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Risk factors for carotid artery disease
in patients scheduled for coronary artery
bypass grafting
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Abstract

Background: Carotid artery disease is thought to be a risk factor for neurological complications after cardiac surgery. Routine
ultrasonographic screening is still not performed in every patient scheduled for coronary artery bypass grafting (CABG).

Aim: To assess factors which may facilitate the selection for elective carotid artery ultrasound examination in patients under-
going CABG.

Methods: 682 patients (mean age 63.2 + 8.7, range: 37-85 years) scheduled for CABG underwent preoperative duplex
ultrasound examination of the carotid arteries. The following factors were collected and analysed: age, sex, LVEF, history of
cerebrovascular accidents (stroke and/or TIA), myocardial infarction, and presence of hypertension, diabetes, unstable angi-
na, chronic obstructive pulmonary disease, chronic kidney disease, left main stenosis = 50%, lower-extremity peripheral
arterial disease, and obesity (BMI > 30 kg/m?). Logistic regression analysis was used to determine the risk factors for carotid
artery stenosis.

Results: Internal or common carotid artery stenosis = 50% was detected in 123 (18%) patients. Bilateral stenosis occurred in
35 (5.1%) patients, of whom 29 (4.5%) presented at least a monolateral vessel diameter reduction of = 70%. History of
cerebrovascular accidents, presence of lower-extremity peripheral arterial disease, and unstable angina were independent
risk factors for at least monolateral vessel diameter reduction = 50%. Although older age was also an independent predictor
(Exp(B) = 1.035, p < 0.05), the ROC curve analysis did not reveal an age threshold above which the probability of detecting
carotid disease increases significantly with satisfying sensitivity and specificity. The predictors of bilateral stenosis (at least one
of them = 70%) were a history of stroke, presence of left main disease, and lower-extremity peripheral arterial disease.

Conclusions: Carotid disease is common in patients scheduled for CABG. Preoperative carotid artery ultrasound examina-
tion should be performed, regardless of age, in all patients with more advanced symptomatic atherosclerosis, such as a history
of cerebrovascular accidents, presence of lower-extremity peripheral arterial disease, left main disease, or unstable angina.
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INTRODUCTION

Despite the development of anaesthetic and operative pro-
cedures, post-operative neurological deficits remain one of
the most serious complications after coronary artery bypass
grafting (CABQ). Carotid artery stenosis (CAS) may potentially
reduce blood flow to the brain during the operation and may
be the source of emboli, which could result in stroke or tran-

sient ischaemic attack. Although CAS > 50% is an establi-
shed risk factor for post-operative neurological complications
[1], about half of patients who experience stroke do not suf-
fer from significant carotid disease [2]. However, considering
the fact that simultaneous carotid endarterectomy and CABG
decrease the risk for post-operative stroke and stroke-related
mortality [3], ultrasonographic screening for CAS seems a cli-
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Table 1. Demographic and clinical characteristics of the studied population

carotid disease

Patients with

Patients without
carotid disease

Age 63.2 8.7
Women 140 (20.5%)
Prior CVA 70(10.3%)
Prior stroke 45 (6.6%)
Prior TIA 31 (4.5%)
LVEF [%] 544 +12.3
Prior Ml 422 (61.9%)
Hypertension 507 (74.3%)
Diabetes mellitus 214 (31.4%)
Unstable angina 204 (29.9%)
COPD 46 (6.7%)
Chronic kidney disease 37 (5.4%)
Left main disease 158 (23.2%)
Lower-extremity arterial disease 60 (8.8%)
Obesity 210(30.8%)

(n = 123) (n = 559)
65.6 7.7 62.7 £ 8.8 0.0007
26(21.1%) 1 14(20 4%) 0.92
27 (22.0%) 43 (7.7%) < 0.0000
18(14.6%) 27 (4.8%) 0.0001
11(8.9%) 20 (3.6%) 0.0098
521129 548121 0.027
81 (65.9%) 341 (61.0%) 0.32
7 (78.9%) 410(73.3%) 0.20
44(35.8%) 170(30.4%) 0.25
7 (38.2%) 157 (28.1%) 0.0264
10 (8.1%) 36 (6.4%) 0.50
12 (9.8%) 25 (4.8%) 0.0193
36(29.3%) 122 (21.8%) 0.0765
19(15.4%) 41(7.3%) 0.0040
30(24.4%) 180 (32.2%) 0.0894

CVA — cerebrovascular accidents; TIA — transient ischaemic attack; LVEF — left ventricular ejection fraction; Ml — myocardial infarction; COPD —

chronic obstructive pulmonary disease

nically reasonable procedure. In many cardiac centres, du-
plex ultrasonography is still not performed in every patient
scheduled for CABG. Consequently, the aim of this study was
to determine risk factors which may facilitate the selection
for elective neck artery ultrasound examination in patients
undergoing CABC.

