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Abstract

Background: Coronary artery disease (CAD) and lower extremity artery disease (LEAD) often coexist. Ankle brachial
index (ABI) has been shown to be an independent predictor of CAD. Studies have reported correlation of CAD and
LEAD on the basis of ABI and also invasive angiography. But rigorous searching did not reveal any similar research
where severity of LEAD was assessed by duplex ultrasound (DUS).
In this study, we assessed the association of severity and localisation of LEAD by DUS with SYNTAX score (SS).

Results: A total of 637 subjects above 45 years of age with coronary angiographic confirmation of CAD were
studied in this single centre cross-sectional, descriptive and analytical research. High SS was significantly more
common in subjects with LEAD (p = 0.04). In the femoro-popliteal segment, total occlusion of arteries was found in
significantly more proportion of subjects with high SS. A progressive increase in mean SS was noted across the
grades of arterial disease in the femoro-popliteal segment (p = 0.007). 85.2% of the LEAD was in the femoro-
popliteal segment, while below-knee arterial disease was present in 98.5% of subjects with LEAD. Hypertension,
smoking, history of CVE and presentation with ACS independently increased the risk of LEAD.

Conclusion: High prevalence of asymptomatic LEAD and association of high SS with LEAD as a whole as well as
femoro-popliteal involvement suggests the need for a point of care DUS study (POCUS) since treatment varies with
location and extent of disease which cannot be fathomed by ABI alone. Being the largest study on association of
CAD and LEAD from Indian subcontinent till date and also the first study to use non-invasive tool as DUS for LEAD
assessment while studying its association with CAD makes this a landmark experience.

Background
Approximately 40% patients have coexisting coronary
artery disease (CAD) and lower extremity artery disease
(LEAD) and both share the similar risk factors. When
one vascular region is diseased, there has been a trend in
clinical practice, to look for lesions in various vascular
areas [1, 2]. Moreover, coexistence of peripheral arterial

disease (PAD) in a patient of CAD increases the risk of
mortality [3–6]. LEAD increases with age with a preva-
lence of 10–25% in the general population aged > 55
years [7]. Ankle brachial index (ABI) has been shown to
be an independent predictor of CAD in several studies
[8]. The guidelines recommend duplex ultrasound
(DUS) as the first-line imaging for LEAD lesions in com-
bination with ABI measurement due to its high sensitiv-
ity, specificity and higher effectiveness at a lower cost
per quality-adjusted life-year (QALY) compared to other
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imaging techniques [9, 10]. SYNTAX score (SS) for
coronary angiography has become popular as it can
guide the appropriate treatment protocol for revasculari-
zation and provides prognostic information [11].
Multiple studies have reported association or correlation
of CAD and PAD on the basis of ABI and also invasive
peripheral angiography [12–15]. But rigorous searching
did not reveal any research studying the association of
CAD and LEAD where severity of PAD was assessed by
DUS.
In this study, our objectives were to assess the associ-

ation of severity of CAD and LEAD by SS and DUS
respectively and to find any relation of localisation of
LEAD by DUS and severity of CAD by SS.

Methods
Subjects
This research was conducted as a single centre cross-
sectional, descriptive and analytical study. Subjects who
were admitted to the cardiology department of a tertiary
care centre of Eastern India were recruited consecutively
over a period of 15 months from 1 May 2018 to 31 July
2019. Purposive sample size was calculated to be ≥ 385
to have confidence level of 95% that the real values are
within ± 5% of measured or surveyed value [https://www.
calculator.net/sample-size-calculator.html]. Patients above
45 years of age with coronary angiographic confirmation
of CAD were included. Exclusion criteria were creatinine
clearance ≤ 30mL/min, previous surgery or intervention
for LEAD, history of percutaneous coronary intervention
(PCI) or coronary artery bypass grafting (CABG), past
trauma, surgery in last 3months, any malignancy, any
other inflammatory condition and any anti-inflammatory
drug intake apart from aspirin. All procedures followed
were in accordance with the ethical standards of the re-
sponsible committee on human experimentation (institu-
tional and national) and with the Helsinki Declaration of
1964 and later revisions. Informed consent was obtained
from all patients for being included in the study.

