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Summary

BACKGROUND: Non-medical use of methylphenidate is
increasing. Little is known about potential acute medical
complications associated with recreational use of methyl-
phenidate.
STUDY AIM: To identify medical problems associated
with methylphenidate abuse.
METHODS: Retrospective case series of methylphenidate
abuse cases presenting to an inner city emergency depart-
ment.
RESULTS: We identified 14 cases of methylphenidate ab-
use between 2003 and 2010. Ten of these patients abused
methylphenidate alone while four co-ingested other drugs,
mainly alcohol. The route of ingestion was oral in nine pa-
tients, nasal in one and intravascular in four. Severe tox-
icity was exclusively observed in users who injected the
drug. Two cases involved accidental intra-arterial injection
and resulted in tissue necrosis leading to the amputation of
a forearm and of fingertips, respectively. Clinical findings
in the non-serious cases included mild to moderate symp-
toms and signs of sympathetic nervous stimulation such as
agitation, tachycardia, hypertension, anxiety, hallucination,
headache, tremor and dizziness. Nine of the fourteen pa-
tients were taking methylphenidate as a prescribed drug.
Eight patients were former or current multiple substance
abusers.
CONCLUSION: Methylphenidate misuse is not a signific-
ant burden for emergency departments in Switzerland. Oral
and nasal administration of methylphenidate did not result
in severe toxicity. However, injection of crushed methyl-
phenidate pills lead to serious local toxicity. Most patients
with methylphenidate abuse had a prescription for the drug
indicating deviation from medical use. A history of mul-
tiple substance use may be a risk factor for non-medical use
of methylphenidate.
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Introduction

Methylphenidate (MPH) is an amphetamine-like psychos-
timulant drug approved for the treatment of attention-

deficit-hyperactivity-disorder (ADHD) and narcolepsy. An
increase in MPH abuse has been observed in the United
States in recent years [1, 2]. In Switzerland, frequent re-
creational use of MPH was also noted in the Zurich party
scene [3] and the number of reports of MPH intoxications
to the Swiss Toxicological Information Centre (STIC) has
increased in recent years [4]. MPH is abused for recreation-
al purposes with the aim of inducing feelings of euphor-
ia: However, the use of MPH as so-called cognitive enhan-
cer to boost performance has become a focus of concern
[5]. Little is known about the medical problems associated
with MPH abuse and the characteristics of acute MPH tox-
icity. Data from poison centres suggest only mild or mod-
erate toxicity in most cases of MPH abuse [2, 4, 6]. Of 530
children and adolescents with abuse of MPH, only one de-
veloped major toxicity, while 55% experienced minor and
44% moderate toxicity [2]. In another study, about 6% of
the MPH abuse cases were reported to have major toxicity
and no fatalities were reported [6]. Consistently, in a series
of cases reported to the STIC, we found that none of the
abusers who used MPH alone had a major or fatal medic-
al outcome [4]. However, information based on reports to
poison centres is limited for several reasons. Analyses of
hospital data from emergency physicians may therefore of-
fer a more valid description of the characteristics of MPH
toxicity. We are not aware of any systematic data on the
clinical picture of MPH toxicity from emergency care fa-
cilities. There are only a few single case reports describ-
ing MPH abuse via the intranasal route [7–9], including a
report of intranasal MPH use at a party associated with a
fatal cardiopulmonary arrest [8]. We therefore report a ret-
rospective series of MPH abuse cases presenting to a Swiss
emergency department.

Methods

The study was approved by the ethics committee of the
cantons of Basel. A retrospective study design was used
with standardised data recording. We performed an elec-
tronic full text search in the electronic hospital patient
chart system for consultations related to MPH use seen
in the emergency department between January 2002 and
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December 2010. Search terms used were methylphenidate,
Ritalin, Concerta, Medikinet and miss spellers. All patient
records identified were manually reviewed and included
in the study if the definition for MPH abuse was met.
MPH abuse was defined as intake without prescription,
use of a higher dose than the one prescribed or non-oral
administration. Laboratory confirmation of methylphenid-
ate was not available and methylphenidate use was con-
firmed by medical history. Information on clinical symp-
toms and signs and characteristics of MPH abusers were
then taken from the ED records and entered into a struc-
tured data base. Additional information on medical history,
e.g. psychiatric disease and prescription of MPH was also
taken from former patient’s records. Severity of intoxica-
tion was graded according to the Poison Severity Score of
the European Association of Poison Centres and Clinical
Toxicologists (EAPCCT) [10]. Moderate toxicity is defined
as the presence of pronounced or longer acting signs and
symptoms as a result of substance exposure but is not life-
threatening and does not result in residual disability where-
as severe (major) toxicity is defined as being life threaten-
ing or resulting in major residual disability [10].

