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Keypoints

In this prospective comparative cohort of 167 children undergoing strabismus surgery, a protocol incorporating
intravenous dexmedetomidine 0.3 pg/kg before induction and fentanyl 3 pg/kg was associated with favorable early

postoperative outcomes compared with a conventional protocol using fentanyl 5 pg/kg.

Abstract

Introduction

Pediatric strabismus surgery is associated with the oculo-
cardiac reflex (OCR), postoperative nausea and vomiting
(PONV), emergence agitation (EA), and postoperative
pain. Dexmedetomidine may facilitate an opioid-sparing
anesthetic strategy and improve early postoperative re-
covery. This study evaluated perioperative outcomes as-
sociated with a low-dose pre-induction dexmedetomi-
dine-containing regimen in children undergoing strabis-
mus surgery.

Materials and Methods

This prospective comparative cohort study included 167
children aged 2—16 years undergoing elective strabismus
surgery at Azerbaijan Medical University between 2022
and 2026. The control group (n=117) received propofol,
sevoflurane, and fentanyl 5 ng/kg. The dexmedetomidine
group (n=50) received intravenous dexmedetomidine 0.3
ng/kg before induction, together with propofol, sevoflu-
rane, and fentanyl 3 pg/kg. OCR was defined as a >20%
decrease in heart rate from the pre-manipulation baseline
during extraocular muscle traction. PONV, EA, and res-

cue postoperative analgesia were prospectively recorded.
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Results

OCR occurred in 75/117 patients (64.1%) in the control
group and 30/50 (60.0%) in the dexmedetomidine group
(p=0.727). PONV was documented in 100/117 control
patients (85.5%) and in 0/50 dexmedetomidine patients
(p<0.001). EA was documented in 100/117 (85.5%) and
0/50 patients, respectively (p<0.001). Rescue postopera-
tive analgesia was required in 100/117 control patients
(85.5%) and in 0/50 dexmedetomidine patients
(p<0.001). The dexmedetomidine-containing protocol
used a 40% lower fentanyl dose (3 vs 5 pg/kg).
Conclusion

A regimen incorporating pre-induction dexmedetomidine
0.3 pg/kg and lower fentanyl exposure was associated
with favorable early postoperative recovery in this co-
hort, whereas OCR incidence was similar between
groups. Because dexmedetomidine administration and
fentanyl reduction were components of the same non-ran-
domized protocol, the independent contribution of each
cannot be determined. Randomized studies using stand-

ardized recovery measures are warranted.
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Introduction

Strabismus surgery is a common pediatric ophthalmic
procedure and presents specific challenges for the anes-
thesiologist. Traction or manipulation of the extraocular
muscles may trigger the oculocardiac reflex (OCR), a tri-
gemino-vagal response manifested predominantly by
bradycardia. Its occurrence can be influenced by anes-
thetic technique, opioid administration, and the charac-
teristics of extraocular muscle manipulation [1-3].

In addition to intraoperative OCR, pediatric strabismus
surgery is associated with postoperative nausea and vom-
iting (PONV), emergence agitation (EA), and postopera-
tive pain [4-8]. These complications may impair early re-
covery and increase the need for rescue medications.
Sevoflurane is widely used in pediatric anesthesia be-
cause of its rapid onset and recovery characteristics.
However, rapid emergence after volatile anesthesia may
be accompanied by EA. Opioids such as fentanyl provide
effective perioperative analgesia but may contribute to
nausea, vomiting, sedation, and respiratory adverse ef-
fects. Consequently, multimodal opioid-sparing strate-
gies are increasingly relevant in pediatric anesthesia.
Dexmedetomidine is a highly selective a2-adrenergic re-
ceptor agonist with sedative, anxiolytic, sympatholytic,
and analgesic-sparing properties. Randomized studies in
pediatric strabismus surgery have reported reductions in
EA, postoperative vomiting, pain, and analgesic require-
ments after dexmedetomidine administration [4-9]. Song
et al. demonstrated reduced EA without an increase in
OCR [5], whereas Li et al. evaluated doses of 0.3 and 0.5
pg/kg and found the clearest reductions in OCR and
PONV with the 0.5 pg/kg regimen [4]. A systematic re-
view and meta-analysis of nine randomized trials re-

ported reductions in EA, PONV, postoperative pain,
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analgesic requirements, and OCR with dexmedetomidine
[6].

