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Abstract
As highly sensitive and specific markers of myocardial damage, cardiac troponins were demonstrated to correlate with clinical 
parameters of patients with hypertrophic cardiomyopathy. However, the relationship between cardiac troponins and presence 
of non-sustained ventricular tachycardia (NSVT) in hypertrophic cardiomyopathy remains unclear. The aim of our study 
was to explore the association between serum cardiac troponin I (cTNI) and presence of NSVT in patients with hypertrophic 
obstructive cardiomyopathy (HOCM). A total of 309 HOCM patients were enrolled in our study. All participants underwent 
clinical evaluations, including collections of medical history, blood tests, 24-h Holter monitoring, echocardiography, and 
cardiac magnetic resonance imaging. There were 53 (17.2%) patients with NSVT and 256 patients without it. Compared to 
patients without NSVT, serum cTNI (P < 0.001) and plasma NT-proBNP (P = 0.042) were significantly higher in patients 
with NSVT. Moreover, cTNI and NT-proBNP were positively correlated with left atrial diameter, maximum wall thickness 
(MWT), left ventricular volume index and left ventricular mass index. In multivariable logistic analysis, log cTNI [odds 
ratio (OR) = 2.408, 95% confidence interval (CI) 1.108–5.325, P = 0.027], left ventricular end-diastole diameter (OR = 0.922, 
95%CI 0.856–0.994, P = 0.034), MWT (OR = 1.131, 95%CI 1.035–1.235, P = 0.006) and left ventricular end-systole volume 
index (OR = 1.060, 95%CI 1.025–1.096, P = 0.001) were independent determinants of NSVT occurrence after adjustment 
for potential cofounders. Serum cTNI level was elevated in patients with NSVT. And it was independently associated with 
NSVT in patients with HOCM. Our results suggest that it may be more reasonable for HOCM patients with elevated serum 
cTNI to extend the time of Holter monitoring.

Keywords  Cardiac troponins · Cardiac troponin I · Non-sustained ventricular tachycardia · Hypertrophic obstructive 
cardiomyopathy

Introduction

Hypertrophic cardiomyopathy (HCM) is the most common 
genetic heart disease with a prevalence of 1:500 in general 
population [1–3]. Approximately, two-thirds of patients with 
HCM are manifested with obstruction of the left ventricu-
lar outflow tract (LVOT) resulted from asymmetric septal 
hypertrophy, which is referred to as hypertrophic obstruc-
tive cardiomyopathy (HOCM) [4]. Moreover, HCM is also a 
frequent cause of sudden cardiac death (SCD) in young indi-
viduals [3–5]. With a prevalence of 20–30%, non-sustained 
ventricular tachycardia (NSVT) was an important risk factor 
for SCD and death from cardiovascular causes in patients 
with HCM [5–9]. Therefore, it is crucial for longitudinal 
surveillance and management strategies in HCM patients to 
early recognize the predisposing factors to NSVT.

 *	 Jingang Cui 
	 doctorcjg@163.com

 *	 Shubin Qiao 
	 qsbfw@sina.com

1	 Department of Cardiology, State Key Laboratory 
of Cardiovascular Disease, Fuwai Hospital, National Center 
for Cardiovascular Diseases, Chinese Academy of Medical 
Sciences and Peking Union Medical College, NO. 167 
Beilishi Road, Xicheng District, Beijing 100037, China

2	 Department of Arrhythmia, State Key Laboratory 
of Cardiovascular Disease, Fuwai Hospital, National Center 
for Cardiovascular Diseases, Chinese Academy of Medical 
Sciences and Peking Union Medical College, Beijing, China

http://orcid.org/0000-0002-8262-9405
http://crossmark.crossref.org/dialog/?doi=10.1007/s00380-019-01549-0&domain=pdf


