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ABST RACT
The aim of the present study was to compare the analgesic efficacy of instilled intra-peritoneal lidocaine 
and procaine during the perioperative and the postoperative periods in dogs undergoing elective 
ovariohysterectomy (OVH). Twenty-four sexually intact female dogs were referred for OVH. Following 
the laparotomy procedure the L group received intraperironeal instillation of 3.5 mg/kg of 0.2% lidocaine. 
The therapeutic agent was administreted over the area of ovaries, broad ligament, and uterine stump. It was 
injected using a syringe and needle (23 G). The P group administered intraperitoneal instillation of 3.5 mg/kg 
of 0.2% procaine and the control group received 1.75 ml/kg of intraperitoneal saline in a similar fashion. 
Groups L and P had significantly lower Glascow Composite Measure Pain Scale scores (CMPS-SF) than 
the control group at the 0.5, 1, 2, 3, 8, and 24 hour postoperative periods. In conclusion, administerstration 
of intraperitoneal installation of lidocaine and procaine were shown to provide a smilarly significant effect 
in reducing intraoperative and postoperative pain and biochemical stress responses within 3 hours of surgery.
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INTRODUCTION
Ovariohysterectomy (OVH) is one of the most commonly 
performed surgeries in general practice and is considered a 
moderately painful procedure (1-4). Anesthetic techniques 
for sterilization range from local anesthesia to neuraxial or 
general anesthesia (2, 4-6). 

Lidocaine is a local anesthetic and antiarrhythmic agent 
that has been used for years in canine clinical practice to 
provide loco-regional analgesia and to treat ventricular dys-
rhythmias (7-9). Procaine is a local anaesthetic of the ester 
type which is rapidly hydrolyzed in the plasma (10, 11). 

Although previously investigated for intraoperative pain 

relief (2, 4, 5, 12, 13), lidocaine and procaine have not been 
compared for postoperative pain relief in dogs undergoing 
elective OVH. Our hypothesis was that intraperitoneal li-
docaine and procaine would provide effective post-surgical 
pain relief. The aim of the present study was to compare 
the analgesic efficacy of instilled intraperitoneal lidocaine 
and procaine during the perioperative and the postoperative 
period in dogs undergoing elective OVH. 

MATERIALS AND METHODS
Twenty-four sexually intact female dogs (weighing between 
5.5 and 18 kg; from 7 months to 8 years in age) referred by a 
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local shelter to a small animal clinic for the OVH procedure 
at regular intervals over 3 months were included in the study. 
The study protocol was approved by the local ethics commit-
tee (approval number: 2014-12). The local shelter members 
gave their written consent. Animals judged to be healthy 
upon clinical examination by the lead investigator were in-
cluded in the study (American Society of Anesthesiologist’s 
classification I, ASA). For each dog, age, body weight, ASA 
physical status, and sexual cycle were recorded. All dogs were 
discharged 24 hours after surgery.

Dogs were premedicated with a combination of atropine 
(0.04 mg/kg IM; Atrovil, Turkey, 0.02 ml/kg) and xylazine 
(2 mg/kg IM; Alfazine, Turkey, 0.1 ml/kg). General anesthe-
sia was induced 15 min after premedication using ketamine 
(10 mg/kg IM; Alfamine, Turkey, 0.1 ml/kg). Either the 
right or left cephalic vein was cannulated using a 20 or 22 G 
over-the-needle catheter (Bıçakçılar, Turkey) for performing 
the subsequent blood sampling. Electrocardiogram, non-
invasive blood pressure (BP), respiratory rate (RR), heart rate 
(HR), pulse oximetry, and rectal temperature were monitored 
(GTE9003E, Guoteng Co. Ltd., China) continuously while 
administering the anesthesia. All dogs were intubated and 
mechanically ventilated using a ventilator (2002IE, Hallowel 
EMC, USA). Lactated Ringer’s solution (3-6 ml/kg per h) 
was infused throughout surgery. 

