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ABSTRACT

Introduction: Cannabis is the most common recreational drug worldwide and synthetic cannabinoid
receptor agonists are currently the largest group of new psychoactive substances. The aim of this
study was to compare the clinical features and outcomes of lone acute cannabis toxicity with lone
acute synthetic cannabinoid receptor agonist toxicity in a large series of presentations to European
emergency departments between 2013-2020.

Methods: Self-reported drug exposure, clinical, and outcome data were extracted from the European
Drug Emergencies Network Plus which is a surveillance network that records data on drug-related
emergency department presentations to 36 centres in 24 European countries. Cannabis exposure was
considered the control in all analyses. To compare the lone cannabis and lone synthetic cannabinoid
receptor agonist groups, univariate analysis using chi squared testing was used for categorical varia-
bles and non-parametric Mann-Whitney U- testing for continuous variables. Statistical significance was
defined as a P value of < 0.05.

Results: Between 2013-2020 there were 54,314 drug related presentations of which 2,657 were lone
cannabis exposures and 503 lone synthetic cannabinoid receptor agonist exposures. Synthetic canna-
binoid receptor agonist presentations had statistically significantly higher rates of drowsiness, coma,
agitation, seizures and bradycardia at the time of presentation. Cannabis presentations were signifi-
cantly more likely to have palpitations, chest pain, hypertension, tachycardia, anxiety, vomiting and
headache.

Discussion: Emergency department presentations involving lone synthetic cannabinoid receptor agon-
ist exposures were more likely to have neuropsychiatric features and be admitted to a psychiatric
ward, and lone cannabis exposures were more likely to have cardiovascular features. Previous studies
have shown variability in the acute toxicity of synthetic cannabinoid receptor agonists compared with
cannabis but there is little comparative data available on lone exposures. There is limited direct com-
parison in the current literature between lone synthetic cannabinoid receptor agonist and lone canna-
bis exposure, with only two previous poison centre series and two clinical series. Whilst this study is
limited by self-report being used to identify the drug(s) involved in the presentations, previous studies
have demonstrated that self-report is reliable in emergency department presentations with acute drug
toxicity.

Conclusion: This study directly compares presentations with acute drug toxicity related to the lone
use of cannabis or synthetic cannabinoid receptor agonists. It supports previous findings of increased
neuropsychiatric toxicity from synthetic cannabinoid receptor agonists compared to cannabis and pro-
vides further data on cardiovascular toxicity in lone cannabis use.
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Introduction

Cannabis is reported by the United Nations Office on Drugs
and Crime (UNODC) as being the most commonly used recre-
ational drug worldwide, with an estimated global annual
prevalence of use of 3.98% in adults aged 15 — 64years in
2019 [1]. In Europe in 2022 cannabis use in young adults
aged 15-34years was estimated to be 15.1%, and 2.1% of
young adults aged 15-34years used cannabis on 20 or more
days in the last month [2]. Cannabis use is generally regarded
as being associated with a low risk of acute toxicity [3] and
patients presenting to the emergency department with acute
cannabis toxicity typically present with nausea and vomiting,
anxiety, palpitations and agitation [4,5]. However, cases of
severe toxicity are reported in most of the large series of
acute cannabis toxicity with seizures, syncope, acute coronary
syndrome, dysrhythmias and fatalities reported from lone can-
nabis use [3-8]. Recent systematic reviews [9,10] confirm that
cannabis use is associated with an increased risk of cardiac
dysrhythmias and acute coronary syndrome.

In the last 15 — 20years there has been increasing availabil-
ity of a wide range of different new psychoactive substances,
with 1,047 new psychoactive substances reported worldwide to
the end of December 2020 [1]. The synthetic cannabinoid
receptor agonists (SCRAs) are the largest group of new psycho-
active substances both in terms of the number of substances
and in terms of the number and volume of new psychoactive