877Heart and Vessels (2020) 35:876–885	

1 3

Cardiac troponins, including cardiac troponin I (cTNI) 
and cardiac troponin T (cTNT), are highly sensitive and spe-
cific markers of myocardial injury [10, 11]. Various studies 
demonstrated that serum levels of cardiac troponins were 
elevated in patients with HCM, and associated with left 
ventricular mass index (LVMI), maximum wall thickness 
(MWT), left ventricular (LV) diastolic and systolic dysfunc-
tion, left atrial size and age [12–16]. Furthermore, cardiac 
troponins were valuable prognostic markers of adverse car-
diovascular events in HCM [10, 17]. However, it is unclear 
whether cardiac troponins were associated with NSVT in 
patients with HCM. Hence, we sought to elucidate the asso-
ciation between cTNI and NSVT in a relatively large series 
of consecutive patients with HOCM.

Methods

Our study was approved by the Ethics Committee of Fuwai 
Hospital (Beijing, China) and conducted in accordance with 
the Declaration of Helsinki. The informed consents were 
written by all patients.

Study population

Consecutive patients with HOCM who referred to Fuwai 
Hospital from January 2014 to June 2016 were enrolled in 
our study. The diagnostic criteria of HOCM complied with 
the recommendations of 2011 American Heart Associa-
tion/American College of Cardiology [18] and 2014 Euro-
pean Society of Cardiology [6], which mainly include an 
otherwise unexplained increase in septal thickness (≥ 15 
or ≥ 13 mm with an unequivocal family history of HCM). 
The obstruction of LVOT was defined as a peak instanta-
neous LVOTG pressure gradient (LVOTPG) ≥ 30 mmHg at 
rest or during physiological provocation, such as standing, 
exercise, and Valsalva manoeuver. All participants under-
went 24-h Holter monitoring and cardiac magnetic reso-
nance (CMR) imaging. Exclusion criteria included cardiac 
valve disease, acute coronary syndrome, old myocardial 
infarction, coronary stent implantation, LV ejection frac-
tion (LVEF) < 50%, infection, connective tissue disease and 
pregnancy. Additionally, patients with a history of septal 
ablation, septal myectomy or permanent mechanical device 
implantation were excluded. Eventually, 152 patients ruled 
out, and 309 patients were recruited into our study, including 
256 HOCM patients without NSVT and 53 HOCM patients 
with NSVT (Fig. 1). Non-sustained ventricular tachycardia 
(NSVT) was defined as three or more ventricular extrasysto-
les at a rate of ≥ 120 beats per minute, lasting < 30 s (Fig. 2) 
[19].

Echocardiography

As the recommendations of the American Society of Echo-
cardiography [20], echocardiography was performed by 
an experienced cardio-sonographer with an iE33 Color 
Doppler Ultrasound System (Philips Healthcare, Ando-
ver, MA, USA). Two dimensional, M-mode images and 
Doppler tracings were obtained in a standard manner. 
Resting LVOTPG of all participants was evaluated with 
continuous-wave Doppler echocardiography, while pro-
voked LVOTPG was only determined in patients with a 
resting LVOTPG < 50 mmHg. Complying with the criteria 
of European Association of Echocardiography, the sever-
ity of mitral regurgitation, graded from mild to severe, 
was assessed semi-quantitatively with color Doppler flow 
imaging [21].

CMR imaging

CMR imaging examinations were performed on a 1.5-T 
scanner (Magnetom Avanto, Siemens Medical Solutions, 
Erlangen, Germany), as described previously [12]. Briefly, 
a true fast imaging with steady-state precession (True-
Fisp) sequence of heart were applied in LVOT view, LV 
short-axis views, and LV two-chamber and four-chamber 
long-axis views. CMR imaging parameters as follow: field 
of view (FOV) 360 × 315 mm2, image matrix 192 × 162, 
flip angle 70°, slice thickness 6–8 mm, Time-to-repeti-
tion (TR) 2.7 ms, Time-to-echo (TE) 1.2 ms, temporal 
resolution 45 ms. Imaging analysis was performed by an 
experienced radiologist with dedicated software (version 
VE36A, ARGUS, Siemens, Germany). LV end-diastole 
volume (LVEDV), LV end-systole volume (LVESV), 

