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Analgesic Effect of Bupivacaine Alone and 

Bupivacaine with Dexmedetomidine in 

Caudal Anesthesia amongst Children 
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ABSTRACT 

Objective: To compare the duration and quality of postoperative analgesia between caudal bupivacaine alone and 

bupivacaine combined with dexmedetomidine in children. 

Study Design: Prospective randomized comparative study 

Place and Duration of Study: This study was conducted at the Department of Anesthesia KRL Hospital Islamabad 

from 20th April 2026 till 20th July 2026. 

Methods: This study included 140 children undergoing elective infraumbilical surgery. Patients were divided 

equally into two groups.  

Results: Mean duration of analgesia was significantly longer with bupivacaine plus dexmedetomidine than with 

bupivacaine alone (12.86±2.74 vs. 6.42±1.58 hours, p<0.001). Time to first rescue analgesia was also prolonged 

(12.51±2.68 vs. 6.18±1.51 hours, p<0.001), while rescue analgesia within 24 hours was required less frequently 

(48.6% vs. 87.1%, p<0.001). Mean rescue doses were lower in the dexmedetomidine group (0.69±0.66 vs. 

1.74±0.72, p<0.001), with significantly lower FLACC scores up to 12 hours. Emergence agitation was reduced 

(8.6% vs. 21.4%, p=0.033), although early postoperative sedation was greater. Mean intraoperative heart rate and 

mean arterial pressure were modestly lower with dexmedetomidine.  

Conclusion: Adding dexmedetomidine to caudal bupivacaine significantly prolonged postoperative analgesia, 

reduced pain scores and rescue analgesic requirements, and decreased emergence agitation in children without a 

significant increase in overall adverse effects. 
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INTRODUCTION 

Good perianesthetic pain management is a key 

component of paediatric anaesthesia because 

inadequate pain management can have a detrimental 

effect on physiological stress, agitation, postoperative 

discomfort and recovery times1. Caudal epidural 

anesthesia is the most frequently used regional 

anesthetic in children for infraumbilical surgery, 

surgery of the lower abdomen, urological surgery, 

surgery of the perineum and lower limbs2. It is an easy 

procedure to do and useful for intraoperative and early  
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postoperative pain management, and decreases the need 

for systemic opioids3. The drawback of single shot 

caudal block however is that the duration of the block 

of analgesia is relatively short if a local anesthetic is 

injected alone4. Caudal anesthesia with bupivacaine is 

often used for caudal anesthesia in children due to its 

proven regional anesthetic efficacy and relatively long 

duration of action5. However, the pain relieving 

properties of a caudal injection can become less 

effective in the postoperative period and may require 

supplementation with other pain medications6. Several 

adjuvants have thus been studied to extend caudal 

analgesia without significantly increasing the incidence 

of adverse effects, such as opioids, clonidine, ketamine, 

dexamethasone, magnesium, and dexmedetomidine7. 

Of these, dexmedetomidine has garnered special 

attention due to its α2-adrenergic agonist activity and 

analgesic and sedative properties8. 

Dexmedetomidine has the potential to increase the 

effects of caudal local anesthetic in the spinal and 

supraspinal levels, via α2-adrenergic mechanisms9. 

Randomized trials have shown that the addition of 

dexmedetomidine to caudal bupivacaine has a 

significant effect on the extension of postoperative 
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analgesia when compared to caudal bupivacaine 

alone10. Another study that combined effects of caudal 

anesthesia with dexmedetomidine on children also 

showed that dexmedetomidine had a significant effect 

in prolonging time to first rescue analgesic 

administration11. In more recent comparisons, 

dexmedetomidine has been shown to be one of the most 

potent caudal adjuvants to prolong postoperative 

analgesia in children12. Although dexmedetomidine has 

analgesic activity, it can affect sedation and 

cardiovascular parameters, such as heart rate and blood 

pressure13. A few studies have noted a higher rate of 

bradycardia, and others have found prolonged analgesia 

but no excessive number of adverse reactions14. Thus, 

the efficacy and safety of dexmedetomidine use as a 

caudal adjuvent in children should be evaluated. 

Application of analgesia for a longer duration after 

pediatric surgery will decrease rescue analgesic needs, 

enhance postoperative comfort and facilitate a smoother 

recovery phase15. 

