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abstract
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Synthetic cannabinoids are relatively novel substances of abuse. The
use of these compounds among adolescents and young adults has
been increasing, making it important for pediatric providers to be
familiar with the presenting signs and symptoms of intoxication.
We describe three case presentations of reported synthetic cannabinoid intoxication and provide a brief discussion of these compounds.
Pediatrics 2012;129:e1064–e1067

Division of Emergency Medicine, Children’s National Medical
Center, Washington, District of Columbia
KEY WORDS
cannabinoids, intoxication, substance abuse, K2, Spice
ABBREVIATIONS
CB1 and CB2—cannabinoid brain receptors 1 and 2
ED—emergency department
IV—intravenous
THC—D9-tetrahydrocannabinol
All contributing authors have made substantive intellectual
contributions to this article including contributions to the
conception and design as well as to the drafting and revising of
this article. All authors have given ﬁnal approval of this version
for publication.
www.pediatrics.org/cgi/doi/10.1542/peds.2011-1797
doi:10.1542/peds.2011-1797
Accepted for publication Nov 14, 2011
Address correspondence to Joanna Cohen, MD, Division of
Emergency Medicine, Children’s National Medical Center, 111
Michigan Ave NW, Washington, DC 20010. E-mail: jcohen@cnmc.
org
PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2012 by the American Academy of Pediatrics
FINANCIAL DISCLOSURE: The authors have indicated they have
no ﬁnancial relationships relevant to this article to disclose.
FUNDING: No external funding.

e1064

COHEN et al

Downloaded from pediatrics.aappublications.org at Denver Medical Library on March 26, 2012

CASE REPORT

Over the past several years, recreational
use of synthetic cannabinoid compounds
has been increasing in the United States.
Until recently, these compounds (known
colloquially as “K2,” “Spice,” “Aroma,”
“Mr. Smiley,” “Zohai,” “Eclipse,” “Black
Mamba,” “Red X Dawn,” “Blaze,” and
“Dream”) were available at gas stations,
convenience stores, and on the Internet.
They are now classiﬁed as schedule 1
controlled substances.1
Symptoms of synthetic cannabinoid
toxicity are similar to the euphoric and
psychoactive effects of marijuana with
additional sympathomimetic symptoms,
including diaphoresis, agitation, and
restlessness.2 Despite their similarity to
marijuana, synthetic cannabinoids do
not result in a positive toxicology screen
for D9-tetrahydrocannabinol (THC).2–4
Recognition of the signs and symptoms of
intoxication of synthetic cannabinoids
and a high index of suspicion are necessary to diagnose toxicity. We report three
patients with suspected synthetic cannabinoid intoxication and provide a discussion of these relatively new compounds.

PATIENT PRESENTATIONS
Case 1
A 16-year-old girl, transferred from an
outside hospital for altered mental
status, was refusing to speak after
being out with her boyfriend. The patient presented awake with her eyes
open, but was not responding to verbal
or painful stimuli. The boyfriend reported that they had been smoking marijuana containing “K2.” At the outside
hospital, the results of a complete blood
cell count, basic metabolic panel, and
head computed tomography were normal. A urine toxicology screen was
positive for THC. She was transferred
to our emergency department (ED) for
additional management.
On arrival, the patient was noted to be
catatonic. She was lying supine on
the stretcher with her eyes open. Her
heart rate was 105 beats per minute, her

