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Abstract
BACKGROUND
[bookmark: _Hlk101256584]Repeat cesarean deliverys involve a longer surgery and more severe visceral traction than primary cesarean deliverys. The dural puncture epidural (DPE) technique provides faster and more effective analgesia for labor, but there is no sufficient evidence to indicate whether it is suitable for parturients undergoing repeat cesarean delivery.

AIM
To determine the efficacy and safety of the DPE anesthesia technique in patients undergoing repeat cesarean delivery.

METHODS
[bookmark: _Hlk101256606]Patients undergoing repeat cesarean delivery were randomly divided into the DPE and epidural anesthesia (EA) groups. A 25-G spinal needle was used for dural puncture via a 19-G epidural needle. The patients in the two groups were injected with 5 mL of 2% lidocaine followed by 15 mL of a mixture of 1% lidocaine + 0.5% ropivacaine as the epidural dosage. The primary outcome was the onset time of sensory block to the T6 dermatome level and the sensory and motor block degree.

RESULTS
A total of 115 women were included (EA: 57, DPE: 58). The mean time to sensory block to the T6 Level was significantly shorter in the DPE group than in the EA group (14.7 min vs. 16.6 min; 95% confidence interval, 13.9 to 15.4 vs. 15.8 to 17.4; P = 0.001). The cranial sensory block level was significantly higher at 5, 10, and 15 min after the initial dose in the DPE group than in the EA group (P < 0.05). The sacral sensory block level was significantly higher and the modified bromage score was significantly lower in the DPE group at each time point (P < 0.05). Adverse effects and neonatal outcomes were comparable between the two groups (P > 0.05).

CONCLUSION
The DPE technique provided higher-quality anesthesia than the EA technique, with a rapid onset of surgical anesthesia, better cranial and sacral sensory block spread and a higher motor block degree, without increasing the incidence of maternal or fetal side effects in patients undergoing repeat cesarean delivery.
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Core Tip: This study aimed to explore a comparatively superior anesthesia technique for repeat cesarean delivery. The dural puncture epidural (DPE) anesthesia technique with 1% lidocaine combined with 0.5% ropivacaine provided higher-quality anesthesia than the epidural anesthesia (EA) technique, with a faster onset of surgical anesthesia, better cranial and sacral sensory block spread and a higher motor block degree, without increasing the incidence of maternal or fetal side effects, in patients undergoing repeat cesarean delivery. The DPE anesthesia technique might be a preferable anesthesia scheme over the EA technique.

INTRODUCTION
As one of the most common surgeries worldwide, the rate of cesarean delivery (CD) increases year by year[1]. According to the data, the rate of CD is 32%-33% in the United States and 55% to 85% in other highly populated countries[2]. The vast majority of women with a history of CD prefer repeat CD (RCD) when they give birth again[3]. RCD is known to be associated with greater operative difficulties, a longer surgery and more severe visceral traction due to severe intra-abdominal adhesion[4,5] or invasive placentation[6]. The incidence of intra-abdominal adhesion development after primary CD ranges from 46%-65% and increases to 43% to 75% at the third CD and to 83% at the fourth CD[7,8]. The rate of placenta accreta spectrum disorders have been reported to reach up to 2.1% along with the increase in elective RCD[6].
Spinal anesthesia is the most commonly used anesthesia technique for cesarean delivery due to its rapid onset and excellent sensory and motor blockade[9]. However, in some cases of severe adhesions and placental implantation, the action time of spinal anesthesia is not sufficient to meet the requirements of longer surgeries, and combined spinal-epidural (CSE) or epidural anesthesia (EA) should be performed[2]. Although CSE technology can meet the needs of prolonged surgery, it is associated with a high incidence of hypotension, similar to spinal anesthesia, which might lead to adverse maternal and fetal outcomes[9-11]. The EA technique has fewer adverse effects but is associated with a slow onset and a certain degree of failure, such as inadequate sacral spread or unilateral or patchy sensory blockade[12].
The dural puncture epidural (DPE) technique is a modification of the CSE technique that was first described for use in nonobstetric surgical patients in 1996 by Suzuki et al[13] and was subsequently applied by other investigators in obstetric patients[14]. It is performed by creating a perforation in the dura mater using a spinal needle (25-27 G) through the shaft of an epidural needle[15]. After the dural perforation is created and the free flow of cerebrospinal fluid (CSF) is confirmed, the spinal needle is withdrawn without local anesthetic injection into the subarachnoid space. The epidural catheter is normally placed in the epidural space, and local anesthetic is injected into the epidural space via the epidural catheter. The dural puncture creates a conduit for translocation of the local anesthetic from the epidural to the subarachnoid space, which is a unique characteristic of the DPE technique[13]. Studies have shown that compared with standard EA, DPE can provide higher-quality analgesia and lower pain scores in the first 10 min, with a lower rate of unilateral block for labor analgesia, with lower dosages of analgesic drugs, and without adverse maternal or fetal effects[14,16-18]. DPE has also been shown to result in improved anesthetic spread and better sacral blockade than EA in lower abdominal surgery[13] and in morbidly obese parturients undergoing CD[19]. However, limited evidence is available regarding the efficacy and safety of the DPE technique in RCD.
Therefore, we designed this double-blind, prospective, randomized trial to compare the DPE and EA techniques in elective RCD and aimed to explore whether DPE is suitable for anesthesia in RCD. The primary outcome was the onset time of anesthesia and the sensory and motor block levels.

