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Simple Summary: Accurately determining the degree of postoperative animal pain is extremely 
important, but very difficult. In an attempt to overcome these problems, we evaluated the 
fluctuations in autonomic nervous system activity is affected by the degree of pain. In this study, 
dogs undergoing surgical procedures under general anesthesia were fitted with Holter 
electrocardiographs immediately after the completion of the surgery, and heart rate variability and 
autonomic function changes were analyzed from continuously recorded electrocardiograms for 24 
hours after surgery to evaluate postoperative pain in conjunction with evaluation using the canine 
acute pain scale. The results showed that the heart rate was the highest immediately after the end of 
surgery, and then tended to decrease continuously until 12 hours post-surgery. Autonomic function 
was found to be at its lowest value immediately after the end of surgery and then tended to increase 
over the next 12 hours. The association between the acute pain scale, heart rate, and autonomic 
function in dogs were low, suggesting the influence of the strength of subjectivity of the pain scale 
assessment. The results obtained in this study indicate that heart rate and autonomic function may 
be highly useful in the postoperative pain evaluation of dogs. However, it became clear that there is 
a need to investigate ways to improve the accuracy of the assessment using the canine acute pain 
scale by incorporating the evaluation heart rate and autonomic function. 

Abstract: For veterinarians and veterinary technicians, it is very important, but difficult, to precisely 
determine the extent of animal pain. The purpose of this study was to examine postoperative pain in 
dogs by continuously recording electrocardiograms 24 h after surgery using a Holter monitor and 
combining heart rate variability, autonomic nervous activity changes, with behavioral indicators. 
Seventeen dogs that underwent surgery under general anesthesia at the Animal Medical Center of 
Rakuno Gakuen University were included. Immediately after surgery and 3, 6, 12, and 24 h after 
surgery, the above mentioned endpoints were evaluated. Heart rate tended to decrease continuously 
until 12 h after surgery, although relatively large individual differences were observed. In many 
cases, the coefficient of variation of the R-R interval was the lowest immediately after surgery, 
indicating that the sympathetic nervous system was dominant during anesthetic recovery. It was 
possible to reconfirm that the subjectivity of the evaluator was very strong in postoperative pain 
management using the dog’s acute pain scale. The evaluation of postoperative pain status in dogs is greatly 
influenced by various factors. In particular, postoperative stress may have a significant effect. Therefore, the 
combined evaluation of multiple factors is important for accurate assessment. 

Keywords: postoperative pain; dogs; heart rate variability; autonomic nervous system; 
electrocardiography; canine acute pain scale; pain assessment; Holter monitoring; general anesthesia; 
physiological pain indicators 
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1. Introduction 

Proper pain management has become common from both medical and welfare perspectives 
when treating animals with noxious stimuli [1–5]. According to survey data from Great Britain, 
approximately 70% of pet owners want analgesics to be prescribed after any type of surgery, and the 
number of veterinarians prescribing analgesics to meet the demands of pet owners is increasing 
[3,4,6]. 

When considering prescribing post-surgery analgesics, veterinarians should always consider 
not only the dosage and types of analgesics that are prescribed, but also whether the animal is 
properly managed [5,7]. Some of the typical aspects to consider to achieve appropriate management 
are: preemptive analgesia, in which analgesia is performed before the noxious stimuli are applied 
under anesthesia; and multimodal analgesia, in which a combination of drugs with different 
mechanisms and durations of action is used [8]. There are several methods for the evaluation of the 
degree of pain felt by patients after surgery and effect of analgesic treatment, e.g., the Numerical 
Rating Scale (NRS), Visual Analogue Scale (VAS) and Glasgow Composite Measure Pain Scale-short 
form (CMPS-SF) [9–12]. In the field of veterinary medicine, the main method that is used is a semi-
objective method in which the evaluator observes the condition of the animal, with a particular focus 
on behavioral changes. 

