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BACKGROUND: Spontaneous intracerebral hemorrhage (ICH) in the cerebellum has a poor short-term prognosis, whereas data
on the long-term case fatality and recurrent vascular events are sparse. Herewith, we aimed to assess the long-term case
fatality and recurrence rate of vascular events after a first cerebellar ICH.

METHODS: In this international cohort study, we included patients from 10 hospitals (the United States and Europe from 1997
to 2017) aged >18 years with a first spontaneous cerebellar ICH who were discharged alive. Data on long-term case fatality
and recurrence of vascular events (recurrent ICH [supratentoria or infratentorial], ischemic stroke, myocardial infarction, or
major vascular surgery) were collected for survival analysis and absolute event rate calculation.

RESULTS: We included 405 patients with cerebellar ICH (mean age [SD], 72 [13] years, 49% female). The median survival time
was 67 months (interquartile range, 23—100 months), with a cumulative survival rate of 34% at 10-year follow-up (median
follow-up time per center ranged: 15-80 months). In the 347 patients with data on vascular events 92 events occurred in
78 patients, after initial cerebellar ICH: 31 (8.9%) patients had a recurrent ICH (absolute event rate, 1.8 per 100 patient-
years [95% Cl, 1.2-2.6]), 39 (11%) had an ischemic stroke (absolute event rate, 2.3 [95% Cl, 1.6-3.2]), 13 (3.7%) had a
myocardial infarction (absolute event rate, 0.8 [95% Cl, 0.4-1.3]), and 5 (1.4%) underwent major vascular surgery (absolute
event rate, 0.3 [95% ClI, 0.1-0.7]). The median time to a first vascular event during follow-up was 27 months (interquartile
range, 8.7-50 months), with a cumulative hazard of 47% at 10 years.

CONCLUSIONS: The long-term prognosis of patients who survive a first spontaneous cerebellar ICH is poor and comparable to
that of patients who survive a first supratentorial ICH. Further identification of patients at high risk of vascular events following
the initial cerebellar ICH is needed. Including patients with cerebellar ICH in randomized controlled trials on secondary
prevention of patients with ICH is warranted.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: cerebellum ® cohort studies ® hemorrhagic stroke ® recurrence ® stroke ® survival

Correspondence to: H. Bart Brouwers, MD, PhD, Universitair Medisch Centerum Utrecht, Heidelberglaan 100, 35684 CX, Utrecht, the Netherlands. Email b.brouwers@etznl
This manuscript was sent to Ajay K. Wakhloo, Guest Editor, for review by expert referees, editorial decision, and final disposition.

"JR. Senff and S.D. Singh contributed equally.

tJ.N. Goldstein and H.B. Brouwers contributed equally.

Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.044622.

For Sources of Funding and Disclosures, see page 1216.

© 2024 The Authors. Stroke is published on behalf of the American Heart Association, Inc., by Wolters Kluwer Health, Inc. This is an open access article under the
terms of the Creative Commons Attribution License, which permits use, distribution, and reproduction in any medium, provided that the original work is properly cited.

Stroke is available at www.ahajournals.org/journal/str

1210 May 2024 Stroke. 2024;5656:1210-1217.DOI: 10.1161/STROKEAHA.123.044622


https://www.ahajournals.org/journal/str
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.044622
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0002-6540-480X
https://orcid.org/0000-0001-9304-8107
https://orcid.org/0000-0001-9976-2459
https://orcid.org/0000-0001-9497-9050
https://orcid.org/0000-0002-4507-6872
https://orcid.org/0000-0002-7815-0207
https://orcid.org/0000-0002-9502-6937
https://orcid.org/0000-0003-1284-7922
https://orcid.org/0000-0002-8232-576X
https://orcid.org/0000-0001-6317-9544
https://orcid.org/0009-0009-7185-762X
https://orcid.org/0000-0001-6330-9169
https://orcid.org/0000-0001-6479-9155
https://orcid.org/0000-0002-0053-2002
https://orcid.org/0000-0002-9772-5192
https://orcid.org/0000-0002-5697-6892
https://orcid.org/0000-0002-6838-9521
https://orcid.org/0000-0001-9739-9211
https://orcid.org/0000-0002-1014-9138
https://orcid.org/0000-0002-8495-4578
https://orcid.org/0000-0002-2108-9222
https://orcid.org/0000-0001-8930-3953
https://orcid.org/0000-0001-5398-1816
https://orcid.org/0000-0002-6406-1828
https://orcid.org/0000-0001-7044-8394
http://dx.doi.org/10.1161/STROKEAHA.123.044622
http://crossmark.crossref.org/dialog/?doi=10.1161%2FSTROKEAHA.123.044622&domain=pdf&date_stamp=2024-03-15

