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Background and Aim: Ultrasound (US) guided regional analgesia is a safe and effective method in providing perioperative
analgesia in pediatrics with a high success rate rapid onset and fewer side effects. The aim of this study was to compare the efficacy
of US-guided caudal block versus US-guided peripheral nerve blocks (femoral and sciatic nerve blocks) in providing perioperative
analgesia in pediatrics undergoing unilateral lower limb surgery.

Methods: Children aged 1-12 years scheduled for unilateral lower limb surgery during the period from January 2020 to December
2021 were randomly allocated into two groups. Group C where pediatrics received US-guided caudal block, while in group P,
pediatrics received US-guided femoral and sciatic nerve blocks after the induction of general anesthesia (GA). The primary aim was to
compare the postoperative pain (evaluated by the COMFORT pain score) between the two groups. Secondary aims were to compare
perioperative opioids used parents’ satisfaction and occurrence of side effects.

Results: Pediatrics who underwent unilateral lower limb surgeries were allocated into two groups (group C and group P). There was no
significant difference between patients’ baseline characteristics and the postoperative pain score at 2, 4, 16, and 20 h.” However there was a
statistical significance at 6, 8, 12, and 24 h postoperatively, frequency of analgesia as well as the total postoperative dose of opiates (nalbuphine).
Time to first analgesic (nalbuphine) requirement was significantly less in group C with a mean of (9.6+2.9 h) than in group P with a mean of
(15.143.5 h). Parents of children in group P were more satisfied than those in group C with no recorded complications for both techniques.
Conclusion: US-guided lower limb peripheral nerve block is a simple and safe method to provide adequate and more prolonged
analgesia compared to US-guided caudal block for lower limb surgeries in pediatrics.
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Introduction

Regional analgesia (RA) in children has gained popularity worldwide lately; there is good evidence that RA provides
good-quality pain relief, reduced opioid consumption, reduced incidence of postoperative nausea and vomiting and
reduced incidence of respiratory complications. RA is an important contributor of multimodal analgesia to improve
patients’ health-care experience and reduce hospital length of stays.'

Pediatric RA is safe in children with no reported cases of permanent neurologic damage and the rates of transient
neurologic deficit and local anesthesia toxicity were low as concluded by The Pediatric Regional Anesthesia Network
(PRAN) database; The most recent analysis of these data includes a large data set with more than 100,000 regional blocks
including both peripheral and neuraxial blocks.’

Caudal analgesia (CA) is one of the most popular regional blocks in infants and young children. CA is safe in infants
and children even when given under general anesthesia especially when US is being used. However CA is an epidural
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neuraxial analgesia resulting in various effects including; bilateral sensory and motor blockade which limits ambulation
immediately after surgery urinary retention, which may necessitate the need for catheterization and its potential adverse
effects and sympathetic blockade and its associated hemodynamic effects including hypotension.®

Anatomical changes due to aging increase the difficulty in providing CA in older children. The increase in the lower
back and sacral subcutaneous fat may obscure bony landmarks and closure of the sacral hiatus by calcification of the
sacrococcygeal ligament may make needle placement more challenging.*

US adds extra safety to CA, the caudal area is not yet ossified in pediatric age and it can be visualized by the guidance
of ultrasound. Abnormalities of the sacral formation such as sacral dysgenesis can also be detected using ultrasound
scanning prior to block administration. Moreover a low-lying dural sac can be visualized with the use of real-time
ultrasound. This helps to prevent unintentional dural puncture and the risk of total spinal anesthesia.*

The scope of RA in the pediatric anesthetic practice has been much improved in providing peripheral nerves and
neuraxial blocks because of the advancement in the US and the image quality making the procedure easier safe with less
dose of local anesthetics and fewer complications.’

