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Korey Stringer Institute
& National Athletic Trainers’
Association Co-Host Round Table
on MH and Physically Active Population
By Yuri Hosokawa, Korey Stringer Institute
Director of Communication and Education
On September 17-18th, Korey Stringer Institute (KSI) and the National Athletic Trainers’
Association (NATA) co-hosted a Round Table
on Malignant Hyperthermia (MH) in Physically
Active Populations.
The two-day meeting was co-chaired by Yuri
Hosokawa, MAT, ATC, and Douglas Casa,
PhD, ATC and was attended by researchers
and clinicians who hold expertise in exercise
related heat illnesses and MH from eight different institutions around the world: KSI; University of Connecticut; NATA; Malignant Hyperthermia Association of the United States (MHAUS);
Uniformed Services University of the Health
Sciences (USUHS); Toronto General Research
Institute; Leveran Military Teaching
Hospital; Central Michigan University; and University of Arkansas.
The purpose of this round table
was to explore the association between MH, exertional heat stroke
(EHS), and exercise-induced
rhabdomyolysis (EIR).
The first day of the two-day
meeting was focused on
formulating a common understanding on MH, EHS,
and EIR among athletic
trainers, sports medicine physicians, emergency medicine
physicians, anesthesiologists, and researchers to
establish a consensus on

the topic. Hosokawa opened the round table
addressing the potential links that suggest an
association between the three medical conditions (MH, EHS, and EIR) and the gaps in
the scientific literature for future research and
interdisciplinary collaborations. Henry Rosenberg, MD, President of MHAUS, presented
an historical overview of MH, which further
highlighted the need for more robust, longitudinal research to answer the question; are MH,
EHS, and EIR related?
John Capacchione, MD, from USUHS, Sheila
Riazi, MSc, MD, FRCPC, from Toronto General Research Institute, and Emmanuel Sagui,
MD, from Laveran Military Teaching Hospital,
presented on the epidemiology of MH in different cohorts of individuals. Capacchione shared
data from U.S. Military surveillance data, which
suggested the potential interplay between MH
and EIR. Riazi presented on data obtained
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Malignant Hyperthermia (MH) is an
inherited muscle disorder which, when
triggered by potent inhalation anesthetics
and succinylcholine, may cause a lifethreatening crisis. The incidence of MH
is low, but, if untreated, the mortality rate
is high. Since the advent of the antidote
drug, dantrolene sodium, and with greater
awareness of the syndrome, the mortality
rate has decreased. Great advances
in our understanding of MH have been
made since it was first recognized in the
early 1960s, but the nature of the fundamental defect(s) is still unknown.
MHAUS advocates that all surgical
patients undergoing general anesthesia
should receive continuous temperature
monitoring, that adequate supplies of dantrolene be stocked near the OR and that
thorough family histories be obtained.
Copyright 2016 by MHAUS

Dianne Daugherty
MHAUS Executive Director

Dripping
water
hollows out
stone, not
through
force but
through
persistence
- Ovid

When considering the challenges our
small organization has faced over
more than thirty years, it seems to
me that the quote above is quite relevant to who we are and what we do.
As a small non-profit organization
that focuses on an uncommon disorder which has the audacity to not
even strike with regularity, but rather
in an unpredictable fashion, persistence has been an attribute that
everyone involved has “in spades.”
The challenge of ongoing support
from various sources begins and
ends with you, our members!
We are a membership-based organization begun by MH-susceptible
patients, their families, and others
dedicated to keeping patients safe
from harm. The monetary support
we receive through membership
dollars, additional donations, and
purchase of the lifesaving MH educational products we work so hard
to deliver is extremely important to
the MHAUS mission. Without this
type of support for these many years,
we would have ceased to exist and
programs like the MH Hotline would
not have been available for MH
emergencies everywhere.

The cost of membership is quite
reasonable and, considering the
discounts given to all types of paid
members, it is a bargain that can
quickly pay for itself!
Malignant hyperthermia can inflict
significant harm and may even
cause a patient’s death! This not
only strongly affects the patient’s
family members, of course, but also
often can devastate the healthcare
providers involved in the case.
Some are so overwhelmed they no
longer practice medicine. We
remain persistent in reaching out to
all types of healthcare professionals
to verify they are aware of MH and
have a plan of action ready to treat
an unexpected event. By sharing
products and programs designed
to promote MH readiness and coordinating an MH Hotline to provide
expert guidance 24/7/365 when facing an MH crisis, our focus does not
waver from the end goal of 0 deaths
from MH.
One of our board members recently made a comment: Doctors
and nurses take a vacation from
time to time, but MH never takes
a vacation. How true is that brief
statement! MH is a disorder that is
unpredictable, can slowly creep up
or hits with a virulent force that must
be addressed quickly and efficiently.
We don’t know when or if it will strike
and must be prepared to react to MH
at all times.
The MH experts and Board of Directors remain persistent in their focus
on directing the organization toward
its goals. This focus for many years
continued on page 11
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New Drug Holds Potential to
Reduce the Use of a Potent
MH Trigger Drug
by Dr. Henry Rosenberg MD, CPE
MHAUS President
Succinylcholine (Anectine) is an MH
trigger. Generally injected intravenously, the drug is usually used to
produce deep muscle relaxation in
order to facilitate such procedures
as intubation of the trachea. The
onset of relaxation is very rapid and
the duration is generally less than
10 minutes.
Succinylcholine, introduced in the
1950s, is used primarily by anesthesia providers, emergency medicine physicians and others who
are trained in management of the
airway. Other adverse effects of the
drug include massive increase in
potassium levels leading to cardiac
arrest in burn patients and patients
with muscle disorders, muscle pain,
and occasionally prolonged duration
of action in some patients where
the enzyme that degrades the drug
is ineffective. However, by far the
most dangerous complication of the
use of Succinylcholine is MH.
There are other drugs that are not
MH triggers (such as rocuronium
or vecuronium) that produce rapid
onset of paralysis like succinylcholine, but they are not used for this
purpose very often because the
duration of muscle weakness can
be an hour or longer. However, a
remarkable drug was developed
about 10 years ago called Sugam-

madex that completely and rapidly
reverses the weakness caused by
rocuronium and vecuronium.
As such, the potential exists for
avoiding the use of succinylcholine
and all the complications associated with its use. Sugammadex has
been approved and has been used
satisfactorily for many years in over
70 countries.
Despite several attempts to obtain
FDA approval, only recently has
an expert panel of the FDA recommended full approval of the drug.
Sugammadex, like many other
drugs, is associated with an allergic reaction in a small number of
patients, but the potential benefit
of avoiding a drug that may trigger
MH, as well as enhancing return
of normal muscle strength in other
situations, led the panel to recommend its approval.
In discussing the acceptance of Sugammadex with MH experts in other
countries, the only reservation I
heard was the additional cost of the
drug compared to succinylcholine.
The company, Merck, has not indicated what the cost of the drug will
be in the U.S. It will take some time
for the medication to be approved
and people trained to use the drug,
but from the perspective of concern
for avoiding an MH trigger, it is, in
my opinion, a great advance.