20z ‘1T Re|N uo Aq Bio'seulnofeye;/:dny wouy papeojumoq

Senff et al

Nonstandard Abbreviations and Acronyms

ICH intracerebral hemorrhage

devastating disease, with an incidence of 10 to 30

patients per 100 000 person per year worldwide.
Cerebellar ICH accounts for *10% of all ICH."? Most
instances of cerebellar ICH are caused by small vessel
disease related to hypertension or cerebral amyloid angi-
opathy2* The in-hospital case-fatality rates vary from 25%
to 40%,°7 but data on the long-term outcome and risk of
recurrent ICH and other cardiovascular events after a first
cerebellar ICH are sparse. Few studies assessed long-
term case fatality, with reported rates between 0% to
50%. All of these studies were single-center studies that
included small numbers of patients (total range, n=22-
114)5811 This wide range in case-fatality rates may be
explained by the varying inclusion criteria and duration of
follow-up, which ranged between 0.5 and 6 years.® The
rates of recurrent ICH and other cardiovascular events
following a first spontaneous ICH varied between 0% and
156%.'27'5 To date, there are no large studies on the rates
of recurrent stroke or other vascular events in patients
with cerebellar ICH, which makes estimates unreliable.®'®
In addition to the existing literature on cerebellar ICH, pre-
vious studies have investigated the long-term outcome
and risk of recurrent vascular events following ICH using
a stratification based on location; nonlobar (including cer-
ebellar, basal ganglia, and brainstem) versus lobar ICH.
Current data suggest that patients who suffered a lobar
ICH have an increased risk of recurrent ICH as compared
with those with a nonlobar ICH. In nonlobar patients, most
studies found a similar prevalence in the risk of recurrent
hemorrhagic stroke and ischemic stroke after the initial
ICH.""'® However, one study showed an increased risk
of ischemic events in patients after a nonlobar ICH com-
pared with recurrent hemorrhagic events.?

Due to its neuroanatomical location, cerebellar ICH
differs in treatment guidelines, complications, and short-
term outcomes as compared with all other ICH.82'-22
Given the lack of evidence on cerebellar ICH and the dif-
ferences due to the neuroanatomical location of the cer-
ebellum, in this study we aimed to assess the long-term
case fatality and rates of recurrent ICH or other vascular
events after a first spontaneous cerebellar ICH in a large
international multi-center cohort study.

Spontaneous intracerebral hemorrhage (ICH) is a

METHODS
Study Design and Population

We included all consecutive patients with cerebellar ICH admit-
ted at different 10 medical centers across 2 continents, uti-
lized as a convenience sample derived from different dedicated
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databases including patients over different periods in time: 1
from the United States from the period between 1997 and
2017, 6 from the Netherlands ranging from 2004 to 2017, 2
from the United Kingdom ranging from 2004 to 2017 and 1
from France ranging from 2004 to 2009 (Table S1). The data
that support the findings of this study are available from the
corresponding author upon reasonable request. This study
was approved by all relevant institutional review boards of the
included medical centers. Informed consent was obtained in
line with local guidelines for each medical center.

The inclusion criteria were as follows: patients aged >18
years, with a first spontaneous cerebellar ICH, diagnosed with
either computed tomography or magnetic resonance imaging
within 48 hours of symptom onset, and who were discharged
alive. The exclusion criteria were patients with an underlying
macrovascular lesion as visible on computed tomography or
magnetic resonance imaging (eg, arteriovenous malformation,
aneurysm, cavernoma, dural fistula), neoplasm visible on com-
puted tomography or magnetic resonance imaging, patients
with hemorrhagic transformations of an ischemic stroke, or
with a traumatic origin of the cerebellar ICH. If a macrovascular
lesion became apparent on follow-up imaging, patients were
excluded.

