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3JIOKAYECTBEHHAS TUITEPTEPMUSA: MU® NN PEAJIBHOCTD

AkTtyanasHocTb. OTHUM U3 PaKTOPOB PUCKA AHECTE3MOIOIMUECKO ITOMOIIH 5B~
JIeTCSl Pa3BUTHE TAKOTO OCIIOXHEHMsS Kak 31okauecTBeHHas rumeprepmus (31).
OT10T peHOMEH BBe/IeH B MEAMIIMHCKYIO MPakTHKY ¢ 1960 r. CmepTHOCTH OT 31 3Ha-
YUTEIBHO CHU3UJIACH C TOHMMAHHMEM NaTO(U3NOIOIMUECKHUX ITPOLIECCOB, TPOUCXO-
JIAIIMX B OPraHU3Me U MOSIBIICHUEM CIICIIM(DUUYECKON Tepariu, HO JIETAIbHbIC HCXO-
JIbI CIIYYAIOTCS 10 CHX IMOpP NpU (QYIbMHUHAHTHOM TEUEHHUHU 3JI0KAYECTBEHHOH T'M-
NepTEepPMUH.

Onucanne KJINHAYECKOTO CiIydasi. Y MaIMeHTa, KOTOPOMY OKa3bIBallach aHEC-
TE3MOJIOrMYECKasi OMOIIb C MponodoaoM, n30(IIOPAHOM U aTpaKypus deccuia-
TOM ISl TIPOBE/ICHUS ONEPATHBHOIO BMELIATEIILCTBA B 0ObEME alIeHIIKTOMHH,
passunack 3. [larueHT ymMep OT pa3BUBIIEHCS MOJTUOPTAHHON HEOCTATOYHOCTH
IIPY OTCYTCTBUU JIAHTPOJICHA.

BoBoasl. Kpus 31 sBiisieTcs pelkuM OCIOKHEHUEM C CepPbE3HBIM PUCKOM Jie-
TAJIBHOTO MCXOJA A BOCHPUUMYMBBIX JUI. /{715 TOTO 4TOOBI COXPAHUTH CMEPT-
HOCTb HU3KOM, HEOOXOAMMO IPOBOAUTH MOAPOOHBIN MPEAONIEPALIMOHHBIE OCMOTD
1 cO0p aHaAMHe3a, a/IeKBaTHBIM HHTPAOINIEPAIIMOHHBI MOHUTOPUHT, UMETh B HAJIU-
YUU TOCTATOYHBIN 3arac JAHTPOJIEHA U THIATEIHHO IMOATOTABINBATH AHECTE3HO-
JIOTOB U KOJIJIEKTUB B JII0OOM MEAMLIMHCKOM YUPEKIECHHH, I/Ie TIPOBOAUTCS o0Ias
aHecTe3usl.

KiroueBble c1oBa: aHecTe3Hs, 3T0KAUYECTBEHHAS] THIIEPTEPMHUS], KOHTPAKTYPHBII
TECT, IaHTPOJICH.
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Introduction. Malignant Hyperthermia (MH) is known as an anaesthetic risk
since 1960. Morbidity has decreased remarkably with better understanding of the
pathophysiology and availability of a specific treatment, but still patients are dying
of a fulminant MH crisis.

Case Presentation. We report a male patient undergoing general anaesthesia with
propofol, isoflurane and atracurium for appendectomy developing Malignant Hyper-
thermia. The boy dies of multiple organ failure in unavailability of dantrolene. As
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the parents could not afford the far travel to a MH laboratory to undergo an IVCT
(In vitro contracture test) we did a genetic analysis of their blood. The results of
mutation screening showed no mutations in the father and a mutation in exon 40:
6635 T>C Val-2212-Alnine. This mutation is not accepted as causative by the Eu-
ropean Malignant Hyperthermia Organisation .

Conclusions. Crisis of MH is a rare event with a serious risk of lethal outcome
for susceptible individuals. In order to keep mortality low, meticulous preoperative
evaluation of patient medical history, adequate intraoperative monitoring, availa-
bility of a sufficient stock of dantrolene and thorough training of anesthetists and
theatre staff need to be provided by any institution delivering general anaesthesia.

