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IEVADS

Darba aktualitate

Attistoties mazo dzivnieku veterinarmedicinas praksei Latvija,
aktuali klust petijumi par atras iedarbibas vispargjas anestézijas lidzekliem,
kurus Sodien lietojam. Neinhalacijas jeb intravenozie narkozes Iidzekli
atvieglo operaciju manipulaciju veikSanu. Neinhalacijas vispargja anestézija
tiek uzskatita par humanako no visiem narkozes veidiem pasaulé (Allen,
Downey, 1983; Cragg, Drysdale, 1983; Haskins, 1983a; Haskins, 1983b;
Haskins, 1983c; Olson, et al., 1987; Haskins, 1992; Mamxosckuii, 2000;
Lemke, 2004; Hewson et.al., 2006; Welberg et al., 2006 u.c.)

Zinams, ka veterinarmedicina lietotajiem narkozes Iidzekliem ir jaatbilst
noteiktam prasibam: 1) tiem ir jaizsauc atbilstoSs narkotiskais efekts un
vienlaicigi jabiit ar pietickamu “platu” anesteézijas droSibas joslu;
2) anest€zijas lidzekliem jabut vienkarSi pielietojamiem un ugunsdrosSiem;
3) izraisitajai narkozei jabiit vadamai; 4) izraisitajiem blakus efektiem jabiit
péc iesp&jas minimaliem; 5) tie nedrikst kaitét operacijas zalé stradajosiem,;
6) tic nedrikst kaitSt anestez&to dzivnieku iek$€jo organu darbibai; 7) to
iedarbibai jabiit vienmérigai ar vieglu uzmoSanos péc narkozes lidzek]u
lietosanas; 8) to cenai jabiit pienemamai.

Sis darbs zinama mera saistits ar prasibu 4. un 6. punktu —
narkozes Iidzeklu blakus efektu izp&tei uz sirds — asinsrites sistému — vienu
no organisma svarigakajam organu sisttmam. Turklat pasaulé ir maz
pétijumu par dazadu anestézijas lidzeklu un to kombinaciju ietekmi uz sirds
— asinsrites sistému, t.sk. uz sirds elektrofiziologiskajiem parametriem.

Sirds-asinsrites sist€émas elektrofiziologiskie, ka arT
elektrokardiogrammas atseviskie parametri dazados aspektos supiem tiek
pétiti kops 50.-60. gadiem un tie turpinas ari miisdienas (Simonson et al.,
1960; Hamlin, Smith, 1960; Hamlin, Scher, 1961; Hamlin et al., 1964,
1967; Khoyi, 1967; John, 1968; Copen et al., 1968; Hamlin, 1968a, b;
Rubin, 1968; Badran et al., 1970; Lau et al., 1970; Hamlin, 1972; Hammond
et al., 2001; Al-Wabel et al., 2002; Chanoit et al., 2005; Takahara et al.,
2005; Vormberge et al., 2006; Nolan et al., 2006; u.c.). Atseviskie darbi, kas
litreratfira pieejami par EKG un sirds fiziologisko parametru izmainam
dazadu anestezgjoSo vielu ietekm& nedod pilnigu informaciju par sirds-
asinsrites sisttmas stavokli dzivniekiem premedikacijas un vispargjas
anestézijas laika. Tome@r ir zinams, ka premedikacijas un anestezgjosas
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vielas dzivniekam var izsaukt sirds-asinsrites funkcionalus trauc&umus
(Horiguchi, Nishikawa, 2002; Sumitra et al., 2004; Cacheaux et al., 2005;
Bostrom, 2006).

Elektrokardiografiskie sirds biopotencialu pé&tijumi suniem
vairuma gadjjumu veikti, nemot v&ra tikai supa dzivmasas, dzimuma
patnibas, ka arT sirds — asinsrites sist€mas patologiskos procesus (Schaik et
al., 1974; Pickoff et al., 1984; Martins, 1983; Martins et al., 1984; Millar et
al., 1985; Litowsky, Antzelevitch, 1989; Nunes et al., 1990; Okumura et al.,
1991; Lemke, 2004; Pang et al., 2005; Kawaguch, 2006; u.c.). Literattra ir
maz datu par iespgjamiem sirds ritma trauc€jumiem, ko var izraisit plasi
izmantotie premedikacijas Iidzekli atropina sulfats un acepromazina
maleats, ka arT anestézijas lidzekli diazepams un ketamina hidrohlorids.

Jaatzime, ka datu par atsevisku premedikacijas un narkozes Iidzeklu
tieSu ietekmi uz izolétu sirdi literatlira ir visai maz. Ir darbi, kuros autori
analiz&jusi premedikacijas un vispargjas anestézijas Ilidzeklu dazadus
modelus, bet tie neatbilst Latvija paSreiz lietotajam premedikacijas un
vispargjas anestézijas veidam (Argibay et al., 1983; El-sheawy, 1993;
Chattopadhyay, 1997; Juvekar, Vadlamudi, 1998; Lilley, Robbins, 1998;
Hirota et al., 1999; Gupta et al., 2000; Zimmer, 1999; Zimmer, 2000;
Sharma, Tung, 2001; Gaszner et al., 2001; Rea et al., 2002; Corti et al.,
2002; Tota et al., 2003; Winmill, Hedrick, 2003; Hedrick, Winmill, 2003;
Contoyiannis et al., 2004; Sumitra, et al., 2004; Igic, 2004; Cacheaux et al.,
2005; Shah, Juvekar, 2006).

Nemot v&ra visu augSminéto uzskatfjam par aktualu un
nepiecieSamu veikt pétijumus par Latvija plasak izmantojamo anestézijas
lidzeklu ietekmi uz sirds biopotencialiem supiem.

Darba merkis

Izpétit misdienas plasi izmantoto anestézijas lidzeklu ietekmi uz
sirds funkcionaliem parametriem Kokerspanielu un Vacu aitu Skirnes
suniem, ka arT eksperimenta uz izol&tu sirdi.
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Darba uzdevumi:

Izpétit sirdsdarbibas frekvences izmainu likumsakaribas supiem
premedikacijas lidzeklu atropina sulfata un acepromazina maleata
ietekmeé, ka arl narkozes Iidzeklu ketamina hidrohlorida
kombinacija ar diazepamu ietekm& un So izmainu iesp&jamo
saistibu ar dzivnieka $kirni un dzimumu.

Izpétit Vacu aitu un Kokerspanielu Skirnes suniem
elektrokardiogrammas atsevisko elementu izmainu likumsakaribas
premedikacijas un vispargjas anestézijas laika, izmantojot EKG II
standartnovadijumu.

Izpétit premedikacijas lidzeklu atropina sulfata un acepromazina
maleata, ka arT narkozes lidzeklu ketamina hidrohlorida un
diazepama summara efekta tieSo ietekmi wuz sirdsdarbibas
frekvenci, sirds muskula sarauSanas spéku un sirdsdarbibas ritma
izmainam eksperimenta ar izolétu vardes sirdi.

Darba zinatniska novitate

Paplasinats jaunais petfjumu virziens veterinarmedicina Latvija —
elektrokardiofiziologija suniem;

leghiti jauni dati par sirds funkciondlo stavokli supiem
premedikacijas un vispargjas anestézijas laika Latvija plasi
izmantotaja anest¢zijas model;

Pirmo reizi veterinarmedicina ir pétiti sirds biopotencialu raditaji
suniem premedikacijas un vispargjas anestézijas laika saistiba ar
dzivnieka $kirni un dzimumu;

Analizgta premedikacijas un vispargjas anestézijas lidzeklu tiesa
ietekme uz sirdsdarbibas frekvenci, sirds muskula sarauSanas
speku un sirdsdarbibas ritmu uz izol&tu vardes sirdi;

Izvirzita hipotéze par iesp&amiem sirds ritma traucgumiem
supiem plasi izmantotaja premedikacijas un vispargjas anestezijas
model1 — atropina sulfats kombinacija ar acepromazina maleatu un
ketamina hidrohlorids kombinacija ar diazepamu.



Pétijumu rezultatu aprobacija

P&tijumu rezultati aprobéti sekojosas starptautiskas zinatniskas konferences:

1.

10.

Starptautiska zinatniska konference “Dzivnieki. Veseliba. Partikas
higieéna”, Jelgava, 2006. gada 10. novembri. Changes of ECG QT
interval in German shepherd and Cocker spaniel dogs during
premedication and general anaesthesia.

Tpermit  Poccmiickuit  Konrpecc mo matodusmomorum ¢
MEXITyHapOAHBIM ydactueM, Mocksa, 2004 1. 9-12 OKTAOpsL.
HWsmenenue Q — T unmepeana 3nekmpoxapouocpammsl cobax noo
6NUAHUEM aHECTe3UU.

Tperuit  Poccuiickuit  Konrpecc mo matoduszuonoruud ¢
MEXAYyHapoAHbIM yuactueM, Mocksa, 2004 r. 9-12 okTs0ps.
Brusinue npemeduxayuu u obwel anecmesuu Ha XapaxKmepucmuKu
R — 3y6ya snexmporapouocpammul cobax.

Starptautiska zinatniska konference “Dzivnieki. Veseliba. Partikas
higiena”, Jelgava, 2004. gada 15. oktobri. EKG PQ intervala
izmainas  kokerspanielu un vacu aitu Skirnes  suniem
premedikdcijas un visparéjas anestézijas laika.

Starptautiska zinatniska konference “Dzivnieki. Veseliba. Partikas
higiéna”, Jelgava, 2002. gada 14.-15. novembris. Sirdsdarbibas
frekvences dinamika suniem dazZu intravenozo narkozes lidzekju
ietekme.

Starptautiska ~ zinatniska  konference  “Veterinarmedicinas
aktualitates”, Jelgava, 2000. gada 29. septembris. Dazu
intravenozo anestézijas lidzeku ietekme uz izolétu vardes sirdi.
Bropoit  Poccuiickuit  Konrpecc mno marodusuonorun ¢
MEXAYHAapoAHBIM yuyactueM, Mocksa, 2000 r. 9-12 okTs0ps.
Bausnue anecmesuu na omoenvuvie dneKkmpo@usuonocuiecKie
anemenmol cepoya y cooax.

LLU Doktorantu zinatniska konference “Lauksaimniecibas zinatne
cela uz 21. gadsimtu”, Jelgava, LLU, 1999. gada 26.-28. maijs.
Elektrokardiogrammas P zoba dinamika suniem anestézijas laika.
LLU Veterinarmedicinas fakultates Zinatniskas un
veterinarmedicinas prakses konference, Jelgava, 1998. gada 24.-25.
aprilis. Sirds elektrokardiofiziologisko parametru dinamika Vicu
aitu Skirnes suniem narkozes laika.

LLU Doktorantu zinatniska konference “Vide cilvékam, cilvéks
videi”, Jelgava, LLU, 1998. gada 26.-28. maijs. Atsevisku sirds



elektrofiziologisko parmetru izmainas Vacu aitu Skirnes supiem
narkozes laika.

11. Pasaules Tresais Latviesu Arstu Kongress, Riga, 1997. gada 25.-
28.  junijs.  Sirds  biopotencialu  fiziologisko  pétjjumu
nepieciesamiba suniem anestezija.

12. Pasaules TreSais Latviesu Arstu Kongress, Riga, 1997. gada 25.-
28. junijs. Sirds elektrofiziologija suniem.

Darba apjoms. Promocijas darbs noformé&ts 106 lapaspus€s un sastav no:
anotacijas latviesu un anglu valoda, ievada, literatiiras apskata, darba
metodikas, p&tifjumu rezultatiem, diskusijas, secinajumiem, praktiskajiem
priekslikumiem un izmantotas literatiiras saraksta.

MATERIALS UN METODES

Petfjuma analiz€ta sirds biopotencialu dinamiku vienu Iidz
astonus gadus veciem 34 Vacu aitu un 32 Kokerspanielu skirnes suniem
premedikacija un vispargja anestézija. Darbs veikts sadarbiba ar veterinaro
kliniku ,,Mazo bralu hospitalis” (Riga). Visiem eksperimenta izmantotajiem
dzivniekiem bija skirnes apliecino$s dokuments. Visi supi bija viena
vecuma — no 12 ménesiem lidz 8 gadu vecumam. Vacu aitu $kirnes suniem
kermena masa caurméra bija no 25 Iidz 38 kg, bet Kokerspanieliem no 11 —
18 kg.

Jaatzimée, ka sunus uzskata par pieaugusiem dzivniekiem, kad
tie ir vecuma no viena Iidz astoniem gadiem. Péc astoniem gadiem suniem
nosactti sakas organisma strauji novecosanas procesi (Bolton, 1975).

Premedikacijas modelis atropina sulfats kombinacija ar
acepromazina maleatu un anestezijas modelis ketamina hidrohlorids
kombinacija ar diazepamu veterinaraja klinika ,,Mazo braju hospitalis” ir
izmantots no 1996. gada lidz 2007. gadam. Tas ir pieradits 1802 Skirnes
supiem, veicot rentgenologiskas parbaudes gilizas locitavu iedzimto
patologiju gadijumos.

Petamo dzivnieka vispargjo veselibas stavokli izvertg§jam pec
anamnézes, dzivnieka nosverSanas, kliniskas izmekl€Sanas (inspekcija,
palpacija, auskultacija), ka arT laboratoriskas izmekleSanas. Visiem supiem
tika veikta veterinarmedicina visparpienemta asinu morfologiska un
bioktmiska izmekl&Sana. Asins biokimiskai izmekl&Sanai izmantojam ASV
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razoto analizatoru »VET TEST 8008”. Asinis noteicam
alaninaminotransferazi (ALAT), aspartataminotransferazi (ASAT), kopgjo
proteinu, natriju, kaliju, urinvielu, kreatininkinazi, alfa amilazi un glikozes
lItmeni. Talakaja darba izmantojam tikai kltniski veselus dzivniekus, kuriem
izmekl&tie asins morfologiskie un biokimiskie raditaji bija normas robeZas.

Lai konstatétu, ka pétijumos izmantotajiem dzivniekiem arl
kardioresperatora sist€ma ir normas robezas visi suni tika paklauti krosu
kurvja rentgenologiskai izmekl&$anai. Izmantojam rentgenologisko iekartu
~SANTAX  A/S-SP-103”. Rentgenologisko  izmekleSanu, veicam
dzivniekam atrodoties lateralaja un dorsoventralaja pozicija.

Sirds biopotencialu registracija suniem ar elektrokardiografijas metodi

Sirds biopotencialus supiem registréjam, izmantojot Vacija raZotu
firmas ,,SHILLER” elektrokardiografu ,,Cardiovit AT-1 Veterinary”, kas
lauj vienlaicigi stradat ar EKG 10 novadijumiem.

Minétaja elektrokardiografa ir ietverta ar1 speciala mérfjuma
programma, kas izméra katru EKG parametru visos 10 EKG novadijumos
atseviski, vienlaicigi veicot datu pirmatngjo apstradati ar specialas
merfjumu programmas palidzibu.

Elektrokardiografijas procesa tika izmantoti t.s. aligatortipa
elektrodi, kurus péc specialas elektrodu pastas aplicéSanas, piestiprinajam
tie$i dzivniekam uz adas katram novadijumam noteiktajas vietas: standarta
I, II, III novadijuma un Goldbergera pastiprinata aVR, aVL, aVF
novadijuma elektrodi bija piestiprinati sunim uz attiecigas prickskajas tilit
virs elkona, bet pakalkaju elektrodi attiecigi uz atbilstosas pakalkajas
proksimali virs cela (Ettinger, Suter, 1970; Bolton, 1975; Edward, 1987,
Chastain, 1990; Tilley, 1992; Tilley, Goodwin, 2000).

