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Pre-emptive analgesia with
ketamine, morphine and
epidural lidocaine prior to
Chih-Shung Wong MD, PHD, Chih-Chen Lu MD,
Chen-Hwan Cherng MD, bMSC, Shung-Tai Ho MD tOtal kIlCC r CplaCCmel’lt

Purpose: Pre-emptive analgesia can improve postoperative pain management. The purpose of this study was to
examine the effectiveness of ketamine as a pre-emptive analgesic as previous studies have shown the involvement
of N-methyl-D-Aspartate (NMDA) receptor in neuroplasticity.

Methods: Forty-five ASA |-2 patients, undergoing unilateral total knee replacement were studied. In the study
groups, epidural lidocaine was used as the primary anaesthestic. Patients received ketamine + morphine epidurally 30
min either before (group EB) or after skin incision (group EA). Group G patients received general anaesthesia and ket-
amine + rmorphine were given 30 min after skin incision via an epidural catheter used for postoperative pain control.
Epidural morphine and ketamine in lidocaine was given to all patients at the end of surgery and every 12 hr for three
days for analgesia supplemented with PCA morphine. The time until first PCA trigger. morphine consumption, pain
scores, satisfaction scores, and morphine related side effects were recorded at 6, 12, 24, 48 and 72 hr after surgery.

Results: Epidural ketamine plus morphine with lidocaine before surgical incision produced better pain rehief and
patient satisfaction than when given after incision. A longer time to PCA and decreased morphine consumption were
observed in group EB than in group G. In group EA, epidural anaesthesia also produced some pre-emptive analgesic
effect compared with general anaesthesia shown by decreased morphine consumption.

Conclusions: Administration of ketamine plus morphine with epidural lidocaine anaesthesia before surgery pro-
vided improved postoperative analgesia compared with general anaesthesia alone or when analgesics were given
after skin incision.

Objectif : La coanalgésie (pre-emptive analgesia) peut améliorer le traitement de la douteur postopératoire.
Lobjectif de cette étude était d'évaluer I'efficacité de la kétamine comme analgésique préventif en s'appuyant sur
plusieurs études qui ont montré lnfluence des récepteurs du N-méthyl-D-aspartate (NMDA) sur la neuroplasticité.
Méthodes : Quarante-cing patients ASA | et 2 opérés pour un remplacement total d'un seul genou particpaient a
I'étude. Dans ce groupe, la idocaine épidurale consttuait I'anesthésie principale. Les patients recevaient de la kéta-
mine avec de la morphine 30 min soit avant (groupe EB) soit aprés l'incision de la peau (groupe EA). Le groupe G
recevait une anesthésie générale et de la kétamine avec de la morphine aprés {incision par le cathéter épidural util-
15é pour le contréle de la douleur postopératoire. De la morphine associée & de la kétamine dans de la lidocaine
épidurale était administrée & tous les patierts  la fin de la chirurgie et a toutes les |12 heures pendant trois jours pour
I'analgésie avec ajout de morphine en PCA. Le moment de la premiére activation de la PCA, la consommation de
morphine, les scores de douleur et les effets secondaires étaient enregistrés 6, 12, 24, 48 et 72 h aprés la chirurge.
Résultats : L'association kétamine-morphine épidurale avec de la lidocaine administrée avant {'incision procure un
meilleur soulagement et une satisfaction plus grande au patient que lorsqu'elle est administrée aprés f'incision. Dans
le groupe EB, un délai étatt plus long avant la PCA et la consommation de morphine était plus faible que dans le
groupe G. Dans le groupe EA, l'anesthésie épidurale produisait aussi une analgésie préventive contrairement a
Fanesthésie générale comme I'a montré une diminution de la consommation de morphine.

