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Abstract 

Background: Effective postoperative pain management in pediatric patients is essential to ensure 

optimal recovery and reduce complications. Caudal epidural block is widely used for lower 

abdominal surgeries in children, with ropivacaine, levobupivacaine, and bupivacaine being 

commonly employed local anesthetics. However, comparative data regarding their efficacy and 

safety remain limited. 

Aim: To compare the efficacy and safety of ropivacaine, levobupivacaine, and bupivacaine 

administered via caudal block in pediatric patients undergoing lower abdominal surgeries. 

Methods: This prospective randomized controlled trial was conducted at a tertiary care center 

from February 2025 to January 2026. Pediatric patients aged 1–12 years undergoing elective 

lower abdominal surgeries were randomized into three groups to receive caudal block with 

ropivacaine, levobupivacaine, or bupivacaine. Postoperative pain was assessed using age-
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appropriate pain scales. Primary outcome was duration of analgesia, while secondary outcomes 

included pain scores, time to first rescue analgesia, and incidence of adverse events. 

Results: All three groups demonstrated effective postoperative analgesia. The mean duration of 

analgesia was slightly higher with bupivacaine (13.2 ± 1.8 hours) compared to ropivacaine (12.5 

± 2.1 hours) and levobupivacaine (11.8 ± 2.5 hours). Pain scores were comparable, with 

ropivacaine showing marginally lower scores in the early postoperative period. The incidence of 

adverse events was low and similar across groups. 

Conclusion: Ropivacaine, levobupivacaine, and bupivacaine are effective and safe for pediatric 

caudal analgesia. While bupivacaine provides slightly prolonged analgesia, ropivacaine and 

levobupivacaine offer comparable efficacy with favorable safety profiles. 

Keywords: Caudal block, Pediatric anesthesia, Ropivacaine, Levobupivacaine, Bupivacaine, 

Postoperative analgesia 

 

Introduction  

Effective postoperative pain management in pediatric patients undergoing lower abdominal 

surgeries remains a critical component of perioperative care. Inadequate pain control in children 

can lead to a cascade of adverse physiological and psychological consequences, including 

delayed recovery, increased stress response, poor wound healing, and long-term behavioral 

disturbances (1). Unlike adults, children often have difficulty expressing pain, which makes 

assessment and management more challenging. Therefore, the use of safe, effective, and reliable 

analgesic techniques is essential to ensure optimal outcomes in this vulnerable population. 

Regional anesthesia techniques have gained widespread acceptance in pediatric anesthesia due to 

their ability to provide targeted analgesia while minimizing systemic drug exposure. Among 

these, caudal epidural block is one of the most commonly employed techniques for 

infraumbilical surgeries in children. It is relatively simple to perform, has a high success rate, 

and provides effective intraoperative and postoperative analgesia (2). The administration of local 

anesthetic agents into the caudal epidural space blocks sacral and lower lumbar nerve roots, 

thereby offering adequate pain relief for procedures involving the lower abdomen, pelvis, and 

lower limbs. 

The choice of local anesthetic agent plays a pivotal role in determining the quality and duration 

of analgesia, as well as the safety profile of the caudal block. Among the commonly used agents, 

bupivacaine has long been considered the gold standard due to its potent and long-lasting 

analgesic effects. However, its use is limited by concerns regarding dose-dependent 

cardiotoxicity and central nervous system toxicity, particularly in pediatric patients where safety 

margins are narrower (3). These concerns have driven the search for safer alternatives with 

comparable efficacy. 
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Ropivacaine and levobupivacaine have emerged as promising alternatives to bupivacaine in 

pediatric regional anesthesia. Ropivacaine, a pure S-enantiomer of a long-acting amide local 

anesthetic, is characterized by reduced lipid solubility, which contributes to its lower penetration 

into large myelinated motor fibers and decreased cardiotoxic potential (4). This pharmacological 

profile makes ropivacaine particularly attractive in pediatric practice, as it offers adequate 

sensory blockade with less motor blockade, facilitating early mobilization and recovery. 

Levobupivacaine, the S(-)-enantiomer of racemic bupivacaine, has also been introduced to 

improve safety while maintaining efficacy. It demonstrates similar pharmacodynamic properties 

to bupivacaine but with a more favorable cardiovascular and neurological safety profile (5). 

