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ABSTRACT

Background: Coronary endarterectomy (CE) combined
with coronary artery bypass grafting (CABG) is an effective
but still controversial surgical strategy for the treatment of
diffuse coronary artery disease. In this study, we aimed to
investigate the impact of gender differences on operative and
early postoperative results of patients who underwent CABG
with CE.

Methods: This retrospective study included 141 patients
who had undergone CE combined with CABG from Janu-
ary 2015 to December 2020, as well as 141 patients without
CE as the control group. First, patients with and without CE
were compared. Next, patients undergoing CE were divided
into 2 groups according to gender (group 1, male patients;
group 2, female patients).

Results: Of the 141 patients who underwent CE combined
with on-pump CABG, 95 (67.3%) were male, and median
age was 66 years (range 58 to 71.2). Of the 141 patients who
underwent isolated on-pump CABG, 99 (70.2%) were males,
and median age was 63 years (range 41 to 80.4). The data for
these 2 groups (with and without CE) were compared. Pre-
vious percutaneous coronary intervention (PCI), presence of
diabetes mellitus, and perfusion time were significantly more
common in the CE group. There were 95 patients in group
1, with a median age of 65 years (range 58 to 69), and 46
patients in group 2, with a median age of 66 (64 to 71.2).
There were no difference between the groups in terms of age,
body mass index, hyperlipidemia, chronic obstructive pulmo-
nary disease, peripheral artery disease, or previous coronary
intervention. The need for positive inotropic support and
postoperative atrial fibrillation were found to be significantly
more common in group 2 (P =.022 and .039, respectively).
Defibrillation after releasing the aortic cross clamp was also
significantly more common in group 2 (P = .025).

Conclusion: In our study, the need for defibrillation after
aortic cross-clamp releasing in the perioperative period,
the need for inotropic support and the incidence of atrial
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fibrillation in the post-operative period, increased signifi-
cantly in the female gender. CE can be performed safely in
both genders with acceptable mortality and morbidity rates.

INTRODUCTION

Recently, because of their reduced invasiveness and good
results, percutaneous coronary interventions (PCls) have
become the treatment of choice for coronary artery disease
(CAD). As a result, more complex patients with high comor-
bidity are now referred for CABG surgery [Eris 2021]. The
principal aim in coronary artery bypass graft (CABG) surgery
is to provide complete revascularization of diseased coronary
arteries, because complete revascularization reduces the risk
of perioperative myocardial infarction, in-hospital mortality,
and relapse of late symptoms [Guvenc 2020].

Patients with diffuse calcific disease, long segment, or
sequential coronary lesions constitute a controversial and
challenging group for surgical revascularization. Therefore,
an effective surgical strategy should be applied to patients
with severe CAD to achieve complete revascularization.
Coronary endarterectomy (CE) combined with CABG is a
useful and sometimes necessary technique to provide com-
plete revascularization [Russo 2017].

One unsettled issue is the effect of female gender on
postoperative morbidity and mortality after CABG surgery.
Women have less extensive obstructive disease but more dif-
fuse coronary artery disease compared with men. They also
have smaller coronary artery diameters than men; anastomo-
sis to a narrower coronary artery is technically more difficult
and may affect graft patency and clinical outcomes. Never-
theless, some studies have reported that women show better
long-term survival than men [Toumpoulis 2006].

In this study, we aimed to determine whether gender dif-
ferences affect early postoperative outcomes of on-pump
CABG patients with adjunct CE.

METHODS

This retrospective, single-center study was conducted
from January 2015 to January 2020 at Bursa Yuksek Ihtisas
Education and Research Hospital, Bursa, Turkey. We ana-
lyzed 1162 patients (800 men and 362 women), operated on
by the same surgical team, who underwent on-pump CABG
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surgery during this time period. Of these patients, 141 (95
(11,87 %) men and 46 (12,7 %) women) had CE combined
with on-pump CABG.. The patient group to whom CE
was applied was divided into 2 groups of men (group 1) and
women (group 2), and results were compared. In addition,
141 patients who underwent isolated CABG (without CE)
were included according to a random numbers table from the
full data set as the control group.

