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Background and Purpose Knowledge about different etiologies of non-traumatic intracerebral
hemorrhage (ICH) and their outcomes is scarce.

Methods We assessed prevalence of pre-specified ICH etiologies and their association with out-
comes in consecutive ICH patients enrolled in the prospective Swiss Stroke Registry (2014 to 2019).
Results We included 2,650 patients (mean+standard deviation age 72+14 years, 46.5% female,
median National Institutes of Health Stroke Scale 8 [interquartile range, 3 to 15]). Etiology was as
follows: hypertension, 1,238 (46.7%); unknown, 566 (21.4%); antithrombotic therapy, 227 (8.6%);
cerebral amyloid angiopathy (CAA), 217 (8.2%); macrovascular cause, 128 (4.8%); other deter-
mined etiology, 274 patients (10.3%). At 3 months, 880 patients (33.20%) were functionally inde-
pendent and 664 had died (25.1%). ICH due to hypertension had a higher odds of functional inde-
pendence (adjusted odds ratio [aOR], 1.33; 95% confidence interval [CI], 1.00 to 1.77; P=0.05) and
lower mortality (aOR, 0.64; 95% Cl, 0.47 to 0.86; P=0.003). ICH due to antithrombotic therapy had
higher mortality (aOR, 1.62; 95% Cl, 1.01 to 2.61; P=0.045). Within 3 months, 4.2% of patients
had cerebrovascular events. The rate of ischemic stroke was higher than that of recurrent ICH in
all etiologies but CAA and unknown etiology. CAA had high odds of recurrent ICH (aOR, 3.38; 95%
Cl, 1.48 to 7.69; P=0.004) while the odds was lower in ICH due to hypertension (aOR, 0.42; 95%
Cl, 0.19 to 0.93; P=0.031).

Conclusions Although hypertension is the leading etiology of ICH, other etiologies are frequent.
One-third of ICH patients are functionally independent at 3 months. Except for patients with pre-
sumed CAA, the risk of ischemic stroke within 3 months of ICH was higher than the risk of recur-
rent hemorrhage.
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Introduction

Non-traumatic intracerebral hemorrhage (ICH) is a devastating
disease with poor functional outcome and high mortality and
morbidity."” There is a significant lack of evidence-based treat-
ment options for acute care and secondary prevention.** Treat-
ment and prognosis of ischemic stroke improved dramatically
during the last decades, which seems directly related to an im-
proved understanding of the heterogeneity of different stroke
subtypes, their clinical presentation and prognosis as depicted
by widely used classifications of stroke etiology.”’

In contrast, no widely accepted etiological classification ex-
ists for ICH.> Most previous studies determined prognosis of
patients with ICH according to ICH location (a surrogate for
underlying small vessel disease®'®) or distribution of cerebral
microbleeds' (a surrogate for cerebral amyloid angiopathy
[CAA]). A meta-analysis provided valuable insights, but was
based on historical data without further differentiation of sub-

types."

ICH is caused by various underlying pathologies™ "

and
mechanistic classifications have been proposed, although with
some inherent limitations. Current knowledge on the utility of
a mechanistic classification of ICH subtypes is limited to small

https://doi.org/10.5853/j0s.2021.01823

and/or single center studies with few outcomes (i.e. mortality)
and limited follow-up periods.’

The aim of our study was to determine the frequency of dif-
ferent etiologies of ICH using a mechanistic ICH classification
and their association with 3-month outcomes (functional out-
come, recurrent ICH, and ischemic stroke) in a large, national
dataset of ICH patients admitted to Stroke Units and Stroke
Centers in Switzerland.

Methods

Study design and patient selection

We analyzed data of consecutive patients with non-traumatic
ICH enrolled in the prospective, compulsory Swiss Stroke Reg-
istry (SSR, 2014-2019). The SSR is a national registry designed
for quality control and research in stroke. All consecutive adult
patients with cerebrovascular events (transient ischemic at-
tack, ischemic stroke, and ICH) who are treated in one of the
10 Swiss Stroke Centers (tertiary referral centers offering the
entire spectrum of stroke care with 24/7 access to magnetic
resonance imaging [MRI] and interventional neuroradiology)
and 13 Stroke Units (certified according to Swiss Stroke Unit
and Stroke Center criteria, equivalent to European Stroke Or-
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ganisation Certification committee recommendations'®) are
enrolled in the SSR. We included all patients aged >18 years
with imaging proven diagnosis of ICH. We excluded patients
with missing information on ICH etiology.

