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ABSTRACT

Background: Severe carotid artery stenosis (sCAS) is frequently discovered at the
time of evaluation for coronary arterial revascularization. However, there has been
controversy regarding the optimal management of sCAS. This study evaluated the
potential effects of untreated sCAS at time of coronary artery bypass grafting
(CABG) in contemporary practice.

Methods: This was a retrospective study from a multihospital healthcare system
including patients undergoing isolated CABG between 2011 and 2018. Patients
were stratified by the presence of sCAS (�80% stenosis) in at least 1 carotid artery.
Perioperative and 5-year stroke were compared, and multivariable analysis was used
to identify risk-adjusted predictors of stroke and mortality.

Results: A total of 5475 patients were included, 459 (8.4%) with sCAS and 5016
(91.6%) without sCAS. Patients with sCAS experienced more frequent periopera-
tive stroke (4.4% vs 1.2%; P< .001), with most attributable to ischemic or embolic
etiologies. The median duration of follow-up was 4.6 years (interquartile range, 3.0-
6.5 years). One-year and 5-year survival were both lower in patients with sCAS
(P < .001). In multivariable analysis, sCAS was associated with increased risk-
adjusted hazard for both mortality (hazard ratio [HR], 1.28; 95% confidence interval
[CI], 1.02-1.60; P ¼ .030) and stroke (HR, 1.76; 95% CI, 1.20-2.59; P ¼ .004). The
strongest risk-adjusted predictor for stroke was a previous history of stroke (HR,
2.51; 95% CI, 1.77-3.55; P< .001).

Conclusions: This contemporary analysis of CABG procedures reveals that concur-
rent sCAS continues to confer a significant stroke risk, especially in those with his-
tory of previous stroke. Although whether sCAS lesions are responsible for most
strokes is unclear, they likely serve as a surrogate for other stroke risk factors.
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Five-year post-CABG survival in patients with and
without severe carotid stenosis.
CENTRAL MESSAGE

Untreated severe carotid artery
stenosis (sCAS) confers a signif-
icant stroke risk at the time of
coronary artery bypass grafting
surgery. Although whether sCAS
lesions are responsible for most
strokes is unclear, they likely
serve as a surrogate for other
stroke risk factors.
PERSPECTIVE
This study highlights the strong association of se-
vere carotid artery stenosis with postoperative
stroke risk following isolated coronary artery
bypass grafting surgery, although the majority of
these events are not likely attributable to the le-
sions themselves. Routine carotid imaging may
allow for risk stratification but is unlikely to pre-
vent the majority of strokes that occur.

See Commentaries on pages 191 and 193.
Severe carotid arterial stenosis (sCAS) often develops
concurrently with coronary artery disease, and it is
frequently discovered during the preoperative workup for
coronary artery bypass grafting (CABG).1,2 sCAS has
long been described as a risk factor for perioperative stroke
following CABG.3 This increase in stroke risk is thought to
derive from 2 factors. First, embolic strokes can originate
from unstable plaques within the vascular system,4 and re-
gions of sCAS can be a source of unstable plaque rupture
and/or thrombus formation. Second, ischemic strokes
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Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
CVA ¼ cerebrovascular accident
MAP ¼ mean arterial pressure
sCAS ¼ severe carotid artery stenosis
STS ¼ Society of Thoracic Surgeons
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secondary to brain malperfusion are often incited by periods
of perioperative hypotension, and these states may be exac-
erbated by regions of significant stenosis.5-7

Presence of concurrent sCAS and coronary disease have
posed a challenge to surgeons regarding the optimal treat-
ment strategy. Historical studies have described higher rates
of morbidity and/or mortality when revascularization of the
coronary arteries and revascularization of the carotid ar-
teries are performed simultaneously.2,6,8 For this reason,
many centers have opted to treat the more symptomatic
lesion first, with staged intervention of the other lesion at
a later time. With carotid screening often performed during
initial CABG evaluation,1 the presence of disease is often
known at the time of coronary revascularization. Measures
to reduce stroke are often used by cardiac surgeons at the
time of CABG in patients with known sCAS. These include
higher intraoperative blood pressure and cardiopulmonary
bypass perfusion pressure goals, as well as strict blood pres-
sure control in the postoperative period.With advancements
in perioperative care, it is not well known whether concur-
rent sCAS continues to confer a significant stroke risk dur-
ing CABG procedures. This study aimed to investigate the
prevalence of concurrent sCAS at time of CABG, as well as
its potential impacts on perioperative and long-term stroke
in contemporary healthcare practice.
METHODS
Study Design

