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ABSTRACT  

  

Background & Objectives:  

 The most commonly performed regional blocks in paediatric anaesthesia is 

caudal block.  It is used for both intra and post-operative analgesia.  The 

mean duration of analgesia provided by local anaesthetics alone is short.. 

Caudal opioids has many side effects like  

  

1. Respiratory depression  

2. Vomiting  

3. Pruritis  

4. Urinary retention,   etc.   

An opioid agonistic drug, Tramadol, is known for its analgesic effects 

with lesser side effects.  This study was conducted to identify the efficiency 

and safety of addition of the opioid, tramadol to the local anaesthetic agent, 

bupivacaine in caudal block in paediatric patients as single shot.  

Methods:  

This study was done among 60 paediatric patients between 1 to 8 years of 

age, coming for infraumbilical surgeries. These children were randomly 

divided into 2 groups .Each group containing of 30 members. Children in 

Group B received caudal block with 0.25% bupivacaine (1ml/kg) and BT 

group received caudal block with 0.25% bupivacaine (1ml/kg) with 
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tramadol (1mg/kg). The variables studied were hemodynamic changes, 

duration of analgesia and incidence of side effects. Pain assessment was 

done at 1, 2, 3, 4,8,12, and 24 hours postoperatively.  

  

Results:  

The study groups were similar in age, sex and weight. The hemodynamic 

analysed were systolic and diastolic blood pressure, heart rate and 

respiratory rate were also similar between the two groups after 

administering caudal block. The mean duration of analgesia in group BT 

(463.67 ± 56.48 min) was significantly longer (p< 0.001) than group B 

(221.0 ±7.92min).  

  

The pain score in the two groups were similar up to 2 hours after surgery but 

was higher in group B at the end of 3rd and 4th hour compared with group 

BT.  Sedation score was similar in both the groups. Incidence of vomiting 

was comparable in both the groups while there were no incidence of 

bradycardia, hypotension or decrease in respiratory rate in the two groups.  
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Conclusion:  

  

This study showed, by adding  tramadol   1mg/kg to 0.25% bupivacaine 

(1ml/kg) improved the analgesic duration and efficacy after a single shot caudal 

block with minimal side effects in children.  

  

Key words: Caudal; bupivacaine; tramadol; children.  
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INTRODUCTION  

  

“Pain is perfect misery, the worst of evils, and excessive, overturn all patience”. 

Milton, Paradise Lost  

“For all the happiness mankind can gain is not in pleasure, but in relief from 

pain”. John Dryden  

“The patient is the centre of our universe, around which all our works revolve 

and towards which all our efforts trend”. J.B. Murph  

In past pain has been underestimated in children and many times they 

received inadequate analgesia.  Later pain pathways have been identified in 

children and therefore postoperative analgesia in children is also gaining 

importance1.  

Langlade et al reinforced, planning for post-surgical analgesia to be done 

even before induction of anaesthesia, thereby managing pain before it 

occurs.  The goal is to reduce or eliminate pain with minimum side-effects. 

Regional anaesthesia is safe and effective in paediatric patients. It provides 

postoperative analgesia and reduces requirements of inhalational and 

intravenous agents with minimum sedation2.  Caudal anaesthesia is a 

commonly performed regional block in children for infraumbilical surgeries. 

Caudal anaesthesia is safe and reliable. It can be combined with general 

anaesthesia for effective analgesia per operatively and post operatively3.  
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Local anaesthetic drugs can be used of variable concentrations.  Continuous 

caudal is not routinely practiced, due to fear of infection. The mean duration 

of surgical pain relief provided by single shot caudal procedure is limited by 

the duration of local anaesthetic agent being used.  

Several drugs may be added to increase the duration of action of single shot 

caudal block, such as addition of various adjuvants like opioids, clonidine, 

midazolam, neostigmine, ketamine etc. Caudal opioids have advantage of 

increasing analgesic duration over bupivacaine alone. It has adverse effects 

such as vomiting, pruritis and late depression of respiration which can be 

minimized by reducing concentration4.  Tramadol, an opioid agonist, is a 

synthetic analogue of codeine. It is a potent norepinephrine inhibitor. It also 

inhibits serotonin uptake with facilitation of its release. It has moderate 

affinity for mu receptor. Its   analgesic potency is equal to that of pethidine 

and 1/5th to 1/10th potent as morphine. It has no respiratory depressant 

effect 5, 6.  

In this study the addition of an opioid against, TRAMADOL, which lacks 

the effect of respiratory depression is added to bupivacaine with regards to 

analgesic potency and side effects is done.  
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OBJECTIVES:  

  

This study has been undertaken to compare bupivacaine 0.25% (1ml/kg) 

alone and bupivacaine 0.25% (1ml/kg) with tramadol 1mg/kg as a single 

shot caudal block in infraumbilical surgeries in children aged between 1 to 

8 years, with respect to the following parameters  

  

• Hemodynamic changes like heart rate, blood pressure.  

• Duration of post-operative analgesia.  

• Adverse effects.   
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REVIEW OF LITERATURE 

HISTORY:  

• 1901 - Cathelin and Sicard developed the technique of caudal epidural 

injection.  

• 1909 - Stoeckel used it for obstetrics.  

• 1910 - Lemmon used continuous caudal technique.  

• 1942 - Edwards and Hingson reported about first continuous caudal 

technique.  

• 1943 - Use of urethral catheter for continuous caudal anaesthesia by Adams, 

Lundy and Seldon.  

• 1943 - Continuous drop method introduced by Block  

  

In review of the caudal additives in children, it was suggested that the 

duration of analgesia by local anaesthetics alone was of short duration and 

by adding   adjuvants it results in excellent and long lasting analgesia due 

to its synergistic effect with the local anaesthetics and allows more dilute 

solution of local anaesthetics to be used and thereby decreasing its toxicity.  

  

 Shrestha SK and Bhattarai evaluated 40 paediatric patients, falling within 1- 6 

years posted for infra umbilical surgeries in a randomized, control trial. They were 

randomly divided into 2 groups. Group A (n = 20) obtained 0.5 ml/kg of 0.25 % 
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bupivacaine and Group B (n = 20) obtained 0.5 ml/kg of 0.25 % bupivacaine with 

1mg/kg of tramadol as a single shot caudal block.  The observed  mean duration 

of pain relief was significantly longer in Group B (8.8 hrs Versus 7 hrs).Nausea 

and vomiting was seen  in 25% of the patients in group B and 20 % of the patients 

in group A and no complications such as motor weakness,  retention of urine  in 

the postoperative period were both  groups. It was concluded that the by adding  

tramadol to bupivacaine to the caudal block provides increase duration of pain 

relief  and decreased  need for rescue analgesia agent  in the postoperative period 

compared to bupivacaine9.  

  

Nasreen Laiq et al studied 60 male children aged 2-6 years undergoing 

elective hypospadias surgery. They were divided into 2 groups. Group ‘B’ 

were given 0.5 ml/kg of 0.25% plain bupivacaine and group ‘BT’ were 

given 0.5 ml/kg of 0.25%bupivacaine and 1 mg/kg of tramadol in caudal 

epidural space. The mean duration of analgesia was significantly prolonged 

and the requirement for rescue analgesics were significantly less in the 

bupivacaine-tramadol group postoperatively. It was concluded that caudal 

tramadol with bupivacaine provides prolonged and good quality 

postoperative analgesia compared to plain bupivacaine10.  

  

Meena Doda and Sambrita Mukherjee studied 30 children ASA I-II, 

aged between 2yrs-5yrs, undergoing sub umbilical operation in a 
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randomized double blind study. Group A (n=15) received 0.25% 

bupivacaine 0.5ml/kg and Group B (n=15) received 0.25% bupivacaine 

0.5ml/kg and tramadol 2mg/kg as single shot caudal block. The mean 

duration of time interval between the caudal block and first dose of 

analgesic was significantly long (9.1hrs) in Group B as compared to Group 

A (6.3hrs). There were no significant haemodynamic changes, motor 

weakness or respiratory depression in both groups. It was concluded that 

addition of tramadol 2mg/kg to caudal 0.25% bupivacaine 0.5ml/kg 

significantly prolongs the duration of postoperative analgesia in children 

without producing much adverse effects.  

  

Saleem Sabbar et al evaluated 100 children aged from 2 to 10 years 

undergoing inguino-scrotal surgeries in a double blind comparative study. 

