5 - ORIGINAL ARTICLE
ANESTHESIA

Analgesic comparison of systemic lidocaine, morphine or lidocaine plus morphine infusion
in dogs undergoing fracture repair1
Isabela Picolo Guimarães AlvesI, Gabriel Montoro NicácioII, Miriely Steim DinizIII, Thalita Leone Alves RochaIII, Glaucia Prada
KanashiroIV, Renata Navarro CassuV
DOI: http://dx.doi.org/10.1590/S0102-86502014000400005
Graduate student, School of Veterinary Medicine, Oeste Paulista University (UNOESTE), Presidente Prudente-SP, Brazil. Grant from Institutional
Program for Scientific Initiation (PIBIC) of the National Council of Technological and Scientific Development (CNPq), Ministry of Science, Technology
and Inovation. Acquisition of data, technical procedures, manuscript writing.
II
Full Professor, Department of Veterinary Surgery and Anesthesiology, School of Veterinary Medicine, UNOESTE, Presidente Prudente-SP, Brazil.
Technical procedures.
III
VMD, Resident, Department of Veterinary Surgery and Anesthesiology, School of Veterinary Medicine, UNOESTE, Presidente Prudente-SP, Brazil.
Acquisition of data, Technical procedures.
IV
Full Professor, Department of Veterinary Surgery and Anesthesiology, School of Veterinary Medicine, UNOESTE, Presidente Prudente-SP, Brazil.
Technical procedures, acquisition of data.
V
Full Professor, Department of Veterinary Surgery and Anesthesiology, School of Veterinary Medicine, UNOESTE, Presidente Prudente-SP, Brazil.
Intellectual and scientific content of the study, statistical analysis, critical revision.
I

ABSTRACT
PURPOSE: To compare the postoperative analgesic effects of lidocaine, morphine and lidocaine plus morphine administered by
constant rate infusion (CRI) and analyzing their effects on opioid requirements after orthopedic surgery in dogs.
METHODS: Twenty-four dogs underwent fracture repairs were premedicated with IM acepromazine (0.05 mg/kg) combined with
morphine (0.3mg/kg). Anesthesia was induced with IV propofol (4 to 5 mg/ kg) and maintained with isoflurane. The dogs were randomly
assigned to 3 groups and administered a CRI IV of lidocaine (T-L), morphine (T-M) or lidocaine plus morphine (T-LM) at the same
doses. Postoperative analgesia was assessed for 24 hours using a Visual Analog Scale (VAS) and the Glasgow Composite Pain Scale
(GCPS). Rescue analgesia was performed if the evaluation score exceeded 50% of the VAS and/or 33% of the GCPS.
RESULTS: The pain score and postoperative opioid requirements did not differ among the treatments. Rescue analgesia was administered
to 1/8 dogs in the T-M and T-LM, and to 3/8 dogs in the T-L.
CONCLUSION: Lidocaine, morphine or lidocaine/morphine CRI may be efficacious techniques for pain management in the first
24 hours post-surgery. However, the two drugs administered together did not reduce the postoperative opioid requirement in dogs
undergoing fracture repair.
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Introduction

seven years (median, 2.6 years) and weighing between three and 19
kg (median, 12.3 kg), that underwent surgical repairs of a femoral,

Orthopedic surgery in dogs is commonly associated

tibial, humeral or radial fracture were enrolled. The dogs were

with moderate to severe postoperative pain and inflammation .

selected for this study using a physical examination and laboratory

Therefore, providing effective analgesia is essential during the

tests (i.e., a complete blood cell count, and measurements of the urea,

immediate postoperative period and for several days or weeks

creatinine, alanine aminotransferase and aspartate aminotransferase

thereafter . Moreover, effective pain control may result in a more

levels). The following exclusion criteria were applied: significant

rapid recovery and return to normal function .

orthopedic trauma (multiple fractures), pregnancy, or severe

1-4

3-4

3

Postoperative pain may be controlled by local anesthetic

concomitant disorders of the kidneys or liver.

agents, opioids and non-steroidal anti-inflammatory drugs

After withdrawing food and water for 12 and three

(NSAIDs) or a combination of these items . The administration

hours, respectively, all dogs were sedated with intramuscular (IM)

of a single drug is often insufficient for postoperative analgesia.

