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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. 

Methods: A retrospective cohort study was conducted using anonymised electronic 

medical records. Patients aged ≥18 years 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 
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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 ≥1 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.  

Conclusions: Newly diagnosed cardiovascular complications following ICH (i.e., 

stroke-heart syndrome) were common and associated with a significantly worsened 5-

year prognosis.  

Key Words: stroke-heart syndrome ▪ intracerebral haemorrhage ▪ arrhythmias ▪ heart 

failure ▪ outcomes 
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Introduction 

Recent studies have demonstrated that newly diagnosed cardiovascular 

complications following ischaemic stroke are common (approximately 20%) and are 

associated with a poor prognosis, compared to those without newly diagnosed 

cardiovascular complications following a stroke1-3. The term "stroke-heart syndrome" 

describes a range of functional, morphological, or biological cardiac changes occurring 

within the first 30 days following an acute stroke2, 3. Clinical manifestations of stroke-

heart syndrome include ischaemic heart diseases, heart failure, acute myocardial 

infarction, atrial and ventricular arrhythmias, and Takotsubo syndrome2. These stroke-

induced cardiovascular complications may be caused by inflammation, central 

autonomic dysfunction, and/or myocardial structural changes4, 5.  

Previous research on stroke-heart syndrome has focused on ischaemic stroke2, 3, 5-7 

with little attention given to strokes associated with intracerebral haemorrhage (ICH). 

Prior ICH cohorts have also generally focused on pre-existing cardiovascular 

complications, rather than those with incident 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 events8. Pre-existing atrial fibrillation and heart failure in patients with ICH 

have been shown to increase the risk of ischaemic stroke and mortality8, 9. 

Relatively small studies have investigated new cardiovascular events following ICH. 

For example, a high percentage of patients with ICH experience new cardiac 

arrhythmias (including severe ventricular arrhythmias and atrial fibrillation) in the early 

stages following stroke (8-15%)10, 11. In a high proportion (15%) these new ECG 

abnormalities remain up to 2 weeks following ICH10. One retrospective observational 
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study11 reported that amongst 1,013 patients with ICH, 4.1% (n = 39) patients 

experienced in-hospital cardiovascular complications (i.e., severe ventricular 

arrhythmia, and heart failure). Furthermore, patients with ICH are at an increased risk 

of in-hospital acute myocardial infarction and mortality11, 12. 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 and 5-year major 

adverse cardiovascular events (MACE) of newly diagnosed cardiovascular 

complications following incident ICH, using a large global federated database. 

 

Methods 

This multicentre retrospective observational cohort study used anonymised electronic 

medical records (EMRs) from complete case, anonymised data within TriNetX (https:// 

live.trinetx.com), a global federated health research network with access to electronic 

medical records (EMRs) from participating healthcare organisations (HCOs), including 

academic medical centres, specialty physician practices, and community hospitals, 

predominantly in the United States. As no identifiable information is receive 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 identified 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 haemorrhage (ICH)). This cohort 
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study adheres to the STROBE (Strengthening the Reporting of Observational Studies 

in Epidemiology) guidelines13. STROBE checklist can be found in Supplemental 

Material (Table S1). Patients aged ≥18 years with an incident ICH and a minimum of 

5-year follow-up were identified from the first instance. Only cases with the 

International Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-

CM) code I61 (non-traumatic 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 data. ICH patients who were identified as having a newly 

diagnosed cardiovascular complication within 4 weeks following an ICH were defined 

as the exposure (stroke-heart syndrome cohort). They 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) (I48), Takotsubo syndrome (I51.81), severe ventricular 

arrhythmia (i.e., ventricular tachycardia (I47.2) and ventricular fibrillation/flutter (I48)), 

and ischaemic heart diseases (I20-I25) (Table S2). Each of these cardiac 

complications were investigated as a composite stroke-heart syndrome cohort 

(primary analysis) and separately (secondary analyses) for associated 5-year MACE. 

MACE was defined as the presence of any of the following: recurrent ICH, incident 

ischaemic stroke, all-cause mortality, acute myocardial infarction. The occurrence of 

MACE was specified as an event subsequent to the diagnosis of ICH up to 5-years 

follow-up (Table S3). 
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Statistical analysis 

Baseline characteristics were compared using χ2 tests or independent-sample t tests. 