Conclusion : Ladministration avant la chirurgie de la kétamine associée a la morphine avec I'anesthésie épidurale
a la lidocaine améliore |'analgésie comparativement a I'anesthésie générale seule ou lorsque des analgésiques sont
admirustrés aprés |'incision de la peau.
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ENSORY stimuli induced by tissue destruc-

tion during an operation can trigger pro-

longed excitability in the central nervous

system, which, in turn, enhances the responses
of nociceptive neurons in the spinal cord and compli-
cates the postoperative pain control.! Therefore, pre-
venting sensitization of nociceptive neurons in the
spinal cord during surgery may facilitate postoperative
pain management. McQuay ez al. have shown that
blocking noxious stimuli before surgical incision pro-
vides better pain relief with lower analgesic require-
ment than administering analgesics after surgery.?
Coderre and Melzack also demonstrated that spinal
anaesthesia or blocking the neural afferent fibres before
tissue injury could prevent heat injury induced prima-
ry and secondary hyperalgesia.? In an electrophysio-
logical study, Dickenson and Sullivan showed that
intrathecal opioid administration before a formalin
injection produced 70% more inhibition of the C-fibre
response than the same dose injected intrathecally after
the formalin injection.* However, some contradictory
reports found that repetitive C-fibre stimulation
induced spinal cord nociceptive neuron sensitization is
NMDA receptor-mediated and is less sensitive to
intrathecal opioids injection.>% Some studies showed
that post-injury nociceptive behaviour might be linked
to central sensitization of the nociceptive neurons that
might, at least in part, be mediated by central NMDA
receptor activation.”? Electrically or chemically stimu-
lated central hyperexcitability can be prevented or
reversed by a non-competitive MK-801 or a competi-
tive D-CPP NMDA antagonist.!® Recently, we demon-
strated that ketamine, a non-competitive NMDA

TABLE I The study protocol of the three patient groups.
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antagonist, potentiated morphine analgesic effects in
postoperative patients.!’ In that study, we found that
ketamine administered before surgical incision pro-
duced better analgesia. Therefore, in the present study,
we examined the effect of epidural ketamine in pre-
emptive analgesia.

Methods
This study was approved by the Protection of Human
Subjects Institutional Review Board of National
Defense Medical Center. Written informed consent
from all patients was obtained before including in the
study. Patients who received opioids or non-steroidal
anti-inflammatory drugs (NSAIDs) within one week of
surgery were excluded from the study. Forty-five
patients (ASA 1 and 2, of either sex) who underwent
unilateral total knee joint replacement were included.
Random sampling was used to divide patients into
three groups: group G, general anaesthesia + post-inci-
sional (30 min after skin incision) epidural morphine
(1.5 mg) and ketamine (20 mg); group EB, pre-inci-
sional (30 min before skin incision) morphine + keta-
mine with epidural lidocaine anaesthesia; group EA,
post-incisional (30 min after skin incision) morphine +
ketamine with epidural lidocaine anaesthesia (Table I).
An epidural catheter was inserted at the L, , or L, ;
level and advanced 5 cm into the epidural space.
Diazepam 5-10 mg #r was given to all patients for
amnesia. No patient received opioids or NSAIDs dur-
ing surgery. All patients, except those in group G,
breathed spontaneously with oxygen, 5 L-min™!, via
mask throughout surgery. General anaesthesia was
induced with 3-5 mg-kg™! thiopentone v and tracheal

Trearment Treatment Treatment
Group G
(General Anaesthesia) Saline 15 ml Saline 10 ml *Epidural
Morphine 1.5 mg Pain Control
Ketamine 20 mg
Group EA
(Epidural Anaesthesia) 2% Lidocaine 15 ml 2% Lidocaine 10 ml *Epidural
Morphine 1 .5 mg Pain Control
Ketamine 20 mg
Group EB
(Epidural Anaesthesia) 2% Lidocaine 15 ml 2% Lidocaine 10 ml *Epidural
Morphine 1.5 mg Pain Control
Ketamine 20 mg
Time -30 0 30 60 {min)
epidural skin end of surgery
catheter incision
insertion

*A unified epidural pain control regimen with 1 mg morphine and 10 mg ketamine in 10 m! of lidocaine 0.32% q12 hr.
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intubation was facilitated with 1.5-2 mg-kg™! suc-
cinylcholine 7v. General anaesthesia was maintained
with isoflurane and nitrous oxide in oxygen
(1.5L:1.5L-min!). Pancuronium (0.08-0.1 mgkg?!)
was used for muscle relaxadon. Standard monitoring
included pulse oximeter, ECG, and intra-arterial pres-
sure via a radial artery catheter. Crystalloid infusion
and 10-20 mg ephedrine were used to maintain sys-
tolic blood pressure at 80-120 mmHg. For patients
receiving general anaesthesia, residual neuromuscular
block was antagonized with 0.05 mg-kg™! neostigmine
and 0.02 mg kg™ atropine after surgery was complet-
ed, and the trachea was extubated when the patient
was breathing spontaneously.

