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Background: Interval time, defined as the period of time that effective analgesia can be achieved without the need for patient-
controlled epidural analgesia (PCEA), has been investigated as an important parameter for the design of programmed intermittent
epidural bolus (PIEB) approaches to labor analgesia. PCEA approaches offer flexibility in the management of labor-related pain while
minimizing the risk of patient overdose. Here, the optimal interval between PIEB boluses of 0.1% ropivacaine and 0.5 pg/mL
sufentanil was evaluated while using revised criteria to define effective analgesia that allowed for the administration of a rescue PCEA
bolus during these intervals.

Methods: Participants were assigned at random to five different groups with PIEB intervals that ranged from 35 to 55 minutes. Labor
epidural analgesia was initiated by administering 15mL of 0.1% ropivacaine with 0.5 pg/mL sufentanil over a 2-minute period.
Analgesia was considered effective if there was no additional requirement for manual analgesia or an additional PCEA bolus beyond
a maximum of one PCEA bolus between intervals during the first stage of labor. Probit regression analyses were used to estimate the
effective PIEB intervals that achieved 50% (EI50) and 90% (EI90) success rates in patients.

Results: The final analysis included 142 patients who underwent PIEB for maintaining analgesia during labor. Intervals of 55, 50, 45,
40, and 35 minutes were associated with analgesia efficacy odds of 82.8% (24/29), 86.2% (25/29), 96.3% (26/27), 100% (29/29), and
100% (28/28), respectively. The respective EIS0 and EI90 intervals associated with patients not suffering from breakthrough pain were
62.9 (95% CI 57.2-91.8) and 50.4 (95% CI 45.3-54.9) minutes.

Conclusion: Under the condition of this study, the optimal PIEB interval for the administration of 10 mL boluses of 0.1% ropivacaine
and 0.5 pg/mL sufentanil is approximately 50 minutes.

Keywords: ropivacaine, sufentanil, labor analgesia, epidural

Introduction

As an advanced neuraxial analgesia approach to analgesia during labor, the programmed intermittent epidural bolus
(PIEB) technique can achieve prolonged periods of analgesia while reducing the need for epidural medication delivery,
reducing the potential for breakthrough pain and motor block, and increasing overall patient satisfaction relative to

traditional continuous epidural infusion (CEI)."® The quality of analgesia achieved via the PIEB technique is closely tied
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to parameters including bolus volume, injection speed, and bolus interval timing. In several recent studies, researchers
have explored the optimal interval timing for the implementation of the PIEB technique’ ' In all of these studies, the
authors defined analgesia as being effective if there was no need for patient-controlled epidural analgesia (PCEA) during
the first 6 hours of the initial stage of labor. Using these criteria, the optimal interval time across these studies was
consistently found to be approximately 40 minutes. However, PCEA strategies can enable flexible epidural medication
delivery and may thus be able to extend this PIEB interval times while improving maternal satisfaction and decreasing
the potential for adverse outcomes attributable to shorter PIEB intervals when used for labor analgesia.''

Here, the optimal PIEB interval between 10 mL boluses of 0.1% ropivacaine and 0.5 pg/mL sufentanil was
investigated. In contrast with past reports, effective analgesia in this study was defined as allowing for the administration
of a single PCEA bolus administration within the defined PIEB interval during the first stage of labor. The study was
based on the hypothesis that the use of this alternative definition of effective analgesia would allow for the extension of
optimal interval timing relative to prior studies.

Methods

Ethical Oversight

This study was approved by the Ethical Committee of the Jiashan First People’s Hospital (IRB 2023-007,
30 August 2023) and was registered on the Chinese Clinical Trial Register (ChiCTR2400080270) on 25 January 2024
before patient enrollment. All participants provided written informed consent. Patient enrollment was initiated on
1 February 2024. This study was performed according to the principles of the Declaration of Helsinki.

Subjects and Setting

In total, an effort was made to recruit 150 nulliparous parturients undergoing spontaneous labor with regular uterine
contractions at intervals of at least 5 minutes requesting neuraxial analgesia who were 1845 years of age, had singleton
pregnancies, had a gestational age of 36-42 weeks, and had an American Society of Anesthesiologists (ASA) Physical
Status of grade II. Parturients were excluded if they declined to participate, had any contraindications to epidural
analgesia, exhibited hypertension or preeclampsia, were affected by comorbidities including diabetes or gestational
diabetes, had a BMI exceeding 40, were unable to tolerate sufentanil or ropivacaine, experienced failed epidural
puncture, or underwent intrapartum cesarean delivery.

