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Purpose: To compare the effect of Dural puncture epidural (DPE) and conventional epidural (EP), in conjunction with programmed
intermittent epidural bolus (PIEB) and low-concentration ropivacaine strategy.

Methods: After written informed consent was obtained, healthy nulliparous women with singleton pregnancies, vertex presentation at
38-42 weeks’ gestation, cervical dilation of 3—5 cm, and a desire for pain relief were randomly assigned to DPE or EP group. Dural
matter was puncture with 25G Whitacre needle in DPE group. Analgesia was initiated with 15 mL of 0.1% ropivacaine over 5 minutes
and was maintained by PIEB (8 mL of 0.08% ropivacaine with 2 pg/mL fentanyl every 40 min). Primary outcome was the percentage
of adequate analgesia, defined as NRPS <1, at 30 minutes after the initiation of the epidural bolus.

Results: Out of 130 enrolled parturients, 127 were included in final analysis (64 in DPE group, 63 in EP group). No significant
difference was found in percentage of adequate analgesia at 30 minutes (risk ratio: 1.09; 95% confidence interval: 0.90-1.31; P =
0.366). At 8, 12, 14, and 16 minutes, percentage of adequate analgesia was higher in DPE group (P = 0.023, 0.027, 0.016 and 0.033,
respectively). NPRS scores in DPE group decreased more dramatically within the first 30 min. The incidence of S2 sensory blocks at
20 and 30 min in DPE group was higher (P = 0.010 and 0.006, respectively). There were no differences in patient satisfaction, delivery
mode, adverse effects, fetal bradycardia, and Apgar scores at 1 and 5 minutes.

Conclusion: The combination of the use of DPE technique with 25G spinal needle and PIEB technique for labor analgesia appears to
enhance the quality of labor analgesia by accelerating onset and providing improved sacral blockade, without increasing adverse effects.
Keywords: dural puncture epidural, labor analgesia, programmed intermittent bolus, ropivacaine

Introduction
Labor pain is widely regarded as one of the most intense types of pain experienced by women during their lifetime. Effective
pain relief is crucial for most women in labor. Neuraxial analgesia offers potent pain relief with minimal adverse effects. It also
serves as a viable option for surgical anesthesia in case of cesarean delivery.' The prevailing methods for providing neuraxial
analgesia are conventional epidural (EP) and combined spinal-epidural (CSE) techniques.> However, the EP technique is
associated with slow onset and motor blockade, while the CSE technique often leads to more adverse effects such as pruritus
and fetal bradycardia."*>

Thus, dural puncture epidural (DPE) technique has been introduced with the aim of improving analgesic efficacy and
reducing adverse effects.*® DPE involves dural puncture using a spinal needle, without directly delivering local anesthetic into
the subarachnoid space.” The created dural conduit is believed to facilitate translocation of epidural medication to the

subarachnoid space, thereby expediting analgesic onset and enhancing its quality.” However, existing data do not consistently
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support the clinical benefits associated with the DPE technique.”®® Programmed intermittent epidural bolus (PIEB) is a novel
method for maintenance of labor analgesia that intermittently injects a preset volume of local anesthetic into the epidural space
at regular intervals. PIEB is associated with superior analgesic effects, lesser local anesthetic consumption, and lower risk of
motor block compared to conventional continuous epidural infusion (CEI).>'? Lower concentrations of ropivacaine can lead
to sensory-motor dissociation block, which is associated with a decreased risk of motor block.'*"?

In theory, DPE technique combined with PIEB infusion of low-concentration local ropivacaine for initial and
maintenance analgesia may provide additional benefits for women in labor. However, limited data exist on this specific
pain management strategy. To investigate the superiority of the DPE technique over the EP technique for labor analgesia
in terms of analgesia onset and maintenance, side effects, and maternal satisfaction, we conducted this study to compare
the two techniques in conjunction with PIEB administration of low-concentration ropivacaine.

Methods
Study Design and Participants Recruitment

This study was conducted in accordance with the principles of the Declaration of Helsinki. It was approved by the Ethics
Committee of First Affiliated Hospital of Fujian Medical University (No: MRCTA, ECFAH of FMU 2019237, July 20,
2019) and registered at www.chictr.org.cn (No: ChiCTR1900024717; July 23, 2019). Written informed consent was
obtained from all participants after being fully informed of the potential risks and benefits of the study.

