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Abstract

American Heart Association recommendations have changed preoperative management of patients with antiplatelet therapy (APT). We
assessed safety and outcomes of surgery in patients who were receiving APT. A prospective study of patients operated on while receiv-
ing APT was matched with those with no APT (ratio 1:4), using the propensity score method. Logistic regression analysis was used to
identify covariates among imbalanced baseline patient variables. Both χ2 test and Fisher’s test were used to calculate the probability
value for the comparison of dichotomous variables. Between January 2008 and December 2010, 38 patients who received APT at the
time of surgery were matched with 141 patients who had not received APT. APT indications were a history of myocardial infarction,
coronary artery by-pass graft and/or valve replacement (19), coronary artery stent (11) and severe peripheral vascular disease (8). None
of the patients required re-operation for bleeding. Two patients received blood transfusions. The amount of chest tube drainage was
not statistically significantly different. There were no statistically significant differences between the outcomes for the operative time,
length of hospital stay, estimated blood loss or morbidity. The results show that thoracic surgical procedures can safely be performed
in patients receiving APT at the time of surgery, with no increased risk of bleeding or morbidity and no differences in the operative
time and the length of hospital stay.

Keywords: Antiplatelet therapy • General thoracic surgery • Surgical outcome • Propensity score-matching methods

INTRODUCTION

Advances in anticoagulant and antiplatelet regimens are associ-
ated with a significant risk reduction in the occurrence of throm-
botic events. However, this risk reduction carries an increased
risk of bleeding during and after surgery. Aspirin is the main
antiplatelet medication used in patients with coronary artery
disease, but there is growing evidence that the use of the more
potent antiplatelet Clopidogrel, on its own or in combination
with aspirin, has superior outcomes in both chronic and acute
settings. Clopidogrel and Ticlopidine are thienopyridines. They
are prodrugs that are metabolized in the liver into active metab-
olites that are non-competitive antagonists of the platelet adeno-
sine diphosphate receptor, P2Y12. Clopidogrel is an acetate
derivative of Ticlopidine, which has several advantages, including
more rapid onset of action, more potent antiplatelet effect and
lower incidence of severe neutropenia and thrombotic thrombo-
cytopenic purpura. The antiplatelet effect of Clopidogrel is time
and dose dependent. A maximal inhibition of platelet aggrega-
tion of 50–60% can be achieved with a dose of 75 mg daily

(without a loading dose) within 4–7 days, or more rapidly with a
loading dose of 300–600 mg within 4–24 h. This level of platelet
inhibition caused an increase in the bleeding time of healthy
human volunteers. Platelet function recovered completely 7 days
after Clopidogrel stoppage in healthy volunteers [1]. The recent
recommendation from the American Heart Association’s Science
Advisory Committee is that patients who have undergone place-
ment of a drug-eluting coronary artery stent should continue to
receive dual antiplatelet therapy (APT) for at least 12 months [2].
Dual APT has become the mainstay treatment strategy for the
prevention of stent thrombosis. Premature discontinuation of
APT markedly increases the risk of stent thrombosis, a cata-
strophic event that frequently leads to myocardial infarction
and/or death. Factors contributing to premature cessation of
APT may include drug cost, physician/dentist instructions to
patients to discontinue therapy before procedures and
inadequate patient education and understanding about the
importance of continuing therapy. To eliminate the premature
discontinuation of APT, the American Heart Association’s Science
Advisory Committee has given the innovative recommendations,
which have changed the setting of the preoperative manage-
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of different types of APT can delay thoracic surgery for at least 6
weeks; in addition, it exposes patients to a higher risk of a peri-
operative myocardial infarction. Because of these new perspec-
tives in APT, we assess the safety of surgical operation on
patients who were receiving APT.

MATERIALS AND METHODS

We report a consecutive series of patients who received APT up
to and including the day of thoracic surgery, as well as each day
postoperatively, between January 2008 and December 2010.
According to the guidelines, individual consent to go on with
APT was obtained after open discussion about the risk of
therapy discontinuation. These patients were matched 1:4 with
patients who were not receiving APT at the time of surgery
according to a propensity score as the greedy matching tech-
nique (Appendix A).

