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Effects of constant rate infusion of anesthetic or analgesic drugs on
general anesthesia with isoflurane: A retrospective study in 200 dogs

Efeitos da infusao intravenosa continua de farmacos anestésicos
ou analgésicos sobre a anestesia geral com isoflurano: Estudo

retrospectivo em 200 caes

Sofia de Amorim Cerejo'; Ewaldo de Mattos Janior?; Lilian Toshiko Nishimural;
Carolina Quarterone?®; Leandro Guimaraes Franco**

Abstract

Constant rate infusion (CRI) shows several advantages in balanced anesthesia, such as reduction
of requirement for inhaled anesthetics and control of pain. The most commonly used drugs in these
protocols are local anesthetics, dissociative, and opioids, which may be administered alone or in
combinations. We evaluated the records of 200 dogs that underwent various surgical procedures with
anesthetic or analgesic CRI in the perioperative period during 2011 and 2012 at the Veterinary Hospital
of Franca University (Unifran), and identified possible complications during the transoperative period.
Records evaluated included clinical state, laboratory tests, drugs used in premedication and induction,
and CRI protocol. Acepromazine and morphine were the main drugs used in premedication. Propofol
was used to induce anesthesia alone or in combination with other agents. We evaluated records of the 25
different CRI protocols. Fentanyl was the main drug employed in CRI, either alone or in combination.
There were 128 episodes of anesthetic complications during CRI;the most common were hypotension,
hypertension, and tachycardia, which occurred in 43 (32%), 35 (26.3%), and 19 (14.2%) dogs,
respectively. Cardiac arrhythmia was reported in only 4 dogs. Signs of respiratory depression were
present in dogs treated with 6 different CRI protocols. The consumption of isoflurane (vol %) reduced
between 15.7% and 21.05% after 30minutes of the CRI in the fentanyl and fentanyl-lidocaine—ketamine
CRI groups (p<0.05). In conclusion, CRI is a valid component of balanced anesthesia in dogs, safe, and
has a low incidence of adverse effects. However, future studies are warranted to describe the results of
the clinical use of CRI to better characterize and refine this technique.
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Resumo

O uso de técnicas de infusdo continua (IC) possui inumeras vantagens na anestesia balanceada, como
a redugdo do requerimento de anestésicos inalatorios e controle da dor. Os farmacos mais comumente
utilizados nestes protocolos sdo os anestésicos locais, dissociativos e opioides, que podem ser
administrados isoladamente ou em associa¢des. Foram avaliados os prontudrios de 200 caes que foram
submetidos a diversos procedimentos cirurgicos com IC de anestésicos ou analgésicos no periodo
perioperatério durante 2011 e 2012 no Hospital Veterinario da Universidade de Franca (Unifran).
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Foram identificadas possiveis complicagdes durante o periodo trans-operatorio. Os registros avaliados
incluiram estado clinico, exames laboratoriais, farmacos utilizados na pré-medicacdo e indugdo, e
protocolos de IC. Acepromazina e morfina foram os principais farmacos usados na pré-medicagdo. O
propofol foi utilizado para induzir a anestesia, isolado ou em associagdo com outros agentes. Foram
avaliados os registros de 25 protocolos diferentes de IC. O fentanil foi o principal farmaco utilizado na
IC, isoladamente ou em associagdo. Houve 128 episddios de complicacdes anestésicas durante a IC; os
mais comuns foram hipotensao, hipertensao e taquicardia, que ocorreram em 43 (32%), 35 (26,3%), e
19 (14,2%) caes, respectivamente. Arritmia cardiaca foi relatada em apenas 4 cées. Sinais de depressao
respiratoria estiveram presentes em cées tratados com 6 diferentes protocolos de IC, especialmente com
fentanil. O consumo de isoflurano (vol.%) reduziu entre 15,7% e 21,05%, ap6s 30 minutos da IC nos
grupos fentanil e fentanil-lidocaina-cetamina (p <0,05). Em concluséo, a IC ¢ um componente valido
da anestesia balanceada em cées, segura e tem baixa incidéncia de efeitos adversos. No entanto, estudos
futuros sdo necessarios para descrever os resultados do uso clinico da IC para melhor caracterizar e

aperfeigoar esta técnica.

Palavras-chave: Cetamina, fentanil, infusdo intravenosa continua, lidocaina, morfina

Introduction

In the veterinary field, prevention and treatment
of pain has been neglected for many years. However,
recently, the value of prevention and treatment
of pain in animals has been recognized (JONES,
2008), and there has been considerable progress in
development of safer anesthetic agents, knowledge
of the pathophysiology and treatment of pain, and
understanding of the importance of perioperative
care (KEHLET; DAHL, 2003).

Pain management includes analgesic techniques
before, during, and after surgery to decrease somatic
and autonomic reflex responses to nociceptive
stimuli, reduce stress and anxiety, and ensure comfort
and well-being (KEHLET, DAHL, 2003). With
these objectives, the adoption of various protocols
of multimodal analgesia and balanced anesthesia
has been effective in establishing adequate analgesia
and, potentially, reducing the adverse effects of each
drug (MUIR; WIESE; MARCH, 2003; ORTEGA;
CRUZ, 2011; AGUADO; BENITO; SEGURA,
2011).

