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ROLE OF HEART RATE VARIABILITY AND ENDOGENOUS
PAIN FACTORS AT VARIOUS SCHEMES OF ANESTHETIC
MAINTENANCE OF ABDOMINAL OPERATIONS IN DOGS

The data concerning the use in veterinary medicine of computer analysis of heart rate variability analysis to study the functional
state of the autonomic nervous system in dogs at abdominal surgery using traditional and proposed acepromazine-butorphanol-
ketamine-propofol anesthesia is presented in the paper. There was found that spectral analysis of heart rate variability allows
monitoring of indicators that reflect the functional state of autonomic nervous system activity during anesthesia and surgery. The
most informative was the ratio of power spectra of oscillations of low and high frequency LF/HF, reflecting sympathoadrenal-vagal
balance. Its level remained stable for acepromazine-butorphanol-ketamine-propofol anesthesia and testified to a sufficient level of
analgesia. Levels of cortisol and f-endorphin, which reflect the status of endogenous antinociceptive regulatory mechanisms also
testifies the adequacy of anesthesia for acepromazine-butorphanol-ketamine-propofol of anesthesia.

out taking into account the type of pain reaction. It is

known [5] that visceral pain functions also as a inde-
pendent nosologic unit, differing from somatic pain by insuffi-
cient signal value, defective formation of adaptive behavior, inad-
equate vegetative pain response concerning the needs of the
damaged organ and organism as a whole.

Equally important point in evaluating the effectiveness of an-
esthesia is a state of autonomic nervous system (ANS). Adequacy
of compensatory responses of the organism operative trauma
and to the neuropharmacologic action and the appropriate
course of anesthesia is primarily provided by simulating action
of the vegetative nervous system (VNS). Both vegetative disfunc-
tion and unbalanced pharmacological action on the VNS can
lead to the failure of adaptation in response to surgical trauma
with the development of hard-to-control hemodynamic disor-
ders that lead to complications of anesthesia [2]. In this regard,
monitoring of VNS state during the pre-, intra-and postopera-
tive periods allows quickly respond to autonomic disorders.

Traditional standards for pre surgical examination does not
allow to estimate sufficiently the condition of vegetative homeo-
stasis. The same value of heart rate (HR) and blood pressure (BP)
can match different combinations of activity of the sympathetic
and parasympathetic ANS parts [6]. At the same time adapted by
us analysis of heart rate variability (HRV) allows to estimate the
state of ANS in healthy animals.

Purpose of this work is to examine the adequacy of the proposed
by us anesthetic intravenous protocol - acepromazine-butorphanol-
ketamine-propofol compared with traditional Acepromazine-bu-
torphanol-ketamin and xylazine-butorphanol-thiopental sodium
anesthesia at abdominal surgery in dogs by means of spectral analy-
sis of HRV and dynamic of levels of B-endorphin and cortisol.

g chievement of adequate pain relief is impossible with-
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MATERIAL AND METHODS

Research is carried out on dogs (n=48), from 2 to 10 years old,
which were subjected to abdominal operations (with predomi-
nance of visceral pain response): coprostasis — 18 heads, splenec-
tomy — 14; bowel resection — 11; hastrotomy - 5. Depending on the
mode of anesthesia, animals were divided into three groups, 16 an-
imals in each. For premedication Acepromazine (1%) was injected
to dogs of the 1% and 3™ groups in a dose of 0,5 mg/kg. With this
purpose to dogs of 2™ group atropine sulfate (0,1%) in doses of
0,03 mg/kg of body weight, and additionaly — Xylazine (2%) in
doses of 2 mg/kg was injected subcutaneously. For anesthesia the
dogs of 1 group were injected intravenously with Ketamine (5 %)
at a dose of 8 mg/kg body weight. To the 2™ group of dogs there
was applied Thiopental sodium (10%) intravenously in doses of
10 mg/kg body weight. In the 3™ group of dogs there was used
mixture containing 7,5 mg Propofol and 12,5 mg Ketamine at a
dose of 0,3 ml/kg in 1 ml. If necessary, for lengthening anesthesia
the mixture was injected additionally in a dose of 0,15 ml/kg. To
enhance analgesic effect previously (20 minutes before anesthesia)
Butorphanol tartrate (0,2 %) was injected intramuscularly at a dose
of 0,6 mg/kg for animals of all groups. To assess the adequacy of
anesthesia there was used proved [3] technique for examining the
spectral analysis of heart rate variability (SAVSR) in dogs using re-
suscitative surgical monitor FOM-300R. Analysis of heart rate vari-
ability (HRV) is a method of assessing the mechanisms of regula-
tion of physiological functions in animals, namely, the total activity
of the regulatory mechanisms of neurohumoral regulation of the
heart, the relationship between sympathetic and parasympathetic
divisions of the autonomic nervous system.

