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Maropitant, an antagonist of neurokinin-1 (NK-1) receptors, blocks the pharmacological action of substance P on the central and
peripheral nervous systems. The objective of this study was to compare the antinociceptive and cardiorespiratory eﬀects of the
continuous intraoperative infusion of maropitant with ketamine and lidocaine in female dogs undergoing unilateral radical
mastectomy. Twenty-four female dogs were used and were divided randomly into two groups (n � 12). The GLK group received
ketamine bolus (1.0 mg/kg), lidocaine bolus (1.5 mg/kg), and continuous infusion of ketamine and lidocaine (10 mcg/kg/min and
50 mcg/kg/min), respectively; the GLKM group received the same anesthetic protocol combined with maropitant bolus (1.5 mg/
kg/IV) and continuous infusion of maropitant (100 mcg/kg/h). Continuous infusion was initiated at the start of surgery and was
maintained until 1 hour postoperatively. Pain was evaluated in the postoperative period using four scales and a digital analgesimeter. Data were analysed using analysis of variance, Student’s t-test, Mann–Whitney test, and Friedman’s test (P < 0.05).
Kaplan–Meier curves were compared using the log-rank test. The results indicated lower pain scores, better survival curves with a
lower number of patients requiring rescue analgesia, and lower peripheral sensitization, in the GLKM group than in the GLK
group. It was concluded that the coadministration of maropitant with ketamine and lidocaine had an adjuvant eﬀect with minimal
cardiorespiratory eﬀects and eﬀective analgesia, improving pain management and patient comfort.

1. Introduction
Mammary neoplasms are common in small animals and
usually aﬀect uncastrated females or animals that have been
castrated late [1, 2]. Mastectomy induces an exacerbated
inﬂammatory response in the postoperative period [3]. The
pain in this period may be attributed to some extent to the
failure in analgesia techniques, compromising the success of
patients’ recovery and resulting in acute and chronic pain [1].

