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I[TepiAnyn

Znv kAWK Tp&En, o KTnviatpog ptopei va KAnBei va avTipe-
TWIToEL TIEPLOTATIKE NITaTonafov OKOA®YV 1} YAT®V 0T oTtoia
aratteital yoprynon avatadnaoiag yia tn Stevépyeta eméppaong
1100 Sev €XeL OXEDT [E TO NITATIKO TOLG vOonpa 1) eméppacng mou
Kpivetal amapaitnt yia tn Stdyvwon (i.x. Ployio Aratog) 1)
Beparteia (T1.X. (EPLKT) NTATEKTOWT, ATTOAIVWOT) AVACTOUWOONG
NG VAaioG GAEPAG) TOL NITATIKOV TOUG VOOT|HOTOG.

A¢ov anogaoctotei ) ektéheon enépPaong oe nratonadn
oKkVNo 1) yd&ta, Tipéntet poavaloOntikd v katafAnbei k&Oe
TIPOoTI&OEL VO AVTILETOITIOTOVY 0TT0LETONTTOTE TTABONOYIKES
KATAOTAGELG TIPOEPXOVTAL OITO TO NITATIKS vOonpa Tou {wov, ot
oroieg Ba pmopovoay va eNnpedcouy apvNTIKE TNV EKPacn TG
xoprynong g avaloOnoiog Kat Tng XeLpoupYIKNG EMEUPAONSG.

Ye 6,TL apopd To TIpoavaloOnTKd Kat avalaOnTikd nmpwto-
KOANO, elval KaAOTepo va amodpevxOel n xprion ¢appAKwY TwV
omoiwv o petafollopdg kat 1 amékkplon Paciletal oe peydho
BaBpé otnv nratikn Aettovpyia. Entiong, mpémet va AngOei vmtoymn
OTL OAX TA KATOOTOATIKK TOU KEVTPLKOU VEUPLKOD GUGTHHATOG
(KINLE) pappaka éxouv avénuévn paon, 6tav xopnyouvral
oe {Oa pe Ntk Suoettovpyio.

OAa oxeddv ta evéatpo avaloOnTikd vdpioTavTal NIaATKo
HETABOMOHO 1)/Kat ATTEKKPLOT, EVE T VEOTEPQL ELCTIVEVGTIKA
avaleBntikd Oev petafolilovtal oe onpavtikd Pabd ato fmap.
2116 meputtooelg nratonabov {wwv vPnhol KvEHVoU, GTOX0G
efvatl n ehaxtoToNo{no”n NG Xprong evEsIpwy avatoOnTik®y
GAPHAK®Y KAL 1] XOPIYNON ELCTIVEVGTIKOV avaloONTIK®V Yl
v eykat&otaon Kat tn dixtripnon g avalctnoiog.

H e€aopahion mepleyxetpntikig avakynoiag oe natonadr)
{oa prtopei va yivel pe xoprynon omoetdwv (ataydnv xopriynon
PEULPEVTAVIANG) 1] He ETULOKAN pISLAl XOPT YN O TOTIKGV avauadn-
TIKGOV )/Kat Hopdivng (Xwpis éxdoxa-cuvnpntikd). Emoxinpidia
£YXUOT) TIPETTEL VAL ETTLXELPEITAL LOVO 0LV OL EVEEXOHEVES OLATAPAXES
TOL pnxaviopol HENG éxouy ammokAeloTel 1} StopBwOei.
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Abstract

Veterinarians sometimes face cases of animals with
liver disease that they should anaesthetise to perform
surgery unrelated to the liver disease. This can also
occur in surgeries that is considered necessary to
establish a diagnosis for the liver disease (e.g. liver
biopsy) or surgery to treat the liver disease (e.g. partial
hepatectomy, ligation of portosystemic shunt).

After performance of surgery on an animal with
liver disease has been decided, every effort must be
made to stabilise the condition of the animal pre-op-
eratively. Special attention must be paid to pathology
stemming from the liver disease and potentially ad-
versely affecting anaesthesia and surgery.

With regard to the pre-anaesthetic medication and
the anaesthetic protocol, use of drugs largely depend-
ent on hepatic metabolism and elimination should be
avoided. Furthermore, the fact that all central nervous
system depressant drugs have an exaggerated effect,
when administered to animals with hepatic dysfunc-
tion, should be taken into consideration.

Almost all injectable anaesthetics are subject to he-
patic metabolism and/or elimination, while the novel
inhalant anaesthetics are not extensively metabolised
by the liver. In high risk cases of animals with liver
disease, the anaesthetic goal is to minimise the use of
injectable anaesthetics, which are subject to hepatic
metabolism, and to use inhalational anaesthetics for
induction and maintenance of anaesthesia instead.

Peri-operative analgesia for animals with liver
disease undergoing surgery can be accomplished
via the administration of opioids (a constant rate
infusion of remifentanil is an excellent choice) or via
the epidural administration of local anaesthetics and/
or preservative-free morphine. An epidural injection
should be attempted only if potential bleeding disor-
ders have been ruled out or treated.



A€€eig - KA eda:
avaioOnoia, yata, natondabeteg, oKOAOG

Ztnv kabBnpeptvr Tpan, cuxvé o KTNVIaTpog KaAeiTal va avTi-
HETWTTIOEL TIEPIOTATIKA OKOAWY KL YXTWV L€ ETLPopLHEV NITa-
TIKr Aettovpyia. E1a (oo auTé ptopel va aaite{tat xoprynon
avaloBnoiag yla t Stevépyela emépPacng mov Sev ExeL OXEOT (e
TO NITATIKO TOLG VOO (A 1) EMEUPACTG TTOU KPIVETAL ATTapatiTn T
ytoetn Staryvoon (my. Ployia fratog) 1) tn Beparteia (m.y. peptkr
NITATEKTOWT), ATOA VOO AVACTOHWONG TNG TTLAKING PAEPOC)
TOU NITATLKOV TOUG VOOT|HATOG.

H op61) avatoOn Tk avTIHETOTION TOV TIEPIOTATIKGOV KUTOV
AIALTEL, KAT apyI|V, KXTAVONOT) TwV GUOLOAOYLKGV AEITOUPYL®V
ToL ATaTog. O POAOG TOU ATTATOC EVAL CHOVTLIKOG OTOV O HA-
TIopo (YAukoveoyévean), Tnv artoBrkevon (yAvkoyovoyéveon)
Kat v ehevBépwon (yAvkoyovoivon) tng yAvkolng. To fmap
eivat 1o Pacikd Opyavo 6To ormoio cuvTiBevTal oL TPWTEivVES
TOU MAKOHUATOG, EKTOG ATTO TIG Y-OPALPIVEG Kol TOV TIopayovTa
méng VIIL E€dANov, 1) Hetwpévn GUYKEVTPwWOT) TG aABoupivng
oto TAdopa ptopei va xpnotpomotn el kat wg adpdg, pn eldikog
SeikTng TpoxwpnHévng nriatikrg Suolettovpyiag. H petwpévn
obvBeon MpwTeivaVy ennpedlet T cUVOEST TWV GAPUAKWV (e
TIPWTEIVES TOL TAAGHATOG, TO UNXAVIGHO TIENG TOL pATOG Katt
NV KOAOEISWOUWTIKY TT{EOT) TOL TAAOUATOG, YL TNV OTTolx
urtevBuvn eivart Kupiwg 1 aAfouvpivn. 35152837

To fmap, emiong, anotelel T0 OpyaAVO GTO OTMO{O TIPAYHA-
TOTIOLE(TAL O HETAPOALTUOG (1) Kot 1) ATTEKKPLOT)) PAPUAKKDV KoLl
OpHOV®V, AANK KAl 0 HETAPBOAIOHOC KAl 1] KITEKKPLOT) TNG XO-
AepuBpivng (cVvdeon pe yAukovpovikd ofv). Ta kOTTapa Tov
Kupffer tov fratog eivatl eMGopTIOUEVA [E TNV ATTOUAKPUVOT
Paxtnpilwv kat evdotofvev armd 1o aipa g mulaiag pAEBAG.
Télog, To fyrap natilel poo oTNV amoppoPnon MA@y Kot Auto-
SLOAVTOV PITAHVGOY, HECW TNG EKKPLONG 0TO SwSeKadAKTUAO
XOMK®V 0&€wV Kal pwodorrtidiwy.>>1528

210 CUUTTTOHATO TIOV pItopei va ekdnAwvouy ta {wa e nita-
1ikr) Suokettovpyla mephapBavovTal vEVPOAOYIKA CUMITTOHATA
AOY® NaTIKAG eyKkedparonabelag, £petog, Sippola, avopelia,
aokitng Kat iktepog. OLoKVAOL e GUYYEVT TTUAXIA XVAOTOHWOT
efvat Bavd va mapovctalovy petwpévn poéoKTnon Pdpoug
yta TNV NAKIQ TOUG. ATIO T ATOTENETHATA TV PLOXN KDV
e€eTAoEWV 0TOV 0pO TOV aipatog ptopei va StartiotwBovv vrto-
aAPoupivatpia, vtoyAvKatpia, petwpévn Tipn aldtov ovpiag
aipatog (BUN), av€npévn tipn xohkov oféwv (pétpnon pe
10 {0 VNOTIKO KAl OTN GULVEXELA EMTAVAANYN TNG HETPNONG
2 opeg HeTd aTtd YeVHA), UITEPAUUWVIOLHI Kot UTTOKOALLHLIQ,
eVe oL SpaaTNPLOTNTEG TV NITATIKGOV eVIDH®V HITOpEl va eivat
GLOLONOYIKEG 1) aLENpéVeG. Ee OKUNA 1) Y&TEC Yl Tar oTTolx
TiBeTot vITOYio NITATIKOV VOOT)HATOG KAl GTA OTIo{a TIPETTEL Vit
xopnynOet avaioOnaia kat va vitoPAnBovv oe enépPaocn kpive-
TaL aropaitnTn 1 Stevépyela eETAGEWY Ylot TNV EKTIUNON TNG
ETAPKELNG KOl AELTOUPYIKOT TG TOV TTAPAyOvVT®v TIHENG (Xpovog

Anaesthesia for hepatic disorders
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Veterinarians often face cases of dogs or cats with
liver disease, in which anaesthesia is required for
surgery unrelated to the liver disease itself. This can
also occur in surgeries that is considered necessary
for diagnostic (e.g. liver biopsy) or treatment purposes
intended for the liver disease (e.g. partial hepatectomy,
ligation of portosystemic shunt).