Lai registrétu elektrokardiogrammu no kraskurvja péc vienpola
novadijuma veida (Vilsona novadijumi), aktivo elektrodu novietojam
noteikta vieta uz kraskurvja priek$€jas sienas. Ta, registréjot CVsRL
novadijumu, aktivo elektrodu novietojam dzivnieka labaja kermena puse
5. ribstarpa visnoapalotakaja skrims$la vieta (puscela no krGsu kaula uz
ribu); CV¢LL novadijuma aktivais elektrods atradas sunim kreisaja kermena
pus€ sestaja ribstarpa hondrosternalaja savienojuma; CV¢LU — kreisaja
kermena pusé sestaja ribstarpa kostohondralaja savienojuma, bet registréjot
Vo novadijumu aktivais elektrods atradas dzivniekam starp lapstinam
septita kriiSu skriemela muguras izauguma Itment.

Svarigi atzimét, ka pirms elektrokardiografijas procesa (izejas
stavokll) més IpaSu uzmanibu pievérsam izmeklgjama dzivnieka dota
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momenta psihoemocionalajam statusam. Tas, ka dzivnieka satraukums
ietekmé sirdsdarbibas frekvenci un ar tas raditajiem ciesi saistitos EKG
parametrus ir visparzinams (Coate, 1967; Jaksch, 1973; ®poros,
Ceupunos, 1974; Eckenfels, Trieb, 1979). Mé&s elektrokardiografiju sakuma
pierakstu dzivniekiem parasti veicam saimnieka klatbiitng€, un suni visuma
bija mierigi, jeb vajadzgja nedaudz pagaidit, lai dzivnieks nomierinas.

Izmeklgjamie dzivnieki elektrokardiografijas laika atradas labaja
lateralaja gula. Suna priekSkajas un pakalkajas vienmér bija novietotas
paraléli viena otrai un perpendikulari kermena gareniskajai asij. Literatiira
nav kada stingri noteikta viedokla par vienigo pareizo izmeklgjama
dzivnieka poziciju elektrokardiografijas laika. Ta ka vairums autoru savos
pétijumos izvelgjusies tieSi suna novietoSanu labaja lateralaja gula (Hill,
1968; Detweiler et al., 1970; Edwards, 1987; Rezakhani, 1990; Madron,
1991; Tilley, 1992; Bohn, 1993; Bernal et al., 1995; Tilley, Goodwin,
2000), tad arT mes uzskatfjam $adu izmekl&jama dzivnieka novietojumu
EKG registréSanas laika par atbilsto$u darba izvirzito uzdevumu izpildei. To
apliecina ar pétijumi kakiem (Gompf, Tilley, 1979). Galvenais nosacijums
bija, lai visiem pétijumos izmantotajiem dzivniekiem elektrokardiografija
tiktu veikta tiem atrodoties viena stingri noteikta pozicija ar attiecigi katram
novadijumam atbilstosi izvietotiem elektrodiem. Tadejadi ieglistamas EKG
ir maksimali salidzinamas ar niecigadm spontanam variacijam.

EKG registracijas atrums bija 50 mm s”'. P&tfjumi paradijusi, ka
pie EKG pieraksta atruma 25 un 50 mm s™' atseviskie elektrokardiogrammas
parametri biitiski neatskiras. Pie EKG registracijas atruma 100 mm s EKG
parametri var biit nedaudz garaki (Hamlin, 1989). Visos gadijumos
izmantojam elektromiogrammu filtrus, kas ir seviski buatiski, registrgjot
sirds biopotencialus kucéniem (Bolton, 1975; Edwards, 1987; Tilley, 1992;
Tilley, Goodwin, 2000; Dvir et al., 2001), ka arT kakiem (Coulter, Calvert,
1981; Scrope et al., 1995).

Anestezijas lidzekli un to devas

Dzivnieku premedikacijai tika izmantots 0.054% atropina sulfata
Skidums (ar aprékinu 0.02 mg kg -!) kombinacija ar 1% acepromazina
maleata $kidumu (0.06 mg kg -'), ievadot intramuskulari. EKG registréja
pirms premedikacijas (izejas stavokli) un 10 miniites péc premedikacijas
lidzeklu intramuskularas injekcijas.
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Neinhalacijas vispargjai anestézijai izmantojam 5% ketamina
hidrohlorida $kidumu (6 mg kg -') kombinacija ar 0.5% diazepama
Skidumu (attiecigi 0.6 mg kg -1).

EKG pieraksts tika registréts vienu miniiti p€c vispargjas
anestézijas lidzeklu intravenozas injekcijas, ka ari péc 15, 30, 45 un 60
minGteém.

Eksperimentalie pétijumi ar izoletu vardes sirdi

Eksperimentiem izmantojam 22 varzu Rana temporaria t€vinus,
kurus anabiozes perioda sanémam no Vsevolzskas eksatarija
(Sanktpéterburgas apgabals). Ka sirds barotajskidums izmantots aukstasinu
Ringera skidums: 1 litra bidestiléta fidens izSkidinati 6.5 g NaCl, 0.3 g KCI,
0.2 g NaHCO; un 0.2 g CaCl,. Skiduma pH — 6.4.

Ka pétamo zalu vielu izejas Skidumus ecksperimentalaja darba
izmantojam: 0.054% atropina sulfata Skidumu 100 ml flakonos (firma
»VEDCQO”), 1% acepromazina maleata skidumu 100 ml flakonos (firma
»~DOPHARMA?”), 5% ketamina hidrohlorida skidumu 10 ml flakonos (firma
»PARKE — DAVIS ”) un 0.5% diazepama $kidumu 2 ml ampulas (firma
,GRINDEKS”).

Vardes sirdi izolgjam péc Strauba metodes (BacuibeB, BeTrokos,
1961; Rudzite et al., 1994; Rudzite et al., 1999; Zimmer, 1999, 2000;
Yoshida, 2001; u.c.). Vardei isoflurana narkozes kupola (Beaussier et al.,
2002) tika izdarita dekapitacija un muguras smadzenu decerebracija. No
kraskurvja apvidus nopémam adu un atvéram krisu kaulu. P&c tam aortu
atbrivojam no saistaudiem un no sirds nonémam perikardu. Pirmo ligatiiru
uzlikam zem aortas pirms atzarojuma, otro — apkart sirdij, savienojot venoza
sinusa atzarojumus. Kreiso aortas atzarojumu nogriezam 2-3 mm zem aortas
bifurkacijas vietas. Caur iegriezumu aortas labaja atzarojuma ievadijam
Strauba kanulu, kas bija pildita ar sirds barotajskidumu un parvietojam to uz
sirds kambari. Zem aortas aizs&jam ligatiiru, kas nofiksgja kanulu. Caur
kanulu ar §lirci, kas bija pildita ar Ringera Skidumu, no sirds vairakkart
atmazgajam asinis. Kanulu nofiksgjam stativa, sirds galotni ar ,klipsa”
palidzibu savienojam ar sirds kontrakciju registr&josu sisttmu — ,, Nichon —
Kochden” poligrafu.

Pirms p&tamo zalu parbaudes izolétas sirds darbibas stabiliz€sanas

ilgums bija 10-15 minttes. Preparatu konkréto atSkaidijuma iedarbibu uz
sirdi novérojam 15-30 mindtes.
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Vispirms noteicam katra parbaudama medikamenta koncentraciju,
kas izol&tajam vardes sirdim izraisa farmokologisku efektu. Pamatojoties uz
§im koncentracijam, vélak izveidojam premedikacijas un vispargjas
anestézijas modeli, kura péc premedikacijas lidzeklu atropina sulfata un
acepromazina maledta farmakologiskas iedarbibas novértéSanas sirds
barotajSkidumam tika pievienota narkozes lidzeklu ketamina hidrohlorida
un diazepama kombinacija. Tika analiz&ta premedikacijas zalu un narkozes
lidzeklu summara iedarbiba.

Parbaudamas  premedikacijas un  anestgzijas  lidzeklu
koncentracijas aprékinajam p&c $ada principa (Laposata, 1992):

— ja 0.5% diazepama $kiduma sunim ievada intravenozi
(v. cephalica) 0.6 mg kg liela deva, tad sunim ar 30 kg kermepa masu
nepieciesami 18 mg diazepama. Ta ka cirkulgjoso asinu daudzums $adam
sunim ir apm. 1.5 litri, tad diazepama $kiduma vispargjas anestézijas
koncentracija asinis $aja gadijuma ir 12 mg 1";

— ja 5% ketamina hidrohlorida $kidumu (6 mg kg™) lieto deva, kas
10 reizes lielaka par diazepamu (180 mg), tad ta daudzums cirkulgjosajas
asinis sunim ir 10 reizes lielaks, attiecigi 120 mg I';

— ja 0.054% atropina sulfatu lieto 0.02 mg kg liela deva, tad
$adam sunim ir nepiecieSsams 0.6mg atropina sulfats un ta koncentracija
cirkulgjosas asins ir 0.4 mg 1";

— ja acepromazina maleatu lieto deva 0.06 mg kg™, tad sunim ar
30 kg kermena masu nepiecieSami 1.8 mg acepromazina maleata, ta
koncentracija cirkulgjosas asinis ir 1.2 mg I,

Eksperimentos izmantotas zalu koncentracijas (jeb atSkaidijumi),
kas rada farmakologisku efektu, ir ievérojami mazakas par tam, kas suniem
cirkulg asinis.

Rezultatu statistiska apstrade

EKG datu apstradi veicam, izmantojot SPSS programmu paketi ar
varbiitibu 95% (P < 0.05) (Norusis, 1998).

EKG iegiito datu statistiskai apstradei izmantojam daudzfaktoru
(8aja gadijuma divu “faktoru” — dzivnieka skirne un dzimums) dispersijas
analizes metodi ANOVA (Mead et al., 1993; William, 1996; Christensen,
1996; Arhipova u.c., 1998; Jerrold, 1999; Ronald, Miller, 2000; Sprent,
Smeeton, 2000; Arhipova, Balina, 2003).
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Visu iegiito datu apstradei izmantojam ,Microsoft Excel-97”
datorprogrammas: noteicam vid€jos aritmétiskos, vidga aritmétiska
standarta klidu (SE), ka ari noteicam Stjiidenta un FiSera ticamibas
kritérijus, lai noveértétu pétijumu grupas iegiito rezultatu atskiribu ticamibu
(Jerrold, 1999; Ronald, Miller, 2000; Sprent, Smeeton, 2000; Arhipova,
Balina, 2003). Par atskirigiem uzskatijam datus, ja atSkiribas varbiitiba bija
lielaka par 95% (P < 0.05).

REZULTATI UN TO APSPRIESANA

Sirdsdarbibas frekvences izmainas
premedikacija un visparéja anestezija

Sirdsdarbibas frekvences dinamika Vacu aitu un Kokerspanielu
Skirpu suniem premedikacijas un vispargjas anestézijas laika atspogulota
1. tabula.

Redzams, ka jau izejas stavokli Kokerspanielu $kirnes dzivniekiem
sirdsdarbibas frekvence ir nedaudz lénaka neka Vacu aitu Skirnes suniem
(P < 0.05). Desmit miniites péc premedikacijas Iidzeklu atropina sulfata
kombinacija ar acepromazina maleatu ievadiSanas Vacu aitu $kirnes suniem
sirdsdarbiba paléningjas (vidgji par deviniem sitieniem miniit€), bet
Kokerspanieliem sirdsdarbibas frekvence premedikacijas laika samazinajas
par septiniem sitieniem mintte.

Péc narkozes lidzeklu ketamina hidrohlorida un diazepama
ievadiSanas suniem novéroja krasu sirdsdarbibas frekvences paatrinasanos.
Jau pirmaja mintté pe&c narkozes Iidzeklu ievadiSanas Vacu aitu Skirnes
dzivniekiem sirdsdarbiba paatrinajas videji lidz 148.0000 + 7.1212
sitieniem miniite, bet Kokerspanielu skirnes suniem sirdsdarbibas frekvence
paaugstingjas pat lidz 162.429 + 8.39 reizém mintate (P < 0.02).
Piecpadsmit miniites p&c narkozes Iidzeklu ievadiSanas sirdsdarbibas
frekvence turpingja paatrinaties abu skirpu dzivniekiem: Vacu aitu Skirnes
suniem sirdsdarbibas frekvence sasniedza 151.375 + 9.1560 sitienus miniite,
bet Kokerspanielu Skirnes dzivniekiem — 167.333 & 7.0708 reizes miniite.

14



1. tabula

Sirdsdarbibas frekvences (sit min - ') izmainas suniem vispargjas
anestézijas laika saistiba ar dzivnieka Skirni

Sirdsdarbibas frekvences
vidéjas vertibas + SE
Izmekleéjuma FiSera P-
laiks Vacu aitu Kokerspanielu |kriteérijs | vertiba
Skirnes Skirnes suniem
suniem
lzejas 119+6.5 97.5+5.7 4.072
stavoklis
Premedikacijas 110.625 + 90.867+ 6.363
10. mindité 5.8535 7.2020 '
Anestgzijas 148.000 + 162.429 + 6.732
1. mintté 7.1212 8.3900 ‘
Anestgzijas 151.375 167.333 + 2954
15. mindité 9.1560 7.0708 ‘
Anestezijas 161.826 + 169.714 +
30. minte 8.1417 6.9475 3166 1 =005
Anestézijas 166.478 + 166.333 +
45. mindte 73166 8.1285 0.000 1 >05
Anestezijas 166.182 + 153.429 +
60. mindte 9.1120 10.7206 1.062 = 0.25

* — AtSkiribas sirdsdarbibas frekvencé starp Vacu aitu un Kokerspanielu
Skirnes suniem ir statistiski ticamas

Parskatamak aprakstitas atSkiribas sirdsdarbibas frekvences

dinamika starp Vacu aitu un Kokerspanielu skirnes suniem premedikacijas
un vispargjas anestézijas laika atspogulotas 1. attéla.
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1. att. Sirdsdarbibas frekvences dinamika Vacu aitu (-@-)
un Kokerspanielu (-O-) $kirnes suniem:
1 (3eit un turpmak) — premedikacija (atropina sulfats 0.02 mg kg™ kombinacija ar
acepromazina maledtu 0.06 mg kg™);
2 — vispargja anestézija (ketamina hidrohlorids 6 mg kg™ un diazepams 0.6 mgkg™)

Sirdsdarbibas frekvences salidzinoSi lielas atsSkiribas abu skirnu
sunpiem redzamas gan izejas stavokli, gan ari p&c narkozes Iidzeklu
ievadiSanas.

