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Background: Co-administration of dexamethasone or neostigmine with local anesthetic solution for cau-
dal block (CB) can prolong postoperative analgesia duration. We aimed to evaluate and compare the
effectiveness of dexamethasone (0.1 mg/kg) versus neostigmine (2 lg/kg) when used as adjuvant to
0.25% bupivacaine for CB in children undergoing unilateral open inguinal hernia repair on the quality
of postoperative analgesia.
Methods: 105 children aged 1–6 years scheduled for unilateral open inguinal hernia repair were ran-
domly allocated into three groups. Ultrasound guided CB was performed with 0.25% bupivacaine
(0.75 ml/kg). 1 ml saline, dexamethasone (0.1 mg/kg) in 1 ml saline and neostigmine (2 lg/kg) in 1 ml
saline were added in bupivacaine, bupivacaine-dexamethasone and bupivacaine-neostigmine respec-
tively. Duration of postoperative analgesia, postoperative consumption of analgesic, the modified objec-
tive pain score, postoperative sedation and side effects were recorded.
Results: Duration of postoperative analgesia was prolonged in bupivacaine-dexamethasone and
bupivacaine-neostigmine groups as compared to the bupivacaine group (P < 0.05). Bupivacaine-
neostigmine provided the longest duration of postoperative analgesia. Postoperative analgesic consump-
tion was lower in bupivacaine-dexamethasone and bupivacaine-neostigmine groups as compared to the
bupivacaine group (P < 0.05). Bupivacaine-neostigmine provided lowest postoperative analgesic con-
sumption. Postoperative nausea and vomiting was insignificantly different among the three groups.
Conclusion: Co-administration of dexamethasone (0.1 mg/kg) or neostigmine (2 lg/kg) with 0.25% bupi-
vacaine for CB in pediatric patients undergoing unilateral open inguinal hernia repair prolonged postop-
erative analgesia duration and decreased postoperative analgesic utilization as compared to bupivacaine
alone. Caudal bupivacaine-neostigmine provided more pronounced analgesic effect as compared to
bupivacaine-dexamethasone.
� 2017 Publishing services by Elsevier B.V. on behalf of Egyptian Society of Anesthesiologists. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Caudal block (CB) is an oftentimes performed neuraxial
technique to provide intraoperative and postoperative analgesia
after infraumbilical surgery in pediatric. The most insistent
disadvantage of single caudal injection is its short duration of
analgesia [1]. A handful of adjuvants such as fentanyl [2], ketamine
[3], tramadol [4] and midazolam [3] can be added to the local
anesthetics to improve the quality of the CB.

Neostigmine is a cholinesterase inhibitor that causes an
increase of the acetylcholine concentration. Neostigmine has been
frequently added to local anesthetics for caudal epidural analgesia
[3,5].

Dexamethasone has running anti-inflammatory effects and has
been tested for its analgesic efficacy. Epidural dexamethasone
could trivialize the incidence and severity of postoperative pain
in adults and children [6,7].

We evaluated and compared the effectiveness of dexametha-
sone (0.1 mg/kg) versus neostigmine (2 lg/kg) when used as adju-
vant to 0.25% bupivacaine for CB in children undergoing unilateral
open inguinal hernia repair on the quality of postoperative analge-
sia and their adverse effects.
2. Methods

After obtaining approval from the Tanta University Hospital
Ethics Committee (30882/04/16), registration in the Pan African
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Table 1
Ten points objective pain score [8].

Parameters 0 1 2

Crying None Consolable Non consolable
Movements None Restless Thrashing
Agitation Asleep or calm Mild Hysterical
Posture Normal Flexed Holds injury site
Verbal Asleep or not

complaint
Complaint but cannot
localized

Complaint but can
localize
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Clinical Trials Registry (PACTR201606001632982) and informed
written consent from the patients’ parents, this prospective double
blinded randomized controlled clinical study was carried out on
105 child aged 1–6 years, of either gender, ASA I-II, undergoing
elective open repair for unilateral inguinal hernia. The study was
done in Tanta University Hospital, Pediatric surgery department,
from April to September 2016. The duration of the study was
6 months. Proper explanation about the purpose of the study was
given to every patient’s parents. All patients’ data were confiden-
tial with secret codes and in a private file for each patient. All given
data were used for the current medical research only. Any unex-
pected risks may occur during the course of the research was dis-
cussed with the patients’ parents and the ethical committee on
time.

