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Abstract
Mechanical asphyxiation has been a common method used to commit homicide, including femicide, 
throughout history. A recent report by the United Nations has shed light on the issue of misidentification 
and concealment of gender-related killings, which makes it difficult to effectively fight against it. Forensic 
pathologists are frequently asked to examine cases involving suspected asphyxia to determine whether other 
persons have been involved. Therefore, medicolegal experts must look for signs of occlusion of the oral/nasal 
orifices, compression of the neck, or specific signs such as the “facie sympathique”. There are situations where 
the physical signs are not distinctive enough to diagnose asphyxia, especially in cases where the individual has 
limited ability to resist external compression. In such cases, judicial autopsies should include an anatomical 
dissection of the neck structures through a layer-by-layer progression. It is important to search for the Amus-
sat’s sign, e.g., as part of a Forensic Clinical Anatomy approach. Additionally, individual anatomical variations, 
age or artefactual modifications, must be considered for the correct interpretation of findings. Microscopic 
examinations could aid in the diagnosis by providing additional findings, and several attempts have been made 
to identify unique markers of asphyxia through various laboratory techniques such as biochemistry, radiology 
and miRNA studies. However, no single finding or method has been identified as definitive. In the future, 
biomedical-legal sciences will have to rely on scientific research and the retrospective case series to provide 
a scientific framework on which to base their hypothesis, giving weight to evidence in the trial.
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Introduction

Forensic medicine has seen a growth in subdisciplines, 
leading to increased scientific contributions in forensic 
pathology in developed countries.1,2 One of the emerg-
ing topics is the use of scientific evidence to consistently 
identify murderers.3 A common historical method for 
committing homicide, including femicide, is mechani-
cal asphyxiation.4–6 The issue of gender-based violence 
is a global concern and has been discussed at the United 
Nations General Assembly through a special report ana-
lyzing its causes and consequences. The report highlights 
the emerging issue of misidentification, concealment and 
underreporting of gender-related killings, which hinders 
the effective fight against this type of crime.7

Classification of asphyxias

Asphyxia is  the  acute respiratory failure caused 
by the arrest of pulmonary ventilation following actions 
that act directly on the respiratory system, preventing 
the penetration of air into the lungs, and we refer specifi-
cally to violent mechanical asphyxiation for our purposes. 
It is classified into internal and external asphyxia based 
on the location of the obstruction. Internal asphyxia oc-
curs due to the failure of oxygen to bind to hemoglobin 
or the inability of hemoglobin to release oxygen to tissues. 
Notable examples include carbon monoxide poisoning and 
the increasingly prevalent sodium nitrite poisoning. Exter-
nal asphyxia is defined as the inability of oxygen to reach 
the alveoli. It can be further classified into several types 
including environmental asphyxia that results from a lack 
of oxygen in the inhaled air, impaired chest expansion 
due to intrinsic pathologies or external compression (also 
referred to as positional asphyxia), and upper airway ob-
struction caused by an internal blockage (e.g., obstruction 
of the oronasal orifices or food blockage) or external com-
pression. External compression asphyxia can present more 
pronounced autopsy signs, both at the external orifices 
and the neck. The direct signs of external asphyxia include 
abrasions or bruises at the external orifices and neck, and 
rope marks in cases of hanging. Indirect signs include fa-
cial congestion and cyanosis, petechiae in the conjunctivae 
and serous membranes, and dark-blue livor mortis.8

Forensic pathologists are frequently requested by ju-
dicial authorities to examine cases involving suspected 
asphyxia. This is aimed to clarify whether other individu-
als may have played a role in causing the victim’s death. 
While circumstantial evidence collected during a death 
investigation can offer some insight, it is essential to re-
member that such evidence is just one factor among many 
to consider.9 Additionally, this evidence can sometimes be 
misleading if it is the result of tampering with the crime 
scene or an attempt to conceal the murder. Therefore, 
medicolegal experts must look for signs of any external/

internal occlusion of the oral/nasal orifices or compres-
sion of the neck.10,11 Nevertheless, there are only a few rare 
cases where the physical signs present on the body are not 
distinctive of an asphyxia diagnosis. In certain situations, 
individuals who are vulnerable and have limited ability 
to resist external compression, such as infants, elderly in-
dividuals as well as people under the influence of psycho-
active substances may become victims of strangulation 
or suffocation.12,13 Also, in infant homicides, or in decom-
posed bodies, autoptic findings can be of very little help 
to pathologists.14,15 In such cases, external signs may not 
be evident because only slight compression of the neck 
or orifices is  sufficient to  interrupt the oxygen supply 
to the body. At any rate, to differentiate between homi-
cidal and pretended suicidal, genuine suicidal or accidental 
asphyxia, it  is of utmost importance to conduct a com-
prehensive examination of the skin, soft tissues, muscles, 
vessels and other internal structures of the neck.