Using logistic regression, the exposure cohort (i.e., stroke-heart syndrome) were 1:1 

propensity score matched to control cohort (i.e., ICH only) for age (at index event), 

sex, ethnicity, hypertensive diseases, diabetes, cerebrovascular diseases (e.g., 

transient ischaemic attack and sequelae of cerebrovascular disease), pulmonary heart 

disease/disease of the pulmonary circulation, cardiovascular procedures (including 

electrocardiography, echocardiography, catheterization, cardiac devices, and 

electrophysiological procedures), and cardiovascular medications (including β-

blockers, antiarrhythmics, diuretics, antilipemic agents, antianginals, calcium channel 

blockers, and angiotensin-converting enzyme inhibitors). Comorbidities and 

cardiovascular care coding are presented in Table S4. 

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 cardiovascular complications with propensity matched 

controls (without newly diagnosed post-stroke cardiovascular complications). A two-

sided p-value of less than 0.01 was considered 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.  
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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 

cardiovascular complication within 4-weeks of incident ICH 9% (n = 15,413) ischaemic 

heart disease, 8% (n = 14,175) atrial fibrillation/flutter, 6% (9,980) heart failure, 2% (n 

= 2,608) 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 

= 9,622) with heart failure, 1.5% (n = 2,525) with severe ventricular arrhythmia, and 

0.2% (n = 409) with Takotsubo syndrome, who were compared to matched controls 

(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 diseases of 

pulmonary circulation remained statistically different between groups after the 

propensity score matching (Table 1). 

 

Major Adverse Cardiovascular Events and Cardiovascular Complications 

Any cardiovascular complication following ICH were associated with significantly 

higher risk of composite MACE, compared to matched controls without cardiovascular 

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 
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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 5 

years 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 fibrillation/flutter (HR 1.35 [95% CI 1.30-1.40]), severe ventricular 

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 significantly higher in patients 

with heart failure when compared 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. 



10 
 

Ischaemic stroke and myocardial infarction. The 5-year risk of ischaemic stroke was 

significantly higher in all ICH stroke-heart syndrome subgroups: atrial fibrillation/flutter 

(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 ischaemic heart diseases 

(HR 1.44 [95% CI 1.38-1.51]), compared to matched controls. 

The 5-year risk of acute myocardial infarction was significantly 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 controls. 

The 5-year risks of acute myocardial infarction had the highest hazard ratio values 

amongst all MACE outcomes. 

Takotsubo syndrome. Following ICH, Takotsubo syndrome 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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Discussion 

In this study, our principal findings are as follows: (i) newly diagnosed cardiovascular 

complications within 4 weeks following an ICH were 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 = 2,607), and Takotsubo syndrome (0.2%; n = 

409); (ii) patients with ICH and a newly diagnosed cardiovascular complication were 

associated with a greater risk of MACE compared to matched controls, over 5 years 

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 

significantly higher risk of MACE2, 14. Within 5 years, patients with ICH and newly 

diagnosed cardiovascular complications 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 stroke14. The risk of MACE culminates within the initial 30 days following 

ischaemic stroke, likely attributable to stroke-heart syndrome15. In this study, the 

median occurrence was 13 days for the stroke-heart syndrome cohort and 41 days for 

ICH only cohort (see Figure S2). Although the risk decreases after 30 days, it remains 

significant within 90 days and persists 1 year following initial stroke15, 16.  Two smaller 

studies have reported the incidence of severe ventricular arrhythmia following ICH 

ranging from 0.3 to 8% within 30 days of an ICH10, 11. When compared to an ischaemic 

stroke-heart syndrome population and patients following transient ischaemic attack 
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(TIA), the incidence rates of cardiac complications in the current study were largely 

comparable (2%; n = 2,607)2, 17.   

In the present study, ICH patients with stroke-heart syndrome had a 1.5-fold higher 

risk of five-year mortality compared 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 mortality 

(OR 2.59 [95% CI 2.07-3.26]) compared to those without pre-existing heart failure18. 

