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Background: This study aims to determine the 90% effective doses (ED90) of the initial ropivacaine volume at varying concentrations 
(0.075%, 0.1%, 0.125%) administered under dural puncture epidural (DPE) for epidural labor analgesia.
Methods: Ninety ASA II-class patients with cervical dilation < 5 cm and VAS scores >5 were allocated into three groups (0.075%, 
0.1%, and 0.125% ropivacaine concentrations) for epidural labor analgesia. The first patient in each group received an initial bolus of 
ropivacaine combined with sufentanil 0.3 µg/mL in a 10 mL volume. Subsequent doses were determined by an up-and-down 
sequential allocation method based on adequate analgesia (VAS score <3) within 30 minutes post-administration, using 2 mL 
incremental/decremental adjustments. The primary outcome was the ED90s of the initial ropivacaine bolus required for effective 
analgesia under DPE. Maternal analgesia characteristics and neonatal outcomes were recorded.
Results: The ED90 values for the 0.075%, 0.1%, and 0.125% ropivacaine groups were 13.30 mL (95% CI, 10.00–14.00), 10.80 mL (95% CI, 
8.00–12.00), and 8.90 mL (95% CI, 8.00–10.00), respectively. Maternal and neonatal outcomes were comparable across groups.
Conclusion: Compared to 0.075% concentration of ropivacaine, the 0.1% and 0.125% concentrations achieved 18.8% and 33.0% 
reductions in initial analgesic volume requirements. However, comparable analgesic effects and maternal satisfaction were observed 
across all groups.
Keywords: initial ropivacaine volume, ropivacaine, epidural labor analgesia, dural puncture epidural

Introduction
Epidural labor analgesia, a widely utilized pain relief method during childbirth, provides safe and effective pain control 
while minimizing motor function inhibition, blocks nociceptive sensations to reduce negative psychological effects such 
as tension and anxiety, and ultimately improves maternal and neonatal outcomes.1–5 Recent advancements in techniques 
such as dural puncture epidural (DPE) and programmed intermittent epidural bolus (PIEB) have significantly 
enhanced the quality of the childbirth experience.6,7 Previous studies have extensively demonstrated the advantages of 
DPE over conventional epidural labor analgesia (EPL),8 optimized PIEB time intervals combined with DPE protocols,9 

and determined optimal PIEB doses,10 collectively establishing a robust practical foundation for the clinical implementa
tion of combined DPE and PIEB techniques.

Current evidence supports the use of lower-concentrations of local anesthetics for epidural labor analgesia to improve 
maternal pain relief while reducing complications such as motor blockade, thereby optimizing the childbirth 
experience.11 Nevertheless, clinical practice continues to employ ropivacaine at varying concentrations (0.075%, 0.1%, 
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and 0.125%).12,13 The initial volume of ropivacaine at these concentrations may critically influence the onset time, 
analgesic efficacy of labor analgesia, and subsequent analgesic regimens, such as PIEB. To address this gap, this study 
aims to determine the 90% effective doses (ED₉₀) of the initial ropivacaine volume at varying concentrations (0.075%, 
0.1%, 0.125%) administered under DPE combined with PIEB for epidural labor analgesia.

Methods
Ethical Approval and Study Design
After approved by the Ethics Committee (No. KY-P-2024-009-01) and registered with Chinese Clinical Trials Registry 
(No. ChiCTR2400086367), this sequential allocation study was conducted at Huai’an Hospital Affiliated to Yangzhou 
University (The Fifth People’s Hospital of Huai’an) between July 2024 to May 2025. This study was conducted in 
accordance with the principles of the Declaration of Helsinki. Eligible participants included patients admitted for vaginal 
delivery (spontaneous or induced labor) meeting the following criteria: age ≥18 years, singleton term pregnancy, multi
disciplinary approval for epidural labor analgesia (obstetrician, anesthesiologist, and midwife consensus), cervical 
dilation <5 cm, VAS score >5, and ASA class II. Exclusion criteria including: contraindications to epidural labor 
analgesia (epidural contraindications, hypersensitivity to ropivacaine or sufentanil), severe gestational hypertension/ 
diabetes mellitus, macrosomia, fetal distress, or concurrent use of alternative analgesics.

