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Background: Intrathecal neostigmine produces analgesia in
volunteers and patients. However, the use of epidural neostig-
mine has not been investigated. The purpose of the current
study was to define the analgesic effectiveness of epidural
neostigmine coadministered with lidocaine and side effects in
patients after minor orthopedic procedures.

Methods: After Institutional Review Board approval and in-
formed consent, 48 patients (n = 12) undergoing knee surgery
were randomly allocated to one of four groups and studied in a
prospective way. After 0.05-0.1 mg/kg intravenous midazolam
premedication, patients were randomized to receive 20 mg intra-
thecal bupivacaine plus epidural lidocaine (85 mg) with saline
(control group); 1 pg/kg epidural neostigmine (1 pg group); 2
pg/kg epidural neostigmine (2 pg group); or 4 ug/kg epidural
neostigmine (4 pg group). The concept of the visual analog scale,
which consisted of a 10-cm line with 0 equaling “no pain at all”
and 10 equaling “the worst possible pain” was introduced. Post-
operatively, pain was assessed using the visual analog scale, and
intramuscular 75 mg diclofenac was available at patient request.

Results: Groups were demographically the same and did not
differ in intraoperative characteristics (blood pressure, heart rate,
ephedrine consumption, oxyhemoglobin saturation, sensory loss
before start of surgery, or duration of sensory motor block). The
visual analog scale score at first rescue analgesic and the incidence
of adverse effects were similar among groups (P > 0.05). The time
(min * SD) to first rescue analgesic was as follows: control group:
205 * 48; 1-pg group: 529 = 314; 2-ug group: 504 + 284; 4-ug
group: 547 + 263 (P < 0.05). The analgesic consumption (number
of intramuscular diclofenac injections [mean, 25th-75th percen-
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tile]) in 24 h was as follows: control group: 3 [3 or 4]; 1-ug group:
1[1 or 2]; 2-ug group: 2 [1 or 2]; 4-ug group: 2 [1-3] (P < 0.05). The
24-h-pain visual analog scale score (cm = SD) that represents the
overall impression for the last 24 h was as follows: control group:
5 £ 1.6; 1-pg group: 1.6 *+ 1.8; 2-ug group: 1.4 * 1.6; 4-pg group:
2.2 £ 1.9 (P < 0.005). The incidence of adverse effects was similar
among groups (P > 0.05).

Conclusion: Epidural neostigmine (1, 2, or 4 pg/kg) in lido-
caine produced a dose-independent analgesic effect (= 8 h)
compared to the control group (= 3.5 h), and a reduction in
postoperative rescue analgesic consumption without increasing
the incidence of adverse effects. (Key words: Arthroscopy; cho-
linergic; pain relief.)

INTRATHECAL injection of neostigmine increases con-
centrations of acetylcholine in the cerebrospinal fluid
and produces analgesia in animals' ', which is blocked
by the intrathecal administration of muscarinic antago-
nists.'~ Intrathecal neostigmine also produces analgesia
in humans with acute experimental and postoperative
pain.* "% In a series of clinical studies, intrathecal neostig-
mine doses, ranging from 25 pg to 100 ug caused a
dose-independent analgesic effect and a dose-related in-
cidence of adverse effects in patients undergoing vaginal
hysterectomy’ and orthopedic surgery,® with nausea and
vomiting being the most troublesome during the intra-
thecal anesthetic technique. Further study of patients
suggested that intrathecal neostigmine doses as low as 5
pg” or 10 ug' still had analgesic properties, with no or
a very low incidence of side effects.

The analgesia and side effects of epidural neostigmine
have not been investigated. This study was conducted to
evaluate analgesia and side effects of epidural neostigmine
coadministered with lidocaine in orthopedic procedures.

