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T RADITIONALLY epidural infusions for labor analge-
sia have consisted of a combination of local anesthetic 

plus an adjuvant opioid. The addition of an opioid to epi-
dural local anesthetic reduces the dose of local anesthetic 
needed for analgesia, thereby minimizing side effects from 
local anesthetic blockade, especially maternal motor block 
and, potentially, hypotension. However, these epidurally 
administered opioids can produce side effects themselves, 
including pruritus and decreased fetal heart rate variability.1 
For these reasons, there has been interest in nonopioid adju-
vants to reduce epidural local anesthetic dose. The cholines-
terase inhibitor, neostigmine, produces analgesia when given 
intrathecally or epidurally, via increased acetylcholine stimu-
lation of spinal muscarinic and possibly nicotinic receptors.2

Studies of intrathecal neostigmine in the mid to late 
1990s demonstrated analgesic efficacy and lack of neurologic 
injury but also dose-dependent, severe nausea and vomit-
ing, and further clinical development was abandoned.3,4 In 

contrast, epidural administration of neostigmine has been 
shown in both adults and children to reduce local anes-
thetic requirements in the postoperative setting without 
nausea and vomiting.5–9 Epidural neostigmine also has been 
shown in small, single-dose studies to reduce epidural local 

What We Already Know about This Topic

•	 Single- and intermittent-dose epidural neostigmine reduces 
local anesthetic requirement for labor analgesia

•	 Effects of adding neostigmine to epidural local anesthetic 
infusion on local anesthetic consumption for labor analgesia 
are unknown

What This Article Tells Us That Is New

•	 Adding neostigmine (2, 4, or 8 μg/ml) to bupivacaine for 
patient-controlled epidural analgesia during labor did not 
reduce bupivacaine requirement compared with bupivacaine 
plus fentanyl
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ABSTRACT

Background: The addition of opioids to epidural local anesthetic reduces local anesthetic consumption by 20% but at the 
expense of side effects and time spent for regulatory compliance paperwork. Epidural neostigmine also reduces local anesthetic 
use. The authors hypothesized that epidural bupivacaine with neostigmine would decrease total hourly bupivacaine use com-
pared with epidural bupivacaine with fentanyl for patient-controlled epidural analgesia.
Methods: A total of 215 American Society of Anesthesiologists physical status II, laboring parturients requesting labor epi-
dural analgesia consented to the study and were randomized to receive 0.125% bupivacaine with the addition of either 
fentanyl (2 μg/ml) or neostigmine (2, 4, or 8 μg/ml). The primary outcome was total hourly local anesthetic consumption, 
defined as total patient-controlled epidural analgesia use and top-ups (expressed as milliliters of 0.125% bupivacaine) divided 
by the infusion duration. A priori analysis determined a group size of 35 was needed to have 80% power at α = 0.05 to detect 
a 20% difference in the primary outcome.
Results: Of 215 subjects consented, 151 patients were evaluable. Demographics, maternal and fetal outcomes, and labor char-
acteristics were similar among groups. Total hourly local anesthetic consumption did not differ among groups (P = 0.55). The 
total median hourly bupivacaine consumption in the fentanyl group was 16.0 ml/h compared with 15.3, 14.6, and 16.2 ml/h 
in the 2, 4, and 8 μg/ml neostigmine groups, respectively (P = 0.55).
Conclusions: The data do not support any difference in bupivacaine requirements for labor patient-controlled epidural 
analgesia whether patients receive epidural bupivacaine with 2 to 8 μg/ml neostigmine or epidural bupivacaine with 2 μg/ml 
fentanyl. (Anesthesiology 2017; 127:50-57)
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anesthetic requirement for labor analgesia to a degree simi-
lar to that of opioids, including a study in which epidural 
analgesia was titrated via patient-controlled epidural anal-
gesia (PCEA).10–12 In contrast to opioids, there are no large 
randomized controlled studies evaluating the effects of epi-
dural neostigmine as an adjunct to local anesthetics in the 
obstetric population for continuous PCEA during labor. The 
purpose of the current study was to compare the effects of 
epidural neostigmine, 2, 4, or 8 μg/ml, with that of a com-
monly used concentration of fentanyl (2 μg/ml) when added 
to 0.125% bupivacaine via PCEA during labor. We hypoth-
esized that epidural bupivacaine with neostigmine would 
reduce total hourly bupivacaine use compared with epidural 
bupivacaine with fentanyl for labor analgesia. A secondary 
analysis was intended to evaluate the clinical dose response 
of 2 to 8 μg/ml of epidural neostigmine on local anesthetic 
consumption for labor analgesia compared with 2 μg/ml of 
fentanyl if significant clinical differences were detected for all 
doses of neostigmine studied.

