
T
G
A
R
V
D
H
D
G
U
U
U
W

S

M
t
o
7
t
o
p
a
r
l
v
o
t
a
l
c
(
O
p
t
r
m
a
g
m
p
o

*
A
t
s
(

A
M
f

©
P

M
IS

C
E

L
L

A
N

E
O

U
S

REPORT FROM THE WORKFORCE ON EVIDENCE-BASED SURGERY

he Society of Thoracic Surgeons Practice
uideline Series: Aspirin and Other Antiplatelet
gents During Operative Coronary
evascularization (Executive Summary)*

ictor A. Ferraris, MD, PhD (Aspirin Guideline Taskforce Chair), Suellen P. Ferraris, PhD,
avid J. Moliterno, MD, Philip Camp, MD, Jeanine M. Walenga, PhD,
arry L. Messmore, MD, Walter P. Jeske, PhD, Fred H. Edwards, MD, David Royston, MD,
avid M. Shahian, MD, Eric Peterson, MD, Charles R. Bridges, MD, ScD, and
eorge Despotis, MD

niversity of Kentucky Chandler Medical Center, Lexington, Kentucky; Loyola University Medical Center, Maywood, Illinois;
niversity of Florida, Jacksonville, Florida; Harefield Hospital, London, United Kingdom; Lahey Clinic, Burlington, Massachusetts; Duke
niversity Medical Center, Raleigh, North Carolina; University of Pennsylvania Health System, Philadelphia, Pennsylvania; and

ashington University Medical Center, St. Louis, Missouri

p
i
w
e
(
b
i
O
t

M

T
a
u
i
A
m
l
e
m
w
T
t

B
S

D
C
E

a
o
b
d
w
C
n

tatement of the Problem

ultiple well-done studies indicate that aspirin pro-
longs event-free survival after myocardial infarc-

ion (MI) [1, 2]. One consequence of the widespread use
f aspirin is that a majority of patients (at least 60% to
0%) who need operative coronary artery revasculariza-
ion (CABG) have taken aspirin within 24 hours of
peration [3]. Aspirin, and many other NSAIDS, limit
latelet function by interfering with secondary platelet
ggregation. Among the many actions of NSAIDS, aspi-
in is known to limit prostaglandin production by plate-
ets (Table 1). One important clinical consequence of the
arious cellular effects of aspirin is to limit vein graft
cclusion after operative coronary artery revasculariza-
ion [4]. Several randomized clinical trials suggest that
spirin administered before operative coronary revascu-
arization using cardiopulmonary bypass causes in-
reased postoperative bleeding and blood transfusion
Table 2). This leads to the so-called “aspirin paradox.”

n the one hand, aspirin is beneficial (improving
ost-MI survival and improving graft patency), but on

he other, aspirin has detrimental effects in patients who
equire on-pump CABG. A similar dilemma exists for
any antiplatelet drugs and other beneficial agents that

lter operative hemostasis. Our goal in developing these
uidelines is to provide specific recommendations for
anaging antiplatelet medications, especially aspirin, in

atients who require operative intervention. A great deal
f information exists regarding the effects of aspirin in

For the full text of the STS Guideline on Aspirin and Other Anti-Platelet
gents During Operative Coronary Revascularization, as well as other

itles in the STS Practice Guideline Series, visit http://www.sts.org/
ections/aboutthesociety/practiceguidelines/ at the official STS website
www.sts.org).

ddress reprint requests to Dr Ferraris, University of Kentucky Chandler
L
edical Center, C208, UKMC, 800 Rose St, Lexington, KY 40536; e-mail:

erraris@earthlink.net.

2005 by The Society of Thoracic Surgeons
ublished by Elsevier Inc
atients having operative coronary revascularization us-
ng cardiopulmonary bypass (on-pump CABG or CABG)
hile much less information is available concerning the

ffects of aspirin in patients having off-pump CABG
OPCABG). Hence almost all of the guidelines described
elow apply to patients having on-pump CABG. When

nformation was available concerning patients having
PCABG, an attempt was made to include this informa-

ion in the guidelines.

ethods Used in Developing Guidelines

he methods used to quantify the types of evidence
vailable to answer relevant questions is the same as that
sed by the Joint Taskforce for Guidelines of the Amer-

can College of Cardiology and the American Heart
ssociation (available at: http://circ.ahajournals.org/
anual/manual_IIstep6.shtml). Evidence-based guide-

ines are an attempt to reconcile often conflicting lines of
vidence, giving greater weight to evidence derived from
ore methodologically rigorous studies and those for
hich the overall weight of evidence is most convincing.
hey must be viewed as guidelines and recommenda-

ions, not absolutes.

eneficial Effects of Aspirin in the Perioperative
etting

oes Preoperative Aspirin Improve Outcomes After
ABG?