Study Protocol

A randomized spreadsheet generated in Microsoft Excel (Microsoft, WA, USA) was used to allocate parturients
requesting neuraxial analgesia into five different groups in which PIEB administration was performed at intervals of
35, 40, 45, 50, or 55 min, respectively. Random numbers were concealed in opaque numbers envelopes that were opened
for each participant who was enrolled in the study. An anesthesia assistant aware of patient group assignments was
responsible for setting up the infusion machine (Apon MC ZZB-1V, Jiangsu Apon Medical Technology Co., Ltd.,
Nantong, China) and preparing the epidural solution (0.1% ropivacaine, 0.5 pg/mL sufentanil). All investigators
responsible for managing patient pain and collecting data were blinded to interval timing.

When arriving in the labor room, non-invasive blood pressure, pulse oximetry, electrocardiography, fetal heart rate,
and tocodynamometer measurements were performed. Three baseline heart rate and systolic blood pressure (SBP)
readings were averaged during uterine contractions. A peripheral venous channel was established in an upper limb,
and lactated Ringer’s solution (250 mL, pre-warmed) was infused prior to initiating neuraxial analgesia. Patients were
provided with instructions regarding visual analog scale (VAS) use (0: no pain, 100: worst pain imaginable) and the use
of the PCEA button.

Three fixed anesthesiologists were responsible for ascertaining the epidural space while patients were in the left
lateral position. This used a 17-gauge epidural Tuohy needle, assessing the L3-4 intervertebral space based on the
reduction in resistance to saline (< 2 mL), before the cephalad insertion of a 19-gauge flexible wire-reinforced multi-
orifice epidural catheter 4-5 cm within the epidural space, using transparent tape to fix the catheter in place. Following
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the confirmation of the absence of blood or cerebrospinal fluid with gentle aspiration, 3 mL of lidocaine (1.5%)
containing epinephrine (15 pg) was administered through the catheter as a test dose.

Labor Epidural Analgesia Initiation

Five minutes after a negative observation for the test dose, an epidural loading dose of 15 mL of 0.1% ropivacaine with
0.5 pg/mL sufentanil was given over a 2-minute period. Patients were asked to report their VAS scores at 30 minutes
following the delivery of the loading dose, with a VAS score > 30 prompting the administration of a rescue bolus (10 mL
of 1% lidocaine). If pain continued to persist 15 minutes after the rescue bolus, the epidural catheterization was deemed
unsuccessful and the case was not included in subsequent analyses. The epidural catheter was then replaced by the
observer, with subsequent reformulation of the analgesia strategy at the discretion of the observer.

Labor Epidural Analgesia Maintenance

At 1 hour following the administration of the initial loading dose, a fixed bolus of 10 mL of 0.1% ropivacaine and 0.5 pg/
mL sufentanil was given to maintain analgesia. Per the established study protocol, patients were assigned to receive
subsequent PIEB boluses at five different intervals: 35, 40, 45, 50, and 55 minutes. If patients felt pain within these PIEB
intervals, they were permitted to press the PCEA button for the delivery of a further rescue dose. At 20 minutes following
a PCEA dose, a VAS score < 30 was considered indicative of effective labor analgesia, whereas VAS scores above this
value prompted the administration of a manual rescue bolus of 10 mL of 0.25% ropivacaine with 100 pg fentanyl, and the
analgesia was considered ineffective. If this rescue dose failed, this was deemed a catheter problem and the case was not
included in subsequent analyses. The PCEA button was adjusted to administer a 5 mL bolus with a 20-minute lockout
interval and a maximum dose of 35 mL/h.

Outcome Assessment

The primary outcome was the number of patients achieving effective labor analgesia, defined as the absence of any need
for additional manual analgesia other than a PCEA bolus in the first labor stage within the defined PIEB intervals.
A research assistant who was blinded to group assignments was responsible for checking the infusion machine on an
hourly basis. Patients who required additional PCEA or a manual bolus were regarded as having ineffective epidural
analgesia. In these cases, the study was concluded and all subsequent medical decision-making was at the discretion of
attending medical professionals. Secondary study outcomes included the characteristics of epidural block, both motor and
sensory, maternal side effects, neonatal outcomes, and patient satisfaction. A cotton ball soaked with alcohol was used to
assess the sensory block level, while Bromage scores were used for motor block assessments'* (0 = no motor block; 1 =
ability to flex knees; 2 = ability to flex ankles; 3 = complete motor block). Block characteristics were assessed at 30 and
60 min following administration of the loading dose and at 1 h intervals thereafter until completion of the assessment. All
patient side effects were recorded, including hypotension (SBP < 90 mmHg or < 80% of baseline; treated with
phenylephrine 50 pg), maternal bradycardia (heart rate < 60 beats/min; treated with atropine 0.5 mg), fetal bradycardia
(fetal heart rate < 110 bpm), and depression of respiration (oxygen saturation < 90%). Analyzed neonatal outcomes
included weight, Apgar scores (1 and 5 min), and umbilical arterial blood gas levels. A verbal numerical rating scale was
used for the postpartum assessment of patient satisfaction from 1 (completely unsatisfied) to 5 (completely satisfied).

