% Maastricht University

Clinical and Imaging Markers Associated With
Hemorrhagic Transformation in Patients With Acute
Ischemic Stroke

Citation for published version (APA):

van Kranendonk, K. R., Treumiet, K. M., Boers, A. M. M., Berkhemer, O. A., van den Berg, L. A., Chalos,
V., Lingsma, H. F., van Zwam, W. H., van der Lugt, A., van Oostenbrugge, R. J., Dippel, D. W. J., Roos,
Y. B. W. E. M., Marquering, H. A., Majoie, C. B. L. M., Fransen, P. S. S., Beumer, D., Yoo, A. J.,
Schonewille, W. J., Vos, J. A., ... MR CLEAN Investigators (2019). Clinical and Imaging Markers
Associated With Hemorrhagic Transformation in Patients With Acute Ischemic Stroke. Stroke, 50(8),
2037-2043. https://doi.org/10.1161/STROKEAHA.118.024255

Document status and date:
Published: 01/08/2019

DOI:
10.1161/STROKEAHA.118.024255

Document Version:
Publisher's PDF, also known as Version of record

Document license:
Taverne

Please check the document version of this publication:

« A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.

« The final author version and the galley proof are versions of the publication after peer review.

« The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

« Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
« You may not further distribute the material or use it for any profit-making activity or commercial gain
« You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl
providing details and we will investigate your claim.

Download date: 20 Mar. 2024


https://doi.org/10.1161/STROKEAHA.118.024255
https://doi.org/10.1161/STROKEAHA.118.024255
https://cris.maastrichtuniversity.nl/en/publications/26e29ae9-bbe9-4754-bcdd-50cde90ca67b

€20z ‘9 AInc uo Aq Bio'sfeulnofeye//:dny wouy papeojumoq

Clinical and Imaging Markers Associated With
Hemorrhagic Transformation in Patients With Acute
Ischemic Stroke

Katinka R. van Kranendonk, BSc; Kilian M. Treurniet, MD; Anna. M.M. Boers, PhD;
Olvert A. Berkhemer, MD, PhD; Lucie A. van den Berg, MD; Vicky Chalos, MD;
Hester F. Lingsma, PhD; Wim H. van Zwam, MD, PhD; Aad van der Lugt, MD, PhD;
Robert J. van Oostenbrugge, MD, PhD; Diederik W.J. Dippel, MD, PhD;

Yvo B.W.E.M. Roos, MD, PhD; Henk A. Marquering, PhD; Charles B.L..M. Majoie, MD, PhD;
for the MR CLEAN Investigators

Background and Purpose—Hemorrhagic transformation (HT) after acute ischemic stroke may cause severe neurological
deterioration and affects functional outcome. Identifying patients most likely to suffer from this complication could
potentially be used for future treatment selection. Reperfusion after endovascular therapy could be associated with
different risk factors for HT than intravenous thrombolytics as these treatments largely differ. In this study, we aimed to
identify clinical and imaging markers that are associated with HT subtypes in the MR CLEAN (Multicenter Randomized
Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke in the Netherlands) population.

Methods—In this post hoc analysis, all patients with follow-up imaging were included. HT was classified according to
ECASS II (European Cooperative Acute Stroke Study). Variables with an association of P<0.1 were included in the
multivariable logistic regression to identify clinical and radiological variables associated with petechial hemorrhagic
infarction, parenchymal hematoma (PH), and symptomatic intracranial hemorrhage.

Results—Of the 478 out of 500 included patients in this subanalysis, 46% had HT (n=222). Of these, 66% had hemorrhagic
infarction (n=147) and 34% PH (n=75). Symptomatic intracranial hemorrhage was observed in 7.3% (n=35) of all patients.
Baseline National Institutes of Health Stroke Scale (odds ratio [OR], 1.05,95% CI, 1.01-1.09 per point) and absent/poor
collaterals (OR, 1.90; 95% CI, 1.05-3.42) were significantly associated with hemorrhagic infarction. Increased systolic
blood pressure (OR, 1.17; 95% CI, 1.05-1.31 per 10 mmHg) and atrial fibrillation (OR, 1.94; 95% CI, 1.08-3.48) were
associated with PH. Increased systolic blood pressure (OR, 1.28; 95% CI, 1.12-1.48) and antiplatelet use (OR, 2.6; 95%
CI, 1.08-6.3) were associated with symptomatic intracranial hemorrhage.

