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delirium in pediatric patients undergoing 
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Abstract 

Study objective: The aim of this study was to compare the effect of dexmedetomidine versus ketamine when 
added to caudal bupivacaine on the incidence of emergence delerium (ED), postoperative sedation, and analgesia in 
pediatric patients undergoing inguinal hernia repair under sevoflurane anesthesia.

Methods: Eighty seven pediatric patients who underwent elective inguinal hernia repair under sevoflurane anesthe-
sia were randomly distributed into one of three equal groups. Group B (bupivacaine, n = 29), group BK (bupivacaine 
ketamine, n = 29), and group BD (bupivacaine dexmedetomidine, n = 29). Patients of group B received caudal injec-
tate of 1 ml/kg bupivacaine 0.25%, while group BK patients received caudal injectate of 1 ml/kg bupivacaine 0.25% 
mixed with ketamine 0.5 mg/kg, and group BD patients received caudal injectate of 1 ml/kg bupivacaine 0.25% mixed 
with dexmedetomidine 1 μg/kg. Primary outcome measure was the assessment of the incidence of postoperative 
ED. Secondary outcomes included the postoperative sedation scores and postoperative Face, Legs, Activity, Cry, and 
Consolability (FLACC) pain scores, time to 1st postoperative analgesic, and total postoperative analgesic consump-
tion. Also, the incidence of perioperative complications were assessed.

Results: The incidence of ED was significantly lower in group BD and BK compared with group B (P < 0.05) with no 
significant difference between group BD and BK (P > 0.05). Postoperative sedation scores were significantly higher 
in group BK and BD compared with group B (P < 0.05) at the 1st 30 min and 1st 2 h postoperative respectively; they 
were also significantly higher in group BD compared with group BK at (10 min–2 h) postoperative (P < 0.05). The 
duration of analgesia was significantly longer, and the total postoperative paracetamol consumption was significantly 
lower in group BD and BK compared with group B (P < 0.05); they were also significantly lower in group BD compared 
with group BK (P < 0.05). There was no intergroup significant difference as regards the incidence of perioperative 
complications.

Conclusions: Both dexmedetomidine (1 μg/kg) and ketamine (0.5 mg/kg) added to pediatric caudal block were 
effective to control pediatric ED after sevoflurane anesthesia. Patients received caudal dexmedetomidine had longer 
time to 1st postoperative analgesia and less postoperative analgesic consumption but longer postoperative sedation 
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Background
Emergence delerium (ED) is still remaining as a major 
problem during the early stage of recovery from gen-
eral anesthesia in children. It is characterized by psy-
chomotor agitation and perceptual disturbances (e.g., 
hallucinations, agitation, and confusion), which are 
often expressed as inconsolable crying, moaning, 
restlessness, and thrashing in bed (Moore & Anghe-
lescu, 2017). The exact etiology of ED is still uniden-
tified but several risk factors that have been noted to 
increase the predilection for emergence agitation such 
as preschool age, preoperative anxiety, certain surgi-
cal procedures like otolaryngologic or ophthalmologic 
surgeries, anesthesia technique (inhalational vs. intra-
venous agent or regional block), and postoperative 
pain (Kanaya, 2016).

Sevoflurane is commonly used for pediatric general 
anesthesia due to its lack of airway irritation, hemo-
dynamic characteristics, and lower pungency (Brioni 
et  al., 2017). However, emergence delirium (ED) in 
pediatrics after sevoflurane anesthesia is common, 
with a reported incidence up to 80% (Cravero et  al., 
2000).

Several investigators have compared different anes-
thetic techniques to assess their influence on incidence 
and severity of emergence delirium. Regional caudal 
blocks have been shown to reduce the incidence of 
sevoflurane-induced ED in clinical studies in children 
(Aouad et al., 2005a).

Multiple drugs were tried to prevent or control ED; 
these include opioids especially fentanyl, propofol, 
and benzodiazepines. Among these drugs is dexme-
detomidine with its highly selective α2 adrenoreptor 
agonist activity which provides better sedation crite-
ria, analgesic, and antiemetic effects, with no respira-
tory depression (Xiang et  al., 2013). Ketamine is an 
N-Methyl-D-aspartate (NMDA) receptor antagonist 
that possesses a sedative and analgesic effect in pedi-
atric patients and has been reported to decrease the 
incidence of postoperative ED (Sabbar et al., 2009).