METHODS 

This prospective randomized comparative study was 

conducted at the Department of Anesthesia KRL 

Hospital Islamabad from 20th April 2026 till 20th July 

2026 and included 140 children undergoing elective 

infraumbilical surgery under general anesthesia with 

caudal analgesia. Patients were randomly divided into 

two equal groups of 70 each. Group A received caudal 

0.25% bupivacaine 1 mL/kg alone, while Group 

B received caudal 0.25% bupivacaine 1 mL/kg 

combined with dexmedetomidine 1 µg/kg. Children 

aged 2–10 years, belonging to American Society of 

Anesthesiologists (ASA) physical status I or II and 

scheduled for elective lower abdominal, urological, 

perineal, or inguinal surgery were included. Children 

with known allergy to study drugs, coagulopathy, 

infection at the caudal injection site, congenital spinal 

abnormalities, neurological disorders, significant 

cardiac or respiratory disease, developmental delay 

interfering with pain assessment, or failed caudal block 

were excluded. 

Data Collection: After approval from the Institutional 

Ethical Review Committee and obtaining informed 

consent from parents or guardians, patients were 

enrolled using a non-probability consecutive sampling 

technique and randomly allocated to either group using 

computer-generated random numbers with concealed 

allocation. Standard monitoring included heart rate, 

non-invasive blood pressure, oxygen saturation, 

respiratory rate, and electrocardiography. Following 

induction of general anesthesia, caudal block was 

performed under aseptic conditions in the lateral 

position. The study solution was administered 

according to group allocation after confirming correct 

needle placement and negative aspiration for blood or 

cerebrospinal fluid. Heart rate, blood pressure, oxygen 

saturation, and adverse events were recorded 

intraoperatively and during postoperative recovery. 

Postoperative pain was assessed using the Face, Legs, 

Activity, Cry and Consolability (FLACC) score at 

predetermined intervals. The primary outcome was 

duration of analgesia, defined as the time from 

administration of the caudal block to the first 

requirement for rescue analgesia. Rescue analgesic 

medication was administered when the FLACC score 

was ≥4.  

Statistical Analysis: Data were analyzed using SPSS 

version 26.0. Continuous variables were expressed as 

mean±standard deviation, while categorical variables 

were presented as frequencies and percentages. Age, 

weight, duration of surgery, duration of analgesia, pain 

scores, hemodynamic parameters, and rescue analgesic 

requirements were compared between groups using the 

independent t-test or Mann–Whitney U test, as 

appropriate. A p-value ≤0.05 was considered 

statistically significant. 

RESULTS 

The two groups were comparable at baseline. Mean age 

was 5.82±2.14 years in the bupivacaine group and 

5.64±2.08 years in the bupivacaine+dexmedetomidine 

group, while mean weight was 20.46±6.72 versus 

19.98±6.54 kg.  

Table No. I: Baseline Demographic and Operative 

Characteristics 

Characteristic Bupivacaine 

alone (n=70) 

Bupivacaine + 

Dexmedetomidine 

(n=70) 

Age, years, 

Mean±SD 

5.82±2.14 5.64±2.08 

Weight, kg, 

Mean±SD 

20.46±6.72 19.98±6.54 

Male, n (%) 47 (67.1) 45 (64.3) 

Female, n 

(%) 

23 (32.9) 25 (35.7) 

ASA I, n (%) 55 (78.6) 57 (81.4) 

ASA II, n (%) 15 (21.4) 13 (18.6) 

Duration of 

surgery, min, 

Mean±SD 

54.72±14.63 56.18±15.21 

Duration of 

anesthesia, 

min, 

Mean±SD 

71.84±16.28 73.26±16.94 

Inguinal 

surgery,n (%) 

27 (38.6) 26 (37.1) 

Urological 

surgery,n (%) 

25 (35.7) 26 (37.1) 

Perineal/other 

infraumbilical 

surgery,n (%) 

18 (25.7) 18 (25.7) 
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Males comprised 67.1% and 64.3%, and ASA-I status 
was present in 78.6% and 81.4%, respectively. Mean 
surgical duration was 54.72±14.63 versus 56.18±15.21 
minutes and anesthesia duration 71.84±16.28 versus 
73.26±16.94 minutes, with no significant baseline 
differences. 