Group A  (n=50) received 0.25% bupivacaine 0.75 ml/kg and the children 

in group B (n=50) were given 0.25 % bupivacaine 0.75 ml/kg and tramadol 

2 mg/kg. Addition of tramadol with caudally administered bupivacaine 

resulted in significantly longer postoperative analgesic period (10.4 ± 2.2 

hours) in group B compared to group A (2.85 ± 0.84 hours). Except nausea 

and vomiting there was no other side effects like respiratory depression, 

pruritis and urinary retention .They concluded that caudal tramadol with 

bupivacaine provides prolonged and good quality postoperative analgesia 

compared to plain bupivacaine .  
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Khalid A et al studied 60 children, aged from 1 to 12 years undergoing 

inguinoscrotal surgeries and they were randomly divided into 2 groups. 

Group BT was given 0.25% of 0.8 ml/kg bupivacaine and tramadol 2 mg/kg 

while the other group B was given 0.25% of 0.8 ml/kg bupivacaine through 

caudal route after induction of general anaesthesia. Addition of tramadol 

with bupivacaine resulted in meaningfully increased postoperative 

analgesic period (16.06 +/- 4.04 hours) with no other side effects like 

respiratory depression, pruritus, urinary retention were found in both the 

groups except for nausea and vomiting. The sedation scores were similar in 

both the groups. It was concluded that use of tramadol as an additive with 

local anaesthetics can prolong the postoperative analgesic period when 

administered caudally and it is safe to use in children15.  

S. Prakash et al studied 80 children, aged between 2 and 8 yr., undergoing 

inguinal herniotomy which were randomly allocated to receive 0.75 ml/ kg 

of 0.25% bupivacaine ( group B; n=20), 0.75 ml/ kg of 0.25% bupivacaine 

with tramadol 1 mg/ kg (group BT1; n=20), 0.75 ml/ kg of 0.25% 

bupivacaine with tramadol 1.5 mg/kg (group BT1.5; n=20), or 0.75 ml /kg 

of bupivacaine 0.25% with tramadol 2 mg/kg (group BT2; n=20) by the 

caudal route . Duration of analgesia was longer in Group B T2 [(mean (SD) 

12 (0.9) h], group BT1 [8 (0.9) h] or group BT1.5 [11 (1) h]; compared with 
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group B [4 (1) h].There were no significant changes in heart rate, arterial 

pressure and oxygen saturation between groups with no adverse effects.  

Y K Batra et al studied 40 children scheduled for hypospadias repair and 

were allocated randomly to receive either caudal tramadol (1 mg/kg) or 

0.25% plain bupivacaine (0.5 ml/kg). The results point toward a 

significantly lower pain scores with caudal bupivacaine in the immediate 

postoperative period, whereas caudal tramadol caused a significantly lower 

pain score in the late postoperative period. The incidence of side-effects 

such as vomiting was more frequent with caudal tramadol, but there was no 

detectable difference in SaO2. It was concluded that caudal tramadol can 

safely be used for postoperative analgesia with a longer duration as 

compared to caudal bupivacaine.  

Dr. Muhammad Akram et al studied 60 children aged of 2-6 year. They 

were divided into two groups. Group A (n=30) was given 1.25mg/kg of 

0.25% bupivacaine and group B (n=30) received 2mg/kg of tramadol. 

Adequate postoperative analgesia was maintained in all patients for 12 hrs. 

It was concluded caudal administration of tramadol in the dose of 2mg/kg 

when compared with 0.25% bupivacaine in children undergoing 

circumcision provided similar quality of analgesia for 12 hours without any 

requirement of rescue analgesic.  

Ozkan S et al studied 20 paediatric patients who were randomized in to 2 

groups. Group 1 received 0.25% bupivacaine (2 mg/kg) and group 2 
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received 5% tramadol.  The pain and sedation scores in group 2 were 

significantly lower compared with group 1. It was concluded that caudal 

tramadol was superior to bupivacaine in analgesic efficacy and in reducing 

the need for additional analgesia during the postoperative period in 

paediatric patients.  

  

  

PAIN IN CHILDREN  

Pain is a protective mechanism. It alerts the body to potentially harmful 

stimuli.  Conquering pain has been the focus of continuing human effort.  

Untreated acute, chronic or recurrent pain related to disease or surgical 

procedure may have significant physiological and psychological effects in 

children.  

Physiology of acute pain in children:  

Pain causes negative physiologic, metabolic, and behavioural responses in 

children causing increase in heart rate, respiratory rate and blood pressure. 

Catecholamines, glucocorticoids and glucagon release are also increased. 

Acute pain induces a catabolic state and it is more damaging in children 

because of their increased metabolic rates and decreased reserve of nutrition 

compared to adults.    
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Adverse effects of pain,   

1. anorexia   

2. Wound healing is delayed  

3. Mobility is impaired  

4. Sleep disturbance  

5. Irritability and   

6. Developmental regression  

7. Increased morbidity and mortality.   

Therefore managing pain in necessary for their long term development.  

Why pain is undertreated in children:    

The common belief regarding pain in childhood is that in children the 

nervous system is immature and they do not perceive or experience pain as 

adults do. Recently many studies have shown that cortical and subcortical 

centers important for pain perception, are developed during the period of 

gestation itself.   

  

Also it was thought that children metabolize analgesics differently than 

adults; that children appear to have no memory of pain and that they may 

become more addicted to narcotic analgesics. The complexity in assessment 

of pain in children is the reason for their under-treatment.  Infants and 

toddlers cannot communicate that they have pain whereas young children 

may be unaware of pain relief.  
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Pain perception development:  

Early at 7 weeks of gestation cutaneous sensory receptors develop in the 

perioral area. By 11 weeks, it spreads to hands and feet. Then by 30 weeks 

of gestation it spreads to hands and feet. The connections between thalamus 

and neocortex also develop between 20 to 24 weeks, therefore even in a 

premature infant, cortical pain perception may be present.  It was thought 

that decreased pain perception was due to immature myelination.  However, 

in the body of an infant the axonal lengths are shorter too. By second 

trimester, spinal cord nerve tracts get myelinated and by about 30 weeks of 

gestation, the brainstem and thalamic pain pathways get myelinated.  By 37 

weeks of gestation myelination occurs in the thalamocortical fibres.  The 

inhibitory nociceptive mechanism of the descending and local interneuronal 

pathways are poorly developed at birth. The descending inhibitory pathways 

pass in the dorsolateral funiculus, which is present early in fetal life, but 

connections into the dorsal horn do not develop until 10 to 19 days after 

birth. Local inhibitory mechanisms in the dorsal horn are immature at birth 

as inhibitory neurons are the last to develop.  

Developmental neurophysiology of pain:  

Pain perception mechanism basically remains the same in infants and children   

  

(a) transduction and transmission  

(b) perception   
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(c) modulation  

 Any kind of noxious stimuli excites the primary afferent fibres.  

Aδ (large, myelinated and fast conducting) and C (small, unmyelinated and 

slow conducting) nerve fibres transmit pain impulse. The inflammatory 

mediators such as bradykinin, prostaglandins, cytokines, substance P, 

catecholamines and potassium which are released by tissue injury, amplify 

the pain. Substances that amplify pain in spinal cord are,  

1. Substance P, 2. Calcitonin and 3. Gene related peptides.  Whereas  

1. Endogenous opioids, 2. Norepinephrine, 3. Serotonin, 4. GABA and 

5.glycine attenuate the pain signal. Nociceptive impulses through the 

second order neurons reach the thalamus in the spinoreticular, 

spinothalamic and spinomesencephalic tracts. Prolonged depolarization 

occurs by central sensitisation when the excitatory amino acids descending 

modulation occurs when efferent projections from supra-spinal areas, such 

as periaqueductal gray, raphe nucleus and locus ceruleus release inhibitory 

neurotransmitters. The major neurotransmitters mediating descending 

inhibition are nor-epinephrine, serotonin, endogenous opioids, GABA and 

acetylcholine.  

  

  

  

 



13  

  

Assessing pain in children clinically:  

 In paediatric patients pain assessment is difficult because of poor cognitive 

skills and language skills.  Therefore in children, assessment scale for pain 

should ideally be should be  

1. Sensitive to changes in pain intensity  

2. Reliable, simple  and generalized  

3. Able to assess the efficacy of analgesic interventions.  

Measures to assess pain in children:  

      1. Self-report measures  

      2. Behavioural changes  

      3. Biological methods  

1. Self- report measures:  

        The minimum age for this method is four. It involves  

a. Direct questioning  

b. Using adjectives to describe pain  

c. Non-verbal scales    

a. Direct questioning – Includes 1. Interviews and 2. Children 

Comprehensive Pain questionnaire, 3.Varni Thompson’s Paediatric Pain 

questionnaire.  
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b. Pain adjective descriptors :  

1) Visual Analogue scale  

2) Category rating scale:* a. Pokers chip scale* b. Faces scale* c. Oncher’s scale  

3) Numerical scales:  Pain thermometers, Pain diaries.  

