{ LIVERPOOL

JOHN MOORES
UNIVERSITY

LJMU Research Online

Hoad, K, Jones, H, Miller, GD, Abdul-Rahim, A, Lip, GYH and Buckley, BJR

Stroke-Heart Syndrome: Incidence and Clinical Outcomes of Cardiac
Complications Following Intracerebral Haemorrhage

http:/Iresearchonline.ljmu.ac.uk/id/eprint/23480/

Article

Citation (please note it is advisable to refer to the publisher’s version if you
intend to cite from this work)

Hoad, K, Jones, H, Miller, GD, Abdul-Rahim, A, Lip, GYH and Buckley, BJR
(2024) Stroke-Heart Syndrome: Incidence and Clinical Outcomes of Cardiac
Complications Following Intracerebral Haemorrhage. European Stroke
Journal. pp. 1-8. ISSN 2396-9873

LJMU has developed LJMU Research Online for users to access the research output of the
University more effectively. Copyright © and Moral Rights for the papers on this site are retained by
the individual authors and/or other copyright owners. Users may download and/or print one copy of
any article(s) in LUIMU Research Online to facilitate their private study or for non-commercial research.
You may not engage in further distribution of the material or use it for any profit-making activities or
any commercial gain.

The version presented here may differ from the published version or from the version of the record.
Please see the repository URL above for details on accessing the published version and note that
access may require a subscription.

For more information please contact researchonline@Ijmu.ac.uk

http://researchonline.ljmu.ac.uk/


http://researchonline.ljmu.ac.uk/
mailto:researchonline@ljmu.ac.uk

1) Check for updates

EUROPEAN
Original Research Article STROKE J 0 U R NAI.

European Stroke Journal
Stroke-heart syndrome: Incidence and © turopean Stroke Organisaion 2024
* (] o o o @
clinical outcomes of cardiac complications fi—c,”useguide“nex
fO"OWing intracerebral haemorl‘hage DOL: 10.1177/23969873241264115

sagepub.com/journals-permissions
journals.sagepub.com/home/eso

S Sage

Katie L Hoad"?”, Helen Jones'?, Gemma Miller?,
Azmil H Abdul-Rahim'3*4 Gregory YH Lip'**
and Benjamin JR Buckley'*

Abstract

Introduction: Newly diagnosed cardiovascular complications following an ischaemic stroke, termed stroke-heart
syndrome, are common and associated with worse outcomes. Little is known regarding stroke-heart syndrome in
relation to intracerebral haemorrhage (ICH). This study aimed to investigate the incidence and 5-year major adverse
cardiovascular events (MACE; acute myocardial infarction, ischaemic stroke, all-cause mortality and recurrent ICH) of
newly diagnosed cardiovascular complications following incident ICH, using a global federated database.

Patients and methods: A retrospective cohort study was conducted using anonymised electronic medical records.
Patients aged = I8years with non-traumatic ICH and 5-year follow-up were included. Patients with newly diagnosed
cardiovascular complications within 4-weeks following the initial ICH were 1:1 propensity score-matched with patients
without new-onset cardiovascular complications. Each cardiovascular complications were investigated as a composite
stroke-heart syndrome cohort and separately for associated MACE. Cox hazard regression models were used to
determine 5-year incidence of MACE.

Results: Before propensity score matching, 171,489 patients with non-traumatic ICH, 15% (n=26,449) experienced
=| newly diagnosed cardiovascular complication within 4 weeks. After matching, patients with ICH and cardiovascular
complications were associated with a significantly higher risk of 5-year MACE (HR 1.35 [95% CI 1.32-1.38]), and in
each composite compared to matched controls. There was no significant risk of rehospitalisation over 5-year follow-
up [HR 0.90 [0.73—1.13]). The risk of MACE was significantly higher in patients with newly diagnosed cardiovascular
complications.

Discussion and conclusions: Newly diagnosed cardiovascular complications following ICH (i.e. stroke-heart
syndrome) were common and associated with a significantly worsened 5-year prognosis.
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inflammation, central autonomic dysfunction, and/or
myocardial structural changes.*?

