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ABSTRACT

Purpose: To evaluate the parameters of dogs anesthetized by different dissociative drugs protocols through continuous
intravenous infusion. Methods: Thirty healthy dogs of both sexes were assigned randomly to three groups (G1, G2, and
G3). G1 was administered with methotrimeprazine as a pre-anesthetic medication, intravenously midazolam-ketamine as
bolus for induction and midazolam-ketamine by continuous intravenous infusion for a 60 minute-period of maintenance.
G2: the same as for G1. plus an increase in the midazolam dose during maintenance. G3: the same treatment as for G2, plus
the addition of xylazine during maintenance. Immediately after induction the anesthetic maintenance started, and measures
were taken 15 minutes after pre-medication, at 10 minutes intervals, during maintenance (M0 to M7). Results: Bradycardia,
atrioventricular blockage, bradypnea and hypoxemia were shown in G3. G1 and G2 showed a slight hypotension only.
Conclusion: There were some advantages by using the continuous intravenous via: no parameters oscillation and
reduction in the anesthetic recovery period. The increase in midazolam dose brought about little parametric variations
which were greater when xylazine was used, with a consequent hypoxemia, bradyarrhytmia, and decrease in respiratory
frequency and minute volume.
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RESUMO

Objetivo: Avaliar os parametros de cdes anestesiados com diferentes protocolos de farmacos dissociativos por infusdo
intravenosa continua. Métodos: Foram utilizados 30 cdes, machos e fémeas, clinicamente sadios, distribuidos aleatoriamente
em trés grupos (G1,G2 e G3) (*)). Em G1 utilizou-se levomepromazina como medicagdo pré-anestésica (MPA), midazolam-
cetamina pela via intravenosa em bolus para inducdo e midazolam-cetamina em infusdo intravenosa continua por 60
minutos para manutencdo. Em G2 procedeu-se da mesma forma que em G1 elevando-se, porém, a dose de midazolam
durante a manutencgdo. Em G3 repetiu-se o tratamento empregado em G2, acrescentando-se a xilazina a manutencdo. Apos
a inducdo, iniciou-se imediatamente a manutencao anestésica, realizando-se aferi¢es, 15 minutos depois da MPA, em
intervalos de 10 minutos, durante a manutengdo (MO a M7). Resultados: Em G3 ocorreu bradicardia, bloqueio atrio-
ventricular, bradipnéia e hipoxemia e em G1 e G2, discreta hipotensdo. Concluséo: A via intravenosa continua apresentou
vantagens quanto a: nao oscilagdo dos parametros e reducdo no periodo de recuperacédo anestésica. A elevacao da dose
de midazolam resultou em discretas variagdes paramétricas, estas, acentuadas pelo uso da xilazina, que causou hipoxemia,
bradiarritmia, diminuicao da freqtiéncia respiratoria e volume minuto.

Descritores: Anestesia. Metotrimeprazina. Midazolan. Xilazina. Ces.
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Introduction

Historically the first studies on intravenously drugs
administration were based on Willian Harvey discoveries,
in 1628, which involved morphfunctional aspects of the
circulatory system. In the mids of the 19" century, those
studies advanced with the invention of the syringe and
hypodermic needle by Rynd in 1845 and Wood in 1855,
respectively. Intravenous anesthesia, in spite of its
discovery, half a century ago, still has a high potential for
its utilization in the modern anesthesiology. There is no
injectable anesthetic that simultaneous and efficiently
produces all the compounds of general anesthesia.
Frequently, many different pharmacological drug groups
are combined to enhance, through synergic mechanisms,
the desirable effects of each drug, or even antagonize the
secondary undesirable effects of some compounds
combination. Dissociative anesthesia’s, as phencyclidine
derivatives, appeared in 1963, and were not considered as
general anesthesia, however, can be used intravenously
and, when combined to other drugs produce a suitable
balanced anesthesia which offers a worthwhile somatic
analgesia to the surgeon. Although largely used in the
veterinary anesthesiology routine and experimental
procedures, not always these drugs are in agreement with
the real objectives, and so an appropriate analgesia, relaxing
and hypnosis are not attained. Monitoring of anesthetic
procedure, by measurement and observation of
physiological parameters is very important during the
anesthesiologic routine for it allows a more precise clinical
evaluation and anticipation in the perception of disturbs
that will result in the procedure quality and risks to the
patient. The work was designed to study a multiparametric
evaluation of the combination methotrimeprazine-midazolam
- ketamine with increasing dosis of midazolam, combined to
xylazine, continuously administered intravenously to
determine its validity as applied techniques in the veterinary
anesthesiology routine and experimental procedures.

