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Abstract: Objective To evaluate the clinical efficacy of lidocaine in alleviating breakthrough pain during labor in obese
parturients and its effect on maternal and infant outcomes. Methods A total of 120 obese parturient underwent epidural
analgesia during delivery at Nanjing Women and Children’s Healthcare Hospital from October 2022 to December 2023 were
selected and all primiparas experienced breakthrough pain during the first stage of labor. All patients were randomly divided
into two groups, with 60 cases in each group. The experimental group received 6 mL of 1% lidocaine administered by epidural
injection when breakthrough pain occurred (VAS score=4), while the control group received 6 mL of 0.15% ropivacaine by
epidural injection. The following parameters were recorded: time for VAS scores decreasing to 3 or below, cervical dilation at
the onset of the first breakthrough pain, number of additional drug administrations during labor, VAS pain scores at various
time points, delivery-related outcomes (duration of labor, use of oxytocin, postpartum hemorrhage within 2 hours after delivery,
mode of delivery), and adverse events. Results The experimental group had a shorter time for the VAS pain score decreasing
to 3 or below [7(6,7) min vs 16(16,17) min, Z=52.624, P<0.01]. There was no statistically significant difference in the cervical
dilation at the onset of the first breakthrough pain and number of additional drug administrations during labor (~>0.05). At 5
min (T1), 10 min (T2), and 15 min (Ts) after administration, the VAS scores of the experimental group were lower than those of
the control group (P<0.05). There was no statistically significant difference in the duration of labor, use of oxytocin, postpartum
hemorrhage within 2 hours after delivery, mode of delivery, and adverse events during analgesia between the two groups
(P>0.05). Conclusion Both 6 mL of 1.0% lidocaine and 6 mL of 0.15% ropivacaine administered by epidural injection have been
shown to effectively suppress breakthrough pain in obese parturient during epidural labor analgesia and improve maternal and
neonatal outcomes. And lidocaine demonstrates a shorter onset time, faster decrease in VAS pain scores.
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Epidural analgesia for labor is currently the preferred
method of pain relief for delivery in China. However, in
clinical practice, it has been observed that some women
still experience breakthrough pain during the first stage of
labor. The incidence of breakthrough pain varies across
different studies, with rates as high as 55% [1-3]. The
causes of breakthrough pain include progressively stronger
uterine contractions and continuous downward head
compression. Additionally, physiological, psychological,
and genetic factors of the parturient may also influence
pain perception [4]. After breakthrough pain occurs,
adding drugs from the original analgesia pump (low-
concentration local anesthetic combined with low-
concentration opioid) typically does not significantly
reduce the pain level [5]. Previous research found that
breakthrough pain during intrathecal labor analgesia can
be effectively suppressed with an additional epidural dose
of 0.15% ropivacaine, but the downside is that the onset
time is relatively long, and parturients' satisfaction with
this approach is low [5].

Lidocaine is an ester-type local anesthetic with a rapid
onset, strong anesthetic effect, and minimal impact on
uterine contractions, making it suitable for labor analgesia
without interfering with the progression of labor.
Additionally, at low concentrations, it has a mild effect on
motor nerve block and can be safely used for obstetric
epidural analgesia [6]. However, there is relatively limited
large-scale research on the use of lidocaine for alleviating
breakthrough pain in labor analgesia. Currently, the global
population of obese individuals is increasing, including a
significant number of obese parturients. Obese women
have complex pathophysiological changes, and perinatal
risks and related complications are correspondingly
elevated. Studies showed that obese parturients have a
lower pain threshold and are more likely to experience
breakthrough pain during labor [7]. Therefore, this study
focuses on obese parturients and investigates the clinical
efficacy of 1.0% lidocaine epidural bolus in relieving
breakthrough pain during labor in obese women.
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1 Material and methods
1.1 Study subjects

This study has been approved by the hospital's ethics
committee (approval number: 2021KY-097), and all
participants provided informed consent. The study enrolled
nulliparous women with a singleton pregnancy, full-term
gestation, and breakthrough pain during the first stage of
labor after receiving epidural analgesia at Nanjing Women
and Children’s Healthcare Hospital between October 2022
and December 2023.

Inclusion criteria: BMI between 35 and 45 kg/m?, age
between 20 and 35 years, and ASA classification of I or II.
Exclusion criteria: Ultrasound diagnosis of macrosomia
before delivery; history of chronic pain; long-term use of
analgesics before delivery; history of psychiatric disorders;
poor communication; allergy to lidocaine or other amide
or ester local anesthetics; epidural block failure; or need
for emergency cesarean section for obstetric reasons.
Exclusion after enrollment: newborn birth weight >4000 g
or premature termination of epidural analgesia.

