latpikn Zowwv Zuvtpoolag 8;2:171-192, 2019

BIBAIOTPA®IKH ANAZKOMHZH - AXIOAOTHMENH

ITepreyxelpntikeg appuOuieg oe pun kapdromadn (oo

ouVTPOPLAG

EMévn Hpaotitn ktviatpos, Zer Teveridov kmviatpog, Xpriotog Kovtivag ktnviatpog, PhD, Tedpytog Katdakog ktnviatpog, PhD

KAwvikn Zowv Zovtpodiag, Tunpa Krnviarpikng, AT1.6., ®ecoadovikn

REVIEW - PEER REVIEWED

Perioperative arrhythmias in small animal patients with no

heart disease

Eleni Prastiti DVM, Zoi Tzenetidou DVM, Christos Koutinas DVM, PhD, George Kazakos DVM, PhD

Companion Animal Clinic, School of Veterinary Medicine, Aristotle University of Thessaloniki, Thessaloniki, Greece

ITepidnyn

Ot Sixtapayég tou kKapdiakoL puBuol Katd Tny TepLey-
Xelpntikn mepiodo eivat éva apKeTd GuUXVO Ppatvopevo.
Téoo (wa pe kapdlakd voorpata, 6o Kot pn kapdtomadr
aoBevn 1) vy {oa Tov LTTOPANNOVTAL GE XELPOUPYLKEG
enepPaoelg, eivat Suvatdv va Tapovsticovy appubtieg
Katé v meplavatodntikn nepiodo. EnutAéov, oplopéveg
XELPOLPYIKEG BN OELG, OTIWG EKE(VES TOL GTIAT|VA, TOL K-
TWTEPOL OLPOTIONTIKOV KAl TO GUVEpoLo TN¢ StdTaon g Kat
OTPOPIIG TOL GTOHAXOL OTOV OKVAO, cuvdéovTat oTabepd pe
NV ELPAVIOT TIEPLEY XELPNTIKGY appuButodv. H avayvopior
TOUG Kot 1) Katavdnaomn g poélevonig Toug otnpiletal
01N ouvexn TapakolovBnon Twv (WTIK®OV AetTovpyl®V
(monitoring) Kot emTUYXAVETAL fe TNV eEETAON TwV PAeV-
VOYOVmV, TNV YNAAPNoN ToL GGUYHOU, TNV HETPNOT TNG
Beppokpaciag kot TV Xprion NAEKTPOKAPSIOYPAPHHATOG
(HKT), kammvoypadpou, TTaA KOV 0EVHETPOL KAL TNV HETPI-
on NG aptnplakng nieong. Evprjpata 6mwg n votaon, n
dvoTmvola, 1) GLHPOPNON TwV PAeVVOYOVwY, 1 vToBeppia;,
10 pelwpévo emninedo ouveldnong, n pelwpévn apaywyn
oVpoU, 1N avENEéV TLUN TOL YRAAKTIKOV 0§€0G, TTOL 0e(-
Aovtat oTnv mapovaio appuOuLdV, LITOSNAWVOLY KaKH
atpoSUVANIKY KAXTAOTOoT ToL acBevoig Kat empdAlovy
v &peon S6pBwon Tov LITOKElHEVOL TIPOPATHATOG KAl
TIOAEG POPES TNV TAVTOX POV CUHTTTWHATIKI AVTIHETWIILON

Abstract

Disorders of the heart rate are frequently observed
in the perioperative period. Companion animals
with cardiac or non-cardiac disorders, as well as
healthy animals undergoing surgery may develop
cardiac arrhythmias during the perianaesthetic
period. Moreover, in specific surgical disorders
affecting organs such as the spleen, the lower uri-
nary tract and the canine gastric dilatation-volvu-
lus syndrome, perioperative cardiac arrhythmias
may develop. Identification of the type of arrhyth-
mia and recognition of the cause are based on the
continuous monitoring, visual examination of the
mucous membranes, peripheral pulse palpation,
assessment of temperature, electrocardiography
(ECG), capnography, pulse oximetry, and blood
pressure measurement. Findings resulting from
arrhythmias, including hypotension, dyspnoea,
mucosal congestion, hypothermia, decreased
level of consciousness, decreased urine output,
and increased levels of lactic acid, are indicators
of haemodynamic instability and necessitate im-
mediate management of the underlying disorder
and often simultaneous symptomatic treatment
of the emerging arrhythmia. Moreover, in cases
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MepleyxelpnTikeé appubieg

TV TPOKaAOVHEVKY appuButov. Enuthéov, oe mepintwon
IOV OEV £X0UV OKOUX ELPAVIOTEL CUUTTTOUATA, AANE OTO
HKT mapatnpodvTat oplopéve «kpiotpo» XapaKTnpLoTIKa
TV appLBLGV, CUCTHVETAL ) XOPTYNOT) KATGAANA®Y oV TL-
aAppLOUIKOV PAPHEKWY, OOTE VX QITOTPATIEL 1) EUPAVION
KAWVIKOV EKSNADOEDY 08 HETETELTA XPOVO 1) 0 EaPVIKAOG
Bavatog touv acBevoig. To eidog (tayvappubypies, Ppa-
Suappubuieg) kat n meploxn poérevang (VITEPKOLAAKEG,
KOWOKEG) Twv appuBuiev kabopilouy To avtiappudutkd
GAPUAKO EKAOYTG TTOV TIPETTEL VO XopnYeitatL oe K&Oe re-
pimtwon.

MeSH keywords:
cardiac arrhythmias, cat, dog

Eloaywyn

Me toug 6poug appuBpia 1) adAmg Suapubuia eptypddpoval
ot Statapayég Tou kapSiakov puBuov. Etig appubuieg
niepthapBavovrat ot petaforég oty Kapdiaxr cuxvoTnTa,
oL appuBpiieg TOL OXeTICOVTAL pLE TIG EKTAKTOOVOTONEG Kall
ot Statapayég otn petafifaon twv woewv (Martin 2007).

Ot appuBpieg Kata TNV TMepLeyxelpn Tk mepiodo eival
éva apketd ouxvd dpawvopevo. Tooo {wa pe madroetg tng
KopOLAG, OTI0G Yio tap&detypa 1 ekpuloTikr PodPrdomaOeta
™G pLtpoeldoug, 6oo Kat pn kapdtomadn {oa, mov eival
acBevr) kat xpetaletat va vtoPAnNBoLY o€ XeLpoUpPYIKT
emépPaon, 1 eivat vyt kat Ba vITOPANBoLY G A TN
erépPoon (m.x. woBuknotepektopn), ivat Suvatov va ma-
pouactaoouy appubieg katd tnv meptavaaOnTikn epiodo
(Oyama 2015). Atdpopeg €pevveg SLapwvoby CXETIKA e
TO KAT& TTOC0 oL TeplavatodnTikég appubuieg oxetiCovral
e av€npévn voonpotnta kat Bvnotpotnta (Beck 2006,
Mackenzie et al. 2010, Wendelburg et al. 2014).

QoT1600, 08 OAEG TIG TIEPLTTWOELG KpiveTal avayKaio
0 KAWVIKOG va elvatl YVOOTNG Twv pUGLONOYIK®V HeTafo-
A@v Tou KapdtakoL puBpov oe éva avalcOntomomnpévo
{00, va Ti¢ Eexwpilel armod Tig TaBoloyIKég Kat va eivat o€
Béom, TPAYUATOTIOLOVTAG TIG KATAAANAEG EVEPYELEG, VAL TIG
TipoapPavel 1) va Tig Bepartelel, dTav UITEpPYXEL AVAYKN.

Mnxaviopog appvBpoyéveong

Ot appuBuieg dtakpivovratl, avaloya pe Tov TpOTO
Snuovpyiag TOVG, 0 EKEIVEG TTOU TTPOKOTITOLV ATt
SlaTapayég oTny mapaywyr| tng wong (avtopatiopdg)
/ot arntd Statapoyég e ayypotntac. Ot diatapoyés
NG TTOPAYWYNG THS DOTG HITOPOUV VUL TIPOKAXAEGOLY TOGO
Bpadvappubieg doo Kkat TaxvappLBies, eve StaTapaxég
0TO OUOTNHA HETAPIPAONG TV WOEWV urtopel va odnyr)-
oovv og KaBuoTépnamn auThG 1} G TIATPT) AITOKAELTUO TNG.
Enuthéov, propei va oxetiovrat pe tnv vmapén exrortiog
(powpeg 1 éktoreg ekmtolwoelg) (Schober 2010).
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when clinical signs have not yet manifested but
certain “critical” characteristics of arrhythmias
are observed on the ECG, it is recommended
to administer appropriate antiarrhythmic drugs
in order to prevent the manifestation of clinical
signs or even sudden death. The type (tachyar-
rhythmia, bradyarrhythmia) as well as the origin
(supraventricular, ventricular) of the arrhythmia
determine the selection of antiarrhythmics that
are appropriate for each case.

Introduction

Cardiac arrhythmias or dysrhythmias are disor-
ders of the heart rate, which include changes in the
heart rate, premature complexes and conduction
system disorders (Martin 2007).

Perioperative cardiac arrhythmias are fair-
ly common. Companion animals with primary
cardiac disorders such as degenerative mitral
valve disease, as well as animals with non-cardiac
conditions that necessitate surgical management,
or healthy animals that undergo routine surgery
(e.g. ovariohysterectomy), are likely to develop
perioperative arrhythmias (Oyama 2015). It is
debated in several studies whether there is a cor-
relation between perioperative arrhythmias and
increased morbidity and mortality rates (Beck
2006, Mackenzie et al. 2010, Wendelburg et al.
2014).

In all cases the clinician needs to be aware of
the physiological alterations in the heart rate of
the anaesthetised patient, in order to differentiate
them from what is abnormal and to intervene with
the appropriate measures for the prevention or
management of the latter, if necessary.

Mechanisms of arrhythmia
formation

Arrhythmias are differentiated according to their
origin, in disorders of impulse formation (automa-
ticity) and/or disorders of conduction. Disorders
of impulse formation can produce bradyarrhyth-
mias, as well as tachyarrhythmias, whereas dis-
orders in the cardiac conduction system can lead
to delay or even block of the impulse conduction.
Furthermore, arrhythmias can occur from ectopy



Mivakag 1. Katnyopieg appuduidv pe aon To pnxaviouo

Perioperative cardiac arrhythmias

Table 1. Categories of arrhythmia based on the

MPOKANGHG TOUG. mechanism of formation.

Awatapayéc otnv OAeBokoppikr) avakorr (mavon) Disorders in the cardiac  Sinus arrest (atrial standstill)

mapaywyn TG wong OAeBokoppikr Ppadukapdia action potential Sinus bradycardia

(Gurney & Bradbrook OAeBokoppikr Taxukapdia (Gurney & Bradbrook Sinus tachycardia

2016). KOATTIKOG IVIBIOPOC 2016) Atrial fibrillation
KOATTIKOC TITEPUYIOUOC Atrial flutter
MPWIUES UTTEPKOINIOKES EKTAKTOOUOTONEC Supraventricular premature complexes
Yrepkohakr| Taxukapdia (KopBIKr 1y KONTIKHA) Supraventricular tachycardia (sinus
Kohrmokohakry kopBikr) tayukapdia node o atrial tachycardia)
KoAmokothakog pubpiog Siaguyng Atrioventricular nodal re-entry
MpWIHEG KONTOKOINIOKES EKTAKTOOUGTONEG tachycardia
IMPWILES KONAKES EKTAKTOOUOTONEG JSuncUona\ gsclape rhythm |
Kotk Tayukapdia upraventricular premature complexes
Koiakr pappapuyn Ventricular premature complexes
Ko\akry aouoTohia Ventricular tachycardia
Kothiakdg puBpog dlaguyng Ventricular fibrillation

Awatapayéc oto OAeBokopPikr avakomr (mavon) Kat amoKAEIOHOG \/entr{cu:ar asystole hvth

600TNuA peTaBiBacnc o Ventricular escape rhythm

TWV WOEWV Kok mavan Disorders in the cardiac Sinus arrest (nodal pause) and

(Gurney & Bradbrook KOATTOKOINAKAC AMOKAEIGHOC conduction system sinoatrial block

2016) (ZGO‘:g;ey &Bradbrook Atrial standstill

Zuvéuaou’oc Y UvOPOUO VOOOUVTOG PAEROKOULOU Atrioventricular block

Slatapaywv otnv , , .

L YriepkoMakr| taxukapdia (emaveloddou)
mapaywyn wong Combination of

Kat 010 cUoTHHA Kothakry mpodiéyepon
petafifaong Twv

WOEWV

(Gurney & Bradbrook

2016).

Sick sinus syndrome
disorders in the cardiac
action potential and
the conduction system  Ventricular pre-excitation
(Gurney & Bradbrook

2016).

Supraventricular tachycardia (re-entry)

To akptPég aitio piag mepleyxelpnTikng appubuiog dev
prtopel evkoha va e€akplpwdel oe OAeg TIG TEPUTTMOEL,
Kkabwg n appuBpoyéveon pmopei va opeiletal o€ TOAOUG
TAPAYOVTEG OTIWG elval ) pAeypovn, n onyn, n vroéia, To
0€eldWTIKO stress, N oAl KAl 1 ivwor) Tov puokapdiov
(Oyama 2015).

Yrov IMivaxa 1 apovotalovtat oL auxvoTepeg appubtieg
He Paon TO UNXAVIOHO OXNHATIOHOV TOUG.

KapdionaOeieg

H avaieOnoioloyikr dtaxeiplon evog aaBevoig pe guyyevi
n eniktnTn KapSlomdbela, /Kot pe eyKATEOTNUEVN
ouppopn Tk Kapdlakn averdprela etvart SUOKOAN KL XTTLTE
YV@OELG, epmelpia Kat Kar mpoetolpacia. To eidog Twv
TIOPATNPOVHEVKV KAPOLAK®V appuBpiav kot n maboyévela
Toug eival avdloyeg Tov TOTTOL TNG Kapdiomdabelag.
ITptv TNV TPAYHATOTIOMON OTIOLGONTIOTE XELPOVPYLKNG
emépPaong, o aoBeviig Oa pémel va otadepomoleital, eV,
TPV TNV €YKATAOTOOT TNG avaloOnaiag, petagd aAwv,
npaypatonoteitat nhektpokapdoypddpnua (HKI) yia
v Sapopornoinon Twv appudutdy oL TpoKalovVTAL
amd Ta GAPHAKO TIOL XPNOLHOTIOODVTAL 0TO avataBnTiKd
TPWTOKOAN0. MéxpL TO {00 va avaviyel AN pwG aTto TV
avaioOnoia Ba pémel va mapakolovBeitat oteva pe HKT

(early or ectopic depolarisation) (Schober 2010).

