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PATIENT-PERCEIVED EFFECTIVENESS OF STRATEGIES TO CONVERT PAROXYSMAL ATRIAL 

FIBRILLATION TO SINUS RHYTHM IN THE HOME SETTING – POTENTIAL PHYSIOLOGICAL 
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Harald M. Stauss 
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Introduction 

The symptoms of atrial fibrillation (AF), including palpitations, tachycardia, fatigue, lightheadedness, and dyspnea 

negatively impact quality of life (1) particularly in patients with paroxysmal AF (2). Patients experiencing 

symptomatic paroxysms have limited options to terminate AF episodes. They may wait for self-termination or may 

report to the clinic for cardioversion which is associated with a 50% relapse rate within one year (3) and – in the case 

of direct current cardioversion - requires general anesthesia. In an attempt to reduce the number of required 

conversions, patients have developed self-management strategies to terminate AF episodes within their home setting. 

While there are potential risks with the use of unsupervised self-management strategies, there is also the possibility 

that some of these strategies are safe and effective. Identifying such safe and effective self-management strategies 

has the potential to enhance patient safety, reduce health care costs, and improve overall quality of life of affected 

patients. As a first step towards this long-term goal, the objectives of the studies described in this report were to 

investigate the perceived effectiveness of self-management strategies used by patients in their home setting to convert 

paroxysmal AF episodes into sinus rhythm and to explore potential underlying physiologic mechanisms in generally 

healthy study participants. 

 

Methods 

The studies included in this report were approved by the Institutional Review Board of Burrell College. Utilizing a 

community-based participatory research approach, a survey instrument was developed and deployed to AF advocacy 

social media groups (>50,000 members). The self-management strategies reported by patients with paroxysmal AF 

were classified based on potential physiological mechanisms into hemodynamic, autonomic, exercise, 

meditation/yoga, cold or heat application, breathing techniques, electrolyte/fluid/dietary supplement intake, and 

other interventions. An effectiveness index (EIAdj, range: 0.0 to 1.0), adjusted for confounding variables (patient 

characteristics, AF burden, anti-arrhythmic medication) was calculated based on how frequently the intervention was 

perceived to be successful and on the perceived latency of the effect.  

In a follow-up study we explored physiologic mechanisms potentially contributing to the effectiveness of the 

reported self-management strategies in young adult healthy volunteers (n=15, 3♂) who all provided informed written 

consent. Exclusion criteria were pregnancy/nursing, chronic or acute medical conditions, and use of prescription 

medications except contraceptives. Some subjects participated in multiple sessions separated by at least two days. A 

30-minute baseline recording (supine position) was followed by 10 minutes with legs raised by 20 cm (group 1, 

n=8); three inspiratory breath holds while wearing an ice-cold face mask (diving response, group 2, n=8); 30 minutes 

of recording following 500 mL ice-cold water imbibement (group 3, n=8); or a combination of these interventions 

(group 4, n=8). Stroke volume was obtained by impedance cardiography (Minnesota Impedance Cardiograph Model 

304B), heart rate was derived from the ECG, and blood pressure was recorded by finger plethysmography (Finapres, 

Model 2300 BP Monitor, Ohmeda, Madison, WI). Data are presented as means±standard error of the mean. Statistics 

were calculated by one-way analysis of variance and appropriate post-hoc tests. 

 

Results 

A total of 606 patients from 20 countries responded to the survey. Of these, 132 patients reported at least one strategy, 

totaling 259 unique strategies. The majority (80.2%) of patients (486/606) were female, 62.9±0.5 years old, 

overweight (body mass index 28.9±0.3 kg/m2), and had a history of paroxysmal fibrillation of 5.2±0.3 years. In 

average, patients experienced paroxysmal AF episodes several times a month and the duration of the AF episodes 

ranged from 1 to 12 hours, resulting in an average estimated AF burden of 5.8±0.5%. Fluid/electrolyte/dietary 

supplement intake (EIAdj=0.44±0.02) and breathing techniques (EIAdj=0.44±0.03) were significantly less effective 

than hemodynamic interventions (mostly leg raising; EIAdj=0.56±0.04, P<0.05) and exercise (mostly brisk walking, 

running, or cycling; EIAdj=0.53±0.03, P<0.05). The EIAdj for autonomic maneuvers (mostly Valsalva and diving 

response) was 0.48±0.03. Combining hemodynamic interventions with autonomic maneuvers resulted in an EIAdj 

of 0.56±0.12. How often self-management strategies were successful varied from 42.4±3.5% for breathing 



techniques to 70.0±18.4%for the combination of hemodynamic plus autonomic maneuvers. Multiple regression 

analysis revealed that high age, low body mass index, frequent and long AF episodes, and β-blocker use were 

significantly associated with less effectiveness (R2=0.14, F=7.80 on 5 and 242 DFs, P<0.001).  

In healthy volunteers, systolic blood pressure increased with leg raising (121.9±4.0 mmHg at baseline vs. 139.4±7.2 

mmHg, n=8, P=0.06), the diving response (121.9±3.0 mmHg at baseline vs. 136.1±5.0 mmHg, n=8, P=0.01), and 

ice-cold water imbibement (123.4±3.8 mmHg at baseline vs. 137.2±6.5 mmHg, n=8, P=0.03), but not with the 

combination of the three interventions (122.1±5.4mmHg at baseline vs.116.9±4.9mmHg, n=8, P=0.16). Heart rate 

decreased in response to all interventions with the most pronounced bradycardic response observed with the 

combination of the three interventions (68.8±3.5bmp at baseline vs 61.1±3.4bmp, n=8, P=0.01). The diving response 

increased stroke volume (68.6±6.6 mL at baseline vs. 94.4±10.2 mL, n=8, P=0.06) and cardiac output (4.2±0.4 L at 

baseline vs. 5.4±0.6 L, n=8, P=0.11). Likewise, the combination of all three interventions (group 4) increased stroke 

volume (59.1±6.8mL at baseline vs. 84.3±9.8 mL, n=8, P=0.01) and cardiac output (4.1±0.6 L at baseline vs. 5.2±0.7 

L, n=8, P=0.03). No adverse effects were observed with any intervention. 

 

Discussion/Conclusion 

Our study suggests that home-based self-management strategies have the potential to convert paroxysmal AF to sinus 

rhythm in up to 70% of paroxysmal AF episodes when autonomic and hemodynamic maneuvers are combined. In 

addition, patients reported high perceived success rates. Young healthy participants demonstrated substantial 

cardiovascular responses to interventions based on self-management strategies used by patients with paroxysmal AF. 

The combined application of ice-cold water imbibement, leg raising, and the diving response elicited stronger 

cardiovascular responses than the individual application of these interventions. Potential mechanisms by which the 

combined application of these interventions may break atrial re-entry circuits underlying AF may include activation 

of atrial stretch receptors secondary to an increase in atrial filling (4, 5) and autonomic modulation of 

electrophysiologic parameters (6), including conduction velocity and refractory period of atrial myocytes. Even 

though we did not observe any adverse effects in our study, safety of these interventions in patients with pre-existing 

cardiac conditions and higher age than our healthy subjects remains to be determined. The results of these studies 

provide a strong rationale for follow-up studies investigating the safety and effectiveness of combined cold-water 

imbibement, leg raising, and the diving response as a home-based self-management strategy for patients with 

paroxysmal AF. 
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2Samara State Medical University, Samara, Russia 
3Heart Clinic LLC, Stary Oskol, Russia  
4Belgorod State National Research University, Belgorod, Russia 

 

Introduction: Atrial fibrillation (AF) is a common cardiac arrhythmia. Multiple studies have demonstrated an 

association between AF and acute myocardial infarction (MI). However, the specific risk factors triggering AF 

development in MI patients remain unclear. Perhaps one of the predictors of the development of AF may be the 

defeat of arteries, blood supply at the atrium. 

Objective: To investigate the relationship between new-onset AF during acute MI and impaired blood flow in atrial 

arteries. 

Methods: The study included 75 patients admitted with ST-elevation and non-ST-elevation MI and new-onset AF 

(2020-2023). We retrospectively analyzed coronary angiograms and medical records. The researchers developed a 

protocol that includes an assessment of the AA: ramus ostiicavae superioris (ROCS) – sinus node artery, 

atrioventricular nodal artery (AVNA), right/left intermediate atrial arteries (RIAA/LIAA). The parameters of blood 

flow in the AA, the presence of visualized stenosis in the AA, the origin of the artery relative to the basins of the 

main arteries and stenosis in them were analyzed. The group of acute AA ischemia included arteries located in the 

zone or below the stenosis in the basin of the infarct-related artery (IRA), the group of chronic ischemia - AA in the 

basin of the main artery with chronic hemodynamically significant stenosis or the presence of 90-99% stenosis in 

the AP itself. Data on the relationship between the IRA and AA were also analyzed. 

Results: The average age of patients was 66.6 ± 11.4 years, of which 61% were men. 29% of patients suffered from 

type 2 diabetes mellitus, 98.7% hypertension, 8% in the history of stroke, in 52% of cases, obesity were recorded. 

