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Purpose: Typically, labor analgesia is initiated with a manual loading dose. The programmed intermittent epidural bolus (PIEB)
effectively maintains labor analgesia. However, no PIEB method has been studied for the initial loading dose. This study aimed to
compare the effectiveness of loading doses administered via a PIEB versus a manual bolus.

Patients and Methods: In total, 164 full-term singleton parturients were randomly assigned to receive a 12 mL loading dose (0.1%
ropivacaine and 0.3 pg-mL~" sufentanil) via manual or pump-driven injection. A standardized maintenance protocol was employed.
The primary outcome was the percentage of parturients with adequate analgesia 20 min after the initial epidural injection. Adequate
analgesia was defined as a numeric rating score (NRS) of <3 during two consecutive uterine contractions, without an additional
analgesia request. Kaplan—Meier survival curves were constructed for the time interval needed to achieve adequate analgesia. A non-
inferiority analysis was conducted by comparing the 90% confidence interval of the pain score difference with the non-inferiority
margin.

Results: The percentage of parturients achieving adequate analgesia was comparable (75.61% manual injection vs 76.83% pump
injection, P=0.05 for non-inferiority). The median NRS was similar, except at 2 min (7 [5-8] manual injection vs 8 [6-9] pump
injection, P=0.04). Median time to adequate analgesia, median ropivacaine consumption, median duration of epidural analgesia,
incidence of requests for patient-controlled epidural analgesia (PCEA), median number of PCEA boluses, percentage of bilateral S,
blocks at 20 min, incidence of breakthrough pain, percentage of highest block level >T6 at 20 min, adverse effects, and obstetric and
neonatal outcomes were similar between the groups.

Conclusion: Within 20 min of administering a loading dose through a PIEB pump, non-inferior analgesia comparable to that achieved
with manual injection was observed. This hands-free approach could help mitigate the impact of individual operational differences on
analgesic efficacy.

Registration: This trial was registered at chictr.org.cn (ChiCTR2300074063).

Keywords: epidural, labor analgesia, loading dose, programmed intermittent epidural bolus

Introduction

Epidural analgesia is widely recognized as the gold standard for labor pain relief." In epidural labor analgesia, a loading
dose of the drug is often administered to alleviate pain rapidly and effectively when an epidural catheter is first placed.”
The loading dose is a relatively large initial amount of the local anesthetic agent administered to quickly achieve the
desired analgesia.® It helps establish a baseline level of pain relief before transitioning to continuous infusion or other
delivery methods.* The loading dose, a crucial component of the analgesic regimen, is typically administered manually.®
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However, manual bolus delivery is operator-dependent and influenced by many factors, such as fatigue, administrator
strength, and personal habits of the administrator. Administrators’ fatigue may reduce accuracy and reliability. Manual
bolus dosing is less precise than that delivered by automated or controlled systems, increasing the risk of errors such as
under- or over-dosing. This may pose a threat to patient safety and treatment outcomes.®’ In addition, personalized habits
or physical strength can lead to inconsistent injection pressure, which can result in potentially ineffective treatment or
adverse reactions.® Although manual drug delivery is still widely used, its limitations highlight the urgent need for more
standardized and reliable drug delivery methods in healthcare settings.

The programmed intermittent epidural bolus (PIEB) was introduced for the maintenance of labor analgesia in 2006.°
Compared with continuous epidural infusion, PIEB not only offers better diffusion of the local anesthetic solution in the
epidural space, leading to lower anesthetic consumption, reduced motor blockade, improved quality of analgesia, and
fewer interventions by the anesthetist, but it also shows no significant differences in obstetric and newborn outcomes.'®
13 As a result, it has already become the routine method for maintaining labor analgesia in our hospital. We previously
found that a PIEB not only achieved a satisfactory analgesic effect but also mitigated the impact of individual variations
in operational techniques.'* Given the ability of a PIEB to generate elevated pressure during automated boluses, we
explored its use in the initiation of epidural labor analgesia. We hypothesized that the analgesic effect of the loading dose
delivered by the PIEB pump would be non-inferior to that achieved manually. To test our hypothesis, we conducted
a randomized, single-blind, non-inferiority trial.

