (96.0–98.0) 97.0 (96.0–98.0) 0.80 97.0 (96.0–98.0) 0.64 97.0 (96.0–98.0) 0.71
Laboratory data at ED visit
 White blood cell (×103/μL) 9.5 (7.3–14.2) 9.3 (7.2– 14.4) 0.65 9.4 (7.0–14.4) 0.76 9.4 (7.2–14.0) 0.89
 Hemoglobin (g/dL) 13.1 (11.0–14.4) 12.9 (10.5–14.1) 0.39 12.9 (10.4–14.4) 0.62 13.0 (11.0–14.4) 0.66
 Hematocrit (%) 37.9 (33.1–42.0) 37.9 (31.6–41.6) 0.499 38.5 (32.3–42.3) 0.80 38.5 (33.2–42.2) 0.93
 Platelet (×103/μL) 217.0 

(146.0–264.0)
188.0 

(136.3–272.0)
0.75 202.0 

(143.5–275.5)
0.97 203.0 

(146.1–268.8)
0.76

 Osmolality (mOsmol/kg) 296.2 
(285.0–308.0)

295.6 
(287.0–306.9)

0.61 293.3 
(286.0–306.5)

0.49 293.9 
(286.0–306.0)

0.87

 Na (mEq/L) 139.2 
(136.6–142.0)

138.5 
(136.2–140.7)

0.38 138.3 
(136.2–140.7)

0.36 138.3 
(136.0–140.8)

0.21

 K (mEq/L) 4.0 (3.7–4.2) 4.0 (3.7–4.4) 0.90 4.0 (3.7–4.3) 0.76 4.0 (3.7–4.3) 0.81
 Cl (mEq/L) 104.1 

(99.0–109.2)
104.2 

(99.8–107.1)
0.70 104.0 

(100.1–106.5)
0.69 104.1 

(100.1–106.6)
0.57

 Glucose (mg/dL) 119.0 
(94.0–170.0)

119.5 
(102.3–158.0)

0.30 121.0 
(103.0– 160.0)

0.27 122.0 
(103.0–159.3)

0.42

 Albumin (g/dL) 3.8 (3.3–4.1) 3.7 (3.0–4.1) 0.28 3.7 (3.1–4.1) 0.39 3.8 (3.2–4.1) 0.60
 BUN (mg/dL) 17.7 (14.0–23.0) 17.3 (13.0–25.5) 0.46 16.0 (11.0–22.7) 0.51 16.9 (12.0–23.0) 0.29
 Creatinine (mg/dL) 0.9 (0.7–1.1) 0.9 (0.6–1.1) 0.93 0.9 (0.7–1.1) 0.89 0.9 (0.7–1.1) 0.79
 eGFR (mL/min/1.73 m2) 93.1 (71.2–107.1) 88.7 (60.7–102.9) 0.99 87.0 (67.9–87.0) 0.92 86.1 (68.7–105.6) 0.995
 CRP (mg/dL) 2.3 (0.6–8.6) 3.1 (0.6–9.6) 0.498 3.1 (0.6–9.5) 0.37 3.3 (0.6–9.4) 0.52
 Lactate (mEq/L) 2.5 (1.5–4.1) 2.5 (1.7–3.6) 0.66 2.3 (1.6–3.6) 0.71 2.2 (1.5–3.4) 0.34
Development of PC-AKI 38 (27.3) 18 (12.9) 0.008 36 (12.9) 0.002 50 (12.0) <0.001
Survival discharge 131 (94.2) 128 (92.1) 0.46 243 (87.4) 0.41 356 (85.4) 0.55
Data are expressed as median (interquartile range) or number (%).
BUN, blood urea nitrogen; CRP, C-reactive protein; ED, emergency department; eGFR, estimated glomerular filtration rate; GBCA, gadolinium-based con-
trast agents; ICM, iodine-based contrast media; PC-AKI, post-contrast acute kidney injury; SpO2, oxygen saturation.
p-value was calculated using Mann-Whitney test between ICM + GBCA and matched ICM alone groups, respectively.
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Incidence of post-contrast acute kidney injury and the 
renal recovery rate within 7 days after the emergency de-
partment visit 