  

C. Non- verbal scales:  

 Projective Methods as – Cartoons, Shapes, Drawings and Colours.  

2. Behavioural measures:  

A number of behavioural scales have been developed which include:  

a) Children Hospital of Eastern Ontario Pain Scale (CHEOPS)  

b) Objective Pain Scale (OPS)  

c) Procedural Behavioural Rating scale  

d) Observational scale of behavioural distress  

e) COMFORT scale  

  

3. Biological methods:  

It includes measurement of heart rate, systolic and diastolic blood pressure, 

respiratory rates, body movements, facial expression, increased secretion of 

catecholamines, cortisol and endorphin levels. Changes in heart rate, blood 

pressure and respiratory rate are useful when child is constantly monitored, 

but measurement of hormone levels is only applicable in research settings.  
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ANATOMICAL REVIEW  

The caudal epidural space is a triangular space and is a continuation of the 

epidural space in the sacrococcygeal region  

ANATOMY OF SACRUM:  

Five sacral vertebrae fuses to form the triangular shaped sacral bone. Which 

is completed by 20 years of life.  Anteriorly there are four pairs of large 

foramina through which anterior rami of upper four sacral nerve passes.  In 

contrast with their posterior counterparts, the anterior foramina are unsealed 

and provide a ready passage for escape of local anaesthetic solution injected 

into the sacral canal. The anaesthetically important dorsal surface of the 

sacrum is variably convex and irregular, with important prominences 

representing the fused elements of the sacral vertebrae. In the midline, there 

is a median crest with 3 or more but commonly 4 variable prominent 

tubercles representing the sacral spinous processes. Lateral to this crest and 

medial to the 4 posterior sacral foramina is the intermediate sacral crest with 

a row of 4 tubercles, representing the upper 4 sacral articular processes. The 

posterior sacral foramina are smaller than their anterior counterparts and are 

sealed effectively by multifidus and sacrospinal muscles. The S5 inferior 

articular processes are free, prominent, and flank the sacral hiatus.  The 

sacral cornua and together with the coccygeal cornua, which they abut, are 

key landmarks for identification of the sacral hiatus and successful caudal 

blockade. The fused sacral transverse processes give rise to a variably raised 
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lateral sacral crest with transverse tubercles. The shape of the sacrum varies 

somewhat between sexes and between different races. In the female, the 

bone is shorter and wider with the curvature being less in the upper part and 

more acute in the lower part. The anterior concave surface faces downward 

more than in the male. The angle of the sacral canal varies between the 

races.  

  

Figure 1: Anatomy of the sacrum: Dorsal aspect  
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Figure 2: Surface landmarks of sacrum  

  

SACRAL HIATUS:  

  

The sacral hiatus is seen as a defect in the posterior sacral wall, due to the 

failure of fusion of S5 and S4 lamina in the median plane.  This leaves a 

space of variable dimension, often described as being like an inverted U or 

V, which is covered by the thick fibrous posterior sacrococcygeal ligament, 

part of network of fibrous ligaments covering the sacroiliac and 

sacrococcygeal areas. Penetration of this ligament by a needle yields direct 

access to the caudal limit of the epidural space in the sacral canal.  
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 Anatomical variations:  

 

1) The hiatus varies widely in size and shape from the “normal” inverted     

U to longitudinal or horizontal slits.  

2) The distance between the tip of the dural sac and the apex of the 

hiatus is obviously important in order to avoid dural puncture. It is 

variable but almost exceeds 20 mm and is usually closer to 45 mm.  

3) In about 1% of specimens, however there is total sacral spine bifida 

and there is at least one recorded case of the dura directly underlying 

the hiatus at a distal level.  

4) The hiatus is absent in up to 7.7. % of specimens.  

  

Figure - 3 Anatomic variants of sacrum and sacral hiatus. Sacral hiatus 

variants. (A) Normal. (B) Long narrow slit in the upper part of the median 

crest. (C) Broad slit in the upper part of median crest. (D) Bifid sacral hiatus. 

(E).Long hiatus with absent cornua. (F).hiatus extending up to the 

promontory.  
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Sacral canal and its contents:  

The sacral canal is a continuation of lumbar spinal canal. It communicates 

laterally with the sacral foramina in the anterior and posterior aspect. 

Inferiorly, terminates at sacral hiatus. Canal capacity: 12 to 65 ml with 

mean capacity of 33 ml.  

Canal contents:  

1. The distal end of dural sac ends which at S2 level, on a line joining the 

posterior superior iliac spines.  

2. Cauda equina formed by 5 sacral nerve roots and the coccygeal nerve.  

3. The filum terminale, which is the terminal end of spinal cord.  
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4. The epidural venous plexus, a part of valve less internal vertebral venous     

Plexus generally ends at S4. It tends to lie against the anterior wall of the 

canal   and is very much at risk from needle or catheter puncture.  

5. The epidural pad of fat, which is of fibrous texture in adults is more of loose 

texture in     children. Therefore in children during caudal block the local 

anaesthetic has a more predictable spread than adults.  

Sacro- coccygeal nerves:  

The primary rami of S 1 to S 2 segment exits through their respective sacral 

foramina, whereas that of S 5 segment and the thin coccygeal nerve exits 

via the sacral hiatus.  

These roots give rise to the following nerves:  

1. Posterior cutaneous nerve of the thigh.  

2. Perforating cutaneous nerve.  

3. Pudendal nerve.  

4. Anococcygeal nerves.  

5. Pelvic splanchnic nerves.  

6. Various muscular branches.  

  

These nerves relay total sensory input from the vagina, anorectal region, 

floor of the perineum, anal and bladder sphincters, urethra, and scrotal skin. 

The vulva is sacrally innervated except for its most anterior margin. It is the 

same with the penis, except that base is not sacrally innervated.  
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TECHNIQUE OF CAUDAL BLOCK:  

Caudal block may be performed as a single shot caudal or a continuous 

caudal with the help of a catheter. Single shot caudal blocks are used for 

ambulatory and minor procedures while continuous catheter techniques are 

used for in-patients undergoing more extensive procedures.  

Single-shot caudal block :  

Most children will not accept this procedure while awake, and so they are 

sedated or anaesthetized prior to receiving caudal block. Hemodynamic and 

respiratory parameters are monitored. An intravenous line is secured prior 

to the regional technique for administration of fluids or drugs. Once the 

child is anaesthetized and all the vitals are stable, the child is placed in the 

left lateral (Sim’s) position or prone position. Under strict aseptic 

precautions the following landmarks are palpated:  

1. Posterior superior iliac spines  

2. Sacral cornua  

3. Sacral hiatus between the cornua.  

Sacral hiatus is then located using one of the following methods.  

1. After identifying the midline, palpate the thoracic spine and lumbar 

spine up to the sacrum aiming the sacral hiatus which may be felt as 

a depression between the two sacral cornua.  
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2. Alternatively, a finger is run upwards towards the sacrum after 

identifying the tip of the coccyx, which then palpates the hiatus. The 

sacral hiatus can be found by drawing a line between the two 

posterior iliac spines.  

  

Figure 4: Palpation of sacral hiatus – with spine of S4 above, sacral cornua 

on either side and coccyx below.  

  

Figure 5: Positioning for caudal block and method of needle insertion.  
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Figure 6: Needle insertion through sacrococcygeal membrane.  

1, 2 – initial position of the needle. 3 – Final position of the needle.  

  

  

The sacral hiatus is punctured with a short bevelled 1.5 inch 23 gauge 

needle. The bevel of   the needle should be placed anteriorly to prevent the 

penetration of anterior table of sacrum.  The needle is inserted at an angle 

of 60-70° to the skin, until the characteristic “give” is felt, which indicates 

that the sacrococcygeal ligament is pierced. On entering the space, the 

needle is lowered to an angle of 20° and advanced 2-3 mm to make sure 

that the entire bevel is inside the space. Once the needle position is 

confirmed, a test dose of local anaesthetic (0.1 ml/kg) with epinephrine 

1:200,000 is administered to rule out inadvertent intravascular injection.  
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Signs of correct needle placement:  

• Definite “pop” is felt on piercing the sacrococcygeal ligament.  

• Absence of cerebrospinal fluid or blood on aspiration.  

• ‘Whoosh test’ – this involves listening with a stethoscope over the lumbar 

spine in the midline for a characteristic “whoosh” sound on injection of 2 

to 3 ml of air via the caudal needle.  

• Swoosh test- distinct swoosh is heard on injection of local anaesthetic over 

lumbar spine with stethoscope  

• Absence of superficial bulge or crepitus on injection of drug or air.  

