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Prognostic Implications of Elevated Cardiac Troponin T in Patients with Acute Ischemic
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Background: Elevated cardiac troponin T (cTnT) levels have been reported in patients with acute ischemic stroke, however, the prognostic rele-
vance is not well established. We evaluated the association between cTnT elevation and prognosis in patients with acute ischemic stroke.
Methods: The 182 consecutive patients enrolled had new-onset acute ischemic stroke. Their clinical and laboratory findings were collected retro-
spectively. Stroke severity and prognosis were determined using the National Institutes of Health Stroke Scale (NIHSS) and the modified Rankin
Scale (MRS) scores, as well as 30-day all-cause mortality. The patients were divided into two groups according to their cTnT levels: <14 and >14
ng/L. Cox proportional hazards regression analysis was performed to determine the associations between clinical or laboratory variables and 30-
day all-cause mortality. The Kaplan—Meier method was used to compare the overall survival rate in patients with elevated and normal cTnT levels.
Results: The cTnT level was elevated in 14.8% of the patients. Age, NIHSS and mRS scores, creatinine kinase-MB, and 30-day all-cause mortality
were significantly higher in patients with elevated cTnT levels than in those with normal cTnT levels. The hazard ratio of the elevated vs. normal
¢TnT group for 30-day all-cause mortality was 8.06 (95% confidence interval: 1.13-57.25, P=0.037). A Kaplan—Meier survival analysis revealed a
significantly higher survival rate in patients with normal cTnT levels compared to those with elevated cTnT levels (P <0.0001).

Conclusions: An elevated cTnT level is significantly associated with poor short-term outcomes in patients with acute ischemic stroke.
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INTRODUCTION

The high mortality and morbidity rates that characterize stroke

have made it an important public health problem, not only in Ko-
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rea but also globally. New-onset or recurrent stroke is diagnosed
in ~105,000 patients in Korea every year, and more than 26,000
patients die due to this condition [1]. In fact, after cancer, stroke is
the second leading cause of death worldwide, resulting in an an-
nual mortality rate of 53.2 per 100,000 in 2010 [1].

High-sensitivity cardiac troponin T and I (cInT and ¢TnD levels
have been well-documented as sensitive and specific biomarkers
of myocardial necrosis [2]. Recently, elevated cardiac troponin lev-
els were reported not only in patients with ischemic myocardial
damage but also in those with acute ischemic stroke [3, 4]. The
causes of elevated ¢TnT levels and the mechanisms by which ¢InT
is elevated in patients with acute ischemic stroke are variable and
the clinical significance is still unclear [3, 4].

In some studies, an elevated ¢TnT level was a predictor of poor
clinical outcomes and higher mortality in patients with acute isch-

emic stroke [5-7]. In contrast, other studies have reported that an
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elevated ¢TInT level in patients with acute ischemic stroke was not
an independent predictor of the clinical outcome and had no sig-
nificant association with mortality [8-10]. Therefore, the value of
the ¢InT level as an independent prognostic indicator in patients
with acute ischemic stroke is uncertain. Thus, the aim of this study
was to investigate the prognostic relevance of ¢InT levels in pa-

tients with acute ischemic stroke.

MATERIALS AND METHODS

1. Study Population

From January to December 2012, 293 consecutive patients with
new-onset acute ischemic stroke admitted to the Stroke Center of
Ewha Womans University Mokdong Hospital were screened. Acute
ischemic stroke was confirmed by magnetic resonance imaging
as well as diffusion-weighted imaging. The exclusion criteria were
as follows: patients who visited the emergency room >72 hr after
the onset of the symptoms (n=2); patients with ¢TnT data missing
on admission (n=1); patients with atrial fibrillation (n=34), pa-
tients with prolonged QT (n=9) and other miscellaneous abnor-
malities (n=9) observed in electrocardiogram findings; patients
with abnormal echocardiogram findings (n=24); patients with a
medical history of intracerebral hemorrhage (n=2) or cardiovas-
cular diseases (n=3); and patients who failed to follow-up (n=27).

Finally, 182 patients were included in this study. The patient selec-

Acute ischemic stroke patients who visited
the emergency room from January to
December 2012 (N = 293)

tion process is described in Fig. 1. This study was approved by the
Institutional Review Board of Ewha Womans University Mokdong

Hospital (approval number: ECT 13-03A-22).