Approval of the Bursa Yuksek Ihtisas Education and
Research Hospital Ethics Committee was obtained. The
study was conducted in accordance with the Declaration of
Helsinki Ethical Principles and Good Clinical Practices. Pre-
operative variables examined included age, gender, body mass
index [BMI], diabetes mellitus, hypertension, smoking his-
tory, hypercholesterolemia, peripheral vascular disease, pre-
vious myocardial infarction (MI), preoperative left ventricular
ejection fraction, intraoperative characteristics (cross-clamp
times, perfusion times, number of bypass grafts performed,
left internal mammary artery [LIMA] use, and defibrilla-
tion needs. Postoperative outcomes examined included MI,
new atrial fibrillation, intra-aortic balloon pump (IABP),
inotrope agents, low cardiac output, bleeding, hospital mor-
tality, intensive care unit (ICU) stay times, and hospital dis-
charge times. Patients who underwent on-pump CABG with
no additional cardiac procedure were included in the study.
We excluded patients with valvular heart disease, emergency
cardiac surgical procedures, and concomitant surgeries. Data
were obtained from our hospital’s computerized database and
retrospectively analyzed.

Blood samples were drawn from each patient 1 day before
surgery and after 24 hours to measure the myocardial bio-
marker high-sensitivity troponin I (hsTnl). All patients had
continuous electrocardiographic monitoring in the ICU.
"Twelve-lead electrocardiographic recordings were performed
preoperatively, 1 hour postoperatively in the ICU, daily for
at least the first 3 postoperative days, and at discharge. Left
ventricular ejection fraction was measured with 2-dimen-
sional echocardiography preoperatively and postoperatively
before discharge.

Surgical Technique

All operations were performed under cardiopulmonary
bypass with mild hypothermia (30° to 32°C) after cardioplegic
arrest. During cardiopulmonary bypass, myocardial protec-
tion was provided in all cases, with antegrade and retrograde
cold blood cardioplegia given every 20 minutes. Although the
decision for applying CE was considered as an option during
preoperative coronary angiographic examination, the actual
decision and choice of technique were based on intraopera-
tive findings of the target coronary arteries.

The basic principle of CE is complete removal of the
plaque. Atherosclerotic plaque is removed from the proximal
and distal parts of the coronary artery. To prevent competi-
tive flow through the native coronary artery, we did not insist
on complete removal of the plaque in the proximal part, but
we paid special attention to provide the best possible flow in
the distal part. Two main techniques, open and closed, can
be used to perform the CE procedure. In all cases, the closed
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technique was our primary option, because it is quicker and
simpler and requires a smaller anastomosis than open surgery.
Open CE is performed when plaque extraction cannot be
completed through a limited arteriotomy or when the plaque
is broken, and sufficient exposure is needed to remove the
atherosclerotic core completely. The distal arteriotomy inci-
sion is extended to the nondiseased segment. An example
of the CE technique applied to a severely diseased vessel is
shown in Figure 1.

Definition of Postoperative Complications

Perioperative myocardial infarction was defined as the
formation of a new Q wave in >2 consecutive leads on
the electrocardiogram and a Tnl value >10 times the 99th
percentile upper reference value within the first 48 hours
after surgery. Postoperative respiratory failure was defined
as the need for mechanical ventilation for >48 hours or a
requirement for the presence of pneumonia. Postoperative
cerebrovascular accident was defined as occurrence of a new
stroke or intracranial hemorrhage confirmed by radiologi-
cal imaging. New stroke that developed in the postoperative
period in patients with preoperative stroke was defined as
worsening of neurological deficit with new radiological find-
ings. Postoperative infection was defined as pneumonia or
septicemia requiring antibiotherapy and cases of mediastini-
tis involving deep mediastinal tissues causing sternal dehis-
cence, requiring reoperation. Bleeding was defined as tam-
ponade causing hemodynamic instability and postoperative
drainage requiring reoperation. Renal failure was defined as
new need for dialysis after the operation. Operative death
was defined as death occurring within 30 days after surgery,
either in hospital or after discharge from the hospital. Atrial
fibrillation was defined as the absence of a P wave before the
QRS complex and the presence of an irregular rhythm in the
postoperative term.

