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Simple Summary: Pain management is crucial in veterinary oncology. Mastectomy is the
treatment of choice for canine mammary tumours and is related to pain from moderate
to severe. This narrative review aims to resume and analyse analgesic techniques and
drugs reported in the literature for mastectomy in dogs. Systemic analgesics include non-
steroidal anti-inflammatory drugs (such as meloxicam and robenacoxib), opioids (tramadol,
methadone, fentanyl) and local anaesthetics (lidocaine, bupivacaine). Techniques such as
epidural blockade, local infiltration and tumescent infiltration anaesthesia improve pain
management and reduce the need for opioid drugs. Alternative methods such as elec-
troacupuncture may reduce the need for analgesics. In conclusion, although a multimodal
approach, combining different analgesic strategies, may minimise side effects and improve
postoperative recovery, the choice of a single drug bolus followed by continuous infusion
may be an effective strategy in order to manage intra- and postoperative pain.

Abstract: Mammary tumours are the most common neoplasia in adult female dogs. Mastec-
tomy leads to moderate to severe pain. Effective pain management is crucial in veterinary
medicine. This review outlines analgesic techniques for managing perioperative pain in
dogs undergoing mastectomy. A literature search on dog mastectomy analgesia was con-
ducted from January 2001 to January 2025. Pre-emptive meloxicam reduces postoperative
cardiovascular changes without affecting renal function. When combined with gabapentin,
it lowers the need for rescue analgesic opioids, similar to robenacoxib. With regard to
tramadol, it offers contrasting analgesia in the studies considered when used alone, while
its effect appears enhanced when used in combination with meloxicam/dipyrone. How-
ever, methadone provides superior pain control, especially when given preoperatively
or intraoperatively. The combination of ketamine, lidocaine, and maropitant enhances
pain management, while fentanyl, alone or with lidocaine and ketamine, is effective for
intraoperative pain control. Local infiltration with lidocaine/bupivacaine provides effective
pain control, and devices like Comfont-in® or WSC facilitate this process. Tumescent anaes-
thesia using lidocaine/ropivacaine allows for extensive infiltration of the mammary gland.
Epidural analgesia, paravertebral blocks, and TAP blocks are beneficial in multimodal
protocols. Transdermal patches containing fentanyl/buprenorphine offer prolonged anal-
gesia, while electroacupuncture can help reduce the need for rescue analgesics. Multimodal
analgesic protocols are crucial for effective pain management in dog mastectomy surgeries,
minimising the need for rescue opioids.
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1. Introduction
Mammary gland tumours are the most common hormone-dependent neoplasia in

female dogs [1]. Canine mammary tumour development risk increases with age [2–5].
Mastectomy remains the treatment of choice for many mammary tumours [6] and different
surgical procedures may be performed [7]. Although mastectomy in dogs is associated
with a relatively low morbidity, it is considered an invasive surgery that may cause mod-
erate to severe pain [8]. Aggressive unilateral and radical mastectomy is associated with
longer surgical times, higher nociception, and postoperative stress, compared with regional
mastectomy [9]. Even if surgical excision in veterinary oncology is considered the gold
standard for many tumour types, there is a residual risk of intra-surgical dissemination
of tumour cells. The main risk of tumour dissemination occurs in the perioperative pe-
riod and is related to cellular and immune changes influenced by stress and pain [10].
In veterinary medicine, pain recognition and management are challenges since pain is a
complex multidimensional phenomenon to which the animals respond with physiological
and behavioural reactions [11,12]. Pain management in the perioperative period may also
influence protumoral and anti-immune mechanisms [10]. Various modalities and drugs
are used to manage pain in patients. Recently published pain management guidelines
emphasise that adequate pain control often requires a multimodal approach [13,14].

The perioperative use of opioids is a traditional practice in oncology [14]. However,
opioid agonists are related to many different side effects in cancer patients, such as im-
munosuppression, stimulation of neoplastic cell growth, and increased risk of tumour
metastasis [15–18]. The multimodal analgesic plans incorporate drugs or therapies that act
on different areas of the pain pathway and work synergistically using lower doses of each
analgesic drug, thus limiting adverse effects [19,20].

Considering the importance of effective analgesia for pain management during mas-
tectomy, this review aims to evaluate studies published between 2001 and 2024 regarding
the different drugs applied and techniques performed in bitches undergoing mastectomy
to improve perioperative analgesia.

2. Materials and Methods
A literature search was conducted for manuscripts relating to the perioperative pain

treatment in mastectomy in dogs. A comprehensive literature search was performed
for manuscripts relating to dog mastectomy from 1 January 2001 to 20 July 2024. NCBI-
PubMed, Web of Science, and SciVerse Scopus were used exhaustively as databases. For
all three databases, the search strings were meticulously crafted and researched using
the following terms: [(dog OR dogs) AND (mastectomy OR regional mastectomy OR
unilateral mastectomy OR bilateral mastectomy) AND (analgesia OR antinociception OR
pain)]. Excluded were single case reports, review articles, simulations or cadaveric studies,
editorials, proceedings, meeting abstracts, articles not written in English. Papers focused
on surgical approaches and techniques with marginal information about analgesia and
pain management were also excluded. The results are organised into a narrative review
with different sections depending on the analgesic administration techniques (Figure 1).
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butorphanol (0.1 mg/kg IV) administered 2 h before mastectomy compared with a control 
group that received butorphanol only just before surgery. Cardiovascular parameters 
were monitored for 14 days, and renal parameters and serum cortisol levels were 
monitored for 24 h after surgery. The results showed that perioperative administration of 
meloxicam reduced unfavourable postoperative changes in the cardiovascular system, 
such as hypertension, without influencing renal function. Although the two groups 
showed no significant differences in serum cortisol, the cortisol level in the group treated 
with meloxicam was lower from 4 to 24 h after mastectomy [21]. Meloxicam was also 
associated with gabapentin, a non-opioid drug with an anticonvulsant and 
antinociception role, in dogs undergoing mastectomy [22]. Indeed, this association has 
shown a significant opioid-sparing efficacy considering the role of inhibiting peripheral 
and central nervous system prostaglandin synthesis and reducing the hyperexcitability of 
dorsal horn neurons following tissue damage, respectively, for NSAIDs and gabapentin 
[23,24]. In dogs undergoing mastectomy, a group was treated with gabapentin (10 mg/kg 
PO), administered 120 min before surgery and continued for three days, and meloxicam 
(0.2 mg/kg IV) before surgery and daily doses for up to 10 days, while in another group, 
gabapentin was substituted by a placebo solution. Although the pain scores with the 
Glasgow Composite Measure Pain Scale (GCMPS) and Visual Analogue Scale (VAS) 
showed no significant differences, dogs in the gabapentin group had a significantly lower 
requirement of rescue doses of morphine by 44% [22]. Similarly, robenacoxib, another 
COX-2 selective NSAID, is effective in the control of postoperative pain. In a study, 
robenacoxib (0.2 mg/kg SC) administered 30 min before surgery and for two additional 
days showed a significant decrease in the rescue analgesia requirement with a 

Figure 1. Schematic representation of analgesic administration techniques in dogs undergoing
mastectomy.

3. Systemic Analgesia
Papers included in this review evaluating system analgesic protocols in dogs undergo-

ing mastectomy are summarised in Table 1.

3.1. Systemic Administration

Meloxicam is an injectable cyclooxygenase-2 (COX-2) selective nonsteroidal anti-
inflammatory drug (NSAID) extensively used in small animal medicine. Nakagawa
et al. [21] investigated the pre-emptive treatment with meloxicam (0.2 mg/kg SC) and
butorphanol (0.1 mg/kg IV) administered 2 h before mastectomy compared with a control
group that received butorphanol only just before surgery. Cardiovascular parameters
were monitored for 14 days, and renal parameters and serum cortisol levels were mon-
itored for 24 h after surgery. The results showed that perioperative administration of
meloxicam reduced unfavourable postoperative changes in the cardiovascular system, such
as hypertension, without influencing renal function. Although the two groups showed
no significant differences in serum cortisol, the cortisol level in the group treated with
meloxicam was lower from 4 to 24 h after mastectomy [21]. Meloxicam was also associated
with gabapentin, a non-opioid drug with an anticonvulsant and antinociception role, in
dogs undergoing mastectomy [22]. Indeed, this association has shown a significant opioid-
sparing efficacy considering the role of inhibiting peripheral and central nervous system
prostaglandin synthesis and reducing the hyperexcitability of dorsal horn neurons follow-
ing tissue damage, respectively, for NSAIDs and gabapentin [23,24]. In dogs undergoing
mastectomy, a group was treated with gabapentin (10 mg/kg PO), administered 120 min
before surgery and continued for three days, and meloxicam (0.2 mg/kg IV) before surgery
and daily doses for up to 10 days, while in another group, gabapentin was substituted by
a placebo solution. Although the pain scores with the Glasgow Composite Measure Pain
Scale (GCMPS) and Visual Analogue Scale (VAS) showed no significant differences, dogs in
the gabapentin group had a significantly lower requirement of rescue doses of morphine by
44% [22]. Similarly, robenacoxib, another COX-2 selective NSAID, is effective in the control
of postoperative pain. In a study, robenacoxib (0.2 mg/kg SC) administered 30 min before
surgery and for two additional days showed a significant decrease in the rescue analgesia
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requirement with a considerable reduction in postoperative pain in different soft tissue
surgeries in dogs, including mastectomies [25].

