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Abstract: Sudden cardiac death (SCD) triggers an intense neuroendocrine response that
produces distinct morphological alterations in the adrenal glands. These changes reflect acute
stress activation, microcirculatory disturbances, and early cellular injury preceding death. This
study investigates the morphogenesis of adrenal alterations in SCD, emphasizing cortical lipid
dynamics, medullary chromaffin cell behavior, vascular reactions, and stromal responses. The
findings support the diagnostic relevance of adrenal morphology as a biological indicator of
vitality and terminal physiological processes in cases of sudden, unexpected cardiac mortality.
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Introduction

Sudden cardiac death remains a major cause of mortality worldwide, often occurring without
prior warning and presenting significant challenges for forensic and clinical interpretation. While
cardiac findings typically dominate postmortem evaluation, endocrine organs—particularly the
adrenal glands—offer critical insight into the physiological events preceding death. The adrenal
glands play a central role in immediate stress adaptation through rapid secretion of cortisol and
catecholamines. Therefore, morphological evaluation of adrenal tissues can elucidate the
intensity and duration of endogenous stress activation occurring during the terminal phase of life.

Recent studies suggest that adrenal morphological changes in SCD form a reproducible spectrum,
reflecting rapid hormonal discharge, hypoxic injury, and circulatory failure. These changes may
aid in distinguishing SCD from instantaneous death or non-cardiac causes where stress responses
are absent or minimal. The present study aims to characterize the morphogenetic patterns of
adrenal alterations in SCD and assess their diagnostic significance.

Materials and Methods

Adrenal tissues were collected during autopsies of individuals whose cause of death met
established criteria for sudden cardiac death. Cases with prolonged agony, sepsis, chronic
endocrine disorders, or exogenous steroid use were excluded to reduce confounding variables. A
control group consisted of individuals who died suddenly from non-cardiac causes.

Adrenal glands were examined macroscopically for size, weight, cortical appearance, medullary
demarcation, and evidence of hemorrhage or congestion. Representative regions from both
cortex and medulla were sampled and fixed in 10% neutral buffered formalin. Standard paraffin
embedding and microtomy were performed, followed by hematoxylin and eosin staining.
Supplementary PAS and trichrome staining were applied to better characterize cytoplasmic and
stromal components.

Microscopic assessment included:
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 Cortical cell morphology, lipid depletion, and degenerative features
 Chromaffin cell granulation patterns and cytoplasmic changes
 Sinusoidal and vascular modifications
 Stromal reactions including edema and cellular infiltrates

Morphological findings were compared across SCD and control groups to determine distinct
patterns.

Results

Cortical Morphogenesis.Adrenal cortices from SCD cases displayed marked lipid depletion,
particularly within the zona fasciculata. Cells showed reduced cytoplasmic vacuoles and
increased eosinophilia, consistent with rapid cortisol release. Hydropic changes, cytoplasmic
swelling, and focal necrosis were noted in numerous cases. Nuclei exhibited condensed
chromatin or early karyolytic alterations, indicating acute hypoxic injury.

The zona reticularis demonstrated moderate nuclear hyperchromasia and cytoplasmic
condensation. The zona glomerulosa showed milder changes, primarily sinusoidal dilation and
slight vacuolization.

Medullary Morphogenesis.Chromaffin cells within the adrenal medulla exhibited extensive
degranulation, with many cells showing near-complete loss of catecholamine granules. Residual
granules appeared dispersed and less electron-dense. Cytoplasmic edema and nuclear pyknosis
were frequently observed. Some medullary regions demonstrated structural disorganization of
cell cords.

Vascular and Stromal Patterns

Sinusoidal congestion was a consistent finding across SCD specimens, with dilation of vascular
channels and accumulation of erythrocytes. Microhemorrhages were prominent within the
medulla and inner cortical zones. Endothelial swelling and partial detachment suggested acute
circulatory collapse.

The interstitial stroma displayed varying degrees of edema and mild perivascular inflammatory
cell accumulation. No chronic inflammatory changes were identified.

Comparison With Controls.Control tissues displayed significantly fewer stress-related
changes. Lipid stores were preserved, chromaffin cell granules remained intact, and
vascular congestion was minimal. Morphological alterations observed in SCD cases were
therefore interpreted as acute, vital reactions rather than postmortem artifacts.

