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17 APHP, Hôpital Lariboisière, Service de chirurgie orthopédique, Paris F-75018, France
18 Centre Hospitalier Universitaire, Service d’Anesthésie Réanimation, Reims F-51000, France
19 Hôpitaux Universitaires de Lyon, Groupe Hospitalier Sud, Service d’Anesthésie Réanimation, Lyon F-69000, France
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Editor’s key points

† In this multicentre study,
patients on anti-platelet
therapy and undergoing
non-cardiac elective
surgery were studied.

† Aspirin or placebo
(substituted for the
anti-platelet drugs) was
given for 10 days before
operation.

† The outcome in the two
groups was similar with
regard to thrombotic or
bleeding complications.

† Although a negative
study, the data provide
useful safety information
regarding preoperative
aspirin.

Background. Patients receiving anti-platelet agents for secondary cardiovascular prevention
frequently require non-cardiac surgery. A substantial proportion of these patients have their
anti-platelet drug discontinued before operation; however, there is uncertainty about the
impact of this practice. The aim of this study was to compare the effect of maintenance
or interruption of aspirin before surgery, in terms of major thrombotic and bleeding events.

Methods. Patients treated with anti-platelet agents for secondary prevention and
undergoing intermediate- or high-risk non-cardiac surgery were included in this
multicentre, randomized, placebo-controlled, trial. We substituted non-aspirin anti-
platelets with aspirin (75 mg daily) or placebo starting 10 days before surgery. The
primary outcome was a composite score evaluating both major thrombotic and bleeding
adverse events occurring within the first 30 postoperative days weighted by their severity
(weights were established a priori using a Delphi consensus process). Analyses followed
the intention-to-treat principle.

Results. We randomized 291 patients (n¼145, aspirin group, and n¼146, placebo group).
The most frequent surgical procedures were orthopaedic surgery (52.2%), abdominal
surgery (20.6%), and urologic surgery (15.5%). No significant difference was observed
neither in the primary outcome score [mean values (SD)¼0.67 (2.05) in the aspirin group
vs 0.65 (2.04) in the placebo group, P¼0.94] nor at day 30 in the number of major
complications between groups.

Conclusions. In these at-risk patients undergoing elective non-cardiac surgery, we did not
find any difference in terms of occurrence of major thrombotic or bleeding events between
preoperative maintenance or interruption of aspirin.
ClinicalTrials.gov identifier. NCT00190307.
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A large body of work has established the clear benefit of long-
term anti-platelet therapy (aspirin, clopidogrel) for secondary
prevention after myocardial infarction or stroke and after cor-
onary revascularization with bare-metal or drug-eluting
stents.1 Interruption of aspirin in patients exposed to anti-
platelet single therapy is associated with a major increase in
the risk of serious adverse cardiac thrombotic events in the
non-operative setting.2 Therefore, aspirin is recommended
as a life-long therapy after stroke, myocardial infarction, and
coronary artery stent insertion.1 The perioperative period is a
high-risk period for major thrombotic events due to the
increase in platelet aggregability and decreased fibrinolysis
that occurs during the perioperative period.3 – 7 In a large ran-
domized multicentre trial (PEP, 13 356 randomized patients), a
significant increase in bleeding episodes (six per 1000
patients) was reported in those patients assigned aspirin
before undergoing surgical repair of hip fracture.8 Further,
there was a trend towards a higher risk of fatal and non-fatal
myocardial infarction among patients randomized to peri-
operative aspirin [hazard ratio 1.33; 95% confidence interval
(CI) 1.00–1.78]. This large trial raises questions about the effi-
cacy of perioperative aspirin, but it is limited in that it was
restricted to hip fracture patients and they did not actively
monitor for perioperative myocardial infarctions.

Perioperative consensus recommendations have recently
been published.9 10 Given the limitations of the trial evidence,

these consensus recommendations are largely based on pre-
cautionary principles and on an empirical balance between
the potential risk of vessel thrombosis when anti-platelet
agents are stopped and the risk of surgical haemorrhage
when they are continued. Given the limitations of the data,
it is not surprising that there exists marked variation in prac-
tice regarding whether aspirin is continued or held before
surgery.11 12

Whether anti-platelet therapy should be maintained or
not during the perioperative period in patients treated for
secondary prevention and undergoing non-cardiac surgery
remains an unsolved issue.13 14 We therefore conducted a
blinded, prospective, multicentre, randomized, placebo-
controlled trial to compare the impact of preoperative main-
tenance vs interruption of aspirin on major thrombotic and
bleeding events. Our hypothesis was that maintenance of
aspirin was superior to its discontinuation when considering
a balance of both the major thrombotic and bleeding events
measured by a composite outcome occurring within 30 days
after surgery.

Methods
The study complied with the Declaration of Helsinki. The trial
protocol was approved for all centres by the Ethics Commit-
tee of the Bichat University Hospital (Comité Consultatif de
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Protection des Personnes se prêtant à la Recherche Biomédi-
cale, ref. 2004/18). Written informed consent was obtained
from all participants during the pre-anaesthetic consultation
before randomization (Registration number: ClinicalTrials.gov
identifier NCT00190307).

