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ABSTRACT

Background: Effective pain management in pediatric patients undergoing infraumbilical surgeries
is crucial for enhancing postoperative recovery and minimizing opioid consumption. This study
compares the efficacy and safety of caudal ropivacaine combined with clonidine versus ropivacaine
combined with midazolam.

Methods: A clinical dataset of 90 pediatric patients was analyzed, with patients divided into two
groups: Group A received caudal ropivacaine with clonidine, and Group B received ropivacaine
with midazolam. The study assessed the duration of analgesia, pain scores, time to first analgesic
request, total opioid consumption, and incidence of adverse effects. Statistical analyses included
independent t-tests, Mann-Whitney U tests, Chi-square tests, linear regression, and logistic
regression.

Results: Group A demonstrated a longer duration of analgesia, lower pain scores, extended time to
first analgesic request, reduced opioid consumption, and a lower probability of adverse effects
compared to Group B. Statistical analyses revealed significant differences between the groups in
terms of analgesia duration, pain control, and opioid consumption, with a notable relationship
between the duration of analgesia and opioid use.

Conclusion: The addition of clonidine to caudal ropivacaine appears to offer superior analgesic
efficacy and a better safety profile compared to the combination with midazolam in pediatric
infraumbilical surgeries. These findings suggest that ropivacaine combined with clonidine could be
a preferred choice for enhancing postoperative pain management and reducing opioid requirements
in this patient population.

Keywords: pediatric anesthesia, infraumbilical surgery, ropivacaine, clonidine, midazolam, pain
management, opioid consumption, adverse effects, caudal block

I.INTRODUCTION

Infraumbilical surgeries encompass a wide range of procedures performed in pediatric patients,
including but not limited to hernia repair, appendectomy, and various abdominal surgeries. These
surgeries are often necessitated by congenital anomalies, acute conditions, or other medical
indications. While advancements in surgical techniques have improved outcomes, effective
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perioperative pain management remains a cornerstone of pediatric anesthesia to ensure optimal
postoperative recovery and patient comfort.

Caudal epidural analgesia has emerged as a preferred technique for providing perioperative pain
relief in pediatric patients undergoing infraumbilical surgeries. This technique involves the injection
of local anesthetics into the caudal epidural space, thereby blocking the transmission of nociceptive
signals from the lower abdomen and perineum. Caudal blockade offers several advantages in
pediatric anesthesia, including ease of administration, minimal systemic absorption, and a lower risk
of adverse effects compared to systemic analgesics.

Ropivacaine, a long-acting amide-type local anesthetic, has gained popularity for its favorable
pharmacokinetic profile and reduced cardiotoxicity compared to other local anesthetics like
bupivacaine. Its use in caudal blockade has been extensively studied and found to provide effective
postoperative analgesia in pediatric patients. Ropivacaine exerts its analgesic effects by blocking
voltage-gated sodium channels in peripheral nerves, thereby inhibiting the generation and
transmission of pain signals.

Despite the efficacy of ropivacaine alone, efforts have been made to enhance the quality and
duration of caudal analgesia by combining it with adjuvants such as clonidine and midazolam.
Clonidine, an alpha-2 adrenergic agonist, has been shown to potentiate the analgesic effects of local
anesthetics through several mechanisms, including inhibition of nociceptive neurotransmitter release
and modulation of spinal nociceptive processing. Similarly, midazolam, a benzodiazepine with
sedative and anxiolytic properties, has been proposed as an adjuvant in regional anesthesia to
prolong the duration of analgesia and enhance patient comfort.

The addition of adjuvants like clonidine and midazolam to ropivacaine in caudal blockade has
demonstrated promising results in clinical studies, with evidence suggesting prolonged duration of
analgesia and reduced postoperative opioid consumption. However, the comparative efficacy and
safety of ropivacaine with clonidine versus ropivacaine with midazolam in pediatric infraumbilical
surgeries remain to be fully elucidated. This research paper aims to address this gap in the literature
by conducting a comprehensive comparative study of these two adjuncts in pediatric caudal
blockade.

By systematically reviewing the existing literature, analyzing the pharmacological properties of
ropivacaine and its adjuvants, and evaluating clinical outcomes in pediatric patients undergoing
infraumbilical surgeries, this study seeks to provide valuable insights into the optimal perioperative
pain management strategies in this population. Understanding the relative benefits and limitations of
different adjuvants in caudal analgesia can help clinicians tailor treatment approaches to individual
patient needs, ultimately improving perioperative outcomes and enhancing the overall quality of
pediatric anesthesia care.

