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Abstract

Background: A large infarct and expanding cerebral edema (CED) due to a middle cerebral artery occlusion confers a
70% mortality unless treated surgically. There is still conflicting evidence whether reperfusion is associated with a lower
risk for CED in acute ischemic stroke.

Aim: To investigate the association of reperfusion with development of early CED after stroke thrombectomy.

Methods: From the SITS-International Stroke Thrombectomy Registry, we selected patients with occlusion of the
intracranial internal carotid or middle cerebral artery (M| or M2). Successful reperfusion was defined as mTICI = 2b.
Primary outcome was moderate or severe CED, defined as focal brain swelling = 1/3 of the hemisphere on imaging scans
at 24 h. We used regression methods while adjusting for baseline variables. Effect modification by severe early neurologi-
cal deficits, as indicators of large infarct at baseline and at 24 h, were explored.

Results: In total, 4640 patients, median age 70years and median National Institutes of Health Stroke Score (NIHSS) 16,
were included. Of these, 86% had successful reperfusion. Moderate or severe CED was less frequent among patients who
had reperfusion compared to patients without reperfusion: 12.5% versus 29.6%, p <0.05, crude risk ratio (RR) 0.42 (95%
confidence interval (Cl): 0.37-0.49), and adjusted RR 0.50 (95% ClI: 0.44-0.57). Analysis of effect modification indicated
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that severe neurological deficits weakened the association between reperfusion and lower risk of CED. The RR reduction
was less favorable in patients with severe neurological deficits, defined as NIHSS score |5 or more at baseline and at 24h,

used as an indicator for larger infarction.

Conclusion: In patients with large artery anterior circulation occlusion stroke who underwent thrombectomy, success-
ful reperfusion was associated with approximately 50% lower risk for early CED. Severe neurological deficit at baseline
seems to be a predictor for moderate or severe CED also in patients with successful reperfusion by thrombectomy.
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Introduction

Cerebral edema (CED) in acute ischemic stroke, caused by
transvascular flow of plasma over damaged blood-brain
barrier, worsens the prognosis and may cause life-threaten-
ing intracranial tissue shifts."?> A major predictor for the
extent and radiological severity of the edema is infarct size.
Other risk factors, some of which may be related to infarct
size, for CED in patients with extensive ischemia include
high blood glucose, signs of acute infarct, hyperdense
artery on baseline scans, and decreased level of conscious-
ness.>* In anterior circulation large artery occlusion, the
risk of life-threatening CED is highest in subtotal or com-
plete middle cerebral artery (MCA) infarction.® More than
one-third of patients with large MCA infarctions clinically
deteriorate within 24h and two-thirds deteriorate within
48h of stroke onset.®” The mortality is 70% within a few
days, unless treated with early decompressive surgery.®
There is conflicting evidence regarding the effect of rep-
erfusion on edema. Some data indicated an increased risk
of severe edema in reperfused brain tissues.>!? Recent stud-
ies, however, indicate that reperfusion decreases the risk of
edema.'""!3 In a meta-analysis of thrombectomy data, there
was no association between reperfusion and imaging signs
of edema, except in patients with large ischemic core vol-
ume where increased midline shift was detected.!* Using
data from the SITS-International Stroke Thrombolysis and/
or Thrombectomy Registry, we found that signs of recanali-
zation, detected mostly by non-contrast imaging, was asso-
ciated with a lower risk for early edema, and a higher
adjusted risk for parenchymal hematoma (PH), in a cohort
of ischemic stroke patients where more than 80% had
received only intravenous thrombolysis (IVT) treatment.'>
Since then, the SITS Registry has included more data from
patients undergoing thrombectomy. We hypothesized that,
using these detailed angiographic data from patients under-
going thrombectomy, reperfusion would decrease the risk
for CED in patients with large artery occlusion stroke.
Moreover, we aimed to consider the potentially mediating
effect of PH since reperfusion seemed to be positively

associated with PH."> In addition, PH alone may provoke
brain swelling.

Aims

The primary aim was to investigate the effect of reperfusion
on the risk for moderate or severe CED ecarly (at 24 h) after
thrombectomy in anterior circulation large artery occlusion
stroke including adjustment for PH. A secondary aim was
to investigate the modifying effect of indicators of infarct
size at baseline.