Eligible participants were healthy nulliparous women with singleton pregnancies, classified as American Society of
Anesthesiologists (ASA) class I or 11, vertex presentation at 38—42 weeks’ gestation in active labor with a cervical dilation 3—
5 cm, and a request for labor relief. Exclusion criteria included <20 or >40 years old, morbid obesity, diseases of pregnancy
(gestational diabetes, gestational hypertension, and preeclampsia), contraindications to neuraxial blocks, conditions with high
risk of a cesarean delivery (eg, placenta previa, history of uterine anomaly, or surgery), and known fetal abnormalities. Patients
would be excluded from the study if the cerebrospinal fluid (CSF) return could not be observed from the spinal needle while
performing the dural puncture or a delivery occurred within 1 hour after the administration of initial epidural dose.

Randomization

Patients were randomly assigned to either the DPE or EP group in a 1:1 ratio using a computer-generated random number
table. Allocations were concealed in sequentially numbered opaque sealed envelopes. On request for labor pain relief,
one anesthesiologist opened the envelope before initiating the procedure of neuraxial block. The patients, obstetricians,
nurses, and anesthesia providers involved in labor analgesia management and data collection were blinded to the group
allocation.

Analgesia Initial and Maintenance

Neuraxial procedures were performed in a right lateral decubitus flexed position at L3-L4 or L4-L5 interspace with a 17-G
Tuohy needle. The epidural space was identified using the loss of resistance to saline technique. Dural puncture was performed
with a 25-G Whitacre needle in DPE group, and the needle was retracted following the observation of cerebrospinal fluid flow.
A 19-G single open end epidural catheter (Arrow International, Reading, PA) was inserted 5 cm into the epidural space. After
a negative aspiration for blood and CSF, 3 mL of 2% lidocaine was administered as the test dose. Five minutes after, labor
analgesia was initiated with divided doses of 15 mL 0.1% ropivacaine over 3 minutes given via the epidural catheter. Labor
analgesia was maintained using the PIEB technique starting 30 minutes after the initial dose, with the following parameters:
administration of 8 mL of 0.08% ropivacaine with 2 pg/mL fentanyl every 40 minutes, a demand dose of 8 mL for patient-
controlled epidural analgesia (PCEA), a lockout interval of 15 minutes, and a maximum dose of 35 mL/h.

When patients requested additional pain relief beyond self-administered PCEA boluses, it was considered as inadequate
analgesia. It was treated by administration of top-up dose (10 mL 0.08% ropivacaine with 2 ng/mL fentanyl). If inadequate
pain persisted after 15 minutes, the catheter pulled back 1 cm and administrated a top-up dose. If inadequate pain persisted
after 15 minutes, another top-up dose would be administrated. If the labor analgesia is not improved after the above
intervention, epidural catheter replacement would be considered.
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Data Collection

The labor pain was assessed using the verbal numeric pain rating scale (NPRS) score from 0 to 10 (0 = no pain, 10 =
worst imaginable pain) after the initial dose completed (TO) and at 2 min intervals for the 30 min, then at 60 min and one
hourly interval thereafter. The primary outcome of this study was the percentage of adequate analgesia at 30 minutes after
the initiation of the epidural bolus. Adequate analgesia was defined as a NRPS score of <I.

Sensory and motor blocks were evaluated simultaneously with pain assessment. Sensory block was assessed using
a pinprick stimulus. Thoracic dermatomal sensory levels were assessed along the midclavicular line. Lower extremity
dermatomal levels were assessed at the inguinal crease (L1), anterior thigh (L2), medial knee (L3), medial malleolus
(L4), between the great and second toes (L5), lateral heel (S1), and midpoint of popliteal fossa (S2), and the lowest level
was recorded. Asymmetric block was defined as a difference in the sensory block level >2 dermatomes between the left
and right sides. Motor block level was assessed using a modified Bromage score from 0 to 3 (0 = full flexion of knees and
ankles, 1 = partial flexion of knees, full flexion of ankles, 2 = inability to flex knees and partial flexion of ankles, and 3 =
inability to flex knees and ankles). Presence of motor blockade was defined as modified Bromage score >1.

