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Abstract
We evaluated whether real-time ultrasound-guided epidural block is more suitable for
overweight parturients undergoing analgesic labor than traditional palpation positioning.
Sixty overweight at-term pregnant women (body mass index≥30 kg/m2) with singleton
pregnancy, prepared for vaginal delivery with epidural analgesia, were randomly
allocated into two groups. The parturients in the anatomical landmark catheterization
group received paramedian epidural anesthesia using the anatomical landmark-
guided technique, while real-time ultrasound-guided positioning was performed in the
ultrasound-guided-catheterization group. Total procedure duration, time to identify
the puncture site and perform the puncture, first attempt success rate, number of
attempts, number of needle-redirections, intervertebral-space-change rate, satisfaction
score, and complications were compared between the groups. Procedure duration and
time to identify the puncture site were significantly shorter in the anatomical landmark
catheterization group (440.1 ± 97.2 s vs. 521.9 ± 68.4 s, p < 0.001 and 24.9 ±
13.6 s vs. 112.2 ± 15.6 s, p < 0.001, respectively). There was no significant
difference in the time to perform the puncture (385.3 ± 89.7 s vs. 365.1 ± 73.0 s, p
= 0.341). The first attempt success rate was lower while the number of attempts and
number of needle-redirections were higher in the anatomical landmark catheterization
group (p < 0.05). The intervertebral-space-change rate was similar across the groups.
Satisfaction was significantly lower in the ultrasound-guided catheterization group (p
= 0.009). Complication occurrence, e.g., catheterization difficulty or bleeding during
catheterization, dural puncture, and lower-back pain, was similar across the groups.
Real-time ultrasound-guided paramedian epidural anesthesia improved the first attempt
success rate and reduced the number of attempts and number of needle-redirections in
overweight parturients undergoing analgesic labor. However, the longer total procedure
duration and time to identify the puncture site might dissatisfy parturients.
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1. Introduction

It was estimated that more than half of all pregnant women
in the United States were overweight in 2011, and the preva-
lence has been increasing since [1]. According to the 2015
International Federation of Gynecology and Obstetrics report,
obesity increases health risks for the mother and fetus and
makes epidural anesthesia more difficult to administer [2].

Neuraxial anesthesia is considered the best technique for
women undergoing delivery who request labor analgesia,
as it provides satisfactory analgesic effects. However, it is
more difficult to perform epidural puncture in parturients

with pregnancy-induced ligament softening and increased
adipose tissue [3]. Since it is a relatively blind procedure,
vertebral localization based on anatomical landmarks is often
erroneous, and the “loss-of-resistance” method might lead to
incorrect insertion depth, especially in overweight patients
[4].

A growing number of studies in recent years have begun
reporting epidural anesthesia under ultrasound guidance. Ad-
ministering ultrasound-guided epidural anesthesia is a rela-
tively easy procedure, and it can decrease the number of at-
tempts to access the epidural space, the level of periprocedural
pain, and discomfort scores [5, 6].
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Research has shown that pre-puncture ultrasound-guided
epidural anesthesia has significant benefits for parturients [7].
However, the effect of real-time ultrasound-guided epidural
anesthesia on overweight parturients remains unclear. This
study was designed to determine if real-time ultrasound-
guided epidural block is more suitable for overweight
parturients undergoing analgesic labor than the traditional
palpation-positioning method.

2. Materials and methods

2.1 Ethical approval and clinical trial registry

This was a prospective, randomized controlled trial. The
Ethics Committee of the First Affiliated Hospital of Nanjing
Medical University approved this study (no. 2020-SR-515,
December 30, 2020). The study was registered in the Chinese
Clinical Trial Registry (no. ChiCTR2100042791, January 28,
2021). All participants provided written informed consent.