A unified epidural pain control regimen of 1 mg
morphine and 10 mg ketamine in 10 ml of lidocaine
0.32% was given every 12 hr for postoperative pain
relief starting at the end of surgery. Intravenous patient
control analgesia (PCA) morphine was applied for sup-
plementary pain relief as required. We recorded the
time to first PCA trigger, total PCA morphine require-
ment, visual analog pain scores, incident pain scores
during the active range of motion, satisfaction scores
and the incidence of pain control side effects at 6, 12,
24, 48, and 72 hr postoperation. We evaluated pain
intensity using a 100 mm visual analogue scale (VAS).
Satisfaction scores were evaluated by numeric rating
scores (5 to 1, from the most to the least satisfaction).
Respiratory depression was defined as the respiratory
rate less than 10 breathes per min. All the assessments
were on a double-blind basis by an anaesthetist. Side
effects were treated with medications if necessary.

Results are presented as mean + SEM. The statisti-
cal analysis used was the Kruskal-Wallis test with the
Dunn procedure. A value of P < 0.05 was considered
statistically significant.

Results

There were no demographic differences among the
three groups (Table II). There were also no differences
in vital signs (HR, BP and SpO) among groups during
surgery. Patients pretreated with morphine plus ket-

TABLE II Demographic Data.
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FIGURE 1 Visual analog pain scores (VAS) over three days after
surgery. Group G patients received general anaesthesia and epidur-
al ketamine plus morphine, 30 rnin after skin incision. Patients in
group EA and EB received epidural lidocaine anaesthesia and keta-
mine plus morphine 30 min before (EB) or after (EA) surgical
incision respectively. Mean + SEM. * P < 0.05 (compared with
group G); I P < 0.05 (compared with group EA).

amine with lidocaine epidural anaesthesia (group EB)
showed the best pain relief among the three groups
over the three days after surgery (Figure 1). The great-
est difference in pain relief was observed during the first
six hours with VAS pain scores of 0.82 + 0.09 (group
EB, P < 0.05, compared with group G and EA), 2.87 =
0.18 (group EA, P < 0.05, compared with group G)
and 3.94 = 0.41 (group G). Better pain relief was also
observed in group EB patients than in group EA
padents (P < 0.05) at 12 and 72 hr after surgery
(Figure 1). All patients started active range of motion
on the second day after surgery. Better pain relief was
also observed in group EB patients who received
epidural lidocaine anaesthesia with ketamine plus mor-
phine treatment before surgery with a VAS pain score of
2.95 + 0.35 (P < 0.05, compared with groups G, 4.82+
0.57 and EA, 4.66 + 0.35) (Table III). In group G,
there were three patients who could not tolerate exer-

Male/Female  Age (yr) Weight (kg) Height (cm) Operation
Duration (br)
Group G 8/7 59.3 (13.4) 60.2 (11.2) 156.6 (7.2) 1.3 (0.5)
Group EA 7/8 62.6 (10.6) 57.6 (6.3) 155.4 (7.4) 1.6 (0.3)
Group EB 7/8 61.6 (6.0) 58.2 (8.3) 157.9 (8.5) 1.5(0.5)

Group G: General anaesthesia with ketamine plus morphine epidural injection 30 min after skin incision; Group EA: Epidural lidocaine
anaesthesia with ketamine plus morphine 30 epidural injection 30 min after skin incision; Group EB: Co-administered ketamine plus mor-

phine with epidural anaesthesia 30 min before skin incision.
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TABLE III Effects of preemptive treatments on preemptive analgesia.

