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ITepimwon kakon@oug vnepdep-
piag o€ yoipo katd wn d1dpkeia a-
vaioOnoiag pe m xpnoiponoinon
oefogroupaviou

N.I'. Kwotopnteénovdog, E. Mnardgag,
I'. Mavi(idpacg, E. ITapdvng, IT. Ade&dxog,
IL.E. Kapaylavvakog

ITEPIAHWH. Ileprypdepetal nepiotauké kakoriboug umepBep-
piag, mou mapampriOnke katd n Sidpkeia yeipoupyikig avai-
oBnoiag o€ yoipo pe tn xpnorponoinon oefogloupaviou. H 161ar-
TEPOTNTA TOU OUYKEKPIPEVOU MEPICTATKOU EYKEITAL OTO YeYovog du
10 0Uvdpopo exbnidOnke pe pévo olpmwpa v unepbeppia tou
(wou, eved unripye onpavuks kabuotépnon omyv exbidwon ou-
prwpdtev and 1o kapdoavanveuoukd ovompa. H kabuotépn-
on avth ogefrerar mBavdg otn cuyyophynon @appakeUIKGY 0u-
010V 1600 kard m Sidpkera g npoavaiodnukig aywyig 600 kat
katd m Sidpketa g yepoupyikig enépPaong. H Oepamevuxa
avupetdmon g kakonBoug vnepPeppiag Oa npémer va avadap-
Baverar pévov epdoov autd Sev ennped(er v e§eén tou epap-
poldpevou nelpapatikol npwrokdilou kar epboov w {do Sev
npoPiénetal va vnootei emméov mévo 1 tadamwpia perd my
avavnyi tou.

Aé&erg eupempiaong: kakoBng unepBeppia, yoipog, oefoglou-
pavio, avaioBnofa

EIZAT'QI'H

H Kaxon0ng YrepBeouia (KY) amotehel emimhoxrn
OV UToQEL vaL TapatnonBet oe evmabels yolpovg natd
™ SLdoxELD EVTOVOU stress, EVIOVNS AoxNONG, XOQ1YN-
ONG OITOTOAWMTIXWY PVOYOALQMOTIXMV 0VOLMDV, ROODS
%Ol RATA TN (OQNYNON ELOTVEVOTIXOU OvoLoONTLXOU,
onwg aroBaviov, Loogprovpaviov, eveprovpaviov, de-
oplovpaviov xai ogPogprovpaviov (Hall et al. 1966,
Woolf et al. 1970, Hall et al. 1972, Ehler et al. 1985,
Swindle et al. 1988, Kaplan 1991).

H KY exdnhdveton xvping ue avgnon tov tehogx-
mvevotvoty CO, (end-tidal CO,) xord 5-10 mmHg.

Porcine malignant hyperthermia
during sevoflurane anaesthasia

Kostomitsopoulos N.G., Balafas E., Mantziaras G.,
Paronis E., Alexakos P., Karayannacos PE.

ABSTRACT.During a surgical procedure, in a pig, under general
anaesthesia with sevoflurane, the animal developed malignant
hyperthermia. Malignant hyperthermia was expressed only by a
progressive increase of rectal temperature without early symptoms
from the cardiopulmonary system. The delayed onset of the
malignant hyperthermia may be due to the co-administration of a
number of drugs at the pre-anaesthetic phase as well as during the
surgical procedure.

Key words: malignant hyperthermia, pig, sevoflurane, anaesthesia

INTRODUCTION

Malignant Hyperthermia (MH) is a complication
presented in susceptible pigs during general anaesthesia
with the use of depolarizing muscle relaxants, inhalation
anaesthetics, such as alothane, isoflurane, enflurane,
desflurane, sevoflurane, and following severe stress
(Hall et al. 1966, Woolf et al. 1970, Hall et al. 1972,
Ehler et al. 1985, Swindle et al. 1988, Kaplan 1991).

