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CASE REPORTS

Malignant Hyperthermia Associated with Hypocalcemia
Ricrarp A. PorLock, CAPTAIN, MC,® AND RoBerT L. WATsoN, Major, MC

Hyperthermia following anesthesia has been  progressive rise in temperature, accompanied
a matter of concern for decades. Typically the by appropriately profuse sweating. A pro-
rise in temperature was slow and progressive, drome of progressive muscular rigidity may be
and usually it was attributed to elevated room present but is often unrecognized because of
temperature, heavy draping, or prolonged sur-  surgical draping.
gery. Recent reports from Australia, Canada, The early phase, which occurs 30 to 90
the United States, Great Britain, and South minutes after induction, is followed by a more
Africa have described a more alarming type of rapid rise in temperature accompanied by in-
hyperthermia, which occurs during anesthe- ability to sweat and mottling of the skin.
sia.* This condition, which occurs in both Studies made immediately upon recognition of
man and animals, appears to be biphasic. The the syndrome reveal severe metabolic and res-

initial phase is characterized by an insidious, piratory acidosis and extreme alterations in ar-
terial-to-mixed venous oxygen ratios. Brady-

© Anesthesia and Operative Service. cardia progressing to cardiac arrest usually
" CL Assistant Chief, Anesthesia and Operative Ser-  follows; on occasion, this has responded to in-
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pital, Washington, D. C. 20012 travascular coagulation may be detected fol-
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lowing the rise in temperature. The syndrome
has been called malignant hyperthermia.

Malignant hyperthermia, in both man and
animals, appears to have a genctic basis.}-4 2
13,10-29,33-37  Ipheritance is thought to be au-
tosomal dominant, with reduced penetrance
and variable expressivity.®* A recent study 32
estimates the incidence to be 1:10,000, with
a range of 1:5,000 to 1:70,000. Patient ages
have ranged from 6 months?? to 58 years.®
The earliest reported cases may have occurred
as early as 1922, but recent case-reporting
suggests that the increased incidence of ma-
lignant hyperthermia has paralleled the de-
velopment and use of more potent anesthetics.
The mechanism by which the potent anes-
thetics “trigger” this condition is unknown;
several etiologies will be considered. Hyper-
pyrexia associated with nonanesthetic (ie.,
psychotropic) drugs may offer some insight.

In all cases of malignant hyperthermia, elec-
trolyte abnormalities have been found. The
following case history will present the rarely
seen association of hypocalcemia and hyper-
kalemia.

REPORT OF A CASE

A 23-year-old Caucasian man was admitted to
the hospital with a history of chronic anterior dis-
location of the right shoulder. The remainder of
the history was negative except for a history of
drug abuse mvolvmg agents described only as
“pot,” “LSD,” and “speed.” Preoperative exami-
nation and labomtory studxes, mcludmg detemu-
nation of calci and us, no
abnormalities (table 1).

The patient was given atropine, 04 mg, zmd
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Taste 1. Laboratory Data, Electrolytes

Catt PO, oy
(mEq/l) [ (mg/100 ml)] (mEq/)
Preoperative (9.5 mg/ 4.3
100 ml)
At peakof tem- 3.8 11.3 74
perature rise
After cooling 6.1
3.8 6.8 5.8
6.2
3.5 8.2 6.4
6.4
3.7 7.2

blood pressure was 90 mm Hg. Two attempts at
reintubation were made, of which the second was
successful. A total of 0.8 mg atropine and 120 mg
succinylcholine, in divided dosage, was needed.
During auscultation of the chest to assess the ef-
fect of intubation, the skin was noted to be hot,
and the soda-lime canister was found to be mark-
edly heated. The drapes were quickly removed,
to reveal the lower extremities in a severe state of
extensor hypertonus and the hands clenched in
fists. The anesthetic was discontinued and 100
per cent oxygen given. A rectal thermistor probe
revealed a temperature of 106.5 F.

Cooling procedures were begun immediately,
with iced Ringer’s lactate solution given intrave-
nously and gastric lavage with iced saline solution.
A polyethylene sheet was placed under the pa-
tient and he was “covered” with crushed ijce. The
temperature continued to rise, and the patient de-
veloped profound bradycardia and hypotension.
The blood pressure and pulse were unresponsive
to ephedrine and mephentermine, but returned
after 400 mg CaCl..

