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Background: Intrathecal labor analgesia using new local anesthetics such as ropivacaine or levobupivacaine becomes 
more popular by virtues of their safety and decreased motor weakness. However, the analgesic efficacy of the clinically ef-
fective intrathecal doses of these new local anesthetics combined with fentanyl has yet to be determined.
Methods: Sixty parturients who requested neuraxial analgesia in early active labor were randomly assigned to either rop-
ivacaine (group R, n = 30) or levobupivacaine (group L, n = 30) group. Group R received 3 mg of intrathecal ropivacaine 
and the group L received 3 mg of intrathecal levobupivacaine mixed with 20 μg of fentanyl as part of a combined spinal-
epidural (CSE) technique. The associated block parameters, such as pain scores, duration of analgesia, the highest levels 
of the sensory block and motor block scores 30 mins after the injection were compared between two groups. 
Results: Intrathecal ropivacaine offered shorter analgesia (87 ± 41 min vs. 122 ± 56 min, P < 0.05) with lower sensory 
height (T8.5 vs. T6, P < 0.05) and led to lower incidence of complete analgesia (73 vs. 97%, P < 0.05) compared with in-
trathecal levobupivacaine. Although motor weakness was comparable in both groups, significantly weak perineal squeez-
ing was noticed in Group L (7 of 30 parturients vs. 16 of 30, P < 0.05). 
Conclusions: Clinically relevant doses of intrathecal levobupivacaine in combination with fentanyl as part of a CSE tech-
nique provides more effective analgesia than equivalent doses of intrathecal ropivacaine in early labor, but is accompa-
nied by slight motor weakness. (Korean J Anesthesiol 2013; 65: 525-530)
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Introduction

A combined spinal-epidural (CSE) technique has become one 
of the best options for labor analgesia. Usually the initial intrathe-
cal analgesia via CSE is rapidly obtained using a low-dose local 
anesthetic combined with a lipophilic opioid in early labor [1]. 
Although racemic bupivacaine has been used most extensively, 
the new S-enantiomer drugs such as ropivacaine and levobupi-
vacaine, have recently become popular for intrathecal (IT) labor 
analgesia because they have been reported to have less cardiovas-
cular and neurologic side effects in addition to less motor block 
[2-4].

When comparing the difference in potency for labor analge-
sia between the above two drugs or among three drugs, up-and-
down sequential allocation technique has been used via epidural 
or IT route. This technique was aimed at finding the median 
effective dose (ED50), which is interpreted as the minimum lo-
cal anesthetic dose (MLAD) or concentration (MLAC) [5]. Both 
ropivacaine and levobupivacaine when injected epidurally were 
less potent than racemic bupivacaine [6-8], but levobupivacaine 
and ropivacaine showed similar potency [9,10]. Among the 
studies comparing IT analgesic efficacy of these local anesthet-
ics using the same method, Camorcia et al. [11] demonstrated 
a potency hierarchy of spinal bupivacaine > levobupivacaine > 
ropivacaine. However, these studies using MLAC or MLAD did 
not completely reflect the dose-response relation of these three 
drugs. Next, an another study using a full dose-response tech-
nique was performed to provide information about entire shape 
and slope of the dose-response curve, which showed that bupi-
vacaine was most potent and ropivacaine and levobupivacaine 
were similar in potency [12].

Furthermore some studies using a specific clinical doses of 
IT ropivacaine and levobupivacaine revealed no differences in 
both analgesic potency and side effects between two IT local 
anesthetics [4,13]. However, IT local anesthetics was used as 
the sole drugs in above two studies and there were few studies 
which compared the responses after using clinically relevant 
doses of IT ropivacaine and levobupivacaine combined with 
opioids. Since most IT labor analgesia are conducted through 
the combination of local anesthetics and opioids, the assessment 
of analgesic potency of clinically relevant doses of these drugs 
combined with opioids is of clinical interest. 

Consequently, we performed this study to compare the anal-
gesic potency of clinically effective doses of IT ropivacaine and 
levobupivacaine combined with fentanyl for labor analgesia. 

