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Background: Labor pain perception has been demonstrated to exhibit a circadian

rhythm with lower pain scores during the day compared with the night. This study aimed

to determine and compare the median effective dose (ED50) of ropivacaine in parturients

having epidural labor analgesia during the day vs. during the night.

Methods: The study group consisted of 60 nulliparous healthy parturients who were

assigned to one of two groups according to the time they requested labor analgesia:

Day Group (7:01 am to 7:00 pm) and Night Group (7:01 pm to 7:00 am). A bolus

of.15% ropivacaine was administered epidurally and effective analgesia was defined as

the attainment of a visual analog scale (VAS) pain score ≤ 10mm within 30min. The

dose of ropivacaine for the first parturient in each group was 18mg. The dose for each

subsequent parturient was varied with increments or decrements of 3mg based on the

response of the previous subject. The ED50 was calculated using up-down sequential

analysis. Probit regression was used to estimate the relative mean potency of ropivacaine

between groups.

Results: The ED50 (mean [95% CI]) of ropivacaine was lower in the Day Group (17.9

[16.5–19.4] mg) than in the Night Group (20.9 [19.2–22.7] mg) (P = 0.003). The estimate

of relative potency for ropivacaine for the Night Group vs. the Day Group was 0.85

(95% CI:0.56–0.98).

Conclusions: Under the conditions of this study, the dose requirement for epidural

ropivacaine for labor analgesia was ∼ 15% greater during the night than during the day.

Clinical Trials Registration: Chinese Clinical Trial Registry (No.: ChiCTR1900025269.

http://www.chictr.org.cn/showprojen.aspx?proj=36993).

Keywords: chronobiology, circadian rhythm, dose-response, epidural analgesia, labor analgesia, ropivacaine

IMPLICATION STATEMENT

The dose requirement for epidural ropivacaine (AstraZeneca AB, Sweden) for labor analgesia in
healthy parturients was ∼15% greater during the night (7:01 pm to 7:00 am) than during the day
(7:01 am to 7:00 pm).

INTRODUCTION

Chronobiology, the circadian variation in biological rhythms, can influence many biological
functions (1–4). Labor pain perception has been demonstrated previously to exhibit a
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circadian rhythm with lower pain scores during the day
compared with the night (5, 6). Furthermore, the duration of
epidural analgesia with ropivacaine during labor was found to
be longer when administered during the day than the night (7).
Accordingly, we considered that circadian rhythm in labor pain
perception could influence epidural local anesthetic requirement.
Therefore, we hypothesized that the dose requirement for
ropivacaine would differ depending on whether epidural labor
analgesia was administered during the day vs. the night. We
designed the present study to determine and compare themedian
effective dose (ED50) of ropivacaine given for epidural labor in
healthy parturients during the daytime vs. the night.

METHODS

After obtaining the approval from the Institutional Review
Board of Jiaxing University Affiliated Women and Children
Hospital, Jiaxing City, China (No. 2019Jun31), we registered
the study in the Chinese Clinical Trial Registry (registration
no., ChiCTR1900025269; the name of the principal investigator:
Jiali Deng; date of registration: 18 August 2019) prior to
the enrollment of first participant. The study was conducted
in the delivery room of Jiaxing University Affiliated Women
and Children Hospital Jiaxing City, China from 22 August
2019 to 22 October 2019. All parturients enrolled gave written
informed consent.

The study recruited 60 full terms (≥37 weeks of
gestation) nulliparous parturients with American Society of
Anesthesiologists (ASA) physical status II who requested
epidural analgesia in early labor (cervical dilation <3 cm).
Parturients were only included if they had an uncomplicated
pregnancy, spontaneous onset of labor, and had normal
biological rhythm for rest and activity (normally woke in
the morning and slept at night). Exclusion criteria were
as follows: bodyweight <50 or > 90 kg, height <150 or
>170 cm, administration of opioid or other modality of
analgesia before epidural administration, rupture of membranes,
contraindication to epidural anesthesia, allergy to ropivacaine,
and inability or refusal to give informed consent.