This study was a retrospective analysis that used pooled institutional

data from a large, multihospital healthcare system. Preoperative baseline

characteristics and comorbidities, operative details, and longitudinal clin-

ical outcomes were extracted from our institutional electronic health re-

cords. All patient identifiers were removed from the dataset.

Study Ethics
This study was approved by the Institutional Review Board at the Uni-

versity of Pittsburgh (MOD18120143-003, approved March 9, 2020). Pa-

tient consent was waived owing to the study’s retrospective nature.

Definitions
Severe CAS was defined at �80% stenosis in at least 1 carotid artery.

Inclusion Criteria
This study included adults (age�18 years) who underwent primary iso-

lated CABG at a multihospital health system between January 2011 and

June 2018. Patients were stratified on whether or not preoperative sCAS

was detected on routine carotid ultrasound screening.
Exclusion Criteria
Patients undergoing redo surgery or underwent multiple procedures in

addition to CABG were excluded. Patients who underwent previous carotid

artery intervention (carotid endarterectomy or stenting) were also excluded.

Outcomes
The primary outcomes of this study were rates of perioperative and

5-year stroke. Secondary outcomes included perioperative mortality and

5-year survival. Other outcomes investigated were rates of reoperation

and other complications, including renal failure, pneumonia, and wound

infection. We also investigated freedom from hospital readmission, as

well as risk-adjusted predictors of postoperative stroke and mortality via

multivariable modeling.

Subanalysis
A subanalysis was conducted to assess associations with intraoperative

hemodynamics and postoperative stroke. In all patients with available in-

traoperative records, all intraoperative mean arterial pressures (MAP)

were recorded. For each patient, both the lowest and median intraoperative

MAPs were determined, and these were compared across cohorts both with

and without sCAS, as well as those who experienced stroke and those who

did not. Lowest and median MAP were also modeled in a univariable anal-

ysis to determine associations with stroke.

Statistical Analysis
Continuous data are presented as mean � standard deviation for

Gaussian variables or median (interquartile range [IQR]) for non-

Gaussian variables, and categorical data are presented as number (percent-

age). Normality was assessed using the Kolmogorov–Smirnov test. Nor-

mally distributed continuous data and categorical data were compared

with Pearson’s c2 test or Fisher’s exact test when 25% of the available

data points had expected values<5. Non-Gaussian distributions were eval-

uated using the Mann–Whitney U test.

Multivariable Cox proportional hazards modeling was used to model

mortality and identify risk-adjusted predictors of this outcome.

Competing-risk methods by Fine and Gray modeling were used to model

readmission for stroke. Covariables were first assessed by univariable

modeling, and then backward elimination was performed, with a threshold

of P<.1 for inclusion into the multivariable model. Finally, the lowest and

median intraoperativeMAPs were modeled in a univariable logistic regres-

sion to assess associations with the outcome of postoperative stroke.
RESULTS
Baseline Patient Demographics and Operative
Characteristics
A total of 5475 patients who underwent CABG were

included in the analysis, 5016 (91.6%) without sCAS and
459 (8.4%) with significant concurrent sCAS. Two hundred
and eighty-nine patients who had prior intervention per-
formed on the affected carotid artery (endarterectomy or
stenting) before CABG were excluded. Among the patients
with sCAS, 439 (95.6%) were found to have unilateral se-
vere lesions, and 20 (4.4%) had bilateral lesions. The pa-
tients with sCAS were older, more likely female, and had
a higher prevalence of comorbidities such as hypertension,
chronic obstructive pulmonary disease, peripheral vascular
disease, congestive heart failure, and previous CVA. Both
cohorts were bridged to surgery with either intravenous ino-
tropes or intra-aortic balloon counterpulsation at similar
JTCVS Open c Volume 7, Number C 183



