
 

African Journal of Pharmacy and Pharmacology Vol. 5(23), pp. 2598-2604, 22 December, 2011 
Available online at http://www.academicjournals.org/AJPP 
DOI: 10.5897/AJPP11.486 
ISSN 1996-0816 ©2011 Academic Journals 
 
 
 

Full Length Research Paper 
 

Comparison between S-ketamine and clonidine in 
caudal analgesia 

 
Onesimo D. Ribeiro Jr 1, Luiz Carlos de Abreu 2, Vitor E. Valenti 2,3, José Raul Cisternas 2, Deise 
Saletti 1, Carla J. B. Lima 1, Diego N. Silvestre 1, Ivan R. B. Godoy 1, Luiz G. M. Mello 1, Vania B. 

Nascimento 4 and Lourdes C. Martins 1 
 

1Disciplina de Anestesiologia, Faculdade de Medicina do ABC, Santo André, SP, Brasil. 
2Departamento de Morfologia e Fisiologia, Faculdade de Medicina do ABC, Santo André, SP, Brasil. 

3Departamento de Fonoaudiologia, Faculdade de Filosofia e Ciências, Universidade Estadual Paulista, Marília, SP, 
Brasil. 

4Disciplina de Saúde Coletiva e, Faculdade de Medicina do ABC, Santo cAndré, SP, Brasil. 
 

Accepted 14 November, 2011 
 

We aimed to compare the analgesic efficacy of the c audal administration of a combination of 
preservative free S-ketamine or clonidine with bupi vacaine in children. The study included 51 children  
aged between 3 and 8 years old and physical status between I and II according to: American Society of 
Anesthesiologist. They were randomly divided into t hree groups: Group B - bupivacaine 0.25%, 0.75 
ml/kg without adrenaline; Group C – bupivacaine 0.2 5%, 0.75 ml/kg without adrenaline and clonidine 1 
µg/kg and; Group K - bupivacaine 0.25%, 0.75 ml/kg without adrenaline and S-ketamine 0.5 mg/kg 
without conservative. In this study, medication was  not used before anesthesia. The evaluation of 
postoperative analgesia was accomplished through th e pain scale of Ouch, the motor blockade 
assessed by modified Bromage scale and the level of  sedation through the three-point scale. The 
combination of caudal S-ketamine and clonidine with  bupivacaine prolonged the duration of 
postoperative analgesia (p < 0.05) compared to bupi vacaine alone. Regarding hemodynamic 
parameters, bupivacaine associated with clonidine ( C) and bupivacaine associated with S-ketamine (K) 
groups presented diastolic blood pressure changes i n the postoperative period. Respiratory rate, 
regardless of group, showed significant differences  over time (p <0.05). The studied groups showed 
non significant changes in the degree of motor bloc kade and sedation score and we observed no 
clinical significant side effects. S-ketamine and c lonidine associated with bupivacaine prolongs 
postoperative analgesia without clinically signific ant side effects. 
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INTRODUCTION 
 
Analgesia may reduce postoperative complications and 
speed recovery when well done (Montané et al., 2010; 
Parhizkar et al., 2011; Canbek et al., 2011; Ping et al., 
2011). It allows for early ambulation and motion and 
facilitates the exchange of dressings  and  bowel  motility,  
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Abbreviations: BIH,  Bilateral inguinal herniorrhaphy; RIH, right 
inguinal hernia; LIH, Left inguinal hernia; PCP, phencyclidine. 

leading patients to quickly take their daily routine active-
ities (Barbosa and Guinsburg, 2003; Lee and Sanders, 
2000). Besides pain relief (Abbas et al., 2011; Woode et 
al., 2011), post-operative analgesia should be achieved 
with the least collateral damage, such as hypertension, 
nausea, vomiting, pruritus, respiratory depression and 
sedation (Barbosa and Guinsburg, 2003). 

