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ABSTRACT

Objective: The use of dantrolene in the treatment of hyper-
pyrexia related to MDMA (3,4-methylenedioxymethampheta-
mine) is controversial, with little data available to guide clini-
cal decision-making. Although the treatment is recommended
by several poison control centres, published data are primar-
ily in the form of case reports and animal and in vitro experi-
ments. We conducted a systematic review to investigate the
published evidence regarding the safety and benefits of
dantrolene for MDMA-related hyperpyrexia in humans.

Data sources: A systematic search of Embase and MEDLINE
was conducted from the earliest possible date to November
2008.

Study selection: All human trials and case reports of MDMA-
related hyperpyrexia were considered.

Data extraction: Data were abstracted systematically and char-
acteristics including use of dantrolene, adverse reactions attrib-
uted to dantrolene, peak temperature, complications from
MDMA-related hyperpyrexia and survival were recorded.

Data synthesis: Our search yielded 668 articles of which 53,
reporting 71 cases of MDMA-induced hyperpyrexia, met our
inclusion criteria. No clinical trials, randomized controlled tri-
als, observational studies or meta-analyses were identified.
Dantrolene was used in 26 cases. Patient characteristics were
similar in the dantrolene and no dantrolene groups. The
proportion of survivors was higher in the dantrolene group
(21/26) than in the no dantrolene group (25/45). This differ-
ence was especially pronounced in those with extreme
(> 42°C) and severe (> 40°C) fever, with a survival rate of 8 of
13 and 10 of 10, respectively, in the dantrolene group com-
pared with 0 of 4 and 15 of 27 in the no dantrolene group.
There were no reports of adverse events attributable to
dantrolene with the exception of a possible association with
an episode of transient hypoglycemia.

Conclusion: Our systematic review suggests that dantrolene
is safe for patients with MDMA-related hyperpyrexia. Dantro-
lene may also be associated with improved survival and
reduced complications, especially in patients with extreme

(> 42°C) or severe (= 40°C) hyperpyrexia, although this conclu-
sion must be interpreted with caution given the risk of report-
ing or publication bias.

Keywords: MDMA, toxicology, dantrolene, MDMA-related
hyperpyrexia

RESUME

Objectif : L'utilisation du dantroléne dans le traitement
de I'hyperthermie induite par la MDMA (3,4-méthyléne-
dioxyméthamphétamine) est controversée et peu de données
sont disponibles pour guider la prise de décision clinique. Bien
que plusieurs centres antipoison en recommandent |'utilisa-
tion, les données publiées sont principalement sous forme de
rapports de cas et d'expériences sur des animaux et in vitro.
Nous avons effectué une revue systématique en vue d'ana-
lyser les données probantes concernant I'innocuité et les bien-
faits de dantroléne pour traiter I’'hyperthermie induite par la
MDMA chez les humains.

Sources des données : Nous avons procédé a une recherche
systématique des bases de données Embase et MEDLINE, de
la date la plus lointaine possible a novembre 2008.

Sélection des études : Nous avons considéré toutes les
études sur des humains et rapports de cas d’hyperthermie
liée a la prise de MDMA.

Extraction des données : Nous avons extrait les données de
fagon systématique et avons pris en note les caractéristiques,
dont l'utilisation de dantroléne, les effets indésirables attribués
a ce médicament, la température maximale, les complications
de I'hyperthermie induite par la MDMA et la survie.

Synthése des données : Notre recherche a produit 668 arti-
cles dont 53 traitant de 71 cas d’hyperthermie induite par la
MDMA répondaient nos critéres d’inclusion. Nous n’avons
repéré aucune étude clinique, étude contrélée randomisée,
étude d’'observation ou méta-analyse. Le dantroléne a été uti-
lisé dans 26 cas. Les caractéristiques des patients dans les
groupes dantrolene et sans dantrolene étaient similaires. Le
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taux de survie était plus élevé dans le groupe dantroléne
(21/26) que dans le groupe sans dantrolene (25/45). On note
une différence particulierement importante chez les patients
ayant une hyperthermie extréme (> 42 °C) ou grave (> 40 °C),
avec un taux de survie de 8 sur 13 et de 10 sur 10, respective-
ment, dans le groupe dantroléne, comparativement a 0 sur 4
et 15 sur 27 dans le groupe sans dantrolene. Il n'y avait
aucune notification d’effets indésirables attribuables au
dantroléne sauf une association possible avec un épisode

d’hypoglycémie transitoire.

