
Background: Non-steroidal anti-inflammatory drugs (NSAIDs) can reduce postoperative pain, in 
both static (i.e., at rest) and dynamic contexts (e.g., during coughing or mobilization), and reduced 
doses could improve their efficacy/tolerance balance.

Objectives: To test this hypothesis of efficacy after open heart surgery, in which NSAIDs are 
poorly used, particularly for safety concerns.

Study Design: Randomized, double-blind trial.

Setting: Single-center, French university hospital.

Methods: Patients. One hundred patients at low risk of postoperative complications undergoing 
scheduled open heart surgery (97 analyzed). Intervention. We tested intravenous ketoprofen, at a 
dose of 0.5 mg/kg-1 every 6 hours during the 48 hours following the end of sedation, after surgery. 
This standard protocol was compared to a similar one in which half doses were administered, to one 
with quarter doses, as well as to a placebo group. Analgesia was supplemented by acetaminophen 
plus self- and nurse-administered intravenous morphine. Measurement. The primary outcome was 
the intensity of dynamic pain, assessed over 48 hours on an 11-point numerical rating scale (NRS).

Results: Only the full-dose ketoprofen group showed reduced dynamic and static postoperative 
pain vs. placebo (P < 0.00001 for both). The evolution of dynamic pain suggested a delayed 
and therefore non-significant effect with the low doses. Ketoprofen did not affect either the 
postoperative morphine consumption or the tolerance outcomes, such as the volumes of chest 
tube drainage and the renal function.

Limitations: This pilot trial was undersized to test major tolerance outcomes.

Conclusions: Although we failed to demonstrate any analgesic effects with low doses of 
ketoprofen, we confirmed the good efficacy/tolerance balance with this propionic NSAID of 
intermediate COX2-selectivity. Lower doses of NSAIDs, potentiated by a loading dose, should be 
tested in the future.

IRB approval: CPP Sud-Est VI (Clermont-Ferrand, France), on 12/23/2013.
Clinical trial registry: EudraCT (2013-003878-27); ClinicalTrials.gov (NCT02180087).
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Pain following sternotomy is moderate to 
severe (1,2), and the current multimodal 
analgesia has shown good efficacy for pain 

at rest, although the use of opioids can have side 

effects. However, “dynamic” pain, i.e., induced by 
the patient’s movements or mobilization for nursing, 
which may impact postoperative rehabilitation 
(3), is more resistant to current analgesia (1,2,4), 
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consultation. The day before surgery, they gave their 
signed consent, were shown how to report pain on an 
11-point numerical rating scale (NRS) from 0 (no pain) 
to 10 (maximum pain), and how to use the PCA device. 
The upper limit for weight was defined in order to keep 
in the recommended dose range, and the lower limit, 
to fit to the study population (mean weight estimated 
at 79 kg from pilot data).

Patients were premedicated with hydroxyzine. 
General anesthesia was conducted under a standard 
monitoring with invasive blood pressure, 5-lead elec-
trocardiography, bispectral index monitor, pulse-oxim-
etry, neuromuscular monitoring, 4-port central jugular 
venous line, and urinary catheter. Induction of anes-
thesia was conducted with intravenous (i.v.) propofol, 
sufentanil, and cisatracurium; after tracheal intubation, 
anesthesia was maintained with the same drugs by con-
tinuous infusion, except before and after CPB, during 
which hypnosis was achieved by inhaled sevoflurane. 
The target for bispectral index was 40 – 60. Sufentanil 
was started at 0.5 µg/kg/hr-1, then modulated accord-
ing to clinical observation. The mechanical ventilation 
targeted a PETCO2 in the 30 – 35 mmHg range, and 
SpO2 over 95%. Antibiotic prophylaxis was achieved by 
cefuroxime (for 48 hours) and prevention of bleeding 
by tranexamic acid. At CPB withdrawal, hemodynamics 
were controlled using, if necessary, the temporary tilt 
position, intravascular fluid loading, cardiac electrical 
pacing, and vasoactive or inotropic support.

