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Effect of Recanalization on Cerebral Edema in Ischemic
Stroke Treated With Thrombolysis and/or
Endovascular Therapy

Magnus Thorén, MD; Anand Dixit, MD; Irene Escudero-Martinez, MD;
Zuzana Gdovinova, MD, PhD; Lukas Klecka, MD; Viiu-Marika Rand, MD;
Danilo Toni, MD, PhD; Aleksandras Vilionskis, MD, PhD; Nils Wahlgren, MD, PhD;
Niaz Ahmed, MD, PhD

Background and Purpose—A large infarct and expanding cerebral edema (CED) due to a middle cerebral artery occlusion
confers a 70% mortality unless treated surgically. Reperfusion may cause blood-brain barrier disruption and a risk for
cerebral edema and secondary parenchymal hemorrhage (PH). We aimed to investigate the effect of recanalization on
development of early CED and PH after recanalization therapy.

Methods—From the SITS-International Stroke Treatment Registry, we selected patients with signs of artery occlusion at
baseline (either Hyperdense Artery Sign or computed tomography/magnetic resonance imaging angiographic occlusion).
We defined recanalization as the disappearance of radiological signs of occlusion at 22 to 36 hours. Primary outcome was
moderate to severe CED and secondary outcome was PH on 22- to 36-hour imaging scans. We used logistic regression
with adjustment for baseline variables and PH.

Results—Twenty two thousand one hundred eighty-four patients fulfilled the inclusion criteria (n=18318 received
intravenous thrombolysis, n=3071 received intravenous thrombolysis+thrombectomy, n=795 received thrombectomy).
Recanalization occurred in 64.1%. Median age was 71 versus 71 years and National Institutes of Health Stroke Scale score
15 versus 16 in the recanalized versus nonrecanalized patients respectively. Recanalized patients had a lower risk for CED
(13.0% versus 23.6%), adjusted odds ratio (aOR), 0.52 (95% CI, 0.46-0.59), and a higher risk for PH (8.9% versus 6.5%),
adjusted odds ratio, 1.37 (95% CI, 1.22—1.55), than nonrecanalized patients.

Conclusions—In patients with acute ischemic stroke, recanalization was associated with a lower risk for early CED
even after adjustment for higher rate for PH in recanalized patients. (Stroke. 2020;51:216-223. DOI: 10.1161/
STROKEAHA.119.026692.)
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infarcts and signs of expanding edema. Up to 10% of patients

Cerebral edema (CED) in acute ischemic stroke worsens the
with supratentorial ischemia develop subtotal or complete MCA

prognosis and can, if severe, cause life-threatening intracra-

nial tissue shifts." Transvascular flow of plasma over the dam-
aged blood-brain-barrier (BBB) causes tissue swelling which, if
the BBB is severely compromised, is aggravated by hemorrhage.>
The size of the infarct is a major determinant of the extent and
clinical severity of the ensuing edema and potential hemorrhage.
In supratentorial large artery occlusion, the risk of life-threaten-
ing edema is the highest in occlusion of the middle cerebral ar-
tery (MCA), called malignant MCA infarct in patients with large

infarction.’ The clinical deterioration caused by edema after a
large MCA infarction is usually observed within 48 hours after
symptom onset with one-third of the patients undergoing early
deterioration within 24 hours.* The mortality is close to 80%
within a few days, unless treated with early surgery.’

While earlier data indicated an increased risk of severe
edema in reperfused brain tissues,® recent studies indicate that
recanalization decreases the risk of edema.”” On one hand,
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preclinical data have indicated that tPA (tissue-type plasmin-
ogen activator) may facilitate the development of BBB damage
in acute ischemic stroke, on the contrary, intravenous thrombol-
ysis (IVT) with recombinant tPA facilitates early recanalization
which decreases infarct size. In addition to edema, recanaliza-
tion is associated with intracranial hemorrhage in particular
when treated with IVT. We hypothesized that recanalization
therapies would decrease the risk for development of CED
within 22 to 36 hours, that is, early after recanalization, despite
an increased risk of hemorrhagic transformation. Using real life
clinical data from a large registry, we aimed to investigate the
association of recanalization with development of early CED
and parenchymal hemorrhage (PH) after recanalization therapy.

