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Abstract

The ready availability of volatile substances makes their abuse frequent, and especially widespread among adolescents and 
young-adults, with significant rates of morbidity and mortality.

Even if this phenomenon has been described since 1960s, the abuse of volatile substances in forensic context is still a matter 
of debate. Scientific papers describe materials and procedures for sampling volatile substances when performing post mortem 
examination. However, proposed techniques involve the use of specific - and sometimes expensive - gas tightening materials 
that are not always available, whereas rapid identification of deaths related to volatile substance might be very important 
for the success of the whole investigation. This type of deaths could be mistaken for juvenile sudden deaths. Therefore, it is 
very important to search and collect all useful information, either form the crime scene or the forensic autopsy. In our work, 
we discuss the main pathophysiological mechanisms involved in deaths. In previous forensic papers, such mechanisms were 
considered less important than toxicological findings.

Keywords: Autopsy Procedure; Crime Scene Investigation; Forensic Pathology; Forensic Toxicology; Sudden Sniffing Death 
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Introduction

In a work based on 110 deaths occurred in the USA during 
1960s, Bass described a “sudden sniffing death syndrome” 
among teenagers that misused chlorofluorocarbons (CFC), 

which in most of the cases had been misinterpreted as 
plastic-bag suffocation [1].

In the following years, the number of volatile substance 
related deaths (VSRDs) increased dramatically, with 
toxicologists and forensic pathologist reporting many fatal 
accidents involving hydrocarbons such as methane, butane, 
toluene and others. Subsequently, poisoning from new 
substances was also reported, while at the same time the 
abuse of CFC to “get high” decreased [2-6].
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Volatile substance abuse (VSA) is defined by the European 
Monitoring Centre for Drugs and Drug Addiction (EMCDDA) 
as “the deliberate inhalation of volatile compounds to 
produce psychoactive effects” [7]. Terms such as “glue 
sniffing” and “solvent abuse” have been used previously to 
define VSA but are now regarded as inadequate descriptions 
of the range of substances abused and their consumption.

The volatile products are often legal, unexpansive, 
and relatively easy to obtain in a legal way on the market. 
In the past, socially and economically depressed teenagers 
presented higher rate of VSA consumption. Today, VSA 
represents a widespread problem, especially among 
adolescents and young-adults - in many countries second 
only to the use of cannabis - with significant rates of morbidity 
and mortality [8,9].

In Great Britain, where a national register of VSRDs is 

active, 834 cases between 2001 and 2016 were reported. In 
particular, the mortality rate remained similar throughout 
the period, with 1 VSA-related death per million population 
in 2016, or 64 VSRDs (over 80% of these VSRDs were male 
subjects) [10].

The assumption of volatile substances can be performed 
in several ways, namely (i) by inhaling a substance directly 
from the product container (“sniffing” or “snorting”), (ii) 
placing some cloth soaked in the substance over the nose 
and mouth and inhaling (“huffing”), (iii) pouring a small 
amount of volatile substance into a paper or a plastic bag 
and breathing the fumes (“bagging”), or (iv) compressed gas 
dusters or nitrate canisters may be discharged directly into 
the mouth and inhaled (“dusting”) [11].

There are various inhalants with different ingredients 
that can be misused (see Table 1).

Category Chemicals Source

Aliphatic and 
Aromatic 

Hydrocarbons

Butane, Propane Hair spray, air fresheners, deodorants
Gasoline, Propane, Benzene, Butane Fuels including cigarette lighter

Toluene, Hexane, Acetone, Ethyl Acetate Paint/polish removers, paint thinners, felt-tip 
markers, correction fluids, glues and rubber cements

Benzene, Xylene Varnishes, lacquers, resins, lacquer thinners
Dimethyl Ether, Computer/electronic cleaning spray (duster)

Halogenated 
Hydrocarbons

1,1-Difluoroethane, Tetrachloroethane, 
Tetrafluoroethane, Tetrachloromethane, 

Trichloromethane, Trichloroethane, 
Tetrachloroethylene, Trichloroethylene, Metilene 

Chloride

Computer duster, propellant, refrigerant, solvent, 
adhesives, degreaser, spot remover, typewriter or ink 

correction fluid, dry cleaning solvent

Anesthetics Chloroform, Ether, Nitrous Oxide, Halothane, 
Ethyl Chloride, Diethyl Ether, Enflurane

Laboratory anesthetic, dentist’s office, whipped 
cream dispensers

Volatile Alkyl 
Nitrites

Amyl Nitrites Butyl Nitrites Cyclohexyl Nitrite 
Isopropyl Nitrite Other Nitrites

Angina medications, air freshener, video recorder 
head cleaner, synthesized products, popper

Table 1: Categories, examples and chemicals present in commonly abused inhalant.

