
C

P
C
V
a

N
o
f
p
a
t
a
a
d
a

M

0
d

The American Journal of Medicine (2006) 119, 707.e11-707.e16
LINICAL RESEARCH STUDY

aradoxical Rebound Platelet Activation After Painkillers
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ABSTRACT:

ACKGROUND: Several reliable reports strongly indicate that the use of nonsteroidal anti-inflammatory
rugs (NSAIDs) and cyclooxygenase-2 (COX-2) inhibitors is associated with an increased risk of cardiovas-
ular events. Considering the key role of platelets in coronary atherosclerosis and the fact that antiplatelet
herapy with aspirin (and more recently, clopidogrel) has been associated with reduced vascular mortality, we
ought to determine the effect of therapy and withdrawal of NSAIDs and COX-2 inhibitors on platelet activity.
ETHODS: Platelet characteristics from 34 aspirin-naive volunteers who were receiving NSAIDs and
OX-2 inhibitors were compared with 138 drug-free controls. Platelets were assessed twice at baseline (at

east 1 month of NSAIDs and COX-2 inhibitors) and after a 14-day washout. We used adenosine
iphosphate-induced conventional aggregometry, the point-of-care Ultegra analyzer (Ultegra Accumetrics,
an Diego, Calif), and whole blood flow cytometry.
ESULTS: Platelet activity during therapy with NSAIDs and COX-2 inhibitors was similar and unre-
arkable between groups. However, there was a highly significant increase of platelet activity as assessed

y conventional aggregometry (P � .0003), Ultegra analyzer readings (P � .03), and expression of GPIIb/
IIa (P � .02), P-selectin (P � .03), and platelet endothelial cell adhesion molecule-1 (P � .001) after
ithdrawal from NSAIDs and COX-2 inhibitors.
ONCLUSIONS: These data suggest that drug cessation, rather than continuous therapy with NSAIDs
nd COX-2 inhibitors, may be associated with rebound platelet activation, which may predispose one to
higher risk of vascular events. This hypothesis requires intensive testing in crossover randomized studies

nd may justify more aggressive antiplatelet regimens in patients after discontinuation of therapy with
SAIDs and COX-2 inhibitors. © 2006 Elsevier Inc. All rights reserved.

KEYWORDS: NSAIDs; COX-2 inhibitors; Platelets; Cardiovascular risk
l
r

c
b
a
t
e
c
t
p
d
c

onsteroidal anti-inflammatory drugs (NSAIDs) and cyclo-
xygenase-2 (COX-2) inhibitors are common medications
or managing chronic pain and diminishing inflammation in
atients with arthritis. Considering the systemic nature of
therosclerosis, and some evidence that inflammatory fea-
ures are indeed attributed to thrombotic vessel wall dam-
ge, NSAIDs and COX-2 inhibitors may potentially exhibit
ntiatherogenic properties.1-3 However, by decreasing vaso-
ilatation and reducing prostacyclin production, these
gents may lead to increased platelet activity. Therefore, the

Request for reprints should be addressed to Victor L. Serebruany, Osler
edical Center, 7600 Osler Drive, Ste 307, Towson, MD 21204-7702.
t: Heartdrug@aol.com.

ront matter © 2006 Elsevier Inc. All rights reserved.
ed.2005.11.007
owest dose for the shortest duration necessary is now
ecommended.

Despite broad use and some evidence of increased vas-
ular risk, the effects of NSAIDs and COX-2 inhibitors on
iomarkers of platelet activity are not well defined. There
re numerous somewhat contradictory reports suggesting
hat these agents decrease,4,5 increase,6,7 or have minimal
ffect8,9 on platelet activity when used with or without
oncomitant aspirin. These discrepancies are mostly related
o the sensitivity differences of the tests used to assess
latelet function, frequency of monitoring, and treatment
uration. Also, most of the reports describe certain platelet
haracteristics only during the NSAID and COX-2 inhibitor

herapy, whereas follow-up studies and testing after drug
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iscontinuation are lacking. There is only one report sug-
esting that platelet function normalizes within 24 hours
fter withdrawal from ibuprofen in healthy volunteers.10 In
he present study, we sought to retrospectively assess plate-
et activity during at least 1 month of NSAID and COX-2
nhibitor therapy and at 14 days
fter withdrawal of NSAIDs and
OX-2 inhibitors in aspirin-naive
ealthy volunteers with the multi-
le risk factors for vascular
isease.

