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AIMS
Cardiopulmonary bypass (CPB) during cardiac surgery is well known to be
associated with the development of a systemic inflammatory response. The
efficacy of parecoxib in attenuating this systemic inflammatory response is still
unknown.

METHODS
Patients undergoing elective mitral valve replacement with CPB were assessed,
enrolled and randomly allocated to receive parecoxib (80 mg) or placebo. Blood
samples were collected in EDTA vials for measuring serum cytokine
concentrations, troponin T, creatinekinase myocardial-brain isoenzyme CK-MB
concentrations and white cell counts.

RESULTS
Compared with the control group, IL-6 and IL-8-values in the parecoxib group
increased to a lesser extent, peaking at 2 h after the end of CPB (IL-6
31.8 pg ml-1 � 4.7 vs. 77.0 pg ml-1 � 14.1, 95% CI -47.6, -42.8, P < 0.001; IL-8
53.6 pg ml-1 � 12.6 vs. 105.7 pg ml-1 � 10.8, 95% CI -54.8, -49.4, P < 0.001). Peak
concentrations of anti-inflammatory cytokine IL-10 occurred immediately after
termination of CPB and were higher in the parecoxib group (115.7 pg ml-1 �
10.5 vs. 88.4 pg ml-1 � 12.3, 95% CI 24.7, 29.9, P < 0.001). Furthermore, the
increase in neutrophil counts caused by CPB during cardiac surgery was
inhibited by parecoxib. The increases in serum troponin T and CK-MB
concentrations were also significantly attenuated by parecoxib in the early
post-operative days. Peak serum concentrations of CK-MB in both groups
occurred at 24 h post-CPB (17.4 mg l-1 � 5.2 vs. 26.9 mg l-1 � 6.9, 95% CI -10.9,
-8.1, P < 0.001). Peak troponin T concentrations occurred at 6 h post-bypass
(2 mg l-1 � 0.62 vs. 3.5 mg l-1 � 0.78, 95% CI -1.7, -1.3, P < 0.001).

CONCLUSION
Intra-operative parecoxib attenuated the systemic inflammatory response
associated with CPB during cardiac surgery and lowered the biochemical
markers of myocardial injury.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• COX-2 is up-regulated during systemic

inflammatory response invoked by
cardiopulmonary bypass (CPB) and cardiac
surgery. This systemic inflammation is often
associated with the development of
multiple organ injury. However, during
cardiac surgery under CPB, the strategy
aiming at the inhibition of COX-2 has not
been well evaluated in clinical trials.

WHAT THIS STUDY ADDS
• The anti-inflammatory effects of

intra-operative parecoxib exhibited in
elective mitral valve replacement surgery
indicate that short term use of COX-2
inhibitors intra-operatively is an effective
strategy to control systemic inflammation
associated with CPB.
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Introduction

Cardiopulmonary bypass (CPB) is well known to be associ-
ated with a systemic inflammatory response that presents
itself as a long standing issue and an intractable problem
[1]. CPB during cardiac surgery provokes a vigorous inflam-
matory response via a variety of mechanisms [2, 3], mainly
including contact of blood to the foreign surfaces of the
CPB circuit, surgical trauma and endotoxaemia. Various
technological and pharmacological strategies have been
developed aimed at reducing the inflammatory response
following cardiac surgery, such as implementation of novel
cardiac surgical techniques [4], improvement in the bio-
compatibility of the extracorporeal circuit [5], maintenance
of haemodynamic stability [6] and the use of pharmaco-
logic agents including aprotinin [7], free radical scavengers
and anti-oxidants [8]. Significant morbidity associated with
CPB is becoming rare, but most patients still experience
different degrees of organ dysfunction as the result of the
activation of the inflammatory response.

COX-2 is up-regulated during the inflammatory
response to CPB [9, 10], resulting in increased concentra-
tions of thromboxanes [11] and vasoconstrictor prostag-
landins [12]. Inhibiting the inducible COX-2 exhibits
considerable potential to result in desirable anti-
inflammatory effects.

