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Abstract
Introduction: Dual antiplatelet therapy reduces the risk of cardiovascular death, myocardial infarction and recurrence of adverse 
ischemic events in patients affected by acute coronary syndromes, but in patients urgently needing coronary artery surgery it 
can increase the risk of severe perioperative bleeding complications.
Aim: We evaluated the impact of dual antiplatelet therapy (DAPT) based on acetylsalicylic acid plus clopidogrel or ticagrelor in 
patients undergoing coronary artery bypass grafting (CABG).
Material and methods: Three hundred and thirty-three patients underwent coronary artery bypass grafting with DAPT discon-
tinuation > 72 hours or 3–4 days (group A, n = 159), 48–72 hours or 2–3 days (group B, n = 126), < 24 hours or 0–1 day (group C, 
n = 24) prior to CABG. 
Results: Operative mortality was 1.87% (group A), 0.79% (group B), absent (group C). The incidence of mediastinal re-exploration 
was 1.25% or 2 patients (group A), 1.59% or 2 patients (group B), 8.33% or 4 patients (group C) (p = 0.01). Group C showed post-
operatively a greater incidence of a blood loss greater than 500 ml at 6 hours and a blood loss from chest tube drainages sig-
nificantly higher at 6 and 24 hours (p < 0.01). Multivariate analysis showed that ongoing ticagrelor intake in group C (HR = 42.4; 
p = 0.02) and group C (HR = 6.9; p = 0.04) were the only independent predictors of surgical re-exploration. In group C, surgical 
re-exploration was 2.56% or 1/39 patients taking clopidogrel, 33.3% or 3/9 patients taking ticagrelor (p = 0.002).
Conclusions: Dual antiplatelet therapy ongoing until 1 day or 24 hours before CABG showed a significantly increased risk of 
bleeding complications in comparison with its discontinuation at 2–3 and > 3–4 days before, respectively. Major blood loss and 
surgical re-exploration were not associated with increased risk of operative all-cause or bleeding-related mortality. As expected, 
taking ticagrelor compared with clopidogrel in the short interval confers a higher risk of bleeding complications. 
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Introduction
Dual antiplatelet therapy (DAPT) with acetylsalicylic acid 

(ASA) and P2Y12 inhibitors represents the standard of care 
of treatment for acute coronary syndromes with or without 
ST elevation. Acetylsalicylic acid and thienopyridines, i.e., 
clopidogrel (Plavix, Sanofi S.p.A.), are currently administered 
to prevent cardiovascular death, myocardial infarction, and 
recurrence of adverse ischemic events [1–5]. A more recently 
introduced antiplatelet drug is ticagrelor (Brilique, Astra-
Zeneca S.p.A.), which was approved for use in the European 
Union in 2010 and in the United States in 2011. Like thieno-
pyridines, ticagrelor is an antiplatelet agent that inhibits 
the adenosine diphosphate (ADP) P2Y12 platelet receptor. 
Unlike clopidogrel, which carries out its pharmacological 
action irreversibly, ticagrelor allows the blockage of the ADP 

receptor in a reversible way. In comparison with clopidogrel, 
ticagrelor does not need hepatic activation, is independent 
of the activity of cytochrome enzymes with a half-life of 
7–8.5 hours, and, after its discontinuation, allows a faster 
offset of platelet inhibition. As compared with clopidogrel, 
ticagrelor administration has been shown to reduce the rate 
of cardiac death, myocardial infarction, and stroke [6–8].

Varenhorst et al. [9] analyzing data from the Platelet 
inhibition and patient Outcomes (PLATO) study in 1,261 
patients undergoing coronary artery bypass grafting found 
that ticagrelor was associated with fewer deaths from car-
diovascular, bleeding, and infection complications. Based 
on these effective results, ticagrelor is now recommended 
by the Guidelines of the European Society of Cardiology as 
a  standard therapy in patients with acute coronary syn-
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dromes and those at moderate-to-severe risk of ischemic 
events at 12 months. 

