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“Department of Anesthesiology, Peking University First Hospital, Beijing, China

Purpose: To determine the 90 percent effective dose (ED90) of intrathecal
sufentanil combined with ropivacaine 2.5 mg for labor analgesia and observe its
safety for parturients and neonates.

Methods: We conducted a prospective, double-blind, biased coin up-and-down
study. We injected a fixed 2.5 mg ropivacaine combined with a designated dose
of sufentanil intrathecally to observe the labor analgesic effect. The initial dose
of sufentanil was assigned 1.0 pg, and the remaining doses were assigned as
per the biased coin up-and-down method. The criterion of successful response
was defined as VAS <30 mm after intrathecal injection at 10 min. Safety was
evaluated in terms of maternal and neonatal outcomes.

Results: The ED90 dose of intrathecal sufentanil combined with ropivacaine
2.5mg (0.1%, 2.5mL) was 2.61pg (95% Cl, 2.44 to 2.70 pg) by isotonic regression.
No respiratory depression, hypotension, or motor block was observed. Thirty-
one (77.5%) parturients complained of pruritus, and 14 (35.0%) suffered nausea
and vomiting. Three neonates reported a 1 min Apgar score of <7, and none
reported a 5min Apgar score of <7.

Conclusion: The ED90 of intrathecal sufentanil combined with ropivacaine 2.5mg
for labor analgesia was 2.61ug. The dose is safe for parturients and neonates.
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1 Introduction

Neuraxial analgesia is the most effective and prevailing way to provide labor pain relief.
Epidural technique and combined spinal-epidural (CSE) technique are both recommended
by guideline (1). Existing evidence suggests that compared with the epidural technique, the
CSE technique demonstrated several potential advantages, including more rapid onset of
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analgesia, less need for analgesic rescue, lower incidence of urinary
retention, and reduced rate of instrumental delivery (2). In the CSE
technique, intrathecal injection of low-dose local anesthetics
combined with lipophilic opioids can safely achieve adequate analgesia
without motor block and offer rapid onset and high maternal
satisfaction (3, 4).

Studies have explored the optimal dose of intrathecal sufentanil
for labor analgesia. In the early years, Herman et al. (5) established the
effective dose (ED) 50 and ED95 for intrathecal sufentanil alone in
laboring parturients were 2.6 [95% confidence interval (CI), 1.8-3.2]
and 8.9 (7.5-11.5) pg, respectively, when a successful response was
determined as an absolute VAS <25 mm. Wong et al. (6) reported the
optimal dose of intrathecal sufentanil in combination with 2.5mg
bupivacaine was 2.5pg, which provided analgesia comparable to
higher doses and a lower incidence of nausea and vomiting and less
severe pruritus. In recent years, ropivacaine has been increasingly used
in labor analgesia due to its properties of a better separation between
sensory and motor block and a lower systemic toxicity than
bupivacaine (7, 8). However, the optimum dose of sufentanil with
ropivacine was not well clarified. We designed a biased coin up-and-
down sequential allocation trial to determine the ED90 of intrathecal
sufentanil combined with ropivacaine 2.5 mg for labor analgesia.

2 Materials and methods
2.1 Study design and ethics

We conducted a prospective, double-blind, sequential allocation
trial. The research protocol was approved by the Research Ethics
Committee at Peking University First Hospital Ningxia Women’s and
Children’s Hospital in Yinchuan, China (KJ-LL-2021-42, approval date
November 25, 2021). The study was registered in Chinese Clinical
Trial at chictrorg.cn (identifier: ChiCTR2300068408). Written
informed consent was obtained from all participants. Our study used
the CONSORT reporting guidelines (9).

