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Summary

This document presents a professional view of eviedrased recommendations around the issues ofaeli
and anticoagulation management in cardiac surdiewas prepared by the Audit and Guidelines Coneaithf
the European Association for Cardio-Thoracic SurgeACTS). We review the following topics: evidence fo
aspirin, clopidogrel and warfarin cessation prior dardiac surgery; perioperative interventions éouce
bleeding including the use of aprotinin and trameixaacid; the use of thromboelastography to guiti®d
product usage; protamine reversal of heparin; #eeaf factor Vlla to control severe bleeding; avdigulation
after mechanical, tissue valve replacement ancahvitilve repair; the use of antiplatelets and clogrel after
cardiac surgery to improve graft patency and redbc@mboembolic complications and thromboprophydari
the postoperative period. This guideline is subjecitontinuous informal review, and when new eviaen
becomes available. The formal review date will b gears from publication (September 2013).

Keywords. Evidence-based medicine; Guidelines; Thoracic syrgAntiplatelet therapy; Anticoagulation
therapy

1. Introduction

Antiplatelet and anticoagulant therapy is a keyt paithe management of patients undergoing carslimgery.
Most heart operations depend on cardiopulmonarasymith systemic heparinisation [1] and, postdpesiy,
every patient's thrombotic and haemorrhagic tengemest be carefully managed.

In recent years, the costs and availability of blaad blood products have changed dramaticallydiGgworacic
surgery uses 5% of all donated blood in the UK Hdib of blood in the USA. The cost of donor blood an
blood products has increased and availability iero€ritically reduced. In addition to this shogathere is
concern over blood-borne infection, including neaviant Creutzfeld-Jacob disease [2,3]. For theasoms it is
paramount that cardiac surgeons make every efforinimise the usage of blood and blood productj@sia
their patients.

This guideline will present and summarise the ewigdior a range of therapeutic interventions with #m of
helping cardiac surgeons to optimise the usagdaafdband blood products and to move away from auyre
highly variable practice [4,5] towards a unifiedjdence-based approach to the perioperative usatgilatelet
and anticoagulant therapy.

The European Association for Cardio-Thoracic Surgacknowledges the guideline development work
performed by other institutions and in particulae twork of the European Society for Cardiology (ESC)
guidelines in the area of management of patienés afilve surgery [6,7] and the Society of Thor&irgeons
(STS) guidelines on perioperative blood transfusind blood conservation [8].

2. Scope of the guideline

This guideline covers antiplatelet and anticoagohatmanagement in relation to cardiac surgery, dioly
cardiopulmonary bypass, reversal of heparinisagéssgssment and treatment of postoperative coaghjopnd
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anticoagulation and antiplatelet treatment aftecliarge from hospital.
3. Methodology of the guideline

This guideline comprises several novel aspects dfiogelogy in its derivation. Many guidelines areséa on a
single systematic review and multiple clinical diess are then answered on the basis of the pé&mans from
this one review. In contrast, we felt that it wagportant to perform a full literature review foresy single
question addressed in order to maximise the robastof the guideline. We used a structured systemeatiew
protocol named 'Best Evidence Topics' to construch eaview, where the search strategy, resultsef#arch
and a full appraisal of all papers are published structured format. The details of this protoael @escribed in
the Interactive Cardiovascular and Thoracic Sur@2yTS) [9]. Guidelines often fall short of expetitans due
to a failure to consult those clinicians who arestiikely to use them. For this guideline, all thterature
reviews have already been published in full inltB€TS. Topics were published online and cliniciansevable
to post comments on them over a 2-month periods&ltemments were then published together with uhie f
paper in the ICVTS and are now available to all eesdh full text online at www.icvts.org.

4, Levelsof evidence and grading of recommendations

These guidelines assess individual studies accotdititge recommendations of the Oxford Centre fodEnce
Based Medicine [9,10]. Briefly, a level 1 paperaigandomised controlled trial (RCT) or a meta-arialys
RCTs, a level 2 paper is a cohort study, a leveh@epis a case-controlled study or a small cottadys and a
level 4 paper is an experimental study. The 'bstlien implies that the paper is one originaicetat this level
and the 'a’ suffix implies that the paper is aaysitic review or meta-analysis of articles at feael. Once
recommendations are made, they are graded accdadthg quality of papers used to come to our aaich.

Grade A evidence based on multiple level 1&weell1b papers

Grade B evidence based on multiple level 2atkeps or individual level 1a/1b papers
Grade C evidence based on multiple level 3a&ieps or individual level 2a/2b papers
Grade D evidence based on individual level 3g&ters or level 4 papers

Grade E evidence based on expert consensus abence of acceptable papers

5. Preoperative recommendations
5.1. Clopidogrel cessation before urgent cardiacgpery

Evidence was sought for whether clopidogrel sho@dstopped prior to urgent cardiac surgery. Thiscéess
fully documented in the ICVTS [11], together witsammary of all identified papers. We found 143gra@nd
all major international guidelines were also ingdd Of these, 14 presented the best evidence toearibe
clinical question.

There are two questions to consider when decidinthertiming of surgery in a patient on clopidogi@bes
clopidogrel cause an increase in bleeding comjidicatand their sequelae? Does withholding clopiiogr
these high-risk patients expose them to an incri@abeombotic complications prior to surgery?

In answer to the first question, a meta-analysislo€ohort studies in 2004 [12] combined papersidiog data
on patients who either did or did not receive dogirel. There was a mean increase in blood log§28fml, a
six-fold increase in the odds of re-exploration, inorease in adverse events and ventilation time, no
difference in hospital length of stay or mortalitymust be remembered that the 11 cohort studiesad take
into account the fact that the clopidogrel grouslikely to be a higher risk group of patients.

Since this meta-analysis many additional studie® haported. Kapetanakis et al. [13,14] comparedz8ients
having clopidogrel before off-pump surgery to 12®dtients who did not have clopidogrel. There weoe n
differences in mean blood loss or mortality, butrthwas a 2—3 times increase in the odds of traimsfiand a
five-fold increase in the odds of re-exploration. dther studies on clopidogrel before CABG, Yenad a
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Wunderink [15] showed an increase in re-exploratete, Hongo et al. [16] showed an increased résexiion

rate and a 50% increase in chest drainage, Englbetg®. [17] showed an increase in re-exploratied, cell
usage and a doubling in chest drain output, Leorad. 18] showed a modest increase in chest draiaagl an
increase in blood transfusion but not an increasesiexploration. Ascione [19] in a 1-year cohdudy of

inpatient referrals found that there was a thrég-fiocrease in the re-exploration rate, a signiftbaincreased
mortality and more chest drainage. In contrashesé studies Karabulut et al. [20] found no inadaschest
drainage, re-exploration or red cell transfusidiihcugh the study included 1628 patients of whory d8 were
on clopidogrel. Many more similar smaller cohomidiés with similar findings are not listed here.uhin

answer to the first part of our question, clopiddgs associated with more blood product usage—&-fold

increase in the risk of re-exploration and 30—2106@tease in the chest drain blood loss.

The second question addresses the importance dfgimgt clopidogrel in these patients. The CURE [&tLidy
in 2004 was a double-blind RCT of 12,562 patient® Whd suffered a non-ST elevation myocardial infanct
(NSTEMI). It showed that death, myocardial infarctidl) or stroke occurred in 9.3% of patients randsed
to clopidogrel and aspirin, compared to 11.4% & dispirin alone group. In the subgroup of 207 2epédi who
subsequently underwent CABG, the overall benefitslapidogrel were maintained by the end of thedgtun
addition, there was a trend to fewer complicatiprisr to surgery whilst awaiting the interventiof.§% vs
6.7%; number needed to treat (NNT) 90). For pagieaintinuing clopidogrel to within 5 days, preopieely,
there was a nonsignificant excess in re-exploraind 9.6% of clopidogrel patients versus 6.3% ec@bo
patients had a major bleeding event. The CURE autkomsmmend that it is safe for all NSTEMI patientdéo
started on clopidogrel and aspirin on admissionttoat clopidogrel should be stopped 5 days befargery.

The CREDO trial [22] showed benefits for clopidogmding 6 h before percutaneous intervention (R@Y
continuing for up to 1 year in a RCT of 2116 patsewith no significant difference in bleeding coioptions,
although there was a high incidence of major blegh the subset of patients proceeding to CABG.

The CLARITY-TIMI-28 [23] trial randomised 3491 patitsnwho had suffered Ml within 12 h to clopidogrel o
placebo. This showed a 7% absolute risk reductiwrdéath, Ml or stroke with clopidogrel. A smallogp of
136 patients who proceeded to CABG did not havexaress risk of bleeding although neither blood los
blood product usage were reported in detail. The AEIA guidelines [24] of 2002 on the management of
NSTEMI and unstable angina recommend immediate adtration of clopidogrel if PCI is planned. They
furthermore recommend cessation of clopidogrelSfer7 days prior to surgery, giving this a grade Beleof
evidence.

The PCI-CURE study [25] provides important data wbensidering withholding clopidogrel for patientSdre
CABG: 1313 patients received clopidogrel prior @l Rvith 1345 placebo controls in this double-bIRET The
mean wait for PCl was 6 days and the incidence bfvkile awaiting intervention was 5.1 % in the ho
group but only 3.6% in the clopidogrel groyp=0.04, NNT 66 to prevent an Ml pre PCI).