MATERIALS AND METHODS
[bookmark: OLE_LINK3]Study design
This study was approved by the Ethics Committee of Hefei Maternal and Child Health Care Hospital of Anhui Province (No. YYLL2020-15-01) in accordance with the Declaration of Helsinki (1964), and all the patients signed the informed consent form. The study was registered prior to subject enrollment with the Chinese Clinical Trial Registry (Available from: www.chictr.org.cn; identification number is ChiCTR2100050266) with minor revision of the title and collected indicators. This manuscript adheres to the applicable CONSORT 2010 guidelines.
[bookmark: _Hlk101256541]From January 2020 to September 2021, a total of 120 parturients at Hefei Maternal and Child Health Care Hospital of Anhui Province who were scheduled to undergo RCD with a lower uterine segment transverse incision were recruited for this study. Healthy pregnant women with an American Society of Anesthesiologists (ASA) physical status of I or II, age of 23-34 years, weight of 57-83 kg, height of 155-168 cm and a singleton fetus with cephalic presentation at 38-42 wk of gestational age were eligible. We excluded subjects with complications during pregnancy (e.g., gestational hypertension, preeclampsia, or diabetes), neurological diseases, contraindications to neuraxial anesthesia, or known fetal anomalies.
The study was designed as a double-blind, prospective, randomized controlled trial. Patients were allocated to one of two groups using a computer-generated random-number sheet (EA and DPE, n = 60 in each group). The random-number sheet was placed into a sealed envelope and was opened after the initiation of patient enrollment. Two anesthesiologists were involved in the anesthesia procedure to maintain blinding. One anesthesiologist performed the neuraxial anesthesia procedure, while the other anesthesiologist was responsible for anesthesia management and data collection; the latter anesthesiologist remained outside the operating room until the neuraxial anesthesia procedure was completed. The parturients were also blinded to the type of neuraxial procedure.

