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Porcine Malignant Hyperthermia Induced by
Halothane and Succinylcholine:

Failure of Treatment with Procaine or Procainamide

Gerald A. Gronert, M.D.,” James H. Milde, Richard A. Theye, M.D.t

Metabolic, hemodynamic and neuroendocrine re-
to the bined use of halothane and suc-
cinylchaline (SCh) were measured in five normal
swine and five swine susceptible to malignant
hyperthemmia (MH). Constant-volume ventilation
was used, and no thempy was instituted. The
overall response in susceptible swine was ful-
minant, in that it involved the rapid onset of
SCh-induced MH combined with the more severe
metabolie, endocrine, and cardiovascular effects of
haloth induced MH. Maximal changes in Vo,
were equivalent with either drug or both combined,
while es in lactate, p (K*), pH. and
catecholamines were perhaps synergistic. Utilizing
similar measurements, procaine or procainamide
was used in 20 susceptible swine in attempts to
prevent MH initiated by halothane, SCh, or both.
Recommended therapeutic doses of either drug did
not prevent characteristic MH changes in oxyvgen
consumption, cardiac output, lactate, K*, pH,
holami or ture. (Key words: Hyper-
thermia, malignant pyrexia; Anesthetics, volatile,
halothane; Neuromuscular relaxants, succinyl-
choline; Anesthetics, local, procaine.)

WHILE HALOTHANE! and succinylcholine
(SChY are eqully effective in increasing
aerobic metabolism and temperature during
malignant hyperthermia (MH), halothane is
more effective than SCh in changing lactate,
potassium (K-). catecholumines, and pH. The
present studies quantitate combined met-
abolic, hemodynamic and neuroendocrine ef-
fects of both agents in swine susceptible to
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ML (MHS swine) in order to compare these
effects with those of each drug separately.

Inasmuch as there has been continuing
controversy about the value of procaine in
treatment of MH373 the present studies also
attempt to resolve this question.

Materials and Methods

Twenty-five MHS swine were so identified
by a screening test involving inhalation of
halothane.! They and five noral Poland
China swine. all weighing 30-60 kg, were
prepared as previously! for measurements
vielding values for oaygen consumption of
whole body (Vow) and hind limb (VOu).
cardiae output (Q). pH. blood mises. lactate,
K-. catecholamines, and temperature, An-
esthesia included thiopental, NLO, and con-
trolled ventilation to Pacg, 40 = 2 torr. Control
data were obtained in triplicate over a 13-
minute perivd. During each of the following
protocols, ventilation remained unchanged.
and subsequent measurenments were made
every 10 minates,

Five MHS and the five nonual swine were
given continuous 1 per cent halothane and.
after 15 minutes. SCh (3 mwkg) was ad-
ministered intmvenously: there was no ther-
apeutic intervention.

In attempts to prevent MH, the remaining
20 MHS swine cach received an intravenous
infusion of procaine or procainamide 10
minutes before the halothane and/or SCh was
administered. Fifteen swine received pro-
caine. 30 mekw4 min, plus 1 mkemin,
continuously: five of these were then given 1
per cent halothane: five, SCh (3 mwky); five.
both halothane and SCh. as deseribed above.
The five remaining swine received pro-
crinamide, 4 mgkw2 min, plus I mg/kg/min for
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Vo,
ml/ min/kg
Body Weight

F1G. 1. Whole-body V, of MHS
swine in response to halothane,
SCh, or both. SCh graph begins at
15 minutes. Mean values; O sig-
nificantly different from control val-
ues. Data for halothane and SCh
alone from prior studies.'®

10 minutes followed by 0.25 mwkg/min con-
tinuously. These animals were given hoth
halothane and SCh as described above. No
other therapy for NH was used.

Results are expressed as mean = standard
error (SE) with comparisons by paired t test.
P < 0.05 considered significant. Evaluation of
the responses to procaine and procainamide
was by comparison of individual and mean
responses to previously ohserved responses

Vo,

Fic. 2. Hind-limb V,, of MHS ml/min/kg

swine in response to halothane, SCh, Muscle Waight

or both. SCh graph begins at 13 min-
utes. Mean values: O significantly
different from control values, Data
for halothane and SCh alone from
prior studies.!®
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F Halothane
SCh
12 - 3 mg/kg
8 Halothane + SCh

4 1 I 1
T T 20 40 60
Holothane SCh MINUTES

during MH initiated by the same stimuli in
the absence of thenpeutic agents !