It is believed that the use of multimodal protocols improves
patient comfort and decreases adverse drug eﬀects [4].
Adjuvant analgesia techniques usually reduce the need
for anesthetics, providing adequate pain management and
minimal adverse eﬀects. A technique used in mastectomy is
intermittent bolus administration and continuous infusion
of ketamine and lidocaine. This protocol provides a constant
concentration of these drugs, faster recovery, and normalization of plasma levels [1, 5, 6].
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The neurokinin-1 (NK-1) receptor has a strong aﬃnity
for substance P, which is expressed in vascular endothelial
cells, muscles, neurons, and diﬀerent types of immune cells
[7]. NK-1 receptor antagonists may be centrally applied as
antiemetics and analgesics and for treating urinary incontinence. These agents may also be used at the peripheral level
for treating inﬂammatory bowel diseases, arthritis, inﬂammation, and cystitis [8–10].
Therefore, in view of the complexity and scope of receptor responses, a previous study used a rat model to assess
the role of substance P and the activation of NK-1 receptors
in the rostral ventromedial medulla, which is involved in
hyperalgesia. This same study evaluated the role of substance
P in thermal hyperalgesia and descending control of pain
and found that this neuropeptide facilitated spinal hyperalgesia by interacting with gamma-aminobutyric acid type-A
receptors and N-methyl D-aspartate (NMDA) [11].
Maropitant is an antagonist of neurokinin-1 (NK-1)
receptors and blocks the pharmacological action of substance P on the central nervous system. This drug is indicated for patients who present with vomiting in several
clinical situations. Some studies have shown that the NK-1
antagonist can reduce the minimum alveolar concentration
(MAC) of sevoﬂurane in dogs [12–26].
The objective of this study was to evaluate the antinociceptive and cardiorespiratory eﬀect of the continuous
intraoperative infusion of maropitant with ketamine and
lidocaine in female dogs undergoing unilateral radical
mastectomy.
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rate (f ), carbon dioxide concentration in the exhaled air
(ETCO2), heart rate (HR), systolic blood pressure (SBP),
mean blood pressure (MBP), and diastolic blood pressure
(DBP). After the animals were subjected to the standard
anesthetic protocol, preanesthetic morphine at 0.5 mg/kg
IM was administered (Dimorf 10 mg/mL, Cristália
Produtos Quı́micos Farmacêuticos Ltda.), and the simple
descriptive scale was used to evaluate the level of sedation.
After 15 minutes of administering morphine as preanesthetic medication, trichotomy was performed in the
abdomen and paws, and electrodes were placed on these
body regions. A catheter was placed in the cephalic vein,
and Ringer’s solution with lactate (Lactated Ringer’s
Solution 500 mL, Fresenius Kabi Brazil Ltda.) was administered at a rate of 10 mL/kg/h as maintenance ﬂuid
therapy until the end of the surgical procedure. After ﬂuid
therapy, the animals were subjected to oxygen therapy 5
minutes before induction. Anesthetic induction was initiated with 5 mg/kg IV (Propotil 1%, Bio Chimico ,
Instituto Biochimico Indústria Farmacêutica Ltda.), and
then, endotracheal intubation was performed. Anesthesia
was maintained with inhalation isoﬂurane (Isoﬂuoran ,
inhalation solution, Instituto Biochimico Indústria
Farmacêutica Ltda.). All animals received pressure-controlled mechanical ventilation. The anesthetic concentration of isoﬂurane was started with a standard value (1, 5
MAC), but according to the changes in clinical parameters
such as the variation in blood pressure, we modify it with
the decrease or increase.
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2. Materials and Methods
2.1. Animals. The study sample included 24 female dogs
from the Veterinary Hospital of the State University of Santa
Cruz (Universidade Estadual de Santa Cruz–UESC), Ilhéus,
Bahia, Brazil. The study was approved by the Animal Research Ethics Committee under Protocol No. 006/2016.
The dog owners received information about the experimental procedure and authorized the inclusion of the animals in the study by signing an informed consent form.
The animals were clinically examined and subjected to a
complete blood count, urea, creatinine, alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase, chest X-ray, and electrocardiogram.
The inclusion criteria were docile animals, normal laboratory test results, eligibility for the surgical/anesthetic
procedure based on the electrocardiogram results, absence
of pulmonary metastasis, classiﬁcation of anesthetic and
surgical risk as ASA I or II, and older animals with mild
compensated cardiomyopathy.
Before the surgical and anesthetic procedure, the animals
were food-fasted for 12 hours and water-fasted for 2 hours.
2.2. Experimental Design. In all the experimental groups,
before administering the preanesthetic medication, a
multiparameter monitor (T8 Bene View, Mindray Medical International Limited) was used to analyze the following parameters: body temperature (BT), respiratory