Data Extraction

The data collection was performed both retrospectively and
prospectively. One of the authors, S.D. Singh collected the data
at every participating center together with an author from the
corresponding center. Retrospective data were obtained via
standardized research files in the electronic patient records.
Prospective data collection from each cohort used for this study
has been described in previous literature.?*?° Data extraction
methods, including follow-up time per center, are presented in
Table S1. Diagnosis and cut-off values for the obtained data
were in line with local hospital guidelines. Data were obtained
on the following characteristics: demographics (age, sex, eth-
nicity), vascular risk factors (smoking, alcohol, body mass index),
modified Rankin Scale before the cerebellar ICH, medical his-
tory (hypertension, diabetes, hypercholesterolemia, ischemic
stroke, transient ischemic attack, supratentorial ICH, subarach-
noid hemorrhage, myocardial infarction, and atrial fibrillation/
atrial flutter), medication use upon admission (anticoagulation,
antiplatelets, antihypertensive medication, and lipid-lowering
medication) and Glasgow Coma Scale on admission.

Treatment during hospitalization was categorized as
either (1) conservative treatment or (2) surgical treatment.
Conservative treatment consisted of optimal medical care with
or without placement of an external ventricular drain in case of
hydrocephalus. Surgical treatment was defined as hematoma
evacuation, with or without craniectomy.53°

Baseline ICH volume on admission was measured on
computed tomography scan using Brainlab neuronavigation
(Brainlab AG, Munich, Germany) or Analyse Direct 11.0 soft-
ware (Mayo Clinic, Rochester, Minnesota) for volumetric analy-
ses, or if not available, using the ABC/2 method.®' Magnetic
resonance imaging was not performed regularly, and the
obtained data were insufficient to include in further analyses.

We assessed case fatality at 30 days follow-up, 1-year
follow-up, and long-term (defined as the most recent contact
with a particular patient). We studied a composite end point of
vascular events defined as the recurrence of any ICH (including
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both supratentorial and infratentorial ICH), ischemic stroke,
myocardial infarction, or major vascular surgery (coronary artery
bypass graft surgery, peripheral arterial disease surgery, and
endo- or open major vascular treatment [eg, AAA treatment]).
We assessed the rate of vascular events at 1-year after the
initial cerebellar ICH and long-term follow-up.

Data Analysis

Discrete variables were reported as counts and proportions.
Continuous variables were reported as means and SD or, if
nonnormally distributed, medians, and interquartile ranges.
Normal distributions were assessed following Shapiro-Wilk
tests. We performed survival analysis with corresponding
Kaplan-Meier curves for long-term case fatality and recurrence
of vascular events (for which only the first vascular event of
each subtype was included for survival analysis, both fatal and
nonfatal). Absolute event rates of recurrent ICH or other vas-
cular events, including 95% Cls, were calculated using crude
Poisson regression models with the number of events as out-
comes. Cumulative survival and hazards of vascular events at
10 years were obtained based on the Kaplan-Meier curves.
Percentages, survival, and hazard analysis are calculated and
presented based on the number of patients with available data
on a certain outcome. For data quality assessment, we divided
the cohort into 2 equal segments (stratified by ICH date of
onset), which returned no different results (data not shown).
Additionally, we repeated the analysis excluding the hospital

Long-Term Outcome of Cerebellar Hemorrhage

with the largest sample size (Massachusetts General Hospital),
to assess the possibility of practice patterns from 1 center driv-
ing the results, which also returned no different results (data
now shown). Because we only obtained baseline data on hos-
pital admission, we refrained from performing Cox regression
analysis on long-term case fatality due to the absence of data
on risk factors, antiplatelet and anticoagulation use, and other
secondary prevention methods following discharge, therefore,
we were not able to include appropriate confounders to model
these outcomes reliably. Given this limitation, we were unable to
provide meaningful relative risks, and, therefore, refrained from
these analyses.

The current article is written in line with the Strengthening
the Reporting of Observational Studies in Epidemiology guide-
lines (Supplemental Material).