Methods
Study Sample

We included a subset of patients from the SITS-International Stroke
Treatment Registry (ISTR), an internet-based academic interactive,
prospective register for the monitoring of treatment in acute ischemic
stroke. Access to the anonymized SITS-ISTR data will be available
from the corresponding author on reasonable request and approval by
the SITS Scientific Committee. Methods of data collection in SITS-
ISTR have been described in detail elsewhere!? and are also provided
in the online-only Data Supplement. From SITS-ISTR, we collected
all patients with data entered according to IVT Standard Protocol
or Thrombectomy Protocol. All patients had presumed ischemic
stroke treated with IVT and endovascular thrombectomy (EVT) and
were recorded during 2002 to 2017. At baseline, we included only
patients who had a recorded National Institutes of Health Stroke
Scale (NIHSS) score and recorded indirect or direct radiological ev-
idence for a cerebral arterial occlusion at baseline. Indirect evidence
was a hyperdense artery sign on computed tomography or visible ar-
terial thrombus on MRI. Direct evidence was a finding of any arte-
rial occlusion on angiographic sequences (computed tomography or
MRI). With the aim of assessing the disappearance of arterial occlu-
sions at 22 to 36 hours after recanalization therapy, we excluded the
following: patients with uncertain or missing data regarding signs of
arterial occlusion and patients who did not have data of the same type
(direct or indirect) at both baseline and at 22 to 36 hours.

As the Total Anterior Circulation Syndrome (TACS) has a high
compatibility with infarctions of the MCA territory, we determined to
use this as a proxy of large vessel occlusion.'™"* The TACS subgroup
consisted of patients with clinical characteristics of TACS according
to the Oxfordshire Community Stroke Scale, inferred when all the fol-
lowing 3 criteria were met: first, aphasia (NIHSS item 9) or inattention
(NIHSS item 11), second, a right or a left sensorimotor deficit (NIHSS
items 4, 5, and 6) and, third, any visual defect (NIHSS item 3).

Exposure

We inferred recanalization from disappearance of radiological signs
of occlusion on computed tomography, MRI, or angiographic exami-
nation at 22 to 36 hours. If records of >1 modality was available, we
gave precedence to angiographic data.

Outcomes and Covariates

The primary outcome measure was CED which was rated by local
investigators on imaging at 22 to 36 hours. We used the SITS-MOST
edema scale which has been used previously.'*® We defined mild
CED as focal brain swelling up to one-third of the hemisphere (grade
1), moderate CED as focal brain swelling greater than one-third of
the hemisphere (grade 2), and severe CED as focal brain swelling
with midline shift (grade 3). Although not explicitly mentioned in
the SITS-MOST study protocol, signs of focal brain edema usually
are defined as narrowing of the cerebrospinal fluid space, for ex-
ample, effacement of cortical sulci or ventricular compression.'*!¢
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We specified in advance that the 2 higher grades of the scale would
be put together into a compound outcome so that moderate to severe
edema would be compared with no or mild edema. Early secondary
outcomes were the proportion of patients with parenchymal hemor-
rhage (PH) type 1 or 2 of the infarct area on follow-up imaging at 22
to 36 hours, total NIHSS score at 24 hours, and Early Neurological
deterioration (END). PH type 1 is defined as hemorrhage <30% of the
infarct area with mild, local, space-occupying effect; type 2 is hem-
orrhage >30% of the infarct area, with substantial space-occupying
effect. Remote hemorrhages were not included. END was defined
as an increase of 4 points or more between baseline and 24 hours.
Late secondary outcomes, measured at 3 months, were mortality and
functional outcome assessed by modified Rankin Scale (mRS) score.
Covariates collected for this study were baseline and demographic
characteristics and any acute intervention.

Ethics

Ethics approval was obtained from the Stockholm Regional Ethics
Committee for this project as part of the SITS-MOST II study frame-
work. Ethics approval and patient consent for participation in the
SITS-ISTR were obtained in countries that required this; other coun-
tries approved the register for anonymized audit

Statistical Analysis

In an initial univariate analysis, we compared baseline characteris-
tics and outcomes between recanalized and nonrecanalized patients.
We also compared baseline characteristics between patients with no
or mild versus moderate to severe edema. We used linear regression
methods and Pearson’s % test. Estimation of proportions was based
on reported cases, excluding unknown or uncertain values from the
denominator. A significance level of P<0.05 was used through the
whole study. mRS was analyzed either dichotomized into mRS score
<2 and >2 or in 7 steps with ordered logistic regression using the pro-
portional odds model. Next, we used logistic regression methods to
compare crude and adjusted odds for outcomes in recanalized versus
nonrecanalized patients in the full study sample and the TACS sub-
group, adjusted for baseline factors or PH, or both.

