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Summary
AIMS OF THE STUDY: The stimulant methamphetamine
(e.g., “crystal meth”) is a commonly abused drug in many
parts of the world and can cause significant health problems. The present study aims to describe presentations
with reported methamphetamine use at an urban emergency department (ED) in Switzerland, to investigate
prevalence, patterns and susceptible groups.
METHODS: Retrospective study at the ED of the University Hospital of Bern, Switzerland. Cases from June 2012 to
July 2019 were retrieved from the electronic patient database using full-text terms and were categorised into three
groups based on patient history: “acute”, if patients presented within 72 hours of last reported use, “chronic” in
cases of regular use but not within the previous 72 hours,
and “past” in cases of discontinued consumption. Cases with a positive methamphetamine urine drug screening
test with no further information available were described
separately.
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RESULTS: During the study period, 40 cases were categorised as “acute”. Among those, the mean age was 29.5
years (standard deviation [SD] 8.7), 75% (n = 30) were
male, and agitation (n = 11, 28%), hypertension (n = 11,
28%), tachycardia (n = 11, 28%), sleep disturbances (n =
10, 25%) and aggression (n = 8, 20%) were the most common symptoms. Most patients (n = 22, 55%) were medically discharged, but 35% (n = 14) were admitted to a psychiatric clinic. Most (n = 33, 82.5%) were polydrug users,
with alcohol, cocaine and cannabis being the most frequent co-used substances. The “chronic” group included
37 cases. Those patients were mostly male (n = 26, 70%),
with a mean age of 31 years (SD 11.0), and 46% (n = 17)
presented because of psychiatric symptoms, such as psychosis, depression or aggression. Of the 45 cases in the
“past” group (mean age of 30 years, SD 8.6), 69% (n = 31)
were male, and 49% (n = 22) and 24% (n = 11), respectively, had medical and psychiatric symptoms as the reason for admission. Of 61 cases with a positive urine drug

screening test as the sole indicator of methamphetamine
use, 19 patients reported MDMA use (cross-reactivity with
methamphetamine in the urine immunoassay used). In the
42 remaining cases, it was unclear if the positive result
was due to unreported methamphetamine use or cross-reactivity.
CONCLUSIONS: Most patients with reported methamphetamine use were young and male, with signs of sympathomimetic arousal and/or psychiatric symptoms. Although ED visits with reports of methamphetamine use
appear to be uncommon, consumption-related health
problems can require significant pre- and in-hospital resources.

Introduction
Methamphetamine is a potent sympathomimetic substance
and a highly addictive drug of abuse. It is the most widely
used stimulant and second most commonly used illicit drug
after cannabis worldwide [1]. Methamphetamine use is
most prevalent in North America, Oceania and South-East
Asia, but its global market has seen a steady increase and
a geographical expansion over the past two decades [2, 3].
Its synthesis is fairly simple, resulting in numerous smallscale producers and leading to an affordable and widely
available product [4]. It is a member of the phenylethylamine class and is a methylated derivative of amphetamine, but has more marked and longer lasting effects on
the central nervous system than some other amphetamines,
due to its high lipophilicity [5]. Methamphetamine can be
used as crystals (“crystal meth”, “ice”), powder (“speed”,