Fig. 1   Flow chart of patient inclusion in the present study. HCM 
hypertrophic cardiomyopathy, HOCM hypertrophic obstructive car-
diomyopathy, LVEF left ventricular ejection fraction, NSVT non-sus-
tained ventricular tachycardia
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stroke volume, cardiac output, LVEF, and LV mass (LVM) 
were calculated in a standard fashion. LVM was the prod-
uct of the LV myocardial volume (determined at end-
diastole) multiplied by the specific gravity of myocardium 
(1.05 g/mL). All those parameters were indexed to body 
surface area, except LVEF. The LV end-diastole diameter 
(LVEDD) and MWT were determined on the short-axis 
views at end-diastole.

Laboratory tests

Fasting venous blood samples of all participants were col-
lected within 2 days of echocardiography and 1 week of 
CMR imaging. All blood samples were immediately ana-
lyzed by experienced medical technologists unaware of 
studied patients in the clinical laboratory of Fuwai Hospital. 
Serum levels of cTNI were determined with immunochemi-
luminometric assays (Access AccuTnI, Beckman Coulter, 
CA, USA). Electrochemiluminescent immunoassays (Elec-
sys proBNP II assay, Roche Diagnostics, Mannheim, Ger-
many) were used to measure the plasma levels of N-terminal 
pro-B-type natriuretic peptide (NT-proBNP).

Statistical analysis

Data were expressed as mean ± standard deviation or 
median (interquartile range) for continuous variables and 
counts (percentages) for categorical variables. Logarith-
mic transformation was performed to acquire normal dis-
tribution for cTNI and NT-proBNP. The unpaired student’s 
t test or Mann–Whitney U test was used to compare con-
tinuous variables between NSVT and non-NSVT as appro-
priate, and categorical variables were compared using χ2 
test or Fisher’s exact test. Pearson correlation analysis was 
performed to estimate the correlations between log cTNI 
or log NT-proBNP and other continuous variables. Univar-
iable and multivariable binary logistic regression analy-
ses were used to determine factors associated with NSVT. 
Variables with a P value < 0.10 in univariable analysis or 
those published on previous literature were included in 
multivariable analysis. Eventually, log cTNI, LVEDD, 
MWT, and LVESV index were entered into multivariable 
logistic regression model. A two-tailed P value < 0.05 was 
considered as statistically significant. Statistical analyses 
were performed using SPSS (version 25.0; SPSS Inc, Chi-
cago, IL, USA).

Fig. 2   Representative electro-
cardiography images of SVT (a) 
and NSVT (b) in patients with 
HOCM. SVT supraventricular 
tachycardia; other abbreviations 
as in Fig. 1
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Results

A total of 309 HOCM patients were recruited in our 
study, including 175 males (56.6%). Mean age and resting 
LVOTG were 49.1 ± 11.7 years and 72.6 ± 36.1 mmHg, 
respectively. All patients underwent 24-h Holter moni-
toring, and 53 patients (17.2%) affected with NSVT. The 
demographic and clinical characteristic of HOCM patients 
with or without NSVT are depicted in Table 1. Patients 
with NSVT had higher prevalence of family history of 
HCM than those without NSVT (P = 0.023) (Fig. 3a). 

Compared to patients without NSVT, patients with NSVT 
have significantly greater serum cTNI (P < 0.001) (Fig. 3b) 
and plasma NT-proBNP (P = 0.042) (Fig. 3c). Addition-
ally, a trend toward higher heart rate in patients with 
NSVT was observed (P = 0.066). However, there were 
no significant differences with the respect of age, body 
mass index (BMI), blood pressure, syncope, atrial fibril-
lation, family history of SCD, cardiovascular risk factor, 
and medications.