2.2 Patients

The inclusion criteria included: (i) age 18-35 years; (ii) American
Society of Anesthesiologists (ASA) physical status I - II; (iii)
gestational age>37weeks; (iv) nulliparous women with singleton
pregnancy; (v) cervical dilatation between 2 and 4 cm; (vi) cephalic
presentation; and (vii) no head pelvic asymmetry. The exclusion
included: (i)
hypertension; (ii) any contraindication for spinal or/and epidural

criteria participants with pregnancy-induced
analgesia; (iii) body temperature >37.5°C; and (iv) allergy to local
anesthetics or opioids. The dropout criteria were: (i) puncture failure;

(ii) accidental dural puncture; (iii) unilateral block; (iv) epidural

Abbreviations: ASA, American Society of Anesthesiologists; BCUD, biased coin
up-and-down; bpm, beats per minute; Cl, confidence interval; CSE, combined
spinal—epidural; DBP, diastolic blood pressure; ED, effective dose; FHR, fetal heart
rate; HR, heart rate; IQR, interquartile range; PAVA, Pooled Adjacent Violators
Algorithm; PCEA, patient-controlled epidural analgesia; SBP, systolic blood

pressure; SD, standard deviation; VAS, visual analog score.
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catheter unintentionally entered the intrathecal cavity or blood vessel;
and (v) epidural catheter detachment or blocked during
labor analgesia.

2.3 Management of labor analgesia

Baseline maternal heart rate, non-invasive blood pressure, oxygen
saturation, and fetal heart rate were measured between two uterine
contractions. Baseline maternal visual analog score (VAS) was
recorded during uterine contraction (VAS 0-100mm, where
0=painless and 100 = unbearable severe pain).

An intravenous catheter was established, and 500mL of 0.9%
saline was started. The parturient was positioned in a lateral decubitus
position and routinely sterilized. The epidural space was identified at
L3-L4 interspace via the midline approach with an 18-G, 8-cm Tuohy
epidural needle using a loss of resistance to saline technique. A needle-
through-needle technique was performed using a 25-G, 12-cm
Whitacre spinal needle placed into the shaft of the previously sited
epidural needle with confirmation of free-flow cerebrospinal fluid. A
designated dose of sufentanil combined with 0.1% ropivacaine 2.5 mg
was injected into the intrathecal space. After administration, the
spinal needle was pulled out. A 19-G multiport wire-reinforced
epidural catheter was inserted 5cm into the epidural space. Maternal
VAS scores were assessed at 5 and 10 min after intrathecal injection.
After negative aspiration for cerebrospinal fluid and blood, all
parturients received a 1% lidocaine test dose of 3mL. Patient-
controlled epidural analgesia (PCEA) was initiated immediately after
VAS assessment at 10 min with the following parameters: ropivacaine
1 mg/mL combined with sufentanil 0.5 pg/mL, background infusion
at 6mL/h, demand dose of 8 mL, lockout interval of 30 min, and
hourly limit of 28 mL.

Maternal VAS scores, heart rate, non-invasive blood pressure,
respiration, oxygen saturation, and fetal heart rate were monitored
after labor analgesia. When maternal systolic blood pressure was
<90mm Hg, a dose of 6mg ephedrine was administered; when
maternal heart rate was <50 beats/min, a dose of 0.2-0.5mg atropine
was administered. Intrapartum fever was defined as maternal body
temperature > 38°C during labor analgesia (10). Urinary retention was
defined as the implantation of a catheter or a disposable catheter when
urine cannot be voided on its own during delivery (11). Motor block
was assessed using a Modified Bromage Score (12). Four levels of
maternal satisfaction assessment were graded as Very satisfied, fairly
satisfied, not sufficiently satisfied, and not at all satisfied (13).

2.4 Biased-coin design up-down sequential
method

Based on the biased coin up-and-down (BCUD) and our pilot
study, the initial dose of sufentanil (Jiangsu Enhua Medicine Co, Ltd.)
was set at 1.0 pg. Sufentanil dose for the subsequent subject was
determined according to the responses of the previous subject using
the BCUD with a possible increment or decrement of 0.25 pg. If the
labor analgesia failed, the dose of sufentanil was increased by 0.25 g
in the subsequent parturient. If the labor analgesia succeeded, the next
parturient would receive either the same dose (probability of 0.89) or
a dose that was reduced by 0.25 pg (probability of 0.11).
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The criteria used for determining a response were as follows: (i)
successful labor analgesia: VAS <30 mm after intrathecal injection at
10 min; and (ii) failed labor analgesia: VAS>30 mm after intrathecal
injection at 10 min.