Patients with the following conditions were excluded from the
study; infection at the injection site, bleeding diathesis, allergy to
one of the study drugs, pre-existing neurological diseases, spinal
diseases or known congenital anomaly of the spine.

The patients were randomized through a computer-generated
randomization numbers in sealed opaque envelopes into three
groups and parents of each patient chose the envelope which
determined the group in which the patient was enrolled.

2.1. Group I (bupivacaine group)

After induction of general anesthesia, patients received ultra-
sound guided CB using 0.25% bupivacaine (0.75 ml/kg) with 1 ml
saline.

2.2. Group II (bupivacaine – dexamethasone group)

After induction of general anesthesia, patients received ultra-
sound guided CB using 0.25% bupivacaine (0.75 ml/kg) with dex-
amethasone (Dexamethasone, Amriya Pharm Ind, Egypt. 4 mg/
ml) 0.1 mg/kg diluted in normal saline to make 1 ml volume.

2.3. Group III (bupivacaine – neostigmine group)

After induction of general anesthesia, patients received ultra-
sound guided CB using 0.25% bupivacaine (0.75 ml/kg) with
neostigmine (Epistigmin, Egyptian Int. Pharmaceutical Industries
Co 0.5 mg/ml) 2 lg/kg diluted in normal saline to make 1 ml
volume.

For all patients, the maximum volume used for CB would not be
more than 20 ml and the total dose of bupivacaine would not
exceed 2 mg/kg. Both dexamethasone and neostigmine were
preservative free products. No premedication was given.

On arrival to operating room, routine monitoring including
electrocardiography, non invasive arterial blood pressure and pulse
oximetry were used. The mean arterial blood pressure (MAP) and
heart rate (HR) were recorded before induction of general anesthe-
sia (baseline).

Inhalational induction with 6–8% sevoflurane via face mask was
done. A 22 G intravenous canula was inserted in the right hand
after patient became unconscious. Endotracheal intubation was
facilitated by atracurium 0.5 mg/kg. Patients were mechanically
ventilated and ventilator parameters were set to keep endtidal
CO2 between 30–35 mmHg. Anesthesia was maintained with
sevoflurane (1.5–2%) in oxygen (50%) in air. The depth of anesthe-
sia was adjusted to keep changes of hemodynamics; (MAP) and
(HR); within the range of ±20% of the baseline.

Under complete aseptic conditions, ultrasound guided CB was
performed in the lateral decubitus position. Ultrasound guided
identification of the sacral cornua and hiatus was performed then
a short beveled 22G needle was inserted midway from the sacral
cornua and advanced into the caudal epidural space. After negative
aspiration of blood or cerebrospinal fluid, the studied drugs were
administered slowly and local anesthetic spread into the caudal
epidural space was confirmed by detecting the turbulence in the
caudal epidural space on the ultrasound image.

The studied drugs were prepared by an anesthesiology resident
who had no subsequent role in the study. CB was performed by an
anesthesiologist blinded to the utilized medications.

Surgical procedure was started after 15 min after performing
the CB. During surgery, failure of caudal block was considered if
the patient had an increased MAP or HR or both more than 20%
above the baseline. In this case IV fentanyl 1 lg/kg was given
and the patient was excluded from the study. Warm D5 1/2 normal
saline was used at a rate of 5 ml/kg/h.

Intra-operative HR and MAP were recorded before induction of
general anesthesia (T1), after induction but before caudal block
(T2) and then at 10 min (T3), 20 min (T4), 30 min (T5) after caudal
anesthesia and at the end of surgery (T6). Intra-operative hypoten-
sion was defined as a decrease of the blood pressure > 20% of the
base line. Hypotension was treated by fluid infusion and ephedrine
bolus (0.2 mg/kg) if needed. Intra-operative bradycardia was
defined if the HR decreased more than 20% of the base line and
treated by atropine 0.01 mg/kg.

At the end of surgery, children were extubated after reversal of
muscle relaxant was done by neostigmine 0.05 mg/kg with atro-
pine 0.02 mg/kg. Patients were transported to Post Anesthesia Care
Unit (PACU) for 2 h. The recovery time (measured from discontin-
uation of sevoflurane to the time of spontaneous eye opening) was
recorded. In the PACU, HR, respiratory rate, SpO2, systolic, diastolic
andmean pressures were observed and any changes were recorded
instantly.

