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NECROPSY STUDY OF MECHANICAL ASPHYXIAS (Abstract): Mechanical asphyxia repre-
sents a major issue in forensic medicine and is a phenomenon generally associated to oxygen 
deprivation due to various causes such as strangulation, suffocation, entrapment, trauma, or drown-
ing. Asphyxia as a cause of death is a complex diagnosis due to the absence of specific signs. The 
aim of the current study is to identify the most frequent causes and mechanisms of asphyxias in 
the Romanian population from the region of Moldova. The authors performed a retrospective study 
at the Institute of Forensic Medicine from Iasi, Romania on 55 cases (39 males and 16 females) 
whose cause of death following necropsy and toxicological analysis performed between January 
2015-December 2016 was mechanical asphyxia due to strangulation (37 cases – 67.27%), suffoca-
tion (11 cases – 20%), and drowning (7 cases – 12.73%). Most individuals (41 – 74.55%) were 
less than 60 years old (mean age 53.2 years), age being closely related to the cause of death. As 
signs of asphyxia, the authors discovered the presence of haemorrhagic infiltrates in the temporal, 
sternocleidomastoid and other accessory respiratory muscles, intervertebral haemorrhages (Simon’s 
sign), conjunctival petechiae and pulmonary congestion in most cases. A thorough analysis of 
laryngeal cartilages is mandatory when hanging is suspected. In conclusion, a systematic research 
and interpretation of key signs together with histopathological analysis leads to a specific diagno-
sis in case of death by mechanical asphyxia. Key words: MECHANICAL ASPHYXIA, ANOXIA, 
SPECIFIC SIGNS, NECROPSY

INTRODUCTION
Asphyxia is a frequent cause of death, com-

mon to many pathological processes. Mechan-
ical asphyxia is a particular type of asphyxia 
characterised by mechanical occlusion of exter-
nal air passages leading to anoxia and death. 
According to the cause, four fundamental vari-
ants can be identified: hanging, strangulation, 
suffocation and drowning. Suffocation may be 
due to occlusion of respiratory orifices or air-
ways, thoraco-abdominal compression, cruci-
fixion, confinement or bury (1, 2). Anoxia or 
deprivation of oxygen may occur when the 
oxygen needs of the body’s cells are not covered 
and recognises several types: ventilation, cir-
culatory, anaemic, tissue anoxia (1). 

Sudden oxygen deprivation triggers a series 
of sensory, motor, psychic (loss of conscious-

ness), cardiovascular, hormonal or even renal 
reactions provoking the anoxic syncope fol-
lowed by death within minutes. Compression 
of the vagus nerve, typical in hanging, leads to 
the appearance of subpleural and subpericar-
dial petechiae or ecchymoses (Tardieu spots), 
as well as pulmonary congestion. The increase 
of carbon dioxide (hypercapnia) is a facilitating 
factor for thermal and sphincter reflexes al-
terations, glycosuria, cardiac disorders, penile 
erection and mydriasis (2). 

The clinical manifestations of anoxia may 
be divided into four phases. The first phase, 
also known as cerebral phase, is characterised 
by subjective disorders such as: vertigo, faint-
ing, tinnitus and anguish. After about a minute 
and a half, the individual loses consciousness, 
bradypnea and tachycardia occur. In a second 
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phase of cortical and medullary excitation, which 
takes about 2 minutes, generalized seizures in-
volving facial, respiratory and limb muscles 
start appearing. Peristaltic movements promote 
the emission of urine and faeces. Hypersaliva-
tion, hyperhidrosis, erection and ejaculation 
can also occur in this phase. Sensitivity and 
reflex movements disappear progressively, the 
face becomes cyanotic, bradycardia installs to-
gether with a temporary sudden rise in arterial 
pressure due to renal and adrenal reactions. The 
third phase called respiratory death lasts for 
1-2 minutes and is characterised by right ven-
tricular failure that adds its cyanotic effect to 
that of asphyxia itself. The fourth phase (long-
er or shorter time span) is centred on the heart 
with ventricular tachycardia followed by fibril-
lation. The pulse becomes imperceptible. Fi-
nally, the ventricles stop in diastole (2, 3).

Generally, in all asphyxia cases three peri-
ods can be identified: short term anaesthesia 
with rapid loss of consciousness, convulsive 
period and asphytic period with respiratory dis-
orders, intense cyanosis and coma. 