MHAUS’
Membership
Campaign
Refer a friend,
win prizes!

October 1, 2015 through
September 30, 2016
Invite everyone you know to become
a member of MHAUS. As a thank
you for your hard work, MHAUS will
enter your name in a drawing to earn
prizes. The more people you recruit,
the more chances you have to win!
With every paid membership referral
who enters your member number during registration, you will be
entered into the quarterly drawing. If
you recruit five or more paid memberships, your name will be entered
into the annual drawing. That’s right!
You could win more than once!
The drawings will be for patient/
family memberships as well as all
healthcare professional memberships, including students and our
partner memberships.
Here are the rules:
3 To participate, you must have an
annual paid membership.
3 The person you refer must sign
up for an annual paid membership
with MHAUS to qualify.
3 The person you refer must enter
your member number in the appropriate section upon registration.
3 2016 quarterly drawings will occur
on January 4, April 1, July 1, and
October 3. The annual drawing will
be done on October 3, 2016.
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DOD Funding $2.4
Million Grant to Study
Exertional Heat Stroke,
Rhabdomyolysis & MH
The U.S. Department of Defense is
funding a $2.4 million grant entitled
“An Interdisciplinary Approach to Investigating Exertional Related Injuries
in the Service Member.” This grant will
explore the relationships among exertional heat stroke, exertional rhabdomyolysis and malignant hyperthermia.
John Capacchione, M.D., Associate
Professor and Vice Chair Director,
MH Testing Center, Department of
Anesthesiology at Uniform Services
University of the Health Services is the
Principle Investigator and will lead a
team of specialists from the disciplines
of Sports Medicine, Exercise Physiology, Family Medicine, Neurology,
Neurosurgery, Pathology, Genetics,
Cell Biology and Anesthesiology.

continued from front page
from the Canadian MH Center,
where people with recurrent EHS or
EIR episodes were further investigated for MH susceptibility. Sagui
presented data from the French
military, where a biopsy halothanecaffeine contracture test was
routine screening for recruits who
sustained EHS until recently, which
initiated a great discussion over
heat tolerance capacity in individuals who are MH susceptible.
Day two of the round table focused
on the identification, management,
and outcome of MH and ways to
translate the research findings
to clinical practice. Nyamkhishig
Sambuughin, PhD, from USUHS
presented on the use of exome sequencing to uncover pathways and
relationship between MH and EIR.
Sambuughin’s presentation was followed by Sheila Muldoon, MD, from

USUHS, who presented multiple
case reports on MH-like syndromes
that occurred in exercise context,
which provided an important leading
question to discuss special considerations for physically active populations in preventing, detecting, and
managing MH.
This round table was first of its kind,
bringing experts from various backgrounds to discuss MH. The round
table proceedings will be published
in the Journal of Athletic Training,
which will summarize the current
consensus on the significance of
MH in physically active populations
and will identify future directions in
research for the identification, prevention, and treatment of conditions
associated with MH in the physically
active.
Editor’s Note: article was adapted from
the November 2015 issue of the KSI
Newsletter.
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MHAUS President Shares His Thoughts on
KSI / NATA Round Table & Concerns Going Forward
by Dr. Henry Rosenberg
MHAUS President
As Yuri Hosokawa, the Communications Director of the Korey
Stringer Institute (KSI), has already
provided a summary of the KSI/
National Athletic Trainers’ Associations Round Table (see Page 1), I’d
like to elaborate on a few of the discussions and share with you some
of my concerns going forward.
In particular, Drs. Sambuughin
and Muldoon discussed the molecular genetics of patients who
experienced heat stroke. Not only
are RYR-1 variants found in many
cases of MH, but using whole
exome sequencing, Dr. Sambuughin found that deleterious mutations
in genes encoding proteins that
regulate muscle metabolism and
contraction /relaxation are important genetic factors that enhance
an individual’s susceptibility to
exertional rhabdomyolysis. Some

examples are DNM2 associated
with central nuclear myopathy and
charcot marie tooth, type 4B, and
PHKA1 associated with glycogen
storage disease type IX.
A recent death of an 11-year-old
who developed a temperature to
106.8 degrees and muscle rigidity
after moving boxes in a hot attic
lead to genetic studies identifying
the same RYR-1 variant previously
described in the 6-year-old who
died in Florida after developing high
temperature and muscle rigidity
after playing in a warm environment (he received succinylcholine
for intubation which precipitated the
cardiac arrest).
A great deal of the subsequent
discussion was spent developing a
clear, succinct definition of MH-like
syndromes that should alert ED
physicians and athletic trainers to
consider that the patient may have
genetic changes that are causal for

MH and to familiarize these caregivers with the clinical and molecular
aspects of MH.
KSI and the National Athletic Trainers’ Association (NATA) wishes to
make the thousands of athletic trainers and physicians who care for athletes aware of the MH syndrome in
order to identify those who might be
at greater risk for exercise-induced
rhabdomyolysis and heat stroke and
to refer patients who might be at risk
for MH for further evaluation.
At this point it is a matter of raising
awareness about the MH syndrome
and its relation to heat and exerciseinduced rhabdomyolysis and heat
stroke. Further information will be
needed to more clearly define the
risks of exercise in hot environments
for the MH susceptible. A manuscript
will be developed based on the presentations and in-depth discussions
as part of the meeting.
I suspect that MHAUS and our testing centers will soon be receiving
more inquiries about heat and exercise. I believe we are entering an
era where, because many individuals will be found to harbor RYR-1
and CACNA1s variants known to be
associated with or causal for MH,
that this syndrome will get more attention by the public and the medical community. My concern is that
we will not have the resources to
respond to the many inquiries.
Over two dozen experts attended the
Korey Stringer Institute and the National Athletic Trainers’ Association’s
Round Table on “Malignant Hyperthermia in Physically Active Populations.”
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DANTRIUM IV
®

(dantrolene sodium for injection)
Dantrium® IV from Par Sterile Products, LLC offers the benefits that a
well-managed facility needs to be effectively prepared.

