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Anneotation. Drowning remains one of the most complex and controversial causes of death
in forensic medicine. Establishing the diagnosis of drowning is often difficult due to the absence
of pathognomonic macroscopic signs and the influence of postmortem changes. In this regard,
histological examination of organs and tissues plays an important role in supporting the forensic
diagnosis. The aim of this review is to analyze current international scientific data on the
histological criteria used in the diagnosis of drowning in forensic practice. The article
summarizes the results of modern studies devoted to histopathological changes in the lungs,
brain, liver, kidneys, and other organs observed in drowning cases. Particular attention is given
to pulmonary edema, alveolar overdistension, the presence of foreign particles, and other
microscopic findings that may indicate aspiration of water. In addition, the diagnostic value and
limitations of histological examination in drowning cases are discussed. The review also
highlights the importance of a comprehensive forensic approach that includes histological
analysis together with autopsy findings, circumstantial evidence, and laboratory methods. The
analysis of international literature demonstrates that histological examination remains an
important auxiliary tool in the forensic diagnosis of drowning, although it should always be
interpreted in conjunction with other forensic data.

Keywords: drowning, forensic medicine, histology, histopathology, lung changes, forensic
diagnosis..

THCTOJIOTHYECKAS TUATHOCTUKA YTOILJIEHUS B CYJIEFHON
MEJIUIUHE: Ob30P COBPEMEHHbBIX MEKAYHAPOIHbBIX JTAHHDbIX.

I'anneBa Huydap Xampaesnal.

5 Onycosa Illaxj0 JpkuHOBHA’.

PECITYBJIMKAHCKNU HAYYHO-ITPAKTUYECKHWU LIEHTP
CYJIEBHO-MEJIMIIUHCKOM 3KCITEPTU3bI, OTEJ

CJIOXHBIX CYAEBHO-MEJJUIIMHCKUX DKCITEPTU3, TALLIKEHT!.
TAIIKEHTCKUM I'OCY JAPCTBEHHbBIN MEJIMIIUHCKUI YHUBEPCUTET?2.
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AHHOTALUSA. Yromienue octaércsi OJHON M3 Hanboyiee CIOXKHBIX M JUCKYCCHOHHBIX
NPUYUH CMEPTH B CyINeOHOH MeIWIMHe. YCTAaHOBJICHHE JUAarHo3a YTOIUICHHUS HEPEIKO
NPEACTABISIET TPYAHOCTH U3-32 OTCYTCTBUSI MAKPOCKONMMYECKUX IPU3HAKOB U BIMSHUSA
MMOCMEPTHBIX U3MEHEHUW. B 3TOW CBSI3M TMCTOJOTMYECKOE HMCCIEHOBAHHE OPraHOB M TKAaHEH
UTpaeT BaXXHYIO POJIb B MOATBEPXKACHUU CyNeOHO-MEAMIIMHCKOro nuaruosa. llenpio maHHOTO
0030pa SIBJISETCS aHAJIU3 COBPEMEHHBIX MEXIYHAPOJIHBIX HAYUYHBIX JTAHHBIX O THCTOJIOTUYECKHUX
KPUTEPUAX, UCIIOIb3yEMbIX MPU JUATHOCTHKE YTOIUICHUS B CyAeOHO-MEIUIIMHCKOM MpakTuke. B
cTaTbe 000011IeHBI pe3yJIbTaThl COBPEMEHHBIX HCCIICIOBAHNH, MMOCBSAIIEHHBIX
TUCTONATOJOTUYECKUM HM3MEHEHUSIM B JIETKMX, T'OJOBHOM MO3r€, MEYEHHU, MOYKaxX U APYrux
opraHax, BBISIBIIIEMBIX INPHU cliydasx yrorieHus. Ocoboe BHUMaHUE YIEsSeTCs OTEKY JETKHUX,
aJbBEOJI, HAIMYMIO MHOPOJHBIX YACTULl U JPYTUM MHUKPOCKONMYECKUM IPU3HAKaM, KOTOpPbIE
MOTYT CBHJICTEIHCTBOBATH 00 acmupamuu BoJbl. Kpome TOro, 00CY)TarOTCs AUArHOCTHYECKAs
LHEHHOCTh U OIPAHMYEHHUS] TUCTOJIOTUYECKOIO MCCIIEOBAHUS IPU YCTAHOBJIEHUU YyTOILUIEHMs. B
0030pe Takke TOMIEPKUBACTCS BAKHOCTH KOMIDICKCHOTO CYACOHO-MEIUIIMHCKOTO ITOAX0/Ia,
BKJIIOYAIOIIETO0  THUCTOJOTMYECKMHA  aHalyM3 B COYETAHMU C  JIaHHBIMU  BCKPBITHUS,
00CTOSATENHCTBAMH JI€JIa U JTA0OPATOPHBIMU METOJAAMH MCCIEAOBAHUS. AHAIN3 MEXITyHApPOIHON
JUTEPATYphl  MOKAa3bIBa€T, UYTO THCTOJOTMYECKOE HCCIEJOBAaHUE OCTAETCA  BaKHBIM
BCIIOMOTATEJIbHBIM HHCTPYMEHTOM B CYJA€OHO-MEIUIIMHCKONW JMArHOCTUKE YTOIUJICHUS, OJHAKO
€ro pe3yibTaThl BCErla JOKHBI MHTEPIPETUPOBATHCA B COBOKYITHOCTH C JAPYTUMHU CyleOHO-
MEIMITMHCKIMH JTaHHBIMH.