2.2 Recruitment and randomization

This study is part of a series entitled “Application of real-time
ultrasonic-guided epidural puncture in overweight parturient
women and its effect on labor analgesia”. The initial study plan
was to compare two anatomical landmark-guided catheteriza-
tion and two ultrasound-guided catheterization methods com-
monly used in clinical practice. However, during the pre-
experiment, we found that the parturients seemed to showmore
dissatisfaction with real-time ultrasound-guided punctures, de-
spite the higher first attempt success rate and fewer attempts.
This drew our attention. Therefore, we used the total duration
of the operation, the greatest maternal concern, as the primary
observation, recalculated the sample size based on the pre-
experiment data, and reported this part of the study in advance.
Of the 65 parturients assessed for eligibility between Febru-

ary 1, 2021 and 15 March, 2021, we recruited 60 overweight
parturients (body mass index [BMI] ≥30 kg/m2) with single-
ton pregnancy, prepared for vaginal delivery, who requested
epidural analgesia during labor at the First Affiliated Hospital
of Nanjing Medical University. The exclusion criteria were:
contraindications to epidural puncture, central nervous system
disease, a history of lumbar surgery or trauma, scoliosis, and
refusal to cooperate or participate in the study.
The recruited parturients were randomly assigned into

two groups, 30 in each, using a computer-generated random
number table. Characteristics of the subjects, including
age, BMI, American Society of Anesthesiologists [ASA]
score, and abdominal girth (measured at the level of the
umbilicus in the transverse plane while the parturients were in
a supine position) were recorded for analysis. The parturients
in the anatomical landmark catheterization (ALC) group
received paramedian epidural anesthesia using the anatomical
landmark-guided technique, while real-time ultrasound-
guided positioning was performed in the ultrasound-guided
catheterization (UGC) group. The anesthesiologist and data
collectors were not informed of the parturient grouping until
all base value measurements were performed.

2.3 Anesthesia procedure and real-time
ultrasonographic scanning

This current study focuses on the comparison of two groups
in the series, real-time ultrasound-guided versus anatomical
landmark-guided paramedian epidural anesthesia, to demon-
strate our findings in the pre-experiment.
Pulse oxygen content, electrocardiography, and non-

invasive blood pressure were routinely monitored in all
parturients, followed by epidural anesthesia in the lateral
decubitus position. Epidural nerve block anesthesia was
performed by the same anesthesiologist who had worked in
the Department of Anesthesiology for more than 8 years and
had performed more than 50 ultrasound-guided neuraxial
anesthesia procedures.
The palpation technique was used to locate the intervertebral

space in the ALC group. The intersecting point between
the spine and the highest point of the iliac crest on both
sides was defined as the L3–4 intervertebral space or the L4
spinous process of the vertebral body (Fig. 1a). Subsequently,
ultrasonography was used to evaluate the palpation method
positioning accuracy. The positioning result was not revealed
to the anesthesiologist performing the procedure, and the site
determined by palpation was used as the puncture site. The
time required for the ultrasonographic evaluationwas deducted
from the total procedure duration. he midpoint of the selected
space was positioned and marked as the puncture point with a
skin-marking pen, and the puncture direction was determined
by experience (Fig. 1b).
The position of the intervertebral spaces in the UGC group

was clarified by ultrasonography. A curved probe (C5–2, 5–
2 MHz) and a Compass ultrasound system (Huasheng, Inc.,
Shenzhen, Guangdong, China) were used. After proper ster-
ilization, the ultrasound gel was smeared on the probe, and
the transducer and cable were covered with a sterile plastic
sleeve. The probe was placed 1–2 cm lateral to the long
axis of the spine with the orientation marker directed cranially
and tilted slightly medially to allow the ultrasound beam to
enter the spinal canal unimpeded (Fig. 2a). While maintaining
the same orientation, the transducer was moved caudally to
identify the sacrum. The interlaminar space on the cephalic
side of the sacrum was considered as the L5/S1 intervertebral
space. Other intervertebral spaces were identified by counting
them one by one.
The position and direction of the ultrasonographic probe