Although the present study specifically focused 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 ventricular repolarization changes 

are the leading cardiac cause of mortality following a stroke19. Specifically, patients 

with ischaemic stroke-heart syndrome had a 2-fold higher risk of five-year mortality, 

particularly when the cardiac complication was a severe ventricular arrhythmia4. The 

current study shows that ICH patients with newly diagnosed cardiovascular 

complications had a 4-fold greater risk of 5-year acute myocardial infarction compared 

to matched controls (ICH without cardiac complications). This is similar 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 infarction2. 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 
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myocardial infarction was seen at 10-year follow-up in patients with ICH and pre-

existing ischaemic heart disease18. Also, Sposato et al.5 found that stroke patients with 

subclinical ischaemic heart diseases or a history of acute myocardial infarction were 

associated with a heightened risk of future acute myocardial infarction due to stroke-

induced accelerated coronary artery atherosclerosis, thus highlighting the vulnerability 

of individuals with ischaemic heart disease to subsequent myocardial infarction. 

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-existing heart failure9. 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)19, 20. Indeed, ICH in 

relation to AF presents even greater uncertainty especially in relation to whether (and 

when) thromboprophylaxis should be started21, 22. 

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 

hospitalisation was not possible in this study and therefore warrants future 

investigation. 
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The present study highlights the need for a more holistic or integrated care approach 

to post-stroke management to reduce the cardiovascular risks associated with this 

high-risk population23, now advocated by a European Society of Cardiology position 

paper24.   

 

Limitations 

Information concerning the severity and location of ICH was unavailable. The data 

available in TriNetX might originate from specific HCO’s and regions, potentially 

introducing 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 

management, 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 cardiovascular complications, as previously 

reported3. 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 the Liverpool Heart & Brain Project25. Nonetheless, despite these 

limitations, the clinical importance of the findings remains.    

 

Conclusion 

Newly diagnosed cardiovascular complications following ICH (i.e. stroke-heart 

syndrome) were common and associated with a significantly worsened 5-year 



15 
 

prognosis. Findings underscore the importance of implementing preventive cardiology 

measures in these patients and the need for further research in this under studied 

area.  
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Figures 

 

Figure 1. 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.  

CI, confidence interval; ICH, intracerebral haemorrhage; MACE, major adverse cardiovascular events. 

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

CI, confidence interval; ICH, intracerebral haemorrhage; MACE, major adverse cardiovascular events. 

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

CI, confidence interval; ICH, intracerebral haemorrhage; MACE, major adverse cardiovascular events. 

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

Table 1. 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 
syndrome cohort  
(n = 26,449) 

ICH cohort  
(n = 145,040)  

p value Stroke-heart 
syndrome cohort  
(n = 25,597) 

ICH cohort  
(n = 25,597) 

p value 

Age (yrs) at diagnosis  
Mean (SD) 

68.3 (5.4) 56.2 (23.2) <0.001 68.3 (15.4) 68.4 (15.6) 0.762 

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 
3,079 (12.0) 18,659 (13.8) <0.001 3,079 (12.0) 3,059 (12.0) 0.786 

 Asian 969 (3.8) 6,191 (4.6) <0.001 968 (3.8) 980 (3.8) 0.782 
 Unknown 822 (3.2) 4,366 (3.2) 0.908 822 (3.2) 835 (3.3) 0.745 
Comorbidities        
 Hypertensive Diseases 5,404 (21.1) 46,635 (34.4) <0.001 5,404 (21.1) 5,439 (21.2) 0.705 
 Diabetes Mellitus 2,063 (8.1) 19,268 (14.2) <0.001 2,062 (8.1) 2,016 (7.9) 0.453 
 Cerebrovascular 

Diseases 
5,858 (22.9) 36,082 (26.6) <0.001 5,852 (22.9) 5,783 (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 and Diseases of 
Pulmonary Circulation 

476 (1.9) 6,863 (5.1) <0.001 476 (1.9) 393 (1.5) 0.005 

Cardiovascular Care        
 Procedures 4,645 (18.1) 42,094 (31.1) <0.001 4,645 (18.1) 4,642 (18.1) 0.973 
 Medications 7,135 (27.9) 58,251 (43.0) <0.001 7,135 (27.9) 7,249 (28.3) 0.262 

ICH, intracerebral haemorrhage; SD, standard deviation; yrs, years. p < 0.01. 
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Supplementary Material 
Table S1. Strengthening the reporting of observational studies in epidemiology (STROBE) statement. 
Cohort studies’ checklist of included items in report. 

