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Abstract 
Introduction: Regional anaesthesia combined with general anaesthesia reduces 
stress response to surgery, duration of ventilation, intensive care unit (ICU) 
stay and promotes early recovery. Studies on thoracic epidural, caudal analgesia 
along with general anaesthesia (GA) in paediatric cardiac surgery are limited 
hence we aimed to compare efficacy and safety of caudal, thoracic epidural 
and intravenous analgesia in paediatric cardiac surgery. Methodology: This 
study was conducted in the Department of Anaesthesiology in a tertiary care 
teaching hospital in southern India from February 2019 to December 2019. 90 
children were randomised into group A, group B, group C. Children in group 
A received caudal analgesia along with GA. Group B children received tho-
racic epidural along with GA. Group C patients received intravenous analge-
sia along with GA. Rescue analgesia 1 mcg/kg fentanyl given in all 3 groups if 
pain score is more than 4. Primary outcome assessed was post-op pain scores. 
Secondary outcome assessed was duration of ventilation, duration of inten-
sive care unit stay. Results: All patients were comparable in terms of age, sex, 
weight, mean RACHS score, baseline heart rate and blood pressure. Pain scores 
were significantly lower in thoracic epidural group compared to other two 
groups. Duration of ventilation was lower in thoracic epidural group (91.17 ± 
43.85) minutes and caudal (199.6 ± 723.59) minutes compared to intravenous  
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analgesia groups (436.37 ± 705.51) minutes. Duration of ICU stay was signif-
icantly low in thoracic epidural group (2.73 ± 0.69) days compared to caudal 
(3.7 ± 2.8) and intravenous analgesia groups (4.33 ± 0.920). We didn’t have 
any complications like hematoma, transient or permanent neurological seque-
lae in regional anesthesia groups. Conclusion: Regional anaesthesia along with 
general anaesthesia was more effective in pain relief than intravenous analge-
sia with general anaesthesia in paediatric cardiac surgery. 
 
Keywords 
Caudal Analgesia, Thoracic Epidural Analgesia, Pain Scores,  
Paediatric Cardiac Surgery 

 

1. Introduction 

Pain during surgery and in post-operative period was of more concern in pae-
diatric patients. Regional anaesthesia combined with general anaesthesia was more 
popular method nowadays especially in non-cardiac surgeries. Regional anaes-
thesia provides many advantages to patients by providing analgesia, attenuation 
of stress response, reduction in morbidity and mortality [1]. Despite of these ad-
vantages practice of regional anaesthesia in paediatric cardiac surgery was limited 
due to major believes like epidural hematoma and hemodynamic disturbances. 
As per available literature incidence of hematoma and hemodynamic disturbances 
were minimal due to paediatric regional anaesthesia [2] [3] [4] [5]. Inadequate 
pain relief during intra operative and post-operative period contribute to meta-
bolic (proteolysis, hyperglycaemia), neuroendocrine (increase in serum cortisol 
and catecholamine levels), immunological (inhibition of NK cell and T helper cell 
function) and haematological changes (post-operative hyper coagulable state) [6]. 
These changes can be minimized by administering a combination of regional anaes-
thesia and general anaesthesia, thereby provide adequate pain relief and decreas-
es the duration of ventilation and stay in intensive care unit [5] [7] [8] [9]. 

Although few studies were available on comparison of caudal analgesia and 
non-caudal analgesia groups, combined with general anesthesia in paediatric car-
diac surgical patients, but comparative studies of thoracic epidural with caudal 
and intravenous analgesia were limited in our population [5] [10] [11] [12]. Hence 
we aimed to compare the efficacy of regional anaesthesia with intravenous anal-
gesia in terms of pain scores in children undergoing cardiac surgery as a primary 
outcome. 

Duration of ventilation and stay in intensive care unit (ICU) were also com-
pared between 3 groups as secondary outcome. 

2. Materials and Methods 

Setting: This study was conducted in the Department of Anaesthesiology in a 
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tertiary care teaching hospital in southern India from February 2019 to Decem-
ber 2019. 