Next, we used multivariable regression analysis to quantify the effect
of recanalization on moderate to severe CED in the study sample and in
the TACS subgroup. We chose covariates from demographic and base-
line characteristics using 2 different approaches. In an approach based
on statistical significance testing, we used stepwise backwards elimina-
tion (P=0.05 to eliminate) of the baseline variables that were associated
with either recanalization or moderate to severe CED. In an approach
based on an a priori hypothesis, depicted as a directed acyclic graph in
Figure I in the online-only Data Supplement, we selected the follow-
ing covariates that could potentially confound the association between
recanalization and edema: age, NIHSS at baseline, onset-to-treatment
time and stroke unit care. As intracerebral hemorrhage causes edema,
we hypothesized that PH can mediate part of the effect of recanalization
on CED. To account for mediation, we calculated the effect of recan-
alization on CED with and without adjustment for PH. We evaluated
the predictive ability of these models by calculating the area under the
curve. We evaluated the robustness of the results with a sensitivity anal-
ysis using calculated E-values for the effect of recanalization on CED.
E-values can be interpreted as the minimum strength of association on
the risk ratio scale that an unmeasured confounder needs to have with
both recanalization and CED, given covariates, to fully explain away
the estimated effects; larger E-values indicate more robust results.''®
Finally, we investigated the effect of CED on the secondary outcomes,
both crude associations and controlled for the baseline factors associ-
ated with moderate to severe CED. We used the statistical software Stata
version 15 with the addition of user-written modules for ordinal logistic
regression (OMODEL)" and calculation of E-values (EVALUE).

Results
Figure 1 shows a flowchart of the study. Of the 152924 re-
corded patients in the SITS-ISTR database, 118764 patients
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All patients registered
in the SITS-ISTR 2002-2017

Missing or uncertain total NIHSS score at

Missing or uncertain data for signs of arterial

— Only EVT (n=795)

Detection of recanalization:
— Indirect: disappearance of signs of
occlusion (n=20 277 )
— Direct: angiographic methods

(n=152 924)
> No signs of arterial occlusion at baseline
(n=118 764)
Missing or uncertain data
(n=11976)
—eeeeeeee |
baseline (n=5814)
occlusion at 22-36 hours (n=6162)
A4
Study sample
(n=22 184)
Treatment:
— Only IVT (n=18 318)
— IVT and EVT (n=3071)

Figure 1. Flowchart of the study. CED indicates
cerebral edema; EVT, endovascular throm-
bectomy; IVT, intravenous thrombolysis; and
NIHSS, National Institutes of Health Stroke
Scale.

Primary outcome:
moderate to severe CED

Early secondary outcomes: Parenchymal hemorrhage at 22-36 hours
Total NIHSS score at 24 h
END at 24 hours

Late secondary outcomes: Functional outcome at 3 months
Death at 3 months

(n=1907)
a | Missing data for CED at 22-36 hours
T (n=744)
Evaluation for CED at 22-36 hours
(n=21 440)

had no signs of arterial occlusion at baseline. Of the remaining
patients, 11976 had to be excluded because of missing or un-
certain data regarding NIHSS at baseline (N=5814) and re-
garding radiological findings at 22 to 36 hours (N=6162).
Among the 22 184 patients who met the study criteria and were
included in the study sample, median age was 71 years and
NIHSS score was 16 at baseline. In the study sample, 18318
patients (82.6%) had received IVT treatment but no EVT, 3071
patients (13.8%) had received both IVT and EVT, and 795
patients (3.6%) had received EVT but no IVT. Recanalization
status was indirectly derived from data on hyperdense artery
sign or visible arterial thrombus on noncontrast imaging scans
for 20277 patients (91.4%) and directly derived, using angi-
ographic methods, for 1907 patients (8.6%). Overall, 14224
patients (64.1%) had been recanalized at 22 to 36 hours. Table 1
shows a comparison of baseline variables between nonrecana-
lized and recanalized patients. A comparison between patients
with no or mild versus moderate to severe CED is seen in Table
I'in the online-only Data Supplement.