The aim of this study was to compare the analgesic efficacy of two different regional analgesias: the ultrasound-
guided caudal analgesia versus the peripheral nerve blocks for lower limb surgeries in pediatrics. The primary outcome of
this study was to assess the duration of postoperative analgesia in addition to the total postoperative doses and frequency
of opiates and parents satisfaction as secondary outcomes.

Methods

This prospective randomized study was conducted in accordance with the principles stated in the Declaration of Helsinki.
The trial protocol reviewed and approved by the Ethics Committee, Faculty of Medicine, Alexandria University and the
trial was registered prior to patient enrollment at Pan-African Clinical Trial Registry (PACTR202001664130773), date of
registration 14 January 2020. The study was carried out in the period between January 2020 and December 2021. A written
informed consent was obtained from the parents of each patient for agreement of participation in the study, (table S1).
Children enrolled in the study aged 1-12 years American Society of Anesthesiologists (ASA) physical status I or II
scheduled for unilateral lower limb surgeries at the university hospital. The exclusion criteria were the lack of parental
consent, allergy to any local anesthetic, preexisting neuropathy (with sensory and/or motor deficits), cutaneous infection or
wound close to the puncture point. Patients were optimized preoperatively.

On the day of surgery in the ward before leaving to the operating room (OR) children were premedicated with 0.5 mg/kg of
midazolam orally. In the OR standard monitoring was attached including noninvasive blood pressure measurement, electro-
cardiograph pulse oximeter and end-tidal CO,. General anesthesia (GA) was induced in all children using sevoflurane (end-tidal
fraction brought to 5%), after securing an intravenous cannula; intravenous 1 pg/kg fentanyl and propofol 2 mg/kg was given
prior to the insertion of appropriate size of laryngeal mask airway (LMA), the child breathing was assisted until spontaneously
breathing on a mixture of O, (FiO, 1.0)/ sevoflurane (2 MAC) aiming to maintain end-tidal CO, between 35 and 40 mmHg.

Children were then randomized into two groups (groups C and P) by a third party not involved in the study using a
numbered closed envelope method to be subjected to the planned regional analgesic technique. All blocks were executed
under the guidance of a 5-13 MHz linear ultrasound probe covered in a sterile sheath and attached to a Sonosite (M-
Turbo; SonoSite Inc. Bothell WA USA) portable ultrasound machine. Preoperatively the maximum dose of levobupiva-
caine was calculated (2 mg/kg) so as not to exceed the dose during injection in either group.

Group C: in this group children received US-guided caudal analgesia (CA) after GA. The caudal block was performed
by visualizing the sacral hiatus at the level of the sacral cornu after placing the probe transversely obtaining a short axis
view, two hyperechoic lines appeared between the sacral cornu the superficial line is the sacrococcygeal ligament which
was pierced by the needle 22-gauge echogenic non-stimulating 5-cm needle (Ultraplex; B. Braun Medical Bethlehem PA,
USA) using the out-of-plane approach. After confirming the absence of any blood or cerebrospinal fluid in the aspiration
the caudal mixture (1 mL/kg of 0.25% levobupivacaine a maximum volume of 20 mL will be used) was injected.®

Group P: in this group children received lower limb peripheral nerve blocks in the form of (US-guided femoral nerve
block plus US-guided subgluteal sciatic nerve block).
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For femoral nerve block (Figure 1A and B); the child was positioned supine, the probe was on the inguinal crease
transversely to identify the femoral nerve artery and vein. The femoral nerve was identified lateral to the artery while the
femoral vein was seen medial to the artery. An in-plane approach was used 22-gauge echogenic nonstimulating 5-cm
needle (Ultraplex; B. Braun Medical) was introduced from lateral to medial towards the femoral nerve and the local
anesthetic (0.3 mL/kg of 0.25% levobupivacaine) was injected circumferentially around the nerve.’