Caudal analgesia is used to prolong the postoperative 
analgesia in pediatric ambulatory surgery when it is 
located below the umbilicus. This technique of regional 
anesthesia is favored for its safety performance and wide 
acceptance by physicians (Dalens  and  Hasnaoui,  1989;  



 

 
 
 
 
Makkar and Wig, 2011). It reduces the use of anesthetics 
used for general anesthesia, such as inhaled gases and 
intravenous drugs, hence, providing adequate analgesia 
in both intraoperative and postoperative period (Klimscha 
et al., 1998). However, if the caudal analgesia is used 
without other adjuvant drugs to local anesthetics, most 
patients require supplementation of analgesia, usually 
done through oral analgesic medication, approximately 
four to six hours after surgery (Weber and Wulf, 2003). 

Local anesthetics belong to the aminoamides group, 
that is, bupivacaine and ropivacaine, and are used in the 
caudal analgesia (Berde, 1993; Mazoit et al., 1988). 
Some drugs have been associated with local anesthetics 
in order to prolong analgesia in the postoperative period, 
such as S-ketamine and clonidine. The preservative free 
S-ketamine is used in caudal analgesia as a NMDA (N-
methyl D-aspartate) antagonist with the elimination of the 
possibility of neurotoxic effects (De Negri et al., 2011). 
Clonidine, an alpha-2 adrenergic agonist, prolongs the 
duration of postoperative analgesia when it is combined 
with local anesthetics (Ivani et al., 2000) through its 
inhibition of the transmission of nociceptive stimuli in the 
dorsal horn of the spinal cord. It is considered a safe drug 
(Lee and Rubin, 1994; Johnston et al., 1999). 

De Negri et al. (2001) have already investigated the 
association of S-ketamine and clonidine with ropivacaine. 
In addition, bupivacaine has been the most frequently 
used local anesthetic in our Institution. Therefore, we en-
deavored to compare the combination of S-ketamine with 
the local anesthetic bupivacaine and the association of 
clonidine with bupivacaine without adrenaline in children 
that underwent caudal analgesia. 
 
 
METHODS 
 
Population 
 
This study was conducted in the State Hospital in Santo Andre – 
SP, after obtaining of the approval of the Ethics Committee in 
Research of the authors' Institution and a signed informed consent 
from the parents or guardians. We included 51 children aged from 2 
to 8 years old, American Society of Anesthesiologist (ASA) physical 
status Classes I to II who were scheduled for elective inguinal 
hernia repair, orchidopexy and circumcision. We excluded children 
with mental disabilities, neuromuscular or other neurologic disea-
ses, spinal abnormalities, history of allergy to local anesthetics, use 
of anticoagulant and antiplatelet drugs, organ transplantation, 
cancer history and major surgery planned in the next year. 

The selected children were randomly signed into three groups: 
Group B - bupivacaine 0.25%, 0.75 ml/kg without adrenaline; Group 
C – bupivacaine 0.25%, 0.75 ml/kg without adrenaline and clonidine 
1 µg/kg, and Group K - bupivacaine 0.25%, 0.75 ml/kg without 
adrenaline and S-ketamine 0.5 mg/kg without conservative. No 
premedication was given before surgery. The placebo group was 
investigated because there are some studies in the literature which 
showed the superiority of analgesic effects of the caudal 
combination of bupivacaine and clonidine or S-ketamine compared 
with bupivacaine alone (Marhofer et al., 2000; Joshi et al., 2004). 
Also, we used 1 ug/kg of clonidine instead of 2 ug/kg in order to 
investigate a new dose of this compound (Joshi et al., 2004). 
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Anesthetic induction 
 
General anesthesia was induced with a face mask with sevoflurane 
6% combined with 100% of oxygen. After the caudal analgesia 
maintenance sevoflurane was changed to 3%, O2 to 50% and N2O 
to 50%. The children remained in spontaneous respiration with a 
face mask (Baraka in the system of Jackson-Rees). After induction 
of general anesthesia, saline 0.9% was infused through a venous 
catheter (10 ml/kg/h). By reaching the sedation level, the child was 
placed at lateral position and the puncture needle of the sacral 
hiatus with 30 × 8 in aseptic conditions was performed. At the end 
of the caudal analgesia, the children were placed at the supine 
position. 
 
