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Evaluation of postoperative analgesia in pediatric
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caudal epidural analgesia
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Background:There continues to be focus on the value of regional and neuraxial anesthetic
techniques when combined with general anesthesia to improve postoperative analgesia. The
reported advantages include decreased postoperative opioid requirements, decreased medica-
tion-related adverse effects, decreased hospital length of stay, and increased patient satisfac-
tion. Orthopedic procedures of the hip may be amenable to such techniques as there is
significant postoperative pain with the requirement for hospital admission and the adminis-
tration of parenteral opioids. Given the surgical site, various regional anesthetic techniques
may be used to provide analgesia including caudal epidural anesthesia (CEA) or lumbar
plexus blockade (LPB).

Purpose: The objective of this study was to assess the effectiveness of LPB versus CEA as
an analgesic thechnique for patients undergoing elective hip surgery from the opioid con-
sumption and pain scores perspective.

Patients and methods: The current study retrospectively reviews our experience with CEA
and LPB for postoperative analgesia after hip surgery in the pediatric population. Regional
anesthesia technique was reviewed as well as opioid requirements and pain scores.
Results: The study cohort included 61 patients, 29 who received an LPB and 32 who received
CEA. No difference was noted in the demographics between the two groups. Intraoperative opioid
use was 0.7 (IQR: 0.5, 1.1) mg/kg of oral morphine equivalents (MEs) in the LPB group compared
to 0.6 (IQR: 0.5, 0.9) in the CEA group (p=0.479). Postoperative opioid use over the first 48 hrs
was 4 (IQR: 1, 6) mg/kg of oral ME in the LPB group, compared to 2 (interquartile range [IQR]: 1,
3) in the CEA group (p=0.103). Over the first 24 hrs after surgery, the median pain score in the LPB
group was 5 (IQR: 1-6), compared to 3 (IQR: 0, 5) in the CEA group (p=0.014).

Conclusion: These retrospective data suggest a modest postoperative benefit of CEA when
compared to LPB following hip surgery in the pediatric population. Postoperative pain scores
were lower in patients receiving CEA; however, no difference in the intraoperative or postoperative
opioid requirements was noted between the two groups.
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Introduction

The use of regional anesthesia in the pediatric population has increased over the last
decade as it offers several potential advantages in the provision of postoperative
analgesia including a reduction in parenteral opioids, decreased exposure to general
anesthetic agents, and shortened hospital length of stay.'? Such techniques may be
particularly valuable following painful orthopedic procedures including hip and
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femur surgery.”* Following such procedures, various
regional anesthesia techniques may be used to provide
analgesia including the lumbar plexus block (LPB) and
caudal epidural anesthesia (CEA).> LPB provides unilat-
eral analgesia to the entire nerve distribution (femoral,
lateral femoral cutaneous and obturator nerves) that pro-
vides sensation to the hip and avoids the need to enter the
neuraxial space.® Although CEA may be an easier techni-
que, it provides bilateral analgesia in the distribution of the
sacral and lower lumbar nerve roots. To better define the
optimal analgesic technique, we retrospectively compared
postoperative analgesia using either LPB or CEA in pedia-
tric patients undergoing elective hip surgery.

Methods

The study was approved by the Institutional Review Board at
Nationwide Children’s Hospital (Columbus, Ohio), study ID
IRB17-00862 and the need for informed consent was waived.
We retrospectively analyzed the electronic medical records of
patients between the ages of 10 and 17 years who had under-
gone elective hip surgery under general anesthesia with either
asingle-shot LPB or CEA over a 3-year period. All LPB blocks
were performed under ultrasound guidance combined with
nerve stimulator technology, while the CEA used only anato-
mical landmarks. The primary outcome was postoperative
opioid consumption over the first 48 postoperative hours.
Opioid administration was converted to oral morphine equiva-
lents (MEs) for comparison. Secondary outcomes included

Table | Demographic data of the study cohorts

intraoperative opioid requirements and median pain score
(visual analog scale [VAS] or face, legs, activity, and cry
consolability scale [FLACC]) depending on age and cognitive
abilities. Pain scores were collected in the postanesthesia care
unit (PACU) and at 2-hr intervals during the first 24 hrs
postoperatively.

Data were compared between groups using rank-sum tests,
Chi-square tests, and Fisher’s exact tests, as appropriate. Data
were summarized as means with SD for continuous data,
medians with interquartile range (IQR) for non-normally dis-
tributed data, and counts with percentages for categorical data.
Normality of distribution was assessed using the Shapiro—Wilk
tests. Data analysis was performed in Stata/IC 14.2 (College
Station, StataCorp, LP). Two-tailed P<0.05 was considered
statistically significant.

