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META-ANALISIS

MYOCARDIAL DYSFUNCTION IN POLYTRAUMA
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Annotation 
Trauma remains one of the leading causes of mortality worldwide, particularly among the young population. A significant number of people die within the first 48 hours due to acute cardiovascular pathology. Cardiac injury is a significant predictor of adverse outcomes following multiple trauma, associated with poor prognosis and prolonged hospitalization. Systemic elevation of cardiac troponin levels is linked to survival, the severity of trauma, and catecholamine consumption in patients after multiple trauma. Clinical signs of the so-called "commotio cordis" include arrhythmias, such as ventricular fibrillation and sudden cardiac arrest, as well as wall motion abnormalities. In trauma patients with inadequate hypotension and a lack of adequate response to fluid therapy, the possibility of cardiac injury should be considered. Therefore, a combination of electrocardiography, echocardiography, and the systemic determination of cardiomyocyte injury markers, such as troponin, appears to be an appropriate diagnostic method for identifying cardiac dysfunction after trauma. However, the mechanisms of post-traumatic cardiac dysfunction continue to be actively studied. The aim of this review is to discuss cardiac injury following trauma, focusing on the mechanisms of post-traumatic cardiac dysfunction related to inflammation and complement activation. The review illustrates the causal relationship between cardiac dysfunction and blunt chest trauma, multiple trauma, and hemorrhagic shock.
Keywords: trauma; myocardial dysfunction; immunology.
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Тұжырым 
Көпжарақат-бұл әртүрлі органдар мен жүйелерді қамтитын жарақаттар кешенін сипаттау үшін қолданылатын термин. Жүрек жарақаты тікелей соққының салдарынан немесе қайталама асқыну ретінде жарақаттан туындауы мүмкін. Сондай-ақ ол нашар клиникалық нәтижелермен және ауруханаға жатқызудың ұзағырақ курстарымен байланысты. Жүректің зақымдануы құрылымдарға байланысты әртүрлі клиникалық көріністерге, соның ішінде, гипотензия, аритмия, күңкілдеу және тіпті асимптоматикалық көріністер ие болады. Клиникалық хаттамалар жарақаттың ауырлығына және катехоламиндерге қажеттілікке байланысты тропонин деңгейін өлшеуді ұсынады. Осы мақала аясында жүргізілген мета-анализде тропониннің жоғарылауының жүрек жеткіліксіздігінің дамуымен байланысы көрсетілген. Әрі қарай, хаттамалар ЭКГ сияқты диагностикалық скрининг құралдарына сүйенеді. Дегенмен, жүрек жарақатының болжамды белгісі ретінде пайдаланылуы мүмкін бірқатар биохимиялық молекулалар бар. Әдебиеттерге шолу көпжарақат патофизиологиясын, соның ішінде қабыну реакциясын және комплемент жүйесінің белсендірілуін талқылауға бағытталған және жүрек жарақатының әртүрлі биохимиялық маркерлерін зерттейді.
Түйінді сөздер: жарақат; миокард дисфункциясы; иммунология.
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Аннотация
Политравма — это термин, используемый для описания комплекса травм, затрагивающих различные органы и системы. Кардиальная травма может возникать в результате прямого удара или как вторичное осложнение. Она также ассоциируется с худшими клиническими исходами и более длительным периодом госпитализации. Кардиальная травма может иметь различные клинические проявления в зависимости от вовлечённых структур, включая гипотензию, аритмию, шумы и даже бессимптомное течение. Клинические протоколы предполагают измерение уровня тропонина, который коррелирует с тяжестью травмы и необходимостью в катехоламинах. Метанализ, проведённый в рамках данной работы, продемонстрировал связь между повышенным уровнем тропонина и развитием сердечной недостаточности. Далее, протоколы опираются на диагностические инструменты, такие как ЭКГ. Однако существует ряд биохимических молекул, которые могут использоваться в качестве прогностических маркеров кардиальной травмы. Обзор литературы сосредоточен на обсуждении патофизиологии политравмы, включая воспалительный ответ и активацию системы комплемента, и исследует различные биохимические маркеры кардиальной травмы.
Ключевые слова: травма; дисфункция миокарда; иммунология.









