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ABSTRACT

Introduction: Patients requiring coronary
artery bypass grafting (CABG) and carotid
endarterectomy (CEA) can be managed with
staged (CEA before CABG), reverse staged
(CABG before CEA) or synchronous treatment.
This single-center retrospective study evaluated
the outcomes in patients undergoing planned
synchronous CEA and CABG.

Methods: Between 2000 and 2020 a total of 185
patients with symptomatic triple-vessel or left
main coronary artery disease associated with
70-99% asymptomatic or 50-99% symptomatic
uni- or bilateral internal carotid artery (ICA)
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stenosis underwent synchronous CEA and CABG
at our institution. Study endpoints were defined
as mortality, stroke and myocardial infarction at
30 days. Additionally, the composite endpoint of
these events was investigated.

Results: At 30days, mortality, stroke and
myocardial infarction rates were 5.9%, 8.1%
(permanent [unresolved deficit at discharge]
5.4%) and 3.8%, respectively, and the compos-
ite endpoint was reached in 13.0% of patients.
Patients suffering from a stroke more frequently
had a contralateral 70-99% ICA stenosis (60.0%
vs. 17.3%; p < 0.001), peripheral artery disease
(73.3% vs. 38.9%; p = 0.013) and prolonged car-
diopulmonary bypass time (mean 119 + 62 min
vs. 84 + 29 min; p = 0.012). Multivariate logistic
regression analysis revealed the duration of car-
diopulmonary bypass (odds ratio [OR] 1.024; 95%
confidence interval [CI] 1.002-1.046; p = 0.034), a
history of type 2 diabetes mellitus (OR 5.097; 95%
CI 1.161-22.367; p = 0.031) and peripheral artery
disease (OR 5.814; 95% CI 1.231-27.457;
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p = 0.026) as independent risk factors for reaching
the composite endpoint.

Conclusion: Patients undergoing synchronous
CEA and CABG face an elevated risk of periop-
erative cardiovascular events, particularly an

increased stroke risk in patients with symp-
tomatic and bilateral ICA stenosis.
Graphical Abstract available for this article.
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Key Summary Points

Why carry out this study?

To evaluate the outcomes of patients
undergoing planned synchronous carotid
endarterectomy (CEA) and coronary
artery bypass grafting (CABG) in a
heterogeneous group of high-risk patients.

The most efficient operative strategy
remains unknown because of conflicting
evidence, the lack of randomized
controlled studies and the disparate
inclusion criteria in prior trials.

This study aimed to assess the 30-day
mortality, stroke and myocardial
infarction rates as well as the composite
endpoint of these events.

What was learned from the study?

The study found that in this high-risk
patient group, the 30-day mortality,
stroke and myocardial infarction rates
were 5.9%, 8.1% (permanent [unresolved
deficit at discharge] 5.4%) and 3.8%,
respectively, with a composite endpoint
reached in 13.0% of patients.

Patients undergoing synchronous CEA
and CABG are at increased risk, often
associated with severe generalized
atherosclerosis and a higher likelihood of
perioperative vascular events. Risk factors
for reaching the composite endpoint
included the duration of cardiopulmonary
bypass, a history of type 2 diabetes
mellitus and peripheral artery disease.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital
features for this article, go to https://doi.org/10.
6084/m9.figshare.25104092.

INTRODUCTION

Patients undergoing coronary artery bypass
grafting (CABG) present with internal carotid
artery (ICA) stenosis in 6-8% of cases, which is
associated with an increased risk of periopera-
tive stroke [1]. Patients requiring CABG and
carotid endarterectomy (CEA) are managed by
staged (prophylactic CEA before CABG), reverse
staged (CABG before delayed CEA) or syn-
chronous treatment. Previous reports suggested
that staged and synchronous treatment have a
lower risk of postoperative stroke than the
reverse staged sequence [2]. However, the most
efficient operative strategy remains unknown
because of conflicting evidence, the lack of
randomized controlled studies and the dis-
parate inclusion criteria in prior trials. This large
single-center retrospective study evaluated the
perioperative and long-term outcomes in
patients undergoing planned synchronous CEA
and CABG.