Texeira et al. [26] investigated the effects of tramadol alone or in combination with
meloxicam or dipyrone on postoperative pain in twenty-seven bitches undergoing uni-
lateral mastectomy. Tramadol is an opioid that leads to fewer side effects and has longer-
lasting effects than morphine [27–29]. Dipyrone is an NSAID with weaker COX inhibitor
activity compared to meloxicam [30]. Dogs undergoing mastectomy were assigned to re-
ceive tramadol (3 mg/kg IV) alone or combined with dipyrone (30 mg/kg IV) or meloxicam
(0.2 mg/kg IV), and at 8 and 16 h after extubation received additional doses of tramadol
(for groups of tramadol alone or tramadol–meloxicam) or tramadol with dipyrone (for the
group of tramadol–dipyrone). Rescue analgesia was administered in six dogs that received
tramadol only, four dogs that received tramadol plus dipyrone, and two dogs that received
tramadol plus meloxicam. There were no significant differences between groups in postop-
erative pain scores, assessed with VAS and GCMPS, with little benefit using the association
of tramadol with meloxicam or dipyrone. Indeed, in dogs that received treatment with one
of the two NSAIDs, the vocalism frequency upon waking and the time taken to reposition in
sternal recumbency decreased. The study concluded that tramadol alone or in combination
with NSAIDs provided adequate analgesia for 24 h [26]. However, tramadol alone was
inadequate for pain control in a study by Uscategui et al. [31]. Dogs treated with methadone
(0.5 mg/kg IM) 10 min before anaesthesia induction showed significantly lower rescue
analgesia requirements and pain scores, assessed with the Melbourne scale [32], compared
to dogs that received tramadol (5 mg/kg IM) [31]. Even if pre-emptive administration of
methadone provided better pain management after surgery, it was not completely adequate
in controlling pain in dogs undergoing ovariohysterectomy and unilateral mastectomy [31].
Additionally, methadone (0.5 mg/kg IM) administration twenty minutes before or during
surgery showed a better analgesic effect than postoperative administration with a lower
requirement of rescue analgesia [33]. Methadone decreased the dose of propofol required
for induction and reduced the need for analgesics while keeping blood pressure stable. This
highlights methadone’s potential in multimodal pain management, considering the risk
of clinical hypercapnia as a side effect requiring special ventilation care [31,33]. However,
regarding the use of tramadol as an analgesic, a systematic review by Donati and coworkers
on the efficacy of tramadol for postoperative pain management in dogs concluded that
tramadol administration is likely to result in a reduced need for rescue analgesia versus
no treatment or placebo or compared with buprenorphine, codeine, and nalbuphine. Tra-
madol may also increase the need for rescue analgesia compared with methadone and COX
inhibitors [34].

Ketamine was evaluated to improve postoperative opioid analgesia and feeding be-
haviour. In a study by Sarrau et al. [35], twenty-seven bitches were divided into three
groups after surgery was performed. The placebo group received a bolus of morphine
chlorhydrate (0.1 mg/kg IV) and a bolus of isotonic saline (0.09 mg/kg IV) followed by
a six-hour constant rate infusion (CRI) of isotonic saline (0.5 mL/kg/h). The low-dose
ketamine group received a bolus of morphine, a bolus of ketamine (150 µg/kg) diluted in
isotonic saline followed by a six-hour CRI of ketamine at a dose of 2 µg/kg/min diluted in
isotonic saline to permit a rate of 0.5 mL/kg/h. The high-dose ketamine group received
an analogue protocol, a dose of ketamine in a bolus of 700 µg/kg and a six-hour CRI of
10 µg/kg/min. Ketamine administration irrespective of dosage showed no better results
than the placebo group on postoperative pain, assessed throughout VAS and the French
Veterinary Association for Anaesthesiology and Analgesia pain scoring scale (4A VET pain
scale) [36] and on sedation scores assessed with the Young et al. scale [35,37]. However, the
high-dose ketamine group enhanced food intake, improving patient feeding behaviour [35].
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In another study, the association of ketamine, lidocaine and maropitant led to an improve-
ment in pain management [38]. Specifically, a group of dogs received a ketamine bolus
(1 mg/kg), lidocaine bolus (1.5 mg/kg), maropitant bolus (1.5 mg/kg IV) and continu-
ous infusion of ketamine, lidocaine and maropitant (10 µg/kg/min, 50 µg/kg/min and
100 µg/kg/h, respectively) initiated at the start of surgery and maintained until one hour
postoperatively and another group received the same protocol without maropitant. The
levels of analgesia were evaluated at specific time points using a simple descriptive scale,
visual interactive and dynamic analogue scale (DIVAS), numerical classification scale
(NCS), and short-form Glasgow composite pain scale (GCMPS-SF). The dog group receiv-
ing maropitant required fewer rescues with a significant reduction in postoperative pain
with minimal cardiorespiratory effects [38]. This is related to the role of maropitant as
an adjuvant agent that inhibits substance P, a neuropeptide released after tissue injuries,
thereby reducing inflammation and alleviating hyperalgesia [39,40], although in human
medicine, neurokinin-1 receptor antagonists, such as maropitant, have failed to provide
clinical analgesia, and there is very little evidence-based information on the putative clin-
ical use of maropitant for pain and inflammation [41,42]. The association of ketamine
(bolus 0.5 mg/kg and intra- and postoperative CRI 20 µg/kg/min) and fentanyl (bolus
5 µg/kg and intraoperative CRI 5 µg/kg/h and postoperative CRI 2 µg/kg/h) showed
no significant differences when compared to groups treated with one of the two drugs.
Specifically, ketamine, fentanyl or their association did not cause cardiovascular changes,
with satisfactory intraoperative analgesia and no differences in postoperative pain, assessed
throughout GCMPS-SF and the mechanical nociceptive threshold (MNT). However, the
addition of fentanyl to ketamine treatment increased plasma ketamine concentration with
potential for analgesia during the 8 h of administration [43]. Another study confirmed that
fentanyl (loading dose of 5 µg/kg followed by a CRI of 9 µg/kg/h), alone or combined
with lidocaine (loading dose of 2 mg/kg followed by 3 mg/kg/h CRI) and ketamine
(loading dose 1 mg/kg followed by 0.6 mg/kg/h CRI), was effective in the intraoperative
pain management. However, dogs treated with fentanyl associated with ketamine and
lidocaine did not require any postoperative rescue analgesia with lower postoperative
pain, assessed throughout GCMPS-SF [44]. The decreased postoperative hyperalgesia is
probably related to the action at different nociceptive pathways of ketamine, lidocaine and
fentanyl [45,46]. All dogs included in the study were premedicated with acepromazine
(0.02 mg/kg IV) and morphine (0.5 mg/kg IV) and received meloxicam (0.1 mg/kg) at
the closure of the surgical wound. In both study groups, transient arterial hypotension
after loading dose was the most concerning adverse effect, most notably in the group that
received the association of the three drugs [44]. Fentanyl, lidocaine, and ketamine associa-
tion with the previous protocol was compared to dexmedetomidine (loading dose 1 µg/kg
followed by 1 µg/kg/h CRI) combined with lidocaine and ketamine in a recent study by
Cardozo et al. [47]. Premedication was carried out with acepromazine (0.02 mg/kg IM) and
morphine (0.5 mg/kg IM). Meloxicam (0.1 mg/kg SC and 0.1 mg/kg once a day for 3 days)
and tramadol (4 mg/kg) were administered after evaluation after 24 h. The study results
showed no significant differences in heart rate between groups, while a lower sevoflurane
requirement was observed in dogs treated with fentanyl. However, the association with
dexmedetomidine led to a lower need for intraoperative blood pressure support. Both
groups had good postoperative pain management assessed with GCMPS-SF, with two and
zero dogs receiving rescue analgesia, respectively, for the fentanyl and dexmedetomidine
group [47].

