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| ABSTRACT

Objective: Adenosine (ADO) is an endogenous nucleo-
side, which has been involved in blood pressure failure
during severe systemic inflammatory response syndrome
(severe SIRS) after cardiac surgery with cardiopulmonary
bypass (CPB). Adenosine acts via its receptor subtypes,
namely A1, A2A, A2B, or A3. Because A2A receptors are
implicated in vascular tone, their expression might con-
tribute to severe SIRS. We compared adenosine plasma
levels (APLs) and A2A ADO receptor expression (ie, B,
K, and mRNA amount) in patients with or without post-
operative SIRS.
Patients: This was a prospective comparative observa-
tional study. Forty-four patients who underwent cardiac
surgery involving CPB. Ten healthy subjects served as
controls.
Measurements and Results: Among the patients, 11 pre-
sented operative vasoplegia and postoperative SIRS
(named complicated patients) and 33 were without vaso-
plegia or SIRS (named uncomplicated patients). Adeno-
sine plasma levels, K, B, and mRNA amount (mean T
SD) were measured on peripheral blood mononuclear
cells. Adenosine plasma levels, B, and K were significant-
ly higher in complicated patients than in uncomplicated
patients (APLs: 2.7 T 1.0 vs 1.0 T 0.5 2mol lj1, P G
0.05; B: 210 T 43 vs 65 T 26 fmol/mg, P G 0.05; K: 35
T 10 vs 2 T 1 nM, P G 0.05). In uncomplicated patients,
APLs remain higher than in controls (1 T 0.5 vs 0.6 T
0.25 2mol/L; P G 0.05).

Mean arterial pressure was inversely correlated to
APLs (R = j0.58; P G 0.001) and B (R = j0.64; P G
0.001) leading to an increased requirement of vasoactive

drugs during the postoperative period in vasoplegic
patients.
Conclusions: High expression of A2A ADO receptor and
high APLs may be a predictive factor of postoperative
severe SIRS after CPB.
Key Words: adenosine, SIRS, A2A receptors, cardiopul-
monary bypass, hemodynamics

| INTRODUCTION

Systemic inflammatory response syndrome (SIRS) can
complicate cardiopulmonary bypass1 after cardiac sur-
gery. This inflammatory syndrome is often induced by a
proinflammatory cytokine release and can result in organ
dysfunction (severe SIRS), such as myocardial reperfu-
sion damage, lung injury, and generalized profound vaso-
dilation, thus increasing postoperative morbidity.2Y4

During cardiopulmonary bypass (CPB), hemodynamic
instability associated with low vascular resistance due to a
systemic release of cytokines leads to a delay in extuba-
tion and a prolonged stay in the intensive care unit
(ICU).1,5 However, a lot of molecules play a role in the
physiopathology of the systemic inflammatory response
to cardiac surgery. Among these, adenosine (ADO) may
participate in hemodynamic disturbance in critical illness,
especially in severe SIRS. Adenosine is an endogenous
nucleoside that is released by endothelial cells and myo-
cytes during metabolic stress associated with ischemia or
systemic inflammation.6Y8 Thus, it is not surprising that
systemic ADO levels were recently been involved in
blood pressure failure induced by severe SIRS after
CPB9 or septic shock.10

Adenosine acts on blood vessel tone and sinoatrial
nodes via 4 G-proteinYcoupled receptor subtypes (A1,
A2A, A2B, and A3) depending on their pharmacological
properties.11,12 Stimulation of cardiac A1 and A3 recep-
tors is associated with cardioprotection and ischemic
conditioning,13,14 whereas activation of A2A receptors
results in vasodilation.7,15 The role of A2A receptors in
the control of blood pressure may be crucial. Indeed,
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the lack of receptors in animals results in hypertension
and tachycardia.16 The increase in A2A ADO receptor
expression contributes to hypotension during hemodialy-
sis17 or during neurocardiogenic syncope.18 Further-
more, A2A ADO receptors are strongly expressed in
brain area implicated in the control of arterial blood pres-
sure.19 However, the action of ADO on vascular tone
depends on the number of receptors expressed at the
cell surface.

