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Object: Patients with aneurysmal subarachnoid hemorrhage (aSAH) have an increased

incidence of cardiac events and short-term unfavorable neurological outcomes during the

acute phase of bleeding. We studied whether troponin I elevation after ictus can predict

future major adverse cardiac events (MACEs) and long-term neurological outcomes after

2 years.

Methods: Consecutive aSAH patients within 3 days of bleeding were eligible for review

from a prospective observational cohort (ClinicalTrials.gov Identifier: NCT04785976).

Potential predictors of future MACEs and unfavorable long-term neurological outcomes

were calculated by Cox and logistic regression analyses. Additional Kaplan–Meier curves

were performed.

Results: A total of 213 patients were enrolled with an average follow-up duration

of 34.3 months. Individuals were divided into two groups: elevated cTnI group and

unelevated cTnI group. By the last available follow-up, 20 patients had died, with an

overall all-cause mortality rate of 9.4% and an annual all-cause mortality rate of 3.8%.

Patients with elevated cTnI had a significantly higher risk of future MACEs (10.6 vs.

2.1%, p = 0.024, and 95% CI: 1.256–23.875) and unfavorable neurological outcomes

at discharge, 3-month, 1-, 2-years, and last follow-up (p= 0.001, p < 0.001, p= 0.001,

p < 0.001, and p < 0.001, respectively). In the Cox analysis for future MACE, elevated

cTnI was the only independent predictor (HR = 5.980; 95% CI: 1.428–25.407, and

p = 0.014). In the multivariable logistic analysis for unfavorable neurological outcomes,

peak cTnI was significant (OR= 2.951; 95% CI: 1.376–6.323; p= 0.005). Kaplan–Meier

analysis indicated that the elevated cTnI was correlated with future MACE (log-rank test,

p = 0.007) and subsequent death (log-rank test, p = 0.004).

Conclusion: cTnI elevation after aSAH could predict future MACEs and unfavorable

neurological outcomes.
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INTRODUCTION

The brain-heart connection loses balance after stroke (1).
Cardiac complication has been shown to frequently occur in the
emergency aneurysmal subarachnoid hemorrhage (aSAH) (2–4).
A series of previous studies have shown that circulating cardiac
biomarkers, including creatine phosphokinase isoenzyme-MB
(CK-MB), troponin, brain natriuretic peptide (BNP), and
N-terminal pro-B-type natriuretic peptide (NT-proBNP), are
associated with delayed cerebral ischemia (DCI), short-term
unfavorable neurological outcomes, and in-hospital mortality at
the acute phase after aSAH (5–8). Among the cardiac biomarkers
listed above, the incremental level of cardiac troponin I (cTnI)
on admission was reported in 21–68% of emergency aSAH
patients (6, 9), and the cardiac troponin has been shown
to reach high sensitivity and specificity in the identification
of cardiac abnormalities indicating subsequent major adverse
cardiac events (MACEs) at the acute phase of aSAH, though
conflicting results have been reported (2, 3, 10–12).

However, the long-term prognostic value of troponin
elevation after emergency aSAH remains unclear. In this study,
we aimed to explore whether the admission cTnI of emergency
aSAH patient at the acute phase could predict future MACEs and
long-term unfavorable neurological outcomes.

MATERIALS AND METHODS

Study Design
Consecutive aSAH patients who conducted cardiac enzymes
laboratory tests within 72 h of bleeding were eligible for review
from a single-center prospective cohort study of intracranial
aneurysms in Beijing Tiantan Hospital between January 2016
and December 2017 (Figure 1; ClinicalTrials.gov Identifier:
NCT04785976). The diagnosis confirmed at the first interview
was based on the 2012 guidelines for aSAH (13).

Data Collection and Definitions
Clinical data were retrospectively reviewed, including
demographic, laboratory, radiological, and treatment-related
information. Comorbid conditions were taken into consideration
and conducted by the Charlson Comorbidity Index (CCI). The
neurological status was evaluated by the modified Rankin Scale
(mRS), and the clinical severity of SAHwas assessed by the Hunt-
Hess scale. Imaging characteristics, including Fisher score and
intraventricular hemorrhage (IVH) involvement, were verified
by at least two radiologists who had more than 5 years of clinical
experience in the radiology center of our institute. The highest
level of cTnI within 3 days after the rupture event was selected as
the parameter of interest. Diverse cTnI assays were applied for
the last decades. And according to the result of cardiac enzyme
kit used in this study period (the lower limits of detectable cTnI
level, 0.016 ng/mL), patients were dichotomized into two groups:
the cTnI elevated group (cTnI value > 0.016 ng/mL) and the
cTnI unelevated group (cTnI value ≤ 0.016 ng/mL).

In-hospital complications were defined as major adverse
cardiac events (MACEs, with the occurrence of an arrhythmia,
myocardial injury, acute heart failure, repeat revascularization,

FIGURE 1 | Flow chart showing inclusion/ exclusion of patients.

and cardiac arrest, or as defined in our electronic medical
records) (14), novel DCI (15)/cerebral infarction (CI),
hydrocephalus, seizure, intracranial infection (ICI), pneumonia,
and deep venous thrombosis (DVT). The primary goal of
interest was future MACEs occurring after discharge. The
secondary goal was dichotomized into favorable (mRS of 0–3)
and unfavorable (mRS of 4–6). Follow-up was conducted in the
first 3–6 months and annually after surgery by clinical visits
and telephone interviews. Evaluation of the MACEs and mRS
score was conducted by neurosurgeons who had at least 5 years’
experience in clinical practice, and a training program was
administered to ensure the measurement accuracy. Researchers
who performed follow-up assessments were blinded to the
different cTnI subgroups. Patients who were lost to follow-up
were not included in the prognostic analyses of 3-month, 1-, and
2-year, but not excluded at their last available follow-up from the
statistical analysis.

