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Abstract
Aim: Coronary endarterectomy (CE) may provide a useful ad-
junctive technique to coronary artery bypass grafting (CABG) 
in patients with diffuse coronary artery disease. Nevertheless, 
the incidence of complications still remains high, long-term re-
sults remain unclear, and no risk factors for late mortality have 
been completely described yet. 
Material and methods: We retrospectively reviewed 90 con-
secutive patients (67 ±8.2 years) undergoing isolated CABG in 
association with CE between 2006 and 2013. Mean follow-up 
was 75.1 ±36.2 months (median: 84 months) and it was 100% 
complete (6755/6755 patient-months).
Results: Operative mortality was 4.4%, the incidence of peri-
operative myocardial infarction was 11%. Ten-year survival was 
83.3 ±4.1%, freedom from cardiac death 92.7 ±2.9%, and free-
dom from major adverse cardiac and cerebrovascular events 
58.2 ±10.2%. Independent predictors of late mortality were 
age older than 70 years at time of the surgery (p = 0.018) and 
chronic obstructive pulmonary disease (p = 0.036). Ten-year 
freedom from cardiac death was better after CE on the left 
descending coronary artery (LAD) (93.2 ±3.3%) in comparison 
to CE not on the LAD (74.6 ±10.2%), although this difference 
did not reach statistical significance (p = 0.102).
Conclusions: Although the incidence of perioperative myocar-
dial infarction continues to be not negligible, in the presence 
of diffusely diseased coronary artery vessels CE associated 
with CABG appears to be a feasible adjunctive surgical tool, 
conferring satisfactory early and long-term outcomes. Coro-
nary endarterectomy on the LAD confers a high probability of 
freedom from late cardiac death. Patients older than 70 years 
and those affected by a primary respiratory disease represent 
a new challenge on which to focus attention due to the in-
creased risk of late death. 

Key words: coronary endarterectomy, coronary artery bypass 
grafting.

Streszczenie
Cel: Endarterektomia wieńcowa (CE) jest przydatną techni-
ką uzupełniającą pomostowanie aortalno-wieńcowe (CABG) 
u pacjentów z chorobą wieńcową. Wskaźnik występowania 
powikłań nadal jest jednak wysoki, wyniki długoterminowe 
są niejednoznaczne i nie określono w pełni czynników ryzyka 
śmiertelności późnej. 
Materiał i metody: Badaniem retrospektywnym objęto 90 pa-
cjentów (67 ±8,2 roku) poddanych izolowanej operacji CABG 
połączonej z CE w latach 2006–2013. Czas obserwacji wyno-
sił średnio 75,1 ±36,2 miesiąca (mediana: 84 miesiące) i był 
w 100% pełny (6755/6755 osobomiesięcy).
Wyniki: Śmiertelność pooperacyjna wynosiła 4,4%, a wskaź-
nik występowania okołooperacyjnego zawału – 11%. Przeżycie 
dziesięcioletnie wynosiło 83,3 ±4,1%, okres bez nagłej śmierci  
sercowej – 92,7 ±2,9%, a okres wolny od poważnych zdarzeń 
niepożądanych związanych z sercem i naczyniami mózgu – 
58,2 ±10,2%. Niezależne czynniki prognostyczne dla śmiertel-
ności późnej to wiek ponad 70 lat w czasie operacji (p = 0,018) 
oraz przewlekła obturacyjna choroba płuc (POChP) (p = 0,036). 
Wskaźniki czasu bez śmierci sercowej były lepsze po CE lewej 
gałęzi międzykomorowej (LAD) (93,2 ±3,3%) w porównaniu 
z CE innego naczynia niż LAD (74,6 ±10,2%), chociaż różnica ta 
nie była statystycznie istotna (p = 0,102).
Wnioski: Mimo że wskaźnik występowania zawału w okresie 
okołooperacyjnym jest nieistotny, w przypadku rozproszonych 
zmian w naczyniach wieńcowych zabieg CE połączony z CABG 
wydaje się przydatną metodą przynoszącą zadowalające wyni-
ki w krótkiej i długiej perspektywie czasowej. Endarterektomia 
wieńcowa LAD zwiększa prawdopodobieństwo uniknięcia póź-
nej śmierci sercowej. Chorzy w wieku ponad 70 lat oraz pacjenci 
z pierwotną chorobą układu oddechowego stanowią wyzwanie 
ze względu na podwyższone ryzyko późnego zgonu.