Recruited parturients were assigned into one of two groups
according to the time of day during which they requested
epidural analgesia: Day Group (n = 30) for times between
7:01 am to 7:00 pm, and Night Group (n = 30) for times
between 7:01 pm and 7:00 am. Two investigators were assigned
to each time period. One was responsible for patient enrolment
and drug preparation and the other, who was blinded to the
dose of ropivacaine, was responsible for performing epidural
analgesia and collecting data. All patients who met the inclusion
criteria in each time period were eligible for enrolment in the
study. However, for logistical considerations, no patient was
enrolled if another patient had already been enrolled and study
data collection had not been completed. Enrollment in each
time period was ceased when the sample size for that group
was achieved.

All parturients received an intravenous infusion of 250ml
warmed Ringer’s lactate solution ∼15min before the epidural
placement. Standard monitoring included non-invasive blood
pressure, electrocardiography, pulse oximetry, and external

cardiotocography. With the parturient in the left lateral position,
an 18-gauge Tuohy needle was inserted into the epidural space at
the estimated L2−3 vertebral interspace using a loss-of-resistance
technique after skin infiltration with lidocaine. A multi-orifice
epidural catheter was advanced cephalad 3 cm into the epidural
space and secured. The parturient was then turned to the
supine position with lateral uterine displacement. After careful
aspiration to rule out subarachnoid or I.V. placement of the
epidural catheter, a test dose of 3ml of ropivacaine 0.15%
(wt/vol) (4.5mg) was injected through the catheter. Once a
negative response was confirmed at 3min after the injection
of the test dose, a bolus of ropivacaine 0.15% (wt/vol) was
then administered via the catheter as a bolus at a rate of
∼1 ml/s. The dose for the first parturient in each group was
set as 18mg (12ml) (including the test dose). The dose (the
concentration of ropivacaine was fixed at 0.15% and the volume
was the only variable factor) for each subsequent parturient was
determined according to the response of the previous subject
using an up-down sequential allocation technique as described
by Dixon and Massey (8). Pain scores were assessed using
a 100-mm visual analog scale (VAS) (0 = no pain, 100 =

worst pain imaginable) at the peak of a uterine contraction.
Effective analgesia was defined as the attainment of a VAS
pain score ≤ 10mm within 30min after completion of epidural
injection. Effective analgesia directed a decrement of 3mg of
ropivacaine for the next parturient assigned to that group
whereas ineffective analgesia directed an increment of 3mg.
Parturients who had ineffective analgesia received 10ml of
ropivacaine 0.20% (wt/vol) as a rescue. If VAS still remained >

10mm after the injection of the rescue dose, the parturient was
excluded from the study. Parturients were also excluded from
the study if, within 30min of study drug administration, their
cervix became fully dilated or they required Cesarean delivery.
When such patients were excluded, the next parturient received
the same volume of ropivacaine as the previous subject. At 30min
after injection of the initial dose of ropivacaine, parturients
received an infusion of a mixture of ropivacaine 0.1% (wt/vol)
and 0.5 µg·ml−1 sufentanil (Humanwell Pharmaceutical Co.,
Ltd, china) via patient-controlled epidural analgesia according
to standard institutional practice (bolus, 8ml; lockout interval,
15min; background infusion rate, 8 ml·h−1).

We collected the following data before epidural placement,
at 5-min intervals for 30min. Then, at 30-min intervals until
delivery of the baby we collected the following: VAS pain score;
upper dermatomal level of sensory block assessed by loss of
cold discrimination using alcohol-soaked cotton; motor block
according to a modified Bromage scale (0 = no motor loss, 1 =

inability to flex hip, 2= inability to flex hip and knee, 3= inability
to flex hip, knee, and ankle); blood pressure and heart rate.
Onset time of labor analgesia was defined as the time between
the completion of the initial bolus of epidural ropivacaine
until a VAS pain score ≤ 10mm was attained. The patient-
controlled epidural analgesia (PCEA) of patient requirements
and manual bolus were recorded. We also recorded maternal
demographic data (age, weight, height, gestation, educational
level), side effects (hypotension, shivering, pruritus, bradycardia,
respiratory depression, nausea, and vomiting), labor duration,
and mode of delivery, fetal bradycardia, and neonatal Apgar
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scores. Hypotension was defined as a decrease in systolic BP to
<20% of the baseline value and was treated with intravenous
fluid or phenylephrine 40 µg. Bradycardia was defined as a heart
rate <50 beats/min and was treated with intravenous atropine
0.5mg. Fetal bradycardia (defined as a heart rate < 110 bpm).
Respiratory was defined as a respiratory rate < 8 breaths/min or
SpO2 < 90%.