Methods

This research was approved by the Ethic Committee of
Animal Experimentation. Thirty dogs, of both sexes, body
weight 10 to 21 kg, were assigned randomly to equal groups
(G1,G2,G3), and pre-treated with methotrimeprazine, 1.0 mg/
kg, and, after 15 minutes, intravenously induced with
midazolam and ketamine, 0.2 and 5.0 mg/kg, respectively.
Immediately after induction, the anesthetic maintenance was
provided to G1 by continuous intravenous administration
of the anesthetic combination of 0.2 mg/kg/hour midazolam
and 15.0 mg/kg/hour ketamine. For maintenance of G2, 0.4
mg/kg/hour midazolam and 15.0 mg/kg/hour ketamine were
used and for G3 maintenance the dosis were 0.4 mg/kg/
hour midazolam, 15.0 mg/kg/hour ketamine and 1.0 mg/kg/
hour xylazine. For all groups, a infusion period of 60 minutes
was followed. The drugs for maintenance were kept in the
same syringe and the volume completed with physiological
solution up to 20 ml. The parameters were collected at the
moments: MO, evaluation of the parameters before pre-
medication injection; M1, evaluation of the parameters 15
minutes after pre-medication and immediately before

induction; M2-M7, measurement of parameters at each 10
minutes, started immediately after induction and start of
continuous infusion. For the statistical analysis the Software
SPSS 12,0 for Windows Advanced was used, by the profile
analysis method for P<0,05. @

Results

There was a slight decrease in rectal temperature (RT)
in all groups, not significant or of any clinical importance
(Figure 1). There were no alterations in respiratory frequency
(RF) along the moments, but G3 showed bradypnea when
compared to G1 and G2 (Figure 2). The behavior of cardiac
frequency (CF) in G1 was similar to G2, with an initial decrease
and a posterior increase. There was a progressive decrease
in G3 but stabilized slightly below normal physiological
values (Figure 3).
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FIGURE 1 - Physiological behavior of rectal temperature,
for G1,G2,and G3
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FIGURE 2 - Physiological behavior of respiratory frequency
for G1,G2,and G3
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FIGURE 3 - Physiological behavior of cardiac frequency
for G1,G2,and G3
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The tidal volume (V,) as well as the minute volume
(V,,) have not showed any variations along the moments,
even when groups were compared (Figures 4 and 5).
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FIGURE 4 - Physiological behavior of tidal volume (VT) for
G1,G2,and G3
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FIGURE 5 - Physiological behavior of minute volume (VM)
for G1,G2,and G3

The values at the end of expiration were higher for G3,
while for G1 and G2 were within the normal limits but the
saturation of oxygen was lower in G3 (Figures 6 and 7). The
systolic arterial pressure (SAP), mean arterial pressure
(MAP) and diastolic arterial pressure (DAP) had a similar
behavior, and in G1 and G2 a progressive decrease up to
M2 occurred, with a posterior stabilization in the lower limits,
and a slight hypotension. G3 showed an initial parameter
decrease, a posterior increase and stabilized from M2 (Fi-
gure 8). Anesthetic recovery was first observed in G1 at
approximately 38 minutes after the end of anesthetic drugs
infusion, 50 minutes in G2 and 56 minutes in G3 respiratory
frequency and cardiac frequency, for G1, G2, and G3. Alls
parametrics variations was expressed in Table 1.
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FIGURE 6 - Physiological behavior of CO, tension (EtCO,)
for G1, G2,and G3
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FIGURE 7 - Physiological behavior of saturation of oxygen
(SatO,) for G1, G2, and G3
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FIGURE 8 - Physiological behavior of, systolic, mean and
diastolic arterial pressure, for G1, G2, and G3
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TABLE 1 - Parametric variation in dogs treated with methotrimeprazine, midazolam and ketamine (G1);
methotrimeprazine-midazolam, with a different dose, and ketamine (G2) and methotrimeprazine-
midazolam-ketamine and xylazine (G3) at different moments