This study was approved by the Institutional Ethical Committee (IEC//18/ 
DEC/145/54) and Clinical Trial Registry of India (CTRI) (CTRI/2019/02/017575). 

Design: A double blinded randomised control design was employed to com-
pare the efficacy of thoracicepidural, caudal and intravenous analgesia in pain 
relief during intraoperative and postoperative period. 

Recruitment of the Subjects: Children were recruited after obtaining written, 
informed consent from parents/guardians. Children aged from six months to 
seven years, weighing from 5 - 12 kg with RACHS (Risk adjustment in congenit-
al heart surgery) score 1 - 3 undergoing elective cardiac surgery were included in 
the study. Children who had coagulopathies, local skin infections, spinal cord 
anomalies, pre-existing neurological illness and failed regional analgesic tech-
niques were excluded from the study. Ninety children were randomised into 
three groups A, B, and C by a computer generated block randomisation tech-
nique (Figure 1). Parents of children and anaesthesiologist who was collecting 
the data in intensive care unit were blinded to the allotment of the group. All the 
children were anaesthetised by same anaesthesiologist as per standard depart-
ment protocol and he was not involved in post-operative follow up. Children 
in group A had received caudal analgesia with 1.6 ml/kg of solution containing  
 

 
Figure 1. Consort flow chart. 
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bupivacaine 2 mg/kg with Morphine 50 micrograms (mcg)/kg after general 
anaesthesia with endotracheal intubation and controlled mechanical ventilation 
[13]. Children in group B received thoracic epidural at T5-T8 space with 20 g 
epidural needle containing 24 g epidural catheter (B Braun). A bolus dose con-
taining 0.5 ml/kg of 0.25% bupivacaine was given. After 15 minutes of bolus 
dose, maintenance dose of 0.2 - 0.3 ml/kg/hr was given with a solution contain-
ing 0.125% bupivacaine, 3 mcgs/ml fentanyl additive throughout the procedure 
and in post-operative period up for 12 hrs. Children in group C received intra-
venous fentanyl boluses at a dose of 2 mcg/kg/hr throughout procedure and 1 
mcg/kg hr infusion as maintenance for 12 hrs of post-operative period. Any hy-
potension after procedure was treated with ephedrine, phenylephrine or intra-
venous fluid boluses depending on underlying heart condition to maintain bal-
ance between systemic and pulmonary vascular resistance. All patients received 
intravenous heparin 4 mg/kg 1 hour post intervention [14] [15]. Initiation of 
cardiopulmonary bypass (CPB), conduct and weaning of CPB, reversal of hepa-
rin with protamine were done according to standard department protocol. Heart 
Rate (HR), Mean arterial blood Pressure (MAP), Central Venous Pressure (CVP) 
were monitored. Vasoactive inotropic scores (VIS) were assessed for all the pa-
tients before shifting to ICU. Post op pain scores were assessed with FLACC 
scale (Face, Leg, Activity, Cry, Consolability) every hourly for 12 hrs after shift-
ing to ICU. If pain score was more than 4 rescue analgesia of intravenous fen-
tanyl 1 mcg/kg was given. Reassessment of pain was done after 5 - 10 minutes. If 
pain score continued to be more than 4 intravenous fentanyl 1 mcg/kg was re-
peated. Duration of mechanical ventilation andduration of ICU stay was noted. 
Primary outcome assessed was post-operative pain scores. Secondary outcome 
assessed was duration of ventilation and duration of stay in intensive care unit. 
Serum cortisol and blood glucose levels were assessed four times-1st post induc-
tion and before intervention, 2nd while on CPB, 3rd at 6 hrs post intervention and 
4th at 12 hrs post intervention. Vasoactive inotropic scores and other complica-
tions like epidural/sub cutaneous hematoma were also compared between three 
groups. Vasoactive inotropic score was calculated by formula of dopamine dose 
µg∙kg−1min−1 + dobutamine dose μg∙kg−1min−1 + 100 × epinephrine dose 
µg∙kg−1min−1 + 100 × nor epinephrine dose µg∙kg−1min−1 + 10 × Milrinone dose 
µg∙kg−1min−1 + 10,000 × vasopressin dose units∙kg−1min−1.  

