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Purpose: Contrast-induced acute kidney injury (CI-AKI) is associated with poor outcomes after percutaneous coronary interven-
tion. However, CI-AKI has rarely been evaluated within the neurovascular field. The aim of this study was to investigate the inci-
dence and clinical implication of CI-AKI after coil embolization in patients with an aneurysmal subarachnoid hemorrhage
(aSAH).

Materials and Methods: Between January 2005 and March 2016, 192 patients who underwent coil embolization were enrolled in
this study. CI-AKI was defined as an increase from baseline serum creatinine concentration of >25% or >0.5 mg/dL within 72
hours after coil embolization. A poor clinical outcome was defined as a score of >3 on the modified Rankin Scale at one-year post-
treatment.

Results: A total of 16 patients (8.3%) died as a result of medical problems within one year. CI-AKI was identified in 14 patients
(7.3%). Prominent risk factors for one-year mortality included CI-AKI [odds ratio (OR): 16.856; 95% confidence interval (CI):
3.437-82.664] and an initial Glasgow Coma Scale (GCS) score <8 (OR: 5.565; 95% CI: 1.703-18.184). A poor clinical outcome was
associated with old age (=65 years) (OR: 7.921; 95% CI: 2.977-21.076), CI-AKI (OR: 11.281; 95% CI: 2.138-59.525), an initial GCS
score <8 (OR 31.02; 95% CI, 10.669-90.187), and a ruptured aneurysm (p=0.016, OR: 4.278) in posterior circulation.

Conclusion: CI-AKI seems to be an independent predictor of the overall outcomes of aSAH after endovascular treatment.
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INTRODUCTION

Contrast-induced acute kidney injury (CI-AKI) is a serious
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complication of percutaneous coronary intervention (PCI)
and is associated with both short- and long-term poor out-
comes.* Diabetes mellitus (DM), chronic kidney disease
(CKD), and especially the use of high dose of contrast during
PCI are well-known risk factors of CI-AKI.»* !

The diagnosis and treatment of intracranial aneurysm gen-
erally require high dose contrast agent imaging studies. Fur-
ther, aneurysmal subarachnoid hemorrhages (aSAHs) usually
require urgent diagnosis and treatment. Therefore, high dose
contrast agents are administered for a relatively short time pe-
riod to enable rapid critical endovascular treatment. However,
only a few recent studies have investigated CI-AKI in aSAH.
Thus, the aim of this study was to investigate the incidence
and clinical outcomes of CI-AKI after coil embolization in pa-
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tients with aSAH.

MATERIALS AND METHODS

This retrospective study conducted at a single institution re-
viewed 225 consecutive patients with aSAH who were treated
with coil embolization between January 2005 and March
2016. This study used the institution’s neuroendovascular pro-
cedure database to systematically review emergency depart-
ment logs, medical admission records, and the outpatient de-
partment’s documentation. The patients’ initial Glasgow Coma
Scale (GCS) score, which was based on emergency department
records or admission records, was divided into two groups for
statistical convenience. The clinical cutoff point was between
GCS 8 and 9, which is considered a severe classification of
GCS."*" To determine serial creatinine values and clinical
course, a structured medical record review was performed.
Thirty-three patients were excluded because of a lack of creat-
inine values within 72 hours after coil embolization and for
having follow-up durations that were shorter than one year.
CI-AKI was defined as an increase from the baseline serum
creatinine concentration of >25% or >0.5 mg/dL within 72
hours after coil embolization.' Estimated glomerular filtration
rate (eGFR) was obtained using the equation from the Modifi-
cation of Diet in Renal Disease formula: eGFR=175x serum
creatinine™"**xage ***x(0.742, if female)."

To evaluate outcomes of endovascular aSAH treatment, mor-
tality and functional outcomes at one-year post-treatment were
evaluated. One-year mortality was defined as any medically-
related death within one year. The modified Rankin Scale (mRS)
was used to evaluate functional outcomes. A mRS score of 23
at one year was considered poor.

