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Abstract

Background/Objectives The role of high-sensitivity cardiac troponin I (hs-cTnl) as a biomarker in
arrhythmia patients remains controversial. This study aimed to (1) investigate hs-cTnl concentrations in
patients with arrhythmias and (2) determine the relationship between hs-cTnl levels and various clinical
and subclinical factors, such as coronary artery disease (CAD) and other biomarkers. Methods A cross-
sectional study was conducted, enrolling 273 patients (149 males, 124 females; aged 18-96) randomly
selected from the Arrhythmia Treatment Department of Cho Ray Hospital. Plasma hs-cTnl levels were
measured using a three-step immunoassay with direct luminescence detection on the ADVIA Centaur
(Siemens) system. Results The median (interquartile range) hs-cInl concentration for the entire
arrhythmia patient group was 17.4 (4.77-97.7) pg/mL. Hs-cTnl levels were significantly higher in patients
with ventricular arrhythmias (404 [14.4-790.2] pg/mL) compared to those with non-ventricular
arrhythmias (14.5 [4.7-83.6] pg/mL) (p = 0.012). Similarly, hs-cTnl levels were significantly elevated in
arrhythmia patients with concomitant CAD (71.9 [14.1-341.3] pg/mL) compared to those without (13.2
[4.3-65.2] pg/mL) (p <0.001). Hs-cTnl levels showed a weak correlation with CK-MB (r = 0.150, p = 0.019)
but a strong, significant correlation with NT-proBNP (r = 0.509, p = 0.003) and White Blood Cell (WBC)
count (r = 0.548, p = 0.001). Conclusions This study demonstrates elevated hs-cTnl levels in arrhythmia
patients, particularly in subgroups with ventricular arrhythmias and concurrent coronary artery disease.
The strong correlations found between hs-Tnl, NT-proBNP, and WBC suggest a potential association
between subclinical myocardial injury, hemodynamic stress (heart failure), and inflammation in the
pathophysiology of arrhythmias.

Keywords: high-sensitivity cardiac troponin I (hs-cTnl); arrhythmia; ventricular arrhythmia;
myocardial injury

1. Introduction

Arrhythmias are a significant contributor to deaths caused by cardiovascular disease [1,2]. A regular
heartbeat depends on the coordinated function of cardiomyocytes and the cardiac conduction system.
Disruptions in electrical signal generation or transmission can lead to arrhythmias and conduction
abnormalities. A broad spectrum of cardiac abnormalities can contribute to arrhythmias, including
congenital structural malformations and acquired functional impairments. Additionally, systemic factors
such as electrolyte imbalances (particularly hypokalemia or hypomagnesemia), hypoxia, hormonal
dysregulation, specific medications, and toxins can trigger or exacerbate arrhythmias [3].

Troponin I (Tnl) is a cytosolic protein localized within the sarcomeric apparatus of
cardiomyocytes. It functions as a crucial modulator of cardiac contractility. Myocardial injury triggers
the release of Tnl into the systemic circulation, leading to a rise in serum Tnl concentration.
Consequently, serum Tnl concentration measurement serves as a cornerstone diagnostic tool for
acute myocardial infarction (AMI).

Recent advancements have led to the development of hs-cTnl assays. These assays demonstrate
improved sensitivity compared to conventional Tnl assays, enabling the detection of subtler and earlier
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stages of myocardial injury [4]. This enhanced sensitivity holds particular promise in the diagnosis of
arrhythmias, where hs-cTnl may reveal previously undetectable evidence of myocardial damage [5,6].

Given the paucity of data on this subject within the Asian population, this study aimed to: (1)
quantify hs-cTnl levels in patients with arrhythmias and (2) explore the association between hs-cTnl
levels and relevant clinical and subclinical factors within this cohort.

2. Materials and Methods

Study Design: This investigation employed a cross-sectional design. Participants were recruited at a
single point in time during the study period, which spanned from December 2023 to April 2024. The study
site was the Arrhythmia Treatment Department of Cho Ray Hospital in Ho Chi Minh City, Vietnam.