Randomization and Group Assignments
All patients provided written informed consent prior to enrollment and underwent a standardized epidural labor analgesia 
protocol with uniform maternal-neonatal care. Using a computer-generated randomization sequence, patients were 
allocated in a 1:1:1 ratio to three groups receiving different concentrations of ropivacaine: 0.075%, 0.1%, and 0.125%. 
Following group assignment, patients in each group were allocated to different initial volumes based on the up-and-down 
sequential allocation method. Before initiating epidural labor analgesia, maternal monitoring included continuous 
electrocardiogram (ECG), non-invasive blood pressure (BP), and transcutaneous oxygen saturation (SpO₂), an 18- 
gauge intravenous access established in the upper limb for crystalloid infusion. Fetal heart rate monitoring was performed 
both pre- and post-analgesia initiation to ensure fetal safety.

Blinded Intervention
Epidural labor analgesia was administered by experienced obstetric anesthesiologists. Before initiating epidural labor 
analgesia, an independent evaluator (not involved in the administration or management of epidural labor analgesia) 
opened a sealed group allocation envelope containing group allocation and protocol details. Ropivacaine solutions of 
varying concentrations were prepared accordingly, diluted with normal saline. Both initial bolus and PIEB solutions were 
labeled generically as “ropivacaine” without concentration disclosure. The patients and the administering anesthesiolo
gists remained blinded to group assignments.

Technical Procedure and Up-and-Down Sequential Allocation Implementation
Epidural labor analgesia was performed at the L2-3 interspace. Following epidural space confirmation (absence of 
cerebrospinal fluid or blood return), dural puncture was conducted with a standard pencil-point 25-gauge needle (Nanjing 
Ningchuang Medical Equipment Co., Ltd, Nanjing, China) followed by epidural catheter insertion (4 cm depth). A test 
dose of 3 mL 1% lidocaine was administered, followed by a 5-minute observation period to exclude intrathecal spread. 
This study employed a up-and-down sequential allocation design: The first patient in each group received an initial bolus 
of ropivacaine (7.5 mg [0.075%], 10 mg [0.1%], or 12.5 mg [0.125%]) combined with sufentanil 0.3 µg/mL in a 10 mL 
volume. If adequate analgesia (VAS score < 3) was achieved within 30 minutes, the subsequent patient received a 2 mL 
dose reduction in initial ropivacaine dose (1.5 mg, 2 mg, or 2.5 mg for respective groups) with the same sufentanil 
concentration. If adequate analgesia was not achieved, the current patient received an additional rescue bolus (8 mL 
ropivacaine + sufentanil 0.3 µg/mL), while the subsequent participant was assigned to receive a 2 mL increased initial 
ropivacaine volume. Analgesia failure was defined as persistent VAS ≥ 3 after two consecutive rescue bolus doses, 
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resulting in study exclusion and subsequent management (additional boluses or catheter replacement) per the attending 
anesthesiologist’s judgment. The PIEB protocol: A 10 mL solution containing ropivacaine and sufentanil 0.3 μg/mL was 
administered via an electronic pump at 40-minute intervals. For patient-controlled epidural analgesia (PCEA), the 
demand dose was set at 8 mL with a 20-minute lockout period. The sensory block was evaluated using a sterile needle 
to confirm that the level was at least T10.

Study Outcomes
The primary outcome was the determination of the effective dose required to achieve adequate analgesia, defined as a VAS score 
<3 within 30 minutes post-administration, in 90% of patients (ED90) for the initial ropivacaine bolus administered under the DPE 
technique for epidural labor analgesia. Secondary outcomes including VAS scores (0–10; 0 = no pain, 10 = unbearable pain) at 
specified time points: every 10 minutes during the first 30 minutes, then hourly thereafter; time from analgesia initiation to VAS 
≤1; total duration of analgesia; proportion of patients achieving VAS ≤1 within 10 minutes, asymmetry (defined as a difference in 
sensory blockade level >2 dermatomes between left and right sides), and T6, S1, and S2 sensory blockade; sensory blockade 
level; number of rescue boluses and PCEA administrations; Bromage score (0: full flexion of knees and ankles; 1: partial knee 
flexion with full ankle flexion; 2: inability to flex knees with partial ankle flexion; 3: inability to flex knees or ankles) and 
incidence of motor blockade; duration of labor stages; rate of conversion to cesarean delivery; neonatal Apgar scores at 1 and 
5 minutes; and maternal satisfaction score (1–5; 5 = highest satisfaction).