The specific cause of a perioperative arrhyth-
mia cannot be easily identified in all cases, be-
cause arrhythmogenesis can arise from various
conditions, such as inflammation, sepsis, hypoxia,
oxidative stress, ischaemia and myocardial fibrosis
(Oyama 2015).

The most common arrhythmias based on their
mechanism of formation are shown in Table 1.

Cardiac disorders

The anaesthetic management of a case with con-
genital or acquired cardiac disorders, and/or
chronic congestive heart failure is challenging
and requires knowledge, experience and ade-
quate preparation. The type of observed cardiac
arrhythmias and their aetiopathogenesis depend
on the underlying cardiac disease. Stabilisation
should be the first priority before any surgical pro-
cedure, whereas prior to induction of anaesthesia
an electrocardiogram (ECG) is recommended
among other diagnostic tools, in order to dif-
ferentiate arrhythmias caused by the drugs used
in the anaesthetic protocol. Each case should be
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(Gurney & Bradbrook 2016).

IMapdo mov ot kapdlomabeleg amotelovV évav artod
TOUG ONHAVTIKOTEPOUG TIAPAYOVTEG TTPOKANOTNG TIEPLA-
valoOnTikev appuduidy, To apbpo avtod eotidlel otV
SL&yvwon Kal avTIHETOTILOT) TOUG ot [ Kapdlomadr (oo,
apov aroTeAoVV HeYAADTEPT) TTPOKANOT, KABAOG 1 epd&vion
TOUG GUXVA OEV OVOHEVETAL ATTO TOV KALVIKO KOl GUVETTWG
vtodLayty vaokovTal Kat Sev avTigetonilovTat.

IMepravaroOnrikn mapakolovOnon {oTIKeOV
Aettovpylev (monitoring)

Koatd tnv meplavaioOntikn mepiodo n avayvaplon tTov

appLBULGY KAl 1] ATTOPACT Yl XOPTYNOT AVTLapPUBOLLIKAG

Bepareiog otnpiletal ot cvvexn moapakolovOnon Twv

{wTikedV Aettovpylov (monitoring) (Oyama 2015). Ot

TAPEUETPOL TIOU KpiveTal amapaitnTo va eAéyyovral

Slapkag eivat:

1) HhextpoxapSioypadnpor: TTapéxel mAnpodopieg oxt
HOVO yla Tov akptPr) TOTO TNG appubuiag Kat TNV
apxLtektovikn Sour TG KapdLdg, aAd TTOANEG popég
PonBdel otnv extipnon tou attiov TpdrAnong g (Cor-
nick-Seahorn 2006).

2) Koapdiaxn ouxvotnta: H xpnotpormoinon olcodpaytkon
otnBookotiov dleyXelpnTikd eivat onpavTIKy av Sev
dtatiBetar HKT (Cornick-Seahorn 2006). Kapdiakr
ouXvoOTNTA peYoAUTEPT TV 180 min™ 1) pikpoTEpN TV
50 min™ otov okOAo Kal peyaAvTepn Twv 220 min™
1 HikpoTepn Twv 90 min™ o1n ydta, oxetiCovral pe
av€npévo KivOuvo eUPAVIONG KAVIK®V CUUITTOHUETWV
(Oyama 2015).

3) TMowtnta opuypov: EKTOG amd tn péTpnon tng
KapSiaKig ouXVOTNTAG KAl TNV eKTipnon Tov pubuov,
ynhapolbvTaln pnptotio ) GANES ETLPAVELAXKES opTT pieg
vyl T Stamiotwon eANelppaTog opuypold Kat TNV
EKTIHNOTN TOL XAPAKTINPA TOL OPUYHOD, Kabwg ot
appuBuieg teivouy va Tov petafdAlovy aviloya pe
Tov TUTIO Kat TNV 0oPoapoTnTd Toug (Bonagura 2008).

4) Xpovog avaminpwong tpixoetdwv (XAT) kol
XPOHATIOHOC PAevvoyovmy: Ductoloyikd, ot BAevvoyovol
eivat podaol kat 0 XAT eival pikpoTepog amo 2 sec.
O {onpdg epubpodc XpwHATIONOG, TTOL cLVOSeVETAL
a6 peiwon Tov XAT, propel va opeidetal otny ay-
YEL0OLGTOAT TIOL TIPOKAAOVV 1) LTIEPKATIVIL, 1) Ty,
n vroBeppia Kot n xoprynon avatoOnTikov oppd-
KoV (TIPOTIOPOAN, EICTIVELOTIKE avaloOnTIKA), TTapd-
YOVTEG TTOU CUUPBAANOVY OTNV gUdavion appLBpLOY
(Congdon 2015). H wxpdtnta Twv PAevvoyodvwy, o
ovvodevetal amd avénon tov XAT, eivot evdelkTin
vndtaong, shock, avatpiog, vtoBeppiag kat xopryn-
oNG GpapuaKwy, OTwG ot a-2 adpevepyLKol aywVIoTEG
(TepLpeptKr) ayyelooHOTIAOT) KAl KATIOLA OTTLOELON.

5) Métpnon tng Oeppokpaciag: H vmobeppia pmopel va
amtoTelel TOGO ALTIOAOYLKO TTAXp&YOVTQ TIPOKANONG
appLBut@V, 600 Kal KAWVIKO COUTTOHA AUT®V, G
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closely monitored with an ECG until full recovery
(Gurney & Bradbrook 2016).

Even though primary cardiac disease is one
of the main risk factors for perianaesthetic ar-
rhythmias, the aim of this paper is to focus on
the diagnosis and management of arrhythmias in
cases with non-cardiac disease, considering that
the latter pose a greater diagnostic challenge, since
the occurrence of arrhythmias in such cases is
often unexpected and they are therefore under-
diagnosed and undermanaged.

Perianaesthetic monitoring

During the perianaesthetic period the identifica-
tion of arrhythmias and the decision to administer
antiarrhythmic drugs is based on the continuous
monitoring (Oyama 2015). The parameters that
should be constantly monitored include the fol-
lowing:

1) Electrocardiography: It provides not only
information relevant to the exact type of ar-
rhythmia and the architecture of the heart,
but also it usually assists in revealing the un-
derlying cause (Cornick-Seahorn 2006).

2) Heart rate: Intraoperative use of an oesoph-
ageal stethoscope is necessary if ECG is not
available (Cornick-Seahorn 2006). Heart rates
over 180 min™ or under 50 min in dogs and
over 220 min™? or under 90 minin cats, are
related to increased risk for development of
clinical signs (Oyama 2015).

3) Pulse quality: Except of the estimation of the
heart rate and the evaluation of the cardiac
rhythm, the femoral artery or other superficial
arteries are palpated to diagnose pulse deficits
and evaluate pulse quality, as that arrhythmias
tend to change the latter depending on the
type and severity of the arrhythmia (Bonagura
2008).

4) Capillary refill time (CRT) and mucous
membrane colour: Normally, the mucous
membrane colour is pink, and CRT is less
than 2 sec. A bright red coloration with a
simultaneous decrease of CRT may be caused
by vasodilation resulting from hypercapnia,
sepsis, hypothermia and anaesthetic drug
administration (propofol, inhalational an-
aesthetics), which are risk factors for the de-
velopment of arrhythmias (Congdon 2015).
Mucosal pallor with simultaneous increase in
CRT indicates hypotension, shock, anaemia,
hypothermia or it can result from drugs such
as a-2 adrenergic receptor agonists (periph-
eral vasoconstriction) and some opioids.



amotéleopa tn¢ Slatapaxbeioag atpodvvapLkig
katdotaong (Haskins 2007, Oyama 2015).
Avamvevotikr) cuxvotnta Kat Svomvolo: Alevepyei-
TOlL ETTLOKOTINOT TOU BwPakiKoL TOLKOUATOG 1)/Katl TOV
aoKoU TNG avatodnTIKAG HNxavhg yla T HETpnon tne
OVOUTVEVOTIKNG GLXVOTNTAG, TNV eKTipnon Tou Baboug
TWV avaIrvoov Kat Ty dtartiotwon Sbomvolag. Zma e
appLBuio mpémel va Aappavouy o§uyovo kabd OAn Tnv
nieplepyxelpn ik mepiodo. H tayvmvola oe {wo mou
epdpavilel appuBuieg pmopei va vrrodniwvet vrofia,
untepkartvia Kot o€éwor (Macintire 2006).
Aptnprakn mieon Tov aipatog: H aptnpiakn mieon
Tapéxel TTANpodopieg yla TNV Kapdlakr mapoxr, Tnv
KOTAOTOOT TV TEPLPEPLKWV ALY YEIWV KL CUVETIWG
yia T StalpdTwon Ty wtev. H vmétaon katd v
neplavatodnTikn mepiodo popei vo opeiletat ot dpdon
TV avalonTikev pappdkev (m.x. ¢pavobeialiveg,
LOOPAOLPAVIO), OTIG appLBHieg 1} oTar avTiappLOpLIKE
GappoKa TTOL XOpNYNONKAY YlX TNV OVTLHETOTILON
Tayvappulwv (Mazzaferro 2001, Macintire 2006,
Oyama 2015). T'tot TNV kavoTtotnTikn StatdTwon Tov
EYKEGANOD Kol TV VEPPWY, ATTALTEITAL EAAXLOTN HEOT)
aptnptakn mieon 60 mmHg 1600 yla Tov okOAo 600
kat v yata (Duke-Novakovski & Carr 2015).
IMopuxr) o€vpetpia: Tia tnv avaryvmpion g vto€oaptiag
oe éva {wo, Bewpeital xpriolpn n LETPNON TOL KOPEGHOD
NG atpoadaipivng oe O, oto aptnpiakd aipa (SpO,). H
vrto€atpia o éva {wo mov epdavilel appuBuieg propei
VoL oITOTENE] TOGO TOV ALTIONOYIKO TIOPAYOVTOL EUPAVIOTIG
Tou¢ (toxatpia Tov puokapdiov), 650 KAl TO ATTOTEAETUA
avtev (atpoduvapikn amootabeporoinon). Zao oL
ELOTIVEOLV ATHOOPAIPIKS aépa, TIPETTEL va £xouv SpO,
TAve attd 92% eva {oa mov eloTtvéovy 100% O, Trpémet
va éxouv SpO, mavw a6 98%. Tpémet va onpelwbet
WG HAKPOOKOTILKN KLAV®WOT TV BAEVVOYOV®V
npatnpeital oe TipEG SpO, PIKPOTEPEG TOL 74%, EPOOOV
Sev cuvurtdpyel HeTpLov 1) coPopo Pabuov avarpio (Ko
et al. 2001, Epstein 2005, Pypendop 2005).
Kamnvopetpia—kamnvoypadia: [ta éva puotoroytkd
KOTTVOYPAPN A aTTALTELTOL GUOLOAOYIKOG KUTTAPLKOG
HETAPOALOUOG, PLCLONOYIKT) KUKAOPOp{X TOV ariptatog Kait
GUOLONOYIKOG aepLOpOG TwV KUYeNiSwv. TToAEC popég
oL Tapatnpolpeves Slatapaxe (Hitopel va arotelovv
HeTa€0 AWV VL€ KAKNG ALHOSVVAIKAG KATAGTAONG
(Creedon 2013).

10)ITapaywyn ovpou: Xe amovoia VeGPLKAG VOGO, N

mapaywyn ovpou amotelel évav Kako OeikTn NG
VEPPLKNG PONG TOL AipATOG Karl Kot eMEKTOOT) TNG
kapSiaxnig moapoxnc. Puololoyikd n mapaywyrn ovpov
efvat peyohvtepn amd 1 ml kgt h' kot Ba mpémet va
vrtoloyiletatl ouXVA, wG SelkTng eMAPKOVS ALUATWONG
1oL vepptkov LoToD (Creedon 2013).

11) Epyaotnplaég e€etdoelg: Xe autég mepthappavovro

1 HéTpnon TwV aepinv o Selypa apTnplakod aipoTog,

Hellenic Journal of Companion Animal Medicine «

5)

6)

8)

9)

Perioperative cardiac arrhythmias

Temperature measurement: Hypothermia
can be arisk factor for arrhythmias as well as
a clinical sign caused by an arrhythmia due
to the resulting haemodynamic instability
(Haskins 2007, Oyama 2015).

Respiratory rate and dyspnoea: The thoracic
wall and/or the anaesthetic machine reser-
voir bag is observed in order to measure the
respiratory rate, to estimate respiration depth
and to diagnose dyspnoea. Animals with ar-
rhythmias should receive oxygen throughout
the perioperative period. Tachypnoea in the
presence of arrhythmia may suggest hypoxia,
hypercapnia and acidosis (Macintire 2006).

Arterial blood pressure: Arterial pressure can
provide information regarding the cardiac
output, the condition of peripheral blood
vessels, and therefore tissue perfusion. Hy-
potension in the perianaesthetic period may
be caused by anaesthetic drugs (e.g. pheno-
thiazines, isoflurane), arrhythmias or antiar-
rhythmic drugs administered as treatment
for tachyarrhythmias (Mazzaferro 2001,
Macintire 2006, Oyama 2015). In order to
maintain adequate perfusion in the brain and
kidneys, the minimum mean arterial pressure
required is 60 mmHg in both dogs and cats
(Duke-Novakovski & Carr 2015).

Pulse oximetry: For the identification of hy-
poxaemia, oxyhaemoglobin saturation should
be measured in arterial blood (SpO,). In case
of arrhythmia, hypoxaemia can be the under-
lying cause for the development of arrhythmia
(myocardial ischaemia), as well as the result
of an arrhythmia (haemodynamic destabili-
sation). Companion animals breathing atmo-
spheric air should have an SpO, above 92%,
whereas animals receiving 100% O, should
have SpO, above 98%. It is worthy of note
that macroscopically visible cyanosis of the
mucosae occurs when SpO, is less than 74%,
and there is no moderate or severe anaemia
(Ko etal. 2001, Epstein 2005, Pypendop 2005).
Capnometry-capnography: In order to have
anormal capnogram, normal cellular metab-
olism, normal perfusion and normal alveo-
lar ventilation are required. Any observed
alterations on the capnogram can often be
an indication of haemodynamic instability,
among other causes (Creedon 2013).

10) Urine output: In the absence of renal disease,

urine output is a sufficient indicator of renal
perfusion and cardiac output. Normally, urine
output exceeds 1 ml kg h™* and it should be
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Eikova 1. MNveupovoyaotpikn appubpia (apxeio ouyypagéa XK).

Figure 1. Respiratory sinus arrhythmia (author’s CK personal files).

