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Anotace

Habilitani prace se zabyva komplexnim hodnocenim poranéni zpusobenych ostrymi néstroji
a pfedméty v soudné lékarské praxi. Prace shrnuje epidemiologické charakteristiky téchto
poranéni v domacim prostfedi a porovnava je s daty dostupnymi v mezinarodni literatufe.
Podrobné jsou analyzovany makroskopické znaky ran, jejich pocet, lokalizace a souvisejici
obrannd poranéni, kterd maji zasadni vyznam pfi posuzovani mechanismu utoku a jeho
dynamiky. Soucésti prace je i hodnoceni pfitomnosti doprovodného tupého nésili jako projevu
mozné eskalace konfliktu. Zvlastni pozornost je vénovana interpretaci ran z hlediska odliseni
vrazdy, sebevrazdy a neStastné ndhody. Prace déle predstavuje moznosti vyuZziti postmortalni CT
angiografie pro detailni zobrazeni cévnich |ézi a pro zpfesnéni rekonstrukce prabé&hu utoku.
Metodika PMCTA je diskutovana véetné jejiho pfinosu, limitd a praktické aplikace v pfipadech
poranéni koncetin. Integrace radiologickych a pitevnich nalezd umoznuje pfesnéjsi uréeni zdroju
krvaceni a objektivizaci posudkovych zavérl. Soubor pfipadl ilustruje variabilitu klinicko-
forenznich situaci a vyznam korelace morfologie poranéni s okolnostmi vzniku. Prace pfinasi
doporuceni pro standardizaci popisu a interpretace bodnofeznych poranéni v soudné Iékarskeé
praxi a ukazuje pfinos modernich zobrazovacich metod pro zvy3ovani diagnostické pfesnosti.



Abstract

This habilitation thesis focuses on the comprehensive evaluation of injuries caused by sharp
instruments and objects in forensic medical practice. It summarizes the epidemiological
characteristics of such injuries in the domestic setting and compares them with data available in
international literature. The work provides a detailed analysis of the macroscopic features of
wounds, including their number, location, and associated defensive injuries, which are essential
for assessing the mechanism and dynamics of the assault. The thesis also examines the presence
of concomitant blunt-force trauma as a potential indicator of conflict escalation. Special attention
is devoted to the interpretation of wounds in the context of distinguishing homicide from suicide
and accidental injury. Furthermore, the thesis presents the diagnostic potential of postmortem CT
angiography for detailed visualization of vascular lesions and for refining the reconstruction of the
course of an assault. The PMCTA methodology is discussed, including its benefits, limitations,
and practical application in cases involving limb injuries. The integration of radiological and
autopsy findings enables a more precise identification of bleeding sources and enhances the
objectivity of forensic conclusions. The case series illustrates the variability of clinical-forensic
scenarios and the importance of correlating wound morphology with the circumstances of injury.
The thesis proposes recommendations for the standardization of the description and interpretation
of sharp-force injuries in forensic medicine and demonstrates the contribution of modern imaging
methods to improving diagnostic accuracy.
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Seznam obrazku

Obr. &. 1 Rezné rany; pfi okraji fezné rany ¢&. 11 jsou patrné incipientni nafezy. Obé vySe uloZzené
fezné rany vznikly splynutim nejméné dvou Feznych ran. V jejich okoli prosvita kizi mapovity
Cervenofialovy krevni vyron.

Obr. &. 2 Komplex bodnych ran zplsobenych plochym jednobfitym nastrojem.
Obr. &. 3 Rozsahla se¢na rana hlavy pronikajici do dutiny lebni zpisobena katanou.

Obr. &. 4 Bodnofezna rana vznikla kombinaci tlaku &epele v jeji dlouhé ose a sou€asného tahu
ostré hrany po povrchu téla (krku).

Obr. €. 5 Rozdvojeni jednoho z uhlu rany (tzv. velka vlastovéi kfidla).

Obr. ¢&. 6 Cislovani bodnych ran a hodnoceni jejich vzdalenosti od Grovné plosky nohy a stfedni
Cary.

Obr. €. 7 Rozséhla rana krku vznikla splynutim vétSiho poctu bodnofeznych ran.

Obr. €. 8 V centralni Casti krku hluboka fezna rana bez vitalni reakce vznikla pfi snaze pachatele
oddélit hlavu od trupu. Déle patrny prubod obli¢eje se zavedenou sondou.

Obr. &. 9 CT vySetfeni prokazujici pfitomnost vzduchové embolie; patrny intrakardialni vzduch v
srde¢nich dutindch. Dale pfitomen oboustranny hemotorax s hladinami tekutiny v pleuralnich
dutinach.

Obr. €. 10 CT angiografie predlokti s nastfikem arteria ulnaris a arteria radialis; v dolni tfetiné
pFedlokti patrné pferuSeni obou tepen s extravazaci kontrastni latky do okolnich mékkych tkani.

Obr. €. 11 Preparace arteria radialis na pfedlokti se zavedenim kovové sondy do jejiho lumen,
umoznujici prikaz jejiho natéti a nasledného pretéti v irovni zapésti.

Obr. €. 12 Zkouska na vzduchovou embolii; rozpreparovany osrdec¢nikovy vak, pod vodnim
sloupcem otevirany jednotlivé srde¢ni oddily.

Obr. €. 13 Sebeobranna poranéni na levé horni konceting.

Obr. €. 14 MnohocCetna bodna poranéni pfi sebeposkozeni; rany jsou téméf shodné orientované
a lokalizované ve tfech anatomickych oblastech, patrna absence obrannych poranéni na hornich
koncetinach.

Obr. ¢&. 15 Uraz v uhelném dole; zasazeni poskozeného rypadlem do oblasti trupu.
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Seznam zkratek

CT - pocitacova tomografie

PMCTA — postmortalni CT angiografie

MRI — magnetick& rezonance

RTG - rentgenové vySetieni

UZ — ultrazvukové vySetfeni

FAST — Focused Assessment with Sonography for Trauma
3D — trojrozmérny

a. ulnaris — arteria ulnaris

a. radialis — arteria radialis
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Komentar

Poranéni zpusobena ostrymi nastroji patfi k nejvyznamnéjSim a soucasné nejkomplexnéjSim
oblastem soudniho lékarstvi. Spravna interpretace morfologie jednotlivych ran, jejich poctu,
orientace a vzajemnych vztahu je klic¢ova pro rekonstrukci mechanismu jejich vzniku, hodnoceni
intenzity ptsobiciho nésili i posouzeni obranné aktivity obéti [1-3]. Moderni soudni Iékafstvi se jiz
neomezuje na popis zakladnich morfologickych znaku, ale klade stale vétSi diraz na presnéjsi
standardizaci hodnoceni, na objektivni metody dokumentace a na kombinaci klasickych pitevnich
technik s pokro€ilymi zobrazovacimi metodami [2, 4—6].
V poslednich letech pfinesl vyzkum ostrych poranéni nékolik vyznamnych trend(. Patfi mezi né
podrobnéjSi statistické analyzy rozsahlych soubord pfipadl, které umoznuji odhalit vzorce
chovani pachatell, demografické faktory i vztah mezi charakterem ran a dynamikou utoku [7-9].
Dale se rozviji forenzni radiologie, zejména postmortélni CT a jeho angiografické modality, které
mohou zpfesnit diagnostiku cévnich poranéni a poskytnout data obtizné zjistitelna pfi samotné
pitvé [4, 5, 10]. S rostouci komplexitou pfipadu nartsta i potfeba interdisciplinarniho pohledu,
napriklad pfi hodnoceni poranéni v kontextu intoxikaci, psychéz &i pochybeni v klinické péci [1,
3].
Soubor publikaci, ktery je zde prezentovan, pfimo navazuje na vySe uvedené teoretické principy
i moderni trendy. Jednotlivé Clanky predstavuji tfi odliSné, ale vzajemné se doplrujici roviny
praktického zkoumani ostrych poranéni:
e Epidemiologicko-morfologickou, zaloZzenou na rozsahlé analyze vzorcu poranéni,
hodnoceni sebeobrany, doprovodného tupého nasili v pfipadech vrazd [7-9].
e Metodicko-diagnostickou, reprezentovanou zavedenim postmortalni CT angiografie
u bodnofeznych poranéni koncetin, ktera rozSifuje moznosti dokumentace cévnich 1ézi [4,
5, 10].
o Klinicko-forenzni, zastoupenou specifickymi pfipady, které ukazuji poukazuji na uskali
klinické diagnostiky, forenzni interpretace i pravnich dopadu [1, 3].
Soubor praci predstavuje pfirozené pokracovani teoretické Casti prace. Zatimco teoreticka
kapitola vymezuje zakladni terminologii, klasifikaci a zdsady popisu ostrych poranéni, publikované
studie ukazuji jejich praktické uplatnéni, potvrzuji vyznam systematického hodnoceni
a dokumentuji nové moznosti, které dnesni soudni I€ékaFstvi nabizi [1, 3, 7]. Spole€né tvofi celek,
ktery propojuje zakladni morfologii ran s modernimi metodami jejich interpretace a pfinasi novée
poznatky vyuZitelné v kazdodenni praxi. Publikace autora, které tvofi soucast této habilitacni
prace, jsou v seznamu literatury zvyraznény tuc¢né.
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Teoreticka éast

Terminologie a klasifikace

Poranéni ostrym pfedmétem vznikaji psobenim mechanické sily soustfedéné na malou plochu,
a to nastroji opatfenymi ostfim ¢i hrotem. Na rozdil od poranéni zpusobenych tupym predmétem
zde zpravidla nedochazi ke zhmoZzdéni okolnich tkéni, ale k jejich Cistému pretéti nebo propichnuti
[1-3, 11]. Zakladnim znakem téchto poranéni je hladky, ostry okraj rany bez lemd pohmozdéni,
coZ umoznuje pomérné presné identifikovat typ pasobiciho néastroje [1, 3, 12].

Poranéni zpasobena ostrymi nastroji

Poranéni zpusobena ostrymi pfedméty nebo nastroji Ize klasicky rozdélit do tfi zakladnich skupin:
fezna, se€na a bodna poranéni. Toto rozdéleni vychazi pfedevsim z dominantniho mechanismu
pusobeni sily a z charakteru pouZzitého nastroje [1-3]. Morfologie vzniklych ran je pfitom ovlivnéna
nejen vlastnostmi nastroje, ale také smérem a intenzitou pusobici sily, pohybem téla a vlastnostmi
poranénych tkani [2, 13].

Rezné rany

Rezné rany vznikaji souéasnym tlakem a tahem ostrého pfedmétu po povrchu téla. V pfipadé
Utoku ze strany druhé osoby mohou vzniknout také Svihem vedenym uderem ruky s ostrym
nastrojem nebo teénym zasazenim povrchu téla pfi bodnuti. Sila plsobi tangencialné, coz vede
k pferuSeni kize, podkoZzi a nékdy i hlubSich struktur, aniz by dochazelo k vyraznému zhmozdéni
okolnich mékkych tkani [1-3, 11, 14]. Rezné rany typicky maji hladké okraje a ostré ahly (obr.
¢.1). Hloubka rany je obvykle mensi nez jeji délka a jeji delSi osa zpravidla odpovida sméru
pohybu ostfi. Kromé zcela povrchnich poranéni jsou tyto rany vétsinou zejici, Sife rozestupu rany
zavisi na prabéhu elastickych vlaken v kuzi (tzv. Langerovych liniich) tedy na jeji Stépitelnosti [1,
2, 15].

V misté zaCatku fezné rany mize byt nékdy patrny tzv. incipientni zafez, kde se ostfi poprvée
zanofilo do klGze. Priblizné ve dvou tfetinach délky byva rana nejhlubSi a smérem ke konci
postupné vystupuje k povrchu. Tvar a uspofadani okraji fezné rany tak muze orientacné
napomoci pfi uréeni sméru vedeni fezu; ten maze byt linearni nebo obloukovity s riznym stupném
zakfiveni v zavislosti na mechanismu vzniku poranéni [1, 3].

Okraje rany jsou typicky hladké, bez pfitomnosti odérek a bez vyraznych znadmek pohmozdéni,
coz tyto rany odliSuje od trzné zhmozdénych ran zplsobenych tupym nasilim. V okoli fezné rany
byva bézné pfitomen krevni vyron svédcici pro jeji intravitalni vznik. Nékdy Ize pozorovat i drobné
sekundarni zafezy nebo stopy po skluzu ostfi pfi opakovaném kontaktu ¢epele s povrchem kuze
[2, 15].

Ve srovnani s jinymi typy poranéni jsou fezné rany typicky delSi nez hlubsi a maji relativné rovné
a pravidelné okraje. Na rozdil od bodnych ran nebo trzné zhmozdénych poranéni se zde zpravidla
nevyskytuji vazivové mustky, odérky &i vyrazné pohmozdéni okolnich tkani [1-3].
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Obr. &. 1 Rezné rany; pfi okraji Fezné rany &. 11 jsou patrné incipientni nafezy. Obé vyse fezné
rany vznikly splynutim nejméné dvou feznych ran. V jejich okoli prosvita kuzi mapovity
Cervenofialovy krevni vyron.

Bodné rany

Bodné rany vznikaji tlakem ostrého &i hrotnatého pfedmétu vedenym v jeho dlouhé ose, tedy
bodnutim [1-3]. Sila plsobi pfevazné v ose nastroje, coz vede k prorazeni kuze, podkozi a ¢asto
i hlubSich struktur, jako jsou cévy, svaly nebo organy [1, 2, 16]. Okraje bodnych ran byvaji
zpravidla hladké, pfiéemz uhly rany mohou byt ostré i tupé (obr. &. 2) v zavislosti na pouzitém
nastroji [1-3, 11, 14]. V okoli obvykle nebyva vyrazné zhmozdéni mékkych tkani [1, 2]. Typickym
znakem bodného poranéni je, Ze hloubka rany je vétsi nez jeji délka na povrchu [1-3].

Bodna poranéni mohou byt penetrujici, kdy nastroj pronika do hloubky a vytvari bodny kanal, nebo
perforujici, pfi nichZ nastroj projde télem a vytvofi kromé vbodu také vybod [1, 3]. Pribéh bodného
kanélu mdze byt pfimy, nebo ménit smér podle sklonu nastroje, odporu jednotlivych tkani Ci
pohybu téla béhem poranéni [2, 13].

Tvar vbodu odpovida tvaru prafezu pouZzitého nastroje [1, 2, 17]. U jednostranné brouSeného ostfi
byva vbod Stérbinovity s jednim ostrym a jednim tupym Ghlem [1, 2]. U oboustranné brouSeného
ostfi maji oba konce rany ostry uhel a vbod maze byt vietenovity [1-3]. Pokud dojde k proniknuti
celé délky Cepele, mize byt na kiZi patrny otisk rukojeti nastroje [1, 3].
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DalSi morfologické znaky mohou zahrnovat drobné odérky nebo kozni praskliny v okoli vbodu,
zejména pfi Sikmém ¢&i rotovaném vedeni bodu [2, 13]. Bodny kanal mizZe obsahovat krevni
koagula, vzduchové bubliny ¢&i tkanové ulomky odpovidajici poSkozenym strukturam [2].

Hojeni bodnych ran zavisi na hloubce kanalu, rozsahu poSkozeni a pfipadné kontaminaci [3].
Rany se hoji odspodu, mohou byt komplikovany infekci nebo vznikem hematomu v hlubSich
tkanich [3]. PFfi nekomplikovaném prubéhu byva jizva na povrchu nenapadna, avSak pfi
rozsahlejSim poskozeni hlubokych struktur maze byt proces hojeni delSi [1, 3].

Obr. €. 2 Komplex bodnych ran zplGsobenych plochym jednobfitym nastrojem.

Secné rany

Sec¢na poranéni vznikaji plsobenim tézSiho ostrého predmétu s delSi Cepeli ¢ hmotnosti,
vedeného znacnou silou, obvykle Svihem (napf. sekera, maceta, kosa, mec) [1-3, 18]. Uplatriuje
se zde nejen fezny ucinek ostfi, ale také vysoka kineticka energie nastroje, ktera pronika hluboko
do tkani a mize zasahnout svaly, cévy, nervy i kost [1, 2, 19]. Ve srovnani s feznymi ranami jsou
se€na poranéni vyrazné hlubsi a vedou k rozsahlejsi devastaci mékkych tkani [1-3].

Secna rana byva hluboka, klinovité tvarovana, s hladkymi okraji (obr. €. 3). V misté kontaktu osti
s kosti Ize €asto pozorovat zéfez €i ryhu odpovidajici tvaru ostfi [1, 13]. Okoli poranéni byva jen
minimalné zhmozdéno, av3ak pfi zna¢né intenzité ideru maze dojit k odlomeni ¢asti kosti nebo
k tfistivé zlomeniné [1, 3].
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Zavazna jsou zejména secna poranéni hlavy. Ostfi mdze proniknout mékkymi tkdnémi, protnout
lebecni kost a zasahnout mozkovou tkan, coz vede k rozsahu poskozeni od kontuzi az po jeji
devastaci [1, 2, 19, 20].

DalSi morfologické znaky se¢nych ran mohou zahrnovat stopy po skluzu ostfi ¢i drobné odérky
na okrajich rany pfi neaplném zanoreni ostfi nebo pfi zméné sméru Uderu [2, 13]. Hloubka a sklon
secné rany odpovidaji sméru vedeni Gderu a pouzitému typu nastroje [1, 3].

Hojeni se¢nych ran zavisi na hloubce a rozsahu poSkozeni mékkych i tvrdych tkéni [3]. Rany se
hoji odspodu, ¢asto za tvorby vyraznéjsi jizvy, zejména pokud doSlo k poSkozeni svall nebo kosti.
PFitomnost poranéni kostnich struktur, zejména zlomenin, muze prabéh hojeni komplikovat a
prodluZovat. [3].

Obr. €. 3 Rozsahla se¢na rana hlavy pronikajici do dutiny lebni zpusobena katanou.

V praxi se pak mizeme setkat s kombinaci vySe uvedenych ran, typicky se vznikem bodnofezné
rany. Bodnofezné rany vznikaji pfi zanofeni, €i vytaZeni Cepele z bodného kanalu, kdy se
uplatriuje soucasny tah a tlak ostré hrany bodnofezného nastroje (obr. &. 4).
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Obr. €. 4Rana ¢&. 1lje bodnofezna, ktera vznikla kombinaci tlaku cCepele v dlouhé ose
a souc¢asnym tahem ostré hrany po povrchu téla (krku).
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Specifika popisu ostrych poranéni

V pfipadé popisu ostrych poranéni je nutno zachovavat urcitou posloupnost [1, 3, 11]. Rany na
téle obvykle schematicky Cislujeme od shora dolud, zprava doleva [1, 2]. U kazdé rany se uvadi jeji
typ (fezna, bodna, se€nd, bodnofezna) a jeji pfesna lokalizace a orientace [1, 3]. PopiSeme okraje
rany, jeji uhly, velikosti rAny a provedeme jeji kétovani — stanovime lokalizaci stfedu rany od
arovné plosky nohy a od stfedni ¢ary [1-3]. Dale se popiSe bezprostfedni okoli rAny — pfitomnost
doprovodnych poranéni kozniho krytu, znecisténi, u feznych ran se popise spodina rany [1, 3].
V pfipadé absence vitality rany, tuto je nutno blize popsat [1].

Cislovani ran

Jak jiz bylo uvedeno, pokud to situace umoznuje, rany se schematicky €isluji shora dolu a zprava
doleva, postupné od hlavy pfes piedni a zadni stranu trupu aZ po horni a dolni koncetiny [1, 2].
Je vSak nutné mit na paméti, Ze toto Cislovani je pouze orientacni ave vétSiné pfipadu
neodpovida skute€nému chronologickému sledu vzniku jednotlivych poranéni [1-3].

Tvar rény

Tvar rany predstavuje jeden z kli¢ovych znakl pfi posuzovani mechanismu jejiho vzniku [1-3,
11]. Vychéazi z kombinace vlastnosti poranéného povrchu téla, sméru a charakteru pisobici sily
i typu pouzitého nastroje C€i pfedmétu [2, 13]. V pfipadé zasaZeni povrchu téla plochych
bodnofeznym nastrojem rany byvaji linearni, pfipadné Stérbinovité [1, 2].

Lokalizace rany

Presna lokalizace poranéni je dulezita pro jeho forenzni interpretaci [1-3]. U kazdé rany je nutné
uvést jeji umisténi ve vztahu k anatomickym strukturam a zaroven urcit jeji stranovou lokalizaci
[1, 2].

Orientace rany

Hodnoceni orientace ran je zasadni pro stanoveni mechanismu Urazového déje a pro naslednou
rekonstrukci sméru pusobici sily [1-3, 11]. Orientace rany by méla byt popsana podle hlavnich
télnich os, a to podle sméru, ktery u rany jednozna¢né pfevazuje [1, 2]. Obvykle se uvadi vztah
k ose podélné (kraniokaudalni), pficné (mediolateralni) a pfipadné iSikmé orientaci, pokud
prabéh rany neodpovidéa jedné z hlavnich os [1, 3].

Okraje rany

Hodnoceni okraju rany patfi k zakladnim morfologickym znakdm, které umoZziuji urcit typ
pouzitého néstroje i mechanismus vzniku poranéni [1-3]. Sleduje se jejich hladkost Cdi
nepravidelnost (pferusenti), pfitomnost odérek, lemd pohmozdéni [1, 2].

Uhly rany

Uhly rany predstavuji dalezity morfologicky znak, ktery pomaha uréit typ pouZzitého nastroje
a orientaci ostfi [1, 2, 11]. Sleduje se, zda jsou uhly ostré, tupé &i rozdilné na obou koncich rany
[1, 3]. U jednostranné brouseného ostfi byva jeden konec rany zakonéen ostrym Ghlem a druhy
tupym, zatimco u oboustranné brouSeného ostfi byvaji oba dhly ostré [1-3]. V nékterych

pfipadech se Ize setkat s rozdvojenim jednoho z Uhlu rany, coz vytvari obraz tzv. vlastov¢ich
kridel [1, 13]. Mala vlaStov¢i kfidla vznikaji tehdy, kdyZ je Cepel noZe Siroka a jeji tupé strana ma
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ostiejSi hrany, které pfi priniku kuZzi lehce nafiznou puvodné tupy uhel rany [2]. Velk& vlastovCi
kiidla popisujeme v situaci, kdy dojde k pootoceni Cepele v prubéhu bodu nebo pfi jejim
vytahovani; rotace tak vytvofi druhy, vyraznéjSi zafez v zakoncéeni rany (Obr. &. 5) [2, 13]. Tento
morfologicky znak mize pomoci nejen pfi ur€ovani charakteru nastroje, ale také pfi rekonstrukci
dynamiky atoku [1-3].

Obr. €. 5 Rozdvojeni jednoho z Uhlu rany (tzv. velka viastovéi kidla).

Velikost rany

v

Velikost rany stanovujeme ve dvou na sebe kolmych smérech (Sitka + vySka), aby byl zachycen
jeji skuteény povrchovy rozsah [1-3, 11]. Udaje standardné& uvadime v centimetrech se
zaokrouhlenim na jedno desetinné misto [1, 2]. MéFeni provadime pfimo na téle, v anatomicky
srozumitelnych rovinach, pfi zachovani Setrné manipulace s okraji rany [1-3]. U povrchnich
poranéni obvykle postaCuje stanoveni dvou rozméru [1]. U hlubSich ¢&i komplikovanych ran Ize
doplnit i orientacni Udaj o hloubce, pokud jej Ize bezpecéné zjistit bez naruSeni pfirozeného tvaru
a struktury rany [1, 3]. Je tfeba mit na paméti, Ze kozni elasticita muze rozméry mirné zkreslit —
zejména u feznych a bodnych ran, jejichZ okraje se mohou stahnout nebo naopak rozevfit [2, 13].
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Kotovani rany

Kétovani rany slouzi k pfesnému uréeni jeji polohy na téle pomoci dvou nezavislych méreni [1—
3]. Vzdalenost stfedu rany se zaznamendva jednak od drovné plosky nohy, kterd predstavuje
stabilni vertikalni referenéni bod, a dale od predni stfedni ¢ary jakozto zakladni anatomické osy
v horizontalnim sméru (Obr. €. 6) [1, 2]. Obé hodnoty se uvadéji v centimetrech, obvykle se
zaokrouhlenim na jedno desetinné misto [1, 2, 11]. MéFeni se provadi pruznym pasmem vedenym
po povrchu téla tak, aby respektovalo jeho pfirozené zakfiveni aumoZznilo pfesnou,
reprodukovatelnou dokumentaci lokalizace poranéni [1, 2].

Tento typ kétovani ma vyznam predevsim na hlavé, krku a trupu, kde umozfiuje presné popsat
polohu poranéni vici stabilnim anatomickym osam [1-3, 14]. Na dolnich kon¢etinach se obvykle
stanovuje pouze vzdalenost stfedu rany od urovné plosky nohy, protoZe horizontélni orientace
vl¢i stfedni ¢are zde ztraci prakticky vyznam [1, 2]. Na hornich koncetinach se kétovani ran
obecné neprovadi — jejich vysokd mobilita a variabilita poloh znemoZziuji vytvorit spolehlivy
a reprodukovatelny referencni systém [2, 3].

Obr. &. 6 Cislovani bodnych ran a hodnoceni jejich vzdalenosti od Grovné plosky nohy a sttedni
cary.
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Hodnoceni rozsahlych komplexa poranéni

V pfipadech, kdy vice ran splyva do jednoho rozsahlého a morfologicky sloZitého poranéni, se
jako samostatné oznacuji pouze ty Useky, které Ize bezpecné odlisit podle jejich tvaru, orientace,
charakteru okraji ¢i dalSich specifickych znakd [1-3, 11]. Smyslem je stanovit nejmenSi pocet
jednoznac¢né identifikovatelnych ran tak, aby popis odpovidal realité a nevytvarel zdani vétSiho
poctu poranéni nez Ize skuteéné prokazat [1, 2]. Tento postup zajiStuje konzistentni a odborné
pfesné hodnoceni iuvelmi komplexnich poranéni, kter& mohou vznikat kombinaci vice
mechanisml nebo opakovanym plsobenim stejného nastroje (Obr. &. 7) [1-3].

Obr. €.7 Rozsahla rana krku, ktera vznikla splynutim vétSiho po¢tu bodnofeznych ran.
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Hodnoceni kanalti u bodnofeznych poranéni

Rezné aseéné rany kanaly nevytvareji, protoZe jejich mechanismus pusobeni je prevazné
tangencialni — ostfi se pohybuje po povrchu téla a oddéluje tkdné ve sméru fezu, aniz by vznikla
prostorova struktura pfipominajici tunel [1, 3, 11]. U se¢nych poranéni se sice muze objevit
hluboky, Kklinovité tvarovany defekt sahajici az ke kosti, nejde vSak o skute¢ny kanal, ale
o otevienou rénu, jejiz tvar a hloubka odpovidaji Sifi a energii zanofeni ostfi pfi Svihu [1, 2].
Skute¢ny kanal vznika pouze u bodnych a bodnofeznych poranéni, kdy se nastroj zanofuje do
hloubky ve své dlouhé ose [1-3].

Vbod, bodny kanél, vybod

U bodné rany je mozné pozorovat vbod, tedy misto, kde bodny nastroj poprvé proniknul do téla
[1-3]. Na vbod plynule navazuje bodny kandl, ktery pfedstavuje drahu pohybu hrotu, potazmo
Cepele v hloubce mékkych tkani a odrazi smér, thel i dynamiku zanofeni nastroje [1, 2]. Pokud
Cepel projde télem zcela, kanal Usti ve vybod, kterym nastroj z téla vynika [1-3]. V situaci, kdy
jsou pfitomny vSechny tfi morfologické struktury — vbod, vlastni bodny kanal i vybod — Ize hovofrit
o0 prubodu, tedy uplném proniknuti nastroje danou lokalitou téla [1].

Vbod
Vbod predstavuje misto prvniho kontaktu hrotu bodného &i bodnofezného nastroje s télem a je

morfologické vlastnosti pomérné vérné odrazeji tvar hrotu, profil Cepele, ostrost, Sifi i typ ostfi,
a proto byva ve forenzni praxi povaZzovan za kli¢ovou strukturu pfi hodnoceni bodnych poranéni
[1, 2]. Tvar vbodu odpovida prafezu néstroje v misté jeho hrotu [1-3]. Jednostranné brouSené
Cepele vytvareji vbod s jednim ostrym a jednim tupym Uhlem, zatimco oboustranné brou3ené
nastroje maji oba konce rany zakonceny ostrymi Uhly a vbod pusobi symetri¢téji [1-3]. Atypické
nastroje mohou vytvaret polygonalni, & nepravidelné tvary vbodu [2, 13]. Cim bude hrot nastroje
SirSi a tupéjsi, mizZzeme se v okraji rany setkat se vznikem doprovodnych poranéni charakteru
trhlin, ¢i odérek kaze [2].

Bodny kanél

Bodny kanal navazuje na vbod a je tvofen rozestoupenymi a zhmozdénymi mékkymi tkanémi
prosaklymi krvi [1-3, 11]. Pfi proniknuti pfedmétu s tupym hrotem nebo nepravidelnym povrchem
muZze dojit k zavle€eni cizorodych ¢astic do okolnich tkani [2]. Na konci bodného kanalu Ize nékdy
nalézt odlomeny hrot nastroje; k odlomeni &i ohnuti ¢epele maze dojit také pfi prudkém pohybu
obéti [1, 2]. Bodny kanal je zpravidla pfimy, avSak mGze ménit smér pfi narazu nastroje na skelet
nebo pfi nahlé zméné polohy zranéného v pribéhu Gtoku [1-3]. Pohybuijici se organy, napfiklad
pfi dychani, mohou smér kanalu ovlivnit a nékteré duté organy mohou pred pronikajicim nastrojem
dokonce ustoupit [1, 13].

Délka bodného kanalu mize korespondovat s délkou ¢epele pouZzitého nastroje, je vSak kratsi,
pokud nedojde ke kompletnimu zanofeni, a naopak muze byt relativné delSi, je-li nastroj zatlacen
do téla znacnou silou a dojde ke kompresi mékkych tkani [1-3]. Tvar bodného kanalu odpovida
prifezu Cepele ¢i hrotu, avSak u organu se svalovou vrstvou muze v dusledku nastupujici
posmrtné svalové ztuhlosti dochézet k retrakci stén kanalu, takZze se jevi uzsi, nez byl zrafujici
predmét [2]. Z jednoho vbodu zpravidla vychazi jeden bodny kanal, avSak pfi nedplném vynoieni
nastroje a jeho opétovném zabodnuti mize vzniknout kanall vice [1, 2].
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Pfi popisu bodného kanalu je nutné detailné uvést vSechny anatomické struktury, kterymi
prochézel, stanovit jeho smér ve vztahu ke tfem zakladnim té€lnim rovinam a zméfit jeho délku [1—
3]. Bodné kanaly nikdy nesondujeme naslepo, aby nedo3lo k vytvoreni arteficialniho ,faleSného”
kanélu [1, 2]. Spravny postup u penetrujicich poranéni do télnich dutin spociva v postupném
odpreparovani kanalu po vrstvach, coz umoznuje jeho bezpecné sledovani az ke kone¢nému
zakonc&eni [1-3]. U poranéni koncetin ¢i obliceje doporucujeme sondovani provadét az po jejich
podrobném makroskopickém popisu [2].

Vybod

Vybod predstavuje misto, kde bodny kanal kon¢i a kde €epel nastroje opousti télo [1-3]. Byva
zpravidla mensi, méné pravidelny a méné vyrazny nez vbod [1, 2]. Okraje vybodu mohou mit trzny
charakter, zejména u nastroju s tupym hrotem [2]. U nastroji s ostrym hrotem je rozliSeni vbodu

a vybodu mnohdy velmi obtizné [1-3]. S bodnymi poranénimi charakteru pribodu mizZeme se
nejCastéji setkat na koncetinach [1].

