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ABSTRACT 
Introduction: The deliberate inhalation of volatile substances for their psychotropic properties is a rec-
ognised public health issue that can precipitate sudden death. This study aimed to describe the epi-
demiological characteristics and survival outcomes of patients with out-of-hospital cardiac arrests 
following volatile substance use.
Methods: We conducted a retrospective cohort analysis of all out-of-hospital cardiac arrest attended 
by the Queensland Ambulance Service over a ten-year period (2012-2021). Incidents were extracted 
from the Queensland Ambulance Service cardiac arrest registry, which collects clinical information 
using the Utstein-style guidelines and linked hospital data.
Results: During the study period, 52,102 out-of-hospital cardiac arrests were attended, with 22 (0.04%) 
occurring following volatile substance use. The incidence rate was 0.04 per 100,000 population, with 
no temporal trends identified. The most commonly used product was deodorant cans (19/22), fol-
lowed by butane canisters (2/22), and nitrous oxide canisters (1/22). The median age of patients was 
15 years (interquartile range 13–23), with 14/22 male and 8/22 Indigenous Australians. Overall, 16/22 
patients received a resuscitation attempt by paramedics. Of these, 12/16 were bystander witnessed, 
10/16 presented in an initial shockable rhythm, and 9/16 received bystander chest compressions. The 
rates of event survival, survival to hospital discharge, and survival with good neurological outcome 
(Cerebral Performance Category 1–2) were 69% (11/16, 95% CI 41–89%), 38% (6/16, 95% CI 15–65%) 
and 31% (5/16, 11–59%), respectively. Eight patients in the paramedic-treated cohort that used hydro-
carbon-based products were administered epinephrine during resuscitation. Of these, none subse-
quently survived to hospital discharge. In contrast, all six patients that did not receive epinephrine 
survived to hospital discharge, with 5/6 having a good neurological outcome.
Conclusion: Out-of-hospital cardiac arrest following volatile substance use is rare and associated with 
relatively favourable survival rates. Patients were predominately aged in their adolescence with 
Indigenous Australians disproportionately represented.
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Introduction

Acknowledged as a significant public health issue amongst 
adolescent populations, volatile substance use is characterised 
by the intentional inhalation of a vaporous chemical to achieve 
a state of disinhibition and euphoria [1,2]. Used recreationally 
for their psychoactive effects, exposure to these substances 
can result in irreversible neurocognitive impairment and car-
diac aberrancy inducing sudden out-of-hospital cardiac arrest 
[3–5].

Volatile substance use is an umbrella term that encom-
passes the inhalation of a diverse group of compounds 
found typically in household or industrial products. The 
chemical structure and pharmacological properties of these 
substances are heterogenous in nature and unlike other 
classifications of drugs, are categorised by their route of 

administration – inhalation [6]. Commonly used products 
include nail polish remover (acetone), deodorant/hairspray 
(butane), petrol (hydrocarbons) and glue/adhesives (toluene) 
[7,8]. Inhalation primary occurs through three main modal-
ities, these being: (i) “bagging” (pouring or spraying the sub-
stance into a plastic bag; (ii) “huffing” (placing a cloth 
soaked in the substance over the mouth or nose); and (iii) 
“sniffing” (directly inhaling the substance from a container) 
[4,9,10]. Unlike other recreational drugs, use peaks in adoles-
cence, before sharply declining in adulthood as illicit sub-
stances become more readily accessible [2]. In Australia, it is 
estimated that 4.8% of the population aged 14 years and 
older have used a volatile substance at least once in their 
life, nearly four times higher than rates of heroin use [11].

Out-of-hospital cardiac arrest precipitated by volatile sub-
stance use has been reported in the medical literature since 
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the early 1970s, with this phenomenon colloquially referred to 
as “sudden sniffing death syndrome” [12]. The pathophysi-
ology behind this is poorly understood, though ventricular 
dysrhythmias and myocardial toxicity are commonly postu-
lated mechanisms. There is growing evidence that the inhal-
ation of volatile substances sensitises the myocardium to 
circulating catecholamines, to an extent where a sudden surge 
in endogenous catecholamines following physical exertion or 
excitement may induce fatal dysythmias [13]. These agents are 
also believed to generate malignant rhythms by precipitating 
conduction abnormalities such as QT interval prolongation or 
triggering coronary spasm [5,14,15]. These pathways have 
been demonstrated to occur in the absence of chronic or 
repetitive exposure, with 36% of sudden deaths believed to 
occur in first-time users [16]. Current literature on this topic is 
limited to hospital-based case reports and coronial death 
registries, with limited out-of-hospital data available [17,18]. 
Examining this patient cohort specifically may assist in identi-
fying at risk groups, developing harm mitigation initiatives and 
guide clinical management strategies.