However, patients receiving DAPT and that urgently 
need coronary artery bypass grafting (CABG) have a high 
risk of severe perioperative bleeding complications [10]. The 
ESC and EACTS Guidelines on myocardial revascularization 
recommend suspension at least 5 days for clopidogrel and 
3 days for ticagrelor prior to CABG surgery [4]. However, it 
is not possible for all patients to perform CABG waiting for 
a period of 3–5 days after the interruption of DAPT, because 
many patients present with post-myocardial infarction an-
gina or a coronary artery anatomical picture at high risk of 
adverse events, thus requiring CABG during ongoing DAPT, 
or requiring surgery after the initial ticagrelor or clopidogrel 
loading dose [11]. The evidence on the optimal timing of 
discontinuation is limited in the literature. Excessive bleed-
ing in the postoperative period may require massive blood 
transfusion and lead to life-threating complications such as 
low output cardiac syndrome, respiratory failure and pneu-
monia, deep sternal wound infections, or cardiac tampon-
ade, so that the mortality rate after surgical re-exploration 
for bleeding reaches 8–25% [12].

Aim
The aim of our study was to evaluate the risk of periop-

erative bleeding complications after CABG in patients pre-
operatively treated with DAPT consisting of acetylsalicylic 
acid plus clopidogrel or ticagrelor administration, stratified 
by the interval of drug discontinuation. We analyzed the 
risk factors for blood loss from the thoracic drainage tubes 
within 6–24 hours, the need for mediastinal re-exploration, 
trying to define which may be the safest minimum interval 
of discontinuation in order to avoid the increased risk of 
bleeding. We also analyzed whether postoperative bleed-
ing and the need for surgical re-exploration caused an in-
creased risk of operative mortality.

Material and methods
Between January 2017 and December 2018, 333 patients 

(mean age: 66; range: 39–58, years; males 288 or 86.5%) af-
fected by multivessel and/or left main stem coronary artery 
disease underwent isolated CABG at the Cardiac Surgery 
Unit of the Tor Vergata University Hospital. On-pump CABG 
was performed in 307 patients or 92.2%, off-pump CABG 
in 26 patients or 7.8%. The study was designed to be retro-
spective, and was approved by the local Institutional Review 
Board. All patients gave their informed surgical consent. 

Antiplatelet therapy management,  
study groups, and surgical data
To organize our study, we retrospectively considered 

the patients who were consecutively operated for isolated 
CABG, both those operated on electively and those oper-
ated on urgently. In patients operated on electively, i.e., 
after 3–4 days from hospitalization, we interrupted ASA  
(100 mg per os, daily) and other antiplatelet agents once ad-
mitted to our ward, and we administered enoxaparin sodi-

um subcutaneously twice daily on the basis of the subject’s 
weight and renal function. For patients undergoing urgent 
CABG, such as in presence of high-risk anatomic conditions 
of the coronary arteries, recently implanted stent/s, acute 
phase of coronary artery syndrome, recent myocardial in-
farction, or post-infarction unstable angina, we could not 
interrupt single or double antiplatelet therapy. When pos-
sible, only the single antiplatelet drug administration was 
maintained, i.e., ASA 100 mg once a day, with suspension 
of P2Y12 receptor inhibitors, i.e., clopidogrel and ticagrelor. 
For patients for whom it was not possible to interrupt the 
DAPT before CABG, the dosage of clopidogrel remained at 
75 mg daily, the dosage of ticagrelor at 90 mg twice daily.

To assess the risk of bleeding complications we ret-
rospectively divided the patients into three study groups, 
according to the time interval of DAPT (acetylsalicylic acid 
plus clopidogrel or ticagrelor) discontinuation. The first 
group (A) consisted of 159 patients in whom it was pos-
sible to suspend dual antiplatelet aggregation therapy at 
least 4 days or > 72 hours before CABG; the second group 
(B) included 126 patients in whom DAPT was administered 
up to 2–3 days or 48–72 hours and then suspended, before 
surgery; group C consisted of 48 patients in whom DAPT 
had been discontinued only within 24 hours before CABG 
or it was still ongoing at the time of surgery.

Access to the heart was obtained through a complete 
longitudinal sternotomy. On-pump CABG was performed 
by means of normo-thermic cardiopulmonary bypass and 
intermittent antegrade warm blood cardioplegia adminis-
tered every 16–25 minutes, or cold crystalloid St. Thomas 
cardioplegic solution administered every 30–35 minutes. 
Cardiopulmonary bypass was performed by means of a So-
rin Monolyth-Pro (Sorin Biomedica; Turin, Italy) or Capiox 
(Terumo Cardiovascular System; Borken, Germany) mem-
brane oxygenator and a Stockert roller pump (Stockert In-
strumente; Munich, Germany).

