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ABSTRACT

Background: Carotid artery stenosis and coronary artery disease (CAD) often occur simultaneously, with one
being an important risk factor in the treatment of the other. This study aimed to perform coronary computed
tomography angiography (CTA) as a preoperative evaluation for carotid artery stenosis treatment.

Methods: We retrospectively reviewed cases of carotid endarterectomy (CEA) and carotid artery stenting (CAS)
*Corresponding author: performed at our hospital as well as CAD complications.
Takanori Uchida,

Department of Neurosurgery, Results: Among the 54 and 166 CEA and CAS cases from May 2014 to February 2022, 53 and 148 cases were

analyzed for atherosclerotic stenosis, respectively. Among those who underwent CEA and CAS, 7 (13.2%) and
17 (11.5%) received percutaneous coronary intervention (PCI), 44 (83%) and 97 (65.5%) received symptomatic
carotid stenosis treatment and 43 (81.1%) and 110 (74.3%) received preoperative coronary CTA, respectively.
uchida01321@gmail.com Coronary artery stenosis was noted in 14 (32.6%) and 46 (41.8%) patients who had undergone CTA in the
CEA and CAS groups, respectively. PCI before carotid treatment was performed in two cases in the CEA group
(3.8% of all patients who had undergone CEA) and eight cases in the CAS group (5.4% of all patients who had
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Published : 30 June 2023 Conclusion: Screening may detect asymptomatic coronary artery lesions in carotid artery stenosis even in
patients without chest symptoms and suspicion of ischemic heart disease. Preoperative coronary artery screening
DOI is important considering that pre and postoperative coronary artery treatment may improve long-term prognosis.
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INTRODUCTION

In general, atherosclerotic diseases, including carotid artery stenosis, are strongly associated
with systemic vascular lesions, with coronary artery disease (CAD) being particularly common.
However, both carotid artery stenosis and CAD are individually important risk factors in
the treatment of the other. We have experienced cases of myocardial infarction during the
perioperative period of carotid artery stenosis treatment and have since performed coronary
computed tomography angiography (CTA) for preoperative evaluation. In the present study,
we retrospectively reviewed cases of carotid endarterectomy (CEA) and carotid artery stenting
(CAS) performed at our hospital as well as CAD complications.

This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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MATERIALS AND METHODS

Among the 54 and 166 cases who had undergone CEA and
CAS from May 2014 to February 2022, 53 and 148 cases were
analyzed, respectively, excluding those who had undergone
internal carotid artery dissection, acute revascularization,
and revision after CAS.

Coronary CTA was preoperatively performed but not in
cases with nonatherosclerotic lesions, such as those requiring
internal carotid artery dissection, cases in which the patient
had already visited another hospital for cardiac examination
and treatment, cases who had already undergone retreatment
for carotid artery stenosis, and cases in which performing
necessary respiratory pause during imaging was difficult due
to cognitive impairment.

RESULTS

The characteristics of the included patients are summarized
in Table 1. The CEA group consisted of 53 patients (mean
age: 75.1 £ 9.1 years), including 47 males (88.7%, mean
age: 74.7 + 9.3 years) and 6 females (11.3%, mean age:
78.5 * 7.1 years). The CAS group consisted of 148 patients
(mean age: 74.7 + 7.3 years), including 136 males (91.9%,
mean age: 74.9 = 7.3 years) and 12 females (8.1%, mean
age: 72.8 * 7.1 years). Both the CEA and CAS groups had
more males than females. Among those in the CEA and
CAS groups, 44 (83%) and 97 (65.5%) were treated for
symptomatic carotid artery stenosis, respectively, with the
CEA group having a greater proportion of cases. Preoperative
coronary CTA was performed in 43 (81.1%) and 110 (74.3%)
patients in the CEA and CAS groups, respectively. Among
those who had undergone CTA, 14 (32.6%) and 46 (41.8%)
in the CEA and CAS group showed abnormalities during
CTA, respectively. Coronary artery lesions and symptomatic

+
+

Table 1: Patient characteristics.

CEA (n=53) CAS (n=148) P

Age 75.1£9.1 74.74£7.3 ns
M:F 47:6 136:12 ns
Symptomatic 44 (83%) 97 (65.5%)  0.017
Previous PCI 7 (13.2%) 17 (11.5%) ns
Coronary CTA 43 (81.1%) 110 (74.3%) ns
Silent CAD 14 (32.6%)* 46 (41.8%)*  ns
Preoperative PCI 2 (3.8%) 8 (5.4%) ns
Preoperative consultation 4(7.5%) 18 (12.2%) ns
Postoperative consultation 5(9.4%) 18 (12.2%) ns
Postoperative PCI 4(7.5%) 13 (8.8%) ns

ns: Non-significant, CEA: Carotid endarterectomy, CAS: Carotid artery
stenting, PCI: Percutaneous coronary intervention, CAD: Coronary
artery disease, CTA: computed tomography angiography, n: Number,

*: Percentage of silent CAD among those who underwent coronary CTA,
M: Male, F: Female
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carotid artery stenosis were observed in 11 of 14 patients
in the CEA group and 34 of 46 patients in the CAS group.
Moreover, 7 (13.2%) and 17 (11.5%) patients in the CEA
and CAS groups had a history of percutaneous coronary
intervention (PCI), respectively.