Previous research on stroke-heart syndrome has focussed
on ischaemic stroke>*»>”7 with limited attention given to
intracerebral haemorrhage (ICH), also termed haemor-
rhagic stroke. Prior ICH cohorts have generally focussed on
pre-existing cardiovascular complications, rather than those
with new events following the index ICH presentation. For
example, ICH patients with pre-existing cardiovascular
complications have an elevated risk of recurrent ICH,
ischaemic stroke, and serious vascular events.® Pre-existing
atrial fibrillation and heart failure in patients with ICH have
been shown to increase the risk of ischaemic stroke and
mortality.®’

Some relatively small studies have investigated new car-
diovascular events following ICH. For example, a high per-
centage of patients with ICH experience new cardiac
arrhythmias (including severe ventricular arrhythmias and
atrial fibrillation) in the early stages following stroke (8%—
15%).1%!" In a high proportion (15%) these new ECG
abnormalities remain up to 2 weeks following ICH.!” One
retrospective observational study'' reported that amongst
1013 patients with ICH, 4.1% (n=39) patients experienced
in-hospital cardiovascular complications (i.e. severe ven-
tricular arrhythmia, and heart failure). Furthermore, patients
with ICH are at an increased risk of in-hospital acute myo-
cardial infarction and mortality.''> However, no prior
research has investigated the long-term implications of
these new-onset cardiovascular complications on major
adverse cardiovascular events (MACE).

The aim of this study was therefore to investigate the
incidence of newly diagnosed cardiovascular complica-
tions following incident ICH, and identify the risk of 5-year
major adverse cardiovascular events (MACE), using a large
global federated database.

Methods

This multicentre observational cohort study used
anonymised electronic medical records (EMRs) from com-
plete case, anonymised data within TriNetX (https://live.
trinetx.com), a global federated health research network
with access to electronic medical records (EMRs) from par-
ticipating healthcare organisations (HCOs), including aca-
demic medical centres, specialty physician practices, and
community hospitals, predominantly in the United States.
As no identifiable information is received in this federated
network, research studies using TriNetX do not require
ethical approval or patient informed consent.

Study participants

The network was searched on February 8th, 2024, and iden-
tified datasets of included data from 2003 to 2023. Patient
records were included with at least 5-years of follow-up

from index event (i.e. first record of intracerebral haemor-
rhage (ICH)). This cohort study adheres to the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines.”> STROBE checklist can be
found in Supplemental Material (Table S1). Patients
aged = 18 years with an incident ICH and a minimum of
S-year follow-up were identified. Only cases with the
International Classification of Diseases, 10th Revision,
Clinical Modification (ICD-10-CM) code 161 (non-trau-
matic intracerebral haemorrhage) were included in the
analysis, ensuring exclusion of other types of strokes
including traumatic haemorrhage. At the time of the search,
73 participating HCOs were included in the network and
provided anonymised data. ICH patients who were identi-
fied as having a newly diagnosed cardiovascular complica-
tion within 4 weeks following an ICH were defined as the
exposure (stroke-heart syndrome cohort). The exposure
were propensity score-matched in a 1:1 ratio to ICH patients
without a new-onset cardiovascular complication (control;
ICH only cohort).

Clinical outcomes

Newly diagnosed cardiovascular complications included
heart failure (I50), atrial fibrillation/flutter (AF) (148),
Takotsubo syndrome (I51.81), severe ventricular arrhyth-
mia (i.e. ventricular tachycardia (147.2) and ventricular
fibrillation/flutter (148)), and ischaemic heart diseases
(I20-125) (Table S2). Each of these cardiac complications
were investigated as a composite stroke-heart syndrome
cohort (primary analysis) and separately (secondary analy-
ses) for associated 5-year MACE. MACE was defined as
the presence of any of the following: recurrent ICH, inci-
dent ischaemic stroke, all-cause mortality, acute myocar-
dial infarction. The occurrence of MACE was specified as
an event subsequent to the diagnosis of ICH up to 5-years
follow-up (Table S3).

