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Impact of Acute Myocardial Injury on  
Short- and Long-Term Outcomes in Patients 
With Primary Intracerebral Hemorrhage
Shenghui Ma, MD*; Jiawen Li , MD*; Qi Kong, MD; Zhiming Xu, MBBS; Haojie Wu, MBBS; Yujia Jin , MD; 
Xianghua Ye, MD; Dong Luo, MD; Lusha Tong , MD, PhD; Feng Gao , MD, PhD

BACKGROUND: Myocardial injury is common after brain injury; however, few studies have reported serial cardiac troponin (cTn) 
measurements to distinguish whether the myocardial injury is acute or chronic. The fourth Universal Definition of Myocardial 
Infarction introduced for the first time the criteria for acute myocardial injury (AMI). We aimed to investigate the prevalence and 
prognostic implications of AMI in primary intracerebral hemorrhage.

METHODS AND RESULTS: We retrospectively analyzed patients with primary intracerebral hemorrhage within 48 hours after symp-
tom onset. All patients included had at least 2 cTn measurements: 1 obtained at the time of emergency admission and at least 
1 more within the first 2 days of hospitalization. AMI was defined as an elevated cTn above the upper-reference limit (14 ng/L) 
along with a rise/fall >20%. Patients were followed for up to 5 years. Outcomes included major adverse cardiac events (MACEs; a 
composite of vascular death, nonfatal coronary events, and nonfatal stroke) and 90-day unfavorable outcomes (modified Rankin 
scale score ≥4). Cox proportional hazards models, multivariable logistic regression models, and Kaplan–Meier analyses were 
used to evaluate the association between AMI and outcomes. Of 600 patients included, 115 had AMI (19.2%). AMI independently 
conferred an increased risk for major adverse cardiac events (adjusted hazard ratio, 1.69 [95% CI, 1.12–2.53]) and 90-day unfa-
vorable outcomes (adjusted odds ratio, 2.15 [95% CI, 1.26–3.67]) compared with patients without AMI.

CONCLUSIONS: AMI is relatively common in patients with intracerebral hemorrhage and is associated with both long-term major 
adverse cardiac events and 90-day unfavorable outcomes.
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Primary intracerebral hemorrhage (ICH) accounts 
for 10% to 15% of all stroke types. Although con-
siderable progress has been made in the man-

agement of ICH, it remains a major clinical threat 
because of its relatively high morbidity and mortality 
rate.1 In recent years, it has been increasingly recog-
nized that acute brain injuries can have immediate 
deleterious effects on the heart, which has been de-
scribed as stroke–heart syndrome.2–4 In addition to 

acute neurocardiogenic alterations, the occurrence of 
stroke–heart syndrome is associated with long-term 
prognosis in patients with acute ischemic stroke, but 
data in patients with ICH are scarce.

An elevation in serum cardiac troponin (cTn) in-
dicates injury to myocardial cells and is frequently 
detected among patients with stroke, even in the ab-
sence of acute coronary syndrome or myocardial in-
farction.5,6 Acute myocardial injury (AMI) is a common 
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type of stroke–heart syndrome. Notably, in the clinical 
setting, it can be challenging to differentiate acute in-
jury from chronic conditions if only a single cTn sam-
pling is obtained, as stroke typically occurs among 
older individuals and is associated with a high bur-
den of cardiovascular comorbidities that can lead to 
chronic increases in cTn values.7,8 Previous studies 
have yielded conflicting results concerning the role 
of elevated cTn in the prognosis of ICH.9–12 These 
discrepancies might be attributed to the analysis of 
patients with elevated cTn in general without differenti-
ating between AMI and chronic myocardial injury. The 
fourth version of the universal definition of myocardial 

infarction (UDMI) recommended confirming a new 
dynamic rising or falling pattern (>20%) of cTn values 
above the 99th-percentile upper reference limit (URL) 
for defining AMI,13 and studies on the prognosis of pa-
tients with ICH and AMI are limited. A definitive answer 
to this question would assist in clarifying the necessity 
for serial sampling for patients with ICH with asymp-
tomatic cTn elevation.

Considering these aspects, we aimed to explore 
the frequency of AMI and its association with long-
term major adverse cardiovascular events (MACEs) 
and 90-day functional independence in patients with 
primary ICH.

METHODS
The data that support the findings of this study 
are available from the corresponding author upon 
reasonable request.

Study Design and Population
This study was designed as a retrospective analysis 
of prospectively collected data from patients with ICH 
hospitalized at the Neurology Department, Second 
Affiliated Hospital of Zhejiang University. The institu-
tional ethical committee approved the study protocol 
(2018083), and informed consent was obtained from 
all patients or their relatives.

A total of 895 patients who met the inclusion cri-
teria were recruited between November 2016 and 
February 2021. The inclusion criteria included a 
neuroimaging-confirmed diagnosis of primary ICH 
and admission to the hospital within 48 hours after 
symptom onset. The exclusion criteria were as fol-
lows: (1) conversion to any type of surgical hematoma 
evacuation; (2) severe renal insufficiency with an es-
timated glomerular filtration rate (eGFR) <30 mL/min 
per 1.73 m2; (3) persistent or permanent atrial fibril-
lation; (4) symptoms and ECG findings fulfilling the 
criteria for myocardial ischemia; (5) history of cardiac 
intervention (eg, coronary artery bypass surgery or 
percutaneous coronary intervention) within the past 
4 weeks; (6) insufficient cTn data on initial evaluation 
or within the following 2 days during hospitalization; 
or (7) loss to follow-up.

Patient Characteristics
Demographics, cardiovascular risk factors, past history 
of stroke, National Institutes of Health Stroke Scale 
(NIHSS) score, Glasgow Coma Scale score, systolic 
blood pressure, and diastolic blood pressure were 
collected at baseline via standardized data collection 
methods, as previously described.14 Imaging data, 
including the hematoma volume, hematoma location, 

CLINICAL PERSPECTIVE

What Is New?
•	 In the setting of primary intracerebral hemorr

hage, the presence of acute myocardial injury is 
associated with an increased risk of long-term 
major adverse cardiovascular events, including 
vascular death, stroke recurrence, and nonfatal 
acute coronary events; however, similar results 
were not obtained in patients with chronic myo-
cardial injury (ie, with stable cardiac troponin 
elevation).