Shelf Life

36-month shelf life* may result in more time between
required re-orders.

Cost-Competitive Pricing

Priced comparatively to competitor products†

Emergency orders
Dantrium® IV is available for emergency orders
and can be ordered:
• as drop ship
• as direct purchase
• through local wholesalers and distributors

To order Dantrium® IV from
Par Sterile Products, LLC.,
call 800-828-9393 and select option 6 or
email dantriumcustomerorders@parpharm.com.

*Dantrium® IV has 36 month shelf life from manufacturing point. There is always some lag period between
manufacturing date and when the product ships to the end user, which varies when the order is placed.
†
Cost savings are based on MHAUS recommendation of storing 36 Dantrium® IV vials compared with an
equivalent dose of competitor products, using WAC price per vial.
For more information on Dantrium® IV and for Full Prescribing Information please visit www.dantrium.com.
Dantrium® is a registered trademark of Par Sterile Products, LLC.

© 2015 PSPB04 0215
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Dantrium Intravenous (dantrolene sodium for injection)

Dantrium® Intravenous

(dantrolene sodium for injection)
DESCRIPTION: Dantrium Intravenous is a sterile, non-pyrogenic, lyophilized formulation of dantrolene sodium for injection. Dantrium Intravenous is
supplied in 70 mL vials containing 20 mg dantrolene sodium, 3000 mg mannitol, and sufficient sodium hydroxide to yield a pH of approximately 9.5 when
reconstituted with 60 mL sterile water for injection USP (without a bacteriostatic agent).
Dantrium is classified as a direct-acting skeletal muscle relaxant. Chemically, Dantrium is hydrated 1-[[[5-(4-nitrophenyl)-2-furanyl]methylene]amino]-2,4imidazolidinedione sodium salt. The structural formula for the hydrated salt is:

The hydrated salt contains approximately 15% water (3-1/2 moles) and has a molecular weight of 399. The anhydrous salt (dantrolene) has a molecular weight of 336.
CLINICAL PHARMACOLOGY: In isolated nerve-muscle preparation, Dantrium has been shown to produce relaxation by affecting the contractile response of
the muscle at a site beyond the myoneural junction. In skeletal muscle, Dantrium dissociates the excitation-contraction coupling, probably by interfering with
the release of Ca++ from the sarcoplasmic reticulum. The administration of intravenous Dantrium to human volunteers is associated with loss of grip strength
and weakness in the legs, as well as subjective CNS complaints (see also PRECAUTIONS, Information for Patients). Information concerning the passage of
Dantrium across the blood-brain barrier is not available.

Labor and Delivery: In one uncontrolled study, 100 mg per day of prophylactic oral Dantrium was administered to term pregnant patients awaiting labor
and delivery. Dantrolene readily crossed the placenta, with maternal and fetal whole blood levels approximately equal at delivery; neonatal levels then fell
approximately 50% per day for 2 days before declining sharply. No neonatal respiratory and neuromuscular side effects were detected at low dose. More data,
at higher doses, are needed before more definitive conclusions can be made.
Nursing Mothers: Dantrolene has been detected in human milk at low concentrations (less than 2 micrograms per mL) during repeat intravenous administration
over 3 days. Because of the potential for serious adverse reactions in nursing infants from dantrolene, a decision should be made whether to discontinue nursing
or to discontinue the drug, taking into account the importance of the drug to the mother.
Geriatric Use: Clinical studies of Dantrium Intravenous did not include sufficient numbers of subjects aged 65 and over to determine whether they respond
differently from younger subjects. Other reported clinical experience has not identified differences in responses between the elderly and younger patients.
In general, dose selection for an elderly patient should be cautious reflecting the greater frequency of decreased hepatic, renal, or cardiac function, and of
concomitant disease or other drug therapy.
ADVERSE REACTIONS: There have been occasional reports of death following malignant hyperthermia crisis even when treated with intravenous dantrolene;
incidence figures are not available (the pre-dantrolene mortality of malignant hyperthermia crisis was approximately 50%). Most of these deaths can be accounted
for by late recognition, delayed treatment, inadequate dosage, lack of supportive therapy, intercurrent disease and/or the development of delayed complications
such as renal failure or disseminated intravascular coagulopathy. In some cases there are insufficient data to completely rule out therapeutic failure of dantrolene.
There are reports of fatality in malignant hyperthermia crisis, despite initial satisfactory response to i.v. dantrolene, which involve patients who could not be
weaned from dantrolene after initial treatment.

In the anesthetic-induced malignant hyperthermia syndrome, evidence points to an intrinsic abnormality of skeletal muscle tissue. In affected humans, it has
been postulated that “triggering agents” (e.g., general anesthetics and depolarizing neuromuscular blocking agents) produce a change within the cell which
results in an elevated myoplasmic calcium. This elevated myoplasmic calcium activates acute cellular catabolic processes that cascade to the malignant
hyperthermia crisis.

The administration of intravenous Dantrium to human volunteers is associated with loss of grip strength and weakness in the legs, as well as drowsiness
and dizziness.