Słowa kluczowe: endarterektomia wieńcowa, pomostowanie 
aortalno-wieńcowe.
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Introduction
Coronary endarterectomy (CE) was introduced in the 

1950s as an operative technique with the aim to decrease 
angina in patients affected by coronary artery disease, and 
subsequently proposed in addition with coronary artery 
bypass grafting (CABG). However, long-term results re-
main unclear and many surgeons still have doubts regard-
ing the real usefulness of this procedure [1, 2]. Moreover, 
in a recently published meta-analysis it was reported that, 
as compared with CABG alone, CE in addition to CABG in-
creases not only operative mortality, but also the incidence 
of perioperative myocardial infarction, low-output cardiac 
syndrome and post-operative morbidity [3].

The typical profile of a patient candidate for surgical 
myocardial revascularization has drastically changed in 
the last two decades. Percutaneous coronary intervention 
(PCI) has shown good results, and the current international 
guidelines encourage this approach even in patients af-
fected by multivessel coronary artery disease [4]. Conse-
quently, surgical patients are more complex, usually pre-
senting a diffusive coronary artery disease. In particular, in 
the left anterior descending artery, a simple distal anasto-
mosis could not achieve complete revascularization of the 
myocardium supplied by the side branches, i.e. diagonal 
or septal perforators affected by a diffuse atheromatous 
pathology. Furthermore, patients referred for coronary sur-
gery are older, more frequently diabetic and affected by ex-
tra-cardiac co-morbidity, i.e. chronic obstructive pulmonary 
or kidney disease. These changes in surgical scenario led 

to CE being reconsidered as an adjunctive tool in selected 
patients undergoing CABG, and the reassessment of the 
technique, its indications and evaluation of its outcomes 
are now mandatory.

Aim
The aim of the present study is to report our clinical 

experience of patients affected by diffusely diseased coro-
nary artery vessels treated by means of CE in association 
with CABG during an 8-year surgical activity period, and 
to analyze independent predictors for late mortality that 
could better define the actual role of CE.

Material and methods
From January 2006 to December 2013, at the Cardiac 

Surgery Unit of the Tor Vergata University Policlinic of 
Rome, 90 consecutives patients (67.0 ±8.2 years, 66 males) 
underwent CE plus CABG. Table I presents the main preop-
erative patients’ characteristics.

Preoperatively, in the first period of the experience per-
forming CE, we discontinued anti-platelet therapy in all pa-
tients affected by a stable coronary disease and switched 
to twice daily subcutaneous administration of heparin  
100 IU/kg; in contrast, in patients affected by acute cor-
onary syndromes, i.e. unstable angina and non-ST eleva-
tion myocardial infarction, or submitted to a recent coro-
nary stenting procedure, a single anti-platelet therapy was 
maintained until the day of surgery. In the last 3 years, as 
also subsequently recommended by the EuroIntervention 
Consensus of Physicians written in 2014 [5], single or, if 
required, dual anti-platelet aggregation therapy was main-
tained in all patients submitted to previous coronary stent-
ing or in the setting of acute coronary syndromes, with or 
without the subcutaneous administration of heparin. 

Different postoperative anti-platelet aggregation proto-
cols were used according to patients’ characteristics (i.e. 
complexity of the coronary lesions, diffusely occlusive coro-
nary disease, permanent atrial fibrillation, aspirin allergy). 
During the first years we usually used a single antiplatelet 
therapy with 100 mg aspirin daily, while in the last three 
years (2011–2013) aspirin 100 mg daily plus clopidogrel  
75 mg daily was administered for the first 12 months after 
surgery. Clopidogrel was then discontinued and patients 
continued life-long aspirin therapy. In the presence of 
permanent atrial fibrillation anticoagulation therapy was 
maintained to obtain an international normalized ratio 
(INR) value 2–2.5.