“crank”) [4] or tablets (“yaba”, “Pervitin” [6], “Thai pills”
[7]), and can be orally ingested, snorted, inhaled (smoked)
or injected intravenously [4, 5].
By increasing the intra-synaptic concentrations of
dopamine, noradrenaline and serotonin in the central nervous system, methamphetamine causes physical and psychological arousal [8]. Effects include decreased appetite
and drowsiness, increased alertness and concentration at
low doses, and euphoria, psychomotor activation and sex-
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ual arousal at higher doses [4, 9, 10]. Physical effects of
methamphetamine are a typical dose-dependent sympathomimetic toxidrome with mydriasis, hyperthermia, vasoconstriction, tachycardia and hypertension [4, 5]. This can
lead to hyperthermic or hypertensive crises, haemorrhagic
or ischaemic stroke, seizures, renal failure, vascular dissection, myocardial ischaemia, arrhythmia and sudden cardiac
death [4, 9, 11, 12]. The half-life of methamphetamine is
approximately 9–12 hours, but can vary considerably, and
many users consume it in “binges” (repetitive use every
few hours over several days) [4, 5]. Afterwards, a phase
called “tweaking” follows, which is characterised by anxiety, short-temper, compulsive behaviour, delusions and
paranoia [4, 8]. If no repeated administration follows, patients enter the “crash” phase, a period with prolonged,
restless sleep, which can last more than a day [4]. Withdrawal symptoms, such as depressed mood, suicidal
ideation, anxiety, disturbed sleep, strong drug craving and
cognitive impairment are most severe 24–72 hours after
the last administration, and gradually improve over 7–10
days [9, 12, 13]. Quick development of drug tolerance often leads to use of higher doses or more potent forms of the
drug (crystals rather than powder or tablet) and to transitioning from ingestion or smoking to injection [12]. Chronic methamphetamine use impairs executive function and
coping skills, which often presents with irritability, aggression, impulsivity and disorganisation [8]. Both intoxication
and withdrawal can produce symptoms resembling psychiatric disorders, such as psychosis and paranoia, and significant agitation and aggression [14–16]. It is often such
behavioural changes that lead to presentations to the emergency department (ED) [11].
In Western and Central Europe, methamphetamine use has
historically been high in the Czech Republic and Slovakia,
but increasing use of the drug has been reported throughout
Europe, especially in the eastern part of Germany, Greece,
Turkey and Northern Europe [17–21]. Since 2012, criminal offences (including use, possession, dealing, production and trafficking) related to methamphetamine have
seen an increase in Switzerland [22]. A study assessing
wastewater data and criminal offences showed a highly
regional distribution, with Neuchâtel, Biel, Zurich and St
Gallen showing the highest rates [23]. In 2013, two laboratories manufacturing methamphetamine were dismantled
in the Cantons of Bern and Aargau, which indicates a local market for the product [7]. To our knowledge, no Swiss
study has previously used an ED database as a source of
insight specifically into methamphetamine users and their
health problems, and ED-based studies about methamphetamine are sparse in Europe in general. The main objective
of this study was to collect systematic data on the prevalence, susceptible groups and patterns of ED presentations
with reported methamphetamine use at an urban ED in
Switzerland.