Baseline data and data collection

Local investigators at the participating SSR centers recorded
standardized and prespecified variables using electronic case
report forms. This procedure has been described previously and
the dataset has been used in prior research.”'® The encoded,
web-based database is hosted by the Clinical Trials Unit Basel.
We extracted the following variables from the prospective da-
tabank: (1) demographics: age, sex; (2) risk factors and comor-
bidities: pre-existing hypertension, diabetes, hyperlipidemia,
atrial fibrillation, smoking, intake of antiplatelets or anticoagu-
lants prior to the event, type of oral anticoagulants (vitamin K

Goeldlin et al.  Etiology of Intracerebral Hemorrhage

antagonists or direct oral anticoagulants), history of previous
ischemic stroke, transient ischemic attack and ICH; (3) clinical
presentation on admission: National Institutes of Health Stroke
Scale (NIHSS), Glasgow coma scale (GCS), systolic and diastolic
blood pressure, time from symptom onset to admission; and (4)
management: treatment in a stroke center or stroke unit, dis-
charge destination. Data regarding ICH etiology and outcomes
were also extracted from the prospective databank (see below).
We applied a plausibility check and set implausible values to
missing.

Etiology of ICH

ICH etiology was prospectively determined by local investiga-
tors according to six prespecified, mutually exclusive categories
based on an adapted version of the mechanistic SMASH-U"
classification (Figure 1). The original SMASH-U classification

Structural vascular
malformation at ICH site Yes
. . —>
confirmed by imaging or
pathology

Structural lesion

(7 Macrovascular cause identified
on imaging (including digital
subtraction angiography)

+No

Systemic or other determined
ICH etiology other than
hypertension, anticoagulation,
or CAA

Systemic/other

Yes

Systemic cause
(i.e., coagulopathy, sepsis...)

+No

Vitamin K antagonists with INR
=2, direct oral anticoagulants  yes
for =3 days, full-dose heparin, —»>|
systemic thrombolyis not for
ischemic stroke

Medication

Vitamin K antagonists with INR
A2 =2, direct oral anticoagulants
for 23 days, full-dose heparin,
systemic thrombolyis not for
ischemic stroke

+No

Lobar, cortical, or subcortical ~ Yes
ICH, age =55 years

Amyloid angiopathy

N-HSYINS p31depy

Yes Evidence of CAA on
imaging or pathology

+No

Evidence of pre-existing

Deep or infraten.torial _ICH, Yes _ Yes hypertension (history,
known hypertension prior to ~ — Hypertension st e m s e
ICH findings)

No evidence for one of the
No other categories or unsure
Unknown

(i.e., several categories equally
likely)

Mechanistic classification of intracerebral hemorrhage (ICH) etiology: comparison of the original and adapted SMASH-U (structural lesion > systemic
disease > medication > amyloid angiopathy > hypertension > unknown) classifications. CAA, cerebral amyloid angiopathy; INR, international normalized ratio.
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used a hierarchical approach as follows: structural lesion >
systemic disease > medication > amyloid angiopathy > hyper-
tension > unknown.

For the purpose of the SSR, we did not mandate a strict hi-
erarchy as in the original SMASH-U classification but the etiol-
ogy, which was most likely causal for ICH as judged by the lo-
cal investigator based on all available evidence from clinical
and radiological exams. Computed tomography and magnetic
resonance angiography are standard of care in Swiss Stroke
Units and Centers to detect vascular sources of bleeding. As
MRI is frequently used in Switzerland, diagnosis of CAA was
mostly based on MRI, medical history (prior lobar ICH) or using
the Edinburgh-CAA criteria,”® once they were published.

