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Abstract 
Aim: The aim of this study was to evaluate the analgesic effects of postoperative epidural administration of neostigmine 
and morphine in patients scheduled for caesarean section under epidural anaesthesia.
Material and Methods: Sixty ASA I-II patients, scheduled for caesarean section under epidural anaesthesia, were 
randomly allocated into three groups. Neostigmine (10 μg/kg), morphine (3 mg), and saline (6 mL) were administered 
to the neostigmine, morphine, and control groups, respectively, 30 minutes after the surgery via the epidural catheter. 
Afterwards, postoperative pain treatment was administered to all patients with a patient-controlled epidural analgesia 
(PCEA) device, using 0.125% bupivacaine. The patients were followed up for 24 hours. The total volume of local anaes-
thetics used, the time to first analgesic requirement, analgesic requirements, VAS scores, analgesia quality, first passage 
of bowel gas, ambulation times, haemodynamic parameters and side effects were evaluated.
Results: The time to first analgesic requirement was significantly longer in the morphine group than in the neostigmine 
and control groups (p<0.01), and in the neostigmine group compared to the control group (p<0.05). The total local 
anaesthetic consumption and the number of bolus injections were significantly higher in the control group than in the 
other groups (p<0.01). The first passage of bowel gas occurred significantly sooner in the neostigmine group than in the 
morphine (p<0.01) and the control (p<0.05) groups. Itching frequency was significantly higher in the morphine group 
than in the other two groups (p<0.05). VAS scores were similar in the morphine and neostigmine groups.
Conclusion: Postoperative single-dose epidural neostigmine reduced the 24-hour analgesic requirements but in the cho-
sen doses presented an analgesic effect significantly lower than morphine. Hippokratia 2014; 18 (1): 44-48.
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Introduction 

Epidural anaesthesia is commonly used in elective 
caesarean sections, as it reduces mortality and morbidity, 
and provides a good way for postoperative pain control. 
Traditionally, opioids have been successfully used in bo-
lus, continuous infusion, and patient-controlled epidural 
analgesia (PCEA) for postoperative epidural analgesia 
schemes1,2. A single dose of epidural morphine is fre-
quently used, due to ease of application, low cost, and 
high patient satisfaction. However, morphine has some-
times has undesirable side effects, such as nausea and 
vomiting, urinary retention, itching, respiratory depres-
sion and decreased bowel motility3-9. Especially due to 
the later side effects of opioids given intrathecally and 
epidurally, such as respiratory depression4,6, non-opioid 
analgesics have been extensively investigated. Neostig-
mine, one of the non-opioid agents used for this purpose, 
has been reported in animal and human studies to induce 
analgesia without causing serious side effects except for 
a high incidence of nausea and vomiting when adminis-
tered intrathecally10-13. In later publications, it has been 
shown to cause analgesia without serious and disturbing 
side effects when administered in the epidural space14-20.

The aim of this study was to evaluate and compare 

the analgesic and adverse effects of single doses of post-
operative epidural neostigmine and morphine in patients 
undergoing caesarean sections under epidural anaesthe-
sia.

Material and Methods
This prospective study was conducted at Gazi Univer-

sity Faculty of Medicine, Department of Anaesthesiology 
and Reanimation, after approval by the Ethical Commit-
tee of Gazi University Faculity of Medicine on 13 June 
2001 (approval number: 2001/2). The study included 60 
ASA I–II patients who were scheduled for elective cae-
sarean sections. Only single-foetus pregnancies at term 
were included. The exclusion criteria were the presence 
of contraindications for epidural anaesthesia, allergy to 
local anaesthetics, history of opioid abuse, parturients 
with obstetric complications such as multiple pregnancy, 
premature labor, non-vertex presentation or preeclampsia 
and patients with decompensated heart failure, dysrhyth-
mias, chronic obstructive pulmonary disease. 

All patients were examined at the preoperative visit 
one day prior to surgery. They were informed about the 
epidural anaesthesia and the whole analgesic procedure 
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and informed consent was obtained. The patients were also 
informed about the visual analogue scale (VAS), which is 
used for the evaluation of postoperative pain, as well as the 
PCEA device (Abbott Pain Management, Provider, Abbott 
Laboratories, Chicago, USA). The patients were randomly 
assigned to three groups according to the drug to be ad-
ministered in the epidural space postoperatively: control 
group (Group C, n=20), morphine group (Group M, n=20), 
and neostigmine group (Group N, n=20). Patients were as-
signed to one of the three study groups using a computer-
generated random number table.