There are major limitations with this method, because of which it is very difficult to properly 
evaluate the degree of pain felt by animals. For example, the evaluation is largely subjective to the 
evaluator, and animals can show similar behaviors that do not always indicate the same degree of 
pain. Therefore, while the pain of an animal should be evaluated appropriately, there is no current 
solution for proper and specific management of further assessed pain [11,13–15]. 

Heart rate (HR) is attracting attention as one of the evaluation methods for pain. It has been 
reported that changes in the balance between sympathetic and parasympathetic nervous system 
activities, analyzed by frequency analysis of the electrocardiogram, are very useful for assessing the 
physiological state of the body, including autonomic nervous system activity and cardiovascular 
function [16,17]. In addition, there are many studies that use these electrocardiographic evaluations 
to assess surgery and its prognosis, as maintaining the balance of the sympathetic and 
parasympathetic nervous systems is beneficial in suppressing the occurrence of atrial fibrillation 
following surgery [18]. 

The purpose of this study was to re-examine postoperative pain evaluation in dogs by adding, 
as an evaluation method, the fluctuation of the balance between sympathetic and parasympathetic 
nervous system activities by frequency analysis of the electrocardiogram using a Holter monitor. 

2. Materials and Methods 

2.1. Clinical Cases 

Electrocardiograms were continuously recorded for 24 h after the completion of general 
anesthesia in 17 dogs that underwent surgery at the Animal Medical Center of Rakuno Gakuen 
University. The general condition of all cases was classified based on the American Society of 
Anesthesiologists (ASA) status and severity (risk) of each case. An anesthetic protocol was devised 
taking into account the type of surgery and degree of pain. Tables 1 to 3 show the outline of the cases, 
types of surgery and expected degree of pain, and anesthetic protocol, respectively. 

Table 1. Outline of the cases. 

Case No. Breed Age Sex 
1 Labrador Retriever 11y Male 
2 Shiba Inu 6y 2m Female 
3 Chihuahua 14y 1m Spayed Female 
4 Miniature Dachshund 11y Male 
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5 French Bulldog 9y 5m Male 
6 Beagle 12y 11m Spayed Female 
7 Pug 12y 10m Spayed Female 
8 Miniature Dachshund 11y 7m Male 
9 Papillon 11y Castrated Male 

10 Pembroke Welsh Corgi  13y 3m Spayed Female 

11 French Bulldog 8m Castrated Male 
12 Miniature Dachshund 10y 7m Spayed Female 
13 Shih Tzu 10y 10m Castrated Male 
14 American Cocker Spaniel 9y 11m Castrated Male 

15 Jack Russell Terrier 2y 11m Female 
16 Toy Poodle 9y 3m Spayed Female 
17 Cavalier King Charles 

Spaniel 
5y 1m Male 

y: years; m: months. 

Table 2. Types of surgery and the expected degree of pain. 

Case No. Types of surgery Expected degree of pain 

1 
Partial mandibular resection / 

mandibular lymph node 
resection 

Maximum 

2 

Body surface mast cell tumor 
resection / superficial cervical 

and axillary lymph node 
resection 

Maximum 

3 
 

Maximum 

4 
Partial maxillary resection / 

mandibular lymph node 
resection 

Maximum 

5 Cholecystectomy / castration Maximum 

6 
Liver mass removal / 

splenectomy 
Maximum 

7 

Partial mandibular resection / 
mandibular lymph node 

resection / medial 
retropharyngeal lymph node 

resection 

Maximum 

8 
Partial mandibular resection / 

mandibular lymph node 
resection 

Maximum 

9 Cataract extraction（OU） Mild to moderate 

10 Cherry eye repositioning (OU) / 
conjunctival flap surgery（OD） 

Mild to moderate 

11 Femoral head and neck resection Moderate to severe 
12 Mammary gland tumor resection Mild to moderate 

13 
Splenectomy / intraperitoneal 

lymph node resection / 
cystolithiasis extraction 

Maximum 

Partial maxillary resection 
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14 
Knee joint extra-articular braking 

method（lateral suture） 
Maximum 

15 
Phacoemulsification and 
aspiration (OS) / intraocular 
lens implantation（OS） 

Mild to moderate 

16 
Knee joint extra-articular 
braking method (lateral 
suture） 

Maximum 

17 
Phacoemulsification and 
aspiration (OS) / intraocular 
lens implantation（OS） 

Mild to moderate 

OU: oculus uterque; OD: oculus dexter; OS: oculus sinister. 

