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Remifentanil constant rate infusion reduces propofol and
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undergoing orthopaedic surgery
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Iepidnyn

To omtioeldr) yopnyovvtat oe opOomedikég emeppdoelg
oTOV AVvOpWTIO Yl TNV avakynTikn Tovg dpaon. H
Xopnynon tng pepipevtaviing Sev eivat evpéws dla-
dedopévn 010 oKLAO. ZTOXOL TG TIAPOVOAG EPYATIAG
nrav va aflohoynbolv ot emidpdoelg TG cuvexovg
evOOPAEPLAG £YXLONG PERLPEVTAVIANG OTN HElwOT) TRV
060ewV TNG TTPOTIOPOANG Kol TOL LoOPAoLpAVioL G
OKUAOUG HE AUTOUATN AVATIVOT).

ITeviivTa 1€00epI§ LOLOKTNTOL GKVUAOL, GTOUG OTIOIOVG
nipoypappatiotnke n dievépyela opBomedikng eméppa-
ong, EAafov mpoavaloOnTIKNA aywyT| e AKETUAOTIPO-
padivn (0,05 mg kg! IM), teBidivn (3 mg kg IM) kat
kaprpopevn (4 mg kgt IM). Katavepndnkav tuxaia
oe 800 opddeg: otnv Opdda R (n=37), n omoia éhafPe
evBoPAéPia datal Sdon peppevtaviang (3 pg kgh),
akoAovBolpevn amd cuvexn evOoPAEPLa xoprynon
peptpevtaviing (0,4 pg kg' min?). Ztnv Opada P
(n=17) xopnynBnke idtog dyko¢ puatoloyikob opov.
[Tévte Aemta petd TNV dmal evSodpAéPLa xopriynon
peppevTavolng, xopnynonke 0,5 mg kg™ mpomodpo-
An, og avfavopeveg SOTELS, VI TNV EYKATACTACT TG
avatoOnoiag kat akohovOnoe SlaowAvVwon TN Tpa-
xetag. T St pnon g avaioOnoiag xopnynonke
tooprovpdvio oe 100% ofvyovo. Kata tn Sidpkela
¢ emépuPaong Kataypddpoviav ava 5 Aemtd n ap-

Abstract

Opioids are used in orthopaedic surgery in humans for
their antinociceptive effects. Remifentanil has not been
used in dogs extensively. The objectives of this study
were to evaluate the sparing effects of remifentanil
constant rate infusion on propofol and isoflurane, in
spontaneously breathing dogs.

Fifty-four client-owned dogs, scheduled for ortho-
paedic surgery were premedicated with acepromazine
(0.05 mg kg! IM), pethidine (3 mg kg IM), and car-
profen (4 mg kg IM). They were randomly allocated
into two groups: Group R (n=37) received a bolus of
remifentanil (3 pg kg!) followed by a constant rate
infusion (0.4 ug kg! min™). Group P (n=17) received
normal saline at the same volume rates. Five minutes
after the bolus administration of remifentanil, 0.5 mg
kg™ propofol was administered, at incremental doses,
to induce anaesthesia and the trachea was intubated.
Isoflurane in 100% oxygen was used to maintain anaes-
thesia. During surgery, arterial blood pressure, heart
rate, arterial saturation of haemoglobin, inspired and
end-tidal carbon dioxide (CO,), isoflurane and oxygen
(O,) concentrations, and respiratory rate were recorded
every 5 min. For each dog, the area under the curve
was calculated and standardized by the duration of
anaesthesia for the end-tidal isoflurane concentrations
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pLaxm mieon, n KapSlaKy cuXVOTNTA, O KOPEGHUOG TNG
alpoopalpivng oTo apTnpIaKS aipa, oL EICTIVEOUEVEG Kal
TENOEKTIVELOTIKEG GLYKeEVTpwOels Stofeldiov Tov avBpaka
(CO,), tooprovpaviov kat ofuydvou (O,) kat n avarvev-
oTikr ovxvotnTa. Lo k&Be oKkVNO, N TTEPLOXT) KATW OTTO
NV KoptoAn vtohoyioTtnke Kot TuTtoTtotOnke pe Baon
T SdpKeta TG avaloOnoiag ylor TNV TEAOEKTTVEVGTIKT
OULYKEVTPWOT) LlooPpAovpaviov Kat To TeEhoekTTvevoTiko CO,.

H ouvolikn §6on mpomopoAng yio TNV eyKatdoToon
NG avalodnoiag nTav onpavTikda xapniotepn (p<0,0005)
[0,71 (0-1,5) mg kg'] otnv opada R ovyKkpltikd pe tnv
opdda P [3 (0,5-8,7) mg kg?]. H opada R xpeidotnke on-
HovTika (p<0,0005) pikpdtepn 6on tooprovpaviov yia
v Statrpnon ¢ avaioOnoiog [ETiso 0,7% (0,3-1,1%)]
oLYKpLTIKA pe TNy opada P [1,3% (1,2-1,6%)].

H xoprjynon tn¢ pepudevtaviing o propotoe va xpnot-
pHoTrotnBel eMIKOLPLKE OTNV EYKATAOTAOT) TNG avaoOnoiag
He TTPOTIOPOAN Kal 0TV avatoOnoio pe .oprovpdvio,
TPOOPEPOVTAG avaAyNaia Kol Helwon Twv dOoewV auTeV
TV avaloOnTIKOV pappaKwy.

MeSH keywords: dogs, isoflurane, propofol, remifentanil

Ewcaywyn)

To o1110€181) XPNOLHOTTOOVVTOL TUXVA Yia AVaAynoia KaTd
™ Stevépyeta opBoredikav enepPdoewy oTov avlpwro,
aANG Kot 0T0 OKVNO, SIOTL N TIpO- Kot SLeyXelpnTIKY Xopr)-
ynon tov omoeldwv polapPdvel Ty viepevatcOnto-
110{NO™ TOL KEVTPLIKOV VELPLIKOU CUCTHHUATOC, HELOVEL TIG
HETEYXELPNTIKEG ATIAUTHOELG O€ OLVOAYTIKA GAPHOKA KO
PeATiVEL T CUVOAIKT) AVAPPWOT ATTO TIG XELPOUPYLKES
enepPacelc (Woolf & Chong 1993, KuKanich & Wiese
2015). H pepipevtaviin eivat évag viiepPpayeiog dpaong
AULYNG AYWVIOTHS TV [ DITOSOXEWV TWV OTILOELS®V, (L€
xpovo tehkng {wrig 6 Aemtd oto okOAo (Hoke et al. 1997).
Ye avtiBeon pe aMa omoetdn), n) pepipevtaviin vepiotatal
EKTETOHEVO HETAPOAOUS aTTO ) €ISIKEG E0TEPETEG TOV
alaTog Kat Twv oToV Kat oXeSOv 90% Twv HeTABONTOV
arekkpivetal oto ovpo (Feldman et al. 1991, Egan 1998).

