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Abstract The ideal management of concomitant carotid and coronary artery occlusive disease remains elusive.
Although researchers have advocated the potential benefits of varying treatment strategies based on either concomitant or staged surgical treatment, there is no consensus in treatment guidelines among national or international
clinical societies. Clinical studies show that coronary artery bypass grafting (CABG) with either staged or synchronous carotid endarterectomy (CEA) is associated with a high procedural stroke or death rate. Recent clinical
studies have found carotid artery stenting (CAS) prior to CABG can lead to superior treatment outcomes in
asymptomatic patients who are deemed high risk of CEA. With emerging data suggesting favorable outcome of CAS
compared to CEA in patients with critical coronary artery disease, physicians must consider these diverging therapeutic options when treating patients with concurrent carotid and coronary disease. This review examines the
available clinical data on therapeutic strategies in patients with concomitant carotid and coronary artery disease. A
treatment paradigm for considering CAS or CEA as well as CABG and percutaneous coronary intervention is
discussed.

Introduction
Cardiovascular disease is one of the most common causes
of death in developed countries, including the United States
(U.S.). It is estimated that nearly 40% of all cardiovascularrelated fatalities in the U.S. are due to myocardial ischemia
caused by atherosclerotic coronary artery disease [1, 2]. As
the result of systemic atherosclerotic progression, many
patients with coronary artery occlusive disease are similarly inflicted with carotid artery occlusive disease. It is
reported that stroke due to carotid artery atherosclerosis
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accounts for 18% of all cardiovascular-related fatalities in
the U.S. [1, 2].
The presence of systemic atherosclerosis involving
coronary artery or carotid artery occlusive disease is a
common phenomenon in patients undergoing either coronary artery bypass grafting (CABG) or carotid
endarterectomy (CEA). Among the patients undergoing
CEA, it has been shown that 28% had severe coronary
artery disease, which was indicated for CABG [3].
Similarly, hemodynamically significant carotid artery
occlusive disease with greater than 80% luminal stenosis can
be found in 12% of patients undergoing coronary revascularization [4–6]. Postoperative neurological complication
following CABG is one of the most feared surgical complications, and frequency of postoperative stroke among
patients undergoing CABG has been shown to range between
0.5 and 7% [7, 8]. It is well reported that carotid artery
occlusive disease is an independent predictor of perioperative stroke in patients undergoing CABG [9–11].
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Although numerous studies have convincingly demonstrated the efficacy and safety of preventive CEA for
reducing the risk of stroke before CABG [10, 12–15],
controversy exists regarding the benefit of prophylactic
CEA in patients with asymptomatic carotid stenosis. Several researchers have suggested that CEA for asymptomatic
carotid disease does not necessarily reduce the risk of
stroke in patients undergoing CABG [16–21]. These conflicting perspectives may have been the result of heterogeneity of the patient population and their disease patterns,
particularly related to factors including the severity of
carotid stenosis and operative variables associated with
coronary revascularizations.
Due in part to the complex factors contributing to the
neurological complication, the management of carotid
arterial stenosis in patients who undergo CABG remains
has been a subject of debate. Commonly utilized treatment
strategies have included simultaneous CEA-CABG, staged
CEA followed by CABG, and staged CABG followed by
CEA. Recent studies have highlighted the role of carotid
artery stenting (CAS) before CABG and the use of offpump CABG as a means to reduce perioperative ischemic
stroke [22–25]. Despite theoretical benefits of each therapeutic approach, there remain no uniformly accepted
treatment guidelines among physicians or surgeons who
provide care to these patient cohorts.
The purpose of this article is to review various treatment
strategies in patients who undergo CEA and CABG.
Advances in endovascular treatment for carotid artery
disease as well as surgical techniques with off-pump
CABG have similarly increased the therapeutic armamentarium for these patients who require CEA and CABG.
Rationales for these various treatment strategies as well as
current literature to support their clinical applications are
discussed. A proposed treatment algorithm encompassing
these various treatment strategies is also provided.