Introduction
Polytrauma, a condition in which a patient sustains multiple injuries affecting several organs or systems, is a leading cause of mortality among young people [1]. According to the World Health Organization (WHO) as of December 13, 2023, road traffic accidents are the primary cause of polytrauma, resulting in approximately 1.19 million deaths annually and causing disability in 20 to 50 million people [2]. In the early period following combined tissue damage and shock, hemostasis is disrupted, leading to the development of traumatic coagulopathy and massive bleeding. Many survivors of massive bleeding experience organ dysfunction, including cardiac dysfunction. Even in the absence of direct cardiac injury in polytrauma, recent studies indicate the development of asymptomatic myocardial dysfunction within specific time frames—1 to 3 days, 1 to 6 months after the injury—often associated with the development of systemic inflammation or the so-called "double hit" theory [3]. The "double hit" theory considers early and late complications of polytrauma through the lens of primary soft tissue and organ damage; secondarily, it considers the Systemic Inflammatory Response Syndrome (SIRS), respiratory distress, coagulopathy, acidosis, ischemia/reperfusion syndrome, and hemodynamic instability [4,5]. The severity of post-traumatic cardiac dysfunction is determined not only by the degree of mechanical myocardial contusion but also by damage caused by the release of damage-associated molecular patterns (DAMPs), cytokines, complementopathy, and the activation of the acquired immune response [6]. This reaction begins within 30 minutes after severe trauma and represents an inflammatory response to blood loss and tissue damage. SIRS arises due to the release of endogenous factors known as DAMPs ("alarmins") following tissue injury. These molecules are released from activated immune cells or necrotic cells and trigger a potent inflammatory response. DAMPs activate immune cells and complement, leading to the rapid production of inflammatory mediators such as interleukins, resulting in a systemic inflammatory response [7].
This issue remains unresolved, and patients after polytrauma are often not monitored on an outpatient basis by specialists, nor do they receive preventive treatment, leading to late presentation with cardiovascular pathology (CVD), which can result in the development of heart failure (HF). Therefore, the aim of this literature review is to study myocardial dysfunctions in polytrauma, associated with both direct cardiac injury and secondary injury due to systemic inflammation. Specifically, this review focuses on the study of all DAMPs associated with the development of heart failure.
Materials and Methods
Literature Search
To prepare this review article, literature search on the topic of myocardial dysfunction in polytrauma was conducted. The search included publications from PubMed and Google Scholar, Elibrary databases. The search was carried out using combinations of keywords such as “myocardial dysfunction”, “heart dysfunction”, “polytrauma”, “immunology”. 
Inclusion criteria: articles published from 2014 to 2024, defined as original research articles, review articles, meta-analyses, clinical guidelines recommendations written in English language.
Exclusion criteria: non-original articles; case reports; articles without access to full texts; and duplicate articles.
As a result of the search, full text of 80 publications were reviewed., Selection of articles was made according to the inclusion and exclusion criteria. 17 articles which have met all the criteria were analyzed.
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Figure 1. Article selection algorithm for review.
Data Collection and Analysis
All selected articles were analyzed and information about mechanisms of myocardial dysfunction, mechanism of the immune response, clinical consequences of myocardial dysfunction in polytrauma were added to the results and discussion part. 
In addition, meta-analysis was conducted following PRISMA guidelines to evaluate the association between elevated Troponin 1 levels and myocardial dysfunction. Literature search was performed using PubMed, covering publications from 2019 to 2023. Included studies were prospective and retrospective cohort, community-based cohort and reduced trail designs involving patients aged 18 and older, with sufficient data to calculate effect sizes. Studies that were case reports, reviews, non-human, or lacked necessary data were excluded. Two independent reviewers extracted data on study characteristics, population details, and Troponin 1 measurements. Statistical analyses involved calculating pooled effect sizes using a random-effects model, assessing heterogeneity with the I² statistic and performed by using R-studio software. The search in Pubmed returned 713 results, from which 144 full-text articles were screened covering the last 5 years. After applying the inclusion and exclusion criteria, seven studies describing the effect of Troponin 1 on heart failure were included in this meta-analysis.

Results 
Table 1. Characteristics of studies included in meta-analysis. 
	Author 
	Publication year
	Sample size 
	Gender (M)
	 Study design
	Event

	Yan et al 
	2020
	48,455
	23,321
	Prospective population-based cohort study
	Heart failure