Outcomes

All patients enrolled in the SSR received standardized fol-
low-up assessments by local investigators at 3 months during
either outpatient visits or structured telephone interviews. If a
patient and/or their next-of-kin could not be contacted, in-
vestigators contacted general practitioners and collected
medical reports of other acute care hospitals and rehabilita-
tion facilities. The following outcomes were assessed: func-
tional outcome using the modified Rankin Scale (mRS), recur-
rent ICH and ischemic stroke within 3 months after the index
event. For this analysis, we defined functional independence
as mRS 0 to 2.

Statistical analysis
Statistical analysis was performed using Stata version 15.0
(StataCorp., College Station, TX, USA). We presented absolute
and relative count (%) for categorical variables, mean and
standard deviation for normally distributed, continuous vari-
ables and median and interquartile range (IQR) for non-nor-
mally distributed variables. We compared groups using chi-
square test or Fisher's exact test for categorical variables, as
well as analysis of variance (ANOVA) or Kruskal-Wallis test for
continuous variables. Patients with missing values (including
lost to follow-up) were excluded from regression analyses (list-
wise deletion). We calculated odds ratios (ORs) with corre-
sponding 95% confidence intervals (Cls) comparing the respec-
tive etiologic subgroup to a subgroup consisting of all other
etiologies. For the multivariable regression models, we defined
covariates prior to statistical analysis based on literature and
pathophysiologically plausible differences. Observed differences
were considered significant if P<0.05.

First, we determined the frequency of different ICH etiolo-
gies within the entire cohort and assessed association with key
clinical characteristics at baseline (NIHSS, GCS, systolic blood
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pressure, and onset to admission time) using uni- and multi-
variable linear regressions. We adjusted for the following pa-
rameters: age, antiplatelet therapy prior to ICH onset, antico-
agulation prior to ICH onset, sex, hypertension, diabetes, hy-
perlipidemia, smoking, atrial fibrillation history of stroke, and
history of ICH.

Second, we determined the frequency of functional indepen-
dence (defined as mRS O to 2) and mortality at 3 months and
assessed the association with ICH etiology using univariable
and multivariable logistic regressions comparing the respective
etiologic subgroup to a subgroup consisting of all other etiolo-
gies.

Third, we determined the rate of recurrent ICH and ischemic
stroke within 3 months and assessed association with ICH eti-
ology using uni- and multivariable logistic regressions. Regres-
sion models on functional independence and recurrent cere-
brovascular events were adjusted for the following predefined
parameters: age, sex, treatment at a stroke center (compared
to treatment at a stroke unit), NIHSS, GCS, systolic and diastol-
ic blood pressure on admission, onset-to-admission time, anti-
platelet and anticoagulation therapy prior to ICH onset, history
of ischemic stroke or ICH, hypertension, diabetes, hyperlipid-
emia, smoking, and atrial fibrillation.

In a subset of patients, we tested the interrater reliability for
ICH etiology using Gwet's AC method (Stata package kap-
paetc), which has been used in previous publications in nation-
al stroke databases.”” We performed a sensitivity analysis re-
stricting the dataset to patients without antithrombotic thera-
py. Initial etiology adjudication was performed by the local
treating physicians. Second rating was performed by experi-
enced research fellows (A.M. and A.A.P) based on the available
clinical information

Standard protocol approvals, registrations, and
patient consents

This project was approved by the competent ethical board in
Bern (Project-ID 2019-00689). As to Swiss legislation (law on
highly specialized medicine; “"Hochspezialisierte Medizin"
HSM; Art. 39 Abs. 2bis KVG) and ethics approval, all patients
treated in one of the certified Swiss Stroke Units or Stroke
Centers are enrolled in the SSR database. Patients who refused
data use for scientific purposes were excluded from this anal-
ysis.