All patients were given 10 mL/kg of lactated Ringer’s 
solution before the procedure. An epidural block was 
performed in sitting position. After infiltrating the skin 
and subcutaneous tissue with 2 mL of 2% lidocaine at 
the L3–4 interspinous area, the epidural space was de-
termined using the loss of resistance technique and the 
catheter was inserted 4–5 cm inside the epidural space 
through an 18 G Tuohy needle (Perifix; Braun, Melsun-
gen, Germany). Then, 3 mL of 2% lidocaine including 5 
μg/mL of epinephrine were administered epidurally as a 
testing dose. Additional doses of fractionated 0.5% bupi-
vacaine were given via the epidural catheter until the up-
per level of sensory blockade tested with pinprick reached 
T4. Surgery began after the T4 sensory block level was 
reached. If the epidural block was still not achieved 30 
min after epidural injection of the local anaesthetic, the 
patient was removed from the study group and general 
anaesthesia was administered. Patients who had a VAS 
score >3/10 during surgery were also removed from the 
study and general anaesthesia was administered.

Thirty minutes after surgery, which was considered as 
the starting time (0 hours), the following regimens were 
administered via epidural catheter: 10 μg/kg of neostig-
mine in 6 mL of saline in group N, 3 mg of morphine in 
6 mL of saline in group M, and 6 mL of saline in group 
C. The 10 μg/kg dose of neostigmine was chosen as an 
effective analgesic dose based on Nakayama et al16. For 
treatment of postoperative pain, PCEA was set up as fol-
lows: a bolus dose of 6 mL 0.125% bupivacaine, lockout 
time limit of ten minutes, four-hour limit of 30 mL, and 
no background infusion was used. The patients were as-
sisted in the use of the device during the first analgesic 
requirement and then PCEA device was left with them to 
be used for subsequent pain control. 

Heart rate (HR), mean arterial pressure (MAP), respi-
ratory rate (RR), postoperative pain, time to regression 
of sensory block to T10, and sedation scores19 [0=awake 
(absent); 1=drowsy but responding to verbal stimuli 
(mild); 2=responding to moderate touch (moderate); 
3=responding to firm touch (severe)] were recorded at 0, 
15, and 30 minutes and 1, 4, 12, and 24 hours. In addition, 
the presence of side effects such as itching, nausea, vom-
iting and their duration and intensity21 (0=none, 1=mild, 
2=moderate, 3=severe) were recorded. Postoperative 
pain was assessed with visual analog scale (VAS), which 
consisted of a 10-cm line with 0 equaling “no pain at all” 
and 10 equaling “the worst possible pain.

Nausea and vomiting were treated with 10 mg meto-
clopramide IV and pruritus was treated with 20 mg di-
phenhydramine IV. Furthermore, when VAS scores were 
3 or above despite PCEA, 1 g metamizole IV was used 
as an additional analgesic. The first passage of bowel gas 
and ambulation times were determined and recorded as 
well. The follow-up period for the patients lasted un-
til they were discharged. The application of PCEA was 
terminated after 24 hours, and total volume used, fre-
quency and time of demand, and first request times were 
recorded. The patients were asked to evaluate the effi-
cacy of treatment using the 5-point scale for quality of 
analgesia (1=poor, 2=inadequate, 3=moderate, 4=good, 
5=excellent).

Statistical analysis was performed using the SPSS for 
Windows, version 9.0 (SPSS Inc., Chicago, IL, USA). 
Data regarding age, body weight, height, gestational age, 
time to regression of sensory block T10, first ambulation 
time, time to first passage of bowel gas, and first anal-
gesic requirement time were compared using one-way 
analysis of variance (ANOVA). When a difference was 
determined, the Tukey’s post-hoc test was also applied. 
Mean arterial pressure, HR, and RR data were assessed 
by a repeated measures ANOVA (Bonferroni adjustment 
was used in the comparisons of intragroup mean MAP, 
RR and HR values, in which the time factor was con-
sidered important through repeated measures of variance 
analysis), and the number of usages of the PCEA device 
and VAS data were evaluated by the Friedman test. Com-
parison of side effects, additional analgesia, and quality of 
analgesia were completed using chi-square and Fisher’s 
exact chi-square tests. A value of p<0.05 was considered 
statistically significant.