Results

In normal swine, the combination of halo-
thane and SCh produced cither effects pe-
culiar to one drug or cancellation of opposing
physivlogic trends (table 1). SCherelated of-
feets included small inereases in lactate and

14
I sch
O 3 mg/kg
10 +—

Halathane
+S§Ch

D
1%
Halothane

2 L ] 1 1 2
20 40 60

MINUTES
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K-.2 Halothane-related effects included (lu-
creases in \’()-., and mean arterial pressurel?
Caneellation of opposing trends was reflected
in the absence of change v Vo, Q. and
tempenture.

In untreated MIS swine (table 2), halothane
produced no discemible effect in the initial
10 minutes other than a decrease in mean
arteriul pressure. Following SChat IS minutes,
further measurements at 20 minutes dis-
closed abrupt chunges in most variables
examined—Vg,, lactate, K*, pH, Pacy,. and
Po.,. At 30 minutes, temperature, heart rate.
and catecholamines bad increased, while Q
and limb flow were stable until the fm.nl
measurements at 30 minutes. Rigidity occurred
in all animals between 20 and 40 minutes.
= Figures 1-5 compare individual'® and com-
bined effects of halothane and SCh on V.,
lactate, K7, and eatecholamines. Changes in
* = = both V0., and Vo, (fizs. 1 and 2) were not
different in magnitude or duration. Changes in
lactate, K*. and catecholamines (figs. 3-3)
n after both agents combined followed the gen-

eral pattern of those caused by halothane by it-
self, but initially appeared greater than the ad-
ditive changes for the two agents individually.
Additive changes were caleulated as the sum
of the change from the control value ata given
time with halothane and the change from con-
trol at the same time with SCh. Pag,’s
remained above 120 torr in all ten animals.

Every animal given procaine or procain-
amide had MH that was qualitatively and
qu.mllt.m\'d\ similar to mean responses in
this and other™ studies. Rigor was observed,
as before, in swine given halothane,! or halo-
thane and SCh. Neither mean nor individual
values are reported, as the extensive data are
not different from those previously reported.
Representative values are found in table 2 and
ficures 1-3.
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Discussion

v weight)

The combined use of halothane and SCh
to induce MH resulted in the abrupt onset
that is associated with SCI? and maximal
changes equal to or greater than those as-
sociated with halothane.! The patterns of in-
creases in both Ve md Vo., were similar
to those observed following either drug alone,
e.g., cither or both produced the same ef-
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fecet without additive or synergistic effects.
Once initiated, the pattern of aerobic changes
was apparently related to MH per se and to
the ensuing modifications caused by elevated
tempenrature, stress, and circulatory failure.

As with either drug alone,'? increases in
muscle Vi, did not entirely account for in-
creases in whole-body V. Control Vo., in a
40-kg pig was 252 mlmin, which increased
during MH to 332 ml/min. This 300-ml in-
crease included about 135 ml due to increased
temperture, foranet increase of 283 ml. Since
a wellanuscled pig is about 30 per cent
musele by weight,” control Vi, for skeletal
muscle was 78 ml/min, which increased during
MH to 268 ml/min. This 190-ml increase in-
cluded about 6 ml due to increased tempera-
ture, for a net extrapolated increase of 184
ml. Thus, of & 285-ml increase in VOy,, 184 ml
may be due to increased muscle V,, leaving
unaccounted for 101 ml, or 35 per cent, an
amount similar to those calculated for halo-
thane! and SCh® wlone.

This discrepancy between inereases in total
muscle Vy, and whole-body Vi, may be related
to errors in measurements and caleulations or
to active participation of other tissues in MH.
Calculations based upon the Fick relationship
using data obtained during an unsteady state
provide only qualitative information.® Not all
hind-limb flow could be measured, due to
extensive inaceessible collateral circulation;
this could result in underestimating Vo.
Not all muscle throughout the body may
react the same in MH. Responses were con-
sistent, however, and appeared to reflect those
changes of whole-body and muscle Vo, that
oceur in MH resulting from the combined use
of halothane and SCh.

