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SUMMARY
several rcpofts have suggested that preoperative
nociceptive block may reduce postoperative pain,
analgesic requirements, ot both, beyond the an-
ticipated duration of action of the analgesic agents.
We have investigated, in a double-blind, placebo-
controlled study, pre-emptive analgesia and the
respiratory effects of preoperative administration
of a multimodal antinociceptive regimen. Thirty
patients undergoing thoracotomy werc allocated
randomly to two groups. Before surgery, the
Ueatment grcup (n : | 5) received morphine
O.l5 mg kg-' i.m. with perphenazine 0.O3 mg kg-'
i.m. and a rectal suppository of indomethacin
I O0 mg, while the placebo group (n : | 5) received
midazolam 0.05 mg kg-t Lm and a placebo reetal
suppository. After induction of anaesthesia, the
treatment group received intercostal nerue block
with 0.5% bupivacaine and adrenaline | :200000
(3 nl) in the interspace ol the incision and in the
two spaces above and two spaces below. The
placebo gtoup received identical injections but with
normal saline only. The trcatment group consumed
significantly less morphine by patient-controlled
analgesia in the first 6 h after operation, but the
total dose of morphine consumed on days 2 and 3
after surgery was significantly greater in the teat-
ment group. There were no differences between
the groups in postoperative VAS scores (at rest or
after movement), Paro, values or postoperative
spirometry. However, pain thresholds to pressure
applied at the side of the chest contralateral to the
site of incision decreased significantly from pre-
operative values on days I and 2 after surgery in
both groups. The results of this study do not
support the preopentive use of this combined
regimen for post-thoncotomy pain. (Br. J. Anaesth.
1994; 73: 18zf-189)
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Recent reviews [l-3] and editorial comments [4-{]
have examined the possibility that pre-emptive
analgesia may have a role in the prevention of
postoperative pain. IVe have reponed recently a

clinical study which tends to corroborate a clinical
role of central neuronal plasticity [7] bV demon-
smating a small but significant decrease in post-
operative pain and opioid consumption after thoracic
surgery in patients who received extradural fentanyl
before, rather than after, surgical incision.

The concept of "balanced analgesia " has received
much aftention recendy [8,9]. The simultaneous
administration of several classes of analgesic agents
afiords the potential for enhancing the degree of
analgesia, through additive actions [0], whilst
minimizing the potentiat for dose-related adverse
effects.

Preoperative parenteral opioids have been shown
to increase the median time to the fust request for
postoperative analgesia in patients undergoing or-
thopaedic procedures [ll] and lumbar disc surgery
[12]. More recendy, Richmond, Bromley and !7oolf
have shown that preoperative morphine, compared
with late intraoperative morphine, reduced post-
operative pain and early analgesic requirements after
abdominal hysterectomy [13]. Preoperative local
anaesthetic neural block with spinal anaesthesia [4],
major peripheral nerve block [15, 16] or tissue
infiltration fl4rl7,l8l has resulted in an analgesic
effect persisting long after the clinically anticipated
duration of action of the local anaesthedc agents.
Local anaesthesia administered before, as opposed to
after, surgical incision has resulted in reduced
postoperative analgesic requirements and improved
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postoperative pain scores [19]. While intercostal
nerve block has not been examined before operarion
in patients undergoing thoracic surgery, the clinical
effectiveness of the technique has been clearly
demonstrated [20].

Although preoperative, compared with post-
operative, administration of e non-steroidal anti-
inflammatory drug CNSAID) has been associated
with improved postoperative analgesia in patients
undergoing oral surgery [21], a recent study of
thoracic surgical patients found no advantage in
commencing administration of indomethacin before,
as opposed to after, surgery [22]. Nonetheless, in
thoracic surgical patients, perioperative administra-
tion of NSAID has resulted in excellent analgesia
comparable with low-dose opioid infusion [23],
decreased pain scores 124,251 and reduced opioid
requirements [25,26].

The aim of this study was to investigate, in a
double-blind, placebo-controlled study, if pre-
incisional administration of a combined anti-
nociceptive regimen (i.e. preoperative morphine
i.m., preoperative rectal indomethacin and pre-
incisional intercostal bupivacaine nerve blocks)
would result in reduced postoperative pain, reduced
opioid analgesic requirements and improved post-
operative pulmonary function compared with
adminisuation of a placebo-controlled regimen (i.e.
preoperative midnzolam i.m., preoperative rectal
placebo and pre-incisional intercostal saline).