The aim of the current study is to compare the effect 
of addition of dexmedetomidine versus ketamine as 
adjuvants to caudal bupivacaine on incidence of ED, 
postoperative sedation, and postoperative analgesia in 
pediatric patients undergoing congenital inguinal her-
nia repair under sevoflurane anesthesia.

Methods
After obtaining approval of institutional research ethi-
cal committee and patients’ guardian written informed 
consents, the current prospective randomized study was 
conducted on 87 pediatric patients scheduled to undergo 
elective inguinal hernia repair through the period from 
September 2020 to June 2021.

Inclusion criteria
Pediatric patients with aged between 2 and 6 years old 
with American Society of Anesthesiologist (ASA) physi-
cal status I or II were included in the current study.

Exclusion criteria
Exclusion criteria were guardian refusal for consent, 
ASA grade III and IV, cardiac dysrhythmia or conduction 
problems, mental retardation, or developmental delay 
which could interfere with observational pain intensity 
assessment and contraindication for caudal block (infec-
tion at the site of block, bleeding diathesis, pre-existing 
neurological or spinal disease, or abnormalities of the 
sacrum) or those with known allergy to the study drugs.

Anesthesia technique
Preoperative ASA fasting guidelines were followed in 
all patients who were premedicated with 0.5 mg/kg oral 
midazolam 30 min before the procedure. Following trans-
fer to the operating room, standard monitoring including 
electrocardiography (ECG), noninvasive blood pressure 
(NIBP), pulse oximetry were started. General anesthesia 
induction was started with inspired sevoflurane 8% in 
100% oxygen. After loss of consciousness, an intravenous 
cannula was placed and laryngeal mask airway (LMA) of 
appropriate size was inserted under adequate anesthetic 
depth.

General anesthesia was maintained using 50% oxy-
gen-air mixture with end-tidal sevoflurane 2% while the 
patients spontaneous ventilation was maintained via 
Jackson-Rees modification of Ayre’s T-piece breathing 
circuit that was manually assisted to maintain the end 
tidal  CO2 of 30 to 35 mmHg. An infusion of ringer solu-
tion was started at a rate of 4 ml/kg/h which was admin-
istered for the first 10 kg of weight, 2 ml/kg/h for the next 
10 kg of weight, and 1 ml/kg/h for any weight over 20 kg.

The patients were placed in lateral decubitus posi-
tion with both legs flexed 90° at hip joints and 90° at 

when compared with ketamine with no significant difference between both drugs as regards the incidence of periop-
erative adverse events.
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knee joints for caudal anesthesia. After proper steriliza-
tion of the patients back and under strict aseptic pre-
cautions done; sacral hiatus was identified by palpating 
sacral cornua then single dose caudal epidural injection 
was performed using 23-G needle which penetrated 
the sacroccocygeal ligament at 90° until a pop is felt 
then angled down to 30° and slightly advanced cephally 
then after negative aspiration to blood or cerebrospinal 
fluid (CSF) the drugs was injected incrementally into 
the caudal epidural space (1 ml every 5 s) with care-
ful inspection of soft tissues to rule out subcutaneous 
injection.

Patients were randomly divided into three study groups 
via computer-generated random numbers: group B 
(bupivacaine, n = 29), group BK (bupivacaine ketamine, 
n = 29), and group BD (bupivacaine dexmedetomidine, 
n = 29). Patients of group B received caudal injectate 
of 1 ml/kg bupivacaine 0.25%, while group BK patients 
received caudal injectate of 1 ml/kg bupivacaine 0.25% 
mixed with ketamine 0.5 mg/kg, and group BD patients 
received caudal injectate of 1ml/Kg mixed with dexme-
detomidine 1 μg/kg. The caudal injectate was prepared by 
an anesthesiologist rather than the observing anesthesi-
ologist who was blinded to the caudal injected solutions.