• There should be no tissue resistance while injecting the drug.  

• There should be no local pain on injection of the solution.  

Continuous caudal:  

It is mainly used for major surgeries which require patient to stay in the 

hospital. An 18 or 19 gauge needle (Crawford type) with a 20 or 21 gauge 

catheter is placed into the caudal space. Epidural catheters introduced 

through this route can be advanced in the epidural space to levels as high as 

thoracic spine in young children because of loose epidural fat. However, 

because of the proximity of the anus, the risk of infection precludes the use 

of these catheters for more than 3 days.  
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Complications:  

1. Absent or patchy block: This may be due to the failure of anatomical 

identification of landmarks or due to low dosage of the drug.  

2. Accidental intravenous injection: Occurs in 0.5% of patients. This is due to 

puncture of venous plexus in the caudal canal.  

3. Dural puncture: Inadvertent dural puncture is usually a rare complication.  

4. Intraosseous injection: It is produced by penetrating of the thin layer of the 

cortical bone of the anterior wall of the sacral canal.  

5. Excessive spread: Although a rare complication, may occur when the 

volume of the drug given is high.  

6. Motor weakness: This is related to the concentration of the local anaesthetic 

used. More weakness is observed with greater concentration.  

7. Urinary retention: It might be due to interference with bladder control, 

which depends on S2-S4 sacral roots.  

8. Infection: Occurs due to close proximity of the sacral hiatus to the rectum 

and anal canal.  

9. Miscellaneous: Other complications include bleeding with hematoma 

formation, neurological damage, and injury to pelvic viscera, pruritis, broken 

needles and catheters inside the sacral canal.  
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PHARMACOLOGICAL REVIEW 

BUPIVACAINE:  

Bupivacaine is a local anaesthetic of the amide type. It was synthesized by 

A.F. Ekenstam and his colleagues in 1957.  

Chemical  Name:  1-n-buty1-1-DL-piperidine-2-carboxylicacid-2,6 

dimethylanilide hydrochloride.  

Chemical structure:  

PHYSICOCHEMICAL PROPERTIES:  

Molecular weight: Chloride salt is 325 and that of base form is 288. pKa 

– 8.1, pH – 5.4  

Solubility: The base is sparingly soluble, but the hydrochloride is readily soluble 

in water.  

Stability: Bupivacaine is highly stable and can withstand repeated autoclaving.  

Protein binding: It is bound to plasma protein (α1 – acid glycoprotein) 

with a protein binding of 95%. Protein binding of the drug gives longer 

duration of action and therefore is good for post-operative analgesia. 

Partition coefficient: Bupivacaine is a highly lipid soluble drug with a 

partition coefficient of 28. Due to high lipid solubility its potency is about 

3 to 4 times that of lignocaine.  
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Mechanism of action:  

The primary action of the local anaesthetic is on the cell membrane of the axon. 

Bupivacaine binds to the α-subunit of the voltage gated sodium channels from 

inner side of the cell. This subsequently prevents channels activation and blocks 

the influx of sodium which causes depolarization of the cell membrane. The 

impulse conduction is slowed down due to decrease in the rate of rise in action 

potential. Eventually this leads to failure of propagation of the impulse.  

Another mechanism of action is the “membrane expansion theory”. Drugs 

which do not form cations at physiological pH act by penetrating the axonal 

membrane. The membrane swells up and blocks sodium channels. This is a 

nonspecific action in contrast to the more specific drug receptor interaction.  

  

Figure 7: Structure of sodium channel  
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PHARMACOLOGICAL ACTIONS:  

Central nervous system:  

Bupivacaine has a biphasic effect on the central nervous system. Initially 

there is excitation of the CNS due to blockade of inhibitory pathways 

situated in the cerebrum. With increasing doses there is generalized CNS 

depression because both the facilitatory and inhibitory pathways are 

depressed.  

Cardiovascular system:  

 Cardiotoxicity of Bupivacaine is high. It adheres to proteins in the 

myocardium. Initial effect is a decline in the rapid phase of depolarization 

(Vmax) at purkinje fibres and ventricular muscle due to decrease in fast 

sodium channels in the cardiac membrane. The rapid phase of 

depolarization by bupivacaine is by far greater compared to lignocaine, also 

the rate of recovery of block is slower with bupivacaine. Therefore there is 

incomplete restoration of Vmax between action potential at higher heart 

rates, which make it highly arrythmogenic. In higher concentration, 

bupivacaine depresses myocardial contractility. This is by blocking the 

calcium transport. A low dose of bupivacaine produces vasoconstriction 

while higher doses cause vasodilation in peripheral vascular smooth 

muscles.  
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PHARMACOKINETICS:  

Absorption:  

Is related to  

1. Site of injection: The rate of systemic absorption is proportional to 

the vascularity of the site injection (Intercostal > caudal > paracervical > 

epidural > brachial plexus > subcutaneous).  

2. The dose: There is a linear relationship existing between the total 

dose and peak blood concentration achieved.  

3. Presence of vasoconstrictor: The addition of adrenaline to 

bupivacaine does not influence the rate of systemic absorption, as the drug 

is highly lipid soluble and therefore uptake into the fat is rapid and 

moreover bupivacaine has a vasodilatory effect.  

 Distribution:  

The volume of distribution of bupivacaine in steady state is 72 litres. t ½ α 

is 2.7 minutes (uptake by rapidly equilibrating tissues) t ½ β is 28 minutes 

(redistribution to moderately perfused tissues) t ½ γ is  

3.5 minutes. The clearance rate of bupivacaine is 0.47 litre / min.  

Metabolism:  

The metabolism occurs in the liver by N-dealkylation primarily to 

pipecolyloxylidine. N-disbuty1 bupivacaine and 4-hydroxy bupivacaine is 

also formed.  
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Excretion:  

About 10% of the drug is excreted unchanged in urine within 24 hours.  

About 5% is excreted in urine as pipecolyloxylidine.  

Preparations:  

1. Solutions of 0.25% , 0.5% concentrations without epinephrine in 20ml 

vials  

2. 0.5% (heavy) solution containing 80mg/ml of dextrose in 4ml ampoule. 

0.75% concentration is not available in India.  

Dosage:  

Bupivacaine Clinical use Concentration (%) Onset Duration (min)  

Max.single Dose (mg)  

Infiltration 0.25 Fast 120-480 175  

PNB 0.25-0.5 Slow 240-960 1 7 5  

Epidural 0.5-0.75 Moderate 120-300 1 7 5  

Spinal 0.5-0.75 Fast 60-240 20  

Caudal - 0.25%  

Armitage Formula:   for a lumbosacral block the dose is 0.5ml/kg 

                                 for a thoraco-lumbar block the dose is 1ml/kg  

                       for a midthoracic block the dose is 1.25ml/kg  
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Toxicity:  

Systemic toxicity occurs due to accidental intrathecal or 

intravascular injection or to an excessive dose of bupivacaine. It 

involves mainly the central nervous system and the cardiovascular 

system. An allergic reaction to amide type local anaesthetics is rare. 

The toxic plasma concentration of bupivacaine is 4-5 

microgram/ml.  

CNS: Circumoral and tongue numbness, tinnitus, restlessness, light 

headedness and dizziness, confusion, small muscle twitches involving face 

and distal part of the extremities which may progress to generalized tonic-

clonic seizures. In later stages, it progresses to respiratory arrest.  

CVS: Ventricular tachycardia, Ventricular fibrillation, myocardial 

depression, hypotension, bradycardia and syncope. (CC/CNS ratio) is lower 

for bupivacaine which is 3.7 + 0.5). Acidosis and hypoxia potentiates the 

cardiotoxicity of bupivacaine.  

Treatment:  

Treatment is mainly symptomatic. The management consists of:  

1. Airway management with delivery of 100% oxygen.  

2. Ventilation by a) Bag-valve mask b) Endotracheal intubation  

3. Anticonvulsants like thiopentone (2-3 mg/kg) diazepam (0.1-0.2 mg/kg) iv  



32  

  

4. Maintain cardiovascular stability with intravenous fluids and ionotropic support 

with epinephrine bolus and infusion.  

5. Treat ventricular fibrillation and tachycardia.  

a) Defibrillation (2 joule /kg up to 6 joule/kg)  

b) Amiodarone (5 mg/kg iv).  

c) Bretylium (5mg/kg iv maximum 300 mg).  

TRAMADOL 6, 44  

(±) - Trans -2- (dimethylaminomethyl)-1-(m.methoxy phenyl) 

Cyclohexanol hydrochloride.  