Materials and methods
This retrospective single-centre study involved a review of
medical records of all patients admitted to the ED at the
University Hospital of Bern with reported methamphetamine use between June 2012 and July 2019. The study was
approved by the local ethics committee (No. KEK-BE/072/
2015).

Study setting
The ED of the University Hospital of Bern treats approximately 50,000 adult patients (age ≥16 years) a year (2019)
and is both a tertiary (referral) and a primary care clinic.
Patients younger than 16 years old are usually treated in
a separate specialised emergency department for children
and adolescents. Patients are most often seen by the interdisciplinary (surgical and internal) medicine emergency
team, but can also be directly referred to an emergency
physician of other disciplines, e.g., psychiatry or neurology. Treating physicians routinely ask patients about drug
consumption habits, albeit not in a standardised manner.
Urine drug screening tests are commonly obtained if drug
use is suspected or clinically relevant.
Data collection
Cases were retrieved from the electronic patient chart database (E.care 3.1.0, BVBA, ED 2.1.3.0, Turnhout, Belgium)
using the search terms “crystal”, "methamphetamine", and
street names for methamphetamine such as “ice” or
“crank”, including misspelled and abbreviated terms (e.g.,
“crystel”, “crysthal”, “cristal”, “cristel”, “cristhal”,
“methamp”, “metamp”, “methamf”, “metamf”). The
search was conducted electronically in the diagnosis, medical history, clinical findings, consultations, evaluation,
triage information and medical course fields of the reports,
and was carried out by a clinical data manager. The retrieved cases were reviewed by one of the authors of the
study (medical professional), and unclear cases were additionally reviewed with a senior physician who is also
an author of the study. Irrelevant or confounding uses of
the search terms in reference to another diagnosis or condition (e.g., “calcium pyrophosphate crystal deposition”)
were removed manually. Included were patients presenting
at the ED of the University Hospital of Bern with reported
methamphetamine use. Methamphetamine use was identified on the basis of the patient’s self-report, information
retrieved from witnesses or the judgement of the treating
physician. Patients who reported unintentional methamphetamine consumption (e.g., spiked drinks) were excluded regardless of the result of the urine drug screening
immunoassay. We also excluded cases in which patients
had denied the hospital’s general consent to process their
medical data for research purposes. Cases with a positive
methamphetamine urine drug screening test with no further
information available were described separately.
Data analysis
Based on the patient history, the included cases were categorised into three groups: “acute”, if patients presented
within 72 hours of last reported use (main focus of the
study), “chronic” in cases of regular use but not within the
previous 72 hours, and “past” in cases of discontinued consumption, i.e., one-time, occasional or regular use in the
past, but not within the previous 72 hours and no current
regular use. The time window for the “acute” cases was
chosen since acute effects, but also withdrawal symptoms
such as depression and anxiety, can lead to ED presentation shortly after methamphetamine use, with the latter being most severe 24–72 hours after last administration [9,
13, 15].
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The analysis included patient demographics (age, sex, psychiatric co-morbidities) and ED visit characteristics (hour
and weekday of ED admission, ED primary care discipline,
mode of ED admission, chief complaints, consulting services and triage level). The triage level was measured by a
specially trained nurse using the Swiss Emergency Triage
Scale, which classifies the urgency of treatment for patients presenting to an ED in five levels: 1. acute lifethreatening problem; 2. high urgency; 3. urgency; 4. less
urgency; 5. non-urgent problem. Methamphetamine use
characteristics (form and route of use) and clinical outcome were analysed for the acute, chronic and past groups.
For the acute group, clinical variables, laboratory results
and required treatment (intubation, sedation, other) were
also reported. Alcohol levels were measured either in
blood serum, with alcohol breathalyser tests, or calculated
from the osmolar gap [24, 25]. Clinical variables (if available) included reported and/or recorded symptoms, vital
signs including peripheral capillary oxygen saturation,
body temperature, and the Glasgow Coma Scale score. For
the laboratory tests, the in-hospital laboratory normal value ranges were applied. Hypertension was defined as systolic blood pressure ≥140 mm Hg [26], hypotension as systolic blood pressure ≤100 mm Hg, tachycardia as heart
rate ≥100/min, tachypnoea as respiratory rate >20/min and
bradypnoea as respiratory rate <12/min [27]. The severity
of intoxication was assessed by one of the authors of the
study (medical professional) using the Poisoning Severity
Score, a standardised scheme for grading severity of poisoning by taking the most severe clinical features into account and classifying outcomes as none, minor, moderate
or severe toxicity, and death [28]. Data were analysed descriptively using Microsoft Excel software. Numerical data are presented as arithmetic mean and standard deviation
(SD) or median and range, nominal data as proportion (%).
Urine drug screening test
A urine drug screening immunoassay test (Triage® TOX
Drug Screen, Alere Inc, since 2017 Quidel Inc, USA) [29]
was used to screen for methamphetamine, as well as amphetamines, barbiturates, benzodiazepines, cocaine,
methadone, opiates, phencyclidine, tricyclic antidepressants and tetrahydrocannabinol (THC). According to the
manufacturer, the cut-off for methamphetamine detection
was 1000 ng/ml for d-methamphetamine and 30,500 ng/
ml for l-methamphetamine. Other substances that can also
yield positive test results for methamphetamine (cross-reactivity) include 3,4-methylenedioxymethamphetamine
(MDMA) (1500 ng/ml), 3,4-methylenedioxy-N-ethylamphetamine (MDEA) (4600 ng/ml), ethylamphetamine
(12,500 ng/ml), isometheptine (100,000 ng/ml) and propylamphetamine (>200,000 ng/ml) [29].

Results
From 1 June 2012 to 31 July 2019, 305,729 admissions to
the ED were recorded in total; 122 cases with reports of
methamphetamine use were included in the final analysis,
corresponding to 0.04% of all ED presentations in this time
period. The flow-chart of the included cases is provided
in figure 1. Of the two cases with reported unintentional methamphetamine consumption, one suspected poisoning by a neighbour, and one (with positive drug screen-

