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Abstract

Background: Caudal anesthesia is an effective method of pain management, which can be successfully employed to minimize post-
thoracotomy pain in pediatric patients. However, its main disadvantage is the short postoperative analgesic period, which can be
prolonged by the concurrent administration of one of many adjuvants.

Objectives: This prospective randomized, blinded study aimed to compare the efficacy of dexmedetomidine versus morphine as
adjuvants to bupivacaine in caudal anesthesia for thoracic surgeries in pediatric patients.

Methods: Fifty patients were randomly allocated into two equal groups. To achieve caudal epidural block anesthesia, the patients
in group M (n = 25) were administered morphine and bupivacaine, while group D (n = 25) received a mixture of dexmedetomidine
and bupivacaine. The primary outcome of this study was the postoperative analgesic duration achieved. The secondary outcomes
included morphine administration in the first 24 hours following caudal block anesthesia, the face, legs, activity, cry, consolability
(FLACC) scale scores, and adverse effects, including vomiting, itching, bradycardia, hypotension, and respiratory depression.
Results: The results showed that patients who had received dexmedetomidine achieved a longer postoperative analgesia as com-
pared to those who had received morphine (P < 0.001). Postoperatively, the heart rate, blood pressure, pain score, and mean con-
sumption of morphine were lower in group D as compared to the group M. There was no significant difference in the adverse effects
between the two groups.

Conclusions: The use of dexmedetomidine as an adjuvant to bupivacaine for caudal anesthesia during pediatric thoracic surgeries

induced better and prolonged postoperative analgesia as compared to morphine.
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1. Background

Anesthetic management of pediatric thoracic surg-
eries is challenging and requires meticulous control of
acute post-thoracotomy pain, which is a common prob-
lem. Besides, post-thoracotomy pain may cause postop-
erative morbidities and lead to a longer intensive care
unit (ICU) stay if not properly controlled (1). Several
techniques have been used for the management of post-
thoracotomy pain, including opioid infusion, epidural
anesthesia, caudal anesthesia, paravertebral block, inter-
costal nerve block, and serratus anterior plane block (2).

Caudal anesthesia is a simple method of anesthesia,
commonly used in pediatric surgeries. It is an effective
method of postoperative pain management in children
undergoing cardiac and thoracic surgeries (3). Its main
disadvantage is the short postoperative analgesic period

achieved, which can be prolonged by the concomitant ad-
ministration of one of many adjuvants (4)) or insertion
of a neuraxial catheter for continuous analgesic adminis-
tration, which requires experience, skills, and financial re-
sources (5).

Many adjuvants, such as morphine, fentanyl, and
dexmedetomidine, have been administered as part of cau-
dal anesthesia regimens with variable degrees of efficacy.
Opioids are the most commonly used adjuvants. However,
their use carries the risk of respiratory depression, consti-
pation, pruritus, nausea, and vomiting (6). Dexmedetomi-
dine shows a strong affinity to the o, adrenergic receptors,
enhancing the analgesic effects, without causing respira-
tory or cardiovascular adverse effects (7). The analgesic ef-
fects of dexmedetomidine, when used in neuraxial anes-
thesia, are well established (8).
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2. Objectives

There is currently no consensus regarding the best
adjuvant for caudal anesthesia. Besides, the use of cau-
dal anesthesia during thoracic surgeries for the pediatric
population has not been studied adequately. Therefore,
this study aimed to compare the efficacy of dexmedetomi-
dine versus morphine as adjuvants to bupivacaine in cau-
dal anesthesia for pediatric patients undergoing thoracic
surgeries.

3. Methods

This prospective randomized, blinded trial was con-
ducted ata tertiary pediatric cardiac center after obtaining
approval from the institutional ethics committee. Writ-
ten informed consent forms were signed by the legal
guardians of pediatric patients who were to participate in
the study. The clinical trial registration number of this
study is NCT04445636. Fifty patients aged 1- 6 years, who
were scheduled for thoracotomy surgery and were classi-
fied as class [ to Ill based on the American Society of Anes-
thesiologists (ASA) physical status criteria, were enrolled in
this study.

