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Abstract: Adjuvant sufentanil could achieve effective spinal anesthesia with low dose of hyperbaric ropivacaine for 
cesarean delivery. Two previous studies had calculated the 50% effective dose (ED50) of intrathecal ropivacaine 
coadministered with sufentanil for cesarean delivery. However, the 95% effective dose (ED95) of intrathecal hyper-
baric ropivacaine coadministered with sufentanil for cesarean delivery remains uncertain. This study determined 
the ED95 of intrathecal hyperbaric ropivacaine coadministered with sufentanil for cesarean delivery. 80 ASA physi-
cal status I or II parturients undergoing elective cesarean delivery were enrolled in this prospective, randomized, 
double-blind investigation. A combined spinal and epidural anesthesia was performed at the L3-L4 interspace. 
Patients received a dose of spinal ropivacaine coadministered with sufentanil 5 μg diluted to 3.0 ml with normal 
saline and 0.5 ml of 10% dextrose: 7.5 mg (n = 20), 9.0 mg (n = 20), 10.5 mg (n = 20), or 12 mg (n = 20). An ef-
fective dose was defined as a dose that provided bilateral sensory block to T7 within 10 min after intrathecal drug 
administration and required no epidural top-up for surgery to be completed. The ED50 and ED95 values for suc-
cessful anesthesia were determined using a logistic regression model. The ED50 (95% confidence interval [CI]) for 
successful anesthesia was 8.4 (4.0-9.8) mg and the ED95 (95% CI) was 11.4 (9.7-13.9) mg. The results show that 
the ED95 of intrathecal hyperbaric ropivacaine coadministered with sufentanil 5 μg for cesarean delivery was 11.4 
mg. The addition of sufentanil could significantly reduce the dosage of ropivacaine.  
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Introduction

Ropivacaine, a new long-acting amino-amide 
local anesthetic with differential sensory motor 
block, had been wildly used in obstetric patients 
[1]. Compared with bupivacaine, ropivacaine 
has less cardiac and CNS toxicity [2, 3], less 
motor blocking properties, and earlier mobiliza-
tion [4]. The 50% effective dose (ED50) and the 
estimated 95% effective dose (ED95) of spinal 
plain ropivacaine alone for cesarean delivery 
were 16.7 and 26.8 mg, respectively [5]. 

Low dose of intrathecal local anesthetic could 
reduce adverse effects of spinal anesthesia 
such as hypotension [6], whereas potentially 
increase spinal anesthetic block failures. 
However, successful anesthesia can be 
achieved by low dose of local anesthetics coad-

ministered with opioids [7, 8]. Sufentanil, a 
more lipophilic and higher analgesic opioid 
compared with fentanyl or morphine [9-11], is a 
suitable opioid used for cesarean delivery. The 
ED50 of intrathecal ropivacaine coadminis-
tered with sufentanil for cesarean delivery was 
6.44 mg or 8.1 mg in two previous studies [12, 
13]. However, the ED95 of intrathecal hyper-
baric ropivacaine coadministered with sufent-
anil for cesarean delivery remains uncertain. 

The present study was undertaken to deter-
mine the ED95 of intrathecal hyperbaric ropiva-
caine when coadministered with sufentanil 5 μg 
for cesarean delivery. 

Methods

This study was approved by the Clinical 
Research Ethics Committee of the Second 
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Affiliated Hospital of Wenzhou Medical Uni- 
versity. After receiving written informed con-
sent from all patients, 80 full term singleton 
parturients (ASA physical status I or II, aged 
from 20 to 35) scheduled for elective cesarean 
delivery were randomly allocated by drawing 
coded shuffled opaque envelops to receive one 
of four doses of spinal ropivacaine (AstraZeneca, 
Södertälje Sweden) coadministered with sufen-
tanil 5 μg: 7.5, 9.0, 10.5, or 12 mg. All doses 
were diluted to 3.0 ml with normal saline and 
0.5 ml of 10% dextrose. The mixed solutions for 
spinal anesthesia were prepared under sterile 
conditions by an anesthetist and administered 
by a second anesthetist who remained blinded 
to its contents. Exclusion criteria were history 
of allergy or sensitivity to amide-type local 
anesthetics, history of bronchial asthma or car-
diac disease, contraindication in spinal anes-
thesia, suspected fetal abnormality, and preg-
nancy induced hypertension.

