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Abstract
Background: Coronary artery bypass grafting (CABG) remains the gold standard in the treatment of complex chronic forms of cor-
onary heart disease (CHD). Coronary endarterectomy (CEAE) is a useful adjunctive technique to CABG in patients with diffuse 
coronary artery disease. In order to maintain the patency of the coronary arteries and graft conduits, various antithrombotic pro-
tocols have been introduced over the years, combining various antiplatelet and anticoagulant drugs, but still there is no consensus.

Aim: The aim of the study is to compare results between two antithrombotic regimens after CEAE. The first one is a combination of 
acenocoumarol combined with acetylsalicylic acid (ASA), the second regimen is a dual antiplatelet therapy (DAPT) of clopidogrel 
combined with ASA.

Material and methods: We retrospectively reviewed 56 consecutive patients (60 ± 8.2 years) undergoing isolated CABG in associa-
tion with CEAE between January 2018 and December 2019. In the postoperative period, patients were divided into two groups ac-
cording to the antithrombotic regimens described above. Twenty-four were in the ASA and acenocoumarol group (AA) and 32 were 
in the ASA and clopidogrel group (AC). Patients were followed up to 30 days after the operation and we access the mortality rate, new 
ECG changes, levels of myocardial fraction of creatinine phosphokinase (CPK-MB), left ventricular systolic function, pericardial or 
pleural effusions requiring drainage or revision for bleeding.

Results: Operative mortality was 3,6 %. No differences in the antithrombotic efficacy of the two regimens. A significantly higher level 
of hemorrhagic complications was observed in the ASA + acenocoumarol treatment group.

Conclusion: Dual antiplatelet therapy (DAPT) after CABG and coronary endarterectomy is an effective pharmacological regimen in 
regard to 30-day postoperative outcomes and is considerably safety in terms of bleeding complications.
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Introduction
Complete myocardial revascularization is a major goal in 
the treatment of coronary heart disease (CHD). Coronary 
artery bypass grafting (CABG) remains the gold standard 
in the treatment of complex chronic forms of CHD, despi-
te the widespread entry and improved results of percuta-
neous coronary intervention (PCI). Coronary endarterec-
tomy (CEAE) is a useful adjunctive technique to CABG 
in patients with diffuse coronary artery disease. It was in-
troduced by Baeily in 1957 for the treatment of coronary 
occlusion and during the years his role in cardiac surgery 
has remained unclear and results remain controversial. 
Coronary endarterectomy can be performed by either 
closed or an open technique. The role of antithrombotic 
therapy to improve long-term graft patency after coronary 
surgery is well known in literature. It plays a crucial role 
in preventing postoperative myocardial infraction (MI) in 
a case of CEAE, though not uniform, has been less aggres-
sive. In order to maintain the patency of the endarterecto-
mized coronary arteries, various antithrombotic protocols 
have been introduced over the years, combining various 
antiaggregant and anticoagulant drugs, but still there is no 
consensus. Antithrombotic treatment with anticoagulants 
and platelet inhibitors reduces the risk for thromboem-
bolic complications. Strategies to intensify antithrombotic 
regimens are limited by concomitant increases in clinical-
ly significant intraoperative or postoperative bleeding.

Antiplatelet agents
Acenocoumarol

Acenocoumarol is a 4-hydroxycoumarin derivative with 
anticoagulant activity. As a vitamin K antagonist (VKA), 
acenocoumarol inhibits vitamin K epoxide reductase, the-
reby inhibiting the reduction of vitamin K and the availa-
bility of vitamin KH2 (2-Methyl-3-[(2E)-3,7,11,15-te-
tramethyl-2-hexadecenyl]-1,4-naphthalenediol). This 
prevents gamma carboxylation of glutamic acid residues 
near the N-terminals of the vitamin K-dependent clotting 
factors, including factor II, VII, IX, and X and anticoa-
gulant proteins C and S. This prevents their activity and 
thus thrombin formation. Compared to other coumarin 
derivatives, acenocoumarol has a short half-life.

Acetylsalicylic acid (ASA)

ASA nonselectively and irreversibly acetylates a serine re-
sidue on the cyclooxygenase (COX) enzymes, suppressing 
the production of prostaglandins and thromboxane A2 
(TxA2), a potent platelet activator ASA is one of the cor-
nerstones for the treatment of acute and chronic cardio-
vascular disease. According to the landmark Antithrom-
botic Trialists’ Collaboration meta-analysis of 287

studies including 212 000 patients ASA has been shown 
to reduce mortality, MI and cerebrovascular events in dif-

ferent subsets of patients with occlusive cardiovascular 
disease especially for secondary prevention. (Antithrom-
botic Trialists‘ Collaboration 2002) That’s why ASA is at 
the foundation in most antithrombotic regimens, both as 
a single agent, and in combination with other antithrom-
botic agents, but should not be forgotten that increases the 
risk for bleeding complications.

