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Keypoints 

Midazolam has been demonstrated to possess analgesic property when deposited in the epidural space. We explored 

the analgesic benefits of caudal midazolam as an adjuvant to caudal bupivacaine in ambulatory paediatric groin pro-

cedures, and studied the recovery and side effects of the drug. Caudal bupivacaine midazolam injection provides su-

perior quality of analgesia in children undergoing ambulatory groin procedures compared to bupivacaine alone with 

satisfactory recovery profile. 
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Abstract 

Introduction 

Adequate pain control after ambulatory surgery remains 

a major challenge. Midazolam as adjunct to local anaes-

thetics in caudal epidural analgesia has been found ef-

fective with minimal side effects. This study was carried 

out to evaluate its analgesic efficacy and recovery pro-

file in children who underwent ambulatory groin surger-

ies. 

Materials and Methods 

Eighty-six children aged between one and six years who 

presented for herniotomies or orchidopexies at our am-

bulatory facility were randomized to receive either a 

caudal epidural injection of bupivacaine (1ml/kg of 

0.125%) alone (group B), or with 50µg/kg of midazo-

lam (group M) after induction of general anaesthesia. 

Postoperatively, time to first analgesia, number of doses 

of paracetamol administered within the first 24 hours, 

sedation scores within the first hour, and time to home 

readiness were recorded. 

Results 

The study and control groups had comparable socio-

demographic characteristics. The mean time to first re-

quest for analgesic was significantly longer (p = 0.0001) 

in group M (477.67 min ± 53.79 min) compared to 

group B (243.79 min ± 44.00 min). The number of dos-

es of post-operative analgesic consumed was signifi-

cantly lower in the study group (p = 0.0001). Sedation 

scores were similar in the first hour post operatively. 

The time to home readiness was longer in the midazo-

lam group with a mean difference of 5.37 minutes 

(39.86 min ± 6.38 min versus 34.49 ± 4.55 min; p = 

0.0001). A patient in the bupivacaine-midazolam group 

had an episode of vomiting; otherwise no other side ef-

fect was documented. 

Conclusion 

This study shows that caudal bupivacaine midazolam 

injection provide superior quality of analgesia in chil-

dren undergoing ambulatory groin procedures compared 

to bupivacaine alone with satisfactory recovery profile. 

Keywords: Ambulatory groin surgery, paediatric anae-

sthesia, caudal analgesia, bupivacaine, midazolam. 

Introduction 

Postoperative pain remains a major challenge globally 

despite remarkable advances in anaesthesia and surgery 

in recent years.1,2,3 Pain has been identified as the com-
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monest complaint among children undergoing ambula-

tory surgery in Nigeria.4 Adequate postoperative pain 

control is an essential component of an ambulatory sur-

gical service; aiding quick return of the patient to nor-

mal routines.  Unrelieved pain after ambulatory surgery 

can delay discharge, lead to unanticipated hospital ad-

mission and increase cost. Caudal epidural analgesia 

remains one of the most commonly performed regional 

blocks in paediatric anaesthesia due to its reliability, 

safety, and ease of performance.5 However, short dura-

tion of effect is a drawback of single shot caudal analge-

sia even when long acting local anaesthetics are used.5 

Addition of various adjuvants to local anaesthetics to 

prolong the duration of analgesia has been explored in 

recent years. While significant prolongation of analgesia 

was not achieved with epinephrine, opioids were found 

to prolong analgesia but their use may be marred by un-

pleasant side effects including nausea, vomiting, pruri-

tis, urinary retention and delayed respiratory depres-

sion.5,6 Hallucination and potential for toxicity in the 

event of inadvertent intrathecal injection are limitations 

to the use of ketamine, and neostigmine is associated 

with nausea and vomiting though it prolongs duration of 

analgesia.6,7 Caudal clonidine has been recommended as 

an adjuvant to local anaesthetic in children,8 but it has 

been associated with bradycardia, hypotension and ex-

cessive sedation in adults. These side effects have been 

reported to be either minimal or absent in children by 

some clinician.9,10 Excessive sedation related to caudal 

clonidine in children appears to be dose-dependent.5 The 

gains of an ambulatory surgical service may be eroded 

by undesirable side effects. 