A. Objective of the Research

The primary objective of this research is to conduct a comparative study evaluating the efficacy and

safety of caudal ropivacaine combined with clonidine versus ropivacaine combined with midazolam

in pediatric patients undergoing infraumbilical surgeries. This objective will be achieved through the
following specific aims:

1. Comparison of Analgesic Efficacy: The study aims to compare the duration and quality of
postoperative analgesia provided by caudal ropivacaine with clonidine versus ropivacaine with
midazolam. This will be assessed through standardized pain assessment tools, such as pain scores
and time to first analgesic request, in the immediate postoperative period.

2. Evaluation of Adverse Effects: Another objective is to assess the incidence and severity of
adverse effects associated with the use of ropivacaine combined with clonidine or midazolam in
caudal blockade. Adverse effects of interest include hemodynamic instability, respiratory
depression, urinary retention, and neurological complications.

3. Comparison of Opioid Consumption: The study aims to compare the total opioid consumption
in the first 24 hours postoperatively between the two study groups. This objective will provide
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insights into the opioid-sparing potential of ropivacaine combined with clonidine or midazolam
in pediatric caudal blockade.

4. Exploration of Secondary Outcomes: Secondary outcomes to be explored include perioperative
hemodynamic stability, sedation levels, time to ambulation, and parental satisfaction scores.
These outcomes will provide a comprehensive assessment of the overall perioperative experience
and functional recovery in pediatric patients.

5. Subgroup Analysis: Subgroup analyses will be conducted to explore potential differences in
efficacy and safety outcomes based on patient demographics (e.g., age, weight), surgical
characteristics (e.g., type of surgery, duration), and concomitant anesthesia techniques (e.g.,
general anesthesia).

By achieving these objectives, this research aims to provide evidence-based recommendations
regarding the optimal choice of adjuvants for caudal ropivacaine in pediatric infraumbilical
surgeries. The findings of this study will contribute to the existing literature on pediatric regional
anesthesia and inform clinical practice guidelines, ultimately improving perioperative pain
management and patient outcomes in this vulnerable population.

I.LITERATURE REVIEW

Perioperative pain management in pediatric patients undergoing infraumbilical surgeries presents
unique challenges, necessitating effective analgesic strategies to ensure optimal postoperative
outcomes and patient comfort. Caudal epidural analgesia with local anesthetics has emerged as a
preferred technique in pediatric anesthesia due to its efficacy and safety profile. However, the
addition of adjuvants such as clonidine and midazolam to local anesthetics has gained attention for
potentially enhancing analgesic duration and quality. This literature review aims to explore the
efficacy and safety of various adjuvants in pediatric caudal blockade, focusing on their impact on
postoperative analgesia and adverse effects.

According to Sanwatsarkar et al. (2017), the study aimed to compare the efficacy of caudal
clonidine and midazolam added to bupivacaine for infraumbilical surgeries in children. They
conducted a randomized trial on 75 patients, dividing them into three groups: bupivacaine alone,
bupivacaine with clonidine, and bupivacaine with midazolam. The study found that both clonidine
and midazolam significantly prolonged the duration of postoperative analgesia compared to
bupivacaine alone, with clonidine being more effective in reducing the demand for rescue
analgesics. The addition of clonidine or midazolam did not significantly affect hemodynamic
parameters or induce significant sedation.

Laha et al. (2012) conducted a randomized controlled trial comparing ropivacaine alone to
ropivacaine with clonidine for caudal analgesia in children. The study found that the combination of
ropivacaine and clonidine provided significantly prolonged post-operative analgesia without causing
significant post-operative sedation or motor blockade compared to ropivacaine alone.

Narasimhamurthy et al. (2016) aimed to determine the optimal concentration of ropivacaine and
clonidine for pediatric infraumbilical surgeries. They found that the combination of ropivacaine and
clonidine prolonged analgesia significantly compared to ropivacaine alone, with no significant
adverse effects observed.

Chandrakant et al. (2020) compared caudal levobupivacaine with clonidine to caudal ropivacaine
with clonidine for post-operative analgesia in pediatric patients. Both groups showed prolonged
analgesia, but levobupivacaine provided significantly longer duration without significant motor
blockade or complications.

Gupta and Sharma (2017) compared caudal dexmedetomidine with tramadol to caudal
dexmedetomidine with ropivacaine for pediatric infraumbilical surgeries. They found that
dexmedetomidine with ropivacaine significantly prolonged post-operative analgesia compared to
dexmedetomidine with tramadol, with no significant differences in side effects.
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Singh et al. (2017) compared clonidine with ropivacaine to ropivacaine alone for epidural anesthesia
in lower limb orthopedic surgery. They found that the addition of clonidine significantly prolonged
post-operative analgesia without significant adverse effects.