METHODS

Study population

We reviewed all 892 records of patients admitted to our ho-
spital and scheduled for isolated CABG. Records without
aresult of preoperative duplex ultrasound were excluded from
analysis. Finally, the examined group consisted of 682 pa-
tients. Patients with a history of previous carotid endarterec-
tomy or carotid stenting were excluded from the study. The
patients’ characteristics are shown in Table 1.

Preoperative carotid artery evaluation

A vessel lumen diameter reduction of the internal or com-
mon carotid artery of = 50%, measured according to the pro-
tocol used by the European Carotid Surgery Trial Collaborati-
ve Group [4] and which resulted in haemodynamic changes
in blood flow, was considered significant CAS.

Risk factors and definitions
The following factors were collected and analysed: age,
sex, left ventricular ejection fraction (LVEF), history of ce-

rebrovascular accidents (stroke and/or transient ischaemic
attack — TIA), myocardial infarction (Ml), presence of hy-
pertension, diabetes, unstable angina, chronic kidney di-
sease (CKD), lower-extremity peripheral arterial disease,
chronic obstructive pulmonary disease (COPD), left main
stenosis = 50%, and obesity. Hypertension was conside-
red when the patient took medication for hypertension
or if systolic blood pressure was = 140 mm Hg and/or dia-
stolic blood pressure was = 90 mm Hg in more than two
repeated measurements performed by a physician befo-
re hospital admission. Diabetes was defined as glucose
intolerance treated by diet or requiring hypoglycaemic
medications (oral medication or insulin) before admission
to hospital. Unstable angina was diagnosed in patients with
new-onset angina (the first two months of angina, CCS
[Canadian Cardiovascular Society] class Ill or IV), angina
at rest of up to one week'’s duration, or angina increasing
in severity to moderate or severe pain (increase of at least
one CCS class to Il or 1V). Chronic kidney disease was
defined as either kidney failure or glomerular filtration rate
less than 60 mL/min per 1.73 m? for three or more mon-
ths. Lower-extremity peripheral arterial disease included
claudication, amputation, prior lower-extremity bypass,
or absence of tibial posterior pulse. Chronic obstructive
pulmonary disease was defined as chronic bronchitis and/or
emphysema. Obesity was detected when the body mass
index was > 30 kg/m?.
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Figure 1. The distribution of carotid disease

Statistical analysis

Statistical analysis was performed using SPSS 14 for Windows.
The %2 test was used to compare categorical variables. Conti-
nuous variables were compared using Student’s t test. Logi-
stic multiple regression analysis was used to determine the
risk factors for the incidence of carotid disease. The optimum
cut-off points were searched with the use of receiver opera-
tor characteristics (ROC) curve analysis. A p value < 0.05
was regarded as significant.

RESULTS

Internal or common CAS = 50% was detected in 123 (18%)
patients. The distribution of CAS is shown in Figure 1. In the
remaining 559 patients, there were no ultrasonographic signs
of significant CAS. The clinical and demographic characteri-
stics of both groups are compared in Table 1. Patients with
CAS were significantly older than those without CAS, had su-
stained prior cerebrovascular accidents more frequently, and
suffered more often from unstable angina, CKD, and lower-
extremity peripheral arterial disease. The mean LVEF was lo-
wer in patients with CAS.

