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Abstract

Introduction: More than 50% of children experience significant preoperative anxiety, which adversely affects ane-
sthetic management and postoperative behavior. Premedication in pediatric patients should facilitate parental se-
paration, venous cannulation, and smooth induction, while minimizing respiratory depression, particularly rele-
vant in children undergoing tonsillectomy for airway obstruction. Intranasal administration offers rapid absorption,
predictable effects, and non-invasive delivery. The main goal of this study is to compare the efficacy and safety of
intranasal midazolam, S-ketamine, and dexmedetomidine as premedication in children undergoing tonsillectomy
under general anesthesia. Methods: In this prospective, randomized study, 90 children aged 1-7 years (ASA I-II)
were allocated to three groups (n=30 each) receiving intranasal midazolam (0.2 mg/kg), S-ketamine (0.1 mg/kg), or
dexmedetomidine (1 ug/kg), 30 minutes preoperatively. Sedation (Ramsay scale), separation anxiety, and mask ac-
ceptance (MAS scale) were assessed. Intraoperative hemodynamics and opioid consumption were recorded. Postope-
rative sedation (Ramsay), pain (FLACC/FACES scales), and postoperative excitation (PAED scale) were evaluated.
Children with sleep apnea or drug allergies were excluded. Results: No significant differences were observed between
groups in separation anxiety or mask acceptance. Intraoperative fentanyl consumption differed significantly, with
lower requirements in the S-ketamine group. Significant intergroup differences were also found in systolic blood pre-
ssure and heart rate after induction. Postoperative pain scores were significantly lower in children receiving S-keta-
mine compared with midazolam and dexmedetomidine. Conclusion: Intranasal premedication is effective and safe
in pediatric tonsillectomy. S-ketamine provides superior analgesia and reduces intraoperative opioid requirements
without compromising sedation or anxiolysis, suggesting it may be a preferable option in this population.
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Introduction

onsillectomies in children are most often in-

dicated by breathing problems and airway ob-
struction during a sleep, so as in many other indi-
cations! 3, becoming the one of the most common
interventions in children. Absolute indications for
tonsillectomy are as follows: hypertrophy of the
palatine tonsils causing shortness of breath, recur-
rent acute infections of the palatine tonsils. Rela-
tive indications are: streptococcal germs, recurrent

peritonsillar abscesses, chronic/cryptic tonsillitis,
PFAPA (periodic fever, aphthous stomatitis, phar-
yngitis, adenitis) syndrome, tonsillar asymmetry.*
This kind of ORL surgery in children is very chal-
lenging because of sleep apnea being a frequent
disturbance, requiring serious supervision and
very cautious anesthesia technique. In anxious
children, postoperative bleeding is more frequent,
which could additionally endanger the child.
This is a reason of premedication significance
in these children, because of the psychological
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trauma reduction, calm introduction to anesthe-
sia enabling and also a safe awakening preventing
the possible complications, primarily related to
breathing and bleeding.>® Anxiety and psycho-
logical trauma as a result of separation from the
mother and new, often painful experiences, are a
major challenge in pediatric anesthesia and more
than 50% of children show signs of significant
preoperative fear and anxiety. Since contact with
unknown persons is often traumatic for children,
potentiated by an unfamiliar and “threatening” en-
vironment, it is important not only to choose the
proper medicine, but also the application and per-
son who will perform it. The best choice is for the
parent to give this medicine, under the control of
the medical staff, because the child trusts him and
for the administration to be minimally traumatic.”
Although the focal point in perioperative phase is
a psychological trauma in children, it could also
significantly affect the course of anesthesia and
postoperative behaviour. Premedication in chil-
dren is more complicated than in adults, because
it should ensure separation from parents, the pos-
sibility of placing a venous cannula, which is usu-
ally the biggest challenge and a calm introduction
to anesthesia.® In children, the oral route is often
used for premedication, but anatomically adapted
nasal applicators enables the nasal route of appli-
cation also,” enabling smaller drug doses and the
effect is achieved faster. The anxiolytic and sedative
component of the drug is important, but it often
coincides with postoperative respiratory depres-
sion.!®1 Accordingly, the most widely used drug
is midazolam, orally. The oral route of administra-
tion can be unpredictable (uncontrolled), because
children can throw out the medicine. Due to stress,
resorption can be slowed down and the effect de-
layed or even undesirably delayed postoperatively.

The choice of surgical technique for tonsillecto-
my depends on the indications for the operation,
the age of the patient and the goals of postoperati-
ve recovery. Traditionally, tonsillectomy was per-
formed using electrocautery and liquid nitrogen
(cryogenic tonsillectomy), which allow for effici-
ent excision of the tonsils, but are associated with
significant postoperative pain and slower recove-
ry.!2 The illustration of the tonsillectomy procedu-
re is presented at the Figure 1.

