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Conflict of Interest: None declared undergoing elective infra-umbilical surgeries. Materials and Methods: This
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2026; 8 (1); 27-33 years (ASA I-II) scheduled for elective infra-umbilical surgeries. Participants

were randomized into two groups: Group B (n = 68) received 0.25%
bupivacaine (1 mL/kg), and Group BD (n = 69) received bupivacaine with
dexmedetomidine 1 pg/kg via the caudal route. Standardized anesthesia was
administered, and postoperative outcomes were assessed using the FLACC pain
scale. Primary outcome was duration of analgesia. Secondary outcomes
included postoperative pain scores, rescue analgesic requirements,
intraoperative stability, sedation, adverse events, and recovery characteristics.
Result: Baseline demographic and surgical characteristics were comparable
between groups. The mean duration of analgesia was significantly longer in
Group BD (9.2 + 2.8 hours) compared with Group B (3.9 + 1.1 hours; p <0.001).
Time to first rescue analgesic was significantly prolonged (median 9 vs. 4 hours;
p < 0.001), and rescue paracetamol requirements were markedly reduced in
Group BD (median 0 vs. 2 doses; p < 0.001). Postoperative FLACC pain scores
were consistently lower from 2 to 12 hours in the dexmedetomidine group (p <
0.001). While the incidence of excessive sedation was higher in Group BD
(11.6% vs. 2.9%; p = 0.046), no respiratory depression occurred. Emergence
agitation was significantly reduced with dexmedetomidine (2.9% vs. 13.2%; p
= 0.018), and recovery profiles remained comparable. Conclusion:
Dexmedetomidine significantly enhances caudal bupivacaine analgesia by

o o prolonging postoperative pain relief, reducing analgesic requirements, lowering
pain scores, and minimizing emergence agitation, with only a modest increase
in clinically manageable sedation. It represents an effective and safe adjuvant
for caudal anesthesia in pediatric infra-umbilical surgeries.

INTRODUCTION mobilization as well as long-term behavioural
consequences such as anxiety and needle fear.[?]
Effective perioperative analgesia is a critical Regional apesthesia, especially ca'ludal epid}lral
component of pediatric anesthesia, particularly for block., remains one .O.f th? most widely practlged
infra-umbilical surgeries such as herniotomy, techniques for providing intra- and postoperative
orchidopexy, hypospadias repair, and lower limb analgesia in children due to its simplicity, reliability,
procedures. Inadequately managed postoperative and favourable safety profile."”
pain in children is associated with adverse Caudal epidural anesthesia using local anesthetics
physiological responses including tachycardia, such as bupivacaine has been used for decades. A
hypertension, poor oral intake’ and delayed standard caudal dose of bupivacaine (0125—025%)
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provides 3—4 hours of postoperative analgesia in most
pediatric patients. However, its duration is often
insufficient for modern day-care and short-stay
pediatric surgeries, prompting the search for safe
adjuvants that can prolong analgesia without
increasing complications such as motor block,
urinary retention, or respiratory depression.’]
Various adjuvants including opioids (morphine,
fentanyl), ketamine, midazolam, clonidine, and a2-
agonists have been studied with mixed efficacy and
varying safety concerns.®) Notably, opioids, while
effective, may cause nausea, vomiting, pruritus, and
respiratory depression, limiting their use in the
pediatric population.[! Thus, the need persists for an
ideal adjuvant that prolongs analgesia with minimal
adverse effects.

Dexmedetomidine, a highly selective a2-adrenergic
receptor agonist with an a2:al selectivity ratio of
1620:1, has gained attention as a promising adjuvant
in regional anesthesia owing to its sedative,
analgesic, and sympatholytic properties without
significant respiratory depression.®!Its mechanism of
action includes suppression of nociceptive
neurotransmission at the dorsal horn, enhancement of
descending inhibitory pain pathways, and reduction
of sympathetic outflow.”) When used in neuraxial
blocks, dexmedetomidine has shown to prolong
sensory blockade, improve postoperative analgesia,
and provide smoother recovery profiles.!'”
Emerging evidence  suggests that caudal
dexmedetomidine, in doses ranging from 1-2 pg/kg,
added to bupivacaine significantly extends analgesia
duration from a typical 3—4 hours with bupivacaine
alone to 6-10 hours in several pediatric trials—
without major hemodynamic instability or excessive
sedation.''2l A meta-analysis reported that
dexmedetomidine improved postoperative pain
scores, decreased rescue analgesic requirements by
nearly 40%, and reduced emergence agitation, while
maintaining an acceptable safety profile.!'’]
However, concerns remain regarding bradycardia,
hypotension, and prolonged sedation, particularly at
doses >2 pg/kg, highlighting the need for further
well-designed studies to define the optimal dose—
response profile.l'¥