Variable G oups Mo M1 M2 M3 M4 M5 M6 M7
RT Gl 38,9+0,4" 38,7+0,4" 38,6+0,5" 38,5+0,5" 38,3+0,7" 38,3+0,8° 38,2+0,9" 38+1,1"
©0) GII  39+03" 38,7+0,4" 38,6£0,6" 38,5+0,6° 38,5+0,6" 38,4+0,6" 38,4+0,6* 38,2+0,6°

GII 38,9+0,4" 38,7+0,4* 38,6+0,5" 38,5+0,5" 38,3+0,7" 38,3+0,8° 38,2+0,9* 38+1,1°

RF GI 2747 31£19%  23£7"  2648"  26+8" 269"  26+9"  27£10°
(breaths/min) GII 236"  26x15*  20£7°  21£7® 217" 22+9*  2248"  24«7°
GIIT* 20+5° 20+£5° 19+6° 17+6° 15+6° 15+6° 15+5° 14+4°

Gl 12,7428 12,4+4,7% 11,2+3,1* 11,143,7% 10,9£3,2% 10,6+2,9" 11,1+4° 11,1+£3,9°

(m\l;f(g) GII  133£3" 16,6+4,4" 13,844,2% 12,8+3,9 12,244.2" 12,6+4,9" 12,5+4,3" 12+4,7°
GII 13,4+1,7% 15+3,5% 13,4+2,8" 13,4+3,5% 14,2+4" 14,3+4,3" 14,6+3,7" 14,2+3,5"

Gl  51£2,1% 5443,6% 3,9+£1,9% 44+25% 43+23% 442,1" 42425 444247

(]f\r{nh;n) GII  35+12% 5582° 3,6£1,1° 34209° 33+0,9" 34+09" 34209" 3,6+0,9°
GHI  3,9+1,1" 43+1,4% 34+0,8° 3,1£0,7" 2,9+0,7° 2,9+0,7% 2,9+0,5% 2,7+0,4°

Gl 9742%  96+2%  95+2°  9542%  9542%  96+2°  96+2%  9542°

S&?E GII 97+1° 97+2° 96+2* 96+2* 96+2° 96427 96427 96+2°
GIII  96+3° 97+1°® 94+3° 04+4° 93+5° 92+5° 92+6° 91+5°

GI 31+8° 28+7° 29+8° 29+8° 29+9° 30+7° 28+7° 29+7°

(E‘]‘rgg;) GII  33+9*  33£10® 36x10* 32+10" 33£10* 32+10* 32+10* 34+10°
GII* 38+4®  36£5°  40£6*  43x5°  43x5® 4555 466"  466°

CF Gl 122+15%  96+17° 128+10° 126£14° 125+14% 127£16° 129+£14° 134£15°
(beats/min)  GII  124£24 97+18" 1304£20° 124+22" 122+22% 123+23" 122+19° 123+16°
GIII* 122+15* 97£14°  82+14° 79+£12° 78£14® 77£14% 79£12°  76+13°

Gl 131£18* 99+14°  93+8°  93+6"  91+6°  9444"  95+7°  9516°

(mSI:]_F;g) GII  131£15% 112416° 94+10° 89+11¢ 92+10¢  93+9° 91+8°¢ 93+7°¢
GIIL* 133+13% 114+13% 13449% 140£13° 134214 131£14° 133+14* 130£14°

Gl 99£15%  64+13"  57+7°  58£7°  60£5°  63x6°  64+£7%  63x11°

(]EﬂmAHPg] GII  103+16* 73+11°  60+9°  58+12°  60+9°  60+9°  58+9°  60+9°
GII* 100£9°  77+15% 103£10* 106+£11* 103+11" 103£13* 106+13* 105+13°

DAP Gl 83+14"  46:£14°  39+7°  41x10°  45+8°  48+8°  48+9"  47:14°
(mmHg) GII  89+£19*  53x11°  43+11° 42+13°  44+11°  43+10°  42+11°  43+10°
GII* 84+12% 58+18% 87+12® 89+12%  87+11° 89+14*  92+15% 93+14°

* Significant differences among treatments along the moments (P<0.05)
e Sjgnificant differences among moments within each treatment (P<0.05)