For sciatic nerve block (Figure 2A and B); the subgluteal approach to the sciatic nerve was used. The child was put in
the lateral decubitus position. The probe was placed at the gluteal crease between the greater trochanter and the ischial
tuberosity the gluteus maximus muscle was identified; the sciatic nerve was situated deep to this muscle. An in-plane
approach was used for needle guidance 22-gauge echogenic nonstimulating 5-cm needle (Ultraplex; B. Braun Medical).
The local anesthetic (0.3 mL/kg of 0.25% levobupivacaine) was injected surrounding the nerve.’

Intraoperatively anesthesia was maintained using an O2/Sevoflurane mixture, an increase of over 15% of the mean arterial
pressure or heart rate as compared to preoperative reference values necessitated injection of 1 pg/kg of fentanyl intravenously.

After surgery the LMA was removed when the protective airway reflexes had recovered and the child regained
consciousness after stopping the inhaled anesthetic. Intravenous paracetamol 15 mg/kg four times daily was systemically
infused in all children for postoperative analgesia.

Medial Medial

Figure | Femoral nerve block: (A) FN femoral nerve. FA femoral artery. FV femoral vein. (B) LA local anesthetic.

Subcutaneous

Gluteus maximus muscle

Lateral

Lateral Medial

Figure 2 Sciatic nerve block: (A) SN sciatic nerve. (B) LA local anesthetic.
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The followings were recorded by a third investigator blinded to the technique of regional analgesia given: post-
operative pain scores evaluated by the COMFORT pain score® every two hours for eight hours then every four hours
thereafter until 24 h, the aim is to score less than 26 in order to consider adequate analgesia if analgesia was inadequate
(0.15 mg/kg of nalbuphine was administered intravenously as rescue analgesia up to a maximum of four times a day),
postoperative doses of opiates, parents satisfaction and side effects (technical block failure systemic toxicity to LAs
nausea vomiting sedation local infections and hematoma owing to the puncture).

Data was analyzed using IBM SPSS version 22. Data were described according to type. Qualitative variables were
expressed as frequency and percentage. Quantitative variables were tested for normality using the Kolmogorov—Smirnov
test at 5% test of significance. Data that were normally distributed were presented as mean and standard deviation,
however median and interquartile range were used for not normally distributed data. Comparison between groups was
done using the chi-squared test for qualitative variables Student’s #-test or Mann—Whitney test for quantitative variables.
Analysis was done at 5% level of significance.

Results

One hundred and ninety-seven pediatric patients were assessed for eligibility. Fifteen patients were excluded either they
did not meet the inclusion criteria or there was a lack of consent. The remaining 182 patients were randomly allocated to
two groups 90 pediatrics were allocated to US-guided caudal intervention group (group C) and 92 pediatrics were
allocated to US-guided femoral and sciatic intervention group (group P) (Figure 3).

Enrollment

Assessed for eligibility
(n=197)

Excluded (n=15)
e Didn’t meet inclusion criteria (n=9)
e Lack of consent (n=6)

Randomized (n=182)

Allocation
Allocated to group C (caudal Allocated to group P (peripheral
group) nerve blocks group)
(n=90) (n=92)

Follow-up

Lost to follow-up (n=0) Lost to follow-up (n=0)

Analysis
Analyzed (n=90) | ‘ Analyzed (n=92)

Figure 3 Consort flow diagram.
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All patients underwent unilateral lower limb surgeries without any significant difference between patients’ baseline
characteristics with regard to (Age, sex and weight) (Table 1) and also with regard the operative data (Table 2). There
was no statistically significant difference between the two groups regarding the COMFORT pain score at two and four

Table | Comparison Between the Two Groups Regarding Their Baseline Characteristics

Baseline Characteristics Intervention Groups p-value
Caudal (n=90) Nerve Block (n=92)

Age

Minmax 1-12 1.5-12 0.443

Median (IQR) 35(3) 3@3.5)

Sex n (%) n (%)

Male 48 (53.3) 43 (46.7) 0.374 #

Female 42 (46.7) 49 (53.3)

Body weight

Min—-max 9-38 10-36 0.824

Median (IQR) 14 (7) 14 (8)

Notes: #p-value for chi-squared test. Normally distributed quantitative variables presented as mean +SD
and tested using Student’s t-test. Variables not normally distributed presented as median (IQR) and tested

using Mann—-Whitney test.