Materials and Methods

This prospective, randomized, double-blinded study was ap-
proved by both the Institutional Review Board of our hospital 

and the Korean Food and Drug Administration, and written 
informed consents were obtained from all participating subjects. 
We recruited 60 American Society of Anesthesiologists physical 
status (ASA PS) 1 or 2 parturients in early labor (i.e., cervical 
dilatation < 5 cm), with a singleton cephalic presentation at term 
(> 37 weeks) who requested neuraxial labor analgesia. Partu-
rients with multiple pregnancies, systemic diseases, fetus with 
known or suspected congenital abnormalities, had visual analog 
scale (VAS) scores for pain of less than 50 mm, and administra-
tion of parenteral or oral analgesics before initiation of neuraxial 
analgesia were excluded from the study.

Before initiation of analgesia, the following parameters: ma-
ternal age, height, weight, gestational age, amount of cervical 
dilatation, use of oxytocin, parity, and status of membrane were 
recorded. Baseline pain score was assessed using a VAS (100 
mm; 0 = no pain and 100 = worst pain imaginable) before the 
CSE.

The sealed envelope technique was used to randomly allocate 
all parturients into two groups to receive one of the following: 
intrathecal ropivacaine (NaropinⓇ, Astrazeneca, Södertälje, 
Sweden) 3 mg in normal saline 2 ml combined with fentanyl 20 
μg (group R, n = 30) or intrathecal levobupivacaine (Chirocaine, 
Abott Laboratories, Italy) 3 mg in normal saline 2 mL combined 
with fentanyl 20 μg (group L, n = 30). No placebo was used in 
the study because a deliberate dural puncture performed for this 
purpose was deemed unjustifiable by the committee.

After establishing venous access and prehydration with 500 
ml lactated Ringer’s solution, the combined spinal-epidural 
analgesia, using a double-segment technique, was performed 
with the parturient in either the left or right lateral position. The 
spinal block was performed at the L3-4 or L4-5 interspace under 
sterile conditions, using a midline approach with a 25-gauge 
whitacre spinal needle. After observing a free flow of cerebrospi-
nal fluid (CSF), the spinal study drug was injected intrathecally. 
Following subarachnoid injection, the spinal needle was with-
drawn and the epidural space was identified with a 17-gauge 
Tuohy needle (ArrowⓇ, Arrow International, Philadelphia, 
USA), using a loss-of-resistance to the air technique at the L2-3 
or L3-4 interspace. Next, a 19-gauge epidural catheter (FlexTip 
PlusⓇ, Arrow Inc, Reading, PA, USA) was inserted and secured 
3-4 cm into the epidural space, via the Tuohy needle. The epi-
dural catheter was aspirated to confirm the absence of blood or 
CSF, but epidural test dose was not administered and the partu-
rient was turned into a supine position.

Maternal blood pressure and heart rate were measured, non-
invasively, throughout the study period. Maternal hypotension 
was defined as a systolic arterial pressure < 90 mmHg or < 30% 
from the baseline, and was treated by increasing the intrave-
nous infusion rate, and if necessary, administering intravenous 
ephedrine. The fetal heart rate was also monitored via an exter-
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nal cardiogram throughout the study period. The occurrence of 
late or variable decelerations or fetal bradycardia of less than 110 
beats/min was documented and an obstetrician was consulted 
when necessary.

In the present study, the primary and secondary outcomes 
were the duration of analgesia and incidence of complete anal-
gesia, respectively.

Parturients were asked to inform the moment the VAS score 
decreased below (10 mm) after undergoing CSE procedure. The 
difference between that moment and intrathecal injection was 
defined as the onset of analgesia. Also, thirty minutes after the 
intrathecal injection, the following parameters: pain score by 
VAS score, the highest sensory level, and degree of motor block 
were assessed. The highest dermatomal sensory block was tested 
in each dermatomal level bilaterally for the loss to pinprick sen-
sation. Pinprick response was measured using 25-gauge whita-
cre spinal needle. Motor block was assessed by using a modified 
Bromage scale [14] (Table 1), evaluating the ability to raise a 
leg for 30 seconds, and investigating whether perineal squeez-
ing was preserved or not. Further, duration of analgesia (our 
primary outcome) defined as the time between the end of the 
spinal injection and the moment additional analgesia requested 
by parturients owing to the reappearance of labor pain was as-
sessed. At that time, 7 ml of 0.2% ropivacaine was administrated 
via epidural catheter and the patient-controlled epidural anal-
gesia device was connected and started. In addition, parturients 
showing incomplete analgesia (i.e., VAS ≥ 10) were determined 
to assess the incidence of complete analgesia (secondary out-
come). 