Published treatment guidelines on CEA
and CABG
Although current studies are inundated with studies with
conflicting outcomes using various treatment strategies for
patients requiring CEA and CABG, the American Heart
Association (AHA) issued guidelines regarding the appropriateness of combined or synchronous CABG and CEA in
1998 [26]. Specifically, this treatment guideline addressed
CABG patients with asymptomatic occlusive carotid disease. It is noteworthy that this guideline reflected a consensus view of experts who advocated that synchronous
CEA and CABG is ‘‘acceptable but not proven’’ in patients
with unilateral asymptomatic carotid lesions greater than
60% luminal stenosis where there is a proven operative
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stroke and death risk of less than 3%. For institutions where
the operative stroke and death risk rates are greater than 3%,
on the other hand, the clinical benefits and treatment efficacy
of synchronous CEA and CABG were described as
‘‘uncertain’’ according to the AHA guidelines [3, 26].
The published guidelines by the AHA, however, did not
fully resolve the controversy regarding the ideal treatment
strategy for patients with high-grade carotid artery disease
who require coronary revascularization. Debates continued
regarding how to screen and identify patients with carotid
occlusive disease before undergoing coronary revascularization. The American College of Cardiology (ACC) and
American Heart Association (AHA) issued guidelines for
CABG in 2004, which recommended a screening carotid
ultrasound for those older than 65 years, individuals with
left main coronary stenosis, peripheral vascular disease, or
those with history of smoking, transient ischemic attack,
stroke, or for the presence of carotid bruit on examination
[27]. This carotid screening guideline would detect severe
carotid stenosis (greater than 80%) in approximately 95%
of patients undergoing CABG [27, 28]. In spite of the
publication of this screening guideline, controversy
abounds as authors conceded that these recommendations
are based on a few observational studies and expert consensus, rather than any randomized studies. Many questioned the cost-effectiveness of screening carotid
ultrasound in CABG patients for stroke prevention. Furthermore, the benefit of carotid screening in perioperative
stroke or mortality reduction in the CABG population has
not been proven in a large-scale clinical study [29, 30].

Prevalence and etiology of neurological
complications following cardiac surgery
Ischemic stroke is by far one of the most feared complications following any surgical procedure, particularly cardiac
operations. Neurological complications following CABG is
associated with a mortality of 24.8% and mean hospital stay
of 28 days for stroke survivors [10, 31, 32]. Studies have
identified multiple risk factors for stroke in patients undergoing CABG, which include age, preoperative neurological
symptoms, aortic arch disease, carotid bruit, diabetes, and
degree of carotid stenosis. These widely ranged risk factors
underscore the complex multifactorial etiologies which
contribute to post-CABG neurological complications.
It is noteworthy that the incidence of neurological
complications varies depending on the type of cardiac
interventions. It is estimated that stroke occurs in 0.3–5.2%
of patients undergoing cardiac surgery [33], 1.3% after
cardiac catheterization [34, 35], 0.3% following percutaneous transluminal coronary angioplasty [36], 1.4–11.0%
following percutaneous transluminal aortic valvuloplasty
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[35], 3.2–4.2% after percutaneous mitral valvuloplasty
[37, 38], and 9.0% after cardiac transplantation [39].
Specifically among patients who are older than 75 years of
age, the risk of stroke can reach as high as 9% following
CABG and 16% following valve replacement [40, 41]. In a
prospective multicenter trial, Wolman and colleagues
reported that ischemic stroke occurred in one out of every
six patients who underwent coronary revascularization
combined with intracardiac operation [42].
Utilizing a prospective database on 16,184 consecutive
patients undergoing cardiac surgery, Bucerius and associates reported an overall incidence of stroke was 4.6% but
varied depending on the surgical procedures [42]. Specifically, the incidence of stroke was 3.8% following CABG,
1.9% following beating heart CABG, 4.8% following aortic
valve surgery, 8.8% following mitral valve surgery, 9.7%
following double or triple valve surgery, and 7.4% following
CABG and valve surgery. Other researchers conducted
prospective studies of consecutive patients undergoing
CABG and reported that the risk of major ischemic stroke
ranged between 1 and 6% [43–45]. Using multivariate
analysis, these authors have identified multiple factors,
which were associated with an increased risk of stroke in
patients undergoing cardiac surgery [14, 15, 46, 47]. These
factors include age older than 60 years, greater than 50%
carotid stenosis, prior stroke or transient ischemic attack,
history of congestive heart failure, valvular disease, repeat
heart surgery, postoperative atrial fibrillation, bypass time of
more than 2 h, and prior myocardial infarction [15, 46–48].
Regarding possible pathogenic mechanisms of stroke
during cardiac surgery, researchers have postulated various
causes [46–49]. These mechanisms include cerebral flow
compromise due to intraoperative hypotension with concomitant carotid artery occlusive disease, atheromatous
emboli during aortic manipulation either during aortic cannulation or during application of the aortic side biting
clamps for performing the aortocoronary saphenous vein
graft anastomosis, air emboli, hemodynamic instability
during cardiopulmonary bypass or inadequate intracerebral
cross-perfusion. Despite the heterogeneity of these pathogenic mechanisms, many researchers believed that the
stroke risk during CABG is related to the degree of carotid
stenosis. In a meta-analysis, Naylor and associates reported
that patients with no significant carotid disease had a 1.9%
risk of stroke following CABG [50]. The risk of stroke
increased to 3% in neurologically asymptomatic patients
with unilateral 50–99% carotid stenosis, 5% in those with
bilateral 50–99% carotid stenoses, and 7–11% in patients
with carotid occlusion [50]. Although these authors suggested an association between significant carotid disease and
post-CABG stroke, their study did not provide information
regarding the laterality of cerebral ischemic events in relation to carotid stenosis. In patients who underwent CABG

