Renal Safety of Intra-Arterial Treatment after Acute Ischemic
Stroke with Multimodal CT Imaging selection
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Background: Multimodal computed tomography imaging is used to identify eligible
patients for intra-arterial treatment. A concern with this method is the multiple use
of iodinated contrast material which presents a possible risk of renal toxicity. We
compared the safety of intra-arterial treatment versus intravenous treatment during
acute ischemic stroke treatment with a focus on renal safety. Methods: Adult acute
ischemic stroke patients who underwent a baseline Multimodal computed tomog-
raphy, then intra-arterial treatment and/or intravenous treatment were identified.
Primary outcomes were acute kidney injury and changes in serum creatinine at 24-
72 hours (A serum creatinine). Results: A total of 184 patients received intra-arterial
treatment, while 68 received intravenous treatment. There were no differences in
mean serum creatinine in the 24-72-hour time period, 24-hour urine volume, or
rates of acute kidney injury, dialysis, or mortality. Univariate regression analysis
identified diabetes mellitus, operation duration and times of embolectomy as pre-
dictors of creatinine increase while the multiple regression model identified diabe-
tes mellitus as the only significant predictor. Conclusions: There were no significant
differences in renal safety between the intra-arterial treatment and intravenous
treatment groups. Diabetes mellitus may be a predictor of acute kidney injury. The
use of Multimodal computed tomography imaging in the selection of patients who
could benefit from endovascular therapy is safe.
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Introduction 3 (DEFUSE 3) trial.'® The new clinical trial data and guide-

Recently, the therapeutic time window for the use of
thrombectomy has been extended up to 24 hours in the
American Heart Association 2018 stroke guidelines based
on significant clinical benefits reported in the Triage of
Wake-up and Late Presenting Strokes Undergoing Neuro-
intervention With Trevo (DAWN) trial and Endovascular
Therapy Following Imaging Evaluation for Ischemic Stroke

lines have led a large number of stroke centers to begin
using advanced imaging with multimodal computed
tomography (MCT) or magnetic resonance imaging (MRI)
to evaluate patients who present with a possible large ves-
sel occlusion in an extended time period. Imaging selection
for patients in both DEFUSE 3 and DAWN required either
MCT or MRI, with the majority selected by MCT. MCT can
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provide quantitative estimates of the ischemic core and
penumbra without user input and have excellent interob-
server agreement. However, these techniques also have
limitations, including apprehension concerning the use of
radio-contrast material (CM) potentially inducing acute
kidney injury (AKI). Contrast-associated AKI signifies a
severe and usually reversible decline in kidney function
that may develop within 72 hours after intravascular
administration of iodinated CM. The condition is usually
defined as an increase in the serum creatinine (SCr) level of
more than .5 mg per deciliter (44 wmol per liter) or an
increase of at least 25% in the level from baseline.*

Contrast-induced nephropathy (CIN) is a key trigger of
acute renal failure and occurs within 72 hours after the
use of iodinated radiographic CM.’ In fact, the use of CM
during imaging is the third most common trigger of iatro-
genic AKL® In previous reports, the use of CM has been
associated with significant adverse events, such as renal
failure, the need for dialysis treatment, stroke, myocardial
infarction, and even death.” Previous studies have shown
that MCT imaging does not affect the risk of AKI in stroke
patients, even in those presenting preexisting kidney dis-
ease.” However, patients with acute ischemic stroke (AIS)
receiving intra-arterial treatment (IAT) after baseline
MCT imaging may receive multiple administrations of
iodinated CM over a short time period. The incidence of
AKI as well as the emergent need for dialysis in those
who undergo intra-arterial acute ischemic stroke treat-
ment after a baseline MCT imaging is largely unknown.
We set up this study to investigate whether there was a
difference between IAT and intravenous treatment (IVT)
with respect to renal safety when performed after a base-
line MCT for AIS treatment.

