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Abstract

Introduction

Heart transplantation remains the gold standard treatment for end-stage heart failure, significantly
prolonging survival and improving patients’ quality of life. However, the limited availability of
donor organs has resulted in the increasing acceptance of marginal donor hearts, which are
associated with a higher risk of ischemia-reperfusion injury. The processes of donor heart
procurement, transport, and reperfusion are inevitably accompanied by cardiomyocyte necrosis and
varying degrees of myocardial injury, which may lead to primary graft dysfunction and increased
early postoperative mortality.

Therefore, there is a clear need to identify a sensitive and specific biomarker of early myocardial
injury that could support donor heart qualification and guide early therapeutic decisions following

transplantation.

MicroRNAs are short, non-coding RNA molecules that regulate gene expression at the post-
transcriptional level and are involved in key biological processes such as cell differentiation,
proliferation, and apoptosis. Due to their high tissue specificity and remarkable stability in
peripheral circulation, microRNAs represent a promising group of diagnostic and prognostic
biomarkers in cardiovascular diseases. Among numerous microRNAs associated with cardiac
pathology, microRNA-208a (miR-208a) is distinguished by its exceptional cardiac specificity, as it
is encoded within an intron of the a-myosin heavy chain gene and is expressed exclusively in

cardiomyocytes.

In the setting of myocardial injury, miR-208a is rapidly released into the bloodstream and can be
detected as early as the first hour following an ischemic insult, demonstrating high diagnostic
sensitivity and specificity. Previous studies have shown that, unlike other microRNAs, miR-208a is
not detectable in the circulation of healthy individuals and appears exclusively in the course of

acute myocardial injury.

The aim of this study was to evaluate the usefulness of microRNA-208a as an early biomarker of
myocardial injury in patients undergoing heart transplantation and to determine its diagnostic and

prognostic value in this clinical setting.

Aims of the Study

Primary Aim
To evaluate the usefulness of microRNA-208a expression measurement in the diagnosis of early
myocardial injury in patients undergoing human heart transplantation, in comparison with cardiac

troponin T as the currently used standard biomarker.



Secondary Aims

1.

Assessment of microRNA-208a expression levels and troponin T concentrations in heart

donors and recipients prior to surgical intervention.

Comparison of microRNA-208a expression levels and troponin T concentrations in patients

after heart transplantation.

Evaluation of the impact of the donor’s cause of death and ischemia-reperfusion injury du-
ring cardiopulmonary bypass on microRNA-208a expression levels and troponin T concen-

trations.

Assessment of the correlation between microRNA-208a expression and troponin T concen-

trations measured after heart transplantation at predefined time points.

Evaluation of the relationship between microRNA-208a expression, troponin T concentra-

tions, and the duration of cardiopulmonary bypass during heart transplantation surgery.

Assessment of the correlation between microRNA-208a expression, troponin T concentra-
tions, and averaged hemodynamic parameters obtained from Swan—Ganz catheter measure-
ments, including central venous pressure (CVP), pulmonary capillary wedge pressure

(PCWP), and cardiac index (CI).

Evaluation of the usefulness of microRNA-208a and troponin T as biomarkers in the dia-
gnosis of early postoperative myocardial injury in relation to the patient’s clinical status,
including postoperative echocardiographic findings, signs of early graft failure, catechola-
mine requirement (VIS/Inotrope Score), and the need for mechanical circulatory support

(VA-ECMO) due to graft failure.

Methods
This prospective study included 45 heart donors, 45 heart transplant recipients, and 10 healthy

individuals serving as a control group. Six blood samples were collected from donors and recipients:

two prior to surgery (from the donor and the recipient) and four after the completion of reperfusion

of the transplanted heart in the recipient (at 1, 6, 12, and 24 hours). In the control group, a single

blood sample was collected to assess microRNA-208a expression. Serum cardiac troponin T was

measured concurrently as a standard marker of myocardial injury.

MicroRNA-208a expression was analysed using real-time polymerase chain reaction with TagMan

probes, normalised to U6 small nuclear RNA, and calculated using the 2-AACt method. Cardiac

troponin T concentrations were measured using electrochemiluminescence immunoassay (ECLIA).



All transplantations were performed using the bicaval technique, and donor hearts were procured

according to standard procedures with the use of 2000 mL of Celcior cardioplegic solution.

Statistical Analysis

Categorical variables were presented as counts and percentages, while continuous variables were
expressed as mean + standard deviation or median with interquartile range (Q1-Q3), depending on
data distribution assessed using the Shapiro—Wilk test. Categorical variables were compared using
the chi-square test or Fisher’s exact test. Continuous variables were compared using Student’s t-test
or analysis of variance for normally distributed data, and the Mann—Whitney U test or Kruskal—-
Wallis test for non-normally distributed data, with Bonferroni correction applied for multiple

comparisons.