were adjusted to ensure that the L3/L4 intervertebral space was
displayed as clearly as possible and positioned at the center
of the image (Fig. 2b). Local infiltration was performed by
subcutaneous injection of 2–3 mL of 2% lidocaine 1–2 cm
caudal to the probe, and the point of infiltration was selected
as the epidural puncture point. Subsequently, the ultrasound
probe was held by the operator in the left hand while the
puncture was performed with the right hand. In recent years,
this real-time ultrasound-guided puncture method has been
reported by several institutes [5, 8], and it is also the method
commonly used in our department. During the puncture,
a nurse unrelated to the study was simultaneously wearing
gloves and giving the necessary assistance when needed. The
needle direction was adjusted under ultrasound guidance and
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FIGURE 1. Skin markings and needle insertion based on experience. (a) Using the palpation technique to locate the
intervertebral space in the ALC group. (b) Paramedian needle insertion based on experience.

FIGURE 2. Ultrasound-guided insertion and ultrasound imaging. (a) Ultrasound-guided paramedian epidural anesthesia.
(b) Paramedian sagittal view. ES, epidural space; CSF, cerebrospinal fluid.

advanced slowly into the target interlaminar space in a needle-
in-plane manner. When the needle tip was visualized or
estimated (when the needle or its tip were not clearly visible) to
have reached the epidural space, the resistance-to-air method
was used to confirm the localization.

The local anesthetic used for subcutaneous infiltration anes-
thesia (2–3 mL of 2% lidocaine) and test dose (to test whether
the needle tip accidentally entered a blood vessel or the sub-
arachnoid space, 3 mL of 2% lidocaine) was the same in both
groups. After a successful puncture, a catheter was inserted
into the epidural space through a Tuohy needle and connected
to an analgesia pump with 124 mL of 0.121% ropivacaine and
1.67 µg/mL fentanyl. The analgesia pump was set to deliver
a loading dose of 10 mL, followed by a continuous infusion
rate of 9 mL/h, a self-controlled volume of 5 mL/bolus, and a
locking time of 15 min.

2.4 Blindness

Throughout the procedure and postoperative follow-up, the
parturients had been blinded to group allocation to avoid sub-
jective perception bias, while the anesthesiologist in charge of
the puncture procedure was informed of the group allocation.
The results were evaluated by two independent observers.
One observer, who was responsible for the total procedure
duration, time to identify the puncture site and perform the
puncture, and first attempt success rate, was referred to as
the primary observer and was informed of group allocation
due to the need to observe the puncture procedure. The other
observer, who was responsible for assessment of anesthesia
effect, periprocedural patient discomfort scores, and anesthesia
complications, was blinded to group allocation.

2.5 Data collection and analysis

The primary outcome of the study was the total procedure
duration, which would reflect the difficulty and feasibility of
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both techniques [8].
The secondary outcomes included:
(1) Time to identify the puncture site and perform the punc-

ture.
(2) Puncture accuracy: positioning accuracy (parturients

in the ALC group), first attempt success rate (success rate
on first attempt to access the epidural space without redi-
rection), number of attempts (a new attempt refers to re-
insertion after removal of the needle from the skin), number
of needle-redirections (backward movement of the puncture
needle without exiting the skin), and change of the vertebral
level.
(3) Anesthesia effect: the level of sensory loss at 10, 15, and

30 min after initial anesthesia administration (tested by loss of
cold sensation).
(4) Periprocedural patient discomfort scores: the scores

were obtained using a numeric rating scale and are expressed as
absolute numbers. The values were graded on a scale from 0 to
10: 0 = dissatisfied, 1–3 = not very satisfied, 4–6 = moderately
satisfied, and 7–10 = very satisfied. When the discomfort score
was below 7, the most unsatisfactory aspect of the puncture
procedure would be inquired and recorded.
(5) Complications of anesthesia: paraesthesia or bleeding

during catheterization, difficulty in catheterization, dural punc-
ture, and lower back pain.