TV NAEKTPOAVT®V, TOU YAAXKTIKOD 0§€0G KAl TNG
kapdiaxng tpomovivc-1. Otdatapoayés tng ofeoPaating
LOOPPOTING KAL TWV NAEKTPOAVTOV ATTOTEAOVY TOCO
alttoroyikd mapdyovia TTPOKANGCNG TaPOSIK®OV
appLOHLOVY, 600 Kot ATTOTEAEGUA TNG ALHOSUVALIKIG
amnootabepornoinong wg cvvénelag avtwv (Cohen &
Tilley 1979). Ot petproelg Tou YOAXKTIKOD 0££€0G Kat
NG TpoToviviG-I TAnpodopoLV yior TV AULHATWOT) TV
LOTWV Kal ylor Tuxov PAGPn oto puokdpdio, avtiotoxa
(Creedon 2013, Hamacher 2015).

KalonOeig appuOpuieg

ITvevgovoyaotpikn appubuia (Ekdva 1)

H mvevpovoyaotpikr appuBpia amotehel pAeforoppikd
PLOHO KATA TOV OTIO{0 1 CUXVOTNTA TWV KAPSLAK®OV WOEWV
avfdvetal Kat petovetal .woxpova (Martin 2007). Zovrfwg
ouvdgeTal fe TNV avarvor], SnAadn n ouxvotnTa avEavetat
KOTA TNV ELOTIVOT KAl HELOVETAL KATA TNV ekmtvor). Ertmiéov,
elvat evdelkTikr TG mapacvpnabotoviag, kabaog oxetileTal
pe TV avénpévn Spdor ToL TIVELHOVOYAOTPLKOD VEDPOU
otov pAePodroppo kat n vrapln TG amotelel évay Seikn
vyeiag Tov puokapdiov, kabwg n ovpmadotovia cuviiBwg
elval apakTnpLoTikr g Kapdiakrg avendpketag (Martin
2007). Mapatnpeitat oe vyteic oKOAOLG KATA TNV AvETIOLON,
HETA& amtd Xoprynon a-2 adpevepylkav aywvioT®V Kol
oe OKOAOUG PpoaxuKepalikav ¢puiwv (Gross 2009, Pa-
pich 2016). ITé¢pa armd auTéG TIC TEPUTTWOELG, OTIG OTIO(EG
1 TvevpovoyaoTpikl appubuia Bewpeital «kahonOng»,
eppaviletal kot oe aoBeveic GKOAOUG HE AVATIVEVOTIKEG,
VEVPOAOYIKEG Kot 0pBa kg Ttadnoelg, kaBmg Kot o€ {wa
pe TTabroeLg TOL GTOHAXOV KAl TOL eVTEPOU. Xe avTifeon
[L€ TOV OKDAO, 1] TIVELHOVOYXGTPLKY) appLBptia eivat omtdviar
oTN Y&ta Kol prtopel va mopatnpnel otig aocBéveleg mov
avapepOnKav TTponyovpéveg, Kabmg emiong Kat Katd
v dvomvola 1) Kapdtakég vooous. H mvevpovoyaotpikr
appuBuia, avtr kabd’ avtn, dev anmattel kapia Oepameia
(Gompf 2011).

Duotodoyikn Stakbuavon g Kapdlakng ouxvoTnTag

Ye vytelc opyaviopovg, 1ooo ota {wa doo Kal Tov &vBpwTto,
Ta pecodtaothpata R-R tov HKT dev eivar otabepd Kot
peTafadlovral avaloya He TIG UOLONOYLKES ETILOPAOELS
TIOV TIPOKUTITOLY OTTO TIG METAPBONEG GTNV LGOPPOTICt TOV
AUTOVOHOU VELPLKOV cLOTHHATOG (Spyer 1994). Avt n
Stakvpaveon Tov Kapdlakol pulpol mapéxel XPrOLUES
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measured often as an indicator of adequate
perfusion of the renal tissue (Creedon 2013).
11) Laboratory testing: These include arterial
blood gas analysis as well as electrolyte, lactic
acid and cardiac troponin-I estimation. Ac-
id-base and electrolyte disorders can be an
underlying cause for temporary arrhythmias
as well as a result of haemodynamic destabili-
sation resulting from the arrhythmias (Cohen
& Tilley 1979). Lactic acid and troponin-I
levels provide information about tissue per-
fusion and possible myocardial tissue damage,
respectively (Creedon 2013, Hamacher 2015).

Benign arrhythmias

Respiratory sinus arrhythmia (Figure 1)
Respiratory sinus arrhythmia is a sinus rhythm
in which the heart rate increases and decreases
regularly (Martin 2007). It usually depends on
respiration, i.e. the heart rate increases on inspi-
ration and decreases on expiration. Moreover,
it indicates an increased vagal tone because it
is related to the increased effect of vagal nerve
stimulation on the sinus node and when present,
it is an indicator of myocardial health, as long as
sympathetic tone stimulation is usually related
to heart failure (Martin 2007). Respiratory sinus
arrhythmia may be observed in healthy dogs at
rest, after the administration of a-2 adrenergic
agonists and in brachycephalic dog breeds (Gross
2009, Papich 2016). Other than these cases in
which respiratory sinus arrhythmia is considered
to be “benign’; it can also emerge in sick dogs with
respiratory, neurological, or ophthalmological
disorders as well as in cases in which the stomach
or intestine are affected. In contrast with dogs,
respiratory sinus arrhythmia is rare in cats and
it can be noted in the disorders that were previ-
ously mentioned, as well as during dyspnoea or
in cats with cardiomyopathies. Respiratory sinus
arrhythmia, in and of itself, does not require any
treatment (Gompf 2011).

Normal variations in the heart rate

In healthy animals and humans, the R-R inter-




Eikova 2. OAefokopfikn Taxukapdia (apyeio ouyypagéa XK).

Perioperative cardiac arrhythmias

Figure 2. Sinus tachycardia (author’s CK personal files).

TANpodopieg -petald GAN®V- Yl TNV KAT&OTAGCTN TOU
pvokapdiov. ZuyKekpLéva, acOeveig e CULPOPNTLKA
Kapdtakr avendpkela tapovaldlovy avénpeévn Kapdiokn
ouXVOTNTA Kl Hetwpévn Stakvpoavor Tov Kapdiakol pudpon
AOY®w NG XpOVIXG evepPYOTIOiNoNG TOL GUUTTAONTIKOD
ovotnpartog (Nolan et al. 1992). Zuvenmg, n mapatipnon
OoNHavTLKNAG dtakvpavong Tov kapdiakoly puvduov,
vrtodnAavel eite TNV Tap&n evog vylovg pvokapdiov,
eiTe LTTOKAVIKT KapdtomaBetla oTnV omola Sev €xel akdpa
eykataotadel cuppopnTikr) Kapdiakn avendpkelo (Hagg-
strom et al. 1996). IMpémel va onpeiwdei twg n akpPpng
eKT{NON AUTAG TNG TTAPAUETPOL amaLTel eldIKO AoyIopIKO.

Avayvwpton kat Bepareia oappubpLov

TaxvappuvOuieg

DAePoropPikn Taxvkapdia (Etkdva 2)

- O puBudg eivar preforofikog alrd n Kopdlakh
ouXVOTNTA gival HeyaAOTepPN TNG GLOLONOYIKAG (TT&ve
amd 140 min™) (Oyama 2015).

- KdBe ovoTtohn ouvodevetatl artd YnAapntd oPpuypo,
eve 4Tav 1 GUXVOTNTA elval TTOAD HeYAAN O OPLYHOG
prtopel va yivel acBeviig (Oyama 2015).

H ¢pAePoropPikn taxvkapdia Sev eival emikiviuvn
appuBuia. Eppavitetatl, ouvnbwg, petd amd xoprynon
KeTapivng, atpomivng kot BetofapPirovpikmv 1 petd
amd €vrovn Oléyepon Tov oLUTABNTIKOD CLOTHHATOG,
OTw¢ ovpPaivel yia mapadelypa OTIC TEPLUTTWOELG
TIEPLEYXELPNTLKOD TTOVOL, aVALHING, LITOOYKOLpiG Kol
HiKpoO PaBoug avatodnoiog (Martin 2007, William 2007).
H avtipetomnion g otnpiletal otnv dporn Tov map&yovta
TIOU TNV TTPOKA&AETE, SNAaST) 0TV XOPHyNoT aAvaAyNTIKGV
PAPUAKOV, KATAAANAWV UYLV evioPAeBing Kot T avénon
Tov PdBouvg g avaioOnoiag (Cohen 1979, Stepien 2005).
KoAmikdg vidiopdg (Ewkdva 3)

- To kbpa ektoOAwong Eexvd oe Tuaio Xpovikd StaoTna
o€ TeploX TV KOATTWV Xwpic v odnyel o emapkr
ovonaor touvg (Martin 2007).

- Katd v akpdoon o kapSiakdg puBpdg eivat xooTikog,
€V KATE TNV YNAAPNon ToL 6PpuypHoL TIopaTr peitot Evat
ENetppa TG T&ENG Tov 50% e oxEon e TIG KapSLaKES
woelg (Martin 2007).

- Kata v e€étaon tov HKT, dev mapatnpovvrat ava-

vals of the ECG are not regular and may vary
according to the normal effects of the changes
in the balance of the autonomic nervous system
(Spyer 1994). This variation in the heart rate can
provide valuable information about the state of
myocardium. In particular, patients with conges-
tive heart failure may have increased heart rate
and reduced variation of cardiac rhythm due to
chronic stimulation of the sympathetic nervous
system (Nolan et al. 1992). Therefore, if exten-
sive variations in the heart rate are noted, this
is indicative either of healthy myocardial tissue,
or an underlying cardiomyopathy in which con-
gestive heart failure has not yet been established
(Héaggstrom et al. 1996). It should be noted that
the exact estimation of this parameter requires
specialised software.

Identification and treatment of
arrhythmias

Tachyarrhythmias

Sinus tachycardia (Figure 2)

- Thisis a sinus rhythm however the heart rate
is higher than normal (more than 140 min™)
(Oyama 2015).

- Every cardiac contraction is followed by a
palpable pulse, however when the heart rate is
too high, the pulse may become weak (Oyama
2015).

Sinus tachycardia is not a dangerous/
life-threatening arrhythmia. It usually occurs after
the administration of ketamine, atropine, and
thiobarbiturates or after intense stimulation of
the sympathetic nervous system such as in cases
of perioperative pain, anaemia, hypovolemia, and
insufficient depth of general anaesthesia (Mar-
tin 2007, William 2007). Management is based
on addressing the underlying cause, meaning
treatment is based on analgesics, appropriate
intravenous fluids and adjusting the depth of
general anaesthesia (Cohen 1979, Stepien 2005).
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Eikdva 3. ASp0o¢ KOMTIKOG vISIopog (apxeio auyypagéa XK).

Figure 3. Coarse atrial fibrillation (author’s CK personal files).

yvopiotpa endpuata B, 1o cupmiéypata QRS eivat

PUGLONOYIKG, eV® TO dtdoTnua R-R eivar xaoTika avi-

ooxpovo (Martin 2007).

O koATmIK6G Widlopdg amotelel T oLXVOTEPN
dayvwopévn appubpia ota {Ha ouvTpodLdg Kat ouvnBwg
TpoKaAeiTal Aoyw vTokeipevng KapSLakng voOoou Kat
evBuvetal yla T pelwon g Kopdiakng mapoxr¢ (Martin
2007). Zuvemne, n eupAaviorn ToL KAT TNV TEPLovaLodnTIk)
niepiodo, ouviiBwg vTodnAGVeL Kat TNV UItapén Tov TpLY
amnd v mepiodo avtrv (Bright 2012). Ot ovyypageig
HeT& TN dlaTTioTwon auTol Tov pLBLOY, adrvouvy To {wo
Vo avavieL akOpA KAt TIpOLpo (epOooV To GTESLO TV
XELPLOHOV TO eTmiTpéret) Kot va eheyxOel kapStohoyikd mpty
amopaoloTel TwG 1) eUPAvIon auTng TNG dlaTapoyng RTav
mtapodikr. 2oT600, KOATIKOG WISlopdg o {wa mov dev
Tiopoucialav Slatapoyr ot popporoyia TG KapSidG €xel
niaeportnpn el katd T StdpKela KeIPLOH@Y TIOL ALEAVOLY TOV
TOVO TOV TIVELHOVOYUGTPLKOD VeUPOU (TL.X. SICWANVKOT
NG Tpaxeiog) Kat adol TPonyoLpéveg eixav xopnynoet
omtloetdn pappaKa (Boutopdavoln, Gpevtavorn, Lopdivn)
(Moise et al. 2005). I'iax Tnv avtipgeT@mion autig TG oeiag
ELPAVIONG TOU KOATILKOV WVISIOHOU, 1) oTtola TTpokAnBnke
Aoyw TG Siéyepang Tov apacLUITAONTIKOV CLOTARATO,
éxel xpnotpomoinBei emtuxws evSopAéPia dmag (bolus)
xopnynon Adokaivng (Moise et al. 2005).

ITpwTapXLKdg 0TOX0G HETA TNV SIAyVWOT) TOL KOATILKOD
widtopot eivat n peiwon g Kapdlaknig cuXVOTNTAG.
ZoxvotnTa mave amd 180 min™ (okdlog) 1) 200 min™
(yara) amattei peiwon tne, n omola eMITLYXAVETAL e TNV
evOoPAEPLa xoprynon artokAeloTev StavAwy aoBeotiov (r.x.
ST pn) (Stepien 2005). ZuyKeKpIHEVA, CUOTHVETAL PLX
evBoPAEPLa amag €yxuon Kal akoAovBovV EOVOANTITIKEG
evdopAEPLec eyxVoelg 1} ouvexng otaydnv éyxuvon (CRI),
®oTe 0 Kapdlakdg pubUog va dlatnpeital eviog Twv aro-
OeKTOV opiwvy yio éva {00 pe KOATILKO idlopd, dnhadn
140-160 min™ (okOAog) 1} 160-180 min* (yata) (Stepien
2005, Bright 2012).

[Mpwieg LTTEPKOIALAKES EKTAKTOOLOTOAEG (Etkdva4) Kal

UTtEPKOLMLAKT ToyuKkapSia

- Oumpotpeg uepKOMOKEG eKTaKTOoLOTOAEG (TTYE) mmar-
péyovTal artd EKTOTN e0Tiol 1) €0TieG TTOL PplokovToal oe

TIEPLOXT) TTAVL aTTd TIG KOLA{EG, OL OTT0{EG EKTTOA@VOVTAL

puololoyika. Mia opdada TpLadv i) ieplocotepwv TTYE

xapaktnpiletatl wg vmepkothtakn taxvkapdia (YT)
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Atrial fibrillation (Figure 3)

- The wave of depolarisation begins at random
time points, originating from an atrial site,
without leading to adequate atrial contraction
(Martin 2007).