Thus, the aim of this study was to evaluate adenosine
plasma levels (APLs) and A2A ADO receptor expression
(B), receptor affinity (K), and receptor synthesis
(mRNA) in patients with or without SIRS after cardiac
surgery and in controls.

| METHODS

This study protocol was approved by our institutional
Ethics Committee and informed consent was obtained
from every patient included in the study.

Patients
From September 2005 to October 2005, patients with no
active infection, inflammatory disease, or pulmonary hy-
pertension, undergoing valve replacement, coronary
artery surgery, combined, or other (see Table 1), were
prospectively and consecutively included. Among the
70 patients hospitalized during this period, 44 filled the
inclusion criteria (see Inclusion criteria section). We in-
cluded at the same time 10 healthy volunteers as con-
trols, who were recruited among hospital workers with
no previous cardiac surgery (6 females and 4 males,
54 T 11 years; range, 39Y68).

Patients and volunteers were instructed to avoid cof-
fee and tea for the 72 hours preceding the study. Patients
who had been treated with papaverine, dipyridamole, im-
munosuppressive, or antibiotic agents during the preced-
ing 6 weeks were not included.

Inclusion Criteria
Patients were studied by Doppler echocardiography before
surgery. A preoperative left ventricular ejection fraction
(LVEF) was obtained from either a left ventricular an-
giogram or a 2-dimensional echocardiography (Teicholz
method). Patients found to have a stenotic native aortic
valve with a peak aortic-jet velocity of at least 4 mIsj1

and an aortic valve area less than 0.5 cm2Imj2 were in-
cluded in the study.20 Patients found to have a stenotic na-
tive mitral valve with a peak aortic-jet velocity more than
4 mIsj1 and a mitral valve area less than 1.4 cm2Imj2

were included. Symptomatic patients with one or more
stenotic coronary arteries (970%) underwent coronary re-
vascularization. Recent myocardial infarctions were de-
fined as an acute coronary syndrome with or without ST
modification and were associated with troponin I plasma

level modifications.21 These were observed over a 6-week
period after the operation. Preoperative renal function was
assessed by baseline creatinine clearance, calculated
according the Cockroft-Gault formula.22

Exclusion Criteria
Patients with active infection, inflammatory disease, or
pulmonary hypertension were excluded. Patients under
immunosuppressive agents were also excluded.

TABLE 1. Demographic and Baseline Patient Characteristics
(Means T SD)

Uncomplicated
Course, n = 33

Vasoplegia,
n = 11 P*

No. patients, n (%) 33 (75) 11 (25) NS
Age, yr 58 T 17 57 T 10 NS
Male, n (%) 18 (57) 6 (56) NS
Physical findings
Body weight, kg 73 T 22 76 T 19 NS
NYHA, mediany 2 (2Y3) 2 (2-3) NS

Preoperative
medication, n (%)

Inhibition-converting
enzyme

9 (33) 4 (36) NS

Medical history, n (%)
Hypertension 13 (39) 5 (45) NS
Peripheral vascular
disease

2 (6) 1 (9) NS

Congestive heart
failure

7 (22) 2 (19) NS

Recent myocardial
infarction

2 (6) 1 (9) NS

Unstable angina 3 (9) 1 (10) NS
COPD 2 (7) 1 (6) NS
Diabetes mellitus 10 (31) 3 (23) NS
Hypercholesterolemia 11 (32) 4 (32) NS
Renal dysfunction 11 (32) 3 (29) NS

Results of diagnostic
tests, n (%)
LVEF, % 56 T 13 48 T 18 NS
Mean PAP, mm Hg 22 T 2 21 T 4 NS
Creatinine Cl.,
mLIminj1

75 T 28 72 T 25 NS

Results of scoring
tests
EuroSCORE 5 T 2 7 T 2 NS
Parsonnet Index 12 T 6 13 T 5 NS