What Are the Clinical Implications?
•	 Our results suggest that identifying patients 

with acute myocardial injury via serial cardiac 
troponin measurements can yield important 
information to refine risk stratification for both 
short- and long-term outcomes in primary in-
tracerebral hemorrhage.

•	 Our results may provide new insights into 
secondary neurocardiac injury and prompt 
mechanism-oriented efforts to develop 
novel therapeutic strategies for intracerebral 
hemorrhage.
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and presence of intraventricular hemorrhage (IVH), 
were collected. The hematoma volume was measured 
with open-source ITK-Snap software (University of 
Pennsylvania, Philadelphia, PA; www.​itksn​ap.​org). ICH 
pathogenesis was classified as hypertension, amyloid 
angiopathy, or undetermined type according to the 
SMASH-U (structural vascular lesions, medication, 
cerebral amyloid angiopathy, systemic disease, 
hypertension, or undetermined) system.15

Laboratory Analysis
High-sensitivity troponin T (hs-cTnT, 99th percentile 
URL, 14 ng/L according to healthy reference population; 
limit of blank, 3 ng/L; limit of detection, 5 ng/L) levels 
were obtained in all included patients on emergency 
admission, and at least 1 more measurement was 
obtained within the first 2 days of hospitalization. 
According to the fourth UDMI, AMI was defined as 
at least 1 hs-cTnT value greater than the URL with a 
rise/fall >20% on serial measurements; if the minimum 
value was less than the URL, the maximum value 
was required to exhibit an increase of >50% of the 
URL (ie, 7 ng/L with our deployed assay).13 If >2 hs-
cTnT values were available, the difference between 
the minimum and maximum level was used. Patients 
who did not meet these criteria were defined as no 
AMI or were further categorized as no myocardial 
injury (all hs-cTnT values equal to URL or lower) or 
chronic myocardial injury (at least 1 value greater than 
the URL but no rise/fall >20%) for sensitivity analyses. 
Time from symptom onset to first, second, and peak 
hs-cTnT values were recorded. The other laboratory 
parameters collected at the time of admission included 
white blood cells, neutrophils, and leukocytes. The 
neutrophil-to-lymphocyte ratio was calculated on the 
basis of the differential blood count as neutrophils 
divided by lymphocytes. The value of total cholesterol, 
low-density lipoprotein cholesterol, and creatine were 
extracted from the results obtained in the morning the 
day after admission. The creatinine level was used to 
calculate the eGFR according to the Chronic Kidney 
Disease Epidemiology Collaboration equation.16

Study Outcomes
The study primary end point (MACEs) was a composite 
of nonfatal recurrent stroke (ischemic or hemorrhagic 
stroke), nonfatal acute coronary events (ie, unstable 
angina pectoris, ST-segment elevation, and non–ST-
segment–elevation myocardial infarction), and vascular 
death.17 The secondary end points were individual 
components of MACEs and 90-day unfavorable 
outcomes. Stroke was defined as an acute episode 
of focal neurological dysfunction confirmed by brain 
imaging (ie, computed tomography or magnetic 
resonance imaging). Acute coronary events were 

defined as acute episodes of chest pain associated 
with electrocardiographic evidence of myocardial 
ischemia and elevated levels of cardiac biomarkers, 
such as creatine kinase–MB or cTn, above cutoff 
values. Vascular death was defined as death within 
30 days of stroke, death within 7 days of a nonfatal 
coronary event, death caused by noncerebral 
hemorrhage or necrosis following peripheral artery 
occlusion or pulmonary embolism, or death within 
24 hours of a previous good and stable condition 
without another identifiable cause.18 The functional 
outcome was measured with the modified Rankin 
Scale score, and an unfavorable outcome was defined 
as a modified Rankin Scale score ≥4. Patients were 
prospectively followed up after discharge at 3, 6, and 
12 months and annually thereafter for up to 5 years. 
Each end point was obtained via structured telephone 
interviews by a team of independent and well-trained 
researchers who were blinded to the purpose of this 
study and not involved in the management of patients. 
Follow-up data were censored at the date of death, 
loss to follow-up, or June 2022.

Statistical Analysis
Categorical variables are summarized as n (%) and 
were compared via the Pearson χ2 test. For con-
tinuous variables, the means±SDs are reported for 
normally distributed data, and the medians with inter-
quartile ranges are reported for variables with skewed 
distributions. Continuous variables were compared 
via Student’s t test or the Mann–Whitney U test, as 
appropriate. Time-to-event analyses were performed 
via the Kaplan–Meier method, and the results were 
compared via the log-rank test. Unadjusted and ad-
justed Cox proportional hazards regression analyses 
were used to compare the AMI and non-AMI groups 
by time to the first composite MACE end point and 
each individual MACE component separately. To 
evaluate the association between AMI status and the 
risk of 90-day unfavorable outcomes, logistic regres-
sion models were developed. To control for potential 
confounding factors, we examined variables associ-
ated with outcomes of interest in univariable analyses 
at a significance level of P < 0.1, as well as variables 
related to outcomes of interest on the basis of clinical 
knowledge and literature review. Our list of candidate 
covariates for the risk of MACEs included age, sex, 
NIHSS score, ICH pathogenesis, medical history of 
hypertension, diabetes, prior stroke, coronary artery 
disease, history of smoking, eGFR values, ICH vol-
ume, lobar location, deep location, and IVH status. 
Our list of candidate covariates for the risk of 90-day 
unfavorable outcomes included age, sex, Glasgow 
Coma Scale score, NIHSS score, prior stroke, eGFR 
values, ICH volume, infratentorial location, and IVH 
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status. We subsequently used backward elimination 
procedures to arrive at a minimal model including 
only variables associated with the outcome of inter-
est at P < 0.05. The proportional hazards assump-
tion was tested by the Schoenfeld residuals test and 
graphic check after fitting Cox proportional hazards 
models, and the proportionality assumption was not 
violated. The results for time to prespecified events 
are reported as hazard ratios (HRs) with 95% CIs, 
and those for 90-day unfavorable outcomes are re-
ported as odds ratios.

Sensitivity analyses were carried out by categoriz-
ing patients into those with acute/chronic/no myocar-
dial injury according to the fourth UDMI criteria, with 
patients categorized as having no myocardial injury as 
the reference. In addition, we repeated the analyses 
after including a subset of patients with a history of 
atrial fibrillation.