Despite an increasing number of studies,
heterogeneity persists regarding patient age groups,
surgical procedures, dosing regimens, and pain
assessment methods. Additionally, existing literature
from Indian pediatric populations is limited, despite
the widespread use of caudal epidural anesthesia in
routine practice. Therefore, further research is
warranted to evaluate the efficacy, duration of
analgesia, hemodynamic profile, and safety of
dexmedetomidine as an adjuvant to bupivacaine in
children undergoing infra-umbilical surgeries.

The present study aims to address these gaps by
systematically assessing the analgesic efficacy and
safety outcomes of dexmedetomidine—bupivacaine
combination administered via the caudal route in
pediatric patients undergoing elective infra-umbilical
surgeries.

MATERIALS AND METHODS

Study Design and Setting

This prospective study was conducted in the
Department of Anaesthesiology at a tertiary care
teaching institution, over a period of 12 months from
July 2021 to June 2022 . Approval was obtained from
the Institutional Ethics Committee prior to study
initiation. Written informed consent was obtained
from parents or legal guardians of all participating
children.

Study Population

Children aged 1 to 8 years, belonging to the
American Society of Anesthesiologists (ASA)
physical status I-II and scheduled for elective infra-
umbilical surgical procedures such as herniotomy,
orchidopexy, circumcision, hypospadias repair, and
lower limb orthopedic procedures, were eligible for
inclusion. Children with known hypersensitivity to
study drugs, congenital spinal deformities,
coagulopathy, local infection at caudal region,
neurological disorders, developmental delay, pre-
existing cardiac conduction abnormalities, or those
receiving o2-agonists, opioids, or anticonvulsants
were excluded. Children in whom caudal block could
not be successfully administered were also excluded
from analysis.

Sample Size Calculation

The sample size was calculated based on the expected
prolongation of postoperative analgesia with caudal
dexmedetomidine. Assuming a mean difference of at
least 2 hours in duration of analgesia between groups,
a standard deviation of 3 hours, a power of 80%, and
an alpha error of 0.05, the minimum required sample
size was estimated as 62 participants per group. To
account for possible dropouts or block failures, a total
of 137 children were recruited and randomized.
Randomization and Blinding

Participants were randomly allocated into two groups
using a computer-generated randomization sequence
placed in sealed, opaque envelopes. Group B
received caudal bupivacaine alone, while Group BD
received bupivacaine with dexmedetomidine. An
independent anesthesiologist, not involved in patient
care or postoperative assessment, prepared all study
drug solutions in identical syringes to ensure
blinding. Both the anesthesiologist performing the
block and the observer collecting intraoperative and
postoperative data were blinded to group allocation.
Anesthesia Technique

All children were kept fasting as per standard
pediatric fasting guidelines. In the operating theatre,
baseline heart rate, oxygen saturation, and non-
invasive blood pressure were recorded. General
anesthesia was induced using intravenous propofol
(2-3 mg/kg) or inhalational sevoflurane through a
facemask, followed by securing an appropriately
sized laryngeal mask airway or endotracheal tube
based on institutional protocols. After induction and
positioning in the left lateral decubitus posture, the
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caudal block was performed under strict aseptic
precautions using a 22-gauge short-bevel needle
introduced through the sacral hiatus.

Children in Group B received 0.25% bupivacaine at
a dose of 1 mL/kg, whereas those in Group BD
received 0.25% bupivacaine 1 mL/kg combined with
dexmedetomidine 1 pg/kg. The total volume
remained constant in both groups. Correct needle
placement was confirmed by the characteristic loss of
resistance and absence of blood or cerebrospinal fluid
aspiration before drug injection. No additional
analgesic or sedative was administered caudally.
Intraoperative Monitoring and Management
Standard monitoring including ECG, pulse oximetry,
capnography, and non-invasive blood pressure was
maintained throughout surgery. Hemodynamic
parameters were noted at baseline, after induction,
after caudal block, and subsequently at 5-minute
intervals for the first 15 minutes and every 10 minutes
thereafter. A decrease in heart rate or mean arterial
pressure by >20% of baseline was treated as
bradycardia (managed with atropine 0.02 mg/kg) or
hypotension (managed with intravenous fluids or
ephedrine as needed). Intraoperative analgesia was
considered inadequate if heart rate or blood pressure
increased by >20% from baseline, and fentanyl 1
png/kg was administered as rescue analgesia. Total
anesthesia duration and intraoperative complications
were recorded.

