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Influence of pre-operative ketoprofen administration (preemptive anal-
gesia) on analgesic requirement and the level of prostaglandins in the early
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J. DOBROGOWSKI, R. KORBUT. Pol. J. Pharmacol., 2004, 56, 547–552.

The aim of this study was to examine the effect of ketoprofen used in
preemptive analgesia on the intensity of pain and requirement for analgesics
in the perioperative period. Sixty patients scheduled for elective lumbar disc
prolapse surgery were randomly divided into two groups. In the PRE group
(n = 30) ketoprofen was administered one hour before incision. In the POST
group ( n = 30) ketoprofen was used immediately after the surgery. The ope-
ration was performed under general anesthesia. Postoperative analgesia was
realized by NCA (Nurse Controlled Analgesia) and the „required” dose of
ketoprofen was 100 mg. After the operation, pain intensity was measured us-
ing visual-analog scale (VAS), ketoprofen requirements, the time to the first
dose of ketoprofen, and levels of prostaglandin E� (PEG�) in blood serum
were compared. There were no differences between the groups in the VAS
pain scores, and levels of PGE� in blood serum. However, in patients of PRE
group who had received preemptive analgesia, a significantly lower total
consumption of ketoprofen, as compared with POST group, was observed
between 12th and 36th postoperative hours. It was also found that the time
which elapsed between the end of the operation and the first NCA activation
was significantly shorter in the PRE group, as compared with the POST
group.

The results of our study confirm the possibility of modifying the no-
ciception process in the perioperative period through preemptive analgesia
by ketoprofen.
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INTRODUCTION

The induction of “preemptive analgesia” con-
sists in preoperative administration of drugs that
modulate the development of the nociception pro-
cess in the intra- and postoperative periods which
results in the reduced postoperative requirement for
painkillers [10, 15].

In order to induce preemptive analgesia, both
the drugs that inhibit the nociception process and
those activating endogenous antinociceptive sys-
tems were used. In detail, the following groups of
drugs were used in preemptive analgesia: local an-
esthetics [8], non-steroidal anti-inflammatory drugs
(NSAIDs) [2, 12, 16], paracetamol [7], opioids [14,
22], magnesium [17], cytokine synthesis inhibitors
[4, 23], ketamine [3], or tricyclic antidepressants
[21].

Scientific research carried out for many years
allowed understanding of molecular mechanisms
of nociception and revealed a significant role of cy-
tokines and prostaglandins whose production is in-
duced by surgical tissue injury resulting in central
and peripheral excessive pain sensitivity and which
manifests itself clinically as hyperalgesia and allo-
dynia, leading to the increased perception of pain
after surgery [4–6, 23].

Therefore, the aim of the study was to deter-
mine the impact of a NSAID, ketoprofen, used in
preemptive analgesia, on pain intensity, analgesic
requirement, and on the levels of prostaglandin E�

(PGE�) in blood serum in early postoperative period.
Ketoprofen is a NSAID that blocks constitutive

cyclooxygenase (COX-1) and inducible cyclooxy-
genase (COX-2), and consequently inhibits the pro-
duction of prostaglandins and reduces the develop-
ment of sensitization processes [12]. The antino-
ciceptive and anti-inflammatory action of NSAIDs
may be related to the inhibition of nitric oxide syn-
thase activation [1, 13], reduced production of
pro-inflammatory cytokines (through their inhibi-
tory action on the nuclear factor NF-�B) [11] and
lipoxine activation (endogenous anti-inflammatory
mediators) [18]. Consequently, the multidirectional
action of NSAIDs suggests that there may be possi-
bility of modifying of the nociception process by
the use of these drugs to induce preemptive analge-
sia in the perioperative period.

Moreover, the flow of nociceptive signals in the
perioperative period has a biphasic character. The
first phase is directly associated with nociceptive

stimulation that accompanies injuries produced by
surgical procedures. The second phase manifesting
itself in the postoperative period, is the result of in-
flammatory responses related to this injury and is
caused by the first phase changes in nociceptive
structures of the spinal cord [10, 19]. Hence, the
role of preemptive analgesia is to prevent or inhibit
the first phase and thus to protect the CNS from the
increased noxious stimulation during surgery.

In the present study, we tried to assess the effect
of iv ketoprofen administered before surgery (inhi-
bition of the first phase of nociceptive information)
or immediately after surgery (inhibition of the sec-
ond phase) on ketoprofen requirement and serum
PGE� concentration in the early postoperative pe-
riod.

MATERIALS and METHODS

Patients scheduled for elective neurosurgery
(herniated nucleus pulposus of intervertebral disc
in lumbar region) were included into the study.
This operation was chosen because of uniformity
of its duration, course of surgery and magnitude of
surgical trauma, which allows for collection of re-
producible data. None of the patients had severe
hepatic, renal, cardiovascular, or psychological dis-
orders. Likewise, none of the patients received an-
algesics 24 h before the operation. One day before
surgery, patients were instructed how to complete
the visual-analog scale (VAS) interview, and pa-
tients who were unable to rate the VAS score were
excluded from the study.

