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KEYWORDS Abstract

Cesarean section; Background: The study purpose was to determine the safety and efficacy of different doses of
Analgesia; epidural fentanyl plus local anesthetics on ambulation for patients who had elective cesarean
Epidural; delivery.

Standing position; Methods: A prospective study at a single community hospital used posturography to compute
Postural balance; Sway area for assessment of standing stability [ISRCTN14517337]. Continuous epidural infu-
Early ambulation sion of 0.2% ropivacaine containing either 2.5 mcg.mL™" (Group 1, n = 8) or 5 mcg.mL"" fentanyl

(Group 2, n = 8) was randomly assigned to an individual and started at a rate of 5 mL.h™! postoper-
atively and continued for 48 hours after cesarean delivery in addition to standing acetaminophen
and ibuprofen. Posturography measured with SYMPACK™ was used to compute Sway area for
investigation of standing stability. The unpaired t-test was used to compare continuous varia-
bles between groups. Analysis of variance (ANOVA) was used to assess differences of Sway area
measured repeatedly within groups.

Results: Participants’ demographics, pain status, and leg motor function one day after cesarean
delivery were not different between groups. Sway area in Group 1 was not different across three
repeated measurements. Sway area of Group 2 on postoperative day 1, with epidural analgesia,
was significantly higher than at the baseline (4.1 & 2.8 vs. 3.1 & 1.1 cm?, p < 0.05).
Conclusions: Because both low and high concentrations of epidural fentanyl allowed partici-
pants to ambulate with the same pain effect, the lower concentration of continuous epidural
fentanyl (2.5 mcg.mL" at 5 mL.h"") is warranted to avoid potential adverse events during
ambulation after cesarean delivery.
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Background

Epidural analgesia with local anesthetics and opioids is
widely used in pregnant and postpartum women who deliver
both vaginally and by cesarean section. Even a low concen-
tration of local anesthetics and/or fentanyl may cause
somatosensory impairment in 7% to 66% of patients, resul-
ting in stand and gait instability and fall.'-* No satisfactory
method exists to evaluate gait instability at the bed-
side. Early mobilization after cesarean delivery, however, is
encouraged to decrease thromboembolic events and shorten
the length of hospital stay.* Although postoperative pain
management with epidural analgesia can be used, it might
impair the abilities to stand and walk.

Standing is a complex phenomenon requiring muscle
strength and somatosensory integration. The modified Bro-
mage score is not enough to measure standing stability
because it assesses only muscle strength.> On the other
hand, posturography is a feasible, objective, and quantita-
tive measurement of standing stability.®

The objective of the current study was to compare stand-
ing stability measured by posturography in post-cesarean
delivery women using two different concentrations of epidu-
ral fentanyl with continuous epidural analgesia in addition
to local anesthetics.

Methods

This study was a prospective project to determine the
safety and efficacy of different doses of epidural fentanyl
in addition to local anesthetics at a single community hos-
pital, using posturography to assess standing stability of
participants who received postoperative epidural analge-
sia after their elective cesarean delivery. This project was
approved by the local ethics committee of Kobari Gen-
eral Hospital on April 26, 2018 (34-2018), and written
consents for study participation were obtained from all
participants. The trial was registered at the ISRCTN reg-
istry retrospectively on March 29, 2020 [ISRCTN14517337]
(https://doi.org/10.1186/ISRCTN14517337). This project
adhered to the CONSORT (Consolidated Standards of Report-
ing Trials) Statement.’

The cohort included 16 at-term pregnant women with
ASA (American Society of Anesthesiologists) physical status
I or Il who received an epidural catheter at T12/L1 follow-
ing spinal anesthesia with hyperbaric bupivacaine 12 mg at
L3/L4. All women underwent cesarean section after sensory
block at T4 level had been achieved. Continuous epidural
infusion of 0.2% ropivacaine containing either 2.5 mcg/mL
(Group 1, n = 8) or 5 mcg.mL" fentanyl (Group 2, n = 8)
was randomly assigned to an individual by a table of random
numbers.® The continuous epidural infusion started at the
rate of 5 mL.h"" in the Postanesthesia Care Unit and con-
tinued for 48 hours after cesarean delivery in addition to
standing acetaminophen and ibuprofen. Participants’ pain
status with the Visual Analogue Scale (VAS) was measured
periodically up to postoperative day 7. Motor function of
legs with the Bromage scale was measured on postoperative
day 1.

Standing stability was the study’s primary outcome,
which was assessed based on analyses of posturography using

a SYMPACK™ (Nihon Electric Company, Tokyo, Japan).®% 101
When a participant stands on the SYMPACK’s foot plate, the
transducer under the plate transmits movement-generated
signals to a computer. The computer calculates and tracks
both the force and movement of the participant’s center
of gravity. The actual assessment occurs while a participant
stands barefoot with their legs together for one minute and
their eyes open on a SYMPACK™ computerized force plat-
form. Posturography was measured a day before cesarean
delivery, and at days 1 and 7 after cesarean delivery. Postur-
ography computed Sway area (Fig. 1) was measured, which
is the simplest but most sensitive way to detect impairment
of balance perception.’®

Participants, the operator of the spinal anesthesia who
also inserts the epidural catheter, and the operator of the
posturography measurement were blinded to grouping. A
nurse in the Postanesthesia Care Unit who started the con-
tinuous epidural infusion was not blinded, and a nurse in
the general ward, who recorded pain status with the Visual
Analogue Scale (VAS) and the Bromage scale, was blinded.

