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Purpose: The present study aimed to investigate whether nalbuphine-assisted delayed epidural analgesia, as compared with early
epidural analgesia, exerts an effect on the duration of the first stage of labor in nulliparous women.

Patients and Methods: A total of 120 nulliparous women were enrolled in the final statistical analysis between July 2024 and
March 2025. Participants were randomly allocated to either the Early Epidural Analgesia group (normal saline control, NS group) or
the Delayed Epidural Analgesia group (nalbuphine-assisted, NB group). The primary outcome measure was the duration of the first
stage of labor.

Results: The Kaplan-Meier survival curve analysis demonstrated that the duration of the first stage of labor was significantly shorter
in the nalbuphine group than in the normal saline group (hazard ratio [HR] = 1.629, 95% confidence interval [CI]: 1.082-2.455, P <
0.05), indicating a statistically significant difference. No between-group statistical differences were observed in the incidence of
postpartum hemorrhage, oxytocin administration rate, labor induction methods, episiotomy rate, amniotic fluid contamination,
maternal fever, nausea, vomiting, or cesarean section rate.

Conclusion: For nulliparous women, nalbuphine-assisted delayed epidural analgesia can shorten the duration of the first stage of
labor compared with early epidural analgesia (administered at cervical dilation < 3 cm).
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Introduction
Labor pain impacts maternal labor progression and maternal-neonatal health. Neuraxial analgesia, recognized interna-
tionally as the gold standard for labor pain relief due to its efficacy and safety,' > still faces debate regarding the optimal
timing of epidural initiation (based on cervical dilation).* The prevailing view holds that initiating analgesia early in labor
(cervical dilation >2.0 cm) does not increase cesarean risk.” ® However, clinical experience indicates that some
parturients exhibit prolonged labor and inadequate active phase analgesia, leading to reduced delivery room turnover
and inefficient resource utilization. In a prospective non-randomized study of 89 nulliparas, Simanauskaite’ observed that
early epidural analgesia (initiated at cervical dilation < 3 cm) prolonged the first labor stage by 60-80 minutes and
increased oxytocin augmentation rates to 44%, in contrast to 23% in the late-initiation group (3—7 cm cervical dilation).

Nalbuphine is a synthetic opioid agonist-antagonist that exerts targeted activity at k-opioid receptors. Kim'® proposed
that nalbuphine administration—irrespective of concomitant oxytocin use—shortens both the duration of cervical dilation
and the active phase of the first stage of labor, with no adverse complications observed in parturients, fetuses, or
neonates. At present, intravenous nalbuphine has been validated as a safe labor analgesia regimen, with a demonstrated
trend toward reducing the time required for cervical dilation.'*""

Accordingly, we conducted a randomized controlled trial to investigate whether intravenous nalbuphine
administration, followed by conversion to patient-controlled epidural analgesia (PCEA) at cervical dilation >
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4 cm, exerted an effect on the duration of the first stage of labor in nulliparous women, as compared with early
epidural analgesia.

Materials and Methods

Study Participants

This randomized controlled trial was approved by the Ethics Committee of Zhejiang Xiaoshan Hospital (Approval No.
K2024008), which conforms to the provisions of the Declaration of Helsinki (as revised in Tokyo 2004), and registered
with the Chinese Clinical Trial Registry (www.chictr.org.cn, Registration No. ChiCTR2400086270). Written informed
consent was obtained from all participants.

One hundred and twenty nulliparous women receiving labor analgesia at Zhejiang Xiaoshan Hospital between
July 2024 and March 2025 were enrolled. Inclusion criteria: ASA physical status II; age 18—40 years; height
150-170 cm; weight <100 kg; cervical dilation <3 cm. Exclusion criteria: allergy to study drugs; spinal deformity;
multiple gestation; contraindications to neuraxial blockade (coagulopathy, infection at puncture site); pregnancy
complications (preeclampsia); patient refusal. Participants were excluded post-enrollment for: failed epidural
placement; accidental subarachnoid or intravascular catheter placement; drug allergy; conversion to cesarean
delivery.