The highly selective COX-2 inhibitor parecoxib, which is
rapidly transformed to its active metabolite valdecoxib in
vivo, is widely used to treat osteoarthritis and rheumatoid
arthritis [11, 13], as well as used to afford post-operative
pain relief in various cases, such as disc herniation discec-
tomy [14] and total abdominal hysterectomy [15]. Never-
theless, the clinical efficacy of parecoxib in attenuating CPB
associated systemic inflammation has not yet been well
evaluated.

Here, we report that parecoxib attenuates the systemic
inflammatory response associated with CPB and protects
against myocardial injury.

Methods

Patients selection and study design
The study protocol was approved by the ethics committee
of Tongji Medical College, Huazhong University of Science
and Technology. Informed consent was obtained from
patients or from their nearest relatives. No commercial
entities providing equipment or devices had a role in any
aspect of this study. Rheumatic heart disease patients
below 65-years-old who were due to undergo elective
mitral valve replacement with CPB were enrolled. (Figure 1)
Exclusion criteria were pre-operative creatine kinase
myocardial-brain isoenzyme (CK-MB) > 175 u l-1, ejection
fraction (EF) < 40%, aspartate aminotransferase (AST) >
150 U l-1 and creatinine concentration > 132 mmol l-1,
repeat cardiac surgery and combined operations, immu-

nosuppressive medication or immunodeficiency syn-
dromes, neurologic or psychiatric disorders, peptic ulcer
disease, severe uncontrolled hypertension, bronchial
asthma, known allergy to NSAIDS, clinical or angiographic
evidence of coronary heart disease and a previous history
of cerebrovascular accident. Patients with plasma concen-
trations of IL-6 > 20 pg ml-1, CRP concentrations >16 mg l-1

on the morning of surgery or both were also excluded. In
addition, patients who underwent surgery for more than
5 h were excluded.

Using a computer-generated random code, 306
enrolled patients were randomly allocated to two groups
by the nurses, and the procedure was blinded to research-
ers. In parecoxib (Pfizer) treatment group (n = 147), patients
received 10 ml of 40 mg parecoxib i.v. at induction of
anaesthesia, 5 ml of 20 mg parecoxib i.v. before CPB and
5 ml of 20 mg parecoxib i.v. at the end of surgery. The
control group (n = 149) patients received 10 ml normal
saline i.v. at induction of anaesthesia, 5 ml normal saline i.v.
before CPB and 5 ml normal saline i.v. at end of surgery.

Anaesthesia and CPB
Similar anaesthesia and CPB management were carried
out in all patients. Premedication consisted of standard
cardiac drugs and i.m. injections of atropine 0.5 mg and
phenobarbitone 0.1 g, administered 30 min prior to induc-
tion. Anaesthesia was induced with fentanyl 20–30 mg kg-1

and etomidate 200–300 mg kg-1. Muscular relaxation was
achieved with vecuronium 0.1 mg kg-1 and mechanical
ventilation was with 100% oxygen. Anaesthesia was
maintained with i.v. administration of midazolam
(0.1 mg kg-1 h-1), sufentanil (2.0–3.0 mg kg-1 h-1) and
vecuronium (0.1 mg kg-1 h-1). Before induction of anaes-
thesia, a five-lead ECG and pulse oximetry were routinely
used as monitoring, and an arterial line was secured (radial
artery) for continuous invasive blood pressure monitoring.
After induction of anaesthesia an internal jugular venous
catheter was inserted for central venous pressure
measurement.

The extra corporeal circulation (ECC) was performed
under moderate hypothermia (temperature between 30°C
and 32°C) at continuous flow of 60–80 ml kg-1 min-1 using
the STOCKERT SIII CPB machine fitted with membrane oxy-
genators. The priming solution for the circuit consisted of
500 ml Ringer’s lactate, 800 ml gelatin and was supple-
mented with 2.5 ml kg-1 of a 15% mannitol solution, 0.3 ml
kg-1 of magnesium and 10 mg furosemide. Cold cardiople-
gia, consisting of cold blood and crystalloid in the ratio of
4:1 was used for all patients. Prior to vascular cannulation,
350 IU kg-1 heparin was administered i.v. and activated
clotting time (ACT) was determined after 3 min to achieve
an ACT > 480 s. At the end of ECC, dexamethasone 10 mg
and protamine sulphate in a ratio of 1.5:1 to heparin were
administered. During weaning from the bypass, dopamine
and dobutamine (5–20 mg kg-1 min-1) were given if systolic
arterial pressure was below 90 mmHg. Epinephrine was
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supplemented with the inotropes if the arterial blood pres-
sure was persistently low. If the haematocrit was less than
30% and the haemoglobin level was below 10 g dl-1,
packed cells were transfused.