The proper anaesthetic management of such cases
requires comprehension of normal hepatic function.
The role of the liver is central in the production (glu-
coneogenesis), storage (glucogenesis) and catabolism
(glycolysis) of glucose. The liver is the primary organ
in which plasma proteins are composed, except for
y-globulins and coagulation factor VIII. Reduced
plasma levels of albumin can be used as a rough,
non-specific indicator of advanced hepatic dysfunc-
tion. The reduced protein production affects the plas-
ma protein binding of drugs, the blood coagulation
cascade and the colloid osmotic pressure of plasma,
which is mostly generated by albumin.?>1%2837

The liver is also the organ responsible for drug
and hormone metabolism (and/or elimination), as
well as bilirubin metabolism and clearance (binding
to glycuronic acid). Hepatic Kupfter cells are charged
with the removal of bacteria and endotoxins from the
portal circulation. Finally, the liver is integral to the
absorption of fat and fat-soluble vitamins, through
release of bile acids and phospholipids in the lumen
of the duodenum.?>1>%

Clinical signs in animals with hepatic dysfunction
may include neurological signs due to hepatic enceph-
alopathy, vomiting, diarrhoea, anorexia, ascites and
icterus. Dogs with congenital portosystemic shunts
may have reduced weight gain compared to what is
normal for their age group. Serum biochemistry re-
sults may reveal hypoalbuminaemia, hypoglycaemia,
reduced blood urea nitrogen (BUN), increased bile
acids (measured after fasting and repeated measur-
ing 2 hours post feeding), hyperammonaemia and
hypokalaemia, whereas liver enzyme activities may
be normal or increased. In dogs and cats which re-
quire anaesthesia and surgery and in which there is
a suspicion of underlying liver disease, it is necessary
to perform a diagnostic evaluation in order to esti-
mate the efficiency and competence of the clotting
factors (prothrombin time PT, partial thromboplastin
time PTT). Anaemia may be noted after a complete
blood count.?
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nipoBpopfivng PT, xpovog pepiknig Opoppomiactivng PTT).
Ao ) yevikn) e€étaon aigatog pitopei va mpokOyel avatpio.?

A¢pob Sartiotwbel 6T éva {Ho TIdoyel artd Kartolou Babpol
nratikr) Suokettovpyia Kat Tpérel va vIToPANOel oe XelpovpyL-
K1 enéppaot, o KTviatpog pHitopel va emmiAé€el TNV aklpwon
NG XELPOUPYIKNG ETTEUPAONG, TNV EKTENEDT) TNG eMEUPAOTC e
TOTUKY) avaleOnoia, TV epappoyr dappakevTiKig Bepareiog
HéxpL N vooog va eeyxBei 1} Tnv extéeon g enépPaongc, pe
dedopévn v emiPapnpévn nratikn Aettovpyla. H emépBaon
pitopel va akvpwBel av poypappatifetar petd amod embupio
ToL (SLOKTATN Kot Yt Adyoug mrou de oxetilovTal fe Tnv vyeia
Tou {wou. H ektéleot) Tng pe Tomikn avatoOnoia eivat 1Statépwg
erBupunti Ao, Spng, cLXVA Sev elval TPAKTIKA KAl epappdoLyn
em\oyr). H epappoyr papporeutikng Oepareiog péxptn vocog
va eheyxBel Oa péel va elval ) emAOYT) TOU KTNVIATPOU, OTAV
elvat Suvato va otabeportonBei n vooog ka1 erépPoon prtopei
va avapinBel, eve étav n vooog Se propel vor avTIHETOTILOTEL
1 dTav 1O TEPLOTATIKG Dewpeital emeiyov Kat 1 XeLpOUPYIKN
enépPaon avaykaio yi TNy enPiwon tov {wov, o KTviaTpog
Ba mpérel va ipoxwprioeL 0TNV eKTENEOT) TNG EMEUPAOTG e
deopévn v emPapupévn nratikn Aettovpyia.®

ITptv aropaoctotel To avatodnTikd MpwtdKoAlo mov Ba
xpnotporotnBei, eivat oNUAvVTIKO va SIEVKPLVIOTEL AV TO €V
AOY® TTEPIOTATIKO TIPETIEL VAL XOPAKTNPLOTEL WG LYNAOU KIvOD-
vou To oroio xprlet epappoyng KATGAANAa TPOTTOTIOHEVOL
avatoOnTikoL TPWTOKOANOL Yiar coPapd nratonadrn (oo i av
Sev arotelel mepLoTATIKO LYNAODL KIVEOVOU. ZKONOL KAl YATEC
IOV TIPOOKOpi{ovTal AOy® TPALUATIOHOD, witopel va éXouv
avénuéva nratikd evivpa Adyw B aong Tov Aratog, dpws n
nratkn Aettovpyia ovvBwg eivat puotoroykr. AvTh 1 Ka-
myopia {wwv Sev Bewpeitat LYNAOL KIVEHVOU avadopLKE e
v Nratiki Aettovpyia, eldik& av n av€non tov evidpwy Se
GTAVEL TO EMTATIAAOLO 1) SEKATIAACLO TNG PUGLONOYLIKTG TLHUTG.
Zta vnepihika {wa prtopei va StariotwOel fria av€non twv
Natikoy ev{Opwy Xwpig TV ekONAMOT CUUITTOHATOV, OHOGC,
0UTE TA TEPLOTATIKA oL T Bewpeitat OTL armote oV KaTnyopia
{owv vynAov kKvdVvou. YYnlot Kivdvvou artd avaloOntikn
droyn BewpolvTatl 1ol EKSNAOVOUV GUUITTOUATA KAl €XOUV
evdei€elg natikng Svolettoupylag armo Tig Ploxnuikég e€eTdoelg
otov opd TOL AUHATOG, (e TNV eEETaoT TV XOAMK®V 0€€wV va
Bewpeital wg 1m0 eVSEIKTIKT TNG AELTOVPYIKOTNTAG TOU HITATOC.
Ye meploTaTika oL Sev eivat enelyovTa, 1 Xopriynon yevikng
avatoBnoiog avapdiletat péxpt va otabeporoindei n vocog
HE GOPUAKEVTIKY) OYWYT), EV® O€ EMEyOVTH TIEPLOTATIKE, TO
avatoOnTiko pwtdKkoro Tpororoteital KATdAANAa.?

ZKOMoOL Kot YATEG e vOoOUG NS XoANpopov 0do0 Bewpo-
VTOL TTEPLOTATIKE LYNAOL KivSUvou. H ektéleon tng eméppacng
avaBaAetal, av avto eival Suvato, HEXPL TNV LITOXWPNOT) TNG
UTTOKEeleVNG vOoou. Av 1 emépBacn Sev eivat Suvatd va ava-
PAnBel, xpnotporoteitat Tpormomotnpévo avaloOnTikd mpwTo-
KoAho. Ot ayYelakég avopalieg avVTUTPOOWTTEDOVTAL ATIO TIG
AVOOTOUWOELG TNG TTLAAAG PAEP S KAL EIVAL GAPWDG TTEPUTTOTELS
vynhov kivdvvou. H nratikr Aettovpyia eivat emipapupévn,
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After liver disease of some degree has been diag-
nosed and surgery has been deemed necessary, the
clinician may elect to cancel the surgery, to contin-
ue with the procedure under local anaesthesia, to
administer medical therapy until the liver disease
is managed or to proceed with the surgery under
general anaesthesia taking into account the hepatic
dysfunction. The procedure may be cancelled if it has
been scheduled due to the owner’s preference or for
reasons unrelated to the animal’s health. Using local
anaesthesia is a particularly tempting solution; how-
ever, it is often impractical and difficult to apply. The
prescription of medical treatment until the hepatic
disorder is managed should be the clinician’s first
choice whenever it is possible to stabilise the disorder
and surgery can be postponed. In contrast, when liver
disease cannot be controlled or when an emergency
situation is present and surgery is necessary for the
survival of the patient, the veterinarian should per-
form the surgery even though liver disease is present.®

Prior to selecting the anaesthetic protocol, it is
important to determine if the case in question is a
high risk case which necessitates a properly modi-
fied anaesthetic protocol for severe liver disease or
if it is not a high risk case. Dogs and cats admitted
due to trauma could have elevated liver enzymes
due to hepatic contusions, however, liver function is
usually normal. This patient category is not usually
considered to be high risk regarding liver function,
especially if liver enzyme activity has increased less
than sevenfold or tenfold above the normal range.
In aged animals, mild increase of liver enzyme ac-
tivity may be noted in the absence of clinical signs,
however, these cases do not belong in the high risk
category either. Animals belonging in the high risk
category from an anaesthetic perspective are those
that present with clinical signs and indications of
liver dysfunction in the serum biochemistry results,
especially the bile acid assays which are the most
representative of liver function. In non-emergency
cases, the administration of general anaesthesia is
postponed until the disorder can be controlled with
medical treatment, whereas in emergency cases, the
anaesthetic protocol is properly modified.”

Dogs and cats with biliary tract disease are consid-
ered to be high-risk patients. Surgery is postponed, if
possible, until the remission of the underlying disorder.
If surgery cannot be postponed, a modified anaesthetic
protocol is used. Vascular anomalies are represent-
ed by portal vein shunts, and these are particularly
high-risk cases. Liver function is compromised, due
to the abnormal formation of blood vessels and liver
hypoplasia.”



AOY® avepHaAOL OXNHATIONOV TV ayyelwVy Kal LITOTTAAciag
ToL fratog.”

Zmv Iatpikn Tov avBpwrtov, n mapovaia: 1) vtaBovpvat-
piog, 2) CLUITTOHATWY NITATIKAG eYKeparoTtaBelag, 3) aoKitn, 4)
iktepoL BewpovvTal eMPAPLVTIKES TAPAUETPOL TTOL KAVOLY TO
TIEPLOTATIKG, EVar TIEPLOTATIKG LYNAOD KivSUvou.” Eivatl cadeg
OTL 1 KATdAANAN TTpogToLpacia ptv TNy avalctnoio acBevoig
e coPopd Nratiko véonua eivat {wtikng onpacioag. Ipoavat-
oOnTKa, Tpémel, Aoumov, va kataPAnbei kabe poomabela va
eheyxBo0v maBoAoyIKé KATAOTATELG TTOL TINyA&{ovV amtd To
nratikd voonpa Kat ot oroieg B PItopovoay va nnpeacovy
apvnTIKA TNV €kPaon Tng xopniynong tg avaisdnoiog kat tng
XELPOLPYIKNG emépPoong.?

Tétoleg MaBONOYIKEG KATAOTAOELS fval:

H yrariky eyxkepadomabeia (HE). Eivat cuyvr) e okOAOUG
HE AVAOTOHMOELG TNG TTLAA{NG PAEBAG KAl 1) cOPapOTNTH TNG
TOKIANEL Tt AT KATATITWON WG 0XeSOV KOUXTOSN KATA-
oTaom. X1 GUOLOAOYIKA {Wa, 1) AHUWVIA TTOL TIPOEPXETAL ATTd
™ Paxtnptakn didonacn tov apvoféwy Kat ot Toiveg Tov
amoppoPpolVTAL ATIO TO EVIEPO KATAKPATOUVTAL OTO NITAP KAl
€101 Sev eloEpXOVTAL 0TI CLOTNHATIKA KUK Aopopia. Ze {wa e
coPapd emPoapupévn Natikng Aettovpyia, OGS, To HIap Sev
emitelel 00OTE AUTAV TN AelTOUPYIA TOL KAl £T0L O EYKEPANOG
ektifetal 011G Toiveg auTég pe anotéleopa v HE. Ztnv at-
tonaBoyévela TN HE mailet polo kat 10 y-apivoBoutuptkod
o€V (GABA), al\& Kat ovoieg pe Spaon mapopola pe avtiy
Tov GABA 23515172428 5e o0 TAOXOLV ATTO XPOVIO NITATIKO
voona, N Spdon Twv pkpav tocotntwy GABA mou untdpyouv
GUGLOAOYIKA GTOV EYKEPANO WG VELPOSIAPIBAOTES, evioyLeTaL
a6 ovoieg pe Spaon mapdpota pe autrv Tov GABA, tov mtpo-
£PXOVTAL OTTO TO €VTEPO Kat TO afptor TNG TTUAaiaGg PAEPAG, (e
anmoTéAeopa TN Statapayn TNG GUGLOAOYIKIG LCOPPOTIIAG TWV
SLeYEPTIKAOV Kol KATAOTAATIKGOV VELPOSIPIRacT®V. Xe oKOAOUG
Kat YATEG He NIATIK vooo, mapatnpeitat avfnomn tou aptbpol
TV LTodoxéwv Tov GABA o010 KeVTPLKO VELPIKO GLOTHHX
(KIN.X.). Zroug GABA-vumodoyeig Spouv kat ot Peviodialerniveg
Kat T apPLtovpikd, yr avtd kat (oo pe coPapr nratikn voco
ovxvd epdavifouvy avénpévn evatodnoia oe ALTA Ta PAPHAKAL.
Zta {wa pe HE mpémel va armopebyetal, av avto eivat Suvato, n
yevikn avatoOnoia. Opwg, 0Toug OKOAOUG e aVAOTOU®WAT TNG
rulaiog PAEPag (oL omoiot cuyvd epdpavilovy cuprtoparta HE),
aratteitat xopnynon avatodnolag Kat Xelpoupykr) enéppoacn
YlO( .[.r] espansia.ll’)ﬁ,l1,15,24,28