Conclusions—Clinical and imaging stroke severity parameters were associated with HT, both in hemorrhagic infarction and
PH, whereas baseline patients characteristics like systolic blood pressure, atrial fibrillation, and antiplatelet use were only
associated with PH or symptomatic intracranial hemorrhage.

Clinical Trial Registration—URL: http://www.controlled-trials.com. Unique identifier: ISRCTN10888758. (Stroke.
2019;50:2037-2043. DOI: 10.1161/STROKEAHA.118.024255.)

Key Words: atrial fibrillation m blood pressure m infarction m intracranial hemorrhages m reperfusion m risk factors m stroke

Hemorrhagic transformation (HT) can occur as natural Symptomatic intracranial hemorrhage (sICH) is an HT that
progression of acute ischemic stroke or as a complica- results in acute neurological deterioration. sICH results in
tion of stroke treatment and may result in impaired functional high mortality and is usually a consequence of PH.> A small
outcome.'? HT ranges from smaller petechial hemorrhagic in- HI is less likely to lead to acute neurological deterioration than
farction (HI) to more confluent parenchymal hematoma (PH). PH, although it may still have a negative impact on long-term

Received November 29, 2018; final revision received May 10, 2019; accepted May 30, 2019.

From the Department of Radiology and Nuclear Medicine (K.R.v.K., KM.T., AM.M.B., O.A.B., C.B.L.M.M.), Department of Biomedical Engineering
and Physics (A.M.M.B., H.A.M.), and Department of Neurology (L.A.v.d.B., Y. B.W.E.M.R.), Amsterdam UMC, location AMC, University of Amsterdam,
the Netherlands; Department of Robotics and Mechatronics, University of Twente, Enschede, the Netherlands (A.M.M.B.); Department of Neurology
(0.AB., V.C., D.W.J.D.), Department of Radiology and Nuclear Medicine (O.A.B., V.C., A.v.d.L.), and Department of Public Health, Center for Medical
Decision Making (V.C., HFL.), Erasmus MC-University Medical Center Rotterdam, the Netherlands; and Department of Radiology (W.H.v.Z.) and
Department of Neurology (R.J.v.0.), Cardiovascular Research Institute Maastricht (CARIM), Maastricht University Medical Center, the Netherlands.

*A list of all MR CLEAN Investigators is given in the Appendix.

Guest Editor for this article was Giuseppe Lanzino, MD.

The online-only Data Supplement is available with this article at https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.118.024255.

Correspondence to Katinka R. van Kranendonk, BSc, Department of Radiology and Nuclear Medicine, Amsterdam UMC, location AMC, G1-230,
Meibergdreef 9, 1105 AZ, Amsterdam, the Netherlands. Email k.r.vankranendonk @amc.uva.nl

© 2019 American Heart Association, Inc.

Stroke is available at https://www.ahajournals.org/journal/str DOI: 10.1161/STROKEAHA.118.024255

2037


http://www.controlled-trials.com
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.118.024255
mailto:k.r.vankranendonk@amc.uva.nl
https://www.ahajournals.org/journal/str

€20z ‘9 AInc uo Aq Bio'sfeulnofeye//:dny wouy papeojumoq

2038 Stroke August 2019

functional outcome.** Various risk factors associated with the
occurrence of HT have been identified. These include: treat-
ment with thrombolytic agents, age, hyperglycemia, hyperten-
sion, use of antiplatelet agents, large infarct size, early ischemic
changes on computed tomography (CT), and cholesterol level.-
? Most studies have examined risk factors for HT after treatment
with intravenous thrombolysis (IVT).® Recently, endovascular
therapy (EVT) has become part of usual care for patients with
acute ischemic stroke due to intracranial large vessel occlu-
sions. It is not clear whether risk factors for HT differ after
treatment with EVT.!*!* By determining factors that contribute
to the development of HT, we may be able to identify patients at
risk for developing HT and alter treatment to decrease this risk.