KitoueBble cJjioBa: yToIJIeHHE, CyaeOHas MEOUIMHA, THCTOJOTHS, THUCTONATOJOTHS,
W3MEHEHUS JIETKUX, Cy1e0HO-MEAUITMHCKAs TUarHOCTHKA.

«CYA-TUBBUETIA II§’I(I/IIIIHI/IHI‘ I'NCTOJIOI'HK JMAT'HOCTHUKACH:
3AMOHABHUMU XAJIKAPO AJABUETJIAP ITAPXW».

T'anneBa Humydap Xampoesna!

IOnycosa lllax;i0 JpknHOBHA®

PECITYBJIMKA WIMMU-AMAJINN CY ]| TUBBUETU SKCITEPTU3ACH MAPKA3H,
MVYPAKKAB CYI[-TI/IEBI/Iﬁ SKCIIEPTHU3AJIAP BYJIUMU, TOLIKEHT!.
TOLIKEHT JABJIAT TUBBUET YHUBEPCUTETU'.
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AHHOTAIUSA. Yykubd kerum cyn-tHOOMET aManuérmaa YIUMHUHT JHT Mypakka0 Ba
Oaxciu cababnmapunan Oupu OYnuMO KomMokAa. UYKMO KETHUI TAIIXMCHMHU KYWHII KYNHHYA
MaKpOCKONHK OENTHIIApHUHT HYKIUTH XaMmJa YIuMIaH KEeWWHTH Y3rapUIUIapHUHT TabCUPU
Tydaitnu kuitnaumink Tyraupanu. [y myHocabaT 6uiian oprad Ba TYKUMaJIapHUHT TUCTOJIOTUK
TAJIKUKOTH CYA-THOOWH TAIIXMCHU TaCIUKIANIIAa MyXUM aXaMUsT KacO staau. Yoy mIapXHUHT
Makcaau CyA-THOOMI amanuéraa yyKkuO KETUIIHU TalIXucialga KyJIJaHWIagUurad THCTOIOTHK
ME30HJIapra OHJ 3aMOHABUU XalKapo WJIMHUN MabIyMOTJIAPHU TaxXJIWJI KWIMILIAH uOopar.
Makonana 4yku0 KeTUIl XoiaaTiapuaa Ky3aTuiaurad yika, 0o Musi, xurap, Oylipak Ba 0oika
Opramjapiar THCTONATOJIOTUK Yy3rapunuiapra OaFWIUIaHTaH 3aMOHABUH  TaJKUKOTIIAp
HaTIKajJapyu yMyMIAIITUPWITaH. AWHUKCA, YTKa IIWINY, albBEOJaapHUHT XaAJaH TallKapu
KEeHTaluIM, €T 3appavyajapHUHT MaBXYJIMTH Ba CYBHUHT acCUPALUACHHH KYpPCAaTHIIN MYMKHH
Oynran OomIka MUKpPOCKONUK Oeiruiapra amoxuja 3bTHOOp KapaTwiraH. byHnaH Tamkapu,
YYKUO KETHIITHU aHUKJIAII/Ia THCTOJOTHK TaJKUKOTHHHT TUArHOCTUK aXaMUSTH Ba YEKJIOBIIAPH
Myxokama KunuHaau. [llapxa, IyHHHTIEK, THCTOJIOTHK TaXJIWIHU MypJaHu EpUIl HATHXKAIapH,
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XOZIFica XoNaTlIapu XaMa JabopaTopus TaAKUKOTIApH OMsIaH OMprajukiaa KyJUIallHU 3 W9ura
OJIraH KOMIUIEKC CyI-THOOMI EHOAITyBHUHI aXxaMUSATH TabKHUIaHaIu. Xalkapo agaOuériap
TaXJIMIN IIyHU KYpCcaTaluKu, TUCTOJIOTUK TAIKUKOT YYKUO KETHIIHU CyA-THOOMH Talxuciamia
MyXHM €pAamMud BocUTa OynnO KOJIMOKAA, aMMO YHUHI HaTW)Kalapu Xap JouM Oolnka cyn-
THOOMI MabJiyMOTIIap OMJIaH OMPraJIiKAa TaTKUH KHJIMHUILIY JIO3UM.