Multiple techniques can be used to ensure
the prevention and treatment of pain, such as
subcutaneous, intramuscular, intravenous, or oral
administration of opioids and anti-inflammatory
blockade or blockade of
peripheral nerves with local anesthetics; epidural

agents; regional

administration of local anesthetics with or without

opioids (KEHLET; DAHL, 2003; JONES, 2008;
LAMONT, 2008); and administration of analgesics
by constant rate infusion (CRI) (MUIR; WIESE.;
MARCH, 2003).

With benefits in the perioperative period and for
prolonged periods after surgery, CRI administration
of analgesics, anesthetics,
increasingly adopted in recent years (WAGNER et
al., 2002; MATSUBARA et al., 2009; ORTEGA;
CRUZ, 2011). Depending on the procedure and
drug combination, perioperative CRI can provide
analgesia (LUCAS et al., 2001; WAGNER et al.,
2002; BUFALARI et al., 2007; ORTEGA; CRUZ,
2011) and significantly decrease the minimum

or both has been

alveolar concentration (MAC) of inhaled anesthetics
(MUIR; WIESE; MARCH, 2003; MATSUBARA
et al., 2009; UEYAMA et al., 2009; AGUADO;
BENITO; SEGURA, 2011), with minimal adverse
effects.

should be noted that these
infusions are not without risks to the patient
(CORLETTO, 2007). studies
reported adverse effects such as disorientation,

However, it

Previous have
salivation, hyperactivity, and apneustic respiration
with ketamine CRI (BERGADANO et al., 2009);
dose-dependent sedation and hypothermia with
morphine CRI in conscious dogs (GUEDES et al.,
2007); respiratory depression with fentanyl CRI
(BUFALARI et al., 2007); histamine release with
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morphine CRI (GUEDES; RUDE; RIDER, 2006);
decreased urinary output in healthy and traumatized
dogs with morphine or fentanyl CRI (ANDERSON;
DAY, 2008); and ataxia and vomiting with high-
dose lidocaine CRI (MATSUBARA et al., 2009).

The drugs most commonly administered
by CRI are ketamine (SOLANO et al., 2000),
lidocaine (ORTEGA; CRUZ, 2011), and opioid
analgesics such as morphine (LUCAS et al., 2001)
and fentanyl (UEYAMA et al., 2009). Ketamine
is a noncompetitive antagonist of the N-methyl
D-aspartate  (NMDA) receptor and potentially
has
administered by CRI. The analgesic effects of

significant anti-hyperalgesic effects when

ketamine are inconsistent and appear related to
infusion rate (BOSCAN etal., 2005; BERGADANO
et al., 2009). The use of ketamine at a rate of 10ug
kg! min'!in combination with fentanyl was reported
to promote postoperative comfort in patients
undergoing amputation of the forelimb (WAGNER
et al., 2002). Regarding the reduction of MAC, CRI
rates that yielded plasma concentrations of 0.5,
1, and 2pg ml' were shown to reduce isoflurane
MAC by up to 84%, with minimal adverse effects
(SOLANO et al., 2000).

The use of lidocaine in CRI during anesthesia
in dogs has been intensively discussed in recent
years (MATSUBARA et al., 2009; ORTEGA;
CRUZ, 2011). Lidocaine CRI was reported to
reduce isoflurane MAC by 18.7% at a dose of
50ug kg' min! and 43.3% at 200pug kg' min’,
without adverse cardiovascular effects in healthy
dogs (VALVERDE et al., 2004), and to reduce
sevoflurane MAC by 15% at 50pug kg'min
and 37% at 200ug kg' min! (MATSUBARA et
al., 2009). Lidocaine also has analgesic effects
when used in CRI at a dose of 50pg kg! min'and
helps prevent sympathetic response to surgical
stimulation, reducing the intraoperative use of
opioids without causing significant hemodynamic
instability (ORTEGA; CRUZ, 2011).

The mechanism of action of lidocaine in
reduction of MAC is not completely understood,

but believed to be related to the analgesic effects of
the drug administered intravenously or depression
of the central nervous system caused by blocking
cells in the spinal cord, neurons in the dorsal horn,
and neurons responsible for transmission of visceral
pain (SMITH et al., 2004).

Use of opioids in CRI techniques has focused
on morphine and fentanyl. The use of morphine
in CRI has been associated with good analgesia
(LAMONT; MATHEWS, 2007) and significant
reduction in MAC in dogs (MUIR; WIESE.;
MARCH, 2003; AGUADO; BENITO; SEGURA,
2011). The analgesic effects observed at a dose
of 0.12mg kg' h' were similar to the effects of
intramuscular administration at a dose of 1mg kg,
with minor adverse effects (LUCAS et al., 2001),
and significant antinociception was maintained at a
dose of 0.15 + 0.02mg kg' h'in dogs undergoing
von Frey testing (KUKANICH; LASCELLES;
PAPICH, 2005). With respect to MAC, reduction
of isoflurane MAC by 48% was observed with a
dose of 3.3ug kg! min! (MUIR; WIESE; MARCH,
2003).

Fentanyl, having a rapid onset of action and short
duration, is useful for CRI in balanced anesthesia,
and decreases isoflurane MAC in dogs by 35% at
a dose of 0.15ug kg! min! without cardiac adverse
effects (UEYAMA et al., 2009) while providing
adequate analgesia during the perioperative period
(BUFALARI et al., 2007).