 
Variables  
 
Heart rate, blood pressure and arterial oxygen saturation were 
recorded before anesthetic induction, immediately after induction, 
after performing caudal analgesia and every 5 min during surgery. 
Hemodynamic parameters also included blood pressure measure-
ment (systolic <60 mmHg - hypotension), heart rate (< 80 beats per 
minute - bradycardia) and respiratory rate (<12 breaths per minute - 
respiratory depression). 
 
 
Postoperative recovery 
 
At the end of the surgery, the children were referred to post-
anesthesia recovery and heart rate, blood pressure, arterial oxygen 
saturation, assessment of analgesia, evaluation of motor block and 
sedation level were recorded every 15 min for a period of 6 h. If the 
child presented pain intravenous (i.v.) dipyrone (30 mg/kg) was 
administrated. In the case of nausea and vomiting, we used i.v. 
ondansetron hydrochloride (0.15 mg/kg). 

The evaluation of postoperative analgesia was accomplished 
through the Oucher pain scale (Johnston and Wells, 1989; 
Ozcengiz et al., 1998), which is based on the child's expression (0 
to 20: happy, 20 to 40: quiet; 40 to 60: tense/ready to cry; 60 to 80: 
upset/crying; 80 to 100: crying/crying with tears). Motor block was 
assessed by modified Bromage scale (Turner et al., 1996) (0 = no 
residual block; 1 = unable to raise extended legs; 2 = unable to flex 
knees; 3 = unable to flex the ankles). The parents were instructed 
about the use of pain scoring system during the preoperative visit. 

The assessment of sedation level was achieved by three-point 
scale, ranging from awaken patients to asleep patients without 
response to verbal command (0 = awake; 1 = asleep but responds 
to verbal commands; 2 = sleeping and not respond to verbal 
command) (Doyle et al., 1993). The patient was evaluated in the 
post-anesthesia recovery by an anesthesiologist who did not parti-
cipate in the surgery. From the hospital discharge, around six hours 
after the surgery, a doctor who did not participate in the surgery and 
post-anesthesia recovery made telephone contact with parents or 
guardians of the children to assess the need for analgesic 
medication and the occurrence of side effects. 
 
 
Statistical analysis 
 
Variance homogeneity and the adherence to the normal curve were 
verified by Levene and Kolmogorov-Smirnov tests, respectively. 
Considering that the both variables were positive, we applied one 
way ANOVA for repeated measures to compare values in the same 
group and we applied one way ANOVA to verify differences 
between the groups followed by the Tukey post test (HSD – Turkey 
– honest significant differences). Differences were considered 
significant when the probability of a Type I error was less than 5% 
(p < 0.05). We used Statistica 6.0 and SPSS 14.0 for Windows. 
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Table 1.  Data regarding demographic profile, ASA, hemodynamic and respiratory determinants at the pre-
operative period. 
 

Variable Group B (n = 10) Group C (n = 21) Group K (n = 20) 

Age (years)  3.9±1.5 5 ±±±±1.5 4.6±±±±1.7 
Weight (kg)  16.7±±±±4.7 19.8±±±±4.1 17.9±±±±3.8 
ASA I I I 
SAP (mmHg) 95.9±±±±14 107±±±±17.7 101.6±±±±16.7 
DAP (mmHg) 50.7±11.4 59.7±±±±14.2 53.4±±±±15.5 
HR (bpm)  99.4±±±±19.7 103.5±±±±19.1 105±±±±11.5 
RR (ipm) 27.8±±±±8.2 24.5±±±±8 30.5±±±±6.8 
SO2 (%)  88.4±±±±30.7 65.8±±±±46.9 63.9±±±±47.4 

 

ASA, American Society of Anesthesiologist: SAP, baseline systolic arterial pressure; DAP, diastolic arterial pressure; 
HR: heart rate; RR, respiratory rate; SO2, arterial oxygen saturation. 

 
 
 

Table 2.  Distribution (n) of surgical procedures in the three groups. 
 

Surgical procedure Group B Group C Group K 

BIH 2 (20%) 4 (19%) 4 (20%) 
Circumcision 8 (80%) 15 (71.4%) 13 (65%) 
Circumcision and BIH  1 (4.8%) 1 (5%) 
Circumcision and RIH  1 (4.8%) 1 (5%) 
Circumcision and LIH   1 (5%) 
 

BIH, Bilateral inguinal herniorrhaphy; RIH, right Inguinal herniorrhaphy; LIH, left inguinal herniorrhaphy. 
 
