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Abstract
Purpose : The present study aimed to determine the rate of post-contrast acute kidney injury 
(PC-AKI) after catheter angiography other than cardiac angiography (CAG), and identify relevant 
risk factors.
Materials and methods : This retrospective study analyzed data from 314 patients who under-
went angiography between October 2013 and September 2018. We investigated the incidence of 
PC-AKI, defined as a ≥50% increase or ≥0.3 mg/dL increase in serum creatinine (SCr) values 
1-3 days after angiography according to the European Society of Urogenital Radiology guidelines 
on contrast media, version 10.0. The effects of patient- and procedure-related factors on the 
incidence of PC-AKI were evaluated. Data were analyzed using chi-squared and Mann-Whitney 
U tests, and multivariate logistic regression analysis.
Results : PC-AKI developed in 16/314 patients (5.1%). Multivariate logistic regression analysis 
revealed a correlation of incidence of PC-AKI with advanced age, decreased estimated glomerular 
filtration rate (eGFR), shock symptoms, and high-dose contrast media within 24 hours. In all 
patients with PC-AKI, SCr values returned to baseline within 2 weeks.
Conclusions : PC-AKI after angiographic examinations developed in 5.1% of patients, and the 
increase in SCr was reversible. Advanced age, decreased eGFR, shock symptoms, and high-

dose contrast media within 24 hours are possible risk factors.
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dures are the third most critical cause of hospital-ac-

quired renal insufficiency, after decreased renal blood 

flow and drug-related causes1). Acute kidney injury 

(AKI) caused by iodinated contrast medium is generally 

reversible and resolves within a few weeks ; however, a 

small number of patients who develop AKI after contrast 

administration subsequently undergo dialysis treatment2).

Contrast-induced nephropathy (CIN) has been widely 

used as diagnostic criterion for AKI caused by iodinated 

contrast medium, and several previous studies have dem-

onstrated the incidence, risk factors, and prevention of 

CIN3-18). Most of these studies targeted patients who 

underwent contrast-enhanced CT or cardiac angiography 

INTRODUCTION

Iodinated contrast medium is an essential component 

of diagnostic imaging procedures such as fluoroscopy, 

computed tomography (CT), and catheter angiography.    

The side effects of its intravascular use in these proce-
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(CAG), and few have targeted angiographic examinations 

other than CAG. The incidence of CIN after catheter 

treatment may be affected by patients’ baseline charac-

teristics. In our department, we perform catheter angi-

ography mainly on peripheral blood vessels. In contrast 

to patients who undergo CAG, fewer of the patients who 

undergo angiography on peripheral blood vessels have 

heart disease, and embolization is performed for treat-

ment of bleeding, aneurysms, and tumors. The present 

study was conducted to evaluate the incidence of CIN in 

our catheter angiography department, and focused on pe-

ripheral vascular procedures. The European Society of 

Urogenital Radiology (ESUR) guidelines on contrast me-

dia, version 10.0, published in 201819), newly defined 

post-contrast acute kidney injury (PC-AKI) as a >50% 

increase or >0.3 mg/dL increase in serum creatinine 

(SCr) values at 48-72 hours, consistent with the Kidney 

Disease Improving Global Outcomes (KDIGO) AKI 

guidelines20). The frequency of AKI following iodinated 

contrast medium administration depends on which diag-

nostic criteria are used ; in particular, SCr values before 

iodinated contrast medium administration are thought to 

have a significant impact on its frequency.

The present retrospective study aimed to determine 

the incidence of PC-AKI according to the new diagnostic 

criteria and identify the risk factors for PC-AKI in pa-

tients who underwent catheter angiography other than 

CAG.

MATERIAL AND METHODS

Patient selection

Of a cumulative total of 1,458 patients who underwent 

catheter angiography by radiologists at our institution be-

tween October 2013 and September 2018, we excluded 

patients who had received anticancer treatment in the 3 

days prior to angiography ; those who were undergoing 

maintenance hemodialysis ; and those who had incom-

plete data regarding the following : baseline SCr and he-

moglobin values before catheter angiography, SCr values 

within three days after angiography for a diagnosis of PC-

AKI, type and dose of contrast medium injected, weight, 

medical history, vital signs, and contents of intravenous 

drip infusion. The data of a final total of 314 patients 

were included for analysis [Figure 1].