Materials and Methods

The Ethical Committee of the University of Sio Paulo
Teaching Hospital, Ribeirdo Preto approved the study pro-
tocol. After giving informed consent, 48 patients, American
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EPIDURAL NEOSTIGMINE-LIDOCAINE FOR POSTOPERATIVE ANALGESIA

Society of Anesthesiologists status I and II, scheduled for
minor orthopedic procedures were randomized to one of
four groups (n = 12 each) and prospectively studied using
a placebo-controlled double-blind design to evaluate anal-
gesia and adverse effects. The concept of visual analog
scale (VAS), which consisted of a 10-cm line with 0 equal-
ing “no pain at all” or “no nausea” (VAS N); and 10 equaling
“the worst possible pain” or “worst possible nausea” was
introduced before surgery.

Patients were premedicated with intravenous midazo-
lam, 0.05-0.1 mg/kg, in the holding room. Hydration con-
sisted of 10 ml/kg lactate solution preoperatively and 10
ml - kg ' - h ' after spinal anesthesia. The randomization
was computer generated. The epidural spinal injection us-
ing the loss-ofresistance-to-air technique and a 17-gauge
needle was performed in the operating room at the L3-L4
or L2-L3 interspaces with the patient in the sitting position.
The control group received saline as the epidural test drug
diluted with lidocaine. The 1-pug group received 1 ug/kg
epidural neostigmine as the test drug. The 2-ug group
received 2 pg/kg epidural neostigmine as the test drug; and
the 4-pg group received 4 pg/kg epidural neostigmine. The
neostigmine was diluted to a concentration of 50-ug/ml for
the 1-pug group; to 100 pg/ml for the 2-ug group; and to
200 pg/ml for the 4-ug group. This test solution was pre-
pared by one anesthesiologist. The second anesthesiologist
who was blinded to the preparation diluted the test solu-
tion to a final 10-ml volume with 1% lidocaine (approxi-
mately 85 mg lidocaine in the final preparation for all
groups). The epidural test drug (saline or neostigmine) in
lidocaine was injected slowly (= 2 min) after a 3-ml test
dose. Immediately after the epidural injection, 20 mg hy-
perbaric bupivacaine (4 ml) was injected at the rate of 1
ml/7 s through a 25- or 27-gauge intrathecal needle in the
interspace bellow. Patients were placed in the supine po-
sition after spinal injection.

Intraoperative sensory loss was assessed by pin prick at 5
and 10 min after the injection. Blood pressure was moni-
tored noninvasively every 5 min throughout surgery, and
heart rate and oxyhemoglobin saturation (Sp,, ) were con-
tinuously monitored throughout surgery. A decrease in
mean arterial pressure greater than 15% below preanes-
thetic baseline was treated by incremental doses of ephed-
rine, 4 mg intravenously. Decreases in heart rate less than
50 beats/min were treated with incremental doses of atro-
pine, 0.25 mg intravenously. The patient using the 10-cm
VAS N scored nausea. The number of patients having nau-
sea (of any degree) or vomiting at any point intraopera-
tively was noted. Nausea greater than 2/10 (measured by
the VAS pain score) or vomiting were treated with 20 mg
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intravenous metoclopramide followed by 0.5 mg intrave-
nous droperidol, if necessary.

Postoperative assessment included pain scores at fixed
intervals (3, 6, 9, 12, 24 h) and adverse effects and the
duration of motor block, measured from anesthetic
injection until the time to reach Bromage 2 score.''
Postoperative nausea and occurrence of vomiting were
assessed postoperatively at fixed intervals. Metoclopra-
mide, 20 mg intravenously, followed by droperidol, 0.5
mg intravenously, if necessary, were administered when
VAS N was more than 2 cm or during occurrence of
vomiting. Duration of effective analgesia was measured
as time from the spinal drug administration to the pa-
tient’s first request for analgesic administration in the
recovery room, recorded in minutes. The VAS at the time
of first rescue analgesic medication was measured using
the 10-cm VAS. Intramuscular diclofenac, 75 mg, was
available if requested by the patient. The 24-h VAS pain
score and VAS N reflected the patient’s overall impres-
sion of the 24 h after spinal injection.