Anesthesiological approach and preparation for
tonsilloadenoidectomy

Perioperative preparation in ORL surgery is not
only limited to the operation, but also to the pa-
tient’s overall health condition, implementing in-
dividual approach and consistent following of va-
lid guidelines. In preoperative risk assessment, the
American Society of Anesthesiologists (ASA) clas-
sification provides a general overview of health sta-
tus. For ORL surgery, the risk is usually low, but
in patients with comorbidities, the individual risk
must be carefully assessed.!3

In children who are being prepared for adeno-
tonsillectomy, anesthesia is most often performed
with edotracheal intubation, while in isolated ade-
noidectomies, a laryngeal mask (LMA) is some-
times used. Due to the increased risk of compli-
cations in children with obstructive sleep apnea
(OSA), a detailed clinical evaluation and insight
into possible findings indicating the consequences
of OSA (pulmonary hypertension, left ventricular
hypertrophy) is recommended. Physical examina-
tion must include airway assessment and the pos-
sibility of difficult intubation due to macroglossia,
retro/micrognathia, hypoplasia of the jaw, limited
mobility of the cervical spine, as well as auscul-
tatory examination of the lungs to rule out acute

Figure 1.

a. Pre-tonsillectomy b. Post-tonsillectomy c.
Macroscopic view of the tonsiles after the tonsilec-
tomy (author’s photo-archive)
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respiratory infection. Hospitalization after surge-
ry is advised in children under three years of age,
in patients with severe OSA, coagulation disor-
ders, significant comorbidities, or those whose fa-
milies live far from the hospital. Upper respiratory
tract infections are common in children and signi-
ficantly increase the risk of perioperative respira-
tory complications (laryngospasm, bronchospasm,
hypoxemia). The decision to postpone or perform
the procedure in case of more severe symptoms of
an upper respiratory tract infection is made by the
anesthesiologist in agreement with the surgeon,
the patient and the family.!4

Among the numerous arguments for and aga-
inst the use of premedication and sedative drugs in
children, the principle of reducing the psychologi-
cal trauma associated with anesthesia and surgery
stands out. Premedication must be adapted to each
child according to age, body mass, health condi-
tion, cognitive abilities, and psychological profi-
le. Relative contraindications for the use of preme-
dication are a problematic airway, central and ob-
structive sleep apnea, increased intracranial pres-
sure, altered Glasgow coma score, liver or kidney
insufliciency, cyanogenic heart defects, neuromu-
scular diseases.!® Premedication with midazolam
and ketamine are often used and provide adequa-
te sedation in the pediatric population. Midazolam
has the advantage of faster onset and shorter reco-
very, while ketamine shows slightly better separati-
on from the parent with a higher frequency of side
effects. Intranasal application enables effective se-
dation without the need for intravenous access. Al-
ternative drugs, such as a2-agonists (clonidine and
especially dexmedetomidine), are gaining more
importance, because they provide sedation similar
to natural sleep, without impairing memory, with
a more stable postoperative course.!®

The aim of this study was to estimate and com-
pare the efficacy and safety of nasal premedicati-
on in children 1-7 years of age, for tonsillectomy
under general anesthesia. Midazolam, S-ketamine
and dexmedetomidine are used in equivalent do-
ses as nasal premedication drugs. The main hypot-
hesis of our study is that intranasal premedication
with midazolam, S-ketamine, and dexmedetomi-
dine differs in efficacy and safety in children aged
1-7 years undergoing tonsillectomy under general
anesthesia.

Material and methods
Patients

This prospective, randomized, comparative cli-
nical study included 90 subjects who underwent
tonsils surgery under general anesthesia at the
Mother and Child Health Care Institute of Serbia
“Dr Vukan Cupi¢” (Belgrade, Serbia). The institu-
tional Ethical Board has approved the protocol in
May 2024 (No. of the Ethical Approval 8/157) and
also approved the manuscript publication in Janu-
ary 2026 (No. of the Ethical Approval 8/12). Writ-
ten informed consent was obtained from the pa-
rents/caregivers of all study participants, after the
main investigator has explained them the goal and
methodology of the study.

In accordance with the goal of evaluating the ef-
fectiveness and safety of different types of preme-
dication used because of the control of preoperati-
ve anxiety, postoperative sedation and pain, all su-
bjects were divided into three groups (n = 30 each),
according to the type of nasal premedication: mi-
dazolam (0.2 mg/kg BW), S-ketamine (0.1 mg/kg
BW) and dexmedetomidine (1 pug/kg BW). Partici-
pants were randomly assigned to one of the three
study groups using a computer-generated rando-
mization sequence with a 1:1:1 allocation ratio.
Group allocation was performed using sequential-
ly numbered opaque sealed envelopes opened im-
mediately before premedication administration.

The children’s respiratory and hemodynamic
stability after drug administration and the risk of
postoperative apnea and occurrence of postopera-
tive excitation were monitored. The inclusion cri-
teria was: age, ASA I and II physical status, absen-
ce of allergy-related medical history to prescribed
drugs, that the intervention is the first in the child’s
life, that the intervention is elective and that the
parent signs consent for the intervention. Children
with proven sleep apnea, were not included in the
study because premedication with midazolam is
contraindicated for them.