Statistical analysis

Logistic regression analysis was used to identify covariates
among the baseline patient variables that were imbalanced
between the two groups from which the model was derived.

Resulting matched patients were analysed for differences in
selected intraoperative and postoperative outcomes such as
operating time, estimated blood loss, length of hospital stay and
30-day operative morbidity and mortality. Pearson’s χ2 test was
used to calculate the probability value for the comparison of
dichotomous variables. Fisher’s exact test was used when the
number in any cell was less than five. Statistical and mathemat-
ical models were created and analysed using Wolfram
Mathematica 8.0 (Wolfram Mathematica is a computational soft-
ware program used in scientific, engineering and mathematical
fields and other areas of technical computing. See http://www.
wolfram.com/).

RESULTS

From January 2008 to December 2010, 38 patients were
receiving APT at the time of thoracic surgery. Logistic
regression analysis identified history of myocardial infarction
and/or coronary artery by-pass graft (CABG) and/or valve pla-
cement, coronary stent and history of peripheral vascular
disease as predictors for being on a regimen of APT at the
time of surgery. This process matched 141 control patients
from our prospective database. Table 1 lists selected preo-
perative patient characteristics between the two groups. There
were no significant differences in age, history of coronary
artery disease, presence of a coronary stent and peripheral
vascular disease between the two groups. The indications for
APT at the time of surgery were as follows: coronary artery
stents in 11 (29%) patients, history of coronary artery diseases
in 19 (50%) patients and severe peripheral vascular disease in
8 (21%) patients. Table 2 shows the types of thoracic oper-
ations performed. Table 3 shows the intraoperative and post-
operative outcomes. Nine (24%) of the 38 patients receiving
APT were receiving dual APT at the time of surgery. Two (5%)
of the 38 patients receiving APT had atrial fibrillation, and
blood transfusion was required in an other two (5%) patients.
None of the patients who underwent primary thoracotomy
required a re-operation for bleeding. The amount of chest
tube drainages was not statistically significantly higher in
patients receiving APT. Chest tube drainages were removed
when the daily amount of drainage was <200 ml without the

Table 1: Characteristics of patients

Patient characteristics Patients receiving
anti-aggregation (n = 38)

Propensity score-matched patients not receiving
antiplatelet therapy (n = 141)

P

Age, years (mean) ± SD (range) 68 ± 5 (47–81) 67 ± 8 (49–71) 1.00
Male, n (%) 21 (55) 103 (73)
Female, n (%) 17 (45) 40 (28)
History of myocardial infarction, CABG and/or
valve placement, n (%)

19 (50) 78 (55) 0.6963

Presence of a coronary stent, n (%) 11 (29) 42 (30) 1.00
History of severe peripheral vascular disease, n
(%)

8 (21) 17 (12) 0.1673

Patient on dual APT 9 (24%) 0
Patient taking aspirin 17 (45%) 0
Patient taking Clopidrogel 12 (31%) 0

Table 2: Types of surgical operation

Patients
receiving
anti-aggregation
(n = 38)

Propensity
score-matched patients
not receiving antiplatelet
therapy (n = 141)

Lobectomy 18 68
Mediastinoscopy 8 28
VATS ± wedge
resection

7 25

Wedge resection 2 9
Decortication 2 8
Thymectomy 1 3
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presence of air leaks. There was no operative death in the
antiaggregation group. There were two (1%) postoperative
deaths in the control group. Both the patients underwent
lobectomy and had a postoperative pneumonia with acute
respiratory distress syndrome. There were no statistically sig-
nificant differences between the outcomes for the 38 patients
receiving APT compared with the controls for operative time,
length of hospital stay, estimated blood loss or morbidity
when stratified by the procedure.