Clopidogrel

Clopidogrel was released onto the market in 1997 in the 
United States, and in 1998 in Europe, and is a secondgene-
ration thienopyridine that exerts its anti-aggregating action 
by irreversibly inhibiting the bond between ADP and the 
P2Y12 surface purinergic receptors. This binding activates 
the inhibitory G protein, which results in a reduction of in-
tra-platelet concentration of cyclic adenosine monophosp-
hate (cAMP), which promotes the expression of GPIIb/IIIa 
aggregation receptors on the platelet surface. Thus, ADP is 
the P2Y12 receptor agonist, while adenosine triphosphate 
(ATP) is the receptor antagonist that increases the produc-
tion of cAMP and therefore reduces platelet aggregation.
(Gulizia et al. 2018) Clopidogrel has been widely studied 
and shown to reduce cardiovascular events among patients 
with atherosclerotic disease. Among high-risk patients with 
ischemic stroke, MI, or established PAD, clopidogrel mono-
therapy was associated with a 7.9% relative risk reduction 
in MI, ischemic stroke, vascular death, or rehospitalization 
compared with aspirin. (Bhatt et al. 2000)

Strategies to intensify antithrombotic regimens should 
be complemented by approaches that focus on targeting 
thrombosis while preserving hemostasis. Generally, as 
routine practice in patients with CABG / CE, it is recom-
mended that vit K antagonist in combination with ASA 
should be continued until 3 months postoperatively and 
eventually ASA alone permanently.(Vafaey et al. 2018). 
The therapy with vit K antagonists has some serious po-
tential side effects such as bleeding, tissue necrosis and 
hypersensitivity reactions. Patients must be evaluated 
weekly for International normalized ratio (INR) testing 
to keep it around 2–3. Current guidelines recommend 
DAPT for all patients with acute coronary syndrome 
(ACS) independently of revascularization treatment. This 
recommendation also applies to patients having CABG or 
other non-coronary cardiac operations. (Sousa-Uva et al. 
2018) Furthermore, DAPT after CABG has been associ-
ated with reduced all-cause mortality (Verma et al. 2015) 
and better vein graft patency (OR 0.59; 95% CI 0.43–0.82) 
(Deo et al. 2013), although the evidence is conflicting. The 
potential benefits of DAPT after CABG are offset by an 
increased risk for bleeding complications. There is cur-
rently no evidence to support starting routine DAPT after 
CABG in patients not receiving DAPT preoperatively, al-
though starting DAPT may be considered in patients with 
a higher ischaemic risk due to a coronary endarterectomy 
or off-pump surgery. (Sousa-Uva et al. 2018). Nowadays 
there is no unified guideline available regarding the use of 
antiplatelet or anticoagulation therapy in patients under-
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going CEAE. Though most of the authors have followed 
different anticoagulation regimen as per their institute 
protocols, the overall reported difference in bleeding and 
mortality remains clinically insignificant.

Aim

The aim of this study is to compare results between two 
antithrombotic regimens. The first one is the combination 
of acenocoumarol (coumarin anticoagulant /VKA) and 
acetylsalicylic acid (ASA) - irreversible cyclooxygenase-1 
inhibitor, which block the formation and release of throm-
boxane A2, a potent platelet activator. The second regimen 
is DAPT of clopidogrel - irreversible, competitive, thieno-
pyridine P2Y12 receptor antagonist combined with ASA.

Material and methods

We analyzed 56 consecutive patients undergoing isolated 
CABG in association with CEAE between January 2018 
and December 2019. Patients were not included in the 
analysis if they had one of the following: concomitant val-
ve or aortic surgery; history of an allergic reaction to any 
of the medications used in the study; operation in a setting 
of acute coronary syndrome; prolonged intake of clopido-
grel or acenocoumoral in the week before surgery; patients 
with more or less 3 bypass grafts and more than one vessel 
with CEAE. All patients had signed an informed consent 
and underwent standard CABG surgery, under conditions 
of cardiopulmonary bypass at moderate hypothermia 30–
32 °C, aortic clamping, and myocardial protection with 
intermittent ante- and retrograde infusion of cold blood 
cardioplegic solution according to the protocol of the cli-
nic. For revascularization of the anterior descending arte-
ry, the internal thoracic artery was always used as a “graft 
in situ” and the rest of the vessels were revascularized with 
segments of saphenous vein. In all cases, the decision for 
CEAE was made intraoperatively if the lumen of the co-
ronary artery was completely obstructed and a large ex-
tension and a competent anastomosis was impossible. The 
CEAE itself was performed through a longitudinal arterio-
tomy measuring 8–20 mm, the so-called “closed method”.