Beier et al. [48] studied the use of remifentanil in dogs undergoing mastectomy. Dogs
were premedicated with morphine (0.5 mg/kg IM) and acepromazine (0.03 mg/kg IM) and
assigned to three groups: control, remifentanil low (0.15 µg/kg/min CRI) or remifentanil
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high dose (0.30 µg/kg/min CRI). Additional postoperative analgesia was administered,
including morphine (0.5 mg/kg IM) and meloxicam (0.2 mg/kg IV). Remifentanil had
excellent efficiency as part of a balanced anaesthesia protocol with isoflurane requirement
reduction in a dose-dependent manner. However, close heart rate and mean arterial blood
pressure monitoring are mandatory and intermittent positive pressure ventilation (IPPV)
must be available [48]. In another study, the treatment with cisatracurium (0.2 mg/kg
IV), a neuromuscular-blocking agent, led to sevoflurane requirement and propofol dosage
reduction in dogs undergoing mastectomy. Intraoperative pain was provided by remifen-
tanil hydrochloride (0.5 µg/kg/min CRI) and postoperative analgesia was provided by
buprenorphine (20 µg/kg IV) [49].

3.2. Transdermal Analgesia

Transdermal administration of analgesics offers a compelling option for long-term pain
relief, minimising the issues associated with chronic parenteral or oral use [50]. Cicirelli
et al. [51] compared the fentanyl patch effects to postoperative tramadol (5 mg/kg SC) in
dogs undergoing ovariectomy alone or with mastectomy. The fentanyl patches were placed
for 72 h on the necks of dogs 24 h before surgery (<10 kg = 25 µg/h; 10–20 kg = 50 µg/h;
20–30 kg = 75 µg/h; 30–40 kg = 100 µg/h). Premedication was performed with dexmedeto-
midine (3 µg/kg IM) and methadone (0.25 µg/kg IM) and all dogs received postoperative
meloxicam (0.20 mg/kg SC). The evaluation of postoperative pain was conducted using
NAS and the GCMPS-SF. The study showed that both protocols are effective in postop-
erative pain management. However, the authors advise to not use fentanyl patches as
pre-emptive analgesia during surgery because of the individual variables influencing its ab-
sorption [51]. Similarly, another study evaluated the analgesic efficacies of buprenorphine
administered with transdermal patches or intravenously in dogs undergoing unilateral
mastectomy. Dogs were divided into two groups: one received buprenorphine by patch
application in the upper third of the thorax 40 h before surgery (5–6 µg/kg/h); the other one
received preoperative buprenorphine intravenously (20 µg/kg), repeated every 6 h for the
next 24 h. All dogs received carprofen (4 mg/kg SC) 1 h after surgery. Buprenorphine was
found to be insufficient to control the intraoperative nociception stimulus, but may be more
helpful in controlling postoperative pain, considering that all dogs in the study did not
need rescue analgesia (pain assessed with UMPS and GCMPS-SF) [52]. Therefore, the patch
application could be useful in pain management in biting dogs or those who refuse food
post-surgery, with the same efficacy as the injectable route, reducing stress related to drug
administration. These results are in agreement with other authors who have confirmed
that the route of administration influences the analgesic efficacy of buprenorphine in dogs
and its bioavailability [53,54].

Furthermore, patches allow the maintenance of a constant drug plasma concentration.
Repeated boluses do not allow the maintenance of a stable plasma concentration, which
could lead to an incomplete analgesic plateau. Nevertheless, adequate plasma plateau
achievement is slower with the transdermal application [51,52].

Considering the above, a multimodal analgesic approach seems to be more effective
in dogs undergoing mastectomy. NSAIDs have an established use in the management
of postoperative pain in veterinary medicine. The protocols associating drugs such as
meloxicam or robenacoxib lead to less need for rescue analgesia. The association of tra-
madol and meloxicam could be a possibility [26], combined with drugs acting on different
levels of the nervous system (e.g., local anaesthetic). The synergic action on different
levels of the nervous system is also exploited in protocols using ketamine, lidocaine and
fentanyl [44,47]. Fentanyl has great potential in intraoperative and postoperative pain
management [43,44,47,51]. Transdermal analgesic administration via patches seems to be
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promising [51,52]. However, the patch must be applied several hours before surgery to
ensure adequate drug blood plateau. This requires more interaction with the animal and
greater caution from the owner to prevent the patch from being swallowed. Additionally,
the result, especially intraoperative, is not guaranteed, as it is influenced by the degree
of absorption.

Table 1. Papers evaluating systemic analgesic protocols in dogs undergoing mastectomy.

Type Paper Drugs and Study Design Pain Scale

Systemic
Administration

Nakagawa et al. [21]
Meloxicam + Butorphanol

Vs.
Butorphanol

Serum cortisol levels

Crociolli et al. [22]
Gabapentin + Meloxicam

Vs.
Placebo + Meloxicam

GCMPS 1 + VAS 2

Friton et al. [25]
Robenacoxib

Vs.
Placebo

GCMPS-SF 3

Texeira et al. [26]

Tramadol
Vs.

Tramadol + Meloxicam
Vs.

Tramadol + Dipyrone

GCMPS 1 + VAS 2

Uscategui et al. [31]
Methadone

Vs.
Tramadol

UMPS 4

Uscategui et al. [33] Methadone UMPS 4

Sarrau et al. [35]

Morphine + low-dose
Ketamine

Vs.
Morphine + high-dose

Ketamine
Vs.

Morphine

VAS 2 + 4A VET pain scale 5

Soares et al. [38]

Ketamine + Lidocaine +
Maropitant

Vs.
Ketamine + Lidocaine

DIVAS 6 + NCS 7 +
GCMPS-SF 3

deMoura et al. [43]

Ketamine + Fentanyl
Vs.

Ketamine
Vs.

Fentanyl

GCMPS-SF 3 + MNT 8

Marques et al. [44]

Fentanyl
Vs.

Fentanyl + Lidocaine +
Ketamine

GCMPS-SF 3

Cardozo et al. [47]

Fentanyl + Lidocaine +
Ketamine

Vs.
Dexmedetomidine +

Lidocaine + Ketamine

GCMPS-SF 3
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Table 1. Cont.

Type Paper Drugs and Study Design Pain Scale

Systemic
Administration

Beier et al. [48]

Low-dose Remifentanil
Vs.

High-dose Remifentanil
Vs.

Control

-

Interlandi et al. [49]
Cisatracurium

Vs.
Control

-

Transdermal
Analgesia

Cicirelli et al. [51]
Fentanyl patch

Vs.
Tramadol SC

NAS 9 + GCMPS-SF 3

Galosi et al. [52]
Buprenorphine patch

Vs.
Buprenorphine IV

UMPS 4 +
GCMPS-SF 3

1 GCMPS = Glasgow Composite Measure Pain Scale; 2 VAS = Visual Analogue Scale; 3 GCMPS-SF = Short-
Form Glasgow Composite Measure Pain Scale; 4 UMPS= University of Melbourne Pain Scale; 5 4A VET pain
scale = French Veterinary Association for Anaesthesiology and Analgesia pain scoring scale; 6 DIVAS = Visual
Interactive and Dynamic Analogue Scale; 7 NCS = Numerical Classification Scale; 8 MNT = Mechanical Nociceptive
Threshold; 9 NAS = Numeric Analogue Scale.

4. Local and Loco-Regional Analgesia
Papers included in this review evaluating local and loco-regional analgesic protocols

and techniques in dogs undergoing mastectomy are summarised in Table 2.

4.1. Local Infiltration

The incisional infiltration of a local anaesthetic is defined as the direct injection of a
drug, such as lidocaine, bupivacaine, levobupivacaine, or ropivacaine, into the surgical
field to support multimodal analgesia. This technique is relatively simple, safe, and cheap
and has proven effective in managing intra- and postoperative pain, reducing the use
of additional analgesics [55,56]. Surgical site infiltration is usually performed through
a syringe connected to a needle. However, there are needle-free devices such as the
Comfort-in® (GamasTECH, Catania, Italy). This works as a spring-loaded infusion system
and creates a fluidic needle releasing the drug at high speed, penetrating the skin [57].
Comfort-in® was used in dogs undergoing mastectomy surgery with good results. All
subjects included in the study were premedicated with dexmedetomidine (2 µg/kg IM)
and tramadol (4 mg/kg IM). Before surgery, the incision line was infiltrated with lidocaine
(4 mg/kg) with an insulin syringe (capacity 1 mL—27 G) or with a Comfort-in® device,
compared to a control group that did not receive local infiltration. The postoperative
analgesia scores, assessed throughout the composite pain scale (CPS) and Colorado Pain
Scale (CSU-CAPS), and oxidative inflammatory stress levels were lower in dogs receiving
local infiltration with the Comfort-in® device without requiring intra- or postoperative
rescue analgesia [58]. Wound Soaker Catheters (WSCs) could also be used for subcutaneous
infiltration. Although different complications are described in the literature, including
surgical site infection [59], WSC use was safe in mastectomy surgery in dogs without any
complications or bacterial growth reported [60]. Specifically, dogs were premedicated
with acepromazine (30 µg/kg IM) and methadone (0.3 mg/kg IM repeated every 4 h
IV) and treated with meloxicam (0.2 mg/kg IV) after surgery. WSC was placed into
the subcutaneous space between the subcutaneous tissue and the fascia along the entire
length of the surgical wound and removed aseptically after 3 days. Owners administered
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bupivacaine throughout WSC at 1–2 mg/kg/6 h. Additionally, dogs received carprofen
(2 mg/kg/12 h for 5 days PO) and tramadol (3 mg/kg/12 h for 3 days PO). Only two of
eighteen patients received rescue methadone (0.1 mg/kg IV) after pain evaluation with
GCMPS-SF [60].