In this study, we aimed to identify clinical and imaging
markers that are associated with the occurrence of HI, PH,
and sICH in the MR CLEAN study (Multicenter Randomized
Clinical Trial of Endovascular Treatment for Acute Ischemic
Stroke in the Netherlands).!” In addition, we explored whether
the association of these characteristics would differ per treat-
ment group.

Methods

Anonymized trial data and analytic methods that support our
study findings are available from the principal investigator (Email:
mrclean @erasmusmc.nl) on reasonable request.

Study Design

Data was obtained from MR CLEAN, a prospective multicenter ran-
domized trial assessing the safety and effect of additional EVT com-
pared with usual care only. Acute ischemic stroke patients with a
proximal intracranial occlusion who could be treated with EVT within
6 hours of stroke onset were included for randomization. Patients who
endured a previous stroke within 6 weeks before stroke onset were
excluded, as were patients with a blood pressure exceeding 185 out of
110 mm Hg before start of treatment. Additionally, patients with a his-
tory of intracranial hemorrhage were specifically excluded for intraar-
terial treatment with alteplase, but not for EVT. More specific inclusion
and exclusion criteria can be found in the MR CLEAN study protocol. '

A central medical ethics committee and the research boards of all
participating centers accepted the MR CLEAN trial. From all patients
or legal representatives, written informed consent was acquired.

To identify HT on radiological images, follow-up CT scans, ac-
quired at =5 days after inclusion, were assessed. When follow-up
scans at 5 days were not available, 24-hour follow-up CT scans were
examined. HT was identified and classified according to the ECASS
II (European Cooperative Acute Stroke Study) classification'®: HI1
was defined as small petechiae along the margins of the infarct; HI2
as confluent petechiae within the infarcted area but no space-occupy-
ing effect; PH1 as blood clots in 30% of the infarcted area with slight
space-occupying effect; and PH2 as blood clots in 30% of the infarcted
area with a substantial space-occupying effect. Any intracranial hem-
orrhage visible on CT with concurrent neurological deterioration (in-
crease in >4 points on the National Institutes of Health Stroke Scale
[NIHSS]) was defined as sICH.'® Collateral score was assessed on
baseline CTA."” Collateral score was graded as absent collaterals, poor
collaterals (<50% filling of territory corresponding to the occluded ar-
tery), moderate collaterals (>50% filling but less than 100%), and good
collaterals (100%)."” To account for small numbers of patients with
absent collaterals, we pooled the absent and poor collaterals together.

Statistical Analysis

For the statistical analysis, 2 analyses were performed: (1) patients
with HI (HI1 and HI2) and patients with PH (PH1 and PH2) were
both compared with patients without HT; (2) patients with any sICH

were compared with patients without sSICH. We assessed the relation
of clinical and radiological characteristics with the occurrence of
HI and PH using multinomial logistic regression analysis and sICH
using binary logistic regression analysis. Univariable tests were used
to identify variables associated with HI, PH, and sICH. Variables with
an association with P<0.10 were included in the multivariable re-
gression analysis. The following variables collected at baseline were
explored for their association with HI, PH, and sICH: Alberta Stroke
Program Early CT Score (ASPECTS), admission collateral score,
EVT, administration of intravenous thrombolytics, age, sex, systolic
blood pressure (measured on admission), NIHSS, known hypercho-
lesterolemia and statin use, antiplatelet use, atrial fibrillation, time
from onset to randomization, diabetes mellitus, and previous stroke.
Criteria for diagnosing diabetes mellitus in the Netherlands are di-
abetes symptoms (polyuria and polydipsia) and a venous plasma
glucose concentration >1>1.1 mmol/L or a fasting plasma glucose
concentration >2>7.0 mmol/L.

Hypercholesterolemia is defined as a total cholesterol of >>6.5
mmol/L.