Death signs present in most mechanical as-
phyxia cases no matter the cause are early and 
extended post-mortem lividity due to the fluid-
ity blood and delayed cooling, since the fluid-
ity of the blood flow keeps the body warm. 
Cadaveric stiffness installs slowly, in an intense 
and prolonged manner and in case of convul-
sions it appears earlier. Also, putrefaction in-
stalls quickly given the fluidity of the blood (4). 

The corpse may also present cyanosis of the 
head and extremities as a result of increased 
amount of reduced haemoglobin in the blood-
stream in addition to exophthalmia, tongue pro-
trusion, sphincter relaxation and foamy secre-
tions around the mouth and nose.

Internal examination reveals dark blood with 
modified pH and delayed coagulation (1). Ve-
nous hyperaemia can be identified in the brain 
associated to cerebral oedema, haemorrhage 
and sometimes ischemia. In the lungs, Tadieu 
and Paltauf (asphytic spots that have become 
haemolytic) spots can be identified together 
with emphysema, congestion and oedema. Blood 
stasis (venous) induces dilation of right heart 
cavities and visceral congestion. Aerated foam 
can be identified in the larynx, trachea and 
bronchi (2). 

The aim of the current study is to identify 
the most frequent causes and mechanisms of 

asphyxias in the Romanian population from the 
region of Moldova and to describe particular 
necropsy findings that could facilitate identify-
ing the cause of death in subsequent cases. 

MATERIAL AND METHODS
The authors performed a retrospective study 

at the Institute of Forensic Medicine from Iasi, 
Romania on 55 cases (39 males and 16 females) 
whose cause of death following necropsy and 
toxicological analysis performed between Janu-
ary 2015-December 2016 was mechanical as-
phyxia. Medical and police files provided by 
the authorities were also analysed in order to 
interpret necropsy findings. Descriptive statis-
tics (absolute values, means, frequencies) were 
used to report data. 

RESULTS
In the current study group, mechanical as-

phyxia was due to strangulation (37 cases – 
67.27%), suffocation (11 cases – 20%), and 
drowning (7 cases – 12.73%). 

The 37 strangulation cases correspond to 35 
accomplished suicides and 2 to homicidal stran-
gling. The generic term strangulation was used 
for the two instances given the same death 
mechanism represented by extrinsic compres-
sion of the neck. 

The 11 suffocation cases included:
•	 4	 smothering	 cases	 (3	 in	 suicidal	 attempt	

using a plastic bag, one in homicidal attempt 
using a pillow);

•	 6	choking	cases	due	to	accidental	chocking	
with food or allergic epiglottitis;

•	 one	case	of	lack	of	breathable	air.	
In case of drowning, there were included 7 

cases that presented signs compatible with the 
diagnosis of drowning in order to avoid possible 
bias with deaths in water by other causes:
•	 combined	lung	weight	greater	than	or	equal	

to 1000g;
•	 water	 in	 the	 digestive	 system	 in	 amounts	

greater than 500 ml in the stomach or any 
amount in the duodenum;

•	 mushroom	like	froth,	external	and	internal;
•	 the	presence	of	1	to	4	ml	of	water	in	sphe-

noidal sinus.
Most individuals (41 – 74.55%) were less than 

60 years old (mean age 53.2 years), age being 
closely related to the cause of death (fig. 1).

Mean post-mortem interval was of 24.3±9.8 
hours. Cardiopulmonary resuscitation (CPR) 
was attempted in 11 cases (20%). Mechanical 
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asphyxia was associated to a form of intoxica-
tion in 21 cases (38.18%) represented by alco-
hol ingestion in 18 cases and drug/medication 
abuse in 3 cases (5). 

Macroscopical examination revealed the pre-
sence of conjunctival petechiae in 19 cases 
(34.55%), facial petechiae in 7 cases (12.73%) 
and visceral petechiae in 4 cases (7.27%). Fa-
cial cyanosis was encountered in 23 cases 
(41.82%). 

According to Gordon and Mansfield, both 
cutaneous and visceral petechiae may appear as 
a postmortem phenomenon similar to other 
haemorrhagic artefacts like retrolaryngeal he-
matoma described by Prinsloo and Gordon es-
pecially if CPR manoeuvres have been applied 
(6, 7). Conjunctival petechiae could have also 
be determined by CPR manoeuvres or by a 
ventral decubitus position of the cadaver. Vis-
ceral congestion is a non-specific sign except 
increased	 lung	 weight	 (≥1000g)	 in	 case	 of	
drowning.

Temporalis muscle haemorrhagic infiltrates 
were observed in 12 cases (21.82% - 10 stran-
gulations and 2 suffocations) and were first 
described in relation to suffocation by Brouard-
el in 1897 (8). 