Similar operation techniques and cardioprotective
strategies were used in all patients according to the sur-
geon’s preference. After surgery, patients were transferred
to the intensive care unit and weaned from ventilation
when haemodynamically stable and re-warmed. On trans-
fer to the intensive-care unit (ICU), an infusion of sufentanil
was continued at 0.01–0.02 mg kg-1 h for sedation until
recovery of spontaneous ventilation. Criteria for discharge
from the ICU were: no mechanical ventilation and arterial
oxygen pressure > 75 mmHg and oxygen saturation by pulse
oximetry > = 95% or higher with FiO2 of 0.4 or less, normal
arterial carbon dioxide pressure, stable haemodynamic state
without or minimum inotropic support (< 5 mg kg-1 min-1),
no newly occurred arrhythmia, normal chest X-ray, no
severe pain, no significant fever (rectal temperature <
38.8°C) and blood potassium > = 4.5 mEq l-1. Tramadol
1 mg kg-1 was given i.v. around 30 min to 1 h prior to extu-
bation. After extubation, patients were allowed to use a

morphine patient-controlled analgesia (PCA) device for
the next 24 h. The patients were usually discharged from
the ICU after a 24 h stay if they met the above criteria.
Otherwise, patients would stay in the ICU for another
night. None of the physicians caring for the patients during
and after the operation was involved in the study.

Blood sampling and processing
Blood samples were collected from an arterial line at dif-
ferent time points (T): before start of CPB (T1), at the end
of CPB (T2), and at 2 h (T3), 12 h (T4), 24 h (T5) and 48 h(T6)
thereafter. The blood samples were collected in two EDTA
(ethylenediaminetetraacetic acid) vials and immediately
sent to the clinical laboratory. One vial for each of time
points T1 to T6 was sent for total white cell count determi-
nation in the haematology laboratory. Another blood
sample at each of the time points T1 to T5 was centrifuged
within 30 min at 1123 g min-1 for 5 min and plasma was
stored at -80°C in labelled EP tubes until ELISA assay for
serum cytokines.

Additional 2 ml arterial blood samples were obtained
pre-operatively and then 6, 24, 48 and 72 h post-bypass

Assessed for eligibility (n = 435)

Enrolment (n = 306) Excluded
(n = 306)
Meeting

exclusion criteria
(n = 82)

Refused to
participate

(n = 47)
Randomization

Parecoxib group Control group

Allocated to intervention
(n = 153)

Surgery cancelled (n = 1)
IL-6 > 20 pg ml–1 (n = 2)
Received intervention

(n = 150)
Surgery duration > 5 h (n = 1)

Allocated to intervention
(n = 153)

IL-6 > 20 pg ml–1 (n = 3)
CRP > 16 mg l–1 (n = 1)
Received intervention

(n = 149)
Surgery duration > 5 h (n = 2) 

Analyzed (n = 147) Analyzed (n = 149) 

Figure 1
Flowchart of study design

A clinic randomized controlled trial
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for troponin T and CK-MB measurements. All cardiac
troponin-T (cTnT) assays used heparinized plasma
samples. CK-MB assays used plasma samples treated with
ethylenediaminetetraacetic acid. All samples were centri-
fuged within 20 min and the plasma was stored at -20°C
until analysis. CK-MB and cTnT concentrations were deter-
mined at the Analytical Unit of Union Hospital.