Study Population: Participants were recruited consecutively from inpatients admitted to the
Arrhythmia Treatment Department of Cho Ray Hospital throughout the study period. To minimize
potential confounding factors, patients with the following conditions were excluded: acute
myocardial infarction, chronic obstructive pulmonary disease, takotsubo cardiomyopathy, estimated
glomerular filtration rate (eGFR) less than 15 ml/min/m?, pneumonia, pulmonary embolism, shock of
any etiology, and systemic sclerosis. To further explore potential differences in hs-cTnl levels, the
study group was divided into subgroups based on arrhythmia type (ventricular vs. non-ventricular)
and the presence or absence of coronary artery disease (CAD).

Data Collection: Demographic and anthropometric data, along with clinical and subclinical
indicators, were retrieved from patients' medical records. Acute exacerbations of arrhythmias and
ventricular arrhythmias were independently confirmed by at least two electrophysiologists through
analysis of 12-lead ECG, Holter ECG, and/or electrophysiological study data. The diagnosis of CAD
adhered to the established criteria outlined in the 2023 American Heart Association (AHA) guidelines [7].

hs-cTnl Measurement: Blood samples were collected from all participants as soon as possible
after enrollment, with a target collection time of within one hour, to quantify hs-cTnl levels alongside
other biochemical markers, including creatine kinase-MB (CK-MB), N-terminal pro-brain natriuretic
peptide (NT-proBNP), creatinine, and complete blood count (CBC). A 3-position sandwich
immunoassay with direct luminescence detection technology on the ADVIA Centaur (Siemens)
platform was employed for hs-cTnl measurement. This assay boasts a reportable range of 2.50-25,000
pg/mL and demonstrates excellent repeatability and within-laboratory imprecision reliability with
coefficients of variation less than 10% and 12%, respectively.

Statistical Analysis: Quantitative data were presented as median and interquartile range (IQR).
Categorical variables were expressed as percentages (%). The Wilcoxon rank-sum test was employed
for comparisons between two independent groups with continuous data. The chi-square test was
used to compare proportions between two categorical groups. Spearman's rank correlation coefficient
was utilized to assess the monotonic relationship between two continuous variables. A p-value less
than 0.05 was considered statistically significant. All statistical analyses were performed using R
statistical software version 4.3.1.

Ethical Considerations: This study was granted ethical approval by the Ethics Council in
Biomedical Research of University of Medicine and Pharmacy at Ho Chi Minh City. All potential
participants were provided with a detailed explanation of the study objectives and methods, and
written informed consent was obtained prior to enrollment.

3. Results

A total of 285 patients with arrhythmias were initially recruited for this study. However, twelve
participants were excluded due to the following reasons: two with acute myocardial infarction, eight
with acute renal failure, one with pneumonia, and one in shock. Therefore, data from 273 patients
were ultimately included in the analysis.
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285 participants attended the study

Excluded

2 patients were having acute
myocardial infarction

8 patients with acute kidney failure
1 patient with pneumonia

1 patient was in shock

273 participants for the analysis of the study

Figure 1. Flow diagram of the study sample.

1. General characteristics

Table 1. Baseline Characteristics of Study Participants with Arrhythmias.

Total (n=273)

Male (n=149)

Female (n=124)

Anthropology, Clinical

Age (years) 69 (55-76) 64 (52-74) 71 (62-78)
Height (m) 1.60 (1.55-1.65) 1.65 (1.60-1.67) 1.55 (1.50-1.58)
Weight (kg) 58 (50-65) 60 (55-66) 53 (48.5-60)
BMI (kg/m?) 225 (20.7-24.1) 23.1 (20.9-24.2) 22.0 (20.0-23.4)
Systolic BP (mmHg) 130 (120-140) 125 (120-140) 130 (120-140)
Diastolic BP (mmHg) 74 (70-80) 75 (70-80) 78 (70-80)
Laboratory Tests

HGB (g/L) 128 (115-138) 134 (126-144) 119 (109-129)
HCT (%) 38.3 (35.0-41.3) 40.1 (37.6-42.8) 35.6 (30.0-38.6)
WBC (G/L) 8.0 (6.7-10.0) 8.2 (6.9-9.8) 7.8 (6.2-10.0)
PLT (G/L) 188 (137-233) 173 (141-214) 200 (128-269)
INR 1.05 (1.01-1.13) 1.06 (1.02-1.14) 1.04 (1.00-1.11)
Creatinine (mg/dL) 0.89 (0.76-1.10) 0.96 (0.82-1.16) 0.81 (0.67-0.97)
eGFR (mL/min/1.73m?) 80.6 (62.3-93.6) 84.5 (64.5-97.8) 73.3 (57.7-90.3)
Free T4 (pg/mL) 12.4 (11.2-13.7) 12.4 (11.2-13.9) 12.4 (11.2-13.6)
TSH (mIU/L) 1.41 (0.79-2.25) 1.24 (0.70-2.07) 1.48 (0.88-2.30)
Echocardiography