An additional analysis was conducted to explore possible differ-
ences in associations with HI, PH, and sICH between patients treated
with EVT or not treated with EVT. Therefore, the groups HI, PH,
and sICH were all divided per treatment, patients treated with EVT,
and control group, respectively. The control group consisted of all
patients that did not receive EVT. Revascularization rate assessed
with modified Treatment in Cerebral Ischemia (mTICI) scores was
available for patients treated with EVT; therefore, we added this var-
iable to the analysis of patients with SICH after EVT.

As discriminating HI from contrast staining may be difficult on
a 24-hour CT scan, HI rates on scans acquired at 24 hours or 5 to 7
days were compared.

Baseline characteristics were analyzed with the Mann-Whitney
U test for nonnormally distributed continuous data, Student ¢ test for
normally distributed continuous data, and the % test for categorical
data. The statistical analyses were performed using R (R Core Team
[version 3.5.1 (2016)]; R: A language and environment for statistical
computing; R Foundation for Statistical Computing, Vienna, Austria.
Used packages: MASS,'8 rms, ! Tableone®).

Results
Of the 500 patients included in the MR CLEAN trial, 478
patients were included in this study. In 22 patients, follow-up
imaging was missing. Of these 478 patients, 361 CT scans
were performed at =5 days (3-9 days) and 117 CT scans at 24
hours after inclusion.

Of all 478 patients, 46% had an HT (n=222). Of the
patients with HT, 66% had HI (n=147), and 34% had PH
(n=75). sICH was observed in 35 patients (7.3%). In the
sICH group, 2 patients had a subarachnoid hemorrhage. Both
patients with a subarachnoid hemorrhage had undergone EVT.
HI was found in 36 of 117 (31%) patients on 24-hour imaging
and in 111 of 361 (31%) patients on 5-day follow-up imaging.

Characteristics at baseline for patients with HI, PH, and
SICH compared with patients without HT are presented in
Table 1. Occurrence of any HT or sSICH was evenly distributed
among all 4 possible treatments: EVT+intravenous alteplase,
intravenous alteplase, EVT only, and patients without treat-
ment. Compared with patients without any HT, patients with
HI had a higher median NIHSS score (19 versus 17, P<0.01)
and lower median ASPECTS score (9 [7-10] versus 9 [8-10],
P<0.01). In the multivariable regression analysis presented
in Table 2, HI was significantly associated with baseline
NIHSS score (odds ratio [OR], 1.05; 95% CI, 1.01-1.09 [per
point]) and with absent/poor collaterals (OR, 1.88; 95% CI,
1.04-3.39).
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Table 1.  Clinical and Radiological Characteristics at Baseline
No HT HT Symptomatic ICH
(n=256) HI(n=147)  PValue  PH (n=75) PValue = No (n=443) Yes (n=35) | PValue

Treatment, n (%) 0.9 0.78 0.91

EVT+IV alteplase 105 (41) 58 (40) 35 (47) 182 (41) 16 (46)

IV alteplase only 123 (48) 73 (50) 34 (45) 215 (49) 15 (43)

EVT only 17 (6.6) 8 (5.4) 4(5.3) 27 (6.1) 2(5.7)

No treatment 11 (4.3) 8 (5.4) 2.(2.7) 19 (4.3) 2(5.7)
Age, y, median [IQR] 64 [53-75] 66 [57-76] 0.16 66 [59-78] 0.19 65 [54-75] 75[62-80] | <0.01
Baseline NIHSS, median [IQR] 17 [13-21] 19[15-22] | <0.01 | 19[16-22] <0.01 17 [14-22] 19[17-23] | <0.01
History of ischemic stroke, n (%) 26 (10) 15 (10) 0.99 10 (13) 0.44 44(9.9) 7 (20) 0.06
Atrial fibrillation, n (%) 58 (23) 42 (29) 0.19 29 (39) <0.01 118 (27) 11 (31) 0.54
Diabetes mellitus, n (%) 27 (11) 22 (15) 0.191 12 (16) 0.2 50 (11) 11 (31) <0.01
Systolic blood pressure, median [IQR] | 142 [130-160] | 140 [125-155] | 0.83 | 155[137-169] & <0.01 | 140[127-160] | 158 [143-186] | <0.01
Time from stroke onset to 193 [147-254] | 216 [150-267] | 0.17 | 218 [176-275] 0.01 200 [149-259] | 218 [177-265] | 0.11
randomization, median [IQR]
ASPECTS, median [IQR]* 9[8-10] 9[7-10] <0.01 9[7-10] 0.1 9[8-10] 9[7-10] 0.55
Collateral score, n (%)t <0.01 0.04 0.11