respiratory rate was 18 breaths per
minute, and her blood pressure was 118/
73 mm Hg. Her skin was warm, and her
pupils were equal, round, and reactive to
light. Her conjunctivae were normal. She
was noted to have vertical nystagmus.
Her oral mucosa was moist, and the
results of her cardiac, abdominal, and
pulmonary examinations were normal
except for sinus tachycardia. Her upper
extremities had normal tone, but her
lower extremities were slightly rigid and
ﬂexed. She was unresponsive to verbal
and painful stimuli, including a sternal
rub, a supraclavicular pinch, and application of pressure to her ﬁnger nails.
She was treated with a single dose of
50 mg of intravenous (IV) diphenhydramine, after which she began to move
her lips in an apparent attempt to speak.
Shewasthen treated with lorazepam 2mg
IV twice. At that point, the patient began to
speakslowly.Shewasobservedovernight,
during which time she slowly recovered
her motor and verbal functions. In the
morning, she was able to eat and ambulateandwasdischargedfromthehospital.
Case 2
An 18-year-old boy was brought to the
ED after he was found to be agitated
and diaphoretic at a party. According to
emergency medical services personnel, he
was in an altercation with another person
at the party, after which he began to complain of headache, dizziness, and diaphoresis. In the ED, the patient was found to be
uncooperative, restless, and aggressive.
On examination, his vital signs included
a temperature of 37.6°C, a heart rate of
131 beats per minute, a respiratory
rate of 24 breaths per minute, a blood
pressure of 131/89 mm Hg, and an oxygen saturation of 98% on room air. He
appeared diaphoretic and anxious. His
pupils were 3 to 4 mm, equal, and sluggishly reactive. His conjunctivae were
mildly injected. His mucous membranes
were moist. His capillary reﬁll time
was ,2 seconds. His cardiac, abdominal,

and pulmonary examination results were
normal, except for his sinus tachycardia.
The results of a limited neurologic
examination were normal. Laboratory
studies, including a urine toxicology
screen and serum ethanol levels, had
negative results. Serum electrolytes were
within normal limits.
He continued to be aggressive and agitated and was given a dose of lorazepam 2
mg IV. On repeat questioning, he reported
smoking “Spice.” The patient was given
50 mg diphenhydramine IV and was
admitted to the hospital. Over the next
several hours, he returned to baseline
and was discharged from the hospital.
Case 3
A 16-year-old previously healthy boy
presented to the ED with altered mental
status. He was a resident in a group
home, brought in by his case worker,
when she noticed that his face seemed
“frozen” and his speech was slowed. The
case worker also reported that he was
agitated and that he referred to things
that were not actually present. The patient reported smoking “Spice” ∼5 hours
before. He claimed to have bought the
product from a local convenience store.
Upon arrival in the ED, the patient was
agitated and was dysarthric with
pressured speech. He appeared dystonic. He was alert and able to answer
simple questions, but seemed confused.
His vital signs included a temperature of
37.0°C, a heart rate of 62 beats per
minute, a respiratory rate of 12 breaths
per minute, blood pressure 110/52 mm
Hg, and oxygen saturation of 100% on
room air. His conjunctivae were injected.
His cardiac, pulmonary, and abdominal
examinations were unremarkable. His
skin was warm and dry. His upper and
lower extremities were hypertonic and
hyperreﬂexic with normal strength.
After the initial assessment, he received
a normal saline bolus of 1000 mL and 4
mg of lorazepam IV. The results of his
laboratory tests included a negative
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urine toxicology screen and a negative
expanded serum toxicology screen. He
had a normal complete blood cell count
and basic metabolic panel. After 3 to 4
hours he began to return to his baseline
and was discharged at his baseline
neurologic status.

DISCUSSION
The American Association of Poison
Control Centers reported that 4500
calls involving synthetic cannabinoid
toxicity had been received since 2010.5
Commercially available synthetic cannabinoids are a blend of plant and
herbal materials including bay bean,
blue lotus, lion’s tail, lousewort, Indian
warrior, dwarf skullcap, maconhabrava, pink lotus, marshmallow, red
clover, rose, Siberian Motherwort, vanilla, and honey.6 The botanical ingredients are sprayed with an active
chemical ingredient, such as JWH-018,
which produces the toxicity of synthetic
cannabinoids.2 The origin of this compound is traced to Dr John W. Huffman,
an organic chemist at Clemson University, who synthesized analogs and
metabolites of THC to study cannabinoid receptors in the mid-1990s.2 (The
designation JWH refers to the initials
of Dr Huffman.) Popularity of JWH-018
and some of the other compounds in
its group, such as JWH-073, as drugs
of abuse was bolstered by a 2008 report by the German media that this
product could produce a marijuanalike high, but could not be detected
on routine drug screens.2–4 Although
quantitative assays that are capable
of detecting synthetic cannabinoids
are commercially available, their routine use in emergency department
settings is time inefﬁcient and cost
prohibitive.

