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Purpose: Parturients suffer severe pain during the stages of labor, especially the first and second. Epidural anesthesia is an effective 
method to alleviate labor pain. L2-3, L3-4 and L4-5 spaces have been reported to be the recommendable puncture points owing to the 
adequate analgesia effect and high safety. However, the speed of pain alleviation via the three points has hardly been determined, 
which is of great importance to parturients. Thus, the aim of this study is to compare the onset time of parturients’ painless uterine 
contraction after epidural labor analgesia through different puncture points.
Study Design and Methods: It is a prospective, randomized, controlled, and subject- and assessor-blinded study. Totally, 150 
subjects scheduled for vaginal delivery are going to be randomly assigned into the L2-3 and L3-4 group. Puncture point in L2-3 group 
is lumbar 2–3 space, while in L3-4 group it is lumbar 3–4 space. Analgesia initiation and maintenance are the same between the two 
groups. Primary outcome will be percentage of painless uterine contraction 15 min after epidural labor analgesia initiation. Secondary 
outcomes will be the sensory blocking level, motor blocking score, adverse effects of parturients, drug liquid consumption in unit 
interval, apgar score and degree of satisfaction of the parturients.
Discussion: This study estimates the onset time of parturients’ painless uterine contraction after epidural labor analgesia through L2-3 
or L3-4 space. The results may provide a better choice to relieve labor pain as soon as possible.
Keywords: labor analgesia, epidural anesthesia, puncture points, rapid analgesia

Introduction
Pain throughout the labor stages torments parturients. Generally, analgesia methods to relieve labor pain include non- 
drug analgesia (such as mental comfort, percutaneous electrical stimulation, underwater labor, etc.), drug analgesia (N2O, 
demerol, diazepam, etc.), acupuncture analgesia and neuraxial anesthesia. However, lumbar epidural anesthesia is the 
most effective method with few severe adverse events,1 which is recommended by WHO.

According to human anatomical characteristics, intermittent epidural rapid infusion has a higher injection pressure, 
resulting in more uniform and broader drug distribution than continuous infusion.2 Castro et al3 confirmed that injected 
0.5 mL, 1 mL, and 2 mL of contrast agent into the L4 nerve roots, 24%, 27%, and 33% of the subjects, respectively, 
achieved diffusion to adjacent nerve roots, and the range of nerve block increased with volume. Therefore, injection 
speed and capacity are the prerequisites for obtaining the ideal blocking range. Another factor to determine the level of 
sensory retardation is puncture point. L2-3, L3-4 and L4-5 spaces have been reported to be the recommendable puncture 
points according to the adequate analgesia effect and high safety.4,5 Nevertheless, there are few studies that focus on the 
onset time of painless uterine contraction after epidural analgesia through different puncture spaces. Does a higher 
puncture point lead to a faster relief of labor pain? It matters to parturients.
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Dermatome T10 blocking is recognized as one of the standards for successful epidural labor analgesia.6,7 Considering 
L2-3 space is more closer to head, which facilitates solution to reach a higher level. Thus, we hypothesized that under fix 
volume and injection mode, a higher puncture point may help to reach a more rapid onset of sufficient analgesia.

Accordingly, we designed this prospective, randomized, controlled, and subject- and assessor- blinded study to 
compare the speed of parturients to reach painless uterine contraction status after epidural analgesia through a higher 
or lower puncture space. The primary outcome will be the percentage of painless uterine contraction 15 min after 
epidural labor analgesia initiation. The secondary outcomes will be the sensory blocking level, motor blocking score, 
adverse effects of parturients, drug liquid consumption in unit interval, apgar score and degree of satisfaction of the 
parturients.