Surgical technique 
Access to the heart was obtained through a complete 

sternotomy in all patients. Myocardial revascularization 
was performed on-pump or off-pump, according to the sur-
geon’s preference, skill and experience, and in the absence 
of off-pump contraindications, i.e. left ventricular ejection 
fraction less than 0.30, left ventricular end-diastolic diam-
eter greater than 60 mm, diffuse narrowing of coronary 
arteries, intra-myocardial course of the left descending 

Table I. Preoperative patients’ characteristics

Characteristic Overall 
(n = 90)

Age, mean ± SD [years] 67.0 ±8.2

Male gender, n (%) 66 (73.3)

EuroSCORE II, mean ± SD 3.4 ±1.8

CCS class ≥ 3, n (%) 47 (52.2)

BMI, mean ± SD [kg/m2] 27.2 ±4.0

Obesity, n (%) 20 (22.2)

Hypertension, n (%) 82 (91.1)

Dyslipidemia, n (%) 39 (43.3)

Diabetes on insulin, n (%) 18 (20.0)

Active smoker, n (%) 23 (25.5)

Chronic renal dysfunction, n (%) 7 (7.8)

Chronic obstructive pulmonary disease, n (%) 9 (10.0)

Peripheral vascular disease, n (%) 20 (22.2)

Recent MI, < 60 days, n (%) 25 (27.8)

LVEF (%), mean ± SD 49.6 ±9.9

Left main stenosis > 50%, n (%) 23 (25.5)

Number of diseased vessels, mean ± SD 2.8 ±0.4

Urgency, n (%) 18 (20.0)

BMI – body mass index, CCS – Canadian Cardiovascular Society class, LVEF 
– left ventricular ejection fraction, MI – myocardial infarction, SD – standard 
deviation.
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coronary artery (LAD), and emergency or urgent surgery in 
the presence of perioperative hemodynamic instability [6]. 
Cardiopulmonary bypass was established by cannulation of 
the ascending aorta and the right atrium for venous drain-
age, and cardiac arrest was achieved by the use of ante-
grade warm blood cardioplegia. 

A left internal thoracic artery (LITA) or right internal 
thoracic artery (RITA) graft was used in all patients for the 
revascularization of the LAD system. The RITA graft was 
harvested on patients 60 years old or younger and anas-
tomosed to the LAD, while the LITA was used for the left 
circumflex artery system. The other bypass grafts were per-
formed by using the saphenous vein harvested under the 
direct vision technique.

The decision to perform CE and the choice of the tech-
nique were mainly based on the preoperative coronary an-
giographic aspect and/or on the intra-operative findings of 
the target coronary vessel. In particular, CE was performed 
when the atheromatous plaques were severe and circum-
ferential and occluded the lumen of the coronary vessel 
more than half of the diameter, or affected its side branch-
es (i.e. septal perforators or diagonal branches of the LAD, 
septal perforators of the right posterior descending artery, 
bifurcations of the obtuse marginal or of the right coronary 
artery), or the 1.0 or 1.5 mm probe did not pass the lumen 
distally, because of severely calcified plaques. After CE, the 
lumen of the vessel usually reached 1.6–2.2 mm diameter.

In almost 50% of cases CE was achieved by the closed 
technique: the coronary artery was longitudinally incised for 
a 10–15 mm length and the sclerotic intima was stripped 
with fine forceps. After the CE procedure, CABG was per-
formed by directly anastomosing the internal thoracic ar-
tery or the vein graft on the endarterectomized vessel. In 
the cases in which CE was performed in open technique, the 
atheromatous plaques were dissected with a spatula, the 
arteriotomy was prolonged proximally and distally for sev-
eral centimeters, and a longer anastomosis was performed 
using a venous patch for reconstruction of the vessel wall. 
Intra-operative variables are summarized in Table II. 

Definition criteria
Perioperative myocardial infarction was defined as 

a postoperative value of troponin I greater than 20 ng/ml 
associated with an increase of serum creatine kinase-MB 
above normal values and more than 10% of total creatine 
kinase, and the onset of ECG anomalies. 

Major non-cardiac complications were also analyzed: 
a pulmonary complication was defined as an episode of 
primary respiratory failure requiring mechanical ventila-
tion for more than 48 h, re-intubation, or intermittent ap-
plication of non-invasive positive pressure ventilation; per-
manent neurologic complication owing to focal or general 
cerebral lesion was defined as a stroke; transient ischemic 
attack was defined when neurologic symptoms lasted less 
than 24 h before disappearing; acute kidney injury was 
defined as a two-fold increase of preoperative serum cre-
atinine level or oliguria requiring continuous veno-venous 

hemodiafiltration. Operative mortality included death in 
hospital after operation at any time or within 30 days af-
ter discharge. Major adverse cardiac and cerebrovascular 
events (MACCE) was defined as all-cause mortality, non-fa-
tal myocardial infarction, cerebrovascular events, and need 
of a new coronary revascularization.

