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ABSTRACT

Malignant hyperthermia is a pharmacogenetic disorder of skeletal muscles
developing as a hypermetabolic response to inhalation anaesthetics such as
halothane, sevoflurane or isoflurane and depolarizing muscle relaxants such as
succinylcholine. It is produced by mutation of the RYR1 gene in dogs. In
anaesthetised dogs, regardless of the anaesthetic drugs used, calcium ion channel
activity may change and malignant hyperthermia may develop. Clinical features are
hyperthermia, tachypne, hypercarbia, increased oxygen consumption, severe
metabolic acidosis, hyperkalemia, cardiac arrhytmias and muscle rigidity. For a
diagnosis of malignant hyperthermia to be made, at least 3 of the clinical findings
must be determined. Dantrolene sodium is specific antagonist of malignant
hyperthermia. However, it is not usually preferred by veterinary practitioners due
to its high cost as well as the low incidence of the occurrence of this complication.
Therefore it is useful for alternative drugs such as acepromazine, diazepam and
alfentanil to be used for the treatment of clinical findings manifested during
malignant hyperthermia. The purpose of this review is to share with colleagues the
latest information regarding the treatment of canine malignant hyperthermia
occurring in relation to general anaesthesia
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highest trigger potential is halothane (Brunson and

Introduction
Complications such as hypotension, hypothermia,
respiratory and cardiac arrest are frequently

encountered during general anaesthesia. Malignant
Hyperthermia (MH) is a significant complication arising
during general anaesthesia, however, not much is
known about it particularly in the veterinary field.

MH is a pharmacogenetic disorder of skeletal muscles
developing as a hypermetabolic response to inhalation
anaesthetics such as halothane, sevoflurane or
isoflurane and depolarizing muscle relaxants such as
succinylcholine. Currently, it is not considered to be a
disease but rather a clinical syndrome. This condition is
termed Malignant Hyperthermia Syndrome (MHS) and
stems from pathophysiological changes as well as
multiple genetic and environmental factors. Compared
to other inhalation anaesthetics, the gas with the
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Hogan, 2004; Steffey and Mama, 2007; Adami et al,
2012).

The occurrence rate in humans is between 1:5000 to
1:50000-100000. While widespread in pigs, sporadic
cases have been reported in dogs, cats and horses
(Haskins, 2007; Schneiderbanger et al, 2014). The
incidence in dogs remains unknown. It has been stated
that it is seen in 1:2000 or 1:4000 of veterinary
anaesthesia cases and leads to death and various
complications (O’Brien et al., 1983). MH may be seen in
different breed dogs such as Greyhounds, Border
Collies, Cocker Spaniels, Doberman Pinchers, Pointers,
Saint Bernards and Kangal Shepherd dogs. However, all
dogs carry a potential risk (O’Brien et al., 1983; Chohan
and Greene, 2011; Guzel et al,, 2016).
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The Reasons of Malignant Hyperthermia

Pathophysiological changes occurring in MHS originate
from the uncontrolled release of intracellular calcium
(Ca++) from the sarcoplasmic reticulum of skeletal
muscles into the myoplasm, subjected to halogenised
volatile anaesthetics and depolarizing muscle relaxants
(Kirmayer, et al.,, 1984; Brunson and Hogan, 2004; Kim,
2012). In
hyperthermia, trauma, surgical interventions, physical

individuals sensitive to malignant
activity, transportation and other causes of stress
factors may trigger this syndrome in the absence of
anaesthesia. Attacks may also be observed during the
anaesthesia recovery period (Gronert and Milde, 1981;
Kirmayer, et al., 1984). It is produced by mutation of the
RYR1 gene in dogs (Roberts et al,, 2001; Brunson and
Hogan, 2004). In anaesthetized dogs, regardless of the
anaesthetic drugs used, calcium ion channel activity
may change and MH may develop (Lemke, 2007).
Molecular genetic tests are used in determining gene
mutation for MHS. However, at present these tests are
available only in Europe and North America (Chohan
and Greene, 2011; Kim, 2012).