5.3% had a cardiogenic shock. In 56.4% of patients, an extract was diagnosed with the anterior myocardial infarction, 

in 42.3% - the lower myocardial infarction, in 1.3% localization was not set. According to coronary angiography, 

ROCS was normal in 87.2%, AVNA and RIAA were in the zone of acute or chronic ischemia in 39% and 55%, 

respectively, LIAA was normal or not developed in 89%. In 41.3% of patients, the IRA was the left anterior 

interventricular branch (LAD), 17.3% - the circumflex artery (CA), 26.7% - the right coronary artery (RCA). In 95% 

of cases, RCA IRA was associated with AA damage, with AVNA and RIAA being affected in combination in 50%, 

RIAA in isolation in 32%, and AVNA in 15.8%. In 2 patients, decreased blood flow in RIAA was observed after 

RCA IRA stenting. 

Conclusion: 66.7% of new-onset AF cases in acute MI patients involved acute/chronic AA impairment. In 95% of 

patients with RCA damage and newly diagnosed AF, acute AF ischemia was recorded. The AVNA and RIAA 

arteries are most often affected. 
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Hypertension, a multifactorial condition that affects over 1.28 billion adults worldwide, impacts the sexes 

differently. The hypothalamic paraventricular nucleus (PVN) plays a central role in blood pressure regulation by 

modulating sympathetic tone and releasing neuropeptides that affect the functioning of the cardiovascular system. 

In this study, we investigated the transcriptomic profile of the PVN in both male and female normotensive Wistar 

and hypertensive spontaneously hypertensive rats (SHRs) to identify novel sex-specific effects in the regulation of 

blood pressure. RNA-sequencing analysis revealed distinct gene expression profiles influenced by both hypertensive 

state and sex. Male SHRs exhibited a pronounced increase in differentially expressed genes (DEGs) compared to 

females, highlighting a greater hypertensive impact on the PVN transcriptome in males. The most up-regulated genes 

in males were linked to sympathetic activation and neuroinflammation, including Brain-Derived Neurotrophic Factor 

(Bdnf), Hypocretin (Hcrt), and Angiotensin II Receptor Type 1 (Agtr1a). In females, the transcriptomic changes 

were characterized by an increase in anti-inflammatory pathways, with significant up-regulation of NLR Family 

CARD Domain Containing 3 (Nlrc3) and down-regulation of Absent in Melanoma 2 (Aim2). Interestingly, several 

genes demonstrated conserved regulation between sexes, such as the down-regulation of Annexin A1 (Anxa1), 

associated with neuroinflammation. Our findings reveal a strong sexual dimorphism in the PVN transcriptome, with 

males showing heightened sympathetic and inflammatory responses, whilst females displayed anti-inflammatory 

adaptations. These results provide new insights into the molecular basis of sex differences in hypertension and may 

contribute to the development of targeted therapies for the condition. 
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Homocysteine (Hcy) is a sulfur-containing non-proteinogenic amino acid that is an intermediate in the 

metabolism of methionine. It is normally present in the blood at low concentrations and is either remethylated to 

methionine or transsulfurated to cysteine via the methionine cycle and transsulfuration pathway. It could become 

proteinogenic amino acid through four distinct mechanisms: demethylation, homocysteinylation, N-

homocysteinylation, S-homocysteinylation. Elevated levels of homocysteine—hyperhomocysteinemia—are 

associated with cardiovascular diseases, neurodegenerative disorders, cancer and other diseases. Homocysteine 

thiolactone (HTL) is a cyclic thioester derivative of homocysteine. It is formed non-enzymatically from 

homocysteine when methionyl-tRNA synthetase mistakenly activates homocysteine instead of methionine. The 

activated Hcy reacts intramolecularly to form the thiolactone. HTL is highly reactive and can modify lysine 

residues in proteins through N-homocysteinylation, leading to protein damage, altered function, and potential 

immune recognition. Acetylcholinesterase (AChE) is the enzyme responsible for breaking down acetylcholine, 

a neurotransmitter essential for autonomous nervous system, cognitive functions, and neuromuscular 

transmission. Research has indicated that homocysteine and especially homocysteine thiolactone may inhibit 

acetylcholinesterase (AChE), though the exact mechanisms and physiological relevance are still being explored. 

Animal models with elevated homocysteine levels often show reduced AChE activity in brain tissues. In vitro 

studies have shown that HTL can decrease AChE activity in cell lysates and purified enzyme preparations. The 

effect is more pronounced in the presence of other reactive species or inflammatory stimuli, suggesting a 

synergistic cardiovasculotoxic and neurotoxic mechanisms. HTL can irreversibly modify lysine residues in 

proteins, including AChE, through N-homocysteinylation. This post-translational modification can impair 

AChE's catalytic activity by disrupting its structure or active site. HTL induces the formation of reactive oxygen 

species (ROS) and protein carbonyls, leading to cardiovascular and neuronal injury and possible modulation of 

AChE activity indirectly through oxidative damage. Hcy is less potent than HTL, causing weak to moderate 

inhibition but can still indirectly affect AChE by increasing oxidative stress or modifying the redox state of thiol 

groups on the enzyme (thiol-redox interactions). Understanding the inhibitory effects of Hcy and HTL on AChE 

is relevant in the context of hyperhomocysteinemia-related diseases. It also opens potential avenues for 

therapeutic intervention through lowering homocysteine levels (with B vitamins: B6, B12, and folate) to preserve 

cholinergic function in aging, cardiovascular and neurodegenerative diseases. 
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 Danons disease is a rare X-linked dominant genetic disorder that manifests with the clinical triad of 

cardiomyopathy, skeletal myopathy, and intellectual disability.  

Danon disease involves a genetic defect (mutation) in a gene called LAMP2, which results in a change to the normal 

protein structure. LAMP2 protein is primarily located in small structures within cells called lysosomes.  

 The condition is passed down in families (inherited). It typically passes from parents to children, 

though male children are more affected than female children. 

 Males with Danon disease often present with the triad of severe cardiomyopathy, skeletal myopathy, and 

mild intellectual disability. Penetrance for cardiomyopathy approaches 100% in males, with 80%-90% of affected 

individuals experiencing some degree of skeletal muscle weakness and more than 70% experiencing some degree of 

cognitive impairment.  

 The proportion of heterozygous females who have evidence of cardiomyopathy is reported to be between 

61% and 100%, whereas 12%-50% of heterozygous females are reported to have some degree of skeletal muscle 

weakness, and between 6% and 47% have been reported to have some degree of cognitive issues. Skeletal muscle 

weakness is reported in 12%-50% of females with a heterozygous pathogenic variant in LAMP2 and appears to be 

milder than that of males .  

 Making a diagnosis for a genetic of rare disease can often be challenging. Danon disease should be 

suspected in a patient with the following clinical exam, supportive laboratory test results , electrophysiologic, 

imaging, and family history findings.  

 Skeletal muscle myopathy most often presents as slowly progressive proximal muscle weakness in the 

neck, shoulders, and legs. Affected males have varying degrees of functional impairment due to muscle weakness 

and underlying deficits in muscle activation . The severity of cardiomyopathy is the major prognostic factor. Imaging 

studies including echocardiography and cardiac magnetic resonance can assess heart function, extent of hypertrophy, 

and degree of cardiac fibrosis (formation of scar tissue on the heart). Medications for heart disease should be given 

when indicated by clinical signs and symptoms. 

 Danon disease has overlapping symptoms with another rare genetic condition called 'Pompe' disease. 

Microscopically, muscles from Danon disease patients appear similar to muscles from Pompe disease patients. 

However, intellectual disability is rarely, if ever, a symptom of Pompe disease. Negative enzymatic or 

molecular genetic testing for Pompe disease can help rule out this disorder as a differential diagnosis.  

 Management of  Danon disease is typically based on expert opinion. Although the age of onset and 

progression of disease are typically later and slower in females, the management approach in males and females is 

similar.  Danon disease requires a team that should include a primary care physician as well as several specialists, 

including a cardiologist, neurologist, ophthalmologist, geneticist, genetic counselor, rehabilitation physician, 

educational specialist, and physical therapist. Currently there is no specific therapy that is known to slow the 

underlying biological problems caused by LAMP-2 protein deficiency.  
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https://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/pathogenic-variant/
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Abstract: 

Background: Late-stage Lyme disease is frequently accompanied by persistent symptoms such as fatigue, 

orthostatic intolerance, palpitations, and cognitive impairment. These manifestations may be attributed to 

dysfunction of the autonomic nervous system (ANS), yet this aspect remains underrecognized in clinical evaluation. 

The aim of this study was to assess the extent and nature of ANS dysfunction in patients with late-stage Lyme disease 

using multiple diagnostic modalities. 

Methods: A total of 233 adult patients with serologically confirmed late-stage Lyme disease and chronic symptoms 

lasting longer than six months were enrolled. Functional assessment of ANS included cardiovascular reflex testing 

(CART), beat-to-beat hemodynamic analysis, 24-hour Holter ECG, and 24-hour ambulatory blood pressure 

monitoring. Additionally, 112 patients underwent Head-Up Tilt Testing (HUTT) following the Westminster 

protocol. Results were compared with a control group of 91 healthy individuals. 

Results: Significant autonomic dysfunction was detected in the Lyme disease group. Abnormalities in both 

sympathetic and parasympathetic branches were present in over 80% of patients, with complete autonomic 

neuropathy observed in 85.7% (p < 0.001). Heart rate variability parameters (VLF, LF, HF), baroreflex sensitivity, 

and baroreflex effectiveness index were significantly lower in the Lyme group. HUTT was positive in 50% of 

patients, with orthostatic hypotension observed in nearly 30%. These findings were supported by abnormal diurnal 

blood pressure variability and increased heart rate at rest. Furthermore, many patients demonstrated elevated IgM 

antibodies to various infectious agents, indicating frequent co-infections. 