MH is presented with an increase of end-tidal CO,
by 5-10 mmHg followed by tachycardia, increase in
oxygen consumption and hyperthermia. The increase of
the metabolic rate leads to an increase of PaCQO, to 45-
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AxnohlovBel tayurapdio, taytmvora xow o0iENomn g Oep-
norpaoias tov odpatos. O avEnuévog petaforonds
€yel g AToTéLEOUO THY QUENON TS NEQURNG Ttieom
tov CO, oto apmeond atua (PaCO,) mwdve amd 45-50
mmHg, rron tov pH xdrw tov 7,45 nou pelwon tov xo-
peouov og 0Euydvo. e TeQITTMOoN oV dEV TUQAOYE-
Bel vopla uéouva oto Lao, mtporakeitol gofdouvdiu-
on, veprohonpio, puoyhofovvaiuia xoL puoyrofou-
vovpla, Poaduragdia xou teMxnd aovotoric (Bradley et
al. 1973, Smith et al. 1997). H eupdvion tov ovprto-
watmv elivan duvatoy va xaBuoTeQHoeL 1 ®aL VoL emn-
QEQOTEL, €AV OUYYXQOVMS €xouv xoonynoel xaL dhheg
POQUAREVTIRES OVOLES, OTTWS VATOLOVYO0G DELOTEVTAAY
1 mavrovedvio (Gronert and Milde 1981, Brodbelt and
Taylor 1998).

2NV Taeovod £QY0OT0 TEQLYQAPETOL TEQLOTATIXG
ranonBovg vrepBepuiog oe yoipo, mov exdniwbnxe
%atd T SLAQRELA XELQOVQYIXS ETTEUPOAONG VTS YEVIXY
eLomvevoTvy] avawodnoio ue T yonowwomoinon ogfo-
plovoaviov.

IIEPIT'PA®H IIEPIZTATIKOY

210 TAALOLOL EXTELEONG EYRERQLUEVOV, OTTO TNV 0.Q-
uodio Kenviorounyy ayy, €0evvntirol tomtoroAlov,
Bnlurdg yolpog cwpatinoy Bdagovg 80 kg g puiig
Landrace x Large White wpogtoludotn®e TQoxeluévou
va vToANOet o BwoaxoToun YLoL TV TQORANON LOYOLL-
wric rapdianic averdorerog. H mpoavoiaOntury
aywyy mepleAdupave Ty evdouvixi xoerynon vdeo-
yhoowns xetopivng (Imalgen, Merial) (10 mg/kg), aCo-
wepdvng (Suicalm, Jansen-Cilag) (3,5 mg/kg) »ou argo-
wivng (0,05 mg/kg). Metd v ndpodo 15 hemtdv Eyive
eyratdotaon g avauotnoiog pe otadiomy £yyvon ov-
vohrd 200 mg mpomogpding (Diprivan 1% w/v,
AstraZeneca). AxohotU0noge 1 StowAivwon Tov Toou
ne tooyetoomiiva 7.0 mm pe agpobdhapo (Murphy,
Euromedical), petapood tov ot yerpovgyiry albovoa
xolL oUvdgon pe v avoroOntixy ovorevy (MDS
Matrix), pe avamvevorijoo (Hallowell EMC, Model
2000) ya ™ drationon g availodnolos ue ogpo-
phovpdvio (Sevorane, Abbott, 3-5%), oe cuvdvaoudS pe
0,. Ka®’ 6hnv ) dudorera tg eméufaong ywotay ma-
paxololOnon ™g ®oEdLOXNS CUYVETNTAS, TOU KOQE-
opot tov alpuatog oe 0EVYGVo, ®abwg ot g Bepuo-
rpaoiag tov Lwov (Datascope - Passport 2). Katd tyv
EvapEn xoonynong tov oefogphovpaviov 1 Bepuorga-
oia Tov owpaTog ratayedgnre atoug 36,7°C xou M ®o-
ot} ouyvdtra otovg 80 akuotc/erttd. Metd asmté 20
Lemtd o evad el 0N apyioeL oL xelpovEyrol xeL-
owopot, 1 Bepuoxrpacia Tov Lhov aviibe otovg 37,6°C
raw 1 ®adaxry ouyvémrta otovg 85 wahpuovg/Aemtd.
Kartd ) dudprera g eméufaons to Lo Mufave ev-