Zoa pe HE mpémet va AapPavouy mpoeyxetpnTIK& TNy Ka-
TEAANAN GAPHAKEVTIKT aywyn): Sioutor (e XapUnAT| TePLEKTL-
KOTNTA € TPWTEIVEG, AAKTOUAOLN, KADOUATA KOl QVTIPLOTIKK
Spaotikd evavtiov Gram (—) evreptk®v Paktnpiwv. Ztdxog
¢ Bepareiag eivat 0 ENeYX0G TOV CUUMTOUATWV HECK TNG
Helwong TNG Tapaywyn¢ TNG appwviog Kot A0V ToEvov.
Eivat miBavo va mpémet v xopnynBolv Kot ovTi-emANTITIK&
GapHaKa, OTIG 1 AePETIPAKETAN, TIPOKELHEVOU Var eNeyXDel
oy EANTITIKY SpACTNPLOTNTA TOCO TTPOEXYELPNTIKK, OGO
KOl (LETEYXELPN TIKA. 322428

Anaesthesia for hepatic disorders

In human medicine, the presence of: 1) hypoalbu-
minemia, 2) clinical signs of hepatic encephalopathy;,
3) ascites and 4) icterus, is considered to be a com-
promising parameter which, when present, results in
classifying a case into the high risk category.” It is clear
that proper preparations are vital prior to anaesthesia
in a case with severe liver disease. Therefore, during
the preanaesthetic period, every effort must be made
so that any underlying disorders stemming from the
hepatic dysfunction may be controlled, because they
could negatively affect the outcome of anaesthesia
and surgery.?

Such disorders include:

Hepatic encephalopathy (HE). It is common in
dogs with portosystemic shunts. Severity of clinical
signs may vary from mild depression to a nearly co-
matose state. In normal animals, ammonia produced
by bacterial breakdown of aminoacids and toxins
which are absorbed by the intestine are both retained
in the liver and, therefore, they do not enter the sys-
temic circulation. In animals with severe hepatic
dysfunction, however, the liver no longer performs
this function correctly, thus exposing the brain to
these toxins resulting in HE. In the aetiopathogen-
esis of HE, y-aminobutyric acid (GABA), as well as
substances with an effect similar to GABA also play a
role.>?*515172428 T cases with chronic liver disease, the
effect of small amounts of GABA, which can normally
be found in the brain as neurotransmitters, is ampli-
fied by agents with an effect similar to GABA, which
originate from the intestine and portal blood, resulting
in the disruption of normal balance of excitatory and
inhibitory neurotransmitters. In dogs and cats with
hepatic disease, there is an increase in the number
of GABA receptors in the central nervous system
(CNS). Benzodiazepines and barbiturates potentiate
GABA-receptors, and this is the reason why animals
with severe liver disease usually manifest an increased
sensitivity to these drugs. In animals with HE, general
anaesthesia should be avoided, if possible. However,
in dogs with portosystemic shunts (which usually
present with clinical signs of HE), general anaesthesia
is required as part of surgical treatment.>>>11152428

Animals with HE should receive proper medical
treatment prior to surgery: low protein diet, lactu-
lose, enemas and antibiotics effective against Gram
(-) enteric bacteria. The purpose of the treatment
is controlling clinical signs through a reduction in
ammonia and other toxin production. It is likely that
antiepileptic medications might be needed, such as
levetiracetam, in order to manage epileptic activity
prior to as well as post-surgery.>>*+%

Hypoalbuminemia (reduced production by the
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Houmolevkwparivaiuio (Letopévn mapaynyn oo 1o frap,
anmlela Aoyw atpoppaykig Siabeong). Exet wg amotéAeopa tnv
avénon Twv enutédwv Tou [ ouvSeSEUEVOU (e TTPWTEIVEG TOU
TAQOpATOG (Kal dpa evepyol) avataBntikod ¢pappdkov. Két
TETOLO €Xel OLiTEPT) ONUATIA YIX GAPHAKA e LYNAS TTOGOOTO
obv8eon¢ (e TIG TPWTEIVEG TOL MAAOHATOG, OTIWG Ta PapPL-
TOUPIKE, 1 Stalendpn Kot Ta omtoetdr) Kat ptopei va odnyrioet
oty epdavion avermBounTwy evepyetnmv, av xpnotpormotndody
ot 860elg TTov XpnotporotovvTal cuvrBwg oe un nratonadn
{oa. Av xpnotpormomnBolv Tétola GpappaKa, TPEMeL va pelwbel
n 8601 Toug.

Ev8exdueves anwleieg oe vypd Kat SlatapoayéG 0T CUYKE-
VIPWOT TOV NAEKTPOANUTOV AOY® ELETOV 1)/Katt SIpPOLG TIPETTEL
VO AV TIHETWITILOVTAL [LE XOPIYNOT LYPOV TTPOEYXELPNTIKA. ZUXVE
HITOPEL VO OTAUTELTAL 1) XOPTYNOT) VYPGOV KAL YL TNV adENGT) TOU
OyKou Tou aipatog Kat Steyxetpntika. Emetdr) ta nrmatonadn
{oa eivat cuxvda vtaBovpvatpikd, pémet va Sobei (Staitepn
TPOGOXT OTN X0pNYyNomn KpuoTaAhoedwv SIaAVHETOV, Yot
XOPNYNoT TOUG Gg HEYEAOVLG OYKOUG HITOpEL Vot eMIdelveTEeL TNV
vrtohevKwpatvatpia. Otov 1 oLYKEVTPWOT) TWV AEVKOHUATIVOV
elvat katw ard 1,5 g dl, n KoAoeldwopw Tk TTiesT ToL TAG-
opatog Bewpeital petwpévn. H xoprjynon koAoedaov (aipa,
Ao, StohpaTa aptoAov, Celartivng iy Se€tpdveg) (5 ml kg
h') oe cuvdvaco pe KpuoTaANoeldN prtopel va artoteel TNV
evdedetypévn Aor e TETOLEG TIEPUTTOTELG. AVvNOoUXiEG TTOL €X0UV
ekppaotel oto maperBdv o oxéon e TNy mibavr) GuocHpeLON
YOAQKTIKOV HETG artd Xoprynorn opov Lactated Ringer’s Adyw
advvapiag petapolopod Toug oe StrtavOpakikd ota nratonadr)
(oo paivetat 6Tt Sev éxouv KAk Pdon.? Ta koAoeldr] avEd-
VOUV ToV OYKO TOU aifaTog, LITOOTNPILOLY TNV KOANOESWOUWTIKT
Tt{eon Kat avarmAnpwvouy ev8exdueveg eAAeielg O TTapdyovTeg
TENG 0TV TTEpinTmOoN TToL Xopnyeitatl aipa, GppéoKo TAGOUA 1)
ppeTKO-KATEYLYHEVO TTAAOUA. XTNV TiepinTwor mtov StevepynOel
HeTayyton aipatog (.. Aoyw avatpiog), mpérnet va xopnynOei
OXETIKA PppEaKo alpa (oL TahatdTEPO TNG Hiog eBSopddag), yloti
OTO CLVTNPNHEVO Al AVEAVOVTAL Ol GUYKEVTPWOELG HUWVIAG
0€ CLVAPTNOT He ToV XpOvo artofdrkevong Tov. >

O aoxitng. Av Slamiotwbel pey&An mooOTNTA AOKITIKOD
vYpoU, B TIpETTEL TIPOEY KELPNTIKK Vot apatpeDei pe TapakévTn-
on. Hmoootnta mov Ba adpatpebel mpémet va eivat ToLA&KLIOTOV
TETOL WOTE VA NV TTopepTtodiletat n €KTuén Twv mTveLHoveVY
KOt 1) QVaITVELOTIKT Agttoupyio. >

H Swarapayr tn¢ ovykévipwons towv nAexktpodvrdv. Miopei
va apartnpnel vrokohaipia (amwleleg pe épeto, Sippola,
Sovpnon). Le TéTolx TEPIMTWON, TIPETeL var xopnynOel Kahio
pe puBpd mov 8e Ba Eemepva Ta 0,5 mEq kg ht.>

H Swarapayn tov unyaviopuod nnéns tov aiparog. Otmapdi-
yovteg miEng (extdg a6 tov VIII) mapayovrtat 6o Arap Ko,
OLVETIOG, o€ NraTonad oKOAOUG Kat YATeg 1) oOVBeaT) Toug
mBavag va eival petwpévn. Emmiéov, ot mapayovteg mnéng 11,
VI, IX, X kaBiotavrtat Aettoupytkol 00TEPA aItd £vePYOTIOiNaT)
TouG oTo fTap pe ouppetoxn NG Prrapivng K. Ze mepintwon xo-
AOGTATIKOD VOO HATOG, OH®G, N artoppd¢pnon Twv AToSIaAV TGOV
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liver, loss due to coagulation disorders). It results
in increased plasma levels of non-protein bound
(therefore active) anaesthetic agent. This is particularly
important for drugs with high plasma protein binding,
such as barbiturates, diazepam, and opioids, and it
can lead to side effects, if standard doses, intended
for animals without liver disease, are used. If such
agents are used, their dose must be reduced.

Any possible fluid losses and electrolyte disorders
due to vomiting and/or diarrhoea should be managed
prior to surgery by fluid administration. Often fluids
may be required in order to increase blood volume
during surgery. Because animals with liver disease
are usually hypoalbuminemic, particular care should
be given to the infusion of crystalloids, because large
volumes may exacerbate hypoalbuminemia. When
albumin concentration is reduced to values under 1.5
g dI}; the colloid osmotic pressure of plasma is ex-
pected to decrease as well. The use of colloids (blood,
plasma, starch solutions, gelatin or dextran) (5 ml kg™
h') combined with crystalloids may be the indicated
solution in such cases. Concerns expressed in the
past regarding the increase of lactate after Lactated
Ringer’s infusion due to inability to metabolise lactate
to bicarbonate in animals with liver disorders, seem
not to have clinical substantiation.” Colloids increase
plasma volume, support colloid osmotic pressure and
make up for any deficiency in coagulation factors
in cases where blood, fresh plasma or fresh-frozen
plasma are used. In cases where blood transfusion is
needed (e.g. due to anaemia), relatively fresh blood
should be used (no more than one week old), because
the levels of ammonia increase during storage in
preserved blood.*>111*

Ascites. If copious amounts of abdominal fluid
are noted, it should be removed prior to surgery via
abdominocentesis. Enough fluid should be drained to
facilitate lung expansion and respiratory function.>*!