Thus there is a clear benefit in commencing clopielbtpr patients suffering an MI, NSTEMI or shortly t
require PCI, and this therapy should not be witthleslen if a possible future CABG is possible. Hogrewnce

it is decided that CABG is required, the ACC/AHAIdglines [24], the STS guidelines [8], the meta-gsial
and multiple cohort studies would recommend cemsaif clopidogrel for 5—7 days. The CURE study asd it
sub-analyses show that cessation of clopidogréhése patients for this time period is associatétl & 1%
increase in the risk of MI.

Recommendation:

Patients who need urgent cardiac surgery should &tupidogrel 5—7 days before surgery if their dal
condition allows. The benefit in reducing periopgma blood loss, risk of re-exploration and bloobghuct
usage is at the expense of a 1% increase in tkefimyocardial infarction while awaiting surgelfsrade B
recommendation based on individual level 1a andtadies)

5.2. Cessation of warfarin and aspirin before caadi surgery

Several guidelines address the issue of cessafiamadarin and aspirin before non-cardiac surgérfiese
guidelines can also be applied to cardiac surgiagénts.

The American Heart Association [26,27] recommenads ith patients at a relatively low risk of thromtsosuch
as those with a bileaflet mechanical aortic vahithwmo additional risk factors, warfarin should s®pped
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48—72 h prior to surgery so that the INR drops ¢toty 1.5 and heparin is unnecessary prior to surdar
patients at high risk of thrombosis, defined as¢hwith a mechanical mitral valve replacement oreghanical
aortic valve replacement with additional risk fastaherapeutic doses of intravenous heparin shoelstarted
when the INR falls below 2.0 (typically 48 h befaeargery), stopped 4—6 h before the procedureantest as
early after surgery as bleeding stability allowsd @ontinued until the INR is again therapeutichvitarfarin
therapy (level of evidence B).

The British Society of Haematology [28,29] recomnetitht warfarin be stopped at least 3 days befmgesy,
with higher risk patients such as those with a raaatal valve receiving intravenous heparin whenle falls
below the therapeutic range.

The American College of Chest Physicians [30] doaqumehe results of pertinent studies but statasil 'u
clinical trials that specifically target the pereptive management of patients requiring vitamimri€agonist
anticoagulation before surgical procedures areopmid, treatment of such patients will remain coversial

and we are not making a recommendation.'

With regard to aspirin cessation before cardiagexy;, the ACC/AHA guidelines [31] recommend cessabf
aspirin for 7—10 days before elective CABG, duéhmincreased risk for transfusion, prolonged wociodure
time, and a fourfold increase in early re-operafionbleeding [32]. This does not apply to patiewtso may
have an acute coronary syndrome where the bemaéis outweigh these risks. The STS also recommends
cessation of aspirin in purely elective patienthaut acute coronary syndromes 2—3 days beforeesyig the
expectation that rates of blood transfusion wilréguced.

Recommendation:

Patients on warfarin before cardiac surgery shbeldnanaged in a similar manner to those undergoiajgr
non-cardiac surgery. Warfarin should be stopped 2dayls before surgery and patients at higher risk of
thrombosis should receive intravenous heparin omice INR becomes sub-therapeutic. (Grade| B
recommendation based on multiple level 2a and Qbiest) Patients should stop aspirin 2 — 10 daysrbe
elective cardiac surgery in order to reduce perajpe blood loss. Patients undergoing urgent eardurgery
with an acute coronary syndrome should continu@iaggp to the day of surgery.

—h

(Grade B recommendation based on multiple leveli@h2b studies)

6. Perioperative interventionsto reduce bleeding and blood product usage
6.1. Aprotinin

Evidence was sought for the efficacy of aprotininrélucing perioperative bleeding and whether these
adverse side effects that may affect renal functgraft patency or mortality after CABG. A seardr the
evidence surrounding the effect of graft patencyfuiyy documented in the ICVTS [33], together with
summary of all identified papers.

In addition the STS provide a recent review in #Hrisa together with recommendations [8], and marenity a
meta-analysis has been published in CirculatioBG@7 [34] in the light of papers by Mangano et[3h,36].
However on the 5th of November 2007, the FDA sudpdraprotinin in the light of the BART study [37]ihg
stopped early due to safety concerns [38] and tR&1 have since suspended the licensed use of ajrati
the UK from the 7th of December 2007 (www.mrha.gé&y..

The IMAGE study [39] of 870 patients in 13 centrearfd a higher occlusion rate of saphenous grafer aft
aprotinin use, with 15% of patients having an osidn in the aprotinin group, compared to 11% incbatrol
group. Although the study was an RCT, the authorfopeed a risk adjustment and concluded that after
allowing for risk factors there was no differencethe occlusion rate. In another study, Laub ef4dl] also
found a 30% occlusion rate in the aprotinin grond aone in the control group but the study numbesse
small. In the remaining studies reporting vein gradtency no significant differences were foundhaligh
Lemmer et al. [41], Bidstrup et al. [42] and van biger et al. [43] found non-significant trends tedsaworse
patency rates with aprotinin.

Due to the varying findings of these studies we loioed their data by meta-analysis using a randdectsf
model. We found that a significant increase in tidels of occlusion was 1.52 [1.13—2.03]. We themfor
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conclude that there is a small but significant éase in graft occlusion in patients undergoing CABIth
aprotinin.

Of note, the amount of blood loss and blood prodisetge is significantly lower in the patients reirej full
dose aprotinin in all the studies. The Cochraneste\dombined data from 61 studies and found a 3@¥cteon
in blood transfusion, less blood drainage and mifségintly lower incidence of re-operation due tediling [44].

The 2007 STS guidelines [8] state that high-dosetegin is indicated to reduce the number of paserguiring
transfusion, reduce total blood loss and to limreitekploration. They give this a grade A level ofdevice
recommendation but warn that high dose aprotinig marease the incidence of renal dysfunction. Talsp
recommend that low dose aprotinin reduces blood ¥ blood transfusion with the same grading ef th
evidence. Of note the Food and Drug Administratfso issued a safety alert suggesting that onhgmiatfor
whom the benefits of aprotinin outweighed the riskserms of renal dysfunction and hypersensitiahould
receive the drug (www.fda.gov). This was based oreta-analysis and update in 2006 of 31 studiesisnatrea.
They found that the incidence of renal dysfuncticas\8.4% in patients receiving placebo and 12.9%dse
receiving aprotinin. However, the incidence of fdefalure was not significantly different [45,46]The
metaanalysis update [45] has now been fully publishy Brown et al. in Circulation [34] after the KRlert,
comparing aprotinin, tranexamic acid agdminocaproic acid. They identified 138 randomiggdls from
which they extracted data on eight clinical outcem@protinin significantly reduced the incidence ref
exploration (RR 0.49). High dose aprotinin redute@l blood loss by mean 184 ml (95% CI —256 to—112
compared to tranexamic acid but there was no sigmif difference of low dose aprotinin compared to
tranexamic acid. There were no differences betvileese three agents in terms of mortality, strokggaardial
infarction or renal failure but high dose aprotisignificantly increased the risk of renal dysfuoetfrom 8.4%

to 12.9% which is a number indicating harm to 28guas. Renal dysfunction was defined as an inereds
more than 0.5 mg/ dl in serum creatinine. Data weteextracted on vein graft patency in this study.

Major concerns regarding aprotinin were first highted by Mangano et al. [35,36] who reported digantly
increased adverse outcomes in 1295 patients wiedveztaprotinin within a cohort of 4374 patientslergoing
‘primary' (CABG only) or ‘complex’ (all other) seny. Using logistic regression analysis and projpgssoring
techniques they reported that the risk of stroke imareased by 181% and the risk of MI by 55% iimigry’
surgery, and the incidence of renal failure doulieldoth ‘primary' and ‘complex’ surgery. They aleted dose-
response aprotinin effects and commented that &asr aantifibrinolytics such as tranexamic acid and
e-aminocaproic acid had similar blood-sparing besefiithout adverse effects, continued use of apirotivas
'not prudent’. Whilst this study has several weagas, including a risk of bias from systemic sangphcross
multiple institutions with inherently embedded giees, and higher risk factors for some adverseamés
within the aprotinin group, it has resulted in ddesable debate and may lead to some reappraisaéable of
aprotinin, particularly in uncomplicated 'primasyirgery.

An independently funded, randomised clinical trdth three study groups (aprotinin, tranexamic aaidi
g-aminocaproic acid) was set up in Canada. The BARdyshaimed to enrol 2970 patients specifically teveer
many of the safety concerns raised by Mangano. §8&], the FDA and others [37,47]. However on #&h of
October 2007, this study was stopped early duentinerease in mortality in the aprotinin group. Thata
Safety Monitoring Board reported that:

1. The 30-day mortality in the aprotinin group haghrly reached conventional statistical signifczamat the
interim analysis, when compared to eitb@minocaproic acid or tranexamic acid.

2. Atrend toward increased mortality in the ajmiatgroup had been observed throughout the study.

3. The use of aprotinin was associated with les®ss bleeding than either of the comparator drhgwsever,
more deaths due to haemorrhage had been obseneetd) gratients receiving aprotinin.

4. The DSMB concluded that continued enrolment afigmts into the aprotinin group was unlikely to
significantly change the study findings.

