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Background and Purpose Cerebral edema (CED) in ischemic stroke can worsen prognosis and 
about 70% of patients who develop severe CED die if treated conservatively. We aimed to describe 
incidence, risk factors and outcomes of CED in patients with extensive ischemia.
Methods Oservational study based on Safe Implementation of Treatments in Stroke-International 
Stroke Treatment Registry (2003–2019). Severe hemispheric syndrome (SHS) at baseline and 
persistent SHS (pSHS) at 24 hours were defined as National Institutes of Health Stroke Score 
(NIHSS) >15. Outcomes were moderate/severe CED detected by neuroimaging, functional 
independence (modified Rankin Scale 0–2) and death at 90 days.
Results Patients (n=8,560) presented with SHS and developed pSHS at 24 hours; 82.2% received 
intravenous thrombolysis (IVT), 10.5% IVT+thrombectomy, and 7.3% thrombectomy alone. Median 
age was 77 and NIHSS 21. Of 7,949 patients with CED data, 3,780 (47.6%) had any CED and 2,297 
(28.9%) moderate/severe CED. In the multivariable analysis, age <50 years (relative risk [RR], 1.56), 
signs of acute infarct (RR, 1.29), hyperdense artery sign (RR, 1.39), blood glucose >128.5 mg/dL 
(RR, 1.21), and decreased level of consciousness (RR, 1.14) were associated with moderate/severe 
CED (for all P<0.05). Patients with moderate/severe CED had lower odds to achieve functional 
Independence (adjusted odds ratio [aOR], 0.35; 95% confidence interval [CI], 0.23 to 0.55) and 
higher odds of death at 90 days (aOR, 2.54; 95% CI, 2.14 to 3.02).
Conclusion In patients with extensive ischemia, the most important predictors for moderate/ 
severe CED were age <50, high blood glucose, signs of acute infarct, hyperdense artery on baseline 
scans, and decreased level of consciousness. CED was associated with worse functional outcome 
and a higher risk of death at 3 months.
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Introduction

Cerebral edema (CED) in acute ischemic stroke worsens the 
prognosis and can, if severe, cause life-threatening intracranial 
tissue shifts.1 In patients presenting with cerebral ischemia, the 
size of the ensuing infarct is dependent on several factors, in-
cluding treatment aimed at reperfusion of the occluded artery. 
Infarct size is a major determinant of the extent and clinical 
severity of the ensuing edema and potential hemorrhage. Se-
vere hemispheric syndrome (SHS) is defined as having a high 
National Institutes of Health Stroke Score (NIHSS) score at 
baseline, as a marker of a large area of cerebral ischemia.2 In 
cerebral ischemia caused by supratentorial large vessel occlu-
sion (LVO), the risk of life-threatening edema is highest in oc-
clusion of terminal internal carotid artery or the main trunk of 
the middle cerebral artery (MCA). This condition is called large 
hemispheric infarction (LHI). The most common guideline-sup-
ported definition of LHI refers to “a large ischemic stroke af-
fecting the total or subtotal territory of the MCA, involving the 
basal ganglia at least partially, with or without involvement of 
the adjacent territories.”3,4 Among patients with supratentorial 
ischemia, approximately 1 in 10 develops a subtotal or com-
plete MCA infarction.2 The clinical deterioration caused by ede-
ma after a large MCA infarction is usually observed within 48 
hours after symptom onset with one third of the patients un-
dergoing early deterioration within 24 hours.5 The rate of mor-
tality is close to 80% within a few days, unless treated with 
early surgery.6 

Data from previous studies indicate that the risk for 
life-threatening CED is strongly associated with increasing in-
farct size, or other variables correlated to infarct size such as 
need for mechanical ventilation, large perfusion deficit and in-
volvement of more than one vascular territory.7-9 A previous 
Safe Implementation of Treatments in Stroke (SITS)-Interna-
tional Stroke Treatment Registry (ISTR) paper reported that the 
most important baseline predictors for CED were higher NIHSS 
score, hyperdense artery sign (HAS), higher blood glucose, de-
creased level of consciousness (LOC) and signs of infarct at 
baseline imaging scan.10 

Aims and hypothesis
Although patients with SHS and LHI are at particular risk of 
CED, published data describing the burden and outcomes are 
limited. The aim of this study is to describe incidence, clinical 
characteristics, complications, and long-term outcome of CED 
in patients with SHS and persistent SHS (pSHS) after reperfu-
sion treatment in a real-world setting population.

Methods

Study design
We included a subset of patients from the SITS-ISTR, an ongo-
ing, prospective, internet-based, academic driven, multination-
al, primarily European Union-based, stroke register. Methods of 
data collection in SITS-ISTR have been described in detail else-
where.10,11 For this study, we have collected data from pre-spec-
ified intravenous thrombolysis (IVT) and or endovascular treat-
ment (EVT) data entry forms of SITS-ISTR. All patients had pre-
sumed ischemic stroke treated with IVT and/or EVT and were 
recorded from January 2003 to September 2019. A study pro-
tocol and statistical analysis plan were developed before data 
extraction and analysis. According to the study protocol, we 
selected centers that included at least 10 patients in the SITS 
IVT and or EVT data entry forms and that had at least 70% 
complete data for modified Rankin Scale (mRS) score at 90 
days follow-up.

