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Effects of aconvertible to-and-fro and circle anesthetic system on cardiopulmonary
variablesinisoflurane anesthetized horses

Efeitos de um sistema anestésico conversivel vai-e-vem e circular nas variaveis cardiopulmonares em
cavalos anestesiados com isoflurano

Claudio Corréa Natalini*, Alexandre da Silva Polydoro?, Ruben Lundgren Cavalcanti?, Luciana
Queiroga Branquinho?, Nadia Crosignani?, Priscila Beatriz Serpa®, Rodrigo Gongalves Schallenbergers?,
Bruna Favieiro Pellin de Molnar?, Adriano Carregaro* & Fabio Futema®

ABSTRACT

Six healthy adult horses two male and four female, mean body weight ef4®4kg, were anesthetized with
xylazine, ketamine/diazepam and isoflurane for 60 minutes using a convertible to-and-fro and circle system. Variables analyzed
were arterial blood pH, carbon dioxide partial pressure (Beg@d oxygen partial pressure (Ba@spiratory rate(RR), and
blood pressure. The horses were allowed to breath spontaneously, and were positioned in right lateral recumbency. The arterial
O, values were significantly higher during isoflurane anesthesia when compared to the baseline values, and significantly
lower after induction with ketamine/diazepam although arterial hypoxemia were not present. The arterallRS@vere
significantly higher from baseline values during isoflurane anesthesia occurring arterial hypercapnia and mild respiratory
acidosis. The arterial pH changes paralleled the changes in.FR€Xpiratory rate values were significantly lower during
isoflurane anesthesia when compared to baseline values. All values remained within accepted range for lateral recumbent
spontaneously breathing anesthetized horses. There were no significant differences between the circle and the to-and-fro
system, demonstrating that either system is safe to maintain isoflurane anesthesia in adult horses.
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RESUMO

Seis equinos adultos higidos, dois machos e quatro fémeas foram estudados. O peso corporal dos animais foi de 424
+ 44.1kg. Estes foram sedados com xilazina e induzidos a anestesia geral com uma associacdo de ketamina e diazepam,
mantidos com isoflurano por 60 minutos, utilizando um sistema anestésico conversivel do sistema vai-e-vem para o sistema
circular. As variaveis analisadas foram o pH arterial sangtiineo, a presséo parcial artegl@ead@qliéncia respiratoria e a
pressao arterial. Os equinos foram mantidos em respiracéo espontanea durante o estudo e posicionados em deculuto lateral direit
Os valores de Pg@ram significativamente superiores aos valores basais e significativamente inferiores apds a indugéo anestésica
com guetamina/diazepam, embora ndo tenha ocorrido hipoxemia arterial. Os valores, der&@a@nificativamente superi-
ores comparados com valores basais durante a anestesia com isoflurano, ocorrendo acidose respiratdria e hipercapnia moderad
As alteragBes no pH sanguineo acompanharam as alteragdes ge\ReQ0€ncia respiratoria foi significativamente reduzida
durante a anestesia com isoflurano quando comparada com os valores basais. Todos os parametros das variaveis estiveram den
dos valores considerados normais para a espécie equina. Nao foram evidenciadas diferencas significativas entre os dois sistema
concluindo-se que ambos os sistemas podem ser utilizados para manutencéo anestésica com isoflurano em equinos por ur
periodo de 60 minutos. O sistema anestésico proposto pode ser recomendado para uso clinico nesta espécie.

Descritores:isoflurano, aparelhos de anestesia, equino, anestesia geral.
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INTRODUCTION study was designed to evaluate the effects of a to-
The anesthetic machine and breathing Circuﬁmd-fro modified system, adding one liter mechanical

for inhalation anesthesia delivers oxygen and anesthefi€d sPace, on blood gases and respiratory rate in

gases to the horse and remove carbon dioxide frof¥ygen-isoflurane anesthetized horses, during 60

the exhaled gases [1]. Halothane and isoflurane af@nutes using time as a factor.

the most commonly used inhalant anesthetic agents in MATERIALS AND METHODS
horses. These agents are usually delivered in a semi- _ _
closed circle system or a valveless to-and-fro system ~Six, matures healthy horses (2 geldings and 4