In italics CFC (chlorofluorocarbons) which have been removed 
from the market.

The substances usually found in medical anesthetic gases 
are nitrous oxide, chloroform, ether and helium. Adhesives 
and spray paints, which often contain toluene, xylene, hexane 
and/or benzene, are products which can be misused easily. 
Amyl nitrite and butyl nitrite are both still available as 
solvents for video head cleaning, or can be packaged in small 
bottles called “poppers”.

Other easily obtainable substances include (i) gasoline/
butane lighter refills, (ii) small cartridges of nitrous oxide 

(mainly used to dispense whipped cream), (iii) solvents 
such as acetone, acrylic nail remover, nail polish remover, 
mothballs, and mineral spirits, (iv) methanol from carburetor 
cleaners, and (v) refrigerants from air conditioning units or 
from refill canisters. 

Liquefied propane and butane are commercially 
available for cooking in pressurized tanks (LPG, Liquefied 
Petroleum Gas).

CFCs are chemical compounds containing chlorine, 
fluorine and carbon, used as aerosol propellants, refrigerating 
agents and also in the preparation of foamed plastics. 

https://medwinpublishers.com/IJFSC/
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However, since they were found contributing for the ozone 
layer reduction in the stratosphere, international agreements 
have banned their production and use (Montreal Protocol, 
1987, extended to hydrochlorofluorocarbons - HCFCs - in 
2007). The application of international agreements has made 
it necessary to replace these products. For aerosol packaging, 
light hydrocarbons (like butane, isobutane, pentane, and 
isopentane) have been introduced however, they create 
serious problems due to their high flammability [12].

Acute toxic effects of these substances include confusion, 
headache, diplopia, weakness, nausea/vomiting, dizziness, 
euphoria, hallucinations, convulsions, coma, cardiac 
arrhythmias, respiratory depression and death. It has been 
reported that butane is more toxic than propane, due to its 
greater anesthetizing effect.

VSRDs may be accidental or intentional, involving a 
variety of materials under a range of circumstances, as 
previous explained. For example, gas cylinders are more 
often used to suicide, as a large amount of butane is required. 
Some cases have been described as fatal intoxication during 
an autoerotic behavior, during which inhalation of gases 
(anesthetic agents, propane and cooking gas) and the 
wrapping of the head in a plastic bag is used to produce 
cerebral asphyxia and hypercapnia to get enhanced sexual 
pleasure [13-16]. In Italy, one of the most common forms of 
VRSD is described in prison population, by sniffing gas from 
camping refill cylinders, which can be used in jail [17-19].

Volatile Substances Related Deaths

VSRD: Surveys at Crime Scene Investigation

Although VSRDs are well known in forensic literature, 
deaths associated with VSA are in practice not always 
recognized or appropriately studied. Moreover, some 
VSRDs may be confused with unexplained sudden deaths, 
especially when forensic autopsy and toxicological analysis 
are inaccurate, or have not been performed at all.

Crime scene investigation may provide useful information 
regarding the presence of materials and objects such as plastic 
bags or tins, used to contain the volatile substance sniffed. 
Paint, glue, or typewriter correction fluid may be found on 
victims’ hands or near the body. Forensic pathologist should 
be very careful in searching and identifying these objects on 
the crime scene, which may otherwise appear “neutral”.

Witnesses – possibly themselves VSAs – may have 
deliberately concealed evidence cleaning up the scene before 
the arrival of police officers or emergency operators. In this 
case, the true circumstances of the death might be discovered 
only through extensive investigations and a long time after 

the autopsy is performed [20].

If the body has been moved from the place where the 
volatile substance was consumed, or otherwise the subject or 
others have concealed relevant objects, the body inspection 
is unlikely to show any relevant information of VSA. In these 
cases, one may be able to detect a strong smell on clothes and 
skin – the smell can be fruity (in case of solvent), or sweetish 
(in case of chloroform or other hydrocarbons). By the time 
the autopsy is performed, the smell of volatile substances 
may be lost.

