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Abstract
Purpose: To suggest a risk index to prediction of coronary 
artery disease severity by examining lower extremity arterial 
regions in the patients with lower extremity peripheral artery 
disease.

Patients and methods: We retrospectively examined 
4255 patients who experienced coronary angiography 
between September 2015 and January 2020. Medicana 
International Ankara Hospital Ethics Committee accepted 
the study schedule [Numbered: 2017/1]. Of the patients, 
400 patients underwent both coronary angiography and 
lower extremity angiography because of peripheral artery 
disease symptoms. The odds ratios of coronary artery 
disease according to risk factors have been examined. 
Angiographically, lower extremity arteries were divided 
into three groups. The decision tree created using the Chi-
Square Automatic Interaction Detection (CHAID) method 
was used to estimate relationship between segmental 
arterial regions in peripheral artery disease and severity of 
coronary artery disease.

Results: The odds ratios of the peripheral artery disease 
with diabetes mellitus to those without diabetes mellitus 
was found to be 1/0.269 = 3.717. Both superficial femoral 
artery involvement increased by 88% the possibility of 
coronary artery disease. In coronary involvement, the most 
power predictor was mid-superficial femoral artery disease. 
Moreover, the involvement of both the mid superficial 
femoral artery increased the possibility of left main coronary 
artery disease by 42.1%.

Conclusion: Mid-superficial femoral artery blockage may 
be a strong predictor of coronary artery disease. The 
involvement of both the mid-superficial femoral artery 
increased significantly the possibility of left main coronary 
artery disease. The diabetic patients with mid-superficial 
femoral artery involvement should be evaluated for severe 
coronary artery disease.
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Introduction
Atherosclerosis, a progressive disorder, may 

concurrently disturb numerous arterial region [1]. 
Concomitant atherosclerotic disease of different 
vascular territories foreshows an adverse prognosis 
[2]. To know the associating site of involvement of 
one vascular bed may be important for clinicians (for 
example, peripheral artery involvement associated with 
serious coronary artery disease, and left main coronary 
artery involvement). While atherosclerosis involves 
the aortoiliac segment in the young and non-diabetic 
patients commonly, differences in lesion distribution 
become increasingly apparent with age [3]. TASC II 
Working Group stated that the place and morphology 
of the lower extremity arterial disease must be 
characterized prior to perform any revascularization to 
foresee most suitable intervention [4].

The prevalence of coronary artery disease (CAD) in 
patients with peripheral arterial disease (PAD) ranges 
between 46 and 71% [5,6]. Because of reduced daily 
activity and silent ischemia, cardiac symptoms may be 
absent in patients with lower extremity artery illness. 
Moreover, PAD may predict future cardiovascular 
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The CAD was described as non-obstructive CAD, and 
obstructive CAD. The extent of the disease was reported 
as, single vessel disease (SVD), double vessel disease 
(DVD), triple vessel disease (TVD) and LMCA.

Procedure

Lower extremity angiography was performed by the 
pump with anteroposterior views of the aorta (Siemens, 
Axiom 2004 Artis, Germany). The renal arteries, distal 
abdominal aorta, iliac arteries, femoral arteries, and 
distal arteries were checked in LEA. Selective coronary 
angiography was, then, performed using standard 
Judkins catheters. The left main vessel and origins 
of both the LAD and the Cx coronary arteries were 
visualized in the orthogonal planes using digital imaging 
system (Siemens, Axiom 2004 Artis, Germany) and 
cineangiographic films.

Cineangiographic films were reviewed independently 
by two investigators. A diagnostic criterion of CAD was 
angiographically significant narrowing (≥ 50%). The 
patients were hydrated with isotonic fluid (0.9%) in 
addition to oral acetylcysteine (600 mg twice daily). 
Renal functions of the patients during discharge were 
normal.

Risk factors

Considering the risk factors, hypertension was 
recognized by a history of anti-hypertensive medicine 
use. Diabetes mellitus was characterized by the patient’s 
using an oral hypoglycemic agent, or insulin, and/or the 
patient’s having a fasting blood glucose level ≥ 126 mg/
dL or glycosylated hemoglobin ≥ 6.5%. Dyslipidemia 
was identified by a history of statin use, or having a low-
density lipoprotein (LDL) cholesterol level > 100 mg/dL.

Statistical analysis

Statistical analysis was performed using SPSS 
Inc. v17.0 for Windows (SPSS Inc., Chicago, IL, USA). 
Descriptive data were expressed in mean and range. 
While categorical variables were analyzed using the chi-
square test, continuous variables were analyzed using 
the student t-test. In the decision tree, the Chi-Square 
Automatic Interaction Detection (CHAID) method 
was been used. A p value of < 0.05 was considered 
statistically significant.