Each patient was premedicated with midazolam
15 mg orally. After induction to anaesthesia with ad-
ministration of iv fentanyl (0.2 mg), tiopental
(5 mg/kg) and vecuronium (0.1 mg/kg) and tracheal
intubation, all patients received general anesthesia by
inhalation of 0.2–1.1% v/v of sevoflurane and 30%
oxygen 70% nitric gas mixture, iv vecuronium
(0.08 mg/kg/h). Analgesia was sustained by frac-
tioned dose of fentanyl (0.5–0.1 mg). At the com-
pletion of skin closure, muscle relaxation was re-
versed and patients were extubated once the ab-
sence of hypercapnia (high end-tidal carbon dioxide
concentration) was confirmed, or decreased respi-
ratory rate (< 12 breaths/min). After the operation,
none of patients were administered opioid antago-
nists. Patients were randomly allocated into two
groups (see Table 1).
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Patients in the PRE group (n = 30) were admin-

istered 100 mg of ketoprofen in 100 ml of 0.9%

NaCl iv 60 min before the induction of general an-

esthesia, and directly after the operation, the pa-

tients received iv 100 ml of 0.9% NaCl.
In order to determine the influence of the inhi-

bition of the phase II (inflammatory response in the

postoperative period) on nociceptive stimulation,

patients in POST group (30 patients) received iv
100 ml of 0.9% NaCl 1 h before the induction to

general anesthesia, and directly after the operation,

the patients received iv 100 mg of ketoprofen in

100 ml of 0.9% NaCl.
Following the surgery, the patients were trans-

ferred to the recovery room, where postoperative

analgesia was administered by NCA, i.e. after pa-

tients reported pain, the nurse gave them iv keto-

profen. The requested dose was 100 mg.
The ketoprofen requirement was determined in

four periods: I (since the end of the operation to 4 h

afterwards), II (between 4 and 8 h), III (between

8 and 12 h) and IV (12th to 36th h after the opera-

tion).
The level of intensity of postoperative pain was

also measured using the VAS with read outs at

eight times: VAS� – pain intensity which made the

patient activate the NCA system, VAS� – 4 h fol-

lowing the operation, VAS� – 8 h following the ope-

ration, VAS� – 12 h following the operation, and

within the first 24 h after the operation VAS� – at

8 a.m., VAS� – at 12 p.m., VAS� – at 4 p.m., and

VAS� – at 8 p.m. Pain intensity was evaluated by

a physician who was unaware about the division

into study groups. The latency of first NCA activa-

tion was also measured for all patients.
PGE� levels in blood serum were also measured

in all patients. The level of PGE� concentration in

blood serum was measured using commercially

available ELISA kits: 1 h before the operation

(1 h-pre), directly before ketoprofen administration

in the PRE group or 0.9% NaCl in the POST group,
8 h after the operation (8 h-post) and 12 h after the
operation (12 h-post).

Clinical investigation was carried out according
to the protocol approved by the Ethics Commission
of the Regional Chamber of Physicians in Rzeszów
(Poland).

Results were statistically analyzed by Student’s
t-test and U Mann-Whitney test. Data are presented
as means ± SD.

RESULTS

A total of 60 patients participated in the study.
One patient was excluded from the study on ac-
count of laminectomy, which is one of the reasons
for postoperative opioid administration caused by
insufficient ketoprofen analgesia. No statistically
significant differences between the groups were
noted in terms of age, body weight, intraoperative
fentanyl requirement, duration of the surgery, etc.
(Tab. 1).
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Table 1. Patients

PRE group POST group

Number of patients 30 30

Sex F/M 11/19 10/20

Age 44.4 ± 10.7 43.4 ± 8.81

Body weight (kg) 78.6 ± 11.6 76.9 ± 8.67

Duration of surgery (min) 66 ± 20 70 ± 27

Fentanyl use during operation (mg) 0.38 ± 0.06 0.36 ± 0.08
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Fig. 1. The influence of ketoprofen on the analgesic requirement
in the specific periods of observations in the postoperative
period. * significant difference with respect to POST group
(p ��������



The analysis of ketoprofen requirement in indi-
vidual observation periods within the first 12 h af-
ter the surgery (period I–III) did not show signifi-
cant differences among studied groups. However,
in the IV observation period (12–36 h) ketoprofen
requirement in the PRE group was significantly lower
(p � 0.004) than that in the POST group (Fig. 1).