RESULTS

During the relevant time periods at each center, 618
patients presented with spontaneous cerebellar ICH and
had data available for review (Table S2). Of these 618
patients, 409 (66%) were discharged alive, of them 405
had postdischarge data available and were included in
this study (Figure 1). The mean age of these 405 patients
was 72 years (SD, 13), and 49% were females (Table 1).
At the time of ICH occurrence, 298 of the 405 patients

\/

MGH UMCU & ETZ MUMC & ZMC CCBS CHU-L LUMC RUMC OXVASC
n=231 n=106 n=102 n=49 n=46 n=33 n=26 n=25
T [ [ J J J J
\4
Patients with spontanoues
cerebellar ICH
n=618
In-hospital
> case-fatality
n=209

n=409

Alive at discharge

no data available

\

\

after discharge
n=4

n=405

Included in study

Loss to follow-up at

\4

\

1 year n=36

Avaliable for survival analysis at
1 year n=369

Figure 1. Flowchart-inclusion per university and stratification based on in-hospital case-fatality and data availability.

n denotes the number of participants. CCBS indicates Center for Clinical Brain Science; CHU-L, Center Hospitalier Universitaire de Lille; ETZ,
Elisabeth Tweesteden Ziekenhuis; ICH, intracerebral hemorrhage; LUMC, Leiden University Medical Center; MGH, Massachusetts General
Hospital; MUMC, Maastricht University Medical Center; OXVASC, Oxford Vascular Study; RUMC Radboud University Medical Center; UMCU,

University Medical Center Utrecht; and ZMC, Zuyderland Medisch Centrum.
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(74%) had a medical history of hypertension, 24% used
antiplatelet therapy, and 32% used anticoagulation. Most
patients were treated conservatively (71%). In addition,
the baseline characteristics of this cohort of cerebellar
patients with ICH stratified per center are presented in
Table S3.

Survival Analysis

Of the 405 patients, 28 (6.9%) died within the first
30 days after discharge. At 1-year postdischarge, 102
(25%) of the patients died. The median survival of
patients discharged alive was 67.0 months (interquartile
range, 23—100 months) from symptom onset. The cumu-
lative survival rate at 10 years was 34% (Figure 2). The
number of available patients for the survival analysis at
the start and at 2-year intervals up to a 10-year follow-up
is displayed on the x axis of Figure 2.

Vascular Events: Composite Outcome

Information on vascular events after discharge was avail-
able for 347 (869%) of the included 405 patients; with a
total number of patient-years of follow-up of 1711 years.

For 2 additional patients, we were only informed on
the occurrence of an ischemic stroke, but data for other
vascular events were not available. In total, 92 vascular
events occurred in 78 (22%) patients during follow-up
(Table 2). Eight patients had 2 vascular events, and 3 had
3 events during follow-up. Thirty-one individual patients
(8.9%) had a recurrent ICH (supratentorial or infratento-
rial), 39 (11%) had an ischemic stroke, 13 (3.7%) had a
myocardial infarction, and 5 (1.4%) underwent major vas-
cular surgery. The median time to the first vascular event
was 27 (interquartile range, 8.7-50) months. The abso-
lute event rate after the cerebellar ICH was 1.8 (95%
Cl, 1.2-2.6) per 100 patient-years for recurrent ICH,
2.3 (95% CI, 1.6-3.2) per 100 patient-years for isch-
emic stroke, 0.8 (95% Cl, 0.4-1.3) per 100 patient-years
for myocardial infarction, and 0.3 (95% ClI, 0.1-0.7) per
100 patient-years for major vascular surgery. At 1-year
follow-up, 20 (7.5%) of the remaining 267 patients alive
(86 patients lost to follow-up at 1 year) and available
for follow-up had a first vascular event. The cumulative
hazard for a first vascular event during follow-up was
47% at 10 years (Figure 3). The cumulative hazard for a
recurrent ICH (both supratentorial and infratentorial) was
16%, and for ischemic stroke 23% at 10 years (Figures
S1 and S92).

