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Volatile substance abuse is widespread among adolescents due to its easy availability and methods of con-
sumption. Inhalant abuse represents a current problematic issue, causing significant morbidity and mortality due
to direct toxicity on several target organs and displacement of gas which results in a lack of oxygen. This review
aims to evaluate post-mortem and toxicological investigations in cases of suspected butane intoxication. We
performed comprehensive research using the Preferred Reporting Items for Systematic Review (PRISMA) stan-
dards. Forty scientific papers fulfilled the inclusion criteria. A total of 58 cases of butane-related deaths were
found. Among these, we found 11 cases of suicide (18%), 1 case of homicide (2%), 44 cases of accidental
poisoning (76%), and 2 cases of work-related deaths (4%). Autopsy and post-mortem examinations were per-
formed in 54 cases, whereas toxicological analyses were presented in 56 cases. In autopsy, pulmonary edema
(51%) and poli-visceral congestion (59%) were the most common findings. When death by butane inhalation is
hypothesized, autopsy and histological findings may be nonspecific, therefore toxicological investigations as-

sume a crucial role along with attention to the methods used to collect biological samples.

1. Introduction

The term “inhalants” comprises a heterogeneous group of psycho-
active substances often used for the production of typewriter correction
fluid, cleaning fluids, spray paints, adhesives, and lighter fluids [1].
Most of these substances are simple hydrocarbons or substituted hy-
drocarbon compounds, such as butane, and represent the most inhaled
substances of abuse. Whereas most drugs may have multiple intake
routes, inhalants can be used only through the respiratory tract. The
National Survey on Drug Use and Health (SAHMSA, 2020) shows that in
2019, 2.4 million people (0.9 percent) aged 12 or older used inhalants.
This percentage was higher among adolescents, from 12 to 17 years old,
and progressively decreased with age, unlike other illicit drug use [2].

Various volatile substances exert a euphoria-inducing response in
humans. These substances can be found mostly in gas form, and toluene,
benzene, ethyl chloride, xylene, butane, and chlorofluorocarbons are
part of this group [3]. The inhalation of these substances for recreational
purposes is a form of drug abuse that is becoming increasingly common,
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especially among the youngest. The first reason is that these substances
can be easily found on the market, such as in air fresheners, glues, paints,
and lighter refills, and, most of all, they have a low cost. The second
reason is that the abuse of volatile substances is not recognized as an
illegal form of abuse [4]. Indeed, this type of abuse form is very
underestimated and therefore unregulated and under-researched. This
leads to the evermore continuous expansion of this type of abuse,
especially among adolescents who do not understand its danger. Ac-
cording to the Monitoring the Future 2010's survey, volatile substances
represent the second most commonly used substance of abuse (average
of 14.9 percent) after marijuana (average of 15.7 percent) and thus
higher than all the most widely known drugs [5].

Volatile substances are mainly hydrocarbons, which, once inhaled,
are largely absorbed by the respiratory system. Once drawn in, they are
partly exhaled, whereas the rest passes into the bloodstream and is
metabolized in the liver. Hydrocarbons are processed through different
steps: firstly, they are metabolized into alcohols, secondary and tertiary;
then they are transformed into ketones and simpler forms of propane
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and butane [4]. Secondary alcohols such as isopropanol and sec-butanol
are metabolized by alcohol dehydrogenase, whereas tertiary alcohols
such as tert-butanol are metabolized at a microsomal level. The meta-
bolism of degradation products leads to the formation of acetone and
formaldehyde. In post-mortem investigations, the search for these sub-
stances is not recommended as they do not provide unequivocal inter-
pretation and may distract from the diagnosis. Indeed, although
pharmacologically active, they can be found in many other clinical
conditions [6] and as a result of post-mortem degradation [7].

Even though all volatile substances have a depressant effect on the
central nervous system, butane and, in particular, his isomer N-butane,
seems to be the most active at this level [4]. However, the range of
confidence between concentrations resulting in the intentional effect
pursued by abusers and lethal concentrations is very narrow. Low doses
are needed to achieve euphoric effects, but given the ease with which
overdose is achieved, these are often accompanied by intoxication ef-
fects, such as confusion, behavioral disorders, hallucinations, and ataxia
[8].

In addition, both the euphoric and the toxic effects have a rapid onset
(of a few seconds), which is paired with a very short duration and re-
covery time (from 15 min to an hour) [9,10]. Intake of the gases is
achieved by directly inhaling the substance that is released from the
container (spray cans or air fresheners), or by snorting the gas placed in
plastic bags or baggies, or sniffing tissues or cotton pads that are soaked
in the liquid gas form [3]. Some of these methods of intake, such as
taking the substance from a plastic bag, lead to the inhalation of not
well-dosed amounts of gas. In this way, it is easier to take a higher, and
consequently lethal, dose of the substance. Death usually occurs very
rapidly after the intake of the substance (due to its rapid absorption and
metabolization) and it is mainly due to asphyxiation, cardiac dysfunc-
tion, central nervous system depression, or allergic reactions [11,12].
Chronic abuse of the substance can also lead to death from kidney or
liver failure or liver tumor development [12,13]. In addition, these
substances are more popular among young people, including fertile fe-
males and therefore they are often taken also throughout pregnancy
[14]. During pregnancy, such substances can lead to malformations in
fetal development, as several of these (e.g., toluene) are teratogenic.
Such substances may also cause intrauterine death [15].

Paying particular attention to butane, a saturated aliphatic hydro-
carbon, CH3-(CHy)>—-CHg, existing in the form of two isomers, n-butane,
and isobutane. Both are found in small amounts in natural gas, and they
are obtained from the distillation of crude oil and cracked gases. Butane
is an odorless, colorless gas commonly used for cosmetic or industrial
purposes. It is frequently found in hair sprays, air fresheners, aerosol
deodorants, and lighter fluids or butane gas canisters. Butane gas used
for “commercial use” has a typical composition of butane (60 %),
isobutane (30 %), propane (9 %), and ethane (1 %) [16]. The current
threshold limit value for occupational exposure, according to the Na-
tional Institute for Occupational Safety and Health (NIOSH), is 880 ppm
(2.38 mg/m®), and the Immediately Dangerous to Life and Health value
(IDLH) is 1,600 ppm [17]. Butane is also a drug of abuse. As an
“inhalant”, the method of its use as a drug is only restricted to inhala-
tion. Nevertheless, it can be “sniffed” by breathing directly from con-
tainers, inhaled from bags or balloons (a practice known as “bagging™),
or “huffed” from a piece of cloth in which it is placed. These methods of
inhalation determine a progressive increase in vapor concentrations
and, therefore, may imply a higher involvement in the abuse of volatile
substances [1].