Echocardiographic and CMR parameters of patients 
with or without NSVT are represented in Table 2. Patients 
with NSVT were more likely to have greater MWT 

Table 1   Demographic and clinical characteristics in HOCM patients with or without NSVT

Data are expressed as number (percentage), mean ± SD, or median (interquartile range)
HOCM hypertrophic obstructive cardiomyopathy, NSVT non-sustained ventricular tachycardia, BMI body mass index, HCM hypertrophic car-
diomyopathy, SCD sudden cardiac death, cTNI cardiac troponin I, NT-proBNP N-terminal pro-B-type natriuretic peptide, CCB calcium channel 
blocker, ACEI angiotensin converting enzyme inhibitor, ARB angiotensin receptor blocker

Variable All patients Patients with NSVT Patients without NSVT P value
n = 309 n = 53 n = 256

Male, n (%) 175 (56.6%) 27 (50.9%) 148 (57.8%) 0.358
Age (years) 49.1 ± 11.7 47.7 ± 14.1 49.4 ± 11.1 0.402
BMI (kg/m2) 25.4 ± 3.4 24.8 ± 3.8 25.6 ± 3.4 0.144
Systolic blood pressure (mmHg) 117.8 ± 18.0 117.1 ± 18.6 117.9 ± 18.0 0.779
Diastolic blood pressure (mmHg) 73.0 ± 11.0 73.1 ± 11.1 73.0 ± 11.0 0.925
Heart rate (beats/min) 70.1 ± 11.1 72.7 ± 12.2 69.6 ± 10.9 0.066
Chest pain, n (%) 158 (51.1%) 28 (52.8%) 130 (50.8%) 0.786
Palpitation, n (%) 100 (32.4%) 15 (28.3%) 85 (33.2%) 0.488
Dyspnea, n (%) 246 (79.6%) 41 (77.4%) 205 (80.1%) 0.655
Atrial fibrillation, n (%) 50 (16.2%) 9 (17.0%) 41 (16.0%) 0.862
Syncope, n (%) 87 (28.2%) 11 (20.8%) 76 (29.7%) 0.188
Family history of HCM, n (%) 54 (17.5%) 15 (28.3%) 39 (15.2%) 0.023
Family history of SCD, n (%) 18 (5.8%) 6 (11.3%) 12 (4.7%) 0.120
Cardiovascular risk factor
 Diabetes mellitus, n (%) 22 (7.1%) 2 (3.8%) 20 (7.8%) 0.455
 Hypertension, n (%) 103 (33.3%) 17 (32.1%) 86 (33.6%) 0.831
 Dyslipidemia, n (%) 99 (32.0%) 19 (35.8%) 80 (31.3%) 0.514
 Coronary heart disease, n (%) 34 (11.0%) 5 (9.4%) 29 (11.3%) 0.688

Laboratory examination
 cTNI 0.021 (0.010–0.043) 0.036 (0.018–0.071) 0.020 (0.008–0.037)  < 0.001
 Log cTNI  − 1.72 ± 0.55  − 1.43 ± 0.56  − 1.78 ± 0.53  < 0.001
 NT-proBNP (pmol/L) 1294.0 (732.6–2202.1) 1608.0 (839.7–3045.2) 1243.7 (707.4–2115.0) 0.042
 Log NT-proBNP 3.08 ± 0.38 3.19 ± 0.39 3.06 ± 0.38 0.026

Medications
 Beta-blockers, n (%) 238 (77.0%) 41 (77.4%) 197 (77.0%) 0.949
 Non-dihydropyridine CCB, n (%) 66 (21.4%) 12 (22.6%) 54 (21.1%) 0.802
 Amiodarone, n (%) 7 (2.3%) 2 (3.8%) 5 (2.0%) 0.761
 Aspirin, n (%) 70 (22.7%) 13 (24.5%) 57 (22.3%) 0.720
 Diuretics, n (%) 15 (4.9%) 4 (7.5%) 11 (4.3%) 0.515
 ACEI/ARB, n (%) 43 (13.9%) 9 (17.0%) 34 (13.3%) 0.479
 Statins, n (%) 43 (13.9%) 11 (20.8%) 32 (12.5%) 0.114
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(25.4 ± 4.7 mm vs 22.9 ± 4.2 mm, P < 0.001) (Fig. 3d), 
LVESV index (28.6 ± 16.8  mL/m2 vs 20.9 ± 7.8  mL/
m2, P = 0.003) (Fig.  3e) and LVMI (99.2 ± 34.3  g/m2 
vs 86.2 ± 28.6 g/m2, P = 0.007) (Fig. 3f), compared to 
patients without NSVT. Moreover, patients with NSVT 