Kanur cy3nap: UYykub xerumn, cyn-TuOOMET, TUCTOJOTHUS, TUCTOMATONIOTHA, YIKa
y3rapunuiapy, cya-TuOo0uil Tanixuc.

INTRODUCTION. Drowning is one of the leading causes of accidental and non-accidental
death worldwide, accounting for a significant proportion of mortality in both developed and
developing countries. Despite advances in forensic science, the diagnosis of drowning remains a
complex and often controversial task. This complexity arises from the lack of pathognomonic
macroscopic signs that can definitively confirm drowning and from the influence of postmortem
changes such as decomposition, trauma, or environmental factors. Traditional autopsy findings,
including external and internal examination, provide essential information but may be
insufficient in isolation, especially in cases with prolonged submersion or when other injuries are
present.

In this context, histological examination of organs and tissues has become an increasingly
important tool in forensic investigations. Histopathology allows forensic practitioners to identify
subtle cellular and structural alterations that occur as a consequence of water aspiration and
associated physiological responses. Among the most frequently studied organs in drowning cases
are the lungs, brain, liver, and kidneys. Pulmonary changes such as edema, overdistension of
alveoli, hemorrhage, and the presence of foreign particles (e.g., diatoms or other environmental
matter) are considered significant indicators. In addition, microscopic changes in other organs,
including neuronal degeneration in the brain and congestion in the liver and kidneys, may
provide supportive evidence to strengthen the forensic diagnosis.

Over the past decades, numerous international studies have focused on establishing and
validating histological criteria for drowning. These studies have examined tissue-specific
responses to submersion, the timeline of cellular changes, and the influence of water type
(freshwater vs. seawater) on organ pathology. While no single histological marker can
definitively diagnose drowning, the integration of multiple histopathological findings
significantly enhances diagnostic accuracy when combined with autopsy results, circumstantial
evidence, and laboratory investigations.

The aim of this review is to systematically analyze current international literature on the
histological features associated with drowning, emphasizing both their diagnostic value and
limitations. By synthesizing evidence from a wide range of studies, this article provides forensic
practitioners with an updated perspective on the role of histopathology in the diagnosis of
drowning. Ultimately, this review underscores the importance of a comprehensive,
multidisciplinary approach in forensic investigations, wherein histological examination serves as
a critical adjunct rather than a standalone diagnostic tool.

This expanded introduction sets the stage for a detailed discussion of organ-specific
histopathological changes, methodological considerations, and practical recommendations for
integrating histological analysis into forensic protocols for drowning cases.

AIM OF THE STUDY. The primary aim of this review is to systematically analyze and
synthesize current international scientific evidence regarding the histological features associated
with drowning in forensic medicine. Specifically, the study seeks to:

1. Identify and summarize organ-specific histopathological changes observed in drowning
cases, with a focus on the lungs, brain, liver, and kidneys.

2. Evaluate the diagnostic significance and limitations of histological examination in
supporting forensic determinations of drowning.
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3. Compare findings from studies conducted in different regions and under varying
conditions (e.g., freshwater vs. seawater) to provide a comprehensive understanding of
histopathological variability.

