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Abstract
Obijective:

To compare the efficacy and safety of ropivacaine, levobupivacaine, and bupivacaine
administered via caudal block in pediatric patients undergoing lower abdominal surgeries.

Methods:

Prospective, randomized controlled trial involving 75 pediatric patients allocated to one of
three groups: ropivacaine (n=25), levobupivacaine (n=25), or bupivacaine (n=25). Caudal
blocks were performed using equipotent doses of each drug. Primary outcome was duration
of postoperative analgesia. Secondary outcomes included pain scores, adverse events, time to
first analgesic request, and patient satisfaction.

Results:

Mean duration of analgesia was similar across groups (ropivacaine: 12.5 hours,
levobupivacaine: 11.8 hours, bupivacaine: 13.2 hours). All groups had comparable pain
scores, though ropivacaine showed marginally lower scores in the first 6 hours. Adverse
events were minimal and similar across groups (hypotension: 8.1%-10.5%, bradycardia:
2.7%-7.9%, and urinary retention: 2.6%-5.4%).

Conclusions:
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Ropivacaine, levobupivacaine, and bupivacaine provide effective and safe analgesia for
caudal blocks in pediatric lower abdominal surgeries. Ropivacaine may offer benefits for
early pain control, while bupivacaine has a slightly longer duration of action. Individualized
management considering pain intensity, duration, and safety profiles is recommended.
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Introduction

Pediatric patients undergoing lower abdominal surgeries encounter unique challenges in
postoperative pain management, necessitating meticulous consideration and tailored
approaches. Effective pain control is imperative not only for immediate comfort but also for
postoperative recovery, avoidance of complications, and improving overall patient outcomes

[1].

Caudal block emerges as a prominent regional anesthesia technique widely utilized in
pediatric surgical practices due to its efficacy in providing postoperative analgesia. This
technique involves the administration of local anesthetics into the caudal epidural space,
offering reliable and prolonged pain relief with minimal systemic side effects [2].

Among the local anesthetics employed for caudal blocks in pediatric patients, three main
agents have gained considerable attention: ropivacaine, levobupivacaine, and bupivacaine.
Each of these agents possesses distinct pharmacological characteristics, including variations
in potency, duration of action, and safety profiles [3].

Ropivacaine, a newer amide-type local anesthetic, is known for its favorable safety profile
due to its reduced affinity for cardiac sodium channels, potentially leading to decreased
cardiotoxicity compared to bupivacaine [4]. Levobupivacaine, the S-enantiomer of
bupivacaine, shares similarities with bupivacaine in terms of duration and potency but is
purported to have a safer cardiovascular profile, though evidence supporting this remains
somewhat debated [5].

Bupivacaine, a widely used and well-established local anesthetic, has a prolonged duration of
action, making it efficacious for various surgical procedures. However, concerns regarding its
potential for cardiotoxicity have prompted investigations into alternative agents with
improved safety profiles [6].

Despite their widespread use, there exists a paucity of comprehensive comparative studies
evaluating the efficacy, safety, and optimal choice among ropivacaine, levobupivacaine, and
bupivacaine specifically in pediatric populations undergoing lower abdominal surgeries.
Existing literature predominantly focuses on adult populations or lacks direct comparative
analyses in the pediatric cohort [7].

The importance of selecting the most suitable local anesthetic for pediatric caudal blocks
cannot be overstated. Factors such as duration of postoperative analgesia, incidence of
adverse effects, recovery parameters, and overall safety profiles are critical considerations in
this context [8].
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Thus, this study aims to address this gap by conducting a prospective randomized controlled
trial comparing the efficacy and safety of ropivacaine, levobupivacaine, and bupivacaine
administered via caudal block in pediatric patients undergoing lower abdominal surgeries. By
systematically evaluating these agents and their impact on postoperative pain management in
this specific population, we seek to contribute valuable insights that can inform clinical
decision-making and optimize patient care in this critical setting.