"Exet amoSety el 6Tt artd GAovG TOUG LIOTOVE TTOV E€ETATTNKAY

0TO GKUAO, OL HVEC, TO EVTEPO KL O EYKEPANOG EUPAVILoy
Ta peyohvtepa tocoota Séopevong (Chism & Rickert 1996,
Hoke et al. 1997).'Etol, e avtifeon pe aMa mapdyoya
NG PpeVUATILITEPISIVNG, OTIWG 1 PeVTAVUAN, 1] pepipevTaviin
éxet Ppoxvtepn Sdpketa dpdong Kat Sev oLOCWPEVETAL
KATOTILY TTOM®V wpwv evSopAeplag éyxvong. Qotdoo, n
pepipevTavihn deopebeTal o€ pHeYAAo TTOGOOTO AT TTPW-
Teiveg, €xel XapnAo pKa, kat étol 1o Stadvto (adéopevto,
{1 oviopévo) kKAdopa eivat vynio. To yeyovdg autd padi
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and the end-tidal CO,.

The total propofol dose for induction was sig-
nificantly (p<0.0005) lower [0.71 (0-1.5) mg kg]
in group R compared to group P [3 (0.5-8.7) mg
kg!]. Group R required significantly (p<0.0005)
less isoflurane for maintenance of anaesthesia
[ETiso 0.7% (0.3-1.1%)] compared to group P
[1.3% (1.2-1.6%)].

Remifentanil administration may be a useful
adjunct to propofol induction and isoflurane
inhalant anaesthesia, providing analgesia and
reduction of doses of these anaesthetics.

Introduction

Opioids are commonly used for analgesia during
orthopaedic surgery in human patients, as well
as in dogs, because pre- and intra-operative use
of opioids prevents central nervous system hy-
persensitization, reduces postoperative require-
ments for analgesics and improves overall recov-
ery from surgical procedures (Woolf & Chong
1993, KuKanich & Wiese 2015). Remifentanil
is an ultra-short-acting pure p opioid receptor
agonist, with a terminal half-life of 6 minutes in
dogs (Hoke et al. 1997). Unlike other opioids,
remifentanil undergoes widespread metabolism
by blood and tissue non-specific esterases and
almost 90% of the metabolites is excreted in the
urine (Feldman et al. 1991, Egan 1998). It has
been shown that amongst all tissues examined in
dogs, the muscles, intestines, and brain exhibited
the highest extraction ratios (Chism & Rickert
1996, Hoke et al. 1997). As a result, compared
with other phenylpiperidine derivatives, such as
fentanyl, remifentanil has a shorter duration of ac-
tion and does not accumulate after several hours
of intravenous infusion. Although, remifentanil
is extensively protein bound, it has a low pKa,
and thus the diffusible (unbound, unionized)



pe TN pETpta AUToSIALTOTNTA NG, KATATAGOOLV T1| pe-
HipevTavidn ota omoeldn tayeiog évaplng dpdong (Egan
1998, Egan 2000).

H peppevtaviin propei va xopnynOei 6tav eivat emt-
Bountn n Tayxeia avavnyn tov acbevovs, 6TWG o€ TTe-
pUTT®OELG vevpoavatobnoiag i oe obvToung dtdpKetag
emepPaoelg xwpic voonheia, otov dvBpwrto (Vuyk et al.
1997, Egan 1998, Lee et al. 2010). AcBeveig mov Aappdvouvy
pepipevTaviin katd T SiipKela TNG Yevikng avaioOnoiog
ytoe 1) Spdom TNG wg oTTLoeld0 G UITOPOLY VA oVAKTHTOUY
auTOHATN avaTTvor) AMya HOAG AETTTA peTd TV StakoTr) g
éyxvong (m.x. kapSlakég emepPaoelg), Kat autd cupPaivel
e€autiog TOL PAPUAKOKIVTIKOV TIPOPIA TOL GpaAPUAKOUL.
To XapaKTNPLOTIKO AUTO ETUTPETEL AKOUA KL YNAOTEPOUG
puBHOVG éyxXVONG TOL OTTLOEIOVC AVTOD SLEYXELPNTIKK (e
TIpGLN ko) Tov Pnxavikov agptopot (Vuyk et al. 1997).
E€autiog TG GpapparkoKIvnTIKIG GUUITEPLPOPAG Ppaxeiog
diaprelag, n peptdpevtaviln kot GANA NPEULCTIKAE KL orVok-
YNTIKE pappaka éxovv Bonbroet otnv avaBadiion tng
avatoBnoiag, 6tav xopnynbovv g pépog Looppornévou
avaloOnTikoL TPWTOKOAAOL KATA Tr) SL&pKELr EM@OVVWVY
XELPOLPYLKOV TTEUPETEMV, O€ CUVSVAGUO HE AULYDS AVOLL-
oOntika pappoaka (Michelsen & Hug 1996).

O otdxog NG mapovoag epyaociog froav n aftohoynon
g enidpaong g peppevaviing otn §6on ¢ mporo-
GOANG Yla eYKATAOTOO TNG avatodnaiag, kabmg kat Twv
SLEYXELPNTIKGV ATTUITHCTEWV O LOOPAOVPAVIO OE GKUAOUG
Tiov urtoPdAhovTat oe opBomedikég emepPoeic. H vmobeon
ATy OTLN peppevTaviin Oa pelwve aLTEC TIG ATTALTHOELS.

YAwkd kat pébodot

ITpokeltal yia TpOOTITIKT, TUXALOTIONHEVT), TUGAT] HEAETN
pe opada etkovikoy pappakou (placebo), mov eykpifn-
ke antd v Emutponr) Aeovtohoyiag tov TURHATOS Hog.
Ye O\a Ta TIEPLOTATIKE AfjpOnKe ovykaTabeon amd Tovg
IOLOKTNTEC, VoTEPA ATt EVIEPWOT) TOVG. [TevrvTa Téooe-
pLg okVMoL evTaxOnkav otn perétn, 31 apoevikoi kat 23
BnAvkoi, 2 (0,6-12) etwv [Sidpecog (ehaxloTo-péytoto)],
owpatkoL Bapoug 13 (5-30) kg, mov poypappatiotnoy
yia opBomedikn) enépPaon (karnyopia ASA 2-3). Olot ot
okVMolL vTOPARONKaV oe VoTela TPV TNV EYKATAOTAOT
G avaloOnoiog, yia mepinov 6 ®peg av To TEAELTALO YEDHA
ATy KovoepPomotnpévn Tpodr, 1 OAovUXTIA, av Ty Enpd
1podn. Eixarv ehetBepn mpooPacn o vepd UEXpLKaL 2 OPEG
TIPLV TNV €YKATAOTAOT TNG avaioOnaiog.