TABLE 1. Baseline characteristics and operative details of unmatched cohorts of patients undergoing CABG with and without sCAS

Characteristic No sCAS (N ¼ 5016) sCAS (N ¼ 459) P value

Age, y, median (interquartile range) 66.00 (58.00-73.00) 69.00 (64.00-76.00) <.001

Body mass index, kg/m2, median (interquartile range) 29.67 (26.19-33.88) 28.41 (25.08-32.29) <.001

Body surface area, m2, mean � SD 2.07 � 0.26 2.00 � 0.25 <.001

Female sex, n (%) 1234 (24.60) 141 (30.72) <.001

Race, n (%)

White 4629 (92.28) 433 (94.34) .17

Black 252 (5.02) 14 (3.05)

Other 135 (2.69) 12 (2.61)

Diabetes mellitus, n (%) 2334 (46.53) 217 (47.28) .76

Dialysis dependency, n (%) 125 (2.49) 17 (3.70) .12

Chronic obstructive pulmonary disease, n (%) 1017 (20.28) 125 (27.23) <.001

Hypertension, n (%) 4448 (88.68) 425 (92.59) .01

Immunosuppression, n (%) 243 (4.84) 20 (4.36) .64

Family history of coronary artery disease, n (%) 1313 (26.18) 88 (19.17) <.001

Cerebrovascular disease, n (%) 610 (12.16) 459 (100.0) <.001

Peripheral vascular disease, n (%) 879 (17.52) 137 (29.85) <.001

Prior cerebrovascular accident, n (%) 300 (5.98) 56 (12.20) <.001

Prior myocardial infarction, n (%) 3260 (64.99) 312 (67.97) .20

Cardiac presentation, n (%)

Asymptomatic 499 (9.95) 49 (10.68) .08

Symptoms unlikely ischemia 11 (0.22) 1 (0.22)

Stable angina 433 (8.63) 36 (7.84)

Unstable angina 2068 (41.23) 171 (37.25)

NSTEMI 1484 (29.59) 149 (32.46)

STEMI 348 (6.94) 25 (5.45)

Symptoms equivalent to angina 56 (1.12) 9 (1.96)

Other 117 (2.33) 19 (4.14)

Congestive heart failure, n (%) 701 (13.98) 90 (19.61) <.001

NYHA class symptoms, n (%)

I 4320 (86.12) 367 (79.96) <.001

II 128 (2.55) 16 (3.49)

III 302 (6.02) 47 (10.24)

IV 266 (5.30) 29 (6.32)

Cardiac arrhythmia, n (%) 695 (13.86) 80 (17.43) .04

Number of diseased vessels, n (%)

0 5 (0.10) 0 (0.00) <.001

1 204 (4.07) 3 (0.65)

2 1058 (21.09) 59 (12.85)

3 3741 (74.58) 397 (86.49)

Preoperative antiplatelet, n (%) 4679 (93.28) 423 (92.16) .36

Preoperative anticoagulation, n (%) 2331 (46.47) 209 (45.53) .70

Intravenous inotropes, n (%) 81 (1.61) 6 (1.31) .61

Cardiopulmonary bypass utilization, n (%) 3597 (71.71) 353 (76.91) .02

Perfusion time, min, median (interquartile range) 97.00 (78.00-119.0) 92.00 (76.00-116.0) .12

Cross-clamp time, min, median (interquartile range) 68.00 (52.00-87.00) 63.00 (48.50-84.00) .01

(Continued)
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TABLE 1. Continued

Characteristic No sCAS (N ¼ 5016) sCAS (N ¼ 459) P value

Intra-aortic balloon pump use, n (%)

None 4553 (90.77) 427 (93.03) .20

Preoperative 359 (7.16) 22 (4.79)

Intraoperative 79 (1.57) 9 (1.96)