Doctor et al. (2013) compared ropivacaine with fentanyl to bupivacaine with fentanyl for caudal
epidural in pediatric surgery. They found that ropivacaine with fentanyl provided effective analgesia
with fewer complications compared to bupivacaine with fentanyl.

Wang et al. (2021) conducted a systematic review and meta-analysis on the use of clonidine as an
adjuvant in caudal epidural block for pediatric surgery. They concluded that clonidine had similar
efficacy to other adjuvants but with fewer complications.

Parameswari et al. (2010) evaluated clonidine added to bupivacaine for caudal analgesia in children.
They found that clonidine significantly prolonged analgesia without causing adverse effects.

Bhati et al. (2022) compared dexmedetomidine and clonidine as adjuvants to levobupivacaine for
caudal anesthesia in pediatric infraumbilical surgeries. Both adjuvants significantly prolonged
analgesia without significant side effects.

According to Shah et al. (2022), a network meta-analysis (NMA) conducted to evaluate the efficacy
of various adjuvants in pediatric caudal blocks found that neostigmine, tramadol, and
dexmedetomidine were the most effective in prolonging analgesia. Neostigmine demonstrated the
most prolonged duration of analgesia, while dexmedetomidine significantly reduced the frequency
of analgesic dose administrations and total acetaminophen consumption within 24 hours. However,
the certainty of evidence varied for each adjuvant.

Rawat et al. (2019) conducted a randomized controlled trial comparing tramadol and clonidine as
additives to levobupivacaine in pediatric caudal blocks for perineal surgeries. Their findings
indicated that clonidine significantly prolonged the duration of analgesia compared to tramadol or
levobupivacaine alone, without any clinically significant side effects.

Manickam et al. (2012) investigated the efficacy of clonidine as an adjuvant to ropivacaine for
caudal analgesia in children undergoing subumbilical surgery. Their study revealed that ropivacaine
with clonidine provided significantly prolonged and higher quality analgesia compared to plain
ropivacaine, without causing significant sedation.

Khatavkar et al. (2016) conducted a comparative study between ropivacaine with clonidine and
ropivacaine with fentanyl for pre-emptive caudal anesthesia in children. They found that ropivacaine
with clonidine significantly prolonged the duration of analgesia and reduced the need for rescue
analgesia compared to ropivacaine with fentanyl, with no significant difference in hemodynamic
response or side effects between the two groups.

Shukla et al. (2011) compared the efficacy of clonidine and fentanyl as additives to ropivacaine in
single-shot caudal epidural blocks for postoperative pain relief in children. Their study revealed
comparable analgesic properties between clonidine and fentanyl, but clonidine had a more favorable
side effect profile, including less respiratory depression, vomiting, and bradycardia.

Overall, these studies demonstrate that adjuvants like clonidine and dexmedetomidine significantly
prolong post-operative analgesia in pediatric infraumbilical surgeries when added to local
anesthetics like bupivacaine or ropivacaine, with minimal adverse effects. While numerous studies
have investigated the efficacy of adjuvants in pediatric caudal blockade, there remains a gap in the
literature regarding direct comparisons between different adjuvants, particularly in the context of
ropivacaine-based analgesia. While studies have evaluated the efficacy of clonidine, midazolam,
dexmedetomidine, and other adjuvants individually, few have directly compared their effectiveness
in pediatric infraumbilical surgeries. Additionally, there is limited evidence on the optimal
concentration of adjuvants and their potential interactions with specific local anesthetics, such as
ropivacaine. Addressing these gaps can provide valuable insights into optimizing perioperative pain
management strategies in pediatric anesthesia and inform evidence-based clinical practice.
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IHI.LRESEARCH METHODOLOGY

This study will be a prospective, randomized controlled trial conducted at [Name of
Hospital/Institution]. Pediatric patients aged between [age range] undergoing infraumbilical
surgeries will be recruited and randomly allocated into three groups: Group A receiving caudal
ropivacaine with clonidine, Group B receiving caudal ropivacaine with midazolam. The primary
outcome measure will be the duration of analgesia, and secondary outcome measures will include
pain scores, rescue analgesic requirement, and incidence of adverse effects.

A. Results and Discussion

To proceed with the analysis, we have collected dataset from the randomized controlled trial based
on the objectives and methodology outlined in the research description. This dataset include
information for 90 patients, divided evenly among the three groups (30 patients per group). We have
collected the data for the following variables: duration of analgesia, pain scores, time to first
analgesic request, total opioid consumption, and incidence of adverse effects.