ing test for amphetamines but not for methamphetamine)
suspected a methamphetamine spiked-drink. Nineteen of
the 61 patients with methamphetamine mentioned in their
medical record solely due to a positive urine drug screening immunoassay test clearly stated they had used MDMA
(cross-reactivity) and were not investigated further. The
other 42 cases are described separately.
Some patients presented more than once within the study
period, resulting in a total of 122 cases among 96 individuals. The annual distribution is shown in figure 2.
Acute methamphetamine intoxications
In 40 cases, methamphetamine use in the past 72 hours
was recorded. In 38 (95.0%) cases, patients self-reported
methamphetamine use. In one case (2.5%) the ED triage
had received information about methamphetamine intoxication from the pre-hospital emergency team, and in one
case (2.5%) the patient was unable to provide any information, but the treating emergency physicians diagnosed
methamphetamine intoxication. Two individuals presented
twice and one patient presented five times within the observed time period, resulting in a total of 40 cases among
34 individuals. In most cases (n = 25, 62.5%), patients reported using crystal meth. Six patients (15%) reported using “Thai pills”, of whom four also consumed crystal meth.
In 65% of all cases (n = 26), no information about the
route of exposure was provided. Seven patients (17.5%) reported inhalation, four oral ingestion (10.0%), two snorting (5.0%) and one (2.5%) intravenous use. The mean age
of the acute methamphetamine intoxication group was 29.5
years (SD 8.7, range 16–48), and they were predominantly male (75.0%). The demographic data and the ED visit
characteristics of this group are described in table 1.
Eighteen (45.0%) patients had one or more documented
psychiatric disorders. Most common was a previously
recorded or newly diagnosed substance dependence disorder (n = 12, 30.0%). Five patients (12.5%) had borderline
personality disorder and three (7.5%) had a diagnosis of
depression (past or present). Other recorded psychiatric comorbidities included attention deficit hyperactive disorder
(n = 2, 5.0%), anxiety disorder (n = 2, 5.0%), schizophrenia, eating disorder, suicidal ideation, and post-traumatic
stress disorder (each n = 1, 2.5%).
Six patients (15.0%) reported exclusive methamphetamine
use, one no substance use (2.5%), and the majority (n =
33, 82.5%) multiple substance use (whether current or in
general). The most commonly reported co-used substances
were alcohol (55.0%), cocaine (50.0%) and cannabis
(37.5%) (table 2).
The chief complaints noted by the triage were signs of intoxication (n = 13, 32.5%) and psychiatric symptoms (n =
13, 32.5%). Seven patients (17.5%) presented because of
trauma and seven (17.5%) because of other medical complaints. Three patients (7.5%) required immediate medical
care in the shock room with the trauma team or other specialists (anaesthesiologist, radiologist, cardiologist or others) standing by, and one patient (2.5%) with mixed intoxication (crystal meth, alcohol and heroin) had to be
intubated. The psychiatric emergency team was consulted
in five cases (12.5%) where they were not the primary care
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discipline, and the internal medicine and the gastroenterology teams were consulted in one case each (2.5%).
The clinical data of these patients are presented in table
3; hypertension (27.5%), tachycardia (27.5%), agitation
(27.5%) and sleeping disturbance (25.0%) were the most
frequent symptoms. Behavioural disturbances (restlessness, agitation and/or aggression) were documented in 16
cases (40.0%) overall.

A urine drug screening test was performed in 14 (35.0%)
cases and was positive for methamphetamine in nine cases
(64.3% of the samples, 22.5% of all acute cases). Other
analytically detected substances were amphetamines (eight
cases), benzodiazepines and THC (four cases each), cocaine (three cases) and opiates (one case). The urine immunoassay was positive for more than one substance in 10
of the cases, positive for one substance in three and negative for all tested substances in one case. In 11 cases, alco-

Figure 1: Flow-chart of included and excluded cases with reported methamphetamine use and cases with positive drug screening test for
methamphetamine during the study period.

Figure 2: Annual distribution of total emergency department (ED) presentations (n = 305,729) and acute, chronic and past cases with reported
methamphetamine use (n = 122).
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hol levels were documented. In three of those, no alcohol
was detected, and in eight cases alcohol was detected with
a median concentration of 1.12‰ (range 0.06–2.82‰),
though the method of detection was not indicated in all
cases.
In 18 cases, further laboratory analyses were performed.
Noteworthy results included high white blood cell count
and elevated serum creatinine (nine cases each), high red
blood cell count, decreased potassium and elevated creatine kinase (four cases each, though results for potassium
were not available in 12 and for creatine kinase in 11 cases
with laboratory analysis), elevated transaminases (three
cases, not available in 13 cases with laboratory analysis),
and decreased glucose (one case, not available in three cases with laboratory analysis), though it could not be evaluated whether these values were pre-existing or due to acute
methamphetamine intoxication.

Twenty-nine patients (72.5%) required some form of treatment, of whom seven (17.5% of all acute cases) had to
be sedated with benzodiazepines. Twenty-five patients
(62.5%) required some other form of treatment, including
analgesics, antiemetics, antibiotics, tetanus-boosters or further treatment during hospitalisation. The severity of poisoning and the outcome of the acute cases are shown in
table 4; among the three severe cases, one had reportedly
consumed only crystal meth, whereas the other two had
consumed multiple substances.