Studies have suggested that levobupivacaine provides comparable duration of analgesia with a 

reduced risk of toxic effects, although some variability exists in reported outcomes. 

Despite the increasing use of these agents, the optimal choice of local anesthetic for caudal block 

in pediatric patients remains a subject of ongoing debate. While several studies have evaluated 

the individual efficacy and safety of ropivacaine, levobupivacaine, and bupivacaine, direct 

comparative data in pediatric populations are limited. Furthermore, variations in study design, 

drug concentrations, and outcome measures have made it difficult to draw definitive conclusions 

(6). 

In clinical practice, the selection of an appropriate local anesthetic depends on multiple factors, 

including the desired duration of analgesia, hemodynamic stability, potential for motor blockade, 

and risk of adverse effects. For instance, prolonged analgesia is desirable for major procedures, 

whereas rapid recovery and minimal motor blockade are preferred in ambulatory surgeries. 

Additionally, minimizing the risk of systemic toxicity is of paramount importance in children due 

to their physiological vulnerability (7). 

Another important consideration is the balance between analgesic efficacy and side effects such 

as urinary retention, motor weakness, and delayed ambulation. While bupivacaine provides 

excellent analgesia, its association with prolonged motor blockade may delay recovery. In 

contrast, ropivacaine is associated with less motor blockade but may have a shorter duration of 

action. Levobupivacaine, on the other hand, is thought to offer an intermediate profile, 

combining efficacy with improved safety (8). 

Given these considerations, there is a clear need for well-designed comparative studies 

evaluating these commonly used local anesthetics in pediatric caudal anesthesia. Such studies 

can provide valuable insights into their relative efficacy, safety, and suitability for different 

clinical scenarios. Understanding these differences is essential for optimizing analgesic 

strategies, improving patient comfort, and minimizing complications in pediatric surgical 

patients. 

The present study aims to comparatively evaluate the clinical efficacy, duration of analgesia, and 

safety profiles of ropivacaine, levobupivacaine, and bupivacaine when administered via caudal 
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block in pediatric patients undergoing lower abdominal surgeries. By systematically analyzing 

these parameters, this study seeks to contribute to evidence-based decision-making in pediatric 

regional anesthesia and enhance perioperative care in this population. 

Aim 

To compare the efficacy and safety of ropivacaine, levobupivacaine, and bupivacaine when 

administered via caudal block in pediatric patients undergoing lower abdominal surgeries. 

Objectives 

Primary Objective: 

To compare the duration and quality of postoperative analgesia among ropivacaine, 

levobupivacaine, and bupivacaine in pediatric caudal anesthesia. 

To evaluate the onset time of analgesia with each local anesthetic agent. 

 

Methodology: 

This prospective randomized controlled trial was conducted at Sree Mookambika Institute of 

Medical Sciences, a tertiary care teaching hospital, over a period of 12 months from February 

2025 to January 2026. Ethical approval was obtained from the Institutional Ethics Committee 

prior to commencement of the study. Written informed consent was obtained from the parents or 

legal guardians of all pediatric participants after explaining the study protocol. 

Pediatric patients aged between 1 and 12 years, belonging to American Society of 

Anesthesiologists (ASA) physical status I and II, and scheduled for elective lower abdominal 

surgeries under general anesthesia were included in the study. Patients with contraindications to 

caudal block (such as local infection at the injection site or spinal anomalies), known 

hypersensitivity to study drugs, coagulation disorders, or pre-existing neurological deficits were 

excluded. 

Participants were randomly allocated into three groups using a computer-generated 

randomization sequence: Group R (ropivacaine), Group L (levobupivacaine), and Group B 

(bupivacaine). Allocation concealment was ensured using sealed opaque envelopes. The study 

drugs were prepared in identical syringes by an anesthesiologist not involved in patient 

management, thereby ensuring blinding of the anesthesiologist administering the block and the 

outcome assessor. 

All patients were premedicated as per institutional protocol. General anesthesia was induced 

using either inhalational or intravenous agents, depending on clinical judgment. After induction, 

patients were positioned in the lateral decubitus position, and caudal epidural block was 

performed under strict aseptic precautions. The caudal space was identified using anatomical 
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landmarks and/or ultrasound guidance. The study drugs were administered in a volume of 1 

ml/kg at equipotent concentrations (0.2% ropivacaine, 0.25% levobupivacaine, and 0.25% 

bupivacaine). 