The dogs were randomly allocated to one of three groups, 
with eight dogs in each group. All surgeries were performed 
by the same surgeon with assisstance from veterinary stu-
dents. Four quarter drapes were placed lateral to each row of 
mammary nipples at the xiphoid and the pubis. Dogs were 
placed in the Trendelenburg position (15° head down) to 
facilitate cranial displacement of the visceral contents of the 
abdominal cavity. Following the laparotomy procedure the 
L group received intraperitoneal instillation of 3.5 mg/kg of 
0.2% lidocaine (Lidokain, Himfarm, Kazakhstan). The thera-
peutic agent was administered over the area of ovaries, broad 
ligament, and uterine stump. It was injected using a syringe 
and needle (23 G). The agent was applied simultaneously in 
four different directions so that it would reach the cranial, 
caudal, left, and right spaces of the abdominal cavity. The P 
group was administered intraperironeal instillation of 3.5 mg/
kg of 0.2% procaine (Novakain, Sanavita, Germany) and the 
control group received 1.75 ml/kg of intraperitoneal saline 
in a similar fashion. For each dog, the duration of operation 
was recorded. The operative time was defined as the time 

elapsed between the first incision and the final skin suture. 
After surgery, trimetoprim + sulfomethxazole (15 mg/kg, 
IV; Favetrim, 0.1 ml/kg) was administered as a single dose.

Pre- and postoperative pain were assessed at baseline 
(before induction of anesthesia) and then at 0.5, 1, 2, 3, 8, 
and 24 hours after the operation. The same investigator, who 
was not informed of the dogs’ group assignment, evaluated 
the pain behaviors of all dogs using the short form of the 
Glascow Composite Measure Pain Scale (CMPS-SF) (14). 
For this purpose, vocalization, attention to wound area, 
mobility, response to touch, demeanor, and posture were 
evaluated. Higher points were related to more severe pain. 
A total pain score was calculated for each time point. To 
control the severity of postoperative pain, if a dog was scored 
CMPS-SF>6, carprofen (4.4 mg/kg, SC, Rimadyl, Germany) 
was to be adminisered as a rescue analgesic Each animal’s 
data was included in the statistical evaluation. No patient 
was withdrawn from the study.

Heparinized blood samples (4 ml) were collected through 
the indwelling cephalic vein catheter. To test for blood 
glucose, plasma samples were centrifuged at 1500 g for 10 
minutes at room temperature; the plasma was removed, and 
the blood samples were stored at -80°C in labelled Eppendorf 
tubes and then evaluated for glucose concentration at the end 
of the study, by a commercial laboratory using a BA-88A 
Semi-Auto Chemistry Analyzer (Mindray, China). 

ANOVA and Tukey’s multiple range tests were used to 
assess the differences between the groups. The SPSS software 
program (Version 12.0, SPSS Inc., Chicago, IL., USA) was 
used for statistical analysis. For intergroup comparison, the 
distribution of the data was first evaluated for normality using 
the Shapiro-Wilk test. For intergroup comparison, the data 
of the rescue requirement was evaluated by Pearson’s χ² test. 
Normally distributed data were presented as mean ± standard 
error (SE). A probability value of less than 0.05 was consid-
ered to indicate statistical significant differences. 

RESULTS
Subjects from the three groups were similar in age (2.63±0.8 
years in group L, 2.50±0.7 years in group P, and 2.38±0.2 
years in the control group) and body weight (10.13±1.12 kg 
in group L, 11.62±1.13 kg in group P, and 10.00±0.71 kg 
in the control group). There were no significant statistical 
differences for these parameters. The duration of surgery 
was 27.08±4.65 min. 
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There were no significant differences between the experi-
mental groups in terms of intraoperative monitoring values. 
All of these values were within the expected reference ranges 
for anesthetized dogs (Table 1). Mean (± SE) systolic, mean, 
and diastolic BP values were increased 20% in the control 
group following the ligation procedure (Table 1, T2 time 
point). 

There were significant differences (p<0.05) in CMPS-
SF among the experiment groups. In the preoperative 
period, all animals had a CMPS-SF score of 0. Groups 
L and P had significantly lower CMPS-SF scores than 
the control group at the 0.5, 1, 2, 3, 8, and 24 hour post-
operative periods (Table 2). At 8 h, group L’s scores were 
significantly lower than those of group P. The highest 
and lowest CMPS-SF values were determined at 2 h 
(6.00±0.71) and 24 h after surgey (2.38±0.37) in group L. 
Likewise, the highest and lowest CMPS-SF values were 
determined at 0.5 h (group P, 5.75±0.28; control group, 
8.88±0.54) and 24 h after surgey (group P, 3.88±0.65; con-
trol group 6.88±0.48) in the other groups. The CMPS-SF 

scores were determined to be >6 for eight, three, and two 
dogs in group C, group L, and group P, respectively. There 
was statistically significant difference between groups in 
terms of requiring back-up anesthesia (p<0.05). The rescue 
analgesic (carprofen, 4.4 mg/kg, SC) was used at first time 
point at which the CMPS-SF score was determined to be 
>6. The rescue analgesic was used on one occassion, after 
which the dogs were observed. 