Patients were recruited from 25 French centres between
June 2005 and September 2007. Eligible patients were ≥18
yr, receiving anti-platelet therapy (aspirin, clopidogrel, ticlo-
pidine, or dipiridamole) for secondary prevention of coronary
artery disease, stroke, transient ischaemic attack (TIA), or
peripheral vascular ischaemic disease, and undergoing elec-
tive intermediate- or high-risk elective non-cardiac surgery
(i.e. surgery planned for more than 2 h in duration and
associated with significant volume changes).15 Patients
undergoing emergency surgery were excluded. All types of
elective procedures (orthopaedic, abdominal, urologic, thor-
acic, oncologic ENT) were considered. Carotid endarterect-
omy and coronary bypass grafting were excluded because
of a large consensus to maintain anti-platelet therapy until
the day of surgery in these cases.16 We excluded ophthalmo-
logic surgery of the posterior chamber and intracranial neu-
rosurgery because of the unacceptable risk of severe
bleeding. Superficial surgery and colonoscopy were also
excluded because these procedures are associated with a
low cardiac risk. Other exclusion criteria were pregnancy, a
recent (,30 days before randomisation) major cardiac
event (i.e. unstable angina, myocardial infarction, or coronary
revascularization), presence of a drug-eluting stent, active
bleeding, absolute contraindications to aspirin or
anti-coagulants, and patients in whom the haemorrhagic/
(thrombotic) risk linked to maintenance/(interruption,
respectively) was considered unacceptable from the attend-
ing anaesthetist, cardiologist, or surgeon’s perspective.

Procedures

STRATAGEM was a multicentre, randomized, blinded placebo-
controlled, parallel-group trial comparing the effect of peri-
operative treatment with discontinuation of a low-dose
aspirin (75 mg) starting 10 days before surgery on major
thrombotic or haemorrhagic events occurring from the day
of randomization up to the 30th postoperative day. Patients
were randomly assigned (1:1 ratio) to one of the two
groups (aspirin or placebo) by a centralized 24 h phone
service that utilized a computerized interactive voice
response system. Concealment of randomization was
achieved through this central randomization system and ran-
domization was stratified by centre using blocks of four.
Investigators, patients, health-care providers, data collectors,
and outcome adjudicators were blinded to treatment allo-
cation. For the patients allocated to the intervention group,
anti-platelet treatment was substituted with DL-Lysine acet-
ylsalicylate (Kardegicw 75 mg, Sanofi-Aventis, Paris, France,
once daily) starting 10 days before the procedure and contin-
ued until the morning of surgery. For patients in the control
group, treatment was substituted with placebo of DL-Lysine
acetylsalicylate once a day starting 10 days before surgery

and continued until the morning of surgery.17 Kardegicw 75
mg and placebo for Kardegicw 75 mg were supplied as a
powder for oral solution with the same taste and the same
dosage. For all patients, the initial anti-platelet treatment
was resumed after surgery as soon as the medical staff felt
that the postoperative bleeding risk was considered clinically
acceptable. Patients received low molecular weight heparin
after non-cardiac surgery according to international guide-
lines for prophylaxis of thromboembolic events.18

Data collection

Investigators (anaesthetists) collected the following data:
patient characteristics, cardiovascular treatments, history of
cardiovascular diseases, risk factors for cardiovascular dis-
eases, functional capacity, relevant preoperative blood
results, and surgical information (e.g. duration, type of
anaesthesia, and use of non-steroidal anti-inflammatory
drugs after surgery). All patients had troponin T or I assay
drawn 10 days before surgery on days 1, 2, and 30 after
surgery and haematocrit was measured 10 days before
surgery and before operation on the day of surgery and
days 1, 2, and 3 after surgery. Investigators assessed
patient outcomes (e.g. major thrombotic and bleeding
events) in hospital and on days 7, 30, and 180 after
surgery. All data were captured by investigators through a
digital pen system provided by KayentisTM (Gif-sur-Yvette,
France).19

Outcome measures

The primary endpoint was a weighted composite endpoint
that included the following events: death, major thrombotic
events, and major bleeding events recorded between
inclusion and day 30 after surgery. Major thrombotic events
were defined as stroke, TIA, acute coronary syndrome, per-
ipheral arterial ischaemia, mesenteric arterial ischaemia,
deep proximal and distal venous thrombosis based on clinical
symptoms, and pulmonary embolism. Major bleeding events
were defined as cerebral haemorrhage, intra- or retroperito-
neal haemorrhage documented by CT scan, bleeding requir-
ing an intervention (i.e. surgical reoperation, endovascular
embolization or an endoscopic intervention), or bleeding
requiring 3 units of red blood cells. Weights (from 0 to 10)
for each outcome were assigned from a Delphi consensus
method in which a panel of anaesthetists and cardiologists
rated the severity of the different events included in this end-
point (Appendix).20 The final score for each patient was the
score allocated for the most serious event encountered and
was comprised between 0 (no event) and 10 (death¼most
serious event). Therefore, the higher a patient’s composite
outcome score, the more severe the event(s). All events of
the primary endpoint occurring during the trial were
reviewed and adjudicated by an expert committee involving
two anaesthetists (D.L., F.A.) and a cardiologist (J.-P.C.);
these individuals were unaware of treatment allocation.
These committee members were provided with all the data
available in the patients’ charts. The adjudication committee
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validated (or not) the diagnoses and rated the severity of the
event to determine the corresponding weight. Secondary
outcomes consisted of the weighted composite endpoint
on days 7 and 180 after surgery and each element separately
(death, major thrombotic events, major bleeding events).