It is hypothesized that addition of Dantrium to the “triggered” malignant hyperthermic muscle cell reestablishes a normal level of ionized calcium in the myoplasm.
Inhibition of calcium release from the sarcoplasmic reticulum by Dantrium reestablishes the myoplasmic calcium equilibrium, increasing the percentage of
bound calcium. In this way, physiologic, metabolic, and biochemical changes associated with the malignant hyperthermia crisis may be reversed or attenuated.
Experimental results in malignant hyperthermia susceptible swine show that prophylactic administration of intravenous or oral dantrolene prevents or attenuates
the development of vital sign and blood gas changes characteristic of malignant hyperthermia in a dose related manner. The efficacy of intravenous dantrolene in
the treatment of human and porcine malignant hyperthermia crisis, when considered along with prophylactic experiments in malignant hyperthermia susceptible
swine, lends support to prophylactic use of oral or intravenous dantrolene in malignant hyperthermia susceptible humans. When prophylactic intravenous
dantrolene is administered as directed, whole blood concentrations remain at a near steady state level for 3 or more hours after the infusion is completed.
Clinical experience has shown that early vital sign and/or blood gas changes characteristic of malignant hyperthermia may appear during or after anesthesia
and surgery despite the prophylactic use of dantrolene and adherence to currently accepted patient management practices. These signs are compatible with
attenuated malignant hyperthermia and respond to the administration of additional i.v. dantrolene (see DOSAGE AND ADMINISTRATION). The administration
of the recommended prophylactic dose of intravenous dantrolene to healthy volunteers was not associated with clinically significant cardiorespiratory changes.

There are rare reports of pulmonary edema developing during the treatment of malignant hyperthermia crisis in which the diluent volume and mannitol
needed to deliver i.v. dantrolene possibly contributed.

Specific metabolic pathways for the degradation and elimination of Dantrium in humans have been established. Dantrolene is found in measurable amounts in
blood and urine. Its major metabolites in body fluids are 5-hydroxy dantrolene and an acetylamino metabolite of dantrolene. Another metabolite with an unknown
structure appears related to the latter. Dantrium may also undergo hydrolysis and subsequent oxidation forming nitrophenylfuroic acid.
The mean biologic half-life of Dantrium after intravenous administration is variable, between 4 to 8 hours under most experimental conditions. Based on assays
of whole blood and plasma, slightly greater amounts of dantrolene are associated with red blood cells than with the plasma fraction of blood. Significant amounts
of dantrolene are bound to plasma proteins, mostly albumin, and this binding is readily reversible.
Cardiopulmonary depression has not been observed in malignant hyperthermia susceptible swine following the administration of up to 7.5 mg/kg i.v. dantrolene.
This is twice the amount needed to maximally diminish twitch response to single supramaximal peripheral nerve stimulation (95% inhibition). A transient,
inconsistent, depressant effect on gastrointestinal smooth muscles has been observed at high doses.
INDICATIONS AND USAGE: Dantrium Intravenous is indicated, along with appropriate supportive measures, for the management of the fulminant
hypermetabolism of skeletal muscle characteristic of malignant hyperthermia crises in patients of all ages. Dantrium Intravenous should be administered by
continuous rapid intravenous push as soon as the malignant hyperthermia reaction is recognized (i.e., tachycardia, tachypnea, central venous desaturation,
hypercarbia, metabolic acidosis, skeletal muscle rigidity, increased utilization of anesthesia circuit carbon dioxide absorber, cyanosis and mottling of the skin,
and, in many cases, fever).
Dantrium Intravenous is also indicated preoperatively, and sometimes postoperatively, to prevent or attenuate the development of clinical and laboratory signs
of malignant hyperthermia in individuals judged to be malignant hyperthermia susceptible.
CONTRAINDICATIONS: None.
WARNINGS: The use of Dantrium Intravenous in the management of malignant hyperthermia crisis is not a substitute for previously known supportive
measures. These measures must be individualized, but it will usually be necessary to discontinue the suspect triggering agents, attend to increased oxygen
requirements, manage the metabolic acidosis, institute cooling when necessary, monitor urinary output, and monitor for electrolyte imbalance.
Since the effect of disease state and other drugs on Dantrium related skeletal muscle weakness, including possible respiratory depression, cannot be predicted,
patients who receive i.v. Dantrium preoperatively should have vital signs monitored.
If patients judged malignant hyperthermia susceptible are administered intravenous or oral Dantrium preoperatively, anesthetic preparation must still follow
a standard malignant hyperthermia susceptible regimen, including the avoidance of known triggering agents. Monitoring for early clinical and metabolic signs
of malignant hyperthermia is indicated because attenuation of malignant hyperthermia, rather than prevention, is possible. These signs usually call for the
administration of additional i.v. dantrolene.

The following adverse reactions are in approximate order of severity:

There have been reports of thrombophlebitis following administration of intravenous dantrolene; actual incidence figures are not available. Tissue necrosis
secondary to extravasation has been reported.
There have been rare reports of urticaria and erythema possibly associated with the administration of i.v. Dantrium. There has been one case of anaphylaxis.
Injection site reactions (pain, erythema, swelling), commonly due to extravasation, have been reported.
None of the serious reactions occasionally reported with long-term oral Dantrium use, such as hepatitis, seizures, and pleural effusion with pericarditis, have
been reasonably associated with short-term Dantrium Intravenous therapy.
The following events have been reported in patients receiving oral dantrolene: aplastic anemia, leukopenia, lymphocytic lymphoma, and heart failure. (See
package insert for Dantrium (dantrolene sodium) Capsules for a complete listing of adverse reactions.)
The published literature has included some reports of Dantrium use in patients with Neuroleptic Malignant Syndrome (NMS). Dantrium Intravenous is not
indicated for the treatment of NMS and patients may expire despite treatment with Dantrium Intravenous.
For medical advice about adverse reactions contact your medical professional. To report SUSPECTED ADVERSE REACTIONS, contact JHP at 1-866-923-2547
or MEDWATCH at 1-800-FDA-1088 (1-800-332-1088) or http://www.fda.gov/medwatch/.
OVERDOSAGE: Because Dantrium Intravenous must be administered at a low concentration in a large volume of fluid, acute toxicity of Dantrium could not
be assessed in animals. In 14-day (subacute) studies, the intravenous formulation of Dantrium was relatively non-toxic to rats at doses of 10 mg/kg/day and 20
mg/kg/day. While 10 mg/kg/day in dogs for 14 days evoked little toxicity, 20 mg/kg/day for 14 days caused hepatic changes of questionable biologic significance.
Symptoms which may occur in case of overdose include, but are not limited to, muscular weakness and alterations in the state of consciousness (e.g., lethargy,
coma), vomiting, diarrhea, and crystalluria.
For acute overdosage, general supportive measures should be employed.
Intravenous fluids should be administered in fairly large quantities to avert the possibility of crystalluria. An adequate airway should be maintained and artificial
resuscitation equipment should be at hand. Electrocardiographic monitoring should be instituted, and the patient carefully observed. The value of dialysis in
Dantrium overdose is not known.
DOSAGE AND ADMINISTRATION: As soon as the malignant hyperthermia reaction is recognized, all anesthetic agents should be discontinued; the
administration of 100% oxygen is recommended. Dantrium Intravenous should be administered by continuous rapid intravenous push beginning at a minimum
dose of 1 mg/kg, and continuing until symptoms subside or the maximum cumulative dose of 10 mg/kg has been reached.
If the physiologic and metabolic abnormalities reappear, the regimen may be repeated. It is important to note that administration of Dantrium Intravenous
should be continuous until symptoms subside. The effective dose to reverse the crisis is directly dependent upon the individual’s degree of susceptibility to
malignant hyperthermia, the amount and time of exposure to the triggering agent, and the time elapsed between onset of the crisis and initiation of treatment.
Pediatric Dose: Experience to date indicates that the dose of Dantrium Intravenous for pediatric patients is the same as for adults.
Preoperatively: Dantrium Intravenous and/or Dantrium Capsules may be administered preoperatively to patients judged malignant hyperthermia
susceptible as part of the overall patient management to prevent or attenuate the development of clinical and laboratory signs of malignant hyperthermia.