Postoperative Assessment

Children were shifted to the post-anesthesia care unit
(PACU) for continuous monitoring. Postoperative
pain was assessed using an age-appropriate validated
scale such as the FLACC (Face—Legs—Activity—Cry—
Consolability) score at 30-minute intervals for the
first 2 hours and hourly thereafter until 12 hours or
until pain required intervention. The duration of
analgesia, the primary outcome, was defined as the
time from caudal drug administration to the first
FLACC score >4, at which point paracetamol (15
mg/kg IV/oral) was given as rescue analgesic.
Sedation was evaluated using the Ramsay Sedation
Scale at similar intervals. Hemodynamic parameters,
emergence agitation, nausea, vomiting, urinary
retention, pruritus, and any episodes of bradycardia

or hypotension were documented. Total rescue
analgesic consumption in the first 12 or 24 hours was
calculated.

Outcome Measures

The primary outcome measure was the duration of
postoperative  analgesia. Secondary outcomes
included intraoperative hemodynamic stability, need
for intraoperative rescue analgesia, postoperative
pain scores at predefined intervals, sedation scores,
number of rescue analgesic doses, time to first rescue
analgesic, and incidence of adverse effects such as
bradycardia, hypotension, vomiting, urinary
retention, respiratory events, and delayed recovery.
Statistical Analysis

Data were entered into Microsoft Excel and analyzed
using SPSS version 20.0 (IBM Corp., Armonk, NY,
USA). Continuous variables were expressed as mean
+ standard deviation or median with interquartile
range, depending on normality assessed by the
Kolmogorov—Smirnov test. Comparisons between
the two groups were performed using the independent
t-test or Mann—Whitney U-test as appropriate.
Categorical variables were analyzed using the Chi-
square test or Fisher’s exact test. A p-value <0.05 was
considered statistically significant.

RESULTS

The two groups were comparable with respect to
demographic and preoperative clinical
characteristics. The mean age (4.2 + 1.8 vs. 4.0 £ 1.7
years; p = 0.448) and mean weight (14.5 = 3.2 vs.
14.2 £ 3.1 kg; p = 0.512) did not differ significantly
between Group B and Group BD. The distribution of
gender was similar, with males comprising 72.1%
and 69.6% respectively (p = 0.788). ASA physical
status (I/I1) was also comparable between the groups
(p = 0.702). The types of infra-umbilical surgeries
(herniotomy, orchidopexy, circumcision,
hypospadias/penile procedures, and lower limb/other
surgeries) were evenly distributed (p = 0.951),
confirming that both groups were well matched at
baseline without any statistically significant
differences. [Table 1]

Table 1: Baseline demographic and clinical characteristics

. Group B (n =68) | Group BD (n =69)
Variable Frequency (%)/mean + SD p-value
Age (years) 42+1.8 40+1.7 0.448
Weight (kg) 145+3.2 142 +3.1 0.512
Gender
Female 19 (27.9%) 21 (30.1%) 0.788
Male 49 (72.1%) 48 (69.6%) )
ASA
I 58 (85.3%) 57 (82.6%) 0.702
11 10 (14.7%) 12 (17.4%) )
Type of surgery
Herniotomy 27 (39.7%) 29 (42.0%)
Orchidopexy 17 (25.0%) 16 (23.2%)
Circumcision 10 (14.7%) 9 (13.0%) 0.951
Hypospadias / penile 3 (4.4%) 4 (5.8%)
Lower limb ortho / others 11 (16.2%) 11 (15.9%)

ASA — American Society of Anesthesiologists.
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Intraoperative parameters and block characteristics
were comparable between the groups. The duration
of surgery (45.8 £ 15.4 vs. 47.4 + 14.3 minutes; p =
0.367) and duration of anesthesia (62.9 + 18.1 vs.
64.8 = 17.4 minutes; p = 0.446) showed no significant
difference. Single-attempt caudal block success was
high and almost identical (92.6% vs. 92.8%; p