Results

The study cohort included 61 patients, 34 male and
27 female, with a median age of 14 years (IQR: 12, 16).
Demographic data and the surgical procedures are outlined in
Table 1. A LPB was placed in 29 patients (47%) and a CEA
was placed in 32 patients (53%). In all cases, the CEA or LPB
was supervised by an attending pediatric anesthesiologist with
additional expertise in regional anesthesia. The LPB was per-
formed by a pediatric anesthesiology fellow in 82% of the
patients and by an attending pediatric anesthesiologist in
18%. The CEA was performed in 47% of the patients by
a pediatric anesthesiology fellow and in 53% of patients by

Characteristics Type of regional block p-value
Lumbar plexus block (N=29) Caudal block (N=32)
Median (IQR), Mean £ SD, or N (%) Median (IQR), Mean % SD, or N (%)
Age (years) 15 (14, 17) 13 (11, 15) 0.094
Female 16 (55%) Il (34%) 0.102
Height (cm) 15813 154+14 0.247
Weight (kg) 58+14 54+24 0.426
Body mass index (kg/mz) 2314 2317 0.633
ASA status
| 9 (31%) 9 (28%) 0.858
2 18 (62%) 19 (59%)
3 2 (7%) 4 (13%)
Procedure types Periacetabular osteotomy, proximal femoral Periacetabular osteotomy, proximal femoral
osteotomy, surgical hip dislocation with osteot- osteotomy, surgical hip dislocation with osteot-
omy, labral repair omy, labral repair

Abbreviations: ASA, American Society of Anesthesiologists; IQR, interquartile range; N, number.
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Table 2 Outcomes in pediatric patients age 10—17 years undergoing elective hip surgery according to type of regional block (N=61)

Outcomes Type of regional block p-value
Lumbar plexus block (N=29) Caudal block (N=32)
Median (IQR), Mean £ SD, or N (%) | Median (IQR), Mean % SD, or N (%)
Intraoperative opioids (ME/kg) 0.7 (0.5, I.1) 0.6 (0.5, 0.9) 0.479
Postoperative opioids (ME/kg) 44 (13, 63) 2.1 (1.2, 3.4) 0.103
Median pain score 5(l, 6) 3(0,5) 0.014
Length of stay (days) 3(2,3) 2(23) 0.303

Abbreviations: ME, morphine equivalents; IQR, interquartile range; N, number.

an attending pediatric anesthesiologist. The median age was 15
years in the LPB group and 13 years in the CEA group. For
LPB, a solution consisting of ropivacaine 0.5% with 1:200,000
epinephrine and dexamethasone (0.2 mg/mL) was used at
a median dose of 0.43 mL/kg (IQR: 0.39, 0.48). CEA was
accomplished with a solution of ropivacaine 0.2% with
1:200,000 epinephrine and clonidine (1 pg/kg) at a median
dose of 0.46 mL/kg (IQR: 0.38, 0.64). All patients in both
study groups received acetaminophen (intravenous or oral in
a dose of 10 mg/kg every 4 hrs) during the postoperative
period as a part of the analgesic regimen. There was no
significant difference in postoperative opioid consumption
in the first 48 hrs postoperatively between the LPB group
and the CEA group. Postoperative opioid use over the first 48
hrs was
4.3 mg/kg (IQR: 1.3, 6.3) of oral ME in the LPB group,
compared to 2.1 mg/kg (QR: 1.2, 3.4) in the CEA group
(95% CI of difference: —2.9, 0.3; p=0.103) (Table 2). Over
the first 24 hrs after surgery, the median pain score in the LPB
group was 5 (IQR: 1, —6), compared to 3 (IQR: 0, 5) in the
CEA group (95% CI of difference: —4, 0; p=0.014). Other
study outcomes, including intraoperative opioid use and
length of stay, did not vary significantly according to the
type of regional block received. Intraoperative opioid use
was 0.7 (IQR: 0.5, 1.1) mg/kg of oral ME in the LPB group
compared to 0.6 (IQR: 0.5, 0.9) in the CEA group (95% CI of
difference: —0.2, 0.1; p=0.479). Length of stay was 3 days
(IQR: 2, 3) in the LPB group and 2 days (IQR: 2, 3) in the
CEA group (95% CI of difference: —1, 0; p=0.303).

Discussion

Pain following orthopedic procedures can be severe and
significantly impact the postoperative course of patients of
all ages. Despite advances in functional outcomes with hip
arthroplasty, providing excellent postoperative pain control