Key words: Anesthesia; Malignant Hyperthermia; In vitro contracture test; dan-
trolene

Introduction

Malignant Hyperthermia (MH) has been known as an anaesthetic risk since 1960.
Since then the knowledge of MH pathophysiology has increased markedly and specific
therapeutic treatment has become available. Malignant hyperthermia (MH) is a hyper-
metabolic, pharmacogenetic myopathy associated with high mortality. With the introduc-
tion of dantrolene as a specific treatment agent, the application of a standardized monito-
ring on patients and by improved training of anaesthesiologists, the mortality of MH
could be reduced from 80% in the sixties and seventies of the past century to below 5%
today. In reality there are still patients dying of MH. The nature of MH has recently
been elucidated, but it still remains difficult to predict and prevent a potentially lethal
event of Malignant Hyperthermia. By some anaesthesiologists MH might be viewed as a
historic disease only, as the use of triggering drugs like volatile anaesthetics and succi-
nylcholine has decreased. But the case we report emphasizes the stringent necessity of
alertness to any sign of incipient MH in any non-triggerfree anaesthesia we perform in
our daily operation theatre routine.

Case Presentation

At 3 p. m. in September 2006 a 16 years old adolescent is admitted to a hospital in an
eastern European capital to undergo surgery for acute appendicitis. His medical history
and laboratory results are unremarkable.

Anaesthesia is inducted with fentanyl, succinylcholine and disoprivan, maintenance
of anaesthesia is performed with isoflurane, fentanyl and atracurium. Except for tachy-
cardia of 100 bpm no other abnormalities are observed initially.

About 7 p. m. at the end of the operation the heart rate increases to more than 140 bpm,
the axillary temperature is 39.4 °C and subsequently rises to over 42 °C. Antipyretic treat-
ment is initialized and the patient remains intubated and ventilated. A Malignant Hyper-
thermia crisis is considered by the treating anaesthesiologists. They start straight away
with a treatment according to the protocol of MHAUS (Malignant Hyperthermia Asso-
ciation of the United States). Unfortunately Dantrolene® is not available.

Laboratory results:

7:50 p. m.: Potassium — 5.98 mmol/l; PaCO, — 219 mmHg; pH — 6.8

8:13 p. m. : Creatinkinase 4268 U/L (normal value 47-222 U/l); Laktat-Dehydrogenase
860 U/L (normal value < 250 U/l); Creatinine 166 pmol/l (normal value 62-106 umol/l)

8:50 p. m.: Platelets 130,000/ml (normal value 140,000-440,000/ul)

9:45 p. m: Platelets 60,000/ml

10:30 p. m.: Potassium 7.01 mmol/l

About 8:30 p.m. hypercoagulability and severe hemorrhage set in. The initial treat-
ment is expanded by delivery of H,-Antagonists, fresh frozen plasma and general cool-
ing. In the next hour the patient develops anuria and a lung edema. In hope to stop the
hemorrhage recombinant factor 7 (Novoseven®) is substituted.
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About 10:00 p. m. conduction of hemodialysis is considered, but despite all efforts of
treatment the young patient dies at 0:30 p. m. of multiple organ failure.

The parents of the boy are distraught about the sudden death of their child and search
internationally for advice and help.

As the parents could not afford the far travel to a MH laboratory to undergo an IVCT
(In vitro contracture test) we did a genetic analysis of their blood. The results of muta-
tion screening showed no mutations in the father and a mutation in exon 40: 6635 T>C
Val-2212-Alnine in the mother. This is missense point mutation causing a replacement
of the nucleotide Valine by the nucleotide Alanine. This mutation is not yet accepted as
causative by the European Malignant Hyperthermia Organisation.

Conclusions

Death from MH crisis can still occur, even in the best of hands. If this worst case
occurs, it will have a dramatic, traumatic effect on the entire medical staff, demanding a
long recovery time of the adverse event.