acepromazine (0.05mg/kg; Acepran 0.2%, Univet, Sao Paulo-SP,

Conversely, multimodal or balanced analgesia combines different

Brazil) combined with morphine (0.3mg/kg; Dimorf, Cristalia,

analgesic drugs to achieve beneficial additive or synergistic

Campinas-SP, Brazil). Twenty min after sedation, an intravenous

analgesic effects. Consequently, lower analgesic doses may be

(IV) catheter (20 gauge, 32 mm; Insyte, Becton Dickinson, Juiz de

administered to potentially reduce the undesirable side effects .

Fora-MG, Brazil) was aseptically placed in a cephalic vein, and

5-6

7-8

In humans, it is thought that systemic lidocaine

the CRI was started as follows: T-L (n=8) - bolus IV of lidocaine

infusion is an effective analgesic technique for some procedures,

(1.0mg/kg), followed by lidocaine infusion (50µg/kg/min); T-M

including major abdominal surgery9-11, prostatectomy12,13 and some

(n=8) – bolus IV of saline (0.5mL/kg) followed by morphine

ambulatory surgeries . Among the beneficial effects of lidocaine,

infusion (0.1mg/kg/h); T-LM (n=8) - bolus IV of lidocaine

studies have reported a morphine-sparing effect, an improved

(1.0mg/kg), followed by a lidocaine infusion (50µg/kg/min)

dynamic analgesia and a reduced hospital stay.

combined with a morphine infusion (0.1mg/kg/h). To preserve

14

Additionally, several studies have shown that lidocaine

blinding, the initial bolus was made up to volumes equivalent to

infusion reduces the minimum alveolar concentration (MAC) of

0.5mL/kg, and then administrated for a period of 60 seconds. The

inhalation agents in horses , dogs

, goats , cats and calves .

drug infusion treatments were administered for 20 min before the

Therefore, lidocaine infusion has been widely used as a supplement

anesthetic induction, and they were maintained using a peristaltic

to general anesthesia .

pump (ST1000; Samtronic, Sao Paulo, SP, Brazil) throughout the

15

16-19

20

21

22

7

However, relatively few studies have focused on the
postoperative analgesic effects of intravenous lidocaine infusion in

surgical procedure. The drugs were diluted in Ringer´s solution
and administered at a rate of 5 to 10mL/kg/h.

dogs. Indeed, to our knowledge, the analgesic effect of a constant

Anesthesia was induced with IV propofol (4 to 5mg/

rate infusion (CRI) of lidocaine in dogs undergoing orthopedic

kg; Propovan, Cristalia, Campinas-SP, Brazil). Orotracheal

surgery has not been reported.

intubation was performed, and anesthesia was maintained with

The aim of the present study was to compare the

isoflurane in 100% oxygen in a small animal rebreathing circuit

postoperative analgesic effects of lidocaine, morphine or lidocaine

(Samurai; Takaoka, Sao Paulo-SP, Brazil). All dogs received

plus morphine CRI in dogs undergoing fracture repair and

initial doses of IV meloxicam (0.2mg/kg) 5 min before the

analyzing their effects on opioid requirements after orthopedic

surgical incisions were made, and then they received additional

surgery in dogs. We hypothesized that the combination of

doses of meloxicam (0.1 mg/kg, SC, q 24 hour) beginning on day

lidocaine with morphine would result in a superior analgesic effect

1 and continuing for up to 10 days.

compared with each drug administered alone.