Sample size was estimated based on a previous study done by Samantaray DJ 
et al.—with power of 90% and alpha error of 5% (standard deviation of 1.2 in 
Group 1, standard deviation of 1.7 in group 2 with mean difference of 2.1, effect 
size of 1.37, 2 sided) [11]. This establishes sample size of 18 in each group but we 
have included 30 in each group. 

Statistical analysis: Statically package for the social sciences (SPSS) 16.0 
software was used for statically analysis. Chi square test was performed to assess 
the significance of association between categorical variables. ANOVA, and re-
peated measures of ANOVA tests were performed along with post hoc analysis 
using bonferroni correction. 
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3. Results 

All the three groups were comparable in terms of age, sex, weight, cardiopul-
monary bypass time, surgical time and mean RACHS score (Table 1). Baseline 
heart rate and mean arterial pressures were comparable between three groups. 
We observed significantly lower pain scores at 2 hrs, 4 hrs, 6 hrs of post-operative 
period in group A (1.67, 1.68, 2.61 respectively) and group B (1.53, 1.33, 2.33 
respectively) when compared to group C (3.93, 3.98, 4.92). Post hoc analysis by 
Bonferroni correction shows significant difference in pain scores at 2 hrs, 4 hrs 
and 6 hrs between group A and group C (P = 0.001). There was significant dif-
ference in pain scores at 2 hrs, 4 hrs, 6 hrs post intervention between group B 
and group C (P = 0.001). There was no significant difference at 2 hrs, 4 hrs and 6 
hrs between group A and group B (Table 2). 

Pain scores at 12 hrs was significantly lower in group B (2.57 ± 1.81) when 
compared to group A (4.27 ± 1.72) and group C (6.03 ± 1.18). Post hoc analysis 
by Bonferroni correction shows significant difference in pain scores at 12 hrs 
between group A and group B (P = 0.001), group A and group C (P = 0.001) and 
group B and group C (P = 0.001). 

Post op duration of ventilation was significantly lower in group B when com-
pared to two other groups (Table 3). Post hoc analysis of duration of ventilation 
shows statistically significant difference between group B (91.17 +/− 43.85 mi-
nutes) and group C (436.3 +/− 705.51 minutes) with a P value of 0.02. There was 
no significant difference observed between group A (199.6 +/− 723.59) when 
compared to group B (91.17 +/− 43.85) and group A (199.6 +/− 723.59) when 
compared to group C (436.3 +/− 705.51). 

Duration of ICU stay during post-operative period was significantly lower in 
group B when compared to other two groups (Table 3). Post hoc analysis of du-
ration of ICU stay shows statistically significant difference between group B 
(2.73 +/− 0.69) days compared to group C (4.33 +/− 0.92) with a P value of 0.03. 
There was no significant difference observed between group A (3.70 +/− 2.87) 
when compared to group B (2.73 +/− 0.69) and between group A (3.70 +/− 2.87) 
when compared to group C (4.33 +/− 0.92).  
 
Table 1. Patient demographic data comparison between 3 groups. 

 Group A Group B Group C P value 

Age in years 2.61 ± 1.14 2.92 ± 1.43 3.16 ± 0.97 0.94 

Sex (male: female) 18:12 20:10 17:13 0.65 

Weight in kgs 9.38 ± 1.90 10.29 ± 1.45 9.45 ± 1.97 0.88 

Bypass time in minutes 87.97 ± 26.75 83.20 ± 13.21 88.77 ± 18.09 0.51 

Surgical duration 182.56 ± 24.58 188 ± 18.83 179 ± 25.23 0.46 

Mean RACHS score 2.13 ± 0.66 1.96 ± 0.61 2.06 ± 0.58 0.68 
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Table 2. Pain score comparison between three groups. 