Study Design
This is a prospective, randomized, controlled, and subject- and assessor-blinded study to investigate the relationship 
between onset speed of adequate labor analgesia and puncture space. The subjects will be recruited in Deyang People’s 
Hospital, Deyang city, Sichuan province, China. Table 1 shows the trial schedule in accordance with the SPIRIT 
statement. Figure 1 shows the patient flow chart. All researchers will be trained to participate in the study in 
a standard and uniform protocol.

Registration and Ethics
This trial has been registered at Chinese Clinical Trial Registry, and the register number is ChiCTR2300070548. The 
study protocol (version 3.0) has been approved by the Ethics Committee of Deyang People’s Hospital, Deyang city, 
Sichuan province, China (2023–04-026-H01). This trial will be conducted in accordance with the Declaration of 
Helsinki.

Table 1 Schedule of This Study

Time Point Study Period

Enrollment Allocation Post Allocation Fetal Delivery

T-1 T0 T1 T2 T3 T4 T5-x Ta Tb

Enrollment

Eligibility screening X
Informed consent X
Allocation X

Interventions

L2-3 puncture X
L3-4 puncture X

Assessments

Baseline variables X X X X X X
NRS score X X X X X X
Sensory blocking plane X X X X X
Motor blocking score X X X X X
Apgar score X X
Side effects X X X X X
Cumulative drug consumption X

Notes: T1: Before Labor Analgesia; T2: 5 min After Loading Dose; T3: 10 min After Loading Dose; T4: 15 min After Loading Dose; T5: 
30 min After Loading Dose. Ta: 1 min after fetal delivery; Tb: 5 min after fetal delivery. 
Abbreviation: NRS, numerical rating scale.
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Epidural analgesia executors will explain this study to the eligible parturients and show them the informed consent 
document. After signing related documents, parturients will be enrolled into the procedure, and they can withdraw at any 
moment.

Inclusion and Exclusion Criteria
The enrollment criteria include (1) parturients who are 22–40 years old, 150–170 cm height, 50–80 kg weight, with 
singleton, with gestational age ≥36 weeks, and assessed to deliver through vagina, (2) parturients whose American 
Society of Anesthesiologists (ASA) classification is II, (3) the cervical dilation is less than 5 cm, and (4) parturients who 
understand the research process and can cooperate to complete the trial.

The exclusion criteria are as follows: (1) The coagulation function is abnormal or platelet is less than 70 × 107/L, (2) The 
puncture area is infected, (3) Parturients are with a history of scoliosis, lumbar surgery, neurological dysfunction of the lower 
extremities, or poorly controlled psychosomatic disorders, (4) Sedatives are used before labor analgesia, (5) The interval time 
of uterine contraction is more than 5 min, (6) Numerical rating scale (NRS) score is less than 8 before labor analgesia.

Figure 1 Flowchart of this study. 
Abbreviation: NRS, numerical rating scale.
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Dropout Criteria
If patients meet one of the following situation, the follow-ups will be stopped: (1) failing to insert catheter in the intended 
point, (2) conversion to cesarean delivery, (3) the interval between two consecutive uterine contractions is more than 5 
min after epidural analgesia, (4) labor analgesia failure, (5) severe complications, anesthetic accidents or anaphylaxis, 
and (6) withdrawal of the participants. Labor analgesic failure is considered as the NRS score is still more than 3 points 
and the blocking plane is lower than T10 15 min after an additional impact volume, or there is an asymmetric block.4 

Sensory blocking level to cold is assessed bilaterally at the mid-clavicular line from caudal to cephalad, and the upper 
sensory blocking level is defined as where parturients first perceived cold sensation. Belly button level represents T10 
plane.

Allocation and Blinding
Excel (Microsoft, USA) will be used to generate randomized sequence. According to the sequence, parturients who meet 
the inclusion and exclusion criteria will be allocated in a 1:1 ratio into the L2-3 group or L3-4 group. The allocation 
information is going to be concealed in opaque and sealed envelopes. Evaluation will be conducted once there is 
a request for labor analgesia. After qualification, one researcher will open an envelope, choose puncture points based on 
the information and go out of the room after puncture finished. Another researcher who is responsible for follow-ups will 
keep outdoors until the parturients turn back to a supine position. They will also take charge of dealing with underlying 
insufficient analgesia and side effects. The researchers who carry out puncture will be forbidden to participate in the 
consequent process. Thus, patients and observers will be blinded to grouping.