Vilhegas et al. [61] studied the analgesic effects of botulinum toxin type A (BoNT-
A) subcutaneous injection. Dogs were divided into a group receiving BoNT-A (7 IU/kg
diluted to a final volume of 10 mL) and a control group receiving an equivalent volume
of saline solution. All dogs received fentanyl (3 mg/kg IM) before both treatments that
were performed 24 h before surgery. One millilitre was administered subcutaneously at one
point of each mammary gland using a 25 G needle. Before surgery, dogs were sedated with
acepromazine (0.03 mg/kg IM) and morphine (0.3 mg/kg IM) and treated with meloxicam
(0.2 mg/kg IV plus additional dose 0.1 mg/kg PO after extubation for up to 10 days).
Dogs in the BoNT-A group showed lower pain scores with VAS and modified-GCMPS
with fewer subjects requiring rescue morphine (0.5 mg/kg IM). Therefore, the authors
concluded that BoNT-A administration could be helpful in multimodal approaches in dogs
undergoing mastectomy [61]. This seems to be related to the BoNT-A role in blocking the
release of neuropeptides at the nociceptive nerve endings reducing peripheral and central
sensitisation [62,63]. Additionally, local BoNT-A application resulted in an analgesic effect
that remained even after mammary gland removal, which is probably associated with a
possible axonal transport distant from the injection site [61,64].

Infiltration of wide body areas could also be provided by tumescent anaesthesia (TA)
inoculating large volumes of a solution containing local anaesthetic combined with vaso-
constrictors [65]. Due to the diluted nature of the solution, large amounts of the anaesthetic
solution may be safely used with a low risk of local anaesthetic-induced toxicity [66], reduc-
ing intraoperative bleeding [67] and leading to hydro-dissection of tissues which facilitates
surgery [68]. Tumescent anaesthesia is typically performed using the Klein cannula, which
has a large diameter and several lateral holes, guaranteeing dispersion of the solution.
Additionally, the blunt tip protects from vascular lesions or thoracic and abdominal pen-
etration [69]. Credie et al. [70] applied TA in dogs submitted to mastectomy. All dogs
were sedated with acepromazine (0.05 mg/kg IM) combined with meperidine (2 mg/kg
IM). Animals received either TA or fentanyl (2.5 µg/kg IV). The tumescent solution was
prepared with 250 mL of lactated Ringer’s solution, 40 mL of 2% lidocaine (concentration
of 2.75 mg/mL with a total dose of 41.25 mg/kg) and 0.29 mL of adrenaline (1 mg/mL).
A total of 15 mL/kg of solution was administered at a refrigerated temperature of 4 ◦C.
The TA was performed with the Klein cannula inserted immediately cranial and caudal to
the thoracic and inguinal mammary glands, respectively. After surgery, all dogs received
meloxicam (0.1 mg/kg SC). Eight of the ten dogs included in the fentanyl group received a
fentanyl bolus. Dogs treated with TA showed less intraoperative bleeding and shorter mam-
mary gland excision times. Additionally, TA improved postoperative pain, assessed with
dynamic and interactive visual analogue scale (DIVAS), GCMPS, University of Melbourne
Pain Scale (UMPS), VAS and von Frey filament test, without any adverse signs or lidocaine
plasma concentration compatible with toxicity [70]. Even if lidocaine is the most frequently
used drug [67], other local anaesthetic agents can be used. Ropivacaine has lower toxicity
and a greater duration of effect [71]. It was used in tumescent anaesthesia in dogs undergo-
ing mastectomy comparing two different concentrations: 0.1% ropivacaine (216.4 mL of
lactated Ringer’s solution + 33.6 mL of 0.75% ropivacaine + 0.5 mL of epinephrine) and
0.05% ropivacaine (233.3 mL of lactated Ringer’s solution + 16.7 mL of 0.75% ropivacaine +
0.5 mL of epinephrine). Premedication was performed with acepromazine (0.04 mg/kg IM)
and morphine (0.4 mg/kg IM). The tumescent solution was administered at a 15 mL/kg
volume at a temperature ranging from 8 to 12 ◦C with the Klein cannula. Postoperative pain
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was assessed by UMPS, modified CMPS and von Frey filaments. The study demonstrated
that TA with ropivacaine provided satisfactory postoperative analgesia with no difference
in duration between concentrations, maintaining the ropivacaine plasma concentration
below the toxic level [72]. Del Lama Rocha et al. [73] compared the effect of TA with 0.1%
lidocaine or 0.1% ropivacaine. The tumescent solution with lidocaine was prepared by
adding 12.5 mL of 2% lidocaine and 0.5 mL of adrenaline to 237.5 mL of lactated Ringer’s
solution. The ropivacaine solution was prepared with 25 mL of 1% ropivacaine and 0.5 mL
of adrenaline diluted in 225 mL of lactated Ringer’s solution. The tumescent solution was
administered at a 15 mL/kg volume after cooling to 8–12 ◦C. Dogs were premedicated
with chlorpromazine (0.3 mg/kg IM) and meperidine (3 mg/kg IM). The two solutions
provided equivalent postoperative analgesia for at least 12 h with no significant differences
in pain scores assessed with GCMPS-SF and von Frey filaments. The ropivacaine tumescent
solution tended to contribute to a lower sedation degree and a longer duration of postoper-
ative analgesia [73]. The association with lidocaine continuous infusion seems to improve
the effects of TA. In a study [74], dogs were premedicated with dexmedetomidine (3 µg/kg
IV) and methadone (0.2 mg/kg IV) and assigned to receive TA (12 mL/kg), 2% lidocaine in
CRI (loading dose of 2 mg/kg followed by CRI of 100 µg/kg/min) or association of both at
the same dosages. The tumescent solution was prepared by adding 40 mL of 2% lidocaine
and 20 µg/mL of adrenaline into lactated Ringer’s solution at the temperature of 8 ◦C. All
three protocols showed good results in postoperative pain management, assessed with
the Italian version of GCMP-SF (ICMP-SF) [75]. However, the association of continuous
infusion of lidocaine and TA led to greater inhibition of the sympathetic stimulating effects
with better early postoperative analgesia [74]. Postoperative analgesia is also related to
a small gelatinous fraction remaining in the subcutaneous space after mammary gland
excision [72,73]. The only adverse effect of TA reported is increased intraoperative hy-
pothermia [70,72–74], which could be easily minimised by an electric heating pad and/or
radiant heat heating lamp [74,76]. Microwave-heated tumescent solution (37–42 ◦C) did
not prevent the occurrence of intraoperative hypothermia. It did not increase inhaled anaes-
thetic consumption during surgery. However, greater absorption of the local anaesthetic
could not be excluded because the plasma concentration was not evaluated [77]. Generally,
although TA has numerous advantages, as previously reported, some limitations should be
considered. These include the case of poorly defined tumours, skin infections or ulcerated
tumours with the risk of postoperative infection or neoplastic cell seeding [72]. In addition,
as reported in other studies in human medicine, it is necessary to use an unground needle
to avoid deep lesions, as TA is usually performed without ultrasound control [78].

