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Abstract

Background and Aim: Intranasal (IN) sedatives provide a non-invasive route for premedication drug administration.
This study compared the cardiorespiratory and sparing effects of IN dexmedetomidine combined with morphine (DM) or
tramadol (DT) on alfaxalone requirements for anesthesia induction in cats.

Materials and Methods: Twenty-four cats were randomly assigned to three groups: Dexmedetomidine combined morphine
(IN dexmedetomidine 20 ug/kg plus 0.2 mg/kg morphine), DT (IN dexmedetomidine 20 ug/kg plus 1 mg/kg tramadol), or
control (no premedication). The intravenous dose of 1% alfaxalone for endotracheal intubation was recorded with sedation
scores, cardiorespiratory parameters (heart rate and respiration rate), and side effects.

Results: Both DM and DT were associated with significantly higher sedation scores than baseline, and sedation scores
were found to be highest 20 min after premedication. Sedation scores were comparable between DM and DT groups. Side
effects, including hypersalivation, vomiting, and pupillary dilation, were observed in the DM and DT groups. The dosage
of alfaxalone required in the DM group (1.5 + 0.3 mg/kg) was comparable to that of the DT group (2.0 + 0.6 mg/kg,
p = 0.0861), and both groups required significantly less alfaxalone than the control group (3.0 + 0.6 mg/kg; p < 0.01).
Heart and respiratory rates were comparable between the DM and DT groups. Duration of anesthesia in the control group
(11 £ 4 min) was significantly shorter than in the DM (29 + 5 min, p = 0.0016) and DT (38 + 14 min, p <0.001) groups.

Conclusion: Intranasal administration of DM or DT produces good sedation and offers an alternative, non-invasive route
for cats undergoing general anesthesia.

Keywords: alfaxalone, dexmedetomidine, intranasal, morphine, tramadol.

Introduction Neuroleptanalgesia involves the combination of
an opioid analgesic and a sedative or tranquilizer. The
benefits are reduced adverse cardiopulmonary effects

Intranasal (IN) administration of anesthetic drugs compared With t'he qmgs admi.nistered individgally [9]-
has been used in multiple species, including humans Dexmed§t0m1d1ne is a selective o2-adrenergic recep-
[1, 2], dogs [3, 4], and cats [5, 6]. Recently, we tor 'agor}lst that acts c_entrally to produce sedative,
demonstrated that dexmedetomidine, a potent alpha-2 ~ anxiolytic, and analgesic effects [2, 7]. Intranasal dex-
adrenoreceptor agonist [7], through IN administra- medetomldlng is absorbed through the. nasal mucosa,
tion provided an alternative route for sedation and ~ rapidly reaching the systemic circulation, and cross-

reduced the dosage of propofol required for anesthe- ing the blood.fl.)rain barrier [4, 6]. Once i.n the brain,
sia induction in cats [6]. Drug delivery through the IN dexmedetomidine binds to o2-adrenergic receptors

route effectively targets the brain to provide sedation located in the locus coeruleus, a region that regulates
and premedication [8]. sleep and arousal. The activation of these receptors

reduces norepinephrine release, leading to sedation,

Copyright: Hommuang, et al. Open Access. This article is anxiolysis, and ana]gesja [1, 2, 7]. Dexmedetomidine
distributed under the terms of the Creative Commons Attribution be admini dal . bi . ith .
4.0 International License (http://creativecommons.org/licenses/ can be administered alone or 1n combination wit op1-

by/4.0/), which permits unrestricted use, distribution, and  oids. Morphine is a mu-opioid receptor agonist that

reproduction in any medium, provided you give appropriate credit . . .

to the original author(s) and the source, provide a link to the PrOdqces _pOtent analges1a, as shown by_ its IN admn}-
Creative Commons license, and indicate if changes were made. istration in humans [10]. Tramadol is a synthetic
The Creative Commons Public Domain Dedication waiver (http:// s s . —Aniag _
creativecommons.org/publicdomain/zero/1.0/) applies to the data 0p101d agoms.t of the mu 0.p101.d receptor that can pro
made available in this article, unless otherwise stated. duce analgesia and sedation in cats [11]. Intranasal

Intranasal administration is easy, non-inva-
sive, and safe to deliver analgesia and reduce stress.
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tramadol administration in rodents has been found to
produce a faster onset of action and better analgesia
over time than oral treatment [12]. Alfaxalone is a
synthetic neuroactive steroid that modulates the gam-
ma-aminobutyric acid A receptor causing depression
in the nervous system [13]. Alfaxalone is considered
a clinically effective anesthesia induction agent and
is commonly used to induce general anesthesia in
cats [14]. However, the effectiveness of neuroleptan-
algesia through IN administration of dexmedetomi-
dine with morphine (DM) or tramadol (DT) has not
been demonstrated in cats.