Midazolam, a short acting benzodiazepine with good 

anxiolytic, amnestic, sedative, hypnotic, anticonvulsant, 

and skeletal muscle relaxant properties has been demon-

strated to possess analgesic property when deposited in 

the epidural space since its early trials in the 1980s. Its 

analgesic effect is mediated through the GABA and the 

benzodiazepine system in the spinal cord.11 A dose of 

50µg/kg co-administered with local anaesthetics has 

been shown to extend period of analgesia without sub-

stantial side effects. However, higher sedation score 

during the first postoperative hour has been reported.12 

A recent work comparing intrathecal midazolam and 

low dose clonidine suggested that midazolam provides 

superior analgesia to clonidine in subarachnoid block 

with fewer adverse effects.11 A meta-analysis evaluating 

the effectiveness and the side effects of intrathecal mid-

azolam among parturient also suggested improved peri-

operative analgesia and reduced nausea and vomiting 

during caesarean delivery.11 Both therapeutic benefits 

are highly desirable in an ambulatory setting. 

Although, concerns with possibility of toxic effects of 

the epidural use of midazolam particularly in neonates 

continue to persist, available evidences so far suggest 

that a small diluted dose of less than 1mg/mL preserva-

tive-free intrathecal and epidural midazolam appears 

free of neurotoxicity.11,12,13 The use of caudal epidural 

midazolam has not been previously explored among 

children undergoing ambulatory surgery; this study was 

conducted to explore the analgesic benefits of caudal 

midazolam as an adjuvant to caudal bupivacaine in am-

bulatory paediatric groin procedures, and to study the 

recovery and side effect profile of the drug. 
Materials and Methods 

Ethical approval was obtained from the Hospital’s Eth-

ics and Research Committee, and informed consent was 

obtained from the parents/guardians of the children be-

fore recruitment into the study. The sample size was de-

termined by using the Snedecor-Cochran equation for 

comparing two group means14 n = 1+ 2C (s/d)2 where: n 

= sample size; s = standard deviation from a previous 

study12;  d = difference in time of recovery to be detect-

ed; c = constant dependent on the values of α and β se-

lected. For α = 0.05 and 1-β = 0.9, c is 10.51, s = ± 2.7 

hours, d = 2 hours, n = 1+ 2(10.51)(2.7/2)2; n = 1 + 38.3 

i.e. 39 patients in each group. The sample size was in-

creased by 10% to provide for attrition (39 + 4 = 43). 

Therefore, 43 patients were recruited for each group. 

Eighty-six ASA I and II patients between the ages of 1 
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and 6 years scheduled for unilateral groin procedures 

(herniotomies and orchidopexies) in the Ambulatory 

theatre of our hospital were recruited into this prospec-

tive randomized double blind comparative study, with 

forty-three patients in each group. Exclusion criteria in-

cluded; parent`s or guardian`s refusal, in-patients, 

known allergy to bupivacaine, midazolam, or other ben-

zodiazepines, presence of a neurological disease, lum-

bosacral deformities or coagulopathy, and regular use of 

sedative or anticonvulsant for any reason. 

On arrival in the theatre, patients were randomly as-

signed into one of the two groups: bupivacaine only 

(Group B), and bupivacaine plus preservative free mid-

azolam (Midazolam injection 5mg/ml, Hameln pharma-

ceuticals Ltd, UK), (Group M) by drawing out of a pool 

of computer generated codes which were kept in sealed 

envelopes. Randomization was done by the anaesthetist 

who also prepared the drugs while drugs administration 

was done by the lead investigator blinded to patient’s 

group. Another anaesthetist blinded to patients’ group-

ing assessed the children after the block was instituted. 