 Item 
Numbe

r 

Recommendations Page/section 
information can 

be found 
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or 

the abstract 
Page 2; abstract 

(b) Provide in the abstract an informative and balanced summary of what 
was done and what was found 

Page 2-3; 
abstract 

Introduction 
Background/ 
rationale 

2 Explain the scientific background and rationale for the investigation being 
reported 

Page 4-5;  
introduction 

Objectives 3 State specific objectives, including any prespecified hypotheses Page 5; end of 
introduction 

Methods 
Study design 4 Present key elements of study design early in the paper Page 5-6; 

methods 
Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection 
Page 5-6; 
methods 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection 
of participants. Describe methods of follow-up 

Page 5-6; 
methods 

(b) For matched studies, give matching criteria and number of exposed 
and unexposed 

Page 6; 
methods 

Variable 7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if applicable 

Page 6; 
methods 

Data sources/ 
measurements 

8* For each variable of interest, give sources of data and details of methods 
of assessment (measurement). Describe comparability of assessment 
methods if there is more than one group 

Page 6; 
methods  

Bias 9 Describe any efforts to address potential sources of bias N/a 
Study size 10 Explain how the study size was arrived at N/a 
Quantitative 
variables 

11 Explain how quantitative variables were handled in the analyses. If 
applicable, describe which groupings were chosen and why 

Page 5+6; 
methods 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 
confounding 

Page 7; 
methods 

(b) Describe any methods used to examine subgroups and interactions N/a 
(c) Explain how missing data were addressed N/a 
(d) If applicable, explain how loss to follow-up was addressed N/a 
(e) Describe any sensitivity analyses Page 7; 

methods 
Results 
Participants 13* (a) Report numbers of individuals at each stage of study—e.g. numbers 

potentially eligible, examined for eligibility, confirmed eligible, included in 
the study, completing follow-up, and analysed 

Page 8; results 

(b) Give reasons for non-participation at each stage N/a 
(c) Consider use of a flow diagram N/a 

Descriptive data 14* (a) Give characteristics of study participants (e.g. demographic, clinical, 
social) and information on exposures and potential 

Page 8; results 
+ Table 1 + 
Table S1 

(b) Indicate number of participants with missing data for each variable of 
interest 

N/a 

(c) Summarise follow-up time (e.g., average and total amount) Page Figure S2 
Outcome data 15* Report numbers of outcome events or summary measures over time Page 8-10; 

results  
+ Figure 1-3 

Main results 16 a) Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (e.g., 95% confidence interval). Make clear 
which confounders were adjusted for and why they were included 

Page 8-10; 
results  
+ Table 1 

(b) Report category boundaries when continuous variables were 
categorized 

N/a 

(c) If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period 

Page 8-10; 
results 
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Other analyses 17 Report other analyses done—e.g. analyses of subgroups and 
interactions, and sensitivity analyses 

Figure S1 

Discussion 
Key results 18 Summarise key results with reference to study objectives Page 11 
Limitations 19 Discuss limitations of the study, taking into account sources of potential 

bias or imprecision. Discuss both direction and magnitude of any 
potential bias 

Page 14; 
limitations 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and other 
relevant evidence 

Page 14; 
conclusions 

Generalisability 21 Discuss the generalisability (external validity) of the study results Page 14; 
conclusions 

Other information 
Funding 22 Give the source of funding and the role of the funders for the present 

study and, if applicable, for the original study on which the present article 
is based 

Disclosures 

*Give information separately for exposed and unexposed groups in cohort studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological 
background and published examples of transparent reporting. The STROBE checklist is best used in 
conjunction with this article (freely available on the Web sites of PLoS Medicine at 
http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology 
at http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-
statement.org. 

 

 

Table S2. International Classification of Diseases 10th Revision (ICD-10-CM) codes for cardiovascular 
complications diagnosed 4-weeks following an intracerebral haemorrhagic stroke. 