EF (%) 65 (57-71) 63 (53-71) 66 (58-71)
EDV (mL) 102 (84-129) 108 (89-135) 97 (78-118)
ESV (mL) 36 (27-52) 38 (29-61) 32 (26-43)
LVEDD (mm) 47 (43-52) 48 (44-53) 46 (42-50)
LVESD (mm) 30 (27-34) 31 (28-37) 29 (26-32)

BMI: Body Mass Index; BP: blood pressure; HGB: Hemoglobin; HCT: Hematocrit; WBC: White Blood Cell; PLT:
Platelets; INR: International Normalized Ratio; eGFR: estimated Glomerular Filtration Rate; EF: Ejection
Fraction; EDV: End Diastolic Volume; ESV: End Systolic Volume; LVEDD: Left ventricular end diastolic

diameter; LVESD: Left ventricular end systolic diameter.
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A total of 273 patients with arrhythmias were enrolled in the study, with 149 males and 124
females. The median age was 64 years for males and 71 years for females (p < 0.001). Males exhibited
greater height, weight, and BMI compared to females (all p < 0.05). While serum creatinine levels
were higher in males (p < 0.001), glomerular filtration rate was also significantly higher in males
compared to females (p = 0.011). No statistically significant differences were observed in other
laboratory markers or echocardiographic parameters between the two groups.

31 participants were diagnosed with ventricular arrhythmias, while 242 had non-ventricular
arrhythmias. While both groups exhibited similar anthropometric and clinical characteristics overall,
statistically significant differences were observed in leukocyte index and left ventricular ejection
fraction (EF). The median leukocyte index was higher in the ventricular arrhythmia group (9.1 G/L)
compared to the non-ventricular arrhythmia group (7.8 G/L; p = 0.045). Additionally, the ventricular
arrhythmia group demonstrated a lower median EF (55%) compared to the non-ventricular
arrhythmia group (66%; p < 0.001).

42 participants were diagnosed with both arrhythmias and coronary artery disease (CAD), while
231 had arrhythmias without CAD. The estimated glomerular filtration rate (¢GFR) was lower in the
CAD group (median: 69.9 mL/min/1.73 m?) compared to the non-CAD group (median: 81.8
mL/min/1.73 m? p < 0.001). Left ventricular ejection fraction (EF) was also significantly lower in the
CAD group (45%) compared to the non-CAD group (66%; p < 0.001). Notably, echocardiographic
parameters including end-diastolic volume (EDV), end-systolic volume (ESV), left ventricular end-
diastolic diameter (LVEDD), and left ventricular end-systolic diameter (LVESD) were all greater in
the CAD group compared to the non-CAD group (Table 2).

Table 2. Baseline Characteristics of Patients Stratified by Arrhythmia Type and Coronary Artery Disease Presence.