Surgery was started 15 min after the caudal injection 
was performed. Heart rate (HR) and mean arterial blood 
pressure (MAP) were recorded every 5 min till the end of 
surgery. If a rise of more than 20% increase in the base-
line HR or MAP was encountered at the start or during 
surgery, it was considered as caudal block failure and res-
cue dose of intravenous fentanyl (1 μg/kg) was received 
with exclusion of the patient from the study. Bradycar-
dia (above 20% decrease in the HR when compared with 
baseline) was treated with intravenous atropine 0.01 mg/
kg. Hypotension (above 20% decrease in the MAP when 
compared with baseline) was treated by fluid bolus and 
ephedrine (0.1–0.2 mg/kg/dose) if required.

At the end of surgery, inhalational anesthesia was 
stopped and LMA was removed .Oxygen supplementa-
tion via face mask was applied by the anesthetist till the 
patient were able to maintain a patent airway with ade-
quate tidal volume after which they were discharged to 
post-anesthesia care unit (PACU) for spontaneous recov-
ery of their consciousness without any stimulation and 
under continuation of the standard monitoring with the 
attendance of the responsible PACU nurse throughout 
their PACU stay. After 2 h of PACU stay, patients were 
shifted to the ward at which they stayed for further 22 
h postoperative observation period. All patients were 
observed for any postoperative side effects such as vom-
iting, hypotension, bradycardia, and respiratory depres-
sion (SpO2 dropped to < 93% requiring supplementary 
oxygen) and treated accordingly.

The primary outcome of this study was the incidence of 
postoperative ED in the study groups which was evalu-
ated using Watcha four points scale (Bajwa et al., 2010): 
(0 = asleep, 1 = calm, 2 = crying but consolable, 3 = cry-
ing but inconsolable, 4 = agitated and thrashing around) 
which was recorded upon arrival to PACU then at 10, 20, 
30, 45, and 60 min later. Patient with a Watcha score of ≥ 
3 was considered to have ED. Any patient suffered post-
operative ED was tried to be consoled by one of their par-
ents (preferably the mother), if the child is inconsolable 
for 10 min; it was treated with propofol 1 mg/kg which 
could be repeated after 10 min if delirium persisted.

The secondary outcome measures included

– Assessment of postoperative sedation by a four-point 
sedation score (Tewari et  al., 2014) based on eye-
opening (eyes open spontaneously = 0, eyes open 
in response to verbal stimulation = 1, eyes open in 
response to physical stimulation = 2, unarousable = 
3) which was recorded upon arrival to PACU then at 
10, 20, 30, 45, 60, and 90 min and at 2 h postopera-
tive.

– The Face, Legs, Activity, Cry, and Consolability 
(FLACC) scale (Table  1) (Merkel et  al., 1997) was 
used for postoperative pain assessment which was 
recorded on arrival to PACU then at 2, 4, 6, 8, 10, 12, 
15, 18, 21, and 24 h postoperative. This scale ranges 
from 0 to 10 where 0 represents no pain and 10 rep-
resents worst possible pain. Rescue analgesia (intra-
venous paracetamol 15 mg/kg infusion) was given if 
FLACC score was ≥ 4.

– The postoperative analgesia duration (time between 
the caudal drug injection till the administration of 
first postoperative rescue analgesic).

– Postoperative rescue paracetamol analgesic con-
sumption in the 1st 24 h.

– The incidence of perioperative complications.

Statistical analysis
On the bases of previous study (Kannojia et  al., 2017), 
sample size calculation was done using PASS program 
11 software program (Power Analysis and Sample Size 
calculation; NCSS, LLC, Chicago, USA) to be 29 cases 
per group (87 total) which was required to detect an 
expected difference of 20% in the incidence of postop-
erative ED (primary outcome) was calculated with 80% 
power, 95% confidence interval, and 5% alpha error taken 
into consideration a potential 20% dropout rate. Patients’ 
data analysis was done using SPSS version 16.0 computer 
software (Chicago, IL, USA). Quantitative parametric 
data were presented as means ± standard deviation while 
quantitative non parametric data as median (range). 
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Comparison of quantitative parametric data between 
the study groups was done one-way analysis of variance 
(ANOVA). Post hoc analyses were carried out as appro-
priate. The Mann–Whitney U test was used for analysis 
of difference of means for quantitative non-parametric 
data (pain and sedation scores). Qualitative data were 
presented as number of cases (percentage). The compari-
son of qualitative data between the study groups was per-
formed by chi-square or Fisher’s exact test. P values less 
than 0.05 were considered statistically significant.