‘O)ot ot oxvlot Edaav TpoavaloOnTIKY aywyn e aKe-
tolompopalivn (Acepromazine, Alfasan, Netherlands) (0,05
mg kg evdopvika-IM), teBidivn (Pethidine hydrochloride,
Kpatiko Movonwho, EMada) (3 mg kg IM), kat kapripo-
¢évn (Rimadyl, Pfizer, Scotland, UK) (4 mg kg! vtodopiwg).
Metd amé 30 Aemtd, TomofetOnke evOoPpAEPLlog kabeTrpag
oTnVv Kepahikn prEPa kat Eexivnoe xoprynon 10 mL kg™
h' Sitchdpartog Lactated Ringer’s, mov ouveyiotnke péxpt

Remifentanil reduces propofol and isoflurane requirements in dogs

fraction is high. This together with its moderate
lipid solubility, make remifentanil a rapid-onset
opioid (Egan 1998, Egan 2000).

Remifentanil can be used when rapid patient
recovery is desirable, like in cases of neuroan-
aesthesia or outpatient procedures, in humans
(Vuyk et al. 1997, Egan 1998, Lee et al. 2010).
Patients that receive remifentanil during anaes-
thesia for its opioid effect are able to regain their
spontaneous ventilation only a few minutes after
cessation of the infusion (i.e. cardiac surgery), and
this is due to the drugs pharmacokinetic profile.
This characteristic of the drug permits even high
infusion rates of opioid administration intra-op-
eratively with early discontinuation of mechanical
ventilation (Vuyk et al. 1997). Due to their short
acting pharmacokinetic behaviour, remifentanil
and other sedatives and analgesic drugs, have
facilitated improvements in anaesthesia, when
used as part of a balanced anaesthetic protocol
during noxious surgical procedures in combina-
tion with major anaesthetic agents (Michelsen
& Hug 1996).

The purpose of this study was to evaluate the
effect of remifentanil on the induction dose of
propofol, as well as the intra-operative require-
ments of isoflurane in dogs undergoing orthopae-
dic surgery. The hypothesis was that remifentanil
would reduce these requirements.

Materials and methods

This was a prospective, blinded, randomized,
placebo-controlled study, approved by the Eth-
ical Committee of our Institution. In all cases
informed consent was obtained from the owners.
Fifty-four dogs, 31 males and 23 females, 2 (0.6-
12) years old [median (minimum-maximum)],
weighing 13 (5-30) kg, scheduled for elective
orthopaedic surgery (status-ASA 2-3) were used.
All dogs were fasted before induction of anaes-
thesia for approximately 6 hours if the last meal
was canned food, or overnight, if this consisted
of dry food. They had free access to water up to
2 hours before induction of anaesthesia.

All dogs were premedicated with aceproma-
zine (Acepromazine, Alfasan, Netherlands) (0.05
mg kg intramuscularly-IM), pethidine (Pethi-
dine hydrochloride, State Formulary of Greece,
Greece) (3 mg kg! IM), and carprofen (Rimadyl,
Pfizer, Scotland, UK) (4 mg kg subcutaneously).
After 30 minutes, an indwelling catheter was
placed in the cephalic vein, and the administration
of 10 mL kg™ h™ of Lactated Ringer’s solution
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TO TENOG TNG XELPOLPYIKNG eTépPaonc.

Ot okvhot katavepBnkav Tuxaio oe dvo opadec, oe
avodoyiar 2:1. Ot okOAoL TG TTPWTNG opadag (Opdda
R, n=37) é\aPav anaf doon pepipevraviing (Ultiva,
GlaxoSmithKline, Greece) (3 ug kg' evdoprefinwg-I1V)
TI0L GUVeX{oTNKE [e ouveX €yXVaT Tou (Slov PpappEKov
(CRIL 0,4 pg kg'* min* IV). Ot ok0lot ¢ GAANG opadag
(Opada P, n=17) éhafov ¢puctoroyikd opd otoug idlovg
oyKoug Kot puOpd xoprynong IV. H CRI kat 611 0o opadeg
ouVeXIOTNKE KAT& TN SIPKELX TNG XELPOVPYIKNG EMEUPAONG
Kot Stakomne mepimov 10-15 Aemtd pLy artd To TENOG TG
enépPaong. O avaiobnololdyog mov mapakolovbovoe
TOLG OKDAOUG SteyXelpnTika Sev yvwpile Tnv opdda. [Tévte
AETTA PETA T1) XOPTYNOT TNG pepLdevTaviAng, xopnynonke
niportoOAn (Propofol, Fresenius Kabi, Greece) o€ emava-
Aappavopeveg dooeig 0,5 mg kg IV (umd v ovptyya)
Ylot TV eYKATAoTao ) TG avatotnaoiog, péxpt vo Kataotel
Suvath n SlacwAfivwon g tpayeiag (pe pdon Ty arovaio
TWV OVTAVOKAXAOTIK®V TOL AAPLYYQ) Kot KATOTILY 0KO-
AovBovaoe n SiaowAnvwon g Tpaxeiac. H eykatdotaon
NG avatoOnoiag pe TpomopoAn Kat n SlaowARVWon NG
Tpaxeiag ywotav navrtote and tov Slo avaiodnololdyo
(IX), o omoiog 8e yvapile Tnv opada kdBe akOAoL (pept-
pevtaviin 1 puololoyikdg opodg). I T datrpnon g
avaloBnoiag xpnotpomotOnke .ooprovpavio (Isoflurane,
Merial, Italy) oe o§uydvo. O Sakomntng Tov eatpothpa
apxtka puBloTay va xopnyei 2% 10oPpAOVPAVLIO Kol OF
Ay Aemt& TpoTonTolovVTaY KOTe va emitevyOel emaprég
BaBog xelpovpykng avatodnaoiag, pe Paon tn Béon tov
opBaApov, To PAepapikd Kat To TTOSIKO AVTAVAKAXOTIKS,
kabwg kat Tov Tévo TN KdTw Yvdbov, kat pe Paon Tig
TUTIKEG TIXPAHETPOLG ENEYXOV TWV {WTIKMV AELTOLPYIOV
Tou Kapdlay yelaKoD Kol AVOTTVEVGTIKOD GLOTARATOG. 211
ouvéyela, akolovBovae avtionyia Tov xelpoupytko mediov
Kot 0 OKUAOG HeTadepOTaY 0TO Xelpoupyeio. ONeg ot emtepl-
Bdoeig StevepynBnkav armd v S xetpovpytkr opddor.