substances seizures and, in Europe, 98 new synthetic cannabin-
oid receptor agonists were reported in 2021 and 24 in 2022
[1,2]. In addition to being the largest group of new psycho-
active substances, synthetic cannabinoid receptor agonists are
involved in the greatest proportion of deaths and emergency
hospital presentations [1,2,11]. Despite this, data do not sug-
gest that synthetic cannabinoid receptor agonists are as com-
monly used as cannabis; for example, in England and Wales in
2018, 0.5% of the adult population reported use of synthetic
cannabinoid receptor agonists in the past year compared to
7.6% reporting past year use of cannabis [11]. The synthetic
cannabinoid receptor agonists have evolved since they first
emerged as recreational drugs in the mid-2000s [12], specific-
ally, the current third- and fourth-generation synthetic canna-
binoid receptor agonists have much greater binding affinity
and potency at the type 1 cannabinoid receptor (CB-1) com-
pared to type 2 cannabinoid receptors (CB-2) while the main
psychoactive component of cannabis, A°-tetrahydrocannabinol
is a partial CB-1 and CB-2 agonist [13,14]. A number of case
series have reported on the pattern of acute synthetic canna-
binoid receptor agonist toxicity with a broad range of clinical
features including tachycardia, hypertension, hypotension, chest
pain, acute kidney injury, seizures, agitation, psychosis and
coma [15-19]. Synthetic cannabinoid receptor agonists are
reported in large proportions of new psychoactive substance
related harms in Europe. In 2019, three quarters of the new
psychoactive substance related acute toxicity presentations in



the European Drug Emergencies Network (Euro-DEN) were
linked to synthetic cannabinoid receptor agonists [20].

There have been two studies which have compared the
acute toxicity of cannabis and synthetic cannabinoid receptor
agonists in patients presenting to emergency departments. A
small prospective cohort study compared clinical features in
17 patients with self-reported synthetic cannabinoid receptor
agonist use to 70 patients with self-reported cannabis use
[21]. This found agitation (odds ratio 3.8) and dysrhythmia
(odds ratio 9.2) were more common in the synthetic canna-
binoid receptor agonist group compared to the cannabis
group. The second study was a retrospective cohort study of
415 adolescent (aged between 13 and 19years old) exposures
investigating the neuropsychiatric sequelae of synthetic canna-
binoid receptor agonist toxicity in comparison with cannabis
exposures [22]. This study found that lone synthetic cannabin-
oid receptor agonist exposure was associated with higher
odds of a decreased level of consciousness (odds ratio 3.42)
and seizures (odds ratio 3.89) but less agitation (odds
ratio 0.18).

The European Drug Emergencies Network (Euro-DEN) is a
European surveillance network which collects data on presen-
tations to sentinel emergency departments with acute toxicity
related to the use of recreational drugs, new psychoactive
substances and the misuse of prescription medicines [23].
Since 2015 Euro-DEN has expanded as Euro-DEN Plus and by
the end of 2020 had data from 36 centres in 24 European
countries [24]. The aim of this study was to use these data to
compare the clinical features and outcomes in a large series
of presentations with lone acute cannabis toxicity and lone
acute synthetic cannabinoid receptor agonist toxicity.

Methods
Euro-DEN data collection methodology

Data are collected from the hospital medical record using a
purpose design minimum dataset on all presentations to
each Euro-DEN Plus sentinel site with acute recreational drug
toxicity [25]. We have previously reported detailed informa-
tion on the Euro-DEN Plus patient inclusion/exclusion criteria,
data collection methodology and local regulatory approval
processes [23-25].

Data extraction

Data were extracted from the Euro-DEN Plus dataset for all
presentations with acute toxicity related to self-reported lone
exposure to cannabis or lone exposure to a synthetic canna-
binoid receptor agonist from 1 October 2013 to 31 December
2020 (these are presentations where co-use of other recre-
ational drug(s), new psychoactive substances or alcohol
together with cannabis or a synthetic cannabinoid receptor
agonist were excluded). The data extracted were: age and sex,
whether the patient arrived in the emergency department by
ambulance, drug(s) taken, clinical observations at presentation,
whether pre-defined clinical features [23-25] were present at
any time during the presentation, and outcome (disposition
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from the emergency department, length of hospital stay, and
death in hospital). Within the Euro-DEN Plus dataset, the
drug(s) involved in the presentation are based on patient self-
report together with the clinical assessment of the treating
physician; if analytical toxicology screening is undertaken as
part of routine clinical care these data are recorded.