Once inhaled, butane is absorbed into the respiratory system and
distributed in tissues rich in lipids, due to its high liposolubility [18].
Butane expresses its effect on various tissues by asphyxiation by dis-
placing oxygen and increasing reactive oxygen species (ROS). It also
depresses the central nervous system by enhancing glycine receptors and
inhibiting N-methyl-d-aspartate (NMDA) receptors [19,20]. Acute
butane intoxication occurs with inhalation of a high dose of the sub-
stance, resulting in euphoria, hallucinations, confusion, diplopia, nausea
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and/or vomiting, convulsions, ataxia, respiratory depression, and car-
diac arrhythmias to death [21]. The effects may last from 15 to 45 min
per single dose [3].

Death is usually caused by cardiac arrhythmias with ventricular
tachycardia [22], ventricular fibrillation [23], vagal stimulation [24]
and catecholamine release [25], respiratory center depression [3], ab
ingestis, and laryngeal edema [26]. Intoxication can be accidental,
caused by substance abuse, by inhalation, or for autoerotic purposes, but
also for suicidal purposes. The homicidal hypothesis is also possible.
However, in many surveys, it has been noted that volatile substance
abuse -linked death numbers are more than likely underestimated. As
described, the extremely high variability in the causes of death from
butane inhalation raises several questions during investigative inquiries.
Consequently, a systematic literature review is conducted to assess the
described anatomopathological findings. The purpose of this systematic
review is to serve as a reference for forensic pathologists and toxicolo-
gists in routine postmortem investigations in case of suspect of Butane-
related deaths.

2. Materials and methods

The present systematic review was conducted according to the
Preferred Reporting Items for Systematic Review (PRISMA) standards
[27]. A systematic literature search and a critical review of the collected
studies were conducted. An electronic search of PubMed, Science Direct
Scopus, Google Scholar, and Excerpta Medica Database (EMBASE) from
database inception until January 2023 was performed. The search terms
used in the title, abstract, and keywords were “butane”, “butane gas”,
“autopsy”, “death”, “intoxication”, “suicide”, “homicide”, and “acci-
dental”. The bibliographies of all located papers were examined and
cross-referenced to identify relevant literature. A methodological
assessment of each study was conducted according to the PRISMA
standards, including the bias evaluation. The data collection process
included study selection and data extraction. The following inclusion
criteria were used: (1) original research articles, (2) reviews and mini-
reviews, (3) case reports/series, (4) and only papers written in En-
glish. Non-English papers and papers regarding cases of survival after
inhaling butane gas were excluded. This study was exempt from insti-
tutional review board approval, as it did not involve human subjects.

3. Results

This The search performed identified 296 articles, which were
screened for duplicates. The reference lists of the allocated articles were
then reviewed to identify still undetected literature. The resulting 277
references were screened based on their title and abstract to evaluate
their relevance concerning the following:

e Circumstantial data evaluation.
Post-mortem evaluation.
Toxicological evaluation.
Study design.

Fig. 1 represents the methodology of our search strategy.

A brief description and review of the literature on death by butane
are shown in Table 1.

We identified 58 cases of butane-related deaths as a result of the
harmful use or misuse of butane. The route of exposure was exclusively
by inhalation, whether “sniffed”, “huffed”, or “bagged”. The source of
abuse was mainly butane canisters and lighter refill canisters. Among
these 58 cases, the population was predominantly male (83 %), while
only 10 cases were female (17 %). The case subjects’ ages varied be-
tween 11 and 70 years, and the most impacted age group was the < 18-
year-old (44,8%) population. There were 11 cases of suicide (19 %), 44
cases of accidental poisoning (76 %), and one suspected homicide. Two
cases resulted from a work-related incident (2,5%) [37], of which the
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Fig. 1. Preferred Reporting Items for Systematic Review (PRISMA) flow chart — search strategy. A total of 40 studies fulfilled the inclusion criteria.

first concerns a 41-year-old male who was working 1.7 m underground
to construct a new pipe connection without regulation gas masks and
ventilation. He died of asphyxia due to anoxia. The second case was
about a 34-year-old male who worked with his partner 1.3 m under-
ground to construct a new pipe, lost consciousness, and died of asphyxia.
Several case reports involved adolescents who inhaled butane from
lighter refill canisters to achieve narcotics effects. To assist reading, the
main characteristics of the subjects are summarized in Table 2.

Autopsy and post-mortem examinations were performed in 54 cases,
whereas histopathological analysis was performed in 32 instances. The
external examination did not show any peculiar findings. Autoptic dis-
coveries were also unremarkable; the most common findings were
congestion of the major organs (28 %), pulmonary edema (52 %), and
petechiae (21 %). Regarding the histopathological analysis, the most
common findings were the ones concerning pulmonary and cardiac
tissue samples; showing hemorrhagic foci (16 %), edema (45 %), and
congestion (24 %) in the lungs, while the heart tissue predominantly
presented congestion (42 %), necrosis (21 %), and interstitial fibrosis
(21 %).

In Fig. 2 histopathological findings in pulmonary tissues are depic-
ted, while Fig. 3 shows the typical histopathological findings in cardiac
tissue samples.

Toxicological investigations were performed in 56 cases and con-
sisted mostly of screening of volatile substances by gas chromatog-
raphy/mass  spectrometry (GC/MS), and quantitative gas
chromatography (GC). In 31 of these cases, quantitative toxicological
analysis was carried out and two units were usually adopted to report
butane concentrations, microliters per milliliter, and micrograms per
liter. As shown in Table 3, the most common analysis performed is the
quantification of butane in the blood (52 %). In all reported cases, blood
concentrations were found to be higher than 100 pg/L in all butane-
linked deceases. Brain and liver samples were used for butane deter-
mination in 22 cases (38 %), while quantification in lung samples was
performed in 24 cases (41 %). Adipose tissue butane was quantified in
12 cases (21 %), although its levels in muscle tissue were estimated only
in 5 cases (8.6 %). Lastly, gastric contents analysis was performed in 7
cases (12 %) and represent the second most common fluid used for
quantification of butane after blood.
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Table 1