Discussion

The little and gradual decrease in RT was not clinically
important, however could be due to ketamine, which can lead
to an alteration in thermoregulation by directly depressing the
thermoregulation center in the hypothalamus. It is suggested,
however, that the progressive decrease in rectal temperature
could be due to methotrimeprazine and xylazine action as
hypotensors and depressors of central nervous system. This
effect was not considered, therefore, for benzodiazepines cause
little variations on this parameter, what was observed in this
experiment when different dosis of midazolam were utilized.
The RF values were within the physiological limits and the
slight decrease in G3 showed the influence of xylazine on the
anesthetic combination, for it depresses the respiratory center,

reducing its sensitivity to the increase of PaCO,, resulting in a
decrease in RF and M, . Furthermore, the lowest RF attained in
G3 can, also, be combined not only to xylazine but to the
simultaneous use of midazolam, as well, due to its depressing
effect on dose-dependent respiratory function. The lower RF
in G3 compared to G1 could be due to the increase of midazolam
dose, for this drug increases the ketamine depression effects
on respiration. Yet, there was no greater oscillation during the
anesthetic maintenance period and, therefore, the continuous
intravenous infusion has not caused great parameters
oscillation along the moments. During the period of anesthetic
maintenance, G1 showed lower values for T,, when compared
to G2, and both groups compared to G3. This phenomenon
could be due to a physiological compensatory mechanism,
resulting from the reduction in RF, and so, the animal responds
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with an increase in T, , in an attempt to keep the ventilation
function. This effect may be based on the fact that both xylazine
and midazolam are potential depressors of respiratory function
and, moreover, the increase in V. followed the increase in
midazolam dose and addition of xylazine 910111213.14 However,
there was no effect of dose-dependent hypotension for G1, G2
has not varied in a significant way, and there were not any
significant differences between the two groups, showing the
little influence of the midazolam dose increase on this parameter.
The maintenance of MAP, even with low values, after the
induction and maintenance employed in G1 and G2 showed
that ketamine was not able to efficiently antagonize the effects
brought about by methotrimeprazine used in PAM. There was
an increase of MAP in G3 but still within the normal limits,
what could be explained by the action of xylazine on a-1
receptors because it is not specific to a-2 receptors. As for
DAP an G2 values were below lower physiological limits, and
so a diastolic arterial hypotension occurred in the animals
subjected to methotrimeprazine -midazolam-ketamine only
(evenwith different dosis of midazolam) and may be considered
as hypotension effects due to benzodiazepines and
fenothiazinics, as reported before. The increase in DAP in G3
was due to the same reasons reported before, when xylazine
was used, showing the xylazine superposition effect on
fenothiazinics and benzodiazepines drugs. It must be
emphasized that this increase in arterial pressure due to xylazine
occurs as a function of a peripheral vasoconstriction brought
about by a-1 receptors stimulation, and it must be evaluated
very well as long as reduction of SatO, and V, , is simultaneously
occurring. As for electrocardiography, it is known that
dissociative drugs change this function in order to increase
the CF without leading to disturbs in rhythmicity. This effect
was observed through electrocardiography especially in G1
and G2 which showed a CF above 120 beats/min. In these
groups, the increase in CF was a function of sympathetic
stimulation brought about by the dissociative drugs, as
reported before. There were no electrocardiographic alterations
as for the cardiac rhythm in the animals of G1 and G2. Adecrease
in the CF, sinusal rhythm variation (in all animals of the group)
and atrioventricular blockage (in two animals of the group)
was observed. The decrease in CF was caused by the utilization
of xylazine, as reported before. These effects were explained
by the xylazine action bringing about a slight bradycardia and
an atrioventricular blockage, which are classified as degrees
first, second and third, even with lower dosis. The fenothiazinics
have been proposed as antiarrhythmgenics 2181, However,
this effect was not totally efficient, as long as two animals
showed atrioventricular blockage when xylazine, midazolam
and ketamine were continuously and intravenously used.
When the recovery period of animals treated with
methotrimeprazine-midazolam-ketamine through intramuscular
and intravenous via were compared, it was observed a reduction
in the same period when the second via was utilized. Santos *
describes an anesthetic recovery of 76 minutes for dogs treated
with the combination above mentioned, via intramuscular, and
38 minutes with continuous infusion, event also reported by
Rosaand Massone?. The decrease in CF in G3 was considered