Conclusion: This study demonstrates that autonomic nervous system dysfunction is a prominent feature of late-stage 

Lyme disease, affecting both cardiovascular regulation and hemodynamic responses. Functional ANS testing 

provides important diagnostic insights and should be routinely considered in the evaluation of patients with chronic 

symptoms related to Lyme disease. 
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Background: Left ventricular diastolic dysfunction (LVDD) is a preclinical condition and an early manifestation of 

diabetic heart disease. The long non-coding RNA (MALAT1) and microRNA (miR-150-5p) are key epigenetic 

regulators implicated in the pathophysiology of diabetic cardiomyopathy. These molecules hold potential as 

therapeutic targets for the prevention and management of LVDD. This study aimed to investigate the modulatory 

effects of empagliflozin on epigenetic dysregulation in patients with type 2 diabetes mellitus (T2DM) and LVDD. 

Methods: This cross-sectional study was conducted at Al-Diwaniyah Teaching Hospital, Iraq, and included 60 

patients with T2DM (32 males and 28 females) aged 40–65 years. Patients with HbA1c ≥ 9.5%, left ventricular 

ejection fraction (EF) < 50%, impaired renal function, valvular heart disease, or arrhythmias were excluded. All 

participants had a confirmed diagnosis of T2DM and were receiving oral antidiabetic therapy for at least six months. 

Patients were allocated into two groups: the metformin group (metformin 1000 mg twice daily) and the empagliflozin 

group (empagliflozin 10 mg once daily plus metformin 1000 mg twice daily). Body mass index (BMI), and standared 

care investigations: random blood sugar (RBS), HbA1c, lipid profile, blood urea, and serum creatinine were assessed. 

Gene expression levels of MALAT1 and miR-150-5p were quantified. Echocardiographic evaluation of systolic 

(EF%, FS%, LVESV, LVEDV) and diastolic function (E/A ratio, E/e′ ratio, and tricuspid regurgitation peak velocity 

[TRpV]) was performed. 

Results: Patients receiving empagliflozin in combination with metformin demonstrated significant improvements in 

echocardiographic parameters of diastolic function, particularly in E/e′ and E/A ratios, compared to those on 

metformin monotherapy. Empagliflozin treatment was also associated with favorable modulation of circulating 

biomarkers related to cardiac fibrosis,  stiffness and inflammation. Notably, the improvement in LVDD was 

accompanied by beneficial changes in the expression levels of MALAT1 and miR-150-5p, suggesting a potential 

epigenetic mechanism underlying empagliflozin’s cardioprotective effects. 

Conclusion: Empagliflozin confers cardioprotective effects against the progression of LVDD in patients with 

T2DM, potentially through the modulation of epigenetic regulators such as MALAT1 and miR-150-5p. 

Keywords: Type 2 diabetes mellitus, left ventricular diastolic dysfunction, empagliflozin, MALAT1, microRNA-

150-5p, pharmacoepigenetics,  
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The purpose of this study was to present the significance of autonomic dysfunction in acute inflammatory 

demyelinating polyneuropathy (Guillain Barre syndrome), a life-threatening neuropathy.  

GBS typically presents as ascending paralysis with mild to moderate sensory involvement in more than 95% of 

patients. Autonomic dysfunction is present in two thirds of these patients. The most common autonomic disturbances 

consist of sustained sinus tachycardia and postural hypotension. Hypertension alternating with hypotension, cardiac 

arrhythmias, bradycardia, urinary retention, ileus and sweating disturbances occur less frequently. About 25% of 

patients with GBS develop respiratory insufficiency and up to 50% of these patients have symptomatic autonomic 

dysfunction. The overall mortality in GBS is less than 5%, but in patients requiring assisted ventilation it is greater, 

ranging from 10-38%. Several studies have shown autonomic dysfunction to be an independent predictor of mortality 

in mechanically ventilated GBS patients. Severe autonomic dysfunction with cardiac arrest has even been described 

as a presenting feature in GBS. In rare cases pure pandysautonomia occurs with little or no weakness and with or 

without sensory symptoms (pure autonomic GBS) and has to be differentiated from other acute pandysautonomias. 

We present a case of a 60-year-old woman with acute onset of abdominal pain, constipation and dizziness in standing 

position. She was admitted to a regional hospital in her home town for further evaluation. Extensive laboratory and 

ultrasound examinations showed normal results. An exploratory laparotomy was performed but also failed to identify 

any abdominal pathology. Two weeks later she was transferred to the Department of gastroenterology of CHC 

“Bežanijska kosa” for further evaluation. At that time she started to complain of tingling in her feet. Her first 

neurological examination was normal with no objective signs of any dysfunction. A repeated neurological 

examination on the next day showed absent ankle jerks, reduced plantar responses, positive Lasegue signs bilaterally, 

and dysesthesiae in her feet. In addition, the patient was unable to sit or stand due to severe orthostatic hypotension. 

These findings were indicative of an evolving neuropathy. Electromyoneurography confirmed a mild axonal sensory 

neuropathy with slight affection of motor nerve roots (motor radiculopathy). Cerebrospinal fluid examination 

showed elevated protein level (1,05 g/L) with normal cytology, while IEF revealed the presence of oligoclonal IgG. 

Since the patient exhibited clear clinical signs of autonomic dysfunction, tests of autonomic nervous system function 

were also done. These included standard autonomic function tests according to Ewing, 24-hour heart rate holter 

monitoring (SDNN, SDANN index, SDNN index, rMSSD, pNN50(%), presence of ectopic activity), short-term 

spectral analysis of RR variability (LF, HF, LF%, HF%, LF/HF index) and continuous real-time measurement of 

heart rate with spectral analysis of RR variability and baroreceptor function analysis (LFnu-RRI, HF-nu-RRI, 

LF/HF-RRI index, BRS, determination of symathovagal balance at rest and hyperventilation test). The results 

showed extreme autonomic dysfunction with sympathetic domination, reduced heart rate variabilty and baroreflex 

sensitivity. Oesophageal manometry with the wet swallow sequence analysis was also performed and showed marked 

oesophageal dysmotility. Fortunately, the patient had reached the nadir of the disease and started to recover 

spontaneously so that only symptomatic therapy was required. She was discharged two weeks later with significantly 

improved parameters of autonomic function. 

In conclusion, autonomic dysfunction may be the first and/or most prominent presentation of GBS with little or no 

motor and sensory disturbances. These patients are at risk of acute cardiological complications including sudden 

death and must be treated in an intensive care unit. Early detection of dysautonomia may help reduce mortality in 

these forms of GBS. 
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Aim: To introduce and to estimate the effectiveness of a high-sensitive troponin-I (hsTnI) guided screening program 

for cardiovascular disease (CVD) and evaluate potential clinical and health economic consequences of applying this 

program.  

Background: Existing tests for assessing the risk of cardiovascular diseases such as Framingham Heart Study in 

U.S. (FHS) or HEARTSCORE I and HEARTSCORE II, and HEARTSCORE II -OP in Europe have been in use for 

a very long time, for example FHS > 75 years and conclusion is that elevated cholesterol and blood pressure are the 

main risk factors for CVD. On the other hand, HEARTSCORE's calculate the 10-year risk of fatal and non-fatal 

cardiovascular events, but these scores are applicable for healthy individuals only. So, HEARTSCORE I and 

HEARTSCORE II -OP should not be used for people who have proven atherosclerotic cardiovascular disease, high 

risk conditions, diabetes, familiar hypercholesterolemia, genetic or rare diseases of blood lipids or arterial 

hypertension, chronic kidney disease or in pregnant women.  

 

Results: A study of asymptomatic women and men between 40-70 years old, with no specific symptoms and no 

confirmed or known coronary artery disease who voluntarily participated in a risk assessment and screening program 

for CVD in Zagreb, was performed. Participants were stratified into three risk categories according to their CVD 

risk factor hsTnI level. Subjects in the moderate and high-risk class were referred to further non-invasive 

cardiovascular diagnostic test and coronary angiography or PCI (Percutaneous Coronary Intervention), if required. 

The number of CVD events and deaths, direct and indirect costs, and quality-adjusted life years (QALY) were 

assessed over 10 years from a societal perspective. In the model, this program reduced the incidence of acute CVD 

events by 180 per 10,000 subjects, equal to a number-needed-to-screen of 56. CVD-related mortality decreased by 

40%.  

Conclusion: Screening asymptomatic female and men subjects with hsTnI and guiding those at higher risk to further 

cardiac testing, identified subjects with coronary artery disease and referred those at high risk to further diagnostic 

tests. In a cost-effectiveness analysis, this strategy might reduce the CVD related burden and mortality and would 

likely be cost-effective.  

Clinical significance: High-sensitivity troponin-I (hsTnI) should be a part of daily preventative test for 

cardiovascular disease (1).  

 

 

 

 

BACKGROUND  

 

Cardiovascular disease (CVD) is a major contributor to the worldwide health burden and the number one cause of 

death globally (1), and it is expected that by 2030 this number of deaths will increase from the current 18,6 million 

to 23,3 million. In Europe, about 4 million people die annually from cardiovascular diseases, or 45% of all deaths. 

In Croatia, CVD’s are also at the top of the mortality scale, and about 19 937 people died from them in 2023, 

i.e.38,8% of the total number of deaths.   