Statistical analysis

We powered this trial assuming the superiority of aspirin for
the primary unweighted composite endpoint at 30 days after
surgery (with same events as the weighted composite end-
point). Owing to premature cessation of enrolment, it was
then decided to turn from the initial unweighted composite
endpoint to a weighted composite endpoint as described
above to take into account the severity of the individual com-
ponents of this composite outcome and increase the study
power.21 This decision was made before seeing any
unblinded data.

Postoperative cardiovascular complications are classically
estimated between 1% and 12%, depending on the type of
surgery. On the basis of data from a previous study, the risk
of perioperative complications was estimated at 15%.22 23

On this basis, expecting that 15% of the patients would experi-
ence an event of the composite criteria in the placebo group,
and to detect a relative reduction of the risk by 33% in the
aspirin group, with a significance type I error of 0.05 (two-
sided), and 80% power, 1421 participants were required.
Interim analyses were planned after inclusion of 355, 710,
and 1066 patients, with a final analysis planned after inclusion
of 1421 patients. However, as mentioned above, the recruit-
ment was prematurely stopped due to recruitment difficulties
before the first planned interim analysis and before looking at
the results (see the reasons for this in the Discussion section).

Categorical variables are reported as frequencies and per-
centages. Continuous variables are expressed as mean
values and standard deviations. The analyses were per-
formed according to the intent-to-treat principle. The
primary endpoint (the weighted composite score) was con-
sidered as a numerical variable, ranging from 0 to 10.
Patients with no event were assigned a zero score and
those patients lost to follow-up before any event occurred.
For patients who did not have surgery, we counted events
from the time of randomization until 30 days later. Patients
lost to follow-up were censored on the day of lost to
follow-up. The primary endpoint had a score of zero for
87% of the patients and was strongly left-skewed. Accord-
ingly, differences between groups were assessed using the
Mann–Whitney–Wilcoxon signed-rank test. Secondary
analysis involved the comparison of the weighted composite
score on days 7 and 180 (both were assessed using the
Mann–Whitney–Wilcoxon signed-rank test) and the com-
parison of occurrence of each of the events of the composite
score (x2 or Fisher’s test where appropriate). Finally, post-
operative delays before the first event were compared by
the Mann–Whitney–Wilcoxon signed-rank test. A P-value
of ,0.05 was considered the threshold for significance.

Data are expressed as mean (SD) or median (CIs) where
appropriate. All data were analysed using R v2.11.1 soft-
ware.24 Statistical analysis was performed by a statistician
blinded to treatment allocation.

Results
We stopped the trial after randomizing 291 patients because
of major recruitment difficulties. Statistical analysis was per-
formed after cessation of recruitment. Several explanations
may account for the difficulties we encountered. First, a sig-
nificant number of eligible patients could not be included
because decisions of stopping aspirin before operation had
already been taken by surgeons or physicians in charge of
the patient before the patient presented for a pre-
anaesthetic consultation. Secondly, since 2004, several pub-
lications suggested that stopping aspirin increased a
patient’s risk of a coronary or major thrombotic risk.25 – 27

Even though these publications were about non-operative
patients and stents, this had significant impact on many
investigators for whom enthusiasm to include new patients
in STRATAGEM markedly decreased.

Of the 291 randomized patients, 145 were assigned to the
aspirin group and 146 were assigned to the placebo group.
The flow chart is reported in Figure 1. One patient in the
aspirin group had an acute coronary syndrome before
surgery could be undertaken. This event was counted,
according to the intention-to-treat strategy. Table 1 shows
the baseline clinical characteristics, type of surgery, cardio-
vascular risk factors, cardiovascular treatments, and labora-
tory characteristics of patients. Most patients were male
(76.3%). Two hundred and eleven (72.5%), 89 (30.6%), and
seven (2.4%) patients were previously treated with aspirin,
clopidogrel, and ticlopidine/other anti-platelet agents,
respectively. The most frequent surgical procedures were
orthopaedic surgery (52.2%), abdominal surgery (20.6%),
urologic surgery (15.5%), and miscellaneous procedures
including thoracic and vascular surgery (11.7%). Eighty-two
per cent of the patients had general anaesthesia.

Outcomes

A total of 35 major adverse events occurred in 31 patients
(10.7%; 18 in the aspirin group and 17 in the placebo
group) by postoperative day 30; these included four deaths,
11 thrombotic events, and 20 haemorrhagic events. Nine of
these 31 patients (29%) had a history of stroke and five
had a previous acute coronary syndrome (16%). No signifi-
cant difference was observed regarding the primary
outcome score between the two groups [mean (SD)¼0.67
(2.05) in the aspirin group vs 0.65 (2.04) in the placebo
group, P¼0.94]. The distribution of the Delphi scores in the
two groups is presented in Table 2. Sixteen (11%) of the
patients in the aspirin group and 15 (10.3%) in the control
group had a primary outcome at 30 days. The same analysis
was performed in the patients with at least one major post-
operative event [death, thrombotic, or bleeding event, Delphi
score of 3 or greater (16 patients in the aspirin group vs 15
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patients in the placebo group)] and did not detect any signifi-
cant difference in the nature of the events. For secondary
outcome measures (Delphi score at days 7 and 180 after
surgery), there was no difference in the event rates
between the study groups (P¼0.54 and 0.70, respectively,
Table 2). There was no significant difference between the
two groups regarding the occurrence of deaths, thrombotic
events, haemorrhagic events, by days 7, 30, and 180
(Table 3), but the CIs were large. No significant difference
in the incidence/nature of major thrombotic or bleeding
events was detected between the two groups in patients
with the same Delphi scores. Similar findings were obtained
in the subgroups of patients with bare-metal coronary

stents by days 7, 30, and 180, as illustrated for day 30 in
Table 4.