No premedication was given. All patients had 
an intravenous catheter inserted into a large 
peripheral arm vein and 500 ml Lactated 
Ringer’s solution administered before spinal 
anesthesia. Continuous pulse oximetry (SpO2), 
electrocardiogram (ECG) and Non-invasive arte-
rial pressure (NIBP) were applied. NIBP, heart 
rate and SpO2 were measured automatically at 
2-min intervals from the start of anesthesia for 
10 min, and at 5-min intervals until the end of 
surgery. Parturients were performed combined 
spinal epidural anesthesia lying in the left lat-
eral position. Using the method of loss of resis-
tance to air, an 18-G Tuohy needle was inserted 
into the epidural space at the L3-L4 interspace. 
After performing spinal puncture with a 25-G 
pencil point needle, spinal solutions were 
injected over 30 s when free flow of cerebrospi-
nal fluid was conformed. Epidural catheter was 
threaded into the epidural space and fixed. 
Patients were then moved to supine with a 15º 
left lateral tilt and received intravenous ephed-
rine 5 mg. Oxygen was given at 2 L/min via 
nasal cannulae during the operation. 

Sensory and motor block were assessed at 2.5 
min intervals for the first 10 min after spinal 
injection and then at 10-min intervals until the 
end of surgery. The level of sensory block was 
assessed bilaterally along the mid clavicular 
line by the loss of pinprick sensation and was 
performed using a 17 G needle. Sensory level 
to pinprick was assessed by the Hollmen scale 

[6] 0 = ability to appreciate a pinprick as sharp; 
1 = ability to appreciate a pinprick as less 
sharp; 2 = inability to appreciate a pinprick as 
sharp (analgesia); and 3 = inability to appreci-
ate a pin touching (anesthesia). Motor block in 
the lower limbs was determined according to 
the Bromage Scale [14] (0 = able to lift extend-
ed leg at hip; 1 = able to flex knee but not lift 
extended leg; 2 = able to move foot only; and 3 
= unable to move foot). The time for sensory 
block to develop to T10 (onset time to T10), 
maximum sensory block height, and the time to 
motor block of Bromage 1 (onset time to 
Bromage 1) were recorded. Subjective pain was 
assessed with a 10-cm linear visual analogue 
scale (VAS). 

According to Khaw et al [5], the endpoint of an 
effective or ineffective dose of ropivacaine was 
defined. An effective dose was defined as a 
bilateral sensory block to T7 within 10 min of 
intrathecal drug administration, with no addi-
tional epidural top-up required during surgery. 
An ineffective dose was defined as a T7 senso-
ry level was not obtained within 10 min of intra-
thecal drug administration, or a T7 sensory 
level was obtained within 10 min of intrathecal 
drug administration but epidural top-up was 
required during surgery because of patient 
reported a significant pain (VAS > 2). In case of 
ineffective dose, the epidural was topped up 
using 2% lidocaine administrated in 5 ml bolus 
until successful anesthesia was obtained.

Side effects such as hypotension, bradycardia, 
respiratory depression, nausea, vomiting, shiv-
ering, and pruritus during surgery were record-
ed. Hypotension was defined as a decrease in 
systolic arterial pressure to less than 100 
mmHg or less than 80% from baseline [5]. 
Ephedrine 5 mg was given when hypotension 
developed. The total dose of ephedrine admin-
istered was recorded. Respiratory depression 
was defined as oxygen saturation below 95%. 
Bradycardia was defined as a heart rate less 
than 50 beats/min. 

The sample size estimation was based on an 
assumed SD of 1.33 mg as being one-sixth the 
range of likely dose (8-16 mg). A value of 0.9 
had the power to a difference of 2 mg at P < 
0.05. It was then estimated that a minimum of 
16 patients would be necessary in each group. 
Demographic data are presented as mean ± 
SD or median (interquartile range) where appro-
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of the log (dose) response showed a regression 
coefficient (r) of 0.986 (P < 0.01) and a coeffi-
cient of determination (r2) of 0.972 (Figure 2). 
Then, interpolations were used to draw a sig-
moid dose-response curve (Figure 3). The 
ED50 (95% confidence interval [CI]) for success 
anesthesia was 8.4 (4.0-9.8) mg and the ED95 
(95% CI) was 11.4 (9.7-13.9) mg.

Block characteristics were showed in Table 2. 
We found the onset times of sensory block to 
T10, highest level of block, and the motor block 
to Bromage 1 were similar among groups. The 

used to plot a probit log dose-
response relation and a sig-
moid dose-response curve. 
Using SPSS 16.0, a probit 
regression was performed to 
plot a probit log dose-response 
relation to get the coefficients, 
and interpolation was used to 
obtain the ED50 and ED95.

Results

All 80 patients completed the 
study. Demographic and surgi-
cal data were similar among 
the groups for age, weight, 
height, duration of surgery, 
and gestational age (Table 1). 