Initial data for spectral analysis of HRV was obtained by elec-
trocardiogram (ECG), which were calculated for 2 min by system
aided analysis of heart rhythm. There was assessed the power spec-
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tral density in three common ranges: 0,15-0,4 Hz - range of high
frequencies (high frequency-HF in ms*) — power in this frequency
range reflects vagal activity, 0,04-0,15 Hz - range bass (low fre-
quency - LF in ms*) - in this frequency range electrocardiogram
(ECQG) activity of the sympathetic nervous system is shown, 0,003-
0,04 Hz - very low frequency range (very low frequency — VLF in
ms?®) — index of activity of humoral regulation and LF/HF - the
ratio of power spectra of oscillations of low and high frequencies.
Indicators of HRV were determined in preoperative, intraop-
erative and postoperative periods. Premedication before and after
the operation was carried out general clinical examination and
blood samples were taken. The blood plasma was determined by
immunoassay method level B-endorphin, using the analyzer «Stat
fax» and test system firm Peninsula Laboratories, Inc. (USA), and
serum - cortisol levels using test systems company DSL (USA).

RESULTS AND DISCUSSION

Before anesthesia, spectral analysis of HRV indices were in
the upper limit of normal, which was installed prior our research
[4] or exceeded it. It shows some effort of ANS according to the
pathological condition and due to psychoemotional stress in ani-
mals. Further at anesthesia there was observed their decline.
Thus, the activity level of humoral regulation — VLE, significantly
decreased in dogs of all groups (Table). However, if the 1* group,
it decreased 1.6 times, then in 2™ - 2,2 times, and in the 3" -
1,9 times (P<0,05). The similar was dynamics of spectres (HF)
and (LF) frequencies. In particular, the level of LF most signifi-
cantly decreased in group 2 (xylazine-butorphanol-tiopental so-
dium anesthesia) - 4,2 times (P<0,05), while in 1* - (aceproma-
zine-butorphanol-ketamin anesthesia) — only 1,7 times (P<0,05),
and 3" - on average 2,1 times (P<0,05). Moreover, the activity
range of HF frequencies, most significantly decreased also in
dogs of the 2" group - 3,6 times (P<0,05), whereas in dogs the
other groups on average — 2,2 times (P<0,05).

Sympathoadrenal-vagal index in animals the first group
shifted on 23 % (P<0,05) towards predominance of the sympa-
thetic chain ANS, and in the dogs of the 2™ group, on the con-
trary, it is shifted on 13 % (P<0,05) toward parasympathetic ac-
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tivity. In dogs of the 3 group the reliable changes in
sympathoadrenal-vagal balance was not found (P>0,05). It indi-
cates a balanced effect of this combination. Thus, in all schemes
of anesthesia inhibition of neurohumoral regulation occurs, but
it is the most pronounced for the xylazine-butorphanol-tiopental
and acepromazine-butorphanol-ketamin anesthesia with oppo-
site vector inhibitory effect on ANS divisions.

The most traumatic moments of operation are characterized
by hesitation of heart rate variability within statistical error.
However, it changes in dogs of 2™ group were significantly
(P<0,05). Thus, the level of VLF increased 1,2 times (P<0,05), the
spectrum of low frequency LF - 3,6 times (P<0,05) and high HF -
2,6 times (P<0,05), which resulted in sympathoadrenal-vagal in-
dex, which rose toward the sympathetic ANS level by 41%
(P<0,05). This is the evidence of activation of all links ANS, but
most significantly of sympathoadrenal, due to nociceptive stimu-
lation and consistent with the results of clinical trials (indexes of
heart rate, blood pressure, SpO,).