Results
A total of 93 were initially enrolled in this study of which 
six patients was excluded (3 patients guardians refuse 
to participate and 3 patients did not meet the inclusion 
criteria) and the remaining 87 patients (29 patients in 
each group) were randomized and allocated to interven-
tion. Three cases (1 patient in each group) were further 
excluded due to failed caudal block and 84 patients (28 
patients in each group) were followed up all the study 
procedure and included in the final data analysis (Fig. 1).

Demographic data
There were no statistically significant differences between 
the three study groups as regards the demographic data 
(P > 0.05) (Table 2).

Procedure characteristics
The duration of surgeries and anesthesia were compara-
ble between the three study groups (P > 0.05) (Table 3).

Recovery characteristics
Postoperative sedation scores
Sedation scores recorded upon arrival to PACU were sig-
nificantly higher in group BD and BK when compared 
with group B (p < 0.05) with no significant difference 
between group BD and BK (P > 0.05). At (10 min–30 min) 

postoperative; they were significantly higher in group BD 
and BK when compared with group B (p < 0.05) and in 
group BD when compared with group BK (p < 0.05). In 
all the subsequent recordings, they were significantly 
higher in group BD when compared with group B and BK 
(p < 0.05) with no significant difference between group B 
and BK (P > 0.05) (Table 4).

Postoperative agitation scores
There was no intergroup significant difference as regards 
the watcha scores recorded on arrival to PACU (P > 0.05). 
After 10 min, they were significantly lower in group BD 
when compared with group B (p < 0.05) with no signifi-
cant difference between group BK and B (P > 0.05) and 
group BD and BK (P > 0.05). At 20 and 30 min postop-
erative, they were significantly lower in group BD and 
Bk when compared with group B (p < 0.05) with no sig-
nificant difference between group BD and BK (P > 0.05). 
At 45 and 60 min postoperative, they were significantly 
lower in group BD when compared with group B and BK 
(p < 0.05) with no significant difference between group 
B and BK (P > 0.05) (Table 5). None of the patients had 
watcha score of 3 or more in group BK and group BD 
while eight patients in group B had watcha score of 3; 6 
patients of them was consoled after reuniting the child 
with the parent while 2 children received single dose of 
propofol as rescue injection to control their agitation epi-
sode. The incidence of ED was (28.5%) in group B vs (0%) 
in both BD and BK groups (p < 0.05).

Postoperative analgesia
Postoperative FLACC scores recordings
There was no intergroup significant difference as regards 
the FLACC scores recorded Upon arrival to PACU and 2 
h postoperative (P > 0.05). Postoperative FLACC scores 
were significantly lower in group BK and BD compared 
with group B at 4–8 h and at 4–12 h respectively (p < 

Table 1 The FLACC pain scale (Merkel et al., 1997)

Categories Scoring

0 1 2

Face Smile or no particular expression Occasional grimace or frown, withdrawn, disinterested Frequent to constant 
frown, clenched jaw, 
quivering chin

Legs Normal position or relaxed Uneasy, restless, tense Kicking or legs drawn up

Activity Lying quietly, normal position, moves easily Squirming, shifting back and forth, tense Arched, rigid, or jerking

Cry No cry (awake or asleep) Moans or whimpers occasional complaint Crying steadily screams 
or sobs, frequent com-
plaints

Consolability Content, relaxed Reassured by occasional touching, hugging, or talking to, 
distractable

Difficult to console
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0.05), they were also significantly lower in group BD 
compared with group BK at 8–12 h postoperative (p < 
0.05). In all the subsequent recordings (15–24 h) postop-
eratively, there was no intergroup significant difference as 
regards the FLACC scores (P > 0.05) (Table 6).

