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Abstract

Background: Caudal block is one of the methods of pain management performed following lower abdominal surgery, though
having its own limitations.
Objectives: In the present study, the effects and side effects of adding dexmedetomidine to ropivacaine in the caudal epidural block
were investigated in children after lower abdominal surgery.
Methods: In this randomized, double-blinded clinical trial, 46 children aged three to six years were divided into two groups to
perform a caudal block following lower abdominal surgery under general anesthesia. The injectable solution contained ropivacaine
in the R group (1 mL/kg ropivacaine 0.2%), as the control group, and dexmedetomidine (2 µg/kg) and ropivacaine 0.2% (1 mL/kg) in
the DR group. The pain score (modified CHEOPS score), duration of analgesia, amount of analgesia consumed (i.v. paracetamol),
hemodynamic changes, and possible adverse effects were assessed at one, two, and six hours in both groups.
Results: The pain score at one and two hours showed no significant difference between the two study groups (P > 0.05). In the
DR group, however, the pain score at the sixth hour was significantly lower, and the duration of analgesia was longer (P = 0.001).
The amount of analgesic consumption was also lower in the DR group (P = 0.001). However, there was no significant difference in
systolic blood pressure and heart rate (P < 0.05), in the case of diastolic blood pressure, a significant difference (P < 0.05) was seen
(DR group lower than the R group). There was no statistically significant difference between the study groups in the duration of
surgery, recovery time, and side effects (P < 0.05).
Conclusions: In the present study, the addition of dexmedetomidine to ropivacaine in the caudal epidural blockade improved
postoperative analgesia without significant adverse effects in pediatric patients.
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1. Background

Various methods, including administration of opioids,
non-opioids, peripheral nerve blocks, and central nerve
blocks, have been used so far to manage postoperative pain
in pediatric lower abdominal surgery (1). Caudal block, as a
central nerve block technique, is one of the common meth-
ods performed to manage perioperative pain in pediatric
lower abdominal surgeries, particularly hernia and orchi-
dopexy (2). Local anesthetics have usually been the main
drug in such cases, and if administered alone in the cau-
dal blockade, they do not usually provide prolonged anal-
gesia. Thus, several studies have been conducted to investi-
gate the possibility of increasing the analgesic effect of cau-

dal local anesthetics in children (3, 4). Ropivacaine is one
of the most common drugs in this group, with a similar
structure to bupivacaine, but it has a shorter duration of
motor block, better hemodynamic stability, fewer cardiac
and hemodynamic effects, and less neurotoxicity, thereby
allowing for faster discharge from the recovery room, es-
pecially in pediatric outpatient surgery (5, 6).

Dexmedetomidine as a strong selective alpha-2 adren-
ergic receptor agonist, is eight times stronger than cloni-
dine. Stimulation of alpha-2 adrenergic receptors induces
sedative and analgesic effects without respiratory depres-
sion (7). The addition of dexmedetomidine to local anes-
thetics or its administration as an adjunct for pain man-
agement in a variety of techniques enhances their effects
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without increased frequency of side effects (8-10).

2. Objectives

Despite studies in this area, the optimal dose of
dexmedetomidine added to caudal ropivacaine in pedi-
atrics has not yet been determined. This study investigated
the effects and side effects of adding dexmedetomidine to
ropivacaine in the caudal epidural block in children under-
going lower abdominal surgery.

3. Methods

The present clinical trial was conducted in a pediatric
population scheduled for lower abdominal surgery, last-
ing one to three hours, under general anesthesia. Af-
ter receiving the approval of the ethics committee (ref:
IR.IUMS.FMD.REC.1398.077) and getting a clinical trial code
(ref: IRCT20111102007984N30), as well as obtaining the
written consent of the parents, a total of 46 children aged
three to six years of both sexes, with ASA class I or II, were in-
cluded in the study. The study was conducted using the fol-
lowing exclusion criteria: complicated surgeries (i.e., pro-
longed or associated with bleeding requiring transfusion),
sacral abnormalities, bleeding disorders, systemic or local
infections, history of reaction to study drugs, and parental
dissent.

Considering a deviation error of 90% and a difference
of 301 between the hypothetical means, a total of 46 peo-
ple were studied in two equal groups of 23 individuals. To
double-blind the study, the researchers who performed the
block and evaluated the patients were not aware of the type
of intervention.

The same method of general anesthesia was used for
all the patients (induction with propofol, fentanyl, and
atracurium, and maintenance with isoflurane). At the end
of surgery and before extubation, a caudal block was ad-
ministered to the subjects in a randomized order in both
groups (R and DR), under sterile conditions, in the lateral
position, using a 20 G needle (Dr. J, China) under ultra-
sound guidance with a linear probe (high frequency 6 -
13 MHz; Sonosite, USA). After the correct position of the
needle at the caudal space in ultrasound guidance view,
3 mL was injected slowly. If there were no hemodynamic
changes, the rest of the injectate was slowly administered.