Sample Size Calculatation
The sample size was determined based on previously reported literature indicating that 20–40 cases with 6 reversals would 
suffice for up-and-down sequential allocation design. Consequently, 30 patients per group were enrolled for final analysis.14

Statistical Analysis
All statistical analyses were performed with IBM SPSS Statistics version 23.0 (IBM SPSS, Inc, Chicago, IL), with P < 0.05 
denoting statistical significance. For continuous variables, normality was assessed using the Kolmogorov–Smirnov test. 
Normally distributed variables were compared using one-way ANOVA, followed by Bonferroni post hoc test for intergroup 
comparisons with statistically differences across groups. Non-normally distributed variables were compared using the 
Kruskal–Wallis test, followed by Dunn’s test for intergroup comparisons with statistically differences across groups. 
Categorical variables were assessed using χ²-tests; paired tests would be conducted across groups demonstrating statisti
cally differences. The ED90s of the initial ropivacaine volume at varying concentrations (0.075%, 0.1%, 0.125%) 
administered under DPE for epidural labor analgesia was determined using isotonic regression analysis.

Results
Eight patients were excluded, with a final analysis of 30 patients per group included (see Figure 1 for enrollment 
flowchart). There were no statistically significant differences among the three groups in terms of maternal demographic 
characteristics, baseline values including maternal blood pressure and heart rate, fetal heart rate, as well as obstetric 
values including cervical dilation, spontaneous labor, and stage of labor (Table 1).

The ED90 values of the initial volume for the 0.075%, 0.1%, and 0.125% ropivacaine groups were 13.30 mL (95% 
CI, 10.00–14.00), 10.80 mL (95% CI, 8.00–12.00), and 8.90 mL (95% CI, 8.00–10.00), respectively. When converted to 
total drug mass, these equated to 8.67 mg (95% CI, 8.10–9.00), 10.80 mg (95% CI, 10.00–15.00), and 11.13 mg (95% CI, 
10.00–12.50) of ropivacaine. The corresponding dose sequences are presented in Figure 2.

No statistically significant differences were observed among the three groups with respect to the maternal analgesic 
quality characteristics, including duration of analgesia, VAS scores, sensory block, rescue bolus administration, rescue 
PCEA administration, Bromage scores, patient satisfaction, and neonatal Apgar scores (Table 2).
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Discussion
This randomized sequential allocation study demonstrated that the ED90 values of the initial volume for 0.075%, 0.1%, 
and 0.125% ropivacaine groups were 13.3 mL (95% CI, 10.0–14.0), 10.8 mL (95% CI, 8.0–12.0), and 8.9 mL (95% CI, 
8.0–10.0), respectively. Dose conversion based on concentration yielded equivalent values of 8.67 mg (95% CI, 
8.10–9.00), 10.80 mg (95% CI, 10.00–15.00), and 11.13 mg (95% CI, 10.00–12.50).

Assessed for eligibility

Excluded (n=98)

Not meeting inclusion criteria (n=5)

- Multiple pregnancy (n=3)

- Preeclampsia (n=2)

Declined to participate (n=3)

Randomized (n=90)

Allocated to intervention Allocated to intervention 

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

Analyzed (n=30) Analyzed (n=30)

Allocated to intervention 

Lost to follow-up (n=0)

Analyzed (n=30)

Figure 1 Recruitment flow diagram.