Results 
The groups did not differ significantly in terms of de-

mographic data, gestational age, or duration of caesarean 
section (Table 1). There was also no significant difference 
in terms of the regression time of sensory block to T10 
(group C: 283 ± 58 min; group M: 294 ± 83 min; and 
group N: 265 ± 64 min).

There were no significant differences among the 
groups in terms of postoperative HR. However, when the 
changes in HR were compared at different time points, 
there was a significant decrease in HR in group N at 1, 4, 
and 12 hours (p<0.0001, p<0.0001, p<0.0001, respective-
ly), whereas there were no differences in groups C and M 
(Figure 1). There were also no significant differences in 
MAP among the groups. However, when the changes in 
MAP were compared at different time points, there was 
a significant increase in group C at 1, 4, and 12 hours 
(p<0.011, p<0.007, p<0.009, respectively), whereas there 
were no differences in groups M and N (Figure 2).

The number of analgesia request on the demand but-
ton of the PCEA for local anaesthetics and the number of 
boluses delivered were significantly lower in groups M 
and N than in group C at all time points (p<0.01) (Fig-
ures 3 and 4). When group N was compared with group 
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M, the number of requests for local anaesthetic and the 
number of boluses delivered were similar in the first four 
hours; however, both parameters were significantly lower 
in group M compared to group N (p<0.01) up to 24 hours 
postoperatively (Figures 3 and 4). The total local anaes-
thetic consumption levels from the PCEA device were 
72.3 ± 9.6, 12.3 ± 14.1, and 53.1 ± 17.1 mL in groups C, 
M, and N, respectively. This level was significantly high-

Table 2: Time to first passage of bowel gas, time to ambulation and time to first analgesic request (hours) (mean ± Standard 
Deviation).

Group C (n=20) Group M (n=20) Group N (n=20)

First ambulatory time 11.2 ± 2.6 12.2 ± 3.0 11.2 ± 4.8

First passage of bowel gas 23.7 ± 5.9 39.8 ± 12.4 *,ǂ 15.2 ± 8.5 *

First analgesic request 2.7 ± 0.9 16.6 ± 7.1 *,ǂ 6.5 ± 2.1 *

*: p<0.01, compared to the control group, ǂ: p<0.01, compared to neostigmine group.

Table 1: Demographic data, gestational age and duration of cesarean section (mean ± Standard Deviation).

Group C (n=20) Group M (n=20) Group N (n=20)
Age (year) 28.7 ± 4.9 29 ± 4.4 29 ± 5
Height (cm) 163.1 ± 6.1 160.3 ± 4.8 162.9 ± 6.4
Weight (kg) 77.2 ± 9.9 75.5 ± 9.5 74.3 ± 8.6
Gestational age (week) 38.1 ± 0.7 38.3 ± 0.7 38.7 ± 0.7

Duration of cesarean section (min) 32.0 ± 5.6 35.5 ± 9.3 32.5 ± 7.8

Figure 1: Heart rate values of the three groups.
*: compared to the control value of the group p<0.05, Group C: Control 
group, Group M: Morphine group, Group N: Neostigmine group.

Figure 2: Mean arterial blood pressure values of the three 
groups.
*: compared to the control value of the group p<0.05, Group C: Con-
trol group, Group M: Morphine group, Group N: Neostigmine group.

Figure 3: Number of local anesthetic of demands obtained 
from the patient-controlled epidural analgesia (PCEA) de-
vice (mean ± Standard Deviation).
*: p<0.01, compared to the control group, ǂ: p<0.01, compared to 
the neostigmine group, Group C: Control group, Group M: Mor-
phine group, Group N: Neostigmine group.

er in group C than in the other two groups (p<0.01), and 
significantly lower in group M than in group N (p<0.01).

The times until first analgesia was requested were 
2.7 ± 0.9, 16.6 ± 7.1, and 6.5 ± 2.1 hours in groups C, 
M, and N respectively. The time was significantly longer 
in group M compared to the other two groups (p<0.01), 
and significantly longer in group N compared to group C 
(p<0.05) (Table 2).

In addition to PCEA, the additional analgesic require-
ments (metamizole) of the patients in groups M and N 
were similar; the additional analgesic requirements of the 
patients were found to be significantly lower in the neo-
stigmine (p<0.05) and morphine groups (p<0.01) when 
compared to the control group. The number of patients 
with additional analgesic requirements were 10 (10 g) in 
group C, 3 (3 g) in group N, and 0 in group M.

