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ABSTRACT

Background: Neonatal surgery poses significant challenges in postoperative pain management due to the immature nervous
system, metabolic differences, and concerns regarding opioid-related adverse effects. Historically, neonates were
undertreated for pain, but recent evidence highlights the need for adequate pain control to prevent long-term
neurodevelopmental consequences.

Objective: This study evaluates the role of multimodal analgesia in neonatal postoperative pain management by assessing
pain scores, opioid consumption, hemodynamic stability, and incidence of adverse effects in a tertiary care setting.

Methods: A prospective observational study was conducted over one year in the neonatal surgical unit of a tertiary care
hospital in Central India. A total of 120 neonates undergoing major surgeries were included. Pain management incorporated
systemic analgesics (paracetamol, opioids), regional anesthesia (caudal epidural, ilioinguinal-iliohypogastric nerve blocks),
and adjuncts (swaddling, sucrose). Pain was assessed using the Neonatal Infant Pain Scale (NIPS) and Premature Infant Pain
Profile (PIPP). Statistical analyses were performed using ANOVA and chi-square tests.

Results: Multimodal analgesia significantly reduced pain scores compared to opioid monotherapy (NIPS: 2.1 £ 0.5 vs. 3.8
+0.7,p<0.05;PIPP: 45+ 1.2vs. 7.3 £ 1.5, p <0.05). Opioid consumption was 40% lower in neonates receiving regional
anesthesia (0.15 £ 0.03 mg/kg vs. 0.25 + 0.05 mg/kg, p < 0.001). Hemodynamic stability was better in the multimodal group
(heart rate: 120 + 10 bpm vs. 130 + 12 bpm; mean arterial pressure: 45 + 5 mmHg vs. 40 £ 6 mmHg). The incidence of
opioid-related adverse effects was significantly lower in the multimodal group (respiratory depression: 5% vs. 18%, ileus:
7% vs. 22%, p < 0.01).

Conclusion: Multimodal analgesia provides superior pain control, reduces opioid dependence, improves hemodynamic
stability, and lowers opioid-related adverse effects in neonates undergoing major surgery. Future research should explore
long-term neurodevelopmental outcomes and optimize multimodal protocols to enhance neonatal pain management
practices.

Keywords: Neonatal surgery, postoperative pain, analgesia, multimodal pain management, opioid analgesics, NICU, pain
assessment

1. INTRODUCTION

Neonatal surgery presents unique challenges in pain management due to the immature nervous system, metabolic differences,
and concerns regarding opioid-related adverse effects. Historically, neonates were undertreated for pain due to
misconceptions about their pain perception. However, emerging evidence suggests that neonates not only perceive pain but
also exhibit long-term neurodevelopmental consequences when pain is inadequately managed. Effective pain control is
essential to reducing stress-related complications, enhancing recovery, and improving overall surgical outcomes.
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Multimodal analgesia, a strategy that integrates different classes of analgesics and regional techniques, has gained traction
as an optimal approach in neonatal pain management. This method combines systemic analgesics, including opioids and
non-opioid agents, with regional anesthesia techniques such as caudal epidural blocks and peripheral nerve blocks. The
rationale behind multimodal analgesia lies in its ability to target different pain pathways, thereby enhancing analgesic
efficacy while minimizing opioid dependency and related adverse effects.

The primary objective of this study is to evaluate the role of multimodal analgesia in neonatal surgery at a tertiary care center.
By comparing pain scores, opioid consumption, hemodynamic stability, and incidence of adverse effects, this study aims to
determine the safety and efficacy of this approach in neonatal postoperative care.

2. MATERIALS AND METHODS

Study Design and Setting

This prospective observational study was conducted over one year in the neonatal surgical unit of a tertiary care hospital in
Central India.

Inclusion and Exclusion Criteria
Inclusion Criteria:
e Neonates undergoing major surgical procedures requiring postoperative pain management.
e Parental consent obtained.
Exclusion Criteria:
o Neonates with congenital insensitivity to pain.
o  Cases with severe preoperative metabolic or neurological compromise.
Pain Management Protocol
A multimodal analgesic approach was used, incorporating:
1. Systemic Analgesics:
o Paracetamol (IV/rectal) as a primary non-opioid analgesic.
o Opioids (fentanyl/morphine) for moderate to severe pain.
2. Regional Anesthesia Techniques:
o Caudal epidural anesthesia.
o llioinguinal-iliohypogastric nerve blocks for abdominal surgeries.
3. Adjuncts:
o Non-pharmacological methods, including swaddling and sucrose administration.

Pain Assessment

Pain scores were measured using the Neonatal Infant Pain Scale (NIPS) and Premature Infant Pain Profile (PIPP).
Hemodynamic parameters, opioid consumption, and adverse events were monitored.

Statistical Analysis

Data were analyzed using SPSS software. Continuous variables were expressed as mean + standard deviation (SD) and
categorical data as percentages. The effectiveness of different analgesic modalities was compared using ANOVA and chi-
square tests.