appear to have greater LVEDV index (P = 0.054). Nev-
ertheless, LVEF was significantly lower in patients with 
NSVT than those without NSVT (P = 0.007). In the terms 
of systolic anterior motion, moderate or severe mitral 
regurgitation, resting LVOTPG, left atrial diameter, stroke 

Fig.3   Prevalence of HCM family history (a), serum levels of cTNI 
(b), plasma levels of NT-proBNP (c), maximum wall thickness (d), 
LVESV index (e), and LVM index (f) in HOCM patients with or 

without NSVT. cTNI cardiac troponin I, NT-proBNP N-termimal pro-
B-type natriuretic peptide, LVESV left ventricular end-systole vol-
ume, LVM left ventricular mass; other abbreviations as in Fig. 1

Table 2   Echocardiographic and cardiovascular magnetic resonance parameters of HOCM patients with or without NSVT

Data are expressed as number (percentage), or mean ± SD
LVOTPG left ventricular outflow tract pressure gradient, LV left ventricular, and other abbreviations as in Table 1
a Provoked LVOTPG data was available in 84 patients

Variable All patientas Patients with NSVT Patients without NSVT P value
n = 309 n = 53 n = 256

Echocardiography
 Systolic anterior motion, n (%) 284 (91.9%) 51 (96.2%) 233 (91.0%) 0.377
 Moderate or severe mitral regurgitation, n (%) 151 (48.9%) 28 (52.8%) 123 (48.0%) 0.641
 LVOTPG at rest (mmHg) 72.6 ± 36.1 76.9 ± 43.4 71.8 ± 34.5 0.427
 Provoked LVOTPG (mmHg)a 86.2 ± 31.4 94.3 ± 39.0 84.7 ± 29.9 0.316

Cardiovascular magnetic resonance
 Left atrial diameter (mm) 41.8 ± 7.7 42.4 ± 7.4 41.7 ± 7.8 0.538
 LV end-diastole diameter (mm) 45.6 ± 5.1 45.0 ± 5.5 45.8 ± 5.0 0.305
 Maximum wall thickness (mm) 23.4 ± 4.4 25.4 ± 4.7 22.9 ± 4.2  < 0.001
 LV ejection fraction (%) 69.6 ± 8.9 65.6 ± 11.3 70.4 ± 8.1 0.007
 LV end-systole volume index (mL/m2) 22.2 ± 10.4 28.6 ± 16.8 20.9 ± 7.8 0.003
 LV end-diastole volume index (mL/m2) 70.3 ± 16.2 75.8 ± 22.2 69.1 ± 14.4 0.054
 Stroke volume index (mL/m2) 48.3 ± 11.2 48.4 ± 12.6 48.3 ± 10.9 0.956
 Cardiac index (mL/min/m2) 3.26 ± 0.83 3.38 ± 1.11 3.24 ± 0.75 0.423
 LV mass index (g/m2) 88.5 ± 30.0 99.2 ± 34.3 86.2 ± 28.6 0.007
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volume index, and cardiac index, there were no differences 
between patients with NSVT and patients without NSVT. 
The representative CMR images of HOCM patients with 
and without NSVT are shown in Fig. 4. 