Results
Demographic and clinical characteristics of the 

patients are shown in Table 1. The mean age was 65.54 
± 6.3 (range: 51 to 80) years. The rate of CAD in PAD 
patients was 66%. The regions affected by coronary 
artery involvement were LAD (29%), Cx (13%), right 
coronary artery (RCA) (5%), left main coronary artery 
(LMCA) (18%), LAD proximal and RCA or Cx (2%), three-
vessel CAD (2%), RCA and Cx (2%), and non-critical or 
normal coronary artery (34%).

conditions, such as myocardial infarction and death 
[7]. Therefore, the presence of PAD may be one of 
the critical factors predicting future cardiac events. 
However, the method of how CAD can be precisely 
predicted in lower extremity arterial disease is unclear. 
Therefore, we aimed to find a risk index to prediction of 
CAD by examining different segmental arterial regions 
in the patients with lower extremity peripheral artery 
disease (PAD).

Material and Methods
We retrospectively examined 4255 patients 

underwent coronary angiography between September 
2015 and January 2020. Medicana International Ankara 
Hospital Ethics Committee accepted the study schedule 
[Numbered: 2017/2]. We watched out to Declaration 
of Helsinki principles. Of the patients, 400 patients 
underwent both coronary angiography and lower 
extremity angiography due to peripheral artery disease.

A diagnostic point of PAD was angiographically 
significant narrowing (≥ 50%) in at least one artery of 
the lower extremities connected with intermittent 
claudication or critical limb ischemia according to the 
Fontaine classification [8]. The ankle-brachial index 
(ABI) all of patients was ≤ 0.90. The generality of the 
patients was in the New York Heart Association (NYHA) 
Functional Class II.

 To create a risk index to coronary artery disease, 
angiographically, lower extremity arteries were separated 
into three groups including 1) Iliac arteries, 2) Femoral 
arteries (main femoral arteries, superficial femoral 
arteries), and 3) Popliteal-tibio-peroneal arteries.

In this cohort, because of having at least one coronary 
risk factor despite asymptomatic, concurrent coronary 
angiography were also performed. The indication of 
coronary angiography in 400 patients was accepted 
as one coronary risk factor (hypertension, diabetes 
mellitus, and hyperlipidemia) plus peripheral artery 
disease evidence.

In coronary angiography, coronary artery disease 
was accepted at least 50% narrowing in coronary 
arteries. Side branch artery involvements with < 2 mm 
diameter were excluded. The patients had no Q wave 
or QS pattern in their electrocardiograms. The coronary 
artery involvement regions were divided into left main 
coronary artery disease (LMCA), left anterior descending 
(LAD), left circumflex (Cx), right coronary artery disease 
(RCA).

The exclusion conditions were CAD history such as 
previous coronary angiography, percutaneous coronary 
intervention, coronary bypass surgery, thromboembolic 
events or non-atherosclerotic lesions (Buerger’s disease).

Definition of the risk index of CAD
In coronary arteries, at least 50% narrowing was 

accepted as positive risk index.
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of right/left femoral artery and CAD (p < 0.01), no 
important relationship between the involvement of the 
right/left popliteal-tibioperoneal arteries and CAD was 
found (p > 0.05).

Remarkably, the rate of CAD was higher in the 
patients with affected femoral arteries. Among the 
regions of the femoral arteries, superficial femoral 
arteries were affected more than the others. Therefore, 
for a detailed analysis of the region, superficial femoral 
artery segments were examined in three subgroups 
as ostial-proximal superficial femoral artery, mid-
superficial femoral artery (inside the canal of Hunter), 
and distal superficial femoral artery (after the canal of 
Hunter).

The association between the right ostial-proximal 
superficial femoral artery and CAD was insignificant (p > 
0.05), while there was important relationship between 
the right mid-superficial femoral artery and CAD (p 
< 0.05). 93% of the patients with right mid-superficial 
femoral artery had CAD, while 60.5% of the patients 

The odds ratios (OR) of CAD according to risk factors 
have been examined. Diabetes mellitus was a strong 
predictor of CAD (p < 0.01). The OR of the patients 
with diabetes mellitus to those without diabetes 
mellitus was found to be 1/0.269 = 3.717, indicating 
that the existence of the CAD in the patients with 
diabetes mellitus was 3.717 times higher. In addition, 
the presence of hypertension and hyperlipidemia had 
a significant effect on the CAD development (p < 0.05). 
The OR values were found to be 0.70 for hypertension 
and 1.75 for hyperlipidemia.

Lower extremity arteries were divided into three 
groups including iliac arteries, femoral arteries, and 
popliteal-tibioperoneal arteries, according to the most 
involved regions.