Data collection and clinical follow-up
Data from our institutional database regarding preopera-

tive variables, intraoperative characteristics and postopera-
tive outcomes were retrospectively analyzed. Clinical follow-
up included 6755 patient-months, with a mean duration of 
75.1 ±36.2 months, median of 84 months, and was 100% 
complete. Clinical follow-up was obtained by personal inter-
view of the patient or of his/her cardiologist, and by recording 
the results of the non-invasive stress tests and the CCS class 
for angina. Death was verified on the national registry for 
deceased people provided by the Italian Ministry of Health. 
The follow-up was usually performed every 12 months in our 
outpatient clinic. For patients who could not be included in 
a regular follow-up in our department, clinical information 
was obtained by telephone interview. The study followed the 
principles outlined in the Declaration of Helsinki.

Statistical analysis
Statistical analysis was performed with Stat View 4.5 

(SAS Institute Inc, Abacus Concepts, Berkeley, CA). All con-
tinuous values were expressed as mean plus or minus  
1 standard deviation of the mean. Student’s t test for con-
tinuous data and the χ2 or Fisher’s exact test for categorical 
data were used.

The following preoperative and intra-operative variables 
were analyzed as potential risk factors for death: age, gen-
der, EuroSCORE II Risk Stratification System and STS Adult 
Cardiac Surgery Risk Score, both expressed as percent risk 
of death plus or minus 1 standard deviation, presence of 

Table II. Intraoperative variables

Variable Overall
(n = 90)

Cardiopulmonary bypass time, mean ± SD [min] 101.7 ±25.4

Aortic X-clamp time, mean ± SD [min] 62.1 ±18.1

Distal anastomoses, mean ± SD 3.1 ±0.9

Left internal thoracic artery on LAD, n (%) 79 (87.8)

Bilateral internal thoracic artery, n (%) 13 (14.4)

Saphenous vein graft, n (%) 84 (93.3)

Off pump surgery, n (%) 11 (12.2)

CE on LAD, n (%) 65 (72.2)

CE on diagonal branches/Int, n (%) 5 (5.5)

CE on RCA/RPD, n (%) 18 (20.0)

CE on OM, n (%) 7 (7.8)

Multivessel CE, n (%) 5 (5.5)

CE – coronary endarterectomy, LAD – left anterior descending, RCA – right 
coronary artery, RPD – right posterior descending, OM – obtuse marginal,  
SD – standard deviation.
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previous myocardial infarction, smoking habit, co-morbid-
ity (arterial hypertension, diabetes mellitus, chronic renal 
dysfunction, chronic obstructive pulmonary disease, dys-
lipidemia, peripheral vascular disease, obesity), Canadian 
Cardiovascular Society (CCS) grade of angina, the presence 
of an acute coronary syndrome (i.e. unstable angina), pre-
operative left ventricular ejection fraction (LVEF), number 
of diseased coronary artery vessels, need of emergency or 
urgent CABG, number of grafts per patient, cardiopulmo-
nary bypass and aortic cross-clamp times, the CE technique 
(closed versus open), the coronary artery target of the CE, 
including CE performed or not performed on the LAD, peri-
operative myocardial infarction, the off-pump technique.

Freedom from all-cause death, cardiac death, need of 
new revascularization, and occurrence of MACCE during the 
follow-up period was expressed as mean values plus or mi-
nus 1 standard deviation, and computed using the Kaplan-
Meier method. Differences between the groups were tested 
by means of the Mantel-Cox Log-rank test. The Cox propor-
tional hazard method was used to evaluate the influence of 
variables on time to death in the entire patient population. 
All p-values < 0.05 were considered statistically significant.

Results
Left internal thoracic artery was used in 96% of cases 

and it was the graft of choice for the LAD in 88% of pa-
tients. In the other cases the graft for the LAD was the RITA 
(9%) or the saphenous vein (3%). Bilateral internal thoracic 
artery was used in 13 (14.4%) cases (Table II).