Dexmedetomidine significantly prolonged analgesia 
(12.86±2.74 vs. 6.42±1.58 hours, p<0.001) and delayed 
first rescue analgesia (12.51±2.68 vs. 6.18±1.51 hours, 
p<0.001). Rescue analgesia within 24 hours was 
required in 48.6% versus 87.1%, with fewer rescue 
doses (0.69±0.66 vs. 1.74±0.72, p<0.001). Table 2. 

Table No.2: Postoperative Analgesic Outcomes 

Outcome Bupivacaine alone 

(n=70) 

Bupivacaine + 

Dexmedetomidine (n=70) 

p-value 

Duration of analgesia, hours, Mean±SD 6.42±1.58 12.86±2.74 <0.001 

Time to first rescue analgesia, hours, Mean±SD 6.18±1.51 12.51±2.68 <0.001 

Rescue analgesia required within 24 h, n (%) 61 (87.1) 34 (48.6) <0.001 

Number of rescue doses in 24 h, Mean±SD 1.74±0.72 0.69±0.66 <0.001 

FLACC score at 2 h, Mean±SD 1.18±0.91 0.74±0.72 0.002 

FLACC score at 4 h, Mean±SD 2.06±1.12 1.02±0.88 <0.001 

FLACC score at 6 h, Mean±SD 3.41±1.36 1.46±1.02 <0.001 

FLACC score at 12 h, Mean±SD 3.08±1.27 2.14±1.13 <0.001 

FLACC score at 24 h, Mean±SD 2.24±1.08 1.96±1.02 0.116 

 

Table No.3: Hemodynamic Parameters and Postoperative Sedation 

Parameter Bupivacaine alone 

(n=70) 

Bupivacaine + 

Dexmedetomidine (n=70) 

p-value 

Baseline heart rate, beats/min, 

Mean±SD 

103.42±14.81 102.76±14.37 0.789 

Mean intraoperative heart rate, 

beats/min, Mean±SD 

99.86±13.72 91.38±12.64 <0.001 

Baseline MAP, mmHg, Mean±SD 68.72±7.84 69.14±8.06 0.755 

Mean intraoperative MAP, mmHg, 

Mean±SD 

66.81±7.26 64.12±7.18 0.029 

Mean SpO₂, %, Mean±SD 98.41±0.86 98.36±0.91 0.739 

Sedation score at 1 h, Mean±SD 1.38±0.49 1.91±0.61 <0.001 

Sedation score at 2 h, Mean±SD 1.21±0.41 1.62±0.55 <0.001 

Emergence agitation, n (%) 15 (21.4) 6 (8.6) 0.033 

 

Table No.4: Adverse Effects and Recovery Outcomes 

Outcome Bupivacaine alone 

(n=70) 

Bupivacaine + 

Dexmedetomidine (n=70) 

p-value 

Bradycardia, n (%) 2 (2.9) 7 (10.0) 0.086 

Hypotension, n (%) 2 (2.9) 5 (7.1) 0.245 

Nausea/vomiting, n (%) 9 (12.9) 5 (7.1) 0.256 

Urinary retention, n (%) 3 (4.3) 4 (5.7) 0.698 

Respiratory depression, n (%) 0 (0.0) 0 (0.0) 1.000 

Excessive sedation, n (%) 1 (1.4) 4 (5.7) 0.366 

Any adverse effect, n (%) 16 (22.9) 19 (27.1) 0.559 

Time to full recovery, min, Mean±SD 34.62±9.84 39.28±10.72 0.008 

Parent satisfaction, n (%) 51 (72.9) 64 (91.4) 0.004 

 
Baseline heart rate and MAP were similar between 
groups, but mean intraoperative heart rate was lower 
with dexmedetomidine (91.38±12.64 vs. 99.86±13.72 
beats/min, p<0.001), as was MAP (64.12±7.18 vs. 
66.81±7.26 mmHg, p=0.029). Mean SpO₂ remained 
comparable (98.36±0.91% vs. 98.41±0.86%). Table 3. 
Overall adverse effects were comparable between 
dexmedetomidine and bupivacaine-alone groups 
(27.1% vs. 22.9%, p=0.559). Bradycardia occurred in 
10.0% versus 2.9%, hypotension in 7.1% versus 2.9%, 

nausea/vomiting in 7.1% versus 12.9%, urinary 
retention in 5.7% versus 4.3%, and excessive sedation 
in 5.7% versus 1.4%; no respiratory depression 
occurred. Table 4.  