This announcement is by the FDA [38] and it is §keiat further announcements will be made in ther figture
as the BART data is further analysed and then pudddis



Published in: European Journal of Cardio - Thora&uargery (2008), vol.34, iss.1, pp. 73-92
Status: Postprint (Author’s version)

Recommendation:

Aprotinin reduces blood loss and the need for bltvadsfusion in cardiac surgery; however there gaven
association with postoperative renal dysfunctiod amprobable association with increased mortafigra large
randomised controlled trial has been stopped ehuty to these concerns. Routine use of aprotinicandiac
surgery is not recommended, but use in patientmsicularly high risk of bleeding may be still hestified.
This is the subject of current FDA and MRHA revieand these recommendations may change in the |near
future.

(Grade A recommendation based on level 1a andutles)

6.2. Tranexamic acid to reduce perioperative bleaglin

Evidence was sought for the efficacy of tranexarsid & reducing perioperative bleeding and whethenay

adversely affect graft patency after CABG. This ekas fully documented in the ICVTS [48] togethetttwa

summary of all identified papers. We found 334 papsing the presented search strategy. A subsemeta-

analysis and a guideline were added on updatimgnRhese papers, 14 represented the best evidanttéso
topic.

Two recent meta-analyses, 1 cohort study and 10 RIGdsmented studies comparing tranexamic acid beeit
aprotinin or placebo with documentation of thronibabmplications. The meta-analysis by Fremes [@#9j994
found only two papers on tranexamic acid and catedluthat eithee-aminocaproic acid or tranexamic acid
reduced bleeding by 30% with no increase in peratpa myocardial infarction.

The 2001 Cochrane review by Henry et al. [44] foétdrials of aprotinin and 18 trials of tranexaraid and
found an absolute risk reduction in red blood tralhsfusion of 20% with aprotinin and 17% with gaamic
acid with no difference in transfusion rates. Thegaude that the evidence is much weaker for traméx acid
but it may well be as effective as aprotinin.

The only study that highlighted anxiety over theepabf tranexamic acid was the cohort study by @vai al.
[50] published in 1993. Ovrum routinely used traamic acid until a patient had an acute thrombosalder
grafts and adjacent native coronaries. He stoppitgut and analysed the results of his next 10@epes
compared to the previous 100. There had been fivge Wth tranexamic acid but only one MI without
tranexamic acid, which was not statistically sigmaift. This is a retrospective, single-surgeon stwiiyh
potential bias introduced by the change in practice

The largest RCT was by Casati et al. [51] who coexgbaprotinin to tranexamic acid in 1040 primarycgle
CABG patients. There was no difference in survivaleeding, reoperation for bleeding, transfusion,
perioperative MI, early re-operation for ischaempalmonary embolism (PE) or neurological dysfunction
although the number of events in each of thesegodes was small. The conclusion was that tranexamciid
was clinically as effective as aprotinin at a fractof the cost.

Five RCTs compared tranexamic acid to placebo. Bbtire five showed a reduction in bleeding ratesn&lof
the studies investigated graft patency, but otlmcamne measures such as MI, PE, and neurologicalruiytsn

were reported, and no concerns were raised abewdtety of tranexamic acid. It is important toentitat the
incidence of thrombotic complications is low andthathe largest study having fewer than 150 pasiembne of
these studies are sufficiently powered to exclirepossibility of increased thrombotic complicatiomhus it is
clear that tranexamic acid reduces the incidengmsfoperative bleeding, and only one cohort shatyraised
any concern over its safety in terms of thrombatienplications. No study has looked directly at vgmaft

patency after tranexamic acid. The STS guidelinate ghat tranexamic acid is indicated to redueertte of
blood transfusion but that it is slightly less putéhan full dose aprotinin and its safety profigeless well
studied [8].

Recommendation:

Tranexamic acid reduces blood loss, requiremerttlard transfusion, and the risk of reoperationbieeding.
(Grade A recommendation based on level 1a andutles)

No study has yet looked directly at vein graft patewith tranexamic acid, but equally no randomisadlies
have raised concerns over its safety.
(Grade B recommendation based on individual lebedtidies)
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6.3. Topical tranexamic acid to reduce perioperativieeding

Evidence was sought for the efficacy of topical éseamic acid in reducing perioperative bleeding.sT$garch
is fully documented in the ICVTS [52] together wiahsummary of all identified papers. We found 51pepa
using the presented search strategy. From thesggaply one represented the best evidence omothis One
abstract has not yet been published in full and thas excluded [53]. Two additional RCTs were pulgdh
after our search had been conducted [54,55]. Sewthrar papers deal with the use of topical tran@gaacid
after bladder, dental and gynaecological surgetyabe probably of doubtful relevance to cardiageuwy. The
STS guidelines on blood conservation do not conghdertopic [8].

In a double-blind RCT, De Bonis et al. [56] randoadist0 consecutive patients undergoing CABG to &dpic
tranexamic acid or placebo. One gram of tranexauid was added to 100 ml of normal saline and pbim®
the sternotomy wound prior to closure. The mediastdrains were clamped during closure, and thmgta
were only removed after the operation had been t@eth Placebo patients received 100 ml of norrakihe.
There was a 36% reduction in bleeding at 3 h an®% Beduction at 24 h in the tranexamic acid group.
However, the absolute differences were small withe@n blood loss of 485 ml in the tranexamic acaig and
641 ml in the placebo group. In addition, no reducin the use of blood products was demonstraiée.
second more recent study was by Abdul-Azm and AbHuh 2006 [54] who randomised 100 patients t@inex

2 g of tranexamic acid in 100 ml of saline into fhericardium prior to closure, or saline alone.dBlieg was
reduced from a mean of 1208 ml to 733 ml, which higbly significant, and blood transfusion usages\atso
reduced. The third RCT by Yasim et al. [55] which vedso the smallest, randomised 10 patients to abpic
aprotinin, topical tranexamic acid or controls. Mehlood loss for the aprotinin group was 384 ml; fo
tranexamic acid 393 ml, and for controls 502 ml.sTWwas not statistically significant due to the drsample
size.

In summary, one RCT demonstrates a small redugtidrood loss, a second more recent study demdestea
larger reduction and a third study showed a noniéignt trend towards reduction. Further RCTs sticug

performed (and could very easily be set up and wcted) prior to any reliance on topical tranexaad as a
strategy to reduce postoperative bleeding.

Recommendation:

Topical tranexamic acid may reduce postoperativedahg after cardiac surgery. Routine use is prgbahfe
and may be effective, but further RCTs should béopeed.(Grade B recommendation based on two lelvel 1
studies)

6.4. Hepcon® for minimisation of blood and bloodgmtuct usage

Evidence was sought for whether use of the Hepcamt-pécare coagulation monitor to optimise and fitmn
heparin and protamine dosage for cardiopulmonapady could decrease bleeding and blood and blaatliptr
requirements in adult patients undergoing cardisgesy. This search is fully documented in the ICRRiz

et al. [57]) together with a summary of all ideitif papers.

Altogether 680 papers were identified on Medlinad 879 on Embase using the reported search strategy.
Two further relevant papers were found by hand &@agcof reference lists. Fourteen papers repredethie
best evidence on the topic.

Hepcon calculates heparin doses required for qauthmonary bypass by establishing the heparin desgonse,
measures heparin concentrations during bypass aludlates protamine doses based on residual heparin
Raymond et al. [58] validated it by comparing itadab-based anti-Xa assay which demonstratechtzdrin
concentration is a better guide than activatediolptime (ACT). Murray et al. found similar coragions [59].

A number of studies report that Hepcon use regultégher total heparin doses and lower protamiosed than
conventional management [60—66]. This may be duelegs coagulation system activation during
cardiopulmonary bypass. Several studies have coefir decreased coagulation system and inflammatory
marker activation using Hepcon-guided therapy. ®leatal. [67] demonstrated significantly lower ifgakin-8
levels after CPB and protamine, and Shigeta g64). noted that lower Hepcon-guided protamine dosese
associated with better platelet function. Kosteailef68] found that anti-Xa levels were signifitlgrhigher, and
thrombin-antithrombin complexes, D-dimers, and rephil esterase levels lower in the Hepcon-managed
group. In a subgroup of a 1995 study, Despotid. édband significantly better preservation of clotf factors V

and VIII, antithrombin 1ll, and fibrinogen in thedpcon group prior to protamine administration [62¢veral
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inflammatory markers were also significantly loviethe Hepcon group. They also found that patietits bled
excessively had higher D-dimer levels and plasmitipias-min complexes and lower factor V, X andtgliet
counts before protamine administration [63]. Thenicil impact of these findings remains unclear. tiNgi
Yamanishi nor Sakurada found excessive bleedintpéir Hepcon groups despite larger heparin andlsmal
protamine doses [60,65]. Shigeta et al. similarlyseyved no difference in bleeding although Hepcon
management improved platelet preservation [61]alfarger study investigating haemostatic-inflammato
activation, Koster reported no difference relateddiepcon in blood loss or blood product requireniési.
Ohata found less blood transfusion when protamiras \given according to Hepcon-measured heparin
concentration [67]. Despotis found that Hepconwae associated with significantly less bleedinghim first 4

h, more rapid chest closure, and decreased reqentefor 'haemostatic intervention' [62]. Whilst reell use
just failed to reach significance, use of frestzém plasma (FFP), platelets and cryoprecipitatairements was
significantly less in the Hepcon group. More rebgmividan compared Hepcon and other point-of-dasds to
laboratory tests. Bleeding was similar, but blood &lood component requirements were less in pafictre
tests [69]. Incontrast, Beholz et al. reported mblkeeding using Hepcon leading to increased autaoisg
transfusion requirement but no additional blooddpicis [66], and a retrospective study by Newsonmepeoed
Hepcon and Rapidpoint® coagulation monitors anentel more bleeding and requirement for both FFP an
red cells in the Hepcon group, which was attributedhe larger heparin dose [64]. Other protamitration
monitors are available. The Hemocron RxDx® devicardgifies heparin and protamine doses on a patient-
specific basis. Its use also leads to larger heard smaller protamine doses but Shore-Lessersoardgrated

no impact on bleeding or blood, FFP or plateletdfasion requirement [70]. The STS guidelines [8}sider
this subject and conclude that it is not unreaskenmbuse methods to lower the heparin to protamatie at the
end of CPB, giving this a grade B level of evidence

Recommendation:

Hepcon monitoring is associated with higher heparid lower protamine doses and may decrease aotivatt
the coagulation and inflammatory cascades. Sontkestinave shown this may decrease postoperatiedibte
and blood product requirement. Its routine useoisumreasonable but larger trials are needed tesiigate thig
further. (Grade B recommendation based on levelrith2b studies)

7. Postoperative interventionsto reduce bleeding and blood product usage
7.1. Thromboelastography to guide blood and bloodguct usage

Evidence was sought whether use of thromboelastbgr@EG) could predict and decrease bleeding anddbloo
and blood product requirements in adult patientfeogoing cardiac surgery. This search is fully doentad in
the ICVTS [71], together with a summary of all itiéad papers. We found 170 papers using the regort
search strategy of which 14 represented the béitmse on the topic.