Clinical Findings of Malignant Hyperthermia
of MH
hypermetabolic reactions of the body such as; rapid

Classic findings are those relating to
increase in body temperature, tachypnea, hypercarbia,

increased oxygen consumption, severe metabolic

acidosis, hyperkalaemia, cardiac arrhythmias and
rigidity in skeletal muscles (O’Brien et al., 1983; Adami
et al, 2012). Severe hyperthermia causes multiple organ
failure in the renal, hepatic and gastrointestinal systems,
heart muscle damage, muscle necrosis, cerebral oedema,
widespread intravascular coagulation, hypoxaemia,
metabolic acidosis and hyperkalaemia (Kim, 2012;
Schneiderbanger et al.,, 2014; Rosenberg et al.,, 2015).
When comparing to humans and pigs, the metabolic
acidosis developed in dogs is mild and muscle rigidity is
less (Nelson, 1991; Roberts et al., 2001; Brunson and
Hogan, 2004). While muscle rigidity may be observed in
all muscles, it may also be restricted to the masseter
muscles and trismus occurs (O’'Brain et al, 1983;
Kirmayer et al., 1984; Krause et al., 2004). The earliest
finding of MH in dogs is an increase in carbondioxide
(CO2). While end tidal CO2 (ETCOZ2) increases in cases
automatic ventilation,

given hyperventilation is

observed in patients with spontaneous respiration. CO2

increase begins within 10-14 minutes of commencing
halothane anaesthesia (Nelson, 1991; Krause et al,
2004; Adami et al,, 2012). Secondly, increase in rectal
temperature must be assessed. Rectal temperature
displays an increase within 10-14 minutes following
halothane or isoflurane anaesthesia (Nelson, 1991;
Adami et al., 2012). However, it may develop during any
stage of anaestheia as well as in the early post-operative
period. Body temperature may increase by 10C every 5
minutes and reach 430C (Kirmayer et al, 1984;
Rosenberg et al,, 2015).

Diagnosing Malignant Hyperthermia

The majority of malignant hyperthermia cases consist of
healthy animals with no history of anaesthesia problems
and showing no prior warning signs. Therefore, patients
to be anaesthetised are investigated regarding the
presence of any littermates, dam, sire or offspring with
unexplained death due to anaesthesia (Kim, 2012;
Rosenberg et al, 2015). For a diagnosis of malignant
hyperthermia to be made, at least 3 of the following
findings must be determined: cardiac arrhythmias,
acidosis, hypercarbia, raised body temperature and
muscle rigidity. A single finding on its own is not specific
for the disease (Brunson and Hogan, 2004; Chohan and
Greene, 2011). A persistent rise in the carbondioxide
level and body temperature despite extreme respiratory
support during anaesthesia is considered to be positive
MH until proven otherwise (Brunson and Hogan, 2004).
Laboratory findings reveal increased serum glucose,
phosphorus, magnesium, potassium, creatine kinase and
alkaline phosphatase levels. Subsequently, calcium and
potassium levels decrease (Kirmayer et al.,, 1984; Otto,
1992).

Treatment

Cessation of halogenated anaesthetic gases or
depolarizing muscle relaxants forms the most important
step of the treatment. The anaesthesia machine is
flushed with 100% oxygen in order to remove residual
anaesthetics. To complete surgery, anaesthesia is
continued with opioids, sedatives and non-depolarising
muscle relaxants (Kirmayer et al., 1984; Nelson, 1991;
Krause et al., 2004). Intravenous fluid administration is
started and blood samples are taken for laboratory
analysis. Since the reason of death in these patients is
rhythm disorders due to hyperkalaemia, the patient is

hyperventilated with 100% 02. If metabolic acidosis has
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developed or 1is suspected to develop, sodium
bicarbonate is administered at a dose of 1-2 mEq/kg IV.
In addition to sodium bicarbonate, administration of
crystalised insulin (0.25-0.5) in 50% dextrose (0.5 ml/
kg) enables the potassium to enter muscle and other
depot cells. In cases where malignant hyperthermia
occurs together with hyperkalaemia, it is not
recommended to use calcium chloride and calcium
gluconate (Nelson, 1991; Krause et al., 2004; Rosenberg
etal, 2015).

The
changes caused by MH is dantrolene sodium (Brunson
and Hogan, 2004; Haskins, 2007; Adami et al.,, 2012).

Dantrolene sodium is a ryanodine receptor antagonist.

specific antagonist of pathophysiological

It prevents excessive calcium release from the
sarcoplasmic reticulum of skeletal muscles in affected
individuals, therefore inhibiting excitation-contraction
coupling (Saltzman et al., 1984; Lynch et al., 1986; Fruen
etal, 1997).