Conclusion : Notre revue systématique suggére que le
dantroléne est sécuritaire pour les patients présentant une
hyperthermie induite par la MDMA. Le dantroléne peut égale-
ment améliorer le taux de survie et réduire les complications,
en particulier chez les patients présentant une hyperthermie
extréme (> 42 °C) ou grave (=40 °C), quoique cette conclusion
doive étre interprétée avec prudence vu le risque de biais de
déclaration ou de publication.

BACKGROUND

MDMA (3,4-methylenedioxymethamphetamine), com-
monly referred to as “Ecstacy,” was first introduced in
1914 by Merck & Co., Inc., when patented as an
appetite suppressant.' It was used experimentally in psy-
chotherapy in the 1970s and gained increased clinical
significance with the advent of “raves” in the 1970s and
1980s. Since then, MDMA has gained popularity as a
recreational drug because of its reputation of “safely”
producing euphoric effects. In Canada, 3.0% of women
and 5.2% of men over the age of 15 report having “ever
used or tried” MDMA.? In the United States, 5.8% of
high school students report use of MDMA one or more
times in their life.’ In spite of the high prevalence of
use, relatively few people report adverse effects from
MDMA and the fatality rate among users aged 15-24
years has been estimated to be only 0.002%-0.053%.*

Despite its reputation as a safe drug, MDMA can
cause severe toxicity and may produce a “hyperpyrexic
syndrome,” which may include severe hyperpyrexia,
muscle rigidity, altered mentation, rhabdomyolysis,
acute renal failure, lactic acidosis, hepatotoxicity, dis-
seminated intravascular coagulation, multiorgan failure
necessitating treatment in the intensive care unit and
death. Many of the toxic effects of MDMA are thought
to be serotonin mediated, producing a form of sero-
tonin syndrome’ due to the blocking of serotonin reup-
take. However, increases in synaptic dopamine and
noradrenaline may also play a role.*” Although it would
be expected that a dose-response relationship would
exist between serum MDMA levels and toxicity, this
does not appear to be true.® Cases have been reported
with serum levels as high as 7.72 mg/L with virtually no
symptomatology and, conversely, fatalities have been
reported with levels of 0.11 mg/L.’

Several theories have been suggested as to why most
MDMA users experience only mild sympathomimetic
effects while in rare cases patients present with hyper-
pyrexic syndrome. It has been considered for decades
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that MDMA-related hyperpyrexia may be caused by a
similar mechanism as malignant hyperpyrexia, thereby
only manifesting in those with a genetic predisposi-
tion."*"" Malignant hyperpyrexia is an autosomal domi-
nant myopathy triggered by volatile anesthetics and
depolarizing muscle relaxants that is thought to involve
the release of excess calcium from the sarcoplasmic
reticulum causing muscle hypermetabolism. It has also
been suggested that serotonin release may play a role in
this process.” Malignant hyperpyrexia is clinically sim-
ilar to MDMA-related hyperpyrexic syndrome with
muscle rigidity, rhabdomyolysis, lactic acidosis and
hyperpyrexia.” It was this logic that introduced the use
of dantrolene, the treatment for malignant hyperpyrexia
through inhibition of Ca?* release, as a treatment for
MDMA-related hyperpyrexia. Dantrolene’s first re-
ported use for a patient with hyperpyrexia induced by
MDMA was in 1992" and numerous reports of dantro-
lene use for this indication have followed, some advo-
cating for**?' and some cautioning against”?* its use.
Dantrolene is currently recommended for MDMA-
induced hyperpyrexia by several poison control cen-
tres.'”* However, despite striking clinical similarities
between the MDMA-related hyperpyrexic syndrome
and malignant hyperpyrexia, evidence that these syn-
dromes share the same mechanism is lacking and
dantrolene’s role in the management of MDMA-related
hyperpyrexia remains controversial.”

In an effort to prove the potential link between malig-
nant hyperpyrexia and MDMA-induced hyperpyrexia,
Fiege and colleagues” administered intravenous MDMA
to malignant hyperpyrexia—susceptible swine and in-
duced signs of malignant hyperpyrexia that could be par-
tially counteracted with dantrolene combined with
sodium bicarbonate and hyperventilation. This experi-
ment has been criticized because of its multimodal treat-
ment and because hypermetabolic effects were also
induced by MDMA in nonmalignant hyperpyrexia—
susceptible swine.”” Denborough and Hopkinson® injected
MDMA into malignant hyperpyrexia—susceptible muscle

CJEM ¢ JCMU


https://doi.org/10.1017/S1481803500012598

specimens and measured increased myoplasmic calcium
concentrations (as would be seen in malignant hyper-
pyrexia), although the work has been criticized for the
use of MDMA concentrations up to 2000-fold higher
than those seen in fatal cases.” It should also be noted
that there have been 2 documented cases of hyper-
pyrexia (one from MDMA and another from MDA
[methylenedioxyamphetamine], a closely related com-
pound) in which testing for malignant hyperpyrexia—
susceptibility was found to be negative.*' To our knowl-
edge, there are no documented cases of a positive ge-
netic test for malignant hyperpyrexia in a person who
developed hyperpyrexia from MDMA.