The biased coin up-and-down sequential allocation was carried
out using a computer-generated list of random responses prepared
by our statistician using Excel 2016 (Microsoft, Redmond, WA,
USA). A research assistant used this list to provide the sufentanil
dose for the next parturient. The anesthesiologists, nurses, and
parturients remained blinded to the dose throughout the entire
research process.

2.5 Endpoints of the study

Our primary endpoint was determining the ED90 of intrathecal
sufentanil combined with ropivacaine 2.5 mg for labor analgesia. Our
secondary outcomes were: (i) The visual analog scores at 5min (T1),
10min (T2), 15min (T3), 30min (T4), and 60min (T5) after
intrathecal injection, and at full cervical dilation (T6); (ii) Maternal
adverse outcomes during labor analgesia, including pruritus, nausea
and vomiting, urinary retention, respiratory depression, hypotension,
intrapartum fever, and motor block, delivery mode, and abnormal
fetal heart rate. (iii) Neonatal outcomes, including Apgar scores at 1
and 5min after birth.

2.6 Sample size

The unknown distribution of data of the BCUD study prevents the
development of rigorous rules to calculate the necessary sample size
for the estimation of ED90. Pace et al. (14) suggested that including at
least 20-40 patients will provide stable estimates of the target dose for
the most realistic scenarios. We planned to enroll participants who
met the inclusion and exclusion criteria and stopped when 40 patients
had completed the study.

2.7 Statistical analysis

When ED90 is determined (r=0.9), the probability
(B)=(1-1)/7=(1-0.9)/0.9=0.1/0 0.9x0.11, where B is the target
probability percentage. If a failure is observed, the dose is always
stepped up for the subsequent participant. If the dose is successful, the
following patient received the next lower dose with a probability of
B=~0.11 (1/9) or the same dose with a probability of 1 —B=0.89 (8/9).
The success rate after adjusting the results is estimated by the Pooled
Adjacent Violators Algorithm (PAVA).

The ED90 of sufentanil was calculated by isotonic regression,
and the 95% (CI) was obtained with 2000 bootstrapped samples.
Normal distribution data were presented as mean (standard
deviation) and were compared using ¢-test between the two groups.
Non-normal distribution data were presented as median
(interquartile range) and were compared using Mann-Whitney U
test. Categorical data were presented as number of patients
(percentage) and were analyzed using the y* test. The statistical
software used was R for Windows version 3.4.4 and SPSS for
Windows version 24.0 (SPSS Inc., Chicago, Illinois).
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3 Results
3.1 Participants statistical

We screened 51 women who met the inclusion criteria from
November 25, 2021, to December 31, 2022. Among them, one was
excluded for contraindication to spinal or/and epidural analgesia,
three for body temperature >37.5°C, and five for participants with
pregnancy-induced hypertension. The remaining 42 women were
enrolled. Two women were dropped out for unilateral block and
difficulty with puncture. Finally, a total of 40 women were included in
the analysis (Figure 1). The demographics and labor characteristics of
maternal subjects are shown in Table 1.

3.2 ED90 and 95% CI of sufentanil

Figure 2 showed the effective and ineffective responses of 40
consecutive women to different intrathecal doses of sufentanil during
labor. The doses ranged from 1.0 to 2.75pg. Table 2 showed the
observed and PAVA-adjusted response rates for each sufentanil dose
level. With isotonic regression, the ED90 dose of intrathecal sufentanil
combined with ropivacaine 2.5mg (0.1%, 2.5mL) was 2.61 ug (95%
Cl, 2.44-2.70ig).

3.3 VAS scores at different time points

Figure 3 showed the mean VAS scores before labor analgesia (T0),
at 5min (T1), 10min (T2), 15min (T3), 30 min (T4), 60 min (T5) after
intrathecal injection, and at full cervical dilation (T6).

3.4 Maternal outcomes

Table 3 showed the main outcomes of the parturients. Thirty-one
(77.5%) parturients complained of pruritus, and 14 (35.0%) suffered
nausea and vomiting. Six (15.0%) reported urinary retention, and two
(5.0%) were diagnosed with intrapartum fever. No respiratory
depression or hypotension was recorded. No women had any degree
of motor block. Among all the parturients, 33 had a vaginal delivery
and 7 had a cesarean section finally.