In addition, the use of drug combinations in
CRI techniques can enable reduction of the original
doses while preserving the desirable effects in
analgesia and MAC reduction of inhaled anesthetics,
with minimal adverse effects (MUIR; WIESE;
MARCH, 2003). Accordingly, studies have shown a
reduction of isoflurane MAC by 45% with infusion
of morphine, lidocaine, and ketamine (MUIR;
WIESE; MARCH, 2003) and by 97% with infusion
of fentanyl, lidocaine, and ketamine (AGUADO;
BENITO; SEGURA, 2011). Studies have also
shown the effects of CRI on the requirement of
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sevoflurane, with a 62.8% reduction in MAC with
a combination of ketamine and lidocaine (WILSON
et al., 2008).

studies demonstrating the
safety of different

protocols of CRI in dogs, information on clinical

Despite several

effectiveness and relative
trials is scarce. Few studies have demonstrated the
clinical use of CRI in procedures involving surgical
stimulation, and no retrospective studies or meta-
analyses were found in the literature. Thus, the
present study aimed to conduct a retrospective study
of 200 dogs that underwent various CRI protocols
together with inhalation anesthesia with isoflurane
for surgical procedures, and identify possible
cardiovascular abnormalities and complications
during the transoperative period.

Material and Methods

The complete anesthetic records of 200 dogs
that underwent various surgical procedures with
anesthetic or analgesic continuous intravenous
infusion during the perioperative period at the
Veterinary Hospital of University of Franca
(Unifran) during2011 and 2012 were reviewed.
This retrospective study was performed after prior
approval by the Animal Ethics Committee of the
University of Franca (protocol 038/12).

Records included body weight, sex, age, and
physical status according to the American Society
of Anesthesiology (ASA). We also evaluated
the results of standard laboratory tests including
packed cell volume, total solids, urea, creatinine,
alanine aminotransferase, alkaline phosphatase, and
albumin (Table 1).

The anesthetic technique, including all drugs
administered in the perioperative period, was
recorded. Data were collected pertaining to
premedication and induction agents for each case.
The routine premedication and induction agents are
presented in Table 2 and Table 3.

Regardless of surgical procedure, anesthesia

induction was followed by endotracheal intubation
andgeneral anesthesiawasmaintained withisoflurane
vaporized in 100% oxygen and delivered via an
appropriate breathing system (Bain or circle circuit).
All patients were allowed to breathe spontaneously
during anesthesia, unless end-tidal CO, was higher
than 45 mmHg, in which case intermittent positive
pressure ventilation was imposed to restore and
maintain normocapnia. Lactated Ringer’s solution
was infused intravenously at 5-10ml kg! hour!
during anesthesia in all dogs.

Local or regional anesthetic blocks (e.g., epidural
anesthesia, brachial plexus block), when performed,
were recorded and presented in the results.

Physiological parameters were monitored
and recorded at S5-minutes intervals throughout
anesthesia. A multi-parameter monitor
used to obtain heart rate (HR), respiratory rate,
end-tidal

arterial

was

dioxide
oxygen
saturation, and arterial blood pressure. Systolic

electrocardiogram, carbon

concentration, hemoglobin
arterial blood pressure (SAP) was measured using
an oscillometric technique with a cuff of appropriate
size (30-40% of the circumference of the arm)
placed on the distal third of the left forearm, and
the reading was confirmed using a Doppler flow
detector (MEDMEGA, Doppler Vascular). The
mean arterial blood pressure (MAP) was monitored
via a catheter placed in the dorsal pedal artery and
connected to an aneroid manometer system.

The CRI was prepared by adding the drugs
to the lactated Ringer’s solution and were
administered considering the fluid rate cited
above with a volumetric infusion pump peristaltic
roller (SAMTRONIC, ST-550T2). The drugs
administered were morphine (1.66pg kg' mint),
fentanyl (2.5-15ng kg! hour'), ketamine (10-20pug
kg!' min'), and lidocaine (30-50pg kg' min')
alone or in combination (Table 4). The CRI was
preceded by a bolus of 0.3-0.5mg kg' morphine
the period,
2-5ug kg'! fentanyl intravenously, 0.5-1.0mg kg!

intramuscularly  in preanesthetic
ketamine intravenously, or 1-2mg kg! lidocaine

intravenously.
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Anesthetic complications recorded included
bradycardia (HR <60 bpm), hypotension (MAP<
60mmHg or SAP< 90mmHg),
response to surgical stimulation (20% increase
in HR, MAP, or SAP compared with prestimulus
value), apnea, cardiac arrhythmia, and mortality
(Figure 1).

cardiovascular

A complication was considered to have occurred
if it was noted at any time point on the anesthetic
record, even if transient. The complications were
treated if they were prolonged and severe, and
the treatment varied according to complication.
Bradycardia was treated with atropine; hypotension
was treated with dobutamine, phenylephrine or
ephedrine; increased HR, or MAP or SAP, due
to surgical stimulation was treated by increasing
isoflurane concentration; and apnea was remedied
by assisted ventilation until the animal was able to
ventilate on its own.

Signs of respiratory depression, such as

hypercapnia, were also evaluated. This was
characterized as an increase in the expired fraction
of CO, (>50mmHg), necessitating controlled

ventilation.