Methods
Patients

This study was approved by the ethics committee of
The First Affiliated Hospital of Chongging Medical Uni-
versity. The investigators carried out a retrospective
review as well as a chart review of adult patients with AIS
who underwent IAT or IVT at our institution from
December 2014 to May 2017. Patients aged >18 years
with AIS were included in this review if they (1) had a
baseline MCT evaluation, (2) received r-tPA IVT only, or
r-tPA IVT plus IAT, or IAT only, and (3) had a prescan
SCr result prior to MCT and as a minimum, one postscan
(24-72 hours post-treatment) SCr result. Investigators
excluded patients who (1) presented any preexisting renal
dialysis requirements, (2) underwent partial or radical
nephrectomy or received a kidney transplant, or (3)
received IV or intra-arterial CM from any other test or
procedure within 14 days. Investigators gathered demo-
graphic information, clinical characteristics, and labora-
tory data of each participant from chart reviews.
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Imaging

Imaging was carried out according to our institution’s
acute stroke CT, CT angiography (CTA) and CT perfusion
(CTP) protocols on Philips brand 256-slice CT scanners
(Philips Brilliance iCT, Philips Healthcare, Cleveland). A
total of 50 to 70 mL of CM (Iohexol, Omnipaque 350 mg
I/mL; GE Healthcare) was administered at 5 mL/s with a
50 mL saline bolus chaser by means of a dual-head injec-
tor for CTA of the head and neck. A 50 mL bolus of CM
was administered at 5 mL/s to attain fifty-five 4.5 seconds
CTP images of 5-mm slices each. Philips Extended Bril-
liance Workspace (Philips Medical Systems Nederland
BV) was used to process the CTA and CTP images. Meas-
urements included cerebral blood volume, cerebral blood
flow, mean transit time, delay time, an ischemic core, and
penumbra maps.

IAT consisted of arterial catheterization with a micro-
catheter to the level of occlusion and delivery of a throm-
bolytic agent, mechanical thrombectomy, or both. The
method of intra-arterial treatment was left to the discre-
tion of the local interventionist.

The investigator was free to choose how IAT would be
conducted. Up to 10 mg alteplase (5 mg if administered
IV) or 1,000,000 IU (500,000 IU if IV) urokinase was
allowed in this trial for intra-arterial thrombolysis. At
least 1 investigator in each procedure must have com-
pleted a minimum of 5 full procedures with the corre-
sponding device.

Measures of Safety

Safety outcomes comprised evidence of AKI, including
Scrap as a marker of renal function. The investigators cal-
culated the difference between the baseline (at the time of
presentation) Scrap measurements and SCr measurements
24-72 hours after presentation (ACr). In this study, the defi-
nition of AKI was an increase in the highest observed SCr
level of either (a) an absolute increase of more than
.5mg/dL (>44 pmol/L), or (b) an increase of >25% within
3 days of CM use. No other etiology was done.

Statistical Analysis

Statistical analysis was performed using SPSS, version
22 (IBM Corp.) Included patients comprised of 2 groups:
one group (IAT) received intra-arterial treatment (includ-
ing intra-arterial treatment only and intravenous followed
by intra-arterial treatment) after a baseline MCT imaging
and the other group (IVT) received IVT after a baseline
MCT imaging. A 2-sided, independent sample t test was
used to compare all means. The Pearson X test was used
for comparisons of categorical data, including sex, the exis-
tence of medical comorbidities, chronic kidney disease
(CKD), the estimated glomerular filtration rate (eGFR) sub-
groups, AKI, dialysis, and death. Risk factors of contrast-
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induced AKI in the IAT group were examined by univari-
ate and multivariate logistic regression analyses. A P value
less than .05 was considered as statistically significant.

Results

Patients who arrived at our institution with symptoms
suggestive of AIS routinely underwent evaluation using
the MCT imaging protocol, which consists of a noncon-
trast CT (NCCT) scan of the brain, CTA of the head and
neck, and CTP of the head. If a favorable penumbral pat-
tern was identified in conjunction with a proximal large
vessel occlusion site that was amenable to endovascular
intervention, patients were taken immediately to the inter-
ventional suite for possible intervention. If a proximal
large vessel occlusion was not present, patients received
r-tPA intravenously without thrombectomy. Therefore, at
our institution, patients routinely received multiple
administrations of iodinated CM over a relatively short
time period.