2. Data Collection

Age, sex, clinical characteristics, and comorbidities (hyperten-
sion, diabetes mellitus, and dyslipidemia) were retrospectively ob-
tained from the patients’ medical records. Electrocardiography
and echocardiography results and laboratory test results, includ-
ing measurements of ¢InT, creatine kinase (CK), CK-MB, aspar-
tate transaminase (AST), lactate dehydrogenase (LD), complete
blood cell count (CBO), glucose, blood urea nitrogen (BUN), cre-
atinine, triglycerides, cholesterol, albumin, C-reactive protein (CRP),
fibrinogen, fibrin degradation product (FDP), D-dimer, low-den-
sity lipoprotein (LDL) and high-density lipoprotein (HDL), were
also collected. To assess stroke severity and prognosis, the Na-
tional Institutes of Health Stroke Scale (NIHSS) score on admis-
sion, the modified Rankin Scale (mRS) on discharge, and all-cause

mortality 30 days after stroke onset were obtained.

3. High-sensitivity cTnT Assay

Serum ¢InT concentrations on hospital day 1 were measured
using the 4th generation Elecsys Troponin T assay (Roche Diag-
nostics, Mannheim, Germany) on an Elecsys 2010 analyzer (Roche

Diagnostics) [11]. The limit of detection and the 99th percentile

Exclusion

\ 4
Final enroliment

(N=182)
|
cInT <14 ng/L cTnT >14 ng/L
(N=155) (N=27)

Fig. 1. Schematic flow chart of the study design.
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- Patients who arrived >72 hr after onset (N = 2)

- ¢TnT data missing (N = 1)

- Atrial fibrillation on ECG (N = 34)

- Prolonged QT on ECG (N = 9)

- Other miscellaneous abnormalities on ECG (N = 9)
- Abnormal echocardiogram (N = 24)

- Prior history of intracerebral hemorrhage (N = 2)
- Prior history of cardiovascular disease (N = 3)

- Follow-up loss (N = 27)
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upper reference limit of the Elecsys Troponin T assay were 5 ng/L

and 14 ng/L, respectively [11].

4. Statistical Analyses

The study population was divided into two groups according to
their ¢TnT levels: elevated (>14 ng/L) and normal (<14 ng/L). Con-
tinuous variables were expressed as the mean + standard devia-
tion or median [first quartile; third quartile] and were compared
using the Student’s /-test or the Mann-Whitney U test. Categorical
variables were compared using the * test or Fisher’s exact test.
Univariate and multivariate Cox proportional hazards regression
analyses were performed to assess the association between the

clinical or laboratory variables and the 30-day all-cause mortality

of patients with stroke. The hazard ratio (HR) and 95% confidence
interval (CD of the HR were calculated. The Kaplan-Meier method
and log-rank test were used to compare the overall survival rates
of patients in the elevated and normal ¢InT level groups. Statisti-
cal analyses were performed using SPSS, version 18 for Windows
(SPSS, Inc., Chicago, IL, USA). A probability value (P value) <0.05

was considered to indicate statistical significance.

RESULTS

The mean age of the study population (182 patients) was 64.6 =
13.1 yr; 111 patients (61.0%) were male. Elevated ¢TnT levels were
identified in 14.8% (27/182) of the patients with acute ischemic

Table 1. Clinical and laboratory characteristics of subjects according to cardiac troponin T (cTnT) levels

i Total cTnT level (ng/L)
Variable P
(N=182) <14 (N=155) >14 (N=27)

Age (yr) 64.6+13.1 629+ 124 747 £122 <0.001
Male 111 (61.0%) 95 (61.3%) 16 (59.3%) 1.000
Medical history