Ventricular Non-Ventricular | Arrhythmia Arrhythmia

Arrhythmias Arrhythmias with CAD without CAD

(n=31) (n=242) (n=42) (n=231)
Anthropology, Clinical
Age (years) 67 (55-72) 69 (55-76) 71 (61-76) 67 (55-76)
Height (m) 1.60 (1.55-1.63) 1.60 (1.55-1.65) 1.60 (1.55-1.65) 1.60 (1.55-1.65)
Weight (kg) 60 (49-65) 57 (50-65) 58 (54-65) 57 (50-65)
BMI (kg/m?) 22.8 (20.3-24.3) 22.2 (20.7-24.0) 22.8 (21.2-25.0) 22.2 (20.6-24.0)
Systolic BP (mmHg) 120 (110-138) 130 (120-140) 120 (110-137) 130 (120-140)
Diastolic BP (mmHg) 76 (70-80) 73 (70-80) 72 (70-80) 75 (70-80)
Laboratory Tests
HGB (g/L) 131 (127-141) 128 (114-137) 130 (117-139) 128 (115-138)
HCT (%) 40 (37-42) 38 (34-41) 39 (35-41) 38 (35-41)
WBC (G/L) 9.1 (6.9-11.8) 7.8 (6.6-9.8) 7.8 (6.7-10.3) 8.0 (6.6-9.8)
PLT (G/L) 216 (145-298) 183 (134-227) 162 (131-220) 191 (138-235)
INR 1.05 (1.04-1.16) 1.05 (1.01-1.12) 1.05 (1.00-1.20) | 1.05 (1.02-1.12)
Creatinine (mg/dL) 0.87 (0.70-1.03) 0.89 (0.77-1.11) 0.98 (0.82-1.23) 0.87 (0.75-1.08)
eGFR (mL/min/1.73m?) | 83.9 (70.4-95.9) 78.9 (62.1-93.4) 69.9 (51.2-89.1) 81.8 (63.5-94.2)
Free T4 (pg/mL) 12.4 (12.0-13.6) 12.4 (11.2-13.8) 12.9 (12.2-14.5) 12.3 (11.1-13.6)
TSH (mIU/L) 1.57 (1.16-2.55) 1.37 (0.78-2.23) 1.48 (0.67-2.67) 1.31 (0.80-2.12)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Echocardiography

EF (%) 55 (36-63) 66 (58-72) 45 (35-59) 66 (59-72)
EDV (mL) 101 (88-157) 102 (83-127) 126 (91-171) 99 (84-120)
ESV (mL) 43 (31-98) 35 (27-47) 58 (35-101) 34 (27-44)
LVEDD (mm) 46 (44-59) 47 (43-52) 53 (47-61) 46 (43-50)
LVESD (mm) 31 (28-46) 30 (26-33) 38 (29-50) 29 (26-32)

Among the 273 patients with arrhythmias, fainting and dizziness were the most prevalent
clinical manifestations, reported by 60% and 55% of participants, respectively. These were followed
by shortness of breath, chest pain, fatigue, palpitations, anxiety, and sweating, in descending order

of frequency (Figure 2).
Fainting s 60
Dizziness I 55
Shortness of breath IE———— . 2]
wn
5 Chest pain or tightness I——— 15
E Fatigue s 14
n

Palpitations . 9
Anxiety W 7
Sweating W 5

0 10 20 30 40 50 60 70
Percentage (%)

Figure 2. Clinical Presentation of Arrhythmia Patients.

2.  hs-cTnl Levels

100 hs ¢Tnl > 47 pg/mL

Frequency (n)
wn
o

20 )
10
L v B B~ N N v B N LB L A
¥ & F TS PO & PR P O
T & ¥ ¥ T QT ¥ L EE L L E E g

hs ¢Tnl (pg/mL)
Figure 3. Distribution of hs-cTnl concentrations in arrhythmia patients (n=273).

hs-cTnl concentrations exhibited a median of 17.4 pg/mL (interquartile range: 4.77-97.7 pg/mL)
in the study population. The minimum and maximum measured values were 2.5 pg/mL and 15,361
pg/mL, respectively. According to the IFCC recommended reporting format, the 99th percentile in
the healthy population is 47 pg/mL. A total of 94 patients (34.4%) in the study had hs-cTnl levels
exceeding this reference limit.
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Figure 4. Comparison of hs-cTnl Levels Across Patient Subgroups.
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Patients diagnosed with ventricular arrhythmias exhibited significantly higher median hs-cTnl
concentrations compared to those with non-ventricular arrhythmias (median: 40.4 pg/mL vs. 14.5
pg/mL; p =0.012, Wilcoxon rank-sum test). hs-cTnl levels were significantly elevated in patients with
arrhythmias and co-existing CAD (median: 71.9 pg/mL) compared to those without CAD (median:
13.2 pg/mL; p < 0.001, Wilcoxon rank-sum test).

3. Correlations Between hs-cTnl Levels and Other Variables

A

10000 15000
L L

hs €Tnl (pg/mL)

5000

-

£=0.150; p = 0.019
Spearman's rank correlation rho

60 80 100 120
CK-MB (UI/L)

hs cTnl (pg/mL)

10000 15000

5000

r=0.142; p=0.436
Spearman's rank correlation rho

30 40 50

CK-MB (UI/L)

C

.
r=0.151; p=0028
Spearman's rank correlation rho

hs cTnl (pg/mL)
000 4000
L

2000
L

1000

L |
T

T T T T T
20 4 6 8 10 120
CK-MB (UIfL)

Figure 5. Correlations Between hs-cTnl and CK-MB Levels in Arrhythmia Subgroups. A: General Group
Analysis. B: Arrhythmias with CAD. C: Arrhythmias without CAD.