PRECAUTIONS:
General: Care must be taken to prevent extravasation of Dantrium solution into the surrounding tissues due to the high pH of the intravenous formulation and
potential for tissue necrosis.

Dantrium Intravenous: The recommended prophylactic dose of Dantrium Intravenous is 2.5 mg/kg, starting approximately 1-1/4 hours before
anticipated anesthesia and infused over approximately 1 hour. This dose should prevent or attenuate the development of clinical and laboratory signs
of malignant hyperthermia provided that the usual precautions, such as avoidance of established malignant hyperthermia triggering agents, are followed.

When mannitol is used for prevention or treatment of late renal complications of malignant hyperthermia, the 3 g of mannitol needed to dissolve each 20 mg vial
of i.v. Dantrium should be taken into consideration.

Additional Dantrium Intravenous may be indicated during anesthesia and surgery because of the appearance of early clinical and/or blood gas signs of
malignant hyperthermia or because of prolonged surgery (see also CLINICAL PHARMACOLOGY, WARNINGS, and PRECAUTIONS). Additional doses
must be individualized.

Information for Patients: Based upon data in human volunteers, perioperatively, it is appropriate to tell patients who receive Dantrium Intravenous that
symptoms of muscle weakness should be expected postoperatively (i.e. decrease in grip strength and weakness of leg muscles, especially walking down stairs).
In addition, symptoms such as “lightheadedness” may be noted. Since some of these symptoms may persist for up to 48 hours, patients must not operate an
automobile or engage in other hazardous activity during this time. Caution is also indicated at meals on the day of administration because difficulty swallowing
and choking has been reported. Caution should be exercised in the concomitant administration of tranquilizing agents.
Hepatotoxicity seen with Dantrium Capsules: Dantrium (dantrolene sodium) has a potential for hepatotoxicity, and should not be used in conditions other
than those recommended. Symptomatic hepatitis (fatal and non-fatal) has been reported at various dose levels of the drug. The incidence reported in patients
taking up to 400 mg/day is much lower than in those taking doses of 800 mg or more per day. Even sporadic short courses of these higher dose levels within a
treatment regimen markedly increased the risk of serious hepatic injury. Liver dysfunction as evidenced by blood chemical abnormalities alone (liver enzyme
elevations) has been observed in patients exposed to Dantrium for varying periods of time. Overt hepatitis has occurred at varying intervals after initiation of
therapy, but has been most frequently observed between the third and twelfth month of therapy. The risk of hepatic injury appears to be greater in females,
in patients over 35 years of age, and in patients taking other medication(s) in addition to Dantrium (dantrolene sodium). Dantrium should be used only in
conjunction with appropriate monitoring of hepatic function including frequent determination of SGOT or SGPT.
Fatal and non-fatal liver disorders of an idiosyncratic or hypersensitivity type may occur with Dantrium therapy.
Drug Interactions: Dantrium is metabolized by the liver, and it is theoretically possible that its metabolism may be enhanced by drugs known to induce hepatic
microsomal enzymes. However, neither phenobarbital nor diazepam appears to affect Dantrium metabolism. Binding to plasma protein is not significantly
altered by diazepam, diphenylhydantoin, or phenylbutazone. Binding to plasma proteins is reduced by warfarin and clofibrate and increased by tolbutamide.
Cardiovascular collapse in association with marked hyperkalemia has been reported in patients receiving dantrolene in combination with calcium channel
blockers. It is recommended that the combination of intravenous dantrolene sodium and calcium channel blockers, such as verapamil, not be used together
during the management of malignant hyperthermia crisis.
Administration of dantrolene may potentiate vecuronium-induced neuromuscular block.
Carcinogenesis, Mutagenesis, and Impairment of Fertility: Sprague-Dawley female rats fed Dantrium for 18 months at dosage levels of 15, 30, and
60 mg/kg/day showed an increased incidence of benign and malignant mammary tumors compared with concurrent controls. At the highest dose level
(approximately the same as the maximum recommended daily dose on a mg/m2 basis), there was an increase in the incidence of benign hepatic lymphatic
neoplasms. In a 30-month study in Sprague-Dawley rats fed dantrolene sodium, the highest dose level (approximately the same as the maximum recommended
daily dose on a mg/m2 basis) produced a decrease in the time of onset of mammary neoplasms. Female rats at the highest dose level showed an increased
incidence of hepatic lymphangiomas and hepatic angiosarcomas.
The only drug-related effect seen in a 30-month study in Fischer-344 rats was a dose-related reduction in the time of onset of mammary and testicular tumors.
A 24-month study in HaM/ICR mice revealed no evidence of carcinogenic activity.
The significance of carcinogenicity data relative to use of Dantrium in humans is unknown.