Molecular formula: C16H25O2N.HCL  

Chemical structure:  

Tramadol (a synthetic analogue of codeine) is a white bitter, crystalline and 

odourless powder, readily soluble in water and alcohol.  

pKa: 9.3 (at 293 k) Preparations:  

Available as capsules, drops suppositories and injections. Tramadol in 

solution for injections contains only tramadol hydrochloride (50 mg/ml) in 

aqueous sodium acetate buffered solution. It is preservative free and the pH 

is 6-6.8. Tramadol is supplied as racemic mixture which is more effective 

than enantiomers alone. The (+) enantiomers has a moderate affinity for the 

opioid μ receptor It is also responsible for inhibition of serotonin uptake 
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and facilitation of its release. The (-) enantiomers inhibits norepinephrine 

uptake and stimulate alpa-2 adrenergic receptors.  

 Mechanism of analgesia:  

Mediated by two components:  

1. Opioid component: Tramadol interacts with μ, δ and κ receptors 

where it exhibits purely agonist. It has moderate affinity for μ receptor 

(only 1/6000 that of morphine) and weak affinity for δ and κ receptors. 

Tramadol is approximately one-tenth as potent an analgesic as morphine. 

Analgesic effects are comparable to codeine, hydrocodone, oxycodone 

and propoxyphene.  

2. Non opioid component: Tramadol interacts the re-uptake of 

noradrenaline and serotonin. These neurotransmitters elevate the pain 

threshold there by producing spinal inhibition of pain. 

 Metabolism and pharmacokinetics:  

Tramadol is rapidly and completely absorbed after oral administration and 

the peak serum concentration is reached in 2 hours. Bio-availability of 

Tramadol is 68% after a single oral dose and 100% when given parenteraly 

.Onset of action is seen in 10-20 minutes and duration of analgesia last for 

about 4-6 hours. Tramadol is metabolized in liver by n & o-demethylation 

and subsequent conjugation. All the metabolites are pharmacologically 

inactive except for o-demethyl tramadol. The metabolites and some inert 
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tramadol are eliminated in the urine. The primary o-demethylated 

metabolite of tramadol is 2-4 times as potent as parent drug and may 

account for part of the analgesic effect. Elimination half-life is 6 hours for 

Tramadol and 7.5 hours for its active metabolite.  

Pharmacological actions:  

Respiratory system:  

Therapeutic dose of tramadol has no significant effect on respiratory rate, 

tidal volume, minute volume, arterial CO2, ventilator/ CO2 response or 

mouth occlusion pressure. Over dosage may cause respiratory depression.  

Cardio vascular system:  

In therapeutic doses, tramadol has no significant effect on CVS, except for 

a transient reduction in pulmonary artery pressure, hence it is suitable for 

pain relief in acute MI and in diagnostic cardiac catheterization. At a dose 

of 5-10 mg/kg/ given intravenously, it increases blood pressure and heart 

rates while at high doses more 10 mg/kg have a direct negative ionotropic 

effect.  

Dosage:  

1 to 2 mg/kg body weight. Maximum recommended daily dose is 400mg.  

Indications:  

Used for severe acute pain and chronic pain resulting from surgical procedures, 

trauma, painful diagnostic procedures, rheumatic disorders.  
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Adverse Reactions:  

• Central nervous system: Unsteadiness, headache, sleepiness, vertigo, 

agitation, anxiety, confusion, instability, emotional liability, euphoria, 

hallucinations, malaise, tremor, seizures.  

• Hot flushes, sweating and transient tachycardia may occur after rapid 

intravenous injections.  

• Respiratory depression: Low incidence when compared to other opioids.  

• Gastrointestinal: Constipation, nausea, vomiting  

• Dermatologic: Pruritus, rash.  

• Genitourinary: increase frequency of urine, urinary retention  

• Neuromuscular & skeletal: Hypertonia, spasticity, weakness  

• Ocular: Miosis, visual disturbance  

• <1%: Abnormal gait, allergic reaction, amnesia, anaphylactoid reactions, 

anaphylaxis, angioedema, bronchospasm, cognitive dysfunction, dysuria, 

hallucinations, menstrual disorder, orthostatic hypotension, paraesthesia,  

  

Contraindications:  

Hypersensitivity to tramadol, opioids, or any component of the formulation; 

opioid-dependent patients; hypnotics, centrally-acting analgesics, opioids 

or psychotropic drugs.  

  

Over dosage / Toxicology:  

Symptoms of overdose - CNS and respiratory depression, lethargy, coma, seizure, 

cardiac arrest, and death. Treatment- For an acute opioid overdose in infants 

(including premature infants) and children under the age of 5 years or less than 20 

kg, IV or IM naloxone dose of 0.1 mg/kg is recommended. In children greater 
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than 5 years or 20 kg and in adults, a naloxone dose of 2 mg is recommended for 

rapid, total reversal when respiratory compromise is present. Naloxone may 

increase the risk of seizures in tramadol overdose.  

  

Drug Interactions:  

Substrate of CYP2D6 (major), 3A4 (minor)  

Amphetamines: May increase the risk of seizures with tramadol.  

Carbamazepine: Decreases half-life of tramadol by 33% to 50%.  

CYP2D6 inhibitors: May decrease the effects of tramadol. Example 

inhibitors include chlorpromazine, delavirdine, fluoxetine, miconazole, 

paroxetine, pergolide, quinidine, quinine, ritonavir, and ropinirole.  

Digoxin: Rare reports of digoxin toxicity with concomitant tramadol use.  

Linezolid: May be associated with increased risk of seizures (due to  

MAO inhibition)  

MAO inhibitors: May increases the risk of seizures.  

Naloxone: May increase the risk of seizures (if administered in tramadol 

overdose)  

Neuroleptic agents: May increase the risk of tramadol-associated seizures and 

may have additive CNS depressant effects.  

Opioids: May increase the risk of seizures, and may have additive CNS depressant 

effects.  

Quinidine: May increase the tramadol serum concentrations.  
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Selegiline: An increased risk of seizures has been associated with MAO 

inhibitors. It is not clear if drugs with selective MAO type B inhibition are 

safer than nonselective agents.   

Warfarin: Concomitant use may lead to an elevation of prothrombin time.  

CAUDAL AND EPIDURAL NARCOTICS IN CHILDREN:  

Neuraxial administration of opioids is based on the knowledge that opioid 

receptors (mu) are present in the substantial gelatinosa of the spinal cord 

and produces selective segmental analgesia.  

 Unlike local anaesthetics, opioids affect sensory neurons without affecting 

motor or sympathetic function. When combined with local anaesthetic, 

there is a synergistic effect with an increase in the duration and quality of 

the regional anaesthesia, allowing the use of a more dilute solution of local 

anaesthetic. Neuraxial opioids can therefore decrease the potential for local 

anaesthetic toxicity and side effects of motor and sympathetic blockade.  
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Figure -8: Cross section of spinal cord showing substantia gelatinosa of 

Rolando  

  

  

  

Pharmacokinetics:  

  

Opioids in the epidural space undergo-  

1. Uptake into the epidural fat,  

2. Systemic absorption-through the dural plexus  

3. Diffusion in to CSF –By dural membrane penetration through the arachnoid 

granulation and vascular transfer through the posterior radicular spinal 

segmental artery. The physicochemical properties of different opioids results in 

difference in distribution, onset and duration of action and side effects when 
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these agents are administered neuraxially. The lipophilic agents has rapid onset 

and shorter duration of action compared to more hydrophilic agents.  

The risk of cephalad spread of the drug within the CSF is more with 

hydrophilic agents and hence chances of delayed respiratory depression is 

more with agents like morphine. The lipid soluble drugs are found to 

produce more segmental analgesia with less rostral spread.  

  

Side effects:  

The side effects caused with neuraxially administered narcotics is due to 

presence of the drug either in CSF or systemic circulation. The four classic 

side effects of neuraxial opioids are:  

1. Itching  

2. Retention of urine  

3. Vomiting  

4. Respiratory depression  

  

Opioid induced side effects can be antagonized without reversing analgesia 

by administering a low dose infusion of nalaxone 0.25-1 micro gram/kg/hr.  
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Caudal additives:  

Various caudal additives used are neostigmine, clonidine, ketamine, 

midazolam and opioids like diamorphine, morphine, fentanyl, tramadol etc.  

METHODOLOGY  

This  study  was  conducted  at  Coimbatore  medical  college hospital, 

Coimbatore, from July 2014- Sep 2015.This study included 60 children, of either 

sex, coming for various infraumbilical. Surgical procedures such as herniotomy, 

circumcision, orchidopexy, perineal surgery and minor lower extremity 

procedures.  

Inclusion criteria:  

• Age group of 1-8 yrs.  