All children were pre-medicated while they were
with their parents, 30 minutes before the interven-
tion. A special nasal applicator was used to admi-
nister the medicine. We previously instructed the
parents about the method of drug administration.
Midazolam at a dose of 0.2 mg/kg BW, S-ketamine
at a dose of 0.1 mg/kg BW, and dexmedetomidine
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1 pug/kg BW were used for premedication. Before
drug administration, oxygen saturation and heart
rate were measured with a pulse oximeter. About
30 minutes after giving the medicine, the child was
separated from the parents and transfer to opera-
ting room. Sedation was measured using the Ram-
sey sedation scale 17, while separation anxiety was
also measured using the parental scale!®, as well as
the Mask acceptance scale (MAS)!?, which measu-
red the acceptance of the mask for preoxygenation,
before introduction to anesthesia. For all interven-
tions general, endotracheal anesthesia was used.
Several drugs were used at the end of the interven-
tion to control postoperative pain (propofol, fenta-
nyl, rocuronium bromide and ketoprofen at a dose
of 1 mg/kg BW. Hemodynamic parameters and to-
tal use of opioids for analgesia were monitored pe-
rioperatively. Postoperatively, after extubation, the
child was monitored in the recovery room. Posto-
perative sedation of the child was measured also by
the Ramsey scale, immediately after being brought
to the recovery room, and then after 10, and 20 mi-
nutes. The level of postoperative pain was estima-
ted by using an age-appropriate scale before the
child was transferred to the parents.

The Face, Legs, Activity, Cry, and Consolabili-
ty (FLACC) pain scale for children up to 3 years?’,
while FACES scale was used for children from 3 to
7 years.?! It was noted whether the child had ap-
noeic crises postoperatively, and the presence and
level of postoperative excitation was also noted
using the Pediatric Anaesthesia Emergence Deliri-
um (PAED) scale.?? Patients who did not comple-
te the protocol for any reason were excluded from
the study, and all adverse events related to the safe-
ty of the drugs used was reported.

The sample size was highly effective for mea-
suring analgesic efficacy, specifically showing that
S-ketamine significantly reduced intraoperative
fentanyl consumption (p < 0.001 with high statisti-
cal power (> 99%). Older Children Subgroup (n =
76): For children aged 3-7, the study had sufficient
power (88%) to confirm S-ketamine’s superiority in
pain suppression (FACES scale). Younger Children
Subgroup (n = 12): For children under 3, the power
was very low (< 50%) due to the small number of
participants, making results for this age group less
conclusive. The justification of this result is based
on vulnerability of this patients’ population.
Statistical analysis

The statistical software SPSS (IBM® SPSS®Stati-
stics, version 22, Chicago, USA) and a set of stati-
stical tests was used for statistical data processing.
The normality of the distribution was checked by
using Shapiro-Wilks test. Different statistical test
such as Student’s t-test, ANOVA with post-hoc Tu-
key test, Mann-Whitney U test and Kruskal-Wallis
test for continuous and Chi-square test for catego-
rical data were used. Statistical significance is de-
termined at the p < 0.05 level.

Results

Between the analysed groups of subjects with
different intranasal premedication, no statistical-
ly significant difference was observed in the repre-
sentation of children with different indications for
ORL surgery. In all three groups, subjects who un-
derwent tonsillotomy were represented with 83.3%
in midazolam premedication group, 80% of chil-
dren with S-ketamine premedication and 73.3%
of children who received dexmedetomidine. Three
therapy subgroups didn’t differ by gender ratio,
with boys’ predominance in every group. There
were also no significant difference neither in age,
nor in BMI, in therapy subgroups (Table 1). The ab-
sence of difference in socio-demographic and ant-
hropometric measures enables good groups matc-
hing and stronger statistical data validity.

The dose of given muscle relaxant rocuroni-
um bromide, ranging from 0.3 mg/kg - 0.6 mg/kg,
didn’t differ between the groups of subjects with
different nasal premedication. The similar result
was for propofol medication, while fentanyl dose in
S-ketamin group was significantly lower, compared
to the other two groups (Table 1). Presented confi-
dence intervals for fentanyl doses confirmed that
the lowest doses were in S-ketamin group (there is
no overlapping between these doses in S-ketamin
and two other groups). The reduction of fentanyl in
the S-ketamine group is the most significant result
with Cohen’s d = 2.1 (large effect size).

Adverse reactions occurrence was homogeneo-
us in three premedication therapy groups, as was
the rate of post-surgery apnea incidence and the
post-surgery time of apnea occurrence. It is worth
mentioning that there were a low incidence of
adverse reactions and also low incidence of apnea.
Also, it is important to stress that no adverse reac-
tions were noted in the dexmedetomidine group.
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Adverse reactions occurred in two children (6.7%)
premedicated with midazolam, while in the gro-
up with S-ketamine, adverse reactions occurred in
four children (Table 1).

Parental separation anxiety and mask acceptan-
ce scale were measured with appropriate scales, re-
sults are presented at the Table 2 (Table 2).