Type of surgery, n (%)
Valvular surgery 20 (61) 6 (55) NS
CABG 7 (21) 2 (18) NS
Combined 3 (9) 1 (9)
Other 3 (9) 2 (18)

*P G 0.05 versus uncomplicated population. yData are median values
and 25-75th percentiles in parentheses. NYHA indicates New York
Heart Association (classification for cardiac insufficiency); LVDD, left
ventricular end-diastolic diameter; LVEF, left ventricular ejection
fraction; mean PAP, mean pulmonary arterial pressure; creatinine Cl.,
creatinine clearance; unstable angina, acute coronary syndrome without
troponin I modification; COPD, chronic obstructive pulmonary
dysfunction; CABG, coronary artery bypass grafting; combined
surgery, valvular surgery associated with CABG; other, Bentall
Tyron-David surgery, interventricular communication closure; NS, not
significant.
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Anesthesia and Surgery
Patients were premedicated with 25 mg of orally admin-
istered oxazepam 1 hour before surgery. After preoxy-
genation, anesthesia was induced with intravenous mid-
azolam (HypnovelA; Roche Laboratories, Neully sur
Seine, France), etomidate (Etomidate-LipuroA; P Braun,
Boulogne, France), sufentanil (SufentaA; Solvay Pharma,
Suresnes, France), and atracurium (TracriumA; Glaxo-
Wellcome, Marly-le-Roi, France) and maintained with
sufentanil, atracurium, sevoflurane (SevoraneA; Abbott,
Rungis, France) (0.5Y1.5 MAC), and midazolam during
CPB. Lungs were mechanically ventilated via an endo-
tracheal tube. Prophylactic antibiotics were administered
intravenously, with 1.5 g of cefamandole (Céfamando-
leA; Panpharma, Fougères, France) given after induction
and then 750 mg given ever 2 hours during surgery.
Mild hypothermic (33-C) nonpulsatile CPB was per-
formed after administration of intravenous heparin (300
IUIkgj1), always using the same model of membrane
oxygenator (BARD Quantum; Bard Ltd, Crawley, UK)
and a roller pump (COBE Optima Cardiovascular, Inc,
Arvada, CO). A blood flow of 2.4 LIminj1Imj2 was
maintained with the aim of keeping arterial blood pres-
sure between 50 and 75 mm Hg during the entire CPB.
Myocardial preservation was performed with intermittent
infusion of colloid-crystalloid solution (Buckberg; FRE-
SENIUS Laboratories Kabi, Sevres, France). Immediate-
ly after induction of anesthesia, patients were infused
with 1,000,000 U of aprotinin. A further 1,000,000 U
were added to the cardiopulmonary bypass prime solu-
tion, and patients were continuously infused with
250,000 U/hour during surgery.23 During CPB, vasople-
gia was considered to have occurred if the mean arterial
pressure was less than 50 mm Hg with a duration of
more than 5 minutes despite a normal blood flow rate
of 2.4 LIminj1Imj2.24

All patients had pacing wires placed but none of
them required permanent pacing at the postoperative
period.

Hemodynamics and Blood Gas Measurements
Patients were monitored by ECG, pulse oximetry, end-
tidal carbon dioxide capnography, systemic arterial line
(mean blood pressure; MBP), and transesophageal
echocardiography. Hemodynamics, arterial blood
gases, and hemoglobin were measured during the
whole study.

In patients with low preoperative LVEF (G50%), epi-
nephrine or dobutamine was administered when postop-
erative mean arterial pressure was less than 50 mm Hg.
In patients with normal preoperative LVEF (950%), nor-
epinephrine was added if postoperative MBP was less
than 50 mm Hg. The dosage was adjusted to give an
MBP of approximately 70 mm Hg.