In the postoperative period, patients were divided into 
two groups according to two antithrombotic regimens. 
The first one is a combination of acenocoumarol and ASA 
. The second regimen is DAPT of clopidogrel combined 
with ASA. 24 pts operated in 2018 were included in the 
acenocoumarol and ASA group (AA) and 32, operated in 
2019, were in the ASA and clopidogrel group (AC). Pa-
tients were followed up to 30 days after the operation and 
we access the mortality rate, new ECG changes (Q-waves 
and/or ST-T changes), levels of MB fraction of creatinine 
phosphokinase (CPK-MB), left ventricular systolic func-
tion, pericardial or pleural effusions requiring drainage 
or revision for bleeding. In the AA group in conjunction 
with intravenous heparin infusion started at the sixth 

postoperative hour, administration of 80 mg ASA and 6 
mg acenocoumarol was initiated 6 hours later. The infu-
sion was stopped when INR (International Normalized 
Ratio) values reached the range of 2–3. To maintain a 
stable therapeutic level of acenocoumarol daily INR test-
ing was measured. In the AC group in conjunction with 
intravenous heparin infusion started at the sixth postop-
erative hour if there is no bleeding from the drainage on 
the 12th hour patient received a loading dose of 300 mg 
clopidogrel plus 80 mg ASA followed by daily therapy of 
75 mg clopidogrel and 80 mg ASA.

Statistical analysis:

For all analyzes was used statistical analysis software (Ver-
sion 18, SPSS). All continuous

values were expressed as mean plus or minus 1 stand-
ard deviation of the mean. For categorical

data were used chi-square test, Fisher exact test and 
t-test. A p-value less than 0.05 was considered significant.

Results

Data from 56 consecutive eligible patients was processed. 
The average age of patients was 60 ± 8.2 years. Table 1 pre-
sents the main preoperative patients’ characteristics.

There was no significant difference in the distribution 
of reported preoperative demographic and risk factors, as 
well as in the calculated operative risk according to Eu-
roScore system.

The comparison of anatomic and intraoperative data 
also showed no significance between groups (Table 2).

From all CEAE cases only 4 (7,14 %) were in left ante-
rior descending (LAD) coronary artery (equally in both 
groups) and 50 (89,3%) cases in the right coronary artery 
(RCA) (including 21 cases in AA group and 29 cases in AC 
group). The mean ECC time was 74,2 ± 10,2 min in AA 
group and 77,2 ± 11,3 min in AC group. This difference 
was not statistically significant. The mean AoXclamping 
time also showed no difference. (44,6 ± 3,45 for AA group 
vs 46,7 ± 3,29 for AC group).

Regarding the reported ECG changes, no new onset 
Q-waves and no significant ST-T changes were found in all 

Table 1. Preoperative patients’ characteristics.

АА (N = 24) АС (N = 32) P 
Male (%) 16(66,7%) 20 (62,5%) NS
Age (years) 59,86 ± 9,88 61,68 ± 10,11
Smoking % 20 (83,3%) 28 (87,5%)
Arterial hypertension % 23 (95,8%) 31 (96,9%)
Diabetes % 13 (54,2%) 18 (56,3%)
Obesitas % 7 (29,2%) 10 (31,2%)
Previous MI % 20 (83,3%) 25 (78,1%)
CKD > 2 stage % 6 (25%) 9 (28,1%)
COPD % 4 (16,6%) 4 (12,5%)
EuroSCORE 3,9 ± 1,95 3,4 ± 2,21

Abbreviations: MI – myocardial infarction, CKD – chronic kidney dis-
ease, COPD – chronic obstructive pulmonary disease.
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patients in the study. Serum MB/CPK levels were checked 
before surgery and immediately after surgery, in addition 
to 24 and 48h later. The following Figure 1 depicts the evo-
lution of the average MB/CPK of patients in two groups 
during the perioperative and 30-day postoperative period.

No significant difference was found between groups. 
Point of interest is the early postoperative increasing of 

MB/CPK levels, which rapidly dropped off to normal val-
ues after 24 hours and persists within these ranges through 
the whole follow up period.

The ejection fraction (EF) of left ventricle (LV) was 
recorded by transthoracic echocardiography using the 
Simpson method, and values were registered before sur-
gery and on the 30-th postoperative day. (Table 3).