Review of the literature on death caused by butane.
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References Age/ Source of Brief case Mode of External Examination Histopathological Cause of Death Post-Mortem
Gender  abuse description Death and Autopsy Findings findings Toxicological analysis
Ago et al. 15M Aerosol Found Accidental  Slight abrasion and Foreign material in Fatal cardiac Butane
2002 deodorant unresponsive in a bruises on the head, the bronchioles. arrhythmia
[28] parking lot, neck, and shoulder. Congestion and
resuscitated, Lung’s congestion and ~ edema of the lung.
vomited a large pulmonary edema; Congestion of the
quantity of food. petechiae of the other organs
Died few hours conjunctiva, pleural
later and pericardial
surfaces, and under
the scalp
Al-alousi 13M Aerosol Died after inhaling Accidental ~ Congestion of the Cerebral edema, Asphyxia by Butane and propane
et al. deodorant deodorant sprayed conjunctiva and vomit  vacuolization and inhalation of
1989 in a plastic bag for around the nose and early perivascular gastric contents
[29] recreational mouth. Cerebral and demyelinization of
purposes pulmonary edema. the cerebral tissue.
Congestion of the Cortical neuronal
liver, spleen, and anoxic
kidneys degeneration.
Congestion and
edema of the lung.
Aspirated foreign
material in the
terminal bronchi
and bronchioles.
Congestion of the
other organs
Almulhim 30M Lighter refill Found unconscious Accidental ~ N/A N/A Fatal cardiac N/A
2017 canister and had a seizure arrhythmia
[30] for over 30 min. 6 h
later developed
ventricular
fibrillation and
died after 45 min of
resuscitation
Alunni 11M Aerosol Fainted in a Accidental Moderate cyanosis. Pulmonary edema Isolated butane Butane, isobutane, and
etal. deodorant parking lot. Died Pulmonary edema, and intoxication limonene
2017 after 45 min of diffuse moderate serohemorrhagic or
[31] resuscitation congestion and mucinous material
cerebral edema rich in macrophages
in the bronchial
lumina.
Centrilobular
hepatic congestion,
low-flow
subendocardial
cardiomyocyte
necrosis and loss of
Purkinje cells in the
cerebellum
16F Tissue soaked Type 1 diabetic Accidental ~ Massive pulmonary Pulmonary edema Isolated butane Butane, limonene
in deodorant suffered a grand edema with laryngeal and foreign material  intoxication
mal seizure and regurgitation of food in the bronchial
died after lumina. Dilation of
resuscitation the renal proximal
attempt convoluted tubule
and low-flow
cardiomyocyte
necrosis. Hypoxic
ischemic
encephalopathy
Aquila 30M LPG cylinder Found death in his Suicide Advanced N/A Acute cardio- Butane, alcohol,
etal. tank house with a plastic putrefaction, maggots respiratory amphetamine, and
2020 bag wrapped in the nasal cavities failure ethanethiol
[32] around the head and bloated abdomen.
and connected to Pulmonary edema and
an LPG cylinder congestion, sub-
tank epicardial petechiae
Bork et al. 16M Lighter fluid Felt unwell playing ~ Accidental ~ Congestion of major Pulmonary edema Sudden death Butane, Propane,

2017
[33]

football, was taken
to the hospital
where he died

organs, pulmonary
edema, foreign body
aspiration compatible
with food, petechial
bleedings on the

and intra-alverolary
fresh bleeding.
Congestion of the
other organs

due to inhalant
abuse

Isobutane,
Tetrahidrocannabinol

(continued on next page)
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Table 1 (continued)
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References Age/ Source of Brief case Mode of External Examination Histopathological Cause of Death Post-Mortem
Gender  abuse description Death and Autopsy Findings findings Toxicological analysis
surface of heart and
lungs
14M Lighter fluid Felt unwell at Accidental ~ Bridging of the Point fresh bleeding ~ Sudden death Butane, Propane,
home, was taken to coronary artery, of the brainstem. due to inhalant Isobutane
the hospital where congestion of major Pulmonary edema abuse
he died organs, pulmonary and foreign body
edema and petechiae aspiration
compatible with
food content.
Congestion of the
other organs
16M Lighter fluid Found dead at Accidental ~ Congestion of major Focal interstitial Sudden death Butane, Propane,
home, lighter fluid organs, pulmonary fibrosis of the due to inhalant Isobutane,
tube found next to edema and petechiae myocardium. abuse Tetrahidrocannabinol
the corpse Pulmonary edema
and intra-alveolary
fresh bleeding.
Congestion of the
other organs
17M Lighter fluid Felt unwell while Accidental ~ Congestion of major Pulmonary edema Sudden death Butane, Propane,
inhaling lighter organs, pulmonary and intra-alveolary due to inhalant Isobutane
fluid, died at the edema and petechiae fresh bleeding. abuse
hospital while Congestion of the
being treated other organs
Bugraetal. 15F Lighter fluid Found unconscious,  Accidental ~ Subendocardial Contraction band Cardio- Butane
2018 cardiopulmonary hemorrhagic area necrosis, neutrophil pulmonary arrest
[34] arrest in under the aortic valve infiltration of
transportation to to the interventricular =~ myocardial muscles
the hospital where septum fibers. Intra-
she died alveolar
hemorrhage and
pulmonary edema
Durao 70M Butane gas Found dead in bed Suicide Cyanosis of the Pulmonary edema, Asphyxia Butane, propane,
et al. canister after inhaling extremities, petechial acute marginal through to tramadol, O-
2020 butane gas by CPAP conjunctival, severe emphysema, and butane desmethyltramadol, N-
[16] homemade vascular congestion, subpleural inhalation desmethyltramadol,
adaptation and pulmonary edema  hemorrhages. quetiapine, nor-
Cardiac quetiapine, and alcohol
hypertrophy
El-Balkhi 15M Lighter fluid Fainted at home, Accidental ~ Hemorrhagic N/A Cardiac Butane and propane
et al. resuscitation was conjunctiva and arrhythmia
2015 performed but it cyanosis of the
[35] was unsuccessful extremities. Food
debris in the larynx
Focardi 31M Butane gas Found in his prison ~ Accidental =~ Congestion, sub- N/A Acute asphyxia N/A
et al. canister cell next to a nylon conjunctivae,
2018 bas and a canister subepicardial and
[36] of butane gas mesothelium petechial
Fuke et al. 14M Butane gas Found collapsed Accidental Poli-visceral Severe pulmonary Cardiac Butane, isobutane, and
2002 canister after inhaling congestion, severe edema arrhythmia propane
[25] butane gas. pulmonary edema
Ventricular
fibrillation was
detected in the
EKG, resuscitation
was performed but
he was pronounced
dead in the hospital
Fukunaga 41M LPG Died 12 h after Accidental ~ Severe pulmonary N/A Asphyxia from Butane, propane,
etal. repairing an edema and congestion. anoxia methane, and ethane
1996 underground pipe Total necrosis of the
[37] connection cerebellum cortex
34M LPG Fainted while Accidental ~ Petechial hemorrhages  N/A LPG poisoning Butane, propane,
sealing an LPG of the conjunctivae, methane, and ethane
pipe, thymus, epicardium,
cardiorespiratory and lungs. Poli-
resuscitation was visceral congestion
performed but not
successful
Galante 43M Butane gas Found dead on the Suicide Wrist cuts for Acute emphysema, Asphyxia Butane, methadone, and
et al. canister bed with a plastic precedent suicide edema, and diazepam
2022 bag over his head, attempt. Pulmonary hemorrhagic foci in
[38] connected with edema and congestion  the lungs