Electrolyte disorders. Hypokalaemia may be ob-
served (losses with vomiting, diarrhoea, urination).
In such cases, potassium should be infused at a rate
no higher than 0.5 mEq kg! h2.5!!

Coagulation disorders. Coagulation factors (other
than VIII) are produced in the liver, therefore in dogs
and cats with liver disease, it is likely that coagulation
factor synthesis is reduced. Moreover, coagulation
factors II, VII, IX, X become functional after acti-
vation in the liver with the contribution of vitamin
K. In cases of cholostatic liver disease, however, the
absorption of fat-soluble vitamins, such as vitamin K
may be inadequate. For this reason, prothrombin time
should be evaluated prior to surgery. Some clinicians
choose to inject vitamin K for 24-48 hours. In case



Brrapvav, omwg n Prrapivn K umopel va eivat edurg. Ta auto,
TIPETTEL VO EAEYXETAL O XpOVOG TIpoBpopivig TIpoeyXelpnTIKA.
Kdmotot ktnviatpot erthéyouv tn xopriynon Prrapivng K mopevre-
PIKG yla 24-48 wpeg. Av 1) xelpoupyikr eméppaon eivat eneiyovoa,
uropel va xopnynBel mAdoua 1) ppeoKo-KATEYLYHEVO TIAAGHA
TIOL AVATTAT|P@VEL TOUG TTEPLOTOTEPOVG TTAPAYOVTEG TTRENG. >

2e 0,TLadop& T0 avaloOnTIKO MTPWTOKOANO TTOL Bt Xprotpo-
rtotnBel o€ éva oKVNO 1) Y&Ta e Ntk Suohettovpyla, Tipémet
va katafdAletat TpooTdBela va amopedyovTal GApHAKA TV
omoiwv o HeTaPoAopdGs Kat 1 aékkplon Paciletal oe peydho
Babpd otnv nratikn Aettovpyio. Av avto Sev eivat epiKTo, N
docoloyia mpéret va Tpottorote{tal KataAAnAa, Kabng, ta
KaTaoTOATIKG Tov KINLE. p&ppoka TTOL Xpr|OLHOTIO00VTIAL GTNVY
niept-avaloOntir mepiodo éxovy avénpévn Spdon, dtav xopn-
yobvtal oe nratontadr) {wa. Avtd ogeiletat aTnv vITAABOLL-
vatpia, Tn pelwon TG ALPATIKNG poTG OTO NI KAL TO HELWHEVO
HETAPOALOUO TOV pAPUEKWY GTO HITap, OAAG Kot 6TV adénon
ToL aplBpoD Twv Kevtpikov GABA-vmoSoyéwy.

H vro\foupuvatpio ennpedlet tn) cVvdeon twv neplocdtepwv
avaloONTIKOY PAPUEKWY e TIG TIPWTEIVESG TOL TTAAOUATOG, e
ouvérela va av€avetat N TocdTNTa ToL eEAebBepou 1} evepyol
papuaxov (oxetikn vtepdoaoia). H atpatikn por) oo fymap eivat
oLV pelwpévn og nriortortad {a, Aoy Tr.y. TuAaiag UITEPTaoNG
1 avaoTOU®ONG TNG TIVAING PAEPAG, Kol AUTO AvVATTOPEVKTA
odnyei o pelwpévn Séopevon pappakwy and to frap. Opwd,
eKTOG aTtO Tr) SEGHEVOTN TOV GAPUAK®V OTTO TO NITAP IOV HITOPEL
va gival petwpévn, eivat Tlavag Helwpévn Kat 1 tkavdtnTa Tou
Hratog va petaPoAilet Kot va arevepyortolel Ta Xopnyoopeva
GAPUAKA TTOL TEAKA GTAVOLY Ge AUTO. TENOG, G {wat pe NITaTIKA
voorpata éxet Stamotwdel abEnon tov aptBpol Twv KeVTpIKOVY
GABA-unodoxéwv, fe amotéleopa tnv avénpévn evatodnoia
oe pappaka Onwg ot Peviodialemniveg kat Tar PapPITOLPIKE, TA
omoia §povv gTovg LITOSOXE(G AVTOVG. >

Hemoyn v ¢pappaxmv mov Ba reptindBotv oo avaicdn-
TIKO TIPWTOKOANO TIPETTEL VA EVaIL TIPOCEKTLKT Kol v YiveTal pe
Bdon 11§ pappakoroyikég ISLOTNTEG, TG avemBUUNTEG EVEPYELEQ
KoL T pOpHAKOKLVITIKT) TOUG. ZUYKEKPLUEVA, TIPOTIHODVTAL
GappaKa TTOL £X0VV GUVTONO XpdVo Niicelag (wng, Twv oroiwy
0 TEPHATIONOG TNG avanaOnTikng Spaong Paciletal oe pnxaviopd
AoV atd ekeivov TOL NIATKOL HeTABOAGHOD KAl T oTrola
elvat avaoTpéyipa e xprion aviayoviotov.y

ITio cuykexpLpéva, ot patvobeialives Tpokalovy LITOTAGN,
éxouv peydn Stdpretor Spdong Kot 1 Spdon Toug avapévertat
va gival akOpa TTLo Tapatetapévn oe nriatornadeic okOAOLG Kat
yateg. Ipoteivetatl va ammodpevyovtat. ¥ Emiong, Sev mpoteive-
TaL N XPHON &~y WVLoTAV, AOYw TNG £VTOVNG KATAOTOANG TOU
KUKAOGOPIKOD GUOTHHATOC TTOL TIPOKAAODV Kot TNG mibavrg
SLKOPBELONG TG ALUATIKHG PONG Kot TNG TTopoxTig o&uydvou oe
Sapopa dpyava.’” Av xpnotporoinBoovv, pémet va xopnynotv
oe WKpEG §OOELS evmd oTNV TiEpIMTwOT eKSHAONG GoPapmv
TapevepYelOV amtd To KUKAOPOpPLKO, 1) Spdor Toug pmopel va
avaoTpadel fe Tn xoprynon atutapeldAng.2 Le 6,1 apopd Tig
Bevlodialemives, emeldn éxet pavel 6TL evBoyeveic ovoieg pe

Anaesthesia for hepatic disorders

of emergency surgery, plasma or fresh-frozen plasma
can be infused, because these supplement most of
the coagulation factors.>>*®

Regarding the selected anaesthetic protocol for
dogs or cats with hepatic dysfunction, every effort
must be made to avoid drugs mostly dependent on he-
patic metabolism and elimination. If this is not possi-
ble, then the dose must be properly modified, because
CNS depressants that are used in the peri-anaesthetic
setting have an exaggerated effect when administered
to animals with hepatic dysfunction. The latter occurs
due to hypoalbuminemia, reduced hepatic perfusion
and reduced hepatic metabolism of the anaesthetic
agent, as well as the increased number of central
GABA-receptors.

Hypoalbuminaemia affects plasma protein binding
of most anaesthetic agents, resulting in increasing
amounts of free or active drug (relative overdose).
Hepatic perfusion is usually reduced in animals with
liver disease due to e.g. portal vein hypertension or
portosystemic shunt, and this inevitably results in
reduced drug absorption by the liver. However, other
than reduced drug retention, hepatic metabolism and
elimination of drugs that manage to reach the organ
can also be reduced. Finally, in animals with liver
disease an increase in central GABA- receptors has
been observed, resulting in exaggerated sensitivity to
agents like benzodiazepines and barbiturates, which
potentiate such receptors.®>'®

The selection of agents to be included in the anaes-
thetic protocol should be meticulous and based on
their pharmacological properties, side effects and
pharmacokinetics. In particular, the preferred drugs
should have a short half-life, the termination of their
anaesthetic effect should rely on a mechanism other
than hepatic metabolism, and they should be revers-
ible by antagonist drugs.*”

More specifically, phenothiazines can result in
hypotension, have a prolonged duration of action and
their effect is expected to be even more prolonged in
dogs and cats with liver disease. It is best to avoid these
agents entirely.”*” Also, the use of a -agonists is not
recommended due to severe circulatory depression
and likely compromise of blood flow and oxygen
provision in various organs.” If they need to be used,
small doses are preferred; in case of severe circula-
tory side effects, their effect can be reversed with
atipamezole.?® Regarding benzodiazepines, because
substances with an effect similar to benzodiazepines
have been implicated in the aetiopathogenesis of HE,
most authors consider that they can exacerbate HE
and therefore they do not recommend benzodiaze-
pine use.2,3,15,28,37
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dpdon mapdpola pe avtr Twv Peviodialenvaov epmiékovtal
otnv atttortaboyévela g HE, ot teplocdtepol ovyypadei
Bewpolv OTL 1 xprion Toug propei va emidetvaaet Tnv HE kat
de ovvioTOLY T XOpPNYNoT TOUG. 2152837

To ommoeldsy, mapd 1o 6tL petaPfolilovtal oto Hrap, Bew-
povvTaL KT emthoyn yla acBeveig pe nratikd voonpa, Kabng
aivetal va £xouy eAaxtoTeg 1 KaBOAov averBVpNTeC evEpYeLeg
oe oxéon pe 1o Nrap. H §pdon toug popei va eivat avén-
HEVN Kal TTapatetapévn oe nratonadn (oo, OpwG, amotelel
TIANEOVEKTNHA 1) SLVATOTNTA AVACTPOPTiG TNG SpAcNG TOLG (e
xpnon vaho€ovng (0,04 mg kgt) av avtd kpiverat oxomipo. Ot
ETMTTTOOELG TOUG OTO KUKAOPOPIKS GVUOTNHA elvol ENAXIOTES
kat n Ppadvkapdia mov pmopei va mapatnpndei avripetwife-
Tolt EOKONX He T1) XOpHyNon avTiXoAvepyLKav. Ol aywVIoTég/
AVTAYWVLIOTEG, OTIwG 1 fovToppavoln (0,2 mg kg™) paivetal va
TIPOKAAOVV UIKPOTEPOL BatBOU KATAOTOAN TOL AVATIVEVGTIKO,
o€ oxéon e Toug apyelc p-orywviotég. Kahég emhoyég, maviwg,
amtotehobV Kat N popdivn (0,1-0,2 mg kg?), alA& kot 1y 1teBidivn
(3-4 mg kg?). H aopddeia Tov mapéxouy Ta p&pHaKa auTd, N
SuVaTOTNTA XOPNYNONG AVIAYWVIOTOV, 1) HITL NPEUNOT KAL 1)
LoXLPT avaAYNola TTOL TTPOKAAOVY Ta KBGOV TTOAD XproLpa
oe {Oa pe NIaTIK vooo. 3511152837

[Saitepa mpémel va onpetwdel n ermhoyn g pepLpavra-
vilng yx SteyxelpnTik) (Kot (HETEYXELPNTIKT)) OLVEXT OTAYSNV
xopnynon. 2 ITpokettat yio éva oAb cOvTopng Stéprelag Spdong
LoxXLPS OTTLOELSEG, TOL OTT0{0L O TEPHATIOHOG Spdorng Sev e€apTd-
Tt KaBOAOL artd TNV NraTikn Aettovpyia, A emépyetat AOyw
HeTABOALOHOD aTtd £0TEPAOES TOU aipaTog Kat Twv toTtov.? To
pappako prtopel va xopnynOei oe Popid nratonabeic avBpwmoug
(TL.X Yl LeTapOTXEVOT AITATOC)™ KoL €XeL XprotportotnOel xwpig
nipoPAnparta Kot og nratonabdeic okvAovg.!

