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Abstract

Background Dexketoprofen has been shown to provide

efficient analgesia and an opioid-sparing effect after

orthopedic surgery. In this dose-finding study, we evalu-

ated the analgesic efficacy and opioid-sparing effect of

dexketoprofen administered intravenously (i.v.) after

laparoscopic cholecystectomy (LCC).

Methods Twenty-four patients undergoing LCC were

randomized to receive dexketoprofen 10 or 50 mg i.v.

15 min before the end of the surgery. Subjects were pro-

vided with 0.2 mg/kg of oxycodone at anesthesia induc-

tion. In the recovery room, pain was assessed with an

11-point numerical rating scale (NRS; score of 0 = no

pain, score of 10 = most severe pain) every 10 min. When

the NRS score was C3/10 at rest or C5/10 at wound

compression, a plasma sample was taken for analysis of

oxycodone [to determine the minimum effective concen-

tration (MEC)], its metabolites, and dexketoprofen. After

that, subjects were titrated with oxycodone 2 or 3 mg i.v.

every 10 min until the NRS score was \3/10 at rest and

\5/10 at wound compression. At this point, a second

plasma sample was taken for analysis of oxycodone

[minimum effective analgesic concentration (MEAC)], its

metabolites, and dexketoprofen.

Results At the onset of pain, the plasma oxycodone con-

centrations (MEC) were similar in the two groups: median

60 ng/mL (range 37–73) in the 10 mg group and median

52 ng/mL (range 24–79) in the 50 mg group. At the time of

pain relief, theMEACswere 98 ng/mL (range 59–150) in the

10 mg group and 80 ng/mL (range 45–128) in the 50 mg

group. The total doses of oxycodone needed to achieve pain

relief were similar: 0.11 mg/kg (range 0–0.33) in the 10 mg

group and 0.08 mg/kg (range 0–0.24) in the 50 mg group.

Eleven subjects developed mild desaturation or a decreased

respiratory rate after oxycodone titration.

Conclusion In the present double-blinded, randomized

clinical trial, the need for a rescue opioid analgesic, oxy-

codone, was similar with the two dose levels of dexketo-

profen—10 and 50 mg i.v.—after LCC.

Key Points

Early pain after laparoscopic cholecystectomy is

often severe, and most patients need an opioid

analgesic.

Postoperative pain is multifactorial, but tissue trauma

from the incision sites is the main origin of pain after

laparoscopy.

Nonsteroidal anti-inflammatory analgesics are often

highly effective in postoperative pain management,

as surgery causes both pain and inflammation.

In the present study, the need for a rescue opioid

analgesic, oxycodone, was similar with two dose

levels of intravenous dexketoprofen—10 and

50 mg—after laparoscopic cholecystectomy.
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1 Introduction

Pain in the early phase of recovery after laparoscopic chole-

cystectomy (LCC) is often severe [1–3]. Intense acute pain is

the main reason for prolonged recovery after LCC [4], and it

may also predict development of chronic pain [1, 5–7]. In two

studies, relatively high doses of opioids were needed for suf-

ficient pain relief in patients undergoing LCC [2, 3]. This is a

concern because acute exposure to higher doses of opioids

may result in long-lastinghyperalgesia [8].Moreover, in acute

pain management, the utility function for opioids is often

negative, i.e. the analgesic opioid concentration could be even

higher than that inducing adverse effects [2, 9]. To prevent

opioid-induced hyperalgesia and to reduce the total con-

sumption of opioids in acute pain management, opioid anal-

gesics are often combinedwith non-opioid analgesics, such as

nonsteroidal anti-inflammatory drugs (NSAIDs). Coadmin-

istration of NSAIDs may reduce the risk of adverse effects of

opioids. This has been shown with coadministration of keto-

profen with morphine: the decrease in ventilation was less

pronounced when the NSAID was administered in conjunc-

tion with the opioid [10]. NSAIDs have a significant opioid-

sparing effect in postoperative pain management, which is

most evident in patients undergoing orthopedic surgery [11]

but is also evident in those undergoinggastrointestinal surgery

[1]. In addition, recent evidence has indicated that in

abdominal surgery, early postoperative use of NSAIDs may

decrease postoperative complications [12].