The present study compared a conventional anesthetic
regimen using propofol, sevoflurane, and fentanyl 5
ng/kg with a protocol incorporating intravenous dexme-
detomidine 0.3 pg/kg before induction and fentanyl 3
pg/kg. The primary objective was to compare rescue
postoperative analgesic requirements. Secondary objec-

tives were to compare PONV, EA, and OCR.

Materials and Methods

Study Design and Setting

This prospective comparative cohort study included 167
children undergoing elective surgical correction of stra-
bismus between 2022 and 2026 at the Department of
Ophthalmology, Azerbaijan Medical University, Baku,
Azerbaijan.

Study Population

Children aged 2—16 years undergoing elective strabismus
surgery were included. All patients were classified as
American Society of Anesthesiologists (ASA) physical
status I. The control group comprised 117 patients and
the dexmedetomidine group 50 patients. In the control
group, 60 patients (51.3%) were boys and 57 (48.7%)
were girls; in the dexmedetomidine group, 30 (60.0%)
were boys and 20 (40.0%) were girls. Unilateral surgery
was performed in 60/117 control patients (51.3%) and
35/50 dexmedetomidine patients (70.0%); bilateral sur-
gery was performed in 57/117 (48.7%) and 15/50
(30.0%), respectively. Surgical duration was approxi-
mately 3040 min and anesthesia duration approximately
3545 min.

Anesthetic Protocol

All children underwent general anesthesia with standard
perioperative monitoring. The control group received
propofol, sevoflurane 1.5-2.0%, and fentanyl 5 pg/kg.
The dexmedetomidine group received intravenous dex-
medetomidine 0.3 pg/kg as a bolus before induction, fol-
lowed by propofol, sevoflurane 1.5-2.0%, and fentanyl 3

pg/kg. Thus, the dexmedetomidine-containing protocol
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incorporated a 40% lower protocol-defined fentanyl
dose. Standard monitoring included continuous electro-
cardiography, heart rate, non-invasive arterial blood pres-
sure, and peripheral oxygen saturation.

Oculocardiac Reflex Assessment

Heart rate was monitored continuously during extraocu-
lar muscle manipulation. Baseline heart rate was rec-
orded before manipulation. OCR was prospectively de-
fined as a decrease in heart rate of >20% from the pre-
manipulation baseline occurring in temporal association
with traction or manipulation of an extraocular muscle.
When OCR occurred, extraocular muscle traction was
temporarily interrupted and the patient’s hemodynamic
status was assessed.

Postoperative Assessment

Patients were assessed during early postoperative recov-
ery for PONV, EA, and the requirement for rescue post-
operative analgesia. PONV was recorded when nausea
and/or vomiting was clinically documented. EA was rec-
orded according to clinically evident agitation during re-
covery from anesthesia. Rescue postoperative analgesia
was recorded when additional analgesic medication was
required according to clinical assessment.

QOutcomes

The primary outcome was the requirement for rescue
postoperative analgesia. Secondary outcomes were the
incidence of PONV, EA, and OCR, together with proto-
col-defined intraoperative fentanyl exposure.

Ethical Considerations

The study protocol was approved by the Ethics Commit-
tee of Azerbaijan Medical University (Protocol No. 5,
2023). The study was conducted in accordance with the
Declaration of Helsinki and applicable institutional re-
quirements. Written informed consent was obtained from
the parents or legal guardians of participating children.
Statistical Analysis

Categorical variables were summarized as numbers and
percentages. Between-group comparisons were per-
formed using the chi-square test or Fisher’s exact test, as

appropriate. Fisher’s exact test was used for outcomes
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containing zero events in one group. A two-sided p-value
<0.05 was considered statistically significant. Because
unilateral versus bilateral surgery was unevenly distrib-
uted between groups, this baseline difference was consid-
ered a potential confounding factor when interpreting

postoperative outcomes.

Results

Patient and Perioperative Characteristics

A total of 167 children were included: 117 in the control
group and 50 in the dexmedetomidine group. Overall, the
cohort comprised 90 boys and 77 girls. Sex distribution
did not differ significantly between groups (p=0.301).
Unilateral surgery was more frequent in the dexme-
detomidine group (70.0% vs 51.3%), and the distribution
of unilateral versus bilateral surgery differed between

groups (p=0.025).