Absent/poor collaterals 70 (28) 56 (39) 30 (41) 140 (32) 16 (49)

Moderate collaterals 100 (39) 61 (42) 28 (38) 177 (40) 12 (36)

Good collaterals 84 (33) 28 (19) 15 (21) 122 (28) 5 (15)
Sex (male), n (%) 153 (60) 83 (57) 0.52 48 (64) 0.51 262 (59) 22 (63) 0.67
Antiplatelet use, n (%) 66 (26) 37 (25) 0.892 33 (44) <0.01 115 (26) 21 (60) <0.01
Hypercholesterolemia and statin use, 50 (20) 33(22) 0.49 24 (32) 0.03 90 (20) 17 (49) <0.01
n (%)

ASPECTS denotes early ischemic changes and NIHSS denotes stroke severity. ASPECTS indicates Alberta Stroke Program Early CT Score; CTA, CT-angiography;

EVT, endovascular therapy; HI, hemorrhagic infarction; HT, hemorrhagic transformation; ICH, intracranial hemorrhage; IQR, interquartile range; IV, intravenous; NIHSS,

National Institutes of Health Stroke Scale; and PH, parenchymal hematoma.
*ASPECTS was missing for 4 patients.

TCollateral score was assessed on baseline CTA as absent/poor collaterals (0% and >50% filling of occluded are), moderate collaterals (filling of 50% and <100% of
occluded area) and good collaterals (100% filling). Collateral score was not available for 6 patients.

Patients with PH had a higher NIHSS score (19 versus 17,
P<0.01), were more commonly known with atrial fibrillation
(39% versus 23%, P<0.01), had a higher systolic blood pres-
sure (155 versus 142, P<0.01), and used more often antiplate-
let agents (44% versus 26%, P<0.01) than patients without
HT. In addition, more patients with PH had a history of hy-
percholesterolemia and statin use than patients without PH
(32% versus 20%, P=0.03). In the multivariable regression
analysis presented in Table 2, PH was only significantly as-
sociated with atrial fibrillation (OR, 1.93; 95% CI, 1.07-3.45)
and systolic blood pressure (OR, 1.17;95% CI, 1.05-1.31 [per
10 mmHg]).

Of the 35 patients diagnosed with sICH, 30 patients had
PH, 3 patients had HI, and 2 patients had subarachnoid hem-
orrhage. Patients with SICH were older (75 versus 65 years,
P<0.001), had a higher NIHSS score (19 versus 17, P<0.01),
had more often diabetes mellitus (31% versus 11%, P<0.01),
and had a higher systolic blood pressure (158 versus 140,
P<0.01) than patients without sICH. Pretreatment antiplate-
let use was more common among patients with sSICH (60%
versus 26%, P<0.01) as was hypercholesterolemia and statin

use (49% versus 20%, P<0.01). In the multivariable regres-
sion analysis presented in Table 3, sSICH was significantly
associated with systolic blood pressure (OR, 1.28; 95% CI,
1.11-1.47 [per 10 mmHg]) and antiplatelet use (OR, 2.6;
95% CI, 1.08-6.3).

