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ABSTRACT
Background Malignant swelling is a fatal complication 
that can occur abruptly in space- occupying cerebellar 
infarction. We aimed to establish markers that predict 
malignant swelling in cerebellar infarction.
Methods We retrospectively analysed data of stroke 
patients who were treated in our hospital between 2014 
and 2020. Malignant swelling was defined as a mass effect 
in the posterior cranial fossa, accompanied by a decrease 
in consciousness due to compression of the brainstem 
and/or the development of obstructive hydrocephalus. 
Statistical analyses were performed on multiple variables 
to identify predictors of malignant swelling.
Results Among 7284 stroke patients, we identified 487 
patients with an infarct in the cerebellum. 93 patients were 
suitable for analysis having space- occupying cerebellar 
infarction. 33 of 93 (35.5%) patients developed malignant 
swelling.
Multivariable analysis revealed infarct volume as the 
main predictor being independently associated with the 
development of malignant swelling with a cut- off infarct 
volume of 38 cm3 being associated with a swelling rate of 
>50% (OR 32.0, p<0.001).
Higher NIHSS (National Institutes of Health Stroke Scale) 
score on admission (median NIHSS 12 vs 4, OR 1.078; 
p=0.008) and the presence of additional brainstem 
infarction (51.5% vs 16.7%, OR 5.312; p=0.013) were 
associated with the development of malignant swelling in 
univariate analyses.
13 of 33 (39.4%) cases of malignant swellings occurred 
after more than 3 days.
Conclusions Infarct volume was the key significant 
predictor of malignant swelling in space- occupying 
cerebellar infarction. With many cases of malignant 
swelling occurring after more than 72 hours, we advocate 
prolonged neurological monitoring.

INTRODUCTION
Cerebellar infarctions account for about 
3% of strokes.1 While composing a small 
percentage of strokes, they constitute 
a disproportionately higher amount of 
mortality due to their sometimes subtle and 
non- specific initial presentation and rapid 
malignant swelling in the posterior fossa. 
Malignant swelling, resulting in compres-
sion of the brainstem and obstructive 
hydrocephalus, occurs in about 10–20% 

of patients with cerebellar infarction and 
represents a potentially fatal but treatable 
complication if recognised early.1 However, 
space- occupying cerebellar infarction has 
not received the same level of attention in 
medical publication as the well‐described 
malignant middle cerebral artery infarc-
tion. Therefore, the purpose of this study 
is to identify potential predictors for malig-
nant swelling in cerebellar infarction.

METHODS
This study was performed in line with the 
principles of the Declaration of Helsinki. 
The data that support the findings of this 
study are available from the corresponding 
author on reasonable request.

WHAT IS ALREADY KNOWN ON THIS TOPIC

 ⇒ Patients with space- occupying cerebellar infarction 
are at increased risk of abruptly developing malig-
nant swelling as a fatal complication.

 ⇒ However, data on incidence, risk factors and onset of 
malignant swelling are scarce.

WHAT THIS STUDY ADDS

 ⇒ In this study, we found that malignant swelling oc-
curred in 35.5% of patients with space- occupying 
cerebellar infarction.

 ⇒ The key significant predictor of malignant swelling 
was infarct volume.

 ⇒ An infarct volume of 38 cm3 or more was associated 
with a swelling rate of over 50%.

 ⇒ Over a third of malignant swellings happened after 
more than 72 hours.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Our study suggests prolonged neurological moni-
toring in patients with space- occupying cerebellar 
infarction, especially in cases with a large infarct 
volume.

 ⇒ Further research is needed to establish clear clinical 
practice guidelines.
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Data source, patient selection and cohort development
Patients who were admitted to the university hospital 
Klinikum rechts der Isar of the Technical University of 
Munich and diagnosed with acute cerebellar ischaemic 
stroke between 1 January 2014 and 31 December 2020 
were eligible for inclusion in this retrospective study. We 
retrospectively identified patients with acute cerebellar 
ischaemic stroke from our stroke quality assurance registry 
(Bavarian Working Group for Quality Assessment, BAQ).