The primary outcome was the duration of postoperative analge-
sia which was calculated from performing CB to the time for the
1st required postoperative dose of analgesic. The secondary out-
comes included; total consumption of postoperative analgesia in
the 1st 24 h and the incidence of side effects.

Postoperative pain was assessed using the ten points objective
pain score [modified objective pain score (MOPS)] [8] at arrival
to PACU, 30 min, 1 h, 2 h, 4 h,6 h, 8 h,12 h, 16 h and 24 h postoper-
ative. MOPS score consists of 5 items; crying, movements, agita-
tion, posture and verbal; each item has score of 0–2 with total
score ranges from 0 to 10 (Table 1). Postoperative analgesia, parac-
etamol 15 mg/kg, was infused if the MOPS score � 4.

The degree of motor blockade was evaluated immediately on
admission to PACU, 30 min, 1 h, 2 h, 4 h, and 6 h by using Bromage
scale [9] (0; free movement of legs and feet, 1; free movement of
feet with flexion of knee, 2; little movement of feet with no move-
ment of knees, 3; no movements of feet or knees). Stimulation of
feet and legs was performed for the evaluation of the motor block
in young children who could not obey the verbal command.

Patients were evaluated for the degree of postoperative seda-
tion at the same times for assessment of postoperative pain by
using the following sedation score; (0: spontaneous eye opening,
1: eyes open in response to verbal stimulation, 2: eyes open in
response to physical stimulation and 3: unarousable). Post-
operative HR and MAP were recorded at the same times for the
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assessment of postoperative pain. Any complications i.e. nausea
and vomiting, hypotension, bradycardia, respiratory depression
and urine retention were recorded.

An anesthesiology resident blinded to the used medication for
CB was responsible for performing all postoperative assessments.

Statistical analysis: Calculation of sample size relied upon the
duration of postoperative analgesia after CB. Sample size was cal-
culated utilizing statistical software STATA-9 (StataCorp LP, Col-
lege Station, Texas, USA). Based on the results of the previous
studies [5,10], a sample size of 31 children was required in each
group to detect a difference at a level of 0.05 and study power of
80%. We used SPSS 16 (SPSS Inc., Chicago, IL, USA) for statistical
analysis. The Kolmogorov-Smirnov test was performed to check
the assumption of normality. Demographic data (age, weight, dura-
tion of surgery and hospital stay), duration of postoperative anal-
gesia, MAP changes, HR changes and postoperative analgesic
utilization were analyzed among the studied groups utilizing
One-way ANOVA with post hoc Turkey’s HSD Test. MOPS score,
postoperative sedation score and Bromage scale were analyzed
among the studied groups utilizing the Kruskal-Wallis test. Cate-
gorical data were described as patients’ number or frequencies
(%) and were compared utilizing the Chi-square test. P-
value < 0.05 was considered significant.
3. Results

35 patients were enrolled in each group (Fig. 1); there was no
significant statistical difference among the group’s gender, age
and weight (Table 2).

The duration of postoperative analgesia was prolonged
in bupivacaine-dexamethasone (521.3 ± 101.1 min) and
bupivacaine-neostigmine groups (792.7 ± 198.4 min) as compared
to the bupivacaine group (295.9 ± 63.8 min); 95% confidence
interval, (185.0–265.9) and (425.7–568.0) respectively (P < 0.05).
Bupivacaine-neostigmine provided the longest duration of
postoperative pain free period (Table 2).
Fig. 1. CONSORT flow diagram of participants throu
Consumption of postoperative analgesia was significantly lesser
in bupivacaine-dexamethasone and bupivacaine-neostigmine
groups as compared to the bupivacaine group (P < 0.05).
Bupivacaine-neostigmine group had the lowest postoperative
analgesic consumption (Table 2).