Hodnoceni vitality poranéni

Hodnoceni vitality poranéni predstavuje klicovy krok pfi odliSeni poranéni vzniklych zaZiva od
zmén vzniklych az po smrti [1-3]. Vitalita se posuzuje podle morfologickych, histologickych
a pfidruzenych biologickych reakci, které svéd¢i o funkénim krevnim obéhu v dobé vzniku
poranéni [2, 13]. Z makroskopickych znakul je nejvyznamnéjSi znamkou prokrvaceni okraju rany,
pFitomnost vitalnich odérek kize a krevnich podlitin v okoli rany [1-3]. Na histologické drovni Ize
hodnotit krvaceni do tkani, Casné zanétlivé zmény, migraci leukocytt a dalSi bunééné reakce [1,
21]. Laboratorni metody (napf. stanoveni enzym(, imunohistochemie ¢ molekularni analyza)
mohou zavér dale zpfesnit, zejména u Casové velmi kratkych intervall, kdy je makroskopicka
reakce minimalni [21, 22]. Spravné vyhodnoceni vitality je zasadni pro rekonstrukci mechanismu
déje, interpretaci nasili a odliSeni ante mortem a post mortem zasah( [1-3].

S posmrtné vzniklymi ranami se pak v praxi setkhvdme pfedevsim v souvislosti s manipulaci
s télem, rozkouskovanim, snahou o odstranéni stop nebo pfi zasazich zivocichl [1-3]. Tyto rany
postradaji vitalni reakci — chybi krvaceni do okolnich tkani, zanétlivd odpovéd ¢&i jakékoli znamky
hojeni [1, 2]. Okraje byvaji ,suché®, ostfe ohrani¢ené, nazloutlé barvy [1]. Problematické mize byt
hodnoceni ran v posmrtnych skvrnach diky staze krve, ktera muze imitovat intravitalni prosaknuti
[2]. Vlivem hromadéni krve v kapilarach a zilnim Fecisti se mohou okraje posmrtné rany v téchto
lokalizacich jevit tmavsi nebo vice prokrvené, aniz by Slo o skute¢nou vitélni reakci [2, 3].
Rozhodujici je tedy celkové posouzeni vSech dostupnych znaku, zejména absence krvaceni do
tkani, charakter okraji a pfipadné histologické vySetieni, které umozni spolehlivé odliSeni ante
mortem a post mortem poranéni [3, 21, 22].

K posmrtnym poranénim dochazi nej¢astéji pfi manipulaci s télem, napfiklad pfi snaze télo
premistit, ukryt nebo ztizit identifikaci [1-3]. Typickym pfikladem je defenzivni rozkouskovani, pfi
némz pachatel télo rozdéluje Cisté z logistickych davodl (Obr. &. 8). DalSi skupinu tvofi poranéni
zpUsobena Zzivocichy, zejména hlodavci nebo hmyzem, kde jsou typické nepravidelné defekty
mékkych tkani s charakteristickymi okusy a bez znamek vitalniho krvaceni [1, 2]. Setkavame se
takeé s arteficialnimi zménami pfi autopsii, napfiklad od preparace ¢€i odbért vzorkd tkani [1].
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Obr. €. 8 V centrélni ¢asti krku je hluboké Fezna rana bez vitalni reakce, ktera vznikla pfi snaze
pachatele oddélit hlavu od trupu. Déle je na snimku patrny priibod obli¢eje s umisténou sondou.
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Charakteristika a forenzni analyza nastroja zpasobujicich ostra poranéni

Nastroje a pfedméty schopné zpUsobit ostra poranéni tvofi Sirokou a morfologicky riznorodou
skupinu. Jejich spole€nym znakem je pfitomnost ostfi €i hrotu, ktery umoZzriuje soustfedit pusobici
silu na velmi malou plochu a pferusit tak kozni kryt i hlubSi struktury [1-3]. Forenzni analyza
ostrych nastroju se zaméfuje na jejich konstrukéni vlastnosti, mechaniku jejich pouZiti a charakter
stop, které zanechavaji v tkanich [1, 2, 11]. Spravna interpretace téchto znakl je z&sadni pro
rekonstrukci mechanismu utoku a identifikaci typu pouZzitého nastroje [1-3].

Z&kladnimi morfologickymi parametry nastroje, které maji dopad na podobu poranéni, jsou jeho
celkova délka a Sitka, tvar prafezu nastroje, ostrost a Uhel ostfi, typ hrotu, pfitomnost
jednostranného ¢i oboustranného brouSeni, pfipadné zoubkovani [1, 2]. Kazdy z téchto prvkud
muZe modifikovat charakter rany [1, 2, 11]. Jednostranné brouSené Cepele vytvéareji typické
zakonc&eni sjednim ostrym ajednim tupym uUhlem, zatimco oboustranné brousené Cepele
produkuji rany s obéma konci zakonéenymi ostrymi Ghly [1-3]. Zoubkovéani ostfi mize na kuZzi
zanechat jemné, opakujici se sekundarni zarezy ¢i nepravidelnosti okraju [1, 2]. Tvar prafezu
Cepele se odrazi predevsim ve tvaru vbodu a muze napomoci k identifikaci typu nastroje [1-3,
11].

Vyznamnou soucasti forenzniho hodnoceni je i analyza mechaniky pohybu nastroje [1-3]. Smér
vedeni bodu nebo fezu, dhel dopadu, rychlost a rotacni slozka pohybu se odrazZeji v orientaci rany
a jejich uhlech [1, 2]. U se¢nych nastroji se dale hodnoti hloubka a tvar rany, pfitomnost zarezu
na kosti i pfitomnost tfistivych zlomenin, které odrazeji kinetickou energii a hmotnost pouZzitého
predmétu [1-3].

PFi rekonstrukci Utoku se hodnoti nejen vzhled jednotlivych ran, ale také jejich vzdjemny vztah [1,
2]. U opakovanych bodnych nebo Feznych poranéni Ize stanovit zpusob drzeni néstroje i pohyb
Utoc¢nika a obéti béhem utoku, v pfipadé mensiho poctu ran lIze nékdy odhadnout i pofadi vzniku
jednotlivych poranéni [1, 14]. Forenzni interpretace ma ale své limity — u mnoha nastroju Ize urdit
pouze jejich obecny typ nebo tvarovou skupinu, nikoli dany konkrétni nastroj [1, 2].
Charakteristika a analyza nastroji zpUsobujicich ostra poranéni tak tvofi nezbytny dopinék
morfologie vlastnich ran. Teprve kombinace obou pfistupd umoznuje podat uceleny, forenzné
hodnotitelny zavér o povaze, mechanismu a dynamice vzniku ostrych poranéni [1, 2, 11].
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Klasifikace nastroja zpusobujicich ostra poranéni

Nastroje zpusobujici ostra poranéni Ize tfidit podle nékolika hledisek — podle konstrukce cepele,
které odrazi zpusob pfenosu mechanické energie do tkani a umoznuje predvidat charakter
vyslednych poranéni. Klasifikace je uZiteCna nejen pro popis samotnych néstroja, ale ipro
interpretaci morfologickych znakd rany a odhad mechanismu Gtoku [15].

Nastroje s ostrym ostfim (fezné néstroje)

Tuto skupinu tvofi nastroje, jejichZz hlavnim ucinkem je fez — tedy kombinace tlaku a tahu ostfi
po povrchu téla [1, 3]. Ostfi byva obvykle jednostranné brouSené a umozriuje oddélovani tkani
Cistym pfetétim bez vyrazného zhmoZzdéni okoli. Typickymi zastupci jsou noze, Ziletky, skalpely,
bfitvy Ci stfepy skla. Rany vzniklé témito nastroji maji hladké okraje a délka poranéni zpravidla
pfesahuje jeho hloubku [1-3, 11, 14].

Nastroje s hrotem (bodné nastroje)

Sem patfi nastroje uréené primarné k pronikani do hloubky tkani v ose své délky. Hrot soustfeduje
silu na minimalni plochu a umoznuje vytvofeni hlubokého bodného kandélu. Patfi sem noZe
s vyrazné tvarovanym hrotem, Sidla, jehly, Sroubovéky, hroty naradi ¢i rlzné improvizované
bodné pfedméty. Bodné rany jsou typické tim, Ze hloubka poranéni pfesahuje jeho délku na
povrchu a tvar vbodu odpovidé prafezu hrotu [1-3, 14, 23].

Nastroje kombinujici Fezny a bodny G€inek (bodnofezné nastroje)

V praxi jde o nej¢astéjSi skupinu poranéni, protoze vétSina béZnych nozd umozruje zpusobit, jak
bodnou, tak feznou ranu. Kombinovany Uc€inek se projevuje jak Stérbinovitym tvarem vbodu, tak
hladkymi okraji vzniklymi tahem ostfi pfi zanofovani ¢i vytahovani nastroje z rany. Zastupci této
skupiny jsou klasické kuchyrnské noZe, zaviraci noze, lovecké noZe ¢i taktické a bojové noZze.
Morfologie ran muZe odrazet jak tlak v ose nastroje, tak tangencialni slozku pohybu [1-3].

Seé€né nastroje

Sec€né nastroje vyuZivaji nejen ostfi, ale i znacnou kinetickou energii danou jejich hmotnosti
a rychlosti Svihu. ZpUsobuji obvykle hluboké, klinovité rany, které mohou zasahnout svaly, kosti
ostrohranné nastroje [1, 3, 14]. V kostech mohou vytvaret charakteristické zarezy a ryhy, které
umoziuji orientacni uréeni tvaru ostfi.

Nastroje s atypickym nebo kombinovanym profilem

Do této skupiny patfi méné bézné nebo improvizované ostré predméty, jejichz tvar &i konstrukce
mohou vytvaret nestandardni typy ran. MuZe jit o ulomené ¢asti kovovych konstrukci, ostré hrany
plech(, sklenéné ¢&i keramické stfepy, fragmenty rozbitych lahvi, chirurgické nastroje &i pracovni
naradi [24, 25]. Tyto nastroje mohou zanechavat nepravidelné, vicecetné & kombinované
poranéni s netypickymi zafezy nebo sekundarnimi stopami.
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Forenzné vyznamné parametry nastroja zpasobujicich ostra poranéni

Forenzni analyza ostrych nastrojli se opira o fadu konstrukénich a mechanickych vlastnosti, které
se zpravidla ur¢itym zpGsobem odrazeji v morfologii rany.

Sitka éepele

Sitka Gepele je jednim ze zékladnich parametrti, které ovliviiuji morfologii rany. U bodnych
poranéni mize Sifka vbodového otvoru orientaéné odpovidat maximalni mozné Sifce nastroje. Je
vSak tfeba pocitat s pruznosti kGze, ktera mize skuteénou hodnotu mirné ménit — jak smérem
k menSim, tak ik vétSim nameéfenym rozmérim. U Feznych ran se Sifka Cepele odrazi spise
v rozsahu a charakteru rozestupu okraju, zejména pokud Fez probiha kolmo na Langerovy linie
[1, 3, 14].

TlouStka €epele

vvvvv

v orvs

Cepele pronikaji do tkani s mensim odporem. TlousStka také ovliviiuje chovéani hrotu pfi kontaktu
s kosti — masivni Cepele vytvareji SirSi kostni zafezy, zatimco tenké Cepele mohou pfi kontaktu
s tvrdou tkani snadnéji deformovat hrot nebo se ohnout [1-3].

Typ ostfi (jednostranné vs. oboustranné)

Tvar atyp ostfi patfi k nejvyznamnéjSim identifikaénim znakdm. Jednostranné brouSena ostfi
vytvareji rany s jednim ostrym a jednim tupym uhlem. Tupy Uhel maze mit u nékterych Cepeli
charakteristické sekundarni zarezy nebo jemné ,vlastov¢i kfidlo“. Oboustranné brouSend ostfi
vbod mudzZe mit vietenovity tvar. RozliSeni typu ostfi je pro rekonstrukci mechanismu ¢asto velmi
cenné, zejména pii porovnavani s konkrétnim zajisténym néastrojem [1, 2, 11].

Tvar hrotu

Hrot je strukturou, ktera zasadné uréuje tvar vstupniho otvoru a prib&h bodného kanalu. Stihlé,
ostré hroty pronikaji hluboko a vytvareji typické Stérbinovité nebo eliptické vbody. Zaoblené &i
modifikované hroty produkuji SirSi a méné pravidelné vbody, které mohou pfipominat kombinaci
bodného a trzného poranéni. Atypickeé hroty (nap¥. Sroubovaky, trojhranné bodce) mohou vytvéaret
rany s charakteristickym polygonalnim tvarem ¢i s vice€etnymi trhlinami [2, 3, 14].

Profil a prarez €epele

Prafez Cepele se promitd zejména do tvaru vbodu a muZe byt zna¢né variabilni — od
jednoduchého obdélnikového ¢&i Cockovitého profilu aZz po trojhranné, d&tyrhranné nebo
asymetrické tvary. U secnych néstrojd muaze profil ovlivnit icharakter kostnich zafezul.
Zoubkovany profil zpusobuje typické drobné sekundarni zarfezy na okrajich rany, které mohou
pomaoci odliSit nastroj od hladké ¢epele [1, 11, 14].

PfFitomnost zoubkovani

Zoubkované ostii muze vytvofit velmi charakteristické morfologické stopy. Jednotlivé segmenty
ostfi mohou na okrajich rany zanechat opakujici se zafezy nebo drobné nepravidelnosti. Pfi
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Sikmém Fezu maze zoubkovani vytvaret sekvenéni stopu podobnou ,pilovému* efektu. Tyto znaky
mohou byt cenné pfi orientaéni identifikaci typu zbrané [1, 2].

Délka €epele

Délka Cepele je relevantni pfedevsim u bodnych poranéni. Maximalni dosazena hloubka kanélu
muZe orientacné svédcit o minimalni délce pouZzitelné ¢asti nastroje. Je vSak tfeba byt opatrny —
elasticita tkdni, zmény polohy téla nebo nedokoncené zanofeni nastroje mohou skutec¢nou délku
deformovat. Pfesto je hloubka rany dalezitym adajem pfi vylu€ovani kratkych nastroja [1, 3, 11].

Materidl, tvrdost a ostrost éepele

Tvrdé a kvalitni materialy vytvareji hladké okraje bez sekundarniho tfepeni. Opotiebené, otupené
¢i posSkozené Cepele mohou zanechavat nepravidelnosti, atypické odérky nebo nerovnosti
v okrajich rany. U se¢nych nastroju je tvrdost materialu kli€ova pro charakter kostnich zarezli —
meékEi materialy se mohou pfi kontaktu s kosti deformovat, coz zaneché stopu odlisné kvality [1].

Prenos specifickych stop néstroje do rany a jejich forenzni vyznam

PFi plisobeni ostrého nastroje na tkané se fada jeho konstrukénich vlastnosti promita pfimo do
morfologie rany. Tyto stopy jsou vysledkem interakce mezi ostfim nebo hrotem a strukturou kize,
podkoZzi Ci kosti. Jejich spravnd interpretace umoZznuje zaradit nastroj do urcité tfidy, posoudit
mechanismus jeho pouZiti, a v nékterych pfipadech dokonce orientaéné porovnat poranéni se
zajisténym predmétem. Stopy mohou byt ziejmé makroskopicky, ale fada detail je Iépe patrna
pfi dermatoskopii, makrofotografii i mikroskopickém vySetfeni [1, 3, 11].

Tvar vbodu

Vbod je klicovym zdrojem informaci o profilu a Sifce Cepele. Jednostranné brousSené Cepele
vytvareji vbod s jednim ostrym a jednim tupym Uhlem. Oboustranné brouSené ¢epele produkuji
vbod s obéma uhly ostrymi, ¢asto vietenovitého tvaru. Atypické profily (trojhranné, &tyfhranné,
hvézdicové) mohou zpUsobit polygonalni vbody nebo vbody s viceCetnymi trhlinami. Pfi hlubSich
bodnych ranach je tvar vbodu stabilngjSim ukazatelem nez celkova Sifka rany, ktera maze byt
modifikovana elasticitou kize [1-3, 11].

Sekundarni zarezy a ,,zoubkovani “

PFitomnost drobnych, pravidelné se opakujicich zarezu na okrajich rany muze svédcit o pouziti
zoubkovaného ostfi. Tyto jemné vrypy maji rytmickou distribuci odpovidajici jednotlivym
segmentim Cepele. U Sikmych fezd mazZe vznikat typicky ,pilovy efekt”, tedy Fada navazujicich
mikrofezu, které jasné odliSuji zoubkovany nastroj od hladké Cepele [1, 11].

Stopy po teéném zasazeni povrchu téla

Tecny kontakt ostfi s povrchem téla maze vést ke vzniku povrchovych, obvykle obloukovitych
nebo linearnich odérek az mélkych feznych ran. Tyto |éze Casto doprovazeji hlavni poranéni.
K te€nému sklouznuti ostrého nastroje po povrchu téla muze dojit pfi neuspéSném pokusu
o bodnuti nebo v ramci sebeobrannych manévr(, napfiklad pfi zachyceni Eepele ¢i snaze vychylit
ato€ici koncetinu [1-3, 11].

Stopy v kostni tkani
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U secnych néstroji nebo hlubokych bodnych ran s kontaktem s kosti jsou kostni ryhy a zafezy
cennym zdrojem informaci. Hladké, ostré ryhy odpovidaji tvrdym, kvalitnim ¢epelim s hladkym
ostfim. Hrubsi, nepravidelné zafezy mohou vznikat pfi pouZiti opotfebované nebo zoubkované
Cepele. TFistivé zlomeniny jsou typické pro néastroje s velkou kinetickou energii, zejména se¢né
zbrané. Mikroskopicka analyza kostnich stop muize v nékterych pfipadech umoznit porovnani ryh
s konkrétnim zajiSténym nastrojem [1, 3, 11].

Stopy po ¢aste€ném zanofeni nastroje

PFi ¢aste€ném zanofeni nastroje do téla dochazi k mélkému proniknuti hrotu do tkané, pficemz
se do rany obtiskne predevsim tvar samotné Spic¢ky. U nastroji s nepravidelnym nebo vice
hranym prufezem se vSak mize ¢aste¢né zanofit i bo¢ni hrana, ktera vytvori sekundarni lateralni
vrypy lemujici hlavni vstupni defekt [1-3].

PFenos materialu z nastroje na tkan

V nékterych pfipadech Ize na okrajich rany nebo v jejim kanalu nalézt cizorody material — kovovée
mikrocastice z Cepele, barviva z natérd rukojeti, maziva nebo zbytky organickych materiald. Tyto
stopy mohou byt vyznamné pfi porovnavani s nalezenym ¢i zajiSténym nastrojem, nebot mohou
odpovidat jeho tvarovym charakteristikam a slouzit jako doplikovy forenzni indikator pfi
identifikaci pouzitého pfedmétu [1, 11].
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PFri€ina smrti u feznych poranéni

Rezné rany

PFi¢ina smrti u feznych ran souvisi zejména s postizenim Zivotné dllezitych struktur. NejCastéji
dochéazi k akutnimu vykrvaceni pfi pretnuti vétSich tepen nebo Zil, zejména v oblasti krku
a koncetin [1, 3, 8, 26, 27]. Smrt muze nastat také v dusledku vzduchové embolie pfi nasati
vzduchu do poranénych Zil (typicky na krku), coz vede k selhani krevniho obéhu [1, 14]. Dalsi
moZznou pfi¢inou smrti je aspirace krve do dychacich cest, ktera zpusobuje duSeni a naslednou
hypoxii [3, 15].

Bodné rany

Pfic¢ina smrti u bodnych ran souvisi zejména s poranénim Zivotné dulezitych organt a cév [1, 7,
26]. Pfi bodnuti do hrudniku mdZze dojit k poranéni srdce s rozvojem tamponady nebo k poranéni
plic s masivnim krvacenim do dutiny hrudni [1, 3, 16]. Bodna poranéni bficha mohou vést
k poSkozeni jater, sleziny, velkych cév nebo dutych organi s naslednym krvacenim ¢i
peritonitidou [1, 15]. V oblasti krku maze smrt nastat v disledku rychlého vykrvaceni nebo asfyxie
pfi poranéni dychacich cest [7, 28]. V oblasti konCetin pak obvykle dochazi k zasazeni velkych
cévnich struktur [1, 26, 29]

Seéné rany
Kromé poranéni velkych cévnich svazku, které mohou vést k rychlému vykrvaceni, se v praxi
Casto setkdvame také s poranénim mozku pfi se€nych ranach hlavy [19, 30]. Takové léze maji

obvykle devastujici charakter a mohou zpusobit okamZité selhéani Zivotnich funkci v disledku
pfimé destrukce mozkoveé tkané [1, 3, 19].
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Zobrazovaci metody u ostrych poranéni

Zobrazovaci metody predstavuji nezbytnou souc¢ast diagnostiky a dokumentace ostrych poranéni,
protoZe umoznuji objektivni zachyceni jejich rozsahu, sméru, hloubky a vztahu k anatomickym
strukturam [1, 4, 31]. Moderni zobrazovaci techniky doplfuji makroskopické vySetieni a umozniuji
detekovat poranéni, ktera mohou byt pfi pouhé pitvé ¢i klinickém vySetfeni pfehlédnuta — zejména
v oblasti mékkych tkani, cévniho systému a intrakavitalnich organd [1, 4, 31, 32]. K zakladnim
metodam patfi rentgenové vySetteni pro detekci fraktur a cizich téles, multidetektorovd CT a CT
angiografie pro komplexni analyzu trajektorie poranéni, cévnich lézi a intrakavitalnich komplikaci,
MRI pro detailni hodnoceni mékkotkanovych struktur, ultrazvuk pro rychlé posouzeni povrchovych
a dutinovych patologii a 3D skenovaci technologie pro pfesnou prostorovou dokumentaci ran [1,
4, 31-33]. Virtopsie pak tyto modality integruje do vysoce detailniho, neinvazivniho postmortalniho
vySetfeni [4, 31]. SpoleCné tyto zobrazovaci metody vyznamné zvy3uji presnost diagnostiky
a rekonstrukce mechanismu vzniku ostrych poranéni [4, 31, 33].

Rentgenoveé vySetieni (RTG)

Rentgenové vysetfeni predstavuje zakladni zobrazovaci metodu pouZivanou pfi dokumentaci
ostrych poranéni, zejména v situacich, kdy existuje podezfeni na pfitomnost cizich téles,
poSkozeni kosti nebo kloubnich struktur [1, 32]. RTG umoZziuje rychlé zobrazeni kovovych
fragment(, tlomkd nastroje nebo zbytk( kosti odlomenych pfi seénych & bodnych poranénich [1,
33]. Je také vhodné pro zhodnoceni fraktur, které mohou doprovazet masivnéjSi poranéni
zplUsobena predméty s vysokou kinetickou energii [1, 32].

V pfipadé se¢nych poranéni hlavy &i koncetin muze rentgen odhalit charakter zlomenin, orientaci
lomu i pfitomnost zafez( v kosti, které odpovidaji tvaru ostfi [1, 33]. Tyto nalezy mohou mit
vyznam pfi rekonstrukci mechanismu a sméru Gtoku [1]. Nevyhodou metody je omezené
zobrazeni mékkych tkani, které je u ostrych poranéni ¢asto zasadni [1, 32].

Pocitaéova tomografie (CT)

TS LA T I P S VI L]

protoZze umoziuje detailni zobrazeni jak kostnich, tak mékkotkanovych struktur [1, 4, 31, 32].
Multidetektorové CT s moZznosti 3D rekonstrukci poskytuje pfesné informace o hloubce kandlu,
smeéru vedeni poranéni a vztahu k zivotné dulezitym organim [1, 32]. Tato metoda je kliCova
pfedevsim u poranéni trupu, krku a hlavy [1, 4, 31].

CT doké&ze identifikovat drobné vzduchové kolekce v mékkych tkanich (obr. &. 9), hematomy,
rozsah devastace svalll a vnitfnich organu ¢&i pfitomnost cizich téles, v€etné nekovovych [1, 32].
U poranéni lebky umoZziuje posoudit pranik ostfi do nitrolebni dutiny, fraktury lebe€nich kosti
a doprovodna intrakraniélni poranéni [1, 33].
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Obr. €. 9 CT vySetfeni prokazuje pfitomnost vzduchové embolie — patrny intrakardialni vzduch
v dutinach srdce. Dale je pfitomen oboustranny hemotorax s hladinami tekutiny v pleuralnich
dutinéch.

CT angiografie (post-mortem CT angiografie; PMCTA)

Postmortalni CT angiografie vyznamné rozsifila diagnostické moznosti v oblasti ostrych poranéni,
predevsim tam, kde je tfeba detailné posoudit cévni systém [29, 34]. Metoda umoZnuje zobrazeni
intravaskularniho lumen, mist pferuSeni cév (obr. &. 10), rozsahu krvaceni a identifikaci zdrojd
masivniho krvaceni, které mohou byt makroskopicky obtizné patrné [29, 34, 35].

PMCTA usnadruje rozliSeni mezi vitdlnim a postmortalnim poranénim, protoZze extravazace
kontrastni latky svédCi o naruSeni cévni stény za Zivota [10, 35, 36]. RovnéZz umozZriuje
dokumentovat vzduchovou embolii, cévni disekce &i skryté cévni 1éze po poranéni bodnymi
a se¢nymi nastroji [35, 37]. Kombinace PMCTA a klasického CT poskytuje podrobny pfehled
0 anatomii poranéni a vyznamné pomaha pfi urovani mechanismu jejich vzniku [10, 36].
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Obr. €. 10 CT angiografie predlokti s nastfikem arteria ulnaris a arteria radialis. V dolni tfetiné
predlokti je patrné preruSeni obou tepen s extravazaci kontrastni latky do okolnich mékkych tkani.

Magneticka rezonance (MRI)

MRI se u ostrych poranéni pouziva méné Casto nez CT, zejména kvuli ¢asové naroCnosti
a citlivosti na pfitomnost kovovych cizich téles [38]. Jeji vyuZiti vS8ak ma vyznam u chronickych
nasledku, pfi detailnim hodnoceni mékkych tkani nebo v situacich, kdy je tfeba odlisit starsi
a Cerstvé vzniklé 1éze [39, 40]. MRl umoZznuje excelentni zobrazeni svald, Slach, nerva a drobnych
hematom(, které mohou vypovidat o sméru tahu nastroje &i sekundarnim traumatu [41].
Magneticka rezonance se uplatfiuje i pfi hodnoceni poranéni mozku, michy, nervovych pleteni
nebo mékkotkanovych struktur krku [42]. U starSich poranéni pomaha odlisit jizvu, chronicky
hematom ¢&i rezidualni zmény po penetraci [38, 41].

Ultrazvukové vySetieni (UZ)

Ultrazvuk je dostupnou, rychlou a dynamickou metodou vhodnou zejména pro hodnoceni
meékkych tkani v povrchovych oblastech. Jeho pfinos je vyznamny pfi detekci subkutéannich
hematomd, cizich téles organického puvodu (napf. dfevo), kterda nemuseji byt dobfe patrna na
RTG nebo CT, a pfi zobrazeni poskozeni svalovych skupin &i Slach [43, 44].

V traumatologické praxi se u ostrych poranéni vyuziva FAST protokol k vylou¢eni hemoperitonea
nebo hemotoraxu [45]. V soudnim Iékafstvi muze ultrazvuk napomoci pfi sledovani prabéhu ran
v mékkych tkanich, uréeni hloubky kanalu nebo dokumentaci patologickych kolekci. Nevyhodou
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je vyrazné zavislost na zkuSenosti vySetfujiciho Iékafe a omezeni v situacich, kdy je v tkanich
pFitomno vétSi mnoZstvi vzduchu nebo jde o pacienta s vyraznou obezitou, coz mize podstatné
zhorsit kvalitu zobrazeni [44, 46].

3D a povrchové skenovani

Moderni optické a laserové skenovaci technologie umoznuji pfesnou prostorovou dokumentaci
kozZnich Iézi, tvaru ran i jejich prostorovych vztah( na téle. Tyto metody jsou zejména v soudné
IékaFské praxi velmi cenné, nebot umozniuji vytvaret pifesné 3D modely, které Ize nasledné pouzit
pfi rekonstrukci mechanismu vzniku poranéni, simulaci polohy téla &i porovnavani tvaru rany
s podezielym nastrojem [4, 47-49]. Vyhodou je vysoka pfesnost, neinvazivnost a moznost
opakovaného studia nédlezu bez manipulace s télem. UmoZziuje také objektivizovat rozméry, ahly
a geometrii ran [50, 51].

Virtopsie

Virtopsie je souhrnny pojem pro pouziti CT, MRI, fotogrammetrie a 3D skenovani v ramci
neinvazivniho postmortalniho vySetfeni. U ostrych poranéni umoZziuje ziskat detailni pfehled
o prubéhu kanalu, rozsahu poSkozeni organu, pfitomnosti cizich téles i o prostorovych vztazich
ran [4, 48, 49]. Kombinace CT angiografie s 3D rekonstrukci cévniho systému je mimofadné
pfinosna pfi identifikaci poranéni velkych cév. Virtopsie doplfiuje, nikoliv nahrazuje, klasickou
pitvu, kdy poskytuje vysoce pfesnou vizualizaci, ktera je cenna jak pro soudné-lékafska
hodnoceni, tak pro prezentaci nalezl pfed soudem [51].
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Histologické vySetreni

Histologické vySetifeni predstavuje kliCovou metodu pfi hodnoceni ostrych poranéni, protoze
umoziuje detailni posouzeni vitalnich reakci tkani a ¢asového prabéhu poranéni. Mikroskopické
zmény mohou potvrdit, Ze poranéni vzniklo za Zivota, a pomoci upfesnit interval mezi jeho
vznikem a smrti [22, 52]. K zakladnim intravitalnim zndmkam patfi krvaceni do okolnich mékkych
tkani, pfitomnost fibrinu, infiltrace neutrofilnimi leukocyty a ¢asné reparativni procesy [53].

U ostrych poranéni Ize histologicky rozliSit charakter okraju rany, pfitomnost mikroskopickych
trhlin, arteficialnich zmén nebo drobnych cizorodych &astic, které mohou odpovidat konkrétnimu
typu nastroje. U bodnych ¢i se€nych poranéni Ize nalézt drobné Glomky kovu, dfeva ¢i jinych
materiélu, které mohou byt zasadni pro identifikaci pouzitého pfedmétu.

Histologie rovnéZz umoziuje odliSit vitdlni zmény od postmortalnich artefaktl, zejména
v pfipadech, kdy je makroskopické hodnoceni obtizné z divodu hnilobnych zmén nebo rozsahlé
devastace tkani. V kombinaci s dalSimi zobrazovacimi a laboratornimi metodami pfedstavuje
dalezity doplnék pro komplexni analyzu mechanismu, ¢asovani a charakteru ostrych poranéni
[54].

Imunohistochemické metody

Imunohistochemické vySetfeni rozSifuje moznosti klasické histologie o detekci specifickych
proteinl, které se v tkanich objevuji v souvislosti s vitalni reakci. U ostrych poranéni umozriuje
potvrdit intravitalni vznik napfiklad prdkazem markerld Casné zanétlivé odpovédi, aktivace
endotelu, degradace extracelularni matrix nebo krvaceni. Nékteré markery lze vyuZzit
i k orientaénimu odhadu stafi 1éze Ci k rozliSeni mezi rlznymi typy mechanického poskozeni.
Imunohistochemie je vyznamnym doplrikem histologického vySetfeni, zejména v pfipadech, kdy
jsou mikroskopické zmény subtilni nebo obtiZné interpretovatelné [55, 56].
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Speciélni pitevni techniky v pfipadé poranéni zpasobenych ostrymi nastroji

V pripadech ostrych poranéni je ¢asto nutné doplnit zakladni pitvu specialnimi postupy, které
umoznuji detailni dokumentaci kanalu rany, pribéhu poranéni a vztahu k okolnim strukturdm.
Patfi sem zejména postupné preparace tkani po sméru rany, které umozni presné sledovat
trajektorii bodného kanalu, identifikovat pferuseni cév, nervd nebo poranéni kosti [9, 15].

U hlubokych poranéni trupu €i krku se vyuziva odkryvani anatomickych lokalit po vrstvach, aby
bylo mozné jednoznacné stanovit pribéh kanalu a objektivizovat jednotlivé zranéné anatomické
struktury [9, 57]. V pfipadé podezieni na poranéni cév lze provést lokalni nastfik barvivem nebo
kontrastni latkou, coz napomaha rekonstrukci mista preruseni cévy [29, 57].

Preparace cévnich struktur k objasnéni jejich poranéni

V pfipadé podezieni na poranéni koncetinovych tepen se provede preparace mékkych tkani
koncetiny v dostate¢né vzdalenosti nad predpoklddanym mistem poranéni. Nasledné se
vypreparuje cévni svazek a jednotlivé tepny se nafiznou tak, aby do nich bylo mozné zavést
tenkou sondu. Sonda se poté opatrné posouva smérem k mistu poranéni a sleduje se, zda je
pribéh cévy kontinualni, nebo zda doSlo k jejimu natéti ¢i aplnému pretéti obr. €. 11). Tento
postup umozriuje pfesné lokalizovat a charakterizovat cévni lézi, ktera nemusi byt makroskopicky
zfejma ([9, 15, 29].