4.2. Epidural Anaesthesia, Intercostal and Paravertebral Block

Epidural analgesia provides effective pain relief for inguinal, perianal, and pelvic
limb procedures with minimal side effects that can be implemented in relation to dose,
volume, drugs used and speed of injection [79]. However, the extent of its block limits
its application in surgeries involving large areas of the thoracic region, such as mastec-
tomy [80]. Thoracolumbar epidural leads to a greater degree of analgesia but the intensity
of sympathetic block is not well understood, and adverse effects can occur frequently [81].
Considering the TA application limits, Sanches et al. [82] evaluated the analgesic effect
of epidural anaesthesia associated with intercostal block. Dogs were treated with ace-
promazine (0.03 mg/kg IM) and morphine (0.3 mg/kg IM) and were allocated in two
groups. One received TA at the dose of 15 mL/kg (460 mL of Ringer’s lactate solution
plus 40 mL of 2% lidocaine and 0.5 mL of epinephrine). The other group was treated with
epidural injection in the lumbosacral space with a combination of 2% lidocaine (5 mg/kg)
and morphine (0.1 mg/kg), not exceeding a total dose of 7 mg/kg. All dogs received
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meloxicam (0.2 mg/kg/IV) at the end of surgery. Rescue intraoperative analgesia was
most frequently required in dogs that did not receive TA. However, both groups showed
adequate analgesia for up to 6 h after surgery using modified GCMPS. Therefore, the
authors concluded that the association of epidural anaesthesia and intercostal block could
be used as an alternative technique in patients with restrictions for TA [82]. The analgesic
area extension of epidural anaesthesia could be reached by combining dexmedetomidine
or methadone with levobupivacaine [83]. Specifically, in a study, dogs were premedicated
with acepromazine (0.05 mg/kg IM) and midazolam (0.2 mg/kg IM). Dogs were treated
with epidural 0.75% levobupivacaine (1.5 mg/kg) alone or in combination with methadone
(0.3 mg/kg) or dexmedetomidine (3 µg/kg) in the lumbosacral epidural area (total vol-
ume for all treatment of 0.36 mL/kg reached with saline solution). The extent of sensory
block was more significant in the groups treated with methadone (7◦ thoracic to 5◦ lumbar
vertebra) and dexmedetomidine (8◦ thoracic to 4◦ lumbar vertebra) than in the group that
received only levobupivacaine (12–13◦ thoracic vertebrae). The motor block duration was
longer in dogs treated with dexmedetomidine, which is commonly associated with severe
bradycardia. However, all dogs included in the study needed rescue analgesia in the intra-
and postoperative period, where the pain was assessed using the Melbourne scale and
GCMPS [83]. Herrera-Becerra et al. [84] compared the effect of epidural 0.75% ropivacaine
(0.75 mg/kg) associated with morphine (0.1 mg/kg) or xylazine (0.1 mg/kg) or both (fi-
nal volume 0.35 mL/kg). Dogs were premedicated with acepromazine (0.02 mg/kg IM)
and morphine (0.3 mg/kg IM) and treated with meloxicam (0.1 mg/kg IV). All epidural
treatments provided adequate intraoperative antinociception and the groups that received
morphine had fewer dogs needing rescue analgesia. Pain was assessed with GCMPS-SF
for 24 h. The use of xylazine was associated with a longer time to stand. Considering this,
the authors advise that epidural ropivacaine and morphine could provide more significant
benefit in dogs undergoing mastectomy [84]. The association of epidural ropivacaine and
morphine was also investigated by Tayari et al., calculating the drug doses on the occipital–
coccygeal length (OCL) (1 mL/10 cm). Dogs were included in the randomised study after
premedication with morphine (0.3 mg/kg IM). The study included five groups: a control
group, an epidural group receiving 0.5% ropivacaine, and three morphine (0.1 mg/kg)
plus ropivacaine groups receiving 0.5%, 0.35%, or 0.25% ropivacaine, respectively. The
OCL was measured from the occipital bone to the first coccygeal vertebra. In contrast, the
desired extension of the epidural block was measured from the first coccygeal to the first
thoracic vertebra. All epidural treatments provided adequate intraoperative analgesia with
a reduction in rescue analgesia and inhalant anaesthetic requirements, confirming the dose
regimen based on OCL as a safe and practical methodology. Morphine treatment signifi-
cantly reduced postoperative pain scores measured by GCMPS-SF, while lower ropivacaine
concentrations anticipated the resolution of motor block [85].

A thoracic paravertebral block (TPVB) consists of a local anaesthetic injection into the
thoracic paravertebral space containing the spinal nerve roots and sympathetic chain [86].
In dogs premedicated with methadone (0.2 mg/kg IV), TPVB with ropivacaine (0.6 mL/kg
of a 1% solution diluted with sterile saline solution to a concentration of 0.4%) improved
pain control (GCMPS-SF) and recovery in bitches undergoing unilateral mastectomy [87].

4.3. TAP Block

Transverse abdominis plane block (TAP block) is a regional anaesthetic technique used
to provide local analgesia to the abdominal wall by the ultrasound-guided local anaesthetic
injection between the muscle fascia of the abdominal internal oblique and transverse ab-
dominal muscles [88,89]. Two studies analysed the use of TAP block in canine mastectomy
surgery [90,91]. In Portela et al. [90], dogs were premedicated with opioid drugs, such
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as fentanyl or methadone. TAP blocks with 0.25% bupivacaine (0.3–0.35 mL/kg) were
performed in two different points: one in the caudal part of the middle abdominal region,
cranially to the iliac crest, and a second one in the cranial part of the middle abdominal re-
gion, caudally to the last rib (L5–L6 and L2–L3 intervertebral level, respectively). In cases of
unilateral mastectomy, the TAP blocks were associated with 9 intercostal blocks with 0.25%
bupivacaine (0.03–0.04 mL/kg). After surgery, all dogs received carprofen (2 mg/kg/24 h
SC). TAP block provided intraoperative and postoperative analgesia in association with in-
tercostal block for unilateral mastectomy. However, four animals required rescue analgesia
perioperatively due to failed intercostal nerve blocks, as nociceptive stimuli were noted
during caudal thoracic mammary gland resection. Additionally, Fentanyl was necessary
to manage pain following the ligature of structures in the inguinal canal. Indeed, the TAP
block only provides regional analgesia of the abdominal wall without involving visceral
components [90]. The intercostal block is reached through multiple injections. To avoid
this, Teixeira et al. [91] associated Serratus plane (SP) block with TAP block. SP block is
a variation of TAP block consisting of drug injection between the serratus anterior and
external intercostal muscle [92]. Dogs with mammary tumours were premedicated with
methadone (0.5 mg/kg IM). Ultrasound-guided SP and TAP blocks were performed with
0.25% bupivacaine (0.3 mL/kg) injections. After surgery, pain was monitored with the
Canine Acute Pain Scale from Colorado State University and all dogs received tramadol
(4 mg/kg) and dipyrone (25 mg/kg). The results showed that the combination of both
techniques was effective in anaesthetic blocking the thoracic and abdominal wall with good
pain management without intra- or postoperative rescue analgesia [91].

Local and locoregional anaesthesia plays a crucial role in multimodal pain manage-
ment strategies. Specifically, the local infiltration of local analgesic drugs has significant
advantages. While the Comfort-in® device has demonstrated effectiveness, it is not suitable
for extensive surgical procedures [58]. The number of WSCs used varies depending on the
surgery extension. Although no complications related to infections have been reported [60],
the use of catheters and their maintenance over several days could pose a risk of infection.
In addition, postoperative catheter management and local drug administration is left to
the owner, who must therefore be instructed. Among local infiltrations, in our experience,
TA offers undeniable surgical and analgesic advantages, with a reduced need for rescue
analgesia even when compared to epidural analgesia [70,72–74,77,82]. Moreover, the hy-
pothermia risk can be easily controlled and prevented. However, TA application is limited
by the clinical presentation of the neoplasm, as already reported. Furthermore, TA can be
used in multimodal protocols and be combined with good results with lidocaine in CRI [74].
Epidural anaesthesia has an efficacy limited by the analgesic area extension, which may
vary depending on the drugs used and the dosage calculation, volume and speed of injec-
tion [79]. Epidural administration of morphine and ropivacaine with a dose regimen based
on OCL could be a valuable tool to manage intra- and postoperative pain [85]. TAP block is
also a promising technique [90,91], but it alone is not sufficient for pain management during
unilateral mastectomy and must be combined with other analgesic techniques. Intercostal
blocks, however, involve several injections [90]. The SP block allows thoracic analgesia with
a single administration [91]. However, both TAP and SP blocks need a certain expertise
and confidence in ultrasonography.
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Table 2. Papers evaluating local analgesic protocols and techniques in dogs undergoing mastectomy.

Type Paper Drugs and Study Design Pain Scale

Local infiltration

Costa et al. [58]
Lidocaine

(through Comfort-in®

device)
CPS 1 + CSU-CAPS 2

Suarez-Redondo et al. [60] Bupivacaine
(through WSC) GCMPS-SF 3

Vilhegas et al. [61] BoNT-A VAS 4 + GCMPS 5

Credie et al. [70]

TA (Lidocaine +
Adrenaline)

Vs.
Fentanyl IV

DIVAS 6 + GCMPS 5 +
UMPS 7 + VAS 4 + von

Frey Filament test

Abimussi et al. [72]

TA (0.1% Ropivacaine +
Epinephrine)

Vs.
TA (0.05% Ropivacaine +

Epinephrine)

UMPS 7 + CMPS 8 + von
Frey Filament test

Del Lama Rocha et al. [73]

TA (Lidocaine +
Adrenaline)

Vs.
TA (Ropivacaine +

Adrenaline)

GCMPS-SF 3 + von Frey
Filament test

Vullo et al. [74]

TA (Lidocaine +
Adrenaline)

Vs.
Lidocaine CRI

Vs.
TA (Lidocaine +

Adrenaline) + Lidocaine
CRI

ICMP-SF 9

Del Lama Rocha et al. [77] Heated TA -

Epidural infiltration
+

Intercostal block
Sanches et al. [82]

TA (Lidocaine +
Epinephrine)

Vs.
Epidural Lidocaine +

Morphine + Intercostal
block with Lidocaine

GCMPS 5

Epidural infiltration

Caramalac et al. [83]

Epidural Levobupivacaine
Vs.