H xprion BetofapfSirovpikdv yia tnv avaisdnoia {odwv pe
nratikd voorjpata Ba péret va aropevyetal. ITapoia avtd, n
Xoprynon pioag povo 86ong Betomevtovng yla tny emiteven Sta-
OWAVOON G Sev avTevdeikvuTal ammdALTA, Yot I AVAKXTAVON
TOU PAPHAKOL UTTO TOV EYKEPANO OTOLG LOTOVG e HIKPOTEPT
alpatwon teppatilel v avatoOntikr Spaon tng. Le kapia
TiepinTwon, Opwg, Se Ba mpémel va emiyetpnOel Statrpnon g
avaoOnoiog pe emavolapPavopeves dooelg BetoPapPirovpkav,
kaBo¢ n nitatik véoog enmpedlet to Babog kot tn Stdpreta Tng
avatoOnoiag pe BetofapPirovpikd, Adyw NG avEnpévng gvat-
oOnoiag tov KINLE. kot Tn¢ petwpévng cOvEeong ToU Gpapdkou
HE TIG TTPWTEIVEG TOL TTAAOHATOG (LITOAEUKWpATIVALpi0) > 1537
H xoprjynon Betomevtdvng akdpa Kot ylar eyKaTaoTaon Kot
Hovo ¢ avaloOnoiag popei va arogpevyBei onpepa, kabmg
UTTAPXOLVY OTA XEPLA TOL KTNVIATPOU TTLO A0POAE(G ETILAOYEG Yot
Vv eyKataotaon g avatodnoiag oe nratonadng acOeveic,
OTIWG 1) TTPOTIOPOAN Kol TO LGOGAOLPAVLO.

Baotko mheoveKTnpa TG IpomoPporng eival o Tax0TATOG
HeTABOALONHOG TG 0TO Ttap, o omoiog Paociletat otn ovvdeor)
NG He YAUKOUPOVIKO (BLOHETAOXNHATIONOG). AUTOG O pnXavIoHdg
¢aivetal Twg dev ennpedleTal oNUAVTIKE (CUYKPLTIKA pe AANEG
peTafolikég Stadikaoieg) oe nratonabdig oKOAOLG Kot TTapapEVEL
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Even though opioids undergo hepatic metabo-
lism, they are considered a good choice for animal
patients with liver disease, because they seem to have
minimal or no side effects to the liver. Their effect
can be exaggerated or prolonged in animals with liver
disease, however the option of reversing their effect
with naloxone (0.04 mg kg!), if deemed necessary, is
an advantage. The circulatory sequelae are minimal
and potential bradycardia can be easily managed
with anticholinergic drugs. Agonist/antagonists such
as butorphanol (0.2 mg kg') apparently cause less
severe respiratory depression than pure p-agonists.
Satisfactory options, though, also include morphine
(0.1-0.2 mg kg'), and pethidine (3-4 mg kg?). The
safety of these drugs, the availability of antagonists,
the mild sedation and powerful analgesia render them
very useful in animals with hepatic disease.?>!152837

Remifentanil is a noteworthy option for periop-
erative (and postoperative) constant rate infusion.”
This is a potent short-acting opioid which does not
depend on hepatic function for the termination of its
effect, as it is metabolised by esterase enzymes in the
blood and tissues.!” This agent can be used in patients
with end-stage liver disease (e.g. for liver transplan-
tation)* and it has been used without problems in
dogs with liver disease as well.!

The use of thiobarbiturates in order to anaesthe-
tise animals with liver disorders should be avoided.
Nevertheless, a single bolus of thiopentone for in-
tubation is not absolutely contraindicated, because
the redistribution of the agent from the brain to less
perfused tissues terminates its anaesthetic effect.
However, repeated doses of thiobarbiturates should
not be used for the maintenance of anaesthesia, un-
der any circumstances, considering that liver disease
affects the depth and duration of anaesthesia with
thiobarbiturates due to increased sensitivity of the
CNS and reduced plasma protein binding (hypoal-
buminemia) in such cases.®>>'>%” The use of thio-
pentone, even for induction purposes only, can be
avoided nowadays, because there are safer options
available for anaesthetic induction in patients with
liver disease, such as propofol and isoflurane.

The main advantage of propofol is its swift he-
patic metabolism, which is based on conjugation to
glucuronic acid (biotransformation). This pathway
seems not to be severely affected (compared to other
metabolic processes) in dogs with liver disease and
it remains functional until end-stage liver disease.
Therefore, it is likely that agents with metabolism
dependent on this pathway, such as propofol, are
safer.!® Furthermore, there may be extrahepatic sites
for propofol elimination (lung, kidney),'** because it



Aettovpykdg péxpt Tar tehevtaia oTddia TG NIATIKAG vOoOU.
‘Etot, pappaka d1wg n mporoPporn Tov omoiny o HeTAPOAOHOG
Baoiletat oe avtr) TN petafolixr) Stadikaoia, mbavog eival o
acpaln).’® Eniong, vmootnpiletal 6Tt ptopel v urtdpxouv Kat
efwnratikég O¢oelc petafoliopon g mpomtodpOAng (mvevpovec,
veppoi),®* kabwg éxet detxBel 611 1 KABApOT TNG ATTO TO TIAG-
opo eivat peyaOTepn TNG ALUATIKNG por¢ aTo Hrap. Idiaitepn
nipocox mpénet va Sobel oe natonabeic yates, dpwg, Kabwg
0 HNXAVIOHOG ATTORAKPLVONG TNG TTPOTTOPOANG ival TiLo apydg
Aoy ENetynG evidpwv TIoL eivat vitevBuva yla TN YAUKOUPOVL-
Siwon g mportopoAng otn yata. Av kplBel Tt elvat avaykaia
1 XOPNYNOT EVECIHOV AVALEONTIK®V YLt TNV EYKATAOTAOT TNG
avaloOnoiag, n mpomopoin eivat fia Aoytkr) emioyn. >

H xprion eroputddryg yua eykatdotaocn g avatcOnoiag
e€aopalilel afloonpelwtn oTabepdTnTa TOV ALHOSUVAUIKOY
TIPAUETPWV e PAaT TiG oTto{eC cUVHBWG eKTIATAL 1) AetToLpYia
TOU KUKAO(OPLKOU, [HE GUVETTELX VO NV TIPOKaAE(TAL Helwan
NG ApATOoNG ToL Nratog. Ol Tapevépyeleg TTOL HITOpPEl va
nipokAnBovv artd tn Xoprynon g (KATaoToAn NG €KKPLONG
KOPTIKOOTEPOELSQV, AULHOAVGN AOY® TOV EKSOXOU TTPOTTVAEVIKT
YAUKOAN), Se paivetar va EXouv KALWVIKNA onpaoio dTtav autr
Xpnotpornote{tatl HOVO Yl eyKaT&oTaon ¢ avatodnoiag. H
eTOMSETN TIPOTEIVETAL WG [LX ETTIAOYT] YIA TNV EYKATAGTAON
g avaletnoiag oe {Oa pe Natiky voco.>>11s37

H yoprjynon xerapuivyc mpémel va amodpevyetal, YIXTi, €Ll-
dwkd oe acBeveig pe HE, pumopei va mpokahéael Ty epdpdavion
EMANTITIKOV Kpioewv. Zuxva cuvSudletar pe PevioSialemnive,
»oTe va artopevxBovv Tbavég apevépyeleg, Opwg Kot 1 Xpron
AVTOV TV PAPUAKKY e Nriatortabels yaTeg pmopel va eyKu-
povel Ktvdovoug. H ketapivn, Omwg Kat OAa Ta GA eVETLHA
avaloOnTikd, petafoliletal oto fap Kat €Tot Oe Ba pémet va
xpnotporoteitat yla dtatripnon g avatodnaoiag. Av xopnyn©ei
yla €yKaTaoToon TG avalotnoiag, potipdral r evSodpAEPLa
0806¢, étoL dote va xopnynBei n ehdylotn Svvarr) §6omn. 314

Mix GAAN eMAOYT YlX TNV EYKATACTAON TNG avatoBnoi-
ag arotelel kat n adgaladdvy. H xprion mpomodpoing, opee,
¢aiveral va artoteel KaAOTEPN EVAANAKTIKY, AOY® TOU TTAEO-
VEKTHHOTOG TTOL TTPOOPEPEL 1} YAUKOUPOVISIwOT 0¢ HETAPOALKT
00866 PLOPETATXNUATIOUOD TG TTPOTIOPOANG, AAAK KAl AOYw TOU
niBavo e€wnratikod petafoiiopot e

2e 6, TLapopd TNV ENMISPACT) TV ELGTIVELOTIK®OV avatoOnTIK Vv
otV NIATIKA Aettovpyia, Tpemnel va avadepOel OTL N aLpatik)
poT) TIPOG TO TP TIPOEPXETOLL OTTO TNV NITATLKT apThpiot Kot TNV
muhaia pAEPa. H nriatikn) aptnpio mapéyet o 25% Kot n moaio
GAEPa To 75% TG NITATIKAG AUHATIKNG poriG, OH®E N TTapoxn
ofuydvou emttvyxdvetal Katd 45-50% [Eow TOU AlHaTOG TNG
nnatikig aptnpiag Kot katd 50-55% péow exeivou Tng Tulaiog
GpAEPac.t® H poBiuon tng porg Tou aipatog oty Nratir aptnpia
yivetat Héow Unxaviop®v o avTiotaBpifouy Tig petafolég otn
por) Tov aipatog otnv Tuaia pAEBa. ETot, 1) OMKN ootk por
oo frap Statnpeital péoa oe oTeVa dpla. AVTOG O UNXAVIGHOG
pLBHLIoN G KatohveTal Kata TN Padia yevikr avaioOnoia. Ola
TX ELOTIVEVOTIKG avaloOnTiKd, GANa og HKPOTEPO Kot AAAX O

Anaesthesia for hepatic disorders

has been proven that propofol clearance from plas-
ma exceeds hepatic perfusion. Special consideration
should be given to cats with liver disease, however,
due to slower propofol clearance in this species due
to the relative lack of enzymes that are necessary for
glucuronide conjugation. If intravenous anaesthetics
are deemed necessary for the induction of anaesthesia,
propofol is a reasonable option.>>!"15

The use of etomidate for induction ensures re-
markable stability of standard haemodynamic mon-
itoring parameters, consequently preserving hepat-
ic perfusion. Potential side effects (suppression of
corticosteroid release, haemolysis due to propylene
glycol), do not seem to be of clinical significance when
etomidate is used only for induction. Etomidate is
suggested as an option for induction of anaesthesia
in animals with liver disease.®>-15%

Ketamine should be avoided in patients with HE,
because it can induce seizures. It is often combined
with benzodiazepines in order to prevent the mani-
festation of side effects, however, use of these drugs
also in cats with liver disease can be a considerable
risk. Ketamine, like other injectable anaesthetics, is
eliminated by the liver, therefore it should not be
used for anaesthetic maintenance. If it is used during
induction, the intravenous route is preferable, so that
the minimal dose can be injected.>>!1'>

Another option for induction of anaesthesia is
alphaxalone. Propofol, however, seems to be a better
alternative, due to the advantage of the biotransfor-
mation metabolic pathway of glucuronide conjugation
and also due to its potential extrahepatic metabolism.*