Statistical analyses were performed using R 
Statistical Software version 4.3.1 (R Core Team 2023). 
All the statistical tests were 2-sided, and P<0.05 was 
considered to indicate statistical significance.

RESULTS
From November 2016 to February 2021, 895 eligi-
ble patients were screened for our study. Of these, 
295 patients were excluded: 9 underwent any type 
of surgical hematoma evacuation, 56 had comorbidi-
ties associated with elevated cTn, 27 had insufficient 
hs-cTnT data on admission, 171 had no serial cTn 
measurements, and 32 had no follow-up data after 
discharge. Finally, 600 patients (median age, 63 [in-
terquartile range, 54–71] years, 66.3% men) who met 
the inclusion and exclusion criteria were included. A 
study flowchart is shown in Figure 1. Compared with 
patients who were excluded, patients who met the in-
clusion criteria were less likely to report a history of 
diabetes and were found more frequently with deep 
hemorrhage (Table S1).

Patient Characteristics
Two hs-cTnT measurements were obtained in 553 
(92.2%) patients, 3 hs-cTnT measurements in 40 (6.7%) 
patients, and 4 hs-cTnT measurements in 7 (1.2%) 
patients. According to the fourth UDMI, 115 (19.2%) 
patients were classified as having AMI. Detailed pa-
tient characteristics stratified by AMI status are sum-
marized in Table 1. Patients with AMI compared with 
those without AMI were older, had a higher NIHSS 
score and lower Glasgow Coma Scale score at admis-
sion, and were more likely to have a medical history 
of diabetes and coronary artery disease. In addition, 
patients with AMI had a greater white blood cell count 

and neutrophil-to-lymphocyte ratio, whereas patients 
without AMI had higher total cholesterol and low-
density lipoprotein cholesterol levels. In terms of ICH 
parameters, the presence of AMI was associated with 
a larger hematoma volume, lobar hemorrhage, and the 
presence of IVH. Baseline characteristics for patients 
categorized in 3 groups (acute versus chronic versus 
no myocardial injury) are shown in Table S2.

The median time from stroke onset to first, second, 
and peak hs-cTnT measurement, as well as median 
time interval between the first and second the hs-cTnT 
measurements, did not differ between patients with 
or without AMI (all P>0.05; Table 2). Results remained 
the same after categorizing patients by presence of no 
myocardial injury, chronic myocardial injury, and acute 
myocardial injury (Table S2).

AMI and Long-Term MACEs
During the median follow-up of 3.7 (interquartile range, 
2.4–4.8) years, there were 130 (21.7%) patients with 
MACEs (Table 2). Nonfatal recurrent stroke accounted 
for 85 cases, nonfatal myocardial infarction accounted 
for 4 cases, and vascular deaths accounted for 51 
cases. In total, 10 patients had 2 events during the ob-
servation period (nonfatal recurrent stroke and vascu-
lar death in 8 patients, nonfatal myocardial infarction 
and vascular death in 1 patient, and nonfatal recurrent 
stroke and nonfatal myocardial infarction in 1 patient). 
No patient in the cohort had >3 events during follow-
up. The cohort contributed a total person-time of 1898 
person-years, equivalent to a MACE rate of 6.8 events 
per 100 person-years.

The primary outcome of MACEs was more fre-
quent in patients with AMI than in those without AMI 
(13.8 events versus 5.6 events per 100 person-years, 
respectively). After adjustment for age, hypertension, 
prior stroke, deep location of hemorrhage, and IVH, 
the risk of MACEs remained greater in patients with 
AMI (adjusted HR, 1.69 [95% CI, 1.12–2.53]; P=0.012; 
see Table 3).

With respect to individual component of MACEs, 
crude event rates of vascular death (7.7 events versus 
1.6 events per 100 person-years, respectively) and non-
fatal recurrent stroke (8.0 events versus 3.8 events per 
100 person-years, respectively) were higher in patients 
with AMI compared with their counterparts without 
AMI. The presence of AMI was independently asso-
ciated with a 2.82-fold greater risk of vascular death 
(adjusted HR, 2.82 [95% CI, 1.51–5.25]; P=0.001; see 
Table  3). Patients with AMI exhibited a trend toward 
higher incidence of nonfatal recurrent stroke in com-
parison with patients without AMI (adjusted HR, 1.59 
[95% CI, 0.95–2.67]; P=0.070; see Table 3). The distri-
bution of nonfatal coronary events was 4 of 485 (0.8%) 
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without AMI and 0 of 115 (0.0%) with AMI. Analyses 
were not conducted for the outcome of nonfatal cor-
onary events because of the small number of events.

Figure 2 shows Kaplan–Meier curves depicting risk 
for MACEs (Figure 2A), vascular death (Figure 2B), and 
nonfatal recurrent stroke (Figure  2C) stratified by the 
presence of AMI.

AMI and 90-Day Unfavorable Outcomes
The distribution of modified Rankin Scale scores within 
the study cohort is presented in Figure 3. Compared 
with those without AMI, patients with AMI were more 
likely to have an unfavorable functional status at 90 days 
(50.4% versus 21.2%). After adjustment for age, prior 
stroke, baseline NIHSS score, ICH volume, and eGFR, 
binary logistic regression revealed that the presence 
of AMI was independently associated with the risk of 

unfavorable outcomes at 90 days after ICH (adjusted 
odds ratio, 2.15 [95% CI, 1.26–3.67]; P=0.005).

Sensitivity Analysis
Our results remained consistent after including a 
subset of patients with a history of atrial fibrillation 
(Table  S3). In a second series of sensitivity analy-
ses, we categorized patients into those with acute/
chronic/no myocardial injury. Patients with no myo-
cardial injury represented the reference group. In 
agreement with our main findings, the presence of 
AMI was independently associated with a higher risk 
of MACEs, vascular death, and 90-day unfavorable 
outcomes after adjusting for the confounding factors. 
The presence of chronic myocardial injury status was 
not associated with the risk of any outcome end point 
(Table S4).

Figure 1.  Selection diagram of included and excluded patients.
eGFR indicates estimated glomerular filtration rate; and hs-cTnT, high-sensitivity cardiac troponin T.