Clinical indices
Detailed history including age, smoking history, diabetes,
hypertension, chronic kidney disease (CKD), cerebrovas-
cular events (CVE), and claudication was taken. Claudi-
cation was defined as a pain, cramp or sense of fatigue
in a muscle group of the lower limbs related to sustained
exercise and relieved with a few minutes of rest while
standing evenly on both feet [16]. It was assessed by the
Edinburgh claudication questionnaire [17]. Medicine
history was documented. Detailed physical examination
including height, weight, body mass index (BMI) and
cardiovascular system examination was carried out.
These were recorded in a proforma sheet. Smokers in-
cluded both current and past smokers. Hypertension

was defined as systolic blood pressure > 140 mm Hg
and/or diastolic blood pressure > 90mm Hg or if the
patient was on antihypertensive medications.

Laboratory parameters
Lipid parameters and blood glucose were tested apart
from routine pre angiographic investigations which in-
cluded transthoracic echocardiography and creatinine
clearance. Dyslipidaemia was diagnosed as per Lipid
Association of India Expert Consensus Statement on
Management of Dyslipidaemia in Indians or when the
subject was on lipid-lowering medicines [18]. Subjects
having fasting blood glucose (FBG) > 126 mg/dL or
patients on anti-diabetic medicines were diagnosed as
diabetes mellitus. Transthoracic echocardiography was
done by Vivid S5 machine with a M3S matrix array
probe with a frequency range from 1.7 to 3.2MHz (GE
Vingmed, Horten, Norway), and basic 2-dimensional
and M-mode measurements were done with evaluation
of left ventricular ejection fraction (LVEF). Each echo-
cardiography study was associated with machine inte-
grated ECG recording.

DUS
DUS was performed before doing coronary angiography
and after the subject had rested for at least 5 min in
supine position. It was carried out by three experienced
radiologists who were blinded to clinical data and con-
sensus was required between at least two of them. PHIL
IPS iu22 xMATRIX Ultrasound system using 1–3MHz
Broadband linear array transducer and 5–7MHz curved
array transducer with colour Doppler and power
Doppler assessment was used. The wall, lumen and flow
of the common femoral artery (CFA), superficial femoral
artery (SFA), popliteal artery (PA), anterior tibial artery
(ATA) and posterior tibial artery (PTA) were evaluated.
Velocity criteria were based on the peak systolic velocity
(PSV) and velocity ratio (VR). LEAD was classified into
mild (1–49% stenosis), significant (50–99% stenosis) and
total occlusion (100% stenosis) [19].

CAD and SS
Three experienced interventional cardiologists, who
were blinded to clinical data, analysed the coronary
angiogram performed using conventional techniques by
radial artery access. Consensus was required between at
least two of them. The lesions were described on the
basis of location, number, extent of involvement,
thrombus burden, extent of calcification, tortuosity of
involved segments, bifurcation or trifurcation involve-
ment and total occlusion. Scoring was done for each
lesion. The SYNTAX Score Calculator software version
2.11 (SYNTAX Score Working Group, www.syntaxscore.
com) was used to deduce the SS [11]. The SS was graded
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into low (0–22), intermediate (23–32) and high (> 32)
risk.

Statistical analysis
SPSS version 25.0 (IBM Co, Armonk, NY, USA) was
used for data analysis. The continuous variables were
presented as the mean ± standard deviation (SD) or
median with range, and the categorical variables were
presented as percentages. Mann-Whitney test or inde-
pendent t test was used to compare continuous variables
among groups and the chi-square test for comparison of
proportional data. Chi-square test was used to evaluate
categorical parameters and estimation of risk. Analysis
of correlations between categorical variables and risk
factors was done by binary logistic regression analysis,
and continuous variables were analysed by multivariate
linear regression analysis. All statistical tests were two-
tailed, and p < 0.05 was considered significant.

Results
Patient’s baseline characteristics
A total of 637 subjects above 45 years of age with coron-
ary angiographic confirmation of CAD were studied.