3.5 Neonatal outcomes

Table 4 showed the primary outcomes of newborns. Three
neonates reported a 1 min Apgar score of <7, none reported a 5min
Apgar score of <7.

4 Discussion

Our study demonstrated that the optimal dose of intrathecal
sufentanil in combination with ropivacaine 2.5 mg to provide effective
analgesia for 90% of women was 2.61 (95% CI, 2.44-2.70) pg. The
incidence of maternal adverse effects was very low. All newborns
were safe.
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Maternity recruitment (n = 51)|

71 Contraindications to intraspinal anesthesia (n = 1)
[ Body temperature =2 37.5 °C(n = 3)
[l Gestational hypertension (n = 5)

Exclude (n =9)

y

Accept allocation (n = 42)|

A4
Eliminate (n = 2)
[ Puncture difficulties (n = 1)
[ Unilateral block (n =1

Analysed (n = 40)|

FIGURE 1
Flowchart of the study.

TABLE 1 Demographics and clinical characteristics of maternal
participants.

Variables | AlL (N = 40)
Demographics

Age, year 26.6+3.2
Height, cm 161.2+4.4
Weight, kg 70.2+7.4
Body mass index, kg/m* 27.0+2.4
Clinical characteristics

Gestation, weeks 39.7+0.8
Cervical dilatation at recuitment, cm 2.0 (2.0-2.8)
Baseline HR, bpm 86+13
Baseline SBP, mm Hg 128+10
Baseline DBP, mm Hg 78+8
Baseline Fetal HR, bpm 141+7
Baseline body temperature, °C 36.6+0.3
VAS before analgesia, mm 80 (70-90)

Data are presented as mean + SD or median (IQR). bpm, beats per minute; DBP, diastolic
blood pressure; HR, heart rate; IQR, interquartile range; SBP, systolic blood pressure; SD,
standard deviation; VAS, visual analog score.

A fixed intrathecal ropivacaine dose of 2.5 mg was determined
based on previous studies. Li et al. (3) injected 5mL of 0.1%
ropivacaine with sufentanil 2.5pug into the subarachnoid space,
reporting the symptoms of warmth and numbness within 3 min were
both 100%. However, 77.55% of parturients were found to have a
motor block, indicating an overdose of intrathecal drugs. Camorcia
et al. (15) found the intrathecal minimum local analgesic dose was
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FIGURE 2
Maternal dose-allocation response sequence.

3.64 (95% CI, 3.33 to 3.96) mg for ropivacaine in labor analgesia to
achieve an efficacy of VAS score decreased to 10 mm or less within
30 min. Ortner et al. (16) reported the ED 50 of ropivacaine was 4.6
(95% CI, 4.28-5.31) mg when the analgesic effectiveness was defined
as a VAS score less than 100 mm at 15 min after intrathecal injection.
Adding sufentanil 1.6 and 2.2 pg significantly decreased the ED 50
of ropivacaine to 2.1mg and 1.9mg, respectively (16). Given
combined sufentanil and ropivacaine for spinal analgesia in our
study and the criterion we set for block success was VAS <30 mm
after intrathecal injection at 10 min, we fixed intrathecal ropivacaine
dose of 2.5 mg, the same with Levin et al. (17) and Hughes et al. (18)
studies.

In our study, 75% of parturients’ VAS score dropped to below
30mm, and the mean VAS score was 16.5mm at 10min after
intrathecal injection, indicating a faster onset of analgesia than
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TABLE 2 Observed and Pooled Adjacent Violators Algorithm-adjusted response rates.