Randomization and Blinding

A simple randomization method was adopted for participant allocation in this study. Specifically, computer-generated
random numbers were sealed in sequentially numbered opaque envelopes. Prior to the initiation of labor analgesia, the
attending anesthesiologist opened the envelopes in the exact order of patient recruitment to confirm the group assignment
for each eligible nulliparous woman. All enrolled participants were then allocated to either the experimental group or the
control group at a 1:1 ratio. After the administration of analgesia, the patient-controlled epidural analgesia (PCEA)
pumps used by the participants were concealed in opaque black bags to maintain the blinding procedure. Owing to
inherent limitations of the experimental design—given that the anesthesiologist was responsible for formulating and
adjusting the analgesic regimen—blinding of the anesthesiologist was not feasible. However, strict single-blindness was
maintained throughout the entire study duration: the participants, obstetricians in charge of labor management, and
midwives providing intrapartum care were all unaware of the group allocation status of the participants. This design
strictly adheres to the requirements of clinical trial methodology, minimizing the potential bias caused by unblinding to
the greatest extent possible.

Study Procedure
After consent, intravenous access was established, and 10 mL/kg lactated Ringer’s solution was infused. Non-invasive
blood pressure (NIBP), electrocardiography (ECG), and pulse oximetry (SpO,) were monitored continuously.

Epidural catheterization was performed by experienced attending anesthesiologists using a standardized technique
(L2-L3 interspace, 18G Tuohy needle, loss-of-resistance to saline). The catheter was threaded 3—4 cm cephalad. After
negative aspiration for blood/cerebrospinal fluid, a 3 mL test dose of 0.8% lidocaine was administered. Absence of signs
of subarachnoid block or local anesthetic toxicity after 5 minutes, coupled with confirmed loss of cold sensation using an
alcohol swab, verified correct epidural placement. The PCEA pump (PIEB mode) was connected using a solution of
0.075% ropivacaine with 2 pg/mL fentanyl. Settings: PIEB bolus 10 mL (rate 10 mL/min), patient-controlled bolus
10 mL, lockout interval 15 minutes, maximum hourly dose 30 mL, automated interval 60 minutes. The pump was placed
in the opaque bag.

According to randomization: NS group: Received 10 mL intravenous saline followed by immediate PCEA activation.
NB group: Received intravenous nalbuphine 5 mg (diluted to 10 mL). PCEA remained off. If the participant requested
additional analgesia (second request), a cervical exam was performed. If dilation remained <3 cm, a second nalbuphine
dose was administered (>1 hour after first dose). PCEA was activated once dilation reached >4 cm or 1 hour after
the second nalbuphine dose. Pain assessments were performed prior to analgesic administration, at 30, 60 minutes post-
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administration, and further at the point of full cervical dilation (10 cm). Sensory level (loss of cold sensation bilaterally)
and motor block were assessed at 30 minutes. Subsequently, motor block, FHR, contractions, and vital signs were
recorded every 2 hours until delivery. For both groups (once in the >4 cm phase for NB group): Asymmetric sensory
level (2 dermatomal difference) prompted catheter withdrawal by 1 cm. Inadequate block height (bilateral sensory level <
T10) was treated with a 5 mL epidural top-up (max 15 mL over 15 min). Breakthrough pain despite adequate sensory
level (>T10 bilaterally) was treated with 10 mL epidural 1% lidocaine.

Outcome Measures
Primary outcome:

Duration of the first stage of labor.
Secondary outcomes:

Rate of breakthrough pain requiring lidocaine rescue; cesarean delivery rate; maternal vital signs; oxytocin usage
(dose, frequency); neonatal Apgar scores at 1 and 5 minutes; duration of second and third stages; total labor
duration; incidence of maternal adverse events (nausea/vomiting, fever, urinary retention, pruritus, lower limb
numbness).

Sample Size Estimation

Based on preliminary data (NB group first stage: 463.20+246.00 min), a clinically significant difference of 2 hours was
assumed. Using 0=0.05, =0.1, and an estimated dropout rate of 20%, PASS 11.0 software indicated 60 participants per
group. Thus, the total sample size was set at 120.

Statistical Analysis

Quantitative data are presented as mean + standard deviation, count, min/max, or median, Q1, Q3, 95% CI. Intergroup or
intragroup comparisons employed normality testing. Normally distributed data used t-tests or paired t-tests; non-normal
data used non-parametric tests or log-transformation followed by t-tests. Analysis of covariance (ANCOVA), interaction
analysis, or stratified analysis was used for center/other factors. Generalized estimating equations (GEE) or repeated-
measures ANOVA were used for center/time effects.

Qualitative data are presented as frequencies, percentages, or proportions. Intergroup or intragroup comparisons used
Chi-square or Fisher’s exact tests. CMH Chi-square test was used for categorical/ordinal outcomes with center/other
factors.

All hypothesis tests were two-sided (a=0.05), except non-inferiority tests.