Logistic multiple regression analysis revealed the follo-
wing independent risk factors for at least a unilateral vessel
diameter reduction of = 50%: a history of cerebrovascular
accidents (odds ratio [OR]: 3.271, p < 0.001), presence
of lower-extremity peripheral arterial disease (OR: 2.323,
p < 0.001), unstable angina (OR: 1.588, p = 0.032), and
advanced age (OR: 1.035 per year, p = 0.005). Although,
older age was an independent predictor, ROC curve analysis
did not reveal an age threshold above which the probability
of CAS detection increases significantly with satisfying sen-

Stenosis = 50%

monolaterally,
18% (n = 123)

= 50%,
70%,

Unilateral stenosis
= 70%, 5.3%
(n = 36)

Other, 10.4%
(n=71)

Unilateral stenosis
50-69%, 7.6%
(n =52)

sitivity and specificity. Regardless of patient age, the presence
of at least one of the above factors made it possible to detect
CAS of = 50% with a sensitivity of 59.3% and specificity of
61%. The positive predictive value (PPV) and negative pre-
dictive value (NPV) were 25.1% and 87.2%, respectively.
When at least two factors were required, the sensitivity for
detecting CAS was 15.4%, specificity 95.9%, PPV 45.2%,
and NPV 83.75%. All three risk factors were present in only
one patient in the group with CAS, and in none in the group
with normal carotid blood flow. That is why we did not con-
tinue the analysis. It is worth stressing that 50 (41%) of the
123 individuals with CAS did not present any of the above
risk factors.

The predictors of bilateral stenosis (at least one of them
> 70%) were: a history of stroke (OR: 9.499, p < 0.001),
presence of left main disease (OR: 2.376, p = 0.039), and
lower-extremity peripheral arterial disease (OR: 4.997,
p = 0.001). As before, we determined the predictive values
of the separate risk factors. When at least one risk factor was
present, the sensitivity was 75% and specificity was 67.4%. The
NPV was 98.4%, but the PPV was only 8.97%. In the presence
of two or three (in one patient) risk factors, the sensitivity was
21.4% and specificity was 96.6%. The PPV and NPV were
21.4% and 96.6%, respectively.

DISCUSSION

The main purpose of ultrasound screening is the selection of
patients with high-grade CAS who could benefit from carotid
endarterectomy performed as a staged or synchronous pro-
cedure with CABG. Admittedly, there is a lack of randomised
studies which definitively prove the advantage of carotid en-
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darterectomy over conservative treatment in preventing post-
-operative neurological complications. However, according
to the observation from retrospective analysis performed by
De Feo et al. [3], routine screening for significant CAS follo-
wed by carotid endarterectomy decreased the risk of post-
operative stroke and stroke-related mortality. Moreover, in
the era of minimally invasive procedures, carotid artery sten-
ting has become an attractive alternative to carotid surgery.
The first studies showed that carotid artery stenting could be
safely performed before CABG (even in high-risk patients) and
compared with synchronous carotid endarterectomy and
CABG, it tended to result in a lower rate of adverse events
(M, stroke, and death) [5]. In view of the fact that CAS is a
risk factor for stroke occurring in both the early [6] and late
post-operative periods [7], all strategies which may reduce
this risk should be promoted.

To the best of our knowledge, this is the first Polish study
evaluating the prevalence of CAS in patients referred for CABG
and risk factors which could facilitate the decision about
a preoperative ultrasound examination of carotid arteries. The-
re are some data documenting coexistence of coronary arte-
ry disease and peripheral vascular disease [8, 9] however, in
patients undergoing coronary angiography, and coronary ar-
tery disease was defined as at least one coronary stenosis
> 50%. Thus, the results could not be directly compared with
those of our study.

It has been shown that significant CAS is common in pa-
tients undergoing CABG. In studies which examined all pa-
tients scheduled for CABG, CAS = 50% was detected in al-
most one in seven patients. Aboyans et al. [10] reported
a 13.1% prevalence of CAS. Fukuda et al. [11] detected signi-
ficant CAS in 14.3% of CABG patients. In the population inc-
luded in our study, the prevalence of CAS was even higher
(18%). This value is comparable with that reported by Fuku-
daetal. (p = 0.14), but significantly greater than that repor-
ted by Aboyans et al. (p = 0.008). The difference is more
interesting when one considers that the individuals exami-
ned by Aboyans et al. [10] were older than our study group
[mean age (SD): 66.9 = 9.1 vs 63.8 = 8.7 years). This may
suggest that CAS has become an increasing clinical problem
in younger patients. Another possible explanation is that the
observed relationship is a local phenomenon. In our study,
there were 252 patients younger than 60. Of them, 32 (12.7%)
had at least unilateral CAS = 50%, which constituted 26% of
all patients with CAS. Furthermore, based on results of logi-
stic multiple regression analysis which revealed advanced age
as an independent risk factor for CAS, we tried to determine
the optimal cut-off point over which the probability of dise-
ase detection increased significantly. Unfortunately, the ROC
curve analysis did not reveal an age threshold over which CAS
occurred definitely more frequently. Moreover, age was not an
independent predictor for bilateral stenoses with one of them
= 70%. Eight of the 28 (28.6%) patients with this type of stenosis

were younger than 60. In conclusion, we would recommend
that the decision about preoperative cartoid artery ultrasound
screening should not be limited to older patients.