50 mmHg, a decrease of pH below 7.45, a decrease of
oxygen saturation, all of which can be developed within
5-10 minutes after the occurrence of the first symptoms.
If it escapes the attention of the anaesthesiologist, then
a fulminant MH will progress very fast to rhab-
domyolysis, severe hyperkalaemia, increase in con-
centration of serum creatine phosphokinase, myoglobi-
naemia, myoglobinuria, unstable blood pressure and
bradycardia, which finally leads to asystole (Bradley et
al. 1973, Smith et al. 1997). The onset of MH may be
influenced, also, by other drugs, such as sodium thio-
pental or pancuronium (Gronert and Milde 1981,
Brodbelt and Taylor 1998).

CASE REPORT

During the implementation of an approved, by the
competent veterinary authority, research protocol, a 80
kg female Landrace x Large White pig underwent a left
thoracotomy to induce ischemic heart failure. The
animal was sedated intramuscularly with 10mg/kg
ketamine (Imalgen, Merial), 3.5mg/kg azaperone
(Suicalm, Jansen-Cilag) and 0.05 mg/kg atropine. Ana-
esthesia was induced, 15 minutes later, with intravenous
administration of totally 200 mg propofol (Diprivan 1%
w/v, AstraZeneca). The animal was intubated with a
7.0 mm cuffed endotracheal tube (Murphy, Eurome-
dical) and connected to an anaesthetic machine (MDS
Matrix) and a volume control respirator (Hallowell
EMC, Model 2000). Sevoflurane (Sevorane, Abbott)
3-5 % (vaporizer setting) in oxygen was administered for
the maintenance of anaesthesia. A 5% dextrose solution
was infused intravenously at a rate of 30 ml/h. Conti-
nuous monitoring of the heart rate, oxygen saturation
and rectal temperature was performed (Datascope-
Passport 2). At the initiation of sevoflurane admini-
stration the rectal temperature was 36.7°C and the heart
rate 80 bpm (beats/minute). Twenty minutes later the
body’s temperature increased to 37.6°C and the heart
rate to 85 bpm. Twenty minutes later, through a vertical
neck incision, the right carotic artery was dissected and
a Millar pressure catheter was inserted for the conti-
nuous measurement of the arterial pressure. At the
same time the heart rate increased to 103 bpm, the
systolic blood pressure was 59 mmHg and the diastolic
blood pressure 29 mmHg, the rectal temperature
38.5°C and the blood oxygen saturation 100%. In order
to start thoracotomy, 70 mg of atracurium (Tracrium,
GlaxoSmithKline) were administered. One hundred
thirty five minutes following the induction of general
anaesthesia, an increase of heart rate to 163 bpm was
noticed along with an increase of rectal temperature to
41.3°C. The skin, mainly in the area of the face and the
neck, became cyanotic and severe muscle rigidity was
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dophefimg 06 Dextrose 5% (30 ml/h). Metd v wa-
QUOXEUN TV XAQWTIOWY %0l TV TOTOOETNON RAOETH-
owv Millar yuo T pé€renon g agmoaxng stieong (me-
oilmov 40 Aemtd petd v €vaEn xoNynong Tov eLo-
TVEVOTIROU ovanoBnTixon), 1) vaedlaxi] cuyveTTo oy
103 mahpoi/hentd, n ovotolwy stieon 59 mmHg xow m
duaotoln] 29 mmHg, n Bgppoxrpacia 38,5°C xau o
%0QEOUSS TOV aipatog ot oguydvo 100%. Th yoovixy
outy otwypn €ywve xoppynon 70 mg ateoarovoLov
(Tracrium, GlaxoSmithKline) xou doyloe n Bwoaxo-
tour]. Exatdv toudvro mévte Aemtd petd thv €vooEn
™C X001 YNong Tov ogfogrovgaviov dvarmotddnre av-
Enon g rnapdiaxiic ovyvétntag tov twov (163 mah-
noi/hemttd), avEnon g Bepuoxrgaciag Tov COUATOS
(41,3°C), »vdvwon tov Ldhov xal EVIovog pirdg omaL-
ouds. AuEomg drandmnre 1 X0QYNoN oefoprovoavi-
ov xal xoonyinxre evdoplefing 250 mg vdooxroQTL-
Cévne (Solu-Cortef 250 mg, Pharmacia), 20 mEq dut-
tavBoaxirot vatpiov zar 80 mg davipohreviov
(Dantrium, Procter Gamble). [Tapdhnha, TomoBetii-
Onrav oto ovua Tov Lwou ayorvotels. Metd v mtd-
0000 15 sepimov Aemrddv nan dedougvou dtL dev vatrje-
¥€ rapio avramdxon Tov Ldov ot Bepamevtiny ayw-
1, amogaciotre 1 evBavacio Tov ue evooPAEPLa yo-
o1iynon vatgrotyov mevrofapfrrding (Dolethal,
Vetoquinol).