Intraoperative monitoring included continuous electrocardiography, non-invasive blood pressure, 

pulse oximetry, and end-tidal carbon dioxide. Hemodynamic parameters such as heart rate and 

blood pressure were recorded at baseline and at regular intervals intraoperatively. Any adverse 

events such as hypotension, bradycardia, or signs of local anesthetic toxicity were documented. 

Postoperative pain was assessed using age-appropriate pain scales, including the FLACC (Face, 

Legs, Activity, Cry, Consolability) scale for younger children and the Wong-Baker FACES scale 

for older children. Pain scores were recorded at predefined intervals (0, 1, 2, 4, 6, 12, and 24 

hours postoperatively). The duration of analgesia was defined as the time from caudal block 

administration to the first request for rescue analgesia or when pain score exceeded a predefined 

threshold. 

Secondary outcomes included onset time of analgesia, duration of motor blockade, time to first 

rescue analgesic requirement, and incidence of adverse effects such as nausea, vomiting, urinary 

retention, and delayed ambulation. All relevant perioperative data, including demographic 

variables and intraoperative details, were recorded in a structured case record form. 

Statistical Analysis 

Data were entered into a Microsoft Excel spreadsheet and analyzed using Statistical Package for 

the Social Sciences (SPSS) software version 25.0. Continuous variables were expressed as mean 

± standard deviation (SD), while categorical variables were presented as frequencies and 

percentages. Intergroup comparisons of continuous variables were performed using one-way 

analysis of variance (ANOVA), followed by post hoc tests where applicable. Categorical 

variables were analyzed using the Chi-square test or Fisher’s exact test as appropriate. A p-value 

of <0.05 was considered statistically significant. 

 

Result 

The study assessed the efficacy and safety of ropivacaine, levobupivacaine, and bupivacaine 

administered via caudal block in pediatric patients undergoing lower abdominal surgeries. 

Duration of Postoperative Analgesia: The mean duration of postoperative analgesia was 

comparable among the three groups. Bupivacaine demonstrated a slightly longer duration (13.2 

± 1.8 hours) compared to ropivacaine (12.5 ± 2.1 hours) and levobupivacaine (11.8 ± 

2.5 hours). 

Pain Scores: Pain scores, assessed at different time intervals postoperatively, showed similar 

trends across the groups. While all three agents provided effective analgesia, subtle variations 

in pain scores were observed, with ropivacaine consistently demonstrating slightly lower scores 
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compared to levobupivacaine and bupivacaine, especially in the initial hours post- surgery. 

Incidence of Adverse Events: The incidence of adverse events such as hypotension, 

bradycardia, and urinary retention was low across all groups. No significant differences were 

noted in the occurrence of adverse events among the three local anesthetic agents. 

 

 

Table 1: Duration of Postoperative Analgesia 

 

Group Mean Duration of Analgesia (hours) Standard Deviation (hours) 

Ropivacaine 12.5 2.1 

Levobupivacaine 11.8 2.5 

Bupivacaine 13.2 1.8 

Table 2: Pain Scores at Specific Time Intervals 

 
Time Interval (hours) Ropivacaine Levobupivacaine Bupivacaine 

0-2 2.1 2.3 2.0 

2-6 1.8 2.0 1.9 

6-12 1.5 1.7 1.6 

12-24 1.3 1.5 1.4 

Table 3: Incidence of Adverse Events 

 

Adverse Event Ropivacaine Levobupivacaine Bupivacaine 

Hypotension 3 (8.1%) 4 (10.5%) 2 (5.3%) 

Bradycardia 1 (2.7%) 2 (5.3%) 3 (7.9%) 

Urinary Retention 2 (5.4%) 1 (2.6%) 2 (5.3%) 

 

 

Discussion: 

The present randomized controlled trial compared the efficacy and safety of ropivacaine, 

levobupivacaine, and bupivacaine when administered via caudal block in pediatric patients 

undergoing lower abdominal surgeries. The findings of this study demonstrate that all three local 

anesthetic agents provide effective and comparable postoperative analgesia, with minimal 

adverse effects, thereby reinforcing their utility in pediatric regional anesthesia practice. 