In this study’s treatment strategy, all aSAH patients with a ce-
rebral aneurysm confirmed by computed tomography (CT)
angiography or magnetic resonance angiography (MRA) re-
ceived conventional angiography and coil embolization within
24 hours. Non-ionic low-osmolar agents (iopamidol) and an
iso-osmolar agent (iodixanol) were used in all angiography pro-
cedures. All patients underwent diagnostic non-contrast brain
CT and digital subtraction angiography (DSA) before coil em-
bolization. For the brain CT angiography, 90-100 mL of Om-
nipaque 300 (iohexol) was administered.

This study was approved by Institutional Review Board of our
hospital (No. 2017-05-162).

Statistical analysis

Continuous variables are expressed as a mean+standard devia-
tion and were compared using Student’s t-test and the Wilcox-
on rank sum test. The Mann-Whitney U test was used for ordi-
nary variables. Statistically significant non-categorical variables
were dichotomized based on clinical cutoff points or median
values. All dichotomized variables were analyzed with the chi-
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square test and Fisher’s exact test. Variables found to be sig-
nificant through univariate analysis were entered in a multiple
logistic regression model based on clinical relevance. A model
was constructed using a backward-stepwise multiple logistic
regression, and included all clinically relevant variables with a
p value <0.2 in the univariate analysis. For all analyses, results
are reported as an odds ratio (OR) and 95% confidence inter-
val (CI), and significance was set at a p value of <0.05. Statistical
analysis was executed using SAS version 9.4 (SAS Institute,
Cary, NC, USA).

RESULTS

In this study, the mean follow-up duration was 47.1 months
(range: 3 days to 143.7 months), and the average length of hos-
pital stay was 27.7 days (range: 3 to 159 days). The mean age at
admission was 56.9+13.7 years (range: 22 to 86 years), and 123
(64.1%) of the 192 patients were women. Twelve (6.3%) pa-
tients had DM, 70 patients (36.5%) had a history of antihyper-
tensive medication use, and one patient had pre-existing renal
disease. Forty-two (21.9%) patients presented with an initial
severe GCS score (<8). Among the included 192 patients, 14
developed CI-AKI (7.3%), and 178 (92.7%) underwent a diag-
nostic contrast-enhanced imaging study, such as a CT angiog-
raphy or additional DSA, within 72 hours prior to coil emboli-
zation. Fourteen patients did not undergo studies with contrast
before endovascular treatments because initial brain CT
showed definite aSAH finding, or MRA was replaced with CT
angiography. Baseline characteristics of the 192 patients are
listed in Table 1.

The CI-AKI group generally demonstrated more severe med-
ical conditions. In the univariate analysis, patients in the CI-
AKI group were more likely to have a severe initial GCS score
(50.0% vs. 19.7%; p=0.015). In the multivariate analysis, the ini-
tial poor GCS score (p=0.013) in the CI-AKI group was statisti-
cally significant.

There were no statistically significant difference according
to the amount (293+73 mL vs. 267+76 mL; p=0.177) and type
(non-ionic low-osmolar 4.5% vs. iso-osmolar 11.3%; p=0.07)
of contrast media, duration of the procedure (160.9+76.4 min-
utes vs. 168.3+78.1 minutes; p=0.695), marginally lower body
mass index (22.0+2.3 kg/m? vs. 23.3+3.2 kg/m? p=0.169), and
large aneurysms (maximal diameter >10 mm) (35.7% vs. 17.4%;
p=0.145). The CI-AKI group contained more older adult (>65-
years-old; 50.0% vs. 30.3%; p=0.143) and diabetic patients (14.3%
vs. 5.6%; p=0.214), although there were no significant differences
between the groups.