Within the first 30 mins after each spinal injection, adverse 
effects resulting from neuraxial block, such as pruritus, nausea, 
and vomiting, were recorded and compared in the two groups. 

Statistical analyses were performed with SigmaStat software 
version 3.1 (Systat Software, Inc., Point Richmond, CA, USA). 
Patient and obstetric data were collected and presented as the 
mean ± SD or median (interquartile range), as approciate. 
Analyses were carried out using the unpaired student’s t test and 
Mann-Whitney U test for comparisons of parametric and non-
parametric data between the two groups and with chi-square tests 
for dichotomous data. The sample size of this study was computed 
to detect a 30 min difference, with an SD of 40 min in duration of 
analgesia between ropivacaine and levobupivacaine based on the 

results of the previous study [4,13], with a power greater than 
80% and α = 0.05. In all tests, significance level was set at P < 0.05. 

Results

Sixty parturients were enrolled in this study. There were no 
technical problems with the administration of the intrathecal 
study drugs or placement of the epidural catheters. All patients 
commencing the study finished the study period successfully 
and all were included in the subsequent statistical analysis. 

There was no difference in the demographic characteristics or 
obstetric characteristics between parturients in the ropivacaine 
and levobupivacaine groups (Table 2). Baseline pain score on a 
VAS were obtained before CSE and time to VAS minimum after 
CSE were also similar in two study groups (Table 3). 

The highest sensory level by pinprick test was higher in the 
group L than in the group R [group R : group L = T8.5 (T6-T10) 
: T6 (T5-T8), P < 0.05]. The incidence of VAS greater than 10 
was higher in the group R than in the group L [group R : group 
L = 8 (27%) : 1 (3%), P < 0.05]. The duration of analgesia was 
longer in the group L than in the group R (122 ± 56 min vs. 87 ± 
41 min, P < 0.05) (Table 3). 

Table 1. Modified Bromage Scale (Intensity of Motor Block)

1= Complete block (unable to move feet or knees)
2 = Almost complete block (able to move feet only)
3 = Partial block (just able to move knees)
4 = Detectable weakness of hip flexion (between scores 3 and 5)
5 = No detectable weakness of hip flexion while supine (full flexion of knees)
6 = Able to perform partial knee bend

Table 2. Demographic Data 

Group R
(n = 30)

Group L
(n = 30)

Age (yr)
Weight (kg)
Height (cm)
Gestational age (wk)
Nulliparous patients (%)
Cervical diameter (cm)
Oxytocin use (%)
Ruptured membrane (%)

32.2 ± 3.4
66.0 ± 7.2

161.5 (158.7-167.2)
39.5 (38.0-40.3)

22 (73)
3 (3-4)

22 (73)
6 (20)

33.4 ± 4.0
68.4 ± 10.6

164.5 (158.0-165.5)
40.0 (39.0-40.6)

19 (63)
3 (3-4)

25 (83)
12 (40)

Values are mean ± SD, median (interquatile range) or number (%). No 
significant differences were found.

Table 3. Analgesia, Sensory & Motor Block, and Side Effects

Group R
(n = 30)

Group L
(n = 30) P value

VAS (Pre-block)
Time to VAS minimum (min)
Incidence of VAS ≥ 10
Duration of analgesia (min)
Sensory level
Leg raising (normal)
Bromage scale (6)
Perineal squeezing (normal)
Fetal bradycardia
Pruritus

84 (75-90)
6.4 ± 3.1
8 (27)
87 ± 41

T8.5 (T6-T10)
30 (100)
30 (100)
23 (77)

2 (7)
23 (77)

75 (70-80)
  5.8 ± 2.3

1 (3)
122 ± 56

T6 (T5-T8)
29 (97)
26 (87)
14 (47)

2 (7)
24 (80)

0.121
0.402
0.026*
0.022*
0.007*
1.000
0.112
0.007*
1.000
1.000

Values are mean ± SD, median (interquatile range) or number (%). 
VAS: visual analogue score. *P value < 0.05.
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None of the patients exhibited motor impairment or perineal 
squeezing problems before the anesthetic procedure. Thirty 
mins after the intrathecal injection, the results of leg raising test 
and modified Bromage scale were not different between the two 
groups. However, more patients in the group R preserved the 
ability of perineal squeezing than in the group L [23 (77%) vs. 
14 (47%), P < 0.05] (Table 3). 