3. RESULTS

A total of 120 neonates were included in the study. The mean gestational age was 35.4 + 2.5 weeks. The primary surgical
procedures included abdominal (gastroschisis repair, intestinal resection), thoracic (congenital diaphragmatic hernia repair),
and urological surgeries.

Parameter Value
Total Neonates 120
Mean Gestational Age (weeks) | 35.4+2.5
Abdominal Surgeries 45
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Thoracic Surgeries 30
Urological Surgeries 45

S0 Distribution of Neonatal Surgeries

Number of Neonates

Abdominal Surgeries Thoracic Surgeries Urological Surgeries
Surgery Type

The bar graph illustrates the distribution of 120 neonatal surgeries categorized into abdominal (45 cases), thoracic (30 cases),
and urological (45 cases) procedures. The mean gestational age of the neonates was 35.4 £ 2.5 weeks.

Pain Control: Multimodal analgesia significantly reduced NIPS and PIPP scores compared to opioid monotherapy (p <
0.05).

Pain Score Multimodal Group | Opioid Monotherapy
NIPS Score (Mean £ SD) | 2.1 £0.5 3.8%0.7
PIPP Score (Mean+SD) | 45+1.2 73+15

Comparison of Pain Scores between Multimodal and Opioid Monotherapy Groups

Multimodal Group
8 Opioid Monotherapy

Mean Score (+ SD)
»

NIPS Score PIPP Score
Pain Score Type

Multimodal analgesia significantly reduced NIPS and PIPP scores compared to opioid monotherapy (p < 0.05). Error bars
represent standard deviations.

Opioid Consumption: Neonates receiving regional anesthesia required 40% less opioid dosing (p < 0.001).

Group Opioid Consumption (mg/kg)
Multimodal Analgesia | 0.15 + 0.03

Opioid Monotherapy | 0.25 +0.05
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Opioid Consumption in Neonates
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Neonates receiving regional anesthesia required 40% less opioid dosing (*p* < 0.001).

Neonates receiving multimodal analgesia required 40% less opioid dosing compared to those on opioid monotherapy (p <
0.001).

Hemodynamic Stability: Better stability was observed in neonates managed with regional anesthesia.

Parameter Multimodal Group | Opioid Monotherapy
Heart Rate (bpm) 120+ 10 130+ 12
Mean Arterial Pressure (mmHg) | 455 40+£6

Hemodynamic Stability in Neonates
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Hemodynamic Stability in Neonates—Heart rate and mean arterial pressure were better maintained in the multimodal
analgesia group compared to the opioid monotherapy group.

Adverse Effects: Opioid-related side effects, such as respiratory depression and ileus, were significantly lower in the
multimodal group (p < 0.01).

Adverse Effect Multimodal Group (%) | Opioid Monotherapy (%0)
Respiratory Depression | 5 18
lleus 7 22
Hypotension 3 12

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue 4s
pg.- 422



Yogesh Pehlajani, Kailash Chandra Gupta, Soniya Bokade

Adverse Effects: Multimodal Analgesia vs. Opioid Monotherapy
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Opioid-related side effects, including respiratory depression and ileus, were significantly lower in the multimodal group (p
<0.01).

4. DISCUSSION

The findings of this study reinforce the growing body of evidence supporting multimodal analgesia over opioid monotherapy
in neonatal postoperative pain management. The significantly lower pain scores, reduced opioid consumption, and improved
hemodynamic stability observed in neonates receiving multimodal analgesia suggest that this approach offers superior pain
relief with fewer adverse effects.

Comparative Analysis with Existing Literature

Our results align with previous studies that have advocated for a multimodal approach to neonatal pain management. Anand
et al. demonstrated that neonates undergoing surgery exhibit significant stress responses when pain is inadequately managed,
leading to adverse physiological and neurodevelopmental consequences. Their study emphasized the importance of
multimodal analgesia in reducing these stress responses, findings that are corroborated by the present study, where neonates
receiving multimodal analgesia exhibited better hemodynamic stability and lower stress markers.

A study by Simons and van Dijk evaluated the efficacy of caudal epidural anesthesia in neonatal abdominal surgeries and
found that it significantly reduced opioid requirements while maintaining effective pain control. Our study supports these
findings, as neonates who received caudal blocks exhibited significantly lower Neonatal Infant Pain Scale (NIPS) and
Premature Infant Pain Profile (PIPP) scores compared to those receiving opioid monotherapy. Similarly, our results are in
agreement with Walker et al., who reported that combining regional anesthesia with systemic analgesics not only improved
pain relief but also reduced opioid-related complications, including respiratory depression and ileus.

