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Abstract
BACKGROUND
For parturients with paroxysmal uterine contraction pain, rapid analgesia is needed. We used preprocedure ultrasound imaging combined with the palpation technique in epidural analgesia for labor, and evaluated the usefulness of this technique in epidural labor analgesia.

AIM
To evaluate the usefulness of preprocedure ultrasound imaging in epidural analgesia for labor.

METHODS
In this prospective randomized observational study, 72 parturients were assigned to two groups (combined or palpation group). The target interspace of all parturients was first identified by the palpation technique. Then in the combined group, preprocedure ultrasound imaging was used before epidural puncture. In the palpation group, only the traditional anatomical landmarks technique (palpation technique) was performed. The primary outcome was total duration of the epidural procedure (for the ultrasound group, the duration of the preprocedure ultrasound imaging was included). The secondary outcomes were the number of skin punctures, the success rate at first needle pass, the number of needle passes, the depth from the skin to epidural space, and the complications of the procedure.

RESULTS
Total duration of the epidural procedure was similar between the two groups (406.5 ± 92.15 s in the combined group and 380.03 ± 128.2 s in the palpation group; P = 0.318). A significant improvement was demonstrated for epidural puncture and catheterization in the combined group. The number of needle passes was 1.14 in the combined group and 1.72 in the palpation group (P = 0.001). The number of skin puncture sites was 1.20 in the combined group and 1.25 in the palpation group (P = 0.398). The success rate at first needle pass was 88.89% in the combined group and 66.67% in the palpation group (P = 0.045).

CONCLUSION
This study demonstrated that the total duration of epidural procedures with preprocedure ultrasound imaging combined with the palpation technique was not longer than the traditional anatomical landmarks technique, which were performed by six experienced anesthesiologists in parturients with normal weights undergoing labor analgesia. 
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Core Tip: This is the first study of preprocedure ultrasound imaging combined with the palpation technique in epidural labor analgesia. This combined technique increases the first-pass success rate of epidural catheterization but does not increase the total procedural time in labor analgesia.


INTRODUCTION
Epidural analgesia can provide effective pain control in obstetrics[1], but the obesity and edema of parturients can increase challenges in performing the epidural puncture. For parturients with paroxysmal uterine contraction pain who opt to have labor pain relief, rapid analgesia is needed. Therefore, a rapid and effective epidural puncture is particularly important for parturients requiring labor analgesia.
Preprocedure ultrasound imaging can improve the safety and efficacy of epidural puncture especially in difficult cases[2-9], but it requires time and ultrasound imaging of the spine is more complex than imaging of other parts of the body; thus, clinical ultrasound measurement for labor analgesia is not frequently practiced[2]. 
In previous studies, preprocedure ultrasound imaging needs several steps. First, the paramedian sagittal oblique view was obtained to identify the sacrum, the five lumbar intervertebral spaces, and the target interspace[10,11]. Second, the transverse interlaminar view of the target interspace was obtained, the depth of the epidural space was measured, and the needle insertion point was marked[9,10]. This preprocedure ultrasound imaging needs some time. In our combined technique, first, the target interspace was obtained by landmark palpation. Second, the transverse interlaminar view of the target interspace was obtained, the depth of the epidural space was measured, and needle insertion point was marked. This technique needs less procedure time.
This study was conducted to compare the total duration of the epidural procedure (including the duration of preprocedure ultrasound imaging in the combined group), and the safety of the epidural procedure between the combined and palpation groups. We determined whether the combined technique increased the total duration of the epidural procedure and improved the success rate of epidural analgesia. 

MATERIALS AND METHODS
This study was a prospective randomized controlled study. After obtaining approval from the institutional ethical committee, this study was conducted with healthy parturients admitted to the Department of Obstetrics and Gynecology. The study was conducted between January and May 2018 and reviewed and approved by the local university’s institutional review board (IRB). All data collection and data management were conducted according to the IRB-approved protocol (ChiCTR1800014782). Informed written consent was obtained from every parturient.