Smoking and oral ingestion are the
most common routes of consumption.
When inhaled, as little as 1 mg of JWH018 can produce intoxication because of
its agonist activity at the cannabinoid
brain receptors, CB1 and CB2.2,7 This
compound is a full agonist at the CB1
brain receptor site and therefore produces a more intense effect than THC,
which is only a partial agonist.7 In addition, the afﬁnity of JWH-018 for the
CB1 receptor is ﬁve times greater than
that of THC.8 The more intense inhibition
of the g-aminobutyric acid neurotransmission in the brain by JWH-018 compared with THC may be associated with
symptoms of paranoia, agitation, anxiety, and even convulsions.9–11 Synthetic
cannabinoids may also increase serotonin receptor activation and inhibit
monoamine oxidase, resulting in a serotonin syndrome.2 Formulations of synthetic cannabinoids sold to consumers
may also include b1 agonists, which
can produce associated hypertension,
palpitations, tachycardia, anxiety, and
irritability.2
The dystonic reactions noted in the ﬁrst
and third case are unusual side effects.
However, there is no consistency in the
composition of K2, and therefore the
side effect proﬁle is variable. It is also
possible that the dystonia observed was
actually a combination of catatonia and
catalepsy combined with agitation.
Dystonia from synthetic cannabinoids
would be a curious phenomenon, because the effects of THC on the basal
ganglia actually have been studied in
the treatment of dystonia.12

with benzodiazepines is an acceptable
and effective intervention.13,14 Diphenhydramine has been used with some success in reversing dystonic reaction and
muscle rigidity.2 Because of the prevalence
of multidrug ingestions among substance
abusers, it is recommended that laboratory studies include electrolytes, electrocardiogram, urine drug screen, blood
alcohol level, and serum acetaminophen/
salicylate levels.2 Given the high afﬁnity of
these compounds for their receptor sites
and high potency, their effective dose is
small, making the amount of excreted
metabolites low. This makes the detection of these compounds difﬁcult.6,15
The potential for multiple long-term
effects, including immunomodulation
and carcinogenicity, memory loss, psychiatric complications, and dependence,
has been described.16 Given the sensitivity of the developing brain and association between early cannabis use and
psychosis, adolescent use of these new
synthetic cannabinoids is particularly
concerning. Recognition of the signs
and symptoms of patients with synthetic
cannabinoid ingestion can help physicians who treat adolescents be better
prepared to diagnose and manage
patients presenting with this toxicity.

No antidote is presently available for
synthetic cannabinoid intoxication;
however, the symptoms are usually
short acting and self-limited. 13,14
Treatment of agitation and restlessness

Our case series has a few limitations. In
the ﬁrst case, K2 use is based on an
indirect statement from the patient’s
boyfriend, and could not be independently veriﬁed by the patient. Synthetic
cannabinoid products often contain
other active and inactive ingredients,
which makes identifying the speciﬁc
agent as the cause of the presenting
symptoms difﬁcult. Furthermore, clinical presentation of acute ingestion is
often due to multiple substance use,
and is rarely a pure presentation of a
single substance.

regulation. Springﬁeld, VA: US Drug Enforcement Administration; March 1, 2011. Available

at: www.justice.gov/dea/pubs/pressrel/
pr030111.html.