Data analysis

Categorical variables were expressed as absolute numbers
and percentages, and continuous variables as median and
interquartile range (IQR). For level of consciousness, some
centres record data as one of three categorical variables
(alert, drowsy or coma); whilst others record data in the form
of a Glasgow Coma Scale (GCS). In order to allow evaluation
of the data as a whole, data expressed as a GCS was con-
verted using the traditionally accepted ranges as alert (GCS
15), drowsy (GCS 9-14) and comatose (GCS < 8). Cannabis
exposure was considered the control in all analyses and to
compare the two groups, univariate analysis using chi
squared testing was used for categorical variables and non-
parametric Mann-Whitney U- testing was used for continuous
variables. Statistical testing was considered significant if the
P value was less than 0.05. Statistical analysis was performed
using RStudio 2022.07.1 Build 554.

Results

There were 54,314 acute drug toxicity presentations to the
Euro-DEN Plus sentinel centres between 01 October 2013
and 31 December 2020. Of these, 11,400 (21%) reported use
of cannabis and 1,973 (4%) reported use of synthetic canna-
binoid receptor agonists (Figure 1); after presentations with
co-use of other substances were removed, there were 2,657
(5%) presentations with self-reported lone cannabis use and
503 (1%) presentations with self-reported lone synthetic can-
nabinoid receptor agonist use.

A total of 36 Euro-DEN Plus centres provided data on canna-
bis and synthetic cannabinoid receptor agonist presentations
with the largest number of lone cannabis presentations to the
centre in Amsterdam, the Netherlands (807) and the largest
number of lone synthetic cannabinoid receptor agonist presen-
tations to the centre in Msida, Malta (284). Supplementary Table
S1 gives a breakdown of the number of cannabis, synthetic can-
nabinoid receptor agonist and total recreational drug toxicity
presentations to each centre. Whilst lone cannabis presentations
were reported at all Euro-DEN Plus centres, only 11 centres
reported lone synthetic cannabinoid receptor agonist presenta-
tions and five of these (Gdansk, Poland; Izmir, Turkiye; London
(St Thomas' Hospital), United Kingdom; Msida, Malta; and
Munich, Germany) had more lone synthetic cannabinoid recep-
tor agonist presentations than lone cannabis presentations.

The lone synthetic cannabinoid receptor agonist presenta-
tions more frequently involved male patients (88.9% versus
70.7%; P < 0.01) but there was no difference in the median
[IQR] age of presentations (26 [21-35] versus 25 [20-33],
P=0.054). The lone synthetic cannabinoid receptor agonist
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11,400

54,314 drug
related
presentations

1,973
used synthetic

used cannabis

2,657 lone
cannabis
exposures

Figure 1. Summary of cases included in the study.

Table 1. Clinical features of presentations.

cannabinoid
receptor agonists

503
lone synthetic
cannabinoid
receptor agonist
exposures

Cannabis Synthetic cannabinoid receptor agonist P value
Number (n) 2657 503
Cardiovascular
Heart rate (beats/min), median [IQR] 96 [80-113] 88 [75-104] <0.001
Palpitations, n (%) 537 (20.4%) 25 (5.2%) <0.001
Chest pain, n (%) 275 (10.4%) 25 (5.2%) <0.001
Hypertensive (systolic > 180 mmHg), n (%) 118 (4.4%) 6 (1.2%) <0.001
Tachycardic (> 150 beats/min), n (%) 1 (1.9%) 1 (0.02%) <0.001
Dysrhythmia, n (%) 1(1.7%) 4 (0.8%) 0.253
Hypotensive (systolic < 90 mmHg), n (%) 1(1.2%) 19 (3.8%) 0.09
Bradycardic (< 50 beats/min), n (%) 4 (0.9%) 11 (2.2%) 0.028
Cardiac arrest, n (%) 2 (0.1%) 0 -
Neurological
Level of Consciousness
Alert, n (%) 1991 (81%) 228 (47.3%) <0.001
Drowsy, n (%) 422 (17.2%) 236 (49.0%) <0.001
Coma, n (%) 6 (1.9%) 18 (3.7%) <0.001
Anxiety, n (%) 986 (37.4%) 6 (17.8%) <0.001
Agitation, n (%) 592 (22.4%) 205 (42.4%) <0.001
Hallucinations, n (%) 303 (11.5%) 0 (12.4%) 0.606
Psychosis, n (%) 334 (12.7%) 9 (16.4%) 0.033
Headache, n (%) 188 (7.1%) 13 (2.7%) <0.001
Seizures, n (%) 8 (2.6%) 9 (8.1%) <0.001
Hyperthermia, n (%) 4 (0.5%) 1 (0.2%) 0.553
Other
Respiratory rate (breaths/min), median [IQR] 16 [15-18] 16 [14-18] 0.061
Vomiting, n (%) 542 (20.6%) 73 (15.1%) 0.006