2.6 Statistical analysis
IBM SPSS Statistics for Windows, Version 23.0 (IBM Corp.,
Armonk, NY, USA) was used for statistical analysis. The
Kolmogorov–Smirnov test was used to assess the distribution
normality. Values with a normal distribution (age, BMI, ab-
dominal girth, total procedure duration, time to identify the
puncture site, and time to perform the puncture) are presented
as mean± standard deviation (x̄± SD) and compared with the
Student’s t-test. Categorical data were analyzed using the chi-
squared test (first attempt success rate), chi-squared analysis
with Yate’s correction (change in vertebral level, paresthesia or
bleeding during catheterization, difficulty in catheterization),
or Fisher’s exact test (positioning accuracy, dural puncture,
lower back pain). Rank data were analyzed with the Wilcoxon
rank-sum test (ASA score, number of attempts, number of
needle-redirections, periprocedural patient discomfort score,
number of parturients dissatisfied with prolonged procedure
duration, and level of sensory loss). Differences were consid-
ered statistically significant at p < 0.05.
After reviewing the relevant literature, we found that the

population selection and the research methods were not iden-
tical across studies, with sample sizes ranging from 10 to 55
per group [5, 7, 8]. Therefore, in the initial study plan, we
set a sample size of 50. After ethics committee review, we
conducted the corresponding pre-experiment and recalculated
the minimum sample size based on the results. The sample size
was based on data from clinical observations of 10 parturients
in each group. In this pre-experiment, the total procedure
duration in the UGC group was 411, 678, 681, 523, 493, 561,
445, 516, 526, 569 (x̄ ± SD = 540.3 ± 87.6) and 325, 582,
411, 484, 556, 308, 660, 398, 475, 397 (x̄ ± SD = 459.6 ±
113.7) in the ALC group, respectively. The mean difference

between the UGC group and the ALC group was 80.7 (540.3–
459.6), and the pooled SD was 101.5. To achieve a power of
0.8 and an alpha error less than 0.05, 25 patients were needed
in each group. To allow for dropouts, we randomly assigned
30 patients to each group.

3. Results

Of 65 patients assessed as eligible, 60 patients were random-
ized and completed the study. Two patients were excluded
because of slight abnormalities in coagulation and three others
were excluded due to refusal to participate in the study (Fig. 3).
The age, BMI, ASA classification, and abdominal girth of the
patients were similar in the two groups (Table 1).

TABLE 1. Comparison of parturient characteristics
between the two groups (n = 30/group).

Variable ALC group UGC group p-value
Age (years) 28.4 ± 3.4 29.2 ± 3.1 0.307
BMI (kg/m2) 35.2 ± 2.4 35.6 ± 2.0 0.473
ASA (I/II/III) 10/18/2 7/21/2 0.459
Abdominal girth (cm) 119.2 ± 4.8 118.4 ± 5.0 0.496
The age, BMI, and abdominal girth values are expressed
as x̄ ± SD. The ASA classification grades are expressed as
absolute numbers. BMI, body mass index; ASA, American
Society of Anesthesiologists; x̄, mean; SD, standard deviation;
ALC, anatomical landmark catheterization; UGC, ultrasound-
guided catheterization.

The total procedure duration was significantly shorter in the
ALC group than the UGC group (440.1 ± 97.2 s vs. 521.9
± 68.4 s, p < 0.001). The time-to-identify the puncture site
was also significantly shorter in the ALC group (24.9± 13.6 s
vs. 112.2 ± 15.6 s, p < 0.001). The time taken to perform the
puncture was similar in both groups, with 385.3± 89.7 s in the
ALC group and 365.0 ± 73.0 s in the UGC group (Table 2).
The first attempt success rate was lower while the number