Table 3. Anesthetic protocol. 

Case No. Anesthetic protocol  

 Premedication
Induction 

agent 

Maintenance 
anesthesia/Intraoperative 

analgesics 

Post-
operative 
analgesics 

ASA 
classification 

1 Mid-Ket-Fent-
Atr-Melx 

P OS/RFK Fent-Ket 2 

2 
Mid-Ket-Fent-

Atr-Melx P OS/RFK Fent-Ket 2 

3 
Mid-Ket-Fent-

Atr P OS/RFK Fent-Ket 2 

4 
Mid-Ket-Fent-

Atr-Melx 
P OS/RFK Fent-Ket 2 

5 
Mid-Ket-Fent-

Atr-Melx 
P OS/RFK Fent-Ket 2 

6 Mid-Ket-Fent-
Atr 

P OS/RFK Fent-Ket 2 

7 
Mid-Ket-Fent-

Atr-Melx P OS/RFK Fent-Ket 2 

8 
Mid-Ket-Fent-

Atr-Melx 
P OS/RFK Fent-Ket 2 

9 Mid-Btr-Lid P OS/BL Btr 2 

10 
Mid-Mor-

Melx 
P OS Bupre 3 

11 Mid-Fent-Atr-
Melx 

P P-TIVA/RF Fent 2 

12 Mid-Tram A OS Bupre 2 

13 
Mid-Ket-Fent-

Atr-Melx P OS/RFK Fent-Ket 2 

14 
Mid-Ket-Fent-

Atr-Melx 
P OS/RFK Fent-Ket 2 

15 Mid-Btr-Lid P P-TIVA/BL Btr 1 

16 
Mid-Ket-Fent-

Atr-RBCX 
P OS/RFK Fent-Ket 2 

17 Mid-Btr-Lid P P-TIVA/BL Btr 2 
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ASA: American Society of Anesthesiologists; Mid: midazolam; Ket, K: ketamine; Fent, F: fentanyl; Atr: atropine; 
Melx: meloxicam; Btr, B: butorphanol; Lid, L: lidocaine; Mor: morphine; Tram: tramadol; RBCX: robenacoxib; P: 
propofol; A: alfaxalone; OS: oxygen-sevoflurane; R: remifentanil; P-TIVA: total intravenous anesthesia with 
propofol; Bupre: buprenorphine. 

2.2. Recording and Analysis of Continuous Electrocardiogram 

A Holter monitor (QR2600, Fukuda ME Kogyo Co. Ltd., Tokyo, Japan) was attached before 
maintenance anesthesia was completed to record and measure continuous electrocardiograms after 
surgery (Figure 1). In all cases, the measurement recording was stopped after 24 h, the electrodes 
were removed, and the recording was analyzed. 

 

Figure 1. Holter monitor (QR2600, Fukuda ME Kogyo Co. Ltd., Tokyo, Japan). 

2.3. Postoperative Pain Evaluation 

Pain evaluation was performed using the Dog’s Acute Pain Scale (Figure 2) every 3 h after 
surgery. Evaluation was performed by senior veterinary students (fifth or sixth year) who assisted in 
perioperative anesthesia management or by the veterinarian in charge of inpatients, based on their 
own judgment. If evaluated as Point 2 or higher, as described below, additional analgesia was 
administered by the veterinary anesthetist. Furthermore, according to the results of pain evaluation 
at the Post-3h, Post-6h, and Post-12h evaluations on the time axis described below, the cases were 
classified into one of two groups, a group with a high pain evaluation level (high-level group: Levels 
1 to 4) and a group with a low pain evaluation level (low-level group: Level 0), and compared. 
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Figure 2. The Dog’s Acute Pain Scale. (https://vetmedbiosci.colostate.edu/vth/wp-
content/uploads/sites/7/2020/12/canine-pain-scale.pdf). 