After applying exclusion criteria, 252 patients were
included in our final analysis. A total of 184 patients
received intra-arterial treatment after a baseline MCT
imaging (IAT) and 68 patients received IVT after a base-
line MCT imaging (IVT). Patients of the IAT group were
generally younger (mean age, 64.4 versus 68.93 years;
P =.008) than those who received IVT (Table 1).

Patients of the IAT group had higher rates of rheu-
matic heart disease (13% versus 2.9%; P =.019), and a
higher NIH stroke scale score (16.56 versus 13.97,
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P =.016) than those of the IVT group (Table 1). Patients
of the IAT group were administrated higher doses of
iodinated CM (88.02 versus 38.42 g, iodine, P < .001).
Patients of the IAT group also presented a higher renal
function (eGFR, 87.45 versus 79.20 mL/min per 1.73 m>;
P=.012). They had lower rates of CKD (9.8% versus
20.6%), hypertension (36.4% versus 72.1%), and CAD/
previous MI (24.5% versus 48.5%) than patients of the
IVT group (Table 1). Patients of the IAT group were
administered more fluids than the IVT group (3134 ver-
sus 2875 mL, P < .001). Otherwise the distribution of
patients was similar in regard to sex, dyslipidemia,
diabetes mellitus, atrial fibrillation, and 24 hours urine
volume (Table 1).

The IAT group presented with lower baseline mean SCr
measurements compared to the IVT (.845 mg/dL IAT,
.958mg/dL IVT; P=.008) group (Table 2). Yet, at 24-
72 hours after treatment no significant difference was
reported between the group’s mean SCr levels
(.839 mg/dL IAT, .886mg/dL IVT; P =.312) although the
IVT group had a lower ACr (-.006 IAT, —.072 IVT;
P =.039) than the IAT group (Table 2). Sixteen patients in
the IAT group (8.7%) developed AKI but no significant
difference in those who developed AKI was found
between the 2 groups (16 IAT versus 4 IVT, P=.603)
(Table 2). Only 1 patient in the IAT group and no patients
in the IVT group required hemodialysis due to deteriora-
tive renal function (P = 1.00). There is no significant differ-
ence in the rate of death between the 2 groups (17 IAT
versus 7 IVT; P=.811) (Table 2).

Table 1. Patient demographics and baseline characteristics

IAT (n=184) IVT (n=68) P (95% CI)

Mean + SD age, years 64.4 4+ 12.54 68.93 + 10.40 .008 (—7.885to —1.175)
Male sex, n(%) 98 (53.3) 43 (63.2) 157
Pre-existing comorbidities - - -

Dyslipidemia, n(%) 61 (33.2) 26 (38.2) 459

Hypertension, n(%) 117 (63.6) 49 (72.1) 233

Diabetes mellitus, n(%) 48 (26.1) 25 (36.8) 118

CAD/previous MI, n(%) 45 (24.5) 35(51.5) <.001

Rheumatic heart disease, n(%) 24 (13) 2(2.9) .019

Atrial fibrillation, n(%) 65 (35.3) 23 (33.8) .882

Chronic kidney disease, n(%) 18 (9.8) 14 (20.6) .032
Mean =+ SD pre-MCT eGFR 87.45 £22.32 79.20 £+ 24.19 .012 (1.868-14.634)
eGFR subgroups (mL/min) - - -

>90, n(%) 89 (48.4) 24 (35.3) .086

60-89, n(%) 70 (38) 28 (41.2) .665

30-59, n(%) 24 (13) 15 (22.1) 115

<30, n(%) 1(.5) 1(1.5) 468
Mean & SD 24 h fluids administered after MCT, mL 3134 £+ 662.00 2785 4 696.42 <.001 (161.276-536.595)
Mean = SD 24 h urine volume after MCT, mL 2173 + 589.91 2064 + 668.61 .21 (—61.790 to 280.324)
Mean + SD presenting NTHSS 16.56 £ 6.78 13.97 £9.41 .016 (.489-4.690)
Mean £ SD dose of iodine, g 88.02 +1.28 38.42 + .04 <.001 (45.575-53.629)

