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ABSTRACT

Objective: The aim of this study was to contribute to the
issue of “Who should we perform Doppler ultrasonography
on?” and determine the contribution of comorbid diseases
to the development of carotid artery stenosis (CAS) and pre-
operative CAS by examining comorbid diseases in patients
undergoing coronary artery bypass graft operation (CABG)
and also discussing the effect of carotid stenosis levels on
postoperative stroke.

Method: Between 2011-2015, a total of 921 patients who
underwent cardiac surgery retrospectively were examined. Of
these, 594 CABG patients aged 60 and over who underwent
preoperative carotid Doppler examination were analyzed.

Results: Sixty-five percent of patients were male, and
35% were female. The mean age was 69.3 years. Sixty-nine
percent of patients were in the 0-29% stenosis group, 12.9%
in the 30-49% group, 14.6% in the 50-69% group, 3% in
the 70-99% group, and 0.3% in the 100% occlusion group.
Peripheral artery disease (PAD), age, gender, and diabe-
tes mellitus (DM) were found to have significant (P < 0.05)
effects on the occurrence of CAS. CAS increased by 0.9%
with an increase of one year in age, 10.8% with the presence
of PAD, 3% with male sex, 3.8% with presence of chronic
obstructive pulmonery disease (COPD), 1.9% with presence
of left main coronary disease (LMCAD), and 0.9% with pres-
ence of hypertension. In the decision tree analysis, the rate
of 50% and above CAS in the presence of PAH + DM and
age older than 65 years was 62.5%. Cerebrovascular accident
(CVA) distribution was 2.1% in the 0-29% group, 2.5% in
the 30-49% group, 4.5% in the 50-69% group, and 11.1%
in the 70-99% group. Postoperative CVA was not observed
in 10 patients who underwent carotid endarterectomy (CE).
Postoperative CVA developed in six patients with 50% or
more stenosis who did not undergo CE.
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Conclusion: For the preoperative detection of CAS in
patients undergoing CABG, the association of advanced age,
PAD, DM, male gender, COPD, LMCAD, and hyperten-
sion risk factors should be considered. We suggest that carotid
screening should be performed in those over 65 years of age and
with PAD+DM. Studies with large populations are needed to
observe the effects of aortic atherosclerosis load, surgical proce-
dure, and unilateral/bilateral CAS presence on the development
of stroke in patients with severe CAS and postoperative CVA.

INTRODUCTION

Atherosclerosis is a multifactorial disease that can simul-
taneously involve one or more regions of the arterial system.
The most common risk factors include age, diabetes melli-
tus, obesity, hypertension, gender, hyperlipidemia, smoking,
lack of physical activity, and genetic susceptibility. Coronary
artery disease (CAD) and carotid artery stenosis (CAS) are
two health problems that have atheroschlorotic origin and
their coexistence is important.

A strong association was found between increased carotid
intima-media thickness and CAD, risk of ischemic stroke, and
cardiovascular-caused death [Lorenz 2007; Giil 2010]. While
the incidence of significant CAS was 2.8-22% in patients
undergoing coronary artery bypass graft operation (CABG),
the incidence of significant accompanying CAD in patients
undergoing carotid endarterectomy (CE) was reported to be
28-40% [Liapis 2009].

The importance of CAS in CABG patients is due to the
fact that the flow is nonpulsative during cardiopulmonary
bypass (CPB) and arterial blood pressure is below the physi-
ological values. When severe CAS is added to these two con-
ditions, the possibility of cerebral hypoperfusion increases.

It was reported that the majority of patients who under-
went CE with CABG were asymptomatic, in terms of CAS
[Snider 2000]. Therefore, preoperative detection of the pres-
ence of CAS becomes difficult. The aim of this study is to
contribute to the issue of "Who should we perform Dop-
pler ultrasonography on?" to determine the contribution of
comorbid diseases on the development of CAS and preopera-
tive CAS by examining these comorbid diseases in patients
undergoing CABG and also discussing the effect of carotid
stenosis levels on postoperative stroke.
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MATERIAL AND METHOD

A total of 921 patients, who underwent open heart sur-
gery in our clinic between June 2011 and August 2015, retro-
spectively were analyzed. Of them, 530 isolated CABG cases
underwent preoperative carotid artery Doppler examination
and 64 CABG + mitral ring/valve or aortic valve replacement
cases were included in the study. CABG patients aged under
60 and operated under emergency conditions were excluded
from the study since Doppler was not performed. (Figure 1)
In addition, valve patients and aortic surgery cases that did
not require CABG were excluded from the study. The demo-
graphic characteristics of the patients were obtained from
file records and the hospital software system. (Table 1) Study
approval (2021/84) was obtained from the Local Ethics Com-
mittee and written informed patient consent was obtained
from each patient. The study was carried out in accordance
with the principles of the Declaration of Helsinki.