The ICM + GBCA group developed PC-AKI more frequent-

ly than the ICM alone group (676 [10.9%] vs. 49 [35.3%], p < 

0.001) (Table 1), but the rate of renal recovery did not differ 

significantly between the groups (501 [74.1%] vs. 30 [78.9%], 

p = 0.57) (Table 1). The incidence of PC-AKI remained sig-

nificantly higher in the ICM + GBCA group than the ICM 

alone group in all PSM cohorts (Table 2). 

Risk factors for developing post-contrast acute kidney in-
jury in all propensity-matched cohorts 

The multivariable logistic regression analysis for each PSM 

cohort is provided in Table 3. Sequential administration of 

ICM and GBCA, compared with a single administration of 

ICM, was independently associated with the development 

of PC-AKI in all PSM cohorts (Table 3).  

Subgroup analyses in the iodine contrast medium + gado-
linium-based contrast medium group to investigate the risk 
factors for developing post-contrast acute kidney injury 

The demographic and baseline characteristics of sub-

groups of patients who received sequential administrations 

of ICM and GBCA are provided in Supplementary Table 2 

(available online). The PC-AKI group showed significantly 

higher osmolality (303.0 mOsmol/kg [IQR, 295.0–316.5] 

vs. 291.0 mOsmol/kg [IQR, 283.0–305.1], p < 0.01), so-

dium (142.1 mEq/L [IQR, 138.9– 146.3] vs. 138.8 mEq/L 

[IQR, 136.2–140.8], p < 0.01), chloride (106.2 mEq/L [IQR, 

98.0–110.5] vs. 103.3 mEq/L [IQR, 99.0– 108.1], p = 0.04), 

and glucose (152.0 mg/dL [IQR, 110.8–227.0] vs. 114.0 mg/

dL [IQR, 92.0–154.5], p < 0.01) and lower platelet counts 

(180.0 × 103/μL [IQR, 130.8–247.5] vs. 226.0 × 103/μL [IQR, 

167.5–281.5], p = 0.03) than the non-PC-AKI group. In addi-

tion, the time interval between the administrations of ICM 

and GBCA (<4 or ≥4 hours) in the PC-AKI group was sig-

nificantly shorter than in the non-PC-AKI group (4.6 hours 

[IQR, 2.2–8.0] vs. 1.8 hours [IQR, 1.0–3.4], p < 0.01). 

In our assessment for potential multicollinearity, sodi-

um and glucose did not show significant collinearity with 

serum osmolality (sodium [tolerance, 0.818; VIF, 1.223] 

and glucose [tolerance, 0.919; VIF, 1.089]); however, they 

were excluded from the multivariable analysis because 

unrecognized collinearity was strongly expected between 

them and serum osmolality. In the multivariable analysis, 

the following variables were adjusted: serum osmolality, 

whether or not the time between the administration of the 

contrast media was >4 hours, platelet count, creatinine 

level, eGFR, and chloride level. The multivariable analysis 

revealed that osmolality (aOR, 1.05 [95% CI, 1.01–1.10]; p 

= 0.02) and eGFR (aOR, 0.93 [95% CI, 0.88–0.98]; p = 0.01) 

were independently associated with the development of 

PC-AKI, whereas the time interval between contrast ad-

ministrations was not (Table 4). 