Results of this part of study didn't confirmed
any significant difference in the level of the paren-
tal separation anxiety, neither in mask acceptance

behaviour. It is important to emphasize that in all
three intranasal premedication groups the percent
of excellent/good separation behaviour was higher
than 70% of children. Midazolam group showed
about 23% of children had poor separation anxi-
ety behaviour, but this was not statistically signifi-
cant. Also about 60% of chidren accepted the mask
showing calm/cooperative or after the some re-
assurance in all three premedication groups. But,
about 26%, 23% and 20% children in midazolam,

Table 1. Basic demographic, antropometric and surgery-related clinical patients’ data in premedica-

tion therapy subgroups
Variable Midazolam S-ketamine Dexmedetomidin
(n=30) (n=30) (n =30) P
1 )
ORL surgery Tonsillectomy, n (%) 5(16.7) 6(20.0) 8(26.7) .
indication Tonsillotomy, n (%) 25(83.3) 24 (80.0) 22 (73.3)
Boys, n(%) 21 (70.0) 17 (56.7) 20 (66.7)
Gender 0.532a
Girls, n(%) 9 (30.0) 13 (43.3) 10 (33.3)
Age (years) 41+1,3 46+15 46+19 0.290
BMI (kg/m2) 17,9 £ 5,0 172+ 5.1 18.0 £ 3.0 0.346
Surgery duration (minutes) 223+6.8 23.83£9.26 21.50 £ 9.84 0.501
Drugs’ dosage during surgery
Propofol bolus (mg/kg) 300 300 3.07 +0.25 0.132
Fentanyl (ug/kg) 3.13+0.35 2.27 +0.45%** 3.20 + 0.48### <0.001
(95th % confidence interval CI) 3.01-3.25 2.11-2.43 3.03-3.37 )
Rocuronium bromide (mg/kg) 0.47 £ 0.08 0.44 £ 0.12 0.43x0.11 0.192
Y 2 (6. 4 (13.
Adverse reactions < (67) (13.3) 0 0.117a
No 28 (93.3) 26 (86.7) 30 (100)
Post-surgery apnea Yes 0 3(100) 3(10.0) 0.200a
gery ap No 30 (100) 27 (90.0) 27 (90.0) !
Early post-
Post-surgery Surgg;;time 0 (0) 3 (100) 2 (66.7)
period of apnea Lat . 0.9992
occurrence ate post-
surgery time 0 (0) 0(0) 1(33.3)

P from the ANOVA, ***P < 0.001 vs. midazolam group; ***P < 0.001 vs. S-ketamine group Tukey post-hoc test; *P from Chi-squ-

are test (x2-test)

S-ketamin and dexmedetomidine groups, respecti-
vely, had experienced significant resistance, crying
and mask refusing. Again, it should be stated that

these percentages were not statistically significant
(Table 2).

Hemodynamic and respiratory parameters

Hemodynamic parameters (systolic and dias-
tolic blood pressure, heart rate) were assessed at
four time points: before induction, after induction,
intraoperatively, and at the end of surgery. Systol-
ic pressure after induction was significantly higher
in the S-ketamine group compared with the other
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Table 2. Comparison of the parental separation anxiety and mask acceptance scale in premedication

therapy subgroups
Variable Midazolam S-ketamine Dexmedetomidin
(n = 30) (n = 30) (n = 30) P
Parental separation anxiety scale, n (%)
Excellent 16 (53.3) 15 (50.0) 11 (36.7)
Good 5(16.7) 7 (23.3) 12 (40.0)
0.627
Fair (acceptance with struggle) 2 (6.7) 4(13.3) 5(16.7)
Poor 7 (23.3) 4(13.3) 2 (6.7)
Mask Acceptance Scale — children behaviour
Calm, cooperative 15 (50.0) 16 (53.3) 8 (26.7)
Cooperative with reassurance 3(10.0) 5(16.7) 9 (30.0)
Moderate fear of mask, not easily 4(133) 2(6.7) 7 (233) 0.532
calmed
Significant resistance, crying,
severe fear of the mask 4(13.3) 5(16.7) 5(16.7)
Significant agitation, combative, crying, 4(13.3) 2(6.7) 1(3.3)
refusing mask

P from the Chi-square test (y*-test)

groups. All groups showed significant intraopera-
tive changes in systolic pressure, with the largest
increase observed in the dexmedetomidine group.
Diastolic pressure before and after induction was
also significantly higher in the S-ketamine group,
while intragroup analysis demonstrated a signifi-
cant intraoperative decrease in diastolic pressure
in the S-ketamine and dexmedetomidine groups.
Heart rate was lowest in the dexmedetomidine
group after induction and at the end of surgery,

with significant decreases observed in both the
S-ketamine and dexmedetomidine groups over
time. These changes reflect physiological respons-
es to surgical stress.