The present study hypothesizes that IN admin-
istration of dexmedetomidine combined with either
morphine or tramadol could provide effective sedation
and reduce the dose of alfaxalone required for anes-
thesia induction in cats. Sedation scores, cardiorespi-
ratory effects, side effects after IN administration, and
dose-sparing effects on alfaxalone requirements for
anesthesia induction in cats were also examined.

Materials and Methods

Ethical approval and informed consent

Approval was obtained from the Kasetsart
University Animal Committee (ID number: ACKU65-
VET-054) and the Ethical Review Board of the
Office of the National Research Council of Thailand
(NRCT license U1-00500-2558). Written consent was
obtained from all cat owners, and all procedures in this
clinical trial complied with the Kasetsart University
Institutional Animal Care and Use Standards.

Study period and location

The study was conducted from June to August
2022. Twenty-four cats visiting the dental unit at the
Kasetsart University Veterinary Teaching Hospital in
Bangkhen, Thailand, were enrolled in the present study.

Animals

Twenty-four client-owned cats (12 males and
12 females) aged 2—7 years (3.3 + 0.9) and weighing
2.5-7.0 kg (4.4 + 1.0) were randomly selected and
enrolled in this study for dental scoring and examina-
tion. All cats underwent a physical examination and
received complete blood counts and serum biochemis-
try (alanine transaminase, alkaline phosphatase, blood
urea nitrogen, creatinine, and albumin). Cats with
abnormal blood test results and anatomical abnor-
malities, particularly those with extremely flat faces
or brachycephalic skulls, were excluded from the
study. Cats were classified into the American Society
of Anesthesiologists (ASA) physical status of ASA 1
or II. The cats were equally and randomly assigned
to receive one of three treatments. All cats underwent
a fasting period of approximately 8 h in accordance
with the new American Animal Hospital Association
and World Small Animal Veterinary Association
guidelines. Water and food were withheld from the
cats after midnight before the start of the clinical trial
the following morning.

Study protocol

Each cat was placed in a quiet, dim room to
acclimate to the environment and staff for 10 min.
The observer then performed a physical examination
before starting the experiment (T ). A veterinarian
performed a general physical examination, including
evaluation of thoracic auscultation, respiratory rate,
heart rate, pulse palpation, mucous membrane color,
capillary refill time, and body condition score. The
temperament of the cats was evaluated on a descrip-
tive scale (before and after sedation) [15]. A descrip-
tive temperament scale ranging from 0 to 2 was used:
0, cat does not mind physical examination; 1, cat is
scared or nervous during physical examination; and 2,
cat is aggressive.

Cats were randomly allocated into three groups
of four males and four females each. Group 1 (DM),
dexmedetomidine (20 pg/kg, Dexdomitor®; Virbac
[Thailand] Co., Ltd., Thailand) plus morphine
(0.2 mg/kg, M&H Manufacturing Co., Ltd., Thailand),
administered through the IN route, followed by alfax-
alone titrated to effect (Jurox, UK). Group 2 (DT),
dexmedetomidine (20 pg/kg) plus tramadol (1 mg/kg,
Harson Laboratories, Akota, Baroda, India), admin-
istered through IN followed by alfaxalone. Group 3,
Control, alfaxalone 1 mg/kg delivered intravenously
(IV) without premedication. Before the drug adminis-
tration, each cat was restrained in sternal recumbency.
The drugs were administered equally in the DM and
DT groups by dividing the final volume into both nos-
trils using a 1-mL syringe. The cat’s head was raised
approximately 30 degrees while receiving the IN
drugs. Total drug volume was also recorded for DM
and DT groups. The respiratory rate, heart rate, and
rectal temperature were recorded every 10 min after
T,. The same veterinarian recorded the sedation scores
to help reduce interpersonal variation.