Exclusion criteria to perform off-pump CABG included 
severe left ventricular dysfunction, cardiac dilation, i.e. ex-
pressed by a left ventricular end-diastolic diameter greater 
than 60 mm, distal diffuse narrowing of coronary arteries, in-
tra-myocardial course of the left descending coronary artery, 
or in presence of perioperative hemodynamic instability. In 
off-pump CABG patients, the left anterior descending artery 
plus minus its diagonal branches was bypassed as the first 
vessel, followed by the revascularization of the right coronary 
artery and the left circumflex artery systems. Stabilization 
was obtained with the aid of suction stabilizers (Octopus and 
Starfish; Medtronic Inc; Minneapolis, MN; USA, and Acrobat 
and X-pose; Guidant Co; Boston Scientific, Boston, MS, USA). 
Perfusion during the distal anastomoses was maintained us-
ing intravascular 1.5–2 mm shunts (Clearview, Medtronic Inc.; 
Minneapolis, MN; USA). During off-pump CABG, monitoring of 
cardiac function was obtained with trans-esophageal echo-
cardiography and insertion of a Swan-Ganz catheter. The left 
internal thoracic artery as “in situ graft” was the conduit of 
choice for left anterior descending artery revascularization. 
In all patients at the end of the operation before the sternal 
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closure, two mediastinal chest drainage tubes and one left 
pleural drainage tube were placed.

Data analysis
In the three groups of patients we evaluated the average 

blood loss from the thoracic drainage tubes, calculated at  
6 and 24 hours after CABG, the incidence of blood loss great-
er than 500 ml at 6 hours and 24 hours postoperatively, the 
incidence of surgical mediastinal re-exploration for bleeding, 
and need for blood cell and platelet concentrate transfu-
sions. Perioperative myocardial infarction was defined by 
the increase in the post-operative period of troponin I higher 
than 20 ng/ml associated with a CK-MB value more than 
10% of total CPK, and the onset of ECG new anomalies. 
Postoperative low output cardiac syndrome was defined 
by a cardiac index value less than 2.0 l/min/m2 requiring 
inotropic support for a period greater than 24 hours.

We also analyzed the incidence of postoperative major 
non-cardiac complications, i.e. pulmonary, neurological and 
renal complications. Operative mortality included in-hos-
pital death after operation at any time or within 30 days 
after discharge. In the perioperative period, the indication 
for the transfusion of red blood cell units was given in the 
presence of a hemoglobin value less than 9.0 g/dl; that for 
platelet concentrate transfusion was based on mediastinal 
bleeding, on the platelet count value, or on the clinical deci-
sion of the anesthesiologist.

Statistical analysis
Statistical analysis was performed using Stat View 

4.5 (SAS Institute Inc, Abacus Concepts, Berkeley, CA). We 

analyzed preoperative and perioperative variables, including 
age, gender, EuroSCORE II Risk Stratification System, previ-
ous myocardial infarction, smoking habit, arterial hyperten-
sion, diabetes mellitus, chronic renal dysfunction, chronic 
obstructive pulmonary disease, hyperlipidemia, peripheral 
vascular disease, previous neurological events, preoperative 
creatinine serum level, the three different study groups de-
fined on the basis of the interruption interval of the double 
antiplatelet therapy, antiplatelet drugs administration, and 
need for urgent surgery. Intraoperative variables included 
the mean number of grafts per patient, cardiopulmonary 
bypass and aortic cross-clamp times, the choice of off-pump 
or on-pump surgery, and the use of single or bilateral internal 
thoracic artery. Univariate analysis was performed to detect 
the potential risk factors for blood loss greater than 500 ml 
at 6 and 24 hours after coronary artery bypass grafting. Risk 
factor analysis to detect independent predictors for the need 
of mediastinal re-exploration for bleeding was performed 
using the univariate and the logistic regression models. All 
other continuous values were expressed as mean plus or 
minus one standard deviation of the mean. All p-values less 
than 0.05 were considered statistically significant, both in 
the comparison of the measured variables between the three 
study groups, and in the univariate and multivariate analysis.