The rationale for using dantrolene to treat MDMA-
related hyperpyrexia has been questioned by toxicolo-
gists who believe that hyperpyrexia caused by MDMA is
centrally mediated via serotonin, whereas dantrolene
acts peripherally at skeletal muscle.® It has been conjec-
tured that the apparent benefit of using dantrolene to
treat MDMA-induced hyperpyrexia is secondary to a
reduction in heat generation in skeletal muscle without
treatment of the centrally mediated cause. This logic is
contested, though, as dantrolene has been shown to be
ineffective in patients with heat stroke.”” Furthermore,
benefit has not been seen with nondepolarizing neuro-
muscular agents, which would be expected to be just as
efficacious in reducing skeletal muscle rigidity and heat
production in patients with serotonin syndrome.*

Further theories that have been proposed to explain
the seemingly random occurrence of hyperpyrexia in
MDMA users include elevated core temperature sec-
ondary to excessive dancing*** and genetic polymor-
phism of P450 isoenzyme CYP2D6,* both of which
lack conclusive evidence.”**

In light of the controversy surrounding the use of
dantrolene for MDMA-related hyperpyrexia, we con-
ducted a systematic review to summarize the reported

experience with the use of dantrolene for hyperpyrexia
induced by MDMA in humans.

METHODS
Data sources

The search was carried out independently by 2 investi-
gators (B.E.G. and M.O.W.). We conducted a system-
atic computerized MEDLINE search from 1950 to
November 2008 to identify all reports of MDMA-
induced hyperpyrexia in humans. A case was defined as
a single exposure to MDMA resulting in hyperpyrexia;
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thus, one publication could result in several cases. We
applied the following algorithm in medical subject
headings and in free text: (“n-methyl-3,4-methylene-
dioxyamphetamine” or “M/ DMA?” or “ecstasy”) and
“case report.” We also combined the terms (“n-methyl-
3,4-methylenedioxyamphetamine” or “M/DMA” or
“ecstasy”) and “dantrolene” to identify any published
human trials or observational research. These terms
were combined and the results were recorded. A similar
algorithm was applied to Embase from 1980 to Novem-
ber 2008. Furthermore, we searched references of all
articles retrieved to increase the sensitivity of our
search. Any disagreements regarding article eligibility
were resolved by consensus. All relevant articles were
considered, independent of language of publication.

Study selection

A case report or series was included if it reported the fol-
lowing: known exposure to MDMA, documented hyper-
pyrexia (= 38°C), patient survival at least until time of ini-
tial assessment and management by medical personnel,
and patient age 15 years or older. Cases were excluded if
another medical condition may have accounted for the
hyperpyrexia or if there was exposure to co-ingestants
other than alcohol, benzodiazepines, opiates or cannabis.
Although it would have been ideal to exclude all cases
with co-ingestants, this was not realistic because of the
high prevalence of polydrug use among MDMA users.
Thus, cases involving concomitant use of alcohol, benzo-
diazepines, opiates and cannabis were included, as these
drugs were viewed as unlikely to cause hyperpyrexia. We
planned to include all human trials that reported on the
use of dantrolene for MDMA-related hyperpyrexia.

Quality assessment

All cases were assessed in a blinded fashion by 2 authors
(M.O.W. and B.E.G.). Because no validated quality
scoring system exists for the reporting of case reports,
cases were ranked according to 4 quality criteria that we
deemed relevant for this type of case: 1) the reporting of
more than 1 temperature value (temperatures before
and after administration of dantrolene were required in
cases involving dantrolene use), 2) an attempt to exclude
other causes of hyperpyrexia as demonstrated by labo-
ratory testing, imaging or both, 3) confirmation of
MDMA ingestion by analysis and detection of either
the presence of MDMA or its metabolites in body fluid
or direct analysis of ingested substance and 4) docu-
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mentation of the presence or absence of complications
resulting from the suspected MDMA-related event. A
score of 3 or greater indicated good report quality.