In group R, the injectable solution contained 1 mL/kg
ropivacaine 0.2% (Ropivacaine, Molteni, Italy), up to a max-
imum volume of 15 mL, and in group DR, the solution con-
tained 2µg/kg dexmedetomidine (Precedex®, Hospira, Illi-
nois, USA) added to 1 mL/kg ropivacaine 0.2%. After per-
forming the caudal block, the neuromuscular block was

reversed with neostigmine and atropine, and the patients
were extubated. The patients were evaluated at one, two,
and six hours after the surgery, and if the pain score ex-
ceeded three, the patients received 15 mg/kg paracetamol
(Paracetamol Zolben, Switzerland) intravenously. The pain
was scored using the CHEOPS score (Children’s Hospital
of Eastern Ontario Pain Scale), and hemodynamic changes
(blood pressure and heart rate) were evaluated using non-
invasive monitoring before and after the block (Table 1).
In addition, the duration of analgesia (pain score < 3),
amount of analgesic medications consumed, duration of
stay in the recovery room, and potential adverse effects
were assessed in both groups.

Table 1. Modified CHEOPS (Children’s Hospital of Eastern Ontario Pain Scale)

Score 0 1 2

Cry No cry Crying, moaning Scream

Facial Smiling Composed Grimace

Verbal Positive None or other complaints Pain complaint

Torso Neutral Shifting, tense, upright Restrained

Legs Neutral Kicks, squirm, drawn up Restrained

Data analysis was carried out using the SPSS software
(version 25). For quantitative variables (age, weight, pain
score, duration of analgesia, duration of surgery, amount
of analgesic consumption, heart rate, and blood pressure),
the data were expressed as means and standard devia-
tion (SD), and for qualitative variables (sex, complications),
they were expressed as percentages. Quantitative vari-
ables were compared utilizing the independent t-test in
the case of normal data distribution; otherwise, the com-
parison was performed using the Mann-Whitney test if the
distribution was abnormal. For qualitative variables, the
comparison was carried out employing the chi-square or
Fisher’s exact test. A p value less than 0.05 was considered
as the significance level.

4. Results

Demographic information and other criteria included
in the study are summarized in Table 2. According to the
results obtained, the mean pain score measured at one and
two hours was not remarkably different between the study
groups (P > 0.05); nevertheless, at the sixth hour, a signif-
icant difference (P < 0.05) was seen (DR group lower than
R group). Additionally, the DR group was proven to have
a longer analgesia duration and lower analgesic consump-
tion than the R group (P < 0.05). Meanwhile, no statisti-
cal difference was found in the systolic blood pressure, and
heart rate (P > 0.05), but the diastolic blood pressure was
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meaningfully lower in the DR group than in the R group
(P < 0.05). There was no statistical difference between the
study groups in the duration of surgery, recovery time, and
adverse effects (P > 0.05).

Table 2. Demographic Information, Pain Score, Analgesia, Analgesic Consumption,
Hemodynamic Changes, and Adverse Effectsa

R DR P-Value

Age, y 4.5 ± 1.2 4.8 ± 1.1 0.372

Sex, N 0.76

Male 14 15

Female 9 8

Duration of surgery, min 122 ± 28.3 127.5 ± 39.5 0.741

Pain score

1st h 2.5 ± 0.6 2.4 ± 0.6 0.826

2nd h 3.2 ± 1.1 3.1 ± 0.9 0.571

6th h 7.8 ± 1.9 4.7 ± 1.5 0.001

Duration of analgesia, h 2.7 ± 0.7 4.2 ± 0.8 0.001

Paracetamol, mg 250.9 ± 59.3 179.6 ± 55.5 0.001

Blood pressure, mmHg

Systolic 96.7 ± 5.3 94.5 ± 9.7 0.356

Diastolic 62.3 ± 3.7 59.3 ± 4.8 0.037

Heart rate, bpm 104.7 ± 9.7 103.7 ± 7.9 0.679

Recovery time, min 60 ± 25.1 64.4 ± 27.9 0.579

Side effects

None 20 (86.8) 18 (72.8)

Hypotension 1 (4.4) 1 (4.4)

Tachycardia 1 (4.4) 2 (7.8)

Nausea/vomiting 1 (4.4) 2 (7.8)

aValues are expressed as mean ± SD or No. (%).

5. Discussion

This study demonstrated that the addition of
dexmedetomidine (2 µg/kg) to ropivacaine 0.2% in
the caudal block enhanced analgesia and diminished
analgesic consumption after lower abdominal surgery
performed under general anesthesia in children without
influencing the incidence of adverse effects.

Clonidine (a non-selective alpha-2 adrenergic receptor
agonist) is commonly used as an adjuvant in the caudal
block (11). A recent meta-analysis of the pediatric popula-
tion showed that the addition of clonidine to local anes-
thetics resulted in prolonged postoperative analgesia and
reduced analgesic consumption. Nevertheless, no statisti-
cal difference was seen in the incidence of side effects be-

tween the addition of clonidine to local anesthetics and
the use of local anesthetics alone (12).

