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Abstract 

Background  Non-steroidal anti-inflammatory drugs (NSAIDs) are recommended for the management of acute post‑
operative pain as part of a multimodal strategy to reduce opioid use, relieve pain, and reduce chronic pain in non-
cardiac surgery. However, significant concerns arise in cardiac surgery due to the potential adverse effects of NSAID 
including increased bleeding and acute kidney injury (AKI). We hypothesized that NSAIDs are effective against pain 
and safe in the early postoperative period following cardiac surgery, taking contraindications into account.

Methods  The KETOPAIN trial is a prospective, double blind, 1:1 ratio, versus placebo multicentric trial, randomizing 
238 patients scheduled for cardiac surgery. Written consent will be obtained for all participants. The inclusion crite‑
rion is patients more than 18 years old undergoing for elective cardiac surgery under cardiopulmonary bypass (CPB). 
Patients will be allocated to the intervention (ketoprofen) group (n = 119) or the control (placebo) group (n = 119). 
In the intervention group, in addition to the standard treatment, patients will receive NSAIDs (ketoprofen) at a dose 
of 100 mg each 12 h 48 h after. The control group, in addition to the standard treatment, will receive a placebo 
of NSAIDs every 12 h for 48 h after surgery. An intention-to-treat analysis will be performed. The primary endpoint 
will be the intensity of acute postoperative pain at rest at 24 h from the end of surgery. Pain will be assessed using 
the numerous rating scale. The secondary endpoints will be postoperative pain on coughing during chest physi‑
otherapy, postoperative pain until day 7, the pain trajectory between day 3 and day 7, cumulative opioid consump‑
tion within 48 h after surgery, nausea and vomiting, the occurrence of postoperative pulmonary complications 
within the first 7 days after surgery, neuropathic pain at 3 months, and quality of life at 3 months.

Discussion  NSAIDs function as non-selective, reversible inhibitors of the cyclooxygenase enzyme and play a role 
in a multimodal pain management approach. While there are recommendations supporting the use of NSAIDs 
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Background
A multimodal pain management strategy, including 
non-steroidal anti-inflammatory drugs (NSAIDs), has 
been shown to be effective in major non-cardiac sur-
gery allowing better pain management while reducing 
opioid consumption and chronic pain [1, 2].

There is growing evidence that multimodal opi-
oid-sparing approaches can adequately address pain 
through the additive or synergistic effects of differ-
ent types of analgesics [3, 4]. NDAIDs are non-selec-
tive reversible inhibitor of the cyclooxygenase (COX) 
enzyme and have a place in this multimodal strategy 
with a significant decrease in pain intensity [5].

Cardiac surgery is a major source of postoperative 
pain. Studies have reported pain up to 2 weeks in 70% 
of patients [6, 7]. After cardiac surgery, concerns are 
raised regarding NSAID use with potential side effects 
(acute kidney injury (AKI) and major bleeding) [3, 8].

Recent recommendations advise against the use of 
NSAIDs after cardiac surgery due to the risk of renal 
impairment [3, 9]. This recommendation is based on a 
single-center study involving ibuprofen. Additionally, 
the effect on renal function was found to be of little 
significance. Additionally, clinical studies demonstrate 
that NSAID use is not associated with renal morbidity 
following cardiac surgery [10, 11].

Recently, we conducted a survey of practice regarding 
NSAID use in cardiac surgery revealing how heterog-
eny are the clinical practices [12]. Among respondents, 
and according the surgery type, from 44 to 87% of phy-
sicians declared using NSAIDs confirming a wide range 
among users. The discrepancy between the high rate of 
use of NSAIDs in the absence of recommendations for 
their use may be explained by the absence of literature 
on adverse effects in this indication.

Many studies support the safety use of NSAID in car-
diac surgery regarding the risk of mortality, the risk of 
gastro intestinal ulcer, the risk of bleeding, or the risk 
of AKI. Also, we have several studies reporting NSAID 

safety, whether in terms of mortality, intestinal risk, 
thrombosis, AKI, or bleeding risk [5, 6, 8, 11, 13].