Data extraction

The following data were abstracted systematically onto
a computerized Excel worksheet: article author and date
of publication, patient age and sex, treatment with
dantrolene and dose used, peak temperature, peak cre-
atine kinase level, all complications associated with
MDMA toxicity, adverse events attributed to dantro-
lene, survival, laboratory confirmation of MDMA expo-
sure and the clinicians’ impressions of the effectiveness
of the dantrolene treatment. Cases were grouped into
3 temperature ranges (chosen a priori): 38-39.9°C,
40-41.9°C and 42°C or higher. These temperature
ranges have been used previously by other authors.*
Outcomes were classified as follows: death; survival with
severe sequelae (defined as evidence of end-organ dam-
age such as acute kidney injury, hepatotoxicity, coagu-
lopathy, arrhythmias, cerebral or cardiac ischemic
events, intracranial hemorrhage, acute respiratory dis-
tress syndrome, status epilepticus or the use of vaso-
pressors for hemodynamic support); or survival with
moderate or minor sequelae (rhabdomyolysis without
organ involvement, isolated seizures, transient meta-
bolic acidosis, isolated thrombocytopenia, hypo-
glycemia or asymptomatic electrolyte imbalances).
Reported complications that occurred before the patient’s

Articles identified through
database search
n =668

Excluded based on subject
or abstract
n =229

A
Articles retrieved for further
evaluation
n =439

Excluded based on pre-
——— defined exclusion criteria
n =388

A
Articles included in the
analysis n =53
Cases included in analysis
n=71

Fig. 1. Schematic diagram of search and retrieval of cases of
MDMA toxicity. A case was defined as 1 toxic exposure to
MDMA,; thus, 1 article could contain several cases.
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discharge were recorded. In cases in which abnormal
neurologic findings remained present at discharge we
considered the patient to have “persistent neurologic
sequelae.” Quantity of MDMA used was not recorded
because of the unknown amount of MDMA per pill
ingested. Formal statistical analyses were not conducted
because of the risks of reporting and publication bias.
All results were reported using descriptive statistics.

RESULTS

Our search strategy yielded 668 documents, of which 53
articles describing 71 cases of MDMA-related hyper-
pyrexia met our inclusion and exclusion criteria (Fig. 1).
No clinical trials, randomized controlled trials, observa-
tional studies or meta-analyses were identified in the
search. Of the 71 cases, 26 involved the use of dantro-
lene! 1181923303335 and 45 did not involve the reported
use of dantrolene®’** (the dantrolene cases are
summarized in Appendix 1 and the nondantrolene
cases in Appendix 2, both available at www.cjem
-online.ca). Characteristics of cases were similar between
groups (Table 1). The mean patient age was 21.3 (stan-
dard deviation 3.7) years in the dantrolene group and
21.2 (standard deviation 4.3) years in the no dantrolene
group. The median age in both groups was 20 years.
The proportion of male patients was 80.8% in the
dantrolene group and 68.2% in the no dantrolene
group. The mean and median maximum temperatures
were 41.4°C and 42.0°C, respectively, in the dantrolene
group and 40.7°C and 40.7°C in the no dantrolene
group. The cooling method and use of neuromuscular
paralysis were often not mentioned, making it impossible

Table 1. Characteristics of patients in 53 articles describing
71 cases* of MDMA-related hyperpyrexia

No. (%) of patientst

Characteristic Dantrolene given No dantrolene given
Age and sex n=26 n=44
Mean (SD) age, yr 21.3(3.7) 21.2 (4.3)
Median age, yr 20 20
Male sex 21 (80.8) 30 (68.2)
Temperature, °C n=26 n=39
Mean (SD) 41.4(1.3) 40.7 (1.1)
Median 42.0 40.7
Complications n=21 n=25
Severe 12 (57.1) 17 (68.0)
Minor-moderate 9(42.9) 8(32.0)

SD = standard deviation.
*Not all characteristics were reported for all 71 cases.
TUnless otherwise indicated.
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to compare rates of these interventions between groups.
Cyproheptadine is an antihistamine with serotonin
antagonist properties that has been used as an antidote
for patients with serotonin syndrome.’ There were no
reports of cyproheptadine use in this case series.

In the case reports examined, MDMA-related hyper-
pyrexia was associated with rhabdomyolysis, hyper-
kalemia, shock, acidosis, hypo- and hypercalcemia,
hyponatremia, hypoglycemia, coagulopathy, seizures,
acute kidney injury, hepatotoxicity, pancreatic necrosis,
cerebral edema, cardiac and cerebral ischemia, acute
respiratory distress syndrome, pulmonary edema and
injury, gluteal compartment syndrome, multifocal hem-
orrhages, cardiac conduction abnormalities and ar-
rhythmias, persistent neurologic deficits and death.
With the exception of “persistent neurologic sequelae”
described in 2 patients at discharge, the long-term
sequelae of MDMA-related hyperpyrexia is unknown. A
possible association between dantrolene and transient
hypoglycemia was described in one case report;” other-
wise, no adverse events were attributed to dantrolene in
the case reports.