DISCUSSION

Our large international cohort study has shown that one-
quarter of the patients discharged alive after a first spon-
taneous cerebellar ICH died at 1-year follow-up. The
median survival time of the patients who were discharged

Stroke. 2024;55:1210-1217.DOI: 10.1161/STROKEAHA.123.044622
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Table 1. Baseline Characteristics
Baseline characteristics Total, N
Age, y; (mean, SD) 72.1 (13) 405
Female, n (%) 200 (49) 405
Ethnicity, n (%) 249
Asian 9 (3.6)
Black 5 (2.0)
White 228 (91)
Other 7 (2.8)
Lifestyle risk factors, n (%)
Smoking, ever 155 (46) 334
Smoking, at time of admission 45 (17) 258
Alcohol, ever 126 (76) 165
Alcohol, at time of admission 116 (45) 255
BMI, kg/m?; median (IQR) 26.3 (23.4-29.7) | 183
mRS pre-ICH; median (IQR) 0 (0-2) 255
GCS on admission 15 (13-15) 395
Medical history, n (%)
Hypertension 298 (74) 404
Diabetes 80 (20) 404
Hypercholesterolemia 138 (34) 402
Ischemic stroke 77 (19) 403
Transient ischemic attack 56 (15) 383
Previous intracerebral hemorrhage 35 (8.7) 403
Subarachnoid hemorrhage 2(0.7) 270
Myocardial infarction 42 (10) 403
Atrial fibrillation/flutter 101 (25) 399
Medication use before ICH, n (%)
Anticoagulation use 129 (32) 405
Antiplatelet therapy 97 (24) 402
Antihypertensive therapy 222 (65) 344
Lipid-lowering therapy 132 (33) 397
CT characteristics, n (%)
Baseline ICH volume, mL; median (IQR) 8.1 (3.0-17.0) 338
Left 142 (53) 270
Right 109 (40) 270
Vermis 51 (19) 270
Intraventricular extension 111 (36) 312
Hydrocephalus 43 (44) 98
Treatment strategy, n (%)
Conservative 262 (71) 370
Surgical 108 (29) 370
Length of hospital stay in days, median 12 (7-24) 182
(IGR)

N denotes the total number of patients with available data, % percentage; n
denotes the number of patients. BMI indicates body mass index; CT, computed
tomography; GCS Glasgow Coma Scale; ICH intracerebral haemorrhage; IOR
interquartile range; and mRS, modified Rankin Scale.

alive was just over 5 and a half years. Recurrent hemor-
rhagic and ischemic intracerebral events were found to
occur with similar prevalence during follow-up.
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Figure 2. Kaplan-Meier Curve-survival function of the patients discharged alive in years.

N denotes the number of remaining cases at a given year during follow-up.

The long-term case fatality of cerebellar ICH in our
study was higher than in some previous studies.®® This
may be explained by the fact that the mean age of our
cohort was higher compared with these past studies
and that we had significantly longer follow-up time
compared with the other studies. Two studies on long-
term case fatality in all spontaneous ICH, including both
supratentorial and infratentorial patients with ICH alive
after 7 or 30 days, respectively, show a cumulative sur-
vival at 10 years that is similar to our study.32®3 The rate
of vascular events after initial cerebellar ICH seems
similar to that in all patients with ICH."2'4'® The abso-
lute event rates of recurrent ICH, ischemic stroke, and
myocardial infarction, after the initial ICH in our study
are similar to those reported for nonlobar ICH in other
studies.'™"® Previous studies describing recurrent ICH

Table 2. Vascular Events During Follow-Up

and ischemic stroke, specifically after cerebellar ICH,
also found similar rates as in our study but were much
smaller and therefore had wider Cls.®'® We did not find
other studies that assessed myocardial infarction or
major vascular surgery after cerebellar ICH, and here-
with presented the first data on this.