In the horse, which is apparently predisposed/ere used. Food was withheld for 12 hours before each
to alveolar hypoventilation during inhalation anesStudy. Water was available at all ime. Immediately before

thesia, it is suggested that adequate anesthetic apﬁégh anesthetic induction respiratory rate was recorded,
ratus design should be directed towards minimizing"d an arterial blood sample was collected from the
resistance and dead space and providing maximal af@rotid or facial artery for pH, carbon dioxide arterial
efficient carbon dioxide elimination. Resistance tdPartial pressure (PaGPand oxygen arterial partial
breathing imposed by large animal anesthetic machiféessure (Pad baseline determination. Noninvasive
may contribute to increase work of breathing andterial blood pressure, end tidal carbon dioxide as well
ventilatory depression in anesthetized large animals [6}S respiratory and heart rate were also registered during
The disadvantages of the to-and-fro breathing'€ Study time.
system are an excessive heat generated by the absorbent, After sedation with intravenous (IV) xylazine
however studies have shown no increase in the patieRt$ M9-kd, a 20 gauge, 2 inch cathétevas percu-
body temperature after 90 minutes of anesthesia, alkalifgheuosly placed in the horse facial artery and a 14 gauge,
dust may be inhaled, relatively awkward to use, the soda® inch cathetéwas introduced in the jugular vein,
lime nearest to the patient becomes expended first aR@th sutured to the skin. Anesthetic induction was
increases mechanical dead space, and positioning ®letained with ketamirfeand diazepam combination
carbon dioxide absorption canister close to the patieA@mbination at 2.0 mg.Rgfor ketamine and 0.1 mg/kg
head may be cumbersome [1,8]. Compared to a cirdier diazepam IV, 15 minutes after sedation, and the
system, the to-and-fro anesthetic circuit is relativeljiorses positioned in right lateral recumbency.
simple and of rugged construction, easily disassembled After induction and tracheal intubation, each
for cleaning, easily transportable, and it is possible Borse was connected to the anesthetic breathing circuit
relatively rapid change in anesthetic concentration for @quipped with an isoflurane precision vaporizer. The
given fresh gas flow [1]. anesthetic system was equipped with a horizontal 9
Canister size is most critical in the to-and-fropounds (4,5kg) capacity soda lime canister (Figure 1).
system because the carbon dioxide content of thEhe system was designed in such a way that adding
system progressively increases with time owing téwo valves or removing them, it was possible to convert
increase mechanical dead space [7]. Too large or t@drom to-and-fro to circle or vice-versa. Oxygen flow
small a canister causes rapid increase in apparat@e was 10 liters/minute for the first 10 minutes and 5
dead space or carbon dioxide absorption is not cortiters/minute for the remaining time until the end of the
plete, respectively [3]. The to-and-fro system magtudy. Anesthesia was maintained with 3V% iso-
be used with an horizontal or vertical canister, filledlurane for the first 10 minutes and 1.5V% to 2V%
with approximately 9 pounds of soda lime, and iduring the remaining 20 minutes of inhalation anes-
can be used either as a semi-closed or closed systehesia. Horses were maintained on circle and to-and-
the distinction between the two referring to the freskro system for 30 minutes in each system. System choice
gas flow rate [1,8]. was randomized for each horse. Horses were allowed
It has been described that using a semi-closeéd breathe spontaneously.
to-and-fro system with a vertical canister, oxygen- Respiratory rate was determined by counting
halothane anesthesia in horses, it is possible to cattyoracic and abdominal excursions in one minute
out 120 minutes prolonged surgery withoutinterval. Heparinized arterial blood samples were
remarkable effects on blood gases and pH [11]. Thisollected and refrigerated for pH and blood gas
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RESULTS

After xylazine administration all horses became
heavily sedated showing classics signs of the alpha-2-
adrenoceptor agonist as indifference to their surroun-
dings, dropping head, and lower lip flaccid. After
ketamine/diazepam all horses became smoothly late-
rally recumbent and no central nervous system excite-
ment or adverse effects were observed. All horses were
easily intubated and positioned for the study. It was
possible to maintain isoflurane anesthesia in all horses
with vaporizer concentration between 1.5V% to
2.0V%. All recoveries were considered normal.
Figure 1. Large animal convertible anesthetic systemAnesthetic apparatus design has permitted an easy
equipped with two removable one-way valves. connection of the patient to the to-and-fro system.