After surgery changes of SAVSR were directed towards in-
creasing activity of all parts of the SPA. Thus, in dogs of all groups
except the 2™, parameters of spectral analysis revived at the pe-
riod before anesthesia. Simultaneously animals of the 2™ group
level VLF 1,5 times, and LF and HF - in 1,3 times (P<0,05), re-
mained lower compared to the period prior to anesthesia, reflect-
ing the prolonged recovery period for this scheme of anesthesia.

There were shifting 17 % (P<0,05) of sympathetic-vagal balance
in sympathoadrenal side in animals of the first group. It is associated
with sympathoadrenal effects of ketamine, which may cause unde-
sirable effects such as arrhythmia and increase blood pressure.

Thus, the results were quite informative concerning the con-
trol of the course of anesthesia in dogs with abdominal opera-
tions and suggest that xylazine-butorphanol-tiopental soium
anesthesia in this case is insufficient anesthetic effect on the
background of a significant inhibition of the SPA.

Obtained results of research are confirmed by study of such
indicators of adequacy anesthesia as 3-endorphin and cortisol.

The level of plasma B-endorphin - 0,44+0,01 ng/ml in dog
with abdominal pathology did not differ significantly from

Table - Indices of heart rate variability in dogs at abdominal operations under the different schemes of anesthesia

Groups of animals, anesthesia protocol Research period VLF, ms? LF, ms? HF, ms? LF/HF
| 608,4+32,4 49521212 546,7+28,1 0,9+0,04
First Il 384,8+25,6* 269,8+17,4* 242,4+19,3* 1,11£0,04*
Acepromazine-Butorphanol-Ketamine (n=16) Il 397,5+26,2* 285,6+18,1* 267,7+20,1* 1,06+0,03*
v 559,7+29,8° 461,7+23,6° 439,8+23,4*° 1,05+0,04*
| 549,6+30,2 501,2+33,4 564,3+29,2 0,89+0,03
Second Il 254,2+16,4* 120,4+13,5* 155,2+16,0* 0,77+0,02*
Xylazine-Butorphanol-Thiopental (n=16) I 311,5419,7%° 437,128,20 401,3+23,7*° 1,09£0,04*
v 371,3+22,5* 381,7+25,3* 441,4+23,1* 0,86+0,03°
| 531,4+26,4 429,3+16,1 397,4+17,4 1,08+0,03
. Third : Il 302,3+20,5* 200,6+14,2* 196,6+14,3" 1,02+0,04
Acepromazine-Butorphanol-Ketamine-
Propofol (n=16) i 324,7+23,7* 213,9+15,3* 204,9+14,9* 1,04+0,04
1 507,8+28,2° 389,1+18,7° 380,7+19,1° 1,02+0,03
Notes. 1. | — before anesthesia, Il — during anesthesia, Ill — the most traumatic moments, IV — after surgery.
2. P —*P<0,05, remaining P>0,05, compared to anesthesia, °P<0,05; remaining P>0,05, compared with the previous data in the group.
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Fig. 1. The level of B-endorphin in the blood of dogs with abdominal
operations under different schemes of anesthesia

healthy - 0,39+0,03 ng/ml (Fig. 1). After surgery, it increased in
all groups of dogs, indicating activation of the antinociceptive
system. However, if in animals of the 3™ group content in blood
B-endorphin increased only 1,2 times (P<0,05) and amounted
to 0,52+0,02 ng/ml, in the dogs in group 2 - 1,6 times (P<0,05)
to - 0,71£0,03 ng/ml, that was the biggest compared to other
groups (P<0,05). In dogs of the 1st group B-endorphin level was
within 0,58-0,62 ng/ml. It indicates that the use of xylazine-bu-
torphanol-tiopental anesthesia does not provide sufficient anal-
getic protection, which leads to activation of endogenous anti-
nociceptive systems.

In general, the results of research of the level of 3-endorphin
in plasma of operated dogs indicate activation of antinociceptive
systems even in groups of animals, where analgesia was adequate,
that is probably due to presence of ketamine anesthesia circuits,
which are known [1] on unlike other general anesthetics activate
antinociceptive structures even before nociceptive stimuli.