In addition, the incidences of side effects such as pruritus, 
nausea, vomiting, and fetal bradycardia resulting from neuraxial 
block were comparable among the two groups. 

Discussion

Our current trial was designed to clarify the relative analgesic 
potency of clinically relevant doses of IT ropivacaine and le-
vobupivacaine, combined with fentanyl for labor analgesia. The 
results of our study demonstrated that 3.0 mg of IT levobupiva-
caine, mixed with fentanyl 20 μg, provide a significantly longer 
duration of analgesia and higher incidence of complete analgesia 
compared with relevant doses of IT ropivacaine for early labor 
analgesia. In addition, IT levobupivacaine used for labor analge-
sia cause a slight weakness in the ability of perineal squeezing. 

The comparison of the equivalent doses of IT two local an-
esthetics, used as a part of CSE technique for labor analgesia, 
has been reported by previous studies. Lim et al. [4] found that 
2.5 mg of IT ropivacaine and levobupivacaine provide a similar 
duration of analgesia. Furthermore, another study evaluating 
the MLAD of IT levobupivacaine and ropivacaine described that 
although levobupivacaine is 20% more potent than ropivacaine, 
there were no significant differences in the duration of analgesia 
between two IT drugs at clinically effective doses of 2.5 mg or 
greater [13]. On the other hand, we added fentanyl to the two lo-
cal anesthetics to promote faster onset and more potent analge-
sia, and our study showed that 3 mg of IT levobupivacaine com-
bined with fentanyl produced a significantly longer duration of 
analgesia and more incidences of complete block compared with 
equivalent doses of ropivacaine. These findings are inconsistent 
with the results of Van de Velde et al. [12] evaluating the relative 
analgesic potency of IT bupivacaine, levobupivacaine, and ropi-
vacaine, combined with sufentanil for labor analgesia, using full 
dose-response curves of the three drugs, which described that 
IT bupivacaine is most potent, and IT levobupivacaine and ropi-
vacaine are similar in the analgesic potency. Although an opioid 
was added to IT local anesthetics in both studies, there were 
some differences in the study design and subjects between the 
two studies. The previous study was designed to investigate the 
full dose-response relation of the IT local anesthetics; whereas, 
our study was performed to clarify the analgesic efficacy of the 
clinical equivalent IT dose of the local anesthetics. In addition, 
parturients in more advanced labor (i.e., cervical dilatation < 

7 cm) were included into the previous study, while our study’s 
subjects were confined to parturients during the early stage of 
labor. These differences in the study design and subjects might 
explain a discrepancy in the analgesic potency hierarchy of the 
local anesthetics between the two studies. 

In addition to providing potent pain relief, drugs and their 
administration methods that induce lesser side effects are re-
quired to assure optimal labor analgesia. Motor impairment, 
known as a most common drawback among cruel side effects 
relating to labor analgesia, may influence the ability to bear 
down and relax the pelvic muscles, and can result in abnormal 
presenting fetal part descent and dystocia [15]. Thus, current 
obstetric analgesic practice aims to provide effective pain relief, 
while minimizing motor blockade. In the present study, the 
degree of motor block was assessed by using a modified Brom-
age scale, and the extent of motor block estimated by a modified 
Bromage scale was not significantly different between the IT 
ropivacaine and levobupivacaine groups. The results of our study 
are consistent with those of the previous studies, suggesting that 
there are no difference in the degree of motor block assessed 
by Bromage score between IT ropivacaine and levobupivacaine 
at these clinical dose (2.5 mg or greater) [4,13]. Furthermore, 
the authors also asked the participants in the present study to 
rate the ability to squeeze their perineal muscles, and found 
that squeezing was subjectively impaired in more parturients 
received levobupivacaine than in those received ropivacaine. 
The sixteen parturients received IT levobupivacaine showed a 
significantly weaker perineal squeezing compared with that of 
the seven who received IT ropivacaine. These findings could be 
explained by the lower lipid solubility of ropivacaine compared 
to levobupivacaine augmenting a differential sensory motor 
block property when administered by IT route [11]. However, 
it was not assessed that whether the significant weakness in the 
capacity of perineal squeezing illustrated in parturients who 
received levobupivacaine was actually associated with decreased 
maternal satisfaction and increased the risk of instrumental and 
cesarean delivery or not in our study. 