Doppler routinely was performed by the same radiologist
on all patients aged 60 and over who were about to undergo
elective CABG. GE Logic S6 model color Doppler device
and a 9-10 MHz linear transducer were used. Bilateral carotid
arteries were examined along their extracranial axis with
B-mode color and spectral Doppler. Stenosis degrees were
recorded as %. The diagnostic criteria used for Doppler were
accepted criteria by radiologists [Grant 2003].

Patients were classified as 0%-29% (Group 1), 30%-49%
(Group 2), 50%-69% (Group 3), 70%-99% (Group 4), and
100% stenosis (Group 5), according to the degree of stenosis.
Age, gender, hypertension, diabetes mellitus, lower extremity
peripheral artery disease (PAD), chronic obstructive pulmonary
disease (COPD), left main coronary disease (LMCAD), smok-
ing, ejection fraction (EF), and number of distal bypasses were
compared in terms of their effects on the development of CAS.

The preoperative diagnosis of PAD first was made by Dop-
pler and then angiography imaging was performed in patients
who were suspicious on claudicatio anamnesis or pulse exami-
nation. LMCAD was determined by coronary angiography
and EF by preoperative echocardiography. Routine pulmo-
nary function tests were performed preoperatively for all
patients for diagnosis of COPD. COPD was accepted if F1/
FVC <70%. Preoperative recommendations were obtained
for these patients by performing chest diseases consultation.
Patients with diabetes mellitus and hypertension already were
diagnosed and taking insulin, oral antidiabetic, and/or anti-
hipertensive drugs.

CABG was performed on a pump-assisted working heart
without cross-clamping and without cardioplegia in on-pump
patients. A side clamp was used for proximal anastomoses.
Cross clamps and cardioplegia were used in patients, who
underwent valve surgery with CABG. Off-pump patients
(CABG) were operated with a routine procedure. CE was
applied after MRI angiography imaging was performed
on patients with stenosis of 70% and above in the Doppler
report. CE simultaneously was performed with CABG before
the internal mammary artery was removed.

Patients who had ischemic stroke during the postoperative
hospital stay were noted as having cerebrovascular accident
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(CVA). Neurology consultation, CT, and diffusion MRI
images were available for all of these patients. The diagnosis
of patients with preoperative CVA anamnesis was clarified by
consulting with neurology and the necessary recommenda-
tions were received.

Statistical analysis: Categorical variables are given as fre-
quency and percentages. Continuous variables are given as
mean and standard deviations. Ordinal logistic regression was
used to model ordinal outcome carotid stenosis (Analysis 1).
Carotid stenosis also was modeled with a mixed effects model
(Analysis 2). A decision tree was obtained using J48 algorithm
after 10-fold cross-validation. Decision tree was created by
Weka 8.9.1 (The University of Waikato, Hamilton, New Zea-
land) software. Other analyses were done with SAS Univer-
sity Edition 9.4 (SAS Institute Inc, Cary, NC). Alpha value
was set as <.05.

In Analysis 1 and Analysis 2 data, the amount of impact
was calculated numerically for each risk factor separately.
Analysis 1 gives the Odds ratio of being in an upper steno-
sis group in terms of CAS grouping in the presence of a risk
factor. In Analysis 2, the degree to which the stenosis in the
carotid artery will increase as a percentage in the presence of
risk factors was predicted. (Table 2)

In the decision tree analysis, calculations were made for
variations in narrowness groups, if several risk factors are
present together. In the figure, firstly stenosis ratio and then
the first number in parentheses indicates the total number of
patients who match this condition (have these risks), and the
second number indicates the number of patients who are not
included in this group (have these risks but are not part of this
stenosis group). (Figure 2)