Anesthetic procedure
After the participant entered the room, peripheral venous access was secured using an 18-G intravenous (IV) cannula, standard monitoring including electrocardiography, noninvasive arterial blood pressure, oxygen saturation (SPO2) and heart rate (HR) monitoring was applied, and 500 mL of lactated Ringer’s solution was infused within 30 min before surgery. The obstetricians monitored the fetal HR before and after the neuraxial procedure to ensure that the fetal HR was in the normal range.
All neuraxial procedures were performed by a senior anesthesiologist at the L2-3 interspace with the patient in the left lateral decubitus position. The epidural space was accessed with a 19-G epidural needle and confirmed by the loss of resistance to saline. After confirming the epidural space, a stainless steel multiorifice epidural catheter was inserted 4 cm into the epidural space toward the cranial side in the EA group. In the DPE group, a 25-G Whitacre needle was used for dural puncture through the epidural needle with confirmation of free CSF flow. Then, the spinal needle was removed, and a stainless steel multiorifice epidural catheter was placed 4 cm into the epidural space toward the cranial side, as in the EA group. Then, patients in both groups were placed in the supine position and received oxygen at 5 L/min. After negative aspiration of CSF and blood, 5 mL of 2% lidocaine hydrochloride (excluding adrenaline) was injected as the test dose. If abnormal signs were not observed five min later, 15 mL of the mixture of 1% lidocaine + 0.5% ropivacaine (the mixture consisted of 10 mL of 2% lidocaine and 10 mL of 1% ropivacaine) was injected at a rate of 0.5 mL/s. The sensory block level was measured by acupuncture every 5 min. Surgery was allowed after the sensory block level reached the T6 dermatome. To prevent hypotension due to the supine position, the right side of the lower back was elevated with a lumbar cushion to incline 20 degrees to the left. If systolic blood pressure < 90 mmHg or mean arterial pressure < 60 mmHg, 8 µg of phenylephrine was given intravenously. If HR < 60 beats/min, 0.25 mg of atropine was given intravenously. In the case of a chill reaction, 10 mg of nalbuphine was given after the fetus was delivered. In the case of dyspnea, the assessment plan was applied, followed by mask oxygen inhalation or tracheal intubation as appropriate to improve respiratory function. If the patient complained of discomfort during the procedure, supplemental analgesics were administered by the anesthesiologist.

Data collection
The primary outcome was the onset time of surgical anesthesia, which was defined as the time from the end of the initial dose to when the sensory block level reached the T6 dermatome[20]. Additional outcomes included the cranial and sacral sensory block levels, as well as the motor block degree. The sensory block levels were determined by acupuncture at 5 min, 10 min, 15 min, and 20 min after drug injection and 5 min after surgery. The motor block degree was assessed at the same timepoints using the modified bromage classification (grade 0: No motor nerve block; 1: Cannot lift leg; 2: Cannot bend knee; 3: Cannot bend the ankle)[20].
The secondary outcomes were the number of patients with cranial sensory block to the T6 Level, the number of patients with a modified bromage score reaching 3 at 15 min, intraoperative IV analgesic supplementation, the local anesthetic volume, the incidence of vasopressor administration and general intraoperative data. We also recorded the incidence of side effects, such as chills, hypotension, and postoperative headache, as well as neonatal outcomes, including the appearance, pulse, grimace, activity, and respiration (Apgar) score.

Statistical analysis 
[bookmark: _Hlk101254405]Sample size calculation: Based on the preliminary data, the mean onset time was 17.5 min in the EA group and 15.42 min in the DPE group, with standard deviations (SD) of 2.61 and 3.34, respectively. For a power of 90% and two-sided statistical significance set at 0.05, the minimum sample size calculated by G*Power (Version 3.1) was 47 patients in each group[21]. To compensate for a dropout rate of 20%, 60 patients were recruited for each group.
Data validation and analysis were carried out by SPSS for version 23.0 (IBM Corp., Armonk, NY, Unite States). The primary outcome, i.e., onset time of T6 sensory block, is presented as the 95% confidence interval (CI) around the difference in group means and was compared via the Mann–Whitney U test. Measurement data with a normal distribution are expressed as the mean ± SD and were analyzed by the Student’s t test. Nonnormally distributed data are expressed as the median (interquartile range) and were compared using the Mann–Whitney U test. The Chi-square test or Fisher’s exact test was used to compare categorical data. Repeated measurement data, including sensory block levels and motor block scores, were assessed longitudinally between groups with linear mixed modeling using the restricted maximum likelihood method and accounting for patient-level clustering (random intercept) under an unstructured model. Adjusted Bonferroni correction was used for multiple comparisons between groups at each timepoint. P < 0.05 was considered to indicate a statistically significant difference.

RESULTS
From January 2020 to September 2021, 120 subjects were recruited and randomized into the groups. Five participants were excluded due to unilateral block or accidental dural rupture with an epidural needle and were converted to general anesthesia or spinal anesthesia. Thus, data were collected from 115 subjects (Figure 1). The demographic data, including age, height, weight, body mass index, gestational weeks, hematocrit, operation time, and ASA class, were comparable between the two groups (P > 0.05, Table 1).