Oral Administration of Dantrium Capsules: Administer 4 to 8 mg/kg/day of oral Dantrium in three or four divided doses for 1 or 2 days prior to surgery,
with the last dose being given with a minimum of water approximately 3 to 4 hours before scheduled surgery. Adjustment can usually be made within the
recommended dosage range to avoid incapacitation (weakness, drowsiness, etc.) or excessive gastrointestinal irritation (nausea and/or vomiting). See
also the package insert for Dantrium Capsules.
Post Crisis Follow-Up: Dantrium Capsules, 4 to 8 mg/kg/day, in four divided doses should be administered for 1 to 3 days following a malignant hyperthermia
crisis to prevent recurrence of the manifestations of malignant hyperthermia.
Intravenous Dantrium may be used postoperatively to prevent or attenuate the recurrence of signs of malignant hyperthermia when oral Dantrium administration
is not practical. The i.v. dose of Dantrium in the postoperative period must be individualized, starting with 1 mg/kg or more as the clinical situation dictates.
PREPARATION: Each vial of Dantrium Intravenous should be reconstituted by adding 60 mL of sterile water for injection USP (without a bacteriostatic agent),
and the vial shaken until the solution is clear. 5% Dextrose Injection USP, 0.9% Sodium Chloride Injection USP, and other acidic solutions are not compatible with
Dantrium Intravenous and should not be used. The contents of the vial must be protected from direct light and used within 6 hours after reconstitution. Store
reconstituted solutions between 15° to 30°C (59° to 86°F).
Reconstituted Dantrium Intravenous should not be transferred to large glass bottles for prophylactic infusion due to precipitate formation observed with the
use of some glass bottles as reservoirs.
For prophylactic infusion, the required number of individual vials of Dantrium Intravenous should be reconstituted as outlined above. The contents of individual
vials are then transferred to a larger volume sterile intravenous plastic bag. Stability data on file at JHP Pharmaceuticals indicate commercially available
sterile plastic bags are acceptable drug delivery devices. However, it is recommended that the prepared infusion be inspected carefully for cloudiness and/or
precipitation prior to dispensing and administration. Such solutions should not be used. While stable for 6 hours, it is recommended that the infusion be prepared
immediately prior to the anticipated dosage administration time.
Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration.
HOW SUPPLIED: Dantrium Intravenous (NDC 42023-123-06) is available in vials containing a sterile lyophilized mixture of 20 mg dantrolene sodium,
3000 mg mannitol, and sufficient sodium hydroxide to yield a pH of approximately 9.5 when reconstituted with 60 mL sterile water for injection USP (without
a bacteriostatic agent).
Store unreconstituted product between 20° to 25°C (68° to 77°F). (See USP Controlled Room Temperature). Avoid prolonged exposure to light.
Rx only.
Prescribing Information as of September 2013.

Dantrolene sodium has produced positive results in the Ames S. Typhimurium bacterial mutagenesis assay in the presence and absence of a liver activating system.
Dantrolene sodium administered to male and female rats at dose levels up to 45 mg/kg/day (approximately 1.4 times the maximum recommended daily dose on
a mg/m2 basis) showed no adverse effects on fertility or general reproductive performance.
Pregnancy: Pregnancy Category C: Dantrium has been shown to be embryocidal in the rabbit and has been shown to decrease pup survival in the rat when
given at doses seven times the human oral dose. There are no adequate and well-controlled studies in pregnant women. Dantrium Intravenous should be
used during pregnancy only if the potential benefit justifies the potential risk to the fetus.

Manufactured & Distributed by:
JHP Pharmaceuticals, LLC
Rochester, MI 48307
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My Graduate Student Experience with the Nurse
Anesthesia Program at University of Pittsburgh
by Brooke Dilanni
My name is Brooke DiIanni and I am
a graduate student in the nurse anesthesia program at the University of
Pittsburgh. As part of our didactic curriculum, we are afforded the opportunity
to work side by side with a researcher
and become personally involved with a
research entity.
Malignant Hyperthermia (MH) is a disease process that we are introduced to
early in our anesthesia education; however is not commonly seen clinically.
Thus, when a classmate referred me to
a volunteer student research position at
the North American Malignant Hyperthermia Registry (NAMHR), I decided
this was the perfect opportunity to learn
more about the disease process, anesthesia management, and see the inner
workings of a research organization first
hand.
Throughout my research practicum, I
worked closely with Registry Director
Dr. Barbara Brandom, as well as her
administrator, Kristee Adams, as they
demonstrated the exemplary dedication that goes into running the Registry.
During these 60 hours, I heightened my
awareness of malignant hyperthermia
research by studying key articles and
videos produced by researchers in conjunction with the Malignant Hyperthermia Association of the United States
(MHAUS) and NAMHR. Furthermore, I
examined landmark case data supplied
by the NAMHR database to see how
these cases support current management guidelines or the need for additional research.

An extensive amount of my participation entailed listening to telephone
calls that come into the Malignant
Hyperthermia Hotline from a myriad of
healthcare professionals. These calls
are answered 24-hours a day by anesthesiologists who can help manage an
acute malignant hyperthermia crisis,
discuss potential differential diagnoses,
or simply answer questions about how
to best prepare for an upcoming anesthetic for a person identified to be MH
susceptible. I then transcribed these
phone calls into the REDCap software

From start to finish, my
experience at NAMHR was
extremely beneficial to my
anesthesia education and
exceptionally rewarding.
Because of my involvement,
I am a more knowledgeable anesthesia provider,
more equipped to take care
of malignant hyperthermia
susceptible patients, and a
tremendous clinical resource
for my colleagues.

program and compared this information
with the Adverse Metabolic or Muscular
Reaction to Anesthesia (AMRA) forms
to fill in missing information within the
database.

Another large portion of my role at
the Registry was reviewing the AMRA
forms themselves to evaluate whether
the information provided was significant
for a malignant hyperthermia episode,
entering this data into the NAMHR software program, and performing junior
reconciliation, in which data previously
entered is reviewed for accuracy and
completeness prior to final review by
Dr. Brandom. In addition, I simplified
the contact information for Registry
members by helping to synchronize
Registry identification numbers to existing names, addresses, and telephone
numbers within a spreadsheet, which
will make it easier to identify and reach
out to members with questions and
correspondence. Lastly, I gathered
information specific to genetic susceptibility and diagnostic testing to construct
a PowerPoint presentation, which I
presented to my course faculty – Dr.
Richard Henker and Dr. Barbara Brandom – and fellow classmates.
From start to finish, my experience at
NAMHR was extremely beneficial to my
anesthesia education and exceptionally
rewarding. Because of my involvement,
I am a more knowledgeable anesthesia
provider, more equipped to take care
of malignant hyperthermia susceptible
patients, and a tremendous clinical
resource for my colleagues. I cannot show enough appreciation to Dr.
Brandom and her staff for the exceedingly important work they do everyday
to maintain the Registry and for taking
the time to educate a novice student
registered nurse anesthetist on this rare
but vital disease process.