Table 3 demonstrates the mean (±SE) plasma glucose 
levels at each time point. Glucose concentrations peaked at 
3 h in group L, and at 8 h in group P and the control group. 
Glucose levels differed significantly differenct at 3 and 8 
h for groups L and P when measured against the control 
group (p<0.05). The glucose concentration declined more 
quickly in groups L and P than in the control group. Only 
the values at the 3 and 8 h time points were significantly 
(p<0.05) higher than the baseline value in the control group. 
After 24 h, the glucose concentration was near baseline 
values in the control group, while concentrations were not 
significantly higher for groups L and P. At the values for 

Table 1: Distribution of intraoperative monitoring values in dogs (Mean±SE)

Parameters/Groups T1
(5 min)

T2
(10 min)

T3
(15 min)

T4
(20 min)

T5
(25 min)

T6
(30 min)

O2 SAT (%)
Control (n=8) 90.13±1.46 91.63±1.53 87.25±1.78 88.88±1.50 90.25±1.79 89.43±2.09

Lidnocaine (n=8) 90.13±1.90 91.25±1.75 89.75±1.37 91.38±0.80 90.63±1.02 87.29±5.10
Procaine (n=8) 91.38±0.96 93.50±1.21 91.50±1.32 91.38±0.75 92.38±0.80 92.50±0.87

Respiration
rate/min

Control (n=8) 14.50±1.65 13.88±0.48 14.00±1.12 14.63±0.71 14.00±1.04 14.43±0.84
Lidocaine (n=8) 13.13±1.27 14.75±2.83 11.50±0.53 12.13±1.48 11.63±0.46 14.14±1.40
Procaine (n=8) 11.63±0.38 12.75±0.73 12.13±0.93 13.00±1.19 13.00±1.05 13.25±0.70

Heart rate
(beats/min)

Control (n=8) 77.88±6.56 87.38±7.34 83.63±7.97 74.13±6.73 68.38±8.77 75.14±14.07
Lidocaine (n=8) 67.13±10.41 60.63±13.26 69.38±9.72 64.13±8.80 62.63±7.44 78.71±13.51
Procaine (n=8) 79.63±10.17 69.88±8.39 102.50±7.98 92.25±10.04 87.75±9.90 94.50±6.67

Blood pres. 
(systolic mm Hg)

Control (n=8) 124.13±6.19 168.88±10.33 160.13±10.09 158.25±9.84 147.25±7.91 141.43±7.67
Lidocaine (n=8) 134.13±9.09 135.8±8.35 132.50±9.86 133.13±7.51 122.13±7.69 124.43±8.97
Procaine (n=8) 137.00±5.28 142.63±8.10 148.38±7.93 143.25±6.87 142.50±7.23 145.00±5.97

Blood pres. 
(mean mm Hg)

Control (n=8) 107.13±6.22 144.25±10.80 140.13±9.72 134.63±10.06 126.38±8.38 123.43±7.98
Lidocaine (n=8) 106.50±9.00 107.63±9.06 109.13±9.57 108.50±7.53 100.50±6.72 108.71±7.17
Procaine (n=8) 121.75±7.62 129.13±6.58 132.63±6.20 125.25±5.35 127.75±6.48 127.88±5.66

Blood pres. 
(diastolic mm Hg)

Control (n=8) 93.00±4.68 126.88±7.78 120.25±7.54 118.75±7.32 110.50±5.90 106.00±5.81
Lidocaine (n=8) 94.25±9.26 96.50±9.10 92.25±8.34 96.50±5.67 96.75±6.26 98.29±7.73
Procaine (n=8) 109.88±6.56 113.75±5.80 116.38±6.20 117.25±6.93 115.50±5.86 115.88±5.39
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the 3, 8, and 24 h time point, non-significantly (p>0.05) 
differerences from the baseline value in groups L and P 
were observed.

DISCUSSION
In veterinary medicine, the most effective local anesthetic 
for abdominal surgery is unknown, as only limited data is 
available for drugs other than lidocaine. However, lidocaine is 
seen to be a perfect option for intraperitoneal local analgesia 
due to its extended time of activity (7, 12). Thus, lidocaine 
was selected as the intraperitoneal analgesic drug due to its 
extended time of action (120-240 min), especially compared 
to procaine, which has a comparatively late onset of effect 
(45-90 min). It is possible that noxious stimuli during the 
initial periods of surgery were not inhibited. The efficacy 
of lidocaine and procaine were thus compared to test for 
applicability in OVH.