ETHODS

ubjects
ubjects were eligible if they met
ll of the following inclusion cri-
eria: males and females 21 years
nd older; able to provide in-
ormed consent; documented history of vascular disease, or
ore than 2 of 8 risk factors for vascular disease (family

istory, sedentary lifestyle, diabetes mellitus, hypertension,
orbid obesity, hypercholesterolemia, postmenopausal or

urgically sterile females, current or recent smokers); and
vailable and willing to return for follow-up tests. Subjects
ere ineligible for the study if they received aspirin therapy
r any medications containing aspirin within the past 4
eeks or had a known history of blood dyscrasia, gastroin-

estinal ulcer, or bronchial asthma. The data from 172 sub-
ects with evaluable serial platelet activity characteristics
ere analyzed. Each platelet biomarker had been validated
y quality control and assurance to be included in the
resent analysis. Thirty-four of the eligible participants
ere initially receiving NSAIDs and COX-2 inhibitors (the
rand names and doses of NSAIDs or COX-2 inhibitors
ere not specified in the CRF questionnaire). All volunteers
ere aspirin-free and underwent platelet function assess-
ent twice. Thienopyridines or intravenous platelet glyco-

rotein IIb/IIIa inhibitors within 3 months from the baseline
ample were prohibited as well. Those treated with NSAIDs
nd COX-2 inhibitors were retested after a washout period
f at least 14 days. All participants represent a pool of paid
olunteers used as an internal laboratory reference for med-
cal device and pharmaceutical studies conducted from 2001
o the present by the HeartDrug Research Laboratories
Towson, MD). The primary studies were approved by the
nstitutional review board, and informed written consent
as obtained from each subject.

amples
lood samples were obtained with a 19-gauge needle by
irect venipuncture and drawn into 7-mL Vacutainer tubes
ontaining 3.8% trisodium citrate at room temperature. The
acutainer tube was filled to capacity and gently inverted 3

o 5 times to ensure complete mixing of the anticoagulant.

CLINICAL SIGNIF

● Cessation of NSA
tors activates pl

● Withdrawal from
to worsened card

● Mild antiplatelet
such patients.
he first 4 to 5 mL of blood were used for lipid profile l
nalysis or discarded. All samples were labeled with a
oded number and analyzed by blinded technicians. Re-
earch coordinators were not aware of the platelet data, and
aboratory personnel did not know the treatment allocation.
latelet studies were performed at baseline and at a pre-

specified follow-up time point but
at least 14 days after NSAID and
COX-2 inhibitor withdrawal. The
platelet tests were performed in
duplicate at least 30 minutes after
the sample collection but less than
2 hours after the draw.

Platelet Aggregation
The citrate mixture was centri-
fuged at 1500 rpm for 10 minutes
to obtain platelet-rich plasma,
which was always kept at room
temperature. Platelet counts were

etermined for each platelet-rich plasma sample with a
oulter Counter (Coulter Co, Hialeah, FL). Platelet counts
ere adjusted to 3.5 � 108/mL with autologous platelet-
oor plasma. Platelet aggregation was induced by 5 �M of
denosine diphosphate (ADP) (Chrono-Log Corporation,
avertown, PA). Platelet aggregation was determined by
sing a Chrono-Log optical aggregometer and expressed as
he maximum percentage of light transmittance change from
he baseline at the end of the recording time. Platelet-poor
lasma was used as a reference. Platelet aggregability
urves were recorded for 8 minutes and analyzed according
o internationally established standards.11

apid Platelet Function Analyzer
he device (Ultegra Accumetrics, San Diego, Calif) is a

urbidimetric-based optical detection system that measures
latelet-induced aggregation as an increase in light trans-
ittance with ADP as an agonist. The whole blood citrate
ixture is added to the cartridge, and agglutination between

latelets and coated beads is recorded.12 When the activated
latelets are exposed to the fibrinogen-coated micropar-
icles, agglutination occurs in proportion to the number of
vailable platelet receptors. The assay results are reported as
latelet activation units. The data mirror platelet aggrega-
ion and reflect the degree of platelet ADP blockade. An
lectronic quality control test was performed on each in-
trument every day before performing any volunteer
amples.