The Effect of Recanalization on CED

As seen in Table 2, 21440 patients (96.6%) of the study
sample had reliable (ie, not uncertain or missing) data on
CED at 22 to 36 hours. Recanalization was associated with
a significantly lower incidence of moderate to severe CED
(13.0% versus 23.6%; P<0.001), a 10.6% absolute risk re-
duction, with relative risk (RR) 0.55 (95% CI, 0.52-0.58),
corresponding to a 45% relative risk reduction. Figure II in
the online-only Data Supplement shows distribution of CED
by recanalization status. Ordered logistic regression showed
a significant shift toward lower grade of CED in recana-
lized versus nonrecanalized patients; however, the test for
proportionality of odds indicated that the proportionality
assumption did not hold. As seen in Table 3, in multivariable
logistic regression analysis, recanalization was associated
with a lower risk for moderate to severe CED versus no or
mild CED, crude odds ratio (OR) 0.48 (95% CI, 0.45-0.52),
adjusted OR (aOR), 0.47 (95% CI, 0.43-0.51). Controlling
for PH resulted in a small change in risk for moderate to
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Table 1. Baseline Variables by Recanalization Status at 22 to 36 Hours
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Nonrecanalization, Recanalization,

Variable N n=7960 n=14224 PValue
Age, y, median (IQR) 22160 71 71 0.47*
Male sex, % 22183 54.2 52.3 0.0061
NIHSS score, median (IQR) 22184 17 16 <0.001*
TACS 22184 60.0 65.6 <0.0011
OTT for IVT, min, median (IQR) 20974 145 140 0.02*
Signs of acute infarction on imaging, % 21100 28.9 23.3 <0.0011
Blood glucose, mmol/L, median (IQR) 20369 6.7 6.6 0.25*
Mean arterial pressure, mmHg 21577 104.0 104.1 0.60*
Diabetes mellitus, % 22012 15.6 16.2 0.271
Hypertension, % 21972 65.5 66.3 0.201
Congestive heart failure, % 21931 9.05 9.17 0.771
Aspirin treatment, % 21968 31.7 311 0.38t
Clopidogrel treatment, % 22046 4.7 5.2 0.101
Other antiplatelet treatment, % 22056 1.2 1.6 0.69t
Oral anticoagulant treatment, % 20501 41 6.4 <0.0011
Oral antihypertensive treatment, % 21983 56.2 59.5 <0.0011
Smoking status

Current smoker, % 20866 17.4 1741 0.601

Previous smoker, % 18195 17.6 14.0 <0.001t
Previous stroke

Stroke >3 mo before, % 21904 8.3 8.5 0.57t

Stroke within 3 mo before, % 21418 1.3 1.4 0.371
Previous TIA 15547 5.8 5.0 0.041
Atrial fibrillation 21912 271 27.7 0.321
Decreased consciousness (NIHSS 1a>1), % 21427 34.2 26.1 <0.0011
EVT with or without prior IVT, % 22184 5.25 24.2 <0.001F
Decompressive hemicraniectomy, % treated 22184 1.2 0.8 0.003t
Stroke unit care 22184 431 56.5 <0.001t

EVT indicates endovascular thrombectomy; IQR, interquartile range; IVT, intravenous thrombolysis; NIHSS, National Institutes of Health
Stroke Scale; OTT, onset-to-treatment time; and TACS, Total Anterior Circulation Syndrome.

*ANOVA.
tPearson y? test.

severe CED, aOR, 0.42 (95% CI, 0.38-0.45). Similar values
were seen in the TACS subgroup.

Table 4 shows estimates from the 8 regression models for
the effect of recanalization on moderate to severe CED in the
study sample and in the TACS subgroup. Predictive ability
(area under the curve) was better for models that were adjusted
for PH, the best 2 values were 0.76 and 0.79. E-values were
very similar (2.1-2.4) across all models, indicating that any
unmeasured confounder would need to have a twofold associ-
ation with both exposure and outcome to shift the odds ratio
point estimate to 1.0. Results are consistent. Restriction to the
TACS subgroup (versus full study sample) resulted in slightly
lower point estimates. Two models with high predictive ability
and high E-values showed the following estimates: OR 0.52

(95% (I, 0.46-0.59), which was not adjusted for PH, and OR
0.46 (95% CI, 0.41-0.52), which was adjusted for PH. Thus,
adjustment for PH resulted in slightly lower point estimates;
however, the relative difference was small, at most 12%.