Apéowg petd TNV eyKaTaoTaon tne avaloOnoiog Kot
Koté TN SLéipKela TNG XELPOUPYIKNG eTEUPAON G EAEYXOVTAY
OLVEXKOG Kol KATAYPAPOVTAY aVA 5 AeTTTA 1) GUGTOAIKTY,
SleTOAIKY) Kat péan aptnplakn rieon (ppeon, Takavro-
owpetpikr) pébodog), To nhextpokapdloypdnua, o SpO,
(PC Scout, SpaceLabs Medical Inc., USA), To elomvedpevo
Kot TehoekTTvevoTiko So€eidio Tov dvBpaxa (CO, - MAdyta
por), 0L GLYKEVTPWOELG lGoPpAovpaviov Kat o§uydvou (O,)
Kot n avarvevoTikn ovxvotnta (Capnomac Ultima, Datex-
Engstrom, Finland). Qg avenapkég pabog avaioOnoiag
opiotnke n ad€non Tng Kapdlakng oLXVOTNTAC /Kat TNG
HEOTIG apTNPLAKIG TTLEOTG 1)/KAL TNG AVATTVEVOTIKIG OLXVO-
TG AV artd 10% Twv avTioToLXwV ap KOV TGV (SNA.
5 AETTA TIPLV TO XELPOLPYLKO ePEBIOUN), TTOL GUOXETIOTNKE
He To Xelpoupylko epébiopia. To avemapkég Pabog avaiodn-
olog avTipeT@moTav e av€non oTnV TEAOEKTTVELOTIKN
OLYKEVTpwON tooPprovpaviov katd 0,1%-0,3%. Av auTtog o
Xelplopog dev eixe wg armotéleopa Tn peiwon TG kapdiakig
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commenced, which lasted until the end of surgery.

The dogs were randomly allocated into two
groups, in a 2:1 ratio. Dogs of the first group
(group R, n=37) received a bolus of remifentanil
(Ultiva, GlaxoSmithKline, Greece) (3 pg kg™ intra-
venously-1V) followed immediately by a constant
rate infusion (CRL 0.4 pg kg™ min™ IV). Dogs of
the other group (group P, n=17) received normal
saline at the same volume rates IV. The CRI in
both groups was continued throughout surgery
and was ceased about 10-15 minutes before the
end of the procedure. The anaesthetist monitoring
the dogs intraoperatively was blinded as to the
treatments. Five minutes after the administration
of remifentanil, propofol (Propofol, Fresenius
Kabi, Greece) was administered at incremental
doses of 0.5 mg kg™ IV (hand injection) for induc-
tion of anaesthesia until intubation of the trachea
was possible (based on the lack of laryngeal re-
flexes) and the trachea was then intubated. Propo-
fol induction and intubation of the trachea was
always carried out by the same anaesthetist (IS)
who was blinded to the treatment (remifentanil
or saline). Isoflurane (Isoflurane, Merial, Italy) in
oxygen was used for maintenance of anaesthesia.
The dial of the vaporizer was originally set to
deliver 2% isoflurane, and within a few minutes
it was adjusted to achieve an appropriate depth
of surgical anaesthesia, based on assessment of
eye globe position, palpebral and limb withdrawal
reflex, as well jaw muscles tone, and standard
anaesthetic monitoring of the cardiovascular and
respiratory systems. Then, the surgical site was
aseptically prepared, and the dog was moved to
the operating theatre. The same team of surgeons
performed all operations.

Just after induction of anaesthesia and
throughout surgery, systolic, diastolic, and mean
arterial blood pressure (indirectly, oscillometric
method), electrocardiogram, SpO, (PC Scout,
SpaceLabs Medical Inc., USA), inspired and
end-tidal carbon dioxide (CO, - side stream),
isoflurane and oxygen (O,) concentrations, and
respiratory rate (Capnomac Ultima, Datex-Eng-
strom, Finland) were constantly monitored and
recorded every 5 min. Inadequate depth of an-
aesthesia was defined as an increase of heart
rate and/or mean arterial blood pressure and/or
respiratory rate of more than 10% from baseline
values (i.e. 5 minutes before surgical stimulation),
which was associated with surgical stimulation.
This was treated with an increase in the end-tidal
isoflurane concentration of about 0.1%-0.3%. If
this proved to be ineffective in reducing the heart



OLXVOTNTAG 1)/KAL TNG HEOTG ApTNPLAKIG TTieon G 1)/ Kot TNG
AVOTTVEVGTIKNG CUXVOTNTAG eVTOG 2-3 AETITWV, KKOAOU-
Bovaoe xoprynon ¢pevtavorng (Fentanyl, Janssen, Belgium)
IV (owotikf avakynoia) oe Soon 2-3 pg kg, kat 1o {wo
QITOKAELOTOY aTto TN peAETN. Katd Tnv ohokArpwon tng
XELPOUPYLKNG EMEUPAONC, 1) XOPTYNOT) LoopAovpavioy Kat N
gyxvon peppevtaviing f $uoloroyLkob 0pov SIHKOTTTOTAV.

Kartaypdgnrov n cuvolikr d6om mpomoPpoAng avd KIAG
OWHATIKOD BApOuG TTOL XPeLaloTav ylor TNV YKATAOTACN
™G avaloOnoiog Kot n TENOEKTTVEVOTIKY CUYKEVTPWOT)
Tou looPprovpaviov oL XpetaldTay yla T dlxTrpnon Tng
avatoOnoiog kata t dihpketa TG emépBaong. Q¢ xpdvog
avavnYn G Katay pagnie o xpovog peTo€0 TG SLaKoThG TNG
XOPNYNONG avaloONTIK®Y papHAKWY KAl TG ATTOCWAN VK-
ong. IpocBetn avoynaio xopnynonke 10-15 Aenta mptv 1o
TENOG TOU Xelpovpyelov pe Tr xopriynon pop¢pivng (0,2 mg
kg, IM) (Morphine hydrochloride, Kpatiké Movomnohto,
EXM\&Sa) 1 meBidivng (3 mg kg™, IM) 1) pevtaviing oe CRL
H emloyn Touv avakyntikod ¢pappdkov BacioTnke oTo
eiSog g xepovpykig emépPaong kat T PapdTnTa TOL
HETEYXELPNTIKOD dhyous. Me atdxo v petwbei n) Stakdpavan
HeTa€D TV TopatnpnTOY, 0 idlog avaioBnaotordyog (I1X)
xopnynoe yevikn avaioOnaia oe Ol tar (O TG HEAETNG.