due, not only to the methotrimeprazine use in the pre-anesthetic
medication, but also and mainly to the use of xylazine. An
important effect of xylazine is the decrease in CF due to a
sympathetic depression caused by the adrenergic a-2 receptors
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with a superposition of this effect on the tachycardics effect
of ketamine. This is in agreement with the results found by
Luna et al*? and Santos et al® who obtained lower values for
CF, by using intramuscular xylazine, when compared to
dissociative drugs and benzodiazepinics. There was an initial
reduction of SAP immediately after administration of the pre-
anesthetic medication, methotrimeprazine, utilized in all groups
that might be caused by this fenothiazine adrenolytic function.
The ketamine leads to an increase in arterial pressure as a
function of peripheral vasoconstriction and so, not
recommended for hypertension patients 131516 However, this
effect was not observed in G1 and G2, and, therefore, ketamine
was not able to efficiently antagonize the hypotension effects
brought about by methotrimeprazine The decrease in SAP
was not considered as due to midazolam addition, as long as
there was not any significant difference between the lowest
and the highest dosis of midazolam utilized in G1 and G2. As
there was an increase in SAP in G3, it was possible to realize
that the effects of xylazine on the increase of pressure during
the continuous infusion, overcame the hypotension effects of
methotrimeprazine used as a pre-anesthetic medication.
According to Spinoza and Spinoza ° this increase in arterial
pressure is caused by the a-2 receptors stimulation, as long as
xylazine has not 100% specificity on a-2 receptors. The increase
in SAP in G3 was below the physiologic values but, on the
other hand, the combinations used in G1 and G2 showed
slightly low values and, therefore, considered as a light
hypotension. As for MAP the values for G1 and G2 showed a
little hypotension in the animals treated with methotrimeprazine
-midazolam-ketamine only, and were considered as
hypotension effects of methotrimeprazine as a pre-anesthetic
medication. Forster et al*®reported hypotension effects caused
by midazolam when used through intravenous dose-dependent
via. In all groups the greatest reduction in M was shown in
G3, probably influenced by xylazine in combination with
midazolam. The littlest reduction occurred in G1 when compared
to G2, was in agreement with the increase in midazolam dose in
the combination administered via continuous infusion, related
to the depressor effect of this drug on the RF. There were no
significant variations for SatO,; however a physiological
progressive saturation reduction of the parameter occurred
from M1 on, about 94 and 91, considered as hypoxemia,
important for the anesthesiologist. Taking into consideration
the low respiratory depression brought about by dissociative
drugs, it is suggested that the decrease in SatO, , in dogs
treated with different dissociative anesthesia protocols, was
caused by adjuvant drugs of the combination, specially
xylazine, as long as when midazolam dose was increased, no
variations occurred 1315, In G1 and G2 there was no difference
as for EtCO,, with values below 36 mm Hg . The group treated
with xylazine showed values higher than the above mentioned
ones, and this event could be explained as related to alterations
caused by xylazine which result in a decrease of M and
reduction of Sat02, as reported by Luna et al.*? and Santos
(2003)** who utilized xylazine and ketamine by intramuscular
via. AEtCO, slightly higher was observed in G2 when compared
to G1, probably influenced by the reduction effects on My,
due to midazolam higher dose. The behavior of CF varied for
the ketamine-midazolam and ketamine-midazolam-xylazine
groups. The variations found in both groups (G1-G2) and (G3)
are very close to the physiological upper and lower limits,
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respectively. The increase in the midazolam dose used in G2
resulted in a non- significant difference for CF, when compared
to the lower dose used in G1, and, therefore benzodiazepines
have little influence on the cardiac function. The initial decrease
in CF in all groups could be related to a sympatholytic effect of
methotrimeprazine. However, sometimes a positive
chronotropic effect may occur when methotrimeprazine is used,
and this effect is consequent of a reflex response to the
hypotension that appears with its utilization ®.

Conclusion

1. The increase in midazolam dose caused little parametric
variations, which were due to the xylazine use leading to
hypoxemia, bradyarrithmia and bradypnea with reduction
in the minute volume;

2. Ketamine was unable to control hypotension caused by
methotrimeprazine in G1 and G2;

3. Continuous intravenous infusion of dissociative drugs
resulted in a little parametric oscillation, and reduction in
the pre-anesthetic recovery period;

4. Techniques employed in Gl and GlI had an advantage as
for chemical restraint and allowed manipulation but not cruel.
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