CANADIAN JOURNAL OF ANAESTHESIA

Time to 1st Total morphine Incident Satisfaction
PCA trigger (br) consumption (mg) Pain Scores Scores
Group G 2.24 (0.57) 15.0 (1.4) 4.82 (0.57) 3.45 (0.16)
Group EA 3.04 (0.67) 8.1(0.6)° 4.66 (0.35) 4.05 (0.12)
Group EB 7.38 (2.08) 4.0 (0.7)b< 2.95 (0.35)% 4.80 (0.13)fs

a. P < 0.05 (compared with groups G and EA); b. P < 0.01 (compared with group G); c¢. P < 0.05 (compared with groups EA); d. P <
0.005 (compared with group G); e. P < 0.05 (compared with groups EA); f. P < 0.001 (compared with group G); g. P < 0.05 (compared

with group EA).
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FIGURE 2 Total additional morphine demands over three days
after surgery. Mean « SEM. *P < 0.001 (compared with control
group G); § P < 0.05 (compared with group EA); P < 0.05 (com-
pared with group G).

cise at the first exercise attempt. Additionally, patients
in group EB consumed the smallest dose of PCA mor-
phine over the three days (Figure 2). The least PCA
morphine consumption (4.0 + 0.07 mg, P< 0.01 and
P < 0.05 compared with group G, 15 + 1.4 mg and
EA, 8.1 + 0.6 mg) was observed in group EB patients
during the three days postoperation (Table III).
Moreover, a longer time elapsed before the first PCA
trigger was seen in group EB (7.38 + 2.08 hr) than in
group G patients (2.24 + 0.57 hr, P < 0.05). Patients
receiving epidural anaesthesia without ketamine and
morphine pretreatment (group EA) also consumed
less PCA morphine (3.75 + 0.71 mg,) than group G
patients (9.87 + 0.94 mg, P < 0.001) on day 1
(Figure 2).

Opioid-associated side effects were observed at a
high frequency in group G especially on day 1 after
surgery (Table IV). This may have resulted from the
higher doses of PCA morphine (Table III). Urinary
retention was not recorded in this study because most
patients had a Foley catheter in situ. No patient expe-

TABLE IV Side effects from postoperative pain control one day
after surgery.

Nausea Vomiting ~ Drowsiness  Pruvitus
Group G 10/15 7/15 9/15 3/15
Group EA 6/15 6/15 6/15 2/15
Group EB 3/15 2/15 1/15 1/15

rienced respiratory depression. Two patients (one in
group G and the other in group EB) suffered keta-
mine-induced psychomimetic effects and were exclud-
ed from the study. The psychomimetic emergencies
were attenuated and lasted for two hours after 5 mg
diazepam #».

Discussion

The present study shows that inducing analgesia, in
particular with ketamine plus morphine, before surgi-
cal incision produced better postoperative analgesia
than giving analgesia after incision. Without analgesic
pretreatment, patients receiving epidural anaesthesia
(group EA) also experienced better postoperative pain
relief and required less PCA morphine than patients
who received general anaesthesia (group G). These
results agree with results of pre-emptive analgesic
effect obtained in previous studies.!>-1% Pretreatment
of ketamine plus morphine with epidural anaesthesia
(group EB) demonstrated the longest time to the first
PCA trigger after surgery, the lowest total PCA mor-
phine consumption, the best postoperative pain relief
and the highest patient satisfaction scores. The pain
relief of group EB patients was observed to be
markedly superior in the first six hours after surgery.
On the first postoperative day, a higher incidence of
drowsiness was observed in groups G and EA. This
might have been due to higher doses of PCA mor-
phine consumed and suggests that the better pain
relief of combined ketamine-morphine-lidocaine pre-
treatment is not due to over sedation by the drugs.
Moreover, from the pharmacokinetic point of view,
patients in group G and EA who received the same
treatment as group EB patients, but at 30 min after
incision, should have had higher analgesics concentra-
tions in the cerebrospinal fluid (CSF) and better post-
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operative pain relief. Thus, pre-emptive analgesia plays
a role in the improved postoperative analgesia in
group EB patients. _

Spinal anaesthesia, major peripheral nerve block,
and operative field local anaesthetic infiltration all
reduced postoperative analgesic requirements and
improved postoperative pain relief.!4!5 Low doses of
morphine pretreatment inhibit C-fibre induced wind-
up while higher doses are needed if morphine is given
after injury.!> Abram and Yaksh showed that intrathe-
cal morphine, but not inhalation of isoflurane,
reduced phase II flinching in a formalin injected rat
paw.1? The present study showed epidural anaesthesia
co-administered with morphine offered a pre-emptive
analgesic effect.