1.2 Grouping and intervention

Participants were randomly divided into two groups
using a random number table. Sample size calculation was
based on preliminary pilot data, with the time for VAS to
decrease to 3 or below being 7.6£1.4 minutes in the
experimental group and 15.8+3.9 minutes in the control
group. A two-tailed test with & = 0.05 and = 0.1 was used.
Using the formula for sample size calculation, n = 2[(ua +
upf)*c*]/0%, the required sample size was estimated to be 50
per group, adjusted for a 20% loss rate, resulting in 60
participants per group.

This trial initially enrolled 126 obese primiparous
women. In the experimental group, 3 newborns had a birth
weight > 4 000 g, while in the control group, 2 newborns
had a birth weight > 4,000 g, and 1 woman had her epidural
catheter reset. A total of 120 participants were included in
the final analysis, with 60 women in each group. There
were no statistically significant differences in the general
demographic data of the two groups, including age, BMI,
gestational age, and baseline cervical dilation at the time
of labor analgesia initiation (P > 0.05). See Table 1.

Tab.1 Comparison of general information between two
groups of primiparas (#=60)

Gestational age cervical

a 2ya

Group Age(years)*BMI(kg/m”) (week)® dilation (cm)®
Experimental 39.50(39.00,

group 30.51£3.03  39.22+2.37 40.00) 2(2,2)
Control 40.00(39.00,

group 30.73+£2.74 38.51+1.95 40.25) 2(2,2)
t/z value 0411 1.785 0.997 0.572
P value 0.682 0.077 0.319 0.567

Note: data were expressed in xzs ; Pdata were expressed in M (Pas, Pys).

After entering the delivery room, fetal heart
monitoring was initiated, and an intravenous access in the
upper limbs was established. Ringer's acetate solution was

administered at a rate of 6-8 mL/(kg-h) for hydration. The
parturient’s heart rate, blood pressure, and saturation of
peripheral oxygen (SpO,) were monitored. When the
parturient requested labor analgesia, the obstetrician and
anesthesiologist jointly assessed the feasible epidural
analgesia plan. The parturient was then transferred to the
anesthesia procedure room. During the procedure, the
parturient maintained a left lateral position, and the
anesthesiologist used a handheld ultrasound device to
locate the intervertebral space between the L2-L3 or L3-
L4 vertebrae, marked the site, disinfected the area, draped,
and performed epidural puncture. Once successful, a 3-4
cm epidural catheter was inserted. After confirming no
cerebrospinal fluid or blood was aspirated, a test dose of 1%
lidocaine (Hubei Tiansheng Pharmaceutical, Approval No.
H42021839) 3 mL (with 1:200,000 epinephrine) was
administered via the epidural catheter. The catheter
placement was confirmed to be correct after 3—5 minutes,
ensuring that the catheter was not misplaced into the
subarachnoid space or a blood vessel. Subsequently, an
epidural bolus was administered: 12 mL of 0.08%
ropivacaine (Zhejiang Xianju Pharmaceutical, Product
Batch No. EE2335) combined with 0.4 pg/mL sufentanil
(Yichang Renfu Pharmaceutical, Product Batch No.
31A021312). The sensory blockade level was assessed
using the alcohol swab test to confirm bilateral sensory
blockade up to the T10 level. Labor pain was assessed
using the Visual Analogue Scale (VAS). When VAS <3, it
was considered that analgesia was effective. If VAS
remained >3, potential causes for inadequate analgesia
such as poor catheter position or incomplete nerve block
were ruled out. All parturients were connected to an
analgesia pump for continuous epidural analgesia, using a
solution of 0.08% ropivacaine + 0.4 ug/mL sufentanil, total
volume 150 mL. The pump was set to a programmed
intermittent epidural bolus (PIEB) mode: background dose
2 mL/h, initial dose 12 mL, and 10 mL boluses every hour
with a self-administered dose of 8 mL per bolus. The
lockout time was 30 minutes. The analgesia pump was
turned off 2 hours after the third stage of labor.

When breakthrough pain (VAS > 4) occurred, the
position and patency of the epidural catheter, fetal position,
and use of oxytocin were evaluated. After excluding these
factors, the parturients were randomly divided into
experimental group and control group. The experimental
group received a bolus of 6 mL of 1.0% lidocaine, and the
control group received a bolus of 6 mL of 0.15%
ropivacaine. Both groups were observed for 20 min. If
VAS remained > 4, the same dose was administered again,
and the response was observed for another 20 min. If VAS
> 4 persisted, it indicated inadequate analgesia, requiring
re-puncture and adjustment of the epidural catheter, and
the parturient would be excluded from the study.