Postoperative 25 (0.50) 1 (0.22)

Bilateral internal mammary artery harvest, n (%) 1467 (29.25) 146 (31.81) .25

Serum creatinine, mg/dL, median (interquartile range) 1.00 (0.80-1.19) 1.00 (0.80-1.29) <.001

Total albumin, g/dL, median (interquartile range) 3.70 (3.30-3.90) 3.60 (3.30-3.80) <.001

Total bilirubin, mg/dL, median (interquartile range) 0.60 (0.40-0.80) 0.50 (0.40-0.70) <.001

Left ventricular ejection fraction, %, median

(interquartile range)

55.00 (43.00-58.00) 53.00 (40.00-60.00) .74

Operative status, n (%)

Elective 1585 (31.60) 159 (34.64) .03

Urgent 3157 (62.94) 287 (62.53)

Emergent 274 (5.46) 13 (2.83)

Complete revascularization, n (%) 4104 (81.82) 285 (62.09) <.001

STS risk of mortality,%, median (interquartile range) 1.09 (0.59-2.32) 2.00 (0.98-3.74) <.001

STS risk of stroke, %, median (interquartile range) 0.92 (0.60-1.52) 1.97 (1.31-2.86) <.001

sCAS, Severe carotid artery disease; SD, standard deviation; NSTEMI, non-ST elevation myocardial infarction; STEMI, ST elevation myocardial infarction; NYHA, New York

Heart Association; STS, Society of Thoracic Surgeons.

Hess et al Adult: Coronary
rates. Patients with sCAS also were less likely to undergo
complete revascularization following CABG (62.1% vs
81.8%; P<.001) (Table 1).
TABLE 2. Postoperative complications following CABG unmatched

patients with and without sCAS

Complication

No sCAS

(N ¼ 5016),

n (%)

sCAS

(N ¼ 459),

n (%) P value

Operative mortality 82 (1.63) 13 (2.83) .06

Reoperation 235 (4.69) 33 (7.19) .02

Blood product transfusion 1429 (28.49) 152 (33.12) .04

Prolonged ventilation 336 (6.70) 36 (7.84) .35

Pneumonia 121 (2.41) 12 (2.61) .79

Renal failure 115 (2.29) 16 (3.49) .11

Stroke

No stroke 4958 (98.84) 439 (95.64) <.001

Hemorrhagic stroke 1 (0.02) 1 (0.22)

Embolic or ischemic stroke 28 (0.56) 15 (3.27)

Undetermined stroke 29 (0.58) 4 (0.87)

Transient ischemic attack 21 (0.42) 3 (0.65) .47

Sepsis 40 (0.80) 5 (1.09) .51

Superficial wound infection 60 (1.20) 6 (1.31) .83

sCAS, Severe carotid artery disease.
Perioperative Outcomes and Complications
Following revascularization, patients with sCAS experi-

enced a higher (but not statistically significantly so) rate
of perioperative mortality (2.83% vs 1.63%; P ¼ .06).
The sCAS cohort had a higher rate of reoperation (7.19%
vs 4.69%; P¼ .02) and a higher frequency of postoperative
blood transfusion (33.12% vs 28.49%, P¼ .04). The rate of
postoperative stroke was higher in patients with sCAS
(4.36% vs 1.16%; P<.001). Rates of prolonged ventila-
tion, pneumonia, sepsis and wound infection were similar
in the 2 cohorts (Table 2).

A total of 20 stroke events occurred in patients with sCAS
at time of surgical revascularization. Of these, 18 events
(90.0%) occurred in patients with unilateral sCAS and 2
(10.0%) occurred in patients with bilateral sCAS. On review
of brain imaging of these stroke events, 8 (40.0%) had both
an etiology and affected brain distribution that could have
been impacted by the patient’s preexisting carotid disease.