The overall mortality rate for all patients was 3.6% 
and was established in the early postoperative period. 
For the AA group it is 4.1% and for the AP group 3.1%, 
the difference is not statistically significant (p = NS) 
(Fig.2)

The mortality analysis showed no difference between 
the two groups within 30-y days. Patients died in the ear-
ly postoperative period with a picture of low-debit syn-
drome, resistance to catecholamine and intra-aortic bal-
loon pump therapy.

The percentages of bleeding and pericardial or pleural 
effusions indicated surgical treatment are presented on 
Table 4.

The differences between the groups are significant in 
terms of all three indicators and in favor of the group re-
ceiving dual antiplatelet therapy.

Table 3. Left ventricle systolic function.

АА (N = 24) 
Mean ± SD

АС (N = 32) 
Mean ± SD

Preoperative LVEF 41,61 ± 9,87 42,56 ± 7,78
Postoperative LVEF 41,05 ± 10,54 44,73 ± 8,61
p - value 0,316 0,212

Abbreviations: LVEF – left ventricle ejection fraction
Pre and postoperative echocardiographic study of LVEF showed no sig-
nificant difference between the two groups.

Table 4. Bleeding complications.

Revisions for 
bleeding %

Pericardial 
effusions %

Pleural effusions 
%

АА (N = 24) 3 (12,5%) 4 (16,6%) 12 (50%)
АС (N = 32) 1 (3,1%) 1 (3,1%) 3 (9,3%)
p-value 0,004 0,004 0,0001

Table 2. Anatomic and intraoperative characteristics.

АА (N = 24) АС (N = 32) Р
RCA N (%) 21 (87,5%) 29 (90,4%) NS
LCx N (%) 1 (4,2%) 1 (3,2%)
LAD N (%) 2 (8,3%) 2 (6,4%)
Distal anastomosis (average 
number ± SD)

2,9 ± 0,43 3,03 ± 0,49

CPB (average time, min± SD) 74,2 ± 10,2 77,2 ± 11,3
Ao X clamping (average time, min± 
SD)

44,6 ± 3,45 46,7 ± 3,29

Abbreviations: RCA- Right Coronary Artery; LAD – Left Anterior De-
scending Coronary Artery; LCx- Circumflex Branch of Left Coronary 
Artery; CPB- Cardio-Pulmonary Bypass, time: AoXclamping- Cross 
clamping of Ascending Aorta.

Figure1. MB/CPK mean values.
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Disscussion
Coronary endarterectomy was introduced by Baeily in 
1957 for the treatment of coronary occlusion and during 
the years his role in cardiac surgery has remained unclear 
and results remain debated. The operative mortality ran-
ges from 2.0% to 6.5% and appears higher as compared 
with CABG without CEAE. (Byrne et al. 2003; Vohra et 
al. 2006) A recent meta-analysis of 54,440 patients (7,366 
CE patients), enrolled in twenty observational studies by 
Soylu et al.(2014), showed an increased 30-day mortality 
(OR = 1.69; 95% CI: 1.49–1.92; p < 0.00001), perioperative 
(OR = 2.10; 95% CI: 1.82–2.43; p < 0.00001) and post-ope-
rative MI (OR = 3.34; 95% CI: 1.74–6.41; p = 0.0003) in the 
CABG plus CEAE group in comparison with CABG al-
one. As it is reported in literature, 30-days mortality in our 
study was 3,6%. Patients undergoing CEAE had a preope-
rative score from low to intermediate risk, (mean Euro-
SCORE value was 3,9 ± 1,95 for AA group and 3,4 ± 2,21 
in AC group (p=NS)) and, as expected, operative morta-
lity was higher than that observed in patients undergoing 
CABG alone operated in our institution - 2,5%. The late 
graft patency rates after CEAE range from 40% to 81.5%: 
Schwann et al. analyzed the results of 288 operated with 
CABG/ CEAE. (Schwann et al. 2007; Nishi et al. 2005). In 
order to reduce the incidence of thrombosis, several au-
thors have recommended the use of aggressive postopera-
tive antiplatelet and anticoagulant therapy, varying from 
dual antiplatelet to lifelong oral anticoagulant therapy. 
No standard anticoagulation protocol after CEAE exists. 
(Tiruvoipati et al. 2005) According to the so-called “clas-
sical regimen” introduced 40 years ago (long before the 
discovery of modern antiplatelet agents) postoperatively, 
100 mg of ASA and warfarin administration to obtain an 
INR between 2 and 2.5 were recommended, and then, af-
ter 3 months, warfarin was discontinued based on the mi-
nimum period for neoendothelialization of the coronary 
artery.(Schwann et al. 2007; Nishi et al. 2005; Schmitto 
et al. 2009) In order to reduce morbidity, mortality and 
specific anticoagulant-related toxicity (total annual risk 
≈ 4%), prolonged monitoring of serum activity is requi-
red through serial INR controls, which is associated with 
a number of patients’ discomfort. Nishigawa et al. (2017) 
proposed the use of dual antiplatelet therapy in association 
with warfarin for the first 3 months after CEAE, following 
by ASA only continued indefinitely. Using this protocol, 
the patency rate of the internal thoracic artery on the end-
arterectomized LAD at 13 ±12 months was 96.6%.