Subgroup analysis to find the predictive performance of 
osmolality and estimated glomerular filtration rate for 
post-contrast acute kidney injury development 

Fig. 2 shows the predictive performance of serum osmo-

lality and eGFR when examined independently and in 

combination. The AUROC values for serum osmolality and 

Table 3. Multivariable logistic regression analyses for development of post-contrast acute kidney injury in each propensity score 
matched cohorts

Variable
Multivariable analysis

aOR (95% CI) p-value
Single administration of ICM Reference
Sequential administration of ICM and GBCA
 In 1:1 propensity score matched cohorta 2.60 (1.35–5.00) 0.004
 In 2:1 propensity score matched cohorta 2.44 (1.43–4.18) 0.001
 In 3:1 propensity score matched cohorta 2.77 (1.67–4.59) <0.001

aOR, adjusted odds ratio; CI, confidence interval; GBCA, gadolinium-based contrast agents; ICM, iodine-based contrast media.
aThose analyses were adjusted with covariables, generally accepted as the risk factors for acute kidney injury; age, body mass index, estimated glomerular 
filtration rate, creatinine, and past medical history of diabetes or chronic kidney disease.

https://www.krcp-ksn.org/upload/media/j-krcp-22-026-Supplementary-Table-2.pdf
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eGFR were 0.701 (95% CI, 0.592–0.796) and 0.613 (95% CI, 

0.503–0.716), respectively (Fig. 2). Their corresponding cut-

off values, sensitivity, and specificity were as follows: 292 

mOsmol/kg, 87.1% (95% CI, 70.2–96.4), and 50.0 (95% CI, 

36.1–63.9), respectively, for osmolality; 78 mL/min/1.73 m2, 

58.3% (95% CI, 36.6–77.9), and 66.7% (95% CI, 53.7–78.0), 

respectively, for eGFR (Fig. 2). The AUROC values for the 

development of PC-AKI were numerically higher when the 

two variables (osmolality and eGFR) were used in com-

bination than when they were used alone (AUROC, 0.714 

[95% CI, 0.578–0.825]) (Fig. 2). 

Discussion 

In this study, the incidence rates for PC-AKI after the 

administration of contrast media were 10.9% and 27.3% 

in the ICM alone and ICM + GBCA groups, respectively. 

This finding is in line with the results of previous studies 

that the rate of overall contrast-induced nephropathy was 

10.6% in patients who received ICM alone [19,20], and the 

incidence of AKI was higher after combined use of ICM 

and GBCA than after the use of a single agent [21]. Further-

more, we found that the sequential administration of ICM 

and GBCA during a single ED visit for sequential radiologic 

examinations increased the risk of PC-AKI compared with 

a single administration of ICM alone. We investigated the 

risk factors for the development of PC-AKI using subgroup 

analyses of the ICM + GBCA group. Notably, a time interval 

of 4 hours between contrast administrations, as suggested 

in a current guideline [9], was not independently asso-

Table 4. Multivariable analysis for development of PC-AKI in the patients sequentially administered ICM and GBCA
Variablea aOR (95% CI) p-value
Osmolality, per mOsmol/kg 1.05 (1.01–1.10) 0.01*
Chloride, per mEq/L 1.06 (0.99–1.12) 0.08
Platelet, per ×103/μL 1.00 (0.98–1.11) 0.20
eGFR, per mL/min/1.73 m2 0.93 (0.88–0.98) 0.01*
Creatinine, per mg/dL 0.06 (0.00–1.42) 0.09
<4 hr between each administration of ICM and GBCA 0.33 (0.07–1.62) 0.17

aOR, adjusted odds ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate; GBCA, gadolinium-based contrast agents; ICM, iodine-based 
contrast media; PC-AKI, post-contrast acute kidney injury.
aVariables showed p-value of <0.1 in univariate analysis were included in this multivariate logistic analysis; serum osmolality, eGFR, the period between the 
administration of each contrast media (<4 or ≥4 hours), platelet count, creatinine, and chloride.
*p < 0.05.