In 2013 Wochna reports the death of a 4 year old boy undergoing dental treatment in
general anaesthesia. In the same year Lavezzi reports the death of a 6 years old boy in
the US. Postmortem genetic analysis presented a novel RYR1 receptor variant. IVCT
(in vitro contracture test) of the father resulted in susceptibility to MH (MHS) and cen-
tral core disease was diagnosed histologically. Genetic analysis revealed the same RYR1
variant as the boy.

Reviewing the publications of this century more similar case reports are to be found.

In 2004, Yip reports a mortality of MH in Taiwan as high as 28.6% due to the lack of
intraoperative monitoring and availability of dantrolene. By the interviewed hospitals
66% routinely used pulse oxymeter, 77% ETCO, concentration monitoring, but only 19.7%
a continuous body temperature measurement. 34.9% store six ore more vials of dantro-
lene for immediate use, the rest of 65.1% does not have any stock of dantrolene.

Remarkably in 2002 only 35.3% of hospitals in Japan used capnography and only
29.7% continuous body temperature measurement. 66% have 6 or more vials of dantro-
lene in stock and only 33% in the operating room.

Therefore MH claims lives throughout the world in spite of optimal treatment even
in our millennium.

The increasing use of total intravenous anaesthesia (TIVA) using non-triggering agents
in the Western hemisphere seems to make a crisis of MH an even rarer event. However
an increasing number of MH events have been reported. Awareness of MH symptoms
among anaesthetists and theatre staff may be reduced and potentially lead to an increased
risk of a too late or undiagnosed event. Due to the autosomal-dominant inheritance, prev-
alence of MH can be estimated up to 1:3000. According to the pooled data of the Ger-
man MH laboratories in 1997 a prevalence of at least 1:60,000 to 1:80,000 in Germany
was estimated. Analyzing the residency of the MH families an increased regional preva-
lence in the areas of the MH laboratories was determined.

Even though an MH crisis may develop at first exposure to anesthesia with triggering
agents (inhalation agents: halothane, isoflurane, sevoflurane, desflurane, depolarizing
muscle relaxant: succinylcholine) on average, patients require three anesthetics before tri-
ggering. Reactions develop more frequently in males than females (2:1). All ethnic groups
are affected, in all parts of the world. The highest incidence is in young people, it has
been found that children under 15 years age comprised 52.1% of all reactions.

The incidence of MH episodes during general anaesthesia is between 1:10,000 and
1:250,000 anaesthetics. An uneventful general anaesthesia is no predictor for the future,
some patients trigger after multiple anaesthetics. MH can develop at any time during
anaesthesia as well as in the early postoperative period. The progression of the syndrome
may be rapid and dramatic, especially after administration of succinylcholine in combi-
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nation with a volatile anaesthetic, or more slowly with a manifestation after several hours
after induction of anaesthesia.

It is impossible to diagnose MH susceptibility without either exposure to trigger an-
aesthetics or by specific testing by IVCT according to the guidelines of European Malig-
nant Hyperthermia Group, or the guidelines of the North American Malignant Hyper-
thermia Group. IVCT remains the current “gold standard” of MH diagnosis. Genetical
testing supports the IVCT in family screening but is not a substitute for IVCT. Never-
theless a clinical grading scale developed by Larach can be a helpful tool to predict the
probability of a MH susceptibility.

A minority of muscular diseases are strongly related with a predisposition for Malig-
nant Hyperthermia. The majority of patients with Central Core Disease (CCD), an inhe-
rited myopathy characterized by muscle weakness, are susceptible to MH. Multi-mini-
core Disease (MmD), central nuclear myopathy and King-Denborough syndrome also
predispose to episodes of MH. Nevertheless a variety of patients with muscular diseases
develop MH like symptoms like masseter spasm and muscle rigidity as a reaction on delive-
ry of succinylcholine. In patients with any kind of muscular disorder particularly muscu-
lar dystrophies like hypokalemic periodic paralysis, CCD, Duchenne or Becker conduc-
tion a triggerfree anaesthesia is highly recommended.

Dantrolene sodium is the cornerstone of a successful treatment of any MH episode.
This specific antagonist should be available wherever general anaesthesia is administered.
It is unavailable in many institutions in Eastern countries and developing countries due
to its cost, leading to an increased risk of MH fatalities in these areas.