Postoperative pain intensity did not statistically
differ between the two study groups (Fig. 2). These
data indicate that patients in the PRE group in IV
period of observation required significantly smaller
doses of ketoprofen to achieve a similar level of an-
algesia (Fig. 2).

It was also found that the time (minutes) which
elapsed between the end of the operation and the
first NCA activation was significantly shorter
(p � 0.01) in the PRE group, as compared with the
POST group (Fig. 3).

Postoperative serum levels of PGE� concentra-
tion did not differ significantly between the studied
groups, but postoperative prostaglandin concentra-
tion levels determined in both studied groups were
significantly lower (p � 0.03) as compared with
preoperative levels (Fig. 4).

DISCUSSION

The most of experimental studies have demon-
strated the inhibitory effect of preemptive analgesia
on the development of post-traumatic hyperalgesia
[10], which allowed for the formulation of a hy-
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pothesis that there is a possibility to prevent post-
operative pain. However, in clinical studies, benefi-
cial effects that would manifest themselves as re-
duced postoperative pain or reduced total analgesic
requirement, were observed only in a few cases [9,
15]. It is tempting to speculate that in clinical stud-
ies both the postoperative trauma involves a larger
area, while nociceptive stimulation lasts longer
than the effect of drugs used to obtain preemptive
analgesia [10, 15].

Our clinical observations indicate that nocicep-
tive stimulation following a prolapsed disc surgery
and moderate pain intensity (if the scope of the op-
eration remains unchanged) does not require post-
operative opioids and sufficient analgesia may be
achieved through NSAID administration.

Surgical trauma activates COX-2 and subse-
quently generation of prostaglandins that may me-
diate sensitization of peripheral and CNS. Moreo-
ver, laboratory and clinical studies [2, 5, 15] pro-
vide an evidence that inhibition of COX-2
up-regulation at spinal level is a key factor for pre-
operative NSAID efficacy.

On the other hand, in our study, serum concen-
trations of PGE� were similar both in PRE and
POST groups as estimated postoperatively. It needs
to be pointed out, however, that postoperative PGE�

concentrations were significantly lower (p � 0.03)
than at the baseline level, which may be explained
by the fact that in both patient groups postoperative
ketoprofen administration was continued for 36 h
in the NCA mode.

In our study, no differences in pain intensity in
both groups were observed at all time points. This
may suggest that preemptive ketoprofen treatment
has no impact on diminishing pain intensity follow-
ing spinal surgeries, but it needs to be pointed out
that patients in the PRE group require significantly
smaller doses of ketoprofen to achieve a similar
level of postoperative pain intensity in IV period of
observation (12–36 h).

Similarly, Møiniche et al. [15], who analyzed
over 20 controlled studies involving preemptive
analgesia with NSAIDs in various surgeries, con-
cluded that only in two trials pain scores were sig-
nificantly improved immediately after surgery by
preemptive as compared with postoperative treat-
ment.

Buvanendran et al. [2] demonstrated that preop-
erative administration of rofecoxib followed by its
continued postoperative administration, much the

same as in our study, caused reduced opioid re-
quirement and improved clinical outcome after to-
tal knee replacement.

From our studies we came to final conclusion
that in the POST group, the time until the first NCA
activation was significantly longer (p � 0.01) vs.
the PRE group, but ketoprofen requirement in the
final IV observation period between 12 and 36 h
was significantly lower (p � 0.004) in the PRE
group.

Longer time until the first dose of ketoprofen
was also observed by Likar et al. [12] after gyneco-
logical surgery in the POST groups (compared with
patients receiving ketoprofen before the surgery).
Authors claimed that their observation might result
from the pharmacokinetics of the drug after iv ad-
ministration and its half-life (1.5–2.5 h). Despite
the fact that the prostaglandin concentration in
blood serum was similar in both studied groups,
significantly lower ketoprofen requirement that
was observed in our study in the PRE group be-
tween the 12th and 36th h after the surgery (IV ob-
servation period) may be the result of early induc-
tion by ketoprofen of other NSAIDs-related mecha-
nisms, such as inhibition of pro-inflammatory
cytokine production through affecting factor NF�B
[11], inhibited activation of nitric oxide synthase
[1, 13] or the production of lipoxins [18], which
may be responsible for early ketoprofen effect ad-
ministered as preemptive analgesia. It should be
pointed out that after peripheral inflammation
COX-2 is induced within many areas of the CNS
and that prostaglandins (including PGE�) act to in-
crease neuronal excitability with delay of approxi-
mately 8–12 h [20], what can account for no differ-
ence in the request for ketoprofen between groups.

Summarizing, in preemptive analgesia when
the drug is administered before nociceptive stimu-
lation and the central activation of COX-2, lower
ketoprofen requirement observed in the PRE group
in IV observation period, may be explained by its
stronger inhibitory effect on the process of central
sensitization.
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