Abbreviations: CAD, coronary artery disease; CI, confidence interval; eGFR, evaluated glomerular filtration rate; IAT, intra-arterial treat-
ment; IVT, intravenous treatments; MCT, multimodal computed tomography; MI, myocardial infarction; NIHSS, National Institutes of

Health Stroke Scale.
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Table 2. Laboratory and clinical outcome

IAT IVT P (95% CI)
Mean =+ SD Creatinine on arrival, mg/dL 845 + .26 958 4+ .38 .008 (—.196 to —.030)
Mean = SD Creatinine at 24-72 h, mg/dL. 839 £+ .32 .886 £ .35 312 (—.139 to —.045)
Mean + SD Delta creatinine, mg/dL —.006 £+ .24 —.072 + .15 .039 (—.003 to —.128)
Acute kidney injury, n(%) 16 (8.7) 4(5.9) .603
Dialysis within 30 d, n(%) 1(.5) 0(0) 1.00
Death within 30 d, n(%) 17 (9.2) 7 (10.3) 811

Abbreviations: CI, confidence interval; IAT, intra-arterial treatment; IVT, intravenous treatments.

The diagnosis of AKI is mainly based on the increase
Therefore, we
wanted to see if we could identify any predictors of cre-
atinine increase. We performed both univariate and
logistic regression analyses using multiple demographic
and clinical factors as independent variables. We per-

in serum creatinine concentration.*

formed these analyses on patients with or without AKI
in the IAT group. The demographic variables included
age and sex, while the clinical variables included, but
were not limited to, dyslipidemia, hypertension, diabetes
mellitus, procedure duration, and the number of times

an embolectomy was performed (Table 3). In univariate
regression analyses, diabetes mellitus, operation dura-
tion, and the number of times of embolectomy were sig-
nificant predictors of creatinine increase. There was no
significant difference in dose of iodinated CM between
the AKI (+) and AKI(—)groups. AKI may be associated
with a high mortality and poor functional outcome
(Table 3). However, in multivariate logistic analysis,
only diabetes mellitus remained an independent predic-
tor of creatinine increase (OR=D5.134, 95% CI (1.650-
15.970), P =.005) (Table 4).

Table 3. Univariate analysis of the demographic and clinical between AKI (+) and AKI (—) in the IAT group

AKI (+) (n = 16)

AKI (=) (n = 168)

P (95% CI)

Mean + SD age,years
Male sex, n(%)
Pre-existing comorbidities
Dyslipidemia, n(%)
Hypertension, n(%)
Diabetes mellitus, n(%)
CAD/previous MI, n(%)
Rheumatic heart disease, n(%)
Atrial fibrillation, n(%)
Chronic kidney disease, n(%)
Mean=+SD Pre-MCT eGFR
eGFR subgroups (mL/min)
>90, n(%)
60-89, n(%)
30-59, n(%)
<30, n(%)
Mean + SD 24 h fluids administered after MCT, mL
Mean =+ SD 24 h urine volume after MCT, ml
Mean + SD presenting NIHSS
Mean =+ SD operation duration
Mean + SD times of embolectomy
Mean=£SD Dose of iodine, g
Mean = SD creatinine on arrival, mg/dL
Mean=£SD creatinine at 24-72 h, mg/dL
Mean =+ SD delta creatinine, mg/dL
mRS <2, n(%)
Mortality, n(%)

66.37 + 13.40 64.21 + 12.48 511 (—4.317 to 8.651)
7 (43.8) 91(54.2) 445
5(31.3) 58 (34.5) 1.00
11 (68.8) 106 (63.1) 789
9 (56.3) 39 (43.8) .007
4(25) 41 (24.4) 1.00
1(6.3) 23 (13.7) 699
8 (50) 57 (33.9) 273
3(18.8) 15 (8.9) 195
88.30 & 17.21 87.37 & 22.79 873 (—10.619 to 12.491)
7 (43.8) 82 (48.8) 796
8 (50) 62 (36.9) 419
1(6.3) 23 (13.7) 699
0 (0) 1.6) 1.00

3208.19 £ 683.87
2058.44 £ 780.25

3126.88 £ 661.54
2184.32 £ 570.32

.640 (423.78-456.49)
416 (178.93-296.86)