Materials and Methods
The study was registered before recruitment of the first sub-
ject (http://www.clinicaltrials.gov; NCT00779467), was 
performed under Investigational New Drug (No. 42281) 
oversight by the U.S. Food and Drug Administration, and 
was reviewed on an ongoing basis by a data safety monitor-
ing board. After approval from the institutional review board 
(Wake Forest School of Medicine, Winston-Salem, South 

Carolina; No. 5917), written informed consent for study par-
ticipation was obtained before a patient’s request for labor 
epidural analgesia. Parturients were eligible to participate 
if they were American Society of Anesthesiologists physical 
status II, spoke English, weighed less than 115 kg, were in 
active labor with a single fetus, had cervical dilation 5 cm or 
less, and had not received IV analgesics within 60 min before 
epidural administration. Patients with allergies to local anes-
thetics, fentanyl, or neostigmine also were excluded. The 
institutional review board initially approved the enrollment 
of 200 patients for a goal of 160 evaluable patients, but an 
amendment to increase the number of enrolled patients to 
220 was approved in April 2013 due to the need to replace 
excluded or ineligible patients. Based on updated data used 
in our power analysis, our goal of 40 evaluable patients per 
group also was revised at that time to a minimum of 35 
patients per group for the final analysis (fig. 1).

Patients were randomized in a balanced manner to one of 
four study groups via a computer-generated number allot-
ment that was concealed in a sealed envelope. At the time 
of epidural labor analgesia request, an anesthesiologist not 
involved in the patient’s care or data collection prepared the 
epidural study solution. All members of the patient’s care 
team were blinded to the assignment and study drug. A lum-
bar epidural catheter was inserted after the administration 
of a combined subarachnoid and intravenous test dose with 
45 mg lidocaine and 15 μg epinephrine. Patients were ran-
domized to receive 15 ml bupivacaine, 1.25 mg/ml, mixed 

Fig. 1. Enrollment diagram. VAS = visual analog scale.
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with one of four adjuvant medications: 2 μg/ml fentanyl 
or 2, 4, or 8 μg/ml phenol-free neostigmine methylsulfate 
(1 mg/ml, American Regent, USA; 10-ml multidose vial but 
discarded after single use). If the patient reported a verbal 
pain score greater than 3 on a 0 to 10 scale at 20 min after 
epidural injection, she was excluded from the study and the 
epidural catheter was replaced or managed by the anesthesi-
ologist at his or her discretion.

After the initial dosing of the epidural catheter with the 
study solution to establish labor analgesia, a PCEA infusion 
pump was programmed and initiated with the assigned solu-
tion for maintenance analgesia with the following param-
eters: basal rate of 6 ml/h; PCEA bolus of 5 ml with a 10-min 
lockout interval; maximum dose of 30 ml/h. Patients with 
breakthrough pain were treated with a 5- to 10-ml bupiva-
caine, 2.5-mg/ml bolus, at the discretion of the anesthesiolo-
gist to achieve adequate labor analgesia. Patients reporting 
inadequate labor analgesia after receiving a bupivacaine 
bolus or patients requiring more than one bolus dose per 
hour were excluded from the study.

Pain was assessed on a 0 to 10 verbal scale at the follow-
ing time points: before epidural catheter placement, imme-
diately after combined subarachnoid/intravenous test dose, 
every 5 min for 20 min after initial epidural bolus of the study 
solution, and then every 2 h until delivery. In addition, the 
following parameters were recorded every 2 h until delivery: 
dermatomal level of sensory blockade to pinprick testing, 
degree of motor block according to a 0 to 3 scale described by 
Bromage,13 maternal self-report of sedation (0 to 10), inten-
sity of nausea (0 to 10), pruritus (0 to 10), and sleepiness (0 
to 10), an observer’s assessment of maternal alertness14 (1 to 
5), and presence of shivering. Maternal hypotension (20% 
change or greater from baseline and/or requiring treatment), 
maternal bradycardia (maternal heart rate less than 60 beats/
min or greater than 20% decrease from the patient’s base-
line heart rate), fetal heart rate abnormalities, mode of deliv-
ery, and 1- and 5-min Apgar scores also were recorded. The 
total volume of study solution administered, the number 
of PCEA demand boluses, and the number and volume of 
anesthesiologist-administered bupivacaine 2.5-mg/ml bolus 
doses were recorded after termination of the PCEA infusion. 
After delivery, patients also were asked to rate their overall 
degree of epidural labor analgesia using a 1 to 5 verbal score 
(1 = not satisfied at all, 5 = extremely satisfied).

