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 Background: The aim of the study was to determine the median effective dose (ED50) for motor block of various concentra-
tions of intrathecally administered plain bupivacaine.

 Material/Methods: Between 2011 and 2013, 64 patients aged ³70 years, undergoing transurethral, or lower limb surgery with 
combined spinal and epidural anesthesia in a single hospital were enrolled. The patients were randomized into 
3 groups to receive intrathecal 0.75% bupivacaine (Group 1), 0.375% bupivacaine (Group 2) or 0.25% bupi-
vacaine (Group 3). Spinal anesthesia was achieved using injections of up-and-down doses of 0.75%, 0.375%, 
or 0.25% plain bupivacaine. The first patient in each group received 7.5 mg bupivacaine, and the testing in-
terval was set at 0.75 mg. The efficacy of motor block in both legs was determined using a modified Bromage 
and a hip motor function scale. The ED50 for motor block was estimated according to the Dixon’s up-and-down 
method.

 Results: The ED50 for motor block of bupivacaine was 6.10 (95% CI 5.58-6.66) mg in Group 1, 6.04 (95% CI 5.82–6.28) 
mg in Group 2, and 5.43 (95% CI 5.19–5.67) mg in Group 3. There were significant differences in the ED50 for 
motor block among the groups (P=0.008).

 Conclusions: The ED50 doses for motor block with 3 bupivacaine concentrations were significantly different in elderly pa-
tients; the ED50 dose of 0.75% bupivacaine being significantly higher than that of 0.25% bupivacaine.
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Background

Both motor blockade and sensory level can be used as a prima-
ry endpoint to evaluate the relative potency of local anesthet-
ics. The potency can be determined by investigating the me-
dian effective doses (ED50) of motor block using the up-down 
sequential allocation technique [1,2]. The ED50 for motor block 
of several anesthetics (bupivacaine, levobupivacaine, and rop-
ivacaine) have been determined [3,4]. Using these approaches, 
we previously determined the ED50 for motor block of spinal 
0.75% plain bupivacaine in adult patients undergoing urological 
or lower limb surgery, and found this to be 10.22 mg in patients 
aged 20–30 years, and 5.78 mg in those aged 70–80 years [5].

Some researchers have reported that the concentration of lo-
cal anesthetic is an important factor determining the maxi-
mum sensory level and motor block of spinal anesthesia [6,7]. 
Camorcia et al. [8] reported that the concentration of local an-
esthetic affected the ED50 for motor block in adults. In our pre-
vious study, we also found that the concentration of plain bu-
pivacaine influenced the ED50 in young patients, demonstrating 
that the ED50 for motor block of intrathecally administered bu-
pivacaine with 0.75% bupivacaine was higher than that of the 
lower concentration (0.375% bupivacaine) [9].

Researchers have found that the spinal cord and nerves changed 
significantly with age in the biochemical, morphological, and 
histochemical patterns, and in the anatomical structure [10–12]. 
It has been reported that age not only affects the compound 
action potential amplitude of the muscle and its duration on 
motor and sensory nerves [13,14], but also affects the con-
duction velocity of the motor nerve [15–17].

There are no reports in the literature about the ED50 for mo-
tor block in elderly patients using different concentrations of 
bupivacaine solutions. The aim of the study was to determine 
the median effective dose (ED50) for motor block using 3 dif-
ferent concentrations of intrathecally administered plain bu-
pivacaine in elderly patients.

Material and Methods

This study was registered in the Chinese Clinical Trial Registry 
(ID: ChiCTR-TRC-12001897). The registration information can 
be found on the following website: http://www.chictr.org/cn/
proj/show.aspx?proj=2420. The local ethics committee of the 
First College Of Clinical Medical Science, China Three Gorges 
University, Yichang, China, approved the study on July 8, 2010. 
Written informed consents were obtained from all patients prior 
to their enrollment. Between October 8, 2011 and July 8, 2013, 
we enrolled 64 American Society of Anesthesiologists (ASA) 
stage I–II patients aged ≥70 years undergoing transurethral 

prostatectomy, anorectal surgery, and under-knee lower limb 
surgery, with combined spinal and epidural anesthesia (CSE). 
Patients with diabetes, obesity, bleeding diathesis, hypersen-
sitivity to amide local anesthetics, neuromuscular disease, or 
abnormalities of the lumbar vertebrae were excluded.