Results
Preoperative characteristics of the three groups of pa-

tients are reported in Table I. A significant difference was 
found for the preoperative length of stay, which was, as 
expected, shorter in groups B and C in comparison with 
group A due to the need for urgent surgery. As compared 

Table I. Preoperative characteristics 

Characteristic Group A
(n = 159)

Group B
(n = 126)

Group C
(n = 48)

P-value

Age [years] 67 ±8.5 68 ±9.8 65 ±11.4 NS

Sex (male), n (%) 141 (89) 104 (83) 43 (90) 0.256

EuroSCORE II (%) 2.7 ±2.0 2.6 ±2.4 2.9 ±2.6 NS

Hypertension, n (%) 113 (71) 97 (78) 35 (78) 0.392

Active smokers, n (%) 47 (35) 42 (27) 13 (31) 0.352

Previous smoking habit, n (%) 109 (69) 76 (60) 29 (64) 0.395

Diabetes mellitus, n (%) 68 (43) 57 (46) 17 (38) 0.655

Hyperlipidemia, n (%) 84 (53) 64 (51) 30 (67) 0.184

Chronic renal dysfunction, n (%) 47 (30) 51 (41) 15 (33) 0.149

Serum creatinine level [mg/dl] 1.3 ±1.5 1.3 ±1.5 1.0 ±0.3 NS

Chronic obstructive pulmonary disease, n (%) 16 (10) 15 (12) 6 (13) 0.812

Peripheral vascular disease, n (%) 13 (8.2) 14 (11) 2 (4.2) 0.365

Carotid artery disease, n (%) 11 (7.0) 8 (6.3) 2 (4.2) 0.831

Previous stroke or hemorrhage, n (%) 6 (3.8) 2 (1.6) 0 0.252

Previous myocardial infarction, n (%) 42 (26) 42 (34) 18 (38) 0.177

Recent (< 30 days) myocardial infarction, unstable angina,  
high-risk anatomy of diseased coronary artery vessels, n (%)

72 (45) 52 (41) 48 (100) 0.001*

Preoperative length of stay [days] 5.6 ±4.5 3.7 ±3.4 1.2 ±0.9 < 0.001§

< 0.0001†

EuroSCORE – European System for Cardiac Operation Risk Evaluation. NS – not significant, for all measurements. *P-value significant for group C versus groups 
A and B; §p-value significant for group A versus group B; †p-value significant for group A versus group C, for group B versus group C.
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with groups A and B, group C required more frequently the 
need for emergency or urgent CABG due to the presence of 
post-infarction unstable angina and/or the high-risk anato-
my profile of the coronary artery vessels (p = 0.001, for both 
comparisons). Preoperative laboratory examinations did 
not show significant differences among the three groups of 
patients (Table II). There were no statistically significant dif-
ferences among the intraoperative analyzed variables and 
postoperative cardiac and major non-cardiac complications 
in the three groups of patients (Table III). Overall operative 
mortality was 1.20% or 4 patients; 1.87% in group A, 0.79% 
in group B, absent in group C (Table III). In group A  one 
female patient died due to low output cardiac syndrome, 
and two male patients died due to respiratory failure and 
septic shock (n = 1) and perioperative myocardial infarction  
(n = 1). In group B 1 male patient, affected preoperatively by 
severe chronic renal dysfunction, died due to acute kidney 

failure. The mean duration of the intensive care unit stay 
and postoperative in-hospital stay were similar between 
the three groups.

There were no bleeding complication-related deaths in 
the whole study population (Table IV). The overall incidence 
of mediastinal re-exploration for bleeding was 2.4% or  
8 patients; 1.25% or 2 patients in group A, 1.59% or 2 pa-
tients in group B, 8.33% or 4 cases in group C (p = 0.01) (Ta-
ble IV). Moreover, as compared with groups A and B, group 
C showed postoperatively a greater incidence of blood loss 
greater than 500 ml at 6 hours and blood loss from chest 
tube drainages significantly higher 6 and 24 hours after 
CABG (p < 0.01, for all measurements) (Table IV).

The multivariate logistic regression analysis showed 
that the ongoing ticagrelor intake in group C (hazard ratio 
(HR) = 42.4; 95% CI: 1.63–1104; p = 0.024) and group C (HR 
= 6.9; 95% CI: 1.01–47.5; p = 0.048) were the only two inde-
pendent predictors of surgical mediastinal re-exploration 
for excessive bleeding (Table V). Of note, in group C the 
incidence of surgical re-exploration was 2.56% or 1 out of  
39 patients taking clopidogrel, and 33.3% or 3 out of 9 pa-
tients taking ticagrelor (c2 = 9.3; p = 0.002), respectively.