	Berge et al
	2021
	314
	163
	Prospective cohort
	Heart failure

	Zhang et al
	2022
	6487
	4361
	Retrospective cohort
	Coronary stenosis

	Firth et al
	2019
	561
	332
	Prospective
	Cardiovascular events

	Innocenti et al
	2021
	325
	N/A
	Prospective 
	Mortality

	Packer et al
	2021
	3636
	2767
	EMPEROR-Reduced trial
	Heart failure

	Suthahar et al
	2020
	22,756
	12,087
	community-based cohorts
	Heart failure



Table 2. Total troponin and hazard ratio results 
	
	Heart failure

	
	Troponin mean (ng/l)
	Hazard ratio
	95% CI low 

	95% CI high
	p-value

	Yan et al 2020
	2.3 
	1.42 
	1.31
	1.53
	<0.001

	Berge et al 2021
	13
	1.30
	1.07
	1.58
	<0.009

	Zhang et al 2022
	9
	1.14
	1.11 
	1.17
	<0.05

	Firth et al 2019
	0.068
	2.15
	1.29
	3.58
	<0.003

	Innocenti et al 2021 
	NA
	3.24
	1.72
	6.11
	<0.001

	Packer et al 2021
	14
	1.71 
	1.22
	2.41
	<0.001

	Suthahar et al 2020
	NA
	1.30
	1.22
	1.43
	<0.05
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Figure 2. Forest plot showing association between Troponin 1 and heart failure. 

All hazard ratios calculated in studies were found to be greater than 1.0, which reflect the significance of the correlation. According to Figure 2 this meta-analysis suggests that elevated Troponin 1 increases the risk of heart failure by 41% on average (HR = 1.41), with a high degree of variability (heterogeneity) among the study results. The overall effect is statistically significant.
In this meta-analysis, the correlation between the increased level of troponin and the risk of heart failure highlights the potential of Troponin 1 as a biomarker for early detection and risk stratification in patients. The statistical significance of the overall effect, despite the heterogeneity among studies, suggests a robust association across diverse populations and study designs.  

Discussion 
Traumatic cardiac injury can present with a wide range of clinical manifestations, from asymptomatic conditions to near-fatal states. Studies of traumatic cardiac injury in pigs have shown reversible reductions in ejection fraction and fractional shortening [8]. In addition to these changes in systolic function, trauma may also affect diastolic function. To assess both systolic and diastolic functions after trauma, further research using echocardiographic measurements is required.
In addition to impairments in systolic and diastolic function, arrhythmias have been documented following trauma. Analysis of data from all trauma patients at a Level I trauma center accredited by the American College of Surgeons revealed that, over a period of two years, 258 patients were diagnosed with newly onset atrial fibrillation (AF) following trauma [9]. Literature on commotio cordis cites numerous cases of sudden cardiac death caused by a ball striking the chest. Blunt chest trauma can lead to ventricular fibrillation, which in turn can cause sudden cardiac death [10]. Besides direct impact on the heart, there are reports of arrhythmias developing in patients following trauma not associated with chest impact. For example, one case involved a child who experienced QTc interval prolongation after a mild concussion [11]. In addition to systolic and diastolic dysfunction and arrhythmias, valve insufficiency has also been noted following trauma. For instance, chordae tendineae rupture caused by trauma led to acute and severe mitral regurgitation, as described in cases following motor vehicle accidents [12]. Several published reports on traumatic valve injury have demonstrated a wide range of symptoms: some patients could remain asymptomatic for many years, while others became hemodynamically unstable immediately after the injury [13, 14]. Valve injuries occurred as a result of direct high-energy chest trauma, such as motor vehicle accidents and falls from heights. The most likely mechanism is a sudden deceleration or compression of the blood column in the heart during a vulnerable phase of valve operation [13]. In conclusion, it should be noted that the topic of traumatic valve injuries may be underappreciated in contemporary studies of cardiac contusions due to the wide range of symptoms and the complexity of diagnosing them.