Figure 1. A, Diseased left anterior descending artery. B, Endarterec-
tomy material after vascular arteriotomy. C, Completely removed end-
arterectomy material. D, Completed long segment LIMA to LAD artery

anastomosis.
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Statistical Analysis

Statistical analyses were performed with Statistical Pack-
age for the Social Sciences version 23.0 (SPSS, Chicago, IL).
Categorical variables are presented as number and percent-
age. Comparison of these variables were performed by y* test

or Fisher’s exact test. To show the distribution of continu-
ous variables, the Kolmogorov—Smirnov normality test was
used. For normally distributed continuous data, Student’s t
test was used to compare 2 independent groups, and vari-
ables are expressed as mean + standard deviation (SD). For

Table 1. Characteristics of Patients with and without Coronary Endarterectomy (CE)

Variable Without CE (n = 141) With CE (n = 141) P Value
Age (y) 63 (41 to 80.4) 66 (58 to 71.2) L1341
BMI (kg/m?) 28.7+2.8 28.9£2.2 .798%
Male gender 99 (70.2) 95 (67.3) .607*
Hypertension 62 (43.9) 56 (39.7) 469*
Hyperlipidemia 44 (31.2) 49 (34.7) 527*
PAD 21 (14.8) 25 (17.7) .519*
Previous PCI 37 (26.2) 54 (38.2) .030*
Diabetes mellitus 23 (16.3) 39 (27.6) .021*
COPD 22 (15.6) 16 (11.3) .388*
Smoking 42 (29.7) 54 (38.2) J132*
History of CVA 5(3.5) 7 (4.9) .555%*
EuroSCORE Il 2 (1to4) 2 (1to4) T79t
Ejection fraction 55 (40 to 60) 55 (45 to 60) .882¢
Preoperative hsTnl (ng/L) 9.8 (6.9 to 21.4) 1.4 (7.5 to 17.2) 296t
CABG >3 73 (51.7) 86 (60.9) 9%
Defibrillation rate 44 (31.2) 52 (36.8) .315%
Total perfusion time (min) 89 (88 to 141) 116 (101 to 135) .009t
Cross-clamp time (min) 69 (48 to 112) 78 (62 to 154) .025%
Chest tube drainage (mL) 400 (300 to 750) 450 (400 to 600) 448t
Inotropic support 21 (14.8) 30 (21.2) .164*
Intra-aortic balloon pump 7 (4.9) 13 (9.2) .196*
24-h hsTnl (ng/L) 200 (149.3 to 321.5) 312.6 (232.5 to 414.2) <.001%
Total ICU stay (d) 2 (2t03) 2 (2to 3) .982%
Mortality 2 (1.4) 4(2.8) .684*
Myocardial infarction 2 (1.4) 5(3.5) A447*
Cerebrovascular accident 1(0.07) 2 (1.4) 1.000*
Infection 2 (1.4) 3(2.1) 1.000*
Reoperation because of bleeding 4(2.8) 6 (4.2) 749*
Atrial fibrillation 20 (14.1) 34 (24.1) .034*
Respiratory failure 2 (1.4) 3 (2.1) 1.000*

Data are median (interquartile range: 25th to 75th percentile), mean + SD, or n (%).

COPD indicates chronic obstructive pulmonary disease; CVA, cerebrovascular accident; PAD, peripheral artery disease; EuroSCORE Il, European System for

Cardiac Operative Risk Evaluation II.

*y? test (Fisher’s exact test for values <5).

tMann-Whitney U test.

tStudent’s t test.
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non-normally distributed continuous data, Mann-Whit-
ney U test was used to compare 2 independent groups, and
variables are expressed as median (25th to 75th percentile).
P value <.05 was accepted as statistically significant for all
comparisons.

RESULTS

Of the 141 patients who underwent CE combined with
on-pump CABG, 95 (67.3%) were males, with a median age
of 66 years (range 58 to 71.2). Of the 141 patients who under-
went isolated on-pump CABG, 99 (70.2%) were males, with
a median age of 63 (range 41 to 80.4). The data for these 2
groups (with and without CE) were compared. Previous PCI,
diabetes mellitus, and postoperative atrial fibrillation were
more common in the CE group, and perfusion times were
significantly higher. Other patient characteristics and postop-
erative complication rates were similar between the 2 groups
(Table 1).

