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Background: Anrantadine is known to be a noncompetitive
N-methyl->aspartate receptor alrtagonlst and may be useful ln
preventing postoperative central sensitization, acute opioid tol-
erance, and oplold-lnduced hyperalgesla, thereby decreasing
pain and analgesic requirements. Tlre alm of this pllot study
was to evaluate the effects of perloperatlve oral amantadine on
postoperatlve pain and analgesic consumptlon.

Metbods: I\nienty-four patients scheduled to undergo radlcal
prostatectomy were given oral amantadlne before and after
su{gery ln a randomlzed, double-blin4 placebo-controlled
manner. After surgery, patlents received lntravenous patient-
controlled analgesta with motphine for 48 h. Wound paln in-
tensity, sensltlvity to mechanical pressure around the surgical
wound, and incldence of bladder spasm paln were assessed.
Blood samples were drawn for analysis of amantadine, mor-
phine, and the motphine metabolites. Adverse effects and pa-
tlent satlsfaction wete assessed.

Resuhs: The cumulative morphine consumption was slgnifi-
cantly lower ln tlre amantadfure group at all tlme polnts (except
at 48 h), amouftfurg to a 32o/o reducdon over the 4&h period.
Forty-etght hours after surgery, visual analog paln scores to
pressure applted near the wound were slgnlficantly lower in
the amantadlne gfoup than in the placebo group. In additlon,
the number of patlents reportlng bladder spasm pain was slg-
nificantly lower ln the amantadlne group, Plasma concentra-
tion of morphine-l-glucuronide was slgnificantly lower at the
end of surgery ln the amantadine group. Pharrnacokinetlc anal-
yses showed that the plasma clearance of morphlne at22-24h
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after surgery was also signlficantly lower in the amantadlne
group.

Cotrchtsloru The results suggest that pedoperative otalaman-
tadine reduces postoperative opioid consumption by pharma-
coklnetic mechanisrns, although addltlonal pharmacodynamic
lnteractions may also be involved-

CURRENTLY, " large body of evidence indicates that
inadequate treatment of acute pain can have long-lasting
effects. Brief noxious stimulation and frank injury may
have profound effects on the central nervous system that
long outlast the injury.l Inraoperativc as well as post-
operatiye pain results in a "barnge" of nerve impulses
entering the spinal cord and the release, from small-
diameter afferent C fibers, of excitatory amino acids and
neuropeptides that induce a state of hyperexcitability in
spinal dorsal horn neurons, leading to prolonged post-
operatiye pain. This central nervolrs system plasticity,
resembling a sort of "pain memory," is referred to as

central sensitization and may contribute to persistent
pain.

The N-methyl-o-aspartate (NMDA) receptor plays an
important role in the process of central sensitization.2'3
Excitatory amino acids, such as glutamate and aspartate,
ectivate the NMDA receptor, leading to an increase in
intracellular calcium and activation of second messen-
gers, which stimulate protein kinases and nodify neurG
nal excitability. NMDA receptor activation may also prr>
duce longer-lasting changes by stimulating new gene
expression.

The role of the NMDA receptor in the development of
central sensitization, acute opioid tolerance, and opioid-
induced hyperalgesia has led to renewed interest in
NMDA receptor antagonists for clinical use irl hu-
mans.t'4'5 Ketamine (for review, see Schmid et at.5 and
dextromethorphanT'8 have been studied almost to the
exclusion of other clinically available substances that
antagafiize the NMDA receptor-ion channel complex,

One of these substances is amantadine (l-aminoada-
mantane). Amantadine has been in clinical use for more
than 2O yr, afid although it is used primarily for the
treatment of Parkinson disease and as an antiviml drug,
evidence shows amantadine to be a noncompetitive
NMDA-receptor antagonist.e'ro Therefore, amantadine
may be useful in decreasing pain and analgesic require-
ments, possibly by preventing postsurgical central sen-
sitization, acut€ opioid tolerance, and opioid-induced



hyperalgesia. This randomized, double-blind, placebo-
controlled pilot study was designed to evaluate tlre post-
operative analgesic and opioid-sparing effects of aman-
tadine given orally ov€r the perioperative _pctiod in
patients undergoing radical prostatectomy.