During the anesthetic procedure, the end-tidal carbon
dioxide concentration (ETCO2), end-tidal isoflurane concentration

Methods

(ETISO), oxygen saturation of hemoglobin (SpO2%) and heart
rate (HR) were continuously measured using a capnograph, pulse

This study was approved by the Institutional Animal

oximeter and gas analyzer (VAMOS plus; Dräger, Sao Paulo-SP,

Research Ethical Committee (protocol number 756), and permission

Brazil). The end-tidal concentration of isoflurane was adjusted

for the participation of each dog was obtained from the owner.

based on the arterial pressure and heart rate changes, and using the

Twenty-four dogs (19 males, five females), aged one to
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(SBP) was measured using a noninvasive method with a Doppler
ultrasonic system (Doppler 841-A; Parks Medical Electronics,
Las Vegas, EUA), with the width cuff approximately 40% of
the antebrachium circumference. The respiratory rate (RR) was
measured observing of the thoracic movements for one minute.
The administration of postoperative analgesic drugs was
supervised by one anesthesiologist, and the pain assessment was
performed by a blinded assessor. The pain was measured before the
sedation (baseline scores), and at 30 min, and 1, 2, 4, 6, 8, 12, 20 and
24 hours after extubation, using the Glasgow Composite Pain Scale
(GCPS)3,23. Next, pain was assessed using a Visual Analogue Scale
(VAS) in which, 0=no pain and 100=worst possible pain, manifested
by vocalization, aggression, and refusal to allow the examination)1-5.
When the GCPS score was >33% or/and the VAS pain
score was >50%, IM morphine (0.5mg/kg) was administered as a
rescue analgesic.
At each pain assessment, sedation was scored according
to a scale that ranged from 1 to 5, as follows: normal behavior (1);
mild sedation, some decrease in normal activity, some resistance to
handling, responds to name (2); moderate sedation, easy to handle,
still spontaneously active, responds to name, but more slowly
(3); moderate-heavy sedation, less spontaneous activity, verbal
encouragement needed to rise, minimal resistance to handling (4);
sternal recumbency, physical stimulus required to rise, depressed,
no resistance to handling (5)24.
The data were recorded as mean±SD. A Kolmogorov–
Smirnov-test was performed to assess normality of the variables.
Values for HR, RR, SBP, SpO2, ETCO2 and ETISO concentrations

were analyzed using a two-way analysis of variance (ANOVA)
followed by a Tukey test to compare differences between

TABLE 1 - Comparison of demographic characteristics, pain
and sedation scores in 24 dogs undergoing elective orthopedic surgeries
that received 1 of 3 intravenously administered analgesic protocols*.

T-L
T-M
T-LM
No. of dogs
8
8
8
Female
2
1
2
Males
6
7
6
#
Body Weight (kg)
11.8±12.6
11.8±7.2
9.4±7.1
#
Age (years)
1.7±1.2
1.8±2.2
1.8±1.1
Surgery time (min)#
118.0±44.6 115.2±34.7 108.2±43.4
Extubation Time (min)#
8.0±7.7
7.5±4.9
11.0±8.3
#
Recovery time (min)
277.5±53.5 258.7±52.4 210±44.8
Fracture distribution/ No. of dogs
Humerus
1
2
2
Radius
2
1
1
Femur
3
4
5
Tibia
2
1
0
VAS#
1.63±1.24 1.41±0.75 1.30±0.82
GCPS#
Sedation score#

3.3±2.36
1.0±0.59

2.31±1.32
0.98±0.82

2.52±1.29
0.9±0.36

*The dogs received analgesics by CRI maintained throughout the surgical procedure
as follows: T-L (n=8) - bolus IV of lidocaine (1.0mg/kg), followed by lidocaine infusion (50µg/kg/min); T-M (n=8) – bolus IV of saline (0.5mL/kg) followed by morphine
infusion (0.1mg/kg/h); T-LM (n=8) - bolus IV of lidocaine (1.0mg/kg), followed by a
lidocaine infusion (50µg/kg/min) combined with a morphine infusion (0.1mg/kg/h).
#
Values are shown as mean±SD. VAS: Visual Analog Scale; GCPS: Glasgow Compositive Pain Scale.

The median pain scores did not significantly differ among
the treatment groups at any time point (p>0.05) (Figures 1 and 2).
The rescue analgesia was less frequently for T-M (1 of 8 dogs)
and T-LM groups (1 of 8 dogs) than that in the T-L group (3 of 8
dogs). However, the number of dogs rescued in different treatment

treatment groups at each time point and differences in time
for each treatment group. The pain and sedation scores were
compared at different time-points by means of a nonparametric
Friedman test for repeated measures. For comparisons at each time
point a nonparametric Kruskal–Wallis test followed by post-hoc
Dunn’s test was employed. All analyses were performed using
the computer software (GraphPad Instat5). Differences were
considered significant when p<0.05.
Results
The three treatment groups were comparable in both
demographic and clinical variables. There were no significant
intergroup differences concerning the patient’s ages, weights,
surgical times, times to endotracheal extubation or recovery times
(p>0.05) (Table 1).