Obr. €. 11 Preparace arteria radialis na pfedlokti se zavedenim kovové sondy do jejiho lumen,
ktera umoznila prokazat jeji natéti a nasledné pretéti v arovni zapésti.
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ZkouSka na vzduchovou embolii

PFi poranéni krku je vhodné provést zkousku na vzduchovou embolii. Pfed otevienim dutiny lebni
se nejprve otevie dutina hrudni a preparuje se osrde¢nikovy vak, do kterého se nalije fyziologicky
roztok. Pod hladinou roztoku se nasledné skalpelem postupné oteviraji jednotlivé srde¢ni oddily
(obr. €.12). Pokud z nich unikaji bubliny vzduchu, je zkouSka na vzduchovou embolii povaZzovana
za pozitivni [1, 3, 15, 58].

Obr. €. 12 ZkouSka na vzduchovou embolii, kdy byl rozpreparovan osrdeénikovy vak a pod
vodnim sloupcem jsou otevirany jednotlivé srde¢ni oddily.
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Epidemiologie

Epidemiologie zranéni zpusobenych ostrymi nastroji

Epidemiologie zranéni zplusobenych ostrymi nastroji predstavuje rozsahlou a metodologicky
naro¢nou oblast, kterd propojuje popula¢ni epidemiologii, socialni dynamiku i behavioralni
determinanty interpersonalni agrese. Bodna afezna poranéni, tradicné pevné zakotvena
v soudné lékarské praxi, vykazuji v evropském kontextu mimoradné stabilni incidenci [7, 8, 26,
28, 59]. Tato forma homicidalniho nasili se vyznacuje vyraznou univerzalitou, tzkym napojenim
na mezilidské vztahy a pomérné vysokou predikovatelnosti svych zakladnich vzorcu, coz z ni &ini
jednu z nejlépe charakterizovanych kategorii nasilné kriminality [9, 57, 60, 61].

Globalni a kulturné—legislativni determinanty

Rozdily v incidenci vrazd zpusobenych ostrymi nastroji mezi jednotlivymi staty jsou zasadné
formovany legislativou upravujici drzeni stfelnych zbrani. V zemich s liberalnim pfistupem, typicky
ve Spojenych statech americkych, pfedstavuji vrazdy zpusobené stfelnymi zbranémi az tfi tvrtiny
v8ech vrazd, zatimco Gtoky vedené ostrym nastrojem tvofi pouze marginalni podil [62, 63].
Naproti tomu v evropskych statech s vyrazné pfisnéjsi regulaci palnych zbrani pfedstavuji vrazdy
zpUsobené ostrymi nastroji dominantni mechanismus smrticiho nasili [7, 26, 59, 64].

Tento jev nelze vysvétlit pouze rozdilnou legislativou, ale odrazi SirSi kulturni vzorce, zpusoby
feSeni konfliktd a sociélni struktury jednotlivych spole¢nosti. V evropském prostiedi, kde je pfimy
pfistup ke stfelnym zbranim omezen, dochazi k eskalaci interpersonalnich spora prevazné
v ramci domacnosti ¢i partnerskych vztahl. Agresor pak obvykle vyuziva nejdostupnéjsi smrtici
prostfedek — kuchyrisky nuz &i jiny ostry nastroj bézné pfitomny v doméacnosti [8, 26, 61, 63, 65].
Vyraznou roli pfitom hraje také kulturni kontext. V regionech se silné zakofenénou tradici
konzumace alkoholu, jako je stfedni a vychodni Evropa &i Skandinavie, se vrazdy zpusobené
ostrymi nastroji velmi ¢asto odehravaji v situaci akutni intoxikace, ktera zasadné sniZuje
schopnost sebekontroly a zvySuje impulzivitu [28, 59, 65]. Oproti tomu v pfevazné muslimskych
zemich, kde je konzumace alkoholu vyrazné omezena nabozenskymi normami, byva intoxikace
u pachateld i obéti minimalni, coz se promita do charakteru, motivace i prbéhu téchto Gtoku [66,
67].

Ceska republika v evropském epidemiologickém kontextu

Ceska republika se v oblasti vrazd zptisobenych ostrymi nastroji profiluje velmi podobné jako
vétSina evropskych zemi se striktni regulaci stfelnych zbrani. V letech 2008—2020 tvofily vrazdy
zpUsobené ostrymi nastroji v Moravskoslezském kraji 38,1 % vSech zaznamenanych pfipadd,
zatimco stfelné zbrané se podilely pouze 13,4 %. Obdobné situace byla i v dalSich regionech
Ceské republiky [26]. Tato proporce je pozoruhodné& blizka hodnotdm uvadénym v dalSich
evropskych statech s obdobnym legislativnim ramcem, jako jsou Norsko, Dansko, Svédsko,
Portugalsko ¢i Italie, coZz potvrzuje mimofadnou stabilitu tohoto fenoménu v evropském prostoru
[7, 8, 28, 59, 64].

Detailné&jSi vhled do specifik ceského prostfedi poskytuji data z Moravskoslezského regionu, kde
byla v obdobi 2008-2020 analyzovana série 71 pfipadl vrazd zplGsobenych ostrymi nastroji.
Tento soubor predstavuje cenny regionalni zdroj informaci, ktery umoznuje porozumét nejen
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zakladnim epidemiologickym parametrdm, ale také hlubSim souvislostem tykajicim se dynamiky
atokud, role intoxikace alkoholem, typickych mist spachani &inu a charakteru vztahl mezi
pachatelem a obéti [8, 60, 61, 63]. Soucasné umoznuje identifikovat vzorce eskalace nasili, které
jsou pro tento mechanismus zvIlast charakteristické.

Praveé tato kombinace kvantitativnich i kvalitativnich ukazatel( ¢ini z regionalnich dat vyznamny
prispévek k pochopeni toho, jak se vrazdy zpusobené ostrymi nastroji v ¢eském prostredi
odehravaji, a jakeé faktory se nej¢astéji podileji na jejich vzniku a pribéhu.

Sociodemografické a vztahové faktory

Vék a pohlavi obéti

V analyzovaném souboru predstavovali muzi 61 % vSech obéti vrazd zplsobenych ostrymi
nastroji, pficemz median véku muzskych obéti &inil 47 let au Zen 43 let [26]. Tato vékova
distribuce odpovida epidemiologickym trenddm pozorovanym napfi¢ vyspélymi evropskymi staty,
kde jsou nejcastéjSimi obétmi osoby ve stfednim véku, typicky zapojené do aktivnich
partnerskych, rodinnych &i pracovnich roli [7, 60, 65, 68]. Jde o skupinu, v niZz dochazi k nejvétsi
koncentraci interpersondlnich interakci a zaroven k nejvyssi mife vztahovych konfliktd [8, 59, 61].

Misto €inu a dynamika interpersonalnich vztaht

Az 75 % vSech Ceskych pfipadl se odehralo v domacim prostfedi, coZ podtrhuje zasadni vyznam
partnerskych a rodinnych konflikth v etiologii vrazd spachanych ostrymi néstroji. Domacnost
predstavuje prostfedi s minimem kontrolnich mechanismu, vysokym emoénim nabojem a zarover
s pfitomnosti nastroju schopnych zplsobit smrtelna poranéni. Vysledné epidemiologické
usporadani je stabilni a odpovida evropskym zkuSenostem: vrazdy zplsobené ostrymi nastroji se
jen zfidka odehravaji v anonymnim vefejném prostoru a mnohem ¢astéji v kontextu
interpersonalnich konfliktd mezi osobami, které se dobfe znaji [8, 9, 26, 60, 61].

Vztah obét—pachatel je v tomto ohledu jednim z nejvyznamnéjSich urcujicich faktor(. V ¢eském
souboru byli pachatelé v témérF poloviné pfipadu partnefi ¢i rodinni pfislusnici obéti, ve Ctvrtiné
pFipadu Slo o pratele ¢i znamé. Pouze mensi ¢ast vrazd byla spachana cizi osobou. Tento vzorec
ostre odliSuje vrazdy zplsobené ostrymi nastroji od pouli¢nich Gtokd nebo predatorské kriminality,
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ma dominantné vztahovy, nikoli oportunni ¢i kriminalné-ekonomicky charakter [9, 59, 61, 69].

Socialni a ekonomické faktory

Vrazdy zplGsobené ostrymi nastroji se ¢asto koncentruji mezi osobami dlouhodobé zatizenymi
socialnimi a ekonomickymi problémy. Patfi sem nestabilni ¢i neforméalni zaméstnani, kumulace
rodinnych ¢&i partnerskych konfliktG, zivot v nefunkénich vztahovych strukturach, chronicka
zavislost na alkoholu nebo pobyt v socialné rizikovém prostfedi. Tyto aspekty spolecné pfispivaji
k vySSi pravdépodobnosti eskalace interpersonalnich spord a sniZzuji schopnost jednotlived volit
deeskalaéni strategie [59-61, 65].

Typ nastroju a jejich epidemiologicka dostupnost

Drtiva vétSina Utok — celkem 93 % — byla spachana nozem [26]. Jde o univerzalni, snadno
dostupny a vysoce ucinny nastroj, ktery je pfitomen prakticky v kazdé doméacnosti, coz jej €ini
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prostfedi. Pouze mensi Cast pfipadd byla spojena s jinymi ostrymi pfedméty, napfiklad
Sroubovakem, nazkami nebo sekerou [7, 8, 26, 65, 68].

Z forenzniho hlediska je vyznamné, Ze v 58 % pripadd byl nastroj nalezen pfimo na misté ¢inu.
Tento fakt podporuje interpretaci, Ze vétSina utokld nebyla planovana, ale vznikla jako spontanni
reakce v afektivné vypjaté situaci. Stejny vzorec popisuji mezinarodni studie, které opakované
potvrzuji, Ze nliZ pfedstavuje nej¢astéjSi nastroj vrazd pachanych v domacim prostfedi ve vSech
zemich s nizkou dostupnosti stfelnych zbrani [8, 59-61].

Charakter a distribuce poranéni

Po€et poranéni

Ve sledovaném souboru bylo 79 % obéti zasazeno mnohocetnymi bodnymi nebo feznymi ranami
[26]. Tento profil je typicky pro neplanované atoky s vyraznou emocni slozkou, kdy pachatel
pokracuje v agresi i po dosazeni smrticiho poranéni [7, 26, 61, 68]. Epidemiologicky pozoruhodné
je, ze Zeny utrpély signifikantné vy3Si poCet ran neZz muzi. Tento rozdil je vysvétlovan zejména
kontextem partnerskych konfliktl, kde utok nebyva veden primarné s cilem okamZzité likvidace,
ale jako intenzivni afektivni reakce na predchazejici situaci [59, 60, 65].

Lokalizace poranéni

Nejcastéjsi lokalizaci smrticich ran byla leva ¢ast hrudniku (49 %), tedy oblast zahrnujici srdce
a velké cévy [26]. Tento vzorec odpovida intuitivnimu zaméfeni pachateld na vitalni struktury a je
zcela konzistentni s mezinarodnimi epidemiologickymi zaveéry, podle nichz patfi kardio-torakalni
poranéni k nejcastéjSim pri¢inam smrti u vrazd zpusobenych ostrymi nastroji [66, 68, 70-73].

Obrann& poranéni

Obranné poranéni byla zaznamenéana u 54 % obéti, typicky na levé horni koncetiné (prsty, hfbet
ruky, predlokti) [26, 74]. Jejich pfitomnost svédc&i o tom, Ze obét méla alespor ¢aste€nou moznost
reagovat na Utok a pokusit se jej odrazit [68, 75—78]. Epidemiologicky plati, Ze obranna poranéni
se vyskytuji Castéji u itokud s viceCetnymi ranami, coz odpovida delSi dobé trvani konfliktu. Naproti
tomu pfi nahlém nebo prekvapivém utoku, pfipadné pfi t&€Zké intoxikaci obéti, tato poranéni Casto
chybi [75, 76, 78].

Intoxikace jako kli€ovy epidemiologicky faktor

Alkohol pfedstavoval vyznamny faktor u obéti i pachateld vrazd zpusobenych ostrymi néstroji.
Intoxikace byla prokazéna u 59 % obéti, pfiCemz téZk& az Zivot ohroZujici opilost byla vyrazné
CastéjSi u muzl [26]. U pachatell byla téZka intoxikace zjiSténa pfiblizné ve tfetiné pfipadu [8, 59,
61, 65].

Alkohol zasadné ovliviiuje chovani obou stran konfliktu, jak Gto€nika, tak obéti. U pachateld
zvysSuje impulzivitu, agresivitu a naruSuje schopnost racionalniho rozhodovéani. U obéti sniZuje
koordinaci, prodluzuje reakéni dobu a sniZzuje moznost obrany. Kombinace téchto faktor( vytvari
vysoce rizikové prostfedi, v némz i relativné banalni konflikt mdze eskalovat do smrtici podoby
[28, 59, 61, 79].
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Gradace utoku

V 27 % pfipadl byla pfed smrticim bodnym Gtokem zaznamenana tupa poranéni, typicky ve formé
aderu, kopu ¢&i jinych projeva fyzické agrese. Ke gradaci utoku dochézelo vyhradné v pfipadech,
kdy byl tto¢nikem muz, tedy jedinec védom si své fyzické pfevahy. Tento vzorec odpovida modelu
progresivni eskalace nasili, pfi némz konflikt pfechazi od verbalnich neshod pfes pouziti fyzické
sily aZ k uplatnéni smrticiho nastroje [26].

Tento mechanismus je v odborné literature opakované popisovan jako typicky pribéh
partnerskych ¢&i rodinnych konfliktl, které nevznikaji jedinym impulzem, ale jsou vysledkem
postupného narustu agresivity v prostfedi s minimalnimi vnéjSimi kontrolnimi prvky [9, 61, 69].

Epidemiologie pachatela

Pachatelé vrazd zpUsobenych ostrymi nastroji jsou nejéastéji muzi ve stfrednim véku, ktefi jednaji
impulzivné, bez pfedchoziho planovani a ¢asto pod vlivem alkoholu. Typicky nejde o osoby
s vyraznou kriminalni anamnézou; Uutok byva spiSe jednorazovym selhdnim v akutné
eskalovaném partnerském ¢&i rodinném konfliktu nez projevem predatorského ¢i instrumentalniho
nésili [8, 59, 61, 65]. Nizk& mira recidivy odpovida skute¢nosti, Ze vétSina téchto €inG vznika
v situované afektivni reakci, v niZ se kumuluje emocni zatéz, intoxikace a absence vnéjsi kontroly,
nikoli v kontextu dlouhodobého nasilného chovéani [9, 61, 69].
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Prohlidka téla zemfelého na misté nalezu u poranéni zptsobenych ostrymi nastroji

Prohlidka téla zemrelého na misté nalezu v pfipadech poranéni zplasobenych ostrymi nastroji
pfedstavuje specifickou znaleckou €innost soudniho Iékafe. Od pocatku je nutné ke kazdému
takovému umrti pfistupovat jako k potencialnimu trestnému cinu vrazdy, ato bez ohledu na
prvotni okolnosti pfipadu ¢i pfedb&zné pracovni hypotézy vySetfujicich organl. Tento metodicky
pFistup je zadsadni pro zachovéani objektivity znaleckého hodnoceni i pro ochranu dikazni situace
[1, 2].

Soudni lékaf vystupuje na misté nélezu vzdy v postaveni znalce. Jeho Ukolem neni nahrazovat
¢innost organu ¢innych v trestnim fizeni, nybrz provadét nezavislé odborné hodnoceni nalezl na
téle zemrelého v rozsahu, ktery je na misté mozny, a formulovat znalecké zavéry s védomim jejich
pfedbézného charakteru.

Na misto nalezu soudni lékaf pfichazi vyhradné na vyzadani Policie Ceské republiky, zpravidla
vySetfovatele povéfeného vedenim konkrétniho pfipadu. Vlastni vykon znalecké €innosti probih&
v soucinnosti s policii, avSak pfi zachovani odborné autonomie znalce.

Chovani a postup znalce na misté ¢éinu

Nedilnou souéasti vykonu znalecké ¢innosti na misté nalezu je disledné dodrzovani zasad osobni
ochrany. Pouziti osobnich ochrannych pomucek, zahrnujicich minimélné ochranné rukavice,
navleky na obuv a ochranny odév, je povazovano za standard. V pfipadech rozsahlych poranéni
s masivni kontaminaci biologickym materidlem je na misté pouZiti celotélového ochranného
overalu. Tyto postupy maji vyznam nejen z hlediska ochrany zdravi znalce, ale rovnéz z hlediska
prevence kontaminace mista nalezu a zachovani forenzni hodnoty biologickych stop.

Hodnoceni poranéni zpusobenych ostrymi néstroji na misté nalezu

Znalecké hodnoceni poranéni zplsobenych ostrymi nastroji je na misté nalezu ¢asto limitovano
technickymi a situacnimi okolnostmi. U bodnofeznych poranéni byva télo zemfelého nezfidka
znecisténo vétsim mnozstvim krve, pfipadné krevnimi sraZzeninami, coZ znemozriuje spolehlivou
identifikaci a verifikaci vSech jednotlivych poranéni.

Z tohoto ddvodu je nezbytné, aby se znalec k po¢tu poranéni vyjadioval zédsadné zdrZenlivé.
Celkovy pocet poranéni je vhodné uvadét pouze orientacné, obvykle formou slovniho vyjadreni
~-nejméné” urcitého poctu, s explicitnim upozornénim, Ze koneény pocet muze byt stanoven az na
zakladé soudni pitvy [1]. Detailni morfologicka charakteristika jednotlivych poranéni nepfislusi
mistni prohlidce, ale je doménou pitevniho vySetfeni. Na misté nalezu je prioritou posouzeni
celkového charakteru poranéni a jejich distribuce na téle.

Vyznam lokalizace poranéni a jejich znalecka interpretace

Znalecky vyznamnym aspektem je orientacni posouzeni lokalizace poranéni. Znalec se muze
ramcové vyjadfit k tomu, zda jejich rozloZeni na téle spiSe odpovida plsobeni cizi osoby, zda jsou
pfitomna poranéni, ktera mohou byt interpretovana jako poranéni obrannd, &i zda lokalizace
poranéni pfipousti moznost sebeposkozeni. Poranéni lokalizovana na hornich koncetinéach,
zejména na dorzéalnich plochach rukou a predlokti, mohou svédgit pro aktivni obranné jednani [75,
76, 78]. Je vSak nutné zdaraznit, Ze jejich pfitomnost neni sama o sobé dikazem napadeni a vZzdy
musi byt hodnocena v SirSim kontextu pfipadu. Naopak nékteré typické lokaliza¢ni vzorce
poranéni, zejména v dobfe dostupnych oblastech téla, mohou ramcové pfipoustét Uvahu
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o sebeposSkozeni. Takové zavéry vSak musi byt formulovany vyhradné jako pfedbézné
a podminéné dalSimi vysledky znaleckého zkoumani.

Hodnoceni zachovani motorické €éinnosti

Hodnoceni zachovani motorické &innosti po vzniku poranéni maze byt podpofeno nalezem
krevnich stop na chodidlech nebo obuvi poSkozeného. Pfitomnost krve na ploskach nohou, mezi
prsty &i na podrazkach obuvi svédg¢i pro aktivni pohyb poSkozeného v prostfedi s pfitomnosti krve,
ato po vzniku poranéni. Takovy nalez podporuje zavér o alespon kratkodobé zachované
schopnosti chlize, avSak neumoznuje spolehlivé uréeni délky tohoto obdobi ani rozsahu
motorickych schopnosti. Absence krevnich stop na chodidlech nebo obuvi sama o sobé
zachovani motorické cCinnosti nevylu€uje, avS8ak musi byt hodnocena v kontextu celkového
prabéhu udalosti a okolnosti mista nélezu téla.
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Hodnoceni korespondence mista ndlezu a mista umrti

Hodnoceni mista nélezu a mista umrti pfedstavuje nedilnou sou¢ast znaleckého posouzeni,
nebot misto, kde je télo nalezeno, nemusi nutné odpovidat mistu, kde k fatalnimu poranéni nebo
samotnému umrti doSlo. RozloZeni krevnich stop, jejich charakter a vzajemné vztahy mohou
svédcit pro pohyb poSkozeného nebo manipulaci s télem po vzniku poranéni. Nesoulad mezi
lokalizaci poranéni, charakterem krevnich stop a polohou téla muze podporovat zavér
o sekundarnim pfesunu poskozeného, avSak izolované hodnoceni jednotlivych nélezd bez
znalosti SirSiho kontextu udalosti neumoZziuje spolehlivé uréeni mista amrti a vyZaduje komplexni
posouzeni vSech dostupnych skute¢nosti [80].

Znalecké vyjadfeni k moznému nastroji

Na misté nalezu Ize ze strany znalce ucinit pouze orientaCni zavér o charakteru nastroje, kterym
mohla byt poranéni zplsobena. Znalec se mlZe vyjadfit ktomu, zda poranéni odpovidaji
pusobeni ostrého nastroje bodného, fezného ¢&i bodnofezného charakteru, pfipadné zda Ize
uvazovat o jiném typu nastroje. Jakékoliv detailnéjSi specifikace konkrétniho nastroje pfesahuji
moznosti mistni prohlidky a nalezi az komplexnimu pitevnimu a kriminalistickému hodnoceni.

Vyjadreni k pFiéiné smrti

Stanoveni pfi¢iny smrti je vyhradné vysledkem soudni pitvy. Na misté nalezu mlze znalec
v odlvodnénych pfipadech formulovat pouze diferencialné diagnostickou Uvahu o mozném
mechanismu smrti, napfiklad v souvislosti s masivni ztratou krve, poranénim Zivotné dilezitych
organl ¢i kombinaci vice mechanismu. Takové vyjadreni musi byt vzdy jasné oznaceno jako
predbézné a nesmi byt interpretovano jako definitivni znalecky zavér.

Znalecké posouzeni doby smrti na misté nalezu

Soucésti znalecké €innosti soudniho Iékafe na misté nalezu je rovnéz orientacni posouzeni doby
smrti. Stanoveni pfesné doby smrti vS8ak na misté nalezu zpravidla neni mozné a znalec se musi
omezit na ramcovy odhad ¢asového intervalu, v némZ ke smrti mohlo dojit. Znalecké hodnoceni
doby smrti na misté nalezu vychazi prfedevsim z posouzeni Casnych a pozdnich posmrtnych
zmén, zejména chladnuti téla, posmrtné ztuhlosti, posmrtnych skvrn a pfipadnych znamek
pocinajici &i pokrocilé hniloby [1, 53]. Vyznam mohou mit rovnéz okolnosti prostiedi, v némz se
télo nachazi, v€etné teplotnich podminek, vihkosti, proudéni vzduchu a polohy téla. U poranéni
zpUsobenych ostrymi nastroji je tfeba pfihlizet k tomu, Ze masivni zevni krvaceni maze vyznamné
ovlivnit rychlost rozvoje nékterych posmrtnych zmén, zejména chladnuti téla, atim sniZzovat
pfesnost orientaCniho ¢asového odhadu [81, 82]. Znalec se kdobé& smrti vyjadfuje vzdy
intervalové, nikoli stanovenim konkrétni hodiny ¢i pfesného ¢asového Udaje. Takové vyjadieni
musi byt jednozna¢né oznaceno jako predbézné a zatizené vyznamnou mirou nejistoty. BliZSi
zavéry o dobé smrti Ize formulovat aZz po vyhodnoceni vysledkd soudni pitvy, pfipadné dalSich
laboratornich a dopliujicich vySetfeni. Posouzeni doby smrti na misté ndlezu ma prfedevsim
orientacni vyznam pro dalSi postup organl ¢innych v trestnim fizeni.
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Forenzni interpretace poranéni

RozliSeni vrazdy, sebevrazdy a ndhody u poranéni zptisobenych ostrymi nastroji

Spravné ur€eni zpusobu vzniku poranéni (vrazda, sebevrazda, nahoda) predstavuje jednu
z klicovych fazi forenzniho hodnoceni pfipadd spojenych s pouZitim ostrych néstroji. Zavér
0 zplUsobu vzniku ma zasadni vyznam nejen pro pravni kvalifikaci udalosti, ale také pro
rekonstrukci jejiho prabéhu, odhad dynamiky utoku a posouzeni role jednotlivych za¢astnénych
osob. Soudné lékarské hodnoceni se v téchto situacich opira o komplexni analyzu, jejimz cilem
neni pouze popsat morfologii jednotlivych ran, ale pfedevsim interpretovat jejich charakter
v souvislosti s celkovym nélezem [9, 57, 59, 83].

Morfologie ran muze byt cennym voditkem, avSak jen vyjime¢né umozriuje jednoznaéné uréeni
zplUsobu jejich vzniku [84]. Popsany jsou i pfipady sebevrazd s mnohocetnymi bodnymi
poranénimi, které mohou morfologicky imitovat vrazedny Gtok a vyZaduji komplexni posouzeni
v8ech okolnosti pfipadu [85, 86]. Jednotlivé typy udalosti se mohou pfekryvat v lokalizaci,
orientaci i hloubce poranéni, a proto nelze spoléhat na izolované morfologické znaky. Soudni
lékaF musi hodnotit cely soubor informaci — rozloZeni a pocet ran, pfitomnost obrannych poranéni,
charakter doprovodnych lézi, situaci na misté nalezu, dostupnost nastroje, toxikologické vysledky
i relevantni kriminalistické poznatky. Pravé syntéza téchto udaju umozuje odliSit udalosti, které
jsou si morfologicky podobné, aviak maji zcela odliSny mechanismus a pravni dopad [9, 57, 61].
Interpretace zplsobu vzniku je dale komplikovana variabilitou chovani Gto€nikd i obéti, vlivem
intoxikaci, psychickych stavi nebo ndhodnych okolnosti, které mohou vést k atypickym formam
sebeposkozeni ¢i k neobvyklému pribéhu udalosti [87]. Kromé typickych pripadu se soudni |ékar
setkdva i s udalostmi atypickymi, které mohou na prvni pohled imitovat jiny mechanismus.
Rozliseni vrazdy, sebevrazdy a ndhody proto nelze chapat jako popis tfi jednozna¢né oddélenych
kategorii, ale jako proces postupného vylu¢ovani a kritického ovérovani alternativnich hypotéz [9,
61, 88].

VraZzda ostrym nastrojem

Vrazdy spachané ostrym nastrojem se vyznacuji vyraznou variabilitou morfologického nalezu,
odrazejici dynamiku Gtoku a vzajemny pohyb obéti a pachatele [9, 61]. Utok je ve zna¢ném podtu
pfipadl veden pfes odév, pficemz poSkozeni odévu zpravidla koresponduje s lokalizaci
a charakterem poranéni na téle a ma vyznam pro rekonstrukci mechanismu nasilného jednéni.
Typickym znakem je mnohoc&etnost poranéni, ¢asto s postizenim lokalit téla, kde jsou uloZzeny
Zivotné dllezité organy [26, 68, 70, 71]. Rany byvaji nepravidelné orientované, lisi se hloubkou
i smérem a jsou Casto lokalizovany v oblastech mimo dosah vlastni ruky poskozeného, coz
podporuje zavér o Utoku ze strany druhé osoby [89]. Utok je zpravidla veden znaénou intenzitou
sily, ktera se muze projevit i poranénim skeletu [15, 90].

Pouzity ostry nastroj pfitom nemusi byt na misté Cinu pfitomen, nebot mize byt pachatelem
Z mista odstranén a nasledné zlikvidovan ¢i ukryt [91].

Castym néalezem jsou obranna poranéni na hornich koné&etinach, zejména na rukou (obr. &. 13),
prstech a predloktich [68, 75, 77, 92]. Vedle povrchnich feznych a bodnych poranéni se mohou
vyskytovat i zavazna poranéni, véetné hlubokych pribodu konéetin a semiamputacnich poranéni
prstl, svéd€icich pro aktivni obranu obéti.
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V prubéhu atoku dochazi ¢asto ke zmé&nam vzajemné polohy obéti a uto¢nika, coz se odrazi
v prubéhu bodnych kanalu, které byvaji vedeny riznymi sméry a €asto z jedné bodné rany muze
vychazet vice bodnych kanall [65, 70]. Bodné kanaly mohou zasahovat vice organovych systéma
a v fadé pfipadu je pfitomno vice smrtelnych poranéni.

Mechanismus nastupu smrti je nejCastéji podminén kombinaci masivniho zevniho i vnitfniho
krvaceni a pfimého poSkozeni zivotné dulezitych organ(, zejména srdce, plic a velkych cév [63,
68]. Vysoka intenzita puasobici sily se muze projevit poranénim skeletu, napfiklad Zeber nebo
hrudni kosti, a rozsahlymi krvacivymi zménami v okolnich tkanich.

Celkovy morfologicky obraz vrazdy ostrym nastrojem je vysledkem komplexni souhry jednotlivych
nalez( a jeho interpretace vyzaduje souhrnné znalecké hodnoceni bez izolovaného posuzovani
jednotlivych znaku [9, 15]

Sebevrazda ostrym néastrojem

Sebevrazda zpUsobena ostrym néastrojem obvykle vykazuje urCitou stereotypii morfologického
nalezu, ktera odrazi cilené plsobeni nastroje vlastni rukou poSkozeného [9, 57, 88]. Rany byvaiji
lokalizovany na anatomicky dostupnych mistech, zejména na predni ploSe krku, hrudniku
a v oblasti koncetin v mistech, kde probihaji velké cévni svazky (loketni jamky, predlokti, zapésti,
tfisla, podkolenni jamky) [13, 28, 88, 90].

Rany jsou zpravidla soub&zné orientované, ¢astym nalezem jsou povrchni narezy €i nabody kuze
v misté hlubSich poranéni, kdy sebevrah zkouSi bolestivost vzniku zranéni (tzv. hesitation
wounds) [9, 28, 57]. Casto byva pfitomné pouze jedno smrtelné zranéni, presto vSak byly popsany
i vyjimec¢né pfipady sebevrazd s velmi vysokym po¢tem bodnych &i feznych poranéni [84, 88, 90,
93] (obr. ¢ 14).

V pfipadé bodnych poranéni jsou tato vedena zpravidla mimo odév poskozeného, kdy si sebevrah
kontroluje zrakem lokalitu téla, kde dochazi ke vzniku poranéni. Bodné kanaly jsou pak zpravidla
horizontalniho prabéhu [28, 70].

Absence obrannych poranéni je pravidlem, mdZeme se vSak setkat se vznikem povrchnich
feznych ran v oblasti prstu, které vznikaji pfi manipulaci s ostrym nastrojem [68, 75—78, 94].

Je nutno mit na pameéti, Ze u intoxikovanych osob €i osob s akutni psych6zou se miZzeme setkat
s atypickymi morfologickymi nalezy, zejména vétSi variabilitou lokalizace, orientace i hloubky
poranéni. V téchto situacich mize dochazet i k neobvyklym formam sebeposkozeni, napfiklad
bodnym poranénim hlavy zpusobenym atypickymi nastroji béhem drogoveé indukované psychézy
[61, 87, 95].

Pouzity ostry nastroj je Casto nalezen v bezprostfedni blizkosti téla poSkozeného, jeho
nepfitomnost vSak sama o sobé sebevrazedny mechanismus nevylu€uje [9, 88]. Nepfitomnost
znamek zapasu predstavuje podpurny znak, ktery maze pfispét k hodnoceni mechanismu smrti,
avSak nemuzZze byt interpretovan izolované [9, 57].

Celkovy morfologicky obraz poranéni ostrym nastrojem pfi sebevrazdé je vysledkem souhry
jednotlivych znaku, jejichz spravna interpretace vyZzaduje komplexni posouzeni v SirSim kontextu
okolnosti pfipadu [9, 73].
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Obr. €. 13 Sebeobranna poranéni na levé horni koncetiné.
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Obr. €. 14 MnohoCetna bodna poranéni pfi sebeposkozeni. Bodné rany jsou témér stejné
orientovany a nachazeji se ve tfech anatomickych lokalitach. Patrna je absence sebeobrany na
hornich kon&etinach.