This retrospective study was approved by the Ethics 

Committee of our institution, and the requirement for in-

formed consent was waived. All procedures performed 

in studies involving human participants were conducted 

in accordance with the ethical standards of our institu-

tional research committee and with the 1964 Helsinki 

declaration and its later amendments or comparable ethi-

cal standards. All patients were informed about the dis-

closure of information on our institutional home page and 

were able to opt out of this study.

Definitions and analysis of data

The baseline laboratory values were those obtained at 

the last blood examination before angiography. PC-AKI 

was defined as a >50% increase or >0.3 mg/dL increase 

in serum creatinine (SCr) values 1-3 days after angiogra-

phy, according to the European Society of Urogenital Ra-

diology (ESUR) guidelines on contrast media, version 

10.0 ; and contrast-induced nephropathy (CIN) was de-

fined as a >25% increase or >0.5 mg/dL increase in SCr 

values within 3 days of angiography.

The incidence of PC-AKI in the 314 patients was ob-

tained from their medical records. Also recorded and 

investigated with respect to their effect on the incidence 

of PC-AKI were patients’ age ; sex ; history of diabetes 

mellitus, heart disease (e.g., chronic heart failure, isch-

emic heart disease), hypertension, dyslipidemia and 

hyperuricemia ; values of serum creatinine, estimated 

glomerular filtration rate (eGFR), and serum hemoglo-

bin ; bodyweight ; the incidence of bleeding and shock 

symptoms ; iodine dose per bodyweight (during angiog-

raphy, and the total within 24 hours of angiography) ;  

first-pass renal exposure to contrast media ; intra-renal 

arterial injection of contrast media ; and saline hydration 

before angiography. We recorded the dose of iodine 

dose per bodyweight during angiography and also the to-

tal dose within 24 hours of angiography to investigate the 

effect of repeated contrast medium injection over a short 

time interval. First-pass renal exposure to contrast me-

dium was defined as contrast injection into the renal ar-

tery or suprarenal aorta. Shock was defined clinically as 

a rapid decrease in blood pressure and impaired con-

sciousness. We considered patients to have a diagnosis 
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of shock if these symptoms had been recorded in the 

medical record by the attending physician. Intravenous 

saline infusion was defined as infusion of 500 ml or more 

of physiological saline for the purpose of preventing de-

creased renal function. In all cases, saline infusion was 

within 24 hours prior to angiography. The definitions of 

advanced age, decreased eGFR, low and high bodyweight, 

and high iodine dose are provided in Tables 1 and 

2. Anemia was defined as the standard lower limit of 

hemoglobin (<13.7 g/dL in males, <11.6 g/dL in fe-

males). 

These factors were compared among patients with PC-

AKI using Pearson’s Chi-squared test with Yates’ conti-

nuity correction, Mann-Whitney U test, and multivariate 

logistic regression analysis. The data were analyzed us-

ing EZR (Saitama Medical Center, Jichi Medical Universi-

ty, Saitama, Japan)21). P values <0.05 were considered 

to indicate statistical significance. Among the candidate 

risk factors mentioned above, factors with a p value 

<0.15 in the univariate analysis were included in multi-

variate logistic regression analysis, including first-pass 

renal exposure to contrast media, according to the ESUR 

guidelines on contrast media, version 10.0.

Fig. 1. Patients selection flow
After applying exclusion criteria, the data of a final total of 314 patients were included for analysis.
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RESULTS