METHODS

Ethical Statement

This study followed the tenets of the Declara-
tion of Helsinki. The protocol and methods
were reviewed and approval has been granted
by the institutional Ethics Committee of the
Federal State Upper Austria for this retrospective
study (license no. 1213/2019). Requisite patient
consent was waived.

I\ Adis


https://doi.org/10.6084/m9.figshare.25104092
https://doi.org/10.6084/m9.figshare.25104092

1914

Adv Ther (2024) 41:1911-1922

Patients and Study Design

Between 2000 and 2020, 185 consecutive
patients with triple-vessel or left main coronary
artery disease associated with uni- or bilateral
70-99% asymptomatic or 50-99% symptomatic
(ischemic symptoms within the last 6 months
or silent cerebral embolization on imaging) ICA
stenosis underwent elective CABG and syn-
chronous CEA at our institution. Severity of the
ICA stenosis was measured by means of duplex
ultrasound and confirmed with conventional
angiography (initial study period), computed
tomography or magnetic resonance imaging
scan according to the North American Symp-
tomatic Carotid Endarterectomy (NASCET)
methodology (Fig. 1A) [3].

CEA was performed prior to CABG under the
same anesthesia. Eversion endarterectomy was
the standard operative technique. In the pres-
ence of contralateral ICA stenosis or occlusion,
known poor intracerebral collateralization (in-
terrupted circle of Willis) and/or a decrease in
oxygen saturation (measured by near infrared
spectroscopy monitoring) > 20% after carotid
artery clamping patch angioplasty with intra-
luminal shunting was carried out (Fig. 1B). All
CABG procedures were performed using car-
diopulmonary bypass (CPB) with aortic cross
clamping and cardioplegic arrest.

Primary study endpoints were defined as the
rate of stroke, myocardial infarction (MI) and
mortality at 30 days (early endpoints). In addi-
tion, the composite endpoint of these events
was investigated. Stroke was defined as any focal
or global neurological deficit lasting > 24 h and
was clinically assessed by a neurologist. Perma-
nent stroke was considered as stroke not fully
recovered before discharge. Events occurring
after 30 days were defined as late endpoints.

Statistical Analysis

All data of continuous variables were checked
for normal distribution (test of normality: Kol-
mogorov-Smirnov with Lilliefors significance
correction, type I error = 10%) and in the case
of normal distribution also for heteroscedastic-
ity (Levene test, type I error = 5%). If normality

and variance homogeneity could be assumed,
the independent two-sample t-test was used for
subgroup comparisons. If normality and no
variance homogeneity could be assumed,
Welch’s t-test was used. If normality could not
be assumed, the exact Mann-Whitney U test was
used. Categorical variables were compared by
the Fisher’s exact test or by the exact chi-square
test. Time to event variables were depicted by
Kaplan-Meier plots.

For the comparative depiction of the survival
times of the study population and the total
population a matched pair approach with age-
related estimations of total population survival
times (source: http://www.statistik-austria.at)
censored at 20 years was used.

The influence of age, preoperative estimated
glomerular filtration rate, preoperative left
ventricle ejection fraction, CPB time, preopera-
tive N-terminal pro-B-type natriuretic peptide,
sex, type 2 diabetes mellitus (T2DM), peripheral
artery disease (PAD), preoperative atrial fibrilla-
tion, contralateral > 70% ICA stenosis and
patient’s clinical history (e.g., previous transient
ischemic attack or stroke) on the combined
endpoint of mortality, stroke and MI at 30 days
was investigated by multivariate logistic regres-
sion analysis and reported as odds ratio (OR)
with 95% confidence interval (CI).