The time to 1st postoperative rescue analgesia
The time to 1st postoperative analgesic demand was 
significantly longer in group BD and group BK when 
compared with group B (P value < 0.05). It was also 

Fig. 1 The study flow chart

Table 2 Demographic data in the study groups

Group B (n = 
28)

Group BK (n = 
28)

Group BD (n = 28)

Age (years) 3.85 ± 1.28 3.76 ± 1.15 3.58 ± 1.33

Sex (M/F) 24/4 26/2 25/3

Weight (kg) 15.18 ± 2.84 14.89 ± 2.19 14.46 ± 2.72

ASA

 I 26 25 24

 II 2 3 4

Table 3 Procedure characteristics in the study groups

Group B (n = 28) Group BK (n = 28) Group BD (n = 28)

Surgery duration (min) 37.93 ± 6.44 39.11 ± 7.73 36.78 ± 8.61

Anesthesia duration (min) 62.17 ± 7.11 63.92 ± 8.19 61.5 ± 9.23
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Table 4 Four-point sedation scores recordings in the study groups (data are presented as median and interquartile range)

† Statistically significant (P value < 0.05) (group BK versus group B)

‡ Statistically significant (P value < 0.05) (group BD versus group B)
# Statistically significant (P value < 0.05) (group BD versus group BK)

Group B
(n = 28)

Group BK
(n = 28)

Group BD
(n = 28)

Group BK vs. 
group B

Group BD vs. 
group B

Group BD 
vs. group 
BK

on PACU admission 1 (0.5–1) 2 (2–2) † 2 (2–2) ‡ < 0.001 < 0.001 0.170

After 10 min 1 (0–1) 2 (1–2) † 2 (2–2)‡ # < 0.001 < 0.001 0.022

After 20 min 0 (0–0.5) 1 (1–1) † 2 (2–2)‡ # < 0.001 < 0.001 < 0.001

After 30 min 0 (0–0) 1 (0.5–1) † 2 (2–2)‡ # < 0.001 < 0.001 < 0.001

After 45 min 0 (0–0) 0 (0–1) 2 (2–2)‡ # 0.109 < 0.001 < 0.001

After 60 min 0 (0–0.5) 0 (0–1) 1 (1–2)‡ # 0.362 < 0.001 < 0.001

After 90 min 0 (0–0) 0 (0–0) 1 (1–1)‡ # 0.825 < 0.001 < 0.001

After 2 h 0 (0–1) 0 (0–0) 1 (0–1)‡ # 0.496 < 0.001 < 0.001

Table 5 Watcha score recordings in the study groups (data are expressed as median and interquartile range)

† Statistically significant (P value < 0.05) (group BK versus group B)
‡ Statistically significant (P value < 0.05) (group BD versus group B)
# Statistically significant (P value < 0.05) (group BD versus group BK)

Group B
(n = 28)

Group BK
(n = 28)

Group BD
(n = 28)

Group BK vs. 
group B

Group BD vs. 
group B

Group BD 
vs. group 
BK

on PACU admission 0 (0–0) 0 (0–0) 0 (0–0) 0.246 0.170 0.990

After 10 min 0 (0–1) 0 (0–0) 0 (0–0) ‡ 0.134 0.022 0.363

After 20 min 1(1–2) 0 (0–0) † 0 (0–0) ‡ < 0.001 < 0.001 0.254

After 30 min 1.5 (1–2) 0 (0–1) † 0 (0–0) ‡ < 0.001 < 0.001 0.067

After 45 min 1 (1–1.5) 1(0–1) 0 (0–0) ‡ # 0.246 < 0.001 < 0.001

After 60 min 1(0.5–1) 1 (0–1) 0 (0–0) ‡ # 0.453 < 0.001 0.002

Table 6 Postoperative FLACC scores in study groups (data are expressed as median and interquartile range)

† Statistically significant (P value < 0.05) (group BK versus group B)
‡ Statistically significant (P value < 0.05) (group BD versus group B)
# Statistically significant (P value < 0.05) (group BD versus group BK)

Group B
(n = 28)

Group BK
(n = 28)

Group BD
(n = 28)

