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Introduction

Abstract

Aim. The aim of the study was to determine if preemptive epidural analgesia in thoracic surgery
reduces postoperative pain, and to compare these effects in relation to the usage of epinephrine.

Material and Methods. Sixty patients admitted for thoracic surgery were randomly allocated into
three groups (n = 20 each). Group A received bupivacaine and sufentanyl epiduraly prior to skin
incision, followed by infusion of bupivacaine and sufentanyl. Group B (control) received saline in the
epidural. In both groups patients received bupivacaine and sufentanyl epiduraly at the time of the
chest closure. In Group C the same doses of bupivacaine and sufentanyl as in Group A were given
to the patients including epinephrine in the epidural mixture. The level of statistical significance was
pointed at p < 0.05.

Results. The patients in Group A had lower intraoperative isofluran requirements, lower postoperative
epidural infusion rates and lower pain scores in first eight postoperative hours, compared with the
control. In the epinephrine group patients had lower pain intensity and smaller needs for postoperative
epidural infusion rate than those in Group A.

Conclusion. The usage of epinephrine has caused less nausea and easier mobilization. While there
was a beneficial effect of the reduced intraoperative anesthetic requirements, any lasting effect of
preemptive analgesia did not extend beyond eight hours after the operation.

directed to the different types of its therapy, in the effort of

Acute postoperative pain is a complex
physiological reaction upon the damage of the tissue, the
distension of the viscera and the underlying surgical
disease. The surgeons and the anesthesiologists in the
past used to assign less importance to this pain, thus the
patients accepted it as an unseparated part of the
postoperative experience. With the development of
comprehension about the epidemiology and the
pathophysiology of pain, greater consideration is being

improving the treatment quality and outcome [decrease
patient morbidity [1, 2], improve patient satisfaction [3],
and help preventthe developmentof chronic pain syndromes
[4, 5].

The postoperative pain that emerges after
thoracotomy is noteworthy and detrimental since it can
increase the patient’s discomfortand lessen the capability
for deep breaths and coughing, thus leading to pulmonal
dysfunction. Intravenous narcotics may depress respiration
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and also produce side effects such as nausea and
vomiting. Epidural analgesia regardless of analgesicagent
(i.e.local anesthetic only, combination of local anesthetic
and lypophilic/hydrophilic opioid, and lypophilic opioid
only), epidural delivery technique [continuous epidural
infusion (CEIl) or patient-controlled epidural analgesia
(PCEA)], type of surgery determining ultimately the location
of catheter (thoracic orlumbar) and type of pain (atrestor
during movement) provides better analgesia than any type
of parenteral opioid including thatdelivered viaintravenous
patient-controlled devices (PCA) for up to four days
postoperatively. Thoracic epidural anesthesia (TEA) with
local anesthetics is increasingly being combined with
generalanesthesia (GA)forthoracic surgery. Acombination
of TEA with GA might maximize the benefits of each form
of anesthesia. Furthermore, epidural anesthesia and
postoperative epidural analgesia with their effects that
exceed pain release, may improve outcome in high-risk
patients [6,7].

The surgicalinjury of the tissue leads to changes
in the central nervous system (CNS) identified as central
nervous sensitization that produces postoperative
hypersensitivity to pain. The reason of this phenomenonis
considered to be the lower threshold to pain in the
peripheral nociceptors as well as the increased excitability
of the spinal cord neurons. The recent laboratory studies
(8-11)of nociceptionindicate thatthe timing of an analgesic
regimen with respect to the onset of painful stimuli may
play a significantrole in the perception of following stimuli.
By preventing sensitization of CNS by painful stimuli,
appropriate interventions limit the response to future
nociceptive input [12] and preventa degree of CNS
sensitization which is sufficientto enable normally painless
stimuli to be experienced as pain [13].

Preemptive analgesia [14,15] describes the
conceptofdecreasing pain perception and overallanalgesic
needs by use of adrug regimen capable of inhibiting CNS
sensitization before the application of painful stimuli.
Animal studies demonstrate that clinically adequatelevels
of general anesthesia produced by volatile anesthetics
such asisoflurane do not prevent central sensitization by
nociceptiveimpulses[16]. Thisis of criticalimportance for
appreciating the potential of preemptive analgesia in a
surgical setting.

