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ABSTRACT

Background: This study was conducted with an aim of assessing the angiographic incidence of carotid artery stenosis
(CAS) in patients undergoing coronary angiography for the diagnosis of coronary artery disease (CAD). Methods: This
single centre study included 50 patients with stable CAD or acute coronary syndromes, undergoing coronary angiography
for diagnostic or therapeutic indications, who gave consent for concomitant carotid digital subtraction angiography (DSA).
Significant CAD was defined as > 50% diameter stenosis in at least one major coronary artery or its first order branches,
and was categorized as single vessel disease (SVD), double vessel disease (DVD), or triple vessel disease (TVD) according
to number of vessels involved. Significant CAS was defined as a diameter stenosis of >50% in the common carotid
artery, the carotid bifurcation, or the internal carotid artery. For statistical analysis, patients were divided into two groups
i.e. patients without or with CAS. Patient characteristics in these groups were then analysed and compared to each other.
Results: The mean age of study group was 58.72 + 9.03 years. Out of 50 patients studied 33 (66%) were males and
17 (34%) were females. Risk factors included hypertension, smoking, diabetes mellitus and dyslipidemia in 82%, 50%,
48% and 28% patients respectively. CAD was present in 62% patients; with 24%, 14% and 24 % patients having SVD,
DVD and TVD respectively. CAS was present in 10 (20%) patients, all of whom had TVD on coronary angiography
(p<0.0001). Patients with CAS were more likely to be older than those without CAS (p=0.065). Additionally, 80% of
patients with CAS were males and all of them were hypertensive. Conclusion: Significant CAS is found in substantial
proportion of patients with CAD, especially multi vessel disease. A strategy of concomitant carotid DSA at the time of
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coronary angiography may allow superior risk stratification and better planning of management in these patients.

Keywords: Carotid artery stenosis, Carotid angiography, Coronary Artery Disease.

INTRODUCTION

Atherosclerotic vascular disease is the leading cause of death worldwide.
Approximately 13 million deaths are caused by vascular diseases annually.
Coronary artery disease (CAD) and stroke account for 12.2% and 9.7%
of the total yearly deaths in the world respectively.! Myocardial infarction
is the leading cause of long-term mortality in stroke surviving patients,
although stroke is the leading cause of disability in the world.>* Athero-
sclerosis is a systemic disease, with multifocal involvement not being an
infrequent finding.*Coronary and carotid arteries are the most frequent
sites of atherosclerotic involvement. The association between carotid
artery stenosis (CAS) and CAD has been widely reported in literature.””
In the western countries, approximately 8% to 14% of patients undergoing
myocardial revascularization for CAD have significant CAS. Conversely,
28% of patients undergoing carotid endarterectomy for CAS have signifi-
cant CAD.?° The data from Asian countries is somewhat different, with
some studies showing that more than 50% of patients with CAD have
associated significant CAS and vice versa.'®!! Additionally, the distribution
and severity of carotid atherosclerosis, as well as cardiovascular risk
factor profile has been shown to demonstrate racial differences.’*The
presence of concomitant CAS in patients with CAD not only increases
their overall cardiovascular risk but also has a significant impact on the
choice of management strategy. This study was conducted with an aim
of assessing the angiographic incidence of hitherto undiagnosed CAS
in patients undergoing coronary angiography for the diagnosis of CAD.
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We also studied the association of CAS with the angiographic extent of
CAD and attempted to identify various clinic-demographic correlates of
concomitant CAS in these patients. To the best of our knowledge, this is
the first study of such nature conducted among Indian patients.

PATIENTS AND METHODS

Study design

This was a single centre non-randomized prospective observational
study, conducted in the Department of Cardiology, Sher-i-Kashmir
Institute of Medical Sciences, Srinagar, Jammu and Kashmir, between
2013 and 2015.

Study population

We included 50 consecutive patients with stable CAD or acute coronary
syndromes, undergoing coronary angiography for diagnostic or therapeutic
indications, who fulfilled the eligibility criteria as described below.