hole Blood Flow Cytometry
he surface expression of platelet receptors was determined
y flow cytometry using the following monoclonal antibod-
es: PAC-1 (GPIIb/IIIa activity), CD 62p (P-selectin)
DAKO Corporation, Carpenteria, Calif), and CD 31 (plate-
et endothelial cell adhesion molecule-1) (PharMingen, San
iego, Calif). The blood-citrate mixture (50 �L) was di-

CE

and COX-2 inhibi-
s.

e agents may lead
cular outcomes.

mens may benefit
ICAN

IDs
atelet

thes
iovas

regi
uted with 450 �L tris-buffered saline (10 mmol/L tris, 0.15
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ol/L sodium chloride) and mixed by inverting an Eppen-
orf tube gently two times. The appropriate primary anti-
ody was then added (5 �L) and incubated at 37°C for 30
inutes, and a secondary antibody was applied if needed.
fter incubation, 400 �L of 2% buffered paraformaldehyde
as added for fixation. The samples were analyzed on a
ecton Dickinson FACScan flow cytometer (Becton-Dick-

nson, San Diego, CA) set up to measure fluorescent light
catter as previously described.13 All parameters were col-
ected using four-decade logarithmic amplification. The
ata were collected in list mode files and analyzed. P-
electin was expressed as the percentage of positive cells,
nd platelet endothelial cell adhesion molecule-1 and GP
Ib/IIIa were expressed as log mean fluorescence intensity.

tatistical Analysis
or clinical characteristics, categoric data are displayed as
requencies and percentages. The chi-square test was used
or dichotomous analyses of categoric data. Continuous data
re presented as mean � standard deviation and were com-
ared using one-way analysis of variance. Comparisons
etween platelet biomarkers dependent on NSAID and
OX-2 inhibitor use were made at respective time points
sing the Student t test. Differences between individual flow
ytometric histograms were assessed using the Smirnov-
olmogorov test incorporated in the CellQuest (Becton-
ickinson) software. Statistical analyses were performed
ith SPSS/11.5 (SPSS Inc, Chicago, Ill).

ESULTS
total of 180 volunteers were initially considered, but 8

articipants had to be excluded from analysis because of
lots in the samples (1 participant), baseline cell counts out
f institutional limits (2 participants), use of aspirin (4
articipants), and noncompliance (1 participant). The re-
aining 172 aspirin-naive subjects were considered evalu-

ble and grouped into the dataset with complete aggregom-
try, analyzer, and receptor measures dependent on NSAID
nd COX-2 inhibitor use. The locked database consists of
erial assessments of the platelet biomarkers from 34 par-
icipants who were treated with NSAIDs and COX-2 inhib-
tors for at least 1 month, following at least a 14-day with-
rawal. These data were compared with those of 138
articipants free of NSAID and COX-2 inhibitor use. De-
ographic characteristics and risk factors for vascular dis-

ase are presented in Table 1.
Age, gender, and race were distributed fairly evenly, and

isk factor distribution was similar between groups. How-
ver, there were more Asians, fewer obese volunteers, and
ewer volunteers with sedentary lifestyle among the subjects
reated with NSAIDs and COX-2 inhibitors.

The overall results of the platelet characteristics based on
onventional aggregometry, Ultegra readings, and matched
urface receptor expression are presented in Table 2.

The data from Table 2 suggest that use of NSAIDs and

OX-2 inhibitors is associated with slight inhibition of d
latelet activity; however, antiplatelet properties of these
gents were minimal and reached statistical significance
nly for PAC-1 antibody expression, suggesting reduced
P IIb/IIIa activity. Moreover, “gold standard” conven-

ional ADP-induced aggregation was almost identical be-
ween groups. On the other hand, when assessed by multiple
latelet tests, withdrawal from NSAIDs and COX-2 inhib-
tors was associated with a dramatic increase of platelet
ctivity because all platelet biomarkers indicate significant
ctivation.