Patients undergoing mediastinal re-exploration showed 
significant higher blood loss from chest tube drainages re-
spectively at 6 hours (634 ±298 vs. 198 ±124 ml; p < 0.0001) 
and 24 hours (884 ±401 vs. 527 ±265 ml; p = 0.002) post-
operatively. They required more units of transfused blood 
per patient (12 ±21 vs. 0.8 ±1.4 units; p < 0.0001), and need 
for prolonged intensive care unit stay (7.1 ±10 vs. 2.5 ±2.9 
days; p = 0.0002) and for total postoperative length of stay  
(20 ±26 vs. 10 ±8.0 days; p = 0.004).

Discussion
In the present study, we analyzed the effect of peri-

operative DAPT administration in patients undergoing 
CABG, focusing attention on the time of discontinuation 
of the antiplatelet aggregation therapy, based on the use 

Table II. Preoperative coagulation profile and blood cell count pa-
rameters 

Variable Group A
(n = 159)

Group B
(n = 126)

Group C
(n = 48)

P-value

INR 1.07 ±0.1 1.20 ±1.0 1.05 ±0.1 NS

PT (%) 89.5 ±14 92.2 ±11 92.3 ±8.9 NS

PT [s] 12.6 ±1.7 12.4 ±1.1 12.3 ±0.9 NS

PTT (ratio) 1.10 ±0.4 1.00 ±0.1 1.00 ±0.2 NS

PTT [s] 35.8 ±13 34.7 ±4.9 33.5 ±7.3 NS

Fibrinogen [mg/dl] 425 ±173 419 ±150 450 ±172 NS

Anti-thrombin III (%) 95.3 ±34 95.1 ±14 98.5 ±24 NS

Hemoglobin [g/dl] 13.4 ±1.7 13.3 ±1.9 13.3 ±1.6 NS

Hematocrit (%) 43.8 ±3.2 41.2 ±5.4 40.7 ±4.9 NS

Erythrocytes [× 106/μl] 4.7 ±0.6 4.6 ±0.7 4.5 ±0.7 NS

Leucocytes [× 103/μl] 8.4 ±3.1 7.9 ±2.2 8.8 ±3.1 NS

Platelets [× 103/μl] 233 ±68 239 ±71 240 ±72 NS

INR – international normalized ratio, PT – prothrombin time, PTT – partial 
thromboplastin time, NS – not significant, for all measurements.

Table III. Intraoperative and postoperative analyzed variables 

Variable Group A
(n = 159)

Group B
(n = 126)

Group C
(n = 48)

P-value

Cardiopulmonary bypass time [min] 102 ±35 99.4 ±33 109 ±46 NS

Aortic cross-clamp time [min] 62.6 ±23 60.5 ±26 66.9 ±30 NS

Left internal thoracic artery use, n (%) (87) (90) (91) 0.706

Bilateral internal thoracic artery use, n (%) 1 (0.6) 4 (3.2) 2 (4.2) 0.178

No. bypass grafts per patient (mean value) 2.8 ±0.8 2.7 ±0.8 2.7 ±0.9 NS

Norepinephrine use > 24 hours and/or inotropic treatment for LOCS, n (%) 35 (22) 21 (17) 13 (27) 0.241