Methods

The SITS-International Stroke Thrombectomy Registry
(ISTR) is an Internet-based academic interactive, prospec-
tive register for the monitoring of treatment in acute
ischemic stroke. All data were collected by local investiga-
tors. Methods of data collection in SITS-ISTR have been
described in detail elsewhere.!®!® From SITS-ISTR, we
included patients with data entered according to the
Standard Thrombectomy data entry protocol 2014-2019
that had angiographically verified occlusion of the intracra-
nial internal carotid artery or MCA (M1 or M2 segments)
and had undergone thrombectomy. We included centers
with at least 10 patients recruited and at least a 70% follow-
up rate at 3 months. Patients were excluded if the data were
incomplete for age, reperfusion status, or results from brain
imaging at 24 h.

Reperfusion status was rated at the end of the thrombec-
tomy procedure using the modified Treatment in Cerebral
Ischemia (mTICI) score.!” In the primary analysis, reperfu-
sion status dichotomized into successful reperfusion
(mTICI 2b or 3) versus non-reperfusion (mTICI=<2a). In a
secondary analysis, reperfusion status was treated as an
ordinal variable with four levels (mTICI O or 1, 2a, 2b, 3).
Post-thrombectomy CED was rated at 24 (allowed interval
22-36)h using the SITS-MOST edema scale where mild
CED is defined as focal brain swelling up to one-third of
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Figure I. Flowchart of the study.
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the hemisphere, moderate CED as focal brain swelling
greater than one-third of the hemisphere, and severe CED
as focal brain swelling with midline shift.*#!>2*2! During
analysis, the CED variable was either dichotomized into
moderate or severe CED versus no or mild, or used as vari-
able with four levels. PH at 24 h was defined as any hemor-
rhage of the infarct area with mild or substantial
space-occupying effect, that is, PH of either type 1 or type
2, respectively.??

Other variables extracted for analysis included baseline
characteristics, neurological severity as measured by
National Institutes of Health Stroke Scale (NIHSS) score at
baseline and at 24h, computed tomography (CT) or mag-
netic resonance imaging (MRI) infarct signs on first exami-
nation, pre-morbid functional status as measured by modified
Rankin Scale (mRS), pre-existing conditions, medication
history, IVT, time from stroke onset to the end of the
thrombectomy procedure and whether the patient was treated
in a stroke unit, right- or left-sided vascular involvement, and
functional outcome as measured by mRS score and death at
3-month follow-up. When reporting this study, we adhered to
the STROBE observational cohort guideline.?

Statistical methods

In order to estimate risk ratios (RR) with 95% confidence
intervals of moderate or severe CED in relation to explana-
tory variables and for purposes of statistical modeling, we
used generalized linear regression with log link. Continuous

variables were categorized into quartiles as needed. Missing
values in categorical covariates were included as a separate
level in that variable, missing values in continuous covari-
ates were set to 0 and the variable was extended with a
binary indicator for missing value. Likelihood ratio tests
were used in model building and variable selection.
Selection of adjustment variables was done with the model
for successful reperfusion using dichotomized CED and a
procedure of backward stepwise elimination (variables
with p <0.05 were retained in the final model). The starting
model for this procedure contained all variables indepen-
dently associated with CED in univariable analyses, exclud-
ing heparin treatment and decompressive hemicraniectomy
due to extremely low number of events. In addition, reper-
fusion status, age, sex, baseline NIHSS score, and baseline
glucose were introduced and kept in all models, regardless
of results from analyses. To facilitate analysis, pre-morbid
mRS was dichotomized into 0—1 versus 3—5 and time to end
of thrombectomy was categorized into quartiles. The final
model was then used for exploratory analyses. Any indirect
(mediating) effect of intracerebral hemorrhage on edema
was explored by adding PH. We also explored the effect
modification of the RR between reperfusion and CED by
factors potentially related to infarct size: severe hemi-
spheric syndrome (SHS), defined as NIH Stroke Scale
score 15 or more at baseline, and persistent severe hemi-
spheric syndrome (P-SHS), defined as NIH Stroke Scale
score 15 or more at 24h. Previously selected adjustment
variables were also used in models for the effect of each
specific CED level versus “no CED.” Functional outcome
using mRS and mortality were calculated based on reperfu-
sion status. Two-tailed p values less than 0.05 were regarded
as statistically significant.