There were 25 fatal cases including 5 of 26 (19%) in
the dantrolene group and 20 of 45 (44%) in the no
dantrolene group. For the temperature categories of
42°C or higher, 40-41.9°C and 38-39.9°C, survival in
the dantrolene group was 8 of 13 (62%), 10 of 10 (100%)
and 3 of 3 (100%), respectively, whereas in the no
dantrolene group survival was 0 of 4 (0%), 15 of 27

Table 2. Survival data from 71 cases of MDMA-related
hyperpyrexia

No. of survivors (%)

Survival Dantrolene  No dantrolene
Total survival 21/26 (80.8)  25/45 (55.6)
Survival >42°C 8/13 (61.5) 0/4 (0.0)
Severe complications 6/8 (75.0) —
Mild-moderate complications 2/8 (25.0) —
Survival 40-41.9°C 10/10(100.0)  15/27 (55.6)
Severe complications 5/10 (50.0) 12/15 (80.0)
Mild-moderate complications ~ 5/10 (50.0) 3/15 (20.0)
Survival 38.0-39.9°C 3/3(100.0) 7/8 (87.5)
Severe complications 1/3 (33.3) 3/7 (42.9)
Mild-moderate complications 2/3 (66.7) 4/7 (57.1)
Survival: temperature identified
P P — 3/6 (50.0)
Severe complications — 2/3 (66.6)
Mild-moderate complications — 1/3 (33.3)

*In the following case reports, patients were described as being hyperpyrexial, but
the authors did not cite a specific temperature: Patel et al. (first case);”’ Karlovsek
et al.;* Ben-Abraham et al. (3 cases);” Garcia-Repetto et al. (first case).*”
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(56%) and 7 of 8 (88%) (Table 2*7°%%), Survivors in the
no dantrolene group were more likely to suffer severe
sequelae than those in the dantrolene group. This was
most apparent in the temperature range of 40-41.9°C.
The dosing of dantrolene varied considerably between
cases; however, the most common dose used was 1 mg/kg
or 80 mg intravenously, with repeated doses as necessary.

We rated the reports of 25 of 71 cases as “high qual-
ity” (quality score of > 3). The x value for interrater
agreement for quality scores was 0.79. A sensitivity
analysis restricted to high-quality case reports showed
an overall survival rate of 76% in the dantrolene group
compared with 66% in the no dantrolene group despite
a higher mean temperature in the dantrolene group
(41.7°Cv. 40.7°C in the no dantrolene group). The sur-
vival rate in the case reports deemed high quality with
severe (= 40°C) and extreme (= 42°C) hyperpyrexia was
also higher in the dantrolene group (83% v. 79%) than
in the no dantrolene group (50% v. 0%).

In 10 of the 26 cases reporting dantrolene use, the
authors indicated that they believed dantrolene was
effective; in the remaining 16 cases, the authors either
did not state an opinion or were unsure. One report
included a cooling graph that indicated a significant
drop in temperature on 2 separate occasions after
dantrolene was administered."”

DISCUSSION

For most rare toxicologic emergencies, definitive evi-
dence from randomized controlled trials or even obser-
vational studies is not available, leaving the clinician to
base management decisions on physiologic grounds,
consensus statements and case reports. In the case of
MDMA-related hyperpyrexic syndrome, animal toxi-
cology studies have neither confirmed nor refuted the
possible link between MDMA and malignant hyper-
pyrexia, and cannot be used to justify the use of dantro-
lene for this indication. This systematic review summa-
rizes the current state of the evidence concerning the
use of dantrolene for MDMA-related hyperpyrexia in
humans. We found 71 cases of MDMA-related hyper-
pyrexia, of which dantrolene was used in 26. There
were no randomized controlled trials, clinical trials or
observational studies on this subject.

Commonly reported complications of MDMA-
related hyperpyrexia included rhabdomyolysis, acute
kidney injury, hepatotoxicity, coagulopathy, seizures,
shock, cerebral injuries and electrolyte abnormalities
(Box 1). It is possible that the well-known effects of
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MDMA on serum sodium concentrations” may have
played a role in the reported complications of cerebral
edema, seizures and persistent neurologic sequelae.
There were 25 deaths reported in the case reports exam-
ined; of these, 5 of the patients had been given dantro-
lene and 20 had not. Therefore, although rare, MDMA-
related hyperpyrexia can be associated with severe
complications or death.

Dantrolene has been shown to be associated with
muscle weakness and phlebitis, and, in rare cases, respi-
ratory failure, gastrointestinal upset and excessive secre-
tions.” In our review none of these, nor any other side
effects, were attributed to dantrolene, with the excep-
tion of a single case of transient hypoglycemia possibly
related to dantrolene use. In view of these data, we con-
clude that dantrolene appears to be safe for the treat-
ment of MDMA-induced hyperpyrexia.