Results
The study included a total of 135 female participants, of whom 15 were excluded (Figure 1). One hundred and twenty
participants were randomized (60 per group). Six in the NS group had cesarean delivery and two withdrew due to severe
pruritus. Eight in the NB group had cesarean delivery and one withdrew due to severe pruritus. Ultimately, 103
participants (NS: n=52, NB: n=51) were analyzed (Figure 1). The demographic characteristics of the patients are
presented in Table 1. Statistical analysis revealed no significant differences among the groups in terms of age, height,
weight, gestational age, cervical dilation, spontaneous/artificial/premature rupture of membranes (P > 0.05) (Table 1).

The first stage duration was significantly longer in the NS group (636.08 £ 356.19 min vs 512.90 £ 215.21 min,
P = 0.04). Total labor duration was also longer in the NS group (722.29 £ 356.97 min vs 598.96 + 234.21 min, P =
0.04). No differences were found in second or third stage durations (Table 2). Box plot analysis showed the median
first stage duration was shorter in the NB group (460 min, 95% CI 403.11-516.89 min, IQR 333 min) compared to the
NS group (585 min, 95% CI 467.22-702.78 min, IQR 524 min). The NB group also showed less variability.
(Figure 2). Kaplan-Meier survival analysis confirmed a significantly shorter first stage in the NB group (HR 1.629,
95% CI 1.082-2.455, P = 0.02) (Figure 3).

As shown in Table 3, patients in the nalbuphine group exhibited higher pain scores than those in the control group
upon transitioning to epidural anesthesia. This discrepancy may stem from the fact that cervical dilation in the nalbuphine
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Figure | Participant Flow Diagram (Image placeholder - Description: CONSORT-type flow diagram showing screening, randomization, allocation, follow-up, and analysis).

group had already reached 5 cm—rather than the preset 4 cm—at the time of patient-controlled epidural analgesia
(PCEA) initiation. Fortunately, the pain scores recorded in the nalbuphine group remained within a clinically acceptable

Enrollment

Assessed for eligibility (n=135)

Excluded (n=15)

_| « Not meeting inclusion criteria (n=10)

+ Declined to participate (n=5)
* Other reasons (n=0)

‘ Randomized (n=120)

'

:

Allocated to the physiological

saline group (n=60)

* Received allocated intervention
(n=60)

* Did not receive allocated

intervention (n=0)

Allocation

Allocated to the nalbuphine

Y

group (n=60)

» Received allocated intervention
(n=60)

» Did not receive allocated
intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=8)
» for transfer cesarean section
(n=6)

+ for severe itching (n=2)

Follow-Up

Y

Lost to follow-up (n=0)

Y

Discontinued intervention (n=9)
» for transfer cesarean section
(n=8)

+ for severe itching (n=1)
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Y
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range.
Table | Baseline Maternal Characteristics
NS Group (n=52) | NB Group (n=51) | P-value
Age (years) 27.15£2.97 27.06+3.57 0.88
Height (cm) 162.18+5.18 161.13+4.98 0.29
Weight (kg) 70.62+8.69 69.55+9.57 0.55
Gestational age (weeks) 39.13£1.30 39.43+0.85 0.16
Spontaneous Rupture of Membranes | 22(42.31%) 20(39.22%) 0.45
Artificial Rupture of Membranes 20(38.46%) 15(29.41%) 0.22
Premature Rupture of Membranes 10(19.23%) 16(31.37%) 0.12
Cervical dilation at request (cm) 2(2-3) 2(2-3) 0.86
Note: Data are mean % SD (standard deviation), or median (interquartile range) or number (%).
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Table 2 Primary Labor Duration Outcomes

NS Group (n=52) | NB Group (n=51) | P-value
First Stage, min 636.08+356.19 512.90+215.21 0.04
Second Stage, min 80.23+39.52 80.06+42.06 0.98
Third Stage, min 5.98+3.88 6.00+3.38 0.98
Total Duration, min | 722.29+356.97 598.96+234.2| 0.04

Note: Data are mean + SD (standard deviation).