FFECT ON GRAFT PATENCY. Multiple CABG studies show that
spirin reduces the frequency of saphenous vein graft
cclusion compared with placebo, whether given 1 day
efore operation, on the day of operation, or the on the
ay after operation [4]. No similar benefit is conferred
hen only internal thoracic artery grafting is used for
ABG [4]. Effective doses of aspirin that improve saphe-
ous vein graft patency range from 100 to 975 mg/d [5].

evel A studies evaluating the effect of aspirin on graft

Ann Thorac Surg 2005;79:1454–61 • 0003-4975/05/$30.00
doi:10.1016/j.athoracsur.2005.01.008
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atency suggest that 325 mg/d is the optimal dose for
mproving graft patency but both lower and higher doses

ay have equal efficacy. Dipyridimole therapy added to
spirin does not confer a significant additional benefit on
raft patency compared with aspirin alone [6]. Aspirin
rovides protection from cardiovascular events in pa-

ients with known atherosclerotic heart disease, espe-
ially CABG patients [7]. For this reason, aspirin therapy
hould be continued beyond 1 year unless side effects
imit therapy. In summary, there is a class I recommen-
ation to administer aspirin (325 mg/d) for at least 1 year

and probably indefinitely) after operation to improve the
atency of saphenous vein grafts (level A evidence).
FFECT ON EVENT REDUCTION IN PATIENTS WITH KNOWN CAD.

spirin decreases short-term mortality in acute coronary
1], and decreases long-term all-cause mortality in pa-
ients with known or suspected coronary disease [8].
hese comparisons, however, suggest decreased risk of
astrointestinal symptoms with lower doses of aspirin.
uch level A and B evidence suggests that aspirin

mproves all-cause mortality and, unless contraindicated,
hould be given to patients with known CAD (class I
ecommendation). In patients with known coronary dis-
ase who are having CABG, to deny aspirin for a pro-
onged period of time would be ill advised. There are
imited data available regarding the discontinuation of
spirin for short periods of time in either the elective or
rgent/emergent pre-CABG situation (see recommenda-

ions below).

armful Effects of Aspirin in the Perioperative
etting

oes Preoperative Aspirin Cause Increased
ostoperative Blood Loss?
uch has been written about the effects of preoperative

able 1. Hemostatic Mechanisms Altered by Aspirin

ffect Target Cell or Protein

nhibition of platelet
aggregation

Platelet Acety

nhibition of fibrinogen Fibrinogen Acety
high

nhibition of white cell–
platelet interactions

White blood cells Reduc
exp
liga

nhibition of selectin
expression

Platelets and white cells Reduc
plat

nhibition of nuclear
transcription

Nucleus of inflammatory
cells and endothelium

1. Inh
NF�
sup

2. Inh
of a
syn

educed oxidative stress Low-density lipoprotein
cholesterol in
endothelium

Aspir
cho
rad
spirin on postoperative bleeding and blood transfusion. o
able 2 summarizes the available evidence reviewing the
ffect of preoperative aspirin on postoperative bleeding.
f the 21 studies identified, there were 6 randomized

ontrolled trials (RCTs) that were viewed as level A
vidence. All RCTs, except one, found that preoperative
spirin results in either increased blood loss as measured
y drainage from mediastinal tubes, increased transfu-
ion rates, or increased frequency of reexploration. Mul-
iple other articles with level B or C quality evidence have
ess clear cut association of preoperative aspirin with
ncreased blood loss after cardiac procedures (Table 2).
ecause of the consistent finding of aspirin-associated

ncreased blood loss in the highest quality studies, the
anel feels that patients who receive aspirin before
peration are at increased risk for above-normal postop-
rative bleeding and blood transfusion after operation.
here is a longitudinal trend to the risk of aspirin-

nduced postoperative bleeding, with studies done ear-
ier than 1994 being more likely to show aspirin-related
ostoperative bleeding and later studies less likely to
how aspirin-related postoperative bleeding. It is likely
hat improvements in blood conservation, cardiopulmo-
ary bypass techniques, and other technical advances
ay lessen the risk of bleeding in aspirin-treated patients

n the current era, but no certain explanation of this
ongitudinal trend is available.