Theaimofthis study was todetermine if preemptive
epidural analgesia that was provided before thoracotomy
incision andintra-operatively reduces postoperative pain
and postoperative analgesic usage. We hypothesized
that preemptive epidural analgesia, initiated prior to a
major thoracic surgical procedure with adequate doses of

localanesthetic and opioid, would favorably impact short-
term postoperative pain and would influence other
postoperative outcome variables, such as the postoperative
pulmonal function. Therefore, we examined the role of 2
preemptive epidural analgesic regimensinauniform group
of generally healthy patients undergoing thoracotomy,
after which all patients, including those in the control
group, received the same aggressive postoperative epidural
analgesiainitiated at the beginning of thoracic closure.

Material and Methods

This prospective randomized interventional clinical
double-blind study was performed at the University Clinic
of Anesthesiology, Reanimation and Intensive care and
the Clinic of Thoracic-vascular surgery in Skopje, from
JunetoDecember 2004, after obtainingan approval by our
ethics committee, and signed, informed consent from all
60 patients who were studied.

The patients were scheduled to undergo elective
thoracic surgery (thoracotomy). All patients included in
the study had a thoracic epidural catheter placed while in
the preoperative holding area. A test dose of 3 ml of
bupivacaine 0.25% was administered via all of the epidural
cathetersimmediately following placement.

These 60 patients were randomly allocated into
three groups (n=20 each), according to a list of random
numbers. Group Areceived 9ml 0.25% of bupivacaine and
1 ml of sufentanyl forte (50 ug/ml) via the epidural route
after induction of general anesthesia and prior to skin
incision, followed by an infusion of bupivacaine 0.125%
and sufentanyl forte 2 ug/ml at 6 mi/hrthat was continued
throughoutthe procedure until chest closure was performed.
Group B (control) received 10 ml of normal saline in the
epidural catheter afterinduction of general anesthesiaand
before skin incision. This was followed by an epidural
infusion of normal saline at 6 ml/hr that was continued
throughout the procedure until the chest closure. In both
groups patients received 9 ml of bupivacaine 0.25% and 1
ml of sufentanylforte (50 ug/ml) via the epidural route atthe
time of the chest closure. In the third group (group C), the
same doses of bupivacaine and sufentanyl forte, identically
as in group A, were given to the patients including
epinephrine in the epidural mixture (1:200000).

Intraoperatively, all patients received oxygen,
isoflurane, neuromuscularblockers, and amaximum total
fentanyl dose of 3 ug/kg intravenously. The main variables
thatwere recorded intraoperatively were heartrate (HR),
main arterial pressure (MAP), respiratory rate (RR) and
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end-tidal isofluran (%), each of them on a ten — minute
interval. Patients were continued in the study protocol only
ifathoracotomy incision was performed. Atthe conclusion
of surgery, patients were extubated if clinical criteria were
satisfied. Otherwise, patients were transferred to the Post
Anesthesia Care Unit (PACU) still intubated, and were
extubated later when extubation criteria were met.

Upon each patient’s arrival at the PACU, an
epidural infusion of bupivacaine 0.125% with sufentanyl
forte 2 yg/mlwas begun at 2 ml/hr. This epidural infusion
was carried outfor the first48 postoperative hours and was
titrated according to the clinical needs of each patient. The
patients graded their painon alinearanalog scale (Visual
Analogue Scale — VAS) of 1 — 10 for 48 hours
postoperatively, on an hourly basis while awake. The rate
ofthe postoperative epiduralinfusion was recorded at the
same intervals as VAS. The postoperative pulmonal
function was assessed by measuring patients’ spirometry
(FVC,FEV1)forthefirst48 postoperative hours, usingthe
portable Ganshorn Spirojet Spirometer (Schiller).

The side-effects from the usage of the epidural
analgesics (nausea, vomitus, urinary retention and pruritus)
were also recorded during the first48 postoperative hours.

