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Iepidnyn

H Stdtaon kat otpodr) Tov otopdyou (ALY) eivat pia epi-
TIAOKTN Kot TOALTTApayovTIKT TT&Onom mov xprlet emelyou-
oag Beparrevtikig avtipetdnong. O otdxog TS mapovoog
epyaociag eivat va eKTIUNoeL T Prjporto TG avaaBnTikig
Staxeipiong g AXE oto okoho. To mpodTo Pripa ya v
Stayeipion ng ALY eivar n otabepornoinomn tov acBevoug,
OOTE N XELPOLPYIKN EMEUPAOT Vo LITOPEL vt Yivel e Tov
ehayloto mbavo kivduvo. H otabeporoinon pe wodtova
KpLOTAAN0ELST) 1) KOMO0ELST] SIOMHATA (GOTE VO AVTLpE-
TOLOTOVV Ol NAEKTPOAVTIKEG SIATAPAXES, 1) XOPNYNON
AMSokaivng 1) GAA@V avTIHpPLBHIK®V YLor VA AV TILETOTTL-
0TOUV 0L KOAAKEG appUBieg Kat 1) XOprynom avalynTIKoY
elvat amapaitnta frjpotoa ot OeparmevTikn AV TIHETWITLON).
Eniong anapaitntn eivat n ofuyovoBepameia. Metd tn
otabfeporoinomn, mpérnel va akolovBrioel artocuptieon
TOU OTOHAXOU HE OTOUXTOYAOTPIKO KaBeTrpa 1) pe ya-
OTPOKEVTNOT). YTI&APXOLV EAAXIOTA YAPHAKA TTOL UTTOPOUV
va xopnynBolv katd 1o avaloOntiko mpwtdKoAro, pe
ehaxtotn emniSpaon oTo KapdlayyelaKkd Kol TO AVATTVED-
otkd ovotnpa. Hiektpolutikég Statapaxés, Siatapayég
G 0€eoPaaikng LooppoTiag, NAEKTPOKAPSIOYPAPLKES
HeTAPOAEG Kat atpoSuvaptkeég HeTaBoAég, Ba mpérmel va
TapakoAovBOVVTAL EVTATIKA.

Abstract

Gastric dilatation - volvulus (GDV) is a complex
and multifactorial condition that requires urgent
treatment. The aim of this study is to assess the
steps for the anaesthetic management of GDV in
dogs. The first step of the GDV management is the
stabilization of the patient, so that the surgery can
be performed with the less possible risk. Resus-
citation with isotonic crystalloid or colloid fluids
in order to correct the electrolyte abnormalities,
the administration of lidocaine or other antiar-
rhythmic drugs to treat ventricular arrhythmias
and the administration of analgesics are essential
in the treatment. Oxygen therapy is also needed.
After stabilization, gastric decompression should
be performed through an orogastric tube or by
gastrocentesis. There are few drugs that can be
used in the anaesthetic protocol, with minimal
effects on the cardiovascular and respiratory sys-
tem. Electrolyte and acid-base disorders, electro-
cardiographic abnormalities, and haemodynamic
changes must be closely monitored.
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Elcaywyn

H 8i&taon kat otpodr otopdyov (AXY) eivat i ortethn-
TIKn Yl 1 {or) méBnorn tov okvAov, pe LYNAR voonpoTNTa
Kat OvnolpdtnTa, oL aTTalTEl EMElyoLOA XELPOVPYIKT KAl
avaioBntikn avtipetonion (Sharp & Rozanski 2014, O'Neill
et al. 2017). Xe avtn v maboloyikr KatdoTaoT, 0 0TO-
HorXoG OLAOTENAETAL e aépPLot KL YO TPLKO TIEPLEXOHEVO
Kal epLoTpéPeTal YOpw amd tov afova Tou [ecevTepiov
(Broome & Walsh 2003, Green et al. 2011, Gazzola & Nelson
2014). Autd éxel wg ammotéleopa 1 eVOOYAGTPLKT) Tiean Vot
av€avetal Kot 1 pAePKn pory, N Kapdlakn Tapoxn Kat 1)
aptnploak mieon va petwvovrat (Green et al. 2011, Gazzola
& Nelson 2014). Ta kVpta maBoroyikd yeyovota eival n
Toxelo cvoowpevon agplwv 6TO GTOHAXO, ) OTPOPT) TOV
oTopdyoL, N avEnpévn ev8oyaoTpikn Ttieon Kal HelwEVn
¢AePikr) emotpodr) (Bruchim & Kelmer 2014, O'Neill et
al. 2017).

HAXY ¢paivetat va artoteel coPopr) KAWVIKA KATAOTo-
on 6710 oKkVAo, Kaba¢ eivat cuVSVaoHOG 0€€og TTOVOU Kal
VYNNG BvnolpotnTag. Zopdwva pe toug Evans & Adams
(2010), n AZX fAtav 1o aitio ya 10 2,5% Twv Bavitwy
kaBapoaipwv okbAwv oto Hvwpévo Baoilelo, pe Sidpeon
nAwia 7,9 étn. Mia AN emidnpoloyikn pelétn €dete ot
TEPLOTATIKA pe AXY éxouv T0000Td emIPinong AyoTepo
Tov 50%, aA& 80% Twv oKV AWV TTOL LITOPANONKAV o€
xetpoupylkn eméppaot katdpBwoav va mapovv e€Ltrplo
EMITLXWG ATTO TNV KAWIKT. [Tapddo mov 1 attioloyia Kat
naBopuaioloyia TG véoov auth¢ dev eivat TApwG yVw-
OTEG aKOpa, £xouv TavtorolnBel moAlol mpodiadeTikol
napdyovteg (O'Neill et al. 2017).