The number of patients included in the study is not driven by 
a formal sample size calculation but rather by available patient 
numbers.

We included patients that:
•  had a presumed ischemic stroke treated with IVT and/or 

EVT.
•  were recorded at SITS-ISTR from January 2003 to Septem-

ber 2019.
• had a recorded NIHSS score at baseline.
•  had a recorded indirect (HAS) or direct radiological evi-

dence (computed tomography [CT] or magnetic resonance 
imaging angiography) of a cerebral arterial occlusion at 
baseline.

We defined the primary population study as patients with 
SHS at baseline (NIHSS score >15) and pSHS after reperfusion 
treatment (NIHSS score >15 at 24 hours).

Outcomes and covariates
The primary outcome measure was CED which was rated by lo-
cal investigators on post-treatment imaging scans at 22 to 36 
hours. We used the SITS-Monitoring Study (MOST) edema scale 
which has been described previously.12 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 cerebro-
spinal fluid space, e.g., effacement of cortical sulci or ventricu-
lar compression. We specified in advance that the two higher 
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grades of the scale would be put together into a compound 
outcome so that moderate to severe edema would be com-
pared to no or mild edema.

Early secondary outcomes were the proportion of patients 
with parenchymal hemorrhage (PH) type 2 of the infarct area 
on follow-up imaging at 22 to 36 hours and the proportion of 
patients with symptomatic intracranial hemorrhage (SICH). To 
define SICH, we used the SITS-MOST (a local or remote type 2 
PH <22 to 36 hours, or earlier in case of clinical deterioration, 
in combination with an increase of ≥4 NIHSS points from 
baseline, or leading to death <24 hours), and European-Aus-
tralian Cooperative Acute Stroke Study 2 (ECASS-II) (any type 
of intracerebral hemorrhage with an increase of ≥4 NIHSS 
points from baseline or leading to death <7 days) defini-
tions.11,13 Late secondary outcomes, measured at 90 days, were 
mortality and functional outcome assessed by mRS score. Co-
variates collected for this study were baseline and demograph-
ic characteristics and any acute intervention.

Ethics and informed consent
Ethics approval was obtained from the Stockholm Regional 
Ethics Committee for this project as part of the SITS-MOST II 
study framework. Ethics approval and patient consent for par-
ticipation in the SITS-ISTR were obtained in countries where 
required; other countries approved the register for anonymized 
audit.

Statistical analysis
In an initial univariate analysis, we compared baseline charac-
teristics and outcomes between patients according to the pres-
ence or absence of CED, for all levels of CED and between the 
groups of no or mild edema versus moderate to severe edema. 
We used linear regression methods for numerical variables and 
Pearson´s chi-square test for categorical variables to compare 
baseline characteristics and outcomes. Estimation of propor-
tions was based on reported cases, excluding unknown or un-
certain values. A significance level of P<0.05 was used through 
the whole study.

We used multivariable regression analysis to identify predic-
tors of CED. The biologically relevant baseline factors (NIHSS 
score, signs of acute infarction at baseline, HAS, blood glucose 
at baseline), and the factors associated (P<0.05) with CED in 
the previous univariate analysis were included in the multivari-
able model. Age was analyzed per 10-year groups and as a di-
chotomic variable (<50 years vs. ≥50 years). Association of 
baseline variables with CED were presented as relative risk (RR) 
with 95% confidence limits. A Poisson regression with general-
ized estimating equation was used to assess factors associated 

with CED. Impact of CED on long term outcomes was assessed 
using logistic regressions presented as an odds ratio. We used 
the statistical software SPSS version 25 (IBM Co., Armonk, NY, 
USA).

Results

Patients (n=8,560) that presented with SHS developed pSHS at 
24 hours. Figure 1 shows a flowchart of the study. Table 1 
shows baseline characteristics and univariate analysis of pa-
tients with SHS and pSHS, stratified by grade of CED. Median 
age was 77 and median NIHSS was 21 (interquartile range, 18 
to 23); 46.3% were men. Of the total SHS and LHI patients, 
7,035 patients (82.2%) received IVT, 903 (10.5%) IVT and EVT, 
and 622 (7.3%) EVT alone. Of 7,949 patients with available 
CED data, 3,780 (47.6%) had any CED and 2,297 (28.9%) were 
moderate/severe. Supplementary Table 1 shows baseline char-
acteristics and Supplementary Table 2 shows the clinical and 
radiological outcomes of any SHS, any pSHS, both SHS & pSHS, 
and no SHS nor pSHS populations. Patients with pSHS had 
worse outcomes than SHS. pSHS patients had a higher rate of 
SICH and any type of hemorrhages and death and a lower rate 
of functional independence than SHS patients.