Univariable analysis of correlation between log cTNI or 
log NT-proBNP and other continuous variables is reported 
in Table 3. Log cTNI was negatively correlated with Age 
and LVEF (r =  − 0.183, P = 0.003), while positively with 
log NT-proBNP (r = 0.420, P < 0.001), left atrial diameter, 

Fig.4   Representative CMR images of HOCM patients with and with-
out NSVT. End-diastole 4-chamber and short-axis view cine images 
of a 32-year-old female HOCM patient without NSVT (a–d), and her 
serum cTNI level was 0.003 ng/mL. The similar view cine images of 

a 48-year-old female patient with NSVT (e–h) and her serum cTNI 
level was significantly elevated at 0.142 ng/mL. CMR, cardiac mag-
netic resonance; other abbreviations as in Fig. 1

Table 3   Univariable analysis of 
correlation between log cTNI 
or log NT-proBNP and other 
continuous variables in patients 
with HOCM

Abbreviations as in Tables 1 and 2

Variable Log cTNI Log NT-proBNP

r P value r P value

Age (years)  − 0.158 0.005  − 0.025 0.671
BMI (kg/m2)  − 0.071 0.218  − 0.287  < 0.001
Systolic blood pressure (mmHg)  − 0.100 0.078  − 0.187 0.001
Diastolic blood pressure (mmHg)  − 0.097 0.087  − 0.206  < 0.001
Heart rate (beats/min) 0.031 0.591 0.049 0.403
Log cTNI – – 0.420  < 0.001
Log NT-proBNP 0.420  < 0.001 – –
LVOTG at rest (mmHg) 0.069 0.229 0.259  < 0.001
Left atrial diameter (mm) 0.146 0.010 0.220  < 0.001
LV end-diastole diameter (mm) 0.019 0.744  − 0.037 0.530
Maximum wall thickness (mm) 0.342  < 0.001 0.282  < 0.001
LV ejection fraction (%)  − 0.183 0.003  − 0.119 0.054
LV end-systole volume index (mL/m2) 0.249  < 0.001 0.223  < 0.001
LV end-diastole volume index (mL/m2) 0.227  < 0.001 0.208 0.001
Stroke volume index (mL/m2) 0.079 0.204 0.122 0.053
Cardiac index (mL/m2) 0.067 0.280 0.188 0.002
LV mass index (g/m2) 0.444  < 0.001 0.453  < 0.001
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MWT (r = 0.342, P < 0.001), LVESV index (r = 0.249, 
P < 0.001), LVEDV index (r = 0.227, P < 0.001), and LVMI 
(r = 0.444, P < 0.001). Log NT-proBNP was positively cor-
related with resting LVOTPG, left atrial diameter, MWT, 
LVEDV index, LVESV index, cardiac index, and LVMI, 
whereas, negatively with BMI, blood pressure.

To clarify the association between cTNI and NSVT 
in HOCM patients, univariable and multivariable binary 
logistic regression analyses were performed. As shown 
in Table 4, family history of HCM (P = 0.025), log cTNI, 
log NT-proBNP (P = 0.027), MWT, LVEF (P = 0.001), 
LVEDV index (P = 0.013), LVESV index, and LVMI 
(P = 0.008) were significantly associated with NSVT in 
univariable logistic regression model. Nevertheless, age, 
sex, BMI, hypertension, diabetes mellitus, coronary heart 
disease, family history of SCD, syncope, atrial fibrillation, 
beta-blockers, non-dihydropyridine CCB, left atrial diam-
eter, and LVEDD were not related with NSVT. However, 
after adjustment for potential cofounders, log cTNI was a 
strongest predictor in multivariable logistic analysis model 
(OR = 2.408, 95%CI 1.108–5.235, P = 0.027). Moreover, 
LVEDD (odds ratio (OR) = 0.922, 95% confidence interval 
(CI), 0.856–0.994, P = 0.034), MWT (OR = 1.131 95%CI 
1.035–1.235, P = 0.006) and LVESV index (OR = 1.060, 

95%CI 1.025–1.096, P = 0.001) were independent determi-
nants of NSVT occurrence.