Ketoprofen is one of the most extensively evaluated

NSAIDs in postoperative pain management [13, 14].

Ketoprofen is a racemic compound. The S(?)-enantiomer,

dexketoprofen, has analgesic activity, while the contribu-

tion of the R(-)-enantiomer to analgesic efficacy is mini-

mal [15]. Dexketoprofen provides similar analgesic

efficacy at half the dose of racemic ketoprofen and is thus

likely to be better tolerated [13].

In our previous randomized clinical trial evaluating the

effect of intravenous (i.v.) paracetamol 1 or 2 g on the

need for postoperative rescue oxycodone after elective

LCC, no difference between the two dose levels was found,

and the total dose of oxycodone for sufficient analgesia was

relatively high [3]. Early pain after surgery is both noci-

ceptive and inflammatory, and experimental evidence

indicates that traditional NSAIDs may decrease both

nociceptive and inflammatory pain [16]. Thus, dexketo-

profen may perform better than paracetamol in LCC

patients. To test this, we designed the present randomized,

double-blinded clinical trial, where our study hypothesis

was that dexketoprofen would have dose-dependent opioid-

sparing efficacy in subjects undergoing LCC.

The main outcome measures were the minimum effec-

tive concentration (MEC) and the minimum effective

analgesic concentration (MEAC) of oxycodone when it

was coadministered with either 10 or 50 mg of dexketo-

profen i.v. in subjects undergoing elective LCC.

2 Materials and methods

The study was designed as a prospective, randomized,

double-blinded clinical trial, with two parallel groups. The

protocol was approved by the Research Ethics Committee

of the Hospital District of Northern Savo, Kuopio, Finland

(approval no. 41//2013; 29.7.2013), the Finnish Medicines

Agency was notified of it (approval no. 71//2013;

10.7.2013), and the trial was registered in the EudraCT

database (no. 2013-002085-39). The study was conducted

in accordance with the Declaration of Helsinki.

2.1 Participants

A total of 26 patients scheduled for elective LCC at Kuopio

University Hospital (Kuopio, Finland) in 2014 were asked

to participate in this trial, and 24 of them agreed and gave

their written informed consent for participation in the trial.

The subjects included in the trial were 18–65 years old and

had an American Society of Anesthesiologists physical

status class of I–III. At enrolment, we excluded patients

with a body mass index over 35 kg/m2; sleep apnea or

another disease affecting the respiratory center; renal,

hepatic or pulmonary impairment; increased risk of

bleeding; paralytic ileus or acute abdominal pain; previ-

ously diagnosed peptic ulcer or malignant disease; history

of alcohol or narcotic abuse; or an allergy to any of the

drugs or excipients used in the study; those who used

monoamine oxidase inhibitors or opioids regularly; and

those who were lactating or pregnant.

2.2 Study Design

The flow chart for the study is presented in Fig. 1. The

operations were carried out by four consultant-level sur-

geons, and the same standardized surgical technique was

used in both groups. The LCC procedure was performed

using the four-trocar technique (one 10 mm and three

5 mm trocars). An optical trocar was used to penetrate into

the abdominal cavity, and the intra-abdominal pressure was

set at 12 mmHg.

The surgery was performed under standardized endo-

tracheal anesthesia. Subjects were allowed to have diaze-

pam 10 mg by mouth as premedication if they were

anxious. Anesthesia was induced with propofol, and a

remifentanil infusion of 250–500 lg/h was used for intra-

operative analgesia. For muscle relaxation, subjects were

given rocuronium 0.6 mg/kg to achieve a deep
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neuromuscular block with a post-tetanic count (PTC) of

2–5. If the PTC was higher than 5, the subject was given

repetitive doses of rocuronium 0.1 mg/kg until the PTC

was B5. Anesthesia was maintained with desflurane in

oxygen in air, and the desflurane inhalation was adjusted to

maintain the state entropy values between 40 and 60.

Oxycodone 0.2 mg/kg (Oxanest 10 mg/mL; Oy Leiras

Takeda Pharmaceuticals AB, Helsinki, Finland) was given

at anesthesia induction, and the Surgical Pleth Index (SPI)

[CarescapeTM B650; GE Healthcare, Helsinki, Finland]

was maintained at values between 20 and 50 by adjustment

of the infusion rate of remifentanil.