Table 2 Comparison Between the Two Methods of Anesthesia According to Their

Operative Data

Operative data Intervention Groups Test of Significance
Caudal (n=90) | Nerve Block (n=92) | %~ v2'®

ASA n (%) n (%) 0.787#

| 76 (84.4) 79 (85.9)

Il 14 (15.6) 13 (14.1)

Type of surgery

Fracture femur 5 (5.56) 4 (4.3)

Fracture tibia 8 (8.9) 6 (6.5)

DDH 14 (15.6) 13 (14.1)

Femoral osteotomy 14 (15.6) 14 (15.2)

Tibial osteotomy 18 (20.0) 17 (18.5)

Pelvic osteotomy I (1.1) 0 (0)

TEV 27 (30.0) 36 (39.1)

Tibial hemimelia 3(3.3) 2(22)

Duration (min) 0.958

Min—max 90-180 80-180

Medaian (IQR) 120 (30) 120 (82.5)

Notes: #p-value for chi-squared test. Normally distributed Quantitative variables presented as mean +SD
and tested using Student’s t-test. Variables not normally distributed presented as median (IQR) and tested

using Mann—-Whitney test.
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Table 3 Comparison Between the Two Groups Regarding Postoperative Pain Score, the Frequency
and Doses of Analgesics and Time to the First Analgesic

Intervention Groups Test of Significance

(p- value)
Group C (n=90) Group P (n=92)

Postoperative pain score (COMFORT) (Mean £SD) at:

2 hours 20.4+1.8 20.9%1.2 0.070
4 hours 22.5%1.9 22.6x1.4 0.686
6 hours 25.1£2.9 23.1%1.3 <0.001*
8 hours 26.7+2.8 24.6x1.5 <0.001*
12 hours 27.5%+2.4 26.1+2.4 0.025*
16 hours 26.6%3.5 26.2+2.8 0.41
20 hours 26.61+3.4 25.8+2.8 0.08
24 hours 27.843.5 25.7+2.1 <0.001*

Frequency of analgesia (nalbuphine)

Min—max 1—4 1-2 <0.001*
Median (IQR) 2.0 (1) 1 (1)
Postoperative dose of opiates (nalbuphine in mg) <0.001*
Min—-max 2-15 1.5-10
Median (IQR) 5(2.6) 3(2
Time to first opioid requirement postoperative (hours) <0.001*
Min—max 6-16 8-20
Mean+SD 9.6+2.9 15.1£3.5

Notes: *Significant at p<0.05. p-value for chi-squared test. Normally distributed Quantitative variables presented as mean +SD and
tested using Student’s t-test. Variables not normally distributed presented as median (IQR) and tested using Mann—Whitney test.

hours postoperatively as well as at 16 and 20 h postoperatively. However there was a statistically significant reduction at
6, 8, 12, and 24 h postoperatively with a mean of (25.1£2.9, 26.742.8, 27.5+£2.4, and 27.8£3.5, respectively) in group C.
whereas in group P (23.1£1.3, 24.6+1.5, 26.1+2.4, and 27.843.5, respectively) with p-values of <0.001 <0.001 0.025 and
<0.001, respectively (Table 3, Figure 4).

The frequency of analgesia as well as the total postoperative dose of opiates (nalbuphine) showed significant
differences with p-values of <0.001. Median (IQR) for frequency of analgesia was 2.0 for group C, but it was 1.0 for
group P. Whereas the median (IQR) for postoperative nalbuphine was 5 (2.6) mg in group C, but 3 (2) mg in group P.
Time to first analgesic (nalbuphine) requirement was significantly less in group C with a mean of (9.6+2.9 h) than in
group P with a mean of (15.1+3.5 h) (Table 3, Figure 4).