Patients’ baseline characteristics and comparison of
characteristics among subjects with and without LEAD
is shown in Table 1. Two hundred three subjects (31.9%)
had LEAD while it was absent in 68.1%. 85.7% of the
subjects with LEAD were male (p = 0.008). Hypertension
(77.3%) and smoking (61.1%) were significantly more
prevalent among subjects with LEAD. CVE occurred in
significantly more number of subjects having LEAD (p =
0.003). 76.4% of patients with LEAD complained of clau-
dication while the rest were asymptomatic. 56.4% of the
study population had acute coronary syndrome (ACS)
while the rest had stable ischemic heart disease (SIHD).
ACS patients comprised 64.5% of subjects with LEAD (p
= 0.005). Overall mean age, mean BMI and LVEF were
61.8 ± 8.4 years, 25.2 ± 2.5 kg/m2 and 44.9 ± 7.3%
respectively with no significant difference between the
two groups. 45.1% of all subjects were diabetic, with no
significant difference of presence of diabetes between
the groups. Nearly 97% of the subjects were having
hypercholesterolemia with no significant difference be-
tween subjects with and without LEAD.
Baseline antiplatelet, statin and antidiabetic medication

intake was significantly less among subjects with LEAD.

Table 1 Patients’ baseline characteristics and comparison of characteristics among subjects with and without LEAD

LEAD present
n = 203 (%)

LEAD absent
n = 434 (%)

Total
n = 637(%)

Difference/OR (95% CI) p value

Age in years 61.4 ± 7.9 62.1 ± 8.6 61.8 ± 8.4 − 0.7 (− 2.1–0.7) 0.3

Male gender 174 (85.7) 332 (76.5) 506 (79.4) 1.8 (1.2–2.9) 0.008*

BMI 24.9 ± 2.3 25.3 ± 2.6 25.2 ± 2.5 − 0.4 (− 0.8–0.02) 0.06

Diabetic 97 (47.8) 190 (43.8) 287 (45.1) 1.2 (0.8–1.6) 0.35

Hypertensive 157 (77.3) 295 (68.0) 452 (`71.0) 1.6 (1.1–2.36) 0.01*

Hypercholesterolemia 197 (97.0) 419 (96.5) 616 (96.7) 1.2 (0.5–3.1) 0.82

Smoker 124 (61.1) 217 (50.0) 341 (53.5) 1.6 (1.1–2.2) 0.01*

CKD 10 (4.9) 51 (11.8) 61 (9.6) 0.4 (0.2–0.8) 0.006*

CVE 10 (4.9) 4 (0.9) 14 (2.2) 5.6 (1.7–17.9) 0.003*

Claudication 155 (76.4) 6 (1.4) 161 (25.3) 230.4 (96.7–548.9)
Ln 5.4 (4.6–6.3)

< 0.0001*

ACS 131 (64.5) 228 (52.5) 359 (56.4) 0.6 (0.4–0.8) 0.005*

EF (%) 44.3 ± 8.1 45.2 ± 6.8 44.9 ± 7.3 0.9 (− 2.1–0.3) 0.1

Antiplatelets 167 (82.3) 393 (90.5) 568 (89.2) 8.2 (2.2–15.2) 0.006*

Statins 156 (76.8) 401 (92.4) 557 (87.4) 15.6 (8.94–23.2) < 0.0001*

ACEI/ARB 111 (54.7) 215 (49.5) 326 (51.2) 5.2 (− 6.2–16.3) 0.4

Beta-blockers 99 (48.8) 216 (49.8) 315 (49.5) 1.0 (− 10.7–12.67) 0.9

CCB 34 (16.7) 74 (17.1) 108 (17.0) 0.4 (− 16.8–13.9) 0.9

Nitrates 165 (81.2) 366 (84.3) 531 (83.3) 3.1 (− 3.5–10.6) 0.4

Antidiabetics 77/ 97(79.4) 180/ 190 (94.7) 257/ 287 (89.5) 15.3 (6.6–25.9) 0.0002*

SS 23.2 ± 9.5 21.7 ± 8.6 22.2 ± 8.9 1.5 (− 0.03–3.0) 0.06

Data given as mean ± SD or n (%)
ACEI/ARB angiotensin-converting enzyme inhibitor/angiotensin receptor blocker, ACS acute coronary syndrome, BMI body mass index, CCB calcium channel
blockers, CI confidence interval, CKD chronic kidney disease, CVE cerebrovascular event, EF ejection fraction, LEAD lower extremity arterial disease, OR odds ratio,
SD standard deviation, SS SYNTAX score, * significant
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There was no difference between the groups in usage of
angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker (ACEI/ARB), beta-blockers, calcium
channel blockers (CCB) and nitrates.