of attempts and number of needle-redirections were higher in
the ALC group (p < 0.05). To access the epidural space suc-
cessfully, we had to perform the puncture at the lower L4/L5
intervertebral space in three ALC parturients (because of punc-
ture difficulty rather than positioning failure) and one UGC
parturient (unclear ultrasonographic imaging of the Tuohy
needle due to uncontrollable movement of the parturient). The
rate of change in the vertebral level was similar in the two
groups (Table 2).
Interestingly, the satisfaction score in the UGC group was

significantly lower than that in the ALC group (Table 3).
Interestingly, the satisfaction score in the UGC group was

significantly lower than that in the ALC group. In the ALC
group, 6 patients were dissatisfied with the prolonged puncture
time, one patient was moderately dissatisfied, and another 5
patients were mildly dissatisfied. While in the UCG group, 13
patients were dissatisfied with the prolonged puncture time, 2
patients were very dissatisfied, 10 patients were moderately
dissatisfied, and another 1 was mildly dissatisfied. The dif-
ference between the two groups was statistically significant
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FIGURE 3. Enrolment, allocation, follow-up and analysis of the study. Flow diagram of the study according to CONSORT
2010 guidelines ALC, anatomical landmark catheterization; UGC, ultrasound-guided catheterization.

TABLE 2. Comparison of primary and secondary outcomes of parturients in both groups.
Puncture accuracy ALC group UGC group p-value
Total procedure duration (s) 440.1 ± 97.2 521.9 ± 68.4 <0.001 *
Time of puncture site identification (s) 24.9 ± 13.6 112.2 ± 15.6 <0.001 *
Time to perform the puncture (s) 385.3 ± 89.7 365.1 ± 73.0 0.341
First attempt success rate 9/30 (30%) 17/30 (56.7%) 0.037 *
Number of attempts (1/2/3) 21/7/2 27/3/0 0.048 *
Number of needle-redirections (0/1/2/3/4/5/6) 9/6/7/4/1/1/2 17/9/2/1/1/0/0 0.006 *
Change of the vertebral level 3/30 (10%) 1/30 (3.33%) 0.605
Positioning accuracy 25/30 (86.7%) 30/30 (100%) 0.052
Periprocedural parturients discomfort score (0/1–3/4–6/7–10) 3/3/20/4 2/15/12/1 0.009 *
Number of parturients dissatisfied with prolonged procedure duration (0/1–3/4–6) 0/1/5 2/10/1 0.001 *
ALC, anatomical landmark catheterization; UGC, ultrasound-guided catheterization. Values of total procedure duration, time
to puncture site identification, and time to perform the puncture are expressed as mean and standard deviation. The values of
number of needle-redirections and number of attempts are expressed as absolute numbers. First attempt success rate, change
in the vertebral level, and positioning accuracy are presented as rates. Periprocedural parturients discomfort scores and
number of parturients dissatisfied with prolonged procedure duration were obtained by a numeric rating scale and are expressed
as absolute numbers. The numbers in parentheses represent the number of very dissatisfied/moderately dissatisfied/mildly
dissatisfied/satisfied parturients or very dissatisfied/moderately dissatisfied/mildly dissatisfied parturients. The values were
graded on a scale of 0 to 10: 0 = very dissatisfied, 1–3 = moderate dissatisfied, 4–6 = mild dissatisfied, and 7–10 = satisfied. *p
< 0.05.
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TABLE 3. Comparison of anesthesia effect and complications in the two groups.
Parameter ALC group UGC group p-value
Level of sensory loss
SL-10 (T7–8/T9–10/T11–12) 0/25/5 0/26/4 0.720
SL-15 (T7–8/T9–10/T11–12) 18/12/0 21/9/0 0.421
SL-30 (T7–8/T9–10/T11–12) 30/0/0 30/0/0 1.000
Complications
Paraesthesia during catheterization 6/30 (20%) 1/30 (3.3%) 0.108
Difficulty in catheterization 7/30 (23.3%) 4/30 (13.3%) 0.505
Bleeding during catheterization 5/30 (16.7%) 4/30 (13.3%) 1.000
Dural puncture 2/30 (6.7%) 0/30 (0%) 0.492
Lower back pain 1/30 (3.3%) 0/30 (0%) 1.000
ALC, anatomical landmark catheterization; UGC, ultrasound-guided catheteriza-
tion. SL-10, SL-15, and SL-30: the planes of sensory loss were tested by cold
sensation. The data is presented as number of parturients with sensory loss at T7–
8/T9–10/T11–12 planes 10, 15, and 30min after the initial anesthetic administration.