There are some contradictory results. In one study,
pre-emptive analgesia was not observed in patients
pretreated with parenteral alfentanil at conventional
doses.!¢ Richmond ez al. also found that patients with
morphine treatment before surgery experienced more
severe movement-related pain than patients receiving
morphine after surgery.}* In addition, Dahl et al
revealed that there was no difference in the amount of
additional morphine requested or pain scores during
rest or ambulation at any time of measurement
between patients who received continuous extradural
analgesia with bupivacaine and morphine before than
in those who received analgesia after surgery.!” In all
these studies, the different results might have been
due to the fentanyl and bupivacaine test-doses, which
were employed in both control and the study groups.

According to Woolf and Chong’s theory, the opti-
mal form of pre-emptive analgesia not only begins
before surgical incision, but also continuously pre-
vents noxious stimuli from over-exciting the nocicep-
tive system, before, during and after surgery, to
achieve better postoperative pain control.! However,
Dahl et al. revealed that there was no difference in
pain score at rest or at mobilization, or in request for
additional analgesics in total knee joint replacement
patients receiving bupivacaine epidural anaesthesia
and followed by a 48-hr epidural bupivacaine-mor-
phine treatment.!® Pryle ez al. also demonstrated that
preoperative epidural bupivacaine block did not pro-
duce better pain scores or diminish the need for addi-
tional analgesics in the postanaesthetic recovery
room in abdominal hysterectomy patients.!® The rea-
son for the small or non-existent effect of pre-emp-
tive analgesia in these clinical studies might have
been that pretreatment with local anaesthetics or opi-
oids does not provide a sufficient blockade against
the afferent input during and after surgery.
Furthermore, splanchnic block in combination with
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epidural anaesthesia was found more effective than
epidural anaesthesia alone for pre-emptive analgesia
after visceral surgery.!® Thus, multimodal pre-emp-
tive analgesia, such as used in this study, might be
necessary to produce enough noxious input block
during and after surgery to prevent central nocicep-
tor sensitization.

Recently, the NMDA receptor has been found to
play a role in nociceptor sensitization in the spinal
cord.” NMDA and inflammatory agent-induced
hyperalgesia can be blocked by NMDA receptor
antagonists.22% Yamamoto and Yaksh found that
intrathecal injections of the NMDA receptor antago-
nists MK-801, D-APS or ketamine ecliminated the
occurrence of a hyperalgesic state in rats suffering
from unilateral sciatic nerve constriction injury.** In
humans, surgical trauma may lead to comparable alter-
ations in sensory processing, resulting in amplification
and prolongation of postoperative pain which might
also relate to the NMDA receptor activation.?26
Tverskoy et al. demonstrated that fentanyl and keta-
mine pre-emptively decreased postoperative wound
hyperalgesia.?” In addition, Roytblat ef /. showed that
v low-dose ketamine administration before surgical
stimulation produced better postoperative pain relief
and reduced the dose of morphine required.?® The
present study also found that pretreatment with keta-
mine plus morphine and lidocaine epidural anaesthesia
produced the best postoperative analgesia. Neurotoxic
effects of intrathecal ketamine have been reported
with the preservative chlorobutanol,?® but not with
benzethonium chloride.3%3! Following our previous
study, no neurological deficits have been reported in
the follow up of three years.!!

The present study showed that ketamine plus mor-
phine treatment before skin incision with epidural
lidocaine anaesthesia provided an ideal pre-emptive
postoperative analgesic effect in TKR patients. This
treatment provided the best pain control with the low-
est PCA morphine requirement under the same
epidural pain control regimen. The best pain relief
during active range of motion and the best satisfaction
scores were also in group EB patients. Epidural anaes-
thesia also offers some pre-emptive analgesia com-
pared with general anaesthesia. These results suggest
that NMDA receptor antagonism, in addition to mor-
phine pretreatment and regional local anaesthetic
block, plays a role in preventing sensitization of noci-
ceptive neurons in the spinal cord. In conclusion, the
present study showed that epidural anaesthesia com-
bined with a multimodal treatment of subanalgesic
doses of ketamine and morphine before surgery pro-
vides the best pre-emptive analgesic effect.
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