We report the epidemiological characteristics and survival 
outcomes of patients that experience an out-of-hospital car-
diac arrest following volatile substance use. Additionally, we 
describe the out-of-hospital clinical management provided 
including the administration of epinephrine.

Methods

Study design

This is a retrospective analysis of all out-of-hospital cardiac 
arrests that occurred following volatile substance use 
attended by paramedics in Queensland over a ten-year 
period (1 January 2012 − 31 December 2021). The study 
cohort was extracted from the Queensland Ambulance 
Service out-of-hospital cardiac arrest registry, which prospect-
ively records the demographic characteristics and clinical 
management provided to all consecutive out-of-hospital car-
diac arrests attended in the state of Queensland. This study 
was approved by the Children’s Health Queensland Hospital 
and Health Service Human Research Ethics Committee 
(HREC/21/QCHQ/89486).

Setting

The Queensland Ambulance Service is the sole acute ambu-
lance agency within Queensland, Australia and provides uni-
versal emergency healthcare to a population of 
approximately 5.3 million. Providing clinical services from 
302 unique response locations, the Queensland Ambulance 
Service is responsible for a geographical region of 1.7 million 
km2. The Queensland Ambulance Service utilises a two-tier 
response model that consists of Advanced Care Paramedics 
and Critical Care Paramedics, both of which require registra-
tion with the Australian Health Practitioner Regulation 
Agency. When attending an out-of-hospital cardiac arrest, 
Advanced Care Paramedics are authorised to provide 
advanced life support interventions (i.e., intravenous drug 

administration, intravenous epinephrine and amiodarone, 
supraglottic airway devices) while critical care paramedics pro-
vide additional supplementary therapies (i.e., intraosseous 
drug administration, endotracheal intubation). Both Advanced 
Care Paramedics and Critical Care Paramedics can autono-
mously decide to withhold commencing a resuscitation 
attempt if any of the following circumstances are met: (i) the 
patient presents with obvious signs of death such as decom-
position, hypostasis and/or rigor mortis; (ii) the patient 
presents with injuries that are incompatible with life such as 
decapitation, cranial destruction or incineration; (iii) commenc-
ing cardiopulmonary resuscitation (CPR) may endanger the 
attending paramedic; and (iv) where a lawful direction to with-
hold CPR is provided [19]. All Queensland Ambulance Service 
paramedics use the corpuls3 defibrillator and monitor unit, 
which provides biphasic waveform electrical shocks at a fixed 
200j. All Queensland Ambulance Service paramedics provide 
clinical care in accordance with an overarching out-of-hospital 
cardiac arrest clinical practice guideline which is informed by 
the treatment recommendations of the Australian 
Resuscitation Council (https://www.anzcor.org/) and 
International Liaison Committee on Resuscitation (https://ilcor. 
org/publications). Briefly, this involves an adapted standard 
advanced life care support regime that recommends the 
administration of intravenous or intraosseous epinephrine 
after six minutes of resuscitation and the administration of 
amiodarone to patients that remain in a shockable rhythm 
that is refractory to defibrillation.

Data sources and definitions

The Queensland Ambulance Service out-of-hospital cardiac 
arrest registry is a statewide, population-based database that 
contains 234 unique variables that are collected in accordance 
with the Utstein-style guidelines [20]. An in-depth description 
of the registry has been described previously [21,22]. Briefly, 
the registry is comprised of information from various data 
sources which include the initial emergency call-talking pro-
cess, clinical documentation detailing the circumstances of the 
out-of-hospital cardiac arrest and management provided dur-
ing the index event, and linked hospital records. To ensure the 
veracity of data, information is entered into the registry by 
trained data-entry officers who utilise a strict coding 
dictionary.

In this study, out-of-hospital cardiac arrests were defined 
as having occurred following volatile substance use if there 
was clear evidence the cardiac arrest was preceded by delib-
erate exposure to a volatile substance. Incidents were consid-
ered to meet this criterion if the attending paramedic 
documented the presence of corresponding paraphernalia 
on scene (e.g., patient found with an open petrol container; 
patient found with a deodorant can and cloth material) or 
detailed clear circumstantial evidence indicating volatile sub-
stance  use occurred immediately prior to the out-of-hospital 
cardiac arrest (e.g., bystander on scene stated the patient 
was inhaling a volatile substance before collapsing). Patients 
were initially flagged for inclusion in this study by text min-
ing clinical information contained within the Queensland 
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ambulance service out-of-hospital cardiac arrest registry. This 
occurred using search terms developed a priori after review-
ing known cases and terminology used in published litera-
ture. An additional chart review was then performed 
independently by two authors (BVS, AR) to confirm the inclu-
sion criterion was met, with complete consensus reported.