Sava darba mégingjam atbildét uz jautdjumu — vai atropina
sulfatam kopa ar acepromazina maleatu un narkozes lidzekliem ketamina
hidrohloridam kopa ar diazepamu ir tieSa ietekme uz sirdsdarbibas
frekvenci, un, ja ir, tad — kada?
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2. att. Izoletas vardes sirdsdarbibas frekvences izmainas premedikacijas un
narkozes lidzeklu ietekme:
1 — atropina sulfats 1 ng I"' un acepromazina maledts 100 ng 1"
2 — atropina sulfits 3 ng I"' un acepromazina maledts 300 ng I"';
3 — ketamina hidrohlorids 10 pug I''un diazepams 0.1 pug 1"

Konstatgjam, ka premedikacijas lidzekli izraisija statistiski ticamu
sirdsdarbibas frekvences samazinas$anos jau pirmajas piecas miniités pec to
pievienoSanas sirds barotajskidumam, kas turpinajas ari pec tris reizes
lielakas koncentracijas So premedikacijas Iidzeklu pievienoSanas. Uz
premedikacijas  lidzeklu izraisita sirdsdarbibas frekvences fona
(19.2 + 2.31 sit min™") narkozes lidzekli ketamina hidrohlorids un diazepams
radija pakapenisku sirdsdarbibas frekvences paaugstinasSanos. Izmeklgjuma
perioda beigas, t.i., 30 minttes p€c narkozes lidzeklu ievadiSanas,
sirdsdarbibas frekvence sasniedza tikai 24.8 + 1.50 sit min”, kas tomér
neatjaunoja sirdsdarbibas izejas stavokla frekvenci (33.4 + 3.32), kadu to
noveroja vardes sirdij pirms premedikacijas (2. att€ls).

Sie miisu rezultati sakrit ar citu autoru datiem (Dallaire, Chalifoux,
1985; Stepien et al., 1995; Borgaperko u ap., 1999; Xosryn u ap., 2000;
Uccennbaxepa u ap., 2001), kuri arT ir konstatjusi, ka acepromazina
maleats sirdsdarbibu ietekmé tiesi. Jadoma, ka atropina sulfats kopa ar
acepromazina maleatu var radit izmainas sirds vaditajsistémas funkcijas, jo
izmainas tiek konstatetas gan sirdsdarbibas frekvenc€, gan sirdsdarbibas
ritma.
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Jauzsver, ka premedikacijas lidzeklu izraisito sirdsdarbibas
frekvences pazeminasanos abi narkozes lidzekli kopa pilniba nelikvidgja.
Tatad iespgjams, ka Sie narkozes lidzekli ietekmé sirds vaditdjsisteémas
struktiras. Tapat arT zinama nozime S$o narkozes lidzeklu summaraja
ietekmé uz sirdsdarbibas frekvenci suniem ir simpatiskajai nervu sistémai,
kas $ados apstaklos vargtu bit aktiveéta (Waxman et al., 1980; Pathak et al.,
1982; Niemant, Suter, 1994; Vanags u.c., 2002; Arican et al., 2004;
Sumitra, 2004).

Tatad, izmantojot premedikacijas un visparéjas anestézijas laika
suniem pasreiz plasi pielietoto neinhalacijas narkozes modeli, ir jarekinas,
ka ketamina hidrohlorids un diazepams izraisa sirds tahikardiju. Turklat
anestézijas laika vienme@r janem véra sirdsdarbibas frekvences dinamikas
iespgjamas atskiribas dazadu Skirpu sunpiem. Sirdsdarbibas frekvences
izmainu saistiba ar dzivnieka dzimumu p&c miisu datiem nav tik butiska.
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EKG II standartnovadijuma P zoba amplitiidas izmainas suniem

premedikacija un vispareja anestezija

EKG P zoba amplitiidas dinamika II standartnovadijuma suniem
premedikacija un vispargja anestezija atspogulota 2. tabula un 3. attela.

tabula

EKG II standartnovadijuma P zoba amplitida (mV) suniem visparéjas

anestézijas laika saistiba ar dzivnieka Skirni

P zoba vidgjas vertibas +

Izmekléjuma standartk]uda FiSera P-
laiks Vacu aitu Kokerspanielu kriterijs| vertiba
Skirnes suniem | Skirnes sunpiem
Izejas stavoklis | (0203 £0.0177 | 0.170+0.0213 | 1.350 | >0.25
Premedikacijas
xacy 0.158+£0.0186 | 0.174+0.0221 | 0.087 | >0.25
10. minaté
Anestezijas | 51 100220 | 0275+0.0260 | 5.654
1. minaté
Anestezijas |1 o0t 00264 | 0296+ 0.0246 | 12217
15. minaté
Anestezijas |51 00212 | 0333+0.0289 | 12.151
30. minate
Anestezijas | o511 00247 | 0308400255 | 1598 | >0.1
45. minute
Anestezijas |91 100220 | 0279+0.0255 | 0.043 | >0.25
60. minate

* — Atskiribas P zoba dinamika starp Vacu aitu un Kokerspanielu $kirnes supiem ir

statistiski ticamas

Izradijas, ka P zoba lielumi EKG II standartnovadijuma abu skirpu
dzivniekiem izejas stavokli nav vienadi. Vacu aitu suniem P zobs ir 0.203 +
0.0177 mV augsts, bet Kokerspanieliem — 0.170 + 0.0213 mV.

19



0.400 -
0.300 | I \
0.200 |

0.100 -

P zoba amplitada, mV

0.000 —

0 10 11* 15 30 45 60
Laiks, min

11* — 1 mindite péc ketamina hidrohlorida un diazepama injekcijas

3. att. Elektrokardiogrammas II standartnovadijuma P zoba amplitadas
dinamika Vacu aitu sunu (-@-) un Kokerspanielu $kirnes (-O-) suniem:
1 — premedikacija; 2 — vispargja anestézija

Desmit miniites péc premedikacijas lidzeklu atropina sulfata un
acepromazina maleata ievadiSanas P zoba dinamika abu Skirnu dzivnickiem
ar bija atSkiriga: ja Vacu aitu Skirnes suniem EKG II standartnovadijuma
P zoba amplitida samazinajas, tad Kokerspanielu Skirnes dzivniekiem
noveroja tiesi pretg§jo — P zoba amplitidai bija tendence nedaudz
paaugstinaties (sk. 3. attelu).

Pec anestézijas Iidzeklu intravenozas injekcijas Kokerspanielu
Skirnes supiem jau pirmaja miniité paradijas loti izteikta EKG P zoba
amplitiidas paaugstinaSanas, kamer Vacu aitu skirnes dzivniekiem $aja pasa
laika perioda P zoba amplitida II standartnovadijuma paaugstinajas tikai
nedaudz (P < 0.05).

Arl kopuma abu Skirpu dzivniekiem vispargjas anestézijas laika
P zoba dinamika atskiras. Kokerspanielu skirnes suniem EKG P zoba
amplitida paaugstingjas Iidz 30. izmekléSanas miniitei un tad turpmakas
30 miniites nedaudz pazeminajas, visuma paliekot augstaka salidzinajuma
ar P zoba amplitiidu izejas stavokli. Taja pasa laika Vacu aitu Skirnes
dzivniekiem pirmaja mintté pec visparejas anestézijas lidzeklu ievadisanas
EKG P zoba amplitida nedaudz pazeminajas, tad 15.-30. mindté ta
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pakapeniski saka paaugstinaties (P < 0.001) un turpinaja paaugstinaties lidz
60. izmekleSanas minttei.

Vacu aitu $kirnes suniem premedikacijas laika konstatgjam EKG
P zoba amplitiidas saistibu ar sirdsdarbibas frekvenci. Siem dzivniekiem
bija raksturiga likumsakariba: paléninoties sirdsdarbibas frekvencei, P zoba
amplitida EKG II standartnovadijuma samazinajas.

To, ka Vacu aitu skirnes suniem EKG P zoba augstums visuma ir
saistits ar sirdsdarbibas frekvenci, konstatgjusi arT citi autori (Tilley, 1992;
Tilley, Goodwin, 2000; Upeniece, 2004).

Kokerspanielu $kirnes dzivniekiem $adu EKG P zoba amplitiidas
izmainu (II standartnovadijuma) saistibu ar sirdsdarbibas frekvenci
premedikacijas laika nenovérojam. Acimredzot tas bija tadél, ka Siem
suniem jau izejas stavokli (norma) P zoba amplitiida EKG bija salidzinosi
daudz zemaka (Upeniece, 2004). Tomeér EKG P zoba augstuma dinamikas
cie$a saistiba ar sirdsdarbibas frekvenci Kokerspanielu Skirnes suniem
paradijas péc narkozes Iidzeklu ketamina hidrohlorida un diazepama
intravenozas ievadiSanas.
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Elektrokardiogrammas Q zoba amplitiidas raksturojums suniem
premedikacija un vispareja anestezija
3. tabula

Elektrokardiogrammas II standartnovadijuma Q zoba (mV) dinamika suniem
visparéjas anestezijas laika saistiba ar dzivnieka Skirni

Q zoba videjas vertibas =
standartkluda
Izmeklejuma FiSera P-
laiks Vacu aitu Kokerspanielu |kriterijs | vértiba
Skirnes skirnes suniem
suniem
Izejas -0.131 + -0.703 + 4013
stavoklis 0.1402 0.2535 '
Premedikacijas -0.148 + -0.835 + 4919
10. mintite 0.1426 0.2787 '
Anestgzijas -0.208 + -0.869 + 3401
1. miniite 0.1426 0.3007 '
Anestgzijas -0.258 £ -0.757 £ 5807
15. mintte 0.1461 0.2258 ’
Anestgzijas -0.280 £ -0.683 + 5 145
30. miniite 0.1170 0.2197 '
Anestgzijas -0.368 £ -0.650 +
45. minats 0.1632 0.2084 0.509 1 >0.05
Anestezijas -0.366 -0.684 +
60. minate 0.1603 0.2031 1.076 1 >0.05

* — Q zoba izmainu atSkiriba starp Vacu aitu un Kokerspanielu
Skirnes suniem ir statistiski ticama
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4. att. Elektrokardiogrammas II standartnovadijuma Q zoba amplitiidas dinamika
Vicu aitu (-@-) un Kokerspanielu (-O-) $kirnes suniem:
1 — premedikacija; 2 — vispargja anestezija

Rezultati liecina, ka EKG II standartnovadijuma Q zoba dzilums,
dzivniekiem jau izejas stavokli bija atSkirigs: Kokerspanieliem Q zobs
izradijas salidzinos$i daudz dzilaks neka Vacu aitu $kirnes suniem — attiecigi
-0.703 £ 0.2535 mV un -0.131 + 0.1402 mV (P < 0.05). Sie misu dati
zindma mera saskan ar citu autoru attiecigajiem noverojumiem (Nunes et
al., 1990; Upeniece, 2004).

Kopuma konstatgjam, ka EKG Q zoba dzilums premedikacijas un
vispargjas anestézijas laika mainijas salidzino$i maz un §is izmainas nebija
statistiski ticamas, bet Q zoba dziluma atSkiribas starp abu Skirnu
dzivniekiem premedikacijas un vispargjas anestézijas laika, visuma
saglabajas (P < 0.05). Tas varétu bt saistits ar sirds priekSkambaru un
kambaru aktivacijas procesiem (Rush, Hamlin, 1986), kas Kokerpanielu
Skirnes supiem acimredzot norit spécigak neka Vacu aitu Skirnes
dzivniekiem. Turklat pieradits, ka elektrokardiografisko parametru vértibas
lielaka auguma suniem visuma ir salidzino$i zemakas neka maza auguma
dzivniekiem (Morrison, 1992; Torre et al., 2000; Upeniece, 2004).
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Elektrokardiogrammas R zoba amplitidas raksturojums suniem
premedikacija un vispareja anestezija

Attieciba uz elektrokardiogrammas QRS kompleksa otra elementa
— R zoba — analizi miisu dati liecina, ka tas EKG II standartnovadijuma
premedikacijas un vispargjas anestézijas laika abu skirpu suniem vienmeér
bija pozitivs (5. attels).
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5. att. Elektrokardiogrammas II standartnovadijuma R zoba amplitiidas
dinamika Vacu aitu (-®-) un Kokerspanielu (-O-) $kirnes suniem:
1 — premedikacija; 2 — visparéja anestézija

Konstatgjam, ka jau izejas stavokli EKG II standartnovadijuma
R zoba amplitiida Kokerspanieliem ir statistiski ticami augstaka neka Vacu
aitu Skirnes dzivniekiem (P < 0.01). ArT R zoba amplitiidas izmainu raksturs
abu skirnu suniem premedikacijas un narkozes lidzeklu ietekme visuma bija
lidzigs — R zoba amplitiida paaugstinajas gan Vacu aitu, gan Kokerspanielu
Skirnes dzivniekiem (sk. 5. att€lu). Statistiski ticami at$kiras tikai R zoba
augstuma absolitie raditaji (P < 0.001).
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Elektrokardiogrammas S zoba amplitidas raksturojums suniem
premedikacija un vispareja anestezija

Elektrokardiogrammas S zoba amplitiidas dinamika
II standartnovadijuma suniem premedikacijas un vispargjas anestezijas laika
atspogulota 6. attela. Jaatzime, ka, Iidzigi Q zobam EKG
II standartnovadijuma, arT S zobs abu Skirpu supiem ir versts uz leju no
izoelektriskas Iinijas.
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6. att. Elektrokardiogrammas II standartnovadijuma S zoba amplituadas
dinamika Vacu aitu (-®-) un Kokerspanielu (-O-) §kirnes supiem:
1 — premedikacija; 2 — vispargja anestézija

Vispirms ir jaatzimé QRS kompleksa S zoba, jaatzimé ta
amplitiidas izmainu atSkiribas Vacu aitu un Kokerspanielu skirnes suniem
vispargjas anestezijas laika. Konstatéjam, ka S zoba dinamika ir loti butiski
saistita ar “faktoru” suna Skirne: atSkirigs S zoba izmainu raksturs paradijas
jau vienu minfiti p&c narkozes lidzeklu ketamina hidrohlorida un diazepama
ievadiSanas, kad Vacu aitu Skirnes dzivniekiem S zobs kluva pozitivs, bet
Kokerspanieliem — tiesi pretgji — tas padzilinajas (P < 0.05).
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Turpmakajas vispargjas anestézijas miniités S zobs Vacu aitu
Skirnes suniem kluva negativs, turklat izteiktak neka izejas stavokli
(P > 0.05). Savukart Kokerpanieliem S zoba amplitiida izteikti vilnveidigi
svarstijas, t.i., gan padzilinajas, gan kluva seklaka (P < 0.05), kas liecina par
zinamiem repolarizacijas traucgjumiem kardiomiocitos (Kalvelis, 2005).
Jadoma, ka §Ts pretéjas tendences, kadas konstatéjam S zoba dinamika EKG
II standartnovadijuma dzivniekiem premedikacijas un vispargjas anestézijas
laika, ir tieSi saistitas ar miisu pétito abu sunu Skirnu konstitiicijas tipa
(kermena uzbiives) T1patnibam, kas ta vai citadi ietekm& sirds
elektrofiziologiskos procesus sirds kambaru sistoles laika. Ta ka arl
literatiira ir loti maz datu par EKG S zoba amplitiidas izmainam ta vai cita
faktora ietekmé, p&tijumi $aja virziena jaturpina.

Elektrokardiogrammas PQ intervala raksturojums suniem
premedikacija un visparéja anestezija

Raksturojot PQ intervala dinamiku supiem premedikacijas un
vispargjas anestézijas laika, vispirms jaatzimg, ka PQ intervala garums
(ilgums) atspogulo uzbudinajuma parvadi no priekSkambariem uz
kambariem. Lidz ar to ta garums ir butiski saistits ar sirdsdarbibas
frekvenci, ko apliecina arT literattiras dati (Calvert et al., 1998; Mensenesa,
2001; Upeniece, 2004).

Miisu pétijumi liecina, ka EKG II standartnovadijuma PQ intervala
garums abu Skirpu suniem atSkiras gan izejas stavokli, gan premedikacijas,
gan ar1 vispargjas anestézijas laika (7. attels).