remains challenging. Pain is a significant variable

influencing recovery after hip arthroplasty. Inadequate
pain control can lead to delayed mobilization, inability to
engage in physical therapy, and increased length of hospi-
tal stay.® Regional anesthesia has been shown to provide
a wide spectrum of benefits such as early recovery,
improved functional status, decreased postoperative nau-
sea and vomiting, and decreased length of hospital stay.>¢
Given the location of the surgical procedure, various
regional anesthetic techniques may be used to provide
analgesia for procedures involving the hip and femur.
Caudal anesthesia is one of the most popular regional
blocks in children and is efficacious for postoperative
analgesia for infraumbilical procedures.® Although per-
formed most commonly in infants and young children,
CEA has been reported in adolescents and even adults as
a means of providing postoperative analgesia.>’*"!
Anatomical changes that occur with aging may increase
the difficulty of performing this technique in older children
and adolescents. The development of a sacral fat pad may
obscure bony landmarks and calcification of the sacrococ-
cygeal ligament may make needle placement more chal-
lenging. Although not routinely used in our cohort of
patients, ultrasound guidance may increase the success
rate of CEA in adults."' One of the major limitations of
single-shot CEA is the relatively short duration of post-
operative analgesia. As was used in our study population,
adjuncts to the local anesthetic agents including clonidine
may be used to prolong the duration of analgesia.'?
While CEA remains a viable option for postoperative
analgesia in adolescents following hip surgery, there remain
limitations and concerns regarding the potential for adverse
effects. CEA results in bilateral sensory and motor blockade
which may limit ambulation immediately after surgery and
may postpone physical therapy. Urinary retention is another
common adverse effect with CEA and may result in the need
adverse effects.

for catheterization and its potential
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Sympathetic blockade and its associated hemodynamic effects
including hypotension after CEA may be undesirable depend-
ing on patient comorbid conditions.” Our current study was
not designed to evaluate the incidence of adverse effects
including urinary retention, hypotension, or the need for
intraoperative intervention of hemodynamic effects between
the two study groups.

Lumbar plexus block has gained more popularity in
the pediatric population due to its potential advantages
over neuraxial techniques, including a more prolonged
duration of analgesia after single-shot techniques, uni-
lateral blockade, and a decreased incidence of urinary
retention.”'* However, studies comparing LPB to neur-
axial techniques for postoperative analgesia after major

3,14

hip surgery have reported varying results.

Additionally, despite the potential benefits of peripheral
nerve blockade over neuraxial techniques, the LPB
time to

increased and more

14,15

requires expertise
perform.

In our patient population, we noted no statistically sig-
nificant difference in the primary outcome of opioid require-
ments in the first 48 hrs. Patients receiving CEA required
less than half opioids in comparison to patients receiving a
LPB (2.1 mg/kg versus 4.4 mg/kg). As opioid-related
adverse effects are generally dose related, this decrease in
opioid requirements may translate into a clinical benefit.
Analysis of postoperative pain scores revealed that CEA
patients experienced less postoperative discomfort (median
pain score of 3) compared to the LPB group (median pain
score of 5); a finding that showed a statistical signifance in
our study.

Given its retrospective nature, there are several
inherent limitations of the current study including the
inherent difficulties with grading analgesia through
a retrospective chart review and the use of opioid
requirements. Even though our retrospective study cov-
ered a 3-year period, only 61 patients fulfilled the
study requirements, thereby limiting the power of the
study. The solutions used to perform the blocks dif-
fered in the concentration of the local anesthetic agent
and the adjunctive agent (clonidine for CEA and dex-
amethasone in LPB). The difference in the concentra-
tion of the local anesthetic agent is based on the need
for a larger volume of solution for the CEA when
compared to LPB and hence the need to limit the
concentration to keep the total dose in accordance
with local anesthetic dosing guidelines. The difference
in the adjunctive agent was based on the routine

Table 3 Surgical procedures performed in pediatric patients age
10—17 years undergoing hip surgery according to type of regional
block

Surgical procedure Type of regional block
Lumbar plexus | Caudal
block (N=29) block

(N=32)

Periacetabular osteotomy 14 (48%) 6 (18.75%)

Proximal femoral osteotomy | 2 (6.8%) 9 (28%)

Surgical hip dislocation 9 (31%) 12 (37.5%)

Labral repair 3 (10.3%) 3 (9.3%)

Other I (3.4%) 2 (6.3%)

clinical practice at our hospital. Furthermore, although
the specific types of surgical procedures were constant
among the cohorts, there was some variation in the
numbers of the specific procedures between the two
groups (Table 3). Given the variation in the surgical
procedure, there may be some variation in the innerva-
tion of the surgical site and hence the nerve distribu-
tion (lumbar =+ sacral plexus) required to provide
analgesia. The regional anesthesia techniques used in
this study differ in that aspect as the LPB does not
reliably provide coverage of the sciatic nerve and
sacral plexus, while CEA covers both lumbar and
sacral dermatomes including the lumbar plexus and
the sacral plexus. Furthermore, as already noted,
given the retrospective nature of our study, a true eva-
luation of adverse effects was not feasible. There was
also a difference in the experience level of those
directly providing the regional anesthetic. One final
limitation of the study was that a safety profile speci-
fically evaluating adverse effects of the two techniques
was not included as part of the study protocol and
outcome analysis.

With these limitations in mind, our retrospective ana-
lysis of adolescents undergoing hip surgery provides addi-
tional information regarding the optimal regional
anesthetic technique for providing analgesia following
hip surgery. Postoperative pain scores were lower in
patients who received CEA. Although no statistical sig-
nificance was noted in total postoperative opioid require-
ments, there was a greater than 50% decrease in total

needs in patients who received CEA.
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