The Effect of Recanalization on Secondary Outcomes
As seenin Table 2,21 718 patients (97.9% of the study sample)
had reliable data on any PH, versus no hemorrhage or hemor-
rhagic infarcts. Comparing recanalized versus nonrecanalized
patients, a significantly higher (8.9% versus 6.5%; P<0.001)
incidence of PH was seen in recanalized patients, RR, 1.37
(95% CI, 1.24-1.51). Recanalized patients had a significantly
lower incidence of END (8.3% versus 14.5%; P<0.001), RR
0.57 (95% CI, 0.53-0.62) and a significantly lower NIHSS
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Table 2. Outcomes by Recanalization Status at 22 to 36 Hours

Nonrecanalization, Recanalization,

Outcome N n=7960 n=14224 PValue
CED at 22-36 h 21440 <0.001*

No CED, % 55.4 70.6

Mild CED, % 20.8 16.4

Moderate CED, % 1.7 6.8

Severe CED, % 11.9 6.2
Moderate to severe CED at 22-36 h, % 21440 23.6 13.0 <0.001*
PH at 22-36 h, % 21718 6.5 8.9 <0.001*
END at 24 h, % 20115 14.5 8.3 <0.001*
NIHSS at 24 h, median (IQR) 20115 16 (10-20) 8 (3-16) <0.001%
Dead at 3 mo, % 17897 31.9 18.3 <0.001*
mRS score <2 at 3 mo, % 17591 22.6 48.7 <0.001*

CED indicates cerebral edema; END, Early Neurological deterioration; IQR, interquartile range; mRS, modified Rankin Scale; NIHSS,
National Institutes of Health Stroke Scale; and PH, parenchymal hemorrhage.

*Pearson 2 test.
TANOVA.

at 24 hours, median 8 versus 16 (P<0.001). About 81% of
the study sample (N=17897) had reliable mortality data at 3
months. Recanalized patients had a lower incidence of mor-
tality (18.3% versus 31.9%, P<0.001), RR, 0.58 (95% ClI,
0.55-0.61). About 79.2% (N=17591) of the study sample
had reliable data on mRS at 3 months. Recanalized patients
had a better functional outcome: the proportion of patients
that scored mRS 0 to 2 at 3 months was 48.7% versus 22.6%
(P<0.001), RR 2.16 (95% CI, 2.06-2.26). Figure 2 shows
functional outcome at 3 months by recanalization status.
Table 3 shows risks for secondary outcomes in recana-
lized versus nonrecanalized patients with adjustment for

baseline variables, in the study sample and the TACS sub-
group. Recanalization was associated with a higher risk for
PH, crude OR 1.40 (95% CI, 1.26-1.56); aOR, 1.37 (95% CI,
1.22-1.55). Similar values were seen in the TACS subgroup,
although the risk for PH was somewhat higher, aOR, 1.53
(95% CI, 1.28-1.83). Regarding details for END, mortality
and mRS at 3 months, see Table 3. Unadjusted and adjusted
odds ratios were consistent and showed that recanalization
was associated with lower END and mortality, and a better
functional outcome, similar in study sample and TACS sub-
group. Ordered logistic regression showed a significant shift
in mRS toward better functional outcome in recanalized

Table 3. 0dds Ratios for Outcomes in Recanalized Versus Not Recanalized Patients in the Study Sample and Subgroups

Adjusted for Baseline Adjusted for Baseline Variables*
Unadjusted Variables* and PH
Patients Outcome OR 95% Cl OR 95% Cl OR 95% Cl

Study sample Moderate to severe CED 0.48 0.45-0.52 0.47 0.43-0.51 0.42 0.38-0.45
PH 1.40 1.26-1.56 1.37 1.22-1.55