Do You Have an MH Survival Story? Tell us about
it and include a before and after picture. Visit the
MHAUS website at www.mhaus.org and click on
“Faces of MH” under the “Get Involved” tab.
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Dr. Rosenberg’s Acceptance
Speech at the ASA Meeting
President Abenstein, Officers of the
ASA, colleagues, friends and guests.
When I received word that I would
be the recipient of the Distinguished
Service Award this year, I was stunned!
The news took my breath away. The
emotions I felt were a mixture of surprise, elation, humility and gratitude.
I felt especially proud to be thought
worthy of being numbered among the
many great people who have been the
recipient of the Distinguished Service
Award in previous years.
There are so many people I would like
to thank for making this possible that I
hardly know where to begin, but I will
try. First, I would like to thank all those
who put my name in nomination and
took the time to write letters of support.
I next wish to thank the officers and
members of the ASA for selecting me
to receive this prestigious award and
who serve the profession in so many
ways. I would like to acknowledge my
debt to Dr. Robert Dripps, Chairman of
Anesthesiology, when I was beginning
my career. He inspired me and many
others to not only become superb clinicians but also to pursue investigations
into the many unanswered questions in
the specialty. I also acknowledge the
support of Dr. Harry Wollman who succeeded Dr. Dripps as Chairman.
In 1981 when I just was appointed
Chairman of Anesthesiology at Hahnemann University Hospital, I was
invited by four patients: Suellen Gallamore, Robert Lukritz, George Massik
and Owen Davison, all of whom were
touched by MH in one way or another, to join them in creating a patient
advocacy organization with a vision to
prevent death and disability from MH.
I was soon joined by many, many volunteer anesthesiologists, who were experts in MH, in forming the MH Hotline,
in refining diagnostic testing protocols,
in developing educational materials, guidelines, cognitive aids, writing
articles, creating the North American

MHAUS President Dr. Henry Rosenberg was recognized with the
Distinguished Service Award by
the American Society of Anesthesiologists at its annual meeting
in October. But not only was Dr.
Rosenberg recognized there, news
of his award was announced in
New York City’s Times Square!
MH Registry and taking the time to
speak to clinicians, patients and their
families concerned about this relatively
unknown disorder. Each of them have
contributed to advancing knowledge of
MH and enabling clinicians to provide excellent care to MH susceptible
patients and their families. Their friendship has enriched my life. I particularly
want to thank the staff of MHAUS and
the current executive director, Dianne
Daugherty, for her and their dedication
and commitment. Working for MHAUS
has been more than a job for them.
Not to be overlooked are the many
anesthesiologists, state and local societies of anesthesiology and numerous
other individuals whose financial support has been crucial for the continuity
of MHAUS. I owe a lot to the many
Board members of MHAUS. I learned
so much from them. On the medical /
scientific side, I have been fortunate to
learn from many clinicians and scientists about the intricacies of muscle
physiology and pharmacology as well
as molecular genetic diagnosis.
Our understanding of the clinical presentations, pathophysiology, diagnosis
and treatment of this highly variable
prototypic pharmacogenetic syndrome
has advanced enormously over the
years, and many lives have been saved
thanks to the work of many clinicians
and scientists from many different
disciplines. However, there is still much
to learn since deaths and near-misses
from MH and MH-related disorders

still occur. Furthermore, we are just
scratching the surface of understanding
the role of molecular genetics for diagnosing MH susceptibility and the correlation of phenotype to genotype and the
relation to other myopathies. Especially
intriguing is the recent recognition that
genetic changes found in MH susceptible patients also appear in the genome
of many patients who have suffered
from heat stroke and exercise-induced
rhabdomyolysis.
Finally, I have been fortunate and
blessed in my life to be married to
an extraordinary, and loving woman,
who has been my best friend and life
partner. She and our three beautiful
daughters, their husbands and our four
grandchildren, have been understanding and supportive of my work on MH
often putting up with Hotline calls at
inconvenient times.
I can only say, in all honesty, that I
regard this award as the highpoint in
my professional life and something that
I will cherish forever. Thank you for the
honor.

10

New Laboratory to Offer Genetic Testing for
MH Susceptibility and Related Disorders
MHAUS cautions that the
decision to undergo genetic
testing should be made in
conjunction with a physician
or genetic counselor who
can not only assess the indication for the genetic test,
but also can interpret the
results of the test.
A new laboratory, the Robert
Guthrie Biochemical and Molecular
Genetics Laboratory at Buffalo General Medical Center, Buffalo, New
York, is now offering genetic testing
for MH and related disorders. Note:
Genetic testing for susceptibility to
Malignant Hyperthermia is already
offered by a number of commercial
laboratories (see the MHAUS website for details).
Dr. Georgirene Vladutiu, Director of
the Robert Guthrie, has informed
MHAUS that the laboratory now
offers targeted sequencing of two
of the genes known to be associated with MH, the RYR1(ryanodine
receptor type 1 gene) and CACNA1S (voltage-dependent L type
alpha 1S) gene. Causative variants
for MH have been reported in the
RYR1 gene in up to 70% of MH
susceptibles and in the CACNA1S
gene in 1% of cases.
The laboratory test will detect all 37
functionally characterized patho-

genic (MH causative) DNA variants
in these genes. These variants are
listed on the European Malignant
Hyperthermia Group’s website at
www.emhg.org. In addition, the test
will also detect another 99 DNA
variants that, although not completely characterized, are predicted
by various biologic tools to be disease causing (pathogenic).
According to Dr. Vladutiu, candidates for the genetic test include:
(a) those confirmed to be MH susceptibles by the caffeine-halothane
muscle biopsy contracture test or by
a confirmed clinical episode of MH
as determined by an MH expert;
(b) family members of an individual
in whom a known mutation that is
causative for MH has been found;
(c) patients with muscle breakdown
associated with heat and/or exertion
(also known as rhabdomyolysis),
heat stroke, statin-induced myopathy (i.e., those on cholesterollowering drugs who experience
severe muscle pain or weakness);
(d) unexplained, persistent elevation of the muscle enzyme creatine
kinase; and (e) unexplained marked
temperature elevation and other
signs of MH associated with muscle
breakdown in association with other
drugs.
Because MH is dominantly inherited, only one copy of a pathogenic,
causal DNA variant is required for
susceptibility to MH. Importantly,
the absence of a known causative
mutation does not rule out MH sus-

