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Dantrolene in Human Malignant Hyperthermia

A Multicenter Study

Mary Elizabeth Kolb, M.S.,* M. L. Horne, M.D.,t+ Robert Martz, M.D.%

Anesthesiologists from 65 institutions participated in a multicenter
study to assess the efficacy of lyophilized intravenous dantrolene
sodium in treating anesthetically related malignant hyperthermia
(MH). Of 21 patients treated with the drug, eight were judged to
have unequivocal MH and were treated according to study protocol.
Three were judged to have probable MH and were also treated
according to study protocol. All 11 recovered without sequelae from
MH and without adverse drug effects. A mean dantrolene dose of
2.5 mg/kg in these patients produced significant changes in clinical
and biochemical parameters suggestive of decreased cellular metab-
olism. Four patients with unequivocal MH were treated with intra-
venous dantrolene more than 24 h after the diagnosis of MH; this
delay in treatment excluded them from the protocol. Although there
was some reversal of clinical signs in these patients, the mortality
rate was 75 per cent, which is comparable to that reported without
dantrolene. The six remaining patients had episodes of questionable
MH during or subsequent to anesthesia and were treated with dan-
trolene. There was insufficient evidence to justify an unequivocal
or probable diagnosis of MH, and they, therefore, were not included
in the study. All survived and had no adverse drug reactions. Dan-
trolene therapy resulted in a statistically significant lower mortality
rate than would be expected in MH patients. The study supports
animal data suggesting that dantrolene is specific in reversing MH.
(Key words: Complications: malignant hyperthermia. Hyperthermia:
malignant, Neuromuscular relaxants: dantrolene.)

Dantrolene sodium' is hydrated: 1-[[{5-(4-nitrophenyl)-
2-furanyljmethylenelamino}-2,4-imidazolidinedione so-
dium salt; it has low water solubility and high lipid
solubility and therefore crosses cell membranes easily.
The structural formula for the hydrated salt is:

g

O.N CH=NN""C=0
0 | ,NNa-31/2H,0
CH—C=0

The drug is a direct-acting skeletal muscle relaxant in
that it dissociates excitation-contraction coupling in the
muscle by inhibiting the release of calcium ions from the
sarcoplasmic reticullum (SR) through actions on the
transverse tubular membrane-SR coupling, on SR di-
rectly, or on both.? At therapeutic doses, the drug acts
specifically on skeletal muscle and has no appreciable
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effect on cardiac or smooth muscle. It has been demon-
strated to be effective in porcine models of MH, which
are similar to human MH.>-¢

The need for human clinical trials to establish the
efficacy and safety of dantrolene in treating human MH
was apparent. Since the incidence of MH has been re-
ported as ranging from 1:15,000 to 1:50,000 patients
exposed to general anesthetics,” a multicenter approach
offered the best chance of evaluating the efficacy of in-
travenous dantrolene in a sufficient number of patients
in a relatively short period of time.

Materials and Methods

This was an unblinded study from September 1977
to May 1979 with anesthesiologists from 65 institutions
in the United States and Canada acting as investigators,
All of the investigators committed themselves to a stan-
dardized protocol and case report form which were ap-
proved by the appropriate Institutional Review Boards.
Every investigator was given sixty vials of drug, each
containing a sterile lyophilized mixture of 20 mg dan-
trolene sodium, 3,000 mg mannitol, and sufficient sodium
hydroxide to yield a pH of approximately 9.5 when re-
constituted with 60 ml sterile water without preserva-
tives.

Correct diagnosis of MH and adherence to protocol
methodology were essential to evaluation of drug therapy.
However, the clinical signs of MH vary in kind and
degree, and the facilities and procedures for monitoring
and laboratory tests differ among institutions. Further-
more, a crisis situation makes data collection and timing
of laboratory tests difficult. Therefore, all cases reported
from the study were reviewed by anesthesiologists con-
sidered expert in MH.

Clinical evidence (e.g., tachycardia, dysrhythmia, mus-
cle rigidity, increased temperature, cyanosis and/or mot-
tling) prompted a suspicion of MH. The diagnosis was
usually established by acid-base analysis and occasion-
ally, when blood gases were not drawn, by correlation
of the clinical picture with results of muscle biopsy (caf-
feine-halothane contractures). Presence of myoglobin in
the urine and rise in CPK furnished additional evidence
of skeletal muscle damage. Patients who had a cardiac
arrest or delay of more than 6 h prior to treatment with
intravenous dantrolene were excluded from statistical
analysis.