In the postoperative intragroup comparisons in terms 
of VAS, the values at 12 and 24 hours were significantly 
higher in all three groups compared to the control values 
(p<0.05). The VAS values were significantly higher at 12 
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and 24 hours in the control group compared to the mor-
phine and neostigmine groups (p<0.05). However, there 
was no significant difference between the morphine and 
neostigmine groups (Figure 5).

The first passage of bowel gas was at 23.7 ± 5.9, 
39.8 ± 12.4, and 15.2 ± 8.5 hours in groups C, M, and 
N respectively. The time was significantly shorter in the 
neostigmine group compared to the morphine (p<0.01) 
and control groups (p<0.05) (Table 2). In addition, when 
compared with the control, it was significantly longer in 
the morphine group (p<0.01). No significant differences 
were detected among the groups in terms of first ambula-
tion time (Table 2).

Except for nausea and pruritus, no other side effects 
were encountered in any of the groups. Two patients in 
group M, one patient in group N, and no patients in group 
C had nausea. All three patients responded well to a single 
dose of intravenous metoclopramide. When the patients 
were compared in terms of itching, this side effect was 
significantly higher in the morphine group compared to 
the other two groups (p<0.05). In the morphine group, 15 
cases had mild to moderate itching which did not require 
any treatment, and two cases had severe itching that re-
quired treatment.

No significant differences were determined in terms 
of change in postoperative respiratory rate values over 
time among the groups, nor within the groups. The se-
dation scores were identified as 0 at all times and were 
excluded from statistical analysis.

Regarding the quality of analgesia, 5 patients in 
group C, 20 patients in group M (15 patients excellent, 
5 patients good), and 17 patients in group N (17 patients 
good) expressed that the quality was good or excellent. 
There were no significant differences between the mor-
phine and neostigmine groups in terms of quality of 
analgesia, whereas it was significantly lower in the con-
trol group compared to the other two groups (p<0.0001, 
p<0.0001, respectively). However, the patients who rated 
the quality of analgesia as excellent were significantly 
more in Group M than the patients in Groups C and N 
(p<0.0001, p<0.0001, respectively). 

Discussion
In recent years, the use of epidural neostigmine for post-
operative analgesia has been widely discussed. However, 
detailed studies comparing its effect to that of epidural 
morphine are limited. In this study, we investigated the 
analgesic efficacy and side effects of epidural neostig-
mine and morphine in the postoperative period.

In our study, there were no significant differences be-
tween the groups in terms of haemodynamic parameters. 
In the first 12 hours postoperatively, in the neostigmine 
group, there was a significant decrease in HR compared 
to its baseline values, while a significant increase in MAP 
was observed in the control group. However, there was 
no difference between the groups, and clinical bradycar-
dia requiring treatment was not observed in any of the 
cases. These results suggest that neostigmine can be used 
in the epidural space, even at a relatively high dose of 10 
μg/kg. In other studies examining the effects of epidu-
ral neostigmine, there is no data regarding its haemody-
namic effects15-17. Harjai et al22 used epidural neostigmine 
in doses of 100 and 200 µg and indicated that it had no 
effect on HR or MAP. Although there is an insufficient 
number of reports on the haemodynamic effects of epidu-
ral neostigmine, our results indicate that epidural admin-
istration of 10 μg/kg neostigmine has no significant effect 
on haemodynamic parameters.

In our study, the time to first analgesic request was 
significantly longer in groups M and N than in group C. 
In addition, total local anaesthetic doses administered via 
PCEA were significantly lower in groups M and N than in 
group C. In a similar study, Nakayama et al16 compared 5 
and 10 μg/kg of postoperative epidural neostigmine and 
reported that 10 μg/kg of epidural neostigmine signifi-
cantly prolonged the time to first analgesic request. How-
ever, they found that 24-hour total analgesic demand was 
similar with 5 and 10 μg/kg neostigmine. The reasons for 
this discrepancy might be the choice of analgesic drug 
and route of administration.

The intrathecal use of neostigmine is severely restrict-
ed in practice, due to the high incidence of nausea. How-

Figure 4: Number of delivery of local anesthetic boluses 
obtained from the patient-controlled epidural analgesia 
(PCEA) device (mean ± Standard Deviation).
*: p<0.01, compared to the control group, ǂ: p<0.01, compared to 
neostigmine group, Group C: Control group, Group M: Morphine 
group, Group N: Neostigmine group.