Definition of SIRS and Severe SIRS
SIRS was defined, according to the classification of the
American College of Chest Physicians/Society of Criti-
cal Care Medicine Consensus Conference, when 2 or
more of the following signs are found: body temperature
abnormalities (938 or G 36-C); persistent tachycardia
(heart rate 990 beats/min); tachypnea or hyperventilation
(breathing frequency 920/min or PaCO2 G 32 mm Hg),
and leukocytosis or leukopenia (leukocyte count 912
Gpt/L or G4 Gpt/L).25 Tachycardia was only considered
valid if it lasted for at least 2 hours with no significant
modification of central venous pressure or mean system-
ic arterial pressure.

Severe SIRS was defined as SIRS with one or more
postoperative organ dysfunction as defined in the ODIN
model.26 SIRS and severe SIRS were classified in all
patients at 5:00 AM on the first postoperative day taking
into account the entire postoperative condition of the pa-
tient. For patients who remained longer in the ICU, eval-
uation and classification were repeated daily.

Cardiac operative risk was evaluated by the same
physician, blinded to the APL values, using the Euro-
SCORE scoring system on the day of surgery.27

Patients were discharged from the ICU if they met
the following criteria: tracheal extubation performed
since 12 hours, adequate muscle strength, hemodynamic
stability without inotropic or vasopressive support, full
consciousness, stable body temperature (within the
range, 37Y38.5-C), and adequate ventilation (breathing
rate between 10 and 30/min, PaO2/FiO2 960/0.21,
PaCO2 between 30 and 50 mm Hg). Mediastinal drain-
age was systematically removed before ICU exit.

Collection of Blood Samples
Timing of Sample Collection. In a previous clinical
study, we performed kinetics of APLs, before surgery,
during aorta cannulation, during CPB (before and after
aortic cross-clamp release), and finally 30 minutes after
the end of surgery. No influence of time was evidenced
concerning APLs.9 Here we have chosen collecting
samples 30 minutes after surgery because it is the most
easy and reproducible time for sample collection in our
protocol. In volunteers, samples were collected at 8:00
AM from a peripheral vein.

Adenosine Plasma Levels
The lumen of the arterial catheter was washed out and
filled with a solution of 1 mL of papaverine and 1 mL
of dipyridamole, injected through the lateral entry of a
3-way stopcock just prior blood sampling.28 Blood
(3 mL each) was taken through the axial entry of the
stopcock using an ice-cold syringe containing 7 mL of
the cold stop solution to prevent nucleotidases action,
ADO uptake by red blood cells, and deamination into
inosine.29,30

Journal of Investigative Medicine866

Kerbaul et al

 on A
pril 28, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.2310/JIM

.0b013e3181788d02 on 5 January 2016. D
ow

nloaded from
 



Copyright @ 2008 American Federation for Medical Research. Unauthorized reproduction of this article is prohibited.

Isolation of Peripheral Blood Mononuclear Cells
and Membrane Preparation
Peripheral mononuclear cells were used to assess ADO
A2A receptors because it has been established that periph-
eral blood circulating cells express A2A receptors changes
that closely mirror those occurring in the heart itself.31

Mononuclear cells were isolated from peripheral blood
using Ficoll-based CPT system (Becton Dickinson, NJ).
After 3 freeze-thaw cycles, the pellets were resuspended
in a Tris buffer prior binding assay. Protein concentration
was determined using a Beckman Synchron LXA appara-
tus (Beckman Coulter, Villepinte, France).

B and K Determinations
The methodology has been previously described.18,31,32

We used a selective A2A receptor ligand: [3H]-ZM
241385.33 Saturation binding experiments were per-
formed in triplicate by incubating homogenates of mono-
nuclear cell membranes (200 2L in a total volume of
250 2L; 90 minutes, 4-C) with increasing concentrations
of ligand. Bound and free radiolabeled ligands were sep-
arated by vacuum filtration of the sample through What-
man GF/C glass-fiber filters. A cold binding buffer (1 mL)
was added to the sample before filtering. The filter was
washed 3 times, and bound radioactivity was measured
with a Beckman LS-1800 liquid scintillation spectrome-
ter. A weighted nonlinear least-square curve fitting pro-
gram (Graph Pad PrismA, Graph Pad Software Inc, San
Diego, CA) was used for analysis. Nonspecific binding
value of [3H]-ZM 241385 was defined as the binding ob-
served in the presence of 10 2M of unlabeled ligand.