Baseline characteristics and procedure-related 

parameters

The baseline characteristics and procedure-related pa-

rameters of all 314 patients are shown in Tables 1 and 

2. Mean age was 61.2 ± 15.6 years, and 148 (47.1%) 

were female. We show the mean of bodyweight, the 

numbers of advanced age, lower bodyweight, diabetes 

mellitus, previous history of heart failure, hypertension, 

dyslipidemia, hyperuricemia, decreased eGFR, anemia, 

bleeding and shock symptoms in Table 1. And we show 

type of contrast medium used for angiography, the mean 

of contrast medium dose, the number of high dose of con-

trast medium, intra-arterial injection, first-pass renal ex-

posure, intra-renal arterial injection, interventional ther-

apeutic procedure, urgent catheter angiography and 

contrast-enhanced computed tomography (CT) obtained 

within 24 hours of angiography in Table 2. Additionally, 

we show details of interventional therapeutic procedure 

in 211 cases in Table 3. Renal arteriography procedures 

were performed in 29 cases, the breakdown is that only 

angiography is 2, TAE for renal artery true aneurysm is 

5, TAE for renal hemorrhage, pseudo-aneurysm, rup-

tured AML is 8, TAE for arteriovenous fistula is 4, TAE 

for unruptured renal AML is 9 and PTA for renal artery 

stenosis is 1. In regard to renal arterial embolizaition, 

in the case of aneurysms, packing was performed and pa-

rental patency was well maintained, and renal infarction 

could be minimized by superselective treatment of AML, 

AVF, and bleeding. Therefore, we determined that em-

bolization had a limited effect on renal function, and in-

cluded these patients in the study.

Incidence of PC-AKI and related risk factors

Table 4 shows the incidence and severity of PC-AKI in 

Table 1. Patients’ baseline characteristics

All patients (n = 314)

Age (years) 61.2 ± 15.6 (20-90)

 Advanced age (≥70 years) 110 (35.0%)

Sex

 Female 148 (47.1%)

 Male 166 (52.9%)

Bodyweight (kg) 58.9 ± 11.6 (35.6-107)

 Lower bodyweight (<50 kg) 76 (24.2%)

Diabetes mellitus 42 (13.4%)

Previous history of heart failure 17 (5.4%)

Hypertension 110 (35.0%)

Dyslipidemia 37 (11.2%)

Hyperuricemia 20 (6.4%)

Serum creatinine (mg/dL) 0.75 ± 0.35 (0.26-2.71)

 >1.0 mg/dL 46 (14.6%)

eGFR (mL/min/1.73 m2) 84.5 ± 30.5 (19.3-222.2)

 Decreased eGFR (<45 mL/min/1.73 m2) 29 (9.2%)

Serum hemoglobin (g/dL) 11.6 ± 2.5 (4.6-17.3)

  Anemia 187 (59.6%)

Bleeding 113 (36.0%)

Shock symptoms 30 (9.6%)

Data are presented as the mean ± standard deviation (range) or number of 
patients (percentage).
PC-AKI : post-contrast acute kidney injury, eGFR : estimated glomerular 
filtration rate
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the 314 patients. PC-AKI occurred in 16/314 (5.1%) pa-

tients, all of whom subsequently improved and showed a 

return to baseline of SCr values within 2 weeks (mean 

time to baseline, 2.9 days) [Table 5]. Comparisons of 

patient- and procedure-related factors in patients with 

and without PC-AKI are shown in Table 6. PC-AKI de-

veloped in 6 (20.7%) of the 29 patients with decreased 

Table 2. Procedure-related parameters

All parients (n=314)

Type of CM used for angiography

 Non-ionic, monomeric iodinated CM 308 (98.1%)

 Ionic monoacidic dimeric CM 6 (1.9%)

CM dose used for angiography (mg I/kg) 816 ± 392 (89-2,667)

 High dose during angiography (≥1,000 mg I/kg) 82 (26.1%)

CECT obtained within 24 hours of angiography 104 (33.1%)

Total CM dose within 24 hours of angiography (mg I/kg) 951 ± 442 (89-3,048)

 High dose within 24 hours of angiography (≥1,000 mg I/kg) 120 (38.2%)

Intravenous saline infusion before angiography 22 (7.0%)

Urgent catheter angiography 99 (31.5%)

Intra-arterial CM injection 283 (90.1%)

First-pass renal exposure of CM 35 (11.1%)

Intra-renal arterial CM injection 29 (9.2%)

Interventional therapeutic procedure 211 (67.2%)

Data are presented as the mean ± standard deviation (range) or number of patients (percent-
age).
PC-AKI : post-contrast acute kidney injury, CM : contrast media, CECT : contrast-en-
hanced computed tomography

Table 3.  Details of interventional therapeutic proce-
dures in 211 patients

All parients (n=211)