Individual plots of the ADP-induced platelet aggregation
uring and after at least 14 days of withdrawal from
SAIDs and COX-2 inhibitors are presented in Figure 1.
Individual plots of the platelet aggregation exhibited in

igure 1 indicate that the discontinuation of NSAID and
OX-2 inhibitor therapy is associated with a marked re-

ponse variability, with the majority of subjects experienc-
ng platelet activation, some exhibiting no effect, and few
ubjects exhibiting platelet inhibition.

ISCUSSION
he data from the present retrospective analyses are the first

o suggest that it is not immediate therapy with NSAIDs and
OX-2 inhibitors, but rather withdrawal from these agents

hat is associated with a paradoxical increase of platelet
ctivity. Despite the obvious limitations of this study, these
ndings may provide some insights into the existing and
rowing concern that NSAIDs and COX-2 inhibitors may
e associated with worse clinical outcomes. Most important,
f such vascular events are in fact occurring predominantly
fter cessation of NSAID and COX-2 inhibitor therapy, then
hort-term antiplatelet strategies with aspirin or/and clopi-
ogrel applied after NSAID and COX-2 inhibitor with-
rawal may potentially diminish rebound platelet hyperre-
ctivity and result in risk reduction, or even survival benefit.

Numerous reports link the increased risk of acute car-

Table 1 Demographics and Risk Factors of 172 Analyzed
Subjects

Parameter

NSAIDs/COX-2
Inhibitors (�)
(n � 138)

NSAIDs/COX-2
Inhibitors (�)
(n � 34)

Demographics
Age 34.4 � 5.5 35.2 � 6.1
Male 80 (58%) 18 (52%)
White 106 (77%) 22 (64%)
African-American 28 (20%) 10 (29%)
Asian 4 (3) 2 (6%)*

Risk factors
Obesity 60 (43%) 11 (32%)*
Family history 50 (36%) 17 (50%)
Hyperlipidemia 44 (32%) 16 (47%)
Smoking 60 (43%) 14 (41%)
Sedentary lifestyle 97 (70%) 17 (50%)*

*Significant by chi-square test.
iovascular events with NSAID and COX-2 inhibitor
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se.1,2,10 Although COX-2 inhibitors in general, and rofe-
oxib in particular, were primary “suspects,” recent popu-
ation-based, case-controlled studies suggest reconsidera-
ion of the cardiovascular safety of all NSAIDs as well.14,15

n the other hand, the precise mechanisms by which

Table 2 Platelet Activity Characteristics of Volunteers Depend
Inhibitors

Parameter

Baseline

NSAIDs/COX-2
Inhibitors (�)

NSAIDs/COX-2
Inhibitors (�)

ADP-induced aggregation
(%)

64.3 � 6.3 66.6 � 6.4

Ultegra (PAU) (Ultegra
Accumetrics, San
Diego, CA)

126.5 � 34.2 123.8 � 32.2

PAC-1 (MFI) 8.2 � 2.3 7.7 � 2.4
P-selectin (No. of � cells) 9.1 � 3.7 9.3 � 3.8
PECAM-1 (MFI) 54.6 � 14.9 51.6 � 15.8

NSAID � nonsteroidal anti-inflammatory drug; COX-2 � cyclooxygena
vation unit; MFI � mean fluorescence intensity; PECAM � platelet endot

igure 1 Individual plots of 5 �M adenosine diphosphate
ADP)-induced platelet aggregation on top (A) and after with-
rawal (B) of nonsteroidal anti-inflammatory drugs (NSAIDs) and
yclooxygenase-2 (COX-2) inhibitors. Mean, median, and range
lbars).
SAIDs and COX-2 inhibitors may increase cardiovascular
isk are not clear. Targeting vascular endothelium and re-
ucing prostacyclin production,16,17 suppressing nitric ox-
de synthesis,18,19 diminishing neovascularization,20,21 abol-
shing adrenomedullin activity,22 and enhancing free-radical
roduction23,24 have been implicated.