After prolonged VSAs, physical evidence as “glue sniffer’s 
rash” could be observed almost always– this is a characteristic 
popular eruption around the nose and mouth caused by the 
act of holding a bag against the lower face and the irritating 
action of the solvent. In repeated cases, we could also find 
ulceration of oral and nasal mucosa, sometimes infected or 
scratched, becoming crusted [21].

Rash’s development depends both by the inhaled 
substance and the method of consumption. Therefore, the 
absence of a rash should not be considered as an exclusion 
criterion of VRSD.

The container could produce a semi-circular impression 
on the skin of the median lower face (perioral zone and chin’s 
protuberance) if it is pressed against the mouth and nose just 
before death, see Figure 1 [22].

Figure 1: Courtesy of R.W. Byard [22].

In case of suspected poisoning by volatiles or gas, an air 
sample should be collected directly on the scene, for example 
using an aerosol container, or other means [23].

https://medwinpublishers.com/IJFSC/
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Finally, also the presence of dark purple colored 
hypostasis may suggest VSRD [24].

VSRD: Autopsy and Histological Findings

Forensic pathologists should always consider whether 
volatile substances have been involved in sudden and 
unexpected deaths, particularly with respect to young adults 
(the age group in which VSA occurs more frequently).

In general, the autopsy performed on children and young 
adults investigates potential cardiovascular diseases, as the 
fatal outcome associated with them is often the first clinical 
manifestation in apparently healthy subjects. Nevertheless, a 
careful autopsy may become a diagnostic tool also for VSRDs, 
as it can exclude any morphological findings of juvenile 
sudden cardiac deaths.

Further, dilated cardiomyopathy has been described in 
chronic abusers and myocardial infarction (without signs of 
coronary atherosclerosis and / or myocarditis [25-28]) has 
been observed in subjects who assumed volatile substances 
just before clinical presentation of acute ischemia [29]. 
Therefore, the heart autopsy should be conducted in a 
thorough way, integrated by complete toxicological analysis, 
even when morphological findings of juvenile sudden cardiac 
deaths are present [30,31].

Unfortunately, in many cases the post-mortem features 
of VSRDs may be minimal and non- specific, like venous 
congestion, fatty change of the liver and marked pulmonary 
edema. Internal features that may be present include a mild 
tracheitis and/or bronchitis, due to the recurrent flowing 
of the volatile substance in the airways. These findings, 
however, have no conclusive value in the diagnosis of a VSRD 
[32].

Cardiac and pulmonary histological findings are of 
greater interest for their pathological significance. In 
juvenile sudden death without coronaropathy or markers 
of myocarditis, a myocardial fibrosis could be found as a 
product of cardiac remodeling following repeated hypoxic 
events connected to chronic butane-gas assumption. In fact, 
the fibrosis occurs as a response to tissue damage, when 
the heart try reparation phenomena in order to preserve its 
structure and function [33].

Inside lungs, the development of an obstructive 
microangiopathy with vesicular transformation of capillary 
endothelium, and the presence of “blebs” in the alveolar wall 
capillaries, may be caused to the direct toxic effect of the 
volatile substance’s chronic assumption, as this blocks the 
microcirculation and cause pulmonary hypertension (Figure 

2). The swelling of the basal membrane – produced by the 
incorporation of the volatile substance into the lipid layer of 
neuronal cells – could be proposed for the respiratory tract 
because, after sniffing, the volatile agent first must pass the 
basal membranes in the alveolar walls [34].

Figure 2: Personal Observation.

In order to explain the pathogenesis of VSRD the 
myocardial antibodies expression - in fatal cases related to 
butane intake - has been studied with immunohistochemistry.

Using the markers fibronectin and troponin C, Pfeiffer 
et al. demonstrated an altered expression in VSRDs of 
fibronectin and troponin C, in single or groups of myocardial 
fibers [34]. Large panels of immunohistochemical antigens, 
which represent variable expressivity depending on the 
prolongation of the ischemia time, have been used by 
Novosel, et al. (Desmin, Myoglobin, Fibronectin, Fibrinogen 
and CC9). The results confirm the depletion of cellular 
antigens, a process that starts earlier than the deposition of 
serum antigens [35].

Ventura et al. recently demonstrated an altered 
expression of fibronectin and troponin C in the 
cardiomyocytes in fatal butane poisoning cases, as a marker 
of diffuse hypoxic myocardial damage, and suggested to 
conduct also immunohistochemical investigations in VSRDs 
[36].