A simple bar chart of inade-
quate block height, intraoper-
ative pain, and successful 
anesthesia for each dose was 
shown (Figure 1). Overall suc-
cess of spinal anesthesia was 
25, 70, 90, and 95% in the 
7.5, 9, 10.5, and 12 mg group, 
respectively. Using probit anal-
ysis, a probit log dose-re- 
sponse relation was plotted. 
The linear regression analysis 

priate. Statistical analysis was performed with 
the use of SPSS 16.0 for Windows (SPSS Inc., 
Chicago, IL). Normally distributed data were 
assessed by one-way analysis of variance. 
Nonnormally distributed data assessed by 
Kruskal-Wallis test. The Fisher exact test was 
used for incidence data. A value of P < 0.05 
was considered as statistically significant.

The dose-response relation for spinal hyperbar-
ic ropivacaine when coadministered with sufen-
tanil was determined using probit analysis [5]. 
Dates for successful rate for each dosage were 

Table 1. Demographic and obstetric date
7.5 mg (n = 20) 9.0 mg (n = 20) 10.5 mg (n = 20) 12.0 mg (n = 20)

Age, yr 28 ± 3 28 ± 4 29 ± 4 30 ± 5
Height, cm 162 ± 7 160 ± 5 161 ± 4 159 ± 3
Weight, kg 70 ± 6 68 ± 9 70 ± 7 69 ± 8
Gestational age, wk 39 ± 1 40 ± 1 39 ± 2 39 ± 1
Weight of neonate, g 3370 ± 443 3403 ± 424 3418 ± 346 3347 ± 276
Duration of surgery, min 43 ± 8 42 ± 7 44 ± 8 43 ± 10

Figure 1. Proportions (%) of patients with inadequate block height, intraop-
erative pain needed epidural top up, and successful anesthesia at different 
doses of intrathecal hyperbaric ropivacaine. The white bar represents inade-
quate block height (defined as a bilateral a T7 sensory level was not obtained 
within 10 min of intrathecal drug administration), the gray bar represents 
intraoperative pain needed epidural top up (defined as a bilateral T7 sen-
sory level was obtained within 10 min of intrathecal drug administration but 
epidural top-up was required during surgery because of patient reported a 
significant pain (VAS>2) and the black bar represents successful anesthesia 
(defined as a bilateral sensory block to T7 within 10 min of intrathecal drug 
administration, with no additional epidural top-up required during surgery). 
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median [range] maximum block height was 
higher and the motor block was significantly 
more intense when higher ropivacaine dose 
was used (P < 0.05). 

No significant differences 
among groups were observed 
regarding the incidence of 
hypotension, bradycardia, re- 
spiratory depression, nausea, 
vomiting, shivering, pruritus, 
and the consumption of 
ephedrine (Table 3). 

Discussion

The present study determined 
the ED50 and ED95 of intra-
thecal hyperbaric ropivacaine 
coadministered with sufent-
anil 5 μg for cesarean delivery. 
Using probit analysis, we 
quantified the ED50 (95% con-
fidence interval [CI]) for suc-
cessful anesthesia was 8.4 
(4.0-9.8) mg and the ED95 
(95% CI) was 11.4 (9.7-13.9) 
mg. Our result indicate that 
the ED50 and ED95 of intra-
thecal hyperbaric ropivacaine 
coadministered with sufent-
anil 5 μg are much lower than 
the published report of the 
optimal doses of ropivacaine 
alone for cesarean delivery. 
Khaw et al [5] reported that 
the ED50 and estimated ED95 
for spinal plain ropivacaine 
alone for cesarean delivery 
were 16.7 and 26.8 mg, 
respectively. This may be due 
to following several reasons.

First, we think the adjuvant 
sufentanil plays an important 
role in reducing the dosage of 
ropivacaine. Many studies had 
reported that the additional of 
opioids to low-dose local anes-
thetics can provide successful 
anesthesia for cesarean deliv-
ery [7, 8, 13-16]. One previous 
study showed that intrathecal 
sufentanil 5 μg produced a 
28% reduction of the ED50 of 

Figure 2. Linear regression plot of the probit value against the log (dose). 

Figure 3. The ED50 and ED95 of intrathecal hyperbaric ropivacaine coad-
ministered with sufentanil 5 μg for cesarean delivery calculated from the 
linear regression plot of probability of successful anesthesia versus dose of 
intrathecal ropivacaine. Probabilities of 0.05 and 0.95 were used to derive 
the ED50 and ED95, respectively.

intrathecal hyperbaric ropivacaine for cesarean 
delivery [12]. Gautier et al [17] used intrathecal 
isobaric ropivacaine 12 mg with sufentanil 2.5 
μg for cesarean delivery and found 87% of the 
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oping full motor block increased which was 
similar to other published findings [5, 22, 23]. 