PATIENTS AND METIIODS

The study was approved by the Toronto Hospital
Committee for Research on Human Subiects. !7rit-
ten informed consent was obtained from all patients
before entering the study.

A power-based sample size estimation was
performed [27]. Previous work in a similar patient
population in our hospital indicated that the visual
analogue scale rating at rest (VASJ 

^t 
24}r in the

absence of pre-emptive analgesia and with i.v.
morphine as the sole postoperadve analgesic, was
mean 4.9 (so 0.69) [28]. Therefore, we anticipated a
similar degree of postoperative pain in the control
group. We hypothesized that our pre-emptive
regimen would result in a reduction in the VAS of
50% n the treatment group at 24h compared with
the control group. Assuming a power of 0.80, and a
type I error rate of 0.05, we estimated that a sample
size of 30 patienrs (15 patients per group) would be
required.

We srudied adult patients undergoing elective
lateral thoracotomy, ASA I or II. Exclusion criteria
were age less than 18 yr or greater rhan 80 yr,
preoperetive analgesic use, symptomatic coronary
artery disease, symptomatic peptic ulcer disease,
uncontrolled hypertension, significant renal or hep-
atic impairment, congestive heart failure, cerebro-
vascular disease, allergy to srudy medications or a
history of opioid addiction or postoperarive con-
fusional state.

A table of random numbers was used to allocate
patients into either the treatment or control group.
The particular group assignment for each prospec-

tive patient was then recorded in a separate num-
bered and sealed envelope, with only the patient's
study number visible. The appropriare envelope was
opened by an investigator (who had no further
involvement with that patient) who edministered the
medications in accordance with the insmrctions in
the envelope. The patients and all other personnel
involved in subsequent parient management and
assessment were completely blinded as to group
allocation.

Preoperative ossessmsnt and manqemmt
The day before surgery, patients were interviewed

by one of the members of the Acute Pain Research
Unit. Baseline preoperative Spielberger state and
uait anxiety assessments were completed 129).
Preoperative pain thresholds were assessed using an
Algesiometer (Pressure Threshold Merer, Pain
Diagnostics and Thermography Inc, Great Neck,
NY, USA) on the skin overlying the lateral aspect of
the fifth or sixth ribs contralateral to the proposed
incision and noting (PSI) the level at which pain was
first reported. Patients were introduced to the VAS
[30] and instructed in the use of the i.v. patient-
conuolled analgesia (PCA) pump devices. All
patients had baseline spirometric assessment of
forced vital capaciry (FVC) and forced expiratory
volume in I s (FEV,) using a bedside spirometer
(Respidyne model 5-7930, Sherwood Medical,
STatertown, NY, USA).

Patients in group I received morphine
0.15 mg kg-r i.m. with perphenazine 0.03 mg kg-t
i.m. and a rectal suppository of indomethacin
100 mg 60 min before surgery. Patients in group 2
received midazolam 0.05 mg kg-t i.m. to produce
mild sedation and thus maintain the blind and also
received a placebo rectal suppository. No other
anaesthetic premedications or analgesics were given.

Anaesthesia

General anaesthesia was induced with thiopentone
T5 mg kg-t and fentanyl 1.0 pg kg-t and maintained
with isoflurane and nitrous oxide in oxygen, titrated
to haemodynamic response. Fentanyl 1.0 pg ftg-t 5-t
was given to all patients. The trachea was intubated
with either a double-lumen or a single-lumen tube
and bronchial blocker, after administration of,either
pancuronium or vecuronium O.lmgkg-r. After
induction of general anaesthesia and after the
patients were placed in the lateral posidon, the
treatment group received intercostal nerve block
witlt 0.5o/o bupivacaine and adrenaline l:200000
(3 rnl) in the interspace of the planned incision, in
addition to two spaces above and two spaces below,
The placebo group received intercostal 0.9 o/o saline
(with no additives) 3 ml, in the interspace of the
planned incision, in addition to rwo spaces above and
two spaces below. When surgery was completed,
residual neuromuscular block was antagonized with
neosdgmine 0.05 mg kg-r and either atropine
0.02 mg kg-t or glycopyrronium 0.006 mg kg-r and
the trachea was extubated when the patient was
breathing spontaneously. The patient was
transported to the postanaesthetic care unit (PACU)
with supplementary oxygen by face mask (Fle" 0.5).