• ASA grade I and II  

• Patients coming for infraumbilical surgeries  

Exclusion criteria:  

• ASA grade III and IV  

• Infected wounds at sacrum  

• Coagulopathy or anticoagulation  

• Congenital sacral anomalies  

• Meningitis patients  

• History of allergy to local anaesthetics  
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 .    Immunocomprised patients  

 

This study was approved by the Ethics and Standards committee of this 

institution. Informed consent was obtained from the parent before including the 

children in the study.  

Equipment:  

 23G needle (hypodermic)  

 5 cc syringe (for whoosh test)  

 Sterile swabs, bowl, sponge holding forceps, sterile hole towel and spirit.  

 Drugs – Bupivacaine 0.5% vial, Tramadol 50 mg ampoule Boyle’s 

apparatus with sevoflurane vaporizer, Jackson Rees circuit.  

 Patent i.v line with infusion of crystalloid.  

 Sterile water for dilution  

 Emergency equipment included :  

 Working laryngoscope, with assorted blades  

 Endotracheal tubes of appropriate sizes  

 Appropriate airways with masks  

 AMBU bag of paediatric size  

 Suction apparatus  

 Emergency drugs – drugs necessary for administration of general anaesthesia 

and resuscitation were kept ready.  
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METHODS:  

Pre-anaesthetic assessment:  

The children were seen on the day before surgery and a general, systemic 

examination including airway and spine were done. Parameters like heart 

rate, blood pressure and respiratory rate was measured.   Blood and urine 

examinations, bleeding time and clotting time, chest x-ray if required, HIV 

and HBsAg was done in all patients. Informed consent was obtained from 

the parent.  

Pre-operative fasting:  

Solid foods were restricted for 6 hours, milk for 4-5 hours and clear fluids for 

2-3 hours prior to surgery.  

Pre-medication:  

All children were pre-medicated with syrup Promethazine 1 mg/kg on the 

previous night and 1hr prior to the operation.  

Procedure:  

Patients were induced with oxygen, nitrous oxide (50:50) and Sevoflurane 

(in increasing concentration) using Jackson Rees modification of Ayre’s ‘T’ 

piece and intravenous line was secured. Injection atropine 0.02mg/kg was 

given intravenously after securing iv access. An infusion of Ringer Lactate 

was started and fluid was administered according to the calculated 

requirements.  
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Caudal block:  
 

Patient was gently placed in the Sim’s position (left lateral), vitals were 

recorded including adequacy of spontaneous breathing. Under strict aseptic  

  

Figure – 9: Armamentarium for Caudal Anaesthesia  
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Figure – 10: Caudal Anaesthesia Technique  

 

conditions, sacral hiatus was identified by running the thumb up from coccyx 

towards the sacrum. After identifying the sacral hiatus, a 23G hypodermic needle 

with its bevel facing anteriorly was inserted at an angle of 60-70° to the skin till 

the sacro-coccygeal membrane was pierced, when a distinct “pop” was felt. The 

needle is now depressed to an angle of 20° and forwarded up to 2-3 mm to make 

sure that the entire bevel is inside the space.  Confirmation of the needle point 

being in the epidural space was done with the “whoosh” test and the lack of 

resistance encountered by injection of 2-3 ml of air. Aspiration was done to 

exclude dural puncture or vessel puncture and the drug was injected.  
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After injection was complete, the needle was removed and the child was 

placed in supine position. No analgesia was given by any route 

preoperatively or intra operatively.  Anaesthesia was maintained with 

oxygen, nitrous oxide and Sevoflurane (0.2 to 3 %) with patient on 

spontaneous ventilation throughout the surgery.  

  

Drug and dosage:  

The children were randomly divided into 2 groups each containing of 30 members.   

Group B had the caudal block with 1 ml/kg of 0.25% of bupivacaine. 

Group BT had the caudal block with 1 ml/kg of 0.25% of bupivacaine plus 

Tramadol 1mg/kg.  

Monitoring:  

Monitoring included precordial stethoscope, pulse-oximetry, NIBP, respiratory 

rate and ECG.   

Recovery:  

Anaesthetic agents were discontinued at the beginning of skin closure. 

100% oxygen through a face mask was administered for 3-5 minutes. Once 

the vitals were stable and the child was awake, the child was shifted and 

placed in semi-prone position in the recovery room. On arrival to the 

recovery room, the child was monitored for another 1 hour with SpO2, 
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respiratory rate, NIBP and heart rate every 15 minutes. After that the child 

was shifted to the ward and monitored thereafter.  

Parameters studied:  

Hemodynamic parameters:  

Patients were monitored for heart rate, respiratory rate and blood pressure 

after administration of caudal block at 0,5,15,30,45,60,120 and 180 minutes 

and the values were recorded.  

Duration of action:  

Duration of action of drug is termed as the time interval between the 

administration of caudal epidural block and the first requirement of 

supplementary analgesia for the patient.  

Post-operative analgesia:  

Post-operative analgesia is assessed by Paediatric Objective Pain Scale. The 

assessment was done for a period of 24 hours after caudal block. Suppose 

the pain score showed more than 6 for 2 consecutive intervals of 10 minutes, 

then supplementary analgesia with syrup Paracetamol (15mg/kg) was 

given. These assessments were made at 1, 2, 3, 4, 8, 12 and 24 hours after 

caudal block.  
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Table 1: Paediatric Objective Pain Scale  

Observations Criteria Points  

Blood pressure ±10 pre-operative value 

>20% pre-operative value 

>30% pre-operative value 

0 

1 

2 

Crying Not crying 

Crying but responds to soft touch 

Crying but not responds to soft touch 

0 

1 

2 

Movements None 

Restlessness 

Thrashing 

0 

1 

2 

Agitation Asleep 

Mild 

Hysterical 

0 

1 

2 

Posture No specific posture 

Flexion of legs and thighs 

Holding penis or groin 

0 

1 

2 
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Side effects: Patients were monitored for intra-operative and postoperative 

complications.  

Nausea and vomiting: Any episodes were noted.  

Bradycardia: Defined as the decrease in the heart rate of more than 30% 

of the baseline value. It was subsequently treated with Inj. Atropine 

0.01mg/kg.  

Hypotension: Defined as a decrease in the mean arterial pressure of greater 

than 30%of the baseline value. It was treated with rapid infusion of IV fluids 

and if that was unsuccessful, then Inj. Ephedrine 0.1-0.3 mg/kg.  

Respiratory depression: Defined as a decrease in the SpO2 of <93% that 

required administration of supplemental oxygen via face mask or a 

respiratory rate of < 10 breaths per minute.  

Sedation Score: A 4 point objective score based on eye opening was used as 

follows  

Table 2: Sedation Score  

    1          Eye opening spontaneously  

    2          Eye opening in response to verbal command  

    3         Eye opening in response to physical stimulation  

   4          Unresponsive  

 

 

 



49  

  

Statistical analysis:  

The results of continuous variables are given as mean ± SD and proportion 

as percentage. The difference between the two groups was assessed by 

student’s – t test and chi-square test. For all the tests a ‘p’ value of 0.05 and 

less was considered for statistical significance.  

 RESULTS  

A total number of 60 children in the age group of 1 – 8 years belonging to 

ASA grade B and BT were enrolled in this study. They were divided into 

two groups of 30 each.  

Children in group B had the caudal block with bupivacaine 0.25% (1ml/kg).  

Children in group BT had the caudal block with bupivacaine 0.25% (1ml/kg) plus 

tramadol (1mg/kg).  

The mean heart rate in the  B  group (101.20±5.74),the mean heart rate in 

the BT group (93.67±3.75) which does not show any statistical 

significance.(p=0.675)  

The mean systolic BP in the B group (93.73±4.58), the mean systolic BP in 

the BT group (90.33±4.57), which does not show any statistical 

significance. (p=0.436).  
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The mean diastolic BP in the B group (56.10±3.87), the mean diastolic BP 

in the BT group (54.20±3.45), which does not show any statistical 

significance. (p=0.414)  

The mean RR in the B group (26.87±2.66), the mean RR in the BT group 

(25.33±1.99), which does not show any statistical significance. (p=0.713) 

The mean duration of analgesia in the B group (221.00±7.92) min, the 

mean duration of analgesia in the BT group (463.67±56.48) min. The 

mean  duration  of  analgesia  was  highly  significant 

statistically. (p<0.001)  

In the B group the incidence of vomiting was 3(10%)  

In the BT group the incidence of vomiting was 5(16.6%) which was not 

statistically significant.  