Biochemical Markers of Cardiac Injury
During tissue damage, various molecules are released into circulation that can indicate damage to that specific tissue, serving as markers. In myocardial injury, various proteins and DNA molecules are released, which were previously markers for other acute conditions, such as myocardial infarction. For example, troponins (T, C, I) are small proteins that play a key role in calcium-regulated cardiac muscle contraction. In critically ill patients, elevated levels of cardiac troponin T are associated with increased in-hospital mortality; however, there is no correlation with long-term survival differences [15]. Additionally, in ICU patients following multiple trauma, elevated troponin T levels correlated with ISS and AIS scores, as well as with survival and catecholamine needs [8]. After trauma, systemic elevation of troponin was associated with myocardial contusion in 15–45% of cases. Systemic elevation of troponin in trauma patients has been described as a sensitive biomarker for detecting cardiac complications, especially when combined with electrocardiogram [16]. Recently published reports have documented elevated troponin levels in various experimental trauma models and species, including mice following multiple trauma [17], asphyxia and hemorrhage in newborn piglets [18], and multiple trauma with hemorrhagic shock in pigs [18].
Before it was established that damaged cardiomyocyte membranes contribute to the release of troponin, cell necrosis was considered the only mechanism for its release [19]. Besides necrosis and apoptosis, there is growing evidence of various possible mechanisms for reversible systemic elevation of troponin [19]. This reversible cardiomyocyte (CM) damage has been associated with the release of microparticles, membrane vesicles, and increased cell membrane permeability [20,21]. Fragmented cardiac troponin is expected to result from irreversible cardiomyocyte damage, while systemic elevation of undamaged troponin is associated with reversible damage [22]. Structurally bound troponin undergoes degradation by calpains, which are activated by increased intracellular calcium or changes in pH levels [19]. Various damage-associated molecular patterns (DAMPs), such as extracellular histones, are known to induce increased intracellular calcium in cardiomyocytes, occurring due to increased membrane permeability or the formation of reactive oxygen species (ROS) [23]. Additionally, there is evidence that troponin I directly affects the heart; it has been shown to cause inflammatory heart disease in mice [24].
Another myocardial damage biomarker is HFABP, which is detected in the bloodstream earlier after myocardial infarction compared to troponin [25]. Systemic elevation of HFABP was recently observed at early stages following experimental multiple trauma in pigs [8]. Clinical studies among polytrauma patients revealed increased levels of HFABP, as well as other proteins such as growth/differentiation factor 15 (GDF-15) and the surface receptor of the urokinase-type plasminogen activator (uPAR). Specifically, the concentrations of all three proteins in plasma were significantly higher in the subgroup of polytrauma patients with high troponin levels compared to healthy individuals. However, while the expression of HFABP decreased over time, the expression of uPAR and GDF-15 was higher at 24 hours compared to the time of admission [50].