It is possible to estimate the amount of increased
leeding associated with preoperative aspirin usage. In

he randomized trials of CABG patients, preoperative
spirin results in between 200 cc and 400 cc of increased
hest tube drainage and between 0.5 and 1 unit of
ncreased packed red blood cell transfusion compared
ith controls. At least one study suggests that smaller
oses of preoperative aspirin (81 mg) have a beneficial
ffect on graft patency with less risk of postoperative
leeding [9]. Likewise, there is evidence from the cardi-

Mechanism
Suspected Impact on

Perioperative Bleeding

of cyclo-oxygenases 1

of lysine residues on fibrinogen at
es of aspirin increases fibrinolysis

1

latelet-leukocyte adhesion and
n of CD11a, CD11b, and CD18
pression

1

xpression of surface selectins on
and white cells [32, 33]

1

n (probably by acetylation) of
clear transcription factor by aspirin
es cytokine mediators

Uncertain

n of DNA synthesis by high doses
n limits inducible nitric oxide

transcription
otects low-density lipoprotein
ol from oxidation by hydroxyl

Uncertain
lation

lation
dos

ed p
ressio
nd ex
ed e
elets
ibitio
B nu

press
ibitio
spiri
thase
in pr
lester
logy literature that lower doses of aspirin are associated
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ith a greater reduction in the vascular events than are
igher doses (19% reduction with daily dose of 500 mg to
,500 mg compared with 32% reduction in patients taking
5 mg to 150 mg daily) [10]. To summarize, there is mostly
evel A evidence (somewhat distorted by conflicting level

evidence) that aspirin causes increased bleeding after
ABG. The amount of aspirin-induced increased bleed-

ng is small, is possibly dose related, and may be mini-
ized with good perioperative blood conservation or by

sing off-pump procedures. A single nonrandomized
tudy evaluated the risk of bleeding in patients having
PCABG [11]. In 340 patients having OPCABG, there

able 2. Does Preoperative Aspirin Cause Increased Postopera

tudy Study Type [34] Num

oldman, 1991 [35] RCT 351

ethi, 1990 [36] RCT 772 (471 A

oldman, 1988 [37] RCT 555

allis, 1994 [38] RCT 100

erraris, 1988 [28] RCT 34 (16 ASA
blinded

aggart, 1990 [9] Observational, cohort
study

202 (101 A

ichelson, 1978 [39] Observational, case-control 25 (9 ASA
orosian, 1978 [40] Descriptive, longitudinal 100 consec

coumad
ashein, 1991 [41] Observational, case-control 270 (90 AS
eich, 1994 [42] Observational, case-control 197 (87 AS

erraris, 2002 [3] Observational, case-control 2606 (1641

arwande, 1987 [43] RCT 36 (26 ASA
rinivasan, 2003 [11] Observational, case-control

(OPCABG only)
340 (170 A

uman, 1996 [44] Descriptive, longitudinal 317 reoper
215 cont

uylsteke, 1997 [45] Descriptive, longitudinal 240 consec
because
coagula

acey, 2000 [46] Observational, case-control 1056 (368
ay, 2003 [47] Observational, case-control 659 (151 A

chonberger, 1993 [48] Observational, case-control 50 (25 ASA

erraris, 1989 [29] Descriptive, longitudinal 159 (15 AS

awitscher, 1991 [49] Descriptive, longitudinal 100 consec
bleeding

jessmo, 2000 [50] Descriptive, longitudinal 200 (100 A

SA � aspirin; OPCABG � off-pump coronary artery bypass graft su
as no difference in blood loss between aspirin users and o
onusers. Coronary revascularization without the use of
ardiopulmonary bypass may limit aspirin-related post-
perative bleeding.

hould Aspirin Be Stopped Before Operation?

spirin is one of the essential treatments for patients
ith unstable angina or for patients who have had a

ecent myocardial infarction. Because of this treatment
mperative, urgent/emergent patients require aspirin as
art of their treatment regimen to reduce undesirable
hort- and long-term cardiovascular outcomes from cor-

Bleeding?

f Patients
Quality of
Evidence

Does Aspirin Increase
Postoperative Bleeding?