There was no incidence of respiratory depression, blood vessel puncture, 

dural puncture, hypotension, bradycardia or pruritis in both the groups.  
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Table 3: Mean distribution of HR, SBP, DBP, RR  

  

  Group   N  Mean  SD  t  p  

HR  

Bupivacaine    30  101.20  5.74  

6.01  0.675  Bupivacaine  +     

 
Tramadol  

 30  93.67  3.75    

SBP  

Bupivacaine   30  93.73  4.58  

2.88  0.436  Bupivacaine  +     

 
Tramadol  

 30  90.33  4.57    

DBP  

Bupivacaine   30  56.10  3.87  

3.58  0.414  Bupivacaine  +     

 
Tramadol  

 30  54.20  3.45    

RR  

Bupivacaine   30  26.87  2.66  

2.53  0.713  Bupivacaine  +     

 
Tramadol  

 30  25.33  1.99    

  

The mean distribution of HR, SBP, DBP, and RR between the two groups 

was not statistically significant.  
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Table 4: Mean weight of patients  

  

  Group  N  Mean  SD  t  p  

Weight  Bupivacaine  30  12.07  2.32  0.54  0.589  

Bupivacaine + Tramadol  30  12.42  2.66  

  

The mean distribution of Weight between the two groups was not statistically 

significant.  
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Graph 1: Mean weight of patients  

  

 
  

  

The mean distribution of Weight between the two groups was not statistically 

significant.  
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Table 5: Mean age of patients:  

  

 

  

  

The mean distribution of Age between the two groups was not statistically 

significant.  

  

  

  

 

 

 

 

 

 

 

  

  Group   N   Me   SD   t   p   

Age   

Bupivacaine   30   3.60   1.16   

0.17   0.865   

Bupivacaine + Tramadol   30   3.67   1.79   
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Graph 2: Mean age of patients:  

  

 
  

  

The mean age of patients in both the groups was not statistically Significant.  
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Graph 3: Heart rate variations  

  

  

 
  

  

  

The mean Heart rate of patients in both the groups was not statistically 

significant.  
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Table 6: Heart rate variations:  

   Group  N  Mean  SD  t  p  

HR0  Bupivacaine  30  101.00  5.30  6.19  0.324  

Bupivacaine + Tramadol  30  93.67  3.75  

HR5  Bupivacaine  30  102.33  4.58  3.08  0.317  

Bupivacaine + Tramadol  30  98.87  4.13  

HR15  Bupivacaine  30  102.47  5.02  2.27  0.216  

Bupivacaine + Tramadol  30  99.20  6.09  

HR30  Bupivacaine  30  102.47  4.91  1.22  0.228  

Bupivacaine + Tramadol  30  100.27  8.59  

HR45  Bupivacaine  30  101.40  4.14  1.33  0.190  

Bupivacaine + Tramadol  30  99.33  7.47  

HR60  Bupivacaine  30  100.10  4.55  1.50  0.140  

Bupivacaine + Tramadol  30  97.93  6.49  

HR120  Bupivacaine  30  99.03  4.21  2.48  0.150  

Bupivacaine + Tramadol  30  96.00  5.23  

HR180  Bupivacaine  30  97.80  3.80  3.01  0.140  

Bupivacaine + Tramadol  30  94.80  3.92  
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Graph 4: Systolic BP variations:  

  

  

  

 The mean Systolic BP variations of patients in both the groups was not 

statistically significant.  
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Table 7: Systolic BP variations:  

  

  Group  N  Mean  SD  t  p  

SBP0  
Bupivacaine + Tramadol  30  90.27  4.60  

3.25  0.071  
Bupivacaine  30  94.20  4.77  

SBP5  
Bupivacaine + Tramadol  30  91.43  4.90  

3.29  0.085  
Bupivacaine  30  95.20  3.92  

SBP15  
Bupivacaine + Tramadol  30  92.03  5.23  

2.21  0.076  
Bupivacaine  30  95.40  6.48  

SBP30  
Bupivacaine + Tramadol  30  91.30  5.05  

1.89  0.064  
Bupivacaine  30  93.87  5.46  

SBP45  
Bupivacaine + Tramadol  30  91.43  4.49  

1.73  0.089  
Bupivacaine  30  93.80  6.00  

SBP60  
Bupivacaine + Tramadol  30  90.60  4.27  

0.84  0.404  
Bupivacaine  30  91.73  6.03  

SBP120  
Bupivacaine + Tramadol  30  90.33  4.16  

2.11  0.064  
Bupivacaine  30  92.80  4.86  

SBP180  
Bupivacaine + Tramadol  30  88.83  7.54  

2.52  0.089  
Bupivacaine  30  93.33  6.24  

  

  

  

The mean Systolic BP variations of patients in both the groups was not 

statistically significant.  
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Graph 5: Diastolic BP variations:  

  

  

  

  

  

The mean Diastolic BP variations of patients in both the groups was not 

statistically significant.  
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Table 8: diastolic BP variations:  

   

  Group  N  Mean  SD  t  p  

DBP0  
Bupivacaine + Tramadol  30  54.13  3.79  

3.76  0.083  
Bupivacaine  30  57.73  3.63  

DBP5  
Bupivacaine + Tramadol  30  54.67  3.34  

5.18  0.064  
Bupivacaine  30  59.13  3.35  

DBP15  
Bupivacaine + Tramadol  30  54.33  3.58  

3.68  0.073  
Bupivacaine  30  58.07  4.25  

DBP30  
Bupivacaine + Tramadol  30  53.93  3.89  

5.01   0.164  
Bupivacaine  30  58.33  2.83  

DBP45  
Bupivacaine + Tramadol  30  53.67  3.83  

4.05  0.180  
Bupivacaine  30  57.67  3.83  

DBP60  
Bupivacaine + Tramadol  30  53.30  3.31  

4.40  0.091  
Bupivacaine  30  57.20  3.55  

DBP120  
Bupivacaine + Tramadol  30  52.80  2.91  

6.84  0.147  
Bupivacaine  30  57.07  1.80  

DBP180  
Bupivacaine + Tramadol  30  52.00  2.78  

5.99  0.173  
Bupivacaine  30  56.87  3.47  

  

  

The mean diastolic BP variations of patients in both the groups was not 

statistically significant.  
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Graph 6: Respiratory rate variations:  

  

  

  

  

  

  

  

The mean Respiratory rate variations of patients in both the groups was not 

statistically significant.  
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Table 9: Respiratory rate variations:  

  

  

  Group  N  Mean  SD  t  p  

RR0  
Bupivacaine + Tramadol  30  26.67  2.48  

1.58  0.120  
Bupivacaine  30  25.73  2.08  

RR5  
Bupivacaine + Tramadol  30  26.57  2.16  

0.57  0.574  
Bupivacaine  30  26.93  2.82  

RR15  
Bupivacaine + Tramadol  30  26.63  2.30  

2.00  0.070  
Bupivacaine  30  25.47  2.22  

RR30  
Bupivacaine + Tramadol  30  26.17  2.39  

1.92  0.060  
Bupivacaine  30  25.00  2.32  

RR45  

Bupivacaine + Tramadol  30  25.60  2.37  

0.12  0.904  
Bupivacaine  30  25.53  1.87  

RR60  
Bupivacaine + Tramadol  30  25.97  2.76  

2.05  0.090  
Bupivacaine  30  24.87  1.01  

RR120  
Bupivacaine + Tramadol  30  24.47  2.86  

1.74  0.087  
Bupivacaine  30  25.67  2.47  

RR180  
Bupivacaine + Tramadol  30  23.80  2.80  

0.11  0.913  
Bupivacaine  30  23.73  1.80  

  

  

  

The mean Respiratory rate variations of patients in both the groups was not 

statistically significant.  
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 Table 10: Pain incidence at various time intervals  

  
Group  N  Mean  SD  t  p  

Pain1  Bupivacaine  30  0.00  0.00   -  -   

Bupivacaine + Tramadol  30  0.00  0.00  

Pain2  Bupivacaine  30  0.00  0.00   -   -  

Bupivacaine + Tramadol  30  0.00  0.00  

Pain3  Bupivacaine  30  4.80  1.00  26.38  < 0.001**  

Bupivacaine + Tramadol  30  0.00  0.00  

Pain4  Bupivacaine  30  4.73  1.11  21.84  < 0.001**  

Bupivacaine + Tramadol  30  0.07  0.37  

Pain8  Bupivacaine  30  4.73  0.98  0.92  0.362  

Bupivacaine + Tramadol  30  4.47  1.25  

Pain12  Bupivacaine  30  3.33  1.21  1.47  0.148  

Bupivacaine + Tramadol  30  2.87  1.25  

Pain24  Bupivacaine  30  2.27  0.69  0.29  0.774  

Bupivacaine + Tramadol  30  2.33  1.06  

  

  