The exclusion criteria were as follows: the presence of
aninfection at the site of caudal injection; more than three
hours of endotracheal intubation from the time of caudal
injection; failed extubation at the end of surgery; failed
caudal block (defined as a > 20% increase in the mean
blood pressure and heart rate with skin incision); coagu-
lopathy; mental retardation and congenital anomalies of
the sacrum; the legal guardian’s refusal to allow the child’s
participation in the study; and a history of an allergic re-
action to either bupivacaine, dexmedetomidine, or mor-
phine.

The patients were randomly allocated to two equal
groups with the help of a statistician, who used an online
random number generator. To achieve caudal block anes-
thesia, patientsin group M (n=25)were administered mor-
phine and bupivacaine, while group D (n = 25) received
a mixture of dexmedetomidine and bupivacaine. Blind-
ness was achieved by generating code numbers for each pa-
tient. These codes were placed into sequentially numbered
sealed opaque envelopes by a research assistant, who was
not involved in the study. The first anesthetist, who was
not involved in patient management, was responsible for
opening the envelopes and preparing the required drug
combinations in accordance with the instructions in each
envelope. The first anesthetist then delivered the prepared
anesthetics to the second blinded and experienced anes-
thetist, who conducted caudal anesthesia for each patient.

Also, an experienced nurse who recorded the data in the pe-
diatric intensive care unit (PICU) was blinded to the study.

The primary outcome of this study was the postoper-
ative analgesic duration achieved by the two anesthetics
mixtures. This was specifically defined as the interval be-
tween caudal block anesthesia and achieving a FLACC score
> 4(Table1). The secondary outcomes included morphine
administration at 24 hours after the caudal block anesthe-
sia, procedure duration, postoperative FLACC scores, and
postoperative adverse effects, including vomiting, itching,
bradycardia (HR < 60), hypotension (BP < 20% of the base-
line measurement), and respiratory depression (SpO, <
92).

Adetailed review of each patient’s medical history and
clinical examinations were carried out before the preoper-
ative IV medications were administered, which included
ketamine (0.5 mg.kg - 1) and atropine (0.01 mg.kg - 1);
they were administered at 15 minutes before anesthesia in-
duction. In the operating theater, each patient was con-
nected to an electrocardiogram (ECG), pulse oximeter, and
non-invasive blood pressure (NIBP) monitors. Anesthesia
was induced with intravenous ketamine (1 mg.kg - 1), fen-
tanyl (2 mcg.kg - 1), and atracurium (0.5 mg.kg - 1). Fol-
lowing anesthesia induction, the patients were intubated
and connected to the anesthesia machine after complete
muscle relaxation was confirmed. Anesthesia was main-
tained with isoflurane 1.2% and atracurium (0.1 mg.kg - 1),
administered within 20-minute intervals. A nasopharyn-
geal temperature probe, central venous catheter, and arte-
rial catheter were inserted. Each patient’s heart rate, blood
pressure, SpO,, ECG graphs, temperature, and EtCO2 were
monitored continuously throughout the procedure, and
the problems were managed accordingly.

Next, each patient was turned to the lateral position
to administer a single-injection caudal block under com-
plete aseptic precautions. The caudal space was localized
anatomically and confirmed with a popping sensation af-
ter passing a 23-G needle through the sacrococcygeal lig-
ament. The correct needle position was confirmed by
the whoosh test and needle aspiration to make sure that
the blood and the cerebrospinal fluid (CSF) were not as-
pirated (9) The patients in group M were administered
1.25 mL/kg of bupivacaine 0.25%, mixed with 30 mcg.kg-
1 of preservative-free morphine sulfate, while patients in
group D were administered 1.25 ml.kg-1 of bupivacaine
0.25%, mixed with 2 mcg.kg-1 of dexmedetomidine (10).

