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Background: Intrathecal administration of various doses of neo-
stigmine has been reported to produce analgesia without neuro-
toxicity in both animal and human studies. The present study
was undertaken to evaluate the efficacy and safety of intrathecal
neostigmine for the relief of pain for patients having undergone
inguinal herniorrhaphy surgery.
Methods: Sixty men scheduled for elective inguinal her-
niorrhaphy with spinal anaesthesia were randomly allocated to
three groups: group I (nΩ20) received intrathecal (IT) tetracaine
15 mg, group II (nΩ20) received IT tetracaine 15 mgπ
neostigmine 50 mg, and group III (nΩ20) received IT tetracaine
15 mgπneostigmine 100 mg. The onset of anaesthesia, duration
of analgesia, time to use of first rescue analgesics, the overall 24-
h VAS pain scores and the incidence of adverse effects were
recorded for 24 h postdrug administration.
Results: Onset of anaesthesia (time to T6 sensory block) was
significantly faster for group II and III patients compared with
group I patients. Motor block (time to lift leg) was greatly pro-

INTRATHECAL (IT) and epidural administration of
opioids is commonly used in order to provide

postoperative analgesia without sensory or motor
blockade. Unfortunately, the use of neuroaxial opioids
is often associated with adverse effects, especially de-
layed respiratory depression. In an attempt to develop
nonopioid analgesics with fewer adverse effects, the
activity of other neurotransmitters that participate in
the modulation of pain processing in the spinal cord,
including acetylcholine (ACH), has been examined.
Reports indicate that IT cholinergic receptor agonists
or cholinesterase inhibitors may modulate pain in ani-
mal and human studies (1–9). Autoradiographic
studies have demonstrated muscarinic binding in the
dorsal horn (10–12), and Barber et al. (13) reported
that the most dense population of neurons containing
choline acetyltransferase is located in the substantia ge-
lantinosa of the spinal cord.

The abstract was presented at the 6th Annual Meeting of the
European Society of Anaesthesiologists, Barcelona, Spain, 25–28
April, 1998.

1056

longed for group III patients, with an average of 6.4 h, compared
with 4.1 h for group II patients. Group III patients also showed
a later onset of postsurgical pain, lower overall 24-h VAS pain
score and prolonged time to first rescue analgesics than did
group II patients. There was a significantly greater incidence of
adverse effects associated with IT neostigmine, especially
nausea and vomiting.
Conclusion: Our study showed that intrathecal neostigmine at
50 mg or 100 mg enhanced the onset of tetracaine anaesthesia and
provided analgesia lasting for 6–9 h, although increased inci-
dences of prolonged motor blockade and nausea or vomiting
were noted.
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In recent animal and human volunteer studies (4,
14–17), IT administration of various doses of neostig-
mine was reported to produce analgesia without
neurotoxicity. The present study was undertaken in
order to evaluate the analgesic and adverse effects of
IT neostigmine in patients undergoing inguinal her-
niorrhaphy under tetracaine spinal anaesthesia.

Patients and methods

The study protocol was approved by the medical eth-
ics committee of our hospital. Sixty male ASA 1 pa-
tients scheduled for inguinal herniorrhaphy under
spinal anaesthesia were included in this study after
informed consent had been obtained. The exclusion
criteria included known allergy or contraindication to
any of the test drugs or spinal anaesthesia (e.g. coagu-
lation defects, infection at puncture site, and pre-
existing neurological deficits in the lower extremities).
This study was conducted in a randomized double-
blind way, randomization being carried out by sealed
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envelope assignment. All drug solutions were pre-
pared by an anaesthetist who was not involved in the
administration of anaesthesia or in observation of the
patients; thus, both the observer and the patients were
blinded to the patient groups and associated medi-
cation regimen.

None of the patients received any pre-medication.
Spinal puncture was performed at the L3–4 interspace
with a 25-gauge Quincke needle, using a paramedian
approach in the lateral recumbent position. The pa-
tients were randomly allocated into three groups of
20: group I received 15 mg tetracaine in 1.5 ml D10W
(Tetracaine lyophilized crystals, 20 mg vial, Kyorin
Pharmaceutical Co., Tokyo, Japan); group II received
15 mg tetracaine and neostigmine 50 mg in 1.5 ml
D10W (neostigmine methylsulphate 0.5 mg mlª1 vial,
Santong Pharmaceutical Co., Taoyuan, Taiwan); group
III received 15 mg tetracaine and neostigmine 100 mg
in 1.5 ml D10W. Immediately after administration of
the spinal analgesic, which was given over a 30-s time
period, the patients were positioned horizontally in
the supine position and they were required to main-
tain the same position throughout surgery. All pa-
tients were given 500 ml of compound sodium lactate
solution as a circulatory preload followed by an in-
fusion of 6–10 ml kgª1 hª1. Intraoperative intra-
venous sedation was provided with midazolam (1–5
mg).