No significant differences were observed in oxytocin usage (frequency or total dose), induction methods, episiotomy
rate, meconium incidence, maternal fever, or neonatal birth weight (P > 0.05). One neonate in each group required NICU
admission. The NS group neonate (Apgar 10/10) was transferred for low oxygenation index unresponsive to oxygen. The
NB group neonate (Apgar 8/1 min — 9/5 min) was transferred for fetal distress. NICU transfer rates did not differ
significantly (P > 0.05), though the lower Apgar in the NB group neonate warrants further investigation with larger
samples regarding nalbuphine’s neonatal effects. Rates of nausea/vomiting and epidural rescue were similar. Pruritus was
significantly more frequent in the NS group (15.4% vs 3.9%, P = 0.049), while dizziness was significantly more frequent
in the NB group (1.9% vs 19.6%, P = 0.004). The cesarean rate was comparable (NS: 10.0% [6/60 randomized], NB:
13.3% [8/60 randomized], P = 0.570) (Table 4).

Discussion
This prospective randomized controlled trial investigated the impact of early epidural analgesia on the first stage duration
in nulliparas. The results indicate that initiating epidural analgesia early in labor (cervical dilation <3 c¢m) does not
increase the cesarean delivery rate. However, compared to immediate epidural analgesia, utilizing intravenous nalbuphine
during the latent phase (cervical dilation <3 cm) combined with delayed epidural initiation significantly shortened the
first stage duration (HR 1.629, P < 0.05) without increasing maternal or neonatal complications. This finding offers
a novel approach for nulliparas experiencing early labor dystocia but requiring analgesia.

For nulliparas, the timing of epidural initiation (based on cervical dilation) is considered a factor in the association
between epidural analgesia and labor dystocia.” Thorp suggested early epidural analgesia prolongs the first and second
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Figure 2 Box Plot of First Stage Duration (min) by Group (Image placeholder - Description: Box plot showing distribution, median, IQR, and outlier for NS and NB groups).
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Figure 3 Kaplan-Meier Curve for Time to End of First Stage by Group (Image placeholder - Description: Survival curve showing proportion remaining in first stage over
time, stratified by NS and NB groups).

stages and significantly increases cesarean rates.'” Lieberman reported this risk could more than double.'* Zha found
epidural initiation before 6 cm dilation was associated with longer labor compared to initiation after 6 cm. However,
controversy exists.'* In a prospective RCT, Wong concluded that pain relief initiated early (>2.0 cm dilation) does not
increase cesarean risk.® A large 5-year study from Nanjing Maternity Hospital suggested epidural analgesia initiated
during the latent phase (=1.0 cm) compared to delayed analgesia (>4.0 cm) neither prolongs labor nor increases cesarean
rates in nulliparas.® American College of Obstetricians and Gynecologists (ACOG) guidelines state:' “When feasible,
maternal request is a sufficient medical indication for pain relief during labor”. Our findings align with the current
consensus that early epidural analgesia (<3 cm) does not increase cesarean risk. Crucially, we demonstrate that
intravenous nalbuphine during the latent phase (<3 cm) followed by delayed epidural initiation significantly shortens
the first stage (HR 1.629, P < 0.05) without compromising safety. While individual parturients might accept a brief delay

for pain relief, from an operational perspective (delivery room turnover, cost-effectiveness), initiating intravenous

Table 3 Management of Analgesia

NS Group (n=52) | NB Group (n=51) | P-value
Cervical dilation at request (cm) 2(2-3) 2(2-3) 0.86
Actual cervical dilation during PCEA activation (cm) | 2(2-3) 5(5-6) 0.00
NRS pain score before analgesia 4 (4-4) 4 (44) 0.98
30 min after analgesia 2 (1-2) 3 (3-3) 0.00
60 min after analgesia 2 (2-2) 3 (3-3) 0.00
10-cm cervical dilation 3 (3-3) 4 (34 0.00

Note: Data are mean median (interquartile range).
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Table 4 Secondary Outcomes and Adverse Events

NS Group (n=52) | NB Group (n=51) | P-value
Induction of labor with water bag 10(19.20%) 10(19.60%) 0.96
Oxytocin induction 36(69.20%) 35(68.60%) 0.95
Dienoprost suppository induction of labor | 1(1.90%) 1(2.00%) 0.99
Perineal episiotomy 14(26.90%) 14(27.50%) 0.95
Forceps Delivery 0(0%) 2(3.90%) 0.15
Fetal Distress 0(0%) 1(2.00%) 0.31
Amniotic fluid contamination 12(23.10%) 11(21.60%) 0.85
Maternal Fever 14(26.90%) 12(23.50%) 0.69
Newborn weight (kg) 3.26+0.40 3.25+0.37 0.84
I-min Apgar27 10(10-10) 10(10-10) 0.31
5-min Apgar27 10(10-10) 10(10-10) 0.31
Fetal transfer to NICU 1(1.90%) 1(2.00%) 0.99
Nausea/Vomitting 6(11.50%) 7(13.70%) 0.74
Pruritus 8(15.40%) 2(3.90%) 0.05
Dizziness 1(1.90%) 10(19.60%) 0.00
Epidural Rescue 3(5.80%) 2(3.90%) 0.66
Cesarean section rate 6(10.00%) 8(13.30%) 0.57