Blood samples taken at the peak of the tem-
perature rise, after removal of the soda-lime canis-
ter and administration of five ampules (220 mEq)

meperidine (Demerol), 50 mg, int
and taken to the operating room for a Putti-] Platt
repair of the right shoulder. Anesthesia was in-
duced with thiopental sodium {Pentothal), 375
mg (fig. 1). Despite intravenous injection of 100
mg succinylcholine, relaxation of the mandible was
incomplete and intubation somewhat difficult. An-
esthesia was maintained with a mixture of halo-
thane and 50 per cent nitrous oxide—oxygen. Ap-
proximately 45 minutes after induction, the heart
rate and respiratory rate began a steady increase.
Ninety minutes after induction, the patient be-
came markedly tachypneic and was noted to have
a cape-like distribution of cyanotic color, with dis-
tention of the neck and forehead veins. Breath
sounds over the left anterior chest appeared di-
minished, and the endotracheal tube was removed.
Ventilation seemed to improve.

The patient remamed tnchypnexc however, and
the soda-li was Systolic

of sodium bicarbonate, had 2 Paco. of 65 mm Hg,
a Pao- of 350 mm Hg, and pH of 7.2. Serum elec-
trolytes at that time showed marked hyperkalemia
(7.4 mEq/l), hyperphosphatemia (11.3 mg/100
ml), and hypocalcemia (3.8 mEq/1) (table 1).

The temperature fell rapidly to 100 F (fig. 1).
Within an hour, the temperature was 99 F, and
meperidine (Demerol} and chlorpromazine (Thora-
zine) were given to prevent shivering. During
cooling, supraventricular arrhythmias were en-
countered, but they responded readily to four
doses of 0.5 mg each of propranolol, given intra-
venously.

Blood began to ooze from the surgical incision,
the nose, and the sites of intravenous and intra-
muscular puncture. Clotting studies revealed no
clotting at one hour; prothrombin time 27 sec;
partial thromboplastin time 93 sec; fibrinogen 77
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mg; factor 1I 30 per cent, factor V 8 per cent,

factor VI1I 13 per cent, factor X 15 per cent, and

factor XI -4 per cent; platelet count 159,000. The

patient was given heparin intravenously at four-

hour intervals and the bleeding progressively di-
Ty oy 9y "

Hyp ace: d by low cen-
tral venons pressure (0-3 em H:0) and low cardiac
(3.2 1/min), i the admini: jon of

blood and other fluids. The central venous pres-
sure was kept between 8 and 16 em H:0.
Electrolytes in serially sampled blood (table 1)
revealed persistent hyperkalemia, hyperphosphate-
mia, and hypocalcemia. Treatment consisted of
regular insulin intravenously, Kayexalate enemas,
and calcium chloride intravenously. The hands,
still clenched, responded to 900 mg of CaCl: at
hour 16, but the general state of hypertonus per-
sisted.
About 24 hours after induction, bleeding at the
sites of puncture and surgical incision increased,
jed by gastroi inal hemorrhage and

hemoptysis. Additional heparin, blood and plasma
were administered and, because of the suspected
presence of fibrinolysis, a single injection of ethyl-
aminocaproic acid (Amicar), 3.0 g, was given.

Pulmonary inspiratory pressures progressively in-
creased to a preterminal level of 60 em H:O.
Prior to death, Pae. fell to 40 mm Hg (F1o. 1.0),
and the patient died following a ventricular ar-
rhythmia.

‘Analysis of the halothane in this case showed
the presence of nitrous oxide and a large amount
of thymol {44 times normal). Vapor-phase chro-
matography revealed no single minor impurity
present to an extent greater than five parts per
million.

Pathology Report. Gross examination revealed
diffuse muscular edema and hemorrhage, hemor-
rhagic tracheitis, pulmonary congestion and hem-
orthage, and melena. Microscopic studies re-
vealed only a few widely scattered fibrin thrombi;
there was no evidence of muscular destruction.

TIME
0945 1000 1015 1030 1045 1100 (15 1130 1135 1200 1215 1230 1235
ANESTHETICS: L 1 I I I L I ! I ] | E—
2.5% Thicoental 50-325
mg. Suztinylcholine 60,40 1 60,60
% Halothane 2—15 Lo—————1
Lsmin. N,O 3 —
L/min. O, 6 2
CO, ABSORBER —
Precordial Stethoscope
=¥ TEMPERATURE A 1065 08 102 100
copE :gg
® Pulse vy
v Vv vv vVYvy V
O Resp. Sgontaneoss ::g vy vvv VvV eesse®
© Resp Assisted Ve® *®
v P Fesste 100 ® 0% 40" Ve e
B¢ 80 v g Yvvy
A &0 AAAAAAAAAAAAAAAAAAQ'\AA xxxxxx.-.‘o
X Anes. 40 PR © o .
© Oper. 20 ce © e ° ° L) ® ] ] ®
NUMBERS FOR REMARKS X N e @ (3)  (4XSXEXTXBNINIOHN) 12)
RL2. RL3——i
1000 cc. RL RL4 —
IV FLUIDS rs——————
RL g—
POSITION Supine