On the opposite, studies are scarce demonstrating the 
benefit on pain management in cardiac surgery [8, 10, 
11].

Considering the beneficial effect of NSAIDs outside 
of cardiac surgery area and the lack of data on harmful 
effects, we hypothesize that NSAIDs have an appealing 
profile for this population.

However, to date, there is no randomized, double-blind, 
prospective study to conclude on the effect of NSAIDs 
in postoperative cardiac surgery. Our hypothesis is that 
NSAIDs are beneficial in terms of analgesia and without 
side effects, particularly regarding renal function.

Methods
Ethics and study design
The KETOPAIN trial is a prospective multicenter, rand-
omized 1:1 ratio, double-blinded superiority, controlled 
trial (ClinicalTrials.gov, identifier: NCT06381063) of 
ketoprofen over placebo to treat postoperative pain after 
cardiac surgery under CPB. The protocol was approved 
by the Ethics Committee (Comité de Protection des Per-
sonnes Nord-Ouest III, 80,054 Amiens, France, registra-
tion number ID RDB: 2023–506299-28–00) on the 12th 
of March 2024 and by the ANSM (Agence Nationale de 
Sécurité du Médicament). The study design is detailed 
in Fig. 1. Flowchart is presented in Fig. 2. Study schedule 
is presented in Fig. 3 (SPIRIT figure). Written informed 
consent will be obtained from all participants or next of 
kin. The KETOPAIN Study will be conducted in accord-
ance with the Declaration of Helsinki and French law on 
clinical research [14]. KETOPAIN trial protocol study 
follows the SPIRIT statement (Standard Protocol Items: 
Recommendations for Interventional Trials) [15].

Study population
The inclusion criteria are as follows:

–	 Patients more than 18 years old

in major non-cardiac surgery, recent guidelines do not favor their use in cardiac surgery. However, this is based 
on low-quality evidence. Major concerns regarding NSAID use in cardiac surgery patients are potential increase 
in postoperative bleeding or AKI. However, few studies support the possible use of NSAIDs without the risk of bleed‑
ing and/or AKI. Also, in a recent French survey, many anesthesiologists reported using NSAIDs in cardiac surgery. 
To date, no large randomized study has been conducted to evaluate the efficacy of NSAIDs in the management 
of postoperative pain in cardiac surgery. The expected outcome of this study is an improvement in the management 
of acute postoperative pain  in cardiac surgery with a multimodal strategy including the use of NSAIDs.

Trial registration  ClinicalTrials.gov NCT06381063. Registered on April 24, 2024.

Keywords  Cardiac surgery, Outcomes, Acute postoperative pain, Non-steroidal anti-inflammatory drugs, Pain 
intensity, Multimodal pain management
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–	 Elective cardiac surgery under CPB
–	 Written informed consent from the patient or next of 

kin
–	 Highly effective contraception method for women of 

childbearing age

The non-inclusion criteria are as follows:

–	 Patient under 18 years of age
–	 Thoracotomy approach
–	 Minimally invasive approach
–	 Chronic NSAID use prior to surgery
–	 Opioid dependence or chronic opioid medication
–	 Emergency surgery
–	 Acute infective endocarditis
–	 Immunosuppressive or steroid treatment (pred-

nisone > 0.5 mg·kg.−1 per day or equivalent)
–	 AIDS with CD4 count < 200·mm.−3

–	 Autoimmune disorder
–	 Transplant recipient
–	 Advanced chronic kidney disease (CKD 4 or 5)
–	 Renal replacement therapy within the last 90 days