The type I error was not adjusted for multiple
testing. Therefore, the results of inferential
statistics are descriptive only. Statistical analysis
was performed using the open-source R statis-
tical software package, version 3.6.1 (The R
Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

Clinical and demographic data are summarized
in Table 1; operative data are depicted in
Table 2. Mean age of the study population was
70.5 + 8.3 years. T2DM was present in 66
patients (35.7%) and symptomatic PAD in 77
patients (41.6%). The mean logarithmic Euro-
SCORE (predicted mortality according to a
logistic regression equation) was 9.2 £ 7.2%.
Symptomatic ICA stenosis was present in 15
patients (8.1%). Seventy-eight patients (42.2%)
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Fig. 1 A Magnetic resonance imaging scan indicating the
severity of the internal carotid artery stenosis, B carotid
endarterectomy with intraluminal shunting prior to patch

angioplasty, C diffusion-weighted imaging of a 75-year-old

had a contralateral > 50% ICA stenosis,
including six patients (3.2%) with a complete
occlusion of the contralateral carotid artery.
The mean CPB time was 87 + 34 min. The cal-
culated median perioperative red blood cell loss
was 749 (IQR 558-1023) ml.

At 30 days, mortality, stroke and MI rates
were 5.9% (11 patients), 8.1% (15 patients;
permanent neurological deficit was present in
10 patients, 5.4%) and 3.8% (7 patients),
respectively (Table 3). The early composite
endpoint was reached in 13.0% (24 patients) of
the study population.

Patients suffering from a perioperative stroke
more frequently had a contralateral 70-99%
ICA stenosis (60.0% vs. 17.3%; p < 0.001), PAD
(73.3% vs. 38.9%; p = 0.013), prolonged dura-
tion of CPB (mean 119 + 62min vs.
84 £+ 29 min; p = 0.012), increased blood trans-
fusion needs (median 1200 (IQR 480-2160)
mlvs. 240 (IQR 0-720)ml; p=0.001) and
impaired renal function (estimated glomerular
filtration rate 56 + 22 ml/min vs. 73 £ 31 ml/
min; p = 0.041). In-hospital mortality of stroke
patients was 40% (6 patients). Five patients
(33.3%) had complete neurological restitution
ad integrum at discharge.

Multivariate logistic regression analysis
revealed the duration of CPB (OR 1.024; 95% CI
1.002-1.046; p = 0.034), a history of T2DM (OR
5.097; 95% CI 1.161-22.367; p =0.031) and

man with left-sided hemiparesis after on-pump syn-
chronous treatment with endarterectomy of the left
carotid artery showing multiple diffusion abnormalities
scattered throughout the brain

PAD (OR 5.814; 95% CI 1.231-27.457;
p =0.026) as independent risk factors for the
early composite endpoint (Table 4). In-hospital
mortality was 7% (13 patients). Reasons for
early death included stroke in five patients,
multi-organ failure in three patients, MI in two
patients, arrhythmia in two patients and cardiac
tamponade in one patient.

The 30-day stroke risk among the 170
patients with asymptomatic ICA stenosis was
7.1% (12 patients). For patients undergoing CEA
for wunilateral, asymptomatic 70-99% ICA
stenosis, the stroke risk was 2% (2 of 100
patients). However, if CEA was performed for an
asymptomatic 70-99% ICA stenosis in the
presence of a contralateral > 50% stenosis, the
stroke risk was 14.3% (10 of 70 patients). The
30-day stroke risk among 15 patients with
symptomatic 50-99% ICA stenosis, including 8
cases with bilateral disease, was 20% (3
patients). All strokes were ischemic and occur-
red within 30 days after surgery. On computed
tomography or magnetic resonance imaging
scan, brain lesions were detected ipsilateral to
the CEA distribution site in 4 patients (26.7%)
and contra- or bilateral to the CEA distribution
site in 11 patients (73.3%). Among the 15 stroke
cases, two patients had a known occlusion of
the contralateral carotid artery, two patients
had been resuscitated postoperatively because
of cardiac arrest and one patient was on
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extracorporeal life support. In one stroke
patient, the brachiocephalic trunk was cannu-
lated unplanned because of a porcelain aorta. In
another patient, a bilateral mesencephalic
infarct occurred after hospital discharge.

Mean survival during follow-up was
7.1 £ 5.6 years (Fig. 2). Overall mortality within
the observational period was 46.5% (86
patients). Reasons for late death were mainly
related to cardiovascular diseases. The 10-year
survival probability of the study population was
59.9% (95% CI 51.9-69.1) compared with
77.8% (95% CI 72.1-84.1) in the age-matched
general population (p = 0.001).