TAE (not for hemorrhage) 83

 head and neck 21

 spine  8

 chest  5

 abdomen and pelvis 48

 lower extremities  1

TAE (for hemorrhage) 72

 chest 14

 abdomen and pelvis 58

Placement of port-catheter system 12

TVE for cranial dural AVF 15

PTPE 12

BRTO  7

PTA or stent implantation 10

Data are presented as number of patients.
TAE : transcatheter arterial embolization, PTA : percu-
taneous transluminal angioplasty, TVE : transvenous 
embolization, AVF : arteriovenous fistula, PTPE : Per-
cutaneous Transhepatic Portal vein Embolization, 
BRTO : balloom occluded retrograde transvenous oblit-
eration

Table 4. Incidence of PC-AKI and CIN

All patients  
(n = 314)

PC-AKI 16 (5.1%)

 >50% increase in SCr value  9 (2.9%)

 >0.3 mg/dL increase in SCr value 14 (4.5%)

 both >50% and 0.3 mg/dL increase in SCr value  7 (2.2%)

CIN 25 (8.0%)

 >25% increase in SCr value 25 (8.0%)

 >0.5 mg/dL increase in SCr value  9 (2.9%)

 both >25% and 0.5 mg/dL increase in SCr value  9 (2.9%)

Data are presented as the number of patients (percent-
age).
PC-AKI : post-contrast acute kidney injury, SCr : serum 
creatinine, CIN : contrast-induced nephropathy
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eGFR ; thus, decreased eGFR was correlated with PC-

AKI (p < 0.001). PC-AKI was also correlated with ad-

vanced age (p = 0.036), anemia (p = 0.009), bleeding (p 

< 0.001), shock symptoms (p < 0.001), and high iodine 

dose within 24 hours of angiography (p = 0.004). Multi-

variate logistic regression analysis performed for ad-

vanced age, decreased eGFR, anemia, bleeding, shock 

symptoms, high dose within 24 hours and first-pass renal 

exposure revealed a correlation of PC-AKI with advanced 

age (p = 0.025), decreased eGFR (p = 0.040), shock 

Table 5. SCr value over time in patients with PC-AKI

Patients with PC-AKI (n = 16)

Baseline eGFR (mL/min/1.73 m2) 57.1 ± 27.9 (22.7-132.0)

Baseline SCr (mg/dL) 1.12 ± 0.53 (0.45-2.62)

Peak SCr value at 2-3 days (mg/dL) 1.76 ± 0.80 (0.71-3.35)

Increase of SCr (mg/dL) 0.64 ± 0.45 (0.26-1.83)

Increase rate of SCr (%) 61.4 ± 34.6 (19.2-130.0)

Time for SCr to return to baseline value (days) 2.9 ± 3.1 (1-14)

Data are presented as the mean ± standard deviation (range).
PC-AKI : Post-contrast acute kidney injury, eGFR :  estimated glomerular filtration 
rate, SCr : serum creatinine

Table 6. Comparison of patient- and procedure-related factors with and without PC-AKI

With PC-AKI
 (n = 16)

Without PC-AKI
 (n = 298)

Incidence of 
PC-AKI (%) p value

Advanced age 10 ( 62.5%) 100 (33.6%)  9.1   0.036*

Female  7 ( 43.8%) 141 (47.3%)  4.7  0.983

Lower bodyweight (<50 kg)  2 ( 12.5%)  74 (24.8%)  2.6  0.411

Diabetes mellitus  3 ( 18.8%)  39 (13.1%)  7.1  0.786

Previous history of heart failure  1 (  6.2%)  16 ( 5.4%)  5.9  1.000

Hypertension  6 ( 37.5%) 104 (34.9%)  5.5  1.000

Dyslipidemia  2 ( 12.5%)  35 (11.7%)  5.4  1.000

Hyperuricemia  2 ( 12.5%)  18 ( 6.0%) 10.0  0.613

Decreased eGFR (<45 ml/min/1.73 m2)  6 ( 37.5%)  23 ( 7.7%) 20.7 <0.001*

Anemia 15 ( 93.8%) 172 (57.7%)  8.0   0.009*

Bleeding 13 ( 81.2%) 100 (33.6%) 11.5  0.087

Shock symptoms  9 ( 56.2%)  21 ( 7.0%) 30.0 <0.001*

High dose during angiography (≥1,000 mg I/kg)  6 ( 37.5%)  76 (25.5%)  7.3  0.440

High dose within 24 hours (≥1,000 mg I/kg) 12 ( 75.0%) 108 (36.2%) 10.0   0.004*

Intravenous saline infusion before angiography  1 (  6.2%)  21 (   7%)  4.5  1.000