including left main stem coronary artery revascularization,
the incidence of carotid artery disease and postoperative
cerebrovascular complications was higher [51].
Contrary to these findings, other authors have proposed
different mechanisms for post-CABG neurological complications, which were not related to the severity of carotid
disease [49, 52]. Analyzing their institutional data of 1179
patients regarding post-CABG neurological events, Ricotta
and associates reported a discrepancy between stroke distribution and site of carotid stenosis [49]. Additionally,
most strokes occurred later than 24 h following CABG
operation, suggesting that other potential causes such as
atrial fibrillation or postoperative hypotension may have
played a crucial role in post-CABG stroke [49]. Other
researchers have found that proximal aortic calcification to
be a predictor for post-CABG ischemic stroke irrespective
of carotid disease, due in part to plaque embolization
during aortic manipulation [52–54]. Additionally, radiological findings including aortic atheroma protrusion based
on computed tomography (CT) scan or mobile aortic
atheroma as detected by transesophageal echocardiography
have also been shown to be associated with a 14% incidence of perioperative stroke [55, 56]. Lastly, Schoof and
colleagues reported that, in patients with severe carotid
stenosis or occlusion, the presence of an impaired cerebral
autoregulatory reserve may contribute to increased stroke
risk during cardiac surgery [57]. While these available data
do not uniformly underscore a single pathogenic mechanism for post-CABG neurological complications, multiple
randomized trials analyzing the efficacy of CEA have
demonstrated that removing carotid plaque burden by CEA
in patients with hemodynamically significant carotid disease will reduce the risk of ischemic stroke, including those
who require coronary revascularization [58–60].

Potential treatment strategies for CEA and CABG
Various treatment strategies have been proposed to
decrease the risk of post-CABG neurological complications
in patients who require both carotid and coronary revascularization. Considering that carotid artery stenting has
become an accepted treatment option for endovascular
revascularization, this represents a potential treatment
strategy for these patient cohorts. Consequently, available
treatment strategies include the following options:
1.
2.
3.
4.
5.

Combined or synchronous CABG and CEA during the
same anesthetic setting,
Staged CEA first, followed by CABG,
Staged CABG first, followed by CEA,
Staged CAS first, followed by CABG,
CEA with off-pump CABG.
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Despite multiple studies demonstrating the feasibility
and safety of each of these treatment modalities, controversy exists as to which strategy can optimally reduce the
risk of neurological adverse events following coronary
revascularization. There are no randomized prospective
studies with level 1 evidence to support the ideal treatment
strategy. Although the consensus statement released by the
American Heart Association acknowledged increased
perioperative complications with synchronous carotid and
coronary revascularization, it did not provide any recommendation for alternative management strategy for this
subgroup of patients [27, 28]. Ongoing debates continue
regarding the optimal timing and sequence of staged
operations, particularly for those who require urgent
reconstructions for either symptomatic carotid or coronary
lesions during the same hospitalization.

Rationale for synchronous CEA and CABG
The combined or synchronous approach, first reported by
Bernhard and colleagues in 1972, involves performing
CEA, which was immediately followed by CABG under
the same anesthesia [61]. Clinical studies have shown that
advantages of the synchronous approach include: (a) decreased incidence of stroke and operative mortality for
patients with symptomatic coronary and carotid artery
diseases [23, 62], (b) decreased hospital cost and surgical
procedural cost [23, 62], (c) shorter hospital length of stay
[63], (d) acceptable operative morbidity and mortality [64],
and (e) lower stroke risk on long-term follow-up [65, 66].
The synchronous approach is generally reserved for
patients with severe symptoms involving both carotid and
coronary vascular territories, such as those with severe
stenosis ([90% luminal stenosis) or bilateral carotid
occlusion. Van Der Grond and colleagues postulated that
these patient cohorts are most likely to have impaired
cerebral autoregulation due to chronic cerebral ischemia
[67]. The authors suggested that when the cerebral
autoregulation is impaired, the synchronous treatment with
CEA and CABG should be considered as this subset of
patients with cerebral hypoperfusion and ischemic metabolic changes distal to severe carotid stenosis are probably
at high risk of stroke during CABG. This hypothesis,
however, has not been validated by any clinical study.