Table 1 Maternal Baseline and Obstetric Characteristics

0.075% Group (n=30) 0.1% Group (n=30) 0.125% Group (n=30) P Value

Age, years 28.37 ± 5.77 28.07 ± 4.77 26.03 ± 5.46 0.191

Hight, kg 162.13 ± 5.31 162.87 ± 5.31 161.40 ± 5.43 0.571
Weight, cm 73.10 ± 9.55 74.38 ± 10.11 71.62 ± 10.93 0.578

Body mass index, kg/m2 27.82 ± 3.56 28.01 ± 3.32 27.46 ± 3.86 0.831

Gestational age, (weeks) 40 [39, 40] 39 [39, 40] 39 [38, 40] 0.288
Unipara, n (%) 18 (60.00) 17 (56.67) 19 (63.33) 0.870

Spontaneous labor, n (%) 12 (40.00) 15 (50.00) 14 (46.67) 0.731

Cervical dilation, cm 2 [2, 2] 2 [2, 2] 2 [2, 2] 0.761
Baseline values

Maternal systolic blood pressure, mmHg 127.87 ± 12.72 124.80 ± 10.60 122.50 ± 8.22 0.154

Maternal diastolic blood pressure, mmHg 80.27 ± 8.25 77.33 ± 7.46 76.43 ± 8.35 0.160
Maternal heart rate, bpm 82.80 ± 6.81 80.43 ± 7.20 83.37 ± 10.22 0.346

Fetal heart rate, bpm 144.50 ± 8.24 141.37 ± 7.72 142.10 ± 7.02 0.412

(Continued)
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Limited studies have evaluated the optimal initial ropivacaine volume for combined DPE and PIEB techniques in 
epidural labor analgesia. Ngan Kee et al15 compared initial ropivacaine doses of 7, 15, 20, 30, 45, and 60 mg (total 
volume 20 mL) for EPL, defining adequate analgesia as achieving maternal pain relief at 30 minutes post-administration. 
They reported ED50 and ED90 values of 15.3 mg (95% CI: 13.7–17.1) and 40.6 mg (95% CI: 32.4–51.1), respectively. 
Similarly, Lee et al 16 tested initial ropivacaine doses of 10, 20, 30, 40, and 50 mg (20 mL total volume) for EPL, 
targeting a ≥ 50% reduction in pain scores within 30 minutes post-administration, and found ED50 and ED95 values of 
18.4 mg (95% CI: 13.4–25.4) and 55.9 mg (95% CI: 35.3–88.5), respectively. In study using DPE technique, 
Maeda et al 17 compared DPE and EPL using 20 mL bupivacaine (without adjuvants), demonstrating that the 
ED90 for achieving a NRS score < 3 at 30 minutes was 29.30 mg (95% CI: 28.55–31.56) with DPE, significantly 
lower than the ED90 of 45.25 mg (90% CI: 42.80–52.03) for EPL. Given the reported potency ratio of 0.75 between 
ropivacaine and bupivacaine,15 the extrapolated ED90 for ropivacaine under DPE would approximate 22.0 mg, which 
remains notably higher than the ED90 values observed in our study.

The observed lower ED90 may be attributed to the concurrent use of opioids and implementation of the DPE 
technique. Vertommen JD et al18 compared 0.125% bupivacaine with versus without 1 μg/mL sufentanil for epidural 
labor analgesia, the opioid-containing regimen demonstrating a higher rate of adequate analgesia (1.1% [4 of 348 
patients] vs 8.4% [29 of 347 patients], P < 0.001), accompanied by faster onset time and longer analgesia duration. 
Similarly, Yau et al19 compared three regimens - plain 0.125% bupivacaine (Group P), 0.125% bupivacaine with 2.5 μg/ 
mL epinephrine (Group A), and 0.125% bupivacaine with 2.5 μg/mL epinephrine plus 0.5 μg/mL fentanyl (Group FA) 
using a 10 mL bolus - the combination with epinephrine and fentanyl significantly reduced analgesic failure rates 
(defined as > 50% baseline pain score post-administration or requiring supplemental analgesia within 30 minutes) (6.7% 
vs 26.7% vs 33.3%), induced lower 15-minute VAS scores (0 vs 2.2 vs 3.0), and achieved faster onset (15 vs 22 vs 
28 minutes) with prolonged duration (120 vs 90 vs 75 minutes). These findings suggest that opioid adjuvants enhance 
epidural labor analgesia quality through faster onset and prolonged duration of pain relief.