2.3. Treatments. The dogs were randomly divided into two
treatment groups (12 each group) by lottery. The animals
received the following treatments in the intraoperative period and for 1 hour after the end of surgery using two syringe
pumps (Injectomat Agilia infusion pump, Fresenius Kabi
Brazil Ltda., Aquiraz, Ceará, Brazil).
Group lidocaine and ketamine (GLK): The LK group
received, after anesthetic induction, ketamine bolus (1.0 mg/
kg; Quetamina injectable, Vetnil Indústria e Comércio de
Produtos Veterinários Ltda.) and lidocaine bolus (1.5 mg/kg;
2% lidocaine hydrochloride, Hipolabor Farmacêutica Ltda.),
and continuous infusion of ketamine (infusion rate, 10 mcg/
kg/min) and lidocaine (infusion rate, 50 mcg/kg/min) was
administered.
Group lidocaine, ketamine, and maropitant (GLKM):
The LKM group received, after anesthetic induction, maropitant bolus (1.5 mg/kg; Cerenia , maropitant citrate, injectable solution, Zoetis Indústria de Produtos Veterinários
Ltda.), ketamine bolus (1.0 mg/kg), lidocaine bolus (1.5 mg/
kg), and the continuous infusion of lidocaine (infusion rate,
50 mcg/kg/min), ketamine (infusion rate, 10 mcg/kg/min),
and maropitant (infusion rate, 100 mcg/kg/h).
Unilateral radical mastectomy was performed in a
standardized manner in all animals by an experienced
surgeon. The antibiotic cephalothin sodium (30 mg/kg/IV;
Ceﬂen , cephalothin sodium, Agila Especialidades Farmacêuticas Ltda.) was administered during surgery.
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2.4. Measures. The multiparametric monitor was used to
measure BT (using an esophageal thermometer), f, SpO2,
ETCO2, Etiso, SBP, MBP, DBP, and HR, at six intraoperative
time points, as follows: M0, before any anesthetic procedure;
M1, before the beginning of surgery, after induction; M2,
after subcutaneous incision; M3, upon removal of the
mammary chain; M4, during subcutaneous injection; M5,
during skin suture; and M6, at the end of surgery.
The treatments were randomly divided by a team
member who did not participate in anesthesia and postoperative evaluation. The levels of analgesia and sedation
were measured by an evaluator who was unaware of the
experimental groups in the following time points: T1, termination of continuous infusion; T2, 1 hour after termination of continuous infusion; T3, 2 hours after termination
of continuous infusion; T4, 3 hours after termination of
continuous infusion; T5, 4 hours after termination of
continuous infusion; and T6, 5 hours after cessation of
continuous infusion. These levels were determined using
four scales: a simple descriptive scale, visual interactive and
dynamic analog scale (DIVAS), numerical classiﬁcation
scale (NCS), and short-form Glasgow composite pain scale
(GCPS-SF). The nociceptive mechanical threshold was determined using a digital analgesimeter (EFF-301, Insight
Equipamentos).

hypotension (25%) and bradycardia (8.3%), but there was no
diﬀerence between groups (P > 0.05).
In animals with hypotension during surgery, dobutamine (5 mcg/kg/min) was administered until normotension was restored, and atropine (0.02 mg/kg) was
administered in cases of bradycardia.

2.5. Rescue Analgesia. In the postoperative period, the animals received rescue analgesia with 0.2 mg/kg/IM of
morphine when the pain levels reached 33% of the maximum DIVAS score [27, 28] and/or >25% (6/24) of the
maximum GCPS-SF score [28]. After the last evaluation, all
animals were given 0.2 mg/kg/IM of meloxicam (Maxicam
2% injetável 50 ml, Ouro ﬁno Saúde Animal Ltda., Brazil),
25 mg/kg IM of dipyrone (Santidor1 g/2 mL, Santista Laboratório Farmacêutica S.A., Brazil), and 4 mg/kg IM of
tramadol (Cloridrato de tramadol 100 mg/2 mL, União
Quı́mica Farmacêutica Nacional S/A, Brazil).

4. Discussion

2.6. Statistical Analysis. The experimental design was
completely randomized. Data were analysed using analysis
of variance, subjected to a test of comparison of means using
Student’s t-test. The nonparametric Mann–Whitney and
Friedman tests were used to analyze the variables that did
not follow a normal distribution. The log-rank test was used
to compare the survival curves (Kaplan–Meier curve) between the groups. All statistical analyses were performed at a
level of signiﬁcance of 5%.