The total economic burden of CVD in the EU was estimated to €210 billion in 2015 with 53% and 21% accounted 

for by direct medical costs and productivity losses (2). In Croatia, although mortality from CVD has decreased over 

the last decade, CVD remains the leading cause of death and accounts for 48% of deaths in women and 37% in men 

(3, 4). The general mortality rate from CVD is higher in women than in men, and CVD in women have received 

special interest in the last ten years (4). Due to a wide distribution of behavioral risk factors in Croatia including 

tobacco smoking and low physical activity, the mortality from preventable causes in Croatia is above the EU average 

(5). With a share of almost 13%, CVD is the leading cause of hospitalization in Croatia with an average length of 



hospital stay of 7.2 days for men and 7.8 days for women (4). To decrease the burden of CVD, reliable tools are 

required to identify persons without known CVD who are at high cardiovascular risk and to guide those persons to 

lifestyle modifications or preventive medication (6-8). Several risk assessment strategies have been used based on 

large prospective cohort studies, such as the Framingham Heart study (9). In European countries, the HEARTSCORE 

(Systematic Coronary Risk Evaluation) risk calculator has been created and recently updated to estimate the 10-year 

risk of fatal CVD in asymptomatic individuals (10, 11).  

The cardiac specific protein high-sensitivity troponin-I (hsTnI) that is found detectable in over 90% of the general 

population (12), has proven to be the most promising biomarker for determining the individual cardiac risk (13). It 

has been shown that elevated hsTnI values are associated with incident fatal and non-fatal CV events, and act as an 

independent predictor for future CVD events (14, 15). Although hsTnI is being discussed for targeted primary 

prevention of asymptomatic individuals, a consensus on a uniform algorithm has not been proposed yet (13).  

The objective of this study is to test the effectiveness of a hsTnI guided screening program in a voluntary women 

health program and estimate potential clinical and health economic consequences of applying this program at a 

national level in Croatia.  

 

METHODS:  

 

The Women and Men 40-70 & Heart Project (WMHP) was implemented at the Institute for Cardiovascular 

Prevention and Rehabilitation (Srčana) in Zagreb as a voluntary program to assess cardiovascular risk in women and 

men between 40-70 years, with no specific symptoms and no confirmed or known coronary artery disease. All 

participants provided written informed consent an agreement in accordance with the General Data Protection 

Regulation of the EU and following the ethical principles outlined in the Declaration of Helsinki. Participants 

completed an online questionnaire about their principal characteristics, medical history, and self-reported awareness 

of cardiovascular risk factors. A blood sample was taken for the evaluation of laboratory parameters including hsTnI.  

According to their hsTnI level, participants were stratified into three risk categories: Low-risk (hsTnI <4ng/L), 

moderate-risk (hsTnI ≥4 – ≤10ng/L), or high-risk category (hsTnI>10ng/L). Subjects at low risk were discharged 

home without further intervention or follow-up. All subjects in the moderate and high-risk class were referred for 

non-invasive cardiac workup that consisted of examination by a cardiologist, electrocardiogram at rest (ECG), 

echocardiography, exercise ECG test and 24-hour ECG. If the left ventricular ejection fraction on the 

echocardiography was less than 50%, or a ST-segment depression (≥1mm) was observed in the exercise ECG test 

or 24h ECG test, subjects were referred for invasive or non-invasive coronary angiography (MSCT coronary 

angiography or SPECT nuclear cardiology or direct coronary angiography related to according to the findings and 

agreement with the patient. In subjects with significant obstructive coronary disease (narrowing ≥50% of coronary 

arteries) or high-risk plaques, percutaneous coronary intervention was recommended and subsequently performed. 

Subjects in the high and moderate hsTnI category with no findings in coronary angiography were considered for 

preventive treatment (mostly lifestyle changes, high-dose statin, aspirin or beta receptor blockers). 

 

RESULTS  

 

A total of almost 4000 women and men voluntarily agreed to participate in the WMHP from 2021-2024, but we here 

present the first 1,034 women results. Mean age at baseline was 55.6 (interquartile range 49.0 – 62.0) years. Based 

on the online questionnaire, the prevalence of smokers was 25.0%, 26.6% had hypertension, 45.9% dyslipidemia, 

and 7.3% diabetes. Depending on the hsTnI-results, 921 (89.1%), 100 (9.7%), or 13 (1.3%) subjects were classified 

as low, moderate, and high risk, respectively. All subjects at moderate and high risk were assessed with non-invasive 

cardiac tests (n=113, 10.9% of all). Of these, 26 (2.51% of all) were further referred to invasive cardiac tests, of 

which 14 and 12 subjects fall into the moderate and high hsTnI risk category, respectively. Despite classified as low 

risk, one woman was referred to cardiac workup but was found negative in coronary angiography. A total of 12 

(1.16% of all) subjects were eventually diagnosed with CAD, three (3.0% of women at moderate risk) and nine 

(69.2% of women at high risk) of whom were categorized in the moderate or high troponin risk class, respectively. 

Troponin risk  

class (RC) N % of all Non-invasive work-up Invasive work-up CAD 

      N % of all N % in RC N % of RC % of all 

All 1034 100.0 114 11.03 27 2.61 12 1.16 1.16 



In the standard strategy, 429 (95%CI 411; 445) CVD events and 89 (81; 91) CVD related deaths occurred per 10,000 

subjects over ten years. In the WHP strategy, 53 (95%CI 46-56) per 10,000 screened women were diagnosed with 

CAD during the workup process. Compared to current practice, the incidence of CVD events was reduced by 180 

per 10,000 (95%CI 177; 184) resulting in a 40% decrease of CVD related deaths. The average number of women 

screened to prevent one CVD event in a period of ten years was 56. The reduced disease burden led to a gain of 15.5 

(95%CI 12.8; 17.2) additional QALYs per 1,000 subjects.  

 

Table 1. Management of subjects participating in the Women & Heart Project Zagreb. 

 

Troponin risk class: Low (hsTnI <4ng/L) Moderate (hsTnI ≥4 and ≤10ng/L) High (hsTnI >10ng/L). Non-invasive 

workup: examination by a cardiologist, electrocardiogram (ECG), echocardiography, exercise ECG test and 24-hour 

ECG. Invasive workup: coronary angiography. 

 

Table 2. Current practice (CP) and Women & Heart Project (WHP). 

hsTnI risk class 
CP WHP 

All % CVD Risk, % WHPP CAD Prevention CVD Risk % 

All 100,000 100.00 4,293 4.3 10,864 531 10,333 2,488 2.5 

Low 89,136 89.14 2,315 2.6 0 0 0 2,315 2.6 

Moderate 10,086 10.09 1,681 16.7 10,086 238 9,848 169 1.7 

High 778 0.78 297 37.3 778 293 485 4 0.5 

 

MS: Microsimulation (n=100,000 trials). 

 

Table 3. 

hsTnI risk class CP WHP ARR RRR NNS 

All 0.043 0.025 0.018 0.420 56 

Low 0.026 0.026 0.000 0.000 n/a 

Moderate 0.167 0.017 0.150 0.901 7 

High 0.373 0.005 0.368 0.986 3 

 
MS: Microsimulation (n=100,000 trials). CP: Current practice. WHP: Women & Heart Project. ARR: Absolute risk 

reduction. RRR: Relative risk reduction. NNS: Number needed to screen. 
 

DISCUSSION 

 

The WHP is the study that provides prospective observational data for using high-sensitivity troponin I for CVD risk 

stratification in an asymptomatic population. More than 4,000 women and men (about 3800 women and 174 men) 

in Zagreb volunteered to participate in the study. Guided by the use of the biomarker hsTnI, participants were 

excluded or referred to cardiac testing and interventional cardiology, if required. More than 89% of enrolled women 

fall into the low-risk class for CVD and were excluded from further workup. In 10.6% of subjects referred to further 

workup, significant CAD was identified and managed, likely preventing acute cardiac event and/or CVD related 

death. This study confirmed the association between the hsTnI level and the cardiovascular outcome in asymptomatic 

women. In a trial-based cost-effectiveness model, the WHP strategy was extrapolated to the national level in Croatia. 