RESULTS

Sixty-five percent of patients were male, 35.1% were
female, mean age was 69.3 years (range: 60-84), mean EF was
49.3% (70-20), and mean distal bypass count was 3.4 (1-5).
The number of off-pump patients was 202, and the number of
on-pump patients was 392 (isolated CABG were 328, CABG
+ valve were 64). The mean CPB duration was calculated
as 147.3 minutes in CABG + valve surgeries and 79.9 min-
utes in on-pump CABG. Sixty-nine percent of patients were
Group 1, 12.9% were Group 2, 14.6% were Group 3, 3%
were Group 4, and 0.3% were Group 5 CAS. Demographic
data are given in Table 1 and detailed information about the
groups are given in Table 3. (Table 3)

In both different analyses, the presence of PAD (P =
0.0003) and the increase in age (P = 0.0001) had a signifi-
cant effect on the occurrence of CAS. Gender and presence of
diabetes were statistically significant in Analysis 2 (P = 0.04).
Hypertension, LMCAD, and COPD were not found to have
a statistically significant effect on the formation of CAS in
both analyses, but it was observed that there were risk factors
contributing to the development of CAS. No relationship
was found between smoking, EF, and distal bypass count with
the development of CAS. In Table 2, the amount of impact
on CAS formation for each risk factor and the odds ratios of
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Total patients
n: 921

-Patients without Doppler (<60 age and
emergency operated)

-Cardiac surgery without CABG (isolated
valve and / or aortic surgery)
n: 327 Total patients
retrospectively analysis in
the study
n: 594

Isolated CABG CABG-+valve surgery
n: 530 n: 64

Grup 1 (%0-29) Grup 2 (%30-49) Grup 3 (%50-69) Grup 4 (%70-99)
n: 410 n: 77 n: 87 n: 18

Figure 1. Study design and carotid stenosis groups.

Table 1. Demographic data and distal bypass numbers

Grup 5 (%100)
n: 2

Number of patients Rate %
Gender M/F M: 386, F: 208 M: 64.9, F: 35.1
Hypertension 279 47 <50 (29.0/10.0)
Diabetes mellitus 223 37.7
Smoke 162 27.3
LMCAD 99 16.6
PAD 39 6.6 <50 (107.0/7.0)
COPD 38 6.4
EF (<%50 / >%50) 221/373 37.2/62.8
Distal bypass numbers
1 16 2.6
2 61 10.2
3 196 33
4 286 48.1 <50 (78.0/17.0)
5 35 5.8

>173

M, male; F, female; LMCAD, left main coronary artery disease; PAD,
peripheral artery disease; COPD, chronic obstructive pulmonary disease; EF,

<50 (6.0/3.0)

50-70 (2.0/1.0)

ejection fraction

Figure 2. Decision tree analysis. COPD, chronic obstructive pulmonary
disease; DM, diabetes mellitus; PAD, peripheral artery disease
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being in an upper stenosis group in terms of CAS stenosis
grouping in the presence of the risk factor are given.

In the decision tree analysis, in 18.4% (N = 32) of the
patients older than 65 years without COPD and DM, 50%
and above CAS was present. In 21.7% (NN = 17) of the patients
older than 65 years with DM but not PAD, 50% and above
CAS was present. In 62.5% (N = 5) of the patients with DM
and PAD over 65 years of age, 50% and above CAS was
detected. One of the two (N = 2) patients older than 73 years
with both DM and PAD was in the 50-69% group and the
other was in the 70-99% stenosis group.

In a total of 17 patients (2.8%), CVA developed during
the postoperative hospital stay (0-10 days). (Table 4) Sixteen
of these were asymptomatic, and one patient had a history of
preoperative CVA. The surgical distribution of patients with
CVA was 12 isolated CABG (four off-pump and eight on-
pump) and five CABG + valve surgery. The CVA rate was
found to be 1.9% in off-pump patients, 2.4% in on-pump
patients, and 7.8% in CABG+valve surgeries. Preoperative
diagnosis of CVA was present in 10 of 594 patients (1.6%).
Postoperative newly developing CVA was detected in only
one of these patients.