Figure 5. Visual analogue scale (VAS) values of the groups 
[Median (%25-75)].
*: p<0.05, compared to the control value of the groups, a: p<0.05, 
compared to the groups N and M, Group C: Control group, Group M: 
Morphine group, Group N: Neostigmine group.
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ever, it does not cause nausea when administered through 
the epidural space18,19. Nakayama et al16 reported that pa-
tients with abdominal hysterectomy who received 10 μg/
kg neostigmine had similar rates of nausea and vomiting 
as the control group. These findings are in accordance 
with our results. There were varying rates of nausea and 
vomiting associated with neostigmine, which is probably 
due to the methodology and the limited number of cases. 
In addition, the fact that nausea and vomiting are affected 
by gender, smoking, and location and type of operation 
may also explain the differences in results between the 
studies.

Sedation has been reported as one of the major side 
effects of epidural neostigmine. Studies have reported 
dose-independent mild sedation to varying degrees of 
dose-dependent sedation19,22. However, in this study, de-
spite the high doses of neostigmine administered, we did 
not observe any sedation, nor did we detect any sedation 
in the morphine group, despite adding diphenhydramine 
for control of nausea in most patients of this group. Simi-
lar to our study, Chia et al17 reported that all patients were 
fully awake after neostigmine was administered through 
the thoracic epidural space, and they indicated that the 
sedation scores were zero. In contrast to our findings, 
Harjai et al22 reported dose-dependent sedation in patients 
treated with neostigmine. However, their results might 
have been affected by the general anaesthesia which was 
administered in their study. Kaya et al19 also reported 
dose-independent mild sedation after administration of 
neostigmine together with the use of other agents that 
can cause sedation, such as intrathecal fentanyl or intra-
venous patient-controlled analgesia with morphine. As it 
was the only agent used in our study, we agree with Chia 
that sedation is not a serious side effect of neostigmine17.

Another striking finding in our study is that the time 
until passage of gas was prolonged with epidural mor-
phine compared to the control group, whereas it was 
shortened by the use of neostigmine compared to the 
other two groups. Morphine is known to slow passage in 
the gastrointestinal tract when administered systemically 
or epidurally9. In our study, the first passage of bowel gas 
was found to be 39.8 ± 12.4 hours. In a series of patients 
with abdominal hysterectomy, Thoren et al9 found the av-
erage bowel gas passage time to be 56 hours. Similarly, we 
observed the first passage of bowel gas as late as 60 hours 
in a patient who was given morphine. In the neostigmine 
group, this period was 15.2 ± 8.5 hours. In a study con-
ducted in patients undergoing abdominal aorta surgery, 
neostigmine was found to shorten the time for passage 
of bowel gas23. Considering that neostigmine is used in 
the treatment of acute colonic pseudo-obstruction24, we 
believe that satisfactory results can be achieved with a 
combination of epidural neostigmine and morphine.

Epidural morphine has already been known to be su-
perior to other methods in terms of patient satisfaction8,25. 
In our study, 75% of the patients in the control group as-
sessed the quality of analgesia as “moderate”, whereas 
85% of the patients in the neostigmine group as “good”, 

and 75% of the patients in the morphine group evaluated 
the quality of analgesia as “excellent”.

In the current study, epidural neostigmine was found 
to be effective for postoperative pain management after 
caesarean section. In a study in rats, in which it was in-
vestigated whether there was any difference in efficacy 
of intrathecal neostigmine between genders, it was found 
that the efficacy of intrathecal neostigmine differed sig-
nificantly in favour of female rats26. Based on this study 
and considering the fact that the patients in our study were 
all women, it is probable that this efficacy of neostigmine 
is not valid for every surgery or for both genders. This 
matter should be further investigated.

In conclusion, we achieved effective and safe analge-
sia with 10 μg/kg epidural neostigmine used in elective 
caesarean section. In this study, although neostigmine 
was compared with morphine, which has a prolonged and 
effective analgesic effect and high patient satisfaction, 
we determined that neostigmine is an effective analgesic 
without affecting haemodynamic parameters or causing 
significant side effects compared to morphine, and that 
the time until passage of bowel gas is shortened, which 
are important findings to emphasize.
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