IQR: Interquartile range

presentations were more likely to arrive in hospital by ambu-
lance (85.1% versus 54.0%, P < 0.001).

The clinical features of the presentations are summarized
in Table 1. With regards to neuropsychiatric features, the
lone synthetic cannabinoid receptor agonist presentations
were more likely to be drowsy (49.0% versus 17.2%,
P <0.001) or comatose (3.7% versus 1.9%, P < 0.001). They
were also more likely to be agitated (42.4% versus 22.4%,

P <0.001), to have psychosis (16.4% versus 12.7%, P=0.033),
or have seizures (8.1% versus 2.6%, P < 0.001),; but the pro-
portions with hallucinations were similar (11.5% versus
12.4%, P=0.606), and anxiety was more common in the lone
cannabis presentations (37.4% versus 17.8%, P <0.001).
Vomiting (20.6% versus 15.1%, P=0.006) and headache
(7.1% versus 2.7%, P < 0.001) were more common in the lone
cannabis presentations.



Table 2. Outcomes.
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Cannabis Synthetic cannabinoid receptor agonist P value
Number (n) 2,657 503
Discharge destination*
Total hospitalised, n (%) 424 (16.0%) 181 (36.0%) <0.001
Medically discharged, n (%) 1971 (74.2%) 191 (38.0%) <0.001
Self-discharged against medical advice, n (%) 148 (5.6%) 130 (25.8%) <0.001
Admission to critical care, n (%) 30 (1.1%) 8 (1.6%) 0.198
Admission to psychiatry, n (%) 200 (7.5%) 78 (15.5%) <0.001
Admission to another ward, n (%) 194 (7.3%) 95 (18.9%) <0.001
Not recorded, n (%) 113 (4.2%) 1 (0.2%) -
Length of stay in hospital [h min] (median [IQR]) 3h 22 min [1h 55min-6h 14 min] 4h 5min [2h 24 min-17h 17 min] <0.001
Death (%) 3 (0.1%) 0 1

*cases may not add up to total cases because not all cases had recorded outcome data. IQR: Interquartile range.

There were two cardiac arrests in the cannabis group, one
of whom died, and no cardiac arrests in the synthetic canna-
binoid receptor agonist group. There were no differences in
the proportion of presentations with dysrhythmias between
the cannabis and synthetic cannabinoid receptor agonist
groups (1.7% versus 0.8%, P=0.253). The median heart rate
on presentation was greater in the cannabis presentations
(96 beats/min versus 88 beats/min, P < 0.001) and cannabis
presentations were more likely to present tachycardic (heart
rate > 150 beats/min) compared to synthetic cannabinoid
receptor agonist patients (1.9% versus 0.02%, P < 0.001).
Cannabis presentations were less likely to be bradycardic
(heart rate < 50 beats/min) on presentation than the syn-
thetic cannabinoid receptor agonist presentations (0.9% ver-
sus 2.2%, P=0.028). The cannabis group were more likely to
report palpitations (20.4% versus 5.2%, P <0.001) or chest
pain (10.2% versus 5.2%, P < 0.008). The proportion of pre-
sentations that developed hypertension (systolic >
180 mmHg) was greater in the lone cannabis group (4.4%
versus 1.2%, P < 0.001), whilst the proportion that developed
hypotension was not significantly different.