In the 71 cases identified in this review, those report-
ing dantrolene use had a higher survival rate (81% wv.
56%; Table 2) and fewer severe sequelae (57% v. 68%;
Table 1) than those not using dantrolene. In cases with
peak temperatures 42°C or higher, patients who were
given dantrolene had a 62% survival rate compared with
no survivors in the no dantrolene group. In cases with
peak temperatures 40-41.9°C, patients given dantrolene
had an increased survival rate (100% v. 57%) and a
lower rate of severe sequelae (42% v. 81%). Finally, in
cases with peak temperatures of 38-39.9°C, patients
given dantrolene had a slightly greater survival rate
(100% v. 88%) and fewer severe sequelae (33% v. 43%).

These data suggest that dantrolene may reduce mor-
tality and complications in patients with MDMA-related
hyperpyrexic syndrome. However this conclusion must

Box 1. Complications of MDMA-related hyperpyrexic
syndrome

e Delirium and agitation

e Seizures

e Rhabdomyolysis

e Hyperkalemia

e Arrhythmias

e Metabolic acidosis

e Myocardial ischemia

e Cerebral ischemia

e Cerebral edema

e Acute kidney injury

e Pulmonary edema

e Acute respiratory distress syndrome

e Hepatotoxicity

e Coagulopathy

e Shock necessitating vasotropic/inotropic support
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be viewed with caution as it is based entirely on case
reports, which are susceptible to reporting and publica-
tion bias. It is possible that cases involving survival with
standard therapy or those involving failure of dantrolene
therapy are less likely to be reported or published.

A second limitation of our review is that, to our
knowledge, no formal quality assessment tool for the
evaluation of case reports has been published. To address
this issue, we developed our own face-valid quality
assessment tool based on the presence or absence of
characteristics we deemed important for judging the
quality of case reports. Our ¥ value of 0.79 indicated
substantial interrater agreement. A sensitivity analysis
restricted to high-quality case reports also suggested that
dantrolene was associated with increased survival.

CONCLUSION

This is the first systematic compilation of all case
reports of MDMA-related hyperpyrexic syndrome. The
current state of the evidence for the treatment of
MDMA-related hyperpyrexia with dantrolene does not
allow for definitive proof of causality, as it is limited to
case reports. However, given the low incidence of
hyperpyrexia related to MDMA it is unlikely that more
definitive evidence from randomized controlled trials or
even quasi-experimental trials will ever become avail-
able. The purpose of this review was not to prove
causality but rather to help clinicians to make evidence-
informed decisions regarding MDMA-related hyper-
pyrexic syndrome and the indication for treatment with
dantrolene, a subject previously shrouded in ambiguity.
Although limited by possible reporting or publication
bias, our findings suggest that dantrolene is rarely asso-
ciated with side effects when used for patients with
MDMA-related hyperpyrexia and may lower mortality
rates and reduce the incidence of severe complications
especially in patients with severe (= 40°C) or extreme
(= 42°C) hyperpyrexia.
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Appendix 1. Characteristics of included cases of dantrolene for MDMA-related hyperpyrexia

Temp.,

Case °C Age/sex Reported acute complications

Grunau et al.” 42.2 31/M Rhabdomyolysis+

Moon and Cros'™ 41.7 21/M None

Strobbe et al.” 42.0 22/M AKIl, hyperkalemia, vasotropic/inotropic support
required, hepatotoxicity, coagulopathy, cerebral
edema, acidosis, rhabdomyolysis

Kunitz et al.” 43.0 21/M Coagulopathy, hepatotoxicity, AKl, rhabdomyolysis

Greene et al.” 41.6 18/M Acidosis, vasotropic/inotropic support required, AKI,
hepatotoxicity, myoglobinuria, rhabdomyolysis

Ferrie and Loveland® 43.0 19/M Acidosis, hyperkalemia, AKI, coagulopathy, bilateral
gluteal compartment syndrome, myoglobinuria,
rhabdomyolysis

Ramcharan et al.® 38.7 30/M Seizure, acidosis

Williams and Unwin®* 41.9 25/F Seizure, hypoglycemia, thrombocytopenia,

rhabdomyolysis

Mallick and Bodenham'® 42.9 19/M Seizure, myoglobinuria, acidosis, hepatotoxicity,
vasotropic/inotropic support required,
rhabdomyolysis

Montgomery and 41.9 25/F Coagulopathy, hypoglycemia, seizure
Myerson®
Murthy et al.* 42.0 21/M Acidosis, pulmonary edema, myoglobinuria,

coagulopathy with multifocal hemorrhages, hypo-
and hypercalcemia, vasotropic/inotropic support
required, AKI, hepatotoxicity, rhabdomyolysis