The following variables were also documented: demographic data (including age, height, weight, gestational age,
blood pressure, fetal heart rate, pain score, and cervical dilation before analgesia), mode of delivery, need for epidural
top-up, catheter adjustment or replacement, adverse effects (hypotension defined as systolic blood pressure <90 mmHg or
a decrease of systolic blood pressure by more than 20% from baseline, nausea, pruritus, fetal bradycardia defined as
a heart rate less than 110 bpm for 10 minutes, postdural puncture headache), duration of labor, Apgar scores at 1 and 5
minutes, and satisfaction with analgesia (0 = very dissatisfied, 10 = very satisfied).

Sample Size Calculation

The primary endpoint of the study was the proportion of patients with NPRS <1 at 30 minute after the initial dose. The
sample size was calculated using PASS version 15 software to achieve 80% power (two-tailed) with a medium effect size
of 0.5 at an a level of 0.05 for the proportions of two groups. Thus, a sample size of 63 patients per group was required.
We planned to enroll up to 130 patients (65 patients per group) in this study.

Statistical Analysis

Statistical processing was performed using the software packages IBM SPSS version 27. All data were expressed as
mean + standard deviation (SD) or median [interquartile ranges], number (percentage) or number, as appropriate.
NPRS<1, S2 blockade, asymmetric blocks, mode of delivery, fetal bradycardia and catheter adjustment were compared
using Chi-square test. Adverse effects and catheter replacement were compared using Fisher’s exact test. Normal
distribution of data was assessed by Kolmogorov—Smirnov test. Continuous parametric data were compared using the
t test. Continuous non-parametric data were compared using the Mann—Whitney U-test. NPRS score was analyzed using
general linear models (GLMs) for repeated measures to examine group differences in repeated measure effects. Time to
adequate analgesia (NPRS < 1) was analyzed using Kaplan—Meier curves and Cox regression. A P value <0.05 was

considered significant.

Results
A total of 171 parturients were screened for eligibility. Of them, 130 parturients were enrolled in the study. Three women
were excluded from data collection after randomization. Finally, 127 women completed the study, with 64 women in
DPE group and 63 women in EP group (Figure 1). CSF return was successfully confirmed in all patients in DPE group.
The demographic and baseline characteristics are shown in Table 1. No significant differences were found in demo-
graphic and baseline characteristics between two groups.

The percentage of NPRS < 1 at 30 minute after the initial epidural dose was 81.3% in DPE group and 74.6% in EP
group. Significant difference was not found between DPE and EP group in percentage of adequate analgesia at 30
minutes (risk ratio [RR] 1.09; 95% confidence interval [CI] 0.90-1.31; P = 0.366). However, the percentage of patients
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[ Enrollment ] | Assessed for eligibility (n = 171)

Excluded (n = 41)

- Multiparous (n = 33)

» - Vertex presentation < 38 weeks (n = 1)
- Cervical dilation >5 cm (n =5)

- Declined to participate (n = 2)

| Randomized (n = 130) |

'
l | Allocation J l

Allocated to DPE group (n = 64) Allocated to EP group (n = 65)
- Received allocated intervention (n = 64) - Received allocated intervention (n = 63)
- Delivery within 1 hour (n = 1) - Delivery within 1 hour (n=2)
l Follow-Up l
Lost of follow-up (n = 64) Lost of follow-up (n = 63)
v Analysis v
Analyzed (n = 64) Analyzed (n = 63)
- Excluded from analysis (n = 0) - Excluded from analysis (n = 0)

Figure | CONSORT trials flow diagram.DPE, dural puncture epidural; EP, conventional epidural.
Notes: Adapted from Schulz KF, Altman DG, Moher D, CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group Randomised Trials. PLoS Med. 2010;7
(3): €1000251. Copyright: © 2010 Schulz et al. Creative Commons Attribution License.*

with NPRS < 1 in the DPE group was significantly higher compared to the EP group at 8, 12, 14, and 16 minutes (P =
0.023, 0.027, 0.016 and 0.033, respectively; Supplemental Table 1).

Kaplan—Meier curves of the time to achieve adequate analgesia are shown in Figure 2. A Log rank test analyzing the
time to NPRS <1 showed a significant difference between the groups (P = 0.046). In the DPE group, women achieved an
NPRS <1 significantly faster compared to those in the EP group (P = 0.024). The median time (interquartile range) to
NPRS <1 achieved was 11 (6-17.5) minutes in DPE group and 16 (10-60) minutes in EP group (Table 2).