REFERENCES
1. Chemicals used in “Spice” and “K2” type
products now under federal control and

e1066

COHEN et al

Downloaded from pediatrics.aappublications.org at Denver Medical Library on March 26, 2012

CASE REPORT

2. Wells DL, Ott CA. The “new” marijuana. Ann
Pharmacother. 2011;45(3):414–417
3. Piggee C. Investigating a not-so-natural
high. Anal Chem. 2009;81(9):3205–3207
4. Lindigkeit R, Boehme A, Eiserloh I, et al.
Spice: a never ending story? Forensic Sci
Int. 2009;191(1-3):58–63
5. Wehrman J. Fake marijuana spurs more than
4,500 calls to US poison centers. Alexandria,
VA: American Association of Poison Control
Centers; 2011 Available at: www.aapcc.org/
dnn/Portals/0/prrel/revisedk2releaseapril20.
pdf. Accessed May 7, 2011
6. Hudson S, Ramsey J, King L, et al. Use of
high-resolution accurate mass spectrometry to detect reported and previously
unreported cannabinomimetics in “herbal
high” products. J Anal Toxicol. 2010;34(5):
252–260
7. Atwood BK, Huffman J, Straiker A, Mackie K.
JWH018, a common constituent of ‘Spice’

8.

9.

10.

11.

12.

herbal blends, is a potent and efﬁcacious
cannabinoid CB receptor agonist. Br J
Pharmacol. 2010;160(3):585–593
Ashton JC, Wright JL, McPartland JM, Tyndall JD. Cannabinoid CB1 and CB2 receptor
ligand speciﬁcity and the development of
CB2-selective agonists. Curr Med Chem.
2008;15(14):1428–1443
Vearrier D, Osterhoudt KC. A teenager with
agitation: higher than she should have climbed. Pediatr Emerg Care. 2010;26(6):462–465
Hoffman AF, Lupica CR. Mechanisms of
cannabinoid inhibition of GABA(A) synaptic
transmission in the hippocampus. J Neurosci. 2000;20(7):2470–2479
Rodgman C, Kinzie E, Leimbach E. Bad Mojo:
use of the new marijuana substitute leads
to more and more ED visits for acute psychosis. Am J Emerg Med. 2011;29(2):232
Fox SH, Kellett M, Moore AP, Crossman AR,
Brotchie JM. Randomised, double-blind,

13.

14.

15.

16.

placebo-controlled trial to assess the potential of cannabinoid receptor stimulation
in the treatment of dystonia. Mov Disord.
2002;17(1):145–149
Mustata C, Torrens M, Pardo R, Pérez C, Farré
M; Psychonaut Web Mapping Group. Spice
drugs: cannabinoids as a new designer drugs
[in Spanish]. Adicciones. 2009;21(3):181–186
Schneir AB, Cullen J, Ly BT. “Spice” girls:
synthetic cannabinoid intoxication. J Emerg
Med. 2011;40(3):296–299
Moran CL, Le VH, Chimalakonda KC, et al.
Quantitative measurement of JWH-018 and
JWH-073 metabolites excreted in human
urine. Anal Chem. 2011;83(11):4228–4236
Montecucco F, Burger F, Mach F, Steffens S.
CB2 cannabinoid receptor agonist JWH-015
modulates human monocyte migration
through deﬁned intracellular signaling pathways. Am J Physiol Heart Circ Physiol. 2008;
294(3):H1145–H1155

PEDIATRICS Volume 129, Number 4, April 2012

Downloaded from pediatrics.aappublications.org at Denver Medical Library on March 26, 2012

e1067

Clinical Presentation of Intoxication Due to Synthetic Cannabinoids
Joanna Cohen, Sephora Morrison, Jeffrey Greenberg and Mohsen Saidinejad
Pediatrics; originally published online March 19, 2012;
DOI: 10.1542/peds.2011-1797
Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/early/2012/03/14
/peds.2011-1797

Permissions & Licensing

Information about reproducing this article in parts (figures,
tables) or in its entirety can be found online at:
http://pediatrics.aappublications.org/site/misc/Permissions.xh
tml

Reprints

Information about ordering reprints can be found online:
http://pediatrics.aappublications.org/site/misc/reprints.xhtml

PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned, published,
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
Grove Village, Illinois, 60007. Copyright © 2012 by the American Academy of Pediatrics. All
rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

Downloaded from pediatrics.aappublications.org at Denver Medical Library on March 26, 2012