ELISA
Commercially available sandwich enzyme-linked immuno-
sorbent assay kits (eBioscience, San Diego, USA) were used
to determine serum concentrations of cytokines (TNF-a,
IL-1b, IL-6, IL-8, 1 L-10) according to instruction. ELISA read-
ings were done according to manufacturer’s procedures
and read with a Biotek ELx800 ELISA reader.

Post-operative complications and
peri-operative variables
The frequencies of post-operative complications (stroke,
rhythm disturbance, peri-operative myocardial infarction,
atrial fibrillation, liver failure, renal failure, cerebrovascular
accident and infection) were registered and compared
between both groups. Neurological examination was per-
formed daily by an intensivist. A new onset of focal neuro-
logical deficit lasting for more than 24 h was evaluated by
a neurologist and confirmed by imaging. Serial ECGs were
done every 6 h and concentrations of troponin T as per
method described were determined. Myocardial infarction
was defined in accordance to the recommendations of the
2007 Joint Task Force of the ESC/ACCF/AHA/WHF for the
redefinition of myocardial infarction, as the appearance
of new, pathological Q waves on the ECG or appearance
of new left bundle branch block along with a five-fold
increase in the upper limit of laboratory normal (ULN)
values of biochemical markers within the first 72 h after
surgery [16]. Liver dysfunction was graded using the Modi-
fied Child-Pugh classification according to the degree of
ascites, the plasma concentrations of bilirubin and
albumin, the prothrombin time, and the degree of
encephalopathy, if present. Renal dysfunction was defined
as a 50% rise in preoperative levels of serum creatinine.The
sternal wound was examined daily for signs and symptoms
related to infection such as wound erythema and blanch-
ing, tenderness, pain, purulent discharge, fever (tempera-
ture > 38.0°C) and leucocytosis. In addition, we recorded
peri-operative variables including CPB time, aortic cross-
clamp time, total procedural time, post-operative drainage
fluid in first 24 h, blood transfusion, duration of ventilation,
length stay in ICU, length stay in hospital and hospital
death.

Statistical analysis
The sample sizes for the study were calculated with BiAS
based on the IL-6 concentration 2 h after the end of CPB as
the primary outcome variable. On the basis of our previous
pilot study, both groups obtained a SD of 5.2 pg ml-1, a

difference of �2 pg ml-1 between treatment groups was
anticipated to reveal a statistical significance. For a power
of 0.9 and a two-tailed a of 0.05, a sample size of 143
patients in each group was calculated to be appropria-
te.The sample size was based on the assumption of normal
distribution and homogeneity of variances. After all data
were collected, statistical analysis was performed using
standard computer software (Statistical Analysis System,
The SAS Institute, Cary, NC, USA). All categorical variables
were tested by a chi-square test. All normally distributed
data (tested by Kolmogorov-Smirnov test) were analyzed
using Student’s t-test. Repeated measures were analyzed
using analysis of variance. P < 0.05 was considered statisti-
cally significant.

Results

Patient demographics and peri-operative data
Four hundred and thirty-five patients were assessed for
study eligibility and 306 patients were enrolled (Figure 1).
A female patient in the control group had her menses
ahead of time just on the morning of operation, so the
surgery was cancelled. Also on the morning of surgery, a
patient in the parecoxib group with a serum CRP >
16 mg l-1 was excluded and another five patients (control
group: n = 2; parecoxib group: n = 3) with serum IL-6 >
20 pg l-1 were also excluded. Three patients (control group
n = 1; parecoxib group n = 2) were excluded at the end of
surgery due to the duration of the operation. There were
no statistically significant differences between the two
groups in their pre-operative demographic and clinical
profiles (Table 1). Moreover, there were no significant dif-
ferences in their peri-operative data (Table 2).

Cytokine concentrations
After CPB and cardiac surgery, all measured cytokines
TNF-a, IL-1b, IL-6, IL-8 and IL-10 plasma concentrations
increased from baseline both in the control group and the
parecoxib group. Interestingly, the increase of pro-
inflammatory cytokines IL-6 and IL-8 serum values was
attenuated by parecoxib, and the serum concentrations of
IL-6 and IL-8 in both groups peaked at 2 h after the end of
CPB. (Figure 2A,B). On the contrary, the patients in the
parecoxib group showed significantly higher plasma con-
centrations of the anti-inflammatory cytokine IL-10 at the
end of CPB (Figure 2C).