Figure 2. Predictive performance of serum osmolality (A), eGFR (B), and their combination (C) on the development of PC-AKI in 
patients who received sequential administration of ICM and GBCA. 
AUROC, area under the receiver-operating characteristic curve; CI, confidence interval; eGFR, estimated glomerular filtration rate; 
GBCA, gadolinium-based contrast agents; ICM, iodine-based contrast media; NA, not applicable; PC-AKI, post-contrast acute kidney 
injury.
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ciated with the development of PC-AKI, whereas serum 

osmolality and eGFR were independently associated with 

the development of PC-AKI. Although urgent medical is-

sues that might require sequential administrations of ICM 

and GBCA are generally uncommon, they do occur, and 

ED physicians in charge of resuscitation occasionally en-

counter this circumstance. Therefore, we suggest that ED 

physicians consider the effects of serum osmolality and 

reduced kidney function in urgent medical circumstances 

that require them to perform sequential administration of 

ICM and GBCA in the ED. 

The findings of this study are contrary to those of a previ-

ous study that examined the association between sequen-

tial administration of contrast media and the development 

of PC-AKI [22]. The discrepancy can be attributed to our 

use of eGFR as a marker of PC-AKI in this study, where-

as the other study evaluated the development of PC-AKI 

using only the serum creatinine level [22]. Several studies 

have shown that GBCA induces kidney injury in several 

hours [23,24], in addition to causing a significant decrease 

in the eGFR [25,26]. These factors could explain why we 

found a higher incidence of PC-AKI after sequential ad-

ministration of ICM and GBCA than in the previous study 

[22]. Although the equations for calculating eGFR can in-

duce measurement errors and augment the clearance rate, 

often resulting in overestimation, it is commonly used in 

AKI screening to predict the risk status [27–29]. Further-

more, one previous study stated that the serum creatinine 

level increases immediately after a decrease in the eGFR 

in the presence of AKI, making creatinine a suboptimal 

indicator of renal function in patients with AKI [30]. Con-

sequently, a recent randomized prospective study for the 

development of PC-AKI after the administration of contrast 

media used eGFR as an additional marker of AKI [15]. In 

addition, GBCA, which is a high-osmolar contrast medi-

um, can induce intense and prolonged vasoconstriction at 

the corticomedullary junction of the kidney and directly 

impair the autoregulatory ability of the kidney by causing a 

decline in nitric oxide production [31,32]. In line with that 

pathophysiologic pathway, our subgroup analysis showed 

that high serum osmolality and low eGFR at baseline were 

independently associated with the development of PC-AKI. 

It appears that ICM and GBCA synergistically interact with 

osmolar and renal function status, causing a rapid decline 

in eGFR and the development of PC-AKI. 

We found that low eGFR was independently associated 

with the development of PC-AKI in patients who sequen-

tially received ICM and GBCA during the same ED visit. 

Low eGFR is widely accepted as an independent risk factor 

for the development of PC-AKI induced by ICM or GBCA 

[33,34]. McDonald et al. [34] found that eGFR of ≤45 mL/

min/1.73 m2 before an administration of ICM increased the 

risk of renal replacement therapy. However, the cut-off val-

ue for eGFR associated with the development of PC-AKI in 

patients who sequentially received ICM and GBCA within 

a short interval remains unclear. In our results, the eGFR 

cut-off value for predicting the development of PC-AKI was 

78 mL/min/1.73 m2, which suggests that the optimal safe 

eGFR in patients who sequentially receive ICM and GBCA 

within a short interval could be higher than that in patients 

who receive a single administration of contrast medium. 

In other words, PC-AKI can develop even in patients with 

normal kidney function (eGFR of >60 mL/min/1.73 m2) af-

ter sequential administrations of two contrast media. How-

ever, the clinical relevance of that finding is limited by our 

study design. Therefore, we emphasize that a further study 

is needed to investigate an optimal eGFR cut-off value for 

patients who receive sequential administrations of ICM 

and GBCA and develop preventive strategies for patients 

whose eGFR is lower than that in an ED setting. 