A weak but statistically significant positive correlation was observed between hs-cTnl and CK-
MB levels in all arrhythmia patients (r =0.150, p = 0.019). Patients with arrhythmias but without CAD
also demonstrated a weak positive correlation between hs-cTnl and CK-MB (r = 0.015, p = 0.028).
Interestingly, no statistically significant correlation between hs-cTnl and CK-MB levels was found in
patients with arrhythmias and co-existing CAD (p = 0.436).

Table 3. Associations Between hs-cTnl Levels and Other Variables.

Variable Spearman's Rank Correlation rho P

Age (years) 0.016 0.929
BMI (kg/m?) 0.305 0.094
Creatinine (mg/dL) 0.161 0.384
eGFR (mL/min/1.73m?) -0,051 0.782
NT-proBNP (pg/mL) 0.509 0.003
TSH (mIU/L) -0.129 0.504
HGB (g/L) 0.154 0.407
WBC (G/L) 0.548 0.001

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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PLT(G/L) 0.271 0.139
EF (%) -0.280 0.126
EDV (mL) 0.336 0.068
ESV (mL) 0.269 0.142
LVEDD (mm) 0.302 0.104
LVESD (mm) 0.353 0.059

In arrhythmia patients, hs-cTnl concentrations exhibited significant positive correlations with
both NT-proBNP (r = 0.509, p = 0.003) and WBC (r = 0.548, p = 0.001).

4. Discussion

Tnl is a critical regulatory protein within the sarcomeres of striated muscle, including
cardiomyocytes. It plays a vital role in muscle contraction by interacting with other troponin subunits
and actin. Following myocardial injury or damage, Tnl leaks from the sarcoplasm of cardiomyocytes
into the bloodstream. Consequently, elevated blood Tnl levels serve as a sensitive and specific marker
for myocardial damage [8-10]. Arrhythmias can potentially lead to myocardial injury. Elevated Tnl
levels are frequently observed in arrhythmia patients, particularly those with severe or complex
arrhythmias. This association is likely due to the increased stress placed on the heart muscle during
sustained arrhythmic episodes, which can lead to cellular injury and subsequent Tnl release [11-13].
This study investigated hs-cTnl concentrations in a cohort of arrhythmia patients (n = 273) recruited
from the arrhythmia treatment department of Cho Ray Hospital. The initial analysis included 285
patients, but 12 were excluded. The median hs-cTnl level in the study population was 17.4 pg/mL
(interquartile range: 4.77-97.7 pg/mL). Notably, hs-cTnl concentrations were significantly higher in
patients with ventricular arrhythmias compared to those with non-ventricular arrhythmias.
Similarly, patients with co-existing CAD demonstrated elevated hs-cTnl levels compared to those
without CAD. Furthermore, hs-cTnl levels exhibited a weak but statistically significant correlation
with CK-MB, and strong positive correlations with both NT-proBNP and WBC.

It is crucial to interpret our findings within the context of existing research. Our study aligns
with previous investigations demonstrating generally elevated hs-cTnl concentrations in arrhythmia
patients compared to the healthy population [14-17]. This study observed elevated hs-cTnl
concentrations in patients with ventricular arrhythmias compared to those with non-ventricular
arrhythmias. These findings are consistent with previous research on patients suffering from various
cardiovascular diseases, which have also reported associations between elevated hs-cTnl levels and
arrhythmias [5,18,19]. Our findings support the notion that hs-cTnl concentrations are elevated in
arrhythmia patients with co-existing coronary artery disease compared to those without coronary
artery disease. This observation aligns with previous research suggesting a potential link between
coronary artery disease severity and hs-cTnl levels in patients with arrhythmias [11,20]. Consistent
with prior investigations, our study observed statistically significant correlations between hs-cTnl
and other biomarkers: CK-MB, NT-proBNP, and WBC [21].