Additionally, the DPE technique enhances epidural labor analgesia by allowing minimal opioid migration from the 
epidural to the subarachnoid space. This procedure involves puncturing the dural with a 25G or 27G needle during 
epidural placement without administering intrathecal medication, thereby creating a pressure gradient that facilitates 
epidural local anesthetic diffusion into the subarachnoid space, resulting in faster onset and more complete sacral 
blockade compared to EPL.8,20 Zang et al 21 reported no significant differences in overall analgesic quality or adverse 
event rates between DPE and combined spinal-epidural (CSE) techniques. Outcomes included asymmetric blockade at 
30 minutes post-analgesia, rescue bolus interventions, epidural catheter adjustment or replacement, and anesthesia 
method conversion during cesarean delivery. However, Lacombe et al22 cautioned that unintentional dural puncture 
with larger-gauge needles may increase risks of chronic headaches, lower back pain, and auditory disturbances. Our 
preliminary data demonstrated that initial volumes of 12 mL ropivacaine (three concentrations of 0.075%, 0.1%, and 
0.125%) combined with sufentanil 0.3 μg/mL achieved VAS < 1 within 14.90 ± 8.01, 11.76 ± 6.17, and 11.77 ± 
5.64 minutes, respectively.23 These findings suggest that low-concentration ropivacaine (12 mL) with sufentanil fulfills 
the initial analgesic requirements within 30 minutes for the majority of patients under DPE technique.

The EJA expert consensus recommends using low-concentration bupivacaine or ropivacaine (< 0.1%) combined with opioids 
for epidural labor analgesia.13 Compared to higher concentrations (≥ 0.1%), lower (0.08–0.1%) and ultra-low (< 0.08%) 

Table 1 (Continued). 

0.075% Group (n=30) 0.1% Group (n=30) 0.125% Group (n=30) P Value

Stage of labor

First stage, min 360 [248, 480] 415 [292, 510] 285 [208, 450] 0.131
Second stage, min 40 [15, 60] 29 [15, 45] 30 [24, 45] 0.224

Prolonged second stage, n (%) 0 (0.00) 0 (0.00) 0 (0.00) > 0.999

Note: Values are mean ± SD, median [IQR] or number (%).
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Figure 2 The sequence of the initial ropivacaine dose at different concentrations.
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concentrations of local anesthetics provide comparable analgesic efficacy while achieving superior clinical outcomes: higher 
rates of spontaneous vaginal delivery, shorter duration of the second labor stage, and reduced total local anesthetic 
consumption.11 The lower ED90 (expressed as milligram equivalents) observed in the 0.075% ropivacaine group compared to 
the other two concentrations in this study may be explained by the aforementioned meta-analysis. The study conducted by 
Baliuliene et al24 compared the analgesia efficacy of different concentrations of bupivacaine (0.0625%, 0.1%, 0.125%) in 
epidural lobar analgesia, revealing that higher concentrations were associated with increased total local anesthetic consumption 
and increased risk of motor blockade. Notably, at 0.0625% concentration, despite inferior analgesic efficacy compared to higher 
concentrations, maternal satisfaction remained unaffected. Consequently, these findings collectively support the utilization of 
lower concentrations local anesthetics for epidural labor analgesia. With the decrease in local anesthetic concentration, there is 
a reduction in associated adverse events such as motor blockade, prolonged second stage of labor, and risk of local anesthetic 
toxicity; however, the analgesic efficacy remains similar, which may lead to greater patient satisfaction.25,26