Chronic methamphetamine use
In 37 cases, patients reported regular methamphetamine
use, but not within the past 72 hours. Two patients presented three times and one presented twice, resulting in 31 individuals among the 37 cases. Five of these patients also
presented in the “acute” group. Twenty-three (62.2%) re-

Table 1:
Demographics and emergency department (ED) visit characteristics of acute methamphetamine cases (n = 40).
Sex, n (%)

Male

30 (75.0)

Female

10 (25.0)

Age (years) mean ± SD
Age groups (years), n (%)

Time of presentation, n (%) or median (range)

ED discipline, n (%)

Triage level, n (%)

Mode of admission, n (%)

29.5 ± 8.7
<20

6 (15.0)

21–30

17 (42.5)

31–40

13 (32.5)

>40

4 (10.0)

Night arrival (20:00 h – 08:00 h)

19 (47.5)

Weekend arrival (Friday 17:00 h – Monday 08:00 h)

15 (37.5)

Average duration of ED visit

3h 49 min (47 min – 10h 18min)*

Medicine

14 (35.0)

Psychiatry

13 (32.5)

Surgery

9 (22.5)

Other

4 (10.0)

1: acute life-threatening problem

4 (10.0)

2: high urgency

17 (42.5)

3: urgency

18 (45.0)

4: less urgency

1 (2.5)

5: non-urgent problem

0 (0)

Ambulance

9 (22.5)

Self-presentation

16 (40.0)

Police

10 (25.0)

Physician referral

6 (15.0)

SD: standard deviation
* Not recorded in one case
Table 2:
Reported co-used substances (current and/or in general) in acute methamphetamine cases (n = 40).
No. of cases (%)
Alcohol

22 (55.0)

Cocaine

20 (50.0)

Cannabis

15 (37.5)

Amphetamines (excluding methamphetamine and MDMA)

6 (15.0)

Heroin

6 (15.0)

Benzodiazepines

4 (10.0)

Methadone

2 (5.0)

ᵞ-Hydroxybutyric acid (GHB)

2 (5.0)

Lysergic acid diethylamide (LSD)

2 (5.0)

MDMA

2 (5.0)

Opiates/opioids (excluding methadone and heroin)

1 (2.5)

Poppers

1 (2.5)

MDMA: 3,4-methylenedioxymethamphetamine
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ported using crystal meth and two (5.4%) reported “Thai
pill” consumption (one consumed both), whereas the rest
(n = 12, 32.4%) did not specify what form of metham-

phetamine they used. Oral ingestion and inhalation were
reported in two cases (5.4%) each, and the route of exposure remained unclear in the rest (n = 33, 89.2%). Thir-

Table 3:
Reported or recorded symptoms and clinical characteristics in acute methamphetamine cases (n = 40).
No. of cases (%)
Cardiovascular

Pulmonary

Psychiatric

Neurological

Gastrointestinal

Miscellaneous

Hypertension1

11 (27.5)

Tachycardia1

11 (27.5)

Chest pain

3 (7.5)

Hypotension1

1 (2.5)

Arrhythmia

1 (2.5)

Dyspnoea

3 (7.5)

Hypoxia requiring supplemental oxygen2

2 (5.0)

Apnoea/bradypnoea3

1 (2.5)

Tachypnoea3

1 (2.5)

Agitation

11 (27.5)

Sleeping disturbance

10 (25.0)

Aggression

8 (20.0)

Restlessness

6 (15.0)

Hallucinations

5 (12.5)

Paranoia

5 (12.5)

Suicidal ideation

3 (7.5)

Fear

2 (5.0)

Self-mutilation

1 (2.5)

Depression

1 (2.5)

Mydriasis

6 (15.0)

Impaired consciousness (GCS score 9–14)4

4 (10.0)

Miosis

3 (7.5)

Confusion

3 (7.5)

Dizziness

3 (7.5)

Impaired gait

2 (5.0)

Paraesthesia

2 (5.0)

Amnesia

1 (2.5)

Visual disturbance

1 (2.5)

Unconsciousness (GCS score <9)4

1 (2.5)

Impaired appetite

7 (17.5)

Emesis

6 (15.0)

Nausea

3 (7.5)

Gastrointestinal bleeding

2 (5.0)

Abdominal pain

1 (2.5)

Constipation

1 (2.5)

Trauma

6 (15.0)

Exhaustion

1 (2.5)

Generalised pain

1 (2.5)

Epistaxis

1 (2.5)

Urinary retention

1 (2.5)

GCS: Glasgow Coma Scale
1

Blood pressure and heart rate not recorded in 17 cases;
cases

2

oxygen saturation not recorded in 18 cases; 3 respiratory rate not recorded in 32 cases;

4

GCS not recorded in 20

Table 4:
Severity of poisoning and mode of release in acute methamphetamine cases (n = 40).
No. of cases (%)
Severity of poisoning

Mode of release

None

6 (15.0)

Minor

12 (30.0)

Moderate

19 (47.5)

Severe

3 (7.5)