A study by Anja Wiedswang Horjen et al. investigated hs-cTnl concentrations in patients with atrial
fibrillation. They reported a median hs-cTnl level of 5.2 pg/mL (interquartile range: 3.8-8.5 pg/mL) [22]. It
is important to consider this in the context of our own findings on arrhythmia and hs-cTnl levels. Atrial
fibrillation, unlike some other arrhythmias, may not be strongly associated with significant myocardial
injury. Therefore, the hs-cTnl levels reported in the study by Horjen et al. might be lower than those
observed in our study population with a broader range of arrhythmia diagnoses.

Patients with ventricular arrhythmias (VAs) exhibit higher hs-cTnl concentrations compared to
those with non-ventricular arrhythmias (NVAs). This phenomenon can be attributed to several
potential mechanisms. VAs, particularly ventricular tachycardia (VT), are characterized by abnormal
electrical impulses originating in the ventricles. These disrupt the normal coordinated contraction of
the heart muscle, leading to two main consequences: myocardial ischemia and myocardial irritation
[23,24]. When the heart muscle contracts inefficiently, it may not receive an adequate blood supply,

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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resulting in ischemia. The abnormal electrical activity and forceful contractions can directly irritate
the heart muscle cells. Both myocardial ischemia and irritation can damage heart muscle cells. When
these cells are damaged, they leak hs-cTnl into the bloodstream, explaining the higher hs-cTnl levels
observed in VA patients [25]. While NVAs (e.g., atrial fibrillation) typically cause less direct
myocardial injury than VTs, some exceptions exist. Prolonged episodes of NV As like atrial fibrillation
or sustained supraventricular tachycardia can contribute to the development of heart failure [26]. In
turn, heart failure can lead to myocardial ischemia and subsequent hs-cTnl release.

Elevated hs-cTnl concentrations observed in patients with arrhythmias and co-existing CAD can
be attributed to several interacting mechanisms. Firstly, CAD narrows coronary arteries, limiting
blood flow and oxygen delivery to the heart muscle, creating a state of ischemia. Arrhythmias,
particularly in patients with pre-existing CAD, further increase myocardial oxygen demand. This
heightened mismatch between oxygen supply and demand can exacerbate ischemia, leading to
damage or death of cardiomyocytes. Damaged or dying cells release hs-cTnl into the bloodstream,
contributing to the observed elevation [25,27]. Secondly, arrhythmias themselves may induce
inflammation and necrosis within the already ischemic environment created by CAD [28]. This
inflammatory response and cell death can further elevate hs-cTnl levels. The presence of CAD
increases the vulnerability of cardiomyocytes to arrhythmia-induced inflammation and necrosis due
to the compromised blood supply [27,28]. Finally, both arrhythmias and CAD can independently
contribute to heart failure, a condition where the heart's pumping capacity weakens. Heart failure, in
turn, can lead to global myocardial ischemia, further compromising oxygen delivery to the entire
heart muscle. This widespread ischemia can trigger widespread cell damage and hs-cTnl release,
explaining the elevated hs-cTnl levels observed in arrhythmia patients with CAD [26,29]. Notably,
the presence of CAD increases the risk of arrhythmia-induced heart failure due to the pre-existing
weakening of the heart muscle [30,31].

Our study identified a weak but statistically significant correlation between hs-cInl and CK-MB
concentrations in patients with arrhythmias. However, this correlation became non-significant within
the subgroup of patients with both arrhythmias and CAD. This observation can be attributed to the
interplay of several factors. First, pre-existing myocardial damage in CAD patients may lead to a
chronically elevated baseline hs-cTnl level [28,32]. This high background level can obscure any
incremental rise in hs-cTnl due to arrhythmias, weakening the observed correlation between the two
markers. Second, CAD itself can compromise blood flow to the heart muscle, hindering the release
of CK-MB even if arrhythmias trigger ischemic injury [4,15,33]. Additionally, arrhythmias can induce
ineffective heart contractions leading to microscopic damage and hs-cTnl release without significant
cell death (minimal CK-MB increase) [25,31]. The combined effect of these factors - elevated hs-cTnl
baseline due to CAD and potentially reduced CK-MB release - can diminish or even abolish the
correlation between these biomarkers in patients with both arrhythmias and CAD.