Statistical Analysis
The categorical variables are presented as counts (with
percentages), and the continuous variables are presented as
the means ± standard deviations (SD). Two-tailed t-tests were
used for the continuous variable with Gaussian distribution.
The Mann–Whitney U (Wilcoxon) test was used to compare
non-normal distribution continuous variables. The Pearson chi-
square test or Fisher exact test was used to compare categorical
variables as appropriate. Multivariable Cox regression model was
used to examine the risk factors associated with future MACEs.
A multivariable logistic regression model was built to predict
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the unfavorable neurological outcomes based on the covariables,
including age, sex, Fisher score (ordinal), Hunt-Hess scale on
admission (ordinal), and troponin elevation (dichotomized).
Hazard ratios (HRs) or odds ratios (ORs) and 95% confidence
intervals (CI) for potential risk factors ofMACEs and unfavorable
mRS were calculated. Variables’ p < 0.10 in univariate analysis
were selected for the multivariate model using a manual forward
model building strategy. Kaplan–Meier curves with log-rank
were performed to estimate the risk of MACE and death
after aSAH for the dichotomized troponin elevation groups. A
p < 0.05 (two-sided) was considered as statistically significant.
All statistical analyses were performed with SPSS for Windows
(version 25.0; IBM, New York, USA).

RESULTS

A total of 213 cases of aSAH that met the inclusion criteria
were included between January 2016 and December 2017. After
the rupture event occurred, the highest level of troponin was
analyzed (9, 16) 159 patients (74.6%) received troponin tests on
post-hemorrhagic day 1, 36 (16.9%) on day 2, and 18 (8.5%) on
day 3. Individuals were divided into two groups based on whether
cTnI value elevated or not, namely elevated cTnI group (n = 55,
25.8%) and unelevated cTnI group (n= 158, 74.2%).

Baseline Characteristics
The baseline characteristics of the 213 aSAH patients were
summarized in Table 1. The mean (±SD) age was 57.4 ± 12.1
years, with an average follow-up duration of 34.3 months. 71.4%
of them were evaluated as Hunt-Hess grade 1–2 on admission,
and 57.7% were classified as Fisher score 1–2 based on the
admission CT scan. Most patients (61.5%) had preoperative
hypertension, and 36 (16.9%) had a confirmed cardiac disease
history, including 33 (15.5%) coronary artery disease, two
(0.9%) heart failure, and five (2.3%) arrhythmia. Only 14 cases
(6.6%) took ACEI/ARB drugs regularly before the rupture event.
The percentage of other elevated cardiac laboratory indicators
was 53.1% (BNP), 25.4% (CK-MB), and 31.0% (Myoglobin,
Myo), respectively. Finally, 18 cases (8.4%) received conservative
management, 49.8% underwent craniotomy clipping, and 41.8%
received endovascular embolization.

In the subgroup comparison, age, cardiac diseases history, and
CCI did not have significant correlations with the elevated cTnI
after aSAH (59.3 ± 11.2 vs. 56.8 ± 12.4, p = 0.192; 18.2 vs.
16.5, p = 0.769; 3.7 ± 2.0 vs. 3.3 ± 2.0, p = 0.193, respectively).
However, patients with elevated cTnI were more likely to be
female (80.0 vs. 55.1%, p= 0.001), have a higher Hunt-Hess grade
(HH grade 3–5, 50.9 vs. 20.9%, and p < 0.001), and higher Fisher
score (Fisher score 3–4, 56.4 vs. 37.7%, and p = 0.014). Other
cardiac laboratory indicators were synchronizedwith the elevated
cTnI (BNP, 83.6 vs. 42.4%, p < 0.001; CK-MB, 63.6 vs. 12.0%,
p < 0.001; Myo, 58.2 vs. 21.5%, p < 0.001; respectively). There
were no significantly statistical differences in other demographic
characteristics and radiological matters in patients with and
without detectable elevation of cTnI.

Outcomes
Clinical outcomes were presented in Table 2. The common in-
hospital complications were pneumonia (72 patients, 33.8%)
and DVT (65 patients, 30.5%). Of 61 (28.6%) patients who
developed MACEs during hospitalization, 30 patients (14.1%)
had acute heart failures, 27 (12.7%) had arrythmia, 19 (8.9%) had
myocardial injuries, and two patients (0.9%) experienced cardiac
arrests. In addition, we found a higher incidence of MACE (43.6
vs. 23.4%, p = 0.004), DCI (30.9 vs. 13.9%, p = 0.005), and
DVT (49.1 vs. 24.1%, p = 0.001) in the elevated cTnI group. The
mortality during hospitalization in the whole cohort was 3.8%
(n = 8; elevated cTnI group vs. unelevated cTnI group: 10.9 vs.
1.3%, p= 0.001).

After discharge, eight future MACEs occurred in seven
patients (3.3%), yielding an annual incidence of cardiac events
of 1.5%. Patients with elevated cTnI had a significantly higher
rate of future MACEs than the unelevated group (10.6 vs.
2.1%, p = 0.024, and 95% CI: 1.256–23.875). This finding
was also statistically significant in the Kaplan–Meier analysis
between these two groups (log-rank, p = 0.007; Figure 2). In
addition, we found that MACEs mostly occurred within 1 year
after aneurysmal rupture (seven in the first year, one in the
second year).