Myocardial infarction, n (%) 0 0 0 –

Pulmonary complications, n (%) 1 (0.6) 1 (0.8) 0 0.834

Neurological damage, n (%) 1 (0.6) 0 0 –

Acute kidney injury, n (%) 0 3 (2.4) 0 0.089

In-ICU stay [days] 2.7 ±3.9 2.7 ±2.9 2.9 ±1.6 NS

Postoperative length of stay [days] 11 ±10 9.7 ±7.9 10 ±5.0 NS

Operative mortality, n (%) 3 (1.87) 1 (0.79) 0 0.499

ICU – intensive care unit, LOCS – low output cardiac syndrome, NS – not significant, for all measurements.
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of ticagrelor or clopidogrel in association with ASA. The 
main finding of our study was that the non-discontinua-
tion of DAPT at least 48 hours or 2 days before CABG, i.e.  
group C of the studied population of patients, led to sig-
nificantly greater blood loss at 6 and 24 hours after surgery 
and conferred a significantly higher risk of surgical medi-
astinal re-exploration for bleeding. Surgical re-exploration 
required more blood transfusions and an overall longer 
postoperative stay. Moreover, in group C, the administra-
tion of ticagrelor in comparison with that of clopidogrel 
was significantly associated with a substantially higher risk 
of significant bleeding requiring surgical re-thoracotomy 
(33.3% vs. 2.6%). In our study we also found that greater 
blood loss and the need for re-exploration were not asso-
ciated with an increased risk of operative mortality or of 
bleeding complication-related deaths. 

Ticagrelor administration was initially analyzed in 
18,624 patients affected by acute coronary syndrome en-
rolled in the PLATO trial; as compared with clopidogrel, 
ticagrelor led to a  significant decrease of cardiovascular 
events, i.e. deaths from cardiovascular causes, myocar-
dial infarction and stroke at 12 months (9.8% vs. 11.7%,  
p < 0.001) [6]. However, ticagrelor was associated with 
a higher rate of major bleeding, i.e. intracranial bleeding, 
(4.5% vs. 3.8%). A sub-study of the PLATO trial, performed 
on 1,261 patients with acute coronary syndromes under-
going CABG within 7 days after stopping the study drugs, 
showed a  reduction of operative mortality without an in-
creased risk of bleeding in patients treated with ticagrelor 
in comparison with clopidogrel. Indeed, the risk of numer-
ous episodes of bleeding with the use of ticagrelor was 
lower (9 patients versus 27 patients, p < 0.01) [9].

The best results obtained in this study with the use of 
ticagrelor could have been due to several reasons. Clopidogrel 
is an irreversible platelet inhibitor, and normal platelet activity 
is not recovered until 5 to 10 days after its discontinuation. 
Cessation of clopidogrel is therefore recommended at least 
120 hours or 5 days before CABG in order to limit the risk of 
bleeding [13, 14]. In contrast, ticagrelor is a reversible P2Y12 
receptor inhibitor with a faster offset of platelet inhibition, i.e. 

a shorter time interval of drug discontinuation. Moderate-to-
poor clopidogrel responders have a similar time recovery of 
platelet function compared with ticagrelor-treated patients 
after cessation of the treatment. In contrast, about one third 
of patients with ongoing clopidogrel intake have a high level 
of platelet inhibition, thus explaining why these patients may 
be particularly vulnerable to bleeding complications, espe-
cially if its administration is not interrupted at least 5 days 
before surgery, as recommended by the current guidelines 
[15–17]. Precisely because of the variable anti-aggregation 
response that patients can present with the intake of clopido-
grel, Mahla et al. [18], in 180 elective CABG patients, showed 
that a strategy based on preoperative platelet function test-
ing to determine the timing of CABG in clopidogrel-treated 
patients was associated with the same amount of bleed-
ing observed in clopidogrel-naive patients, with about 50% 
shorter waiting time than that recommended by the current 
guidelines. The fact that clopidogrel may not always be ef-
fective in its antiplatelet effect has probably occurred in our 
groups of patients studied, where we observed a lower inci-
dence of surgical bleeding (< 3%) than initially assumed, i.e., 
patient non-responders. Unlike clopidogrel, the antiplatelet 
efficacy of ticagrelor remained high if it was not suspended 
at least 48 hours before: in fact, in group C the postop-
erative bleeding appeared to be higher. Hansson et al. in  

Table IV. Bleeding-related complications

Variable Group A
(n = 159)

Group B
(n = 126)

Group C 
(n = 48)

P-value

Deaths, n (%) 0 0 0 –

Mediastinal re-exploration for bleeding, n (%) 2 (1.25) 2 (1.59) 4 (8.33) 0.01

Blood loss from pleural-mediastinal drainage tubes at 6 hours PO [ml] 198 ±135 198 ±139 277 ±185 0.997
0.002*
0.003*

Blood loss from pleural-mediastinal drainage tubes at 24 hours PO [ml] 511 ±254 507 ±206 698 ±409 0.867
0.0002§

< 0.0001§

Blood loss greater than 500 ml at 6 hours PO, n (%) 6 (3.77) 5 (3.97) 9 (18.6) 0.0003

No. transfused red blood cell units per patient 0.7 ±1.4 1.3 ±4.6 0.8 ±1.2 NS

Platelets transfusion, n (%) 4 (2.52) 5 (3.97) 4 (8.33) NS

CABG – coronary artery bypass grafting, PO – postoperatively, NS – not significant, for one and for all measurements. *P-value significant for group C versus groups 
A and B; §p-value significant for group C versus groups A and B.