The
considering the vaporization observed (volume

isoflurane consumption was recorded

percent) on a calibrated vaporizer during the
transoperative period. For analysis, only protocols
with 6 or more repetitions and employing the circle
system were considered (Table 6).

The data for the anesthetic protocols were
presented in descriptive form with their respective
frequencies. Differences in inspiratory concentration
of isoflurane (volume percent) were compared by
one-way repeated measures ANOVA, followed by
Student—-Newman—Keuls post hoc test (Sigma Stat,
version 11.0).

Results

There were 200 dogs, 138 female (69%) and
62 male (31%). Our patient population included
70 mongrel dogs (35%), 22 Poodles (11%), 20
American pitbull terriers (10%), 16 Dachshunds
(8%), 14 Boxers (7%), 9 Rottweilers (4.5%), 8
Pinschers (4%), 7 English cocker spaniels (3.5%),
5 Labrador retrievers (2.5%), 4 Shihtzus (2%), 3
Brazilian terriers (1.5%), 3 Fila brasileiros (1.5%),
and 14 dogs of other breeds (9.5%). Mean age was
7.4 £3.9 years and body weight was 17.8+12.5kg.

A total of 200 records [3 (1.5%) in dogs assessed
as ASA I, 142 (71%) as ASA 11, 50 (25%) as ASA
III, and 5 (2.5%) as ASA IV] met the inclusion
criteria. Table 7 shows the proportions of patients
according to surgical procedure together with
respective frequencies. With respect to laboratory
variables, the majority of dogs had results within
the range considered normal for the species. The
main variation was observed in total plasma protein
with only 34% of dogs showing results within
physiological values (Table 1).

Anesthetic complications were not observed with
the use of anesthetic premedication or induction
agents. Ninety-eight percent of the dogs received
anesthetic premedication. Acepromazine was the
main tranquilizer agent used (22%) administered
alone or combined with other agents. Considering
the use of opioids, morphine was administered for
premedication in 53.3% of all dogs followed by
methadone (14.5%) and meperidine (14%).

Miscellaneous agents used in anesthetic

premedication are shown in Table 2.

Propofol was used to induce anesthesia as the
sole agent in 50.5% of the dogs and in combination
with other agents in 49.5% (Table 3).
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Table 1. Laboratory results from dogs with respective proportion (%) with values below, within or above the reference

range.
Parameter Lower Normal Above Reference
values*
HeII(l;t;)CI'lt 38 (20.32%) 138 (73.8%) 11 (5.88%) 37-55
(V]
He‘é‘/’i‘;bm 30 (16.39%) 127 (69.4%) 26 (14.21%) 12-18
Ple(lLezll)ets 31 (16.94%) 126 (68 85%) 26 (14.21%) 180000-400000
Leuz(l)lc;ytes 3 (2.54%) 82 (69 49%) 33 (27.97%) 6000-18000
Alanine Ag};lﬁ))transferase 15 (8.47%) 139 (78.53%) 23 (12.99%) 21-102
Alkahnigf)sphatase 2(1.17%) 128 (74.85%) 41 (23.98%) 20-156
(n‘igrf(; : 7 (3.98%) 155 (88.07%) 14(7.95%) 15-65
Creatinine (mg/dL) 5(2.84%) 164 (93 18%) 7.(3.98%) 0.5-1.5
Total P lan;lE)P rotein (g/ 2 (1.21%) 65 (39.39%) 98 (59.39%) 54-7.1
Albumin (g/dL) 32 (35.56%) 57 (63.33%) 1(1.11%) 2.6-4

*Values by Thrall et al. 2006.
Source: Elaboration of the authors.

Table 2. Preanesthetic agents, doses intervals and respective use frequency (%) used in different protocols in 200 dogs.

L. Dose (mg/kg™! Cases Frequenc
Drug or association (minimum( Ignagir)num) (n) ?%) ’
Morphine (03=0.5) . 39
Morph1ne+Acepromazme (0 3-0.5) + 1(0.03 0. 05) ....... 12
_Morphine+Midazolam (0.3-0.5) jr (03-04 22
M0rph1ne+Acepromaz1ne+M1dazolam (0.3-0.5)+(0.3 —0.4)+(0.02-0.05) 16
Morphine+Clorpromazine } 0.3 + o7 5
Morphine+Clorpromazine+Midazolam (0 3-0. 4) +0.7+0. 3 ,,,,,,, 3
Tramadol (20-3.0) 12
~ Tramadol+Midazolam 30+03 1
Meperidine ' (30-40) 19
Meper1d1ne+Acepr0mazme (3 0-4.0) + (0.03-0. 05) ....... 9
‘Meperidine+Midazolam ) 3 + 0.3 1
Meper1d1ne+Acepromazme+M1dazolam ) 3+003+03 1
Metadone 03-05) 13
Metadone+Acepromaz1ne 0.3 +(0. 03 0. 05) ....... 5
Methadone+Midazolam } (03— 0.5)"+(O.3 04) ....... 3
Methadone+Acepromazme-i-Mldazolam } 03+(0.02-0.03y+03 2

1812
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continuagao
_ Methadone+Prometazine } ~03+(©04-05 7 o 35
Ketamine+Midazolam+Morphine (5.0-7.0)+(0.3-0.5) +(0.3-0.4) 4 2
Ketamine+Midazolam+Acepromazine (5.0-7.0) + 0.3 + (0.02-0.04) 2 I
Withoutpremedication - 4 2
Total - 200 100

Source: Elaboration of the authors.