The LAD was treated by CE in 62 (68%) cases, obtuse 
marginal branches in 7 (8%) cases, right coronary artery or 
right descending posterior artery in 14 (16%) cases and di-
agonal branches in the remaining 2 (2%) cases. In 5 (5.6%) 
patients multivessel CE was performed. Off-pump surgery 
was performed in 11 (12.2%) patients (Table II).

In-hospital mortality was 4.4% (n = 4). Postoperative 
complications were acute kidney injury (5.5%), re-explora-
tion for bleeding (4.4%), stroke (1.2%), and new onset of 
paroxysmal atrial fibrillation (25%). The perioperative myo-
cardial infarction rate was 11% and it represented the main 
cause of operative mortality (2 deaths). The main postop-

erative outcomes are summarized in Table III. A different 
strategy of antiplatelet therapy proposed did not modify 
intra-hospital outcomes.

In univariate analysis no factors were detected as a po-
tential predictor of in-hospital myocardial infarction. 

Late results
During follow-up 21 (23.3%) new deaths occurred: eight 

for cardiac reasons, three due to malignancy, two due to cere-
brovascular events, two due to respiratory failure, two due 
to renal failure, and four for unknown reasons, which were 
anyway considered as cardiac for the statistical analysis.

Five- and 10-year survival (not including operative mor-
tality) was 83.3 ±4.1% and 69.6 ±6.2% (Fig. 1 A), freedom 
from cardiac death was 92.7 ±2.9% and 87.3 ±4.1%, respec-
tively (Fig. 1 B). When the survival was stratified by age at 
the time of surgery (older than 70 years versus younger 
patients), 10-year survival was significantly different (79.0 
±7.7% vs. 53.3 ±8.9%; p = 0.002) (Fig. 1 C). Conversely, when 
the survival was stratified by the site of CE, 10-year survival 
was 66.2 ±7.5% (CE performed on the LAD) versus 67.6 
±10.4% (CE not performed on the LAD) (p = 0.856). Ten-year 
freedom from cardiac death was better in patients treated 
by CE on the LAD (93.2 ±3.3%) in comparison to patients 
treated by CE not on the LAD (74.6 ±10.2%), but this differ-
ence did not reach statistical significance (p = 0.102).

Five- and 10-year freedom from MACCE was 88.9 ±3.6% 
and 58.2 ±10.2% (Fig. 1 D). At 5 and 10 years, freedom 
from the need of a new PCI was 100% and 77.3 ±12.2%, 
respectively. During the follow-up period 3 patients need-
ed a new PCI: one after 60 months for non-ST elevation 
myocardial infarction (NSTEMI) due to saphenous vein 
graft stenosis that was successfully treated by coronary 
stenting; another one after 90 months for chronic an-
gina related to obtuse marginal branch stenosis, which 
was treated by medical therapy, and the last one after  
95 months due to the progression of an untreated stenosis 
at the time of surgery. At the coronary angiography in all 
three patients the vessel treated by CE was still patent. No 
patients needed redo CABG. 

Five- and 10-year freedom from neurological events was 
100% and 97.0 ±3.0%. No major bleeding was observed in 
the whole series.

The use of dual-antiplatelet therapy (DAT) was adopted 
in 52 patients. We compared them with patients treated 
with single antiplatelet therapy (SAT, n = 20): At 3, 5 and 
7 years freedom from cardiac death was 95 ±5%, 89 ±6% 
and 84 ±95 vs. 88 ±4%, 88 ±4% and 85 ±5% in SAT and DAT 
groups respectively (p = ns), freedom from new PCI 100%, 
100% and 93 ±6% vs. 100 in each interval (p = ns), free-
dom from MACCE 95 ±5%, 79 ±9% and 73 ±10% vs. 88 ±4%,  
80 ±6% and 75 ±6% (p = ns).