- Duringauscultation the cardiac rhythm is cha-
otic, whereas during palpation of the pulse
there are pulse deficits in 50% of the number
of cardiac contractions (Martin 2007).

- During ECG evaluation, there are no identifiable
P waves, QRS complexes are normal, where-
as the R-R intervals are chaotically irregular
(Martin 2007).

Atrial fibrillation is the most commonly di-
agnosed arrhythmia in companion animals, it is
usually caused by underlying heart disease, and
results in reduction of cardiac output (Martin
2007). Consequently, when it is noted during the
perianaesthetic period, it may be assumed that it
was present prior to this time (Bright 2012). When
this arrhythmia is observed, the authors usually
discontinue the anaesthetic process, even earlier
than normal (as long as the surgery stage can allow
it), and cardiological evaluation is performed, in
order to determine if this arrhythmia was tempo-
rary. However, atrial fibrillation has been noted in
cases without morphological abnormalities of the
heart, during surgical manipulations that increase
vagal tone (e.g. endotracheal intubation) and after
opioids had been previously infused (butorphanol,
fentanyl, morphine) (Moise et al. 2005). An intrave-
nous bolus of lidocaine has been successfully used
to treat acutely emerging atrial fibrillation caused
by parasympathetic stimulation (Moise et al. 2005).

The primary treatment goal after diagnosing
atrial fibrillation is to restore the heart rate. Heart
rates of more than 180 min* (dog) or 200 min™
(cat) require slowing of the heart rate, which is
accomplished by the intravenous infusion of cal-
cium channel blockers (e.g. diltiazem) (Stepien
2005). In particular, an intravenous bolus infusion
is recommended followed by repeated intravenous
infusions or constant rate infusion (CRI), so that
the cardiac rhythm can be maintained within the




Perioperative cardiac arrhythmias

Eikdva 4. Mpwipe UTEPKOINOKEG EKTAKTOOUOTOAEG Kal UTTEPKOINLOKN Taxukapdia (apxeio ouyypagéa XK).

Figure 4. Premature supraventricular contractions and supraventricular tachycardia (author’s CK personal files).

(Martin 2007).

- KdBe extaktoovotohr ouvodevetat amd acbevi Gpuypo
1) arovaia Tov. Etot, otnv YT o aptBudg tov kapdia-
KOV TOAHOV gival peyalTepog amnd Tov aptipd Twv
opuypov (Martin 2007).

- Katd v e€étaon tov HKT, ta cupmiéypata QRS
eppavitovtal mpdwpa aAA& €XOULY GUGLONOYIKT| HOp-
¢poloyia. Emumhéov, umopei va mapatnpnBovv 1 dxt
enappata P, ta omola epooov eival avayvwpiotpa, eivat
ouvBwg taboroykng popporoyiag. To dikotnua P-R
elval pikpoTePo artd autd ToL PAeforoppikol pubpov.
Ortav ot ITYE eivat povrpetg kot epdpavifovral pe XapnAn

ouxvotnTa dev anattoby Bepareia, §16Tt Sev ouvodetovral

and peiworn Tng Kapdlaknig TapoxnG. TG TEPUTTWOELG

QUTEG, apKel HOVO 1 APOT) TOL TIPAYOVTOL TTOL TIPOKAAECTE

Vv appubuio yla Tnv vtoxopnor e (Stepien 2005, Mar-

tin 2007). AvtiBétwg, étav ot ITYE eivat ouxvég i) 6tav

napatnpeitat évrovouv Pabupod YT -mov moAAEG Ppopég
prtopel va ¢ptéoet 400 min™ (okVOA0G), N Kapdlakr Tapoxn
ev8éxetatl va petwBei onpavtikd (Stepien 2005). Xtnv

TiepinTwon auth, 1 Bepareia TEpA ATTO TNV AVILHETOTILON

TOU LITOKELLEVOD aULTiOV EMISIMKEL T HEIWOT) TNG OLUXVOTNTAG

Twv ITYE ) v petatpon oe pAeforkoppikd puOpo kat Ty

emitevén GuOLOAOYIKNG KapSIHKNG CUXVOTNTAG, AVTioTOLK

(Martin 2007).

H evSo¢pAéPia xoprynon S tialéung (IMivakog 2) amote-
Aei To pappako ekAoyTG, e€altiag TG Tayelag peimwong g
OVTATTOKPLOT G TWV KOLALWY GTNV UTTEPKOALAKT) TauKapSio
Kot GUVETIOG TNG HEIwONG TNG KAPSLUKIG GUXVOTNTOG TTOU
nipokael (Bright 2012). EmtumAéov, n apvnTikn tvoTpomog
dpdon mov éxet n Sthtialépn, eival pikpdtepov Pobd-
{oL Og OXEON HE QLTI TIOL €XOLV GANX aVTIAPPLOHLKE
pAppaKa oL Xprolporolobvtatl otny Bepareia Tng YT,
TIAEOVEKTN Ot TTOL AapPaveTat ooPopd vdyn oe {wa LTT6
yevikn avalednoia, ota omoia TIg TEPLOGOTEPEG POPEC T
XopnyoUpeva avatoOnTiké Gpappaka aoKovv apvnTIKN
tvotpomo Spdon oto puokdpdio (Schwartz 2009).

Ze {ha o€ eypryopor), o€ GUVSVAGHO |E TN GaPHAKEVTIKT
aywyT), CUCTAVETAL N TIPALY LATOTIOMN 0T XELPLOUGV OLEYEPONG
TOU TIVEUHOVOYQOTPIKOD VEDPOUL, OTIWG I KOKNOT LETPLAG
Ttieong oToug oPpBapikovg BoAPovg Kat N paradn Twv
KapoTidwv Tmiow anod Ti¢ ywvieg TnG Katw yvdBov. Ot
Xetptopol avtol pmopel va teppaticovy Ty YT A va Ty
emPpadtvouy, fondovtag Tov KAVIKO va avayvewpioel TV

acceptable range for a case of atrial fibrillation,

i.e.in the range of 140-160 min™ (dog) or 160-180

min™ (cat) (Stepien 2005, Bright 2012).

Supraventricular premature complexes (Figure 4)

and supraventricular tachycardia

- Supraventricular premature complexes (SPC)
originate from an extranodal site or sites located
above the ventricles, which depolarise normally.
A group of three or more SPC is categorised
as supraventricular tachycardia (ST) (Martin
2007).

- Every premature beat results in weak or absent
pulse. Therefore, in ST the heart rate is higher
than the number of palpable pulses (Martin
2007).

- During ECG evaluation, QRS complexes oc-
cur prematurely, however they appear normal.
Furthermore, P waves may or may not be ob-
served, however when they are identifiable,
they are usually abnormal in appearance. The
P-R interval is shorter than the same interval
during sinus rhythm.

When SPC are single and occur infrequently,
treatment is not required, because they do not
lead to reduced cardiac output. In such cases,
it is adequate to remove the underlying cause in
order for the arrhythmia to subside (Stepien 2005,
Martin 2007). In contrast, when SPC are frequent
or when there is severe ST -which can often reach
400 min™ (dog), this can result in severely reduced
cardiac output (Stepien 2005) In such cases, treat-
ment should be directed to the underlying cause,
as well as aim to reduce the frequency of SPC or
to restore sinus rhythm and accomplish a normal
heart rate, respectively (Martin 2007).

The intravenous infusion of diltiazem (Table 2)
is the treatment of choice, because it can induce
a rapid reduction in ventricular response to su-
praventricular tachycardia, therefore it reduces the
heart rate (Bright 2012). Furthermore, the negative
inotropic effect of diltiazem is less potent than
other antiarrhythmic drugs used in treating ST,
an important advantage for animals under general
anaesthesia, in which the administered anaesthetic
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NMivakag 2. Ddppoka mMPWTNG YPAUHNG TTOU XPNGIHOTOIOUVTAL YId TNV AVTIHETWITION TWV MEPLEYXEIPNTIKWV
apPUOMIWV 6ToV GKUAO Kal TN ydta.

Oappako Aocoloyia Evéei€eig IxOAla

Atlaléun YKOAog (Oyama 2015) -KoAmmikd S viSIopog e kolhiako pubud — MapakohovBnon yia undtaon 1y Bpadu-
0,1-0,2 mg kg™ IV epanaé (umopei va emavain- >180 min™' (okUAoC) kat >200 min’! kapdia, blaitepa OTIC TEPUTTWTEIS IOV
@Bei 3 min peta), émerta 2-6 pg kg™ min IV CRI (yéta) (Cohen &Tilley 1979). OUVUTTAPXEL QVEMTAPKELD TOU UOKapSiou
0,5-2 mg kg1 PO kabe 8 h. -2uyvéc MYE (>30 min™) 1y évtovou (Stepien 2005).
[éta (Oyama 2015) BaBuov YT (Cohen &Tilley 1979).
0,1-0,2 mg kg™ IV bolus, énerta 2-6 g kg™ min”
IV CRI
30-60 mg PO kabe 24 h

Aibokaivn 2KOAoG (Oyama 2015) -MKE og Suddec iy Tpddec, ouyveg, mol-  AlvpBwon cuykevipwoewv K+ kat Mg*? Tou
2-3mg kg™ apyad IV epdmaé, enavanyn kabe 3 KINOLOPPEC (TOAVEDTIOKEC), EUPAVION  0POU YIa LEYIOTN AMTOTEAEOUATIKOTNTA.
min LéXPLamoTeAéoUaToq A TNV péyloTn abpolt- pawopévou R-mavw-oto-T, ypriyopn Mpoooyr oTIG YATeG Tou eival euaioBnTeg
otk d6on Twv 9 mg kg, émerta 20-80 pg kg’ 1 mapateTapévn Kolakn tayukapdia  otnv toéikwon amo hdokaivn (Stepien
min™ IV CRI. >200 min™ (Cohen &Tilley 1979, 2005)
[éta (Oyama 2015) Moise et al. 2005, Martin 2007).
0,25-0,75 apyd IV epdamnag

Y0TaNOAN YKOAog (Oyama 2015) -MKE i KT mmou e€akohouBouv va upi-
1-2mg kg-1 PO kaBe 12 h oTaVTaL 0TNY avavnyn Tautéxpova e
[éta (Oyama 2015) v xopriynon CRI Nidikaivng (Cohen &
10mg POkabe 12h Tilley 1979, Martin 2007)

Atporivn YKUAog, ydta (Oyama 2015) -ONeBokopikr Bpadukapdia <50 AVTEVOEIEN N TQUTOXPOVN XOPryNonN e a-2

0,02-0,04 mg kg™ IV, IM, SC

min™' atov okvAo kat <90 min otnv

ydta (Oyama 2015)

-Mpoywpnpévou atadiou deutépou 1
Tpitou Babuoy kohTokoakd¢ amo-

KAelopog (Oyama 2015)

aywvioTég (Epstein 2005)

V: evBogheping, IM: evdopuikwe, SC: umodopiwg, PO: amd To atopa, CRI: ouvexrig otdydny xoprynan, K*: tovta kahiou, Mg*2 1dvta payvoiou

appubia (Stepien 2005, Martin 2007). Qotdoo, n emotpodr)

oe pAePoropPikd pudud mBavov va eivar PpaxOfia i} amd

OVOKOAN €wg adUVaTT OTIG TIEPUTTMOELS EKEIVEG, TIOV EKTAG

TV XELPLOHAOV Sev xopnyouvTat TauTtdOXpova avTLoppUBLKE

¢Gappaxa (Stepien 2005).

[Mporueg Kohlakég ekTakToovoTolég (Eikdva 5) Kot Kol

Atoxn) Toyukapdia (Ewdva 6)

- Oumporpeg Kohakég ektaktoovotolég (IMKE) mapd-
yovTal amd €KTOTN €0Tix 1) €0Tieg OV PpiokovTtal oe
TIEPLOXT) TV KOLAWV. XT1) GLVEXELR, 1) OOT) peTtadideTal
amd KOTTapo o€ KUTTAPO, o€ KatevBuvar SlapopeTikn
amd TV GuLOAOYIKN Kal OXL HEGw TOL eCEISIKEVLEVOU
OLOTAHATOG peTaP{Paong Twv woewv. Mo opada TpL-
v 1 teptoootepwv TTKE xapaktnpiletal wg Kook
tayukapdia (KT) (Martin 2007).

- Katd v e€étaon tov HKT, ta supmmiéypata QRS éxouv
maBohoyikrn) Kat evpeia Lopporoyia Kot 1 SIAPKELE TOUG

drugs usually have a negative inotropic effect on
the myocardium (Schwartz 2009).

In conscious animals, a combination of drugs
and vagal manoeuvres is recommended, such
as mild pressure on the eyeballs or carotid sinus
massage, behind the angles of the lower mandible.
These manoeuvres may stop or slow ST, assisting
in its identification (Stepien 2005, Martin 2007).
However, the restoration of sinus rhythm may be
brief, difficult or impossible, in cases in which
only vagal manoeuvres are performed without
simultaneous administration of antiarrhythmic
drugs (Stepien 2005).

Ventricular premature complexes (Figure 5) and

ventricular tachycardia (Figure 6)

- Ventricular premature complexes (VPC)
originate from one or more extranodal sites

Eikova 5. Mpwipeg KOINAKEG EKTAKTOOUOTONEG oV PELG (apxeio ouyypagéa XK).

Figure 5. Single premature ventricular contractions (author’s CK personal files).
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Perioperative cardiac arrhythmias

Table 2. First line drugs for managing perioperative arrhythmias in dogs and cats.