Inclusion criteria
i. Patients with chronic stable angina who had an indication for diag-
nostic coronary angiography according to ACC/AHA guidelines.
ii. Patients with acute coronary syndromes [Unstable angina (UA),
Non ST elevation myocardial infarction (NSTEMI) or ST elevation
myocardial infarction (STEMI)], who were undergoing coronary
angiography for diagnostic or therapeutic purpose.
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iii. Patients who gave consent for the study.

Exclusion criteria
i. Patients who did not have an indication for invasive coronary angi-
ography.
ii. Patients with history of allergy to contrast agents.

iii. Patients with documented history of cerebrovascular disease (CVD)
i.e. stroke or transient ischemic attack (TTA).

iv. Patients with serious comorbidities like chronic renal failure (eGFR<
30 ml/min), sepsis, or malignancies and pregnant ladies.

v. Patients who refused to give consent for the study.

Methods

A detailed history including presenting symptoms, past history, family
history of CAD or CVD, and drug history was taken from all patients.
Conventional atherosclerotic risk factors (smoking, hypertension, diabe-
tes mellitus, or dyslipidemia) were identified and recorded in each pa-
tient. Smoking was defined as if the patient smoked >1 cigarette per day
regularly for more than 6 months or had quit smoking for less than 2
years. Diabetes Mellitus was diagnosed on the basis of fasting plasma glu-
cose of > 126 mg/dL or Hemoglobin A C greater than 6.5%or symptoms
of diabetes plus random blood glucose concentration > 200 mg/dL or pa-
tient on anti-diabetic medications." Hypertension was considered to be
present if the patient was taking any anti-hypertensive drugs at the time of
presentation or if blood pressure recorded was > 140mmHg systolic and/
or > 90mmHg diastolic, on at least two separate occasions.”” Dyslipidemia
was defined as total cholesterol > 200 mg/dL, or LDL cholesterol 2130
mg/dL, or triglycerides > 150 mg/dL, or HDL cholesterol <40 mg/dL or
any combination of these criteria.'® Complete physical examination in-
cluding cardiovascular examination was then performed. Base line inves-
tigations including electrocardiogram (ECG), chest X ray, complete blood
count, kidney function tests, liver function tests, serum electrolytes, and
coagulation profile were obtained. Echocardiography for the evaluation of
regional wall motion abnormalities, left and right ventricular functions,
and associated structural heart disease was also done in all the cases.

Coronary angiography was performed via trans-radial or trans-femoral
approach using the standard Judkins technique in our cardiac cath-
eterization laboratory (Axiom Artis, Seimens, Germany). For complete
visualisation of the left coronary artery system at least four different
projections were used. For complete visualisation of the right coronary
artery at least standard left and right anterior oblique projections (LAO
and RAO) were obtained. After completion of coronary angiography, a
non-selective aortic arch angiogram in LAO 30 degree view was obtained
using a 6 French pigtail catheter, to delineate aortic arch anatomy, locate
origins of carotid arteries, and to rule out any ostial carotid artery
stenosis. Next, selective carotid digital subtraction angiography (DSA)
was performed in lateral and frontal views, using 5 French Judkins right
(JR 4), Simmons sidewinder (SS) or Vitek (Cook) catheter, depending on
the aortic arch anatomy. The angiograms were assessed by two indepen-
dent interventional cardiologists, who were blinded to the clinical details
of the patients. Significant CAD was defined as > 50% diameter stenosis
(visual estimation of lesion diameter compared with the adjacent normal
segment) in at least one major coronary artery [left anterior descending
(LAD), left circumflex (LCx), right coronary artery (RCA)] or their first
order branches. CAD was categorized as single vessel disease (SVD),
double vessel disease (DVD), or triple vessel disease (TVD) according to
number of major branches with significant involvement. For carotid
arteries, the view showing the maximum stenosis was selected for quan-
titative angiographic analysis. The lumen diameter at the point of maxi-
mum stenosis and the diameter of the normal distal internal carotid
artery were measured; percent stenosis was then calculated using the
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method described in the North American Symptomatic Carotid Endar-
terectomy Trial (NASCET) study.”” We defined significant CAS as a di-
ameter stenosis of > 50% in the common carotid artery, the carotid bifur-
cation, or the internal carotid artery. For statistical analysis, patients were
divided into two groups: Group I — Patients without CAS; and Group
II - Patients with CAS. Patient characteristics in these groups were then
analysed and compared to each other.