The lead investigator and the assessor were blinded to 

the drugs. Baseline vital signs including pulse rate, sys-

tolic blood pressure, respiratory rate and SpO2 were rec-

orded with a non-invasive multiparameter patient moni-

tor [Mindray; Model PM-5000, Shenzhen Mindray Bio-

Medical Electronic Co. Ltd, Shanghai International 

Holding Corp. GmbH]. Inhalational induction was done 

with 1 - 2% halothane in 100% oxygen delivered 

through Jackson Ree’s modification of Ayre's T -piece 

and face mask. Once the patient was asleep, a 20G or 

22G intravenous cannula was sited and 4.3% dextrose in 

0.18% saline infusion was put up to run at maintenance 

rate. Following induction of anaesthesia, the patients 

were placed in left lateral decubitus position with hip 

and knee flexion. Group B had 1ml/kg of 0.125% bupi-

vacaine and Group M had 1ml/kg of 0.125% bupiva-

caine with 50µg/kg of midazolam injected into the cau-

dal epidural space using a 22 G hypodermic needle un-

der sterile condition. The patient was then returned to 

the supine position for the surgery. Surgical procedures 

were commenced ten to fifteen minutes after administra-

tion of caudal block. Anaesthesia was maintained with 

halothane (0.5% - 1%) in oxygen (2 litres/minute) – air 

(4 litres/minute) mixture.  The blood pressure was cy-

cled every 5 minutes. An intraoperative increase in heart 

rate or blood pressure by more than 10% above the 

baseline after 15 minutes of caudal injection was de-

fined as insufficient analgesia and treated with intrave-

nous paracetamol 15mg/kg body weight, and the patient 

withdrawn from the study. 

Halothane was discontinued at the beginning of skin 

closure. At the end of surgery and upon the achievement 

of a modified Aldrete score15 of at least 6, patients were 

moved to the recovery room, breathing room air. In-

traoperative or postoperative decrease in systolic blood 

pressure or heart rate more than 30% of the baseline 

values was to be defined as severe hypotension or brad-

ycardia respectively. Severe hypotension and bradycar-

dia were to be treated with ephedrine and atropine re-

spectively. Respiratory depression was defined as a fall 

in respiratory rate below 15 cycles per minute and it was 

to be treated with supplemental oxygen and manual ven-

tilation after turning off the inhalational agent. On arri-

val in the recovery room, systolic blood pressure, heart 

rate, respiratory rate and SpO2 were documented every 

15 minutes in the first hour and hourly until patient had 

achieved a modified Aldrete score15 of ≥ 9. Pain as-

sessment in the postoperative period was done using the 

objective pain scale16 (OPS) at 30 minutes, 1 hour and 2 

hours. If the OPS score was more than 4 or if the patient 

was showing obvious signs of pain including restless-

ness, inconsolable cry, holding on to the site of surgery, 

intravenous paracetamol 15 mgkg-1 was administered. 

Time to first analgesic requirement from the time of 

caudal injection was noted. The duration of motor block 

was assessed by noting the time the patient begins to 

move his legs after regaining consciousness. Time of 

first micturition was also noted. Sedation was assessed 

with the Ramsays Sedation Scores17 until a score of 2 
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was achieved. The children were discharged from the 

ambulatory facility when adjudged home ready (Modi-

fied Aldrete Score15 of ≥ 9) but not earlier than two 

hours after transfer to recovery room. Parents were in-

structed on method of pain assessment using modified 

Objective Pain Score (MOPS).7,18  

The MOPS which has been validated in parents differs 

from the OPS by substituting posture assessment (nor-

mal = 0; flexed = 1; and holds injury site = 2) for blood 

pressure. They were instructed to administer the take 

home analgesic (oral paracetamol) if the MOPS score 

was more than 4, and requested to note the time of first 

analgesic and the total number of doses of oral parace-

tamol administered in the first 24 hours after surgery on 

a pre- prepared form which was taken home and re-

trieved at the follow-up clinic.  