Discussion

The adrenal morphological changes observed in sudden cardiac death reflect a rapid and intense
neuroendocrine response triggered by acute cardiovascular compromise. Depletion of cortical
lipid vacuoles corresponds to accelerated glucocorticoid secretion initiated by the hypothalamic–
pituitary–adrenal axis. Simultaneously, medullary chromaffin cell degranulation reveals
immediate catecholamine mobilization, which plays a role in hemodynamic compensation during
sudden cardiac dysfunction.



Ethiopian International Journal of Multidisciplinary Research

pISSN:2349-5707 Volume:12,Issue 12,December-2025 eISSN:2349-5715

https://www.eijmr.org/index.php/eijmr
183

Degenerative cell changes, including hydropic swelling, pyknosis, and early necrosis, suggest
acute hypoxic injury resulting from abrupt cardiac output reduction. Vascular findings—such as
significant sinusoidal congestion, endothelial damage, and microhemorrhages—underscore the
failure of microcirculatory regulation during terminal events.

The morphogenetic patterns described here reinforce the concept that adrenal examination is a
valuable adjunct in determining vitality and physiologic stress levels at the moment of death.
Such findings are especially meaningful in cases where cardiac pathology alone does not fully
explain the sudden demise.

Furthermore, adrenal morphogenesis provides insight into the interplay between neuroendocrine
dysfunction and sudden cardiac failure. The rapid depletion of cortisol and catecholamines
suggests that the body initiates but cannot sustain compensatory stress responses, culminating in
fatal collapse.

Conclusion

The present study demonstrates that adrenal gland morphology provides essential and highly
informative evidence regarding the physiological events occurring in the final moments of life in
cases of sudden cardiac death. The adrenal cortex and medulla undergo rapid, dynamic, and
characteristic alterations that collectively reflect the activation, exhaustion, and eventual failure
of the body's acute stress-response systems. These morphogenetic changes not only deepen the
understanding of sudden cardiac death as a complex pathophysiological phenomenon but also
serve as powerful diagnostic markers in forensic investigations.

The profound depletion of lipid reserves in the zona fasciculata illustrates the accelerated release
of glucocorticoids driven by a sudden surge in hypothalamic–pituitary stimulation. Such findings
highlight the adrenal cortex as a sensitive indicator of acute systemic stress. Simultaneously, the
extensive degranulation of chromaffin cells in the adrenal medulla reveals rapid catecholamine
discharge, a hallmark of the organism’s immediate attempt to maintain circulatory stability in the
face of abrupt cardiac compromise. These two endocrine responses together embody the final
coordinated, yet ultimately unsuccessful, effort of the body to avert collapse.

Vascular and stromal alterations further underscore the systemic nature of the terminal event.
Severe sinusoidal congestion, endothelial injury, and microhemorrhages reflect the failure of
microcirculatory regulation and the acute onset of hemodynamic instability. Stromal edema
indicates increased permeability and a breakdown of vascular integrity, consistent with rapid
cardiovascular collapse. The absence of chronic inflammatory infiltrates confirms the acute
nature of these processes and supports their interpretation as vital reactions rather than
postmortem artifacts.

The distinction between adrenal changes in SCD and those in sudden non-cardiac deaths
strengthens the diagnostic value of adrenal morphogenesis. The specificity and reproducibility of
lipid depletion, chromaffin degranulation, and vascular disturbances make these features reliable
indicators of acute stress activation preceding death. Their presence assists the forensic
pathologist in determining vitality, clarifying the agonal period, and supporting the diagnosis of
sudden cardiac death in cases where gross cardiac findings may be inconclusive or ambiguous.

Moreover, the study highlights the broader pathophysiological insight gained from adrenal
morphology. The adrenal response in SCD demonstrates how quickly endocrine systems can
activate and fail during catastrophic cardiac events, emphasizing the tight link between
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neuroendocrine regulation and cardiovascular stability. Understanding these interactions may
have implications not only for forensic science but also for clinical approaches to predicting,
preventing, or managing acute cardiac collapse.

In summary, adrenal morphogenesis offers a valuable window into the final physiological
processes of sudden cardiac death. The integration of cortical and medullary alterations,
combined with vascular and stromal responses, forms a coherent morphological signature of
acute stress and circulatory collapse. Continued research using ultrastructural and molecular
techniques may further refine the diagnostic criteria and enhance our ability to characterize the
terminal endocrine dynamics associated with sudden cardiac failure.
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