Abnormal TEG data may predict patients who will bleBpeiss et al. [72] found that TEG correlated wwéth
ACTand coagulation profiles and whilst no coagulatiest was consistently specific, the TEG was thet mos
accurate predictor of bleeding. Ereth et al. [Z8H®d a 'platelet-activated clotting test' (PACTRET, clotting
studies and TEG. PACT sensitivity and specificity wasmparable to conventional coagulation tests in
predicting blood loss but TEG was superior. Essedl.€74] found that the bleeding time and plateletnt had
similar sensitivity but less specificity when comg@to TEG. Patients with an abnormal TEG were atamzd
risk of bleeding and excessive bleeding in the fafc& normal TEG implied a surgical cause. Ti et@)] found
moderate correlation between TEG parameters, taiatldbss and requirements for FFP or plateletdaaders.
Other studies did not find the TEG to be a usefutligter of blood loss. Nuttall et al. [76] reportdtht TEG
values had a low sensitivity and specificity in gioting bleeders. Dorman et al. [77] compared peeative
coagulation screens to ACT and TEG as predictordaafdbloss but found no significant relationshipvioesn
any TEG variable and blood losses.

A number of studies have used TEG to guide trarmfusianagement. Avidan et al. [69] compared TEG to a
laboratory-based algorithm and concluded that despmilar bloodloss, blood and blood product usagee
significantly greater in the laboratory group. $geet al. [78] analysed 1079 patients before atet dfie
introduction of TEG as part of an overall transfusibanagement strategy and found significantly less r
exploration and less use of all blood and blood poments except cryoprecipitate. However, this sty
have been biased by the Hawthorne effect. (The ingmnent in results that may be found just by moiritpa
process.)
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Two RCTs have been performed. Shore-Lesserson at%lcmpared TEG-based and conventional protocols
to manage postoperative bleeding. Whilst there mzasignificant difference in blood loss between gneups,
blood and blood component therapy was significalethg in the TEG than the conventional group. Howéwer
TEG protocol did have more options than the conveatiprotocol and also partly depended on laboratsts.
In addition, blood products were ordered on thesbasa TEG taken at rewarming on cardiopulmonaryalsgp
and given in the presence of continued bleedinigWahg protamine, whereas the conventional groupitas
post-protamine tests to dictate intervention. Thévitably meant earlier intervention in the TEG grogpyston
and Von Kier [80] studied 60 patients who had ugdee complex surgery comparing their actual blood a
blood product use to a predicted usage derived &areG-based algorithm. 'Predicted’ blood and bloodyxct
transfusion was significantly less than 'actuahsfusion. They subsequently used this algorithmpewsimg it to
conventional management in a further 60 patientmifthey demonstrated significantly less blood hiwbd
product usage in the TEG-based group compared tootineentional ‘clinician-directed' group with no esgsive
mediastinal bleeding. However this study was desigio identify TEG evidence of coagulation beforegital
evidence of microvascular bleeding and the autlaaisiowledge the fact that their protocol allowedchmu
earlier intervention in the active than the contirob.

A recent review by Samama and Ozier [81] has ragmtterns that TEG remains an unvalidated technique
which fails to achieve the stringent standard dualbntrol procedures essential in lab-based te#ilsg absence

of a formal standard operating procedure taking adcount factors such as gender and pregnan@retiffes,
stability of blood samples, and sampling site. Ther@so no standardised technique and multipleificatons
have been described. Several studies acknowledafe THBG facilitates earlier intervention than standard
coagulation tests [69,79,80] thus making true campas difficult. Samama and Ozier conclude by sstigg

that extended collaborative studies involving haetogists are required to evaluate and validate Ti®her
[81].

Recommendation:

Thromboelastography may be used to guide transfu@ionthe postoperative period and studies have
demonstrated a reduction in blood and blood prodsage if used in conjunction with a treatment atgo.
Further studies are required before thromboelaspdyr can be recommended as the standard of care for
postoperative transfusion management. (Grade Bmewmdation based on level 2b studies)

7.2. Is there a protamine anticoagulant effect afteardiac surgery?

Evidence was sought as to whether large doses te#miwe cause increased bleeding after cardiac surghis
search is fully documented in the ICVTS [82] togetiwth a summary of all identified papers. We fou2tB
papers using the reported search, of which fivegmed the best evidence to answer the clinicadtipune

Studies from Carr and Carr [83] and Moshizuki et[8] provide convincing evidence that when theéoraf
protamine (in mg/l) to heparin (in unit/ml) is al®:1, platelet aggregation and function are ingghiln
addition, Moshizuki et al. demonstrated that absaabove 2.6:1 the ACT significantly increaseserastingly,
Butterworth et al. [85] showed that protamine isn@ated in 20—30 min in physiological situationsda
Gundry et al. [86] provided evidence that prolong&il correlates poorly with the presence of frepdra. An
indication of how an ACT-based protocol may affblgeding is given by Jobes et al. [87] who showet t
using protamine response tests to guide dosageedduediastinal blood loss by 50%. The STS guidel8ks
state that it is not unreasonable to use protafitiragion or empiric low-dose regimens to reduceeling and
blood transfusion requirements although they doadlolress the possibility of rebound bleeding ahdigloses
of protamine (level of evidence B).

Recommendation:

Excessive doses of protamine can impair platelettfon and increase bleeding. These effects hawe lwegn
demonstrated when the ratio of protamine to hepargmeater than 2.6:1.
(Grade B recommendation based on level 1b andulies)

7.3. Recombinant factor Vlla for intractable bleedlj after cardiac surgery

Evidence was sought for the role of recombinantvattd factor VII for intractable bleeding after diac
surgery. This search is fully documented in the IS(Tanos and Dunning [88]) together with a summaailo
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identified papers. Altogether 129 papers were ifledt using the reported search strategy of whi¢h 1
represented the best evidence on the topic. Ortingga recent review in the New England JournaVieflicine
was added [47].

Roberts et al. in 2004 [89] published a review lod turrent use of factor Vila across all speciglti®ver
400,000 instances have been recorded, mostly imtalgliacs, and the risk of serious adverse everts
estimated as less than 1%. The risk of non-seadusrse events was estimated as 8—13%. The ussmvs
90 mcg/kg, but larger doses of 320 mcg/kg have ladsm recorded without major adverse effects.

In 2005, Levi et al. [90] performed a systematicieevof the efficacy and safety of recombinant fadidla.
They identified 28 clinical trials and 300 othereasports and series including 1854 patients. &mtophiliacs,
efficacy over 90% has been demonstrated at a dos@O0omcg/kg in 156 articles. If bleeding continues
infusion of 16.5 mcg/kg h may also be started. farther 37 patients with severe bleeding they regaba 60%
efficacy in bleeding reduction. Boffard et al. [9d¢rformed an RCTof 301 patients with severe bttauima
showing significant reduction in RBC use, a 5% wdiin in mortality (NS) and a trend to less organ
dysfunction. The risk of adverse thromboembolicrésen non-haemophiliacs was estimated at 1.4%sThu
factor Vlla has been well tested and its safetgtdsthed in haemophiliacs and non-cardiac surgiaiénts.

The only RCT in high-risk cardiac surgical patientaswby Diprose et al. [92] in which 20 patients were
randomised to receive factor Vlla or placebo afémersal of heparin. Mean drainage was halved (@B@own

to 330 ml) and total blood product use was 13 unitthe trial arm compared to 105 in the placebn.dn a
second paper, the authors reported dramatic reshscitn blood loss in 17 patients when factor Vikaswsed as
rescue treatment in patients with massive bloosl &f®er cardiac surgery [93].

Karkouti et al. [94] reported 51 patients with attable bleeding after cardiac surgery who recebatdieen 35

and 70 mcg/kg of factor Vlla after blood loss exissg 2000 ml despite platelets and FFP. They regphaate
significant reduction in blood loss and in the né&lood products. Four patients had a stroke pbethad loose
atheroma in the aortic arch and two had a sigmifiperiod of cerebral hypoperfusion.