Drug Dose

Diltiazem

L

S

Atropine

Dog (Oyama 2015)

0.1-0.2 mg kg IV bolus (can be repeated after 3
min), followed by 2-6 ug kg™ min™ IV CRI
0.5-2mg kg’ PO every 8h

Cat (Oyama 2015)

0.1-0.2 mg kg™ iv bolus, followed by 2-6 pg kg'!
miniv CRI

30-60 mg PO every 24 h

Dog (Oyama 2015)

2-3mg kg™ slow IV bolus, repeated every 3 min
to effect or up to maximum total dose of 9 mg
kg, followed by 20-80 pg kg™ min™" IV CRI

Cat (Oyama 2015)

0.25-0.75 slow IV bolus

idocaine

otalol Dog (Oyama 2015)
1-2mg kg PO every 12 h
Cat (Oyama 2015)
10mg PO every 12 h

Dogs, cats (Oyama 2015)
0.02-0.04 mg kg™ IV, IM, SC

Indications

-Atrial fibrillation with ventricular
rhythm >180 min' (dog) and >200
min™ (cat) (Cohen &Tilley 1979)
-Frequent SPC (>30 min™') or severe
supraventricular tachycardia (Cohen &
Tilley 1979)

-VPCin pairs or triplets, frequent, of
varying morphology (multifocal),
R-on-T phenomenon, rapid or
prolonged ventricular tachycardia
>200 min-1 (Cohen &Tilley 1979,
Moise et al. 2005, Martin 2007)

-Sinus bradycardia <50 min™ in dogs
and <90 min™ in cats (Oyama 2015)

Comments

Monitoring for hypotension or bradycardia,
especially in cases when congestive heart
failure is also present (Stepien 2005)

The corrected K* and Mg*? serum levels
should be calculated for maximum
effectiveness. Use with caution in cats
because they are susceptible to lidocaine
intoxication (Stepien 2005)

-VPC or VT that persist during recovery
despite simultaneous lidocaine CRI
(Cohen &Tilley 1979, Martin 2007)

Concomitant use of a-2 adrenergic
agonists is contraindicated (Epstein 2005)

-Advanced second- or third-degree
atrioventricular block (Oyama 2015)

V- intravenously, IM: intramuscularly, SC: subcutaneously, PO: per os, CRI: constant rate infusion, K*: potassium ions, Mg *%: magnesium ions

efvat ovvBwg mévw amd 1o 50% TwV GLTLONOYIKGV.
Ta enappata T eivat cuviBwg peyalltepa Twv Gpuot-
oMOYIK®V Kal avTifetng katevBuvong amd Ta QRS twv
TTKE, eve XopakTnploTiKi givat 1 amovoia mponyov-
pevwv P emappdtwv. Otav pua ITKE epgavifetal moAd
TIPOLUAX TIAPATNPELTAL TO PpALVOUEVO «R-TTAV®-0TO-T»,
Oniadn n IKE vrepkavmtet 1o émappa T tng mpon-
YOUHEVNG GUGTOANG, e€ALTIOG TOU OTL 1] EKTTOAWOT) TWV
KO@V apxiCet tpv odorkAnpwBel n avartdworn (Martin
2007). K\wvikr) onpaoio €Xet Kot To pavOpevo epdpaviong
motkNOpopdpwv QRS cupmieypdtwy mov amotelel
évdelln vmap&ng meplocdTEPWV TNG KIKG EKTOTIOV
EOTIOV TTXPAYWYNG woewv (TToAveoTiakeg) (Martin
2007, Bright 2012). Téoo 1 epdpdvion Tov Gpatvopévou
«R-Tévw-oto-T» 600 Kal n mapovsia TOKINOHOpPwV
QRS oupmAeypdTwV artoTeAoUV e€aLPETIKA OHOVTIKA
evpnpata S10TL prtopei va 0dnyroouvv oe Eapviko Bavato

located in the ventricles. The impulses are
then conducted from one myocardial cell to
another, bypassing the specialised conduction
system in an abnormal direction. A group of
three or more VPCs is classified as ventricular
tachycardia (VT) (Martin 2007).

During ECG evaluation, QRS complexes have
an abnormal and wide morphology and their
duration is usually 50% longer than normal.
The T waves are usually larger than normal
and in opposite direction to the QRS com-
plexes of the VPC, whereas there is a charac-
teristic absence of previous P waves. When
a VPC appears prematurely the «R-on-T»
phenomenon may be observed, i.e. the VPC
falls on the T wave of the previous contraction,
because the depolarisation of the ventricles

Eikova 6. Mpwipeg KOINOKEG EKTAKTOOUOTOMEG, Sidupia (apxeio ouyypapéa XK).
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Figure 6. Premature ventricular contractions, bigeminy (author’s CK personal files).
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MepleyxelpnTikég appubpieg

KoL ytor ouTo 1) avéhnyn Bepareiag tng appubuiag mpémel

va efvat dpeon (Martin 2007, Bright 2012).

- HooPapotnta g epdpaviong twv ITKE afloloyeitat pe
Bdon tnv enidpaomn mov €Xouvv 0TNV KAPSLAKT) TIOLPOXT.
Ortav eivar povrpeig kot omopadikég, dev auvodevovtal
armo pelwon NG KapdloKnG TapoxnG, KAl ETOUEVWG 1
VY VOPLOT) KAt &POT) TOU TIPAYOVTA TIOU TIPOKAEL TNV
appuBpio oproLV yla TNV avTipe oo TnG. Otav dpwg
n KT eivat 1600 coPapr) @ote va Tpokahel pelwon TG
KopSIOKG TTpOoX G 1} OTaY TTAPOVCIAGTEL TO PULVOEVO
«R-mavw-oto-T», Kpivetal amapaitntn n xoprjynon
avTioppLBUIK®Y poppdkwy (Stepien 2005).

H evSopAéPia xopriynon Adokaivng (Tivaxag 2) aro-
Telel Tov akpoywviaio Ao Kot To Gpdpuako eKAOYHG ylo
v aviigetomnon g ofeiag epdpdviong KT. Av n &mag
xopnynon Adokaivng eivat amoTeAeopaTIK, TOTE eival
ONUAVTIKO va EeKvioel apéows Kot 1 ev8opAéPior CRI
authc. Na onpeiwbei 0Tt péxpl var pTéceL ) CUYKEVTPWON
Mdoxaivng ota emBuunta enineda oTo aipa, emParietot vo
yivovtat emavohnTikég epamal xopnyroets. Av n appubpio
e€arolovBel va vpioTatal KATd TV avavnymn, oto {®o
prropolv va xopnynBouvv kot avtiappuOuka Gappoko
and 1o otopa (r.x. cotaldAn). H xopriynor toug pmopel
va apyioel eve 1o {wo ovveyilel va maipvet v CRI Oe-
parteia. v mepintworn autr, o puBpdg xopriynong tng
CRI mpémet va petwveral kata 50% kabe 6 opeg (Stepien
2005, Martin 2007).

OLydrec Hmopel va eHPAVICOLY CUUTTTOHXTA TOEIKWOTG
a6 Mdokaivn. Zuxvotepa egdpavifovTal CUUITTOHAT oTTO
1o Kapdiayyetakd (vmotaon, Ppaduvkapdia, appubyieg,
QOLGTOMIQ), TTETTIKA CLUTTTWUATA (CLOAOPPOLY, EUETOC)
Kot SLaTopaég ortd To KeVTPLKO Veuplko avotnpa (ataia,
VUOTOYHOG, HUIKOG TPOHOG, EMANTITIKEG Kpioelg). [ Tov
Aoyo autd, 1) xprion Tng MdoKaivng Tpémel va eival aroAUTa
Sikatohoynpév Kat va akoAovBeital TdvToTe QUoTNPA TO
docoloytko mpwtoéKoAo (Martin 2007).

Metd 11 XopnyNoELS TV avTIoppLBUIKGY GpoppHAKWY
OV XPNOLLOTIOLOVVTHL YA TNV AVTIHETWITLON TWV
TaXLAPPLOUIWY, ATIALTEITAL CLUGTNHATIKOG EXEYXOG TNG
HEONG opTNPLOKT|G TTiEDT)G KAt TOL KarpStakol puBpon. Adyw
NG APVNTIKNAG LVOTPATIOU KAL XPOVOTPOTIOL SPAOTG TTOU
€XOLV T PAPHOKA QUTH, LITAPXEL O KiVEUVOG eppaviong
vnotaong 1 Ppadukapdiog, WOlaitepa OTIC TEPUTTWOELG
eKelVEG TTOL CUVLTIAPYEL aveTT&pKeLa ToL puokapdiov (Bright
2012).

BpadvappuBuieg

Ot mepieyyxelpnTikég Ppadvappubuieg eivar ocuvnbwg

TTAPOSIKEG KAl OTIAVLK TIPOKAAOUV CUUTTTWHOTA IOV

amattoby pappakevTikn apéppaon (Bright 2012).

DAeoropPikn BpadvappuBpia

- O puBudg eivat preforopfikdg alha n kapSlak
oLXVOTNTA elval pIKpOTEPN TNG GPUCLOAOYIKAG (KETW
a6 60 min™ otov okVAO Kat K&Tw ard 90 min™ otn
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begins before repolarisation has been complet-

ed (Martin 2007). The presence of QRS com-

plexes of varying morphology is also of clinical
importance, because it is an indicator of the
existence of more than one ectopic pacemaker

(multifocal) (Martin 2007, Bright 2012). The

appearance of «R-on-T» phenomenon, as well

as QRS complexes of various morphology are
exceptionally important findings, because they
can lead to sudden death and for that reason
antiarrhythmic treatment should be provided

immediately (Martin 2007, Bright 2012)

- The severity of VPCs is evaluated according to
their effect on cardiac output. When they are
single and rare, there is no reduction in cardiac
output, therefore the identification and the re-
moval of the underlying cause of the arrhythmia
are adequate management measures. However,
when VT is severe enough to cause a reduction
in cardiac output or when the «R-on-T» phe-
nomenon is observed, it is considered necessary
to administer antiarrhythmic drugs (Stepien
2005).

The intravenous infusion of lidocaine (Table
2) is the cornerstone of the treatment and the
drug of choice for managing acutely emerging
VT. If bolus infusion of lidocaine is effective, then
it is important that it is immediately followed by
lidocaine in intravenous CRL It should be noted
that until lidocaine has reached the desired serum
levels, it is mandatory to repeat bolus infusions.
If the arrhythmia is still present during recovery,
antiarrhythmic drugs per os (e.g. sotalol) can be
added to the treatment regimen. Antiarrhythmic
drug administration per os can begin while CRI is
still administered. In such cases, the CRI should
be reduced by 50% every 6 hours (Stepien 2005,
Martin 2007).

Cats may develop clinical signs of lidocaine
toxicity, most commonly from the cardiovascular
system (hypotension, bradycardia, arrhythmias,
asystole), the gastrointestinal tract (salivation,
vomiting), and the central nervous system (atax-
ia, nystagmus, muscle tremors, seizures). For that
reason, the use of lidocaine must be absolutely
justified, and the dose rate should be strictly fol-
lowed (Martin 2007).

After antiarrhythmic drugs have been adminis-
tered in order to manage tachyarrhythmias, thor-
ough control of the mean arterial pressure and
heart rate are recommended. Due to the negative
inotropic and chronotropic effect of such drugs,
the risk of hypotension or bradycardia is increased,
especially in cases of congestive heart failure (Bright



yata) (Martin 2007).

- KdbBe ovotoln) ovvodevetal amd Yynhapntoé opuyud
(Martin 2007).

- Katd v e€étaon tov HKT ta ovpmhéypata P-QRS
efvat puololoykd aANd epdavitovral pe apyd pubpd
(Rudloff & Raffe 2012).

H ¢pAePoroppuxn Ppadukapdia opeileTat cuxvoTepa oTn
dpaon avaloBnTIKGOV GoppEK®VY OTIwG oL a-2 adpevepytKol
AYWVIOTEG KAl T OTTL0ELST), KAl uTToXwpel HeTa Ty Tépodo
™G SpA&onG Toug 1§ TN XOPNyNon avIXY®VIOT®V TV
PAPHAK®Y QLTWYV 1) ATPOTIIVNG. ZTIG TEPUTTOOELG TTOL
n pAePoropPikn Ppadvkapdia oeiletal o aitior OTTWG
oL NAEKTPOAVTIKEG SLATAPOXEG, O ALENHEVOG TOVOG TOU
TIVELHOVOYOGTPIKOV VEUPOU KalL 1] TTOAD £VTOVN LITOOYKALa,
1 artAn S10pBwon TwV KATAOTACEWY ALTOV APKEL Yl TNV
QITOKATEOTAOT) TNG Kapdlakng ouxvotnTag (Stepien 2005).
Ye mepintwon eppévovoag 1 emkivduvng Ppadukapdiog,
Onhadn), KdTw amd 50 min™ 6ToV OKOAO KAl KAT®W oIT6
90 min™? oTnV ydta, 1 OTAV EUPAVIOTOVY CUHTITOHATX
HELwEVNG KapSIaKNG TTApOXHG, KpiveTal amapaitntn n)
xoprynon atporivng evdodpAefing (Iivakag 2). to onpeio
avTo, alilet va onpelwbel wg n xopriynon atporivng ylo
NV aVTILETOTILON TG Ppaduappubuiag mov mpokakeitot
and Toug a-2 adpevepytkois aywvloTéG avTevOelkvuTal,
KaBAOG avEAVEL ONUAVTIKAE TO €pYO Kal TI AITOLTTOEL TOV
Huokapdiov oe ofuydvo Kal pokadei évrovov Pabiov
urtépTaon (TLHES HEaNG apTnpLaKrg Ttieang péxpt 210 mmHg)
(Ko 2001). H emthoyr) Twv a-2 adpevepylkmVv ayovIoToV
yivetal ovviifwg pévo oe vyt f{wa StoTL pokaheiTal
Bpadvkapdia kat cuvakolovdn peiwon NG KapSlakng
mtapoxns. H ppadukapdia avth Tig iepiocodtepeg popéc Sev
xpretavtipetwniong. Epdoov opmg yivetat Tohd évtovn, ot
OLYYPOPEIG TIPOTEIVOLY TOV HEPIKO 1) TIATPT) AVTAYWVIGHO
ToUL -2 adpevepylkol aywVIoTH He atutapeloAn, ekTdg
TOV AAM®V LITOOTNPIKTIKOV HETPWYV TIOL KOTH Kavdva
AapBdvovrat (Lypd, 0§uydvo). ZTnv mepinTwon Tov HepLKoD
avtaywviopoo n avatodnoia Statnpeitat.
KoATTOKOIAMAKAOG AITOKAELOUOS
ITpdkettat yioo advvoapia pet&800nG TOL KOUATOG TNG
EKTIOAWONG HECW TOL KOATIOKOLAIAKOU KOHPOL Kot
Staxpiveral oe peptko (mpatov 1 devtépouv Padpon) Kat
oe TANpn (tpitov Pabpov) amoxielopd (Martin 2007).

1) Tpcrov paluod kodmokoihakds amoxkeiopos

- Tapatnpeitat 6tav vtdpyet KaBvoTEPNON OTNV HETA-
500N TWV OOV HEGW TOU KOATIOKOIALXKOD KOHBOU
Kat ovviiBwg ovvodevetatl atd pAefokopPikod puuo
(Martin 2007).

H kapdiakn cvxvétnta Kat o puBuog eivat oe puoto-

AOYIK& TIAaioLa Kot eMOHEVWG Ogv SLATTOT@VETAL KO-

pia TtBoAoyIKY) HeETOBOATN KATA TNV AKPOKOT) KAt TNV

YnAdenon tov opuypov (Martin 2007, Rudloft & Raffe

2012).

- Katd v e€étaon tov HKT, ta ovpmAéyparta P-QRS
efvat pualoloytka aAAa 1o Sikotnua P-R éxel peya-

Perioperative cardiac arrhythmias

2012).

Bradyarrhythmias

Perioperative bradyarrhythmias are usually tempo-

rary and rarely result in clinical signs that requiring

medical intervention (Bright 2012).