(p = 0.009, Table 3). The remaining patients’ dissatisfaction
with the procedure included repeated punctures, continued
contraction pain, concerns about prolonged labor, back pain
after labor, and nonspecific reasons.
We evaluated the accuracy of palpation in determining the

vertebral space in the ALC group using ultrasonographic scan-
ning. The estimated position was incorrect in five parturients
(success rate of 86.7%).
The values for sensory loss values are expressed as the

number of parturients with sensory loss, tested with cold sen-
sation at the T7–T8, T9–T10, and T11–T12 planes 10, 15,
and 30 min after the initial anesthetic administration [9]. The
anesthesia effect at each point and time point was similar in
the two groups. No patient underwent cesarean section due
to malposition or malpresentation of the fetus, poor anesthetic
effect, or other reasons (Table 3).
Six patients in the ALC group, and only one in the UGC

group, experienced paresthesia or electric shock-like sensation
during catheterization. However, the difference was insignifi-
cant (p = 0.108). Complications such as difficulty in catheter-
ization or bleeding during catheterization, dural puncture, and
lower back pain were also similar. No patients experienced
numbness of the lower extremities, headache, or any other side
effects.

4. Discussion

The current study shows that real-time ultrasound-guided
catheterization technology reduces the technical difficulty
of epidural anesthesia in overweight parturients undergoing
analgesic labor. Compared with the ALC group, the first
attempt success rate was higher while the number of attempts
and number of needle-redirections were lower in the UGC
group. Unexpectedly, maternal satisfaction with the procedure
was lower in the UGC group, possibly due to the longer total
procedure duration and the time needed to identify the
puncture site.
Overweight parturients have slower cervical dilatation rates

[10] and longer latent phase and total labor duration than
normal-weight parturients [11]; therefore, theymay experience
more pain during childbirth and have a more urgent need
for pain relief. However, epidural anesthesia is particularly
difficult to administer to obese patients because the anatomi-
cal landmarks are obscured by adipose tissue and pregnancy-
induced softening of the soft tissues and ligaments [2, 4].
Ultrasonography has been widely used in obstetric anes-

thesia in recent years; however, real-time ultrasonography
experience is relatively limited. This study was designed to
test whether real-time ultrasound-guided epidural block was
more suitable for overweight parturients undergoing analgesic
labor than the traditional palpation-positioning method.
Because of concerns regarding prolongation of the labor

process [12] or reduction of uterine contractility [13], epidural
puncture and catheterization were performed at our institution
for parturients in need of epidural analgesia for pain relief
only when the cervical dilation was approximately 2–3 cm.
Parturients often feel a certain degree of pain at this point and
wish to relieve it as soon as possible. For this reason, we
chose the total procedure duration as the primary outcome.
Furthermore, this parameter could reflect the ease and feasi-
bility of the techniques [8]. Ultrasonography can accurately
estimate the depth of the epidural space, but using it requires
much time [14]. Our results showed that the total procedure
duration and time to identify the puncture site in the UGC
group were significantly greater than those in the ALC group.
These findings were similar to those of Park et al. [9] who
studied older people, in whom the mean identifying and total
procedure times were 17.5 s vs. 117.5 s and 92.5 s vs. 181.5 s
in the anatomical landmark-guided group and the ultrasound-
assisted technique group.
Nassar and Abdelazim [7] compared the pre-puncture