Independent predictors of late death and 
clinical status during follow-up
In the Cox regression analysis age older than 70 years at 

the time of surgery (HR = 2.4; 95% CI: 1.25–12.0; p = 0.018) 

Table III. Postoperative outcomes

Variables Overall
(n = 90)

In-hospital mortality, n (%) 4 (4.4)

Postoperative LVEF (%), mean ± SD 51.2 ±8.4

Atrial fibrillation, n (%) 23 (25.5)

Acute kidney injury, n (%) 5 (5.5)

Major bleeding, n (%) 4 (4.4)

Neurological injury, n (%) 1 (1.1)

Respiratory failure, n (%) 7 (7.8)

Myocardial infarction, n (%) 10 (11.1)

Postoperative length of stay, mean ± SD [days] 8.4 ±9.3

LVEF – left ventricular ejection fraction, SD – standard deviation.
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and chronic obstructive pulmonary disease (HR = 2.1;  
95% CI: 1.14–44.2; p = 0.036) were identified as indepen-
dent predictors of death for any cause (Table IV). In particu-
lar, preoperative and perioperative myocardial infarction, 
site and technique of CE were not identified as risk factors 
of late death (p = not significant, for all measurements).

Regarding the clinical status of the surviving patients, 
in only 1 (1.5%) patient was CCS class 3 recorded; in 5 pa-  
tients, NYHA class III (7.8%). No patient had angina or dys-
pnea at rest. In the entire cohort of patients there was 
a significant reduction of angina in comparison with the 
preoperative period (p < 0.001). Type of antiplatelet ther-
apy used did not significantly influence the long-term re-
sults.

Discussion
Over the last decade there has been a re-emergence 

of CE, which nowadays might be an important and useful 
tool in the surgical armamentarium. In our experience the 
mean incidence of CE during the study period was 5%, with 
an increase during the last 2 years. In the “current era”, 
patients affected by extensive and diffusive coronary artery 
disease are the majority. Moreover, after the new recom-
mendations according to the International Guidelines, PCI 

has become year by year the treatment of choice for coro-
nary patients, including in the presence of left main or mul-
tivessel coronary disease [4]. Nevertheless, an untreated 
residual lesion increases the risk of perioperative myocar-
dial infarction and in-hospital mortality, and it is associated 
with late recurrence of symptoms and need for new revas-
cularization [7, 8]. Therefore, in order to achieve complete 
myocardial revascularization, CE seems to be a mandatory 
procedure for this complex group of patients undergoing 
CABG. Its indication and use are destined to increase pro-
gressively in the next few years. Since the introduction by 
Bailey in 1957, many studies have analyzed early and late 

Fig. 1. A – Late survival (not including operative mortality), B – freedom from late cardiac death, C – survival stratified by age,  
D – freedom from MACCE
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Patients at risk

Age ≥ 70

Patients at risk

Patients at risk

Patients at risk

69 ±6

Times after operation [months]

Times after operation [months]

Times after operation [months]

Times after operation [months]

A

C

B

D

Age < 70

p = 0.002

Table IV. Predictors of death for any cause during follow-up

Characteristic Odds 
ratio

95% CI P-value

Age ≥ 70 3.9 1.3–12.0 0.02

Postoperative LVEF ≥ 50% 0.6 0.2–1.9 0.41

Chronic obstructive pulmonary  
disease

7.1 1.1–44.2 0.03

Postoperative respiratory failure 6.0 0.8–45.9 0.08

Postoperative AKI 4.3 0.3–53.5 0.26

AKI – acute kidney injury, LVEF – left ventricular ejection fraction.
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outcomes, tips and tricks, but, nevertheless, its optimal ap-
proach is still debated and remains unknown. 

The operative mortality in patients undergoing CABG 
combined with CE ranges from 2.0% to 6.5% and appears 
higher than CABG alone [7–12]. Similarly, in our series, pa-
tients undergoing CE presented a preoperative score at low-
intermediate risk, i.e. a mean EuroSCORE value of 3.8% and 
STS Score value of 1.9% (Table I), and, as expected, operative 
mortality was higher than that observed in patients under-
going CABG alone operated on at our institution, i.e. 2–3%. 