Statistical analysis

Baseline characteristics were compared using y2 tests or
independent-sample t tests. Using logistic regression, the
exposure cohort (i.e. stroke-heart syndrome) were 1:1 pro-
pensity score matched to control cohort (i.e. ICH only) for age
(at index event), sex, ethnicity, hypertensive diseases, diabe-
tes, cerebrovascular diseases (e.g. transient ischaemic attack
and sequelae of cerebrovascular disease), pulmonary heart
disease/disease of the pulmonary circulation, cardiovascular
procedures (including electrocardiography, echocardiogra-
phy, catheterisation, cardiac devices, and electrophysiological
procedures), and cardiovascular medications (including [-
blockers, antiarrhythmics, diuretics, antilipemic agents,
antianginals, calcium channel blockers, and angiotensin-con-
verting enzyme inhibitors). Comorbidities and cardiovascular
care coding are presented in Table S4.
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Following propensity score matching, hazard ratios
were calculated via Cox hazard regression models with
95% confidence intervals, Kaplan Meier curves and Log
Rank p-values were also provided for 5-year incidence of
MACE comparing ICH patients with newly diagnosed car-
diovascular complications to propensity matched controls
(without newly diagnosed post-stroke cardiovascular com-
plications). A two-sided p-value of less than 0.01 was con-
sidered statistically significant to account for multiple
testing, reducing the likelihood of Type I error. Sensitivity
analyses included excluding all patients with pre-existing
cardiovascular and respiratory conditions and patients with
multiple cardiac complications following ICH.

Results

Clinical characteristics

Before propensity score matching, a total of 171,489
patients (mean age 62.25, SD 19.35; 43.8% female), with
ICH were identified from 53 healthcare organisations that
met the inclusion criteria with 5-year follow-up (stroke-
heart syndrome cohort, n=26,449; ICH cohort, n=145,040).
Overall, 15% had one or more newly diagnosed cardiovas-
cular complication within 4-weeks of incident ICH 9%
(n=15,413) ischaemic heart disease, 8% (n=14,175) atrial
fibrillation/flutter, 6% (9980) heart failure, 2% (n=2608)
severe ventricular arrhythmia, and 0.2% (n=409) Takotsubo
syndrome.

After propensity score matching, there were 8.7%
(n=14,961) patients were identified with ischaemic heart
disease, 8.1% (n=13,855) with atrial fibrillation/flutter,
5.6% (n=9622) with heart failure, 1.5% (n=2525) with
severe ventricular arrhythmia, and 0.2% (n=409) with
Takotsubo syndrome, who were compared to matched con-
trols (ICH without cardiac complications). Overall, cohorts
(15%; n=25,597) were deemed well matched for age, sex,
ethnicity, comorbidities and cardiovascular procedures/
medications, although pulmonary heart disease and dis-
eases of pulmonary circulation remained statistically differ-
ent between groups after the propensity score matching
(Table 1).

Major adverse cardiovascular events and cardiovascular compli-
cations. Any cardiovascular complication following ICH
were associated with significantly higher risk of composite
MACE, compared to matched controls without cardiovas-
cular complications (HR 1.35 [95% CI 1.32-1.38]). When
investigating each component of MACE individually, there
was significantly higher for acute myocardial infarction
(HR 3.64 [95% CI 3.34-3.97]), ischaemic stroke (HR 1.65
[95% CI 1.60—-1.71]), all-cause mortality (HR 1.49 [95% CI
1.45-1.53]), and recurrent intracerebral haemorrhage (HR
1.08 [95% CI 1.05—1.11]) in patients with ICH and cardiac
complications compared to matched controls (Figure 1).

There was no significant risk of rehospitalisation over
Syears follow up (HR 0.90 [95% CI 0.73—1.13]).

When investigating the risk of composite MACE across
each cardiovascular complication, there was significantly
higher risk for patients with Takotsubo syndrome (HR 1.43
[95% CI 1.21-1.68]), severe ventricular arrhythmia (HR
1.38 [95% CI 1.30-1.47]), heart failure (HR 1.32 [95% CI
1.28-1.37]), ischaemic heart disease (HR 1.30 [95% CI
1.26-1.33]), and atrial fibrillation/flutter (HR 1.28 [95% CI
1.24-1.32]) (Figure 2). In exploratory analysis, multiple
cardiovascular complications associated with higher risk of
MACE (Figure S1).

Individual clinical outcomes

Mortality. The risk of 5-year all-cause mortality was
significantly higher for patients with ICH and atrial fibril-
lation/flutter (HR 1.35 [95% CI 1.30-1.40]), severe ven-
tricular arrhythmia (HR 1.81 [95% CI 1.66—1.97]), heart
failure (HR 1.52 [95% CI 1.45-1.59]), and ischaemic
heart diseases (HR 1.35 [95% CI 1.30—-1.40]) compared to
matched controls.