Use of dantrolene (2.5 - 10 mg/kg IV) for treatment
is life-saving for this disease (Fruen et al., 1997; Adami
etal, 2012; Guzel et al,, 2016). The drug should be given
as fast as possible in a single dose (3 mg/kg IV). The
drug may be used every 5 minutes until the clinical
findings of hypermetabolism are eliminated and the
total dose reaches 10 mg/kg (Nelson, 1991; Krause et
al,, 2004; Chohan and Greene, 2011).

Dantrolene has high solubility in oil, while low
solubility in water. It is available as lyophilized powder
(20 mg) with added mannitol (3 gr) to increase its
solubility. Dantrolene has a pH value of 9.5 and is a high-
degree alkaline. Therefore, it should be diluted with 60
1996;
Schneiderbanger et al,, 2014). Heating the solution to

ml of water before use (Karan et al,
400C beforehand enables the powder to dissolve. Since

dantrolene is an irritant for wveins, it must be
administered as a rapid intravenous infusion using a
larger cannula (Krause et al., 2004).

When dantrolene is used, calcium entry blockers
(verapamil) must not be given (Kirmayer et al., 1984;
Rosenberg et al,, 2015). Simultaneous administration of
these drugs significantly decreases cardiac function
(Saltzman et al., 1984; Lynch et al., 1986).

Using room temperature fluids to cool the surface is an
effective method in cooling down the patient. Water
evaporation from the skin surface allows the body to
cool down. Using icy water causes vasoconstriction. This

delays the drop in body temperature until skin

temperature has dropped by 100C. From this point, the
blood vessels become paralysed, vasodilatation takes
place and body temperature decreases rapidly (Krause
et al,, 2004; Haskins, 2007).

However, cooling of the patient is controversial. The
cooling process causes vasoconstriction and this, in
turn, may delay the entry of dantrolene into skeletal
muscles. Use of cooled intravenous fluids may be
beneficial to cool down the patient. In the case of MH
developed during a surgical intervention in a body
cavity, lavage of the abdomen and thorax may be
performed using icy water. However, priority must be
given to completing the surgical intervention. The
cooling process is continued until body temperature has
reached 38 °C. It is important that the body temperature
does not drop lower than 38 °C. This would make it
more difficult to manage dysrhythmia and coagulopathy
(Kirmayer et al., 1984; Schneiderbanger et al., 2014).

Fans and ice packs may be used as a supplementary
method in decreasing body temperature. Administering
large volumes of crystalloid solutions to the colon,
stomach or body cavities provides an effective method
Use of
(antiprostaglandines, dipyrone, aminopyrone) may be

of internal cooling. antipyretic drugs
effective in lowering fever, however, it is ineffective in
treating pathologic hyperthermia (Haskins, 2007; Kim,
2012; Chohan and Greene, 2011).

Use of non-depolarising muscle relaxants in the
acute stage is not effective as a method of treatment.
However, these prevent muscle depolarization and
to which

acetylcholine binds in the neuromuscular junction. In

contraction by blocking the receptors
the absence of dantrolene, MH reactions can be
prevented using non-depolarising neuromuscular
blockers (Gronert and Milde, 1981; Chohan and Greene,
2011).

In advanced MH cases, aggressive fluid replacement
and volume expansion must be carried out to prevent
the occurrence of hypovolaemia and hypotension. Saline
solution and 5% dextrose can be used for this. However,
calcium added Lactated Ringer solution is not
recommended. Shock treatment volumes (90 ml/kg/
hour, 1IV) may be required for blood pressure and
kidney perfusion (Kirmayer et al, 1984; Brunson and

Hogan, 2004).

Monitoring Patients After Anaesthesia
Patients must be closely monitored in the post-
anaesthesia stage. Monitoring blood pressure and
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performing blood gas analysis aids in determining the
fluid amount to be administered both for volume
support and to correct metabolic acidosis. Blood
samples are taken to measure blood gases, acid-base
balance, creatinine (CK), serum electrolyte values,
serum lactate and blood glucose concentration (Krause
etal., 2004; Schneiderbanger et al., 2014).