Patients were randomized into one of the 4 study 
groups. In the group “ketoprofen full dose” (Kfull) 
group, the patients received intravenous ketoprofen 
(Kétoprofène Medac®, Lyon, France, presented in 
4-mL/100-mg ampoule), 0.5 mg.kg-1 every 6 hours until 
the forty-eighth postoperative hour. In the “ketoprofen 
half dose” (K½d) and the “ketoprofen quarter dose” 
(K¼d), the protocol was the same, but the respective 
doses of ketoprofen administered at each time were 
0.25 and 0.125 mg.kg-1. In the placebo group, only 
normal saline was administered. The study drug was 
prepared by an anesthetist nurse not involved of post-
operative care, under the control of the anesthetist in 
charge of the patient, who opened the allocation enve-
lope. For each patient, the study solution was prepared 
in a sterile manner for the following 48 hours (one vial 
for each 24 hours). Respectively for the Kfull, K½d, 
K¼d and placebo groups, 8, 4, 2, or 0 mL of ketoprofen 
(100 mg/mL-1) were diluted in 20 mL normal saline in 
a syringe. A weight-defined volume of this 20 mL cor-
responding to the target dose for 24 hours was then 

and may require techniques such as locoregional 
anesthesia, which is controversial in cardiac surgery 
(5). Non-steroidal anti-inflammatory drugs (NSAIDs) 
have been shown effective to relieve some aspects 
of dynamic pain in various surgeries (6-11), including 
sternotomy (12). They also have an opioid-sparing 
effect after cardiothoracic surgery (13). Nevertheless, 
the routine use of NSAIDs in cardiac surgery raises 
tolerance issues of various importance, from a general 
reluctance due to the gastric and renal side effects 
(14) to the clearly identified pro-thrombotic effects 
of COX2-selective NSAIDs (15,16). For these reasons, 
the US Food and Drug Administration discouraged 
the use of any NSAID in coronary surgery in 2005 
(17), while, for example, the injectable non-selective 
NSAID ketoprofen – labelled for postoperative 
pain in France –  does not exclude cardiac surgery 
(18). Also, there is a need to consider the interest 
of administering lower doses of NSAIDs, under the 
hypothesis that the analgesic efficacy would not be 
affected (19-21), while side effects would be reduced 
(22). The aim of this pilot trial is to test the efficacy 
hypothesis, with postoperative dynamic pain as a 
primary outcome. Studying tolerance – through 
intermediate outcomes – was a secondary endpoint.

Methods

This prospective randomized, placebo-controlled, 
double-blind, single-center trial was approved by the 
referent research ethics committee and registered on 
Clinical-Trials.gov (NCT02180087) and EudraCT (2013-
003878-27). The inclusion criteria were adult patients, 
aged 18 to 75, with a body weight from 60 to 100 kg, 
scheduled for open heart surgery with sternotomy for 
valve replacement or coronary artery bypass grafting 
(CABG), with cardiopulmonary bypass (CPB). The exclu-
sion criteria were renal insufficiency defined as a creati-
nine clearance < 60 mL/min-1 (estimated by the Modi-
fication of Diet in Renal Disease study equation for a 
1.73-m2 body surface), hepatic insufficiency, congestive 
heart failure with ejection fraction < 45%, history of 
gastric peptic ulcer or gastrointestinal bleeding (≥ 2 
distinct episodes of bleeding), diabetes mellitus need-
ing insulin therapy, preoperative coagulation disorder, 
allergy to NSAID, pregnancy or breastfeeding, incapac-
ity to understand the protocol and sign the consent 
or use patient-controlled analgesia (PCA), emergency 
surgery, heart transplant, aortic dissection, additional 
thoracotomy, and redo sternotomy. Patients received a 
detailed explanation of the study during a preoperative 
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kept (e.g., for 80 kg, 16 mL = 160, 80, 40, or 0 mg per 24 
hours). This daily dose was diluted in a vial of normal sa-
line to a final volume of 120 mL. The vial was protected 
from daylight and 30 mL were transferred every 6 hours 
via a closed line to an electrically-driven syringe for a 
30-minute infusion. This procedure was in accordance 
with the stability data for the drug. The treatment was 
started just before the sedation was discontinued, i.e., 
before the patient woke up in the postoperative care 
unit (PACU); this was defined as T0. All providers were 
blinded to the treatment group, and the patient was 
unaware of the treatment administered throughout the 
study. Nobody in the PACU and surgical ward staff was 
aware of the treatment administered.

Sedation was maintained with intravenously ad-
ministered propofol during transport from the operat-
ing room, then until tracheal extubation. Mechanical 
ventilation in the PACU was maintained with the same 
parameters. Routine intensive care monitoring, chest 
radiography, and electrocardiography were performed 
as well as standard laboratory tests at T0, then daily and 
at the physician’s request. Sedation was discontinued 
when the patient’s vital parameters and core tempera-
ture had returned to normal. The trachea was extubat-
ed once the patient could respond to simple commands 
and breathe spontaneously with good hematosis. All 
patients were placed in a 30-degree sitting position, a 
protocol for analgesia was applied with i.v. acetamino-
phen (1 g q6h), plus i.v. morphine chlorhydrate ad 
libitum (Morphine Aguettant, Lyon, F). Morphine was 
initiated by the referent nurse when the patient first 
requested it; 3 mg intravenously per bolus was adminis-
tered until the pain score went under 3/10, then it was 
delivered via a PCA device (Frydom 5, Vygon, Ecouen, 
F). The protocol for PCA included dilution into normal 
saline of morphine (1 mg/mL-1) plus droperidol (0.05 mg/
mL-1), 1-mL boluses, and a 7-minute refractory period, 
with no continuous infusion. The standard postcardiac 
surgery care included preventive anticoagulation by 
i.v. heparin followed by oral aspirin. Medications were 
given orally at POD1 if possible, with priority to the 
cardiovascular-targeting ones. The patient was trans-
ferred to the surgical ward when none of the follow-
ing was necessary: inotropic or vasopressive treatment, 
mechanical ventilation, or dialysis, and in the absence of 
a life-threatening rhythm disturbance.