Power Calculations and Statistical Analyses
The Cochran-Armitage Test was used to conduct sample size calculations in PASS (v 11.0.7; NCSS, LLC, UT, USA). In
preliminary analyses of groups of patients with 35, 40, 45, 50, and 55 min PIEB intervals in whom analgesia was
effective were 95%, 95%, 90%, 80%, and 60%, respectively. For a power of 90% in detecting a linear trend in the
numbers of patients achieving effective analgesia using a continuity-corrected Z-test with a 0.05 significance threshold,
21 patients were determined to be necessary in each group (105 total patients). Given the potential for patient dropout,
a total target sample size of 30 was established for each of these groups.

Data distributions were assessed using Kolmogorov—Smirnov tests. Descriptive statistics were used to present
demographic data (age, weight, height, gestational age). When normally distributed, data are reported as mean (SD)
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and analyzed with one-way ANOVAs with post-hoc Bonferroni testing for pairwise comparisons, whereas skewed data
were reported as median [range] and compared with the Kruskal-Wallis test with post-hoc Dunn’s testing for pairwise
comparisons. For categorical data (ie side effect incidence), the Cochran—Armitage y2 test for trend was applied. When
significant differences were evident in overall tests, x2 tests were applied for pairwise comparisons. Probit regression was
applied for calculation of the median effective time intervals for 50% and 90% effective analgesia (EI5S0 and EI90,
respectively). A two-sided P < 0.05 was considered significant. SPSS 22.0 and GraphPad Prism 5.0 were used for
statistical analyses.

Results

In total, 179 parturients were initially recruited and assessed for eligibility, of whom 15 declined to participate and 14
failed to meet the criteria for inclusion due to their classification as ASA Physical Status grade III, twin pregnancy, or
being outside the inclusive age range. The remaining 150 parturients who provided written informed consent were
separated into five groups, with 8 of these subjects ultimately being excluded from analysis as they were transferred for
cesarean delivery. Data from 142 patients were ultimately analyzed. A CONSORT (Consolidated Standards of Reporting
Trials) flowchart is presented in Figure 1. The details of the participant demographic information are provided in Table 1.

Of the patients in the 35, 40, 45, 50, and 55 min interval groups, 3 (10.7%), 4 (13.8%), 7 (25.9%), 12 (41.4%), and 15
(51.7%) respectively required at least one PCEA bolus during labor, with a significant linear trend among these groups
(P <0.001). Of patients in the 35, 40, 45, 50, and 55 min interval groups, 0, 0, 1, 4, and 5 patients respectively received
a manual bolus within the established interval while in the first labor stage.

The respective odds of effective analgesia in the 55, 50, 45, 40, and 35 min groups were 82.8% (24/29), 86.2% (25/
29), 96.3% (26/27), 100% (29/29), and 100% (28/28). The interval response curve for 0.1% ropivacaine and 0.5 pg/mL
sufentanil administration using PIEB is shown in Figure 2. The respective EIS0 and EI90 intervals associated with 50%
and 90% of patients not experiencing breakthrough pain based on established criteria were 62.9 (95% CI 57.2-91.8) and

Assessed for eligibility (n =179)

Excluded (n=29)

- Not meeting inclusion criteria (n= 14)

- Declined to participate (n= 15)

Randomized (n= 150)

A 4 A 4 A 4 A A 4

Allocate to the 35 min (n= 30) Allocate to the 40 min (n= 30) Allocate to the 45 min (n= 30) Allocate to the 50 min (n= 30) Allocate to the 55 min (n=30)

A4 A 4 \ 4 A 4

Discontinued intervention

Cesarean delivery (n=2)

Discontinued intervention

Cesarean delivery (n=1)