Lidocaine administered intravenously decreases the neu-
ral response to postoperative pain by blocking or inhibiting 
nerve conduction (15), suppressing central sensitization, 
inhibiting spinal visceromotor neurons (16) and reducing 
inflammation (17). Therefore, the dogs may be feel less pain 

with intraperitoneal administration of lidocaine and procaine 
than the controls.

Yang et al. (2014) reported that the intraperitonal admin-
istration of lidocaine 0.2% significantly reduced postoperative 
pain in humans, as compared with control infusions (8). The 
dose plan in the current study was equal to the dose plan used 
in this previous study (8). In the present study, IP lidocaine 
0.2% and procaine 0.2% significantly reduced postoperative 
pain with control treatment in dogs undergoing OHE. 

One limitation of the current study was that different 
concentrations of local anesthetics which were not compared. 
Further studies need to be performed using different con-
centrations in order to more convincingly show the efficacy 
of IP local anesthetics. Open surgical OVH in dogs involves 
the dissection of several tissues, including uterus, broad liga-
ment, ovarian pedicles, and ovaries. Thus, when lidocaine and 
procaine are used in the peritoneal cavity, it was believed that 
this would guarantee a uniformly broad containment of the 
area in which noxious stimuli may develop. 

It has been reported that HR and BP values were de-
termined to be direct physiological indicators of intraop-
erative sympathetic reagent to nociceptive stimulation (18); 
in another study conducted using lambs, HR and BP were 
demonstrated to have higher sensitivity to signs of pain than 

Table 2: Mean CMPS-SF scores from each groups of dogs at each time point (Mean±SE)

Groups Postoperative P Value 
(row)30 min 1.hr 2.hr 3.hr 8.hr 24.hr

Control (n=8) 8.88±0.54 A 8.50±0.58 A 8.00±0.44 A 7.00±0.53 A 7.00±0.41 A 6.88±0.48 A 0.132
Lidcaine (n=8) 5.75±0.78 aB 6.00±0.33 aB 6.00±0.71 aB 4.00±0.37 aB 2.50±0.37 bB 2.38±0.37 bB 0.040
Procaine (n=8) 5.75±0.28 B 5.63±0.23 B 5.05±0.36 B 4.78±0.63 AB 4.28±0.55 C 3.88±0.65 B 0.062

P value (column) 0.018 0.030 0.028 0.022 0.001 0.026
abc means with different superscripts within one row differ significantly (p<0.05)
ABCDifferent letters in the column indicate the significant differences (p<0.05)

Table 3: Plasma glucose levels (means±SE) taken from dogs treated with installed lidocaine and procaine (group L, n=8; group P, n=8) or 
serum physiologic (control, n=8). Samples were obtained at baseline and 3, 8, and 24 h following operation

Groups Pre Surgery
0.hr

Post surgery P Value 
(row)3.hr 8.hr 24.hr

Control (n=8) 56.25±12.95 aA 166.57±25.39 bA 192.17±24.62 bA 89.71±16.10 aA 0.010
Lidocaine n=8) 67.71±6.98 A 82.60±25.38 B 73.71±9.75 B 76.00±8.52 A 0.234
Procaine (n=8) 75.67±6.21 A 82.83±23.07   

82.60±25.38 B
96.20±20.10 B 87.43±20.14 A 0.196

P value (column) 0.344 0.022 0.016 0.296
abc means with different superscripts within one row differ significantly (p<0.05)
ABC Different letters in the column indicate the significant differences (p<0.05)
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either cortisol or ACTH plasma measurements (19). Systolic, 
mean, and diastolic BP values increased 20% in the control 
group following the ovariohysterectomy procedure. The in-
crease in the parameters here demonstrate that the intensity 
of pain had determinable physiologic impact on the animals 
as assessed by an investigator, however the variability between 
these parameters was stable in groups L and P. 