Assigned No. of No. of Observed PAVA- Pruritus, Nausea  Abnormal Cesarean 1min
dose, pg  patients, successes, response @ adjusted N (%) and fetal delivery, Apgar
N N rate, % response vomiting, heart N (%) score <7,
rate?, % N (%) rate, N N (%)
(%)
1.00 1 0 0.0 0.0 1(100.0) 1(100) 0(0.0) 0(0.0) 0(0.0)
1.25 2 1 50.0 50.0 1(50.0) 0(0.0) 0(0.0) 1(50.0) 0(0.0)
1.50 2 1 50.0 50.0 2 (100.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
1.75 4 2 50.0 50.0 3(75.0) 0(0.0) 1(25.0) 1(25.0) 0(0.0)
2.00 13 10 76.9 76.9 9 (69.0) 6 (46.0) 2(15.0) 1(8.0) 1(8.0)
225 6 5 83.3 81.8 6 (100.0) 3(50.0) 1(17.0) 1(17.0) 1(17.0)
2.50 5 4 80.0 81.8 3 (60.0) 1(20.0) 0(0.0) 2 (40.0) 0(0.0)
2.75 7 7 100.0 100.0 5(71.0) 3 (43.0) 1(14.0) 1(14.0) 1(14.0)

PAVA, Pooled Adjacent Violators Algorithm.

* PAVA-Adjusted Response Rates were estimated using the weighted isotonic regression method.

100 .
80
E 60
é 60
(72]
< 40+
>
20
0 T T T T 1 1
TO T1 T2 T3 T4 T5 T6
Time Point
FIGURE 3
VAS scores of parturients at time points. VAS, visual analog score; TO,
Before labor analgesia; T1, 5min after intrathecal injection; T2,
10 min after intrathecal injection; T3, 15 min after intrathecal
injection; T4, 30 min after intrathecal injection; T5, 60 min after
intrathecal injection; T6, At the time of full cervical dilation. *T6 only
included 33 women with vaginal delivery.

traditional epidural technique (19, 20) and dural puncture epidural
technique (20). No adverse effects, such as hypotension, respiratory
depression, motor block, or patient discomfort, were observed after
subarachnoid administration.

Compared with epidural labor analgesia, combined spinal-
epidural labor analgesia was associated with a higher risk of
nonreassuring fetal heart rate (21). A meta-analysis indicated the
average incidence of abnormal fetal heart rate was 11.8% in parturients
receiving CSE analgesia, which was comparable with our study (5/40,
12.5%). Among the five cases in our study, four recovered in a very
short period of time, and one performed an emergency cesarean
section due to fetal bradycardia. The overall cesarean section rate was
basically consistent with previous reports (22, 23). From the results in
Table 2, we have not found any close relationship between the
incidences of abnormal fetal heart and cesarean section and the dose
of sufentanil.

Intrathecal injection of opioids is the main culprit causing
pruritus. Our study showed 77.5% of participants had suffered
pruritus, similar to previously reported studies (24, 25). However,
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TABLE 3 Maternal outcomes.

Variables IN(YEY )

Pruritus 31(77.5)
Nausea and vomiting 14 (35.0)
Urinary retention 6 (15.0)
Respiratory depression 0(0.0)
Hypotension 0(0.0)
Intrapartum fever 2(5.0)
Abnormal fetal heart rate® 5(12.5)
Modified Bromage score”
0 40 (100.0)
1 0(0.0)
2 0(0.0)
3 0(0.0)
Delivery mode
Cesarean delivery 7(17.5)
Vaginal delivery 33(82.5)
Maternal satisfaction
Very satisfied 29 (72.5)
Fairly satisfied 11(27.5)
Not sufficiently satisfied 0(0.0)
Not at all satisfied 0(0.0)

Data are presented as N (%).

* Abnormal fetal heart rate (FHR) was defined as late deceleration (FHR < 100 bpm after a
contraction) or bradycardia (FHR < 100 bpm for more than 905s).

® Modified Bromage score (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).

most symptoms were mild and transient and did not require
pharmacological treatment. Herman et al. reported the incidence of
pruritus in parturients receiving intrathecal opioids during labor
displayed a dose-response in relationship identical to that seen for
analgesia (26). However, no dose-response relationship was found in
our study. It may be due to a small sample size of each group. The
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TABLE 4 Neonatal outcomes.

Variables All (N = 40)

1 min Apgar score 9(9-9)
5min Apgar score 10 (10-10)
1 min Apgar score <7 3(7.5)
5min Apgar score <7 0(0.0)

Data are presented as median (IQR) or N (%). IQR, interquartile range.

incidence of nausea and vomiting in our study was 35%, similar to
previously reported studies (27).