Respiratory parameters (respiratory rate, oxygen
saturation (Sa0O,), and PetCO,) were evaluated at
the same time points. The dexmedetomidine group
exhibited the lowest respiratory rate intraoperative-
ly, with a significant decrease throughout the pro-
cedure. SaO, was lowest in the dexmedetomidine

Figure 2. Hemodynamic and respiratory parameters during the preoperative, operative and post-
-operative procedure in children according to premedication subgroups
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group before and after induction, and lowest in the
S-ketamine group at the end of surgery. Dexme-
detomidine was associated with a progressive in-
crease in SaO, intraoperatively. CO, levels were in-
itially lowest in the dexmedetomidine group but
highest at the end of surgery, with the greatest in-
traoperative increase. All observed changes re-
mained within physiological limits.

Results of haemodynamic and respiratory data
are presented at the Figure 2 (Figure 2).

Level of sedation and postoperative excitation at
the end of surgery

Level of sedation was estimated by using Ram-
sey scale. Analysis confirmed that there was no
significant difference in the sedation level between
three different intranasal premedication therapeu-
tic subgrups. The group premedicated with S-ke-
tamine (47% of children) and dexmedetomidine

(40% of children) exhibited Ramsey scale scores 2
i.e. they were alert, cooperative, oriented and calm.
The same percentage of children in the dexmede-
tomidine group (40%) were awake, anxious or res-
tless, or both (Ramsey scale 1), while this level of
sedation had 23% of S-ketamin group of children.
Children with that level of sedation (Ramsey scale
1) were the most represented in the control group
(premedication with midazolam) i.e. 53% of them.
Results are presented at the Table 3 (Table 3).
Level of postoperative excitation in this current
study was assessed by using the Postoperative Exci-
tation Scale (PAED scale). Our results confirmed
the absence of significant difference between the
values of the PAED score, neither the distribution
of PAED values according to cut-oft values cate-
gories, in children with different nasal premedica-
tion: midazolam, S-ketamine, dexmedetomidine.
Mild or no agitation (< 10 points of the PAED sca-
le) had 83% children in midazolam group, 100% in

Table 3. Sedation level (Ramsey scale) and postoperative excitation level (PAED scale) in premedica-

tion therapy subgroups
. Midazolam S-ketamine Dexmedetomidin
Sedation level - Ramsey scale (n = 30) (n = 30) (n = 30) P
Patient is awake, anxious and agitated or
resticss. or both 16 (53.3) 7 (23.3) 12 (40.0)
Patient is awake, cooperative, oriented and 9 (30.0) 14 (46.7) 12 (40.0)
tranquil
Patient response to commands only 5(16.7) 6 (20.0) 4(13.3)
0.436
Patient exibits brisk response to light
physical stimulus, i.e. touch 0(0) 2(67) 1(3.3)
Patient exibits slow response to stronger 0 (0) 1(33) 1(3.3)
physical stimulus, i.e. sternum pressure ) :
Patient exibits no response 0 (0) 0 (0) 0(0)
PAED scale 4.0 (1.0-7.0) 2.0 (0.0-5.0) 4.0 (2.0-6.0) 0.108a
PAED scale - categorical values (cut-off values)
< 10 points mild or without agitation 25 (83.3) 30 (100) 26 (86.7)
10-15 moderate agitation 2(6.7) 0(0) 3(10.0) 0.192
> 15 severe post-surgery agitation 3(10.0) 0 (0) 1(3.3)

P from the Chi-square (x2)-test; *Kruskal-Wallis test
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S-ketamine group and almost 87% of children in
dexmedetomidine group. Those high percentages
of children with low level of postoperative excitati-
on speaks in favor of premedications, so as general
anesthesia adequacy.

Pain scales in children according to implemented
intranasal premedication therapy

Results presented at the Table 4 showed statisti-
cally significant difference in postoperative pain le-
vel according to FACES pain scale for the children
between 3 and 7 years (there were 76 children in
this group). The weakest pain was observed in the
S-ketamine group. It is worth-mentioning that the
highest level of pain was detected in midazolam
group, while pain level positioned between other
two groups was noticed in dexmedetomidine group
of children. It is important to report that minimal
pain was experienced by 61% in midazolam, 100%
in S-ketamine and in 70% of dexmedetomidine gro-
up. Severe pain was noticed in 18% of midazolam
group, while 20% in dexmedetomidine group. Re-
sults of this analysis confirmed S-ketamine’s superi-
ority in pain suppression over the other two intra-
nasal premedication therapies (Table 4).

Using the FLACC pain scale in children un-
der 3 years of age (there were 12 children younger
than 3 years) confirmed no difference in pain sca-
le points, so as in distribution according the cut-
-off values according to the numbers of points of

this scale (describing the pain level from no pain
to severe pain). In midazolame and S-ketamin gro-
ups 50% of children had no pain (0 points), whi-
le 62.5% of children in dexmedetomidine group.
Mild pain had other 50% in midazolame group
and 37.5 % in dexmedetomidine group. The result
about S-ketamin group according to which 50% of
children had severe pain, but the total number of
children under the 3 years in this group is small (n
= 2), so this results should be analysed with cauti-
on because just one child had in fact severe pain.