In addition, we could not find statistical differences in
TNF-a and IL-1b concentrations between the two groups
at all the time points (TNF-a, P value, 0.39; IL-1b, P value,
0.43), and the concentrations in both groups were low.The
reason underlying this discrepancy may lie in the fact
that both TNF-a and IL-1b are early mediators during
the inflammatory response. Moreover, TNF-a and IL-1b
have short half-lives and we could not detect the peak
concentrations.
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Leucocyte counts
There was an increase in white blood cell counts during
and after the CPB with a maximum at 24 h after the end of
CPB in both the control and parecoxib groups (Table 3).
When comparing the two groups, a significantly higher
leucocytosis was seen in the control group (T2~T5), and
parecoxib reduced the peak leucocyte counts 24 h after
CPB (control group, 21.2 � 3.8 ¥ 109 l-1; parecoxib group,
18.6 � 2.9 ¥ 109 l-1; P < 0.001).The elevation in white blood
cells was dominated by an increase in circulating neu-
trophils, which showed a significant difference between
the two groups, being higher in the control group at 24 h
after CPB (control group, 16.3 � 2.2 ¥ 109 l-1; parecoxib
group, 14.6 � 3.0 ¥ 109 l-1; P < 0.001). An unexpected
finding was that neutrophil numerical counts in the
parecoxib group were even higher at 48 h post-CPB than in
the control group, though there was no statistical differ-

ence (control group10.8 � 2.8 ¥ 109 l-1; parecoxib
group11.0 � 2.4 ¥ 109 l-1; P > 0.5).

Platelet counts
The mean pre-operative platelet counts (103 ml-1 � SD)
were comparable in both the control (230.7 � 68.5) and
the parecoxib groups (228.0 � 59.3).The decrease in plate-
let counts 2 h after bypass was not significant between the
two groups. (210.3 � 73.0 in the parecoxib group vs. 217.1
� 45.9 in the control group).

Myocardial injury
Following cardiac surgery with CPB, CK-MB values signifi-
cantly increased in both groups from baseline and reached
peak concentrations 24 h after CPB. When comparing the
two groups, the CK-MB peak concentrations were signifi-
cantly reduced by parecoxib (17.4 mg l-1 � 5.2 vs.26.9 mg l-1

Table 1
Patients demographic and clinical profiles

Variables Control group (n = 149) Parecoxib group (n = 147)

Gender ratio (male/female) 73/76 71/76

Age (years) 43.2 � 14.3 44.7 � 13.8

Height (cm) 158.6 � 7.1 159.1 � 7.4

Weight (kg) 57.9 � 2.4 57.6 � 2.3

BMI (kg m-2) 23.2 � 3.9 23.3 � 3.9

EF (%) 62.2 � 6.9 61.2 � 7.4
Cardiac function (NYHA)

II (n) 91 92
III (n) 58 55

Diabetes (n) 4 5
Hypertension (n) 10 7
Smoker (n) 18 20

Prosthesis (n)

Bioprosthesis 5 4

Mechanical prosthesis 144 143

Pre-operative platelet counts (103 ml-1) 230.7 � 68.5 228.0 � 59.3

Pre-operative total leucocyte counts (103 ml-1) 6.3 � 1.0 6.3 � 0.8

Data are presented as mean � SD and as absolute numbers, respectively. BMI, body mass index; EF, ejection fraction; NYHA, New York Heart Association.

Table 2
Peri-operative variables

Variables Control group (n = 149) Parecoxib group (n = 150)

CPB time (min) 79.8 � 3.9 81.9 � 6.5
Aortic cross-clamp time (min) 50.3 � 3.1 54.5 � 4.4

Total procedural time (min) 166.1 � 5.3 172.6 � 6.9
Post-operative drainage fluid in first 24 h (ml) 452.2 � 103.6 443.7 � 115.1

Blood transfusion (units) 3.2 � 1 2.9 � 1.2
Duration of ventilation (h) 18.1 � 7.3 20.5 � 8.9

Length stay in ICU (days) 2.0 � 0.7 2.2 � 0.5
Length stay in hospital (days) 9.0 � 2.7 9.2 � 1.9

Hospital deaths 0 0

Data are presented as mean � SD. CPB, cardiopulmonary bypass; ICU, intensive care unit.