Nahodna poranéni ostrym nastrojem

Nahodna poranéni ostrym nastrojem se vyznacuji pfevazné nesystematickym a situaci
podminénym morfologickym obrazem, ktery odrazi mechaniku konkrétniho Grazového déje a jeho
okamzité okolnosti. Poranéni vznikaji nejcastéji pfi pracovni €innosti (obr. ¢. 15), manipulaci
s nastroji nebo v domacim prostfedi a jejich lokalizace je dana polohou téla a smérem pusobici
sily v okamziku urazu [17, 96, 97]. Typicky jsou postizeny horni koncetiny, zejména prsty, dlané
a predlokti, méné ¢asto dolni kon&etiny nebo trup [68, 70]. Rany byvaji zpravidla solitarni nebo
v omezeném poctu, s nepravidelnou lokalizaci a orientaci, bez stereotypniho usporadani.
Hloubka poranéni je proménlivd a zAavisi na charakteru pouZitého nastroje, rychlosti pohybu
a pusobici sile, pficemZ smrtelna poranéni jsou u nehodovych mechanismi spiSe vyjimecéna.
Poskozeni odévu, pokud jsou pfitomna, obvykle koresponduji s mistem poranéni na téle. V okoli
poranéni se zpravidla nevyskytuji obranna poranéni ani znamky zdpasu [75, 76]. Mohou se vSak
objevit drobna povrchni poranéni prstl vznikla sekundarné pfi manipulaci s ostrym nastrojem
nebo v ramci reflexnich pohybl bezprostfedné po Urazu. Pribéh poranéni odpovida nahodnému
kontaktu s ostrou hranou nebo hrotem a postrada opakovani &i paralelni orientaci typickou pro
umysliné jednani. Celkovy morfologicky obraz nahodnych poranéni ostrym nastrojem je nutno
hodnotit v souvislosti s okolnostmi Urazového déje, nebot izolované posouzeni jednotlivych
poranéni bez znalosti mechanismu vzniku maze vést k nespravné interpretaci jejich pavodu [9].
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Obr. &. 15 Uraz v uhelném dole; zasazeni po3kozeného rypadlem do trupu.

Hodnoceni vrazdy, sebevrazdy, nahody pf¥i izolovaném solitarnim poranéni

Hodnoceni vrazdy, sebevrazdy anahody pfi izolovaném solitarnim poranéni predstavuje
vyraznou interpretaéni vyzvu, nebot samotny charakter jednotlivého poranéni zpravidla
neumoznuje spolehlivé uréeni mechanismu jeho vzniku [9]. Izolované solitarni poranéni muze byt
pritomno u v3ech tfi mechanismu a jeho morfologické znaky se mohou vyznamné prekryvat.
Absence dalSich poranéni, obrannych zranéné nebo znamek zapasu nevyluCuje vraZedny
mechanismus, stejné jako pfitomnost poranéni v anatomicky dostupné lokalité sama o sobé
nepotvrzuje jednani sebevraZzedné. U nehodovych mechanismi miZe izolované poranéni
vzniknout nahodnym kontaktem s ostrym nastrojem, av3ak bez znalosti okolnosti vzniku nelze
jeho puavod spolehlivé stanovit. Interpretace solitarniho poranéni proto musi vychazet
z komplexniho posouzeni morfologického nalezu, lokalizace poranéni, vztahu k odévu, krevnich
stop a dalSich okolnosti pfipadu, pfiéemz Zadny jednotlivy znak nema samostatné rozhodujici
diagnostickou hodnotu.
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Limity hodnoceni a interpretaéni uskali

Hodnoceni poranéni zplsobenych ostrymi nastroji je zatizeno fadou limitd, které je nutné mit na
paméti pfi formulaci znaleckych zavéri. Morfologicky obraz jednotlivych poranéni je vysledkem
komplexni interakce vlastnosti nastroje, dynamiky pusobici sily, pohybu téla a individualnich
anatomickych pomérd poskozeného [23, 98]. V nékterych pfipadech mohou navic poranéni
vznikla jinym mechanismem, napfiklad sekundarnim ptsobenim ostrého fragmentu zlomené kosti
pfi tupém poranéni hrudniku, morfologicky pfipominat bodné ¢i fezné poranéni. Izolované
posuzovani jednotlivych znakd proto muze vést k chybnym zavérdm, zejména v pfipadech
s atypickym prlbé&hem nebo nelplnym nalezem [84]. V nékterych situacich mohou malé kozni
defekty vzniklé v souvislosti s patologickymi procesy, napfiklad v oblasti arteriovendznich fistul
u dialyzovanych pacientt, morfologicky imitovat bodna poranéni a vést k po¢ate¢nimu podezfeni
na nasilnou smrt [9, 73, 85, 99].

Vyznamnou interpretacni obtiz predstavuje prekryv morfologickych znakd mezi poranénimi
vzniklymi pfi napadeni jinou osobou, sebepo3kozeni nebo nahodném drazu. V literatufe jsou
popsany i pripady sebevrazd s mnoho¢etnymi bodnymi poranénimi, které mohou na prvni pohled
pfipominat poranéni vznikla pfi dtoku jiné osoby [86, 100]. Lokalizace poranéni, jejich orientace Ci
pocet samy o sobé zpravidla neumozriuji spolehlivé uréeni zpisobu vzniku a musi byt hodnoceny
v SirSim kontextu celkového nalezu, okolnosti pfipadu a vysledkd doplfujicich vySetfeni [26, 28,
73]. Zvlastni opatrnosti vyZaduiji pfipady izolovanych solitarnich poranéni, u nichz je diagnosticka
vypovédni hodnota morfologie vyrazné omezena [90].

DalSim limitem je vliv intoxikace, akutnich psychotickych stava i snizeného vnimani bolesti, které
mohou zasadné zménit chovani poskozeného i charakter vzniklych poranéni. Tyto faktory mohou
vést k atypickému rozloZeni ran, absenci obrannych poranéni nebo naopak k neobvykle
vysokému poctu lézi, €imZ se stira hranice mezi typickymi morfologickymi obrazy jednotlivych
mechanismu [59-61].

Interpretaci mohou dale komplikovat posmrtné zmény, zejména hnilobné procesy, sekundarni
poskozeni téla manipulaci, zasahy zivocichli nebo technické artefakty vzniklé pfi zachrannych i
pitevnich vykonech. Podobné& mohou morfologicky obraz poranéni imitovat i nékteré patologické
procesy, napfiklad pokrocilé ulcerujici nddory nebo spontanni amputace tkani, které mohou na
prvni pohled pfipominat fezna ¢&i bodna poranéni [101]. Tyto zmé&ny mohou imitovat vitalni
poranéni nebo naopak maskovat jejich skuteCny rozsah. Zobrazovaci metody i histologické
vySetfeni sice mohou néktera Uskali zmirnit, avSak ani tyto postupy nejsou prosté limitl a jejich
vysledky musi byt vZdy interpretovany kriticky [9, 15].

Z uvedenych divodu je nutné, aby soudné |ékafské hodnoceni poranéni ostrym néstrojem bylo
vZzdy formulovano s védomim téchto omezeni a aby znalecké zavéry vychazely ze syntézy vSech
dostupnych nalezt. V nékterych pfipadech nelze ucinit jednoznacné zavéry a zdrZenlivost
v interpretaci predstavuje nedilnou soucast odborné spravného znaleckého postupu.
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Zaver

PfredloZzena habilitacni prace se zaméfuje na komplexni soudné lékaifské hodnoceni poranéni
zpUsobenych ostrymi nastroji s dirazem na jejich morfologii, forenzni interpretaci a praktické
vyuZziti modernich diagnostickych metod. Teoreticka ¢ast vymezuje zakladni terminologii,
klasifikaci a metodiku popisu ostrych poranéni avytvafi rdmec pro jejich systematické
a reprodukovatelné hodnoceni v soudné Iékarské praxi.

Soubor publikaci navazujici na teoretickou ¢ast dokumentuje praktickou aplikaci téchto princip(
v rznych typech forenznich situaci. Epidemiologicko-morfologické studie pfispivaji k lepSimu
pochopeni dynamiky vrazd spachanych ostrymi nastroji, typickych vzorcu poranéni arole
obrannych |ézi v kontextu interpersonalniho nasili. Metodicko-diagnosticka ¢ast prace rozSifuje
moznosti objektivniho hodnoceni poranéni zavedenim postmortéalni CT angiografie, zejména
u bodnofeznych poranéni koncetin, kde tato metoda umoZznuje presnéjSi dokumentaci cévnich
lézi a zdroju krvaceni. Klinicko-forenzni kazuistiky pak poukazuji na interpretacni uskali
atypickych prfipadd a zdlraznuji nutnost kritického, kontextualniho pfistupu k jednotlivym
nalezdm.

Hlavnim pfinosem préce je propojeni klasické morfologické analyzy ostrych poranéni s modernimi
zobrazovacimi metodami a jejich integrace do jednotného interpretaniho ramce. Prace
poukazuje na limity izolovaného hodnoceni jednotlivych znakud a zddrazruje vyznam jejich syntézy
morfologickych, zobrazovacich, toxikologickych a kriminalistickych Udaju pfi rozliSovani vrazdy,
sebevrazdy a ndhodného mechanismu poranéni. Zvlastni pozornost je vénovana situacim
s atypickym pribé&hem, izolovanym solitdrnim poranénim a pfipadim zatizenym intoxikaci Ci
psychickym onemocnénim.

Vysledky prace maji pfimy dopad na znaleckou praxi soudniho |ékafstvi. Pfispivaji ke
standardizaci popisu a hodnoceni ostrych poranéni, zvySuji objektivitu forenznich zavérl
a rozS8ifuji diagnostické moZznosti zejména v pfipadech, kde samotna pitva neposkytuje
jednoznac¢nou odpovéd. Prace zarovefn ukazuje potencial dalSiho rozvoje postmortalnich
zobrazovacich metod a jejich Sir§iho zapojeni do rutinni soudné Iékarskeé praxe.

Do budoucna lze navéazat zejména rozsSifenim multicentrickych epidemiologickych souboru,
dalSim metodickym zpfesnénim zobrazovacich protokolld a hlubSi integraci zobrazovacich
a histologickych metod pfi hodnoceni vitality a Casovani poranéni. Tyto sméry mohou pfispét
k dalSimu zvySeni pfesnosti a transparentnosti forenzni interpretace poranéni zpusobenych
ostrymi nastroji.
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a zakladnich demografickych udaji. Studie pracuje s jednotnou metodikou a statistickym
rozborem, coZz umoZniuje srovnani s dostupnou zahraniéni literaturou a podporuje sjednocovani
interpretace podobnych nalezl v praxi.

DulezZita je analyza vztahu mezi mnoZstvim ran a obrannymi poranénimi, coz ma vyznam pfi
posuzovani zpusobu smrti a odliSovani vrazdy od sebeposkozeni u bodnofeznych poranéni.
Autofi hodnoti i vyskyt sou¢asného tupého nasili, které mize ukazovat na eskalaci utoku, coz je
praktické pfi rekonstrukci jeho pribéhu a odhadu intenzity jednani pachatele. Vysledky tak
pFispivaji k lepSimu posouzeni pravdépodobného typu pouZitého néstroje a obranné aktivity obéti.
Studie dale ukazuje urcité rozdily v toxikologii a demografii oproti jinym publikovanym soubordm,
coz pomaha pfi orientaci v rizikovych situacich v domacim prostifedi. Zavéry jsou vyuZzitelné pfi
planovani pitvy, zaméfeni disekce na nejCastéji postizené oblasti i pfi vyuce Iékafu v pfipravé.
Otevieny pfistup vydani usnadriuje pouZziti obrazové a tabulkové dokumentace ve vyukovych
materialech. Celkové jde o pfehledny a prakticky orientovany text, ktery rozSifuje dostupna data
o bodnofeznych poranénich a ma pfimé vyuziti v soudné Iékarské praxi.
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Abstract

This paper presents a retrospective review of patterns found in cases of homicides by sharp force over a 13-year period at the
Department of Forensic Pathology of the Ostrava University Hospital, Czech Republic. The review summarizes all frequently
discussed aspects of such cases including the number and localization of injuries, the presence of defensive wounds, the
type of the offending weapon, the cause of death, the place of death, victims’ and perpetrators’ profiles, their relationship, or
toxicological findings. Furthermore, special attention was paid to the evaluation of any accompanying blunt force trauma that
may be indicative of an escalation of the assault. The set of data was statistically analyzed. Even though most of the results of
this review are consistent with available published studies, noteworthy differences have emerged in some aspects such as
the sex and age of the victims, the relationship between the number of injuries suffered and the victims’ sex, or the severity
of alcohol intoxication in victims.

Keywords Homicide - Blunt force trauma - Sharp force trauma - Defensive wounds - Assault escalation

Introduction country and the frequency of homicides involving sharp

force. The stricter the gun laws and thus lower the avail-
Sharp force injury fatalities are frequently encountered in  ability of firearms, the higher the frequency of homicides
forensic medicine. The manner of death in such cases is by sharp force since sharp tools are the most easily available
most frequently classified as homicide, followed by suicide =~ weapons. Taking the Czech Republic as an example of a
and accident [1, 2]. Interestingly, a correlation can be seen  country with rather strict gun control laws, the authors report
between the gun control legislation existing in a specific ~ that in their jurisdiction, sharp force fatalities represented
38.1% of all homicides between 2008 and 2020, making
them the most frequent category of homicides, with firearm
homicides merely accounting for 13.4%. This is in sharp
contrast with the USA, where gun control laws are much
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ety 0 (A, LIcpariment o1 Big st and American (Sweden) [4-8]. Given this context, this study is driven by
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Czech Republic the high frequency of such cases and their relevance for the
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Ostrava, Czech Republic of sharp force injuries in homicides, but also less frequently
6 studied parameters such as the nature of the assault or perpe-
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of any accompanying blunt force injuries indicating the esca-
lation of the assault prior to suffering the fatal sharp force
injury or injuries.

Methods

The autopsy files of the Department of Forensic Pathol-
ogy of the Ostrava University Hospital, which provides
autopsy services for the Moravian—Silesian Region with
a population of approximately 1.19 million people, were
searched for sharp force injury fatalities over a 13-year
period from January 2008 to December 2020. Sharp force-
related case files and autopsy reports were reviewed. The
sex and age of the victims and perpetrators, the place of
death, the nature of the assault, the type of sharp weapon
used, the presence of clothes defects, the number and loca-
tion of wounds, the presence and localization of defensive
wounds, the cause of death, the toxicological findings of
victims and perpetrators, and their relationship were sum-
marized, and the corresponding statistical analysis was
performed. For categorical variables, both absolute and
relative frequencies are provided; for numerical vari-
ables, median values and ranges are provided. To ana-
lyze the data, the following statistical tests were used: the
Mann—-Whitney test, the Chi-Square, or the Fisher’s exact
test. All statistical analyses were performed using the R
software (version 4.0.2, www.r-project.org), and the sig-
nificance level was set to 0.05.

Results

Between 2008 and 2020, a total of 14,327 autopsies were
performed at the Department of Forensic Pathology in
Ostrava. Sharp force injury fatalities accounted for 167 cases
including 91 cases of suicides, 71 cases of homicides, and
5 accidental cases.

Of the 71 cases, 43 victims were male and 28 female;
5 of all the victims were younger than 18 years. The
age of the victims ranged from 0 to 79 years, and the
median age of male and female victims was 47 years and
43 years, respectively.

The available evidence and police investigation indi-
cate that 69 perpetrators were responsible for the total of
71 homicides. The lack of one-to-one correspondence is
accounted for by the fact that in 4 cases, a single perpe-
trator killed two persons, and two acts were committed
by 2 perpetrators. Of all the perpetrators, as many as 68
were caught, and only one remained unidentified. Of the
identified perpetrators, a total of 72% were male and 28%
were female; interestingly, only male perpetrators were
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responsible for the cases of double homicide. The median
age of male and female perpetrators was 46 and 48 years,
respectively. In 48% of the cases, the victim and the per-
petrator were family members or partners; in 24%, they
were friends; and in 28%, the perpetrator did not know
the victim. Of the total of 71 homicides, 75% took place
at home (houses, huts, etc.) and the rest, i.e., 25% of the
homicides, took place at public areas including streets,
pubs, or a swimming pool.

Of the total of 71 victims, 73% die immediately after
assault, while 27% received CPR. Of those who received
CPR, 37% were transported to the emergency department,
26% underwent abdominal and thoracic surgery, and 16%
underwent thoracentesis.

In the majority of the cases (93%), the appearance of
the wounds indicated the use of one or more knives, while
only 7% of cases involved other sharp tools (a screw-
driver, scissors, an axe). In 58% of the cases, the offend-
ing tool was found at the crime scene or in its proximity,
and in mere 8% of cases, the offending tool was found to
be stabbed in the victim’s body. In 82% of the cases, the
victims were transported to the Department of Forensic
Pathology in their clothing, while in 14% of the cases, the
clothes were secured by the police at the crime scene or
in the ambulance, and in only 4% of the cases, the clothes
were not deliverable at all (in two cases, the clothes were
destroyed by fire and one victim was murdered while tak-
ing shower; see Table 1).

Most of the homicide cases involved multiple sharp
force injuries (79%), while a single sharp injury was found
in 21% of the cases. The most frequently injured body area

Table 1 Summary of case

) n (%)
details; the numbers represent
the absolute frequencies Sex of the victim
and relative frequencws in Male 43 (61)
percentages in the brackets
Female 28 (39)
Place of the homicide
Home 53 (75)
Public areas 18 (25)
Offending tool
Knife 66 (93)
Other 50

Offending tool found at the
crime scene

Yes 41 (58)

No 30 (42)
Clothing damage

Yes 48 (68)

No 10 (14)

N/A 13 (18)
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Fig. 1 The location of wounds

38% -

11%

18%

10%

18%

was the left portion of the chest (49%). Figure 1 shows the
percentages of cases in which the respective body areas
were injured (Fig. 1).

The most common cause of death was hemorrhagic
shock (33%), followed by heart, neck, and intrathoracic
vessel injury as shown in Table 2. These results are in
agreement with the published studies.

This study aimed to determine the following:

T 11%

> 41%

10 %

™~ 329 - 18%

8%

The number of cases where the fatal sharp force assault
was preceded by a blunt force assault, and the presence
of blunt force defensive wounds in such cases.

The number of sharp force injuries sustained by the
victims, including any defensive wounds, and the sex
distribution thereof.

Positive toxicological findings in both perpetrators and
victims, and the sex distribution thereof.

Table 2 Cause of death; the
numbers represent the absolute
frequencies and relative

frequencies in percentages in
the brackets Cause of death

n (%)
Total (n=71) Men (n=43) Women (n =28)
Hemorrhagic shock 24 (33) 14 (32) 10 (34)
Fatal heart injury 19 (27) 11 (26) 8(29)
Neck vessels injury 14 (20) 6 (14) 8 (29)
Thoracic vascular injury 9(13) 8 (19) 14)
Abdominal vascular injury 23) 2(5) 0 (0)
Vascular extremity injury 2(3) 12 14)
Cerebral contusions 1(1) 1(2) 0(0)
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Blunt force assault

This section analyzes the presence of injuries inflicted by
kicks, punches, or a blunt tool as well as the presence of
blunt force defensive wounds.

Presence of blunt force

Injuries located in the upper part of the skull or in central
part of the face (i.e., orbits, nose, and lips) were attributed
to blunt force assault. The injuries were caused by kicks,
punches, or blunt tools such as a knife handle, barbell,
hammer, and an axe butt. The data showed that blunt force
assault preceded the sharp force assault in 27% of the cases
as shown in Table 3. No significant difference in sex distri-
bution was found.

Presence of blunt force defensive wounds

Injuries located in the dorsal part of the hand and ulnar
side of the forearm were assessed as blunt force defensive
wounds. The presence of such wounds was found in 23% of
the cases (Table 3). No significant difference in sex distribu-
tion was found.

Presence of both blunt force and blunt force defensive wounds

The presence of both blunt force and blunt force defensive
wounds was found in 21% of the male victims and 11% of
the female victims (Table 3).

Blunt force assault and the sex of the perpetrator

Of note is the fact that the blunt force assault preceding
the sharp force assault was only present in cases involving
male perpetrators.

Sharp force assault

This section evaluates the number of sharp force injuries and
the sex distribution, as well as the presence of sharp force
defensive wounds.

Type of wounds

The majority of the cases involved incised and stab wounds,
while slash wounds were identified only in 2 cases.

Number of wounds

The number of sharp force injuries ranged from 1 to 68.
The victims were assigned to three groups according to the
number of injuries as shown in Table 4. The data reveal
a significant difference in the number of injuries in male
and female victims, with female victims suffering a higher
number of injuries.

Sharp force defensive wounds

Sharp force defensive wounds were present in 54% of the
cases; unfortunately, they could not be assessed in 4% of the
cases owing to extensive thermal damage; no such wounds
were present in the rest of the cases (Table 4). Figure 2

Table 3 Presence of blunt
force assault and defensive

n (%)

wounds; the numbers represent Total (n="71) Men (n=43) Women (n=28) p*
the absolute frequencies
and relative frequencies in Blunt force assault wounds 0.896
percentages in the brackets Yes 19 (27) 11 (26) 8 (29)
No 49 (69) 31(72) 18 (64)
N/A 34) 1(2) 2(7
Blunt force defensive wounds 0.716
Yes 16 (23) 11 (26) 5(18)
No 52 (73) 31(72) 21 (75)
N/A 34 1(2) 2(7
Presence of both blunt force assault and defensive wounds 0.425
Presence of both 12 (17) 9(21) 3(11)
Only blunt force assault wounds 7 (10) 2(5) 5(18)
Only blunt force defensive wounds 4 (6) 2(5) 2(7
Neither of the above 45 (63) 29 (67) 16 (57)
N/A 3(4) 1(2) 2(7)

*The p-value of the Chi-square test of independence for contingency tables
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Table 4 Number of wounds Total (n=71) Men (n=43) Women (n=28) »
and defensive wounds; the
numbers represent the absolute Number of wounds 0.010%
frequencies and relative Median (Min-Max) 5 (1-68) 3 (1-49) 11 (1-68)
frequencies in percentages in
the brackets if not specified 1 15 @21) 13 .(30) 2(
differently 2-9 29 (41) 18 (42) 11 (39)
10+ 27 (38) 12 (28) 15 (54)
Defensive wounds 0.322%%*

Yes 38 (54) 21 (49) 17 (61)

No 30 (42) 21 (49) 9 (32)

N/A 3(4) 1(2) 2(7)

*The p-value of the Mann—Whitney test; **The p-value of the Chi-square test of independence for contin-

gency tables

shows the number of sharp force defensive wounds indicat-
ing a significant relationship between the number of injuries
and defensive wounds. The defensive wounds were most
often localized on the left hands and forearms (Fig. 2). Limb
penetration and partial finger amputation was present in only
8% of the cases.

Toxicological findings in victims and perpetrators

All victims and most of the perpetrators were tested for the
presence of alcohol and other relevant substances.

Toxicological findings in victims

Blood alcohol testing was performed in 99% of the victims.
Alcohol intoxication was found in 59% of the victims, and
the degree of intoxication is shown in Table 5. A statistically
significant difference was found between male and female

Fig.2 The relation between the

victims, with male victims being intoxicated more frequently
(Table 5). Furthermore, cannabis intoxication was found in 1
case, and combined cannabis and methamphetamine intoxi-
cation was found in 1 case.

Toxicological findings in perpetrators

If possible, the perpetrators were also tested for the pres-
ence of alcohol. Unfortunately, the testing could not be per-
formed in 24% of the cases. In cases where the perpetrator
was arrested within short time after committing the crime,
a retrospective calculation was performed to determine the
blood alcohol level at the time of committing the crime (the
applied rate of decline after the reaching the peak of the
curve was 0.012-0.020%/h). The level of alcohol intoxica-
tion is shown in Table 6. No statistically significant dif-
ference was found between male and female perpetrators
(Table 6). In addition, three perpetrators were tested positive

Defensive wounds Yes No N/A
number of wounds and defen-
sive wounds in total (Fisher’s
exact test, p=0.002) and in Total Male Female
male and female victims. The 100 1
numbers represent the absolute
frequencies and relative fre-
quencies in percentages in the 9 4 (36)
brackets 2 751 15 (52) 1 (50)
S 11 (61)
>
g 10 (83)
= 13 (87) 23 (85) 12 (92) 13 (87)
2 504
°
o
2 6 (55)
ko
g 254 13 (45) 1 (50)
5 7 (39)
(@]
2 (13) 4 (15) ; 2(17) 1@ @ 2(13)
o 1(3) (8) 9)
1 29 1 29 10+ 1 29 10+

Number of wounds
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Table 5 Level of alcohol
intoxication in victims; the
numbers represent the absolute

frequencies and relative
frequencies in percentages in
the brackets

n (%)
Total (n=71) Men (n=43) Women (n=28) p*
Level of alcohol intoxication in victims 0.003
Sober 28 (40) 9(21) 19 (67)
Mild intoxication 5@) 4(9) 14)
Increased intoxication 8 (11) 5(12) 3(11)
Severe intoxication 14 (20) 11 (26) 3(11)
Life threatening intoxication 15 (21) 13 (30) 2(7)

Unknown

1(1) 1)

*The p-value of the Chi-square test of independence for contingency tables

for cannabis, one for methamphetamine and one was both
cannabis and toluene.

Discussion

In general, the results of this study, such as the number of
male victims being higher than female victims, are consist-
ent with available studies dealing with sharp force injury
fatalities [1, 5, 9]. Since this study aims to be comprehen-
sive and include as many factors as possible, it proved to be
rather challenging to find similar studies for other jurisdic-
tions with data for all criteria reported. Therefore, this sec-
tion will discuss the results and compare them with other
published studies, as far as data availability permits.

Unlike in other studies where the percentage of female
victims ranged from 30 to 35% [5, 10-12], it was slightly
higher in this study, namely 39%. In general, the male to
female ratio in the published studies varies from 2 to 5, with
the exception of the study by Belghith et al. involving Abo-
riginal population in Central Australia where female victims
accounted for 53% of all the victims [13—15]. Such high
number of female victims in Aborigines population could
be explained by the use of traditional punishment, which is
still practiced in Central Australia [15].

While the age of the victims in developing countries
usually ranges from 20 to 30 years, data from developed

countries show a significantly higher average age of the vic-
tims [1, 11-13, 16, 17]. This difference could be accounted
for by different socioeconomic situations, differences in life-
style, and different life expectancy in these countries.

As reported in the results, 73% of the victims die immedi-
ately after assault owing to the extent and lethal nature of the
sustained injuries. Only 10% of all the victims were admitted
to hospital. The victims who stayed alive long enough to be
transported to hospital sustained penetrating stab wounds
with no severe internal organ damage.

For illustrative purpose, the typical case scenario can be
summarized as follows: A male perpetrator assaulting his
victim at home using a knife. The victim and the perpetra-
tor were related or knew each other. This scenario is also
consistent with the results of other studies from Europe and
Japan [5, 12, 18]. Of note is the fact that in Tunisia, sharp
force homicides were most commonly committed in public
places (62.4%) which is in contrast with both the majority
of the published studies and with the study presented in
this paper [13].

Published studies report that the offending weapon was
found at the crime scene or in the proximity of the crime
scene in 49-53%. In our cohort, the frequency of the pres-
ence of the weapon at the crime scene was slightly higher
(58%), and in 8% of the cases, the weapon was found to be
stabbed in the victim’s body. This finding slightly differs
from the studies by Terranova or by Thomsen et al. who

Table 6 Level of alcohol

. L n (%)
intoxication in perpetrators; the
numbers represent the absolute Total (n=68) Men (n=49) Women (n=19) p*
frequencies and relative
frequencies in percentages in Level of alcohol intoxication in 0.816
the brackets perpetrators

Sober 22 (33) 15 (31) 7(36)

Mild intoxication 1(1) 1) -

Increased intoxication 7 (10) 4(8) 3(16)

Severe intoxication 19 (28) 13 (27) 6 (32)

Life threatening intoxication 34) 3(9) ---

Unknown 16 (24) 13 (27) 3(16)

*The p-value of the Fisher’s exact test
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report the offending weapon stabbed in the victim’s body
in 3.3% and 4.5%, respectively [12, 19]. The frequency of
clothes defects in cases of sharp force homicides as reported
ranges from 71 to 89% [6, 19, 20]. In this study, clothes
defects were seen in 83% of the cases; the more wounds suf-
fered, the more frequent the clothes damage. In cases of sin-
gle wounds, clothes defects were found in 83% of the cases,
which is consistent with the findings reported by Burke et al.
who reported clothes defects in 85% of their cases of single
stab wounds [21].

The majority of the cases involved multiple incised and/
or stab wounds, while slash wounds were found only rarely,
which corresponds to results of the published studies [5, 11,
22]. This is not surprising given that a household is the most
common place of assault in developed countries, where an
easy knife availability can be assumed. A single stab wound
was found in 21% of the cases. The published data regarding
single stab wounds vary widely; Vassalini et al. found a sin-
gle stab wound only in 9.8% of their cases, while Thomsen
et al. report the presence of a single stab in 18.9% of their
cases [1, 12]. In the presented cohort, a single stab wound
was found predominantly in male victims, while in female
victims, a single stab wound was found rarely.

Previous studies have identified the thorax/neck to be
the most common site of sharp force injuries suffered in
homicides, with the heart and the large vessels being the
most frequently injured organs, which is in agreement with
the findings of the present study [12, 23-26]. Such findings
could be well explained by the fact that the victim and the
assailant were facing each other at the moment of the assault,
and possibly the assailant’s general knowledge of human
anatomy and the position of the vital organs and vessels.

The study also aimed to determine whether the sharp
force assault was preceded by blunt force assault. Such use
of the blunt force may be expected in cases of conflict esca-
lation when the perpetrator believes to be stronger than the
victim. Such assaults were committed only by male perpetra-
tors against both male and female victims, with little differ-
ence across the sexes. To be precise, 26% of male victims
and 29% of female victims suffered such injuries before the
fatal sharp force assault, which is contrary to what one would
expect, i.e., higher incidence of such injuries in female vic-
tims due to their physical condition. The frequency of blunt
force defensive wounds did not show a significant difference
across the sexes. This corresponds well with the findings by
Rogde et al. who observed that the incidence of additional
violence does not differ between the sexes [5].

With respect to sharp force assault, there was a statisti-
cally significant difference in the number of sharp force
injuries in male and female victims, with male victims
suffering fewer injuries, including defensive wounds.
Such observation is consistent with other published stud-
ies [1, 8, 12, 20].

69

The sharp force defensive wounds were found in 54%
of all cases. Previous studies have shown the presence of
such defensive wounds in 31-64% of the cases of homi-
cidal deaths from sharp weapon injury [12, 19, 20, 27-31].
The percentage increases if the number of stab wounds is
higher. In our cohort, the presence of defensive wounds was
found in 85% of the victims who suffered more than 10 stab
wounds. Similarly, Thomsen et al. report the presence of
defensive wounds in 76.2% of the cases where the victim
suffered more than 10 stab wounds [12]. In the studied cases,
the presence of defensive wounds was found in 49% of male
victims and in 61% of female victims. The difference in fre-
quency of the presence of defensive wounds between male
and female victims may possibly be explained not only by
the number of the suffered wounds but also by higher blood
alcohol level in male victims, which could compromise both
their self-defense as well as motor coordination.

The most frequent sites of defensive wounds included
fingers, palms, and the dorsal side of the hands, with the
dominance of left hand. This conclusion is in contrast
with published studies which report the palmar site of the
right hand to be the most frequently injured part of the
body during defense [1, 6, 26]. There was a comparatively
high incidence of injuries in left arm and shoulder, i.e., in
sites adjacent to the left side of the thorax, which may be
explained by the fact that such injuries may either qualify as
defensive wounds or primary injuries caused by sharp force
assault against the torso, which makes their interpretation
challenging. The results showed that the higher the number
of sharp force injuries, the higher the number of defensive
wounds. Defensive wounds were present in all victims who
suffered more than 10 sharp force injuries and died due to
hemorrhagic shock (i.e., there was no injury directly caus-
ing the death). A special case was a victim who suffered 72
sharp force injuries predominantly in the area of the neck
and upper part of the thorax, but no defensive wounds were
present. This case involved a brutal assault, and it can be
assumed that some of the initial injuries were fatal, and thus
prevented the victim from defending herself.