Results

Characteristics of MPH abusers
There were 14 patients with self-reported methylphenidate
abuse admitted between 2002 and 2010. Patient charac-
teristics are listed in table 1. There were nine female and
five male patients. The median age was 31 years (range
17–51 years). Nine (57%) patients used MPH as a pre-
scribed drug. Four of these patients were diagnosed with
ADHD. In the other five patients the indication for MPH
prescription was unknown. Four of the 14 patients were
multiple substance abusers and one had a diagnosis of bor-
derline syndrome.
Oral doses of MPH ranged from 30 to 400 mg. Nine pa-
tients administered MPH orally, one nasally, and one in-
travenously. Three patients intended intravenous injection
but then injected MPH intra-arterially by accident. Two of
these injections were into a forearm artery and one into an
inguinal artery. Nine patients took MPH alone, two used it
together with alcohol, one used MPH together with a ben-
zodiazepine, one used MPH together with methadone and
one used MPH with alcohol and a benzodiazepine. Drug
screens were done in nine patients and were negative ex-
cept for one case with a positive screen for cocaine. No
screens were performed in the four patients with parenter-
al use and in one patient with chronic use and no history
of other drug use. No laboratory confirmation of MPH was
available.
One female patient used her sister’s prescribed MPH. In the
remaining four patients who abused MPH without prescrip-
tion the source of MPH was not known. Eight patients were
known as multiple substance abusers. Of the 14 admis-
sions, eleven concerned acute MPH abuse, two concerned
chronic MPH abuse (presentation at the ED more than 8 h
after ingestion) [2], and one patient took more than the pre-
scribed dose during several months. This patient presented
to the emergency department because she ran out of MPH

and needed a renewal of the prescription. One patient nas-
ally administered 80 mg of MPH following intake of daily
doses of 40–60 mg orally over three weeks while her pre-
scribed dose was 20 mg per day. One patient was admitted
one week after an inguinal injection when she noted painful
swelling and warmth at the injection site. One patient took
30 mg of MPH orally before a school examination to im-
prove performance. One patient took 270 mg of MPH or-
ally with suicidal intentions.

Clinical features of MPH toxicity
Of the patients with oral MPH abuse, one had no effects,
six exhibited minor and three exhibited moderate toxicity.
Toxicity was mostly due to sympathetic nervous system
stimulation. Marked sinus tachycardia with a heart rate of
170/min and hypertension with a systolic blood pressure of
160 mm Hg was seen in one patient and mild tachycardia
with a heart rate of 116/min was noted in another patient.
Neuropsychiatric symptoms included agitation in four pa-
tients and anxiety in two patients. Hallucinations, head-
ache, dizziness and tremor each occurred in one patient.
One patient, who also ingested a benzodiazepine, experi-
enced multiple absence seizures. In the patient with nasal
MPH administration the main symptom was anxiety. Three
patients with intra-vascular MPH injection suffered from
severe ischaemia and necrosis of a forearm and of finger-
tips, respectively, and of an inguinal abscess at the injection
site.

Treatment and outcome
Most of the sympathetic nervous stimulation symptoms
were self-limited and were monitored at the emergency de-
partment for several hours. Patients admitted in the late
evening usually stayed overnight. Two patients were mon-
itored overnight in the intensive care unit due to agitation
and absence epilepsy. Two patients were treated with ben-
zodiazepines. Two patients were transferred to a psychiat-
ric clinic following monitoring, including the suicidal pa-
tient. The patient with the inguinal abscess was transferred
to the general internal medicine ward for intravenous an-
tibiotic treatment. In one of the patients with intra-arterial
MPH injection, the distal right hand was cyanotic at admis-
sion. Intra-arterial lysis with urokinase and a continuous
intravenous infusion with iloprost and heparin were star-
ted and resulted in restoration of blood flow. However, de-
marcation of three fingertips developed after 30 days and
amputation was necessary.
In the other patient with MPH injection into a radial artery,
no radial pulse and ultrasound Doppler flow signal was
detected and the hand was cold, white and painful. Initial
therapy consisted of intravenous phentolamine and heparin
infusions. Additionally, blockage of stellatum ganglion and
urgent fasciotomy were performed. Despite these meas-
ures, amputation of the forearm became necessary after
nine days.