“Faktora” Skirne biitiskums izpauzas dzivniekiem jau izejas stavokli,
kad PQ intervals Vacu aitu Skirnes supiem vidéji bija garaks —
0.107 + 0.0041 s, bet Kokerspanieliem tas bija tikai 0.090 = 0.0048 s (P < 0.01).

Atskirtbas EKG PQ intervala garuma izmainas noveéroja arl
10 minttes peéc premedikacijas [idzeklu ievadisanas (sk. 7. att€lu), kad Vacu
aitu Skirnes supiem PQ intervala garums batiski palielinajas, bet
Kokerspanieliem taja pasa laika tas tikai nedaudz pagarinajas (P < 0.002).
Atgadinam, ka ar1 sirdsdarbibas frekvence Vacu aitu Skirnes supiem
premedikacijas lidzeklu ietekmé ieverojami paléninajas, kas parada abu So
sirdsdarbibas funkcionalo parametru — EKG PQ intervala un sirdsdarbibas
frekvences — cieSo savstarp&jo saistibu.

26



0.140 -
0.120 -
0.100 -
0.080 -

0.060 - ‘ ‘
0.040 1

0.020 -

0.000 \

0 10 1™ 15 30 45 60
Laiks, min

PQ intervala ilgums, s

11* — 1 miniite p&c ketamina hidrohlorida un diazepama injekcijas

7. att. Elektrokardiogrammas II standartnovadijuma PQ intervala dinamika
Vicu aitu (-@-) un Kokerspanielu (-O-) §kirnes supiem:
1 — premedikacija; 2 — vispargja anestézija

Dzivniekiem vispargja anestezija jau pirmaja mintt€é Vacu aitu
Skirnes suniem novéroja loti krasu PQ intervala garuma saisinasanos,
salidzinot to ar Kokerspanieliem (sk. 7. att€lu). Sakot ar 15. vispargjas
anestézijas miniiti Vacu aitu Skirnes dzivniekiem EKG PQ intervals
II standartnovadijuma nedaudz, bet vairak vai mazak vienmérigi, turpindja
saisinaties. Savukart Kokerspanieliem taja pasa laika PQ intervala garums
gan paaugstingjas, gan saisinajas (sk. 7. att€lu).

PQ intervala garuma salidzinosi lielas atskiribas starp abu Skirpu
supiem bija redzamas ar1 60 minttes péc ketamina hidrohlorida un
diazepama ievadisanas (P < 0.001).

Varam secinat, ka, pirmkart, EKG PQ intervala dinamika supiem
miisu izmantoto premedikacijas un vispargjas anestezijas lidzeklu ietekmé ir
loti butiski saistita ar ,faktoru” dzivnieka Skirne. Otrkart, apstiprinajas
likumsakariba, ka, jo 1énaka suniem ir sirdsdarbiba, jo garaks ir PQ intervals
EKG 1I standartnovadijuma, un otradi — jo atraka sirdsdarbibas frekvence,
jo Tsaks ir PQ intervals.
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Elektrokardiogrammas QT intervala raksturojums suniem
premedikacija un vispareja anestezija

Zinams, ka elektrokardiogrammas QT intervala garums (ilgums)
suniem, atspogulo laika periodu no Q zoba sakuma lidz T zoba beigam un
to uzskata par sirds kambaru muskulattira depolarizacijas un repolarizacijas
laika notiekoSo elektrofiziologisko procesu kopainas atspogulojumu EKG
(Tilley, 1992; Garson, 1993; Antzelevitch et al., 1998; Campbell, Atwell,
2002).

EKG QT intervala izmainu raksturs II standartnovadijuma
premedikacijas un vispargjas anestézijas laika Vacu aitu un Kokerspanielu
Skirnes suniem paradits 8. attéla.
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8. att. Elektrokardiogrammas II standartnovadijuma QT intervala dinamika
Vicu aitu (-@-) un Kokerspanielu (-O-) $kirnes dzivniekiem:
1 — premedikacija; 2 — vispar€ja anestézija

Konstatgjam, ka EKG 1II standartnovadijuma QT intervala garums
Vacu aitu un Kokerspanielu skirnes supiem izejas stavokll ir praktiski
vienads. Tas bija identisks ar garuma normu, kada ta aprakstita literatiira
suniem EKG II standartnovadijuma — no 0.15 lidz 0.25 s (Tilley, 1992;
Upeniece, 2004). Jadoma, ka QT intervala garums EKG
II standartnovadijuma nav butiski saistits ar dzivnieka dzivmasas raditajiem,
jo misu pétijumos ieklauto abu Skirnpu dzivniekiem QT intervala garums
bija vienads, kaut arl auguma parametri tiem atSktras. Lidzigu domu
izteikusi arT citi autori par bezskirnes supiem (Oguchi, Hamlin, 1993).
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Miisu pétjjumi liecina, ka premedikacijas lidzeklu atropina sulfata
un acepromazina maleata ietekmé notiek EKG QT intervala pagarinaSanas,
kas vienada méra izpaudas gan Vacu aitu, gan Kokerspanielu Skirnes
supiem (P < 0.05), tikai nedaudz atSkiroties QT intervala absoliitajiem
raditajiem. Jaatzimé, ka Vacu aitu Skirnes supiem QT intervala
pagarinasanas premedikacijas laika notiek vienlaicigi ar sirdsdarbibas
frekvences samazinasanos. Uzskata, ka QT intervala izteikta pagarinasanas
norada uz miokarda repolarizacijas procesu paléninasanos un diftizu
desinhronizaciju, kas talak var radit sirds ritma traucgjumus (Kalvelis,
2005). Suniem més tos nenoverojam, bet tie paradijas eksperimentos ar
izoletam vardes sirdim, ko analiz€sim nedaudz vélak.

Konstatgjam, ka p&c premedikacijas lidzeklu ievadisanas narkozes
lidzeklu ketamina hidrohlorida un diazepama summara ietekme uz EKG QT
intervalu abu $kirpu dzivniekiem izpaudas lidzigi. Pirmaja miniit€ péc
narkozes lidzeklu ievadiSsanas Vacu aitu un Kokerspanielu Skirnes suniem
QT intervals krasi saisingjas attieciba pret ta garumu premedikacija. Talak
vispargjas anestézijas laika QT intervals turpindja saisinaties, kas krasak
izpaudas Kokerspaniclu Skirnes suniem. Turpreti Vacu aitu Skirnes suniem
QT intervala pagarinasanas kluva statistiski ticama, sakot ar 45. minti.
Jaatzime, ka, lai gan abu Skirpu dzivniekiem QT intervala raditajiem bija
tendence normaliz&ties, tie tomer pat vienu stundu p&c vispargjas anestezijas
nesasniedza izejas stavokla [imeni.

Kopuma jauzsver, ka, izmantojot pasreiz plasi pielietoto
neinhalacijas narkozes veidu, ir jar€kinas, ka supiem atropina sulfats un
acepromazina maleats visuma izraisa sirds bradikardiju, tad€jadi pagarinot
QT intervalu, bet ketamina hidrohlorida un diazepama kombinacija rada
pret&ju efektu — sirds tahikardiju, kas, savukart, visparéjas anestézijas laika
izraisa QT intervala saisinasanos.

Elektrokardiogrammas QRS intervala raksturojums sunpiem
premedikacija un visparéja anestézija

Miisu pétijjumi liecina, ka QRS intervala garums EKG
IT standartnovadijuma Vacu aitu un Kokerspanielu skirnes suniem jau izejas
stavokli bija atSkirigs (P < 0.02) — Kokerspanieliem QRS intervala garums
izradijas salidzinosi Tsaks, neka to konstatéja Vacu aitu Skirnes supiem
(9. attgls). Sie miisu dati saskan ar D. Upenieces pétijumu rezultatiem par
EKG QRS intervala garumu dazadu skirnu suniem (Upeniece, 2004).
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Konstatgjam, ka atSkiras arT QRS intervala izmainu raksturs
dzivniekiem premedikacijas lidzeklu ietekm&: Vacu aitu Skirnes supiem
10 min. p&c premedikacijas lidzeklu ievadisanas QRS kompleksa garums
EKG 1II standartnovadijuma paliclinajas, bet taja pasa laika
Kokerspanieliem, tiesi pretji, tas samazinajas.
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9. att. Elektrokardiogrammas II standartnovadijuma QRS intervala dinamika
Vacu aitu (-®-) un Kokerspanielu (-O-) $kirnes dzivniekiem:
1 — premedikacija; 2 — visparéja anestézija

Atskirigs QRS intervala izmainu raksturs paradijas ar1 15 miniites
pec narkozes lidzeklu ketamina hidrohlorida un diazepama ievadiSanas
(sk. 9. att€lu): Vacu aitu Skirnes dzivnieckiem QRS intervala garums
nedaudz samazinajas, bet Kokerspanieliem — atkal tieSi pretgji — tas
pagaringjas (P < 0.02). Tapat pretgja rakstura QRS intervala izmainas
paradijas ar1 turpmakajas vispargjas anest€zijas minttés — 30, 45 un 60
mintites péc narkozes Iidzeklu ievadiSanas, kad QRS intervals gan nedaudz
paaugstingjas, gan pazeminajas, bet abu Skirnu dzivniekiem tas notika
statistiski ticami attiecigi tiesi pretgji.

Tatad varam secinat, ka EKG QRS intervala garums supiem ka
izejas stavokli, ta ari premedikacijas un vispargjas anestézijas laika ir
butiski saistits ar ,,faktoru” suna Skirne.
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Kas attiecas uz otru ,,faktoru” dzivnieka dzimums, tad misu
petijuma rezultati kopuma liecina, ka EKG atsevisko zobu un intervala
garuma raditaji II standartnovadijuma sieviska un viriska dzimuma suniem
ka izejas stavokli, ta ari premedikacijas un visparéjas anestézijas laika
atskiras maz. Tatad So EKG parametru dinamika premedikacijas un
vispargjas anestézijas lidzeklu ietekm& nav saistita ar ,,faktoru” dzivnieka
dzimums.

Petjumu laika mums radas virkne jautajumu, uz kuriem dalgji
atbildi me&s ieguvam eksperimentos ar izoletu vardes sirdi.

Izolétas vardes sirds fiziologisko parametru dinamika premedikacijas
un visparéjas neinhalacijas anestézijas lidzeklu ietekmée

Premedikacijas lidzeklu ietekme uz vardes sirds funkcionalajiem
parametriem

Ta ka premedikacija suniem izmantojam atropina sulfatu kopa ar
acepromazina maleatu, svarigi bija izpétit kada ir abu So lidzeklu tie$a
summara ietekme uz sirdsdarbibas frekvenci, sirds muskula saraus$anas
speku un sirdsdarbibas ritmu. Premedikacijas Iidzeklu ietekmi uz
sirdsdarbibas frekvenci in vitro jau aprakstijam promocijas darba
kopsavilkuma sadala ,,Sirdsdarbibas frekvences izmainas premedikacija un
vispargja anestézija”.

Sirds muskula sarausanas amplitiidas izmainas premedikacijas
lidzeklu atropina sulfita (1 ng I') kopa ar acepromazina maledta
(100 ng I'" ) ietekm& un premedikacijas modela (3 ng I"' atropina sulfata
kombinacija ar 300 ng 1! acepromazina maledta) summarais effekts
apkopots 4. tabula.

Izradijas, ka jau piecas miniites p&c 1 ng I atropina sulfata kopa ar
100 ng 1" acepromazina maledta pievienoSanas barotajikidumam, sirds
muskula sarau$anas amplitida samazinajas no 17.4+ + 1.36 mm lidz
14.6 + 1.50 mm (P < 0.05). Izoletas vardes sirds muskula sarausanas
amplitida turpindja samazinaties ari 10 mintites p&c atropina sulfata un
acepromazina maleata (augSminétajas koncentracijas) ievadiSanas, tad
musku]u sarau$anas amplitida izradijas vismazaka — tikai 12.8+ 1.02 mm
(P <0.05), 15. mintte ta nedaudz paaugstinajas (sk. 4. tabulu).
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4. tabula

Izolétas vardes sirds muskula sarauSanas amplitiidas izmainas (mm)
péc dazadas koncentracijas premedikacijas lidzeklu pievienosanas sirds
barotajSkidumam (n = 16)

Atropina sulfats 1 ng "' kopa ar
acepromazina maleitu 100 ng I
Sirds muskula sarausanas

amplitidas (mm) : P-

Izmeklejuma laiks vertiba

Vidgjas vértibas t-
+SE kriteijs

Sirds muskula
sarauSanas
amplitidas izejas
stavoklis
5 minfites p&c
premedikacijas 14.6 1.50 3.350
lidzekliem
10 mintites p&c
premedikacijas 12.8 1.02 6.782
lidzekliem
15 minites p&c
premedikacijas 13.6 0.68 4.750

lidzekliem

17.4 1.36

Atropina sulfats 3 ng I'' kopa ar
acepromazina maledtu 300 ng I

. . Sirds muskula sarausanas P-
Izmeklejuma laiks amplitidas (mm) : vertiba
Vidgjas vertibas t-
+SE kriterijs
20 mindtes péc
premedikacijas 13.6 1.47 2.59 >0.05
lidzekliem
25 minttes p&c
premedikacijas 14.2 0.92 2.87
lidzekliem
30 minttes p&c
premedikacijas 13.2 0.80 4.58
lidzekliem
* — Jzolétas vardes sirds muskula sarauSanas amplitidas izmainas

salidzingjuma ar izejas stavokla sirds muskula sarausanas amplitidu ir
statistiski ticamas
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Pievienojot sirds barotajskidumam tiis reizes augstaku premedikacijas
lidzeklu koncentraciju (t i. izmantojot premedikacijas modela koncentraciju),
sirds muskula sarau$anas amplitiida praktiski izmainijas maz (sk. 4. tabulu),
tomér ta visu izmekl€Sanas laiku palika zemaka ITmeni salidzinajuma ar
izejas stavokli (P < 0.05).

legiitie rezultati lauj secinat, ka miisu izmantotie premedikacijas
lidzekli atropina sulfats kopa ar acepromazina maleatu parbauditajas
koncentracijas izraisija biitisku izolétas vardes sirds muskula sarauSanas
amplitiidas pazeminasanos, kas liecina par sirds muskula sarausanas speka
samazinasanos — tatad negativu sirds inotropo efektu.

Kas attiecas uz sirdsdarbibas ritma traucgumiem So abu
premedikacijas lidzeklu ietekmég, jaatzimé biitiskas izmainas, kadas iestajas
20 % gadijumu (3 gadijumos no 16), turklat péc abu miisu parbaudito
preparatu koncentraciju lietoSanas. Sirdsdarbibas ritma izmainas vargja
izpausties ka tahikardija vai bradikardija.

Nobeiguma jauzsver, ka miisu ieglitic rezultati in vitro pierada
premedikacija plasi izmantoto Iidzeklu atropina sulfata un acepromazina
maleata tieSo ietekmi uz sirdsdarbibu, kas biitu janem veéra, izmantojot Sos
premedikacijas I1dzek]us suniem (un varbit art citiem dzivniekiem).

Narkozes lidzeklu ietekme uz vardes sirds funkcionalajiem
parametriem

Miisu §is darba dalas uzdevums bija izpétit 10 pg 1" ketamina
hidrohlorida un 0.1 pg I'' diazepama summaro ietekmi uz izolétu vardes
sirdi pe&c dazadas koncentracijas premedikacijas anestezijas lidzeklu
lietosanas, t.i., modelgjot neinhalacijas narkozi kopuma.