Finally, the study also assessed the intoxication of both
victims and perpetrators. In terms of alcohol intoxication,
zero blood alcohol level was found in 67% of female vic-
tims and only in 21% of male victims. This is in agreement
with results from Scandinavia published by Rogde et al.
who found that 35% of the male and 63% of the female vic-
tims had zero blood alcohol level [5]. In most cases, the
blood alcohol level was within the level of severe and life-
threatening alcohol intoxication (BAC, i.e.,>0.31%). This
is in contrast to the findings by Belghith et al. who report
the frequency of alcohol-intoxicated victims in Tunisia
of only 4.2% [13]. These difference may be explained by
higher alcohol consumption by Europeans compared to other
countries, especially Islamic countries [32]. Intoxication
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involving other substances was rather rare. The perpetrators
were tested for their blood alcohol level only in 76% of the
cases, and severe or life-threatening intoxication was found
in approximately one-third of male and female perpetrators.
Intoxication involving other substances was negligible.

Conclusions

In many aspects, this study has confirmed what has been
published on sharp force homicides earlier. What differs
is the higher incidence of female victims as well as higher
age of both male and female victims. Furthermore, the
number of sharp force injuries suffered by female victims
was significantly higher than that suffered by male victims.
No statistically significant difference was found between
the number of blunt force injuries suffered by male and
female victims before the fatal sharp force assault. Such
injuries were present in approximately 25% of the victims,
and the cases usually involved a male perpetrator. Contrary
to published studies, a higher incidence of severe or life-
threatening alcohol intoxication in male victims was found.
In conclusion, this retrospective study shows that while
many aspects of sharp force homicides tend to be universal,
there may be slight differences in results when different
countries are contrasted and files of different departments
and time periods are analyzed. When such differences
exist (e.g., the age of the victims), they may sometimes
be explained by the social and economic situation in the
respective countries and regions.

Key points

1. Homicides by sharp force are the most frequent type of
homicides in the Czech Republic.

2. The presence of both blunt force and sharp force trauma
may be indicative of assault escalation.

3. Alcohol intoxication is more frequent in male victims
and male perpetrators.

4. The sex and age of the victims may be related to the

socioeconomic situation of the country.
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Bodnofezna poranéni: Postmortem CT angiografie. Soudni lékafstvi. 2024, 69(3), 34—-36. ISSN
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Podil autora na publikaci: Prvni autor (60 %). Autor se podilel na navrhu metodiky, provedeni
postmortalni CT angiografie, dokumentaci a interpretaci nalez(l a na sepséani rukopisu

Clanek se zabyva vyuzitim postmortalni CT angiografie u bodnofeznych poranéni kondetin
a pfinasi prakticky orientovany soubor poznatkd, které maji pfimy dopad na soudné Iékarskou
praxi. Autofi popisuji techniku preparace cévniho Fecisté, aplikaci kontrastnich latek a agaru
a naslednou vizualizaci poranénych cév. V préci je zdlraznéno, Ze kombinace kontrastni latky
s agarem zlepSuje stabilitu lumen, umozruje odliSeni arterialniho a vendzniho systému a zvySuje
prehlednost nalezu pfi nasledné pitvé. Tento postup rovnéz usnadnuje identifikaci drobnéjSich
lézi, které mohou byt makroskopicky hife patrné.

Z hlediska forenzni interpretace je pfinosna moZnost presnéji lokalizovat zdroj krvaceni
a vizualizovat pribéh bodnych kanall v cévnich strukturach. PMCT angiografie tak miZze zpfesnit
posouzeni rozsahu poranéni, napomoci pfi volbé& optimdlni pitevni techniky a pfispét
k objektivizaci nalezll, zejména v pfipadech s forenznim dozvukem. Prace dale upozorriuje na to,
Ze se jedna o prvni publikované pouZiti této konkrétni metodiky u bodnofeznych poranéni
koncetin v Eeském prostredi, coz rozSifuje spektrum dostupnych zobrazovacich postupl v domaci
soudné |ékaFské praxi.

Studie uvadi i limitace — zejména rychlou gelifikaci agaru a riziko netplného plnéni perifernich
vétvi, coz je dulezité pro realistické hodnoceni metody. Dulezitym aspektem je také
pfezkoumatelnost dat diky vytvofenym CT rekonstrukcim, coZz ma vyznam v trestnépravnim
kontextu. Autofi prakticky upozorfiuji na nutnost odbéru materialu pro toxikologii pfed aplikaci
techniky.

Prace potvrzuije jiz publikované zavéry o zvy3ené citlivosti PMCT angiografie pfi detekci cévnich
lézi ve srovnani s nativnim PMCT a podporuje jeji roli jako dopliiku klasické pitvy. Zavéry jsou
vyuzitelné pfi feSeni konkrétnich znaleckych otazek, pfi vyuce Iékafu i pfi standardizaci postupu
na domacich pracovistich. Clanek tak pfedstavuje prehledné zhodnoceni metody s jasnym
pfinosem pro soudni I€kafstvi v oblasti vizualizace cévnich poranéni.
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Bodnorezna poranéni: Postmortem CT angiografie
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"Ustav soudniho lékafstvi FN Ostrava
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SOUHRN

V ¢élanku autofi popisuji zplsob zavedeni postmortem CT angiografie do praxe na Ustavu soudniho Iékafstvi Fakultni nemocnice Ostrava v pfipadech
bodnoteznych poranéni koncetin. Detailné je popsdna nezbytna pfiprava cévniho recisté pred provedenim samotné angiografie, zpUsob aplikace kontrastni
latky do cévniho fecisté i praktické tipy usnadriujici nasledné provedeni konvenéni pitvy. Stru¢né je uveden rovnéz souhrn publikovanych praci zabyvajici se
problematikou postmortem CT angiografie, popisujici nejen jeji nesporné vyhody, ale také limity a Uskali, ktera s sebou tato metoda prinasi.

Klic¢ova slova: bodnorezna poranéni - forenzni radiologie — postmortalni angiografie — pitva — soudni |ékafstvi

Sharp-force injuries: Postmortem CT angiography

SUMMARY

This article describes a method of introducing postmortem CT angiography into daily forensic medicine practice involving cases of limb stab wounds
investigated at the Department of Forensic Medicine, University Hospital Ostrava. The essential preparation of the vessels as well as practical tips facilitating
the subsequent performance of a classic autopsy are described in detail. Article also includes brief review of published papers dealing with PMCT angiography
related issues, advantages which brings CT angiography into forensic routine work, but also its limits and pitfalls.

Keywords: sharp force injuries — forensic radiology — postmortem CT angiography - autopsy - forensic medicine

Provadéni postmortem CT (PMCT) vy3etfeni se v poslednich
letech stalo na vétsiné pracovist soudniho lékafstvi rutinni za-
lezitosti. Limitaci uvedené metody je hodnoceni poranéni mék-
ko-tkanovych struktur, véetné poranéni velkych cévnich kmend.
Pravé z téchto dlvodu se u PMCT zacaly po vzoru klinické ra-
diologie pouzivat kontrastni latky (1,2). Tyto byly zprvu do cév-
niho fecisté aplikovany selektivné v misté poranéni ¢i cévnich
anomalii, posléze doslo k rozvoji metod umoznujici provedeni
celotélové angiografie. Pro rutinni vyuziti zobrazovacich tech-
nik v soudnim |ékafstvi je tfeba, aby byly metody standardizo-
vané a ziskané snimky byly spravné interpretovany (3). V sou-
¢asné dobé je pravdépodobné nejpouzivanéjsi technikou tzv.
vicefazova postmortélni CT-angiografie (MPMCTA) pfedstavujici
standardizovanou metodu pro vy3etfovéani cév hlavy, hrudniku
a bficha (2,4). Pro vysetfovani cévniho fecisté hornich a dolnich
koncetin nejsou aktudlné vytvofeny zadné standardizované
protokoly. Technika MPMCTA umoznuje vyplnéni pouze konce-
tinovych tepen, zatimco Zilni systém koncetin zUstava nenapl-
nén ¢&i vyplnén pouze nelplné (5). Na Ustavu soudniho lékafstvi
Fakultni nemocnice Ostrava (USL FNO) jsme se vydali cestou
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rozvoje PMCT angiografie u poranéni cévnich struktur koncetin
zplGsobenych ostrymi nastroji.

MATERIAL A METODY

U osob s bodnofeznymi poranénimi hornich koncetin byla
provedena preparace cévniho fecisté nad mistem zranéni a do
tepenného i Zilniho fecisté byl zaveden umélohmotny vicecest-
ny katetr. Nasledné bylo proplachnuto cévni fecisté fyziologic-
kym roztokem a provedeno nativni CT snimkovani poranéné
koncetiny na pfistroji Siemens Somatom Force (parametry
skenovani 120 kV, 400 mAs). Poté byla aplikovana do cévniho
recisté kontrastni jodova ldtka Omnipaque 350 (koncentrace
350 mg I/ml). V nékterych pfipadech byla pouzita smés jodové
kontrastni latky s agarem v poméru 1:15, pfipadné 1:10 podle
potieby odliseni kontrastu tepenného a Zilniho fecisté. Pred sa-
motnou aplikaci kontrastni smési bylo provedeno zahrati aga-
ru, coz vedlo k jeho zkapalnéni. Poté byla smés tekutého agaru
a kontrastni latky aplikovana do cévniho fecisté pomociinjekéni
stfikacky a vicecestné kanyly. Pro odliseni tepenného a Zilniho
fecisté pri nasledné provedené pitvé byla v nékterych pfipa-
dech kontrastni smés dobarvena potravinarskych barvivem. Po
provedeni PMCT angiografie byly vytvofeny MPR (multiplanarni
rekonstrukce) a VRT (volume rendering technique) rekonstrukce
pro prehledné zobrazeni cévniho fecisté a jeho lézi.

VYSLEDKY

PMCT angiografie byla provedena celkové u 10 osob s bodno-
feznymi poranénimi hornich i dolnich koncetin. U 7 osob doslo
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Obr. 1. Mnohocetné fezné rany a narezy klize v oblasti predni plochy levého zépésti zpisobené plochym bodnofeznym nastrojem (A). Pitva
predlokti s preparaci arteria radialis, jejiz lumen je dilatovano, vyplné&no agarem; modré $ipka zobrazuje nafez v arteria radialis (B). Unik kontrastni
latky z poranéné arteria ulnaris (C). Cervena Sipka zobrazuje méné denzni arteria tibialis anterior; modra $ipka zobrazuje Unik kontrastni latky
z poranéného varixu na bérci (D).

k poranéni jedné z hornich koncetin, u 2 osob byly poranény
obé horni koncetiny a u 1 osoby byla zranéna dolni koncetina.
Po fotografickém zadokumentovani poranéni a zajisténi biolo-
gického materidlu pro toxikologické vysetieni byla provedena
PMCT angiografie a nasledné pitva vcetné preparace cévniho
systému s komparaci jednotlivych néalezl (obr. 1A-D).

DISKUZE

Ve vétsiné pfipadl bodnych ¢i feznych poranéni necini uréeni
pficiny umrti vyznamné potize. Vétsi vyzvou jsou viak odpovédi
na otazky tykajici se poranéni konkrétnich anatomickych struk-
tur, urceni prabéhu, délky a orientace bodnych kanald apod.
Nékteré z téchto problémd se v minulosti podafilo vyresit za-
vedenim nativniho PMCT vysetfeni do praxe, které vsak pouze
v ojedinélych pfipadech umoznilo prokazat poranéni velkych
cévnich struktur véetné srdce, jelikoz jeho nejvétsi slabinou je
omezeny kontrast mékkych tkani a nizkd schopnost vizualizace
cévniho systému (2,6).

Teprve az zavedeni PMCT angiografie umoznilo vyznamné
zlepsit diagnostické moznosti detekce zdrojli krvaceni, a to diky
doplnkové vizualizaci poranénych cévnich struktur (3,5). Na roz-
dil od konven¢ni pitvy je mozno detekovat i poranéni mensich
cév, které je makroskopicky diagnostikovano zpravidla pouze
dle anatomické znalosti a soucasné pfitomnosti prokrvaceni
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a krevnich podlitin v okoli jednotlivych otevienych poranéni
kozniho krytu (3,7). V porovnani s klinickou ,antemortem” CT
angiografii nastava pfi PMCT angiografii problém s distribuci
kontrastniho média v téle, jehoz transport je u zivych pacientd
zajistén krevnim obéhem. Pii provadéni PMCT angiografie by
proto mélo byt vzdy provedeno alespori jedno nativni CT vyset-
feni a tfi angiografické faze, aby se pfedeslo chybné interpretaci
radiologickych nalez( (3).

Dle odborné literatury muize byt PMCT angiografie rovnéz po-
uzita jako ndstroj pro vizualizaci trajektorie stfelnych i bodnych
kanald (2,8,9). Moskata et al. poukazuje na pfinos PMCT angio-
grafie jako dopliiku ke konven¢ni pitvé pro ziskani dllezitych
dat u poranéni ostrym predmétem predevsim v lokalitach téla,
které jsou béznymi pitevnimi technikami jen obtizné dostupné
(oblast baze lebni, patefe ¢i patefniho kanalu) (10). Jednotlivi
autofri se vsak shoduji, Ze v pfipadech bodnych a feznych pora-
néni nem0ze PMCT angiografie zcela nahradit konven¢ni pitvu
(11).

Ve srovnani s konvenéni pitvou ¢i PMCT bez kontrastni latky
piinasi PMCT angiografie lepsi vysledky pro ziskani zasadnich
forenznich nélezl (12). Porovnanim vysledkd PMCT angiografie
a konvencni pitvy byla u PMCT angiografie zaznamenana mno-
hem vy33i citlivost pfi identifikaci zdroje krvaceni (3). Kombi-
nace konvenc¢ni pitvy a PMCT angiografie pak poméha odhalit
i vétSinu drobnych poranéni (12). Srovnanim PMCT angiogra-
fie s klinickou ,antemortem” CT angiografii bylo prokazano, ze
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PMCT angiografie je pfi detekci poskozenych cév jesté citlivéjsi
nez klinicka CT angiografie (2). PMCT angiografie ma vsak i své
nedostatky, a to zejména v pfipadech vicecetnych bodnych po-
ranéni, kdy se jednotlivé bodné kandly sumuji a neni tak mozné
jednoznacné urcit trajektorii jednotlivych kandlt (5,13). Dalsi
komplikace mlze vyvstat u stanoveni délky bodného kanalu,
kdy i pres urceni anatomickych struktur, které byly poskozeny,
nelze vzdy s jistotu urcit konec bodného kandalu. Bodny kanal
casto kon¢i v mékkych tkanich a neni zcela kontrastné vyplnén,
coz znemoznuje spolehlivé posouzeni jeho délky (11).

Na USL FNO jsme PMCT angiografie za¢ali provadét pti pora-
néni cévniho fecisté koncetin, coz je technicky méné narocné
a nejsou kladeny velké nadroky na mnozstvi pouzité kontrastni
latky. Zpocatku provadéni tohoto vysetfeni jsme se potykali
s problémem, kdy po aplikaci kontrastni latky do cévniho fedi-
$té dochdzelo k jeho kolapsu, coz pfi ndsledné provedené pitvé
ztéZovalo a misty aZz znemoznovalo objektivizaci poranéni ze-
jména drobnych tepennych i Zilnich vétvi. Tento problém jsme
vyresili vytvorenim smési kontrastni latky a agaru, ktery v cév-
nim fecisti pfi poklesu pod 40 °C ztuhnul a zabranil kolapsu vy-
Setfovanych cév. Vzajemny pomér kontrastni latky a agaru pak
ovlivhoval i denzitu vysetfovanych cévnich struktur. Pro snad-
nou orientaci pfi pitvé jsme v nékterych pfipadech obarvili agar
potravinafskym barvivem, ¢imz jsme dosahli vizualniho odliseni
Zilniho a tepenného recisté. Problematické u uvedené metody
bylo rychlé tuhnuti agaru v cévnim fecisti, coz pfi Spatné pro-
plachnutych cévich mélo za vysledek, Ze se v nékterych pfipa-
dech kontrastni ldtka nedostala az do perifernich cévnich vétvi.
Aplikace agaru proto musi byt provedena velmi rychle a ve vel-
kém objemu. Jako nejvyhodnéjsi postup se ndm tedy osvédcilo
nejprve proplachnout cévni fecisté fyziologickym roztokem, coz
by mélo zajistit jeho dobrou prichodnost, poté aplikovat sa-
motnou kontrastni latku a CT vysetfenim ovéfit, Ze se kontrast
dostal az do perifernich vétvi cévniho recisté a az nasledné do
cévniho fecisté aplikovat obarvenou smés agaru a kontrastni
latky a opét provést CT vysetieni.

Velkym pfinosem PMCT angiografie byla znalost anatomic-
kych pomérd, variability cévniho fecisté i jednotlivych pora-
néni jesté pred provedenim samotné pitvy. Tyto znalosti pak
umoznily zvoleni a pfizpGsobeni vhodné pitevni techniky
u jednotlivych zemfelych. Uvedena metoda rovnéz umoznuje
prezkoumatelnost jednotlivych nalezd, zvlasté pak v pfipadech
navazujiciho znaleckého zkoumani pro potieby trestniho fize-
ni. Pfi provadéni PMCT angiografie je tieba také pamatovat na
to, ze pred pitvou dochazi k aplikaci kontrastni latky do cév-
niho fecisté. Pred provedenim PMCT angiografie by proto mél
byt zajistén material pro toxikologické vysetieni. Pfi hodnoceni
postmortalniho histopatologického vysetfeni musi byt rovnéz
brany v Uvahu i mozné zmény zplsobené aplikaci kontrastni
latky (11).

ZAVER

Nase zkusenosti s provadénim PMCT angiografie potvrdily jiz
publikované zavéry, a to zejména jeji schopnost podrobné zob-
razit anatomické poméry a jednotliva poranéni cévnich struktur.
Pouziti obarvené smési agaru s kontrastni latkou navic zvysova-
lo pfehlednost cév pii provedeni samotné pitvy. Limitace této
metody spatfujeme zejména ve vytizenosti CT pfistroje, ktery
je ve FNO rutinné pouzivan pro klinické pacienty a nutnosti fi-
nancovat tato vysetieni formou grant(, jelikoz provedeni PMCT
angiografie neni v soucasné dobé hrazeno zdravotnimi pojis-
tovnami.
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Abstract

This case report presents a rare case of an atypical head stab wound suffered by a drug addict and inflicted with a screw-
driver during drug-induced psychosis. It describes the diagnostic and treatment procedures in the hospital and the findings
of the subsequent autopsy. It also analyzes the review of the interpretation of the CT scans made upon admission and the
subsequent treatment by an independent medical review panel, which revealed signs of medical mismanagement. There-
fore, it also discusses the legal consequences that the case may have involved for the attending physicians in addition to the
consequences for the suspected perpetrator. The report raises many issues encountered in the case in terms of the clinical
treatment and forensic determination of the manner of death in cases of injuries caused by sharp instruments and highlights
the importance of comprehensive evaluation of the circumstantial evidence together with the clinical or autopsy findings,
since such evidence may sometimes be overlooked in clinical practice.

Keywords Suicide - Drug-induced psychosis - Screwdriver - Stab wound - Cavernous sinus - Hemorrhagic shock

Introduction

Fatal injuries involving a screwdriver are rather rare in
forensic practice [1]. Most of the published cases report
an assault with a screwdriver, while cases of suicide and
accidents are less frequent [1, 2]. The suicide cases usually
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involve individuals with a history of mental disorders or
drug abusers especially during drug-induced psychosis; in
addition, screwdriver injuries sometimes contribute to the
death in cases of complex suicides [3, 4]. In terms of the
type of injury, screwdriver suicide cases most often involve
penetrating head injuries, accompanied by brain contusion
or intracranial vessel laceration with brain ischemia and
intracranial hemorrhage [5]. In contrast, neck or torso inju-
ries are comparatively rarer and potentially fatal if affect-
ing large vessel branches or internal organs [6, 7]. A case
presented herein discusses an unusual fatal case of a female
drug abuser, who self-inflicted a penetrating intracranial
injury with a screwdriver while under the influence of
amphetamines and fentanyl, mostly likely during psychosis;
the injury caused damage to the brain, cavernous sinus, and
the sphenoid bone leading to fatal massive bleeding into the
digestive tract.

Case report

An ambulance was called to respond to a case of a 30-year-
old woman with a head stab wound. Upon arrival of the
ambulance, the woman was walking in the flat half-naked
bleeding from the head, being aggressive and agitated.
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After being restrained, she was transported to the ambu-
lance, where the physician noticed multiple recent as well
as more remote needle puncture marks on her arms, which
could be indicative of intravenous drug use. Due to the
suspicious circumstances, the police was called. In the
emergency room, the woman lost consciousness while
continuing to breathe and having stable blood circulation.
The emergency room physicians diagnosed the wound as
a bleeding laceration wound and further noted anisoco-
ria. The CT scan interpretation revealed a left temporal
bone fracture without noting any intracranial injuries. The
preliminary toxicological blood analysis was positive for
opioids and amphetamines. Later in the ICU, the woman
was reported to show unstable consciousness and signs of
hallucinations. Six hours after admission, huge volumes of
blood started running out of her mouth and nose, and she
became unconscious. Despite attempts at her resuscitation,

Fig. 1 Screwdriver-inflicted stab wound on the left portion of the vic-
tim’s forehead (arrow in A) with the zoom-in of the wound (inset in
A). Subarachnoid hemorrhage at the base of the left temporal lobe
and minor brain contusions around the stab track (arrow in B). Vis-
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she developed hemorrhagic shock and died, and the body
was referred for autopsy.

On autopsy, the external examination revealed a wound
on the left part of the forehead near the lateral part of the
left eyebrow. It was a slit-like horizontal wound with une-
ven edges and obtuse angles, having a size of 0.5x0.1 cm
(Fig. 1A). The presence of abrasions and hematoma was
noted around the wound. Importantly, the wound was diag-
nosed as a stab wound rather than a laceration wound as
originally described in the emergency room. Additional
abrasions and hematomas were noted on other parts of her
body. Multiple needle puncture marks were noted on her
arms, both recent and remote ones.

The internal examination revealed a stab track originating
from the stab wound and penetrating the temporal bone caus-
ing damage to the left temporal lobe and cavernous sinus
and reaching the sphenoid bone cavity (Fig. 1B, C). The

ualization of the sphenoid bone penetration (probe in C) and blood
in the sphenoid sinus (arrow in C). Blood with no signs of digestion
present in the large intestine (D)
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stab track went from left to right, in the posterior-inferior
direction and its length, as far as measurable, was 6 cm. The
thickness of the left temporal bone was only 0.2 cm, a suba-
rachnoid hemorrhage was noted in the area of the base of the
left temporal lobe, and a film of liquid blood was noted in
the medial cranial fossa. A massive amount of blood with-
out any signs of digestion was present in paranasal cavities,
larynx, esophagus, and stomach as well as in the small and
large intestines (Fig. 1D). In addition, the presence of blood
was also noted in airways and lungs. All organs were pale
and the kidneys showed signs of hemorrhagic shock. The
immediate cause of death was determined as a traumatic-
hemorrhagic shock due to a stab wound penetrating the skull
and causing damage to the left cavernous sinus.

In addition to the recent wounds and injuries, multiple
transversally oriented scars were noted on the left wrist
indicative of suicidal attempts in the past. In light of the

autopsy findings, a second reading of the CT scans made
on admission was requested, and the reading revealed the
presence of a stab wound penetrating the skull, as well the
presence of blood in the right portion of the sphenoid sinus
and hypoplasia of the left portion of the sphenoid sinus
(Fig. 2A-D).

The laboratory analysis of the blood taken on admis-
sion was performed, using liquid chromatography-mass
spectrometry analysis (LC—MS) to determine the presence
of illicit drugs or medication. Toxicological analysis was
positive for fentanyl (5.8 ng/mL) and methamphetamine
and amphetamine (94 ng/mL and 11 ng/mL respectively).
In addition, a trace amount of methadone used to treat opioid
addiction was detected.

In addition to the clinical and autopsy findings, the
broader context of the case is essential for the case report
to be comprehensive. After arriving at the scene, the police

Fig.2 CT scan of the head in the axial and coronal plane display-
ing the stab track (yellow line in A and B, respectively). Blood in the
right portion of the sphenoid sinus (red arrowhead in C), hypoplasia
of the left portion of the sphenoid sinus with the presence of gas
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(blue arrowhead in C), blood in the stab track (arrow in C). The 3D
reconstruction of the skull with penetration of the left temporal bone
and sphenoid sinus (arrowheads in D)
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arrested a young man, most likely the victim’s flat mate,
with a repeated criminal history of theft and drug traffick-
ing. He was holding Dolphorin 75 MCG/h patches contain-
ing fentanyl, which he surrendered to the police, and the
police also found amphetamines. The man stated that they
had self-injected the amphetamines together with the victim
a number of times over the past days, and they had also used
citric acid to extract fentanyl from the patches to later inject
the infused solution into the arms. After the drug injection,
the victim became agitated and aggressive and tried to self-
mutilate herself using different tools that the man, allegedly,
tried to take away from her. Despite his efforts, the victim
ended up stabbing a screwdriver into her head and then
removing it. The screwdriver was collected by the police
near the crime scene in the grass below the flat windows and
referred for expert examination. It was a wooden-handle flat-
head screwdriver measuring 20 cm in total length and having
a shank of 10 cm (Fig. 3). The screwdriver was stained with
the victim’s blood, and the fingerprint analysis revealed the
presence of fingerprints by both the victim and her flat mate.

Discussion

In forensic terms, deaths involving drug abusers often raise
doubts about the real manner of death. These doubts are
often multiplied by the presence of a variety of injuries,
which are often extensive and could be accounted for by
multiple theories such as an attack by another, self-mutilation,
or repeated falls [8, 9]. Such sets of injuries are usually
encountered in chronic cocaine and amphetamine drug abus-
ers who have a high risk of developing psychosis [10-12].
During drug-induced psychosis, such individuals may pose
arisk to themselves as well as to others. Typical symptoms
include anxiety, tension, panic paranoia, hallucinations,

Fig.3 The screwdriver collected at the scene
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insomnia, or even aggressive behavior and suicidal attempts
[11, 13]. Self-mutilation cases frequently involve the use of
a variety of tools such as knives, screwdrivers, or pens [1,
14, 15].

Injuries inflicted by screwdrivers could produce differ-
ent patterns of injuries such as minor cut or stab wounds
or less frequently hybrid sharp-blunt force trauma wounds
[16] depending on the shape and sharpness of the tips of the
tools. Less sharp tools produce wounds with uneven edges
and a rim of abrasions as was the case reported herein.
Importantly, screwdrivers may cause deep stab wounds
penetrating the bones and causing fatal damage to internal
organs despite the seemingly minor surface injuries [17, 18].
Injuries of the cavernous sinus are frequently encountered
in cases of penetrating orbital injuries or iatrogenic skull
base injuries [19-22]. Cavernous sinus walls are formed
by fibrous tissue, rather than smooth muscles, causing pro-
longed bleeding [23-25]. The co-presence of the injury of
the sphenoid bone wall enabled the blood from the cavern-
ous sinus to flow to the nasopharynx and the digestive tract,
as evidenced by the presence of blood in the stomach and the
intestines. The massive blood loss resulted in the develop-
ment of fatal hemorrhagic shock and death.

Since the fingerprints of both the victim and her flat mate
were present on the screwdriver, the autopsy evidence was
relied on to determine the manner of death. The multiple
injuries present were indicative of repeated falls rather than
an assault by another or self-defense, which made the homi-
cide a less likely manner of death. The long depth of the
stab track penetrating the sphenoid bone did not support the
theory of the victim holding the screwdriver in her hand and
stabbing it into her head. A more plausible theory was that
of one end of the screwdriver being fixed against the wall
or floor and the victim’s head bouncing against the screw-
driver, which could account for the depth of the injury. The
penetration into the skull was facilitated by the thinness of
the temporal bone at the site of the injury. This theory is
also consistent with the subsequent testimony of the vic-
tim’s flat mate, who testified that the victim, with her knees
bent, held the screwdriver on the floor and kept bouncing
her head against its tip. Later, she pulled the screwdriver out
and threw it away. The consistency of the autopsy evidence
and the testimony prevented the man from being charged
with homicide.

Given the time between the infliction of the injuries
and the death, it was necessary to address the procedures
performed at the hospital. Upon admission, the CT scan
revealed a temporal bone fracture without evident intracra-
nial injuries. Anisocoria may have, however, raised a sus-
picion of a central nervous system injury, for example, of
the oculomotor nerve, and thus of the severity of the vic-
tim’s condition. Unfortunately, the attending physicians
attributed the condition only to intoxication by fentanyl and
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amphetamines [26-28]. A review of the treatment by an
independent medical review panel noted that the case quali-
fied as medical mismanagement due to the failure to identify
the intracranial injuries, including the injury to the cavern-
ous sinus. Had the posterior epistaxis been recognized early,
treatment would have been available, either a nose packing
or a surgical procedure introducing a hemostatic sponge and
applying pressure on the site [19, 29, 30]. It was also noted
that the interpretation of the CT scan was challenging owing
to the penetration of the sphenoid bone, which enabled the
blood to flow to the digestive tract and made the presence
of the blood on the CT scan less prominent.

In light of all available evidence, the police closed the
investigation as a case of suicide committed in the state of
a drug-induced psychosis. Even though the course of treat-
ment may have been different, the review did not unambigu-
ously conclude whether the victim’s life could have been
saved given the multiple injuries and the drug-induced psy-
chosis. The treatment options were also limited by the fact
that the victim was admitted in a small hospital without an
immediate option of neurosurgery. Therefore, the police did
not proceed with the prosecution of the attending physicians.

Conclusion

This case report presented a rare case of a victim with drug-
induced psychosis who suffered a number of atypical inju-
ries including a penetrating head injury. Such cases involv-
ing drug abusers are often challenging in terms of clinical
assessment as well as the determination of the manner of
death. The case highlights how important it is to know the
circumstances in which the victim suffered the injuries.
Their knowledge may be useful for arriving at a precise
diagnosis and thus providing adequate treatment, but also,
if the case is eventually fatal, for excluding homicide as the
most likely manner of death.

Key points

1. Interpretation of injuries suffered in drug-induced psy-
chosis may be challenging because of atypical injury
patterns.

2. Failure to evaluate all aspects of such cases may result
in inadequate treatment.

3. Autopsy evidence without circumstantial evidence may
be insufficient to rule out homicide as a manner of death.

4. Clinicians may profit from feedback from autopsies to
improve their diagnostic procedures.
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Abstract

Cardiac injury following blunt chest trauma is common in motor vehicle accidents due to a crush or blast injury. Severe cardiac
trauma is associated with a very high mortality. If a cardiac injury develops several weeks after non-penetrating chest trauma,
establishing a causal link between the traumatic event and the cardiac injury becomes complicated. This article reports a case of
fatal delayed hemopericardium and hemothorax following a motor vehicle accident including blunt chest trauma 34 days prior to
death. The cardiac injury was caused by displacement of a sharp irregular fragment of one of the decedents fractured ribs and the
primary defect was sealed by blood clots. Subsequent bleeding occurred when the thrombus was displaced. Since the incidence of
blunt high-energy chest injuries is relatively high, heart and large vessel injuries must be taken into account and a comprehensive
examination needs to be done in order to prevent the delayed development of fatal complications.

Keywords Cardiac injury - Delayed hemopericardium - Delayed hemothorax - Blunt trauma - Stab wound

Introduction

Cardiac injury following blunt-chest trauma is quite common. It
occurs in motor vehicle accidents following crush or blast injury
[1, 2]. Severe cardiac trauma has a very high degree of mortality,
with the majority of victims dying at the scene of the accident or
on the way to hospital [3]. If the cardiac injury develops after an
interval of several weeks following non-penetrating chest trauma,
establishing a causal link between the traumatic event and cardiac
injury becomes complicated [4]. This article reports a case of
fatal delayed hemopericardium and hemothorax following motor
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vehicle accident including blunt chest trauma 34 days prior to
death.