Parturients
The inclusion criteria were as follows: healthy pregnancy and singleton birth, age ≥ 18 and ≤ 40 years, American Society of Anesthesiologists physical status II or above, active labor (regular contractions and cervical dilation ≥ 2 cm), no history of caesarean for dystocia, absence of contraindications to epidural blockade, absence of previous analgesia with opioids, absence of cephalopelvic disproportion, and absence of psychopathological disorders and substance abuse.
The exclusion criteria were as follows: body mass index ≥ 35 kg/m2; patient refusal; pregnancy-induced hypertension; systemic hypertension; diabetes mellitus; heart disease; previous lower segment caesarean section; or any contraindication to neuraxial anesthesia such as coagulopathy, increased intracranial pressure, uncorrected hypovolemia, local skin infection, marked spinal deformity, or previous spinal surgery. Written informed consent was obtained from the parturient at the preanesthetic interview for delivery. Seventy-two parturients were randomly assigned to two groups (combined or palpation group) using a computer-generated table of random numbers. All epidurals were performed by six anesthesiologists (each anesthesiologist with approximately 300-500 obstetric palpation epidurals anesthesia and 50-100 obstetric ultrasound-assisted epidurals anesthesia). The primary and secondary outcome data were recorded by other investigators (nurses who assisted the anesthesiologist with preprocedural ultrasound imaging and epidural procedures).

Preprocedure ultrasound imaging
Standard monitors were applied, and the parturient was placed in the left lateral position throughout the procedure. In two groups, the anatomical landmarks were the intercristal (Tuffier) line, which was assumed to cross the L3–L4 interspace or L4 spinous process. The target interspace was the L3–L4 interspace. In the ultrasound group, preprocedure ultrasound imaging was used before epidural puncture. In the palpation group, the traditional palpation technique was performed.
In the combined group, a 2-5 MHz curved array probe was used for all cases using a three-step approach[12,13] (GE Healthcare, Chalfont St. Giles, United Kingdom). (1) The target interspace of the parturient was identified by the palpation technique. (2) The transverse interlaminar view of the target interspace and the best sonographic image was observed. The depth of the epidural space was measured (distance from the skin surface to the ventral aspect of the ligamentum flavum-dura mater complex). (3) The horizontal and vertical lines were marked at the midpoints of the probe’s short and long sides, respectively[14], and the needle insertion point was marked at the intersection point of the two lines. 

Epidural puncture and catheterization
With proper aseptic and antiseptic precautions, the puncture site was infiltrated with lidocaine with an an 18-gauge Tuohy needle (Perifix®; Braun, Melsungen, Germany) using the loss of resistance technique to air, and then a multi-hole epidural catheter was inserted at the L3-4 intervertebral space. In the combined group, the loss-of-resistance test was started when the travel distance of the epidural needle was 0.5 cm less than the pre-estimated depth.
The catheter was placed in the epidural space 3-4 cm in the cephalic direction. Then 3 mL of 1.5% lidocaine was administered to exclude intravenous or subarachnoid catheter placement. Next, a dose of 12 mL ropivacaine at a concentration of 0.094% was administered without opioids. Instructions for use of the patient-controlled epidermal analgesia (PCEA) pump (Rehn Medtech Ltd., Jiangsu, China) were provided to the parturient after the epidural catheter was inserted. The instructions included specific directions to each woman to press the button whenever she began to feel discomfort, and to wait a few minutes in order to feel its analgesic effect. The setting of the PCEA was: bolus 6 mL, lockout 12 min, no background infusion[15]. Self-delivered boluses were infused at a standard delivery rate of 60 mL × h-1 (one bolus per 6 min).
Outcome measurements
In both groups, we measured the total time for the epidural procedures. For the combined group, this included the time for the ultrasound measurements, the epidural puncture and catheterization. For the palpation group, this only included the epidural puncture and catheterization procedures. Warm-up time of the ultrasonography was not evaluated[16]. The duration of procedures was recorded by other investigators (nurses who assisted the anesthesiologist).
We counted the success rate at the first needle pass, the number of needles passes, and the skin puncture sites. A needle pass meant advancement of the needle, and retracement of the puncture needle was counted as one needle pass. If the epidural space could not be punctured in the first puncture site, a neighboring vertebral interspace was selected. A successful puncture at the first needle pass means “direct access” after skin puncture[9]. 
The complications of the procedure such as unintentional dural and vascular punctures, nerve irritation, backache during the procedure, unilateral or patchy block and failed block were observed by the primary investigators (the anesthesiologist).