Recurrent ICH. The 5-year risk of recurrent ICH was sig-
nificantly higher in patients with heart failure when com-
pared to ICH (HR 1.08 [95% CI 1.03—1.13]). There was no
significant difference in risk for recurrent ICH with atrial
fibrillation/flutter (HR 1.00 [95% CI 0.97—1.04]), or severe
ventricular arrhythmia (HR 1.06 [95% CI 0.97-1.15]),
when compared to matched controls.

Ischaemic stroke and myocardial infarction. The 5-year
risk of ischaemic stroke was significantly higher in all ICH
stroke-heart syndrome subgroups: atrial fibrillation/flut-
ter (HR 1.70 [95% CI 1.63-1.78]), heart failure (HR 1.52
[95% CI 1.44-1.60]), severe ventricular arrhythmia (HR
1.44 [95% CI 1.30-1.59]), and ischaecmic heart discases
(HR 1.44 [95% CI 1.38-1.51]), compared to matched con-
trols.

The 5-year risk of acute myocardial infarction was sig-
nificantly higher for patients with ICH and ischaemic heart
disease (HR 4.65 [95% CI 4.22-5.13]), heart failure (HR
2.68 [95% CI 2.41-2.98]), severe ventricular arrhythmia
(HR 2.64 [95% CI 2.19-3.19]), and atrial fibrillation/flutter
(HR 1.72 [95% CI 1.56-1.90]) compared to matched con-
trols. The 5-year risks of acute myocardial infarction had
the highest hazard ratio values amongst all MACE
outcomes.

Takotsubo syndrome. Following ICH, Takotsubo syn-
drome was associated with significantly higher risk of
composite MACE, compared to matched controls without
Takotsubo syndrome (HR 1.43 [95% CI 1.21-1.68]) The
separated risks of cardiovascular complications to each
composite of 5-year MACE can be found in Figure 3.
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Table |. Baseline characteristics n (%) of intracerebral haemorrhagic stroke patients with or without cardiovascular
complication(s) (i.e. ischaemic heart disease, heart failure, atrial fibrillation/flutter, Takotsubo syndrome and severe ventricular
arrhythmia), before and after propensity score matching.

Before propensity-score matched population

After propensity-score matched population

Stroke-heart ICH cohort p-Value  Stroke-heart ICH cohort p-Value
syndrome cohort  (n=145,040) syndrome cohort  (n=25,597)
(n=26,449) (n=25,597)
Age (yrs) at diagnosis Mean 68.3 (5.4) 56.2 (23.2) <0.001 683 (15.4) 68.4 (15.6) 0.762
(SD)
Sex
Male 13,979 (54.6) 71,642 (52.9) <0.001 13,968 (54.6) 13,931 (54.4) 0.743
Female 10,815 (42.2) 61,357 (45.3) <0.001 10,815 (42.3) 10,899 (42.6) 0.453
Ethnicity
White 16,716 (65.3) 82,225 (60.7) <0.001 16,705 (65.3) 16,776 (65.5) 0.509
Black or African American 3079 (12.0) 18,659 (13.8) <0.001 3079 (12.0) 3059 (12.0) 0.786
Asian 969 (3.8) 6191 (4.6) <0.001 968 (3.8) 980 (3.8) 0.782
Unknown 822 (3.2) 4366 (3.2) 0.908 822 (3.2) 835 (3.3) 0.745
Comorbidities
Hypertensive diseases 5404 (21.1) 46,635 (34.4) <0.001 5404 (21.1) 5439 (21.2) 0.705
Diabetes mellitus 2063 (8.1) 19,268 (14.2) <0.001 2062 (8.1) 2016 (7.9) 0.453
Cerebrovascular diseases 5858 (22.9) 36,082 (26.6) <0.001 5852 (22.9) 5783 (22.6) 0.467
Chronic kidney disease 963 (3.8) 10,599 (7.8) <0.001 963 (3.8) 888 (3.5) 0.076
Pulmonary heart disease 476 (1.9) 6863 (5.1) <0.001 476 (1.9) 393 (1.5) 0.005
and diseases of pulmonary
circulation
Cardiovascular care
Procedures 4645 (18.1) 42,094 (31.1) <0.001 4645 (18.1) 4642 (18.1) 0.973
Medications 7135 (27.9) 58,251 (43.0) <0.001 7135 (27.9) 7249 (28.3) 0.262

ICH: intracerebral haemorrhage; SD: standard deviation; yrs: years.

p<<0.0l.