At the end of the surgery, the patients were extubated
in the operative room after fulfilling the criteria for extuba-
tion. They were then transferred to the PICU for close mon-
itoring according to the institutional guidelines. For pain
management, all patients regularly received 10 mg.kg- of
paracetamol within six-hour intervals. Also, the FLACC
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Table 1. The FLACC Score *

Scoring
Categories
V] 1 2

Face No particular expression or smile Occasional grimace or frown, Frequent to constant quivering chin,

withdrawn, disinterested clenching jaw
Legs Normal position or relaxed Uneasy, restless, tense Kicking or legs drawn up
Activities Lying quietly, normal position moves Squirming, shifting back and forth, Arched, rigid, or jerking

easily tense

Cry No cry (awake or asleep) Moans or whimpers; occasional Crying steadily, screams or snobs,

complaint frequent complaints
Consolability Content, relaxed Reassured by occasional touching, Difficult to console or comfort

hugging, or being talked to,
distractable

The five categories of (F) face; (L) legs; (A) activity; (C) cry; and (C) consolability are scored from 0 to 2 (total score: 0-10).

scores were assessed and recorded every four hours. If the
FLACC score was > 4, an additional morphine dose of 100
mcg.kg-1 was administered intravenously.

Each patient’s heart rate, arterial blood pressure (ABP),
and SpO, were continuously monitored. The vital signs
were recorded every hour for the first postoperative 24
hours. The duration of postoperative analgesia was de-
fined as the time interval between the injection of cau-
dal drugs and a FLACC score > 4 postoperatively. Be-
sides, adverse effects, such as nausea, vomiting, bradycar-
dia (HR < 60/min), hypotension (a 20% decrease from the
baseline), and respiratory depression (oxygen saturation <
92%), were recorded. Pain assessment based on the FLACC
score is described in the Table 1 (11).

3.1. Statistical Analysis

SPSS version 15 for Microsoft Windows (SPSS Inc.,
Chicago, IL, USA) was used for data analysis. Categorical
data are presented as frequency (%) and analyzed using chi-
square test. Continuous data were examined for normality
using Shapiro-Wilk test and presented as mean (standard
deviation [SD]) or median (interquartile range) as appro-
priate. Continuous data were analyzed using unpaired t-
test or Mann-Whitney test as appropriate. Repeated mea-
sures analysis of variance was performed using the ANOVA
test, with post-hoc pairwise comparisons using Bonferroni
test. P-values less than 0.05 were considered statistically
significant.

3.2. Estimation of Sample Size

The primary outcome of this study was the duration of
postoperative analgesia. In a previous study (12), the dura-
tion of postoperative analgesia was reported to be 410 £ 32
minutes. The sample size was calculated using the Medcalc
program to detect a mean difference of 10% in the duration
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of analgesia (410 minutes) between the two groups. A min-
imum of 50 patients (25 patients per group)was calculated
to produce a study power of 80% and an alpha error of 0.05.
The sample size was increased by 20% (60 patients) to com-
pensate for the dropouts.

4. Results

Sixty pediatric patients, who were scheduled for tho-
racotomy surgeries, were assessed for the study eligibil-
ity. Ten patients were excluded from the study. Six were
excluded due to the legal guardian’s refusal to allow the
child’s participation. Also, four patients were excluded
because of caudal failure. Finally, 50 patients were con-
sidered eligible for the study and enrolled. They were di-
vided into two groups (25 patients per group) as previously
stated and were included in the study through interven-
tions, follow-up, and analysis (Figure 1).

There were no significant differences in terms of the
demographic data between the two groups. Also, no signif-
icant differences were found between group M and group
Dregarding the type of surgery, duration of procedures, or
ASA classification, as shown in Table 2.

A significantly longer postoperative duration of anal-
gesia was reported in group D compared to group M (P <
0.001). In group M, the achieved duration of postoperative
analgesia ranged from 360 to 540 minutes, with a mean
of 414 minutes (SD: 54 min). In group D, the duration of
postoperative analgesia ranged from 480 to 840 minutes,
with amean of 636 minutes (SD:112.2 min). The results only
showed a slight difference in the mean morphine use be-
tween group M and group D. The average morphine use
was 1.4 mg in group M versus 1 mg in group D (P = 0.275),
as shown in Table 3.

The postoperative pain management was assessed us-
ing the FLACC score. Higher scores were recorded in group
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Figure 1. The flow diagram of the study

D, especiallyin the first 12 hours after caudal block anesthe-
sia, as shown in Table 4.

The patients’ vital signs were recorded every four
hours after caudal injections and for a period of 24 hours.
Lower heart rate and blood pressure were recorded in
group D. The patients’ heart rate and blood pressure were
especially lower in group D within the first 12 hours after
caudal injections, as shown in Figures 2 and 3.