Pain score  
comparison 

Group A Group B Group C 
P value between  

groups 
Cumulative  

P value 

At 2 hrs in post op icu 1.67 ± 0.79 1.53 ± 0.70 3.93 ± 0.94 
0.20* 

0.001† 
0.001‡ 

0.001 

At 4 hrs in post op icu 1.68 ± 0.76 1.33 ± 0.96 3.98 ± 0.88 
0.38* 

0.001† 
0.001‡ 

0.001 

At 6 hrs in post op icu 2.61 ± 1.56 2.33 ± 0.96 4.92 ± 0.98 
0.07* 

0.001† 
0.001‡ 

0.001 

At 12 hrs in post op icu 4.27 ± 1.72 2.57 ± 1.81 6.03 ± 1.18 
0.01* 

0.001† 
0.001‡ 

0.001 

*Level of significance between group A and group B; †Level of significance between group A and group C; ‡Level of significance between group B and group C; 
P value less than 0.05 considered to be significant. 

 
Table 3. Post-operative data comparison between three groups. 

 Group A Group B Group C 
P value between  

groups 
Cumulative 

P value 

Duration of ventilation in 
minutes 

199.6 ± 723.59 91.17 ± 43.85 436.37 ± 705.51 
0.80* 
0.36† 

0.026 ‡ 
0.03 

Duration of icu  
stay in days 

3.7 ± 2.8 2.73 ± 0.69 4.33 ± 0.92 
0.11* 
0.52† 
0.03‡ 

0.003 

VIS score 8.47 ± 4.65 5.50 ± 2.57 9.57 ± 3.89 
0.01* 
0.70† 
0.001‡ 

0.001 

Rescue analgesia (fentanyl) 
requirement in mcgs 

22.6 ± 15.42 7.50 ± 7.39 75.83 ± 13.83 
0.001* 
0.001† 
0.001‡ 

0.001 

*Level of significance between group A and group B; †Level of significance between group A and group C; ‡Level of significance between group B and group C; 
P value less than 0.05 considered to be significant. 

 
Post op rescue analgesia (fentanyl) requirement was significantly lower in 

group B when compared to other two groups (Table 3). Post hoc analysis shows 
significant difference between group B (7.5 +/− 7.3) mcgs when compared to 
group A (22.6 +/− 15.42) with a P value of 0.001, group B (7.5 +/− 7.3) when 
compared to group C (75.8 +/− 13.8) with a P value of 0.001, and group A (22.6 
+/− 15.42) when compared to group C (75.8 +/− 13.8) with a P value of 0.001. 

Vasoactive inotropic score immediately after shifting to ICU was significantly 
low in group B when compared to other two groups (Table 3). Post hoc analysis 
shows statistically significant difference between group A (8.47 +/− 4.65) and 
group B (5.5 +/− 2.57) with a P value of 0.01. Significant difference was observed 
between group B (5.5 +/− 2.57) and group C (9.57 +/− 3.89) with a P value of 
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0.001 but no difference was observed between group A (8.47 +/− 4.65) and 
group C (9.57 +/− 3.89). 

We also compared stress response (serum cortisol levels, blood glucose level) 
between threegroups. In all the groups serum cortisol level increased from base-
line to 12 hrs after intervention (df 3.73, F = 71.07, P value 0.001) but rise in se-
rum cortisol levels were significantly lower in groups A and B compared to 
group C (Table 4). In all the three groups blood glucose levels increased from 
baseline to 12 hrs post intervention, but rise in blood glucose levels was more in 
group C when compared to group A and group B (Table 5). 

Heart rate in group B was low when compared to other two groups at skin in-
cision, 2 hrs, 4 hrs, 6 hrs, and 12 hrs after shifting to ICU (Table 6). There was 
significant difference in heart rate within the groups from base line to 12 hrs (df 
7.84, F = 31.93, P value 0.001). Post hoc analysis by Bonferroni test between the 
groups shows significant difference between group A and group B with a P value 
of 0.001, between group A and group C with a P value of 0.001 and between 
group B and group C with a P value 0.001. Mean artery pressure was comparable 
in all 3 groups from baseline to 12 hrs after shifting to ICU (Table 7). No epi-
dural hematoma was observed in regional anaesthesia groups. Six children were 
reintubated due to diaphragmatic palsy. 
 

Table 4. Serum cortisol level comparison between three groups. 