–	 Depression with long-term treatment
–	 Patient on long-term tricyclic antidepressant or 

antiepileptic medication
–	 Pregnant or breast-feeding women
–	 Patient under guardianship or deprived of liberty
–	 Patient weighing less than 50 kg
–	 Contraindications to NSAID use: hepatic or renal 

insufficiency (eGFR < 60  ml·kg−1·1.73  m−2), docu-
mented thrombocytopenia (< 50.000·mm−3), known 
allergy to NSAIDs, asthma triggered by NSAIDs, 
history of digestive hemorrhage or perforation 
during previous treatment with NSAIDs, cerebro-
vascular hemorrhage or other active hemorrhage, 
active peptic ulcer or severe cardiac insufficiency

–	 Contraindications to nefopam use: allergy, convul-
sions or history of convulsive disorders, risk of uri-
nary retention due to urethroprostatic disorders, 
risk of angle-closure glaucoma

–	 Contraindications to acetaminophen use: allergy or 
severe hepatocellular insufficiency

Fig. 1  Study design. CPB, cardiopulmonary by-pass
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–	 Contraindications to chloride sodium use: hyper-
chloremia, hypernatremia, severe cases of fluid reten-
tion

Study protocol
The number of centers participating in the study is 3 
(Lille, Rouen, and Amiens cardiac surgery centers). 
Patients will be randomized into two parallel blinded 
groups. As the study is double-blind, investigators and 
patients will remain blind to treatment.

In the intervention group, patients will receive intra-
venous ketoprofen with 100 ml of NaCl 0.9‰ at a dose 
of 100 mg every 12 h for the 48 postoperative hours (i.e., 
200 mg/day for 48 h).

In the control group, patients will receive a placebo of 
ketoprofen (100 ml of NaCl 0.9‰) with the same admin-
istration schedule as the interventional group, every 12 h 
for the 48 postoperative hours. The placebo planned in 
the study has no contraindication to its administration.

In both groups, in accordance with updated French rec-
ommendations on postoperative pain, pain management 
will be standardized for all patients (the 2 study groups) 
[2]. The pain relief protocol will include intraoperative 
administration of dexamethasone 8  mg and ketamine 
0.5 mg·kg−1 after induction of anesthesia. During the first 
48 h after surgery, the pain relief protocol will combine 
acetaminophen 1000 mg every 6 h, nefopam 20 mg every 
8  h (6 doses), and ketoprofen or placebo as described 
above. In case of persistent pain with NRS > 3, initiate 

Fig. 2  Flowchart. CPB, cardiopulmonary bypass
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morphine or oxynorm titration at 20 µg·kg−1 every 5 min 
until NRS ≤ 3 is achieved, followed by patient-controlled 
morphine analgesia (PCA morphine 1  mg/ml, no back-
ground infusion, bolus 1 mg, 7-min lockout). The treat-
ment prohibited by the protocol is the administration of 
a 2nd NSAID in combination with the one prescribed in 
the study.

Anesthesia standardization
Patients will have perioperative management in accord-
ance with the good practices of the French Society of 
Anesthesia and Intensive Care [3]. Discontinuation, con-
tinuation, or maintenance of the patient’s chronic treat-
ments follows international recommendations [3, 16]. 
Preoperative fasting is standardized for all patients: 2  h 
for clear liquids and 6 h for solid. The depth of anesthe-
sia will be monitored with bispectral index s to target a 
value between 40 and 60. Ventilation will be set with a 
tidal volume between 6 and 8  ml·kg−1 of ideal weight, 
a respiratory rate to target an EtCO2 between 30 and 
40  mm Hg, and a positive end expiratory pressure at 
5  cm H2O. Anesthesia drug for induction (hypnotic 

drug, neuromuscular blocking agents, and opioid agents) 
will be chosen according to local habits. Transfusion is 
standardized across all centers and follow international 
recommendations on patient blood management [17]. 
Intraoperative and postoperative hemodynamic manage-
ment is standardized for all patients. The objectives are a 
mean arterial pressure > 65  mm Hg and a cardiac index 
over 2.2  ml·min−1·m−2 [18]. Vasopressor, inotrope, and 
fluid use is guided by hemodynamic monitoring using 
echocardiography. Cardiopulmonary bypass will be man-
aged according to international guidelines [19].