END 0.54 0.49-0.59 0.50 0.45-0.55 0.48 0.43-0.54

Dead at 3 mo 0.48 0.45-0.51 0.48 0.45-0.53 0.46 0.42-0.50

mRS score <2 at 3 mo 3.25 3.04-3.49 3.20 2.96-3.46 3.31 3.05-3.58

TACS subgroup Moderate to severe CED 0.50 0.45-0.55 0.47 0.42-0.54 0.43 0.37-0.48
PH 1.62 1.38-1.90 1.53 1.28-1.83

END 0.55 0.47-0.65 0.52 0.43-0.63 0.50 0.41-0.60

Dead at 3 mo 0.47 0.42-0.53 0.48 0.42-0.54 0.45 0.40-0.52

mRS score <2 at 3 mo 3.95 3.48-4.48 3.82 3.31-4.41 3.95 3.42-4.56

CED indicates cerebral edema; END, Early Neurological deterioration; mRS, modified Rankin Scale; OR, odds ratio; OTT, onset-to-treatment time; PH, parenchymal

hemorrhage; and TACS, Total Anterior Circulation Syndrome.

*Baseline variables associated with moderate to severe CED: OTT, signs of acute infarction on imaging, blood glucose, mean arterial pressure, diabetes mellitus,
hypertension, congestive heart failure, aspirin treatment, oral antihypertensive treatment, current smoker, atrial fibrillation, decreased consciousness, EVT, and

decompressive hemicraniectomy.
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Table 4. Regression Models for the Effect of Recanalization on Moderate to Severe CED, Versus No or Mild CED

. Adjusted for Covariates Adjusted for Covariates and PH

Procedure for Selection of
Covariates Patients OR 95% Cl AUC E-Value* OR 95% Cl AUC E-Value*
Approach based on statistical Study sample 0.52 0.46-0.59 0.74 2.1 0.46 0.41-0.52 0.79 2.3
significance: stepwise TACSsubgroup | 047 | 0.40-056 |  0.69 23 043 | 0.36-0.51 0.74 24
backward eliminationt
Apriori hypothesist Study sample 0.52 0.48-0.56 0.71 2.1 0.46 0.42-0.50 0.76 2.3

TACS subgroup 0.49 0.44-0.55 0.64 2.2 0.43 0.38-0.49 0.70 2.4

AUC indicates area under curve for the model; CED, cerebral edema; OR, odds ratio;

*E-value calculated for the point estimate of the OR.
tNumber of covariates: 10—13, varying between models.
FSelected covariates: age, OTT, NIHSS score, stroke unit care.

versus nonrecanalized patients; however, the test for propor-
tionality of odds indicated that the proportionality assumption
did not hold.

Discussion

In this large study based on multinational data of patients with
acute ischemic stroke treated with recanalization therapy, and
radiological evaluation of CED at 22 to 36 hours after start of
treatment, we found a significantly lower rate of moderate to se-
vere CED in recanalized patients than nonrecanalized patients
at 22 to 36 hours after start of treatment. We found consistent
risk reductions of the same magnitude for moderate to severe
CED when we adjusted for relevant baseline variables that
were selected using 2 alternate procedures and the results were
consistent after restriction to the TACS subgroup in which we
presume large vessel occlusion is common. Adjustment for PH
resulted in only a small change in the effect of recanalization
on CED, indicating that most of the effect is not mediated by
PH. Recanalization, although associated with higher risk of
PH, resulted in lower rates of END, mortality within the first 3
months, and a better functional outcome at 3 months.

Our study strengthens the evidence for the hypothesis that
recanalization decreases the risk of CED after cerebral infarct.
In particular, our study adds evidence that early (within 22—
36 hours) CED is decreased in recanalized patients. Previous
studies on the association between recanalization and CED
were not consistent.?! Furthermore, in animal models, reper-
fusion has been shown to accentuate CED.%*>?* In contrast,

and TACS, Total Anterior Circulation Syndrome.

