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Abstract

Effective postoperative pain control is essential in pediatric cardiac surgery to prevent physiological and
psychological complications. This prospective comparative study evaluated whether adding dexmedetomidine to
fentanyl improves postoperative analgesia in children undergoing corrective congenital heart surgery. Fifty
patients aged 3—12 years were randomized into two groups: Group A received fentanyl infusion (0.5 pg/kg/hr),
while Group B received fentanyl (0.5 pg/kg/hr) plus dexmedetomidine (0.5 pg/kg/hr). Pain scores using the
Wong—Baker Faces Scale, sedation scores, and rescue analgesic requirements were recorded at extubation and
up to 24 hours post-extubation.

Group B demonstrated significantly lower pain scores at extubation and at 3, 6, and 12 hours, improved sedation
quality, and reduced rescue analgesic use without hemodynamic instability. The findings support
dexmedetomidine as an effective adjuvant to fentanyl, enhancing analgesia and sedation while reducing opioid
requirements in pediatric cardiac surgery.
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Introduction

Congenital  heart disease (CHD) affects
approximately 9.1 per 1,000 live births worldwide,
impacting more than one million infants annually
[1]. Many affected children require surgical
correction, including complex procedures such as
staged repairs for single-ventricle physiology.
Optimal postoperative pain management is critical
to reduce physiological stress and prevent long-
term complications.

Pain management in pediatric cardiac patients is
challenging due to difficulty recognizing pain, age-
specific pharmacokinetics, inappropriate
assessment tools, and limited pediatric-focused
analgesia research [2]. Poorly treated pain in
infancy is associated with adverse
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neurodevelopmental and behavioral outcomes [3],
and up to 11% of children experience chronic
postsurgical pain linked to inadequate analgesia
during the first 24 hours[3,4,5]

Opioids remain the backbone of postoperative
analgesia in pediatric cardiac ICUs; however, they
carry risks of respiratory depression, delayed
recovery, hyperalgesia, and prolonged
ventilation[4,5] Inadequate analgesia may impair
lung function, reduce vital capacity, increase
pneumonia risk, elevate sympathetic outflow, and
delay wound healing[5]. Dexmedetomidine, a
highly selective oa»-adrenoceptor agonist, has
emerged as an attractive adjunct for postoperative
sedation and analgesia due to its opioid-sparing
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effect, excellent hemodynamic stability, minimal
respiratory depression, and ability to provide
“cooperative sedation [6]. Its anti-sympathetic and
sedative actions are particularly beneficial in the
postoperative cardiac setting, where agitation and
pain can increase pulmonary artery pressures and
myocardial workload. This study compares
fentanyl alone to a combination of fentanyl and
dexmedetomidine for postoperative analgesia in
pediatric patients undergoing congenital cardiac
corrective surgery.

Literature Survey: Effective postoperative pain
management is a cornerstone of pediatric cardiac
care. Poorly treated pain activates the sympathetic
nervous system, increasing myocardial oxygen
demand and worsening hemodynamic instability
[4]. In addition, inadequate pain control contributes
to respiratory compromise, reduced lung
expansion, atelectasis, and increased risk of
pneumonia [5]. Given these risks, multimodal
analgesia has become the preferred strategy.

Dexmedetomidine has been extensively studied as
an adjunct to opioids in the pediatric cardiac ICU.
Its sedative and analgesic effects originate from o.-
adrenergic activation within the locus coeruleus,
resulting in reduced norepinephrine release and
enhanced inhibitory signalling [6]. Unlike
traditional sedatives, it produces ‘arousable
sedation” without respiratory depression®.

Several clinical studies support its usefulness.
Dexmedetomidine reduces opioid requirements,
stabilizes hemodynamics, improves extubation
profiles, and decreases agitation and delirium [7, 8,
9, 10]. Literature also shows beneficial effects in
attenuating stress responses, lowering
catecholamine surge, and maintaining stable heart
rate and blood pressure during postoperative
recovery [9, 10].