All of the above mentioned mechanisms also are affect-
ng platelet activity. Platelets play a pivotal role in the
evelopment of cardiovascular events25 and stroke,26

hereas antiplatelet therapy with aspirin27 and clopi-
ogrel28 provide a mortality benefit in such high-risk pa-
ients. However, there is no consensus on the effects of
SAIDs and COX-2 inhibitors on platelet activation.4-9

mong the main reasons for such controversy are different
xperimental or clinical settings, including the specific de-
igns for the earlier studies and underuse of comprehensive
nd/or conventional methods for the platelet function as-
essments. It is surprising that there are no published pop-
lation-based randomized or even prospective platelet sub-
tudies assessing the time course of the platelet-related
ffects for NSAIDs and COX-2 inhibitors. In short, most of
ur current knowledge is based on the in vitro data29,30 or
bservational evidence31,32 challenging the clinical rele-
ance of the findings. Moreover, no data are available when
latelets are serially assessed before and after NSAID and
OX-2 inhibitor use simultaneously by conventional “gold

tandard” aggregometry, rapid cartridge-based analyzers,
nd flow cytometric detection of activation-dependent sur-
ace receptors. Even less is known with regard to the platelet
ctivity after withdrawal from NSAIDs and COX-2 inhibi-
ors. In fact, although hazards of aspirin withdrawal are
elatively well defined,33 there is only one report suggesting
hat platelet function normalizes after 24 hours after cessa-
ion of ibuprofen.10 This elegant observation, however, rep-
esents another major limitation because platelet activity
fter NSAID was measured solely by the cartridge-based
nalyzer (PFA-100; Dade-Behring, Miami, Fla). The prob-

Nonsteroidal Anti-inflammatory Drugs and Cyclooxygenase-2

r Withdrawal P Values

IDs/COX-2
bitors (�)

NSAIDs/COX-2
Inhibitors (�)

NSAIDs (�)
Before vs After

(�) vs (�)
At Baseline

3 � 6.4 73.0 � 11.6 0.003 NS

1 � 37.4 144.3 � 33.6 0.03 NS

4 � 1.9 10.6 � 2.7 0.02 .04
7 � 3.1 10.9 � 3.9 0.03 NS
3 � 13.8 59.2 � 16.7 0.001 NS

S � nonsignificant; ADP � adenosine diphosphate; PAU � platelet acti-
ell adhesion molecule.
ent on

Afte

NSA
Inhi

62.

128.

8.
9.

53.

se-2; N
helial c
em with this particular device is that it is not reliable to
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etermine enhanced platelet activity and was designed to
creen patients for the bleeding disorders in general, and
on Willebrand disease in particular. Reported individual
nalyzer readings10 show a strong trend toward the short-
ned closure time in the majority of subjects, suggesting
ebound activation rather than “normalization” of platelet
unction after discontinuation of ibuprofen. Another impor-
ant report provides strong evidence that recent withdrawers
rom oral antiplatelet agents had higher 30-day rates of
eath or myocardial infarction than continuous users or
onusers.34 This study supports our present data that treat-
ent discontinuation with NSAIDs and COX-2 inhibitors
ay outweigh any therapeutic antiplatelet benefit.
Relatively large sample size, comprehensive analysis of

he platelet function, and serial assessments in the same
ubjects are among the strengths of our study. Retrospective
esign; unknown brands, doses, and duration of therapy;
nequal group size; and significant differences in the demo-
raphics are major limitations, so chance represents a plau-
ible alternative explanation, precluding us from making
ny definite conclusions. Although the expression of acti-
ation-dependent receptors was studied, their individual
oles in patients treated with NSAIDs and COX-2 inhibitors
re unknown. Similarly, the relation of platelet receptor
xpression to established platelet function tests is currently
nder investigation. It will be important to determine
hether vascular events occur immediately during use of
SAIDs and COX-2 inhibitors, or after therapy cessation.
rospective studies are needed to confirm whether with-
rawal of NSAIDs and COX-2 inhibitors is associated with
nhanced platelet activity. If so, randomized evidence will
e needed to prove that short-term antiplatelet regimens
fter NSAID and COX-2 inhibitor cessation will reduce the
ncidence of vascular events.