Figure 3 shows the NPRS scores for all patients at each data collection point within 30 minutes. The NPRS scores
decreased over time in both groups (P < 0.001), but the decrease was more rapid in the DPE group than in the EP group
(P = 0.023 for the interaction between neuraxial technique and time) within the first 30 minutes. Figure 4 displays the
hourly NPRS scores. There was no significant difference between two groups in the hourly NPRS scores.

Compared with EP group, the S2 sensory blocks at 20 and 30 min were more frequently observed in DPE group
(P = 0.010 and 0.006, respectively), whereas no difference was found at 10 min (P = 0.057). No significant
differences were found in the incidence of asymmetric blocks at 30 min (RR = 0.530; CI: 0.226-1.241; P = 0.134)

Table | Demographic and Baseline Characteristics

DPE Group EP Group P value
(n=64) (n=63)
Age; year 273 (3.2) 274 (3.3) 0.898
Height; cm 160.5 (4.4) 161.0 (4.2) 0.816
Weight; kg 66.8 (8.0) 68.8 (8.1) 0.850
BMI; kg/m? 26.0 (3.0) 26.6 (3.0) 0.960
Gestational age; week 39.6 (1.1) 39.5 (1.0) 0.798
ASA /Il 53/11 52/11 0.968
Cervical dilatation at the time of randomization; cm 3.7 (0.9) 3.6 (0.8) 0.414
Baseline NPRS 7.9 (1.0 7.9 (0.9) 0.266
Baseline fetal heart rate; bpm 1394 (7.1) 137.4 (7.5) 0.590

Notes: Data are present as mean (SD).
Abbreviations: DPE, dural puncture epidural; EP, conventional epidural; BMI, body mass index; NPRS, numeric pain rating
scale; ASA, American society of anesthesiologists.
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Figure 2 Kaplan—Meier curves for time to adequate analgesia (NRPS < 1) after epidural loading dose.
Abbreviations: DPE, dural puncture epidural; EP, conventional epidural; NPRS, numeric pain rating scale.

30

and in the requirement for epidural top-up bolus during the whole labor analgesia period (RR = 0.626; CI: 0.353—
1.111; P = 0.103) (Table 2).
The mode of delivery, modified Bromage scores, newborn Apgar scores, adverse effects, and patient satisfaction

scores did not significantly differ between the two groups (Table 2).

Table 2 Outcomes Associated with DPE vs EP

Outcomes DPE (n = 64) EP (n = 63) P value
NPRS < | at 30 min 52 (81.3) 47 (47.6) 0.366
NPRS < | at 10 min 32 (50.0) 23 (36.5) 0.125
NPRS < | at 20 min 52 (81.3) 46 (73.0) 0.269
Time to NPRS < |, min Il (6-17.5) 16 (10-60) 0.024
S2 blockage at 10 min 32 (50) 21 (33.3) 0.057
S2 blockage at 20 min 44 (68.8) 29 (46.0) 0.010
S2 blockage at 30 min 52 (81.3) 37 (58.7) 0.006
Requirement for top-up bolus 14 (21.9) 22 (34.6) 0.103
Asymmetric blocks at 30 min 7 (10.9) 13 (20.6) 0.134
Mode of delivery 0.422

Spontaneous 51 (79.7) 47 (74.6)

Instrumental 1 (1.6) 0

Cesarean 12 (18.8) 16 (25.4)
Fetal bradycardia 4 (6.3) 6 (9.5) 0.493
Adverse effects

Postpartum headache 0 0

Pruritus 2 3.1 0 0.496

Nausea 1 (1.6) I (1.6) 1.000

Hypotension 3 4.7) I (1.6) 0.619
Apgar score at | min 10 (9-10) 10 (9-10) 0.571
Apgar score at 5 min 10 (10-10) 10 (10-10) 0.453
Catheter adjustment 5(7.8) 6 (9.5) 0.763
Catheter replacement 0 I (1.6) 0.496
Duration of neuraxial analgesia, min 480 + 245 464 + 210 0.076
Duration of second stage of labor, min 115 + 56 95 + 48 0.544
Patient satisfaction 9 (8-10) 9 (8-10) 0.522