Hypertension 108 (61.0%) 87 (57.6%) 21 (80.8%) 0.044

Diabetes 68 (37.4%) 54 (34.8%) 14 (51.9%) 0.141

Dyslipidemia 31 (17.0%) 27 (17.4%) 4(14.8%) 0956
Stroke severity

NIHSS 40[1.0;8.0] 3.0[1.0;7.0] 5.5 [3.0; 18.5] 0.002

mRS 1.0[1.0; 2.0] 1.0[1.0; 2.0] 3.0[1.0;5.0] <0.001
30-day mortality 7 (3.8%) 2 (1.3%) 5(18.5%) <0.001
WBC (x10°/L) 7490.0 [6070.0; 9050.0] 74200 [6115.0; 8790.0] 7800.0 [5780.0; 12850.0] 0.269
Hemoglobin (g/dL) 140+ 1.7 141115 129+ 2.1 0.007
Platelet (x10°/L) 208.5[183.0; 256.0] 210.0 [187.5; 260.0] 196.0 [141.0; 213.5] 0.018
Glucose (mg/dL) 126 [109; 160] 126 [109; 158] 135[114; 169] 0.596
BUN (mg/dL) 145 [12.0; 19.0] 140 [12.0; 18.0] 210 [13.5; 26.0] 0.002
Creatinine (mg/dL) 0.90 [0.80; 1.10] 0.90 [0.80; 1.06] 1.15[0.83; 1.50] 0.005
eGFRexo-er (ML/min/1.73 m?) 759+ 193 792+ 166 5681226 <0.001
AST (IU/L) 23 [20; 29] 23 [20; 28] 25 [20; 34] 0.294
CK (IU/Y 85.5 [64.0; 116.0] 85.0 [62.5; 111.0] 107.0 [67.0; 145.5] 0.176
CK-MB (ng/mL) 1.60 [1.20; 2.50] 1.50 [1.20; 2.15] 2.70 [1.90; 5.00] <0.001
LD (IU/L) 203 [179; 244] 199 [176; 234] 235 [200; 285] 0.001
Triglyceride (mg/dL) 96 [67; 141] 96 [67; 142] 95 [66; 137] 0.703
Cholesterol (mg/dL) 176 [153: 207] 1780 [158; 210] 163 [136; 197] 0.026
LDL (mg/dL) 6[94; 135] 117 [98; 138] 95 [63; 120] 0.019
HDL (mg/dL) 43 [37; 53] 42 [36; 53] 48 [42; 54] 0.330
Albumin (g/dL) 3.8[3.6;4.0] 3.8[3.6; 4.0] 9[3.5;40] 0.696
CRP (mg/dL) 12 [0.1;0.4] .1[0.1;0.4] 3[0.1; 1.3] 0.012
Fibrinogen (mg/dL) 274 [232; 323] 275 [232; 323] 263 [226: 322] 0.454
FDP (ug/mL) 9[10; 44] 8[1.0;33] 451[2.1:15.7] 0.001
D-dimer (pug/mL) 0.57 [0.28; 1.88] 0.51[0.26; 1.39] 3.52[0.53;31.57] <0.001

Data are expressed as number (percentage), mean £ standard deviation, or median [first quartile; third quartile].

Abbreviations: AST, aspartate transaminase; BUN, blood urea nitrogen; CK-MB, creatine kinase MB; CK; creatine kinase; CRP, C-reactive protein; cTnT, cardiac troponin T; €G-
FRexo-ee, estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration; FDP, fibrin degradation product; HDL, high-density lipoprotein; LD,
lactate dehydrogenase; LDL, low-density lipoprotein; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; WBC, white blood cell.
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stroke. The median [first quartile; third quartile] ¢cTnT values of the
normal and elevated ¢TnT level groups were 7 ng/L [5; 10 ng/L]
and 17 ng/L [16; 38 ng/1l, respectively. The clinical and laboratory
characteristics of the patients in this study are summarized in Ta-
ble 1.

Patients with elevated ¢TnT levels were significantly older than
those with normal ¢TnT levels (mean age, 74.7 +12.2 vs. 629+ 12.4
yr; P<0.00D) and were more likely to have a medical history of
hypertension (P=0.044). The elevated cInT level group also had
more severe neurological deficits (based on NIHSS scores) than
the normal ¢InT level group (median [first quartile; third quartile]
of the NIHSS score, 5.5 [3.0; 18.3] vs. 3.0 [1.0; 7.0], P=0.022; mRS
score, 3.0 [1.0; 5.0] vs. 1.0 [1.0; 2.0], P<0.001) (Table 1).

Seven patients (3.8%) died during the follow-up period. Among
the patients with acute ischemic stroke, all-cause mortality after
30 days differed significantly between the normal (1.3%, 2/155)
and the elevated (18.5%, 5/27) ¢InT level groups. In a univariate
regression analysis, the NIHSS score (0-4 vs. =5) and the ¢TnT
levels (<14 vs. >14 ng/L) were associated with 30-day all-cause
mortality. The HRs (95% CD for the NIHSS score and ¢InT levels
were 7.01 (1.30-306.14) and 15.78 (3.06-813.9), respectively. A mul-
tivariate Cox proportional hazards regression analysis considering
sex, age, history of hypertension, NITHSS score, mRS score, LD, LDL,
eGFR, CRP, FDP, CK-MB, and ¢TnT showed that only the ¢TnT level
was an independent predictor of 30-day all-cause mortality in pa-
tients with acute ischemic stroke (HR 8.06, 95% CI 1.13-57.25, P=
Table 2. Cox proportional hazards regression analysis for association

between clinical and laboratory variables and 30-day mortality in pa-
tients with acute ischemic stroke

: Hazard 95% confidence interval
Variable

ratio Lower Upper
Univariate analysis
Male 0.25 0.05 1.30 0.099
Age =65 years 2.55 0.49 13.14 0.263
Hypertension 0.48 0.n 2.14 0.335
NIHSS =5 7.01 1.36 36.14 0.020
eGFRco-en >60 ml/min/1.73 m?  1.53 030 7.89 0.612
cTnT > 14 ng/L 15.78 3.06 81.39 0.001
CK-MB > 1.6 ng/mL 1.41 032 6.31 0.651
LD >203 IU/L 6.34 0.76 52.68 0.087
LDL > 100 mg/dL 0.64 on 3.83 0.625
CRP >0.3 mg/dL 383 0.64 2292 0141
Multivariate analysis
cTnT >14 ng/L 8.06 1.13 57.25 0.037

Abbreviations: CK-MB, creatine kinase MB; CRP, C-reactive protein; cTnT, cardiac
troponin T; eGFReo-ep, estimated glomerular filtration rate by the Chronic Kidney
Disease Epidemiology Collaboration; LD, lactate dehydrogenase; LDL, low-density
lipoprotein; NIHSS, National Institutes of Health Stroke Scale.
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0.037) (Table 2).
The Kaplan-Meier survival analysis revealed a significantly higher
survival rate in patients in the normal ¢InT level group than those

in the elevated ¢InT level group (P<0.0001) (Fig. 2).