Increases in lactate, K=, and catecholamines
were consistently greater (figs. 3=3) than the
sums of the individual increases previously re-
ported for SCh? and halothane.! This possible
nergism between halothane and SCh is con-
sistent with the inhibitory effect of halothane
upon the calcium pump and calcium storage
arcas of MH subjects.’® After prior inhibition
by halothane, the abnormmal caleium-fixing
mechanism is less efficient in handling the
increase in free intracellular calcium pro-
duced by SCh.? and the immediate response
is greater than that expected from their added

20z ludy 60 uo 3sanb Aq jpd'$0000-000209.6 L-Z¥S0000/L LY9I6Z/¥Z L2/ y/iPpd-01on1e/AB0|0ISaUISaUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



130

GRONERT. MILDE, AND THEYE

sthesiolugy

r Holothane + SCh

20 -

LACTATE
umole /mi

SCh, 3 mg/kg

Fic. 3. Arterial plasma lactate
concentrations of MHS swine in re-
sponse to halothane, SCh, or Loth.
SCh graph begins at 15 minutes.
— —~—is graph of additive changes
from control of halothane and of
SCh. O significantly different from
control values. Data for halothane
and SCh alone from prior studies.!?

2 |

o

40

Halothone

effects. However, Vo, was, unexpectedly, not
different with either or both agents. Vi, maty
increase more than two- or threefold during
exercise,” but this magnitude of increase is
apparently the limit for the mean respouse of
MHS swine. Halothane also has been reported
to affect normal human muscle in such a
manner that SCh induces a greater postopera-
tive release of creatine phosphokinase' than
that observed after N.O. This, too, suggests
an effect of halothane upon the muscle fiber
membrane or upon intracellular mechanisms.

The use of recommended therapeutic
doses™7 of procaine and procainamide in the
treatment of MH provided no protection in
porcine MH. Findings in every animal satisfied
previous pathophysiologic eriteria!® Human
and porcine MH. although probably not
identical, have many similarities. Inasmuch as
the toxic limitations of procaine in pigand man

MINUTES

60

in vivo prevent the attainment of concentra-
tions considered effective in witro,»? the im-
plication is that procaine is probably also
ineffective in protecting against human MH.
Reports supportive of the therapeutic role of
procaine®™® generally arise from studies that
also include the use of adjunctive therapy such
as cooling, hyperventilation, and bicarbonate,
and it is difficult to know which were ¢f
fective in finally “turning the tide.”
Harrison? reported that procaine limited or
blocked MH induced by SCh or halothane
but not MH induced by both agents. His
studies included measurements of tempera-
ture, some biochemical studies, and observa-
tions of rigor. Monitoring primarily tempera-
ture and limb muscle tone is generally
inadequate in estimating either the magnitude
of the MH response’*—aerobic and anaerobic
metabolism, acidosis, hyperkalemia, hypo-

Haolothane + SCh

(/@ F1G. 4. Arterial plasma K* con-

centrations of MHS swine in re-
sponse to halothane, SCh. or both.
SCh graph begins at 15 minutes.
————is graph of additive changes
from control of halothane and of
$Ch. O significantly different from
control values, Data for halothane
and SCh alone from prior studies!'*

2 It I
T ‘I‘ 20 40
Halothone SCh

60

MINUTES
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F1G. 3. Total plasma Halothane
catecholumines of MHS
swine in response to halo- 20 -
thane, SCI}, or l)()tl_l. S.Ch CATECHOLAMINES Additive Changes
graph begins at 15 min- ng/mi Hatothons + Sch (&
utes. - - —— is graph of ad- r
ditive changes from con-
trol of halothune and of
SCh. O significantly dif- o~
ferent from control values. =
Data for halothane and (o9 SCh
SCh alone from prior F 3mg/kg
studies.!*
° : I
T 20 40 50
Halothane  SCh MINUTES

tension, and declining cardiac output—or the
progression of MH!2, In the absence of ther-
apy, if Vo, and Pagg, have returned towards
nomal and acidosis is primarily metubolic,
then MH is nearing its end-stage.!