Notes: Data presented as median (range) or n (%).
Abbreviations: DPE, dural puncture epidural; EP, conventional epidural; NPRS, numeric pain rating scale.
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Figure 3 Median NPRS scores at 30 minutes after epidural loading dose. NPRS deceased over time (P < 0.001). NPRS in DPE group decreased more rapidly than in EP

group (P = 0.023, interaction between neuraxial technique and time).
Abbreviations: DPE, dural puncture epidural; EP, conventional epidural; NPRS, numeric pain rating scale.
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Figure 4 Box plots of the NRPS scores hourly. Median and mean values are shown as a solid line (-) and (%) mark within box of 25th and 75th percentile values, respectively.
Whiskers represent 5th and 95th percentile values. No significant differences were found between groups.
Abbreviations: DPE, dural puncture epidural; EP, conventional epidural, NPRS, numeric pain rating scale.

Discussion

In this study, we compared the DPE and EP techniques for the neuraxial labor analgesia in nulliparous women with
singleton. Both groups received low concentrations of ropivacaine as epidural medication, administered using pro-
grammed intermittent epidural bolus technique for maintenance of labor analgesia. In the DPE group, dural puncture was
performed using 25G Whitacre spinal needles. Our findings suggest a faster onset of analgesia and better sacral block in
the DPE group.

The main distinction between the DPE and EP techniques lies in whether the dura mater is intentionally punctured
with spinal needle or kept intact. This small difference is main determinant of the effect of DPE technique. On one hand,
the direct observation of cerebrospinal fluid backflow through the spinal needle could help confirm the correct position of
the epidural needle tip within the epidural space.”® This is highly advantageous for patients with technically challenging
epidural procedures, such as obese individuals.”> On the other hand, epidural medication could transfer through the
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conduit created by dural puncture into subarachnoid space which was confirmed radiologically by Leach et al.'” And
there is a significant association between the size of dural conduit and the medication translocation.*'® One possible
explanation for epidural-to-CSF transfer via the conduit, rather than the reverse, is that the administration of epidural
medication can result in elevated epidural pressure, though it is physiologically lower than intrathecal pressure. And
pencil-point spinal needles are used for dural puncture instead of Quincke needles, which has been shown to reduce CSF
leakage via the dural hole and thus the risk of postdural puncture headache (PDPH).!”

This translocation of medication is postulated to enhance the analgesic effect during labor analgesia. Some studies
have demonstrated that the DPE technique is associated with faster analgesic onset, a lower incidence of sacral block
sparing and asymmetric block, and a reduced need for additional physician bolus interventions.>'"'>'® But conflicting
results also have been reported in others, with no significant differences observed in sacral block, asymmetric block, and
the requirement for epidural top-up bolus between the DPE and EP techniques.”'*° Two systematic reviews published
in 2019 concluded that the evidence regarding the superiority of the DPE technique over the EP technique during labor
analgesia remains inconclusive, due to the substantial heterogeneities.?' The variations in analgesic techniques used,
such as the size of the spinal needle, concentration and type of local anesthetics, and other factors, may have contributed
to the inconsistent findings. The differences in population enrollment could also have influenced the outcomes.

Dural conduit with a larger diameter would make epidural medication transfer more easily. Comparing 27G and 25G
needles, Contreras et al found that 25G spinal needles had a statistically shorter onset time for labor analgesia.'® A recent meta-
analysis demonstrated that the DPE technique with 25G spinal needle offers advantages over the EP technique.” These
advantages include hastened onset of analgesia, decreased necessity for epidural top-ups, and a reduced occurrence of
asymmetric block.” Larger size spinal needles (25G) were used in our study. We observed higher percentages of adequate
analgesia at 8, 12, 14, and 16 minutes after the initial epidural dose in the DPE group, along with a significant shorter median
time to adequate analgesia. And NPRS scores in DPE group decreased more dramatically than that in EP group within the first
30 min. Besides, we also found that the incidence of S2 sensory blocks at 20 and 30 min in DPE group was significantly higher.
These findings also support the notion that the DPE technique leads to a faster onset of analgesia and better sacral blockade.