Meyaldowlleg Kal YIYavTOOWHEG PUAEG, OTIWG ot Me-
yé&hot Aavoi, Teppavikol motpevikoi, Labrador retrievers,
Golden retrievers kat Dobermann, ¢paivovtal va amotehovv
op&deg Yoo kvdvvou. To yeyovdg avTo Sev armorAeiel
ToV K{vOUVO EUPAVIONG OE HIKPOTWHEG GUAEG, OTIWG TA
Pinchers 1} Ta Poodles (Green et al. 2011, Goodrich et al.
2013, Gazzola & Nelson 2014, O'Neill et al. 2017). ZkO\ot
pe Babv kat otevd Bdpaka éxouvv peyalttepn podidbeon)
yioo A, kaBag n owpatikr Stamiaon dpaiveral va mailet
OoNUavTIKOG pdro oty epddvion ALY (Green et al. 2011,
Goodrich et al. 2013, Gazzola & Nelson 2014).

Ot 8latteg mov amotelovvTal artd Koppdia peyahiTepa
v 30 mm, ¢xouv amodetytel dtt av€dvouv TG mbavo-
teg ekdnlwong AXE. And tnv GANn mhevpd, LIT&pPXEL
dixoyvopia og pog tn xopriynon &npng tpo¢nc. Mapdio
110V éxouv TavTorotndei wg mbavog mapdyovtag Kvduvov,
e€alTiag TwV PACIKGOV CUGTATIK®V TOUG, EAALX KAl A{TTOG,
TIOL HELWVOUV TI) YAOTPIKN KEVWOT), HehéTeg éxouv Oeiel
OTL Enpég TpodEg oL YopnyoLvTal pe B&on Tig 0dnyieg
¢ etatpeiag, Sev mpokahov mpofAfpata (Broome &
Walsh 2003). AoxéTwg NG OO TNTAG KL TWV CUOTATIKGOV
™G TPoPn¢G, oKVAOL TTOL AapP&vouy HeydAn TOCOTNTA
Tpodnig Hia popd TNV nuépa, eival oe avénpévo kivduvo
yio Ty ekdfAwon AXE (Tivers & Brockman 2009, Green
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Introduction

Gastric dilatation - volvulus (GDV) is a life-threat-
ening condition in dogs, with high morbidity and
mortality, which requires immediate surgical and
anaesthetic management (Sharp & Rozanski 2014,
O’Neill et al. 2017). In this situation, the stomach
is distended with gas and ingesta and it is rotated
along its mesenteric axis (Broome & Walsh 2003,
Green et al. 2011, Gazzola & Nelson 2014). As
a result, the intragastric pressure is increased
and the venous flow, cardiac output and arterial
pressure are decreased (Green et al. 2011, Gazzola
& Nelson 2014). The main pathological events
are rapid accumulation of gas in the stomach,
gastric volvulus, increased intragastric pressure
and decreased venous return (Bruchim & Kelmer
2014, O'Neill et al. 2017).

GDV seems to be a clinical concern in affected
dogs, as it is a combination of acute pain and
high mortality. According to Evans & Adams
(2010), GDV was the cause of 2.5% deaths in UK
pedigree dogs, with a median age of 7.9 years.
Another epidemiological study has shown that
GDV cases have a survival rate of less than 50%,
but 80% of dogs that underwent surgery were
successfully discharged from the clinic. Although
the aetiology and pathophysiology of this disease
is not yet fully known, a lot of predisposing factors
have been identified (O’Neill et al. 2017).

Large and giant breeds, like Great Danes,
German shepherds, Labrador retrievers, Gold-
en retrievers and Dobermanns, appear to be at
high risk. This fact does not eliminate the risk for
small breeds, like Pinchers or Poodles (Green et
al. 2011, Goodrich et al. 2013, Gazzola & Nelson
2014, O'Neill et al. 2017). Dogs with deep and
narrow chest structure are more prone to develop
GDV, as the body conformation seems to play
an important role to the development of GDV
(Green et al. 2011, Goodrich et al. 2013, Gazzola
& Nelson 2014).

Diets that are composed of particles larger
than 30 mm, have been shown to increase the
risk of GDV. On the other hand, the use of dry
diets is controversial. Although they have been
identified as a potential risk factor, because of
their basic components, oil and fat, that reduce
gastric emptying, studies have shown that dry
food offered according to the company guidelines
does not cause any problems (Broome & Walsh
2003). Irrespectively of the quality and the com-
ponents of the food, dogs that are fed with large
volume of food once per day have increased risk
of developing GDV (Tivers & Brockman 2009,



etal. 2011, Goodrich et al. 2013, Gazzola & Nelson 2014;).
Enuthéov, vidpxouv meploplopéveg anodeifelg ylo to
KATé 1600 ot oKUAoL ToL TalilovTal ypriyopa 1) artd 0og
éxouv avénpévo kivduvo epdpaviong ALY cUYKPLTIK e
okVAovg Tov TailovTat amd doxeio oto £dadog (Buckley
2017). Mio eriim\éov epwTnom eivoat To av ot GKUAOL TTOV
TPGOVE Ypryopa €XoLV peyohvTepn ntpodidBeon yia ALY
OULYKPLTLKA (L€ TOUG OKDAOVG TTOL TPWVE apyd, woTdoO 1|
anavtnon eivat acadpng kat xopig cvpmépacpo (Buckley
2016). H nhwio emiong ¢paiverot va amotehel cofapd
npoSiaBetikd mapdyovia yioao ALE. Téhog, okOAOL e
¢poPixr) ovprepipopd, oe pthoevia ) oe peydho Ta&idt pio
nuépa TIpv TNV epdpavion tng AXE, €xovv peyallTepeg
mbavotnteg va epdavicovv AXE (Tivers & Brockman
2009, Green et al. 2011, Goodrich et al. 2013, Gazzola
& Nelson 2014).

O 016x0¢ TNG Tt poLOAG HENETNG iVl VO EKTIUNOEL T
Bripara Tig avaroOnikng dtaeiptong tng ALY 0To oK.

BipAoypadika dedopéva

‘Eywve Siepevvnon g Biprioypadiog otig Pdoetg dedopé-
vwv Google Scholar kat PubMed. Ot épot avalrtnong me-
pAappovay Ta akorovda, pe “OR” 1) “AND” guvduacploug,
o1oL aVTO BewpovTav epappdotpo: gastric dilatation,
volvulus, dog, canine, anaesthesia, management.