One-year mortality occurred in 16 patients (8.3%): 13 pa-
tients died of neuropathology, one patient died of cardiogenic
problems, and two patients died of systemic infections. The
CI-AKI group had a significantly higher incidence of mortality
(37.5% vs. 4.5%; p<0.001) (Fig. 1), poor initial GCS score (62.5%
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Table 1. Baseline Characteristics and Angiographic Findings

YMJ

Variables Total (n=192) No CIN (n=178) CIN (n=14) pvalue

Age (yr) 56.9+13.7 56.5+13.5 59.9+13.7 0.283
0ld age (=65) 61 31.8% 54 30.3% 7 50.0% 0.143
Female 123 64.1% 17 65.7% 6 42.9% 0.086
Body weight (kg) 60.6+10.6 60.7£10.5 59.7+£11.8 0.763
BMI 232432 23.3+32 22.0+2.3 0.169
Using history of contrast

(CTingiogrryaphy) st 72 178 92.7% 165 92.7% 13 92.86% 1.000
Diabetes mellitus 12 6.3% 10 5.6% 2 14.3% 0214
Hypertension 70 36.5% 63 35.4% 7 50.0% 0.274
Pre-existing renal disease 1 0.5% 1 0.6% 0 0.0% 1.000
Current smoking 39 20.3% 36 20.2% 3 21.4% 1.000
Initial GCS <8 42 21.9% 35 19.7% 7 50.0% 0.015
Fisher grade 4 88 45.8% 81 455% 7 50.0% 0.745
Admission sCr (mg/dL) 0.8+05 0.8+05 0.7+0.2 0.232
Initial eGFR (mL/min) 99.8+25.6 99.3+254 106.1+29.1 0.341
Peak sCr within 72 hr (mg/dL) 0.8+0.6 0.7£05 12411 0.001
Initial hemoglobin (g/dL) 12.9+1.7 12.9+1.7 12.6+2.0 0.639
Posterior circulation 25 13.0% 24 13.5% 1 7.1% 0.699
Size of ruptured aneurysm =10 mm 36 18.8% 31 17.4% 5 35.7% 0.145
Duration of procedure (min) 167.75+77.80 168.29+78.09 160.86+76.44 0.695
Contrast amount (mL) 269+75 267+76 293+73 0.177

CIN, contrast induced nephropathy; BMI, body mass index; GCS, Glasgow Coma Scale; sCr, serum creatinine; eGFR, estimated glomerular filtration rate.

vs. 18.2%; p<0.001), older age (>65-years-old; 56.3% vs. 29.5%,
p=0.028), and large aneurysm =10 mm (43.8% vs. 16.5%, p=
0.007). In the multivariate analysis, one-year mortality was as-
sociated with CI-AKI (p<0.001, OR: 16.85) and severe GCS score
(p=0.005, OR: 5.565). History of antihypertensive medication
use (p=0.027, OR: 0.123) showed an inverse correlation with
mortality (Table 2).

This study also investigated functional outcomes. Consider-
ing differences in follow-up duration, the mRS of survivors at
one-year after coil embolization was compared with those with
a poor functional outcome (mRS >3) at one-year after coil em-
bolization for aSAH (49 patients), and was associated with CI-
AKI (20.4% vs. 2.8%; p<0.001) (Fig. 1), older age (>65-years-old;
61.2% vs. 21.7%; p<0.001), poor initial GCS score (63.3% vs.
7.7%; p<0.001), large aneurysm >10 mm (36.7% vs. 2.7%; p<
0.001), and Fisher grade IV (73.5% vs. 36.4%; p<0.001). In the
multivariate analysis, older age (=65-years-old; p<0.001, OR:
7.921), CI-AKI (p=0.004, OR: 11.281), severe initial GCS score
(p<0.001, OR: 31.020), and ruptured aneurysm (p=0.016, OR:
4.278) in posterior circulation were independently associated
with a poor long-term outcome (Table 2).