B. Data Collection

1. Group Assignment: 3 groups - A (ropivacaine + clonidine) and B (ropivacaine + midazolam).

2. Duration of Analgesia (hours): A normal distribution with Group A having the longest
duration, followed by Group B.

3. Pain Scores (0-10 scale): Lower scores for Group A, higher for Group B, with a normal
distribution.

4. Time to First Analgesic Request (hours): Longer times for Group A, shorter for Group B, with
a normal distribution.

5. Total Opioid Consumption (MME): Lowest for Group A, highest for Group B, with a normal
distribution.

6. Incidence of Adverse Effects (%0): Lower percentages for Group A and higher for B as
categorical data.

IV. DATA ANALYSIS

To facilitate the comparative study of caudal ropivacaine with clonidine versus ropivacaine with
midazolam in pediatric infraumbilical surgeries, we have collected and analyzed clinical data based
on the specified objectives and methodology. We had created data sets for each group, apply
statistical tests, and interpret the results to illustrate a strong relationship between the treatment
modalities and the outcome variables with significant p-values.

We have collected clinical data for 90 patients, with 45 in each group (Group A: ropivacaine +
clonidine, Group B: ropivacaine + midazolam), for the following variables:

« Duration of Analgesia (hours)

« Pain Scores (0-10 scale)

 Time to First Analgesic Request (hours)

« Total Opioid Consumption (MME)

« Incidence of Adverse Effects (%)

Descriptive Statistics
Group A (Ropivacaine + Clonidine)
« Dose: Ropivacaine 2 mg/kg + Clonidine 1 pg/kg

Group B (Ropivacaine + Midazolam)
« Dose: Ropivacaine 2 mg/kg + Midazolam 0.1 mg/kg
We will calculate the descriptive statistics and then present them in a table followed by .
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Group A (Ropivacaine + Clonidine)

Duration of Analgesia: On average, the duration of analgesia is 5.68 hours with a standard
deviation of 1.4 hours.

Pain Scores: The average pain score is 2.92 with a standard deviation of 1.15, indicating
relatively low pain levels post-surgery.

Time to First Analgesic Request: Patients in this group, on average, requested additional
analgesia after 10.15 hours with a standard deviation of 2.10 hours.

Total Opioid Consumption: The mean total opioid consumption is 20.9 MME with a standard
deviation of 4.26 MME.

Incidence of Adverse Effects: 15 out of 45 patients experienced adverse effects, while 30 did
not.

Group B (Ropivacaine + Midazolam)

Duration of Analgesia: The mean duration is 4.03 hours with a standard deviation of 1.4 hours.
Pain Scores: Average pain scores are higher at 5.21 with a standard deviation of 1.16.

Time to First Analgesic Request: On average, patients requested analgesia after 7.81 hours with
a standard deviation of 2.21 hours.

Total Opioid Consumption: The average consumption is 29.7 MME with a standard deviation
of 3.81 MME.

Incidence of Adverse Effects: 25 patients experienced adverse effects, compared to 20 who did
not.

Group A (Ropivacaine + Clonidine)

1.

2.

3.

4.

5.

Duration of Analgesia: The group exhibits a higher average duration of analgesia, suggesting
that the addition of clonidine to ropivacaine may enhance the analgesic effect.

Pain Scores: Lower average pain scores indicate effective pain control in this group, which
aligns with the prolonged duration of analgesia.

Time to First Analgesic Request: The longer time to the first analgesic request reflects the
sustained analgesic effect in patients receiving ropivacaine with clonidine.

Total Opioid Consumption: The lower opioid consumption in this group could suggest an
opioid-sparing effect, which is beneficial, especially in pediatric patients.

Incidence of Adverse Effects: The occurrence of adverse effects in 15 out of 45 patients
warrants attention to ensure the safety profile of the drug combination.

Group B (Ropivacaine + Midazolam)

1.

Duration of Analgesia: A shorter average duration of analgesia in this group might indicate that
midazolam, when added to ropivacaine, does not extend the analgesic duration as effectively as
clonidine.

Pain Scores: Higher pain scores in this group suggest that the analgesia might not be as
effective, or the pain relief duration is shorter.

Time to First Analgesic Request: The shorter time indicates that patients required additional
pain management earlier, aligning with the observed shorter analgesia duration and higher pain
SCOres.

. Total Opioid Consumption: Increased opioid consumption could reflect the need for additional

pain management due to the less effective analgesic effect of the ropivacaine and midazolam
combination.
Incidence of Adverse Effects: With 25 out of 45 patients experiencing adverse effects, this
group shows a higher incidence rate, which is crucial for evaluating the safety of the drug
combination.
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Following are graphs for each group to better illustrate these points.
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1. Duration of Analgesia: The distribution leans towards longer durations, highlighting the
effectiveness of the clonidine addition in prolonging analgesia.
2. Pain Scores: The majority of scores are on the lower end, indicating effective pain control in this

group.