Postoper ative tnanag ernent end ass essment

The patients were assessed immediately after
arrival in the PACU. The time of arrival in the
PACU was taken as 0 h after operation. Every
l0 min the patients were asked: "Do you have
pain?", and if so they were given a bolus dose of
morphine 2.0 mg i.v. If at any dme berween these
lO-min intervals, the patients indicated that they
were in pain, or appeared to rhe investigator to be in
pain, then an additional bolus dose of i.v. morphine
2.0 mg was given. When sufFciently alert, the
patients used a PCA infusion device (Abbon Life
Care II Infuser, Chicago, IL, USA) programmed to
deliver boluses of i.v. morphine l.!-2.0 mg, with a
6-min tockout period and a maximum dose of 30 mg
in any 4-h period. Patients were encouraged to use
the sys em fot 72 h after operation.

VAS pain ratings st rest fl/ASil were collected ar
6' L2'24r,18 and 72 h with a record of PCA morphine
consumption. In addition, at M, 48 and 72 h, the
following measurernents were recorded: VAS pain
rating after movement (VASj (i.e. siaing up and
performing two maximal inspirations using an
incentive spirorneter) and bedside nreasuremenrs of
FVC and FEV,. Contralatersl pain thresholds, where
Iocal pressure sensitivity was assessed on the side
opposite to the side of incisioa, were assessed on days
I and 2 after surgery. Arterial blood samples were
obtained .fsr measurement of Piso, at 3, 6, 12 arrd
24h after operation.

Statistieal analysis

The irrvestigators analysing the data were uRaware
of the identity of the groups until all the dara were
analysed. Paremetric data are presented as mean (So)
and non-paremet-ric data are presented as frequencies
or perceneges. Patient data we,re analysed using
unpaired two-tailed r tests for parameuic variables
and Fisher's exact test for categorical data. Contra-
lateral pain thresholds (CPT), VAS pain scores,
PCA morphine consunption, Paso, FVC and FEV,
were analysed by two-way ANOVA (parametric
analysis) with group es the between-group factor and
time after surgery as the repeated measures factor. A
significant rnain effecr of time was furrher analysed
by Tukey's HSD procedure [31]. A significant
group x time interaction was analysed into simple
main effects using a pooled mean square effor terrn
and Sattenhwaire's adjusted degrees of freedom
[32]. S?here appropriate, significant simple main
effects of time within groups were analysed further
by Tukey's HSD procedure to determine the psttem
of significant differences between pairs of means over
tirne. Group means were used to estimate missing
data. Starisdcal significance was assumed at P <
o.05.

RESULTS

There were no significant diferences between the
two groups in ag€r weight, sex, preoperative
diagnosis, baseline anxiety assessments (STAI-T,
STAI-S), baseline algesiometry or preoperadve
pulmonary firnction (FVC, FEV,) (table I).

There were no significant differences between the
gxopps in operative procedure, estimated opera.tive
blood loss, duration of surgery or total dose of
intraoperative fentanyl (table II).

Mean PCA morp,hine corsumption over the first
6 h after surgery (fig. t) was sligtrtly less in the
tteatment group compared with the control group
(AIIIOVAexoup main effect, P < 0.03). VASg 6e.2)
and VASii (table III) pain scores were not
significantly different between the gtoups ar any time
after surgery. In addition, curnulative consumption
wes greater at72 h (P < 0.05, ANOVA) after surgery
in the treatrnent gtoup (185 (58) mg) compared with
the control group (L50 (32) mg). Power analysis of
the VASg pain scores at24h after surgery revealed
that the probability of detecting a significant
difference in pain between the groups at this time
(assuming such a difference existed) was 0.87. CPT
to pressure decreased significantly (P < 0.002,
ANOVA, time main effect) from preoperative values

T nr I. Prcoperativc paticnt data (mcan (so u rattgc) or number).
STAI-T and STAI-S Sptclbcrger statc and tratt anticty
cntlttmentt, rctpcotivcly; FVC = forctd vital cagacity and FEV | :
torud cxpir'etory oohmtc ," , 

;r;;r*rncant 
&fircnccs bctueat

Tr,eatmcat group Contml gtoup

TADLT U. Opcratioc data {mcan (so) or numbcr). No igmfitant
difcrcncet bentccn groups