Outcome measures
The endpoints and definitions are presented in Table 1.

The primary endpoint will be the intensity of postop-
erative pain at rest at 24 h from the end of surgery using a 
numerous rating scale (NRS) graduated from 0 to 10 (see 
Appendix 1) [11].

The secondary endpoints will be:

–	 Postoperative pain intensity on coughing during 
chest physiotherapy (assessed using NRS) until day 2.

Fig. 3  Schedule for enrolment, interventions, and assessments (SPIRIT figure)
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–	 The assessment of pain trajectory within 7  days 
after surgery. Pain trajectory will be defined accord-
ing to NRS variation from day 3 to day 7 after sur-
gery with four trajectories: “ideal,” “in late relief,” “in 
transient relief,” and “no relief ” [20].

–	 Cumulative opioid consumption for 48 h.
–	 Occurrence of nausea (using a verbal scale: “none,” 

“moderate,” “severe”) and number of vomiting will 
be recorded for 48 h.

–	 Occurrence of a postoperative pulmonary compli-
cation within 7 days after cardiac surgery according 
to European consensus definitions [21, 22]:

◦ Pneumonia (antibiotics for suspected infection 
with one or more of the following: new or altered 
sputum, new or altered lung opacities, fever, white 
blood cell count > 12 × 109·l−1).
◦ Acute respiratory failure (postoperative PaO2 < 60 
mm Hg on room air, PaO2/FiO2 ratio < 300 mm Hg, 
or arterial oxyhemoglobin saturation measured by 
pulse oximetry < 90% and requiring oxygen therapy).
◦ Atelectasis (pulmonary opacification with medi-
astinal displacement, hilum or hemidiaphragm dis-
placement to the affected area, with compensatory 
hyperinflation in the adjacent non-atelectatic lung).

Table 1  Endpoints and definitions

DN4 Douleur Neuropathique questionnaire, NRS Numerous rating scale

Endpoints Definitions

Primary endpoint at 24 h from the end of cardiac surgery
  Postoperative pain at rest at 24 h from the end of cardiac surgery Postoperative pain at rest will be assessed at 24 h from the end of cardiac 

surgery using a numerous rating scale (NRS) graduated from 0 to 10 (see 
Appendix 1)

Secondary endpoints
  Postoperative pain intensity on coughing during chest physiotherapy Postoperative pain intensity on coughing during chest physiotherapy 

(assessed using NRS) at day 1 and at day 2 from the end of cardiac surgery 
(see Appendix 1)

  Postoperative pain at rest until day 7 Postoperative pain at rest will be assessed daily until day 7 using a numer‑
ous rating scale (NRS) graduated from 0 to 10 (see Appendix 1)

  Postoperative pain trajectory The pain trajectory will be assessed by taking into account the NRS 
between day 3 and day 7; a patient will be classified: “ideal” when NRS ≤ 4 
from day 3 to day 7; “in late relief” when NRS > 4 on days 3, 4, or 5 and then 
NRS ≤ 4 on days 6 and 7; “in transient relief” when NRS ≤ 4 on day 3 to day 5 
then > 4 on day 6 or 7; and “no relief” when NRS > 4 from day 3 to day 7

  Cumulative opioid consumption Cumulative consumption of morphine or oxycodone over 48 h, expressed 
in milligrams

  Occurrence of nausea and vomiting Occurrence of nausea (using a verbal scale: “none,” “moderate,” “severe”) 
and number of vomiting will be recorded for 48 h

  Postoperative pulmonary complications within 7 days after cardiac 
surgery

Evaluate the occurrence (within the first 7 days after cardiac surgery) 
of postoperative pulmonary complications according to European 
consensus definitions: respiratory infection, respiratory failure, atelectasis, 
bronchospasm

  Respiratory infection Antibiotics for suspected infection with one or more of the following: new 
or altered sputum, new or altered lung opacities, fever, white blood cell 
count > 12 × 109·l−1