Case report

We report the case of a 47-year-old woman pedestrian hit by
a reversing car at 6mph. In the emergency ward at the hos-
pital the woman reported chest pain at the left side of the
chest, her breathing was slightly weakened, and her blood
pressure was 220/120 mmHg with a heart rate of 100 beats
per minute. The injury manifested as superficial skin trauma
with scarring and bruises on the left part of the head and the
right forearm. Imaging methods (X-ray and CT) showed a
serial fracture of the 4th - 10th ribs on the left side, with
minor pneumohemothorax, spleen laceration and a subcap-
sular liver hematoma with a total blood volume of about
500 ml. ECG examination was physiological, with a sinu-
soidal rhythm of 90/min, PQ 0.12, QRS 0.08, and the ST
segment was isoelectric. Laboratory blood tests showed he-
moglobin at 94 g/l, leukocytes 16.6 x 10%/1, thrombocytes
316 x 10°/1 and creatinine 50 pmol/l; troponin was not test-
ed. Dilacerated spleen was surgically removed and the sub-
capsular liver hematoma was punctured on the same day.
Over the subsequent 13-day hospitalization, the woman
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repeatedly underwent checks, including internal consulta-
tions, ECG, X-ray and CT examination. The ECG was re-
peatedly physiological. However, the control X-ray showed
dilation of the cardiac silhouette 2 days after the accident
(Fig. 1a). Subsequent CT examination showed a small pleu-
ral effusion in the left thoracic cavity with pulmonary paren-
chymal atelectasis and dense striated patches in the pericar-
dium (Fig. 1b). Because of her good clinical condition, the
woman was discharged 13 days after the accident and regu-
lar outpatient treatment was given at 3—5 days intervals.
During these check-ups, the woman repeatedly complained
of pain in the left part of the chest, which the attending
physician deemed to be the result of the serial rib fracture.
X-ray examination performed 26 days after the injury
showed a leftward enlargement of the cardiac silhouette
without clear differentiation of the heart and lung parenchy-
ma. The physician suspected pleuritis, and due to the incon-
clusive outcome of the X-ray he recommended a CT scan,
which was not performed as the patient died in the interim.

On the 34th day after the initial trauma, the woman was
transported to the emergency department of the hospital by am-
bulance with signs of hypovolemic shock. The dominant symp-
toms on admission were breathing difficulties and chest conges-
tion. A pulse was palpable only at the major arteries, and neither
blood pressure nor oxygen saturation were measurable.
Echocardiographic examination showed a pericardial exudate
about 7 mm wide with about 1500 ml of pleural effusion in the
left thoracic cavity. A thoracocentesis revealed blood in the exu-
date. During the CT scan the patient developed bradycardia and
was given repeated cardiopulmonary resuscitation and circulato-
ry support (blood replacement — 14x PRBCs, 10x frozen plasma,
vasopressor medication). After short-term hospitalization at the
ICU, the woman died from hemorrhagic shock following profuse
bleeding into the left thoracic cavity from an unknown source

Fig. 1 X-ray revealed dilation of the cardiac silhouette (arrows in a)
2 days after injury. Subsequent CT examination 4 days after injury
showed a small pleural effusion in the left thoracic cavity (arrows in b)
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(total blood loss into the chest was 4500 ml). The attending
physician ordered an autopsy as the source of bleeding was
uncertain.

Autopsy revealed 1500 ml of liquid blood in left thoracic
cavity. Healing fractures of the 4th - 10th ribs in the left anterior
axillary line with dislocation of 5th - 8th ribs fragments into the
thoracic cavity were found. Bone fragments were up to 25 mm
in length, their edges were rounded with signs of early callus
formation (Fig. 2a). Autopsy of the mediastinum revealed a
slit-like stab wound of the pericardial sac (8§ mm x 6 mm) with
raised edges (Fig. 2b). Localization and shape of the defect
corresponded to the displacement of a sharp irregular fragment
of one of the fractured ribs. The pericardial sac was filled with
matured thrombi including pink-gray fibrin fibers as well as
semi-liquid blood with fresh clots (Fig. 2b). Once the blood
clots were removed, fibers of connective tissue were found at
the heart vertex between the pericardial sac and epicardium.
The heart configuration was within normal range with a weight
of 320 g. The most important finding on the heart was a 7 mm
wide slit-shaped defect in the left ventricle that corresponded to
the defect of the pericardial sac. This defect had raised edges at
the curved margin of the left ventricle and penetrated the car-
diac wall to a depth of about 7 mm into the left ventricle (Fig.
2c¢ and d). At the base the myocardium was encrusted with
clumps of coagulated blood (Fig. 2d).

All internal organs were pale, with signs of advanced hem-
orrhagic shock. Preexisting medical conditions including
steatofibrosis and 2nd degree atherosclerosis were found, but
without significant narrowing of the coronary arteries.
Splenectomy and hysterectomy were also noted.

Hematoxylin-eosin-stained sections of the pericardium re-
vealed a fissure with signs of healing along with organized blood
clots (Fig. 2e). Histological examination of the tissue around the
defect of the left ventricle displayed non-specific granulation and

ThorRoutine 5.0 B41s

with pulmonary parenchymal atelectasis (asterisk b). Moreover, dense
striated patches were found in the pericardium (arrow in b)
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Fig. 2 Bone fragments of the Sth
— 8th ribs (25 mm in length) were
located in the left anterior axillary
line (a). Autopsy of the
mediastinum revealed a slit-like
puncture with raised edges in the
pericardium (arrow in b) and the
wall of left ventricle (arrowhead
in b). The pericardium was filled
with blood clots including pink-
gray fibrin fibers (asterisk in b). A
slit-shaped defect with raised
edges (probe in ¢) penetrated the
cardiac wall to a depth of about
7 mm (arrow d). Hematoxylin-
eosin-stained sections of the
pericardial defect revealed
matured granulary tissue with
abundant collagen fibers (arrow
in e) and thick-walled blood
vessels with small groups of
inflammatory cells (asterisk in e).
Granulary tissue (arrowhead in f)
and local myofibrosis (arrow in f)
were found also in hematoxylin-
eosin-stained sections of the
myocardium around the defect
(asterisk in f). Scale bar (e, )=
300 pwm; insets = 150 um

deposits of myofibrosis. However, there were no signs of coag-
ulation necrosis (Fig. 2f). The immediate cause of death was
hemorrhagic shock following left ventricular wall rupture.

Discussion

Cardiac injury following blunt trauma is fairly common in traffic
accidents, fall impacts, aggression and during the course of some
high-risk sports [5]. We report a case of fatal delayed
hemopericardium and hemothorax following a motor vehicle
accident including blunt chest trauma 34 days prior to death.
The incidence of cardiac injury due to blunt chest trauma varies
from 5% to 50% and it usually has a high mortality rate [3, 6].
Pooniya et al. grouped the forces responsible for producing car-
diac injury into seven categories: direct, indirect, compressive,
decelerative, blast, concussive, and combined forces [4].
Myocardial injury can vary in type and extent, ranging from
pericardial impact to contusion or myocardial laceration with
coronary injury or valvular damage [7]. Depending on their se-
verity and location, these injuries can give rise to a broad range of
clinical symptoms such as angina-like chest pain, progressive
dyspnea, arrhythmias, conduction abnormalities, reduction in
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cardiac output, cardiogenic shock, etc. [8]. However, many pa-
tients with cardiac injury do not present any characteristic symp-
toms and the first manifestation of the cardiac injury could be
fatal [4, 7]. Typically, delayed complications due to blunt cardiac
injury present as infarction, pericardial tamponade or traumatic
aneurysm with systemic embolization [9, 10]. Cases of delayed
cardiac tamponade were described following penetrating chest
trauma [11], motorcycle accident or catheterization [12]. One
case reported delayed serious cardiac tamponade after blunt chest
trauma [13]. latrogenic cardiac injury can also result from exter-
nal cardiac massage during cardiopulmonary resuscitation (CPR)
[14]. In our case, we can exclude iatrogenic injury following
CPR because the tissue around the defects of both the pericardial
sac and the left ventricle displayed signs of healing. The occur-
rence of post-traumatic reparative changes along the puncture
canal in the pericardium and in the heart, as well as the nature
of the blood in the pericardial sac (comprising both blood clots
with fibrin mesh and the presence of fresh liquid blood), both
point to the biphasic character of this heart injury. These findings
were supported by the radiologist re-examining the X-ray and the
CT images after the autopsy, where cardiac silhouette widening
and the presence of dense striated paracardial areas were evalu-
ated as the consequence of blood incursion into the pericardial
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sac. Unfortunately, the attending physicians did not recognize the
heart injury, probably because of the presence of other serious
injuries, as well as the absence of clinical symptoms indicating
heart injury. Detection of the highly specific serum creatine ki-
nase isoenzyme (CK-MB) and troponins T and I, could have
indicated heart injury [12, 13]. However, these tests were not
ordered by the physician.

The absence of clinical symptoms in this case can be ex-
plained by the extent and location of the stab wound. The stab
wound did not injure any of the valvular, transduction and
particularly the vascular structures of the heart. This absence
of injury to large vessels likely resulted in gradual bleeding
into the pericardial sac with the possibility of tamponade of
the stab channel of the heart as indicated by the developing
blood clots. It is also reasonable to assume that the blood
accumulating in the pericardial sac could spontaneously slow-
ly escape into the left thoracic cavity through the pericardial
fissure without developing acute cardiac tamponade.

The cause of the delayed hemopericardium and hemothorax
is not completely clear. It is most likely that the accident led to a
perforating injury to the left ventricle, which was temporarily
sealed with blood clots in the pericardial sac. Reorganization of
the blood clots during healing and removal led to the reopening
of this perforation causing the fatal bleeding. This mechanism of
delayed hemopericardium resulting in cardiac tamponade has
been previously described after penetrating chest wounds [11,
15]. An alternative explanation could be the possibility of repeat-
ed cardiac trauma by the fractured end(s) of one or more ribs
during excursions of the left ventricular wall over the normal
course of cardiac function or subsequent blunt force trauma to
the chest, accidental or otherwise. In light of our case, due to the
relatively high incidence of high-energy blunt-force chest inju-
ries, it is always necessary to consider the possibility of injury to
the heart and large vessels. Only an extensive and comprehensive
examination of individuals with such injuries can help prevent
the delayed development of fatal complications.

Key points

1. A case of delayed hemopericardium and hemothorax fol-
lowing motor vehicle accident is reported.

2. The cardiac injury was caused by intrusion of a sharp
irregular fragment of one of the fractured ribs.

3. The primary defect of the left ventricle was sealed by
blood clots.

4. Subsequent bleeding occurred when the thrombus was
displaced.

5. Death was from hemorrhagic shock from a ruptured left

ventricular wall.
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Abstract

Animal inflicted fatal or near fatal injuries are well described in the forensic literature, with the most frequently
described cases involving dogs, large cats and bears. To our knowledge, a deer inflicted fatality has not been described
in the forensic literature previously. This article reports a case of a 64-year-old male, who was found lying in a pool of
blood near an enclosure for stags and hinds at the end of October. There were mechanical defects on his jacket and
trousers, which appeared to be torn or penetrated, as well as multiple lacerations and stab wounds in different parts of his
body. The type and location of the injuries the man had sustained strongly suggested that another person had been
involved in the incident that had led to his death. The cause of death was deemed as external exsanguination due to
multiple stab wounds to large vessels. After evaluating all of the information regarding the circumstances around the
death, the case was classified as a deer attack related fatality, and the manner of death was determined to be accidental.
The man was most probably attacked by one of the deer while he was refilling the animal feeder. A substantial increase
in the levels of selected hormones, especially testosterone, during the rutting season explains the increased levels of
aggression shown by the deer that led to a fatal outcome for the decedent.

Keywords Deer - Fatal attack - Rutting season - Lacerated wounds - Stab wounds

Introduction and Tunisia), Australia, New Zealand and Argentina [5], at-
tacks by deer are extremely rare.

This article reports a case of an animal inflicted fatal injury.

Fatal injuries caused by animals are relatively rare, and almost

always accidental [1, 2]. Attacks inflicted by domesticated and

tamed animals are more frequent than attacks by wild animals ~ Case report

[3, 4]. Even though deer live in almost the whole of Europe,

central and west Asia, the northern part of Africa (Morocco ~ The body of a 64-year-old male was found lying in a pool of
blood near an enclosure for stags and hinds at the end of
October. His clothes were soaked with blood and full of
mud stains. There were mechanical defects on his jacket and
trousers, which appeared to be torn or penetrated (Fig. 1a), as
well as multiple lacerated and stab wounds localized in differ-
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CZ-708 52 Ostrava, Czech Republic Further investigation revealed that the man was a game-
2 Department of Pathology, Charles University Hradec Kralové, keeper who was in charge of the enclosure. The man’s hat
CZ-500 01 Hradec Kralove, Czech Republic and left boot, as well as a bucket containing animal feed
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Fig. 1 The body of the deceased
man lying in a pool of blood. His
clothes are soaked with blood and
there are a few mechanical defects
visible (arrow in 1a). Traces of
blood were found inside the
enclosure, outside the enclosure
(arrow in 1b), and on the gate
(arrowhead in 1b)

the injuries could have been inflicted by one of the animals
living inside the enclosure.

Even though there were several deer and hinds living in the
enclosure (the precise number is not available), there was only
one deer with blood stains on its antlers. It was an approxi-
mately 8-year-old, 300 kg red deer (Cervus elephantus).

External examination of the male decedent (64-year-old,
171 cm, 77 kg) showed well developed rigor mortis in all
muscle groups, and pale skin with almost complete absence
of post mortem lividity.

External examination also revealed multiple bruising
and open wounds such as scratchy abrasions, laceration
wounds and stab wounds (Fig. 2a). In the frontal and tem-
poral area of the head, there were three wide lacerated
wounds up to 11 cm long and 3 cm wide, which exposed
the skull (Fig. 2b). A total of 14 circle shaped stab wounds

Fig. 2 Multiple bruises, scratchy
abrasions, laceration wounds and
stab wounds (2a). In the frontal
and temporal area of the head
there were three wide lacerated
wounds (2b). Multiple circle
shaped stab wounds were found
on the man’s left hand, both
thighs, left foot, genital, abdomen
and back (2¢, d)

to the man’s left hand, both thighs, left foot, genitals, ab-
domen and back were found (Fig. 2¢, d). Closer examina-
tion of the wounds showed they had atypical margins; they
were ragged with a clearly visible ring of bruises and soft
tissue contusion around the wounds. All the stab wounds
were similar in size; they ranged from 1 cm x 1.5 cm to
3 cm % 1.5 cm. Furthermore, multiple scratchy superficial
skin abrasions were found in the proximity of the stab
wounds. The stab wounds penetrated the cutis, subcutis
and a few of them even penetrated muscles; their depth
ranged from 2 cm to 14 cm, with wound tracks in two main
directions: cranial (the stab wounds to the genitals, lower
and upper extremities) and caudal (the stab wounds to the
abdomen and back).

Internal examination showed that none of the wounds had
penetrated into the thoracic or abdominal cavities; no internal
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organ injuries was found. The stab wounds to the right thigh
and to the genital area caused damage to the great saphenous
vein and the external pudendal vein respectively. All organs
were pale, the heart chambers were contracted and empty, the
kidneys showed signs of hemorrhagic shock.

Moreover, the internal examination also revealed that
the man had suffered from vascular atherosclerosis, pre-
dominantly affecting coronary arteries; atherosclerotic
plaques significantly narrowed their lumens and hypertro-
phic configuration of the left heart ventricle was noted. No
further pre-existing medical conditions were found except
for pericardial-epicardial adhesions as a result of coronary
artery bypass grafting.

The autopsy was supplemented with laboratory analysis of
blood taken from the lower extremity. The samples were test-
ed using gas chromatography with a flame ionization detector
(Shimadzu Handles GmbH, Duisburg, Germany) to determine
the blood alcohol level, which was 0.00 g/kg. Further comple-
mentary toxicological analyses were not medically indicated.

The cause of death was determined as external exsangui-
nation due to multiple stab wounds lacerating the great saphe-
nous and the external pudendal veins.

Discussion

Animal inflicted fatal or near fatal injuries are well described
in the forensic literature, with the most frequently described
cases involving dogs, large cats and bears [6, 7]. Hornet, bee,
or wasp related fatalities are also well documented [8, 9]. Deer
inflicted fatalities, however, are unique. A series of non-fatal
attacks of white-tailed deer in the Southern Illinois’s universi-
ty campus during the fawning season (May and June) was also
described, with victims’ wounds including bruises, skin lacer-
ations, and fractures [10]. Also reported are cases of humans
being attacked by deer during the rutting season; in such cases
the deer were raised by humans from fawns, and released only
once they became too big to be a pet. Presumably, these deer
had imprinted on humans during a critical period and viewed
humans as rivals [11].

Genetic tests suggest that the red deer is probably a
species group rather than a single species. Red deer vary
in appearance and size. The red deer is one of the biggest
deer species group, with length up to 2.5 m, weight up to
500 kg, and shoulder height up to 1.3 m. Male deer (stags)
have antlers that are shed at the end of every winter. The
antlers size varies according to subspecies and age; older
stags have bigger antlers with more tines. Antlers are com-
posed of bone tissue that makes them strong and durable
[12] and the antlers of adult deer can weigh up to 13 kg.
The huge antlers combined with enormous neck muscle
strength represent a powerful weapon used by deer while
they are fighting for female deer (hinds) during the rutting
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season — usually every autumn. In the rutting season, the
deer’s behavior changes rapidly: they become territorial
and aggressive, and lose their natural shyness [13]. This
is when they are most likely to attack other animal species
or even humans, especially when they are in bounded
areas. When a human is attacked, the victim can be expect-
ed, given the characteristics of the antlers, to suffer multi-
ple penetrating stab wounds in multiple locations. In cases
of repeated attacks, different stab wound directions can be
found. These wounds, especially when located in areas of
the body which cannot be reached by the victim them-
selves (as in the reported case), can suggest that another
person may have inflicted them [14]. For this reason, all of
the information gained during an investigation and autopsy
in cases like the one described in this paper, has to be well
considered before the manner of death is determined.

The presence of traces of blood around the gate of the
enclosure, as well as the presence of the man’s clothing inside
the enclosure, and blood on the deer’s antlers, together with
the characteristics of the wounds on the decedent suggested
that the perpetrator was the deer. The fact that the body was
found near the enclosure further reinforced this theory. After
evaluating all relevant information, the case was deemed to be
a deer attack related fatality, and the manner of death was
determined to be accidental.

The man was most probably attacked by one of the deer
while he was refilling the animal feeder. The location of the
man’s body outside the enclosure indicates that although he
managed to get out of the enclosure and close the gate, the
massive blood loss he had suffered did not allow him to call
for help. He sustained two major types of wounds: lacerations
and stab wounds. The laceration wounds were most likely
suffered while the deer attacked the man with its head
impacting the victim’s head. The stab wound characteristics,
especially the appearance of the margin and the depth of the
wounds, were strongly indicative of being inflicted by a long
stabbing weapon with a blunt spike. Deer antlers are perfectly
capable of inflicting such injuries. Interestingly, such injuries
are also quite frequent in other contexts, such as corrida
games, which has been reported by Byard, who claims that
matadors often suffer injuries penetrating limbs, inguinal and
perineal regions [15].

Wild animals kept in captivity usually gradually lose their
natural shyness and aggressiveness. In the reported case, the
animals in the enclosure were used to being in close contact
with humans; they had even been fed from the man’s hand for
a number of years. But the rutting season can trigger natural
protective instincts in originally wild animals, even if they
have been kept in captivity for a long time. The increased deer
aggression as well as overprotective behavior and irritability
can be explained by a substantial increase in the levels of
selected hormones, especially testosterone, during the rutting
season. The high testosterone level combined with lethal
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antlers, a steely skull and kicking legs turns otherwise shy and
calm deer into a “killing machine”.

The autopsy findings, especially the multiple penetrating
stab wounds, which were inflicted in different directions and
localized in areas that are not reachable with the decedents own
hands, as well as multiple blunt head trauma injuries, were
strongly suggestive that another person had been involved in
the incident that led to the decedents death. Without all of the
additional information gained from the scene investigation and
witnesses’ interviews, it would have been highly challenging or
nearly impossible for the forensic pathologist to correctly deter-
mine the manner of death as accidental [16].

In conclusion, this case highlights the importance of com-
bining autopsy findings with other information from the crime
scene for determining the manner of death.

Key points

1. A 64-year-old male was found lying in a pool of blood
near a hunting hut with multiple lacerated and stab
wounds in different body areas.

All the injuries sustained by the decedent indicated
strongly that another person had been involved in the
incident that had led to his death.

The immediate cause of death was exsanguination due to
large vessels lacerations.

After evaluating all of the information gained during the
investigation and the autopsy, it was found that all of the
decedents injuries had been inflicted by a deer.

Increased deer aggression as well as overprotective be-
havior and irritability can be explained by an increase in
the level of hormones, particularly testosterone, during the
rutting season.
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1 | INTRODUCTION

Available literature indicates that sharp force suicides account only
for 1.6-3% of all suicides [1-3]. Most of the cases involve the use of
kitchen knives or razor blades, with the offending weapon usually
being found at the death scene [4]. Self-inflicted injuries are usually
localized on the body parts easily accessible with one's hand includ-
ing the neck, thorax, or upper extremities, while lower extremities
are targeted only rarely [2,5]. A case presented herein discusses an
unusual case of suicide involving the use of a kitchen knife to incise

varicose veins in lower extremities.

This case report deals with a sharp force suicide case, which may challenge the experi-
ence of many forensic pathologists as well as the studies published to date. An over-
view of the published cases shows that sharp force suicides account only for 1.6%-3%
of all suicides and the self-inflicted injuries are usually localized on the body parts
easily accessible with one's hand including the neck, thorax, or upper extremities, as
well as in locations of major vascular bundles or vital organs. Reported, however, is a
case in which the victim relied on the knowledge of her medical condition and used a
kitchen knife to incise her varicose veins, which resulted in fatal bleeding. The case is
rare on a number of grounds: incision of varicose veins is rarely the method of choice
in suicide cases, injuries of peripheral veins are rarely fatal, and so are injuries of iso-

lated veins where no damage to arteries is suffered.

autopsy, fatal hemorrhage, forensic pathology, incised wounds, sharp force fatality, suicide,

e Sharp force suicides account only for 1.6-3% of all suicides.
o Fatal bleeding from the peripheral vascular system is a rare condition.
e Varicose veins have a potential for heavy bleeding.

e Suicide cases rarely involve incised wounds of varicose veins.

2 | CASE REPORT

A 75-year-old woman with a known clinical history of permanent
atrial fibrillation, hypertension, diabetes mellitus, and chronic ve-
nous insufficiency was found unresponsive lying on a bed in a semi-
sitting position with her feet touching the floor. Her trousers were
rolled up to the knee level, thus exposing her calves. During on-site
examination, severe varicose veins with multiple incised wounds
were observed on her calves. The bedsheets and the floor were
heavily stained with blood, and a blood-stained kitchen knife was

found in the proximity of the body (Figure 1). A suicide note had

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2021 The Authors. Journal of Forensic Sciences published by Wiley Periodicals LLC on behalf of American Academy of Forensic Sciences.
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FIGURE 1 Severe varicose veins (asterisk) with multiple incised
wounds on the inner aspects of the bilateral calves (arrows).
The blood-stained kitchen knife in the proximity of the body
(arrowhead) [Color figure can be viewed at wileyonlinelibrary.com]

been left in the kitchen. Furthermore, prescription drugs including
warfarin (anticoagulant), losartan (antihypertensive), desloratadine
(antihistamine), and alprazolam (benzodiazepine) were found at the
scene. There was no known history of mental illnesses or suicidal
ideations of the deceased.

Forensic autopsy revealed severe varicose veins and multiple
diagonally oriented, both superficial and deep, incised wounds on
the inner aspects of the bilateral calves. On the right calf, there
was one dominant incised wound measuring 6.5 cm in length and
0.2 cm in depth, while on the left calf there were two parallel dom-
inant incised wounds measuring 7 cm in length and 0.2-0.3 cm in
depth. Different varicose veins were incised as a result of each of
the dominant wounds (Figure 2). Internal examination revealed well-
developed signs of hypovolemic shock; the kidneys as well as other
organs were pale; the heart was contracted and empty, and the brain
showed signs of edema. Furthermore, the autopsy revealed moder-
ate atherosclerosis affecting mainly the aorta and coronary arteries
showing 25% narrowing of their diameter; the heart weighted 380 g
and the left ventricle was hypertrophic. There were no signs of left
ventricle chronic insufficiency. The toxicology blood screening re-
vealed the presence of warfarin (anticoagulant), losartan (antihyper-
tensive), metamizole (analgetic), and alprazolam (benzodiazepine);
the concentration of each of these drugs was within the therapeutic
range. The cause of death was hypovolemic shock due to multiple
incised wounds of bilateral lower extremity varicose veins. The man-

ner of death was suicide.

3 | DISCUSSION

Varicose veins occur when superficial veins of the lower extremi-

ties become dilated, elongated, and tortuous [6]. Their prevalence
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estimates vary widely by geographic location, especially in devel-
oped countries [7]. Varicose veins develop as a result of a connective
tissue disorder affecting the veins, which leads to vein dilatation and
thus to venous valves insufficiency. The factors that increase the
risk of developing varicose veins include advanced age, female sex,
sedentary and static work, pregnancy, obesity, hormonal contracep-
tion, and smoking [8].

The complications of varicose veins may range from mild compli-
cations such as lower extremity edema, skin pigmentation, derma-
titis, skin ulcers, or lipodermatosclerosis, to more severe ones like
venous ulcers (acute or chronic) or fat necrosis. Fragile walls are also
responsible for spontaneous bleeding or trauma-related bleeding
[9,10].

Increased hydrostatic blood pressure in lower extremity veins in
cases of both spontaneous varicose vein rupture and superficial var-
icose vein injury can cause severe blood loss, which can rapidly lead
to the loss of consciousness and death. The risk factors which may
contribute to massive blood loss are not only the increased blood
hydrostatic pressure in veins but also alcohol consumption, antico-
agulant medications, and pre-existing medical conditions including
sclerotic changes of the vessel walls, liver cirrhosis, chronic heart
failure, chronic kidney failure, congenital, or acquired coagulopa-
thies [11].

The available studies show that only 0.8-4% of all suicides by
sharp force involve incised or stab wounds of peripheral veins [3,4],
since what is usually targeted are the major veins on body parts
easily accessible with one's hand such as groins, thighs, or ankles
[12,13]. In addition, in more than 70% of all such suicide cases mul-
tiple superficial incised or stab wounds are also present, as is the
case herein. These superficial wounds are also referred to by some
authors as tentative or hesitation wounds [1,4,14].

Rare are the cases where isolated veins are incised (with no
artery damage) and subsequently lead to fatal bleeding [15]. One
such case was published by Rabl et Sigrist, who reported a case of a
34-year-old man with fatal bleeding from a small femoral vein lesion
with a diameter of 2 mm [15]. Capano et al described a case of fatal
bleeding in a drug user who had tried to remove a vascular neofor-
mation from the right arm using a pair of scissors [16].

Other published cases involved fatal bleeding from AV fistulas,
which serve as a special connection joining a vein and an artery
and thus providing an easy access for hemodialysis in patients with
chronic kidney failure [17]. Most of the published cases involved peo-
ple having medical education or patients aware of the complications
that their disease might involve. Such cases are also referred to by
some authors as medical-knowledge-related or disease-knowledge-
related suicides [18,19].

In this case, the external examination revealed multiple super-
ficial incised wounds localized on the calves of the deceased, while
other body areas typically wounded in suicide cases were intact.
Based on these findings, it is reasonable to assume that the victim
was aware of her medical condition and the related risks of heavy

bleeding from varicose veins provoked by the wounds. Even though
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FIGURE 2 Multiple incised wounds localized on the inner aspects of the victim's calves (arrow in A and B). In C, the incised varicose
vein on the left calf is visualized (arrow) after autopsy incision and retraction of the overlying skin [Color figure can be viewed at

wileyonlinelibrary.com]

there is nothing to suggest that the victim had any advanced knowl-
edge of anatomy, the theory that she was aware of the risk of heavy
bleeding is supported by a statement of her daughter, who said that
her mother had experienced repeated spontaneous varicose vein
bleeding in the past. Another factor that may have contributed to
the victim's decision to target varicose veins includes their good vis-
ibility, which allowed good visual control of the site while inflicting
the injuries. Incising the varicose veins on both lower extremities re-
sulted in massive external hemorrhage. The extent of blood loss was
caused not only by increased hydrostatic blood pressure in varicose
veins, but also by the long-term use of anticoagulant drugs (warfa-
rin). Further, superficial wounds alone are sufficient to cause such
massive hemorrhage, so the pain suffered is not as severe as in the
case of wounding deep anatomical structures such as muscles, or
nerve-vascular bundles. The reason for committing the suicide was
explained in the suicide note where the victim had stated that she
was no longer able to take full care of herself and did not want to be
a nuisance to her family.

Fatal bleeding from the peripheral vascular system is rarely en-
countered in forensic medical practice. Such cases involve victims
having severe pre-existing medical conditions or being on medi-
cation affecting blood coagulation. This is also confirmed by the
present case since the victim had been on warfarin medication.
Therefore, incising the varicose veins on three sites was sufficient
for a rapid development of hemorrhagic shock. In our experience,
such a suicide method is extremely unusual; that may be why, to the
best of our knowledge, no case involving such a method has been
published to date.
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Chop or slash wounds are produced by sharp-edged tools such as an axe, or a machete. This paper presents a case of a violent
death ofa 57 year-old-man. Autopsy revealed deformation of the right side of the head. A total of 23 slash, stab and cut wounds as
well as contused lacerations were identified on the scalp as well as the face and the neck. In addition, superficial abrasions and
bruises were identified on the skin. The immediate cause of death was due to extensive brain contusion following fragmentation
of the neurocranium. The injuries resulting in the death of the victim were sustained during an assault on the head with an axe,
which was used both as a slashing tool and a blunt instrument.

Keywords Forensic medicine - Autopsy - Slash wounds - Homicide - Brain contusion - Axe

Case report

A 57-year-old man was found dead in a house in a pool of blood
following an altercation with another person. Several slash, stab
and cut wounds were found on the body of the deceased.
According to initial police information, the assailant was a
60-year-old man who had previously been convicted of vio-
lent crimes. He later testified that after consuming spirits with
the deceased on the evening of the incident, a conflict had
broken out, resulting in the death of the other man. Because
he had been drunk at the time the conflict he could not recall
what gave rise to the assault, nor any further details. An indic-
ative alcohol breath test, using a Drager 3000 breathalyzer,
found an alcohol concentration of 2.55 g/kg (3.14 g/L).
During the crime scene inspection a flick-knife with an 8 cm
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blade and an axe with a 7.5 cm blade (Fig. 1) were collected;
both of which were stained with the blood of the deceased.

External examination found traumatic deformation of the
right side of the head. A total of 23 slash, stab and cut wounds
as well as contused lacerations were identified on the scalp,
face and neck. Superficial abrasions and bruises were identi-
fied on the fingers and the dorsal side of the right hand.

The 23 wounds were comprised of eight slash wounds, two
cut wounds, two stab wounds and eleven contused lacerations.
On the right side of the head and in the area of the right ear lobe,
the wounds were grouped into a cluster involving eleven slash
wounds and contused lacerations ranging from 2 to 10 cm in
length (Fig. 2a, b). Numerous skin abrasions and bruises were
identified in the proximity of these wounds. Another cluster
involving small contused lacerations and skin abrasions was
identified on the left side of the head, namely on the forchead
and the eyebrow (Fig. 2¢). Superficial contused lacerations, skin
abrasions and bruises were also found on the left eyelids. A
further small bruise was found on the lower right eyelid. Two
cut wounds and two stab wounds were identified on the neck,
three of which were located on the right side (Fig. 2d) and one
on the left side. Extensive superficial abrasions and bruises were
identified on the dorsal part of the right hand (Fig. 3).

Internal examination revealed comminuted fractures of the
neurocranium, and a superficial slash wound in the right tem-
poral bone as well as in the adjacent parts of the right parietal
and frontal bones. Slit-like defects were found on the outer
meninges (dura mater) in the region of the right temporal lobe
of the brain. Under the dura mater, there was a small amount
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Fig. 1 The axe used by the offender to kill the victim

of liquid and coagulated blood. Severe lacerations were iden-
tified in the region of the right temporal lobe, together with a
subarachnoid hemorrhage. Two stab wound thrust were iden-
tified in the throat. The upper thrust (No. 20) was 5.5 cm long,
almost horizontal, and in the right-to-left, and front-to-back
directions. The stab penetrated the skin, and pierced the
tongue musculature. The lower thrust (No. 21) was 6.5 cm
long, in the top-to-bottom, right-to-left, and front-to-back di-
rections. The stab penetrated the skin, and pierced the muscles
on the side of the neck, the larynx around the thyroid cartilage,
and the soft tissue between the pharynx and the cervical ver-
tebrae. None of the major vessels in the neck were damaged.
Toxicological analysis using gas chromatography of a
blood sample taken at autopsy showed 3.60 g/kg of ethanol.
The immediate cause of death was due to brain contusions.