Our study aims to determine whether dual antiplatelet 
therapy with clopidogrel and ASA is sufficient to prevent 
early (up to day 30) thrombosis of endarterectomy cor-
onary arteries and to account for the level of additional 
risks, formulated as percentages of bleeding and follow-up 
revisions. Definitive assessment of the patency of the cor-
onary graft requires coronary catheterization, which is not 
recommended in the absence of other clinical indications. 
For this reason, we used indirect patency assessment tools, 
including: postoperative ECG changes (new Q wave and 

/ or ST-T segment changes); increased CPK/MB (excess 
of more than 5 times standard value); changes in LVEF 
assessed by ultrasound also considered as an indirect in-
dicator of bypass patency. Most studies regarding patients 
with CEAE compare their results with those of patients 
undergoing conventional surgical revascularization, with 
controversial outcomes. Some authors declare that there 
are no significant differences in postoperative outcomes 
between two techniques, and thus substantiate the conclu-
sion that CEAE is a competitive option allowing complete 
revascularization in patients with severely diffuse athero-
sclerosis. (Nemati et al. 2015) Quite the opposite are the 
results of almost the same number of studies published 
by other authors reporting elevated mortality rates and 
complications in endarterectomized versus conventional-
ly revascularized patients, and recommend only a limited 
number of cases with severe restrictive indications. (Ber-
nal-Aragón et al. 2015) Byrne et al. (2004) found that, be-
cause of the large area of destroyed endothelium of target 
vessel during CEAE, ASA monotherapy was not sufficient 
to provide long-term bypass patency. Article by Ferraris 
et al. (2000) 20 years ago, based on late angiographic out-
comes of patients with single CEAE, published that the 
addition of coumarin anticoagulant to ASA therapy does 
not reduce the rate of bypass thrombosis but increases the 
hemorrhagic risk. Despite the lack of sufficient evidence, it 
can be suggested that the pathogenetic processes respon-
sible for the development of thrombosis during coronary 
endarterectomy are similar to the changes that occur with 
percutaneous stenting. (Russo et al. 2016) DAPT with ASA 
and P2Y12-receptor inhibitor (clopidogrel) reduces the 
risk for thrombotic complications in patients with acute 
coronary syndrome (ACS) compared to treatment with 
ASA only (Verdoia et al. 2018) especially if they undergo 
percutaneous coronary intervention. ASA administration 
is Class I indication after CABG (Patrono et al.) and the 
benefit of concomitant clopidogrel is a controversial issue. 
Different studies have shown that DAPT increases saphen-
ous vein graft patency and play a role to maintain the grafts 
patent after off-pump bypass surgery or after CABG per-
formed in a setting of acute coronary syndrome. (Deo et al. 
2013; Bomb et al. 2015) These results are limited to specif-
ic subgroups of patients and the majority of clinical trials 
have failed to demonstrate an improvement in graft paten-
cy with DAPT. Despite that, there are no evidence and no 
specific protocols regarding postoperative management of 
patients treated with CABG/ CEAE in term of antithrom-
botic specific regimen. We found significantly higher lev-
els of hemorrhagic postoperative complications in the AA 
group (p=0,004). In a combination with impaired quality 
of life and risks associated with regular intake of oral an-
ticoagulant, warranted us to recommend the use of DAPT 
as an effective and safer alternative for postoperative an-
tithrombotic therapy in CEAE.

The study has a lot of weak points, most notably the 
small number of patients, short follow-up, operations per-
formed in one center, chronologically separated groups 
and lack of opportunity for randomization.
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Conclusion
CEAE associated with CABG appears to be an important 
surgical tool for successful treatment of complex CHD 
with acceptable 30-day results, although the operative 

mortality is higher in comparison with CABG alone. In 
order to reduce the incidence of surgical bleeding, at equal 
efficiency with respect to graft patency, we recommend 
the use of DAPT (ASA and Clopidogrel) started early 
postoperatively.
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