Similarly, 21 cases (38.18%) presented 
haemorrhagic infiltrates of the sternocleido-
mastoideus muscle (SCM) especially in its mid-
dle third (20 cases of neck compression and 1 
case of drowning). SCM is an accessory in-
spiratory muscle and its contraction with the 

head and neck in a fixed position elevates the 
clavicles and the sternum thus increasing the 
anteroposterior diameter of the thorax. Intra-
muscular haemorrhages in the area of the scap-
ular girdle and the upper dorsal region in mus-
cles without an external traumatic cause have 
been associated to death by mechanical asphyxia 
and were first described by Paltauf in 1888 (9). 

Haemorrhagic infiltrates in other accessory 
respiratory muscles have been identified in 29 
cases (52.73%). In the case of maximal inspi-
ration and in agonal convulsions excessive con-
tractions producing muscular haemorrhages 
may occur. 

Laryngeal haemorrhagic infiltrates were iden-
tified in 18 cases (32.73%) of strangulation. 

Simon’s sign was discovered in 23 cases 
(41.82%) (19 strangulation, 3 suffocation, 1 
drowning) mostly in the dorsal and lumbar re-
gions (12 cases). The presence of haemorrhage 
in the anterior longitudinal ligament was first 
described as a sign of vitality by Simon in rela-
tion to death by hanging (10). 

Carotid vascular lesions were encountered 
in 30 cases (54.55%) of neck compression due 
to direct trauma and hyperextension. These le-
sions are not to be interpreted as vitality signs 
but as indicators of cervical hyperextension in 
a traumatic context. 

Histopathological signs of mechanical as-
phyxia are more non-specific as they may also 
occur in other types of death, violent or natural. 
Lung congestion, haemorrhage, intra-alveolar 

Fig. 1. Cases distribution according to age group
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and interstitial oedema, emphysema and atelec-
tasis are more frequent in asphyxia deaths than 
in deaths by any other cause (for example, car-
diac). 24 cases (43.64%) from the current study 
group presented signs of lung congestion in all 
5 lobes. Fat embolism was identified in 16 
mechanical asphyxia cases (29.09%) (13 stran-
gulations, 2 suffocations, 1 drowning) and could 
also be interpreted as a vitality sign and mark-
er of prolonged agony. 

DISCUSSIONS
Petechiae were encountered in 54.55% of 

all cases (19 conjunctival, 7 facial, 4 visceral), 
a result concordant to the one obtained by Mai-
xeiner et al. (11). By subtype (strangulation, 
suffocation, drowning) conjunctival, visceral 
and facial petechiae were present only in case 
of strangulation and suffocation. No drowning 
case presented petechiae, but 5 of the 7 cases 
displayed facial cyanosis. Petechiae could be 
explained by increased vascular pressure sec-
ondary to neck compression (strangulation) and 
also by severe hypoxia (suffocation).

In asphyxia secondary to airway occlusion, 
petechiae are more often conjunctival than cu-
taneous (12); the latter being often observed 
in case of respiratory orifices occlusion (1). 

The presence of petechiae in suffocation by 
plastic bag is infrequent, its prevalence ranging 
from 7.5% (13) to 10% (14). Other studies (15) 
identified external and visceral petechiae in 
16% of cases. In our study, there were 3 sui-
cides by plastic bag suffocation and one of them 
had conjunctival petechiae. There are different 
theories regarding the inconstancy of petechiae 
in this type of suffocation. According to Knight 
and Saukko (2), they could be explained only by 
increased vascular pressure in venules and cap-
illaries especially in loose connective tissues such 
as conjunctiva and eyelids resulting in vascular 
rupture. The probability of this happening is 
directly proportional to the degree of venous 
obstruction and inversely proportional to arte-
rial obstruction above the level of the heart. A 
minor strength such as that applied by a plastic 
bag tied around the neck is needed to compress 
cervical veins resulting in venous congestion. 

Visceral congestion is not specifically as-
sociated with mechanical asphyxia except se-
vere lung congestion (>1000g) occurring in 
drowning cases. Generally, lungs weight in-
creases by 17.8% (16) in drowning cases com-

pared to the mean weight registered in indi-
viduals deceased by other mechanical asphyxia 
causes. Other authors (17) consider brain 
weight to be increased in hanging cases due to 
vascular congestion in the cephalic region but 
their observation has not been confirmed. Con-
gestion is a macroscopic sign that is subjec-
tively assessed during necropsy based on dark 
red coloration and abundant fluid blood (2). 
Liver, kidney and spleen congestion could oc-
cur in many pathologies without being specifi-
cally related to mechanical asphyxia.