Data availability

Anonymized data will be shared upon reasonable request from
any qualified researcher after clearance by the SSR steering
committee and the competent ethics committee.
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Results

Study population

Among 2,926 patients with ICH enrolled in the SSR between
2014 and June 2019, 2,650 patients (90.6%) had available in-
formation on ICH etiology and were included (Supplementary
Figure 1). Mean age in our population was 72 years, 46.5% of
patients were female, the median admission NIHSS and GCS
were 8 (IQR, 3 to 15) and 15 (IQR, 12 to 15), respectively. The
median onset to admission time was 3.8 hours (IQR, 1.4 to
13.3), brain MRI was performed in 42.5% of the patients, and
77.4% of the patients were treated at a stroke center. Baseline
characteristics of the entire cohort and according to ICH etiol-
ogies are displayed in Table 1. In a random subset of 59 pa-
tients (2.4%), interrater reliability was moderate (Gwet's AC1,
0.49; 95% Cl, 0.30 to 0.68). When limited to patients without
antithrombotic therapy (44 patients, 1.7%), the interrater reli-
ability was substantial (Gwet's AC1, 0.61; 95% Cl, 0.36 to
0.83).

Frequency of ICH etiologies

Among the 2,650 ICH patients, 1,238 (46.7%) patients had ICH
due to hypertension, 227 (8.6%) had ICH due to antithrombot-
ic therapy, 217 patients (8.2%) had ICH due to CAA, 128 (4.8%)
patients had ICH due to a macrovascular cause, 274 (10.3%)

AR

46.7%

10.3%

I Hypertension H CAA
Vascular lesion M Other determined
etiology

[ Antithrombotic therapy
Il Unknown etiology

Figure 2. Frequency of intracerebral hemorrhage etiologies. CAA, cerebral
amyloid angiopathy.
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Figure 3. Distribution of (A) age, (B) National Institutes of Health Stroke Scale
(NIHSS), (C) systolic blood pressure, and (D) time from onset to admission
among different intracerebral hemorrhage etiologies. CAA, cerebral amyloid
angiopathy. *Clinical findings differed according to the underlying etiology.
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patients had ICH due to other determined etiology, and in 566
(21.4%) patients the etiology of ICH was unknown (Figure 2).

In patients taking antithrombotic therapy, ICH was classified
as ICH due to antithrombotic therapy in 46 (6.3%) patients
taking antiplatelet agents and 212 (37.3%) patients taking an-
ticoagulation with 31 patients taking both anticoagulation and
antiplatelet agents (13.7% of all patients with ICH due to anti-
thrombotic therapy). Of 2,053 patients (79.9%) with a diagno-
sis of arterial hypertension, in only 1,238 (60.3%) ICH was
classified as to be due to hypertension.

Distribution of age, baseline NIHSS, systolic blood pressure
on admission, and onset-to-admission-time among different

Unknown etiology 13.1 16.9 13.1
Other determined etiology 19.7 16.7
Vascular lesion 15.4 19.2
Antithrombotic therapy |58 7.2 = 9.7 155
CAA | 11.0 155 14.9
Hypertension | 10.7 14.0 12.6

12.7

14.5

ICH etiologies are displayed in Figure 3. In multivariable linear
regression analysis, we found that ICH due to hypertension was
independently associated with higher NIHSS on admission (2
points in the adjusted analysis), higher systolic blood pressure
(19 mm Hg), and lower onset-to-admission time (-7 hours and
25 minutes). Antithrombotic therapy-associated ICH and ICH
of unknown etiology were independently associated with lower
admission blood pressure (-6 mm Hg, each). CAA was inde-
pendently associated with less neurological impairment (NIHSS
-3 points, GCS +1 point, both P<0.001), lower systolic blood
pressure (=10 mm Hg, P<0.001), and longer onset-to-admis-
sion delay (7 hours and 59 minutes, P<0.001). Patients with

0 10 2 30

All ICH 11.9% 14.6% 12.6%

50 60 70 80 90 100

Percentage (%)
mRS 0 mRS 1 mRS 2

mRS 3 mRS4 MWmMRS5 MmMRS6

13.3% 29.5%

Functional outcomes at 3 months according to intracerebral hemorrhage (ICH) etiology. CAA, cerebral amyloid angiopathy; mRS, modified Rankin Scale.