butane gas canister

(continued on next page)
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Table 1 (continued)

Legal Medicine 69 (2024) 102442

References Age/ Source of Brief case Mode of External Examination Histopathological Cause of Death Post-Mortem
Gender  abuse description Death and Autopsy Findings findings Toxicological analysis
40F Butane gas Found dead on the Suicide Pulmonary edema and  Acute emphysema, Asphyxia Butane, methadone, and
canister bed with a plastic congestion edema, and diazepam
bag over her head, hemorrhagic foci in
connected with the lungs
butane gas canister
Gioia et al. 40M Butane gas Found unconscious Accidental Pulmonary edema Intra-alveolar Cardiac Butane, propane,
2015 canister on the bathroom edema arrhythmia chlorpromazine, and
[39] floor of his cell, citalopram
resuscitation was
performed without
results
Handlos 18M Butane gas Found in his car Suicide Red mark around the N/A Asphyxia due to Butane and propane
et al. cylinder with a plastic bag neck. Pulmonary upper airway
2021 around his neck hyperinflation and obstruction and
[40] and a tube leading pleural and butane gas
to a butane gas subepicardial intoxication
cylinder petechial
hemorrhages. Poli-
visceral congestion
Hiquet 52F Butane gas Found dead in the Homicide Bruising on the neck, N/A Asphyxiation Butane
et al. bottle garage after suicide petechial hemorrhages through criminal
2017 pact with the of the upper eyelids, poisoning
[41] husband, with a congested face. Signs
butane gas bottle of asphyxiation and
found on the back superficial bruises of
seat of the car the tongue and thyroid
cartilage
Ilhan et al. 16M Lighter refill Found unconscious Accidental ~ Cyanosis of lips and N/A Cardiac Butane
2015 canister in the streets. In the nails. Edema of the arrhythmia
[42] hospital was brain and cerebellum.
determined Compressed blood
ventricular foaming fluid in the
fibrillation and lung. Hyperemia of the
died 1 h later trachea mucosa and
abdomen and stomach
mucosa
17M Lighter refill Found dead on the Accidental Cyanosis of lips, nails, N/A Butane gas Butane
canister kitchen floor and ears. Foaming poisoning
fluid in the lung
sections and bronchi
Jackowski 19M Kisag-gas Found in bed with Accidental ~ Foam at the mouth, N/A Cardiac Butane, propane,
et al. cartridge exposed genitals; oral cavity, larynx, arrhythmia isobutane, THC and THC-
2005 an empty balloon trachea, and major COOH
[43] and Kisag-gas bronchi. Massive
cartridges found edema of the brain and
next to the corpse herniation of the
cerebellar tonsils into
the foramen magnum.
Poli-visceral
congestion
Kimura- 29F Butane gas Found dead, face Accidental ~ Petechiae on the Severe congestion Asphyxia due to Butane, paroxetine, and
Kataoka cartridge down, under a table conjunctiva, lungs, of the organs. anoxia trazodone
et al. at home. More than anterior neck, upper Deposition of fat
2015 50 butane gas chest, and axillary tissue and adipose
[44] cartridges were regions. 6 regular scars  infiltration of the
found in the house from cigarette burns. heart. Pulmonary
Viscous fluid with fine  edema and
foam in the trachea sinusoidal
and bronchi. Poli- dilatation of the
visceral congestion liver
Kinoshita 30M Butane gas Found dead at Accidental ~ Pulmonary edema and  N/A Butane poisoning ~ Butane, 2-butanol, 2-
et al. canister home with history poli-visceral butanone, and t-butanol
2016 of volatile gas congestion
[45] abuse
Klitte et al. 17F Insect spray Found dead in the Suicide Agonal aspiration of N/A Inhalation of Butane, isobutane,
2002 can bed with an empty gastric contents into insect spray ethanol, and alcohol
[46] can of insect spray the upper airways
next to the corpse
May 1995 18M Lighter refill Found unconscious Accidental No trauma N/A N/A Butane, propane, and 11-
[47] canister after vehicle crash. nor-delta tetra hydro
Resuscitation was cannabinol-9-carboxylic
performed, with no acid
results
19M Lighter refill Collapsed after Accidental N/A N/A N/A
canister using drugs and

