PERFUSION OF MALIGNANT HYPERTHERMIA
SUSCEPTIBLE AND NORMAL ISOLATED P1G LIVERS WITH HALOTHANE
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THE DEFECT of malignant hyperthermia (MH)
may be widespread involving many membranes
of many tissues.'? Thus, Berman’s report® that
liver temperatures rise faster and higher than
skeletal muscle temperatures in Landrace pigs
during malignant hyperthermia reactions and
Brucker’s finding* of degeneration of the liver
endoplasmic reticulum during malignant hyper-
thermia crises in Poland-China pigs hint that a
primary abnormality may exist in the livers of
malignant hyperthermia susceptible swine. Since
the liver,’ unlike the skeletal muscie,5!'° does not
contain triads (transverse tubules plus sarco-
plasmic reticulum) the presence of a primary de-
rangement in the liver would indicate that the site
of the muscle defect is not in any of the compo-
nents of the triads.

We have, therefore, perfused isolated piglivers
with blood containing halothane. Before, during
and after perfusion, several parameters (tempera-
ture, blood gases, serum enzymes, serum electro-
lytes and blood glucose, lactate and pyruvate)
which are known to change during malignant
hyperthermia reactions have been measured.

METHODS

Selection of MHS and Normal Pigs

The malignant hyperthermic susceptible swine
were either purebred Poland-China or ¢rossbred
Poland-China/York pigs. They were all descen-
dants of two purebred malignant hyperthermia
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susceptible Poland-China pigs obtained from the
colony maintained by Jones and Nelson at Okla-
homa State University.!! The normal pigs were
York hogs or purebred Poland-China pigs. The
malignant hyperthermia status of the pigs was
determined by in vivo halothane challenge and
the caffeine contracture test.'>'? Pigs which de-
veloped tachycardia, rigidity and fever following
halothane inhalation and whose skeletal muscle
fascicles in vitro required less than 9.0 mmol of
caffeine to develop more than 1.0 gram increase
in resting tension were considered to be malig-
nant hyperthermia susceptible. On the other
hand, pigs which did not respond adversely to
halothane in viva, and whose skeletal muscle fas-
cicles in vitro required more than 9.0 mmol of
caffeine to develop more than 1.0 gram increase
in resting tension were deemed to be normal.

Anaesthetic and Surgical Techniques
Anaesthesia consisted of thiopentone by the
intravenous route and nitrous oxide and oxygen
through a tracheal tube. The animals were venti-
lated with an Air Shields ventilator. Bypasses
were inserted between the portal vein and left
external jugular vein, and between the inferior
vena cava and right external jugular vein. The
hepatic artery and the supra-hepatic inferior vena
cava were clamped. The severed ends of the
portal vein and inferior vena cava proximal to
the liver were connected to a Bentley pump
oxygenator. The oxygenator was primed with
heparinized blood containing sodium bicarbo-
nate. In a pilot study, the effect of the addition of
glucose and/or calcium to the priming fluid was
examined. As their presence did not substantially
alter the results, they were omitted from the prim-
ing fluid in the reported study. Enough carbon
dioxide was added to the priming fluid to keep its
Pco, within the normal range. Temperature
probes were inserted between the lobes of the
liver. Samples of the blood entering and leaving
the liver were obtained for measurement of blood
gases (Pag,, Paco,, pH, BE), lactate and pyru-
vate. One and one half per cent halothane was
then administered to the liver in the pump perfu-
sion fluid for one hour. During this period of

373

Canad. Anaesth. Soc. J., vol. 25, no. §, September 1978



374

CANADIAN ANAESTHETISTS’ SOCIETY JOURNAL

TABLE I
PiG TEMPERATURES AND HEART RATE AT BEGINNING OF ANAESTHESIA

Nasal Skin Muscle Rectal Heart rate
temperature  temperature  temperature  temperature per
°C °C °C °C minute
Control X 38.27 36.77 39.66 38.45 146.3
S.E. (0.35) (1.02) (0.23) {0.51) (10.9)
MHS X 38.74 37.30 39.77 38.94 137.7
S.E. 0.42) (0.65) ©0.27) {0.38) 6.7
t-test —-0.86 —0.42 —-0.30 -0.75 ~0.62
Degrees of freedom 13 13 13 12
perfusion with halothane, serial samples of blood TABLE II
entering and leaving the liver were withdrawn PiG TEMPERATURES BEFORE AND AFTER HALOTHANE
every 15 minutes for repeat measurements of the CHALLENGE
above blood parameters. At the end of the one-
hour equilibration final blood specimens were ob- Liver
tained and the animal was sacrificed.
i R . Pre* Postt
The livers of eight normal and seven malignant o0 °C
hyperthermia susceptible swine were perfused.
Control 37.0 36.89
RESULTS (SE) 0.59 (0.39)
MHS 37.67 37.73
The restlts are shown in Tables [ to V1. Statis- (SE) (0.38) (0.45)
tical analysis shows that there are no substantial ¢ —0.99 —1.41
differences between livers of the MHS and the df 13 13

normal animals. In neither group of animals does
halothane induce a rise in liver temperature
(Table II). In the perfusing blood both entering
and leaving the liver percentage changes of oxy-
gen, carbon dioxide, base deficit and lactic acid
are also similar in the two groups (Tables [T1I-VI).

DiscussioN

The results show that the primary defect of
malignant hyperthermia does not appear to in-
volve the liver adversely.