Differences Per Treatment

Clinical and imaging characteristics at baseline of patients
with HI and PH differed per treatment group and are pre-
sented in Table I in the online-only Data Supplement. In
the control group, that consisted of all patients that did not
receive EVT, patients with HI had higher baseline NIHSS
score than patients without HT (20 versus 17, P<0.01). In
contrast, patients with HI in the EVT group did not have
a significant higher baseline NIHSS score than patients
without HI. PH was in the control group associated with an
increased systolic blood pressure compared with patients
without HT (159 versus 143, P<0.01). In the EVT group,
the association with systolic blood pressure and PH was
not apparent. The univariable analyses of HI and PH per
treatment group are presented in Table II in the online-only
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Table 2. Univariable and Multivariable Associations With HT (Multinomial Logistic Regression)
HI PH
Univariable Multivariable Univariable Multivariable
OR and 95% Cl PValue | ORand95%Cl | PValue  ORand95% Cl PValue OR and 95% Cl PValue

EVT 0.98 (0.65-1.48) 0.92 1.34 (0.8-2.25) 0.26
Control group* 1.01 (0.52-1.93) 0.99 1.41 (0.56-3.55) 0.46
Age 1.01 (1-1.03) 0.18 1.01 (0.99-1.03) 0.17
Baseline NIHSS 1.07 (1.03-1.11) <0.01 1.05 (1.01-1.09) 0.02 1.07 (1.02-1.12) 0.01 1.05 (0.99-1.11) 0.09
History of ischemic stroke 1.01 (0.51-1.97) 0.99 1.36 (0.62-2.87) 0.44
Atrial fibrillation 1.37 (0.86-2.17) 0.19 1.42 (0.88-2.31) 0.15 2.15(1.24-3.73) <0.01 1.93 (1.07-3.45) 0.03
Diabetes mellitus 1.49 (0.82-2.73) 0.19 1.62 (0.77-3.37) 0.2
Systolic blood pressure per 0.99 (0.91-1.08) 0.82 0.98 (0.9-1.08) 0.71 1.02 (1.1-1.34) <0.01 1.17 (1.05-1.31) <0.01
10 mmHg
Time from stroke onset to 1.02 (0.99-1.05) 0.21 1.02 (0.99-1.05) 0.28 1.04 (1-1.08) 0.04 1.02 (0.98-1.07) 0.23
randomization per 10 min
ASPECTS 0.85 (0.76-0.94) <0.01 0.91 (0.80-1.02) 0.1 0.86 (0.76-0.99) 0.03 0.91 (0.78-1.06) 0.21
Collateral scoret

Moderate collaterals 1.83(1.07-3.12) 0.03 1.69 (0.98-2.93) 0.06 1.57 (0.79-3.13) 0.2 1.54 (0.75-3.17) 0.24

Absent/poor collaterals 2.40 (1.38-4.17) <0.01 1.88 (1.04-3.39) 0.04 4 (1.2-4.81) 0.01 1.77 (0.83-3.78) 0.14
Sex 0.87 (0.58-1.32) | 0.52 2(0.7-2.04) 0.51
Antiplatelet use 0.97 (0.61-1.54) 0.89 0.84 (0.49-1.42) 0.5 2.26 (1.32-3.86) <0.01 1.69 (0.91-3.15) 0.1
Hypercholesterolemia and 1.19(0.73-1.96) | 049 | 1.13(0.64-2.01) | 067 | 1.94(1.09-3.45) | 0.02 | 1.26(0.63-2.51) 0.52
statin use

All variables with an association with P<0.1 were included in the multivariable regression analysis. ASPECTS denotes early ischemic changes and NIHSS denotes
stroke severity. ASPECTS indicates Alberta Stroke Program Early CT Score; EVT, endovascular therapy; HI, hemorrhagic infarction; HT, hemorrhagic transformation;
NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio; and PH, parenchymal hematoma.

*Control group consists of all patients that did not receive EVT.
tCollateral score with good collaterals as reference level.

Data Supplement. In the univariable analysis, systolic
blood pressure was associated with PH in both groups,
EVT (OR, 1.19; 95% CI, 1.04-1.36 [per 10 mm Hg]), and
control group (OR, 1.24; 95% CI, 1.07-1.44 [per mm Hg]),
respectively.