Discussion

Results of this current study confirmed that the
intranasal route of drug administration is a relia-
ble and effective, minimally traumatic route, with
a quick effect due to the rich vascularization of the
drug administration site. Along with this intrana-
sal administration of midazolam, S-ketamine and
dexmedetomidine has been shown to be a safe and
effective premedication in children undergoing
tonsillectomy. This study revealed that intranasal
aplication of S-ketamine significantly lower intrao-
peratively opioids’ usage, as do the analgesics post-
operatively. For the three tested intranasal preme-
dication drugs we could not confirm an absolute
advantage, which opens a space for further investi-
gation in this area of surgery-related pharmacolo-
gy in pediatric population.

Table 4. Pain scales (FACES or FLACC) in a group of older (3-7 y.) and younger (below 3 y.) children
according to type of premedication therapy

Variable Midazolam S-ketamine Dexmedetomidin p
(n=30) (n=30) (n=30)
FACES pain scale (children 3-7 y.)
Points | 2.0 (0-5) | 00-0** | 1.0(0-35# | 0.001
Interval values (cut-off values), n(%)
Minimal pain (0-2 points) 17 (60.7) 28 (100) 14 (70)
?r?j;gtifg Efel?af;; Spoy 6(21.4) 0(0) 2(10.0) 0.0062
sevepan (&, 0pins st |5 17 00 s
FLACC pain scale (children <3 y.)
Points | 1.5 (0-3) | 20(0-4 | 0(0-2) | 0.609
Interval values (cut-off values), n(%)
Without pain (0 points) 1 (50.0) 1 (50.0) 5(62.5)
Mild pain (1-3 points) 1 (50.0) 0 (0) 3 (37.5) 0.203a
Moderate pain (4-6 points) 0 (0) 1 (50.0) 0 (0) ’
Severe pain (7-10 points) 0 (0) 0 (0) 0 (0)

P from Kruskal Wallisov test, ***P<0.001 vs. midazolam group; **P<0.01 vs. S-ketamine group ; “Chi-square y2-test
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Children divided in three intranasal premedi-
cation groups were matched according to age and
gender, so their demographic and antropometric
characteristics (gender, age, BMI) were similar
which allowed for correct conclusions to be dra-
wn. According to data from other studies, the male
gender more often requires adenotonsillar surgery,
which correlates with our research; a higher per-
centage of boys were distributed across all three
groups (precisely from 57% to 70%).2?

Analyzing the preoperative level of separation
anxiety according to the parental scale, as well as
the MAS scale, no significant difference was obser-
ved between the groups of children who received
intranasal premedication with midazolam, S-keta-
mine or dexmedetomidine. The majority of chil-
dren in all three groups rated “excellent” or “good”
in terms of acceptance of separation from their pa-
rents, indicating the effectiveness of all three drugs
in controlling separation anxiety before induction
of anesthesia.

A more detailed analysis of the parental scale
shows that in the midazolam group more than half
of the children (53.3%) were rated as “great”, whi-
le in the dexmedetomidine group this percenta-
ge was slightly lower (36.7%). On the other hand,
a higher percentage of children in the dexmede-
tomidine group was rated as “good” (40%), which
indicates that most children in this group reacted
positively, although to a slightly lesser extent than
with midazolam or S-ketamine. In the S-ketami-
ne group, the distribution was more even betwe-
en the “great” and “good” categories. The percenta-
ge of children who accepted separation from their
parents with resistance or poorly was the lowest in
the dexmedetomidine group, which may indicate
a slight additional reduction in separation anxiety
in this group, although it is not statistically signifi-
cant. Using the MAS scale, we showed that the ma-
jority of children in all groups calmly accepted the
mask or were scared, but without active resistan-
ce. The largest number of children who complete-
ly calmly accepted the mask was in the S-ketami-
ne group (53.3%) and midazolam (50%), while in
the dexmedetomidine group this percentage was
slightly lower (26.7%). The increased percentage of
children in the dexmedetomidine group who are
fearful but accept the mask, as well as those who
show mild resistance, may be due to the lower ini-
tial dose of the drug or individual characteristics of

anxiety. The results of our study are partially con-
sistent with a study published in 2023 by Alam and
associates, where 60 patients aged 3 to 6 years, ASA
I physical status, were divided into two groups ac-
cording to intranasal premedication type. One gro-
up was intranasally premedicated with midazolam
0.2 mg/kg, and the other group with dexmedeto-
midine 1 pg/kg, 50 min before anesthesia induc-
tion. The results showed that intranasally applied
dexmedetomidine is an effective and safe alterna-
tive for premedication in children, provides better
hemodynamic stability, a better level of sedation
during induction of anesthesia, enables more suc-
cessful separation from parents compared to intra-
nasally applied midazolam with minimal side ef-
fects and postoperative complications.?*

Also, in a study published in 2021 by Diwan et
al., the superiority of intranasal dexmedetomidine
compared to intranasal midazolam was confirmed
in providing significantly better sedation, lower le-
vels of anxiety and easier separation from parents,
which is not in accordance with our research whe-
re there was a similar effectiveness of both drugs.?