Forty-one patients (22.2%) had at least one
cardiovascular reintervention during follow-up,
including 28 reinterventions for PAD, 10 rein-
terventions for carotid artery disease, 7 opera-
tions for contralateral ICA stenosis, 2
transcatheter aortic valve replacements and 9
other procedures. Freedom from any cardiovas-
cular reintervention at 10 years was 55.5% (95%
CI 44.6-69.1; Fig. 3).

DISCUSSION

Perioperative stroke is a devastating complica-
tion of cardiac surgery and is associated with
prolonged ventilator support, delayed discharge
from the intensive care unit, in-hospital moz-
tality of up to 24% and impaired quality of life
due to neurological sequelae [4]. The risk of
major stroke during isolated CABG is 1.9-3.8%
[5]. Clinically silent cerebral embolization
detected by imaging is much more frequent [6].
Cerebrovascular occlusive disease increases the
risk of stroke, especially if bilateral or symp-
tomatic ICA stenoses are present [7]. Other risk
factors for perioperative stroke are prior neuro-
logical events, duration of CPB and atrial fib-
rillation [8]. Age, left main coronary artery
disease, PAD, T2DM, chronic kidney disease,
smoking and arterial hypertension probably do
not play a direct role in the pathogenesis of
perioperative stroke but are associated with

Table 1 Demographic and clinical data of study popula-

tion (7 = 185)

Parameter
Age, years 705 + 8.3
Female 50 (27.0)
BMI, kg/m* 27.7 £ 4.1
Smoker 55 (29.7)
Comorbidities
Hypertension 162 (87.6)
Type 2 diabetes mellitus 66 (35.7)
Hyperlipidemia 165 (89.2)
Chronic obstructive pulmonary 26 (14.1)
disease
Peripheral arterial discase 77 (41.6)
Chronic kidney disease 78 (42.2)
Preoperative atrial fibrillation 28 (15.1)
Previous myocardial infarction 77 (41.6)
Preoperative pulmonal hypertension 4 (2.2)
Previous cardiac surgery 3 (1.6)
Preoperative blood values
Serum creatinine, mg/dl 1.0 (0.9-1.3)

Estimated glomerular filtration rate,

ml/min
Hemoglobin, g/dl
NT-proBNP, ng/l

Preoperative LVEF, %

ICA stenosis
Asymptomatic
Symptomatic
Contralateral > 50%

Contralateral > 70%

66.2 (47.9-89.4)

13.6 (12.3-14.5)

610.6
(198.0-1765.0)

60 (45-65)

170 (91.9)
15 (8.1)
78 (42.2)
39 (21.1)
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Table 1 continued

Parameter

Logarithmic EuroSCORE, % 92+ 72

Continuous data are presented in mean =+ standard devi-
ation as well as in median (interquartile range) as appro-
priate and categorical data as counts (and percentages)
BMI body mass index, ICA internal carotid artery, LVEF
left ventricle ¢jection fraction, NT-proBNP N-terminal
pro-B-type natriuretic peptide

Table 2 Perioperative data of study population (7 = 185)

Parameter

Blood transfusion need, ml 480 (0-960)
Perioperative RBC loss, ml 749 (558-1023)
Cross-clamp time, min 40 + 14

CPB time, min 87 £ 34

ICU stay, days 2 (1-5)

TABP 11 (5.9)
ECMO 2 (1.1)
Hemofiltration at ICU 6 (3.2)
Hemoglobin at discharge, g/dl 10.1 (9.4-10.9)
In-hospital stay, days 172 £ 92

Continuous data are presented in mean =+ standard devi-
ation as well as in median (interquartile range) as appro-
priate and categorical data as counts (and percentages)
CPB  cardiopulmonary bypass, ECMO extracorporeal
membrane oxygenation, I4BP intra-aortic balloon pump,
ICU intensive care unit, RBC red blood cell

atherosclerosis of the ascending aorta, which
has been identified as strong predictor for focal
neurological deficit after isolated CABG [9, 10].