Outcome data are presented in Table 2. Lone cannabis pre-
sentations were more likely to be medically discharged from
the emergency department (74.2% versus 38.0%, P < 0.001),
but less likely to self-discharge (5.6% versus 25.8%, P < 0.001).
There was no difference in the proportion of presentations
admitted to critical care, but the lone synthetic cannabinoid
receptor agonist presentations were more likely to be admitted
to psychiatry (15.5% versus 7.5%, P < 0.001). Cannabis presen-
tations had a median length of stay that was 43 min shorter
than synthetic cannabinoid receptor agonist presentations (3 h
22 min versus 4h 5min, P<0.001). There were three deaths in
the lone cannabis group and no deaths amongst synthetic
cannabinoid receptor agonist presentations.

Discussion

This study has compared clinical features and outcomes of
lone synthetic cannabinoid receptor agonist and lone cannabis
acute toxicity presentations to the emergency department in
the Euro-DEN Plus dataset. Lone synthetic cannabinoid recep-
tor agonist presentations were more likely to have neuro-
psychiatric features including drowsiness/coma, seizures,
agitation, and psychosis. Lone synthetic cannabinoid receptor
agonist presentations were more likely to be admitted to a
psychiatric ward from the emergency department. Conversely,

lone cannabis presentations were more likely to have cardio-
vascular features including tachycardia, chest pain, palpitations,
and hypertension. Although there was a statistical difference in
the length of stay, with lone cannabis presentations having a
median length of stay 43 min shorter than lone synthetic can-
nabinoid receptor agonist presentations, this difference in
length of stay is unlikely to be of clinical significance.

Several retrospective reviews of data collected in calls
made to poison information services have examined the clin-
ical effects of exposure to synthetic cannabinoid receptor
agonists and cannabis. A retrospective review of calls to the
Texas poison centre network in 2010 compared clinical fea-
tures in 418 lone synthetic cannabinoid receptor agonist and
99 lone cannabis cases [26]. The cases identified in this poi-
son centre study with lone synthetic cannabinoid receptor
agonist toxicity had a similar increased neuropsychiatric tox-
icity (agitation/irritability, relative risk 2.37; hallucinations/
delusions relative risk 5.57) that was reported in our study,
however, this poisons centre study identified a higher rela-
tive risk of cardiovascular toxicity (tachycardia, relative risk
2.79) in the synthetic cannabinoid receptor agonist cases.
Analysis of 1,353 lone synthetic cannabinoid receptor agonist
exposure cases reported to the US National Poison Data
System between 1 January and 1 October 2010, the most
commonly reported clinical effects were cardiovascular
[tachycardia (40%), hypertension (8.1%), chest pain (4.7%)],
neuropsychiatric [agitation (23.4%), drowsiness (13.5%), con-
fusion (12%), hallucinations (9.4%), dizziness (7.3%), and seiz-
ures (3.8%)] or gastrointestinal [nausea (10%), vomiting
(15.3%)] [27]. In another study, there were 615 synthetic can-
nabinoid receptor agonist, cannabis and medical cannabis
cases referred to the Israeli Poison Information Centre
between 2007 and 2018 [28]. Although neurological toxicity
was the most commonly reported issue, there was no differ-
ence in the frequency of neurological toxicity between the
different cannabinoid presentations. It did find that synthetic
cannabinoid receptor agonist cases were more likely to have
cardiovascular (relative risk ratio 1.55, P< 0.01) and gastro-
intestinal (relative risk ratio 4.27, P <0.001) toxicity than rec-
reational cannabis cases [28].