1.3 Outcome measures
Primary outcome: VAS pain score was assessed every

1 minute after drug administration, and the time to achieve
VAS < 3 was recorded. Secondary outcomes included:
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cervical dilation at the onset of breakthrough pain, the
number of additional doses required during labor. VAS
scores were recorded at baseline (0 min, Tp), 5 minutes (T;),
10 minutes (T>), 15 minutes (T3), and 20 minutes (T4) post-
administration. Delivery-related data (labor duration,
oxytocin use, blood loss 2 hours post-delivery, delivery
mode) were also recorded. Adverse effects during
analgesia, including nausea and vomiting, skin itching,
urinary retention, postpartum fever, hypotension, chills,
and motor nerve block, were monitored. Neonatal data
including birth weight, Apgar scores at 1 and 5 minutes,
and umbilical artery blood gas values were collected.

1.4 Statistical Methods

Statistical analysis was performed using SPSS 23.0.
Normally distributed continuous variables were expressed
as x+s and compared using independent samples #-test.
Non-normally distributed variables were expressed as M
(P25, P7s) and analyzed using the Mann-Whitney U test.
Categorical data were expressed as n (%), and group
differences were tested using y? or Fisher's exact test. P <
0.05 was considered statistically significant.

2 Results
2.1 Pain-related indicators

There were no statistically significant differences in
cervical dilation at the time of the first occurrence of
breakthrough pain or in the number of additional epidural
drug doses between the two groups (P > 0.05). Compared
to the control group, the experimental group had a
significantly shorter time to reach a VAS score of 3 or
below after epidural drug supplementation (P < 0.05).
Additionally, at T;, T,, and T3, the VAS scores in the
experimental group were lower than those in the control

group (P <0.05). See Table 2 and Table 3.
2.2 Labor-related outcomes

There were no statistically significant differences
between the two groups in terms of first, second, and third
stage labor duration, postpartum hemorrhage at 2 hours,
the proportion of oxytocin use during labor, delivery
method, or adverse reactions (P > 0.05). No cases of
hypotension, chills, or motor nerve block were observed in
either group. See Tables 4 and 5.

2.3 Neonatal outcomes

There were no statistically significant differences
between the two groups in neonatal birth weight, Apgar
scores at 1 and 5 minutes, or umbilical artery blood gas
analysis values (P > 0.05). See Table 6.

Tab.2 Comparison of breakthrough pain scores between two
groups of primiparas [n=60, M (P>s, P7s)]

Cervical dilggomat Time to reacha Number of
the first occurrence

Group VAS score of 3  additional
ot brea}kthrough or below(min) epidural drug
pain(cm)

g PECEnta 5.00(5.00, 6.00) 76,7) 21,2)
group

Control group 6.00(5.00, 6.25) 16(16, 17) 2(1,2)

Z value 1.050 52.624 1.380

P value 0.294 <0.001 0.168

Tab.3 Comparison of VAS pain scores between two groups of
primiparas in different times [#=60, M (P25, P75)]
Group To Ti Tz Ts Ts
Experimental group 6(6,7) 3(3,4)*2(1,2)*2(1,2)*2(1,2)

Control group 6(6,7)6(5,7) 5(4,6) 3(3.4) 2(1,2)
F/P tergroup 201.993/<0.001
F/P Time 645.905/<0.001

F/P interaction 117.558/<0.001
Note: compared with the control group, *P<0.05.

Tab.4 Comparison of delivery-related outcomes between two groups of primiparas (n=60, x+s)

Group First stage labor Second stage labor Third stage labor Postpartum hemorrhage at Oxytocin use
duration(min) duration(min) duration(min) 2 hours(mL) [case(%)]

Experimental group 541.82+111.25 57.52+12.32 7.93+£2.27 286.54+30.12 26(43.3)

Control group 503.27+105.36 57.33£13.07 7.85£1.95 287.8425.94 35(58.3)

t/x? value 1.949 0.036 0.216 0.146 2.701

P value 0.054 0.971 0.829 0.884 0.100

Tab.5 Comparison of delivery mode and adverse reaction between two groups of primiparas [#=60, case (%)]