ECG monitoring must be performed (Kirmayer et al.,
1984; 2004).
ventricular and ventricular

Brunson and Hogan, Premature
(PVCs)

tachycardia may be prevented by administering

contractions

boluses of lidocaine or procainamide (1-2 mg/kg). For
the treatment of permanent arrhythmias, recurrent
doses or continuous infusions may be required (Kim,
1984;
Chohan and Greene, 2011) state that use of lidocaine in

2012). Some researchers (Kirmayer et al,

the treatment of tachyarrhythmias may increase
myoplasmic calcium, worsening the hyperthermic
situation, therefore, it is more beneficial to use
procainamide instead. In patients that survive from the
acute hyperkalaemia phase, renal failure due to
rhabdomyolysis develops. Death follows as a result of
extensive intravascular coagulopathy. For this reason,
patients must be catheterized, urine should be collected
and myoglobin levels should be checked. Osmotic and
loop diuretics must be used to prevent high densities of
myoglobin and protein causing renal failure (Rosenberg
etal, 2015).

In the event of halting MH at the start, there is no
recurrence 24-48 hours after the first signs of the
condition developing. Full recovery may be expected
with suitable treatment (Brunson and Hogan, 2004).

Alternative Treatment Methods in Malignant
Hyperthermia

Dantrolene, the life-saving drug for MH, is not usually
present in veterinary practices due to its high cost as
well as the low incidence of the occurence. Therefore, it
is useful for alternative drugs to be used for the
treatment of clinical findings manifested during MH.
One of these drugs is acepromazine, which is
recommended for lowering body temperature. By way
the the

thermoregulatory centre of the hypothalamus and at

of decreasing catecholamine level in
the same time blocking peripheral alpha 1 adrenergic
receptors, acepromazine generates vasodilatation and

hypothermia. It also produces muscle relaxation

without providing analgesia (Lemke, 2007; Adami,
2012).

Another drug is diazepam, the most frequently used
benzodiazepine in veterinary medicine. It produces a
good level of muscle relaxation and has an
anticonvulsant effect. It is therefore effective in treating
developed during MH. The

vasodilatation produced by the drug is effective in

muscle convulsions
lowering body temperature (Lemke, 2007; Adami et al.,
2012; Guzel et al., 2016).

Alfentanil
temperature by

contributes to lowering body

producing vasodilatation and
decreasing raised heart rate (HR) and respiratory rate
(RR) and can be added to the treatment. This procedure
decreases the HR and RR to normal ranges in MH
(Lamont and Mathews, 2007; Guzel et al., 2016). Also
alfentanil administration will decrease pain due to
surgery, alleviate stress and therefore, may prevent

triggering of hyperthermia (Brunson and Hogan, 2004).

Safe Anaesthesia in Malignant Hyperthermia

When dogs with malignant hyperthermia or those
suspected of developing it require anaesthesia, volatile
anaesthetics such as halothane, isoflurane and
sevoflurane and depolarizing neuromuscular blocking
agents such as succinylcholine should not be used.
Benzodiazepines, phenothiasines, barbiturates,
etomidate, propofol, dissociative drugs, opioids, nitrous
oxide, non-depolarising neuromuscular blockers and
local anaesthetics may be used safely (Brunson and
Hogan, 2004; Rosenberg et al.,, 2015).

To minimize pre-anaesthesia stress, patients should
be given effective premedication. For this purpose,
drugs with a sedative effect such as diazepam,
midazolam and acepromazine are recommended.
Opioids are used to establish effective analgesia.
Although there is no specific research, alpha 2 agonist
drugs such as xylazine, detomidine and medetomidine
are also considered to be safe (Kirmayer et al., 1984;
Brunson and Hogan, 2004).

Anaesthesia induction of patients is carried out with
standard anaesthetics such as thiopental, propofol,
etomidate, ketamine or tiletamine-zolazepam.
Anaesthesia may be maintained with the same drugs.
Drug doses are determined according to the doses
recommended by general use or to the manufacturer’s

instruction. Since propofol is rapidly eliminated and
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does not accumulate following multiple

administrations, it is suitable for repeat use (Brunson
and Hogan, 2004; Chohan and Greene, 2011).
to their effect

Due MH,

acetylpromazine and thiopental administration for

protective against

premedication and induction may prevent these
findings occurring in the first 15 minutes of halothane
anaesthesia (Gronert and Milde, 1981; O’Brien et al,,
1983).

Local and regional anaesthesia techniques may also
be used in patients with MH. However, the stress
caused by physical restrictions carried out in such
procedures may initiate MH reactions. Therefore, it is
important to perform sufficient sedation before local or
regional anaesthesia procedures (Rosenberg et al,
2015).

Respiratory support and oxygen reinforcement
must be carried out in MH positive patients or those
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