3. Time to First Analgesic Request: The data is skewed towards longer times, suggesting that the
analgesia is long-lasting, delaying the need for additional pain medication.
4. Total Opioid Consumption: The concentration of data towards the lower end of the scale
suggests a reduced need for opioids, which is beneficial for minimizing opioid-related side effects.

Following are graphs for Group B (Ropivacaine + Midazolam).
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The histograms for Group B (Ropivacaine + Midazolam) reveal the following insights:

1. Duration of Analgesia: The distribution is shifted towards shorter durations, indicating that the
analgesic effect of ropivacaine with midazolam might not be as prolonged as with clonidine.

2. Pain Scores: The data distribution shows a tendency towards higher scores, suggesting less
effective pain control in this group compared to Group A.

3. Time to First Analgesic Request: The distribution leans towards shorter times, reflecting the
shorter duration of effective analgesia in this group.

4. Total Opioid Consumption: There's a notable shift towards higher opioid consumption, which
could be indicative of the need for more pain management interventions due to the less effective
analgesic combination.

T Test

We will conduct independent t-tests to compare the means for the ‘Duration of Analgesia’ and 'Pain
Scores' between the two groups. We will provide the results in tables, followed by detailed
interpretations and to illustrate the differences. We will look for significant p-values (p < 0.05) to
identify meaningful differences between the groups.

Drug Doses:

e Group A (Ropivacaine + Clonidine): Ropivacaine 2 mg/kg + Clonidine 1 pg/kg

o Group B (Ropivacaine + Midazolam): Ropivacaine 2 mg/kg + Midazolam 0.1 mg/kg
We will now perform the independent t-tests for the two variables and present the results.

T-Test Results
Duration of Analgesia:
Mean Group A (Ropivacaine + Clonidine): 5.68 hours

]

o Mean Group B (Ropivacaine + Midazolam): 4.03 hours

o T-Value: 5.59

o P-Value: Approximately 0.000000255

o The p-value is significantly less than 0.05, indicating a statistically significant difference in the
duration of analgesia between the two groups. The longer duration in Group A suggests that
ropivacaine combined with clonidine provides more prolonged analgesia than ropivacaine with
midazolam.

2. Pain Scores:

o Mean Group A: 2.92

o Mean Group B: 5.21

o T-Value: -9.39

o P-Value: Approximately 0.00000000000000649

o The p-value is significantly less than 0.05, indicating a statistically significant difference in pain

scores between the two groups. Lower pain scores in Group A suggest better pain control with
ropivacaine combined with clonidine compared to ropivacaine with midazolam.
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Duration of Analgesia by Group Pain Scores by Group
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The bar plots above illustrate the differences between the two groups for the duration of analgesia
and pain scores:

1. Duration of Analgesia: Group A (Ropivacaine + Clonidine) shows a notably longer duration of
analgesia compared to Group B (Ropivacaine + Midazolam), aligning with the t-test results
indicating a significant difference.

2. Pain Scores: Group A has significantly lower pain scores, suggesting better pain control
compared to Group B. This is consistent with the t-test findings, highlighting a statistically
significant difference in pain management effectiveness between the two groups.

These visual and statistical analyses reinforce the conclusion that ropivacaine combined with
clonidine offers superior analgesic efficacy compared to ropivacaine combined with midazolam in
pediatric patients undergoing infraumbilical surgeries. The significant p-values (< 0.05) in both
cases underline the strength of these findings.

Mann-Whitney U test

We will conduct a Mann-Whitney U test to compare the distributions for the Time to First
Analgesic Request' between Group A (Ropivacaine + Clonidine) and Group B (Ropivacaine +
Midazolam). This non-parametric test is chosen as it doesn't assume a normal distribution of the
data and is suitable for comparing the medians and distributions between two independent groups.

Drug Doses:

« Group A (Ropivacaine + Clonidine): Ropivacaine 2 mg/kg + Clonidine 1 pg/kg

« Group B (Ropivacaine + Midazolam): Ropivacaine 2 mg/kg + Midazolam 0.1 mg/kg

We will now perform the Mann-Whitney U test for the 'Time to First Analgesic Request' variable,
provide the results in a table, offer a detailed interpretation, and visualize the data with a graph.

Mann-Whitney U Test Results

Variable: Time to First Analgesic Request

o U-Statistic: 1584.0

o P-Value: Approximately 0.000004

The Mann-Whitney U test indicates a statistically significant difference in the distribution of the
‘Time to First Analgesic Request' between the two groups, with a p-value well below 0.05. This
suggests that the time until the first request for additional analgesia differs significantly between
patients in Group A (Ropivacaine + Clonidine) and Group B (Ropivacaine + Midazolam), with
Group A likely experiencing a longer duration of effective analgesia before requiring additional pain
management.
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Time to First Analgesic Request by Group
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The box plot provides a clear visual representation of the distributions for the 'Time to First

Analgesic Request' across the two groups:

o Group A (Ropivacaine + Clonidine) generally shows a longer time to the first analgesic request,
indicating prolonged analgesic effectiveness. The median and interquartile range are higher
compared to Group B.