Parents of children in group P were more satisfied than those in group C (Table 4, Figure 5) with no recorded
complications for both techniques.

Discussion

Orthopedic pediatric procedures carry significant postoperative pain with the requirement for hospital admission and the
administration of parenteral opioids. Postoperative pain following orthopedic procedures can be severe and significantly
impact the postoperative course of patients. Different regional anesthesia (RA) techniques: either neuraxial or peripheral

nerves blocks may be used to provide analgesia for pediatric lower limb orthopedic procedures.’
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Figure 4 Comparison of mean postoperative pain scores between the two methods of anesthesia.

RA provides an effective solution to the dependence on opioids for postoperative pain relief. Despite this the use of
RA in children is behind that of adults. However recently the use of RA has gained substantial use in pediatric
perioperative care. Largely due to the increased availability and portability of ultrasonography which has helped
practitioners to place more successful blocks helps to increase the duration and probably provide a more potent RA
technique.'”

In this study we compared the US-guided peripheral nerve block to the gold standard analgesic technique (caudal
block) in a university hospital that specialized in pediatric orthopedic surgery. This study included 182 pediatrics who
underwent unilateral lower limb surgeries were allocated into two groups; group C (pediatrics received caudal analgesia)
and group P (pediatrics received peripheral nerve blocks), there was no statistically significant difference between
patients’ baseline characteristics as regards to (Age, sex and weight). Moreover, there was no statistically significant
difference between the two groups regarding the pain score at two and four hours postoperatively as well as at 16 and 20
h postoperatively. However there was significance at 6, 8, 12, and 24 h postoperatively frequency of analgesia as well as
the total postoperative dose of opiates (nalbuphine) showed significant differences with p-values of <0.001. Time to first
analgesic (nalbuphine) requirement was significantly less in group C with a mean of (9.6£2.9 h) than in group P with a
mean of (15.1£3.5 h). Parents of children in group P were more satisfied than those in group C with no recorded
complications for both techniques.

CA is the most widely used analgesic technique in infants and children it has been studied and applied as an analgesic
technique in pediatrics with different dermatomal coverage according to the volume of local anesthetic injected for either

abdominal lower limb or even lower thoracic surgeries.’

Table 4 Comparison Between Two Intervention Groups Regarding Parents’

Satisfaction
Intervention Groups Test of Significance
Group C Group P (p- value)
(n=90) (n=92)
n (%) n (%)
Parents’ satisfaction <0.001*
Poor 33 (36.7) 0(0)
Good 53 (58.9) 29 (31.5)
Excellent 4 (4.4) 63 (68.5)

Notes: *Significant at p<0.05. p-value for chi-squared test.
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Figure 5 Comparison between two intervention groups regarding parents’ satisfaction.

Villalobos et al compared landmark based caudal analgesia with US-guided lumbar plexus block in pediatrics aged 10
to 17 years undergoing elective hip surgeries in a retrospective study and noted no statistically significant difference in
the primary outcome of opioid requirements in the first 48 h between the two groups with a median of 2.1 mg/kg oral
morphine equivalent and secondary outcomes (intraoperative opioid use and length of stay). The reason for the effective
comparable duration of the caudal analgesia in their study may be attributed to the use of a solution of ropivacaine 0.2%
with 1:200,000 epinephrine and clonidine (1 pg/kg). Whereas in our study no adjuvants were added to the local
anesthetic.!' Interested in LPB Sato et al and Liu et al described ultrasound-guided LPB in the supine position combined
with transmuscular quadratus lumborum block in pediatrics scheduled for hip surgery through an anterior and posterior
approach, respectively.lz’13

Our study demonstrated the effectiveness of US-guided lower limb blocks (femoral and sciatic nerve blocks) in
providing a more prolonged duration of postoperative analgesia and lesser postoperative analgesic requirements
compared to US-guided CA following lower limb pediatric orthopedic surgeries with better parents’ satisfaction.
However, this does not mean that US-guided lower limb block is superior to central neuroaxial analgesia as in the
first four to six hours both the neuraxial analgesia and the peripheral nerve block provided good comparable analgesia,
whereas afterward the analgesia provided by caudal block started to fade.