DISCUSSION

Cardiovascular diseases are the most common disease in the
general population and APT is increasingly used; thus, thoracic
operation may be needed in patients with APT. On the other
hand, bleeding after thoracic surgery operations is a well-
known issue, mainly after major surgical operations.
Clopidogrel and aspirin affect platelet inhibition through
different mechanisms; Clopidogrel acts by inhibiting adenosine
diphosphate-dependent platelet activation and aspirin acts by
inhibiting thromboxane-dependent platelet activation [4]. In
current daily practice, concerns on perioperative bleeding still
lead to premature discontinuation of APT preoperatively.
However, despite the increased risk of haemorrhage, the
transfusion rate after surgery in patients with or without APT
was not found to be significantly different in some studies [5].
In contrast, a significant increase in major bleeding and
re-operation was seen in patients with acute coronary syn-
dromes requiring CABG with cardiopulmonary bypass, if
Clopidogrel was not stopped at least 5 days before the inter-
vention [6]. On the other hand, no significant increase in
bleeding was described despite continuation of APT in
patients with acute coronary syndrome and off-pump bypass
surgery [7]. Perioperative bleeding risk is related to the type
of surgery. Minor surgical interventions, as well as angio-
graphic diagnostic procedures or diagnostic endoscopies, can
be performed under full APT if no additional bleeding risks
exist while a haemorrhagic risk with dual APT is reported in
trans-bronchial surgery [8]. In patients on dual APT undergoing
any type of urgent surgery, stopping APT will not reduce
platelet inhibition in a timely manner and multidisciplinary
preparations for potential haemorrhagic complications should
be undertaken. When aspirin is used for primary prevention,
cardiovascular events had not been reported by

discontinuation of aspirin 5–7 before any type of surgery [9];
when aspirin is needed for secondary prevention data from
meta-analysis on discontinuation or non-adherence to aspirin
therapy indicated an increased risk of cardiovascular events
[10]. So, except for intracranial surgery and transurethral pros-
tatectomy, aspirin should not be discontinued. Only when
major bleeding complications are to be expected, discontinu-
ation of APT 5–7 days before operation should be evaluated
on a case-by-case basis [11]. Cardiac surgery is the field
where Clopidogrel has extensively been studied [12]. There are
few studies reporting on the use of Clopidogrel in addition to
aspirin; a recent review of cardiac surgical procedures con-
cluded Clopidogrel added to aspirin increased the risk of
bleeding with no increase in mortality [13].
In the field of general thoracic surgery, only one paper by

Cerfolio [14] reported the use of Clopidogrel, showing that many
types of general thoracic surgical procedures can safely be per-
formed in patients who are receiving Clopidogrel and aspirin
without increased risk of bleeding after primary thoracotomy or
minimally invasive thoracic surgery although in the preoperative
evaluation he did not obtain a thromboelastogram to evaluate
platelets function. Patients with thoracic diseases were some-
times not able to undergo surgical operation because of the
widely documented risk of stopping these medicines prema-
turely [15], because of the assumption that surgery could not be
safely performed on patients who were receiving Clopidogrel
and aspirin. This treatment strategy, while the standard of care in
many institutions, actually provides a non-optimal care for the
patients.
Despite the paucity of literature to support the feasibility of

this approach, we were conscious of cardiac surgeons who oper-
ated on patients taking APT either urgently or unknowingly with
good results. In our limited and initial experience, we have
shown that general thoracic surgery can be performed safely in
patients who are receiving APT and who also underwent a major
operation. There was no increased risk of bleeding in patients
who were receiving both Clopidogrel and aspirin. There were
not statistically significant differences in the amount of drainage
and in the timing of chest tube removal between the two
groups.
Our study has some limitations like those reported by Cerfolio

[14]. Being a single centre study, the number of patients is rela-
tively small. The propensity scores have confidence in the ability
of matching from the population of potential controls. The small
number of events is also a limitation of the current study.

Table 3: Intraoperative and postoperative outcomes

Patients receiving
anti-aggregation (n = 38)

Propensity score-matched
patients not receiving antiplatelet
therapy (n = 141)

P

Total amount of chest tubes, ml ± SD (range) 340 ± 70 (220–470) 370 ± 110 (150–680) 0.2764
Redo thoracotomy for bleeding, n (%) 0 2 (1%) 0.3473
Average length of hospital stay, days (range) 4.3 (0–6) 5.5 (0–28) 0.2665
Postoperative surgical morbidity, n (%) 0 5 (4) 0.4563
Postoperative medical morbidity
(including blood transfusions), n (%)

4 (11) 23 (16) 0.4414

Operative mortality, n (%) 0 2 (1) 0.3562
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Multivariate analysis could not be performed because of this
small number.