(continued on next page)
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References Age/ Source of Brief case Mode of External Examination Histopathological Cause of Death Post-Mortem
Gender  abuse description Death and Autopsy Findings findings Toxicological analysis
sprinting a short
distance. CPR was
performed and he
was intubated. He
died after 30Min
Musshoff 30M Plastic bag Found with a Suicide Decomposition of the N/A Unclear Butane and propane
et al. with butane/ plastic bag over his arms and head
2006 propane head and upper
[48] canister body and butane/
propane gas
canister. History of
suicidal attempt by
hanging
Novosel 25M Lighter refill Found dead in an Accidental ~ No trauma. Poli- Diffuse intra- Asphyxia Butane and diazepam
et al. canister abandoned visceral congestion, alveolar
2011 restaurant pulmonary and brain hemorrhagic edema
[49] edema of the lung.
Interstitial fibrosis
and periarterial
areas of intramural
artery branches of
the heart
14M Lighter refill Found unconscious Accidental  Superficial abrasions. Diffuse intra- Asphyxia Butane
canister in a park, Poli-visceral alveolar
resuscitation was congestion, hemorrhagic edema
attempted with no pulmonary edema. of the lung.
success Brain edema and Interstitial fibrosis
herniation of the and periarterial
cerebellar tonsils into areas of intramural
the foramen magnum artery branches of
the heart.
Coagulation
necrosis and
contraction band
necrosis of the
myocardium
Petekkaya 16M Lighter refill Collapsed during Accidental  Pintracesontheinside =~ Edema and fresh Asphyxia due to Butane
et al. canister gas inhalation, died of both elbows and left  intra-alveolar butane-induced
2016 in the hospital wrist. Petechiae under ~ hemorrhage in the toxicity
[50] the scalp, edema and lung, and
hyperemia of brain, extravasated red
cerebellum and brain blood cells in the
stem. Pulmonary parenchymal fat
edema and congestion,  tissues. Congestion
with foamy liquid in of the other organs
the bronchi and
bronchioles
Romolo 29M Camping gas Found unconscious Accidental ~ Subepidermal Stretched and wavy ~ Butane-induced Butane, propane,
et al. stove in his cell next to a petechial hemorrhages  myocells. hypoxia diazepam, nordiazepam,
2017 camping gas stove. on the rear region of Thickening of the oxazepam, and
[51] CPR was attempted the chest. Poli-visceral tunica media of the temazepam
with no success congestion. arterioles. Focal
Emphysematous areas of
bubbles of the left lung  perivascular
fibrosis. Subpleural
blebs, peripheral
emphysematous
areas in the lungs,
and pulmonary
edema. Intensive
congestion of the
liver and kidneys
Rossi et al. 25M Camping gas Found unconscious Accidental  Poli-visceral Cerebral and Asphyxia Butane and propane
2012 stove by the toilet of his congestion, fluid pulmonary edema.
[52] cell with a plastic brownish blood, and Congestion of the
bag around his pulmonary and other organs
head. CPR was cerebral edema
performed with no
results
50M Butane/ Found lying on the Accidental  Poli-visceral Cerebral and Asphyxia Butane and propane
propane gas bed of his cell, with congestion, fluid pulmonary edema.
cylinders a cellophane bag brownish blood, and Congestion of the

tied around his
neck. CPR was

pulmonary and
cerebral edema

other organs

(continued on next page)
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References Age/ Source of Brief case Mode of External Examination Histopathological Cause of Death Post-Mortem
Gender  abuse description Death and Autopsy Findings findings Toxicological analysis
performed without
success
Sasao et al. 18F Camping gas Found dead in her Accidental ~ Pulmonary and N/A Butane poisoning  Butane, isobutane,
2015 stove room. The previous cerebral edema ethanol, phenobarbital,
[53] night she consumed diazepam, and
alcohol and inhaled clotiazepam
gases. History of
volatile substance
abuse
28M Butane Found dead in his Accidental  Pulmonary edema and  N/A Butane poisoning  Butane, isobutane, and
cartridge house. History of frothy liquid in the ethanol
depression, suicidal mucosa of the bronchi
thoughts, and
volatile substance
abuse
34M Butane Found dead in his Accidental  Initial putrefaction. N/A Butane poisoning ~ Butane and isobutane
cartridge house. History of Pulmonary edema
volatile substance
abuse
Sato et al. 18M Lighter refill Found unconscious Accidental ~ Purulentsputuminthe Infiltration of Hypoxic Butane and isobutane
2017 at home. He was bronchus. Near inflammatory cells encephalopathy
[54] taken to the circumferential into the alveoli, and and cardiac
hospital and subendocardial bronchi in the lung. arrest due to
successfully ischemia of the left Hemorrhage, butane gas
resuscitated. ventricle necrosis, and intoxication
Diagnosed with fibrosis in the heart
anoxic
encephalopathy
followed by cardiac
arrest after 16 days
Shields 17M Butane gas Found Accidental  Petechiae of the face, N/A Asphyxia via Butane,
et al. canister unresponsive on neck, and thymus. inhalation of benzodiazepines,
2005 the couch in his Pulmonary edema and butane cannabinoids, and
[55] home. A can of poli-visceral amphetamines
butane and a congestion
pornographic
magazine near the
corpse
Shintani- 23M Butane gas Found dead in the Accidental ~ Pulmonary edema and ~ Edema and Butane poisoning  Butane, isobutane, and
Ishida cartridge living room with pleural effusions. congestion in the carbamazepine
et al. ten used gas Chicken fat clot in the lungs
2018 cartridges and two right atrium
[56] plastic bags near
the corpse
17M Lighter refill Found dead in the Accidental ~ Hemorrhages of the Pulmonary edema Butane poisoning  Butane, isobutane, and
canister living room. His left propane
mother started CPR sternocleidomastoid
until the arrival of muscle and right
the ambulance sternothyroid muscle.
crew, with no Pleural petechiae and
success poli-visceral
congestion
Siegeletal. 11M Typewriter Found collapsed in Accidental ~ No evidence of organic ~ N/A Butane poisoning ~ Butane
1990 correction the bathroom of a disease or anatomic
[57] fluid movie theater. CPR cause of death
was performed
with no success
Sironi et al. 12M Air freshener Found unconscious Accidental Poli-visceral Cerebral and Anoxia due to Butane, isobutane, and
2016 with a plastic bag congestion. Lung pulmonary edema butane poisoning ~ propane
[58] around his head petechiae and
with white foam pulmonary edema
dripping from the
mouth
14M Lighter refill Found unconscious Accidental Poli-visceral Cerebral and Anoxia due to Butane, isobutane,
canister in a public garden, congestion. Lung pulmonary edema butane poisoning  propane, and
was resuscitated, petechiae and tetrahydrocannabinolic
and arrived at the pulmonary edema acid
hospital in a
comatose state.
Died 12 h later after
sudden onset
bradycardia
Sugie et al. 24M Volatile liquid Rushed out of his Accidental Poli-visceral N/A Cardiac Butane, isobutane, and
2004 cans room, ran down the congestion arrhythmia propane
[59] staircase, and