Characteristics at baseline for patients with sICH per
treatment group are presented in Table III in the online-
only Data Supplement. Most associations in the sSICH group
did not differ per treatment group. However, in the EVT
group, patients with sSICH had more often diabetes mellitus
(53% versus 10%, P<0.01) than patients without sSICH. The
number of patients with diabetes mellitus was evenly dis-
tributed between sICH or no sICH in the control group.
Diabetes mellitus was significantly associated with sICH in
the EVT group (OR, 4.3; 95% CI, 1.22-14.94), but not in
the control group, and systolic blood pressure was signifi-
cantly associated with sICH in the control group (OR, 1.25;
95% CI, 1.02-1.53), but not in the EVT group (Table IV
in the online-only Data Supplement). Revascularization rate
(mTICI scores) was not significantly associated with sICH
in the EVT group.

Discussion
In our study, baseline characteristics that were associated
with HT differ between HT subtypes. HI was significantly

associated with an absent/poor collateral score and increased
NIHSS score, whereas PH and sICH were significantly associ-
ated with increased systolic blood pressure, atrial fibrillation,
and antiplatelet use.

Recent studies exploring associations with HT after EVT
reported various results.”?'?2 Altogether, possible risk fac-
tors for HT after treatment with EVT that have been reported
are an increased NIHSS score, hyperglycemia, antiplatelet
use, atrial fibrillation, decreased ASPECTS, increased time
from stroke onset to recanalization, diabetes mellitus, and
age.”?2122 Although it used to be considered as a major risk
for HT,*??* treatment with IVT has not been reported as a risk
factor for HT or sICH.%2!'»

When considering all effect estimates, including nonsig-
nificant associations, our study seems to confirm presumed
different underlying mechanisms for different hemorrhage
types.”® Hemorrhage development per se (HI and PH) is more
likely in patients with risk factors for large infarcts (ie, worse
collateral scores and higher NIHSS score). The paradoxical
effect estimate for ASPECTS can probably be explained by
inclusion of both ASPECTS and collateral score in the same
model, 2 variables very much related.”” Larger hemorrhages
that are more likely to be symptomatic (PH and sICH) might
more likely develop if an additional risk factor is present: an
increased hydrostatic pressure (blood pressure), impaired
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Table 3.  Univariable and Multivariable Associations With sICH (Binary Logistic Regression)
sICH
Univariable Multivariable
OR and 95% CI PValue OR and 95% Cl PValue

EVT 1.2 (0.6-2.4) 06
Control group* 0.9(0.34-3.12) 0.85
Age 1.05 (1.02-1.08) <0.01 1.02 (0.99-1.06) 0.25
Baseline NIHSS 1.05(0.99-1.12) 0.1 1.05(0.98-1.13) 0.18
History of ischemic stroke 2.27 (0.87-5.24) 0.07 1.26 (0.43-3.33) 0.66
Atrial fibrillation 1.26 (0.58-2.6) 0.54
Diabetes Mellitus 3.6 (1.61-7.65) <0.01 1.72 (0.67-4.15) 0.24
Systolic blood pressure per 10 mmHg 1.32(1.17-1.5) <0.01 1.28 (1.11-1.47) <0.01
Time from stroke onset to randomization per 10 min 1.03 (0.98-1.08) 0.2
ASPECTS 0.95(0.81-1.13) 0.52
Collateral scoret

Moderate collaterals 1.65 (0.6-5.31) 0.36

Absent/Poor collaterals 2.79 (1.06-8.73) 0.05
Sex 1.17 (0.58-2.44) 0.67
Antiplatelet use 4.28 (2.12-8.87) <0.01 2.6 (1.08-6.3) 0.03
Hypercholesterolemia and statin use 3.7 (1.82-7.5) <0.01 1.91 (0.8-4.56) 0.14

All variables with an association with P<0.1 were included in the multivariable regression analysis. ASPECTS denotes early ischemic changes, and NIHSS denotes
stroke severity. ASPECTS indicates Alberta Stroke Program Early CT Score; EVT endovascular therapy; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio;

and sICH, symptomatic intracranial hemorrhage.
*Control group consists of all patients that did not receive EVT.
tCollateral score with good collaterals as reference level.

hemostasis (antiplatelet medication), or a combination
(patients with atrial fibrillation).”* With this potential mech-
anism in mind, elevated systolic blood pressures after revas-
cularization might be especially harmful. A previous study
suggests an association of high systolic blood pressure after
revascularization with unfavorable functional outcome.”
However, in the analysis of sICH per treatment, mTICI scores
were not significantly associated with sSICH, which is prob-
ably because a loss of power as only 15 patients with sICH
had mTICI scores.

