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Abstract

BACKGROUND

One of the major perioperative complications for coronary artery bypass graft (CABG)
is stroke. The risk of perioperative stroke after CABG is approximately 2%. Carotid
stenosis (CS) is considered an independent predictor of perioperative stroke risk in
CABG patients. The optimal management of such patients has been a source of
controversy. One of the possible surgical options is synchronous carotid
endarterectomy (CEA) and CABG. Here, we have presented 4 cases of successful

synchronous CEA and CABG.

CASE SUMMARY

Our center’s experience with 4 cases of significant carotid artery stenosis, which were
successfully managed with combined CEA and CABG, are detailed. The first case was a
female who presented for CABG after a ST-elevation myocardial infarction. She had
right internal carotid artery (ICA) occlusion and 90% left ICA stenosis. The second case
was a male who was electively admitted for CABG. It was discovered that he had left
ICA occlusion and 90% right ICA stenosis. The third case was a male with a history of
stroke, two months prior to admission. He presented with non-ST-elevation myocardial
infarction. Preoperatively, it was discovered that he had > 90% right ICA stenosis. The
final case was a male who was electively admitted for CABG. It was discovered that he
had bilateral > 90% ICA stenosis. We have also reviewed the current evidence and

guidelines for managing CS in patients undergoing CABG.

CONCLUSION
Our case series demonstrated that synchronous CEA and CABG was safe. A multicenter
study with additional patients is needed. It is necessary for clinicians to screen for CS in

high-risk patients with features.
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Core Tip: The risk of perioperative stroke after coronary artery bypass graft (CABG) is
2%. A hemodynamically significant carotid artery stenosis is found in 7% of patients
undergoing CABG. Carotid stenosis is considered an independent predictor for the risk
of perioperative stroke in CABG patients. The optimal management of such patients has
been a source of controversy, but one of the possible surgical options is combined
carotid endarterectomy and CABG. Our case series suggested that this option is safe for

the management of this population of patients.

INTRODUCTION

Ischemic heart disease and ischemic stroke are the two leading causes of death
worldwidelll. Due to similar pathophysiologic processes, coronary artery disease and
carotid artery disease can coexist. A hemodynamically significant carotid artery stenosis
(> 50% stenosis) is found in 7% of patients undergoing coronary artery bypass grafting
(CABG)2L One of the major perioperative complications for CABG is stroke. The risk of
perioperative stroke after CABG is around 2%2l. Carotid stenosis (CS) is considered an
independent predictor for the risk of perioperative stroke in CABG patientsl3l. The
optimal management of such patients has been a source of controversy. One of the
possible surgical options for treatment is synchronous carotid endarterectomy (CEA)
and CABG. In this work, we reported the e)(ﬁrience of 4 cases of successful combined

CEA and CABG at a single center and briefly reviewed the literature.

CASE PRESENTATION
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Chief complaints

Case 1: A 64-year-old female presented with typical ischemic chest pain.

Case 2: A 76-year-old male presented with the complaint of chronic chest discomfort

that was related to physical exertion.

Case 3: A 63-year-old male presented with severe chest pain that started 6 h prior to

presentation to the emergency department.

Case 4 A 7l-year-old male presented with shortness of breath and orthopnea that

started the morning of his presentation.

History of present illness

Case 1: The patient presented to our emergency department with chest pain that was
retrosternal and radiating to the left. She previously had similar pain that was related to
physical activity. The previous pain was aggravated by physical activity and relieved

by rest. However, the pain at presentation was more severe and occurred during rest.

Case 2: The patient presented to the clinic with a 6-mo history of chest discomfort and
tightness that was triggered by physical exertion and relieved by rest. He denied any
shortness of breath, palpitations, or loss of consciousness. The patient was electively

admitted to our center for diagnostic coronary angiography (CAG).