(continued on next page)
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References Age/ Source of Brief case Mode of External Examination Histopathological Cause of Death Post-Mortem
Gender  abuse description Death and Autopsy Findings findings Toxicological analysis
collapsed. He died
at the hospital
14M Lighter oil in Inhaled the gas, Accidental Poli-visceral N/A Cardiac Butane, isobutane, and
vinyl bags kicked one of his congestion arrhythmia propane
friends in the
abdomen and
collapsed. Died
despite
resuscitation
Tanaka 23F Butane gas Collapsed after Accidental ~ Contusion of the Moderate Cardiac Butane
et al. canister getting out of forehead. Poli-visceral ~ fragmentation of arrhythmia
2010 friend’s car, she congestion the myocardium
[60] was in and large amount of
cardiopulmonary lipofuscin deposits.
arrest at the time of Marked congestion,
arrival at the edema, and intra-
hospital. History of alveolar
volatile substance hemorrhages in the
abuse lung
Tanaka N/AM Lighter refill Collapsed on a Accidental Pulmonary congestion Congestion, edema, Cardiac Butane, isobutane, and
et al. and plastic vacant lot, and frothy fluid in the  and intra-alveolar arrhythmia propane
2012 bag transferred to the trachea hemorrhages in the
[61] hospital in cardiac lung
arrest. CPR was
unsuccessful
Uchida 11F Aerosol Found lying face Accidental  Poli-visceral Severe lipid Cardiac Butane, isobutane,
etal. antiperspirant down on a pillow, congestion, severe deposits and liver arrhythmia propane, and isopentane
2015 holding a can of hemorrhages of the cells degeneration
[62] aerosol deodorant. trachea, liver cell
History of abuse in destruction and lipid
several months deposition
prior to death
Ventura 22M Butane gas Fatal butane-gas Suicide Pulmonary congestion Capillary Acute butane gas  Butane
et al. overdose in male and edema congestion, edema, poisoning
2017 inmates. History of and alveolar
[63] attempted suicide hemorrhage in the
lung. Diffuse
intermyofibrillar
edema of the
myocardium
25M Butane gas Fatal butane-gas Suicide Cyanosis and Capillary Acute butane gas ~ Butane
overdose in male conjunctival congestion, edema, poisoning
inmates. History of petechiae. Pulmonary and alveolar
attempted suicide edema hemorrhage in the
lung. Diffuse
intermyofibrillar
edema of the
myocardium
23M Butane gas Fatal butane-gas Suicide Cyanosis, and Capillary Acute butane gas  Butane
overdose in male hyperemic sclera and congestion, edema, poisoning
inmates. History of conjunctivae. and alveolar
attempted suicide Pulmonary edema and  hemorrhage in the
congestion. Petechial lung. Diffuse
hemorrhages of pleura  intermyofibrillar
and pericardium edema of the
myocardium
33M Butane gas Fatal butane-gas Suicide Petechiae of the Capillary Acute butane gas ~ Butane
overdose in male pleural surfaces. congestion, edema, poisoning
inmates. History of Pulmonary congestion  and alveolar
attempted suicide and edema hemorrhage in the
lung. Diffuse
intermyofibrillar
edema of the
myocardium
Wilkerson 20F Aerosol air Found dead in a Accidental ~ N/A N/A N/A Butane
et al. freshener remote island
1998 barracks after
[64] inhaling air
freshener through a
towel
27M Lighter refill Found dead in his Accidental ~ N/A N/A N/A Butane
canister barracks. History of

abuse of volatile
substances

(continued on next page)
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References Age/ Source of Brief case Mode of External Examination Histopathological Cause of Death Post-Mortem
Gender  abuse description Death and Autopsy Findings findings Toxicological analysis
Winek 22M Butane fluid Found Accidental ~ Foam in the bronchi. N/A Asphyxia due to N/A
et al. canister unresponsive with Congestion and edema butane
1997 a can of butane of the conjunctivae, inhalation
[65] fluid near the tracheal mucosa, and
corpse lungs
Table 2
Main characteristics of the cases included in the review.
Characteristics Suicide Homicide Accidental Work-related Total
Sex Male 9 0 37 2 48
Female 2 1 7 0 10
Age 0-18 1 0 25 0 26
19-30 4 0 17 0 21
31-50 2 0 3 2 7
>50 1 1 0 0 2
Unspecified 0 0 1 0 1
Source of Abuse Aerosol deodorant 0 0 7 0 7
Lighter refill 0 0 19 0 19
Butane canister 4 1 16 0 21
LPG 1 0 0 2 3

4% 4% 4%

W Hemorragic foci
m Edema
W Congestion
Inflammatory cells infiltration
B Emphysema
m Foreign body aspiration

Fig. 2. The graphic shows the percentages of the most common histopatho-
logical findings in pulmonary tissue samples.

Table 3 reports the different types of substances found in toxico-
logical analysis besides butane. As shown, butane is often discovered
with propane (40 %), and isobutane (34 %). Nevertheless, subjects were
also under the influence of other substances of abuse, such as cannabi-
noids (12 %), alcohol (7 %), benzodiazepines, and antidepressant (15.5
%).

4. Discussion

Butane is an odorless, colorless gas commonly used as a solvent and

10

W Congestion W Necrosis

Neutrophil infiltration W Interstitial fibrosis
B Hemorrhagic fod M Lipofuscin deposit
B Edema

Fig. 3. The graphic shows the percentages of the most common histopatho-
logical findings in cardiac tissue samples.

domestic fuel. In fact, it is used as liquefied gas in cigarette lighters,
camping stoves, gasoline and fuel gas, gas lamps, spray paints, and some
air fresheners and deodorant. It is also becoming more and more widely
employed as a drug of abuse, especially among adolescents, for whom
the prevalence of volatile substance abusers ranges from 2 to 20 % of the
general population. This phenomenon is explained by the easy avail-
ability of volatile substances in general and of butane in particular, given
that their sale and detention are not regulated and also because of their
economic viability.

Butane is absorbed rapidly through multiple tissues and has an
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Table 3
Different types of substances found in toxicological investigations.
Toxicological findings Suicide Accidental Total
Inhalants Butane 11 45 56
Isobutane 19 20
Propane 1 22 23
Substances of abuse Cannabinoids 0 7 7
Amphetamine 1 1 2
Methadone 1 0 1
Alcohol 2 2 4
Psychoactive drugs Benzodiazepines 2 3 5
Antidepressant 0 2 2
Antipsychotic 0 3 3
Anesthetics 0 1 1

elective tropism for the brain, spleen, liver, and kidney due to its lipo-
philic properties. Aliphatic hydrocarbons, such as butane, are primarily
absorbed through the respiratory tract, and partly expelled through
exhale [4]. A minor part is metabolized in secondary and tertiary alcohol
in the liver and then oxidized in ketone. In particular, N-butane can be
found in organs and blood in its original form, or as 2-butanol, 2-buta-
none, and methyl-ethyl-ketone [66]. Minimal exposure to butane de-
termines the rapid onset of euphoria and disinhibition as in asphyxia
induced by hanging [67,68]. Those sought-after psychedelic effects,
however, are often accompanied by hallucinations, ataxia, and behav-
ioral disturbances like those related to ethanol, delusions, and confusion
[4]. Shortly after the onset of the acute symptoms, the subject experi-
ences anoxia, tachycardia, hallucinations of all senses, ataxia, dissocia-
tion, hypoxia, tinnitus, nystagmus, and dizziness. These acute effects
start 5 min after exposure and may last between 15 and 45 min. Its ef-
fects depend on the duration, quantity, and concentration of butane
inhalation. Volatile substance abuse determines dose-dependent effects
similar to those of hypnosedatives. Seizure, coma, and sudden death
could be the life-threatening result of higher doses [63].