The primary outcome was the intensity (NRS) of 
dynamic pain, measured as the mean of the pain scores 
evoked by coughing, horizontal placement of the pa-
tient to measure the central venous pressure measure-

ment, and sideways turning of the patient for nursing. 
The secondary efficacy outcomes were intensity of pain 
during movement, considering each condition sepa-
rately; intensity of pain at rest at different sites (ster-
notomy, back, and site of saphenous vein harvesting 
if any); postoperative morphine consumption; sedation 
as quoted on the Ramsay’s scale; postoperative recovery 
parameters (flatus, dietary intake, and oral medication 
intake); and global satisfaction of the patient recorded 
on a 5-point Likert-like scale (0 = not satisfied at all; 
1 = unsatisfied; 2 = somewhat satisfied; 3 = satisfied; 
4 = very satisfied). The secondary tolerance outcomes 
were blood gas analyses; chest drain product and re-
moval time; occurrence of postoperative nausea and 
vomiting; report of postoperative complications; and 
length of stay in the PACU. The following events were 
considered as relevant complications: acute renal fail-
ure according to the Kidney Disease, Improving Global 
Outcome (KDIGO) criteria based on urinary output per 
4 hours, serum creatinine level at POD1 and POD2, 
and creatinine clearance at POD2 (23); need for me-
chanical ventilation over 24 hours; pneumonia; myo-
cardial infarction; cardiac arrhythmia de novo needing 
medication or cardioversion; acute pulmonary edema; 
stroke; coma, mediastinal or sternal wound infection, 
bleeding in chest drains > 50 mL/hr-1 or bleeding need-
ing reoperation, gastric or intestinal hemorrhage, and 
any need for readmission in PACU within the 2 weeks 
after surgery. The outcomes were recorded from the 
first administration of the study drug at T0, then every 
4 hours until T0+48 hours.

Analyses were performed using Stata 13. The 
tests were 2-sided, with α = 0.05. Quantitative data 
were expressed as mean ± SD for a normal distribution 
and otherwise as quartiles. The normality of the dis-
tribution was checked with a Shapiro-Wilk test. Com-
parisons between groups for non-repeated data were 
conducted using, for categorical variables, Chi-squared 
or Fisher exact tests, and for quantitative parameters, 
either an ANOVA for a normal distribution with ho-
moscedasticity, otherwise a Kruskall-Wallis test. For 
comparison of pain scores between the 2 groups, the 
raw data were analyzed without replacing the missing 
data. In addition, at each observation time, composite 
scores for pain at rest (static) and during mobilization 
(dynamic) were generated. Static pain was the average 
of sternal and dorsal pain at rest; dynamic pain was the 
average of pain during coughing, measurement of CVP, 
and nursing care. Missing data were replaced using the 
formula from a linear regression based on the full set 
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of observations, first within each domain of pain (static/
dynamic), then – if all data were missing for one do-
main – information was taken from the other domain. 
This approach was chosen to improve the estimation 
of the effect size for each domain of pain. Repeated 
longitudinal data were analyzed using random-effect 
regression models (group, time-point evaluation, and 
their interaction as fixed effects) taking into account 
between- and within-patient variability (subject as ran-
dom-effect). The normality of residuals was checked.

We worked on the hypothesis of there being a 
significant reduction of pain in one of the ketoprofen 
groups vs. the placebo group. The sample size was esti-
mated from data obtained in a pilot open non-random-
ized study comparing administration of ketoprofen 50 
mg q6h to none administered. The mean differences (in 
mm out of 100, ± SD) for pain at rest, pain during central 
venous pressure measurement, and pain during nursing 
were 13 ± 10, 22 ± 17 and 29 ± 19, respectively. With α 
= 0.05/6 and 1-β = 0.95, the group size was 22, 22, and 
16. We reset it to 25 to consider secondary exclusions.