Demographic data of patients with CE are given in Table
2. Group 1 contained 95 male patients with a median age of 65
years (range 58 to 69); group 2 contained 46 female patients
with a median age of 66 (range 64 to 71.2). There were no dif-
ferences between the groups in terms of age, body mass index,
hyperlipidemia, chronic obstructive pulmonary disease,
peripheral artery disease, or previous coronary intervention.

Hypertension and diabetes mellitus were found to be signifi-
cantly more common in group 2 (P = .005, P = .012, respec-
tively), and smoking was significantly more common in group
1 (P=.038).

Operative data of the patients are given in Table 2. There
were no differences between the groups in the number of
bypassed vessels, the number of vessels on which CE was per-
formed, use of the left internal mammary artery, or perfusion
times. Defibrillation after releasing the aortic cross clamp was
significantly more common in group 2 (P =.025).

Postoperative characteristics and complication rates of the
patient groups are given in Table 3. There were no statis-
tically significant differences between the 2 groups in terms
of duration of hospital and intensive care stays, mortality,
postoperative MI, cerebrovascular events, infection, chest
tube drainage amounts, reoperation due to bleeding, respira-
tory failure, or renal failure. Positive inotropic support and
postoperative atrial fibrillation were found to be significantly
more common in group 2 (P =.022 and .039, respectively).

Although CE is a complex procedure, it is an essential and
sometimes necessary method to achieve complete revascular-
ization in patients with diffuse CAD. CE can be performed
safely with acceptable operative and early postoperative

Table 2. Demographic Data and Preoperative Features of Patients with CE

Variable Men (Group 1) (n = 95) Women (Group 2) (n = 46) P Value
Age (y) 65 (58 to 69) 66 (64 to 71.2) 18t
BMI (kg/m?) 28.6 £ 1.7 29.2+2.8 54%
Hypertension 30 (31.6) 26 (56.5) .005*
Hyperlipidemia 32 (33.7) 17 (37) .702*
PAD 19 (20) 6 (13) 3=
Previous PCI 35 (36.8) 19 (41.3) .609*
Diabetes mellitus 20 (21) 19 (41.3) .012*
COPD 12 (12.6) 4 (8.6) .581*
Smoking 42 (44.2) 12 (26) .038*
History of CVA 4(4.2) 3 (6.5) .683*
EuroSCORE Il 2 (1to03) 2 (1to4) .525¢%
Ejection fraction 55 (45 to 60) 50 (45 to 60) 9861
hsTnl (ng/L) 1.4 (7.7 to 17.2) 1.4 (7.5 to 14) 371t

Data are median (interquartile range: 25th to 75th percentile), mean + SD, or n (%).

COPD indicates chronic obstructive pulmonary disease; CVA, cerebrovascular accident; PAD, peripheral artery disease; EuroSCORE Il, European System for

Cardiac Operative Risk Evaluation II.
*y? test (Fisher’s exact test for values <5).
tMann-Whitney U test.

tStudent’s t test.
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outcomes. In terms of postoperative complications, only
the rate of postoperative atrial fibrillation was significantly
higher in patients with CE in our study. Despite initial nega-
tive results in the past decades [Livesay 1986], several recent
publications have shown that CE combined with CABG is a
useful surgical option that has been accepted with its early and
long-term outcomes in diffuse and calcific CAD [Russo 2017].

Cardiovascular disease is one of the most important causes
of death in both male and female populations [Walli-Attaei
2020]. Therefore, the incidence of interventional coronary
procedures and CABG is increasing all over the world. Today,
as a result of the widespread implementation of PCls, the
patient population referred for CABG includes cases that are
increasingly complex. In the current study, we demonstrate
that CE with on-pump CABG can be performed in both gen-
ders with similar early postoperative complication rates. We
found that postoperative positive inotropic support and post-
operative atrial fibrillation were statistically more common in
the female patient group compared with male patients.