Table 3. Details of induction regimens with numbers of dogs respective frequency (%), which received each regimen.

Drug or association (min]i)n(:l(;lfinl%l/:fi:;um) Cases (n) Frequency (%)
.............................. Propofol (3.0-50) 99 49.5
.............................. Propofol (8.0-10.0) 2 1
... Propofol + Fentanyl* (3.0-50)+(20-50) 43 215
................ Propofol + Ketamine 3.0+(0.5-1.0). 2 14.5
.............. Propofol + Midazolam (3.0-5.0)+(0.2-0.3) 20 10
............... Propofol + Diazepam (3.0-5.0)+0.5 2 1

Propofol + Lidocaine + (2.0-3.0)+1.0+1.0 5 25
Ketamine
Total - 200 100

* Fentanyl doses showed in pg/kg™.
Source: Elaboration of the authors.

Mean duration of CRI was 136.2+42.9min
(Table 4). Fentanyl, alone or combined with other
agents, was the main drug used in the infusion
protocols. Among the 25 (100%) CRI protocols
reported, fentanyl-lidocaine—ketamine was used
in 65 (32.5%) dogs, followed by fentanyl (25%),
fentanyl-lidocaine (13%), and fentanyl-ketamine
(7.5%). Excessive variation in the numbers of
dogs treated according to infusion drug(s) and
dose(s) precluded comparison of the occurrence of
anesthetic complications among protocols.

Anesthetic complications are shown in Table 5,
with the respective numbers for each protocol. The
anesthetic complications were registered during CRI
and 128 episodes were observed. The most common
complications were hypotension, hypertension, and
tachycardia, which occurred in 43 (21,5%), 35
(17,5%), and 19 (9,5%), respectively. The frequency
of incidence of complications and the correlation
with CRI are shown in Table 5, Figure 1.
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Table 4. Details of CRI regimens with respective doses, number of dogs treated with each CRI, frequency (%) and

CRI duration.
Drug or association Dose. Cases Frequency Duration of
(ng/kg/min™) (n) (%) CRI (h)
Fentanyl
..... Féntanylw
..... Fentanyl

H'Fentanyl + leocalne H

Fentanyl + leocalne

"Fentanyl + leocalne H

Fentanyl + L1doca1ne

Fentanyl + leocame

Fentanyl + Ketamme

Fentanyl + L1doca1ne + Ketamlne

Fentanyl + L1doca1ne + Ketamlne

Fentanyl + leocame + Ketamlne

Fentanyl + L1doca1ne + Ketamlne

Fentanyl + leocame + Ketamlne

Fentanyl + L1d0ca1ne + Ketamme

L1doca1ne + Ketamlne

Lidocaine + Ketamine

Morphlne

Morphlne + L1doca1ne

Morphine + Ketamme

Morphine + L1d0ca1ne + Ketamlne

Morphine + L1doca1ne + Ketamlne

leocalne
..... L'i‘docainé“ .
"""" Ketamine ” 15 9 4.5 1.69
Total - 200 100 -

Source: Elaboration of the authors.
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Table 5. Incidence of anesthetic complication in each different CRI [number of dogs (frequency considering of total
dogs treated with respective CRI)] in 200 records evaluated.

Anesthetic Drug or association Frequency*
Complication [number of anesthetic complications related to each CRI (%)] (%)
F'[13(27,7%)]; F? [2(100%)]; F*[1(100%)]; FL' [4(19%)]; FL*
Hypotension [1(100%)]; FK [2(13.3%)]; FLK?[10(20.4%)]; FLK*[1(100%)]; FLK* 215
[1(16.7%)]; FLK?[3(42.9%)]; ML [1(16.7%)]; MLK'[1(12.5%)]; L ‘
[1(20%)]; K[2(22.2%)]
F' [9(19.1%)]; FL! [5(23.8%)];FL? [1(100%)];FL? [1(50%)]; FL*
. [1(100%)]; FK [3(20%)]; FLK'[1(100%)]; FLK?[7(14.3%)]; FLK*
Hypertension [2(33.3%)]: FLK® [2(28.6%)]; LK [1(11.1%)]; MLK' [1(12.5%)]; L 175
[1(20%)]

Tachveardia F' [3(6.4%)]; FK [4(26.7%)]; FLK?[4(8.2%)]; FLK*[2(33.3%)]; FLK® 9.5

Y [1(14.3%)]; ML [1(16.7%)]; MLK'[1(12.5%)]; L [1(20%)]; K [2(22.2%)] ’

F' [4(8.5%)]; FL' [1(4.8%)]; FL*[1(100%)]; FK [2(13.3%)]; FLK?
Bradycardia [3(6.1%)]; FLK3[1(100%)]; FLK*[1(16.7%)]; FLK>[3(42.9%)]; MLK! 8.5
[1(12.5%)]

Tachypnea F' [2(4.25%)]; FLK*[1(16.7%)]; LK [1(11.1%)]; MLK?[1(100%)] 2.5
Apnea F' [2(4.25%)]; F? [1(100%)]; FL*[1(100%)]; FL*[1(100%)]; FLK* 45

pne [2(33.3%)]; FLK’[1(14.3%)]; LK [1(11.1%)] '
Atr“’];fggkw“lar FL! [1(4.8%)]; FL* [1(100%)] 1.0
Ventricular FLK?[1(2%)] 0.5