Statistical analyses
The results are presented as the mean ± SD and percentages. The χ2 test was used to compare the categorical/dichotomous variables between the groups. A t-test was used to compare the means of the variables between the groups. P < 0.05 was considered statistically significant. All analyses were carried out using SPSS 19.0 version (Statistical Package for the Social Sciences, Chicago, IL, United States).
 
RESULTS
Seventy-six patients were assessed for eligibility. Three did not meet the inclusion criteria and one declined to participate. Data from 72 patients (36 in each group) were analyzed (Figure 1). The baseline characteristics of the patients were similar between two groups (Table 1). 
The mean total duration of the epidural procedures was 406.5 ± 92.15 s in the combined group and 380.03 ± 128.2 s in the palpation group (P = 0.318). The mean time for preprocedural ultrasound imaging in the combined group was 85.83 ± 3.92 s (Table 2).
The number of needle passes was 1.14 in the combined group and 1.72 in the palpation group (P = 0.001). The number of skin puncture sites was 1.20 in the combined group and 1.25 in the palpation group (P = 0.398). The success rate at first needle pass was 88.89% in the combined group and 66.67% in the palpation group (P = 0.045) (Table 3).
The rate of complications from the procedure (nerve irritation during the procedure, backache during the procedure, unintentional dural and vascular punctures, unilateral or patchy block and failed block) was low (Table 4). One unintentional dural puncture occurred in each group. There were 7 cases of unintentional vascular punctures (1 case in the combined group and 6 cases in the palpation group), 5 cases of nerve irritation during the procedure (1 case in the combined group and 4 cases in the palpation group), and 3 cases of backache during the procedure (1 case in the combined group and 2 cases in the palpation group). One case of unilateral block occurred in each group and a second epidural puncture was administered to the patients. There were no significant differences between the two groups regarding the rate of complications from the procedures (Table 4).