IMpoavaicOntikoi xepropoi

ITpwv artd TNV npépnon, ot okOAoL pe AXY TipéneL v 6Ta-
Bepomotovvrat e Tn xopryynomn vypov evdodrePiwg (IV).
Zoppwva pe n PipAloypadia, Sev eival KatdAAnAn n
oTafepoToinamn ylo THpATETAUEVA XPOVIKA SlXOTHHATA,
KaBa¢ pmopel va emtéBet Loxatpior Kot VEKpwOT) TOL GTO-
péxov. H xetpoupyikr) eméppacn mpoTipdTal va yivetal
otav o aoBevig eival emapkwg otabepomoinpévog yla
v xoprynon avaioOnoiag (Broome & Walsh 2003). Xe
TIOAG TIEPIOTATIKA, XUTAG O GTOXOG SV EMITUYXAVETAL
AN PG, €ToL pumopel va xopnynOei avaioOnoio xwpic
mAfpn otaBeporoinon tov acbevovg (Mathews 2006,
Tivers & Brockman 2009).

Zroavtd T {war, 1) Oepareio pe vypa eivat emiBeTik,
OOTE VX VOO TPEYEL TNV VITOOYKALUi KAl v PEATI®OEL
™ doupdtwor. Avo evdopAéPiol kabetrpeg (14-18G)
ToroBeToUVTaL OTIC KEPAAIKEG PAEPEC, AANG OXL OTIC
oagpnvei, Aoy TG mbavrg CLVLTIAPXOLCOG CUUITIETNG
NG omioBiag koiAng PAEPag. Xe vmooyKatpkoLg aobeveic
pe péon aptnpraxi mieon (MATT) k&tw ané 60 mmHg 1
ovLOTONKN aptnpLakn mtieon (ZATT) katw arnd 90 mmHg,
lo6Tova KpuoTodhoetdn Stahvpata, ouviiBwg Lactated
Ringer’s, xopnyoUvtat oe pvOpo6 50-90 mL kg h'* IV.
Ooo avEavetat n MATL o puBudg xopriynong petovetat
otadiaka oto 50%. Ze eppévovoa LITOTACT), LITOPEL vt
xopnynBei domapivn 1 vopadpevakivn oe cuvexr ev-

Anaesthetic management of GDV in dogs

Green et al. 2011, Goodrich et al. 2013, Gazzola &
Nelson 2014). Moreover, there is limited evidence
on whether dogs that eat rapidly or from a height
are at an increased risk to develop GDV compared
with dogs that are fed from a bowl on the floor
(Buckley 2017). Furthermore, another question
seems to be if the dogs that eat quickly are more
likely to develop GDV in comparison with the dogs
that eat slowly, but the answer is unclear and in-
conclusive (Buckley 2016). Age seems also to be a
serious predisposing factor for GDV. Finally, dogs
with fearful temperament, kennelling or having a
longjourney the day before the appearance of GDV,
have higher chances of developing GDV (Tivers &
Brockman 2009, Green et al. 2011, Goodrich et al.
2013, Gazzola & Nelson 2014).

The aim of this study is to assess the steps for
the anaesthetic management of GDV in dogs.

Literature data

A literature research was performed using Goog-
le Scholar and PubMed online platforms. Search
terms included the following, in an “OR” or “AND”
combination where it was deemed applicable: gas-
tric dilatation, volvulus, dog, canine, anaesthesia,
management.

Manipulations prior to
anaesthesia

Before any sedation, dogs with GDV should be
stabilized by administration of fluids intravenously
(IV). According to the literature, the stabilization
for a prolonged period is not suitable, as gastric
ischemia and necrosis may develop. The surgery
is preferred to be performed when the patient is
stable for anaesthesia (Broome & Walsh 2003).
In many cases, this goal is not fully achieved, so
anaesthesia may be induced without the complete
stabilization of the patient (Mathews 2006, Tivers
& Brockman 2009).

In these patients, fluid therapy is very aggressive
in order to reverse hypovolaemia and improve per-
fusion. Two venous catheters (14-18G) are placed
in the cephalic veins, but not in the saphenous,
because of the possible coexisting compression of
the vena cava. In hypovolemic patients with a mean
arterial pressure (MAP) below 60 mmHg or systolic
arterial pressure (SAP) below 90 mmHg, isotonic
crystalloid solutions, usually Lactated Ringer’s,
are administered at a rate of 50-90 mL kg h™* IV.
As MAP increases, the rate of administration is
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SopAéfla yxvon. Xe un apudatwpévoug aobeveig pe
MAIT kdtw ano 60 mmHg 4 ZAIT katw amd 90 mmHg,
T vyp& xopnyovuvtal oe puOpd 20 mL kgt h™* IV. E¢po-
oov o acBevnig eival o€ Kpiolun KATAoTHON, HITOpEl va
xopnynOei vréprovog puotoloytkdg opdg 5% (6-10 mL
kg') 1 7,5% (4-8 mL kg?), oe pvBud 1 mL kg min? IV
(Broome & Walsh 2003, Tivers & Brockman 2009, Frikis
& Zlateva 2018).

To 8evTepo TOAD onpavTikéd Pripa eivar n otabepo-
TI0{N o™ TNG AVATIVEVOTIKNG KATAOTAONG TOL aioBevoug.
KabBag ouyvd mpokumTel avarmvevoTikn SuoAettoupyio o€
oKkOAoUG pe ALY, 1) SIGTAGT) TOL GTOHAXOL Kat 1 avENpéVN
evOoKoLALaKT TTieon pItopel va TIPOKAAECOLY LITOAEPL-
opd Kot avicokatavor] aeptopov-Slatpdtwong. Me tnv
Tpodo Tov XpovouL propel va TpokLYoLV TaxLITvoLd,
vntepkarvio ket vrto&io. H petwpévn kapdiaxr mopoxn
Hrtopei va emidetvwoet T 1101 HelwpéV) por) TOL aiaTog
OTOUG TTIVEDHOVEG KAl VoL CUHPBAAANEL OTNV AVICOKATOVOT
agplopov-Slatpatwonc. fia to Adyo avtd, n armocuvprtieon
TOL GTOpdXOV emipdAletal, ®oTe va otabepomowmndei o
{mo Kot va PeATiwBel n avartvevoTiki Aettovpyia, eite
pe SIOWANVWOT) TOL OTOHEXOUL eiTe e YAOTPOKEVTNON
(Goodrich et al. 2013). EmumAéov, pmopei va xopnyn©et
0€UYOVO HECW HAOKAG XWPIC va TIpOoKaAE(TAL TTEPAITEP®
Katanovnon oto {wo (Mathews 2006, Tivers & Brockman
2009, Sharp & Rozanski 2014).