There are some limitations in our study. Firstly, our results may
not be applicable to either multiparous women or nulliparous women
in advanced labor. Secondly, the ED90 of sufentanil observed in our
study may only be valid for combining with ropivacaine 2.5 mg, since
there is a pharmacologic synergistic interaction between intrathecal
opioid and local anesthetic given intrathecally for labor analgesia (28).
Thirdly, we did not measure the maternal sensory block level.
However, no parturient developed respiratory depression in our study
indicating no high block level occurred. We will include maternal
sensory block level assessment in further study.

5 Conclusion

The ED90 of intrathecal sufentanil combined with ropivacaine
2.5mg for labor analgesia was 2.61 (95% CI, 2.44 to 2.70) pg. The dose
is safe for parturients and neonates.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Research Ethics
Committee at Peking University First Hospital Ningxia Women’s and
Children’s Hospital in Yinchuan, China (KJ-LL-2021-42, approval date
November 25, 2021). The studies were conducted in accordance with
the local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.
Written informed consent was obtained from the individual(s) for the

References

1. American College of Obstetricians and Gynecologists Committee on Practice
Bulletins—Obstetrics. ACOG practice bulletin no. 209: obstetric analgesia and
anesthesia. Obstet Gynecol. (2019) 133:€208-25. doi: 10.1097/A0G.0000000000003132

2. Simmons SW, Taghizadeh N, Dennis AT, Hughes D, Cyna AM. Combined spinal-
epidural versus epidural analgesia in labour. Cochrane Database Syst Rev. (2012)
10:CD003401. doi: 10.1002/14651858.CD003401.pub3

3.Li Y, LiY, Yang C, Huang S. A prospective randomized trial of Ropivacaine 5mg
with Sufentanil 2.5 g as a test dose for detecting epidural and intrathecal injection in
obstetric patients. J Clin Med. (2022) 12:181. doi: 10.3390/jcm12010181

Frontiers in Medicine

10.3389/fmed.2023.1275605

publication of any potentially identifiable images or data included in
this article.

Author contributions

QY: Conceptualization, Methodology, Project administration,
Writing - review & editing. BY: Conceptualization, Methodology,
Writing - review & editing. HH: Methodology, Writing — original
draft. GL: Formal analysis, Writing — review & editing. JS: Writing -
review & editing. HK: Conceptualization, Methodology, Project
administration, Writing - original draft. LD: Conceptualization,
Methodology, Project administration, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This research
was funded by the Scientific Research Seed Fund of Peking University
First Hospital (number: 2021SF25) and the Youth Clinical Research
Project of Peking University First Hospital (number: 2021CR19).

Acknowledgments

The authors gratefully acknowledge Tao Xu. MD (Department of
Anesthesiology, the International Peace Maternity and Child Health
Hospital, School of Medicine, Shanghai Jiao Tong University,
Shanghai, China) for his help in statistical analysis.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

4. Rahmati ], Shahriari M, Shahriari A, Nataj M, Shabani Z, Moodi V. Effectiveness of
spinal analgesia for labor pain compared with epidural analgesia. Anesth Pain Med.
(2021) 11:€113350. doi: 10.5812/aapm.113350

5. Herman NL, Calicott R, Van Decar TK, Conlin G, Tilton J. Determination of the
dose-response relationship for intrathecal sufentanil in laboring patients. Anesth Analg.
(1997) 84:1256-61. doi: 10.1213/00000539-199706000-00016

6. Wong CA, Scavone BM, Loffredi M, Wang WY, Peaceman AM, Ganchiff JN. The
dose-response of intrathecal sufentanil added to bupivacaine for labor analgesia.
Anesthesiology. (2000) 92:1553-8. doi: 10.1097/00000542-200006000-00011

frontiersin.org


https://doi.org/10.3389/fmed.2023.1275605
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1097/AOG.0000000000003132
https://doi.org/10.1002/14651858.CD003401.pub3
https://doi.org/10.3390/jcm12010181
https://doi.org/10.5812/aapm.113350
https://doi.org/10.1213/00000539-199706000-00016
https://doi.org/10.1097/00000542-200006000-00011

Yinetal.