Parent/Guardian`s satisfaction was measured with a 5-

point Likert scale (1. Strongly disagree; 2. Somewhat 

disagree; 3. Undecided or indifferent; 4. Agree; 5. 

Strongly agree) during follow-up done via phone con-

tact. 

Data was analyzed using the Statistical Package for So-

cial Sciences SPSS version 16 software for windows. 

Data was presented as mean [±SD], proportions and ra-

tios.  

Differences between the groups were analysed using 

Student’s t-test for parametric variables, and Chi-square 

for non-parametric variables. The difference in time to 

first analgesia between the two groups was also tested 

using Mann–Whitney rank sum test.  

A confidence interval of 95% [P<0.05] was accepted for 

the study. 
Results 

Eighty-six (86) patients between the ages of one and six 

years, who fulfilled the inclusion criteria, were recruited 

for the study. There were forty-three patients in each 

group: the control (B) and the study group (M). All of 

them were males and of the American Society of Ane-

sthesiologist physical status class I. There was no drop 

out on account of failed block or withdrawal from the 

study. The demographic characteristics of both groups 

were similar as shown on Table I. 

The time to first analgesia was statistically longer in the 

study group compared to the control group (Tables II 

and III). The pain scores in the first two hours after sur-

gery were essentially similar with 93.0% and 95.3% of 

patients in the control and the study groups respectively, 

having a pain score of 1. Two patients (4.7%) in each 

group had a score of 2, while one patient (2.3%) in the 

control group had a score of 4 (p =0.603). 

 Group B Group M 

Mean Age (months) 34.67 ± 18.99 38.30 ± 20.17 

Weight (kg) 13.66 ± 3.31 14.05 ± 3.00 

Height (cm) 91.65 ± 11.71 92.87 ± 11.54 

BMI (kg/m2) 16.14 ± 1.62 16.25 ± 1.74 

Dose of bupivacaine (mg) 17.07 ± 4.14 17.5 ± 3.71 

Duration of anaesthesia (min) 46.65 ± 8.31 49.02 ± 11.67 

Duration of surgery in min (Range) 
32.98 ± 7.11 

(16 to 49) 

33.72 ± 11.73 

(15 to 86) 

Table I. Patient Data in Mean ± SD or Range 
 

 
Table II. Mean Time to first Analgesia in minutes for the Study and 
Control Groups 
 

 
Table III. Time to first Analgesia - Mann-Whitney U Test 

None of the patient in both groups received supplemen-

tal analgesic before the third hour after caudal block but 

97.7% of patients in the bupivacaine group had received 

supplemental analgesia within the first six hours as 

compared to only 6.6% of patients in the bupivacaine-

midazolam group. The doses of supplemental oral para-

cetamol administered to the patients within the first 24 

hours post operatively were significantly different 
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between the groups. No child in the study group had 

more than two doses of paracetamol in the first 24 hours 

post operation while 74.4% in the control group had 

three to four 4 doses of paracetamol during the same pe-

riod (p – 0.0001) (Figure 1). Three patients (6.9%) in 

the study group did not require supplemental analgesic 

during this period. 

 

 
Figure 1. Doses of supplemental oral paracetamol administered within 
the first 24 hours 
 
 

 
Figure 2. The intraoperative and postoperative haemodynamic and 
respiratory parameters of the two groups 
 
 

The time to achieve modified Aldrete score15 of 6 was 

similar for the two groups. However, the mean time to 

home readiness was statistically longer in the study 

group. The time to void was comparable in the two 

groups. The recovery profile of the two groups is sum-

marized in Table IV. Sedation scores were also similar 

in both groups within the first hour postoperatively as 

shown in Table V.  