The Colorado State University Dog’s Acute Pain Scale is a pain scale that combines a numerical 
rating scale and complex behavioral observations. The evaluation includes items on psychological 
and behavioral status, palpation, and body tension. Scores were determined from 0 to 4, and 
additional analgesics were administered if the score was 2 or higher, according to the scale’s rules.
（ Mich MP, Hellyer WP, Kogan L, Schoenfeld-Tacher R. Effects of a pilot training program on 
veterinary students’ pain knowledge, attitude, and assessment skills. J Vet Med Educ 2010;37:358–
68） 

2.4. Electrocardiographic Analysis 
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The electrocardiography data obtained were analyzed using a Holter analyzer (HS1000, Fukuda 
ME Industry Co. Ltd., Tokyo, Japan). Changes in the observed HR data and coefficient of variation 
of the R-R interval (CVR-R) were compared at the following five analysis points: 

a) Immediately after surgery (Post) 
b) 3 h after the end of surgery (Post-3h) 
c) 6 h after the end of surgery (Post-6h) 
d) 12 h after the end of surgery (Post-12h) 
e) 24 h after the end of surgery (Post-24h) 

2.5. Statistical Analyses 

All measurement data were expressed as the mean ± standard deviation. Differences between 
HR and CVR-R values at each measurement point were compared using the paired t -test and 
Wilcoxon signed rank sum test. In addition, the correlation between HR and CVR-R at each 
measurement point was examined using Spearman’s rank correlation coefficient test and Pearson’s 
correlation coefficient test. Mann-Whitney U test was used to compare HR and CVR-R between high 
and low levels on the Dog’s Acute Pain Scale. All statistical analyses were performed using SPSS 
software（IBM SPSS Statistics, TD SYNNEX K.K., Tokyo, Japan）. In each case, p < 0.05 was set as 
statistically significant. 

3. Results 

Changes in HR in each case are shown in Figure 3-1-1, and changes in CVR-R are shown in 
Figure 3-2-1. Detailed data analysis is shown in Figures 3-1-2 and 3-2-2. 

HR was the highest immediately after the completion of the surgery in 13 of the 17 measured 
cases, and there were statistically significant differences between immediately post-surgery (Post) 
and all of the other measurement points. Furthermore, statistically significant differences were 
observed between post-3h and post-6h and between post-12h and post-24h (Figure 3-1-1). HR was 
highest at post-3h in a dog that underwent bladder lithotomy in combination with partial 
splenectomy and intraperitoneal lymph node resection (Case 13). The highest value at post-6h was 
in a dog that underwent left eye (oculus sinister) phacoemulsification / intraocular lens insertion 
(Case 15) and at Post-24h in a dog that underwent left knee extra-articular braking (lateral suture) 
(Case 16) (Figure 3-1-2). 
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Figure 3. Figure 3-1-1. Changes over time in HR. Figure 3-1-2. Detailed kinetics of HR in 4 cases that did not 
show the highest value at Post. Figure 3-2-1. Changes over time in CVR-R. Figure 3-2-2. Detailed kinetics of 
CVR-R in 4 cases that did not show the highest value at Post. Figure 3-2-3. Detailed kinetics of CVR-R in 5 cases 
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that showed the highest value at Post-3h. Figure 3-2-4. Detailed kinetics of CVR-R in 3 cases that showed the 
highest value at Post-6h or Post-24h. Figure 3-3-1. Comparison of HR and CVRR between high-score and low-
score groups on the dog acute pain scale at each measurement point. Figure 3-3-2. The changes in HR and pain 
score, as evaluated using the dog acute pain scale. 