Statistical Analysis
The sample size of 30 was determined according to the results
of previous studies that recommended that 20–40 subjects were
sufficient to provide a stable estimate of the ED50 calculated by
the Dixon up–and–down method for most realistic scenarios
(9, 10). Statistical analyses were performed using IBM SPSS
for Windows version 22 (IBM Corp, Armonk, NY, USA) and
GraphPad Prism version 5 (GraphPad Software Inc, San Diego,
CA, USA). P < 0.05 was considered to be statistically significant.

For continuous variables, the D’Agostino & Pearson normality
test was used to test the normality of distribution. Variables with
normal distribution were presented as M ± SD and analyzed
with Student’s t-test. Variables with non-normal distribution were
presented as the median and interquartile range (IQR) and were

analyzed with the Mann-Whitney U test. Categorical variables
were presented as numbers (%) and were analyzed using the
chi-square test. Values for the ED50 of epidural ropivacaine were
determined by calculating the mean of the midpoints of pairs
of ropivacaine doses administered in successive parturients in
which a case of ineffective analgesia was followed by a case of
effective analgesia, or a case of effective analgesia was followed

TABLE 1 | Demographic and obstetric characteristics.

Day Group Night Group P

(n = 30) (n = 30)

Age (years) 27.5 ± 3.5 26.5 ± 2.8 0.26

Height (cm) 159.9 ± 4.0 160.8 ± 4.3 0.42

Weight (kg) 63.9 ± 7.7 66.7 ± 8.3 0.19

Gestational age (wk) 39.7 ± 1.0 39.5 ± 0.9 0.50

Educational level

Junior college or lower (n) 15 (50%) 15 (50%) > 0.99

Undergraduate (n) 15 (50%) 14 (47%) 0.80

Graduate or higher (n) 0 1 (3%) > 0.99

Data are expressed as M ± SD, median (interquartile range), or number (%).

FIGURE 1 | Consolidated Standards of Reporting Trials (CONSORT) diagram showing patient recruitment and study flow.
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FIGURE 2 | (A,B) Individual response to epidural ropivacaine at a corresponding dose (mg). The median effective dose (ED50) of epidural ropivacaine for labor

analgesia was 17.9 (95% CI: 16.5 to 19.4) mg in the Day Group vs. 20.9 (95% CI: 19.2 to 22.7) mg in the Night Group. Solid lines represent the ED50 values and

dashed lines represent the 95% CI.

FIGURE 3 | Dose-response curves of epidural ropivacaine for labor analgesia plotted from estimated probabilities of effective response (1% to 100) vs. the

corresponding dose of the initial bolus derived from probit regression analysis. The median effective dose (ED50) of epidural ropivacaine for labor analgesia was 17.9

(95% CI: 15.8–20.0) mg in the Day Group vs. 21.0 (95% CI: 18.9–23.4) mg in the Night Group.
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TABLE 2 | Maternal outcomes (including side effects).

Day Group Night Group P

(n = 30) (n = 30)

Baseline visual analog

scale pain score (mm)

71.8 ± 3.6 82.5 ± 3.2 < 0.001

Onset of analgesia (min) 17.2 ± 3.7 17.9 ± 3.6 0.60

Maximum sensory block T10 T10 0.64

level [T8–T12] [T8–T11]

Maximum modified Bromage score

0-1-2-3 (n) 30-0-0-0 30-0-0-0 0.99

PCEA requests (n) 3 (3, 4) 4 (3, 4) 0.07

No. of manual bolus

[n (%)]

1 (3.3) 2 (6.6) 0.554

Cervical dilation at

inclusion (cm)

2 (2∼2) 2 (2∼2) > 0.99

Duration of first stage of

labor (min)

525.7 ± 165.1 597.0 ± 162.0 0.11

Duration of second stage

of labor (min)

76.0 ± 165.1 66.8 ± 31.9 0.40

Cesarean delivery 2 (6.7%) 2 (6.75) > 0.99

Nausea or vomiting (n) 2 (6.7%) 1 (3.3%) 0.55

Shivering (n) 1 (3.3%) 1 (3.3%) 0.99

Pruritus (n) 0 0 0.99

Hypotension (n) 0 0 0.99

Bradycardia (n) 0 0 0.99

Respiratory depression (n) 0 0 0.99

Data are presented as mean ± standard deviation or median [interquartile range] or

number (%).