Intra-arterial CM injection 16 (100.0%) 267 (89.6%)  5.7  0.353

First-pass renal exposure of CM  3 ( 18.8%)  32 (10.7%)  8.6  0.559

Intra-renal arterial CM injection  2 ( 12.5%)  27 ( 9.1%)  6.9  0.984

Interventional therapeutic procedure 12 ( 75.0%) 199 (66.8%)  5.7  0.683

Data are presented as the number of patients (percentage).
Statistical analyses were performed using chi-squared and Mann-Whitney U tests. P values <0.05 are considered to 
indicate significance.
PC-AKI :  post-contrast acute kidney injury, eGFR :  estimated glomerular filtration rate, CM :  contrast media
*Statistically significant
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symptoms (p = 0.001) and high dose within 24 hours (p 

= 0.007) [Table 7]. The flow of data analysis is shown 

in Figure 2.

DISCUSSION

The most widely used diagnostic criterion for AKI due 

to iodinated contrast medium is contrast-induced ne-

phropathy (CIN), defined as a >25% increase or >0.5 

mg/dL increase in SCr values within 72 hours22). The 

European Society of Urogenital Radiology (ESUR) guide-

lines on contrast media, version 10.0, published in 

201819), newly defined post-contrast acute kidney injury 

(PC-AKI) as a >50% increase or >0.3 mg/dL increase in 

serum creatinine (SCr) values at 48-72 hours, consistent 

with the Kidney Disease Improving Global Outcomes 

(KDIGO) AKI guidelines20). The frequency of AKI fol-

lowing administration of iodinated contrast medium de-

pends on which diagnostic criteria are used. In patients 

with baseline SCr values <1.2 mg/dL, the SCr values for 

PC-AKI are higher than those for CIN. On the other 

hand, in patients with baseline SCr values >1.2 mg/dL, 

the SCr values for PC-AKI are lower than those for CIN 

[Figure 3]. Therefore, in patients with original renal 

dysfunction, the diagnostic criteria for PC-AKI might be 

more sensitive than those for CIN. In addition, the di-

agnostic criteria for PC-AKI are limited to 48-72 hours, 

which might also have the decreased the frequency.

The reported incidence of nephropathy after injection 

of contrast medium varies among studies, possibly due to 

differences in the selected patients and the diagnostic 

criteria. For example, the incidence of nephropathy has 

been reported as 2.1%-11.5% in patients who underwent 

CT with intravenous iodinated medium3-6), 1.4%-16.5% 

in those who underwent CAG7-11) ; and as <5% in pa-

tients with intact renal function, 20%-30% in patients 

with renal failure, and >30% in patients with diabetic ne-

phropathy12). In the present study, the incidence of PC-

AKI in all 314 patients was 5.1%, and that of CIN, which 

is the traditional diagnostic criterion, was 8.0% ; thus, 

the incidence of PC-AKI was less than that of CIN. We 

consider that the reason for the lower incidence of PC-

AKI compared with CIN might be because the present 

study included few patients with SCr values >1.2 mg/dL 

(28, 8.9%) and the period for diagnosis was limited to 1-3 

days.

Several studies have reported an association of CIN 

with chronic renal failure, diabetes mellitus, advanced 

age, shock symptoms, congestive heart failure, dehydra-

tion, anemia, dose of contrast medium, and type of con-

trast medium12-15). Another study found that diabetes 

mellitus alone is not necessarily a risk factor for CIN, but 

it becomes such when combined with renal dysfunc-

tion16). In addition, performing contrast CT at short in-

tervals17,18) and first-pass renal exposure to contrast me-

dia19) have been reported as risk factors. Mehran et al. 