ultrasound-guided epidural insertion and palpation methods
before vaginal delivery. Their results showed a higher
first attempt success rate and fewer attempts in the
ultrasound-guided group. Vallejo et al. [15] also showed that
ultrasonographic measurement of the epidural space depth
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decreased the failed epidural puncture rate and the number
of attempts in resident trainees. The results of the current
study were similar, but differed in that the puncture was not
measured before the procedure, but performed under real-
time ultrasound guidance. As we know, the angle between
ultrasound beam and skin is difficult to measure accurately,
and the subsequent puncture is also difficult to match exactly
the path of the previous examination. Therefore, the real-time
guidance technology used in this study can provide higher
accuracy [5, 8]. In our study, the first attempt success rate,
number of attempts, and number of needle-redirections in the
UGC group were significantly lower than those in the ALC
group, but the rate of vertebral level change was similar in
both groups, concurring with the results of Nassar [7] and
Vallejo et al. [15].
Although the palpation positioning accuracy in our study

was only 86.7%, the sensory loss level was similar in both
groups at each time point. Grau et al. [16] suggested that
ultrasound-guided epidural anesthesia was well-received by
pregnant women. We expected parturients in the UGC group to
show higher satisfaction levels because of the higher position-
ing accuracy (25/30 vs. 30/30 parturients, although the differ-
ence was statistically insignificant) and first attempt success
rate and fewer attempts and number of needle-redirections.
Interestingly, the opposite was true. The procedure length,
rather than puncture accuracy, had the prime impact on the
parturient satisfaction in the UGC group when interviewed
during a follow-up meeting after delivery. This remained
unchanged even if we informed them that parturients in the
ALC group might have experienced different pain types owing
to the lower first attempt success rate, more attempts, and
number of needle-redirections. This finding was inconsistent
with the findings of Lim et al. [17] and Wang et al. [18]. This
difference was probably because our patients were overweight
parturients with difficulty in epidural puncture and had varying
degrees of labor pain when the procedure was performed. The
main complaint in the UGC group was the prolonged operation
time. Six parturients in the ALC group and 13 in the UGC
group complained of the procedure length. Several parturients
recalled unbearable labor pains during the puncture process.
The time to perform the puncture was similar in both groups;
however, in the ALC group 511, 542, and 611 s were needed
to access the epidural space in three parturients, which was
much longer than the time needed in the UGC group (223–487
s). The main cause of dissatisfaction in the ALC group was
repeated punctures, especially in the three patients mentioned
above. Eight parturients in the ALC group and one in the UGC
group complained of repeated punctures.
The present study has certain limitation. This was a single-

centered research, and the proficiency of the anesthesiologist
who performed the procedure cannot be regarded as a gen-
eral representative, which may be a potential source of bias.
However, as mentioned above, the results are similar to many
previous researches, so the research is representative to some
extent.
Based on the nature of the study, neither the operator nor the

primary observer could be blinded to group allocation. During
the procedure, the operator in the GUC group must hold the
probe in the left hand and perform the puncture with the right

hand. The stability and accuracy of the puncture would be
reduced when the operator wasn’t proficient in the technique.
In addition, we modified the initial protocol based on the

results of the pre-experiment to include total procedure dura-
tion as the primary outcome and recalculated the sample size,
which is also one of the limitations of the study. Finally, the
sample size of this study was small, and therefore, more studies
with larger samples are needed to further discuss the issue.

5. Conclusions

In summary, our study revealed that real-time ultrasound-
guided paramedian epidural anesthesia improved the first at-
tempt success rate and reduced the number of attempts and
number of needle-redirections in overweight parturients un-
dergoing analgesic labor compared to the traditional palpation
method. However, parturients were dissatisfied with the longer
total procedure duration, and the time needed to identify the
puncture site.
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