Materials and Methods

Selection and Randomization of Patients
Approval to conduct the study was obtained from the

Toronto Hospital Committee for Research on Human
Subiects (Toronto, Ontario, Canada). Eligible irldividuals
were men scheduled to undergo radical retropubic pros-
tatectomy. Inclusion critefia were the ability to speak
Englislr; age 18-75 yr; American Society of Anesthesiol-
ogists physical status class I-I[; stable or no significant
central nefvous system, respiratory, cardiac, hepatic, re-
nal, or endocrine dysftlnction and/or any significant se-

quelae; no history of significant psychopathology; no
history of chronic pain or chronic use of opioid and
nonopioid analgesics; no previous allergies or adverse
reactions to amantadine or opioid analgesics; no inges-
tion of antitussive medication (dextrornethorphan)
within 48 h after surgery; no history of alcohol or drug
dependency/abuse; and a body weight between 50 and
9O kg witlr a body mass index of 3O kg/m2 or less.

A member of the Acute Pain Research Unit saw all
eligible patients in the preadmission clinic, where they
were scfeened for suitability atd interest. Patients were
informed of the nature of the study and introduced to
the visual analog scale (VAS), the patient-controlled an-

algesia (PCA) pump, and pressure algometry.
For the purpose of this preliminary study, it was de-

cided to recruit 20 patients. Based on an anticipated
attrition rate of l5-2O% due to complications, adverse
effects, protocol violations, and patient withdrawal, a

total of 24 patients were recmited.
Patients were randomly assigned to one of two groups

based on a predetermined randomization scheclule.Ir
Patients in the amantadine group received amantadine in
a dose of 2OO mg on the evening before surgery; 20O mg
at t h before surgery; and 100 mg at 8, 2O, and32h after
surgery. Patients in the placebo group received placebo
capsules at the same time as the patients in the amanta-
dine group. Amantadine and placebo capsules were pre-
pared by the Toronto General Hospital Pharmacy. One
wlrole 100-mg amantadine capsule (Lot: 9AD0721.; exp.:
November 2001; Endo Pharmaceuticals, Chadds Ford,
PA) was inserted into a No. 2 empty red gelatin capsule.
Itor placebo capsules, No. 2 empty red gelatin capsules
were fiIled with Lactose powder Q.:ot: 127665/12243;
Bio-Health, Dawson Traders Limitecl, Toronto, Ontario,
Canada).'fl:ie amaotadine and placebo capsules were
coded and dispensed on a patient-by-patient basis by the
pharmacy along with a sealecl, opaque envelope contain-
ing the patient's number and group allocation. If the

attending anesthetist/Acute Pain Service physician deter-
mined it to be necessary for optimal patienr -rnanage-
ment, the envelope was to be opened and the code was
to be broken.

'fhe study was double blind in that all patients and
personnel involved in patient care, data collection, scor-
ing, and entry were unaware of the group to which the
patient had been assigned.

General Anestbesia
Midazolam, l-2 mg, was administered intravenously to

all patients 10 min before the anticipated time of induc-
tion of general anesthesia. A dosage ot2.5 S.tgkgfentanyl
was administered 6O s before induction with thiopen-
tone (3-5 mg/kg). Muscle relaxation and tracheal intu-
bation were facilitated with focuronium bromide (O.6-
O.9 mg/kg). Anesthesia was maintained with 60%/40%
N2O-O2 and isoflurane aimed at an end-tidal concentra,
tion of 0.6%. Muscle relaxant was given as necessary.
Morplrine (75 p,g/kg was given intravenously to main-
tain blood pressure and heart rate within 1O% of baseline
yalues. At the conclusion of surgery, neuromuscular
blockade was reversed (when necessary) with neostig-
mine (O.O5 mC/kC) and glycopyrrolate (O.01 mg/kg).
During the surgical procedure, patients were continu-
ously monitored with an electrocardiogram, a pulse
oximeter, a temperature probe, and an end-tidal carbon
dioxide and end-tidal gas analyzer.