3. Results
The
time
of
surgery
(GLK � 53.92 ± 15.71/
GLKM � 64.92 ± 19.48) and the time of anesthesia
(GLK � 70.75 ± 15.52/GLKM � 80.83 ± 20.24) showed no
signiﬁcant diﬀerence among the groups studied (P > 0.05).
There were no diﬀerences in weight, propofol dose, surgical
time, and extubation time between the groups. However,
anesthesia complications required treatment in 33.3% of the
studied animals. The most common complications were

3.1. Parameters. The physiological parameters (BT, ETCO2,
SpO2 Etiso, HR, SBP, MBP, and DBP) evaluated showed no
statistical diﬀerence between the groups, and the means and
standard deviations of the evaluated parameters are shown
in Table 1.
3.2. Evaluation of Pain. There were signiﬁcant diﬀerences in
pain between the groups after surgery using the MGCS-SF,
and GLKM had lower pain scores (P < 0.01) (Figure 1).
There was a signiﬁcant between-group diﬀerence in the
survival curves for the number of rescue analgesia interventions required after surgery (P < 0.01) (Figure 2). The
GLKM group had a better survival curve (P < 0.05) and a
lower number of rescues (Figures 2 and 3).
Moreover, there were signiﬁcant diﬀerences in the
secondary mechanical nociceptive threshold between the
two groups at T3, T4, T5, and T6 (P < 0.01) (Figure 4).

In this study, unilateral radical mastectomy was performed
in female dogs by removing the mammary chain and the
subcutaneous and lymphatic tissue on one side of the
midline. This extensive surgical resection causes much pain
because of the degree of tension, ﬂexibility of the involved
muscles, and the amount of damaged tissue; however, the
excision of the nodules improves the animal’s quality of life,
allows histological diagnosis, and reduces neoplastic progression [1, 2, 4].
In multimodal analgesia, the simultaneous administration of two or more analgesic drugs is safer and more effective than using one drug in the anesthetic protocol. The
advantages of the bolus technique and continuous infusion
of ketamine and lidocaine are well known, and this type of
multimodal analgesia is widely used in mastectomies to
achieve intraoperative and postoperative analgesia [29–31].
Therefore, this study helped assess improvements in analgesia using a new drug. Maropitant was chosen because this
NK-1 receptor antagonist can block the pharmacological
action of substance P in the central nervous system, which is
involved in pain processing [12, 23, 24].
At present, maropitant is clinically indicated for treating
acute vomiting in dogs; nonetheless, no studies to date demonstrated the antinociceptive potential of this drug in mastectomy. Therefore, this study is the ﬁrst to use maropitant as
an adjunct agent of analgesia in continuous infusion in unilateral radical mastectomy performed in female dogs.
It was found that inhalation of anesthetic isoﬂurane
caused hypotension in the animals by reducing peripheral
vascular resistance, myocardial depression, and blood
pressure [32]. Therefore, dobutamine was used in some
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Table 1: Variables (means ± SD) of the physiological parameters recorded during the study.

Variables

Groups

BT (°C)
SpO2 (%)
EtCO2 (mmHg)
Etiso (V%)
HR (bpm/min)
SBP (mmHg)
MBP (mmHg)
DBP (mmHg)

GLK
GLKM
GLK
GLKM
GLK
GLKM
GLK
GLKM
GLK
GLKM
GLK
GLKM
GLK
GLKM
GLK
GLKM

M0
38.7 ± 0.8
38.4 ± 1.2
84.4 ± 12.3
88.2 ± 8.9
32.6 ± 6.4
26.4 ± 11.2
0
0
121.6 ± 20.7
123.2 ± 25.2
122 ± 38
124.1 ± 55.6
94.4 ± 30.7
91 ± 44.4
89 ± 81.4
88.2 ± 47

M1
36.6 ± 0.8
36.8 ± 0.7
97.6 ± 2.6
97.9 ± 2.2
35.4 ± 6.5
35.2 ± 8.6
1.3 ± 0.2
1.2 ± 0.2
102.1 ± 23.5
112.3 ± 24.6
88.9 ± 28
83.3 ± 24
62.8 ± 21.2
63.7 ± 16.2
52.8 ± 21.9
51.3 ± 17.1