Results

The study started on 01/31/2014. The flow chart for 
the trial is shown in Fig. 1. Table 1 shows the character-
istics of the 4 groups before randomization, showing a 
good homogeneity between groups, except for gender, 
as there was an overrepresentation of women in the 
placebo group.

Table 2 shows the effects of the studied treat-
ment on outcomes related to the analgesic efficacy, 
either directly or indirectly, i.e., through an eventual 
improvement in respiratory function or a reduction of 
opioid-induced side effects. For both pain at rest and 
dynamic pain, the linear mixed model was found to be 
significant, while the post hoc analyses (Tukey-Kramer’s 
test) showed that only the Kfull group differed from the 
placebo group. Besides, no difference was found for any 
of the analgesia-related secondary outcomes, except 
for vomiting, which was more frequent in the placebo 
group compared to the 3 ketoprofen groups. Also, a 
non-significant trend for greater patient satisfaction 
with the analgesia appeared in the ketoprofen groups.

Fig. 1. CONSORT 2010 flow diagram of  the trial.



www.painphysicianjournal.com 	 513

Low-doses of Nonsteroidal Anti-inflammatory Drugs

Table 1. Baseline characteristics.
Placebo (n = 24) K¼d (n = 24) K½d (n = 25) Kfull (n = 25) P value

Preoperative characteristics

Age (years) 58 ± 13 60 ± 11 63 ± 7 63 ± 9 0.501

Height (cm) 170 ± 8 173 ± 6 170 ± 7 172 ± 8 0.362

Weight (kg) 77 ± 8 80 ± 10 80 ± 9 79 ± 9 0.629

Body mass index (kg/m-2) 27 ± 2 27 ± 2 28 ± 3 27 ± 3 0.703

Gender: females 11 (45.8) 0 (0.0) 3 (12.0) 2 (8.0) < 0.001

Euroscore 2 (%) 1.1 [0.9 – 1.7] 1 [1 – 1] 1 [0.8 – 1.6] 1.4 [0.9 – 2.5] 0.288

Uremia (mmol/L-1) 5.8 ± 1.4 6.1 ± 1.4 5.8 ± 1.3 5.9 ± 1.4 0.874

Creatininemia (µmol/L-1) 75 ± 16 86 ± 10 82 ± 16 82 ± 13 0.095

Creatinine clearance (mL/min-1/1.73m2)a 86 [76 – 99] 80 [74 – 90] 79 [70 – 103] 79 [70 – 104] 0.942

Arteritis (all sites) 11 (47.8) 9 (37.5) 15 (60.0) 15 (60.0) 0.305

Arterial hypertension 9 (37.5) 9 (37.5) 8 (32.0) 12 (48.0) 0.703

Atrial fibrillation / flutter 0 (0.0) 3 (12.5) 3 (12.0) 4 (16.0) 0.237

Pulmonary arterial hypertension 1 (4.2) 0 (0.0) 0 (0.0) 0 (0.0) 0.490

History of thromboembolic event 0 (0.0) 0 (0.0) 1 (4.0) 1 (4.0) 1.000

Chronic obstructive pulmonary disease 3 (12.5) 3 (12.5) 4 (16.0) 4 (16.0) 1.000

Dyspnea 5 (20.8) 11 (45.8) 6 (24.0) 9 (36.0) 0.219

Sleep apnea syndrome 0 (0.0) 0 (0.0) 2 (8.0) 3 (12.0) 0.163

History of stroke 1 (4.2) 0 (0.0) 1 (4.0) 2 (8.0) 0.900

Mental disease / alcoholism 2 (8.3) 1 (4.2) 2 (8.0) 1 (4.0) 0.951

Diabetes 3 (12.5) 1 (4.2) 2 (8.0) 2 (8.0) 0.785

Dyslipidemia 4 (16.7) 5 (20.8) 5 (20.0) 6 (24.0) 0.938

Thyroid disease 2 (8.3) 0 (0.0) 1 (4.0) 0 (0.0) 0.325

History of cancer 1 (4.2) 1 (4.2) 3 (12.0) 2 (8.0) 0.831

Surgery and anesthesia 

Total duration of surgery (min) 238 ± 72 221 ± 69 208 ± 75 211 ± 63 0.462

Duration of extracorporeal circulation (min) 92 [75 – 109] 89 [68 – 109] 80 [75 – 100] 82 [60 – 91] 0.432

Dose of intraoperative sufentanil (µg) 155 [129 – 191] 145 [126 – 196] 147 [121 – 170] 145 [125 – 175] 0.967