Tachycardia ° ’
Branch block FLK*[1(16.7%)] 0.5
Seizure 0.5

MLK ' [1(12.5%)]

Doses in pg/kg!/min: Fentanyl (0.083) — F!; Fentanyl (0.125)- F?; Fentanyl (0.166) — F3; Fentanyl (0.083) + Lidocaine (30)- FL!;
Fentanyl (0.125) + Lidocaine (30) — FL2; Fentanyl (0.166) + Lidocaine (30) — FL?3; Fentanyl (0.25) + Lidocaine (30)- FL*; Fentanyl
(0.083) + Ketamine (15)- FK; Fentanyl (0.083) + Lidocaine (50) + Ketamine (10)- FLK'; Fentanyl (0.083) + Lidocaine (30) +
Ketamine (15)- FLK?; Fentanyl (0.083) + Lidocaine (50) + Ketamine (15)- FLK3; Fentanyl (0.125) + Lidocaine (30) + Ketamine
(15)- FLK*; Fentanyl (0.166) + Lidocaine (30) + Ketamine (15)-FLK?; Lidocaine (30) + Ketamine (15)-LK; Morphine (1.66) +
Lidocaine (30)- ML; Morphine (1.66) + Lidocaine (30) + Ketamine (15)- MLK"; Morphine (1.66) + Lidocaine (50) + Ketamine
(10)- MLK?; Lidocaine (30)- L; Ketamine(15)-K. * Total frequency considering total records evaluated.

Source: Elaboration of the authors.

From the records, hypotension was treated by
reducing administration of isoflurane and giving a
bolus of fluids (lactated Ringer’s) over 10 minutes.
In the other hypotensive dogs, the following drugs
were used: 7 of the 43 (16.27%) were treated with
phenylephrine, 4 (9.3%) with dobutamine, and
2 with ephedrine (4.65%). No interruption was
carried out in CRI during anesthesia even in the face
of complications.

Cardiovascular response to surgical stimulation
was observed in 54 (27%) records. This complication
occurred in different protocols, such as fentanyl,
fentanyl-lidocaine,

and fentanyl-lidocaine-

ketamine.
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Figure 1. Frequency of the each anesthetic complication considering a total of 128 (100%) episodes in 200 dogs

treated with different CRI.
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Hypotension
Hyperte nsion
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Source: Elaboration of the authors.

Cardiac arrhythmia was reported in only 4 dogs.
Ventricular tachycardia and bundle branch block
were observed in the 2 dogs that received fentanyl—
lidocaine—ketamine CRI, and atrioventricular block
was observed in the 2 dogs that received fentanyl—
lidocaine CRI (Table 5). Apnea were observed in 9
records with CRIs protocols with fentanyl and signs
of respiratory depression, such as hypercapnia,
were present in dogs treated with morphine (1.66pg
kg min') and ketamine (15ug kg' min'); fentanyl
(0.083pug kg min); fentanyl (0.083pug kg min)
and ketamine (15ug kg! min'); fentanyl (0.083ug
kg min™), lidocaine (30pug kg min™'), and ketamine
(15ug kg' min'); fentanyl (0.125pg kg' min),
lidocaine (30pg kg! min), and ketamine (15pg kg
min'); and fentanyl (0.125pg kg min') and lidocaine
(30ug kg! min').There was an increase in the
expired fraction of CO,(>50mmHg) necessitating
controlled ventilation. Of all the records evaluated,
only 15 dogs required controlled ventilation. The

\ ..

Apnea
Tachypnea
Atrioventricular
Block

Ventricular

Tachycardla

Bundle branch

Block

Seizure

criteria for installation of controlled ventilation
were respiratory depression, difficulty stabilization
of the anesthetic plane, or both. We did not observe
anesthetic complications associated with infusion of
fentanyl (0.041pg kg! min') and lidocaine (50ug
kg! min'); fentanyl (0,083pug kg' min™'), lidocaine
(50pg kg'!' min), and ketamine (20pg kg!' min™);
lidocaine (50pg kg' min') and ketamine (10ug
kg min'); morphine (1.66pg kg min'); morphine
(1,66pg kg! min') and ketamine (15ug kg' min™);
and lidocaine (50ug kg! min™).

Epidural block was performed in 71 dogs
(35.5%), independent of CRI protocol. In these
dogs, hypotension presented in only 17 [8(47.5%)
dogs with fentanyl-lidocaine—ketamine CRI, 5
(29.4%) with fentanyl CRI, and 1 (5.8%) each
with lidocaine, ketamine, fentanyl-ketamine and
fentanyl-lidocaine CRIs].

Significant reductions were observed in the

Semina: Ciéncias Agrdrias, Londrina, v. 34, n. 4, p. 1807-1822, jul./ago. 2013



Effects of constant rate infusion of anesthetic or analgesic drugs on general anesthesia with isoflurane...

consumption of isoflurane (vol %) during the lidocaine (30pg kg! min'), and ketamine (15ug
anesthetic period when compared with the first 30 kg min') protocol (p<0.05). In the other protocols,
minutes in the fentanyl and fentanyl-lidocaine— no significant differences were found during the
ketamine protocols. The isoflurane consumption anesthetic period compared with the first 30 minutes
was reduced by 15.7%-21.05% after 30minutes (p>0.05)(Table 6).

of the CRI in the fentanyl (0.083ug kg' min')

. Mortality was not observed in any record.
protocol and the fentanyl (0.083ug kg' min'),

Table 6. Mean of isoflurane consumption (V%) in dogs receiving different CRI (n= number of dogs) with respective
doses, evaluated in 120 minutes.