On admission to PACU and up to 2 h postoperative, MOPS score
was not statistically different among the three groups. At 4 h and
6 h postoperative, MOPS score was significantly lower in
bupivacaine-dexamethasone and bupivacaine-neostigmine groups
as compared to bupivacaine group (P < 0.05). At the same time,
there was no significant difference between bupivacaine-
dexamethasone group and bupivacaine-neostigmine group. At 8 h
postoperative, MOPS score was significantly lower in bupivacaine-
dexamethasone and bupivacaine-neostigmine groups compared
to the bupivacaine group (P < 0.05). At the same time, MOPS score
was significantly lower in bupivacaine-neostigmine group than
bupivacaine-dexamethasone group (P < 0.05). At 12 h postopera-
tive, MOPS score was significantly lower in bupivacaine-
neostigmine group compared to bupivacaine-dexamethasone and
bupivacaine groups (P < 0.05). At the same time, MOPS score was
insignificantly different between bupivacaine-dexamethasone
group and bupivacaine group (P > 0.05). At 16 h and 24 h
postoperative, MOPS score was statistically comparable among
the three studied groups (P > 0.05) (Table 3).

MAP and HR changes were comparable among the three studied
groups at all times. Figs. 2 and 3.

Postoperative sedation score and postoperative Bromage scale
were not statically different among the three groups at all times
of assessment (P > 0.05) (Table 4).

5 patients, 3 patients and 7 patients developed postoperative
nausea and vomiting in the bupivacaine group, bupivacaine-
dexamethasone group and bupivacaine-neostigmine group respec-
tively with statistically insignificant difference among the groups
(P > 0.05) (Table 4).

Children were monitored for the possibility of occurrence of
urine retention but no cases were detected.
gh each stage of the present randomized trial.



Table 2
Demographic data and perioperative criteria of the studied groups.

Bupivacaine
group

Bupivacaine-
dexamethasone
group

Bupivacaine-
neostigmine
group

P value P1 (95% CI) P2 (95% CI) P3 (95% CI)

Age (year) 3.89 ± 1.69 3.91 ± 1.84 3.86 ± 1.72 0.991
Gender M/F 33/2 32/3 32/3 0.873
Weight (kg) 15.83 ± 3.22 16.09 ± 3.76 15.86 ± 3.48 0.945
Duration of surgery (min) 40.23 ± 4.32 41.03 ± 4.14 39.31 ± 4.30 0.246
Recovery time (min) 10.74 ± 2.63 10.17 ± 2.54 11.20 ± 2.54 0.249
Hospital stay (day) 1.14 ± 0.36 1.20 ± 0.41 1.23 ± 0.44 0.656
Duration of analgesia (min) 295.9 ± 63.8 521.3 ± 101.1 792.7 ± 198.4 < 0.001* < 0.001* (185.0; 265.9) < 0.001* (425.7; 568.0) < 0.001* (195.8; 347.0)
Postoperative analgesia

consumption (mg/kg)
29.14 ± 8.09 22.29 ± 7.61 17.14 ± 5.33 < 0.001* 0.001* (3.1; 10.6) < 0.001* (8.7; 15.3) 0.002* (2.0; 8.3)

Data exhibited as mean ± SD or patients number (%).
P represents comparison among the three groups.
P1 represents comparison between bupivacaine group and bupivacaine-dexamethasone group.
P2 represents comparison between bupivacaine group and bupivacaine-neostigmine group.
P3 represents comparison between bupivacaine-dexamethasone group and bupivacaine-neostigmine group.

* Indicate P < 0.05.

Table 3
Postoperative ten points objective pain score in the three groups.

Bupivacaine group Bupivacaine- dexamethasone group Bupivacaine- neostigmine group P value P1 P2 P3

Immediate 2 (1–2) 2 (1–2) 2 (1–2) 0.979
30 min 2 (1–2) 2 (1–2) 2 (1–2) 0.642
1 h 2 (2–3) 2 (2–3) 2 (2–3) 0.493
2 h 2 (2–3) 2 (2–3) 2 (2–3) 0.443
4 h 5 (3–6) 2 (2–3) 2 (2–3) <0.001* <0.001* <0.001* 0.897
6 h 4 (3–6) 3 (2–3) 2 (2–3) <0.001* <0.001* <0.001* 0.369
8 h 4 (3–4) 4 (2–4) 3 (2–3) <0.001* 0.043* <0.001* 0.133
12 h 3 (3–5) 3 (3–4) 3 (2–4) 0.034* 0.846 0.027* 0.022*

16 h 3 (2–4) 3 (2–4) 3 (2–3) 0.831
24 h 2 (2–3) 2 (2–3) 2 (2–3) 0.863

Data exhibited as median (interquartile range).
P represents comparison among the three groups.
P1 represents comparison between bupivacaine group and bupivacaine-dexamethasone group.
P2 represents comparison between bupivacaine group and bupivacaine-neostigmine group.
P3 represents comparison between bupivacaine-dexamethasone group and bupivacaine-neostigmine group.