Study entry criteria was acute cerebellar infarct 
confirmed on either CT or MRI. From all patients with 
cerebellar infarctions, we selected those with a space- 
occupying effect on CT or MRI, defined as a mass effect 
in the posterior cranial fossa, for further detailed analysis. 
Patients with simultaneous large supratentorial stroke 
(infarction or haemorrhage) or extensive cerebellar 
haemorrhage were excluded from the study.

Patient and public involvement
Patients were not involved in determining study conduct, 
recruitment and design.

Baseline demographic, clinical and radiological 
characteristics
Patient demographic and clinical characteristics 
included age, sex, National Institutes of Health Stroke 
Scale (NIHSS) on admission, stroke subtypes according 
to the Trial of Org 10172 in Acute Stroke Treatment 
(TOAST) criteria, intravenous thrombolysis with tissue 
plasminogen activator (tPA, alteplase) and endovas-
cular treatment (EVT). Radiological parameters, such as 
infarct volume, brainstem compression, hydrocephalus, 
side of the infarction, vascular territory, basilar artery 
occlusion and the presence of additional brainstem 
infarction, were reviewed by experienced neuroradiolo-
gists. Infarct volume was measured using the well- known 
‘ABC/2’ method,2 in which A is the largest diameter of 
the selected slice by eye with the largest infarct area, B is 
the largest diameter perpendicular to the line above and 
C is the total number of slices of infarct seen multiplied 
by the slice thickness. The infarct volume was assessed 
on the baseline CT or MRI, meaning cranial imaging 
conducted within the first 24 hours of symptom onset. In 
case there were multiple CT or MRI examinations avail-
able within the first 24 hours, the examination with the 
best quality was used, distinctly showing the demarcated 
infarction area. Brainstem compression was defined as 
CT or MRI evidence of distortion of the normal contour 
of the midbrain, pons or medulla oblongata by the cere-
bellar infarct.3

Endpoint
The primary endpoint was the development of malignant 
swelling defined as a mass effect in the posterior cranial 
fossa, accompanied by a decrease in consciousness due to 
compression of the brainstem and/or the development 
of obstructive hydrocephalus.4 Other potential under-
lying causes of decreased consciousness were ruled out.

In addition, we analysed the time span between 
symptom onset and development of malignant swelling.

Statistical analysis
All statistical analyses were performed using IBM SPSS 
Statistics for Windows (V.28.0.1.1). The total cohort was 
divided into two groups: one with and the other without 
malignant swelling. Descriptive statistics were presented 
as frequencies with percentages for categorical variables, 
as means with SD for approximately normally distributed 
continuous variables and as median with range for ordinal 
or not normally distributed variables as appropriate. To 
identify potential predictors of malignant swelling, we 
used univariate and multivariable logistic models and 
presented the results using OR, its 95% CI and the p 
value of the Wald statistic. Time to swelling was analysed 
using the Kaplan- Meier method. All statistical tests were 
performed two- sided at the global 5% significance level. 
The Bonferroni- Holm correction was used to adjust the p 
values for multiple testing.

RESULTS
Our database encompassed 7284 patients with cerebral 
ischaemic stroke during the 7- year study period, of whom 
487 had an infarct located in the cerebellum. The analysis 
of the cerebral imaging data identified 100 patients with 
space- occupying cerebellar infarction.

Seven patients were excluded due to simultaneous 
large supratentorial intracerebral haemorrhage (n=2), 
large supratentorial infarction (n=2), extensive haemor-
rhagic transformation of the cerebellar infarct (n=2) and 
lack of follow- up imaging despite clinical deterioration 
(n=1). Thus, 93 patients fulfilled all predefined criteria. 
Thirty- three of the 93 patients (35.5%) from the cohort 
developed malignant swelling according to imaging and 
clinical data retrieved from medical records. The patient 
selection flowchart is depicted in figure 1.