All-Cause Mortality

Ischaemic Stroke

Recurrent ICH

Acute Myocardial Infarction

Rehopsitalisation

MACE

HR (95% Cl)  Events Exposure Events Control P-value

1.49 (1.45-1.53) 10603/24346 8036/24354 <0.001
1.65 (1.6-1.71) 7786/25597 5561/25597 <0.001
1.08 (1.05-1.11) 10988/25597 11069/25597 <0.001
3.64 (3.34-3.97) 2178/25597 690/25597 <0.001
0.9 (0.73-1.13) 144/25597 178/25597 0.362
1.35 (1.32-1.38) 19343/25597 17343/25597 <0.001

Figure |. Hazard ratios and 95% confidence intervals for the risk of major adverse cardiovascular events over 5-year follow-up
in patients with newly diagnosed cardiovascular complications versus those who were not newly diagnosed with a cardiovascular
complications 4-weeks post intracerebral haemorrhagic stroke.
Cl: confidence interval; ICH: intracerebral haemorrhage; MACE: major adverse cardiovascular events.
Hazard ratio (HR), through Cox regression models, reported for propensity-score matched cohort.

Discussion

In this study, our principal findings are (i) newly diagnosed
cardiovascular complications within 4 weeks following an
ICH were very common (15%; n=26,449), but this varied

across different complications, including ischaemic heart
disease (9%; n=15,413), followed by atrial fibrillation/
flutter (8%; 14,175), heart failure (6%; n=9980), severe
ventricular arrhythmia (2%; n=2607), and Takotsubo syn-
drome (0.2%; n=409) and (ii) patients with ICH and a
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HR (95% CI) Events SHS Events Control P-value
MACE with Atrial Fibrillation/Flutter u 1.28 (1.24-1.32) 10,659/13,855 9,872/13,855 <0.001
MACE with Severe Ventricular Arrhythmia - 1.38 (1.30-1.47) 2,033/2,525 1,819/2,525 <0.001
MACE with Heart Failure - 1.32 (1.28-1.37) 7,636/9,622 6,903/9,622 <0.001
MACE with Ischaemic Heart Disease b 1.30 (1.26-1.33) 11,497/14,961 10,438/14,961 <0.001
MACE with Takotsubo Syndrome - 1.43 (1.21-1.68) 328/409 263/409 <0.001
[ T 1
09 1 15 2

Hazard Ratio (95% ClI)

Figure 2. Hazard ratios and 95% confidence intervals for the risk of major adverse cardiovascular events over 5-year follow-up in
patients with either atrial fibrillation/flutter, severe ventricular arrhythmias, heart failure, or ischaemic heart diseases versus those
who did not have newly diagnosed cardiovascular complications 4-weeks post intracerebral haemorrhagic stroke.

Cl: confidence interval; ICH: intracerebral haemorrhage; MACE: major adverse cardiovascular events.

Hazard ratio (HR), through Cox regression models, reported for propensity-score matched cohort.

newly diagnosed cardiovascular complication were associ-
ated with a significantly greater risk of MACE compared to
matched controls, over Syears follow-up from incident
ICH.

In recent studies examining MACE outcomes, patients
with incident haemorrhagic and ischaemic strokes and
newly diagnosed cardiovascular complication were at a sig-
nificantly higher risk of MACE.>!* Within 5 years, patients
with ICH and newly diagnosed cardiovascular complica-
tions were at a greater risk of MACE outcomes compared
to those without a cardiovascular complication (HR 1.35
[95% CI 1.32—1.38]). When comparing both ischaemic and
haemorrhagic stroke cohorts, an overall similar risk of
MACE following cardiac complications can be found.
Although patients with haemorrhagic stroke may exhibit
higher mortality rates, possibly attributed to the severity of
stroke.!* The risk of MACE culminates within the initial
30days following ischaemic stroke, likely attributable to
stroke-heart syndrome.! In this study, the median occur-
rence was 13 days for the stroke-heart syndrome cohort and
41 days for ICH only cohort (see Figure S2). Although the
risk decreases after 30days, it remains significant within
90 days and persists 1 year following initial stroke.!>!® Two
smaller studies have reported the incidence of severe ven-
tricular arrhythmia following ICH ranging from 0.3% to
8% within 30days of an ICH.!®!! When compared to an
ischaemic stroke-heart syndrome population and patients
following transient ischaemic attack (TIA), the incidence
rates of cardiac complications in the current study were
largely comparable (2%; n=2607).%"