18.19 £ 4.22 16.40 + 6.87 310 (—1.669 to 5.235)
207.81 £+ 89.56 164.49 £ 72.62 027 (5.035-81.602)
2.69 £ 1.66 1.60 £ 1.30 .002 (.400-1.773)
98.5943.99 87.0141.28 352 (=20.129 to —3.029)
78 £ .24 85+ .26 285 (—.209 to .062)
1.28 £ .61 80 £ .25 <.001 (.327-.630)
50+ .42 —05+.15 <.001 (.454-.649)
3(18.8) 96 (57.1) .004
7 (43.8) 10 (6) <.001

Abbreviations: AKI, acute kidney injury; CAD, coronary artery disease; CI, confidence interval; eGFR, evaluated glomerular filtration
rate; IAT, intra-arterial treatment; MCT, Multimodal computed tomography; MI, myocardial infarction; mRS, modified Rankin Scale;

NIHSS, National Institutes of Health Stroke Scale.
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Table 4. Multivariate logistic regression analysis of AKI risk

factors

OR 95% CI P value
Operation duration 997  .988-1.005 436
Times of embolectomy .681 440-1.056 .086
Diabetes mellitus 5.134  1.650-15.970  .005

Abbreviations: AKI, acute kidney injury; CI, confidence inter-
val; OR, odds ratio.

Discussion

The DAWN and DEFUSE 3 trials demonstrated the
benefit of delayed (>6 hours from onset) mechanical
thrombectomy in patients with large penumbra and
small infarct core. DAWN enrolled patients who could
be treated between 6 and 24 hours,” and DEFUSE 3
enrolled patients who could be treated between 6 and
16 hours after last known well.” At 90-day follow-up,
both trials reported improved functional outcomes in the
treated group. Multimodal imaging was used to select
patients in both DAWN and DEFUSE 3 required either
CTP or MRI, with the majority being selected by CTP. In
response, CTA and CTP are increasingly used in the tri-
age of AIS patients. The American Heart Association and
American Stroke Association strongly recommend the
use of CTP, DWI-MRI, or MRI perfusion for selecting eli-
gible patients for mechanical thrombectomy." While
increased usage of advanced imaging techniques has
aided the triage needs of patients with AIS and their out-
comes, these modes of imaging continue to depend upon
the use of IV iodinated contrast, with well-known risks,
especially contrast-induced AKI.

The pathophysiology of CIN is not fully understood
and may be caused by both direct tubular toxicity and
renal ischemic injury.” Risk factors of CIN include car-
diovascular disease, diabetes, collagen vascular disease,
NSAIDs use, dehydration, paraproteinemia, aminogly-
coside antibiotics, and advanced age.'”'' Diabetics and
those patients with an underlying kidney dysfunction
present the highest risk of CIN'>"’ and likely overlap
with patients most likely to present with stoke. Our
study has important clinical implications because
patients who present with renal dysfunction when
admitted to the hospital for stroke are more likely to
experience poor outcomes.'* At the immediate stroke
triage, the medical histories of patients are often
unknown and rarely do patients have the ability to con-
vey this history. Therefore, it is unlikely that providers
will be privy to the CIN risk factors of a patient in this
early and important stage. Many institutions require,
per protocol, evaluation of serum creatinine levels in
patients with AIS, upon arrival to the emergency
department before performing MCT. Waiting to make
clinical decisions based on the return of these results,
especially when it is known that deferrals in the onset-
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to-perfusion time can diminish the efficacy of therapy,
can be impractical.'”'