Univariate analysis
As seen in Tables 1 and 2, patients with moderate or severe 
CED were significantly younger and had more frequently signs 
of acute infarction and HAS at baseline imaging scans. More-
over, patients with moderate/severe edema presented higher 
values of blood glucose at admission and oral antidiabetic 
treatment. The proportion of patients with previous stroke was 
lower in the moderate/severe CED group and the percentage of 
patients with pre-stroke mRS 0 was higher. Decreased LOC as 
measured by item 1a in the NIHSS score was more frequent in 
the moderate/severe CED group. In 175 patients (2%) decom-
pressive hemicraniectomy was performed. This percentage 
ranged from 0.6% in no CED, 0.9% in mild CED, 2.2% in mod-
erate, and 8.2% in severe CED (P<0.001).

Multivariable analysis
Table 3 shows results from a multivariable model for prediction 
of moderate to severe CED with RR and 95% confidence inter-
vals. Age <50 years (RR, 1.56), signs of acute infarction on 
baseline imaging (RR, 1.29), HAS (RR, 1.39), blood glucose 
>128.5 mg/dL (RR, 1.21), and decreased LOC (RR, 1.14) were 
associated with moderate/severe CED (for all P<0.05).
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Long-term outcomes
Table 4 shows multivariable logistic regression models for the 
effect of CED on long term outcomes. The adjusted odds ratio 
(aOR) showed that patients with any CED versus no CED (aOR, 
0.36), severe CED versus no, mild, or moderate CED combined 
(aOR, 0.42), and moderate and severe CED versus no or mild 
CED (aOR, 0.35) were less likely to achieve functional indepen-
dence defined by mRS 0–2 at 90 days. Regarding mortality, the 
presence of CED in any degree, moderate and severe and severe 
were associated with a higher risk for death at 90 days, and 
the risk increased with the severity of CED (aOR, 1.58 for any; 
aOR, 2.54 for moderate and severe; and aOR, 3.94 for severe).

Discussion

In this large observational study based on multinational data 
of acute ischemic stroke patients treated with recanalization 
therapy, we found that almost half of the patients with severe 
ischemic stroke according to SHS and pSHS definitions had any 

degree of CED and almost a third of them had moderate to se-
vere CED. A previous Chinese study found the same rate of se-
vere CED in LHI patients.14 However, when all types of ischemic 
strokes irrespective of severity are analyzed, any type of CED, 
detected by the SITS-MOST Edema Scale12 at 22 to 36 hours 
imaging was around one in four patients. The incidence of 
moderate and severe CED was similar, about 5%.10 For the pur-
pose of our study, we selected patients with severe stroke 
symptoms at baseline (SHS) and a clinical proxy using NIHSS 
score at 24 hours (pSHS) for severe strokes after repersfusion 
treatment. Our study population with SHS and pSHS are ex-
pected to have higher prevalence of CED than the general isch-
emic stroke population.

In this SHS & pSHS population with high risk of CED, the 
most important predictors for moderate/severe CED develop-
ment were young age, high blood glucose levels, signs of acute 
infarction or HAS on baseline neuroimaging and decreased LOC 
at admission. Predictors for CED in our study on severe stroke 
patients are consistent with previous single center and multi-

Figure 1. Study flow chart. SITS, Safe Implementation of Treatments in Stroke; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Score; 
SHS, severe hemispheric syndrome; pSHS, persistent severe hemispheric syndrome.
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Table 1. Baseline characteristics and univariate analysis by grade of cerebral edema

Variable
SHS & pSHS 
(n=8,560)

No CED 
(n=4,169)

Mild CED 
(n=1,483)

Moderate CED 
(n=1,141)

Severe CED 
(n=1,156)

Overall P

Age (yr) 77 (68–84) 78 (70–84) 77 (68–83) 77 (69–83) 74 (64–82) <0.001

Age (yr) <0.001

<50 315 (4) 126 (3) 68 (4.6) 56 (4.9) 65 (5.6)

50–59 559 (7) 259 (6.2) 105 (7.1) 74 (6.5) 121 (10.5)

60–69 1,264 (15.9) 611 (14.7) 247 (16.7) 171 (15) 235 (20.3)

70–79 2,573 (32.4) 1,339 (32.2) 464 (31–3) 408 (35.8) 362 (31.3)

≥80 3,230 (40.7) 1,828 (43.9) 598 (31.3) 431 (37.8) 373 (32.3)

Male sex 3,966 (46.3) 1,877 (45) 719 (48.5) 522 (45.7) 572 (49.5) 0.016

Acute treatment <0.001

IVT only 7,035 (82.2) 3,516 (84.3) 1,145 (77.2) 941 (82.5) 918 (79.4)