Serum Cortisol levels in µg/dl  
(mean +/− sd) 

Group A 
(Caudal) 

Group B 
(Thoracic epidural) 

Group C 
(Intravenous  

analgesia) 

P value with in  
groups from base  

line to 12 hrs 

P value between  
the groups 

Baseline 24.47 (6.09) 24.43 (6.90) 24.73 (10.68) 

0.001 

*0.230 

On CPB 40.17 (13.21) 32.03 (12.91) 60.63 (29.24) †0.001 

6 hrs after intervention 51.03 (21.36) 38.90 (19.56) 75.71 (27.87) 
‡0.001 

12 hrs after intervention 61.17 (33.49) 44.20 (34.34) 89.13 (43.20) 

*Level of significance between group A and group B; †Level of significance between group A and group C; ‡Level of significance between group B and group C; 
P value less than 0.05 considered to be significant. 

 
Table 5. Blood glucose level comparison between three groups. 

Blood glucose level in mg/dl  
(mean ± sd) 

Group A Group B Group C 
P value with in  

groups from base  
line to 12 hrs 

P value between  
the groups 

Base line 103.03 ± 9.41 97.03 ± 13.90 102.77 ± 17.13 

0.001 

*0.06 

On CPB 145.87 ± 19.03 131.20 ± 25.86 173.57 ± 53.53 †0.04 

6 hrs after intervention 156.07 ± 35.21 136.30 ± 32.55 203.47 ± 62.03 
‡0.001 

12 hrs after intervention 177.70 ± 55.19 144.97 ± 40.01 211.43 ± 76.01 

*Level of significance between group A and group B; †Level of significance between group A and group C; ‡Level of significance between group B and group C; 
*P value less than 0.05 considered to be significant. 
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Table 6. Heart rate comparison between three groups. 

Heart rate  
(mean +/− sd) 

Group A Group B Group C 
P value with in  

groups from base  
line to 12 hrs 

P value between  
the groups 

Baseline 124.83 ± 9.63 124.33 ± 10.21 124.73 ± 8.66 

0.001 

*0.001 
Skin incision 126.27 ± 12.31 115.03 ± 14.26 137.33 ± 8.41 

2 hrs after shifting to icu 133.33 ± 9.14 120.43 ± 13.63 141.90 ± 4.96 
†0.001 

4 hrs after shifting to icu 135.93 ± 7.72 121.10 ± 8.98 142.80 ± 4.21 

6 hrs after shifting to icu 140.73 ± 10.53 120.63 ± 8.33 144.70 ± 5.63 
‡0.001 

12 hrs after shifting to icu 141.47 ± 10.27 120.77 ± 9.11 147.47 ± 6.74 

*Level of significance between group A and group B; †Level of significance between group A and group C; ‡Level of significance between group B and group C; 
P value less than 0.05 considered to be significant. 

 
Table 7. Mean arterial pressure comparison between three groups. 

Mean artery pressure in  
mm of Hg (mean +/− sd) 

Group A Group B Group C 

P value Within the 
groups from baseline 

to 12 hrs after  
shifting to icu 

P value between  
the groups 

Baseline 53.90 ± 8.51 52.53 ± 5.60 53.53 ± 6.18 

0.065 

*1.00 
Skin incision 51.30 ± 6.22 52.03 ± 6.21 54.23 ± 6.81 

2 hrs after shifting to icu 52.37 ± 5.33 54.97 ± 5.61 54.13 ± 6.43 
†1.00 

4 hrs after shifting to icu 56.47 ± 6.51 57.43 ± 4.60 54.47 ± 5.90 

6 hrs after shifting to icu 55.43 ± 5.96 55.90 ± 7.04 53.47 ± 5.37 
‡0.524 

12 hrs after shifting to icu 54.53 ± 6.25 55.31 ± 5.30 52.27 ± 7.28 

*Level of significance between group A and group B; †Level of significance between group A and group C; ‡Level of significance between group B and group C; 
P value less than 0.05 considered to be significant. 