Moreover, chronic exposure to butane is associated with neurolog-
ical, psychiatric, hematological, renal, pulmonary, and cardiovascular
effects [69,70]. The clinical manifestations to be expected in abusers
who have survived an episode of acute intoxication are cardiac (dys-
rhythmias, direct myocardial toxicity, myopericarditis, etc.) and
neurological (ataxia, optic atrophy, sensorineural hearing loss, demen-
tia, peripheral neuropathy, tremor, loss of motor control, etc.) [56,57].

Among the 58 cases of death due to butane inhalation identified in
our research, and comprehensive of almost four decades of literature,
there were only 11 suicides. Still, most cases were accidental deaths of
chronic users or abusers of butane.

The exact mechanism of death that can occur after inhaling butane is
still not completely understood. Cardiac arrhythmia is considered the
most probable cause of death by inhalation of butane and overall vol-
atile substances, followed by anoxia, respiratory depression, and vagal
inhibition [71][44,70,72,73]. Butane also exerts effects on the central
nervous system: in the beginning, inhalation of butane can cause
excitatory effects on the central nervous system, followed by depressant
effects. N-butane and isobutane have particular repercussions on the
central nervous system comparable to that of an anesthetic or narcotic
[63]. A low concentration of butane gas seems to cause suppression of
the central nervous system while at higher concentrations it may act as a
narcotic [37].

Epidemiologically, it is reported that direct toxic effects include only
51 % of the death related to butane, followed by plastic bag asphyxia
(21 %), aspiration of gastric contents (18 %), injuries following traffic
accidents, hanging, and drowning [28].

Novosel et al. hypothesized that inhaling butane could sensitize the
myocardial cells to adrenaline, leading to a fatal arrhythmia due to the
sudden increase of this hormone in particular situations. For example,

11

Legal Medicine 69 (2024) 102442

events such as sudden fear, hard muscular exercise, running, or sexual
activities immediately after the inhalation of butane could result in fatal
arrhythmia [49]. It is suggested that auditory and visual hallucinations
experienced by inhalant abusers may also provoke disturbing fear and
abruptly increase the level of adrenaline [74]. Moreover, it has been
assumed that inhalation of a mixture of butane and propane could lead
to a massive catecholamine release, thus causing ventricular fibrillation
[39]. Congestion of the internal organs and within the mucosae may
indicate a primary cardiac reason [43]. Anoxia is the result of the total
depletion of oxygen by other gases, and it is usually associated with
bagging or inhaling volatile substances from a plastic bag. In this
instance, the individual, as a direct effect of the inhalants, tends to lose
consciousness and becomes incrementally more challenging to remove
the bag, resulting in anoxia and thus causing death [44]. Jackowski et al.
reported a case of hypoxia due to butane poisoning; they detected edema
of the brain and hypothesized it may be caused by hypoxia on the
grounds of respiratory depression or as a direct toxic effect of butane
[43]. Klitte reported a case of a young female suicide by inhaling insect
spray; an autopsy examination found agonal aspiration of gastric con-
tents into the upper airways [46].

In all case reports, toxicological analysis and circumstantial data had
crucial importance in defining the cause of death. Uchida et al. described
a case of accidental intoxication by aerosol deodorant. The diagnosis
was made by determining butane in blood samples, using quantitative
gas chromatography/mass spectrometry [62]. Fuke et al. reported a case
of a young male abuser of butane that died after sudden muscular ex-
ercise; they performed a quantitative gas chromatography analysis on
blood, brain, and lung tissues. Butane levels were in the range of fatal
cases; nevertheless, since the victim ran, these values were considered
not to determine a sedative effect on the central nervous system [25].

To facilitate the post-mortem investigations in the case of suspected
death due to butane inhalation overdose we provide the following rec-
ommendations. Firstly, a thorough crime scene investigation needs to be
performed. The forensic pathologist presents at the scene of the crime
must carefully examine the location and the corpse. In particular, he
should look for the presence of lighter refill canisters, butane gas can-
isters or camping stoves, air fresheners, or aerosol deodorants as well as
plastic bags, balloons, or cloths the subject might have used to inhale
volatile substances. Moreover, the first examination of the body should
evaluate the presence of conjunctival petechiae, lips, or nails cyanosis,
and signs of trauma. This research could be ineffective as most butane
gas victims do not show any external signs. Furthermore, the investi-
gator should collect information on the victim’s habit, history of drug
abuse, and history of depression or suicide attempts. If some of these
factors are present, death due to butane abuse can be reasonably
suspected.

During the external examination forensic pathologist should look for
the presence of petechiae of the conjunctiva, cyanosis, or abrasions. The
latter seems to be linked to the sudden loss of consciousness, typical of
inhalant abuse. Regrettably, the absence of evident pathognomonic
data, revealed by this review of the literature, limits the suggestions for
specific research to be conducted during autopsy. Still, sampling of the
different matrices (blood, vitreous humor, urine, lung, brain, fatty tis-
sue, and other organs) appears to be paramount to carrying out toxi-
cological investigations.

Butane determination is challenging due to its elimination process
between the intoxication period and the moment of death. It is elimi-
nated from organs and tissues and evaporates naturally after death and
before sampling or analysis. Currently, there isn’t a consistent method
for butane determination; therefore, a standardized protocol should be
implemented.

The following recommendations should be used when collecting
samples when there is a suspect of butane poisoning:

e The collection of samples should be performed using gastight vials.
e Multiple matrix samples should be collected.
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e Samples should be analyzed as soon as possible after collection.
e Samples should be stored at a temperature between —20 °C and
—30 °C, if analyses cannot be performed promptly [75,41].