Izolétas vardes sirds muskula sarausanas amplitidas izmainas péc
premedikacijas Iidzeklu atropina sulfata un acepromazina maleata un
narkozes lidzeklu ketamina hidrohlorida un diazepama pievienoSanas sirds
barotajskidumam atspogulotas 10. attcla.
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10. att. Izolétas vardes sirds muskula sarausanas amplitiidas izmainas
premedikacijas un tiem sekojoSu narkozes lidzeklu ietekme:

1 — atropina sulfats 1 ng "' un acepromazina maleats 100 ng 1"
2 — atropina sulfats 3 ng I"' un acepromazina maleats 300 g I'';
3 — ketamina hidrohlorids 10 pg "' un diazepams 0.1 pg 1’

Ka jau mingjam, premedikacijas lidzekli atropina sulfats un
acepromazina maledts jau koncentracija attiecigi 1 ng I un 100 ng 1"
izraisja krasu sirds muskula sarausanas amplitiidas samazinasanos
(P < 0.05), kuru tr1s reizes lielaka So premedikacijas Iidzeklu koncentracija
talak izmainfja maz. Sekojo$o narkozes lidzeklu (10 pg 1" ketamina
hidrohlorida un 0.1 pg 1" diazepama) ietekmé sirds muskula sarauSanas
amplitiida bitiski nepaaugstinajas (sk. 10. attels).

Attieciba uz sirdsdarbibas ritma izmainam narkozes modela

summaraja ietekm& ir jaatzimé premedikacijas lidzeklu izraisitie
sirdsdarbibas ritma traucgjumi (11. att€ls).
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11. att. Premedikacijas lidzeklu un tiem sekojoso narkozes lidzeklu ietekme
uz izoletu vardes sirdi:
a — izejas stavoklis;
b — 10. miniité bigéminija péc premedikacijas lidzek]u atropina sulfata 3 ng I"" un
acepromazina maledta 300 ng I"' iedarbibas;
¢ — 5. miniité péc narkozes lidzek|u ketamina hidrohlorida 10 pg 1" un diazepama
0.1 pg 1" pievienosanas sirds barotajskidumam

Jau mingjam, ka 20 % gadijumu premedikacijas lidzekli vardes
sirdij izraisTja butiskus ritma traucgumus.

Jaatzimé ari, atropina sulfata koncentracija 3 ng I"' un acepromazina
maledta 300 ng 1" ietekmé desmitaja miniité radito bigéminiju (11. att. — b).
Pievienojot sirds barotajskidumam sekojoSos narkozes Iidzeklus ketamina
hidrohloridu koncentracija 10 pg I'" un diazepamu 0.1 pg I, redzams, ka
vardes sirdij atjaunojas normalais sinusa ritms (11. att. — c), tomér
sirdsdarbibas frekvenci un sirds muskula sarausanas speku narkozes lidzekli
ketamina hidrohlorids un diazepams Iidz izejas stavokla Iimenim
nepaaugstinaja.

Kopuma varam secinat, ka narkozes modeli premedikacijas
lidzeklu atropina sulfata un acepromazina maleata izraisito sirdsdarbibas
frekvences paléninasanos, sirds muskula sarauSanas spéka samazinaSanos
un sirdsdarbibas ritma traucgjumus narkozes Iidzek]i ketamina hidrohlorids
un diazepams misu pétitajas koncentracijas zinama meéra normaliz€ja, bet
lidz izejas stavokla [imenim nepaaugstinaja.

Nobeiguma jauzsver, ka kopuma sava darba esam vargjusi paradit
premedikacijas lidzeklu (atropina sulfata un acepromazina maleata), ka ar1
tiem sekojosa vispargjas anest€zijas lidzeklu (ketamina hidrohlorida un
diazepama) ietekmi uz atseviskiem EKG parametriem suniem, turklat
saisttba ar supa Skirni un dzimumu. Paradita arm premedikacijas un
vispargjas anestézijas lidzeklu tie§a ietekme uz izol€tas vardes sirds
funkcionalo aktivitati.
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SECINAJUMI

Premedikacijas lidzekli atropina sulfats un acepromazina maleats
Kokerspanielu un Vacu aitu $kirnes suniem sirdsdarbibas frekvenci
izmainfja maz, bet p&c tiem ievaditie narkozes lidzekli ketamina
hidrohlorids kopa ar diazepamu izraisija bitisku sirdsdarbibas
paatrinasanos, turklat Kokerspanieliem §1 paatrinaSanas izpaudas
krasak — jau pirmaja minité péc vispargjo anestézijas lidzeklu
ievadiSanas.

EKG 1II standartnovadijuma P zoba amplitidas izmainas
premedikacijas un vispargjas anestezijas lidzeklu ietekmé suniem
bija biitiski saistitas gan ar sirdsdarbibas frekvences dinamiku, gan
ar dzivnieka Skirni. Premedikacijas lidzekli P zoba amplitidu
visuma abu Skirpu supiem izmaina maz, bet narkozes Iidzeklu
summaraja ietekmeé P zoba amplitiida statistiski ticami paaugstinas
—Kokerspanieliem jau pirmaja vispargjas anestézijas minite, bet
Vacu aitu Skirnes suniem tikai 60. vispar€jas anestézijas minate.
EKG 1I standartnovadijuma Q zoba dzilums un R zoba augstums
supiem premedikacijas un vispargjas anestézijas laika mainijas
maz. Kopuma Kokerspanielu Skirnes supiem Q zobs bija
ievérojami dzilaks (P < 0.05) un R zobs izteikti augstaks
(P <0.001) neka Vacu aitu skirnes suniem.

EKG II standartnovadijuma S zoba dzilums suniem premedikacijas
lidzeklu ietekm@ palielindjas nedaudz. Vispar€jas anest€zijas
lidzeklu ietekme S zobs Kokerspanieliem gan padzilinajas,
gan kluva seklaks (P < 0.05), bet Vacu aitu Skirnes suniem tas
bitiski nemaintjas. Visos gadijumos S zobs EKG 1I
standartnovadijuma Kokerspanieliem bija dzilaks neka Vacu aitu
Skirnes suniem.

EKG PQ intervals premedikacijas Iidzeklu ietekm& butiski
pagarinajas Vacu aitu Skirnes supiem (P < 0.01), bet
Kokerspanieliem tas izmainijas maz, kas atbilda abu Skirpu
dzivnieku sirdsdarbibas frekvences izmainam premedikacija.
Narkozes lidzeklu ketamina hidrohlorida un diazepama summarais
efekts (p&c premedikacijas lidzeklu iedarbibas) suniem izpaudas ka
PQ intervala saisinaSanas, bet saisinaSanas raksturs abu Skirpu
dzivniekiem bija atSkirigs, kas ar1 atbilda sirdsdarbibas frekvences
izmainam Siem dzivniekiem vispargjas anestézijas laika.

EKG II standartnovadijuma QT intervals abu Skirnu suniem
premedikacijas Iidzek]u atropina sulfata un acepromazina maleata
ietekmé bitiski pagarinajas (P < 0.05). Vispargjas anestézijas



lidzeklu summarais efekts (péc premedikacijas lidzeklu iedarbibas)
kopuma izpaudas ka QT intervala saisinaSanas: pirmaja vispargjas
anestézijas minité abu Skirpu dzivniekiem ta noritgja vienadi
strauji, bet turpmakas 15-30 miniites — katrai suna Skirnei atSkirigi.
Izolétai vardes sirdij premedikacijas Iidzekli atropina sulfats kopa
ar acepromazina maleatu izraisija negativu inotropo un negativu
hronotropo efektu, ka arm1 20 % gadijumos sirdsdarbibas ritma
izmainas — big€miniju. Vispargjas anestézijas lidzekli ketamina
hidrohlorids kombinacija ar diazepamu noversa premedikacijas
lidzeklu radito negativo sirds hronotropo efektu, likvidgja
premedikacijas Iidzeklu izraisttos sirdsdarbibas ritma traucgjumus,
bet sirds muskula sarauSanas speku tas ietekmé&ja maz.

Pétijumi suniem in vivo un vardém in vitro pieradija, ka
premedikacijas lidzekli atropina sulfats kopa ar acepromazina
maleatu sirdij izraisa negativu hronotropu efektu, bet narkozes
lidzekli ketamina hidrohlorids un diazepams darbojas pret&ji —
paatringja  sirdsdarbibas frekvenci, izraisot pozitivu sirds
hronotropo efektu.

IETEIKUMI PRAKSEI

Veterinarmedicinas praksé pirms jebkuriem premedikacijas un
vispargjas  anestézijas veidiem suniem ieteicams  veikt
elektrokardiografiju II standartnovadijuma, lai ar EKG analizes
palidzibu izslégtu sirds saslimSanas iesp&jamibu, noteikti nemot
vera ar1 dzivnieka Skirni.

Elektrokardiografijas kontroli II standartnovadijuma supiem
velams izdarit gan premedikacijas, gan visa vispargjas anestézijas
laika;

Premedikacijas un anestézijas laika vért€jot EKG ir butiski sekot

dzivnieka sirdsdarbibas frekvencei un $adiem EKG parametriem:
P zoba amplitidai, PQ un QT intervala izmainam.
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INTRODUCTION

Topicality of the research

Since veterinary medicine for small animals is developing in
Latvia, it has become important to study currently used fast-acting general
anaesthesia agents. Non-inhaled (intravenous) general anaesthesia agents
make it easier to perform surgical manipulations. Non-inhaled general
anaesthesia is regarded as the most human of all anaesthesia types in the
world (Allen, Downey, 1983; Cragg, Drysdale, 1983; Haskins, 1983a;
Haskins, 1983b; Haskins, 1983c; Olson, et al., 1987; Haskins, 1992;
Mainkosckuii, 2000; Lemke, 2004; Hewson et.al., 2006; Welberg et al.,
2006 u.c.)

It has been established that general anaesthesia agents used in veterinary
medicine must fulfil definite requirements: 1) they must induce appropriate
general anaesthesia effect at the same time ensuring sufficiently “wide”
security zone; 2) general anaesthesia agents needs to be easy applicable and
non-flammable; 3) the induced anaesthesia must be controllable; 4) side
effects of these agents need to be minimal; 5) they may not harm operating-
room personnel; 6) they may not interfere with the functions of internal
organs of the animal subjected to anaesthesia; 7) the effect of general
anaesthesia agents needs to be steady with easy awakening after the use of
general anaesthesia agents; 8) the agents need to have acceptable price.

This research derives to certain extent from requirements 4 and 6-
with special emphasis on the side effects affecting cardiovascular system,
one of the most significant systems of living body. In addition the effect of
various general anaesthesia agents and combinations of such on the
cardiovascular system, including electrophysiologic parameters of the heart,
has not yet been studied particularly often.

Electrohysiologic parameters of cardiovascular system and in
particular various aspects of ECG-parameters have been studied in dogs
since 50"-60" of the previous century and such research is still ongoing
(Simonson et al., 1960; Hamlin, Smith, 1960; Hamlin, Scher, 1961; Hamlin
et al., 1964, 1967; Khoyi, 1967; John, 1968; Copen et al., 1968; Hamlin,
1968a, b; Rubin, 1968; Badran et al., 1970; Lau et al., 1970; Hamlin, 1972;
Hammond et al., 2001; Al-Wabel et al., 2002; Chanoit et al., 2005;
Takahara et al., 2005; Vormberge et al., 2006; Nolan et al., 2006; u.c.).
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Isolated publications on the development of ECG and physiologic
parameters of the heart due to the effect of various general anaesthesia
agents do not provide complete information on the state of cardiovascular
system of animals under premedication and general anaesthesia. However it
is clear that premedication and general anaesthesia agents may induce
functional disorders of cardiovascular system (Horiguchi, Nishikawa, 2002;
Sumitra et al., 2004; Cacheaux et al., 2005; Bostrom, 20006).

Research of electrocardigraphically recorded cardiac biopotentials
in dogs in most cases was performed taking into account living weight of
the animal, individual qualities of particular sex and pathology of
cardiovascular system (Schaik et al., 1974; Pickoff et al., 1984; Martins,
1983; Martins et al., 1984; Millar et al., 1985; Litowsky, Antzelevitch,
1989; Nunes et al., 1990; Okumura et al., 1991; Lemke, 2004; Pang et al.,
2005; Kawaguch, 2006; u.c.). There are few data available on possible
cardiac rhythm disorders induced by commonly used premedication agents
atropine sulphate and acepromazine maleate as well as by general
anaesthesia agents diazepam and ketamine hydrochloride.

It is essential that data on the direct effect of various premedication and
general anaesthesia agents on isolated heart are very scarce. There are
publications on various models of premedication and general anaesthesia
agents, however these models differ from the type of premedication and
general anaesthesia used in Latvia (Argibay et al., 1983; El-sheawy, 1993;
Chattopadhyay, 1997; Juvekar, Vadlamudi, 1998; Lilley, Robbins, 1998;
Hirota et al., 1999; Gupta et al., 2000; Zimmer, 1999; Zimmer, 2000;
Sharma, Tung, 2001; Gaszner et al., 2001; Rea et al., 2002; Corti et al.,
2002; Tota et al., 2003; Winmill, Hedrick, 2003; Hedrick, Winmill, 2003;
Contoyiannis et al., 2004; Sumitra, et al., 2004; Igic, 2004; Cacheaux et al.,
2005; Shah, Juvekar, 20006).

Taking into account all above-mentioned we decided to focus on

the research of the effect of most commonly used anaesthetic agents on
cardiac biopotentials.

Purpose of the work
This study aims to establish the effect of currently widely used

anaesthesia substances on the functional parameters of the hearts of Cocker
Spaniel and German Shepherd dogs as well as on the isolated heart.
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Strategy:

To discover patterns in changes of heartbeat frequency in dogs
subjected to premedication drugs (atropine sulphate and
acepromazine maleate) and narcosis substances (ketamine
hydrochloride together with diazepam) as well as possible
impact of the breed and gender on these changes.

Using ECG standard lead I, to discover patterns in changes of
separate ECG elements in German Shepherd and Cocker
Spaniel dogs during premedication and general anaesthesia.
Using isolated frog’s hearts, to study the direct total effect of
the premedication drugs atropine sulphate and acepromazine
maleate and general anaesthesia drugs ketamine hydrochloride
together with diazepam on heartbeat frequency, contractile
power of myocardium and changes in heartbeat frequency.

Novelty of the results

We have increased the new research area in Latvian veterinary
medicine- electrocardiophysiology of dogs;

We have acquired new data on the functional state of dog’s
heart during premedication and general anaesthesia performed
according to the commonly used in Latvia general anaesthesia
model,;

It is the first attempt in the history of veterinary medicine to
study the impact of breed and sex of particular dog on the
cardiac biopotentials during premedication and general
anaesthesia;

We have analysed direct effect of premedication agents and
general anaesthesia agents on the heart rate, contractile power
of myocardium and cardiac rhythm of isolated frog’ s heart.
We have put forward hypothesis of possible cardiac rhythm
disorders in dogs subjected to broadly used premedication and
general anaesthesia model — atropine sulphate in combination
with acepromazine maleate and ketamine hydrochloride in
combination with diazepam.
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Approbatin of the results of research

Results of the research have been approbated during following scientific
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conferences:

International Scientific Conference ,,Animals. Health. Food
Hygiene”, Jelgava, 2006, November 10. Changes of ECG QT
interval in German shepherd and Cocker spaniel dogs during
premedication and general anaesthesia.