Uni- and multivariable regression analyses for functional outcome comparing the respective etiologic subgroup to a subgroup consisting of all other

etiologies

Variable

Univariable OR (95% Cl)
0.87 (0.73-1.03)

Hypertension

3-Month mRS 0-2 (n=1,744 complete cases)
Multivariable aOR (95% Cl)
1.33 (1.00-1.77)

Antithrombotic 0.43 (0.30-0.60) 0.70 (0.41-1.19)
CAA 1.11 (0.82-1.51) 0.92 (0.58-1.44)
Macrovascular 1.41 (0.95-2.09) 0.77 (0.40-1.49)
Other determined etiology 1.58 (1.20-2.07) 0.57 (0.36-0.90)
Unknown 1.22 (0.99-1.50) 1.16 (0.84-1.60)

Multivariable analysis adjusted for: age, sex, treatment at a stroke center (compared to treatment at a stroke unit), National Institutes of Health Stroke Scale,
Glasgow coma scale, systolic and diastolic blood pressure on admission, onset-to-admission time, antiplatelet and anticoagulation therapy prior to intracere-
bral hemorrhage (ICH) onset, history of ischemic stroke or ICH, hypertension, diabetes, hyperlipidemia, smoking, and atrial fibrillation.

mRS, modified Rankin Scale; OR, odds ratio; Cl, confidence interval; CAA, cerebral amyloid angiopathy.
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ICH due to another determined etiology presented with a sig-
nificantly lower NIHSS (-3 points, P<0.001), higher GCS (1
point, P=0.003), lower systolic blood pressure (-9 mm Hg,
P<0.001) and had a longer onset-to-admission delay (10 hours
and 46 minutes, P<0.001).

Functional outcome

Functional outcome (mRS score) at 3 months was available for
2,250 patients (84.9%). Patients with missing functional out-
comes had more favorable baseline characteristics (e.g., lower
NIHSS, higher GCS, lower prevalence of prior anticoagulant
therapy) than those with available outcomes (Supplementary
Table 1). At 3 months, 880 patients (39.1% of all 2,250 pa-
tients with available mRS) had achieved functional indepen-
dence (Figure 4). We observed the highest rate (49.1%) of pa-
tients with functional independence among those with ICH
due to other determined etiology and the lowest (22.8%)
among patients with ICH due to antithrombotic therapy. ICH
due to hypertension was independently associated with func-
tional independence (adjusted odds ratio [aOR], 1.33; 95% Cl,
1.00 to 1.77; P=0.05) (Table 2). For patients with ICH due to
antithrombotic therapy, we found decreased odds for function-
al independence in the univariable regression (OR, 0.43; 95%
Cl, 0.30 to 0.60; P<0.001), but this finding was attenuated by
adjustment for potential confounders (aOR, 0.70; 95% Cl, 0.41
to 1.19; P=0.191). Missing data relevant for multivariable anal-
ysis were age (8.0%), onset to admission time (8.0%), and NI-
HSS (5.8%).

Percentage (%)

Al ICH Hypertension CAA

[ All cerebrovascular events

Antithrombotic
therapy

M Recurrent ICH

JoS

Recurrent ICH and stroke

Outcome data on recurrent ICH and ischemic stroke were
available for 2,299 patients (86.8%). During the follow-up pe-
riod, we observed 98 events in 97 patients (event rate 4.2%)
(Figure 5): 47 (2.1%) recurrent ICH and 51 (2.3%) ischemic
strokes. In patients with CAA and unknown ICH etiology, the
rate of recurrent ICH was higher than the risk of ischemic
stroke. For all other etiologies, the risk of ischemic stroke was
higher than the risk of recurrent ICH. In multivariable analysis,
CAA was independently associated with a higher risk of recur-
rent ICH within 3 months (aOR, 3.38; 95% Cl, 1.48 to 7.69:
P=0.004) (Table 3) and patients with ICH due to hypertension
had a significantly lower risk of recurrent ICH (aOR, 0.42; 95%
Cl, 0.19 to 0.93; P=0.031).