Compared to current practice, WHP reduced the number of CVD events and related deaths by 42% and 40%, 

respectively, which has a clear public health impact. In summary, this resulted in a statistically significant increase 

of 15.5 QALYs per 1,000 women over a period of 10 years. Testing women with the WHP protocol increased direct 

medical costs, but decreased indirect costs caused by CVD related productivity loss. The WHP was a voluntary 

program and women provided information in a self-reported survey prior the first laboratory test, and the accuracy 

and quality of cohort characteristics could not be assessed. A study suggests that voluntary screening programs tend 

to underestimate the disease prevalence. Whether the women who participated in the WHP are representative of the 

population or whether a selection bias have to be considered, is not clear. Since cost-effectiveness of the WHP 

strategy increases with risk, however, the results can be considered conservative. Current risk assessment tools have 

several limitations such as a restricted age range or the difficulty of applying such tools in regions with different 

Low 921 89.1 1 0.10 1 0.11 0 0.00 0.00 

Moderate 100 9.7 100 9.67 14 14.00 3 3.00 0.29 

High 13 1.3 13 1.26 12 92.31 9 69.23 0.87 



baseline risk for CVD. Some limitations have been addressed by the development of the updated HEARTSCORE II 

to estimate 10-year CVD risk in Europe which is also recommended by the guidelines on CVD prevention by the 

European Society of Cardiology (ESC). However, the use of risk assessment tools is highly variable, and there is 

still a lack of evidence in the overall effectiveness and cost-effectiveness of risk assessment tools.8 Consequently, 

the implementation of a uniform risk assessment tool including SCORE into routine practice is largely insufficient.8 

Several articles have demonstrated and discussed the usefulness of hsTnI for CVD risk assessment.14 The most 

efficient algorithm for using hsTnI for CVD risk assessment is still subject for discussion,14 and only one article is 

proposing a potential algorithm. We acknowledge several further limitations. Our study estimated the cost-

effectiveness of applying the WHP strategy based on national figures and assumed a full coverage of the tested 

population, which is not realistic. This should be considered before interpreting potential effects on the national 

burden of CVD. As discussed, the model was not based on a controlled study, and the actual underlying CVD risk 

of the tested cohort compared to Croatian data is unknown. We only considered the first CVD event and did not take 

potential events into account that may occur after detecting CAD. Both aspects likely have an impact on all tested 

strategies and should be considered to finally assess the value of a new strategy. For CVD risk reduction in our 

model, we only used a mean value that was informed by the efficacy of statin treatment but did not further address 

the actual prevention measure. All results should be interpreted against these limitations. Future studies should 

evaluate specific hsTnI risk assessment algorithms in conjunction with and in comparison, to established risk 

assessment tool. 

 

CONCLUSION  

Assessing the cardiovascular risk in asymptomatic women with hsTnI and guiding those at higher risk to further 

cardiac testing, identified individuals with CAD and referred those at high risk to preventive measures. This strategy 

could reduce CVD related burden and mortality and would likely be cost-effective in Croatia. More studies are 

needed to confirm these findings. 

 

CLINICAL SIGNIFICANCE 

Assessing the cardiovascular risk in asymptomatic women with hsTnI and guiding those at higher risk to further 

cardiac testing. 
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Abstract 

Introduction: Biological age, an integrated metric that reflects decline of cellular and organ functions, can be 

estimated using various biostatistical techniques such as Klemera-Doubal Method, principal component analysis 

(PCA), multiple linear regression, Hochschild’s method and Levine’s method. By contrast, this study aimed to 

develop biological age models using different machine learning algorithms. In doing so, it evaluated the predictive 

value of biological age for all-cause mortality in patients with type 2 diabetes mellitus receiving sodium-glucose co-

transporter-2 inhibitors (SGLT2i), dipeptidyl peptidase-4 inhibitors (DPP4i) or glucagon-like peptide-1 receptor 

agonists (GLP1Ra). 

Methods: Subjects with type 2 diabetes mellitus receiving any of SGLT2i, DPP4i or GLP1Ra between 2016 and 

2019, with a complete set of the 21 selected biomarkers, were included. These biomarkers were: total cholesterol, 

low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglyceride, fasting glucose, HbA1c, 

alanine transaminase, aspartate transaminase, alkaline phosphatase, bilirubin, total protein, albumin, urea, creatinine, 

white cell count, lymphocyte count, neutrophil count, mean corpuscular volume, platelet, neutrophil-to-lymphocyte 

ratio and platelet-to-lymphocyte ratio. The primary outcome was all-cause mortality. The secondary outcome was 

major adverse cardiovascular events. The follow-up period was until 31 December 2022. The following machine 

learning models were applied: Ada boost, Bayesian Ridge, CatBoost, deep learning, decision tree, gradient boosting, 

k-Nearest Neighbor, Light gradient boosting machine, linear regression, neural network, random forest, ridge 

regression, support vector machine, support vector machine linear and Xtreme gradient boosting.  

Results: A total of 7643 patients were included in the analysis (mean age: 62.8 ± 12.7 years old, X% male), with 

2069 deaths were noted on follow-up. The mean absolute error (MAE) from chronological age for each machine 

learning model for biological age was calculated (Figure 1). The lowest MAE was observed for CatBoost (7.91), 

for which the scatterplots of biological age as a function of chronological age and the Bland-Altman Plot for CatBoost 

are shown in Figure 2A and 2B, respectively. Cox regression showed that biological age was a significant predictor 

of all-cause mortality (Figure 3). 

Conclusion: Biological age is a significant predictor of all-cause mortality in diabetic patients receiving SGLT2i, 

DPP4i or GLP1Ra. 

 

 

 

 
Figure 1. Mean absolute error (MAE) from chronological age for each machine learning model 
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Figure 2. Scatterplot of predicted age as a function of chronological age (A). Bland-Altman plot for CatBoost (B). 

 



 

 
Figure 3. Cox regression results for predicting all-cause mortality for the unadjusted (A) and adjusted analyses 

(B). 

 

 

 

 

 



 

TILT TABLE TEST IN PATIENTS WITH AMYLOIDOSIS. 

 

E.A. Kuchinskaya, T.P. Pliner, A.A. Zyulkovskaya, A.A.Shoshina, M.M. Murtuzalieva, M.S. Komarova, 

S.N. Nasonova, A.N.Rogoza, G.I. Kheymets, A.V.Pevzner, I.V.Girov.    

 

Autonomic dysfunction may be the first sign of early stage of amyloidosis and a potential marker of disease 

progression. One of the symptoms of autonomic dysfunction is orthostatic hypotension (OH). OH also complicates 

the treatment of heart failure, associated with the risk of syncope and injury, and worsens the life prognosis. 

The aim of the study: to determine the incidence of OH in patients with different types of amyloid 

cardiomyopathy. 

Materials and methods: Tilt table test (TTT) was performed in 34 pts (23 males, age 67±10) with amyloidosis 

(16 pts with type ATTR, 18 pts with type AL). 7 (21%) patients had a history of syncope. TTT protocol: tilt angle 

of 60°, up to 20 min, without drug provocation.  

Results: OH was induced in 20 (59%) of 34 pts (10 pts with ATTR type). In 13 of them OH during TTT were 

asymptomatic, and in 7 pts - symptomatic. In 2 of 7 pts with a previous history of syncope, OH was confirmed as a 

cause of syncope; 3 pts had 2 causes of syncope (OH and arrythmogenic) and 2 pts had arrhythmogenic syncope. 

11 of 20 (55%) patients with induced OH during TTT had not previously presented any specific complaints. 

Conclusions: OH is common in patients with amyloidosis, regardless of its type. OH may be asymptomatic, so it 

may be advisable to perform orthostatic tests in all patients with amyloidosis, regardless of the history of syncope 

or presyncope. 

 

 

 

 

 

 

  



AMELIORATING INFLAMMATION IN CORONARY ARTERY DISEASE: AN OVERVIEW AND 

FUTURE DIRECTIONS 
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Despite advances in pharmacological and interventional management, CAD remains a major challenge for 

Physicians , highlighting the need for new and effective therapies to improve outcomes, such as anti-inflammatory 

agents. Inflammation plays an important role in atherosclerosis and the consequent  clinical presentation, including 

stable coronary artery disease (CAD) and  acute coronary syndromes (ACS).  

Cytokines that are produced by the immune cells, endothelial cells, platelets, fibroblasts, and some stromal cells. 

Interleukins (IL-1β and IL-6), chemokines, interferon-γ (IFN-γ), and tumor necrosis factor-alpha (TNF-α) are the 

cytokines commonly associated with endothelial dysfunction, vascular inflammation, and atherosclerosis. These 

molecules can be targeted by commonly used therapeutic substances or selective molecules that exert targeted anti-

inflammatory actions. Aspirin and statins are well-established therapies for atherosclerosis and CAD and their 

pleiotropic and anti-inflammatory actions contribute to their efficacy and favorable profile. Colchicine may  be 

considered in high-risk patients if recurrent ACS episodes occur when on optimal medical therapy according to the 

most recent guidelines. Recent  studies have  shown that therapies specifically targeting inflammatory interleukins 

and inflammation can reduce the risk for CAD, namely repeated transfers of the soluble mutant of IFN-γ receptors, 

NLRP3 inflammasome inhibitors, IL-10 delivery by nanocarriers, chemokine modulatory treatments, and reacting 

oxygen species (ROS) targeting nanoparticles.This review explains the pathophysiological pathways between CAD 

and inflammation, present established and novel anti-inflammatory agents used therapeutically in patients with CAD, 

and identify areas for future research 
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Abstract 

Introduction: Cardiac aging diminishes the heart’s regenerative capacity and increases susceptibility to 

cardiovascular diseases, which are leading causes of global mortality. Metformin, primarily used as a first line agent 

for type 2 diabetes, is emerging as a promising drug for cardiovascular protection. Preclinical studies suggest it 

enhances heart repair, while clinical evidence indicates it reduces serious cardiac events. This lecture explores 

metformin’s role in counteracting cardiac aging, presenting insights from zebrafish and human studies to illuminate 

its therapeutic potential for improving heart health in older adults. 

Methods: The primary study utilized zebrafish, a model with robust heart regeneration, to assess metformin’s 

effects. Cryoinjury was induced to damage the heart, followed by treatment with 50 µM metformin. Heart repair was 

evaluated using histological analysis (to quantify injured tissue area) and echocardiography (to measure fractional 

shortening, a marker of systolic function). Autophagy was assessed via LC3-II levels, with chloroquine (100 µM) 

used as an autophagy inhibitor control. The secondary study (Metformin and VA/SCD) analyzed a matched cohort 

of 16,596 metformin users and 16,596 sulfonylurea users with type 2 diabetes in Hong Kong from 2009 to 2019, 

evaluating the incidence of ventricular arrhythmia and sudden cardiac death. 