TABLE 3 | Neonatal outcomes.

Day Group Night Group P

(n = 30) (n = 30)

Fetal bradycardia (n) 1 (3.3) 0 (0) 0.313

Apgar score at 1min 10.0 [9.8–10.0] 10.0 [10.0–10.0] 0.42

Apgar score at 5min 10.0 [10.0–10.0] 10.0 [10.0–10.0] 0.98

Umbilical arterial pH 7.3 [7.3–7.3] 7.3 [7.2–7.3] 0.53

Data are presented as mean ± standard deviation or median [interquartile range] or

number (%).

by a case of ineffective analgesia (turning points) according
to the modified up-and-down allocation method as described
previously (11–13). The 95% CI and SD for the ED50 values were
calculated using the method suggested by Choi (13). In addition,
we used Probit regression analysis as a backup and sensitivity
test by analyzing tallied numbers of effective and ineffective
analgesia for each dose category for each group (9). In the latter
analysis, estimates of the ED50 of the ropivacaine in each group
were obtained and the difference between the two groups was
quantified by calculating the relative mean potency with 95% CI
as previously described (14).

RESULTS

The Consolidated Standards of Reporting Trials (CONSORT)
diagram of the study is presented in Figure 1. A total of 77

parturients was assessed for eligibility, of whom 10 were not
enrolled because another patient had already been enrolled
and study data collection had not been completed, four did
not meet the inclusion criteria, two had a nonfunctional
epidural catheter, and one required emergency Cesarean delivery
during the study period. The remaining 60 parturients (30
in the Day Group and 30 in the Night Group) completed
the study and had data analyzed. Demographic and obstetric
characteristics did not differ between the two groups (all P> 0.05;
Table 1).

The up-down sequences are shown in Figures 2A,B. The
calculated value for ED50 of ropivacaine was lower in the Day
Group (17.9mg [95% CI, 16.5–19.4]) compared with the Night
Group (20.9mg [95% CI, 19.2–22.7]) (P = 0.003). The ED50

values calculated using probit regression were 17.9mg (95% CI,
15.8–20) in the Day Group and 21mg (95% CI, 18.9–23.4) in
the Night Group. The estimate of relative mean potency for
ropivacaine in the Night Group vs. the Day Group was.85 (95%
CI,0.56–0.98). The ED90 values calculated using probit regression
were 21.3 (95% CI, 19.5–28.8) mg in the Day Group and 25.3mg
(95% CI, 2–37.6) in the Night Group. Dose-response curves
derived from probit regression analysis are shown in Figure 3.

Cervical dilation at the time when parturients were recruited
was not different between groups (Table 2). However, the mean
VAS pain score at this timewas lower in theDayGroup compared
with the Night Group (71.8 ± 3.6 vs. 82.5 ± 3.2, P <0.001)
(Table 2). There were no differences between the groups in the
onset time of analgesia, the maximum sensory block level, and
the maximum modified Bromage score during the first 30min
after epidural administration (all P > 0.05) (Table 2). There
were no significant differences in the PCEA requirements of the
patients and manual bolus (all P > 0.05) during labor. There
were no differences between the groups in the incidences of
nausea, vomiting, shivering, pruritus, hypotension, bradycardia,
or respiratory depression (Table 2). There were no differences
between the groups in the newborn umbilical artery pH, Apgar
score at 1 and 5min, and the incidences of fetal bradycardia
(Table 3).

DISCUSSION

In this prospective, up-down sequential allocation study, we
found diurnal variation in the median ED50 of epidural
ropivacaine for labor analgesia in nulliparous parturients.
Our findings suggest that the dose requirement for epidural
ropivacaine for effective labor analgesia is ∼15% higher when it
is administered during the night compared with during the day.