Even if further studies are needed, thoracic surgical pro-
cedures can safely be performed in patients who are receiving
APT at the time of surgery. There is no increased risk of bleeding
or morbidity, and there are no differences in the operative time
and length of hospital stay. In conclusion, until more evidence is
available, APT during surgery should be continued unless there
is an absolute contraindication. In our opinion, therefore, in
patients who are receiving APT at the time of surgery having
packed red blood cells and platelets ready is safer than having
an acute vascular or cardiac event.
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APPENDIX A: THE GREEDY MATCHING
ALGORITHM

The greedy algorithm is an algorithm that follows the problem solving
heuristic of making the locally optimal choice at each stage with the
hope of finding the global optimum. To reduce the influence of selec-
tion on the comparison of outcome, we used propensity scores to
compare patients who were receiving APT at the time of pulmonary
resection with those who were not receiving APT during pulmonary
resection. The propensity-matched analysis is a balancing score method
that attempts to correct bias in patient selection by creating equivalent
risk groups for analysis. In the statistical analysis of observational data,
propensity score matching is a methodology attempting to provide
unbiased estimation of treatment effects. In randomized experiments,
the randomization enables unbiased estimation of treatment effects; for
each covariate, randomization implies that treatment groups will be
balanced on average, by the law of large numbers. Unfortunately, for
observational experiments, the assignment of treatments to experimental
subjects is haphazard; lacking randomization, observational studies fre-
quently provide a biased estimation of treatment effects and have
imbalance on covariates. In observational studies, the ‘treatment’ groups
(or ‘exposure’ groups) often exhibit imbalance on covariates. This covari-
ate imbalance is confounded with treatments. It is difficult to attribute
differences in responses to the ‘treatment’ or ‘exposure’ because the
covariates are also believed to influence the response. The propensity
score matching attempts to reduce the confounding effects of covariates
allowing so to attribute differences of responses to differences of treat-
ments (exposures).

APPENDIX B: CONFERENCE DISCUSSION

Dr H. Hansen (Copenhagen, Denmark): What is your limit for removal of the
tube and is the limit the same in the two groups, or do you take into con-
sideration whether the patient is on antiplatelet therapy? How many milli-
meters do you accept?
Dr L. Bertolaccini (Cueno, Italy): First of all, the next study must be multi-

institutional. Therefore, an increase in the number of patients could decrease
the limits of our study.
Dr Hansen: Yes, but you say you had no difference in the two groups. Are

the indications for tube removal the same in the two groups or do you keep
the tube in for longer in the patients who are on antiplatelet therapy?
Dr Bertolaccini: Yes.
Dr Hansen: You do?
Dr Bertolaccini: Yes.
Dr Hansen: So what are the limits for tube removal, is it 100 cc’s, 300 cc’s,

and what are your limits?
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Dr J. Kuzdzal (Krakow, Poland): When do you remove the chest drain?
Dr Bertolaccini: We remove the chest drain when the amount of the

pleural effusion is less than 200 ml/day.
Dr Hansen: And it is the same in the two groups?
Dr Bertolaccini: Yes, it is the same in the two groups.
Dr Hansen: You mentioned the work of Cerfolio. He published papers on

450 cc’s. Would you consider raising your limits to that level?

Dr Bertolaccini: Yes, I would probably try raising my limits.
Dr J. Kuzdzal: Could you tell us a little bit more about the type of antipla-

telet medication your patients received?
Dr Bertolaccini: Nine (24%) patients received dual antiplatelet therapy with

Clopidogrel and aspirin, but these patients had a coronary stent which needs
Clopidogrel. A lot of the patients, 45%, received only aspirin and 31%
received Clopidogrel alone.
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