Table V. Independent risk factors for surgical re-exploration for 
bleeding (multivariate analysis)

Variable Hazard 
ratio

95% CI P-value

Ongoing ticagrelor intake in Group C 42.4 1.63–1104 0.024

Group C 6.90 1.01–47.5 0.048

Lower preoperative fibrinogen serum 
level

0.90 0.98–1.01 0.078

Lower preoperative anti-thrombin  
III serum level

1.00 0.99–1.05 0.064

Higher preoperative creatinine 
serum level 

0.151

Hypertension 0.108
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25 patients operated on for urgent CABG found that adenos-
ine diphosphate-induced aggregation was acceptable after  
72 hours of ticagrelor discontinuation, with a mean aggre-
gation value of 38 ±23 units, which is above the suggested 
cut-off of 22 units [8]. Russo et al., among 508 patients af-
fected by acute coronary syndrome treated with clopidogrel 
(n = 413) or ticagrelor (n = 95), found that CABG performed 
within 72 hours after P2Y12 inhibitor discontinuation was as-
sociated with excess bleeding in comparison with 72 hours-
to-5 days and > 5 days discontinuation (p ≤ 0.001) [19]. Ret-
rospective studies in small patient samples have examined 
the risk of bleeding when ticagrelor was ongoing. Schotola 
et al., in 32 patients receiving ticagrelor plus ASA and in  
49 patients receiving clopidogrel plus ASA, found that in the 
first 24 hours median blood loss, red blood cell and platelet 
transfusions, use of prothrombin complex concentrate and 
fibrinogen, were significantly higher in the ticagrelor-treated 
patients (p < 0.05, for all comparisons) [20]. In this study, 
although the incidence of surgical re-thoracotomy was 
greater in the ticagrelor group of patients without statisti-
cal significance, the mortality rate was similar. Hansson  
et al. in 173 patients treated with ASA plus clopidogrel, and 
232 with ASA plus ticagrelor, did not find a significant dif-
ference in the incidence of major bleeding complications 
before CABG when either drug was discontinued at 5 days 
(9.9% vs. 6.8%) or at 2–4 days (25% vs. 6.3%). On the other 
hand, when drugs were discontinued under 24 hours, there 
was a high incidence of bleeding in patients treated with 
ticagrelor (41% vs. 21.7%) [21]. Gherli et al. analyzing a co-
hort of acute coronary syndrome patients undergoing CABG 
from the European Multicenter Study on CABG (E-CABG), 
treated with ASA or ASA plus ticagrelor (215 matched pairs 
of patients), found that if ticagrelor was administered until 
1 day before CABG, there was an increased risk of severe 
bleeding (18.2% vs. 5.9%) [22]. Vuilliomenet et al. in a sample 
of 334 patients with acute coronary syndrome analyzed 
the impact of DAPT discontinuation at 48–72, 24–48, and  
< 24 hours, before CABG treated with ASA only (n = 72), 
ASA plus clopidogrel (n = 72), prasugrel (n = 68) or ticagrelor  
(n = 122). The authors found that discontinuation of ticagre-
lor or prasugrel for less than 24 hours was associated with 
significant higher postoperative bleeding and use of blood 
products (p < 0.001) [23].

Holm et al., including 1,293 clopidogrel- and 1,018 ti-
cagrelor-treated patients, found that ticagrelor had a high-
er incidence of major bleeding when it was discontinued  
0 to 2 compared with 3 days before CABG (16% vs. 2.7%), 
and clopidogrel had a higher incidence of major bleeding 
when discontinued 0 to 3 days compared with 4 to 5 days 
before CABG (16% vs. 8.3%). Thus, they suggested post-
poning CABG for at least 3 days after discontinuation of 
ticagrelor and 4 days after clopidogrel [24].