Cohort from November 2016 to February 2021
Diagnosis of primary intracerebral hemorrhage within 48 hours from symptom onset

(n = 895) 

Patients eligible for follow-up
(n = 632)

Excluded (n = 263)
Any type of surgical hematoma evacuation (n = 9)

Impaired renal function with eGFR < 30 ml/min/1.73m2 (n = 22)
Persistent or permanent artial fibrillation (n = 31)
History of cardiac intervention within the last 4 weeks (n = 3)

        No hs-cTnT levels available on admission (n = 27)
No serial hs-cTnT measurements (n = 171)

 Patients fulfilled for follow-up
(n = 600) 

Patients with acute myocardial injury
(n = 115)

Lost in follow-up
(n = 32)

Patients without acute myocardial injury
(n = 485) 
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DISCUSSION
In the present study, we explored the prevalence and 
prognostic role of AMI, according to the fourth UDMI 
criteria, in patients with primary ICH. The results of this 
study can be summarized as follows: (1) ≈19.2% of pa-
tients with primary ICH had evidence of AMI; (2) over 
a median follow-up of 3.7 years, patients with AMI had 
a significantly greater risk of composite MACEs than 
those without AMI; and (3) regarding the individual 
MACE components, AMI status was associated with 
an increased risk of vascular death. Moreover, there 
was a significant shift toward worse 90-day functional 
outcomes in patients with AMI.

Our findings add to the growing evidence that myo-
cardial injury is common in patients with ICH. In previ-
ous studies, a serum cTn concentration above the 99th 

percentile URL was considered to indicate myocardial 
injury.9–11 Considering that the myocardial injury could 
be acute or chronic, the 4th UDMI recommended de-
fining AMI by confirming a newly dynamic rising and/
or falling pattern (>20%) of cTn values above the 99th 
percentile URL.13 Few studies have applied the current 
definition of AMI in patients with primary ICH. One pre-
vious study used a 30% change cutoff and reported a 
dynamic elevation rate of 88 of 1004 (8.8%) in patients 
with ICH.19 This proportion is obviously lower than that 
observed in our patients. This difference seems to be 
related to the variance in the applied cutoff value (dif-
ference of >30% instead of >20% as applied in this 
analysis) and the distribution by age. Notably, the me-
dian ages of the patients in the previous and present 
studies were 56 and 63 years, respectively. Older age 
is a nonmodifiable risk factor for cTn elevation and 

Table 1.  Baseline Characteristics of Patients With Primary ICH According to AMI Status

Entire cohorts, N=600 Without AMI, N=485 With AMI, N=115 P value

Age, y, median (IQR) 63 (54–71) 62 (52–69) 73 (63–82) <0.001

Male sex, n (%) 398 (66.3) 319 (65.8) 79 (68.7) 0.551

Baseline clinical assessment, median (IQR)

Glasgow Coma Scale 15 (13–15) 15 (14–15) 14 (11–15) <0.001

NIHSS 5 (2–10) 5 (2–10) 8 (3–15) <0.001

Systolic blood pressure, mm Hg 160 (145–178) 160 (145–178) 162 (145–183) 0.596

Diastolic blood pressure, mm Hg 90 (80–101) 90 (80–101) 87 (74–100) 0.034

Cardiovascular risk factors, n (%)

Hypertension 449 (74.8) 363 (74.8) 86 (74.8) 0.989

Diabetes 92 (15.3) 62 (12.8) 30 (26.1) <0.001

Coronary artery disease 21 (3.5) 12 (2.5) 9 (7.8) 0.010

Prior stroke 99 (16.5) 75 (15.5) 24 (20.9) 0.160

Smoker 202 (33.7) 160 (33.0) 42 (36.5) 0.471

Laboratory values, median (IQR)

eGFR, mL/min per 1.73 m2 112 (93–133) 114 (98–135) 98 (79–122) <0.001

Total cholesterol, mmol/L 4.7 (4.0–5.4) 4.7 (4.1–5.4) 4.3 (3.7–5.3) 0.006

Low-density lipoprotein cholesterol, 
mmol/L

2.4 (1.9–3.0) 2.5 (2.0–3.0) 2.1 (1.7–2.7) <0.001

White blood cells, 109/L 8.5 (6.6–10.7) 8.3 (6.5–10.4) 9.4 (6.8–11.9) 0.004

Neutrophil-to-lymphocyte ratio 5.4 (3.1–9.4) 5.2 (3.0–8.5) 7.0 (3.8–14.0) <0.001

Radiological variables

ICH volume, mL, median (IQR) 8.8 (3.3–18.5) 8.4 (3.3–17.2) 11.6 (3.9–32.3) 0.007

ICH localization, n (%)

Lobar 117 (19.5) 77 (15.9) 40 (34.8) <0.001

Deep 401 (66.8) 344 (71.0) 57 (49.6)

Infratentorial 82 (13.7) 64 (13.2) 18 (15.7)

IVH, n (%) 197 (32.8) 141 (29.1) 56 (48.7) <0.001

ICH pathogenesis, n (%)

Cerebral amyloid angiopathy -related 97 (16.2) 57 (11.8) 40 (34.8) <0.001

Hypertension 320 (53.3) 275 (56.7) 45 (39.1)

Undetermined pathogenesis 183 (30.5) 153 (31.5) 30 (26.1)

AMI indicates acute myocardial injury; eGFR, estimated glomerular filtration rate; ICH, intracerebral hemorrhage; IQR, interquartile range; IVH, intraventricular 
extension hemorrhage; and NIHSS, National Institutes of Health Stroke Scale.
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cardiac complications following stroke.20–23 Future 
studies stratified by age are warranted to better under-
stand the prevalence of AMI.

Data on the prognostic role of AMI over a long pe-
riod in patients with ICH are scarce. Most studies have 
focused on the prognostic value of elevated cTn levels, 
yielding inconsistent results.9–12 The reason for these 
inconsistencies may be the heterogeneity in the study 
population. Notably, patients with chronic conditions 
(ie, renal failure and structural heart disease) can have 
stable increases in cTn values and various long-term 
outcomes.24,25 By applying the definition proposed by 
the fourth UDMI, we were able to differentiate acute 
from chronic myocardial injury and found that patients 
with AMI are at a significantly greater risk of MACEs 
than those with no myocardial injury. In contrast, we 
did not find a significant difference in long-term out-
comes between the chronic myocardial injury and no 

myocardial injury groups. Our findings are partly in line 
with those of previous studies, which revealed that 
patients with a dynamic rise/fall pattern presented the 
worst survival outcome among patients with stroke.19,26 
Taken together, these data provide further evidence 
supporting the need for clinicians to perform serial cTn 
measurements to differentiate patients with AMI in the 
management of ICH.