Valve repair / replacement 16 (66.7) 17 (70.8) 15 (60.0) 12 (48.0) 0.401

Aortic 11 13 11 10

Mitral 4 4 4 2

Tricuspid 3 0 2 0

Coronary bypass / type of graft 9 (37.5) 8 (33.3) 13 (52.0) 15 (60.0) 0.205

Left internal thoracic artery 9 7 13 15

NCRight internal thoracic artery 7 4 11 12

Saphenous 5 4 9 8

No. of anastomoses (when applicable)

1 1 2 0 1

NC
2 1 3 2 3

3 4 2 7 6

4 - 6 3 1 4 5

Delay between admission in PACU and H0 (hrs) 4.7 [4 – 6.2] 5.2 [2.9 – 6.1] 5 [4 – 6] 4.7 [4 – 6.2] 0.953
Initial characteristics of the patients, according to the group of randomization; Kfull, K½d, and K¼d for ketoprofen full dose, half dose, and quar-
ter dose, i.e., 0.5, 0.25, and 0.125 mg/kg-1 every 6 hours until the forty-eighth postoperative hour, respectively. Numerical data are expressed as 
mean ± SD or median [interquartile range]. Categorical data are expressed as number of patients and (%). H0 is the time of initiation of the treat-
ment, i.e., one hour before the planned time for discontinuation of sedation. Abbreviations; NC: not calculated. Notes; a estimated according to the 
Modification of Diet in Renal Disease (MDRD).
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Table 2. Efficacy outcomes.

Placebo (n = 23) K¼d (n = 24) K½d (n = 25) Kfull (n = 25) P value

Pain and analgesia

Postoperative pain at rest a 1.9 ± 1.2 1.6 ± 1.2 1.3 ± 0.9 1.2 ± 0.6 < 0.00001

Dynamic postoperative paina 3.6 ± 1.4 3.3 ± 1.5 3.2 ± 1.2 2.6 ± 1.2 < 0.00001

Morphine consumption (mg)b 32 [20.5 – 51.5] 28.5 [17 – 41.5] 25 [18 – 55] 38 [27 – 45] 0.524

Need for rescue analgesia 4 (17.4) 3 (12.5) 3 (12.0) 3 (12.0) 0.825

Patient’s satisfaction with analgesia:
good / very goodc 16 (69.6) 19 (82.6) 21 (87.5) 21 (84.0) 0.487

Respiratory outcomes

Averaged respiratory rate (min-1) 17.3 [16.4 – 19.2] 18.4 [16.5 – 20.0] 17.5 [16.3 – 19.0] 17 [15.6 – 17.9] 0.219

No. of hypoxemic events (SpO2 ≤ 92%) 1 [0 – 1] 0.5 [0 – 1] 0 [0 – 1] 0 [0 – 1] 0.225

Averaged PaO2 / FIO2 (mmHg) 292 ± 131 301 ± 80 282 ± 99 294 ± 91 0.937

No. of hypoxemic events (on blood gases)d 2 [1 – 4] 1 [0 – 2] 3 [0 – 5] 2 [1 – 4] 0.419

Averaged PaCO2 (mmHg) 38.7 ± 3.1 38.8 ± 3.6 37.2 ± 3.2 38.7 ± 3.1 0.342

No. of hypoventilation events
(on blood gases)e 0 [0 – 0] 0 [0 – 1] 0 [0 – 0] 0 [0 – 0] 0.270

Time from H0 spent under oxygen (hrs) 68 [58 – 105] 48 [45 – 73] 90 [48 – 137] 72 [56 – 113] 0.086

Other outcomes

Nausea 5 (21.7) 4 (16.7) 6 (24.0) 4 (16.0) 0.879

Vomiting 5 (21.7) 1 (4.2) 0 (0.0) 1 (4.0) 0.017

Delay since H0 to the first event (hrs)

Flatus 36 [28 – 46] 32 [24 – 45] 32 [24 – 40] 32 [24 – 48] 0.672

Feces 52 [52 – 52] 52 [52 – 52] 52 [52 – 52] 52 [52 – 52] 0.636

Oral medication intake 24 [20 – 32] 24 [23 – 30] 28 [20 – 32] 24 [20 – 32] 0.805

First sitting 45 [41 – 49] 47 [44 – 51] 47 [42 – 51] 46 [43 – 49] 0.717

Discharge from ICU 32 [21 – 68] 26 [22 – 45] 44 [23 – 70] 43 [22 – 45] 0.371

Initial characteristics of the patients, according to the group of randomization; Kfull, K½d, and K¼d for ketoprofen full dose, half dose, and quar-
ter dose, i.e., 0.5, 0.25, and 0.125 mg/kg-1 every 6 hours until the forty-eighth postoperative hour, respectively. Numerical data are expressed as 
mean ± SD or median [interquartile range]. Categorical data are expressed as number of patients and (%). H0 is the time of initiation of the treat-
ment, i.e., one hour before the planned time for discontinuation of sedation. Abbreviations; ICU: intensive care unit; NA: not applicable. Notes; 
a the displayed data are the grand means calculated from all the measurements from H0+4 hours to H0+48 hours, and the P value relates to the 
linear mixed model; b during the first 48 postoperative hours; c missing data for one patient in the K¼d group and one in the K½d group; d defined 
as PaO2 / FIO2 < 300 mmHg; e defined as PaCO2 > 45 mmHg.