Epidural Levobupivacaine
+ Methadone

Vs.
Epidural Levobupivacaine

+ Dexmedetomidine

UMPS 7 + GCMPS 5

Herrera-Becerra et al. [84]

Epidural Ropivacaine +
Morphine

Vs.
Epidural Ropivacaine +

Xylazine
Vs.

Epidural Ropivacaine +
Morphine + Xylazine

GCMPS-SF 3
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Table 2. Cont.

Type Paper Drugs and Study Design Pain Scale

Epidural infiltration Tayari et al. [85]

Epidural Ropivacaine
Vs.

Epidural Ropivacaine +
0.5% Morphine

Vs.
Epidural Ropivacaine +

0.35% Morphine
Vs.

Epidural Ropivacaine +
0.25% Morphine

Vs.
Control

GCMPS-SF 3

Thoracic paravertebral
block Santoro et al. [87]

TPVB with Ropivacaine
Vs.

Control
GCMPS-SF 3

TAP block
Portela et al. [90]

TAP with Bupivacaine +
Intercostal block with

Bupivacaine
GCMPS 5

Teixeira et al. [91] TAP with Bupivacaine +
SP block with Bupivacaine CSU-CAPS 2

1 CPS = Composite Pain Scale; 2 CSU-CAPS = Canine Acute Pain Scale from Colorado State University; 3 GCMPS-
SF = Short-Form Glasgow Composite Measure Pain Scale; 4 VAS = Visual Analogue Scale; 5 GCMPS = Glasgow
Composite Measure Pain Scale; 6 DIVAS = Visual Interactive and Dynamic Analogue Scale; 7 UMPS = University
of Melbourne Pain Scale; 8 CMPS = Composite Measure Pain Scale; 9 ICMP-SF = Italian version of GCMP-SF.

5. Unconventional Medicine: Acupuncture
Gakiya et al. [93] evaluated the use of electroacupuncture in pain management in

dogs undergoing mastectomy. Specifically, dogs received morphine (0.5 mg/kg IM), elec-
troacupuncture or sham procedure. Electroacupuncture was applied bilaterally to the
stomach 36, spleen 6, and gall bladder 34. The numbers that follow the names of acupunc-
ture points correspond to specific points along the body’s meridians, which are distributed
on the surface of the body itself. Each point is identified by a code that includes the merid-
ian’s abbreviation and a progressive number that indicates the point’s position along that
meridian [94]. The sham procedure was performed similarly to the electroacupuncture, but
the needles were inserted into false acupuncture points close to real points. Meloxicam
(0.2 mg/kg, IV) was administered to all dogs before the surgical incision. Postoperative
pain was measured using a numerical rating scale, while serum cortisol levels were as-
sessed before anaesthetic medication and at 45 min, 1, 3, and 6 h post-extubation. Serum
cortisol concentration was not different among the groups, nor was the pain score. How-
ever, rescue analgesia was lower in dogs treated with electroacupuncture. The sham
procedure was associated with a more evident need for rescue analgesia, underlying the ne-
cessity to stimulate specific points to obtain analgesic effects. Thus, the authors concluded
that electroacupuncture could be useful to reduce opioid administration in multimodal
protocols [93].

Yamamoto New Scalp Acupuncture (YNSA) was studied in dogs undergoing mas-
tectomy [95]. YNSA consists of stimulation of acupuncture points on the scalp associated
with other anatomical regions and meridians [96]. Specifically, Bacarin et al. studied YNSA
treatment in dogs premedicated with morphine (0.3 mg/kg IM). YNSA was performed
through three points: B, D, and E. B point is located 1–1.5 cm lateral to the midline and at
the frontal line on the frontalis muscle, and this acupoint is related to different conditions of
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pain affecting the forelimbs. D point is located on the junction between the upper line of the
zygomaticus muscle and its insertion in the scutiform cartilage in the temporal region, thus
activating the microregions of the cerebral cortex, triggering an analgesic effect on the lower
abdominal region. E point is located above the superior orbit, and it is connected to anatom-
ical structures innervated by afferent fibres originating from T1 to T12 and associated with
thoracic analgesia [96]. Morphine (0.1 mg/kg/h IV CRI) and fentanyl were administered
during surgery and meloxicam (0.2 mg/kg IV) was administered after intubation. Results
showed that intraoperatively supplemental analgesic need was lower in dogs receiving
YNSA. Postoperative pain evaluation using interactive VAS (IVAS) recorded from 0.5 to
1 h post-extubation lower pain scores in dogs treated with YNSA. However, postoperative
pain assessed with GCMPS-SF and the need for rescue analgesia showed no significant
differences between YNSA and the control group. Therefore, the authors concluded that
YNSA is useful as a complementary therapy to manage intraoperative pain [95].

Papers evaluating acupuncture protocols are reported in Table 3.

Table 3. Papers evaluating acupuncture protocols and techniques in dogs undergoing mastectomy.

Paper Drugs and Study Design Pain Scale

Gakiya et al. [93]

Morphine IM
Vs.

Electroacupuncture
Vs.

Sham procedure

Numbering rating scale + serum cortisol level

Bacarin et al. [95]
YNSA

Vs.
Control group

IVAS 1 +
GCMPS-SF 2

1 IVAS = Interactive VAS; 2 GCMPS-SF = Short-Form Glasgow Composite Measure Pain Scale.

Even if complementary and alternative medicine is not defined as scientifically
evidence-based medicine [97], acupuncture is becoming popular in veterinary medicine [98].
However, its use requires a deep knowledge of Oriental Medicine. Further studies are
needed to validate its effectiveness in pain management during mastectomy.

6. Limitations of the Review
This review has limitations that should be noted.
The first limitation concerns the correlation of pain related to different surgical

procedures. Mastectomy procedures can vary from regional mastectomy to unilat-
eral mastectomy to bilateral total mastectomy. This leads to different pain levels [7,8].
Most of the papers included in the review are based on unilateral mastectomy surg-
eries [21,26,31,33,38,43,44,47–49,51,52,61,70,73,74,77,82–85,87,90,91,95]. However, some
studies [22,25,35,58,60,93] have included regional mastectomies. This emphasises that
effective approaches addressed in these papers may not be as effective when applied to
more radical surgery. Only one study [72] included unilateral or bilateral mastectomies.

Another limitation concerns the difficulty of comparing papers using different
pain scales. The pain assessment scales used in the various studies are summarised in
Tables 1–3. Although many studies use the GCMPS and its short form—both moderately
validated—other studies depend on scales less commonly employed in veterinary medicine.
Specifically, the 4AVET pain scale and UMPS are only partially validated and only for
specific surgical procedures, such as orthopaedic surgery and ovariohysterectomy, respec-
tively [99]. Accurately comparing studies can be challenging. For instance, one study found
that tramadol alone was effective in managing postoperative pain [26], while another study
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reported it was not as effective [31], even though the surgical procedures were similar. The
discrepancies in their findings could be related to the use of different pain scales, which
complicated the interpretation of the results.

Another limitation lies in the variability of the postoperative observation period
across studies.

These considerations highlight the importance of standardising and validating pain
assessment scales in relation to the type of surgery, as well as the duration of the observa-
tion period.

7. Conclusions
Managing perioperative pain in female dogs undergoing mastectomy is a significant

challenge in veterinary oncology. Uncontrolled pain affects the animal’s well-being and
can also enhance tumour spread due to immunological changes triggered by perioperative
stress. Although the traditional use of opioids is common, concerns about their potential
adverse effects are growing. Therefore, multimodal analgesic protocols are increasingly
recommended. These protocols combine medications with different mechanisms of action
to maximise pain relief while minimising side effects. Systemic analgesia is essential for
managing pain during and after surgery and includes medications such as NSAIDs, opioids,
α2-agonists, and systemically administered local anaesthetics. In addition, local analgesia
has emerged as an effective strategy for managing perioperative pain. Techniques like
peripheral nerve blocks and the infiltration of local anaesthetics, including transversus
abdominis plane (TAP) blocks and epidural analgesia, offer more targeted pain relief,
reducing the reliance on opioids and their associated side effects. Additionally, TAP blocks,
patches and acupuncture show promise for pain management, but their full potential
remains to be explored. The choice of protocol depends not only on the patient but also on
the experience of the operator, who may or may not choose to use a multimodal protocol,
bearing in mind that some drugs may be used as the sole strategy for intra- and post-
operative pain management.
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Abbreviations
The following abbreviations are used in this manuscript:

4AVET French Veterinary Association for Anaesthesiology and Analgesia pain scoring scale
CMPS Composite Measure Pain Scale
CPS Composite Pain Scale
CRI Continuous Rate Infusion
CSU-CAPS Canine Acute Pain Scale from Colorado State University
DIVAS Visual Interactive and Dynamic Analogue
GCMPS Glasgow Composite Measure Pain Scale
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GCMPS-SF Short-Form Glasgow Composite Measure Pain Scale
ICMP-SF Italian version of GCMP-SF
IM Intramuscular
IV Intravenous
IVAS Interactive VAS
MNT Mechanical Nociceptive Threshold
NAS Numerical Analogue Scale
NCS Numerical Classification Scale
SC Subcutis
SP Serratus Plane
TA Tumescent Anaesthesia
TAP Transverse Abdominis Plane
TPVB Thoracic ParaVertebral Block
UMPS University of Melbourne Pain Scale
VAS Visual Analogue Scale
WSC Wound Soaker Catheters
YNSA Yamamoto New Scalp Acupuncture
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19. Gach, K.; Wyrębska, A.; Fichna, J.; Janecka, A. The role of morphine in regulation of cancer cell growth. Naunyn-Schmiedeberg’s

Arch. Pharmacol. 2011, 384, 221–230. [CrossRef]
20. Berry, S.H. Analgesia in the Perioperative Period. Vet. Clin. N. Am. Small Anim. Pract. 2015, 45, 1013–1027. [CrossRef]
21. Nakagawa, K.; Miyagawa, Y.; Takemura, N.; Hirose, H. Influence of preemptive analgesia with meloxicam before resection of the

unilateral mammary gland on postoperative cardiovascular parameters in dogs. J. Vet. Med. Sci. 2007, 69, 939–944. [CrossRef]

https://doi.org/10.1111/j.1439-0531.2011.01816.x
https://www.ncbi.nlm.nih.gov/pubmed/21645126
https://doi.org/10.1053/svms.2003.36625
https://www.ncbi.nlm.nih.gov/pubmed/12831071
https://doi.org/10.1016/S0195-5616(03)00020-2
https://www.ncbi.nlm.nih.gov/pubmed/12852237
https://doi.org/10.1371/journal.pone.0127381
https://doi.org/10.1177/030098588302000201
https://doi.org/10.1186/s13028-015-0121-3
https://doi.org/10.3390/ani13213392
https://doi.org/10.1111/j.0029-4624.2004.00486.x
https://doi.org/10.1017/S0962728600024301
https://www.aaha.org/resources/2022-aaha-pain-management-guidelines-for-dogs-and-cats/
https://www.aaha.org/resources/2022-aaha-pain-management-guidelines-for-dogs-and-cats/
https://doi.org/10.1053/j.tcam.2009.12.003
https://www.ncbi.nlm.nih.gov/pubmed/20515669
https://doi.org/10.1002/j.1875-9114.2012.01177.x
https://doi.org/10.1159/000078444
https://doi.org/10.1016/j.suronc.2009.03.007
https://doi.org/10.1007/s00210-011-0672-4
https://doi.org/10.1016/j.cvsm.2015.04.007
https://doi.org/10.1292/jvms.69.939


Animals 2025, 15, 1214 18 of 21

22. Crociolli, G.C.; Cassu, R.N.; Barbero, R.C.; Rocha, T.L.; Gomes, D.R.; Nicácio, G.M. Gabapentin as an adjuvant for postoperative
pain management in dogs undergoing mastectomy. J. Vet. Med. Sci. 2015, 77, 1011–1015. [CrossRef]

23. Ochroch, E.A.; Mardini, I.A.; Gottschalk, A. What is the role of NSAIDs in pre-emptive analgesia? Drugs 2003, 63, 2709–2723.
[CrossRef] [PubMed]

24. Kong, V.K.; Irwin, M.G. Gabapentin: A multimodal perioperative drug? Br. J. Anaesth. 2007, 99, 775–786. [CrossRef] [PubMed]
25. Friton, G.; Thompson, C.; Karadzovska, D.; King, S.; King, J.N. Efficacy and Safety of Injectable Robenacoxib for the Treatment of

Pain Associated With Soft Tissue Surgery in Dogs. J. Vet. Intern. Med. 2017, 31, 832–841. [CrossRef] [PubMed]
26. Teixeira, R.C.; Monteiro, E.R.; Campagnol, D.; Coelho, K.; Bressan, T.F.; Monteiro, B.S. Effects of tramadol alone, in combination

with meloxicam or dipyrone, on postoperative pain and the analgesic requirement in dogs undergoing unilateral mastectomy
with or without ovariohysterectomy. Vet. Anaesth. Analg. 2013, 40, 641–649. [CrossRef]

27. Shipton, E.A. Tramadol—Present and future. Anaesth. Intensive Care 2000, 28, 363–374. [CrossRef]
28. Martins, T.L.; Kahvegian, M.A.; Noel-Morgan, J.; Leon-Román, M.A.; Otsuki, D.A.; Fantoni, D.T. Comparison of the effects of

tramadol, codeine, and ketoprofen alone or in combination on postoperative pain and on concentrations of blood glucose, serum
cortisol, and serum interleukin-6 in dogs undergoing maxillectomy or mandibulectomy. Am. J. Vet. Res. 2010, 71, 1019–1026.
[CrossRef]

29. Vettorato, E.; Zonca, A.; Isola, M.; Villa, R.; Gallo, M.; Ravasio, G.; Beccaglia, M.; Montesissa, C.; Cagnardi, P. Pharmacokinetics
and efficacy of intravenous and extradural tramadol in dogs. Vet. J. 2010, 183, 310–315. [CrossRef]

30. Camu, F.; Vanlersberghe, C. Pharmacology of systemic analgesics. Best. Pract. Res. Clin. Anaesthesiol. 2002, 16, 475–488. [CrossRef]
31. Uscategui, R.A.R.; Tiosso, C.; Moro, J.V.; Mostachio, G.Q.; Padilha-Nakaghi, L.C.; Feliciano, M.A.R.; Vicente, W.R.R. Pre-emptive

methadone or tramadol analgesia for mastectomy and ovariohysterectomy in bitches. Rev. Colomb. Cienc. Pecu. 2017, 30, 39–47.
[CrossRef]

32. Firth, A.M.; Haldane, S.L. Development of a scale to evaluate postoperative pain in dogs. J. Am. Vet. Med. Assoc. 1999, 214,
651–659. [CrossRef] [PubMed]

33. Uscategui, R.A.R.; Feliciano, M.A.R.; Tiosso, C.F.; Moro, J.V.; Coutinho, L.N.; Brito, M.B.S.; Vicente, W.R.R. Comparative
Evaluation of Methadone Administration at Different Periods in Bitches Undergoing Mastectomy. Pak. Vet. J. 2017, 37, 345–349.

34. Donati, P.A.; Tarragona, L.; Franco, J.V.A.; Kreil, V.; Fravega, R.; Diaz, A.; Verdier, N.; Otero, P.E. Efficacy of tramadol for
postoperative pain management in dogs: Systematic review and meta-analysis. Vet. Anaesth. Analg. 2021, 48, 283–296. [CrossRef]
[PubMed]

35. Sarrau, S.; Jourdan, J.; Dupuis-Soyris, F.; Verwaerde, P. Effects of postoperative ketamine infusion on pain control and feeding
behaviour in bitches undergoing mastectomy. J. Small Anim. Pract. 2007, 48, 670–676. [CrossRef]

36. Verwaerde, P.; Estrade, C. (Eds.) Les e’tapes de l’anesthe’sie ge’ne’rale. In Vade-Mecum d’Anesthe’sie des Carnivores Domestiques;
Editions med’com: Paris, France, 2005; pp. 122–125.

37. Young, L.E.; Brearley, J.C.; Richards, D.L.S. Medetomidine as a premedicant in dogs and its reversal by atipamezole. J. Small
Anim. Pract. 1990, 31, 554–559. [CrossRef]

38. Soares, P.C.L.R.; Corrêa, J.M.X.; Niella, R.V.; de Oliveira, J.N.S.; Costa, B.A.; Silva Junior, A.C.; Sena, A.S.; Pinto, T.M.; Munhoz,
A.D.; Martins, L.A.F.; et al. Continuous Infusion of Ketamine and Lidocaine Either with or without Maropitant as an Adjuvant
Agent for Analgesia in Female Dogs Undergoing Mastectomy. Vet. Med. Int. 2021, 2021, 4747301. [CrossRef]

39. Marquez, M.; Boscan, P.; Weir, H.; Vogel, P.; Twedt, D.C. Comparison of NK-1 Receptor Antagonist (Maropitant) to Morphine as a
Pre-Anaesthetic Agent for Canine Ovariohysterectomy. PLoS ONE 2015, 10, e0140734. [CrossRef]

40. Basbaum, A.I.; Bautista, D.M.; Scherrer, G.; Julius, D. Cellular and molecular mechanisms of pain. Cell 2009, 139, 267–284.
[CrossRef]

41. Hill, R. NK1 (substance P) receptor antagonists—Why are they not analgesic in humans? Trends Pharmacol. Sci. 2000, 21, 244–246.
[CrossRef]

42. Kinobe, R.T.; Miyake, Y. Evaluating the anti-inflammatory and analgesic properties of maropitant: A systematic review and
meta-analysis. Vet. J. 2020, 259–260, 105471. [CrossRef]