Protocol therapy included stopping all inhalational
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anesthetic agents and skeletal muscle relaxants, hyper-
ventilation with 100 per cent O,, cooling, Na bicarbonate,
and dantrolene in repeat doses of 1 mg/kg by rapid in-
travenous administration until evidence for MH disap-
peared. Adjunctive drugs included furosemide and man-
nitol to maintain urinary output, insulin, and glucose to
lower elevated serum potassium, KCI to correct hypo-
kalemia, and procainamide for dysrhythmias.

The incidence ol anesthetic-induced MH was thought
to be extremely low. Therefore, a modified skew-re-
stricted sequential statistical design was used.? An ex-
pected mortality rate of 50 per cent® was assumed. The
recovery rate with dantrolene sodium would achieve sta-
tistical significance if there were seven survivors of seven
confirmed MH cases. If deaths occurred, the number of
survivors needed for statistical significance increased to
20 survivors of 27 confirmed cases. The design has (one-
sided) significance level & = 0.025 and power 1-8 = 0.95
of detecting a difference between a dantrolene survival
rate of 85 per cent and the projected survival rate of 50
per cent.

Comments

Expired-Pulmonary edema
Heart failure.

Results
tive efforts dis-

quate urinary
defibrillation of
heart. Patient
could not be
weaned from
cardiopulmo-
nary bypass.
2nd cardiac ar-
rest. Resuscita-
continued.

output
serum K 14.2

CVP. Inade-
Second Episode:
Lowering of
— 8.8 — 6.6
mEq/l with
spontaneous

Treatment

Results

Cardiopulmonary Bypass
Dantrolene, iv, 11.5 mg/kg
Given over 4 h period

Dialysis
Procainamide, 15 mg/kg

Mannitol
NaHCO,

Second Episode:
Insulin

During a period of 18 months, 21 patients with ap-
parent MH were treated with intravenous dantrolene
by 16 anesthesiologists in the study. Eight patients had
good evidence supporting the diagnosis of unequivocal
MH and were treated promptly (patients 1-8, table 1).
Three patients were diagnosed as probable MH and
were treated promptly (patients 9-11, table 1). Four
patients were diagnosed as unequivocal MH, but were
treated late (table 2). These four patients therefore were
excluded from the study: three of these four died. All
eleven patients with unequivocal or probable MH who
were treated promptly survived. In these 11 patients, the
dose of dantrolene was 2.5 £ 0.5 mg/kg (mean, = SE).
Six of the 21 patients were uncategorized as they had
equivocal episodes unlikely to be MH. Since all survived,
and since no adverse effects were reported after dantro-
lene, details on these patients are not reported. In the
11 patients retained in the study, the common early
symptoms were tachycardia (four patients) and muscle
rigidity (four patients). Increased temperature and cy-
anosis or skin mottling occurred in 11 patients and five
patients, respectively. One patient (patient 5, table 1)
had had nine prior exposures to triggering agents and
became febrile in three of these.

TABLE 2. (Continued)

58 mmHg
BE = —10 mEq/I
Muscle biopsy demon-

Confirmatory Signs
strated markedly di-
minished calcium
uptake into sarco-
plasmic reticulum.

Second Episode:
Peo,

Signs of MH
and became cyanotic, dyspneic and

tachypneic. Cardiac arrest in 20
min. Serum K 14.2 mEq/], temp.

prehensive, had masseter spasm
36°C

massive edema of 1 leg and a fas-
ciotomy was done. Pt. treated for
diffuse intravascular coagulation.
Profuse oozing from incision. 38 h
after 1st episode, pt. became ap-

21 h after 1st episode there was

Second Episode:

Discussion

Blood Urea Nitrogen.

History

Filteen patients with probable or unequivocal MH
were identified, and eleven of these were treated promptly
with iv dantrolene. Of these, eight had an unequivocal
diagnosis of MH and three presented a less certain clin-

BUN
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ical picture and therefore were deemed “probable” for
MH. Regardless of whether one accepts eight or 11 MH
patients, there were no deaths. This satisfies the statis-
tical requirement for significance. Significant changes in
clinical and biochemical signs suggestive of decreased
cellular metabolism were evident in all patients within
the first half hour after intravenous dantrolene admin-
istration. No sequelae from MH or adverse effects from
dantrolene were reported.

