Supplementary Figure 1. Biased-Coin Up-and-Down Design Schematic for Optimal PIEB Interval
Study

Cl = Confidence Interval; PCEA = Patient-Controlled Epidural Analgesia; PIEB = programmed
intermittent epidural bolus

[1. Study Preparation Phase]

¢ L3-L4 epidural puncture + catheterization, administer loading dose (15 mL of 0.075% ropivacaine + 0.4
ug/mL dexmedetomidine)
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[2. Participant Enroliment and Intervention]

e Enroll parturients with VAS < 30 mm for labor analgesia within 20 minutes after loading dose injection

* Maintenance solution regimen (0.075% ropivacaine + 0.4 pg/mL dexmedetomidine)

* PCEA settings: 5 mL per bolus, 10-min lockout, max 30 mL/h; PIEB: 8 mL per bolus, first dose
administered 1 hour after loading dose
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[3. Analgesic Efficacy Assessment ]

* Assess until study completion: 6 hours after PIEB initiation or end of first stage of labor
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[ 1/9 probability: Interval +5 min ] [ 8/9 probability: Maintain Interval ] [ Direct Adjustment: Interval -5 min
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[4. Interval Boundary Verification]

¢ If adjusted interval < 20 min with inadequate analgesia - Pause adjustment
¢ If adjusted interval 2 60 min with satisfactory analgesia - Pause adjustment
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[5. Enroliment of Next Participant]

* Enroll next eligible parturient - Set infusion pump with new PIEB interval
(allocation concealment + double-blinding) - Repeat Steps 2-4
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[6. Study Termination]

¢ Termination criteria: 40 participants complete the study
¢ Post-termination analysis: Calculate Effective Interval for 90% of the population
* Statistical method: Isotonic regression + 95% Cl with 2000 bootstrapped samples