VSRD: Mechanism of Death

The exact mechanism of VSRDs is yet to be determined 
and it is possible that it would be different depending on 
the substance taken. Several aspects of the cardiac action 
potential appear to be affected by halogenated hydrocarbons 
assumption, while other misused volatile substances 
probably cause nervous, cardiac and pulmonary toxicity – 

https://medwinpublishers.com/IJFSC/
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however, there is a lack of research for these mechanisms.

The inhalation of hydrocarbons is suspected to sensitize 
the myocardium to adrenaline, and the sudden increase 
of this hormone may cause a fatal arrhythmia – primarily 
a ventricular fibrillation, immediately after a sudden 
fear, a muscular exercise or after sexual activity [37]. The 
mechanism could be a reversible inhibition of the cardiac-
voltage-activated sodium channel, as it has been described 
for toluene in a study using rat myocytes (toluene completely 
inhibited the fast-inward sodium channel in a reversible 
manner) [38].

Further, a prolonged QT dispersion is demonstrated in 
subject who misused toluene. QT dispersion is a useful risk 
marker for cardiac arrhythmias and sudden cardiac death 
and measure the heterogeneity of repolarization time in 
the ventricular myocardium. This has been widely studied 
in myocardial infarction, coronary artery disease, long QT 
syndrome, hypertrophic cardiomyopathy, and chronic heart 
failure, as a predictor of fatal arrhythmias and sudden cardiac 
death [39].

Both symptomatic (defined as recent syncope in chronic 
users) and asymptomatic toluene abusers have an increased 
QT dispersion; this sign was greater in symptomatic than 
asymptomatic subjects [40]. The most likely mechanism of 
increased QT duration and dispersion is the inhibition of the 
human ether-a-go-go related gene (hERG), otherwise known 
as the delayed rectifier potassium channel (IKr). Chloroform 
has also been shown to inhibit the IKr and other volatile 
substances which are likely to share this feature [41].

The lipophilic narcotic agents can cause damage of basal 
membranes in neuronal cells, due to the incorporation of the 
agent into the lipid layer, which may result in swelling of the 
basal membrane cells. This happens because of the lipophilic 
features of butane which is easily distributed by blood in 
brain as well as in other organs involved in metabolism such 
as liver and kidneys. This high lipid solubility is demonstrated 
by the high amount of volatile substance in the brain, when 
this is determined during toxicological investigations [17,42].

Finally, in suicides the exposure to high volume of the 
employed gas (usually butane in gas cylinder) determines 
suffocation secondary to lack of oxygen for its displacement 
by asphyxiating gas in the breathable environment [43].

VSRD: How about Toxicological Sampling?

Collection, storage and pre-analytical handling of samples 
from autopsy are highly critical considering the natural 
evaporation of volatile substance. Despite studies conducted 
on toxicological sampling, the collection and preservation 

of volatile substances in forensic context is still a matter 
of debate. There are several papers describing materials 
and procedures for volatile substance sampling during the 
autopsy. Ideally, samples should be collected in pre-weighted, 
gas-tight, well-sealed HS vials with minimal headspace. For 
fluids and tissues sampling, general recommendations and 
specific procedures for volatile substances can be found in 
worldwide forensic texts and/or from forensic toxicological 
guidelines [44-50].

More specifically:
a) Samples should be collected immediately after opening 

thoracic and abdominal cavities and put directly into the 
device (gastight syringe or other) in which the analysis 
is carried out. Devices other than syringes should be 
made of glass. Nevertheless, qualitative results obtained 
by sampling with a plastic syringe (sealed with Teflon®, 
Parafilm® or aluminum) can be helpful when gastight 
syringes are not available [17];

b) In general, samples from tissues without preservative 
should be added; brain must always be taken in case of 
suspected VSRDs, above all if the autopsy is performed late 
after death. In postmortem period, blood concentration 
could decrease due to evaporation, while the brain is a 
good tissue to examine, and volatiles will be detected for 
longer than in many other sample [51,52];

c) Volatile substances are stored in fatty tissues that may be 
a good matrix for postmortem analysis [53]; the specimen 
(ca. 2x2x1 cm3) can be taken from the subcutaneous 
adipose tissue of the abdominal wall, immediately after 
opening the cavity (see Figure 3);

Figure 3: Fat sampling.