AvaloOnTiko mpoTOKoAo

XTI IEPLOOOTEPEG TIEPUTTACELG, Ol ETUAOYEG YLOt Orvall-
oOnTKd mMpwtdKOANO eivat Teploplopéves. Eméyovtal
¢appaxa mov dev ennpedlovv to Kapdiayyetakd Kot
TO AVATIVELOTIKO oVOTNHA. DAPUAKEVTIKEG OLTIES TTOV
eival yvwoTo OTL TpoKaAoLV appuBuieg kot vdToomn,
OTIWG 0 2-ayWVIOTEG Kot OetomevTovn, Ba pémel va arto-
pevyovTal.

DdppaKka Yo IpoavalodnTikg aywyn

To omioeldn] paivetat va eivat n KaAbTepn emAoyT ylo
v TpoavatoOnTiky aywyr e€altiag Tou avakynTikov
TOUG AITOTEAEOUATOG. YTIApYXEL HEYAAO EDPOG OTILOEIOWY
TTOL HITOPOUV Var Xpnotporotnolv 6To oKVONO, OTIWG 1)
¢pevtavuln oe 86omn 0,5-2 ug kgt IV, k&Be 30 Aemtd, n
popoivn 0,1-0,3 mg kg1 IM, n peBadovn 0,2-0,3 mg kg*
IM, n Bovtopdpavorn 0,1-0,4 mg kg IM kot n tpapadoin
2-3 mg kg* IM. EnumAéov, ) xopriynon Peviodialentvav,
omwg n pdalordaun oe 8601 0,2-0,3 mg kg IM, prtopei va
Bonbroet kabBmg éxouv eEAXIOTN eMIdpAOT GTNV APTNPLAKT)
Tiieon TOL AlpaTOG. ATtd TNV GAAN TTAeLPd, 1) axempopalivn
oe 560N 0,05-0,1 mg kg! IM dev xproiponoteitat GuXVQ,
kaBmg tpokalel ayyeloSlaoToAn Kot Sev €xel avokynTikG
amnotéleopa (Self 2016).

DdppaKa Yo TNV YKATEoTAoN TNG avalobnoiog
TevIK&, 0TOXOG €lVAL 1] OHOAT EYKATAOTHOT KAl 1) Taxeiot
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reduced down to 50% gradually. If hypotension
remains, dopamine or norepinephrine can be ad-
ministered as a continuous rate infusion. In non-de-
hydrated patients with MAP below 60 mmHg or
SAP below 90 mmHg, fluids are given at a rate of
20 mL kg* h* IV. If the patient is in a very critical
condition, hypertonic saline solution 5% (6-10 mL
kg!) or 7.5% (4-8 mL kg') can be administered at a
rate of 1 mL kg min™ IV (Broome & Walsh 2003,
Tivers & Brockman 2009, Frikis & Zlateva 2018).

The second very important step is to stabilize
the respiratory status of the patient. As respiratory
dysfunction usually occurs in dogs with GDV,
the gastric dilation and the high intra-abdominal
pressure can cause hypoventilation and ventila-
tion-perfusion mismatch. Tachypnoea, hyper-
capnia and hypoxia may eventually occur. The
decreased cardiac output can further aggravate the
pulmonary blood flow impairment and contribute
to the ventilation-perfusion mismatch. Therefore,
gastric decompression is mandatory, in order to
further stabilize the patient and improve the res-
piratory function, either by gastric intubation or
gastrocentesis (Goodrich et al. 2013). Addition-
ally, the oxygen administration can be performed
through a mask without causing further stress to
the animal (Mathews 2006, Tivers & Brockman
2009, Sharp & Rozanski 2014).

Anaesthetic protocol

In most of the cases, the choices of anaesthetic
protocols are limited. Drugs that do not affect
the cardiovascular and respiratory systems are
preferred. Agents which are known to cause ar-
rhythmias and hypotension, such as a2-agonists
and thiopentone, should be avoided.

Premedication agents

Opioids seem to be the best choice as agents for
premedication because of their analgesic effect.
There is a wide range of opioids that can be used
in dogs such as fentanyl at a dose of 0.5-2 pg kg™
IV, every 30 minutes, morphine at 0.1-0.3 mg kg™
IM, methadone at 0.2-0.3 mg kg'! IM, butorphanol
at 0.1-0.4 mg kg IM and tramadol at 2-3 mg kg™
IM. Moreover, the use of benzodiazepines, such as
midazolam at 0.2-0.3 mg kg1 IM, can be helpful
as they have low effect on arterial blood pressure.
On the other hand, acepromazine at 0.05-0.1 mg
kg IM is not commonly used as it causes vasodil-
atation and it has no analgesic effect (Self 2016).