Discussion

There were 14 cases of MPH abuse during the retrospective
8-year study period of the present case series. The main
finding was that oral or nasal MPH abuse was associated
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with only minor to moderate sympathomimetic toxicity,
which was mainly self-limited and was treated with sedat-
ives in some cases. Evaluations of reports to poison control
centres showed that exposures to MPH similarly resulted in
mild to moderate toxicity in most cases [2, 4, 6]. A recent
case report described a girl who ingested 1134 mg of mod-
ified release MPH without sequelae [11]. Of note, no cases
of severe toxicity associated with MPH exposure includ-
ing injection use were reported to the STIC [4]. However,
in our study, intravenous MPH abuse was associated with
serious local ischaemic and inflammatory complications.
Complications of parenteral injection of dissolved MPH
tablets have previously been reported and included local
infection, cutaneous foreign body reactions, endocarditis
of the tricuspid valve, pulmonary granulomatous disease
and pulmonary hypertension due to obstruction of the pul-
monary vasculature [12–14]. Accidental injection of dis-
solved tablets into an artery might have lead to vasospasm,
endothelial-damage and microembolisation followed by
thrombosis, ischaemia and ultimately necrosis in our cases.
One of these cases has been described previously [15].
In our study, all injection MPH abusers had a diagnosis of
multiple substance abuse including intravenous drug abuse.
The present study was too small to detect any trends in the
number of presentations over time. The number of calls to
the STIC relating to MPH exposures has been increasing,
starting in 2004 [4]. In addition, the number of reported
MPH exposure cases has even exceeded the number of re-
ports related to ecstasy exposures in 2009 and was second
only to reports on cocaine. An increase in MPH abuse has
been reported by the annually monitoring report on the
state of drugs and addiction in the town of Zurich, Switzer-
land [3]. The report states that MPH is mostly administered
by the nasal route and used in the “hip-hop-dance scene”
[3].
MPH is an inhibitor of the neuronal dopamine and nore-
pinephrine reuptake transporters similar to cocaine [16,
17]. Similar subjective and physiological effects of MPH
and cocaine were described by subjects receiving both

drugs intravenously [17] or orally [18]. The subjective and
cardiovascular stimulant as well as the behavioural effects
of oral MPH (doses of 5–60 mg) were also similar to those
of oral amphetamine or methamphetamine (doses of 2.5–30
mg) in human laboratory studies [19, 20]. In addition, rein-
forcing effects of oral MPH (40 mg) were similar to those
of amphetamine (10–20 mg) indicating equal abuse poten-
tial [21]. Effects of intranasal MPH have also been studied
under laboratory conditions. MPH insufflation of doses of
10–30 mg produced dose-dependent subjective stimulant-
like, cardiovascular and reinforcing effects similar to other
abused stimulants [22]. Although the effects of nasal MPH
were not directly compared with other stimulants, the re-
sponse to 30 mg of nasal MPH was reported to be similar
to the effects of an intermediate (45 mg) dose of intranasal
cocaine [22, 23].
The subjective drug high depends not only on the kind of
drug but also on its concentration and time to reach maxim-
al concentrations in the brain. Higher and more rapid drug
exposures are associated with more pronounced subjective
rewarding effects and increased abuse liability [24]. Oral
controlled release formulations produce lower peak plasma
levels than regular formulations of MPH while intraven-
ous administration results in higher peak drug levels and
faster exposure to the drug [25]. The oral bioavailability of
the active d-MPH is limited to 22% because of extensive
presystemic metabolism [25]. Bypassing presystemic elim-
ination in the gut and liver by nasal administration may res-
ult in increased and more rapid plasma and brain exposure
to MPH. Approximately 20% of MPH abusers were repor-
ted to use the nasal route [2]. It is not known whether the
preparations derived from crushed tablets do indeed result
in higher MPH exposure. In fact, some more tamper-resist-
ant extended-release formulations do not produce psycho-
tropic effects when snorted [26]. A subject reported in the
present study used 80 mg by nose and experienced mild
effects. We previously reported five exposures to nasally
snorted MPH and all experienced symptoms of minor tox-
icity [4]. Taken together, the limited data available indicate

Table 1: Patient characteristics.