Preoperative consultations regarding coronary CTA for
coronary artery lesions were not performed in patients who
had undergone previous examinations or PCI and were still
attending the hospital. Preoperative consultation with a
cardiologist was performed in four patients in the CEA group,
all of whom had an abnormal CTA. In addition, 18 patients
in the CAS group underwent preoperative consultation, of
whom nine had abnormal coronary CTA. PCI was performed
before carotid therapy in two cases in the CEA group (3.8% of
all patients who had undergone CEA) and eight cases in the
CAS group (5.4% of all patients who had undergone CAS).
Postoperative consultation with a cardiologist was performed
in five patients in the CEA group, of whom two had
abnormalities on coronary CTA, and 18 patients in the CAS
group, of whom 14 had abnormalities on CTA. Postoperative
PCI was performed in four and 13 patients in the CEA and
CAS groups, respectively. Perioperative complications,
such as angina pectoris or myocardial infarction, were not
observed.

Case 1: 70-year-old female

The patient was 70-year-old during PCI and 71-years-old
during carotid artery treatment. She was first examined at
our hospital after carotid ultrasonography when bilateral
internal carotid artery stenosis was detected. Her peak
systolic flow velocity was >400 cm/s bilaterally, and
angiography was performed for carotid artery treatment
despite no symptoms of stenosis [Figures la and b]. The
patient was referred to a cardiologist at another hospital after
coronary CTA showed multiple coronary artery stenoses
[Figures 1c and d]. After examination and hospitalization,
PCI was performed twice for stenoses of the right coronary
artery [Figures le and f], left anterior descending branch,
and circumflex branch. CEA was performed for a left
internal carotid artery stenosis 2 months after the last PCI,
and CAS was performed for a right internal carotid artery
stenosis 3 months thereafter. The patient did not develop
cerebral ischemia or thoracic symptoms and has been doing
well.

Case 2: 73-year-old male

The patient was 73-year-old during carotid artery treatment
and 75-year-old during PCI. He was diagnosed with
symptomatic left internal carotid artery stenosis caused
by amaurosis fugax. Carotid ultrasonography revealed
low echogenicity; time-of-flight magnetic resonance
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Figure 1: Case 1. Right carotid artery stenosis (arrow, a) and left carotid artery stenosis (dotted
arrows, b). Right coronary artery severe stenosis (white arrow, ¢ and d), followed by coronary
artery angiography (e) showing irregular wall and severe stenosis reconstructed with stents (f).

Figure 2: Case 2. Right carotid artery stenosis (arrow, a) and left carotid artery stenosis (dotted
arrows, b). Left anterior descending artery mild calcification (white arrow, ¢ and d) in preoperative
examination before carotid artery treatment. After 1% year, percutaneous coronary intervention was
performed in the same artery (e: white arrow, f: white dotted arrow).
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angiography revealed high-intensity plaque and angiography
confirmed bilateral internal carotid artery stenosis
[Figures 2a and b]. Coronary CTA revealed calcification in
the anterior descending branch of the left coronary artery,
although no severe stenosis was noted [Figures 2c and d].
First, CEA was performed for symptomatic left internal
carotid artery stenosis. Although the right internal carotid
artery stenosis was asymptomatic, it had severe stenosis
with an irregularly shaped plaque, for which CAS was
performed 1 month after CEA. The patient’s postoperative
course was good. However, one antiplatelet drug was
continued. Approximately 1 year and 6 months after CAS,
the patient was admitted to the cardiology department of a
nearby hospital due to the emergence of chest symptoms.
Emergency coronary angiography was performed and PCI
was performed as an elective procedure for the left anterior
descending coronary artery stenosis [Figures 2e and f]. The
patient did not develop any further chest symptoms and has
been doing well.