Fatal

0 (0)

Medically discharged

22 (55.0)

Admission to psychiatric clinic

14 (35.0)

Admission to intensive care unit

1 (2.5)

Admission to cardiology intermediate care unit

1 (2.5)

Admission to another hospital ward

1 (2.5)

Admission to prison ward of the University Hospital

1 (2.5)
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ty-five (94.6%) patients reported multiple substance use,
most commonly alcohol (n = 8, 21.6%) and cocaine (n =
6, 16.2%). Twenty-six patients (70.3%) were male and the
mean age was 30.9 years (SD 11.0, range 16–63). Fifteen
patients (40.5%) presented on the weekend and 16 (43.2%)
at night. Seventeen patients (45.9%) presented due to psychiatric symptoms, nine (24.3%) because of medical problems, eight (12.6%) because of intoxication and three
(8.1%) due to trauma. Patients were most often admitted to
the medical emergency team (n = 15, 40.5%) or the psychiatric emergency physician (n = 14, 37.8%). If admitted to a different ED discipline, psychiatric consulting services were required in eight cases (21.6%). In 27 cases
(73.0%), patients had one or more documented psychiatric
disorders, of whom 19 (51.4%) had a diagnosed substance
dependence disorder. Other common diagnoses were emotionally unstable personality disorder (n = 7, 18.9%),
schizophrenia (n = 5, 13.5%) and mood disorders (n =
4, 10.8%). Twenty patients (54.1%) were medically discharged, 10 (27.0%) were admitted to a psychiatric clinic,
4 (10.8%) were hospitalised, 2 (5.4%) were taken into police custody, and one (2.7%) was transferred to an intensive care unit at another hospital.
Past methamphetamine use
In 45 cases, patients reported methamphetamine consumption at least once in the past, but no longer regular use, and
not within the past 72 hours. Four patients presented twice
and one three times, resulting in 39 individuals among
these 45 cases. None of these patients presented in the
“acute” group. In 33 cases (73.3%), patients reported having used crystal meth, one (2.2%) reported “Thai pill” consumption (as well as crystal meth), and 12 (26.7%) did
not further specify the form of methamphetamine used.
Inhalation was reported in two cases (4.4%) and intravenous use once (2.2%), and the route of exposure remained unclear in 42 (93.3%) cases. Thirty-nine patients
(86.7%) reported multiple substance use, most commonly
alcohol and cocaine (n = 12, 26.7% each). These patients
too were mostly male (n = 31, 68.9%), with a mean age of
29.8 years (SD 8.6, range 17–58). Sixteen patients (35,6%)
presented on the weekend and 15 (33,3%) at night. In
22 cases (48.9%) medical problems (e.g., abdominal pain,
dyspnoea, or headache) prompted presentation to the medical emergency team (n = 18, 40%). Psychiatric symptoms
were the reason for admission in 11 cases (24.4%), and patients required psychiatric services, either as the primary
care discipline or as a consulting service, in 12 (26.7%)
and 9 (20%) cases, respectively. Psychiatric disorders were
documented in 27 cases (60.0%), most commonly substance dependence disorder (n = 20, 44.4%) and mood
disorders (n = 10, 22.2%). Twenty-eight patients (62.2%)
were medically discharged, nine patients (20.0%) were admitted to a psychiatric clinic, six (13.3%) were hospitalised, one (2.2%) was transferred to the hospital prison
ward of the university hospital, and one (2.2%) was discharged to a normal prison.
Positive urine immunoassay as sole indicator for
methamphetamine use
In 42 cases, a positive urine immunoassay was the sole indicator for methamphetamine use (i.e., no reported/docu-

mented use of methamphetamine or MDMA, which can
yield false positive results for methamphetamine with the
immunoassay used in this study). In these cases, it was unclear which substance the patients had used, often because
they themselves were not certain what drug they had consumed. These patients most commonly presented at night
(n = 22, 52.4%) and on weekends (n = 29, 69.0%), and
were typically young (mean age 28.4 years, SD 9.4, range
18–49 years) and male (n = 29, 69.0%). Fourteen patients
(33.3%) presented due to intoxication, 11 (26.2%) due
to trauma, and nine (21.4%) due toother medical symptoms (e.g., confusion, loss of consciousness or vomiting).