P o stop eratiu e P ain M anage me nt
Immediately on arival in the PACtl, the PCA pump

(Abbott Life Care Infuser; Abboct laboratories, Chicago,
IL), loaded with morphine, was attached to the patient's
inffavenous access. When the patient reported pain, a
loading dose of 50 pg/kg morphine was given through
the PCA pump by the attending nurse. If the parient
continued to experience pain, ftrrther increments of
50 1tglkg were gil'en through the PCA pump unril the
patient was comfortable. Every 10 min during the pa-
tient's stay in the PACU, the patient was asked whether
he needed pain relief. An affrrmative response was fol-
lowed by administration of another 50 1-r,g/kg bolus of
morphine. This procedure was continued until the pa-
tient no longer requested pain relief and/or was alerf
enongh to use the PCA pump himself.

The PCA pump was programmed to administer a bolus
of 1 mg morphine with a lockout time of 5 min and a
4-hotrrly maximum dose of 4O mg. No background infu,
sion was clelivered. PCA was continued until the end of
the study, 48 h after surgery. Alter the patient was
transferred from the PACU to the ward, the PCA pump
was the sole method of providing pain relief and was
o\zefseen by the research team and the Acute Pain Ser-
vice of the Department of Anesthesia. No other analge-
sics were aclministered cluring the study periocl. If the
patient rated his pain as 6 or higher on a VAS for a period



of t h, the PCA bolus dose was increased to 1.5 mg
morphine. When required, bladder spasm pain was
treated with 5 mg oxybufynin three times a day.

If a patient required intravenous analgesia beyond the
4&h study period, PCA morphine was continued as per

_!he Acute Pain Service protocol.

Pain Assessment Instrurnents
Visual Analog Scale. The VAS provides a simple,

efficient, and minimally intrusive measure of pain inten-
sity that has been used widely in research settings in
which a quick index of pain is required and to which a
numerical value can be assigned.t'f'he VAS consists of a
10-cm horizontal line, with the two endpoints labeled
"no pain" and "worst possible pain," respectively. The
patient marked the lo-cm line at the point that corre-
sponded to the leyel of pain intensity experienced at that
time. The distance (in centimeters) from the low end of
the VAS and the patient's rnark was used as a numerical
index of pain intensity. Pain was assessed with patients
at rest (VAS-R) at l, 2, 3, 6, 12, 24, 36, and 48 h after
slrrgery. Pain was also assessed after standardized mobi-
lization CVAS-I{) at 24 and 48 h by asking patients to roll
fron a supine to a side-lying position and perform fwo
maximal inspirations before rating their pain.

McGill Paln Questionnaire. The McGill Pain Ques-
tionnaire (MPQ) was developed by Melzackr3 to obtain
quantitative and qualitative measures of the experience
of pain. The MPQ yields rwo global scores, the pain
rating index and the present pain intensity, which have
been found to provide valid and reliable measures of
pain.r2'r3 The pain rating index is the sum of the rank
values of the words chosen from 2O sets of qualitative
words, with each set containin€i two to six adjectives
that describe the sensory, affective, and evaluative prop-
erties of pain. The lists of pain descriptors are read to the
patients, who are asked to choose the word in each
category that best describes their pain at the moment.
The present pain intensity is rated on a scale of O-5 as

follows: O : none, 1 : milcl, 2 : discomforting, 3 :
distressing,4 : horible, and 5 : excruciating. The
MPQ was administered at 24 and 48 h after surgery.

Pressure T1rreshold Meter. Sensitivity to mechanical
pressure around the surgical wound was assessed using
a Pressure Threshold Meter (Pain Diagnostics and Ther-
mography Inc., Great Neck, NY). The Pressure Thresh-
old Meter is a force gauge with a rubber tip (1 cm2 in
diameter) and a lo-kg range in 0.1-kg divisions. The
Pressure Threshold Meter is nsed to obtain quantitative
assessments of muscle/deep tissue tenderness in re-

sponse to applied pressure.tn The pain pefceptioll
threshold was determined by applylng pressure and re-

cording (in kglcm2) the level at which the patient first
reported pain. The patient then rated, on a 10-cm VAS,

the intensity of the pain induced by the Pressure Thresh-
old Meter. Baseline pain pcrception thresholds were

obtained from the left ald right of midline on the abdo-
men at the level of T9 on the morning of surgery before
the operation. Postoperatively, pain perception threslr-
oldswere obtained 5 cm from the left and right edges of
the wound dressing at 24 and 48 h after surgery.