CVR-R showed the lowest value at post in 13 of 17 cases and the highest value at Post-12h in 9 
cases, and statistically significant differences were observed between all measurement points and 
Post. Furthermore, a statistically significant difference in CVR-R was also observed between post-6h 
and post-12h (Figure 3-2-1). However, some cases showed different dynamics. Case 14 (right knee 
joint extra-articular braking method [lateral suture]) had the lowest CVR-R value at post-6h, and 
Cases 15 (left eye phacoemulsification and intraocular lens insertion), 16 (left knee extra-articular 
braking [lateral suture]), and 17 (left phacoemulsification and intraocular lens insertion) had the 
lowest value at post-24h (Figure 3-2-2). In addition, Cases 2 (mastocytoma resection and superficial 
cervical / axillary lymph node resection), 5 (bile cystectomy and castration), 10 (binocular cherry eye 
restoration and right eye conjunctival flap), 12 (mastocytoma resection), and 15 (phacoemulsification 
of the left eye and intraocular lens insertion) showed the highest CVR-R value at post-3h (Figure 3-2-
3). Cases 8 (partial mandibular resection and mandibular lymph node resection) and 11 (right femoral 
head / neck resection) showed the highest CVR-R value at post-6h, and Case 14 (right knee joint extra-
articular braking method [lateral suture]) showed the highest value at post-24h (Figure 3-2-4). 

Table 4 shows the results of postoperative pain management using the Dog’s acute pain scale 
and additional analgesic treatments performed. 

Table 4. Evaluation of each case using the Dog’s Acute Pain Scale and presence or absence of additional 
postoperative analgesics. 

Case No. 
Presence or absence of additional 

postoperative analgesia and 

administered drug information 

The Dog’s Acute Pain Scale 

  Post-3h Post-6h Post-12h Post-24h 
1 Absent 1 0 0 0 
2 Absent 0 0 0 0 
3 Present; Fent i.v., ACE i.v. ×3 3 1 1 0 
4 Absent 0 0 0 0 
5 Absent 0 0 0 0 
6 Absent 0 0 0 0 
7 Absent 0 0 0 0 
8 Absent 0 0 0 0 
9 Absent 2 1 2  
10 Absent 1 0 0  
11 Absent 1 1 0 0 
12 Absent 0 0 0  
13 Absent 0 0 0 0 
14 Absent 0 1 0 0 
15 Absent 0 0 0 0 
16 Absent 0 0 0 0 
17 Absent 0 0 0 0 

i.v.: intravenous administration; ACE: acepromazine (first time: 0.05 mg/kg; second and third time: 0.025 mg/kg); 
Fent: fentanyl (5 μg/kg). 

In many cases, pain was evaluated as Score 0, but 1 case was evaluated as Score 3 or higher 
(strong pain), 1 case was evaluated as Score 2 (moderate pain), and some cases were evaluated as 
Score 1 (slight pain). In addition, the mean values of HR and CVR-R in the high-Score (Score 1 to 3) 
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and low-Score groups (Score 0) using the Dog’s Acute Pain Scale were compared between each 
measurement point (Figure 3-3-1). 

There was no statistically significant difference between the high-score and low-score groups in 
either HR or CVR-R at all measurement points. 

Figure 3-3-2 (a and b) shows that the changes in HR and pain score, as evaluated using the Dog’s 
Acute Pain Scale, had similar movements. In these movements, a high pain score of Score 3 at post-
3h occurred when HR showed a high value, and then the pain score reduced as HR decreased. 
Similarly, fluctuations in HR and pain level were recognized in conjunction with one another. 

However, Figure 3-3-2 (c and d) shows that the changes in HR and pain score evaluated using 
the Dog’s Acute Pain Scale had different movements. In these cases, the pain score was evaluated as 
Level 1 at post-3h and post-6h when HR was low, although the pain score was low (Score 0) at Post 
with a high HR. 