0.983). Although intraoperative rescue fentanyl
requirements were lower in Group BD (8.7% vs.
14.7%), the difference was not statistically
significant (p 0.271). The incidence of
intraoperative bradycardia and hypotension remained
very low in both groups, with no significant
differences (p > 0.05). [Table 2]

Table 2: Intraoperative variables and immediate block performance

. Group B (n = 68) | Group BD (n = 69)
Variable Frequency (%)/mean = SD p-value
Duration of surgery (min) 458+154 474+14.3 0.367
Duration of anesthesia (min) 62.9 £ 18.1 64.8+174 0.446
Successful single-attempt caudal 63 (92.6%) 64 (92.8%) 0.983
Intraop rescue fentanyl required (>1 dose) 10 (14.7%) 6 (8.7%) 0.271
Intraop bradycardia (requiring treatment) 1 (1.5%) 2 (2.9%) 0.625
Intraop hypotension (requiring treatment) 0 (0.0%) 1 (1.4%) 0.322

Intraop — Intraoperative.

Group BD demonstrated a markedly superior
analgesic profile compared to Group B. The mean
duration of analgesia was more than doubled with
dexmedetomidine (9.2 + 2.8 vs. 3.9 + 1.1 hours; p <
0.001). The time to first rescue analgesic was
significantly prolonged (median 9 [7-12] vs. 4 [3-5]
hours; p < 0.001). Children in Group BD required

substantially fewer rescue paracetamol doses within
24 hours (median 0 [0—1] vs. 2 [1-3]; p < 0.001), and
the overall proportion requiring any rescue analgesia
was dramatically lower (30.4% vs. 82.4%; p < 0.001).
Total paracetamol consumption was correspondingly
reduced (12.6 + 10.6 vs. 45.7 + 18.4 mg/kg; p <
0.001). [Table 3]

Table 3: Primary and key secondary analgesic outcomes

Group B (n = 68) | Group BD (n = 69)
Outcome Frequency (%)/mean + SD/median (IQR) p-value
Duration of analgesia (hours) 39+1.1 9.2+2.8 <0.001
Time to first rescue analgesic (hours) 4 (3-5) 9 (7-12) <0.001
Number of rescue paracetamol doses in 24 h 2 (1-3) 0(0-1) <0.001
Proportion needing any rescue analgesic in 24 h 56 (82.4%) 21 (30.4%) <0.001
Total paracetamol consumption in 24 h (mg/kg) 45.7+18.4 12.6 £10.6 <0.001

IQR - Interquartile range.

Postoperative pain scores were consistently and
significantly lower in Group BD after the first hour
of recovery. While FLACC scores at 1 hour were

median scores at 2 hours (p =0.003), 4 hours, 6 hours,
8 hours, and 12 hours (all p < 0.001). Notably, pain
scores in Group B rose steadily from 4 to 8 hours,

similar in both groups (p = 0.625), pain scores whereas Group BD maintained minimal pain
diverged thereafter, with Group BD showing lower throughout this period. [Table 4]
Table 4: Postoperative FLACC pain scores at prespecified times

Time after caudal Group B (n = 68) me dial|1 a QR)G roup BD (n = 69) p-value

1 hour 0(0-1) 0(0-1) 0.625

2 hours 1(0-2) 0(0-1) 0.003

4 hours 3(2-4) 1(0-2) <0.001

6 hours 4(3-5) 1(0-2) <0.001

8 hours 4(3-5) 2(1-3) <0.001

12 hours 3(2-4) 1(0-2) <0.001

FLACC — Face—Legs—Activity—Cry—Consolability; IQR — Interquartile range.

The incidence of adverse events was low in both
groups. Bradycardia occurred more frequently in
Group BD (7.2% vs. 1.5%), though the difference did
not reach statistical significance (p 0.094).
Hypotension was rare and comparable across groups
(p = 0.247). Excessive sedation (Ramsay Sedation
Score >3) was significantly higher in the

dexmedetomidine group (11.6% vs. 2.9%; p = 0.046),
although all cases were transient and clinically
manageable. Rates of postoperative nausea/vomiting
were similar (p = 0.499), and no child in either group
developed urinary retention or respiratory depression
(RR <10/min or SpO2 <92%). [Table 5]
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Table 5: Adverse events and sedation