LEAD and SS
High SS was significantly more common in subjects with
LEAD (p = 0.04) (Fig. 1a).
In the femoro-popliteal segment, total occlusion of

arteries were found in significantly more proportion of
subjects with high SS (9.3%) than low and intermediate
SS separately. Significant occlusion in the femoro-
popliteal segment was also more prevalent in the sub-
jects with high SS whereas in the below-knee arterial
segment no such association was noted (p = 0.08). Mean
SS was 22.2 ± 8.9 with no significant difference between
the two groups (Table 1). A progressive increase in

mean SS was noted across the grades of arterial disease
in the femoro-popliteal segment (p = 0.007). Though
mean SS was more in subjects with significant occlusion
and total occlusion in the below-knee arterial segment
than those with normal arteries, no significant associ-
ation was noted in this segment between mean SS and
grades of LEAD (p = 0.06).

Distribution of LEAD
Figure 1b shows the distribution of obstruction in sub-
jects with LEAD. Figure 2a shows the overall distribution
of LEAD. Above 80% of the LEAD were in below-knee
arteries (ATA and PTA) whereas only 10–20% of the
disease were in the CFA. Figure 2b shows the median
distribution and range of SS across the severity of
femoro-popliteal and below-knee disease.

Fig. 1 a Association of grading of SS with LEAD (p = 0.04). b Distribution of obstruction in subjects with LEAD. LEAD, lower extremity arterial
disease; SS, SYNTAX score
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Taking segmental distribution into account, 85.2% of
the LEAD was in the femoro-popliteal segment, while
below-knee arterial disease was present in 98.5% of
subjects with LEAD (95% CI 8.2–18.9, p < 0.0001).

Multinomial logistic regression
Table 2 shows multinomial logistic regression for detection
of independent contribution of the baseline factors in LEAD.
Keeping other baseline parameters fixed, hypertension,

smoking, history of CVE and presentation with ACS
independently increased the risk of LEAD. Presence of CKD
was found to have independent negative association with
LEAD.

Discussion
Atherosclerosis affects various arterial territories simultan-
eously since it is a systemic pathological process. Thus, a
person with atherosclerotic disease in one vascular

Fig 2 a Distribution of LEAD. b Median distribution and range of SS across the severity of femoro-popliteal and below-knee LEAD. LEAD, lower
extremity arterial disease; SS, SYNTAX score
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territory has higher risk of disease in other territories
as well [20–22].

Prevalence of LEAD in subjects with CAD
LEAD is prevalent in 7–16% of subjects with CAD as
per the Western data [9]. An Indian study by Saran et al.
reported the prevalence to be 7.7%, but this was based
on only ABI measurement [23]. We found the preva-
lence of LEAD in subjects with CAD to be 31.9% which
was much higher than this previous study by Saran et al.
but corroborated with the Indian data by Sarangi et al.
(33.3%) [12]. We attribute this higher prevalence to the
use of better diagnostic modality in form of DUS. Higher
sample size in our study (n = 637) than the study by
Saran et al. (n = 207) may have also provided a better
picture.

Baseline characteristics
A study has documented the association of complexity
in peripheral arterial lesions with complex coronary
lesions while another study showed the increased risk
for adverse cardiovascular events in patients with LEAD
[24, 25]. Baseline risk factors like age, gender, hyperten-
sion, diabetes and dyslipidaemia should be taken into
account while analysing such associations. In the study
by Petracco et al., the baseline demographics were
similar in both the groups whereas Sarangi et al.
reported the predominance of PAD in diabetics and
smokers [12, 15]. Falcão et al. found a significantly
higher number of female subjects and subjects with ACS
in the PAD group while Saran et al. reported signifi-
cantly higher mean age, prevalence of diabetes and
hypertension in subjects with ABI < 0.9 [14, 23]. In our
study, male gender, hypertension, smoking, CVE and
ACS were significantly more prevalent in the LEAD
group. Baseline intake of antiplatelet, statin and antidia-
betic medications were significantly less in subjects with
LEAD which may have contributed to the progression of
atherosclerotic disease process.

United States Preventive Services Task Force (USPSTF)
states that the benefit of screening for PAD and CAD risk
in asymptomatic adults with ABI is not clear cut with
current evidence [26]. In our study, 23.6% subjects with
DUS diagnosed LEAD were asymptomatic which is quite
a sizeable proportion and thus further research regarding
benefit of screening and the screening tool to be used is
warranted.