d) If the suspicion of a VSRD is consistent from the beginning 
of the autopsy, it is necessary to use gastight syringes and 
carry out the sampling in the lumen of the vessel intact; 
central blood can be taken from the right atrium, inferior 
vena cava or another large vessel in mediastinum; the 
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peripheral blood can be sampled from the femoral vessels 
in the “Scarpa’s triangle”. To avoid contamination, this 
choice is better than take a specimen from the iliac vessels 
in the abdominal cavity;

e) The container should be as full as possible to minimize 
headspace; immediately after the autopsy, and before 
sealing devices, an internal standard addition will 
minimize evaporation when the analytical procedure is 
performed [54]; the top of containers must be sealed with 
Teflon®, Parafilm® or aluminum;

f) Is essential to transmit the samples to the forensic 
toxicologist immediately; blood samples stored at +4 °C 
for 3 days lose up to 50 % of the initial concentration; 
butane disappeared totally after being stored 14 days in 
the same conditions [55];

g) Direct sampling of the air from the lungs is important; 
however, the concentration can be altered if a 
cardiopulmonary resuscitation (CPR) was performed; 
CPR and the other life support procedures (mechanical 
ventilation and oxygen administration) may blow off 
most of the volatile substance from the respiratory tract. 
During the autopsy for sampling the air in the respiratory 
tract, a lung should be withdrawn in toto, after ligature 
of the main bronchus, section of the hilum and put it 
into a glass container. The sample is then taken in the 
forensic laboratory; in this process if plastic (instead of 
glass) containers are used, one should expect a greater 
dispersion of volatile substances [56].

The specimen of the air from the respiratory tract can 
be made also in situ, limiting contamination. After having 
exposed the larynx and the trachea in situ, the upper 
respiratory tract must be prepared without manipulating 
it. The sample is then taken from one the main bronchus, 
ensuring anatomical continuity – see Figure 4 [17].

Figure 4: In situ air sampling.

Conclusion

In sudden deaths, forensic pathologist should always 
consider the possibility that volatile substances are involved, 
particularly with respect to sudden deaths of adolescents 
and young adults. Physical evidence of a prolonged abuse 
may be found in the form of “glue sniffer’s rash” and semi- 
circular impression on the skin of the perioral zone. However, 
the absence of such evidence should not be considered an 
exclusion criterion of VRSDs.

Crime scene investigation may provide useful 
information about the presence of volatile substances and 
objects which may be found on the hands of the subject or 
near the body. In cases where poisoning by volatile substances 
is suspected, a specimen should be collected directly on the 
scene, because the collection, storage and pre-analytical 
handling of samples from the autopsy are highly critical due 
to the natural evaporation of the substance. Samples should 
be collected immediately and put directly into the device 
(gastight syringe or other) in which the analysis is carried 
out.

When performing the autopsy, central blood can be 
taken from the right atrium, inferior vena cava or another 
large vessel in mediastinum. The peripheral blood can be 
sampled from the femoral vessels in the “Scarpa’s triangle”. 
It is appropriate to use gastight syringes and carry out 
the sampling in the lumen of the vessel intact to avoid 
contamination. Nevertheless, qualitative results obtained by 
sampling with a plastic syringe (sealed with Teflon®, Parafilm® 
or aluminum) can be helpful when gas-tight syringe are not 
available.

As blood concentration in postmortem period could 
decrease for evaporation, brain must always be taken 
because, if the autopsy is performed long after the death, 
the volatiles could be detected in this tissue for longer than 
in many other samples. Samples of fatty tissue can be taken 
from the adipose subcutaneous tissue of the abdominal wall, 
immediately after opening the cavity – any storage container 
should be as full as possible to minimize headspace.

During the autopsy, to sample the air in the respiratory 
tract, a lung should be withdrawn in toto, after ligature of 
the main bronchus, section of the hilum and put it into a 
glass container. The specimen of the air from the respiratory 
tract can also be made in situ, limiting contamination. After 
having exposed the larynx and the trachea in situ, the upper 
respiratory tract must be prepared without manipulating 
it. The sample is then taken from one the main bronchus, 
ensuring anatomical continuity Therefore, in light of the 
conclusions presented in this paper, when VSRDs are 
suspected, the forensic pathologist should be as careful 
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as possible, beginning with the crime scene investigation 
to the post-mortem analysis. Only in this way one can 
minimize both the number of unrecognized VSRDs and the 
misunderstandings between sudden deaths and VSRDs.
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