Descriptive statistics included counts and proportions for
categorical variables and means and standard deviations
for continuous variables. Normality was assessed with the
Shapiro-Wilk test. The unpaired t-test was used to compare
continuous variables between groups. To decrease type |
errors from multiple comparisons in the study, the overall F
test for differences in the means was conducted first. When
F was significant, one-way Analysis of Variance (ANOVA) was
further used to assess differences of sway area, VAS, and
the Bromage scale measured repeatedly within groups, and
p < 0.05 was considered statistically significant. Although
equal group sizes in both groups 1 and 2 were used for
ANOVA, the Leven’s test was employed to make sure the
assumption of homogeneity of variance. All analyses were
conducted with StatView 5.0 software (Abacus Concepts,
Berkeley, CA, USA).

Based on prior literature,’ sample size was determined
to detect mean difference of 1.5 cm? in Sway area (standard
deviation = 0.8) with an alpha of 0.05 and power of 0.80 with
three equally sized groups of measurements for One-Way
ANOVA, which yielded a sample size minimum of 7 for each
group to have medium effect size (G*Power 3.1 software
package; Faul, Erdfelder, Lang, & Buchner, 2007).

Results

A total of 16 at term pregnant women were enrolled in
the study (Fig. 2). Eight participants in each group com-
pleted the intended treatment. Participant demographics
(age: 31.0 + 2.4 years versus 34.0 + 4.5 years, gesta-
tional weeks and days: 37 weeks 4 days + 4 days versus
37 weeks 5 days + 3 days, body weight: 64.9 + 6.5 kg ver-
sus 63.9 + 10.4 kg in Group 1 and 2, respectively) were
not statistically significant between groups (Table 1). No
participant showed hypotension during cesarean delivery or
required vasopressors. No participant had significant blood
loss during cesarean delivery which is defined as more than
1000 mL blood loss, including amniotic fluid. Pain status
on postoperative day 1 (Visual Analogue Scale: 1[0-2] in
Group 1 versus 1[0-2] in Group 2) was not statistically signif-
icant between groups. No participant required antiemetics
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Figure 1 A, SYMPACK™ (Nihon Electric Company, Tokyo, Japan); B, Sway area: Area of sway from the outermost part of the locus
of the center of foot pressure. The sway area presented herein was 2.92 cm?.

[ Enroliment ] Assessed for eligibility (n= 18 )

Excluded (n= 2)
+ Declined to participate (n=2)
+ Otherreasons (n=0)

A 4

Randomized (n=16)

!

Y { Allocation ] Y
Allocated to intervention (n=8) Allocated to intervention (n=8)
+ Received allocated intervention (n=8 ) + Received allocated intervention (n=8)
+ Did not receive allocated intervention (give + Did not receive allocated intervention (give
reasons) (n=0) reasons) (n=0)
v [ Follow-Up ] v
Lost to follow-up (give reasons) (n=0 ) Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=0) Discontinued intervention (give reasons) (n=0)
v [ Analysis J v
Analysed (n=8) Analysed (n=8)
+ Excluded from analysis (give reasons) (n=0) + Excluded from analysis (give reasons) (n=0 )

Figure 2 CONSORT diagram.
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Table 1 Demographics of enrolled participants.

Age (years)? 31.0 (2.4) 34.0 (4.5)
Height (cm)? 158.1 (7.3) 158.3 (7.1)
Weight (kg)? 64.9 (6.5) 63.9 (10.4)
Gestational weeks at 37 weeks 4 37 weeks 5
birth? days (4 days (3
days) days)
Hypotension during 0 0
cesarean delivery
Significant blood loss® 0 0

@ No demographics were statistically different between two
groups.

b Defined as more than a 1,000 mL blood loss including amniotic
fluid.

(cm?) (Mean * SD)
8
O Group 1
77 @® Group 2
6 -
g
S *
= 4 .
wn
. ?
5
] |
0 . .
Baseline  Post-operative Post-operative
day 1 day 7
Figure 3  Differences of sway area measured a day before and

1 and 7 days after cesarean delivery within a group. In Group
2, sway area on postoperative day 1 was significantly higher
than baseline and postoperative day 7 after cesarean delivery
(p < 0.05). In Group 1, sway areas measured at each point were
not statistically different.

* Statistically significant.

throughout their hospital stay. All participants of both groups
showed full flexion of knees without weakness (the Bromage
scale = 1) on postoperative day 1. All participants were able
to stand and ambulate for posturography on postoperative
day 1 and on. No adverse events were reported during the
study period.