The patients were randomly assigned into 3 groups according 
to a computer-generated random number table: Group 1 re-
ceived 0.75% bupivacaine; Group 2 received 0.375% bupiva-
caine; and Group 3 received 0.25% bupivacaine.

The anesthesiologist in charge performed the entire anesthet-
ic procedure and 1 nurse assessed the clinical results and col-
lected the data, and was blinded to the local anesthetic dose; 
a second nurse was responsible for preparing the research 
drug according to the assessed results.

No premedication was used before the patients entered the 
operating room. Before the CSE was performed, 500 mL of lac-
tated Ringer’s solution was infused within 30 minutes. For CSE, 
the patient was positioned in the left lateral decubitus position, 
and punctured at the L3/4 interspace with a 16-gauge Tuohy 
needle. The epidural space was identified using loss of resis-
tance to 2 mL air. The dura was punctured with a 25-gauge 
Whitacre spinal needle. The hole of the needle was oriented in 
the cranial direction when inserted through the Tuohy needle. 
The study anesthetic solution was injected into the subarach-
noid space at a rate of 0.2 mL/second after cerebro-spinal flu-
id (CSF) appeared in the spinal needle hub. The epidural cathe-
ter was threaded 3 cm into the epidural space, and the patient 
was placed in a supine neutral position. After the study deter-
minations were made, the patient’s position was changed ac-
cording to the requirements of the surgical procedure.

Based on our previous research [5], the initial dose chosen 
was 7.5 mg (1.0 mL) of the 0.75% plain bupivacaine solu-
tion (Bupivacaine. ZHAOHUI Company, Shanghai, China), and 
the dose interval was set at 0.75 mg (0.1 mL) in all groups. In 
Group 1, the 0.75% plain bupivacaine solution was used di-
rectly; in the Group 2, a concentration of 0.375% bupivacaine 
was achieved by adding the same volume of 0.9% saline; and 
in Group 3, a concentration of 0.25% bupivacaine was obtained 
by adding 2/3 volume of 0.9% saline. The subsequent doses 
of the drug in each group were decided depending on the out-
come in the previous patient in the same group according to 
Dixon’s up-and-down method [18].

The efficacy of the drug was determined using the modified 
Bromage scale [19] and the hip motor function scale [20]. It 
was assessed from completion of the spinal injection every min-
ute for 5 min, and at 10 min (Table 1). An ineffective outcome 
was defined as a Bromage and a hip motor function score of 
0 in either leg within 5 min of injection. If this occurred, the 
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bupivacaine dose was incremented of 0.75 mg for the next 
patient in the same group. An effective outcome was defined 
as a modified Bromage and a hip motor function score >0 in 
either leg within 5 min of injection. In this case the bupiva-
caine dose was decreased 0.75 mg for the next patient in the 
same group. The median ED50 for motor block of bupivacaine 
was obtained from the midpoints of the ineffective-to-effective 
crossover. Patients were enrolled until 6 pairs were obtained, 
as per Paul and Fisher’s study [21]. According to our previous 
experience, 20 patients per group is a sufficient sample size [5].

A technical failure was defined as a patient that did not feel 
heat or numbness sensations in the leg and sacral dermatomes 
with 2 min of spinal injection. Then, the same dose was repeat-
ed in the next patient of the same group. Sensory block was 
also tested bilaterally in the lumbar and sacral dermatomes. 
The highest level of pinprick sensation in the midaxillary line 
was assessed and recorded at 5 min and 10 min after com-
pletion of spinal injection (Table 2). The highest sensory level 
blocked was also determined, and the duration of the motor 
blockade was also recorded.

Ten minutes after spinal injection, supplemental doses of 2% 
lidocaine were given through an epidural catheter if the level 
of anesthesia was not sufficient for surgery. General anesthe-
sia was used if required. The number of cases requiring epi-
dural local anesthetic reinforcement and the total volume of 
local anesthetic used, the number of cases with incomplete 
motor block (Bromage scale <2), and the number of cases re-
quiring general anesthesia were recorded. Such patients were 
excluded from the data collected for duration of motor block. 
Any adverse effects were also recorded.