Intervention and Pain Management
Before puncture, an ultrasound machine will be used to identify the puncture points. According to grouping, one 
researcher will puncture through lumbar 2–3 space of parturients in L2-3 group, while lumbar 3–4 space in L3-4 
group. A plastic conduit will be inserted 3 cm into the epidural space with the bevel of needle oriented cephalad. Then, 
verification of the conduit will be tested by withdrawing the plunger of the syringe and negative pressure test. After 
turning to supine position, the operator goes out and the other researcher gets in the room. Three milliliters of 2% 
lidocaine will be injected into epidural space. After a 5 min observation, a loading dose of 7 mL standard drug solution 
containing 0.1% ropivacaine and 0.5 ug/mL sufentanil will be administered by an electronic pump (Ren-206, Renxian 
Medical Technology Co., LTD, Jiangsu Province, China). Analgesia maintenance will be applied by a programmed 
intermittent bolus mode. The bolus is set as 9 mL and interval time is 40 min.8,9 For patient- controlled analgesia (PCA), 
the impact dose is set as 8 mL and the locking time is 15 min.

Fifteen minutes after the loading dose (7mL), if the NRS score is more than 3 points, an impact dose (8 mL) will be 
administered. Thirty minutes after the loading dose, if the NRS score is still more than 3 points, or there is an asymmetric 
block, it will be defined as an analgesia failure, and the parturient will be dropped out of this study. For these cases, we 
will take measures according to the specific circumstances, such as epidural top-ups, increasing the concentration of 
ropivacaine or sufentanil, adjusting the placement of epidural catheter, and re-siting catheter with the agreement of 
parturients.10 For successfully blocked parturients who undergo breakthrough pain (pain that parturients cannot bear), 
they can press the PCA button to initiate impact dose (8 mL). Then, the next programmed bolus will be triggered after 40 
min. To avoid unilateral blocking, parturients are required to stay supine position when the impact dose or programmed 
dose is initiated.

The labor analgesia will withdraw when delivery is finished. If the myodynamia is inhibited too much to deliver, 
analgesia pump will be locked. After delivery is completed, the pump can be unlocked to inhibit pain from suturing of 
episiotomy or tear.

Outcomes
The objective of this trial is to determine which puncture point can lead to a faster relief (defined as NRS ≤ 3 points) of 
maternal pain.
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Baseline Data and Expected Parameters
Demographic data including age, height, body weight, gestational week, blood pressure, heart rate and SPO2 will be 
recorded before epidural labor analgesia.

The data recorded during analgesia are as follows: NRS score, sensory blocking plane, motor blocking score 
(bromage scale: 0 represents no motor blocking, 1 represents unable to lift thigh, 2 represents unable to lift knee, 3 
represents unable to lift ankle), bradycardia, hypotension, hypoxia, nausea, vomiting, pruritus, urination disorder, 
dizziness, apgar score, and drug consumption per hour.

Primary Outcomes
The primary outcome is the percentage of painless uterine contraction 15 min after epidural labor analgesia initiation. 
Painless uterine contraction is defined as an NRS score which is less than 4 points and no demands of additional 
analgesia when the uterine shrinks.

Secondary Outcomes
The secondary outcomes are as follows:

1. NRS score: before epidural analgesia, 5, 10, 15, and 30 min after loading dose.
2. Sensory blocking plane: 5, 10, 15, and 30 min after loading dose.
3. Motor blocking score: 15 and 30 min after loading dose.
4. Side effects of parturients: the incidence of bradycardia, hypotension, hypoxia, nausea, vomiting, pruritus, 

urination disorder and dizziness.
5. Apgar score: 1 and 5 min after fetal delivery.
6. Drug consumption per hour is calculated as total drug consumption divided by analgesia hours.
7. Degree of satisfaction (0–10, 10 represents the highest level).