Case 3: The patient presented to our emergency department with severe left-sided chest
pain that was radiating to the back and left shoulder. The chest pain started while the
patient was at rest and was associated with shortness of breath and sweating. He was

admitted with an initial diagnosis of non-ST elevation myocardial infarction (NSTEMI).
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Case 4: The patient presented to our emergency department with shortness of breath
that started that morning while at rest. He was also experiencing chest heaviness and

sweating. He was admitted with an initial diagnosis of NSTEMI.

History of past illness

Case 1: The patient had diabetes, which was poorly controlled, and hypertension. In
addition, she had hypothyroidism. She previously had an infected foot ulcer that was
treated by amputation of the right big toe.

Case 2: The patient had end-stage renal disease and hypertension.

Case 3: The patient had hypertension. He also had a history of pulmonary embolism
that was treated with oral anticoagulation medication. He suffered a stroke 2 mo prior

to presentation and experienced residual left-sided weakness.

Case 4: The patient had hypothyroidism and bilateral carotid artery stenosis.

Personal and family history

There were no family history of cardiac disease or stroke of all patients.

Physical examination

Case 1: The patient was alert, conscious, and oriented with stable vital signs. She had
normal bilateral vesicular breathing sounds. Heart sounds were normal with no
murmurs or added sounds. Peripheral pulses were palpable with normal volume on

both upper and lower limbs.

Case 2: The patient was alert, conscious, and oriented with stable vital signs. He had
normal bilateral vesicular breathing sounds. Heart sounds were normal with no

murmurs or added sounds. Peripheral pulses were palpable with normal volume on
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both upper and lower limbs. He had an arteriovenous fistula on his left arm that was

used for dialysis.

Case 3: The patient was alert, conscious, and oriented with stable vital signs. He had
normal bilateral vesicular breathing sounds. Heart sounds were normal with no
murmurs or added sounds. Peripheral pulses were palpable with normal volume on
both upper and lower limbs. The motor power of the patient’s upper and lower limbs

on the left side was reduced. However, sensation and proprioception were preserved.

Case 4: The patient was alert, conscious, and oriented with stable vital signs. He had
normal bilateral vesicular breathing sounds. Heart sounds were normal with no
murmurs or added sounds. Peripheral pulses were palpable with normal volume on

both upper and lower limbs.

Laboratory examinations
Case 1: The patient’s routine blood work was normal with the exception of the

hemoglobin Alc level, which was 9.9% (normal range: < 5.7%).

Case 2: The patient’s routine blood work was normal with the exception of the
creatinine level, which was 575 mmol/L (normal range: 53-106 mmol/L). The estimated
glomerular filtration rate was very low (8.4 mL/min/1.73 m2 normal range: = 90

mL/min/1.73 m?).

Case 3: The patient’s routine blood work was normal with the exception of the high-

sensitivity troponin-T level which was 126 ng/L (normal range: 0.0002-58.9 ng/L).
Case 4: The patient’s routine blood work was normal with the exception of the high-

sensitivity troponin-T level which was 200 ng/L. The patient’s hemoglobin Alc level
was slightly elevated (6.1%).
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Imaging examinations

Case 1: Echocardiography showed a 30%-35% left ventricular ejection fraction (LVEF)
with no significant valvular abnormalities. CAG showed triple vessel disease. Carotid
Doppler showed total occlusion of the right internal carotid artery (ICA) and > 90%
stenosis of the left ICA (Figure 1).

Case 2: Echocardiography showed a > 50% LVEF with mild mitral regurgitation. CAG

showed triple vessel disease. Carotid Doppler showed total occlusion of the left ICA
and > 90% stenosis of the right ICA (Figure 2).

Case 3: Echocardiography showed a 30% LVEF with mild aortic regurgitation. CAG
showed left main coronary artery stenosis (> 50%). Carotid Doppler showed 90%-99%
stenosis of the right ICA and normal left ICA (Figure 3).

Case 4: Echocardiography a 35%-40% LVEF with mild mitral regurgitation. CAG
showed significant triple vessel disease. Carotid Doppler showed 90% stenosis of the

left ICA and > 90% stenosis of the right ICA (Figure 4).