DISCUSSION

The reported incidence of CI-AKI after PCI ranges from 2% to
25% (overall, 3.3%) because of diverse pre-existing risk factors
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Fig. 1. Mortality and functional outcomes (modified Rankin Scale >3) in
one-year after coil embolization in patients with aneurysmal subarach-
noid hemorrhage. CI-AKI, contrast-induced acute kidney injury.

and difference in CI-AKI definitions.”'>'® Recently, known risk
factors of CI-AKI have been reported to be DM, CKD, conges-
tive heart failure, acute hypotension, advanced age, ST-eleva-
tion myocardial infarction, volume depletion, amount of con-
trast agent administered, type of contrast agent, and simultane-
ous use of nephrotoxic medications after PCI procedures.®*'s
The baseline characteristics of patients with aSAH varied from
those of patients with coronary artery disease (CAD). Gener-
ally, patients with aSAH are healthy young people. The preva-
lence of comorbidities of DM, CKD, and heart failure in pa-
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Table 2. Statistical Analysis for All-Cause Death and Long-Term Outcomes in aSAH after Coil Embolization

One year mortality

Long-term outcomes (mRS >3)

Variable Univariate Multivariate Univariate Multivariate
95% CI 95% CI 95% CI 95% CI
p OR ———— e OR Bl
Lower Upper Lower Upper Lower Upper Lower Upper

Female 0227 0530 0190 1.483 0834 1076 0545 2123
0Old age (=65) 0035 3.066 1.084 8.670 <0.001 5705 2836 11475 <0.001 7921 2977 21.076
Body weight 0659 0989 0941 1.039 0.189 0979 0948 1.011
BMI 0233 0898 0753 1.071 0557 0969 0873 1.076
CIN <0.001 12.600 3661 43362 <0.001 16.856 3.437 82664 0.001 8905 2649 29940 0004 11281 2138 59525
Poor GCS (<8) 0.001 7500 2541 22133 0.005 5565 1703 18.184 <0.001 20.667 8.869 48.158 <0.001 31.020 10.669 90.187
DM 0294 2372 0473 11.903 0195 2208 0667 7.308
HTN 0.055 0227 0050 1029 0027 0123 0019 078 0.186 0622 0307 1.258
Current smoking  0.871 0.897 0243 3.318 0228 0578 0237 1410
HL 0930 1.161 0.043 31678 0981 0972 0099 9571
Prior stroke 0725 1393 0220 8826 0195 2208 0667 7.308
Post-circulation  0.481 1.615 0426 6.123 0080 2188 0910 5258 0016 4278 1314 13925
Size=10 mm 0.012 3943 1359 11.437 0.001 4032 1881 8.644
Fisher 4 0064 2829 0943 8.483 <0.001 4846 2359 9955
Durationof o 6e9 0999 0992 1.005 093 1000 099 1.004
procedure (min)
e 0507 1245 0652 2376 0816 105 0686 1614
amount (mL)

aSAH, aneurysmal subarachnoid hemorrhage; mRS, modified Rankin Scale; OR, odds ratio; Cl, confidence interval; BMI, body mass index; CIN, contrast induced
nephropathy; GCS, Glasgow Coma Scale; DM, diabetes mellitus; HTN, hypertension; HL, hyperlipidemia; Prior stroke, history of prior cerebral stroke; Post-circu-

lation, ruptured aneurysm location in posterior circulation; Fisher 4, Fisher grade 4.

tients with aSAH is lower than that in patients with CAD.'"*
Considering these differences between aSAH and CAD, the
amount of contrast agent administered could be a more rele-
vant factor in CI-AKI development in aSAH patients.