  Respiratory failure Postoperative PaO2 < 60 mm Hg on room air, PaO2/FiO2 ratio < 300 mm Hg, 
or arterial oxyhemoglobin saturation measured by pulse oximetry < 90% 
and requiring oxygen therapy

  Atelectasis Pulmonary opacification with mediastinal displacement, hilum or hemidia‑
phragm displacement to the affected area, with compensatory hyperinfla‑
tion in the adjacent non-atelectatic lung

  Bronchospasm Newly detected expiratory wheezing treated with bronchodilators

  Neuropathic pain Intensity of neuropathic pain at day 2 and month 3 using the Douleur Neu‑
ropathique questionnaire 4 (DN4) graded from 0 to 10 (see Appendix 2). 
Neuropathic pain will be defined as a DN4 > 3

  Quality of life Quality of life at 3 months will be assessed by the quality of life scale: EQ-
5D-5L (see Appendix 3)
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◦ Bronchospasm (newly detected expiratory wheez-
ing treated with bronchodilators).

–	 Neuropathic pain at day 2 and month 3 using the 
Douleur Neuropathique questionnaire 4 (DN4-ques-
tionnaire) graded from 0 to 10. Neuropathic pain will 
be defined as a DN4 > 3 (see Appendix 2) [2, 23, 24].

–	 Quality of life at 3 months assessed using the quality 
of life scale: EQ-5D-5L [25] (see Appendix 3).

Data collection and outcome definitions
The following data will be collected: age (years), gender, 
body mass index (kg·m−2), ASA score, logistic Euro-
SCORE, medical history (coronary disease, myocardial 
infarction, heart failure, pulmonary hypertension, atrial 
fibrillation, neurologic disorder, peripheral vascular dis-
ease, stroke, smoking, diabetes, dyslipidemia, chronic 
obstructive pulmonary disease, hypertension, chronic 
kidney disease (Cockcroft clearance < 60  ml/min), or 
sleep apnea syndrome), usual medication (antiplatelet 
therapy, anticoagulants, heart failure treatments, anti-
hypertensives, glifozines, diuretics, antidiabetics, antiar-
rhythmics, or antilipemic drug) [26].

Preoperative biological parameters (hemoglobin, 
hematocrit, creatinemia, MDRD clearance, urea, ASAT, 
ALAT, troponin, CRP, protidemia, white blood cells, TP, 
APTT, fibrinogen, albuminemia) will be recorded. Sur-
gery type (valve replacement, coronary bypass graft, or 
combined surgery), duration of CPB, and aortic clamp 
will be recorded. The anesthetic procedure includes the 
choice of anesthetic induction drugs with hypnotic (eto-
midate, propofol), mode of administration (bolus or tar-
get controlled infusion anesthesia), opioids (sufentanyl or 
remifentanyl), curare (cisatracurium or atracurium), and 
mode of maintenance (intravenous or inhaled). Cumula-
tive doses will be collected.

Endpoints will be assessed after cardiac surgery.
Endpoints and definitions are presented in Table 1. The 

judging criteria will be defined and measured as defined 
above. Adverse events will be notified in the eCRFs. The 
investigator evaluates each serious adverse event from the 
date of signature of the consent form for up to 1 month, 
with no time limit if the adverse event is due to the inves-
tigational product or to the study procedure. The investi-
gator notifies the sponsor and the clinical trials vigilance 
department of all serious adverse events occurring in 
participants within 24 h. Standard definitions of postop-
erative outcomes established by the European Society of 
Anesthesia will be used [22]. Cardiac arrest is defined as 
the cessation of cardiac mechanical activity, as confirmed 
by the absence of circulation signs. Stroke is defined as 
an embolic, thrombotic, or hemorrhagic cerebral event 