Unilateral CE (six right and four left) was performed in 10
patients in the 70-99% stenosis group. As surgical method,
six primary closure and four saphenous patch plasties were

Table 2. Statistical data
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applied. Five of these patients had bilateral CAS. Postopera-
tive CVA was not detected in any of the patients who under-
went CE. In six patients with 50% or more stenosis who did
not undergo CE, postoperative CVA developed.

Possible causes of stroke after CABG include aortic ath-
eroembolic events, atrial fibrillation, intracranial artery dis-
ease, and CAS. CAS is an important risk factor associated with
postoperative stroke [Ulger 2011; Pinho-Gomes 2017]. At
the present time, Doppler is frequently used to detect stenosis
in the carotid artery. Doppler is a predominant method com-
pared with angiography in the examination of plaque typing
and flow changes and has sensitivity of 92.6% and specificity
of 97% for evaluation of the carotid artery [Anzidei 2012].

In a study of CABG with carotid stenosis groups deter-
mined, stenosis was above 70% in 3.7% of cases, between
50-70% in 5.3%, and below 50% in 91% [Rath 2001]. Ulger
and colleagues [Ulger 2011] found occlusion in 2.7% of cases,
stenosis of 70-99% in 3.7%, and stenosis of 50-69% in 9%. Of
our patients, 0.3 % were in the total occlusion group, 3% in the
70-99% stenosis group, 14.6% in the 50-69% stenosis group,
12.9% in the 30-49% stenosis group, and 69% of them had

Analysis 1

Odds ratio estimates (being in an

Analysis 2

Risk factors upper stenosis group odds ratio) 95% Wald Confidence Limits P-value  Estimate (the amount of increase in % stenosis)  P-value
PAD 2.723 1.441 5.143 0.0020 10.8176 0.0003
Diabetes 1.290 0.884 0.1865 3.0351 0.0499
Gender (male) 1.287 0.872 0.2035 3.0897 0.0498
COPD 1.281 0.646 2.543 0.4782 3.8081 0.1993
Hypertension 1.220 0.855 0.2722 0.9881 0.4982
LMCAD 1.150 0.727 0.5508 1.9424 0.6638
Age 1.102 1.067 <0.0001 0.9267 <0.0001

CAS, carotid artery stenosis; PAD, peripheral artery disease; COPD, chronic obstructive pulmonary disease; LMCAD, left main coronary artery disease

Table 3. Patients distribution and CVA rates according to CAS groups

CAS groups Number of patients/ratio Bilateral CAS
Group 1 410 (69%) 61
Group 2 77 (12.9%) 17
Group 3 87 (14.6%) 40
Group 4 18 (3.0%) 13
Group 5 2 (0.3%) 1

Right CAS Left CAS Number of patients with CVA /ratio
2 2 9 (2.1%)
34 26 2 (2.5%)
26 21 4 (4.5%)
3 2 2 (M%)
1 - 0

CVA, cerebrovascular events; CAS, carotid artery stenosis
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less than 30% stenosis. In contrast to the above studies, the
number of patients in the 50-69% stenosis group was higher
and the number of total occlusions was less in our data. The
probable cause of these differences might be related to the risk
factors of patients and the duration of these risk factors.

As the average age of CABG patients increases, both
clinically significant CAS is more common and stroke rates
increase [D’Agostino 1996; Mohammed 2020]. In our study,
CAS increased by 0.9% with the increase in patient age by
one year, and the odds ratio of transfer into the upper carotid
stenosis group increased by 1.1%. It was reported that age
increase is one of the strongest risk factors for atherosclerosis,
aging affects IL-6 (interleukin-6) levels disrupting mitochon-
drial function in the aorta, and these changes cause athero-
sclerosis [Tyrrell 2020].

In a study including patients who underwent CABG in the
Japanese population, none of the traditional atherosclerotic
risk factors such as hypertension, hyperlipidemia, diabetes
and smoking could predict CAS or PAD; however, CAS and
PAD were independent predictors of each other [Kawarada
2003]. It was noted that the association of CAS and PAD in
CABG patients is not only common, but they also have a
strong relationship with each other [Kawarada 2003; Naylor
2002]. Among the risk factors in our study, the presence of
PAD was the crucial risk factor that contributed to the forma-
tion of CAS. It was found that CAS increased by 10.8% in the
presence of PAD, and the odds ratio of switching to an upper
stenosis group in the presence of PAD was 2.7%. The fact
that CAS and PAD are diseases with an atherosclerosis origin
and the separation of both arterial structures from the main
arterial branch might be the cause of this crucial relationship.
In addition, the presence of stenosis in both of these arteries,

one of which is the proximal branch of the aorta and the other
the distal branch, might be an indicator of common athero-
sclerosis or systemic atherosclerotic load in the aorta.