Comparison of patients with and without malignant swelling
A comparison of baseline demographic, clinical and radi-
ological characteristics is summarised in table 1. Among 
the clinical characteristics, higher NIHSS score on admis-
sion is associated with the development of malignant 
swelling. Comparing the median NIHSS score on admis-
sion demonstrated a higher risk for malignant swelling 
having a higher score (median (range) of NIHSS: 12 
(1–38) vs 4 (0–36), OR 1.078 ((95% CI 1.034 to 1.124); 
adjusted p=0.008).

Among imaging parameters, three constellations were 
identified as significantly associated with the develop-
ment of malignant swelling: infarct volume presented 
with mean±SD: (61.8 cm3 (±17.1) vs 41.0 cm3 (±9.5), OR 
1.136 (95% CI 1.078 to 1.196); p<0.001), infarctions in 
multiple different vascular territories (39.4% vs 15.0%, 
OR 3.683 (95% CI 1.362 to 9.961); p=0.010) and the pres-
ence of additional brainstem infarction (51.5% vs 16.7%, 
OR 5.312 (95% CI 2.028 to 13.914); p<0.001). Patients 
with a brainstem infarction (n=27) also had a significantly 
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higher rate of basilar artery occlusion (66.7%) compared 
with those without infarct of the brainstem where only 8 
out of 66 patients (12.1%) had a basilar artery occlusion 
(p<0.001).

On adjusting for multiple testing, brainstem infarc-
tion (p=0.013) and infarct volume (p<0.001) remained 
significant.

In our attempt to build a multivariable logistic regres-
sion model, only infarct volume showed a significant 
effect. A cut- off infarct volume of 38 cm3 or more was 
associated with a malignant swelling rate of >50% (97.0% 
vs 50.0%, OR 32.0 (95% CI 4.1 to 249.5); p<0.001). All 
patients are depicted according to their infarct size in 
figure 2.

In addition, we analysed the time between symptom 
onset and the occurrence of malignant swelling, as 
illustrated in figure 3. All malignant swellings of the 
cerebellum happened within the first week after stroke 
occurrence, median on day 3, meaning 48–72 hours after 
symptom onset. Kaplan- Meier analysis, as depicted in 
figure 4, was used to model cumulative probability for 
malignant swelling.

DISCUSSION
In this retrospective single- centre study, we found that a 
larger infarct volume, higher admission NIHSS and the 
presence of additional brainstem infarction are associated 
with the development of malignant swelling in patients 
with space- occupying cerebellar infarction.

While several studies examined the clinical outcome 
of space- occupying cerebellar infarcts5 or the timing 
and effect of a decompressive therapy,6–9 there have 
been no studies analysing the potential predictors 
of malignant swelling. With the devastating course 
of malignant swelling in space- occupying cerebellar 
infarcts being well- known,1 we focused on the occur-
rence of malignant swelling as the primary endpoint. 
A large infarct volume being the main significant 
predictor for malignant swelling is in accord with the 
results from studies about malignant middle cere-
bral artery infarction like the DIRECT- MT trial10 
and another prospective multicentre study about 
predicting the emergence of malignant brain oedema 
in middle cerebral artery infarction.11

However, infarct volume plays an even more 
important role in cerebellar infarction than in middle 
cerebral artery infarction considering the tightly 
constrained posterior fossa and the close proximity of 
the cerebellum to the brainstem. It is well known that 
cerebellum and brainstem are bounded above by a 
rigid dural reflection (tentorium cerebelli) and below 
by the base of the skull,1 leaving only little space for 
an oedema to expand before it causes a compressing 
effect on the brainstem and obstructs the flow of cere-
brospinal fluid resulting in hydrocephalus.

Nevertheless, as not all patients with large infarction 
have a malignant course, other clinical and radiological 
features are needed to be examined.