4.1. Postoperative Side Effects

In the present study, four patients experienced vom-
iting during the postoperative period; three of them had
received morphine, and one had received dexmedetomi-
dine. Two patients from group M experienced itching,
while no itching was recorded in Group D. There were no

recorded incidences of respiratory depression in either of
the groups (the lowest recorded oxygen saturation at 94%).
All patients were discharged from the PICU to regular ward
rooms within less than 24 hours, with the exception of
two patients. These two patients remained in the PICU for
more than 24 hours due to bed unavailability in the hospi-
tal wards (not due to medical necessity) (Table 5).

5. Discussion

In the current study, we found that the use of
dexmedetomidine as an adjuvant to bupivacaine in
caudal anesthesia prolonged the duration of postoper-
ative analgesia following thoracic surgeries in pediatric
patients, as compared to caudal morphine, without caus-
ing any side effects. Dexmedetomidine has been used as

Anesth Pain Med. 2021; 11(2):e112296.



Ismail AA et al.

115

110

105 -

100 4

Mean

95 4

90

85

=% Morphine
<= Dexametomidine

HR1 HR2 HR3

HR4

HR5

Figure 2. The heart rate of patients in the two groups postoperatively

621

60 1

58

56

547

Mean

527

504

48

BP1 BP2 BP3

BP4

BP5

BP6

=% Morphine
<i- Dexametomidine

Figure 3. Blood pressure of patients in the two groups postoperatively

Anesth Pain Med. 2021; 11(2):e112296.



Ismail AA et al.

Table 2. The Patients’ Demographic Data, ASA Classification, and Procedure-Related Data. Values Are Presented as Number and Percentage®

Group M Group D
Age (y) 32%16 35+12
Male 16 (64) 18(72)
Female 9(36) 7(28)
ASAT 15(60) 12(48)
ASAII & III 10 (40) 13(52)
Procedure duration (min) 118.05 £ 29.16 123.3 +30.48
Procedure
PDA ligation 9(36) 8(32)
Lung lobectomy 8(32) 7(28)
Lung cyst excision 8(32) 10 (40)
2 Values are expressed as Mean =+ SD or No. (%).
Table 3. Time Until the Administration of the First Rescue Analgesic Medication and the Total Dose of Morphine in the First 24 Hours®.
Morphine Dexmedetomidine P-Value
Postoperative analgesic duration (min) 414 £ 54 636 £ 112.2 < 0.001
Morphine consumption (mg) 14+1 1+0.9 0.27
? Data are expressed as Mean = SD.
Table 4. The Postoperative FLACC Scores in the Two Groups (Mann-Whitney U test)
Morphine Dexmedetomidine
FLACC P-Value
Median Min. Max. Median Min. Max.
After 4 h 4 3 4 2 2 3 < 0.001
Aftersh 4 3 4 2 2 3 < 0.001
After12h 4 3 5 3 3 4 0.002
After16 h 4 3 5 4 4 5 0.652
After20 h 4 2 6 4 3 5 0.922
After24 h 3 2 5 3 2 4 0306

Table 5. The Postoperative Side Effects

Group M Group D
Vomiting 3(12%) 1(4%)
Itching 2(4%) 0
Delayed PICU stay (> 24 h) 1 1
Hypotension (] 0
Bradycardia ] 0
Respiratory depression 0 0

an adjuvant with caudal bupivacaine for a long time. Some
studies have compared this drug with other adjuvants,
such as morphine and fentanyl, but not in pediatric tho-
racic surgeries. Caudal anesthesia is commonly used to

provide regional anesthesia in pediatric patients under-
going infraumbilical surgeries and is less commonly used
to provide anesthesia for thoracic and upper abdominal
surgeries.

The analgesic effect of dexmedetomidine may be at-
tributed to either the effect of this drug on reducing the
spinal sympathetic outflow at the presynaptic ganglionic
sites or activation of the descending medullispinal nora-
drenergic pathway (13). Epidural opioids are believed to act
as pre- and postsynaptic receptors in the spinal cord dor-
sal horn to achieve a selective block of nociceptive path-
ways (14). In this regard, Saadawy et al. assessed the ef-
ficacy of dexmedetomidine when administered as an ad-
juvant to caudal bupivacaine. He found that this mixture
prolonged the duration of postoperative analgesia while
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reducing the need for additional analgesic medications,
without any significant respiratory depression or changes
in the hemodynamics (15).