Mode of delivery Adverse reactions
Group Natural Instrumental Lateral Nausea and Ttchy skin  Urinary retention Intrapartum
childbirth delivery episiotomy vomiting fever
Experimental group 54(90.00) 2(3.33) 4(6.67) 4(6.67) 4(6.67) 5(8.33) 8(13.33)
Control group 52(86.67) 3(5.00) 5(8.33) 6(10.00) 3(5.00) 6(10.00) 5(8.33)
x* value 0.458 0.436 0.152 0.100 0.776
P value 0.836 0.509 0.697 0.752 0.378
Tab.6 Comparison of newborn-related outcomes between two groups of primiparas (#=60)
Group Neonatal weight Apgar score [M(P2s, P1s)| Umbilical artery blood gas( xs)
(g, x+5) 1 min 5 min pH Pa0O; (mmHg) PaCO2(mmHg) Lac(mmol/L)
Experimental group 3 261.51£282.22 10(9,10) 10(9,10) 7.27+0.04 17.75+0.42 53.03+0.44 3.61+0.31
Control group 3318.61+266.23 10(9,10) 10(10,10) 7.26+0.03 17.7+0.41 52.9140.52 3.5240.23
%N 1.140 0.092 1.146 0.903 0.766 1.425 1.814
PE 0.257 0.926 0.252 0.368 0.445 0.157 0.072
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3 Discussion

Breakthrough pain refers to a pain condition that
occurs during painless labor and is severe enough to
require additional interventions for management [4].
Breakthrough pain has a profound impact on women,
causing them to experience tension and anxiety, which may
hinder their confidence in natural childbirth. It can also
trigger excessive stress responses, increasing the risks for
both the mother and the fetus [7]. A study on risk factors
for the failure of intrathecal anesthesia during cesarean
section conversion from vaginal delivery noted that the
occurrence of breakthrough pain was a significant cause of
failure of spinal anesthesia in cesarean section [§].
Furthermore, research has found a correlation between
inappropriate labor analgesia and the development of
postpartum depression, which imposes significant burdens
on society and families [9]. In recent years, obesity
continues to affect the general population's quality of life,
and obesity during pregnancy not only affects the mother,
with a significantly higher incidence of hypertension,
congestive heart failure, and pulmonary embolism
compared to normal-weight women, but also impacts the
neonate, with increased risks of macrosomia and neonatal
hypoglycemia. Clinically, it has been observed that obese
women are more likely to experience breakthrough pain,
possibly due to the increased weight during pregnancy,
which is often accompanied by chronic back pain, leading
to pain sensitization. As a result, these women report lower
satisfaction with labor analgesia [7]. Therefore, it is crucial
to effectively manage breakthrough pain during labor
analgesia, especially for this specific group of obese
women.

Currently, there are many studies on the management
of breakthrough pain, but some controversies remain. For
example, Lee et al. [11] compared the use of 100 pg
clonidine and 100 pg fentanyl in managing breakthrough
pain during labor analgesia, and found that both drugs had
similar analgesic success rates and pain score reductions
within 15 minutes. In another study, Ji ez al. [12] compared
the use of 1.5% chloroprocaine and 0.15% ropivacaine for
epidural administration in managing breakthrough pain,
and concluded that both drugs were equally effective in
relieving breakthrough pain, with no differences in labor
outcomes or maternal-neonatal outcomes. However, a
study by Li et al. [13] found that chloroprocaine was more
effective in managing breakthrough pain and had better
maternal and neonatal outcomes. Despite the discrepancies,
it is generally agreed that high-concentration local
anesthetics are more effective than low-concentration ones
in managing breakthrough pain during labor analgesia.

Lidocaine is a commonly used local anesthetic, can
rapidly provide analgesia during labor without adverse
effects on maternal or neonatal outcomes [14]. In some
studies, on the management of breakthrough pain during
labor analgesia [11,15], lidocaine is often used as a rescue
medication. However, clinical data specifically addressing
lidocaine for managing breakthrough pain are limited.
Therefore, this study selected 1.0% lidocaine to observe its

effectiveness in managing breakthrough pain and its
impact on maternal and neonatal outcomes.

In this study, no significant differences were observed
in the VAS scores between the two groups at the time of
breakthrough pain onset and 20 minutes after breakthrough
pain management. However, at 5-, 10-, and 15-minutes
post-analgesia, the VAS scores in the experimental group
were significantly lower than those in the control group.
Furthermore, the time taken for the VAS score to drop
below 3 was significantly shorter in the experimental
group. This could be due to the rapid and complete
absorption of lidocaine into the epidural space, leading to
faster onset of analgesia [14], as well as the potential for
lidocaine to effectively reduce pain sensitization [16].