Consent and ethical issues

The study protocol was approved by the Institutional Ethics Committee.
All procedures were conducted in accordance with the Declaration of
Helsinki. Written informed consent was obtained from all participants
prior to their enrolment in the study.

Statistical analysis

Statistical analysis was performed by SPSS software package (version
20.0, SPSS Inc, Chicago, Illinois, USA). All continuous variables were
expressed as mean * SD, and categorical variables were reported as
frequency and percentages. Group comparisons were performed with
Student t-test or crosstabs. The Chi-square test or Fisher exact test was
used for categorical variables. A p-value of < 0.05 was considered statisti-
cally significant.

RESULTS

During the study period of 2 years, a total of 50 patients with stable CAD
or acute coronary syndromes undergoing coronary angiography for
diagnostic or therapeutic indications, who consented for concomitant
carotid angiography,were enrolled in the study.

Patient characteristics

The mean age of study group was 58.72 + 9.03 years with a range
of 40 to 71 years. Out of 50 patients studied 33 (66%) were males and
17 (34%) were females; with male to female ratio of 1.9:1. Overall STEMI
and stable angina were the most common modes of presentation (32%)
each, followed by NSTEMI (22%) and UA (14%).In males STEMI was
the most common indication for coronary angiography (36.3%), while in
females stable angina was the major indication (35.2%). Among patients
with STEMI, 54% had anterior wall myocardial infarction (AWMI) and
46% had inferior wall myocardial infarction (IWMI). The risk factor
profile of study population is depicted in Table 1. As described, smoking
was significantly more frequent in males (p = 0.007), while diabetes
mellitus was more frequent in females (p = 0.007).

Coronary and carotid angiographic profile of the study population

Table 2 describes the coronary and carotid angiographic profile of the
study population. Although 58.8% females had normal coronary angio-
gram compared to only 27.7% in males, we did not find any statistically
significant difference between the coronary angiographic profile of
males and females (p = 0.170). Among 10 patients (20%) who had CAS,
7 (70%) had bilateral CAS while 3 patients (30%) had unilateral CAS.
Again, there was no significant difference between males and females vis
a vis carotid angiographic profile (p = 0.460). All 10 patients with CAS
had TVD on coronary angiography and none of the patients with
normal coronary angiography, SVD or DVD had associated significant
CAS (p £0.0001). In other words, 32.26% patients with significant CAD
and 83.3% patients with TVD had associated significant CAS.

Demographic and risk factor profile of patients with concomitant CAS
and CAD

We compared the demographic characteristics and the risk factor sta-
tus of the two groups i.e. patients without CAS (group I) and patients
with CAS (group II). The results are shown in Table 3. Although we did
not find any statistically significant differences between the two groups
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Table 1: Risk factor profile of the study group

Female Total P
Risk Factor
N=33 % N=17 % N=50 % value
Hypertension 27 81.8 14 82.4 41 82.0 0.96
Diabetes Mellitus 11 333 13 76.5 24 48.0 0.007
Dyslipidemia 9 27.3 5 294 14 28.0 0.87
Smoking 21 63.6 4 235 25 50.0 0.007

Note: N - Number; % - Percentage.