with persistent residual motor, sensory, or cognitive dys-
function (e.g., hemiplegia, hemiparesis, aphasia, sensory 
deficit, impaired memory) diagnosed on a cerebral scan-
ner. AKI is defined according to Kidney Disease Improv-
ing Global Outcomes (KDIGO) criteria as an increase in 
serum creatinine of over 27 μmol/l within 48 h or diure-
sis lower than 0.5 ml/kg/h [27]. Myocardial injury is diag-
nosed by the characteristics presentation, serial changes 
on 12-lead electrocardiographic suggesting infarction, 
and rise in cardiac troponin, with at least one value above 
the 99th percentile of the upper reference limit [28]. Mes-
enteric ischemia will be confirmed by imaging or explor-
atory laparotomy and ischemic colitis will be confirmed 
by gastrointestinal endoscopy or exploratory laparotomy. 
Perioperative bleeding will be defined according to the 
universal definition of perioperative bleeding (UDPB) 
[29]. The UDPB defines 5 perioperative bleeding classes 
(class 0 to class 4), which are designed to characterize the 
severity of bleeding.

Intention‑to‑treat analysis
Patients with serious adverse events will be analyzed 
according to their assigned group following the inten-
tion-to-treat principle.

Randomization
Patients will be randomized into two parallel blinded 
groups with a 1:1 ratio. Randomization will be performed 
using EnnovClinical® software, set up by a data manager 
from the Clinical Research and Innovation Department 
of Amiens-Picardie University Hospital. It will be a rand-
omization by minimization, with stratification on center 
and sex (male, female). If no inconsistencies are found, 
the randomization result will display the treatment unit 
number to be assigned to the patient. As the study is 
double-blind, investigators and patients will remain blind 
to treatment. The placebo will be indistinguishable from 
the active drug. Unique package numbers for the trial 
drugs will be generated for both active and placebo prod-
ucts. Each treatment package will be numbered. The list 
of correspondence between the numbered packages and 
the nature of the treatments (ketoprofen/placebo) will 
be kept by the Methodology unit of the Amiens-Picardie 
University Hospital. A copy will be sent to the PUI of the 
CHU Amiens-Picardie.

Drug preparation, drug circuit, and blinding
Treatments will be supplied by the pharmacy of Amiens 
University Hospital, according to the specialties refer-
enced at the time of the study: ketoprofen 100 mg (solu-
tion for infusion 100  ml, MACOPHARMA/CARELIDE 
or equivalent) and sodium chloride 0.9% (solution for 
infusion 100 ml, CARELIDE or equivalent). The bags of 
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solution for infusion are labeled with the research infor-
mation (KETOPAIN Study). The primary packaging will 
not be modified. The bags will be packaged in a second-
ary container identified and sealed with a treatment 
number linked to the randomization in order to mask the 
contents. In this way, ketoprofen or sodium chloride is 
packaged in a neutral, labeled, and numbered container 
in order to maintain double blindness. These kits will 
be produced by the Amiens University Hospital phar-
macy. Labeling will be carried out by Amiens University 
Hospital. Shipping and management of the products to 
the participating centers will be handled by the Amiens 
pharmacy. As the study is double-blind, investigators and 
patients will remain blind to treatment. The placebo will 
be indistinguishable from the active drug. Dispensing will 
be carried out by the center’s pharmacy, 7 days a week. 
Once the treatment has been randomized and inserted, 
the nurse administers the treatment, and all used and 
unused kits are returned to the pharmacy at each center 
for accounting purposes. Statistical analysis will also be 
carried out on a blind basis.

Statistical method and sample size calculation
According to a previous randomized trial investigating 
pain after cardiac surgery by Rafiq et  al. [13], the mean 
NRS was 3.5 ± 1.2 cm. Assuming a standard deviation of 
2.3 cm and a percentage of 5% of patients not evaluable, 
we need to randomize 238 patients (119 per group) to 
detect a clinical difference of 1 cm for a 90% power and a 
two-sided alpha risk of 5%. The number of centers partic-
ipating in the study is 3 (Lille, Rouen, and Amiens). The 
number of patients operated on per week was around 10 
for Rouen and Amiens CHU and 30 for Lille CHU, i.e., 
around 50 patients per week operated on at the 3 cent-
ers. Inclusion of 3 patients per month per center seems to 
be a reasonable target, enabling us to reach a total of 238 
patients over 3 years.