A similar study by Imani et al. revealed that adding
dexmedetomidine to ropivacaine in caudal block anesthe-
sia potentiated the analgesic effect and decreased the anal-
gesic requirements following infraumbilical surgeries in
children without causing any side effects (16). Moreover,
Al-Zaben et al. compared the efficacy of 2 mcg.kg-1 and
1 mcg.kg1 of dexmedetomidine when used with bupiva-
caine for caudal block anesthesia. Their study reported
that both doses led to the significant prolongation of post-
operative analgesia, with minimal differences in the side
effects when compared with bupivacaine alone (17).

Moreover, Gousheh et al. compared the effects of
dexmedetomidine and morphine in epidural anesthe-
sia during leg fracture surgeries. They concluded that
dexmedetomidine was a better adjuvant than morphine,
as it produced a longer analgesic effect and was more ef-
fective in pain control, without causing significant side ef-
fectsor significant changes in the hemodynamics. Their re-
sults are consistent with the results of the present study;
it should be noted that we used dexmedetomidine in
supraumbilical surgeries. Also, unlike our study, Gousheh
etal. focused on adult patients (18).

Three recent meta-analyses examined the efficacy and
side effects of dexmedetomidine in caudal anesthesia for
pediatric patients. These meta-analyses focused on in-
fraumbilical procedures; their findings and conclusions
are comparable to those of our study. Moreover, Tong et
al. concluded that dexmedetomidine could delay the need
for the first rescue analgesia. In our study, the side effects
and hemodynamic changes due to dexmedetomidine ad-
dition were reportedly insignificant (19) Trifa et al. also
recommended adding dexmedetomidine to the local anes-
thetic agent for pediatric patients undergoing infraum-
bilical surgeries (20). Moreover, a meta-analysis by Wang
confirmed that dexmedetomidine increased the duration
of post-caudal analgesia. However, dexmedetomidine in-
creased the occurrence of bradycardia when used as part
of caudal block (21).

In our study, although the heart rate and blood pres-
sure were lower in the dexmedetomidine group, bradycar-
dia and hypotension were insignificant findings. Another
study by Nasr and Abdelhamid examined caudal anesthe-
sia in supraumbilical surgeries. Their study compared
the effects of dexmedetomidine versus fentanyl in cardiac
surgeries, and their results are comparable to our findings.
They reported that the addition of dexmedetomidine to
caudal bupivacaine in cardiac surgeries improved the post-
operative analgesia (22).

Moreover, Nguyen et al. reported that caudal anesthe-

Anesth Pain Med. 2021; 11(2):e112296.

sia reduced the need for intraoperative opioid usage, but
did not improve postoperative analgesia after pediatric
cardiac surgeries. In this study, they focused on the effects
of caudal anesthesia in supraumbilical procedures. Their
study was, however, aretrospective study that analyzed the
data of patients who had undergone cardiopulmonary by-
pass surgeries; it should be noted that these surgeries typ-
ically result in significant physiological changes (23). Be-
sides, a similar retrospective study by Leyvi et al. concluded
that post-induction administration of caudal anesthesia
did not significantly change the outcomes of pediatric car-
diac surgeries (24). We believe that further prospective
studies are needed to assess the efficacy of caudal analge-
sia in supraumbilical, thoracic, and cardiac surgeries.

This study had some limitations. First, we did not
use different concentrations of morphine or dexmedeto-
midine and did not include a placebo group. Second, we
did not compare caudal versus intravenous opioid infu-
sion. Third, we only focused on postoperative variables. Al-
though we recorded the intraoperative variables, we did
not include them in our statistical analysis, and we con-
centrated on the postoperative analgesic effects of caudal
anesthesia.

5.1. Conclusions

Dexmedetomidine can produce prolonged and better
postoperative analgesia as compared to morphine when
used as an adjuvant to bupivacaine in caudal anesthesia for
thoracic surgeries in pediatric patients.
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