In contrast CA is typically used for infants and young children, however, the advance in the use of US in regional
analgesia helped the success of caudal analgesia in older children, for instance, in our institute it is common to use caudal
analgesia as a neuraxial block in children up to 12 years with prolonged duration than spinal anesthesia.
Moreover, having the nonoperated limb blocked as well by CA in the older children may be considered as a drawback
in this study. However, the child is not usually affected by this drawback because the concentration of local anesthetic
used in caudal analgesia does not lead to a dense motor block to the nonoperated limb which will not be distressing to the
child. Moreover, postoperative weight bearing and ambulation were not permitted in these children because of the
performed orthopedic surgical procedure.

Merrell and Mossetti and Kaye et al described the advances in peripheral nerve blocks upper and lower limb surgeries
in children which become easier, safer and more successful by the invention of the ultrasound. Because of the difficulties
and inadequacies of the CA and lumbar plexus block studies have been carried out on the use of US-guided peripheral
nerve blocks in pediatrics.”'* DeLong et al found that US-guided fascia iliaca compartment block in pediatrics’ hip and
knee surgeries provided comparable analgesia to lumbar plexus block with a more superficial and easier technique and
with fewer complications.'

Another two studies compared US-guided femoral nerve block versus systemic analgesics; Marinkovi¢ et al per-
formed femoral nerve block in pediatric patients who underwent knee surgery. The need for intra- and postoperative
analgesics were significantly lower in the block group with an average duration of around eight hours for the block with
no encountered complications.'® Turner et al found that patients who received US-guided femoral nerve block for
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perioperative femur fracture pain management in the emergency department had a longer duration of analgesia required
fewer doses of analgesic medications and required fewer nursing interventions than those receiving systemic analgesics
alone."’

Black et al reviewed studies aiming at comparing peripheral nerve blocks with systemic opioids in pediatrics femoral
fractures. Only one randomized trial on 55 children aged 16 months to 15 years was included comparing anatomically
guided FICB versus systemic analgesia with intravenous morphine sulphate. Results suggested that FICB provides better
and longer lasting pain relief with less adverse events than intravenous opioids for femoral fractures in children.'®

Argun et al in a retrospective study done on pediatrics who underwent orthopedic tumor surgery found that US-
guided lower limb blocks provided an enhanced and prolonged postoperative analgesia and reduced the analgesic
consumption of patients without significant side effects compared to systemic analgesics with a mean time for the first
analgesic requirement of 10.2+6.4."

When comparing popliteal nerve block with caudal epidural block in children undergoing elective foot surgery.
Bumer et al detected comparable and adequate analgesia. But popliteal block was done using landmark plus nerve
stimulator technique and not US-guided as in our study.*’

Limitations of this study include, but are not limited to, different surgical procedures with variable duration of the
surgery, variable innervation of the surgical site and the nerve distribution required for adequate analgesia, the peripheral
nerves blocked in this study (femoral and sciatic nerves) do not provide a full block to lumbar and sacral plexuses
branches unlike caudal block which provide an adequate block to lumbar and sacral plexuses and lastly, both techniques
were done as single shots with no catheter insertion nor adjuvants, which would have prolonged the duration of
analgesia.

Conclusion

US-guided lower limb peripheral nerve block is a simple and safe method to provide adequate and more prolonged
analgesia compared to US-guided caudal block for lower limb surgeries in pediatrics. However, comparable analgesia
was found in the early hours postoperatively.

Data Sharing Statement
Open access will be permitted. To get the data please send an e-mail to roba98@hotmail.com. Researchers decided to
send data when requested.
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