DISCUSSION

Elevated ¢TnT levels have been reported in 0-36% of patients
with acute ischemic stroke [4, 8, 12, 13]. However, these studies
describing the relationship between ¢InT levels and acute isch-
emic stroke were highly heterogeneous. Furthermore, it is diffi-
cult to compare their results directly due to differences in the study
setting, troponin assays, and cutoff values. In our study on patients
with acute ischemic stroke, the frequency of ¢InT elevation in the
study population was 14.8%, which was consistent with the rates
determined in earlier studies.

The etiology and mechanism of the increase in ¢TnT level in pa-
tients with acute stroke have been debated. The associated myo-
cardial damage and elevated ¢TnT level after acute ischemic stroke
have been attributed to a variety of causes [14, 15], including the
coexistence of acute cerebral ischemia with ischemic myocardial
necrosis [14]. Alternatively, congestive heart failure and renal in-
sufficiency, rather than myocardial infarction, have been cited as
being responsible for the elevated ¢TnT levels [16]. Barber et al.
found that increased serum troponin after acute ischemic stroke
was associated with elevated circulating levels of epinephrine,

consistent with the activation of the sympathetic nervous system

100 F—— .
. cTnT<14 ng/L (N=155)
80 | .
= cTnT>14 ng/L (N=27)
£ 60t
e}
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= 40 r
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20 |
P<0.0001
0 CL 1 1 1 1 1 1
0 5 10 15 20 25 30

Survival time (day)

Fig. 2. Kaplan-Meier analysis of the overall survival in patients with
acute ischemic stroke, based on cardiac troponin T (cTnT) levels.
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[8]. Another study reported elevated serum cortisol levels after
stroke, and the association of higher concentrations in patients
with myocardial damage [17]. Increased catecholamine release
has also been proposed to cause the excessive release of intracel-
lular calcium ions, thereby causing myocyte dysfunction [18]. These
findings suggest that a relationship exists between the sympathetic
nervous system and myocardial cell damage in ischemic stroke
patients. In this study, although efforts were made to exclude pa-
tients with concurrent acute coronary syndrome, acute ischemic
stroke, and abnormal electrocardiography or echocardiography
findings, these features could not be clearly distinguished in the
patients in this study, nor did we assess their hormonal status.

In our patients with acute ischemic stroke, ¢TnT elevation had a
significant prognostic impact. The HR for 30-day all-cause mortal-
ity in patients with an elevated vs. patients with normal ¢TnT level
was 8.06 (95% CI, 1.13-57.25, P=0.037), according to a multivari-
ate Cox proportional hazards regression analysis. Other large-scale
and well-designed prospective studies have concluded that in the
general population, a higher ¢InT level was a strong risk marker
for acute ischemic stroke [19, 20]. Increased levels of ¢InT are as-
sociated with major adverse cardiac events and even mortality
from non-cardiovascular causes. Moreover, a prospective trial
found that the ¢TnT level was the strongest predictor of vascular
events and all-cause mortality in patients with acute cerebral isch-
emia; in a multivariate analysis, it was the only marker that remained
significantly predictive [14]. These findings from earlier studies to-
gether with the results of this study reinforce the prognostic asso-
ciation between elevated ¢InT levels and ischemic stroke.

There were several limitations to our investigation. First, we re-
lied on a single measurement of serum ¢InT rather than serial se-
rum ¢InT changes, which might have provided additional infor-
mation for the diagnosis of acute myocardial infarction. Second,
our study was retrospective rather than prospective; consequently,
the method of data collection may have undermined the appro-
priate interpretation of the results. Finally, we only evaluated all-
cause mortality, not specific causes of death.

In conclusion, our findings contribute to an improved under-
standing of the implications of serum ¢InT elevation in patients
with acute ischemic stroke. A systematic study performed in a larger
cohort with a long-term follow-up of patients with acute ischemic
stroke is necessary to clarify the clinical significance of elevated

¢InT levels in this population. Nonetheless, clinicians should con-
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sider measuring serum ¢InT concentration routinely in patients
with acute ischemic stroke, which may help them in making a pre-

dictive prognosis.
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