Furthermore, Olsson and Anderson examined the pharmacokinetics of analgesics in neonates and cautioned against excessive
opioid use due to immature hepatic metabolism and renal clearance. Their research indicated that neonates metabolize opioids
more slowly, leading to prolonged drug action and an increased risk of respiratory depression. Our findings reinforce these
concerns, as neonates receiving opioid monotherapy exhibited a higher incidence of adverse effects, including respiratory
distress and feeding intolerance. In contrast, the multimodal group required 40% less opioid dosing, thereby reducing the
risk of opioid-induced complications.

Superiority of Multimodal Analgesia
Several key advantages of multimodal analgesia over opioid monotherapy were evident in our study:

— Enhanced Pain Control- Neonates receiving multimodal analgesia had significantly lower pain scores compared
to those managed with opioids alone. This aligns with studies by Haidar et al., who demonstrated that the synergistic
effect of combining regional anesthesia with systemic analgesics leads to better pain relief and reduced stress
responses in neonates.

o Reduced Opioid Consumption and Associated Risks- The multimodal group in our study required
nearly 40% less opioid dosing, reducing the likelihood of opioid-related complications such as respiratory
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depression, ileus, and feeding intolerance. This finding is supported by Berde et al., who noted that
excessive opioid exposure in neonates could result in prolonged ventilation requirements, feeding
difficulties, and potential long-term neurodevelopmental alterations.

o Improved Hemodynamic Stability- Neonates in the multimodal group exhibited more stable heart rates
and mean arterial pressures postoperatively, indicating a reduced surgical stress response. Studies by
Taylor et al. have similarly reported that multimodal analgesia helps maintain better cardiovascular
stability in neonates, reducing the risk of intraoperative and postoperative hemodynamic fluctuations.

o Lower Incidence of Opioid-Related Complications- The incidence of opioid-related complications,
including respiratory distress and sedation, was significantly lower in the multimodal group. Lénnqvist
and Morton emphasized that reducing opioid dependence in neonates leads to faster recovery, earlier
enteral feeding initiation, and shorter hospital stays, which aligns with our study’s findings.

o Preservation of Neurodevelopmental Outcomes- There is increasing evidence that prolonged opioid
exposure in neonates may have long-term neurodevelopmental implications. Attarian et al. found that
neonatal exposure to opioids was associated with alterations in brain connectivity and cognitive function
in later life. By minimizing opioid exposure through multimodal analgesia, our study suggests a potentially
safer alternative that mitigates these long-term risks.

Challenges and Limitations

Despite the evident advantages, several challenges must be addressed to facilitate the widespread implementation of
multimodal analgesia in neonatal surgery:

Requirement for Skilled Anesthetists- The successful administration of regional anesthesia techniques in neonates
requires specialized training. The lack of adequately trained pediatric anesthesiologists may limit the feasibility of
multimodal analgesia in some settings, particularly in resource-limited healthcare facilities.

Risk of Local Anesthetic Toxicity- Although rare, systemic absorption of local anesthetics can pose risks,
especially in preterm neonates with immature metabolic pathways. Studies by Krane et al. have highlighted concerns
regarding local anesthetic toxicity, emphasizing the need for precise dosing and careful monitoring in neonatal
populations.

Variability in Institutional Protocols- Standardized guidelines for neonatal multimodal analgesia are still
evolving. Differences in institutional practices regarding analgesic selection, dosing, and regional anesthesia
techniques can lead to variability in outcomes. Berde and Sethna have called for further research to establish
evidence-based protocols tailored specifically for neonatal surgical pain management.

Future Directions
Given the promising outcomes observed in this study, future research should focus on:

1.

Long-Term Neurodevelopmental Outcomes- Large-scale longitudinal studies are needed to evaluate whether
reduced opioid exposure in neonates receiving multimodal analgesia translates to improved neurodevelopmental
outcomes in childhood and beyond.

Optimization of Multimodal Protocols- Further research should aim to refine multimodal analgesia protocols,
identifying the most effective combinations and dosages of regional and systemic analgesics for different surgical
procedures.

Expanding Access to Regional Anesthesia- Training programs should be developed to equip more
anesthesiologists with the skills required to perform regional anesthesia in neonates, particularly in resource-limited
settings.

Comparative Studies on Different Regional Techniques- While caudal blocks were the primary regional
technique used in this study, future research should compare the efficacy and safety of other regional anesthesia
techniques, such as spinal anesthesia and peripheral nerve blocks, in neonatal surgical populations.

5. CONCLUSION

The findings of this study underscore the efficacy and safety of multimodal analgesia as a superior approach to postoperative
pain management in neonates. By integrating regional anesthesia techniques with systemic analgesics, multimodal analgesia
not only provides more effective pain relief but also significantly reduces opioid-related complications. Given the concerns
surrounding opioid exposure in neonates, multimodal analgesia should be considered a preferred strategy for postoperative
pain control in neonatal surgical patients. Further research is needed to refine protocols, assess long-term neurodevelopmental
outcomes, and promote wider adoption of this approach in clinical practice.
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