-- 
irrnrr*"nt of Aduerse Effects
Sedation. Postoperative sedation was assessed at 1.,2,

3,6, 12,24,35, and 43 h after surgery using a five-point
modified sedation scale (0 : alert and orientated, 1 :
awake but drowsy, 2 : sleeping but arousable by verbal
c-ornmands, 3 : sleeping but arousable by tactile stimuli,
and 4 : comatose).rs

Nausea and Vomiting. Postoperative nausea and
vomiting were assesse d at L, 2, 3, 6, 12, 24,36, and 48l'r
after surgery. Nausea was measured using a 10-cm hori-
zontal VAS with endpoints labeled "no nausea" and "ex-
treme nausea." At the end of the study, a retrospective
overall nausea score was obtained using the same scale.
Vomiting was assessed as present or absent.

Pruritus. Postoperative pruritus was assessed at"l.,2,
3, 6, 12, 24, 35, and 48 h zrfter surgery using a 10-cm
horizontal VAS with endpoints labeled "no itching" and
"extreme itching."

Other Adverse Effects. The presence of insomnia,
dizziness, nefvousness, and dry mouth was assessed at
24 and 48 h after surgery using a four-point scale (0 :
none, 1 : mild, 2 : moderate, and 3 : severe).

Pa.tient Satisfaction
A four-item satisfaction qlrestionnaire was adminis-

tered at the end of the study to all patients (1 : very
dissatisfred, 2 : somewhat dissatisfied, 3 : somewhat
satisfied, and 4 : very satisfied). Patients rated their
satisfaction with the care they received from their ph;.
sician, nurses, and other staff and their pain control ancl
overall hospital experiencc.

Analysis of Plasma Ancantadine, Morpbine, and
Morpbine Metabolites
For analysis of amantadine and morphine plasrna con-

centrations, a venous bloocl sample was taken t h before
induction of anesthesia Sefore the second dose of aman-
tadine was administered), immediately after skin closure,
atd at 24 and 48 h af\er surgery. Blood samples were
collected in 10-ml heparinized tubes and centrifuged
immediately, and the plasma was remoyed and kept at

-2O"C until analysis. 'We used the method reported by
Rras et a1.16 for the analysis of amantadine. For quantifi-
cation, plasma samples were extracted with toluene,
converted to acetylamantadine, and then analyzed by gas

chromatography using a nitrogen-specific detector.
For analysis of rnorphine, morphine-3-glucoronide

(M3G), and morphine6-glucoronide (M6G), plasma sam-
ples were extracted using a solid-phase extraction
method described by Gerostamoulos and Drummer,r7



with hydromorphone as the internal standard. After the
extraction a{rd recons[itution, samples were quanti.fied
by high-perfonnance liquid chromatography with both
electrochemjeal and fluorescent detection according to
Meng et al.r8

S t a ti s ti c o. I An aljt s i 5

Data were analyzed using the Statistical Package for the
Social Sciences (SPSS for Vindows, release 9.O; SPSS,

Chicago, IL) and Primer of Biostatistics (version 4.0;
McGraw-Hill, New York, NY).re Background demo
graphic aataiia clinical variables were comparecl using
twctailed t tests (for continuotrs data) and Pearson chi-
sqwrre tests (for frequency data). No intent-totreat anal-
ysis was performed.

Primary Outcome Measure. Cumulative morphine
consumption was analyzed by one-tailed / test.

Secondary Outcome Measure. Morphine consump-
tion befween intervals bounded by VAS pain scores at
rest (VAS-R) was analyzed by t tests using the Bonferroni
type I efror rate corection for multiple comparisons
(o/n). VA$R, VAS pain scores on movcment (VAS-M),

andpan perception threshold were analyzed by analysis
of variance or analysis of covariance (using the baseline
value as covariate). MPQ total pain rating index and MPQ
present pain intensity were analyzed by Mann-W-hitney
U test. Adverse effects and patient satisfaction scores
werc analyzed by Pearson chi-square test for twGway
tables.