A recent meta-analysis of 54,440 patients (7,366 CE pa-
tients), enrolled in twenty observational studies by Soylu 
et al., 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-operative MI  
(OR = 3.34; 95% CI: 1.74–6.41; p = 0.0003) in the CABG plus 
CE group in comparison with CABG alone [13]. The incidence 
of perioperative MI was 5.9% (265 events out of 4,518 CE 
plus CABG patients), and that of postoperative MI, 5.2% (141 
events out of 2,073 CE plus CABG patients), respectively, re-
porting a 4.3% operative mortality [13]. Perioperative MI is 
an important issue in patients who underwent CABG asso-
ciated with CE and it might be one of the main reasons for 
increased operative mortality. In our experience periopera-
tive MI occurred in 10 (11%) patients and caused the death 
of 2 (16.6%) patients. Wang et al. in a more recent meta-
analysis performed on 63,730 CABG patients found a 10.1% 
rate of peri- and postoperative MI; in patients presenting 
a preoperative high-risk profile and a diffuse disease on the 
LAD, the rate increased to 17.3% [3]. As expected, the high 
incidence of myocardial infarction observed in this group of 
patients can be related not only to the possibility of an acute 
CE thrombosis due to the loss of endothelial integrity and 
function, but also to the widespread disease up to the distal 
portion of the coronary vessels, which does not always al-
low complete revascularization of myocardium territories. 
Moreover, also reported by the two above-mentioned meta-
analyses [3, 13], the times of cardiopulmonary bypass and 
cross-clamp during CE plus CABG are usually longer than 
those observed during CABG alone, consequently increas-
ing the ischemia-reperfusion injury, prolonging renal hypo-
perfusion with worse outcomes in the early postoperative 
period. Off-pump CABG may avoid the detrimental effects 
of the cardiopulmonary bypass and the cardioplegic arrest. 
However, the complexity of the atherosclerotic lesions and 
the diffuse disease in the distal portion of the coronary ves-
sels may represent a major limitation to performing this 
technique. In the meta-analysis published by Wang et al., 
the rate of off-pump technique in patients undergoing CE 
plus CABG was 12.7%, similarly to that observed in our ex-
perience (11%). Thirty-day mortality was similar in CE plus 
off-pump CABG and CE plus on-pump CABG [3]. Similarly, 
Qiu et al. and Sirivella et al. [14, 15] showed that on-pump 
versus off-pump CE techniques are associated with similar 
early and mid-term outcomes.

In order to reduce the incidence of thrombosis, several 
authors have recommended the use of aggressive post-

operative antiplatelet and anticoagulant therapy, varying 
from dual antiplatelet to lifelong warfarin therapy. Nish-
igawa et al. in a recently published paper proposed the use 
of dual antiplatelet therapy in association with warfarin 
for the first 3 months after CE, following by aspirin only, 
continued indefinitely. Using this protocol, the patency rate 
of the internal thoracic artery on the endarterectomized 
LAD at 13 ±12 months was 96.6% [16]. In the last 2 years, 
our policy has consisted in the use of dual anti-platelet 
aggregation therapy combined with warfarin at least for  
12 months after the operation in those patients undergoing 
CE with the open technique and those presenting a more 
diffuse multivessel coronary artery disease.

No standard anticoagulation protocol after CE exists [9, 
17]. Postoperatively, 100 mg of aspirin and warfarin admin-
istration to obtain an INR between 2 and 2.5 are recom-
mended, and then, after 3 months, warfarin is discontinued 
[17–20]. Postoperative aspirin and clopidogrel administra-
tion is another proposed protocol [17].

Late results
Despite a higher rate of early mortality, several studies 

have reported that CE in addition to CABG did not affect 
late survival in comparison with CABG alone. Since patients 
requiring CE plus CABG usually have diffuse coronary artery 
disease, comparable survival may indicate the beneficial 
effects of complete revascularization achieved by CE plus 
CABG [3, 7, 12, 13]. In our population of patients the mean 
number of distal anastomoses per patient was 3.1.