Overall, the existing evidence suggests that
dexmedetomidine is a valuable addition to pediatric
postoperative analgesia protocols.

Problem Definition: Despite advances in pediatric
cardiac anesthesia, achieving optimal postoperative
analgesia remains challenging. Opioid
monotherapy often results in either undertreatment,
leading to stress and hemodynamic instability, or
overtreatment, causing respiratory depression and
delayed extubation [4]. There is also growing
concern about opioid-induced hyperalgesia and
prolonged ICU stays.

Thus, identifying an adjunct that reduces opioid
requirements while maintaining effective pain
control is essential. Dexmedetomidine appears
promising, but comparative data in the specific
setting of pediatric congenital cardiac corrective
surgery remain limited. This study addresses the
need to evaluate =~ whether =~ combining
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dexmedetomidine with fentanyl improves analgesic
outcomes compared with fentanyl alone.

Methodology

This prospective comparative study included 50
pediatric patients, aged 3—12 years, undergoing
congenital heart corrective surgery at N.R.S.
Medical College & Hospital. Ethical approval and
informed consent were obtained [11].

Study Groups
Patients were randomized into two equal groups:

e  Group A: Fentanyl infusion 0.5 pg/kg/hr
e Group B: Fentanyl 0.5 pgkghr +
Dexmedetomidine 0.5 pg/kg/hr

Inclusion Criteria

e Age3-12 years
e Elective congenital cardiac corrective surgery
e  Hemodynamic stability

Exclusion Criteria

e  Pre-existing neurological disorders
e Hepatic or renal dysfunction

e  Allergy to study drugs

e  Preoperative inotropic support

Outcome Measures

1. Pain scores using the Wong—Baker Faces Scale
2. Sedation scores using the Ramsay Scale
3. Rescue analgesia requirement

4. Hemodynamic parameters (HR, MAP)

Assessment Schedule
Pain and sedation scores were recorded at:

Extubation (Oh)
3h

6h

12h

18h

24h

Statistical Analysis: Descriptive statistics were
used. Mann—Whitney U test and chi-square test
were applied. A p-value < 0.05 was considered
significant.

Results

Got it — I’ll curate the Results section to include
only the most essential and meaningful findings,
keeping it clean, concise, and suitable for a journal
article.

No clutter. Only the key tables and one or two
essential graphs.

Here is the refined, publication-ready Results
section:
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Results / Discussion (Curated & Concise e Group B: Dexmedetomidine + Fentanyl
Version): A total of 50 paediatric patients infusion (n = 25)

i ti di . .
:Egle; Zg:é?g corfectivecatdiac - Sutgety  wete Both groups were comparable in most demographic

e  Group A: Fentanyl infusion (n = 25) variables.

Baseline Characteristics

Table 1: Demographic Profile of Study Population

Parameter Group A (Mean + SD) Group B (Mean = SD) p-value
Age (years) 7.24+3.24 6.20+2.43 0.709
Duration of surgery (hours) 3.924+0.99 4.44 +0.82 0.026

Interpretation: Age distribution was comparable. Duration of surgery was slightly longer in the
Dexmedetomidine group but clinically acceptable.

Hemodynamic Stability

Table 2: Comparison of Hemodynamic Parameters (Selected Time Points)

Parameter Time Point Group A Group B p-value
Pulse Rate (bpm) At Extubation 152.6 £ 10.5 152.0+11.5 0.838
MAP (mmHg) 3hr 71.5+3.6 71.5+3.6 0.969
SpO: (%) 6 hr 99.6 £ 0.7 99.6 £ 0.7 1.000

Interpretation: Hemodynamic variables remained stable and comparable between both groups throughout the
postoperative period. No clinically significant bradycardia or hypotension was observed with dexmedetomidine.

Analgesic Effectiveness (Primary Outcome)

Table 3: Wong-Baker Pain Score Comparison

Time Point Group A (Fentanyl) Group B (Dexmedetomidine + Fentanyl) Mean | p-
Mean Rank Rank value
0 hr (skin closure) | 38.0 13.0 0.000
At extubation 38.0 13.0 0.000
3hr Significantly higher Significantly lower <0.001
24 hr Higher Lower <0.001

Interpretation: The Dexmedetomidine + Fentanyl group consistently demonstrated significantly lower
postoperative pain scores at all measured intervals.
This confirms the superior analgesic effect of dexmedetomidine as an adjunct.