DISCUSSION

Regarding the possibility of complications and sequelae
between cerebral infarction and CAD, reports have shown
that approximately 15.8% of patients with atherothrombotic
cerebral infarction had a history of CAD,® approximately
2.2% of patients annually developed myocardial infarction
after a transient ischemic attack or stroke! and 9.2%
of patients with transient ischemic attacks and cerebral
infarctions without a history of CAD had a coronary
event within 5 years."! The possible correlation between
atherosclerotic changes in the carotid and coronary arteries
has been long reported,'>"*! suggesting that atherosclerosis
in the extracranial carotid arteries has a particularly close
relationship with coronary artery lesions.” Atherosclerosis
is more likely to be observed in the coronary arteries
first, followed by stenosis in the carotid and peripheral
arteries.*'!) Atherosclerosis is a diffuse vascular disease and
is similar to the atherosclerosis of the carotid and coronary
arteries.”? In line with this, a previous autopsy study
recognized a histological association between carotid and
coronary atherosclerosis.'” Moreover, Mahmoudi et al.’)
revealed a strong correlation between CAD and carotid artery
stenosis for CAS indication, with their data showing that
among the 30% of patients with CAD scheduled for coronary
artery bypass graft (CABG), >50% had carotid stenosis.’”’ A
report from Japan stated that among the 632 patients with
suspected CAD who underwent coronary angiography,
433 (68.5%) had CAD and 124 (19.6%) had carotid artery
stenosis.'” The frequency of carotid stenosis increased
with increasing coronary vascular variables.'”! Zhang et al.
revealed that approximately 20% of patients with coronary
multivessel disease had >50% carotid stenosis, indicating
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a direct correlation between the severity of carotid stenosis
and the extent of coronary artery involvement.!"”! Similarly,
a Japanese report revealed that 19.4% of patients with three-
vessel disease had >70% NASCET stenosis on angiography.!'”!
At our institution, we perform coronary CTA as a screening
procedure for atherosclerotic carotid stenosis in patients
who can tolerate CTA. Coronary CTA has high sensitivity
and specificity for detecting CAD!®'* and multidetector CT
is a minimally invasive method to evaluate CAD. Table 2
compares the comorbidity of CAD in the treatment group for
carotid artery stenosis with that reported in previous studies.
A report on silent CAD in CEA cases by Krievins et al.,
which evaluated 90 CEA cases who underwent preoperative
coronary CTA, revealed coronary artery stenosis in 25 cases
(28%)," a value comparable to that observed in the present
study (26.4%). In addition, they analyzed fractional flow
reserve (FFR) through CT and revealed myocardial ischemia
in 51 patients (57%). After CEA, coronary angiography was
performed in 36 patients with these significant lesions, and
30 (33%) patients underwent PCI or CABG. These results
were comparable to those of the present study in terms of
stenotic lesion detection through CTA and absence of cardiac
complications in the 1* year after the procedure, although
7.5% of our cases underwent PCI after the procedure.
Another study examining silent CAD in 112 CAS cases
who had undergone preoperative coronary angiography®
revealed coronary artery stenosis of >75% in 39 patients
(34.8%), which was comparable to that observed in the
present study (31.1%). In addition, 16 patients (14.3%), of
whom 11 had undergone PCI and five had undergone
CABG, received coronary artery treatment after carotid

Table 2: Comparison between the current study and previous
reports.
CEA
Current study Krievins
(n=53) (%) (n=90) (%)
Previous PCI 7 (13.2) NA
Silent CAD 14 (36.4) 25(28)
Preoperative PCI 2(3.8) NA
Postoperative PCI 4(7.5) 30 (33)
CAS
Current study Enomoto
(n=148) (%) (n=112)
(%)
Previous PCI 17 (11.5) 16 (14.3)
Silent CAD 46 (31.1) 39 (34.8)
Preoperative PCI 6(4.1) 11 (9.8)
Postoperative PCI 13 (8.8) 16 (14.3)
CEA: Carotid endarterectomy, CAS: Carotid artery stenting,
PCI: Percutaneous coronary intervention, CAD: Coronary artery disease,
NA: Not available, n: Number
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artery treatment due to abnormalities noted on preoperative
coronary angiography, whereas at our institution, only 8.8%
of the patients received the same (all underwent PCI).

Although CTA is inferior to coronary angiography in
terms of its accuracy in assessing stenosis rate, it has
comparable ability in detecting the presence of coronary
stenotic lesions and myocardial complications during the
1 year after the procedure. Preoperative consultation
results and PCI through coronary CTA may have prevented
perioperative complications, such as angina pectoris and
myocardial infarction, and postoperative consultation with
the cardiologist included patients who had no significant
abnormalities on preoperative CTA. This indicates the
need for follow-up considering CAD even after treatment.
The disadvantage of CTA lies in its difficulty in accurately
assessing the stenosis rate due to calcification; as such,
coronary angiography and FFR of CT exhibit better accuracy
in assessing stenosis rate and ischemia. In our case, screening
through CTA detected stenosis and ischemia at rates similar
to those reported in the previous studies, which may lead to
lower perioperative complications and improved long-term
prognosis through pre and postoperative coronary artery
treatment.

Limitations

The present study had some limitations. Given that not all
patients received consultation from a cardiologist before
surgery, treatment priorities may have been biased toward
carotid artery treatment, although the study was retrospective
in nature and the presence of coronary CTA was determined
by the radiology department.

CONCLUSION

Screening may detect asymptomatic coronary artery
lesions in carotid artery stenosis even in patients without
chest symptoms and suspicion of ischemic heart disease.
Preoperative coronary artery screening is important
considering that pre and postoperative coronary artery
treatment may improve long-term prognosis.
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medical advice; patients should consult their own physicians for advice as to their specific medical needs.
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