Intraoperative monitoring, included noninvasive blood pres-
sure (BP), heart rate (HR), and O2 saturation by pulse oxime-
try values, were recorded before anesthesia, and at 5 and 10 
min after intrathecal injection of bupivacaine. Arterial hypo-
tension was defined as a 30% decrease in the systolic BP com-
pared to the baseline value, and was treated by the intrave-
nous administration of 5 mg ephedrine. Heart rate decrease 
to under 55 beats/min was treated with 0.25 mg of atropine.

Statistical analysis

SPSS 17.0 package for Windows (SPSS Inc., Chicago, IL, USA) was 
used for statistical analysis. Data are expressed as the mean 
(SD), median (range), or count/number. The means were com-
pared using one-way analysis of variance (ANOVA), while me-
dians (ranges) were analyzed by Kruskal-Wallis one-way anal-
ysis, and counts or proportions were analyzed by using the 
Fisher’s exact test. The ED50 for motor block was determined 
according to the up-and-down sequences method of Dixon and 
Massey [22], while the probit regression analysis was used as a 
backup or sensitivity test. One-way analysis of variance (ANOVA) 
was used for comparisons of the ED50, and the Tukey multiple 
comparison test was used for multiple comparisons between 
groups. Based on the study by Paul and Fisher, patients were 
enrolled until 6 crossovers were obtained [21]; therefore, we 
could complete the study enrollment when we had enrolled 64 
patients. A P value <0.01 was considered statistically significant.

Score Motor block 

Bromage scale

0 Fully able to flex knees and feet

1 Just able to move knees

2 Unable to move knees, able to move feet only

3 Unable to move knees or feet

Hip motor function scale

0 Complete ability to raise straight legs (>300)

1 Partial ability to raise straight legs (<300)

2 Inability to raise straight legs

Table 1. Evaluation scales for motor block.

Number of 
patients

(ineffective/ 
effective)

Maximum cephalic anesthesia level at 5 min Maximum cephalic anesthesia level at 10 min

Ineffective Effective Total Ineffective Effective Total

Group 1 9/12 T12 (T11, L2) L1 (T11, L4) T12 (T11, L4) T12 (T11, L2) T11 (T9, L3) T12 (T9, L3)

Group 2 10/11 L1 (T10, L3) L1 (T10, L3) L1 (T10, L3) T11 (T8, L1) T11 (T4, L1) T11 (T4, L1)

Group 3 9/11 L3 (L2, L3) L2 (T9, L3) L2 (T9, L4) L2 (T12, L3) T11 (T7, L3) T12 (T7, L3)

Total 28/34 L1 (T10, L3) L1 (T9, L4) L1 (T9, L4) T12 (T8, L3) T11 (T4, L3) T12 (T4, L3)

Table 2. Maximum cephalic anesthesia level.

Data are reported as the median (range). L – lumbar dermatome level; T – thoracic dermatome level. There were no significant 
differences among the groups in maximum cephalic analgesia level at 5 min and 10 min.
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Results

The patient characteristics and demographic data were not sig-
nifigantly different among the 3 groups (Table 3). One patient 
in Group 1 and 1 patient in Group 2 required general anes-
thesia due to technical difficulty during epidural space detec-
tion; these patients were excluded from the analysis. Sixty-
two patients were punctured successfully and felt sensations 
of heat or numbness in the leg and sacral dermatomes within 
2 min, indicating that the study drug had been correctly inject-
ed into the subarachnoid space. In Group 3, there were 3 pa-
tients whose motor nerves were not blocked completely dur-
ing the entire period of surgery (Bromage scale <2).There was 
1 patient each in Group 2 and 3 whose level of analgesia did 
not allow surgery; therefore, they were administered epidur-
al supplement drugs. One patient in Group 3 needed epidur-
al supplementation because of longer surgery. One patient in 
group 1 needed general anesthesia because the sensory block 
level was insufficient to start surgery. These patients were ex-
cluded from the data collected for duration of motor block. The 
number of patients who needed supplemental epidural anes-
thesia did not differ significantly among the 3 groups. Surgery 
was completed successfully in all enrolled patients.