* Indicate significant difference (P < 0.05).

Fig. 2. MAP (mmHg) changes in the three groups. Data exhibited as mean ± standard deviation.

286 M.M. Abu Elyazed, G.M. Eid / Egyptian Journal of Anaesthesia 33 (2017) 283–288
4. Discussion

The present research showed that the co-administration of
either dexamethasone 0.1 mg/kg or neostigmine 2 lg/kg to 0.25%
bupivacaine for CB in children scheduled for unilateral open ingu-
inal hernia repair lengthened postoperative pain free period and
decreased postoperative analgesic consumption compared to the
administration of bupivacaine alone without any significant



Fig. 3. HR (beat/min) changes in the three groups. Data exhibited as mean ± standard deviation.

Table 4
Postoperative Bromage scale, sedation score and postoperative complications in the three groups.

Bupivacaine group Bupivacaine- dexamethasone group Bupivacaine- neostigmine group P value

Postoperative Bromage scale Immediate 2 (2–3) 2 (2–3) 3 (2–3) 0.820
30 min 2 (2–3) 2 (2–3) 3 (2–3) 0.820
1 h 2 (1–3) 2 (1–3) 2 (1–3) 0.873
2 h 1 (1–2) 1 (1–2) 1 (1–2) 0.823
4 h 0 (0–1) 0 (0–1) 0 (0–1) 0.916
6 h 0 (0–0) 0 (0–0) 0 (0–0) NA

Post operative sedation score Immediate 1 (0–2) 1 (0–2) 1 (0–2) 0.889
30 min 1 (0–2) 0 (0–2) 1 (0–2) 0.665
1 h 0 (0–1) 0 (0–1) 0 (0–1) 0.584
2 h 0 (0–1) 0 (0–1) 0 (0–1) 0.820
4 h 0 (0–0) 0 (0–0) 0 (0–0) NA
6 h 0 (0–0) 0 (0–0) 0 (0–0) NA
8 h 0 (0–0) 0 (0–0) 0 (0–0) NA
12 h 0 (0–0) 0 (0–0) 0 (0–0) NA
16 h 0 (0–0) 0 (0–0) 0 (0–0) NA
24 h 0 (0–0) 0 (0–0) 0 (0–0) NA

Post operative complications Nausea and vomiting 5 (14.3%) 3(8.6%) 7 (20%) 0.393

Data exhibited as median interquartile range (IQR).
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adverse effects. The prolongation of postoperative analgesia and
reduction of postoperative analgesic consumption were more
marked with bupivacaine-neostigmine as compared to
bupivacaine-dexamethasone.

The mechanism of analgesic effects of caudal dexamethasone is
not fully cleared. Dexamethasone has direct action on the nerve
membrane that causing local anesthetic effect which enhances
the action of bupivacaine and prolongs its duration and this effect
may explain the analgesic effect of caudal dexamethasone [11].
Another possible mechanism is due to the action of dexametha-
sone on the spinal cord where dexamethasone may regulate
nuclear factor-kB which is responsible for the development of
pathological pain that can lead to inhibition of central sensitization
and enhanced analgesic effect of CB [12]. The nuclear factor-kB is
expressed in the nervous system and has a chief responsibility
for pathogenesis of pathological pain [13].

The safety of epidural dexamethasone has been well docu-
mented [14,15].