The survival outcomes of patients that received a resusci-
tation attempt by paramedics (paramedic-treated) were ana-
lysed, with the following variables reported: “survived event” 
(defined as a return of spontaneous circulation on hospital 
arrival), “survived to hospital discharge” (defined as dis-
charged alive following the hospital episode of care), and 
“survived with good neurological outcome” (defined as a 
Cerebral Performance Category score of 1-2 on discharge). 
Patients of Aboriginal and/or Torres Strait Islander heritage 
were described as Indigenous Australians [23]. Resuscitation 
duration was defined as the period between initiation of 
resuscitation to the achievement of sustained return of spon-
taneous circulation or the discontinuation of resuscitative 
measures [24].

Statistical analysis

Categorical variables were reported as counts and percen-
tages, while continuous variables were described as medians 
and interquartile range (IQR). Temporal trends of the annual 
prevalence rate were examined using the Cochran-Armitage 
test for trends. Survival rates were reported as proportions 
with 95% confidence intervals (CI). Crude incidence rates 
were calculated using the Australia Bureau of Statistics popu-
lation estimates (https://www.abs.gov.au). Geographical 
remoteness was determined using the postcode of the 
address where the out-of-hospital cardiac arrest incident 
occurred, as defined by the Australia Statistical Geography 
Standard [25]. Consistent with our prior work, regional and 
remote locations were combined and described as “rural” 
[26]. The relative socio-economic status of the geographical 
area where the out-of-hospital cardiac arrest occurred was 
determined using the Australia Bureau of Statistics Index of 
Relative Socio-economic Advantage and Disadvantage. 
Briefly, this index defines the accessibility to material and 
social resources in a particular geographical area. In this 

study, we defined areas with an Index of Relative Socio-eco-
nomic Advantage and Disadvantage decile of 9-10 as the 
most relatively advantaged while locations with a decile of 
1-2 were considered the most disadvantaged [27]. All statis-
tical tests were two-sided, with a P value less than 0.05 con-
sidered statistically significant. All analyses were undertaken 
using SPSS (version 28, IBM, New York, USA).

Results

Patient characteristics

During the ten-year study period, 52,102 out-of-hospital car-
diac arrests were attended of which 22 (0.04%) were identi-
fied to be volatile substance use-related. The most 
commonly used product was deodorant cans 19/22 (86%), 
followed by butane canisters (9%) and nitrous oxide canisters 
(5%) (Figure 1). Use was predominately performed by 
“huffing” (82%), with “sniffing” (14%) and “bagging” (5%) the 
other modalities observed. The overall incidence rate across 
the period of the study was 0.04 per 100,000 population, 
with no significant changed observed over time (P for trend 
¼ 0.752). The median age of patients was 15 years (IQR 13- 
23 years), with 14 (64%) males and eight (36%) Indigenous 
Australians. Most incidents occurred in metropolitan areas 
(64%), with eight (36%) occurring in areas of socioeconomic 
disadvantage (Table 1). Automated external defibrillators 
were not used on any patients prior to the arrival of para-
medics. Overall, 73% (16/22) patients received a resuscitation 
attempt by paramedics with the remaining six patients 

Figure 1. Study cohort and products misused. 

Table 1. Characteristics of all patients (paramedic-attended).

Variable Overall, n¼ 22

Age in yearsa 15 (13–33)
Male sex, n (%) 14 (64)
Indigenous Australian, n (%)b 8 (36)
Geographical location, n (%)

Metropolitan 14 (64)
Rural 8 (36)

Socio-economic status, n (%)
Most disadvantaged 8 (36)
Most advantaged 5 (23)

Resuscitation attempt by paramedics, n (%) 16 (73)
aShown as median (interquartile range).
bIdentifies as Aboriginal and/or Torres Strait Islander. 

CLINICAL TOXICOLOGY 651



declared deceased on arrival and presented with obvious 
signs of death.