Among the patients with 78 stroke events that occurred
within this study cohort, 19 (24.4%) died before hospital
discharge. Nine patients (11.5%) experienced long-term
major deficits with functional dependency, and 21 patients
(26.9%) were functionally independent with persistent
mild to moderate deficits. Twenty-nine patients (37.2%)
had full recovery of neurologic deficits either by hospital
discharge or during postdischarge rehabilitation. The pres-
ence of sCAS was not found to have significant associations
JTCVS Open c Volume 7, Number C 185
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FIGURE 1. Kaplan-Meier survival following coronary artery bypass grafting in patients with and without severe carotid artery stenosis (sCAS). Patients

with preexisting carotid stenosis at time of cardiac surgery were found to have reduced 5-year actuarial survival. The shaded band represents 95% confi-

dence interval.
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with long-term functional outcomes following stroke
(P ¼ .334).

A total of 356 patients (300 without sCAS, 56 with
sCAS) in this cohort had a history of previous cerebrovas-
cular accident (CVA). Among patients without sCAS, the
rate of postoperative stroke was higher in patients with
prior CVA (2.67% [n ¼ 8] vs 1.06% [n ¼ 150];
P ¼ .02) compared with those without prior CVA. The
rate of stroke among patients with sCAS was highest in
those with prior CVA, although the difference did not
reach statistical significance (4.22% [n ¼ 17] vs 5.36%
[n ¼ 3]; P ¼ .69).
Postoperative Survival
At both 1 year and 5 years, all-cause mortality was

greater in the sCAS cohort (7.63% vs 5.30% [P ¼ .04]
and 19.61% vs 12.70% [P < .001], respectively)
(Figure 1). On multivariable analysis, significant sCAS
was a significant risk-adjusted predictor for mortality
following CABG (hazard ratio [HR], 1.28; 95% confidence
interval [CI], 1.02-1.60; P¼ .030). Additional risk-adjusted
predictors for mortality were identified, including
increasing age, body mass index, and preoperative serum
creatinine, as well as preoperative characteristics of dia-
betes mellitus, dialysis dependency, chronic obstructive
pulmonary disease, immunosuppression, congestive heart
failure, peripheral arterial disease, and history of prior
CVA. Risk-adjusted predictors of a decreased hazard for
mortality included increasing serum total albumin,
increasing preoperative left ventricular ejection fraction,
and, with initial presentation, acute coronary syndrome (un-
stable angina, non-ST elevation myocardial infarction, and/
or ST elevation myocardial infarction) (Table 3).
186 JTCVS Open c September 2021
Long-Term Readmission and Stroke
The median duration of follow-up was 4.56 years (IQR,

3.02-6.45 years). Freedom from all-cause readmission
was greater in the cohort without sCAS (53.13% vs
42.92%, P< .001). Overall rate of stroke was also lower
in the cohort without sCAS (4.09% vs 7.19%, P< .001)
(Figures 2 and 3).

Multivariable competing risk analysis was performed to
identify risk-adjusted predictors for postoperative stroke.
In this model, presence of sCASwas associated in increased
hazards for stroke (HR 1.76, CI 95% 1.20-2.59, P ¼ .004).
Other risk-adjusted predictors for stroke were history of
prior CVA (HR 2.51, CI 95% 1.77-3.55, P<.001), diabetes
mellitus (HR 1.58, CI 95% 1.21-2.08, P ¼ .001), and black
race (HR 1.94, CI 95% 1.24-3.02, P¼ .004). There were no
risk-adjusted predictors for reduced risk for stroke identi-
fied in this model (Table 4).
Sub-Analysis: Intraoperative Hemodynamics
Intraoperative blood pressures were available for 4962

patients, 4510 (89.9%) without sCAS and 452 (98.5%)
with sCAS. Patients with sCAS had both a significantly
lower median intraoperative MAP (71 mm Hg [IQR, 66-
75 mm Hg] vs 72 mm Hg [IQR, 68-77 mm Hg];
P < .001), as well as the lowest recorded intraoperative
MAP (29 mm Hg [IQR, 12-38 mm Hg] vs 31 mm Hg
[IQR, 16-40 mm Hg]; P ¼ .005) compared with those
without sCAS. However, the lowest intraoperative and me-
dian MAP did not differ between patients who experienced
postoperative stroke and those who did not. Finally,
modeled as a continuous univariable, neither median
MAP (per 1 mm Hg; odds ratio, 0.98; 95% CI, 0.95-1.01;
P ¼ .14) or lowest MAP (per 1 mm Hg; odds ratio