Arrhythmias can contribute to a vicious cycle that elevates both hs-cTnl and NT-proBNP levels.
The abnormal electrical activity can directly lead to myocardial ischemia, particularly when coupled
with the increased oxygen demand of the struggling heart muscle. This ischemia can cause damage
to cardiomyocytes, triggering the release of hs-cTnl into the bloodstream as a marker of cellular
injury. NT-proBNP, on the other hand, serves as a signature of ventricular dysfunction. Its secretion
is induced by ventricular dilatation and weakening, both of which can be consequences of long-
standing arrhythmias, especially in patients with pre-existing heart disease [34]. Heart failure, a
potential long-term outcome of arrhythmias, further exacerbates the situation. It weakens the heart's
pumping function, hindering ventricular relaxation and increasing diastolic pressure within the
ventricles [26,30]. This hemodynamic stress is the primary driver of elevated NT-proBNP levels. In
essence, ischemic myocardial injury caused by arrhythmias and arrhythmia-induced heart failure can
promote each other, creating a self-perpetuating cycle that manifests as elevated hs-cTnl and NT-
proBNP levels [19,34,35].

Arrhythmias can contribute to a complex interplay between inflammation and leukocyte
response. The abnormal electrical activity may trigger systemic inflammation through the release of
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inflammatory mediators. This systemic inflammation can activate the immune system, leading to an
elevated peripheral white blood cell count [36,37]. Additionally, myocardial injury, whether due to
ischemia or other causes triggered by arrhythmias, can induce a localized inflammatory response,
attracting leukocytes to the damaged area [38]. Heart failure, a potential consequence of chronic
arrhythmias, can further exacerbate this process. It can cause tissue ischemia, which in turn, triggers
an inflammatory response and subsequent leukocytosis [37,39]. This interplay between systemic
inflammation and myocardial damage becomes a potential vicious cycle in arrhythmia patients. The
inflammatory response can contribute to further myocardial injury by releasing inflammatory and
oxidative molecules. This ongoing damage, as detected by hs-cInl release, can perpetuate the
inflammatory response and leukocyte activation, explaining the observed correlation between hs-
cTnl and WBC levels in patients with arrhythmias [40,41].

This study aims to contribute novel insights into hs-cTnl levels in a population of arrhythmia patients
encompassing a broad spectrum of arrhythmia subtypes. The relative homogeneity of the Vietnamese
population, characterized by minimal Eurasian admixture, minimizes the potential confounding effect of
ethnicity on the study's findings. Additionally, the hs-cTnl measurement employed in this study utilizes
a 3-position sandwich immunoassay leveraging ADVIA Centaur TNIH direct luminescence chemical
technology, ensuring high sensitivity and accuracy in hs-cTnl detection.

Our study acknowledges several limitations. First, the sample size, particularly after subgroup
analysis, might be underpowered to detect statistically significant associations. Second, the cross-
sectional design precludes establishing causality between risk factors and hs-cTnl levels.
Additionally, the study design may not fully account for all potential confounders, such as age,
gender, comorbidities, and medication use. Selection bias, inherent to single-center, hospital-based
studies, might also limit generalizability. While consecutive sampling was employed, the possibility
of non-representative enrollment cannot be entirely excluded. Finally, the exclusively Southern
Vietnamese population restricts the study's external validity, potentially limiting the applicability of
findings to arrhythmia patients in other geographic regions.

5. Conclusions

This study demonstrates elevated hs-cInl levels in a majority of patients with cardiac
arrhythmias. Notably, hs-cTnl concentrations were further accentuated in patients with ventricular
arrhythmias and those with co-existing CAD. A weak correlation was observed between hs-cTnl and
CK-MB, while a statistically significant and strong correlation emerged between hs-cTnl and both
NT-proBNP and WBC counts. These findings suggest potential links between myocardial injury,
heart failure, and inflammation in patients with arrhythmias.
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Abbreviations

The following abbreviations are used in this manuscript:

AHA American Heart Association
AMI Acute Myocardial Infarction
CAD Coronary Artery Disease
CBC Complete Blood Count
CK-MB  Creatine Kinase-MB

EDV End Diastolic Volume

EF Ejection Fraction

ESV End Systolic Volume

hs-cTnl ~ High-sensitivity Cardiac Troponin I
LVEDD  Left Ventricular End Diastolic Diameter
LVESD  Left Ventricular End Systolic Diameter
NVAs Non-ventricular Arrhythmias

VAs Ventricular Arrhythmias
VT Ventricular Tachycardia
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