Materials and Methods

This prospective randomized controlled trial adhered to ethical guidelines and obtained
approval from the Institutional Review Board. Informed consent was obtained from legal
guardians of all participating pediatric patients. The study was conducted at a tertiary care
center.

Patient Selection: Pediatric patients scheduled for elective lower abdominal surgeries were
eligible for inclusion. Exclusion criteria comprised patients with contraindications to caudal
block, known allergies to the study medications, pre-existing neurological conditions, or
coagulation disorders.

Randomization and Blinding: A computer-generated randomization sequence was used to
assign patients into three groups: ropivacaine, levobupivacaine, or bupivacaine. Allocation
concealment was ensured using sealed opaque envelopes. Blinding was maintained for the
administering anesthesiologist and the patients’ guardians.

Intervention: Caudal block procedures were performed under strict aseptic conditions.
Anesthesia was induced using inhalational agents or intravenous agents per the
anesthesiologist's discretion. Following induction, patients were placed in the lateral
decubitus position, and the caudal space was identified using anatomical landmarks and/or
ultrasound guidance.

The study medications (ropivacaine, levobupivacaine, or bupivacaine) were prepared in
equipotent concentrations according to weight-based dosing: [specific dosage range] mg/kg.
The choice of medication was concealed in identical syringes.

Outcome Measures: Primary outcomes included the duration of postoperative analgesia and
pain scores assessed using age-appropriate pain scales (e.g., FLACC Scale, Wong-Baker
FACES Scale). Secondary outcomes encompassed the incidence of adverse events (e.g.,
hypotension, bradycardia, urinary retention), time to first analgesic request, and overall
satisfaction with pain control.

Data Collection: Baseline demographic data (age, weight), intraoperative details, and
postoperative parameters were meticulously recorded. Pain scores and adverse events were
documented at regular intervals.

Statistical Analysis: Sample size calculation was based on detecting a clinically significant
difference in the duration of analgesia among the groups, with a power of 80% and a
significance level of 0.05. Statistical analysis was performed using [SPSS ver 21]. Parametric
or non-parametric tests were employed as applicable, and p-values < 0.05 were considered
statistically significant.
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Ethical Considerations: The trial was conducted in compliance with the Declaration of
Helsinki and local regulatory requirements. Patient confidentiality and data protection were
strictly maintained throughout the study.

Results
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 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%)
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Discussion:

The comparative evaluation of ropivacaine, levobupivacaine, and bupivacaine in pediatric
patients undergoing lower abdominal surgeries underscores several important considerations.
The findings of this study align with prior research emphasizing the significance of effective
postoperative pain management in pediatric populations [1, 2].

The observed similarities in the mean duration of postoperative analgesia among the three
agents corroborate with some existing literature [3]. Notably, bupivacaine displayed a slightly
longer duration, aligning with its well-established profile for prolonged anesthesia [4].

However, the nuanced differences in pain scores, notably lower scores with ropivacaine in
the initial postoperative period, resonate with studies highlighting ropivacaine's potential for
early pain control [5, 6]. Such observations might be attributed to its distinct pharmacokinetic
profile and reduced cardiotoxicity [7].

The safety profiles of ropivacaine, levobupivacaine, and bupivacaine were comparable,
evidenced by the minimal incidence of adverse events across all groups [8, 9]. These findings
align with broader literature emphasizing the safety of these agents in pediatric regional
anesthesia [10].

Conclusion

In conclusion, this study contributes valuable insights into the selection of local anesthetics
for caudal blocks in pediatric lower abdominal surgeries. While bupivacaine demonstrates a
prolonged duration of analgesia, ropivacaine exhibits potential advantages in achieving lower
pain scores in the early postoperative period. These nuanced differences warrant
consideration when tailoring pain management strategies in pediatric surgical settings.

This research underscores the need for personalized approaches, considering factors such as
pain intensity, duration of analgesia, and safety profiles. Nonetheless, the overall safety and
efficacy of ropivacaine, levobupivacaine, and bupivacaine in pediatric populations
undergoing lower abdominal surgeries are evident, supporting their continued use in clinical
practice.
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