Coore” 43.0 18/F AKI, seizure, vasotropic/inotropic support required,
coagulopathy, hepatotoxicity, pancreatic necrosis,
rhabdomyolysis

Dar and McBrien® 42.0 17/M Second-degree AVB, cardiac pacing required,
anuria, coagulopathy, acidosis

Ellis et al.* 42.0 19/M Coagulopathy, AKI, hepatotoxicity, myoglobinuria,
rhabdomyolysis

Hall et al.” 41.0 26/M Status epilepticus, vasotropic/inotropic support

required, coagulopathy, AKI, ARDS, colitis,
hepatotoxicity, rhabdomyolysis

Demirkiran et al.” 38.5 19/F Hepatotoxicity, hyponatremia, seizure, persistent
neurologic sequelae, rhabdomyolysis

Wake®' 41.2 24/M Acidosis, hyperkalemia, rhabdomyolysis

Roberts and Wright™ 38.6 20/M Seizure

Walsh et al.* 42.0 20/M Seizure, acidosis, hyperkalemia

Logan et al.” 42.0 23/M Acidosis, vasotropic/inotropic support required,
coagulopathy, rhabdomyolysis

Webb and Williams™ 40.2 20/M Coagulopathy, acidosis, hypoglycemia,

vasotropic/inotropic support required, permanent
neurologic sequelae, rhabdomyolysis
Watson et al.” 42.0 16/M Acidosis, seizure, coagulopathy, cerebral edema,
hyperkalemia, hypoglycemia, vasotropic/inotropic
support required, rhabdomyolysis
40.5 20/M None

Nimmo et al.* 40.0 19/F Seizure, coagulopathy, hyperkalemia,
rhabdomyolysis, cerebral edema

Campkin and Davies™ 42.0 18/M Seizure, coagulopathy, rhabdomyolysis

Singarajah and Lavies™ 40.2 24/M Acidosis, coagulopathy, myoglobinuria, status

epilepticus, hyperkalemia, rhabdomyolysis

Complications*
M
M
n/a

[%2]

n/a

n/a

n<<<<< o

wn

n/a

n/a

AKI = acute kidney injury; ARDS = acute respiratory distress syndrome; AVB = atrioventricular block; M = minor-moderate; n/a = not available; S = severe.
*Complications were assessed as being “severe” or “minor-moderate.” Mental status changes and transient neurologic abnormalities are not included as complications.

TSee “Quality assessment” in the article for an explanation of the quality criteria and scoring.

$Rhabdomyolysis defined as a 5-fold or greater increase of serum creatine kinase over normal.*”
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Appendix 2. Characteristics of included cases in which no dantrolene was given for MDMA-related hyperpyrexia (part 1 of 2)