FINAL DIAGNOSIS

Case 1: The patient was diagnosed with triple vessel coronary artery disease with low

ejection fraction and total occlusion of the right ICA and 90% stenosis of the left ICA.

Case 2: The patient was diagnosed with triple vessel coronary artery disease with
preserved ejection fraction and total occlusion of the left ICA and > 90% stenosis of the

right ICA.

Case 3: The patient was diagnosed with left main coronary artery stenosis with reduced

LVEF, NSTEMI, and > 90% stenosis of the right ICA.
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Case 4: The patient was diagnosed with triple vessel coronary artery disease presenting

as NSTEMI with reduced ejection fraction and bilateral > 90% ICA stenosis.

TREATMENT
Case 1: The patient underwent left CEA and on-pump CABG.

Case 2: The patient underwent right CEA and on-pump CABG.

Case 3: The patient underwent right CEA and on-pump CABG.

Case 4: The patient underwent left CEA and on-pump CABG, with planned right CEA
12 mo after the CABG.

OUTCO&IE AND FOLLOW-UP
Case 1: The patient’s postoperative course was uneventful and was discharged 1 wk
after her surgery. Her last follow-up was 5 years after the surgery. She did not

experience stroke or myocardial infarction (MI) during the follow-up period.

Case 2: The patient’s postoperative course was uneventful, he was discharged after 2
wk. His last follow up was 4 years after the surgery. He did not experience stroke or MI

during the follow-up period.

Case 3: The patient had no complications postoperatively and was discharged 5 d after
the surgery. His last follow up was 1 year after the surgery. He did not experience

stroke or MI during the follow-up period.

Case 4: The patient’s intensive care unit stay was uneventful and he was transferred to

the ward 4 d after the surgery and discharged on the 6t d postoperatively. His last
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follow-up was 1 year after the surgery. He did not experience stroke or MI during the

follow-up period.

DISCUSSION

The risk of perioperative stroke in patients who are treated with CABG is around 2%[2l.
CS is considered an independent predictor for the risk of perioperative stroke in CABG
patientsl3l. There are multiple causes of perioperative stroke in patients undergoing
CABG, including CS, aortic embolism during manipulation, cannulation and
decannulation, graft anastomosis to the aorta, platelet aggregation on cardiopulmonary
bypass, hypercoagulable states, postoperative arrhythmias, and hemodynamic
instability(4. CS > 80% is found in 7% of CABG patients?l. The risk of perioperative
stroke in CABG patients with > 50% and > 80% CS is 7% and 9%, respectivelyl>l. The
impact of perioperative stroke on patient survival is significant when compared to the
survival of cardiac surgery patients with no stroke. In a meta-analysis of 174000 cardiac
operations, the operative mortality of patients who suffered perioperative stroke was
29.0% vs 2.4% in patients who did not suffer from perioperative stroke (P < 0.001)l.

The routine screening of CS in patients who are candidates for cardiac surgery is
controversial. Most of the international societies support selective screening for high-
risk patientsl*7l. The European Society of Cardiology (ESC) recommends screening
patients who are undergoing CABG with duplex ultrasound if they have a history of
recent (< 6 mo) transient ischemic attack (TIA) or strokel!l. They also recommend
screening patients with no history of recent TIA or stroke but are = 70-years-old, have
multivessel coronary artery disease, have concomitant peripheral arteria disease, or
have carotid bruit on examinationl¥. The ESC does not recommend screening patients if
they require urgent CABG and have no history of recent TIA/strokeldl. The European
Society for Vascular Surgery (ESVS) recommends screening patients who are aged > 70-
years-old, have a history of TIA or stroke, carotid bruit, or left mainstem diseasel?].