Discussion

Sharp force injuries are the consequence of contact with
sharp-edged or pointed objects. Sharp-force injuries are

Fig. 2 A cluster of slash wounds
(arrows in 2a) and contused
lacerations (arrow in 2b) on the
right side of the head and in the
region of the right ear lobe. 2¢) A
cluster of skin abrasions (asterisk)
and contused lacerations (arrows)
on the left side of the head, where
the head was held against a hard
surface. On the right side of the
neck there were two stab wounds
(arrows in 2d) and one cut wound
(arrowhead in 2d)

traditionally divided into stab, cut and slash wounds, and are
produced as a result of a slashing motion with a sharp-edged
tool such as an axe, a machete, o a sword, or a propeller [1-3].

An axe is a hand tool, used primarily for chopping wood or
cutting meat. Axes have been used as a weapon in the past.
The parts of the axe include a handle and a head. One side of
the head is typically sharp and V-shaped and the other is typ-
ically thick and blunt. The handle is inserted into an eye and
fixed with a metal wedge. When designed for purposes other
than cutting wood or meat, the head is often modified in var-
ious ways (double-edged Canadian axe, war axe with a spike
or bayonet) [4].

Slash wounds produced by an axe are usually deeper than
cut wounds and do not vary in depth; they are usually wide
and get narrower as they get deeper. The wound edges are
smooth, often involving skin abrasions at the upper edge and
acute angles. If only part of the axe head contacts the body the
wound is usually triangular in shape. Compared to cut
wounds, slash wounds usually involve less extensive bleeding
due to considerable soft tissue lacerations at the wound site [5,
6]. If the wound is produced by the blunt side of the axe head,
lacerations, including contused lacerations, can be seen.
Modified axe heads can give rise to a wide range of different
injuries [7].

Slash wounds produced by an axe are either straight or
curved; if the blade enters the skin at an oblique angel, they
may be U-shaped. The extent of injury depends not only on
the force of impact, but also on the length of the handle and the
weight of the axe head. If a bone is hit, the instrument leaves
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Fig. 3 Skin abrasions and bruises were found on the fingers and the
dorsal part of the right hand suggesting attempted self-defense by the
victim

an imprint [8, 9]. In cases where the impact site is held against
a hard surface, amputation (e.g. involving the fingers) can
occur. If the head is hit, comminuted fracture of the skull
can be seen. The most common cause of death in slash
wounds is brain contusion, or hemorrhagic shock; if the victim
survives the attack the cause of death may also be due to
infectious complications [10]. If the injuries are fatal, the most
common manner of death is homicide, as suicides tend to be
less frequent. While accidents are also frequent, they are not
usually fatal. [11, 12].

In the presented case, the injuries suffered by the victim
were produced through a combination of several mechanisms.
The injuries around both eyes are likely due to various types of
blows or kicks. The neck of the victim was hit with a flat,
pointed cutting tool (a knife). The wounds were consistent
with the long axis of the knife. The superficial cut wounds
to the neck could be produced either by a sweeping motion of
the knife blade, or by dragging the knife along the surface.

The cluster of fatal injuries on the right side of the head was
caused by an armed assault with a hand-held instrument (e.g. an
axe). The presence of contused lacerations and bruises in this
cluster suggests that the head was hit by both the sharp as well as
the blunt sides of the axe. The cluster of superficial bruises and
skin abrasions located on the opposite side of the head (on the
left forehead and the left eyebrow) could be caused by the head
being held against a hard surface during the axe assault. Such
fixation of the head during the assault significantly affected the
extent of the intracranial injuries. Skin abrasions and bruises on
the fingers and the dorsal part of the right hand could be defense
wounds. The presence of injuries indicative of blows and kicks
as well as those produced with a knife and an axe suggests that
the assault escalated over time and turned out to be fatal. The
injuries sustained by the victim led to his death within a short
period of time.

This reported case of a violent death involves a combina-
tion of several injury mechanisms. The most relevant

@ Springer

mechanism was head trauma produced with an axe; however,
the assailant used the axe not only as slashing instrument but
also as a blunt instrument. This resulted in extensive fatal
brain contusion.

The police investigation found that the assailant was a re-
peat offender, who had been previously convicted of violent
crimes. Therefore, on trial he was convicted of aggravated
murder. He was sentenced to 19 years of imprisonment to be
served in a high-security prison.
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Fatal Hemorrhage from an Arteriovenous

Fistula

ABSTRACT: In this study, we present two cases of sudden deaths of people with end-stage kidney with arteriovenous fistulas for long-term
hemodialysis treatment. This procedure is associated with a number of known complications. While stenosis, thrombosis, and infection are well
known, lethal hemorrhage from arteriovenous fistula is much less commonly encountered. Inspection of the bodies at the scene of the death by
a medical examiner suggested that the deaths were due to exsanguination. Autopsies revealed visible defects on the front wall of the arteriove-
nous fistulas. Microscopic examination showed wall necrosis with infiltration of various inflammatory cells. Deaths were due to exsanguination
from the ulcerated arteriovenous fistulas in patients with chronic renal failure. Further investigation revealed that complications in the area
around the arteriovenous fistulas were known and were being treated until a sudden rupture of the vessels and hemorrhage from the arteriove-

nous fistulas resulted in the deaths.

KEYWORDS: forensic science, forensic pathology, arteriovenous fistula, chronic renal failure, hemodialysis, sudden death

In 2016, more than 661,000 Americans were diagnosed with
kidney failure. Of these, 468,000 individuals were put on dialy-
sis (hemodialysis, peritoneal dialysis) (1). In dialysis patients, an
arteriovenous fistula (AVF), an arteriovenous graft, or an indwel-
ling venous catheter should be surgically established in advance.
Vascular access sites for hemodialysis are associated with a
number of complications including stenosis or obstruction, local
sepsis, and bleeding. These complications are usually manage-
able with medication or surgery, and a fatal development is very
rare, even in cases where bleeding occurs. In this study, we
report two cases of lethal hemorrhage from arteriovenous fistulas
in chronic renal failure.

Case Reports
Case 1

A 65-year-old woman was found by a passerby lying dead on
the floor at the door to her apartment. Her clothes were soiled
with blood, and the apparent blood splatter on the wall sug-
gested arterial bleeding (Fig. la). A survey of the apartment
found numerous traces of blood in all the rooms, as well as sev-
eral pools of blood in the bathroom (Fig. 15). A minor defect
was found in the left arm of the deceased with a palpable subcu-
taneous varicose vein. Bruising was clearly visible through the
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skin around the defect (Fig. 1¢). The deceased had tried to stop
the bleeding with two cloth compresses, which were lying close
to the body, soaked in blood.

From the available medical documentation, the deceased was
found to be a patient with irreversible renal failure (chronic
glomerulonephritis) and had been continuously receiving
hemodialysis since 2012. Hemodialysis was performed using the
FX80 instrument; blood flow through the pump was 300 mL/
min in all dialyses, and the dialysis solution flow was 500 mL/
min. No serious complications were reported during the
hemodialysis procedure (when connecting the needle to the
AVF), and no bleeding from the injection site was observed.
Three weeks before the patient died, a scab had formed at the
point where the needle connected to the AVF. When the physi-
cian at the dialysis center saw this, the patient was sent to the
surgical department. The surgeon did not find any signs of
bleeding or inflammation at the site of the scab and recom-
mended inserting the dialysis needle away from the original
injection site so that the bruise could heal. The patient was
informed of the possibility of bleeding, and two PolyMem
hydropolymer bandages were given out, in case of hemorrhage
from the wound.

During the autopsy, a circular defect 0.3 cm in diameter with
bloodied margins was found on the front of the left arm that
communicated directly with the underlying AVF (Fig. 2a). There
were numerous bloodied bruises and punctures from several pre-
vious injections nearby. Examination of the vasculature of the
left upper limb found a brachiocephalic AVF near the defect that
had bulged into an aneurysm 1.5 cm wide (Fig. 2b). The
autopsy eliminated both stenosis and arteriovenous fistula throm-
bosis. All the organs examined were pale, and the heart was
contracted and empty. The kidneys were tiny, wrinkled, and
granulated.
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FIG. 1—O0n the wall, there is blood splatter suggesting arterial bleeding in case 1 (arrow in a). Pools of blood in the bathroom (b). On the left arm of the
deceased, there was a minor defect with bloodied bruising in the vicinity (arrow in c). [Color figure can be viewed at wileyonlinelibrary.com]

FIG. 2—Autopsy in case 1 revealed a circular defect that communicated directly with the underlying arteriovenous fistula (thick arrow in a) on the front of
the left arm; traces of injection (thin arrow in a) were also detected. Dissection of the left arm revealed part of the arteriovenous fistula with a protrusion in
the cephalic vein (thick arrow in b); more distally (to the left), aneurysmal bulging can be seen (double arrow in b). Hematoxylin- and eosin-stained sections
showed incipient necrosis of the vein wall (arrowhead in c) including signs of neutrophils (arrow in c). A section through the skin showed signs of chronic
inflammatory cells (arrow in d). Scale bar: 150 pum (c, d); insets: 50 um (c, d). [Color figure can be viewed at wileyonlinelibrary.com]

Microscopic examination revealed necrosis of the wall of the wider area around the defect. The kidneys showed interstitial
cephalic vein immediately close to the defect (Fig. 2¢) with fibrosis, glomerular obsolescence, and tubular atrophy with

chronic inflammatory cell infiltration in soft tissues (Fig. 2d). chronic inflammatory cell infiltration. No toxicologically relevant
However, inflammatory cellularization was not proven in the substances were found, and the presence of drugs for the dilution
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of blood was eliminated. Death was due to exsanguination from
an ulcerated arteriovenous fistula in a patient with chronic renal
failure.

Case 2

The 91-year-old woman was found dead at home lying in bed
in a pool of blood. From the available medical documentation,
she was found to be a patient with chronic renal insufficiency.
An AVF for long-term hemodialysis treatment had been surgi-
cally created 9 days before death. The surgery as well as the fol-
low-up hospitalization was without complications, and the
patient was discharged after 3 days. Two days after her release,
she had been treated as an outpatient for subcutaneous serum
accumulation at the surgical site, but no signs of bleeding were
detected. For the next 2 days, the patient was brought in by
emergency services to the hospital with surgical wound dehis-
cence. The AVF was found to be intact during surgical revision
and wound restoration, with no apparent wall defect or arteriove-
nous anastomosis dehiscence. The surgical wound was covered
with a dressing, and the patient was sent home. The next morn-
ing, she was found dead.

The autopsy revealed dehiscence of the 4 x 2.2 cm surgical
wound in the left elbow area (Fig. 3a). The edges of the wound
were slightly tender, lacerated, and with signs of healing at the
lower edge of the wound. Blood clots were clinging to the lower
angle of the wound, and the soft tissues in the neighborhood
were swollen. A radiocephalic AVF was found in the vasculature
of the left upper limb, which was sutured onto the artery just
after the branch of the brachial artery. The anastomosis of the
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AVF showed no dehiscence, and a 0.7 x 0.3 cm defect was vis-
ible on the front wall of the drainage vein (Fig. 3b). The autopsy
eliminated both stenosis and AVF thrombosis. All the examined
organs were pale, and the heart was contracted and empty. The
kidneys were tiny, wrinkled, and granulated.

Microscopic examination revealed wall necrosis with bacterial
colonies and infiltration of various inflammatory cells (predomi-
nantly neutrophils) in the wall of the cephalic vein (Fig. 3c).
The soft tissues in the neighborhood were infiltrated by a variety
of inflammatory cells with numerous neutrophils (Fig. 3d). The
kidneys showed interstitial fibrosis, glomerular obsolescence,
and tubular atrophy along with infiltration of inflammatory cells.
Death was due to exsanguination from an ulcerated AVF in a
patient with chronic renal failure.

Discussion

The establishment of an AVF for hemodialysis is a routine
operation in vascular surgery. AVFs are usually placed on a
nondominant limb; distal sites are preferred so as to maintain
access to more proximal sites for future surgery. Cannulation
of the vein is possible only after maturation and arterializa-
tion, that is after 6-8 weeks at a flow of at least 600 mL/
min, a vein width of 0.6 cm, and a depth of up to 0.6 cm
(2). Compared to arteriovenous grafts or indwelling venous
catheters, AVFs yield longer throughput, fewer interventions,
and complications, particularly with respect to infection (3).
Nevertheless, this is a surgical procedure with numerous com-
plications often requiring subsequent surgical and endovascular
interventions.

FIG. 3—Left elbow area with partial dehiscence of the surgical wound and blood coagulation in case 2 (arrow in a). Dissection of the left elbow revealed
part of the arteriovenous fistula with a visible defect in the cephalic vein (arrow in b) surrounded by blood clots (arrowhead in b). Hematoxylin- and eosin-
stained sections showed vascular wall necrosis with bacterial colonies (arrowhead in c¢) and infiltration of various inflammatory cells [predominantly neu-
trophils (arrow in c)] in the background. A section through soft tissue showed infiltration of various inflammatory cells (arrow and arrowhead in d)]. Scale
bar: 150 pum (c, d); insets: 50 um (c, d). [Color figure can be viewed at wileyonlinelibrary.com]
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TABLE 1—Basic arteriovenous fistula complications (NKF-KDOQI).

Early complications
Late complications

Bleeding and hematoma

Bleeding associated with coagulation
disorders

Stenosis and thrombosis

Infection and local sepsis

Hyperfunctional arteriovenous fistula, upper
limb ischemia, and steal syndrome

Aneurysm and pseudoaneurysm

Venous hypertension syndrome

Seroma

Neuropathy

When following recommended procedures (NFK-KDOQI),
eight basic complications are distinguished associated with the
presence of an AVF (Table 1). These can be divided into early
and late complications (2). Early complications include the onset
of bleeding immediately following the procedure, leading to a
hematoma that compresses the vein and may cause AVF rupture.
Early bleeding does not require major treatment in most cases
(mostly repairing the anastomosis suture or treatment of a subcu-
taneous bleeding source). On the other hand, late bleeding can
be fatal in the home environment (4). Late bleeding in patients
with chronic renal failure is typically associated with coagulation
disorders due to uremic thrombocytopenia, polypharmacy, or
anticoagulant therapy. Bleeding is also associated with stenosis
or AVF obstruction due to thrombosis or fibro-intimal hyper-
plasia leading to increased intraluminal pressure, local sepsis, or
repeated trauma and hypertension (4,5).

The frequency of the various complications of AVF is related
also to the total duration. The long-lasting presence of AVF
leads to fibro-intimal hyperplasia and narrowing of the vein
lumen (6,7). Intimal hyperplasia causes turbulent flow, uremic
endothelial dysfunction, damage to the vessel wall, etc. In the
case of AVF on the forearm, stenoses are most often juxta-ana-
stomotic, and with an upper arm AVF, usually on the draining
vein (7,8). Aneurysmal vein enlargement and subsequent throm-
bosis can often develop under an arteriovenous stenosis in the
juxta-anastomotic site (9). Thrombosis then leads to swelling of
the limb, decreasing the arteriovenous flow rate, prolonged
bleeding during hemodialysis, and the development of collateral
vasculature (9). Other causes for the development of an aneur-
ysm or pseudoaneurysm in the AVF include uneven vein pene-
tration by dialysis needles, skin scarring at the site of repeated
injections, hyperfunctional AVF, etc. (10). In the case of a
hyperfunctional AVF, patients are at risk of upper limb ischemia.
The normal flow in the brachial artery is 100-150 mL/min and
blood flow in the AVF is between 400 and 2000 ml/min.
Increased AVF blood flow can increase the cardiac output per
minute by up to 10-30% (11). In the event of a hyperfunctional
AVF, blood flow can increase to 1500—-4000 mL/min and
reaches more than 30% of the cardiac output. Hyperfunctional
AVF can lead not only to heart failure but also to the develop-
ment of steal syndrome in the upper limb, characterized by its
ischemia—especially in patients with diabetes and elderly
patients with a more proximal AVF location (12). Infection can
be a frequent complication in long-term hemodialysis patients.
Infections can lead to local sepsis with massive bleeding from
the AVF, and may also cause infectious endocarditis affecting
mainly the tricuspid and pulmonary valves (13). In addition to
the occurrence of multiresistant bacterial strains, long-term
immunosuppression in long-term hemodialysis patients and

patients with diabetes also contributes to the development of
infection. Most infections can be managed by aggressive antibi-
otic therapy (9).

With regard to less common complications, venous hyperten-
sion syndrome may occur, usually due to the insufficiency of
venous valves or obstructions in the central venous system
(14). Compartment syndrome of the upper limb can develop if
the dialysis needle penetrates the back wall of the vein (15).
The formation of a seroma can mimic infectious complications
(16).

The cases presented here are both of lethal exsanguinations
from the AVF. Both AVFs were in the nondominant left limb
and were considerably proximal in location. AVFs in such loca-
tions only rarely manifest with serious complications, mainly
due to insufficient peripheral vascularization (diabetes mellitus,
mediocalcinosis, or postinflammatory changes). When an AVF
is made in the upper arm (case 1) with anastomosis to the arteria
brachialis, higher blood flow occurs through the vascular con-
nection, which is associated with a risk of massive bleeding
upon vessel rupture. AVFs located in the elbow pocket (case 2)
are at risk of developing a steal phenomenon (17). Another fac-
tor that negatively affected the extent of bleeding in case 1 was
aneurysmal bulging of the vein near the defect. The decisive fac-
tor in both cases was the development of inflammatory changes
in the area of the AVF, which led to deterioration of the vessel
wall and fatal bleeding from the fistula. In the first case, inflam-
matory changes were localized only to the tiny area of the skin
where the dialyzer needles were repeatedly introduced. Creation
of a scab at this site masked the signs of ongoing inflammation.
Damage to and tearing of the crusts then led to lethal exsan-
guination from the AVF. In the latter case, local sepsis devel-
oped at the surgical site, which resulted in partial dehiscence of
the surgical wound and necrosis of the vascular wall ending in
lethal exsanguination from the AVF.

Both the reported cases initially presented as violent deaths
with an external cause, due mainly to severe blood loss and the
blood spatter on clothing and all over the area surrounding the
bodies. A subsequent detailed examination of both persons, com-
bined with information about their medical condition immedi-
ately before the deaths, revealed that the cases were natural
deaths of individuals with a specific medical condition (chronic
renal failure). In cases such as these, an autopsy is not necessary
as they are usually older patients with several comorbidities and
a range of mutually potentiating risk factors that ultimately lead
to fatality.
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Abstract

Penile carcinoma is an uncommon but potentially mutilating disease with a heterogeneous etiology. We present a case in which a
man died due to severe blood loss from an amputated penis. It was initially regarded as a violent death with an external cause.
Autopsy found irregular defects with smooth edges in the external genital area and on both sides of the groin, with yellowish-gray
callus-like structures and dried blood at the base of where the penis would have been located. Histological examination revealed
the presence of squamous cell carcinoma with signs of keratinization. Subsequent investigation, along with information from the
autopsy, revealed that the man suffered from penile carcinoma, thus death was attributed to exsanguination from an ulcerated

femoral artery in a patient with penile carcinoma.

Keywords Forensic medicine - Autopsy - Penile carcinoma - Mutilation - Exsanguination

Case report

A 66-year-old man was found dead at home in a pool of blood.
Upon arrival a doctor found the man naked and covered with
dried blood. Inspection of the apartment revealed numerous
traces of blood in all of the rooms. External examination of the
body in situ revealed that the penis was completely absent.
Irregular defects with smooth edges were found in the area of
the external genitalia on both inguinal edges, and the area
where the base of the penis was located was covered with
dried blood. The examining doctors preliminarily cause of
death was attributed to bleeding, probably by self-harm with
a sharp or pointed cutting tool. However, inspection of the
apartment revealed no tool likely to have caused the observed
injuries. Moreover, neither the amputated penis nor a suicide
note was found.

When questioned, family members described a man
who led a normal life, and who did not suffer from any
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psychological or other serious ailments. His wife revealed
that she had not been intimate with the deceased for sev-
eral years, and no one in the family had seen him naked
over the last 5 years.

Autopsy found a deep defect with smooth margins measur-
ing 8 x5x2.5 cm at the root of the penis. Yellowish-gray
callus-like structures with a gray coating, and areas of dried
blood were present. Similarly, oval defects were found on both
sides of the groin, 6.5 x 3.5 % 1.5 cm on the right and 4.3 x
2.5 x 1 cm on the left (Fig. 1a). The edges of both defects were
relatively smooth, with gray-coated callus-like structures and
a large amount of loosely coagulated blood on the right side.
The margins of the defects did not match each other; their
edges were severely hollowed out, with a 3 cm long pus-
filled fistula at the bottom. Investigation of the subcuta-
neous tissue revealed that the callus-like structures at the
bottom of the defects were part of a 0.5 cm-thick layer of
rigid tissue reaching up into the musculature in the ab-
dominal wall (Fig. 1b). Lymph nodes in their vicinity
were enlarged and were permeated by hardened yellow-
white lumps. The femoral artery in the right inguinal area
located at the base of the defect showed a 0.3 cm opening
in its front wall surrounded by heavily bloodied tissue
(Fig. 1c). All the organs examined were pale, and the
heart was contracted and empty.

Histological examination revealed squamous cell carcino-
ma with signs of keratinization at the base of all three defects
(Fig. 2a). The right femoral artery was surrounded by locally
necrotizing squamous cell carcinoma, infiltrated by mixed
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Fig. 1 External examination revealed that the penis was completely
absent; irregular defects with smooth edges were found in the area of
the external genitalia in both the inguinal margins (arrows in a). Gray-
coated callus-like structures were found at the bottom of the defect (b).
The right femoral artery had a 0.3 cm perforation in the front wall
surrounded by heavily bloodied tissue (arrow in ¢)

inflammatory cellularization extending into the wall of the
artery (Fig. 2b).

Toxicological analysis of a blood sample taken from the
vessels of the lower extremity excluded drugs as well as
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ethanol. Death was attributed to exsanguination from an ul-
cerated femoral artery in a patient with penile carcinoma.

Discussion

Penile carcinoma is an invasive epithelial tumor that may arise
from either the penile skin or mucosa [1]. It is rare in the
United States, Europe, and other industrialized countries.
Penile cancer accounts for less than 1 % of all cancers in
men in the United States. In contrast, in parts of Africa,
Asia, and South America penile cancer accounts for between
10 and 20% of all malignancies in men [2].

Penile carcinoma typically affects older men, and its inci-
dence increases with age [3]. It is a potentially debilitating
disease with a heterogeneous etiology. Several risk factors
have been identified for its development including phimosis,
injury to the penis, smoking, mutations, physical inactivity
and inflammations or infections of the penis, especially
Human papillomavirus (HPV) infection [4]. About half of
all penile tumors were associated with HPV 16-18; occur-
rence of other genotypes was negligible [5].

Penile cancer is usually located in the glans of the penis, the
coronal sulcus, or the foreskin. It is almost exclusively squa-
mous cell carcinoma or related variants; other tumors (e.g.
basal cell carcinoma, Kaposi sarcoma, malignant melanoma,
urethral carcinoma) are very rare [6]. Squamous cell carcino-
ma grows slowly, and initially metastasizes to the surface be-
fore later metastasizing to deep interstitial and pelvic lymph
nodes. Ulceration of the nodes happens in the later stages of
malignancy, as along with both fixity and metastasis to the
liver, lung and skeleton [7]. In invasive ulcerative penile car-
cinoma there is often an extensive ulcerative lesion at the root
of the penis, which can widen and lead to spontaneous ampu-
tation of the organ [8]. When examining a decedent the
absence of a penis can lead to the mistaken conclusion
that there has been genital mutilation, either as self-harm
or due to a hostile attack [9]. In the current case, the
body of the deceased did not display any of the typical
accidental injuries usually encountered in cases of self-
defense, making it unlikely that there had been a hostile
attack by another person or persons. Suicide seemed
likely as the victim was found naked, with symmetrical
smooth-edged defects in the groin area. The doctor at the
crime scene therefore mistakenly concluded that the injury
was a cut or perhaps a stab wound [10]. The presence of
granulated tissue and dried blood at the bottom of the defects
was initially explained by attributing it to being caused by
repeated injury over a range of several weeks before death.

Only after the examination of a subcutaneous preparation
following the autopsy was it possible to identify a pathological
and probably cancerous process affecting the external genita-
lia and the inguinal lymph nodes. Histological analysis
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Fig. 2 Hematoxylin-eosin-stained sections of the defects revealed
squamous cell carcinoma (asterisk in a) with signs of keratinization
(arrow in a). The wall of right femoral artery was infiltrated by

confirmed the presence of a necrotizing squamous cell carci-
noma with signs of keratinization, which had damaged the
right femoral artery and resulted in bleeding. Rupture of the
underlying femoral vessel is one of the terminal events asso-
ciated with cases of penile carcinoma [11]. Extensive mutila-
tion of the external genitalia may lead to the mistaken conclu-
sion that the wound was self-inflicted or due to a hostile at-
tack. The current case initially presented as a violent death
with an external cause, mainly due to severe blood loss and
blood spatter in the vicinity of the body. A subsequent detailed
examination, combined with information from the autopsy,
revealed that the case was a natural death of a man with a
specific medical condition (penile carcinoma), a disease that
has the potential to lead to the defects observed in this case in
the later stages of malignancy.
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necrotizing squamous cell carcinoma (arrow in b) and mixed
inflammatory cellularization (asterisk in b). Scale bar (a, b)=150 um;
inset=50 um
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Fatal and Nonfatal Rip Saw Injuries*

ABSTRACT: This paper deals with a fatal stab wound suffered by a 29-year-old man and nonfatal injuries of 35-year-old and 67-year-old
saw operators. Rip saw is a machine that is specially designed for making a rip cut, a cut made parallel to the direction of the wood grain.
Rip-saw-related injuries mostly occur when a person is struck by the cutting material, which usually involves splinters of irregular shape and
diameter. When the splinter strikes the body diagonally, the injuries may include abrasions, lacerations, and cut wounds; in situations where the
victim is struck directly, the most common injuries are oval- or star-shaped stab wounds with a varying width of abrasions around the wounds.
Therefore, such injuries may come across as injuries produced by a knife-like instrument, which is an added difficulty in the interpretation of

such injuries.

KEYWORDS: forensic pathology, rip saw, sharp force injuries, stab wounds, homicide, suicide, accidental death

A saw is a tool consisting of a tough blade, wire, or chain
with a hard toothed edge. It is used to cut through material, very
often wood though sometimes metal or stone (1,2). These days,
there are many types of saws that differ not only in their use
and source of power used, but also in the variety of injuries that
they can produce either if a person gets into direct contact with
the saw blade or if struck by the material that is sawed, or
chipped parts of the tool (3). This paper deals with injuries suf-
fered when working with a rip saw. The first case involves a
fatal stab wound of a 29-year-old man while the second involves
nonfatal injuries of 35-year-old and 67-year-old men.

Case Reports
Case 1

The first case involves a fatal injury of 29-year-old man, who
was struck by a wood splinter ejected from a rip saw. Immedi-
ately after suffering the injury, the victim managed to remove
the splinter from his chest, but later collapsed and became
unconscious. Despite timely and professional medical attention,
he died.
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The external examination revealed a stab wound of the chest
located to the right of the left nipple. It was slit-like stab wound
which was 2.9 cm long and 1.9cm wide with an uneven and
flap-like upper edge, and even lower edge; the angles of the
wound were obtuse. There were red-brown skin abrasions
around the wound with width of up to 3 cm. To the right of the
stab wound, there was yellowish dispersed skin abrasion suffered
during resuscitation (Fig. 2a).

The internal examination revealed a wound track that perfo-
rated the heart, which caused extensive bleeding into the peri-
cardium and left pleural cavity. The wound track went through
the skin, hypodermis, chest muscles, and third rib, perforated the
anterior wall of the pericardium, anterior wall of the right ventri-
cle, and intraventricular septum, and then penetrated into the left
ventricle and entered pericardium at the junction of the posterior
wall of left ventricle and left atrium, and ended in the back
mediastinum (Fig. 2b—d). The wound track passed from front to
back, right to left, and upward, and was 8 cm deep. The peri-
cardium contained 100 mL of both liquid and clotted blood. The
left chest cavity contained 1800 mL of liquid blood. The organs
were pale, and the heart was empty and contracted. The brain
showed signs of severe edema. Heart perforation was determined
to be the immediate cause of death.

Case 2

The second case involves an injury of two workers at a wood
processing facility. The 35-year-old man operating the rip saw
was struck by an ejected splinter and suffered a 6-cm laceration
in the dorsal part of his right hand (Fig. 3a). The second man
was struck by the same splinter in his left shin when standing
approximately 20 m away from the rip saw. The splinter was
4 m in length and approximately 4 cm in diameter. On medical
examination, a wooden splinter was found at the junction of the
dorsal and medial part of left shin (Fig. 3b,c). After the splinter
had been removed, a slit-like stab wound with a wide abrasion
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FIG. 1—Circular rip saws consist of a roller conveyor, a feeder with metal kickback slats, and different number of blades (a). Injuries suffered by rip saw
operators resulting from mechanical deformation and loss of metal kickback slats, followed by an ejection of a wood splinter (arrows in b). [Color figure can
be viewed at wileyonlinelibrary.com]

FIG. 2—Stab wound of the chest located to the right of the left nipple; a photograph taken approximately one hour after the death (a). The same stab wound
one day later at the time of the autopsy (b) and the wood splinter ejected from a rip saw, which caused the stab wound (inset in b). The wound track of irregu-
lar shape perforated the heart (arrows in ¢, d). [Color figure can be viewed at wileyonlinelibrary.com]
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margin was established in the area with a size of 4 x 2 cm. The
wound track perforated the skin, hypodermis, and shin muscles
and injured the tibia and fibula. Computer tomography revealed
a dislocated comminuted fracture of metaphysis and diaphysis of
left tibia and oblique fracture of left fibula diaphysis as well as a
small bone fragment. Early arterial phase CT scans only revealed
damage to arterial branches supplying blood to crural muscles
and revealed no damage to the main arterial trunks. The victim
underwent osteosynthesis with 3-month recovery.

Discussion

Most frequent saw injuries encountered in forensic practice
are those caused by chain saws and circular saws; injuries
caused by other types of saws, including rip saws, are encoun-
tered rather rarely (4-6). Whereas chain or circular saws are
electrically or gasoline-powered tools used primarily for wood-
working operations such as crosscutting or ripping, a rip saw is
a machine that is specially designed for making a rip cut, a cut
made parallel to the direction of the wood grain. There are three
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types of rip saws: frame, circular, and band saws. Circular rip
saws consist of a roller conveyor, a feeder with metal kickback
slats and different number of blades with adjustable spacing
which rotate at 254-284 x g. (Fig. 1a,b).

Suicides constitute the most frequent manner of death in cases
involving injuries caused by chain and circular saws (7-9), while
accidents are less frequent (10—12) and homicides extremely rare
(13); nonfatal injuries are mostly accidental (14). This is in con-
trast to rip saw injuries, where both fatal and nonfatal injuries
are almost always accidental.

Whereas the vast majority of both fatal and nonfatal injuries
caused by chain and circular saws are due to direct contact with
a saw blade (4), the rip-saw-related injuries mostly occur when a
person is struck by the cutting material, which usually involves
splinters of irregular shape and diameter. Therefore, such injuries
may come across as injuries produced by a knife-like instrument,
which is an added difficulty in the interpretation of such injuries
(15,16).