Amongst the paramedic-treated cohort, 12/16 (75%) were 
bystander witnessed, 10/16 (63%) presented with an initial 
shockable rhythm (ventricular fibrillation/tachycardia), and 
nine (56%) received bystander CPR. The median response 
time to these patients was 6 min (IQR 4–8 min), while the 
median resuscitation duration was 19 min (IQR 10–36). 
Epinephrine was administered to 10 (63%) patients, with the 
median dose provided 5 mg (IQR 0-1mg). Two patients 
(12.5%) were administered amiodarone during resuscitation. 
Physical exertion immediately prior to the cardiac arrest was 
witnessed by bystanders present on scene for six (38%) 
patients. This included four patients who were observed to 
run a short distance before collapsing and two patients who 
were involved in a physical altercation (Table 2).

Survival outcomes

For patients in the paramedic-treated cohort, the rates of 
event survival, survival to hospital discharge and 
survival with good neurological outcome were 69% (11/16, 
95% CI 41–89%), 38% (6/16, 95% CI 15–65%) and 31% (5/16, 
11–59%) respectively. Patients that survived to hospital dis-
charge had a shorter median duration of resuscitation in 
comparison to patients who died (11 min vs 26 min). 
Amongst the paramedic-treated cohort, eight patients that 
used hydrocarbon-based products were administered epi-
nephrine during resuscitation. Of these none survived to hos-
pital discharge. In contrast, all patients who did not receive 
this therapy (6) survived to hospital discharged, and 5/6 sur-
vived with good neurological outcome.

Discussion

Out-of-hospital cardiac arrest following volatile substance 
use appears to be rare, representing 0.04% of all paramedic- 
attended cardiac arrests in Queensland over the ten-year 
study period. Patients that experienced these events were 
predominately male and aged in their adolescence, with 
Indigenous Australians disproportionately overrepresented. 
Although Indigenous Australians represent approximately 5% 
of the general population in our jurisdiction, they comprised 
36% of the study cohort [28]. Rates of volatile substance use 
are known to be inordinately high amongst this cohort and 
is believed to be influenced by a myriad of psychosocial fac-
tors [29]. Consequently, the overrepresentation of Indigenous 
Australians in our study reinforces the ongoing requirement 
for robust data collection and evidence-informed primary 
prevention strategies

The majority of patients in our study received a resuscita-
tion attempt by paramedics with surprisingly favourable sur-
vival outcomes observed. In patients who received 
resuscitative measures, 69% survived the index event with 
38% subsequently surviving to hospital discharge. Notably, 
31% of patients were discharged from hospital with a favour-
able neurological outcome. This suggests that patients who 
experience an out-of-hospital cardiac arrest following volatile Ta
bl
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substance use are a highly salvageable cohort that are 
responsive to resuscitative measures. These favourable sur-
vival outcomes are likely attributable to a high proportion of 
patients (63%) presenting in an initial rhythm amenable to 
defibrillation which is acknowledged as the strongest pre-
dictor of survival following an out-of-hospital cardiac arrest 
[30,31]. Additionally, a high number of these events were 
witnessed by a bystander (75%) and subsequently received 
bystander CPR (56%). Early recognition of a cardiac arrest 
and the commencement of bystander-initiated resuscitation 
are key components of the chain of survival and are known 
determinants of survival [32–34]. In our jurisdiction, it is esti-
mated that approximately 70% of the adult population have 
received some form of training in basic resuscitation [35]. 
Given the relatively young age of patients, it can also be 
assumed the prevalence of significant comorbidities were 
low which may also have attributed to the high survival 
rates.

As prior literature on this patient cohort is limited to hos-
pital-based case reports, comparison of survival outcomes 
and epidemiological characteristics are not possible. With 
consideration to the Utstein template, patients that deterior-
ate into out-of-hospital cardiac arrest following volatile sub-
stance use can be considered a unique subset of the 
“overdose” aetiology classification. Briefly, this category is 
used to encompass cardiac arrests that occur following the 
deliberate or unintentional overdose of prescribed medica-
tions, recreation drugs or ethanol [20]. In a recently pub-
lished meta-analysis, the pooled survival with a favourable 
neurological outcome for patients that experience an out-of- 
hospital cardiac arrest precipitated by drug overdose was 
6%, nearly five-times lower than results reported in our study 
[36]. This significant discordance may be explained by the 
underlying mechanism of action of the substances involved. 
The vast majority of cardiac arrests that occur secondary to 
drug overdoses involve opioids or synthetic derivatives 
which induce respiratory depression and progressive hypox-
aemia [37]. Consequently, these patients predominately pre-
sent in a non-shockable rhythm, a discernible difference to 
the cohort we report and likely explains the differences in 
survival rates.