Sedation scores were assessed and recorded at
time points 0 (T,), 5 (T,), 10 (T,), 15 (T,,), and 20
(T,,) min after dexmedetomidine administration using
a numeric descriptive sedation scale [1] and compos-
ite numeric rating scale [15]. The numeric descriptive
sedation scale [1] was scored as follows: 0, normal; 1,
mild ataxia; 2, moderate sedation; and 3, deep seda-
tion. The composite numeric rating scale [15] ranged
from 0 to 10, where 0 is normal and 10 is deep seda-
tion. The composite numeric rating is the sum of the
individual scores of four different assessments: pos-
ture (0—4), response to clipper sounds (0-2), response
to clipping (0-2), and response to restraint (0-2).
A single-experienced veterinarian performed the eval-
uations. During the sedation observation period, side
effects (vomiting, hyperthermia, or pupillary dilation)
were also recorded. Pupillary diameter in this study
was measured using a Vernier caliper (Louisware;
S.P.S. Lab Co., Ltd., Thailand).

Twenty minutes after IN administration (for
cats in the DM and DT groups) or without IN admin-
istration (for cats in the control group), the cat was
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gently restrained to place a 24-gauge IV catheter in the
cephalic vein for induction. Anesthesia was induced
with IV alfaxalone beginning with a loading dose of
1 mg/kg followed by titration of 0.5 mg/kg doses every
45 s until there was loss of jaw tone and no or minimal
gagging. The total dose of IV alfaxalone administered
to achieve endotracheal intubation was recorded.
Before endotracheal tube (ETT) insertion, xylocaine
10% spray (Lidocaine 10 mg/puff; AstraZeneca AB,
Sodertilje, Sweden) was applied to desensitize the
larynx. A Miller laryngoscope (Roester, Germany)
was used for ETT insertion, and its cuff was inflated
to 20 cm H,O using a pressure gauge (Hi-Lo™ Hand
Pressure Gauge; Covidien, USA). The ETT was
secured with gauze. After orotracheal intubation, the
cats were attached to a non-rebreathing system to
supply 100% oxygen (250 mL/kg/min) during dental
scaling. Lactated Ringer’s solution (General Hospital
Products Public Co., Ltd., Thailand) was administered
IV at 5 mL/kg/h until extubation.

After intubation, heart rate, respiratory rate,
hemoglobin oxygen saturation, rectal temperature,
palpebral reflex response, and pedal reflex response
were continuously measured every 10 min using
a multiparameter physiological monitor (Datex-
Ohmeda CARESCAPE Multifunctional Anesthesia
Monitor; GE Healthcare Finland). Variables were
recorded at T, T, T,, T, T, T, and T, .. Sixty
minutes after intubation, atipamezole hydrochloride
(Antisedan®; Virbac Co., Ltd.) was administered at a
half-dose (100 pg/kg) relative to dexmedetomidine to
facilitate recovery. Extubation was performed when
the cat recovered its gag reflex. Side effects, includ-
ing hyperthermia and hypersalivation, were recorded.
Anesthesia duration (time elapsed from alfaxalone
administration to extubation) and procedure success
(defined as the cats being sufficiently anesthetized
until the return of airway reflexes) were also recorded.

Recovery

All cats were monitored for 1 h after extubation
for upper respiratory airway discomfort, including stri-
dor, coughing, retching, and hoarse voice. Recovery
time (time from extubation to the cat being capable of
sternal recumbency) was recorded for each cat. After
full recovery from general anesthesia, the cats were
returned to their owners. Owners were instructed to
observe and record any abnormal signs such as cough-
ing, vomiting, and abnormal posture during the first
24 h at home.

Statistical analysis

STATA12 (StataCorp, College Station, TX, USA)
and GraphPad Prism version 6 (GraphPad Software,
Inc., La Jolla, CA, USA) were used to estimate the
required sample size using Student’s t-test with a
power of 80% and an alpha error of 0.05 to detect dif-
ferences in the required dose of alfaxalone (approxi-
mately 0.5 mg/kg). All data were tested for normality
using the Shapiro—Wilk test. Average and composite

sedation scores between the DM and DT groups at dif-
ferent time points (T, T, T, T, and T, after drug
administration) were tested using a two-way analysis
of variance followed by Tukey’s multiple compari-
son test. Associations between drug administration
and categorical data, including side effects (vom-
iting and pupillary dilation), body condition score,
ASA status, and temperature, were determined using
Fisher’s exact test. Other variables, including dosage
of alfaxalone, respiratory rate, heart rate, hemoglobin
oxygen saturation, and body temperature, were sum-
marized across the three groups as the mean + standard
deviation. A two-way analysis of variance was used to
compare the physiological variables between the three
groups. The significance level was set at p < 0.05.