Discontinued intervention

Cesarean delivery (n=3)

Discontinued intervention

Cesarean delivery (n= 1)

Discontinued intervention

Cesarean delivery (n=1)

\4

A 4

A\ 4

A4

A\ 4

Analyzed (n=28)

Analyzed (n=29)

Analyzed (n=27)

Analyzed (n=29)

Analyzed (n=29)

Figure | CONSORT flow diagram. CONSORT, Consolidated Standards of Reporting Trials.
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Table | Demographics and Labor Characteristics

35 min 40 min 45 min 50 min 55 min P value

(n =28) (n=29) (n=127) (n=29) (n=29)
Age, yr 27.9 (4.5) 27.7 (5.0) 29.0 (4.1) 25.0 (5.3) 27.7 (4.1) 0.06*
Body mass index, kg/m? 26.9 (4.0) 28.2 (2.8) 27.3 (3.8) 26.8 (3.2) 274 (4.1) 0.57°
Weight, kg 71.2 (10.5) 71.6 (9.3) 69.7 (9.9) 70.9 (9.1) 71.5 (12.0) 0.95%
Height, cm 162.3 (3.9) 159.7 (4.1) 161.2 (4.5) 162.6 (6.4) 161.0 (4.0) 0.13?
Gestational age, wk 39.2 (1.2) 39.1 (1.1) 394 (1.3) 39.2 (1.0) 39.3 (1.3) 0.95%
Duration of first labor stage, min 307 [170, 462] | 295 [235, 381] | 330 [283, 495] | 402 [290, 450] | 353 [278, 433] | 0.07°
Duration of second labor stage, min | 49 [17, 79] 48 [25, 68] 38 [25, 75] 39 [24, 56] 41 [22, 58] 0.06°

Note: Data shown as mean (SD) and median [interquartile range] as appropriate. *Normally distributed data was analyzed using via one-way analysis of variance.
®Non-normally distributed data were analyzed using the Kruskal-Wallis test with Dunn’s tests for post-hoc pairwise comparisons.

50.4 (95% CI 45.3-54.9) min. The probit model exhibited good fit using the Pearson goodness-of-fit y* test (y° = 1.272,
P =0.736).

At 30 min following the initial bolus, sensory block >T10 was achieved in all patients, with significant differences in
the sensory block level among groups (P < 0.001). The 35 and 40 min interval groups exhibited a higher dermatome
sensory block level relative to the 45, 50, and 55 min interval groups (Figure 3). Of these, three participants in the 35-min
group and one in the 40-min group exhibited Bromage scores of 1, with no significant differences among groups. One
patient each in the 35 and 45 min groups experienced hypotension and was intravenously administered 50 pg of
phenylephrine. The incidence of other side effects was comparable across groups (Table 2). However, patient satisfaction
did differ significantly among groups (P = 0.004), with post-hoc testing revealing higher satisfaction in the 35 min group
relative to the 55 min group (adjusted P = 0.0025 (Table 2).

The groups did not differ significantly in terms of neonatal weight, 1 min or 5 min Apgar scores, pH levels, or lactic
acid levels in umbilical artery blood (Table 3).

Discussion

Here, five different PIEB intervals were compared to determine the optimal timing to maintain epidural analgesia during
labor, yielding respective EISO and EI90 intervals of 62.9 (95% CI 57.2-91.8) and 50.4 (95% CI 45.3-54.9) min.
A positive correlation was also detected between shorter PIEB intervals and higher epidural block level. The groups did
not differ significantly in terms of either maternal side effects or neonatal outcomes.

1.0
EI90 = 50.4

0.8 (95% Cl 45.3-54.9) min
2
S 0.6-
3
© 0.4 EI50 = 62.9
a (95% CI 57.2-91.8) min

0.2-

0.0-

I T T T T T T 1
30 40 S50 60 70 80 90 100

Time (minutes)

Figure 2 Interval time-response curves determined by probit regression. The respective EI50 and EI90 intervals for the absence of breakthrough pain were 62.9 (95% ClI
57.2-91.8) and 50.4 (95% CI 45.3-54.9) min.

Abbreviations: Cl, confidence interval; EI50, effective interval of PIEB in 50% of patients; EI90, effective interval of PIEB in 90% of patients; PIEB, programmed intermittent
epidural bolus.
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8- .
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Figure 3 Maximum levels of sensory block in the different groups. Boxplots represent the median with the 25% and 75% percentiles. The groups were found to differ
significantly, as shown by Kruskal Wallis tests (P < 0.0001), with markedly higher sensory blocks in the 35- and 40-min groups relative to the 45-, 50-, and 55-min groups
(adjusted P < 0.0001).