The response variables parameters (mean
analysis. Time for data and blood sample collectioRtandard deviation) and statistical analysis are presented
were TO (baseline), T1 (10 minutes after sedationjy Table 1. After anesthetic induction it was observed
T2 (after anesthetic induction), T3 (15 minutes o& non-significant PaQreduction from the baseline
isoflurane anesthesia), T4 (30 minutes of isoflurangajue without arterial hypoxemia (Pa© 60 mm Hg).
anesthesia), T5 (45 minutes of isoflurane anesthesigter instituted oxygen-isoflurane anesthesia the PaO
and T6 (60 minutes of isoflurane anesthesia). values were increased significantly. The Pa@&ues

Data are presented as meastandard devia- were increased progressively from baseline with
tion. One way repeated measure analysis of varianegynificance from 15 to 60 minutes of isoflurane anes-
was used on one factor (time) and seven levels, fonesia. The pH values changed parallel to PaCO
comparison. Bonferroni's method was used to isolatbecoming significant after xylazine sedation. Respira-
group or groups that differ from the others (p < 0.05)tory rate decreased significantly after sedation and

Table 1. Blood gases, heart and respiratory rate (me&td Dev) in horses anesthetized with a convertible to-and-fro to
circle system.

Study Time PaO, ETCO, pH Reﬁpiratiqn Arterial blood Heart _rate
(mm Hg) (mm Hg) (breathg/min)  pressure(lmm Hg)  (beatsminute)
Basdline 105.8 + 15.74° 384+ 3.3 7.44 + 0.04* 21.22 + 7.63 110 + 10 44 + O
10 min 98.6 + 12.74° 39.1 + 3.24° 7.43 + 0.06° 1211 + 4.54° 80+ 122 38 + 042
20 min 74.1 + 6.62° 426 + 3.34° 7.39 £ 0.05° 2211+ 7.322 74 £ 04° 31+ 022
30 min 229.7 £ 57.74 52.3 + 8597 7.34 + 0.04* 9.78 + 3.38 70 £ 040 34+ 04
40 min 207.3 + 57.03* 56.1 + 9.04° 7.33 + 0.04° 7.78 £ 2.49° 60 £ 10° 32+ 04
50 min 175.4 + 49.022 56.8 + 11.73* 7.32 £ 0.05° 833+ 269 64 + 08 36 + 022
60 min 191.0 + 76.03* 579+ 9.83 7.32 £ 0.04° 9.33+ 2.24° 65 + 08° 34+ 022

MeansSD with the same letters are not significantly different.
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increased significantly after induction. During anesthetianesthetic drugs and recumbency, with more dramatic
period respiratory rate values were not significantieffects induced by dorsal recumbency than lateral
different from anesthetic induction. Heart rate as well aecumbency [4]. Impairment of pulmonary function
arterial blood pressure were significantly decreased aftean occur in horses positioned in lateral recumbency
induction but not significantly different between systemg5]. One study found that during spontaneously
ventilation, horses in lateral recumbency anesthetized
with isoflurane developed hypercarbia (PaG0O50

For most efficient absorption of the carbonto 60 mm Hg), each horse was connected to a large
dioxide, the canister of the to-and-fro system shouldnimal circle breathing circuit [5]. In our study, PaCO
provide space between the granules equivalent to mcreased significantly from baseline to 15 minutes of
greater than the animal’s tidal volume, when filled withisoflurane anesthesia (time 3), although there was no
9 pounds of soda lime [8,12]. We have used asignificant increase within one hour of inhalation
horizontal, 9 pounds canister, which should providenesthesia. Our study investigating the to-and-fro
enough space to contain one tidal volume of an adwystem, confirms that a 10L per minutg fOw rate,
horse. Due to canister placement to close to the animakintain PaCQwithin acceptable limits in laterally
when in use, heat produced by the exothermic chemicaicumbent isoflurane anesthetized horses during 30
reaction of soda lime and C@ the presence of water minutes with the to-and-fro system.
does not have time to dissipate before gases are re- Causes of arterial hypoxemia in general
breathed [12]. Although it was not an intention in thisanesthetized horses are hypoventilation, alveolar-
study to measure the temperature inside the systemgépillary membrane diffusion impairment, low inspired
is probable that the polypropylene plastic material wexygen concentration, mismatching of pulmonary
have used to make the apparatus aided to dissipate hesttilation and perfusion, intrapulmonary shunt and
produced. decreased cardiac output [6]. Controversy exists