Induction agents
Generally, the goal is a smooth induction and a



SlaowAnvwon tov {mov. H tpomtodoin, mapd tnv Ppayeia
didprela dpdong Tng, éxel amodelyTel MEPAUATIKA OTL
nipokoel vrtotaon oe §6on 6 mg kgt 1 peyakitepn oe
okOAovg pe vrtooykatpia. It To Aéyo avtd cvoThivetal
va xopnyeitat e mpoooyxr oe xapnhég dooelg, 2-4 mg kg
IV, apyd péxpt amoteéopatog, Kabag mpokael loxvpr
KATAOTOAT TOL avarvevoTikol (Broome & Walsh 2003,
Tivers & Brockman 2009). H etopudatn oe 86on 1-2 mg
kg™ IV, amotehel emiong kaAr enthoyn. Xe avtifeon pe
TNV TPOTIOPOAN, 1) eTOSATN €xeL ikpT] MiSpaon oTo Ku-
KAOPOPLKO KAL TO OVOTTVEVOTIKO OO TN OTaY XopnynOei
o€ LITOOYKALHIKOUG okVAoUG. Ot Beviodialemives 6mwg n
pSalordpn (0,5 mg kgt IV) pmopovv va xprotporotn-
Bolv oe cuVSLAOUS pe Tar TAPATIAVE AvVataBNTIKA Yot
va pelwoovv Tig §6oelg Toug Kal TV enidpact) Toug 6To
KUKAOOPLKS KA TO oVaTTVELGTIKO. Zuvdvacpol pevtavi-
Ang kat udalolépng ptopovv va xpnotponotn8oiy Katd
TNV Npéunon pe otoxo TNy eloaywyr kabetnpa yiax v
QTIOCUUITIEDT) TOL OTOAYOU, 1)/KOL YLoL TNV €YKATAOTAOT
g avaloOnoiog (Broome & Walsh 2003, Mathews 2006,
Tivers & Brockman 2009).

Awxtipnon g avaiodnoiag
H Swxtrpnon g avaiodnoiog yivetal pe eloTTvVeVoTL-
K& avouoBnTikd, 0mwg .ooprovpavio 1 cefoPprovpdvio
(Dugdale 2020) oe 100% 0€uydvo, H€ow KUKA@UATOG
enavelomnvorig (Broome & Walsh 2003, Mathews 2006,
Tivers & Brockman 2009), kaBwg avtd éxouv meplopt-
opévou Pabpov enidpaocn oto Kapdiayyelakd cUCTNHUA,
épa arto tnv pdkAnon vétaong (Mathews 2006).
Mikpdtepo pabog avaioOnoiag eniong emtuyxdvetal
HE TNV Xopnynon evog omioetdovg Taxeiog évaping Kat
pikpng Sdpretag, OMwG N pevtavLin oe cvvexn evdo-
GAEPLa Eyxvon (CRI). H pevtaviln petdvel Ty eNdxtotn
KuyeMSikr) ocvykévipwon (MAC) touv looplovpaviov
Katé 53%. Emuméov, pmopei va xopnyn el vro€eidio Tov
agoTov (N,0), To omoio emiong pHetdVel TIG av&yKeg o
ELOTIVEOHEVO avalaBnTIKo, ahA& Sev pémel va xprotpo-
TIOLe(TaL TIPLV TNV OPLOTIKI KITOCUUTTEDT) TOU OTOHAYOV
(Broome & Walsh 2003, Mathews 2006).

Me Bdon Ta Tapamtavw, GLOTHVOLHE Tar akdAoVO
avatoOnTIKa TP TOKOANX yior TN AXX:

[Mpwtdkorio 1

Xwpig mpoavatoOntikn aywyn

Eykataotaon: @evravoln 2-4 pg kgt & pidalodun
0,2-0,3 mg kg™ IV. Av eivat amapaitnto, xapnhég §ooelg
TIpOTIoPOANG peEXPL aroteréopartog (1 mg kg?) dote va
eivat epIKTA N SLaoWANVKOT).

Awatipnon: Icoprovpdvio ae 100% ofuyovo.

[MpwToKoMO 2

[Mpoavaiedntikh aywyn: Midalol&pn 0,2-0,3 mg kg IM
& meBidivn 3 mg kg IM.

Eykatdotaon: ITpomopdin 1 mg kg™ IV péxpt amote-

Anaesthetic management of GDV in dogs

rapid intubation of the patient. Propofol, despite
its short duration of action, has been experimen-
tally found that at 6 mg kg™ or more in dogs with
hypovolemia causes hypotension. Therefore, it is
recommended that it is carefully administered at
low doses, 2-4 mg kg™ IV, slowly to effect, as it is
also a very strong respiratory depressant (Broome &
Walsh 2003, Tivers & Brockman 2009). Etomidate
atadose of 1-2 mg kg IV, is also a good choice. In
contrast to propofol, etomidate has little effect on
the circulatory and respiratory system when given
to hypovolemic dogs. Benzodiazepines, like mida-
zolam (0.5 mg kg IV), can be used in combination
with the above anaesthetics to reduce their dose
and their effects on circulation and respiration.
Combinations of fentanyl and midazolam can be
used for sedation to introduce the gastric tube
for decompression, and/or to induce anaesthesia
(Broome & Walsh 2003, Mathews 2006, Tivers &
Brockman 2009).

Maintenance of anaesthesia
Anaesthesia is maintained with inhalational anaes-
thetics, such as isoflurane or sevoflurane (Dugdale
2020) in 100% oxygen, through a rebreathing system
(Broome & Walsh 2003, Mathews 2006, Tivers
& Brockman 2009), as they have a little effect on
cardiovascular system, except from hypotension
(Mathews 2006). Low depth of anaesthesia is also
achieved by the administration of a fast onset and
short duration opioid, such as fentanyl as constant
rate infusion (CRI). Fentanyl reduces the minimum
alveolar concentration (MAC) of isoflurane by 53%.
Moreover, nitrous oxide (N,O) can be used, which
also reduces the needs of the inhaled anaesthetic,
but should not be used until a permanent gastric
decompression occurs (Broome & Walsh 2003,
Mathews 2006).

Based on the above, we recommend the fol-
lowing anaesthetic protocols for GDV:

Protocol 1

No premedication

Induction: Fentanyl 2-4 pg kg! & midazolam 0.2-
0.3 mg kg™ IV. If needed, low doses of propofol to
effect (1 mg kg!) to help with intubation.
Maintenance: Isoflurane in 100% oxygen.

Protocol 2

Premedication: Midazolam 0.2-0.3 mg kg IM &
pethidine at 3 mg kg IM.

Induction: Propofol 1 mg kg IV until intubation
(to effect).

Maintenance: Isoflurane in 100% oxygen & fentanyl
as CRIat 0.1 pg kg! min’.
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Aéopatog.
Awtripnon: Iooprovpdvio ae 100% ofuyovo & pevTaviorn
CRI og 860n 0,1 pg kg* min.