4. Discussion 

There are many reports of changes in HR during the perioperative period, especially those 
related to surgery. For example, a study of surgical stress response during surgery in dogs with 
pyometra undergoing ovariohysterectomy found that HR increased during uterine horn 
manipulation and mesovarium incision and ligation compared with skin incision [19]. In addition, in 
a study comparing the surgical stress response during surgery, there was no significant difference in 
HR between dogs diagnosed with pyometra and healthy dogs that underwent ovariohysterectomy 
[20]. 

The HR measurements in this study showed the highest value at Post in many cases, and a 
statistically significant decrease was observed up to post-24h. The high HR value at Post confirmed 
that the effects of maintenance anesthesia and analgesics used during surgery disappeared when 
recovering from anesthesia, and circulatory depression was restored accordingly. At the same time, 
Post was considered to be the time when discomfort and pain sensation began to be felt as 
consciousness and sensation restored [21,22]. 

However, there were some cases where it took longer for HR to decrease than in others, and 
there were some cases in which HR increased after a time lapse from the end of surgery. Post did not 
show the highest value in these cases. Factors that may cause high HR at measurement points other 
than Post include persistent pain due to surgery, burden on the surgical site caused by body 
movements or repositioning, and persistent tension [23,24]. Further, looking back at the 
hospitalization records, the measurement points set in this study happened to coincide with the time 
of hospitalization management and treatment of animals, and cases in which HR did not show the 
highest value at Post were strongly suspected to be related to the effects of hospitalization 
management. 

The results of the HR evaluation obtained in this study are useful to show that it is important to 
fully understand the occurrence of pain. Further, the results are also useful for showing that it is 
necessary to keep a record of hospitalization, nursing management, and treatment with the elapsed 
time and observation time after surgery, as well as to fully consider the psychological effects of the 
patient being agitated and tensed due to treatment. 

In this study, statistically significant differences (p < 0.05) were observed in HR between Post 
and each measurement point, post-3h, post-6h, post-12h and post-24h. As mentioned above, HR is 
most likely to increase at Post due to restoration of the pain response with consciousness and 
sensation. Furthermore, bleeding caused by surgery and insensitive evaporation from surgical 
wounds was also related to the increase in HR after surgery (Post) [25]. 

The hemodynamics of animals are also regulated by the activity of autonomic nerve function 
and its balance. CVR-R, which is relatively widely used as a simple method for evaluating this nerve 
balance, is defined as the ratio of the mean to the standard deviation of the R-R interval on 
electrocardiography and is used for the quantitative evaluation of the activity of the entire autonomic 
nervous system [26]. In addition, the ratio of the power spectrum of the low-frequency component 
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(LF) (low frequency ms2) and high-frequency component (HF) (high frequency ms2) can be used as 
a frequency domain index in heart rate variability, which could evaluate the balance of sympathetic 
nervous system activity. When this value is high, it can be evaluated as sympathetic nerve 
dominance, and when it is low, it can be evaluated as parasympathetic nerve dominance [26,27]. 

In this study, we combined parameters that show the activity and balance of the autonomic 
nervous system with the fluctuation of HR and attempted to perform a complex evaluation of the 
pain that animals feel after surgery. In many cases, the CVR-R showed a minimum value at Post that 
increased over time [28]. 

As mentioned above, the fluctuations in CVR-R reflect mental status. These fluctuations not only 
cause stress due to pain, but they also reflect psychological stress due to anxiety and tension [23,24]. 

A comprehensive evaluation of the changes in CVR-R and HR in this study confirmed that the 
sympathetic nervous system was dominant immediately after extubation/surgery. Furthermore, 
statistically significant differences were observed between Post and each measurement point and 
between post-6h and post-12h (all p < 0.01). In a study on the effects of electric acupuncture on the 
autonomic nervous system in dogs, the LF/HF values of healthy Beagle dogs were similar to those of 
dogs who had sympathetic dominance during the day and parasympathetic dominance during the 
night and when asleep [26]. 