Written informed consent for study participation ini-
tially was obtained from 160 patients. The initial goal of 40 
evaluable patients per group was based on preliminary data 
from a previous study evaluating epidural bupivacaine use 
with and without the addition of epidural neostigmine.12 
An estimated mean bupivacaine use of 11.0 ± 3.2 ml/h was 
used to detect a 20% difference between any groups with an 
effect size of 0.8, power 0.8, and alpha 0.05. Replacement 
of unevaluable patients was based sequentially on the ran-
domization assignment of the previously excluded patients 
after enrollment of the initial 160 patients was completed. 

We obtained permission from the institutional review board 
to increase the number of enrolled patients because we did 
not have enough evaluable patients after 200 patients con-
sented initially. Study enrollment occurred over a 5-yr period 
(October 2008 to November 2013), with intermittent pauses 
in enrollment due to neostigmine shortages, researcher avail-
ability for enrollment, and technical issues. Final analysis of 
the previous neostigmine study by Ross et al.12 revealed a 
mean bupivacaine use of 11.9 ± 3.0 ml/h. With these new 
data, a sample size of 35 evaluable patients per group, instead 
of 40 patients, would be adequate to detect a 20% differ-
ence between any groups. Due to the prolonged enrollment 
of the study and intermittent difficulties obtaining neostig-
mine, the study was terminated in November 2013 when a 
minimum of 35 evaluable patients per group were enrolled 
and completed the study.

Data Analysis
Data are presented as mean ± SD or median with quartiles 
as appropriate. The primary outcome was defined as hourly 
bupivacaine use during labor. A sample size of 35 patients per 
group was chosen to detect a clinically meaningful difference 
of 20% in hourly bupivacaine use among groups (α = 0.05; 1 
– β = 0.20). Groups were compared for the primary outcome 
by one-way ANOVA. Pain scores and maternal side effects 
were intended to be analyzed by repeated-measure ANOVA 
methods, but assumptions of ANOVA were violated and 
were therefore analyzed with linear mixed effect modeling. 
Other variables were compared with the Student’s t test, chi-
square analysis, Mann–Whitney U rank sum test, or Fisher 
exact test as appropriate. P < 0.05 was considered significant.

Statistical analyses were conducted with SigmaStat ver-
sion 3.0 for Windows (SPSS Inc., USA, and then acquired 
by IBM [USA] in 2009). Descriptive statistics were calcu-
lated for all variables and compared among groups, such 
that mean ± SD was used for normally distributed variables; 
median [interquartile range] for data that were not nor-
mally distributed or for data with outliers or ordinal data; 
and number (percentage) for categorical data. Kolmogorov–
Smirnov (with Lilliefors correction) test was used to test for 
normality of data distribution of each variable.

Results
Written informed consent for study participation was 
obtained from a total of 215 patients before their request for 
labor epidural analgesia. Data from 151 evaluable patients 
were included in the final analysis with a minimum of 35 
patients per group (fig.  1). The most common reason for 
patient exclusion was visual analog scale pain score greater 
than 3 at 20 min after epidural placement.

Demographic information, labor characteristics, or 
neonatal outcomes did not differ among the 151 evalu-
able patients in the four study groups (table 1). There was 
no difference in median hourly bupivacaine use in PCEA, 
supplemental boluses, or their combination (fig.  2). The 
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median hourly total bupivacaine consumption of patients in 
the fentanyl group was 16 ml/h, and in neostigmine 2, 4, 
and 8 μg/ml groups was 15.3, 14.6, and 16.2 ml/h, respec-
tively (P = 0.55). The median hourly bupivacaine consump-
tion of patients from only the PCEA pump was 14.8 ml/h 
in the fentanyl group and 13.3, 12.6, and 13.0 ml/h in the 
2, 4, and 8 μg/ml epidural neostigmine groups, respectively 
(P = 0.25). The duration of total study epidural labor analge-
sia was nonsignificant among groups (P = 0.69). In addition, 
there was no difference among groups in number of patients 
requiring additional bupivacaine boluses for improved labor 
analgesia (P = 0.93).