Before anesthesia the level in the blood of dogs of stress
hormone cortisol was 229,0+4,7 nmol/l and also had no proba-
ble difference (P>0,05) from clinically healthy animals -
219,2+6,9 nmol/l (Fig. 2), indicating that small stress-provoking
effect of noxious load specified for abdominal pathology.

After surgery there were found increased levels of cortisol in
the blood of dogs of all groups. The highest it was in the 2*¢ group -
389,4+8,6 nmol/l, that 70% higher than its preoperative level
(P<0,001). This reaction shows a significant strain of its adaptation
mechanisms, that in the event of additional factors (significant no-
ciceptive stimulation, blood loss, hypoxemia) can lead to the de-
velopment of critical states (shock, cardiac arrest, breathing).

At the same time there was a minimum increase of cortisol
levels in dogs of the 3 group - 12 % (P<0,05), indicating on the
one side the adequate anesthetical protection, on the other - the
stress-limitative effect of Acepromazine-butorphanol-ketamine-
propofol anesthesia. In animals of the second group cortisol lev-
els increased after surgery in 34 % (P<0,001), which also shows
the stress adaptive mechanisms in response to anesthesia and op-
erating components of trauma, but to a lesser extent - on average
in a half than in second group of dogs.

Thus, blood levels of B-endorphin and cortisol indicate ad-
equate anesthetical protection only by acepromazine-butor-
phanol-ketamine-propofol circuit anesthesia. Instead, xyla-
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Fig. 2. Levels of cortisol in the blood of dogs during abdominal operations
under different schemes of anesthesia

zine-butorphanol-tiopental anesthesia does not provide
adequate antinociceptive protection and requires additional
use of analgesics for abdominal operations mostly by visceral
type of pain reaction.

The course of anesthesia includes extremely important mo-
ment of recovery of functions of the central nervous system and
the whole body of animals in the postoperative period. It turned
out that the recovery period after anesthesia was the shortest in
dogs of the 3™ group, which were used - 17,3+2,4 min. Instead,
the most of its period was recorded in the 2™ group, where it
lasted 3,3 times longer than in the 3™ (P<0,05). In this regard,
itshould be noted that one of the main requirements for adequa-
cy of anesthesia is its control. Until recently, it succeeded only at
the application of inhaled anesthetics. However, the results of our
study of using short effect anesthetics (ketamine) and ultrashort
(propofol) action makes it possible to achieve adequate control of
anesthesia at their compatible intravenous administration.

CONCLUSIONS

1. Spectral analysis of HRV during preparation and in the
process of anesthetic surgery makes it possible to assess objec-
tively the state of autonomic regulation and react at significant
risk of complications in the intra-and postoperative periods.

2. Concerning the clinical characteristics of anesthesia, the
results of spectral analysis of HRV (lack of reliable changes in
sympathoadrenal-vagal balance (P> 0,05)), and changes in levels
of B-endorphin, cortisol application acepromazine-butorphanol-
ketamine-propofol anesthesia in dogs by abdominal operations
makes it possible to achieve adequate anesthesia, analgesia and
rapid recovery from anesthesia.
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OpepxaHo 24.07.2013

Ponb BapiabenbHOCTi cepueBoro puTMy Ta €HAOreHHUX 3He6onto-
BanbHMX (paKTOPIiB 3a Pi3HUX CXEM aHeCTe3ioNoriYyHoro 3abesneyeHHs
abpaoMiHanbHUX onepawuin y co6ak. C.B. Py6neHko, M.B. Py6neHko, B.M. Bna-
ceHKo, B.I". AhapieLb