REMARKS: (1) Relasatian of manddie incomplete, intubation somewhat difficutt. 12/ Skin warm. (3) Noted to have 2 capelike suttuse-cyanatic color with
drstention of the nec wens 13] Breath sounds orer eft antenar chest sppearsd diminished. The endotrachesl tube femoved. Ventilalion ppeared 10 imaxove. 151

Sode lime cannister chenged (61 Patrent remamed Tachypnex, ood Two allempts af semtuba
120 mg succinyichuine, drided Gusagel. (7/ Patent and 3ods hime canariter nuted 1o be hot. Bypermigiity present rectal

510n were made; the second Jttempt was suctesstul (0.8 mg. atropine and
| probe reveaied temperature 106.5°F. 18)

Eopedrine 25mg |V . mephentermine 15 mg. LY. (0) 300 mg, calcusm chiorde. 3000 o wed inger's Lictate started 1.V Palyethylene sheet placed under patient.
covered with xce. 10§ Five amputes wdwm bicarbonate. Put 0n non rebreathing system. (11) biood gases, electrolyte studies drawn. (12} mepenidine (50 mg ) and
chiorpromazine (25 mg 1 1 V. To prevent shwening Patient transferred o recovery [00m.

23 yeur 0ld male with ChronK antenar drilocation af eight shouider. W1 167 Ibs., hemutocrit 36, .M. pre.0p medication 0.4 mg. Jtropine 3nd S0 mg, meperidine

Agent and techmaue. Halothane - 10 0, Endotrachest tube Gmm with 6t cutl, oral arway.

Operation: Putti platt repar, 1ight shoulder Total Fluds: 900 cz RL. 4400 cx iced RL £8L: 300 cc

Fic. 1. Anesthetic record.
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Fic. 2. Cyclic AMP:

formation and cellular ef-

fects (after Sutherland).
AGENT

Discusston

The case history illustrates some of the clas-
sic signs and metabolic derangements found in
malignant hyperthermia. The history of drug
abuse and the presence of hypocalcemia de-
serve particular comment; a prerequisite, how-
ever, is a discussion of the possible etiologies
of malignant hyperthermia.

Malignant hyperthermia appears to be a
metabolic disorder, the specific defect remain-
ing unknown. Wilson and co-workers 38 sug-
gested that the defect lies in the coupling of
oxidative phosphorvlation. They used as a
model an uncoupling agent, 2,4-dinitrophenol
(DNP),3® thought to act at the mitochondrial
membrane.#® Wilson 3 showed, in the dog,
that the uncoupling produced by the adminis-
tration of DNP is enhanced by halothane—oxy-
gen but not by pentobarbital-oxygen. Simi-
larly, Snoedgrass incubated a number of hydro-
carbons with normal rat liver mitochondria
and demonstrated uncoupling of oxidative
phosphorylation by chloroform, diethyl ether,
and halothane.#

Other investigators question the association
between uncoupling and malignant hyperther-
mia.3% 42-45 They suggest that other pathways
are involved instead. One pathway, not previ-

CLINICAL \WORKSHOP

ATP ALTERED
CELL METABOLISM

3,5 ~ANP ee—-  ARTOUS
ENZYMES

PHOSPHODIESTERASE
ALTERED
PERMEABILITY
5'-avwp

ously mentioned, involves adenosine 3,’5’-mono-
phosphate (3,/5-AMP, cyclic AMP, cAMP).
Cyclic AMP is formed from ATP (fig. 2)1¢;
the reaction is catalyzed by adenyl cyclase, an
enzyme “fixed” to the cell membrane 47 48 and
found in all animal tissues, including muscle,
liver, and brain.#® Adenyl cyclase is activated
by numerous hormones, including the cate-
cholamines and the xanthines; activation by
other agents is suspected.*s: 5

Cyclic AMP, if not inactivated by phospho-
diesterase, acts as a “messenger” within the
cell, simulating a number of enzyme systems
and altering cellular metabolism and cell per-
meability. 48

The effect of some psychotropic drugs on
the cyclic AMP system is now established. A
recent report by Abdulla and Hamadah clearly
demonstrates that dibenzazepine (tricyclic)
antidepressants (table 2) inhibit the degrada-
tion of cyclic AMP. They suggest that these
drugs are potent competitive inhibitors of
phosphodiesterase and exert their antidepres-
sive effect by increasing intracellular levels of
cyclic AMP.3!  Monoamine oxidase inhibitors
(MAOI; table 2) also appear to increase in-
tracellular cyclic AMP, elevating catechol-
amines, which in turn stimulate adenyl cyclase.