Autopsy technique and autopsy 
findings

In suspected asphyxia deaths, the examination will help 
identify any signs of trauma, fractures, bleeding or modifi-
cations that may suggest vitality. In most cases, signs can 
be observed that replicate the mechanism causing the con-
striction. A typical sign of hanging is the ligature furrow, 
which varies in direction and characteristics depending 
on the type of hanging and the position of the knot and 
the body.16 In manual strangulation, marks are often vis-
ible at the base of the mouth or neck, or in other areas 
of the body resulting from the immobilization of the vic-
tim. Finally, in ligature strangulation, there are signs that 
need to be differentiated from those in hanging. In cases 
of hanging, the anatomical structures of the neck require 
careful dissection to find even discrete injuries. To this 
end, the soft tissues of  the neck, particularly the neck 
muscles, need to be dissected under artificial bloodless-
ness in a layered procedure. In this sense, judicial autopsies 
for supposed asphyxia should be integrated by anatomical 
dissection of the neck structures through layer-by-layer 
progression, according to a Forensic Clinical Anatomy ap-
proach.17,18 The topographic complexity of the neck region 
needs an anatomical methodological approach to fully as-
certain and evaluate all the findings useful to clarify patho-
physiologic mechanisms of injury and to permit medico-
legal diagnosis. The context of individual anatomy such 
as variations, age, disease/surgery-related modifications,19 
as well as the possibility of artefactual modifications, have 
also to be considered for correct interpretation of findings, 
as also stressed in Del Balzo et al.20 A particular finding 
among the others is the unilateral miosis with or without 
ptosis at the opposite side from the knot, the so-called “fa-
cie sympathique”.21 What is most relevant, the medicolegal 
diagnosis could benefit from additional findings collected 
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through microscopic examinations aimed at ascertain-
ing the pathophysiologic chain involved in the mecha-
nism of death, as well as estimating the time of death.8 
On this point, the literature primarily refers to the pres-
ence of hemorrhagic infiltration in skin injuries caused 
by the means used to induce asphyxia. For instance, vital 
signs in hanging include the transverse laceration of the in-
timal layer of carotid arteries, the so-called Amussat’s 
sign, whose vitality could also be checked by the analysis 
of the glycophorin A.8,20,22

Ongoing research topics, 
unanswered questions and future 
perspectives

In most of cases, it can be difficult to distinguish be-
tween asphyxia and natural death, often of cardiac origin, 
when the microscopic pathology is inconclusive. There-
fore, the forensic pathologist should examine alternative 
markers during investigations and, in some cases, consider 
contextual information. Several attempts have been made 
to identify unique markers of asphyxia using laboratory 
techniques such as biochemistry, radiology and miRNA 
studies,15,20,23–25 and the research paper by Del Balzo et al. 
is aligned with this direction.20 Unfortunately, although 
many of them can support the hypothesis of asphyxia, no 
single finding or method has been identified as definitive. 
Finding future autopsy markers that are not influenced 
by  body decomposition, unlike classic external signs, 
will be a challenge for forensic pathology, as this remains 
an unresolved issue to date and is still a topic of ongoing 
research. The issue related to circumstantial data is still 
controversial. In fact, it  is believed that circumstantial 
data, also referred to as context information, should be 
considered by the forensic pathologist during the autopsy.26 
Contextual data are very useful in investigative reasoning, 
whereas criteria are stricter in evaluative reasoning due 
to the high risk of bias. The forensic pathologist’s opinion 
should be mainly based on forensic pathology evidence, 
such as the number, location and types of wounds.27 How-
ever, especially in cases where findings may be subtle and 
non-indicative, circumstantial data must be considered 
and evaluated to formulate a hypothesis. For a correct 
evaluation of circumstantial data to be incorporated into 
forensic reasoning, close collaboration between the fo-
rensic pathologist performing the scene investigation and 
autopsy, and the police handling the scene, is crucial for 
obtaining an accurate multidisciplinary assessment that 
considers all collected evidence.

In criminal proceedings, forensic pathologists are re-
quired to present all the evidence that supports the hy-
pothesis of asphyxia. They must also evaluate their ob-
servations against the backdrop of 2 or more alternative 
hypotheses, as usually performed in medical malpractice 

and forensic clinical anatomy.18 To do this, they need to be 
in a situation where all the elements that support or refute 
the hypothesis can be weighed, and this evaluation should 
not be based solely on their personal experience. Forensic 
pathology, particularly the study of violent asphyxiations, 
seems slow to adopt these principles, unlike other medi-
colegal branches, such as forensic genetics. In the future, 
biomedical-legal sciences, including forensic pathology, 
will need to strive through scientific research and the study 
of retrospective cases to give weight to scientific evidence, 
providing a logically sound framework on which to base 
the strength of their hypothesis.

In the context of modern forensic investigations, dis-
tinguishing between violent asphyxia death without any 
external signs of compression and sudden death is an in-
tricate task during a trial. It is especially challenging for 
forensic pathologists to provide evidence that supports 
a homicidal dynamic over an accidental one. In some in-
stances, it may be impossible for the pathologist to pro-
vide conclusive evidence to the trier-of-fact. As a result, 
circumstantial data that may fall outside the narrow ex-
pertise of a pathologist, often plays a crucial role in trials 
involving asphyxia. This could prove to be a critical factor. 
For all these reasons, future scientific research must focus 
on identifying indicative signs of asphyxia, rather than 
solely relying on the evaluator’s experience.
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