Intraoperative time points
M2
M3
M4
36 ± 0.7
35.7 ± 0.7
35 ± 1.4
36.1 ± 0.9
36 ± 0.8
35.6 ± 1
98.5 ± 1
98 ± 3.2
98.7 ± 1.5
98.7 ± 1.3
98.4 ± 1.6
98.4 ± 1.6
33.8 ± 5.3
34.9 ± 8.4
35.6 ± 6.9
31.5 ± 6.8
33.7 ± 8.5
35 ± 7.7
1.4 ± 0.2
1.4 ± 0.2
1.3 ± 0.1
1.4 ± 0.3
1.4 ± 0.2
1.3 ± 0.1
111 ± 24
109 ± 28.1
106.3 ± 25.2
106.7 ± 24.3
107.8 ± 24
114.3 ± 26.1
105.3 ± 36.6
106.7 ± 34
107.6 ± 30.6
98.3 ± 26.2
93.7 ± 37.2
97.9 ± 23.9
66.5 ± 18.8
77 ± 19.1
81.6 ± 19.9
76.8 ± 27.3
71.8 ± 13.7
69.6 ± 8.8
54.2 ± 18.6
64 ± 18.5
65.4 ± 19.8
66.4 ± 26.8
61.6 ± 12
57.6 ± 8.7

M5
35 ± 0.8
35 ± 1.1
98.7 ± 1.9
98.5 ± 1.2
35.8 ± 7
32.6 ± 7.5
1.3 ± 0.2
1.3 ± 0.2
105.6 ± 25.8
105.7 ± 23.9
113.8 ± 39.1
90.5 ± 27.9
88.8 ± 27.8
71.4 ± 19.7
75.4 ± 32
65.8 ± 28.4

M6
34.9 ± 0.8
34.9 ± 1.2
98.8 ± 2
98.8 ± 1.2
36 ± 6.6
33.8 ± 8.3
1.3 ± 0.1
1.2 ± 0.2
107.9 ± 21.4
107.6 ± 22.2
112.4 ± 34
97.1 ± 10.6
85.6 ± 30.5
71.3 ± 7.3
79.6 ± 28.3
64 ± 14.2

Glasgow composite pain scale

6.0
∗

5.5

∗

∗

5.0
4.5
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T5
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Figure 1: Mean ± standard error of the mean of the modiﬁed
Glasgow composite scale for pain assessment in female dogs
submitted to unilateral radical mastectomy, continuous infusion of
lidocaine and ketamine (GLK), and continuous infusion of lidocaine, ketamine, and maropitant (GLKM) in the six moments of
evaluation in the postoperative period (P < 0.01).

animals because of its positive inotropic eﬀect, increasing the
force of contraction and raising blood pressure. Dobutamine
[33–35] stimulates beta-adrenergic receptors, increases
cardiac output, and may decrease systemic vascular resistance [36]; this drug was used in hypotensive animals because of these eﬀects.
Furthermore, atropine, which has an anticholinergic
eﬀect on muscarinic receptors, was used in the intraoperative period to reverse bradycardia [32].

Patients without analgesic rescues (%)

GLK: lidocaine and ketamine group; GLKM: lidocaine, ketamine, and maropitant group; BT: body temperature; SpO2: oxyhemoglobin saturation; EtCO2:
concentration of carbon dioxide in exhaled air; Etiso: isoﬂurane concentration at the end of expiration; HR: heart rate; SBP: systolic blood pressure; MBP:
mean blood pressure; DBP: diastolic blood pressure. M0: before any anesthetic procedure; M1: before the start of the surgical procedure; M2: after
subcutaneous incision. M3: breast chain removal; M4: approach of the subcutaneous; M5: skin suture; M6: end of surgery. P > 0.05.

100
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Figure 2: Survival rate in female dogs submitted to unilateral
radical mastectomy, continuous infusion of lidocaine and ketamine
(GLK), and continuous infusion of lidocaine, ketamine, and
maropitant (GLKM) during the six hours of postoperative evaluation. For the survival test, the ﬁrst rescue received by each animal
was considered.