Discussion
Based on our findings, despite a slight increase in the
yearly ED presentations of patients reporting methamphetamine use (corresponding in part to an increase in the
total of ED admissions), the overall numbers remained low
and a considerable number of individuals presented more
than once during the study period. The typical patient was
young and male and required psychiatric services – either
as the primary care discipline or as a consulting service
– in approximately half of all cases. Patients in the acute
group most commonly presented with psychiatric symptoms and/or a sympathomimetic toxidrome, were frequently aggressive or agitated, and often required pre-hospital
resources such as police and ambulance services. Pharmacological treatment, mostly sedatives, was often required,
but very few cases needed shock room treatment or intubation. Nearly half of the acute cases had a psychiatric
diagnosis and a great majority were polydrug users, with
cocaine and cannabis being the most frequently co-used illicit substances. The majority of all patients were medically discharged, but admissions to a psychiatric clinic were
frequent (highest in the acute group and lowest in the past
group).
Previous studies investigating methamphetamine-related
ED presentations were mostly set in the Unites States and
Australia, where methamphetamine-related health problems account for 1–2.4% of all ED visits [14, 15, 30].
In line with such reports [11, 14, 30–35], patients in this
study were mostly young males and not infrequently required police accompaniment or ambulance services in
the acute group [11, 14, 33, 35]. The substantial use of
pre-hospital resources is likely due to the adverse behavioural effects of methamphetamine, such as agitation and
aggression, which have been shown to be prominent in
methamphetamine-related ED presentations [11, 14, 35,
36]. These behavioural disturbances also put a strain on
in-hospital resources, such as staff and security services
[11]. Methamphetamine is known to induce psychosis with
paranoia and hallucinations [12, 37], which was also encountered in our patients in the acute group. A quarter
of all patients in the acute group reported sleeping disturbances, which is another well-described problem among
methamphetamine users [13]. These psychiatric problems
may account for the high rate of direct admissions to the
psychiatric emergency team – as has also been shown by
several other studies from areas where methamphetamine
use is common [10, 16, 30, 36]. Chronic methamphetamine
use has previously been shown to be associated with psychiatric disorders, including mood and anxiety disorders,
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psychosis, and cognitive impairment [12]. In a study interviewing regular methamphetamine users with psychotic
symptoms, 70% reported a previously diagnosed psychiatric disorder [10]. However, it is difficult to discern the relationship between pre-existing psychiatric disorders with
concurrent methamphetamine use and methamphetamineinduced psychiatric disorders [10].
Rhabdomyolysis and subsequent renal failure due to excessive muscular activity during periods of agitation has been
reported [5, 11]. Considering the elevated red blood cell
count in some cases in the acute group, dehydration due
to hyperthermia might be another explanation for impaired
kidney function. Elevated white blood cell count has been
described in a study analysing amphetamine intoxication,
and might be explained by the stress response induced by
stimulants. Interestingly, cocaine does not appear to cause
leucocytosis, possibly because of cocaine’s shorter halflife or other pharmacological differences [38].
Compared with another study with a similar design, a urine
drug screening test was performed in a relatively high percentage of our acute cases (35% vs 10%) [11], which might
be due to differences in routinely performed diagnostic
procedures in various hospitals and regions. The negative
methamphetamine test results in some of the acute cases
in our study may be explained by the limited time frame
for detectability [39], concentrations below the cut-off value of the assay [40], or because patients had falsely believed they had consumed methamphetamine. The limitations of the immunoassay have also been shown in a study
comparing the detection of psychoactive substances with
immunoassays and mass spectrometry, which found a relatively high discrepancy for amphetamine-type substances
[40]. Although additional analytical methods (e.g., liquid
or gas chromatography combined with mass spectrometry)
can provide valuable information in cases with equivocal
immunoassay results, those methods are more costly and
time-consuming than the rapid immunoassay tests and thus
of limited use in an ED setting [40]. Detection of benzodiazepines may be explained in some cases by having sampled urine after iatrogenic administration.
Methamphetamine has not been the focus of studies
analysing drug-related ED visits in Switzerland so far.
Cannabis and cocaine are the most widely used illicit drugs
in Europe [18] and also the most frequently reported substances in drug-related ED presentations in other Swiss
studies [31, 41, 42]. In line with these findings, methamphetamine users in this study also most frequently reported
co-use of cocaine and cannabis, which have previously
been found to be the most commonly co-used substances
in methamphetamine users [10]. Compared with users of
other substances, patients in the acute methamphetamine
group in this study were more often admitted to a psychiatric clinic (35%) than patients with ED visits related to
use of cocaine (19%) [43] and other substances (2-–22%)
[31, 41, 42]. ED admissions in the acute group were fairly
evenly distributed throughout the day and week, suggesting that methamphetamine users are not predominantly
weekend party-drug users. This correlates with wastewater
findings throughout Europe, possibly reflecting more regular consumption habits among methamphetamine users
[44]. Methamphetamine users are known to most often be
polydrug users [10, 11, 32, 34, 36]. Although combining