During the clinical follow-up, we observed a significant
correlation between elevated cTnI and unfavorable neurological
outcomes (mRS > 3) at discharge, 3-month, 1-, 2-year, and last
follow-up (45.5 vs. 22.2%, p = 0.001; 39.1 vs. 13.5%, p < 0.001;
37.0 vs. 14.9%, p= 0.001; 39.1 vs. 12.8%, p< 0.001; 41.8 vs. 14.6%,
p < 0.001, respectively; Figure 3). By the last available follow-up,
20 patients had died, with an overall mortality of 9.4% and an
annual death rate of 3.8% (8.9 vs. 2.3%, p = 0.005). In addition,
the Kaplan–Meier analysis of mortality during the clinical follow-
up was 21.7% with elevated cTnI and 7.1% without (log-rank,
p= 0.004; Figure 4).

Predictors of Future MACEs and
Unfavorable Long-Term Outcomes
A total of 27 patients were lost to follow-up, namely 26 after
discharge and one at 1-year, with a missing rate of 12.7%. The
remaining 186 patients were included in the survival analysis,
amounting to 532 follow-up patient-years.

During hospitalization, 61 (28.6%) patients experienced
MACEs. The univariable Cox analysis showed that age
(HR = 0.927; 95% CI: 0.861–0.998, and p = 0.044), elevated
cTnI (HR = 9.603; 95% CI: 1.487–55.209, and p = 0.016),
and in-hospital pneumonia (HR = 0.104; 95% CI: 0.013–
0.837, and p = 0.033) were significantly correlated with future
MACEs (Table 3). When clinical confounding variables (age by
decades, Hunt-Hess scale, Fisher score, and in-hospitalization
complications) were incorporated into the multivariable Cox
regression model, only elevated cTnI was statistically significant
(HR= 5.974; 95% CI: 1.426–25.019, and p= 0.014).

The univariable logistic analysis showed that elevated cTnI
was associated with unfavorable long-term outcomes at the
last follow-up (OR = 4.218; 95% CI: 2.106–8.450; p < 0.001).
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TABLE 1 | Baseline characteristics between patients with or without elevation of troponin I.

Variable Total (%) Elevated cTnI (%) Unelevated cTnI (%) P-value

n = 213 n = 55 n = 158

Age (Years) 57.4 ± 12.1 59.3 ± 11.2 56.8 ± 12.4 0.192

Female 131/213 (61.5) 44/55 (80.0) 87/158 (55.1) 0.001

Medical history

Diabetes mellitus 17 (8.0) 4 (7.3) 13 (8.2) 1.000

Hypertension 131 (61.5) 31 (56.4) 100 (63.3) 0.363

Dyslipidemia 27 (12.7) 10 (18.2) 17 (10.8) 0.154

Hyperhomocycteinemia 17 (8.0) 2 (3.6) 15 (9.5) 0.275

Stroke 36 (16.9) 11 (20.0) 25 (15.8) 0.476

*CCI-i 3.4 ± 2.0 3.7 ± 2.0 3.3 ± 2.0 0.193

Cardiac history

Coronary artery disease 33 (15.5) 10 (18.2) 23 (14.6) 0.522

Heart failure 2 (0.9) 1 (1.8) 1 (0.6) 0.451

Arrhythmia 5 (2.3) 1 (1.8) 4 (2.5) 1.000

History of brain operation 1 (0.5) 1 (1.8) 0 (0) 0.258

History of cardiac surgery 9 (4.2) 1 (1.8) 8 (5.1) 0.521

ACEI/ARB 14 (6.6) 2 (3.6) 12 (7.6) 0.481

Anticoagulant drugs 2 (0.9) 1 (1.8) 1 (0.6) 0.451

Antiplatelet drugs 20 (9.4) 4 (7.3) 16 (10.1) 0.532

peak cTnI 0.007 (0.002–0.075) 0.366 (0.058–1.380) 0.002 (0.001–0.007) 0.000

Elevated BNP 113 (53.1) 46 (83.6) 67 (42.4) 0.000

Elevated CK-MB 54 (25.4) 35 (63.6) 19 (12.0) 0.000

Elevated Myo 66 (31.0) 32 (58.2) 34 (21.5) 0.000

Hunt-Hess grade 0.000

1–2 152 (71.4) 27 (49.1) 125 (79.1)

3–5 61 (28.6) 28 (50.9) 33 (20.9)

Fisher score 0.014

1–2 123 (57.7) 24 (43.6) 99 (62.7)

3–4 90 (42.3) 31 (56.4) 59 (37.7)

IVH involvement 121 (56.8) 35 (63.6) 86 (54.4) 0.235

Treatment 0.175

Microsurgery 106 (49.8) 24 (43.6) 82 (51.9)

Endovascular treatment 89 (41.8) 23 (41.8) 66 (41.8)

Medication 18 (8.4) 8 (14.5) 10 (6.3)

*CCI-i, Charlson Comorbidity Index-i; BNP, brain natriuretic peptide; CK-MB, creatine phosphokinase isoenzyme—MB; Myo, myoglobin; ACEI, angiotensin-converting enzyme inhibitors;

ARB, angiotensin receptor blocker; IVH, intraventricular hemorrhage; peak.cTnI, peak value of cardiac troponin I.