With regard to acute stroke severity indices, we 
chose the NIHSS score. While it is known for rather 
underestimating the severity of ischaemic stroke in 
the cerebellum with symptoms of the posterior circu-
lation like vertigo, nystagmus and imbalance of gait 
not being part of the score,12 13 it is still one of the 
most reliable and valid tools to evaluate neurological 
impairment in patients with stroke.14

The association between the presence of an addi-
tional brainstem infarction and malignant swelling 
can be attributed to the fact that the basilar artery 
supplies both the upper brainstem and a large part 
of the cerebellum.15 The fact that an occlusion of the 
basilar artery was present in two- thirds of patients with 
a brainstem infarction but only in 12% of patients 
without supports this assumption.

The fact that all five cases of failed revascularisa-
tion of basilar artery occlusion resulted in malig-
nant swelling is plausible considering that any acute 
obstruction of the basilar artery will ultimately lead to 
cutting off vital vascular supply to large parts of the 
infratentorial region, although the statistical power 
is overall low due to a small sample size with only 26 

Figure 1 Patient selection flow chart.
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Table 1 Comparison of demographic, clinical and radiological characteristics between patients with space- occupying 
cerebellar infarct with and without malignant swelling

Total cohort 
(n=93)

Malignant 
swelling (n=33)

No malignant 
swelling
(n=60) OR 95% CI for OR P value*

Adjusted P 
value†

Demographic characteristics

  Age (years), mean 
(±SD)

67.8 (±12.2) 67.6 (±12.6) 67.9 (±12.1) 0.998 (0.964 to 1.033) 0.911 >0.999

  Female, n (%) 33 (35.5 %) 12 (36.4 %) 21 (35.0%) 1.061 (0.438 to 2.573) 0.895 >0.999

Acute stroke severity index

  NIHSS on 
admission, median 
(range)

5 (0–38) 12 (1–38) 4 (0–36) 1.078 (1.034 to 1.124) <0.001 0.008

Cause of infarction according to TOAST criteria, n (%)

  Large- artery 
atherosclerosis

17 (18.3%) 7 (21.2%) 10 (16.7%) 1.346 (0.459 to 3.948) 0.588 >0.999

  Cardioembolism 35 (37.6%) 14 (42.4%) 21 (35.0%) 1.368 (0.573 to 3.268) 0.480 >0.999

  Small- vessel 
occlusion

0 0 0

  Stroke of other 
determined 
aetiology

12 (12.9%) 2 (9.1%) 10 (16.7%) 0.567 (0.142 to 2.258) 0.421 >0.999

  Stroke of 
undetermined 
aetiology

29 (31.2%) 9 (27.3%) 20 (33.3%) 0.750 (0.294 to 1.911) 0.547 >0.999

Imaging

  Infarct volume (cm3), 
mean (±SD)

48.4 (±16.1) 61.8 (±17.1) 41.0 (±9.5) 1.136 (1.078 to 1.196) <0.001 <0.001

  Infarct volume 
≥38 cm3, n (%)

62 (66.7%) 32 (97.0%) 30 (50.0%) 32.000 (4.104 to 249.489) <0.001 <0.001

  Brainstem 
compression in 
baseline CT or MRI, 
n (%)

9 (9.7%) 5 (15.2%) 4 (6.7%) 2.500 (0.622 to 10.046) 0.197 >0.999

Vascular territory, n (%)

  PICA 60 (64.5%) 19 (57.6%) 41 (68.3%) 0.629 (0.261 to 1.515) 0.301 >0.999

  SCA 11 (11.8%) 1 (3.0%) 10 (16.7%) 0.156 (0.019 to 1.280) 0.084 >0.999

  AICA 0 0 0

  Multiple different 
territories

22 (23.7%) 13 (39.4%) 9 (15.0%) 3.683 (1.362 to 9.961) 0.010 0.170

  Side of the 
cerebellum

0.085 >0.999

  Bilateral 24 (25.8%) 12 (36.4%) 12 (20.0%) 3.333 (1.117 to 9.946) 0.031 0.496

  Left 30 (32.3%) 12 (36.4%) 18 (30.0%) 2.222 (0.783 to 6.308) 0.134 >0.999

  Right 39 (41.9%) 9 (27.3%) 30 (50.0%) 1

  Brainstem infarction 27 (29.0%) 17 (51.5%) 10 (16.7%) 5.312 (2.028 to 13.914) <0.001 0.013