Previous research of CIN inferred the administration
of an iodinated CM to be the causal factor in AKI from
the short time period between their use and the onset of
renal function changes. Several studies evaluated the
safety and efficacy of CT imaging studies in AIS
patients.'”'® In a study of 289 patients, Ehrlich et al"’
found that CTA was safe from a renal function perspec-
tive in acute ischemic stroke. In another study of 53 con-
secutive patients undergoing the CT protocol (NCCT,
CTA, CTP) for suspected clinical stroke or transient
ischemic attack, Smith et al®*° reported that no renal
injury were observed. Josephson et al*' further studied
this topic by retrospectively reviewing the data of 1075
patients receiving routine CTA and CTP at a single insti-
tution. The authors reported that 52 of 1075 patients
(4.8%) included in the analysis had an increase in creati-
nine levels over >.5 mg/dL. In 4 of these patients the
cause of renal injury was considered to be the contrast
administration. Adnan et al** evaluated the incidence of
AKI after CTSS and DSA within a 48 hour period. This
study provides preliminary evidence of the safety and
feasibility of obtaining CTSS with additional DSA imag-
ing. Sharma et al* also found a relatively low rate of
contrast-induced nephropathy (CIN) of 1.5% in patients
undergoing vascular imaging and endovascular proce-
dures. However, both studies had an extended interval
between the MCT and DSA, and there was no intergroup
control. These studies evaluated the risk of kidney injury
associated with noninvasive stroke imaging (eg CTA
and CTP) or additional DSA imaging after a long inter-
val. While the incidence of contrast-induced AKI has
decreased over the last 10 years,24 however, previous
studies reported that the incidence of AKI is substan-
tially higher following intra-arterial CM administration
compared to intravenous administration,?® and the dose-
dependent risk was commonly presumed.%'27 Therefore,
the risk for patients in urgent need of IAT who have
received multiple administrations of iodinated CM
within a short time frame is still unknown. With a
greater number of patients expected to be triaged to IAT,
we aimed to investigate whether the addition of IAT per-
formed in the acute period portends an increased risk of
contrast-induced nephropathy.

In this retrospective study, the investigators evaluated
the risk of AKI in AIS patients who had undergone a base-
line MCT selection and IAT within a 4-hour period. Com-
pared to IVT group, patients of the IAT group were
administrated higher doses of CM (88.02 versus 38.42 g,
iodine, P < .001), the investigators found that early IAT
based on MCT was not associated with impairment of
renal functions within 24-72 hours. Even while over 9.8%
of included patients had CKD at baseline, no difference
was found in the relative or absolute creatinine measure-
ments between the AKI (+) and AKI (—) groups within the
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first 72 hours. Adjustment for a variety of reported risk fac-
tors for creatinine increase did not change the results. The
present study showed that using MCT imaging to triage
patients who may benefit from endovascular therapy was
safe in regard to renal function. We defined AKI as either
an increase of .5 mg/dL or an increase of at least 25% from
the baseline creatinine level. In this way, we aimed to
address new renal injury regardless of baseline function.
Of the 16 patients who experienced AKI according to this
criterion, only 3 had baseline CKD. We also studied the
change in creatinine level as a means to control for any
baseline renal dysfunction and found a significantly greater
change in patients who developed AKI compared with
those who did not. As we know, patients presenting with
AIS often have underlying medical comorbidities that may
predispose them to the development of renal failure/renal
injury. Univariate regression analysis showed diabetes
mellitus, operation duration, and times of embolectomy
predicted the increase of serum creatinine. Logistic regres-
sion analysis reported that only diabetes mellitus (P = .005)
significantly predicted AKI. The current study shows that
AIS patients with history of diabetes mellitus, have a high
risk of AKIT after treatment with IAT after MCT estimation.
Our findings suggest that caution must be taken while
treating these patients, including timely monitoring and
adjusting the total dose of CM while performing IAT.
Appropriate precautions such as consuming more fluids
within 24 hours after the CM is administered may promote
excretion of the CM, reduce serum creatinine, and thereby
reduce the risk of AKI. There is an independent association
between AKI and the risks of mortality after IAT. AKI pre-
dicts both mortality and poorer outcome after AIS.

There are several limitations in this retrospective study.
First, this is not randomized study and patients may have
disparity in baseline creatinine values, eGFR, and the rates
of CKD and NIH stroke scale. Second, selection bias is a
heavy burden in retrospectively designed studies. The
operator in this study had full discretion to make the deci-
sion to obtain an IAT for each patient. A constraint of
available data occurred because creatinine values were
documented only at 24-48 hours even while AKI may
take time to develop. Third, our study is based on the
data and protocol of a single center and may not be gener-
alizable to other facilities. Future studies with adequately
sized samples are needed to identify the best imaging
technology to triage patients for endovascular therapy.
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