Age, history of stroke, Hunt-Hess grade 3–5, Fisher score 3–
4, perioperative pneumonia, and DVT had a p < 0.10. Those
variables were verified to have had a major impact on outcome in
previous studies (13) and were selected in the reduced regression
model. In the multivariable analysis, peak cTnI (OR = 2.951;
95% CI: 1.376–6.323; p = 0.005), age (OR = 1.046; 95% CI:
1.012–1.081; p = 0.008), and Hunt-Hess grade (OR = 4.017;
95% CI: 1.909–8.453; p < 0.001) were independent predictors for
unfavorable long-term outcomes (Table 4).

DISCUSSION

In this study cohort involving aSAH patients with elevated
cTnI on admission, brain-heart interactions were investigated.
The major findings were that the predictor analysis showed

that abnormal troponin level was associated with future
MACEs and unfavorable long-term outcomes. Additionally, the
survival analysis showed that aberrant cTnI was related to
an increased risk of future MACEs and deaths after aSAH.
The risk increased by 195% for death and by 498% for
MACE, respectively.

The results of this study offer valuable information to
emergency and intensive care clinicians to aid them in deciding
whether or not future unexpected cardiac events could happen
in patients with elevated cTnI during hospitalization or at
follow-up (17, 18). To our knowledge, this is the most
extensive series reporting survival and outcome in this particular
subgroup. Meanwhile, we explained the continuous brain-heart
interaction with detailed clinical data. Admittedly, subarachnoid
hemorrhage-induced mortality in the acute phase was dreadful
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TABLE 2 | Outcomes between patients with or without elevation of troponin I.

Variable Total (%) Elevated cTnI (%) Unelevated cTnI (%) P-value

n = 213 n = 55 n = 158

In-hospital complications

*MACE 61 (28.6) 24 (43.6) 37 (23.4) 0.004

Myocardial injury 19 (8.9) 10 (18.2) 9 (5.7) 0.012

Acute heart failure 30 (14.1) 15 (27.3) 15 (9.5) 0.001

Arrythmia 27 (12.7) 5 (9.1) 22 (13.9) 0.353

Cardiac arrest 2 (0.9) 1 (1.8) 1 (0.6) 1.000

DCI/CI 39 (18.3) 17 (30.9) 22 (13.9) 0.005

Hydrocephalus 15 (7.0) 6 (10.9) 9 (5.7) 0.320

Seizure 6 (2.8) 2 (3.6) 4 (2.5) 1.000

ICI 16 (7.5) 3 (5.5) 13 (8.2) 0.708

Pneumonia 72 (33.8) 20 (36.4) 52 (32.9) 0.631

DVT 65 (30.5) 27 (49.1) 38 (24.1) 0.001

Hospitalization duration 15.5 ± 10.2 16.7 ± 10.0 15.1 ± 10.3 0.338

In-hospital mortality 8 (3.8) 6 (10.9) 2 (1.3) 0.001

Discharge mRS > 3 60/213 (28.2) 25/55 (45.5) 35/158 (22.2) 0.001

3-month mRS > 3 37/187 (19.8) 18/46 (39.1) 19/141 (13.5) 0.000

1-year mRS > 3 38/187 (20.3) 17/46 (37.0) 21/141 (14.9) 0.001

2-year mRS > 3 35/186 (18.8) 18/46 (39.1) 17/140 (12.1) 0.000

Last follow-up mRS > 3 46/213 (21.6) 23/55 (41.8) 23/158 (14.6) 0.000

*MACE, major adverse cardiac event; DCI, delayed cerebral ischemia; CI, cerebral infarction; ICI, intracranial infection; DVT, deep venous thrombosis.

FIGURE 2 | Overall Kaplan–Meier estimates for freedom from MACE, comparing patients who had elevated cTnI (blue line) with unelevated cTnI (orange line; log-rank

test, p = 0.007).

and following sublethal complications cannot be underestimated.
In addition to the factors, such as DCI and DVT, which have been
broadly verified by investigators, cardiac events secondary to the
protopathy disturbed the diagnosis and treatment, in terms of
both doctors and patients (19).

Recently, some clinicians have begun to pay attention to
the impact of cardiovascular risk caused by aSAH. The cTnI
elevation observed in this population is in keeping with the
data produced by van der Bilt et al. (6) and Zhang et al.
(7). Numerous studies have reported the reasonable predictive
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FIGURE 3 | Distribution of modified Rankin Scale (mRS) scores at discharge and last follow-up after aneurysmal subarachnoid hemorrhage.

FIGURE 4 | Overall Kaplan–Meier estimates for freedom from death, comparing patients who had elevated cTnI (blue line) vs. unelevated cTnI (orange line; log-rank

test, p = 0.004).

potential of admission elevated-troponin in aSAH patients,
but lots of studies focused on the short-term neurological
outcomes (7, 9, 20, 21), although several teams started to
foresee the sensitivity and specificity of cTnI on long-term
outcomes (7, 10, 16). However, none of the studies were
performed for longer than 1 year. Studies that reported outcome
separately for elevated cTnI and unelevated cTnI patients is in

line with our findings at 3-month and 1-year. However, the
disparity between studies is unescapable if outcome appraisal
tools were applied differently (16). Furthermore, we conducted
regular surveillance on surviving aSAH patients (mean follow-
up of 34.3 ± 12.4 months) and found more unfavorable
outcomes occurred in the elevated cTnI group (41.8 vs. 14.6%,
p < 0.001).
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TABLE 3 | Cox regression analysis of predictors for future MACEs.