Prophylactic carotid intervention in patients with carotid artery stenosis is

controversial. There is no strong evidence to support carotid intervention in all CABG
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patients with asymptomatic CSil. Select patients may benefit significantly from carotid
intervention because it could reduce their risk of stroke-related morbidity and mortality
and of a prolonged hospital stayll. Patients who could benefit are at a high risk of
postoperative stroke, such as patients with asymptomatic severe (70%-99%) bilateral
stenosis, asymptomatic severe stenosis with contralateral occlusion, or a history of prior
stroke or TIA47],

The surgical and endovascular options for patients are staged CEA then CABG,
staged CABG then CEA, synchronous CEA plus CABG, staged carotid artery stenting
(CAS) then CABG, and same day CAS then CABG. Most of the data comparing these
options are from observational studies and meta-analyses. In a meta-analysis that
involved 25021 patients who had undergone either combined or staged CEA and
CABG, there was no difference between the two approaches in early mortality (relative
risk: 1.36; 95% confidence interval: 0.78-2.36; P = 0.27) and postoperative stroke (relative
risk: 1.14; 95% confidence interval: 0.99-1.31; P = 0.07)81.

There are only two randomized controlled trials that evaluated synchronous or
staged CEA in CABG patients with unilateral asymptomatic CS. Illuminati ef all’]
randomized 185 patients with severe unilateral asymptomatic CS to one of three
groups: CEA synchronous with CABG; staged CEA before CABG; or isolated CABG
then delayed CEA. They concluded that staged CEA then CABG or synchronous CEA
and CABG prevented stroke better than delayed CEA. The CABACS (i.e., Coronary
Artery Bypass graft surgery in patients with Asymptomatic Carotid Stenosis) trial
randomized 129 CABG patients from 17 centers. The enrolled patients had unilateral
asymptomatic severe (80%-99%) CS. They were randomized to either synchronous CEA
and CABG or CABG alone. The 30-d death/stroke rate among patients who underwent
the synchronous procedure was 18.5% vs 9.7% in patients with isolated CABGIL.
Unfortunately, this trial was terminated prematurely after funding withdrawal.
However, the authors concluded that the very high rate of perioperative stroke does not

justify the synchronous approach in patients with severe asymptomatic CSI10L.
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One of the options to manage this population of patients is either same-day or staged
CAS. This modality may be beneficial because it is less invasive compared to
conventional CEA. However, CAS can complicate the management of CABG patients
because dual-antiplatelet therapy is needed after CAS. This could increase the risk of
bleeding during the CABG procedure or increase the risk of MI if CABG was delayed
for the administration of dual-antiplatelets. In a systematic review that included 11
studies that evaluated the outcome of 760 staged or same-day CAS plus CABG
procedures, the majority of the patients (87%) were asymptomatic. The overall mortality
rate was 5.5%, and the risk of suffering any stroke was 4.2%[11l. This review also
observed that CABG performed within 48 h of a CAS procedure was not associated
with a significant risk compared to CABG performed 2 wk after a CAS procedurel''.

The most recent guidelines emphasize that the management of patients should be
individualized and determined by a multidisciplinary teaml4. The ESC recommends
that patients who will be treated with a CABG procedure and who have a recent history
of stroke or TIA should be considered for carotid revascularization if there is 50%-99%
CS, without ﬁecifying the means for revascularizationl!l, They also recommend that
prophylactic carotid revascularization may be considered in a patient with bilateral
70%-99% CS or 70%-99% CS and contralateral occlusion/4l. On the other hand, the most
recent ESVS guidelines were more specific in regard to the modality and timing of
revascularizationl’l. The ESVS recommends staged or synchronous CEA and CABG in
patients who have a recent history of TIA or stroke with ipsilateral 50%-99% CSIl. It
also recommends staged or synchronous CAS/CEA and CABG in patients who are
asymptomatic and who have either bilateral 70%-99% CS or 70%-99% CS and

contralateral occlusionl”l.

CONCLUSION

In conclusion, CS is prevalent among patients with coronary artery disease who are
undergoing CABG. Screening for CS is indicated in patients with high-risk features,

such as old age and left mainstem disease. The indications, modality, and timing for
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carotid revascularization in CABG patients is still controversial, and more evidence is

needed to decide on the best management plan for this patient population.
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