The blood pressure, heart rate, peripheral oxygen satu-

ration (SpO2), end-tidal CO2 concentration (etCO2), anes-

thesia gases, entropy, and SPI were monitored continuously

with the CarescapeTM B650. Neuromuscular monitoring

was performed with acceleromyography (TOF-Watch SX;

TOF-Watch SX Organon Ltd, Dublin, Ireland). The depth

of neuromuscular blockade was controlled with train-of-

four (TOF) and PTC stimulation. The monitoring data were

collected to computer records, using Datex-OhmedaTM

S/5 Collect software (GE Healthcare, Helsinki, Finland).

Approximately 15 min before the end of surgery, sub-

jects were given a 5 min i.v. injection of either dexketo-

profen 10 mg (in the 10 mg group) or dexketoprofen

50 mg (in the 50 mg group) [Ketesse 50 mg/2 mL; Berlin-

Chemie/A. Menarini Suomi Oy, Helsinki, Finland], diluted

in 20 mL of normal saline in a double-blinded manner. The

randomization list was generated by computer (http://www.

randomization.com), and a sealed envelope method was

used for blinding. A hospital pharmacist prepared and

concealed the random assignments from other persons

involved in the study.

After the last skin suture, the remifentanil infusion and

inhalation of desflurane were discontinued, and subjects

were given sugammadex 2 mg/kg i.v. to reverse the neu-

romuscular block. Neuromuscular monitoring was contin-

ued until the TOF ratio was 0.9 or higher, and then the

26 pa�ents mee�ng the study criteria were asked to par�cipate

24 pa�ents enrolled and randomised

Oxycodone 0.2 mg/kg i.v. given at the anaesthesia induc�on

Group 10 mg = dexketoprofen 10 mg i.v. 
15 minutes before the end of surgery

Group 50 mg = dexketoprofen 50 mg i.v. 15 
minutes before the end of surgery

Recovery room: pain assessment at every 10 minutes

When NRS ≥ 3 at rest or ≥ 5 at wound compression
1st blood sample taken for oxycodone (MEC) and dexketoprofen concentra�on analysis

Oxycodone 2/3 mg i.v. given at every 10 minutes

When NRS < 3 at rest and < 5 at wound compression
2nd blood sample taken for oxycodone (MEAC) and dexketoprofen concentration analysis

Group 10 mg: 10 analysed Group 50 mg: 12 analysed

Surgery converted to open 
cholecystectomy, n=2

Declined to par�cipate, n=2

Fig. 1 Flow chart.

i.v. Intravenously,

MEAC minimum effective

analgesic concentration,

MEC minimum effective

concentration, NRS numerical

rating scale score
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endotracheal tube was removed. The time from the sug-

ammadex injection to a TOF ratio of C0.9 was recorded.

At the start of the surgery, an indwelling catheter for

blood sampling was placed in the cubital vein of the arm

contralateral to the remifentanil infusion. No injections or

infusions were given in that arm.

In the recovery room, pain intensity was assessed every

10 min, using an 11-point numerical rating scale (NRS;

score of 0 = no pain, score of 10 = most severe pain) at

rest and during pressure on each of the wounds with a

20-Newton force (2 kg of pressure with three fingers on a

10 cm2 area). The force of the wound compression was

standardized by application of pressure on a kitchen scale

(Soehnle, Nassau, Germany) before application to every

patient and two or three times during each case [2, 3].

When the pain at rest was 3/10 or more, or the pain fol-

lowing wound compression was 5/10 or more (the highest

score of the four wounds), the first blood sample was taken

(to determine the MEC). After this, the subjects received an

i.v. oxycodone dose (2 mg of oxycodone for bodyweight of

\80 kg or height of\165 cm, and 3 mg of oxycodone for

bodyweight of C80 kg and height of C165 cm) every

10 min until the pain at rest was below 3/10 and the pain

after wound compression was below 5/10. The second

blood sample was obtained for the MEAC of oxycodone

20 min after the last oxycodone dose—that is, when the

subject had low pain scores at two consecutive assess-

ments. The plasma oxycodone concentration obtained at

the onset of significant pain was used as an estimate of the

MEC, and the P-oxycodone concentration measured at the

time of pain relief was used as an estimate of the MEAC of

oxycodone with coadministration of dexketoprofen.