LEAD and SS
The study by Korkmaz et al. on 150 patients with ACS
reported higher SS in subjects with ABI ≤ 0.9 (p < 0.001)
[27]. Benyakorn et al. included a large proportion of sub-
jects with valvular heart disease and they also demon-
strated significant negative correlation between ABI and
SS [28]. Falcão et al. found that correlation between ABI
and SS was lost when analysis was done among patients
of obstructive CAD (p = 0.148) [14]. Petracco et al.
reported negative correlation between ABI and SS but it
was statistically insignificant [15]. In our study, high SS
(>32) was more frequently noted in subjects with LEAD
(p = 0.04) but mean SS did not vary significantly be-
tween the two groups.

Distribution of LEAD
Femoro-popliteal disease was more common than other
distributions according to studies by Diehm et al.
(51.2%), Hatmayer et al. (77%), Vogt et al. (47.3%) and
Chen et al. (common femoral 57.6%) [29]. Contrary to
the above data, our study revealed significantly more
below-knee arterial disease than femoro-popliteal disease
(p < 0.0001). This discrepancy may be attributed to the
difference of baseline characteristics of the subjects.
Vuruskan et al. found that angiographic critical sten-

osis in femoro-popliteal segment was most reliable for
the determination of subjects with high SS [30]. In the
present study, significant and total occlusion of the
femoro-popliteal segment arteries by DUS were found
in significantly more proportion of subjects with high
SS (p = 0.02). No such association was noted in the
below-knee arterial segment (p = 0.08).

Predictors of peripheral artery disease in patients with
CAD
Saleh et al. found independent association of age,
hypertension, diabetes mellitus and smoking with
PAD [31]. Another study found PAD was independent
risk factor for CAD and CVE [13]. In the present
study, hypertension, smoking, history of CVE and
presentation with ACS independently increased the
risk of LEAD. Strikingly, the presence of CKD was
found to have independent negative association with
LEAD which can be due to platelet and clotting fac-
tor dysfunction in CKD but needs further insight.

Table 2 Predictors of LEAD in patients with CAD

Variables Univariate Multivariate

OR (95% CI) p value OR (95% CI) p value

Male gender 1.8 (1.2–2.9) 0.008 1.5 (0.9–2.5) 0.1

Hypertension 1.6 (1.1–2.36) 0.01 1.9 (1.3–2.9) 0.002*

Smoker 1.6 (1.1–2.2) 0.01 1.5 (1.01–2.2) 0.046*

CKD 0.4 (0.2–0.8) 0.006 0.4 (0.2–0.8) 0.01*

CVE 5.6 (1.7–17.9) 0.003 3.8 (7.3–12.7) 0.03*

ACS 0.6 (0.4–0.8) 0.005 0.7 (0.5–0.97) 0.03*

We adjusted the result for male gender, hypertension, smoker, CKD, CVE
and ACS
ACS acute coronary syndrome, CAD coronary artery disease, CI confidence
interval, CKD chronic kidney disease, CVE cerebrovascular event, LEAD lower
extremity arterial disease, OR odd ratio, * significant

Nandi et al. The Egyptian Heart Journal           (2020) 72:56 Page 6 of 8

RETRACTED A
RTIC

LE



Limitations
The sample size was sizeable but larger population
would give a better picture. This study does not provide
outcome data due to lack of follow-up. Hospitalised
patients with coronary angiographic confirmation of
CAD were included thus automatically selecting a popula-
tion with higher possibility of LEAD. Thus, these results
should be treated with caution in general population. We
studied only anatomical presentation of coronary and
LEAD by angiographic calculation of SS and DUS respect-
ively. Functional assessment of the lesions might find a
more robust relationship between the diseases in two ter-
ritories. Lower limb angiography was not performed hence
extent and burden of underlying atherosclerosis may have
not been accurately reflected. Exclusion of assessment of
renal and aorto-iliac segments also remains a limitation.
Randomised studies specifically designed for this purpose
are needed to affirm the findings.

Conclusion
High prevalence of asymptomatic LEAD and association
of high SS with LEAD as a whole as well as femoro-
popliteal involvement suggests the need for a point of
care DUS study (POCUS) which is being already used in
multiple fields, since treatment varies with location and
extent of disease which cannot be appreciated by ABI
alone.
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