EVT only 622 (7.3) 259 (6.2) 140 (9.4) 93 (8.2) 89 (7.7)

IVT+EVT 903 (10.5) 394 (9.5) 198 (13.4) 107 (9.4) 149 (12.9)

NIHSS score 21 (18–23) 21 (18–23) 21 (18–23) 21 (18–23) 21 (18–23) 0.594

OTT for IVT (min) 150 (112–194) 150 (112–195) 150 (113–190) 150 (120–192) 150 (110–195) 0.917

OTT for IVT (min) 0.176

<112 1,800 (24.8) 965 (25.1) 330 (24.8) 228 (22) 277 (24.8)

112–149 1,815 (25) 951 (24.8) 326 (24.5) 288 (27.7) 250 (23.7)

150–194 1,880 (25.9) 983 (25.6) 366 (27.5) 274 (26.4) 257 (24.4)

≥195 1,768 (24.3) 941 (24.5) 308 (23.2) 248 (23.9) 271 (25.7)

Signs of acute infarction on imaging 2,048 (25.2) 882 (22.1) 373 (26) 323 (29.1) 382 (34) <0.001

Hyperdense artery sign baseline 4,021 (50) 1,778 (44.9) 758 (53.5) 637 (58) 690 (62.3) <0.001

Blood glucose (mg/dL) 128.5 (109–160) 127 (108–155) 125 (107–152) 130 (110–162) 135 (114–170) <0.001

Blood glucose (mg/dL) <0.001

<128.5 2,077 (50.6) 974 (52.3) 492 (53.9) 339 (48.1) 272 (43.5)

≥128.55 2,029 (49.4) 890 (47.7) 420 (46.1) 366 (51.9) 353 (56.5)

Systolic blood pressure (mm Hg) 151 (136–170) 152 (137–170) 150 (135–167) 152 (138–170) 150 (135–170) 0.341

Hypertension 6,274 (73.9) 3,090 (74.7) 1,078 (72.9) 838 (73.9) 828 (72.4) 0.322

Diabetes mellitus 1,971 (23.2) 959 (23.2) 309 (20.9) 293 (25.8) 266 (23.2) 0.034

Hyperlipidemia 2,569 (30.6) 1,204 (29.5) 476 (32.5) 374 (33.2) 349 (30.7) 0.038

Current smoker 958 (13.5) 423 (12.4) 182 (14.7) 121 (12.5) 159 (16) 0.011

Previous stroke 1,047 (12.7) 527 (12.8) 185 (12.5) 128 (11.3) 119 (10.4) 0.131

Previous TIA 431 (5.1) 224 (5.5) 67 (4.6) 63 (5.6) 45 (3.9) 0.130

Atrial fibrillation 2,628 (31.1) 1,272 (30.8) 468 (31.9) 354 (31.4) 336 (29.4) 0.566

Congestive heart failure 1,065 (12.6) 515 (12.5) 200 (13.6) 152 (13.4) 123 (10.8) 0.130

Previous mRS 0 5,310 (64.7) 2,556 (63.1) 993 (67.8) 718 (63.5) 799 (71.1) <0.001

Antiplatelet treatment 3,419 (40.5) 1,670 (40.4) 603 (40.9) 480 (42.5) 429 (37.4) 0.092

Aspirin treatment 2,846 (33.9) 1,391 (33.8) 490 (33.3) 396 (35.3) 364 (31.9) 0.402

Clopidogrel treatment 621 (7.5) 318 (7.7) 104 (7.1) 78 (6.9) 82 (7.2) 0.725

Oral anticoagulant treatment 669 (8) 310 (7.5) 131 (8.9) 99 (8.8) 86 (7.5) 0.232

Oral antihypertensive treatment 5,838 (70.2) 2,899 (70.2) 1,042 (70.8) 813 (71.9) 771 (67.2) 0.079

Oral antidiabetics 1,459 (17.6) 704 (17.1) 239 (16.3) 241 (21.4) 207 (18.1) 0.004

Statins 2,508 (30.3) 1,215 (29.6) 454 (30.9) 363 (32.2) 339 (29.9) 0.348
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Table 1. Continued

Variable
SHS & pSHS 
(n=8,560)

No CED 
(n=4,169)

Mild CED 
(n=1,483)

Moderate CED 
(n=1,141)

Severe CED 
(n=1,156)

Overall P

Decreased consciousness (NIHSS 1a ≥1) 3,558 (44.2) 1,700 (43.6) 545 (38.7) 481 (43.9) 542 (49.1) <0.001

EVT with or without prior IVT 1,525 (17.8) 653 (15.7) 338 (22.8) 200 (17.6) 238 (20.6) <0.001

Decompressive hemicraniectomy 175 (2) 27 (0.6) 14 (0.9) 25 (2.2) 95 (8.2) <0.001

Values are presented as median (interquartile range) or number (%).
SHS, severe hemispheric syndrome; pSHS, persistent severe hemispheric syndrome; CED, cerebral edema; IVT, intravenous thrombolysis; EVT, endovascular
treatment; OTT, onset to treatment time; TIA, transient ischemic attack; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale.