The datawere analyzed using unpaired Student’s
t-tests. A p<0.05 was considered statistically significant.

Results

All 60 patients initially enrolled in the study
underwentathoracotomy incision, and all of these patients
completed the study. The demographic data of the patients
were similar in all three groups, with respect to age,
weight, height and duration of surgery. The results are
summarized in Table 1.

Table 1: Demographic data of the patients.

Group A Group B Group C "t “p"

Age (y) 586+4.6 60.6 5.8 57.9+39 1.7 0.09
Weight (kg) 718+6.2 743 % 4.1 722%50 1.83 0.07
Height (cm) 171.2%53 169.7+ 2.2 170143 124 0.22
Duration of surgery 119.0+7.8 1150 %59 111967 1.82 0.07

The patients in Group A and Group C had lower
intraoperative requirements for isoflurane than those in
GroupB(A:0.45+£0.1vs.B:0.70+£0.05;C:0.40+£0.2vs.
B:0.70+0.05respectively, p<0.0001). Theintraoperative
hemodynamics and respiratory rate were similar in all
three groups (Table 2).

Postoperatively, the patients in Group A and

Table 2: Intraoperative data.

Group A Group B Group C p- value
n 20 20 20
— AB<0.0001
Mean end-tidal isofluran po
(intraoperative) % 0.45+0.1 0.70 £0.05 0.40+0.2 ppBAcgoz-?\?Sm
. , . pPAB=NS
Median HR (intraoperalve) 77294876 76484863 7612843  pBC=NS
P pAC=NS
, , . pAB=NS
Median MA:[SE‘;““”"VS) 9340149  9264%150 9290160 PpBC=NS
pAC=NS
, , : pAB=NS
Median RR (nracperaliVe) 17134148  16.85+2.35 16274204 pBC=NS
P pAC=NS

n=number of patients; HR = heartrate; bpm = beats per minute; MAP = mean arterial pressure.

Group C had lower maximum pain scores in the first 8
hours compared with Group B (VAS A: 3.25+0.75vs. B:
54 + 16; and VAS C: 215+ 09 vs. B: 54 + 1.6
respectively, p<0.0001). Also, the postoperative pain
scoresinthe epinephrine group (Group C) were lowerthan
those in Group A (VAS C: 2.15+ 0.9 vs. A: 3.25+ 0.75;
p<0.0005). The pain scores didn’tdiffer significantly between
the groups after the first 8 postoperative hours (Table 3).

Table 3: Postoperative data.

Group A Group B Group C p - value
n 20 20 20
Median epidural p A,B <0.0005
infusion rate 3.13+0.88 4.33+1.03 2.47+0.38 pB,C<0.0001
(postoperative) ml/h p A,C <0.005
. - p A,B < 0.0001
Mz’élfr‘ésf"\‘}i'sa“(';_esﬁj“” 3254075  54+160  215+090 pB,C<0.0001
p A,.C <0.0005
. . AB=NS
Max postoperative pain pA, _
3.1£1.05 40£185 3.0+2.10 pB,C=NS
score — VAS (9-16h) p AC = NS
Maxpostoperative pain 4 154000 434000  aost0r2  p S'(B: N ’l:‘é
score — VAS (17-24n) 41330 S E2 9520, pBL=
pAC=NS
) ) pAB=NS
Max postoperative pain _
score - VAS (25.48h) 28 1.60 3.2+05 2.88 +0.83 E /li,(C: - mg

n=number of patients; p = significance between the groups; NS = non significant.

Theclinical needs of the patients for the rate of the
epiduralinfusion postoperatively were significantly smaller
in Group A and Group C compared with those in Group B
(A:3.13+0.88vs.B:4.33+1.03;and C: 2.47 £ 0.38 vs.
B:4.33+1.03, respectively; p<0.05); there was statistically
significantdifference between Group Aand Group C, also
(p<0.05) (Table 3).

Table 4: Postoperative pulmonal function.