Dexme-
Characteris- Control .
i (=117) detomidine p-value
i n=
¢ (n=50)
Age, years 2-16 2-16 —
Male, n (%) 60 (51.3) 30 (60.0) 0.301
Female, n (%) | 57 (48.7) 20 (40.0)
ASALn (%) | 117 (100) 50 (100) —
Unilateral
60 (51.3) 35 (70.0) 0.025
surgery, n (%)
Bilateral -
Attt SUE 57 48.7) 15 (30.0)
gery, n (%)
Surgical dura-
UTEICAT CUTA | 3040 30-40 _
tion, min
Anesthesi
nesv es1a. 3545 35-45 —
duration, min
fl
Sevoflurane, 15-2.0 15-2.0 o
%
Fentanyl, 5 3 Protocol-
ng/kg defined
D -
d etxmjcd. 03 Protocol-
etomidine, . defined
ng/kg

Table 1. Patient and perioperative characteristics. Values are presented
as n (%) or range, as appropriate. ASA, American Society of Anesthe-
siologists.
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Oculocardiac Reflex

OCR occurred in 75 of 117 children (64.1%) in the con-
trol group and in 30 of 50 children (60.0%) in the dexme-
detomidine group. The difference was not statistically
significant (Fisher’s exact p=0.727).

Postoperative Nausea and Vomiting

PONV was documented in 100 of 117 children (85.5%)
in the control group and in none of the 50 children in the
dexmedetomidine group (p<0.001).

Emergence Agitation

EA was documented in 100 of 117 children (85.5%) re-
ceiving the conventional regimen and in none of the 50
children receiving dexmedetomidine (p<0.001).

Rescue Postoperative Analgesia

Rescue postoperative analgesia was required in 100 of
117 control patients (85.5%) and in none of the 50 chil-
dren receiving dexmedetomidine (p<<0.001). This was ob-
served despite the lower protocol-defined fentanyl dose
of 3 pg/kg in the dexmedetomidine group compared with
5 pg/kg in controls.

Dexme-
Control .
Outcome detomidine p-value
(n=117)
(n=50)
OCR, n (%) 75 (64.1) 30 (60.0) 0.727
PONV,n (%) | 100 (85.5) 0(0) <0.001
Emergence
agitation, n | 100 (85.5) 0(0) <0.001
(%)
Rescue post-
operative an- | 100 (85.5) 0(0) <0.001
algesia, n (%)
Fentanyl 5 3 Protocol-de-
dose, pg/kg fined

Table 2. Perioperative outcomes. OCR, oculocardiac reflex; PONV,
postoperative nausea and vomiting.

Discussion

The principal finding of this prospective comparative co-
hort study was that an anesthetic protocol incorporating
pre-induction dexmedetomidine 0.3 pg/kg and lower fen-
tanyl exposure was associated with a favorable early
postoperative recovery profile in children undergoing

strabismus surgery. No rescue postoperative analgesia,
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PONV, or clinically documented EA was recorded
among the 50 children managed with the dexmedetomi-
dine-containing protocol, whereas OCR remained fre-
quent and did not differ significantly between groups.
Opioid-Sparing Strategy and Postoperative Analgesia
The dexmedetomidine group received fentanyl 3 pg/kg
compared with 5 pg/kg in controls, representing a 40%
lower protocol-defined fentanyl dose.

Despite this difference, no child in the dexmedetomidine
group required rescue postoperative analgesia.

Previous randomized studies and meta-analytic evidence
support analgesic-sparing effects of dexmedetomidine in
pediatric strabismus surgery [6,8,9].

Chiang et al. reported a significant reduction in additional
analgesic requirements (RR 0.38, 95% CI 0.25-0.57) [6].
However, the fentanyl dose in our study was predeter-
mined by protocol rather than titrated as an experimental
outcome.

Therefore, the data do not establish that dexmedetomi-
dine itself caused a 40% reduction in opioid requirement;
rather, they show that the combined dexmedetomidine-
containing regimen used lower fentanyl exposure and
was associated with no documented rescue analgesia.
Emergence Agitation

No clinically documented EA occurred in the dexme-
detomidine group, compared with an incidence of 85.5%
in controls. Song et al. reported EA incidences of 60%,
48%, 44%, and 21% with placebo and dexmedetomidine
0.25, 0.5, and 1 pg/kg, respectively [5].