ceptibility since the identification of
all genes or DNA variants that can
cause MH is incomplete.
Molecular genetic testing which only
requires a blood sample may obviate the need for the muscle biopsy
diagnostic test particularly in individuals where a DNA variant that is
associated with MH susceptibility
has been found in another family
member.
For more detailed information, see
the Full Test List or Test Profiles &
Gene Sequence Analysis at www.
rgbmgl.org. A Mutation Analysis for
Metabolic Myopathy form signed by
an ordering physician and a DNA
Testing Consent Form (“Online
Forms”) signed by the individual to
be tested are also required.
Additional contact information
is as follows:
Robert Guthrie Biochemical & Molecular Genetics Laboratory
Kaleida Health Laboratories
Buffalo General Medical Center
Room A-762, 100 High Street
Buffalo, NY 14203
Ph: 716-859-7741
FAX: 716-859-7749
www.rgbmgl.org
Kaleida Health Laboratories is a
College of American Pathology
accredited diagnostic laboratory
certified by the New York State Department of Health and the Pennsylvania Department of Health.
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continued from page 2
was recently recognized by the
American Society of Anesthesiologists awarding Dr. Henry Rosenberg, MHAUS President and one
of the founders, with their coveted
Distinguished Service Award at
the October 2015 Annual Meeting.
This award was to recognize his
many contributions to the anesthesia community and clearly noted his dedication to the MHAUS
organization thus assuring all are
prepared for MH. What an honor
and well-deserved recognition to
be the single doctor chosen, highlighting the persistence and focus
Dr. Rosenberg has maintained for
many years to guide and direct
MHAUS to where it is today!

Yes!

We are a small non-profit and, as
such, the “dripping water” quite
aptly describes our efforts over
these many years. Although we
are small, our persistent work has
hollowed out the stone of resistance to the thought that MH is an
uncommon disorder that seldom,
if ever, happens to patients, and
therefore, specific focus is unimportant when there are more
prominent issues to address.
The tenacity of the board of
directors, MH experts and staff
has turned this thinking around
to a place where MHAUS is the
most well-known resource for MH
education, and regulatory agencies have adopted, at least in part,
most of our recommendations
when they complete their survey.

They ask about MH preparedness and regularly cite MHAUS’
guidance and parameters to be
followed. This small organization
has impacted quite positively patient safety, MH education within
the healthcare community, and
has become THE GO TO RESOURCE ON MH.
The persistence of the founders
and all others involved with MH,
whether as a staunch member,
corporate supporter, doctor, nurse,
patient or friend, have made us
what we are today. We thank
you and ask that you remain a
persistent supporter of MHAUS
and MH education.
MHAUS and I wish you all a
happy and healthy New Year!

I want to support MHAUS in its campaign to prevent MH tragedies
through better understanding, information and awareness.

A contribution of: ❑ $35 ❑ $50 ❑ $100 ❑ $250 ❑ $500 ❑ $1000 (President’s Ambassador)
or ❑ $ ___________, will help MHAUS serve the entire MH community.
Please print clearly:
Name: ______________________________________________________________________
Address: _____________________________________________________________________
City: ____________________ State: _____________ Zip: ____________
Please clip out this
handy coupon, or feel
free to photocopy if
you prefer to keep
your issue intact, then
mail to: MHAUS, PO
_
Box 1069, Sherburne,
NY 13460-1069

Phone: __________________________ E-mail: ____________________
❑ I am MH-Susceptible

❑ I am a Medical Professional

Please charge my ❑ Visa ❑ Mastercard ❑ Discover ❑ American Express
Name on card: ___________________________________________________
Credit Card Number: _______________________________________________
CV Code: ____________________Expiration: ___________________________

MHAUS Happenings, Events and Notices
❑ THANKS! MHAUS thanks
the following State Societies
of Anesthesiology – Alabama,
Michigan, and Wisconsin – for
their financial support. Our appreciation also goes out to the
following Associations of Nurse
Anesthetists: New York, Michigan, and Tennessee. Call the
MHAUS office to ask Gloria how
your group can join their ranks.
q Congratulations
Dr. Cynthia Wong
MH Hotline Consultant Cynthia
Wong, MD, is the new Chair and
Departmental Executive Officer
of the Department of Anesthesia at the University of Iowa. As
Chair and DEO of Anesthesia,
Dr. Wong will focus on recruiting and mentoring world class
faculty, and developing clinical,
research, and academic programs of excellence. Prior to

MHAUS
P.O. Box 1069
Sherburne, NY 13460-1069
www.mhaus.org

coming to Iowa, Dr. Wong was
Professor and Vice Chair of the
Department of Anesthesia and
Chief of the Section on Obstetric Anesthesia, at Northwestern University. She earned an
undergraduate degree in biology and chemistry, with distinction, from Indiana University
and completed a fellowship in
immunobiology and immunochemistry at the University of
Wurzburg, Germany, before obtaining her medical degree from
the Pritzker School of Medicine
at the University of Chicago.
q Let your Voice Be Heard
On The MHAUS Blog
MHAUS monthly blog is open
to Board members, the Professional Advisory Council,
staff, Hotline Consultants, and
MHAUS members-at-large.
The only conditions are that

the topic should relate to MH or
MH-like disorders, not exceed
2,000 words, and be appropriate
and respectful of all viewpoints.
MHAUS invites those interested to
comment on MH-related subjects
or how MH has affected them and
their family. All submissions will
be reviewed by MHAUS President
Henry Rosenberg, M.D., a Board
member, and a member of the
Professional Advisory Council. If
you have questions or want more
information, please email info@
mhaus.org.
q Visit MHAUS Website For
Resource Links
You could spend hours searching
the Web for the information you
need, or you could simply visit the
MHAUS website; there you’ll find
28 resource links for both professionals and MH-suseptibles alike.