A principal goal of CABG is to achieve complete revascu-
larization, mainly of the left anterior descending artery (LAD),
because incomplete revascularization of the coronary arter-
ies has been proven to be a predictor of poor outcomes and

Table 3. Operative Variables of Patients with CE

high mortality rates after CABG [Tiruvoipati 2005a; Cameron
1996]. Up to 25% of patients with extensive CAD cannot be
safely and successfully treated with standard CABG. Therefore,
the technique of CE, although sometimes risky, may become
mandatory [Santini 2002]. The application of concomitant CE
with CABG is 0.8% to 25% in the literature [Ghatanatti 2017].
Concomitant CE was 12.1% (141/1162) in our patient group.

Many studies have shown that female gender is an indica-
tor of poor outcomes and high mortality rates after CABG
[Ranucci 2008]. It was suggested that these poor results may be
due to the more numerous comorbid factors such as diabetes
mellitus and hypertension in female patients [Goksedef 2012].
Additionally, some anatomic and biological mechanisms have
been suggested to explain these poor postoperative surgical
outcomes in women. Differences in outcomes between gen-
ders may be attributed to several factors: women have small
body size, women’s coronary arteries are thinner than those
of men, and women have less coronary collateral flow than
men [Kim 2007; Sheifer 200]. In our study, as in other studies
[Alam 2013], we found that the prevalence of hypertension
was higher in female patients compared with men, and smok-
ing was more common in men. In addition, we found that
the rate of diabetes mellitus was higher in the female patient

Variable Men (n = 95) Women (n = 46) P Value
CABG x 2 5(5.2) 2 (4.3) 1.000*
CABG x 3 33 (34.7) 15 (32.6) .803*
CABG x 4 42 (44.2) 24 (52.1) .374*
CABG x 5 15 (15.7) 5(10.8) A432*
Endarterectomized vessel
Single vessel 73 (76.8) 38 (82.6) 433*
LAD 41 (43.1) 17 (36.9)
RCA 23 (24.2) 13 (28.2)
Cx 9(9.4) 8 (17.3)
Two vessels 22 (23.2) 8 (17.3) A433*
RCA + LAD 7 (7.3) 3(15.2)
RCA + Cx 8 (8.4) 3 (6.5)
LAD + Cx 7(73) 2 (4.3)
LIMA use 92 (96.8) 42 (91.3) J156*
Defibrillation rate 29 (30.5) 23 (50) .025%
Total perfusion time (min) 118 (101 to 135) 111.5 (102 to 126.2) 373t
Cross-clamp time (min) 79.1+10.5 75.7 = 1.6 .087¢

Data are n (%), median (interquartile range: 25th to 75th percentile), or mean + SD.

Cx indicates circumflex artery; RCA, right coronary artery.
*y? test (Fisher’s exact test for values <5).
tMann-Whitney U test.

tStudent’s t test.
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group. In the current study, in the light of this information,
the rates of atrial fibrillation and need for inotropic support
were significantly higher in the female patient group.
However, in a recent study, early period results rates after
CABG operations in patients >70 years old were found to be
similar in female and male patients [Yuksel 2017]. Various stud-
ies in the literature have investigated the effect of gender on
clinical outcomes after cardiovascular interventions. In the
study conducted by Sannino et al [2018], the effect of gender on
clinical outcomes after transcatheter aortic valve implantation
was investigated. The authors found that early vascular compli-
cations and severe bleeding rates were higher in female patients.
However, 1-year mortality rates were found to be lower in
female patients [Sannino 2018]. In a study conducted by Tra-
battoni et al [2019], the results of left main coronary stenting
were compared in terms of gender. At the end of the study,
female gender was determined as an independent predictor for
major adverse cardiovascular events [Trabattoni 2019]. Also, in
a recent study, clinical results after off-pump CABG operations
with CE were compared in terms of gender. Although there
was no statistically significant difference between the groups
in terms of early and long-term clinical outcomes, it was con-
cluded that female gender had a higher risk [Sabzi 2020].
Aldea et al [1999] reported that the number of endarter-
ectomized vessels was higher in men. In addition, it had been
reported that 3-vessel disease has a high prevalence in men
[Abramov 2000]. In contrast, Amato et al [2004] reported
similar rates of CE in both genders. No significant difference

was observed between male and female patients in terms of
the number of diseased vessels and the number of bypasses
performed in on-pump CABG patients with CE in our study.
Additionally, the rate of CE was higher in males.