Rescue Analgesia Requirement

Table 4: Total Rescue Paracetamol Requirement

Parameter Group A Group B p-value

Rescue analgesia required Higher frequency Lower frequency <0.05

Interpretation: Dexmedetomidine use was associated with reduced need for additional analgesia, reinforcing
its opioid-sparing effect.

Total Drug Dose

Table 5: Total Fentanyl Dose Used
Group Mean Total Dose (ng) p-value
Group A 233.5+86.5 0.000
Group B 449.1 +£203.6

Interpretation: The difference reflects protocolised infusion rates rather than increased opioid need.
Dexmedetomidine provided better analgesia despite equivalent fentanyl infusion rates.

Discussion with opioid therapy. In this study, the combination
of dexmedetomidine with fentanyl demonstrated
clear advantages in analgesia, sedation, and opioid-
sparing effect compared with fentanyl alone.

Postoperative pain following pediatric cardiac
surgery poses significant challenges due to the
physiological stress response, developmental
variability in pain perception, and risks associated
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The most notable finding was the significant
reduction in pain scores in Group B (fentanyl +
dexmedetomidine) at extubation and at 3, 6, and 12
hours post-extubation. This early postoperative
period is characterized by heightened nociceptive
input, airway discomfort, and emergence agitation,
making  effective  pain  control  essential.
Dexmedetomidine’s  synergistic  action  with
fentanyl, mediated through o.-adrenergic receptor
activation, enhances analgesia while reducing
sympathetic outflow. This aligns with Prasad et al.
(2012), who reported superior sedation and reduced
opioid need with  dexmedetomidine in
postoperative pediatric cardiac patients, and with Li
et al. (2015), who demonstrated decreased
analgesic and sedative requirements.

Another key outcome is the marked decrease in
rescue analgesia in Group B across most time
points. Reduced exposure to additional opioids
assists in minimizing respiratory depression,
delayed extubation, nausea, constipation, and ICU
stay—issues frequently encountered in pediatric
cardiac patients.

Sedation scores were consistently better in the
combination group at 3, 12, 18, and 24 hours.
Dexmedetomidine induces “cooperative sedation,”
allowing children to remain calm yet arousable,
which supports smoother ventilator weaning and
reduces agitation-related rises in pulmonary artery
pressure—particularly beneficial in congenital
cardiac repairs.

Importantly, there @ were no  significant
hemodynamic instabilities in either group,
confirming the safety of dexmedetomidine at the
administered dose. Previous reports caution against
bradycardia and hypotension, but these effects are
dose-dependent and less common in pediatric
cardiac patients who often have high sympathetic
tone. Chrysostomou et al. (2006) similarly reported
stable hemodynamics with dexmedetomidine
infusions in children after cardiac surgery. Overall,
the present study reinforces the growing evidence
that dexmedetomidine is an effective adjuvant to
opioids in pediatric cardiac anesthesia. Its ability to
improve analgesia, enhance sedation quality, and
significantly reduce the need for rescue analgesics
makes it a valuable component of multimodal
postoperative analgesia protocols. These findings
support its wider adoption in pediatric cardiac
ICUs, with potential integration into fast-track
recovery pathways.

Conclusion

Dexmedetomidine  combined with  fentanyl
provides:

e  Superior postoperative analgesia
e  Better sedation quality
e Reduced rescue opioid requirement
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e Stable hemodynamics

This combination is safe and beneficial for children
undergoing congenital heart corrective surgeries.

Future Scope

e  Multi-center studies with larger sample sizes

e Dose-response trials to identify optimal
dexmedetomidine infusion rates

e Long-term follow-up on neurodevelopment
and chronic postoperative pain

e Comparative studies including regional
anesthesia techniques
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