Table 7. Multivariate analysis of risk factors for PC-AKI

odd ratio 95% confidence interval p value

Advanced age (≥70 years) 4.47 1.20-16.60 0.025*

Decreased eGFR (<45 mL/min/1.73 m2) 4.41 1.07-18.10 0.040*

Anemia 4.66 0.51-42.50 0.172

Bleeding 1.56 0.29- 8.41 0.602

Shock symptoms 13.6 2.87-64.50 0.001*

High dose CM within 24 hours (≥1,000 mg I/kg) 7.28 1.70-31.20 0.007*

First-pass renal exposure of CM 4.51 0.74-27.30 0.101

Data are presented as the mean ± standard deviation (range) or number of patients (percentage).
Statistical analyses were performed using chi-squared and Mann-Whitney U tests. P values 
<0.05 are considered to indicate significance.
PC-AKI :  post-contrast acute kidney injury, eGFR :  estimated glomerular filtration rate, CM :  
contrast media
*Statistically significant
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devised a method for evaluating the risk for CIN, includ-

ing factors such as dehydration, cardiac insufficiency, ad-

vanced age, anemia, diabetes mellitus, renal function de-

generation, and high dose of injected contrast medium13).    

Several studies have reported that intravenous infusion 

of saline solution is effective for preventing CIN23-26).    

Tsushima et al. reported that chronic and acute kidney 

disease were identified as risk factors for CIN at almost 

all institutions, and intravenous drip infusion of saline and 

reduction of contrast media volume were generally per-

formed to prevent CIN in these patients. They also re-

ported that at almost all institutions in Japan, patients 

with risk factors for CIN receive intravenous drip infu-

sion of saline and reduction of contrast media volume to 

Fig. 2. Data analysis flow
PC-AKI was correlated with decreased eGFR, advanced age, anemia, bleeding, shock symptoms, and high iodine 
dose within 24 hours of angiography. Multivariate logistic regression analysis performed for advanced age, 
decreased eGFR, anemia, bleeding, shock symptoms, high dose within 24 hours and first-pass renal exposure 
revealed a correlation of PC-AKI with advanced age, decreased eGFR, shock symptoms and high dose within 24 
hours.
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prevent CIN when undergoing examinations with iodinat-

ed contrast media27).

In the present study, the incidence of PC-AKI was cor-

related with advanced age (≥70 years) (p = 0.020), de-

creased eGFR (p < 0.040), shock symptoms (p = 0.001), 

and injection of high-dose contrast medium within 24 

hours of angiography (p = 0.007). However, PC-AKI 

was not significantly correlated with first-pass renal ex-

posure to contrast media, which is indicated as a risk fac-

tor for PC-AKI in the ESUR guidelines on contrast me-

dia, version 10.019). In 35 patients with first-pass renal 

exposure to contrast media, transcatheter arterial embo-

lization (TAE) was performed for renal hemorrhage, 

pseudo-aneurysm and arteriovenous fistula in 12 patients 

(34.3%), and percutaneous transluminal angioplasty was 

performed in 1 patient (2.9%) [Table 1]. Accordingly, 

we thought that the interventional procedure could pos-

sibly have improved renal function in some of these cas-

es. In addition, in the present study, there was no sta-

tistically significant association of PC-AKI with any of 

diabetes mellitus, iodine dose during angiography, or in-

travenous saline infusion, which did show an association 

with CIN in several previous studies12-15). Because the 

number of cases in the present study was small, further 

studies with more cases are needed in the future to con-

firm the present results.

Although it is known that AKI after contrast medium 

administration is generally transient and usually im-

proves within a few weeks28), some studies have reported 

a significant relationship between CIN and short- or 

long-term mortality29-31). Therefore, we consider that 

we should always attempt to prevent AKI after contrast 

medium administration. Among the risk factors for 

AKI, it is relatively easy to control factors related to io-

dinated contrast medium administration ; therefore, we 

should reduce the volume of contrast medium adminis-

tered and avoid repeated contrast injections within a 

short interval as much as possible. For example, pa-

Fig. 3. SCr levels for diagnosis of CIN and PC-AKI
The line graph shows SCr levels after contrast administration, for diagnosis of CIN or PC-AKI corresponding to 
the baseline SCr levels. For baseline SCr values <1.2 mg/dL, the SCr values diagnosed as PC-AKI after contrast 
administration are higher than those diagnosed as CIN. For baseline SCr values >1.2 mg/dL, however, the SCr 
values diagnosed as PC-AKI are lower than those diagnosed as CIN.
CIN : contrast-induced nephropathy, PC-AKI : post-contrast acute kidney injury, SCr : serum creatinine
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tients with acute trauma or hemorrhagic shock occasion-

ally undergo TAE after contrast-enhanced CT. In such 

cases, we consider that the volume of contrast medium 

should be reduced in both TAE and CT. In addition, in-

travenous saline infusion can be given to prevent PC-

AKI, especially in patients with risk factors.