HaBefeHo faHi LLOAo 3acTOCyBaHHSA Y BETEPUHAPHIV MeAULIMHI KOMIT'10-
TepHOro aHanisy BapiabenbHOCTi pUTMYy cepus AN OOCHiIAXEHHS (YHK-
LlioHanbHOro CTaHy BEretaTuBHOI HEPBOBOI CUCTEMY B COGaK 3a a640MiHaNbHUX
OrnepaTVBHMX BTPYYaHb i3 BUKOPUCTAHHAM TPagmUiiHUX Ta 3anporoHOBaHOi
avenpomasuH-6yTopdaHon-keTamiH-nponodooBoi aHecTesii. BctaHoBneHo,
LLO CMeKTparbHWiA aHania BapiabenbHOCTi CepLEeBOro pUTMy Aa€ MOXIMUBICTb
NPOBOAMTU MOHITOPUHI MOKA3HWKIB, fKi BigobpaxarTb (yHKLioHab-
HUI CTaH aKTMBHOCTI aBTOHOMHOI HEpBOBOI CUCTEMM Nif Yac aHecTesii Ta
onepaTUBHOMO BTPyYaHHs. Haibinbll iHpopMaTUBHUM BUSBUBCS MOKA3HWK
CMiBBIGHOLLEHHS! NOTYXHOCTi KO/IMBaHb CMEKTPIB HMU3bKOI Ta BUCOKOI 4acToT
LF/HF, wo Bigo6paxae cumnato-sarycHuii 6anaHc. VMoro piseHb 3a
auenpomasuH-6yTopdaHon-keTamiH-nponodonoBoi  aHecTesii  3anuLuascs
CTabinbHMM i CBIOYMB MPO AOCTATHIN piBeHb aHanresii. PiBHi kopTv3ony Ta
B-eHpopdiHy, fiKi Bigo6paxarTb CTaH eHOOreHHUX aHTUHOUMLIENTUBHUX pe-
rYNATOPHUX MEXaHi3MiB, TaKOX CBIAYMAM NPO afeKBaTHICTb 3HEOOMNIOBaHHSA
3a Takoi aHecTeasii.

Ponb Bapna6enbHOCTH CEpAEYHOro pUTMa 1 3HAOrEeHHbIX 06e360MK-
BaloLmMX hakTOpOoB NpK pa3sIMYHbIX CXeMaX aHecTe3noNornyeckoro obe-
cneyeHusi abAoMMHanbHbIX onepauuii y cobak. C.B. Py6neHko, M.B. Py6-
neHko, B.M. Bnacenko, B.I". AHgpveL

lMpuBeaeHsb! faHHble O NPUMEHEHUN B BETEPUHAPHOW MeaULMHE KOMMbIO-
TEPHOro aHanuaa BapuadenibHOCTM puTMa cepaLa Ans MccnepoBaHus yHKLMo-
HaNbHOro COCTOSIHWA BEreTaTVBHON HEPBHOW CUCTEMBI Y cobak npu abpoMu-
HanbHbIX OMepaTUBHLIX BMeLLATENbCTBAX C UCMONb30BAHNEM TPAAULIMOHHBIX U
NPeLSIOXEHHON  auenpoMasuH-6yTopdhaHon-KeTaMm1H-MponodoNioBol  aHeCTe-
3UK. YCTaHOBNEHO, YTO CMEKTPanbHbI aHanu3 BapuabenbHOCTU CepHeYHOro
puTMa Mo3BoNSET NPOBOAWTL MOHWUTOPUHI NOKasaTenew, oTpaKatoLmX (yHK-
LiMOHaNbHOE COCTOSHWE aKTUBHOCTM aBTOHOMHOW HEPBHOW CUCTEMbI BO BPEMS
aHecTe3nn v onepaTMBHOrO BMeLLaTenscTea. Hanbonee MHOpMaTUBHLIM OKa-
3asicsl nokasareNib COOTHOLLIEHWS MOLLHOCTU KONe6aHWA CMEKTPOB HU3KOW K
BbICOKOM YacToT LF/HF, oTpaxatoLumii cumnaTto-BarycHbii 6anaHc. Ero ypoeeHb
npy aLenpomMasuH-6yTopdhaHos-KeTamMmmH-NponodonoBo aHeCcTe3nM ocTaBas-
€A CTabWNbHBIM W CBUAETENLCTBOBAN O [OCTATOYHOM YPOBHE aHanresuu.
YpoBHYM KopTV3ona v B-aHOopdvHa, OTpaxatoLLye COCTOSHNE 3HAOMEHHbIX aH-
TUHOLMLIENTUBHBIX PETYNATOPHbIX MEXaHN3MOB, TaKXe CBUAETENbCTBOBANM 06
afeKBaTHOCTW 06e300/IMBaHMSA MPU TAKOW aHECTE3NN. ¢
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