Sinus bradycardia

- Therhythm is sinus, but the heart rate is slower
than normal (less than 60 min" in dogs and

less than 90 min! in cats) (Martin 2007).

- Every contraction is followed by a palpable

pulse (Martin 2007).

- During ECG evaluation the P-QRS complexes
are normal but with a slower frequency (Rudloff

& Raffe 2012).

Sinus bradycardia is usually the effect of an-
aesthetic drugs such as a-2 adrenergic agonists
and opioids, and it subsides after the expiration of
their action or the administration of antagonists or
atropine. In cases when sinus bradycardia is caused
by electrolyte disorders, increased vagal tone, and
severe hypovolemia, managing the these disorders
is sufficient in order to restore the heart rate (Stepi-
en 2005). In cases of persistent or life-threatening
bradycardia, as in lessa than 50 min™ in dogs and
less than 90 min™ in cats, or when clinical signs
of reduced cardiac output are observed, the use of
atropine intravenously is justified (Table 2). At this
point it is worthy of note that the administration
of atropine in order to manage bradyarrhythmia
caused by a-2 adrenergic agonists is contraindi-
cated, because myocardial workload and oxygen
demand are increased and severe hypertension
may develop (mean arterial blood pressure up to
210 mmHg) (Ko 2001). a-2 Adrenergic agonists are
usually selected for healthy patients, because they
can induce bradycardia and consequent reduction
in cardiac output. Such bradycardia usually does
not necessitate treatment. However, if it is severe,
the authors recommend the partial or total antago-
nism of the a-2 adrenergic agonist with atipamezole
at the same time as other supportive measures are
usually provided (fluids, oxygen). In cases of partial
antagonism, anaesthesia is maintained.
Atrioventricular block
This is a failure to conduct the impulse wave
through the atrioventricular node and it can be
classified as partial (first- or second-degree) or
complete (third-degree) block (Martin 2007).

1) First-degree atrioventricular block
- Thisisnoted when there is a delay in conduction
through the atrioventricular node and a sinus

rhythm is usually present (Martin 2007).

- The heart rate and rhythm are within normal

Hellenic Journal of Companion Animal Medicine « Volume 8 « Issue 2+ 2019

183



184

MepleyxelpnTikég appubpieg

Eikova 7. Acutépou BaBpol KOATOKOIAIOKOG amoKAEIopAG (apxeio ouyypagéa XK).

Figure 7. Second-degree atrioventricular block (author’s CK personal files).

2)

3)

Aotepn Sidpreta Tov puotohoykot (Brockman et al.
1995).

Aevtépov pabuov kodmokohaxog amoxdetouos (Eikova 7)
[Mapatnpeitat dtav n HeTadoon NG ®oNG HEow TOL
KOATTOKOLALOKOU KOpBou eival Stakeimovoa, Snhadn
UTTAPXOLVY KOATTIKEG EKTTOAMOELG TTOU Sev auvodevovTal
ané avtioTolyeg Twv Kooy (Martin 2007).

Kotd tnv akpdaot, 1 60OTIACT TwV KOATIWV UTTOPEL vt
yiver avtiAnmttn oav apvdpog nxog Katd v Siéprela
™G ektoAwor|¢ Toug (Martin 2007).

Kata v e€étaon tov HKT, mapatnpovvtal emdpuata
P mtou dev ouvodevovtal mévta antd QRS cupmAéypara.
ZuvrBwg, vrtapyouvv o endppata P yia kéBe oOpmey-
pa QRS, aA\d o€ Tpoxwpnévo 1) o€ peyalou Pabpon
KOATIOKOIAAKO OUTOKAELOHO, VTTAPXOLV TIEPLOGOTEPX
endppata P mpv Ty epdpdvion Twv Kavovikwv P-QRS
(Tilley & Smith 2016).

Tpirov fabuov kodmokoharog amoxAetouos (Eiova 8)
[Mapatnpeital oe AR pn advvapia petddoong Tov Ku-
HATOG EKTTOA®OTNG HEGK TOU KOATTOKOALaKOU KOPou,
OTIOTE OL KOATTOL Katt Ot KOLA{EG CLOTIQVTAL AvEEAPTNTAL.
H ouxvotnta tov KOAT@V eival peyaliTepn and autny
TOV KOOV, Tov éAeyxo ToV KOOV avalapPavet
évag dANog Pnpatodotng mov Ppioketal KATw artd
TOV AITOKAELOUS KAl LITOPEL VA TIPOEPYXETAL €(TE ATTO TO
KATOTEPO THIHHA TOL KOATTOKOAAKOV KOUPOU i} artd Ta
OKEAN, eite ard Tig iveg Tou Purkinje. Xtnv mpwtn mepi-
TTWOoT), 1] popdporoyia Tov cuprAéypatog QRS Ba eivat
GLGLONOYIKY (KOUPIKEG EKTAKTOTUGTONEG SlapuyNG)
e ovxvornta 60-70 min™, eve otnv deltepn mepi-
TTWoT, N popporoyia twv QRS-T Ba eivat mapddon
(KOIMOKEG EKTAKTOGVOTONEG SLAPUYTG) e ouXVOTNTA
30-40 min™'(18tokothiakdg pubpde) (Martin 2007, Tilley
& Smith 2016).

Koata tnv akpdaon apatnpeitat évrovn Bpadukapdia
e KaANG ToldTNTAG 0PLYHS Kot 1) CUOTIAGT) TWV KOA-
TV yivetar avTIAnmTh wg évag avenaiodnrog 1xog
IOV €XEL HEYANVTEPT) oLXVOTNTA Kot Sgv ouvdéeTar e
TOUG GUGLOAOYLKOUG X0UG S1 Kot S2 TG CUOTOANG Kl
SLloToAG T Kohwv (Martin 2007).

Koata v e€étaon tov HKT Sev Siamiot@vetat GuoxeTL-
OpoG peta €l TV enappdtov P kat QRS, evo ta endp-
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2)

3)

range and therefore no abnormalities are noted
during cardiac auscultation and pulse palpation
(Martin 2007, Rudloff & Raffe 2012).

During ECG evaluation, the P-QRS complexes
are normal, but the P-R intervals are wider than
normal (Brockman et al. 1995).

Second-degree atrioventricular block (Figure 7)
This is observed when the impulse wave con-
duction through the atrioventricular node is
intermittent, i.e. there are atrial depolarisations
which are not followed by the corresponding
ventricular depolarisations (Martin 2007).
During cardiac auscultation, atrial contraction
can be perceived as a faint sound during atrial
depolarisation (Martin 2007).

During the ECG evaluation, P waves that are
not always followed by QRS complexes are
observed. Usually there are two P waves for
every QRS complex, but in sustained or severe
atrioventricular block, there are more P waves
for every normal P-QRS complex (Tilley &
Smith 2016).

Third-degree atrioventricular block (Figure 8)
There is a complete failure of conduction of the
impulse waves through the atrio-ventricular
node, therefore the atria and the ventricles
constrict independently. The atrial rate is faster
than the ventricular. Control of the ventricles
is taken over by an ectopic pacemaker which is
located under the block area, in the lower half
of the sinus node, the bundle branches, or the
Purkinje fibres. In the first case, QRS morphol-
ogy will be normal (junctional escape beats)
with a heart rate of 60-70 min, whereas in the
second, QRS-T morphology will be abnormal
(ventricular escape beats) with a heart rate of
30-40 min™ (idioventricular rhythm) (Martin
2007, Tilley & Smith 2016).

During auscultation, severe bradycardia is noted
with good pulse quality and atrial contraction
is perceived as a barely auscultated sound of
higher frequency unrelated to the normal S1



Perioperative cardiac arrhythmias

Eikéva 8. Tpitou BabBpol KoOATTOKOIAAKAG amoKAEIOUAG (apxeio ouyypapéa XK).

Figure 8. Third-degree atrioventricular block (author’s CK personal files).

pata P epdoaviovral cuxvoTepa otd Ta CUUTIAEY AT

QRS (Martin 2007).

H epgavion mpaotou kat Sevtepou Pabpod Kohmokot-
AMakol atoKAELTHOU KaTd TNV avaloBntikn mepiodo ouv-
SéeTa [Le TNV XOPTYN o™ OTTOLOEd MV KAl -2 aSPeEVEPYIKGOV
aywviotov (.. Eolalivn, Se€uedetopudivn) (William 2007).
2TIG TTEPUTTWOELG AUTEG Katt ePOTOV 1) HEST) oLpTTPLOKT] TTEEDT)
Satnpeitat mavew artd 60 mmHg, n avanyn Bepareioag Sev
etvat amapaitntn (Smith 2002). appaxevticn Bepareio
VO HBAVETOL OE TIEPIOTATIKA (L€ CUTTTOHATA HELWHEVNG
KapStakn¢ apoxng, Sevtépou Pabpol KOATTOKO LUK
AITOKAELOHO [Le KapSLoKT) oUXVOTNTA (KPOTEPT aat6 40 min!
OTOV OKOAO Kal HiKpdTepn artd 60 min™ oty y&ta, Kol o€
Tpitov Pabuot kolmokoako arokhelopo. H Bepareio
ouvioTtatal Kupiwg oTnv evEoPAEPLX Xopriynon atpoTtivig
(TTivaxkag 2) (Martin 2007).

Kputrpla Beparmevtikng mopépoong

H awpoSuvaikn enipépuvon tov asbevoig mov amodidetat

otV napovasia appuBi®y, ePAANEL T Xoprynon Twv

KATEAANA®V avTLoppuOUIKOY GaPUAKWY TARUTOXPOVA e

TOLUTTOOTNPIKTIKA péTpa TOL Kapdiayyelako. Emumhéov, oe

TEPIMTMOT TIOL SeV EXOUV AKOUX EUPAVIOTEL CUUTTTOUATA,

alé& oto HKT mapatnpolvtal oplopéva «Kpiotpar»

XOPOAKTNPLOTIKA TV appulutdv, okt Kpivetat anapai-

TN 1) XOPNYNon avTappulikdv Gpappakmy, OOTE va

QTOTPATIEL 1) EUPAVION KALVIKOV EKONADCEWY O€ LETETELTA

xpovo 1 o Eadpvikdg Bdvatog Tov acbevoug.

Svpntepara apoduvapikig anootabepomnoinong (Schwartz

2009, Oyama 2015):

- Ymétaon

- Avomvola

- Zupdpopnon 1 AIOXPWHATIOHOG TV PAEVVOYOVWY

- AveTapkhg alpAT®on TV 0TV (pewpévo eninedo
oULVEIdNONG, LELWEV TTXpAYwYT) 0VPOU, aLENHEVT
TIHT YahaKTiKoU 08£0G)

- YmoBeppia

Kpiowa onpeio oto HKT:

- Awpkela appuBuiov peyalvtepn amo 30 sec (Oyama
2015).

and S2 sounds of contraction and dilation of

the ventricles (Martin 2007).

- During ECG evaluation, there is dissociation
between P waves and QRS complexes, and

P waves appear more frequently than QRS

complexes (Martin 2007).

The first- and second-degree atrioventricular
block in the perianaesthetic period is related to the
administration of opioids and a-2 adrenergic ago-
nists (xylazine, dexmedetomidine) (William 2007).
In such cases treatment is not necessary, as long
as the mean arterial blood pressure is maintained
over 60 mmHg (Smith 2002). Medical treatment
is provided in cases with clinical signs of reduced
cardiac output, in second-degree atrioventricu-
lar block with heart rate below 40 min! in dogs
and below 60 min™ in cats, and in third-degree
atrioventricular block. Treatment is mainly based
on the intravenous infusion of atropine (Table 2)
(Martin 2007).

Criteria for therapeutic
intervention

Haemodynamic destabilisation caused by the

presence of cardiac arrhythmias necessitates the

administration of appropriate antiarrhythmic drugs

concurrently with cardiovascular support meas-

ures. Furthermore, in cases in which clinical signs

are not present yet, but there are certain “critical”

features of arrhythmias on the ECG, the adminis-

tration of antiarrhythmic drugs is still recommend-

ed, in order to prevent the development of clinical

signs or eventually sudden death of the patient.

Clinical signs of haemodynamic destabilisation

(Schwartz 2009, Oyama 2015):

- Hypotension

- Dyspnoea

- Congested or pale mucosae

- Insufficient tissue perfusion (altered level of
consciousness, reduced urine output, increased
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- Kohmikdg widiopdg pe kothiako pubuod méve améd 180
min (okOAog) 1) Tévw and 200 min™ (ydrta) (Stepien
2005).

- Eppévovoa kapdiakn cuxvotnta mévew amd 180 min™
1 K&Tw a1t6 50 min™ otov okOAo Kot Tévw ortd 220
min 1) k&tw and 90 min* otn y&ta (Oyama 2015).

- Xvyvég ITYE (mepiocdtepeg amd 30 min') 1) évrovou
PaBuoov YT (Stepien 2005).

- TIKE o€ dvddeg 1 1pLédeg, ovxveég, TTOKINOHOPDEG,
epgpdvion ¢oatvopévouv R-mévw-oto-T, ypriyopn 1
napatetopévn KT méve amd 200 min™ (Stepien 2005,
Martin 2007, Schwartz 2009, Oyama 2015).
2rov IMivaxa 2 ylvetat avapopd oTa pAPUAKX TIPOTNG

Ypoppng Kat Ty akptpr) Socoloyia avtév, TOL XPNOL-

HOTIOLOUVTAL OTNV AVTLHETAOTIION TV TEPLEYXELPNTIKAOV

appulpv.

Noonpata mov oxetifovral e

TIEPLEY XELPNTIKEG appLOpLieg

Onwg mpoavadépOnke, ot TepleyXelpnTIKESG appubpieg
epPpavifovTal WG CLVETTELX TTAPOSIKMV KAL XVACTPEWIHWV
TTaBOAOYIK®V KATAOTAGEWV TIOL 6LV BWG TTapovsLdlovTal
Katd TNV TepleyxelpnTikny mepiodo. H coPapétnta twv
TIapodIKAOV appuBLdV TTOIKIAEL KAl PITOpEL var KUPA{VETAL
amnod plo «abwa» prePoropfikrn Ppadukapdia pexpt pia
emikivouvn kothtakr) taxukapdia. Tig meplocdtepes popéc,
1 OVTIHETAOTILON 08 APXOHEVO OTASI0 ATAK KAl HOVO TOU
nipodiabectaron mapdyovta, apkel yo Ty e€adavion Tov
appuduiov (Oyama 2015).

Zrov IMivaka 3 mapovotalovrat: 1) mapadelypata tabo-
AOYIK®V KATOHOTACEWV TIOV efLdpavilovTat TepLavaleOnTIKd
KAl 0TIG omoleg avapévovTat Ttapodikésg appubpies, 2) n
naBoyévela Twv appubav kat 3) 1o eidog Twv appubutmv.