Pharmacokinetic Analysis. The clearance rate of
morphine was calculated in those patients who did not
use PCA morphine from 22 to 24 h after surgery (three
patients per p;roup), assuming a steady state, and also for
the group as a whole. This clearance fate was calculated
by the ratio of the total PCA morphine used between 22
and 24 h and the resultant serum concentration of mor-
phine measured at 24 h after surgery. Clearance rate was
normalized for body weight zurd compared befween the
amantadine and placebo groups by fwo-tailed t test.
Serum concentrations of morphine and its metabolites
M3G and M6G were also compared between the groups
by fwo-tailed t test.

All data are presented as mean + SD unless otherwise
specified. P
significant.

Results

I'fuee patients withdrew from the study. One patient
in the placebo group decided against participating in the
study on the morning of surgery before the procedure.
Another patient in the placebo gfoup was given addi-
tional analgesics (nonsteroidal antiinflammatory dnrgs)
after surgery. One patient in the amantadine group with-
drew on the morning of the scheduled procedure be-

Table 1. Demographic and Cllnlcal Infomatlon Obtained at
the Prrcadmission Vlsit

Amantadine

Age, yr
Height, cm
Weight, kg
Body mass index, kg/m2
Frequency of ASA status (l:ll:lll)
Preoperative pain, lo
No. of previous surgical

procedures
Days between preadmission and

surgery
Baseline PPT, kglcm2

59 + 4.9
178 + 6.8
89 + 16.8
28 x.4.3

2:B:1
JO

1.7 + 1.1

10 + 3.8

8.3 + 1.9

Data are mean t SD unless otherwise stated.

ASA = American Society of Anesthesiologists; PPT = pain perception
threshold.

cause his surgery had been cancelled. These three pa-
tients were not followed up after withdrawal, and their
postoperative pain was treated as per the Acute Pain
Service protocol. Therefore, data are available from 1O

patients in the placebo group and 11 patients in the
amantadine group. There were no significant diff'erences
between the groups in demographic and clinical vari-
ables (tables I and 2).

Morpbine Consun'tption and Pq.ht Scores
Cumulative morphine consumption was significantly

lower in the amantadine group compared with the pla-
cebo group at all time points, except at 48 h af\er
surgery (P : 0.O515; flg. 1). The mean difference of 24
mg represents a 32% reduction in morphine consump-
tion over the 48 h period (amantadine:51.4 +- 24.O mg;
placebo: 75.3 X. 38.9 mg). Morphine consumption be-
twe€n intervals bounded by VAS-R pain assessments was
signi-ficantly lower in the amantadine group compared
with the placebo in the first hour after sutgery (P :
O.0O4) but not afterward, although the latter group con-
sistently required more morphine across the entire study
period (f,e. 2).VAS-R pain scores did not differ signifi-
cantly between the gfoups over time, consistent with

Table 2.Intraoperatlve Data fot the TSo Groups

Amantadine

61 "r 7.2
179 + 6.1
83 + 9.5
26 + 2.9

6:4:0
30

2.1 + 1.5

11 + 7.3

8.3 + 2.7

Time between preoperative

capsule and incision, min
Surgery duration, min
Time between closure and arrival

in PACU, min
Total morphine during surgery, mg
Total fentanyl during surgery, prg

Fluid intake, ml
Crystalloid intake, ml
Colloid intake. ml
Blood loss, ml
Urine output, ml

101 + 39.5

188 + 73.8
17.4 * 6.4

12.5 + 6.4
211 ! 28.7

4,550 11,531
3,450 + 1,136

950 t 284
1,170 + 596

389 -f 343

98 + 37.7

169 + 36.2
22.9 + 9.4

12.8 + 4.6
224 + 37.7

4,564 -t 871
3,527 a 535

955 :L 350
980 + 334
334 + 363

Data are mean + SD.
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Fig. 1. Cumulative patient-controlled analgesia morphine con-
sumptlon. Statlstically significant dlfferences were noted at all
time polnts except at 48 h after surgery (*P < 0.05, tP = O.0515,
one-talledt test).

the appropriate use of the PCA pump (fig. 3). The num-
ber of patients reporting bladder spasm pain was signif-
icantly lower in the amantadine group at 48 h (P :
O.O2), and the pain was less intens€ (table 3).In addition,
at 48 h after surgery, sensitivify around the surgical
wound as measured with pressure algometry was signif-
icantly lower in the amantadine group compared with
the placebo group (P : O.O4; table 3). Significant differ-
ences between the groups were not found in the MPQ
scores at any time point (data not shown).