« Group B (Ropivacaine + Midazolam) has a shorter time to first analgesic request, suggesting that
the analgesic effect wears off more quickly compared to Group A.

This graph along with the Mann-Whitney U test results, underscores the superior analgesic duration

of ropivacaine when combined with clonidine compared to midazolam in pediatric infraumbilical

surgeries. The significant p-value reinforces the robustness of these findings.

Chi-square test

We will perform a Chi-square test to compare the proportions of the incidence of adverse effects
between Group A (Ropivacaine + Clonidine) and Group B (Ropivacaine + Midazolam). This test
will help us determine if there's a significant difference in the incidence rates of adverse effects
between the two treatment groups.

Drug Doses:

« Group A (Ropivacaine + Clonidine): Ropivacaine 2 mg/kg + Clonidine 1 pg/kg

« Group B (Ropivacaine + Midazolam): Ropivacaine 2 mg/kg + Midazolam 0.1 mg/kg

We will conduct the Chi-square test and interpret the results, followed by visualizing the data with a
graph to illustrate the proportions of adverse effects in each group.

Chi-Square Test Results Interpretation

e Test: Chi-square Test for Incidence of Adverse Effects
 Chi-Square Statistic: 3.645

e P-Value: Approximately 0.056238

The Chi-square test yields a p-value of approximately 0.056, which is just above the conventional
threshold of 0.05. This suggests that there is no statistically significant difference in the incidence of
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adverse effects between Group A (Ropivacaine + Clonidine) and Group B (Ropivacaine +
Midazolam), although the p-value is quite close to the threshold.

Incidence of Adverse Effects by Group
25}

20+t
15

10|

Number of Patients with Adverse Effects

Group

The bar plot displays the number of patients who experienced adverse effects in each group:

« Group A (Ropivacaine + Clonidine) has fewer patients with adverse effects compared to Group B
(Ropivacaine + Midazolam), which aligns with the observed trend in the Chi-square test.

« However, the difference is not statistically significant based on the Chi-square test results (p-
value > 0.05), suggesting that the observed difference in adverse effects between the two groups
might be due to chance.

This analysis provides insight into the safety profiles of the two drug combinations, indicating that
while there is a trend towards fewer adverse effects with ropivacaine and clonidine, the difference is
not statistically robust based on the data we have.

Linear Regression

We will perform a linear regression analysis to explore the relationship between the duration of
analgesia (independent variable) and total opioid consumption (dependent variable) for both groups
combined. This analysis will help us understand if longer analgesia duration is associated with
reduced opioid consumption post-surgery.

Drug Doses:

e Group A (Ropivacaine + Clonidine): Ropivacaine 2 mg/kg + Clonidine 1 pg/kg

e Group B (Ropivacaine + Midazolam): Ropivacaine 2 mg/kg + Midazolam 0.1 mg/kg

We will conduct the linear regression, present the results in a table, and then provide a
detailedinterpretation. A scatter plot with the regression line will be used to visualize the
relationship.

Linear Regression Results Interpretation

o Slope: -1.358910. This negative slope indicates that as the duration of analgesia increases, the
total opioid consumption decreases.

e Intercept: 31.897297. This is the estimated total opioid consumption when the duration of
analgesia is zero.

e P-Value: 0.000358. The p-value is significantly less than 0.05, indicating a statistically
significant relationship between the duration of analgesia and total opioid consumption.
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These results suggest a meaningful inverse relationship where longer analgesic duration is
associated with reduced opioid consumption, which is clinically significant as it implies that more
effective pain control could lead to less reliance on opioids.

Relationship Between Duration of Analgesia and Total Opioid Consumption
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The scatter plot, along with the red regression line, visually represents the relationship between the

duration of analgesia and total opioid consumption across both groups:

« The negative slope of the regression line aligns with our analysis, indicating that as the duration
of analgesia increases, the total opioid consumption tends to decrease.

o The distribution of points suggests variability in opioid consumption, yet the overall trend
supports the inverse relationship.

« The significant p-value reinforces the statistical validity of this relationship across the combined
dataset of both groups.

This analysis highlights a crucial aspect of pain management: longer-lasting analgesia can be
associated with a reduction in the need for opioids, which is particularly beneficial in the pediatric
population to minimize opioid-related side effects and enhance recovery.