Blood samples were protected from light and cen-

trifuged after sampling, and the plasma was divided into

four polypropylene tubes. Samples were stored at -72 �C
until analysis.

In the recovery room, we also measured and recorded

the arterial blood pressure, heart rate, SpO2, etCO2, respi-

ratory rate, sedation and adverse effects. Sedation was

evaluated by using the Richmond Agitation–Sedation Scale

(RASS; -5 = unarousable, no response to voice or phys-

ical stimulation; ?4 = overly combative, violent, imme-

diate danger to staff) [17].

During the study, no other pain medication or wound

infiltrations were given to the subjects. All medications

given were recorded. After the second blood sample was

obtained, the study ended, and pain management was

continued with the normal protocol of the hospital.

2.3 Sample Analysis

Plasma concentrations of oxycodone, noroxycodone, oxy-

morphone, and noroxymorphone were analyzed with a

triple quadrupole mass spectrometer and ultra-performance

liquid chromatography system (LC–MS/MS) method, as

described earlier [18]. The concentrations of oxycodone,

noroxycodone, oxymorphone, and noroxymorphone are

reported as hydrochlorides. At the lower limit of quantifi-

cation, the accuracy of the assay was 80–120 % and the

coefficient of variation (CV) was below 20 %. The cali-

bration ranges for the plasma samples were as follows:

oxycodone 0.2–500 ng/mL, noroxycodone 0.5–200 ng/mL,

oxymorphone 0.2–100 ng/mL, and noroxymorphone

0.2–200 ng/mL.

Dexketoprofen concentrations were analyzed by quan-

titative liquid chromatography with triple quadrupole mass

spectrometric detection (LC–MS/MS), which was based on

the methods described earlier by Gynther et al. [19].

Briefly, after plasma samples were thawed unassisted on

top of ice, 100 lL of plasma was extracted with 400 lL of

acetonitrile solution containing 0.1 % formic acid and

100 ng/mL of d3-ketoprofen as an internal standard.

Samples were then vortex mixed and left to cool on top of

ice. Cooled samples were centrifuged at 10,000 rpm for

5 min at 10 �C, the supernatants (50 lL) were transferred

to sample vials containing 50 lL of water, and the tubes

were briefly vortexed. Ketoprofen was quantified by liquid

chromatography (using an Agilent 1290 Rapid Resolution

LC System; Agilent Technologies, Waldbronn, Germany)

coupled with an Agilent Jet Stream (AJS) ionization triple

quadrupole mass spectrometer (Agilent 6495 Triple

Quadrupole LC/MS; Agilent Technologies, Palo Alto, CA,

USA). The injection volume was 5 lL, and the column

used was a Zorbax Eclipse XDB-C18 Rapid Resolution HT

2.1 9 50 mm, 1.8 lm (Agilent Technologies, Palo Alto,

CA, USA). The column temperature was 40 �C, with a

flow rate of 0.5 mL/min, and the gradient elution was used

with water (eluent A) and acetonitrile (eluent B), both

containing 0.1 % (v/v) of formic acid. The following gra-

dient profile was employed: 0–2.5 min: 15 ? 95 % B;

2.5–4.5 min: 95 % B; 4.5–4.51 min: 95 ? 15 % B;

4.51–7.0 min: 15 % B. The autosampler was maintained at

10 �C. The following ionization conditions were used:

positive ionization mode, drying gas (nitrogen) temperature

200 �C, drying gas flow rate 16 L/min, nebulizer gas

pressure 25 psi, sheath gas temperature 400 �C, sheath gas

flow 11 L/min, capillary voltage 4000 V, and nozzle

voltage 500 V. The ion funnel parameters were as follows:

high-pressure ion funnel RF voltage (HPRF) 200 V and

low-pressure ion funnel RF voltage (LPRF) 100 V. Ana-

lyte detection was performed using multiple reaction

monitoring (MRM) with the following transitions (and

collision energy values in parentheses): m/z 255 ? 209 as

the quantifier ion transition for ketoprofen [collision-in-

duced dissociation (CID) 13 V], m/z 255 ? 105 and

m/z 255 ? 77 as the qualifier ion transitions for ketoprofen
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(CID 25 and 50 V), and m/z 258 ? 212 for d3-ketoprofen

(internal standard, CID 13 V). The dwell time was 75 ms

for each transition, and the mass resolution value for the

MS1 and MS2 quadrupoles was 0.7 full width at half

maximum (FWHM) for both. The calibration range of the

method was 13–5190 ng/mL.