Group A Group B Group C p - value
n 20 20 20
) p A.B < 0.0001
P,C:’\S;gp(gfe;ﬁ:‘;e 3.18+0.16 2214020 314+029  pB,C <0.0001
p AC=NS
Postoperative PAB=NS
FVC (8.48h) 3.15+0.39 3.21+027 3.25+0.24 pB.C=NS
p AC=NS
Postoperative P AB <0.0001
FEV1 (0.7h) 279 +0.42 214 %027 2774027  pB,C<0.0001
pAC=NS
) pAB=NS
E‘E’f}??gﬁ% 3.00£0.12 289+ 0.26 2.95%0.14 pB.C=NS
pAC=NS

n=number of patients; p = significance between the groups; NS = non significant.
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Figure 1: Changes in postoperative pulmonal functions (FVC, FEV1
— litres/L) expressed as mean + SD, p<0.05 compared to baseline.

The postoperative pulmonal function (FVC,FEV1)
was betterin Group Aand Group C thanin Group Binfirst
seven postoperative hours.

The registration of side-effects showed that the
highestincidence was seenin patients from Group A. The
patients in epinephrine group (Group C) had the lowest
incidence of side-effects.
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Figure 2: Incidence of side effects in the Groups A, B, C.
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The tables and figures summarizing the main
results of this paper are included as SI.

Discussion

The present study shows that the patients who
received local anesthetic plus opioid through the thoracic
epidural catheter before skinincision had lower maximum
painscores postoperatively, with lessisofluran requirements
intraoperatively and better postoperative pulmonal
functions, compared with the control (patients who received
preemptive saline through the epidural). Inthe epinephrine
group patients had lower pain intensity (for 2-3 scores at
VAS)and smaller clinical needs for the rate of the epidural
infusion postoperatively than those whoreceived preemptive
anesthesia/analgesiawith only local anesthetic and opioid.

The usage of epinephrine has caused less nausea and
easier mobilization.

Studies of preemptive analgesiain humans have
shown conflicting results. The study design, patient
population and the duration of assessment of postoperative
painareimportantin the evaluation of preemptive analgesia.

Gottschalk A. etal. showed that administration of
specificanalgesicregimensthrough an epidural catheter
prior to skin incision is associated with long-term benefits
in generally healthy patients undergoing major lower
abdominal surgery. Although there was a trend toward
increased efficacy of preemptive bupivacaine treatment
comparedwith preemptive fentanyltreatment, this difference
did notreach statistical significance. These differences
were observed even though all subjects received an
aggressive postoperative epidural analgesic regimen
initiated well before the end of surgery and maintained for
several postoperativedays[17].

A recent meta-analysis indicated that epidural
analgesia initiated before the thoracotomy incision was
associated with a statistically significant reduction in the
severity of acute dynamic pain in the first 48 hr
postoperatively compared to thoracic epidural analgesia
initiated after surgery completion. Therefore, itis sensible
to always use epidural analgesia intraoperatively, and
decrease in the same time the need for opioids and their
unwanted systemic side effects [18].

Yegin A.etal. showed that preoperative epidural
analgesia with 0.25% bupivacain and fentanyl was an
appropriate method for treating post-thoracotomy pain
and was more effective in preventing acute postoperative
pain, evaluated at 2, 4, 8, 12, 24 and 48 h at rest and
coughing [19].

On the other hand, Aguilar JL et al., found no
significant differences in pain scores at rest, during
mobilization of the ipsilateral arm or after cough between
patients with pre-incisional (30 min) and postincisional (15
min) administration of a thoracic extradural with 0.5%
bupivacain in thoracic surgery. There may be several
explanations for this. Namely, surgical trauma differs from
the conditioning stimuli applied in experimental studies
because itis extensive, with mixed cutaneous, muscular
and visceral components, contrary to a well localized
thermal or chemical injury made in the laboratory studies.
This uncontrolled, prolonged stimulus is maintained while
the inflammatory surgical response lasts [20].

Aida S. etal.inarandomized, double blind study
found that the effectiveness of preemptive analgesia with
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morphine varies according to the type of surgery. Epidural
preemptive analgesia was reliably effective in limb and
breast surgeries but ineffective in abdominal surgery,
suggesting involvement of the brainstem and cervical
spinal cord via the vagus and phrenic nerves (21).