There was no significant relationship among the 
involvement of the right iliac artery and CAD (p > 0.05). 
However, a significant association among the left iliac 
artery and CAD was observed (p < 0.01). Although there 
was a significant association between the involvement 

Table 1: Baseline clinical characteristic in patients with and without coronary artery disease.

Variable Value Frequencies Percent
Sex Female 92 23.0

Male 308 77.0
Age No 66.18 ± 5.94

Yes 65.21 ± 6.44
Hypertension No 220 55.0

Yes 180 45.0
Diabetes No 144 36.0

Yes 256 64.0
Hyperlipidemia No 312 78.0

Yes 88 22.0
Smoking No 128 32.0

Yes 272 68.0
Coronary artery involvement 
region

SVD (LAD) 116 29.0
SVD (Cx) 52 13.0
SVD (RCA) 20 5.0
Left main disease (LMCA) 72 18.0
DVD (LAD prox/osteal with RCA or Cx involvement 8 2.0
DVD (RCA and Cx) 8 2.0
TVD (Three-vessel disease) 8 2.0
Non-obstructive, including normal coronary 136 34.0

Fontaine Class Class 2 8 2.0
Class 3 384 96.0
Class 4 8 2.0

Puncture region Femoral 280 70.0
Radial 120 30.0

Coronary therapy Medical 136 34.0
PCI 156 39.0
Surgery 108 27.0

SVD: Single Vessel Disease; DVD: Double Vessel disease; TVD: Tripple Vessel Disease
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not significant (p > 0.05), indicating that mid-superficial 
femoral arteries occlusion may be a strong predictor of 
asymptomatic CAD.

Furthermore, there was a significant association 
between the unilateral or bilateral superficial femoral 
artery and CAD (p < 0.05). 23.5% of the patients without 
femoral artery involvement had CAD, while 72.7% of the 
patients with unilateral artery involvement had CAD and 
78.6% of the patients with bilateral artery involvement 
had CAD (Table 2).

without right mid-superficial femoral artery had CAD.

In addition, there was no significant association 
among the left ostial-proximal superficial femoral artery 
and CAD (p > 0.05). However, there was a significant 
association between the left mid-superficial femoral 
artery and CAD (p < 0.05). 91.9% of the patients with 
left mid-superficial femoral artery had CAD, while 71.4% 
of the patients without left mid-superficial femoral 
artery had CAD. The association between both right 
and left distal superficial femoral artery and CAD was 

Table 2: Possibility coronary artery disease and locations of lower extremity PAD lesions.

Variable Level CAD
χ2 PNo Yes Total

Right iliac artery No f 100 204 304 0.69 0.41
% 32.9 67.1 100.0

Yes f 36 60 96
% 37.5 62.5 100.0

Left iliac artery No f 124 204 328 11.76** 0.00
% 37.8 62.2 100.0

Yes f 12 60 72
% 16.7 83.3 100.0

Right femoral artery No f 68 76 144 17.53** 0.00
% 47.2 52.8 100.0

Yes f 68 188 256
% 26.6 73.4 100.0

Left femoral artery No f 88 140 228 4.99* 0.03
% 38.6 61.4 100.0

Yes f 48 124 172
% 27.9 72.1 100.0

Right popliteal-tibioperoneal No f 112 236 348 3.93 0.05
% 32.2 67.8 100.0

Yes f 24 28 52
% 46.2 53.8 100.0

Left popliteal-tibioperoneal No f 116 236 228 1.43 0.23
% 33.0 67.0 100.0

Yes f 20 28 48
% 41.7 58.3 100.0

Right prox. superficial 
femoral

No f 116 232 348 0.53 0.47
% 33.3 66.7 100.0

Yes f 20 32 52
% 38.5 61.5 100.0

Left superficial femoral No f 124 244 368 0.19 0.66
% 33.7 66.3 100.0

Yes f 12 20 32
% 37.5 62.5 100.0

Right mid superficial femoral No f 88 100 188 25.93** 0.00
% 46.8 53.2 100.0

Yes f 48 164 212
% 22.6 77.4 100.0
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by 63.3%, but the involvement of both the mid-left 
superficial femoral artery and mid-right superficial 
femoral artery increased the possibility of left main 
coronary artery disease by 42.1%.

The prediction model using cardiovascular risk 
factors and site of involvement of lower limb vessels 
was shown in Figure 1.