Regarding the effect of inhalational anaesthetics on
hepatic function, it should be noted that the hepatic
blood supply stems from the hepatic artery and portal
vein. The hepatic artery provides 25% and the portal
vein 75% of hepatic blood flow, however, oxygen is sup-
plied by 45-50% through the hepatic artery blood and
by 50-55% through portal blood.”® Control of blood
flow through the hepatic artery is obtained through
mechanisms that counteract changes in blood flow
in the portal vein. Therefore, hepatic perfusion can
be maintained with limited changes. This protective
mechanism is suppressed during deep general anaes-
thesia. All of the inhalational anaesthetics may cause
dose-dependent hypotension and reduced hepatic
perfusion to varying extent. This may lead to a reduc-
tion in oxygen supply and hepatic cell necrosis. Any
other factor that may result in a reduction in cardiac
output or hypotension can also cause a reduction in
hepatic perfusion, with the expected consequences.
Among the inhalational anaesthetics, isoflurane (and
the newer sevoflurane and desflurane) seems to least
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peyaAvTepo Pabuo, mpokarobv §000-e£apTOHEVN LITOTACT KAL
Helwon TNG NITATIKAG AUUATIKNG porjG. AuTo ptopei va o8nyrioet
o€ Helwon NG mapoxnig 0§uydvou Kat NITATOKUTTAPIKY PA&PN.
E€aMhov, kat ortotoadrjote GANOG TapayovVTag TIPOKAAEL (ei-
O™ TNG KApSIaKTG TTapoxng 1) uitdTacn mpoKalel Kat pelwon
NG pon§ AilaTOG OTO NITAP, LLE TIG AVANOYEG CUVETELEG. ATIO TX
ELOTIVEVOTIKA avaloOnTiKd, To 1oopAovpdvio (Kot Ta vedTepa
oeBoprovpavio Kat deaprovpavio) dpaivetat va emnpedlovv
AtydTEpPO TNV NITATIKY AULHATIKT por), V) TO ahoBdvio TipoKahel
™ onpoavtikdTepn peiwon 3572101516

H xoprjynon ahoBaviov éxet ouvdebei e TpOKANoN NIATONA-
Betog (Natitida and aloBavio), \dyw Siéyepong avoooroYIKNG
avtiSpaong petd tn ovvdeon tou petafolitn tov aloBaviou,
TpLpBopolikod oy, pe mpwteivn Tov HraTog. Xtov avBpwrto, 1
Katdotaon mapatnpeitat ondvia (1 oe kabe 6000-10000 avat-
0Onoieg). Ztov oKOAO LTTAPXOLY AVAPOPEG TIPOKANOTG NITATITL-
dag amd aroBavio.® Tia Toug Adyoug avtol, eival KaAUTEPO va
amopevyetaL N xoprynon ahobaviov oe {Ha pe nratikr vooo Kat
VO TIPOTLUATAL TO LGOPAOUPAVLO 1} KATTOLO aTTd T GEBOPAOUPAVIO
1 Seaprovpavio >

Ola oxeddv Tar gvéatpa avalodntika vpicTavTal nratt-
KO HeTAPOAIOUS f/Kat amékKpton. AvTiBeta, Tar €LOTIVEVOTIKK
avaloOnTikd e petaBoAifovrtat oe onpavTiko Pabpd oto frap,
pe e€aipeon to aloBavio kat to peBofudprovpavio. H ehayioto-
TI0{N0™ TNG XPrONG EVECIU®Y avaloONTIKOV GaAPUAKOY KAl 1)
XOPNYNON ELCTIVELGTIKOV AVALTONTIKOV Y& TNV EYKATAOTOOT
Kat TN dtatrpnon g avatoOnoiag mpémet va arotelel Tov
OTOXO TOL KTNVIATPOL OTav Kaheltal va opnynoetL avatodnoia
oe nratornadn {wa vynhov Kivdvvouv.”

H e€aopaion mepieyxelpnTikng avakyneoiog oe nratonadeig
OKOAOUG Kal YATEG HITopel va Yivel pe Xxoprjynor omoetdov (ta
omoio pitopel va éxouv miepthndBei oty mpoavataOnTir dpop-
HOKEVTIKT) aywyT)) 1) HE eTOKAN IS Xopr)yNnon TOTUK®V aval-
Ntk 1} popdpivng (xwpic EkSoxa-ouvtnpnTika). EmoxkAnpidia
éyxvon mpérel va entxetpn el povo oty mepinTtwaon mov €xouv
amoketotel 1) SlopOwbei evdexodpeves Siatapayég Tov punxavi-
opov mRENG. Tlapd To Yeyovog OTL 1] XELPOLPYIKT) TIPOCTIEANGT)
TOL TATOG YiveTal PeTd amd TpoopdpaA ik AartoipoTopn, n Xprion
eroKkANpidiag avalodnoiag paivetal OTt TapEXeL IKAVOTIOMNTIKOV
BaBpot avakovpLon artd Tov peTeyXelpnTKO Ttovo. EE&AAov, oTo
oKD éxel OetyBei dTLn eTloKANPISIa £y XLOT HOPPIVNG TTAPEXEL
avaynoia Kal yla enepPEoels 1 enaduves KATAOTACELS TwV
npocbiwy dkpwv 1) Tov Bdpaka. Z1nv nepintwon mov éva {wo
pe Ntk véoo, ipéret va urtoPAnOei oe Xetpoupytkn emépaon
o Sev €xel oxéon pe TNy nrtatondOeta, av eivat Suvato autr
ekteeitat uTtd Tomikr avatoOnaia. I 1o okoT6 AVTO LV BWG
aTTaUTELTaLL 1) XOPTYNON NPEUIOTIKOY. Q0TO00, Ta {®a e NITATIKN
V600 givat havo va éouv pelwpévo ertinedo ouveidnong KLETal
va UV anattovvTat peydeg SOaeLG NpeoTIKOVY. >

2e IEPIMTWOT) TTOL ATTAUTELTAL LLOXAAAOT), TIPETTEL VAL ETTLAEYEL
TO ATPaKovpLo 1) T0 cis-aTpakovpio, Kabog Ta pappaka autd de
petaBoAifovrat oo frap, aAAG artoSopoHVTAL GTO TTAAGHA HE
Bdon tov Hofimann elimination, o onoiog e€xptdtat Lovo oo
1o pH kot 11 Beppokpacia tov mAdopatog. Metad twv Vo, 1
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affect hepatic perfusion, whereas halothane results
in the most severe reduction.>>7211516

Halothane has been implicated in hepatopathy
(halothane-induced hepatitis), due to an immune-me-
diated response after the halothane metabolite, tri-
fluroacetylchloride, binds with hepatic proteins. In
humans, this condition is rare (1 in every 6000-10000
anaesthesia cases). In dogs there have been reports
of halothane-induced hepatitis.® For that reason, it is
preferable to avoid halothane in animals with hepatic
disorders, replacing it with isoflurane, sevoflurane or
desflurane 3>!1°

Almost every injectable anaesthetic undergoes
hepatic metabolism and/or elimination. In contrast,
inhalational anaesthetics do not depend on the liver
for elimination for the most part, except for halothane
and methoxyflurane. When general anaesthesia is
necessary in high risk animals with liver disease, the
clinician’s goal should be to avoid injectable anaes-
thetics and use inhalational agents for induction and
maintenance of anaesthesia.®

Perioperative analgesia in dogs and cats with liv-
er disease can be attained with opioids (which can
be included in the preanaesthetic medication) or
with the epidural injection of local anaesthetics or
morphine (preservative-free). An epidural injection
should be attempted only in cases in which coagu-
lation disorders have been excluded or treated. Even
though the surgical approach to the liver is via upper
midline laparotomy, epidural anaesthesia may provide
sufficient pain relief. It has been proven that epidural
injection of morphine in dogs provides analgesia also
for surgery or painful conditions in the front limbs or
thorax. In cases of animals with liver disease in which
surgery is necessary but unrelated to the liver disease,
if possible the procedure should be performed under
local anaesthesia. Sedatives are usually required for
this purpose. However, animals with hepatic disorders
may have a reduced level of consciousness therefore
high doses of sedatives are usually not required.>'**

In cases in which muscular relaxation is needed,
atracurium or cis-atracurium are preferable, con-
sidering that these drugs do not undergo hepatic
metabolism. Instead, they are broken down in plasma
based on Hofmann elimination, which depends only
on plasma pH and temperature. Between the two,
cis-atracurium is preferable because of the production
of smaller amounts of the metabolite laudanosine,
which is considered to be epileptogenic.”

The monitoring of vital signs of an animal with
liver disease under general anaesthesia should be par-
ticularly meticulous. Ideally, it should be performed
with the use of electronic multimodal monitoring
equipment. The following factors should be moni-



XPNOT) TOU cis-aTpaKovptov Theovektel KABOS ouvenayeTal TNV
TIOPAYWYT) LIKPOTEPWY TTOCOTATWV TOL peTafoAitn Aapdavoaivn
mtov Bewpeitatl emAnnroydvog.

O é\eyxo¢ TV (oTKOV Aettovpytov (monitoring) evog
nratonafog {Hov Lo yevikn avatcOnoia mpémel va eivat
SlaiTepar AETTOMEPTG KOl TIPOOEKTIKOG. ISavikd, mpémet va
XPNOLHOTIOOUVTAL NAEKTPOVIKEG TIOAUTIOPAYOVTIKEG GUOKEVEQ
TIPAKOAOVONONG TWV {WTIKOV AEITOVPYIOV Kol VA TIAPAKOAOV-
BovvTat: To nhexTpoKapSIOypaPNHa, N TXAHIKT 0§UHETPia, TO
KOTVOY PPN L, 1) KEVTPIKT GAEPIKT TTiEDT, ) ApTNpLakt TTieom
(Gpeon 1) éupeon), n Beppokpacia, Ta aépla aipaTog, N mapaywyn
0VPOU, 0 ALUATOKPITNG, OL OAIKEG TTPWTEIVEG, 1 YAUKO(N aipatog,
1 CLYKEVTPWOT TwV NAEKTPOALTOV.>® TTapoa auTA, Kot O
KALVIKOG EAEYXOG TV TIXPAHETPWY TTOL GUVHBWE epappoleTat
Katé Tn StdpKeta TG YEVIKNG avatoOnoiag pmopel va petwoet
ONUAVTIKA TNV EUPAVION ETTUTAOKAOV 1) va TIPOA&PeL Stdpopeg
apvnTikeS emntwoels. Emumiéov, Saitepa xpriotpa KpivovTat
TOL TTOPOKAT:

H aptnpiaxy micon Tov aipatog eival onpovTIKS vo mapa-
KohoLBeitat Kata 11 Stépketa TG yevikn¢ avalednoiog, kabog
TO ELOTIVEVOTIKA avatoBNTIKE, dAN& Kot AN avatoOnTikg,
TIpoKaAOVV Heiwon TNG KapSIaK§ TTapoxn G KAL, GUVETIRG, TNG
alpaTIknG porg oto frap. H péon aptnprakn mieon tov aipa-
ToG Tpértel va Statnpeitart mave oo 60 mmHg, pe KatdAAnAn
nipocappoyr Tov Paboug NG avaloOnaoiag kat pe xoprnynon
kpuoTahloedwv fi/Kat kKoAoedwv Stadvpdtwy (5-10 ml kg
h! evSophefiwg). >

H opotootacia g yAvxd{ne pmopei va punv ennpeactei
aKdpa Kot peTa amtd anmieta 1ov 80% Tng Aettoupy KNG Halag
TOU TTIATOG, KAl EMOUEVWG ) CLYKEVTPWOT) TNG YAUKOLNG var St-
atnpnBei oe pvaloloyikd eminmeda. [Tapdia avtd, nratonadeiq
acBevelg mov LITOPENAOVTAL GTO OTPEG TNG AvaLoONn Gl KAl TNG
enépPaong popei va ekdnhwoovv vrroyhvkatpio. Ta emtineda tng
YAUKOUNG ToU aiplaTog Tipérel va mapakolovBovvTatl HeTd TNV
EYKATAOTOON TNG avaloOnaiog Kat o€ TTepinTmon LITOYAVKALHIAG,
autr) Tipémel va avTipetwrtifetal pe drmag yopnynoetg 8e€tpolng
35% 1) pe cuvexn oTaydnv £yxuon Stahvpatog SeTpolng 5%.2H

H andlewn aiparog eival mmio exTeTapévn otny mepintmon
eneppaocewy yla tn S1opBwon evonmaTIK®Y avaoTOUDTEWY TG
muhaiag GAEPac. e TEToleC TEPUTTWOELG O Tipérel var LTTApXeL
SaBéotpo aipa yior petdyylon armoé katdAinho do6tn.2

[Mpéret va kataParetat Tpoomddela va ammodevyei 1) va
kataatolepnOei n vmoBepuia pe T xprion KataAANAwv Beppio-
VIIKOV HECWV, KAOOC éXeEl WG CUVETTELX, EKTOG GANWY, Kat TN
HeiwaT TOL HETAPOAOUOD TV PAPUEAKWY.?