Statistical Analysis

The number of subjects per group (n = 12) was based
on previous preliminary experience. We hypothesized
that epidural 4pg/kg neostigmine would increase the
time to first rescue analgesic by 100% when compared to
control group. If we estimated a standard deviation for
this prospective power analysis at 40% and an « value of
0.05, these assumptions would require five patients in
each group to see a 100% increase in the time the first
rescue analgesic. To further increase the power we
elected to observe 12 patients in each group. Groups
were compared for demographic data (age, weight, and
height) by one-way analysis of variance. Incidence of
adverse events, gender, and site of primary disease were
compared among groups by chi-square analysis cor-
rected for multiple tests (P < 0.05 or 0.0125). The time
to first rescue analgesics was compared among groups
by one-way analysis of variance. VAS scores were com-
pared among groups by two-way analysis of variance for
repeated measures.'” Tukey Honest analysis was applied
to correct P values. P < 0.05 was considered significant.

Results

The four groups did not differ with respect to gender,
American Society Anesthesiologists status, weight, age,
and height. The distribution of the types of surgical
procedures was similar among groups (table 1). The
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Table 1. Demographic Analysis

Type of Surgery

Gender ASA Status Weight Height (knee arthroplasty/arthroscopy,
Group (male/female) (1711 (kg)* Age (yr)* (cm)* meniscus repair)
Control o/ 9/3 62 = 12 3ilFe=s19 164 = 16 3/9
1 pg/kg neostigmine S/ 8/4 BHIEH5 34 + 16 1615210 3/9
2 ng/kg neostigmine 5/7 8/4 65 =413 35 =19 165811 3/9
4 1g/kg neostigmine 6/6 8/4 67 = 18 34 = 15 160 = 14 2/10
2 0.9999 0.9999 0.9139 0.955 0.8261 0.9044

* Data are mean *+ SD

surgical time, anesthetic time, level to pin prick at 5 and
10 min, and intraoperative ephedrine consumption were
also similar among groups (table 2). The mean blood
pressure and heart rate at regular intervals after the
spinal injection were also the same in all groups.

The postoperative pain data are described in table 3.
The VAS score at first rescue analgesic was the same
among groups. The time (min) to first rescue analgesic
was greater for all three neostigmine groups (500-547
min) versus the control group (205 *+ 48 min) (P <
0.05). The number of intramuscular diclofenac injec-
tions ([median, 25th-75th percentile]) during the first
24 h postoperatively was less for the 1-pg group, (1 [1 or
2]); 2-pg group (2 [1 or 2]); and the 4-ug group (2 [1-3]),
all compared to the control group (3 [3 or 4]) (P < 0.05).
The 24-h-pain VAS score that meant the overall impres-
sion for the 24 h after the spinal punction was also less
for the 1-ug group (1.6 = 1.8), 2-ug group (1.4 * 1.6),
and the 4-pg group (2.2 = 1.9), all compared to the
control group (5 * 1.6) (P < 0.005). Figure 1 displays
the VAS pain scores for the groups at fixed intervals.

There were no differences regarding the incidence of
perioperative adverse effects. Intraoperatively, none of
the patients complained of nausea or vomiting. One
patient from the 1-pg group and one from the 4-pg
group had bradycardia 40 and 180 min, respectively,
after the spinal injection and were treated with intrave-
nous atropine. Postoperatively, two patients from the
control group (VAS N = 2 and 10 c¢m), three patients

Table 2. Intraoperative Data

from the 1-ug group (VAS N = 2, 4, and 5 cm), two
patients from the 2-ug group (VAS N = 3 and 7 ¢m), and
one patient from the 4-ug group (VAS N = 10 cm)
complained of nausea or occurrence of vomiting during
breakfast the next morning. The 24-h-nausea VAS scores
that meant the overall impression for the last 24 h since
the spinal puncture (mean = SD, cm) were as follows:
control group (1 = 3) = 1-ug group (1 * 2) = 2 ug
group (1 £ 2) = 4-ug group (1 = 3) (P = 0.9402).