YYZHTHXH

H KY asotehel emmimmhonii, Tov UToQel va. Taotnon-
B¢l o evmabelc yolpovg natd T dLAQRELO YELQOVQYL-
S avauoOnolog Le T (eNOoWoToiNoT| ELOTVEVOTIRWY
avouoBnurdv ovoldv. H evndBeia twv Cdwv xabooi-
Cetan amd TV UrtapEn 0to YeEVOTUItS TOUg EVES QUTO0M-
WxoU VToAELTOUEVOL Yovidiov puetapfAntig dretodutt-
2OTNTOS, TO OTTOL0 EAEYYEL TO RAVAAL amehevBEQwOong
TV LOvtwv Ca*™* 010 0aEROTAACUATIZG AXTUWTS TOV
OrELETIHOU WVAGE, Ue TEMKO amoTéheouo Ty aduvouio
TOV 0QYOVLONOU Vo QuBuioeL T entimeda Twv evooruT-
Tdolv Wvtwv Ca™ (Geers et al. 1992, Houde et al.
1993).

H €xBeon tav evaiodntov Ldwv oto rartxs mo-
odyovto €xeL MG ATTOTEAEOUN TV QOENON TG OUYRE-
VIRWON S Twv Wvtwv Ca™ oto pudmhaoua, adENoY ™G
wirtg obomaong o ueydin atEnon tov petafohopo
(Putney 1979, Endo 1997). H €vtovn puwxy ovomaon
mooxahel eEdviAnon tov evepyslandv amobepdtmy,
avEnon tov CO, 0TO AETNELOKG ALl KO TOU YOAOKTL-
%00 0EE0G, £V 1) TEQLPEQLXY] OLYYELOOVOTAOT GUUPAA-
Aev otnv dvodo g Bepporgaoiag Tov oduarog. H av-
Enom g Bepuoxpacias,  oE€mon xaw n EMewyn ATP
0dnyotv ot paffdouudiuot, ue ATOTEAECIA TV OTtE-
AevBEpmon puoThaouoTXdY eVEUUMV ®oL NAEXTOOAY-

observed. With a likely diagnosis of MH, sevoflurane
was discontinued immediately, 100% oxygen was given
with the anaesthetic machine and the animal was treated
with intravenous administration of 250 mg hydrocorti-
sone (Solu-Cortef 250 mg, Pharmacia), 20 mEq sodium
bicarbonate and 80 mg dantrolene (Dantrium,Procter
Gamble). Iced packs were placed over the animal’s body
in an effort to lower its body’s temperature.

Fifteen minutes later, and as the treatment was
without a beneficial result, it was decided to euthanize
the animal with a bolus dose of sodium pentobarbitale
(Dolethal, Vetoquinol).

DISCUSSION

MH is a complication that may be observed during
inhalation anaesthesia of susceptible pigs. The
sensitivity of those animals is defined by the presence of
an autosomal ressecive gene with variable penetrance,
which controls the sarcoplasmic reticulum (SR) Ca**-
release channel, leading to the loss of the animal’s
capacity to regulate the levels of intracellular Ca*™*
(Geers et al. 1992, Houde et al. 1993).