Isoflurane consumption
(Vaporization in volume percent — V %)

Drug or association

Dose 0 30min  31-60min  61-90min  91-120min
(ng/kg/min™)
Fentanyl 0.083 1940.6  1.5:0.6*  1.6£0.5%  1.5:0.5*
(n=39)
Fenmn}&:lle)docame 0.083 +30 23407 23409  2.1+0.9 1.840.5
F ema“ﬁ:llj;’tamme 0.083+15 18406  17£07 1607 1.840.5
Fentanyl Ll(‘ril":‘fzu)“e TRetamine 5 083430+15  1.9:0.5  1.6£0.6*  1.550.6*  1.5:0.4*
Fentanyl + L“;Ef;l)ne TRetamine 166430415 27411 20416 23£L.1 2.120.9
leocam(‘;i;;emmme 30+15 16403  1.6:03  1.5:04 1.4+0.5
Morphm(fl:“)ld“ame 1.66+30 18404  1.6+05  1.6+0.5 1.620.5
Morphine = Ll?fj;‘;ne TRe@mine 66430415 16405 1504 1405 1.140.4
K‘(’:‘:“;‘)“e 15 16404  1.6:06  1.5+0.8 1.940.8

*Significantly (p < 0.05) different from baseline (0-30min) data within each time.
Source: Elaboration of the authors.
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Table 7. A list of the procedures performed, relative numbers and frequencies of cases in 200 dogs.

Surgical Procedures C(ans)e s Freg)l/t)e)ncy
Total unilateral mastectomy + ovariohisterectomy (OH) 45 22.5
o ... Total unilateral mastectomy -
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Nodulectomy ot e
444444444444444444444444444 Therapeutic OH (pyometra) D 25
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Elective OH DA
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Toracotomy TS . N
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Tracheal suture ] OS5
Forelimb amputation > 25
""""""""""""""""" Orthopedic surgey forelimb n 55
""""""""""""""""" Orthopedic surgery hindlimb 14 7
Spine surgery (laminectomy. ventral slg‘tﬂ.ﬂHstabilization.Hfg;pestration) """""""" 29

""""""""""""""" Ophthalmic surgery (enucleation. covering 360) 2
"""""""""""" Perineal surgery (perineal hernia. episiotomy. vaginal prolapse reduction) 5
"""""""""""" Dental surgery (mandibulectomy. osteosynthesis jaw. tooth extraction) 4 2

Laparotomy (gastrotomy. enterptomy. splenectom}./. cystotomy. nephrectomy. ectopic 16 3

testis. prostate omentalization)
""""""""""""""" Nodulectémﬁis} + Explorat"oufsfu laparotomy 1 h 05 -
"""""""""""""" Nodulectomy + Hepatic lobectomy o 05
Total 200 100

1818

Source: Elaboration of the authors.

Discussion

Combined use of drugs in anesthesia facilitates
pain control and reduces or prevents adverse events
in balanced analgesia. In this retrospective study,
the CRI protocols provided effective intraoperative
stability with few significant adverse effects and
reduction in anesthetic requirement depending on the
drug combination. The doses and drugs evaluated in
the records are already indicated for use in CRI and
were in accordance with low doses described in the
literature. These protocols are known to reduce the
isoflurane requirement without adversely affecting
hemodynamics or obvious adverse effects (LUCAS
et al., 2001; MUIR; WIESE; MARCH, 2003).

In this study, we included records of various
surgical procedures and CRI infusion protocols with
the aim to investigate different clinical conditions.
We chose to present the findings in a descriptive

way because of the difficulty of attributing a
complication to a specific infusion protocol. We
aimed to reveal the possible complications that can
occur in dogs subjected to different techniques of
CRI in the clinical setting.

The role of a CRI protocol in the occurrence of
an anesthetic complication was unclear; this can be
explained in part by the low number of repetitions
with some protocols, which did not allow a
comparative analysis. Nevertheless, we considered
possible causes and associations of CRI protocols
regarding such complications, even in the case of
isolated complications.

Despite no adverse effects being observed
with use of the different anesthetic premedication
and induction agents in this retrospective study,
we cannot exclude the possibility that these
agents might have affected the results. Anesthetic
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complications such as hypotension and cardiac
arrhythmias might have been delayed effects of the
anesthetic premedication or isoflurane anesthesia.

The presence of tachycardia and hypertension
during anesthesia did not differ among the protocols
evaluated in this study and was likely attributable to
sympathetic stimulation by surgical manipulation.
Previous authors reported reduction in heart rate
with use of morphine (LUCAS et al., 2001; MUIR;
WIESE; MARCH, 2003) and fentanyl (STEAGALL
et al., 2006; BUFALARI et al., 2007; UEYAMA et
al., 2009) CRIs. Steagall et al. (2006) showed that
hypertension spikes were avoided by fentanyl CRI
administration in dogs, compared with a control
group.