Sample Size Determination
The results of pilot test indicated that the percentages of painless uterine contraction 15 min after epidural labor analgesia 
initiation were 80.0% and 65.0% in L2-3 and L3-4 group, respectively. The sample size was determined by the model of 
Compare 2 Proportions: 2-Sample, 2-Sided Equality in http://www.powerandsamplesize.com/Calculators/. We hypothe-
sized an alpha level of 0.05, a power level of 0.8, thus we estimated that 135 subjects were needed. Considering dropout, 
we decided to include 150 patients, namely 75 in each group.

Statistical Analysis
SPSS 23.0 (IBM, USA) will be applied to document data and conduct statistical analysis. Variables like demographics, 
main vital signs, NRS score, sensory blocking plane, motor blocking score, apgar score, and drug consumption per hour 
will be verified by the Kolmogorov–Smirnov test to identify the normality of data distribution. Normally distributed data 
will be described as mean ± standard deviation and abnormally distributed data as median (inter-quartile range). 
Independent t-test and Wilcoxon rank test will be used to compare differences between the two groups, respectively. 
Count data such as side effects will be described as percentage and be analyzed by the chi-square test or Fisher’s exact 
test. P < 0.05 is considered as statistically significant.

Adverse Event Report
Vital signs of parturients and fetal heart rate will be continuously monitored in the first half hour after epidural analgesia 
initiation. Following monitoring will be conducted if necessary. Adverse events of epidural analgesia will be regularly 
evaluated and recorded in the case report chart. The senior anesthesiologists will participate in the treatment. Comparison 
of adverse events between the groups will be conducted by the chi-square test or Fisher’s exact test.
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Discussion
Neuraxial analgesia is regarded as the most effective method to relieve labor pain all over the world as it can inhibit 
breakthrough pain of uterine contraction.11 Epidural administration makes the blocking plane more manipulated than 
subarachnoid anesthesia, while low concentrated ropivacaine hardly impacts the nervus motorius of parturients, which 
makes epidural analgesia a most widespread approach for labor analgesia.1,12,13

Efforts have been input to improve the quality of epidural analgesia for labor. Programmed intermittent epidural 
boluses (PIEB) and dural puncture epidural (DPE) are the most recent advances in labor analgesia.14 PIEB has been 
evidenced to provide a better maintenance for labor analgesia with less drug consumption.12,13,15 This can be explained 
by that the higher injection pressure of intermittent bolus leads to more extensive diffusion of liquid than continuous 
infusion.2 The optimal time interval and bolus volume for different concentrations of ropivacaine of PIEB have also been 
well estimated.8,9,16,17 The time interval and bolus volume of this study are in accordance with these results. Song et al18 

and Wang et al19 have demonstrated that DPE was related to a faster onset of analgesia than standard technique. 
However, Cappiello et al20 and Chau et al21 have failed to detect significant difference in the onset of analgesia between 
DPE and the standard. Though this could be explained by the diversity of puncture needle or the concentration of 
anesthetics, there are still works worth to do to improve quality of labor pain management.

Previous studies have regarded L2-3, L3-4 and L4-5 as accessible sites for the effectiveness in suppressing break-
through pain during labor analgesia.4,5,13 Wu et al4 observed the influences of different puncture points combined with 
PIEB on breakthrough pain in labor analgesia, and results showed that at 20 min after analgesia initiation, NRS scores of 
parturients all declined to 0 in L2-3, L3-4 and L4-5 group. Regrettably, due to its long observation- interval, this study 
did not detect a more rapid relief of pain among the three groups. For miserable parturients, pain reduction even 
one minute faster matters. Since L2-3 space is more closer to head, this facilitates solution to reach a higher level. 
A higher puncture point may accelerate the onset of analgesic effects. As there are few related studies, we designed this 
clinical trial.