The time course of the events is displayed in Figure 2. We
did not find any significant difference in the postoperative
delays before the occurrence of first thrombotic event in
the two groups [the median time was 3 days in the aspirin
group and 3.5 days in the placebo group (P¼0.88)].

Discussion
The STRATAGEM trial did not identify a difference in the inci-
dence of major thrombotic and bleeding events between a
strategy of interruption of anti-platelets before elective

CONSORT 2010 Flow Diagram

Enrolment

Group 1
(aspirin)

Allocated to intervention (n = 145) Allocated to intervention (n = 146)

Received allocated intervention (n = 120) Received allocated intervention (n = 128)

Did not receive allocated intervention (n = 24)
(consent withdrawal before any treatment
was taken (n = 13), surgery cancelled before
 any treatment was taken (n = 11))

Did not receive allocated intervention (n = 15)
(consent withdrawal before any treatment
was taken (n = 8), surgery cancelled before
 any treatment was taken (n = 7))

Missing data about compliance (n = 1)

Lost to follow-up (n = 6, of which 1
   occurred before day 30)

Early withdrawal from trial (n = 29)
   [Intercurrent events* (n = 3), consent
   withdrawal before any treatment was 
   taken (n = 13), surgery cancelled before any
   treatment was taken (n = 8), surgery
   reported after treatment was taken (n = 4),
   consent withdrawal after surgery, after
   treatment was taken (n = 1)]

Excluded from analysis (n = 0)

Lost to follow-up (n = 7, of which 3
   occurred before day 30)

Analysed (n = 145)

Excluded from analysis (n = 0)

Analysed (n = 146)

Early withdrawal (n = 19)
   [Intercurrent events* (n = 4), consent
   withdrawal before any treatment was 
   taken (n = 8), surgery cancelled before any
   treatment was taken (n = 5), surgery
   reported after treatment was taken (n = 0),
   consent withdrawal after surgery, after
   treatment was taken (n = 2)]

Missing data about compliance (n = 3)

Group 2
(placebo)

Randomized (n = 291)

Analysis

Follow-up

Allocation

Fig 1 Patient flow chart. *Events not included in the definition of the primary outcome criteria.
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Table 1 Description of the patient population. Data are mean (SD) unless stated otherwise. NA, not available; SAP, systolic arterial pressure; DAP,
diastolic arterial pressure; HR, heart rate; TE, thromboembolic; ACS, acute coronary syndrome; CV, cardiovascular; ACE, angiotensin-converting
enzyme; ATIIR, angiotensin II receptor; NSAIDs, non-steroidal anti-inflammatory drugs; LMWH, low molecular weight heparins; BBB, bundle
branch block; HBP, high blood pressure. Treatments were collected at the moment of randomization (10 days before surgery)

Characteristics All patients (n5291) Aspirin (n5145) Placebo (n5146) NA [n (%)]

Age (yr) 70 (10) 70 (10) 69 (10)

Sex (male) [n (%)] 222 (76.3) 115 (79.3) 107 (73.3)

Weight (kg) 77.1 (15) 77 (14) 77.2 (16)

Height (cm) 167.8 (8.5) 168 (8.2) 167.6 (8.7) 1 (0)

SAP (mm Hg) 140.2 (19.4) 141.2 (19.4) 139.2 (19.57) 4 (1)

DAP (mmHg) 76.9 (12.1) 77.8 (10.5) 75.9 (13.5) 4 (1)

HR (beats min21) 70.6 (11.4) 70.5 (12.5) 70.7 (10.3) 8 (3)

Surgery

Orthopaedic [n (%)] 152 (52.2) 78 (53.8) 74 (50.7)

Abdominal [n (%)] 60 (20.6) 25 (17.2) 35 (24)

Urologic [n (%)] 45 (15.5) 24 (16.6) 21 (14.4)

Other [n (%)] 35 (12) 19 (13.1) 16 (11)

Anaesthesia

General (yes) [n (%)] 200 (82) 95 (81.2) 105 (82.7) 47 (16)

CV risk factors

Smoking (yes) [n (%)] 167 (59.4) 87 (62.6) 80 (56.3) 10 (3)

Cig/day 22.9 (13.9) 23.4 (14) 22.3 (13.9) 18 (10)

Years of smoking 31.6 (12.3) 31.3 (12.7) 31.9 (11.9) 19 (11)

HBP [n (%)] 191 (65.6) 95 (65.5) 96 (65.8)

Hypercholesterolaemia [n (%)] 183 (63.1) 93 (64.1) 90 (62.1) 1 (0)

Diabetes [n (%)] 70 (24.1) 36 (24.8) 34 (23.3)

Obesity [n (%)] 69 (23.7) 35 (24.1) 34 (23.3)

ACS [n (%)] 120 (41.2) 60 (41.4) 60 (41.1)

Cardiac failure [n (%)] 16 (5.5) 6 (4.1) 10 (6.8)