2.4 Statistical Analysis

A sample size calculation was based on our previous

results, where the mean oxycodone MEC was 24 ng/mL

with a standard deviation (SD) of 4.2 ng/mL [2]. In order

to detect a 25 % difference in the MEC between the two

groups with a desired significance of 0.05, a sample of

12 subjects in both groups was required to achieve a study

power of 0.9.

The data were entered and analyzed using Statistical

Package for Social Science (SPSS) version 21.0 software

(IBM, Chicago, IL, USA). The results are presented as

individual values, median and range values, 95 % confi-

dence intervals (CIs), and means and SDs as appropriate.

The interindividual CVs were calculated for both MEC and

MEAC values. The differences between the two groups

were compared using Mann–Whitney U tests for continu-

ous and ordinal variables, and for dichotomous data we

used Pearson’s Chi-squared tests. The correlations were

compared, calculating Pearson correlation coefficients. A

two-sided p value of 0.05 was considered the limit of sta-

tistical significance.

3 Results

3.1 Baseline Characteristics

Twenty-four patients agreed to participate in the study, but

in two subjects the surgery was converted to open chole-

cystectomy. The data from these two subjects were not

included in the analysis. The remaining subjects’ charac-

teristics are presented in Table 1.

3.2 Remifentanil Doses

The median remifentanil doses were relatively small in

both groups: 0.072 lg/kg/min (range 0.034–0.13) in the

10 mg group and 0.078 lg/kg/min (range 0.045–0.14) in

the 50 mg group (p = 0.84).

3.3 Oxycodone Consumption

There was no difference between the two study groups in

cumulative oxycodone consumption during the early phase

of recovery after LCC. The median oxycodone doses were

0.11 mg/kg (range 0.0–0.33) in the 10 mg group and

0.08 mg/kg (range 0.0–0.24) in the 50 mg group

(p = 0.28) (Fig. 2). Three subjects developed only mild

pain (NRS scores of \3/10 at rest and \5/10 at wound

compression) during the first 2 h after surgery and there-

fore did not receive oxycodone for rescue analgesia: one

subject in the 10 mg group (subject no. 21) and two sub-

jects in the 50 mg group (subject nos. 6 and 8) (Table 2).

3.4 Plasma Concentrations of Oxycodone and Its

Metabolites

Plasma oxycodone concentrations at the onset of pain

(MEC) and at the time of pain relief (MEAC) were similar

in the two groups (Table 2). The median P-oxycodone

concentrations at pain onset were 60 ng/mL (range 37–73)

in the 10 mg group and 52 ng/mL (range 24–79) in the

50 mg group (mean difference 4 ng/mL, 95 % CI -8

to 17, p = 0.63). At the time of pain relief, the median

oxycodone concentrations were 98 ng/mL (range 59–150)

in the 10 mg group and 80 ng/mL (range 45–128) in the

50 mg group (mean difference 18 ng/mL, 95 % CI -6

to 44, p = 0.18). For MEC values, the interindividual CV

was 26 %, and for MEAC values it was 30 %.

No difference in the median concentrations of oxy-

codone metabolites were found between the two groups.

Plasma concentrations of the active metabolite oxymor-

phone were low, and the inactive metabolite noroxycodone

was the main metabolite detected at both times (Table 3).

3.5 Plasma Concentrations of Dexketoprofen

The median dexketoprofen doses were 0.12 mg/kg (range

0.11–0.17) in the 10 mg group and 0.66 mg/kg (range

0.45–0.83) in the 50 mg group. The dexketoprofen dose

did not correlate with the MEC (r = -0.17, p = 0.45) or

with the MEAC (r = -0.31, p = 0.2; Pearson correlation

coefficient).