Discussion

This study has the following main findings. (1) One out of two
ICH is due to hypertension, but other etiologies are frequent
with one out of five patients having unknown ICH etiology. (2)
Arterial hypertension and use of antithrombotic therapy prior
to ICH onset are frequent among patients with ICH, but the
link between these population risk factors and attributable eti-
ology of ICH remains unclear. (3) One out of three patients
with ICH was functionally independent after 3 months. (4)
Cerebrovascular events within the first 3 months after ICH are
frequent (4.2%) with diverging absolute and relative risks ac-
cording to ICH etiology. (5) The rate of ischemic stroke was
higher than that of recurrent ICH in all etiologies but CAA and

Other determined
etiology

Vascular lesion Unknown etiology

M Ischemic stroke

Figure 5. All cerebrovascular events, Ischemic stroke and recurrent intracerebral hemorrhage (ICH) at 3 months according to ICH etiology. CAA, cerebral amy-

loid angiopathy.
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Uni- and multivariable regression analyses for ischemic stroke and recurrent ICH comparing the respective etiologic subgroup to a subgroup consist-

ing of all other etiologies

Recurrent ICH (n=1,774 complete cases)

Ischemic stroke (n=1,774 complete cases)

Variable
Events Univariable Multivariable Events Univariable Multivariable

Hypertension 12 (1.1) 0.38 (0.20-0.74) 0.42 (0.19-0.93) 22 (2.1) 0.86 (0.49-1.50) 0.99 (0.45-2.17)
Antithrombotic 4(1.9) 091 (0.32-2.57) 1.94 (0.45-8.35) 6(2.9) 1.32 (0.56-3.14) 1.02 (0.32-3.23)
CAA 14 (7.6) 5.07 (2.66-9.65) 3.38 (1.48-7.69) 3(1.6) 0.67 (0.22-2.26) 0.45 (0.06-3.49)
Macrovascular 1(0.9) 0.43 (0.06-3.13) 0.64 (0.08-5.01) 6(5.6) 2.75 (1.15-6.59) 2.13 (0.58-7.77)
Other determined etiology 6(2.6) 1.32 (0.55-3.14) 0.73 (0.21-2.57) 7(3.1) 1.44 (0.64-3.23) 1.64 (0.58-4.63)
Unknown 10 (2.1) 1.02 (0.50-2.07) 1.02 (0.45-2.32) 7(1.5) 0.60 (0.27-1.33) 0.65 (0.24-1.76)

Values are presented as number (%) or odds ratio (95% confidence interval). Multivariable analysis adjusted for: age, sex, treatment at a stroke center (com-
pared to treatment at a stroke unit), National Institutes of Health Stroke Scale, Glasgow coma scale, systolic and diastolic blood pressure on admission, on-
set-to-admission time, antiplatelet and anticoagulation therapy prior to ICH onset, history of ischemic stroke or ICH, hypertension, diabetes, hyperlipidemia,

smoking, and atrial fibrillation.
ICH, intracerebral hemorrhage; CAA, cerebral amyloid angiopathy.

ICH of unknown etiology.

Our study provides novel and unique data. We are the first to
report (1) functional outcome and rates of (2) recurrent ICH
and (3) ischemic stroke at 3 months associated with the
SMASH-U classification. Furthermore, our study is 2.5 times
larger than the largest available dataset’' and comprises a na-
tional, multi-center dataset overcoming many limitations from
previous, smaller, single center studies or other approaches to
classify ICH as for example using hematoma location.>" The
findings of our study expand and refine current knowledge on
ICH etiology. This is the first analysis of a national dataset pre-
senting prospectively collected data on the frequency of differ-
ent ICH etiologies. It is also the first study to assess the associ-
ation of different ICH etiologies with functional outcome and
occurrence of ischemic stroke and recurrent ICH.

Our results expand on prior findings as we found that etiolo-

gies other than hypertension'*'**

are frequent and make up
more than half of non-traumatic ICH cases. Compared to the
original study of the SMASH-U classification,” we found high-
er frequency of ICH due to other determined cause, lower fre-
quency of CAA and lower causal attribution of antithrombotics
as etiology of ICH. This finding might reflect temporal changes
(the original SMASH-U study was published nearly 10 years
ago) of etiological work-up including MRI in 43% of patients
in our study. The high use of MRI might have helped to rule-
out CAA in cases of lobar ICH (classified as CAA in SMASH-U)
and reveal other determined etiologies including posterior re-
versible encephalopathy syndrome, reversible cerebral vasocon-
striction syndrome or tumor. The difference in ICH due to anti-
thrombotic therapy is not explained by differences in the fre-
quency of prior anticoagulation therapy, which was higher in
our study (22% vs. 13%). This finding may probably reflect
major differences in considering anticoagulation not as the

274 http://j-stroke.org

underlying cause of ICH but rather a complicating covariate.***

Actually, many patients with prior anticoagulation therapy
were classified as ICH due to hypertension in our study. Despite
different workup paths, the frequency of ICH with unknown
cause was comparable between both studies with about 20%.