Rationale for staged CEA and CABG
Numerous studies have found that combined or synchronous treatment of CEA and CABG resulted in higher
stroke and death rates, due in part to several reasons
[68, 69]. One factor is that synchronous CEA and CABG
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procedures are more technically challenging, from both a
surgical and an anesthesia stand point, thereby resulting in
greater perioperative complications. Another factor may be
that combined operations result in excessive physiological
and cardiovascular stress, resulting in greater hemodynamic fluctuations or instability during relatively long
operative procedures. This notion was supported by a
systemic review of 94 clinical studies, which noted that
synchronous treatment carried a relative high morbidity
and mortality rates with death or major stroke rate of
11.5% [20].
Many researchers favored the staged approach with
CEA prior to CABG, due to perceived advantage of
reduced operative time and minimize surgical complexity
of two surgical procedures [4, 70, 71]. This approach is
generally reserved for patients with stable coronary
symptoms who can undergo the initial CEA procedure
followed by a variable time interval of recovery before
undergoing coronary revascularization.

Role of carotid artery stenting in patients
undergoing CABG
Percutaneous stenting of carotid artery stenosis has
emerged as an attractive treatment option compared to
CEA. The clinical efficacy of CAS has been proven in
several randomized trials to be equivalent to CEA [72–75].
Many have proposed that staged CAS followed by CABG
may represent an acceptable treatment option to either
staged or synchronous CEA and CABG. The theoretical
advantages of CAS are related to the minimally invasiveness and avoidance of general anesthesia, which may
reduce cardiac complications [76].
With regard to incorporating CAS treatment in patients
who require CABG, there are three potential treatment
strategies which include: (1) CAS followed by CABG several days or weeks later (staged procedures with separate
anesthesia approach; (2) CAS under local anesthesia followed by CABG on the same day (same-day procedures with
two anesthesia approaches); and (3) CAS followed by
CABG in the same operating room under general anesthesia
(same-day procedures under general anesthesia approach).
Most published results utilized the staged approach in which
CABG was performed several weeks following the initial
CAS, as this staged approach allows for safe withholding of
the anti-platelet agent prior to CABG. Patients underwent
the same-day CAS and CAS requiring immediate anti-platelet regimens as soon as CABG is completed. Because an
endovascular operating room is needed to allow CAS and
CABG to be performed synchronously under the same
anesthesia, only limited clinical series are available for such
a treatment strategy [77–79].
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Since there are no randomized trials comparing CAS to
CEA for patients who require coronary revascularization,
there are several observational studies which compared
staged CAS plus CABG with a CEA plus CABG strategy
[77, 80]. Van der Heyden and associates analyzed 356
patients who underwent CAS followed by CABG, with a
mean interval of 22 days. All patients were neurologically
asymptomatic, and an embolization protection device was
used in only 40% of patients. At 30 days post-CABG, the
stroke and death rate were 4.8%, myocardial infarction
(MI) was 2% and the combined stroke, MI and death rate
were 6.7% [80]. Long-term durability and a high rate of
freedom from death and stroke were noted during the
5-year follow-up [80]. Another study similarly reported
low peri-procedural complication rates in staged CAS
followed by CABG [77]. Due to the favorable outcomes
with percutaneous carotid stenting prior to CABG, these
authors advocated CAS as a preferred treatment strategy
compared to CEA prior to coronary revascularization
[77, 80].
In a clinical study encompassing a 5-year institutional
experience which compared CAS followed by open heart
surgery (OHS) to combined CEA–OHS, Ziada and associates reported fewer strokes or MI at 30 days with the
CAS–OHS approach (5 vs 19%, p = 0.02) despite the use
of embolization protection device in only 14% of the
patients [25]. The favorable outcome with CAS was further
underscored by the fact that patients who underwent CAS
had a higher risk profile with more unstable or severe
angina (52 vs 27%, p = 0.002) and had a higher prevalence of symptomatic carotid disease (46 vs 23%
p = 0.002) [25]. A recent meta-analysis of 11 published
studies on CAS followed by CABG procedures reported
similar 30-day risks of any stroke (4.2%), MI (1.8%) and
combined stroke, MI and death (9.4%) when compared to
the results from CEA–CABG strategies [19]. While these
data showed comparable CAS–CABG outcomes compared
to CEA–CABG cohorts, the author cautioned that the
majority of patients who received CAS were largely
asymptomatic neurologically (87%) and had unilateral
carotid artery stenosis (82%) [19].
Utilizing the National Inpatient Sample database,
Timaran and colleagues examined nationwide trends and
outcomes of 27,084 procedures which comprised of combined CEA–CABG (96.7%) and CAS–CABG (3.3%) procedures [76]. The risk of postoperative stroke was
significantly higher in the CEA–CABG group (3.9%)
compared to the CAS–CABG group (2.4%), although no
difference in the risk of combined stroke and death or inhospital death was noted (5.2 vs 5.4%) [76]. The authors
concluded that CAS might provide a safer carotid revascularization option for patients who require CABG [76].
Although CAS unquestionably has gained popularity due to