 
Table IV. The Recovery Profile for Study and Control Groups 
MAS - modified Aldrete score15  
 

 
Table V.  Sedation Scores for the Study and Control Groups during 
the First Postoperative Hour 
 

All the children were fully awake by 35 minutes after 

transfer to the recovery room. Motor block was not ob-

served in any of the patients. Bradycardia, hypotension 

and respiratory distress were not observed in any of the 

patients. A child (2.3%), in the study group had an epi-

sode of postoperative vomiting in the recovery room. 

The baseline haemodynamic parameters were statistical-

ly comparable. The intraoperative and postoperative 

haemodynamic and respiratory parameters of the two 

groups were also essentially similar (Figure 2). No child 

desaturated at any time. All the parents/guardians either 

agreed or strongly agreed that the method of pain relief 

used was helpful to their wards and were satisfied. 

Discussion 

This study shows that the addition of midazolam to cau-

dal bupivacaine in children undergoing ambulatory 

groin surgery results in significant prolongation of anal-

gesia and reduces analgesic consumption in the first 24 

hours post operatively. The time to first analgesia was 

nearly doubled without undue sedation or motor block. 

There was a short but significant delayed recovery from 
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anaesthesia. While this study confirms the finding of 

previous related works6,12,19,20 on the analgesic efficacy 

and safety of caudal midazolam in children, it also 

demonstrates its possible benefits in ambulatory surgery 

setting. 

Himabindu et al20 explored the use of caudal midazolam 

for postoperative analgesia in children following infra- 

umbilical surgeries and reported that only 4% of the 

children who had bupivacaine alone were pain free 6 

hours after surgery compared to 72% of children who 

had bupivacaine with midazolam. However, Naguib et 

al21 had earlier demonstrated analgesic efficacy and 

safety of caudal midazolam and the synergistic analge-

sic effect when co-administered with bupivacaine in 

their work in 1991. Caudal midazolam administered po-

stoperatively at a dose of 50µg/kg was found to provide 

equivalent analgesia to 1ml/kg bupivacaine 0.25%. Over 

85% of children in the combination group required no 

supplemental analgesia in the first 24 hours compared to 

46.7% in the bupivacaine alone and midazolam alone 

groups. Their study established the superiority of co-

administration of midazolam and bupivacaine as used in 

this study. It is noteworthy that 26.7% of their patients 

in both bupivacaine and bupivacaine-midazolam groups 

were unable to stand at six hours postoperatively due to 

timing of injection and the dose of bupivacaine used in 

their study. This side effect was avoided in our patients 

with the use of 1 ml/kg of 0.125% administered imme-

diately after induction. It is essential that muscle weak-

ness is avoided in ambulatory anaesthesia to ensure ear-

ly home readiness. 

Kumar et al6 in their work comparing paediatric caudal 

midazolam, ketamine, and neostigmine co-administered 

with bupivacaine reported over 157% increase in dura-

tion of analgesia and time to first analgesic of 16.8 ± 3.9 

hrs with addition of 50µg/kg midazolam with 1ml/kg of 

0.25% bupivacaine compared to 7.6 ± 5.2 hrs in the bu-

pivacaine alone group. The mean duration of complete 

analgesia in this study was prolonged by 196% in the 

midazolam group and over 80% of the children in this 

group required not more than one dose of supplemental 

analgesic in the first 24hrs. Their study also showed no 

statistically significant difference in duration of pain re-

lief between bupivacaine-neostigmine and bupivacaine-

midazolam groups although duration of pain relief as 

well as the incidence of vomiting was greater in the bu-

pivacaine-neostigmine group. The undesirability of 

postoperative nausea and vomiting in ambulatory anaes-

thesia service makes neostigmine a poor choice com-

pared to midazolam. 