Discussion

NSVT is a high-risk factor of SCD in patients with HCM 
[6–8]. Thus, it is beneficial for patients with HCM to early 
identify predisposing factors of NSVT. Our study demon-
strated the relationship between cTNI and NSVT in patients 
with HOCM. In the present study, 17.2% of HOCM patients 
underwent 24-h Holter monitoring affected with NSVT. 
Patients with NSVT have higher serum cTNI and plasma 
NT-proBNP than those without NSVT. Log cTNI and 
log NT-proBNP were positively correlated with left atrial 
diameter, MWT, LVESV index, LVEDV index, and LVMI, 
whereas, log cTNI was negatively associated with LVEF. 
Moreover, log NT-proBNP was positively related with 
LVOTPG at rest. After adjusting for other potential con-
founders, log cTNI, LVEDD, MWT and LVESV index were 
independent determinants of the presence of NSVT. These 
data suggest that elevated serum cTNI was independently 
associated with the presence of NSVT.

Table 4   Univariable and 
multivariable logistic regression 
analysis for the association with 
NSVT

Abbreviations as in Tables 1 and 2

Variable Univariable analysis Multivariable analysis

OR 95% CI P value OR 95% CI P value

Age 0.987 0.963–1.012 0.323
Sex 0.758 0.419–1.371 0.359
Body mass index 0.937 0.858–1.023 0.144
Heart rate 1.024 0.998–1.050 0.068
Hypertension 0.933 0.496–1.757 0.831
Diabetes mellitus 0.463 0.105–2.042 0.309
Dyslipidemia 1.229 0.661–2.287 0.514
Coronary heart disease 0.815 0.300–2.214 0.689
Family history of HCM 2.196 1.104–4.370 0.025
Family history of SCD 2.596 0.928–7.260 0.069
Syncope 0.620 0.303–1.269 0.191
Atrial fibrillation 1.073 0.486–2.366 0.862
Beta-blockers 1.023 0.505–2.073 0.949
Non-dihydropyridine CCB 1.095 0.538–2.227 0.802
Log cTNI 3.542 1.914–6.555  < 0.001 2.408 1.108–5.235 0.027
Log NT-proBNP 2.671 1.118–6.381 0.027
LA diameter 1.012 0.974–1.051 0.536
LV end-diastole diameter 0.969 0.912–1.029 0.304 0.922 0.856–0.994 0.034
Maximum wall thickness 1.130 1.058–1.206  < 0.001 1.131 1.035–1.235 0.006
LV ejection fraction 0.944 0.912–0.978 0.001
LV end-diastole volume index 1.024 1.005–1.043 0.013
LV end-systole volume index 1.065 1.032–1.098  < 0.001 1.060 1.025–1.096 0.001
LV mass index 1.014 1.003–1.024 0.008
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As specific and sensitive markers of myocyte injury, car-
diac troponins are well-established diagnostic and prognos-
tic biomarkers of patients with acute coronary syndrome [10, 
11]. Except for acute myocardial infarction, chronic myocar-
dial damage could also contribute to troponins release [11]. 
Cardiac troponins were elevated in a significant proportion 
of patients with HCM. Elevated serum cTNT and cTNI were 
proved to be associated with MWT, LVMI, LV diastolic and 
systolic dysfunction, LV volume, age and left atrial diameter 
[12–16]. Moreover, elevated cardiac troponins were useful 
for predicting adverse outcomes in HCM [10, 17]. Similarly, 
our study demonstrated that serum cTNI was positively cor-
related with left atrial diameter, MWT, LVMI, left ventricu-
lar volume index, and NT-proBNP, whereas negatively with 
LVEF.

Electrocardiography-Holter monitoring is contributed 
to the detection of ventricular tachyarrhythmias and risk 
stratification of asymptomatic or symptomatic patients with 
HCM, which can identify patients at higher risk for SCD 
[6, 8, 18, 19]. Studies about the relationship between car-
diac troponins and NSVT in HCM were limited. Moreno 
et al. [13] showed that there was no significant association 
between elevated high-sensitive cTNT (hs-cTNT) levels and 
NSVT in 95 hemodynamically stable HCM patients. Jenab 
et al. [15] performed univariable and multivariable logistic 
analyses for 98 patients with HCM, which demonstrated that 
hs-cTNT was significantly related with NSVT in univariable 
analysis, but not in multivariable analysis model. However, 
Einvik et al. [22] found that premature ventricular complex 
was more prevalent and related with cTNT in acute exac-
erbated chronic obstructive pulmonary disease. Incidental 
significant arrhythmia correlated with high-sensitive cTNI 
in scleroderma [23]. Our study indicated that serum cTNI 
was associated with NSVT in univariable and multivariable 
logistical analyses. This discrepancy may mainly be account 
for sample size and methodology.