A clinic randomized controlled trial
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� 6.9,95% CI -10.9,-8.1, P < 0.001) (Figure 3).Pre-operative
troponin T concentrations in all patients were below the
detectable level of the assay (<0.1 mg l-1). After bypass,
there was significant release of troponin T in both groups

with troponin T concentrations remaining above baseline
over the 72 h period, thus indicating myocardial damage.
Peak troponin T concentrations occurred at 6 h post-
bypass in both groups with a significantly lower release of
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Figure 2
A, B, C) Effect of parecoxib on serum concentrations of pro-inflammatory and anti-inflammatory cytokines in patients undergoing mitral valve replacement
surgery with CPB. Serum concentrations of pro-inflammatory cytokines IL-6 (A) and IL-8 (B) increased after CPB in both groups and peaked at 2 h after CPB,
evaluated by ELISA, showing that the peak concentrations were diminished by parecoxib. Serum concentrations of the anti-inflammatory cytokine IL-10 (C)
were elevated and peaked earlier at the end of CPB, and the elevation was enhanced by parecoxib. Data are shown by means � SD, *P < 0.05 vs. control
group. Timepoints: T1, before start of CPB; T2, at the end of CPB; T3, 2 h after the CPB; T4, 12 h after the CPB; T5, 24 h after the CPB. : control group;

: parecoxib group

Table 3
Leucocyte counts at different time points

Time

Total leucocyte count Neutrophil count Monocytes count
(109 l-1) (109 l-1) (109 l-1)

Control group Parecoxib group Control group Parecoxib group Control group Parecoxib group

T1 6.3 � 1.0 6.3 � 0.8 2.6 � 0.6 2.5 � 0.5 0.3 � 0.12 0.4 � 0.11

T2 12.9 � 1.9 8.9 � 2.1* 9.5 � 1.6 7.0 � 1.7* 0.7 � 0.11 0.6 � 0.11

T3 14.8 � 2.3 11.9 � 1.4* 11.6 � 2.3 9.1 � 1.5* 0.8 � 0.13 0.9 � 0.20

T4 16.7 � 2.4 14.2 � 1.9* 13.9 � 3.0 11.8 � 2.9* 1.0 � 0.15 1.2 � 0.21

T5 21.2 � 3.8 18.6 � 2.9* 16.3 � 2.2 14.6 � 3.0* 1.2 � 0.16 1.3 � 0.31

T6 14.0 � 3.7 14.9 � 3.2 10.8 � 2.8 11.0 � 2.4 1.4 � 0.25 1.3 � 0.28

Data are shown by means � SD, *P < 0.05 vs. control group. Timepoints: T1, before start of CPB; T2, at the end of CPB; T3, 2 h after the CPB; T4,12 h after the CPB; T5, 24 h
after the CPB; T6, 48 h after the CPB.
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the marker in the parecoxib group (2 mg l-1 � 0.62 vs.
3.5 mg l-1 � 0.78, 95% CI -1.7, -1.3, P < 0.001) (Figure 4).

Post-operative complications
Although inflammatory cytokine release and the neu-
trophil activation stimulated by CPB was inhibited by
parecoxib, the frequency of post-operative complications
showed no significant differences between two groups
(Table 4).

Discussion

Although it has been demonstrated that COX-2 expression
is up-regulated in many tissues after CPB and is involved in
the pathogenesis of adverse events after cardiac surgery
[9, 17], the strategy aimed at targeting the inhibition of

COX-2 has not been adequately evaluated in clinical trials.
Previous literature has documented that COX inhibitors,
decreased the duration of post-operative fever, chest pain,
myalgias and malaise after CPB [18]. In the present study,
we have demonstrated that intra-operative parecoxib
could blunt the inflammatory cytokine response and
inhibit the rise in neutrophil counts that follows CPB in
patients undergoing elective mitral valve replacement.
Intra-operative parecoxib could also afford protection
against myocardial injury, reflected by a decrease in the
biochemical markers of cardiac injury, cTnT and CK-MB.
However, this was not translated in clinical outcomes prob-
ably due to the low rate of adverse cardiac complications
that were observed in our study.