7. Stienstra R. The place of ropivacaine in anesthesia. Acta Anaesthesiol Belg. (2003)
54:141-8.

8. Wang Y, Xu M. Comparison of ropivacaine combined with sufentanil for epidural
anesthesia and spinal-epidural anesthesia in labor analgesia. BMC Anesthesiol. (2020)
20:1. doi: 10.1186/s12871-019-0855-y

9. Schulz KF, Altman DG, Moher Dfor the CONSORT Group. CONSORT 2010
statement: updated guidelines for reporting parallel group randomised trials. BMC Med.
(2010) 8:18. doi: 10.1186/1741-7015-8-18

10. Hensel D, Zhang F, Carter EB, Frolova AI, Odibo AO, Kelly JC, et al. Severity of
intrapartum fever and neonatal outcomes. Am J Obstet Gynecol. (2022) 227:513.e1-8.
doi: 10.1016/j.2j0g.2022.05.031

11. Wilson M]J, Macarthur C, Shennan ACOMET Study Group (UK). Urinary
catheterization in labour with high-dose vs mobile epidural analgesia: a randomized
controlled trial. Br ] Anaesth. (2009) 102:97-103. doi: 10.1093/bja/aen313

12. Chau A, Bibbo C, Huang CC, Elterman KG, Cappiello EC, Robinson JN, et al.
Dural puncture epidural technique improves labor analgesia quality with fewer side
effects compared with epidural and combined spinal epidural techniques: a randomized
clinical trial. Anesth Analg. (2017) 124:560-9. doi: 10.1213/ANE.0000000000001798

13. Merrer J, Bonnet MP, Blondel B, Tafflet M, Khoshnood B, Le Ray C, et al.
Predictors of incomplete maternal satisfaction with neuraxial labor analgesia: a
nationwide study. Anaesth Crit Care Pain Med. (2021) 40:100939. doi: 10.1016/j.
accpm.2021.100939

14.Pace NL, Stylianou MP. Advances in and limitations of up-and-down
methodology: a précis of clinical use, study design, and dose estimation in anesthesia
research. Anesthesiology. (2007) 107:144-52. doi: 10.1097/01.anes.0000267514.42592.2a

15. Camorcia M, Capogna G, Columb MO. Minimum local analgesic doses of
ropivacaine, levobupivacaine, and bupivacaine for intrathecal labor analgesia.
Anesthesiology. (2005) 102:646-50. doi: 10.1097/00000542-200503000-00025

16. Ortner CM, Posch M, Roessler B, Faybik P, Riitzler K, Grabovica J, et al. On the
ropivacaine-reducing effect of low-dose sufentanil in intrathecal labor analgesia. Acta
Anaesthesiol Scand. (2010) 54:1000-6. doi: 10.1111/j.1399-6576.2010.02254.x

17.Levin A, Datta S, Camann WR. Intrathecal ropivacaine for labor analgesia: a
comparison with bupivacaine. Anesth Analg. (1998) 87:624-7. doi: 10.1213/
00000539-199809000-00025

Frontiers in Medicine

07

10.3389/fmed.2023.1275605

18. Hughes D, Hill D, Fee JP. Intrathecal ropivacaine or bupivacaine with fentanyl for
labour. Br J Anaesth. (2001) 87:733-7. doi: 10.1093/bja/87.5.733

19. Wen X, Huang B, Liang X. Effect of ropivacaine and sufentanil in epidural labor
analgesia. Am ] Transl Res (2021) 15;13:7001-7007.

20.Yin H, Tong X, Huang H. Versus conventional epidural analgesia for labor: a
systematic review and meta-analysis of randomized controlled studies. ] Anesth. (2022)
36:413-27. doi: 10.1007/s00540-022-03061-8

21. Hattler J, Klimek M, Rossaint R, Heesen M. The effect of combined spinal-epidural
versus epidural analgesia in laboring women on nonreassuring fetal heart rate tracings:
systematic review and meta-analysis. Anesth Analg. (2016) 123:955-64. doi: 10.1213/
ANE.0000000000001412