4. Discussion 

In this study all the groups were comparable in terms of age, sex, weight, mean 
CPB time, mean surgical time and mean RACHS score and different types of sur-
geries (Table 8). Baseline serum cortisol, blood glucose levels, heart rate, mean ar-
terial blood pressures were also comparable between three groups. Post-operative 
pain scores were lower in caudal analgesia group during post-operative period in 
our study similar to previous studies done by Abd-Elshafy et al. [16], Samantaray 
et al. [11], Nasr and Abdel Hamid et al. [17]. In contrast, study done by Nguyen 
et al. reported no significant difference in post-operative pain scores and opioid 
consumption between caudal and non-caudal groups [10]. This can be attributed 
to lower dose of 1 ml/kg of 0.125% bupivacaine in caudal analgesia which may 
not sufficient to provide prolonged post-operative analgesia. Mean post-operative 
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pain scores up to six hours were lower in caudal analgesia group similar to a 
study by Rosen et al. and they were comparable with thoracic epidural analgesia 
[18]. But at 12 hrs post-operative pain scores were significantly higher in caudal 
group compared to thoracic epidural group (Figure 2). Although caudal analgesia 
did not provide total pain relief, overall opioid consumption was lesser than con-
trol group. Thoracic epidural analgesia provided good analgesia in post-operative 
period with very minimal rescue opioid consumption in our study, similar to 
study done by Vila et al. [12]. Peterson et al. in 2000 retrospectively reviewed the 
data of children receiving regional anaesthesia for cardiac surgery and found that 
89% children are extubated in operating room, 95% children had pain score less 
than 4 at all intervals in post-operative period and the rate of adverse effects 
were lower in thoracic catheter epidural approach as compared with caudal, lum-
bar epidural, spinal approaches [5]. 
 
Table 8. Sub group analysis of various surgeries in 3 groups. 

Type of surgery Caudal Thoracic epidural Intravenous analgesia 

 

ASD 5 ASD 6 ASD 4 

VSD 8 VSD 9 PAPVC repair 1 

TOF 4 GLENN 4 VSD 6 

Partial AVSD 1 TOF 3 TOF 6 

Glenn 3 Mitral valve repair 1 GLENN 4 

Fontan 5 Partial AVSD 2 Partial AV canal 3 

PA banding 1 BT shunt 3 Fontan 4 

BT shunt 3 Fontan 2 BT shunt 1 

    Rastelli 1 

 

 
Figure 2. Pain score comparison between three groups. 
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In our study, duration of ventilation was lower in thoracic epidural group com-
pared to other two groups. In a study by Mittancht et al. caudal morphine 50 - 
100 mcg/kg or intrathecal morphine 5 - 10 mcg/kg was given during procedure, 
79% of cases were extubated in operating room [19]. But in our study prolonged 
ventilation in caudal analgesia group could be attributed to need for elective ob-
servation for hemodynamic stability for 1 hour in ICU, and diaphragmatic palsy 
in three patients secondary to phrenic nerve injury. Although duration of venti-
lation was lower in thoracic epidural analgesia group compared to caudal anal-
gesia, but this difference was stastically not significant (Figure 3).  

Duration of stay in ICU was similar in caudal and intravenous analgesia groups, 
whereas thoracic epidural group had significantly lesser stay in ICU compared to 
intravenous analgesia group [20] (Figure 4). Although duration of ICU stay was 
lower in thoracic epidural analgesia group compared to caudal analgesia but this 
difference was statistically not significant. In contrast to our findings a study by 
Sayedkaoud Abd-elshafy reported that single dose of caudal (0.125% 1.5 ml∙kg−1 
bupivacaine plus neostigmine 2 mcg∙kg−1) provided optimal conditions of early 
extubation had lesser duration of ICU stay [16]. Similar to a study by Makhija 
et al., serum Cortisol levels on CPB, and in post-operative period were significantly 
lower in caudal group compared to intravenous analgesia group [21]. Study by 
Nasr and Abdelhamid reported increase in serum cortisol in caudal analgesia 
groups but the increase was significantly low in dexmeditomodine and bupiva-
caine group compared to fentanyl and bupivacaine group [17]. Duncan et al. con-
ducted a study on 40 children less than 4 years undergoing elective paediatric car-
diac surgery with one of five doses of fentanyl ranging from 2 µg∙kg−1 to 25, 50, 100, 
150 µg∙kg−1. Patients in 2 µg∙kg−1 group had significant rise in pre bypass glucose, 
pre and post bypass serum cortisol levels pre and post bypass nor epinephrine levels 
compared to other 4 doses, fentanyl doses of 25 and 50 µg∙kg−1 sufficient enough 
to reduce stress response in paediatric patient undergoing heart surgery [22].  