Due to the unexpected imbalance (see above), we 
conducted an additional analysis of both pain at rest 
and dynamic pain adjusted to gender, which showed 
similar P values for the whole model, while a difference 
from the placebo group was found, not only for the 
Kfull, but also for the K½d group. In addition, to check 
that the patients of the placebo group did not behave 
differently due to the higher rate of women, we ex-
tracted data from an additional observational cohort of 
20 male patients with the same entry criteria as those 
of the main study. Respectively for postoperative pain 
at rest, dynamic postoperative pain, and morphine con-
sumption, neither the raw values (1.7/10 ± 1.2; 3.6/10 
± 1.4; 42 mg ± 17), nor the coefficients of variation 

(overlapping of the confidence intervals) differed from 
the placebo group.

For descriptive purposes only, the time course of 
pain intensity tended to decrease with time, in both 
conditions (Fig. 2). Pain intensity at rest was generally 
low (i.e., < 3/10), as expected according to the protocol; 
the intensity of dynamic pain was higher. In both condi-
tions, the effect of the full dose of ketoprofen (Kfull, 
the only one being significant) appeared for the early 
measurements, while it faded for the very late observa-
tions. With the lower doses of ketoprofen, a mild effect 
was observed, but not for the early measurements.

Table 3 shows that tolerance was similar for all 3 
doses of ketoprofen compared to the placebo, espe-
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Fig. 2. Time course of  pain intensity at rest (left) and of  dynamic pain (right, see Methods for calculation). The linear 
regression curve of  the pain scores plotted against the time since treatment initiation (“T0,” i.e., just before discontinuation of  
sedation) is displayed with its 95% confidence interval limits. Each ketoprofen group is compared to the placebo (black vs. gray 
lines). The full dose of  ketoprofen corresponds to 0.5 mg/kg-1 every 6 hours, from T0 and over a period of  48 hours. Note that the 
scales for the y axes (pain intensity) are not the same as for pain at rest and dynamic pain.
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cially for the chest tube drainage production and renal 
function. There was a general improvement in renal 
function from preoperative values at the forty-eighth 
postoperative hour, which was most marked in the 
Kfull group.

Discussion

The current study confirmed the analgesic proper-
ties of the NSAID ketoprofen after open heart surgery 
(on both static and dynamic pain), with no apparent 
increase in side effects. However, reducing the doses 
to half or quarter of the full recommended dose did 
not significantly reduce the pain outcomes in com-
parison to those of the placebo. Only the post hoc 
analysis adjusted for gender showed an effect of the 
half dose. Similar effects of NSAIDs have already been 
documented in the past, although the information 
was incomplete. A meta-analysis in 2006 suggested 
that NSAIDs reduced pain and morphine consumption 
after cardiothoracic surgery, but cardiac surgery was 
poorly represented, molecules and protocols were 
heterogeneous, and the pooled magnitude of effect 
was small (13). In those studies conducted in cardiac 
surgery, the NSAID-induced analgesia was generally 
superior to control or placebo; none of them tested 
ketoprofen (12,15,24-27). Conversely, negative results 
were reported with ketoprofen (100 mg intrarectally 
once) and indomethacin (26,28). A key for efficacy 
seems to be a repeated administration of the NSAID. 
In a double-blind trial vs. placebo, naproxen (admin-
istered intrarectally then orally, until day 5) reduced 
dynamic pain and better preserved the patients’ slow 
vital capacity (12). The mean difference on pain inten-
sity after physiotherapy was 1.9 out of 10, vs. 1.0 in 
the current study. Also, in both studies, the opioid con-
sumption was unaffected; this could be due to a low 
statistical power, the concomitant use acetaminophen, 
or resistance of dynamic pain to opioids.