Primary outcome characteristics Univariate Multivariate

Variable MACE Non-MACE p-value HR (95% CI) p-value OR (95% CI)

Age, years 53.5 ± 9.8 58.0 ± 12.5 0.044 0.927 (0.861–0.998) 0.238

Gender 6 (75.0) 113 (62.8) 0.184 6.613 (0.405–107.921)

HH grade 3–5 3 (37.5) 51 (28.3) 0.248 0.222 (0.017–2.862)

*FS 3–4 4 (50.0) 73 (40.6) 0.728 1.436 (0.185–11.13)

IVH involvement 5 (62.5) 101 (56.1) 0.518 1.818 (0.295–11.191)

Smoke 2 (25.0) 56 (31.1) 0.43 0.388 (0.037–4.079)

History of stroke 2 (25.0) 31 (17.2) 0.226 0.302 (0.043–2.098)

Hypertension 4 (50.0) 112 (62.2) 0.239 3.31 (0.449–24.361)

HR 82.9 ± 18.1 75.6 ± 13.5 0.405 1.027 (0.964–1.093)

SBP 159.9 ± 26.0 161.3 ± 24.2 0.634 1.008 (0.975–1.042)

Elevated cTnI 5 (62.5) 42 (23.3) 0.016 9.063 (1.487–55.209) 0.014 5.980 (1.428–25.407)

ih.MACE 5 (62.5) 49 (27.2) 0.064 4.528 (0.91–22.512) 0.064

ih.DCI/CI 1 (12.5) 33 (18.3) 0.246 0.236 (0.02–2.711)

ih.pneumonia 4 (50.0) 58 (32.2) 0.033 0.104 (0.013–0.837) 0.211

ih.DVT 4 (50.0) 52 (28.9) 0.512 0.521 (0.074–3.656) 0.622

*FS, Fisher score; HR, admission heart rate; SBP, admission systolic blood pressure; cTnI, cardiac troponin I; ih.MACE, in hospitalization major adverse cardiac event; ih.DCI/CI, in

hospitalization delayed cerebral ischemia/ cerebral infarction; ih.pneumonia, in hospitalization pneumonia; ih.DVT, in hospitalization deep venous thrombosis.

TABLE 4 | Logistic regression analysis of predictors for last follow-up outcomes.

Last follow-up outcomes Univariate Multivariate

Variable Unfavorable Favorable p-value OR (95% CI) p-value OR (95% CI)

Age, years 62.5 ± 12.1 56.0 ± 11.8 0.002 1.049 (1.018–1.081) 0.008 1.046 (1.012–1.081)

Gender 31 (67.4) 100 (59.9) 0.355 1.384 (0.694–2.759)

HH grade 3–5 27 (58.7) 34 (20.4) 0.000 5.558 (2.767–11.160) 0.000 4.017 (1.909–8.453)

*FS 3–4 30 (65.2) 60 (35.9) 0.001 3.343 (1.686–6.627)

IVH involvement 28 (60.9) 93 (55.7) 0.530 0.807 (0.414–1.572)

Smoke 12 (26.1) 59 (35.3) 0.241 1.547 (0.745–3.213)

History of stroke 12 (26.1) 24 (14.4) 0.064 0.475 (0.216–1.045)

Hypertension 32 (69.6) 99 (59.3) 0.206 0.636 (0.316–1.282)

HR 76.9 ± 14.5 74.8 ± 13.2 0.353 1.011 (0.987–1.036)

SBP 162.1 ± 26.3 161.2 ± 24.3 0.813 1.001 (0.988–1.014)

Elevated cTnI 23 (50.0) 32 (19.2) 0.000 4.218 (2.106–8.450) 0.005 2.951 (1.377–6.323)

ih.MACE 15 (32.6) 46 (27.5) 0.502 1.272 (0.629–2.572)

ih.DCI/CI 10 (21.7) 29 (17.4) 0.498 1.321 (0.589–2.962)

ih.pneumonia 25 (54.3) 47 (28.1) 0.001 0.329 (0.168–0.643)

ih.DVT 21 (45.7) 44 (26.3) 0.013 0.425 (0.216–0.836)

*FS, Fisher score; HR, admission heart rate; SBP, admission systolic blood pressure; cTnI, cardiac troponin I; ih.MACE, in hospitalization major adverse cardiac event; ih.DCI/CI, in

hospitalization delayed cerebral ischemia/cerebral infarction; ih.pneumonia, in hospitalization pneumonia; ih.DVT, in hospitalization deep venous thrombosis.

Few studies have offered an insight into the predictive value
of admission troponin elevation in future MACEs, which has
been studied in general noncardiac surgery and ischemic stroke
population by degrees (5, 22). Akkermans et al. (11) concluded
that patients with postinterventional cTnI elevation have a
higher risk of MACE within the first year, but failed to build
a multivariable regression model, which is consistent with our
findings concerning admission cTnI elevation (HR = 5.980;
95% CI: 1.428–25.407; p = 0.014). Furthermore, none of

the above-cited studies used survival analysis to evaluate the
level of admission cTnI for predicting future MACEs and
unfavorable 2-year outcomes. One could speculate that our
notion of relations between elevated cTnI and the primary and
secondary outcome is accidental and unintentional. However,
the independent prognostic value of elevated cTnI was also
successfully established when adjusted for known predictors.
Unexpectedly, the history of stroke and heart diseases had
nothing to do with future MACEs (25.0 vs. 17.2%, p = 0.928;
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12.5 vs. 17.8%, p = 1.000, respectively). We proposed that the
ischemic preconditioning, a powerful endogenous mechanism,
could be a rational mechanism to monitor the ischemic events
in both subsequent brain and heart events (18, 23, 24).