Materials and Methods

Study Population

The Ethics Committee of Shanghai First Maternity and Infant Hospital (No: KS22303, approval date: November 2, 2022)
approved this study and written informed consent was obtained from all subjects participating in the trial. Prior to patient
enrollment, this trial was registered at chictr.org.cn (ChiCTR2300074063, principal investigator: Yan Lu, date of
registration: July 28, 2023) and conducted in accordance with the Declaration of Helsinki. This study followed the
guidelines outlined in the Consolidated Standards of Reporting Trials (CONSORT) statement. We included women
meeting the following inclusion criteria: American Society of Anesthesiologists physical status II, aged between 20 and
40 years, singleton parturient, at 37-42 weeks of gestation, with cervical dilation <5 c¢cm, and a numeric rating score
(NRS) >5 (0=no pain; 10=worst imaginable pain) at the time of request for epidural labor analgesia. The exclusion
criteria included contraindications to neuraxial labor analgesia, gestational diabetes, gestational hypertension, pre-
eclampsia, known major fetal abnormalities, body mass index >35 kg-m 2, or the use of opioids or sedatives within
4 h preceding epidural analgesia.

Randomization and Concealment of Group Assignments

The patients were randomly assigned using a 1:1 allocation ratio. This allocation was performed without stratifying the
factors. Allocation concealment was rigorously maintained using opaque, sealed envelopes prepared by staff members
not directly involved in the study. Based on the assigned groups, the anesthetist responsible for catheter placement was
not blinded to the intervention. However, to maintain the integrity of the study, all other personnel, including the nurse
conducting cervical examinations and pain assessments upon request for labor analgesia, the nurse anesthetist overseeing
follow-ups and analgesic management as the outcome assessor, and the study participants themselves, remained unaware
of the group allocation.

Epidural Catheter Placement
Participants received an 18-G intravenous catheter, and lactated Ringer’s solution was administered before initiating
analgesia. Standard monitoring, including electrocardiography and non-invasive blood pressure, pulse oxygen saturation,
and fetal heart rate measurements, was applied.

Neuraxial analgesia commenced with the parturient positioned in the right lateral decubitus position, using a 17-G
Tuohy needle (Foshan Special Medical, Foshan, China) at the L2-L3 interspace. We used spinal ultrasound to precisely
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identify the interspace of the puncture. We also employed a loss-of-resistance technique to locate the epidural space, after
which an epidural catheter (multi-orifice, 19-G, stainless steel impregnated; Foshan Special Medical) was inserted 4 cm
into the epidural space. Subsequently, we administered a test dose of 1.5% lidocaine with 15 pg epinephrine (3 mL). The
parturient was then repositioned in the supine position with left uterine displacement. We excluded parturients with
a positive response to the test dose from further analysis.

Initiation and Maintenance of Labor Analgesia

Three minutes after being administered the test dose, the manual group received a 12 mL loading dose of 0.1%
ropivacaine with 0.3 pg'mL™' sufentanil, administered in 6-mL aliquots every min over 2 min. The pump group was
administered an initial dose of 12 mL of the same solution using a PIEB pump over a duration of 2 min, with the infusion
rate set at 360 mL-h™' (Apon ZZB-IV; Jiangsu Apon Medical Technology, Jiangsu, China). The pump was programmed
to administer 10 mL of PIEBs every 45 min, starting 1 h after the loading dose. We defined analgesia initiation as the
time of the loading dose administration. In addition to receiving the programmed bolus, all participants were equipped
with patient-controlled epidural analgesia (PCEA) set to 8 mL boluses with a 10-min lockout interval between the PCEA
or PIEB/PCEA boluses. The participants were instructed not to use the PCEA until 30 min after the loading dose.