The findings of our study provide major new insights as we
provide novel information on functional outcome 3 months af-
ter ICH of a national cohort 10 times larger than any prior eti-
ological studies.”**® This is the first study to show a high rate of
functionally independent patients 3 months after ICH in a na-
tional dataset of patients hospitalized for ICH. The rate of good
outcome in our study was higher than that observed in recent
randomized controlled trials’*"** but in line with recent obser-
vational data of patients receiving maximal care for ICH.* In
addition, almost three-fifths of ICH survivors in our study
achieved mRS <2 and more than three-fourths of survivors had
mRS <3 after 3 months, clearly refuting widespread pessimism
about outcome of ICH patients.” We urge caution in the inter-
pretation of our findings on functional outcome as there was a
number of missing data and we did not have information on
hematoma volume and location, major determinators of out-
come. However, we included stroke severity (NIHSS and GCS)
in the models and patients with missing outcomes had lower
NIHSS, less often anticoagulation and were more often dis-
charged home. Therefore, it is likely that we rather under- than
overestimated functional independence.

Our study is the first to report rates of ischemic stroke and
recurrent ICH according to different etiologies of ICH in a large,
national cohort study. Prior studies used either hematoma
location®'® (as surrogate marker) or focused on selected sub-
groups like CAA.™"
is higher than that of recurrent ICH in all but two etiologies:
ICH due to CAA and ICH of unknown etiology. The risk of re-

We found that the risk of ischemic stroke

https://doi.org/10.5853/j0s.2021.01823
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current ICH in our study was higher than that of previous stud-
ies in patients with CAA."

This study has several strengths. (1) This study provides a
comprehensive overview about the frequency of different ICH
etiologies assessing association with functional outcome, re-
current ICH and ischemic stroke. (2) We used data from a large
national dataset that prospectively enrolled all consecutive pa-
tients from certified Swiss stroke units and stroke centers. The
dataset comprised data from academic, non-academic and re-
gional hospitals providing stroke care for the entire Swiss pop-
ulation. This is an argument against selection bias and for gen-
eralizability of our findings. (3) Patients received diagnostic
work-up according to current standards and the rate of MRI
was high (42%). (4) Despite the size of our study involving 23
centers over 4 years, we achieved a high rate of follow-up
completeness (84.9% for functional outcomes 86.8% for cere-
brovascular events) comparable to similar studies.””

Our study has the following limitations. (1) This was a retro-
spective analysis of prospectively collected data, which bears
a risk of bias. (2) ICH etiology was determined by local investi-
gators without central adjudication, which is a source of bias.
However, this reflects real world practice and could also serve
as argument for generalizability of our findings. (3) Prior anti-
coagulation was highly prevalent in our study cohort but anti-
coagulation therapy was judged causal for the ICH only in a
minority of patients. Whether anticoagulation should be seen
as causal for ICH or as a complicating, negative prognostic
factor, is debated® and beyond the scope of our study. (4) Al-
though our follow-up rate was relatively high, there were still
15% of missing outcomes (mRS) and we therefore urge cau-
tion in the interpretation of our results. (5) We adjusted out-
come analysis for multiple important covariates (i.e., comor-
bidities, GCS, NIHSS) but several important variables were not
available in our dataset including hematoma location, volume
and care level (do-not-resuscitate orders). (6) Inter-rater reli-
ability of the present classification was only moderate. How-
ever, it improved to substantial when only applied to patients
without antithrombotic therapy. (7) Despite the limitations in-
herent to the classification used in our study as outlined
above, developing a novel, improved classification was beyond
the scope of our study. Therefore, we urge caution in the in-
terpretation of our findings and future studies will need to
address these shortcomings.