In order to minimalize the death rate of MH events the following principal aims are
to be painstakingly observed:

Preoperative Evaluation

An extensive preoperative evaluation of the patient’s and families medical history con-
cerning muscular diseases, muscle cramping on strong exercise, adverse events during pre-
vious anaesthetics, deaths of anaesthesia needs to be conducted. The use of the clinical
grading scale by Larach and colleagues may be a helpful tool for clinical assessment of
the significance of a previous adverse event. Elevated CK measurement is no clear evi-
dence of MH susceptibility, but many MH susceptible patients present with a raised CK.

Intraoperative monitoring

The principal clinical features of MH are masseter spasm, muscle rigidity, tachycar-
dia, unexplained elevation, hyperkalemia, acidosis and hyperthermia. Since the order and
onset of the signs follow a variability the clinical diagnosis may be fairly difficult. Such
being the case, any patient under general anaesthesia should be monitored with meas-
urement of ETCO, concentration and core temperature monitoring. Early recognition
of MH symptoms and routine use of core temperature monitoring are essential in mini-
mizing mortality and morbidity from MH.

Dantrolene

Dantrolene sodium is the only medication for the treatment of MH events. It binds
to a specific site on the RYR 1 protein. Since the introduction of the drug in 1979 mortal-
ity of MH was reduced to 5% due to the application of the substance in MH events. For
North America a mortality of 1.4% is reported.

There are two preparations of dantrolene available: Dantrium® and Ryanodex®.

The original preparation called Dantrium® is available in 20 mg vials of the lyophi-
lized drug, which must be reconstituted in 60 ml of sterile water before administration.
Dantrium® is poorly soluble, so the preparation of an adequate initial dose of 2.5 mg/kg
body weight, equating 8-10 ampoules for an average adult male, is time consuming and
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needs additional staff. In 2014 a novel preparation of dantrolene sodium named Ryano-
dex® was approved by the FDA. It has a higher solubility, one ampoule contains
250 mg dantrolene, and requires 5 ml of sterile water only for restitution. Therefore ini-
tial treatment can be achieved now with administration of one ampoule. The efficiency
of Ryanodex® is the same as Dantrium®. There is no upper dose of dantrolene, it should
be titrated following to tachycardia and hypercarbia. An administration of dose higher
than 10 mg/kg body weight without result needs a reconsideration of the diagnosis MH.
The immediate availability of more than six vials of Dantrium® in the operation theatre
and its prompt administration in less than 30 minutes must be guaranteed in any institu-
tion delivering non-triggerfree general anaesthesia.

Training of Anaesthetists and Theatre Staff

Since MH crises are very rare events, medical staff needs training on treating an MH
crisis in regular intervals. For further training on MH crisis the websites of MHANZ
and MHA US provide with the free use of task cards, a management poster and educa-
tional material. The EMHG published guidelines for recognizing and managing a Ma-
lignant hyperthermia in 2010 in the British Journal of Anaesthesia, also to be found on
the EMHG website. Due to the fact that the outcome of a patient with a MH crisis de-
pends severely on promptness of diagnosis and administration of treatment every insti-
tution needs to dispose of a alert and well trained theatre staff.

Genetic diagnostics

Today sequencing of nearly 100 per cent of the RYR-1-gene is feasible. A clear clini-
cal case of Malignant Hyperthermia given, MH diagnostic through genetic diagnostics
can be conducted. The frequency of mutations seems to vary strongly in different re-
gions all over the continents. The mutation in the above described case may be frequent
in Eastern Europe but not in Western Europe. This could be an explanation why it has
not been found in extensive MH-screenings in Germany, Italy and the US. Extensive gene-
tic diagnostics in Eastern Europe may lead to new results about the frequency of some
already described mutations.

Malignant Hyperthermia is a reality all over the world, even though the mortality
rate has been reduced remarkably. For susceptible individuals remains a serious risk of a
crisis if undergoing general anaesthesia using volatile anaesthetics and/or depolarizing
muscle relaxants.

The work of certified MH laboratories is of utmost importance, not only as diagnos-
tic facilities but also as centre for disseminating expert knowledge and advice.
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