We attempted to identify predictive factors which could
facilitate the selection for preoperative ultrasound carotid exa-
mination. We chose 13 clinical parameters which are, except
for COPD, related to the genesis or symptoms of athero-
sclerosis. We did not collect data on carotid bruit. The poor
predictive value of carotid bruit has been described previo-
usly [4]. Aboyans et al. [10] reported that 78% of cases with
stenosis were ‘silent” and, conversely, 70% of neck bruits were
not related to carotid lesions. The number of years of smo-
king cigarettes, and the number of cigarettes smoked, were
not available for all patients and were not analysed, which is
a potential weakness of the study.

The independent risk factors were defined with the use
of multiple regression logistic analysis for two types of CAS,
the first being the smallest degree of lesion which could be
considered as significant (at least unilateral internal or com-
mon CAS = 50%) and the second the stenosis type at gre-
atest risk for neurological complications (bilateral vessel dia-
meter reduction = 50%, at least one of them = 70%). Except
for age, the predictors of both CAS types were similar. Inde-
ed, left main disease and unstable angina are not synonymo-
us, but the association between them is well known and cli-
nically explicable [12]. Consequently, we also observed that
the two factors were related: left main disease was confirmed
more frequently in patients with unstable angina (36.8% vs
17.4%, p < 0.0001). Although we have not found any study
in the literature which evaluated and confirmed unstable an-
gina as a predictor of CAS, we believe that individuals with
more symptomatic ischaemic heart disease may be at higher
risk for atherosclerotic lesion in carotid arteries.

Prior cerebrovascular accidents (defined as stroke or tran-
sient ischaemic attack) and lower-extremity peripheral arte-
rial disease have already been reported by other investigators
as co-morbidities associated with CAS [5, 13-16]. Our study
similarly showed that they are the strongest predictors of CAS.
However, we found that subjects with CAS suffered more
than twice as frequently from CKD. Multivariable analysis,
however, did not support the hypothesis that renal dysfunc-
tion could be an independent predictor of CAS. Neverthe-
less, considering that CKD increases the risk of death and
cardiovascular events [17] and may adversely influence the out-
come of carotid artery stenting [18], we believe that it is a co-
morbidity which may indicate a more advanced atherosclero-
tic process manifested in different vascular pools, for example
by the coexistence of coronary artery disease and CAS. Inde-
ed, there are still many uncertainties as to the relationship
between atherosclerosis and CKD because it is difficult to de-
termine whether renal impairment accelerates the athero-
sclerotic lesions per se, or whether the proatherosclerotic
effect is related to numerous coexisting risk factors.
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In our study group, the presence of another medical bur-
den, such as diabetes mellitus and hypertension, which have
been determined by some authors as risk factors for carotid di-
sease [7, 10, 19, 20], was comparable in patients with significant
cartoid disease and in those with normal carotid blood flow.

The above-mentioned clinical parameters may indicate
a need for preoperative carotid ultrasound examination. How-
ever, we did not succeed in providing a combination of factors
which could predict the presence of CAS with satisfactory spe-
cificity and sensitivity. Neither single nor combined variables
achieved PPV > 45%, whereas NPV was always > 80%, re-
aching even 98%. This means that in the absence of the abo-
ve-mentioned risk factors, CAS could be excluded with high
probability, but the presence of one or several risk factors does
not significantly increase the disease detection rate.

Limitations of the study

The study was a retrospective review of medical records and
did not cover all patients referred to isolated CABG in our
centre. Some patients undergoing urgent surgery, and some
younger patients, were not included in the study due to lack
of ultrasonographic examination.