 
 

Table 3.  Duration (hours) of post-operative analgesia, 
time from caudal injection.  
 

Group Time (h) 

B 7±±±±0.8 
C 19±±±±0.7* 
K 18±±±±0.8* 

 

*p<0.001: compared with Group B. 
 
 
 
RESULTS 
 
The study involved 51 children, divided into three groups. 
The patient’s characteristics are described in Table 1. 
The three groups were similar with regard to age, 
physical status, baseline systolic and diastolic arterial 
pressure, heart rate, respiratory rate and arterial oxygen 
saturation values in the preoperative period. In the intra-
operative period hemodynamic and respiratory patterns 
were no significant differences among groups.  

According to Table 1, we observe children that partici-
pated in Group B, which underwent bilateral inguinal 
herniorrhaphy (BIH) and circumcision. Group C was 
composed of 21 children between 2 and 8 years old who 
underwent BIH, circumcision, circumcision and BIH and 
right inguinal hernia (RIH). 20 children aged 2 to  8  years 

old participated in the Group K, they were submitted to 
BIH, circumcision, BIH and circumcision, circumcision 
and RIH and left inguinal hernia (LIH) (Table 2). 

The duration of postoperative analgesia was significan-
tly longer in S-ketamine /bupivacaine and clonidine 
/bupivacaine groups compared to bupivacaine alone 
(Table 3). 

In relation to hemodynamic parameters, we observed 
that only the diastolic blood pressure in the postoperative 
period was significant different between the three groups 
(Table 4). With regard to respiratory rate, there were no 
differences between the three groups, however, we noted 
differences over time (p < 0.05) (Table 5). 

Regarding side effects, no cases of nausea and vomi-
ting in the K and C groups was observed. We observed 
cases of nausea in the bupivacaine group. 
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Table 4. Diastolic arterial pressure after surgery.  
 

Time (Min) Group B Groups C Group K 

30 49.9 ± 16.2 64.9 ± 15.1* 63.9 ± 15.2* 
60 517 ± 14 66 ± 13.4* 64.6 ± 10.8* 
90 52 ± 11.4 63.4 ± 15.2* 59.7 ± 11.4 

120 51 ± 7.6 63.9 ± 10* 58.6 ± 10.9 
160 53 ± 7.4 61.2 ± 8.4* 57.4 ± 9.7 
180 51.6 ± 6.5 61 ± 10.6* 54.7 ± 10.4 

 

*p<0.05: Compared with Group B. 
 
 
 

Table 5.  Respiratory rate at pre and postoperative periods.  
 

Time (min) Group B Groups C Group K 

0 (preoperative) 27.8 ± 8.2 24.5 ± 8 30.5 ± 6.8 
10 33.5 ± 3.9* 26.5 ± 6.7 32.9 ± 9.7* 
20 33.1 ± 3.1* 28.6 ± 7.5 32.6 ± 9 
30 31.7 ± 4.1 29 ± 5.8* 32.6 ± 9 
40 27.7 ± 4.2 28.6 ± 6.9 32.9 ± 8.9* 
50 29 ± 5.1 26.8 ± 6 32.4 ± 10.7 

 

*p<0.05: Different of 0 min in the same group. 
 
 
 

Table 6.  Incidence of side-effects. 
 

Side-effect Group B Group C Group K 

Residual motor block 0 0 0 
Sedation 0 0 0 
Respiratory depression 0 0 0 
Nauseas 1 (10%) 0 0 
Hallucination  1 (4.8%) 2 (10%) 
Vomiting 0 0 0 
Nystagmus 0 0 0 
Odd behaviour 0 0 0 
Urinary retention 0 0 1 (10%) 
Paraesthesia 0 0 0 
Lumbar pain 0 0 0 
Agitation 0 0 5 (5%) 

 

BIH, Bilateral inguinal herniorrhaphy; RIH, right inguinal herniorrhaphy; LIH, left inguinal herniorrhaphy. 
 