Regarding the duration of the operation, intra-
nasal premedication with different types of drugs
(midazolam, S-ketamine or dexmedetomidine)
didn’t differ according to the operations durati-
on. This indicates that the choice of premedicati-
on does not directly affect the operative time cour-
se in elective tonsillectomies and similar procedu-
res. Similar findings have been reported in previ-
ous studies where intranasal sedatives did not sig-
nificantly alter the duration of surgery in pediatric
patients.?

Analysis of the amount of bolus propofol given
during surgery also showed no significant diffe-
rences between groups. All three groups received
an average dose of about 3 mg/kg, which is in line
with standard protocols for the induction of gene-
ral anesthesia in children. The slight increase in
propofol in the dexmedetomidine group probably
reflects individual differences in the sedative effect
and did not have statistical significance, that is, a
clinically significant value.

A significant difference was observed in the
amount of fentanyl given during surgery. Children
premedicated with S-ketamine received a lower
amount of opioid (fentanyl) compared to the mi-
dazolam and dexmedetomidine groups. This fin-
ding may be explained by the additional analgesic
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and sedative effect of S-ketamine that reduces the
need for intraoperative opioids, which is consistent
with research published in by Qi and colleagues.?’
These findings support the role of S-ketamine in
enabling a safer anesthetic strategy by reducing
opioid requirements, which is particularly impor-
tant in pediatric patients due to the risk of opioid-
-related adverse effects, such as respiratory depres-
sion and nausea.?®

The amount of muscle relaxant (Rocuronium
bromide) administered was similar in all three
groups, indicating that the type of nasal premedi-
cation does not affect the amount of muscle rela-
xant consumed during surgery.

In this study, changes in hemodynamic parame-
ters were analyzed in children premedicated with
three different intranasal drugs during tonsillec-
tomy. The results show that premedication with
S-ketamine leads to significantly higher values of
systolic and diastolic pressure immediately after
induction compared to midazolam and dexmede-
tomidine, while the values during the operation it-
self and at the end of the operation were not stati-
stically significantly different between the groups.
Post-induction heart rate was significantly lower in
the dexmedetomidine group compared to the mi-
dazolam or S-ketamine groups, consistent with the
known sympatholytic effect of alpha 2 agonists.
The result of this part of the study is in accordance
with the study of Yuen and associates.?8

The increased blood pressure values after in-
duction in the S-ketamine group can be explained
by its sympathomimetic effect, which includes pa-
rasympathetic inhibition and sympathetic stimu-
lation, which was previously described in studies
in the pediatric population.?® In contrast, dexme-
detomidine reduces the activity of the sympathetic
system and can cause mild bradycardia and a drop
in blood pressure, which is reflected in the lower
values after induction in our study as well as in the
study published by Diwan and coworkers.?> Mida-
zolam, as a benzodiazepine, shows a minimal ef-
fect on blood pressure and heart rate, which was
also confirmed in earlier research such as one of
the papers by Vasakova et al.3°

During the surgery itself, the blood pressure and
heart rate values did not differ significantly betwe-
en the groups, which indicates that all three preme-
dication strategies provide hemodynamic stability,
without the need for additional intervention. These

results are consistent with the reports of other stu-
dy that intranasal S-ketamine and dexmedetomi-
dine provide safe hemodynamic control during
short-term surgical procedures in children.?>26

It is important to point out that, although the
observed hemodynamic changes are statistically
significant, they were not clinically significant, i.e.
did not require additional therapeutic interventi-
ons. This confirms that intranasal premedication
in children can be administered without the risk of
serious hemodynamic complications. Respiratory
parameters were also monitored. The results sho-
wed that before the introduction and immediately
after the introduction of general anesthesia there is
similar respiratory frequency in the 3 premedicati-
on subgroups, which indicates that all three drugs
in the applied doses do not cause clinically signi-
ficant ventilation disorders. During the operation,
a significantly lower respiratory frequency was re-
gistered in the dexmedetomidine group compared
to the groups that received midazolam and S-keta-
mine, while at the end of the operation, respirato-
ry frequency values were equal between the groups.
Our data are in accordance with data from the lite-
rature, which state that dexmedetomidine, as a hig-
hly selective alpha 2 adrenergic agonist, can lead to
a transient decrease in respiratory frequency.’! In
the work of Yuen et al.?8, intranasally applied de-
xmedetomidine in children did not cause signifi-
cant changes in saturation or apnea, but a slight de-
crease in respiratory frequency was also observed.
Also, research by Behrle and associates * indica-
tes that intranasally applied dexmedetomidine cau-
ses minimal negative effects on respiratory functi-
ons and that patients are mostly hemodynamically
stable. On the other hand, midazolam and S-keta-
mine did not significantly affect respiratory frequ-
ency in our study.