A Yes (chest tube, transfusions and
reexploration rate)

01 control) A Yes (chest tube, transfusions and
reexploration rate)

A Yes (chest tube and reexploration
rate)

A Yes (chest tube, transfusion, and
reexploration)

control, not B Yes (chest tube, transfusion and
reexploration)

01 control) B Yes (chest tube, and transfusion)

ontrols) B Yes (chest tube drainage only)
(13 ASA, 6
control)

B Yes (chest tube drainage only)

0 control) B Yes (transfusion and ICU stay)
0 control) B Yes (chest tube drainage only,

not transfusion or
reexploration)

, 965 control) B Yes (chest tube drainage,
transfusion, and reexploration
— bleeding worse in high risk)

control) A No
70 control) B No

s (102 ASA, B No

(96 excluded
normal
creen)

B No

688 controls) B No
08 nonaspirin) B No (clopidogrel plus aspirin

caused increased bleeding
compared with control and to
aspirin alone)

control) B No (nonsignificant trend to
increased bleeding with ASA)

4 control) B No (bleeding time and blood
volume predicted transfusion)

(with normal
e only)

B No

00 control) B No

; RCT � randomized, controlled trial.
tive

ber o

SA, 3

, 18
)
SA, 1

, 16 c
utive
in, 81
A, 18
A, 11

ASA

, 10
SA, 1

ation
rol)
utive
of ab

tion s
ASA,
SA, 5

, 25

A, 14

utive
tim

SA, 1

rgery
nary events some of which may require CABG. Hence,
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or urgent/emergent CABG patients, the small risk of
leeding is outweighed by the benefits of aspirin. This

eads to a class IIa recommendation to continue aspirin
ntil the time of CABG in urgent/emergent patients

level A and B evidence). This recommendation applies
o patients having CABG who are not in one of the
spirin-sensitive high-risk subgroups listed below (Table
). A corollary of this recommendation is that unstable/
mergent patients who are not on aspirin before opera-
ion should receive a dose of aspirin unless they fall into
ne of the aspirin-responsive high-risk categories listed

n Table 3.
Whole body platelet function after aspirin returns

oward normal as new platelets are formed and released
rom the bone marrow. Bleeding time and platelet throm-
oxane B2 levels return to normal once approximately
alf the platelet pool is regenerated, 3 to 5 days after
topping the drug [12]. There is only anecdotal informa-
ion available about the discontinuation of aspirin before
lective CABG [13–15]. The substrate in the coronary
irculation in elective patients is not expected to be as
hreatening as in the urgent/emergent situation where
ctive platelet aggregation is likely to be an important
hysiologic process. Based on expert opinion, on ran-
omized trials and on multiple, somewhat divergent
bservational studies of aspirin-induced postoperative
leeding (Table 2), there is a class IIa recommendation to
top aspirin for 3 to 5 days before elective CABG opera-
ions in order to reduce transfusion-related complica-
ions. There is a class I recommendation to start aspirin in
he early postoperative period after operation to improve
ypass graft patency and all-cause mortality related to
oronary artery disease in totally elective CABG patients.

re There High-Risk Patients Who Are Made Worse
y Giving Aspirin Before Operation?
arious drugs and disease states are reported to influ-
nce bleeding during and after CABG. In some cases,
reoperative aspirin may interact with these conditions.
able 3 is a partial list of some of these agents or dis-
ases. There are no well-controlled studies to guide
reatment in most of the high-risk situations described in
able 3, but in each case an expert consensus based on
vailable evidence was sought in order to provide
ecommendations.

EPARIN. There is a substantial body of evidence to sug-
est that unfractionated heparin (UFH), when added to
spirin, is of benefit in patients with acute coronary
yndromes (ACS) or with recent MI. There is no evidence
o suggest that UFH, continued to within a few hours of
ABG, increases postoperative blood loss, either in the
resence or absence of preoperative aspirin (Table 3).
nfractionated heparin should be continued up until a

hort time before the skin incision in CABG patients who
ave an appropriate indication for heparin (class I
ecommendation).

OW-MOLECULAR-WEIGHT HEPARINS. A preponderance of

tudies suggests that low-molecular weight heparin c
LMWH), when given within 12 to 24 hours of CABG,
esults in increased bleeding after operation (Table 3).
his leads to a class IIa recommendation to stop LMWH
8 to 24 hours before operation and replace it with
nfractionated heparin if antithrombin therapy is

ndicated.