Aduerse Effects and Satisfaction Scores
The incidence of adverse drug effects did not differ

signitrcantly between the groups (data not shown). At
the end of the study, all patients reported being "some-
what" or "very" satisfied with the quality of care they
received across the five satisfaction indicators. The only
indicator that showed a significant difference between

Hours after surgery

Flg. 2. Patient-controlled analgesia rnorphlne consumption be-
tween intervals bounded by vtsual analog pain assessments ln
rest. A statistically slgnificant difference was found at t h after
surgery f P = 0.O04, t test wlth Bonferronl type I effor fate
correction for multiple comparisons).

0612182430364248
lours after surgery

Fig. 3. Pain intensity at rest as measured with vlsual analog scale
(VAS) scores. No statlstically signlficant dlfferences were noted-

the groups was satisfaction with pain control. All pa-
tients in the amantadine group reported being "very
satisfied" with the quahty of their pain control, com-
pared with only 7 O% of the patients in the placebo group
1P : 0.05).

P b annaco kinetic Analy sis
Serum concentrations of mo4thine at the end of sur-

gery tended to be higher in the amantadine group than
in the placebo group (34.9 'r 8.3 ers 22.5 + 2.3 ng/ml,
respectively), but this difference did not reach statistical
signifi.cance. At 24 and 48 h after surgery, serum con-
centrations of morphine were similar between the
groups, despite the amantadine group having received
signifrcantly less morphine. The plasma clearance of
morphine at 22-24 h after surgery was significantly

Table 3. VAS-M, Incidence and Intensity of Bladder Spasm
Pain, PPT Obtalned 5 cm Lateral to the Wound Dressing, and
VAS Pain Intensity in Response to Pressufe

Assessment Time/Pain
Measure Amantadine

E
o15

24h
VAS-M pain, cm
Bladder spasm pain

No. of patients
VAS pain, cm

PPT, kg/cm2
VAS pain at PPT, cm

48h
VAS-M pain, cm
Bladder spasm pain

No. of patients
VAS pain, cm

PPT, kg/cm2
VAS pain at PPT, cm

4.8 + 2.5

a

0.6 + 0.3
3.9 + 3.4
4.3 + 2.6

3.3 + 1.9

2.7 + 3.8
3.4 + 2.6
4.3 + 1.81

4.1 + 2.8

0
0

4.3 + 2.5
4.1 + 2.5

3.0 + 1.9

1

0.1
3.5 + 2.4
2.4 + 1.2

Data are mean :! SD unless otherwise stated.
. P = 0.O2, placebo vs. amantadine by Fisher exact test. t P = 0.04,
placebo vs. amantadine by analysis of variance.

PPT: pressure pain threshold: VAS = visual analog scale; VAS-M = visual
analog scale pain on movement.

o-1 1-2 2-3 3-6 6^12 12-24 24-36 3648



lower in the amantadine group (0.64 + O.47 l.la-' .

kg-r; than in the placebo group (l.U + O.55 l-.h-r .

tg-t) (p < o.o5). This was true for the sample as a
whole and for the three patients per group who_did not
use PCA morphine from 22 to 24 h after surgery. The
clearance values for the placebo group were identical to
reference values in adults.2o The plasma conc-eotrations
of M3G at the end of surgery were significantly lower in
the amantadine group (74.t -+ l5.l ng/ml) as compared
to the placebo group (122.9 1 17.4 nglml) (P : 0.048).
l'here were no significant differences befween the
groups in concentrations of M6G.