Trcatncnt gtoup Clntrol group

T
l-

V//'-v./-
//;'lYat-

06

Scr (M:F)
AeE (yr)
Wcisit (kC)
STAI-T
STAI-S
FV€ (litre)
FEVI $ire)

5: l0
54.6 (19-?5)
69.4 (10.9)
37.4 (8.9)
M.s (rr.2)

3.2 (t.2)
2.2 (s.8)

8:7
58.e (6-72)
74.8 (11.7)
36.8 (2.8)
43,9O2.A)
3i1(0.8)
2.4 (0.8)

Duration (min)
Elood loss (ml)
Feilanyl (gg)
Pulmonary surgcry (n)
Oesophagcal surgery (n)

2V2 (4t)
325 (228)
24e (7e)
l2
3

245 $7)
189 (A'
257 (86)
t4
I

'r00

90

]B

$0

$0

40

30
?il

1fl

1l

{: 1? 12-?1 24 48 4B-?}
1",,".,-. 1fi,.'r .,,::;;.:,r. .ir1

Fte. l. PCA morpbinc consumption (mean, sD) in fic trcamrent
(d) nd control (l) groups after opcradon, witb lioirs that
correspond to when VAS1 pain asscssmcnts werc obtained.

rP < 0.o1 rfiP < 0,000t

a.)

t



0 6't2 24 36 18 60 72
Time after eurgory (h)

Ftc. 2. Mcan (so) VAS pain scorcs in thc trcatrrcnt (O) and
control (I) groups.

TesrB III. Postopcratioc VAS pain seores aftcr moocmcnt (VAS s)
(mean (so)). No rigtificant &ficrcnccs bctuecn gtoups at any ttmc

Trcamrcnt group Contml group

indomethacin and intercostal bupivacaine would
result in decreased pain, analgesic consumption, or
both, beyond the expected clinical duration of action
of the agents.

This study supports other studies which failed to
confirm a clinical role for pre-eanptive analgesia in
general surgical l33r34l and thoracic surgical [22]
patients. Apan from the possible ineffectiveness of
the pre-emptive analgesic regimen per se, several
factors may explain the clinically negative ourcome.
First, the intercostal blocks were not tested and even
assuming complete intercostal nerve block, potenrial
afferent input mediated by phrenic, vagal and
sympathetic nerves [35] may not be blocked. How-
ever, the blocks were performed by experienced
thoracic anaesthetists and it is unlikely that a
significant number would have been ineffective.
Second, the indomethacin and morphine doses may
have been inadequate. However, pharmacokinetic
data [36, 37] suggest that the timing and routes of
administration used in this study would result in
maximal pre-incisional plasma concentrations.
Third, the uniform use of inuaoperative fentanyl as
part of a standard balanced anaesthetic regimen in all
patients might theoretically have contributed an
equivalent pre-emptive analgesic effect in both
groups [38] thus reducing differences in pain scores
between the groups. Although our group initially
raised concerns about the possible pre-emptive
analgesic effects of intraoperative opioids [38,39J,
these concerns are not shared by others [,CI]. The
possibility that the intraoperative use of isoflurane
may have confounded the interpretation of the
results by interfering with the processes of central
sensitization seems unlikely in the light of a recent
repoft by Abram and Yaksh [41]. These authors
found that spinal morphine, but not inhaled iso-
flurane (lo/o or 2.5o/), significantly inhibited phase 2
flinching in the formalin rat paw model, suggesdng
that isoflurane (unlike morphine) had no effects on
post-iniury central facilitation of afferent processing

[41].
The lower consumption of opioids in the treatment

group during the early postoperative period was
anticipated. This period was between 230 and
590 min after adminisration of the preoperative
regimen. Therefore, the residual effects of intercostal
bupivacaine [42], rectal indomethacin [36] and i.m.
morphine [37] may explain the apparent early
postoperative analgesia in the treaffnent group, as
indicated by less use of morphine by PCA. After 6 h
it is possible that the convergence of PCA morphine
consumption in the two groups reflected progress-
ively diminishing effective concentrations of the
drugs used in the pre-emptive regimen.