Surprisingly, the AMI group did not have a significant 
increase in myocardial infarction occurrence during fol-
low-up. Instead, the association between the presence 
of AMI and MACEs in our study was likely driven pri-
marily by differences in the risk of experiencing vascu-
lar death and recurrent stroke. Considerable evidence 
suggests that the presence of AMI may be a reflection 
of neurocardiogenic injury rather than myocardial in-
farction. Additionally, previous observational studies 
have revealed that patients with subclinical myocardial 

Table 2.  hs-cTnT Values and Outcomes Categorized by Presence of AMI

Entire cohorts, 
N=600

Without AMI, 
N=485

With AMI, 
N=115 P value

hs-cTnT values

Having ≥3 hs-cTnT measurements, n (%) 47 (7.8) 26 (5.4) 21 (18.3%) <0.001

First, ng/L, median (IQR) 9 (7–14) 8 (6–12) 19 (13–25) <0.001

Second, ng/L, median (IQR) 10 (7–16) 9 (6–13) 21 (17–35) <0.001

Time from symptoms onset to first hs-cTnT, h, median (IQR) 6.0 (3.0–11.0) 6.0 (3.0–12.0) 5.0 (3.0–9.0) 0.355

Time from symptoms onset to second hs-cTnT, h, median (IQR) 34.0 (28.0–44.0) 34.0 (28.0–44.0) 34.5 (25.5–44.0) 0.827

Time interval between first and second hs-cTnT, h, median (IQR) 24.0 (23.8–32.0) 24.0 (24.0–31.0) 28.0 (20.0–34.0) 0.279

Peak hs-cTnT value, ng/L, median (IQR) 11 (8–17) 10 (7–13) 26 (21–43) <0.001

Time from symptoms onset to peak hs-cTnT, h, median (IQR) 25.0 (6.0–34.0) 25.0 (6.0–33.0) 24.0 (6.5–38.0) 0.273

Outcomes, n (%)

MACEs 130 (21.7) 90 (18.6) 40 (34.8) <0.001

Vascular death 51 (8.5) 27 (5.6) 24 (20.9) <0.001

Nonfatal recurrent stroke 85 (14.2) 62 (12.8) 23 (20.0) 0.046

Nonfatal coronary events 4 (0.7) 4 (0.8) 0 (0.0) 1.000

90-d unfavorable outcome 161 (26.8) 103 (21.2) 58 (50.4) <0.001

AMI indicates acute myocardial injury; hs-cTnT, high-sensitivity cardiac troponin T; IQR, interquartile range; and MACEs, major adverse cardiovascular events.

Table 3.  Cox Proportional Hazards Regression: Univariable and Multivariable Analyses of MACEs, Recurrent Stroke, and 
Vascular Death

MACEs Vascular death Nonfatal recurrent stroke

Unadjusted HR 
(95% CI)

Adjusted HR 
(95% CI)

Unadjusted HR 
(95% CI)

Adjusted HR 
(95% CI)

Unadjusted HR 
(95% CI)

Adjusted HR 
(95% CI)

Age 1.04 (1.03–1.05) 1.03 (1.01–1.04) 1.07 (1.04–1.09) 1.05 (1.02–1.07) 1.03 (1.01–1.05) 1.02 (1.01–1.04)

Hypertension 0.52 (0.37–0.75) 0.52 (0.36–0.74) 0.31 (0.18–0.53) 0.29 (0.16–0.50) 0.68 (0.43–1.07) 0.68 (0.43–1.09)

Prior stroke 2.12 (1.44–3.12) 1.83 (1.23–2.72) 2.01 (1.09–3.72) 1.58 (0.84–2.99) 2.43 (1.52–3.87) 2.25 (1.39–3.63)

ICH deep location 0.47 (0.33–0.66) 0.61 (0.42–0.87) 0.48 (0.27–0.82) 0.80 (0.45–1.44) 0.43 (0.28–0.65) 0.52 (0.33–0.81)

IVH 1.45 (1.02–2.06) 1.27 (0.87–1.84) 2.51 (1.45–4.34) 1.79 (0.99–3.24) 1.05 (0.67–1.66) 0.96 (0.60–1.56)

AMI 2.39 (1.64–3.47) 1.69 (1.12–2.53) 4.70 (2.70–8.15) 2.82 (1.51–5.25) 2.07 (1.28–3.34) 1.59 (0.95–2.67)

AMI indicates acute myocardial injury; HR, hazard ratio; ICH, intracerebral hemorrhage; IVH, intraventricular extension hemorrhage; and MACEs, major 
adverse cardiovascular events.
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injury in the acute phase after ischemic stroke have a 
greater burden of cerebral small vessel disease. The 
various levels of severity of vasculopathy might result 
in different incidences of cerebral and cardiac vascular 
events.5 However, the possibility that patients with AMI 
are at increased risk of acute coronary events due to 
individual cardiac vulnerability cannot be denied.27 On 
the other hand, the clinical symptoms of acute coro-
nary events (ie, chest pain) may be absent or neglected 
in patients with AMI because of sensory deficits, apha-
sia, or a reduced level of consciousness; therefore, in-
dividuals with myocardial infarction may be classified 
as experiencing vascular death in the case of sudden 
death. This finding is supported by our finding that the 
neurological deficits in the AMI group were more severe 
than those in the non-AMI group. Additional studies are 
needed to evaluate whether there is a relationship be-
tween the total burden of cerebral small-vessel disease 
and the presence of AMI, and a longer follow-up of a 
larger cohort might facilitate the exploration of whether 

the presence of AMI is related to an increased risk of 
acute coronary events.

