Detection of Alterations in Myocardial Strain and Subclinical Left Ventricular Dysfunction in Pediatric Patients with Epilepsy Using Speckle Tracking Echocardiography: A Systematic Review
Abstract
Epilepsy is among the most common neurological disorders in childhood and has been increasingly associated with cardiovascular dysfunction. Speckle tracking echocardiography (STE) has emerged as a sensitive imaging modality capable of detecting latent left ventricular impairment before overt cardiac disease develops. This systematic review synthesized the available evidence regarding myocardial strain alterations and subclinical left ventricular dysfunction in pediatric patients with epilepsy assessed by STE. Following PRISMA 2020 standards, comprehensive searches were conducted in PubMed, Scopus, and Web of Science for studies including children with epilepsy evaluated by STE, regardless of control group inclusion. Data on conventional echocardiographic indices and myocardial strain parameters were systematically extracted and analyzed. Fifteen studies met the eligibility criteria. Conventional echocardiographic parameters were consistently normal across all reports, whereas STE uniformly demonstrated reduced global longitudinal strain and apical strain among epileptic cohorts. The degree of strain reduction correlated with epilepsy duration, seizure control, and exposure to antiseizure medications, while tissue Doppler imaging revealed concomitant abnormalities in early systolic and diastolic function. These findings indicate the presence of subclinical left ventricular dysfunction in pediatric epilepsy, detectable only through STE. This technique provides a sensitive and reproducible method for identifying early myocardial impairment, supporting its potential role in risk stratification, longitudinal monitoring, and prevention of future cardiovascular complications in this population.
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Introduction
Epilepsy constitutes a persistent disorder of the central nervous system characterized by an inherent susceptibility to recurrent, spontaneous seizure activity, frequently accompanied by cognitive, psychosocial, and behavioral comorbidities. Seizures originate from aberrant, hypersynchronous neuronal discharges and are categorized as focal, generalized, or of indeterminate onset according to clinical manifestations, electroencephalographic findings, and neuroimaging correlations ⁽¹⁾.
Epidemiology and Etiology
Epilepsy is among the prevalent neurological conditions globally, affecting approximately 65 million individuals, including an estimated 51.7 million with active disease as of 2021. Lifetime seizure occurrence approaches 10 %, with peak incidence observed during early childhood and advanced age. Rates are disproportionately higher in low- and middle-income regions owing to increased exposure to precipitating factors and insufficient diagnostic resources ⁽²⁾. Etiologies encompass diverse genetic, structural, infectious, autoimmune, and metabolic origins. More than 500 genes have been implicated to date, with causative patterns varying by developmental stage. Febrile seizures predominate in early childhood, whereas structural substrates like cortical malformations, neoplasms, hippocampal sclerosis, or perinatal hypoxic–ischemic injury are more frequent during later childhood and adolescence ⁽³–⁴⁾.
Risk Factors and Mortality
Recognized pediatric risk determinants include prematurity, neonatal intensive care admission, heredity, perinatal adversity, gestational tobacco or alcohol exposure, and antecedent febrile convulsions. Mortality is markedly increased, ranging from two- to four-fold above population norms and rising to ten-fold in specific pediatric subgroups, with sudden unexpected death in epilepsy (SUDEP) constituting the principal epilepsy-related cause of death, and an estimated incidence of 1–2/ 10 000 pediatric patients annually ⁽⁵–⁶⁾.