Table 2. Univariate analysis in patients with SHS and pSHS by grade cerebral edema

Variable
CED INFO 

(n=7,949, 100%)
No or mild CED 

(n=5,652, 71.1%)
Moderate or severe CED 

(n=2,297, 28.9%)
Overall P

Age (yr) 77 (69–84) 78 (69–84) 76 (66–82) <0.001

Age (yr) <0.001

<50 315 (4) 194 (3.4) 121 (5.3)

50–59 559 (7) 364 (6.4) 195 (8.5)

60–69 1,264 (15.9) 858 (15.2) 406 (17.7)

70–79 2,573 (32.4) 1,803 (31.9) 770 (33.5)

≥80 3,230 (40.7) 2,426 (43) 2,296 (35)

Male sex 3,690 (46.4) 2,596 (45.9) 1,094 (47.6) 0.169

Acute treatment 6,520 (82) 4,661 (82.5) 1,859 (80.9) 0.243

IVT only 581 (7.3) 399 (7.1) 182 (7.9)

EVT only 848 (10.7) 592 (10.5) 256 (11.1)

IVT+EVT

NIHSS score 21 (18–23) 21 (18–23) 21 (18–23) 0.393

OTT for IVT (min) 150 (113–195) 150 (112–195) 150 (114–195) 0.393

OTT for IVT (min) 0.646

<112 1,800 (24.8) 1,295 (25) 505 (24.1)

112–149 1,815 (25) 1,277 (247) 538 (25.7)

150–194 1,880 (25.9) 1,349 (26.1) 531 (25.4)

≥195 1,768 (24.3) 1,249 (24.2) 519 (24.8)

Signs of acute infarction on imaging 1,960 (25.6) 1,255 (23.1) 705 (31.6) <0.001

Hyperdense artery sign baseline 3,863 (51) 2,536 (47.3) 1,327 (60.2) <0.001

Blood glucose (mg/dL) 128 (109–158) 126 (108–155) 132 (112–164) <0.001

<128.5 3,672 (51.2) 2,691 (53.1) 981 (46.6)

≥128.55 3,502 (48.8) 2,379 (46.9) 1,123 (53.4)

Systolic blood pressure (mm Hg) 151 (136–170) 151 (136–170) 151 (136–170) 0.976

Hypertension 5,834 (73.9) 4,168 (74.2) 1,666 (73.2) 0.325

Diabetes mellitus 1,827 (23.3) 1,268 (22.6) 559 (24.5) 0.065

Hyperlipidemia 2,403 (30.8) 1,680 (30.3) 723 (31.9) 0.147

Current smoker 885 (13.4) 605 (13) 280 (14.3) 0.183

Previous stroke 959 (12.2) 712 (12.7) 247 (10.9) 0.022

Previous TIA 399 (5.1) 291 (5.2) 108 (4.7) 0.389

Atrial fibrillation 2,430 (30.9) 1,749 (31.1) 690 (30.4) 0.511

Congestive heart failure 990 (12.6) 715 (12.8) 275 (12.1) 0.380
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center studies that included broader populations. The strongest 
predictors for moderate/severe CED development were a 
younger age and HAS on baseline neuroimaging. These findings 
have been previously reported.10,12,15

Elderly patients who developed large infarctions may have 
brain atrophy, and this may compensate for CED. HAS on base-

line CT is an indirect finding of LVO and it is associated with 
SHS and LHI.

As previously reported, we also found that a higher blood 
glucose level at admission was a risk factor for CED develop-
ment.10 This consistent association between glucose levels and 
CED after a large ischemic stroke has been the basis of pre-
and clinical research of glibenclamide as a potential treatment 
for these patients.16

The association of recanalization therapies and CED remains 
unclear. In the line of our findings regarding signs of acute in-
farction at baseline, a recent meta-analysis has shown that in 
patients with LHI, EVT, and reperfusion were associated with 
severe CED only in the group with very large core volume.17

Regarding long-term outcomes, the presence of any CED, 
moderate and severe and severe CED were independently asso-
ciated with worse functional outcome, with a 60% decrease in 
the odds of functional independence. Our results regarding the 
effect of CED in functional outcome and mortality are consis-
tent with a previous study in patients treated with IVT.9

Presence of CED was associated with a higher risk of death 
at 90 days, including in-hospital mortality, and the risk in-
creased from 1.5 to 4 times higher as compared to patients 
with no CED. Regarding treatment, randomized trials showed 
that surgical decompression reduced the risk of death, and me-
ta-analyses of these trials showed that surgery also increased 
the chance of a favorable outcome.6,18