its minimally invasiveness and perceived less anesthetic
risks compared to traditional CEA, a consensus guideline
published by the European Society for Vascular Surgery in
2009 underscored an important principle of this treatment
modality, in which it recommended that CAS for carotid
stenosis should only be performed for high-risk patients in
high-volume institutions with proven low procedural
complication rates [81].

Role of off-pump CABG in patients with carotid
artery disease
Clinical evidence has suggested that the most important
single cause of post-CABG stroke is thrombotic
embolization from the aortic arch debris [82]. As the result,
many physicians have refined surgical strategies and
operative techniques to reduce the risk of embolization
during aortic dissection, cannulation, and aortic crossclamping. In a review article which analyzed 12 studies
encompassing 324 synchronous CEA plus off-pump CABG
procedures, these patient cohorts had better outcomes of
stroke, MI or death (3.6%) compared to those who were
treated with either combined or staged CEA and on-pump
CABG. The operative mortality for synchronous CEA plus
off-pump CABG was only 1.5%, and the risk of death or
any stroke significantly reduced at 2.2% [83]. In a study
which reported 38 patients who underwent synchronous
CEA and off-pump CABG, the authors reported remarkable outcome with no postoperative neurological complications and an in-hospital death rate of 3% [84]. The
clinical efficacy of synchronous CEA and off-pump CABG
was similarly underscored by Chen and associates who
reported their experience in 51 patients, who did not suffer
any postoperative neurological or cardiac complications
[85]. With a mean follow-up of 39 months, the operative
mortality was 1.96% [85]. Several factors may have
accounted for the clinical outcome of these studies. Offpump CABG has been shown to result in reduced incidence
of stroke compared to on-pump CABG due to decreased
risk of embolization from aortic manipulation. Additionally, the devoid of extracorporeal circulation in off-pump
CABG potentially minimizes the likelihood of systemic
hypotension and possibly averts cerebral hypoperfusion
[86].
In the study by Mishra and associates, synchronous CEA
plus either on-pump or off-pump CABG was performed in
358 patients, which included 166 patients who had offpump CABG and 192 patients with on-pump coronary
revascularization [23]. The authors reported no differences
in mortality or stroke between the two CABG approaches,
with mortalities of 1.2% in the off-pump group and 1.6% in
the on-pump group. Postoperative stroke rates of the off-
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pump and on-pump patients were 0 and 0.5%, respectively.
Although these results suggest no significant difference in
outcomes with either on-pump or off-pump CABG, the
observed mortality and neurological morbidity rates in this
study were lower than the published literature [8]. Several
recent studies that analyzed the effect of off-pump CABG
versus on-pump CABG in patients undergoing synchronous CEA and coronary revascularization have similarly noted the reduced incidence of postoperative stroke
rate in off-pump CABG patients compared to on-pump
CABG cohorts [31, 83, 87].