NSAIDs probably induce analgesia through an in-
hibition of prostaglandin synthesis (29). A peripheral 
action – consistent with an effect on dynamic pain – is 
supported by human data, as ibuprofen inhibits the 
production of cytokines in inflamed skin in healthy 
volunteers (30), and injection of diclofenac or ketorolac 
into the wound after a caesarean section has analgesic 
effects per se (31,32), together with a local anti-inflam-
matory action (32). A reduction in spinal sensitization 
is supported by preclinical data (33), while in healthy 
volunteers, parecoxib impairs the nociceptive flexion 
reflex, but not the wind-up, which signals central sensi-

tization (34). Also, while intrathecal ketorolac reduces 
induced skin hypersensitivity in healthy volunteers (35), 
it did not have analgesic effects after vaginal hysterec-
tomy (36).

The supporting hypothesis for the effectiveness of 
low doses is also heterogeneous. In the rat model of 
plantar incision, the analgesic effects of subcutaneous 
ketoprofen on guarding pain behavior or mechanical 
withdrawal threshold were quite similar with doses of 
10 and 5 mg/kg-1 (37), while 10 mg/kg-1 was effective to 
blunt mechanical allodynia in a similar study (38); more-
over, milder analgesic effects were observed at much 
lower doses (37). The recommended dose of ketopro-
fen for postoperative analgesia is 100 – 300 mg per 24 
hours (18); the French current practice is to administer 
50 mg every 6 hours; this based on a 2 hour-elimination 
half-life (39). A study conducted after general surgery 
showed that analgesia was obtained with 50 mg of oral 
ketoprofen, the effects of 150 mg were no better, and 
25 mg also had analgesic effects, although shorter-lived 
(40). A meta-analysis confirmed this range of effective 
doses, although most of the studies included minor 
surgeries (20). After minor surgery, the ED50 of keto-
profen has been estimated at 30 mg (41). In ambulatory 
emergency patients with bone and joint pain, a daily 
dose of 200 mg of ketoprofen was found equivalent 
to 300 mg (21). Finally, a study of ketorolac adminis-
tered every 6 hours after spine stabilization showed 
that morphine consumption was reduced from doses of 
7.5 mg, and that a ceiling effect was reached with 12.5 
mg, while the currently prescribed dose was 10 – 30 mg 
(19). The current study confirmed that a reduction of 
dynamic pain after major surgery could be obtained 
with moderate doses of ketoprofen (0.5 mg/kg-1 corre-
sponds to 40 mg for an 80-kg weight). The failure of the 
half dose could be explained by the desired strength of 
the studied outcome, but the time path of the effect 
also suggests that some efficacy could be obtained with 
doses of 0.25 mg/kg-1 if a loading dose was adminis-
tered initially.

Although statistical power was insufficient to iden-
tify differences in tolerance outcomes, our results do 
not militate against the use of ketoprofen after open 
heart surgery. However, only a large trial focusing on 
tolerance could influence the practice, while the 2005 
FDA advisory had sensibly decreased the use of NSAIDs 
after CABG (42,43). Concerning the potential nephro-
toxicity of NSAIDs after an already risky procedure (44), 
the data from the literature are more optimistic (42,45). 
Generally, no increased renal impairment was found for 
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Table 3. Tolerance outcomes.

Placebo (
n = 24)

K¼d
 (n = 24)

K½d 
(n = 25)

Kfull 
(n = 25)

P 
value

Chest tube drainage

Pericardial tubes, total volume (mL) 155 [95 – 205] 195  [143 – 250] 156 [100 – 240] 200 [100 – 248] 0.549

Retrosternal tubes, total volume (mL) 150 [115 – 200] 143 [100 – 260] 180 [100 – 220] 210 [160 – 250] 0.167

All mediastinal chest tubes, total volume (mL) 314 [235 – 403] 365 [288 – 463] 310 [255 – 460] 400 [290 – 618] 0.240

Time to withdrawal of mediastinal chest tubes (hrs) 69 [45 – 89] 66 [45 – 71] 54 [45 – 69] 68 [44 – 90] 0.699

All chest tubes including pleural, total volume (mL) 563 [260 – 700] 415 [322 – 580] 570 [318 – 820] 650 [475 – 800] 0.357

Renal function

Urinary output of the first 48 postoperative hours (L) 3.31 [2.67 – 4.06] 3.14 [2.65 – 4.07] 3.24 [2.55 – 4.41] 3.57 [2.54 – 3.86] 0.023

Drop in creatininemia (% of preoperative) 18 [8 – 23] 16 [9 – 23] 18 [13 – 25] 9 [7 – 21] 0.306

Gain in creatinine clearance (% of preoperative)a 26 ± 29 28 ± 23 31 ± 32 17 ± 22 0.035

Drop in uremia (% of preoperative) 24 [12 – 44] 31 [14 – 46] 28 [6 – 38] 19 [5 – 30] 0.317