According to the results of this study, there were no
significant differences between the two groups in vital
signs, fetal heart rate variability, labor duration, oxytocin
use, or delivery method. There were also no significant
adverse reactions such as motor nerve block or chills. This
suggests that the use of 1.0% lidocaine or 0.15%
ropivacaine for epidural administration to manage
breakthrough pain did not have a significant negative
impact on the mothers. Neonates in both groups had
normal Apgar scores at 1 and 5 minutes, and umbilical
artery blood gas analysis did not show signs of neonatal
hypoxia. Thus, the approach used in this study to manage
breakthrough pain had no significant adverse effects on the
neonates, consistent with previous clinical studies [5,11-
12].

However, this study has some limitations. Further
research is needed to confirm the optimal concentration
and volume of 1.0% lidocaine for managing breakthrough
pain during labor analgesia. Additionally, this study
included only obese primiparous women, and whether the
analgesia protocol would be effective for multiparous or
women with multiple pregnancies remains to be verified.

In conclusion, epidural injection of 1.0% lidocaine or
0.15% ropivacaine can effectively suppress breakthrough
pain during epidural labor analgesia in obese parturients,
with good maternal and infant outcomes. However, 1.0%
lidocaine has a faster onset of action and a more rapid
decrease in VAS scores.
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Abstract: Objective To evaluate the clinical efficacy of lidocaine in alleviating breakthrough pain during labor in
obese primiparas and its effect on maternal and infant outcomes. Methods A total of 120 obese primiparas ( body mass
index being 35 to 45 kg/m’) underwent epidural analgesia during delivery at Nanjing Women and Children’s Healthcare
Hospital from October 2022 to December 2023 were selected and all primiparas experienced breakthrough pain during the
first stage of labor. All patients were randomly divided into two groups, with 60 cases in each group. The experimental
group received 6 mL of 1.0% lidocaine administered by epidural injection when breakthrough pain occurred ( VAS
score=4) , while the control group received 6 mL of 0.15% ropivacaine by epidural injection. The following parameters
were recorded ; time for VAS scores decreasing to 3 or below, cervical dilation at the onset of the first breakthrough pain,
number of additional drug administrations during labor, VAS scores at various time points, delivery-related outcomes

(duration of labor, use rate of oxytocin, blood loss within 2 hours after delivery, mode of delivery) , and adverse events
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during analgesia. Results Compared with the control group, the experimental group had a shorter time for the VAS
score decreasing to 3 or below [ 7(6,7) min vs 16 (16,17) min, Z=152.624, P<0.01]. There was no statistically
significant difference in the cervical dilation at the onset of the first breakthrough pain and number of additional drug
administrations during labor ( P>0.05). At 5 min (T,), 10 min (T,), and 15 min (T;) after administration, the VAS
scores of the experimental group were lower than those of the control group (P <0.05). There was no statistically
significant difference in the duration of labor, usage rate of oxytocin, blood loss within 2 hours after delivery, mode of
delivery, and adverse events during analgesia between the two groups (P>0.05). Conclusion Both 6 mL of 1.0%
lidocaine and 6 mL of 0.15% ropivacaine administered by epidural injection can effectively suppress breakthrough pain in
obese parturient during epidural labor analgesia, and improve maternal and neonatal outcomes. And lidocaine
demonstrates a shorter onset time, and a faster decrease in VAS score.

Keywords: Labor analgesia, epidural; Breakthrough pain; Lidocaine; Ropivacaine; Obese primiparas; Maternal and
infant outcomes
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Tab. 1 Comparison of general information between

two groups of primiparas (n=60)
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Tab. 2 Comparison of breakthrough pain scores between

[n=60, M (st, P75)]
VAS 4303 3 43

two groups of primiparas

YRR I

SERIIIE2)

43 FOF M (em) BRI (min) O
T2 5.00(5.00,6.00) 7(6,7) 2(1,2)
X BE2H 6.00(5.00,6.25) 16(16,17) 2(1,2)
VAL 1.050 52.624 1.380
P 0.294 <0.001 0.168
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VAS 5 [n=60,M(P,s, Pss) ]
Tab. 3 Comparison of VAS pain scores between two groups

[n=60, M (Pys, 1)75)]

of primiparas at different time points
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T R 2 R A IR A6 AT M T 22087, SR
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RS PR TT A R AR A L

Tab. 5 Comparison of delivery mode and adverse reaction between two groups of newborns
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Tab. 4 Comparison of delivery-related outcomes between

two groups of primiparas (n=60, x+s)
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Tab. 6 Comparison of newborn-related outcomes between two groups of primiparas (n=60)
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