TABLE 3. Cox proportional hazards model for postoperative

mortality following CABG

Variable HR (95% CI) P value

sCAS 1.28 (1.02-1.60) .030

Diabetes mellitus 1.36 (1.18-1.56) <.001

Dialysis dependency 2.28 (1.54-3.36) <.001

Chronic obstructive pulmonary

disease

1.49 (1.29-1.73) <.001

Immunosuppression 1.83 (1.44-2.34) <.001

History of cerebrovascular

accident

1.67 (1.37-2.04) <.001

Peripheral vascular disease 1.71 (1.48-1.98) <.001

Previous myocardial infarction 1.17 (0.98-1.40) .092

Cardiac presentation

Asymptomatic Reference

(Reference)

Reference

Symptoms unlikely ischemia 1.12 (0.48-2.61) .797

Stable angina 1.05 (0.78-1.41) .736

Unstable angina 0.74 (0.58-0.93) .010

NSTEMI 0.64 (0.49-0.84) .001

STEMI 0.59 (0.41-0.85) .004

Symptoms equivalent to angina 0.82 (0.42-1.58) .551

Other 0.56 (0.33-0.95) .032

Congestive heart failure 1.31 (1.09-1.56) .004

Preoperative antiplatelet 0.84 (0.66-1.08) .184

Preoperative anticoagulation 1.32 (1.10-1.57) .003

Intravenous inotropes 1.56 (1.05-2.31) .028

Intra-aortic balloon pump use

None Reference

(Reference)

Reference

Preoperative 1.05 (0.80-1.39) .716

Intraoperative 2.82 (1.96-4.08) <.001

Postoperative 10.27 (6.42-16.44) <.001

Operative status

Elective Reference

(Reference)

Reference

Urgent 0.91 (0.74-1.13) .401

Emergent 1.32 (0.94-1.86) .108

Bilateral internal mammary artery

harvest

0.86 (0.72-1.03) .102

Age, increasing, y 1.04 (1.03-1.05) <.001

Body mass index, increasing,

kg/m2

1.02 (1.00-1.03) .027

Serum creatinine, increasing,

mg/dL

1.07 (1.01-1.14) .016

Total albumin, increasing, g/dL 0.59 (0.50-0.69) <.001

Left ventricular ejection fraction,

increasing, %

0.99 (0.98-0.99) <.001

HR, Hazard ratio; CI, confidence interval; sCAS, severe carotid artery disease;

NSTEMI, non-ST elevation myocardial infarction; STEMI, ST elevation myocardial

infarction.
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1.00; 95% CI, 0.99-1.02; P ¼ .60) intraoperatively had a
significant association with postoperative stroke.

DISCUSSION
The main finding of this study is that the incidence of

postoperative stroke following CABG was>3-fold higher
in patients with known sCAS compared with those without
sCAS. The majority of these strokes had either an ischemic
or embolic etiology. Five-year survival was significantly
lower in patients with sCAS, and sCAS was found to be
an independent predictor for increased hazards for both
mortality and stroke in multivariable modeling. Although
a strong predictor of stroke, less than one-half of strokes
experienced in patients with sCAS had locations of distribu-
tion that may have been influenced by the carotid lesions.
The strongest risk-adjusted predictor of postoperative
stroke was a history of previous CVA.
The management of sCAS during CABG remains a chal-