DISCUSSION
This randomized controlled trial demonstrated no lengthening of the total duration of the epidural procedure with preprocedure ultrasound combined with the palpation technique, which was performed by six experienced anesthesiologists in parturients with normal weights undergoing labor analgesia. The total duration of the epidural procedure included the time for the ultrasound measurements, epidural puncture and catheterization in the combined group and only the epidural puncture and catheterization in palpation group. The total duration of the epidural procedure was comparable, 406 ± 92.14 s and 380.03 ± 18.27 s for the combined and palpation groups respectively (P = 0.053). Tawfik et al[17] showed that there was a median 30 s reduction in the ultrasound group compared with the traditional palpation technique in parturients undergoing cesarean delivery; however, in that study, the duration of preprocedure ultrasound imaging was not recorded, and the total duration of the epidural procedure in the two groups was not compared. In that study, time to perform the epidural puncture and catheterization was 331.87 ± 82.70 s in the ultrasound group and 385.47 ± 135.87 s in the palpation group (P < 0.05). In our study, time to perform the epidural puncture and catheterization procedure was 320.62 ± 87.33 s in the combined group and 380.0 ± 128.2 s in the palpation group (P = 0.048). Our outcomes were similar to that study considering the effects of preprocedure ultrasound on the duration of the epidural procedures. Ansari et al[11] found that preprocedure ultrasound imaging needed an additional 75 s compared to the traditional palpation technique in a population of 75 laboring women. The mean time to perform preprocedure ultrasound imaging in our study was 85.83 ± 3.91 s. Our outcome was similar to that study regarding the mean time to perform preprocedure ultrasound imaging. Preprocedure ultrasound imaging requires time, but it can shorten the duration of the epidural puncture and catheterization procedure. In our study, using ultrasound did not lengthen the total procedural time from evaluating the puncture site to complete epidural catheterization compared with the traditional palpation technique.
Our study showed a significant improvement of the epidural puncture and catheterization procedures when using preprocedure ultrasound imaging combined with the palpation technique compared with the traditional palpation technique for labor analgesia. Our outcomes demonstrated significant differences of needle passes (1.14 vs 1.72, respectively; P = 0.001) and first-pass success rate between the combined and palpation group (88.89% vs 66.67%, respectively; P = 0.045). A publication in 2016 based on two meta-analyses reported that the preprocedure spinal ultrasound increased the first-pass success rate compared with the traditional palpation technique[7]. Ansari et al[11] reported that the use of preprocedure ultrasound reduced the number of punctures and was associated with improved efficacy of the neuraxial block and higher patient satisfaction in obstetrics. Our outcome was similar to these studies, and demonstrated that preprocedure ultrasound imaging can facilitate epidural catheterization compared with the traditional palpation technique.
The mean depth from the skin to epidural space was 4.40 ± 0.45 (3.3 to 5.8) cm in the combined group and 4.41 ± 0.52 (3.1 to 5.7) in the palpation group (P = 0.965). There were no significant differences between the two groups. The mean depth to the epidural space from the skin has been recorded as 4.6–5.3 cm in a Michigan parturient[18,19]; in this study, we found that the mean depth to the epidural space from the skin was 4.1-4.7 cm in a Beijing parturient. 
In this study, the ultrasound was in the labor room and the anesthesiologist had experience of neuraxial block for more than 6 mo. We showed that using ultrasound did not lengthen the total duration of the epidural procedures compared with the traditional palpation technique, which were performed by three experienced anesthesiologists in parturients with normal weights undergoing labor analgesia. Meanwhile, using ultrasound can improve the safety and efficacy of the epidural puncture, which is meaningful for parturients who need rapid and effective epidural puncture while the painful labor continues. It is also meaningful for the application of ultrasound in obstetrical analgesia.
There were three differences for our study compared with other previous studies. First, we recorded the time taken to perform the ultrasound imaging, the epidural puncture and catheterization in our study. Ansari et al[11] recorded the time from the time of skin puncture to the time of viewing cerebrospinal fluid between the landmark and the ultrasound groups in spinal anesthesia. Tawfik et al[17] recorded the median (range) duration of the epidural procedure in the ultrasound group and in the palpation group. In those studies, the total time for ultrasound imaging, the epidural puncture and catheterization were not recorded. The total procedural time could not be compared in these studies, but this total procedural time is important for the widespread use of ultrasound in obstetrical analgesia. Second, we excluded obese parturients. Many studies have shown that preprocedure ultrasound facilitates the epidural procedure and decreases the complication rate especially in obese parturients[4] or those with difficult landmarks[3]. This study excluded obese parturients to reduce the impact on results. Third, we did not analyze the difficulty level of palpable landmarks for parturients. The difficulty level of the palpable landmarks was associated with the experience of the anesthesiologist and the degree of obesity of the parturient. 
Two limitations of this study are worth noting. First, the sample size was relatively small, and it was not sufficient to illustrate the differences in complications such as vascular puncture, dural puncture, and nerve irritation between the two groups. Second, maternal satisfaction was not assessed. The maternal satisfaction to epidural catheterization can show the superiority of preprocedure ultrasound measurement in epidural analgesia for labor[20].