recent clinical studies with different lengths of radiological
follow-up indicate that recanalization decreases CED.™™
Using computed tomography angiography scans acquired 24
hours after the reperfusion procedure, similar to our study,
researchers doing a post hoc analysis of the MR CLEAN
cohort found that patients with successful recanalization on
computed tomography angiography at 24 hours had a lower
frequency of midline shift compared with those without
recanalization (32.7% versus 56%; aOR, 0.34).% Together
with our results, with differences about patient populations
and definitions of edema taken into account, this strengthens
the evidence for a decreased risk of early CED after recana-
lization. There is also evidence that the risk of later CED is
decreased.”®? In a cohort of 130 consecutive patients under-
going mechanical thrombectomy, successful recanalization
reduced the occurrence of midline shift 25 mm on imaging
within 72 hours.’ Using diffusion-weighted MRI, a post hoc
analysis of 2 interventional cohorts found that increasing re-
perfusion was associated with, and independently predicted,
less midline shift and lower swelling volume at 3 to 8§ days
after the baseline examination.” In patients with a low (<5)
ASPECTS (Alberta Stroke Program Early CT Score) at
baseline, successful recanalization resulted in a significant
reduction of ischemic lesion water uptake 24 to 48 hours
after admission as well as a lower frequency of malignant
MCA infarctions (26.1% versus 44.3%).% A clinical scoring
system for malignant brain edema found that nonrevascular-
ization at 24 hours was an independent predictor.?

o1 11 2 s3@ 4

Non-recanalized

Recanalized

sl oIl

Figure 2. Distribution of modified Rankin Scale
score at 3 mo in nonrecanalized vs recanalized
patients. Percentages inside bars may not add
to 100% because of rounding errors.

% of patients
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Our study showed that recanalization confers a lower risk
of CED after ischemic stroke and that this effect remains de-
spite an increased rate of PH. As the development of edema in
ischemic stroke is multifactorial, persistent occlusion should be
regarded as one important predictor together with other predic-
tors that include the size of the ischemic lesion which reflects
on the NIHSS score, collateral status, and size of the occluded
artery and the effect of thrombolytic drugs.'*?’! On the tissue
level, however, both edema and bleeding result from the same
process of gradually increasing BBB permeability and dam-
age.” Signs of increased permeability, detected as early BBB
disruption on computed tomography scan, is seen in 26.7% of
patients after EVT.*? Increased BBB permeability is associated
with hemorrhagic transformation and cerebral edema.*

This study has several limitations, in addition to the ret-
rospective design with its inherent limitations. First, the exact
time of recanalization is not known although it probably tended
to occur early as all patients received recanalizing treatment.
Second, for most patients, we indirectly detected recanaliza-
tion through hyperdense artery sign as a surrogate marker for
vessel occlusion. Third, we have no data on site of arterial
occlusion; we inferred the site through a clinical classification
system with the aim of collecting patients with supratentorial
large-vessel occlusion. However, data indicate that this is rea-
sonable."”® Fourth, as there was no central reading of imaging
scans, the interpretation of the SITS edema scale may vary be-
tween investigators. In favor of the reliability of the SITS edema
scale, however, several researchers have used similar imaging
findings to classify swelling in cerebral infarcts.'*?!335 A classi-
fication scheme that was based on similar imaging findings but
consisted of 7 levels was used in IST-3°¢ and could classify brain
swelling with excellent interrater reliability among experienced
neuroradiologists.””® Interrater reliability between experienced
and less experienced radiologists was poorer but improved to
good or excellent when the classification was simplified to 2
levels, similar to our dichotomized primary outcome of no or
mild edema versus moderate to severe edema. Fifth, we can-
not exclude that IVT, which 96.4% of patients received, has an
effect on the development of edema.*® Sixth, there may be re-
sidual confounding. However, we selected covariates on both
statistical and nonstatistical grounds and furthermore used a
test of robustness, the E-value, that indicated that to negate the
observed results, any unmeasured confounder would need to
have an association by a risk ratio of >2.0 with both exposure
and outcome above and beyond the included covariates, a sit-
uation that is improbable in view of earlier data on risk factors
for CED.'*?728 Seventh, there is a possibility that, for various
reasons, important outcomes were not registered and that some
data for outcomes might be missing due to fatal CED or PH,
which could have influenced our results. Furthermore, as the
protocol specified that only the imaging scan at 22 to 36 hours
was obligatory, edema may have developed at a later time point
in some patients. The strengths of our study are the large sample
size and consistent results regardless of multivariable model
and also in the subpopulation including adjusted for PH.

In conclusion, we observed that in patients with acute
ischemic stroke, recanalization was associated with a lower
risk for CED even after adjustment for higher rate for PH in
recanalized patients compared to nonrecanalized patients at

22 to 36 hours. Our results strengthen recent study results
and should be taken into account in future trials for EVT with
signs of large ischemia.
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