There were no significant differences among the groups in max-
imum sensory block level at 5 min and 10 min after completion 
of spinal injection (Table 2). The sequences of effective and 
ineffective outcomes are shown in Figure 1. The ED50 for mo-
tor blockade of bupivacaine was 6.10 (95% CI 5.58–6.66) mg 
in Group 1, 6.04 (95% CI 5.82–6.28) mg in Group 2, and 5.43 
(95% CI 5.19–5.67) mg in Group 3. The ED50 for motor block of 
bupivacaine was significantly different among groups (one-way 
analysis of variance: p=0.008), and the ED50 for motor block of 
Group 1 was significantly higher than Group 3 (Tukey multi-
ple comparison test: p=0.005). Using probit regression analy-
sis, the ED50 for motor block was 6.04 (95% CI 5.10–6.89) mg 
in Group 1, 5.90 (95% CI 5.35–6.42) mg in Group 2, and 5.30 
(95% CI 5.05-5.57) mg in Group 3 (Table 4).

Discussion

The present study showed that the ED50 for motor block in old-
er patients was significantly different when various concen-
tration of intrathecal plain bupivacaine solutions were used, 
which was significantly higher when 0.75% bupivacaine was 
used compared to when 0.25% bupivacaine was used.

This study used the motor blocking minimum local anesthet-
ic dose methodology to assess the motor block potencies of 
various concentrations of anesthetic solution, administered 
as spinal anesthesia, in older patients. This approach for es-
timating ED50 has been described in previous studies [3–5].

Camorcia et al. reported that the ED50 for motor block of in-
trathecal ropivacaine was 50% higher in a 0.1% solution [23], 
but this trend was not consistent with our present findings. 
This phenomenon can be explained as follows. First, plain rop-
ivacaine has lower lipid solubility, which results in lower dis-
tribution of ropivacaine into the cord. Second, the plain ropi-
vacaine solution is slightly hypobaric, and the spread is likely 
to be more dependent on other factors such as injection rate, 
and volume and doses of ropivacaine. This may result in un-
predictable effects, as reported by others [24,25]. Finally, the 
great difference of anesthetic concentration (a 10-fold differ-
ence) results in a different trend. In the present study only a 
3-fold difference in hyperbaric bupivacaine was used for spi-
nal anesthesia. Peng et al. [26] observed that slightly increas-
ing local anesthetic concentration (lidocaine), and comparing 
it with a small increase in the dose at a lower concentra-
tion, achieved the same degree of motor and sensory block. 
However, with the plain bupivacaine in the present study, we 
noted that the doses for motor block were higher in the high-
er concentration group. This is probably because the density 
of the local anesthetic solution determines the spread of the 
anesthetic drugs. According to previous research using highly 
precise equipment to accurately measure the density of com-
monly used intrathecal drugs in human CSF at 37°C, plain bu-
pivacaine is indeed hypobaric [27–29].

Group
Number of 

patients (M/F)
Age
(yr)

Weight
(kg)

Height
(cm)

Operation time
(min)

Motor block time
(min)

Group 1 11/10 76.0±3.9 59.9±7.4 6168.0±5.1 91.2±32.5 151.4±15.3

Group 2 12/9 75.5±4.3 64.4±10.8 167.5±5.4 108.8±24.9 218.2±57.7 

Group 3 11/9 76.4±5.3 62.5±8.6 165.3±5. 103.2±33.0 219.9±99.4 

Total 34/28 76.0±4.5 61.6±10.4 166.9±5.4 101.0±30.9 198.4±82.0 

Table 3. Group characteristics and demographic data.

Data are reported as the means ± standard deviations (SDs). The means were compared using one-way analysis of variance (ANOVA), 
and multiple comparisons between groups were made using the LSD test. There were not significant differences among groups.