Table 2: Coronary and carotid angiographic profile of the study group

Angiographic Profile

Normal
SVD
DVD
TVD

Coronary Angiogram

CAS present
CAS absent

Carotid Angiogram

Female Total
P value
N=33 % N=17 % N=50 %

9 27.7 10 58.8 19 38.0
9 27.7 3 17.6 12 24.0

0.170
6 18.1 1 5.88 7 14.0
9 27.7 3 17.6 12 24.0
8 80.0 2 20.0 10 20.0

0.460
25 62.5 15 37.5 40 80.0

Note: N - Number, % - Percentage, SVD - Single Vessel Disease, DVD - Double Vessel Disease, TVD - Triple Vessel Disease, CAS

- Carotid Artery Stenosis.

Table 3: Demographic and risk factor profile of patients with and without CAS

Variable

Age (years)

Gender

Hypertension

Diabetes

Dyslipidemia

Smoking

40 - 49
50 - 59
60 - 69
>70
Male
Female
Absent
Present
Absent
Present
Absent
Present
Absent

Present

CAS Total
Group 1 Group 2 N (50) o el
(Absent) (Present) °
11 1 12 24.0
9 0 9 18.0
0.065
16 6 22 44.0
4 3 7 14.0
25 8 33 66.0
0.460
15 2 17 34.0
9 0 9 18.0
0.098
31 10 41 82.0
21 5 26 52.0
0.880
19 5 24 48.0
28 8 36 72.0
0.529
12 2 14 28.0
20 5 25 50.0
1.000
20 5 25 50.0

Note: CAS - Carotid Artery Stenosis, N - Number, % - Percentage.

in terms of their demographic or risk factor profile, it is pertinent to
mention that patients with CAS were more likely to be older than those
without CAS (p = 0.065). Additionally, 80% of patients with CAS were

males and all of them were hypertensive. Smoking and diabetic status

was equally distributed between the two groups.

DISCUSSION

The major findings of our study were:
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ii.

. Overall 20% patients with stable or unstable CAD, undergoing

coronary angiography for diagnostic or therapeutic indications, have
associated significant CAS.

. All patients with CAS had TVD on coronary angiography and none

of the patients with normal coronary angiography, SVD or DVD had
associated significant CAS (p < 0.0001).