In the present study, ICH patients with stroke-heart syn-
drome had a 1.5-fold higher risk of 5-year mortality com-
pared to patients with ICH alone. The greatest risk of 5-year
mortality was observed among patients with severe

ventricular arrhythmias, closely followed by those with
heart failure. In a retrospective study using a Taiwanese
insurance database of 608,890 stroke patients (28%;
n=173,236 ICH stroke), pre-existing heart failure was
associated with an increased risk of post-discharge mortal-
ity (OR 2.59 [95% CI 2.07-3.26]) compared to those with-
out pre-existing heart failure.'® Although the present study
specifically focussed on cardiac complications following
ICH, these findings suggest that patients with ICH and
heart failure are associated with a higher risk of mortality,
irrespective of whether heart failure develops before or
after ICH.

In cases of ischaemic stroke, cardiac arrhythmias or ven-
tricular repolarisation changes are the leading cardiac cause
of mortality following a stroke.'® Specifically, patients with
ischaemic stroke-heart syndrome had a twofold higher risk
of 5-year mortality, particularly when the cardiac complica-
tion was a severe ventricular arrhythmia.>* The current
study shows that ICH patients with newly diagnosed car-
diovascular complications had a fourfold greater risk of
5-year acute myocardial infarction compared to matched
controls (ICH without cardiac complications). This is simi-
lar to previous work in an ischaemic stroke cohort where
those newly diagnosed with ischaemic heart disease were at
high risk of a future acute myocardial infarction.? Although
no known prior work has investigated long-term outcomes
of newly diagnosed ischaemic heart disease following ICH,
these findings align with previous research on individuals
with pre-existing ischaemic heart disease. Specifically, a
3.5% higher risk of acute myocardial infarction was seen at
10-year follow-up in patients with ICH and pre-existing
ischaemic heart disease.'® Also, Sposato et al.> found that
stroke patients with subclinical ischaemic heart diseases or
a history of acute myocardial infarction were associated
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HR (95% Cl) Events SHS Events Control P-value

All-Cause Mortality

Atrial Fibrillation/ Flutter .
Severe Ventricular Arrhythmia .
Heart Failure .
Ischaemic Heart Diseases -
Takotsubo Syndrome .
Ischaemic Stroke

Atrial Fibrillation/ Flutter -
Severe Ventricular Arrhythmia .
Heart Failure .
Ischaemic Heart Diseases -
Takotsubo Syndrome .
Recurrent ICH

Atrial Fibrillation/ Flutter .

Severe Ventricular Arrhythmia .

Heart Failure .
Ischaemic Heart Diseases =
Takotsubo Syndrome L]

Acute Myocardial Infarction

Atrial Fibrillation/ Flutter .
Severe Ventricular Arrhythmia -
Heart Failure .

Ischaemic Heart Diseases

Takotsubo Syndrome

Rehospitalisation

Atrial Fibrillation/ Flutter .
Severe Ventricular Arrhythmia .
Heart Failure .
Ischaemic Heart Diseases .

Takotsubo Syndrome

1.35(1.3-1.4) 6,250/13,855 5,197/13,855 <0.001
1.81(1.66-1.97) 1,272/2,525 862/2,525 <0.001
1.52 (1.45-1.6) 4,400/9,622 3,293/9,622 <0.001
1.43(1.38-1.49)  6,439/14,961 5,004/14,961 <0.001
1.738 (1.376-2.197) 191/399 111/396 <0.001
1.7 (1.63-1.78) 4,648/13,855 3,234/13,855 <0.001
1.44 (1.3-1.59) 865/2,525 714/2,525 <0.001
1.52 (1.44-1.6) 3,358/9,622 3,293/9,622 <0.001
1.44 (1.38-1.51)  4,610/14,961 3,644/14,961 <0.001
1.285 (0.988-1.673) 123/409 101/409 0.058
1(0.97-1.04) 5,756/13,855 6,038/13,855 0.991
1.06 (0.97-1.15) 1,087/2,525 1,115/2,525 0.198
1.08 (1.03-1.13) 4,292/9,622 4,264/9,622 <0.001
1.04 (1-1.07) 6,406/6,575 6,575/14,961 0.052
1.171 (0.946-1.45) 178/409 160/409 0.139
1.72 (1.56-1.9) 979/13,855 639/13,855 <0.001
264 (2.19-3.19) 347/2,525 159/2,525 <0.001
268 (2.41-2.98) 1,127/9,622 486/9,622 <0.001
4.65(4.22-5.13) 2,014/14,961 501/14,961 <0.001
. 5.346 (3.17-9.01) 83/409 171409 <0.001
0.753 (0.553-1.024)  68/13,855 101/13,855 0.069
1.294 (0.59-2.84) 13/2,525 12/2,525 0.519
0.959 (0.673-1.365) 57/9,622 67/9,622 0.815
1.115(0.827-1.502)  87/14,961 86/14,961 0.476
0.254 (0.028-2.274) 10/409 10/409 0.185