The contact of susceptible swine with the volatile
anaesthetics leads to an excessive release of Ca** from
the sarcoplasmic reticulum to the myoplasm, an increase
of skeletal muscle rigidity and to hypermetabolism
(Putney 1979, Endo 1997). Excessive myoplasmic
calcium is responsible for the activation of the con-
tractile elements, hydrolysis of ATP, heat production,
increased oxygen consumption, increased CO, and
lactate production, uncoupling of oxidative phospho-
rylation and eventually to cell breakdown and release of
intracellular contents, such as creatine kinase, K*, Ca**
myoglobin. Cardiac dysrhythmia and finally heart arrest,
due to hyperkalaemia compounded by acidosis, is the
cause of death (Gronert 1980, Kaplan 1991).

From the authors’ experience, at the Centre for
Experimental Surgery of IIBEAA with 300 pigs
undergone general inhalation anaesthesia only one had
presented symptoms of MH (incidence rate 0.33 %).

The only early symptom in the present case was the
increase in rectal temperature soon after the initiation
of the administration of sevoflurane, while an increase
of heart rate and muscle rigidity were noticed a bit more
than two hours later. It is postulated that the use of
azaperone, as a sedative, for premedication might have
influenced the early onset of the symptoms (Brodbelt
and Taylor 1999). The administration of atracurium
might also have delayed the symptoms from the
cardiovascular system (Gronert and Milde 1981).

Therapeutic attempts were started immediately as
soon as a great increase of the temperature, the heart
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TAV amd TO RHTTAQO, EVA ETTAEOV 1OVTa Ca** eloépyo-
viow oto puomhaouo. O Bdvarog tov Tdov opetheTon
oty #adiaxt] apoubuia xot teMxd oV acvoTola
IOV TTEORAAE(TAL QTS TNV AGENON TN OUY%REVTOMONG
tov vty tov K* (Gronert 1980, Kaplan 1991).

Amnd v eumerpia tov Kévigov IMelpapotinng Xet-
povpywiic tov IIBEAA, udhig évag yotpog otovg 300
meQimov, 0Toug omoiovg €xeL xoonyn0el elomvevotind
avorodnund, exdilwoe ovpurtdpata KY (rocootd
0,33%).

H Wiategdmta Tov ouyrerouuéVou TeQLOTATIROU
frav 6t evdd veye otadiaxy] adEnon g Bepuoroa-
olog Tov odpatog Tov Ldov, uéoa o WrEG XEOVIXG
Sudompo Hetd Ty Evapen X0 YNonNS TOU ELOTVEVOTL-
%00 avalodnTnoy, vineEe xabvotéonon oty exdim-
O TV VITGAOLITWV CUUTTOUATOV TTOU CVVOIEVOLY TNV
KY, 6mwg avEnon tg »adiaxig ovyveTntag ®ou wui-
%6g omaopds. H yonowomoimon atomegdvng eivar mi-
Bavé va ovvéfake oty rabuatépnon exdilwong Tmv
OVUITTOUATOV. ZVUQva te ™) WeELET twv Brodbelt
and Taylor (1999), n xonowwomoinon mg alomedvng mg
NOEWOTIHOT ROTA TN SLAQXELD TS TEOUVOLTONTIXNYG
aywyric mheovertel évavtl Tg deTomdivng ot un ep-
pavion g KY.

H yogijynon arpaxoiglov, owv amtd v EvaEn g
Bwoaxotoung, etvan emtong mbave vo cuvéPaie otnv
OVAOTOM TS GUEONS EXONAWONS TWV CUNTTTWUATWY AITté
10 noEdlayyeromd ovomuo (Gronert and Milde 1981).

H Bepamevtin avrpetomon g KY doyloe pohig
SamotdOnre N ueyahy avENON TS ®OEALAKTS CUYVO-
TNTOC, | KVAVMO TOU SEQUOTOS ROl O WiIRGS OTOOUSGS
®ow eQledppave ™ yopnynon davigoieviov, vdQo-
20ETILGVNGS o OLTTavBQomInoUy VaTEIov, XmElg SUmS va
ONUELWOET VITOYMOENON TWV CUUTTOUATWV.