Cardiovascular complication of stroke-heart syndrome ICD-10-CM codes 
Heart failure  I50 
Ventricular tachycardia I47.2 
Ventricular fibrillation and flutter I49.0 
Takotsubo syndrome I51.81 
Ischaemic heart diseases I20-I25 
 Unstable angina  I20 
 Acute myocardial infarction  I21 
 Subsequent ST elevation and non-ST elevation myocardial 

infarction 
 I22 

 Certain current complications following ST elevation (STEMI) 
and non-ST elevation (NSTEMI) myocardial infarction 

 I23 

 Other acute ischaemic heart diseases  I24 
 Chronic ischaemic heart diseases  I25 
Atrial fibrillation and flutter I48 

Table S3. International Classification of Diseases 10th Revision codes for 5-year major cardiovascular 
adverse events. 

Cardiovascular complication of stroke-heart syndrome ICD-10-CM codes (label) 

Recurrent intracerebral haemorrhage I61 (nontraumatic intracerebral 
haemorrhage) 
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Ischaemic stroke I63 (cerebral infarction) 

All-cause mortality Deceased 

Acute myocardial infarction I21 (acute myocardial infarction) 

Hospitalisation  [SNOMED] 32485007 (hospital 
admission) 

ICD-10-CM, International Classification of Diseases 10th Revision; MACE, major cardiovascular 
adverse events; SNOMED, systematized nomenclature of medicine clinical terms 

 

 

Table S4. Baseline characteristics (including pre-stroke comorbidities and cardiovascular care) and 
coding. 

Baseline characteristic Code 

Hypertension  I10-I16 

Cerebrovascular disease I60-I69 

Diabetes E08-E13 

Pulmonary disease/disease of the pulmonary circulation I26-I28 

Chronic kidney disease N18 

Cardiovascular care Procedures (CPT 1012974) 

Medications (VA CV000)  
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Table S5. Baseline characteristics n (%) of intracerebral haemorrhagic stroke patients with or without atrial fibrillation/flutter before 
and after propensity score matching.  

 Before Propensity-Score Matched Population After Propensity-Score Matched Population 
Stroke-heart 
syndrome cohort  
(n = 14,175) 

ICH cohort  
(n = 162,216)  

p value Stroke-heart 
syndrome cohort  
(n = 13,855) 

ICH cohort  
(n = 13,855) 

p value 

Age (yrs) at diagnosis  
Mean (SD) 

72.9 (2.7) 57.2 (22.7) <0.001 72.9 (12.7) 72.9 (12.8) 0.855 

Sex       
 Male 7,434 (53.7) 80,868 (53.2) 0.330 7,434 (53.7) 7,414 (53.5) 0.810 
 Female 5,907 (42.6) 68.151 (44.9) <0.001 5,907 (42.6) 5,947 (42.9) 0.627 
Ethnicity       
 White 9,601 (69.3) 92,386 (60.8) <0.001 9,600 (69.3) 9,653 (69.7) 0.489 
 Black or African 

American 
1,188 (8.6) 21,144 (13.9) <0.001 1,188 (8.6) 1,184 (8.6) 0.898 

 Asian 574 (4.1) 6,776 (4.5) 0.083 574 (4.1) 549 (4.0) 0.446 
 Unknown 368 (2.7) 368 (3.2) <0.001 368 (2.7) 363 (2.6) 0.851 
Comorbidities        
 Hypertensive 

Diseases 
3,421 (24.7) 51,538 (33.9) <0.001 3,421 (24.7) 3,433 (24.8) 0.867 

 Diabetes Mellitus 1,440 (10.4) 21,470 (14.1) <0.001 1,440 (10.4) 1,397 (10.1) 0.394 
 Cerebrovascular 

Diseases 
3,183 (23.0) 38,992 (25.7) <0.001 3,182 (23.0) 3,123 (22.5) 0.398 

 Chronic Kidney 
Disease 

756 (5.5) 11,824 (7.8) <0.001 756 (5.5) 718 (5.2) 0.309 

 Pulmonary Heart 
Disease and 
Diseases of 
Pulmonary 
Circulation 

444 (3.2) 7,548 (5.0) <0.001 444 (3.2) 379 (2.7) 0.021  

Cardiovascular Care        
 Procedures 2,912 (21.0) 46,277 (30.5) <0.001 2,912 (21.0) 2,910 (21.0) 0.976 
 Medications 4,233 (30.5) 63,996 (42.1) <0.001 4,233 (30.6) 4,260 (30.7) 0.725 

ICH, intracerebral haemorrhage; SD, standard deviation; yrs, years. p < 0.01  
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Table S6. Baseline characteristics n (%) of intracerebral haemorrhagic stroke patients with or without severe ventricular arrhythmia 
before and after propensity score matching.  