[MpwtdKolho 3

IMpoavaioOntikn aywyn: Midalolapn 0,2-0,3 mg kg' IM
& meBidivn ota 3 mg kg™ IM.

Eyxataotaon: ITpormopdin 1 mg kg™ IV ewg 1 StaowAn)-
vwor) (HéXpL ATTOTEAEOUATOG).

Awtrjpnon: ITpomo¢poAin CRI 0,1 mg kg min™ povn 1 oe
ovvovaopd pe pevtavoin CRI 0,05 pg kg' min™.

'EAeyX0G {oTIKOV AetTOvpyl@v

H\ektpokapdioypagia (HKT)

Kothakég kapdiaxég appubpieg éxouv avapepBei péxpt
Kat 670 40% twv ok eV pe AXY efatiag woxalpiog Tov
puokapdiov (Brockman et al. 1995, Homer 2020). Emt-
TIAEOV, 1] ALENPEVT) TIAPOLCTN TWV KATEXOAX VRV KL TV
KUTTOPOKLV@YV GTNV KUKAOGopia TOL ai{patog cupBailovy
OTNV TTPOKANGT appLOULOY Kat aUTO pItopel va odnyroeL oe
KapSiayyelaxr) armootabeporoinon LETE TNV AIToGLITIED
Tov otopayov (Sharp & Rozanski 2014). Tia to Adyo avtd,
ovotnvetat Wxitepa  HKT pe o1éx0 Vv Tavtoroinon
KapSLK®V appUBLGV KaL Yia TOV ENEYXO TNG oV TOTTOKPL-
ong ot Beparteia. Yi&pyovv SlapopeTIKES TTPOTEYYIOELG
WG TIPOG TN XOPHYNoTN avTlappuBikodv papudkmy. Me
pdon toug Brockman et al. (1995) xat tov Volk (2009), ta
avTiappuduKka Ba Tpémel va XpnotporolodvTal Otay ot
appuBpieg oxetifovrat pe vtohettovpyia Tov pvokapdiov,
XOUNAT) KapSLakr) TTpox 1) KAt NAEKTPOAVTIKEG SLATAPAYEG.
O Bruchim (2012) Bewpei o1t 1 €yxatpn xopriynon Ado-
Katvng, apxikd wg eparnag ddon (bolus) kat atn cuvéyela
g CRI petovel v epdpdavion ofeiag vedppikng PAGPNS,
KapSak@v appubutov kat T Bvnotpornra.

Eivat amapaitnto va AngOoUv mepley xetpnTikd HeTpa,
epooov vtotportdlet n appubuia pe cuxvoTNTA TTAVE® ATTO
130 oA pog min™. Xe auTéG TIG TIEPUTTMOTELG, 1) XOPHYN O™
Mdoxaivng pwtopei va pethoet TNy Kapdlakn cuxvoTnTa
oe mepinov 120 malpov¢ min', KaBwg Kat va emavadpé-
peL TN puoloroykr) popporoyia tov HKT. Eidikdtepa,
n Adoxaivn prtopel va xopnynBei oe d6on 2 mg kg IV.
E¢pdoov n mpaytn xoprjynon eival avemituxng, ptopet va
emavain$Bel petd amo 2-3 Aemtd. Eniong, n Adokaivn
rtopet va xopnynOei pe puBuo xoprynong 20-80 pg kg
min" wg CRI, epocov n appubpio avramokpiveral oTig
eparnag xopnynoelg (Bruchim et al. 2012). Xe nepintwon
AITOTUXING VA AVTIHETOTILOTOUV Ot appuBpieg pe Adoka-
n, Ba mpémet va yivetal emavextipnon tov HKT kot tng
YEVIKOTEPNG KATAOTTAONG TOL acBevoilg (NAeKTpoAUTE,
ofeoPaotkn wopportia, Vo) Kat TBavE va XpelxoTel
evaAaKTIKN avtiappuBuikr) Bepareia. Tevikdtepa, aoxé-
Tw¢ NG entruyiag tng Bepaneiag, Sev avapéverat TANpnG
e€adpavion v appubuimv. E¢dcov epdavietar KoMK
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Protocol 3

Premedication: Midazolam 0.2-0.3 mg kg IM
& pethidine at 3 mg kg IM.

Induction: Propofol 1 mg kg™ IV until intubation
(to effect),

Maintenance: Propofol as CRI at 0.1 mg kg min™*
alone or in combination with fentanyl as CRI at
0.05 pg kg! min™.

Monitoring

Electrocardiography (ECQG)

Ventricular cardiac arrythmias have been re-
ported in up to 40% of dogs with GDV because
of myocardial ischemia (Brockman et al. 1995,
Homer 2020). Moreover, the increased circulation
of catecholamines and cytokines contributes to
the formation of arrythmias and this may lead
to the cardiovascular instability after the gastric
decompression (Sharp & Rozanski 2014). There-
fore, ECG is highly recommended to identify
cardiac arrythmias and the response to the ther-
apy. There are different approaches for the use of
antiarrhythmics. According to Brockman et al.
(1995) and Volk (2009), antiarrhythmics should
be used when arrythmias are associated with
poor myocardial function, low cardiac output and
electrolyte imbalance. Bruchim (2012) believes
that the early administration of lidocaine, initially
as bolus and then as CRI, reduces the incidence
of acute kidney injury (AKI), cardiac arrythmias
and mortality.

Measures must be taken peri-operatively, if
arrhythmia persists, at a rate of more than 130
beats min™. In these cases, the administration
of lidocaine may help to reduce the heart rate
to about 120 beats min™, as well as to reduce
abnormal morphology of the ECG. Specifically,
lidocaine can be administered at a dose of 2 mg
kg ' IV. If the first administration is not successful,
it can be repeated after 2-3 minutes. Moreover,
lidocaine can be administered at a rate of 20-80
pg kg' min? as CRI, if arrhythmia responds to
its bolus administration (Bruchim et al. 2012).
Failure to treat arrhythmias with lidocaine re-
quires a reassessment of the ECG and the general
condition of the patient (electrolytes, acid-base
balance, pain), possibly by choosing an alternative
antiarrhythmic treatment. Generally, regardless
of the success of the treatment, the complete
disappearance of arrhythmias is not expected. If
there is atrial tachycardia, it is usually corrected
after fluid resuscitation and administration of




Taxukapdia, ouvnBwg StopBohvetat petd TNV avalwoyod-
VNon He LYPA Kot Tn Xopnynor avaiyntikev (Bruchim et
al. 2012). H xprjon HKT Ba mpémet va ouveyiletat £wg Kal
24-48 wpeg HETEYXELPNTIKA.