Although being a well-known complication of large stroke, 
the management of CED remains a topic of discussion. The Eu-
ropean Stroke Organization has recently published guidelines 

Table 2. Continued

Variable
CED INFO 

(n=7,949, 100%)
No or mild CED 

(n=5,652, 71.1%)
Moderate or severe CED 

(n=2,297, 28.9%)
Overall P

Previous mRS 0 5,066 (65.2) 3,549 (64.3) 1,517 (67.3) 0.012

Antiplatelet treatment 3,182 (40.4) 2,273 (40.6) 909 (40) 0.620

Aspirin treatment 2,641 (33.6) 1,881 (33.7) 760 (33.6) 0.943

Clopidogrel treatment 582 (7.4) 422 (7.5) 160 (7) 0.437

Oral anticoagulant treatment 626 (7.9) 441 (7.9) 185 (8.1) 0.692

Oral antihypertensive treatment 5,525 (70.1) 3,941 (70.3) 1,584 (69.6) 0.491

Oral antidiabetics 1,391 (17.7) 943 (16.9) 448 (19.7) 0.003

Statins 2,371 (30.2) 1,669 (29.9) 702 (31) 0.327

Decreased consciousness (NIHSS 1a ≥1) 3,268 (43.5) 2,245 (42.3) 1,023 (46.5) 0.001

EVT with or without prior IVT 1,429 (18) 991 (17.5) 438 (19.1) 0.108

Decompressive hemicraniectomy 175 (2.2) 41 (0.72) 120 (5.2) 0.001

Values are presented as median (interquartile range) or number (%).
SHS, severe hemispheric syndrome; pSHS, persistent severe hemispheric syndrome; CED, cerebral edema; IVT, intravenous thrombolysis; EVT, endovascular 
treatment; OTT, onset to treatment time; TIA, transient ischemic attack; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale.

Table 3. Multivariable model for prediction of moderate and severe CED 
with RR (Poisson regression, with GEE)

Variable
Moderate to severe CED

RR 95% CI P

Age (yr)

<50 1.00

50–59 0.89 0.73–1.08 0.230

60–69 0.80 0.67–0.96 0.014

70–79 0.76 0.64–0.90 0.002

≥80 0.66 0.55–0.78 <0.001

Age <50 years 1.56 1.24–1.97 <0.001

Male sex 1.02 0.95–1.10 0.577

Acute infarction on imaging 1.29 1.19–1.39 <0.001

Hyperdense artery sign baseline 1.39 1.29–1.50 <0.001

Blood glucose (>128.5 mg/dL) 1.21 1.12–1.31 <0.001

Previous stroke 0.91 0.81–1.03 0.150

Previous mRS 0 1.01 0.93–1.10 0.852

Oral antidiabetics 1.07 0.97–1.18 0.201

Decreased consciousness (NIHSS 1a ≥1) 1.14 1.06–1.24 0.001

CED, cerebral edema; RR, relative risk; GEE, generalized estimated equation; 
CI, confidence interval; mRS, modified Rankin Scale; NIHSS, National Insti-
tutes of Health Stroke Scale.
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on the management of space-occupying brain infarction.19 In 
this document, surgical decompression is recommended to re-
duce the risk of death and to increase the chance of a favor-
able outcome in adult patients aged up to and including 
60 years with space-occupying hemispheric infarction who can 
be treated within 48 hours of stroke onset, and low-quality ev-
idence to support this treatment in older patients. There is 
continued uncertainty about the benefit and risks of surgical 
decompression in patients with space-occupying hemispheric 
infarction if performed after the first 48 hours. However, in a 
real-world setting, patients who undergo hemicraniectomy 
present frequently with complications that were underestimat-
ed in randomized clinical trials and may worsen the functional 
outcome, with 80% of survivors completely dependent (mRS 
4–5).20

Recently, new guidelines on CED management in neurocriti-
cal care patients have been published.21 For acute treatment, 
they suggest using either hypertonic sodium solutions or man-
nitol for the initial management of CED in patients with acute 
ischemic stroke (conditional recommendation, low-quality evi-
dence), although neurological outcomes appear to be not af-
fected. Previous guidelines state that there are insufficient 
data on the effect of hypothermia, barbiturates, or corticoste-
roids in the setting of ischemic cerebral swelling.3 For these 
reasons, the management of patients with CED is still a chal-
lenge for stroke physicians, more clinical research is needed in 
early detection, prevention, and treatment of CED develop-
ment.

This study presents some limitations. First, it is an observa-
tional study based on retrospective analyses, although data 
were collected prospectively. Our findings were limited to those 
who received IVT or EVT treatments and might not be general-
izable to those who did not receive either therapy. Moreover, 
there is a proportion of missing and unknown data in some 
variables, including some missed cases of fatal CED, that may 

have influenced the results. Thus, there is a potential bias of 
patient selection. The associations observed in this study 
should be viewed as hypotheses-generating and need confir-
mation in further studies. Finally, another limitation is that we 
have defined persistent severe neurological deficit according to 
clinical criteria and not according to radiological findings, as 
data regarding final infarct volume were not available due to 
the lack of a centralized reading of the CTs. This could intro-
duce some interobserver variability. However, pooled treatment 
of moderate/severe versus no/mild edema would tend to re-
duce this effect. The strengths of this study are the very large 
international sample size and consistent results with previous 
single and multicenter studies.