Patient Sex/age Route Dose
(mg)

Main symptoms Diagnosis Medical history MPH
prescription

Severity of
intoxication

1 f/30 oral unknown no chronic MPH abuse ADHD yes no symptoms

2 f/21 oral unknown agitation MPH/alcohol intoxication ADHD yes mild

3 m/51 oral unknown sedation MPH/methadone intoxication MSA yes mild

4 m/33 oral 30 tachycardia MPH abuse no mild

5 f/17 oral 100 headache, tremor, dizziness MPH abuse sister with
ADHD

no mild

6 m/47 oral 100 agitation alcohol/MPH abuse former MSA no mild

7 f/39 ia unknown anxiety accidental inguinal intra-arterial
injection

MSA yes mild

8 f/29 nasal 80 anxiety intended MPH overdosing MSA yes mild

9 f/33 oral 300–400 disorientation, agitation MPH abuse ADHD, MSA yes moderate

10 m/28 oral 270 agitation, tachycardia, hypertension,
hallucination

MPH intoxication with suicidal
intent

ADHD yes moderate

11 f/25 oral 320 multiple absences MPH/benzodiazepine/alcohol
intoxication

borderline-
syndrome

yes moderate

12 f/28 ia 6 pain, necrosis of forearm amputation of forearm MSA no severe

13 m/37 ia unknown pain, necrosis of finger tips amputation of finger tips dig ll,
lll, lV

MSA yes severe

14 f/41 iv unknown inguinal erythema, fever inguinal abscess MSA no severe

MPH: methylphenidate, MSA: multiple substance abuser, m: male, f: female, ia: intra-arterial, iv intravenous, ADHD: Attention deficit and hyperactivity disorder
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that oral and nasal MPH abuse both result in overall similar
mild to moderate toxicity.
Nine of the 14 MPH abusers (56%) in the present study
had a prescription for MPH. Similar deviation from the in-
tended medical use was observed in 40% of the MPH ex-
posures reported to the STIC [4] and reported in 14–22%
of patients treated with MPH for ADHD, typically in those
with additional substance abuse [27, 28]. Abuse of pre-
scribed MPH clearly needs attention. Although acute tox-
icity of MPH abuse is rarely severe, our study shows that
prescribers should be aware of the potential deviational
use of MPH. For example, prescription of abuse-deterrent
damper-resistant formulations of MPH may prevent par-
enteral MPH abuse [29].
Our study has several limitations. Firstly, the number of
cases was very small and included only adult patients. Se-
condly, data collection was done retrospectively and iden-
tification of MPH abuse cases relied on identification by
full text search of medical records. This might have led to
an underestimation of MPH cases, predominantly among
multiple substance abusers in whom co-use of MPH might
have gone unrecorded. Thirdly, MPH exposure was not
confirmed by laboratory analyses (MPH is not detected by
routine toxicological drug screens) and we relied solely on
patient reports and clinical signs and symptoms of sym-
pathetic stimulation. However, drug of abuse screens ex-
cluded amphetamine and cocaine use in eight patients.
In summary, we found that oral and nasal MPH use was as-
sociated with mild to moderate toxicity while intravenous
and intra-arterial injection of crushed MPH tablets resulted
in severe complications.

Treatment guidelines

An evidence-based guideline for out-of-hospital manage-
ment of MPH overdose has been published [30]. Patients
can be discharged from the ED if they ingested MPH more
than three hours previously and show no signs of toxicity.
No ED referral (observation) is needed if patients ingested
less than 2 mg/kg (or 60 mg) of MPH of an immediate re-
lease formulation or less than 4 mg/kg (or 120 mg) of a
modified release formulation. Patients with hallucinations,
abnormal muscle movements or chest pain should be re-
ferred to an ED. Intensive care may rarely be indicated in
cases of severe sympathomimetic toxicity, co-morbidity or
polydrug use.
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