Aggarwal et al. [95] reported the results of 24igrets who received 90 mcg/kg of factor Vlla forradtable

bleeding after cardiac surgery. There was a signiflg lower requirement for blood and blood proguatter

administration compared to before administratiomlyOsix patients survived to discharge and oneepdti
suffered a subclavian vein thrombosis in associatiith central venous line. Von Heymann et al. regub 24

patients who had factor Vlla for intractable blegfafter cardiac surgery [96]. They also identifeechatched
paired retrospective cohort for comparison. Nonfivotic complications were seen and blood loss wdsaed

to less than 100ml/h in 18 of 24 patients. Inténg$t, in the control group where routine treatmbatl been
given, a similar reduction in blood loss was obedrin 17 patients.

Hyliner et al. [97] reported 24 cases of factoravilise in intractable bleeding after cardiac surgéngre was a
significant reduction in blood loss, no deaths frbl@eding and no thrombotic complications. In tamaining
studies Bishop et al. [98], Vanek et al. [99], Helket al. [100], Al Douri et al. [101] and DiDomeaiet al.
[102] reported between 2 and 12 cases of the usactdr Vlla for intractable bleeding after cardisuargery.
DiDomenico observed one fatal case of ECMO circoit @ardiac thrombosis and one of possible tampohgde
mediastinal thrombus, but no other complicationsaveedcumented in the other studies.

A review in the New England Journal of Medicine acted factor Vlla for intractable bleeding in daod
surgery although it voiced some reservations alibat proven safety profile with regard to thrombotic
complications and called for more studies to béopered [47].

The STS guidelines [8] state that it is not unrealstent use factor Vlla for the management of norgisal
bleeding unresponsive to routine haemostatic tlyeflapel of evidence B).

Factor Vlla has proven efficacy and safety in o4@0,000 uses worldwide outside the cardiothoragigisal
arena, mostly in haemophiliacs, with around 1% aslserious thrombotic complications. In cardiacgsuy,
there have been more than 160 reports of its usénfiactable bleeding and the rate of seriousnttratic
complication is again around 1—2%.
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Recommendation:

After cardiac surgery, intractable bleeding refoagtto conventional haemostatic intervention maytrigated
successfully with factor Vlla, but there is a snt@k of serious or fatal thrombotic complicatiorf&rade C
recommendation based on level 2b, 3b and levaldies)

8. Anticoagulation after valve replacement

There are several well-conducted and up-to-dateetjo@bs on this subject. For this reason, we elentsdto
perform our own literature review. Guidelines instlarea include the European Society of Cardioldg$Q)
valve guidelines of 2005 [6] the American ColledeChest Physicians (ACCP) valve guidelines 2004, [38e
American Heart Association/American College of Galahy (AHA/ ACC) guidelines 2006 [27], the British
Society of Haematology guidelines [28], the Canadi@ardiovascular Society [103] and the Scottish
Intercollegiate Guidelines Network (SIGN) guidebri@04]. The findings of these guidelines are sunsadrin
Table 1 for aortic valve replacements (AVR) and Tabfer mitral valve replacements (MVR).

Mechanical valves require anticoagulation. Lack mic@agulation results in an embolism or valve thbosis
rate of up to 12% per year for aortic valves anthZfer year for mitral valves [105]. With anticoaatitn, this
risk will be reduced to around 1—4% per year. Tls& s higher for patients with a mechanical valnehe
mitral position and for patients with additionaskifactors such as atrial fibrillation (AF), po@ftl ventricular
function, or a history of thromboembolism or hypegulability [30].

In 2005, the European Society of Cardiology (ESQjated the 1995 guidelines and provided a comprélens
document for the management of anticoagulationpfdients with mechanical valve replacements [6,106]
this document the ESC acknowledges the increasskgafi thromboembolism due to both valve-related and
patient-related factors. Thus a patient in sinyghtin with good left ventricular function receivirgg St Jude
AVR would have a target INR of 2.5 but a patienairial fibrillation with a Bjork-Shiley valve wodlbe given

a target INR of 3.5.

Table 1: Summary of guidelines for INR for mechanical movalve

Mechanical aortic valve with no risk factc Mechanical aortic valve with risk factors
ESC guidelines [6] Low-risk valve: INR 2.5 Low-risk valve: INR 3.0
Medium-risk valve: INR 3.0 Medium-risk valve: INR 3.5
High-risk valve: INR 3.5 High-risk valve: INR 4.0
Low risk: Medtronic Hall, St Jude (not Atrial fibrillation, left atrium >50 mm, mitral vake
Silzone), Carbomedics gradient, ejection fraction <35%, spontaneous echo
Medium risk: bileaflet valves with contrast, additional valve replacements,
insufficient data, Bjork-Shiley hypercoagulability, history of thromboembolism

High risk: Lillehei-Kaster, Omniscience,
Starr-Edwards

AHA/ACC guidelines [27] INR 2.0-3.0 INR 2.5-3.5
(INR 2.5-3.5 for first 3 months) Atrial fibrillation, left ventricular dysfunction,
previous thromboembolism, hypercoagulable
condition, tilting disk and Starr-Edwards valves

ACCP guidelines [30] INR 2.0-3.0 INR 2.5-3.5
St. Jude, Carbomedics, Medtronic-Hall ~ AF, myocardial infarction, left atrial enlargement,
tilting disk endocardial damage, systemic embolism and low
ejection fraction, caged ball or caged disk valve
BSH guidelines [28] INR 2.5 INR 3.0
Tilting disc
Bileaflet valves INR 3.5
Caged ball or caged disk
SIGN guidelines [104]  INR 3.0 (range 2.5-3.5) INR 3.5 (range 3.0-4.5)

Second generation valves such as St Jud Starr-Edwards, Bjork-Shiley standard
Medtronic-Hall, Monostrut



Published in: European Journal of Cardio - Thora&uargery (2008), vol.34, iss.1, pp. 73-92
Status: Postprint (Author’s version)

Both the American Heart Association and the Ameri€ollege of Cardiology guidelines provide similar
recommendations, although their levels of stratifan according to patient-related and valve-reldéetors are
generally less well defined.

Recommendation:

We recommend that European cardiothoracic surgidisw the guidelines provided by the European 8t
of Cardiology. These guidelines are detailed, ughatie and will continue to be updated in the future.

Table 2: Summary of guidelines for INR for mechanical atitralve

ESC guidelines [6] Low-risk valves: INR 3.0
Medium-risk valves: INR 3.5
High-risk valves: INR 4.0

Low risk: Medtronic Hall, St Jude (not Silzone), Bamedics

Medium risk: bileaflet valves with insufficient @atBjork-Shiley
High risk: Lillehei-Kaster, Omniscience, Starr-Edwsard

AHA/ACC guidelines [27] INR 2.5-3.5

ACCP guidelines [30] INR 2.5-3.5

BSH guidelines [28] Bileaflet and tilting disc valves: INR 3.0
Caged ball or caged disc valves: INR 3.5

SIGN guidelines [104] Second generation valves (St Jude, Medtronic, Mom)sINR 3.0
(range 2.5-3.5) Starr-Edwards, Bjork-Shiley stadd&R 3.5 (range
3.0-4.5)

8.1. Warfarin after tissue valve replacement

Evidence was sought for whether warfarin should dagimely prescribed for the first 3 months aftetissue
valve replacement either in the aortic or mitrasipon. This search is fully documented in the ICV[I87]
together with a summary of all identified paperdtogether 620 papers were identified using the ctean
addition, all major international guidelines weneluded and a recent high-quality review [108].t&x papers
presented the best evidence to answer the cligiestion.

The most recent guidelines from the European Societgardiology in 2005 [6] recommend that, due te th
absence of studies showing the safety of omittimizaagulation for 3 months after bioprosthesislangation,
warfarin should be given at INR of 2.5 or 3.0 imgher risk patients. The ACCP guidelines from 2004 an
updated in 2004 [30,109] recommend warfarin for @ths for mitral bioprostheses, giving this a grade+
recommendation, and in the aortic position thep aé&ssommend warfarin but as a grade 2C recommeamjati
with an INR of 2.0—3.0 (grade 1C). The ACC/AHA gdides published in 1998 [110,111 ] and updated in
2006 [27] stated that the greatest thromboembdicis in the immediate postoperative days and meaend
heparin followed by warfarin for 3 months (class blased on grade C evidence). Thereatfter, if theridnas no
risk factors, warfarin may be stopped (class I).

In 1998 The Scottish Intercollegiate Guideline Natnjd04] recommended warfarin for 3 months for antia
bioprosthesis (grade C) and for 3—6 months for &aibioprosthesis (grade A). They recommend an INR
target of 2-3.

The British Society of Haematology produced guidedinin 1998 (unchanged in an update in 2005) [29]
recommending that patients with mitral bioprostisemxeive anticoagulation for 3—6 months. They miid
recommend warfarin for aortic bioprostheses altihaihgy acknowledged that some institutions did.

Most guidelines advise 3 months of warfarin therat two large surveys have shown that this israotine
practice for aortic valves. In the 2004 survey ByS@et (www.ctsnet.org) [5] with 726 respondents dwitle,
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while 80% of surgeons were aware of current guigsli 60% did not routinely give 3 months of warfath
addition 60% of surgeons believed that antiplatifletapy is an acceptable alternative to warfamih @ver 60%
of surgeons thought that warfarin was no longerstia@dard of care for tissue aortic valves. In 20@bghan
and Waterworth [4] surveyed UK consultant surgeand found that 53% never use warfarin for tissugic@o
valves, and 33% do not anticoagulate tissue mitble replacements. Only 16% of surgeons follow&ZiCR
guidelines.