Results

There were no statistically significant differ-
ences among the three groups for age, sex, body
weight, body condition score, ASA status, or breed.
The cats’ temperaments during pre-anesthetic exam-
ination were also comparable among the three groups
(Table-1).

All cats exhibited significant sedation 20 min
after the DM or DT protocol was administered. Median
sedation scores of cats receiving DM were compara-
ble to those in the DT group at multiple time points
(T, T,, T,,,and T, ). There was no statistically signif-
icant difference between the two groups (Figure-1a).
Median composite sedation scores of cats receiving
DM were comparable to those of cats in the DT group
at multiple time points (T, T , T ,, and T,)). There
was no statistically significant difference between the
two groups (Figure-1b).

Side effects following IN administration in the
DM and DT protocols are shown in Figure-2. Nausea
and drooling were present in 87.5% of cats in the
DM group and 100% of cats in the DT group with
no statistically significant difference between the

Table-1: Characteristics of cats in the DM and DT groups.

Characteristic DM DT Control
Mean age 45.0 £ 8.5 37.5+9.5 38.3+12.0
+ SD (months)
Sex (n)
Female 4 4 4
Male 4 4 4
Mean body 41+1.0 4.0+1.0 43+1.1
weight = SD (kg)
Median body 3.2+08 2.8%x0.6 3.0 £ 0.2
condition score
Median ASA status 1.4+05 1.6+0.5 1.5+ 0.5
Breed (n)
DSH 8 8 7
Other 0 0 1
Median temperament 0.5+ 0.5 0.9 £ 0.8 0.4 +£0.7
(range)

Control=No intranasal administration, ASA=American
Society of Anesthesiologists, DM=Dexmedetomidine
combined morphine, DSH=Domestic shorthair,
DT=Dexmedetomidine combined tramadol, SD=Standard
deviation

Veterinary World, EISSN: 2231-0916

1203



Available at www.veterinaryworld.org/Vol.16/June-2023/3.pdf

two groups. Vomiting was observed in 87.5% of cats
in the DM group and in five cats (62.5%) in the DT
group (Figure-2a). Pupillary dilation was observed in
the DM and DT groups following IN administration
(Figure-2b). The pupillary diameters of cats in the
control group were unchanged (p > 0.05; Figure-2b).
Anesthetic-sparing effects of the IN DM and DT
protocols were evaluated using alfaxalone for anes-
thetic induction. The amount of alfaxalone required
for endotracheal intubation in the control group
(3.0 £ 0.6 mg/kg; Figure-3) was higher than in the DM
group (1.5 = 0.3 mg/kg, p < 0.001) and the DT group
(2.0 £ 0.6 mg/kg, p = 0.0024). However, there was no
significant difference in alfaxalone dosage between the
DM and DT groups (p =0.0861; Figure-3). Anesthesia
duration following alfaxalone was also compared
among the three groups. Anesthesia duration for the
control group (11 = 4 min) was significantly shorter

than that for the DM group (29 = 5 min, p = 0.0016)
and the DT group (38 + 14 min, p < 0.001). However,
there was no significant difference in duration between
the DM and DT groups (p = 0.1376; Figure-4).

During maintenance anesthesia, respiratory
(Figure-5a) and heart rates (Figure-5b) were compa-
rable between the DM and DT groups. All parameters
were found within normal limits.

Discussion

The present study evaluated the efficacy of IN
administration of DM and DT as premedications
and compared the dose-sparing effects of alfaxalone
on the requirements for anesthesia induction in cats.
There was no clinically significant difference between
IN DM or DT for sedation. Intranasal premedication
with either DM or DT protocols decreased the amount
of alfaxalone required for endotracheal intubation
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Figure-1: Median sedation scores and median composite sedation scores in cats after premedication. (a) There was no
significant difference in sedation scores (0-3) between the DM and DT groups (p > 0.05). (b) There was no significant
difference in composite sedation scores (0-10) between the DM and DT groups (p > 0.05). Findings are based on a two-
way repeated measures analysis of variance with Tukey’s multiple comparison tests. DM=Dexmedetomidine combined