Oplopéveg xelpoupyikég malnoelg, OTwe eKeiveg Tov
OTIAVA, TOU KATOTEPOL OUPOTIOLNTIKOV Koit TO GUVOPOO
NG SLdTaoNG KAl GTPOPNG TOV CTOHAXOVL GTOV OKUVAO,
ouvdéovTal otabepd pe TNV EUPAEVION TIEPLEYXELPNTIKWV
APPLOHLOY KAL O KALVIKOG TIPETIEL VAL EIVAL TIPOETOLUATHEVOG
VA TIG AVTIHETWTIIOEL TIPLY, KaTd T1) SidpKeta Kot HeTd TN

XELPOUPYIKT) eMEUParor).

Taotpikn Sidtaon pe 1 xwpic orpodn

Ye aoBeveig pe yaotpikrn Sdtaon pe 1§ Xwpic oTpodn
OTOMAXOV, OL KOLMAKES appLBLie KaTA TNV TepLovatoBn ik
niepiodo epdavifovrar 0to 40-50% Twv meplotatikav (Brock-
man et al. 1995, Roux 2012). ZuyKeKkpLUEVa, 1 epPAvIon
TV appLiuov avapévetal eviog 12-72 wpov and v
OTLYH TNG €vaping TwV CUUNTOUETWY, YEYOVOG TIOU
KaBlota anmapaitntn TNV cvvexn mapakolovdnon Tov
HKT tou aoBevotg kaf’ 0An tnv Sikpkela voonheiag Tov
(Roux 2012). H woxatpia tou puokapdiov, n Siatapaxr tng
0€eoPaotKnG LOOPPOTIIAG, Ol NAEKTPONVTIKEG SIATAPOXES,

Tatpikn) Zowv Zvvtpodidg « Tépog 8 « Tevxog2 « 2019

levels of lactic acid)

- Hypothermia

Critical signs on the ECG:

- Duration of arrhythmia longer than 30 sec
(Oyama 2015).

- Atrial fibrillation with a ventricular rate of
over 180 min (dog) or over 200 min™ (cat)
Stepien 2005).

- Persistent heart rate over 180 min™ or below
50 min in dogs and over 220 min™ or below
90 min in cats (Oyama 2015).

- Frequent SPCs (over 30 min) or severe ST
(Stepien 2005).

- VPCsin pairs or triplets, frequent, of variable
morphology, R-on-T phenomenon, rapid or
prolonged ventricular tachycardia over 200
min!(Stepien 2005, Martin 2007, Schwartz
2009, Oyama 2015).

- Third-degree atrioventricular block (Martin
2007).

First-line drugs for managing perioperative
arrhythmias and the exact doses of administration

are summarised in Table 2.

Disorders associated with
perioperative arrhythmias

As previously mentioned, perioperative arrhyth-
mias result from temporary and reversible patho-
logical conditions that usually develop during
the perioperative period. The severity of such
temporary arrhythmias is variable, and it may
include a wide spectrum of arrhythmias, from
“innocent” sinus bradycardia to life-threatening
ventricular tachycardia. Usually, the management
of the predisposing factor in the initial stages is
adequate for the treatment of the arrhythmias
(Oyama 2015).

In Table 3 are summarised: 1) examples of
pathological disorders which occur as perianaes-
thetic complications in which temporary arrhyth-
mias are anticipated, 2) the aetiopathogenesis
of arrhythmias, and 3) the type of arrhythmias.

Some surgical disorders affecting organs such
as the spleen, lower urinary tract and cases of
canine gastric dilatation-volvulus syndrome, have
been consistently implicated in the development
of perioperative cardiac arrhythmias and clini-
cians should be adequately prepared to manage
them prior to, during and/or after surgery.



Perioperative cardiac arrhythmias

Mivakag 3. Mapadeiypata ma@oAoyIKWV KATAGTAGEWYV, N AITIOMAOOYEVELQ AUTWV KAl TA €i6N TWV appuBpiwyv mou
avapévovTal Katd Tnv meplavatoOnTikn nepiodo.

Mapadetypa maboAoyIKnG Katdotaong

ArtionaBoyévela

Eidog appubuiwv

Avaipia, umoéia, aioppayia, Kapdlakr
QVETAPKELQ

Yrokahaupia . o€ éuetoug Kat Siappola

Yrepkohaipia my. o€ amoepagn tng oupo-
@OPOL 060U

YnepaoBeotialpia m.y. og veomao(eg Kat
VEPPIKT QVETTAPKELQ

AvamnveuoTiki o&éwan TL.Y. SleyxelpNTIKA

MeTaBOoNKr 0&€won M. O€ TOPATETAEVN
UMOTAO, EKTETAPEVN QOpPAYia, VEQPIKNA
QVETTAPKELD

Davobeladiveg

Q-2 QYWVIOTECG

Atporiivn

Omioeidny
Ketapivn
OeloPapPitoupika

Aiéyepon Tou oupITaBNTIKOU CUOTAHATOG TIY
0€ TIVPETO, TIOVO, KATATOVNON Kal pORO

Aiéyepon Tou mapacuunadnTikol cUoTrAUa-

loxiatpia Tou puokapdiou (Martin 2007,
Congdon 2015)

Aatapayég NAEKTPOMTWY Kal o&goBact-
K¢ loopporiag (Haskins 2007)

AvaloOntika edppaka. (Haggstrom 1996,
Haskins 2007)

Alatapayég lopoppomiag Tou autevopoU
VELPIKOU ouoTripatog (Haskins 2007,
Oyama 2015)

OAeBokopPikr Taxukapdia, KOINAKES Kal UMIEPKOINIAKES
EKTAKTOOUOTOAEC, KONTTIKOG Kall KOINAKOC IVIIOUOC

OAeBokoppikr) Bpadukapdia, KOMNTOKOIMAKAOC AMOKAEIGHOC,
UTTEPKOINOKT Taukapdia

OAeBokopPikr mavon, eheBokouBixr Bpadukapdia, KONTo-
KOINOKOG amOKAEIOUOG, HopUapuyn

OAeBokoppikr Bpadukapdia, Kothiakr) aouaToAa.

OAeBokopPikr Taxukapdia (Tnv apxr), PAeBoKOUBIKN
Bpadukapdia (av mapatabei)

KOWOKEC EKTAKTOOUOTONEC

OAeBokoppikr) Taxukapdia

OAeBokopPikr Ppadukapdia, KOATOKOINAKOG ATTOKAEITHOG
MveugovoyaoTpiki appubiia

Tayukapdia, KOMNTOKOINAKAOS AMOKAEIOUAC, TIPWIES KOO
KEC EKTAKTOOUOTONEC

OAeBokoppikr Ppadukapdia, KONTIKOC IVIBIOUOC
OAeBokouPikr Taxukapdia
IMPWILES KOINIOKES EKTAKTOOUOTONEC, KOIAlAKH Tayukapdia

@AeBokopPikr Taxukapdia, KONTIKEC EKTAKTOGUOTONEG

@AeBokoufikr Ppadukapdia

TOG LY. KOTA TNV Sla0WAvwan g Tpaxeiag,
TNV AapUYyooKATINGN Kal TV EVEPYOmoinan
TOL 0POHAALOKAPSIAKOY AVTAVAKAAGTIKOU

YmoBeppia my. katd T dldpkela avaiodn-
olac 2001)

YrepBeppia Y. o€ AOMWEELS, KATAOTPOYN
OTWY, 0 GKUAOUC TTOU KAAUTITOVTAL aTTd
BepUaVTIKG OTPWHATA KATA TV avalotnoia.

MetaBoAéc tng Beppokpaciag (Mazzaferro

OAeBokoppikr Ppadukapdia, umepkoNakég appubie,
Hapuapuyn
OAeBokoppikr Taxukapdia

0 avENpEVOG TOVOG TOL CUUTTAONTIKOV GUGTHUATOC, TO
OUVOPOUO EMAVALUATWONG TOV LOTGV KAl 1) arteAevBepwan
TOU KATAOTAATIKOD TTXp&YovVTa TOL HuoKapSiov ard To
TIAYKPEAG, ATTOTEAOVV HEPIKA QTTO ToL aiTlor TPOKANONG
TV appLOUL®OV KAl TALTOXPOVA TIapdyovTeg eTOEiVOONG
toug (Roux 2012). IMTaporo mov éxet Swamiotwdel o 1
epdpavion kapSiakmv appuButov pali pe t Sievépyela
OTIANVEKTOUNG, YAOTPEKTOUNG 1} TNV Utap€n vEKpwOT G ToL
OTOUGXOU QITOTEAEL LPVITIKO TIPOYVWOTIKO TIXPAYOVTO 0TV
e€ENEN TV TEPLOTATIKGOV, GANOL EPELVNTEC PaivETOL VL
vrtootnpifouy nwg n Startiotworn appubiuey dev ernmpedlel
10 1000016 BvnopdtnTag (Brockman et al. 1995, Brour-
man et al. 1996). 211G TEPUITTOOELG TTOV TTApATHPOLVTAL
emnikiviuveg appubpiieg Kat CUUTTOHATA AHOSVVAHIKNAG
amootabeportoinong mov opeilovial oe auTéS, Xopnyeital

Gastric dilatation with or without
volvulus

In cases with gastric dilatation with or without
volvulus, ventricular arrhythmias are observed
in 40-50% of cases in the perianaesthetic period
(Brockman etal. 1995, Roux 2012). In particular,
the development of arrhythmias is anticipated
within 12-72 hours from the time that clinical
signs are evident, necessitating the constant
monitoring of such cases with ECG for the du-
ration of hospitalisation (Roux 2012). Some of
the causes of arrhythmias are at the same time
deteriorating factors and these include myocardial
ischemia, acid-base and electrolyte abnormalities,
increased tone of the sympathetic nervous system,
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Table 3. Examples of pathological disorders, the aetiopathogenesis and the types of arrhythmias that are

expected during the perianaesthetic period.

Examples of pathological disorders Aetiopathogenesis

Types of arrhythmias

Anaemia, hypoxia, haemorrhage,
congestive heart failure

Myocardial ischaemia (Martin 2007,
Congdon 2015)

Hypokalaemia e.g. due to vomiting and
diarrhoea 2007)

Hyperkalaemia e.g. in urinary tract
obstruction

Hypercalcemia e.g. neoplasia or renal failure

Respiratory acidosis e.g. intraoperatively

Metabolic acidosis e.g. in prolonged
hypotension, extensive haemorrhage, renal
failure

Phenothiazines

a-2 adrenergic agonists Haskins 2007)

Atropine

Opioids
Ketamine
Thiobarbiturates

Sympathetic nervous system stimulation
e.g.in fever, pain, stress and fear

Parasympathetic stimulation e.g. during
endotracheal intubation, laryngoscopy and
activation of the oculocardiac reflex

Hypothermia e.g. during general
anaesthesia

Hyperthermia e.g. due to infection, soft-
tissue injury, in dogs covered by heated
blanket during anaesthesia

Anaesthetic drugs (Haggstrom 1996,

Disorders of the autonomous nervous
system (Haskins 2007, Oyama 2015)

Changes in temperature (Mazzaferro 2001)

Sinus tachycardia, ventricular and supraventricular
contractions, atrial and ventricular fibrillation

Electrolyte and acid-base disorders (Haskins  Sinus bradycardia, atrioventricular block, supraventricular

tachycardia

Sinus arrest, sinus bradycardia, atrioventricular block,
ventricular fibrillation

Sinus bradycardia, ventricular asystole

Sinus tachycardia (initially), sinus bradycardia (if prolonged)

Ventricular premature complexes

Sinus tachycardia

Sinus bradycardia, atrioventricular block
Respiratory sinus arrhythmia

Tachycardia, atrioventricular block, ventricular premature
complexes

Sinus bradycardia, atrial fibrillation
Sinus tachycardia
Ventricular premature complexes, ventricular tachycardia

Sinus tachycardia, supraventricular premature complexes

Sinus bradycardia

Sinus bradycardia, supraventricular arrhythmias, ventricular
fibrillation

Sinus tachycardia

1 KATEAANAN avTloppLBpKT aywyn vtd Ty Xopriynon
ofuyovou Kkat apol mponyovpévws avataxfolvv n
ofeofactkr) LlooppoTia Kl oL NAEKTPOAVTIKEG dLaTapaXEG
(Roux 2012). ISwaitepo eviapepov mapovotdlel pia ¢pevuva
otnv omola oe (o pe yaotpikn Sidtacn Kot oTpodn
xopnyronke mpoAnmrikd Adokaivn evdodpAePing amag mpty
amd TNV AITOCUUITIEST TOU OTOUAXOL Kot TV evEopAEPLa
xoprynon vypwv, akohovBotpevn amd Adoxaivn CRI
Yl TO TIPWTO EIKOOLTETP&wpo. H mpoAnmtikr xopriynon
Adoxkaivng ota {Oa aUT& Helwoe ONUAVIIKA TO TTOGOOTO
EUPAVIONG TIEPLEYXELPNTIKWY appLBUL®V, TNV ofein vedpikn
BA&PN kat Tov xpdvo peteyxetpntikng vooneiog (Bruchim
et al. 2012).