ZTaTIoTIKY) avdAvon

[a k&Be okOAo, vTTONOYIoTNKE N TIEPLOXT) KATwW amtd TNV
KaprtoAn (AUC) xat turtoro)Bnke, Snhadr) Stopédn-
Ke pe 1N Siapkewa g avaoOnoiag (AUCst) yax tn péon
apTNPLOKT TI{eaT), TNV TENOEKTIVEVGTIK CUYKEVTPWOT)
Tou 1ooprovpaviov, (ETiso) kat To Tedoexmvevotiko CO,
(ETCO,) (Matthews et al. 1990). Tt Tov é\ey X0 KavoviKd-
Tag xpnotpornotidnke o éheyxog Shapiro-Wilk. O é\eyyog
Mann-Whitney xpnotpomouionke yio va cuykptfovv n
NAia, To0 cwHATIKO Papog, N didpketa g avaiodnoiag,
0 XpOvogG avavnyng, 1 ouvoAikr 8601 TPOToPOANG avd
KNG COUATIKOV Bdpoug, 1) HéCN apTnpLaK Tiieon, Kat Ta
ETisoAUCst kat ETCO,AUCst, petagd Tov 600 opddwy.
O éleyxog X xpnotpornotnOnke ylo va uykpldolv Katnyo-
PIKEG HETAPANTEG (opada, €i00G XeLpOLPYIKNG eTéUPaong).
Tin p pkpdtepn amo 0,05 BewpriBnke GTATIOTIKWG oMo
VTIKH. [la GAoVG TOUG OTATIOTIKOVG EAEYXOUG XPTOLHLOTIOL-
nOnke 1o Aoyiopikd IBM SPSS Statistics yi Mac, V.24.0
(IBM Corp., Armonk, USA). O a priori uitoAoy1opog tou
pey€Boug Selypatog €deile oTLyia péyeBog amotedéopatog
niepinov 0,75, péyeBog Seiyparog 48 (o peimon tng Soong
™G MPoToPOANG) Kat 53 (yia peiwon NG oLYKEVTPWONG
TOU LooPpAovpaviov) Ba frav amapaitnTog IPOKEHEVOU
va emtevyOel otatiotikn oL 0,8.

Amotedéopata

H di&prela g avaioOnoiag frov 110 (55-210) [Sidpecog
(ehaxioTo-péyloTo)] Aemtd oty opdSa R kat 135 (45-165)

Remifentanil reduces propofol and isoflurane requirements in dogs

rate and/or mean arterial blood pressure and/
or respiratory rate within 2-3 minutes, fentanyl
(Fentanyl, Janssen, Belgium) was administered
intravenously (rescue analgesia) at a dose rate of
2-3 pg kg, and the animal was excluded from
the study. Upon completion of surgery, the ad-
ministration of isoflurane and the infusion of
remifentanil or control solution ceased.

The total dose of propofol per kg of body
weight required for induction and the end-tidal
concentration of isoflurane required to maintain
anaesthesia throughout surgery were recorded.
The time between cessation of the administra-
tion of anaesthetics and extubation was recorded
as the recovery time. Additional analgesia was
provided 10-15 min before the end of surgery
by administration of morphine (0.2 mg kg, IM)
(Morphine hydrochloride, State Formulary of
Greece, Greece) or pethidine (3 mg kg, IM) or
fentanyl CRI The selection of the analgesic drug
was based on the type of surgery and severity of
the anticipated pain. To reduce inter-observer
variability, the same anaesthetist (IS) anaesthe-
tized all animals.

Statistical analysis

For each dog, the area under the curve (AUC)
was calculated and standardized, i.e. divided by
the duration of anaesthesia (AUCst) for the mean
arterial blood pressure, the end-tidal isoflurane
concentrations (ETiso) and the end-tidal CO2
(ETCO2) (Matthews et al. 1990). For the evalua-
tion of normality, the Shapiro-Wilk test of normal-
ity was used. The Mann-Whitney test was used
to statistically compare age, weight, duration of
anaesthesia, recovery time, total propofol dose
per kg, mean arterial blood pressure, ETisoAUCst,
and ETCO,AUCst between the two groups. The
chi-square test was used to compare categorical
variables (groups assignment, type of surgery). A
p value less than 0.05 was considered significant.
For all statistical tests the IBM SPSS Statistics for
Mac, V.24.0 (IBM Corp., Armonk, USA) com-
puter software was used. An a priori sample size
calculation revealed that anticipating an effect size
of about 0.75 a sample size of 48 (for propofol dose
reduction) and 53 (for isoflurane concentration
reduction) would be needed in order to achieve
a 0.8 statistical power.

Results
Anaesthesia lasted for 110 (55-210) [median (min-
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Aemtd otny opada P. O xpovog avavnyng nrav 5 (1-10) ko
10 (1-20) Aemtra otnv opada R kat P, avtiotorxa. Ot Svo
OHGSEG Sev eppaviiay OTATIOTIKOG OHAVTIKESG SlapopEg
otnv niikia (p=0,42), To cwpaTiko Papog (p=0,22), Tn
diapketa g avalobnoiag (p=0,24), To Xpovo avavnyng
(p=0,24) ko 1o €idog TnG opBomedikng emépPoong (p=0,17).
H ouvolikr) 8601 NG TpomodpOAnG ylor TV eYKATAGTAOT
G avaloOnoiag frav onpavrikd (p<0.0005) xapnhote-
pn [0,5 (0-1,5) mg kg'] otnv op&da R ouykpitikd pe v
opdda P [3 (0,5-8,5) mg kg']. Ztnv opada R, Tpelg okvAol
StaocwAnvadnkav xwpic tn xopnynon mpomodpoing. Ot
okOAoL TG opddag R xpeldotnray onpavtika (p<0.0005)
XUHNAOTEPT) GLYKEVTPWOT) IooPAovpaviov yla Tn dartr)pron
g avarsOnoiog [AUCstETiso 0,7% (0,3-1,1%)] ovykpitikd
{e TouG oKVAOUG TG opddag P [1,3% (1,2-1,6%)]. Ta (oo Tng
opadag R eiyav onpavtikd (p<0.0005) vyniotepa eminedoa
AUCGStETCO, [6,4 (2,36-7,57) kPa, 48 (17,7-56,8) mmHg]
oLYKPLTIKA pe Ta {oa g opadag P [4,79 (3,57-6,49) kPa,
35,9 (26,8-48,7) mmHg]. H péon aptnpraxn mieon Siépepe
OTATIOTIK®OG pn onpavTika (p=0,12) petafd g opddag
R [84,3 (69-101) mmHg] kat Tng opddoag P [76,8 (62-82)
mmHg] (ITivakag 1). Ze éva okvlo otny opdda P, n kap-
Stakny ovxvotnTa avéndnke ard 90 oe 112 apéows petd
TO apXLKO Xelpovpylko epébiopa. AvEnon Tov SlaKkomT
ToL eaToTpa Looprovpaviov ard 2% oe 2,2% eixe wg
QITOTEAEOHA T Helwon TNG KAPSIOKTG GUXVOTN TG KATW
agt6 100, katd Tn Si&pKela TG eméUPaonG. Aev XpeLAoTNKE
va xopnynOel cwotikh avokynoia SteyyxelpnTikd o€ Kavéva
(oo og kapio a6 TIG SO OpAdEC.