Ong CKS et al. made a meta-analysis about the
efficacy of preemptive analgesia for acute postoperative
pain management. They systematically searched for
randomized controlled trials that specifically compared
preoperative analgesic interventions with similar
postoperative analgesicinterventionsviathe same route.
Theretrieved reports were stratified accordingto five types
of analgesic interventions: epidural analgesia, local
anestheticwoundinfiltration, systemic N-methyl-d-aspartic
acid (NMDA) receptor antagonists, systemic nonsteroidal
anti-inflammatory drugs (NSAIDs), and systemic opioids.
Sixty-six studies with data from 3261 patients were
analyzed. Whereas preemptive epidural analgesiaresulted
in consistentimprovementsin allthree outcome variables,
preemptive localanesthetic wound infiltration and NSAID
administration improvedanalgesic consumption and time
to first rescue analgesic request, but not postoperative
pain scores. The least proof of efficacy was found in the
case of systemic NMDA antagonist and opioid
administration, and the results remain equivocal [22].

Burmeister MA et al. found that intraoperative
TEAwith ropivacaine 0.375% did not significantly reduce
the amount of analgesics required after major abdominal
gynecological tumor surgery [23].

Baris S. etal. demonstrated thatthe management
of patients undergoing orthopedic surgery of the lower
extremities with 2 ug/kg fentanylintravenously or epiduraly
before painful stimuli lowers the VAS and postoperative
morphine use, although there was no statistical
significance. Differences in the plasma concentration of
glucose and cortisol were neither consistently nor
significantly different between the study groups. Higher
doses of fentanyl may be necessary for optimal and
significant results [24].

Garcia JBS etal. showed no preemptive effect of
epidural fentanyl plus bupivacaine on postoperative pain
and stress response as measured by IL-6 concentrations
in patients scheduled for hysterectomy [25].

The study of de Castro FE et al. failed to
demonstrate a preemptive effect of epidural administration
of bupivacaine and S(+)ketamine in the doses tested (17
mlbupivacaine 0.25% plus 3 ml S(+)ketamine-30 mg) for
abdominal hysterectomy, since there were no significant
differences between groups in time to first analgesic

request, total analgesic consumption and numeric or
verbal scale pain scores [26].

Esmaoglu A. etal. in their study showed that the
dose of fentanyl (100 pg fentanyl in 10 ml 0.9% NaCl)
administered epiduraly prior to surgical incision did not
produce any clinically useful pre-emptive analgesic effect
in patients who underwent elective abdominal surgery
[27]. Subramaniam B. et al. carried out a prospective,
randomized, double-blind controlled study in patients
undergoing upper abdominal and thoracic surgery, and
showed thatepidural morphine plus bupivacaine (morphine,
50 pg/kg; 0.1% bupivacaine in 10 ml of normal saline) was
effective as a preemptive analgesic (significantlyincreased
interval between the analgesic top-ups and decreased
total postoperative morphine requirements and number of
top-ups). Morphine plus bupivacaine had better efficacy
thanmorphine given alone before the induction ofanesthesia
[28].

The results of the study of Aida S. et al. suggest
that for definitive preemptive analgesia, blockade of opioid
and N-methyl-D-aspartate receptors is necessary for
upper abdominal surgery such as gastrectomy; singly,
either treatment (epidural morphine or intravenous low-
dose ketamine) provided significant, but not definitive,
postsurgical pain relief. Epidural morphine may affectthe
spinal cord segmentally, whereas intravenous ketamine
may block brain stem sensitization via the vagus nerve
during upper abdominal surgery. The possible mode of
interaction between these two groups of drugs is that
opioids are able to block the initial response of dorsal horn
nociceptive neurons to C-fiber stimulation, while NMDA
antagonists affect mainly the potentiation of responsesto
repeated stimulation. Another possible explanation for
reduction of wind up like pain is that ketamine prevents
acute tolerance to opioids and opioid induced hyperalgesia
[29].