A recent study reported that the incidence of CI-AKI after
neuroendovascular procedures was 2.5% (4/158) only when
the administered volume of contrast was greater than 250 mL.?
In two other studies, the incidence of CI-AKI in patients with
aSAH who had undergone at least one contrast study (CT an-
giography, DSA, or perfusion study) was 2.9% (3/104) and
5.3% (4/75), respectively.”*' Recently, the number of coil em-
bolization cases in patients with aSAH have rapidly increased;
yet, there are few cases reporting CI-AKI as a single risk factor
after coil embolization for aSAH. In this study, the incidence
of CI-AKI after coil embolization was 7.3%, which was slightly
higher than the previously published score. Although this
study did not have access to the exact amount of contrast agent
used in the diagnosis and treatment of aSAH, there were some
indirect evidences related with the amount even if there was
no statistical significance. Alexopoulos, et al.** reported there
was no difference in the incidence of CI-AKI undergoing a cor-
onary procedure in patients taking non-ionic low-osmolar and
iso-osmolar contrast agents. In this study, the incidence of CI-
AKI receiving non-ionic low-osmolar versus iso-osmolar con-
trast media were 11.3% versus 4.5%, although there was no
statistical significance for the difference (p=0.075).
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According to the 2012 American Heart Association and Am-
erican Stroke Association Guidelines and the 2013 European
Stroke Organization Guidelines, diagnostic work-ups of aSAH
include non-contrast head CT, CT angiography, and DSA.'"*
These guidelines recommend early diagnosis and treatment
to improve the prognosis of patients with aSAH. However,
when undergoing endovascular treatment, patients are ex-
posed to extremely high doses of contrast agent in just a few
hours, which could lead to the development of CI-AKI. Oleinik,
et al.** reported that CT angiography does not lead to CI-AKI.
Yet, the study did not evaluate the probability of subsequent
contrast imaging on the increased risk of CI-AKI. In this study,
none of the fourteen patients who did not undergo CT angi-
ography developed CI-AKI.

In the cardiovascular field, many believe that the correlation
between poor clinical outcomes and CI-AKI are connected
with high comorbidity in patients with CI-AKL.® However, it is
doubtful that this explanation could be applied to patients with
aSAH, who tend to have fewer underlying diseases. Zacharia,
et al.” reported that renal dysfunction in patients undergoing
hospital stay is an independent prognostic factor of aSAH.
They also announced that a consistently high relative risk is
associated with kidney dysfunction, despite the adjustment
for comorbid conditions and initial neurologic severity. Al-
though the mechanism was unclear, additional kidney injury
may aggravate the medical condition more than previously
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thought. Prevention of ischemic conditions with sufficient hy-
dration is important in cases of CI-AKI.***” The management
of CI-AKI in aSAH is rarely reported. However, the usual treat-
ment is hydration using normal saline.”® Although the direct
association between CI-AKI and contrast agent usage could not
be shown, reducing the total amount of contrast media used
in the diagnosis and treatment of aSAH is important.

A premorbid history of hypertension is a known risk factor
of aSAH; however, its role as a prognostic factor remains un-
clear."#*% A recent study reported that premorbid hyperten-
sion is an independent risk factor for a 3-month functional out-
come of aSAH.* However, in this study, the prognostic power
appeared weak and the definition of premorbid hypertension
was ambiguous. In addition, whether the patients with hyper-
tension were appropriately controlled with hypertensive medi-
cation was unclear. In another long-term cohort study, antihy-
pertensive medication was reported to decrease the risk of an-
eurysm formation.* In this study, premorbid hypertension was
defined as previous treatment with antihypertensive medica-
tion and there was an inverse correlation with one-year mor-
tality. Selection errors or varying definitions and criteria may
have contributed to the contradicting results among studies.
Further investigations are needed to confirm the relationship
between premorbid hypertension and CI-AKIL.

This non-randomized and retrospective study may have
several errors or biases confounding the results. The small
number of patients with CI-AKI may increase the possibility of
type 1 error. A larger size study would increase the statistical
reliability of the associated findings. Further, this study did not
involve data on the actual amount of contrast agent used, mere-
ly the amount prescribed in the diagnosis and treatment planning.

CI-AKI was shown to be strongly associated with 1-year out-
comes of aSAH after endovascular treatment. Further studies
are needed to statistically confirm the results and to quantify the
relationship between CI-AKI and the total administered con-
trast volume in patients with aSAH.
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