Several previous studies have investigated the dose
requirement for epidural ropivacaine for labor analgesia
under various circumstances but few have considered a time of
day as a factor (15–19). The study of Debon et al. (7) investigated
the chronobiology of epidural ropivacaine in laboring parturients
and found that its duration of action was greater by up to 28%
in the diurnal period compared with the nocturnal period.
However, these authors did not investigate whether the dose
required to achieve analgesia differed between periods. To the
best of our knowledge, our present study is the first to quantify
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the effect of the time of day on the dose requirement of epidural
ropivacaine for labor analgesia.

Several factors may have contributed to our findings. One of
themost important may be inherent biological circadian rhythms
which may influence physiological and/or pharmacological
processes. Circadian variations have been reported for almost
all major physiological functions, the pharmacokinetics and
pharmacodynamics of several medications, and time of day are
considered important factors influencing anesthesia and pain
treatment (1–4, 6). In our study, we found that the mean VAS
pain scores at the time when parturients requested epidural
analgesia were higher in the Night Group than in the Day Group.
This was despite no difference between groups in obstetric
and other factors such as cervical dilation, parity, spontaneous
or pharmacologically induced labor, rupture of membranes,
duration of labor, and educational level. This finding is consistent
with the results of previous studies that also found that labor
pain scores were higher at night than during the day (5, 6, 20).
Together, these studies are highly indicative of the existence of
circadian variation in labor pain. Greater baseline pain at the time
of request for epidural analgesia could account for the greater
dose requirement for ropivacaine at night.

There are several possible mechanisms that may underline the
circadian variation described above. First, sleep deprivation at
night could reduce pain thresholds and enhance pain sensitivity
(21). Moreover, sleep deprivation can interfere with analgesic
treatments involving opioid and serotoninergic mechanisms of
action (22). Second, the release of antinociceptive hormones
and peptides such as adrenocorticotropic hormone (ACTH),
cortisol, β-endorphin, and NR2B may be important. These
are increased during pregnancy resulting in elevation of pain
tolerance and have been found to exhibit circadian rhythms with
higher plasma concentrations in the daytime (23–26). Third,
there may be circadian influences on the action and kinetics
of epidural ropivacaine. For example, circadian variation in
membrane permeability to local anesthetics was described in a
study of erythrocyte penetration by bupivacaine, etidocaine, and
mepivacaine in mice (27).

In addition to biological factors, it is possible that external
and environmental factors not identified by our study may have
contributed to the circadian variation observed. For example, this
might include influences related to shifts of nursing, anesthetic,
and other healthcare staff. During the day, patients may be
distracted by external factors such as interactions with visitors
and electronic communication. Such factors may exhibit or
influence diurnal rhythms but may not have a strictly biological
basis (28).

Regardless of the underlying mechanism, our results have
relevance for clinical practice in obstetric analgesia. To minimize
potential side effects of epidural local anesthetics in labor it is
desirable to use the minimum dose required to provide adequate
analgesia. Our main finding of a 15% difference in epidural
ropivacaine requirement between day and night may inform the
choice of initial dose according to the time of day.

Our study has several limitations. First, we investigated the
dose requirement of epidural ropivacaine for labor analgesia
in only two time periods in the day, the cutoffs for which
were arbitrarily chosen. Second, we were not able to include

all eligible subjects per period because of logistical limitations
which potentially could have created unidentified selection bias.
Third, because of the strict inclusion and exclusion criteria, our
results may not be generalizable to all cases, for example, the
mean BMI in this study was only 25 and 26 in the two groups.
Finally, this study was conducted in the context of a university
hospital in China, and we only investigated healthy nulliparous
women in early spontaneous labor without augmentation. The
non-biological factors related to this specific environment may
influence the external validity of our findings. We recommend
that further similar studies be conducted in other units and in
other countries to confirm our findings in other contexts such as
in multiparous women with or without augmentation, and for
maintenance of analgesia in addition to initiation of analgesia
using programmed intermittent epidural bolus (PIEB) regimens.

In summary, under the conditions of this study, the dose
requirement for epidural ropivacaine for labor analgesia was
∼15% greater during the night than during the day.
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