High serum osmolality was independently associated 

with the development of PC-AKI in patients who sequen-

tially received ICM and GBCA on the same ED visit. This 

finding is in line with previous studies that commonly 

revealed that high serum osmolality was associated with 

the development of PC-AKI after an administration of ICM 

[19,35]. Serum osmolality is widely accepted as a typical 

indicator representing body fluid balance, with a high os-

molality linked to dehydration [36,37]. The ACR guideline 

clearly states that dehydration is an important risk factor 

for PC-AKI, and thus the major preventive action to mit-

igate the risk of PC-AKI is to provide intravenous volume 

expansion using 0.9% normal saline prior to ICM admin-

istration [38]. Serum osmolality numerically improved the 

predictive performance of our model when it was used in 

combination with eGFR, compared with using eGFR alone 

(AUROC, 0.613 [95% CI, 0.503–0.716] to 0.714 [95% CI, 

0.578– 0.825]). Given previous findings of a significant as-

sociation between high osmolality and the development of 

PC-AKI in patients who require sequential administrations 
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of two contrast media on the same ED visit, we suggest 

that high serum osmolality is likely to be a risk factor for 

the development of PC-AKI. Furthermore, we suggest that 

a strategy should be developed to administer preventive 

hydration based on serum osmolality and/or eGFR prior to 

sequential treatment with both contrast media. 

This study has several limitations. First, because it was 

a retrospective study, we can report only associations and 

not causation. Furthermore, like all retrospective studies, 

this one contains inherent selection bias. We were aware of 

the possible biases and held multiple meetings to ensure 

that the patients were correctly identified and the data 

collection protocol was suitably standardized; adjustment 

for comorbidities was also made to reduce bias. To reduce 

selection bias and simulate a randomized controlled trial, 

the PSM method was used in this study. In our PSM co-

hort, both groups showed a well-balanced distribution of 

demographics and most confounders. However, age, CCI, 

and eGFR were not balanced in the 1:1 PSM cohort, and 

thus unmeasured or unmeasurable confounders might still 

remain. Therefore, a further study with prospectively col-

lected data from a large sample is needed to confirm our 

results. Second, several nephrotoxic medications admin-

istered during the hospital stay were not used in the entire 

study population, which created bias in confirming the 

effect of sequential administrations of contrast media on 

the development of PC-AKI. However, we minimized the 

non-estimated bias in our subgroup analysis to investigate 

independent risk factors for the development of PC-AKI in 

patients who sequentially received ICM and GBCA. Third, 

our institution's policy for preventive hydration in patients 

at high risk of developing PC-AKI is to leave the decision 

completely to the physician discretion, and thus it is not 

clear whether it was applied to all patients. However, we 

confirmed that all included patients at high risk of devel-

oping PC-AKI underwent preventive hydration in the form 

of a fixed volume (500 mL) of normal saline by thoroughly 

reviewing medical records kept by physicians and nurses. 

Fourth, nephrogenic systemic fibrosis (NSF), which is a 

major concern for GBCA nephrotoxicity, was not estimated 

in this study. A diagnosis of NSF is usually made with a de-

tailed patient history, thorough clinical examination, and 

the identification of characteristic findings a few weeks or 

months after an administration of GBCA [36]. Therefore, 

a further study in the ward or intensive care unit setting is 

required to confirm how combining two contrast media 

affects the incidence of NSF. Fifth, because our study sam-

ple was small, serum osmolality and eGFR could not be in-

cluded in the multivariable analysis as categorical variables 

(osmolality, hypoosmolality vs. normal vs. hyperosmolali-

ty; eGFR, normal vs. mild kidney dysfunction vs. moderate 

kidney dysfunction). Therefore, a multicenter study with a 

large cohort is required to enhance the generalizability of 

our results and their easy application in a clinical environ-

ment. 

Compared with a single administration of ICM alone, 

sequential administration of ICM and GBCA during a sin-

gle ED visit could be a risk factor for the development of 

PC-AKI in patients with an eGFR of >30 mL/min/1.73 m2. 

Baseline osmolality and eGFR might be independently as-

sociated with the development of PC-AKI after sequential 

administration of ICM and GBCA. Well-designed prospec-

tive studies are needed to investigate the risk factors for PC-

AKI and develop ED setting– specific preventive strategies. 
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