While exploring associations with HT in the EVT and
control group, all variables differed between treatment group
in their association with HT. Systolic blood pressure was sig-
nificantly associated with sICH in the control group, and di-
abetes mellitus was significantly associated with sICH after
treatment with EVT. However, previous studies did not indi-
cate an interaction between increased serum glucose and EVT
on sICH as outcome measure.*** Differences in associations
with HT between treatment with EVT and the control group
might indicate that risk factors for HT are not necessarily
the same after EVT and IVT. However, the associations be-
tween EVT and control group only slightly differed, and most
patients that had EVT also had treatment with IVT. Therefore,
differences in risk factors between patients treated with EVT
only and IVT should be assessed and then, exclusion criteria
for EVT may be reexamined. It is possible that more patients
could be included for EVT.

In agreement with previous studies,3?'* neither IVT or
EVT were significantly associated with HT in our study. As pre-
treatment with IVT is standard of care in eligible patients,** all
patients without IVT had contraindications for IVT. Therefore,
no reliable estimate of the true effect of tPA (tissue-type plas-
minogen activator) on hemorrhage rates can be made. Ongoing
trials that randomize between IVT followed by EVT and
EVT alone (MR CLEAN-NO IV [Multicenter Randomized
Clinical Trial of Endovascular Treatment for Acute Ischemic
Stroke in the Netherlands], SWIFT DIRECT [Solitaire With
the Intention for Thrombectomy Plus Intravenous t-PA Versus
DIRECT Solitaire Stent-Retriever Thrombectomy in Acute
Anterior Circulation Stroke], DIRECT-SAFE [A Randomized
Controlled Trial of DIRECT Endovascular Clot Retrieval
Versus Standard Bridging Thrombolysis With Endovascular
Clot Retrieval Within 4.5 Hours of Stroke Onset], and DIRECT
MT [Parallel Group, Randomized Clinical Trial of Direct Intra-
arterial Thrombectomy Versus Intravenous Thrombolysis With
Intra-arterial Thrombectomy for Patients With Large Vessel
Occlusion of the Anterior Circulation]) will give us valuable
information about the actual impact of IVT on HT.?*-%¢

Our study had several limitations. First, our purpose
of this study was to identify variables associated with HT,
and therefore, we did not adjust for potential confounders.
Consequently, the associated variables in this study should
not be interpreted as causal factors for HT. Second, not all
follow-up CT scans at 5 days could be retrieved due to death
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(n=52) or other reasons, which resulted in the use of follow-up
CT scans at 2 different moments.'° This might have influenced
the categorization of HI because it is complicated to distin-
guish HI from contrast staining resulting in an overestimation
of HI at the first scan moment (24-hour CT scan). However, HI
rates were not different between the 2 scan moments. If some
HIs were misinterpreted contrast staining, the actual Hl-rate
could be higher on the 5-day follow-up CT scans. Dual-energy
CT can differentiate between contrast staining and HI, but
dual-energy CT was not part of our imaging protocol. Third,
we used baseline systolic blood pressure measured on ad-
mission, which only represents a snap-shot in time. Multiple
measurements of blood pressure were not available. However,
in previous studies, as well as in this analysis, baseline sys-
tolic blood pressure had a stronger relation with outcome and
HT than diastolic blood pressure or known hypertension.”
Furthermore, this was a post hoc study, and therefore, results
should be interpreted carefully. Last, although we selected
variables with care, it should be considered that some associa-
tions might have occurred by chance due to the large number
of variables that were included in the analysis.*®

In conclusion, scores indicating severe strokes, such as
poor collaterals and high NIHSS score, are associated with
HI, whereas additional clinical characteristics, such as high
systolic blood pressure, atrial fibrillation, and antiplatelet use,
are associated with PH or sICH. This information could be
used to target patients with high-risk characteristics for HT to
offer more intense monitoring and even blood pressure control
as it might reduce HT risk.*
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