The K is the concentration of ligand at which binding
sites are 50% occupied (equilibrium constant, a measure
of affinity). B represents the total number of binding sites
expressed as fmol/mg of protein.

Quantification of ADO A2A Receptor mRNA
Total ribonucleic acids (RNA) were extracted from puri-
fied mononuclear cells using Bio-Robot, M48 (Qiagen,
Courtaboeuf, France). Complementary DNA was synthe-

sized from 250 ng of total RNA. Real-time quantitative
PCR was performed with a Light-Cycler (RocheA)
according to the manufacturer’s recommendation. The
mRNA relative amount expression was quantified using
the ratio between A2A mRNAs and mRNAs from house-
keeping gene18S.

Statistical Analysis
Association between vasoplegia and K or B were ana-
lyzed using the U test of Mann-Whitney for continuous
variables. � test or Fisher exact test when appropriate
and Mann-Whitney U test were performed to analyze
association between vasoplegia and other prognostic
factors. Spearman correlation coefficient was used for
correlation data. For all tests, P values less than 0.05
(2-tailed tests) were considered as statistically signifi-
cant. Statistical analysis was performed using Statistical
Package for the Social Sciences for Windows (Version
13.1; SPSS, Inc, Chicago, IL).

| RESULTS

Clinical and Biological Parameters During
Surgery
Forty-four patients were prospectively included in the
study and underwent cardiac surgery with CPB. We ob-
served a preoperative vasoplegia in 11 of them. All of
these 11 patients (complicated patients) developed post-
operative SIRS, with 10 developing severe SIRS. Mean
age, body weight, NYHA classification status, preopera-
tive echocardiographic, and biological parameters were
not significantly different in these patients compared
with those without vasoplegia (Table 1). None of the
patients had unstable angina.21

Duration of endotracheal intubation (since induction
of anesthesia) was significantly longer in patients with
vasoplegia who developed postoperative SIRS com-
pared with patients without vasoplegia (224 T 87 vs
14 T 9 hours, respectively; P G 0.05). The duration of
stay in the ICU was significantly longer for patients

TABLE 2. Perioperative Patient Characteristics (Means T SD)

Uncomplicated Course, n = 33 Vasoplegia, n = 11 P

Mean duration of CPB, min 91T 37 98 T 38 NS
Mean duration of aorta clamping, min 64 T 28 72 T 37 NS
Minimal core temperature, CPB 33.3 T 1.4 33.1 T 1.6 NS
Postoperative inotropic support
Dobutamine (2gIkgj1Iminj1), n (%) 3.0 T 2.1 (10) 9.0 T 4.0 (60) G0.05
Epinephrine (2gIkgj1Iminj1), n (%) 0.04 T 0.02 (3) 0.32 T 0.12 (49) G0.05
Norepinephrine (2gIkgj1Iminj1), n (%) 0.0 T 0.0 (0) 0.15 T 0.02 (42) G0.05
Blood transfusion 91 U, n (%) 9 (28) 3 (29) NS
Duration of ventilation, h 14 T 9 224 T 87 G0.05
Duration of stay in ICU, d 3 T 1 16 T 13 G0.05
Death, n (%) 0 (0) 2 (18) G0.05

CPB indicates cardiopulmonary bypass; ICU, intensive care unit; NS, not significant.
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with vasoplegia compared with patients without vaso-
plegia (16 T 13 vs 3 T 1 days; P G 0.05; Table 2).