Inflammation-Linked Heart Damage Indicators
In response to early systemic inflammatory reactions, accompanied by the release of damage-associated molecular patterns (DAMPs) into the bloodstream [26], the release of high mobility group box 1 (HMGB-1) protein has been observed in humans within 30 minutes of injury [27], and it has been associated with injury severity, complement system activation, and mortality [27]. Additionally, in experimental models of multiple trauma, including chest trauma with hemorrhagic shock in pigs, elevated levels of HMGB-1 have been documented [28]. It is known that HMGB-1 can induce cardiomyocyte dysfunction, including cases of cardiac hypertrophy and heart failure [29], as well as ischemia and myocardial reperfusion injury [30]. HMGB-1 also functions as a secondary DAMP molecule, interacting with extracellular histones through toll-like receptors (TLRs), particularly TLR-2, TLR-4, and TLR-9. Extracellular histones have been linked to traumatic lung injury and acute respiratory distress syndrome in humans [31,32], as well as septic cardiomyopathy in mice [23]. DAMPs can contribute to increased intracellular calcium concentrations in cavernosal malformations, which are associated with bradycardia and bigeminy [23]. Systemic release of circulating histones has been observed in rats with experimental blunt chest trauma, as well as in pigs and mice with multiple trauma [33,8,34]. Following systemic administration of extracellular histones in mice, there was an increase in inflammatory cytokines such as TNF, IL-1β, IL-6, and IL-10 [35]. Additionally, HMGB-1 has been linked to the production of inflammatory cytokines [36], including TNF, IL-1β, and IL-6 [37]. Circulating histones accumulate in the heart and are associated with cardiomyocyte dysfunction, as well as dose-dependent production of reactive oxygen species (ROS) and increased intracellular calcium [23]. Histones also decrease mitochondrial membrane potential and ATP production in a dose-dependent manner, leading to reduced cardiomyocyte contractility due to energy deficiency [23,38]. TLR-4 has been found to play a key role in the development of cardiac dysfunction after trauma; its absence contributed to improved cardiac function in mice with traumatic hemorrhagic shock [39].
Another molecule released by the heart in response to tissue damage is midkine. Midkine is an inflammatory cytokine and a heparin-binding growth and differentiation factor [40]. Systemic elevation of midkine levels has been observed following bone fractures, burns, and traumatic spinal cord injury [41,42]. After release following a fracture, midkine remains elevated in patients for up to 42 days [41]. Another mechanism through which midkine exerts damaging effects on human cardiomyocytes has been described. In this context, midkine caused significant changes in calcium handling by cells, manifested as increased amplitude of calcium delta peaks, reduced frequency of calcium peaks, and enhanced mRNA production of calcium-handling proteins such as sarcoplasmic/endoplasmic reticulum calcium ATPase (SERCA) and Na+/Ca2+ exchanger [40]. Besides its effect on contractility through intracellular calcium changes, midkine also impaired mitochondrial function in cardiomyocytes and induced apoptosis [40].
Changes in Complement System Activation 
During experimental sepsis and following burn trauma, it has been found that the complement activation product, complement factor (C5a), causes significant dysfunction in cavernous malformations both in vitro and in vivo by interacting with C5a receptors [38]. Another study of spinal cord injury due to contusion in the mouse model, C5a caused most damage in the acute phase, while it had some protective utility later with contribution to hypertrophy and glial scar formation [43].
In trauma patients, complement system activation has been noted with increased levels of ComC[44]. ComC activation leads to activation of other complement elements, which also is associated with the development of acute respiratory distress syndrome and multiple organ failure [44]. In contrast to the threefold increase in C5a receptor (C5aR) expression in the myocardium after ischemia observed in experimental blunt chest trauma in mice [34], experimental asphyxia and hemorrhage in piglets [18], and experimental multiple trauma in pigs, C5a receptor factor (C5aR1) expression in the left ventricle was reduced [8]. This decrease in C5aR1 levels may be due to receptor internalization following binding with C5a, which significantly increases after trauma in animal models [45].
Systemic consumption of both classical and alternative complement system factors was demonstrated using the CH-50 test in pigs 6 hours after multiple trauma [46]. Additionally, neutrophils migrate to cardiac tissue following trauma, as shown in experimental blunt chest trauma in mice [34]. Neutrophil serine protease cleaves C5aR1, leading to its reduction after trauma [47]. In case with C5aR2, its loss mouse model with spinal cord trauma caused worse outcomes [48]. Furthermore, in the inflammatory state of CLP sepsis, the interaction of C5a with C5aR1 leads to an excess of cytosolic ROS and Ca2+i in cardiomyocytes [38,49].
Discussion
A biochemical marker is considered high-quality if it is detectable at early stages, measurable in peripheral materials such as blood or urine, sensitive, correlates with the severity of the patient’s condition, and is analytically stable and measurable over time after the event [51]. A common issue with many markers is sensitivity, as these molecules can be released by other organs. For example, lactate dehydrogenase (LDH) has been described as a promising indicator for screening chest trauma in patients with polytrauma. However, LDH is an enzyme found in many tissues, including the heart, lungs, liver, kidneys, skeletal muscles, and blood cells [52]. Therefore, elevated LDH levels in polytrauma patients require the exclusion of other sources of this enzyme.
Thus, many markers associated with cardiac injury need further investigation. For instance, GDF-15 has proven to be effective for predicting outcomes in polytrauma patients. This protein showed moderate correlation with ICU stay and hospital stay, and strong correlation with ventilation time and catecholamine requirements [50]. However, GDF-15 is expressed not only in the heart but also in various human tissues, including the placenta, kidneys, lungs, pancreas, skeletal muscles, liver, and brain. In this study, the authors relied on elevated GDF-15 levels in patients with high troponin levels [50]. Hence, clinical recommendations and protocols should consider the conditions under which specific markers were studied and their levels.
Additionally, the influence of other factors must be excluded. For instance, the correlation of complement factors C3a and C5a with the development of acute respiratory distress syndrome and multiple organ failure does not imply that these complications are solely caused by elevated levels of these factors. It is a multifactorial phenomenon influenced by the severity of the condition, the combination of injuries in polytrauma, the patient’s pre-existing health status, and other factors. Therefore, when identifying certain molecules as cardiodepressive, meaning they impair cardiomyocyte function, it is essential to exclude the influence of other factors on cellular status.
Currently, the determination of molecular patterns associated with cardiac damage and other markers is not conducted at a clinical level. Existing protocols rely on troponin levels, ECG, and echocardiography when necessary, and incorporating additional markers is a lengthy process dependent on extensive research in this area.
Limitations 
The limitations of this article include the use of a mixed method combining systematic review and meta-analysis. This could potentially cause the issue in analyzing the findings from diverse study designs. Additionally, the meta-analysis was performed only on the association between Troponin 1 and heart failure, while other relevant biomarkers were not analyzed. As a result, there can be potentially missing important markers of the condition. The relatively small number of sources included may also limit the generalizability of our findings to the broader population. Further research is needed to explore heart failure in more diverse populations and to examine additional biomarkers.
Conclusions
Studies show that polytrauma significantly impacts the development of myocardial dysfunction, which can arise both directly from heart damage and secondarily due to systemic inflammatory response. Various biomarkers, such as troponins and HFABP, help assess the extent of cardiac injury but remain insufficiently studied. Inflammatory processes and complement system activation play a crucial role in the development of myocardial dysfunction and require further investigation to improve the diagnosis and treatment of polytrauma patients. These results highlight the need for developing preventive and therapeutic measures aimed at minimizing cardiac complications in this patient group.
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