At pain onset, the mean P-dexketoprofen concentration

was higher in the 50 mg group [4517 ng/mL (range

801–7580)] than in the 10 mg group [564 ng/mL (range

116–1594)], as expected. This was also the case at the time

of pain relief: the mean P-dexketoprofen concentrations

were 1502 ng/mL (range 607–2647) in the 50 mg group

and 232 ng/mL (range 109–477) in the 10 mg group.

3.6 Rocuronium Doses

The median total doses of rocuronium given during the

surgery were 80 mg (range 70–190) in the 10 mg group

and 92 mg (range 50–125) in the 50 mg group. The median

time from administration of sugammadex to recovery of a

TOF ratio C0.9 was 1 min 50 s (range 1–5 min 30 s) in the
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10 mg group and 2 min 50 s (range 1 min 8 s to 5 min

10 s) in the 50 mg group.

3.7 Onset of Pain

No difference was found in the time from the end of

anesthesia to the onset of pain. The median times were

26 min (from 10 min to 1 h 10 min] in the 10 mg group

and 21 min (from 8 min to 42 min) in the 50 mg group,

respectively (p = 0.32).

3.8 Haemodynamic and Respiratory Parameters

The arterial blood pressure, heart rate, SpO2, etCO2 and

respiratory rate values were similar in the two groups

(Fig. 3). However, the number of patients with transient

episodes of respiratory depression was smaller in the

50 mg group than in the 10 mg group (see below).

3.9 Adverse Effects

There were no unexpected or severe adverse effects during

the study. The adverse effects observed were all considered

to be related to study medications. A total of 15 subjects

developed 29 adverse effects. In the 10 mg group, one

subject had four, two subjects had three, three subjects had

two, and one subject had one adverse effect (SpO2\94 %,

n = 6; respiratory rate \10 breaths/min, n = 4; nausea,

n = 4; pruritus, n = 2; shivering, n = 2). In the 50 mg

group, three subjects had two adverse effects and four

subjects had one adverse effect (SpO2 \94 %, n = 3;

respiratory rate \10 breaths/min, n = 2; nausea, n = 5).

Seven of ten subjects in the 10 mg group and four of

12 subjects in the 50 mg group had either low SpO2 or a

low respiratory rate (p = 0.087).

4 Discussion

In the present dose-finding study, there was no difference

in the analgesic efficacy of dexketoprofen at doses of

10 and 50 mg i.v. in early-phase pain management after

LCC. The cumulative oxycodone consumption, the time to

the need for rescue analgesia, and the MEC and MEAC

values were similar in the two groups. This was not

expected, because in our earlier study in children

Cumulative oxycodone consumption

0 50 100 150
0

5

10

15
10-mg group (no.of boluses)

50-mg group (no.of boluses)

10-mg group (mg)

50-mg group (mg)

Time (min)

Fig. 2 Mean oxycodone

consumption in the 2 dose

groups during the first

2 postoperative hours,

expressed as the cumulative

oxycodone dose (mg) and the

number of bolus doses

Table 1 Patient characteristics

Variable Value, mean (SD) [range]

10 mg dexketoprofen group (n = 10) 50 mg dexketoprofen group (n = 12)

Age (years) 50 (9.88) [27–59] 52 (10.4) [33–65]

Weight (kg) 80 (12) [60–93] 79 (15) [60–112]

Height (m) 1.69 (0.11) [1.57–1.89] 1.66 (0.10) [1.54–1.83]

BMI (kg/m2) 27.9 (4.0) [21.0–45.7] 28.5 (3.76) [20.6–46.6]

Duration of anesthesia (h:min) 1:43 (0:24) [1:02–2:25] 1:45 (0:26) [1:00–2:45]

Duration of surgery (h:min) 1:09 (0:23) [0:29–1:55] 1:06 (0:23) [0:27–2:00]

BMI body mass index, SD standard deviation
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undergoing adenoidectomy, dose-dependent opioid-sparing

efficacy was found for racemic ketoprofen [20]. In that

study, significant analgesic efficacy was demonstrated at a

ketoprofen dose of 0.3 mg/kg i.v., and pain scores were

lower and the need for rescue opioid analgesic was dose-

dependently lesser with higher doses of ketoprofen 1 and

3 mg/kg i.v., respectively. In the present study, the need

for rescue opioids was one-third lesser in subjects receiving

50 mg dexketoprofen i.v. than in subjects receiving 10 mg

dexketoprofen, but because of high interindividual varia-

tions in analgesic requests, the difference between the two

groups was not significant.