In the present study, the use of procaine
was not associated with arrhythmias or hypo-
tension, despite the warnings of Harrison.” We
relate this absence of complications to normal
blood gases, metabolism and temperatures
prior to the cautious introduction of procaine,
plus constant monitoring of electrocardiogram
and direct arterial pressure.

The overall MH response following the use
of halothane and SCh combined is fulminat-
ing, in that it involves the rapid onset of
severe metabolic and endocrine responses that
lead inexombly to fatal acid-base, tempera-
ture, and circulatory disorders. The present
results suggest that a predictable and com-
plete porcine model of MH requires the use
of both agents as triggers. Successful treat-
ment of established MH and prevention of its
inception must also be determined in relation
to the most fulminant form of MH. Procaine
and procainamide were ineffective in pre-
venting MH, and are therefore unlikely to be
helpful in the treatment of established MH.
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Obstetric Anesthesia
CESAREAN SECTION UNDER LOCAL

The histories of 5,010 patients whose in-
fants were delivered by the senior author
over a period of 25 years are reviewed.
Of these deliveries, cesarean section was
performed in 283 (3.6 per cent). In 218 of
these patients, only local field block of the
abdominal wall was done prior to the birth of
the baby. When local anesthesia was used, 92
per cent of newborn babies cried spontanc-
ously at once. There were 48 premature
babies and seven neonatal deaths, the latter
caused primarily by complications of preg-
nancy and secondarily by prematurity. Fe-
tuses already at high risk are most ben-
efited by the use of local anesthesia prior to
birth. Many of the patients experiencing this
method had second, third, and even fourth
cesarean sections with the use of local anes-
thesia. (Ranney B, Stanage WF: Adcantages
of Local Anesthesia for Cesarean Section.
Obstet Gynecol 45: 163-167, 1975.)

BUPIVACAINE EPIDURAL Lumbar epi-
dural analgesia with bupivacaine was given
to 37 women for uncomplicated labor. After
the blockade, serial determinations of pH
and bupivacaine concentration were made
in fetal scalp blood and maternal venous

Anesthesiology
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uptake into muscle of pigs suseeptible to
malignant hyperthermia: In citro and in vivo
studies with and without halothane. Br ]
Anacsth 47:650-653, 1975

7. Robinson $: Physiology of muscular exercise,
Medical Physivlogy. Edited hy VB Mount-
castle. St. Lonis, C. V. Mosby, 14974, pp
1273-1304

18. Tammisto T. Airaksinen M: Increase of creatine
kinase activity in serum ign of muscular
injury caused by intermittently administered
suxamethonium during halothane anesthesia.
Br ] Anaesth 38:510-515, 1966

blood and there v continuotts  monitor-
ing of the fetal heart mte. Fetal scalp
blood pH was within normal limits and no
pathologic FHR tracings were elicited by the
blockade, although a temporary decrease of
the baseline fetal heart rate irregularity was
seen in about a fifth of the cases. Fetal drug
concentrations were low, about 1 fourth of
corresponding maternal values. After reinjec-
tion of bupivacaine the extents of drug ac-
cumulation in fetal and maternal blood were
fairly similar. (Belfrage P. and others: Lum-
bar Epidural Analgesia with Bupivacaine in
Labor. Am J Obstet Gynecol 121: 360-365.
1975.)

Fetal Development
NEURAL TUBE DEFECTS The prenatal

diagnosis of neural tube defects (such as
anencephaly, myelomeningocele) is now
possible in about 90 per cent of cases by
assaying the amniotic fluid for alpha-
fetoprotein. The accuracy of beta-trace pro-
tein assays on amniotic fluid samples from
defective fetuses was compared with alpha-
fetoprotein studies. Alpha-fetoprotein studies
provided more reliable results than beta-trice
protein. (Milunsky A, and others: Prenatal
Detection of Neural Tube Defects. Am ]
Obstet Gynecol 122: 313-315, 1975.)
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