ZXETIKA e TNV LITOOTAPLEN TNG AVATIVEVOTIKHG AeLTOUpYi-
ag, Oev TIPETEL VAL ETITPATIEL O LITEPAEPLOUOG KAl 1) UITOKATTVIQ
(18avikr) pepikry mieomn Sto€etdiov Tov GvBpaKa GTO APTNPLAKS
aipa PaCO, 40-42 mmHg). Av epappooTel TexvnToG aeplopdg,
nipémet va AndBel vrtoyn otL n avEnpévn evéobwpakikn mieon
elvat Bavo va petmaoel Ty emotpodn ailatog oty Kapdid,
NV KapSLaKr TTApoxr Kot TEAKE TNV KLUATIKY por} 0TO Hrtap.
Emniong, n vokamvia mpokaei peiwon tng pong aipatog otnv
Ttuaior GAEPQ, eV 1) LTTOKATTVIOL KAt ) CUVETTAKOAOLON OAKAA®-

Anaesthesia for hepatic disorders

tored: electrocardiogram, pulse oximetry, capnogram,
central venous pressure, arterial pressure (direct or
indirect), temperature, blood gas analysis, urine pro-
duction, haematocrit, total protein, blood glucose,
and electrolyte levels.>** Nevertheless, the standard
monitoring of vital signs performed by a clinician
during general anaesthesia can severely reduce the
complication rate and prevent negative sequelae.
Furthermore, the following are considered to be par-
ticularly useful:

It is important to monitor arterial blood pressure
during general anaesthesia, because inhalational an-
aesthetics, as well as other anaesthetic agents, cause
a reduction in cardiac output, and therefore a re-
duction in hepatic perfusion. Mean arterial pressure
should be maintained above 60 mmHg, with appro-
priate titration of anaesthetic depth and infusion of
crystalloids and/or colloid solutions [5-10 ml kg h,
intravenously (IV)].3!!

Glucose homeostasis may not be affected even
after 80% loss of hepatic function; therefore, glucose
concentration could be maintained within normal
levels even in such cases. Nevertheless, animals with
liver disease which undergo the stress of anaesthesia
and surgery may manifest hypoglycaemia. The levels of
blood glucose should be monitored after the induction
of anaesthesia and in case of hypoglycaemia, the latter
should be managed with bolus infusions of dextrose
35% or with constant rate infusion of dextrose 5%.>*!

Blood loss is more extensive in cases of surgery
intended to correct intrahepatic portal vein shunts.
In such cases, blood obtained from an appropriate
donor should be available for transfusion.?

Care should be given to avoid or manage hypo-
thermia by use of proper heat-providing means, due
to consequent reduced anaesthetic agent metabolism,
among other issues.’

Regarding support of the respiratory function,
hyperventilation and hypocapnia must be avoided
(ideal partial pressure of carbon dioxide in arterial
blood, PaCO, should be 40-42 mmHg). If artificial
ventilation is necessary, the fact that the increased
intrathoracic pressure is likely to reduce venous re-
turn, cardiac preload, cardiac output and, finally,
hepatic perfusion, should be taken into considera-
tion. Furthermore, hypercapnia results in reduced
blood flow in the portal vein, whereas hypocapnia and
consequent alkalosis favour the conversion of nitrate
into ammonia, which is aggravating for animals with
hepatic encephalopathy.>'®
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o1 €LVOOVV T HETATPOTIN) TOL ApHwV{OL O€ appwvic, KETL TTOV
Bewpeitat emiPapuvticd yia (oo pe nratikn eykeparondOeta.>'

[Tpotevopevo avaloBnTikd TTPWTOKOANO

YlO( C(x)O( [ES l’]T[O(TlKr] VOOO
IMpoavaloOnTikn aywyr pe omoeldn) (poppivn 0,1-0,2 mg kg™
evopikwg, mebidivn 2-3 mg kg™ evSopvikmg, Boutopdaviorn
0,1-0,2 mg kg evdopvikwg, pebadovn 0,2- 0,5 mg kg evdo-
HUIK®OG o€ friieg niatornddeteg) 1} kaBolov mpoavatoOnTin
aywym. Aropevyovtat ot feviodialenivec, ot paivobelaliveg
KOL Ol 0 -0YWVIOTEG.

+  Xopnynon Lactated Ringer’s 1} 0,9% NaCl evSo¢pAefing e
pLOUS 5-10 ml kg h't.

+ TIpo-o€vydvwaon pe 100% o€vydvo ernti 5 Aemtd péow pdoKag
KOl EYKATAOTOOT) [e HAOoKa [E XOprynon .ooprovpaviov
(4-5%) o€ 0fuydvo pe 1 Xwpic HiKpEG SOTELS TTPOTTIOPOANG.

+  Avoynoia pe emokAnpidia xopriynon popdivng rf/kat to-
kol avatloOntikoo (av éxouv amokhelotei 1) StopBwBei
evOexOpeveg Slatapayég Tou Hnxaviopot méng).

« Awxtripnon pe wwoprovpavio (1,5-2%) oe o€uyovo.

+ Tlpooektiky mapakolovOnon twv {WTIKOV AEITOUPYLOV.

+  Amoguyrn TapaydvTey 1oL £XoLV SUGHEVEIG ETIUTTOCELG OTNV
QLHAT®OT) TOL HTTATOG: ATTOPUYT UITOYKALLLIAG Kot UTTOTAON G
{e Xoprynomn vyp@v Kat KATGAANAn pvBuion tov f&Boug tng
avaloOnoiag Kt amoduyr vepaepLopon. >
H ev8ehexnig mapaxolohBnon tov {kov e Nratiki voco mov

utoPArOnKe oe xelpovpyIK enépPaon mpémet va ouveyiletal Kat

KOTG TOV G1eG0 HETEYXELPNTIKS Xpovo. To Paotkd peAnpa eivat

OTL O HEIWHEVOG HETABOMOUOC TV PAPUAK®V TIOU DITOKELVTOL

oe nratikd petaforiopd mboavag o mapateivel TNy avavnymn.

IMapd to &1L LT 1) TAPATOOT) CUXVE elval avoTTdPeLKTN, TA

{oa Ba mpénet va vtootnpiovtat (o€vydvo, vypd iv, Béppavon)

Héxpt TV AR pn avavnyn toug. Kad tn Sidpreta tng avévnyng,

elvat mBavo va xpetaotei ) xopriynon ylukolng.®

[StautepoTNnTEG TIOL APOPOVV (W [LE
VOO TOUWOT) TNG TTUAaiaG PAEPG

[Mpoxettat cuviBwe Yoo akOAoVG veapng NAkiag (cuyyevig
AVAOTOUWOT)) He LITOTIAACHEVO ATtap. T {wa auTd oLXVA
napatnpovvTal avEnpéva enineda appwviog, petwpévn Pro-
obvBeon TMpwTEVAY, SlaTapaxég Tou Unxaviopov mRENG, tng
0€e0PaGIKNG LOOPPOTTING KAL TG GLYKEVTPWONG TNG YAUKONG TOU
aipatog. AcBeveic pe Tétoleg Slatapayég pénet va Bewpovvat
TEPLOTATIKE LYNAOD KIVOUVOU. 5% Fg GKOAOUG e TTOAKLO-OV-
OTNHATIKA VOO TOHWOT) €XEL HEYAAN oMot VO EGOPUOOTEL 1)
KATGAANAN ipoavailoOntikr mpoetolpacia (avtipetwnion HE,
Statapaxadv mHEng, aokitn). Ola doa éxovv mpoavadepBel yia
T {wa pe coPopn NIATIKA VOoO LoXVOLY KAl 0TV TEPINTOOT)
avtr). EnurAéov, mpémel va xopnyeitot GopHokeLTIKY aywyT

Tatpikn) Zowwv Zvvtpodidg « Tépog 8 « Tevxog 1l « 2019

Suggested anaesthetic protocol for

animals with liver disease

+ Preanaesthetic medication: opioids (morphine
0.1-0.2 mg kg, intramuscularly (IM), pethidine
2-3 mg kg IM, butorphanol 0.1-0.2 mg kg™ IM,
methadone 0.2-0.5 mg kg™ IM in mild hepato-
pathies) or no premedication. Benzodiazepines,
phenothiazines and a,- agonists are best avoided.

+ Lactated Ringer’s or 0.9% NaCl IV are infused at
arate of 5-10 ml kg* h''.

+ Pre-oxygenation with 100% oxygen for 5 minutes
via face mask and induction of anaesthesia with
isoflurane via face mask (4-5%) in oxygen with or
without small doses of propofol.

+ Analgesia with epidural injection of morphine and/
or local anaesthetic (provided that coagulation
disorders have been excluded or treated).

» Maintenance of anaesthesia with isoflurane (1.5-
2%) with oxygen.

+ Meticulous monitoring of vital signs.

« Factors with negative effects on liver perfusion
should be avoided: hypovolaemia and hypotension
should be managed with fluids, anaesthetic depth
should be properly adjusted and hyperventilation
should be avoided.®*>*

Extensive monitoring of the animal with hepatic
disease that undergoes surgery should continue dur-
ing the immediate postoperative period. The risk is
that reduced liver metabolism of agents that require
liver metabolism will probably prolong the recovery
period. Even though this prolongation is often una-
voidable, the patient should be supported (oxygen, IV
fluids, warming) until recovery is complete. During
the recovery period, administration of glucose may
be necessary.®

Specific aspects of anaesthesia in
dogs with portosystemic shunts

The patients are usually young dogs (congenital shunt)
with hepatic hypoplasia. In such dogs increased am-
monia levels are usually observed, as well as reduced
protein synthesis, coagulation disorders, acid-base
disorders, and blood glucose level abnormalities.
Cases with such disorders should be classified as high
risk patients.'**>?¢ In dogs with portosystemic shunts
the proper preanaesthetic preparation is of utmost im-
portance (management of HE, coagulation disorders,
ascites). Everything that has been already discussed
for dogs with severe liver disease also applies in such
cases. Furthermore, medical treatment including a diet
with reduced protein content should be administered



n omoia mepAapPavet Siatta pe HELWHEVT) TIEPLEKTIKOTNTA O
TIPWTELVEG, ANAKTOVAGLN, KADGUATA, avTIBLOTIKG (Ylo pelwan NG
napaywyng NH, kat dMov to€ivev), mbavaeg kai Aefetipaxe-
T&UN Yl va eprtodioet ev8exdpevn emAnmrikn SpaotnptotnTa.
H ¢appoarevtikn kat n StutnTikn aywyr) mov epappoldtav oe
aUTA T {@a TTPOEY XELPN TIKA TIPETTEL VO cUVEX(TEL Vo epappoleTa
Kol HeTeYXelpNTIKA. EISIK& av LItdpxeL LOTOPIKO ETMANTITIKGV
Kpioewv, éxet arodelyOel Ot n xopriynon Aefetipaxetaung (20
mg kg? artd 1o otopa k&Be 8h, artd 24h mpLy Ty enépPaon) pe
GUVEXLOT) TNG XOPHYNONG KAL LETEYXELPTTIKA, £XEL WG XTTOTENE-
Opa TOV EAEYXO0 T®V ETUANTITIKOV Kploewv, alAd Kat Tn) pelwon
g Bvnopotnrag.’