Group B (n = 68) | Group BD (n = 69)
Event Frequency (%) p-value
Bradycardia (HR drop requiring atropine) 1 (1.5%) 5(7.2%) 0.094
Hypotension (treated) 0 (0.0%) 2 (2.9%) 0.247
Excessive sedation (Ramsay >3) 2 (2.9%) 8 (11.6%) 0.046
Nausea / vomiting 6 (8.8%) 4 (5.8%) 0.499
Urinary retention 0 (0.0%) 0 (0.0%) —
Respiratory depression (RR <10 or desat <92%) 0 (0.0%) 0 (0.0%) —
HR — Heart rate; RR — Respiratory rate.
The incidence of adverse events was low in both Score >3) was significantly higher in

groups. Bradycardia occurred more frequently in
Group BD (7.2% vs. 1.5%), though the difference did
not reach statistical significance (p = 0.094).
Hypotension was rare and comparable across groups
(p = 0.247). Excessive sedation (Ramsay Sedation

dexmedetomidine group (11.6% vs. 2.9%; p = 0.046),
although all cases were transient and clinically
manageable. Rates of postoperative nausea/vomiting
were similar (p = 0.499), and no child in either group
developed urinary retention or respiratory depression
(RR <10/min or SpO: <92%). [Table 6]

Table 6: Recovery and discharge parameters

Group B (n = 68) | Group BD (n = 69)
Outcome Frequency (%)/mean + SD p-value
Emergence agitation 9 (13.2%) 2 (2.9%) 0.018
Time in PACU (hours) 2.1+£0.8 24+1.0 0.078
Readmission / unexpected overnight stay 3 (4.4%) 2 (2.9%) 0.663
Parental satisfaction (satisfied/very satisfied) 52 (76.5%) 60 (87.0%) 0.101

PACU — Post-Anesthesia Care Unit.

DISCUSSION

In this randomized controlled study evaluating the
efficacy of dexmedetomidine as an adjuvant to caudal
bupivacaine in children undergoing elective infra-
umbilical surgeries, we observed a significant
enhancement in postoperative analgesia, reduced
analgesic requirement, superior pain scores, and a
favourable recovery profile, with only a modest
increase in sedation. Both groups were comparable at
baseline, as demonstrated by the absence of
statistically significant differences in demographic
variables, ASA classification, and distribution of
surgical procedures. This homogeneity ensured that
the analgesic and recovery outcomes could be
attributed primarily to the pharmacological
intervention rather than confounding factors.

Dexmedetomidine significantly prolonged the
duration of postoperative analgesia compared to
bupivacaine alone, with the mean duration increasing
from 3.9 + 1.1 hours to 9.2 + 2.8 hours (p < 0.001).
This nearly 2.5-fold extension aligns with previous
studies demonstrating the analgesic potentiation of
dexmedetomidine when used caudally. Oruobu-
Nwogu et al., reported a similar prolongation from 5
to 10 hours with 2 pg/kg dexmedetomidine added to
bupivacaine,!'! while Goyal et al., documented
prolonged analgesia extending to 8—10 hours in
Indian pediatric populations.['! The mechanism is
likely due to the high o2-adrenergic selectivity of
dexmedetomidine, which inhibits nociceptive
transmission at the dorsal horn, enhances
hyperpolarization of interneurons, and reduces
sympathetic outflow, thereby modulating both
central and peripheral pain pathways.[!617:18]

The time to first rescue analgesia in our study was
significantly delayed in the dexmedetomidine group
(median 9 vs. 4 hours; p < 0.001), consistent with
findings by Salama et al., and Xu et al., they observed
delayed analgesic demand and reduced postoperative
analgesic consumption with 1-2 pg/kg caudal
dexmedetomidine.['¥!) In our study, the proportion
of children requiring any rescue analgesic in the first
24 hours decreased dramatically from 82.4% in
Group B to 30.4% in Group BD (p < 0.001). This
robust reduction in analgesic requirement is clinically
relevant in pediatric practice as it minimizes opioid
and paracetamol exposure, reduces nursing
interventions, and improves overall patient
comfort.?%l Total paracetamol consumption, reduced
by nearly 70% in the dexmedetomidine group (12.6
+ 10.6 vs. 45.7 + 18.4 mg/kg; p < 0.001), further
corroborates the superior analgesic efficacy observed
in studies by Elfawal et al., and Shah et al.[2%-2!]
Postoperative pain scores assessed using the FLACC
scale also demonstrated consistently lower values in
the dexmedetomidine group from 2 to 12 hours
postoperatively. The difference became significant as
early as 2 hours (p = 0.003) and was highly
significant thereafter (p <0.001). These results mirror
studies by Singh et al., and Al-Zaben et al., who
reported significantly lower FLACC scores up to 8—
10 hours postoperatively with caudal
dexmedetomidine.”>?31 The sustained analgesic
effect observed in our study supports the hypothesis
that dexmedetomidine prolongs both sensory
blockade and central analgesic modulation.!?*]
Importantly, dexmedetomidine did not compromise
intraoperative hemodynamic stability. Intraoperative
bradycardia and hypotension were infrequent and
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comparable between groups, consistent with
literature  indicating that low-dose caudal
dexmedetomidine maintains cardiovascular
stability.[>* Although intraoperative fentanyl rescue
was less frequently required in the dexmedetomidine
group (8.7% vs. 14.7%), this difference did not reach
statistical significance, possibly due to limited
sample size or the modest nociceptive stimulus of the
included surgical procedures.!