The mechanisms by which AMI influences the risk 
of poor outcomes are not well understood. A plau-
sible interpretation is that AMI status is indicative of 
an increased systemic inflammatory response and 
impaired autonomic nerve activity after ICH, which 
can exacerbate cardiovascular injury through a pro-
thrombotic state, inflammation-mediated injury of the 
endothelium, or effects on myocardial tissue.2,4 This 
finding is also partially supported by our data, which 
revealed that patients with AMI had increased in-
flammatory markers, such as white blood cell counts 
and neutrophil-to-lymphocyte ratios. An elevated 
neutrophil-to-lymphocyte ratio, on the other hand, 
also reflects a cortisol-induced stress response with 
impaired autonomic activity.28 However, extensive data 
on autonomic functional activity were not available in 
our cohort, and the interaction between autonomic 
functional activity and AMI status as well as systemic 

Figure 2.  Kaplan–Meier curves showing cumulative incidences by presence (red) and absence (blue) of AMI in patients with 
intracerebral hemorrhage for (A) overall MACEs, (B) vascular death, and (C) nonfatal recurrent stroke.
AMI indicates acute myocardial injury; and MACEs, major adverse cardiovascular events.

Figure 3.  90-day functional status (modified Rankin scale score) among patients 
grouped by AMI status.
AMI indicates acute myocardial injury.
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inflammation status in patients with ICH should be a 
focus of future research.

Given both the short- and long-term poor progno-
sis, evidence of AMI should prompt a cardiac workup, 
including echocardiography, cardiac MRI, and mul-
tislice coronary computed tomography, to search for 
the underlying cause and consider feasible treatment 
approaches as early as possible.29 Currently, there are 
no recognized guidelines on how to manage AMI in pa-
tients with hemorrhagic stroke, but some preliminary 
algorithms regarding ischemic stroke exist.6,30 In the 
setting of ICH, because of the high risk of bleeding, a 
conservative strategy may be the most suitable option 
for patients. Moreover, in light of the possible mecha-
nism of autonomic dysfunction and the inflammatory 
response in AMI, restoring autonomic balance as well 
as the use of anti-inflammatory agents are promising 
approaches that should be tested in prospective, ran-
domized clinical trials.

The strengths of our study include the large sam-
ple size, systematic follow-up data over a long period, 
standardized collection of clinical information, and dif-
ferentiation of patients with elevated hs-cTnT levels as 
having acute or chronic myocardial injury according to 
formal diagnostic criteria. Nonetheless, the following 
limitations should be considered when interpreting our 
findings. First, this is a retrospective analysis of pro-
spectively collected data, which may have introduced 
collection bias. In addition, the single-center nature 
of the study may also limit the external validity of our 
findings. Second, the strict inclusion and exclusion 
criteria may have introduced selection bias; however, 
one thing worth noting is that most patients included 
have stroke of relatively mild severity (median NIHSS 
score, 5 [interquartile range, 2–10]). As stroke severity 
is strongly correlated with outcomes in patients with 
ICH, our results emphasize the necessity of evaluat-
ing AMI even in patients with mild clinical symptoms. 
Third, as the time interval between hs-cTnT sampling 
points is wide and varies among patients (first value 
was obtained at emergency admission and the next 
at any time within the first 2 days of hospitalization), 
some greatest magnitude of change may be missed, 
which may lead to misclassification of patients with 
AMI as those without AMI. On the other hand, continu-
ous daily monitoring for a longer time may improve the 
AMI detection rate. Accumulating evidence demon-
strates that the values of hs-cTnT usually peak within 
48 hours after stroke onset and subsequently decline. 
Therefore, some patients with stable elevated hs-cTnT 
values within 48 hours may have been misclassified as 
chronic myocardial injury in our study because the time 
course of sampling may have missed the minimum tro-
ponin value. Fourth, no detailed mapping analysis for 
ICH localization was performed; therefore, we cannot 
analyze the association between the involvement or 

side of the insular cortex, which is engaged in the cen-
tral autonomic network, and the presence of AMI and 
outcomes in primary ICH. Fifth, although the outcome 
data were confirmed by diagnostic records, the possi-
bility of MACE underestimation could not be excluded. 
Indeed, if symptoms are mild, some patients may 
not visit the hospital for additional diagnosis. Finally, 
additional adjustment for medication use over time 
in the Cox regression models would have increased 
the validity of the results. Unfortunately, this was not 
assessed systematically in our cohort. Future studies 
should include the prospective recording of the use of 
medications, such as antiplatelet agents and antico-
agulants, because they might have an impact on the 
risk of MACEs.

CONCLUSIONS
AMI is relatively common in patients with ICH and is 
associated with long-term MACEs risk and 90-day 
functional independence. To differentiate AMI from 
chronic myocardial injury, serial cTn measurements 
in the acute phase are warranted and would facilitate 
individualized prognosis and stratification strategies.

ARTICLE INFORMATION
Received July 19, 2024; accepted October 25, 2024.

Affiliations
Department of Cardiology, The Second Affiliated Hospital, School of 
Medicine, Zhejiang University, Hangzhou, Zhejiang, China (S.M.); State Key 
Laboratory of Transvascular Implantation Devices, Hangzhou, China (S.M.); 
Department of Neurology (J.L., Q.K., Z.X., H.W., Y.J., D.L., L.T., F.G.) and 
Department of Rehabilitation (X.Y.), The Second Affiliated Hospital, School of 
Medicine, Zhejiang University, Hangzhou, Zhejiang, China.

Acknowledgments
The authors appreciate all the participants involved in the study.

Sources of Funding
This research was funded by the National Key R&D Program of China 
(2021YFF1200805), the National Natural Science Foundation of China 
(81971155), the “Leading Goose” R&D Program of Zhejiang Province 
(2023C03026, 2024C03006), and the Natural Science Foundation of 
Zhejiang Province (TGY23H020015).

Disclosures
None.

Supplemental Material
Tables S1–S4

REFERENCES
	 1.	 GBD 2019 Stroke Collaborators. Global, regional, and national burden 

of stroke and its risk factors, 1990–2019: a systematic analysis for the 
global burden of disease study 2019. Lancet Neurol. 2021;20:795–820.