Results: A total of 150 zebrafish were analyzed (75 treated with 50 µM metformin post-cryoinjury, 75 controls). At 

21 days post-cryoinjury (dpi), metformin-treated hearts showed a reduced injured tissue area (2.38 ± 0.45% vs. 4.61 

± 0.62% in controls, p < 0.01), as shown in (Figure 1e and 1f). Cardiomyocyte proliferation was significantly 

enhanced, with metformin-treated hearts showing a higher percentage of proliferating cardiomyocytes at 7 dpi (p < 

0.01 vs. controls) (Figure 2a and 2b). Autophagy was increased, with elevated GFP-LC3 puncta in metformin-

treated hearts at 7 dpi (p < 0.01 vs. controls) (Figure 1c and 1d). Chloroquine treatment reduced these effects, 

confirming autophagy’s role. In the clinical study, 33,192 patients were included (mean age: 65.2 ± 10.4 years, 52% 

male), with 289 ventricular arrhythmia/sudden cardiac death events noted during follow-up. Metformin users had a 

lower incidence rate (8.70 per 1000 person-years) compared to sulfonylurea users (hazard ratio 1.90, 95% CI 1.73–

2.08). 

Conclusion: Metformin demonstrates significant potential to mitigate cardiac aging by enhancing heart regeneration 

and reducing cardiovascular risks. The zebrafish study reveals that metformin accelerates heart repair through 

autophagy, offering a mechanism to counteract age-related regenerative decline. Clinical evidence supports its role 

in lowering the risk of ventricular arrhythmia and sudden cardiac death in diabetic patients. These findings suggest 

metformin could be repurposed to improve heart health in aging populations, paving the way for novel therapeutic 

strategies in neurocardiology. 

 

 

 

 



 
Figure 1. c,d After cryoinjury, the heart of Tg(cmv:GFP-LC3) fish treated with or without 50 µM metformin or 

100 µM CQ, were isolated, fixed, sectioned and dual-immunostained with anti-GFP (green) and anti-MF20 (red), 

after which they were stained with DAPI (blue). IA: injured area; V: ventricle. Scale bars: 50 µm (c). The number 

of GFP-LC3 puncta in the injured area at 1 dpc, 4 dpc, 7 dpc, and 14 dpc was quantified. The data are presented as 

mean ± SD, n = 3 hearts, *P < 0.05, **P < 0.01 vs control (d). Following cryoinjury, the AB fish were either 

untreated (control) or else they were treated with 50 µM metformin for up to 90 days (e,f) 

 

 



 
Figure 2. After cryoinjury, the Tg(cmlc2:EGFP) fish were maintained in untreated fish water (control) or in fish 

water containing 50 µM metformin or 100 µM CQ for the indicated days. The hearts were then isolated, fixed, 

sectioned and dual-immunostained with an anti-GFP antibody to identify the cardiomyocytes (in green) and an 

anti-PCNA antibody to identify proliferating cells (in red), after which they were co-stained with DAPI to label the 

nuclei (in blue). V: ventricle; IA: injured area. The white arrows show the proliferating cardiomyocytes. Scale 

bars: 50 µm (a). The proliferating cardiomyocytes in the untreated control, metformin and CQ treated fish at 1 dpc, 

4 dpc, 7 dpc, and 14 dpc were quantified. The data are presented as mean ± SD, n = 5 hearts, **P < 0.01 vs control 

(b). 
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Background: Hypertrophic cardiomyopathy (HCM) is one of the most common primary cardiomyopathies, 

affecting approximately 1 in 200 to 1 in 500 individuals. HCM is predominantly a monogenic disease, caused by 

pathogenic variants in genes encoding sarcomeric or related proteins. In the conventional approach, first-line genetic 

testing typically includes single-gene sequencing or targeted panels focusing on genes with strong evidence of 

disease causality in HCM. Our project introduces a novel diagnostic concept that integrates whole exome sequencing 

(WES) as a first-line diagnostic tool for patients with a strong clinical suspicion of familial HCM. By utilizing WES 

as the initial—and potentially only—diagnostic step, we enable comprehensive analysis of the exome, capturing 

variants in both established sarcomere genes and those associated with HCM phenocopies. 

Methods: Nineteen patients with a strong clinical suspicion of familial HCM were recruited. Genomic DNA was 

extracted and subjected to WES. The resulting data were analyzed to identify pathogenic or likely pathogenic variants 

in HCM-related genes, including sarcomeric genes, phenocopy-associated genes, and genes not typically covered by 

standard panels. The diagnostic yield of WES was compared to that of a conventional 16-gene panel. 

Results: Pathogenic or likely pathogenic variants were identified in 13 out of 19 patients (68.4%). Of these, 7 

variants (36.8%) would have been detected using the conventional 16-gene panel, whereas 6 variants (31.6%) were 

located in genes outside the panel’s scope, underscoring the broader diagnostic capacity of WES. Furthermore, the 

WES-based approach maintained equivalent diagnostic precision (68.4%) while reducing both the cost per patient 

by approximately 19% and the diagnostic time by 11% compared to the conventional pathway. 

 

Keywords: familial hypertrophic cardiomyopathy, whole exome sequencing, genetic diagnosis 
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Diabetes mellitus (DM) is a global health problem linked to multisystem complications. This study investigated the 

effects of pyridoxine and folic acid on cardiometabolic parameters, oxidative stress, and immunohistochemical 

changes in the pancreas and heart of rats with STZ-induced DM. 

The four-week experimental protocol included nine groups of rats receiving intraperitoneal treatments: C1 (1x saline, 

1 ml/kg); C2 (28x saline, 1ml/kg); DM (1x STZ, 100mg/kg); P (28x pyridoxine 7mg/kg); DM+P (1x STZ, 100mg/kg, 

28x pyridoxine 7mg/kg); FA (28x folic acid 5mg/kg); DM+FA (1x STZ, 100mg/kg, 28x folic acid 5mg/kg); P+FA 

(28x pyridoxine 7mg/kg, 28x folic acid 5mg/kg); DM+P+FA (1x STZ, 100mg/kg, 28x pyridoxine 7mg/kg, 28x folic 

acid 5mg/kg). 

Folic acid administration demonstrated strong antidiabetogenic effect. It significantly reduced glycaemia in diabetic 

rats, whereas pyridoxine and pyridoxine and folic acid combination did not influenced it. DM also induced elevations 

in serum aspartate and alanine aminotransferase, and alkaline phosphatase activities. Vitamins administration 

reduced these activities in healthy and diabetic rats. The elevated α-amylase activity in diabetic subjects was 

attenuated by treatment with pyridoxine and the combination treatment. In cardiac tissue, DM significantly elevated 

superoxide dismutase (SOD) and catalase activities. Pyridoxine reduced catalase activity in both healthy and diabetic 

rats, without altering SOD. Folic acid decreased both enzyme activities in diabetic rats only. Combined treatment 

decreased both SOD and catalase activities in diabetic rats and reduced catalase in healthy rats. 

Immunohistochemistry revealed that DM reduced insulin-positive pancreatic islets and proliferating cell nuclear 

antigen (PCNA)-positive cardiomyocytes. Combined administration of pyridoxine and folic acid restored PCNA 

expression in the left ventricle, suggesting enhanced cellular regeneration. 

In summary, both individual and combined pyridoxine and folic acid administration improved biochemical, 

oxidative, and immunohistochemical parameters in diabetic rats. These results highlight their potential as adjuncts 

to standard DM treatment, warranting further research into underlying mechanisms and clinical relevance. 
 

 

 

 

 

 

  



LABORATORY INVESTIGATIONS SUPPORTING THE DIAGNOSIS OF LYME BORRELIOSIS – A 

PRACTICAL REVIEW 

 

András P. Bózsik, MSc, biophysicist, laboratory expert 

 

Cardiac symptoms occur in a smaller proportion of Lyme disease patients, affecting approximately 30-40% of 

individuals, although those affected may face a high level of risk. Many experts emphasize that Lyme borreliosis is 

primarily diagnosed based on clinical evaluation, with laboratory tests serving a complementary role, mainly to 

confirm specific aspects of the disease. 

 

Despite the demonstrated presence of Borrelia in various patient tissues, direct detection methods have seen limited 

success. Cultivation techniques are time-consuming, while PCR and full genome sequencing often fail to identify 

all genetic variants of the bacteria. Microscopy methods, such as confocal microscopy, are typically impractical for 

routine use, and dark-field microscopy has occasionally been linked to inaccurate results, highlighting the necessity 

for users to possess a high level of expertise. 

 

Indirect testing methods, which rely on assessing the immune response—such as ELISA, blot techniques, and T-

cell response—offer valuable insights into the patient's condition. However, these tests often lack diagnostic 

accuracy across all stages of the disease. The clinical utility of laboratory tests can sometimes differ from 

published data, particularly when clinical trials selectively include only seropositive patients in the positive testing 

cohorts. 