ARFARIN. In patients with indications for long-term anti-
oagulation, warfarin is routinely stopped several days
efore major operative procedures to allow the INR to
eturn to a normal or near-normal value. In patients at
igh risk of thromboembolism such as patients with
trial fibrillation or a mechanical valve, UFH or LMWH
herapy is started preoperatively within 24 to 48 hours of
iscontinuing warfarin (class IIa recommendation, level
evidence).
For these patients, there are few data available to

ddress the question of whether aspirin, when added to
arfarin post-CABG is effective for secondary preven-

ion. Several randomized trials including a meta-analysis
f more than 20,000 patients with coronary artery disease
how a greater cardiovascular risk reduction with mod-
rate- to high-intensity warfarin alone or in combination
ith aspirin compared with aspirin alone [16]. However,

wo randomized trials found no benefit of low-intensity
arfarin therapy combined with aspirin compared with

spirin alone [10, 17]. Taken together, the available data
o not provide convincing evidence that aspirin will add
ignificantly to the secondary prevention provided by
arfarin alone, but will likely increase the bleeding risk

18]. Aspirin is not indicated for post-CABG patients who
re on long-term anticoagulant therapy with warfarin
nless exceptional thrombotic risk is identified (class III
ecommendation, level B evidence).

IRECT THROMBIN INHIBITORS. Direct thrombin inhibitors
re used to improve outcomes after ischemic coronary
vents and during percutaneous interventions. Be-
ause of the short acting nature of some of these agents
for example, bivalirudin), they are unlikely to cause
ignificant bleeding during CABG, although there is no
ublished information on the preoperative administra-

ion of these agents before CABG. If short-acting direct
hrombin inhibitors are indicated (for example, biva-
irudin), there is no need to stop them until immedi-
tely before operation (class IIa recommendation).
ther longer-acting direct thrombin inhibitors should
e stopped and replaced with unfractionated heparin
t an appropriate time before CABG, consistent with
he biologic half-life of the thrombin inhibitor (class IIa
ecommendation).

DP RECEPTOR BLOCKERS. Agents that block the platelet
DP receptor provide important benefit to patients
aving coronary stent implantation, especially in pa-

ients with prior CABG. Multiple observational studies
ocument the increased bleeding associated with the
reoperative use of clopidogrel, but no large random-

zed clinical trial has been performed (Table 3). Be-

ause of the risk of excessive postoperative bleeding,
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DP receptor blockers should be stopped 5 to 7 days
efore CABG (class I recommendation, level B evi-

able 3. Aspirin Interaction with High-Risk Drugs or Disease

reoperative Drug or
isease State Effect in CABG Patients In

eparin (UFH) No discernible effect on
postoperative bleeding if
stopped shortly before skin
incision.

Mos
p
ar
kn
as

ow-molecular-weight
heparin (LMWH)

Increased bleeding, blood
transfusion, and reexploration
within 12–24 hours of dose.

Alm
w
u
sy
N
w

arfarin Routinely stopped several days
before operation with
conversion to unfractionated
heparin until operation. No
increased bleeding risk at
operation. Warfarin restarted
1–2 days after operation.
Addition of postoperative
aspirin to warfarin does not
provide clear benefit but
increases bleeding risk.

Asp
w
re
b
q
se

irect thrombin
inhibitors (eg,
hirudin, bivalirudin,
etc)

No information available on the
preoperative administration of
these agents. Unlikely to be a
problem in the case of short
acting Agents (eg, bivalirudin).
Longer-acting agents (hirudin
and argatroban) are associated
with increased bleeding.

Unk

latelet ADP receptor
blockers (eg,
ticlopidine and
clopidogrel)

Significant increased bleeding and
blood transfusion in the
presence or absence of aspirin.

Asp
p
b
b

latelet glycoprotein
IIb/IIIa inhibitors
(eg, abciximab,
tirofiban, aggrastat)

Increased blood loss if
administered within 12–24
hours of operation with long-
acting agents. Experience with
short-acting agents is mixed,
but most studies suggest
stopping with in 4–6 hours of
operation.

Asp
p
b
b

spirin resistance or
hyperresponders
(increased
preoperative
template bleeding
time �10 minutes)

Increased blood loss and
transfusion in hyperresponders
[3,29]. Uncertain effect in aspirin
resistance.

Unp

hrombocytopenia
(platelet count
�50,000)

Increased blood loss and
transfusion—often excessive.