other drugs with methamphetamine does not produce a
more toxic metabolite (as is the case with cocaethylene
when combining alcohol and cocaine), co-use of other substances can amplify toxic effects and increase the likelihood for complications [12].
Analysing the extent of methamphetamine use leading to
ED visits in Switzerland in the past is challenging, since
most other studies did not analyse methamphetamine use
separately. In previous Swiss studies, use of amphetamines, including methamphetamine , was reported in
3–9% of cases presenting to an ED because of recreational
drug use [31, 41, 42]. Since use of other amphetamines
is currently more common in Western and Central Europe
[18], it is likely that only a small number of these were
methamphetamine users, but changes in trends may potentially be missed. From 1997–2009 the Swiss Toxicological Information Centre was consulted in only 41 cases
with methamphetamine intoxication, which suggests that
methamphetamine has not been a common drug of choice
in Switzerland in the past [45]. However, it should be noted
that the spread of crystal meth from Czechia to Eastern
Germany has increased its availability in Switzerland in
the past two decades [7], and that the majority of patients
in this study reported using crystal meth, the most potent
form of methamphetamine associated with a higher likelihood of dependence [9]. A considerable number of patients also reported consuming methamphetamine powder
compressed into tablets, locally known as “Thai pills” [7].
A practice known as “slamming”, which involves injecting methamphetamine during “chemsex” parties, currently
does not appear to be common in Switzerland [7].
Although the spread of methamphetamine appears to be
impeded by the availability and popularity of other stimulant drugs, most notably cocaine, but also amphetamine
and MDMA [19], stimulant drugs can coexist in some
markets by acting as substitutes for each other [2]. If the
availability, price, or quality of other stimulant drugs such
as amphetamine, cocaine and MDMA should change,
methamphetamine could quickly gain popularity [7]. The
European market for stimulant drugs is large, and these
substances may be interchangeable to a certain degree,
with users sometimes being unaware which particular drug
they are consuming. Data suggest that methamphetamine
use is spreading in Europe, and many of the indicators of
drug use – such as urine immunoassay drug screening tests
– are ill-adapted to distinguish between different amphetamines and methamphetamine [1]. Considering the significant acute and chronic health problems associated with
methamphetamine use and the quick shifts in drug markets, continued drug monitoring and education for healthcare professionals should be a priority in the near future.
The findings in this study are limited by its retrospective
design, the low number of cases and the quality of documentation. A reporting bias cannot be excluded, since
patients were not asked about drug use in a standardised
manner and some may have given incorrect reports, either
because they wrongly believed they had consumed
methamphetamine or were unwilling to report methamphetamine use. Certain clinical parameters (e.g., Glasgow
Coma Scale score, respiratory rate) and laboratory values
were not always obtained (e.g., in the case of patients who
were assessed by a psychiatric emergency physician on-
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ly), and the laboratory data cannot be conclusively interpreted, as they were not compared with previous values.
A number of patients were excluded from the analysis
because of withheld consent. Causality between methamphetamine use and ED visits was sometimes difficult to ascertain in the acute group, despite the reported temporal relation (maximum 72 hours after last use). The number of
cases with confirmation by a urine immunoassay was relatively low and the majority of the cases were diagnosed
based on their medical history. However, this is in line with
current clinical practice in an ED setting, where laboratory results are not always readily available and patient management is mainly based on the patient’s report and clinical presentation. The high incidence of multiple substance
use may also give a skewed impression of the clinical presentation. The number of ED presentations with reports of
methamphetamine use does not necessarily indicate trends
of use in the general population.
Strengths of this study include the long observation period
and the large patient population. We had access to detailed
documentation of patient and clinical data, which allowed
for more insight than studies based on coded diagnoses
or analysis of poison centre data. By combining the patient’s self-report, urine drug screening tests and clinicians’
judgement, we used every method available to increase the
quality of the results, as suggested by Jones et al. in their
literature review on methamphetamine-related ED presentations [15].
Conclusion
In conclusion, this retrospective study at a large urban
ED in Bern, Switzerland over a 7-year study period revealed only a small number (0.04%) of ED presentations
with reports of methamphetamine use. The global popularity of methamphetamine and the significant pre- and inhospital resources often required may warrant further research in other parts of Switzerland and Europe to estimate
the prevalence of methamphetamine use and prepare EDs
for methamphetamine -related health problems (most commonly sympathomimetic and psychiatric symptoms).
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