Abbreviations: PIEB, programmed intermittent epidural bolus.

In past reports focused on establishing the optimal PIEB interval when maintaining epidural analgesia during labor,
the authors universally defined effective analgesia as the absence of any need for additional patient-controlled or manual
bolus administration within the first labor stage or within the first 6 hours thereof. Kanczuk et al utilized a biased-coin up-
down design and ultimately calculated an optimal interval of 40 min for PIEB administration (10 mL of 0.0625%
bupivacaine 0.0625% and 2 pg/mL fentanyl).® Song et al utilized this same approach with fixed 8 mL boluses of 0.1%
ropivacaine and 0.3 pg/mL sufentanil initiated via dural puncture epidural (DPE), leading to the determination of
a ~41 minute optimal PIEB interval for labor analgesia.” Yao et al found that, when using DPE for initiation, the
optimal interval for PIEB administration (10 mL of 0.1% ropivacaine and 0.5 pg/mL sufentanil) was approximately 37
minutes.’

Table 2 Characteristics of Analgesia, and Maternal Side Effects

35 min 40 min 45 min 50 min 55 min P value

(n =28) (n=29) (n =27) (n=29) (n=29)
Pain score at request for 80 (80, 80) | 80 (80,80) | 80 (80,80) | 80 (80, 80) | 80 (70, 80) 0.93*
epidural analgesia, VAS
Cervical dilation at request for epidural analgesia, cm 2.1 (1.4) 2.0 (1.1) 1.7 (0.8) 1.8 (0.9) 1.8 (0.9) 0.68*
Patient satisfaction 5[5, 51° 5[5, 5] 5[5, 5] 5[5, 5] 5[4, 5] 0.009°
Total consumption of ropivacaine, mg 90 [70, 135] | 93 [73, 121] | 88 [79, 121] | 86 [69, 110] | 90 [75, 116] 0.34°
Total consumption of sufentanil, pg 44 [34, 66] | 46 [35,69] | 43[40, 611 | 4l [35,55] | 44 [36, 57] 0.33°
Bradycardia 0 0 0 0 0 -
Hypotension 2 (7) 2 (7) 1 (4) 0 (0) 0 (0) 0.38¢
Nausea and/or vomiting 3(1) 4 (14) 2(7) 3 (10) 3 (10) 0.99¢
Shivering 4 (14) 3 (10) 2 (74) 2 (7) 3 (10) 0.95¢
Pruritus 5(18) 6 (21) 4 (15) 4 (14) 5(17) 0.98¢
Intrapartum fever 5(18) 5(17) 6 (22) 6 (21) 5(17) 0.99¢

Note: Data shown as number (%), median [interquartile range], or mean (SD) as appropriate. * Normally distributed data was analyzed using via one-way analysis of
variance. ® Non-normally distributed data were analyzed using the Kruskal-Wallis test with Dunn’s tests for post-hoc pairwise comparisons. © Significant difference for
group 35 compared with group 55 found by Dunn’s tests for post-hoc testing, adjusted P = 0.003. ¢ Categorical data was analyzed using the Cochran—Armitage 2 test for
trend.
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Table 3 Neonatal Outcomes and Delivery Model

35 min 40 min 45 min 50 min 55 min P value

(n = 28) (n=29) (n =27) (n=29) (n=29)
Neonatal weight, g 3275 (426) 3319 (377) 3201 (402) 3325 (366) 3330 (413) 0.69%
I-min Apgar score 10 [10, 10] 10 [10, 10] 10 [10, 10] 10 [10, 10] 10 [10, 10] 0.96°
5-min Apgar score 10 [10, 10] 10 [10, 10] 10 [10, 10] 10 [10, 10] 10 [10, 10] -
Umbilical arterial pH 7.26 (0.03) 7.26 (0.03) 7.26 (0.03) 7.26 (0.03) 7.25 (0.03) 0.88*
Lactic acid (mmol/L) 4.18 (0.51) 4.18 (0.45) 4.20 (0.45) 4.02 (0.43) 4.31 (0.45) 0.22%
P.O» 20.6 (2.8) 20.9 (2.6) 20.8 (2.3) 21.2 (27) 20.8 (2.6) 0.95%
P,CO, 51.3 3.1) 51.2 (3.5) 50.8 (3.3) 50.9 (3.3) 51.5 (3.7) 0.92*
HCO;5™ 22.8 (2.5) 229 (24) 22.8 (2.5) 22.7 (24) 22.8 (2.9) 1.00*
BE -0.8[-29,0.7] | —I.1 [-2.5,0.53] | —0.7 [-2.7, 0.7] | —0.8 [-2.7,0.7] | —0.8 [-2.4, 0.7] 1.00°
Instrumental vaginal 4 (14) 2 (7) 1 (4) I 3) I 3) 0.39¢
Spontaneous vaginal 24 (86) 27 (93) 26 (96) 28 (97) 28 (97) 0.39¢