Our article has multiple strengths: first, we present the
largest sample size to date on the long-term outcome
of cerebellar ICH.5%* Second, the data were collected
at 10 medical centers across 4 countries and 2 conti-
nents, increasing the external validity of this study. Third,
to secure similar data collection across centers and
increase internal validity, 1 author (S.D. Singh) collected
all data at every center together with a representative
author of the corresponding center, following similar
methods. The similar case-fatality rates upon discharge

1214

Vascular event Patients, n Total, N Median time to the first event in mo Cumulative hazard at 10 y
Any vascular event 78 (22%) 347 271 (0.4-191.4) 0.468
Recurrent ICH 31 (8.9%) 349 24.8 (0.8-136.3) 0.161
Ischemic stroke 39 (11%) 347 32.7 (0.5-191.4) 0.226
Myocardial infarction | 13 (3.7%) 347 31.5 (0.4-160.4) 0.056
Vascular surgery 5 (1.4%) 347 13.7 (2.8-86.4) 0.038

Only the first vascular event of each subtype is included in this table. N denotes the total number with available data; n denotes

May 2024

the number of patients. ICH indicates intracerebral haemorrhage.
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Figure 3. Hazard function-cumulative hazard any first vascular event during follow-up in years.

N denotes the number of remaining cases at a given time point.

compared with previous (smaller) studies on cerebellar
ICH further add to the external validity of our study.>”
Limitations of this study include the retrospective
data collection, with only a portion of the data being
prospectively collected, and the nonstandardized
follow-up times between included medical centers. The
nature of data collection, including retrospective data
collection from electronic patients’ files, resulted in
missing data in both baseline characteristics and out-
comes. Similarly, there is a notable portion of censored
patients in our survival analysis due to loss to follow-up
or reaching the study’s end, which could affect the esti-
mation of the measured events. Although the study’s
long-term data collection period may not fully account
for secular changes in ICH outcomes, stratification at
midpoint revealed consistent survival rates across the
2 periods. Additionally, the lack of information on the
clinical condition at discharge and discharge desti-
nation of patients is noteworthy, as poststroke func-
tional ability and discharge destination inform on risks
of case fatality.3® The median age of this study was
72 years old, which is higher compared with previous
studies on the long-term outcome of cerebellar ICH
(median age ranging 67-68 years), which may have
slightly biased our findings toward higher mortality
rates.®® Furthermore, our cohort was predominantly

Stroke. 2024;55:1210-1217.DOI: 10.1161/STROKEAHA.123.044622

of White ethnicity (>90%). Following past literature: if
our study had incorporated a more balanced ethnical
representation, we would have expected higher recur-
rence rates of stroke (eg, among Black and Hispanic
ICH survivors).2637 Qur findings may also be further
influenced by the cohort sourced from tertiary centers,
which raises the potential for selection bias, skewing
toward more severe cases. Finally, with over a third of
all included patients with ICH originating from a single
institution (Massachusetts General Hospital), there is
a possibility of practice patterns driving the observed
associations; however, similar survival and incidence
rates were observed when Massachusetts General
Hospital was excluded from the analysis.

The next steps for improving long-term survival and
reducing the rate of recurrent ICH and other vascular
events would include optimizing secondary prevention,
particularly regarding antithrombotic treatment. lden-
tifying patients at the highest risk of recurrent ICH
and those at the highest risk of ischemic vascular
events after the initial cerebellar ICH remains crucial.
Because we refrained from performing Cox propor-
tional hazard analyses due to a lack of collection of
data points that would be regarded key confounders—
a future observational study should include the follow-
ing data points: (1) clinical condition at discharge and
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follow-up, (2) discharge destination, and (3) second-
ary prevention treatment post-ICH. During the follow-
up of patients with cerebellar ICH, we encountered
similar secondary prevention dilemmas as in patients
with supratentorial ICH.'*'® Although antiplatelet use
could be considered in the early phase after the initial
ICH,'338 the optimal anticoagulation strategy after an
ICH still needs to be identified.?®3%40 Qur data suggest
that case-fatality rates and vascular events in cerebel-
lar ICH are comparable to those in nonlobar supraten-
torial ICH, supporting the potential for further research
combining cerebellar ICH and nonlobar supratentorial
ICH patient groups.

The poor prognosis of patients with cerebellar ICH
leaving the hospital alive with a median survival time of
5 and a half years, with over one-fifth of the patients
having a vascular event during follow-up, shows that sec-
ondary prevention in those patients should be optimized.
Including patients with cerebellar ICH, either alone or
combined with nonlobar supratentorial patients, in ran-
domized controlled trials on secondary prevention of
patients with ICH is warranted.
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