Mean pain scores during labor did not differ between the 
groups over time (P = 0.36; fig.  3). Pain scores improved 
in all four groups after epidural placement. Overall patient 
satisfaction with labor analgesia did not differ among 

Table 1.   Demographics, Labor Characteristics, and Neonatal Outcomes of Laboring Patients

 
Fentanyl,  
2 μg/ml

Neostigmine,  
2 μg/ml

Neostigmine,  
4 μg/ml

Neostigmine,  
8 μg/ml P Value

Sample size, n 35 38 40 38  
Age, yr 27 ± 6 28 ± 6 27 ± 6 28 ± 5 0.68
BMI, kg/m2 31 ± 5 31 ± 5 30 ± 5 30 ± 4 0.89
Parity 1 [0–1] 0 [0–1] 0 [0–1] 0.5 [0–1] 0.89
Estimated gestational age, wk 40 ± 1 40 ± 1 40 ± 1 40 ± 1 0.99
Cervical dilation at epidural placement, cm 3.8 [2.3–4.0] 3.0 [2.1–3.9] 3.0 [2.0–3.8] 3.0 [2.0–3.5] 0.82
Epidural placement to cervix complete, min 235 [192–373] 268 [167–452] 330 [221–517] 258 [154–366] 0.26
Epidural placement to delivery, min 322 [242–484] 415 [202–579] 396 [286–703] 303 [193–520] 0.29
Total study analgesia duration, min 410 ± 309 424 ± 290 480 ± 295 406 ± 322 0.69
Percent requiring cesarean delivery, % 14 (5/35) 24 (9/38) 15 (6/40) 21 (8/38) 0.67
Percent requiring bupivacaine bolus for labor 

analgesia, %
57 (20/35) 53 (20/38) 60 (24/40) 55 (21/38) 0.93

Patient satisfaction score, 1–5 4 [3–5] 4 [3–5] 4 [4–5] 5 [3–5] 0.82
Neonatal weight, g 3,424 ± 383 3,437 ± 485 3,403 ± 449 3,448 ± 430 0.97
1-min Apgar score 7 ± 2 8 ± 2 8 ± 2 8 ± 2 0.93
5-min Apgar score 9 ± 0 9 ± 1 9 ± 1 9 ± 0 0.83

Descriptive statistics were calculated for all variables such that mean ± SD was used for normally distributed variables; median [interquartile range] for data 
that were not normally distributed or for data with outliers or ordinal data; and number or percentage for categorical data. ANOVA, chi-square analysis, 
Mann–Whitney U rank sum test, and Fisher exact test were applied as appropriate. For all analyses, P was set at 0.05 for statistical significance.
BMI = body mass index.

Fig. 2. Median local anesthetic consumption between groups. Median hourly bupivacaine consumption of parturients with an 
epidural for labor analgesia. Box indicates 25th and 75th percentile; bars indicate minimum and maximum values; and middle 
line in box indicates median consumption (ml/h). PCEA = patient-controlled epidural analgesia.

Fig. 3. Mean verbal pain scores (0 to 10) ± SD over time dur-
ing labor.
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groups (P = 0.82).The overall median satisfaction score was 
4.0 (very satisfied) with a 1 to 5 scale. Patients in the epi-
dural fentanyl group had a median satisfaction score of 4.0, 
whereas patients in the 2, 4, and 8 μg/ml epidural neostig-
mine groups had median satisfaction scores of 4.0, 4.0, and 
4.5, respectively.

Labor progress did not differ among groups, nor did the 
cesarean delivery rate or neonatal outcomes (table  1). We 
also performed an intention-to-treat analysis of all patients, 
including those patients who were withdrawn from the 
study, for neonatal Apgar scores and mode of delivery. We 
found no significant difference in Apgar scores at 1 and 
5 min (P = 0.84 and P = 0.39, respectively) or cesarean deliv-
ery rate (P = 0.84).

Epidural neostigmine at any of the doses studied did 
not cause greater intensity scores than epidural fentanyl of 
undesired side effects such as maternal nausea (P = 0.66), 
sedation (P = 0.64), shivering (P = 0.40), or degree of motor 
blockade (P = 0.33) (table 2). Average maximum pruritus 
scores of patients in the epidural fentanyl group were signifi-
cantly greater than patients receiving epidural neostigmine 
(P = 0.001). We also examined whether the side effects of 
patients in the epidural fentanyl group (2 μg/ml) differed 
significantly from patients in the three epidural neostigmine 
groups (2, 4, and 8 μg/ml) at the time of epidural place-
ment and over time. The four groups did not differ in the 
incidence of motor blockade, maternal self-assessment of 
nausea, maternal self-assessment of sleepiness, or pruritus 
over time (data not presented, fig. 4). Due to the significant 
decline in the number of patients in each group over time as 
patients underwent successful deliveries, the time scale for 
figure 4 has been limited to 6 h.

