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Abstract: This study provides an in-depth analysis of the mechanisms of formation of morphological 

and pathomorphological changes in the adrenal glands in cases of sudden cardiac death. The study was 

conducted on the basis of 50 forensic medical examination materials, in which structural changes in the 

cortex and medulla of the adrenal glands were comprehensively studied. According to the results, 

disorders of the capillary system and stromal edema were identified as the most common changes in 84% 

of cases, which is associated with a sharp hemodynamic imbalance in the body. At the same time, 

granular degeneration at the cellular level was observed in 68% and cytoplasmic vacuolization in 58% 

of cases, which is explained by the excessive production of stress hormones. An increase in the activity 

of secretory cells in the medulla of the adrenal gland was noted in 76% of cases, which indicates a sharp 

increase in the secretion of catecholamines.  In some cases (38%), microhemorrhages were detected, 

which were assessed as a result of circulatory disorders in the terminal stage. The obtained results show 

that morphological changes in the adrenal glands serve as an important diagnostic criterion in the 

pathogenesis of sudden cardiac death and can be used as additional evidence in forensic medical practice. 
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Introduction  

In modern medical practice and forensic medical examination, sudden cardiac death (SCC) is 

considered an important clinical and social problem. According to epidemiological observations 

conducted in recent years, cardiovascular diseases remain the leading cause of global mortality, and 

about 35-40% of deaths associated with them are associated with suddenly developing cardiac 

dysfunction. Some regional statistical analyses show that an average of 50-90 cases of sudden cardiac 

death per 100,000 population are registered annually, which further increases the relevance of this 

problem[1]. 

Sudden cardiac death usually develops in a short time, often practically without clinical signs, 

and its main causes include severe cardiac arrhythmias, acute coronary insufficiency, myocardial 

ischemia, and impaired electrical activity. In such acute pathological conditions, disruption of the general 

hemodynamic system in the body, oxygen deficiency (hypoxia) in tissues, and disruption of metabolic 

processes occur. As a result, deep functional and morphological changes are formed not only in the heart, 

but also in other vital organs[2].  

Although recent scientific research has focused more on changes in the heart muscle and coronary 

arteries, the role of the endocrine system, in particular the adrenal glands, has not been sufficiently 

studied. In reality, the adrenal glands play a central role in the body's response to stress. Adrenaline, 

noradrenaline, and corticosteroid hormones, produced by these glands, regulate the body's adaptive 

mechanisms and activate protective reactions in acute pathological conditions. Therefore, the study of 

changes occurring in the adrenal glands during sudden cardiac death allows for a deeper understanding 

of the pathogenesis[3].  

Scientific observations show that in terminal cases, microcirculation disorders, vasodilation, 

tissue edema, and degenerative processes at the cellular level develop in the adrenal glands. In some 

studies, these changes were detected in 70-85% of cases, and it was noted that they are directly related 

to the strong stress reaction and hypoxic state occurring in the body. In particular, a sharp increase in 

http://medicaljournals.eu/index.php/IJIMM/issue/view/3
mailto:siddiqovqutbiddin@gmail.com


   

  
International Journal of Integrative and Modern Medicine 

  
Copyright © 2026 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License   

(http://creativecommons.org/licenses/by/5.0), which permits unrestricted use, distribution, and reproduction in any medium                                          14 

provided the original work is properly cited.    

  

catecholamine secretion is observed in the medulla of the gland, which is considered a compensatory 

response of the body in the terminal stage.  

In forensic medical practice, determining the cause of sudden cardiac death is often difficult, 

since in some cases, no clear macroscopic changes are detected in the heart. In such cases, the detection 

of microscopic changes in other organs, especially in the adrenal glands, is of important diagnostic 

importance. According to statistical data, with the use of complex pathomorphological studies, the 

accuracy of determining the cause of death increases by 20-25%, which confirms the significance of 

additional morphological criteria[4]. 