Turning to the original papers, most recently Sueidel. [111] from the Mayo clinic published in 20@5
retrospective practice review of 1151 patients ngoiag tissue AVR, half of whom were anticoagulatiedthe

90 days after surgery 2.4% who were anticoagulbhtetia stroke compared to 1.9% of patients who wete
anticoagulated. There was no difference in bleedaigs or reopening rates. They conclude that whiby
showed no significant benefit, they also showed haom due to bleeding rates and acknowledged the
underpowered nature of their study. Gherli etraR004 [112] found no significant difference inokte rate after
tissue AVR between 108 patients who had warfarighfestrokes) and 148 patients who had aspirinr(fou
strokes). There was also no difference in bleedites. The authors advocated aspirin only aftsuéiAVR.

Much of the evidence quoted by the ACCP guideloezives from a 1995 report from the Mayo ClinicHbgras
et al. [113]. They quote a rate of thromboembolieregs of 50 per 100 patient-year (%py) in the fir8tdays
after tissue AVR without warfarin but none with fiean. In tissue MVR the event rate of 2.5% py with
warfarin was significantly lower than 3.9% py withowvarfarin. However, the validity of the data jéming to
AVR has been called into question by authors frbendame institution. Sundt et al. [111] stated tfidhe 424
patients who had a tissue AVR only five patientd hahromboembolic event in the first 10 days, dredteafter
none of the AVR data demonstrated a significarfecihce.

Moinuddeen et al. [114] reported in a cohort stoéiy85 patients that the rate of stroke or trartsgrhaemic
event (TIA) was 18% in both the aspirin and warfayioups after a mean 5-year follow-up. The bleedatg
was not significantly different. They concludedttherfarin was not required for AVR although ag#iis study
is too small to exclude a benefit for warfarin istsituation.

Mistiaen et al. [115] in 2004 analysed 500 eldg@dyients receiving a Carpentier-Edwards pericandibdle and
found on multivariate analysis that use of warfa@tually increased the risk of thromboembolismhwveitrisk
ratio of 3.0 after 4-year follow-up. While this wasstudy of 500 patients, only 30 patients in sirtughm
actually received long-term warfarin to form thighnrisk group, of whom 7 had a stroke.

Yao et al. [116] in 2003 reported that the 10-yfeeedom from thromboembolism after tissue MVR wBa6%
with long-term anticoagulation but only 71% if amtagulation was not given. However, there were @iy
patients in the anticoagulation group.

The ACCP guidelines quote the paper by Turpie dfLalf] from 1988 to demonstrate that 5% (2/40) atignts
with an INR = 2.5—4.0 and 5.1% (2/39) with an INR8—2.3 had a thromboembolic event after tissue MVR
but the bleeding rate was lower in the low INR grothis paper did not have a 'no-anticoagulatiom and
was not powered to detect a significant differefide study by lonescu et al. from 1982 [118] is @jsoted as
evidence in favour of anticoagulation for tissue RIMn this 1971-1981 series, 5.9% (4/68) who ditireceive
anticoagulants and none of 182 patients who redewagfarin had an ischaemic event during the 8rstonths.

Nowell et al. published a high-quality systematwiew on antithrombotic therapy after tissue aovidve
replacement [108] in 2007, summarising 28 paperd aighlighting the weaknesses of the current
recommendations for warfarin. The recommendationidng-term antiplatelet therapy was also questioag
the evidence for this is also lacking, althoughdglines are unanimous in their support for thisrapeg
[119,120].

Further data may be available in the next few ydéamn two registries that are in the early stagbslata
collection. The ANSWER registry (ANticoagulation &gy With tissue valves: ostoperative Event Regist
intends to collect data on 2000 American patiertie weceive a Biocor™ or Biocor Supra™ valve eitimethe
aortic or mitral position. Data on anticoagulatitrerapy will be collected and follow-up will be atand 6
months and consists of telephone interviews (paisoommunication from Duke Clinical Research Ingé).
The second registry includes 45 centres and isccdalie ACTION registry (Anti Coagulation Treatment
Influence On Postoperative patients). This willect data on tissue aortic valves and has alreglyrted initial
survey results indicating a widely varying pracfit21].
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Recommendation:

After tissue aortic valve replacement and in theeale of other indications for anticoagulation,matelet
therapy alone is adequate. Most guidelines recordmearfarin for 3 months after tissue mitral valve
replacement. There is insufficient evidence to suppo negate this recommendation. Patients who (zewve
indication for anticoagulation such as atrial filation should be anticoagulated. Anticoagulation éthers is
reasonably safe and may be beneficial. Antiplatbletapy alone however is an acceptable alterngivade B
recommendation based on level 2b and 3b studies).

8.2. Antiplateletsin addition to warfarin for patientswith mechanical heart valves

Evidence was sought for whether addition of antgidt therapy to warfarin reduced the incidence of
thromboembolic complications in patients with matdbal heart valves. This search is fully documeritethe
ICVTS [122] together with a summary of all identdig@apers. Altogether 253 papers were found usieg th
reported search, of which only 11 papers repredethie best evidence to answer the clinical quesiaspite
this, 12 meta-analyses or current guidelines wiseefaund, all of which consider the evidence eitihhem these
studies or from each other.

Of the 11 trials, 6 used dipyridamole as an art@bdd drug in doses of 225—400 mg once daily. Roals used
aspirin in doses of 500 mg once daily, 500 mg tvdady and in three recent trials, 100—200 mg odagy.
The best metaanalyses were published by Massel &l [L23,124] and found that aspirin reduced tidsoof
all-cause mortality from 9% to 5.2%, which was #igant. Breaking this down there was a significant
reduction of thromboembolic events from 9% to 31836 with a corresponding increase in major bleediog
5.4% to 8.5% (all significant). Massel performednyaub-analyses and sensitivity analyses to sbe iflose of
aspirin, the date of the study, or the qualitytofly had an impact and found that the risk of bilegdppears to
have diminished with the lower doses of aspirindugethe more recent trials.

Of the 11 trials, only 3 investigate low-dose aspitaffort et al. [125] performed a single blind R@ 229
patients comparing aspirin 200 mg with control withrfarin at an INR of 2.5—3.5. They found a sigraftly
reduced level of thromboembolism but an increasmajor bleeding. Turpie [120] performed a doublewbli
RCT in 370 patients using aspirin 100 mg with wanfat an INR of 3.0—4.5. All-cause mortality waslueed
from 12% to 4.8%, with significant reductions inrdmboembolism but with a nonsignificant rise in araj
bleeding. Meschengieser et al. [126] performed a R€ 503 patients which studied aspirin (100 mg) in
combination with low dose warfarin (INR of 2.5— B high dose warfarin alone (INR of 3.5—4.5). Yhe
found a trend towards more major bleeding and @jomevents in the warfarin only group and the mite
thromboembolism were similar.

Of the clinical guidelines, the American Heart Agation recommends that aspirin 80—100 mg should be
strongly considered unless contraindicated witlella evidence. The European Society of Cardioldg§s2
guidelines [6] are more conservative due to corxerer bleeding complications. They recommend aatgfst
agents in addition to warfarin only for patientshwconcomitant arterial disease, previous stenfignonary
embolism or high-risk valve implants. The Britislonemittee for standards in haematol-ogy makes no
recommendation for addition of aspirin but SIGNamenend aspirin for any patients who also suffetesygc
embolism despite adequate anticoagulation. The A@&EPmmend aspirin in addition to anticoagulatiant b
acknowledge the increased risk of bleeding, givinig grade 1 status. The Massel meta-analysis finas
aspirin addition reduces the risk of all-cause aliiyt with a number needed to treat of 19. Mostdglines
recommend addition of aspirin to warfarin but aveyrof cardiac surgeons' opinion in North Americal a
Canada showed that cardiac surgeons very much -pnelecribe additional aspirin for fear of the irased risk

of bleeding despite these guidelines.

Recommendation:

Low dose aspirin (80—100 mg daily) in addition torfaain in patients with mechanical heart valvesuess
all-cause mortality (NNT = 19), with significant mgttions in thromboembolism but with more bleeding
complications. (Grade A recommendation based oel tka and 1b studies)
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8.3. Warfarin anticoagulation for 3 months after rival valve repair

Evidence was sought for whether oral anticoagulargsnecessary after mitral valve repair with ohwitt an
annuloplasty ring. This search is fully documeritethe ICVTS [127] together with a summary of akidified

papers. Altogether 127 papers were found usingédperted search, of which 12 papers representethebe
evidence to answer the clinical question.

The 2006 ACC/AHA guidelines [27] for the managemehpatients with heart valve disease do not provide
recommendations for patients who have undergondéralwalve repair and neither do the ACCP guidedirof
2004 [30]. The European Society of Cardiology prosideidelines for these patients, stating that tlaeeeno
RCTs to support the safety of omitting warfarin afwatral repair. They recommend 3 months of warfai a
target INR of 2.5 or 3.0 if there are additionakrifactors. They acknowledge that this is basedexpert
consensus and acknowledge that many surgeons dollogt this guideline.

Mitral valve repair is now recognised as the gaéthdard for mitral regurgitation. Around 70% of atbcedures
on the mitral valve are repair with or without amaloplasty ring. AF is a common postoperative girimia
and is more common after mitral valve surgery thfiar any other open-heart procedure. Thus whileteal
valve repair may potentially be the least pro-thbotic treatment among valve procedures the prevalef AF
in these patients may be an indication for antiotstgn.