43. de Moura, R.S.; Bittar, I.P.; Gomes, J.H.; de Oliveira, Y.V.R.; de Sousa Filho, G.D.; de Faria Soares, G.C.F.; Lima, E.M.; Franco, L.G.
Plasma concentration, cardiorespiratory and analgesic effects of ketamine-fentanyl infusion in dogs submitted to mastectomy.
BMC Vet. Res. 2022, 18, 225. [CrossRef]

44. Marques, É.J.; Monteiro, E.R.; Herrera-Becerra, J.R.; Tomazeli, D.; Rovaris, I.B.; de Oliveira, T.F.; Valle, S.F.; Alievi, M.M. Influence
of Constant Rate Infusions of Fentanyl Alone or in Combination With Lidocaine and Ketamine on the Response to Surgery and
Postoperative Pain in Isoflurane Anesthetized Dogs Undergoing Unilateral Mastectomy: A Randomized Clinical Trial. Top.
Companion Anim. Med. 2023, 52, 100759. [CrossRef] [PubMed]

45. Slingsby, L.S.; Waterman-Pearson, A.E. The post-operative analgesic effects of ketamine after canine ovariohysterectomy—A
comparison between pre- or post-operative administration. Res. Vet. Sci. 2000, 69, 147–152. [CrossRef] [PubMed]

https://doi.org/10.1292/jvms.14-0602
https://doi.org/10.2165/00003495-200363240-00002
https://www.ncbi.nlm.nih.gov/pubmed/14664651
https://doi.org/10.1093/bja/aem316
https://www.ncbi.nlm.nih.gov/pubmed/18006529
https://doi.org/10.1111/jvim.14698
https://www.ncbi.nlm.nih.gov/pubmed/28514527
https://doi.org/10.1111/vaa.12080
https://doi.org/10.1177/0310057X0002800403
https://doi.org/10.2460/ajvr.71.9.1019
https://doi.org/10.1016/j.tvjl.2008.11.002
https://doi.org/10.1053/bean.2002.0262
https://doi.org/10.17533/udea.rccp.v30n1a05
https://doi.org/10.2460/javma.1999.214.05.651
https://www.ncbi.nlm.nih.gov/pubmed/10088012
https://doi.org/10.1016/j.vaa.2021.01.003
https://www.ncbi.nlm.nih.gov/pubmed/33745825
https://doi.org/10.1111/j.1748-5827.2007.00362.x
https://doi.org/10.1111/j.1748-5827.1990.tb00685.x
https://doi.org/10.1155/2021/4747301
https://doi.org/10.1371/journal.pone.0140734
https://doi.org/10.1016/j.cell.2009.09.028
https://doi.org/10.1016/S0165-6147(00)01502-9
https://doi.org/10.1016/j.tvjl.2020.105471
https://doi.org/10.1186/s12917-022-03244-1
https://doi.org/10.1016/j.tcam.2022.100759
https://www.ncbi.nlm.nih.gov/pubmed/36587868
https://doi.org/10.1053/rvsc.2000.0406
https://www.ncbi.nlm.nih.gov/pubmed/11020366


Animals 2025, 15, 1214 19 of 21

46. Smith, L.J.; Shih, A.; Miletic, G.; Miletic, V. Continual systemic infusion of lidocaine provides analgesia in an animal model of
neuropathic pain. Pain 2002, 97, 267–273. [CrossRef]

47. Cardozo, H.G.; Monteiro, E.R.; Correia, B.S.; Ferronatto, V.B.J.; Almeida-Filho, F.T.; Alievi, M.M.; Valle, S.F. Influence of
intravenous fentanyl or dexmedetomidine infusions, combined with lidocaine and ketamine, on cardiovascular response,
sevoflurane requirement and postoperative pain in dogs anesthetized for unilateral mastectomy. Vet. Anaesth. Analg. 2024, 51,
381–390. [CrossRef]

48. Beier, S.L.; Rosa, A.C.; da Mattoso, C.R.S.; Moraes, A.N.; de Oleskovicz, N.; Klein, A.V.; Dallabrida, A.L. Evaluation of the
isoflurane-sparing effects of a constant rate infusion of remifentanil undergoing mastectomy in dogs. Semin. Ciências Agrárias
2015, 36, 3139–3148. [CrossRef]

49. Interlandi, C.; Di Pietro, S.; Costa, G.L.; Spadola, F.; Iannelli, N.M.; Macrì, D.; Ferrantelli, V.; Macrì, F. Effects of Cisatracurium in
Sevoflurane and Propofol Requirements in Dog-Undergoing-Mastectomy Surgery. Animals 2022, 12, 3134. [CrossRef]

50. Pascoe, P.J. Opioid analgesics. Vet. Clin. N. Am. Small Anim. Pract. 2000, 30, 757–772. [CrossRef]
51. Cicirelli, V.; Aiudi, G.G.; Mrenoshki, D.; Lacalandra, G.M. Fentanyl patch versus tramadol for the control of postoperative pain in

canine ovariectomy and mastectomy. Vet. Med. Sci. 2022, 8, 469–475. [CrossRef]
52. Galosi, M.; Troisi, A.; Toniolo, P.; Pennasilico, L.; Cicirelli, V.; Palumbo Piccionello, A.; Di Bella, C. Comparison of the Transdermal

and Intravenous Administration of Buprenorphine in the Management of Intra- and Postoperative Pain in Dogs Undergoing a
Unilateral Mastectomy. Animals 2022, 12, 3468. [CrossRef]

53. Steagall, P.V.; Ruel, H.L.M.; Yasuda, T.; Monteiro, B.P.; Watanabe, R.; Evangelista, M.C.; Beaudry, F. Pharmacokinetics and
analgesic effects of intravenous, intramuscular or subcutaneous buprenorphine in dogs undergoing ovariohysterectomy: A
randomised, prospective, masked, clinical trial. BMC Vet. Res. 2020, 16, 154. [CrossRef]

54. Enomoto, H.; Love, L.; Madsen, M.; Wallace, A.; Messenger, K.M. Pharmacokinetics of intravenous, oral transmucosal and
intranasal buprenorphine in healthy male dogs. J. Vet. Pharmacol. Ther. 2022, 45, 358–365. [CrossRef] [PubMed]

55. Møiniche, S.; Mikkelsen, S.; Wetterslev, J.; Dahl, J.B. A qualitative systematic review of incisional local anaesthesia for postoperative
pain relief after abdominal operations. Br. J. Anaesth. 1998, 81, 377–383. [CrossRef] [PubMed]

56. Carpenter, R.E.; Wilson, D.V.; Evans, A.T. Evaluation of intraperitoneal and incisional lidocaine or bupivacaine for analgesia
following ovariohysterectomy in the dog. Vet. Anaesth. Analg. 2004, 31, 46–52. [CrossRef] [PubMed]

57. Engwerda, E.E.; Abbink, E.J.; Tack, C.J.; de Galan, B.E. Improved pharmacokinetic and pharmacodynamic profile of rapid-acting
insulin using needle-free jet injection technology. Diabetes Care 2011, 34, 1804–1808. [CrossRef]

58. Costa, G.L.; Bruno, F.; Leonardi, F.; Licata, P.; Macrì, F.; Fernández Parra, R.; Bruschetta, G.; Nava, V.; Pugliese, M.; Spadola, F.
Surgical Site Infiltration with Comfort-in Device and Traditional Syringe in Dogs Undergoing Regional Mastectomy: Evaluation
of Intra- and Postoperative Pain and Oxidative Stress. Animals 2024, 14, 1902. [CrossRef]

59. Abelson, A.L.; McCobb, E.C.; Shaw, S.; Armitage-Chan, E.; Wetmore, L.A.; Karas, A.Z.; Blaze, C. Use of wound soaker catheters
for the administration of local anesthetic for post-operative analgesia: 56 cases. Vet. Anaesth. Analg. 2009, 36, 597–602. [CrossRef]

60. Suárez-Redondo, M.; Fuertes-Recuero, M.; Guzmán-Soltero, A.; Aguado, D.; Del Carmen Martín-Espada, M.; Espinel-Rupérez,
J.; Ortiz-Diez, G. Description of postoperative complications and bacterial contamination of wound soaker catheters used to
administer postoperative local analgesia after mastectomy in 11 dogs: Case series. Vet. Res. Commun. 2024, 48, 2707–2712.
[CrossRef]

61. Vilhegas, S.; Cassu, R.N.; Barbero, R.C.; Crociolli, G.C.; Rocha, T.L.; Gomes, D.R. Botulinum toxin type A as an adjunct in
postoperative pain management in dogs undergoing radical mastectomy. Vet. Rec. 2015, 177, 391. [CrossRef]

62. Cui, M.; Khanijou, S.; Rubino, J.; Aoki, K.R. Subcutaneous administration of botulinum toxin A reduces formalin-induced pain.
Pain 2004, 107, 125–133. [CrossRef]
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