Primary outcome
The mean time to achieve a bilateral sensory block to the T6 dermatome level was 14.7 min in the DPE group (95%CI, 13.9-15.4) and 16.6 min (95%CI, 15.8-17.4) in the EA group (Table 2). The mean difference in the onset time of sensory blockade between the two groups was 1.9 min (95%CI for the difference: -5.0 to 0.0, P = 0.001, Table 2).
Table 3 presents the sensory block levels and modified bromage motor block scores at different time points after the initial dosage. The sensory block level on the cranial side was significantly higher at 5 min, 10 min and 15 min after the initial dose in the DPE group than in the EA group (P < 0.05). The sensory block level on the sacral side was significantly lower in the DPE group than in the EA group at each time point (P < 0.05). The modified bromage motor block score was significantly higher in the DPE group than in the EA group at each time point (P < 0.05).

Secondary outcomes
The maximum sensory block level in both groups was T5 (P = 0.303). The number of patients with cranial sensory block to the T6 Level at 15 min was 30 in the EA group and 54 in the DPE group (52.6% vs. 93.1%, P < 0.001). The number of patients with a modified bromage score reaching 3 at 15 min was 21 in the EA group and 45 in the DPE group (36.8% vs. 77.6%, P < 0.001).
Sixteen subjects in the EA group and seven in the DPE group complained of pain during surgery and required intraoperative IV analgesic supplementation (28.1% vs. 12.1%, P = 0.032, Table 2). There were no significant differences in terms of vasopressor administration, local anesthetic volume, fluid administration, estimated blood loss, duration of surgery, urine output, neonatal outcomes or adverse effects (P > 0.05, Table 2).

DISCUSSION
The main finding of this study was that the onset of surgical anesthesia was faster with the DPE technique than the standard EA technique. The DPE technique provided higher-quality anesthesia than the EA technique, with superior cranial and sacral coverage and a higher motor block degree, without increasing the incidence of side effects.
EA is a popular and safe technique and has a sufficient duration of action for RCD. However, it has the drawback of a long onset time and limited anesthesia plane spread, and IV rescue analgesia is often needed[22]. The DPE technique is a modified anesthesia method based on CSE; the dura is punctured using a spinal needle, and local anesthetics are introduced into the epidural space via an epidural catheter instead of directly into the subarachnoid space[14]. The theoretical basis is that perforation of the spinal dura facilitates the infiltration of local anesthetics into the subarachnoid space[15]. As early as 1998, Leach et al[23] observed the translocation of epidural dye into the subarachnoid space through an accidental dural puncture via a tuohy needle (gauge not documented), which verified the theory. Previous studies have shown that the DPE technique using a 25-G or 26-G Whitacre needle resulted in earlier and greater sacral spread than the EA technique[12,13,24]. In addition, an in vitro study demonstrated notable lidocaine flux into the subarachnoid space via an 18-G or 24-G needle puncture but no flux via a 27-G needle puncture[25]. Thomas et al[26] also found that the DPE technique with a 27-G needle did not provide improved labor analgesia quality compared with the EA technique. Therefore, a larger spinal needle aperture may play a critical role in transmeningeal flux; however, the aperture of the spinal needle should be limited to no larger than 25 G to control the risk of postdural puncture headache and abnormally extensive blockade.
Aside from the spinal needle, as mentioned above, Layera et al[27] found that the transmeningeal flux of anesthetic may depend on many other variables, including the pressure gradient between the epidural space and the subarachnoid space, the distance between the puncture location and site of epidural drug administration, the pressure of epidural bolus injection, and the patient’s posture and epidural compliance, which may vary by age and height[18,23]. The local anesthetic volume might affect the transmeningeal flux of anesthetics by altering the pressure gradient between the epidural space and the subarachnoid space. Chau et al[28] used an identical DPE technique via a 25-G Whitacre needle with different epidural dosing regimens (20 mL of 0.125% bupivacaine and 12 mL of 0.25% bupivacaine) in different studies and suggested that a more dilute, higher-volume initial bolus was associated with a more rapid onset of thoracic sensory blockade and greater median cranial spread[15]. The concentration of the local anesthetic solution and transferability of local anesthetics may also affect the translocation of the medications from the epidural space to the subarachnoid space[18]. A low concentration of ropivacaine was used by Wang et al[24] and Song et al[18] in the DPE technique for labor analgesia and resulted in a faster onset and better sacral block than the EA technique. In our study, a 15-ml mixture of 1% lidocaine and 0.5% ropivacaine as the epidural loading dose was used for the first time to induce anesthesia and resulted in a faster onset of surgical anesthesia and better spread than the EA technique. Clement et al[29] found that bupivacaine exhibited a slower transmeningeal flux than lidocaine in rabbit models. Further studies are warranted to determine the difference in transmeningeal flow between bupivacaine and ropivacaine.
Although the motor block degree reported by previous studies was comparable between the DPE and EA techniques for labor analgesia [15,18,24], the DPE technique resulted in significantly higher motor block scores at each time point than the EA technique in our study. One possible reason is that the concentration of local anesthetics was significantly higher than that in other studies applied for labor analgesia, in which a low concentration of ropivacaine produced motor-sensory separation. We did not record the hemodynamic data since a previous study reported that the hemodynamic stability produced by the DPE technique was better than that of the CSE technique and comparable to that of the EA technique[15]. The rate of vasopressor administration in our study was observed to be comparable between the two groups, which indirectly supports this result.
Neither postdural puncture headache nor respiratory depression was observed in either group. The incidence of other side effects, including chest distress, nausea and vomiting, nasal obstruction, maternal hypotension and chills, was comparable between the two groups[14]. While the symptom of nasal obstruction was rarely reported in other studies, we observed 5 cases (8.8%) in the EA group and 6 cases (10.3%) in the DPE group, which was related to the high thoracic sensory blockade and was not followed by decreasing SPO2 or chest distress. Neonatal outcomes also did not differ between the DPE and EA groups, indicating that the DPE technique used in anesthesia for repeat cesarean delivery was as safe for the mother and the fetus as the EA technique.
This study has several limitations. First, although our results suggest that DPE yielded a superior bilateral block, we did not record the rate of asymmetrical neuraxial block but excluded such patients from the study in the follow-up stage because patients with asymmetrical neuraxial block had to undergo conversion to general anesthesia to complete the surgery. Second, in patients undergoing RCD, adhesions in the epidural space may also affect the spread of the local anesthetic solution in the epidural space as well as its translocation into the subarachnoid space, which might increase the bias of the data.