Several studies indicate the presence of tym-
panic petechiae or hemotympanum as being 
more frequently encountered in mechanical as-
phyxia cases but in our series otoscopic ex-
amination of the cadavers has not been per-
formed (18). 

The prevalence of temporalis muscle haem-
orrhagic infiltrates was of 27.03% in strangula-
tion cases and of 18.18% in suffocation ones 
and could indicate death by neck compression. 
The prevalence of SCM haemorrhagic infil-
trates was of 43.24% in strangulation, 36.36% 
in suffocation and 14.29% in drowning corre-
sponding to data reported by other authors 
(19.5-55.8% prevalence in case of hanging) 
(19, 20). Two suffocations per plastic bag pre-
sented haemorrhagic infiltrates in the middle 
third of the SCM, which coincides to results 
obtained by other authors in short series while 
in other series they are either not identified or 
present in such a minimal proportion that loca-
tion is not specified (21). 

Haemorrhagic infiltrates in other accessory 
respiratory muscles have been identified in 5 
of the 7 drowning cases (71.4%), 7 suffocation 
cases (63.64%) and 17 (45.95%) strangulation 
cases. In drowning the most affected muscles 
were infraspinatus, subscapularis, teres major 
and rhomboideus major. These results coincide 
with those obtained by other authors (22) who 
affirm that accessory respiratory muscles infil-
trates are more frequently encountered in drow-
ning due to hypoxia, hypothermia and muscular 
hyperactivity associated with movements of pos-
sible escape. In hanging cases another mecha-
nism could be added, namely agonal seizures 
which precede death with 10-19 seconds (23).

The prevalence of Simon’s sign varied ac-
cording to asphyxia type (51.35% in strangula-
tion, 27.27% in suffocation and 14.29% in 
drowning) and was concordant to that reported 
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by other studies (24, 25) who indicate that it 
occurs more frequently in strangulation cases 
without being specific as it has been described 
in other types of asphyxia and in natural deaths 
as well, although in the latter it occurs excep-
tionally. Its etiopathogenesis was first related 
with axial traction secondary to the action of 
gravity along with forced muscular movements 
in deaths by hanging (26). Its appearance in 
other traumatic deaths (car accidents) and oth-
er types of asphyxias together with its frequent 
location in the lumbosacral region is related to 
the biomechanics of the lumbosacral joint (27) 
and to the special anatomical characteristics of 
the anterior longitudinal ligament. Thus, Si-
mon’s sign could be related to traumatic hyper-
extension movements and agonal convulsions.

Microscopical lung congestion was identi-
fied in all 5 lobes in 24 cases (43.64%), 17 
strangulations (45.95%), 3 drownings (42.86%) 
and 4 suffocations (36.36%) with a higher pre-
valence in best conserved sectors and absent in 
areas of acute dilatation. Differential histolog-
ical diagnosis between death by mechanical 
asphyxia and death by other causes remains a 
problem in forensic medicine. Congestion, hae-
morrhage, intra-alveolar and interstitial oede-
ma, emphysema and atelectasis have been de-
scribed as being more frequent in asphyxia 
deaths than in other types of death but, although 
they all provide useful information, none are 
specific (28).

Fornes et al. have identified some histo-
logical patterns for various ethiologies of me-
chanical asphyxia (29):
•	 aspiration:	congestion,	septal	haemorrhage	

and foreign bodies;
•	 suffocation:	trachea	and	main	bronchi	hy-

perdistension, interstitial oedema and bron-
chiolar constriction; 

•	 drowning:	congestion,	oedema	and	dilation	
of air spaces with secondary compression of 
inter-alveolar septa;

•	 strangulation:	 intense	 alveolar	 haemor-
rhages and collapse alternating with alveolar 
hyperdistension and bronchiolar dilatation.
Cervical compression (hanging, strangula-

tion) has also been linked to the presence of 
subcutaneous emphysema (30), epiglottic pete-
chiae, fractures of the hyoid bone, fractures and 
haemorrhage of laryngeal cartilages.

CONCLUSIONS
A systematic research and interpretation of 

key signs together with histopathological anal-
ysis leads to a specific diagnosis in case of death 
by mechanical asphyxia. In case of suffocation, 
facial petechiae and SCM haemorrhagic infil-
trations are frequently encountered. Strangling 
is suggested by conjunctival petechiae, SCM 
haemorrhagic infiltrations, and Simon’s sign 
and drowning by facial cyanosis, haemorrhagic 
infiltrates in accessory respiratory muscles and 
increased lung weight. 
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