In patients scheduled for CABG, ICA stenosis
is a frequent incidental finding during routine
preoperative assessment. Because of concerns
about impaired cerebral perfusion during CPB
and the anticipated risk of procedural stroke in
patients with high-grade ICA stenosis, we

Table 3 Primary and combined endpoints at 30 days and
stroke location

Parameter
Mortality 11 (5.9)
Stroke 15 (8.1)
Myocardial infarction 7 (3.8)
Combined endpoint 24 (13.0)
Stroke location
Ipsilateral 4 (26.7)
Contralateral 4 (26.7)
Bilateral 7 (46.7)

Categorical data are presented as counts (and percentages)

Table 4 Multivariate logistic regression analysis showing
predictors of the combined endpoint of mortality, stroke
and myocardial infarction at 30 days

Parameter Coeff B p value OR (95% CI)

CPB time 0024 0034  1.024 (1.002-1.046)
T2DM 1629 0031

PAD 1.760 0.026

5.097 (1.161-22.367)
5.814 (1.231-27.457)

Coeff B regression coeflicient B, CI confidence interval,
CPB  cardiopulmonary bypass, OR odds ratio, PAD
peripheral artery disease, 72DM type 2 diabetes mellitus

routinely performed CEA ahead of CABG.
Moreover, untreated carotid artery disease has
also been identified as a risk factor for stroke
during long-term follow-up after CABG [11].
Due to the collaborative efforts of cardiac and
vascular surgeons in one department, we pre-
ferred synchronous CEA and CABG. This
approach requires only one anesthesia exposure
and the risk of MI during awaiting CABG is
reduced compared to staged CEA [12]. However,
the operative time is prolonged and mortality
may be increased in patients undergoing syn-
chronous CEA and CABG; however, this was not
a uniform finding in previous reports [13].
Compared to the reverse staged approach, the
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risk of stroke is reduced in CABG patients with
prior (staged or synchronous) CEA [2].

The composite endpoint of death, MI and
stroke within 30 days after surgery was 13.0% in
our patients, which is comparable to commu-
nity-wide outcomes of synchronous CEA and
CABG [14]. In accordance with previous publi-
cations, we found that these patients are at
increased risk of perioperative cardiovascular
events including stroke, frequently undergo
reinterventions from multi-territorial
atherosclerosis and have reduced long-term
survival. The risk of permanent stroke in our
study, which included consecutive and unse-
lected patients, was 5.4%. Half of the patients in
our series had bilateral or symptomatic carotid
artery disease, which is clearly associated with
an increased risk of perioperative stroke [7].
Among patients with unilateral, asymptomatic

ICA stenosis the stroke risk was 2% at 30 days,
lower compared to single institutional reviews
and controlled studies [1, 2]. However, staged or
synchronous CEA for unilateral ICA stenosis is
no longer recommended as routine clinical
practice in current guidelines [15, 16]. Asymp-
tomatic unilateral ICA stenosis is not a proven
independent risk factor for procedural, ipsilat-
eral ischemic stroke in patients undergoing
CABG, and prophylactic CEA failed to demon-
strate a clear benefit in those patients [7, 17].
Moreover, a substantial proportion of strokes
after CABG occurs in patients without cere-
brovascular occlusive disease, is bihemispheric
or contralateral to the hemispheric distribution
of a significant ICA stenosis or occurs after an
uneventful recovery from surgery [8, 17, 18]. For
the latter patients, arrhythmias in the periop-
erative period such as atrial fibrillation may play
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Fig. 2 Kaplan-Meier long-term survival analysis of study population compared with the survival probability of the general
Austrian population matched for gender and age. CI confidence interval
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a causative role in the development of neuro-
logical events.