Asp
th
re

ualitative platelet
defects (renal
failure, low blood
volume, von
Willebrand’s, etc)

Anecdotal evidence of increased
blood loss is the usual outcome.

Asp
d

DP � adenosive phosphate; CABG � coronary artery bypass graft
ence; also recommendation of ACC/AHA). i
LYCOPROTEIN IIB/IIIA INHIBITORS. Clinically available short-
cting (eptifibatide and tirofiban) and long-acting (abcix-

tes

tion With Aspirin
Level of
Evidence

Recommendation in
Preoperative CABG Patients

ent/emergent
ts given heparin
o on aspirin. No
interaction with

.

B Continue heparin until 1–2
hours before CABG (class I).

ll patients studied
aking aspirin for
le coronary
mes or recent MI.

own interaction
spirin.

B Stop LMWH 18–24 hours before
operation — replace with
unfractionated heparin 12
hours before operation (class
IIa).

ombined with
in almost always
in increased

ng events but
nable benefit in
ary prevention.

B Aspirin is not indicated in
patients who require warfarin
therapy after CABG unless
exceptional thrombotic risk
exists (class III).

n. C Continue short-acting agents up
until immediately before
CABG if appropriate
indication. Longer-acting
agents should be replaced
with unfractionated heparin
before CABG (class IIb).

orsens the
t defect induced
P receptor
rs.

A Stop ADP receptor blocker for
5–7 days before CABG (class
I—also the recommendation
of ACC/AHA [51]).

orsens the
t defect induced
IIb/IIIa receptor
rs.

B Discontinue GP IIb/IIIa
inhibitors before operation.
Timing varies with agent
used (class IIb).

ctable. B Stop aspirin in hyperresponders
(bleeding time �10 min) and
continue or increase dose of
aspirin in nonresponders
(class IIb).

dversely affects
platelets that

.

C Aspirin is not indicated in
patients with
thrombocytopenia from
whatever cause (class III).

orsens these
.

C Aspirin is not indicated in
patients with a qualitative
platelet defect (class III).

ry; MI � myocardial infarction; UFH � unfractionated heparin.
Sta

terac

t urg
atien
e als
own
pirin
ost a
ere t
nstab
ndro
o kn
ith a
irin c
arfar
sults

leedi
uestio
cond

now

irin w
latele
y AD
locke
irin w
latele
y GP
locke

redi

irin a
e few
main

irin w
efects
mab) inhibitors of the platelet glycoprotein IIb/IIIa (GP
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Ib/IIIa) receptor for fibrinogen cause profound platelet
ysfunction. Patients on GP IIb/IIIa receptor antagonists
ho require emergency surgical revascularization may
e at increased risk for excessive postoperative bleeding,
articularly with abciximab but less so with the shorter-
cting agents. Operation can be performed shortly after
essation of the short-acting agents [19], but within 12 to
4 hours for abciximab [20]. Platelet transfusion has been
hown to successfully reduce the incidence of post-
ABG bleeding complications in patients taking GPIIb/

IIa receptor antagonists before operation [20]. Because of
he bleeding risk, these agents should be discontinued
efore CABG (class IIb recommendation). The recom-
ended time from stopping GP IIb/IIIa inhibitors until

peration varies depending on the agent used, but
anges from 4 to 6 hours for the short-acting agents [21]
o 12 to 24 hours for abciximab [22]. Some authors
uggest, based on observational data, that short-acting
P IIb/IIa receptor antagonists can be continued up until

peration [23]. However, given the conflicting conclu-
ions in the literature, safe practices suggest that stop-
ing short-acting agents before operation is preferred in
rder to minimize blood loss and blood transfusion (level
and C evidence; class IIb recommendation.)

SPIRIN RESISTANCE AND HYPERRESPONDERS. Five percent to
0% of patients who take aspirin do not have a complete
ntiplatelet effect from the usual doses prescribed, and
he effect of a dose of aspirin may vary over time. These
atients have more than a threefold increase in cardio-
ascular events when followed up for a prolonged period
f time. This incidence of aspirin resistance may be
igher in patients undergoing CABG [24], and may be
elated to a variety of gene polymorphisms [25]. Higher
oses of aspirin may ameliorate this aspirin resistance

26]. There is likely to be variability in the therapeutic
ffect for ADP-receptor blockers also, similar to that seen
ith aspirin [27]. In patients with resistance to the usual
oses of antiplatelet drugs, increased doses and the
ddition of other antiplatelet drugs are the accepted
ethod of obtaining a suitable antiplatelet response

class IIb recommendation, level B evidence).
There is evidence that certain patients have an accen-

uated response to the usual doses of preoperative aspi-
in. Certain “hyperresponders” to average doses of aspi-
in exhibit very prolonged skin bleeding times [28].
necdotal evidence suggests that certain patients are
ery sensitive to the antiplatelet actions of aspirin, and
hese patients should have aspirin discontinued several
ays before elective operation (class IIb recommenda-

ion, level B evidence).