1t has been postulated that the primary defect
of malignant hyperthermia involves the sarco-
plasmic reticulum of the skeletal muscle. A latent
impairment of uptake into, binding to or accel-
eration of release of calcium from the sarcoplasm
reticulum may be activated by triggering drugs
such as halothane. Some evidence suggests that
malignant hyperthermia involves tissues other
than skeletal muscle, for example, heart
muscle'-'¢, bone!’1? and platelets?¢-24. This is
not surprising since the normal functioning of
these cell types is dependent on rapid redistribu-
tion of intracellular calcium. A defect in the liver
would be less expected since, so far as is known,
liver cells do not depend for most of their normal

*Pre = value obtained from arterial blood entering
liver immediately before commencement of halothane
perfusion.

tPost = value obtained from venous blood leaving
liver immediately after completion of halothane per-
fusion.

functions on rapid redistribution of free intracel-
lular calcium between the cytoplasm and struc-
tures functionally analogous to the sarcoplasmic
reticulum. The endoplasmic reticulum of the liver,
while similar in nomenclature and histological
appearance to the skeletal muscle sarcoplasmic
reticulum, nevertheless are functionally different
from it. For instance, the rough endoplasmic re-
ticulum of the liver manufactures proteins and the
smooth endoplasmic reticulum of the liver
catabolizes drugs and waste products of metab-
olism. So far as is known, ¢yclical binding of
calcium is not a function of these liver organelles.
Rather, liver functions such as phosphorylase-
b-kinase activated glycolysis are mediated by
calcium taken up from the extracellular fluid?s-2¢,
or by calcium redistributed between the cyto-
plasm and the mitochondria.??-?*

Other postulations for the defect of malignant
hyperthermia include excessive permeability of
the cell membrane to extracellular fluid calcium;
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TABLE 1V
P1G BASE DeFICITS AND BLOOD LACTATE BEFORE AND AFTER HALOTHANE CHALLENGE

Arterial Venous Arterial Venous
lactate lactate base deficit base deficit
mmol/! mmol/l mmol/l mmol/]
Pre Post Pre Post Pre Post Pre Post
Control 9.8 6.2 10.0 6.5 -1.2 2.1 0.6 1.9
(SE) (1.6) (1.5) (1.8) (1.8) 4.5) 4.9 6.2) 6.0)
MHS 13.8 8.0 13.7 7.5 -1.2 ~1.7 -2.9 -1.1
(SE) 2.7 (1.5) 2.3) (1.5) .7 (1.8) (3.3) (1.8)
t -1.29 —-0.86 —1.28 -~0.39 0.01 .69 0.47 0.44
df 13 13 13 13 13 13 9 9

or decreased ability of the cell membrane to bind
calcium;3%-3¢ or reduced uptake into or binding in
or increased release of calcium from mitochon-
dria.3%:3¢ The absence of any evidence of reaction
in malignant hyperthermia susceptible livers per-
fused with halothane does not provide support for
any of these proposals. It may be, however, that
because of different genetic control and, there-
fore, different structural and functional qualities,
a defect in malignant hyperthermia susceptible
skeletal muscle mitochondria or sarcolemma is
not necessarily also present in malignant hyper-
thermia susceptible liver mitochondria or liver
cell membranes.

Clinical evidence suggests that in malignant
hyperthermia susceptible humans the liver is
inherently normal. Thus Denborough®’ and
others?®3% have reported that acute malignant
hyperthermia reactions in man are associated
with, and followed by, normal or almost normal
liver function tests. Reductions in liver function
which occasionally have been observed during
malignant hyperthermia reactions are sufficiently
minor that they can be considered to be secon-
dary to haemodynamic and biochemical de-
rangements originating extraneous to the liver.
The findings in our normal and malignant hyper-
thermia susceptible pigs confirm the previous ob-
servations in susceptible humans 37-39

Since the changes induced by perfusion of iso-
lated malignant hyperthermia susceptible pig liv-
ers with halothane are not different from those
observed in normal pig livers similarly perfused,
we must conclude that a primary defect of malig-
nant hyperthermia probably is not located in the
liver — an organ devoid of organelles functionally
similar to the sarcoplasmic reticulum of the mus-
cle. This study also supports, but does not
confirm the postulation that the malignant hyper-

thermia defect of muscle includes a defective sar-
coplasmic reticulum membrane and does not
support, but does not rule out, a defect in the
mitochondria.

SUMMARY

We have perfused malignant hyperthermia
susceptible and normal isolated pig livers with
halothane for one hour. The liver temperatures,
oxygen and carbon dioxide tensions, the base
deficits and lactate concentrations in blood enter-
ing and leaving the liver have been measured at
the beginning and at the end of the perfusion.
Statistical analysis has shown that there are no
significant differences in these parameters be-
tween the beginning and the end of the perfusion
period or between the normal and the malignant
hyperthermia susceptible livers. We conciude,
therefore, that the livers of malignant hyperther-
mia susceptible pigs are either normal or else, if
abnormal, the abnormalities are sufficiently be-
nign as to be not measurably expressed.

RESUME

Des foies isolés de porcs susceptibles a I'hy-
perthermie maligne ont été perfusés a I’halothane
pendant une heure. Les températures du foie, les
tensions de I'oxygene et du gaz carbonique, le
déficit en bases, et la concentration de lactate ont
été mesurés dans le sang en amont et en aval de
I'organe au début et a fa fin de la perfusion.
L'analyse statistique n'a pas révélé de différence
significative dans ces parameétres entre le début et
la fin de la perfusion ou entre les foies normaux et
les foies susceptibles a I"hyperthermie maligne.
De 1a, nous concluons que le foie du porc suscep-
tible & I'hyperthermie maligne est possiblement
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normal.

S’il ne I'est pas, cette anomalie

pourrait-étre telle qu'on ne puisse la quantifier.
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