Prostanoids are important mediators in physiological
responses, such as inflammation and thrombosis, synthe-
sized by two isoforms of cyclo-oxygenases. Inhibition of
prostanoids synthesis has contributed to the anti-
inflammatory effects of cyclo-oxygenase inhibitors. Hinson
et al. demonstrated in a rat model of peritoneal inflamma-
tion that COX-2 up-regulation was involved in the produc-
tion of PGE2 which in turn induced IL-6 production [19].
Some NSAIDS also possess certain cyclo-oxygenase-
independent mechanisms by which they can influence
inflammation [20]. At the core of this effect lie the tran-
scriptional factors NF-kB and AP-1 which regulate the
expression of pro-inflammatory mediators, cytokines,
chemokines and cell adhesion molecules.

A plethora of pro-inflammatory and anti-inflammatory
cytokines are released during the acute inflammatory
response that follows CPB. It has been emphasized that the
balance between pro-inflammatory and anti-inflamma-
tory cytokines is essential for the clinical prognosis after
CPB [21]. Pro-inflammatory cytokines, such as IL-6, IL-8,
TNF-a, IL-1b, are strongly associated with post = operative
complications [22]. Serum IL-6 concentrations correlate
with post-operative morbidity in paediatric patients
undergoing open heart surgery [23]. IL-8 is a powerful neu-
trophil chemo-attractant [24] and a marker of tissue
damage.The role of IL-10 as an anti-inflammatory cytokine
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Figure 3
Serial changes following CPB in cardiac CK-MB concentrations in arterial
blood of patients over a 72 h period. CK-MB increased following CPB in
both groups, but the increase in the parecoxib group was lower. Peak
serum concentrations of CK-MB in both groups occurred at 24 h
post-CPB. Data are shown as means � SD, *P < 0.05 vs. control group.
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Figure 4
Serial changes following CPB in cTnT concentrations in arterial blood of
patients over a 72 h period. Pre-operative concentrations of cTnT were
too low to detect in both groups, cTnT was elevated significantly follow-
ing CPB and peaked at 6 h after CPB. The elevation of cTnT was also
attenuated by parecoxib. Data are shown as means � SD, *P < 0.05 vs.
control group. : control group; : parecoxib group

Table 4
Post-operative complications

Complications
Control group Parecoxib group
(n = 149) (n = 147)

Stroke 2 0
Arrhythmia 2 4

Peri-operative MI 0 0
Atrial fibrillation 3 4

Liver failure 0 0
Renal failure 1 0

Cerebrovascular accidents 0 0
Infection 0 0

Data are presented as the absolute number. MI, myocardial infarction.
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has to be emphasized. It suppresses the production of
pro-inflammatory cytokines and inhibits neutrophil-
endothelial interaction [25, 26]. In addition to its
anti-inflammatory properties, IL-10 also exhibits an immu-
nosuppressive function [27].The protection that parecoxib
can provide against myocardial injury, that arises following
operation trauma and CPB, might correlate with the regu-
lation of the balance of cytokines.

Paradoxically, COX-2 also possesses anti-inflammatory
properties at some phase during inflammation [28] and is
essential in the biosynthesis of omega-3 polyunsaturated
fatty acids (PUFA) derived mediators [29]. These media-
tors, in turn, activate inflammation resolution pro-
grammes. Thus, if the activity of COX-2 is inappropriately
suppressed, the resolution of inflammation will be dis-
rupted. This can be followed by chronic or perpetuated
inflammation [30, 31], and even resolution of chronic
inflammation requires COX-2 activity [32]. Moreover, reso-
lution of acute inflammation is an active, not passive, and
programmed process [33]. COX-2 can be regarded as a
‘double-edged sword’ that forms an integral part of the
body defence mechanisms in response to insults. Study of
resolution indices of inflammation may be important to
elucidate this problem [34].