The mean Pain incidence at various time intervals of patients in both the 

groups was statistically significant at 3 & 4 hours  
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Graph 7: Pain incidence at various time intervals:  

  

  

  

 
  

  

  

  

The mean Pain incidence at various time intervals of patients in both the 

groups was statistically significant at 3 & 4 hours  
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Table 11: Sedation scores at various time intervals:  

  

  
Group  N  Mean  SD  t  p  

Sedation1  Bupivacaine  30  1.00  0.00   -  -   

Bupivacaine + Tramadol  30  1.00  0.00  

Sedation2  Bupivacaine  30  1.00  0.00   -  -   

Bupivacaine + Tramadol  30  1.00  0.00  

Sedation3  Bupivacaine  30  1.00  0.00   -  -   

Bupivacaine + Tramadol  30  1.00  0.00  

Sedation4  Bupivacaine  30  1.00  0.00   -  -   

Bupivacaine + Tramadol  30  1.00  0.00  

Sedation8  Bupivacaine  30  1.00  0.00   -  -   

Bupivacaine + Tramadol  30  1.00  0.00  

Sedation12  Bupivacaine  30  1.00  0.00   -  -   

Bupivacaine + Tramadol  30  1.00  0.00  

Sedation24  Bupivacaine  30  1.00  0.00   -  -   

Bupivacaine + Tramadol  30  1.00  0.00  
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Table 12: Duration of analgesia:  

  

  

Duration of analgesia  N  Mean  SD  t  p  

Bupivacaine  30  221.00  7.92    

    23.31  < 0.001**  

Bupivacaine + Tramadol  30  463.67  56.48  

  

  

  

The mean Duration of analgesia at various time intervals of patients in both 

the groups was statistically significant.  
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Graph 8: Duration of analgesia:  

  

 
  

  

  

  

The mean duration of analgesia at various time intervals of patients in both the 

groups was statistically significant 
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Table 15: Incidence of complications:  

  

Adverse effects  Group B  Group BT  

Vomiting  3  5  

Respiratory depression  0  0  

Blood vessel puncture  0  0  

Dural puncture  0  0  

Hypotension  0  0  

Bradycardia  0  0  

Pruritis  0  0  
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Table 13: Sex wise distribution  

  

Group  Sex  Total  

Male  Female  

N  %  N  %  

Bupivacaine  23  76.67  7  23.33  30  

Bupivacaine + Tramadol  28  93.33  2  6.67  30  

Total  51  85.00  9  15.00  60  

  

  

  

  

  

The mean   Sex wise distribution incidence   of patients in both the groups was 

not   statistically significant.  
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Graph 9: Sex wise distribution:  

 
  

  

  

The mean Sex wise distribution incidence of patients in both the groups was not 

statistically significant  
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Table 14: types of surgeries:  

  

Surgery  

Group   Total  

Bupivacaine  
Bupivacaine 

Tramadol  

+  N  %  

N  %  N  %   

Bilateral  

Herniotomy  

      1  3.33   1  1.67  

Circumcision  14  46.67  6  20.00   20  33.33  

Congenital  

Hydrocele  

      1  3.33   1  1.67  

Debridement  3  10.00         3  5.00  

Herniotomy  13  43.33  2  6.67   15  25.00  

L-Congenital  

Hydrocele  

      2  6.67   2  3.33  

Phimosis        9  30.00   9  15.00  

R-Congenital  

Hernia  

      3  10.00   3  5.00  

Rectal Polyp        1  3.33   1  1.67  

Skin Grafting        1  3.33   1  1.67  

Stricture Urethra        1  3.33   1  1.67  

Wound  

Debridement  

      2  6.67   2  3.33  

R-Hydrocele        1  3.33   1  1.67  

Total  30  100.00  30  100.00   60  100.00  
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Graph 10: Types of surgeries:   
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DISCUSSION  

Treatment of acute pain is one of the most important tasks of perioperative 

paediatric anaesthesia. Pain relieving agents are usually administered on the 

basis of the concept of balanced analgesia, which involves a combination 

of analgesics with either synergistic or additive effects. It allows rapid 

recovery from anaesthesia with effective postoperative analgesia.  The main 

disadvantage is the short duration of action following single shot caudal 

using only local anaesthetic, so various additives to local anaesthetic 

solutions have been tried. The use of caudal opioids does prolong the 

duration of analgesia but associated with side-effects like nausea, vomiting, 

respiratory depression, pruritis and urinary retention.    

Tramadol, an opioid gives prolonged analgesia almost equivalent to that of 

pethidine with striking lack of respiratory depressant effect.  In this study, 

caudal block with bupivacaine alone and bupivacaine plus tramadol   

combination was carried out in 60 children in the age group of 1 to 8 years 

of ASA grade I and II coming for various infra-umbilical surgeries.  
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CONCLUSION  

This study demonstrated that caudal block with bupivacaine 0.25% 

(1ml/kg) plus tramadol (1mg/kg) resulted in analgesia of longer duration of 

action when compared with 0.25% bupivacaine (1ml/kg) alone, with no 

significant difference in the hemodynamic parameters and the occurrence 

of side effects.  

SUMMARY  

This study entitled ‘clinical  study between caudal block with  bupivacaine 

compared with caudal block with bupivacaine  plus  tramadol combination 

for postoperative pain relief in children undergoing  infraumbilical 

surgeries’ was conducted to compare the effects of addition of tramadol to 

bupivacaine over plain bupivacaine as a single shot caudal block in children.  

Sixty children of ASA grade I and II in the age group of 1-8 years coming 

for various infra-umbilical surgeries were studied. They were randomly 

divided into 2 groups of 30 each.  

Group B had the caudal block with bupivacaine 0.25% (1ml/kg). Group BT 

had the caudal block with bupivacaine 0.25% (1ml/kg) combined with 

tramadol (1mg/kg).  The main parameters studied were hemodynamic 

changes, extent of postoperative analgesia and incidence of side- effects.  
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Annexures  

  

PROFORMA  

  

“A CLINICAL COMPARATIVE STUDY BETWEEN CAUDAL  

BUPIVACAINE AND BUPIVACAINE-TRAMADOL COMBINATION FOR 

POSTOPERATIVE ANALGESIA IN  

PAEDIATRIC INFRAUMIBILICAL SURGERIES”  

  

Name: I.P.No / Hospital:  

Age/Sex: Weight:  

Diagnosis: Group:  

Proposed surgery: Drug and dosage:  

PREOPERATIVE EVALUATION:  

General physical examination  

Pallor/Icterus/Cyanosis/Clubbing/Lymphadenopathy/Oedema Pulse: CVS:  

Respiratory rate: RS:  

BP: P/A:  

Temperature: CNS:  

ASA physical status:  

  

 

 



 

INVESTIGATIONS:  

  

Blood: Hb: BT: CT:  

TC: DC: ESR:  

HIV: HBsAg:  

Urine: Sugar: Albumin: Micro:  

Chest X-ray (if needed): ECG (if needed)  

  

PROCEDURE & MONITORING:  

Time of caudal injection:  

Duration of surgery:  

Vital parameters  

Minutes  

0 5 15 30 45 60 120 180  

Pulse rate  

Systolic BP  

Diastolic BP  

Respiratory rate  

  

  

 

 

 

 



 

Duration of post-operative analgesia using paediatric objective pain scale:  

Time (in hour after caudal block) 1 2 3 4 8 12 24  

Pain score  

Time of first analgesia given:  

Duration of analgesia:  

Sedation score:  

  

COMPLICATIONS:  

Nausea /Vomiting  

Hypotension / Bradycardia  

Dural puncture  

Blood vessel puncture  

Pruritis  

Respiratory depression  

Convulsions  

  

  

  

  

  

 

 

 

 



 

CONSENT FORM FOR ANAESTHESIA / OPERATION  

  

I ............................., Hosp. No ........................, in my full senses hereby give my 

complete consent for ............................ or any other procedure deemed fit which is a / 

and diagnostic procedure / biopsy / transfusion / operation to be performed on me / my 

son / my daughter / my ward  

................, age ........., under any anaesthesia deemed fit. The nature and risk involved 

in the procedures have been explained to me to my satisfaction. For academic or 

scientific purpose the operation / procedure may be televised or photographed.  

Date:  

Signature / Thumb impression of      

            Patient / Guardian  

  

Name:   

Designation:   

Relationship:  

Full Address:  

 



 

 



 
 



 

 



 

KEY OF MASTER CHART  

DBP: Diastolic Blood Pressure  

F: Female  

HR: Heart Rate  

I.P. No. : In Patient Number  

M: Male  

RR: Respiratory Rate  

SBP: Systolic Blood Pressure  

Sl. No. : Serial Number  

Wt.: Weight  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