CONCLUSION
This study demonstrated no lengthening of the total duration of the epidural procedures with preprocedure ultrasound imaging combined with the palpation technique compared with traditional anatomical landmarks technique, which were performed by six experienced anesthesiologists in parturients with normal weights undergoing labor analgesia. A significant improvement in epidural puncture and catheterization with preprocedure ultrasound was demonstrated in this study. An actual clinical benefit was found for preprocedure ultrasound for epidural analgesia for labor.

ARTICLE HIGHLIGHTS
Research background
Rapid and effective epidural puncture is particularly important for parturients requiring labor analgesia.

Research motivation
To determine whether the combined technique increases the total duration of the epidural procedure and improves the success rate of the epidural analgesia.

Research objectives
Seventy-two parturient were assigned to two groups (combined or palpation group). All epidurals were performed by six anesthesiologists.

Research methods
Preprocedure ultrasound imaging combined with palpation technique was used in this study.

Research results
Total duration of the epidural procedure was similar between two groups. A significant improvement was demonstrated for epidural puncture and catheterization in the combined group.

Research conclusions
A significant improvement in epidural puncture and catheterization with preprocedure ultrasound was demonstrated.

Research perspectives
Ultrasound-guided epidural puncture and catheterization should be studied in future.
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Figure 1 CONSORT flow diagram. All 72 parturients were assigned to two groups and underwent epidural analgesia for labor.


Table 1 Patient baseline characteristics
	All parturient
	Combined group (n = 36)
	Palpation group (n = 36)
	P value

	Age (yr)
	29.25 ± 3.05
	29.39 ± 2.72
	0.248

	Height (cm)
	162.06 ± 4.65
	162.08 ± 5.04
	0.507

	Weight (kg)
	72.56 ± 10.2
	69.33 ± 7.96
	0.645

	BMI (kg/m2)
	27.61 ± 3.59
	26.37 ± 2.67
	0.213

	ASA classification
	2.0 ± 0.61
	2.0 ± 0.53
	0.985


All values are expressed as the mean ± SD. No significant differences between the two groups. ASA: American Society of Anesthesiologists; BMI: Body mass index. 


Table 2 Duration of the procedure
	All parturients
	Combined group (n = 36)
	Palpation group (n = 36)
	P value

	Total duration of the epidural procedure(s)
	406.5 ± 92.15
	380.0 ± 128.2
	0.318

	Time to perform epidural puncture and catheterization procedure (s)
	320.62 ± 87.33
	380.0 ± 128.2
	0.0011

	Time to perform ultrasound procedure (s)
	85.83 ± 3.92
	NA
	NA


1Significant statistical analyses. All values expressed as the mean ± SD. There was no significant difference in duration of the total epidural procedure between the two groups.

Table 3 Characteristics of the epidural procedure
	All parturient
	Combined group (n = 36)
	Palpation group (n = 36)
	P value

	Number of needle passes
	1.14 ± 0.42
	1.72 ± 0.94
	0.0011

	Number of skin punctures
	1.20 ± 0.12
	1.25 ± 0.20
	0.398

	Success rate at the first needle pass
	32 (88.89)
	24 (66.67)
	0.0451

	Depth from skin to epidural space
	4.40 ± 0.45
	4.41 ± 0.52
	0.965


1Significant statistical analyses. Data are presented as the mean ± SD or n (%). 


Table 4 Complications of the procedure
	No. of patients with side effects
	Combined group (n = 36)
	Palpation group (n = 36)
	P value

	Vascular puncture
	1
	6
	0.107

	Dural puncture
	1
	1
	0.754

	Nerve irritation during the procedure
	1
	4
	0.201

	Backache during the procedure
	1
	2
	0.555

	Unilateral or patchy block
	1
	1
	0.754

	Failed block
	1
	2
	0.555


Data are presented as a number. No significant difference between the two groups.
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