Increasing the dose of local anesthetic had 
been found to increase maternal hypotension 
and nausea [7]. Although we could not demon-
strate that the ropivacaine dose has a statisti-
cally significant correlation with the overall inci-
dence of hypotension, there were a slightly 
greater percentage patients had hypotension 
with higher doses of spinal ropivacaine. We 
think inadequate sample size might make this 
tendency insignificant. 

There were several limitations to our study. 
Firstly, we only recorded the characteristics of 
sensory block and motor block during the oper-
ation and did not record the duration of the 
sensory and motor block because our primary 
aim was to determine the ED50 and ED95 of 
intrathecal hyperbaric ropivacaine coadminis-
tered with sufentanil. Secondly, we did not per-
form umbilical blood gas analysis, which could 
give extra information about neonatal well-
being. Thirdly, we did not determine the ED50 
and ED95 of intrathecal sufentanil with hyper-
baric ropivacaine for cesarean delivery, and fur-

patients had a successful anesthesia. In our 
present study, we used sufentanil 5 μg (higher 
than 2.5 μg) with ropivacaine 11.4 mg could 
provide a successful anesthesia for 95% of the 
patients, which was in accordance with Gautier 
et al [17]. 

Second, we used hyperbaric local anesthetic 
solution for spinal anesthesia. Compared with 
plain local anesthetic solution, hyperbaric local 
anesthetic solution could produce more exten-
sive spread and a greater success rate [18, 
19]. The addition of glucose to a local anesthet-
ic solution encourages the spinal solution pull 
down to the lowest point of the thoracic hollow 
in the supine position [20, 21]. 

Finally, in our study, the surgical technique did 
not involve exteriorization of the uterus. In most 
hospitals of China, surgeons always apply 
abdominal cavity exploration instead of exteri-
orization of the uterus, which profoundly reduce 
the surgical stimulus that supposed to signifi-
cantly reduce anesthetic requirement.

The onset times of sensory block to T10, hegh-
est level of block, and the motor block to 

Bromage 1 were similar among 
groups, which were in accordance 
with previous reports indicating that 
the onset was not dose-dependent [5, 
22, 23]. Khaw et al [5] found that 
there was no difference in the maxi-
mum block height between high and 
low dose of ropivacaine. In contrast, 
our results have shown that the mean 
height of sensory block was increased 
when higher ropivacaine dosages 
were used. We think the spread of the 
bolus of drug is related to dosage. 
With increasing dosage of ropiva-
caine, the number of patients devel-

Table 2. Characteristics of spinal anesthesia
7.5 mg (n = 20) 9.0 mg (n = 20) 10.5 mg (n = 20) 12.0 mg (n = 20)

Sensory block (to pinprick)
    Highest level of block T7 (T4-10) T5 (T3-7)* T5 (T3-8)* T5 (T3-8)*

    Onset time to T10 (min) 2.5 (1-5) 2.5 (1-5) 2.5 (2-5) 2.5 (1.5-5)
    Time to highest level of block (min) 10 (5-20) 10 (5-20) 8.75 (5-15) 10 (7.5-20)
Motor block
    Maximum Bromage scale 0-1-2-3 7-8-4-1 4-9-5-2 0-5-9-6*# 1-2-10-7*#

    Onset time to Bromage 1 (min) 7.5 (2.5-10) 5 (2.5-7.5) 5 (2.5-10) 5 (2.5-10)
*P < 0.05 compared with the group of ropivacaine 7.5 mg; #P < 0.05 compared with the group of ropivacaine 9.0 mg.

Table 3. Adverse effects associated with different doses of 
intrathecal ropivacaine

7.5 mg 
(n = 20)

9.0 mg 
(n = 20)

10.5 mg 
(n = 20)

12.0 mg 
(n = 20)

Hypotension 3 4 5 7
Bradycardia 1 0 0 0
Respiratory depression 0 0 0 0
Nausea 4 5 4 4
Vomiting 1 1 2 1
Shivering 0 0 0 1
Pruritus 6 8 7 10
Ephedrine dose, mg 5 (5-10) 5 (5-10) 5 (5-15) 5 (5-15)
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ther studies are needed. Finally, the sample 
size may not large enough to compare the inci-
dence of hypotension among groups. 

In this study, we quantified the ED95 of intra-
thecal hyperbaric ropivacaine coadministered 
with sufentanil 5 μg for cesarean delivery was 
11.4 mg. The addition of sufentanil could sig-
nificantly reduce the dosage of ropivacaine.
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