Sway area in Group 1 was not different across 3 mea-
surements (Fig. 3): 2.6 & 1.4 cm? at the baseline; 3.5 £ 0.6
cm? on postoperative day 1; and 2.5 + 0.6 cm? on postop-
erative day 7, respectively. However, sway area of Group 2
on postoperative day 1 was 4.1 & 2.8 cm? during epidural
analgesia, which was significantly higher than 3.1 & 1.1 cm?
at the baseline and 2.4 + 1.1 cm? 7 days after the cesarean
delivery, respectively (p < 0.05) (Fig. 3).

Discussion

The main finding of the study was that both groups, receiving
different concentrations of epidural fentanyl, saw parti-
cipants able to ambulate and had the same pain effect

after cesarean delivery. However, Group 2, which received
a higher concentration of epidural fentanyl (5 mcg.mL" at
5 mL.h"), showed potential impairment of standing abil-
ity on postoperative day 1. It was therefore determined
that the lower concentration of continuous epidural fentanyl
(2.5 mcg.mL" at 5 mL.h-", received by Group 1) is pre-
ferred to avoid potential adverse events during ambulation
for women post-cesarean delivery.

Adequate motor power, sensation, proprioception,
vestibular function, and visual acuity all contribute to safe
walking.'”? While a patient is on continuous epidural anal-
gesia, standing stability involves multiple factors such as
standing muscle strength, sensory blockade, and, most
importantly, the integration of visual, somatosensory, and
vestibular inputs to the brain stem and cerebellum. A prior
study reported that the excellent muscle strength demon-
strated by the modified Bromage score was not a sensitive
indicator of standing stability."* Instead, Sway area is known
to detect impairment of standing stability while a patient
receives epidural analgesia.’

Before this study, there was only one study investigating
the static postural stability of pregnant women. That study
reported the Sway area of 2.8 4 0.6 cm? in otherwise healthy
pregnant women at 34-39 gestational weeks. ' Although our
findings appear to be consistent with this finding, there is
no specific Sway area value that clearly indicates impair-
ment of standing stability that could result in adverse events
(i.e., fall) during ambulation. Another study by McCrory
et al. explored dynamic postural stability instead of static
stability in pregnant women with a history of falls dur-
ing pregnancy.’® They elucidated that dynamic balance was
altered in pregnant women who fell during their pregnancy
compared with pregnant women who did not fall during
pregnancy. Because participants in a study of dynamic postu-
ral stability are explored on perturbations for their postural
responses, dynamic postural stability is more challenging to
assess in postoperative patients while on epidural analgesics
than static postural stability. Future research is required
to investigate postoperative safe walking and early hospi-
tal discharge in post-cesarean delivery women that uses an
assessment of static postural stability.

The SYMPACK™ used to measure posturography in this
study provides an easy and reliable measurement of standing
stability however has a high cost ( $20,000 USD) (Fig. 1). The
cost covers a foot plate computerized force platform and a
computer with corresponding software to quantify postural
sway area.

In this study, there are a few possible reasons why the
higher concentration of epidural fentanyl was associated
with potential impairment of standing stability. First, it
could be explained that epidural fentanyl was absorbed
across the dura and then reached the brain cerebrospinal
fluid and creating a spinal effect. Next, it is possible the
epidural fentanyl was absorbed into the circulation and
then reached the brain with blood flow and creating a sys-
temic effect. With either potential explanation, the higher
concentration of epidural fentanyl could influence balance
perception. A previous study revealed that epidural fen-
tanyl by continuous infusion had systemic effects rather than
spinal effects.'®
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Strengths and weaknesses of the study

A limitation of the current study was that the presence of
anemia was not measured, which can potentially have a con-
founding association with epidural fentanyl and with Sway
area. However, we can deduce that hemodynamics of parti-
cipants were stable given that no participants had significant
blood loss during the cesarean deliveries. Another limita-
tion was that the SYMPACK™ system assessed only static
standing ability. Although the EquiTest™ (Neurocom Interna-
tional, Clackamas, OR) can detect functional balance with
clinical situation inputs,'” this instrument was not available
at the study hospital. A strength of the study, however, is its
original contribution to the literature given that a literature
search in PubMed and Medline as of March 20, 2020, using
posturography, epidural analgesia, and cesarean delivery as
keywords, does not capture similar research.

Unanswered questions and future research

Future studies need to investigate how low the concentra-
tion of epidural fentanyl in addition to local anesthetics may
be while ensuring standing stability and ensuring postoper-
ative pain due to cesarean delivery is satisfactorily under
control. Given that posturography is a useful tool to detect
potentially impaired balance perception, this method should
be used in future studies to explore postoperative ambula-
tion.

Conclusions

Sway area computed from posturography deduced that
patients taking a higher concentration of epidural fentanyl
exhibited potential impairment of standing stability. This
finding could result in adverse events during ambulation in
these patients.
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