Ethics

Ethics approval was obtained from the Stockholm Regional
Ethics Committee for this project as part of the SITS-
MOST 1I study framework (Dnr 2022-01157-02). Ethics
approval and patient consent for participation in the SITS-
ISTR were obtained in countries where required; remaining
countries approved the register for anonymized audit.

Results

In total, 4640 patients, were included into the study cohort.
Figure 1 depicts the selection procedure. Median age of the
study cohort was 70years with a median NIHSS score of
16. As seen in Table 1, successful reperfusion was achieved
in 86% of patients. Moderate or severe CED at 24h was
detected in 693 (18%) of patients. Compared to patients
with no or mild CED, patients with moderate or severe
CED had higher baseline NIHSS (mean 18.4 vs 15.4), more
frequent early CT or MRI signs of infarction (49% vs 29%),
slightly higher plasma glucose, and a higher prevalence of
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Table I. Descriptive statistics of the cohort.

Moderate or severe
No or mild CED at 24h CED at 24h

Characteristic Mean (SD) or % n Mean (SD)or % n Mean (SD)or % p

(Continued)
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Table I. (Continued)

Characteristic

Mean (SD) or

Moderate or severe
No or mild CED at 24h CED at 24h

Mean (SD) or ] Mean (SD) or %

Chi-square test or t test was used as appropriate.

diabetes (24% vs 20%). Moderate or severe CED was less
frequent among patients that had successful reperfusion
compared to patients without reperfusion: 12.5% versus
29.6%, p<<0.05, crude RR (cRR) 0.42 (95% CI: 0.37—
0.49). Univariable risks for moderate or severe CED, by
individual characteristics, are shown in the online supple-
mental material.

Table 2 shows risks for moderate or severe CED result-
ing from the adjusted models. In patients with successful
reperfusion, adjusted RR (aRR) for moderate or severe
CED was 0.50 (0.44-0.57) with an area under the curve
(AUC) of 0.75. Compared to patients with mTICI O or 1,
aRR for moderate or severe CED in patients with progres-
sively higher mTICI grades were: for mTICI 2a, aRR 1.24
(1.01-1.54); for mTICI 2b, aRR 0.67 (0.55-0.82); and for

mTICI 3, aRR 0.49 (0.41-0.60) with AUC 0.75. In success-
fully reperfused patients, adding PH to the model increased
aRR from 0.50 to 0.63 (0.55-0.72), indicating that about
one-fourth of the protective effect of successful reperfusion
was lost. Meanwhile, successfully reperfused patients had
less parenchymal hemorrhage compared to non-reperfused
(8.6% vs 12.7%, p<<0.05). To demonstrate the extent of
effect modification, separate models were run stratifying
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Table 2. Final adjusted models for moderate or severe CED.

Moderate or severe CED

Reperfusion classified into
successful versus unsuccessful®

Parameters remaining after elimination

RR (95 % CI)< p!

Reperfusion classified into
ordinal mTICI categories®

RR (95 % CI)< p!

2Model AUC 0.75.
®Model AUC 0.75.
“‘Wald’s method.
9LR test.

the protective effect of successful reperfusion, was weak-
ened by the presence of SHS or P-SHS. A model for CED
with four levels is shown in the online supplemental
material.

Functional outcome, as assessed by mRS score, and
mortality at 3 months were better among reperfused versus
non-reperfused patients. Among reperfused patients, 65.1%
achieved mRS 3 or better, compared to 33.4% of

non-reperfused patients. In addition, mortality was lower in
reperfused patients compared to non-reperfused patients
(16.2% vs 36.5%).

Discussion

In this multinational study of patients with anterior circula-
tion large artery occlusion stroke who were treated with

International Journal of Stroke, 18(10)
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Table 3. Demonstration of effect modification by potential indicators of large infarct, SHS (severe hemispheric syndrome) at
baseline, and P-SHS (persistent severe hemispheric syndrome) at 24 h using the final adjusted model.