The thromboembolic rate is highest in the first 3nthe after surgery. Around 20% of all thromboemboli
complications occur during the first month, dughe hypercoagul-able state, which then decreasistimie.
The endothelialisation process of the newly impldnialve ring takes several weeks. The sewing vahg r
suture knots, atheromatous plaques, and calciumsitespn the dissected valve apparatus are prop&atelet
deposition and thrombus formation when exposedldods The postoperative milieu after mitral repair
suggested to be similar to that after mitral bigginesis implant.

Jovin et al. [128] reviewed 245 patients who undmtumitral repair for regurgitation from 1996 to020and

found 73 (29%) were admitted with AF, 65 (27%) life hospital in AF and 64 (36%) had an episodafef
during the postoperative period. Of the 65 patievite were in AF at discharge, 61 (94%) were disgbdron

warfarin, 1 (1.5%) on warfarin and aspirin, 2 (3%) aspirin and 1 (1.5%) received no anticoagulatibn
discharge. Of the 180 patients who were in sinythrh at discharge, 98 (54%) were discharged onasiatf78

(43%) were discharged on aspirin and 3 (2%) receive anticoagulation or antiplatelet therapy atliisge.

Jovin anticoagulated patients undergoing mitraairefor 3 months as recommended for mitral tissaiges.

Aramendi et al. [129] studied 235 mitral surgeryigrats from 1990 to 1995 of whom 67 had repair tredrest
tissue valves. Of the 209 survivors, 137 were assignitially to receive ticlopidine (250 mg bd) fat least 3
months postoperatively. The remainder were treatiétdl aspirin, warfarin or neither. Mean follow-up sv&.2
years and complete in 96% of 122 patients studi€dwvas present in a greater proportion of the warfaeated
group (50% vs 30%p< 0.05). In total, six episodes of thromboembolisere reported. All occurred in the first
postoperative year, four during the first 3 montiwith the highest risk in the first month rapidlgdining
thereafter. There were four episodes of haemorrfagiae entire series, all in the first 3 montGalloway [4]
studied 148 patients after mitral repair and sho@&th 5-year freedom from thromboembolism withourgio
term anticoagulant therapy. All patients were sthron warfarin on the third postoperative day fan8nths.
Incidence of anticoagulation-related complicatiovess 0.33% py. One episode of bleeding was repatesD
months, six late thromboembolic complications wengorted in five patients and one patient died fgiroke.
Freedom from late thromboembolism was 98% at 1 grdr95% for years 2—7.

Deloche et al. [130] followed up 195 patients afteitral repair. All were started on warfarin on rthi
postoperative day for 3 months, unless otherwiskcated. At 15 years, 10 patients had a thromboémbo
event, for an actuarial freedom from thromboembolsf 94% + 2.3% at 15 years. Of the 10 events, fewe
transient, 1 permanent and 1 fatal.

Carpentier [131,132] has reported the longestellip of 928 patients with mitral repair up to 2%y All had
warfarin for 2 months. Only three patients hadraks in the first 3 months. There were 37 thrombloelin
events in these patients strongly associated with A

In a survey [4] of cardiac surgeons in Great Bnit&i4% use warfarin after mitral repair with an aloplasty
ring and 54% used only aspirin in the long-term.
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Recommendation:

There is insufficient evidence on the need or sabétsnticoagulation after mitral repair. Patientsoshave an
indication for anticoagulation such as atrial filation should be anticoagulated. Anticoagulation éthers is
reasonably safe and may be beneficial. Antiplatdietrapy alone is an acceptable alternative. (Gi@de
recommendation based on an absence of studies deatorg the safety of omission and level 2b and| 3b
studies).

9. Anticoagulation for patientswith de novo AF after cardiac surgery

This issue has been addressed in our previous medéB3] and the recommendations are documentesvbe

Recommendation:

After cardiac surgery, patients with AF should bé@agulated with warfarin while in AF with a tatgiNR of
2—3, and full anticoagulation should be startechini48 h of the onset of AF due to a doubling @iithisk of
stroke. (Grade A recommendation based on leveluthes)

Immediate full anticoagulation in patients goingoi\F within 48 h of their operation is not supmaitdue to
the increased risk of cardiac tamponade. (Gradec@mmendation based on an individual level 2b 3tudy

There is insufficient evidence to recommend whefiadients who suffer an episode of AF after cardiagery
but who return to sinus rhythm will benefit from farther 4—6 weeks of anticoagulation. (Grade| E
recommendation based on expert consensus)

10. Heparin for thromboprophylaxis

Evidence was sought for whether the use of proptiglpostoperative unfractionated or low moleculaight
heparin (LMWH) after cardiac surgery would signifitlg reduce morbidity by reducing the incidencedetp
vein thrombosis (DVT) and pulmonary embolism (PE).sTégarch is fully documented in the ICVTS [134]
together with a summary of identified papers. Ratdvnajor guidelines were also searched togethibr thveir
reference lists. Of 390 papers, 16 representecbdisé evidence on the topic. After this search, Nlagional
Institute for Health and Clinical Excellence alsiblished extensive guidance in this area in 2007 thiglis
summarised below [135].

Shammas, [136] in a literature review to estimhteihcidence of DVT and PE after cardiac surgetgniified
eight studies comprising over 18,000 patients [1344} and found that if routine ultrasound or verapdy
was performed the incidence of DVT was 22%, and iprakDVT 15%. The incidence of PE was 0.8% and
fatal PE 0.16%. Interestingly the clinical detect@rDVT was less than 2% and half were in the nan+asted
leg.

Ambrosettia et al. in 2004 [145] performed serilasound of 270 consecutive patients after CAB@rating
three rehabilitation programmes. The incidence offY¥as 17%, proximal DVT 2.6% and two patients sufiere
a PE. Half the DVTs were in non-harvested leg.

The data were analysed for any protective effebiepfarin but the findings were inconclusive.

Ramos et al. in 1996 [146] performed a large RChmaring subcutaneous heparin (5000 units bd) tarirep
plus intermittent compression stockings. The incigeof PE decreased from 4% to 1.5% with this intetioe.
This study showed that even with good prophylakie,ihcidence of PE after cardiac surgery is ar@%d

Considering whether prophylaxis significantly redsiche incidence of DVTand PE, we could find noicéh
trials that assessed the impact of DVT prophylaxigdtients after cardiac surgery. However the ACZR] in
2001 published a comprehensive systematic reviedvgadeline on DVT prophylaxis in other specialtiés
general surgery, 68 trials in nearly 20,000 pasidraive shown that either heparin or LMWH reducesdlsive
risk of DVT by 70%. In hip replacement surgery ireo¥0 trials with 7000 patients LMWH or heparinuedd
the risk by up to 78%. Three ICU trials showecdeast a halving of DVT, and three post-MI studies alsowed
a reduction. The general surgery trials have atsoahstrated a reduction in proximal DVT, PE andl .
Thus across the whole range of surgical and medaaditions the incidence of DVT is high and progxj$
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significantly reduces the incidence of DVT and #guselae.

Gutt et al. in 2005 [148] performed a systematidaw of DVT prophylaxis in general surgery and siatieat
LMWH at low doses reduced bleeding risk compareteparin but the risk was higher with high dosedsTh
risk was not quantified. In a systematic reviewgeheral surgery, Bergqgvist in 2003 [149] conclutieat the
rate of bleeding with lower doses of LMWH was lowempared to unfractionated heparin, but this did &s
the dose increased.

Malouf et al. [150] assessed 141 patients on wiarfaiter cardiac surgery with serial echocardiogsaprhe
incidence of large pericardial effusion was 4% onteols and 32% on warfarin, with 12 having delayed
tamponade. As a caveat, 41 patients had excessi®agulation at some stage and this study wamiients
receiving full warfarin anticoagulation rather thamophylactic heparin.

Kulik et al. in 2006 [151] performed a systemagwgiew of four early anticoagulation strategies raft@chanical
valve replacement (warfarin alone, with subcutasdweparin, with LMWH and with intravenous heparifhe
bleeding rate was highest with intravenous hepatrBf6 and was lower with subcutaneous heparin or lHVAY
around 4%.

The National Institute of Health and Clinical Excalte [135] recommends that all patients undergoargiac
surgery should be offered mechanical DVT prophylaxid any patient with an additional risk factorddaalso
receive LMWH. These risk factors include: age owgrative heart failure, central venous cathetesitin BMI
>30, recent MI and immobility. Mechanical DVT propéyis was defined as thigh-length graduated
compression/anti-embolism stockings, placed from time of admission until that time at which thegvé
regained their normal mobility.

Recommendation:

The incidence of thromboembolism after cardiac syrgesimilar to the incidence in patients undengohigh-
risk general surgery. (Grade B recommendation basddvel 2b studies)

The ACCP guidelines recommend heparin prophylaxis High-risk groups and NICE recommends low
molecular weight heparin and mechanical deep Vewntbosis prophylaxis for virtually all patientsdengoing
cardiac surgery.

After cardiac surgery, patients should receive raa@al deep vein thrombosis prophylaxis and lowenolar
weight heparin starting on the first postoperatilay. (Grade B recommendation based on level 1b2énd
studies)

11. Antiplatelet management for patients after cardiac surgery
11.1. Dose of aspirin after coronary artery bypagsifting

Evidence was sought for the optimal dose of aspgoimpatients post-coronary artery bypass graftifbis

search is fully documented in the ICVTS [152], tdgetwith a summary of all identified papers. Of Jépers
using the presented search strategy, 7 represtrgdubst evidence on this topic. One additionakpaps since
been published and the ACCP and the Joint Brittiefies guidelines [153] have published relevandeglines
in this area.