It is known that the predisposition for atherosclerosis
is high in the male gender and that the tendency increases
in women after the menopause and reaches a level close to
the men at advanced ages [Lemne 1995]. Again, there was a
strong correlation reported between the presence of diabetes
and the development of CAS [Fabris 1994]. In our study, CAS
increased by 3% in the presence of both risk factors (male
gender and diabetes) separately and the odds ratio for switch-
ing to the next stenosis group was 1.2%.

Associations of CAS with the presence of COPD, hyper-
tension, and LMCAD were reported in different studies
[Pinho-Gomes 2017; Lahousse 2013; Weber 2002; Hazar
2020]. In patients with COPD, carotid artery wall thickness
was found to be higher than in the control group [Lahousse
2013], it was suggested that systolic blood pressure is a strong
determinant of early CAS [Weber 2002], and that the inci-
dence of CAS was higher in patients who underwent CABG
due to LMCAD [Pinho-Gomes 2017]. As a result of the anal-
ysis of our data, carotid artery stenosis increased by 3.8% in
the presence of COPD, increased by 1.9% in the presence of
LMCAD, and increased by 0.9% in the presence of hyperten-
sion. The odds ratios of switching to a higher stenosis group
were 1.2%, 1.1% and 1.2%, respectively.

It was stated that while the perioperative stroke risk is less
than 2% in patients who have planned CABG and no serious
CAS preoperatively, it is 3.2% in patients with unilateral CAS
50-99%, 5.2% in those with bilateral 50-99%, and 7-11% in
those with occlusion [Kawarada 2003]. In our data, CVA ratio
was 2.1% in patients with Group 1 stenosis, 2.5% in Group

Table 4. Distribution of patients with postoperative cerebrovascular events

N M/F Age RCAS LCAS VD SD LHP RHP CABGO+Valve AF On pump

Group 1 9 6/3 - 2 1 3 1 3 2 2 2 8
Group 2 2

Patient 1 - M 77 41% - - - Yes - Yes Yes Yes
Patient 2 - M 82 45% 45% - - Yes - Yes - Yes
Group 3 4

Patient 1 - F 62 50% 62% - - Yes - - - -
Patient 2 - M 62 56% - Yes - - - - - Yes
Patient 3 - M 63 - 59% - - Yes - - - -
Patient 4 - M 70 51% 50% - - Yes - - - Yes
Group 4 2

Patient 1 - M 84 70% 69% - - Yes - - - -
Patient 2 - M 70 40% 76% - - - Yes Yes - Yes
Group 5 0

N, number of patients with cerebrovascular event; M, male; F, female; RCAS, right carotid artery stenosis; LCAS, left carotid artery stenosis; VD, vision disor-

der; SD, speech disorder; HP, hemiplegic; AF, atrial fibrillation
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2,4.5% in Group 3, and 11.1% in Group 4 patients. Carotid
artery disease itself is associated with atherosclerosis of the
ascending aorta and is a possible risk factor for atheroembolic
stroke after CABG [Pinho-Gomes 2017]. The multifactorial
nature of post-CABG stroke and the similarity of imaging
and clinical findings make it difficult to determine the specific
cause of stroke. It is very difficult to distinguish whether the
CVA increase rate in Group 4 patients is caused by CAS or by
atheroembolism due to increased aortic atherosclerosis. Sur-
gical strategies should be developed for patients at risk using
preoperative carotid screening and aortic imaging.