The severity of brain injury was widely regarded as
the leading cause of a poor outcome in aSAH patients.
Cardiac complications are not the most important factor
for the eventual outcome (20), but they are the second
most important (1). Proposed mechanisms of brain-heart
interaction after aSAH have grown ever more important.
A more generally accepted hypothesis is that an increased
sympathetic tone determines catecholamines discharge and
subsequently SIC ensues (25). As a matter of fact, there
are some other possible explanations regarding neurocardiac
injuries, including right insular cortex damage, decreased
focal and global cerebral perfusion, instable autoregulation,
existed cardiac diseases, and impaired blood-brain barrier
(26–28). Interestingly, the above-mentioned mechanisms could
interpret our data to some extent in the early phase after
aSAH, but some may question the phenomenon that troponin
elevation was strongly associated with future MACEs and
long-term neurological outcomes. Exogenous administration of
norepinephrine (29), perioperative cardiac injury after aneurysm
occlusion (11), and neurogenic stunned myocardium (30)
could be possible answers. Future studies should offer further
proof of whether there is a causal relationship between the
onset of troponin discharge and MACEs and outcomes within
2 years.

In the case of aSAH-related cardiac dysfunction, it is
acceptable to treat the underlying neurological condition.
Due to the low recognition rate, misdiagnosis (19), and
lack of randomized trials, additional management of
neurocardiogenic injury remains entirely empirical in
each individual case. Recognized ominous clinical factors
including higher age (31) and unfavorable admission
neurological status concerned with poor outcome were
also statistically significant in the present study (higher
age, OR = 1.046, 95% CI: 1.012–1.081, and p = 0.008;
higher Hunt-Hess grade, OR = 4.017, 95% CI: 1.909–8.453,
p < 0.001). Nevertheless, no cohort study has ever been
published relating the troponin elevation to future MACEs
and 2-year outcomes. The findings of this study may not
only improve clinical practice but also direct secondary
prevention cost-effectively.

The present study had some limitations. First, the study
population was too small to fulfill an accurate prediction
model, though our retrospectively reviewed cohort showed
the independent predictive value on future MACEs and 2-
year outcomes. Second, although previous studies suggest that
intervention methods have no significant effect on troponin
release, with the significant progress of endovascular and
microsurgical procedures, the impact of different treatments on
MACEs after aSAH needs to be further explored (22). Finally, the

laboratory updated cTnI settings once during the study period,
and absolute value to stratification was impractical. Emergency
and intensive care unit clinicians made decisions based on
the thresholds laboratory offered, so different assays did not
influence our results. Further quantitative analysis of sensitivity
and specificity of troponin needs to be investigated.

CONCLUSION

CTnI elevation after the ictus of a ruptured intracranial
aneurysm can predict the occurrence of MACEs and unfavorable
outcomes within 2 years after aSAH. Although admission
troponin elevation can be recognized as a biomarker to identify
aSAH patients at high risk of neurocardiac injuries, further
investigation into clinical management is needed to prevent
cardiac complications and improve outcomes.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Review Board of Beijing Tiantan
Hospital. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

FL and YC: conception and design and drafted the article. FL,
YC, QH, CZe, and CZh: acquisition of the data. CZe and CZh:
analysis and interpretation of the data. XC and SW: critically
revised the article. XC, YZ, SW, and JZ: reviewed the submitted
version of the manuscript. All authors approved the final version
of the manuscript.

FUNDING

This work was supported by the National Key Research and
Development Program of China (Grant No. 2016YFC1301800),
the National Natural Science Foundation of China (Grant
No. 81671129), the National Key Research and Development
Program of China (Grant No. 2020YFC2004701), and the
Beijing Municipal Administration of Hospitals’ Mission Plan
(SML20150501).

ACKNOWLEDGMENTS

We thank Dr. Junsheng Li and Dr. LongMa for their assistance in
data collection. We also thank Dr. Mingze Wang and Dr. Junlin
Lu for their assistance in manuscript preparation.

Frontiers in Neurology | www.frontiersin.org 8 May 2021 | Volume 12 | Article 677961

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Lin et al. cTnI Prognostic Value After aSAH

REFERENCES

1. Chen Z, Venkat P, Seyfried D, Chopp M, Yan T, Chen J. Brain-heart

interaction: cardiac complications after stroke. Circ Res. (2017) 121:451–

68. doi: 10.1161/CIRCRESAHA.117.311170

2. Devereaux PJ, Sessler DI. Cardiac complications in patients

undergoing major noncardiac surgery. N Engl J Med. (2015)

373:2258–69. doi: 10.1056/NEJMra1502824

3. Shen JT, Xu M, Wu Y, Wen SH, Li X, Zhao BC, et al. Association of pre-

operative troponin levels withmajor adverse cardiac events andmortality after

noncardiac surgery: a systematic review and meta-analysis. Eur J Anaesthesiol.