Statistical protocol will follow CONSORT guidelines 
for reporting parallel group randomized trials [30]. A 
flow chart will describe screened, randomized, and 
analyzed patients according to CONSORT guidelines. 
The main analysis will be an intention-to-treat analysis. 
No intermediate analysis is planned in the trial. For the 
description of the characteristics of the population, quan-
titative variables will be described by the mean ± standard 
deviation and the median (25th–75th). Qualitative vari-
ables will be described by their number (%). Comparison 
of pain between the two arms will be performed using an 
ANOVA model with adjustment for the initial pain value 
and stratification factors (center and gender). The α risk 
will be two-sided and set at 5%. Secondary end points 
will be assessed using an ANOVA test for repeated meas-
ures. Cumulative event curves will be estimated with the 

Kaplan–Meier procedure. Variables between usual and 
intervention groups will be compared with a Student 
test, a Wilcoxon-Mann–Whitney test, a chi-2 square, or 
a Fischer exact test as appropriate. We expect to observe 
very few missing data. Nevertheless, if any data are miss-
ing, they will be imputed using the multiple imputation 
technique with three replicates (predicted mean match-
ing). The results of the three individual analyses will be 
merged using Rubin’s method. Statistical analysis will be 
performed using SAS software version 9.4.

Data management and monitoring
Registration
Ethical authorization by the Comité de Protection des 
Personnes Nord-Ouest III, 80,054 Amiens, France, reg-
istration number ID RDB: 2023–506299-28–00 on the 
12th of March 2024 and by the ANSM (Agence Nationale 
de Sécurité du Médicament). Registered on ClinicalTri-
als.gov on 24th April of 2024 (identifier: NCT06381063).

Data collection and management
Data collected directly from the patient will be entered 
into an electronic data capture database (eCRF). It will be 
stored on secure servers based at the lead organization. 
The databases will be password-protected and only acces-
sible to specified and delegated trial individuals. Also, 
the sponsor is responsible to guarantee direct access to 
all research sites, source data, source documents, and 
reports for the purposes of quality control and audit by 
the sponsor. Investigators will make documents and indi-
vidual data strictly necessary for the monitoring, quality 
control, and auditing of biomedical research available to 
persons with access to these documents in accordance 
with the legislative and regulatory provisions in force. As 
the risk associated with the use of NSAIDs is hypotheti-
cal and literature invalidate this risk, we have decided not 
to set up an independent monitoring committee.

Confidentiality
All persons involved will take all necessary precautions 
to ensure data confidentiality (patient identity and results 
obtained). Data confidentiality is ensured by pseudo-
anonymizing patient information with the initials of the 
surname and first name and with a 5-digit code number 
(2 digits corresponding to the center number and 3 digits 
corresponding to the inclusion number).

Auditing
An audit may be carried out at any time and may apply 
to all stages of the research, from protocol development 
to publication of results and classification of data used or 
produced in the course of the research.
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Study organization, trial intervention
The study promotion is performed by the University 
Hospital of Amiens, France. Ketoprofen is well toler-
ated, so we expect good compliance with the protocol. 
Subjects may withdraw their consent and ask to leave 
the study at any time, for any reason. The investigator 
may permanently discontinue a subject’s participation 
in the study in the event of serious adverse events. Vigi-
lance unit will remove the blind in case of serious unex-
pected adverse event.

Duration and timeline
Length of inclusion period will be 3-year period begin-
ning before the end of the year 2024. Duration of each 
patient’s participation will be 3  months. The data-
base should be closed after all participants have been 
included, followed by data analysis, manuscript writing, 
and submission for publication.

Dissemination policy
Data analysis is carried out by the sponsor. The aim 
of this work is a scientific publication. Patients are 
informed, at their request, of the overall results of the 
research. The publication mentions the name of the 
sponsor, the investigators, the methodologists, the bio-
statisticians, and data managers who participated in the 
research.