Direct comparative data between cases of acute cannabis
and synthetic cannabinoid receptor agonist toxicity seen clinic-
ally rather than reported to poisons centres is limited. A litera-
ture review found two studies directly comparing the toxicity
of cannabis and synthetic cannabinoid receptor agonists
[21,22]. In 2016, a prospective cohort study of 87 patients in



6 M. L. WATERS ET AL.

New York directly compared the toxicity of 70 patients pre-
senting to an emergency department following the use of can-
nabis with 17 patients presenting following the use of
synthetic cannabinoid receptor agonists; it is not clear from
the published paper whether these were lone exposures or
whether patients had also used other recreational drugs and/
or new psychoactive substances [21]. This study reported a
greater proportion of cases with agitation (odds ratio 3.8) in
the synthetic cannabinoid receptor agonist presentations, sup-
porting our finding of an increased risk of neuropsychiatric tox-
icity related to synthetic cannabinoid receptor agonist use.
However, unlike our finding of increased risk of cardiovascular
toxicity in patients with lone cannabis use, this small United
States cohort study found that dysrhythmias (odds ratio 9.2)
were more common in synthetic cannabinoid receptor agonist
presentations compared to cannabis presentations.

In 2019, a retrospective cohort study using data from the
Toxicology Investigators Consortium (ToxIC) Case Registry
looked at a total of 415 adolescent (aged between 13 and
19years old) exposures to investigate neuropsychiatric sequelae
of synthetic cannabinoid receptor agonist toxicity in compari-
son with cannabis exposures [22]. The ToxIC registry included
presentations where the patient had a direct bedside clinical/
medical toxicology consultation. This identified four exposure
subgroups: lone synthetic cannabinoid receptor agonist
(n=107); synthetic cannabinoid receptor agonist polydrug
(n=38); lone cannabis (n=286); and cannabis polydrug
(n=117). Similar to our study, the ToxIC registry study reported
that lone synthetic cannabinoid receptor agonist use was asso-
ciated with a higher rate of seizures (odds ratio 3.89) and coma
(odds ratio 3.89) compared to lone cannabis use. However,
they reported that lone synthetic cannabinoid receptor agonist
use was associated with a lower rate of agitation (odds ratio
0.18) in comparison to our study where we found a higher rate
of agitation in the lone synthetic cannabinoid receptor agonist
group. One potential explanation for the differences between
the clinical features reported in the United States case series
compared to our case series of presentations across Europe is
the variability of the different individual synthetic cannabinoid
receptor agonists within the product(s) that are available within
different geographical regions [29-31].

The limitations of the Euro-DEN Plus project have been
previously discussed in other manuscripts published by our
group and resources [23,32]. The study methodology of the
Euro-DEN Plus registry, which uses self-reported drug(s) used
for the majority of patient presentations included, is the same
methodology as the ToxIC registry study [22]. There is the
potential that both our and the ToxIC registry studies may
under-identify presentations involving synthetic cannabinoid
receptor agonists as individuals may not be aware that they
have used them. It is unlikely that patients and/or others will
under-report cannabis use/exposure given the nature of can-
nabis, the way it is used and the smell associated with its use.
Some cases might involve multiple drugs, despite only one
being reported. For this analysis there is no information on
the nature of the synthetic cannabinoid receptor agonists, the
potency of the cannabis, the form or the route of administra-
tion. The potency of the cannabis used by the patients in this

series might have changed over time, reflecting changing in
the European drug market, but data were not available to
enable investigation of these issues. However, it should be
noted that the range of acute toxicity and frequency of occur-
rence seen in our patients with synthetic cannabinoid receptor
agonist toxicity is similar to that described in previous case
series of analytically confirmed synthetic cannabinoid receptor
agonist cases of acute toxicity [33].

Conclusion

This large study directly compares a series of presentations
with acute drug toxicity related to the lone use of cannabis
and the lone use of synthetic cannabinoid receptor agonists.
It provides further support to previous literature findings
that synthetic cannabinoid receptor agonists are more likely
to be associated with significant neuropsychiatric toxicity,
particularly in the form of seizures, agitation, drowsiness and
coma when compared with cannabis; and further highlights
the potential for cardiovascular toxicity associated with lone
cannabis use. This provides clinicians working in emergency
department settings data on the potential toxicity associated
with synthetic cannabinoid receptor agonists that they
should be aware of when managing these types of presenta-
tions. In addition, they enable those engaging with synthetic
cannabinoid receptor agonist users to provide accurate harm
reduction advice on the risks associated with their use.
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