HROMBOCYTOPENIA—ITP, HIT/HITT, MYELODYSPLASTIC

YNDROME. Patients with thrombocytopenia from what-
ver cause (defined as platelet count below 50,000) are at
xtremely high risk of excessive bleeding after CABG
Table 3). Aspirin is harmful in these patients and should
ot be administered (class III recommendation, level B

vidence). I
UALITATIVE PLATELET DEFECTS. Additionally, patients who
ave average blood loss during CABG, but who start out
ith low red blood cell volumes either from small body

ize or from preoperative anemia (for example, renal
ailure, repeated blood drawing during prolonged inten-
ive care unit stay, multiple recent percutaneous proce-
ures, and so forth) exhibit increased perioperative blood

ransfusion that could be worsened by preoperative as-
irin [29]. Aspirin should be stopped in patients with a
ualitative platelet defects, either related to anemia or to
ongenital or acquired platelet defects (class IIa
ecommendation).

ow Should High-Risk Patients Be Managed if
spirin Cannot Be Stopped Before CABG?

t is inevitable that some high-risk patients defined in
able 3 will have taken aspirin shortly before CABG. For

he patient who falls into one of the aspirin-sensitive high
isk groups listed in Table 3, evidence suggests that the
ptimal approach to blood conservation should employ a
ombination of several interventions including hemo-
tatic drug therapy (for example, aprotinin), peripheral
lood-sparing devices, and permissive perioperative
nemia [30]. Perhaps the best documented of these
nterventions is the use of hemostatic drugs [31]. Con-
ensus suggests that there is level A and B evidence that
protinin limits bleeding in aspirin-treated patients re-
uiring CABG with a good safety profile (class IIa rec-
mmendation for the use of aprotinin in aspirin-treated
ABG patients who fall into the high-risk categories

isted in Table 3).
These recommendations cannot automatically be ex-

rapolated to substitute the lysine analogue antifibrino-
ytics (tranexamic acid or epsilon aminocaproic acid) for
protinin. The Panel recognized that many surgeons use
ysine analogues for their antifibrinolytic effect in aspirin-
reated patients who require CABG, despite lack of
vailable evidence of their benefit in this group. Al-
hough not the best option to reduce postoperative
leeding in high-risk aspirin-treated patients (Table 3)
ho require CABG, many surgeons use them for this

ndication without harmful side effects. Consensus sug-
ests that lysine analogues can be used to limit postop-
rative bleeding, recognizing that they are not the best
ption (class IIb recommendation, level B and C
vidence).
Perioperative blood-sparing techniques such as sal-

age of blood from the heart-lung machine, blood pool-
ng at the onset of cardiopulmonary bypass, and possibly
he use of off-pump procedures are likely to limit blood
oss in the high-risk aspirin treated patient (class IIa
ecommendation, level B evidence).

Some blood conservation methods that have proven
fficacy in elective CABG procedures are not likely to be
elpful in the setting of urgent/emergent high-risk aspi-
in-sensitive patients and are not indicated. These meth-
ds include predonation of autologous blood, erythropoi-
tin treatment, and preoperative platelet-pheresis (class

II recommendation, level B and C evidence).
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ummary Recommendations

spirin is a mainstay of treatment for patients with
oronary artery disease, especially those with unstable
ngina and myocardial infarction. In patients who re-
uire urgent/emergent CABG and are not in one of the
spirin-sensitive high-risk groups shown in Table 3,
spirin should be given before and after operation. For
lective patients and for high-risk aspirin-sensitive pa-
ients, aspirin should be stopped 3 to 5 days before
ABG, if possible. In aspirin-sensitive high-risk patients
ho have not been able to discontinue aspirin before
peration, multimodality blood conservation techniques,
specially using aprotinin, should be employed.
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