Hypotensive episodes were readily responsive to
reducing the amount of anesthetic delivered or to
administration of a fluid bolus or sympathomimetic
drugs. However, the improvement of arterial blood
pressure after these measures might have been
caused by the concomitant reduction of anesthetic
agent with the CRI. Several agents used in CRI can
trigger hypotension, such as fentanyl and morphine
(LAMONT; MATHEWS, 2007).
previous studies observed that fentanyl CRI causes
an increase in arterial blood pressure, possibly due
to the significant reduction in inhalant requirements,
or no change in this parameter, probably because

However,

fentanyl-induced bradycardia negates the expected
improvement in blood pressure (STEAGALL et al.,
2006; UEYAMA etal., 2009). Another study showed
that, although morphine CRI induced relatively
high histamine release even at low doses, this is not
associated with adverse physiological effects such
as hypotension in healthy dogs (GUEDES; RUDE;
RIDER, 2006). Therefore, in our retrospective study,
considering that hypotension was not observed in
most of the CRI protocols evaluated, it is presumed
that such a complication in this study could have
been due to the effects of isoflurane anesthesia or
the anesthetic premedication.

Compared with the other drugs, lidocaine CRI
causes an increase in arterial blood pressure when
administered athigh doses, probably due to decreased
inhaled anesthetic concentration (VALVERDE et
al., 2004; MATSUBARA et al., 2009), or does not
cause any change in blood pressure (ORTEGA;
CRUZ, 2011). The effects of a ketamine CRI on
blood pressure are controversial. Previous study
showed a significant increase in this parameter in
healthy dogs after an infusion dose that yielded a
plasma concentration of 2ug ml' (BOSCAN et al.,
2005), and another study showed that ketamine CRI
did not increase the blood pressure. However, the
latter experiment was developed in hypovolemic
dogs (DUQUE et al., 2005).

Respiratory depression observed in
dogs was successfully treated with assisted or

some

controlled ventilation. Regardless of CRI protocol,
the dogs evaluated in the study were capable
of modulating their own respiratory rate after
discontinuing mechanical ventilation. Despite the
fact that the drugs used in the CRI protocols, such
as fentanyl (BUFALARI et al., 2007) and morphine
(LAMONT; MATHEWS, 2007), are capable of
triggering respiratory depression even at low doses,
several variables prevented us from affirming that
the respiratory depression was associated with CRI,
such as breed, body condition, recumbency and
surgical procedure.

The seizure observed in one dog treated
with morphine—lidocaine—ketamine CRI
assigned to residual contrast agent employed in
myelography immediately before the surgical
procedure. The seizure episode occurred during
tracheal extubation. Lidocaine can potentially cause
nervous system toxicity, but the dose used in the
CRI was significantly lower than that associated
with the onset of seizures (WILCKE; DAVIS;
NEFF-DAVIS, 1983). Seizure suppression during
general anesthesia has been ascribed to the ability

was

of inhalant anesthetics to protect against the central
nervous system toxicity of lidocaine (PYPENDOP;
ILKIW, 2005).
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The individual contribution of CRI, isoflurane,
or regional block to cardiovascular changes remains
undefined. Although the contributory effect of
the epidural block on the observed hypotension
could not be isolated, we should consider that the
combination of CRI and epidural block may trigger
hypotension, even though epidural anesthesia alone
potentiates hypotension (IFF; MOENS, 2008).

A limitation of this study was the difficulty in
determining the antinociceptive effects of the drugs
used in CRI. This limitation was due to different
surgical stimuli and use of additional regional block
techniques. However, these drugs increase the
nociceptive threshold thereby decreasing the general
anesthetic requirement. Significant differences were
observed mainly in CRI protocols with fentanyl or
fentanyl-lidocaine—ketamine (FLK). Similar results
were reported in previous studies that evaluated the
reduction of isoflurane MAC after the administration
of combination CRI. Muir, Wiese and March (2003)
concluded that morphine-lidocaine-ketamine
(MLK), when administered by CRI, reduced the
isoflurane MAC by 45%. Further, Aguado, Benito
and Segura (2011) observed a similar reduction in
isoflurane MAC after MLK CRI and observed a
97% reduction after FLK CRI.

We believe that the absence of statistical
differences in the other protocols is directly related
to the number of repetitions, because several studies
have shown significant MAC reductions with the
protocols adopted in this retrospective study. One
study showed that ketamine CRI, when administered
in doses that achieved plasma concentrations of 0.5,
1,2,5,8,and 11 pg ml’, reduced isoflurane MAC
in dogs by 10.89% to 39.48%, 26.77% to 43.74%,
25.24% to 84.89%, 44.34% to 78.16%, 69.62%
to 92.31%, and 71.97% to 95.42%, respectively
(SOLANO et al, 2006). Furthermore, use of
lidocaine has produced an MAC reduction of 18.7%
with 50pg kg! min' and 43.3% with 200ug kg
min' (VALVERDE et al., 2004).

In conclusion, CRI represents a valid component
of balanced anesthesia in dogs, appears safe, and
has a low incidence of adverse effects. However,
continuous monitoring of hemodynamic parameters
torapidly detect anesthetic complications is required.
We believe that future studies aimed at investigating
the use of CRI and a clinical description in a greater
number of patients may allow better characterization
and refinement of this technique.
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