The same authors at the 9th World Congress on
Pain, 1999in Vienna, Austria, demonstrated the results of
a study with an aim to clarify the speculation that pain
existing before surgery may induce central sensitization,
thus making preemptive analgesia (PA) ineffective. The
study included patients undergoing limb surgery (some
had presurgical pain - fracture surgery and arthritis surgery;
while others had no presurgical pain - removal of a limb
tumor, nail or plate). For preemptive treatment, morphine
(bolus 0.06 mg- kg '-h"' before surgery, and continuous
0.02mg-kg'-h"' during surgery) was administered epidurally
at the C6-7 (upper limb) or LI-2 (lower limb) level. After
complete recovery from anesthesia, a patient controlled
analgesia pump was set to inject epidural morphine. The
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authors concluded that central sensitization may be pre-
established by presurgical pain, and the presurgically
imprinted central sensitization is preserved until the
termination of surgery. Presence of presurgical pain might
be responsible for the controversy over the clinical validity
of preemptive analgesia[30].

At the same Congress Kobeliatski Y. presented
the results of the study about the preemptive mutual
administration of lamotrigine and MgSO, in patients
undergoing spinal surgery. Namely, the total morphine
consumption in the group where both agents were given
was the lowest between all other groups. This study
shows that glutamate mechanisms play animportantrole
in development and maintenance of hyperalgesia and
demand on modulation of excitatory mechanisms for its
removal. The mutual administration of lamotrigine
(prevention presinaptic glutamate uptake) and MgS0,
(block of NMDA receptor canal and prevent Ca” influx) for
management of postincisional pain has better results
comparatively with traditional analgesia and the use of
each of these drugs alone [31].

Klasen J. et al. conducted a clinical study
investigating the effect oflong-lasting pre-emptive epidural
analgesia on consumption of analgesics and acute painin
patients scheduled for elective hip replacementfor osteo-
arthritis. For preemptive analgesia they used 5 ml.h™
epidural ropivacaine 0.2%, on the day before operation.
Epidural blocks provided sufficient operative analgesiain
all patients. Pre-emptive analgesiawas continued for 11—
20 handledto significantly decreased pain scores before
surgery. The consumption of local anesthetics was
decreased postoperatively in the preemptive group.
Furthermore, bolus requests occurred more frequently in
the control group. VAS scores did not differ significantly
between groups. The authors concluded thatlong-lasting
‘pre-emptive’ epidural analgesia decreases postoperative
pain with improved pain control [32].

Theresults of the study of Akural El etal. suggest
that preemptive epidural sufentanyl (50 pgin 20 mlnormal
saline before surgicalincision)in abdominal hysterectomy
is associated with a short-term opioid-sparing effect,
whichis mostpronounced between 12-18 and 36-42 hours
[33].

One possible reason for failure to demonstrate a
preemptive analgesic effect in a big number of clinical
studies, t.e. the similarity in postoperative pain relief
between the groups with preemptive and non-preemptive
analgesia, is the administration of opioids as premedication,
at the induction of general anesthesia, or during the

operation. The administration of opioids as a part of
general anesthetic regimen in studies of preoperative
(preemptive) analgesiamay lower postoperative paineven
in modest doses. So, in order to establish the real effect
of preemptive analgesiain aftrial, maybe one should avoid
opioids as a part of general anesthetic technique.

Also, multimodal pre-emptive analgesia, such as
used in the study of Wong CS et al., might be necessary
to produce enough noxious input block during and after
surgery to prevent central nociceptor sensitization [34].

Inour study, while there was a beneficial effect of
the reduced intraoperative anesthetic requirements, any
lasting effect of preemptive analgesia (epidural bupivacaine-
sufentanyl forte combination) did not extend beyond 8
hours postoperatively. This difference may be due to the
smallerloading epidural dose in our study (9 mlbupivacain
0.25% plus 1 ml sufentanyl forte — 50 ug/ml versus the
same dose of sufentanyl in 20 ml of saline in the above
mentioned study). Also, this paper shows that epinehrine
could be used as an adjuvant to the mixture for epidural
infusion, since it makes a significant difference in pain
relief and postoperative analgesic requirements when
added to epidural local anesthetics and opioids.
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