2591
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Chen M.-q. et al.: 
Concentration on the median effective dose in elderly patients
© Med Sci Monit, 2015; 21: 2588-2594

CLINICAL RESEARCH

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License



In a previous study, we determined the ED50 for motor block 
with 0.75% plain bupivacaine for spinal anesthesia, and com-
pared the values between adults of various age groups. The ED50 
was found to be 5.78 mg in adults aged 70–80 years [5], which 

is similar to the result of the present study. Furthermore, we 
have measured the ED50 for motor block of 2 different concen-
trations of bupivacaine (0.375% and 0.75%) in young patients, 
and observed that the ED50 for motor block of intrathecally 

Figure 1.  Motor blocking minimum local 
anesthetic doses (MMLAD) sequences. 
Median effective doses and 95% 
confidence intervals are depicted in 
the figure. Solid and open symbols 
(circles, triangles, or squares) 
represent the effective and ineffective 
doses, respectively.
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administered bupivacaine with higher concentration (0.75%) 
was higher (9.998 mg) than that of a lower concentration 
(0.375%, 8.890 mg) [9]. Age-related differences probably re-
mained, and were justified before.

Many factors influence the level of spinal sensory anesthesia, 
including the dose and volume of the anesthetics and the lum-
bosacral CSF volume. Lee et al. [30] found that the ratio of the 
long axis and the transection area of the abdomen also affect-
ed maximal spinal level. In this study, although dosage varia-
tions existed between different individuals and also the vol-
ume of bupivacaine solution was different in different groups, 
the level of sensory analgesia was similar at 5 min and 10 min 
after spinal injection, differing by just 1 or 2 sensory derma-
tomes among the 3 groups. This is probably because the vol-
umes of local anesthetic used in our current study (<3 mL) 
are substantially lower than the lumbosacral CSF volumes, 
which have been reported to range from 42.7 to 81.1 mL [31]. 
Previous studies have also shown that the volume of intra-
thecal bupivacaine is not an important determinant of local 
anesthetic spread [32].

Kim et al. [33] and Bachmann et al. [34] achieved a T10 sensory 
peak block level using low hyperbaric bupivacaine doses (6 and 
7 mg, respectively) and used head-down tilt to reach it, thus 
explaining the differences with our work (lower sensory block 
level reached). For reducing the incidence of hypotension and 
fast recovery from anesthesia, Errando et al. [35,36] used very 
low hyperbaric bupivacaine doses (3.75 mg) at very low con-
centration (0.25%) for fracture repair in the elderly, but some 
of their patients needed intravenous anesthesia rescue in hip 
fracture repair surgery. In our study, we determined the ED50 
was 5.43 mg in 0.25% plain bupivacaine, a slightly higher dose.

The average duration of motor block in the 3 groups assessed 
here was 150~220 min, with no significant difference among 
groups.

The limitations of our study are:
•  The sample size was obtained in an indirect manner.
•  The volume of CSF was not determined in the spine and the 

height of a patient would affect the sensory level, and also 
affect the results of this study.

•  Ten minutes after injection completion could be an insuf-
ficient time lapse to evaluate the motor block and sensory 
level characteristics during spinal anesthesia. However, we 
imposed this time limitation due to clinical/practical reasons.

Moreover, as we have previously described [5,9], although the 
up-and-down method is often used in small samples to de-
termine the ED50 of a drug, the ED95 cannot be accurately as-
sessed using this approach. Therefore, further investigations 
are required to determine the ED95 of bupivacaine for differ-
ent anesthetic concentrations and injection volumes. In addi-
tion, although our results showed statistically significant dif-
ferences, in the clinical setting these could be less important.

Conclusions

The concentration of bupivacaine solutions affects the ED50 for 
motor block with intrathecally administered bupivacaine in el-
derly patients. The ED50 doses of these 3 concentrations were 
significantly different and the dose of 0.75% bupivacaine was 
significantly higher than that of 0.25% bupivacaine.

Group Dixon and Massey (mg) Probit regression (mg)

Group 1  6.10 (5.58, 6.66)*  6.04 (5.10, 6.89)

Group 2  6.04 (5.82, 6.28)  5.90 (5.35, 6.42)

Group 3  5.43 (5.19, 5.67)  5.30 (5.05, 5.57)

Table 4. Results of up-down sequences for motor block.

Data are presented as the median effective dose (95% confidence interval). One-way analysis of variance: p=0.008. Tukey multiple 
comparison test: * group 1 vs. group 3, p=0.005.
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