Note: Data shown as number (%), median [interquartile range], or mean (SD) as appropriate. * Normally distributed data was analyzed using via one-
way analysis of variance. i Non-normally distributed data were analyzed using the Kruskal-Wallis test with Dunn’s tests for post-hoc pairwise
comparisons. ¢ Categorical data was analyzed using the Cochran—Armitage y2 test for trend.

710 the definition of effective analgesia in this study was based on the absence of any

Unlike past reports,
requirement for additional manual analgesia with the exception of a PCEA bolus in the first labor stage within the
defined PIEB intervals. Based on this definition, the infusion interval estimated to prevent breakthrough pain in
90% of cases was ~50 minutes, which is nearly 10 minutes longer than the optimal intervals reported previously.
A key strength of this protocol for labor pain management is that it allows for PCEA treatment, enabling flexible
self-adjustment of analgesia. This strategy can help minimize excessive drug administration resulting from
a higher frequency of PIEB dosing, as a shorter dosing interval may unnecessarily result in overdose in some
cases.

Based on the results of this study, shorter PIEB intervals in the 35-40 minute range are more likely to elicit
higher levels of sensory block using the selected testing procedure relative to longer intervals (45-55 minutes).
Hypotension was only observed in two patients in the 35 and 40 minute groups, and these patients were treated using
phenylephrine (50 pg) without any hypotension-related side effects. Motor blocks were experienced by four patients
in the 35 and 40 minute groups, with Bromage scores of 1. Providers monitoring analgesia should be aware that
maternal motor block is linked to higher rates of instrumental vaginal delivery and a decrease in overall maternal
satisfaction. Striking an appropriate balance between analgesia and the potential for adverse analgesia-related labor
outcomes is thus essential. To that end, a random allocation-based dose-finding approach was herein used to clarify
the correlative relationship between dosing interval, effective analgesia, and adverse event incidence. The present
results suggest that a dosing interval of 50 minutes is the optimal timing for PIEB administration for labor epidural
analgesia.

Specific clinical conditions have the potential to shape the PIEB intervals calculated through these optimization
strategies, including differences in infusion rates, PIEB volume, and local anesthetic concentrations. Future research will
thus be necessary to fully explore the effects of these different parameters in order to provide patients with the best
analgesia possible. However, the use of 10 mL boluses of 0.1% ropivacaine mixed with 0.5 pg/mL sufentanil is common
in our clinical practice.

Based on the protocol employed in this study, efforts were made to keep parturients and anesthesiologists blinded to
the selected intervals. Analgesic device operation, however, may have led to the inadvertent unblinding of group
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assignments. To maximize the degree of double-blinding, the differences in intervals between neighboring groups were
just 5 minutes. Individual patients are also a relatively objective indicator for pain perception such that these results are
unlikely to be impacted by awareness of group assignments.

Lastly, this study only focused on women in the first stage of labor after loading dose administration. These findings
may not be applicable to the second stage of labor, which may coincide with an increased minimal local analgesic
concentration. Additional, caution should be exercised when interpreting the data analysis for the secondary outcomes
due to potential limitations in sample size, which may have introduced reporting bias and impeded the detection of
statistically significant differences, such as side effects, in this study.

In summary, the optimal PIEB dosing interval for the administration of 10 mL of 0.1% ropivacaine and 0.5 pg/mL
sufentanil is roughly 50 minutes under the established experimental conditions. This labor analgesic regimen may help
mitigate pain while also minimizing the potential for patient overdose. Future studies employing various drug combina-
tions and PIEB parameters are warranted to build on these results.

Abbreviations

PIEB, programmed intermittent epidural bolus; CEI, continuous epidural infusion; PCEA, patient-controlled epidural
analgesia; ASA, American Society of Anesthesiologists; BMI, body mass index; SBP, systolic blood pressure; EI50,
median effective time intervals; EI90, 90% effective time intervals.
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