Contemporary studies based on multi-institutional
database
In an effort to answer the question of whether patients
should undergo staged versus synchronous carotid and
coronary revascularization, various authors reported several studies analyzing contemporary large database
[8, 13, 18, 83, 87]. Analyzing the Nationwide Inpatient
Sample database during a recent 10-year period ending in
2007, Gospaldas from our institution compared the outcome of 6153 patients who underwent staged CEA and
CABG versus 16,639 patients who underwent synchronous
or combined procedures [87]. Within the synchronous
approach, off-pump was performed in 5280 patients
(31.7%) while 2004 patients (32.5%) underwent off-pump
CABG in the staged group. While both staged and synchronous groups shared similar age, perioperative mortality
and neurological complication rates, higher perioperative
morbidities were noted in staged patients when compared
to synchronous cohort, which included greater cardiac,
wound, respiratory, and renal complications. When analyzing hospital length of stay, staged approach was independently associated with a longer hospital stay by
3.1 days (p \ 0.001). This study was unique as it also
analyzed treatment cost. Cost analysis using inflation-adjusted hospital charges showed that staged and synchronous strategy incurred a mean cost of
$118,801 ± 78,644 and $98,106 ± 80,053, respectively
(\0.001). Further assessment using risk-adjusted models
indicated that staged procedures were independently associated with a $23,328 higher hospital charge [87]. While
this analysis showed no difference in mortality or neurological complications between the two groups, the study
revealed greater benefits in the synchronous approach due
to lower risk of overall complications and reduced hospital
charges compared to the staged approach. Additionally, onpump CABG was associated with greater stroke rates
compared to off-pump CABG in the synchronous patients,
a finding which was consistent with several other studies
[84, 86].
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In a similar clinical report which analyzed a large
sample database, Prasad and colleagues examined the
Society of Thoracic Surgeons (STS) database which
included 745,769 patients who underwent CABG during a
recent 5-year period [13]. Among them, 5732 patients had
synchronous CEA and CABG, while 24,167 patients had
staged CEA followed by CABG. The authors also identified a cohort of 15,757 patients who underwent CABG and
had ultrasound-proven [75% carotid stenosis, but without
any carotid intervention. The study revealed that synchronous approach yielded a significantly higher hospital
length of stay, operative mortality, and in-hospital complications including stroke compared to those who either
received staged CEA plus CABG or no carotid intervention. The negative operative treatment outcome for synchronous approach from this study was in contrast to other
published series [8, 22, 31, 85, 88, 89]. Recognizing the
potential weaknesses of this database analysis which
included retrospective observational assessment of a large
sample size without long-term data variables, the authors
underscored the importance of better patient selection
when considering synchronous approach for carotid and
coronary revascularizations [13].

Studies based on systemic literature reviews
or meta-analysis
The ideal treatment strategy for patients with carotid and
coronary occlusive disease has been a subject of detailed
analysis by many researchers in past decades
[13, 19, 20, 77, 89]. In one of the early meta-analysis of 56
studies which reviewed three operative strategies in
patients with concomitant coronary and carotid artery diseases including: (a) simultaneous CEA and CABG,
(b) CEA followed by CABG, and (c) CABG followed by
CEA [59], the authors reported a 10% perioperative stroke
rate in patients who underwent CABG first followed by
CEA. The stroke rate for patients undergoing combined
CEA and CABG was reduced to 6%. For patients treated
with CEA followed by CABG, their stroke rate was
reduced even further to 5%. However, CEA followed by
CABG showed the highest rates for perioperative
myocardial infarction (11%) and death (9%), whereas those
who underwent simultaneous CEA and CABG and CABG
followed by CEA showed lower rates for perioperative
myocardial infarction (5 and 3%, respectively) and death (6
and 4%, respectively) [59]. The report of this meta-analysis
which demonstrated a potential beneficial role for combined treatment strategy was in contrast to a meta-analysis
reported by Borger and associates who analyzed 16 studies
including a total of 844 patients treated with combined
CABG and CEA and 920 patients treated with staged
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approach [90]. The authors found a significantly higher risk
in the composite endpoint, stroke, or death for patients
undergoing combined CABG and CEA operations.
Specifically, the crude event rates for stroke were 6.0
versus 3.2% for combined versus staged procedure, 4.7
versus 2.9% for death, and 9.5 versus 5.7% for stroke and
death [90]. This report underscored the potential higher risk
of stroke or death rate in the combined treatment strategy
for CABG and CEA procedures. This finding was consistent with several other reviews which revealed that staged
CEA followed by coronary revascularization has lower
stroke rates compared to those undergoing synchronous
CEA and CABG [91].
Naylor and associates have performed several literature
reviews as well as meta-analysis regarding patients
undergoing carotid and coronary revascularization
[19–21, 50]. In one of their reports encompassing 59
studies before the year 2000, the authors observed that 91%
of screened CABG patients did not have significant carotid
occlusive disease, and the stroke risk in these patient
cohorts was less than 2% [50]. In patients undergoing
CABG who had asymptomatic unilateral 50–99% carotid
stenosis, the risk of stroke was increased to 3%. The risk of
stroke for patients with bilateral 50–99% carotid disease or
unilateral carotid artery occlusion was increased to 5% and
7–11%, respectively [50]. The authors also analyzed 10
studies for a total of 111 patients who suffered stroke after
CABG. Among them, 48% of these patients did not have
particularly significant disease in either carotid (\50%
stenosis), 20% had 50–99% unilateral stenosis, 20% had
50–99% bilateral stenosis, 7% carotid occlusion with
\50% contralateral stenosis, and 4% an occlusion with
[50% contralateral stenosis and 1% bilateral occlusion
[50]. These data, together with those from CT scans and
autopsy findings, suggest that only 50% of strokes in
CABG patients may be attributed to carotid artery disease.
The authors highlighted the importance of understanding
the condition of aortic calcification, the choice of site and
aortic clamping technique, and to use the off-pump surgical
method, with the purpose of reducing non-carotid-related
neurological complications [50].
In their subsequent literature review of 97 articles
encompassing 8972 patients undergoing either staged or
synchronous carotid and coronary revascularizations,
treatment outcomes following these two treatment modalities were analyzed [20]. Approximately 60% of patients
undergoing either staged or synchronous procedures were
neurologically asymptomatic, while 30–37% had bilateral
50–99% stenosis or contralateral carotid occlusion. The
majority of patients in the synchronous treatment group
(72%) were New York Heart Association grade 3 or 4, and
39% of these cohorts were classed as ‘‘urgent’’ while left
main coronary artery disease was present in 25% of cases.