In terms of adverse effects, excessive sedation
(Ramsay >3) was significantly higher in the
dexmedetomidine group (11.6% vs. 2.9%; p = 0.046).
However, all episodes were transient and clinically
manageable. This finding aligns with reports from
Senthamizh et al., and Sneha et al., who observed
mild-to-moderate sedation with similar dosing but
without respiratory compromise.??” The absence of
respiratory depression in any child in our study
further reinforces the respiratory safety of
dexmedetomidine, which is a well-known advantage
of a2-agonists compared to opioids.!?®]

A notable finding was the significantly lower
incidence of emergence agitation in Group BD (2.9%
vs. 13.2%; p = 0.018). Dexmedetomidine is
recognised for producing smoother emergence by
modulating central sympathetic activity and reducing
anesthetic excitatory responses. Previous pediatric
studies, including those by Yadav et al., and Singh et
al., have similarly reported reduced emergence
agitation and improved recovery profiles with
dexmedetomidine.?28! Although the PACU stay was
slightly longer in the dexmedetomidine group (2.4 +
1.0 hours vs. 2.1 = 0.8 hours; p = 0.078), this
difference was not clinically significant and did not
affect discharge or unplanned admissions. Parental
satisfaction scores, though not statistically different,
were higher in the dexmedetomidine group (87.0%
vs. 76.5%), likely reflecting improved postoperative
comfort and calmer recovery.*"]

Physiologically, the augmentation of caudal
analgesia by dexmedetomidine may be attributed to
several ~mechanisms inhibition of C-fiber
neurotransmitter release, potentiation of local
anesthetic effects via hyperpolarization of dorsal
horn neurons, central sympatholysis reducing stress
responses, and anti-inflammatory effects
contributing to prolonged analgesia.*%3!1 The
consistency of our results with these known
pharmacodynamic properties strengthens their
validity.

Limitations

This study has some limitations. The use of a single
dose of dexmedetomidine precludes evaluation of
dose-response relationships, and the optimal dose for
balancing analgesia and sedation could not be
determined. Despite blinding, observer bias in
sedation and behavioral assessments cannot be fully
excluded. The follow-up period was limited to the
first 24 postoperative hours; long-term behavioral
outcomes, late adverse effects, or delayed analgesic
needs were not assessed. Additionally, although the
overall sample size was adequate, the study may have

been underpowered to detect rare adverse events such
as significant bradycardia or hypotension. Finally,
being a single-center study may limit the external
validity across diverse healthcare settings with
varying anesthetic practices.

CONCLUSION

The addition of dexmedetomidine to caudal
bupivacaine in children undergoing elective infra-
umbilical surgeries significantly improves the quality
and duration of postoperative analgesia compared to
bupivacaine alone. Dexmedetomidine prolonged
analgesia by more than twofold, reduced
postoperative pain scores, markedly decreased rescue
analgesic requirements, and lowered the incidence of
emergence  agitation  without compromising
intraoperative hemodynamic stability or respiratory
function. Although a slightly higher incidence of
transient sedation was observed, it remained
clinically manageable and did not affect discharge
readiness or overall recovery. These findings support
the safe and effective use of dexmedetomidine as an
adjuvant in pediatric caudal anesthesia and highlight
its potential to enhance postoperative comfort and
parental satisfaction in day-care and short-stay
pediatric surgical settings.
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