	 2.	 Scheitz JF, Nolte CH, Doehner W, Hachinski V, Endres M. Stroke-heart 
syndrome: clinical presentation and underlying mechanisms. Lancet 
Neurol. 2018;17:1109–1120. doi: 10.1016/S1474-4422(18)30336-3

	 3.	 Buckley BJR, Harrison SL, Hill A, Underhill P, Lane DA, Lip GYH. 
Stroke-heart syndrome: incidence and clinical outcomes of cardiac  

https://doi.org//10.1016/S1474-4422(18)30336-3


J Am Heart Assoc. 2025;14:e037053. DOI: 10.1161/JAHA.124.037053� 10

Ma et al� Myocardial Injury and Outcomes in Stroke

complications following stroke. Stroke. 2022;53:1759–1763. doi: 10.1161/​
STROKEAHA.121.037316

	 4.	 Scheitz JF, Sposato LA, Schulz-Menger J, Nolte CH, Backs J, Endres 
M. Stroke–heart syndrome: recent advances and challenges. J Am 
Heart Assoc. 2022;11:e026528. doi: 10.1161/JAHA.122.026528

	 5.	 Mochmann H-C, Scheitz JF, Petzold GC, Haeusler KG, Audebert HJ, 
Laufs U, Schneider C, Landmesser U, Werner N, Endres M, et  al. 
Coronary angiographic findings in acute ischemic stroke patients with 
elevated cardiac troponin: the troponin elevation in acute ischemic 
stroke (TRELAS) study. Circulation. 2016;133:1264–1271. doi: 10.1161/
CIRCULATIONAHA.115.018547

	 6.	 Sposato LA, Hilz MJ, Aspberg S, Murthy SB, Bahit MC, Hsieh C-Y, 
Sheppard MN, Scheitz JF; World Stroke Organisation Brain & Heart 
Task Force. Post-stroke cardiovascular complications and neuro-
genic cardiac injury: JACC state-of-the-art review. J Am Coll Cardiol. 
2020;76:2768–2785. doi: 10.1016/j.jacc.2020.10.009

	 7.	 Mair J, Lindahl B, Hammarsten O, Müller C, Giannitsis E, Huber K, 
Möckel M, Plebani M, Thygesen K, Jaffe AS. How is cardiac troponin 
released from injured myocardium? Eur Heart J Acute Cardiovasc Care. 
2018;7:553–560. doi: 10.1177/2048872617748553

	 8.	 Vestergaard KR, Jespersen CB, Arnadottir A, Sölétormos G, Schou M, 
Steffensen R, Goetze JP, Kjøller E, Iversen KK. Prevalence and signifi-
cance of troponin elevations in patients without acute coronary disease. 
Int J Cardiol. 2016;222:819–825. doi: 10.1016/j.ijcard.2016.07.166

	 9.	 Hays A, Diringer MN. Elevated troponin levels are associated with 
higher mortality following intracerebral hemorrhage. Neurology. 
2006;66:1330–1334. doi: 10.1212/01.wnl.0000210523.22944.9b

	10.	 Garrett MC, Komotar RJ, Starke RM, Doshi D, Otten ML, Connolly ES. 
Elevated troponin levels are predictive of mortality in surgical intrace-
rebral hemorrhage patients. Neurocrit Care. 2010;12:199–203. doi: 
10.1007/s12028-009-9245-5

	11.	 Gerner ST, Auerbeck K, Sprügel MI, Sembill JA, Madžar D, Gölitz P, 
Hoelter P, Kuramatsu JB, Schwab S, Huttner HB. Peak troponin I levels 
are associated with functional outcome in intracerebral hemorrhage. 
Cerebrovasc Dis Basel Switz. 2018;46:72–81. doi: 10.1159/000492395

	12.	 Xu M, Lin J, Wang D, Liu M, Hao Z, Lei C. Cardiac troponin and ce-
rebral herniation in acute intracerebral hemorrhage. Brain Behav. 
2017;7:e00697. doi: 10.1002/brb3.697

	13.	 Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, 
White HD. Executive group on behalf of the joint European Society 
of Cardiology (ESC)/American College of Cardiology (ACC)/American 
Heart Association (AHA)/world heart federation (WHF) task force for the 
universal definition of myocardial infarction. Fourth universal definition 
of myocardial infarction (2018). Circulation. 2018;138:e618–e651. doi: 
10.1161/CIR.0000000000000617

	14.	 Li J, Luo D, Peng F, Kong Q, Liu H, Chen M, Tong L, Gao F. ANAID-
ICH nomogram for predicting unfavorable outcome after intracerebral 
hemorrhage. CNS Neurosci Ther. 2022;28:2066–2075. doi: 10.1111/
cns.13941

	15.	 Meretoja A, Strbian D, Putaala J, Curtze S, Haapaniemi E, Mustanoja S, 
Sairanen T, Satopää J, Silvennoinen H, Niemelä M, et al. SMASH-U: a 
proposal for etiologic classification of intracerebral hemorrhage. Stroke. 
2012;43:2592–2597. doi: 10.1161/STROKEAHA.112.661603

	16.	 Levey AS, Inker LA, Coresh J. GFR estimation: from physiology to 
public health. Am J Kidney Dis. 2014;63:820–834. doi: 10.1053/j.ajkd.​
2013.12.006

	17.	 Ytterberg SR, Bhatt DL, Mikuls TR, Koch GG, Fleischmann R, Rivas 
JL, Germino R, Menon S, Sun Y, Wang C, et  al. Cardiovascular and 

cancer risk with Tofacitinib in rheumatoid arthritis. N Engl J Med. 
2022;386:316–326. doi: 10.1056/NEJMoa2109927

	18.	 Hellwig S, Ihl T, Ganeshan R, Laumeier I, Ahmadi M, Steinicke M, Weber 
JE, Endres M, Audebert HJ, Scheitz JF. Cardiac troponin and recurrent 
major vascular events after minor stroke or transient ischemic attack. 
Ann Neurol. 2021;90:901–912. doi: 10.1002/ana.26225

	19.	 He Y, Liu Q, Wang J, Wang DW, Ding H, Wang W. Prognostic value of 
elevated cardiac troponin I in patients with intracerebral hemorrhage. 
Clin Cardiol. 2020;43:338–345. doi: 10.1002/clc.23320

	20.	 Wallace TW, Abdullah SM, Drazner MH, Das SR, Khera A, 
McGuire DK, Wians F, Sabatine MS, Morrow DA, de Lemos JA. 
Prevalence and determinants of troponin T elevation in the gen-
eral population. Circulation. 2006;113:1958–1965. doi: 10.1161/
CIRCULATIONAHA.105.609974