Stroke 38 (13.1) 20 (13.9) 18 (12.2)

Venous TE disease [n (%)] 21 (7.2) 10 (6.9) 11 (7.5)

Carotid endarterectomy [n (%)] 18 (6.2) 11 (7.6) 7 (4.8)

Lower limb arteriopathy [n (%)] 73 (25.1) 37 (25.5) 36 (24.7)

History of ischaemia [n (%)] 38 (13.1) 20 (13.9) 18 (12.3) 1 (0)

History of bleeding [n (%)] 1 (0.3) 0 (0) 1 (0.7) 2 (1)

Treatments

Bare-metal coronary stents [n (%)] 38 (13.1) 21 (14.5) 17 11.7) 1 (0)

Anti-arrhythmics [n (%)] 42 (14.4) 19 (13.1) 23 (15.8)

Beta-blockers [n (%)] 120 (41.2) 56 (38.6) 64 (43.8)

Nitric oxide derivates [n (%)] 34 (11.7) 17 (11.7) 17 (11.6)

Calcium channel blockers [n (%)] 96 (33) 54 (37.2) 42 (28.8)

Alpha-2 agonists [n (%)] 8 (2.8) 4 (2.8) 4 (2.8) 1 (0)

ACE inhibitors [n (%)] 92 (31.6) 45 (31) 47 (32.2)

ATIIR inhibitors [n (%)] 62 (21) 31 (21.4) 30 (20.5)

Statins [n (%)] 164 (56.4) 87 (60) 77 (52.7)

Lipid-lowering drugs. others [n (%)] 40 (13.7) 17 (11.7) 23 (15.8)

Anti-diabetics [n (%)] 63 (21.6) 35 (24.1) 28 (19.2)

Anti-platelets

Aspirin [n (%)] 211 (72.5) 104 (71.7) 107 (73.3)

Clopidogrel [n (%)] 89 (30.6) 48 (33.1) 41 (28.1)

Ticlopidine+others [n (%)] 7 (2.4) 2 (1.4) 5 (3.4)

NSAIDs [n (%)] 21 (7.2) 12 (8.3) 9 (6.2)

Anti-coagulants (all) [n (%)] 22 (7.6) 6 (4.1) 16 (11)

Anti-Vit K [n (%)] 4 (1.4) 0 (0) 4 (2.7)

Continued
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moderate-to-high-risk non-cardiac surgery and a strategy of
preoperative maintenance of aspirin in stable patients
chronically treated with anti-platelet therapy for secondary
prevention. Because the trial was stopped early and hence
underpowered, we cannot rule out a benefit or a harm of
one of these two strategies. While our data suggest that
the preoperative maintenance of aspirin until the day of non-
cardiac surgery is safe, they do not necessarily support this
strategy, because prior research has demonstrated that it
increases the risk of bleeding.8

Only one prior randomized controlled trial was designed to
address the issue of continuation or discontinuation of
aspirin before surgery.28 In this trial by Oscarsson and col-
leagues, patients were randomly allocated to continue or
stop aspirin 7 days before surgery. Myocardial damage
defined as the elevation of Troponin T was chosen as the
primary endpoint. Four patients (3.7%) in the aspirin group
developed myocardial damage, while 10 (9%) patients in
the placebo group experienced this outcome. This difference
did not reach statistical significance. Of the 12 patients with
postoperative major cardiac events (cardiovascular death,
myocardial infarction, severe arrhythmia during the first 30
postoperative days), nine were in the placebo group and
three in the aspirin group (P¼0.02). The trial was not
powered, however, to inform the impact on bleeding
events. A distinction between Oscarsson and collegues’ trial
and our trial is that in Oscarsson and colleagues’ trial, the
study drug was continued until the third postoperative

day.28 In our trial, the study drug was continued until the
morning of surgery, and anti-platelet therapy was resumed
as soon as the postoperative bleeding risk was considered
acceptable, according to the French guidelines.17 Five of
the 11 major thrombotic events occurred between post-
operative days 1 and 3 (Fig. 2). Our results differ from Oscars-
son and colleagues’ findings. Potential explanations include
the differences in our protocols and chance associated with
small trials with few events.

Although not designed to specifically address the effect of
stopping vs continuing preoperative aspirin, the PEP Trial included
patients on chronic aspirin and these patients were randomized
to aspirin or placebo.8 The authors did not report the results for
this subgroup, and when one of our authors (P.J.D.) contacted
the PEP investigators, they indicated that they did not have the
data to allow them to determine the outcome for this subgroup
of patients. This large trial of perioperative aspirin although
encouraging for venous thrombosis prevention raises concerns,
given that perioperative aspirin increased the risk of bleeding
and suggested that aspirin may increase the risk of perioperative
myocardial infarction (hazard ratio 1.33; 95% CI 1.00–1.78).
Given the non-operative data that so clearly demonstrate that
aspirin prevents myocardial infarction in the non-operative
setting, many clinicians may dismiss the possibility that aspirin
could increase the risk of myocardial infarction after non-cardiac
surgery. Although there are reasons to be cautious about the PEP
myocardial infarction data (e.g. the trial was restricted to hip frac-
ture patients and did not actively monitor cardiac biomarkers or
enzymes after surgery), it is possible that the perioperative myo-
cardial infarction data are right. If perioperative myocardial
infarction is due to supply–demand mismatch, as many
authors suggest,29 and not due to a thrombotic event, then peri-
operative aspirin will not prevent any myocardial infarctions but
through excess bleeding may increase the risk of myocardial
infarction. This highlights the need for further data to establish
the impact of perioperative aspirin.