Third Russion Congress of Pathophysiology with International
Participation, Moscow, 2004, October 9-12. Changes of O-T
interval of electrocardiogram in dogs subjected to
anaesthesia.

Third Russion Congress of Pathophysiology with International
Participation, Moscow, 2004, October 9-12. The effect of
general anaesthesia on the R wave characteristics of
electrocardiogram in dogs.

International Scientific Conference ,,Animals. Health. Food
Hygiene”, Jelgava, 2004, October 15. Changes of ECG-PQ
interval in Cocker Spaniel and German Shepherd dogs during
premedication and general anaesthesia.

International Scientific Conference ,,Animals. Health. Food
Quality”, Jelgava, 2002, November 14-15. Development of
heart rate in dogs subjected to certain intravenous general
anaesthesia agents.

International Scientific Conference ,,Current Issues in
Veterinary Medicine”, Jelgava, 2000, September 29. Influence
of some intravenously anesthetic agents on the isolated frog’s
heart.

Second Russion Congress of Pathophysiology with
International Participation, Moscow, 2000, October 9-12.
Effect of anaesthesia on certain Electrocardiophysiological
parameters of dogs.

Scientific conference of post-graduate students of Latvia
University of Agriculture “The Agriculture science on the way
towards the 21% century”, Jelgava, 1999, May 26-28, Latvia
University of Agriculture. Development of ECG-P wave in
dogs during general anaesthesia.

Scientific-practical Conference on Veterinary Medicine of the
Faculty of Veterinary Medicine of Latvia University of



Agriculture, Jelgava, 1998, April 24-25. Development of
electrocardiophysiological parameters in German Shepherd
dogs subjected to general anaesthesia.

10. Scientific conference of post-graduate students of Latvia
University of Agriculture “Environment for a human, a human
for the environment”, Jelgava, 1998, May 26-28, Latvia
University of Agriculture. Development of certain
electrocardiophysiological parameters in German Shepherd
dogs subjected to general anaesthesia.

11. The Third World Congress of Latvian Physicians, Riga, 1997,
June 25-28. The need to study physiology of cardiac
biopotentials of dogs subjected to anaesthesia.

12. The Third World Congress of Latvian Physicians, Riga, 1997,
June 25-28. Electrocardiography in dogs.

Volume of the thesis. Thesis submitted for promotion is summarized on
106 pages and consists of: an abstract in Latvian and English languages, a
review of literature section, the methodology of the research section, the
research results section, the discussion section, the conclusions, the
practicable proposals, the literature references.

MATERIALS AND METHODS

This research focuses on the development of cardiac
biopotentials recorded during premedication and general anaesthesia of
34 German Shepherd dogs and 32 Cockers Spaniels aged form one to eight
years. The research was carried out in cooperation with veterinary clinic
“Little Brothers’ Hospital” (Riga). All dogs involved in the research had
respective breed certificate. The animals were 12 months - 8 years old. The
average body weight of German Shepherd dogs was 25-38 kg, whether as
Cocker Spaniels weighted 11-18 kg.

It is essential that dogs are regarded as having reached
adulthood after they have become one year old and this period lasts till the
age of eight years. Having become eight years old dogs are theoretically
subjected to rapidly progressing ageing (Bolton, 1975).

Premedication model atropine sulphate in combination with

acepromazine maleate and anaesthesia model ketamine hydrochloride in
combination with diazepam has been used in veterinary clinic “Little
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Brothers’ Hospital” in 1996 - 2006. It has been proved in 1802 purebred
dogs subjected to X-ray examination for congenital hip diseases.

All dogs were assessed to ascertain their clinical state of health.
We got acquainted with anamneses of the studied animals, weighted them,
examined them according to clinical standards (by means of inspection,
palpation, auscultation) and did laboratory tests. All dogs were subjected to
morphologic and biochemical blood tests commonly applied in veterinary
medicine. The biochemical tests were done by means of USA analyzer
,VET TEST 8008”. We established levels of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total protein, sodium, potassium,
urea, creatinine kinase, alpha amylase and blood glucose. We continued
working with only clinically fit animals, whose morphologic and
biochemical parameters of blood corresponded to the normal range.

In addition all dogs were subjected to chest X-ray examination to
ascertain that cardiorespiratory system of these animals is not either
impaired. We used ,,SANTAX A/S-SP-103” X-ray equipment. X-ray
examination was performed with animals being placed in lateral and
dorsoventral position.

Use of electrocardiograph for recording of cardiac biopotentials in dogs

Cardiac biopotentials in dogs were recorded by “SHILLER”
electrocardiograph “Cardiovit AT-1 Veterinary” which allows to work with
10 ECG leads simultaneously.

This electrocardiograph is also supplied with special measurement
program for measurement of every ECG-Parameter in each of the 10 ECG
leads separately. This is done simultaneously with primary data processing
by means of special measurement program.

We used the so-called alligator-type electrodes, which — after
application of special electrode paste — were fixed directly on the animal
skin in places predetermined for each lead: the standard I, IT and III lead and
Goldberger’s augmented aVR, aVL and aVF lead electrodes were fixed on
the corresponding foreleg just above the elbow, but respective electrodes of
the hind leg — on the corresponding hind leg proximally above the knee-cap
(Ettinger, Suter, 1970; Bolton, 1975; Edward, 1987; Chastain, 1990; Tilley,
1992; Tilley, Goodwin, 2000).

The precordial ECG record according to unipolar conduction leads
(Wilson leads), was performed by placing the active electrode at certain
location on the frontal wall of the thorax. Thus for record in the CVsRL
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lead, the active electrode was put on the right side of the animal body at the
5-th rib interstice in the most rounded area of the cartilage (in the half-way
from the breast-bone to the rib); in the CV¢LL lead the active electrode was
placed on the left side of the body at the 6-th rib interstice in the
hondrosternal junction, CV¢LU - on the left side of the body at the 6-th rib
interstice in the costohodral junction, whereas for record of Vi, lead the
active electrode was located between the animal’s scapulas on the level of
the back protuberance of the 7-th breast vertebra.

It is important that prior to the very ECG (in the initial state) we
paid special attention to the actual psychoemotional state of particular
animal subjected to examination. It is well known that stress may influence
heart rate and associated ECG-Parameters of particular animal (Coate,
1967; Jaksch, 1973; ®ponos, Ceupunos, 1974; Eckenfels, Trieb, 1979).
Our usual strategy was to start recording ECG the presence of the owner,
and, in general, the dogs were calm, or calmed down soon.

The animals under examination were placed in the right-hand
lateral recumbent position. The forelegs and hind legs of the dog were
always placed mutually parallel and perpendicularly to the longitudinal axis
of body. The literature does not suggest any certain opinion on the
exclusively correct position of animal subjected to ECG. Taking into
account that the majority of researchers had chosen to place dog just in the
right-hand lateral recumbent position (Hill, 1968; Detweiler et al., 1970;
Bohn, 1976; Edwards, 1987; Rezakhani, 1990; Madron, 1991; Tilley, 1992;
Bernal et al., 1995), we also considered such position of animal under ECG
as favourable for tasks put forward in this work. This is confirmed by
research on cats (Gompf, Tilley, 1979). The main condition of the research
was to record ECG while the particular animal is placed in one strictly
determined position with electrodes displayed according respective lead
ECG record obtained this way is maximally comparable and have only
minor spontaneous variations.

ECG was recorded at the speed of 50 mm s™'. Research has shown
that individual ECG-parameters recorded at 50 mm s’ do not differ
significantly from those recorded at 25 mm s”'. ECG-parameters recorded at
100 mm s” can be slightly longer (Hamlin, 1989). We always used
electromyogram filters, which are especially significant while recording
cardiac biopotentials of puppies (Bolton, 1975; Edwards, 1987; Tilley,
1992; Tilley, Goodwin, 2000; Dvir et al., 2001), and cats (Coulter, Calvert,
1981; Scrope et al., 1995).
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General anaesthesia agents and their doses

We used 0.054% atropine sulphate solution (for 0.02 mg kg™) in
combination with 1% acepromazine maleate solution (0.06 mg kg™), all
administered intramuscularly. ECG was recorded before premedication
(initial state) and 10 minutes after intramuscular administration of
premedication agents.

Non-inhaled general anaesthesia was achieved by means of
5% ketamine hydrochloride solution (6 mg kg™) in combination with
0.5% diazepam solution (0.6 mg kg™ respectively).

ECG was recorded one minute after intravenous administration of
general anaesthesia agents with subsequent repetitions at 15, 30, 45 and
60 minutes after administration.

Experimental research with isolated frog’s heart

We used 22 male Rana temporaria received in the state of
anabiosis form Vsevolozska exatarium (St. Petersburg area). The perfusion
was provided by cold-blooded Ringer solution. 6.5 g NaCl, 0.3 g KC1, 0.2 g
NaHCOj; and 0.2 g CaCl, were dissolved in 1 litre of bidistilled water. PH of
solution was 6.4.

The initial solutions of the studied agents were: 0.054% atropine
sulphate solution in 100 ml vials (produced by “VEDCO”), 1%
acepromazine maleate solution in 100 ml wvials (produced by
“DOPHARMA”), 5% ketamine hydrochloride solution in 10 ml vials
(produced by “PARKE — DAVIS ”) and 0.5% diazepam solution in 2 ml
ampoules (produced by “GRINDEKS”).

Frog’s heart was isolated according to Straub’s method (Bacuibes,
Betiokos, 1961; Rudzite et al., 1994; Rudzite et al., 1999; Zimmer, 1999,
2000; Yoshida, 2001; u.c.). The frog was put under isoflurane anaesthesia
dome (Beaussier et al., 2002), decapitated and subjected to decerebration of
spinal cord. We cleared chest region of skin and opened sacral bone. After
that we separated aorta from connective tissues and removed pericardium
from heart. The first ligature was put under aorta before bifurcation, the
other-round the heart thus connecting branches of the venous sinus. The left
branch of aorta was cut off 2-3 cm under the aortal bifurcation. We used the
incision in the right branch of aorta to introduce Straub cannula filled with
perfusion liquid, which was then moved to the cardiac ventricle. The
cannula was affixed by ligature put under aorta. We used syringe filled with
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Ringer solution for repeated wash of blood from the heart. We affixed
cannula in the stand and used “clip” to attach cardiac apex to the apparatus
for registration of contractions — ,, Nichon — Kochden” poligraph.

The isolated heart was allowed to stabilise 10-15 minutes prior to
administration of the studied agents. We followed the effect of particular
dilutions for 15-30 minutes.

At first we established concentration of each medicine necessary to
achieve pharmacologic effect on frog’s heart. Taking into account these
concentrations, we later developed premedication and general anaesthesia
model, according to which general anaesthesia agents ketamine
hydrochloride and diazepam were added to the perfusion liquid after we had
established pharmacologic effect of premedication agents atropine sulphate
and acepromazine maleate. We analysed total effect of premedication
agents and general anaesthesia agents.

The concentrations of premedication and general anaesthesia
agents to be tested were calculate according to the following principle
(Laposata, 1992):

- when 0.5% diazepam solution is administered intravenously
(v. Cephalica) in the dose of 0.6 mg kg, 30 kg dog requires 18 mg of
diazepam. While such dog has approximately 1.5 litres of circulating blood,
the general anaesthesia concentration of diazepam solution in the
bloodstream is 12 mg I'";

- when 5% ketamine hydrochloride solution is administered in the
dose of 6 mg kg', ten times exceeding that of diazepam, the above
mentioned dog requires 180 mg of ketamine hydrochloride and the level of
ketamine hydrochloride in the bloodstream is ten times higher than that of
diazepam, i.e. 120 mg I

- when 0.054% solution of atropine sulphate is administered in the
dose of 0.02 mg kg™, 30 kg dog requires 0.6 mg atropine sulphate and the
level of atropine sulphate in the bloodstream is 0.4 mg 1";

- when the dose of acepromazine maleate is 0,06 mg kg', 30 kg
dog requires of 1.8 mg acepromazine maleate and the level of acepromazine
maleate in the bloodstream is 1.2 mg 1.

Concentrations of medicines used in the experiments (dilutions)
generating pharmacological effect are significantly lower than those in the
circulation of dogs.
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Statistical processing of the data

ECG data were processed by the means of SPSS programme
package with 95% probability (P < 0.05) (Norusis, 1998).

ECG data were statistically processed by means of multifactor
(here two “factor” — breed and sex of the animal) dispersion analysis
method ANOVA (Mead et al., 1993; William, 1996; Christensen, 1996;
Arhipova u.c., 1998; Jerrold, 1999; Ronald, Miller, 2000; Sprent, Smeeton,
2000; Arhipova, Balina, 2003).

All data were processed by means of ,Microsoft Excel-97”
computer programs: we established mean values, standard error (SE) of
mean values as well as Student’s and Fischer’s test, to establish credibility
of the differences between results of various research groups (Jerrold, 1999;
Ronald, Miller, 2000; Sprent, Smeeton, 2000; Arhipova, Balina, 2003). We
regarded data as different when probability of differences was greater than
95% (P <0.05).

THE RESULTS AND THEIR DISCUSSION

Development of heart rate
during premedication and general anaesthesia

Development of heart rate recorded in German Shepherd dogs and
Cocker Spaniels during premedication and general anaesthesia is
reproduced in Table 1.

It is evident that already in the initial state the heart rate of Cocker
Spaniels is slightly lower than the heart rate of German Shepherd dogs
(P < 0.05). Ten minutes after administration of premedication agents
atropine sulphate in combination with acepromazine maleate the heart rate
of German Shepherd dogs lowered (in average by ten beats per minute),
where as the heart rate of premedicated Cocker Spaniels lowered by seven
beats per minute.

After administration of general anaesthesia agents ketamine
hydrochloride and diazepam a drastic increase of heart rate was observed.
Already in the first minute after administration general of general
anaesthesia agents the heart rate of German Shepherd dogs in average
increased to 148.0000 + 7.1212 beats per minute, whereas the heart rate of
Cocker Spaniels reached even 162.429 + 8.39 beats per minute (P < 0.02).
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Fifteen minutes after administration of general anaesthesia agents the heart
rate recorded in animals of both breeds turned out to have still increased:
The heart rate of German Shepherd dogs had increased to 151.375 + 9.1560
beats per minute, where as the heart rate of Cocker Spaniels had reached
167.333 + 7.0708 beats per minute.

Table 1
Heart rate frequency (F) (beats per min) of ECG standard lead II in

German Shepherd and Cocer Spaniels dogs at initial state and
10 minutes after premedicaton and at different time anaesthesia

Mean values of heart
rate freqency = SE

Time O.f Fisher’s test| P value
observation
German Cocer
Sheperds Spaniels
Initial state 119+ 6.5 97.5+5.7 4.072
10 min since beginning 110.625 + 90.867+ 6.363
of premedication 5.8535 7.2020 ‘
1 min since beginning | 148.000+ | 162.429 + 6.732
of anaesthesia 7.1212 8.3900 ’
15 min since beginning 151375+ | 167333 + 2,954
of anaesthesia 9.1560 7.0708 ’
30 min since beginning 161.826 + 169.714 +
of anacsthesia 8.1417 6.9475 3166 > 0.05
45 min since beginning 166.478 £ | 166.333 +
of anaesthesia 73166 8.1285 0.000 =05
60 min since beginning 166.182 + | 153.429 +
of anaesthesia 9.1120 10.7206 1.062 =025

* — Heart rate frequency (F) (beats per min) between German Shepherd
dogs and Cocker Spaniels is statistically significant

51



Differences between the heart rate of German Shepherd dogs and
that of Cocker Spaniels during premedication and general anaesthesia are
more clearly reproduced in Fig. 1.
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11* — first minute after administration of ketamine hydrochloride and diazempam

Fig. 1. Heart rate frequency (beats per min) of lead II ECG in German
shepherd (-@-) and Cocker spaniel (-O-) dogs of initial state (1), 10 min.
after premedication (2) as well as during general anaesthesia
1 —premedication (0.054% atropine sulphate solution (0.02 mg kg -') in combination

with 1% acepromazine maleate solution (0.06 mg kg -');
2 —general anaesthesia (5% ketamine hydrochloride (6 mg kg -') in
combination with 0.5% diazepam (0.6 mg kg ')

The relatively significant differences of heart rate between both
breeds are apparent both in the initial state and after administration of
general anaesthesia agents.