After administering the loading dose, all data were collected by another anesthetist blinded to the assigned groups.
NRSs, sensory blockade levels to cold, and motor strength were recorded at 2-min intervals during the initial 20 min and
subsequently at 30 min. Motor strength was evaluated using the modified Bromage score, with scores of 0, 1, 2, and 3
indicating no impairment, inability in raising the extended leg but able to move the knees and feet, inability to raise the
extended leg and flex the knees but able to move the feet, and inability to flex the ankle, feet, or knees (complete block),
respectively.'> We defined motor blockade as a modified Bromage scale score of >1. Sensory blockade levels to cold
were assessed bilaterally at the mid-clavicular line from the caudal to cephalad direction, with the upper sensory
blockade level determined by the point at which the parturients first perceived the cold sensation. For the lower
extremities, we evaluated dermatomal levels by stimulating specific locations, including the inguinal crease at the mid-
clavicular line (L1), anteromedial thigh (L2), medial femoral condyle above the knee (L3), medial malleolus (L4),
dorsum web between the great and second toes (L5), lateral calcaneus (S1), and midpoint of the popliteal fossa (S2).
Dermatomal levels on the torso were assessed at the mid-clavicular line, considering both the left and right sides.

In accordance with the standard of care at our institution, we conducted non-invasive blood pressure measurements
every 2 min during the initial 20 min and subsequently at 30-min intervals. Continuous monitoring included maternal
heart rate, pulse oximetry, and fetal heart rate assessments. Instances of maternal hypotension and fetal bradycardia were
recorded and appropriately addressed. We defined maternal hypotension as systolic blood pressure <90 mm Hg or <80%
of the baseline. Fetal bradycardia was characterized by a heart rate <110 bpm sustained for >10 min. If delivery occurred
within 1 h of epidural catheterization, the parturient was excluded from the analysis. Observations were conducted for
a duration of 6 h from the initiation of epidural analgesia or until full dilation of the maternal cervix occurred.
Information pertaining to analgesic use was systematically collected from the pumps.

Inadequate Analgesia Management

In our study, inadequate analgesia was operationally defined as an NRS >3, or if the participant requested additional
medication. In cases of perceived inadequate analgesia 30 min after the loading dose was administered, the participant was
encouraged to self-administer a PCEA bolus. If the participant experienced pain or if unilateral blockade persisted following
two PCEA boluses within the 20-min timeframe, a provider bolus of 5 mL of 0.2% ropivacaine was manually administered.
An additional 5 mL was administered after a 10-min interval if deemed necessary. In the absence of an observable
improvement in analgesia, the epidural catheter was replaced, leading to the exclusion of the parturient from the analysis.

Outcome Assessment

The primary outcome was the percentage of participants in the two groups who received adequate analgesia 20 min after
the initial epidural bolus administration. Adequate analgesia was defined as an NRS <3 during two consecutive uterine
contractions and no request for additional analgesia. Figure 1 details the timing of data collection.
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Figure | Schematic of epidural dosing and NRS data collection. NRS, numeric rating score.

Secondary outcomes included the time to adequate analgesia, ropivacaine consumption, request for PCEA, bilateral
sacral blockade (S,) within 20 min, incidence of breakthrough pain, highest block level >T6, and adverse effects.

Sample Size Calculation

The sample size estimation was based on the primary outcome. Data from a pilot study that included 28 patients in each
group suggested that the percentages of parturients who achieved adequate analgesia within 20 min were 78.6% and
71.4% with the manual and pump methods, respectively. We calculated a sample size of 78 per group, given an alpha
error of 5% (one-sided) and a power of 80%, with a non-inferiority limit of —10%. Following expert consultation and
literature review, the non-inferiority margin for pump-initiated analgesia was set at 10% below the proportion of
parturients in the manual loading dose group who achieved adequate analgesia within 20 minutes.'® Considering
a possible dropout rate of 20%, we decided to enroll 82 parturients per group.