FIGURE 1 - Mean±SD VAS score measured before surgery (ie, baseline)
and at 30 min, and 1, 2, 4, 6, 8, 12, 20 and 24 hours after tracheal extubation
in dogs undergoing elective orthopedic surgeries treated with intravenous
lidocaine infusion (T-L), morphine infusion (T-M) or lidocaine plus
morphine infusion (T-LM). The VAS ranged from 0 (lack of pain) to 10
(worst possible pain).
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groups was not statistically different (p=0.29). One dog from T-M
and TL-M groups and three dogs from T-L group required rescue
analgesia twice (Table 2).

FIGURE 2 - Mean ± SD GCPS score measured before surgery (ie,
baseline) and at 30 min, and 1, 2, 4, 6, 8, 12, 20 and 24 hours after tracheal
extubation in dogs undergoing elective orthopedic surgeries treated
with intravenous lidocaine infusion (T-L), morphine infusion (T-M) or
lidocaine plus morphine infusion (T-LM). The GCPS ranged from 0 (lack
of pain) to 24 (worst possible pain).
TABLE 2 - Number of rescue doses administered to each
treatment group over time.

Variable
Rescue
doses

Treatment
T-L
T-M
T-LM

30

1

1

--

1
1

---

2

4

6

8

12 20 24 Total

1

--

2

--

-1

1
--

---

---

2
---

----

6
2
2

The degree of sedation was similar among the groups
(p=0.30). The deepest degree of sedation was observed at 30 min
(p<0.001) and 1 hour (p<0.001) after extubation for all treatment
groups (Figure 3).
Adverse effects, such as nausea, vomiting, excitement
and shivering, were not observed in any of the dogs.

FIGURE 3 – Mean ± SD sedation score measured before surgery (ie,
baseline) and at 30 min, and 1, 2, 4, 6, 8, 12, 20 and 24 hours after tracheal
extubation in dogs undergoing elective orthopedic surgeries treated
with intravenous lidocaine infusion (T-L), morphine infusion (T-M) or
lidocaine plus morphine infusion (T-LM).
The sedation score ranged from 1 to 5 (Normal behavior =1; Mild sedation,
some decrease in normal activity, some resistance to handling, responds
to name =2; Moderate sedation, easy to handle, still spontaneously
active, responds to name, but slower =3; Moderate-heavy sedation, less
spontaneous activity, verbal encouragement needed to rise, minimal
resistance to handling =4; Sternal recumbency, physical stimulus required
to rise, depressed, no resistance to handling =5). *Within a treatment
group, value differs significantly (p<0.05) from the baseline value.

Discussion
The dosing regimens in the present study were selected
based on recent trials involving lidocaine or morphine administered
by CRI to dogs6,24-26. Moreover, previous studies have shown that
the perioperative period seems to be particularly important for
lidocaine-sensitive mechanisms of postoperative pain9,14,26. Thus,
in our study, the infusions were started at least 20 min before
surgery and were maintained throughout the surgical procedure.
Although the analgesic effects of systemic lidocaine
have been proven for chronic pain, particularly for neuropathic
pain states27-29, conflicting results have been achieved for acute
pain, such as postoperative pain12,25,30.
In humans undergoing abdominal surgeries, systemic
lidocaine reduced postoperative pain and morphine consumption
when it was applied perioperatively, however, the effects were
most prominent at 36 hours after surgery9. Controversially, other
studies have reported that systemic lidocaine neither reduced pain
scores or induced any postoperative opioid-sparing effect31-33.
While opioids and local anesthetics have different sites
and mechanisms of action, simultaneous administration of the
two drugs have been suggested to enhance the analgesic effects
and induce an opioid-sparing effect34. The mechanisms and site
of action of systemic lidocaine remain unclear. The analgesic
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properties of lidocaine are mediated by various mechanisms,