Perioperative MI is an important issue and may be the one
of the reasons for increased mortality of CE. The perioperative
myocardial infarction rate ranges from 3% to 25% in the litera-
ture [Stavrou 2016]. This rate was found to be 6.5% in female
patients and 2.1% in male patients in our study (P = .330).

The basic principle of CE is the complete removal of the
atherosclerotic core without leaving an obstructing plaque.
In the closed technique, a shorter arteriotomy and thus a
shorter anastomosis is performed, but it requires more expe-
rience. Distal and proximal embolism risk is higher, since
most of the procedure is performed in a closed area. On
the other hand, the open method is safer in terms of distal
embolism, since complete cleaning of the atherosclerotic
core is performed under direct vision. Because the arteri-
otomy is longer, it requires a longer anastomosis and there-
fore a longer ischemic time [Tiruvoipati 2005b; Takahashi
2013]. We used open endarterectomy and long anastomosis
of LIMA as an onlay patch for reconstruction of the endar-
terectomized LAD in all cases. In our study group, although
the rate of perioperative MI was lower than the literature,
no statistically significant difference was found between men
and women undergoing CABG and CE.

Costa et al [2020] stated that LAD is the most common
endarterectomized vessel that feeds a significant part of the left

Table 4. Postoperative features and complications of the patients with CE

Variable Men (n = 95) Women (n = 46) P Value
Chest tube drainage (mL) 450 (400 to 550) 500 (400 to 600) 78%
Inotropic support 15 (15.8) 15 (32.6) .022*
Intra-aortic balloon pump 7 (7.4) 6 (13) 275*
24-h hsTnl (ng/L) 303.2 (232.5 to 414.2) 337.6 (291.8 to 376.6) .093t
Total ICU stay (d) 2(2t03) 2 (2t03) 8711
Total hospital stay (d) 7 (7 to 8) 7(7t09) 317t
Ejection fraction 50 (40 to 55) 45 (40 to 50) 2571
Mortality 2(2.1) 2 (4.3) .596*
Myocardial infarction 2(2.1) 3 (6.5) .330*
Cerebrovascular accident 1(1.1) 1(2.2) .548*
Infection 1(1.1) 2 (4.3) .248*
Reoperation due to bleeding 2(2.1) 4 (8.6) .089*
Atrial fibrillation 18 (18.9) 16 (34.8) .039*
Respiratory failure 2(2.1) 12.2) 1.000*
Renal failure 2(2.1) 3 (6.5) .330*

Data are median (interquartile range: 25th to 75th percentile) or n (%).
*x? test (Fisher’s exact test for values <5).

tMann-Whitney U test.
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heart and also is the most important target artery for complete
revascularization. In our study, 54.6% of the patients underwent
LAD endarterectomy. We observed that RCA was the second
most common endarterectomized vessel at 40.4%. This ratio
varies between 21.1% and 83 % in the literature [Stavrou 2016].

Reoperation due to postoperative bleeding was higher in
the female group (2.1% versus 8.6%), but the difference was
not significant. In addition, postoperative atrial fibrillation and
postoperative inotropic need rates were significantly higher
in the female group. These differences in outcomes may be
attributed to several factors, such as women having smaller
vessel size and less collateral flow than men [Goksedef 2012].

Limitations

Our study had several limitations. First, it was a single-
center, retrospective study. The number of patients was
relatively small in both groups. Also, our study focused on
clinical follow-up, and graft patency was not examined with
imaging techniques (i.e., conventional or computed tomo-
graphic angiography). Therefore, further studies with a larger
number of patients, longer follow-up, and patency evaluation
with angiographic results will be necessary to precisely define

the true benefit of CE in addition to CABG.

Conclusions

In the presence of diffuse and calcific coronary artery dis-
ease, or when diffuse atheromatous plaques affect major lat-
eral branches, CE may be the only and the mandatory surgical
option when conventional grafting is impossible to provide
complete revascularization. In our study, the need for defi-
brillation after aortic cross-clamp releasing in the periopera-
tive period, the need for inotropic support and the incidence
of atrial fibrilladon in the post-operative period, increased
significantly in the female gender. Although female gender
has some disadvantages, CE can be performed safely in both
genders with acceptable mortality and morbidity, as a result of
the increased surgical experience and advances in myocardial
protection techniques.
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