Pathophysiology 
Seizure generation reflects perturbation of the physiological equilibrium between neuronal excitation and inhibition, commonly involving impaired γ-aminobutyric acid (GABA)-mediated inhibitory signaling or exaggerated glutamatergic transmission through NMDA and AMPA receptor pathways. Pro-inflammatory cytokines like interleukin-1β have been implicated in seizure threshold reduction, particularly in febrile contexts, while viral agents including human herpesvirus-6 and rubivirus have been proposed as contributory triggers in childhood ⁽⁷–⁸⁾.
Clinical Features 
Seizure manifestations are contingent upon cortical origin and developmental maturation. Temporal lobe epilepsy often presents with experiential auras—like déjà vu, visceral rising sensations, or olfactory hallucinations—progressing to automatisms and postictal disorientation. Frontal lobe seizures are typically brief, predominantly nocturnal, and motor-predominant with rapid recovery. Occipital onset produces elementary visual disturbances, whereas parietal involvement may elicit somatosensory auras, and younger children tend to exhibit less elaborate focal behaviors compared with older pediatric or adult populations ⁽⁹–¹⁰⁾.
Diagnosis 
Diagnosis is primarily clinical, requiring ≥2 unprovoked seizures >24 hours apart or one seizure with high recurrence risk. History and eyewitness accounts remain central, with mobile video recordings improving accuracy in low-resource settings. EEG helps classify seizure type and predict recurrence, but sensitivity is limited. MRI is the gold standard for lesion detection, identifying abnormalities in 14–35% of new-onset seizures, whereas CT remains useful in emergency presentations but may miss subtle epileptogenic lesions. Laboratory and autoimmune antibody testing are indicated in select cases ⁽¹¹–¹²⁾.
Management 
Management goals are to maximize seizure control, minimize drug side effects, and maintain quality of life. First-line therapy is pharmacological, with >20 anti-seizure drugs (ASDs) available. Most patients achieve control with monotherapy, but 20–35% develop drug-resistant epilepsy, and after failure of two ASDs, chances of seizure freedom fall below 5%, warranting referral for epilepsy surgery evaluation ⁽¹³–¹⁴⁾. Surgical resection is the most effective therapy for medically intractable epilepsy, including in children <3 years old, where it can be performed with acceptable morbidity. Neurostimulation and ketogenic diet are alternatives in non-surgical candidates. In emergencies like status epilepticus, benzodiazepines remain first-line, followed by phenytoin or phenobarbital if refractory ⁽¹⁵⁾.
Epilepsy  and cardiovascular disease (CVD)
Epilepsy carries an increased risk of cardiovascular morbidity and mortality beyond seizure-related causes, with a lifetime prevalence of nearly 7.6/1000 persons, and people with epilepsy (PWE) experience 2–4 times higher mortality compared to the general population, with cardiovascular disease accounting for up to one-quarter of deaths. The concept of the “epileptic heart” describes myocardial and vascular damage due to recurrent catecholaminergic surges and hypoxemia associated with seizures, leading to electrical and mechanical dysfunction, arrhythmias, and sudden cardiac death. Epidemiological investigations confirm increased risk of ischemic heart disease, myocardial infarction, heart failure, atrial fibrillation, and ventricular arrhythmias in PWE, with cardiac mortality potentially more frequent than SUDEP alone, and seizures accelerating structural and electrical remodeling of the myocardium, including interstitial fibrosis, increased stiffness, and diastolic dysfunction. Some antiseizure medications (ASMs), particularly sodium channel blockers (e.g., carbamazepine, phenytoin, lamotrigine), may further contribute to arrhythmic risk and atherosclerosis, producing a “double hit” of cardiac toxicity. Thus, epilepsy and CVD are linked bidirectionally: seizures promote cardiovascular dysfunction, while cerebrovascular disease is a leading cause of adult-onset epilepsy, highlighting the importance of cardiovascular surveillance in PWE, especially in children with long disease duration and polytherapy exposure ⁽¹⁶–¹⁸⁾.
Speckle Tracking Echocardiography (STE) in Pediatrics
STE has emerged as a sensitive echocardiographic technique for detecting subclinical myocardial dysfunction before changes in conventional parameters like ejection fraction. By tracking myocardial “speckles” across the cardiac cycle, it quantifies deformation (strain), including global longitudinal strain (GLS), circumferential, radial, and rotational mechanics, independent of Doppler angle limitations ⁽¹⁹⁾.
Technical and validation considerations
Two-dimensional STE (2D-STE) is now widely used due to its reproducibility compared to tissue Doppler–based strain, though differences exist between vendor algorithms. Optimal frame rates (50–90 Hz) are essential for accurate analysis, and pediatric reference ranges have been established, with normal GLS around −20%, though values vary by age and body surface area ⁽²⁰–²¹⁾.
Clinical Applications in Children
STE has demonstrated utility in diverse pediatric populations with preserved EF but subclinical dysfunction. Reduced GLS has been identified in children with Duchenne muscular dystrophy, anthracycline-treated cancer survivors, systemic lupus erythematosus, chronic kidney disease, cystic fibrosis, and post–cardiac transplantation. In congenital heart disease, GLS provides incremental value for ventricular function assessment, including repaired Tetralogy of Fallot and coarctation of the aorta. Neonatal STE investigations have primarily focused on right ventricular function, though these remain limited ⁽²²–²⁴⁾.
Relevance to Epilepsy
Given the established cardiovascular vulnerability in PWE, STE provides a non-invasive, sensitive tool to detect subclinical left ventricular dysfunction. Early recognition of myocardial strain abnormalities may improve risk stratification, guide therapeutic interventions, and potentially identify children at greater risk for adverse cardiovascular events or SUDEP ⁽²⁴⁾.
Methods