 Before Propensity-Score Matched Population After Propensity-Score Matched Population 
Stroke-heart 
syndrome cohort  
(n = 2,608) 

ICH cohort  
(n = 173,734)  

p value Stroke-heart 
syndrome cohort  
(n = 2,525) 

ICH cohort  
(n = 2,525) 

p value 

Age (yrs) at diagnosis  
Mean (SD) 

64.2 (17.3) 58.4 (22.6) <0.001 64.2 (17.3) 
 

64.7 (17.0) 0.296 

Sex       
 Male 1,504 (59.6) 86,765 (53.2) <0.001 1,504 (59.6) 1,516 (60.0) 0.731 
 Female 921 (36.5) 73,122 (44.8) <0.001 921 (36.5) 915 (36.2) 0.861 
Ethnicity       
 White 1,500 (59.4) 100,453 (61.5) 0.029 1,500 (59.4) 1,515 (60.0) 0.667 
 Black or African 

American 
409 (16.2) 21,916 (13.4) <0.001 409 (16.2) 418 (16.6) 0.732 

 Asian 88 (3.5) 7,262 (4.4) 0.020 88 (3.5) 88 (3.5) 1.000 
 Unknown 70 (2.8) 5,192 (3.2) 0.245 70 (2.8) 71 (2.8) 0.932 
Comorbidities        
 Hypertensive 

Diseases 
1,100 (43.6) 53,471 (32.8) <0.001 1,100 (43.6) 1,091 (43.2) 0.798 

 Diabetes Mellitus 493 (19.5) 22,319 (13.7) <0.001 493 (19.5) 503 (19.9) 0.724 
 Cerebrovascular 

Diseases 
873 (34.6) 40,164 (24.6) <0.001 873 (34.6) 875 (34.7) 0.953 

 Chronic Kidney 
Disease 

293 (11.6) 12,225 (7.5) <0.001 293 (11.6) 285 (11.3) 0.724 

 Pulmonary Heart 
Disease and 
Diseases of 
Pulmonary 
Circulation 

239 (9.5) 7,690 (4.7) <0.001 239 (9.5) 200 (7.9) 0.051 

Cardiovascular Care        
 Procedures 1,009 (40.0) 47,787 (29.3) <0.001 1,009 (40.0) 1,005 (39.8) 0.908 
 Medications 1,238 (49.0) 66,508 (40.7) <0.001 1,238 (49.0) 1,222 (48.4) 0.652 

ICH, intracerebral haemorrhage; SD, standard deviation; yrs, years. p < 0.01 
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Table S7. Baseline characteristics n (%) of intracerebral haemorrhagic stroke patients with or without heart failure before and after 
propensity score matching. 

 Before Propensity-Score Matched Population After Propensity-Score Matched Population 
Stroke-heart 
syndrome cohort  
(n = 9,980) 

ICH cohort  
(n = 166,411)  

p value Stroke-heart 
syndrome cohort  
(n = 9,622) 

ICH cohort  
(n = 9,622) 

p value 

Age (yrs) at diagnosis  
Mean (SD) 

67.0 (16.8) 58.0 (22.7) <0.001 67.0 (16.8) 67.0 (16.8) 0.698 

Sex       
 Male 5,175 (53.8) 83,127 (53.2) 0.290 5,175 (53.8) 5,219 (54.2) 0.525 
 Female 4,106 (42.7) 69,954 (44.8) <0.001 4,106 (42.7) 4,101 (42.6) 0.942 
Ethnicity       
 White 5,891 (61.2) 96,097 (61.5) 0.544 5,891 (61.2) 5,923 (61.6) 0.636 
 Black or African 

American 
1,396 (14.5) 20,936 (13.4) 0.002 1,396 (14.5) 1,424 (14.8) 0.568 

 Asian 345 (3.6) 7,005 (4.5) <0.001 345 (3.6) 346 (3.6) 0.969 
 Unknown 277 (2.9) 4,988 (3.2) 0.087 277 (2.9) 278 (2.9) 0.966 
Comorbidities        
 Hypertensive 