Kim et al. also reported a marked reduction in EA with
low-dose dexmedetomidine during strabismus surgery
[9]. In the meta-analysis by Chiang et al., dexmedetomi-
dine reduced EA (RR 0.39, 95% CI 0.25-0.62) and se-
vere EA (RR 0.27, 95% CI 0.17-0.43) [6].

The complete absence of clinically documented EA in
our dexmedetomidine group is a particularly large effect
and should be interpreted cautiously because EA was as-
sessed clinically rather than with a validated Pediatric

Anesthesia Emergence Delirium scale.
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Postoperative Nausea and Vomiting

PONYV was documented in 85.5% of controls and in none
of the dexmedetomidine patients. Li et al. reported that
dexmedetomidine 0.5 pg/kg reduced 24-h PONV from
32% with placebo to 10% [4]. Chen et al. also reported
lower postoperative vomiting with dexmedetomidine
than placebo [8]. The meta-analysis by Chiang et al.
found a significant reduction in PONV (RR 0.33, 95% CI
0.21-0.54) [6]. The magnitude of the difference in our
cohort is greater than that generally reported in random-
ized trials and should not be interpreted as evidence that
dexmedetomidine completely prevents PONV. Dexme-
detomidine exposure, lower fentanyl exposure, and other
protocol-related factors may all have contributed, and
their independent effects cannot be separated in this
study.

Oculocardiac Reflex

OCR occurred in 64.1% of controls and 60.0% of dexme-
detomidine patients (p=0.727). Song et al. reported es-
sentially identical OCR incidences across placebo and
dexmedetomidine doses of 0.25, 0.5, and 1 pg/kg (36%,
36%, 36%, and 37%, respectively) [5]. In contrast, Li et
al. reported a reduction in OCR from 68% with placebo
to 42% with dexmedetomidine 0.5 pg/kg [4], and the
meta-analysis by Chiang et al. reported an overall reduc-
tion in OCR [6]. Differences in dose, anesthetic tech-
nique, opioid exposure, depth of anesthesia, extraocular
muscles manipulated, and OCR definitions may contrib-
ute to variability between studies. Our findings suggest
that the 0.3 pg/kg dexmedetomidine-containing protocol
was not associated with a detectable reduction in OCR.
Clinical Implications

The findings support further evaluation of low-dose pre-
induction dexmedetomidine as a component of multi-
modal anesthesia for pediatric strabismus surgery. In this
cohort, the main observed differences concerned early
postoperative recovery rather than prevention of OCR.
These findings are hypothesis-generating rather than

proof of a dexmedetomidine-specific causal effect.

Strengths and Limitations

Strengths include the prospective design, inclusion of
167 pediatric patients, predefined anesthetic protocols,
and assessment of several clinically relevant strabismus-
specific outcomes. Important limitations include the sin-
gle-center non-randomized design, unequal group sizes,
and the significant imbalance in unilateral versus bilateral
procedures. Dexmedetomidine administration and fenta-
nyl reduction occurred simultaneously, preventing sepa-
ration of their independent effects. EA was assessed clin-
ically rather than with a validated PAED scale, and post-
operative analgesia was assessed according to rescue
medication rather than a standardized age-appropriate
pain scale. The postoperative observation interval was
not analyzed as a time-to-event endpoint. Finally, the
zero-event findings for PONV, EA, and rescue analgesia
in the dexmedetomidine group are stronger than most
published randomized evidence and require cautious in-

terpretation and external confirmation.

Conclusion

In this prospective comparative cohort of 167 children
undergoing strabismus surgery, a protocol incorporating
intravenous dexmedetomidine 0.3 pg/kg before induction
and fentanyl 3 pg/kg was associated with favorable early
postoperative outcomes compared with a conventional
protocol using fentanyl 5 pg/kg. No PONV, clinically
documented EA, or rescue postoperative analgesic use
was recorded in the dexmedetomidine group, whereas
OCR incidence was similar between groups. Because the
study was non-randomized and dexmedetomidine admin-
istration coincided with lower fentanyl exposure, causal
attribution to dexmedetomidine alone is not possible.
Randomized controlled studies using standardized pain,

agitation, and PONV assessments are warranted.
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