The authors reported that synchronous approach had the
highest operative mortality rate of 4.6%, while those treated with reversed staged approach (CABG followed by
CEA) had the highest risk of ipsilateral stroke (5.8%) and
stroke in general (6.3%) [20]. The risk of any operative
stroke was lowest following staged approach (CEA followed by CABG, 2.7%). Myocardial infarction (MI) had
the lowest perioperative risk in patients who underwent the
reverse staged procedure (CABG followed by CEA, 0.9%)
and the highest in those who underwent synchronous CEA
and CABG treatment (6.5%). Death and any stroke were
highest in patients undergoing synchronous CEA and
CABG treatment (8.7%) and lowest following staged
approach (CEA followed by CABG, 6.1%). The authors
noted that, however, the benefit conferred by staging the
operation was reduced when the risk of myocardial
infarction was subsequently included in the analysis (synchronous = 11.5%, staged CEA–CABG = 10.2%). In a
separate literature review by the same author group, it was
demonstrated that recent CABG patients without significant carotid artery disease (\50% stenosis) had an operative stroke risk of approximately 1.8%. Unilateral
(50–99%) and bilateral (50–99%) stenosis resulted in a 3.2
and 5.2% stroke risk, respectively [20]. Taken these results
together, the authors concluded that there were no statistically significant differences between staged or synchronous strategies [20]. Additionally, these reviews
suggest that carotid stenosis, by itself, may be a marker for
other conditions, such as atherosclerotic disease of the
aorta, which also may contribute to stroke risk during
CABG surgery.
A multistate population-based study was reported by
Brown and colleagues who assessed both the communitywide outcomes of combined CEA and CABG and the risk
of adverse events. In their study, 10,561 CEAs were randomly selected using the Medicare database, of which 226
procedures were performed in combination with CABG in
the same operative event. Only 12% of patients undergoing
combined CEA and CABG had recent ipsilateral stroke or
TIA, while 56% had had an asymptomatic carotid stenosis.
The combined stroke and death rate was 17.7%. Proximal
aortic arch atherosclerosis and symptomatic carotid stenosis were associated with perioperative neurological events.
The authors identified several risk factors for higher mortality which included female sex, emergent CABG procedure, redo CABG operation, prolonged total pump time
during CABG, presence of left main disease, and number
of diseased coronary arteries. The study showed that
strokes appeared to be associated with operative events.
However, the patency of the carotid artery following stroke
was not routinely assessed, and most strokes did not occur
in the ipsilateral hemisphere of the CEA [9]. In an article
by Das and colleagues who analyzed various strategies for
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the treatment of concomitant coronary artery disease and
asymptomatic carotid artery stenosis as defined by greater
than 50% luminal stenosis, the authors assessed four possible treatment strategies: (1) CABG in the presence of
carotid stenosis, (2) synchronous CEA and CABG, (3)
reverse (CABG followed by CEA in less than 3 months),
and (4) prior staged (CEA followed by CABG in less than
3 months) [92]. The authors reported a significant reduction in stroke for prior versus combined procedures (1.5 vs
3.9%). The stroke rate in the prior stage also remained
significantly lower compared with the other two groups,
but when total risks of stroke and death were analyzed,
similar results were found among the groups: prior 7.4%,
reverse stage 7.2%, combined 8.4 and 11.5% in CABG in
the presence of carotid stenosis.
Based on these literature reviews and meta-analysis, the
vast majority of CABG patients with asymptomatic unilateral carotid stenosis can safely undergo coronary
revascularization without any prophylactic carotid intervention. Undoubtedly, more data are needed to better
identify patients with asymptomatic unilateral carotid
stenosis who will benefit from prophylactic carotid
intervention.