lenge. Previous practices included simultaneous coronary
and carotid revascularization; however, the results have
been mostly discouraging.2,6,8 A recent systematic review
by Giannopoulos and colleagues2 looked at experiences
with synchronous carotid endarterectomy and CABG versus
staged carotid stenting and CABG. In review of several
series,9-13 their meta-analysis revealed no differences in
postoperative stroke, transient ischemic attack, or myocar-
dial infarction. However, there were increased odds of mor-
tality with synchronous procedures (OR, 1.80; 95% CI,
1.05-3.06).2 Similarly, a meta-analysis by Borger and
colleagues14 found an increased risk of a combined outcome
of death or stroke (relative risk, 1.49; 95% CI, 1.03-2.15)
with combined carotid endarterectomy andCABGcompared
these procedures performed in a staged fashion. Conversely,
other groups have reported series of concomitant carotid
revascularization and cardiac surgery procedures, both coro-
nary and noncoronary, with acceptable rates of postoperative
mortality and stroke.15-17 However, a major limitation of the
current literature is the retrospective nature of these studies
and lack of randomized trials.
Owing to the potential increased risk of morbidity and/or

mortality, the practice of synchronous procedures has been
largely abandoned at our institution.We tend to focus on the
more symptomatic lesion first, with staged intervention of
other lesions at a later date. For example, in patients with
transient ischemic attack or prior CVA and without acute
coronary syndrome, we typically would address the carotid
lesion first and then plan to perform CABG a few days later
during the same admission. With this selective staged
approach, we still found that the presence of sCAS had a
significant association with stroke. However, the strongest
predictor of postoperative stroke was a history of previous
neurologic event. A history of prior CVA was found in
6.5% of our CABG population, with at least 91.9% of
JTCVS Open c Volume 7, Number C 187
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TABLE 4. Competing risk analysis for stroke readmission by the Fine

and Gray model, with death as a competing event

Variable HR (95% CI) P value

sCAS 1.76 (1.20-2.59) .004

Left ventricular ejection fraction,

increasing, %

0.99 (0.98-1.00) .119

Total albumin, increasing, g/dL 0.88 (0.66-1.18) .386

Body mass index, increasing, m2 0.98 (0.96-1.00) .078

Age, increasing, y 1.01 (1.00-1.03) .073

Intra-aortic balloon pump usage

None Reference

(Reference)

Reference

Preoperative 0.58 (0.31-1.09) .090

Intraoperative 0.63 (0.20-2.01) .433

Postoperative NA (NA) NA

Congestive heart failure 0.89 (0.60-1.32) .565

Previous myocardial infarction 1.20 (0.90-1.61) .217

Peripheral vascular disease 1.18 (0.87-1.61) .295

History of cerebrovascular accident 2.51 (1.77-3.55) <.001

Immunosuppression 1.59 (0.99-2.56) .057

Chronic obstructive pulmonary

disease

1.12 (0.83-1.52) .462

Diabetes mellitus 1.58 (1.21-2.08) .001

Race

White Reference

(Reference)

Reference

Black 1.94 (1.24-3.02) .004

Other 1.33 (0.65-2.71) .438

Female sex 1.20 (0.91-1.59) .192

HR, Hazard ratio;CI, confidence interval; sCAS, severe carotid artery disease;NA, not

applicable.

Hess et al Adult: Coronary
the neurologic events occurring more than 2 weeks from the
time of CABG, many longer than 1 month before CABG.
Thus, the majority of patients were neurologically asymp-
tomatic at the time of CABG. Although these patients
were largely asymptomatic at time of surgery, prior CVA
was associated with a higher rate of stroke in patients
without sCAS (1.06% vs 2.67%, P¼ .02), as well as in pa-
tients with sCAS (4.22% vs 5.36%), although the differ-
ence did not reach statistical significance (P ¼ .69).

The intraoperative and postoperative management of pa-
tients with known carotid stenosis also remains a subject of
debate. Most surgeons in our institutions would agree that
intraoperative and postoperative blood pressures goals
should be set higher in patients with sCAS to ensure
adequate perfusion across these stenotic lesions. However,
a review of our intraoperative records indicates that higher
intraoperative blood pressure did not appear to be main-
tained in this subgroup. Although not clinically different,
we found that median and lowest recordedMAPswere actu-
ally lower in the sCAS cohort. Though prolonged periods of
hypotensionmay certainly induce global brain ischemia and
anoxic events,wewere not able detect a difference inmedian
or lowest intraoperative MAP between patients who experi-
enced a stroke and those who did not. Furthermore, the me-
dian and lowest MAP were not correlated with the outcome
of stroke in a univariable analysis. Although intraoperative
hemodynamic recordingsmay shed some light on the overall
conduct of an operation, this retrospective review is not
likely able to adequately quantify a patient’s cumulative
exposure to periods of hypoperfusion during CABG.
Interestingly, a study from Naylor and colleagues18 found