Statistical Analysis

The R language (R V.4.1.2; R Foundation for Statistical Computing, Vienna, Austria) was used to implement the
statistical analysis. The normality of continuous data was assessed using the Shapiro—Wilk test. Normally distributed
data are presented as mean (standard deviation) and were analyzed among the groups using the #-test. For skewed data,
summary statistics are presented as the median (interquartile range, IQR) and were compared using the Mann—Whitney
U-test. Categorical variables are reported as frequencies (percentages) and were compared using the y* test. Kaplan—
Meier survival curves were constructed for the time interval needed to achieve adequate analgesia. Both Hedges’ g and
Cliff’s delta are standardized measures of effect size, with the latter being used for ordinal and non-parametric data.
A non-inferiority analysis was conducted by comparing the 90% confidence interval (CI) of the pain score difference
with the non-inferiority margin. P values of <0.05 were considered significant.

Results

As shown in Figure 2, 184 patients were approached between July 2023 and October 2023. A total of 164 patients were
randomized in a 1:1 ratio to receive either manual or pump injections. Sixteen patients did not meet the inclusion criteria,
and four declined to participate. Therefore, we collected data for analysis from 164 patients. No clinically relevant
differences in demographic or baseline characteristics were observed between the two groups (Table 1).

Primary Outcome
The percentages of parturients with adequate analgesia 20 min after the loading dose was administered were 75.61% and
76.83% in the manual and pump groups, respectively (Table 2). The lower limit of the one-sided 90% CI for the
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Figure 2 Flow chart showing study participant recruitment.

difference was —9%, which was higher than the predefined margin of non-inferiority of —10% (P=0.05), demonstrating
the non-inferiority of the pump to manual injection in terms of adequate analgesia.

Secondary Outcomes
The NRSs were comparable between the groups, except for those at 2 min, as shown in Figure 3 (7 (IQR: 5-8) in the
manual group vs 8 (IQR: 6-9) in the pump group). Figure 4 shows the Kaplan—-Meier curves for the time required to
achieve adequate analgesia after the loading dose was administered. The median time to adequate analgesia was similar
between the groups (Table 2).

Other secondary outcomes, including median ropivacaine consumption, median duration of epidural analgesia,
incidence of requests for PCEA, median number of PCEA boluses, percentage of bilateral S, blocks at 20 min, incidence
of breakthrough pain, percentage of highest block level >T6 at 20 min, and adverse effects including hypotension,

Table | Maternal Demographic and Baseline Characteristics

Manual Group Pump Group P value Hedges’ g or Cliff’s Delta

(n=82) (n=82) (95% CI)
Mean age, years (SD) 30.30 (2.8) 30.05 (3.23) 0.59 0.08 (-0.22-0.39)
Mean height, cm (SD) 161.83 (4.92) 162.20 (4.50) 0.62 —0.07(—0.38-2.23)
Mean weight, kg (SD) 66.95 (8.70) 69.01 (8.29) 0.121 —0.24 (—0.55-0.07)
Mean body mass index, kg'm 2, (SD) 25.57 (3.20) 26.22 (2.87) 0.176 —0.21 (-0.52-0.10)
Mean gestational age, days (SD) 276.67 (6.75) 276.45 (6.65) 0.83 0.03 (—0.27-0.34)
Mean systolic blood pressure, mmHg (SD) 123.45 (14.40) 123.00 (16.10) 0.85 0.03 (—0.28-0.34)
Mean diastolic blood pressure, mmHg (SD) 72.76 (10.91) 75.17 (11.90) 0.18 —0.21 (-0.52-0.10)
Median cervical dilation at the time of epidural 2 (2-2) 2 (2-2) 0.32 —0.17 (-0.34-0.01)
placement, cm (IQR)

Abbreviations: NRS, numeric rating scale; Cl, confidence interval; SD, standard deviation; IQR, interquartile range.
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Table 2 Outcomes