Apart from the duration of analgesia, in practice, the onset 
time of analgesia would also be one of the crucial considerations 
in evaluating the suitability of CSE analgesia during early labor. 
Thus, the authors also investigated the onset time of analgesia, 
which was defined as time to VAS minimum (VAS < 10 mm), 
and found that there was no significant difference between the 
two study groups. This finding is in close agreement with the 
results of one previous study, evaluating the full dose-response 
relation of IT bupivacaine, levobupivacaine, and ropivacaine, 
combined with sufentanil for labor analgesia, which demon-
strated that IT bupivacaine provided most fast onset of analgesia 
and IT levobupivacaine and ropivacaine offer comparable onset 
time of analgesia during labor analgesia [12]. 
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According to a previous study comparing the duration of IT 
labor analgesia between the early and advanced labor stage, the 
duration of spinal analgesia with sufentanil/bupivacaine was 
significantly shorter during the advanced labor periods than 
early labor [14]. These findings were explained by the extent of 
cervical dilatation and changes of pain input nature as labor an-
algesia. For these reasons, our study’s subjects were confined to 
parturients during the early stage of labor, and the degree of cer-
vical dilation was not actually different between the ropivacaine 
and levobupivacaine groups. Further study on the duration of 
analgesia induced by clinically relevant doses of IT ropivacaine 
and levobupivacaine with fentanyl during advanced stage of la-
bor is required. 

There were several reports, which stated that there is an as-
sociation between IT opioids and fetal bradycardia during labor 
analgesia [15,16]. Moreover, a recent review article suggested 
that the combination of opioids and local anesthetics is not rec-
ommended during early labor analgesia followed by early initia-
tion of epidural analgesia (within 30 min after spinal injection) 
because IT opioids induce fetal heart rate abnormality and the 
sole IT local anesthetics could promote fast onset and potent an-
algesia [17]. However, early stage labor pain is primarily visceral 
in origin; whereas advanced stage labor pain is mainly medi-
ated by somatic nociceptive input [14] and opioids are generally 
known for offering analgesia by means of treating visceral pain 
unlike local anesthetics, which primarily reduce somatic pain 

[18]. Therefore, the combination of IT opioids and local anes-
thetics would be recommended during early labor analgesia.

There were several limitations to this study. First, the authors 
did not compare the analgesic potency of these new local anes-
thetics to that of IT bupivacaine, which has been used most ex-
tensively for CSE labor analgesia. However, several studies have 
demonstrated that IT bupivacaine used as a part of CSE pro-
vides more potent analgesia compared with IT ropivacaine and 
levobupivacaine during labor analgesia [4,11]. Second, although 
maternal satisfaction in labor analgesia is paramount consid-
erations, comparisons of parturients’ satisfaction scores for 
neuraxial analgesia between IT ropivacaine and levobupivacaine 
were not conducted in the present study. Further study on the 
comparison in maternal satisfaction provided by administration 
of IT ropivacaine and levobupivacaine during labor analgesia is 
required. 

In conclusion, although both 3 mg of IT levobupivacaine and 
ropivacaine combined with fentanyl as a part of CSE could be 
used to provide proper pain relief during early labor, intrathe-
cal levobupivacaine was more effective with respect to analgesic 
potency. However, IT levobupivacaine produced some motor 
weakness compared with intrathecal ropivacaine. Therefore, 
our study proposed IT ropivacaine, owing to its property of less 
motor block, would be recommended during early labor for 
preventing prolongation in the second stage of labor caused by 
labor analgesia.
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