  Basilar artery 
occlusion

26 (28.0%) 13 (39.4%) 13 (21.7%) 2.350 (0.927 to 5.956) 0.072 >0.999

Therapy, n (%)

  Intravenous tPA 16 (17.2%) 7 (21.2%) 9 (15.0%) 1.526 (0.510 to 4.560) 0.450 >0.999

  EVT 24 (25.8%) 11 (33.3%) 13 (21.7%) 1.808 (0.700 to 4.671) 0.222 >0.999

  Failed 
revascularisation 
(TICI 0 to 2 a)

5 (5.4%) 5 (15.2%) 0 23.361 (0.949 to 575.075) 0.054‡ 0.810‡

Continued
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basilar artery occlusions, 24 endovascular treatments 
and 5 failed revascularisations.

In addition, the analysis of the time span between 
symptom onset and space- occupying effect of the 
infarction showed all malignant swellings happening 
between day 2 and day 6. This coincides with find-
ings from studies on malignant middle cerebral 
artery infarction describing a progression of cere-
bral oedema after acute infarction between 2 and 
5 days.16 17 With over a third of malignant swelling 
occurred more than 3 days after symptom onset, our 
data support that patients with space- occupying cere-
bellar infarction should receive longer, more contin-
uous and closer neurological monitoring than the 
average stroke patients with usually monitoring of 72 
hours according to the European Stroke Organisation 
Recommendations.18

The main limitations of our study are owed to the retro-
spective and single- centre design.

Our analyses depend on data from medical records 
that were not primarily collected for research purposes. 
Despite a large stroke database with over 7000 patients 
who had ischaemic stroke in a 7- year period, only 
93 patients could be included in the final analyses 
according to predefined inclusion and exclusion 
criteria. This rather small cohort size therefore has a 
limited statistical power. However, the main strength 
of our study is that we provide a homogeneous dataset 
from a real- world clinical practice setting of patients 
who may not have been included or may have been 
under- represented in prospective trials. Our findings 
provide valuable clinical insights into a topic that has 
not yet been sufficiently explored.

Total cohort 
(n=93)

Malignant 
swelling (n=33)

No malignant 
swelling
(n=60) OR 95% CI for OR P value*

Adjusted P 
value†

*P value of the Wald statistic from the corresponding univariate logistic regression model with dependent variable malignant swelling 
(yes/no).
†P value of the Wald statistic from the corresponding univariate logistic regression model with dependent variable malignant swelling 
(yes/no), adjusted for multiple testing.
‡Logistic regression with Firth correction due to one category with frequency of zero.
AICA, Anterior inferior cerebellar artery; EVT, endovascular treatment; NIHSS, National Institutes of Health Stroke Scale; PICA, Posterior 
inferior cerebellar artery; SCA, Superior cerebellar artery; TOAST, Trial of Org 10172 in Acute Stroke Treatment; tPA, tissue plasminogen 
activator .

Table 1 Continued

Figure 2 Box plot showing the distribution of infarct volume (cm3) in both groups.
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Figure 3 Day of occurrence of malignant swelling in relation to symptom onset.

Figure 4 Kaplan- Meier curve showing the cumulative probability of not developing malignant swelling in all patients.
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In conclusion, our study demonstrates that infarct 
volume plays a key role in predicting malignant 
swelling in space- occupying infarctions. Higher base-
line NIHSS score and additional brainstem infarction 
were also associated with malignant swelling. While the 
median day of swelling was day 3, 39.4% of malignant 
swelling occurred more than 3 days after symptom 
onset. Therefore, longer neurological monitoring as 
usual should be suggested in this critically ill patient 
population. Prospective, multicentre studies with 
larger patient cohorts are required to reproduce and 
validate our findings prior to clinical implementation 
of the ideal timeframe of neurological monitoring and 
also possible treatment or preventive strategies.
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