Group BK vs. 
group B

Group BD vs. 
group B

Group BD 
vs. group 
BK

On PACU admission 0(0–1) 0 (0–0) 0 (0–0) 0.496 0.067 0.254

After 2 h 1(0–1) 0(0–1) 0(0–1) 0.406 0.096 0.407

After 4 h 2(1–4) 1(0–1) † 1(0–1) ‡ < 0.001 < 0.001 0.352

After 6 h 3(2–4) 1(0.5–3) † 1(0–1) ‡ 0.003 < 0.001 0.060

After 8 h 4(3–4) 2(1–4) † 1(0.5–2) ‡ # < 0.001 < 0.001 0.008

After 10 h 2 (2–3) 2 (2–3) 1 (0.5–2) ‡ # 0.477 < 0.001 < 0.001

After 12 h 3(2–4) 2(2–4) 1.5 (1–2.5) ‡ # 0.992 0.002 0.002

After 15 h 4 (2–4) 3 (2–4) 3 (2–3) 0.896 0.075 0.126

After 18 h 3(2–4) 3(2–4) 3.5(2–4) 0.267 0.242 0.984

After 21 h 4(3–5) 3.5(3–5) 3.5(2–5) 0.285 0.150 0.711

After 24 h 3(3–4) 3(3–5) 3(3–4) 0.263 0.976 0.211
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significantly longer in group BD when compared with 
group BK (P value < 0.05) (Table 7).

The postoperative paracetamol consumption
The total dose of postoperative paracetamol consump-
tion was significantly lower in group BD and group BK 
when compared with group B (P value < 0.05). It was also 
significantly lower in group BD when compared with 
group BK (P value < 0.05) (Table 8).

Perioperative complications in the study groups
There was no intergroup significant difference as regards 
the incidence of perioperative complications (Table 9).

Discussion
This study was conducted to compare the effect of addi-
tion of dexmedetomidine versus ketamine to caudal bupi-
vacaine on the incidence of ED in patients undergoing 
inguinal hernia repair under sevoflurane anesthesia. Both 
dexmedetomidine and ketamine were used as adjuvants 
to caudal bupivacaine analgesia in multiple previous 
studies in different doses. In this study, we used caudal 
dexmedetomidine (1 μg/kg) and ketamine (0.5 mg/kg) 
due to the documented safety and efficacy of these doses 
when compared with higher doses of both drugs (Fares 

et  al., 2014; Meenakshi Karuppiah et  al., 2016; Panjabi 
et al., 2004; Khoshfetrat et al., 2018).

In this study, we observed that postoperative sedation 
scores recorded in group BK were significantly higher 
than those of group B in the initial 30 min of PACU 
arrival; they were also significantly higher in group BD 
than those of group B throughout their PACU stay. Simi-
lar findings was reported by Ahuja et  al. (Ahuja et  al., 
2015) and Aliena et al. (Aliena et al., 2018) who reported 
a higher sedation scores in the early postoperative period 
when ketamine (0.5 mg/kg) was added as an adjuvant to 
bupivacaine for caudal analgesia. The higher sedation 
scores and longer sedation time observed in dexmedeto-
midine group was also reported in multiple previous 
studies (Fares et  al., 2014; Saadawy et  al., 2009; El-Feky 
& Abd El-Aziz, 2015; Salama et al., 2016; Tandale et al., 
2017; Nasreen et al., 2019) when dexmedtomidine (1 μg/
kg) was used as an adjuvant to bupivacaine for caudal 
analgesia. Both ketamine and dexmedetomidine are well 
known for their sedative properties. The sedative effect 
of ketamine could be attributed to blockade of central 
NMDA and hyperpolarization-activated cyclic nucleo-
tide channels (HCN1) receptors (Sleigh et al., 2014; Gao 
et  al., 2016) while the sedative effect of dexmedetomi-
dine is mainly caused by its agonist effect on α2 recep-
tors causing hyperpolarization of excitable cells in locus 

Table 7 The time to 1st postoperative rescue analgesia (mean ± SD)

† Statistically significant (P value < 0.05) (group BK versus group B)
‡ Statistically significant (P value < 0.05) (group BD versus group B)
# Statistically significant (P value < 0.05) (group BD versus group BK)

Time recorded Group B (n = 28) Group BK (n = 28) Group BD (n = 28)

The time to 1st postoperative analgesic (hours) 6.14 ± 1.77 10.36 ± 3.48† 16.17 ± 3.67‡ #

Table 8 Total postoperative paracetamol consumption in the study groups (mean ± SD)

† Statistically significant (P value < 0.05) (group BK versus group B)
‡ Statistically significant (P value < 0.05) (group BD versus group B)
# Statistically significant (P value < 0.05) (group BD versus group BK)

Group B (n = 28) Group BK (n = 28) Group BD (n = 28)

Total postoperative paracetamol consumption (mg) 788.03 ± 196.01 632.14 ± 189.34† 406.07 ± 164.95‡ #

Table 9 Perioperative complications. Data is expressed as number (%)

Side effects Group B (n = 28) Group BK (n = 28) Group BD (n = 28) P value

Bradycardia 1 (3.6%) 1 (3.6%) 2 (7.2%) 0.769

Hypotension 2 (7.2%) 1 (3.6%) 2 (7.2%) 0.808

Vomiting 1(3.6 %) 2 (7.2%) 1(3.6 %) 0.769

Respiratory depression (SpO2 dropped 
to be < 93%)

0 (0%) 0 (0%) 0 (0%) -
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ceruleus of brainstem which is the primary site in modu-
lating wakefulness (Afonso J& Reis F., 2012).