The to-and-fro system is most commonly used¢oncerning the clinical definition of hypoxemia. A
as a semi-closed method. With this method, the flowaQ > 200 mm/Hg has been reported as a goal during
rates of Q and anesthetic vapor will be greater tharthe maintenance of inhalation anesthesia in horses [6].
the animal’s metabolic requirements. Using theSignificant decrease in Pa@ere not observed in our
system on a 500kg horse, the f@w meter should horses, although during the maintenance phase of
be set to deliver 6 to 8L per minute, and isofluranenesthesia, Paalues were bellow 200 mm/Hg
vaporizer adjusted to provide 3 to 4 volumes per centhroughout 45 to 60 minutes of isoflurane. It can be
The Q, flow rate and isoflurane percentage shouldxplained because isoflurane anesthesia tends to reduce
be maintained until surgical anesthesia is induced, ahrdiac output, decreasing pulmonary blood flow, with
which time the Qflow rate reduced to 3 to 4L per consequent decrease in oxygen uptake. Arterial hypo-
minute and the anesthetic vapor concentratiogemia (PaQ < 60 mm/Hg) was not observed in our
reduced to 2 to 2.5 volumes per cent [12]. Results gfudy.
our study confirm that an initial high,@ow rate (10 Our results showed that pH decreased as PaCO
L per minute) promote rapid induction to a mediumncreased. In dogs, changes in pH produce hemo-
anesthetic plane. We have maintained the 10L p&fynamic variations [14]. As hemodynamic variables

minute Q flow rate during 10 minutes anestheticwere not measured, we can not ascertain that the increa-
period and reduced the isoflurane concentration froied pH determined cardiovascular changes.

3to 1.5 or 2.0 volume per cent. With a 10L per minute Depression of the respiratory and cardio-
flow rate and a gas inlet adjacent to the exhaust valv@ascular center usually occurs throughout general
the expired gases were diluted in the added mechanig@lesthesia in horses, with more dramatic effects induced
dead space, preventing the excess of @@d-up by dorsal than lateral recumbency [2,4]. During severe
in the system. hypercapnia horses under general anesthesia do attempt
Arterial hypercapnia during inhalation to breath spontaneously between ventilator-delivered
anesthesia in spontaneously breathing, clinicallgreaths, although horses do not breath spontaneously
normal horses is produced by a combination of pharmauring moderate hypercapnia when ventilated
cological depression of the respiratory center bynechanically [13]. In our study, respiratory and heart

DISCUSSION
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rate as well as arterial blood pressure, decreased sigieiast 60 minutes, with acceptable reduction in respiratory
ficantly throughout anesthetic period, which can bend heart rate and mild hypercapnia.
related to the anesthetic drugs used, and to lack in
response to respiratory stimulation from elevated BaCO
Differences between the to-and-fro system and the circlgedazine, Fort Dodge Animal Health, Campinas/SP.
system were not detected. This founding indicates thdnsyte, Becton and Dickinson Vascular Access - Sandy,
the proposed apparatus is safe to maintain horses undéan/USA. , o
isoflurane anthestesia for at least 60 minutes. Intracath, Deseret Medical Inc. - Becton and Dickinson

In conclusion, we demonstrated that the porta‘rcompamy - Sandy, Utah/USA. -

' \etaset. Fort Dodge Animal Health, Campinas/SP.

ble apparatus for inhalation anesthesia in horses evalugsoflurano. Produtos Quimicos e Farmacéuticos Ltda., S0
ted in this study produces safe general anesthesia for Réulo/SP.
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