Discussion

The main furding of this preliminary study is a reduc-
tion of cumulative morphine consumption in the aman-
tadine group of 32% compated with the placebo group
(fig. 1). Although a statistically significant difference
could not be demonstrated at 48 h after surgery (P :
0.515), all other time-points (up to 47 h) showed
Pvalues less than 0.O5. Morphine consumption between
intervals bounded by VAS-R pain assessments was signif-
icantly lower only in the flrst hotr after surgery, al-
though the patients in the placebo group consistently
required more morphine at each interval across the en-
tire study period (frg. 2). Furthermore, despite the fact
that the total dose of morphine given during sllrgery was
virtually identical between the groups, the amantadine
group showed a significantly lower M3G concentration
and a tendency for a higher morphine concentration ac

the end of surgery than did the placebo group.
Taken together, these findings can be explained by a

pharmacokinetic interaction befween amantadine and
norphine resulting in inhibition of the 3-glucuroniclation
of morphine. Because more than 5O% of morphine is
metabolized to M3G (and only approximately lQ%o to
M5G),2r less 3-glucuronidation of morphine would result
in higher morphine concentrations and lower M3G con-
centrations. this would increase the systemic exposure
to a given dose of morphine, resulting in a greater anal-
gesic effect and lower morphine requirements in the
amantadine group.

To ftirther explore a possible pharmacokinetic interac-
tion between amantadine and morphine, morphine
plasrna clearance was calculated at 22-24 h after srr-
gery. A significantly lower morphine plasma clearance
rate was found in the amantadine group, which, in con-
junction with the above finclings, implies that the 3-glu-
coronidation of morphine is inhibited by anantadine. A
potential site of interaction between these fwo dmgs is
the renal tubular cell, because both morphine and aman-
tacline slrare the organic cation transport system.t'-'n
Studies have shown that tubular secretion of morphine is
fourfold to fivefold higher than its glomerular fiItration,

which means that competitive inhibition of its tubular
secretion may be important.za To the best of our knowl-
edge, the unexpected finding of pharmacokinetic inter-
actions between these dnrgs has not been sorrght or
described before. It emphasizes the critical value of
considering pharmacokinetic mechanisrns when per-
forming studies of dmg interactions.

At 48 h after surgery, sensitivity around the surgical
wound as measured with pressure algometry was signif-
icantly lower in the amantadine group compared with
the placebo group. By applying pressure algometry 5 cm
from the wormd, we hoped to mainly assess secondary
hyperalgesia, although we recognize that this blunt stim-
ulus could stretch the wound so that the measure may
be confounded with primary hyperalgesia. Recently, it
has been shown that opioids activate not only antinoci-
ceptive systems but also pronociceptive systems, caus-
ing acute opioid tolerance and opioid induced hlperal-
gesia. These phenomena seem to stem from a common
NMDA receptor- dependent mechanism.a's Ir can be hy
pothesized that the lower morphine consunption in the
amantadine group, produced by the pharmacokinetic
interaction between amantadine and morphine, led to
the development of reduced mechanical sensitivity
around the surgical wound on the second postoperatiye
day. However, we cannot exclude the possibilify that the
NMDA receptor antagonist pfopefties of arnantadine
may have contfiblrted to a reduction in the development
of acute opioid tolerance and/or opioid-induced hyper-
algesia, resulting in lower morphine consumption and
reduced mechanical sensitivity around the surgical
wound. Furthermore, there is evidence from animal
studies that NMDA receptor antagonists inhibit spinal
neuronal and reflex response to urinary bladcler disten-
sion, suggesting an action of NMDA receptor antagonists
on pain originating from the bladder.2s'26 This might
explain the finding of the lower incidence of bladder
spasm in the amantadine group.

In the ctrrrent study, meramantadine plasma concen-
trations ranged from275 to 8O3 nglml (rable 4). At these
concentrations, amantadine mainly interacts with the
NMDA receptor, and higher concentrations are nece$
sary for interactions with other receptors and/or nellro-
transmitter systems.e

Little has been published describing the use of aman-
tadine for its analgesic properties, and with one excep-
tion,z7 these publications relate to tfeatment of chronic
neuropathic pain and not acute postoperative pain.28'2e

In contrast to the results of the current studv. Gottschalk
et a1.27 did not find a postoperative opioid-sparing effect
when a single dose of 20O mg amantadine or saline was
given intfayenously 30 min before induction of general
anesthesia in women undergoing abdominal hysterec-
tomy. However, in that study, patients in th€ amantadine
group were younger than patients in the control group,
raising the possibility that the opioid-sparing efTects of