Discussion
Study solutions of epidural bupivacaine with varying doses of 
neostigmine (2 to 8 μg/ml) provide similar hourly epidural 
bupivacaine requirements to solutions of epidural bupiva-
caine with 2 μg/ml fentanyl in PCEA for labor. Within the 
definition of minimum clinically meaningful difference, epi-
dural neostigmine was indistinguishable from epidural fen-
tanyl as an analgesic adjunct to epidural bupivacaine.

Although a control group without epidural fentanyl was 
not included in this study, the use of epidural fentanyl at this 

concentration (2 μg/ml) is common and well documented 
to reduce local anesthetic use while still providing adequate 
labor analgesia.15 The routine use of local anesthetic alone 
for epidural labor analgesia, without the addition of an adju-
vant opioid, is uncommon in current practice in the United 
States.16

Because we found no significant difference in local anes-
thetic consumption for labor analgesia between neostigmine 
and fentanyl or among different doses of neostigmine, we 
were therefore unable to perform a subanalysis on the clini-
cal dose response for epidural neostigmine. This is in contrast 
to the clear dose response seen for neostigmine to reverse 
neuromuscular blockade by its action on acetylcholinester-
ase. Neuraxial neostigmine may act in part by inhibiting 
meningeal acetylcholinesterase, thereby increasing the cere-
brospinal fluid concentration of acetylcholine, resulting in 
increased bioavailability of acetylcholine in cholinergic spi-
nal neurons.17 However, the lack of dose response suggests a 
plateau effect on the blockade of meningeal acetylcholines-
terase locally at the studied concentrations of epidural neo-
stigmine, suggesting that neostigmine concentrations greater 
than 2 μg/ml under these infusion conditions are not needed 
and lower concentrations may be effective.

The study design also may have prohibited us from find-
ing a significant difference in bupivacaine consumption 
between the three epidural neostigmine groups. The study 
was designed as a test of superiority, with the sample size 
deliberately constrained to ensure that the study only had 
80% power to detect a difference in total bupivacaine con-
sumption per hour between groups. Thus, we would not be 
able to detect a difference in bupivacaine consumption less 
than 20% between groups.

In addition, the concentration of bupivacaine (0.125%) 
used for labor PCEA in our study may have caused patients 
to reach the plateau phase of sensory blockade at the basal 
infusion rate. Thus, additional epidural adjuvants such as fen-
tanyl or neostigmine may not have contributed to improving 
pain scores or reducing bupivacaine consumption.

Patients enrolled in either the epidural fentanyl or epi-
dural neostigmine groups were very satisfied with their labor 
analgesia. This is likely because the protocol excluded poorly 
functioning epidurals with visual analog scale pain scores 
greater than 3 at 20 min after placement. Because labor pain 
relief was adequate and similar among all groups, satisfaction 

Table 2.  Side Effect Profile of Epidural Fentanyl versus Neostigmine

 
Fentanyl,  
2 μg/ml

Neostigmine,  
2 μg/ml

Neostigmine,  
4 μg/ml

Neostigmine,  
8 μg/ml

P 
Value

Average maximum nausea score (0–10) 1 ± 2 2 ± 3 2 ± 3 1 ± 3 0.66
Average maximum sedation score (0–10) 4 ± 3 3 ± 3 3 ± 3 3 ± 3 0.64
Average maximum shivering score (0–10) 0 ± 0 0 ± 1 0 ± 0 0 ± 0 0.40
Average maximum pruritus score (0–10) 1 ± 2 0 ± 0 0 ± 0 0 ± 0 0.001*
Average maximum Bromage score (0–3) 1 ± 1 1 ± 1 1 ± 1 1 ± 1 0.33

All statistical variables are mean ± SD.
*Statistically significant (P < 0.05).
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scores were high. Pain scores increased overall in all four 
groups over time, likely related to labor advancement, epi-
dural migration, and/or greater incidence of dysfunctional 
labor as time progressed. Overall labor satisfaction scores 
also may be influenced by concurrent delivery outcomes 
other than pain scores such as neonatal outcomes, duration 
of pushing, or need for forceps or vacuum delivery.