max)] min in group R and 135 (45-165) min in
group P. Recovery time was 5 (1-10) and 10 (1-20)
min in group R and group P, respectively. The two
groups did not differ significantly with regard to
age (p=0.42), weight (p=0.22), duration of anaes-
thesia (p=0.24), recovery time (p=0.24), and type
of orthopaedic surgery (p=0.17). The total propo-
fol dose for induction was significantly (p<0.0005)
lower [0.5 (0-1.5) mg kg'] in group R compared
to group P [3 (0.5-8.5) mg kg]. In group R, three
dogs were tracheally intubated without any use
of propofol. Group R dogs required significantly
(p<0.0005) less isoflurane to maintain anaesthe-
sia [AUCstETiso 0.7% (0.3-1.1%)] than group P
[1.3% (1.2-1.6%)] dogs. Group R animals had
significantly (p<0.0005) higher AUCStETCO,
levels [6.4 (2.36-7.57) kPa, 48 (17.7-56.8) mmHg]
compared to group P [4.79 (3.57-6.49) kPa, 35.9
(26.8-48.7) mmHg] animals. Mean arterial blood
pressure differed statistically non-significantly
(p=0.12) between group R [84.3 (69-101) mmHg]
and group P [76.8 (62-82) mmHg] (Table 1). In
one dog in group P, heart rate increased from 90
to 112 just after the initial surgical stimulation.
An increase of the isoflurane vaporiser dial from
2% to 2.2% resulted in the reduction of the heart
rate below 100, throughout surgery. No rescue
analgesia was administered to any animal in either
group, intraoperatively.

Mivakag 1. Aiapeceg (EAAXIOTN-UEYIOTN) TIHEG TNG CUVOAIKIG 8O0NG TNG TPOTTOPOANG Yia EYKATAGTAGH TNG
avaloOnoiag, TNG TUMomoNpéVNG MEPLOXG KATW ATTO TNV KAUTUAN TOU TEAOEKTIVEUGTIKOU IGOPAOUpaAViou yia
T diatipnon ¢ avaiednaiag, TnG TUTOMOINUEVNG TTIEPIOXNG KATW ATIO TNV KAMTTUAN TOU TEAOEKMTVEUGTIKOU
Slo&e1iov Tou avBpaka, Kat TNG MEGNG APTNPELAKNG TTESNG, OTIC OMASEC TNG pepIevTaAViAnG (opada R) kat Tou

placebo (opada P).

opada R opada P g p
mpomo@oNn (mg kg™ 0,5(0-1,5) 3(0,5-8,5) <0,0005
AUCstETiso (%) 0,7(0,3-1,1) 1,3(1,2-1,6) <0,0005
AUCStETCO, (kPa / mmHg) 6,4 (2,36-7,57) /48 (17,7-56,8) 4,79 (3,57-6,49) / 35,9 (26,8-48,7) <0,0005
uéon aptnplakr mieon (mmHg) 84,3 (69-101) 76,8 (62-82) 0,12

Table 1. Median (minimum-maximum) values of the total propofol dose for induction, standardised area under
the curve of end-tidal isoflurane for maintenance, standardised area under the curve of end-tidal carbon dioxide,
and mean arterial blood pressure, in the remifentanil (group R) and the placebo (group P) groups.

group R group P p-value
propofol (mg kg™) 0.5 (0-1.5) 3(0.5-85) <0.0005
AUCstETiso (%) 0.7 (0.3-1.1) 13(1.2-1.6) <0.0005
AUGSIETCO, (kPa / mmHg) 6.4 (2.36-7.57) / 48 (17.7-56.8) 4.79 (3.57-6.49) / 35.9 (26.8-48.7) <0.0005
MAP (mmHg) 843 (69-101) 76.8 (62-82) 0.12
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YulATnon

v mapovoa epyacia, n emidpacn TG pepidpevTaviAng ot
pHeiwon g §601¢ TNG TPOTTOPOANG YLt THV EYKATAGTAOT
¢ avaloBnoiog nrav Spapartikn (mepimov 86% peiwon Tng
d60om¢). OtokvdAot 6TovG oTtolovg XopnYROnKe peppevta-
VIAN XpeldoTnKav oTATIOTIKOG ONUOVTLIKA XAUNAOTEPEG
5060elg TTPOTIOPOANG ATTO TNV OHASH TV HAPTUP®V YL TNV
eYKATAOTOON TNG avataBnoiog, kat Tpeig okOAoL SlowAn-
vabnkav xwpic va xpetaotel va xopnynOel pomopoAn.
Ta evprjpata aUTd CUPPWVOUV e TA ATTOTENECTHATA LLOG
TapOHOLNG HEAETNG 0TOV dvBpwTTo, o€ fia povada evia-
Tikig Bepameiog, oty omoia p6vo to 54% Twv acbevov
0TOUG oTtoioug XopnyNOnKe peppevTaviAng yla npépnon
He XapnAovg puBuovg €yxuong xpetdotnke vo mpootedel
niportodpoin (Muellejans et al. 2006).