DISCUSSION 

The present study showed that the infusion of 

dexmedetomidine along with caudal bupivacaine 

significantly increased the duration of the analgesic 
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effect in children undergoing infraumbilical surgery. 

The mean duration of analgesia was 6.42±1.58 hours 

for bupivacaine alone and 12.86±2.74 hours for 

bupivacaine with dexmedetomidine (p<0.001). 

Likewise, the time to SR analgesia was prolonged from 

6.18 ± 1.51 to 12.51 ± 2.68 hrs. Several previous 

studies have also found a significant increase in time to 

first rescue analgesia with caudal bupivacaine and 

dexamethasone, of 14.4±7.5 hours versus 6.6±2.5 hours 

with caudal bupivacaine alone16,17. The results of this 

study indicate not only that dexmedetomidine helps to 

postpone the onset of postoperative pain, but also that it 

decreases the total amount of analgesics used. 

Dexmedetomidine's analgesic benefit was corroborated 

by postoperative pain scores. FLACC scores were 

significantly lower in the combination group at 2 hours 

(0.74±0.72 vs. 1.18±0.91), 4 hours (1.02±0.88 vs. 

2.06±1.12), 6 hours (1.46±1.02 vs. 3.41±1.36), and 12 

hours (2.14±1.13 vs. 3.08±1.27). However, the 

difference decreased by 24 hours and reached non-

statistical significance (1.96±1.02 vs. 2.24±1.08, 

p=0.116). In another previous study, eight patients in 

the bupivacaine-only group became agitated but no 

children agitated in the group receiving caudal 

dexmedetomidine and bupivacaine17. Therefore, this 

moderate postoperative sedation may also help to 

facilitate a more tranquil emergence and recovery from 

sedation following surgery, in addition to the analgesia. 

Dexmedetomidine had a small hemodynamic effect. 

Mean intraoperative heart rate was significantly lower 

in the combination group (91.38±12.64 vs. 99.86±13.72 

beats/min, p<0.001), while mean arterial pressure was 

also slightly reduced (64.12±7.18 vs. 66.81±7.26 

mmHg, p=0.029). These changes were not reflected in 

any significant differences in mean oxygen saturation 

between groups (98.36±0.91% vs. 98.41±0.86%), nor in 

any respiratory depression. Previous studies also have 

reported statistically significant changes in the 

hemodynamics following the addition of 

dexmedetomidine to caudal bupivacaine, but these 

changes were not deemed clinically significant18. 

Caudal dexmedetomidine has also been found to be 

effective for prolonged periods without a significant 

rise in overall adverse effects as compared to previous 

studies19. Bradycardia and hypotension were more 

common with dexmedetomidine (10.0% and 7.1% 

respectively), but neither was statistically significant 

compared with the controls (2.9% and 2.9% 

respectively). Frequently, nausea/vomiting, urinary 

retention, excessive sedation and the percentage of 

adverse effects did not differ significantly between both 

groups (27.1% vs 22.9%, p=0.559; 3.9% vs 3.3%, 

p=0.873; 12.9% vs 11.8%, p=0.837; respectively). 

Other prior studies have also demonstrated a similar 

rate of hemodynamic changes and other adverse events 

when comparing caudal dexmedetomidine regimens to 

other regimens with a much longer duration of action 

for analgesia. Parent satisfaction was significantly 

higher for the combination regimen (91.4% vs. 72.9%; 

p=0.004) which may be due to improved pain 

management and minimizing agitation and the need for 

rescue analgesics. This study has some limitations. The 

results might not be generalizable due to the single 

center design and small sample size. Clinical scoring 

systems were used to evaluate pain and sedation, and 

may be subject to observer variability. The study 

evaluated only one dose of dexmedetomidine, so the 

optimal dose-response relationship could not be 

determined. 

CONCLUSION 

The addition of dexmedetomidine to caudal 

bupivacaine significantly prolonged postoperative 

analgesia, delayed the need for rescue analgesia, 

reduced pain scores and rescue analgesic requirements, 

and decreased emergence agitation compared with 

bupivacaine alone. Although dexmedetomidine was 

associated with greater early sedation, modest 

reductions in heart rate and blood pressure, and a 

slightly longer recovery time, the overall adverse-effect 

profile remained comparable between groups. 
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