morphine, DT=Dexmedetomidine combined tramadol.
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Figure-3: Dose of alfaxalone required for endotracheal
intubation in cats. The DM and DT groups required a
lower alfaxalone dosage compared with the control group
(no premedication). *p < 0.05 versus control, Student’s

t-test. DM=Dexmedetomidine combined morphine,
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Figure-4: Anesthetic duration after alfaxalone induction.
Both the DM and DT groups had longer anesthetic duration
compared with the control group. **p < 0.01 versus
control, Student’s t-test. DM=Dexmedetomidine combined
morphine, DT=Dexmedetomidine combined tramadol.

compared with the control group. There was no signif-
icant difference in side effects, alfaxalone dosage, or
anesthesia duration between the DM and DT groups.

This study also found that the sedative effects of
the IN DM and DT protocols did not differ. All cats had
moderate sedation 20 min following IN administration
of either DM or DT. This was similar to previous studies
finding that IN dexmedetomidine in cats resulted in deep
sedation 20 min after drug administration [6]. In con-
trast, sedation onset when using a dexmedetomidine-ket-
amine-morphine combination administered through the
IN route in young dogs was 2—10 min [3]. This suggests
that drug delivery through the nasal mucosa in dogs may
be more effective than in cats. However, several stud-
ies have hypothesized that this direct pathway exists for
some drugs [16—18]. In addition, the direct nose-to-brain
pathway depends on multiple factors such as species,
individual variation, drug dosage, health status, and
device delivery factors that may influence drug absorp-
tion through the nasal mucosa [2, 16, 18].

Vomiting is a common side effect of dex-
medetomidine and opioid administration in cats.
Dexmedetomidine, an alpha-2-adrenergic agonist,
and opioids cause vomiting by activating receptors
in the chemoreceptor trigger zone in cats [19, 20].
Martin-Flores et al. [19] reported that the incidence
of emesis from a combination of dexmedetomidine
and morphine administered preoperatively to healthy
cats was 59%. In the present study, vomiting follow-
ing IN administration was observed in seven cats in
the DM group (87.5%) and five cats in the DT group
(62.5%). These results may support the notion that
nasal drug delivery is an effective route for targeting
the central nervous system [8, 16, 18]. Furthermore,
the most common opioid side effects are nausea, vom-
iting, constipation, and drowsiness [10]. In the present
study, nausea and drooling were observed in seven
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Figure-5: Respiratory rate and heart rate in cats receiving premedication and intravenous alfaxalone anesthesia.
(a) Comparable respiratory rate was found in both DM and DT groups. (b) Comparable heart rate was found in both DM and
DT groups. Two-way repeated measures analysis of variance with Tukey’s multiple comparison test. DM=Dexmedetomidine
combined morphine, DT=Dexmedetomidine combined tramadol.
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cats in the DM group (87.5%) and eight cats in the DT
group (100%) during the sedation phase.

Pupillary dilation was another side effect
observed in this study. All cats in the DM and DT
groups had pupillary dilation 20 min after IN adminis-
tration. We hypothesize that the opioid administration
caused this mydriasis. Many studies have investigated
opioid-induced pupillary changes in animals [21-23].
In cats, morphine disrupts parasympathetic inner-
vation of the iris through its interaction with opiate
receptors, resulting in mydriasis and a decrease in
the pupillary light reflex [21-23]. This contrasts with
opioid-induced miosis in humans [24]. Light-induced
pupillary changes occur because the pathway involves
optic and oculomotor nerves constricting the pupils
following light exposure. Light-sensitive neurons
have been recorded from the pretectal and oculomotor
nucleus regions of this pathway in cats [24]. Moreover,
morphine increases the spontanecous firing rate of all
light-sensitive neurons, including the nucleus of the
third nerve. Another pathway is the release of cate-
cholamines, primarily from the adrenal gland, which
acts directly as a peripheral sympathetic input to the
iris. Although morphine-activated parasympathetic
input to the iris should produce pupillary constric-
tion, this effect is antagonized by the increased level
of catecholamines resulting in mydriasis in cats [22].
Tramadol administration can also cause mydriasis in
cats [23, 25], and as in humans, it may affect the stim-
ulation of opioid receptors [26] due to the inhibition
of serotonin and norepinephrine reuptake [27]. Thus,
DM and DT premedication should not be used in glau-
coma or cataract surgery because they induce mydri-
asis. Respiratory depression, which can occur due to
the use of an opioid substance, was not observed after
IN morphine or tramadol administration in this study.