Blood pressure was monitored every 3 min for the
first 15 min after drug administration, and then every
5 min thereafter. Patients were also monitored with
electrocardiography (ECG) and pulse oximetry. In-
cremental doses of ephedrine were given to those pa-
tients whose systolic blood pressure fell below 90
mmHg. Bradycardia (,50 beats minª1) was treated
with intravenous atropine (0.5 mg). Nausea and
vomiting were treated with metoclopramide (10 mg)
supplemented with intravenous droperidol (1–2.5
mg).

The level of sensory block was tested by pinprick,
and the time interval from drug administration to T6
sensory block was recorded. The severity of post-
operative pain was measured using a 10-cm visual
analogue scale (VAS) (0Ωno pain, 10Ωthe worst poss-
ible pain) during cough or movement at 2-h intervals
or whenever the patient requested analgesia. The 24-
hour VAS score reflected the patient’s assessment of
total pain experience for the previous 24 h post-IT
drug administration. Intramuscular diclofenac 75 mg
(Voltaren, Roche) was available if the VAS score was
4 or greater and patients were free to use it at their
discretion, to a maximum of 225 mg per day.

The duration of complete analgesia was measured
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from the time of drug administration to the time when
the VAS pain score was greater than zero. The time of
administering the first dose of diclofenac for post-
operative pain and the number of diclofenac adminis-
trations were also recorded. The duration of motor
block was recorded from the time of drug administra-
tion to the time when the patient was able to lift his
legs above the mattress. The incidence of adverse ef-
fects such as nausea, vomiting, dizziness, anxiety, and
pruritus was evaluated by a ‘yes’ or ‘no’ survey.
Respiratory depression was defined by a respiratory
rate ,10 breaths minª1. All evaluations were per-
formed and recorded at 2-h intervals for 24 h post-IT
drug administration.

The sample size (20 patients in each group) was cal-
culated to detect a prolongation of postoperative anal-
gesia of about 200 min compared with placebo with a
power of 0.88 and a P value of 0.05. Data were ana-
lysed by analysis of variance with the Kruskal-Wallis
test and Fisher’s exact test. A value of P,0.05 was
regarded as a statistically significant difference. Data
were expressed as mean ∫ standard error of the mean
(SEM) or mean and the 25th–75th percentile confidence
interval as appropriate.

Results

The three groups of patients studied did not differ
significantly with regard to age, weight, or height
(Table 1). No patients were excluded for any reason
after inclusion.

The onset of anaesthesia, as measured by the time to
reach T6 sensory block, was significantly earlier for
group II and III patients, mean values being, respec-
tively, (2.3∫0.9 min) and group III (1.6∫0.7 min) com-
pared with the mean for group I patients (5.5∫1.9 min)
(P,0.05; Table 2). Group III patients showed a much
longer duration of complete analgesia with an average
of 523 min, compared to 243 min for group I patients
(PΩ0.0010; Table 2). The mean time until the first dose
of diclofenac administration was longer for group III

Table 1

Demographic data of the three patient groups.

Group I II III

Number 20 20 20
Age (yr) 21.9∫0.7 21.8∫2.2 23.6∫9.9
Height (cm) 170.5∫6.7 171.8∫6.1 172.0∫4.5
Weight (kg) 67.5∫7.1 64.8∫11.3 64.4∫6.6

Demographic data among groups is not significantly different.
Data are mean∫SEM.
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Table 2

Postoperative data.

Group I II III P value

Number of patients 20 20 20
Onset to T6 anaesthesia (min) 5.5∫1.9 2.3∫0.9* 1.6∫0.7† 0.0361*

0.0199†

Duration of absolute analgesia (min) 243.7∫16.6 373.0∫62.7 523.2∫80.4† 0.0010
First diclofenac (h) 5.4∫1.2 7.1∫2.6 12.3∫3.5† 0.0024
No. of IM 75 mg diclofenac injections 2 (1–2) 2 (1–2) 2 (0–2) 0.0817
24-h VAS assessment 3.7∫0.8 3.1∫0.7 1.8∫0.5† 0.0043
Motor block duration (h) 4.1∫0.9 5.2∫1.3 6.4∫1.9† 0.0038