Eniong, petoOnkav ot amattovpeveg §6oelg loodpAov-
paviov yia tn Statrpnon tng avaiodnoiag (mepimov 47%).
To ebpnua auTd CUHPWVEL e TAX EVPUATA HLXG GAANG
epyaciag og 6KOAOUG IOV LTTOPARONKAV oe opBoTedt-
KEC eMEUPAOELG, GTOVC OTTOIOVG 1) EYXVOT) peHLPEVTAVIANG
peiwoe TIg armaltovpeveg 0OGELG Ge LOOPAOVPAVLO YLaL TN
Xetpoupylkr| avatodnoia kata tn Sidpkela opBomedikmv
emepPdoewv (Allweiler et al. 2007). Ztn perétn avth, n
pepLpevTaviin oe vynlovg puBuove xoprnynong (0,25
pg kg min?) peiwoe TIG AITALTOOUEVEG GUYKEVTPWOELG
tooprovpaviov péxpt kat 50%, Snhadn amd 1,28%+0,13
oe 0,65%+0,16. To eVpnua avTo emiong ovpPwVeL pe Ta
AITOTEAECUATA PLOG HENETNG OTOV vBpwTTo, GTNV omoia n
dtatnpnon g avaloOnoia yvotav e oefodprovpavio Kat
xopnynonkav dVo Stapopetikég SOTELG pepipevTaviing oe
CRI (Florkiewicz et al. 2015). Ot anattotpeveg §6oelg Tou
ELOTIVEVOTIKOD avaloBnTiko ATav eAdxtota xapnAdtepeg
otnv opdda 0TV omoia XopnynOnke o vYNA6TEPOG pLOHAG
£YXULONG PEULPEVTAVIANG CUYKPLTIKE (e TNV OH&SK 0TV
omoio xopnynonke o xapnAotepog pubpdg. Ta evprpatd
{aG EMIONG CUUPWVOVV [LE TOL ATTOTENECTHATA HLOG LEAETNG
oTnV ool 1 peplipevTaviln eixe (KavoronTIKr) emidpacn
ot pelwon g Tiung MAC touv evprovpaviov KATA TNV
ELOTIVELOTIKTY avatoBnoia oto okvho (Michelsen et al.
1996). Mia pelétn oe yateg amokauye 01l GuVSLAOHOG
Ketoapivng-peppevtaviing CRI pmopel va xopnyn0el yia
Va LELWOEL TIG aTTaLTOELG 0€ looprovpdvio (Steagall et al.
2015). Xopriynon pévo CRI pepipeviaviing peiowoe Tig
QTTALTHOELG O€ LOOGAOUPEVIO, XAAA 1) Helwon HTAV TILO HIKPT
(mepinov 16%). Avtd mbavov amodidetat 0To patvdpevo
opo¢r|g (ceiling effect) Tng pepipevtaviing oTig ydeg, mov
nieplopilet T peimon g Tipng MAC tou lodprovpaviov
(Ferreira et al. 2009). Xt 81k pog epevvnTIKr) HENETN,
mapdlo oL 1) {EON apTNpLaKT Tiiean HToy LYNAGTEPN
otnVv opdda R, avtd Sev TaV OTATIOTIKGOG CNHAVTIKOS,
mBavov e€attiog Tov {Kkpo peyéBoug Tou Selypatoc. Etat,
1 Helwon TeV anait)oewy o .opAovpavio efattiog Tng
xopriynong pepidpevtaviing dev ouvdéOnke pe avénomn ot
HEOT aPTNPLOKT) TTiEON.

Remifentanil reduces propofol and isoflurane requirements in dogs

Discussion

In the present study, the remifentanil sparing
effect on propofol requirements for induction
was dramatic (about 86% reduction). Dogs that
received remifentanil needed significantly lower
doses of propofol for induction of anaesthesia
than the placebo group and three dogs were in-
tubated without any need for use of propofol.
These findings are in agreement with the results
of a similar study in humans, in which only 54%
of the patients receiving low infusion rates of
remifentanil for sedation were supplemented with
propofol, in an intensive care unit (Muellejans
et al. 2006).

The isoflurane requirements for maintenance
of anaesthesia were also reduced (about 47%).
This finding comes in agreement with the findings
of another study in dogs that underwent ortho-
paedic surgery, in which remifentanil infusion
reduced isoflurane requirements for surgical an-
aesthesia during orthopaedic surgery (Allweiler
et al. 2007). In that study, remifentanil at the
high infusion rates (0.25 pg kg min™) reduced
the concentration of isoflurane by up to 50%, i.e.
from 1.28%+0.13 to 0.65%+0.16. This finding also
is in accordance with the results of a study in
humans, in which anaesthesia was maintained
with sevoflurane and two different CRI doses of
remifentanil were used (Florkiewicz et al. 2015).
Inhalational agent requirements were slightly
lower in the high remifentanil infusion rate group
compared to the lower rate group. Our findings
also agree with the results of a study in which
remifentanil had satisfactory sparing eftects on
the MAC of enflurane inhalant anaesthesia in
dogs (Michelsen et al. 1996). A study in cats found
that a combination of ketamine-remifentanil CRI
can be administered to reduce isoflurane require-
ments (Steagall et al. 2015). A CRI of remifentanil
alone reduced isoflurane requirements, but the
reduction was smaller (about 16%). This is proba-
bly attributed to the ceiling effect of remifentanil
in cats, which limits the reduction in the MAC
of isoflurane (Ferreira et al. 2009). In our study,
although the mean arterial blood pressure was
higher in group R, this was statistically non-signif-
icant, probably because of the small sample size.
Thus, the remifentanil associated reduction of the
isoflurane requirements was not accompanied by
an increase of the mean arterial blood pressure.

It is noteworthy that the dogs that received
remifentanil in the present study had significantly
elevated end-tidal CO, values. This is probably a
direct effect of remifentanil depressing respiratory
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Eivau a€loonpeiwto 61t okOAOL TTOL ENatPory peplipevTa-
VIAn 0TV mapovoa epeLVNTIKT HEAET EIXAV OTATIOTIKGOG
onuavTiKd av€npéveg TipEG Tehoekmvevatikod CO,. Avtd
mBavov odeiletal oTnVv dpeon eniSpaoct g pepdpevTa-
VIANG 0TNV KATAOTOAN THG AVATIVEVOTIKAG AelToLPYiag
(Allweiler et al. 2007). ITapdAo oL €vag okUAOG eKSHAwTE
umtepkamvia (péxpt kot 7,57 kPa-56,9 mmHg), dev xopnyn-
One TexvnTOG aeplopog, KaboG n Stdpkela TG LTTEpKaTTViOG
dev Eemépaoe Ta 10 Aemtd. Emumhéoy, o pkpry ad€non tng
ETCO, pmopei va eival evepyeTIKr (eTUTPENTH LTTEPKATTVIX)
(McDonell & Kerr 2015).

e autr) N pehétn, éytve aral evdoPpAEPLa xoprynon
pepipevtaviing ptv tnv évapn tng CRI. Enedn o xpdvog
nuioelag {wng TnG pepudevtaving eivat dlaitepa GOVTOHOG,
aUTH 1) TTPAKTIKY GaiveTo AOYIKT TIPOKELHEVOL VO ETTLTU-
xoupe Bepartevtikd emnineda Tov pappEKOL GTO TTAKGHA,
TIOAD TIpLv atd TNV €vapén Tou Xelpoupytko epebiopatog.
Zmv nepintwon pog, Sev xpeldotnie vo XopnynOel cooTIKN
avoynola, Kat €101 Urtopove va IToBEcoL e OTL N TEXVIKN
avtr) Ba propovoe va epappooTtel oTNV KAWVIKH TTP&EN.