Conclusions

In conclusion, in patients with clinical signs of extensive isch-
emia, the most important predictors of moderate/severe CED 
development were young age, high blood glucose, signs of 
acute infarct, HAS on baseline scans and decreased LOC. The 
presence of any, moderate/severe, and severe CED were associ-
ated with worse functional outcome and a higher risk of death 
at 3 months, that increases proportionally with the severity of 
CED.

Supplementary materials

Supplementary materials related to this article can be found 
online at https://doi.org/10.5853/jos.2022.01956.
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Supplementary Table 1. Baseline characteristics of SHS, pSHS, SHS & pSHS, and no SHS nor pSHS populations

Variable
Any SHS 

(NIHSS >15 baseline) 
(n=20,485)

Any pSHS 
(NIHSS >15 at 24 hours) 

(n=11,077)

Both SHS and pSHS 
(n=8,560)

No SHS nor pSHS 
(n=41,810)

Age (yr) 73.5±12.9 74.7±12.2 75±12.2 69±13.7

76 (67–83) 68 (58–77) 77 (68–84) 71 (61–79)

Female sex 10,629 (51.9) 5,781 (52.2) 4,594 (53.7) 18,100 (43.3)

Acute treatment

IVT 16,168 (78.9) 9,112 (82.3) 7,035 (82.2) 38,771 (92.7)

EVT 1,643 (8) 801 (7.2) 622 (7.3) 1,161 (2.8)

IVT+EVT 2,674 (13.1) 1,164 (10.5) 903 (10.5) 1,878 (4.5)

Hypertension 14,220 (69.4) 8,120 (73.3) 6,274 (73.9) 27,426 (65.9)

Diabetes 4,076 (19.9) 2,647 (23.9) 1,971 (23.2) 8,426 (20.2)

Hyperlipidemia 5,995 (29.3) 3,365 (30.4) 2,569 (30.6) 12,508 (30.2)

Smoker 4,423 (21.6) 2,328 (21) 958 (13.5) 7,226 (17.3)

Previous stroke 2,502 (12.2) 1,380 (12.5) 1,047 (12.7) 5,095 (12.2)

Previous TIA 1,012 (4.9) 577 (5.2) 431 (5.1) 2,780 (6.7)

Atrial fibrillation 5,916 (28.9) 3,250 (29.3) 2,628 (31.1) 6,617 (15.9)

Congestive heart failure 2,310 (11.3) 1,367 (12.3) 1,065 (12.6) 2,956 (7.1)

Previous mRS 0 13,275 (64.8) 6,999 (65.9) 5,310 (64.7) 31,724 (77.9)

Antiplatelet 7,912 (38.6) 4,429 (40) 3,419 (40.5) 15,434 (37.2)

Aspirin 6,070 (29.6) 3,434 (31) 2,846 (33.9) 12,929 (30.9)

Clopidogrel 1,395 (6.8) 791 (7.1) 621 (7.5) 2,886 (6.9)

Oral anticoagulation 1,674 (8.2) 844 (7.6) 669 (8) 1,793 (4.3)

Antihypertensive 13,333 (65.1) 7,522 (67.9) 5,838 (70.2) 25,300 (61.4)

Antidiabetics 3,013 (14.7) 1,963 (17.7) 1,459 (17.6) 6,574 (16)

Statins 5,978 (29.2) 3,285 (29.7) 2,508 (30.3) 12,018 (29.2)

OTT (min)

IVT 140 (105–185) 150 (114–195) 150 (112–194) 154 (115–205)

EVT 220 (155–324) 245 (175–366.5) 240 (190–310.5) 240 (168.5–370)

NIHSS baseline 20 (17–22) 19 (16–22) 21 (18–23) 7 (5–15)

NIHSS 1a ≥1 7,585 (40.2) 3,908 (37.8) 3,558 (44.2) 2,808 (7.3)

SBP baseline (mm Hg) 150 (133–167) 152 (137–170) 151 (136–170) 152 (138–170)

DBP baseline (mm Hg) 80 (70–90) 80 (71–90) 80 (70–90) 81 (75–90)

Glucose baseline (mg) 125 (106–152) 128 (109–161) 128.5 (109–160) 118 (102–143)

Cholesterol baseline (mg) 172 (145–200) 173 (146–201) 172 (145–200) 180 (151–210)

Current infarct baseline 4,360 (21.3) 2,524 (23.4) 2,048 (25.2) 4,061 (10.2)