(2018) 35:815–24. doi: 10.1097/EJA.0000000000000868

4. Bender M, Stein M, Uhl E, Reinges MHT. Troponin I as an early biomarker

of cardiopulmonary parameters within the first 24 hours after nontraumatic

subarachnoid hemorrhage in intensive care unit patients. J Intensive Care

Med. (2019) 35:1368–73. doi: 10.1177/0885066618824568

5. James P, Ellis CJ, Whitlock RM, McNeil AR, Henley J, Anderson NE.

Relation between troponin T concentration and mortality in patients

presenting with an acute stroke: observational study. BMJ. (2000) 320:1502–

4. doi: 10.1136/bmj.320.7248.1502

6. van der Bilt IA, Hasan D, Vandertop WP, Wilde AA, Algra A, Visser

FC, et al. Impact of cardiac complications on outcome after aneurysmal

subarachnoid hemorrhage: a meta-analysis. Neurology. (2009) 72:635–

42. doi: 10.1212/01.wnl.0000342471.07290.07

7. Zhang L, Wang Z, Qi S. Cardiac troponin elevation and

outcome after subarachnoid hemorrhage: a systematic review

and meta-analysis. J Stroke Cerebrovasc Dis. (2015) 24:2375–

84. doi: 10.1016/j.jstrokecerebrovasdis.2015.06.030

8. Zhang L, Zhang B, Qi S. Impact of echocardiographic wall motion

abnormality and cardiac biomarker elevation on outcome after

subarachnoid hemorrhage: a meta-analysis. Neurosurg Rev. (2020)

43:59–68. doi: 10.1007/s10143-018-0985-6

9. Naidech AM, Kreiter KT, Janjua N, Ostapkovich ND, Parra A, Commichau

C, et al. Cardiac troponin elevation, cardiovascular morbidity, and

outcome after subarachnoid hemorrhage. Circulation. (2005) 112:2851–

6. doi: 10.1161/CIRCULATIONAHA.105.533620

10. GupteM, John S, Prabhakaran S, Lee VH. Troponin elevation in subarachnoid

hemorrhage does not impact in-hospital mortality. Neurocrit Care. (2013)

18:368–73. doi: 10.1007/s12028-012-9813-y

11. Akkermans A, Peelen LM, van Waes JA, Rinkel GJ, van Klei, WA. Cardiac

events within one year after a subarachnoid haemorrhage: the predictive value

of troponin elevation after aneurysm occlusion. Eur J Prev Cardiol. (2019)

26:420–8. doi: 10.1177/2047487318776098

12. Ackland GL, Abbott TEF, Jones TF, Leuwer M, Pearse RM. Early elevation in

plasma high-sensitivity troponin T and morbidity after elective noncardiac

surgery: prospective multicentre observational cohort study. Br J Anaesth.

(2020) 124:535–43. doi: 10.1016/j.bja.2020.02.003

13. Connolly ES Jr, Rabinstein AA, Carhuapoma JR, Derdeyn CP, Dion

J, Higashida RT, et al. Guidelines for the management of aneurysmal

subarachnoid hemorrhage: a guideline for healthcare professionals from the

American Heart Association/american Stroke Association. Stroke. (2012)

43:1711–37. doi: 10.1161/STR.0b013e3182587839

14. Mangano D, Browner W, Hollenberg M, London M, Tubau J, Tateo I.

Association of perioperative myocardial ischemia with cardiac morbidity

and mortality in men undergoing noncardiac surgery. The Study of

Perioperative Ischemia Research Group. N Engl J Med. (1990) 323:1781–

8. doi: 10.1056/NEJM199012273232601

15. Vergouwen MD, Vermeulen M, van Gijn J, Rinkel GJ, Wijdicks EF,

Muizelaar JP, et al. Definition of delayed cerebral ischemia after aneurysmal

subarachnoid hemorrhage as an outcome event in clinical trials and

observational studies: proposal of a multidisciplinary research group. Stroke.

(2010) 41:2391–5. doi: 10.1161/STROKEAHA.110.589275

16. Oras J, Grivans C, Bartley A, Rydenhag B, Ricksten SE, Seeman-Lodding

H. Elevated high-sensitive troponin T on admission is an indicator of poor

long-term outcome in patients with subarachnoid haemorrhage: a prospective

observational study. Crit Care. (2016) 20:11. doi: 10.1186/s13054-015-1181-5

17. Koch S, Gonzalez N. Preconditioning the human brain: proving

the principle in subarachnoid hemorrhage. Stroke. (2013)

44:1748–53. doi: 10.1161/STROKEAHA.111.000773

18. Gonzalez N, Connolly M, Dusick J, Bhakta H, Vespa P. Phase I clinical

trial for the feasibility and safety of remote ischemic conditioning for

aneurysmal subarachnoid hemorrhage. Neurosurgery. (2014) 75:590–8;

discussion 598. doi: 10.1227/NEU.0000000000000514

19. Hatim A, El Otmani W, Houssa MA, Atmani N, Moutakiallah Y,

Haimeur C, et al. A case of subarachnoid hemorrhage revealed

by an acute coronary syndrome (ACS). Pan Afr Med J. (2015)

20:426. doi: 10.11604/pamj.2015.20.426.4741

20. Schuiling WJ, Dennesen PJ, Tans JT, Kingma LM, Algra A, Rinkel GJ.

Troponin I in predicting cardiac or pulmonary complications and outcome in

subarachnoid haemorrhage. J Neurol Neurosurg Psychiatry. (2005) 76:1565–

9. doi: 10.1136/jnnp.2004.060913

21. Guette P, Launey Y, Arnouat M, Bleichner JP, Masseret E, Rousseau C, et al.

Prognostic value of high-sensitivity troponin T in aneurysmal subarachnoid

hemorrhage: a prospective observational study. Brain Inj. (2019) 33:1372–

8. doi: 10.1080/02699052.2019.1641742

22. Tu W, Chao B, Yan F, Cao L, Wang L. Stroke unit care for ischemic stroke

in China: results of a nation-based study. Intens Care Med. (2020) 46:1489–

91. doi: 10.1007/s00134-020-06046-x

23. Jensen H, Loukogeorgakis S, Yannopoulos F, Rimpiläinen E, Petzold

A, Tuominen H, et al. Remote ischemic preconditioning protects

the brain against injury after hypothermic circulatory arrest.