Proposed treatment paradigm in patients
with carotid and coronary artery disease
Considering available data from published reports, the
treatment indication for carotid artery stenosis in patients
who require coronary revascularization must weigh in the
status of neurological symptoms. While further clinical
evidence is needed to support the ideal treatment approach

Fig. 1 Potential treatment
strategies for patients with
concomitant coronary artery
disease and carotid artery
disease
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for patients with coronary and carotid disease, we provide
the following recommendations based on published
literature:
•

•

•

•

In patients with unilateral asymptomatic internal
carotid artery disease ([60%) who require CABG,
combined CABG and CEA is an acceptable but
unproven treatment strategy. Patient life expectancy
of at least 5 years or greater and perioperative stroke
and death risk of less than 3% are needed to justify the
combined treatment approach.
In patients with bilateral internal carotid artery stenosis
([60%) who require coronary revascularization, combined CEA (on the side of the more severe stenosis) and
CABG is an acceptable but unproven treatment
modality. Greater than 5 years of life expectancy and
less than 3% of perioperative stroke and death risk are
needed to justify the combined procedures.
In patients with internal carotid artery stenosis ([60%)
and contralateral carotid occlusion who require CABG,
there are no available data to support prophylactic CEA
or CAS prior to coronary revascularization.
In patients with symptomatic internal carotid artery
stenosis ([60%) who require coronary revascularization for stable coronary disease, CAS is an acceptable but unproven treatment option. Procedural-related
stroke rate of less than 3% is needed to justify this
treatment strategy.

Figure 1 outlines the various treatment strategies for
patients with coronary and carotid disease for consideration
of either staged or combined interventions. For those
patients with symptomatic carotid artery stenosis who
require CABG, a staged treatment approach of CEA
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followed by CABG may be considered in the setting of
stable angina, while a combined strategy of CEA and
CABG should be reserved for those with acute coronary
syndrome. For patients with asymptomatic unilateral carotid stenosis who requires coronary revascularization for
stable coronary disease, various carotid treatment strategies
including medical therapy alone or CAS can also be considered. For patients with acute coronary syndrome or
unstable coronary disease, immediate coronary revascularization with either subsequent staged carotid intervention or combined carotid intervention should be offered.
Given the increased availability of endovascular hybrid
operating suite in many institutions, synchronous treatment
strategies for coronary and carotid revascularization can be
expanded to CAS or CEA treatment in conjunction with
CABG or percutaneous coronary intervention (PCI) [93].

Conclusions
The ideal treatment strategy for severe carotid and coronary artery disease remains elusive based on current published data. The majority of patients who require coronary
and carotid interventions have unilateral carotid disease
who are asymptomatic neurologically. It remains a subject
of debate whether prophylactic carotid interventions can
definitively benefit the survival rate. Ongoing controversy
also exists regarding the optimal timing of carotid revascularization in patients with concomitant coronary and
carotid disease. Recent advances in endovascular technologies have supported the utility of carotid stenting as an
acceptable treatment strategy for carotid revascularization.
This percutaneous carotid intervention has become a latest
armamentarium for physicians in treating patients who
require coronary and carotid revascularization. The role of
optimal medical therapy with risk factor modification must
also be considered when treating patients with coronary
and carotid occlusive disease. Given these multitudes of
therapeutic considerations, a randomized clinical trial is
undoubtedly needed to address the optimal treatment
modality for patients with these concomitant diseases.
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