Similar risk of bleeding correlated with the time interval 
of the DAPT discontinuation was observed in our study. In 
group C, without the discontinuation of ticagrelor 24 or less 
than 24 hours before CABG, we found a 40-fold increased 
risk of blood loss greater than 500 ml at 6 hours. More-

over, in this subgroup of patients we observed a  higher 
risk of surgical re-thoracotomy, i.e., 3 out of 9 patients, in 
comparison with the patients of the other 2 groups and 
those taking clopidogrel. The higher incidence of surgical 
bleeding while taking dual antiplatelet therapy has been 
highlighted in a  previously published study on a  smaller 
sample of patients [11]. The results of the current, larger 
study confirm that patients on dual antiplatelet therapy 
have a  significantly higher risk of perioperative bleeding 
after CABG, both requiring surgical revision, and requir-
ing greater monitoring and attention to specific therapy of 
bleeding drainage from the chest tubes (Table IV).

The impact of bleeding requiring surgical re-exploration 
on operative and short-term outcomes was thoroughly an-
alyzed in the Polish national study on a large population of 
41,353 patients undergoing isolated CABG [25]. The Inves-
tigators found that in patients undergoing re-exploration, 
i.e. 1,406 (3.4%), in-hospital mortality was very high in com-
parison with other patients (13.2% vs. 1.8%, p < 0.0001), as 
well as the mid-term mortality during 4 years of follow-up 
(p < 0.001). Surgical re-exploration was found to be an in-
dependent predictor of death and all major postoperative 
complications [25]. 

In our study, we noted a markedly different risk of bleed-
ing in patients taking ticagrelor than in those taking clopi-
dogrel. In group C the observed greater rate, i.e., 33% of re-
exploration in ticagrelor-treated patients in comparison with 
the lower rate, i.e., 2.6% in clopidogrel-treated patients, is 
most likely due to the fact that the time of withdrawal of the 
P2Y12-receptor inhibitor is of marked importance for ticagre-
lor-treated patients, giving the greatest short-term efficacy 
in platelet inhibition of ticagrelor. Ticagrelor, having a more 
direct action without the need for liver activation, has showed 
more power in the anti-aggregation effect than clopidogrel, 
which can also have non-responder patients; but at the same 
time, it has a short half-life and reversible binding, beyond 
which its effect is limited more easily than clopidogrel. How-
ever, although the incidence of surgical bleeding was lower 
in our 39 cases, the greater bleeding from the drainage tubes 
was still markedly evident also in clopidogrel-treated patients 
of group C. Therefore, as observed in comparison with groups 
A and B, the possibility of suspending the two drugs at least 
2 days before CABG can significantly reduce the risk of bleed-
ing, and, in particular for the ticagrelor-treated patients, the 
risk of surgical re-exploration.

The present study has several limitations: in fact, it is 
limited by the small sample of patients; the number of pa-
tients in group C who were taking ticagrelor was only 9, and 
those taking clopidogrel 39; thus any conclusions should be 
drawn with caution.

However, based on several scientific publications and 
on our own experience, when possible, it would be better 
to postpone the CABG beyond 48 hours, or 2 days, of sus-
pension of the DAPT. Although the cardiologist may argue 
that submitting the patient taking DAPT to CABG in a short 
time, i.e., at the end of coronary angiography, with the pa-
tient who has just taken the loading dose, is in favor of 
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the benefit of preventing life-threatening ischemic events, 
surgical scientific experiences, including ours, show a clear 
increase in the risk of bleeding. The surgeon may spend 
extra time in the operating room waiting for clotting, look-
ing at the bleeding level mark from the mediastinal tubes 
in the intensive care unit, or receiving the anxious night call 
necessitating return to the operating room. 

Conclusions
In our experience dual antiplatelet therapy with ace-

tylsalicylic acid plus clopidogrel or ticagrelor ongoing until  
1 day or 24 hours before CABG (group C) showed a clear-
ly significant increased risk of bleeding complications in 
comparison with its discontinuation at 2–3 (group B) and 
> 3–4 (group A) days before. Major blood loss and surgi-
cal re-exploration were not associated with increased risk 
of operative all-cause or bleeding-related mortality. Taking 
ticagrelor compared with clopidogrel in the short interval, 
i.e., less than 1 day, having a more powerful antiplatelet ef-
fect, consequently confers a higher risk of bleeding. There-
fore, whenever possible, its suspension should be done at 
least 2 days before CABG.
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