Table 1 Continued

Characteristics All patients (n5291) Aspirin (n5145) Placebo (n5146) NA [n (%)]

Heparin [n (%)] 2 (0.7) 0 (0) 2 (1.4)

LMWH [n (%)] 16 (5.5) 5 (3.4) 11 (7.5)

Others [n (%)] 1 (0.3) 1 (0.7) 0 (0)

Laboratory

Creatinine 92 (33) 91 (37) 93 (28) 8 (3)

Haematocrit 41 (5) 41 (4) 41 (5) 5 (2)

Haemoglobin 137 (20) 136 (21) 138 (18) 5 (2)

Platelet count 255 812 (85 356) 25 6375 (92 775) 255 253 (77 616) 6 (2)

ECG

Abnormal [n (%)] 137 (48.8) 71 (50) 66 (47.5) 10 (3)

Q wave [n (%)] 52 (36.6) 31 (44.3) 21 (29.2) 12 (8)

R wave right anterior leads [n (%)] 22 (15.7) 6 (8.8) 16 (22.2) 14 (9)

Left BBB/arrhythmia [n (%)] 25 (17.7) 11 (15.9) 14 (19.4) 13 (8)

Ischaemic abnormality [n (%)] 34 (24.1) 17 (24.6) 17 (23.6) 13 (8)

Non-ischaemic abnormality [n (%)] 62 (44.3) 27 (39.7) 35 (48.6) 14 (9)

Table 2 Distribution of Delphi scores in the two groups

Score 0 3 4 5 6 7 8 9 10

Aspirin group 129 3 1 4 1 3 1 1 2

Placebo group 131 1 2 4 0 5 0 1 2
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Table 3 Details of the adverse events (deaths, thrombotic, and bleeding events) in the two groups at postoperative days 7, 30, and 180 (a, b, and
c, respectively). CI, confidence intervals; OR, odds ratios; DVT, deep venous thrombosis; ACS, acute coronary syndrome. The scores established by
the Delphi are provided in the Appendix section

Criteria All events Aspirin group Placebo group OR 95% CI P-value

a

Day 7 n¼291 n¼145 n¼146

Deaths [n (%)] 4 (1.4) 2 (1.4) 2 (1.4) 0.99 0.07, 13.87 1.00

Thrombotic events [n (%)] 9 (3.1) 5 (3.4) 4 (2.7) 0.79 0.15, 3.75 0.75

Stroke [n (%)] 0 0 0

ACS [n (%)] 6 (2.1) 3 (2.1) 3 (2.1) 0.99 0.13, 7.54

Score 3 1 (0.3) 1 (0.7) 0 (0)

Score 4 3 (1) 1 (0.7) 2 (1.4)

Score 10 2 (0.7) 1 (0.7) 1 (0.7)

Peripheral ischaemia [n (%)] 1 (0.3) 1 (0.7) 0 (0) 0 0, 38.73

Score 6 1 (0.3) 1 (0.7) 0 (0)

Mesenteric ischaemia [n (%)] 2 (0.7) 1 (0.7) 1 (0.7) 0.99 0.01, 78.4

Score 9 1 (0.3) 1 (0.7) 0 (0)

Score 10 1 (0.3) 0 (0) 1 (0.7)

DVT [n (%)] 0 0 0

Bleeding events [n (%)] 17 (5.8) 9 (6.2) 8 (5.5) 0.88 0.29, 2.64 0.81

Score 3 3 (1) 2 (1.4) 1 (0.7)

Score 5 6 (2.1) 4 (2.8) 2 (1.4)

Score 7 8 (2.7) 3 (2.1) 5 (3.4)

Cerebral haemorrhage [n (%)] 0 0 0

Total events [n (%)] 30 16 14 0.87

1 event 22 (84.6) 12 (85.7) 10 (83.3)

2 events 4 (15.4) 2 (14.29) 2 (16.67)

Patients with at least

1 major adverse event [n (%)] 26 (8.9) 14 (9.7) 12 (8.2) 0.84 0.34, 2.04 0.69

1 major thrombotic event [n (%)] 9 (3.1) 5 (3.4) 4 (2.7) 0.79 0.15, 3.75 0.75

1 major bleeding event [n (%)] 17 (5.8) 9 (6.2) 8 (5.5) 0.88 0.29, 2.64 0.81

b

Day 30 n¼291 n¼145 n¼146

Deaths [n (%)] 4 (1.4) 2 (1.4) 2 (1.4) 0.99 0.07, 13.9 1.0

Thrombotic events [n (%)] 11 (3.8) 6 (4.1) 5 (3.4) 0.82 0.19, 3.3 0.8

Stroke [n (%)] 0 0 0

ACS [n (%)] 6 (2.1) 3 (2.1) 3 (2.1)

Score 3 1 (0.3) 1 (0.7) 0 (0)

Score 4 3 (1) 1 (0.7) 2 (1.4)

Score 10 2 (0.7) 1 (0.7) 1 (0.7)

Peripheral ischaemia [n (%)] 2 (0.7) 1 (0.7) 1 (0.7)

Score 6 1 (0.3) 1 (0.7) 0 (0)

Score 9 1 (0.3) 0 (0) 1 (0.7)