Table 4. Plasma Concentrations (ng/ml) of Amantadtne, Morphine, M3G, and M6G

Substance/Grouo
2 h before

Surgery --- At Skin Closure
24 h aftel
Surgery

48 h after
Surgery-

Amantadine
Placebo
Amantadine

Morphine
Placebo
Amantadine

M3G
Placebo
Amantadine

M6G
Placebo
Amantadine

0.0 t 0.0
275.9 )- 70.2

0.0 + 0.0
0.0 + 0.0

0.0 + 0.0
0.0 + 0.0

0.0 + 0.0
803.4 + 184.6

22.5 + 7.3
34.9 + 26.5

123.0 + 52.5-
74.1 + 47.8

36.2 + 12.3
37.4 + 23.7

0.0 + 0.0
563.5 + 153.8

19.4 17.9
22.A + 14.3

111.4 + 105.8
46.0 + 26.0

22.7 + 14.2
22.3 + 7.7

0.0 {- 0n-
366.5 + 146.2

18.2 + 8.8
'19.0 + 9.8

9r.3 + 1q!-6
38.0 + 18.2

24.8 + 20.0
20.9 + 6.9

0.0 + 0.0
0.0 + 0.0

Data are mean :! SD.
- P = 0.048 placebo rs. amantadine by two-tailed t test.

M3G = morphine-3-glucuronide; M6G = morphine-6-glucuronide.

amantadine may have been offset by the increased opi-
oid requirements q?ically seen in younger aersus older
patients,3o thereby leading to the absence of a difference
in outcome between the two groups. In addition, pa-
tients in the amantadine group had significantly more
intense preoperative pain on the day of sufgery than did
patients in the control group. The difference in preop-
erative pain intensity may have masked the effect of
'dmantadine. Alternatively, the effrcacy of amantadine
may been reduced in much the same way that presurgi-
cal pain has been found to be less fesponsive to preop-
erative treatment with analgesics, pedraps because cen-
tfal sensitization had akeady been established before
sufgery.31

Apart from the influence of these confounding factors,
there are fwo major differences between the current
study and that of Gotts chalk et a1.27 that may explain the
different outcomes; namely, the dosing schedule of
amantadine (multiple dose us. single dose) and the sex of
the patients. A higher dose of amantadine and its con-
tinuation after surgery might have yielded the same ef-
fects as in the current study. Further research is required
to evaluate whether the opioid-sparing effects we ob-
served are sex related.

'fhe current stndy has seyeral limitations. Irirst, this
pilot study enrollecl a relatively small number of patients.
This miglrt explain why, despite the 32% reduction in
48 h morphine consumption in the amantadine group,
no differences in morphine-related side effects were
found. Based on the data from this preliminary stlrdy, we
calculated the sample size required for an adequately
powered, larger-scale clinical $ial camparing amanta-
dine and placebo (SPSS Sample Power, release L.0).
Using a g'pe I error rxe of 5% (two tailed), increasing the
sample size to 32 patients per group would )'ield a

power of 8O% to detect a mean difference of 24 mg
morphine (using a pooled SD of 33.4 rng) at 48 h after

surgery. A second limitation is that patients in this study
were only observed for up to 48 h after surgery. The
study cannot address the question of whether perioper-
ative amantadine influences pain and analgesic con-
sumption in the longer term. The results of this pilot
study should be con-firmed in a larger trial using a more
extensive method of assessing hyperalgesia (e.g., quanti-
tative sensory testing) and a longer follow-up. Also, a

formal pharmacokinetic study under strict steady state
conditions should be performed to definitely confirm
our results.

In conclusion, perioperative oral amantadine, but not
placebo, was associated with lower postoperative mor-
phine requirements, less intense mechanical sensitivify
around the surgical wound, and a reduced incidence of
bladder spasm pain in patients after radical prostatec-
tomy. The unexpected finding of a pharmacokinetic
interaction between amantadine and morphine explains
the finding of lower postoperative morphine require-
ments, although additional pharmacodynamic effects in-
volving the NMDA receptor may zfso be involved.
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