 

 
Figure 3. Duration of ventilation comparison between three groups. 
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Figure 4. Duration of ICU stay comparison between three groups. 

 
Similar to the above study we also had raised serum cortisol and blood glucose 
levels in intravenous analgesia group. Blood glucose levels are significantly low 
on CPB in thoracic epidural and caudal groups compared to intravenous analge-
sia group [21] similar to a study done by Makhija et al., Mean vasoactive inotropic 
scores immediately after shifting to ICU were significantly lower in thoracic epi-
dural group, compared to two other groups. There was no significant difference in 
vasoactive inotropic score between caudal and intra venous analgesia groups. We 
haven’t observed any epidural hematoma in caudal and thoracic epidural group. 
No episodes of nausea and vomiting was observed in any of the groups. Mean 
heart rate from skin incision to 12 hrs after shifting to ICU was significantly low 
in thoracic epidural group compared to other two groups and heart rate was sig-
nificantly low in caudal group compared to intra venous analgesia group. Mean 
arterial pressures are comparable in all three groups from baseline to 12 hrs after 
shifting to ICU. Most common complication reported in a study done by Suresh 
S, Benjamin J Walker in paediatric regional anaesthesia was block failure (1% - 4%) 
secondary to catheter dislodgement, occlusion, disconnection [4] [23]. In our 
study we had 5 patients of caudal analgesia and 1 patient in thoracic epidural due 
to catheter kinking, were excluded due to failed regional anaesthesia (Figure 1). 
Incidence of other complications like epidural hematoma of 0 - 3.5 per 10,000, 
permanent neurological sequelae of 0 - 0.4 per 10,000, transient neurologic defi-
cit of 2.4 in 10,000, local anaesthetic systemic toxicity of 0.76 per 10,000, epidural 
abscess 0.76 per 10,000, cutaneous infections 0.5% were reported in previous 
studies [4] [24]. We didn’t had any complications like epidural hematoma, tran-
sient or permanent neurologic sequelae in our study, as our sample is smaller when 
compared to a study by Suresh S, Benjamin J Walker. American Society of Re-
gional Anaesthesia (ASRA) guidelines in 2018 mentioned that incidence of epi-
dural hematoma in patients undergoing heparinisation after CPB as 1 in 4583, 
but this was mathematical assumption. This may be due to under reporting of 
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complications like epidural hematoma [15]. In study by Peterson et al. mentioned 
that lowest complication rate was observed in thoracic epidural catheter approach 
compared to other methods [5]. This was secondary to short catheter threading 
distance compared to other epidurals and there by reduction in venous disruption. 
Other reasons were selective segmental anesthesia at site of surgical incision, no 
lower extremity motor blockade which permits early post-operative assessment 
of motor function. We reintubated 6 children 3 in caudal and 3 in intravenous 
group. 5 children were reintubated secondary to diaphragmatic palsy, 1 child was 
intubated secondary to hemodynamic instability due to arrhythmia. 

5. Limitations 

We haven’t excluded patients who had reintubation, which in turn would have 
affected duration of ventilation and ICU stay. VIS scores were measured only 
once that was after shifting to ICU. We couldn’t record aorta clamp time as most 
of atrial septal defects were done under fibrillatory arrest. We are not able to stan-
dardise the surgeon for intraoperative procedures like sternotomy and pericar-
diotomy. 

6. Conclusion 

Patients in regional anaesthesia groups had lesser pain scores when compared to 
intravenous analgesia group. Thoracic epidural group had lesser duration of me-
chanical ventilation and lesser duration of ICU stay compared to caudal and intra-
venous group. Thoracic epidural and caudal blocks can be given safely by expe-
rienced anaesthesiologists in paediatric cardiac surgery with RACHS score less 
than 3. 
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