poor correlation with postoperative stroke distribution and
the presence of sCAS following CABG. In this study, only
50% of strokes occurred in patients with significant carotid
disease, andmore than 50% of strokes in patients with sCAS
occurred in territories that could not be explained by their
preexisting carotid disease alone. In our review, we found
that only 40% of strokes occurring in patients with sCAS
had an etiology and distribution that could possibly be
explained by their carotid lesions. These findings suggest
that perhaps sCAS often is not the etiology of stroke, but
rather a surrogate for other unmeasured or often nonquanti-
fied risk factors, such as aortic calcification or atheroma. In a
propensity-matched analysis, Cywinski and colleagues19 re-
ported a similar stroke and mortality rate between patients
undergoing combined CABG and carotid endarterectomy
and those undergoing isolated CABG but with a history of
prior carotid endarterectomy. Though stroke and mortality
rates were similar between the groups, they were higher
than those in a propensity-matched group of patients under-
going isolated CABG without a history of endarterectomy.
Such findings suggest that prior carotid intervention may
not necessarily mitigate stroke risk in this patient population.

Study Implications
This study demonstrates the complicated nature of sCAS

surveillance in the routine preoperative workup for CABG.
Although sCAS stands as a predictor for the occurrence of
postoperative stroke, few strokes that occur can be attrib-
uted solely to these lesions. Moreover, whether pre-
CABG carotid intervention may actually mitigate this
increased risk of stroke is unclear. For these reasons, we
do not advocate for routine carotid intervention prior to
CABG in every patient with synchronous disease, espe-
cially in those without prior neurologic symptoms. At
best, routine carotid ultrasound may serve as a tool for
risk stratification and patient counseling before CABG,
given that carotid disease is most likely a surrogate for other
unmeasured risk factors. Patients may be counseled that ex-
isting carotid lesions may portend an elevated risk of stroke
and reduced long-term survival, although intervening on
these lesions before CABG might not actually impact this
risk. Because routine carotid imaging is unlikely to impact
the operative course in most patients, it may be reserved for
JTCVS Open c Volume 7, Number C 189
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higher-risk patient subsets, such as those with prior CVA, to
identify symptomatic and possibly intervenable lesions
before CABG.

Limitations
This study has several limitations. First, as a nonrandom-

ized observational study, this may be subject to selection
bias. To account for such bias between patient cohorts, we
performed multivariable modeling to adjust for differences
in baseline risk factors. However, it is possible that further
unmeasured risk factors exist and may have influenced the
study findings. In addition, all intraoperative blood record-
ings were analyzed to determine the lowest and median
MAP of each operation. However, these pressure recordings
are not always recorded at exact time intervals. Although
helpful for understanding overall blood pressure control
during these cases, this retrospective review of records is
likely not able to accurately measure a patient’s cumulative
exposure to blood pressures inadequate for brain perfusion.

CONCLUSIONS
In this analysis of 5475 patients undergoing isolated

CABG, patients with untreated sCAS at time of the opera-
tion experienced a 3-fold higher rate of postoperative stroke
compared with those without sCAS. One-year and 5-year
mortality rates were lower in patients with sCAS, and
sCAS remained an independent predictor of both mortality
and stroke after risk adjustment. Of all preoperative predic-
tors, a history of previous CVA had the highest hazard for
stroke following CABG, and careful consideration should
be given to this subpopulation of patients during evaluation
for CABG. Given the low correlation between the location
of stroke and carotid disease, it is unclear whether prior ca-
rotid revascularization can benefit these patients. Although
a potential tool for risk stratification and prognostication,
routine carotid imaging is unlikely to prevent the majority
of strokes that occur.
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