Emeldn) ot atproppayieg eivat cuxvég oty mepintwon g
ATTOAVOOTG EVEO-NTIATIKOV AVAGTOHMGEMV, TIPETTEL VOl UTTAPXEL
SaBéotpo aipa, dxt mahaidtepo g piog efSopddoag.?

210V GUECO ETEYXELPNTIKO XPOVO HETE aTO EMEUBAOT) Yot
TNV anoAVwOT) TTUAALO-CUOTHHATKG AVAGTOUWONG HITOpEL vt
nipokAnOei Tulaio véptaon n oroia ekdnAovetal pe Suopopia
TOL {@WOL EVTOTIGHEVT GTNV KOLALOKT KOAOTNTA, AOK(TH), £{ETO,
Si&ppota. Ztov ok, ) puGLOAOYIKY TTiean oTnv TLAa{a PAEPA
eivat 8-13 cmH, 0O, evw oe (0o pe TUNAIO-CUOTNHATIKT ovVa-
otopwon ouviBwg eivat xapn\dtepn. Metd armd xelpovpyLkr
S1opbwon TG avaoTtopwong, n muaia Tieon Sev mpérel va
av€avetatl Katd eploodTepo amtd 9-10 cmH, O oe oxéon pe ™
HETPNON TIPLV TNV ATTOAIV@OT) Kot 0L TTavw arté 20-23 cmH, O
¢ artoAvTn TIpn. H SteyxetpnTii Hétpnon tng KeVIPIKNG GpAe-
B¢ mieong pmopei va fondroet va ipoPredBei 1 peteyyet-
PNTIKY TIUAQIQ UTTEPTAOT). ZUYKEKPLUEVA, 1 KEVTPIKT GAEPIKN
Tiieon Tov peTpdTe 3 AeMTA HETA TNV atOAivwoT) dev pérel va
elvat pelwpévn kata eploootepo antd 1 cmH O oe oxéon pe
TN HETPNOT TPV TNV AITOAVLOT TIPOKELHEVOL va atodevyOel
1 oAaia vTépTaom .

Bloyia nmatog

L v extéheon Swadepikng Proyiag Hratog propovdv va
xpnotponomBovv pappaka pe cOvTopn Sdprela Sp&ong o
e€aopalifouv avaynoia kat avaioOnoia yio v paypatomot-
n0ei anpookomnta n Stadikacia. Evag cuvSuacdg mou xpnotpo-
Tote{tat GUXVE Yl To oKoTTO auTo eivat ) pevtavoln (5 pg kg
evlophePiwg) pall pe tporodoin (1-2 mg kg™ evdophefiwg). Te
otaBeporoinpévoug acBeveig pmopei akopa va xprotporounBei
n Se€pedetopudivn (2-3 pg kg evSoprefiwg) akolovBoluevn
and xopnynon nporodpoing. H Spaon tng defpedetopudivng
avaoTpEPeTAL HETE TO TENOG TNG Stadikaaiag e Xoprynon ott-
o peCOANG. To {ma Tipértel HeTeYXELPNTIKA va TiopakolovBovvTat
ytor evOexXopevn atpoppayior TNV Kothtakr Kootnta.

Av n Broyia exteleitat ota mMAa{ola XeLpoLPYIKG EMEUPAOTC
ATl OTOUNG, XPNOLHOTIOLEITAL KATAAANAO, TPOTIOTIONHEVO
avaloOnTikd mpwtdkolo cOppwva pe doa N avapépOnkav
TIApaITave Yl nratonadn {oa.

Anaesthesia for hepatic disorders

with lactulose, enemas, and antibiotics (in order to
reduce the production of NH, and other toxins), and
possibly levetiracetam in order to prevent any epileptic
activity. Medical and dietary treatment administered
to these animals prior to surgery should be continued
post-operatively. Specifically, if there is a history of
seizures, it has been shown that levetiracetam (20
mg kg per os q8h beginning 24 h prior to surgery)
continued post-operatively, results in control of the
epileptic activity and reduced mortality.®

Because abdominal bleeding is common in cases of
ligation of intrahepatic shunts, blood for transfusion
should be available (obtained no longer than one week
prior to surgery).?

In the immediate postoperative period following
portosystemic shunt ligation, portal hypertension may
ensue, which manifests with abdominal pain, ascites,
vomiting and diarrhoea. In dogs, the normal portal
vein pressure is 8-13 cmH,O, whereas in animals
with portosystemic shunts it is usually lower. After
surgical ligation of the shunt, portal pressure should
not increase by more than 9-10 cmH, O, compared to
the pressure measured prior to ligation and it should
not be above 20-23 cmH,O as an absolute number.
Perioperative measurement of central venous pressure
may assist in predicting postoperative portal hyper-
tension. More specifically, central venous pressure
measured 3 minutes post ligation should not be lower
by more than 1 cmH,O compared to its value prior
to ligation in order to avoid portal hypertension.*

Liver biopsy

In order to perform an ultrasound-guided liver bi-
opsy, short-acting drugs which ensure analgesia and
anaesthesia can be used, so that the procedure can be
completed unimpeded. A combination often used for
this purpose is fentanyl (5 pg kg IV) with propofol
(1-2 mg kg™ IV). In stabilised cases even dexmedeto-
midine can be used (2-3 pg kg IV), followed by the
administration of propofol. The effect of dexmedeto-
midine is reversed at the end of the procedure by
administration of atipamezole. The animals should
be monitored postoperatively for bleeding in the
abdominal cavity.”

If liver biopsy is performed via laparotomy, the
appropriately modified anaesthetic protocol is se-
lected according to what has already been previously
discussed for animals with liver disease.
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AvaioBntikr Slayeiplon nmatonaeiiy

Hmatikr) Autoeidworn tng yatag

Ye yd&teg pe nratikn) Autoeidwon prtopel va artontnBel avauoOnoia
yio TV etloaywyr) kaBetrpa Statpodrg (TT.X. 0Ll00PpayosTopi).
Ye TETOLEG TTEPUTTWOELG, EMAEYOVTAL PAppaKa COVTOUNG Stdp-
Kelog Spaang (.. TportodpOAn), aANG ptopel va epappooTel Kat
eyKaTdoTaon g avalonoiag fe elomvevotikd avatodntikd
(lcoprovpavio) oe KAwPO eykatdoTtacng g avalctnoiog. H
Statripnon ¢ avateBnaoiag yivetat e lIGOPAOUPAEVLIO XOpTYOU-
HeEVO péow TpaxeloowAnva. Otavnovxia Tov éxel eKppaoTel yla
T AUTISIA IOV TTEPLEXOVTAL OTO OKEDATUX TIPOTTOPOANG Eival
HOVO BewpnTikéG Kat Se paivovTatl vor LITAPXOUV TIPAYHATIKEG
EMUTTMOOELS GTNV KALVIKY TIpa&n.

Nooot xoAnpopov 0800

Ztov avBpwito, n GpevTavoln, 1) pepipevTaviin, caAa kot n popdi-
v av€avouv Tov Tovo tov optykTipa tov Oddi, pe armotéAeopa
va apatnpeitat avEnpévn mieon otn xohndpdpo 086. Avtibeta,
1 TpapadOrn kat n fourtpevopdivn Bewpeltal 6TLEXOUY ENAXIOTN
eniSpaon. H ouxvotnta, dpwg, pe v omoia mapatnpodvtal
nipoPAnpata and avénuévn mieon otn xohndpdpo 086 akopa Kat
TN XP1o1 H-0y®VIOTOV OTIWE 1) GeVTAVOAN elvat TTOAD XaUNAT.
210V OKOAO, 0 OPLYKTHPAG TOL TTAYKPEATIKOV TTOPOL Kol TOL
XOAN¢pOpov mdpov Aettovpyolv avefdptnra. Zipepa, av Kat
UTT&PXOLV TETOLEG TIPOTPOTIEG, Dewpeitat A&dBog va amogevyeTat
1 X0pNyNoN H-Ay@VIoT®V UTTO TO ¢pOfo avEnpévou Kivduvou
xohayyettidog 1) maykpeatitidug.2

ZUUITEPAGUATIKE, O KTNVIATPOG OT)EPX UITOPEL VO UTTOBAAEL
nratornadn {Ha oe yevikn avatoOnoia pie oxXeTKN aopaela Kot
Xopig dlaitepa avENpEVA TOCOOTA EMUITAOK®Y, av AnpOovv uTtd-
1 OLETUITTOOCELG TIG VITOKEILEVTG VOTOU, ETIAEYODV TA KATAAANA
avaleOnTIKG Gpappaxa Tov efaptwvTatl 660 To Suvato Aydtepo
aIto TOV NITATIKO HETAPONGHO YL TOV TEPHATIONO TNG avaladn-
TIKNG TOUG SpAONG KAl av epappoaTel oTevr) mapakolovBnon
Kot KATAAANAN UITOGTHPLEN KATA TNV TTepLey XelpnTIKN TTepiodo.

Feline hepatic lipidosis

In cats with hepatic lipidosis anaesthesia may be re-
quired to insert a feeding tube (e.g. oesophagostomy).
In such cases, short-acting drugs are selected (e.g.
propofol), but induction of anaesthesia can also be
accomplished via inhalational anaesthetic (isoflurane)
in an induction chamber/oxygen cage. Anaesthesia
is maintained by isoflurane administration via an
endotracheal tube. The concern that has been raised
over the lipids contained in the propofol solution
seems to be only theoretical in nature and no sequelae
have been observed in the clinical setting.?®

Biliary tract disease

In people, fentanyl, remifentanil, and also morphine
increases the tone of the sphincter of Oddi, resulting
in increased pressure in the biliary tract. In contrast,
tramadol and buprenorphine are considered to have
a minimal effect on the latter. The frequency, how-
ever, of problems being observed due to increased
pressure in the biliary tract is very low, even when
p-agonists such as fentanyl are used. In dogs, the pan-
creatic duct and the biliary duct sphincters function
independently. Even though it was suggested in the
past, nowadays it is not considered good practice to
withhold administration of p-agonists for the risk of
precipitating cholangitis or pancreatitis.”

In conclusion, animals with hepatic disorders may
be submitted to general anaesthesia relatively safely
nowadays and without increased complication rates,
if the sequelae of the underlying liver disease are
taken into consideration, and the proper anaesthetic
drugs are selected, which depend as little as possible
on hepatic metabolism for the termination of their
anaesthetic effect, and if close monitoring and proper
support are offered during the postoperative period.
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