We conclude that drug withdrawal, rather than continu-
us therapy with NSAIDs and COX-2 inhibitors, may be
ssociated with rebound platelet activation, which may re-
ult in a higher risk of developing vascular events. This
ypothesis requires intensive testing in crossover studies,
nd in the future may justify more aggressive antiplatelet
egimens in patients after cessation of NSAIDs and COX-2
nhibitors.

eferences
1. Mukherjee D, Nissen SE, Topol EJ. Risk of cardiovascular events

associated with selective COX-2 inhibitors. JAMA. 2001;286:954-959.
2. FitzGerald GA. Cardiovascular pharmacology of nonselective nonste-

roidal anti-inflammatory drugs and coxibs: clinical considerations.
Am J Cardiol. 2002;89(6A):26D-32D.

3. Capone ML, Tacconelli S, Sciulli MG, et al. Clinical pharmacology of
platelet, monocyte, and vascular cyclooxygenase inhibition by
naproxen and low-dose aspirin in healthy subjects. Circulation. 2004;
109:1468-1471.

4. van Kraaij DJ, Hovestad-Witterland AH, de Metz M, Vollaard EJ. A
comparison of the effects of nabumetone vs meloxicam on serum
thromboxane B2 and platelet function in healthy volunteers. Br J Clin

Pharmacol. 2002;53:644-647.
5. Andrioli G, Lussignoli S, Gaino S, Benoni G, Bellavite P. Study on
paradoxical effects of NSAIDs on platelet activation. Inflammation.
1997;21:519-530.

6. Buerkle MA, Lehrer S, Sohn HY, Conzen P, Pohl U, Krotz F. Selec-
tive inhibition of cyclooxygenase-2 enhances platelet adhesion in ham-
ster arterioles in vivo. Circulation. 2004;110:2053-2059.

7. Blaicher AM, Landsteiner HT, Zwerina J, et al. Effect of non-selec-
tive, non-steroidal anti-inflammatory drugs and cyclo-oxygenase-2 se-
lective inhibitors on the PFA-100 closure time. Anaesthesia. 2004;59:
1100-1103.

8. Van Ryn J, Kink-Eiband M, Kuritsch I, et al. Meloxicam does not
affect the antiplatelet effect of aspirin in healthy male and female
volunteers. J Clin Pharmacol. 2004;44:777-784.

9. Andrioli G, Lussignoli S, Ortolani R, et al. Dual effects of diclofenac
on human platelet adhesion in vitro. Blood Coagul Fibrinolysis. 1996;
7:153-156.

0. Goldenberg NA, Jacobson L, Manco-Johnson MJ. Brief communica-
tion: duration of platelet dysfunction after a 7-day course of ibuprofen.
Ann Intern Med. 2005;142:506-509.

1. Ruggeri ZM. New insights into the mechanisms of platelet adhesion
and aggregation. Semin Hematol. 1994;31:229-239.

2. Smith JW, Steinhubl SR, Lincoff AM, et al. Rapid platelet-function
assay. An automated and quantitative cartridge-based method. Circu-
lation. 1999;99:620-625.

3. Ault KA. Flow cytometric measurement of platelet function and re-
ticulated platelets. Ann New York Acad Sci. 1993;677:293-308.

4. Hippisley-Cox J, Coupland C. Risk of myocardial infarction in patients
taking cyclo-oxygenase-2 inhibitors or conventional non-steroidal
anti-inflammatory drugs: population based nested case-control analy-
sis. BMJ. 2005;330:1366.

5. Johnsen SP, Larsson H, Tarone RE, et al. Risk of hospitalization for
myocardial infarction among users of rofecoxib, celecoxib, and other
NSAIDs: a population-based case-control study. Arch Intern. 2005;
165:978-984.

6. Rudic RD, Brinster D, Cheng Y, et al. COX-2-derived prostacyclin
modulates vascular remodeling. Circ Res. 2005;96:1240-1247.

7. Jerde TJ, Calamon-Dixon JL, Bjorling DE, Nakada SY. Celecoxib
inhibits ureteral contractility and prostanoid release. Urology. 2005;
65:185-190.

8. Pinheiro RM, Calixto JB. Effect of the selective COX-2 inhibitors,
celecoxib and rofecoxib in rat acute models of inflammation. Inflamm
Res. 2002;51:603-610.