Due to the up-and-down sequential allocation design, initial volumes varied significantly among patients. 
Consequently, rescue boluses were administered for VAS ≥ 3 at 30 minutes post-analgesia to ensure efficacy. 
However, the comparable number of rescue interventions across groups may still have influenced maternal satisfaction. 
We implemented a PIEB regimen based on Yao et al,9 who determined the ED90 for PIEB time intervals using 0.1% 
ropivacaine combined with sufentanil 0.3 µg/mL (10 mL). Their randomized trial comparing time intervals of 35, 40, 45, 
50, and 55 minutes reported an ED90 of 37.0 min (95% CI: 28.4–40.9). Given that 0.1% ropivacaine represented the 
intermediate concentration in our study, we adopted a conservative 40-minute PIEB interval. All three groups demon
strated comparable analgesic efficacy and neonatal outcomes. These findings underscore the clinical advantages of low- 
concentration local anesthetic regimens in epidural labor analgesia.

Table 2 Maternal Analgesia Quality Characteristics and Neonatal Outcomes

0.075% Group (n=30) 0.1% Group (n=30) 0.125% Group (n=30) P Value

Analgesic duration, min 240 [165, 315] 240 [180, 420] 240 [180, 315] 0.470
VAS scores

Baseline 8 [7, 10] 8 [8, 8] 9 [7, 9] 0.591

10 min after analgesia 5 [4, 6] 5 [3, 6] 5 [4, 7] 0.460
20 min after analgesia 4 [2, 5] 3 [2, 4] 4 [2, 5] 0.757

30 min after analgesia 2 [1, 4] 2 [1, 4] 2 [2, 4] 0.731

VAS < 3 within 30 min, n (%) 5 (16.67) 5 (16.67) 4 (13.33) 0.919
Time from analgesia initiation to VAS ≤1 25 [15, 40] 27 [15, 35] 32 [15, 38] 0.842

Sensory block
Highest 8 [8, 8] 8 [8, 8] 8 [8, 9] 0.075

T6, n (%) 0 (0.00) 2 (6.67) 2 (6.67) 0.351

Asymmetric block, n (%) 1 (3.33) 3 (10.00) 2 (6.67) 0.585
S1 and S2 block, n (%) 26 (86.67) 30 (100.00) 29 (96.67) 0.064

Rescue bolus, n (%) 14 (46.67) 14 (46.67) 15 (50.00) 0.956

Rescue PCEA, n (%) 0 (0.00) 0 (0.00) 0 (0.00) > 0.999
Bromage score 0.364

0 29 (96.67) 30 (100.00) 30 (100.00)

1 1 (3.33) 0 (0.00) 0 (0.00)
Cesarean delivery, n (%) 4 (13.33) 2 (6.67) 2 (6.67) 0.578

Apgar score

1 min 10 [10, 10] 10 [10, 10] 10 [10, 10] 0.370
5 min 10 [10, 10] 10 [10, 10] 10 [10, 10] > 0.999

Patient Satisfaction, n (%) 0.165

5 24 (80.00) 20 (66.67) 26 (86.67)
4 6 (20.00) 10 (33.33) 4 (13.33)

Note: Values are median [IQR] or n (%).
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This study has several limitations. Firstly, we did not investigate higher (eg, 0.15%) or lower (eg, 0.0625%) 
ropivacaine concentrations due to concerns about motor blockade risks at higher concentrations and potential inadequate 
analgesia at lower concentrations. However, as these concentrations have been reported in existing literature, our findings 
cannot provide evidence for their clinical application. Secondly, the inclusion of multiparous women and those with 
cervical dilation >5 cm may affect result generalizability, given that multiparous women typically have shorter labor 
durations and lower analgesic requirements, while initiating analgesia beyond 5 cm dilation may not align with current 
practice standards supporting analgesia initiation at any labor stage.

In conclusion, when using 0.075%, 0.1%, and 0.125% ropivacaine combined with 0.3 µg/mL sufentanil under DPE 
and PIEB techniques, the initial bolus requirements were 13.3 mL, 10.8 mL, and 8.9 mL respectively. Compared to 
0.075% concentration of ropivacaine, the 0.1% and 0.125% concentrations achieved 18.8% and 33.0% reductions in 
initial analgesic volume requirements. However, comparable analgesic effects and maternal satisfaction were observed 
across all groups.
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