 
 
Hallucination was identified in C and K groups. There 
were cases of urinary retention and agitation in Group K. 
No patient was discharged delayed due to longer motor 
blockade or excessive sedation. All children were back to 
their residence over a period of approximately seven h 
(Table 6). 
 
 
DISCUSSION 
 
As main findings,  there  were  no  significant  differences   

among the three groups (ketamine plus bupivacaine vs. 
clonidine plus bupivacaine vs. bupivcaine alone) regar-
ding age, weight and duration of surgery. Similarly, 
systolic arterial pressure, heart rate, respiratory rate and 
arterial oxygen saturation showed no significant diffe-
rences between groups; we observed only reduced 
values of diastolic arterial pressure in the K and C groups 
after surgery. Our findings indicate that S-ketamine and 
clonidine enhance the effects of bupivacaine in terms of 
duration of postoperative analgesia. 

In the postoperative period, regarding the hemodynamic  
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profile of the groups, only diastolic blood pressure 
decreased in the groups anesthetized with S-ketamine 
and clonidine associated with bupivacaine. However, 
Choudhuri et al. (2008) combined ketamine with 
bipuvacaine and did not observe hypotension or 
bradycardia during and after surgery. In our study, we 
used S-ketamine; the pharmacokinetic properties of S-
ketamine are generally comparable with the racemic 
mixture. S-ketamine is approximately two times as potent 
as racemic ketamine (Adams and Werner, 1997). The 
analgesic potency of the two enantiomers depends on 
their relative affinity for phencyclidine (PCP) binding sites 
(associated with the NMDA receptor) (Zeilhofer et al., 
1992). We believe this explains the difference between 
their results and our findings. In relation to clonidine, a 
previous study support our data, because it was found 
that for the first three hours postoperatively, children 
receiving caudal clonidine presented lower blood 
pressure as compared to children with caudal 
bupivacaine alone (Motsch et al., 1997). On the other 
hand, Klamt et al. (2003) found no changes in diastolic 
arterial pressure when epidural infusion of clonidine or 
clonidine plus ropivacaine was done. The changes in 
diastolic arterial pressure observed in our study asso-
ciated with epidural clonidine and ketamine administra-
tion is most likely explained by two interacting mecha-
nisms. First, systemic uptake of clonidine and ketamine 
from the epidural space into the systemic circulation will 
cause secondary interactions with centers in the brain 
stem (that is, locus coeruleus, rostroventrolateral 
medulla, nucleus ambiguous and the nucleus of the 
solitary tract) that affect neural regulation of the cardio-
vascular system (Valenti et al., 2009a; Valenti et al., 
2009b; Cisternas et al., 2010). Second, epidural clonidine 
and ketamine in the dose used by us is associated with 
improved postoperative pain relief (De Negri et al., 2001). 
A reduced nociceptive input is likely to result in reduced 
blood pressure variability due to a reduction of the pain-
generated stress response. 

According to our data, the respiratory rate was different 
in relation to time in the three groups, it increased after 
caudal ketamine and clonidine associated with 
bupivacaine and after caudal bupivacaine alone. 
Nevertheless, the literature contradicts our results, 
because De Negri et al (2001) found no respiratory alte-
rations for both ketamine and clonidine associated to 
ropivacaine. Sedation with caudal clonidine and 
bupivacaine did not affect respiration (Motsh et al., 1997). 
Furthermore, epidural infusion of clonidine alone or 
clonidine plus ropivacaine did not change respiratory rate 
and arterial oxygen saturation (Klamt et al., 2003). Taken 
together, although we found a small degree of respiratory 
depression, we believe that the association of caudal 
ketamine and clonidine with bupivacaine tends to cause 
respiratory depression without clinical relevance. 