In the present study, dexketoprofen was administered at

the end of surgery, in contrast to the adenoidectomy study

Table 2 Individual patient characteristics and oxycodone plasma concentrations

Patient

no.

Sex Age

(year)s

Weight

(kg)

Height

(m)

P-oxycodone

concentration at pain

onset (ng/mL)

Time of pain

onset after

surgery (min)

Oxycodone

consumption, no. of

bolus doses (mg)

P-oxycodone

concentration at time of

pain relief (ng/mL)

Dexketoprofen 10 mg group

2 Female 57 93 1.66 73.4 27 2 (6) 98.2

3 Female 53 66 1.60 54.2 30 4 (8) 93.7

7 Female 39 90 1.67 64.8 21 10 (30) 150.0

9 Male 51 83 1.83 65.5 21 4 (12) 113.0

10 Male 55 77 1.75 62.4 26 7 (14) 99.3

11 Male 54 84 1.72 57.9 110 2 (6) 81.0

12 Male 27 92 1.89 69.6 23 3 (9) 86.0

21 Female 55 88 1.60 36.9 140 0 (0) –

22 Female 45 65 1.62 44.0 50 3 (6) 58.6

23 Female 59 60 1.57 39.1 10 9 (18) 109.0

Dexketoprofen 50 mg group

1 Female 59 78 1.54 59.4 42 2 (4) 69.5

4 Female 57 70 1.58 54.2 8 2 (4) 89.2

6 Male 65 85 1.72 59.2 132 0 (0) –

8 Female 58 61 1.58 39.2 136 0 (0) –

13 Male 41 112 1.83 65.5 15 4 (12) 100.0

14 Female 58 73 1.61 71.1 17 7 (14) 128.0

15 Female 56 65 1.67 79.3 24 2 (4) 98.5

16 Female 54 88 1.60 24.3 40 3 (9) 45.8

17 Male 61 95 1.81 48.7 17 2 (6) 63.8

18 Female 35 87 1.69 44.4 32 1 (3) 45.4

20 Female 51 60 1.57 42.4 25 6 (12) 71.3

24 Female 33 74 1.72 41.6 10 9 (18) 88.1

Table 3 Concentrations of the metabolites of oxycodone

Metabolite concentration at pain onset (ng/mL) Metabolite concentration at time of pain relief (ng/mL)

P-noroxymorphone P-noroxycodone P-oxymorphone P-noroxymorphone P-noroxycodone P-oxymorphone

Dexketoprofen 10 mg group

Mean (SD)

[range]

1.3 (0.4) [0.8–2.2] 6.4 (1.9) [4.3–10.7] 0.5 (0.2) [0.3–0.8] 2.3 (1.0) [1.0–3.6] 11.5 (3.9) [6.0–18.3] 0.7 (0.4) [0.4–1.4]

Dexketoprofen 50 mg group

Mean (SD)

[range]

1.3 (0.4) [0.7–1.7] 8.1 (4.4) [4.6–20.5] 0.4 (0.2) [0.1–0.8] 2.1 (0.5) [1.3–2.9] 14.0 (9.3) [5.5–34.0] 0.5 (0.2) [0.03–0.8]

SD standard deviation
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[20], in which ketoprofen was given during induction of

anesthesia. This late administration may explain the lack of

dose-dependent efficacy of dexketoprofen in the present

study. The optimal timing of NSAID administration in

surgical patients has not been established. In an earlier

study in patients undergoing LCC, racemic ketoprofen

100 mg i.v. given before induction of anesthesia was

superior to the same dose given after surgery in the

recovery room when each patient initially complained of

pain [21]. Conversely, in tonsillectomy patients, preoper-

ative ketoprofen did not perform better than the same dose

at the end of surgery but before pain had been established

[22]. NSAIDs have both peripheral and central nervous

system analgesic actions. Ketoprofen penetrates readily

into the central nervous system [23]. However, it may take

up to 3 h before maximum concentrations are achieved in

cerebrospinal fluid [24]. On the basis of their modes of

action and pharmacokinetic characteristics, NSAIDs are

more effective in prevention of acute pain than in relief of

established pain.