H pepupevtavitn oe cuvexn eviopAéPia éyxvon peiwoe
pe emiTuyia TIg SO0ELG TNG TTPOTTOPAANG KAl TOL LOOPAOLpaL-
viov yla TNV eykatdotaon Kat Tn Statipnon Tng avatodn-
olag, avtioTola, o€ OKOUAOUG HE AUTOHATN AVATIVOTL), TTOU
vrtoPAROnKav oe opBomedixég emepPéoeis. H pepupevtaviin
pitopel var cupBAaMeL o éva LlooppoTINHEVO avatoOnTiKd
TIPWTOKOANO KOL VO HELDTEL TIG oveTIIOVUNTEG EVEPYELEG
e€autiog TNG Xoprynong avaloOnTikav gpoappdkwy oe vyn-
Aég 8doelg. QQoT600, AUTH 1 Helwon TwV AVemBOUNTOVY
evepyelwv Oa pémet va afloloynBei otnv KAk Tpagn
pHe KATAAANAEG KALVIKEG SOKIHEC.

YX0yKpovon cupPEPOVIV

Ot ovyypagdeic dnhwvouy 611 dev vTTApXEL CVYKpOLON
OLUPEPOVTOV.

function (Allweiler et al. 2007). Although one
dog developed hypercapnia (up to 7.57 kPa-56.9
mmHg), no mechanical ventilation was applied,
since hypercapnia lasted for only 10 minutes.
Furthermore, a slight increase in ETCO, may
be considered to be beneficial (permissive hy-
percapnia) (McDonell & Kerr 2015).

In this study, remifentanil bolus was adminis-
tered before the commencement of the CRI. As
long as the elimination half-life of remifentanil is
very short, this practice seems reasonable in order
to achieve a therapeutic blood plasma level of the
drug, well before the beginning of the surgical
stimulation. In our case, no rescue analgesia was
use, thus it can be assumed that this technique
could be applied in a clinical setting.

Remifentanil constant rate infusion successful-
ly reduced propofol and isoflurane requirements
for induction and maintenance of anaesthesia,
respectively, in spontaneously breathing dogs un-
dergoing orthopaedic surgery. Remifentanil may
contribute to a balanced anaesthetic protocol and
reduce unwanted effects of high-dose anaesthetic
drugs administration. However, this reduction
of the unwanted effects has to be evaluated in
practice with appropriate clinical trials.

Contflict of interest

The authors declare no conflicts of interest.

BiAoypadia / References

»  Allweiler S, Brodbelt DC, Borer K et al. (2007) The isoflurane-
sparing and clinical effects of a constant rate infusion of remifentanil
in dogs. Vet Anaesth Analg 34, 388-393.

«  Chism JP, Rickert DE (1996) The pharmacokinetics and extra-
hepatic clearance of remifentanil, a short acting opioid agonist, in
male beagle dogs during constant rate infusions. Drug Metab Dispos
24, 34-40.

+ Egan TD (2000) Pharmacokinetics and pharmacodynamics of
remifentanil: an update in the year 2000. Curr Opin Anaesthesiol
13, 449-455.

+ Egan TD (1998) The clinical pharmacology of remifentanil: a brief
review. ] Anesth 12, 195-204.

Tatpikn) Zowwv Zovtpodidg « Tépog9 « Tevxog2 « 2020

Feldman PL, James MK, Brackeen MF (1991) Design, synthesis,
and pharmacological evaluation of ultrashort-to long-acting opioid
analgesics. ] Med Chem 34, 2202-2208.

Ferreira TH, Aguiar AJA, Valverde A et al. (2009) Effect of
remifentanil hydrochloride administered via constant rate infusion
on the minimum alveolar concentration of isoflurane in cats. Am J
Vet Res 70, 581-588.

Florkiewicz P, Musialowicz T, Pitkanen O et al. (2015) The effect of
two different doses of remifentanil on postoperative pain and opioid
consumption after cardiac surgery — a randomized controlled trial.
Acta Anaesthesiol Scand 59, 999-1008.

Hoke JF, Cunningham F, James MK et al. (1997) Comparative
pharmacokinetics and pharmacodynamics of remifentanil, its



principle metabolite (GR90291) and alfentanil in dogs. ] Pharmacol
Exp Ther 281, 226-232.

KuKanich B, Wiese AJ (2015) Opioids. In: K. A. Grimm et al., eds.
Veterinary Anesthesia and Analgesia. 5th ed. John Wiley & Sons,
Ames, pp. 207-226.

Lee J-J, Hwang SM, Jang JS et al. (2010) Remifentanil-Propofol
Sedation as an Ambulatory Anesthesia for Carpal Tunnel Release. |
Korean Neurosurg Soc 48, 425-429.

Matthews JN, Altman DG, Campbell MJ et al. (1990) Analysis of
serial measurements in medical research. Br Med J 300, 230-235.

McDonell WN, Kerr CL (2015) Physiology, Pathophysiology, and
Anesthetic Management of Patients with Respiratory Disease BT -
Veterinary Anesthesia and Analgesia. In: K. A. Grimm et al., eds.

Veterinary Anesthesia and Analgesia. John Wiley & Sons, Ames, pp.

513-555.

Michelsen LG, Hug CC (1996) The pharmacokinetics of
remifentanil. ] Clin Anesth 8, 679-682.

Michelsen LG, Salmenperd M, Hug CC et al. (1996) Anesthetic
potency of remifentanil in dogs. Anesthesiology 84, 865-872.

Muellejans B, Matthey T, Scholpp J et al. (2006) Sedation in the
intensive care unit with remifentanil/propofol versus midazolam/
fentanyl: A randomised, open-label, pharmacoeconomic trial. Crit
Care 10, R91.

Remifentanil reduces propofol and isoflurane requirements in dogs

Steagall PVM, Aucoin M, Monteiro BP et al. (2015) Clinical effects
of a constant rate infusion of remifentanil, alone or in combination
with ketamine, in cats anesthetized with isoflurane. ] Am Vet Med
Assoc 246, 976-981.

Vuyk ], Mertens MJ, Olofsen E et al. (1997) Propofol anesthesia
and rational opioid selection: determination of optimal EC50-EC95
propofol-opioid concentrations that assure adequate anesthesia and
a rapid return of consciousness. Anesthesiology 87, 1549-1562.

Woolf CJ, Chong MS (1993) Preemptive analgesia--treating
postoperative pain by preventing the establishment of central
sensitization. Anesth Analg 77, 362-379.

YnevOvvog aAAnloypadiag:
Lwdvvng Zappog
isavas@vet.auth.gr
Corresponding author
Ioannis Savvas
isavas@vet.auth.gr

Hellenic Journal of Companion Animal Medicine « Volume 9 « Issue 2« 2020

205