Interestingly, we report that patients who used hydrocar-
bon-based products and received epinephrine had lower sur-
vival rates than those who did not receive this therapy. 
Previous literature suggests the administration of epineph-
rine and other sympathomimetic drugs during resuscitation 
should be avoided given volatile substances hypothesised 
mechanism of action [5,13]. This recommendation is based 
on expert opinion and driven by the biological plausibility 
that further exogenous epinephrine to already sensitised 
myocytes may worsen cardiac dysfunction [17]. To date, we 
are unaware of any prior research that has reported on the 
utility of epinephrine in this patient cohort. We believe our 
results provide weak evidence that epinephrine should be 
withheld to these patients, though acknowledge the limita-
tion of observational data that is prone to resuscitation time 
bias [38]. This can result in interventions that are provided 
during cardiac arrest being biased towards a negative 

treatment effect. In this study, patients that responded to 
defibrillation were not administered epinephrine and conse-
quently the provision of this drug infers a prolonged period 
of resuscitation which likely contributes to the negative asso-
ciation with survival that is reported [39]. We recommend 
further research is undertaken to confirm these findings.

Aerosol deodorant cans were the predominant used prod-
uct and were implicated in 86% of the out-of-hospital cardiac 
arrests reported. Comprised of organic hydrocarbons com-
pounds which are used for their propellant effect, deodorant 
cans are a common household product that can be readily 
purchased at most supermarkets or general retailers. In com-
parison, other household and industrial products were rarely 
used by patients in our study, with butane canisters and 
nitrous oxide canisters involved in just two and one cases, 
respectively. As these products can only be purchased from 
select specialty stores or online through the internet in our 
jurisdiction, it is possible that the low number of out-of-hos-
pital cardiac arrests we observed involving these products 
may be due to the reduced accessibility rather than a reflec-
tion of their perceived lethality when used. In a recent ana-
lysis of the national coronial death registry, aerosol 
propellants were reportedly attributable to only 13% of all 
volatile solvent use-related fatalities [18]. Interestingly, cigar-
ette lighter canisters and petrol (gasoline) were responsible 
for the majority of deaths reported to the national coronial 
service, however neither of these products were misused by 
patients in our cohort. The discordance between our results 
and the findings of this study may be the result of supply 
disruption and production modification strategies that have 
been enacted in our jurisdiction in comparison to other 
states and territories in Australia. In a number of commun-
ities in Queensland, low aromatic fuel has been introduced 
which has resulted in a significant reduction in petrol mis-
use [40].

The overall incident rate of out-of-hospital cardiac arrest 
due to volatile substance use has remained unchanged over 
the ten-year study period. While this is a positive finding, we 
believe further harm mitigation actions are required to min-
imise the likelihood of future events. An often-overlooked 
element of ameliorating out-of-hospital cardiac arrest survival 
is implementing targeted strategies to prevent the index 
event from occurring [41]. We believe this is particularly per-
tinent for this cohort of patients given these events occur 
secondary to preventable misadventure. In our jurisdiction, it 
is currently a criminal offence for a vendor to sell a poten-
tially harmful volatile substance to another individual if they 
believe the individual intends to inhale or ingest the product 
[42]. This has resulted in aerosol deodorant cans being 
stored in locked cabinets in retail stores that are located in 
areas that are known to have high rates of volatile substance 
use [43]. Implementing strategies to reduce misappropriation 
and consequently minimise the likelihood of further out-of- 
hospital cardiac arrest that occur secondary to this require a 
multifaceted and targeted response by the broader health-
care system.

This study should be interpreted in the context of the fol-
lowing limitations. Chiefly, the unavoidable methodological 
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constraints associated with the retrospective study design. 
Additionally, as incidents were identified for inclusion by text 
mining the clinical documentation of paramedics completed 
for purposes other than research, it is possible some inci-
dents may have been inadvertently excluded or under- 
reported. As this study does not include linked post-mortem 
toxicology results or autopsy reports, the concordance 
between incidents included and national coronial datasets 
cannot be quantified. The findings reported in this study are 
limited by the small sample size which has prohibited more 
sophisticated analysis being performed. We intend to address 
this in future works through collaborating with other ambu-
lance services.

Conclusion

Out-of-hospital cardiac arrest following volatile substance use is 
a rare event that is associated with relatively favourable survival 
outcomes when out-of-hospital resuscitation is performed. 
Patients were predominately aged in their adolescence with 
Indigenous Australians disproportionately represented. 
Targeted public education and risk mitigation initiatives may 
assist in preventing future out-of-hospital cardiac arrests sec-
ondary to this cause.
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