Besides, variations in local anesthetics, the total drug mass and the technique of medication infusion can create
distinct diffusion gradient pressures that drive the transfer of drugs across the dural conduit or meninges.>® When the
movement of drug through the dural conduit is significantly faster than the rate of drug diffusion through the meninges,
the effect of drug translocation through the dural conduit is clinically relevant.”* And if a drug with a slow transme-
ningeal transfer rate will greatly benefit from dural puncture.® Rabbit models suggest that the bupivacaine’s native
diffusion through intact meninges is much slower than that of lidocaine.>® Ropivacaine appears to share similar
characteristics with bupivacaine on this aspect.® Thereby, the presence of dural conduit would favor ropivacaine
translocation into subarachnoid space. Besides, a lower concentration of ropivacaine exhibits a more pronounced motor-
sensory separation block than other local anesthetics.'® So, it seems greatly useful in labor analgesia, given the
undesirability of motor blockade. Additionally, dural conduit played a proportionally more important role in transme-
ningeal medication transfer, when local anesthetics with a low concentration were used.® This is another possible
explanation for the superior analgesic effect observed in the DPE group during the initial 30 minutes in our study.

In our study, the initial dose was given at a higher injection rate (15 mL of 0.1% ropivacaine in 3 minutes) in our study,
whereas Tan et al used a slower injection rate (15 mL of 0.1% ropivacaine in 6 minutes). A increased injection rate could result
in higher injection pressure and epidural pressure.”* This elevated epidural pressure might lead to a greater enhancement of
medication translocation through the dural conduit. Similarly, programmed intermittent epidural bolus (PIEB) involves
scheduled intervals of rapid and high-pressure medication injection, it may also increase drug transfer through the dural
puncture.”® Song et al suggest that employing the DPE plus PIEB technique could achieve superior analgesia quality than the
EP/DPE plus continuous infusion technique.'' However, the rapid and higher-pressure injection could also result in wider
epidural drug spread in epidural space, possibly masking any analgesic benefits resulting from increased drug transfer through
the dural conduit. This could potentially explain the absence of significant difference in the incidence of asymmetric block and
the need for additional top-up boluses between two groups in our study.

2,11,19

Consistent with previous studies, no difference was found in the patient satisfaction in our study. And most of

women in both groups expressed high satisfaction with the labor analgesia. It is worth noting that, besides the quality of
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overall labor analgesia, satisfaction may be influenced by many other factors during childbirth, such as maternal
decision-making sharing, consciousness of emotional control and maternal expectations.?’

Furthermore, no significant differences were observed in the mode of delivery, the incidence of adverse effects
(including postpartum headache, pruritus, nausea, hypotension), the occurrence of fetal bradycardia, and Apgar scores at
both 1 and 5 minutes. These results align with prior research.'""'? And it indicates that while the dural conduit facilitate
the medication translocation into the subarachnoid space, this translocation rate seems slow enough, and still insufficient
to cause an increase in the complications that were much common in CSE technique.”'® In other words, both techniques
in our study were safety for the mother and the fetus.

Limitations

There are several potential limitations in this study. Firstly, due to the cyclical nature of uterine contractions and the
varying frequency of contractions among different parturients, determining the precise onset of adequate labor analgesia
is difficult. It is plausible that this onset could transpire prior to our observed timeframe. Additionally, whether a faster
epidural injection speed leads to higher epidural pressure and, subsequently, promotes epidural translocation requires
further investigation. Thirdly, the factors governing the epidural medication through the meninges are intricate, and the
settings of the PIEB pump, such as the programmed dosing interval, also exerts an influence on observed effects. Hence,
our findings are specific to utilization of 25G needles for DPE, low concentration of ropivacaine, and administration via
PIEB technique with specific pump settings. Further investigation is needed to determine the optimal pump settings in
combination with the DPE technique in future studies.

Conclusion

In conclusion, employing the DPE technique with 25G spinal needles appears to enhance the quality of labor analgesia
by accelerating onset and providing improved sacral blockade. Comparable results were observed between DPE and EP
techniques in terms of side effects, mode of delivery, and maternal satisfaction, when combined with the PIEB technique
and low-concentration ropivacaine for initiating and maintaining analgesia in parturients. These findings collectively
indicate that the use of the DPE technique for labor analgesia is beneficial.

Data Sharing Statement

Data and other materials are available from the corresponding author on reasonable request within 6 months.
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