CONCLUSIONS

Carotid disease is common among patients scheduled for
CABG. Optimally, preoperative ultrasound screening should
be performed in all patients referred for CABC. If this is not
possible, carotid artery ultrasound examination should be car-
ried out at least in patients with more advanced symptomatic
atherosclerosis (history of cerebrovascular accidents, presence
of lower-extremity peripheral arterial disease, left main dise-
ase, or unstable angina), regardless of age.
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Czynniki ryzyka wystepowania zmian
miazdzycowych w tetnicach szyjnych
u chorych zakwalifikowanych

do pomostowania naczyn wiencowych

Anna Drohomirecka, tukasz Kottowski, Pawel Kwinecki, Krzysztof Wronecki, Romuald Cichon

Dolnoslagskie Centrum Choréb Serca MEDINET, Wroctaw

Streszczenie

Wstep: Istotne hemodynamicznie miazdzycowe zwezenia w tetnicach szyjnych sa uznanym czynnikiem ryzyka powiktan
neurologicznych po zabiegach kardiochirurgicznych. Badanie ultrasonograficzne tetnic doglowowych nie zawsze jest rutyno-
wo przeprowadzane u wszystkich chorych zakwalifikowanych do pomostowania naczyi wieficowych. W szczegélnosci dys-
kusyjne jest wykonywanie badania u chorych mfodszych.

Cel: Celem niniejszej pracy byto okreslenie czynnikéw ryzyka wystepowania zwezen w tetnicach szyjnych mogacych uta-
twia¢ dobor chorych do badan ultrasonograficznych.

Metody: Ultrasonograficznemu badaniu z opcja doplerowska tetnic szyjnych poddano 682 chorych (wiek: 63,2 = 8,7, 37—
-85 lat) zakwalifikowanych do pomostowania naczyn wieficowych. Stworzono baze danych uwzgledniajaca nastepujace
czynniki demograficzne i kliniczne: wiek, pte¢, frakcje wyrzutowa lewej komory, wywiad w kierunku przebytych incydentéw
naczyniowo-mézgowych (udar lub TIA), zawatu serca, wystepowanie nadcisnienia tetniczego, cukrzycy, dtawicy niestabilnej,
przewlektej obturacyjnej choroby ptuc, przewlektej choroby nerek, zwezenia pnia lewej tetnicy wieficowej = 50%, miazdzycy
zarostowej konczyn dolnych i otytosci. Wykorzystano analize regresji logistycznej w celu okreslenia czynnikéw ryzyka wyste-
powania zwezen w tetnicach szyjnych.

Wyniki: Zwezenie w tetnicy szyjnej wspélnej lub wewnetrznej = 50% stwierdzono u 128 (18%) chorych. Obustronng
stenoze tetnic szyjnych wykryto u 35 (5,1%) pacjentéw, przy czym u 29 (4,5%) z nich przynajmniej po jednej stronie redukcja
Swiatta naczynia byta wieksza niz 70%. Przebyte incydenty naczyniowo-mézgowe, obecno$¢ miazdzycy zarostowej koriczyn
dolnych i dtawicy niestabilnej stanowity niezalezne czynniki ryzyka wystapienia istotnych zwezert w tetnicach szyjnych
w badanej populacji chorych. Mimo Zze podeszty wiek byt réwniez czynnikiem ryzyka (Exp(B) = 1,035; p < 0,05), to
w analizie krzywej ROC nie udato sie wyznaczy¢ wartosci progowej, powyzej ktérej to ryzyko znaczaco by wzrastafo. Pre-
dyktorami wystepowania obustronnych zwezer w tetnicach szyjnych (w tym co najmniej jedno = 70%) byty: przebyty udar,
istotne zwezenia pnia lewej tetnicy wieficowej i miazdzyca konczyn dolnych.

Whioski: Istotne hemodynamicznie zmiany miazdzycowe w tetnicach szyjnych wystepuja u znacznego odsetka chorych
kierowanych na zabieg pomostowania naczyn wiericowych, dlatego tez uzasadnione jest wykonywanie oceny ultrasonogra-
ficznej tetnic szyjnych u wszystkich chorych kwalifikowanych do chirurgicznej rewaskularyzacji wiericowej, jesli tylko istnieja
takie mozliwosci. Natomiast badanie to powinno by¢ przeprowadzone obligatoryjnie, niezaleznie od wieku pacjenta,
w grupie obcigzonej czynnikami ryzyka, takimi jak: wywiad w kierunku incydentéw naczyniowo-mézgowych, niestabilnej
dtawicy piersiowej, miazdzycy zarostowej tetnic koriczyn dolnych lub istotnego zwezenia pnia lewej tetnicy wieficowe;j.

Stowa kluczowe: pomostowanie naczyi wiericowych, miazdzyca tetnic szyjnych
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