InAnvekTopn

AcBeveic mov vmofdAlovTal oe omAnvekToun Adyw
VEOTIAAGIAG, GTPOPTIG TOL GTIANVA 1) AVOCOEEAPTWLEVRV

Tatpikn) Zowv Zvvtpodidg « Tépog 8 « Tevxog2 « 2019

ischaemia-reperfusion injury and release of the
myocardial depressant factor from the pancreas
(Roux 2012). Even though it has been shown
that the development of cardiac arrhythmias
during splenectomy, gastrectomy or gastric wall
necrosis is a negative prognostic factor for such
cases, other researchers claim that the presence
of arrhythmias does not affect the mortality rate
(Brockman et al. 1995, Brourman et al. 1996). In
cases of life-threatening arrhythmias and resulting
haemodynamic destabilisation, the appropri-
ate antiarrhythmic drugs are administered at
the same time as oxygen, after acid/base and
electrolyte disorders have been managed (Roux
2012). An interesting study presents cases with
gastric dilatation-volvulus that received lidocaine
intravenously as a prophylactic measure prior to



atpatoloylkav Statapaxmv (m.x. Bpoppokutrapornevia,
QUPOAVTIKT) avatplior) Tapouot&{ouy oux v KoALoKEG appuB-
pieg (Keyes et al. 1993). Ot appubuieg avtég opeirovial otnv
areAevBépwan otV CLOTNHATIKY KUKAopopla eLPOAwY Kal
ehevBepwv prlmv 0fuydvou Kot TNV SIAPKELX XELPLOUWY
TOV OTIANVQ, TNV APTNPLAKT LITOTOT), TNV AVALHIN KAL TNV
dpdion AV KATAOTAATIKOV TIAPOyOVIWY OTO HUOKAPSLO
(Keyes et al. 1993, Marino et al. 1994). Av kat popei va
EUPAVIOTOVY KATA TN OLApKeLn TNG TTeptavalodnTikig
TiepLOSoU, avapévovtat cuvOTEpa SleYXelpNTIKE 1)/Kot 5-12
OPEG LETA T XELPOVPYIKT) ETEUPAOT) KAL ETOUEVWE KpiveTal
artapaitnTn N ovvexng mapakolovdnon Tov {wou pe HKT
Kka®’ OAn TN Sidpketa TnG voonheiog tou (Keyes et al. 1993,
Marino et al. 1994). Ot appuBpiec mov mapovoidlovrat oe
TIEPLOTATIKA OTANVEKTOUNG, OTIAVIo TTPOKAAOVV atpodu-
vapkn anootabepornoinon kat dev oxetilovTat pe ovén-
péva mocoota Bvnopdtnrag. ovhbwg, vIroxwpoLV eVTog
2-5 npepwv HETA TNV emépPoon, e TNV oIt} Xoprynon
o€vyovou n/Kat LeTdyylong aipatog, Kot Tn Stopbwon tng
UTTOTAONG Kal ToV peTaforikwv datapayxwmy. Qotdoo,
eav epdpavioTolV coPoapéc appubpieg kal cCuUTTOUAT
atpoduvapikig armootabepormoinong mov opeilovral o€
aUTEG, Xopnyeital n KAaTGAANAN avTiappuOpLKn aywyr
(Moise et al. 2005).

Zyn

[TaBnoetg mov podiadétovy oe onyn, OTIwE 1 TLOUNTPA,
n pnén Tov eVIEPOU, TA ATTOOTHHATY, K.&. eivot TTOND
ovxvég otnv ktnviatpikn paén (Laforcade 2010). H
onyn -ave§apTATwg atTioloyiog- piropel v TpoKahéoel
pAeBoropPik 1 kothtakn Toxukapdicy, TPOWPEG KOMAKEG
EKTAKTOOUOTOAEG KOl HELWUEVT) CUOTAATIKOTNTO TOU
pHookapdiov, TOL 0e CUVSVLACHO HE TOV AVETIAPKI
KUKAOGOpOUVTA OYKO alpatog mpLy T oTabeporoinon
ToU {®OU, Kol CLVETIOG TO XAUNAO TTpodopTio, 0dnyolv
o pelwpévn kapdiakn moapoxr (Silverstein 2006, Schwartz
2009). Xe acbeveic pe onyn n Bepareia amookomel oTNV
TPOANYN ToL ontikol shock ko tephapPavel T xopriynon
o€vyovou, Tn xoprynon vypav evdodpeing, Tn Stopbwon
TV LETABOAK®V KAl NAEKTPOAVTIKGOV StaTapaxmv Kal
Vv epappoyn amoteespatikng avaiynoiog (Laforcade
2010). ZtnVv mepimTwon epdpEviong TPOwPwV KOMAKOV
EKTAKTOOUOTOA®V Kol TAPATETAUEVOY KOLALAK®V
TXLOPPUBULGY XOPTYOUVTAL T KATAAANAX v TLoppuB LK
pappaka (IMivaxag 2) (Silverstein 2006, Schwartz 2009).
IToA\ég dpopég, oe {wa oL PpiokovTal oe onmtikd shock
ot Te(TaL ) Xopriynon Kol ayyeloouoTiaoTikeV (domapivn)
/ot Betikov wotpdnwv (Sofovtapivn) papudkwyv (Sil-
verstein 2006, Laforcade 2010).

Ynepkaliapia

H avadoyia tng ev8oKUTTAPIKNG TTPOG TNV EEWKVTTAPLKT
OLYKEVTPWOT TOL Koahiov emnpedlet TNV NAEKTPLKN
SpactnplotTTa Twv puwy (oreAeTIKOV Kat Kapdiakov). Etal

Perioperative cardiac arrhythmias

gastric decompression and intravenously admin-
istration of fluids, followed by lidocaine CRI for
the first 24 hours. The pre-emptive administration
of lidocaine in these cases significantly reduced
the incidence of perioperative arrhythmia, acute
renal injury and the postoperative hospitalisation
time (Bruchim et al. 2012).

Splenectomy

Animals undergoing splenectomy due to neo-
plasia, splenic torsion or immune-mediated hae-
matological disorders (e.g. immune-mediated
thrombocytopenia, immune-mediated haemo-
lytic anaemia), are frequently present with ven-
tricular arrhythmias (Keyes et al. 1993). In such
cases, arrhythmias are caused from the release
of emboli or oxygen free radicals in the systemic
circulation during surgical manipulations of the
spleen, arterial hypotension, anaemia and the
effect of other suppressive factors on myocardial
tissue (Keyes et al. 1993, Marino et al. 1994).
Even though arrhythmias may emerge during the
perioperative period, they develop more often
intra-operatively and/or 5-12 h post-operatively,
procedure and therefore it is recommended to
continuously monitor these patients with ECG
throughout of hospitalisation Keyes et al. 1993,
Marino et al. 1994). The types of arrhythmia
observed in cases of splenectomy rarely result
in haemodynamic destabilisation and they have
not been associated with increased mortality
rates. The arrhythmias usually resolve within 2-5
days after the surgery, with the administration of
oxygen and/or blood transfusion and the man-
agement of hypotension and metabolic disorders.
However, in cases of severe arrhythmias leading
to haemodynamic destabilisation, it is recom-
mended to administer appropriate antiarrhythmic
drugs (Moise et al. 2005).

Sepsis

Diseases predisposing to sepsis such as pyome-
tra, intestinal rupture, abscesses, etc. are very
common in the clinical veterinary setting (La-
forcade 2010). Regardless of aetiology, sepsis
can result in sinus or ventricular tachycardia,
premature ventricular complexes and reduced
cardiac contractility, which in combination with
insufficient circulating blood volume prior to
stabilisation, and therefore reduced preload, can
result in reduced cardiac output (Silverstein 2006,
Schwartz 2009). In cases of sepsis, the aim of
treatment is the prevention of septic shock and
the management includes the administration of
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o€ vrepkatatpia, propei va epaviotody Ppaduvkapdio
i ¢Aefoxopfikn mavon Adyw TNG MAPATETAUEVNG
EKTTOAWOTG Kol avATIOA®GTG TOU CUGTHHOTOG AYWYTG TV
woewv. IepleyxelpnTikd, n vepkohiatpio Tapatnpeital
OTIG TIEPUTTWOELG HEIWUEVTG ATTOUEKPLVOTG TV 0UpwWV
(amodppaKTikég voooL TNG ovpopOpoL 0d0V, OALYOUPLKH
VEPPLKT aveTdpKela, pri€n 0TO OLPOTIOINTIKG GVOTN (oK)
OAAG KAl 08 KATAOTAOELS OTIOG oaKkXop@dOng StaPriTng Kal
EKTETAEVEG KAKWOELG TwV Hohakmy .oTwv (Riordan & Schaer
2009). Zto tumkd HKT napatnpeitan fpadvkapdia, pikpdn
arovTa endippoata P kot ad§non Tov DPoug T EMAPUATOG
T. Eviote otig mpokaholpeveg Suopubpieg mpootiBevraln
pAeBoropPirn Togukapdia, N Kothlakr Taxvkapdia Kot o
Sevtépou Pabpot koAmokoakdg arokAelopdc (Tag & Day
2008). Ta evprjpara tov HKT dev oxetilovral apeoa pe tnv
OLYKEVTPWOT) TOU Kahiov oTo aipa, kabmg ennpealovral
neptocdtepo ano tov pubpd avénong i pelwong Twv
ovyKevTpwoewv Tou. H Bepareia tov mpokalovpevmv
appuBpLGY aTOXEVEL GTNV &POT) TNG UTIEPKAALOLLING, TIOKIAEL
avaAoya e TNV CUYKEVTPWOT TOL KaAiov 0To aipa Kal
otnpiletal otnv evdokutTapikn petakivior tov (Riordan
& Schaer 2009). A€iCet va onpelwdel mwg n avripeTOIION
NG LTIEPKAALaLLLioG TIPETTEL v TIpOnyeiTait TNG Xoprynong
yevikng avatodnoiog.

YrepOupeoediopog

‘Epevveg éxouvv katadeifel mwg 1o 60% TwV yoaT®V pe

vrnepBupeoetSiopd mov dev AdpPavav kapia Beparmeio
yiax autov, epdpavilav ocuvnbéotepa évrovou Pabuov
Taxukapdia (méve and 240 min™). Xe pio dAAn épevva,
10 10% Twv yatov mov urtoPARBnkav oe BupeoeldexTopn
EUPAVIOAV KOMOKESG Kot KOATTLKEG SuopuBpiieg Kata TNV
diapkela NG xetpovpylkng enépPoong (Tag & Day 2008).
Otnhextpokapdioypadikég aAlayég Tov odpeilovTal oTnv
Bupeotolikwon oxetilovrat pe TV avénpévn SpactnploTnTa
TOL GUUTTAONTIKOD VELPLKOD CUGTHHATOG KAL TIG SlEYEPTIKEG
eTOPACELG TWV OPHOVAV TOL Bupeoeldovg aTo pvokapdio
(Birchard et al. 1984). Ze k&Be mepintwon mou pia ydro pe
urtepOupeoetdiopd mpémel va utoPAnBei oe omotadnote
XELPOLPYIKT) emépPaot, Kpivetal amapaitnto o acbeviig
va éXel TIPONYOUHEVKG Yivel evBVPE0ELSIKOC Kal va €XelL
amokataotabel n kapdlakrn cuXVOTNTA, [e OTOXO Vi
HelwBoUv ot BavoTNTEG Epdaviong TeplavatodnTikwv
appubuiov (Peterson et al. 1992, Bond et al. 1988). H
dleyxelpnTikn Siéyepon Tov oLUTAONTIKOD CLUOTHHATOG
nieplopifeTal pe TNV epappoyr Kahng avalynoiog Kot Tov
Kat@AANAov avatodnTiko pwtokdAlov (Casamian 2009).

ZUHUTTEPACHATA

Ot dwatapaxéc otov kapdiakd pvbuod katd tnv
nieplavatoOntikn mepiodo mpémel va avapévovTal amtd Tov
KAVIKO OXL LOVO ag KapdtoTtadn {wa 1y {oa Ttov urtodihovTat
0€ GUYKEKPLUEVEG XELPOUPYIKEG ETEUPATELG TTOL GUVOEOVTAL
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oxygen and intravenous fluids, the correction of
metabolic and electrolyte disorders and the use
of effective analgesia (Laforcade 2010). In cases
with premature ventricular complexes and pro-
longed ventricular tachyarrhythmia, appropriate
antiarrhythmic drugs are administered (Table 2)
(Silverstein 2006, Schwartz 2009). Cases of septic
shock often require the administration of vaso-
pressors (dopamine) and/or positive inotropes
(dobutamine) (Silverstein 2006, Laforcade 2010).

Hyperkalaemia

The ratio of intracellular to extracellular potassium
concentration can affect muscle fibre conduction
(skeletal and cardiac muscle). Therefore, in hyper-
kalaemia it is possible to observe bradycardia or
sinus arrest due to extensive depolarisation and
repolarisation of the cardiac conduction system.
Perioperative hyperkalaemia has been observed
in cases of reduced urine output (urinary tract
obstruction, oliguric renal failure, urinary tract
rupture), but also in cases of diabetes mellitus and
extensive soft tissue trauma (Riordan & Schaer
2009). Bradycardia has been a consistent feature of
the typical ECG in these patients, as well as small
or absent P waves and an increase in T wave am-
plitude. In some cases, the emerging dysrhythmia
can include sinus tachycardia, ventricular tachy-
cardia and second-degree atrioventricular block
(Tag & Day 2008). Electrocardiographic findings
are not directly correlated to serum potassium
levels, as they can be more directly affected by the
trend of increasing or decreasing of potassium
levels. Treatment of the emerging arrhythmia
should aim in reducing hyperkalaemia, it can
vary according to serum potassium levels and
it is based on the redistribution of potassium
from the extracellular to the intracellular space
(Riordan & Schaer 2009). It is worthy of note
that the management of hyperkalaemia should
precede the administration of general anaesthesia.

Hyperthyroidism

Studies have proven that 60% of cats with untreat-
ed hyperthyroidism developed frequently severe
tachycardia (over 240 min™). In another study,
10% of cats undergoing thyroidectomy presented
with ventricular and atrial dysrhythmias during
surgery (Tag & Day 2008). Electrocardiographic
changes caused by thyrotoxicity are due to the
increased stimulation of the sympathetic nerv-
ous system and the stimulatory effect of thyroid
hormones on myocardial tissue (Birchard et al.
1984). In cases of cats with hyperthyroidism



otabepd pe TNV epPAvIon TOVG, oA\ Kait ot ) KapdioTmar)
{oa ta orroiat Ba vITOPANBOVV Yl ool ST TTOTE AdYO OFE it
xetpovpyikrn emépPoorn. To ouvexég monitoring amotehet
Tov aKkpoywviaio AlBo oTny avayvoplon Tev Kpiotpwy
onpeiwy oto HKT kat Tnv evtomon KAVIKOV eKONAGoEwY
atpoduvakng artootabepormoinong, Ta onoia KabloTovV
aIrapaiTN T TV XOPN YoM TNG KATAAANANG UITOGTNPLKTIKIG
KOt avTIoippUBHIKNG PAPUAKEVTIKIG AYWYNG.
Y0YyKpoUoT) CUUPEPOVIOV

Ot ouyypageic dnhdvouv 6Tt Sev LTTAPXEL GLYKPOLOT
OLHPEPOVTOV.

Perioperative cardiac arrhythmias

needing to undergo surgery, it is necessary to
induce a euthyroid state and normalise the heart
rate before surgery, in order to reduce the risk of
perianaesthetic arrhythmias (Peterson et al. 1992,
Bond etal. 1988). Stimulation of the sympathetic
nervous system during surgery can be prevent-
ed with sufficient analgesia and the appropriate
anaesthetic protocol (Casamian 2009).

Conclusions

Disorders of the heart rate during the perianaes-
thetic period should be anticipated not only in
animals with cardiac disease but also in cases un-
dergoing certain surgical procedures which pose
a higher risk for the development of arrhythmias,
as well as in cases with non-cardiac disorders
which undergo surgery. Continuous monitoring
is the cornerstone for the identification of critical
signs on the ECG and clinical signs of haemo-
dynamic destabilisation, which necessitate the
administration of the appropriate supportive and
antiarrhythmic medical treatment.
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