Although that postoperative pain is thought to be 
important contributing factor to ED, many children 
experienced emergence agitation during recovery after 
sevoflurane anesthesia either in a non-painful proce-
dures or despite the use of effective techniques such as 
caudal analgesia for postoperative pain control (Wel-
don et  al., 2004; Aouad et  al., 2005b). In this study all 
patients of the study groups received caudal analgesia 
for postoperative pain control and 8 patients developed 
ED in group B (28.5%) vs no patients in group BK (0%) 
and group BD (0%) which was statistically significant. It 
could be difficult for the preschool children to cope with 
a strange unfamiliar environment upon rapid emergence 
from general anesthesia with inhalational agents with low 
blood gas solubility coefficient like sevoflurane (Weldon 
et al., 2004; Aouad et al., 2005b; Dahmani et al., 2010). A 
meta-analysis by Dahmani et  al. (Dahmani et  al., 2010) 
reported that analgesics alone are unlikely to be associ-
ated with a low incidence of emergence agitation, and 
that sedation during emergence from anesthesia could 
reduce the incidence of emergence agitation. Therefore, 
it is assumed that the lower incidence of ED observed 
in patients of group BK and group BD when compared 
with group B could be attributed to better postoperative 
sedation scores and longer sedation time which allowed a 
slower and calmer anesthesia emergence in both groups 
when compared group B.

In agreement with the results of our study, Saadawy 
et  al. (Aliena et  al., 2018) and Kannojia et  al. (Kannojia 
et al., 2017) reported a lower incidence of ED when dex-
medetomidine (1 μg/kg) was added to pediatric caudal 
analgesia. A similar dose of dexmedetomidine was used 
by Al-Zaben et al. (Al-Zaben et al., 2016) which was effi-
cient for control of ED when used by both caudal and 
intravenous route, giving superiority to the caudal route 
due to longer postoperative analgesia, less postoperative 
analgesic consumption and less incidence of bradycardia 
and hypotension when compared with intravenous route 
.The efficacy of caudal ketamine (0.5 mg/kg) in prevention 
of ED was reported by Sinha and Sood (Sinha & Sood, 
2012) in pediatric patients undergoing elective subumbil-
ical surgery. Similarly, Abdel-Ghaffar et al. (Abdel-Ghaf-
far et  al., 2017) observed no incidence of postoperative 
agitation when ketamine was added to bupivacaine cau-
dal or topical analgesia for pediatric patients undergoing 
inguinal herniotomy. A recent met-analysis by Rao et al. 
(Rao et  al., 2020) which evaluated the effect of dexme-
detomidine on ED in pediatric patients reported that 
dexmedetomidine significantly decreased the incidence 
of post-anesthesia ED compared with placebo, mida-
zolam, and opioids. However, dexmedetomidine did not 

exhibit this superiority when compared with propofol 
and ketamine.