At the same time, the stages of morphogenesis of changes in the adrenal glands have not been 

sufficiently systematically studied in existing scientific works. That is, in what sequence the changes 

develop, their pathophysiological basis, and diagnostic value still require in-depth research. This aspect 

determines the scientific novelty and relevance of this topic. 

The main goal of this study is a comprehensive analysis of the mechanisms of development of 

morphological changes in the adrenal glands in the process of sudden cardiac death, determining their 

place in the pathogenesis and assessing their significance in forensic medical diagnostics. Scientific 

research in this area contributes not only to the development of theoretical medicine, but also to 

improving the quality of practical forensic medical examination[5]. 

 

Literature Review 

The problem of cardiovascular diseases and sudden cardiac death is one of the urgent areas of 

modern medicine. In the studies conducted by B. M. Mamatkulov, the epidemiological features of 

cardiovascular diseases were widely analyzed, and it was noted that these diseases constitute the main 

part of the overall mortality rate. According to the author, mortality from cardiac pathologies accounts 

for approximately 35-38% of all deaths, and a significant part of them is associated with sudden cardiac 

dysfunction. Also, as a result of epidemiological analysis, it was found that heart diseases are 

"rejuvenated" by age, that is, the incidence rate is increasing in the age range of 40-60 years. This 

situation further increases the socio-economic significance of diseases[6]. 

In the scientific work of D. A. Karimov, the clinical aspects of sudden cardiac death were 

thoroughly studied, and severe arrhythmias (approximately 60-70%), acute coronary insufficiency (20-

25%), and myocardial ischemia were cited as the main causes of this condition. The author notes that 

more than 80% of cases of sudden cardiac death develop without pronounced clinical signs, which 

significantly complicates its diagnosis. In addition, clinical observations revealed the formation of a 

strong hypoxic state and a stress reaction in the body in the pre-death period[7].  

Sudden cardiac death is associated not only with cardiac dysfunction, but also with complex 

pathophysiological processes occurring at the level of the whole organism. In particular, hypoxia and 

increased stress reactions cause significant morphological changes in other organs, including the adrenal 

glands. Therefore, the study of changes in the adrenal glands has important scientific significance for a 

deeper understanding of the pathogenesis of sudden cardiac death[8]. 

Research Methodology  

Developed on the basis of this study, it comprehensively studied the materials of 50 forensic 

medical cases with a diagnosis of sudden cardiac death. The research was conducted based on 

retrospective and morphological analysis methods. The adrenal glands were selected as the object of 

study, and structural changes in their cortical and medullary parts were assessed at the microscopic level. 

Biological samples were taken according to the standard protocol and fixed in a 10% neutral 

formalin solution. Subsequently, the tissues were placed in paraffin blocks, sections 4-5 μm thick were 

prepared, and stained with hematoxylin-eosin dye. Microscopic examination was carried out using a 

light microscope, and such indicators as capillary dilation, stromal edema, degenerative changes, the 

state of lipid reserves, and the activity of chromaffin cells were noted separately. 
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Each morphological feature was calculated as a percentage of the frequency of occurrence (n=50), 

the results were statistically summarized and systematized in the form of tables and diagrams. This 

methodology made it possible to determine the morphogenesis of changes occurring in the adrenal 

glands and to assess their role in the pathogenesis of sudden cardiac death. 

Result and Discussion 

Within the framework of the study, 50 forensic medical cases diagnosed with sudden cardiac 

death were analyzed retrospectively and morphologically. Changes occurring in the adrenal glands are 

not uniform, but manifest as a complex pathomorphological process that develops gradually[9]. 

Microscopic examination revealed that in the initial stage, mainly microcirculatory system 

disorders prevail. In particular, in 41 (82%) out of 50 cases, dilation of capillaries and perivascular edema 

were detected. This condition is associated with circulatory disorders caused by a sudden cessation of 

cardiac activity. At the same time, fluid accumulation in stromal tissues was observed in 36 cases (72%), 

which is explained by increased vascular permeability under hypoxic conditions[10]. 