CONCLUSION
 In summary, the DPE technique provided rapid-onset surgical anesthesia and higher-quality anesthesia compared with the EA technique, with superior cranial and sacral sensory block spread and a higher motor blockage degree, without increasing the incidence of maternal or fetal side effects in patients undergoing RCD.

ARTICLE HIGHLIGHTS
Research background
Repeat cesarean delivery (RCD) involves a longer surgery and more severe visceral traction than primary cesarean deliverys, and the rate of RCD is increasing year by year. As an improvement upon the combined spinal-epidural (CSE) technique, the dural puncture epidural (DPE) technique has been reported to provide faster and more effective labor analgesia; however, insufficient data from among parturients undergoing RCD were available. This study aimed to determine whether the DPE technique is superior to the epidural anesthesia (EA) technique in parturients undergoing repeat cesarean Delivery.

Research motivation
The aim of this study was to overcome the drawbacks of the slow onset and limited blockade spread of the EA technique. The DPE technique might provide a faster onset and better spread than the EA technique while providing more stable hemodynamics than the CSE technique; hence, this technique might be superior to the EA and CSE techniques.

Research objectives
The objective of this study was to find a better anesthesia method for repeat cesarean delivery.

Research methods
This was a double-blind, prospective, randomized controlled trial.

Research results
The DPE technique provided a faster onset of surgical anesthesia, better cranial and sacral sensory spread and higher motor block degree without increasing the incidence of maternal or fetal side effects when compared with the EA technique in patients undergoing RCD.

Research conclusions
The DPE technique provided higher-quality anesthesia than the EA technique when used in patients undergoing repeat cesarean delivery.