4. Highlight the role of histological analysis as an adjunct to autopsy findings,
circumstantial evidence, and laboratory methods in establishing a reliable forensic diagnosis.

5. Provide practical recommendations for forensic practitioners regarding the application of
histopathology in drowning cases, based on the synthesis of international literature.

By achieving these objectives, this review aims to strengthen the evidence-based application
of histological techniques in forensic investigations of drowning and to promote a standardized,
multidisciplinary approach that enhances diagnostic accuracy.

DISCUSSION. Drowning remains a diagnostically challenging cause of death due to the
absence of pathognomonic signs and the variability introduced by postmortem changes. The
present review highlights the crucial role of histological examination as an adjunctive tool in
forensic investigations. Histopathology provides insights into tissue-level changes that are not
always apparent during gross autopsy, allowing a more detailed assessment of organ-specific
responses to water aspiration. Among the organs studied, the lungs have received the greatest
attention, as pulmonary changes are often the most indicative of drowning. Pulmonary edema,
alveolar overdistension, intra-alveolar hemorrhages, and the presence of foreign particles such as
diatoms are commonly reported. These features reflect the physiological processes occurring
during submersion, including hypoxia, fluid aspiration, and vascular congestion. While
pulmonary findings are highly informative, they must be interpreted with caution, as similar
histological changes can occur in other conditions such as heart failure, septicemia, or
postmortem decomposition.

Brain histology can reveal neuronal degeneration, cerebral edema, and congestion,
providing supportive evidence of hypoxic injury secondary to drowning. Similarly, hepatic and
renal changes, including centrilobular congestion in the liver and acute tubular injury in the
kidneys, contribute to a broader understanding of systemic responses to submersion. These
organ-specific findings emphasize the necessity of examining multiple tissues to establish a
comprehensive histopathological profile.

The reviewed literature also underscores the influence of environmental factors, such as
freshwater versus seawater immersion, on histological presentations. Differences in electrolyte
composition, microbial content, and temperature may alter tissue responses and should be
considered when interpreting findings. Moreover, the postmortem interval significantly affects
histological integrity, and delayed examinations may limit the reliability of certain microscopic
features.

Despite the valuable information provided by histology, the limitations of this method must
be recognized. No single histopathological marker is pathognomonic for drowning, and inter-
study variability in methodology, sample collection, and staining techniques can affect
reproducibility. Therefore, histological evidence should always be integrated with macroscopic
autopsy findings, circumstantial evidence, and laboratory analyses, including diatom testing and
toxicological screening.

Overall, the international literature demonstrates that histological examination remains a
critical component of forensic drowning investigations. By providing organ-specific microscopic
evidence, histology enhances the objectivity of forensic assessments and supports the
identification of drowning as the cause of death. Future research should focus on standardizing
tissue sampling protocols, identifying novel biomarkers, and integrating histological findings
with molecular and imaging methods to improve diagnostic accuracy.

In conclusion, histopathology is not a standalone diagnostic tool but a complementary
method that, when combined with a multidisciplinary forensic approach, strengthens the
reliability of drowning diagnosis and contributes to evidence-based forensic practice.
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CONCLUSIONS. The analysis of international literature on the histological diagnosis of
drowning demonstrates that histopathology is an essential adjunctive tool in forensic
investigations. While no single microscopic feature is for drowning, a combination of organ-
specific changes—particularly in the lungs, brain, liver, and kidneys—provides valuable
supportive evidence. Pulmonary findings, including edema, alveolar over distension, and the
presence of foreign particles, remain the most informative, but must always be interpreted
alongside other autopsy findings, circumstantial evidence, and laboratory analyses.

Histological examination enhances the objectivity and reliability of forensic assessments by
revealing subtle tissue-level alterations that may be overlooked during macroscopic examination.
Environmental factors, postmortem interval, and methodological variations can influence
histopathological presentations, underscoring the importance of standardized protocols and
comprehensive evaluation.

In conclusion, histopathology should be integrated as part of a multidisciplinary forensic
approach rather than used in isolation. Its application contributes to evidence-based diagnosis,
improves the accuracy of cause-of-death determinations, and provides forensic practitioners with
a more robust framework for evaluating drowning cases. Future research should focus on
refining histological criteria, identifying novel biomarkers, and combining histological findings
with molecular and imaging techniques to further strengthen the forensic diagnosis of drowning.
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