Diseases 
3,537 (36.8) 51,716 (33.1) <0.001 3,537 (36.8) 3,544 (36.8) 0.917 

 Diabetes Mellitus 1,575 (16.4) 21,468 (13.7) <0.001 1,575 (16.4) 1,538 (16.0) 0.481 
 Cerebrovascular 

Diseases 
3,306 (34.4) 39,106 (25.0) <0.001 3,306 (34.4) 3,248 (33.8) 0.386 

 Chronic Kidney 
Disease 

828 (8.6) 11,845 (7.6) <0.001 828 (8.6) 786 (8.2) 0.275 

 Pulmonary Heart 
Disease and 
Diseases of 
Pulmonary 
Circulation 

460 (4.8) 7,587 (4.9) 0.731 460 (4.8) 377 (3.9) 0.003 

Cardiovascular Care        
 Procedures 3,084 (32.0) 46,374 (29.7) <0.001 3,084 (32.1) 3,092 (32.1) 0.902 
 Medications 3,865 (40.2) 64,521 (41.3) 0.027 3,865 (40.2) 3,843 (39.9) 0.746 

ICH, intracerebral haemorrhage; SD, standard deviation; yrs, years. p < 0.01 
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Table S8. Baseline characteristics n (%) of intracerebral haemorrhagic stroke patients with or without ischaemic heart diseases 
before and after propensity score matching.  

 Before Propensity-Score Matched Population After Propensity-Score Matched Population 
Stroke-heart 
syndrome cohort 
(n = 15,413) 

ICH cohort 
(n = 160,978) 

p value Stroke-heart 
syndrome cohort 
(n = 14,961) 

ICH cohort 
(n = 14,961) 

p value 

Age (yrs) at diagnosis  
Mean (SD) 

68.7 (14.0) 57.5 (22.9) <0.001 68.7 (14.0) 68.8 (14.3) 0.923 

Sex       
 Male 8,691 (58.1) 79,611 (52.8) <0.001 8,691 (58.1) 8,693 (58.1) 0.981 
 Female 5,780 (38.6) 68,279 (45.3) <0.001 5,780 (38.6) 5,802 (38.8) 0.794 
Ethnicity       
 White 9,802 (65.5) 92,185 (61.1) <0.001 9,802 (65.5) 9,874 (66.0) 0.380 
 Black or African 

American 
1,869 (12.5) 20,464 (13.6) <0.001 1,869 (12.5) 1,844 (12.3) 0.661 

 Asian 504 (3.4) 6,846 (4.5) <0.001 504 (3.4) 516 (3.4) 0.702 
 Unknown 480 (3.2) 4,785 (3.2) 0.809 480 (3.2) 475 (3.2) 0.869 
Comorbidities        
 Hypertensive 

Diseases 
3,752 (25.1) 51,522 (34.2) <0.001 3,752 (25.1) 3,732 (24.9) 0.789 

 Diabetes Mellitus 1,568 (10.5) 21,464 (14.2) <0.001 1,568 (10.5) 1,528 (10.2) 0.448 
 Cerebrovascular 

Diseases 
3,668 (24.5) 38,922 (25.8) 0.001 3,668 (24.5) 3,563 (23.8) 0.156 

 Chronic Kidney 
Disease 

820 (5.5) 11,826 (7.8) <0.001 820 (5.5) 707 (4.7) 0.003 

 Pulmonary Heart 
Disease and 
Diseases of 
Pulmonary 
Circulation 

438 (2.9) 7,582 (5.0) <0.001 438 (2.9) 368 (2.5) 0.012 

Cardiovascular Care        
 Procedures 3,179 (21.2) 46,219 (30.6) <0.001 3,179 (21.2) 3,122 (20.9) 0.419 
 Medications 4,635 (31.0) 63,814 (42.3) <0.001 4,635 (31.0) 4,694 (31.4) 0.462 

ICH, intracerebral haemorrhage; SD, standard deviation; yrs, years. p < 0.01 
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Table S9. Baseline characteristics n (%) of intracerebral haemorrhagic stroke patients with or without Takotsubo syndrome before 
and after propensity score matching.  