Our study demonstrated a prolonged period in which it 
would  be  required  the  introduction  of  analgesics  after  

 
 
 
 
surgery in both S-ketamine and clonidine groups as 
compared to bupivacaine group. The postoperative 
sedation and prolonged motor block was not observed in 
S-ketamine and clonidine groups. A few patients 
presented side effects such as hallucinations during the 
time they were in the post-anesthesia recovery. Caudal 
anesthesia may result in certain disorders associated 
with urination, such as urinary retention and urinary 
incontinence (Zeihofer et al., 1992; Motsh et al., 1997). In 
this study, an insignificant number of cases of urinary 
retention was detected in the group which bupivacaine 
was associated with S-ketamine. At 6 h, when the 
children remained in hospital until being discharged to 
home, a small number of patients presented nausea in 
the bupivacaine group and no cases of vomiting was 
observed in the three groups (De Negri et al., 2001). 

Several authors stated that caudal analgesia promotes 
the reduction of postoperative pain that can get 4 to 7 h 
of analgesia (Lauretti et al., 2005; Akbas et al., 2005). 
Our investigation demonstrated that S-ketamine 
associated with bupivacaine determined a period of post-
operative analgesia similar to that found in previous 
studies (Lauretti et al., 2005; Akbas et al., 2005). 
Clonidine combined with bupivacaine showed an 
increase in duration and good quality of the blockade, 
findings that are supported by previous researches 
(Lauretti et al., 2005; Akbas et al., 2005). 

Patients who received clonidine combined with 
bupivacaine presented absence of sedation, similar to 
patients receiving S-ketamine plus bupivacaine or 
bupivacaine alone. A previous study compared the bene-
fits of epidural S-ketamine and clonidine in adult 
orthopedic surgery. Sensory level to pinprick, sedation, 
surgical and anesthetic time and visual analog scale 
scores for pain at first rescue medication were similar 
among the groups (Laureti et al., 2005). Nonetheless, De 
Negri et al. (2001) found 2 cases of sedation in the group 
which clonidine was combined with rupivacaine and 2 
cases in the group which S-ketamine was combined with 
rupivacaine. Akbar et al. (2005) found no sedation score 
differences between rupivacaine alone group and 
rupivacaine associated with ketamine group, however, 
sedation scores were higher in the rupivacaine plus 
clonidine group for the first one hour period after the 
operation than the other groups. Opioid-receptors acti-
vation in the central nervous system is associated with 
sedation. Koppert et al. (2003) investigated the time 
course of analgesic and hyperalgesic effects of the mu-
receptor agonist remifentanil alone or in combination with 
S-ketamine or clonidine. They suggested different 
mechanisms: (1) Opioid-induced post infusion 
hyperalgesia could be abolished by S-ketamine, sug-
gesting an N-methyl-d-aspartate-receptor mechanism; (2) 
Conversely, elevated pain ratings after opioid infusion 
were not reduced by ketamine but were alleviated by 
clonidine, suggesting an alpha(2)-receptor mechanism. 
This is a possible explanation for the findings of  previous  



 

 
 
 
 
investigations (De Negri et al., 2001; Koppert et al., 
2003). 

Our study presents some points that should be 
addressed: The number of children evaluated is small, 
however, statistical tests revealed significance. We did 
not assess total analgesic requirement over the first 24 h 
after surgery. On the other hand, there was no com-
plaining of the children’s parents or guardians regarding 
any damage effect on the children and the children did 
not come back to the hospital due to pain complications. 
Previous studies indicated the superiority of analgesic 
effects of the caudal combination of bupivacaine and 
clonidine or S-ketamine compared with bupivacaine 
alone (Joshi et al., 2004; Makkar and Wig, 2011). We 
investigated a placebo group. 

The present study was not designed in a blinded or 
double-blinded fashion which makes it too difficult to 
exclude the bias of the assessors. 

Although a very similar study was previously con-
ducted, our study investigated a new dosage of the 
anesthetic, which provide new and relevant elements to 
the literature. As a main finding, our study investigated a 
new dosage of the anesthetic, which add new elements 
to the literature and suggest further procedures to the 
clinical practice. 

In conclusion, S-ketamine associated with bupivacaine 
and clonidine associated with bupivacaine prolongs post-
operative analgesia compared to bupivacaine aloneand 
presents no side effects. The need for analgesic drugs is 
reduced. We indicate that S-ketamine and clonidine can 
be safely used as adjuvant in the caudal analgesia in 
pediatric surgery. 
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