Temp., Quality
Case °C Age/sex Reported acute complications Complications* Survival scoret
Dahl et al.” 41.4 20/M Seizure, acidosis, hyperkalemia, coagulopathy, AKI, S Y 4
hepatotoxicity, severe diffuse cerebral injury,
rhabdomyolysis*
Archer® 40.3 n/a Seizure, third-degree AVB n/a N" 1
Patel etal.” highs 20/F Seizure, cardiac arrest, cerebral ischemia, n/a N 2
hepatotoxicity
41.5 20/M Coagulopathy, AKI, hypoglycemia, rhabdomyolysis S Y 4
40.7 18/M AKI, rhabdomyolysis S Y 4
40.6 20/M Seizure, acidosis, AKI S Y 4
41.3 27/M None M Y 4
Kunsdorf-Wnuk et al.” 39.6 23/M Coagulopathy, vaso/inotropic support required, AKI, S Y 4
rhabdomyolysis
Karlovsek et al.” highs 21/M Vaso/inotropic support required, coagulopathy, n/a N 3
hepatotoxicity, cerebral edema, AKI, acidosis
Ravifa et al.” 41.2 19/M Vaso/inotropic support required, cardiac arrest, n/a N 3
hyperkalemia, acidosis
Bordo and Dorfman® 41.8 20/F None, rhabdomyolysis M Y 4
Greene et al.” 43 20/M Acidosis, hyperkalemia, PEA n/a N 4
38.8 22/M Acidosis, hyperkalemia, AKI, hepatotoxicity, n/a N 4
vaso/inotropic support required, coagulopathy,
myoglobinuria, rhabdomyolysis
Ben-Abraham et al.® 39-41 23/F Seizure, ARDS, acidosis, rhabdomyolysis S Y 3
39-41 24/F Seizure, acidosis, hyponatremia, rhabdomyolysis M Y 3
39-41 21/M Seizure, acidosis, hepatotoxicity, thrombocytopenia, S Y 3
rhabdomyolysis
Hinkelbein et al.* 38.5 16/F None M Y 2
Garcia-Repetto et al.® highs 19/F AKI, “brain edema,” rhabdomyolysis n/a N 2
41.6 19/M Seizure, anuria, coagulopathy, “multiorgan failure,” n/a N 2
rhabdomyolysis
41.6 20/M Seizure, anuria, coagulopathy, “multiorgan failure,” n/a N 2
rhabdomyolysis
Finsterer et al.” 40 19/F Seizure, cerebral ischemia, AKI, hepatotoxicity, S Y 3
ST elevation, rhabdomyolysis
Sue et al.” 39.5 19/F Seizure, hyponatremia, rhabdomyolysis M Y 3
Nielsen et al.® 40.4 28/M Acidosis, “electrolyte imbalance,” vaso/inotropic n/a N 3
support required, seizure
Trejo Gutiérrez et al.* 41 17/M AKI with acute tubular necrosis, coagulopathy, S Y 3
hepatotoxicity, cerebral and cerebellar “atrophy, ”
rhabdomyolysis
Franceschini et al.” 40 16/M None M Y 3
Shannon” 40.6 21/M Seizure, coagulopathy, hepatotoxicity, AKI, S Y 2
rhabdomyolysis, persistent neurologic sequelae
Mueller and Korey” 417 20/F Acidosis, seizure, hypoglycemia, hyperkalemia, n/a N 4
ventricular fibrillation and/or asystole, SVT,
vaso/inotropic support required
Drake and Broadhurst™ 39.0 25/M QT prolongation M Y 0
Lehmann et al.” 39.7 36/M Seizure, hyponatremia, alkalosis, myoglobinuria, S Y 4
hepatotoxicity, rhabdomyolysis
Satchell and 38.0 24/F Seizure, hyponatremia, rhabdomyolysis M Y 3
Connaughton”
Barrett and Taylor” 40.0 23/M Acidosis, AKI, hepatotoxicity, coagulopathy, S Y 3
rhabdomyolysis
Fahal etal.” 40.0 23/M Seizure, AKl, coagulopathy, hepatotoxicity, n/a N 3
rhabdomyolysis
Continued
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Appendix 2. Characteristics of included cases in which no dantrolene was given for MDMA-related hyperpyrexia (part 2 of 2)

Temp.,
Case °C
41.0
41.0
421
41.0
40.0
39.7
40.0
43.3

Henry etal.’

Screaton et al.”®
41.0

40.0

Chadwick et al.” 42.0

41.6
41.0

Brown and Osterloh®
Simpson and Rumack®'

Age/sex
18/M
17/M
18/M
21/F
20/M
19/F
20/M
19/M

19/M

19/M
16/F

32/F
32/M

Reported acute complications

Arrhythmias, asystole

Seizures, coagulopathy

Gastrointestinal hemorrhage

Seizure, coagulopathy, AKI, rhabdomyolysis
Seizure, coagulopathy, AKI, rhabdomyolysis
Thrombocytopenia, hepatotoxicity

Hepatotoxicity, coagulopathy, AKI, rhabdomyolysis

Coagulopathy, myoglobinuria, cerebral hemorrhage,
rhabdomyolysis

Coagulopathy, AKI, bilateral lower extremity
compartment syndrome, SVT, rhabdomyolysis
Coagulopathy, rhabdomyolysis

Acidosis, coagulopathy, vaso/inotropic support
required, cerebral edema, hypoglycemia
Acidosis, AKI, coagulopathy, hepatotoxicity
Seizure, coagulopathy, multifocal hemorrhages,
acidosis, thrombocytopenia, shock, pulmonary
edema, cerebral edema, diarrhea, rhabdomyolysis

Complications*

n/a
n/a
n/a
n/a
n/a
S
S
n/a

S
S

n/a

n/a

Survival
N

zZ X< <K zZzzZ2zZ2Z=2

<

Quality
scoret

AN NNDNNDNDN

AKI| = acute kidney injury; ARDS = acute respiratory distress syndrome; AVB = atrioventricular block; M = minor-moderate; n/a = not available; PEA = pulseless electrical activity;

S = severe; SVT = supraventricular tachycardia.

*Mental status changes and transient neurologic abnormalities are not included as complications.
tSee “Quality assessment” in the article for an explanation of the quality criteria and scoring.
+Rhabdomyolysis defined as a 5-fold or greater increase of serum creatine kinase over normal.*

§Temperature readings indicating “high” were reported by medical personnel, not subjective accounts by patients or their companions.
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