An important investigated aspect that could affect the 
survival is represented by the site of CE. Some authors 
have observed a higher late mortality rate when CE was 
performed on the LAD [21, 22], while other authors [3, 7, 12, 
13] did not find the site of CE to be predictor of increased 
risk. In our cohort, 10-year survival was 66.2 ±7.5% in the 
CE on LAD group of patients versus 67.6 ±10.4% in the CE 
not on LAD group. Other potential risk factors that could 
affect long-term outcome in this patient population have 
not been clearly investigated. We have observed that pa-
tients with a diffusive disease of the coronary artery ves-
sels represent a very complex cohort in which both car-
diac and not-cardiac factors can play a crucial role during 
the follow-up period. Our analysis showed age older than  
70 years at the time of the surgery and COPD as indepen-
dent predictors of late mortality. It is very important to 
underline how COPD represents a continuing detrimental 
risk factor for long-term survival, according to other papers 
already published [23, 24]. The relationship between COPD 
and very aggressive atherosclerosis should be clarified in all 
its aspects. Therefore, the presence of COPD and older age 
could be considered as potential risk factors to guide the 
revascularization strategy in a specific direction: avoiding 
CE in older and COPD patients seems to be a reasonable 
option, and these subgroups of patients could represent 
a challenge for cardiac physicians in which an alternative 
way of revascularization (hybrid, percutaneous if feasible) 
or just medical therapy should be reconsidered.
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During the follow-up, close monitoring of patients’ 
adherence to antiplatelet aggregation therapy and coro-
nary disease risk factors was conducted. As reported else-
where, no difference in mid-term outcomes were observed 
between patients treated with single or dual antiplatelet 
therapy [25, 26]. Many authors have emphasized the role of 
antiplatelet aggregation therapy for the long-term patency 
rate of the grafts [27, 28]. This issue is intensively discussed 
in the international literature, and the patency rate in pa-
tients who underwent CE plus CABG is between 40% and 
81.5%. Schwann et al. analyzed the results of 288 patients 
operated on with CE plus CABG. In this series, the graft 
failure studied by angiography concerned 33% of endarter-
ectomized vessels during a mean follow-up of 400 days; 
therefore, the graft failure following CE was not statistically 
different from the non-endarterectomized one [29]. In our 
study we just performed a clinical follow-up so we cannot 
give any information about this issue. 

Only 3 patients (4.6%, not including in-hospital mortal-
ity and all-cause death during follow-up) needed a new PCI: 
one after 60 months for NSTEMI due to saphenous vein 
graft stenosis that was successfully treated by coronary 
stenting, one after 90 months for chronic angina related 
to marginal branch stenosis, treated by medical therapy, 
and the last one after 95 months due to the progression of 
untreated stenosis at the time of the surgery. In all patients 
the vessel treated by means of CE was still patent at the 
coronary angiography. No patient during follow-up needed 
redo CABG. The observed rate of the need for a new revas-
cularization in our study appears to be comparable to that 
reported in mid- (5-years) and long-term (10-years) follow-
up, respectively, in the SYNTAX trial and in the CASS Study 
in patients who underwent CABG [30, 31].

Moreover, we have recorded a stable clinical status of 
patients over time documented by a significant reduction 
of angina in comparison with the preoperative period.

Finally, an important aspect we observed during follow-
up was the satisfactory freedom from late cardiac death. At 
10 years it was 87% for the entire population of patients, in 
particular 93% for those undergoing CE on the LAD. Similar-
ly to that observed in our study, Byrne et al. in 196 patients 
undergoing CE on the LAD reported 84% freedom from car-
diac events at a follow-up of 5 years.

These data suggest that in terms of long-term results, 
CE plus CABG is an effective treatment for patients affected 
by diffusely diseased LAD.

Limitations of the study
Our study has several limitations: first of all it is retro-

spective and not randomized. Moreover, we just performed 
a clinical follow-up and not a graft patency assessment by 
means of imaging techniques (i.e., CT coronary angiogra-
phy). We focused our attention on clinical result but further 
analysis should associate clinical and angiographic results. 
Therefore, further studies with a larger number of patients, 
longer follow-up and patency rate evaluation will be neces-
sary to definitely define the real usefulness of CE in ad-

dition to CABG. At the same time, a clarification of anti-
platelet aggregation-anticoagulation protocols to be used, 
cardiovascular risk factors and extra-cardiac comorbidity 
management should be the next mandatory step for these 
patients.

Conclusions
Although the operative mortality is higher in compari-

son with CABG alone, and the incidence of perioperative 
myocardial infarction continues to be not negligible, in the 
presence of diffusely diseased coronary artery vessels CE 
associated with CABG appears to be an important surgi-
cal tool, with acceptable long-term survival and clinical im-
provement during follow-up. Patients older than 70 years 
and with COPD represent a new challenge on which to 
focus attention for the increased risk of late death. Free-
dom from late cardiac death after CE plus CABG, especially 
when it is performed on the LAD, appears to be very sat-
isfactory.
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