Mesenteric ischaemia [n (%)] 2 (0.7) 1 (0.7) 1 (0.7)

Score 9 1 (0.3) 1 (0.7) 0 (0)

Score 10 1 (0.3) 0 (0) 1 (0.7)

DVT [n (%)] 1 (0.3) 1 (0.7) 0 (0)

Score 3 1 (0.3) 1 (0.7) 0 (0)

Bleeding events [n (%)] 20 (6.9) 10 (6.9) 10 (6.8) 0.99 0.36, 2.8 1.0

Score 3 3 (1) 2 (1.4) 1 (0.7)

Score 5 8 (2.7) 4 (2.8) 4 (2.7)

Score 7 8 (2.7) 3 (2.1) 5 (3.4)

Score 8 1 (0.3) 1 (0.7) 0 (0)

Continued
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Table 3 Continued

Criteria All events Aspirin group Placebo group OR 95% CI P-value

Cerebral haemorrhage [n (%)] 0 0 0

Total events [n (%)] 35 18 17 0.9

1 event 27 (87.1) 14 (87.5) 13 (86.67)

2 events 4 (12.9) 2 (12.5) 2 (13.33)

Patients with at least

1 major adverse event [n (%)] 31 (10.7) 16 (11) 15 (10.3) 0.92 0.4, 2.09 0.8

1 major thrombotic event [n (%)] 11 (3.8) 6 (4.1) 5 (3.4) 0.82 0.19, 3.3 0.8

1 major bleeding event [n (%)] 20 (6.9) 10 (6.9) 10 (6.8) 0.99 0.36, 2.8 1.0

Table 4 Details of the adverse events (deaths, thrombotic, and bleeding events) in the patients with coronary bare-metal stents at
postoperative day 30. DVT, deep venous thrombosis; ACS, acute coronary syndrome

Criteria All stent
patients (n538)

Aspirin group
(n521)

Placebo group
(n517)

Day 30

Deaths [n (%)] 1 (2.6) 0 (0) 1 (5.9)

Thrombotic events [n (%)] 2 (5.3) 0 (0) 2 (11.8)

Stroke [n (%)] 0 0 0

ACS [n (%)]

Score 9 1 (2.6) 0 (0) 1 (5.9)

Peripheral ischaemia [n (%)]

Score 10 1 (2.6) 0 (0) 1 (5.9)

Mesenteric ischaemia [n (%)] 0 0 0

DVT [n (%)] 0 0 0

Bleeding events [n (%)] 0 0 0

Total events [n (%)] 3 0 3

Patients with at least

1 event [n (%)] 2 (5.3) 0 (0) 2 (11.8)

1 major thrombotic event [n (%)] 2 (5.3) 0 (0) 2 (11.8)

1 major bleeding event [n (%)] 0 0 0
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Fig 2 Time line of occurrence of postoperative deaths, major thrombotic, and bleeding events.
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STRATAGEM is the largest randomized, blinded, controlled
trial available to date addressing the issue of preoperative
aspirin continuation vs discontinuation. The primary end-
point as a weighted composite endpoint of death and throm-
botic and bleeding major adverse events occurring until
postoperative day 30 defined in this study was a novel
outcome-targeted approach based on a clinically relevant
analysis of the risk:benefit balance. The classification of peri-
operative thrombotic and bleeding events based on their
severity achieved by a Delphi consensus process with cardiol-
ogists and anaesthetists could be useful to clinicians mana-
ging perioperative anti-platelet therapy in routine practice.
We believe that the primary goal of our trial was highly rel-
evant to the clinical situation of at-risk patients undergoing
major non-cardiac surgery.21 We also included deep venous
thrombosis with iliac extension or pulmonary embolism, a
patient-important outcome, in the primary endpoint.

Before introducing a treatment or strategy into daily clini-
cal practice, capturing the overall impact of a therapeutic
strategy in terms of benefit and risk is a key step. This is a
well-recognized advantage of composite outcomes, but
their use relies on the assumption that patients will attach
similar importance to each component.30 However, this is
rarely achieved. Most composite endpoints showed either a
large or moderate gradient in importance to patients and
weighting composite outcomes according to severity or
importance to patients has been suggested as an alternative
option to capture the true overall impact of treatment.31 32

We did not find any difference in the incidence of major
adverse events (thrombotic and haemorrhagic) between
aspirin- and placebo-treated patients.

Platelet function was not tested before operation.
However, biological tests of the efficacy of platelet aggrega-
tion exhibit some limitations, including failure to predict
intraoperative red cell requirements.33 34 Moreover, the effi-
cacy of the enteral daily aspirin dose (75 mg) on platelet
aggregation has been clearly shown.35 It can be argued
that selecting the worst event only for scoring patients
having experienced more than one event may have led to
an underestimation of the incidence of these events. This
was observed in a limited number of cases (n¼8, 2.7%). Of
the patients with more than one event, death was one of
these events in 100% of cases. Only two patients experi-
enced both one major bleeding and one major thrombotic
event (and then died). On the other hand, to take into
account all adverse events in the composite score could
have induced a bias, insofar as a cardiovascular cause
could have explained deaths of unknown origin (e.g.
sudden death at home). A patient dead at home because
of an ongoing myocardial infarction would be considered
as a death, while the same patient who died a few hours
after admittance into the cardiology intensive care unit
would be considered myocardial infarction plus death. In
our trial, all the major thrombotic and bleeding events (sec-
ondary outcome criteria) were equally observed with the
same incidence in each group. The median delay of occur-
rence of thrombotic and bleeding events was short (3 days

and 1 day after surgery, respectively), which is consistent
with previous studies.28