The maternal and neonatal outcomes in our study 
are consistent with previous smaller studies in obstetric 
patients,18 showing no adverse effects on neonatal Apgar 
scores, maternal heart rate or blood pressure, or mode of 
delivery. Pruritus scores were significantly greater in the 
epidural fentanyl group, although the clinical importance 
of pruritus on a subjective basis is questionable due to the 
low mean reported scores. Other maternal side effects, such 
as motor block, nausea, and sedation, also were not signifi-
cant among groups, suggesting that epidural neostigmine at 
these doses is well tolerated. Our study did not specifically 
examine fetal heart rate variability as a labor outcome, as 
this was felt to be logistically difficult due to the long dura-
tion of the infusion for labor analgesia and the potential for 
intermittent changes in the fetal heart rate tracing related to 
labor progression. We did record the fetal heart rate before 
and after epidural analgesia and every 2 h subsequently until 

delivery similar to the Ross et al. study,12 and we found no 
significant difference between groups (data not shown). In 
addition, when performing an intention-to-treat analysis 
that included patients who were withdrawn from the study, 
we found no difference in neonatal Apgar scores or mode 
of delivery. The data from our study suggest that epidural 
neostigmine does not provide any clinical advantages or dis-
advantages over epidural fentanyl in terms of the overall side 
effect profile for labor analgesia.

Although neostigmine may be a more expensive alter-
native to fentanyl for epidural local anesthetic infusions, 
epidural neostigmine may be useful in a small number of 
clinical scenarios. Neostigmine may be a useful alternative 
in patients with extreme sensitivity (pruritus or vomiting) 
to opioids such as fentanyl. Neostigmine also can be used 
as a nonopioid adjunct alternative in women with a history 
of addiction or those who wish to avoid any opioid use for 
psychologic reasons. Neostigmine also may be used as an 
adjuvant for women who take buprenorphine or those with 
chronic opioid exposure secondary to chronic pain or addic-
tion with potential significant dysregulation of opioid and 
pain receptors.

Major disadvantages of neostigmine include the fact 
that it remains an investigational drug by the U.S. Food 

Fig. 4. Percent incidence of nonzero verbal scores of maternal sleepiness, nausea, pruritus, and shivering after initiation of 
patient-controlled epidural analgesia for labor.
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and Drug Administration for epidural use, the relatively 
small number of obstetric patients in the literature exposed 
to neuraxial neostigmine,4,10,12,18–30 and the lack of clini-
cal effect as measured by local anesthetic consumption 
in this study. Epidural neostigmine has not been shown 
to have adverse effects on maternal vital signs, maternal 
sedation, Apgar scores, or fetal heart rate tracings in this 
and previous studies, but there may be unrecognized or 
unusual side effects, given the overall small sample size in 
the literature to date.

In conclusion, we found that laboring parturients receiv-
ing epidural neostigmine in differing concentrations (2, 4, 
and 8 μg/ml) had similar hourly bupivacaine consumption 
and mean pain scores during labor compared with partu-
rients receiving epidural fentanyl (2 μg/ml). Also, patients 
receiving either epidural fentanyl or epidural neostigmine 
combined with bupivacaine for epidural labor analgesia 
were satisfied equally at delivery. Although previous studies 
have demonstrated an improvement in postoperative anal-
gesia in both adults and children with epidural neostigmine 
compared with epidural local anesthetic alone,31,32 we were 
unable to show a clinical difference with epidural neostig-
mine compared with epidural fentanyl when combined with 
bupivacaine for labor analgesia. Although future studies are 
needed to further evaluate the clinical safety of neostigmine 
as well as the clinical effect of lower doses of epidural neostig-
mine on labor analgesia, the likelihood of futures studies are 
lessened by the intermittent inability to obtain neostigmine 
from the manufacturer due to production shortages, the cost 
of neostigmine, and lack of evidence showing a significant 
clinical effect compared with epidural fentanyl.

Research Support
Support was provided solely from institutional and/or de-
partmental sources.

Competing Interests
The authors declare no competing interests.

Reproducible Science
Full protocol available at: jbooth@wakehealth.edu. Raw data 
available at: jbooth@wakehealth.edu.