The duration of CPB and aorta cross-clamping, the
body temperature, and the PaO2/FiO2 ratio between the
2 groups were not different. Conversely, the administra-
tion of postoperative inotropic drugs was significantly
higher in the patients with severe SIRS (Table 2). Dobu-
tamine and epinephrine were simultaneously adminis-
tered to 5 patients, and dobutamine and norepinephrine
were simultaneously administered to 4 patients to main-

tain systolic arterial pressure. All these patients experi-
enced postoperative severe SIRS.

Adenosine Plasma Levels
Adenosine plasma levels in uncomplicated patients were
higher than those of healthy subjects (1 T 0.5 vs 0.6 T
0.25 2mol/L; P G 0.05). In complicated patients, APLs
were significantly higher than those observed in un-
complicated patients (2.7 T 1 vs 1 T 0.5 2mol/L; P G
0.05; Fig. 1). Baseline MBPs were not different between
the group of patients (80 T 6 mm Hg in patients with
vasoplegia vs 81 T 6 mm Hg in uncomplicated). How-
ever, during surgery, MBPs strongly decreased in the
vasoplegic patients (55 T 8 mm Hg in complicated
patients with vasoplegia vs 68 T 11 mm Hg in uncompli-
cated patients at the end of surgery; P G 0.002). Among
the 44 patients, MBPs were inversely correlated with ar-
terial APL (Spearman r = j0.58; P G 0.001) and B (r =
j0.64; P G 0.001).

A2A Receptors Expression
Bmax and KD were significantly higher in complicated
patients compared with uncomplicated patients (Bmax:
210 T 43 vs 65T 26 fmol/mg, P G 0.05; KD: 35 T 10 vs
2 T 1 nM, P G 0.05; Fig. 2). But KD and Bmax were not
different between uncomplicated patients and healthy
volunteers. Finally, mRNA amount was not different be-
tween the 2 groups of patients (mRNA A2A/mRNA beta-
actin; uncomplicated vs complicated patients: 19.84 T
0.05 vs 20.05 T 0.04; P 9 0.05) and remains in the range
of those measured in controls 19.98 T 0.06; P 9 0.05).

FIGURE 1. Means T SD of adenosine plasma concentra-
tions in complicated patients (with per operative vasoplegia
or postoperative SIRS; n = 11), in patients with no
complications (n = 33), and in 10 healthy subjects. *P G
0.05 versus uncomplicated group. **Preoperative vasople-
gia or postoperative severe systemic inflammatory re-
sponse syndrome. APL indicates adenosine plasma level.

FIGURE 2. KD and Bmax values. KD (nM) of [3H]-ZM 241385, a specific ligand or A2A adenosine receptor evaluated using
peripheral blood mononuclear cell membranes. Samples were collected 30 minutes after surgery. KD was defined as the
concentration of ligand at which binding sites are 50% occupied. Bmax represents the total number of binding sites
expressed as femtomole per milligram of proteins. KD and Bmax were evaluated in patients with uncomplicated operative
course in patients with per operative vasoplegia or postoperative severe SIRS and in 10 healthy subjects. Data are
expressed as mean and SD. *P G 0.05 versus uncomplicated group.
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| DISCUSSION

Our study showed that hyperexpression of A2A receptors
in a context of high APLs measured after surgery could
be a predictive factor for postoperative severe SIRS. This
resulted in a delayed extubation, a higher dose of cate-
cholamines, and a prolonged stay in the ICU.

Vasoplegia during and immediately after cardiac sur-
gery involving CPB occurs in between 5% and 20% of
patients.1,5,9 Twenty-five percent of our patients devel-
oped postoperative SIRS. However, the number of
patients included was lower than in previous reports.1,5

The vasoplegia is one of the main factors influencing
the extent of the SIRS.1 During CPB, the exposure of
blood to the extracorporeal circuit activates the comple-
ment system that initiates the proinflammatory pro-
cess.1,34 Neutrophil activation or free radical, endotoxin,
or cytokine release is thought to participate in the inflam-
matory process of SIRS.3,34,35 However, the role of
ADO in this process has been poorly investigated. In a
prospective clinical study, we have shown that high
APL was found to be associated with postoperative com-
plications after cardiac surgery using CPB.9 But the level
of A2A ADO receptor expression has never been evalu-
ated in this population.