Our trial has limitations. Our trial was underpowered, due
to premature termination of recruitment. Patients enrolled in
STRATAGEM primarily underwent major orthopaedic, abdomi-
nal, and urologic surgery. Our results do not necessarily apply
to patients undergoing carotid endarterectomy and intracra-
nial neurosurgery, which were exclusion criteria. Similarly,
while our results are relevant to patients with bare-metal
stents, they are not extrapolatable to patients with
drug-eluting stents, who were excluded from our trial.36

Finally, our findings do not apply to other anti-platelets
than aspirin, since all anti-platelet agents were substituted
with aspirin (or placebo). Therefore, our results do not allow
inferring about patients treated with other anti-platelets
than aspirin until the day of surgery. Our trial although
underpowered does not raise any safety concerns about
stopping aspirin 10 days before surgery. Hopefully, the lack
of major safety concerns demonstrated in our trial will
allow physicians to be more open to a large perioperative
aspirin trial, given that the PEP Trial raises concerns about
the potential safety of perioperative aspirin.

In conclusion, in surgical patients on long-term anti-
platelet therapy for secondary prevention of thrombotic
events undergoing elective non-cardiac surgery, we did not
demonstrate a difference in terms of the occurrence of
major thrombotic and bleeding events between preoperative
treatment with aspirin and preoperative interruption of anti-
platelet therapy.
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CHU Tenon Paris (Dr Marret, Pr Bonnet).

Conflict of interest
None declared.

Funding
This work was supported by a research grant from the French
Ministry of Health and sponsored by the Department of
Clinical Research and Development, Assistance Publique des
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Appendix
Weighted composite endpoint obtained by the Delphi
method. *Mesenteric ischaemia was considered as peripheral
ischaemia and then classified as ‘Life-threatening, disabling
limb ischaemia requiring end-organ damage (i.e. limb loss)’
and therefore with limb ischaemia requiring amputation.

Event Score

Death 10

Ischaemic stroke with severe disability at 7 days 9

Limb ischaemia requiring amputation* 9

Non-fatal myocardial infarction with heart failure 9

Massive pulmonary embolism 9

Intracerebral haemorrhage with severe disability at 7 days 9

Ischaemic stroke with moderate disability at 7 days 8

Pulmonary embolism 8

Intracerebral haemorrhage with moderate disability at 7 days 8

Intra or retroperitoneal bleeding requiring interventions to
maintain cardiac output

8

Ischaemic stroke with slight disability at 7 days 7

Non-fatal myocardial infarction without heart failure 7

Venous thrombosis other 7

Intracerebral haemorrhage with slight disability at 7 days 7

Bleeding requiring both redo surgery and interventions to
maintain cardiac output

7

Bleeding requiring both transfusion of 3 units or more packed red
blood cells and interventions to increase cardiac output

7

Ischaemic stroke with no symptom at 7 days 6

Limb ischaemia requiring heparin or intervention 6

Deep venous thrombosis with iliac extension 6

Intracerebral haemorrhage with no symptom at 7 days 6

Intra or retroperitoneal bleeding 6

Transient ischaemic attack 5

Limb ischaemia not requiring heparin or intervention 5

Venous thrombosis of the pectoral limb 5

Bleeding requiring redo surgery or endoscopic sclerosis 5

Bleeding requiring transfusion of 3 units or more packed red
blood cells

5

Increased level of troponin 4

Under-popliteal deep venous thrombosis 3

Bleeding with increased length of stay 3

No event 0
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Aspirin withdrawal and acute lower limb ischemia. Anesth Analg
2004; 99: 440–3

24 R Development Core Team. R: A Language and Environment for
Statistical Computing. Vienna: R Foundation for Statistical
Computing, 2010. Available from http://www.R-project.org

25 Ferrari E, Benhamou M, Cerboni P, Marcel B. Coronary syndromes
following aspirin withdrawal: a special risk for late stent thrombo-
sis. J Am Coll Cardiol 2005; 45: 456–9

26 Collet JP, Montalescot G, Blanchet B, et al. Impact of prior use or
recent withdrawal of oral antiplatelet agents on acute coronary
syndromes. Circulation 2004; 110: 2361–7

27 Iakovou I, Schmidt T, Bonizzoni E, et al. Incidence, predictors, and
outcome of thrombosis after successful implantation of
drug-eluting stents. J Am Med Assoc 2005; 293: 2126–30

28 Oscarsson A, Gupta A, Fredrikson M, et al. To continue or discon-
tinue aspirin in the perioperative period: a randomized, con-
trolled, clinical trial. Br J Anaesth 2010; 104: 305–12

29 Landesberg G, Beattie WS, Mosseri M, Jaffe AS, Alpert JS.
Perioperative myocardial infarction. Circulation 2009; 119:
2936–44

30 Guyatt GH, Cook DJ, Jaeschke R, Pauker SG, Schunemann HJ.
Grades of recommendation for antithrombotic agents: Ameri-
can College of Chest Physicians Evidence-Based
Clinical Practice Guidelines (8th Edition). Chest 2008; 133:
123–31S
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