This systematic review was conducted in accordance with the PRISMA 2020 guidelines to ensure methodological rigor and transparency. Investigations were selected based on predefined PICO criteria. The population of interest comprised pediatric patients diagnosed with epilepsy, regardless of epilepsy type or duration. The index test was STE, including parameters like GLS, apical strain indices, and other deformation measurements. Comparisons were made with healthy age- and sex-matched children or with normative pediatric echocardiographic data. Eligible outcomes included detection of alterations in myocardial strain, identification of subclinical left ventricular dysfunction, and associations with epilepsy-related variables like disease duration, seizure control, or use of antiepileptic drugs. Only peer-reviewed observational studies, clinical trials, or systematic reviews published in English between January 2015 and May 2025 were included, while case reports, abstracts, and non-peer-reviewed publications were excluded.
A comprehensive literature search was performed in PubMed, Scopus, and Web of Science. The search strategy combined terms related to epilepsy, pediatric populations, and echocardiographic strain imaging, including “epilepsy,” “pediatric,” “echocardiography,” “speckle tracking,” and “strain.” To ensure completeness, the reference lists of all included articles and relevant reviews were manually screened for additional investigations that might have been missed during the initial search.
All retrieved records were imported into EndNote X9, and duplicate entries were removed. Two reviewers independently screened titles and abstracts to determine eligibility, and the full texts of potentially relevant papers were retrieved for detailed evaluation against the inclusion criteria. Any disagreements were resolved by discussion, with the involvement of a third reviewer when necessary. Data from the included investigations were extracted using a standardized form, which collected information on study design, setting, sample size, patient demographics, clinical characteristics of epilepsy, echocardiographic methodology, strain indices assessed, and the main findings. Data entries were cross-checked by two reviewers to ensure accuracy and completeness.
The methodological quality of the included investigations was appraised using the Newcastle–Ottawa Scale (NOS), which evaluates observational investigations across the domains of participant selection, comparability of study groups, and outcome assessment. Investigations were classified as high quality if they scored seven or more points, moderate quality if they scored between five and six points, and low quality if they scored below five points.
Because of the heterogeneity in study designs, patient populations, echocardiographic protocols, and reported outcome measures, it was not feasible to conduct a meta-analysis. Therefore, the evidence was synthesized narratively, focusing on differences in GLS and apical strain values between children with epilepsy and healthy controls, and on the associations of strain abnormalities with clinical factors like duration of epilepsy, seizure control, and antiepileptic drug therapy.
The initial search identified 206 records. After removing 53 duplicates, a total of 141 records underwent title and abstract screening. Of these, 78 investigations were excluded for irrelevance or failure to meet the eligibility criteria. Full-text review was performed for 63 articles, and 48 were excluded because of reasons like non-English language, absence of echocardiographic strain analysis, incorrect study population, or insufficient methodological details. Ultimately, 15 investigations met all inclusion criteria and were included in the final synthesis. The process of study selection is presented in the PRISMA 2020 flow diagram, which outlines identification, screening, eligibility assessment, and reasons for exclusion (Table 1, Figure 1).
Data Analysis
[bookmark: _GoBack]Owing to methodological heterogeneity among included studies, such as variations in design, sample size, echocardiographic software, and strain parameters, a quantitative meta-analysis was not feasible. Data were therefore analyzed descriptively and synthesized narratively to identify consistent patterns of myocardial strain abnormalities and their associations with epilepsy-related variables including disease duration, seizure control, and antiepileptic drug exposure.
𝐑𝐞𝐬𝐮𝐥𝐭𝐬
A total of 206 records were retrieved through systematic searches across PubMed, Scopus, and Web of Science. After removing 53 duplicates, 141 unique articles were screened by title and abstract. Seventy-eight investigations were excluded due to irrelevance or failure to meet inclusion criteria. The remaining 63 full-text articles underwent detailed assessment, resulting in exclusion of 48 investigations due to incorrect population, insufficient UAD data, non-English language, or methodological limitations. Fifteen investigations met all eligibility criteria and were included in the final synthesis. The selection process is illustrated in the PRISMA flow diagram (Table 1, Figure 1).
The 15 included investigations had sample sizes ranging from fewer than 30 to over 150 participants. Most enrolled pediatric patients with epilepsy and compared echocardiographic findings to age- and sex-matched controls. A smaller subset stratified participants by seizure control, disease duration, or number of ASMs. Across all studies, conventional echocardiographic indices like LVEF and FS were largely preserved, whereas abnormalities were consistently observed when myocardial deformation was assessed using STE.
GLS was the most frequently reported parameter, with nearly all investigations demonstrating significant reductions in children with epilepsy compared to controls. The magnitude of impairment varied but was consistently 2–5% lower in epilepsy groups. Importantly, these changes were detected despite normal LVEF, highlighting GLS as a sensitive marker of subclinical myocardial dysfunction. GLS impairment was often more pronounced in patients with longer disease duration or poor seizure control, suggesting a cumulative effect of chronic epileptic activity on myocardial function.
Beyond global strain, apical two-, three-, and four-chamber views were analyzed, showing significantly lower strain in children with epilepsy. Apical four-chamber strain was the most consistently reduced, frequently demonstrating a 4–6% decrease relative to controls. These segmental alterations indicate regional myocardial involvement and demonstrate the ability of STE to detect early functional changes not apparent on conventional imaging.
A subset of investigations incorporated TDI alongside strain analysis, showing reduced systolic (S′) and early diastolic (E′) velocities, prolonged IVCT and IVRT, and elevated MPI in epilepsy cohorts. These findings indicated combined subclinical systolic and diastolic dysfunction. GLS correlated strongly with S′ velocities, suggesting both measures detect early myocardial impairment, with GLS offering superior sensitivity.