Patients with CAS were more likely to be older than those without
CAS. Additionally, 80% of these patients were males and all of them
were hypertensive.
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To the best of our knowledge, this is the first Indian study evaluating the
carotid angiographic profile in patients with suspected or proven CAD.
Although patients with atherosclerotic vascular disease come to clinical
attention due to symptoms related to one vascular territory, given its
multifocal nature, concomitant subclinical involvement of other vascular
beds is not an uncommon observation.' CAD and CVD are the most
fearsome complications of atherosclerosis, presenting dramatically as
acute myocardial infarction or stroke in more than 50% of previously
asymptomatic patients.'® The association between carotid artery disease
and CAD is well documented.”” In fact just increased carotid intimal
medial thickness (CIMT), even without carotid stenosis, has been
established as a surrogate marker of subclinical atherosclerosis and is
independently associated with adverse cardiovascular outcomes.**'*'* In
the western countries, approximately 8% to 14% of patients undergoing
myocardial revascularization for CAD have significant CAS, and 28%
of patients undergoing carotid endarterectomy for CAS have significant
CAD.*° The data from Asian countries is somewhat different, with studies
showing that more than 50% of patients with CAD have associated
significant CAS and vice versa.'®! In most of these studies carotid
ultrasound/Doppler was used to identify and quantify CAS. Compared
with selective intra-arterial DSA, color duplex sonography has an overall
sensitivity of 91% to 95% and a specificity of 86% to 97% for diagnosing
CAS, and therefore, false positive or negative results may be present in
the data reported in these studies.”’DSA has also been demonstrated to
be more accurate than other non-invasive methods such as computerized
tomographic angiography (CTA) and magnetic resonance angiography
(MRA) in detecting CAS.*»* Our study demonstrated that 20% of
patients undergoing coronary angiography, and one third of patients
with angiographically documented CAD, have associated significant
CAS on DSA. Thus, prevalence of CAS in Indian patients with CAD
seems to be intermediate between Western and other Asian countries.
The presence of coexistent carotid artery disease in patients with CAD
has an adverse impact on their short term and long term prognosis.'#**2¢
Hence, knowledge of associated CAS aids in refining the cardiovascular
risk stratification of these patients, and strongly calls for more aggressive
management strategies. Another interesting fact vis a vis cerebrovascular
disease is that in contrast to CAD where non-critical rupture prone
plaques are responsible for majority of the serious clinical events, severity
of stenosis plays a dominant role in dictating the clinical course of
patients with CAS.?”?® Furthermore, presence of concomitant CAS
dramatically increases the risk of periprocedural stroke in patients
undergoing coronary revascularization. Coronary artery bypass grafting
(CABGQG) in patients without carotid atherosclerosis carries an approximate
1% to 2% risk of perioperative stroke, but in the presence of untreated
major carotid stenosis, this risk rises exponentially to about 14%.>>*
It is also clear that the risk of perioperative stroke highly correlates with-
the degree of CAS.**Hence early diagnosis of concomitant carotid steno-
sis may have a direct bearing on the choice of revascularisation strategy.
Some patients may benefit from synchronous coronary and carotid
operations.’®! Optionally, patients at high risk with advanced but stable
CAD may require prior intervention in the carotid arteries followed by
coronary intervention.”****?A few authors have also reported simultaneous
stenting of the carotid artery and coronary arteries in patients with high
operative risk.** As far as correlation between carotid and coronary artery
disease is concerned, studies have also shown that presence of CAS has a
significant positive correlation with the extent and severity of CAD.>7'%!!
Our study demonstrated that all the patients with significant CAS had
associated TVD on coronary angiography. These findings are consistent
with previously reported literature. As regards to the risk factor profile,
although both CAD and CAS share common atherosclerotic risk factors,
some studies have shown that carotid disease correlates more strongly
with age, hypertension and body size; while CAD has a stronger association
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with smoking status, diabetes and dyslipidemia.' We found that patients
with concomitant CAS and CAD were more likely to be older than those
without CAS. Additionally, 80% of these patients were males and all of
them were hypertensive. Smoking and diabetic status were equally
distributed between the two groups. These differences were however not
statistically significant. Whether the insignificance of these findings was
due to small sample size or due to ethnic attributes of our population
needs to be confirmed in larger prospective studies.

LIMITATIONS

The present study had some important limitations. First, this was a single
centre study and the sample size was small. Therefore, these results
require further validation from larger prospective studies. Second,
we included only those patients who had a diagnostic or therapeutic
indication for invasive coronary angiography and excluded patients with
documented history of CVD. These selection biases could mean that our
findings regarding the relationship between carotid stenosis and CAD
are relevant only to this specific group and may not be applicable to the
general population. Third, although DSA is the criterion standard for
vascular examination, many patients do not undergo DSA as a routine
examination, because it is an invasive method with large-dose radiation
exposure. In recent years, the accuracy of non-invasive imaging tech-
niques has significantly improved. Whether or not these imaging
modalities can totally replace DSA in the era of constantly growing
proportion of carotid stenting vis a vis carotid endarterectomy remains
to be answered. Finally, we did not evaluate the effect of coronary and/
or carotid intervention on the clinical outcomes of these patients. Long
term follow up data needs to be collected to see whether or not the prog-
nosis is different in patients who were intervened upon in comparison to
those who were not.

CONCLUSION

Concomitant angiographic CAS is found in significant proportion of
patients with CAD, especially multivessel disease. Therefore, it can be
argued that the patients with multivessel CAD should undergo carotid
DSA at the time of coronary angiography for diagnosing associated
CAS. Given the grave consequences that the patients with this deadly
combination face, this strategy may allow superior risk stratification and
better planning in terms of choice and sequence of revascularization
strategy in these patients.
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