191
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TanLe 2. Some Antidepressant Drugs,
Many Associated with Hyperpyrexia

Dibenzazepine compounds
Amitriptyline (Elavil)
Desmethyl imipramine (Norpramin)
Imipramine (Tofranil)
Nortriptyline (Aventyl)
Protriptyline (Yivactil)

Monoamine oxidase inhibitors (MAOI's)
Isocarboxazid (Marplan)
Nialamide (Nijamid)
Phenelzine (Nardil)
Tranyleypromine (Parnate)

By increasing intracellular cyclic AMP, these
drugs might in some instances be expected to
produce a hypermetabolic state. Indeed, sev-
eral cases of hyperpyrexia and muscular ri-
gidity have follewed the combined use of tri-
cyclic antidepressants and MAOL**-% Usually
the patient is in his late twenties. About 6-36
hours after the administration of combined
therapy, delirium, sweating, and hyperpyrexia
develop, followed or accompanied by mus-
cular hyperrigidity, coma and, occasionally,
spasm. Mortality is high; about 60-70 per
cent do not survive.

The syndrome induced by psychotropic drugs
appears similar to that which follows adminis-
tration of potent anesthetics. A common meta-
bolic pathway may be involved. In psycho-
tropic drug-induced hyperpyrexia, phospho-
diesterase activity apparently is depressed in
the presence of increased adenyl cyclase ac-
tivity. In patients susceptible to malignant
hyperthermia, phosphodiesterase may be ab-
normal in amount or structure. The adminis-
tration of potent general anesthetics may fur-
ther depress phosphodiesterase activity or may
stimulate adenyl cyclase activity, possibly trig-
gering some of the manifestations of malignant
hyperthermia.

Serum electrolytes in antidepressant-induced
hyperpyrexia have not been determined, but
in malignant hyperthermia, hyperkalemia is a
frequent finding. Hypocalcemia, less fre-
quently reported but suspected on clinical
grounds, is also reported. Purkis® describes
a 44-year-old woman with carpopedal spasm,
ECG changes, bradycardia, and hypotension
following the development of malignant hy-
perthermia; calcium levels were within normal

Anesthesiology
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limits, but the patient responded favorably to
administration of calcium chloride. Stll other
case reports describe the presence of brady-
cardia, frequently amenable to calcium chlo-
ride.1. 18,19, 24,23 Hpocalcemia, though mini-
mal, and hyperphosphatemia were first docu-
mented by Cody.** Abnormal calcium and
phosphate levels were present in our patient
(table 1) from immediately following recog-
nition of the syndrome to death 27 hours fol-
lowing induction. Recently, Denborough 8 re-
ported marked hypocalcemia and hyperphos-
phatemia in a 54-year-old man with malignant
hyperthermia. The presence of hypocalcemia
is not readily explained and, in fact, conflicts
with data recorded during studies of the
Landrace pig.*>%* Jones and Burnap, how-
ever, studying an inbred strain of Poland
China swine have found lowered levels of
plasma calcium and magnesium on the in vitro
exposure of this susceptible breed’s muscle to
halothane.®® Recent studies have elucidated
the role of cyclic AMP in the metabolism of
calcium and, in turn, the role of calcium in
muscle contractility 83 ¢%; clarification of the
changes in malignant hyperthermia will re-
quire further study.

The authors thank L. H. Angel; P. A. Lotz and
F. W. Mann, Jr., for medical illustration; and
J. W. Evans.
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Vasospasm with an Indwelling Radial Artery Cannula

Briax Dartox, M.D.,°

Prolonged cannulation of the radial artery is
used in the management of critically ill pa-
tients and patients undergoing extensive sur-
gery.1-5 The purposes and advantages include:
1) it is less traumatic to the vessel than re-
peated punctures when serial blood samples
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are necessary; 2) accurate measurement of ar-
terfal pressure is obtainable, especially when
the use of a pneumatic cuff is unsatisfactory,
¢.g., with hypothermia, extracorporeal circula-
tion; 3) it may be less disturbing to the pa-
tient where apprehension may alter values to
be studied, e.g., arterial blood gases, cardiac
output. The value of prolonged cannulation
may be enhanced by minimizing its complica-
tions. This communication reports the re-
sponse to intra-arterial lidocaine with inter-
ruption of blood flow of a hand which showed
signs of inadequate circulation distal to the
indwelling radial cannula.
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