Hyperdense artery sign baseline 8,928 (43.6) 4,802 (44.5) 4,021 (50) 5,966 (15.1)

Side (CTA occlusion) 6,060 2,921 2,330 5,352

Left 3,580 (59.1) 1,804 (61.8) 1,538 (66) 2,247 (42)

Right 2,440 (40.3) 1,090 (37.3) 773 (33.1) 3,083 (57.6)

Both 40 (0.6) 27 (0.8) 20 (0.9) 22 (0.4)

Values are presented as mean±standard deviation, median (interquartile range), or number (%).
SHS, severe hemispheric syndrome; pSHS, persistent severe hemispheric syndrome; NIHSS, National Institutes of Health Stroke Scale; IVT, intravenous throm-
bolysis; EVT, endovascular treatment; TIA, transient ischemic attack; mRS, modified Rankin Scale; OTT, onset to treatment time; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; CTA, computed tomography angiography.
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Supplementary Table 2. Clinical and radiological outcomes of the SHS, pSHS, SHS & pSHS, and no SHS nor pSHS populations

Variable
Any SHS (NIHSS >15 

baseline) 
(n=20,485)

Any pSHS (NIHSS >15 at 24 
hours) 

(n=11,077)

Both SHS and pSHS 
(n=8,560)

No SHS nor pSHS 
(n=41,810)

NIHSS 24 hours 8 (15–21) 20 (18–24) 21 (18–24) 3 (1–6)

CED 24 hours imaging 17,905 10,371 7,949 36,559

Any CED 5,801 (32.4) 4,735 (45.7) 3,780 (47.6) 2,670 (7.3)

CED 1 mild 2,707 (15.1) 1,797 (17.3) 1,483 (18.7) 2,085 (5.7)

CED 2 moderate 1,587 (8.9) 1,428 (13.8) 1,141 (14.4) 398 (1.1)

CED 3 severe 1,507 (8.4) 1,510 (14.6) 1,156 (14.5) 187 (0.5)

No CED 11,457 (64) 5,258 (50.7) 4,169 (52.4) 33,889 (92.7)

Uncertain 647 (3.6) 378 (3.6)

PH2/rPH2/SAH 24 hours 1,238/18,577 (6.7) 1,292/10,729 (12) 794/8,257 (9.6) 887/40,263 (2.2)

PH2 24 hours 795/18,574 (4.3) 903/10,676 (8.5) 550/8,255 (6.7) 368/40,263 (0.9)

SICH mSITS-MOST 24 hours 598/18,491 (3.2) 935/10,677 (8.8) 468/8,257 (5.7) 185/40,263 (0.5)

SICH ECASS-II 24 hours 1,006/17,356 (5.8) 1,654/10,609 (15.6) 867/8,244 (10.5) 552/40,242 (1.3)

Worse or death 24 hours 4,226/19,790 (21.4) 5,175/11,075 (46.7) 3,016/8,560 (35.2) 2,962/41,810 (7.1)

NIHSS day 7 11 (4–18) 18 (14–22) 18 (14–22) 2 (0–4)

mRS 0–2 day 7 2,689/15,801 (17) 117/9,346 (1.3) 74/7,433 (1) 19,394/30,700 (63.2)

mRS 0–3 day 7 4,556/15,801 (28.8) 427/9,346 (4.6) 325/7,433 (4.5) 24,235/30,700 (78.9)

Stroke etiology 15,226 8,621 6,462 22,038

Cardioembolism 8,763 (57.6) 4,690 (54.4) 3,769 (55.6) 10,669 (48.4)

Large artery 6,463 (42.4) 3,931 (45.6) 3,008 (44.4) 11,369 (51.6)

mRS 0–2 at 90 days 4,622/17,808 (26) 532/9,857 (5.4) 374 (4.9) 26,806/36,648 (71.9)

mRS 0–3 at 90 days 7,048/17,808 (39.6) 1,489/9,857 (15.1) 1,111 (14.6) 30,826/36,648 (82.9)

Mortality at 24 hours 2,675/19,562 (13.7) 2,298/11,048 (20.7) 1,715 (20.1) 403/41,593 (1)

Mortality at 90 days 5,887/17,871 (32.9) 4,836/9,864 (49) 3,728 (48.9) 1,980/36,702 (5.4)

Values are presented as median (interquartile range) or number/total number (%).
SHS, severe hemispheric syndrome; pSHS, persistent severe hemispheric syndrome; NIHSS, National Institutes of Health Stroke Scale; CED, cerebral edema; 
PH2, parenchymal hemorrhage type 2; rPH2, remote parenchymal hemorrhage type 2; SAH, subarachnoid hemorrhage; SICH, symptomatic intracranial hem-
orrhage; mSITS-MOST, modified version of the Safe Implementation of Thrombolysis in Stroke Monitoring Study; ECASS-II, European-Australian Cooperative 
Acute Stroke Study 2; mRS, modified Rankin Scale.