 Before Propensity-Score Matched Population After Propensity-Score Matched Population 
Stroke-heart 
syndrome cohort 
(n = 409) 

ICH cohort  
(n = 289,599)  

p value Stroke-heart 
syndrome cohort 
(n = 409) 

ICH cohort  
(n = 409) 

p value 

Age (yrs) at diagnosis  
Mean (SD) 

60.5 (16.2) 59.5 (22.1) 0.360 60.5 (16.2) 59.6 (17.2) 0.434 

Sex       
 Male 115 (28.1) 148,780 (53.3) <0.001 115 (28.1) 116 (28.4) 0.938 
 Female 289 (70.7) 122,711 (44.0) <0.001 289 (70.7) 288 (70.4) 0.939 
Ethnicity       
 White 278 (68.0) 168,112 (60.3) 0.001 278 (68.0) 284 (69.4) 0.651 
 Black or African 

American 
51 (12.5) 38,179 (13.7) 0.475 51 (12.5) 48 (11.7) 0.748 

 Asian 12 (2.9) 12,576 (4.5) 0.125 12 (2.9) 14 (3.4) 0.690 
 Unknown 18 (4.4) 9,598 (3.4) 0.287 18 (4.4) 19 (4.6) 0.866 
Comorbidities        
 Hypertensive 

Diseases 
109 (26.7) 102,257 (36.6) <0.001 109 (26.7) 107 (26.2) 0.874 

 Diabetes Mellitus 48 (11.7) 43,727 (15.7) 0.029 48 (11.7) 44 (10.8) 0.658 
 Cerebrovascular 

Diseases 
96 (23.5) 70,725 (25.3) 0.383 96 (23.5) 97 (23.7) 0.934 

 Chronic Kidney 
Disease 

26 (6.4) 26,338 (9.4) 0.033 26 (6.4) 23 (5.6) 0.658 

 Pulmonary Heart 
Disease and 
Diseases of 
Pulmonary 
Circulation 

22 (5.4) 15,503 (5.6) 0.876 22 (5.4) 18 (4.4) 0.517 

Cardiovascular Care        
 Procedures 105 (25.7) 92,553 (33.2) 0.001 105 (25.7) 103 (25.2) 0.872 
 Medications 147 (35.9) 129.998 (46.6) <0.001 147 (35.9) 149 (36.4) 0.884 

ICH, intracerebral haemorrhage; SD, standard deviation; yrs, years. p < 0.01 
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Figure S1. Hazard ratios and 95% confidence intervals for the risk of major adverse cardiovascular events over 5-year follow-up in 
patients with one or multiple newly diagnosed cardiovascular complications versus those who were not newly diagnosed with a 
cardiovascular complications 4-weeks post intracerebral haemorrhagic stroke.  

AF, atrial fibrillation/flutter; CI, confidence interval; HF, heart failure; ICH, intracerebral haemorrhage; IHD, ischaemic heart disease; MACE, major adverse 
cardiovascular events; VT, severe ventricular arrhythmia. 

Hazard ratio (HR), through Cox regression models, reported for propensity-score matched cohort. 
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Figure S2. Kaplan-Meier diagram estimating the probability of the composites of 5-year major adverse cardiovascular events, in 

daily time intervals. Cumulative major adverse cardiovascular events occurring at 5-year follow up were 12.4% for stroke-heart 

syndrome cohort (n = 19,343, green line), and 20.1% for intracerebral haemorrhage only cohort (n = 17,343, purple line). Median 

days when composites of major adverse cardiovascular events occur for stroke-heart syndrome cohort and intracerebral 

haemorrhage only cohort were 13 days and 41 days, respectively. 

ICH, intracerebral haemorrhage; MACE, major adverse cardiovascular events; SHS, stroke-heart syndrome 

 

Log-Rank Test, P < 0.01. 
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Figure S3. Hazard ratios and 95% confidence intervals for the risk of major adverse cardiovascular events over 5-year follow-up in 
stroke-heart syndrome cohort without pre-existing comorbidities (i.e., hypertensive diseases, chronic kidney disease, diabetes 
mellitus, cerebrovascular diseases, and pulmonary heart disease versus a stroke-heart syndrome cohort without comorbidities prior 
to intracerebral haemorrhagic stroke.  

CI, confidence interval; ICH, intracerebral haemorrhage; MACE, major adverse cardiovascular events. 

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