Discussion

This clinical research has shown a dose-independent an-
algesic effect of 1, 2, and 4 pg/kg epidural neostigmine
combined with =~ 85 mg lidocaine in minor orthopedic
procedures, compared with lidocaine in saline. This was
reflected by the time to first rescue analgesic (8 h com-
pared to 3.5 h for the control group) and rescue analgesic
consumption during the first 24 h postoperatively.

We hypothesized that the analgesia mediated by epi-
dural neostigmine is caused by the drug spread into the
cerebrospinal fluid at approximately Yo of the initial
epidural dose administered. Neostigmine is a hydrophilic
molecule, similar to morphine. Only 10-20% of an ex-
tradural dose of morphine crosses the dura mater into
the cerebrospinal fluid. This is reflected in the higher
doses used by this route: 10 mg extradural morphine
daily is equivalent to 1 mg daily intrathecal morphine."?
The translation of these data to the use of epidural

1 ng/kg 2 pg/kg 4 ng/kg
Control Neostigmine Neostigmine Neostigmine P
Surgical time (min) 123 = 19 1{09F==182. 125 = 45 125825 0.7265
Anesthetic time (min) 177 =186 1561==819 172 £ 24 194 + 48 0.1291
Level to pinprick at 5 min tef s 2 81£12 T2 82 0.6399
Level to pinprick at 10 min (5552 (§az Szt (& 2= 2 0.3446
Ephedrine consumption Aol a= &) 3+ 4. 21348 2.2° 1413 0.9720

Data are mean + SD.
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Table 3. Postoperative Pain Data
1 ng/kg 2 ng/kg 4 pg/kg
Control Neostigmine Neostigmine Neostigmine
Time for first rescue analgesic (min)* 205 + 48 529 + 314 504 + 284 547 + 263
VAS score at first rescue analgesict =2 Bi=2, == 6 =2
Number of intramuscular diclofenac
injections in 24 hf 3 (3—4) 1(1-2) 2 (1-2) 2 (1-3)
VAS 24 h§ 5YEN116 148 22 LS 14 +16 2:20E811Y

Number of intramuscular diclofenac injections are expressed as median (25th-75th percentile). Other data are mean + SD.

* Control group differs from 1, 2, and 4 ug groups; control group versus 1 ug group (P = 0.023045); control group versus 2 ug group (P -

group versus 4 pg group (P = 0.011746).
tP = 0.7641.

0.023450); control

¥ Control group differs from 1, 2, and 4 ug groups; control group versus 1 g group (P = 0.003848); control group versus 2 ug group (P = 0.001226); control

group versus 4 ug group (P = 0.028562).

§ Control group differs from 1, 2, and 4 g groups; control group versus 1 ©g group (P = 0.00454); control group versus 2 ug group (P = 0.000303); control group

versus 4 g group (P = 0.004211).

neostigmine obeyed a simplistic thought: to determine a
dose with which to start. As previously described, the
literature suggests that low intrathecal neostigmine
doses, such as 57 or 10 ug'’ can be effective as part of
multimodal analgesia for pain relief. The administration
via epidural of ten times the lowest known effective
intrathecal neostigmine dose (5-10 pg), could show
some analgesic effect for treating postoperative pain.
Consequently, intrathecal 10 pg would be somewhat
related to 100 pg epidural neostigmine (or 2 pg/kg for
an average 50-kg patient), and 5 pg intrathecal neostig-
mine would be related to 1 pg/kg epidurally. Spinally
administered drugs reach their sites of action by diffu-
sion into the spinal cord and roots, and the effects of a
highly polar compound, such as neostigmine, may differ
depending on the depth of tissue it must penetrate to
act. However, the possibility of a dural puncture enhanc-
ing the movement of the epidurally administered
neostigmine into the subarachnoid space, as it has been
shown in sheep, after the spinal administration of sufen-
tanil'* cannot be excluded. Intrathecal neostigmine pro-
duces analgesia in animals', volunteers,* and patients’”
8,10 as a result of inhibiting the breakdown of the central
neurotransmittor acetylcholine. Spinal muscarinic (M1
in sheep) receptors are believed to be involved in the
analgesic properties of spinal neostigmine.'* Autoradio-
graphic studies have shown muscarinic binding in the
substantia gelatinosa and, to a lesser extent, in the lam-
inae III and V of the dorsal gray of the spinal cord,"’
coincident with opioid and adrenergic sites. Moreover,
the analgesia mediated by spinal «,-adrenergic agonists
is in part mediated by cholinergic activation.'®
Whether the same neostigmine doses used (1, 2, or 4
pg/kg) without local anesthetic would alter the analge-
sic profile is unknown and deserves further elucidation.
It is possible that the small dose of epidural lidocaine has
potentiated the neostigmine analgesic effect, and addi-
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tive neostigmine doses would be ineffective. In addition,
the lack of a dose-response for analgesia suggests that
doses less than 1 ug/kg neostigmine should be tested
before defining the ideal epidural dose. In a separate
“part II" section of this study, five other patients were
blinded study to compare 0.5 pg/kg epidural neostig-
mine in saline and 1 pg/kg epidural neostigmine in