Correspondence
Address correspondence Dr. Booth: Department of Anes-
thesiology, Wake Forest School of Medicine, Medical Cen-
ter Boulevard, Winston-Salem, North Carolina 27157-1009. 
jbooth@wakehealth.edu. This article may be accessed for 
personal use at no charge through the Journal Web site, 
www.anesthesiology.org.

References
	 1.	 Capogna G: Effect of epidural analgesia on the fetal heart 

rate. Eur J Obstet Gynecol Reprod Biol 2001; 98:160–4

	 2.	 Yaksh TL, Dirksen R, Harty GJ: Antinociceptive effects of 
intrathecally injected cholinomimetic drugs in the rat and 
cat. Eur J Pharmacol 1985; 117:81–8

	 3.	 Hood DD, Eisenach JC, Tuttle R: Phase I safety assess-
ment of intrathecal neostigmine methylsulfate in humans. 
ANESTHESIOLOGY 1995; 82:331–43

	 4.	 Nelson KE, D’Angelo R, Foss ML, Meister GC, Hood DD, 
Eisenach JC: Intrathecal neostigmine and sufentanil for early 
labor analgesia. ANESTHESIOLOGY 1999; 91:1293–8

	 5.	 Lauretti GR, de Oliveira R, Reis MP, Juliâo MC, Pereira NL: 
Study of three different doses of epidural neostigmine 
coadministered with lidocaine for postoperative analgesia. 
ANESTHESIOLOGY 1999; 90:1534–8

	 6.	 Nakayama M, Ichinose H, Nakabayashi K, Satoh O, Yamamoto 
S, Namiki A: Analgesic effect of epidural neostigmine after 
abdominal hysterectomy. J Clin Anesth 2001; 13:86–9

	 7.	 Harjai M, Chandra G, Bhatia VK, Singh D, Bhaskar P: A com-
parative study of two different doses of epidural neostigmine 
coadministered with lignocaine for post operative analgesia 
and sedation. J Anaesthesiol Clin Pharmacol 2010; 26:461–4

	 8.	 Mahajan R, Grover VK, Chari P: Caudal neostigmine with 
bupivacaine produces a dose-independent analgesic effect 
in children. Can J Anaesth 2004; 51:702–6

	 9.	 Turan A, Memiş D, Başaran UN, Karamanlioğlu B, Süt N: 
Caudal ropivacaine and neostigmine in pediatric surgery. 
ANESTHESIOLOGY 2003; 98:719–22

	10.	 Roelants F, Rizzo M, Lavand’homme P: The effect of epi-
dural neostigmine combined with ropivacaine and sufent-
anil on neuraxial analgesia during labor. Anesth Analg 2003; 
96:1161–6, table of contents

	11.	 Lauretti GR: The evolution of spinal/epidural neostigmine 
in clinical application: Thoughts after two decades. Saudi J 
Anaesth 2015; 9:71–81

	12.	 Ross VH, Pan PH, Owen MD, Seid MH, Harris L, Clyne B, 
Voltaire M, Eisenach JC: Neostigmine decreases bupivacaine 
use by patient-controlled epidural analgesia during labor: A 
randomized controlled study. Anesth Analg 2009; 109:524–31

	13.	 Bromage PR: Epidural Analgesia. Philadelphia, WB Saunders, 
1978, p 144

	14.	 Chernik DA, Gillings D, Laine H, Hendler J, Silver JM, 
Davidson AB, Schwam EM, Siegel JL: Validity and reliability 
of the Observer’s Assessment of Alertness/Sedation Scale: 
Study with intravenous midazolam. J Clin Psychopharmacol 
1990; 10:244–51

	15.	 Chestnut DH, Owen CL, Bates JN, Ostman LG, Choi WW, 
Geiger MW: Continuous infusion epidural analgesia during 
labor: a randomized, double-blind comparison of 0.0625% 
bupivacaine/0.0002% fentanyl versus 0.125% bupivacaine. 
ANESTHESIOLOGY 1988; 68:754–9

	16.	 Wong CA: Epidural and spinal analgesia/anesthesia for 
labor and vaginal delivery, Chestnut’s Obstetric Anesthesia 
Principles and Practice, 4th edition. Edited by Chestnut D. 
Philadelphia: Elsevier, 2009, pp 439–40

	17.	 Ummenhofer WC, Brown SM, Bernards CM: 
Acetylcholinesterase and butyrylcholinesterase are expressed 
in the spinal meninges of monkeys and pigs. ANESTHESIOLOGY 
1998; 88:1259–65