We tried to answer whether atropine sulphate together with
acepromazine maleate and general anaesthesia agents ketamine
hydrochloride together with diazepam have direct effect on the heart rate
and, if there is such relationship, then how does it manifest?
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Fig. 2. Development of heart rate observed in isolated frog’s heart subjected to
premedication agents and general anaesthesia agents:

1 — atropine sulphate 1 ng I'' and acepromazine maleate 100 ng I"";

2 — atropine sulphate 3 ng 1" and acepromazine maleate 300 ng 1'';

3 — ketamine hydrochloride 10 pg 1" and diazepam 0.1 pg 1’

We established that already within five minutes after
administration to the perfusion liquid premedication agents induced
statistically true decrease of heart rate, which progressed also after threefold
concentration of these premedication agents was added. General anaesthesia
agents ketamine hydrochloride and diazepam administered to the perfusion
liquid of heart affected by premedication agents (19.2 £+ 2.31 beats per min)
gradually increased heart rate. By the end of the examination period, that is
30 minutes after administration of general anaesthesia agents, heart rate had
increased to only 24.8 + 1.50 per minute, that is still below the initial values
(33.4 £ 3.32) established before premedication (Fig.2).

These results correspond to the publications of other authors
(Dallaire, Chalifoux, 1985; Stepien et al., 1995; Bonnapenko u ap., 1999;
Xosryx u ap., 2000; Mccensbaxepa u ap., 2001) who have also established
that acepromazine maleate has direct effect on heart rate. While the changes
affect both the heart rate and cardiac rhythm, it is possible that atropine
sulphate together with acepromazine maleate may alter performance of
cardiac conduction system.

It must be stressed that both general anaesthesia agents did not
completely neutralize decrease of heart rate induced by premedication
agents. Thus it is possible that both general anaesthesia agents affect
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structures of impulse conduction system in the heart. Sympathetic nervous
system possibly activated under such conditions also contributes to the total
effect of both general anaesthesia agents on the heart rate (Waxman et al.,
1980; Pathak et al., 1982; Niemant, Suter, 1994; Vanags u.c., 2002; Arican
et al., 2004; Sumitra, 2004).

Thus, people going for the commonly used non-inhaled general
anaesthesia model with respective premedication and general anaesthesia
agents, need to take into account, that ketamine hydrochloride and diazepam
induces tachycardia. In addition it is also necessary to remember that
development of heart rate can proceed differently in dogs of different
breeds. Our data suggest, that sex does not have significant effect on the
development of heart rate.
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Changes of P wave amplitude recorded in standard lead II in dogs
during premedication and general anaesthesia

Development of P wave recorded in ECG standard lead II in dogs
during premedication and general anaesthesia is reproduced in Table 2 and Fig. 3.

Table 2

P wave amplitude (mV) of ECG standard lead II in German Shepherd
and Cocer Spaniels dogs at initial state, 10 minutes after premedicaton
and at different time after anaesthesia

Mean values of P wave

. + P
Time of amplitude (mV) & SE Fisher’s| yalue
observation German Cocer test
Sheperds Spaniels
.. 0.203 + 0.170 £
Initial state 00177 0.0213 1.350 >0.25
10 min since beginning of] 0.158 + 0.174 +
premedication 0.0186 00221 | 0087 | =025
1 min since beginning of 0.221 + 0.275 + 5654
anaesthesia 0.0229 0.0260 )
15 min since beginning 0.188 0.296 + 12217
of anaesthesia 0.0264 0.0246 )
30 min since beginning 0221+ 0.333 + 12.151
of anaesthesia 0.0212 0.0289 ’
45 min since beginning 0.251 0.308 =
of anaesthesia 0.0247 0.0255 1.598 | >0.1
60 min since beginning 0.271 = 0.279 +
of anaesthesia 0.0220 0.0255 | 0043 | Z0.25

* — The difference of P wave amplitude (mV) between German Shepherd
dogs and Cocker Spaniels is statistically significant
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It turned out that P wave values recorded in ECG standard lead 11
in German Shepherd dogs already in the initial state were different from
values recorded in Cockers Spaniels. P wave of German Shepherd dogs was
0.203 + 0.0177 mV, whereas P wave of Cocker Spaniels was —
0.170 £0.0213 mV.
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Fig. 3. P wave amplitude (mV) of lead II ECG in German shepherd (-®-)
and Cocker spaniel (-O-) dogs of initial state (1), 10 min. after
premedication (2) as well as during general anaesthesia

1 —premedication ; 2 — general anaesthesia

Ten minutes after administration of premedication agents atropine
sulphate and acepromazine maleate P wave of either breed also developed
according to different pattern. while the P wave amplitude recorded in ECG
standard lead II in German Shepherd dogs decreased, Cocker Spaniels
demonstrated just the opposite tendency - the P-wave amplitude recorded in
these dogs slightly increased (see Fig. 3).

After intravenous administration of general anaesthesia agents,
ECG-P wave amplitude recorded in Cocker Spaniels drastically increased
already within the first minute, the values recorded in German Shepherd
dogs however demonstrated only slight increase (P < 0.05).
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The following development of P wave in the course of general
anaesthesia developed differently according to the breed of animal. The
increase of ECG-P wave amplitude recorded in Cocker Spaniels continued
till the 30™ minute of examination, followed by slight decrease during the
next 30 minutes, however the resulting amplitude of P-wave was still larger
than in the initial state. However the amplitude ECG-P-wave recorded in
German Shepherd dogs was slowly decreasing since the first minute of
general anaesthesia till the 15™-30" minute (P < 0.001) when the opposite
development set in to continue till the 60™ minute of examination.

We established that amplitude of ECG-P wave recorded in German
Shepherd dogs was related to the heart rate. The pattern was following: the
slower was heart rate, the smaller was amplitude of P wave recorded in
ECG standard lead II.

The general relation of the ECG-P wave recorded in German
Shepherd dogs the heart rate of particular animal has been established also
by other authors (Tilley, 1992; Tilley, Goodwin, 2000; Upeniece, 2004).

Cocker Spaniels did not demonstrate such relationship between the
development of P wave amplitude (recorded in ECG lead II) and heart rate
during premedication. It may have happened because P wave amplitude
recorded in ECG in these dogs was significantly lower compared to the
other breed (Upeniece, 2004). However the close relationship between the
height of ECG-P wave and heart rate developed in Cocker Spaniels after
intravenous administration of ketamine hydrochloride and diazepam.
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Description of ECG-Q wave amplitude in dogs during premedication
and general anaesthesia

Table 3

Q wave amplitude (mV) of ECG standard lead II in German Shepherd
and Cocer Spaniels dogs at initial state, 10 minutes after premedicaton
and at different time anaesthesia

Mean values of Q
wave amplitude (mV)
+SE Fisher’s | P value

Time of observation
test

German Cocer
Sheperds | Spaniels

.. -0.131 £ -0.703 +
Initial state 0.1402 0.2535 4.013

10 min since beginning | -0.148 + -0.835+

of premedication 01426 | 02787 | 1

1 min since beginning -0.208 + -0.869 + 3421
of anaesthesia 0.1426 0.3007 '

15 min since beginning | -0.258 + -0.757 + 2807
of anaesthesia 0.1461 0.2258 ’

30 min since beginning | -0.280 + -0.683 2145

of anaesthesia 0.1170 0.2197

45 min since beginning | -0.368 + -0.650 £

of anaesthesia 0.1632 | 02084 | 009 | =005

60 min since beginning | -0.366 + -0.684 +

of anaesthesia 01603 | 02031 | 1076 | =005

* — The difference of Q wave amplitude between German Shepherd dogs
and Cocker Spaniels is statistically significant

58



Time, min

0 10 11+ 15 30 45 60
0.000

> |

Z 0200

£ 040

g =U.

g -0.600

<

S -0.800 -

z

O -1.000 -
12004
-1.400 - 2

11* — first minute after administration of ketamine hydrochloride and diazempam

Fig. 4. Q wave amplitude (mV) of lead II ECG in German shepherd (-®-)
and Cocker spaniel (-O-) dogs of initial state (1), 10 min. after
premedication (2) as well as during general anaesthesia

1 —premedication ; 2 — general anaesthesia

The results suggest that already in the initial state the depth of
Q wave recorded in ECG standard lead II in the dogs of one breed differed
from that recorded in the dogs of other breed. The Q wave recorded in
Cocker Spaniels was relatively deeper in comparison with that recorded in
German Shepherd dogs-0.703 + 0.2535 mV and -0.131 £ 0.1402 mV
respectively (P < 0.05). These data to some extent correspond the trends
observed by other authors (Nunes et al., 1990; Upeniece, 2004).

On the whole the depth of ECG-Q wave suffered relatively minor
changes during premedication and general anaesthesia and these changes were not
significantly credible, however the difference in depth of Q wave according to the
breed remained constant during premedication and general anaesthesia (P < 0.05).
This could be associated with activation of atriums and ventricles (Rush, Hamlin,
1986), which is apparently more pronounced in Cocker Spaniels compared to
German Shepherd dogs. In addition it has been proved that values of ECG
parameters are generally lower in larger dogs compared to smaller dogs
(Morrison, 1992; Torre et al., 2000; Upeniece, 2004).
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Description of ECG-R wave amplitude in dogs during premedication
and general anaesthesia

The data we obtained on another element of QRS complex - R
wave suggest that it was always positive in ECG standard wave II in dogs of
all breeds both during premedication and general anaesthesia (See Fig. 5).
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Fig. 5. R wave amplitude (mV) of lead II ECG in German shepherd (-®-)
and Cocker spaniel (-O-) dogs of initial state (1), 10 min. after
premedication (2) as well as during general anaesthesia

1 —premedication ; 2 — general anaesthesia

We established that R wave amplitude recorded in Cocker Spaniels
in ECG standard lead II already in the initial state was statistically true
larger than that recorded in German Shepherd dogs (P < 0.01). The
development of R wave in the course of premedication and general
anaesthesia proceeded on the whole equally in dogs of both breeds — the
amplitude of R wave increased in both German Shepherd dogs and Cocker
Spaniels (see Fig. 5). The only statistically true difference was the absolute
height of R wave (P <0.001).
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Description of ECG-S wave amplitude in dogs during premedication
and general anaesthesia

Fig. 6 reproduces development of S wave amplitude during
premedication and general anaesthesia recorded in ECG standard lead II. It
must be stressed that equally to Q wave recorded in ECG standard lead
IT S wave in cardiograms of both breeds is also pointed downwards from the
isoletric line.
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Fig. 6. S wave amplitude (mV) of lead II ECG in German shepherd (-®-)
and Cocker spaniel (-O-) dogs of initial state (1), 10 min. after
premedication (2) as well as during general anaesthesia

1 —premedication ; 2 — general anaesthesia

First it must be pointed out that S wave amplitude recorded in
German Shepherd dogs during general anaesthesia suggests different pattern
of development form S wave amplitude recorded in Cocker Spaniels. We
established that development of S wave is to large extent related to the
breed “factor” of the dog. the different development of S wave became
apparent already one minute since administration of general anaesthesia
agents ketamine hydrochloride and diazepam, when the S wave recorded in
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German Shepherd dogs became positive, where as the S wave recorded in
Cocker Spaniels became even more negative (P < 0.05).

While the general anaesthesia proceeded S wave recorded in
German Shepherd dogs became more negative than in the initial state. The
amplitude of S recorded in Cocker Spaniels however demonstrated
markedly waveform development, that is the deepening of the wave was
followed by its becoming more shallow (P < 0.05), which signals about
certain repolarization disorders in cardiomyocytes (Kalvelis, 2005). It is
possible, that these opposite trends in the S-wave development recorded in
ECG standard lead II in animals subjected to premedication and general
anaesthesia, are directly associated with the different physique of both
breeds, in some way affecting electrophysiologic parameters during
ventricular systole. While there are very little data on changes of
ECG-S wave amplitude induced by any of the factors, the research of this
aspect must be continued.

Description of ECG-PQ interval recorded in dogs during
premedication and general anaesthesia

To describe development of PQ interval in dogs during
premedication and general anaesthesia, it is important first of all mention,
that length (duration) of PQ interval reflects conduction of excitation from
atriums to ventricles. Thus the length of this interval is closely related to the
heart rate, which is also confirmed by other publications
(Calvert et al., 1998; Mensenera, 2001; Upeniece, 2004).

Our research suggests that PQ interval recorded in ECG standard
lead II in dogs of one breed differs from that recorded in dogs of the other
breed and these differences are present both in the initial state as well as in
the course of premedication and general anaesthesia (Fig. 7).

The role of “breed” becomes apparent already in the initial state when
the average PQ interval recorded in German Shepherd dogs was
0.107 £ 0.0041 s, whereas the same interval in Cocker Spaniels was just
0.090 + 0.0048 s (P < 0.01).

The different development of ECG-PQ intervals was observed also
by 10 minutes after administration of premedication agents (see Fig. 7),
when the length of PQ interval recorded in German Shepherd dogs turned
out to have significantly increased, whereas in Cocker Spaniels it had
become only slightly longer. We would like to remind that heart rate of
German Shepherd dogs subjected to premedication agents significantly
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slowed down, which suggests close relationship between both functional
parameters —ECG-PQ interval and heart rate.
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Fig. 7. PQ interval (s) of lead II ECG in German shepherd (-®-) and
Cocker spaniel (-O-) dogs of initial state (1), 10 min. after premedication
(2) as well as during general anaesthesia

1 —premedication ; 2 — general anaesthesia

German Shepherd dogs demonstrated very drastic shortening of
PQ interval already in the first minute of general anaesthesia in comparison with
Cocker Spaniels (see Fig. 7.). After the 15" minute of general anaesthesia, the
length of ECG-PQ interval recorded in standard lead II continued to decrease
slightly but in more or less uniform manner. At the same time the length of
PQ interval in Cocker Spaniels suffered both increases and decreases
(see Fig. 7.).

The length of PQ interval recorded in dogs of one breed was very
different from that recorded in dogs of the other breed also 60 minutes after
administration of ketamine hydrochloride and diazepam (P < 0.001).