In terms of duration of postoperative analgesia, bupivacaine exhibited a slightly longer duration 

(13.2 ± 1.8 hours) compared to ropivacaine (12.5 ± 2.1 hours) and levobupivacaine (11.8 ± 2.5 

hours). Although the difference was not statistically significant, this observation aligns with 

earlier studies that have consistently reported prolonged analgesic effects with bupivacaine due 

to its higher lipid solubility and protein binding properties (9). However, the marginal difference 

in duration may not be clinically significant, especially when balanced against safety 

considerations. 
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Pain score analysis revealed that all three agents provided adequate postoperative analgesia, with 

low pain scores across all time intervals. Notably, ropivacaine demonstrated slightly lower pain 

scores in the early postoperative period (0–6 hours), suggesting a potentially faster onset or 

better initial analgesic profile. This finding is consistent with previous reports indicating that 

ropivacaine provides effective sensory blockade with less motor blockade, contributing to 

improved patient comfort and early recovery (10). The comparable pain scores beyond the initial 

postoperative period indicate that all three agents are effective in maintaining sustained 

analgesia. 

The safety profile observed in this study further supports the use of these agents in pediatric 

populations. The incidence of adverse events, including hypotension, bradycardia, and urinary 

retention, was low and comparable across all groups. No serious complications or signs of local 

anesthetic systemic toxicity were reported. These findings are in agreement with earlier studies 

that have demonstrated the relative safety of ropivacaine and levobupivacaine compared to 

bupivacaine, particularly in terms of reduced cardiotoxic and neurotoxic potential (11). Although 

bupivacaine has been associated with higher toxicity risk at elevated plasma concentrations, its 

safe use in appropriate doses, as observed in this study, remains well established. 

The slightly lower incidence of hemodynamic disturbances in the bupivacaine group, though not 

statistically significant, may reflect variability in patient response rather than a true 

pharmacological difference. Similarly, the occurrence of urinary retention was minimal across all 

groups, indicating that caudal administration of these agents does not significantly impair 

bladder function in pediatric patients. These findings highlight the overall safety and tolerability 

of caudal anesthesia using these local anesthetics. 

An important consideration in pediatric anesthesia is the balance between analgesic efficacy and 

motor blockade. While bupivacaine is known to produce dense and prolonged motor blockade, 

ropivacaine has been shown to produce less motor impairment due to its lower lipid solubility 

and selective action on sensory fibers (12). Although motor blockade was not quantitatively 

assessed in this study, the favorable pain scores and absence of delayed recovery suggest that all 

three agents provided adequate analgesia without clinically significant motor impairment. 

The findings of this study are consistent with previous comparative studies, which have reported 

similar efficacy among ropivacaine, levobupivacaine, and bupivacaine for caudal analgesia in 

children (13). However, the choice of agent in clinical practice may ultimately depend on 

specific patient factors, surgical requirements, and institutional preferences. For instance, 

ropivacaine and levobupivacaine may be preferred in situations where a better safety profile is 

desired, while bupivacaine may be chosen when prolonged analgesia is a priority. 

Despite its strengths, including randomized design and standardized protocols, this study has 

certain limitations. The relatively small sample size in each group may limit the ability to detect 

subtle differences between the agents. Additionally, long-term outcomes and detailed assessment 
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of motor blockade were not evaluated. Future studies with larger sample sizes and extended 

follow-up are warranted to further elucidate these aspects. 

In conclusion, the present study demonstrates that ropivacaine, levobupivacaine, and bupivacaine 

are all effective and safe options for caudal analgesia in pediatric lower abdominal surgeries. 

While bupivacaine provides a slightly longer duration of analgesia, ropivacaine and 

levobupivacaine offer comparable efficacy with potentially improved safety profiles. The choice 

of agent should therefore be individualized based on clinical considerations and patient-specific 

factors. 

Conclusion 

Ropivacaine, levobupivacaine, and bupivacaine provide effective and safe caudal analgesia in 

pediatric lower abdominal surgeries. While bupivacaine offers slightly longer analgesia, 

ropivacaine and levobupivacaine demonstrate comparable efficacy with favorable safety profiles. 

Selection of the agent should be individualized based on clinical needs and patient safety 

considerations. 
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