Number of 75 mg diclofenac IM injection are expressed as means (25%–75%).
Other data are expressed as means∫SEM.
*P,0.05 compared with group I.
†P,0.05 compared with group I.
Absolute analgesiaΩthe time of neostigmine administration to the time when VAS pain score was greater than zero.

patients (12.3∫3.5 h) compared within group I patients
(5.4∫1.2 h) (PΩ0.0024; Table 2). Again comparing
group I and III patients, there was no difference in the
number of IM diclofenac injections requested in the 24
h post surgery (PΩ0.0817; Table 2). The overall 24-h
VAS score was lower for group III patients (1.8∫0.5) as
compared to those in group I (3.7∫0.8) (PΩ0.0043;
Table 2). Motor block was significantly prolonged for
group III patients (6.4∫1.9 h) compared with group I
participants (4.1∫0.9 h) (PΩ0.0038; Table 2).

Patients in groups II and III demonstrated a highly
significant increase in the incidence of nausea and
vomiting compared with group I (P,0.05; Table 3).
Patients in group III also showed a significantly
higher incidence of dizziness and anxiety than those
in group I (P,0.05; Table 3). Pruritus and respiratory
depression were not observed in any of the patients.

Discussion

It has been reported that IT neostigmine produces an-
algesia in all species tested, but the degree of anal-
gesia produced depends upon the spinal cholinergic

Table 3

Side effects.

Group I II III P value

Number 20 20 20
Nausea/vomiting 3 (15%) 8 (40%)* 10 (50%)† 0.0273†

0.0382*
Dizziness 0 3 (15%) 14 (70%)† 0.0013†

Anxiety 0 2 (10%) 8 (40%)† 0.0021†

Pruritus 0 0 0
Respiratory depression 0 0 0

*P , 0.05 compared with group I.
†P , 0.05 compared with group I.
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tone (3). Hood and co-workers (4) have also demon-
strated that IT neostigmine administered at doses of
50–750 mg produced an analgesic effect and dose-re-
lated adverse effects such as nausea, vomiting, motor
weakness, and genitourinary stimulation. Given that
at a dose of 50 mg the analgesic effect was noted to be
insignificant, and, based upon Hood’s experience, we
chose to use neostigmine at a dose of 50 mg and 100
mg for our clinical study. Our result was consistent
with Hood’s report. Our study revealed that the dur-
ation of complete analgesia and the time for the first
dose of diclofenac was significantly longer at a dose
of 100 mg, but not at 50 mg, compared with the control
group.

The IT administration of cholinergic receptor
agonists or cholinesterase inhibitors produces an anti-
nociceptive effect, which is mediated by spinal mus-
carinic receptors in animals, this analgesia having also
been confirmed in human studies (1–4). The mechan-
ism of this spinal action is not clear, but autoradiogra-
phic studies reveal the existence of muscarinic recep-
tors, both M1 and M2, in laminae II and III of the
spinal cord (10–12). Retrograde transport studies have
demonstrated the absence of a continuous cholinergic
projection from the brain stem to the spinal cord for
the rat (18). Immunohistochemical studies in the rat
model have consistently revealed the presence of cell
bodies staining for choline acetyltransferase in lam-
inae III, IV, and V, which are dendritic, arborized to
laminae I, II, and III that predominantly process affer-
ent nociceptive impulses (13, 19). These results indi-
cate that the muscarinic cholinergic system of the
lumbar spinal cord is intrinsic. Intrinsic spinal cholin-
ergic terminals are presynaptic to primary afferents
(20). Taken together, these studies provide strong evi-
dence for the processing of afferent impulses of the
intrinsic spinal cord cholinergic system. We suggest
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that acetylcholinesterase inhibitors act on the ACH re-
leased from these intrinsic spinal terminals.

Neostigmine, an anticholinesterase inhibitor, may
cause an accumulation of ACH at the muscarinic re-
ceptors in the dorsal horn when administered intra-
thecally. Thus, increased spinal levels of ACH may au-
gument antinociceptive effect as a result of axonal
conduction block from spinal tetracaine. Such an ad-
ditive effect has previously been reported (8, 9). In our
study, the more rapid onset of anaesthesia to T6 and
the increased duration and quality of analgesia for
group III patients compared with group I values, re-
vealed an additive effect of the combined administra-
tion of IT neostigmine and tetracaine.