The pathophysiological mechanisms underlying the asso-
ciation between serum cTNI and NSVT in HOCM have not 
been clarified in our present study. Several mechanisms might 
be involved in this process. First and foremost, myocardial 
fibrosis has been verified as an independent predictor of NSVT 
in patients with HCM [19]. Chronic myocardial ischemia 
resulted in myocyte injury and apoptosis, and myocardial 
fibrosis [11]. An imbalance between inappropriate hypertrophy 
of the myocardium and microvascular dysfunction resulted in 
relative myocardial ischemia and mismatch between oxygen 
and supply in HCM [10, 24, 25]. Moreno et al. [13] reported 
that hs-cTNT levels were elevated in HCM patients with the 
presence of myocardial fibrosis indicated by late gadolinium-
enhanced CMR. Progressive myocyte loss and fibrosis may 
contribute to the increased incidence of NSVT in older patients 
with HCM [7]. Secondly, reduced regional longitudinal myo-
cardial deformation and temporal nonuniformity of relaxation 

and contraction were induced by regional differences in the 
distribution of left ventricular hypertrophy, which was related 
with NSVT in HCM [26]. Last but not least, cardiac cellular 
damage and alternation in myocardial excitability resulted 
from extensive hypertrophied and disorganized myocytes in 
the condition of relative myocardial ischemia, which may 
lead to cardiac repolarization abnormalities and elevated sus-
ceptibility to the incidence of ventricular tachyarrhythmias in 
HCM [27]. Herein, the precise pathophysiological mechanism 
of the relationship between cTNI and NSVT should be further 
clarified.

BNP is primarily produced and released by stretched 
ventricular myocytes [28]. Substantial studies have sug-
gested that circulating BNP and NT-proBNP were elevated 
in patients with HCM, and significantly related with exercise 
capacity, MWT, LVMI, left atrial size, resting LVOTPG, and 
diastolic function [12, 28–30]. Additionally, BNP and NT-
proBNP could predict long-term adverse events of patients 
with HCM [17, 31]. In line with these studies, our study 
indicated that plasma NT-proBNP was positively corre-
lated with MWT, LVMI, left atrial diameter, left ventricular 
volume index, and resting LVOTPG. Nevertheless, differ-
ent from serum cTNI, plasma NT-proBNP was not inde-
pendently associated with NSVT in multivariable logistic 
analysis. This divergence may be attributed to differences 
in the clinical significance of serum cTNI and plasma NT-
proBNP. Serum cardiac troponins indicated ongoing myo-
cardial injury and ventricular remodeling, while plasma NT-
proBNP reflected cardiac overload [12, 14, 32].

Limitations

There are some limitations in our study. Firstly, the sample 
size of HOCM patients with NSVT is relatively small. Sec-
ondly, the prevalence of NSVT is lower in our study than 
that in previous literature. It may be reasonable for HOCM 
patients to prolong the time of Holter monitoring. Thirdly, 
genetic testing was not performed in this study. Fourthly, 
the data of late gadolinium enhancement was lacked in our 
study. In addition, we did not have follow-up data of these 
participants. Finally, this is a single-center and observational 
study with inherent drawbacks which could not confirm 
cause and effect. Further prospective cohort studies with 
a long-term follow-up are required to establish the casual 
relationship between serum cTNI and NSVT in HOCM.

Conclusions

Serum cTNI level was elevated in patients with NSVT. And 
it was independently associated with the presence of NSVT 
in patients with HOCM. Our results suggest that it may be 
more reasonable for HOCM patients with elevated serum 
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cTNI to extend the time of Holter monitoring. Further stud-
ies are necessary to verify our conclusions.
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