MéTpnon TG apTNPLUKIG TTiEoNC TOL aipatog Kat Oepareia
e LYPd

To vTOOYKALHIKS/ AT KAKT) KATOVOT KAL TO KopSLoYEVEG
00K, KaBwg Kot 1 avemapkng SIUUETOOT TWV LIOTOV KAl 1)
oxatpio xapaktnpiCouv toug acBeveig pe AXY (Mathews
2006, Tivers & Brockman 2009, Bruchim & Kelmer 2014,
Sharp & Rozanski 2014, O'Neill et al. 2017). H k0pia Oepa-
TIEVTIKY) AVTILETWTILOT VAL T XOPIYNON LYPWV e ENeYXO
NG APTNPLAKNG TIEOTG TOV AUHATOG, HE OLaiTEPN TTPOCOXT
0TOULG LTTEPHALKOVG 0o DEVEIG Kol T {ma pe KapSLary YeLHKEG
nadnoels.

H pétpnon g aptnplaknig mieong Tov aiplatog, emep-
BaTikn 1} U emepPatikn, arotehel xpriotpo epyaeio 0TV
eKTIHNON TNG alpoduvaplkng Katdotaong Kat Tng Stou-
HAT®ONG TV 0TV, H emepPatikn pétpnon g mieong
TOU aiplatog prtopei va yivel pe TormoféTnon aptnplakon
Kabetrpa ovvdedeévou o€ peTATpOTIEN TIEETT)G KAL YLt TO
AOYo autd Bewpeital To «Xpuod TIPOTUTIO» YL TNV AKPL-
BéoTepn HETPNON TNG APTNPLAKIG TIECTG TOV AiHATOG
(Haskins 2011). AvtiBeta, n péBodog Doppler kat n ta-
AovtootleTpikr péBodog pumopotv va xpnotpomnotndovy
G pn emepPatikég pébodol HETPnong apTnplaKig mmieong,
pe tn devTepn va mpoTIpdTaL, Kang divel TAnpodopieg
yta T1) GUGTOAIKT), SIKCTONIKT KAl ECT) APTNPLAKT) TIEEDT)
(Cooper & Cooper 2012).

E¢pdoov n umotaon mopapevel, akopn Kot HETA T Xo-
pNYNOT LYPAV, TIPETEL va Xopnyeitat Somapivn pe 7-10
pg kg min™ ko pmopel va avénBel katd 1 pg kg™ min™
avé 1 pe 3 hentd (pHéylotog pubudg xopriynong 10 pg kg
min) uéxpt v enitevén emBopntg MATT (mdvw a6 60
mmHg). Epdoov Sev enéNet n ermlBupntr) MATT, popei va
xopnynBei vopadpevahivn pe 0,1-0,5 pg kg min? (Tivers
& Brockman 2009).

Me Baon tov Williams (2016), koMoetdr) mpérmet va
XopnyouvTaL epOGOV 1 XOprynaon HeydAng moootntag
vypav dev emapkel yla T otabeporoinon tov {wov. Emi-
ong PonBovv atnv avénon g SIAHATWONG TWV LOTOV HE
TOTOXPOVI Xoprynon ofvyovou.

Kamnvoypadio kot apikn ofuuetpia

KaBadg n avamveuotiki Aettovpyia emnpeadetot Katé tnv
AYZ, n kamvoypoadia Kot 1 oAk ofvpetpia eival Svo
TapapeTpol Tov Ou Tipéel va mapakoAovBovvTal Katd T
didpketa TG avatodnoiog. H mpwtn eivar pio pun emepPo-
TIkn péBodog yia  pétpnon tov So€etdiov Tov dvBpaka
OTO AVOTTVEVGTIKO KAl 1) Se0TEPN EKTIUE TOV KOPEGHO TNG
aptnpLakng apoopatpivng oe ofuyovo (Homer 2020).

Ofeofaoikeég Kot NAEKTPOALTIKEG StaTapayég
Av€npévn ovykevipwon yahaktikol o&éog (Green et al.

Anaesthetic management of GDV in dogs

analgesics (Bruchim et al. 2012). The use of ECG
should be continued 24-48 hours post-operatively.

Arterial blood pressure measurement and fluid
therapy

Hypovolemic-distributive and cardiogenic shock,
inadequate tissue perfusion and ischemia char-
acterize the patients with GDV (Mathews 2006,
Tivers & Brockman 2009, Bruchim & Kelmer
2014, Sharp & Rozanski 2014, O’'Neill et al. 2017).
The primary therapy is the administration of fluids
measurement while monitoring the arterial blood
pressure, giving attention in geriatric patients or
animals with cardiovascular problems.

Arterial blood pressure measurement, inva-
sive or non-invasive, is a useful tool in estimat-
ing the haemodynamic status and tissue perfu-
sion. Invasive blood pressure measurement can
be achieved with the placement of an arterial
catheter attached to a pressure transducer and
therefore, it is thought to be the golden standard
method for the most accurate measurements of
arterial blood pressure (Haskins 2011). On the
other hand, Doppler and oscillometric techniques
can be used for the non-invasive arterial blood
pressure measurement, with the second one to
be preferred, as it gives information on systolic,
diastolic and mean arterial pressure (Cooper &
Cooper 2012).

If hypotension is present, even after admin-
istration of fluids, dopamine should be adminis-
tered at a rate of 7-10 pg kg™ min and it can be
increased by 1 ug kg min every 1 to 3 minutes
(maximum dose rate 10 pg kg? min) until the
desired MAP is achieved (over 60 mmHg). If the
desired MAP is not achieved, norepinephrine can
be given at a rate of 0.1-0.5 pg kg min™ (Tivers
& Brockman 2009).