If alpha-2-agonists and opioids are used together,
certain effects, including analgesia and sedation, may
be improved [28]. The benefits of this combination
include reduced adverse cardiopulmonary -effects
compared with the drugs being administered individ-
ually. Using these drugs together also significantly
helps reduce the dose of induction agents [28, 29]. In
this study, cats in the DM group (1.5 £ 0.3 mg/kg)
and the DT group (2.0 = 0.6 mg/kg) required signifi-
cantly less alfaxalone for tracheal intubation after IN
premedication compared with those in the control
group (3.0 = 0.6 mg/kg). In dogs, the sparing effects
of morphine and tramadol have been demonstrated
previously [30, 31]. These medications can reduce
anesthetic requirements in dogs [30]. However, in this
study, there was no significant difference in alfaxalone
dosage between the DM and DT groups. The previ-
ous studies have reported that the IV dose of alfax-
alone required to achieve endotracheal intubation in
cats was decreased using premedication [32, 33]. This
study found that IN administration of DM could
reduce the alfaxalone dosage required for intuba-
tion by almost 50% (1.5 £ 0.3 mg/kg) with a 33%

reduction (2.0 = 0.6 mg/kg) for DT premedication.
This marked reduction may indicate the benefits of IN
premedication, which produces a sedative effect and a
lower alfaxalone requirement for anesthesia induction
compared with no premedication. During the induc-
tion phase, adverse effects of alfaxalone administra-
tion, such as apnea and pain during injection, were
not observed. This is similar to the findings of other
studies [34, 35].

During anesthesia maintenance, the heart rate
and respiratory rate after receiving IV alfaxalone did
not differ between the DM and DT groups. This study
found that anesthesia duration until extubation in the
DM (29 + 4 min) and DT (38 £ 14 min) groups were
longer than in the control group (11 &4 min). This pro-
longed anesthesia duration may have been due to the
residual sedative and analgesic effects of morphine or
tramadol. These drugs were able to provide effective
pain relief and minimize any stimulation from pain,
thus resulting in better tolerance of the ETT as the cats
were regaining consciousness [32]. Furthermore, ati-
pamezole was applied after endotracheal extubation
in the DM and DT groups. Nonetheless, there was no
significant difference in anesthetic duration between
the DM and DT groups.

Intranasal administration is a non-invasive
method to rapidly deliver drugs directly from the
nasal mucosa to bypass the blood—brain barrier and
target therapeutics directly to the central nervous sys-
tem using pathways along the olfactory and trigemi-
nal nerves [8, 16]. This study found that DM or DT
can reach the brain after IN administration, possibly
because the drugs are small, lipophilic molecules
that distribute to well-perfused tissues such as the
brain [6, 8, 12, 16]. This trial found that IN adminis-
tration of DM and DT was easy to perform, although
it caused nausea and drooling in some cats. Intranasal
administration is an alternative route for drug admin-
istration that does not involve using a needle; there-
fore, it can be used for at-home drug administration,
especially for pain control and stress reduction.

Because there is little information regarding the
application of premedication using the IN route, sev-
eral limitations were encountered in the present study,
including a limited volume of drugs for administration
and a lack of a titration strategy for optimal dosing.
The effects of premedication on patient blood pressure
were also not evaluated. Therefore, cardiovascular side
effects of IN dexmedetomidine with morphine or tra-
madol could not be fully evaluated. Moreover, we did
not induce any significant pain during the procedure;
therefore, the analgesic effects of IN dexmedetomidine
with morphine or tramadol require further evaluation.

Conclusion

Intranasal administration of DM or DT pro-
duces good sedation. Some side effects may occur,
such as hypersalivation, vomiting, and pupillary dila-
tion. The sparing effects of alfaxalone for anesthesia
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induction were comparable between the DM and DT
approaches. Thus, IN administration of DM and DT
provides an alternative, non-invasive route for cats
undergoing general anesthesia. Because this study did
not induce significant pain during the procedure, the
analgesic effects of IN dexmedetomidine along with
morphine or tramadol require future evaluation.
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