It was reported that aortic atheroembolism might play
a more important role in postoperative strokes in CABG
patients with asymptomatic and unilateral CAS [Naylor
2018; Borger 2005]. In a meta-analysis study, while no obvi-
ous increase in the stroke ratio and death in patients with
neurologically asymptomatic and severe unilateral CAS was
reported depending on the degree of stenosis, there were
increases in stroke and death ratios in bilaterally asymptom-
atic patients [Naylor 2011]. The importance of 50% CAS
and above is known [North American Symptomatic Carotid
Endarterectomy Trial Collaborators 1991]. In our study, the
number of patients with Group 3 and Group 4 stenosis and
postoperative CVA was six. Neurological examination find-
ings of one of the patients with unilateral CAS were not com-
patible with the side of CAS. In this patient, it can be said
that CVA was not caused by CAS. In patients with bilateral
stenosis, differentiation cannot be made by looking at the side
of the symptom. It was observed that CVA developed at 5% in
Group 3 patients with bilateral stenosis and 15.3% in Group
4 patients.

In our previous study, CVA rate was 2% in patients who
underwent off-pump CABG and 3% in patients who under-
went on-pump beating heart CABG [Velioglu 2019]. In this
study, the CVA rate was found to be 1.9% for off-pump
CABG, 2.4% in patients with on-pump beating heart CABG,
and 7.8% in patients who underwent on-pump CABG + valve
surgery. We believe that the increase in the rate of combined
surgeries is related to the surgical procedure and the duration
of CPB because the duration of CPB in combined surgeries
was longer than 66 minutes on average. Studies with large
populations are needed to observe how the presence of severe
CAS (with prolongation of time) affects CVA rates in patients
undergoing CABG + valve surgery.

If CE is performed before CABG in patients with severe
CAS, the risk of postoperative stroke is reduced by 40-50%
[Rath 2001; Naylor 2002; Cayir 2020]. In our study, postopera-
tive CVA developed in two patients with bilateral lesions who
were in the 70-99% stenosis group and did not have CE per-
formed due to patient-related reasons. Postoperative CVA was
not detected in any of the 10 patients (five patients had bilat-
eral lesions) who underwent CE. Currently, there are not many
options to prevent atheroembolism caused by the aorta. In
order to prevent CAS-induced CVS, we believe that preopera-
tive detection and necessary treatment should be administered.
In addition, it was reported that maintaining high arterial pres-
sure during CPB in patients with CAS detected is a strategy
that might prevent cerebral hypoperfusion [Goksin 2005].

© 2021 Forum Multimedia Publishing, LLC
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Carotid screening is recommended before CABG in the
presence of various risk factors. Doppler scanning should be
considered in patients over 70 years of age, and with a his-
tory of temporary ischemic attacks or stroke [Aboyans 2009].
In another study, carotid Doppler scanning before elective
CABG was stated to be reasonable in patients over 65 years of
age, with left main coronary stenosis, PAD, smoking history,
stroke, or transient ischemic attack history [Brott 2011].

In our decision tree analysis to observe the change in the
percentage of stenosis in the case of a combination of sev-
eral risk factors, the number of patients with 50% and above
stenosis increased with the addition of some comorbid con-
ditions, especially in patients older than 65 years. In order
to detect preoperative 50% and above CAS, carotid Doppler
appears to be crucial in patients older than 65 years of age
and with PAD+DM association (50% and above CAS was
detected in 62.5% of these patients).

The limitations of the study are that it was a retrospec-
tive study, patients under the age of 60 were not included in
the study due to not performing routine Doppler examina-
tion, the duration of smoking pack/year was unknown, the
lipid profile was not included among the risk factors (since
the hunger level was not known when the analysis was per-
formed), and the presence of a relatively small amount of
data for the decision tree analysis. Moreover, the number of
patients was limited to be able to comment in the context of
cause and effect on patients with CAS and postoperative CVA.

In conclusion, in order to prevent CAS-induced CVA, pre-
operative stenosis should be determined and surgical strate-
gies appropriate for this situation should be determined. The
associations of male gender, COPD, LMCAD and hyperten-
sion risk factors, especially advanced age, PAD and diabetes
should be noted. We suggest that carotid screening should be
performed in patients older than 65 years of age with PAD
and DM association. In order to observe the effects of aortic
atherosclerosis load, surgical procedure and unilateral/bilat-
eral CAS on the development of stroke in patients with severe
CAS and postoperative CVA, prospective studies with large
populations are necessary. In addition, analysis involving
more patients and risk factors is needed to support our deci-
sion tree analysis results and obtain strong scientific evidence.
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