Time of examination of
NIHSS score Sample included in model, n

Baseline (SHS) 4541

RR (95 % CI) for moderate or severe CED in patients
with succesful reperfusion versus patients without

succesful reperfusion

NIHSS under |5 NIHSS |5 or more

0.32 (0.24-0.42) 0.56 (0.48-0.66)

thrombectomy and received subsequent radiological evalu-
ation for early CED at 24 h, increasing degree of reperfu-
sion was associated with lower rates of early CED. In
particular, successful reperfusion (mTICI 2b or better) was
associated with approximately 50% lower risk for early
moderate or severe CED (aRR: 0.50). The results were con-
sistent using different statistical approaches. The risk
reduction was less favorable in patients with severe neuro-
logical deficits which may indicate that large early infarcts
confer a higher risk for early CED despite successful reper-
fusion. Reperfusion resulted in a better functional outcome
and lower mortality within the first 3 months.

This study strengthens the evidence that reperfusion
decreases the risk for early CED in large artery occlusion
stroke. This is consistent with recent clinical studies that
used different methods to detect CED.!!"!> Net water uptake
quantified using CT scan, which despite a relative lack of
validation has been used as a biomarker of CED, was sig-
nificantly reduced in patients with vessel recanalization.?*
In contrast to our previous study,'® successfully reperfused
patients in this study had a lower incidence of PH compared
to non-reperfused patients. Adjustment for PH increased
the aRR for moderate or severe CED in reperfused versus
non-reperfused patients from 0.50 to 0.63. This is consist-
ent with about one-fourth of the protective effect of suc-
cessful reperfusion being mediated by PH. Furthermore,
and taking into consideration the benefit of thrombectomy
over medical management shown in recent trials in patients
with large ischemic core,?*? our study adds evidence that
the size of infarction is a determinant of risk for early CED
even in patients with successful reperfusion. In statistical
testing of effect modification of the association between
successful reperfusion and lower risk of moderate or severe
CED, SHS at baseline and P-SHS at 24 h were significant.
These variables selected patients with large early clinical
deficits, indicative of larger early ischemic core. The pro-
tective effect of reperfusion was attenuated more in patients
with clinical signs of large early infarction at 24h versus
baseline. This result is consistent with a recent meta-analy-
sis that investigated the effects of thrombectomy and reper-
fusion on CED and the impact of CED on functional
outcome in patients presenting with P-SHS, defined by

radiological signs of large infarction on pretreatment imag-
ing as having an ischemic core volume of 80-300mL. It
was found that reperfusion was not associated with midline
shift except in the subgroup with very large core volume
(>130mL)."

This study has some limitations, in addition to the inher-
ent limitations due to the observational study design. First,
as there was no central reading of imaging scans, the inter-
pretation of the SITS edema scale may vary between inves-
tigators.*!32%2! In favor of the reliability of the SITS edema
scale, however, several researchers have used similar imag-
ing findings to classify swelling in cerebral infarcts.!
Regarding PH, there is potential for both underreporting
and overreporting, the latter because contrast stains can be
interpreted as small hemorrhages. However, the risk for
overreporting is probably small because of the time interval
to radiological examination which was performed approxi-
mately 24h after stroke onset.’’ Second, because of proto-
col, we were only able to detect early CED while
later-developing CED would go undetected. Third, since
there was no measurement of infarct volume, neurological
severity was used as a proxy for infarct or core volume.
Fourth, missing data was an issue; however, this was
addressed as mentioned in section “Statistical methods.”
The strengths of our study are the large sample size, the use
of statistical methods that enabled us to estimate relative
risks, the collection of data prospectively or at least in tem-
poral proximity to actual events, the exactness of data on
the site of arterial occlusion which enabled us to select
patients with occlusion of the intracranial internal carotid
artery or MCA, and the known time of reperfusion.

In conclusion, we observed that in patients with anterior
circulation large artery occlusion stroke who were treated
with thrombectomy, successful reperfusion was associated
with a lower risk for radiologically detected CED at 24h
and this was consistent using different statistical approaches.
Reperfusion conferred a decreased risk for PH. The relative
risk reduction with reperfusion was less favorable in
patients with severe hemispheric syndrome at baseline. Our
results strengthen recent study results and should be con-
sidered in future trials for thrombectomy with signs of large
ischemia.
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