Bano et al12 in their evaluation of peri- and postoperati-

ve analgesic effect of 50µg/kg midazolam combined 

with bupivacaine used 0.75ml/kg of 0.25% bupivacaine 

compared to 1ml/kg of 0.125% used in this study and 

reported more than doubled the duration of analgesia in 

the combination group (21.41 ± 2.7 hours) compared to 

the bupivacaine alone group (9.97 ± 2.25 hours). While 

the relatively longer duration of analgesia which is desi-

rable could be attributed to the synergy of higher dose 

of bupivacaine used in their study with midazolam; cau-

tious use of a lower dose in our study was informed by 

the desire to avoid muscle weakness which could delay 

home readiness of the patients. 

Anaesthesia for ambulatory surgery must be such that 

ensures quick and adequate recovery of the patient with 

early return to normal life. To achieve this, the anaes-

thetic plan must balance drug effectiveness and side ef-

fects profile in achieving a satisfactory outcome. It is 

noteworthy in this study that midazolam caused a brief 

but significant delay (mean difference of 5.37 minutes) 

in time to home readiness. However, both groups 

achieved satisfactory recovery within one hour and were 

home ready. Besides the single case of vomiting in the 

study group noted which was not statistically signifi-

cant, the commonly reported postoperative complica-

tions in ambulatory anaesthesia including nausea, diffi-

culty with walking, and dizziness were not encountered 

in this study. To the contrary, Naguib et al21 reported 

one case (6.6%) of postoperative vomiting in the mid-

azolam-bupivacaine group compared to two (13.3%) in 
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the bupivacaine alone group though this was not statisti-

cally significant. 

All our patients were fully awake within 35 minutes af-

ter transfer to the recovery room. In keeping with our 

finding, Abodisera et al22 in a study of Egyptian adult 

population undergoing ambulatory surgery did not ob-

serve a significant delay in recovery after caudal admin-

istration of ropivacaine-midazolam mixture. The seda-

tion score of all their patients returned to normal after 15 

minutes in the recovery room, though the definition of 

term “normal” was not clear from their report.   

Similar to our finding, Baris et al23 reported a statistical-

ly significant difference in time to achieve Aldrete score 

of 10 when they compared 0.75 ml/kg of 0.25% bupiva-

caine with addition of midazolam (50µg/kg) for caudal 

block in 75 children undergoing inguinal herniorrhaphy. 

They also reported a significant difference in sedation 

scores at 60 and 90 minutes contrary to our findings, 

and suggested that 0.75ml/kg of 0.25% bupivacaine ad-

ministered caudally was adequate at controlling the mild 

to moderate pain associated with inguinal herniotomy. 

However, the use of a 3-point sedation score in their 

study could have masked observable differences in the 

sedation spectrum. Sedative medication used for treating 

agitation in some of the children postoperatively could 

have influenced their observation. 

As part of limitations to this study, it is noteworthy that 

the time to void could not be ascertained in some of the 

patients because they were on diapers immediately after 

surgery. The ability of the parents/guardians to evaluate 

pain without emotional bias could not be guaranteed, 

and could have influenced the time to first analgesia re-

ported. It was also difficult to evaluate the sensory block 

height achieved, and the occurrence of motor block in 

the children, more so they were under general anaesthe-

sia when the blocks were instituted. 

Another limitation to this study is that the use of mid-

azolam in the ambulatory setting did not allow for rou-

tine neurological assessment that would have been pos-

sible on in-patients until patients were presented at the 

follow-up clinic days later. The use of single-shot cau-

dal midazolam has not been associated with neurologi-

cal damage so far but caution is advised. This study 

does not provide conclusive safety data on caudal mid-

azolam use in children. Hence, further studies in this re-

gard are required. 

Conclusion 

This study shows that addition of midazolam to caudal 

bupivacaine confers longer duration of analgesia and 

reduced requirement for supplemental analgesia among 

children undergoing ambulatory infra-umbilical surger-

ies. There was no significant adverse effect observed 

with its use in the setting of this study when compared 

with bupivacaine alone. 
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