	21.	 Downer MB, Li L, Carter S, Beebe S, Rothwell PM. Associations of mul-
timorbidity with stroke severity, subtype, premorbid disability, and early 
mortality: Oxford vascular study. Neurology. 2023;101:e645–e652. doi: 
10.1212/WNL.0000000000207479

	22.	 Chao T-F, Lip GYH, Liu C-J, Lin Y-J, Chang S-L, Lo L-W, Hu Y-F, Tuan T-
C, Liao J-N, Chung F-P, et al. Relationship of aging and incident comor-
bidities to stroke risk in patients with atrial fibrillation. J Am Coll Cardiol. 
2018;71:122–132. doi: 10.1016/j.jacc.2017.10.085

	23.	 Gallacher KI, Jani BD, Hanlon P, Nicholl BI, Mair FS. Multimorbidity 
in stroke. Stroke. 2019;50:1919–1926. doi: 10.1161/STROKEAHA.​
118.020376

	24.	 Sarkisian L, Saaby L, Poulsen TS, Gerke O, Hosbond S, Jangaard 
N, Diederichsen ACP, Thygesen K, Mickley H. Prognostic im-
pact of myocardial injury related to various cardiac and noncar-
diac conditions. Am J Med. 2016;129:506–514, e1. doi: 10.1016/j.
amjmed.2015.12.009

	25.	 Etaher A, Gibbs OJ, Saad YM, Frost S, Nguyen TL, Ferguson I, Juergens 
CP, Chew D, French JK. Type-II myocardial infarction and chronic myo-
cardial injury rates, invasive management, and 4-year mortality among 
consecutive patients undergoing high-sensitivity troponin T testing in 
the emergency department. Eur Heart J Qual Care Clin Outcomes. 
2020;6:41–48. doi: 10.1093/ehjqcco/qcz019

	26.	 Stengl H, Ganeshan R, Hellwig S, Klammer MG, von Rennenberg R, 
Böhme S, Audebert HJ, Nolte CH, Endres M, Scheitz JF. Frequency, 
associated variables, and outcomes of acute myocardial injury ac-
cording to the fourth universal definition of myocardial infarction in pa-
tients with acute ischemic stroke. Eur Stroke J. 2022;7:413–420. doi: 
10.1177/23969873221120159

	27.	 Ahn S-H, Kim Y-H, Shin C-H, Lee J-S, Kim B-J, Kim Y-J, Noh S-M, Kim 
S-M, Kang H-G, Kang D-W, et al. Cardiac vulnerability to Cerebrogenic 
stress as a possible cause of troponin elevation in stroke. J Am Heart 
Assoc. 2016;5:e004135. doi: 10.1161/JAHA.116.004135

	28.	 Hickman DL. Evaluation of the neutrophil:lymphocyte ratio as an indica-
tor of chronic distress in the laboratory mouse. Lab Anim. 2017;46:303–
307. doi: 10.1038/laban.1298

	29.	 Williams MGL, Liang K, De Garate E, Spagnoli L, Fiori E, Dastidar A, 
Benedetto U, Biglino G, Johnson TW, Luscher T, et al. Peak troponin 
and CMR to guide management in suspected ACS and nonobstructive 
coronary arteries. JACC Cardiovasc Imaging. 2022;15:1578–1587. doi: 
10.1016/j.jcmg.2022.03.017

	30.	 Scheitz JF, Nolte CH, Laufs U, Endres M. Application and interpre-
tation of high-sensitivity cardiac troponin assays in patients with 
acute ischemic stroke. Stroke. 2015;46:1132–1140. doi: 10.1161/
STROKEAHA.114.007858

https://doi.org//10.1161/STROKEAHA.121.037316
https://doi.org//10.1161/STROKEAHA.121.037316
https://doi.org//10.1161/JAHA.122.026528
https://doi.org//10.1161/CIRCULATIONAHA.115.018547
https://doi.org//10.1161/CIRCULATIONAHA.115.018547
https://doi.org//10.1016/j.jacc.2020.10.009
https://doi.org//10.1177/2048872617748553
https://doi.org//10.1016/j.ijcard.2016.07.166
https://doi.org//10.1212/01.wnl.0000210523.22944.9b
https://doi.org//10.1007/s12028-009-9245-5
https://doi.org//10.1159/000492395
https://doi.org//10.1002/brb3.697
https://doi.org//10.1161/CIR.0000000000000617
https://doi.org//10.1111/cns.13941
https://doi.org//10.1111/cns.13941
https://doi.org//10.1161/STROKEAHA.112.661603
https://doi.org//10.1053/j.ajkd.2013.12.006
https://doi.org//10.1053/j.ajkd.2013.12.006
https://doi.org//10.1056/NEJMoa2109927
https://doi.org//10.1002/ana.26225
https://doi.org//10.1002/clc.23320
https://doi.org//10.1161/CIRCULATIONAHA.105.609974
https://doi.org//10.1161/CIRCULATIONAHA.105.609974
https://doi.org//10.1212/WNL.0000000000207479
https://doi.org//10.1016/j.jacc.2017.10.085
https://doi.org//10.1161/STROKEAHA.118.020376
https://doi.org//10.1161/STROKEAHA.118.020376
https://doi.org//10.1016/j.amjmed.2015.12.009
https://doi.org//10.1016/j.amjmed.2015.12.009
https://doi.org//10.1093/ehjqcco/qcz019
https://doi.org//10.1177/23969873221120159
https://doi.org//10.1161/JAHA.116.004135
https://doi.org//10.1038/laban.1298
https://doi.org//10.1016/j.jcmg.2022.03.017
https://doi.org//10.1161/STROKEAHA.114.007858
https://doi.org//10.1161/STROKEAHA.114.007858

	Impact of Acute Myocardial Injury on Short- and Long-Term Outcomes in Patients With Primary Intracerebral Hemorrhage
	Methods
	Study Design and Population
	Patient Characteristics
	Laboratory Analysis
	Study Outcomes
	Statistical Analysis

	Results
	Patient Characteristics
	AMI and Long-Term MACEs
	AMI and 90-Day Unfavorable Outcomes
	Sensitivity Analysis

	Discussion
	Conclusions
	Acknowledgments
	Sources of Funding
	Disclosures
	References