In this study, we used the data from dogs undergoing surgery, unlike several previous studies, 
which have focused on healthy dogs. Therefore, it was considered that the increase in CVR-R 
observed in this study was mainly due to escape from the excitatory state immediately after the 
extubation and the relief of pain due to preoperative analgesic administration. However, in many 
cases, post-12h was around midnight or early morning, because of which the large fluctuations 
observed in this study were thought to be related to the daily cycle of autonomic nerve activity and 
parasympathetic dominance at night due to sleep. However, there were some cases in which CVR-R 
fluctuations showed unusual dynamics where the highest value was at post-12h and the lowest at 
Post. The autonomic function is thought to change depending on the degree of pain that an animal 
feels, the nature and temperament of the animal, changes in the environment, and drugs used for 
treatment and care [28,29]. As mentioned above, CVR-R has a low value when there is pain due to 
the burden on the surgical site during repositioning, tension, and excitement due to hospitalization. 
In addition, although there were individual differences, the animals were often sleeping in a cage in 
the hospital during daytime after surgery. Therefore, increases in CVR-R were observed even during 
the daytime. 

In this postoperative pain management study, 6 of 17 cases were evaluated as having high pain 
scores on the Dog’s Acute Pain Scale. A dog undergoing partial maxillary resection (Case 3) 
underwent three additional analgesic procedures after surgery (first: 7 min after Post, second: 5 min 
before post-3h, third: post -1.5 h before -6h [4.5 post-surgery]). In this case, the post-3h pain score was 
evaluated as Score 3, and an increase in HR was observed from the first additional analgesic treatment 
to post-3h. From this, the dog was likely feeling severe pain due to surgery. In addition, the pain 
scores at post-6h and post-12h were both evaluated as Score 1, the pain score at post-24h was 
evaluated as Score 0, and HR decreased continuously to post-24h. It is possible that this indicated a 
change in the degree of pain. However, there were no statistically significant differences between the 
HR and CVR-R in the high-score group and those in the low-score group at each measurement point. 
Therefore, it was confirmed that HR and CVR-R fluctuated similarly in both groups. Contrary to that 
mentioned above, it is possible that HR and CVR-R are not able to accurately represent the degree of 
pain and that the pain scale evaluation does not match the patient’s pain level. 

In the two cases shown in Figure 3-3-2, the changes in pain score and HR matched, and both the 
pain score and HR showed a high degree of pain. However, in the 2 cases shown in Figure 3-3-2, the 
pain score was high (Score 1) when HR was low, and the pain score was low (Score 0) when HR was 
high. It is difficult to assert that each of the pain scores indicates the degree of pain. In the veterinary 
field, it has been reported that VAS and NRS vary by 36.1% and 32.3%, respectively, even when 
different veterinarians evaluate the degree of pain in the same case [9,30]. Overall, integrating 
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subjective evaluations, such as CMPS-SF, with objective physiological measures, like HR and CVR-R 
analyses, enhances the accuracy of postoperative pain assessment [12,30]. Generally, it is very 
difficult to objectively evaluate and share evaluation values of pain felt by animals. In our center, one 
case is often evaluated by multiple veterinarians and veterinary students at different evaluation 
points. For this reason, the results of pain scales will vary. 

5. Conclusions 

In this study, we examined whether we could evaluate pain more objectively using HR and 
CVR-R obtained by 24-h electrocardiogram recording immediately after surgery compared with the 
Dog’s Acute Pain Scale that is usually used. As a result, definite associations between the pain scale 
and HR and CVR-R could not be confirmed, and HR and CVR-R were not necessarily accurate 
evaluation scales for pain evaluation; thus, the Dog’s Acute Pain Scale was used. The evaluation was 
highly subjective and showed that there was a possibility of variation. However, evaluating HR and 
CVR-R and using the Dog’s Acute Pain Scale at the same time, trying to think more objectively about 
whether an animal is feeling pain, and removing prejudice and other subjectivity as much as possible 
are necessary. These practices will enable the proper assessment of pain levels in animals and practice 
of appropriate nursing care based on them. 
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