Possible Mechanisms of High APL in Vasoplegic
Patients
Adenosine is a nucleoside that is released by endotheli-
al cells and myocytes during ischemia or oxidative
stress.6Y8 Adenosine has been implicated in the drop
of blood pressure that occurs during tilt-testYinduced
syncope18,36 in vasoplegia of septic shock,10 but ADO
may be also an endogenous modulator that plays a role
in triggering vasoplegia during heart surgery in predis-
posed patients. Adenosine is released by sympathetic
fibers and poorly myelinated C fibers.37,38 Moreover,
ADO has been reported to modulate baroreflex activa-
tion.39 Therefore, high APLs may lead to dysfunction of
the baroreflex, as observed in some patients during sur-
gery who were preoperatively treated with angiotensin-
converting enzyme inhibitors.9 However, the number of
such patients between the vasoplegic and the nonvasople-
gic groups was not different. High APLs do not seem to
be related to myocardial necrosis, as we found no differ-
ence in troponin concentrations between the vasoplegic
and the nonvasoplegic groups at postoperative time.

Effects of A2A Receptor Modulation on
Infectious and Noninfectious SIRS
In an animal model of infectious SIRS, deoxycoformycin,
an inhibitor of ADO deaminase that increases ADO levels
in the extra cellular spaces, has been shown to improve
survival time and to suppress the inflammatory response
indices.40 Moreover, it was demonstrated that activation

of A2A receptors diminishes phagocytosis and augments
secretion of anti-inflammatory cytokines in invasive bac-
terial infection.41,42 Recently, Nemeth et al.43 demonstrate
that ADO A2A receptor inactivation increases animal sur-
vival after polymicrobial sepsis. This protection after A2A

receptor blockade was paralleled by a decrease in apopto-
sis and proinflammatory cytokines production associated
with an increase of phagocytosis. Many of the effects of
ADO may also involve modulating oxyradical-mediated
response. This occurs via increased oxyradical production
via ADO to xanthine degradation or limiting inflammato-
ry oxyradical generation.44

Adenosine has also been shown to clinically increase
the systemic vasodilation that characterizes the hemody-
namic profile of patients with noninfectious SIRS during
CPB.9 High APLs can result in a very low blood pres-
sure and bradycardia, which is often resistant to vaso-
pressive amines.10 These are secondary effects of the ac-
tivation of A2A receptors, which are primarily implicated
in blood pressure control.16 A2A receptor activation
could therefore also result in systemic vasodilation
occurring with severe SIRS.

The cardiovascular consequences of high APLs ef-
fectively seem to depend on the expression of ADO
receptors. This expression may be different among
patients and from 1 receptor subtype to another.11 We
observed a decrease in mean arterial pressure in vasople-
gic patients with high APLs and A2A receptor hyperex-
pression. Thus, the effects of ADO on the cardiovascular
system are probably due to a balance between A2A re-
ceptor hyperexpression and APL. A2A receptor number
was 4-fold greater in complicated than in uncomplicated
patients after CPB. Furthermore, we found that in the
complicated group, the ADO plasma level is increased
2.5- to 3-fold. This increase may be sufficient to activate
A2 spare receptors45 and to precipitate vasoplegia.

Thus, the great expression of these receptors in a
context of high APLs may precipitate vasoplegia in our
patients.

| CONCLUSION

These results strongly suggest that high expression of
A2A ADO receptor, in a context of high APLs, may be
a predictive factor of postoperative severe SIRS after
CPB. Further clinical studies are needed to determine if
preventive blockade of A2A receptors may offer a new
strategy for reducing cardiovascular vasoplegia and non-
infectious postoperative SIRS occurring after CPB.
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