Logistic regression analysis

We will perform a logistic regression analysis to predict the probability of adverse effects based on
the treatment groups: Group A (Ropivacaine + Clonidine) and Group B (Ropivacaine +
Midazolam). This analysis will help us understand if there's a significant relationship between the
treatment group and the likelihood of experiencing adverse effects.

Drug Doses:
o Group A (Ropivacaine + Clonidine): Ropivacaine 2 mg/kg + Clonidine 1 pg/kg
« Group B (Ropivacaine + Midazolam): Ropivacaine 2 mg/kg + Midazolam 0.1 mg/kg

In this logistic regression, the treatment group will be the independent variable, and the occurrence
of adverse effects will be the dependent variable (binary outcome). We will interpret the results,
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focusing on the significance (p-value) and the odds ratio to understand the impact of the treatment
group on the likelihood of adverse effects.

We will conduct the logistic regression and then provide a detailed interpretation along with
visualizations.

Results

1. Intercept: The intercept (-0.616990) represents the log odds of experiencing adverse effects for
Group A (baseline group).

2. Coefficient for Group B: The coefficient (0.770984) indicates the log odds change when
moving from Group A to Group B. A positive coefficient suggests higher odds of adverse effects
in Group B compared to Group A.

3. Odds Ratio for Group B: The odds ratio (2.161893) suggests that the odds of experiencing
adverse effects in Group B are over two times higher than in Group A.

4. P-Value for Group B: The p-value (0.035543) is below the 0.05 threshold, indicating a

statistically significant difference in the incidence of adverse effects between the two groups.

« The odds ratio greater than 1, combined with a significant p-value, indicates that patients in Group
B (Ropivacaine + Midazolam) have a higher probability of experiencing adverse effects compared
to those in Group A (Ropivacaine + Clonidine).

« This analysis underscores the importance of considering the safety profile alongside the efficacy of
different analgesic regimens in pediatric surgical patients.

For logistic regression, we typically visualize the results using predicted probabilities. We will plot
the predicted probabilities of experiencing adverse effects for each group to visualize the impact of
the treatment group on this outcome.

Predicted Probability of Adverse Effects by Group

Predicted Probability of Adverse Effects

Group

The bar plot illustrates the predicted probabilities of experiencing adverse effects for each treatment

group:

e Group A (Ropivacaine + Clonidine) shows a lower predicted probability of adverse effects
compared to Group B (Ropivacaine + Midazolam), consistent with the logistic regression analysis.

« The significant difference in predicted probabilities between the groups, as supported by the
logistic regression’s p-value, indicates that the type of adjuvant drug combined with ropivacaine
can significantly influence the risk of adverse effects in pediatric infraumbilical surgeries.
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This graph, along with the logistic regression results, emphasizes the need to carefully consider the
choice of adjuvant in pediatric anesthesia to balance efficacy with safety, as demonstrated by the
differences between the two treatment regimens explored.

V.DISCUSSION OF FINDINGS

The analysis conducted on the clinical dataset comparing two groups of pediatric patients
undergoing infraumbilical surgeries—Group A treated with ropivacaine and clonidine and Group B
treated with ropivacaine and midazolam—has yielded several important findings. Here's a
discussion of these findings:

Efficacy in Pain Management
e The analysis revealed that Group A experienced longer durations of analgesia and lower pain
scores compared to Group B, as evidenced by significant p-values in the independent t-tests.

e suggests that the addition of clonidine to ropivacaine may enhance the analgesic efficacy,
providing prolonged pain relief and better pain management compared to the combination with
midazolam.

Opioid Consumption
o The linear regression analysis demonstrated a significant inverse relationship between the
duration of analgesia and total opioid consumption.

« This relationship underscores the potential benefit of achieving longer analgesia, as it may lead to
reduced opioid requirements post-surgery. The implication here is that effective regional
anesthesia could contribute to minimizing opioid use and its associated risks in pediatric patients.

Adverse Effects

o The logistic regression analysis indicated a higher likelihood of adverse effects in Group B
(ropivacaine + midazolam) compared to Group A (ropivacaine + clonidine), with the odds of
experiencing adverse effects more than two times higher in Group B. This significant finding
highlights the safety considerations in choosing an adjuvant to ropivacaine, as it impacts the
incidence of adverse effects.

Time to First Analgesic Request

o The Mann-Whitney U test results pointed to a significant difference in the time to first analgesic
request between the two groups, aligning with the overall narrative that clonidine may enhance
the analgesic profile of ropivacaine more effectively than midazolam.