We can conclude that development of ECG-PQ interval in dogs
subjected to premedication agents and general anaesthesia agents used in this
research very much depends on the breed “factor” of animal. In addition it was
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confirmed that the slower is heart rate of the dog, the longer is PQ interval
recorded in ECG standard lead I, and, just the opposite- the faster is heart rate
of the dog, the shorter is PQ interval.
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Description of ECG-QT interval recorded in dogs during
premedication and general anaesthesia

It has been established that length (duration) of QT interval
recorded in dogs reflects time period between the beginning of Q wave and
end of T wave and is regarded as ECG depiction of all electrophysiologic
processes happening in ventricular musculature during depolarisation and
repolarization (Tilley, 1992; Garson, 1993; Antzelevitch et al., 1998;

Campbell, Atwell, 2002).
Changes of QT interval recorded in ECG standard lead II in

German Shepherd dogs and Cocker Spaniels are reproduced in Fig. 8.
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Fig. 8. QT interval (s) of lead Il ECG in German shepherd (-®-) and
Cocker spaniel (-O-) dogs of initial state (1), 10 min. after premedication
(2) as well as during general anaesthesia

1 —premedication ; 2 — general anaesthesia

We established that the length of QT interval recorded in ECG
standard lead II in German Shepherd dogs and Cocker Spaniels was
practically identical in the initial state. It was similar to the normal length of
this interval recorded in ECG standard lead II as described in literature —
0.15 - 0.25 s (Tilley, 1992; Upeniece, 2004). The length of QT interval
recorded in ECG standard lead II is presumably to great deal independent of
the living weight of animal, because the length of QT interval recorded in
animals of both breeds was equal despite the different physique of these
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animals. Similar idea was expressed by other authors who had studied
mongrel dogs (Oguchi, Hamlin, 1993).

Our research suggests that premedication agents atropine sulphate
and acepromazine maleate induce growth of ECG-QT interval, which was
equal in German Shepherd dogs and Cocker Spaniels for whom the absolute
values of QT interval differed only slightly. It is important to mention that
the growth of QT interval in German Shepherd dogs during premedication
happens almost simultaneously with decrease of heart rate. It is has been
suggested that distinct growth of QT interval indicates slower repolarization
of the myocardium and diffuse desynchronization, which may lead to
cardiac thythm disorders (Kalvelis, 2005). We did not observe this in dogs,
however rhythm disorders developed in the experiments with isolated frog’s
hearts, which we will analyse slightly later.

We established that the total effect on the ECG-QT interval of
general anaesthesia agents ketamine hydrochloride and diazepam
administered subsequently to premedication agents was equal in animals of
both breeds. The first minute after administration of general anaesthesia
agents came with drastic decrease of QT interval compared to the values of
premedication period and this happened in both German Shepherd dogs and
Cocker Spaniels. In the course of general anaesthesia, QT interval was
getting even shorter and this was more pronounced in Cocker Spaniels. The
growth of QT interval recorded in German Shepherd dogs however became
statistically true starting with 45™ minute. It must be pointed out, that
although the length of QT interval was on the way to becoming normal, it
remained shorter than in the initial state even one hour after administration
of general anaesthesia agents.

On the whole we want to remind everybody interested in the
currently commonly used non-inhaled general anaesthesia model that
atropine sulphate and acepromazine maleate causes bradycardia in dogs,
thus expanding QT-interval, whereas combination of ketamine
hydrochloride and diazepam manifests just the opposite way by inducing
tachycardia and, as a consequence, shortening of QT interval during general
anaesthesia.
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Description of ECG-QRS interval recorded in dogs during
premedication and general anaesthesia

Our research shows that the length of QRS interval recorded in
ECG standard lead II in German Shepherd dogs already in the initial state
differed from this length recorded in Cocker Spaniels (P < 0.02): QRS
interval recorded in Cocker Spaniels was relatively shorter compared to
German Shepherd dogs. These data correspond to the results of D. Upeniece
research on the length of ECG-QRS complex in dogs of various breeds
(Upeniece, 2004).

We established that premedication agents had different effect on
QRS complex. The length of QRS complex recorded in ECG lead II in
German Sherpherd dogs 10 minutes after administration of premedication
agents had increased whether as the length of QRS complex in Cocker
Spaniels —was smaller than in the initial state.
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11* — first minute after administration of ketamine hydrochloride and diazempam

Fig. 9. QRS interval (s) of lead II ECG in German shepherd (-®-) and
Cocker spaniel (-O-) dogs of initial state (1), 10 min. after premedication
(2) as well as during general anaesthesia

1 — premedication ; 2 — general anaesthesia
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The different development of QRS interval became apparent
15 minutes after administration of general anaesthesia agents ketamine
hydrochloride and diazepam (see Fig. 9.). The length of QRS interval in
German Shepherd dogs slightly decreased where as in Cocker Spaniels it
increased (P < 0.02). This opposite development of QRS interval was
recorded also in the 30", 45™ and 60™ minute of general anaesthesia , when
QRS interval had either slightly increased or decreased and results obtained
in one breed differed in statistically true way from results obtained in the
other breed.

Thus we can conclude that length of ECG-QRS interval in dogs
both in the initial state as well as in the course of premedication and general
anaesthesia very much depends on the “breed” factor.

Speaking about the other factor “sex of the animal”, our research
on the whole suggests that values of ECG waves and intervals recorded in
standard lead II are to great extent similar in animals of both sexes both in
the initial state as well as in the course of premedication and general
anaesthesia. Thus these ECG parameters being subjected to premedication
agents and general anaesthesia agents develop independently of the “sex”
factor.

The research put forward several questions, which were partly
answered during experiments with isolated frog’s hearts.

Development of cardiophysiological parameters of isolated frog’s heart
subjected to premedication agents and non-inhaled general anaesthesia
agents

Effect of premedication agents on the functional parameters of frog’s
heart

While we used atropine sulphate and acepromazine maleate for
premedication of dogs, it was important to establish the direct total effect of
both agents on the heart rate, contractile power of myocardium and cardiac
rhythm of isolated frog’s heart. The effect of premedication agents on the
heart rate in vitro has already been described in the summary, section
“Changes of heart rate during premedication and general anaesthesia”.

The effects of premedication agents atropine sulphate (1 ng I™)
together with acepromazine maleate (100 ng 1) and of premedication model
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(3 ng I atropine sulphate in combination with acepromazine maleate
300 ng I"") on the contractile amplitude of myocardium are summarized in
Table 4.

It turned out that already five minutes after we had administered in
the perfusion liquid 1 ng 1" atropine sulphate and 100 ng I"" acepromazine
maleate, contractile amplitude of myocardium decreased from
17.4+ £ 1.36 mm to 14.6 + 1.50 mm (P < 0.05). The contractile amplitude
of isolated frog’s heart myocardium had decreased even further by 10th
minute since administration of atropine sulphate and acepromazine maleate
(in the above mentioned concentrations), when contractile amplitude of
myocardium was the smallest — only 12.8+ + 1.02 mm (P < 0.05). This
amplitude showed a slight increase in the 15™ minute (see Table 4).

After administration of threefold concentration of premedication agents
(which corresponds to the concentration of premedication model)
contractile power of myocardium suffered only minor changes (see
Table 4.), however it remained below the initial state level till the very end
of examination (P < 0.05).

The obtained data allows to conclude that premedication agents
used in the research, that atropine sulphate in combination with
acepromazine maleate in the above mentioned concentrations, significantly
reduced contractile amplitude of isolated frog’s heart myocardium, which is
associated with the lower contractile power of myocardium, characteristic
of negative ionotrope effect.

As regards cardiac rhythm disorders due to the effect of both
premedication agents, it is important to point out the significant changes,
which occurred in 20% of all cases (3 cases of 16) and due to the both
concentrations we used. We observed both tachycardia and bradycardia.

And finally it is important to stress that our in vitro results prove
the direct effect on the heart rate of the commonly used premedication
agents atropine sulphate and acepromazine maleate, which should be taken
into account while administering these premedication agents in dogs (and
possibly in other animals).
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Table 4

Contractile amplitude (mm) of isolated frog’s heart myocardium, changes due
to various concentrations of premedication agents administered in the
perfusion liquid (n = 16)

1 ng I atropine sulphate together with
100 ng I' acepromazine maleate

Time of Contractile amplitude of P value
observation myocardium (mm):
mea: g;;lues t - test
Contractile power of
myocardium initial 17.4 1.36
state

5 minutes since
administration of 14.6 1.50 3.350
premedication agents
10 minutes since
administration of 12.8 1.02 6.782
premedication agents
15 minutes since
administration of 13.6 0.68 4.750
premedication agents

3 ng I'' atropine sulphate together with
Time of 300 ng I'acepromazine maleate
Contractile amplitude of P value

observation .
myocardium (mm):

mean values

+SE t - test

20 minutes since
administration of 13.6 1.47 2.59 >0.05
premedication agents
25 minutes since
administration of 14.2 0.92 2.87
premedication agents
30 minutes since

administration of 132 0.80 4.58
premedication agents
* — The changes of contractile amplitude of isolated frog’s heart

myocardium compared to the amplitude in the initial state were statistically
significant
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Effect of general anaesthesia agents on the functional parameters of
frog’s heart

We put forward the aim to establish the total effect of 10 pg 1"
ketamine hydrochloride and 0.1 pg 1" diazepam on isolated frog’s heart
subjected to different concentrations of premedication agents, that is effect
of anaesthesia model in general.

Development of contractile power of isolated frog’s heart
myocardium after administration of premedication agents atropine sulphate
and acepromazine maleate and general anaesthesia agents ketamine
hydrochloride and diazepam to the perfusion liquid is reproduced in Fig. 10.

0O S5 10 15 20 25 30 35 40 45 50 55 60
Time, min

Fig. 10. The effect of premedication agents and subsequently
administered general anaesthesia agents on the contractile power
of isolated frog’s heart myocardium:
1 — atropine sulphate 1 ng I and acepromazine maleate 100 ng I"';
2 — atropine sulphate 3 ng I'' and acepromazine maleate 300 ng I"';
3 — ketamine hydrochloride 10 pg "' and diazepam 0.1 pg 1!

We have already mentioned that premedication agents atropine
sulphate and acepromazine maleate already in the respective concentrations
of 1 ng I'" and 100 ng I"" drastically reduced contractile amplitude of
myocardial (P < 0.05), which was hardly altered by threefold concentration
of premedication agents. The subsequently administered general anaesthesia
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agents (ketamine hydrochloride 10 pg I and diazepam 0.1 pg I"") did not induce
significant increase of contractile amplitude (see Fig. 10).

As regards the effect of entire anaesthesia model on the heart
rhythm, we must point out the cardiac rhythm disorders induced by
premedication agents (Fig. 11).

WD) b eboody oo

30 =

Fig. 11. The effect of premedication agents and subsequently administered
general anaesthesia agents on the isolated frog’s heart:
a — initial state;
b — on the 10th minute - bigeminia after the effect of premedication agents
3 ng I'' atropine sulphate and 300 ng "' acepromazine maleate has taken place;
¢ — 5. minute after the administration of general anaesthesia agents
10 pg I"! ketamine hydrochloride and 0.1 pg I'diazepam ' to the perfusion liquid

We have already mentioned that premedication agents induced
significant rhythm disorders of frog’s heart in 20 % of all cases.

A significant effect of 3 ng 1" atropine sulphate and 300 ng 1’
acepromazine maleate was bigeminia induced on the tenth minute
(see Fig. 11 — b). After general anaesthesia agents 10 pg 1" ketamine
hydrochloride and 0.1 pg I"" diazepam were added to the perfusion liquid
restoration of normal sinus rhythm was observed (Fig. 11 — c), however
these general anaesthesia agents did not increase heart rate and contractile
power of myocardium to the values of initial state.

On the whole we can conclude that general anaesthesia agents
ketamine hydrochloride and diazepam in the concentrations used in the
research were able to some extent restore heart rate and contractile power of
myocardium as well as alleviate cardiac rhythm disorders induced by
premedication agents atropine sulphate and acepromazine maleate, however
the values of these parameters still remained below those recorded in the
initial state.
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In the end we must stress that on the whole we managed to reveal
the effect of premedication agents (atropine sulphate and acepromazine
maleate) and subsequently administered general anaesthesia agents
(ketamine hydrochloride and diazepam) on the particular ECG-Parameters
of dogs and relationship of these parameters to the breed and sex of
particular animal. We have also illustrated direct effect of premedication
and general anaesthesia agents on the functional activity of isolated frog’s
heart.
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CONCLUSIONS

Premedication agents atropine sulphate and acepromazine
maleate did not have great effect on the heart rate of Cocker
Spaniels and German Shepherd dogs, however subsequently
administered  general  anaesthesia  agents  ketamine
hydrochloride together with diazepam genrated significant
increase of heart rate, which was more pronounced in Cocker
Spaniels-already in the first minute after administration of
general anaesthesia agents.

According to the records done in ECG standard lead II, P wave in
dogs subjected to premedication and general anaesthesia developed
very much in line with the heart rate and according to the breed of
particular animal. Premedication agents altogether did not change P
wave much, whereas the total effect of anaesthesia agents
manifested as statistically true increase of P wave amplitude —
apparent already in the first minute of general anaesthesia of
Cocker Spaniels, and only in the 60™ minute of general anaesthesia
of German Shepherd dogs.

According to the records done in ECG standard lead II, the
depth of Q wave and height of R wave in dogs subjected to
premedication and general anaesthesia remained almost stable.
The Q wave of Cocker Spaniels was altogether much deeper
(P < 0.05) and the R wave-much higher compared to German
Shepherd dogs (P < 0.001).

The depth of S wave recorded in dogs in ECG standard lead
IT increased only slightly during premedication. The effect of
general anaesthesia agents on Cocker Spaniels manifested as
both increase and decrease of the absolute value of S
wave (P < 0.05), which remained relatively stable in German
Shepherd dogs. S wave recorded in ECG standard lead II was
always deeper in Cocker Spaniels compared to German
Shepherd dogs.

Premedication agents significantly increased ECG-PQ interval
in German Shepherd dogs (P < 0.01), and had little effect on
ECG-PQ interval of Cocker Spaniels. This pattern conformed
with the changes of heart rate recorded in dogs of both breeds
during premedication. The total effect of general anaesthesia
agents ketamine hydrochloride and diazepam (after the effect
of premedication agents took place) manifested in dogs as
shortening of PQ interval, however the pattern of shortening



was different for each of the breeds, and this conformed to the
changes of heart rate of these animals during general
anaesthesia.

Premedication agents atropine sulphate and acepromazine
maleate significantly increased QT interval recorded in ECG
standard lead II (P < 0.05) in animals of both breeds. The total
effect of general anaesthesia agents (after the effect of
premedication agents had taken place) altogether manifested
as shortening of QT interval: during the first minute of general
anaesthesia changes were equally fast in animals of both
breeds, however during the next 15-30 minutes this process
developed according to different pattern depending on the
breed of animal.

Premedication agents atropine sulphate together with
acepromazine maleate had negative inotrope and negative
chronotropic effect on isolated frog’s heart and in 20% of all
cases changed cardiac rhythm — induced bigemina. General
anaesthesia agents ketamine hydrochloride in combination
with diazepam alleviated negative chronotropic effect and
cardiac rhythm disorders induced by premedication agents, but
had little effect of the contractile power of myocardium.

In vivo studies of dogs and in vitro studies of frogs
demonstrated that premedication agents atropine sulphate
together with acepromazine maleate have negative
chronotropic effect, whereas general anaesthesia agents
ketamine hydrochloride and diazepam act in opposite manner
— increase heart rate, thus the chronotropic effect is positive.

PRACTICAL PROPOSALS

We suggest that dogs should be subjected to premedication
and general anaesthesia only after ECG examination in
standard lead II, to exclude possible impairments of cardiac
functions, certainly taking into account the breed of animal.
ECG standard lead II control of dogs is advisable during both
premedication and entire course of general anaesthesia.
Premedication and general anaesthesia ECG should be
assessed taking into account the heart rate and following ECG
parameters: P wave amplitude and development of
PQ and QT intervals.
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