	18.	 Cossu AP, De Giudici LM, Piras D, Mura P, Scanu M, Cossu 
M, Saba M, Finco G, Brazzi L: A systematic review of the 
effects of adding neostigmine to local anesthetics for neur-
axial administration in obstetric anesthesia and analgesia. Int 
J Obstet Anesth 2015; 24:237–46

	19.	 Owen MD, Ozsaraç O, Sahin S, Uçkunkaya N, Kaplan N, 
Magunaci I: Low-dose clonidine and neostigmine prolong 
the duration of intrathecal bupivacaine-fentanyl for labor 
analgesia. ANESTHESIOLOGY 2000; 92:361–6

	20.	 Roelants F, Lavand’homme PM: Epidural neostigmine com-
bined with sufentanil provides balanced and selective anal-
gesia in early labor. ANESTHESIOLOGY 2004; 101:439–44

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/127/1/50/519584/20170700_0-00015.pdf by guest on 02 February 2023

mailto:jbooth@wakehealth.edu
mailto:jbooth@wakehealth.edu
www.anesthesiology.org


Copyright © 2017, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2017; 127:50-57	 57	 Booth et al.

PERIOPERATIVE MEDICINE

	21.	 Roelants F, Mercier-Fuzier V, Lavand’homme PM: The effect 
of a lidocaine test dose on analgesia and mobility after an 
epidural combination of neostigmine and sufentanil in early 
labor. Anesth Analg 2006; 103:1534–9

	22.	 Klamt JG, Garcia LV, Prado WA: Analgesic and adverse effects 
of a low dose of intrathecally administered hyperbaric neostig-
mine alone or combined with morphine in patients submitted 
to spinal anaesthesia: Pilot studies. Anaesthesia 1999; 54:27–31

	23.	 Krukowski JA, Hood DD, Eisenach JC, Mallak KA, Parker RL: 
Intrathecal neostigmine for post-cesarean section analgesia: 
Dose response. Anesth Analg 1997; 84:1269–75

	24.	 Boogmans T, Vertommen J, Valkenborgh T, Devroe S, 
Roofthooft E, Van de Velde M: Epidural neostigmine and 
clonidine improves the quality of combined spinal epidural 
analgesia in labour: A randomised, double-blind controlled 
trial. Eur J Anaesthesiol 2014; 31:190–6

	25.	 Van de Velde M, Berends N, Kumar A, Devroe S, Devlieger 
R, Vandermeersch E, De Buck F: Effects of epidural cloni-
dine and neostigmine following intrathecal labour analgesia: 
A randomised, double-blind, placebo-controlled trial. Int J 
Obstet Anesth 2009;18:207–14

	26.	 Roelants F, Lavand’homme PM, Mercier-Fuzier V: Epidural 
administration of neostigmine and clonidine to induce labor 

analgesia: Evaluation of efficacy and local anesthetic-sparing 
effect. ANESTHESIOLOGY 2005; 102:1205–10

	27.	 Kaya FN, Sahin S, Owen MD, Eisenach JC: Epidural neostig-
mine produces analgesia but also sedation in women after 
cesarean delivery. ANESTHESIOLOGY 2004; 100:381–5

	28.	 D’Angelo R, Dean LS, Meister GC, Nelson KE: Neostigmine 
combined with bupivacaine, clonidine, and sufentanil for 
spinal labor analgesia. Anesth Analg 2001; 93:1560–4, table 
of contents

	29.	 Chung CJ, Kim JS, Park HS, Chin YJ: The efficacy of intrathe-
cal neostigmine, intrathecal morphine, and their combina-
tion for post-cesarean section analgesia. Anesth Analg 1998; 
87:341–6

	30.	 Pan PM, Huang CT, Wei TT, Mok MS: Enhancement of analge-
sic effect of intrathecal neostigmine and clonidine on bupiva-
caine spinal anesthesia. Reg Anesth Pain Med 1998; 23:49–56

	31.	 Batra YK, Arya VK, Mahajan R, Chari P: Dose response study 
of caudal neostigmine for postoperative analgesia in pae-
diatric patients undergoing genitourinary surgery. Paediatr 
Anaesth 2003; 13:515–21

	32.	 Memiş D, Turan A, Karamanlioğlu B, Kaya G, Süt N, Pamukçu 
Z: Caudal neostigmine for postoperative analgesia in paedi-
atric surgery. Paediatr Anaesth 2003; 13:324–8

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/127/1/50/519584/20170700_0-00015.pdf by guest on 02 February 2023