22.Van de Velde M, Teunkens A, Hanssens M, Vandermeersch E, Verhaeghe J.
JIntrathecal sufentanil and fetal heart rate abnormalities: a double-blind, double
placebo-controlled trial comparing two forms of combined spinal epidural analgesia
with epidural analgesia in labor. Anesth Analg. (2004) 98:1153-9. doi: 10.1213/01.
ANE.0000101980.34587.66

23.Dube P, Mitra S, Singh J, Saroa R, Mehra R. Intravenous dexamethasone as an
adjunct to improve labor analgesia: a randomized, double-blinded, placebo controlled
clinical trial. J Clin Anesth. (2017) 43:6-10. doi: 10.1016/j.jclinane.2017.09.003

24. Prin M, Guglielminotti J, Moitra V; Li GH. Prophylactic ondansetron for the prevention
of intrathecal fentanyl- or sufentanil-mediated pruritus: a meta-analysis of randomized trials.
Anesth Analg. (2016) 122:402-9. doi: 10.1213/ANE.0000000000001046

25. Wells J, Paech MJ, Evans SE. Intrathecal fentanyl-induced pruritus during labour:
the effect of prophylactic ondansetron. Int J Obstet Anesth. (2004) 13:35-9. doi:
10.1016/j.ij0a.2003.07.001

26. Herman NL, Choi KC, Affleck PJ, Calicott R, Brackin R, Singhal A, et al. Analgesia,
pruritus, and ventilation exhibit a dose-response relationship in parturients receiving
intrathecal fentanyl during labor. Anesth Analg. (1999) 89:378-83. doi:
10.1213/00000539-199908000-00024

27. Chaney MA. Side effects of intrathecal and epidural opioids. Can ] Anaesth. (1995)
42:891-903. doi: 10.1007/BF03011037

28.Ngan Kee WD, Khaw KS, Ng FF, Ng KK, So R, Lee A. Synergistic interaction
between fentanyl and bupivacaine given intrathecally for labor analgesia. Anesthesiology.
(2014) 120:1126-36. doi: 10.1097/ALN.0000000000000118

frontiersin.org


https://doi.org/10.3389/fmed.2023.1275605
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1186/s12871-019-0855-y
https://doi.org/10.1186/1741-7015-8-18
https://doi.org/10.1016/j.ajog.2022.05.031
https://doi.org/10.1093/bja/aen313
https://doi.org/10.1213/ANE.0000000000001798
https://doi.org/10.1016/j.accpm.2021.100939
https://doi.org/10.1016/j.accpm.2021.100939
https://doi.org/10.1097/01.anes.0000267514.42592.2a
https://doi.org/10.1097/00000542-200503000-00025
https://doi.org/10.1111/j.1399-6576.2010.02254.x
https://doi.org/10.1213/00000539-199809000-00025
https://doi.org/10.1213/00000539-199809000-00025
https://doi.org/10.1093/bja/87.5.733
https://doi.org/10.1007/s00540-022-03061-8
https://doi.org/10.1213/ANE.0000000000001412
https://doi.org/10.1213/ANE.0000000000001412
https://doi.org/10.1213/01.ANE.0000101980.34587.66
https://doi.org/10.1213/01.ANE.0000101980.34587.66
https://doi.org/10.1016/j.jclinane.2017.09.003
https://doi.org/10.1213/ANE.0000000000001046
https://doi.org/10.1016/j.ijoa.2003.07.001
https://doi.org/10.1213/00000539-199908000-00024
https://doi.org/10.1007/BF03011037
https://doi.org/10.1097/ALN.0000000000000118

	A biased coin up-and-down sequential allocation trial to determine the ED90 of intrathecal sufentanil combined with ropivacaine 2.5 mg for labor analgesia
	1 Introduction
	2 Materials and methods
	2.1 Study design and ethics
	2.2 Patients
	2.3 Management of labor analgesia
	2.4 Biased-coin design up-down sequential method
	2.5 Endpoints of the study
	2.6 Sample size
	2.7 Statistical analysis

	3 Results
	3.1 Participants statistical
	3.2 ED90 and 95% CI of sufentanil
	3.3 VAS scores at different time points
	3.4 Maternal outcomes
	3.5 Neonatal outcomes

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