In this study, postoperative FLACC scores were signifi-
cantly lower in group BK and BD compared with group 
B at 4–8 h and at 4–12 h respectively, they were also sig-
nificantly lower in group BD compared with group BK 
at 8–12 h postoperative with significantly longer time to 
1st postoperative analgesic requirement and significant 
reduction in the total postoperative analgesic consump-
tion in group BD and BK versus group B and in group 
BD versus group BK. The results of this study run in 
accordance with multiple previous studies (Xiang et  al., 
2013; Kannojia et  al., 2017; Fares et  al., 2014; Meenak-
shi Karuppiah et al., 2016; Tandale et al., 2017; Nasreen 
et  al., 2019; Neogi et  al., 2010; Schnabel et  al., 2013; 
Bharti et al., 2014; Tong et al., 2014; Al-Zaben et al., 2015; 
Mavuri et al., 2017; Sayed et al., 2018; Trifa et al., 2018; Tu 
et  al., 2019; Tobias, 2007) in which the addition of dex-
medetomidine (1 μg/kg) to LA for pediatric caudal block 
resulted in longer duration of postoperative analgesia 
and less postoperative analgesic consumption without an 
increase in the incidence of remarkable side effects. The 
potentiating of postoperative analgesia observed when 
dexmedtomidine was added to bupivacaine caudal block 
could be explained by the ability of dexmedetomidine 
to inhibit the Ad and C fibers (nocioceptive fibers) and 
to diffuse to CSF to exert an agonist activity on the α2 
receptors located in the superficial lamina of dorsal horn 
of the spinal cord which attenuates substance P and glu-
tamate release from the nocioceptive afferent terminals 
and suppresses the nocioceptive signals transmission. 
After its systemic absorption or diffusion to CSF, it can 
exert a supra-spinal analgesic activity via its agonist effect 
on central alpha α2 receptors in the locus ceruleus at the 
brain stem and the descending noradrenergic pathway of 
the spinal cord to the presynaptic membrane, inhibiting 
the release of nociceptive peptides and thereby inhibit-
ing the transmission of angular noxious stimuli, which 
in turn terminates the signaling of pain (Ishii et al., 2008; 
Mantz et  al., 2011; Zhang & Bai, 2014; Konakci et  al., 
2008).

The prolongation of caudal bupivacaine analge-
sia observed in this study with caudal ketamine addi-
tion was also reported when ketamine (0.5 mg/kg) was 
used as an adjuvant to LA for pediatric caudal block 
(Panjabi et  al., 2004; Khoshfetrat et  al., 2018; Ahuja 
et  al., 2015; Aliena et  al., 2018; Somasundran & Gara-
sia, 2008; Choudhuri et al., 2008; Locatelli et al., 2008; 
Odes & Erhan OL& Demirci M., 2010; Kaur & Anand, 
2016; Chandramohan & D’ Sauza, 2016) which could 
be attributed mainly to its antagonist effect on NMDA 
receptors located at the central nervous system includ-
ing substantia gelatinosa of rolandi in the spinal cord 
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involved in nocioceptive transmission. Also, it has 
an agonist effects on mu-opioid receptors (De Beer & 
Thomas, 2003; Ivani et al., 2003; Vadivelu et al., 2010).

In this study, it was observed that the postoperative 
analgesia duration was even longer and the postopera-
tive analgesic consumption was less in the dexmedeto-
midine group compared with ketamine group. Similar 
findings were noted in the study conducted by Abd El-
Aziz and Abd-Allah (AAA & Abd-Allah, 2015) which 
evaluated the effects of dexmedetomidine and keta-
mine added to caudal bupivacaine in patients undergo-
ing inguinoscrotal surgeries. In their study, the time to 
1st postoperative analgesic was significantly longer in 
dexmedetomidine group (19.6 ± 1.4 h) compared with 
ketamine group (11.4 ± 1.2 h) with significantly lower 
postoperative analgesic consumption in dexmedetomi-
dine group.

Finally, there was no detectable difference as regards 
the incidence of perioperative complications between the 
study groups which run in accordance with the results of 
the previous studies that documented the safety of caudal 
ketamine and dexmedetomidine in the doses used in this 
study.

Limitations of the present study
First, it is a single-center study. Second, this study was 
limited to patients who underwent inguinal hernia repair 
surgery only but we tried to standardize the severity of 
surgical trauma which may impact the pain severity 
and/or the incidence of postoperative ED. Third, differ-
ent doses of each study drug were not used in order to 
compare their effects. Lastly, the cost implications for the 
studied drugs should be considered.

Conclusions
From this study, we concluded that both dexmedetomi-
dine (1 μg/kg) and ketamine (0.5 mg/kg) added to pedi-
atric caudal block were effective to control pediatric ED 
after sevoflurane anesthesia. Patients received caudal 
dexmedetomidine had longer time to 1st postoperative 
analgesic and less postoperative analgesic consump-
tion but longer postoperative arousable sedation when 
compared with ketamine with no significant difference 
between both drugs as regards the incidence of periop-
erative adverse events.
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