Fremes et al.'s meta-analysis [154] demonstrataijm@ificant benefit of low and medium dose aspiiin
comparison to high dose aspirin. The benefit of mm@ddose aspirin was greatest but confidence interva
overlap those for low dose aspirin. Neither thepdattielet trial investigators nor the Veterans gtgdoup were
able to convincingly demonstrate an advantage afiune dose aspirin in comparison to low dose aspirin

Mangano et al. [155] provided the first evidence doconvincing survival benefit from aspirin. Hoveeythe
range of aspirin used was from 80 mg to 650 mgysevidence was provided for choosing a dose withis
range. Of note there was no evidence of a higherafaGl and bleeding complications in the non-asgjroup.

Lim et al. [156] performed an indirect meta-analyigi2003, where two RCTs of medium dose aspirin £300
325 mg) [157,158] were compared to three RCTs ofdose aspirin (75—150 mg) [159—161]. The medium
dose trials yielded a relative risk reduction oP@sompared with 26% for the low dose trials. Thave a
relative risk ratio of 0.74 (95% confidence intdrvia52—1.06;p = 0.10) for graft occlusion and 0.81
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(0.57—1.16p = 0.25) for events in patients. Again while ndistaally significant findings were reported taeth
p < 0.05 level, a trend towards benefit with medidmse aspirin was reported.

In December 2005 the Joint British Societies guigsl on prevention of cardiovascular disease inical
practice [153] published a comprehensive documentlb aspects of secondary prevention in patierith w
cardiovascular disease. They recommend aspirin ése of 75—150mg for all patients 'at high risk' o
suffering a cardiovascular event. They did not heeveonsider CABG patients as a separate entity fyeneral
high-risk patients.

In 2001 the 6th ACCP consensus conference on eottitiotic therapy [162] recommended 325 mg/day of
aspirin, starting 6 h after surgery. However in th@04 7th ACCP consensus conference [163], this
recommendation was altered to 75—325 mg at 6 htlaenl 75—162 mg/day indefinitely. This was graded as
1A evidence.

Recommendation:

Aspirin should be given postoperatively to all pats without contra-indications after coronary rieypass
grafting in order to improve the long-term paterafyvein grafts. The dose given should be 150—325 mg
Studies show a trendtowards maximal benefit with 8@/day in the first year.
(Grade A recommendation based on level 1la andutles)

There is no evidence to promote the use of aspitén aoronary artery bypass grafting to improve piagency
of arterial grafts. However aspirin may be recomdszhon the basis of improved survival of patientgéneral
who have atherosclerotic disease. (Grade E reconatiencbased on expert consensus)

11.2. Timing of aspirin after coronary artery bypass grafting

Evidence was sought for the optimal timing of thretfdose of aspirin for patients after CABG. Thiarsé is
fully documented in the ICVTS [164], together witrsammary of all identified papers. We found 201grap
using the presented search strategy. From thesggagven represented the best evidence on piis to

Fremes et al. [154] in a meta-analysis of 12 saitbend that the benefit of aspirin was optimadtédrted at 6 h
after surgery. In the individual studies, GavagfaY] showed the largest risk reduction when aspias given
at 1 h after operation, but there was a non-sicgnifi increased rate of re-operation in this grdie study by
Sharma et al. [165] showed that there was no kenefiving aspirin if starting more than 48 h pmstratively.
No significant increases in postoperative bleediege shown in any studies.

The 7th ACCP consensus conference on antithrombntichrombolytic therapy recommended 75—325 mg of
aspirin 6 h after surgery, giving this a grade #8dammendation [163].

Recommendation:

Aspirin should be commenced within 24 h of coronaitgry bypass grafting. (Grade A recommendatiseta
on level 1a and 1b studies)

There is a trend towards maximal benefit of asghvensooner it is given postoperatively. Giving @spat 6 h or
when bleeding has ceased may therefore be the alpgtnategy. (Grade B recommendation based onithdiV
level 1a and 1b studies)

11.3. Clopidogrel for the optimisation of graft pecy

Evidence was sought for whether clopidogrel sho@dyiven in addition to aspirin to high-risk patiertfter
CABG to reduce thrombotic complications. This sedscfully documented in the ICVTS [166,167], togethe
with a summary of all identified papers. We fouridl Jpapers using the presented search strategy. thesa
papers, 11 represented the best evidence on figs to
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The ACCP guidelines on clopidogrel [163] recommehdt tit should be started in addition to aspirin and
continued for 9—12 months after CABG for non-ST reegt elevation acute coronary syndrome. This
recommendation is based on the Clopidogrel verspriéd in Patients at Risk of Ischemic Events (CAPRI
study and the Clopidogrel in Unstable angina twg@né Recurrent Events trial (CURE) study.

CAPRIE reported an 8.7% relative risk reduction lre tprimary composite endpoint (first occurrence of
ischaemic stroke, myocardial infarction or vascde@ath) in favour of clopidogrel (75 mg/day) ovepiin (325
mg/day) in a multicentre RCT of 19,185 patients wathhistory of recent ischaemic stroke, recent MI or
symptomatic peripheral arterial disease [168]. A-analysis of the CAPRIE database showed that irD 148
patients with previous cardiac surgery, clopidogmls associated with a relative risk reduction @%03for
vascular death, 38% for myocardial infarction, 25&¢ all-cause re-hospitalisa-tion, and 27% for re-
hospitalisation for ischaemia or bleeding. A majoawback of this study is the lack of informatidooat the
type of cardiac surgery previously performed.

CURE randomised 12,562 patients with acute corosgngiromes to clopidogrel (300 mg then 75 mg/day) or
placebo in addition to aspirin (75—325 mg/day). Hmtiplatelet combination resulted in a 20% risttuetion
relative to aspirin alone (9.3% vs 11.4p4s 0.001) in the primary endpoint of cardiovasculaath, myocardial
infarction or stroke over a mean 9-month treatnpemiod [169]. The antiplatelet combination produeeti9%
reduction relative to aspirin alone in the riskaairdiovascular death, myocardial infarction or lsfr@among
those patients who underwent CABG surgery during ittitial hospitalisation and an 11.0% relativekris
reduction among patients who underwent CABG attang during the treatment period. The clinical bésedf
aspirin plus clopidogrel were mainly evident durthg preoperative period with 18% relative riskuetibns in

the primary endpoint seen before CABG surgery caethbdo 3% relative risk reduction following CABG
surgery relative to aspirin alone [21].

The Clopidogrel for the Reduction of Events Durings®vation (CREDO) trial evaluated the short-term
benefits of combined aspirin and clopidogrel peatment and the long-term benefits of sustaineciyen the
setting of percutaneous coronary intervention (RCBn RCT of 2116 patients. After 1 year, patigsteiving
clopidogrel (75 mg/day) plus aspirin (81—325 mgjdagd a significant 26.9% relative risk reductionthe
combined endpoint of death, myocardial infarction stroke [22]. A subgroup analysis of patients who
underwent CABG without PCI had a modest reductib-gear events (RRR 16.7%) with clopidogrel [170].
But this was a post-hoc analysis and the numbpaténts in this group was small.

The recent observational study by Gurbuz et al. [1sHlowed that adding clopidogrel to aspirin was
independently associated with decreased symptomrregce and adverse cardiac events following offypu
CABG. However, extending clopidogrel use beyondda@s did not have a significant effect on defined e
points.

In order to provide convincing evidence for clogidel and aspirin versus aspirin alone on sapheweinsgraft
disease after CABG, a double-blind RCT is currentigerway. The CASCADE (Clopidogrel After Surgery for
Coronary Artery Disease) is randomising 100 CAB®@epds to clopidogrel or placebo in addition to 168 of
aspirin with 1-year angiography as the primary oote measure [172]. This is due to report in 2008.

With regard to the other high-risk group of pat&smamely patients having CABG after PCI, we founad
studies that looked at the outcome of stent paterftasr CABG. The ACCP guidelines [173] recommend
clopidogrel in addition to aspirin for all patiengster PCI for 9—12 months (grade 1A). A small stuzy
Kaluza et al. [174] demonstrated that there wadnastent thrombosis rate of around 20% with a smil
mortality in patients having surgery of any typemly after PCI. Therefore if the stented vessaias grafted
then it would seem reasonable to follow the ACCHRIgline with 9—12 months of clopidogrel. Howevethe
stent is covered by a graft more distally, theneasvidence to support continuation of clopidogrel

Recommendation:

Clopidogrel (75 mg) is an acceptable alternativagpirin for the optimisation of graft patency afteronary
artery bypass grafting. (Grade B recommendatiordas individual level 1b studies)

The superiority of clopidogrel over aspirin for aptsing graft patency after coronary artery bypasdting has
not yet been established and thus aspirin shoutddmded as the drug of first choice.
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(Grade B recommendation based on individual lebedtiidies)

In patients having cardiac surgery for acute conprsgndrome, clopidogrel should be considered ferl?
months in addition to aspirin. (Grade B recommeiodabased on sub-analyses of level 1 b studies)

Clopidogrel may further improve the patency of saghusvein grafts when given in additionto aspioit, this
will be at the expense of an increase in bleedompdications. (Grade B recommendation based orvihatl
level 1a and 1b studies)

In patients having coronary bypass surgery witlo@mary stent in situ, clopidogrel should be camtith if the
stented vessel has not been grafted. (Grade Bnreeadation based on expert consensus)
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