9. Bulut D, Liaghat S, Hanefeld C, et al. Selective cyclo-oxygenase-2
inhibition with parecoxib acutely impairs endothelium-dependent va-
sodilatation in patients with essential hypertension.J Hypertens. 2003;
21:1663-1667.

0. Lin HP, Kulp SK, Tseng PH, et al. Growth inhibitory effects of
celecoxib in human umbilical vein endothelial cells are mediated
through G1 arrest via multiple signaling mechanisms. Mol Cancer
Ther. 2004;3:1671-1680.

1. Diamond MP, El-Hammady E, Munkarah A, Bieber EJ, Saed G.
Modulation of the expression of vascular endothelial growth factor in
human fibroblasts. Fertil Steril. 2005;83:405-409.

2. Mittra S, Hyvelin JM, Shan Q, Tang F, Bourreau JP. Role of cyclo-
oxygenase in ventricular effects of adrenomedullin: is adrenomedullin
a double-edged sword in sepsis? Am J Physiol Heart Circ Physiol.
2004;286:H1034-1042.

3. De Angelis A, Rinaldi B, Capuano A, Rossi F, Filippelli A. Indometh-
acin potentiates acetylcholine-induced vasodilation by increasing free
radical production. Br J Pharmacol. 2004;142:1233-1240.

4. Basivireddy J, Jacob M, Pulimood AB, Balasubramanian KA. Indo-
methacin-induced renal damage: role of oxygen free radicals. Biochem
Pharmacol. 2004;67:587-599.

5. Gawaz M. Role of platelets in coronary thrombosis and reperfusion of
ischemic myocardium. Cardiovasc Res. 2004;61:498-511.

6. Yip HK, Liou CW, Chang HW, Lan MY, Liu JS, Chen MC. Link
between platelet activity and outcomes after an ischemic stroke. Ce-

rebrovasc Dis. 2005;20:120-128.



2

2

2

3

3

3

3

3

707.e16 The American Journal of Medicine, Vol 119, No 8, August 2006
7. Antithrombotic Trialists Collaboration. Collaborative meta-analysis of
randomized trials of antiplatelet therapy for prevention of death, myocar-
dial infarction, and stroke in high risk patients. BMJ. 2002;324:71-86.

8. Chen Z. Randomized, placebo-controlled trial of early clopidogrel in
4600 acute myocardial infarction patients (COMMIT). J Am Coll
Cardiol. 2005;46:CS5-6.

9. Blaicher AM, Landsteiner HT, Al-Falaki O, et al. Acetylsalicylic acid,
diclofenac, and lornoxicam, but not rofecoxib, affect platelet CD 62
expression. Anesth Analg. 2004;98:1082-1085.

0. Hernandez MR, Tonda R, Pino M, Serradell M, Arderiu G, Escolar G.
Evaluation of effects of rofecoxib on platelet function in an in vitro
model of thrombosis with circulating human blood. Eur J Clin Invest.

2004;34:297-302.
1. Silverman DG, Halaszynski T, Sinatra R, Luther M, Rinder CS.
Rofecoxib does not compromise platelet aggregation during anesthesia
and surgery. Can J Anaesth. 2004;50(10):1004-1008.

2. Catella-Lawson F, Reilly MP, Kapoor SC, et al. Cyclooxygenase
inhibitors and the antiplatelet effects of aspirin. N Engl J Med. 2001;
345:1809-1817.

3. Vial JH, McLeod LJ, Roberts MS. Rebound elevation in urinary
thromboxane B2 and 6-keto-PGF1 alpha excretion after aspirin with-
drawal. Adv Prostaglandin Thromboxane Leukot Res. 1991;21A:157-
160.

4. Collet JP, Montalescot G, Blanchet B, et al. Impact of prior use or
recent withdrawal of oral antiplatelet agents on acute coronary syn-

dromes. Circulation. 2004;110:2361-2367.


	Paradoxical Rebound Platelet Activation After Painkillers Cessation: Missing Risk for Vascular Events?
	METHODS
	Subjects
	Samples
	Platelet Aggregation
	Rapid Platelet Function Analyzer
	Whole Blood Flow Cytometry
	Statistical Analysis

	RESULTS
	DISCUSSION
	References