This study is designed as a single-center, double-blinded and randomized controlled clinical trial in order to 
investigate the onset speed of painless uterine contraction when conducting epidural analgesia through different puncture 
points. The parturients will be punctured through L2-3 or L3-4 spaces to insert a conduit. Initiation of analgesia will be 
achieved by an injection of 7 mL solution containing 0.1% ropivacaine and 0.5 ug/mL sufentanil. PIEB mode will be 
applied to maintain analgesic effects. According to the previous studies, time interval and bolus volume of PIEB are set 
as 40 min and 9 mL, respectively.8,9

Xiang et al22 initiating analgesia by 8 mL liquid mixture that containing about 0.1% ropivacaine and 0.5 ug/mL 
sufentanil, analyzed that onset time of standard epidural analgesia was 12.90 ± 1.95 min. In Fan’s study, 10 mL solution 
consisted of 0.1% ropivacaine and 0.5 ug/mL sufentanil provided adequate analgesia at 15 min.23 With comprehensive 
consideration, we choose 15 min as the primary endpoint. Considering an additional volume will be administered if the 
NRS score is still more than 3 points 15 min after initial dose, it is hard to compare the exact onset time of all 
participants. Thus, the percentage of sufficient analgesia 15 min after the initial volume is selected as the primary 
outcome, which is similar to a recent study.24

To eliminate the interference from unsuccessful cases, the NRS scores, sensory blocking level and blocking symmetry 
will be examined 30 min after initial dose. Yet, there is still no standard definition of epidural labor analgesia failure.10 

Referring to a recent study, unsuccessful epidural labor analgesia is defined as that the NRS score is still more than 3 
points and the blocking plane is lower than T10 15 min after an additional impact volume, or there is an asymmetric 
blocking.4 In order to decrease the rate of failure, we take some measures. Firstly, the operatives will be well trained, and 
they must have conducted epidural anesthesia for at least two years. Secondly, we will not recruit obese parturients, an 
ultrasound machine will be used to ensure the puncture points as well. Before puncture, we will detailedly teach 
parturients how to cooperate during the puncture process and give tips on analgesia maintenance. Lastly, to avoid 
asymmetric blocking caused by catheter inserted too deep, the epidural catheter will be placed only 3 cm into the epidural 
space.

Safety is also a crucial part of a successful labor analgesia. Though we conduct epidural analgesia in a standard way 
of which the security has been widely examined, we will observe side effects like the incidence of bradycardia, 
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hypotension, hypoxia, nausea, vomiting, pruritus, urination disorder and dizziness. Because the fetal heart monitoring can 
be diverse in the whole stages of labor owing to the complex personal situation, and studies have shown that epidural 
analgesia has little statistical influence on fetal heart rate, we will not analyze it.5,19,24 However, we will collect the apgar 
score to evaluate the security of neonates.

Conclusion
This clinical trial is designed to investigate the onset speed of painless uterine contraction when conducting epidural 
analgesia through L2-3 or L3-4 space. If the results indicate that percentage of sufficient analgesia 15 min after the initial 
volume is significantly larger in L2-3 group, we promote L2-3 a better choice of puncture point for epidural labor 
analgesia.

Trial Status
This trial was registered at Chinese Clinical Trial Registry on 16 April, 2023 (identifier ChiCTR2300070548). The study 
protocol was approved by the Ethics Committee of Deyang People’s Hospital on 06 April, 2023 (reference number 2023- 
04-026-H01). The first subject was recruited on 16 April, 2023, and the deadline was estimated to be 11 April, 2024.

Acquisition of Data
Six months after the results being published, the data could be acquired from the corresponding author upon reasonable 
purpose.
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