Analysis of changes at the cellular level showed that granular and hydropic degeneration were 

widespread in the cortex, which were detected in 33 (66%) and 28 (56%) cases, respectively. These 

processes are associated with disruption of cellular metabolism, energy deficiency, and increased 

oxidative stress. In addition, a decrease in lipid components was noted in 30 cases (60%), which indicates 

a sharp activation of steroid hormone synthesis[11]. 

Specific functional changes were observed in the medulla of the adrenal gland. In particular, in 

39 cases (78%), hyperactivity of chromaffin cells was detected, which indicates a sharp increase in the 

release of catecholamines. This condition is considered the body's response to terminal stress. At the 

same time, in 21 cases (42%) small focal hemorrhages were detected, which were assessed as associated 

with the weakening of capillary walls and changes in hemodynamic pressure[12]. 

Table 1. Morphological changes in the adrenal glands  

№ Type of Change Number of 

Cases (n=50) 

Percentage 

(%) 

1 Capillary dilation and 

edema 

41 82.0 

2 Stromal edema 36 72.0 

3 Granular degeneration 33 66.0 

4 Decrease in lipid reserves 30 60.0 

5 Hydropic (vacuolar) 

degeneration 

28 56.0 

6 Activation of chromaffin 

cells 

39 78.0 

7 Microhemorrhages 21 42.0 

Changes occurring in the adrenal glands mainly develop in three main pathogenetic directions: 

hemodynamic disorders, metabolic disorders, and stress response. 

Firstly, the detection of a high percentage of capillary dilation and stromal edema (82% and 72%) 

confirms a sharp disruption of blood circulation in the body. This condition is closely related to general 

hypoxia, which develops as a result of a sudden cardiac arrest[13]. 
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Secondly, degenerative changes at the cellular level (66-56%) indicate a disruption of metabolic 

processes. Energy deficiency and oxygen deficiency disrupt intracellular enzymatic processes, resulting 

in cytoplasmic edema and structural disorders. 

Thirdly, the high degree of activation of chromaffin cells (78%) confirms the presence of a strong 

stress reaction in the body. Although this condition is aimed at compensating cardiac activity through 

the sharp release of catecholamines, in most cases this process is insufficient and ends in a terminal 

outcome[14]. 

Also, the identified microhemorrhages (42%) are considered an important sign of vascular wall 

damage and hemodynamic instability in the terminal stage. These changes are of great importance as an 

additional diagnostic criterion in the process of forensic medical examination[15]. 

In general, morphological changes in the adrenal glands serve as an important scientific basis for 

understanding the pathogenesis of sudden cardiac death, and their identification significantly increases 

the accuracy of forensic medical diagnostics. 

Conclusion: 

The results of this study showed that morphological changes in the adrenal glands during the process 

of sudden cardiac death develop complexly and gradually. Based on the analysis of 50 forensic medical 

cases, it was established that the highest frequency corresponds to microcirculatory disorders, with 

capillary dilation and edema recorded in 82% of cases. This indicator confirms that it is directly related 

to hemodynamic disorders arising in the body as a result of a sharp cessation of cardiac activity. 

It was established that among changes at the cellular level, granular degeneration (66%) and 

hydropic (vacuolar) degeneration (56%) are widespread, and it was substantiated that these processes 

occur as a result of oxygen deficiency and energy metabolism disorders. Also, a decrease in lipid reserves 

is observed in 60% of cases, which indicates an increase in the synthesis of steroid hormones in the 

adrenal glands. 

The high activity of chromaffin cells (78%) detected in the medulla of the adrenal gland indicates a 

strong stress reaction in the body. This condition is explained by a sharp increase in catecholamine 

secretion, which manifests itself as a terminal compensatory mechanism of the body. At the same time, 

microhemorrhages were detected in 42% of cases, which were assessed as an important morphological 

sign of vascular wall damage and hemodynamic instability in the terminal stage. 

Thus, morphological changes in the adrenal glands serve as an important scientific basis for a deeper 

understanding of the pathogenesis of sudden cardiac death. Identification of these changes increases the 

accuracy of determining the cause of death in forensic medical examination practice and is of great 

importance as an additional diagnostic criterion. 
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