 

This presentation enhances the understanding of the most common tests used to diagnose Lyme disease, detailing 

their methodologies and providing guidance on how to interpret their results. This knowledge is essential for 

improving diagnostic accuracy and optimizing patient management. 
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Introduction:  Low-Grade Chronic Inflammation (LCGI) is chronic, systemic, and low-level inflammatory state, 

often asymptomatic but biologically active. Elevated levels of C-reactive protein (CRP), particularly hsCRP, Serum 

Amyloid A (SAA), Fibrinogen, Mean Platelat Volume (MVP, interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-

α), IL-1B, Lipoprotein (a) and even low Vitamin D are markers of LCGI.  The systemic pro-inflammatory cytokines 

cross the blood-brain barrier leading to microglial activation and neurodegeneration through amyloid-beta deposition 

and tau hyperphosphorylation.  The most common causes of LCGI are: Obesity, Aging ("inflammaging"), Sedentary 

lifestyle, Chronic infections, Poor diet (e.g., high sugar, processed foods), Stress and poor sleep. LCGI can affect 

brain and heart axis, contributing to: Autonomic nervous system dysregulation (e.g., increased sympathetic tone), 

Heart rate variability, Neurogenic arrhythmias and exacerbation of heart failure or stress cardiomyopathy, Atrial 

Fibrillation, Heart Failure with Preserved Ejection Fraction (HFpEF).Neuroinflammation may contribute to: 

Increased cardiovascular risk via the hypothalamic-pituitary-adrenal (HPA) axis, Stress-induced heart like Takotsubo 

cardiomyopathy, Depression and anxiety, which in turn worsen cardiovascular outcomes. It has become scientifically 

proven the role of LCGI in heart-brain interactions, Vascular Cognitive impairment, Dementia, Alzheimer's, Heart 

Failure, Neurocardiogenic syncope or Autonomic dysfunction, Endothelial dysfunction, Mytochondrial dysfunction, 

Oxidative stress, and neurohumoral activation. Autonomic dysregulation occurs via hypothalamus and insula causing 

increases in sympathetic tone. Arterial Hypertension associated LCGI promote small vessel disease and white matter 

disease. In heart failure there is cerebral hypoperfusion that worsen neuroinflammatory cascades. 

Objective: The aim of this paper is to emphasize the importance of LCGI in cardiovascular and neurovascular 

disorders. 

Material and Method: Evidence based review of scientific databases for LCGI and expert oppinion including own 

in a case series reports. 

Results: Therapy of LCGI with anti-inflammatory medications in our case reports provided benefit in lowering pro-

inflammatory markers and in a stabilization of clinically manifested disorders. 

Conclusion: LCGI plays important role in pathophysiology of early and advanced morbidity and mortality in 

cardiovascular and neurovascular diseases. The early identification of LCGI state and appropriate anti-inflammatory 

therapy is necessary to prevent future serious complications. 

 
 

 

  



THE HEART UNDER ANESTHESIA: MECHANISMS AND CLINICAL SIGNIFICANCE OF 

ANESTHETIC CARDIOTOXICITY 

 

Marko Djuric1,2, Irina Nenadic1,2 

1Clinic for Anesthesiology and Intensive Care, University Clinical Hospital Center "Dr Dragisa Misovic-Dedinje", 

Belgrade, 2Department of Anesthesiology, Reanimatology and Intensive Care, Faculty of Medicine, University of 

Belgrade, Belgrade 

Modern anesthetics are integral to surgical and intensive care practices, yet their cardiovascular safety profiles 

warrant continuous scrutiny. This presentation explores the cardiotoxic potential of intravenous and inhalation 

anesthetics, with particular emphasis on their effects on hemodynamic stability and mitochondrial function. 

Intravenous agents such as propofol and ketamine exhibit opposing cardiovascular profiles-propofol is associated 

with hypotension, myocardial depression, and rare but fatal propofol infusion syndrome, largely linked to 

mitochondrial toxicity, while ketamine's sympathomimetic action raises concerns in patients with cardiovascular 

disease. Inhalation agents including sevoflurane, isoflurane, and desflurane demonstrate variable impacts on 

cardiac contractility, oxidative stress, and inflammatory pathways. Although some volatile anesthetics exhibit 

cardioprotective effects, evidence also suggests genotoxicity, mitochondrial suppression, and dysregulation of ion 

channels. These findings underscore the importance of individualized anesthetic planning and the need for further 

translational research to mitigate cardiovascular risks associated with general anesthetics. 

 

 

 

 

 

 

 

 

 

 

 

  



NEW THERAPEUTIC STRATEGIES IN CARDIORENAL SYNDROME 

 

Authors: Anastasia Djordjic1, Jelisaveta Vuletic1, Emilija Taborovic1, Milica Milosevic1, Maja Milosevic Nale1, 

Bojan Milovanovic1, Ivana Petrovic1,3, Petar Otasevic1,2, Milovan Bojic1,3 

 

1 Depratment of Cardiology, Institute for cardiovascular diseases ,,Dedinje” 
2 University of Belgrade, Faculty of Medicine 
3 University of Banja Luka, Faculty of Medicine 

 

Cardiorenal syndrome (CRS) represents a spectrum of disorders in which acute or chronic dysfunction in the heart 

or kidneys participates to dysfunction of the other organ. Among its five subtypes, type 1 CRS in which acute heart 

failure (AHF) leading to acute kidney injury (AKI) is the most prevalent and clinically relevant because of its high 

mortality rates. 

Loop diuretics have a central role of decongestive therapy in AHF, but their use is associated with neurohormonal 

activation and hemodynamics alterations that can exacerbate kidney injury. While various dosing strategies have 

been explored, diuretic resistance and worsening renal function remains big challenge for clinicians. 

Neurohormonal pathway has been modulated using ACE inhibitors and angiotensin II receptor blockers (ARB), 

but their use is also often limited by concerns over declining glomerular filtration rates.  

Recent therapeutic drugs offer promising results for improved outcomes in CRS. Sоdium-glucose cotransporter-2 

inhibitors (SGLT2i) have shown cardiorenal protection through tubulo-glomerular feedback, natriuresis, and anti-

inflammatory effects. 

While steroidal mineralocorticoid receptor antagonists (MRAs) like spironolactone provide mortality benefit in 

heart failure patients, but their use is limited because an increased risk of hyperkalemia. New agent, non-steroidal 

MRA, finerenone, has shown superior efficacy, as demonstrated in the FIDELITY pooled analysis, with a 

significant reduction in the composite of heart failure hospitalization or kidney disease progression in patients with 

type 2 diabetes and chronic kidney disease. 

Broader RAAS inhibition is limited by hyperkalemia. Novel therapeutic strategies, potassium binders, patiromer, 

and sodium zirconium cyclosilicate are further being investigated. Early identification of CRS and early initiation 

of appropriate therapies are crucial in slowing disease progression. Given the complexity and bidirectional nature, 

a multidisciplinary approach is needed for optimal management of CRS. 

Keywords: cardiorenal syndrome, heart failure, chronic kindey disease, neurohormonal activation 
 

 

 

 

 

 

 

 

 

 

 

  



PROGNOSTIC SIGNIFICANCE OF THE VALSALVA MANEUVER AND ORTHOSTATIC 

HYPOTENSION IN POST-MYOCARDIAL INFARCTION PATIENTS: A CARDIOVASCULAR 

REFLEX TEST-BASED ASSESSMENT 

 

Markovic N1, Vucurevic B1, Milacic A1, Arnatuovic N1, Balint V1, Milosevic M1, Vuletic J1, Bojic M1,2, 

Milovanovic B1,2 

 

Affiliations: 

¹ Institute for Cardiovascular Diseases „Dedinje“, Belgrade, Serbia 

² School of Medicine, University of Belgrade, Belgrade, Serbia 

 

Background: Autonomic nervous system (ANS) dysfunction plays a key role in post-myocardial infarction (MI) 

prognosis. This study aimed to evaluate the utility of cardiovascular autonomic reflex tests (CARTs), particularly 

the Valsalva maneuver (VM) and orthostatic hypotension (OH), in predicting long-term outcomes in patients 

treated conservatively or with fibrinolytic therapy following MI. 

Methods: We retrospectively analyzed 225 patients hospitalized for acute MI between 2003–2013. CARTs were 

performed on day 7 post-admission, including VM, heart rate responses to deep breathing and standing, handgrip 

test, and OH assessment. Patients were followed for a median of 45 months. Primary outcomes were overall 

mortality, cardiovascular (CV) and non-CV mortality, and recurrent MI. Multivariable Cox regression identified 

independent predictors. 

Results: Abnormal VM was present in 62.7% and OH in 3.1% of patients. Abnormal VM independently predicted 

both overall (HR 2.99; p < .01) and CV mortality (HR 8.36; p < .01). OH was associated with increased non-CV 

mortality (HR 6.07; p < .01) and recurrence of MI (HR 4.11; p < .01). Atrial fibrillation and anterior MI 

localization also emerged as strong predictors. Other CART components did not significantly predict outcomes. 

Conclusion: In post-MI patients treated without primary PCI, the Valsalva maneuver and orthostatic hypotension 

tests independently predicted adverse outcomes and offer practical, low-resource tools for risk stratification. These 

findings support selective use of CARTs, focusing on VM and OH, in post-MI prognostic assessment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CLIMATE CHANGES AND NEUROCARDIOLOGY INTERACTIONS 

 

/Duska Glavas, University Hospital Split, Clinic for cardiovascular diseases/ 

 

Climate changes is one of the most important problems in the world. 

 

The main aim of this presentation is to investigate some climate changes and neurocardiology interactions. 