Cholecystectomy is associated with perioperative

bleeding complications in 1–2 % of cases [25]. Since

NSAIDs inhibit platelet function, the first NSAID dose is

often given only after primary hemostasis has developed

[26]. In addition, there appears to be sufficient evidence to

conclude that both renal function and renal blood flow

decrease during pneumoperitoneum [27]. In settings of

prolonged renal vasoconstriction, prostaglandins act to

preserve renal blood flow and the glomerular filtration rate.

Thus, preoperative use of NSAIDs may increase the risks

of renal ischemia and acute kidney injury by blocking

formation of prostaglandins [28]. Therefore, NSAID

administration only at the end of pneumoperitoneum is

preferable to preoperative administration.

Ketoprofen is a chiral molecule, and dexketoprofen, the

(S)-enantiomer, is believed to confer analgesia.
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Theoretically, dexketoprofen is expected to provide anal-

gesia equivalent to that provided by ketoprofen, but at half

the dose [23]. High analgesic efficacy of dexketoprofen has

been demonstrated—for example, in major orthopedic

surgery and dental surgery [11, 29]. Also, after lumbar disc

surgery, dexketoprofen 50 mg i.v. was superior to parac-

etamol 1 g i.v. [30]. The data from the present study

indicate that dexketoprofen may have had significant

analgesic efficacy after LCC. Cumulative oxycodone con-

sumption for rescue analgesia was one-third lesser than in a

similar study setting in which LCC patients were given

paracetamol 1 or 2 g i.v. Also, three of the 22 subjects in

the present study did not need rescue opioid analgesia after

surgery, whereas all patients in the paracetamol study

needed rescue oxycodone during the first hours after LCC

[3]. However, as the loading dose during surgery was

higher in the present study, the MEC and MEAC values

were higher in the present study (50–60 and 80–90 ng/mL,

respectively) than those in the paracetamol study

(20–30 and 60–70 ng/mL, respectively).

In the present study, dexketoprofen was well tolerated,

and no dexketoprofen-related adverse effects were recor-

ded. However, for oxycodone, the utility function was

found to be negative, since a total of 11 subjects developed

signs of mild respiratory depression (a low respiratory rate

and/or low SpO2) while still reporting moderate wound

pain. These respiratory events were not associated with

hypercapnia: a single etCO2 value of 7.0 % was recorded;

otherwise the etCO2 values were between 4.5 and 6.4 %.

The main limitation of the present study was that we did

not include a placebo group. Comparison with our previous

results does indicate that dexketoprofen may have signifi-

cant analgesic efficacy after LCC. However, there were a

few differences between the study protocols, which may

have had confounding effects. Another limitation was the

relatively small number of included subjects. In the present

study, the need for rescue opioid was one-third lesser in

subjects receiving 50 mg dexketoprofen i.v. than in those

receiving 10 mg dexketoprofen, but because of high

interindividual variations in analgesic requests, the differ-

ence between the two groups was not significant. A study

power calculation indicated that, with these numbers,

66 subjects per group would have needed to be enrolled to

be able to show a statistically significant difference

between the two groups.

The pain after laparoscopy is multifactorial and has

multiple causes. In the early phase of recovery, patients

may develop superficial and deep nociceptive somatic pain,

visceral pain arising from the abdominal organs, neuro-

pathic pain, and inflammatory pain in response to tissue

trauma. Often the tissue trauma from the incision sites is

the main origin of pain after laparoscopy. Thus, pain

management after laparoscopy should reflect the large

variation of pain manifestations. NSAIDs are useful for

postoperative pain management, given that surgery causes

both pain and inflammation. However, to treat severe pain,

NSAIDs should be given as part of a multimodal approach.

5 Conclusion

Our results imply that similar analgesic efficacy could be

achieved with a lower dose of dexketoprofen (10 mg i.v.)

instead of the commonly used dose of 50 mg i.v. However,

opioid-induced respiratory depression was less significant

with coadministration of the higher dose of dexketoprofen.

More studies are needed to confirm the present results.
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