Manual Group Pump Group P value Hedges’ g or Cliff’s
(n =82) (n= 82) Delta (95% CI)
Primary outcome
NRS <3 at 20 min, n (%) 62 (75.61%) 63 (76.83%) 0.05% 0.01 (-0.09-0.12)*
Secondary outcomes
Median time to adequate analgesia, min (IQR) 10.00 (8.00 to 20.00) 12.00 (8.00 to 19.50) 0.69 —0.04 (-0.21 to 0.14)
Median ropivacaine consumption, mg/h (IQR) 14.20 (13.67 to 16.19) 15.33 (13.67 to 16.57) 0.16 —0.13 (-0.30 to 0.05)
Median duration of epidural analgesia, min (IQR) | 327 (228 to 454) 298 (208 to 393) 0.31 0.12 (—0.19-0.43)
Requests for PCEA, n (%) 4 (4.88%) 5 (6.10%) | —0.01 (—0.08-0.06)
Median number of PCEA boluses n (%), (IQR) 0 (0-0) 0 (0-0) 0.76 —0.01 (—0.08-0.06)
Incidence of breakthrough pain 27 (32.93%) 19 (23.17%) 0.22 0.10 (—0.04-0.23)
Bilateral S, block at 20 min, n (%) 68 (82.93%) 70 (85.37%) 0.83 —0.02 (-0.13-0.09)
Highest block level =2T6 at 20 min, n (%) 55 (67.07%) 56 (68.29%) | —0.01 (-0.15-0.13)
Adverse effects
Hypotension, n (%) 6 (7.32%) 4 (4.88%) 0.74 0.02 (-0.05-0.10)
Nausea/vomiting, n (%) 1 (1.22%) 0 (0%) | 0.01 (-0.01-0.04)
Pruritus, n (%) 1 (1.22%) I (1.25%) | 0.00 (-0.03-0.03)
Shivering 0 (0%) I (1.22%) | —0.01 (-0.04-0.01)
Fetal bradycardia, n (%) 0 (0%) 0 (0%) | 0 (0-0)
Mode of delivery
Vaginal delivery 53 (64.63%) 53 (64.63%) | 0.00 (-0.15-0.15)
Assisted vaginal delivery 11 (13.41%) 14 (17.07%) 0.66 —0.04 (-0.15-0.07)
Cesarean delivery 18 (21.95%) 15 (18.29%) 0.70 0.04 (—0.09-0.16)
Neonatal outcomes
Median neonatal weight, g (IQR) 3242.50 (3022.50-3477.50) | 3215 (2990.00-3520.00) | 0.73 0.03 (-0.15-0.21)
Median neonatal height, cm (IQR) 50 (50-50) 50 (50-50) | 0 (0-0)
Median Apgar score (IQR) at | min 10 (9-10) 10 (9-10) 0.39 0.07 (-0.09-0.22)
Median Apgar score (IQR) at 5 min 10 (10-10) 10 (10-10) 0.48 0.05 (-0.09-0.18)

Notes: *P=0.05 for non-inferiority. *Evaluation of standardized difference between the manual group and pump group was based on one-sided 90% Cl.
Abbreviations: NRS, numeric rating scale; Cl, confidence interval; PCEA, patient-controlled epidural analgesia; IQR, interquartile range.

nausea/vomiting, pruritus, shivering, and fetal bradycardia, were similar between the groups (Table 2). Additionally,
obstetric and neonatal outcomes were not significantly different between the two groups (Table 2).

Discussion

Our study demonstrated that administering a loading dose through a PIEB pump provided non-inferior analgesia
comparable to that achieved with manual injection within 20 min of initiating epidural analgesia. While manual injection
initially produced a superior analgesic effect at the 2-min point, this advantage did not persist over time, with no
discernible difference in analgesia thereafter. Additionally, the injection loading dose with a PIEB pump provides
a hands-free approach, mitigating the impact of human variability on analgesic efficacy due to individual operational
differences.