According to Williams (2016), colloids should
be given when high volumes of fluids are not
effective to resuscitate a patient. They also help
in increasing tissue perfusion with concomitant
administration of oxygen at the same time.

Capnography and pulse oximetry

As the respiratory function is affected during
GDV, capnography and pulse oximetry are two
parameters that should be monitored during an-
aesthesia. The first one is a non-invasive method
for the measurement of the respiratory carbon di-
oxide and the second one estimates the saturation
of arterial haemoglobin in oxygen (Homer 2020).

Acid-base and electrolyte disturbances
Increased lactate concentration (Green et al. 2011,
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2011, Mooney et al. 2014), petafolikn o§éwon), petafolikn
OAKGAWOT) Kol oVATTVEVOTIKY 0E€WOT) HITopolV va ekdn)-
AwBovv oe okOAoug pe AXY (Rauserova-Lexmaulova et al.
2020). H vmrokahatpior eivat n cuxvoTepn NAeKTPOAVTIKN
datapayn Kat popel vor emidetvaoel Tig KapSlakég ap-
pubieg, kat €tol eivat onpavTiko vo petpndei (Mooney et
al. 2014). To StochVpaTa pe TPOOTIOEHEVO KAALO HITOPOLY
va xopnynBoovv eviodpAefiwg, xwplota amd tnv toyeio
XOpNynon Lo6TOVeY KPLOTAANOEOWY, 08 GLYKEVTPWOT)
30-80 mEq L™ Ta StadVpata pe K&Ato Xxopnyovvtal oe
péytoto pulud xopriynong 0,5-1 mEq kg h'* epdoov n
OLYKEVTPWOT) TOU Kathiov 0Tov 0po eival kKaTw améd 3 mEq
L1 (Mathews 2006).

Enutlokég tng AXE katd TN
diapkela Tng avaioOnoiag

Ot ouyvoTepeg emmAokég NG ALY eival To cvVOpopo
LOXALHOG-EMAVALHAT®WOTNG, TO CUVOPOHO GUOTNHATIKNAG
PpAeypovmdoug avtidpaong (SIRS) kat To cVVSpopo NG
moAvopyavikng avendpkelag (MODS). Avohettovpyieg
OPYOVIKEG 1)/KAL CLOTNHATLKEG TTOL €XouV avadepBei oe
oKkVlovg pe ALY mephapPdvouy Tnv vmoTao, TN ofeia
vedpIkr) PAGPN, To cOVOpopo SidoTapTng eVEOAYYELAKNG
mnéng (DIC), t yaotpikn e€EAKwon Kot TI¢ KapSIaKEG
appuduieg (Bruchim & Kelmer 2014, O’Neill et al. 2017).

Ilpoyvwon

H AXY eivau pio kataotoon ametAnTikn yio ) {wr), @6 1o-
00 1 €yKatpn pookopon (Song et al. 2020) kat Bepareio
BeAtiovel Ta mocootd eniPinong (Tivers & Brockman
2009, Bruchim & Kelmer 2014). H cuykévtpwon Tov ya-
AaxTikol 0&€og oo aipa Bewpeltal 6Tt elval TPOY VOO TIKOG
napdyovtag pe Wdtaitepn aflomotio. EnimeSo k&tw oo 4
mmol L eivat ev8ektikd vYnAGV TocooT®wv enPiwong
Kol pelwpévou Kiv8hvou emtmhokov. AvtiBeta, cuyKevTpo-
O€lg YOAXKTIKOU 0&€0g Tdve artd 6 mmol L umopei va
UTTOONA®VOLY VEKP®GT) TOL TOLXOHATOG TOU GTOHAKOU Kall
onNYn, Kat T TOCOOTA eMIPBIWOTNG HELOVOVTAL CNHAVTIKA
(Tivers & Brockman 2009, Green et al. 2011, Mooney et
al. 2014). O 810K T TNG TIPETEL TTAVTOTE VA EVIHEPWVETAL
ytor Ty o koo k&Be BepaTteLTIKIG AV TIHETOTILONG.

X0yKpovon CUUPEPOVIV

Ot ouyypageic dnhwvouv 6Tt Sev LTTAPXEL CLYKPOLOT
OLUPEPOVTOV.
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Mooney et al. 2014), metabolic acidosis, metabol-
ic alkalosis and respiratory acidosis can develop
in animals with GDV (Rauserova-Lexmaulova et
al. 2020). Hypokalaemia is the most usual elec-
trolyte disturbance and it can deteriorate cardiac
arrythmias and therefore, it is important to be
measured (Mooney et al. 2014). Potassium sup-
plement solutions can be administered IV, sep-
arately from the rapid administration of isotonic
crystalloids, at a concentration of 30-80 mEq L.
The potassium solutions are administered at a
maximum rate of 0.5-1 mEq kg™ h'* when serum
potassium is below 3 mEq L™ (Mathews 2006).

Complications of GDV
during anaesthesia

The most usual complications of GDV are the is-
chemia-reperfusion injury (IRI), systemic inflam-
matory response syndrome (SIRS) and multiple
organ dysfunction syndrome (MODS). Organ
and/or systemic dysfunctions that have been
reported in dogs with GDV include hypoten-
sion, AKI, disseminated intravascular coagulation
(DIC), gastric ulceration and cardiac arrhythmias
(Bruchim & Kelmer 2014, O’Neill et al. 2017).

Prognosis

GDV is a life threating condition, but early admis-
sion (Song et al. 2020) and treatment improves
survival rates (Tivers & Brockman 2009, Bruchim
& Kelmer 2014). Lactate concentration is thought
to be a prognostic factor with high reliability.
Concentrations below 4 mmol L indicate high
survival rate and reduced risk of complications.
On the other hand, concentrations of lactate
above 6 mmol L™ may indicate gastric necrosis
and sepsis, and survival rate is reduced significant-
ly (Tivers & Brockman 2009, Green et al. 2011,
Mooney et al. 2014). The owner must always be
informed about the outcome of every possible
treatment followed.
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