To davtoorévio amotelel TO PAQUAKO EXAOYIIC YLOL
v avipetomon e KY. Tlodxertal yio Mwodiohutd
TOQAYOVTA TS VOAVTOIVIG, O WOQLOXAS UNXOVIOUOS
dpdong tov omoiov dev €xel axrduo TAEMS dLeVrELVL-
otel. Méyou otrypng ueléteg delyvouv 6t 1o davtQoAE-
V10 ovaoTEAEL TV €E000 TV vty Ca** amtd to cop-
ROTAAOUATIG SIXTVMTS TTROS TO PUOTAAOUD, dOMDVTAS
otoug vrodoyeic puavodivng (RYR1) (Fruen et al. 1997,
Palnitkar et al. 1997, Kobayashi et al. 2005). 2to madv
TEQLOTATIXG, 1] W] AvTOTTG%ELoT Tov Ldov oty Bepauteia
ue davteorévio (ome va ogelhetal 0To Yeyovog du 1 06-
on tov 1 mg/kg wov yoony1iOnxe dev ftav Lravy va avo-
oteéyeL Ty exdflwon Twv ovumtopdtmy. Ilpotevs-
uevn 060m dueong yoeriynong elvan 2,5 mg/kg, n omoia
umoel va awgnBel €mg 10-20 mg/kg now puéyoL v avo-
oteo1| TV ouuttwpdtov (Smith et al. 1997). O Swindle
(1988) avapépel wg Oepamevtin, 0AAA now wg TEOAN-
mury 80m xoeiynongs tov davigoréviou ta Smg/kg.

rate, the muscle rigidity and cyanosis of the skin were
noticed. The treatment consisted of the immediate
removal of the stimulus (i.e. discontinuation of the
administration of sevoflurane), the administration of
dantrolen as the drug of choice for MH, hydrocortisone
and sodium bicarbonate without any positive sign in
suppressing the symptoms.

Dantrolene is an intracellularly direct-acting skeletal
muscle relaxant used for the treatment of MH. The
drug is known to inhibit excitation — contraction
coupling of skeletal muscle by suppressing depoli-
razation-induced sarcoplasmic reticulum (SR) Ca*™ -
release in normal and MH-susceptible muscle. Its main
action is on dantrolen-binding site within the primary
structure of ryanodine receptors (RYR1), without
affecting voltage sensor activation (Fruen et al. 1997,
Palnitkar et al. 1997, Kobayashi et al. 2005). The
ineffective use of dantrolen, in the present case, might
be due to the fact that the administered dose (1 mg/kg)
was low. Proposed dose for immediate administration is
2.5 mg/kg, which could be increased to 10-20 mg/kg
until the total reverse of symptoms (Smith et al. 1997).
Swindle (1998) suggests 5 mg/kg of dantrolen as a
therapeutic and preventive dose.

In summary, MH is a syndrome triggered, in
genetically susceptible pigs, by volatile anaesthetics.
Variations in the onset of MH could be observed
depending on the sedatives used before anaesthetizing
the animal and the muscle relaxant drugs used during
the surgical procedure. Treatment should be attempted
only if there is no contraindication to the experimental
protocol and it will not produce additional pain and
distress to the animal after its recovery. 4
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Zvumegaopatirnd, | KY amotelel emimhonii wov ei-
vau duvatdv va magotnendel xatd ™ dudorela avaL-
0Onoilog Tov Yolpov e TN XONOLUOTONOY ELOTVEVOTL-
%00 avaoBnTod. O yodvog exdifhwong, oAd rou To
ovuTtduorTe EXQTIVTAL AUESH UG TLS PUOUOKEVTIRES
OVO(ES TOV YONOLUOTOLOVVTAL TOOO RATA TV TTQOVOL-
ofnTry aywyn 600 row RaTd T OLAQHELN TS XELQOVQ-
yrijg eméupaons. H Begamevtiny avipetdmion g
KY 6o mpémel va moaypartomoteiton pévo edv oty dev
emnEealel v eEEMEN Tov eaQUOTOIEVOU TTELQAUOTL-
%00 TEWTORGAAOU %aL €SOOV T Lo dev Ba vmooTel
EMITAEOV TTGVO 1) TOAOWITTMQIX UETA THY AVAVN Y| TOV.
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