Hazard Ratio (95% CI)

Figure 3. Hazard ratios and 95% confidence intervals for the risk of each major adverse cardiovascular events composites (all-
cause mortality, ischaemic stroke, recurrent intracerebral haemorrhage, acute myocardial infarction, rehospitalisation) over 5-year
follow-up in patients with either atrial fibrillation/flutter, severe ventricular arrhythmias, heart failure, or ischaemic heart diseases
versus those who did not have newly diagnosed cardiovascular complications 4-weeks post intracerebral haemorrhagic stroke.

ClI: confidence interval; ICH: intracerebral haemorrhage; MACE: major adverse cardiovascular events.

Hazard ratio (HR), through Cox regression models, reported for propensity-score matched cohort.

with a heightened risk of future acute myocardial infarction
due to stroke-induced accelerated coronary artery athero-
sclerosis, further highlighting the vulnerability of individu-
als with ischaemic heart disease to subsequent myocardial
infarction following stroke.

Heart failure was associated with a significantly higher
risk of 5-year recurrent ICH (HR 1.08). Although the reason(s)
for this is unclear, this is similar to ICH patients with pre-
existing heart failure, who have a 1.8 times higher 3-year risk
of recurrent ICH compared to ICH patients without pre-exist-
ing heart failure.’ Potential explanations for this may be
decompensation, use of anti-thrombotic treatments, and type
of ICH (e.g. lobar ICH which is an independent risk factor for
rebleeding).!®?° Indeed, ICH in relation to AF presents even
greater uncertainty especially in relation to whether (and
when) thromboprophylaxis should be initiated.?!-?

Stroke-heart syndrome in patients with ICH did not
associate with a higher risk of 5-year rehospitalisation
compared to matched controls. It is likely that although
rehospitalisation rates did not significantly differ, the
cause of rehospitalisation did. It seems probable that for
patients with stroke-heart syndrome, rehospitalisation
was more likely due to a severe MACE, as denoted by
our primary findings, compared to patients with ICH
only. Further, rates of rehospitalisation were lower than
other MACE outcomes, possibly limiting precision.
However, direct measurement of cause of hospitalisa-
tion was not possible in this study and warrants future
investigation.

The present study highlights the need for a more holistic
and integrated care approach to post-stroke management to
reduce the cardiovascular risks associated with this
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high-risk population,”® now advocated by a European
Society of Cardiology position paper.?*

Limitations

Information concerning the severity and location of ICH
was unavailable. The data available in TriNetX might origi-
nate from specific HCO’s and regions, potentially introduc-
ing biases into the dataset. The cohort examined in the
current study spans over 20 years, and it is possible that the
time window may include differences in stroke manage-
ment, health record collection, and the impact of COVID
19 pandemic. Moreover, this study does not include acute
cardiac changes of stroke-heart syndrome such as cardiac
biomarkers (e.g. high sensitivity troponin or NT-proBNP).
Instead, it focuses on newly diagnosed, overt clinical car-
diovascular complications, as previously reported.?
Ultimately, the determination of whether a cardiovascular
complication is the result of an ICH event or pre-existed
prior to the stroke (potentially exacerbated by ICH), and is
subsequently diagnosed due to thorough clinical work up,
remains uncertain. Prospective observational studies may
be able to explore this concept further, such as in the
Liverpool Heart & Brain Project.”® Nonetheless, despite
these limitations, the clinical importance of newly diag-
nosed cardiovascular complications following ICH remains.

Conclusion

Newly diagnosed cardiovascular complications following
ICH (i.e. stroke-heart syndrome) were common and associ-
ated with a significantly worsened 5-year prognosis.
Findings underscore the importance of implementing pre-
ventive cardiology measures for these patients and the need
for further research in this under studied area.
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