Research perspectives
Future research will explore the short-term and long-term potential complications of the DPE technique.
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Figure 1 CONSORT flow diagram. All 120 parturients undergoing repeat cesarean delivery were recruited and assigned to one of two groups. DPE: Dural puncture epidural; EA: Epidural analgesia.
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Table 1 Demographic data in the two groups
	
	EA (n = 57)
	DPE (n = 58)
	Z/t/x2
	95%CI of difference
	P value

	Age (yr)
	28.0 (26.0-30.0)
	28.0 (25.0-30.0)
	0.766
	-1.0, 1.0
	0.4432

	Height (cm)
	159.7 ± 3.8
	160.6 ± 4.2
	1.159
	-2.4, 0.6
	0.2491

	Weight (kg)
	73.0 (69.5-75.0)
	73.5 (71.8-76.0)
	1.622
	-3.3, 0.2
	0.1052

	BMI (kg/m2)
	28.2 ± 1.9
	28.5 ± 1.7
	0.981
	-1.0, 0.3
	0.3292

	Gestational age (w)
	39.8 ± 1.1
	39.5 ± 1.1
	1.450
	-0.1, 0.7
	0.1501

	Hb (g/l)
	116.7 ± 8.5
	117.0 ± 8.3
	0.223
	-3.5, 2.8
	0.8241

	HCT (%)
	35.4 ± 2.3
	35.0 ± 2.2
	0.782
	-0.5, 1.2
	0.4361

	ASA physical status
	
	
	
	
	

	Class 1
	6 (10.5)
	10 (17.2)
	1.082
	0.1, 1.7
	0.2983

	Class 2
	51 (89.5)
	48 (82.8)
	
	
	


1Student’s t test.
2Mann-Whitney U test.
3Chi-square test.
Values are expressed as n (%), mean ± SD, or median (interquartile range). P < 0.05 is present to be significant. ASA: American Society of Anesthesiologists; BMI: Body mass index; Hb: Hemoglobin; HCT: Hematocrit; CI: Confidence interval; DPE: Dural puncture epidural; EA: Epidural anesthesia.

Table 2 Details of anesthesia, adverse effects, and neonatal outcomes
	
	EA (n = 57)
	DPE (n = 58)
	Z/t/x2
	95%CI of difference
	P value

	The onset time to T6 level (min)
	[bookmark: _Hlk87552866]16.6 (15.8-17.4)
	14.7 (13.9-15.4)
	4.039
	-5.0, 0.0
	0.0012

	Maximum sensory level (T)
	5 (4-6)
	5 (4-5)
	1.120
	0.0, 1.0
	0.2632

	[bookmark: _Hlk86961631][bookmark: _Hlk86963108]Modified bromage score to 3, n (%)
	21 (36.8)
	45 (77.6)
	19.516
	2.6, 13.5
	< 0.001

	Cranial sensory block to T6, n (%)
	30（52.6）
	54（93.1）
	23.915
	3.8, 38.0
	< 0.001

	[bookmark: _Hlk87544948]Vasopressor administration, n (%)
	6 (10.5)
	9 (15.5)
	0.631
	0.5, 4.7
	0.4273

	[bookmark: _Hlk87553453]Intraoperative IV analgesic supplementation, n (%)
	16 (28.1)
	7 (12.1)
	4.600
	0.1, 0.9
	0.0323

	Local anesthetic volume (ml)
	20.0 (17.5-20.0)
	20.0 (15.0-20.0)
	0.429
	0.0, 0.0
	0.6682

	Fluid administration (ml)
	800.0 (750.0-800.0)
	800.0 (700.0-800.0)
	0.806
	0.0, 0.0
	0.4242

	Estimated blood loss (ml)
	400.0 (400.0-400.0)
	400.0 (300.0-400.0)
	1.548
	0.0, 0.0
	0.1222

	Duration of surgery (min)
	37.4 ± 8.3
	36.3 ± 6.3
	0.746
	-3.7, 1.7
	0.4571

	Urine output (ml)
	100.0 (100.0-150.0)
	100.0 (100.0-150.0)
	0.248
	0.0, 0.0
	0.8042

	Adverse effects, n (%)
	
	
	
	
	

	Hypotension
	5 (8.8)
	2 (3.5)
	1.425
	0.1, 2.0
	0.4223

	[bookmark: _Hlk87540743]Respiratory depression
	0 (0.0)
	0 (0.0)
	0.000
	0.0, 0.0
	1.0003