Correlations between continuous variables were assessed using Spearman’s rank correlation
coefficient. Temporal changes in myocardial injury markers and their relationships with clinical
parameters were analysed using mixed-effects models incorporating patient-specific random effects
and fixed effects of time or biomarker. The predictive value of microRNA-208a and cardiac
troponin T was assessed using receiver operating characteristic (ROC) curve analysis, reporting the
area under the curve (AUC), sensitivity, and specificity. Statistical significance was defined as p <

0.05. All analyses were performed using R software (version 3.4.0).

Results

1. Blood samples for the assessment of microRNA-208a and troponin T were collected prior to
surgical intervention from both qualified donors and recipients. Baseline pre-transplant mi-
croRNA-208a values were comparable and clustered around Ct = 40, corresponding to low
or undetectable expression. In the healthy control group, no detectable expression of mi-
croRNA-208a was observed. These findings support the conclusion that the subsequently
measured microRNA expression levels, assessed at predefined postoperative time points, re-
present reliable data derived exclusively from processes occurring in the newly transplanted

heart.

In contrast, the mean preoperative troponin T concentration measured in donors and reci-
pients was 20.9 ng/L (11.1-50.6 ng/L) in donors and 27.6 ng/L (13.9-51.1 ng/L) in reci-
pients. These values were significantly above the normal reference range for this biomarker.
This finding suggests a substantial limitation in the use of troponin T as a marker for moni-
toring the function of the “new” heart. A significant increase in both microRNA-208a
expression and troponin T concentration was observed as early as the first hour after the

completion of reperfusion of the newly transplanted heart.



. The study demonstrated that microRNA-208a is detectable in the blood of heart transplant
recipients significantly earlier than troponin T. The time required to reach peak microRNA-
208a expression and peak troponin T concentration was significantly shorter for microRNA-
208a. The mean time to maximum expression was 6.8 hours for microRNA-208a, compared

with 10.5 hours for troponin T.

. With regard to the donor’s cause of death, neither death due to cerebrovascular disease (inc-
luding intracranial hemorrhage or ischemic stroke) nor death due to traumatic brain injury
affected the measured microRNA-208a expression levels. In the case of troponin T, cause-
of-death-dependent differences in concentration were observed one hour after completion of
cardiac reperfusion (p = 0.025). By contrast, the time from donor death declaration to graft
procurement, with a median of 11 hours, had no statistically significant effect on either mi-

croRNA-208a expression or troponin T levels.

. A statistically significant negative correlation was observed between microRNA-208a
expression levels and troponin T concentrations at consecutive postoperative measurement

time points (p = 0.0204; correlation coefficient = —0.202).

. The duration of cardiopulmonary bypass had a statistically significant effect on changes in
microRNA-208a expression as early as the first hour after the completion of myocardial re-
perfusion (p < 0.019). In contrast, troponin T showed statistically significant changes only at
6, 12, and 24 hours after the completion of myocardial reperfusion (p < 0.036, p < 0.005,
and p < 0.004, respectively).

. For the hemodynamic assessment of cardiac function, central venous pressure (CVP), pul-
monary capillary wedge pressure (PCWP), cardiac index (CI), and Inotrope Score were ta-
ken into account. MicroRNA-208a showed positive correlations with CVP, PCWP, and Ino-
trope Score measured at the same time points, as well as a negative correlation with CL. Tro-
ponin T demonstrated such a correlation only with CVP at a single time point (6 hours) and

with Inotrope Score at 1 hour after reperfusion.

. In the ROC curve analysis evaluating the predictive performance of microRNA-208a and
troponin T for the detection of myocardial injury, microRNA-208a demonstrated significant
predictive value as early as 1 hour after completion of reperfusion (82.5% sensitivity, 75.0%
specificity, AUC 84.4%, p = 0.025), suggesting its potential as an early biomarker for pre-
dicting graft injury. In the case of troponin T, such predictive value was demonstrated at 12

hours after reperfusion (66.7% sensitivity, 87.2% specificity, AUC 79.1%, p = 0.021).
P

Furthermore, in the study cohort, 9 patients required mechanical circulatory support (veno-

arterial extracorporeal membrane oxygenation [VA-ECMO]) due to graft failure following



heart transplantation. A statistically significant correlation was demonstrated between mi-
croRNA-208a expression (Ct microRNA-208a) at 6 hours after completion of reperfusion (p
= 0.038) and the need for mechanical circulatory support after heart transplantation. No such

correlation was observed for troponin T.

Significance of the Findings

Demonstrating that microRNA-208a is a reliable, accurate, and early marker of myocardial injury
may significantly influence donor heart qualification, facilitate early implementation of graft-
support strategies, and ultimately reduce early post-transplant mortality. A major strength of this
study is the measurement of microRNA-208a and cardiac troponin T in both donors and recipients
prior to surgery, allowing reliable assessment of temporal biomarker changes in relation to dynamic
hemodynamic parameters. Exclusion of recipients with prior cardiac surgery or mechanical
circulatory support ensured a homogeneous study population and reduced potential confounding

factors. Such an approach has not been previously reported in the literature.

A limitation of the study is that microRNA-208a measurement is time-consuming and available in a
limited number of centres. However, demonstrating its clinical usefulness may contribute to wider

availability and reduced assay turnaround time.

Conclusions
1. MicroRNA-208a represents a novel and sensitive biomarker of early myocardial injury in

patients undergoing human heart transplantation.

2. MicroRNA-208a is detected significantly earlier than cardiac troponin T, indicating its

superiority as an early marker of myocardial injury in this clinical setting.

3. MicroRNA-208a may be effectively used for postoperative monitoring of cardiac graft
function, and its early detection may support timely therapeutic decision-making, ultimately

improving outcomes after heart transplantation.
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