This study has some limitations. First, the number of 

patients included in this study was relatively small.    

Therefore, the statistical analysis was limited. Second, 

the study design was retrospective. Because the exact 

time of blood collection was uncertain in some patients, 

we defined the period of PC-AKI as 1-3 days rather than 

48-72. In addition, the number of days from blood sam-

pling at baseline to catheter angiography was not fixed, 

and there was variation in the number of samples ob-

tained and the timings used to determine PC-AKI at 1-3 

days after angiography. Therefore, the baseline parame-

ter values and the determination of PC-AKI might be un-

certain. Some of the present patients with decreased 

eGFR underwent intravenous infusion of saline to pre-

vent renal dysfunction, but the volume of saline and the 

infusion rate varied by patient. It is known that ad-

vanced age had correlation of anemia, renal dysfunc-

tion. In this study, advanced age was not correlated 

with decreased eGFR (p = 0.039) or anemia (p = 0.149), 

but correlated with eGFR (p < 0.001) and serum hemo-

globin (p = 0.021) [Table 8]. Therefore we thought that 

these factors might have confounding effects.

Table 8. Comparison of patients’ baseline characteristics with and without advanced age

With advanced age
 (n = 110)

Without advanced age
 (n = 204) p value

Sex

 Female 56 (50.9%)  92 (45.1%)  0.387

 Male 54 (49.1%) 112 (54.9%)

Bodyweight (kg) 55.3 ± 9.5
 (35.6-80.5)

60.8 ± 12.2
 (37.5-107)

<0.001*

 Lower bodyweight (<50 kg) 36 (32.7%) 40 (19.6)  0.142

Diabetes mellitus 19 (17.3%)  23 (11.3%)  0.188

Previous history of heart failure  7 ( 6.4%) 0 (0%) <0.001*

Hypertension 48 (43.6%)  62 (30.4%)  0.026

Dyslipidemia 17 (15.5%)  20 ( 9.8%)  0.194

Hyperuricemia  3 ( 2.7%)  17 ( 8.3%)  0.089

Serum creatinine (mg/dL) 0.77 ± 0.31
 (0.33-1.67)

0.73 ± 0.37
 (0.26-2.71)

 0.138

 >1.0 mg/dL 18 (16.4%)  28 (13.7%)  0.643

eGFR (mL/min/1.73 m2) 75.1 ± 26.6
 (23.9-139.7)

89.5 ± 31.3
 (19.3-222.2)

<0.001*

 Decreased eGFR (<45 mL/min/1.73 m2) 13 (11.8%)  16 ( 7.8%)  0.339 

Serum hemoglobin (g/dL) 11.1 ± 2.4
 (5.8-15.8)

11.8 ± 2.5
 (4.60-17.6)

  0.021*

 Anemia 72 (65.5%) 115 (56.4%)  0.149

Bleeding 45 (40.9%)  68 ( 3.3%)  0.226

Shock symptoms 12 (10.9%)  18 ( 8.8%)  0.69

Data are presented as the mean ± standard deviation (range) or number of patients (percentage).
Statistical analyses were performed using chi-squared and Mann-Whitney U tests. P values <0.05 
are considered to indicate significance.
eGFR : estimated glomerular filtration rate
*Statistically significant
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Conclusion

In this study, PC-AKI developed in 5.1% of patients af-

ter angiographic examinations other than CAG. All pa-

tients with PC-AKI showed improvement and SCr values 

returned to baseline within a few weeks. Advanced age, 

decreased eGFR, shock symptoms, and high-dose con-

trast media within 24 hours of angiography are possible 

risk factors for PC-AKI after angiography. Among 

these, the volume of contrast medium administered is 

the easiest to control and should therefore also be re-

duced in other examinations that are repeated within a 

short interval, as well as in angiographic examinations 

other than CAG. In recent years, the use of low-energy 

CT images created with dual-energy CT has improved 

the detectability of contrast medium in CT examinations, 

which will enable use of a reduced volume of iodinated 

contrast medium in patients with renal dysfunction32-34).    

We consider that the volume could also be reduced by 

evaluating the CT images in detail prior to the angio-

graphic examination, to carefully select the blood vessels 

to be imaged.
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