However, for humanitarian and ethical reasons, we decided not to

including sodium channel blockade35, inhibition of G protein-

use an untreated control group.

coupled receptors and NMDA receptors

. In addition, local

Indeed, the provision of meloxicam before the surgical

anesthetics have been reported to interact with mu and kappa

procedure may have masked the differences in the signs of pain

opioid receptors , potentiating the analgesic effect mediated by

among the groups. Meloxicam administered preoperatively is a

opioid drugs39.

safe and effective method of controlling postoperative pain for up

36

37,38

34

Therefore, we hypothesized that administering lidocaine

to 24 hours in dogs undergoing orthopedic surgery3,4,39.

plus morphine would provide better pain control for dogs in the first

Furthermore, pain recognition and assessment in animals

24 hours after fracture repair compared to a single administration of

are challenging because of their inability to communicate, the

each drug. However, based on the pain scores, the three treatments

complexity of pain perception and variation in behavioral responses.

provided similar analgesia and adding lidocaine to morphine did

Different pain scoring systems have been developed to assess

not influence the postoperative opioid requirement. These results

the efficacy of analgesic techniques. Several investigators have

support the findings of Cepeda et al. who reported no differences

reported the use of various scales (e.g., visual analog, numerical

in analgesic effects and postoperative opioid requirements using

rating, simple descriptive and composite) developed and correlated

morphine or morphine plus lidocaine infusions.

specifically for dogs1,23,40,41. In the current study, two methods (i.e.,

31

In dogs, a loading intravenous dose of 1.5mg/kg prior to

the GCPS and VAS), were used to obtain a more accurate overall

anesthetic induction, followed by an infusion of lidocaine at a rate

impression of pain. The VAS system is a simple way of scoring pain

of 25µg/kg/h results in a similar analgesic effect to that provided
by intraoperative IV morphine infusion (0.15mg/kg/h), and 50%
of the dogs did not required any additional analgesics at any time
after intraocular surgery25. In the current study, the majority of dogs
(7 of 8 in the T-M and T-LM groups and 5 of 8 in the T-L group)
did not require any further analgesia following surgery. These dogs
appeared calm and comfortable in the postoperative period.
A possible factor that may have contributed to the lack of
a significant difference in this study for postoperative pain degree
is the variability inherent in this type of clinical study. Although no
significant differences were highlighted among the three patient
groups regarding age, body weight, and length of surgery, the dogs
were referred to the hospital with different medical and surgical
conditions. A standardized surgical stimulus was not provided.

and is commonly used for both humans and animals. The GCPS
system is internationally recognized and has been reported to be as
reliable and reproducible for pain assessment in dogs as the VAS
system40. In addition, only one observer scored all dogs to avoid
interobserver variability in the subjective evaluation.
In addition to these factors, sedation may also influence
the diagnosis of pain, whereas in animals with an intense degree of
sedation, the discomfort can be masked by the lack of a response
from the animal42. In the current study, based on the sedation score,
mild to moderate sedation was observed in all treatment groups,
with the maximal sedative effect observed from 30 min to 1 hour
after extubation. Thus, the sedation appears to have not interfered
with the pain evaluation.

The dogs included in this study underwent various types of

Conclusions

fracture repair, involving different bones. As with most clinical
studies, it is difficult to control certain factors, such as the degree
of bone trauma, the surgical technique used, or the administration
of pre-emptive analgesics. Dogs undergoing femoral and humeral
fracture repairs are often presumed to have more significant
pain than dogs undergoing tibial and radial fracture repairs. This
variability may have confounded the pain scoring in the present
study, particularly because different surgical procedures may
result in different degrees of postoperative pain. Thus, variability

Constant rate infusions of lidocaine, morphine or
lidocaine plus morphine may be efficacious techniques for pain
management for most of the dogs in the first 24 hours post-surgery.
However, the two drugs administered together did not provide
superior postoperative analgesia or reduce the requirement for
rescue opioid compared to a single administration of each drug in
dogs undergoing fracture repair.

in a clinical population is unavoidable.
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