As regards the analgesic effect of caudal dexamethasone admin-
istered in conjugation with local anesthetics solution, our results
are on line with the results of Kim et al. [6] who studied the effects
of adding 0.1 mg/kg dexamethasone to ropivacaine 0.15% in 80
pediatric patients scheduled for ambulatory surgery, orchiopexy.
Ropivacaine 0.15% (1.5 ml/kg) or ropivacaine 0.15% (1.5 ml/kg)
with dexamethasone of 0.1 mg/kg were given to children for cau-
dal epidural analgesia. They proved that co-administration of dex-
amethasone with ropivacaine significantly improved the analgesic
quality. Choudhary et al. [10] evaluated the analgesic effect of co-
administration of dexamethasone 0.1 mg/kg to ropivacaine 0.2%
for CB in 120 children underwent hernia repair. They concluded
that the use of dexamethasone as an adjuvant to ropivacaine for
CB produced longer post-operative pain relief period with lower
pain score than those produced by ropivacaine. Several studies
proved the analgesic effect of dexamethasone when added to local
anesthetic solution [7,16].

The analgesic effect of caudal neostigmine is explained by inhi-
bition of breakdown of the central neurotransmitter acetylcholine
leading to increased acetylcholine concentration in cerebrospinal
fluid [17]. The analgesic effect is done via activation of spinal mus-
carinic M1 receptors and supraspinal muscarinic M1 and M2 and
nicotinic cholinergic receptors [18,19].

As regards the analgesic effect of neostigmine 2 lg/kg when
added to bupivacaine, our results are in consistence with the
results of Kumar et al. [3] who studied the effects of adding
ketamine (0.5 mg/kg), midazolam (0.05 mg/kg), and neostigmine
(2 lg/kg) to 0.25% bupivacaine for CB in 80 pediatric patients
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underwent unilateral inguinal herniotomy. They concluded that
co-administration of neostigmine or midazolam with bupivacaine
for CB associated with prolonged postoperative analgesia.

Karaaslan et al. [5] studied the effects of adding 2 or 4 lg/kg
neostigmine to levobupivacaine 0.25% (1 ml/kg) for CB in 60
pediatric patients scheduled for genito-urinary surgery. They
concluded that co-administration of neostigmine with levobupiva-
caine lengthened the postoperative pain free period without signif-
icant adverse events and 2 lg/kg neostigmine seemed to be the
optimal dose. Mahajan et al. [20] compared the effects of adding
three doses of neostigmine (2, 3 or 4 lg/kg) to 0.25% bupivacaine
(0.5 ml/kg) for CB in 80 children underwent surgery for hypospa-
dias repair. They proved that the administration of neostigmine
in doses of 2, 3 or 4 lg/kg with bupivacaine for CB resulted in
better analgesic efficacy (approximately 16–17 h) with reduction
of postoperative analgesic requirement without significant side
effects as compared to bupivacaine alone. The analgesic effect of
caudal neostigmine when added to local anesthetic solution was
documented in previous studies [4,21].

On the other hand, Memis� et al. [22] concluded that administra-
tion of neostigmine (1 lg/kg) with bupivacaine 0.25% for CB did
not improve postoperative analgesic duration in comparison to
bupivacaine alone. The difference between their results and other
investigators who documented the analgesic effectiveness of
caudal neostigmine may be contributed to the low dose of neostig-
mine used by Memis et al. Bhardwaj et al. [23] studied the effects
of adding three doses of neostigmine (2, 3 or 4 lg/kg) to bupiva-
caine (0.75 ml/kg) for CB in 120 children underwent urethroplasty
surgery. They demonstrated that the co-administration of neostig-
mine with bupivacaine for CB did not lengthen the postoperative
analgesia duration.

Animals and humans studies documented the safe utilization of
neostigmine administrated either epidural or intrathecal [24,25].

As regards the postoperative nausea and vomiting; it was
insignificantly increased in bupivacaine-neostigmine group (20%
of patients) as compared to bupivacaine group (14.3% of patients)
and bupivacaine-dexamethasone group (8.6% of patients). These
results as regards the incidence of postoperative nausea and vom-
iting with caudal bupivacaine- neostigmine are in consistent with
the results of previous studies [3,5,21]. On the other hand, other
studies documented high incidence of postoperative nausea and
vomiting up to 30% after caudal administration of neostigmine
[26,27].

5. Conclusion

Co-administration of dexamethasone (0.1 mg/kg) or neostig-
mine (2 lg/kg) with 0.25% bupivacaine for CB in pediatric patients
undergoing unilateral open inguinal hernia repair prolonged
postoperative analgesia duration and decreased postoperative
analgesic utilization as compared to bupivacaine alone. Caudal
neostigmine provided more pronounced analgesic effects as com-
pared to dexamethasone.
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