Record keeping
Consent forms and eCRFs will be retained for 15 years 
at the University Hospital of Amiens in accordance 
with French law.

Discussion
The aim of this multicenter, randomized, placebo-con-
trolled study is to improve pain management and post-
operative recovery after cardiac surgery. If successful, 
NSAIDs could form part of a multimodal pain manage-
ment regimen, as it has been demonstrated in major 
non-cardiac surgery.

Concerns about NSAIDs in cardiac surgery are 
related to the potential adverse effects, including 
thrombotic risk, AKI risk, and bleeding risk. Numerous 
studies support the possible use of NSAIDs in cardiac 
surgery without risk to the patient [5, 6, 8, 10, 11, 13].

A meta-analysis involving 5800 patients post-cor-
onary bypass surgery demonstrated that NSAIDs do 
not elevate the risk of mortality, bypass thrombosis 
or stroke within 30  days following the procedure [6]. 
Also, in a monocentric randomized study including 
182 patients, Qazi et  al. showed no deleterious effects 
regarding sternal healing, postoperative bleeding, 

postoperative myocardial infarction or gastrointesti-
nal bleeding [8]. Indeed, cardiac surgery is a surgery 
with a high bleeding risk of multifactorial origin [10]. 
NSAIDs could modulate renal blood flow, with affer-
ent vasodilatation [31]. The incidence of AKI after car-
diac surgery is 30% [32]. In this context, NSAIDs are 
often proscribed, even though clinical data show no 
increased risk [10, 11]. The risk of AKI can vary sig-
nificantly based on patient and surgical risk factors and 
involves ischemia–reperfusion injury, inflammation, 
and changes in hemodynamics [33]. Hence, a cautious 
approach might entail contemplating NSAID utiliza-
tion in patients with a low risk of AKI, while adhering 
to contraindications, and coupled with diligent moni-
toring of postoperative renal function.

Also, NSAIDs have been implicated in increasing the 
risk of myocardial infarction, particularly with high doses 
and prolonged exposure [34]. However, the utilization 
of NSAIDs after cardiac surgery has not been linked 
to myocardial injuries or bypass thrombosis or death 
30 days after surgery [6].

Cardiac surgery is a high-risk surgery in terms of bleed-
ing, which is caused by a number of factors (coagulopa-
thy induced by CPB, antiplatelet agents, heparin, induced 
thrombopathy) [10]. Theoretically, NSAIDs may increase 
the risk of postoperative bleeding (modulation of COX, 
particularly COX2 with inhibiting platelet aggregation). 
However, the literature shows no clinical association 
between NSAIDs and postoperative bleeding [10].

In order to draw conclusions regarding the effective-
ness of NSAIDs on postoperative pain in cardiac surgery, 
with the absence of adverse effects (particularly AKI), we 
have decided to conduct a prospective, multicenter, dou-
ble-blind, randomized controlled trial.

Trial status
The trial is not yet recruiting. Protocol version number is 
1.4, dated 12th of March 2024.

We aim to begin recruitment at the end of 2024 and we 
estimate the end of inclusions in late 2027.

Abbreviations
AIDS	� Acquired-immune-deficiency-syndrome
AKI	� Acute kidney injury
COX	� Cyclooxygenase
CPB	� Cardiopulmonary bypass
CKD	� Chronic disease
eCRFs	� Electronic case report forms
ICU	� Intensive care unit
IRB	� Institutional review board
KDIGO	� Kidney Disease Improving Global Outcomes
NRS	� Numerous rating scale
NSAIDs	� Non-steroidal anti-inflammatory drugs
RRT​	� Renal replacement therapy
STS-SCA	� Society of Thoracic Surgeons/Society of Cardiovascular 

Anesthesiologists
SOFA	� Sepsis-related Organ Failure Assessment
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UDPB	� Universal definition of postoperative bleeding
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