A splinter may be ejected from the machine when there is a
knot in the sawn wood. Knots are formed by a growing trunk

FIG. 3—The 35-year-old man operating the rip saw was struck by an ejected splinter and suffered a 6-cm laceration in the dorsal part of his right hand (a).
The 67-year-old man was struck by the same splinter in his left shin (b). A detailed image of the wooden splinter, whose shape resembles a knife-like instru-
ment. (c).Computer tomography revealed a dislocated comminuted fracture of left tibia and oblique fracture of left fibula (d). [Color figure can be viewed at

wileyonlinelibrary.com]
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which overtakes the branches that grow out from it. Knots dis-
rupt the normal course of tree rings parallel to the longitudinal
axis of the tree trunk. When one of the peripheral saw blades
comes into contact with a knot, a splinter may be chipped and
ejected back against the kickback slats, which are typically
located around the saw feeder in front of the saw blades. How-
ever, if these slats are damaged or missing, the rip saw operators
may be struck by the ejected splinter. It is essential that the kick-
back slats be maintained properly and checked regularly, and
immediately replaced if faulty, as they are the only safety mech-
anism proper in the current design of rips saws. However, in
case they fail, there must be other workplace safety policies in
place to prevent the operators from being injured. Therefore, the
operators are required not to be standing by the saw feeder when
introducing the wood into the rip saw as well as not to saw
wood with the presence of knots in peripheral parts.

The factors affecting the extent and nature of the injuries that
the operator may suffer include the following: shape, weight and
energy of the splinter, the distance between the operator and the
rip saw, the clothes worn by the operator, and the body area that
is struck. Whether the operator was struck by the splinter
directly, or after it bounced off a solid surface, is also a factor
affecting the extent of the injury.

When the splinter strikes the body diagonally, the injuries
may include abrasions, lacerations, and cut wounds depending
on the depth and shape of the wound (Fig. 3a). In situations
where the victim is struck directly by the ejected splinter, the
most common injuries are oval- or star-shaped stab wounds with
a varying width of abrasions.

Wounds where the body surface is struck along Langer’s lines
are most challenging for wound interpretation. Such wounds
may resemble wounds caused by knife-like instruments (Fig. 2a,
b). In such cases, the presence of abrasions around the wound
may be instrumental in determining the type of tool since abra-
sions usually appear when a stab wound is produced by blunt
objects with a large diameter (17). When a blunt instrument
enters the body in a perpendicular direction, the abrasions
around the stab wound are mostly circular; on the other hand,
when the instrument gets into contact with the skin under an
oblique angle, the abrasions at the point of contact are mostly
irregular in shape (18). If the body of the deceased is examined
shortly after the injury occurred, the abrasions may not be well
visible; therefore, it is recommendable that the wound is seen
from retrospect after it has dried out (Fig. 2a,b). However infre-
quently, it must also be borne in mind that when a knife hits the
body, abrasions may occur even around the stab wound in cases
where the blade of the instrument enters the body and there is a
direct contact between the knife handle and the skin. In addition,
it is desirable to search for any fragments of the instrument or
other particles (e.g., wood cuttings, sawdust) that may be present
around the wound, as they may be instrumental in differentiating
the type of the instrument.

The wound tracts caused by blunt instrument or objects of
irregular shape entering the body cavities may go in different
directions (depending on the orientation of the body with respect
to the object), and the margins of the wound tract thus remain
irregular in shape; if the heart is hit, the shape may also be mod-
ified by the orientation and course of muscle fibers (Fig. 2¢,d).
Fragments of the instrument may also be present in the wound
tract (19,20). Comminuted fractures in the wound tract clearly
evidence the use of a blunt instrument (Fig. 3d), whereas slit-like
wounds or smooth margin of bone fractures are rather indicative
of the use of a sharp instrument (21,22).
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Parallel to cases involving sharp instruments, the cause of
death is bleeding due to damage to vessels and organs. Exten-
sive damage to soft tissue and organs along the wound tract may
also contribute to the death (23).

To sum up, both of the cases describe injuries suffered by rip
saw operators in accidents resulting from failure of the safety
mechanism in conjunction with noncompliance with the work-
place safety policies. The fact that some of the metal kickback
slats showed signs of mechanical deformation or were missing
suggests that the maintenance and checks by a certified techni-
cian had not been performed properly, which was later con-
firmed by police investigation. In addition, the operators were
standing in a position with higher risk of being struck by an
ejected splinter, which was in violation of the safety policies in
place.

As the injuries discussed in this case may come across as inju-
ries produced by a knife-like instrument, their correct interpreta-
tion by a forensic pathologist requires cooperation of police as
well as engineering experts.
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Abstract

Purpose In this paper we present a case report of two
people who were found dead in a holiday cottage after a
fire. The cause of death in these cases was clarified by the
presence of blood in the left pleural cavity in both bodies.
Methods An inspection of the bodies at the scene of the
fire and subsequent examination by a medical examiner
suggested the deaths were accidental.

Results An autopsy showed that the bodies were those of a
man and a woman with severe carbonization of the skin,
soft tissues, brain, and some organs of the thoracic and
abdominal cavities. There were also isolated stab injuries
to the chest, as well as injuries to skeletal structures and
intrathoracic organs. The accumulated blood in the pleural
cavity had protected the internal organs against thermal
destruction and preserved the traumatic findings.
Conclusion To the best of our knowledge this is the first
description of the protective effect of hemothorax against
thermal damage of the intrathoracic organs.

Keywords Carbonization - Stab wounds - Stab channel -
Hemothorax - Traumatic-hemorrhagic shock
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Introduction

Postmortem burning to hide a homicide accounts for only
9.7 % of all fire-related fatalities. In such cases, the most
common cause of death is firearm injury, followed by
strangulation and neck injury; stab wounds are reportedly
only found in 2 % of cases [1-3]. In this paper we present a
unique case report of postmortem burning of two individ-
uals who died from stab wounds. The critical factor that
helped reveal the true cause of death in both cases was the
hemothorax in the left pleural cavity, which acted to pro-
tect the internal organs from burning and allowed stab
injuries to be observed.

Case report

On a spring morning in 2012, the District Department of
the Police of the Czech Republic received notice of a fire in
a holiday cottage (Fig. 1a). The remains of two people
were found in the debris, a man and a woman of unknown
identity. Subsequently, investigators found the personal
documents of a 23-year-old male. The bodies of the
deceased were found recumbent on a charred metal bed
frame (Fig. 1b). One of the mattresses was leaning against
a cast iron solid fuel stove. The cottage door was locked
from the inside, and keys were found inside the cottage.
Subsequent inspection of the fire site by the fire brigade
excluded the presence of burning accelerants. The extent of
external charring of the bodies meant that no meaningful
external inspection could be made.

The remains of the bodies were transported to the
Department of Forensic Medicine. Visual inspection of the
bodies was followed by an autopsy carried out according to
the technique described by Ghon and Zenker, with removal
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Fig. 1 a The burned holiday cottage and b the charred body of an unidentified woman on a metal bed frame (red arrow)

of organ clusters [4]. The autopsy also included laboratory
testing of specimens taken from the deceased persons,
including blood, urine, and liver. Blood alcohol concen-
tration was determined by gas chromatography [5]. Urine
was analyzed immunochemically for the presence of nar-
cotics and psychotropic substances. A validated method
was used to determine the concentration of tetrahydro-
cannabinol in the blood [6]. Both bodies were subjected to
tests to determine blood carboxyhemoglobin concentration
using the quotient method [7].

Unknown woman

The body of the unknown woman was found with the
remains of burnt clothes; her skin and soft tissue were
severely charred. The large joints were flexed, and the body
was found in the so-called boxing position (Fig. 2a).
Internal inspection established partial carbonization of the
brain and organs of the thoracic and abdominal cavities.
The right side of the chest had been subjected to fire
penetration through the soft tissue of the thoracic cavity,
with subsequent carbonization of the right lung (Fig. 2b).
The left lung had not been damaged by heat. The left
pleural cavity contained 700 ml of liquid and spongy,
clotted blood (Fig. 2c). The examiner established the
presence of a vital stab wound penetrating the thoracic
cavity, with injury to the intrathoracic organs. On the left
side of the chest in the region of the upper inner quadrant
of the left breast, the examiner found a secondarily altered
oval-shaped stab wound in the carbonized muscular tissue,
19 x 18 mm in size and with bloodstained margins. The
stab channel that emerged from the stab wound was
localized on the left side of the chest, penetrating the skin,
subcutaneous tissue, and muscle. The stab channel also
partially intersected the inferior margin of the third rib,
where there was a noticeable crevice defect 21 mm long.
The stab channel further penetrated into the thoracic cavity
on the left side. In the thoracic cavity, this channel pro-
ceeded through the thermally undamaged superior lobe of
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the left lung into the interlobar fissure, where it entered the
inferior lobe of the left lung tangentially and ended by
impaling the fourth rib in the blade line (Fig. 2d). Thus, the
stab channel completely penetrated the thoracic cavity, was
15 cm in length and was judged to have been directed from
front to back and slightly upwards. No soot was detected in
the airways at autopsy. All body organs showed decreased
blood perfusion and signs of traumatic-hemorrhagic shock.
The results of the toxicologic examination are shown in
Table 1.

Unknown man

Autopsy of the body of the unknown man also showed very
extensive skin and soft tissue injuries caused by fire,
exposing the bone of the skull, torso, and extremities.
There was penetration and opening of the cranial cavity by
the fire. The upper extremities were flexed at the elbows,
and the lower right extremities were flexed at the knee
(Fig. 3a). An internal inspection showed partial car-
bonization of the brain, right lung, and organs of the
abdominal cavity. The left pleural cavity contained
1500 ml of liquid and spongy, clotted blood. A stab wound
had penetrated the chest cavity, with injuries to the
intrathoracic organs and an obvious vital reaction. On the
left side of the chest, near the manubrium sternum, the
examiner found a creviced stab wound with smooth edges
with an acute internal angle and a doubled external angle.
The size of the wound was 22 x 4 mm, and there was
blood stained pleura at the corresponding sites (Fig. 3b). A
stab channel emerged from the stab wound on the chest
under the left clavicle and in a leftward direction. This
channel penetrated the first rib and entered the thoracic
cavity, involving the superior lobe of the left lung, the
pericardial cavity, the trunk of the pulmonary artery, the
left atrium, and esophagus. The stab channel ended in the
body of the seventh thoracic vertebra (Fig. 3c). The stab
channel was 15.5 cm long, and was directed from the front
to the back, top-down and slightly toward the midline of
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Fig. 2 a Residues of charred clothing were found on the body of the
unidentified woman, b consequences of fire penetration into the soft
tissues of the thoracic cavity with right lung carbonization (white

Table 1 Results of a toxicological examination of the deceased
woman and man

Chemical substance Woman Man
Alcohol (g/kg) 0.91 0.73
CoHb (%) 14 21

THC - 9.7 ng/ml
Nicotine, nornicotine + +

CoHb carboxyhemoglobin, THC tetrahydrocannabinol

the chest. As with the first case, no soot was found in the
airways. All body organs showed decreased blood perfu-
sion and signs of traumatic-hemorrhagic shock. The results
of the toxicologic examination are shown in Table 1.

Discussion

In both cases, the critical factor that revealed the true cause
of death was the hemothorax in the left pleural cavity.
Presumably, the accumulated blood protected the internal
organs from thermal destruction and preserved the
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arrow), ¢ stab injury to the upper lobe of the left lung with blood in
the pleural cavity, ¢, d the course of the stab channel is marked by a
probe

traumatic findings. This allowed the stab wounds to be
characterized accurately and reconstructed, and further-
more preserved the vital reaction. In both cases, the right
lung was severely damaged by heat, as it had not been
protected by hemothorax. To the best of our knowledge,
this is the first description of a hemothorax protecting the
intrathoracic organs against thermal damage.

In the case of the young woman, the internal findings
suggested an attack by another person using a flat stab-
bing-cutting tool in the direction of the long axis of the
blade. This tool was likely a knife with a blade length of
10 cm [8] or similar. The attack appeared to be fierce, as
demonstrated by the injuries to skeletal structures [9].
Based on the site of the stab wound and the direction of
the stab channel, a mutual frontal position at the time of
the injury appeared likely. Based on the final position of
the injured woman, who was found lying supine on a
metal bed frame, the attacker appeared to have initiated
the decisive attack against the victim while she was lying
down, from an upright position or half-upright position
behind her head. This was based on the assumption that
the tool was held using an ordinary grip (blade directed
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Fig. 3 a The charred body of an unidentified man, b the probe
indicates the stab wound to the left of the manubrium sternum, ¢ the
probe indicates the stab channel through the upper lobe of the left

toward the little finger). Before the autopsy of the
unknown man, extended suicide was one of the inves-
tigative hypotheses [10, 11].

While the findings in the woman indicated an attack by
another person, the findings in the man were not initially
entirely clear. The direction of the stab channel in the man
could have been caused by self-harm; however, the injuries
to skeletal structures suggested that intense force must have
been used. The injuries to the pulmonary artery and heart
excluded volitional conduct, and the possibility of remov-
ing the knife seemed unlikely.

After the autopsy of the two deceased subjects, double
homicide appeared to be the most likely scenario. This was
also suggested by the absence of soot in the airways of both
deceased subjects. The concentrations of carboxyhe-
moglobin (14 and 21 %) determined in the blood samples
were, however, high. This finding could be explained by
cigarette smoking and postmortem passive saturation of the
blood with carbon monoxide facilitated by extensive car-
bonization, affecting most organs of the body during burn-
through [12, 13].

@ Springer

lung, pulmonary artery, and left atrium. The right lung, which was not
protected by the hemothorax, is partially carbonized (arrow)

Further investigation by law enforcement officers
established that there had been a third person in the cottage
on the evening of the fire, who was subsequently convicted
of murdering a 15-year-old girl and a 23-year-old man. The
entire building had been set on fire when the perpetrator
ignited the curtains upon leaving the cottage.

In conclusion, an absence of blood in the pleural cavity
would likely have led to complete carbonization of the
intrathoracic organs, which would have greatly compli-
cated or completely precluded identification of the stab
injuries. The collection of blood in the thoracic and
abdominal cavities preserved the tissues sufficiently to
raise the suspicion that the victims may have been sub-
jected to physical violence or attack by another person, as
well as noxious thermal injuries.

Key points

1. Two severely charred bodies were found with thoracic
stab wounds.
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2. Hemothorax had protected the inner organs against
thermal destruction in both cases.

3. The protective effect of hemothorax allowed the stab
wounds in the chest to be detected.

4. Organs in the pleural cavity not surrounded by
hemothorax were destroyed by heat.

5. The absence of soot in the airways showed that the fire
occurred after the deaths.

Acknowledgments We would like to thank the Czech police for
providing photographic documentation of the crime scene. We also
thank Dr. Petr Hejna, Ph.D. and Dr. Ladislava Horackova, Ph.D. for
providing professional advice.

Compliance with ethical standards

Ethical approval All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Informed consent Informed consent was obtained from next of kin.

References

1. Biiyiik Y, Kocak U. Fire-related fatalities in Istanbul, Turkey:
analysis of 320 forensic autopsy cases. J Forensic Leg Med.
2009;16:449-54.

2. Tiimer AR, Akcan R, Karacaoglu E, Balseven-Odabas1 A, Keten
A, Kanburoglu C, et al. Postmortem burning of the corpses fol-
lowing homicide. J Forensic Leg Med. 2012;19:223-8.

123

10.

11.

12.

13.

. Fanton L, Jdeed K, Tilhet-Coartet S, Malicier D. Criminal

burning. Forensic Sci Int. 2006;158:87-93.

. Frishons J, Joukal M. Basics dissection techniques. Seminars.

Brno: Masaryk University; 2012.

. Machata G. Determination of alcohol in blood by gas chro-

matographic  head Clin Chem Newsl.

1972;4:29-32.

space analysis.

. Kemp PM, Abukhalaf IK, Manno JE, Manno BR, Alford DD,

Abusada GA. Cannabinoids in humans. I. Analysis of A9-te-
trahydrocannabinol and six metabolites in plasma and urine using
GC-MS. J Anal Toxicol. 1995;19:285-91.

. Klendshoj NC, Feldstein M, Sprague AL. The spectrophotometric

determination of carbon monoxide. J Biol Chem.

1950;183:297-303.

. Spitz WU. Sharp force injury. In: Spitz WU, Spitz DJ editors.

Spitz Fisher’s medicolegal investigation of death. 4th ed.
Springfield, IL: Charles C. Thomas; 2006. p. 532-606.

. Karlsson T. Homicidal and suicidal sharp force fatalities in

Stockholm, Sweden. Orientation of entrance wounds in stabs
gives information in the classification. Forensic Sci Int.
1998;93:21-32.

Dettling A, Althaus L, Haffner HT. Criteria for homicide and
suicide on victims of extended suicide due to sharp force injury.
Forensic Sci Int. 2003;134:142-6.

Koning ED, Piette MH. A retrospective study of murder—suicide
at the Forensic Institute of Ghent University, Belgium:
1935-2010. Med Sci Law. 2014;54:88-98.

Maeda H, Fukita K, Oritani S, Nagai K, Zhu B-L. Evaluation of
post-mortem oxymetry in fire victims. Forensic Sci Int.
1996;81:201-9.

Pojer R, Whitfield J, Poulos V, Eckhard I, Richmond R, Hensley
W. Carboxyhemoglobin, cotinine, and thiocyanate assay com-
pared for distinguishing smokers from non-smokers. Clin Chem.
1984;30:1377-80.

@ Springer



Komentar k pfiloZzené publikaci €. 12

MARECOVA, Klara, Matej UVIRA, Marek DOKOUPIL and Petr HANDLOS*(Corresponding
Author)*. Stab wounds of the chest caused by penetration of duralumin rods. Forensic Science
Medicine And Pathology [online]. 2018, 14(4), 558-560. ISSN 1556-2891. Available at:
doi:10.1007/s12024-018-0004-9

IF (2017) = 1.502; Kvartil Q2

Podil autora na publikaci: Spoluautor (posledni a korespondenéni autor, cca 30 %). Autor se
podilel na forenzni interpretaci pfipadu, odborné supervizi zpracovani kazuistiky a na pfipravé a
finalizaci rukopisu.

Publikace popisuje pfipad fatalniho penetrujiciho poranéni hrudniku zplsobeného duralovou ty¢&i
po padu z vysky, pfi kterém doSlo k perforaci hrudni aorty a naslednému masivnimu krvaceni.
Morfologie vstupnich ran a pfitomnost dalSiho povrchového poranéni v8ak mohly na prvni pohled
vzbuzovat podezieni na Gtok jinou osobou. Rozhodujici byl proto detailni rozbor mista nalezu
v&etné polohy prevrzeného Zebfiku a opérnych duralovych ty€i pouzivanych k fixaci rostlin.

Z forenzniho hlediska je kli€ova nutnost odliSit ndhodny Uraz od suicidalniho nebo homicidniho
jednani, zejména pfi viceCetnych bodnych kanalech. Pfi interpretaci pomaha orientace ran, jejich
hloubka, absence obrannych poranéni a toxikologické nalezy. Pfipad zaroven ukazuje, Ze bez
znalosti okolnosti muze byt zavér o zplsobu smrti zavadeéjici, pfestoze pfic¢ina smrti (masivni
hemoragie) je jednoznacna.

Publikace zdurazfuje vyznam spoluprace soudniho lékafe s policii a rekonstrukci udalosti na
misté. PFispiva tak ke spravné interpretaci vzacnych nahodnych penetrujicich poranéni ostrym
pfedmétem mimo pracovni prostfedi, ktera mohou imitovat nasilné trestné jednani.

124



Forensic Science, Medicine and Pathology (2018) 14:558-560
https://doi.org/10.1007/512024-018-0004-9

IMAGES IN FORENSICS

@ CrossMark

Stab wounds of the chest caused by penetration of duralumin rods

Klara Marecova' - Maté&j Uvira? - Marek Dokoupil > - Petr Handlos**

Accepted: 9 July 2018 /Published online: 3 August 2018
© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract

Sharp force injuries are uncommon in routine forensic practice. While the majority of these cases are homicides or suicides, a
significant minority of accidental deaths means that a careful investigation of the circumstances of the death is necessary. We
present the case of a young man who presented with stab and cut injuries due to a duralumin rod embedded in his chest.
Examination of the body revealed that death was due to penetration of the thoracic aorta by a duralumin rod. Careful investigation
of the circumstances surrounding the death was able to confim a case of accidental death due to falling from a ladder onto tomato

seedlings that were supported by duralumin rods.

Keywords Sharp force injuries - Stab wounds - Homicide - Suicide - Accidental death

Case report

Deaths caused by sharp objects, although uncommon, make up
a significant proportion of all deaths (about 1.2%). They are
usually homicides or suicides with accidental deaths being very
rare [1, 2]. Because of their low frequency and the ambiguity of
some of the evidence in these cases, it is very difficult to rule out
the involvement of another individual without knowing all the
circumstances and facts associated with the death.

The following is a study of an accidental death due to stab
wounds in a young man who was found in the garden of his
family home. A duralumin bar had pierced the left half of the
man’s chest. In the immediate vicinity were numerous pools
of blood and inverted flower pots with tomato seedlings sup-
ported by bent duralumin rods (Fig. 1a). An overturned ladder
(arrow in Fig. 1b) lay nearby.
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At autopsy there were two stab wounds in the body. On the
chest under the nipple was a stab wound with an embedded
duralumin rod 3 cm in diameter with scraped off skin on the
lower edge (thin arrow in Fig. 2a). On the rear left side under-
arm portion of the chest in line with the 8th rib, a second stab
wound measuring 1.7 X 1.4 cm (arrowhead in Fig. 2a) was
seen. Further, on the right side of the chest near the nipple,
there was a 6.5 cm long superficial cut bordered by a striped
skin abrasions (Fig. 2b).

Internal inspection revealed two channels penetrating the
chest cavity. The channel due to the stab wound under the left
nipple penetrated the 4th rib and entered the thoracic cavity,
piercing the superior lobe of the left lung, the thoracic aorta,
and the left transverse process of the 3rd thoracic vertebra
(Fig. 2¢, d). The stab channel ended in the muscles of the back.
The stab channel was 27 cm long, and was directed from the
front to the back, down and slightly towards the midline of the
chest. The second channel was due to the stab wound located
in the left rear axilla; it entered the 7th intercostal space and
penetrated the thoracic cavity ending freely in the left sub-
thoracic cavity without injuring any of the thoracic organs.
The stab channel was at least 3 cm long and was directed from
the front to the back, top-down and slightly towards the mid-
line of the chest. The left lung contained aspirated blood,
which was also found in the larger airways. 1200mls of liquid
and loosely-clotted blood were detected in the thoracic cavity.
All the examined organs were pale, and the heart was
contracted and empty. Toxicology tests revealed no relevant
drugs or alcohol in the blood of the deceased. The immediate
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Fig. 1 A view of the body of a
man with a duralumin rod in the
left half of the chest and pools of
blood in the vicinity (a). Nearby
was an overturned ladder (arrow
in b) and tomato seedlings,
supported by duralumin rods (b)

cause of death was hemorrhage following an accidental stab
wound to the thoracic aorta.

Discussion

Deaths caused by sharp objects account for a total of 1.2% of all
deaths; 70-80% of these cases are homicides, with suicides
making up about 20-30%; accidental deaths are very rare [1,
2]. Deaths are usually due to incised wounds, penetrating or
perforating stab wounds, chop wounds, or to a combination [3].

Most accidental deaths due to sharp force injuries result
from falling onto splinters of glass or occur in traffic acci-
dents or injuries at work (from machinery) [1, 3]. Accidental
stab injuries caused by other sharp/pointed tools (knives, dag-
gers) are very unusual in the literature. Prahlow describes the
case of a 64-year-old man found in his workshop with a knife
embedded in his eye and brain. The man had been attempting
to sharpen the knife when it hit a divot and was propelled

Fig. 2 The left half of the
deceased’s chest with a duralumin
rod (arrow in a) and a stab wound
located in the axilla in line with
the 8th rib (arrowhead in a).
Detail of the cut on the right side
of'the chest (arrow in b). The tract
of the stab wound passed through
the upper lobe of the left lung
(arrow in ¢). Detailed view of the
stab wound (arrow in d)

upward into his eye and brain [3]. Hirt and Karger described a
fatal cerebral injury from the free-flying blade of a combat
knife [4]. In our department, we had the case of a man who
pierced his femoral artery when opening a pack of yogurt
with a knife.

The number and location of sharp force wounds may vary.
In cases of falling onto glass the wounds can be multiple,
whereas in cases of traffic or work injuries we usually encoun-
ter isolated lesions (wounds). In fatal cases caused by splinters
of glass, the wounds are morphologically different and distrib-
uted heterogeneously. Many victims in this group show mul-
tiple scratches, abrasions and superficial incisions as well as
one deeper lethal injury [5].

Determination of the cause of death is usually straightfor-
ward - in most cases death follows from exsanguination, brain
injury, air embolism or aspiration of blood [6, 7]. On the other
hand, determining the manner of death is often complicated.
Distinguishing between suicide, homicide, or accidental death
requires taking into account the type and number of injuries,
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duralumin rods supporting tomato seedlings

their anatomical location, investigation of the surroundings, the
presence of hesitation marks or defense wounds, the psychiatric
history of the deceased, and toxicological analysis, etc. [7-9].
Without knowing all of the above, it may be difficult to
arrive at a conclusion of accidental death in cases of sharp force
injuries. These deaths can resemble both homicide and suicide
due to their ambiguous findings. In the present case, it was
initially problematic as we did not have photographs of the site
where the body was found. Multiple stab wounds, as well as the
presence of a cut wound, could indicate repeated attacks by
another individual. Further, the oblique course of the stab chan-
nels as well as the absence of injuries on the contours of the
body, clearly indicating a fall, also pointed in the same direction
[10]. It was only after subsequent investigation that it became
clear that the deceased man fell from a ladder while repairing
the eaves of the house (Fig. 3). He fell from a height onto
tomato seedlings that were supported by metal rods. Two of
the rods penetrated the chest and one of them remained embed-
ded there. The cutting wound on the right side of the chest could
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be explained by a concurrent laceration due to a sharp object
(rod) on the surface of the body.

Accidental deaths caused by sharp objects are rare in routine
forensic practice. Without knowing all the circumstances and the
facts surrounding the death, it is usually not possible to decide
whether another individual was involved. Investigations of such
a case must therefore be done as though it was a violent death
caused by another individual (murder). Successfully solving
these types of deaths therefore requires a close collaboration
between law enforcement, forensic physicians and toxicologists.
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We have read with great interest the article
“Exsanguination from a puncture wound to arteriovenous
fistula as the method of suicide in a chronic kidney
disease patient “where the authors described suicide
due to fatal blood loss through a small puncture wound
in an arteriovenous fistula (AVF) of the left forearm,
inflicted by a small Swiss Army knife [1].

In the past, we have repeatedly had cases of lethal exsan-
guinations from the AVF in patients with chronic renal failure
[2]. In our cases, AVFs were in the non-dominant left limb and
were considerably proximal in location. In one case during the
autopsy we found a circular defect 0.3 cm in diameter with
bloodied margins that communicated directly with the under-
lying AVF (Fig. 1a). The defect looked like puncture wound
and the pathologist found that the preliminarily cause of death
was attributed to bleeding, probably by self-harm injury with a
sharp or pointed cutting tool. However, histological examina-
tion revealed necrosis of the wall of the cephalic vein imme-
diately next to the defect with chronic inflammatory cell infil-
tration in the soft tissues (Fig. 1b). Inflammatory changes are
typically localized to the tiny area of the skin where the
dialyzer needles were repeatedly introduced. In the cases
when a scab is subsequently created at the site, it could
mask the signs of ongoing inflammation. Development
of inflammatory changes in the area of the AVF is the
decisive factor, which led to deterioration of the vessel
wall and fatal bleeding from the fistula [3]. These small
defects could mimic the stab wounds. However, in cases
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of self-mutilation or suicides there are usually multiple
stabs of the skin penetrating to the subcutaneous tissue;
on the forearm or carpal region there could be superficial
cuts (hesitation marks) [4]. Another important aspect that
was not mentioned by authors is whether the stab wound
penetrated clothing (then there should be defect on the
cuff) or was on the bare skin of the forearm. Also, the
authors did not describe whether the knife was stained
by blood.

In case of exsanguination from the AVF, we suggest
histological examination of the tissue around the defect
is performed as this can exclude inflammatory changes
and thus support or reject the diagnosis of violent death
performed by self-inflicted injury.
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Fig. 1 A circular defect on the front left arm that looked like a puncture necrosis of the vein wall including inflammatory cells (arrows on b).
wound that communicated directly with the underlying arteriovenous Scale bar: 150 pum; inset: 50 pm
fistula (arrow on a). Hematoxylin-eosin stained sections showed incipient
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nékteré praktické aspekty interpretace takovych nalezd, které mohou byt pfi forenznim hodnoceni
klicove.

Hlavnim pfinosem prace je zduraznéni skuteénosti, ze i v pfipadech s vysokym pocétem bodnych
¢i feznych ran muZe byt rozhodujici pouze jediné poranéni zasahujici vitalni anatomickou
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vzniku smrtelného poranéni. Autor dale poukazuje na to, Ze pfi sebevrazedném mechanismu
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a upozoriuje na nutnost opatrného posuzovani morfologickych znaku, které mohou byt pfi
izolovaném hodnoceni zavadéjici.
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Letter to Editor

Additional practical considerations in the interpretation of multiple sharp-force injuries

Dear Editor,

I read with great interest the recently published article by Sartori
et al. “When suicide mimics homicide: A forensic analysis of three cases
involving multiple sharp-force injuries”, in which the authors present
and discuss cases of suicide associated with multiple sharp-force injuries
[1] (Fig. 1).

In this context, it is reasonable to agree that, in such cases, the bodies
of deceased individuals may display injury patterns whose characteris-
tics can be consistent either with an assault by another person using a
sharp-edged weapon or with self-inflicted trauma [1,2].

In our forensic practice, we have repeatedly encountered cases
characterised by a high number of stab wounds (Fig. A). In instances of
self-inflicted injury, however, the injury complex is typically confined to
specific anatomical regions, with wounds showing a largely uniform
distribution and orientation. In addition, defensive injuries are usually
absent, as also emphasised by the authors and previously reported in the
forensic literature [1,3].

(63
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updates

Despite the extensive external injury pattern, autopsy findings in
such cases often reveal only a solitary injury to a vital anatomical
structure that is, by its nature, rapidly fatal. This observation suggests
that the multiplicity of superficial or closely clustered wounds does not
necessarily reflect repeated fatal attempts, but rather repeated ineffec-
tive actions preceding the infliction of a decisive injury, as described in
previous studies on sharp-force suicides [3,4].

Fig. B illustrates a case of male suicide in which a sharp-edged
weapon was embedded in the cervical region up to the level of the
handle. Although such a finding may, at first glance, suggest homicidal
violence, it does not in itself exclude a suicidal manner of death [1,5]. In
similar cases, the weapon may be driven into the body using both hands,
with one hand stabilising the handle while the other applies additional
force to advance the blade deeper into the tissues. During penetration,
particularly when resistance from skeletal structures is encountered,
slippage of the weapon may occur.

This mechanism may result in minor incised injuries to the fingers or
hands, as demonstrated in Fig. D. Such lesions are consistent with

D

Fig. 1. Fig. A illustrates multiple stab wounds predominantly confined to a limited anatomical region, demonstrating a high number of sharp-force injuries with a
relatively uniform distribution and orientation. Fig. B shows a sharp-edged weapon embedded in the cervical region up to the level of the handle in a case of suicide;
although such a finding may initially appear suggestive of homicidal violence, it does not in itself exclude a suicidal manner of death. Fig. C depicts an isolated incised
wound of the forearm without accompanying superficial incisions or hesitation cuts in the surrounding area, underscoring the need for cautious interpretation of
solitary sharp-force lesions. Fig. D demonstrates a minor incised injury of the thumb, consistent with an accidental cut sustained during manipulation of a sharp-
edged weapon, likely resulting from slippage during self-inflicted stabbing.
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Letter to Editor

accidental cuts sustained during self-inflicted stabbing and should not be
misinterpreted as defensive injuries [3,5].

Fig. C demonstrates an incised wound of the forearm that, at first
glance, may be considered suggestive of self-inflicted injury. Notably,
however, no additional superficial incisions or so-called hesitation cuts
are present in the surrounding area, which would more commonly be
expected in suicidal sharp-force injuries [2,3]. Consequently, such iso-
lated incised wounds should be interpreted with particular caution and
should not be regarded as diagnostic of self-inflicted injury in the
absence of further supportive findings [1,2].

Certain limitations must nevertheless be acknowledged when inter-
preting these observations. Acute intoxication of the decedent may raise
uncertainty as to whether the injuries could have been self-inflicted,
particularly in cases involving a high number of wounds [2,4].
Conversely, it cannot be excluded that the first inflicted injury was
already fatal or rapidly incapacitating, which may account for the
absence of defensive injuries without implying third-party involvement
[1,4].
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