In a study conducted by Saadawy et al. (13), the caudal
block with bupivacaine 0.25% with or without dexmedeto-
midine was performed preoperatively in children under-
going herniotomy under general anesthesia with sevoflu-
rane. Their results demonstrated that the need for intraop-
erative sevoflurane and postoperative agitation reduced in
subjects who received the combination of bupivacaine and
dexmedetomidine. The duration of postoperative analge-
sia and the amount of analgesic consumed was also di-
minished in this group. Accordingly, they concluded that
considering the lack of hemodynamic changes between
the two groups, the addition of dexmedetomidine to bupi-
vacaine in the caudal block could be applied as a useful
method.

She et al. (14) evaluated the preoperative administra-
tion of various doses of dexmedetomidine added to lev-
obupivacaine in children candidates for herniotomy un-
der general anesthesia with sevoflurane. The results indi-
cated that the addition of dexmedetomidine to levobupi-
vacaine reduced the required concentration of the local
anesthetic without any changes in the quality of analgesia
(14). Moreover, the need for anesthetic drugs to maintain
general anesthesia, the need for supplemental drugs to
blunt the response to surgical stimulation, and the preva-
lence of postoperative agitation decreased in the partici-
pants.

On the contrary, in some studies, the addition of s-
ketamine or clonidine to levobupivacaine not only did
not affect postoperative pain in hypospadias but also in-
creased postoperative sedation (4). The study by Gupta
and Sharma (15) investigated the addition of 2 mg/kg tra-
madol versus 2 µg/kg dexmedetomidine to caudal ropiva-
caine 0.25% administered preoperatively in children who
were candidates for infra-umbilical surgery under gen-
eral anesthesia. The results indicated that the addition
of dexmedetomidine, as compared to tramadol, induced
prolonged analgesia, but changes in the heart rate and
mean BP before and after the block, as well as side effects,
were alike (15). Notwithstanding, although adequate anal-
gesia (FLACC score < 4) existed in both groups within the
first four hours after the surgery, the analgesia decreased
rapidly in the tramadol group afterward. In addition, the
time to the first request for analgesia (acetaminophen sup-
pository) was longer in the dexmedetomidine group than
in the tramadol group (15 vs. 11.5 hours). Therefore, it
was concluded that the addition of dexmedetomidine was
more effective than tramadol to ropivacaine for postopera-
tive pain management. Although the ropivacaine concen-
tration and dexmedetomidine dosage were lower in our
study than in theirs, the results were similar; thus, it may
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be concluded that lower doses of the drug could be admin-
istered for the caudal block.

In a study, Jarineshin et al. (16) performed caudal block
after induction of anesthesia in children undergoing elec-
tive hernioplasty under general anesthesia, and compared
the effects of adding dexmedetomidine 2 µg/kg and fen-
tanyl 2 µg/kg to caudal bupivacaine 0.25%. The results in-
dicated that dexmedetomidine than fentanyl more effec-
tively enhanced the analgesic effects of postoperative bupi-
vacaine without causing considerable adverse effects or
hemodynamic changes. Furthermore, studies in adult pa-
tients have shown that performing caudal block before
spinal surgery under general anesthesia, with the addition
of 1 µg/kg dexmedetomidine to 20 ml ropivacaine 0.25%,
prolongs postoperative analgesia without causing severe
hemodynamic changes or side effects, which is consistent
with the results of published studies on children (17).

Al-Zaben et al. (18) examined the effects of adding
different doses of dexmedetomidine (1 and 2 µg/kg) to
0.8 mL/kg caudal bupivacaine 0.25% in the pediatric cau-
dal block and concluded that despite a shorter postopera-
tive sedation period and fewer side effects, the quality of
analgesia with low doses of dexmedetomidine was simi-
lar to the quality of analgesia with its high doses. In an-
other study, Bharti et al. (19) evaluated the addition of
dexmedetomidine at various doses (0.5, 1, and 1.5 mcg/kg)
to 0.75 mL/kg ropivacaine 0.2% preoperatively adminis-
tered in the pediatric caudal block. The children aged one
to eight years were candidates for lower abdominal and
perineal surgery under general anesthesia with sevoflu-
rane (19). They concluded that postoperative analgesia
within the first 3 - 5 hours was longer in all dexmedeto-
midine groups than in the group that had received ropi-
vacaine alone. Moreover, within the first six hours af-
ter the surgery, all the patients who had received ropiva-
caine alone needed additional analgesics, while none of
the dexmedetomidine groups required further analgesics.
However, children who received dexmedetomidine at a
dose of 1.5 mg/kg had higher sedation, but it did not affect
their discharge time. On the other hand, some patients
in the ropivacaine group developed agitation. Although
the addition of these three doses of dexmedetomidine pro-
longed the duration of analgesia, no statistical difference
was seen between the study groups.

5.1. Conclusions

Overall, the findings of our study showed that the ad-
dition of dexmedetomidine (2 µg/kg) to ropivacaine en-
hanced the effectiveness of the caudal epidural block in
children but did not increase adverse effects and therefore,
its administration in combination with ropivacaine is rec-
ommended.
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