Conclusions

Etiologic subtypes of ICH differ regarding clinical presentation
and prognosis with the absolute and relative risks of recurrent

https://doi.org/10.5853/j0s.2021.01823
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ICH and ischemic stroke diverging among different etiologies.
Although hypertension is the leading etiology of ICH, other
causes are frequent. One-third of ICH patients are functionally
independent at 3 months. These findings have direct clinical
implications as they help to inform treating physicians, pa-
tients and caregivers about prognosis and may help to set pri-
orities for secondary prevention strategies. However, a mecha-
nistic classification of ICH etiology bears some inherent limita-
tions and future research should focus on reliable, reproducible,
and objective classification systems.

Supplementary materials

Supplementary materials related to this article can be found
online at https://doi.org/10.5853/j0s.2021.01823.
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Comparison of baseline characteristics for patients with available vs. missing outcomes

Characteristic mRS available mRS missing P Recurrent events available Recurrent events missing P
Number 2,250 400 2,259 391
Age 72 (14) 71 (14) 0.21 72 (14) 71 (14) 0.31
NIHSS 8 (3-16) 6(2-13) <0.01 8 (3-15) 8(2-14) 0.16
GCS 14 (12-15) 15 (14-15) <0.01 14 (12-15) 5(13-15) <0.01
Systolic blood pressure 165 (144-186) 166 (145-186) 0.78 165 (143-186) 167 (147-189) 0.10
Diastolic blood pressure 90 (78-101) 89 (78-100) 0.55 90 (78-100) 90 (80-104) 0.11
Onset-to-admission time in hours 7 (1.4-13.1) 3.8(1.3-16.9) 0.71 3.9(1.4-13.5) 3(1.3-12.0) 0.25
Female sex 1,049 (46.7) 178 (45.1) 0.54 1,044 (46.3) 183 (47.3) 0.73
Antiplatelet therapy 617 (28.6) 112 (28.9) 091 615 (28.4) 114 (29.9) 0.54
Anticoagulants 508 (23.5) 60 (15.5) <0.01 516 (23.8) 52 (13.6) <0.01
Hypertension 1,754 (80.2) 299 (78.1) 0.35 1,745 (79.6) 308 (81.3) 0.46
Diabetes 338 (15.5) 46 (12.0) 0.08 343 (15.7) 41 (10.8) 0.02
Hyperlipidemia 942 (43.4) 154 (41.5) 0.50 943 (43.4) 153 (41.6) 0.52
Smoking 264 (12.1) 42 (11.0) 0.54 261 (12.0) 45(12.0) 0.99
Atrial fibrillation 417 (19.1) 50 (13.1) <0.01 423 (19.3) 44 (11.7) <0.01
History of ischemic stroke 260 (11.9) 30(7.8) 0.02 260 (11.9) 30(7.9) 0.03
History of ICH 241 (11.0) 39 (10.2) 0.61 248 (11.3) 32 (8.4) 0.10
Treatment at stroke center 799 (80.0) 253 (63.2) <0.01 1,791 (79.3) 261 (66.8) <0.01
Discharged to <0.01 <0.01

Home 371 (21.3) 89 (24.2) 381(21.8) 79 (21.7)

Nursing home 118 (6.8) 25 (6.8) 117 (6.7) 26 (7.1)

Other acute hospital 291 (16.7) 89 (24.2) 284 (16.2) 96 (26.4)

Rehabilitation 964 (55.3) 165 (44.8) 966 (55.3) 163 (44.8)
Values are presented as number (%) or median (interquartile range).
NIHSS, National Institutes of Health Stroke Scale; GCS, Glasgow coma scale; ICH, intracerebral hemorrhage.

Total population
(n=2,926 patients)
Excluded:

\ 4

Missing information on etiology
(n=276 patients, 9.4%)

Included in the final analysis
(n=2,650 patients, 90.6%)

v v v

Available data for recurrent
cerebrovascular events
(n=2,299, 86.8%)

Available data for death Functional outcome (mRS) available
(n=2,364, 89.2%) (n=2,250, 84.9%)

3-Month outcomes

Study flowchart. mRS, modified Rankin Scale.
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