Several investigations examined relationships between myocardial strain and clinical features of epilepsy. Longer disease duration, shorter seizure-free intervals, and polytherapy with multiple ASMs were associated with more impaired GLS. Multivariate analyses identified the number of ASMs as an independent predictor of strain impairment, while seizure frequency and resistance to therapy were also contributory, suggesting that both disease severity and treatment burden influence myocardial function.
Some investigations compared findings with STE data from pediatric patients with other chronic diseases. Similar patterns of subclinical LV dysfunction were observed in Duchenne muscular dystrophy, anthracycline-treated cancer survivors, and systemic inflammatory conditions, reinforcing STE’s sensitivity across pediatric populations and its utility in epilepsy monitoring.
Overall, children with epilepsy exhibited significant impairments in myocardial strain despite preserved conventional echocardiographic indices. GLS and apical view strains emerged as the most sensitive markers of subclinical LV dysfunction. Associations with disease duration, seizure control, and ASM polytherapy suggest a cumulative effect of chronic epilepsy and treatment on myocardial function. Although heterogeneity in study design and strain protocols limited quantitative pooling, the synthesis consistently demonstrates early cardiac dysfunction in pediatric epilepsy populations.
Discussion
This systematic review integrated data on the application of STE to assess myocardial strain and subclinical LV dysfunction in pediatric epilepsy. Across included studies, children with epilepsy consistently exhibited reductions in both global and segmental myocardial strain, despite preservation of conventional echocardiographic indices like LVEF. These findings indicate that STE provides a highly sensitive method for detecting early cardiac alterations in this population.
Reductions in GLS among children with epilepsy align with the concept of the “epileptic heart,” which proposes that repetitive seizures, chronic hypoxemia, autonomic surges, and inflammatory responses collectively contribute to myocardial injury and remodeling. GLS values were typically 2–5% lower than controls, indicating reproducible subclinical LV impairment. Notably, these alterations were frequently observed in seizure-free children or those with normal LVEF, demonstrating the limitations of conventional echocardiography in capturing early myocardial involvement.
The underlying pathophysiology likely involves multiple interacting mechanisms. Recurrent catecholaminergic surges during seizures impose repetitive myocardial stress, while hypoxemia and oxidative injury promote structural remodeling. Histopathological investigations in experimental models of epilepsy report contraction-band necrosis, interstitial fibrosis, and disrupted calcium handling, all of which correspond with impaired myocardial deformation. In addition, ASMs may contribute to cardiovascular vulnerability through metabolic alterations or direct electrophysiological effects, particularly sodium-channel blockers that increase arrhythmic susceptibility. Consequently, epilepsy itself, disease chronicity, and ASM exposure may converge to generate the observed subclinical LV dysfunction.
Several investigations reported more severe strain abnormalities in children with prolonged epilepsy duration, drug-resistant epilepsy, or polytherapy. These findings suggest that myocardial impairment in epilepsy may progress in a dose-dependent manner relative to cumulative disease burden. In other pediatric cohorts, including Duchenne muscular dystrophy and cancer survivors, reductions in GLS and segmental strain frequently precede overt HF and are predictive of adverse cardiovascular outcomes. Although longitudinal prognostic data are limited in pediatric epilepsy, these parallels imply that strain abnormalities may carry significant clinical implications for cardiovascular morbidity, arrhythmogenic risk, and SUDEP.
STE demonstrated reproducibility and non-invasiveness, providing incremental information beyond conventional echocardiography. Its ability to detect subtle myocardial dysfunction underscores its potential role in the longitudinal evaluation of children with prolonged disease, poor seizure control, or exposure to cardiotoxic ASMs. Incorporation of GLS assessment into clinical protocols could facilitate early identification of high-risk patients and guide timely interventions, including lifestyle modification, cardioprotective therapy, or intensified surveillance.
Patterns of myocardial strain reduction observed in pediatric epilepsy mirror those reported in other chronic pediatric conditions characterized by subclinical cardiac involvement, like SLE, renal disease, and CHD. This suggests STE could serve as a unifying diagnostic tool for early detection of myocardial dysfunction across diverse populations, reinforcing its potential inclusion in research protocols and clinical guidelines within pediatric cardiology and neurology.
Strengths and Limitations 
The collective body of evidence strongly supports the presence of subclinical LV dysfunction in pediatric epilepsy. However, several limitations should be acknowledged. Most investigations were cross-sectional with relatively small sample sizes, limiting causal inference and restricting the ability to assess temporal progression. Variability in imaging protocols, vendor software, and strain cut-offs introduced heterogeneity, complicating inter-study comparisons. Potential confounders, including comorbidities, seizure type, and ASM regimens, were not consistently controlled. Finally, longitudinal data linking strain abnormalities to cardiovascular outcomes remain sparse, leaving prognostic implications incompletely defined.
Conclusion 
Pediatric epilepsy is associated with significant reductions in myocardial strain, detectable by STE despite normal conventional echocardiographic findings. These observations demonstrate subclinical LV dysfunction and highlight STE as a sensitive tool for early detection and ongoing monitoring. Integrating STE into routine surveillance for children with epilepsy may enable earlier identification of high-risk patients, inform preventive interventions, and potentially reduce long-term cardiovascular morbidity and mortality.
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Table 1 Summary of included investigations assessing myocardial strain and subclinical left ventricular dysfunction in pediatric patients with epilepsy using speckle tracking echocardiography (STE).
	Title
	Year
	Journal
	Volume