In contrast, dantrolene was administered intrave-
nously to four patients more than 24 h (more than 6 h
by nasogastric tube in one patient) after the diagnosis
of MH and after many measures had been used to reverse
the crisis. There was some reversal of abnormal physi-
ologic and biochemical parameters after dantrolene ad-
ministration. However, the mortality rate was 75 per
cent, which is comparable to that reported without dan-
trolene.” Since dantrolene acts directly on skeletal muscle,
its delivery through the vascular system to the site of
action is imperative. Impairment of peripheral circula-
tion and irreversible cellular changes were probably
major factors in the poor survival rate of these patients
and reinforce the need for early diagnosis and treatment.
This conclusion is supported by the results in Patient
7, table 1. Administration of intravenous dantrolene was
delayed three hours, and this young man was comatose
for 12 h, but eventually recovered completely.

MH occurred in 13 patients exposed to recognized
triggers. However, as has been reported,’'" it also oc-
curred in two subjects not exposed to known triggers.
Symptoms were delayed until after anesthesia had been
discontinued in three patients, and MH recurred after
an initial episode in four patients. These findings suggest
that stress may be a factor in triggering or recrudesc-
ence.'>"

Information provided on the six patients placed in the
equivocal category was insufficient to justify a diagnosis
of MH. However, all six did have multiple signs that
suggested MH. In at least some of these patients, dan-
trolene may have been administered before clinical signs
of a fulminant syndrome fully developed. In the future,
early treatment of MH with dantrolene may obscure
sharp lines in differential diagnosis.

KOLB, HORNE, AND MARTZ

Anesthesiology
V 56, No 4, Apr 1982

Based on this study, dantrolene therapy resulted in a
statistically significant lower mortality than would be
expected in this group of MH patients without the use
of dantrolene; this supports animal data suggesting that
dantrolene is specific. There would seem to be a wide
margin of safety in the dose range of approximately 1-
7 mg/kg, since no adverse effects were reported.

The authors acknowledge with gratitude the assistance of all mul-
ticenter study investigators; of Beverley A. Britt, M.D., University of
Toronto in protacol preparation; of Paula A. Norwood, Ph.D., formerly
with Statistics Department, Norwich-Eaton Pharmaceuticals for sta-
tistical design; of the present Norwich-Eaton Statistics Department for
data analysis; and of G. A. Gronert, M.D. in manuscript preparation.

References

1. Pinder RM, Brogden RN, Speight TM, et al: Dantrolene sodium:
a review of its pharmacological properties and therapeutic ef-
ficacy in spasticity. Drugs 13:3-23, 1977

2. Morgan KG, Bryant SH: The mechanism of action of dantrolene
sodium. J Pharmacol Exp Ther 201:138-147, 1977

3. Harrison GG: Control of the malignant hyperpyrexic syndrome
in MHS swine by dantrolene sodium. Br J Anaesth 47:62-65,
1975

4. Gronert GA, Milde JH, Theye RA: Dantrolene in porcine ma-
lignant hyperthermia. ANESTHESIOLOGY 44:488-495, 1976

5. Hall GM, Lucke JN, Lister D: Treatment of porcine malignant
hyperpyrexia: the successful use of dantrolene sodium in the
Pietrain pig. Anaesthesia 32:472-474, 1977

6. Nelson TE, Flewellen EH: Rationale for dantrolene vs procain-
amide for treatment of malignant hyperthermia. ANESTHE-
SIOLOGY 50:118-122, 1979

7. Britt BA, Kalow W: Malignant hyperthermia: A statistical review.
Can Anaesth Soc J 17:293-315, 1970

8. Armitage P: Sequential Medical Trials. New York, John Wiley
and Sons, Inc, 1975, pp 70-73

9. Faust DK, Gergis SD, Sokoll MD: Management of suspected
malignant hyperpyrexia in an infant. Anesth Analg (Cleve)
58:33-35, 1979

10. Waterman PM, Albin MS, Smith RB: Malignant hyperthermia:
a case report. Anesth Analg (Cleve) 59:220-221, 1980

11. Fitzgibbons DC: Malignant hyperthermia following preoperative
oral administration of dantrolene. ANESTHESIOLOGY 54:73-75,
1981

12. Mathieu A, Bogosian AJ, Ryan JF, et al: Recrudescence after
survival of an initial episode of malignant hyperthermia. ANES-
THESIOLOGY 51:454-455, 1979

13. Wingard DW, Gatz EE: Some observations on stress-susceptible
patients, Second International Symposium on Malignant Hy-
perthermia. Edited by Aldrete JA, Britt BA. New York, Grune
and Stratton, 1978, pp 363-372

¥20Z YoIe €} uo 3sanb Aq ypd'G0000-00070286 L -27S0000/966€0€/5Z/7/95/Pd-ajonie/ABojoIsayisauR/WO0D JIBYIIBA|IS ZESE//:dRY WOy papeojumoq