The cardiovascular system of dogs is considerably 
more resistant to lidocaine toxicity than the central ner-
vous system (20, 21, 22). However, as clinical signs caused 
by the central nervous system toxicity induced by local 
anesthetics are masked by generous premedication with 
anticonvulsant sedatives or general anesthesia, indications 
of central nervous system toxicity should be estimated by 
comparing the blood levels found herein with those at toxic 
doses in toxicity studies (23). The cardiovascular effects of 
continuous epidural administration of lidocaine have been 
investigated in anesthetized dogs. Heart rate, direct blood 
pressure, cardiac index, and stroke volume were found to 
be decreased dose-dependently during continuous epidural 
administration, whereas systemic vascular resistance did not 
differ significantly with dose (23). The acute intravenous 
cardiovascular toxicity of lidocaine is reported in intact, 
ventilated dogs anesthetized with pentobarbital. At a 10 mg/
kg dose lidocaine produced moderate signs of cardiovascular 
depression. The cumulative lethal dose is approximately 80 
mg/kg for lidocaine (21). Based on the results of the current 
study, it was concluded that intraperitoneal administration 
of lidocaine and procaine was relatively safe in normal dogs 
undergoing OVH. 

Many pain scaling systems have been conceived to 
evaluate pain and stress in the postoperative period (24). 
Cortisol concentrations, subjective scoring such as with the 
CMPS-SF and visual analog scale (VAS), physiological pa-
rameters, and algometry have previously been used in studies 
of the stress response induced by OHE in dogs (14, 25-28). 
Acknowledging that no scoring system of pain is perfect, 
the CMPS-SF, which was developed by Reid et al., (2007), 
was used to evaluate pain in this study (14). No significant 
difference in pain scores or serum cortisol concentrations 
was identified between dogs after ovariohysterectomy (25). 
In dogs, the CMPS-SF has been validated for accuracy 
in assessing acute pain (14). Both CMPS-SF and VAS, 
however, require a trained single and preferably blinded 
observer (26) to reduce bias and inter-observer variation. It 

was reported that no significant differences were observed 
in the subjective and physiological parameters between the 
period before surgery and at recall in the subject dogs (27). 
The poor correlation observed between the algometer and 
both CMPS-SF and IVAS indicates that these tests measure 
different aspects of pain and are not interchangeable (28). In 
the current study, the CMPS-SF points were significantly 
reduced in groups L and P when compared to the control 
group during the monitoring period. These scores were 
parallel and compatible with other scores in the literature 
within 3 h (27, 29).

The significant limitations of the study are debated be-
low. First, the restrictions of non-inferiority research using 
positive controls are well known (30). In this case, the use of 
saline would have advanced ethical and recruitment issues in 
this study as a number of local anesthetics are recorded, and 
substantially used, for intraoperative use in dogs. Secondly, 
lidocaine was selected as the control product as it has been 
described and noted as efficacious for peri- and postopera-
tive pain (7, 12, 29, 31). Although it has been proposed that 
a control group should be formed to confirm the scoring 
system when controlling pain (24), there are considerable 
welfare-related concerns over abnegating dogs’ postoperative 
pain relief under clinical status. 

Further pain medication was not required by any dog in 
groups L and P. It is significant to note that the anesthetic 
drugs used in this study may have resulted in depression of 
the central nervous system, thus making accurate pain evalu-
ation a challenge after the surgical procedure. Third and last, 
an issue with the use of 3.5 mg lidocaine or procaine/kg in 
a clinical setting is that local anesthetics currently available 
on the commercial market are present only at concentrations 
of 20 mg/ml. The applied amount of 3.5 mg/kg dose for a 
dog weighing 15 kg or less could be lowered, and as little as 
3 ml. Therefore, we diluted the local anesthetics with 10 ml 
0.9% NaCl solution. 

Serum glucose concentrations were measured to be used 
as objective measurements to understand the biochemical 
stress reponse to open surgery. Marcovich et al., (2001) re-
searched the changes of serum glucose and cortisol levels at 
24 h following different nephrectomy techniques in dogs 
(32). In this study, the plasma glucose levels declined more 
rapidly in groups L and P when compared to the control 
group after open surgery. Therefore, intraperitoneal admin-
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istration of procaine might be provide less biochemical stress 
responses in the postoperative period. 

Our findings show that lidocaine and procaine should 
be considerd as reliable and well-tolerated analgesics when 
administered intraperitoneally. Administering intraperitoneal 
installation of lidocaine and procaine were shown to provide 
a smilarly significant effect in releiving intraoperative and 
postoperative pain and biochemical stress responses within 
3 h. Thus, administration of procaine could be used for pain 
management intraoperatively and after abdominal surgery 
procedures, such as OVH in dogs.
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