The increased opioid consumption at 2F72h in
the patients treated with the preoperative analgesic
regirnen was statistically significant. The magnirude
of the differences observed may not be clinically
important, in that the preueated group self-
administered approximately I.0 mg h-t of morphine
more than the control group. Nonetheless, this
finding is of some interest in the light of the srudy by
Richmond, Bromley and !floolf [3] who found that
patien$ pretreated with preoperative morphine
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Frc. 3. Mcan (so) contralatcral pain thrcsholds (pounds pcr
squarc inch (PSI)) for the ueatment (O) and conrrol (I) groups
in rerponsc to prdsure applied to thc ghin ovcrlying the lsteral

aspeo of the fifth or sixth rib contralateral to thc incision.

to postoperative values at 24h (P < 0.01, Tukey's
test) and 48 h (P < 0.05, Tukey's test) after surgery,
but there was no significant difference between the
groups in CPT over time (fig. 3).

Postoperative Paco, values did not differ
significantly between the two groups. Postoperative
FEV, and FVC were expressed as percentages of
preoperative values and did not differ significantly
between groups.

There were no allergic or other reacrions to any of
the study medications or study techniques.

DISCUSSION

The results of the present study did not confirm our
hypothesis that pretreatment with a multimodal
analgesic regimen consisting of i.m. morphine, rectal



reported more severe movement-associated pain at
48 h after surgery compared with patienm treated
with late intraoperative rnorphine.

In a recent editorial on the subject of pre-emptive
analgesia, McQuay [5] raised the possibiliry that the
use of opioids to pre-empt postoperative pain may
lead to acute tolerance when administered to patients
who are not yer experiencing pain. Acute tolerance
has been demonstrated in human subjects after
administration of fentanyl[a3l and may be associsted
with opioids of higher potency I44,451. This may
explain in part why a pre-empdve analgesic effect
was demonstrated with pre-incisional extradural
fentanyl in our previous study [7], but not in the
current study, where pre-incisional i.m. morphine
was used.

Ve aimed to lessen the postoperative diminution
in pulmonary function invariably observed in this
population [20,28]. The developmenr of post-
operative pulmonary dysfunction after thoracic sur-
gery is complex [35]. Previous studies of analgesia
after thoracotomy have documented lesser dim-
inution in post-thoracoromy pulmonary function in
those patients receiving more efficacious analgesic
regimens 120,281. Our findings of no differences
between the groups in terms of FVC and FEV, are
consistent with the findings of no differences in pain
scores.

A recent study has examined the role of an anti-
analgesic system which msy operate by modulating
endogenous opioid systems [a6]. The authors found
that trained rats, when exposed to a signal indicating
safety, demonstrated reversal of conditioned anal-
gesia. These safety signals reversed the effects of
systemically and spinally administered morphine,
and the anti-analgesic effect appeared to be mediated
through cholecystokinin receptors located in the
spinal cord. It is possible, though as yet untested,
that such a system is operational in humans, and
that rhe abolition or early treatment of intense post-
operative pain, may result in an increased require-
ment for subsequent postoperative analgesics,

Increases in anerial Pa"o, are the hallmark of
respiratory depression. We hypothesized that
patients treated with the pre-emprive analgesic
regimen would experience less pain, consume less
morphine by PCA, or both. A recent srudy
demonstreted that although a regional technique
(paravertebral bupivacaine infusion) reduced the
arnount of systemic opioid required after thora-
cotomy, this had no effect on the frequency of
arterial haemoglobin desaturation [47]. However,
the authors did not repoft Paco, values. !7e found
that although the pretreated patients consumed
slightly more morphine by PCA, this was nor
accompanied by any evidence of elevation in mean
Pa.o, values.

Local pain thresholds to pressure applied at the
side of the chest contralateral to the site of proposed
incision decreased significantly from preoperadve
values on days L and 2 after surgery. This finding is
consistent with other clinical observations that
hyperalgesia develops in body regions which are
disrant from the area of deep tissue injury [a8] and
that flexion reflex thresholds are lowered in patients

after gynaecological laparotomy [a9]. The lack of a
difference between the nvo groups in discomfon
threshold on days I and 2 after surgery implies that
hyperalgesia (relative ro preoperarive values) is not
dependent solely on nociceptive inputs at the time of
surgery and that inputs from the wound after surgery
may be responsible for the development and main-
tenance of postoperative conualateral hyperalgesia.
Moreover, as discomfort thresholds were obtained
from a body region that did not sustain iniury or
tissue damage, the reduced threshold after surgery
on the side contralateral to the incision suggests that
a peripheral mechanism is unlikely (e.g. nociceptor
sensitization) and supports the idea rhat a centrally
mediated process of sensitization may be responsible
for the contralateral pos toperaci ve hyperalgesia.
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