Previous studies reported that the multimodal technique of continuous infusion of lidocaine produced analgesia and decreased heart rate [37, 38]. However,
lidocaine induces the constriction or dilation of arterioles
depending on the concentration, and the constriction eﬀect
predominates at low doses. Furthermore, lidocaine suppresses postoperative pain at peripheral sites [37, 38]. Lidocaine with ketamine reduces the MAC of inhaled
anesthetics depending on the dose, maintaining cardiovascular stability. Furthermore, this drug combination
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Number of rescues
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Figure 3: Total number of rescues in female dogs submitted to
unilateral radical mastectomy, continuous infusion of lidocaine
and ketamine (GLK), and continuous infusion of lidocaine, ketamine, and maropitant (GLKM) during the six hours postoperative
evaluation, ∗P < 0.05.
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Figure 4: Mean ± standard error of the mean of using the digital
analgesimeter at the secondary points for pain evaluation in female
dogs submitted to unilateral radical mastectomy, continuous infusion of lidocaine and ketamine (GLK), and continuous infusion
of lidocaine, ketamine, and maropitant (GLKM) during the six
moments of postoperative evaluation.

provides eﬀective analgesia by acting at diﬀerent points of
the nociceptive pathway [30].
Acute postoperative pain reaches maximum levels at 16
hours and becomes lower at 24 hours [39, 40]. The period of
analgesia of ketamine + lidocaine and maropitant was 6 and
8 hours, respectively. Therefore, an evaluation time of 6
hours was used to evidence acute changes induced by the
action of the drugs in the intraoperative period.
In the present study, there was a signiﬁcant reduction in
the postoperative pain intensity because the group receiving
maropitant required a lower number of rescues. In the study
using maropitant in ovariohysterectomy in cat, the results
suggest that cats experienced greater comfort during the

postoperative period because they required a lower number
of analgesic rescues [10]. It was observed that the use of
diﬀerent methods of assessment of postoperative pain
allowed veracity in the analysed values. In the present study,
several physiological parameters and objective and subjective scales were used to measure postoperative pain in female
dogs undergoing unilateral radical mastectomy [40, 41].
The GCPS-SF, which was used successfully to assess
acute pain after the surgical procedure, has speciﬁc physiological and behavioral parameters and is essential for
making comprehensive evaluations. Moreover, this scale
produces consistent data and facilitates the analysis at different time points [28, 41].
There were signiﬁcant diﬀerences in the survival curves
and the number of rescue analgesia between the groups,
demonstrating the eﬃcacy of adjuvant maropitant in multimodal analgesia, as demonstrated in a study using maropitant in female dogs during noxious visceral stimulation of
the ovary and ovarian ligament [42]. The hypothesis that
postoperative nausea is an important clinical sign of pain
was raised [13]. Maropitant is a potent antiemetic and,
consequently, would inﬂuence the reduction in postoperative pain.
There was a diﬀerence in peripheral sensitization between the groups, and maropitant increased the mechanical
nociceptive threshold. Peripheral sensitization is a combination of neurochemical changes arising from tissue injuries
and inﬂammation in surrounding tissues, leading to secondary hyperalgesia. In it occurs the release of neuropeptides (substance P and calcitonin gene-related peptide),
which increase the inﬂammatory response by local vasodilation, mast cell degranulation, and plasma extravasation
[39, 40, 43]. It was found that hyperalgesia is attenuated in
cases in which the NK-1 receptor is inhibited because the
activation of NK-1 receptors produces hyperalgesia [44, 45].
Therefore, our results indicate that maropitant signiﬁcantly
inhibits peripheral sensitization.

5. Conclusions
This drug combination during surgery and for 1 hour after
surgery increased patient comfort in the postoperative period, resulting in improved pain management and decreased
use of opioids.
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