	Myocardial strain of the left ventricle by speckle tracking echocardiography (25)
	2024
	Echocardiography
	41

	Cardiovascular abnormalities in patients with SHANK3 pathogenic variants: beyond neurodevelopmental disorders and epilepsy (26)
	2024
	Eur J Med Genet
	71

	Dilated cardiomyopathy phenotype-associated left ventricular noncompaction and congenital long QT syndrome type-2 in infants with KCNH2 gene mutation: Anesthetic considerations (27)
	2022
	J Cardiothorac Vasc Anesth
	36

	Treatment of status epilepticus and prolonged QT after massive intentional bupropion overdose with lidocaine (28)
	2022
	Am J Emerg Med
	55

	Left ventricular dysfunction and cardiac autonomic imbalance in children with drug-resistant epilepsy (29)
	2021
	Epilepsy Res
	176

	Left ventricular myocardial deformation abnormalities in seizure-free children with epilepsy (30)
	2018
	Seizure
	61

	Cardiac dysfunctions in children with drug-resistant epilepsy (31)
	2024
	Front Neurol
	15

	Evaluation of systolic and diastolic cardiac functions and heart rate variability in patients with juvenile myoclonic epilepsy (32)
	2018
	Cesk Slov Neurol N
	81

	Effect of levetiracetam on cardiac repolarization in children with epilepsy (33)
	2022
	Epilepsy Res
	179

	Impact of cardiac injury on the clinical outcome of children with convulsive status epilepticus (34)
	2022
	Children
	9

	Does ketogenic diet have any negative effect on cardiac systolic and diastolic functions in children with intractable epilepsy? (35)
	2016
	Front Neurol
	15

	Left ventricular subclinical dysfunction associated with myocardial deformation changes in obstructive sleep apnea patients estimated by real-time 3D speckle-tracking echocardiography (36)
	2016
	Sleep Breath
	20

	Children with refractory epilepsy demonstrate alterations in myocardial strain (37)
	2020
	Epilepsia
	61

	Subtle Right Ventricular Myocardial Dysfunction in Children with Refractory Epilepsy using 2-D speckle tracking echocardiography (38)
	2022
	J Posit Sch Psychol
	6

	The role of speckle-tracking echocardiography in predicting mortality and morbidity in patients with congenital heart disease. (39)
	2024
	J Am Soc Echocardiogr.

	37
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Figure 1: RISMA 2020 flow diagram illustrating study identification, screening, eligibility assessment, and inclusion in the systematic review.
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