Delayed acute renal insuffiency 3 (12.5) 4 (16.7) 3 (12.0) 3 (12.0) 0.956

General events

Readmission to ICU 1 (4.2) 0 (0.0) 1 (4.0) 0 (0.0) 0.869

In-hospital deathb 0 (0.0) 0 (0.0) 1 (4.0) 0 (0.0) 1.000

Declared adverse event 6 (25.0) 7 (28.0) 7 (29.2) 5 (20.0) 0.884

Declared serious adverse event 1 (4.2) 0 (0.0) 2 (8.0) 0 (0.0) 0.515

Cardiac events

Myocardial infarction 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1.000

Low cardiac output 1 (4.2) 0 (0.0) 1 (4.0) 0 (0.0) 0.869

Cardiac arrhythmia (supraventricular) 2 (8.3) 2 (8.3) 6 (24.0) 2 (8.0) 0.308

Need for pacemaker implantation 1 (4.2) 1 (4.2) 0 (0.0) 0 (0.0) 0.364

Cardiac tamponade 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1.000

Infectious events

Temperature > 38°C 5 (20.8) 5 (20.8) 8 (32.0) 5 (20.0) 0.730

Mechanical ventilation exceeding 24 hrs 1 (4.2) 0 (0.0) 0 (0.0) 0 (0.0) 0.490

Pneumoniac 2 (8.3) 1 (4.2) 0 (0.0) 0 (0.0) 0.270

Wound infection 0 (0.0) 0 (0.0) 0 (0.0) 2 (8.0) 0.242

Infection other than wound/sternal 3 (12.0) 1 (4.2) 1 (4.0) 1 (4.0) 0.654

Sternal complication 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1.000

Neurological events

Delirium / mental confusion 1 (4.2) 1 (4.2) 0 (0.0) 0 (0.0) 0.364

Stroke 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1.000

Other events

Prolonged ileus 6 (25.0) 5 (20.8) 4 (16.0) 5 (20.0) 0.888

Other digestive complication 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1.000

Trouble involving hemostasis 0 (0.0) 0 (0.0) 0 (0.0) 1 (4.0) 1.000

Initial characteristics of the patients, according to the randomization groups; Kfull, K½d and K¼d for ketoprofen “full dose”, “half dose” and 
“quarter dose”, i.e. 0.5, 0.25 and 0.125 mg.kg-1 every 6 hrs until the 48th postoperative hour, respectively. Numerical data are expressed as mean ± 
SD or median [interquartile range]. Categorical data are expressed as number of patients and (%). Abbreviations; ICU: intensive care unit. Notes; 
aestimated according to the Modification of Diet in Renal Disease (MDRD); bone sudden death case occurred on the 18th postoperative day, a 
heart block was suspected; cdefined according to the Melbourne Group Scale, i.e. at least four of the following events = atelectasis or infiltration 
on chest X-ray, purulent sputum, physician diagnosis of pneumonia/chest infection, temperature > 38°C, SpO2 < 90% on air, positive signs on 
sputum microbiology, white cell count > 11.2 units, or readmission/prolonged stay in ICU.
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the NSAID groups, as long as the patients at risk had 
been previously excluded, and that doses and treatment 
duration were kept at a low range (13,44,46). Neverthe-
less, one large trial showed that coxibs increased the 
incidence of oliguria and renal dysfunction, but this 
could have been an indirect effect of other life-threat-
ening complications due to the COX2-selective NSAIDs 
(coxibs) (16). A strict selection also explains why the risk 
of gastric complication was not increased by NSAIDs, 
both in the previous studies (13) and the current one. 
The effects on hemostasis are highly dependent on the 
COX-selectivity (22): coxibs increase the risk of throm-
botic events after CABG (16), and therefore have been 
banned for this purpose (17); in contrast, ketorolac or 
flurbiprofen, the most COX1-selective, increase the risk 
of postoperative hemorrhage (47,48). After sternotomy 
however, in most of the trials which studied the effects 
of non-COX2-selective NSAIDs on chest tube drainage 
(or equivalent), only one trial reported higher chest 
tube drainage during the early postoperative hours 
(12), this with naproxen which is less COX1-selective 
than ketoprofen (22). Three other trials showed no dif-
ference (25,26,28).

The use of NSAIDs after cardiac surgery needs 
more rationale. There are arguments for a good effi-
cacy/tolerance ratio for the NSAIDs with intermediate 
COX2-selectivity (such as propionic agents), which are 
reinforced by our results. Nevertheless, this is restricted 
to selected patients, and no evidence exists for more 
fragile (e.g., older) patients. In the interests of treating 
these patients at risk, it would be interesting to retest 
lower doses of ketoprofen, but potentiated by a load-
ing dose. The apparently good tolerance remains to be 
validated by a large trial.
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