Administering a loading dose has emerged as a pivotal strategy for promptly achieving effective pain relief,
particularly in the initial stages of labor. This underscores the need for a relatively substantial dose of analgesics to
achieve swift and pronounced pain alleviation.'”"'® Prior to the introduction of the PIEB pump, sustained analgesia relied
primarily on a continuous epidural infusion (CEI) pump.'® However, the CEI pump was limited in its capacity to
administer large doses of medication at once. In previous studies, a PIEB was used only for the maintenance of
analgesia.”*?! In some centers, a PIEB pump is used to administer the loading dose, which also produces good
analgesia.'**> However, no study has yet evaluated the differences between pump-administered loading doses and
manually controlled administration. Therefore, we conducted this study. Furthermore, we found that the analgesic effect
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produced using the PIEB pump was not inferior to that achieved with manual administration, emphasizing the reliability
and effectiveness of this delivery method.

We observed that manual injection initially provided superior analgesia at 2 min, but this advantage diminished over
time; subsequently, no significant difference was found in analgesic effectiveness. This observation may be attributed to
the elevated pressure applied during manual injection as opposed to that during pump-driven administration. A previous
study demonstrated that higher push pressures lead to more efficient local anesthetic distribution and enhanced pain
relief, potentially contributing to the initial superiority of manual injections in our study.?® This study also highlights that
manual bolus administration is operator-dependent and influenced by various factors, in contrast to machine bolus
administration.® Owing to the current high workload in the delivery room, long working hours of anesthesiologists,
fatigue, and other factors, discrepancies are more likely to occur.?* The advantage of machine administration is the
reduction of an anesthesiologist’s workload and work intensity while still providing a more uniform administration rate
and analgesic effect.”’

Previous studies have administered loading doses through manual injection using varying dosages; however, manual
injection was conducted intermittently rather than as a single, continuous administration.’* >’ In our study, manual
injection remained consistent with that in previous studies, in 6-mL aliquots administered every min over 2 min."
However, in contrast, the pump injection method in our investigation involved delivering the entire 12-mL dosage
simultaneously. Administering a substantial dose simultaneously may result in a heightened level of anesthesia,
potentially leading to increased maternal side effects and adverse fetal outcomes. However, our study indicated that
the method used in the pump group neither induced a high level of anesthesia nor did it increase maternal side effects or
contribute to unfavorable fetal outcomes when compared with the method used in the manual group. Additionally, no
significant difference was observed between the two groups in terms of ropivacaine consumption, number of PCEA
boluses, or incidence of breakthrough pain. A previous study similarly reported that within the range of 5-20 mL,
varying the administration volume of ropivacaine did not result in an increased incidence of adverse effects, which was
consistent with the findings of our study.*®

Our study had some limitations. First, initially designed as a single-blind study, the audibility of the pump admin-
istering the medication rendered the process noticeable. Second, we exclusively focused on nulliparous parturients in the
early stages of labor with a cervical dilation of <5 cm when seeking epidural labor analgesia. Consequently, the outcomes
may not be generalizable to other scenarios, including multiparous women or those with a larger cervical dilation. Third,
the dose at which the pump administered the loading dose was chosen because no previous study had been conducted on
such a dose, and it was consistent with the dose administered manually. It may be possible to follow up with
a comparison of the effects of different loading doses. Finally, the pump’s delivery speed was 360 mL/h, but not all
commercially available pumps can achieve this high rate, that could limit the generalizability of our results in different
clinical settings.

Conclusion

In conclusion, our findings suggest that the administration of a loading dose through a PIEB pump provides analgesia that
is non-inferior and comparable to that achieved with manual injection within the first 20 min of initiating epidural
analgesia. Moreover, this approach comprises a hands-free method that could reduce the influence of individual
operational variations on analgesic efficacy. Additional research is required to determine the optimal dose for initiating
PIEB therapy.

Abbreviations
CEI continuous epidural infusion; CI, confidence interval; IQR, interquartile range; NRS, numeric rating score; PCEA,
patient-controlled epidural analgesia; PIEB, programmed intermittent epidural bolus.
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