	Postdural headache
	0 (0.0)
	0 (0.0)
	0.000
	0.0, 0.0
	1.0003

	Nausea and vomiting
	7 (12.3)
	5 (8.6)
	0.412
	0.2, 2.3
	0.5213

	[bookmark: _Hlk87540773]Chest distress
	5 (8.8)
	7 (12.1)
	0.334
	0.4, 4.8
	0.5633

	Dizzy
	6 (10.5)
	4 (6.9)
	0.477
	0.2, 2.4
	0.7193

	[bookmark: _Hlk87540797][bookmark: _Hlk87541043]Nasal obstruction
	5 (8.8)
	6 (10.3)
	0.082
	0.3, 4.2
	0.7743

	Chills
	19 (33.3)
	14 (24.1)
	1.188
	0.3, 1.4
	0.2763

	[bookmark: _Hlk87542699]Neonatal outcomes
	
	
	
	
	

	Apgar score < 8 at 1 min, n (%)
	3 (5.3)
	2 (3.4)
	0.000
	0.1, 4.0
	0.9843

	Apgar score < 8 at 5 min, n (%)
	0 (0.0)
	0 (0.0)
	0.000
	0.0, 0.0
	1.000


1Student’s t test.
2Mann-Whitney U test.
3Chi-square test.
Values are expressed as n (%), mean ± SD, or median (interquartile range). P < 0.05 is present to be significant. CI: Confidence interval; DPE: Dural puncture epidural; EA: Epidural anesthesia.

Table 3 Sensory nerve and motor block levels in the two groups at each time point after drug injection
	
	Group
	5 min
	10 min
	15 min
	20 min
	5 min after operation

	[bookmark: _Hlk93864645]Sensory block levels of cranial side

	EA (n = 57)
	T11 (T10-11)
	T9 (T7-T9)
	T6 (T5-T7)
	T5 (T4-T6)
	T5 (T5-T6)

	
	DPE (n = 58)
	T10 (T10-11)
	T8 (T7-T8)
	T6 (T5-T6)
	T5 (T4-T6)
	T5 (T4-T6)

	[bookmark: _Hlk86156103]
	95%CI
	0.349-1.020
	0.064-0.905
	0.381-1.141
	0.262-0.436
	0.078-0.705

	
	P value
	< 0.001
	0.024
	< 0.001
	0.623
	0.115

	
	Ptime < 0.001, Pgroup = 0.008, Pinteraction < 0.001

	Sensory block levels of sacral side
	EA (n = 57)
	L1 (L1-L3)
	L3 (L2.5-L4)
	L5 (L4-S1)
	S1 (S1-S1)
	S1 (S1-S1)

	
	DPE (n = 58)
	L2 (L2-L2.3)
	L4 (L3-L4)
	S1 (L5-S1)
	S1 (S1-S2)
	S1 (S1-S2)

	[bookmark: _Hlk86163085]
	95%CI
	0.471-0.966
	0.245-0.992
	0.319-0.925
	0.078-0.710
	0.269-0.734

	
	P value
	< 0.001
	0.001
	< 0.001
	0.015
	< 0.001

	
	Ptime < 0.001, Pgroup < 0.001, Pinteraction = 0.425

	Motor block score
	EA (n = 57)
	0.0 (0.0-0.0)
	1.0 (0.0-1.0)
	1.0 (1.0-2.0)
	2.0 (1.0-3.0)
	3.0 (2.0-3.0)

	
	DPE (n = 58)
	1.0 (1.0-1.0)
	1.0 (1.0-2.0)
	2.5 (2.0-3.0)
	3.0 (3.0-3.0)
	3.0 (3.0-3.0)

	
	95%CI
	0.443-0.757
	0.631-1.153
	0.773-1.354
	0.507-1.008
	0.210-0.636

	
	P value
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	
	Ptime < 0.001, Pgroup < 0.001, Pinteraction < 0.0011


Values are expressed as median (interquartile range). The data were analyzed with linear mixed model. Ptime: The time effect within group, the differences between the two groups at each timepoint were tested with adjusted bonferroni correction for multiple comparisons, P < 0.05 was considered statistically significant; Pgroup: The main effect between the epidural anesthesia and dural puncture epidural group over time; Pinteraction: The interaction effect of group-by-time; CI: Confidence interval; DPE: Dural puncture epidural; EA: Epidural anesthesia.


[bookmark: _Hlk88512952]
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