Cerebral hypoperfusion accounts for 8.8% of
strokes after CABG [19]. Patients with impaired
cerebral blood flow reserve due to extra- and/or
intracranial cerebrovascular occlusive disease
have an increased risk of brain hypoperfusion
and watershed infarcts during CPB [20]. To
improve patient selection for prophylactic CEA,
we now routinely assess CABG patients with
known high-grade ICA stenosis by means of
magnetic resonance angiography and transcra-
nial Doppler ultrasound performed by a spe-
cially trained neurologist. If cerebral blood flow
reserve is impaired (increase in middle cerebral
artery blood flow velocity < 10% on breath
holding), we perform synchronous CEA and
CABG. For remaining CABG patients with uni-
lateral, asymptomatic 70-99% ICA stenosis, the

carotid revascularization strategy is decided by
multidisciplinary discussion and individualized.
In general, we advise synchronous CEA for
patients with an increased risk for late stroke,
including those with ipsilateral silent cerebral
embolization on neuroimaging, documented
progression to an > 80% ICA stenosis or high-
risk morphological features of the carotid pla-
que. In all patients with high-grade ICA stenosis
and especially in those not scheduled for CEA,
general measures to reduce procedural stroke
risk during CABG include a mean arterial pres-
sure > 70 mmHg during CPB, avoiding intra-
operative drops in blood pressure, avoiding a
nadir hematocrit < 25%, optimizing periopera-
tive hemodynamics, patient blood manage-
ment strategies to avoid transfusions, aggressive
treatment of arrhythmias and proper
anticoagulation.

I\ Adis



1920

Adv Ther (2024) 41:1911-1922

Seventy-three percent of strokes in our series
occurred contra- or bilateral to the CEA distri-
bution site, indicating that they were not
caused by temporary hypoperfusion during
carotid artery clamping (Fig. 1C). There is an
increasing amount of evidence that points
towards ascending aorta atherosclerosis as the
principal culprit lesion for perioperative strokes
in CABG patients. With a reported OR of 3 to
4.5, an atheromatous proximal aorta is the
strongest independent predictor for periopera-
tive strokes in isolated CABG procedures
[4, 21, 22]. Uni- or bihemispheric plaque mate-
rial embolization may occur during manipula-
tion, cannulation, cross or side clamping of the
aorta as well as a “sandblasting” effect of the jet
derived from the inflow cannula [23-25]. We
now routinely perform preoperative imaging of
the aorta with computed tomography in
patients > 60 years and those suspected to have
severe generalized atherosclerosis (high cardio-
vascular risk profile, on dialysis, symptomatic
PAD, visible aortic calcification on preoperative
chest x-ray or angiography). Epiaortic ultra-
sonography is also highly sensitive in the
detection of even non-calcified atheroma of the
ascending aorta [26]. Ultrasound-guided aortic
cannulation and cross clamping have been
shown to reduce perioperative stroke and death
rate associated with on-pump coronary surgery
[27]. Additionally, porcelain aorta is present in
up to 9.3% of patients undergoing elective
CABG and may preclude any aortic manipula-
tion [28]. If such severe calcifications in the
ascending aorta are detected by preoperative
imaging, we favor off-pump coronary artery
bypass grafting (OPCAG) in hemodynamically
stable patients with good quality target coro-
nary vessels and on-pump beating heart CABG
with direct axillary artery cannulation for
unstable patients as well as those with diffuse
carotid artery disease or poor quality target
vessels. Preferentially all arterial in situ bypass
conduits or Y-grafts are used. In patients with
atheromatous aortas, OPCAG is associated with
a reduced risk of stroke and in-hospital mortal-
ity [29]. However, the graft number is reduced
and the risk of incomplete revascularization
increased compared to on-pump surgery. Ade-
quate patient selection is therefore mandatory

for OPCAG. Axillary artery cannulation has
been shown to reduce cerebral microemboliza-
tion from the aorta, especially into the right
hemisphere by flow reversal in the innominate
artery [30]. Even in the presence of severe
atherosclerosis of the aorta, the axillary artery is
most often disease free. We prefer direct axillary
artery cannulation; alternatively, a side graft
can be used.

Nevertheless, the limitations of this single-
center experience study include its retrospective
nature. Additionally, the absence of a compar-
ison group undergoing staged procedures makes
it challenging to draw definitive conclusions
about the superiority of synchronous CEA and
CABG.

CONCLUSION

Patients with concomitant severe coronary and
carotid artery disease are at increased risk of
perioperative cardiovascular events including
stroke, frequently undergo reinterventions from
multi-territorial atherosclerosis and have
reduced long-term survival. A multidisciplinary
approach, proper patient selection and the full
armamentarium of surgical techniques should
improve outcomes in these patients.
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