Circulation. (2011) 123:714–21. doi: 10.1161/CIRCULATIONAHA.110.

986497

24. Nikkola E, Laiwalla A, Ko A, Alvarez M, Connolly M, Ooi Y, et al.

Remote ischemic conditioning alters methylation and expression of cell

cycle genes in aneurysmal subarachnoid hemorrhage. Stroke. (2015) 46:2445–

51. doi: 10.1161/STROKEAHA.115.009618

25. Oras J, Grivans C, Dalla K, Omerovic E, Rydenhag B, Ricksten SE, et

al. High-sensitive troponin T and N-terminal pro B-type natriuretic

peptide for early detection of stress-induced cardiomyopathy in

patients with subarachnoid hemorrhage. Neurocrit Care. (2015)

23:233–42. doi: 10.1007/s12028-015-0108-y

26. Ay H, Koroshetz WJ, Benner T, Vangel MG, Melinosky C, Arsava EM, et

al. Neuroanatomic correlates of stroke-related myocardial injury. Neurology.

(2006) 66:1325–9. doi: 10.1212/01.wnl.0000206077.13705.6d

27. Jaeger M, Soehle M, Schuhmann MU, Meixensberger J. Clinical

significance of impaired cerebrovascular autoregulation after

severe aneurysmal subarachnoid hemorrhage. Stroke. (2012)

43:2097–101. doi: 10.1161/STROKEAHA.112.659888

28. Cremers CH, van der Bilt IA, van der Schaaf IC, Vergouwen MD, Dankbaar

JW, Cramer MJ, et al. Relationship between cardiac dysfunction and cerebral

perfusion in patients with aneurysmal subarachnoid hemorrhage. Neurocrit

Care. (2016) 24:202–6. doi: 10.1007/s12028-015-0188-8

29. Dinh DD, Lidington D, Kroetsch JT, Ng C, Zhang H, Nedospasov SA, et

al. Experimental subarachnoid hemorrhage drives catecholamine-dependent

cardiac and peripheral microvascular dysfunction. Front Physiol. (2020)

11:402. doi: 10.3389/fphys.2020.00402

30. Salem R, Vallée F, Dépret F, Callebert J, Maurice JP, Marty P,

et al. Subarachnoid hemorrhage induces an early and reversible

cardiac injury associated with catecholamine release: one-week

follow-up study. Crit Care. (2014) 18:558. doi: 10.1186/s13054-014-

0558-1

31. Goldberg J, Schoeni D, Mordasini P, Z’Graggen W, Gralla J,

Raabe A, et al. Survival and outcome after poor-grade aneurysmal

subarachnoid hemorrhage in elderly patients. Stroke. (2018)

49:2883–9. doi: 10.1161/STROKEAHA.118.022869

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Lin, Chen, He, Zeng, Zhang, Chen, Zhao, Wang and Zhao.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Neurology | www.frontiersin.org 9 May 2021 | Volume 12 | Article 677961

https://doi.org/10.1161/CIRCRESAHA.117.311170
https://doi.org/10.1056/NEJMra1502824
https://doi.org/10.1097/EJA.0000000000000868
https://doi.org/10.1177/0885066618824568
https://doi.org/10.1136/bmj.320.7248.1502
https://doi.org/10.1212/01.wnl.0000342471.07290.07
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.06.030
https://doi.org/10.1007/s10143-018-0985-6
https://doi.org/10.1161/CIRCULATIONAHA.105.533620
https://doi.org/10.1007/s12028-012-9813-y
https://doi.org/10.1177/2047487318776098
https://doi.org/10.1016/j.bja.2020.02.003
https://doi.org/10.1161/STR.0b013e3182587839
https://doi.org/10.1056/NEJM199012273232601
https://doi.org/10.1161/STROKEAHA.110.589275
https://doi.org/10.1186/s13054-015-1181-5
https://doi.org/10.1161/STROKEAHA.111.000773
https://doi.org/10.1227/NEU.0000000000000514
https://doi.org/10.11604/pamj.2015.20.426.4741
https://doi.org/10.1136/jnnp.2004.060913
https://doi.org/10.1080/02699052.2019.1641742
https://doi.org/10.1007/s00134-020-06046-x
https://doi.org/10.1161/CIRCULATIONAHA.110.986497
https://doi.org/10.1161/STROKEAHA.115.009618
https://doi.org/10.1007/s12028-015-0108-y
https://doi.org/10.1212/01.wnl.0000206077.13705.6d
https://doi.org/10.1161/STROKEAHA.112.659888
https://doi.org/10.1007/s12028-015-0188-8
https://doi.org/10.3389/fphys.2020.00402
https://doi.org/10.1186/s13054-014-0558-1
https://doi.org/10.1161/STROKEAHA.118.022869
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Prognostic Value of Elevated Cardiac Troponin I After Aneurysmal Subarachnoid Hemorrhage
	Introduction
	Materials and Methods
	Study Design
	Data Collection and Definitions
	Statistical Analysis

	Results
	Baseline Characteristics
	Outcomes
	Predictors of Future MACEs and Unfavorable Long-Term Outcomes

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