 

On certain days during the year, at University Hospital Split, we recorded a significantly higher number of  

admissions of patients with cardiovascular (CV) diseases, in relationship with weather changes. 

The evidence suggests that the incidence, prevalence and severity of many nervous system condition (eg.stroke, 

neurological interaction, and some mental health disorders) could be affected by climate change (1). 

There is a growing evidence that ambient temperature is associated with an increased risk of adverse CV events (2). 

Several environmental stressors are associated with increases CV diseases, as evidence of myocardial infarction. 

 

Urgent action is needed to mitigate climate change-associated neurocardiology risks (particularly in vulnerable 

population). 

 

  



THE MECHANICAL HYPOTHESIS FOR ME/CFS 

Timon Zupanc 

 

Abstract 

Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) is a debilitating neurological condition 

characterized by post-exertional malaise, cognitive dysfunction, and multi-system symptoms. Despite decades of 

research, the underlying pathophysiology remains elusive. Recent evidence suggests a significant overlap between 

ME/CFS, connective tissue disorders, and structural abnormalities affecting the central nervous system. 

The mechanical hypothesis for ME/CFS proposes that connective tissue abnormalities (particularly Ehlers-Danlos 

Syndrome (EDS)) and structural instability are central to the pathophysiology of ME/CFS. Abnormalities in 

collagen structure and function, commonly seen in EDS patients, compromise the integrity of ligamentous 

structures supporting the craniocervical junction. This leads to increased mobility and mechanical stress on critical 

neurological structures, including the brainstem and upper spinal cord. The resulting deformative stress disrupts 

normal neural signaling, triggers neuroinflammatory cascades, and impairs essential homeostatic functions. The 

mechanical hypothesis suggests that structural instability initiates a cascade involving: (1) direct mechanical 

compression of brainstem structures, (2) disrupted cerebrospinal fluid dynamics leading to intracranial 

hypertension, (3) compromised blood-brain barrier integrity facilitating neuroinflammation, (4) impaired 

neurovascular coupling affecting cerebral blood flow, and (5) autonomic dysfunction secondary to brainstem 

compression. 

This offers a novel framework for understanding ME/CFS pathophysiology in a significant patient subgroup and 

may serve as a unifying pathophysiological mechanism explaining the heterogeneous symptom presentation in 

ME/CFS. By integrating mechanobiological principles, this hypothesis provides a foundation for developing new 

diagnostic approaches and therapeutic interventions. 

Keywords: Myalgic Encephalomyelitis, Chronic Fatigue Syndrome, Craniocervical Instability, Ehlers-Danlos 

Syndrome, Connective Tissue Disorders 

  



CARDIAC INVOLVEMENT IN DUCHENNE AND BECKER MUSCULAR DYSTROPHIES: 

DIAGNOSIS AND MANAGEMENT 
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Summary 

Duchenne (DMD) and Becker muscular dystrophy (BMD) are X-linked recessive neuromuscular disorders 

caused by mutations in the DMD gene, leading to absent or reduced production of dystrophin, a key structural protein 

in skeletal and cardiac muscle. DMD typically presents in early childhood with rapid progression, while BMD has a 

later onset and a milder course. Despite differences in severity, both forms are associated with significant cardiac 

involvement, which is a major cause of morbidity and mortality, especially as respiratory care improves longevity. 

Cardiac manifestations primarily involve progressive dilated cardiomyopathy (DCM) and arrhythmias. 

Dystrophin deficiency weakens cardiomyocyte membranes, triggering inflammation, fibrosis, and cell death. In 

DMD, nearly all patients show cardiac abnormalities by age 18, often before overt symptoms appear. BMD patients 

may even present with isolated cardiomyopathy prior to skeletal muscle symptoms. Clinical signs are frequently 

absent in early stages, but when present, may include exercise intolerance, fatigue, dyspnea, palpitations, and, in rare 

cases, sudden cardiac death. 

Given the often asymptomatic progression, early and regular screening is critical. The diagnostic approach 

begins with electrocardiography (ECG), which may show sinus tachycardia, deep Q waves, or conduction 

abnormalities. Echocardiography evaluates systolic function and ventricular size but may not detect early fibrosis. 

Cardiac magnetic resonance imaging (CMR) is the gold standard, as it sensitively detects myocardial fibrosis through 

late gadolinium enhancement (LGE) before changes appear on echocardiography. Holter monitoring or 24-hour ECG 

may be necessary in symptomatic patients or those with known fibrosis, especially in BMD. Biomarkers like NT-

proBNP and troponin may be elevated, but they lack specificity. 

Management focuses on early initiation of cardioprotective therapy, often before clinical symptoms develop. 

ACE inhibitors (e.g., enalapril) or angiotensin receptor blockers (ARBs) are usually started based on imaging 

findings or age-related risk. Beta-blockers (e.g., carvedilol) are added to manage systolic dysfunction or arrhythmias. 

Mineralocorticoid receptor antagonists (e.g., eplerenone or spironolactone) offer added benefit by reducing 

myocardial fibrosis. Diuretics may be used for symptom control in heart failure. Antiarrhythmic therapy or 

implantable cardioverter-defibrillators (ICDs) are considered in patients with reduced ejection fraction or significant 

arrhythmias. 

In selected patients with electrical dyssynchrony and reduced function, cardiac resynchronization therapy 

(CRT) may be considered. Although rare, heart transplantation may be an option for end-stage heart failure in well-

selected patients with preserved respiratory and systemic function. Corticosteroids such as prednisone or deflazacort, 

commonly used to slow skeletal muscle degeneration, may also provide cardiac protection. 

Monitoring is age- and diagnosis-dependent. In DMD, cardiac evaluations should begin between ages 6 and 

10, or at diagnosis, and be repeated annually. In BMD, screening should start at diagnosis regardless of age and be 

repeated every 1–2 years. CMR should be performed every two years, or more frequently if there is evidence of 

dysfunction. Female carriers of DMD/BMD mutations, who may develop cardiomyopathy themselves, should 

undergo cardiac screening every 3–5 years starting in early adulthood. 

A multidisciplinary approach is essential for optimal care, involving neurologists, cardiologists, 

pulmonologists, geneticists, and rehabilitation specialists. As gene therapy and disease-modifying treatments evolve, 

maintaining cardiac health remains a cornerstone in prolonging life expectancy and improving quality of life for 

individuals with Duchenne or Becker muscular dystrophy. 

Key words: Duchenne muscular dystrophy – Beckr muscular dystrophy – Cardiac Involement 

 

 

 

 

 



APPLICATION OF A NEW SOFTWARE OF ELECTROCARDIOGRAPHIC SIGNAL ANALYSIS 

(SATRO ECG)  TO ASSESS ISCHEMIC HEART DISEASE 

 

There is a great need for early diagnosis of ischemic heart disease (IHD). Despite the fact that the standard, rest 

electrocardiogram  (R-ECG)   is commonly used in diagnosis of IHD , it has a limited diagnostic value. In order to 

increase the diagnostic effectiveness of ECG , the SATRO ECG software, based on the single fibers heart activity 

model (SFHAM), was used   

as a diagnostic tool. The results of the SATRO ECG analysis contain information regarding the parameters of 

partial potentials appearing on the surface of the chest during the depolarization of individual areas of the 

myocardium. The coordinates (X, Y,Z), calculated from the standard ECG signal (in particular from the QRS 

complex) are shown in Figure 1. 

We performed comparative retrospective analysis  of SATRO-ECG results and R-ECG results with exercise 

perfusion scintigraphy ( single-photon emission computed tomography - SPECT method)  results (  316 patients 

:219 men and 97 women, aged 30 – 80 years, mean 57 ± 10 years) and results of  coronary angiography 

examination  (115 patients :  69 men and 46 women, aged 30–91, mean age 67 ± 11). 

Results 

1.The diagnostic efficacy of  ECG-R in predicting of 

-   significant perfusion abnormalities in the exercise-induced SPECT  study: sensitivity 30 %; specificity 71%;  

positive 65%, and negative, 36%, predictive values. The Kappa–Cohen coefficient was 0.376, and the statistical 

significance coefficient was p < 0.019 (Compatibility – NO) . 

- significant stenosis ( >75%) of at least one major coronary artery: sensitivity, 37%; specificity, 96%;; and 

positive, 97%, and negative, 24%, predictive values. The Kappa–Cohen coefficient was 0,153, and the statistical 

significance coefficient was p < 0.002(Compatibility – NO) 

2.The diagnostic efficacy of  SATRO ECG  in predicting of 

- significant perfusion abnormalities in the exercise-induced SPECT  study: sensitivity, 99%; specificity, 91%;  

positive 96%, and negative, 97%, predictive values. The Kappa–Cohen coefficient was 0.92, and the statistical 

significance coefficient was p < 0.001(Compatibility – YES) .  

- significant stenosis ( >75%) of at least one major coronary artery: sensitivity, 98%; specificity, 95%; 

concordance, 98%; and positive, 98%, and negative, 95%, predictive values. The Kappa–Cohen coefficient was 

0.94, and the statistical significance coefficient was p < 0.001(Compatibility – YES) . 

In conclusion: application of a new software of electrocardiographic signal analysis (SATRO ECG) significantly 

improves diagnostic efficiency of ischemic heart  disease compared to standard ECG. This is a preliminary study. 

Prospective multicenter studies in various patient populations are necessary. 
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