10
©— control group
iy El=y mcg group
g9 A 2 mcg group
~V~ 4 mcg group
8 -

Pain Visual Analog Scale (0-10 cm)

-1 T T T T T
3 6 9 12 24

Time (hours)

Fig. 1. Mean visual analog scores for postoperative pain at fixed
intervals. Data are expressed as the mean * SD. P values compar-
ing visual analog scores at the same time range. 1-pug group —
1-pg/kg neostigmine group; 2-pg group — 2-pg/kg neostigmine
group; 4-pg group — 4-pug/kg neostigmine group. * P < 0.05 (anal-
ysis of variancefor repeated measures, Tukey Honest analysis).
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saline. By the results of these five patients, we could see
that, although 1 pg/kg neostigmine with lidocaine gave
8 h of postoperative analgesia (original work), 1 ug/kg
neostigmine without lidocaine gave approximately 6 h
of analgesia. The 0.5-ug/kg neostigmine group displayed

+ h of postoperative analgesia. The data from part II of

the study suggests that going below 1 ug/kg epidural
neostigmine may be inadvisable; however, the small
number of patients is a limitation. A second possibility is
that the lowest neostigmine dose (1 pg/kg) maximally
potentiated the analgesic effect of lidocaine. During spi-
nal and epidural anesthesia, the neurons of the dorsal
horn are exposed to local anesthetics, which, in relevant
concentrations, will block Na™ and K, currents but not
delayed-rectifier K* currents in spinal dorsal horn neu-
rons. Nevertheless, this would require a dose-response
study of epidural neostigmine alone for elucidation.

In addition to the spinal mechanism of action, neostig-
mine displays peripheral''® and supraspinal'” analgesic
activity. The analgesic action of systemic anticholinesterase
drugs such as physostigmine is believed to be a result of
indirect stimulation of spinal muscarinic M1 receptors and
supraspinal muscarinic M1 and M2 and nicotinic cholin-
ergic receptors.””?! Peripherally, a tenfold higher dose of
intraarticularly administered neostigmine alone,'® rather
than an analgesic effective dose of spinally delivered
neostigmine alone,’ produced analgesia. Intraarticular ad-
ministration of the enzyme inhibitor neostigmine might
cause an analgesic effect by increasing endogenous acetyl-
choline levels at the peripheral nociceptor to act at local
muscarinic M1 and M2 receptors,'® an action reversible by
local administration of atropine.’ Although neostigmine has
been shown to cause analgesia after spinal and peripheral
administration,” the dose necessary to achieve analgesia
after peripheral administration™'® seems to be higher than
the intrathecal and epidural doses necessary for the obtain-
able analgesic effect, which suggests a spinal rather than a
peripheral mechanism of action of epidural neostigmine.

In conclusion, epidural neostigmine doses ranging from 1
pg/kg to 4 pug/kg combined with 85 mg lidocaine caused a
dose-independent analgesic effect, resulting in 8 h of post-
operative analgesia with low incidence of adverse effects in
patients after minor orthopedic procedures.
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