The values of blood oxygen saturation in our re-
search remained within physiological limits in all
groups, although some differences were statistical-
ly significant, they had no clinical significance. The
analysis of PetCO2 values showed that they were
the lowest in the group with dexmedetomidine im-
mediately after the introduction, while at the end of
the operation the values were higher compared to
the other groups. This oscillation can be explained
by changes in the anesthesia depth and the slight ef-
fect of dexmedetomidine on the respiratory center,
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which is also described in the literature, in a paper
published in 2006 by Sikich et al.3?

Intranasal premedication with midazolam,
S-ketamine and dexmedetomidine provided stable
respiratory function, with a minimal decrease in
respiratory frequency in the group with dexmede-
tomidine, without clinically significant disturban-
ces of ventilation and oxygenation.

Regarding postoperative sedation, assessed by
the Ramsey scale, there was no significant diffe-
rence between children premedicated with diffe-
rent types of nasal premedication implemented in
this current study. Most of the children in the gro-
ups premedicated with S-ketamine and dexmede-
tomidine were awake, cooperative and calm (Ram-
sey scale 2), while in the midazolam group they
were awake but anxious or restless (Ramsey sca-
le 1). All this indicates that all three drugs provi-
de a satisfactory level of sedation. The previously
mentioned Yuen et al confirm the results of our re-
search that dexmedetomidine in children induces
sedation that allows easy cooperation and redu-
ced anxiety.?® While Lethin* stated in their rese-
arch that midazolam provides adequate anxiolysis,
but in some cases children may remain awake and
anxious, which is the result of our control group.

The occurrence of postoperative apnea was not
significantly different between the groups. In the
groups with S-ketamine and dexmedetomidine,
three children each (10%) had postoperative apnea,
while not a single apnea was recorded in the group
with midazolam. There was a difference in the oc-
currence of postoperative apnea between the gro-
ups in terms of the number of subjects and accor-
ding to the time of occurrence after surgery, which
did not have statistical significance. Children in the
S-ketamine group developed apnea immediately
after discharge, while in the dexmedetomidine gro-
up two children had apnea immediately after disc-
harge and one child later, in the ward. Apnea may
be a result of drug pharmacokinetics and pharma-
codynamics, whereby dexmedetomidine may cause
longer but mild sedative effects, which is consistent
with research by Behrle and Simonini.?%3°

Using the PAED scale, no significant difference
was shown in postoperative excitation in children
premedicated with different types of nasal preme-
dication. In all groups, most children had mild
or no postoperative agitation. Ykeizumi et al.3®
has already showed in their study that intranasal

dexmedetomidine and S-ketamine reduce post-
operative agitation in children, while midazo-
lam can cause slightly more pronounced agitati-
on, but without statistically significant differences.
Analysis of pain in children aged 3 to 7 years sho-
wed the lowest pain intensity in S-ketamine group,
while children premedicated with midazolam and
dexmedetomidine had moderately expressed pain.
The results indicate an analgesic advantage of S-ke-
tamine in the pediatric population, which is con-
sistent with a studies published by Liu et al.3” and
Qian et al.*®, who highlight the analgesic potenti-
al of S-ketamine and its ability to reduce intraope-
rative opioid use and postoperative need for addi-
tional analgesics. Adverse reactions were rare and
did not show a significant difference between the
groups, which confirms the safety of all three types
of intranasal premedication in pediatric patients,
which is in accordance with data from the litera-
ture.39-41

This study has several limitations that should be
considered when interpreting the results. The rela-
tively small sample size may limit the statistical po-
wer and generalizability of the findings. This was a
single-center study performed in a tertiary pedia-
tric institution, which may reduce the external va-
lidity of the results and their applicability to other
clinical settings. Also, the study design did not inc-
lude complete blinding of investigators and caregi-
vers, which may have introduced observer and per-
formance bias, particularly in the assessment of su-
bjective outcomes such as sedation quality, separa-
tion anxiety, and postoperative behaviour. There-
fore, larger multicentre, randomized studies with
blinded outcome assessment are needed to confirm
the present findings and thus improve comparative
efficacy and safety evaluation of intranasal preme-
dication protocols in pediatric tonsil surgery.

Conclusion

In conclusion, according to theoretical consi-
derations, other authors’ experiences and our own
results, we can conclude that the intranasal route
of drug administration is a reliable and effective,
nontraumatic route, fast-acting medicine due to
the rich vascularization of the drug administration
site. Intranasal administration of midazolam, S-ke-
tamine and dexmedetomidine has been shown to
be a safe and effective premedication in children
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undergoing tonsillectomy. The most convincing
results of this current study is regarding intrana-
sally administered S-ketamine which leads to a re-
duction in the use of opioids intraoperatively and
the analgesics postoperatively, which is an advan-
tage compared to intranasal administration of mi-
dazolam and dexmedetomidine.

None of the intranasal premedication agents
demonstrated a clear overall advantage; therefore,
drug selection should be individualized based on
the patient’s clinical condition, the desired effect
(anxiolysis, sedation, or analgesia), and the poten-
tial for adverse effects.
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