It is recommended to collect gas samples from the bronchi, reducing
the possibility of contamination by exposing the main bronchi in situ
without manipulation of the respiratory tract [75]. One of the most used
matrices for the research of butane is blood. However, butane concen-
trations in blood and their interpretation are questionable considering
the influence of metabolic enzymes, gender differences, and possible
exposure to alcohol or other drugs [16]. Concentrations in the blood can
also be significantly reduced because of resuscitation attempts [33].
Moreover, butane clearance from blood appears to be very rapid, so
much so that its concentration in the blood tends to decrease very
rapidly. Sasao et al. reported on three cases of butane poisoning and
observed in all three that liver samples had high concentrations of
butane. Therefore, they suggested liver samples be viable substitutes
whenever blood isn’t available [53]. Because of the lipophilic nature of
butane, it is more likely retainable and stored in lipid-rich organs such as
the brain, spleen, liver, and kidney. Hence, sampling of cerebral mate-
rial, and those organs rich in lipids, is especially important to detect
volatile substances. Bugra et al stated that collecting cerebral samples to
perform the toxicological analysis is paramount because of butane’s
lipophilic nature, but also because of the enclosed environment of the
central nervous system, which acts by slowing down the release of these
kinds of substances after death [34]. As a consequence, some studies
suggest using a butane’s brain/blood concentration ratio as it might be
useful to presume the circumstances and timing of death. This ratio,
according to El Balkhi et al, ranges from 0.75 to 4.45. This is a practice
usually employed in those cases of intoxication by toluene, to estimate
blood toluene concentrations at the time of death [33]. However, the
scientific community is in disagreements about the usefulness of the
brain/blood ratio in the evaluation of deaths from butane: in actuality,
Shintani-Ishida et al., in their work, found that there is no correlation
between the brain/blood ratio of butane and survival time. To support
that assumption, they reported an interesting experiment conducted on
baboons who received !'C-labeled butane via inhalation. These tests
demonstrated that the passage of butane through the blood-brain bar-
rier appears to be inefficient, thus resulting in an uneven distribution of
the substance in the brain [54].

According to Sato et al., adipose tissue should be the first choice for
analysis whenever the subject survived for a long period after exposure
to butane gas [54]. A higher ratio of fatty tissues to blood butane con-
centration could be compatible with a long survival time [58]. In
particular, Shintani-Ishida et al. individuated a fat/blood ratio of 20 in
the case of a man who survived hours after butane inhalation. In
contrast, it was 14 or less in case of acute death [56]. Such results
allowed authors to identify a value of 20 for those cases that can be
considered borderline between an acute and a non-acute decease. Ho-
mogeneous concentrations of the gas in different matrices are believed
to be an indication of rapid diffusion, but also the absence of accumu-
lation or elimination of butane. Moreover, the absence of butane in the
vitreous humor and a minimum amount of it in the urine could indicate
that death occurred relatively quickly after inhalation [52]. Concerning
the research of butane metabolites, this process often seems to be un-
reliable. As stated by Statheropoulos et al., lastly, some volatile organic
compounds, such as 2-butanone, can be found by cause of the early
stages of human decomposition [76].

The study of histological specimens using traditional staining and
immunohistochemical techniques is necessary to suspect the patholog-
ical mechanism supported by VSA. Hypoxic-ischemic brain damage due
to gas inhalation or baggig has been associated with a specific ’butane
inhalation encephalitis’ [8,10,44,77,78]. Purkinje cells in the cere-
bellum and perineuronal satellitosis lesions have been described. In
addition, the study of cardiac specimens may be useful in revealing early
ischaemic damage in cardiac death due to the increased action of
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catecholamines [34]. Conversely, the study of airways and lung paren-
chyma can reveal pulmonary oedema and congestion, rupture of septa
with alveolar hemorrhages and aspirated amorphous material, mucus,
neutrophils, eosinophils, and mast cells [21]. These findings are also
useful in survival cases, where they can be helpful in dating pneumonias
from butane or other volatile solvents that lead to the subject’s death
later. Several cases have been described as sudden death syndrome. In
these cases, where the pathophysiological mechanisms occur in a very
short time, the assessment of the causal sequence is complex [21].
Especially when the mechanism is mixed, hypoxic and from butane
intoxication, as in the case of buggig. Many of the different microscopic
findings are non-specific [35], however, it can be used in conjunction
with other relevant information to distinguish chronic abuse from recent
intake. In chronic abusers, both Hypoxic-ischemic brain damage and
repeated infarctions can lead to death.

5. Conclusions

This work reviewed 58 cases of sudden death due to butane inhala-
tion, whether it was used as a substance of abuse, with a suicidal pur-
pose, or in a work environment. It showed that, when butane
intoxication is suspected, the diagnosis of death may be difficult to be
carried out. The investigation must include a thorough crime scene
analysis, autopsy, and specific toxicological analysis has to be performed
on samples stored in sealed vials. While investigating the scene of a
crime the pathologist must pay attention to all the elements that can
support the hypothesis of death due to butane inhalation. These include
the presence of butane gas canisters, lighter refill canisters, aerosol
deodorant or air fresheners, and plastic bags, cloths, or tubes connected
to the canisters. Circumstantial data may offer crucial information too.
The autopsy may provide unspecific macroscopic and microscopic
findings, such as congestion of visceral organs, pulmonary edema, and
signs of myocardium necrosis. Toxicological investigations can have a
critical role, even though butane levels can be affected by perimortem,
post-mortem, and decomposition phenomena. Another limitation that
makes it difficult to interpret toxicological results is the lack of a
threshold that can be associated with severe toxicity. It is established
that butane is eliminated from organs and tissues after death and
evaporates before sampling or analysis. Therefore, this kind of analysis
should be conducted rigorously, and samples should be collected
limiting the contamination as much as possible, especially when col-
lecting gas samples from the bronchi. The specimens should also be
stored properly and analyzed as soon as possible to reduce the evapo-
ration and dispersion of the gas. The novelty of our investigation resides
in tackling the intricate task of determining the toxicological thresholds
and lethal concentrations of butane contributing to fatal outcomes.
Similar to other substances, butane intoxication and fatalities are iden-
tified through the correlation between gas inhalation and clinical/
postmortem evidence. Furthermore, this work highlights the relevance
of early autopsy investigation and collaboration with the toxicology
laboratory to reduce significant post-mortal alteration in the samples to
be analyzed.
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