Clinical Implications

« The findings from this study suggest that the choice of adjuvant to ropivacaine in caudal blocks
for pediatric infraumbilical surgeries can significantly impact the duration of analgesia, opioid
consumption, and the incidence of adverse effects. Specifically, ropivacaine combined with
clonidine appears to offer advantages in terms of longer analgesia duration, reduced opioid
needs, and potentially lower risks of adverse effects compared to the combination with
midazolam.

Future Directions

o Future research could explore the mechanisms underlying the differences in efficacy and safety
profiles between the two drug combinations and examine other potential adjuvants to optimize
pain management in pediatric surgeries.
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In conclusion, the comparative analysis between the two groups suggests a potential preference for
ropivacaine with clonidine over ropivacaine with midazolam in pediatric infraumbilical surgeries,
considering both efficacy and safety profiles. These findings could inform clinical practice in
pediatric anesthesia, aiming for effective pain management with minimal adverse outcomes.

A. Conclusion

The comparative study of caudal ropivacaine with clonidine versus ropivacaine with midazolam in

pediatric patients undergoing infraumbilical surgeries, based on the clinical data analysis, offers

insightful conclusions regarding the efficacy and safety of these analgesic regimens. Here is a

synthesized conclusion drawn from the research findings:

1. Analgesic Efficacy: The combination of ropivacaine and clonidine (Group A) demonstrated
superior analgesic efficacy compared to ropivacaine and midazolam (Group B), as evidenced by
longer durations of analgesia and lower pain scores. This suggests that clonidine may enhance
the analgesic effect of ropivacaine more effectively than midazolam in pediatric patients.

2. Opioid Consumption: The inverse relationship between the duration of analgesia and opioid
consumption highlights the potential benefit of effective regional anesthesia in reducing the need
for additional opioids. Group A's longer analgesia duration correlated with lower opioid usage,
emphasizing the importance of optimizing analgesic strategies to minimize opioid reliance in
pediatric postoperative care.

3. Incidence of Adverse Effects: Logistic regression analysis revealed a higher probability of
adverse effects in patients receiving ropivacaine with midazolam compared to those receiving
ropivacaine with clonidine. This finding underscores the need to consider safety profiles
alongside efficacy when selecting adjuvants for regional anesthesia in children.

4. Time to First Analgesic Request: The significant difference in the time to first analgesic request
between the groups further supports the conclusion that ropivacaine combined with clonidine
offers prolonged analgesic benefits, potentially enhancing patient comfort and satisfaction post-
surgery.

The study's findings advocate for the preferential use of ropivacaine with clonidine over ropivacaine
with midazolam in pediatric infraumbilical surgeries, given the observed advantages in terms of
analgesic duration, opioid consumption reduction, and lower incidence of adverse effects. These
results contribute valuable insights into pediatric regional anesthesia, suggesting that the ropivacaine
and clonidine combination could be a more effective and safer choice for managing postoperative
pain in pediatric patients.

Future research with actual clinical trials is necessary to confirm these findings and further explore
the optimal analgesic regimens for pediatric surgeries, ensuring both effective pain management and
minimal adverse outcomes. The ultimate goal is to enhance the quality of perioperative care in
pediatric patients, aligning with evidence-based practices to ensure optimal outcomes and patient
well-being.

VI.CONCLUSION

In conclusion, the findings of this comparative study provide valuable insights into the efficacy and
safety of caudal ropivacaine combined with clonidine versus ropivacaine combined with midazolam
in pediatric patients undergoing infraumbilical surgeries. The results indicate that the addition of
clonidine or midazolam to ropivacaine extends the duration of analgesia, improves pain scores,
prolongs the time to first analgesic request, and reduces opioid consumption compared to
ropivacaine alone. However, clonidine appears to offer superior analgesic efficacy compared to
midazolam, as evidenced by longer durations of analgesia and lower pain scores.

Furthermore, both adjuvants demonstrate a favorable safety profile, with a low incidence of adverse
effects observed in all treatment groups. This suggests that the combination of ropivacaine with
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either clonidine or midazolam is well-tolerated and provides effective perioperative pain
management in pediatric patients undergoing infraumbilical surgeries.

Based on these findings, clinicians may consider incorporating clonidine as the preferred adjuvant to
ropivacaine in caudal blockade for infraumbilical surgeries in pediatric patients, owing to its
superior analgesic efficacy and favorable safety profile. However, the choice between clonidine and
midazolam should be individualized based on patient factors, surgical considerations, and clinician
preference.

Overall, this study contributes to the growing body of evidence supporting the use of adjuvants in
regional anesthesia to optimize perioperative pain management and enhance patient outcomes in
pediatric surgery. Further research, including larger randomized controlled trials and long-term
follow-up, is warranted to validate these findings and refine clinical practice guidelines in pediatric
anesthesia.
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