Discussion
Atherosclerosis may simultaneously affect several 

arterial regions, which is a progressive condition [1]. The 
prevalence of atherosclerosis-related PAD increasingly 
increases with age. Khoury, et al. [9] claimed that 
femoral atherosclerosis was a little bit prominent 
predictor of CAD than carotid atherosclerosis. Several 
studies reported that the CAD in patients with PAD 
occurred highly variable, ranging from 46 to 71% [5,6]. 
This irregularity may be due to the variation among 
the definitions of CAD (i.e., ≥ 50% or ≥ 70% luminal 
narrowing) in diagnostic test, and regions of PAD (i.e., 
lower extremity, abdominal aorta, carotid artery, or 
renal artery) [9]. The patients with symptomatic lower 
limb PAD without cardiac symptoms had coronary 
atherosclerosis at 68% rate and 55% of those patients 
had significant ≥ 70% narrowing in coronary artery 

In Table 3, the prediction of presence of CAD with 
involvement of superficial femoral artery among 
diabetics and non-diabetics was shown. The relationship 
among the existence of the diabetes and coronary 
artery involvement in superficial femoral artery disease 
was statistically significant. The diabetic patients with 
superficial artery involvement suffered more from left 
main disease, single coronary disease, double coronary 
disease triple coronary disease than non-diabetic 
patients.

The decision tree made using the Chi-Square 
Automatic Interaction Detection (CHAID) method 
showed relationship between peripheral segmental 
region and CAD. Both right superficial femoral artery 
and left superficial femoral artery involvement increase 
the possibility of CAD by 88%.

CHAID analysis showed coronary involvement region 
and peripheral arterial region. In coronary involvement 
investigation, 29% of the patients had LAD proximal 
lesion, and 18% of the patients had left main coronary 
or equivalent lesion. In coronary involvement, the most 
power predictor was mid superficial femoral artery 
disease. The presence of unaffected mid-left superficial 
femoral artery and mid-right superficial femoral artery 
showed the possibility of normal coronary disease 

Left mid superficial femoral No f 112 144 256 30.13** 0.00
% 43.8 56.2 100.0

Yes f 24 120 144
% 16.7 83.3 100.0

Artery involvement No 

involvement

f 52 16 68 66.98** 0.00
% 76.5 23.5 100.0

Unilateral f 60 160 220
% 27.3 72.7 100.0

Bilateral f 24 88 112
% 21.4 78.6 100.0

Table 3: The prediction of presence of CAD with involvement of SFA among diabetics and non-diabetics.

Diabetes Total
No Yes

Coronary artery involvement Left main disease f 18a 62b 80
% 22.5% 77.5% 100.0%

Single coronary disease f 55a 111b 166
% 33.1% 66.9% 100.0%

Double coronary disease f 0a 16b 16
% 0.0% 100.0% 100.0%

Triple coronary disease f 0a 8b 8
% 0.0% 100.0% 100.0%

Normal or mild coronary disease f 71a 59b 130
% 54.6% 45.4% 100.0%

Total f 144 256 400
% 36.0% 64.0% 100.0%

Chi-Square = 39.973; df = 4; p < 0.001
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Figure 1: The prediction model using CV risk factors risk factors and site of involvement of lower limb vessels.

was the diabetes, whereas Yilmaz, et al. [14] found 
that independent predictors of severe CAD in PAD 
patients were age, metabolic syndrome, and diabetes. 
In our study, diabetes mellitus had a statistically 
important effect on CAD (p < 0.01), and the existence of 
hypertension and hyperlipidemia had a important effect 
on the development of CAD (p < 0.05).

According to TASC II, the location of a PAD lesion 
affects the treatment choice and prognosis in patients 
with lower extremity PAD [4]. In this point, we created 
risk index to CAD by using each segment of the affected 
lower extremity arteries. We found that the prevalence 
of CAD was more in the femoral arteries involvement. 
Among the regions of the femoral arteries, superficial 
femoral arteries were affected more than the others. 
Interestingly, atherosclerosis of the femoropopliteal 
artery is characterized by high incidence of progression 
to occlusion, a propensity for superimposed calcification, 

[10]. Our study findings indicate that the prevalence 
of CAD confirmed by coronary angiography in patients 
with PAD was higher than expected, although most of 
the patients had no cardiac symptoms. In our study, 
66% of the patients without cardiac symptoms had 
concomitant CAD. An increased ratio of CAD possibility 
and early recognition of CAD in PAD may be, therefore, 
critical to improve the prognosis of PAD patients.

The most common risk factors connected with 
occurrence clinically significant PAD in men are 
type 2 diabetes mellitus, smoking, hypertension, 
and hypercholesterolemia [11]. The other aspect 
of management in these patients is related to their 
increased risk of any cardiovascular event [12]. 
Numerous studies have demonstrated which risk 
factor can foresee the concomitance of CAD in PAD 
patients. Cho, et al. [13] claimed that only independent 
predictor of concomitant multi-vessel disease diabetes 
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