Notes: Data are mean * SD (standard deviation), or median (interquartile range) or number (%).

nalbuphine for eligible nulliparas followed by conversion to PCEA at >4 cm dilation appears advantageous. It addresses
early pain needs, avoids prolonging labor, improves delivery room efficiency, and offers a new paradigm for comfortable
labor analgesia.

Nalbuphine, a mixed opioid agonist-antagonist (k-agonist, p-partial antagonist), mitigates p-agonist side effects like
pruritus, shivering, and nausea/vomiting'>'® It is established as safe for intravenous labor analgesia.'® Based on this
evidence, we employed intravenous nalbuphine for analgesia in parturients at <3 cm dilation. Notably, one case of fetal
distress with lower Apgar scores occurred in the NB group. Unfortunately, this study did not collect umbilical artery
blood gasses, neonatal behavioral neurological assessment (NBNA) scores, or neonatal neurobehavioral scale (NNNS)
data. Therefore, potential effects of nalbuphine cannot be definitively excluded, warranting inclusion of more compre-
hensive neonatal assessment in future studies.

This study has limitations. While neuraxial analgesia has strong evidence and widespread use, clinical data on
intravenous nalbuphine for labor analgesia remain relatively limited. Although existing evidence supports its safety,
international guidelines lack consensus on optimal dosing. Our systematic review found 10 mg IV is common in Western
studies. However, our preliminary single-center trial indicated a higher rate of dizziness and nausea/vomiting with 10 mg
in an Asian population.'” Considering potential ethnic differences, we validated a 5 mg dose adjustment, achieving
satisfactory analgesia with reduced adverse effects. Therefore, we used 5 mg IV nalbuphine. However, the overall sample
size was modest. Determining the optimal dose that maintains efficacy without affecting labor progression requires
further investigation.

This study excluded pregnant women with a BMI > 35 kg/m?, a trade-off between sample homogeneity and research
feasibility in clinical research. On one hand, Severely obese pregnant women are prone to more comorbidities (eg,
gestational diabetes, hypertensive and thrombotic disorders) and pregnancy complications, which introduce confounding
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variables that interfere with the assessment of core interventions or observational outcomes. On the other hand, from the
perspective of research implementation, severely obese pregnant women pose greater challenges in terms of antenatal
management, diagnostic procedures, and follow-up. Their higher risk of adverse pregnancy outcomes may also increase
the study’s dropout rate and data missing rate, driving up the overall cost and difficulty of the research. However, this
exclusion limits the study’s generalizability to obese obstetric populations.

The transition point was set at >4 cm; however, cervical exams were performed only upon maternal request (pain
score >3), potentially leading to transition beyond 4 c¢cm in practice. Finally, the lack of a pure intravenous analgesia
control group makes it difficult to isolate the effect of epidural delay itself. Future multi-center studies with long-term
maternal-neonatal outcome follow-up are needed.

Conclusion

Compared to delayed epidural analgesia following intravenous nalbuphine, initiating epidural labor analgesia early in
labor (cervical dilation <3 cm) may prolong the first stage of labor in nulliparous women but does not increase the
cesarean delivery rate. Utilizing intravenous nalbuphine during the latent phase followed by epidural analgesia at cervical
dilation >4 cm offers an advantage in accelerating the first stage. This benefit extends beyond the biological metric of
shortened labor, while accelerating delivery room turnover, providing an operationally feasible and potentially cost-
effective clinical pathway. It suggests a new research direction for providing analgesia to parturients unable to receive
neuraxial analgesia during the latent phase or experiencing uterine inertia, contributing to the development of a more
precise labor analgesia system.

Data Sharing Statement

The datasets generated and analyzed during the current study are included in this published article. Due to the constraints
of the ethical approval and the informed consent agreements with the participants, additional individual de-identified
participant data will not be shared. Further raw data that support the findings of this study will be made available by the
corresponding author, Jing Yu, upon reasonable request, starting from the date of publication and for a period of six
months thereafter. Requests for data access can be directed to yujing985@163.com.
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