In preliminary dose–response studies in volunteers
and patients undergoing surgery, IT neostigmine pro-
vided analgesia when given at a dose Ø10 mg for sur-
gical patients, and Ø50 mg for volunteers (4–9). Some
studies have revealed that IT neostigmine produced
dose-independent analgesia (4, 6, 9). The lack of dose-
related analgesia suggests that a minimum effective
dose of IT neostigmine may not have been given and
maximal inhibition of spinal ACH esterase may have
occurred with the doses studied (6). It has been pro-
posed that the enhanced analgesic efficacy of neostig-
mine in the postoperative setting resulted from the
increased release of spinal ACH from the activation
of the descending noradrenergic/cholinergic antino-
ciceptive spinal system by ongoing pain (21, 22), as
compared to intermittent ice water immersion con-
stituting experimental pain for volunteers (4).

Several previous studies have failed to demonstrate
any observed behavioural or histological evidence of
neurotoxicity deriving from IT injection of preserv-
ative-free neostigmine in saline in animals (14, 15).
Similarly, Gürün and co-workers (16) also failed to
provide any evidence of neurotoxicity from IT in-
jection of neostigmine with preservatives of methyl-
and propyl-paraben in a glucose-containing solution.
Moreover, the neostigmine dose adjusted for weight
used in this study by Gürün and colleagues was 25–
200 times the clinically used dose (10–50 mg). Based
upon these observations, we believed that the dose of
neostigmine used in our study would not result in
any neurotoxicity. Neurological sequelae, including
persistent paraesthesia, sensory or motor deficits, and
bowel or bladder dysfunction, were reviewed in the
subsequent outpatient follow-up. None of the patients
in this study developed short- or long-term neurologi-
cal impairment or deficit during a 1-year follow-up
period.

Intrathecal neostigmine has been reported to pro-
duce nausea and vomiting in a dose-related manner
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in clinical studies (4, 6, 9). We also observed a signifi-
cantly higher incidence of nausea and vomiting as-
sociated with IT neostigmine at doses of 50 mg or 100
mg. This adverse effect is probably caused by the
cephalad migration of neostigmine to the brain stem,
because the nasuea and vomitting did not occur until
30–90 min after spinal drug administration. Similarly,
other adverse effects such as dizziness and anxiety are
suggested to be caused by the central cholinergic
stimulation because of cephalad migration of neostig-
mine in the cerobrospinal fluid (4). In our study, dizzi-
ness and anxiety were observed in 70% and 40% of
patients who received IT neostigmine 100 mg, respec-
tively. To minimize cephalad spread and, presumably,
subsequently reduce the incidence of nausea and
vomiting, the injection of neostigmine in a hyperbaric
dextrose solution while maintaining the patient in a
head-up position was suggested by Hood and co-
workers (4). We selected relatively low doses of neo-
stigmine (e.g. 50 mg and 100 mg) in hyperbaric tetra-
caine solution and purposely did not maintain a head-
up posture after the injection of the hyperbaric solu-
tion, in order to determine the prevalence of adverse
effects (e.g. nausea, vomiting, dizziness and anxiety)
as a function of neostigmine dose. In agreement with
Hood’s observation (4), both droperidol and metoclo-
pramide used in our study were ineffective in stop-
ping the vomiting. Both the nausea and vomiting re-
solved with time when the effect of the spinal neostig-
mine abated.

IT neostigmine can cause motor weakness of lower
extremities in animals and human volunteers by an
ACH-mediated reduction in the motor neuron out-
flow (4). The addition of 50 mg neostigmine prolonged
motor block from bupivacaine anaesthesia (17). In our
study, the motor block produced by intrathecal tetra-
caine was greatly prolonged by the addition of 100
mg neostigmine. Neostigmine-enhanced motor block
from spinal local anaesthetics may be useful in some
kinds of surgery, e.g. lower extremity surgical pro-
cedures requiring muscle relaxation (17).

In conclusion, in patients undergoing inguinal her-
niorrhaphy, IT neostigmine administered at 50 mg or
100 mg enhanced the onset of tetracaine analgesia and
provided analgesia for a period of about six to nine
hours. This anaesthetic mixture, however, especially
that containing neostigmine at 100 mg, caused a sig-
nificant increase in adverse effects, such as nausea,
vomiting, dizziness, anxiety, and prolonged motor
block, which might restrict the usefullness of IT neo-
stigmine as the sole analgesic. Efforts must therefore
be made to reduce these undesirable adverse effects
of IT neostigmine for it to be clinically useful. As has
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been demonstrated by previous reports, IT neostig-
mine could produce a dose-independent analgesia
and a dose-dependent incidence of adverse effects (6,
9). Combined administration of IT neostigmine and
morphine may provide better analgesia with fewer
adverse effects (5, 8). The combined administration of
low dose IT neostigmine, morphine and other ad-
juncts may provide improved postoperative anal-
gesia. However, further controlled studies are needed.
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