Many studies have questioned the safety of the selec-
tive COX-2 inhibitors or the COXIBS as they are commonly
referred to. The first concerns were raised following the
VIGOR (Vioxx GI Outcomes Research) study, by Bombardier
et al., the results of which found an unacceptably higher
risk of acute myocardial infarction in the rofecoxib group
when compared with the naproxen group [35]. Since then,
others have demonstrated that the use of other COX-2
inhibitors was also associated with a higher incidence of
adverse events. Ott et al. conducted a study on 462
patients undergoing a coronary artery bypass graft (CABG)
procedure who were allocated to receive either placebo or
parecoxib/valdecoxib. In spite of noteworthy analgesic
effects, use of parecoxib/valdecoxib was found to be asso-
ciated with significant risk of sternal wound infections.
They also reported a higher proportion of renal dysfunc-
tion, cerebrovascular and myocardial infarction in the
parecoxib/valdecoxib treated group [36]. The balance
between the prothrombotic, COX-1 derived thromboxane
and the COX-2 induced production of prostacyclin has
been reported as the underlying cause of the increased
adverse thrombotic effects of the COXIBS. Selective inhibi-
tion of the COX-2 isoform leads to reduced prostacyclin
production and the resulting unopposed action of throm-
boxane causes endothelial dysfunction and higher risk of
arterial thrombosis [37]. In spite of compelling evidence on
the detrimental effects of the COXIBS that have been
observed in some studies, the vast majority of this evi-
dence is related to their long term usage, and very few
studies have focussed on their short term use when started
intra-operatively or even post-operatively [38]. One study
by Khalil et al. addressed the above and found that

patients undergoing coronary artery bypass grafting had
better ventilatory function after being administered a
single dose of 40 mg parecoxib intravenously when com-
pared with the placebo group, which showed a positive
significance the same as in our study [39].

Even if the selective COX-2 inhibitors are associated
with an increased risk of thrombosis, the presence of other
endothelium-derived substances that modulate the
process, for example, nitric oxide, carbon monoxide and
CD39 should lower this risk [40].Therefore, the presence of
concomitant diseases that favour thrombotic events
would put patients under selective COX-2 inhibitors at
higher risk. The imbalance hypothesis has been investi-
gated in a recent study by Borgdorff et al. [41].These inves-
tigators showed that in the presence of arterial stenosis
and high shear stress in a rat model, parecoxib pretreat-
ment increased platelet aggregation as a result of selective
inhibition of COX-2. Valve replacement surgery is a com-
monly performed procedure and our subjects did not have
any clinical or angiographic evidence of coronary artery
disease. Inhibition of COX-2 in a canine model subjected to
orthotopic heart transplantation lead to an improvement
in haemodynamics when compared with control [42].
Therefore suppression of COX-2 activity can limit the
ischaemia-reperfusion injury of ischaemic heart.

There are many limitations in our study. Since the use of
parecoxib after CABG was associated with higher inci-
dence of cardiovascular events [32], we enrolled only those
rheumatic heart disease patients undergoing elective
mitral valve replacement. The results and benefits may not
be applicable to other target groups. Similar studies can
be carried out in other specific target groups with no
underlying ischaemic heart disease to assess the re-
producibility of the organ protection of the selective
COX-2 inhibitor parecoxib. In addition, the side-effects and
cardiovascular risks in patients undergoing elective mitral
valve replacement need more clinical controlled trials to
determine the safety of our intervention. Another limita-
tion was that our study was a single centre research study,
so more organizations should be taken into consideration
to increase conviction.

Actually, a single therapeutic strategy will unlikely be
sufficient to affectively abrogate CPB-associated inflam-
mation. More importantly, our intervention should aim at a
controlled inflammatory response which would result in
better outcomes. Therefore a combination of multiple
pharmacological and mechanical therapeutic strategies
aimed at controlling rather than at eliminating the sys-
temic inflammatory response following CPB, may eventu-
ally prevent associated morbidity and improve clinical
outcome.
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