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Abstract
Introduction: Peripheral arterial disease in coronary artery disease (CAD) is associated with poor cardiovascular outcomes. This 
issue is more highlighted in patients undergoing coronary artery bypass graft surgery after catheterization procedures.
Methods:  This study was observational on participants who recourse to the heart clinics and candidates for coronary angiography, 
based on inclusion and exclusion criteria. In the first, coronary angiography was performed, and so, if the patients had significant 
involvement of coronary arteries and had at least one inclusion criteria, for assessment of peripheral arterial disease (PAD), peripheral 
angiography through the femoral artery was performed. The statistical analysis was done by SPSS software (Version 16) and the 
data were analyzed using the descriptive statistics method, variance analysis, and Fisher's Exact Test. The level of significance was 
considered to be (0.05).
Results: Among all patients, there was no significant difference in the demographic variables such as gender (P= 0.497) and age 
(P= 0.069). The commonest peripheral artery involved in patients was the right femoral artery. A statistically significant relationship 
between gender and PAD was seen (P=0.001). There was no significant relationship between the type of involved coronary artery 
and gender (p=0.043; Fisher's Exact Test = 10.719).
Conclusion: More than one-third of participants with CAD had peripheral arterial involvement in iliofemoral arteries in this study. 
This situation increased the risk of complications in vascular blind catheterization. So, Improving PAD detection is crucial for more 
effective cardiovascular prevention and treatment.
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Introduction
 Owing to the increase in life expectancy and 
improvements in the treatment of illnesses, chronic 
diseases are increasing (1). Cardiovascular Diseases 
CVDs are the cause of concern because they are the 
most common chronic diseases of the 21st century 
and are the leading cause of disabilities and deaths 
worldwide (2). It is estimated that by 2020, ischemic 
heart disease (IHD) will be the most frequent cause 
of death. Until 2008, CVD was considered the first 
cause of mortality in Iran in people older than 35 
years. Based on these data, it is evident that CVD 
is the most dangerous and fatal disease, with 
coronary artery disease CAD accounting for a large 
percentage of CVDs (3). In terms of pathology, the 
most common cause of CVD is atherosclerosis. 
This pathological process begins many years before 
clinical symptoms and evolves progressively. This 
process will not manifest symptoms as long as 
it does not involve more than 60% of the vessel 
diameter. Atherosclerosis also causes peripheral 
arterial disease PAD in the extremities, a CVD with 
a high prevalence, particularly in its asymptomatic 
form (4,5).  Although PAD has attracted little 
attention, patients with PAD have high morbidity 
and mortality rates.The population prevalence of 
PAD, the atherosclerotic occlusive disease of arteries 
distal to the aortic bifurcation, ranges from 6.9% to 
21.4%, depending on PAD definition, sex, and age 
range in Western countries. The natural history of 
patients with PAD is also affected by the coexistence 
of CAD and cerebrovascular disease (6-8).
 The identification of sensitive markers for CAD 
diagnosis is the greatest goal of any cardiologist, 
and the potential of  PAD as a sensitive marker of 
CAD and cerebrovascular disease (9). There is Also 
the crucial link between CAD and PAD with the 
patient's outcomes after cardiac surgeries, especially 
in coronary artery bypass graft surgeries (1). the 
purpose of this study was to determine the existence 
of PAD in patients with high cardiovascular risk 
factors based on angiographic findings.

Materials and Methods
 The present study was a cross-sectional study that 

started in March 2014 and was completed in December 
2018. The study sample included all the patients who 
visited the heart clinics of Imam Reza and Ghaem 
hospitals in Mashhad, Iran. All the patients were 
considered candidates for coronary angiography 
based on electrocardiographic characteristics and 
the results of the exercise tolerance test, perfusion 
scan, and other non-invasive cardiac tests.
 The patients underwent angiography at the 
angiography centers of Imam Reza and Ghaem 
hospitals. The inclusion criteria in this study were: 
patients with CAD showing PAD symptoms, the 
coexistence of CAD and PAD, patients with CAD, 
and the presence of tortuosity of the femoral, iliac, 
and aorta on angiography.
 The patients included in the study underwent 
laboratory tests for levels of low-density lipoprotein, 
high-density lipoprotein, total cholesterol, 
triglyceride, blood urea nitrogen, and creatinine. The 
presence of other comorbidities such as hypertension, 
diabetes mellitus, dyslipidemia, and tortuosity of the 
femoral, iliac, and aorta was recorded. 
  The history of smoking was also recorded. Physical 
examination included evaluating peripheral pulses, 
poikilothermic extremities, and hair loss on the 
extremities, shiny and tight skin, and capillary 
filling. Additionally, intermittent claudication, 
erectile dysfunction, and sores on the feet or legs 
were considered positive PAD indicators.
  All the participants were enrolled in the study after 
considering the inclusion and exclusion criteria 
and obtaining the patients' consent (after getting 
approval from the university's ethics committee). 
The required study sample size was estimated to 
be 114 based on the hypothesis of a similar study. 
(Mean deviation S = 1.46 and d = 0.05) (10).
  First, coronary angiography was performed. If the 
patients displayed a significant involvement of the 
coronary arteries (more than 50% of the coronary 
artery lumen) and met at least one inclusion criterion, 
pigtail catheter insertion was requested before the 
completion of angiography. Then, the catheter 
was inserted into the iliac artery and placed in the 
aortic bifurcation through the femoral artery sheath. 
Afterward, 25 ml of radiopaque dye was injected 
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in straight view, and fluoroscopic image recording 
of the knee was performed. After the procedure, 
the patients were transferred to the recovery unit.         
Participants without complications were transferred 
to the post-angiography unit.
 The exclusion criteria were: hemodynamic 
disturbances during angiography, existing 
coagulation disorders, need for cardiopulmonary 
resuscitation (CPR), and the absence of significant 
coronary artery involvement based on angiography 
findings. Patients who had peripheral vascular 
embolization and those who had had endovascular 
surgery and peripheral vascular bypass graft were 
also excluded.
  A No. 16 catheter (Haryana, India) was used to 
access the femoral artery for cauterization. 
 The cutter used was the same in all the patients; 
the Judkins right, left, and pigtail guiding catheter 
series were used at 3.5, 4, 5, and 6 mm curvatures. 
Guidewires 0.035 and 0.038 cm in diameter were 
also used. The demographic variables were age and 
sex. The statistical analysis was performed using 
the Statistical Package for the Social Sciences SPSS 
software (Version 16). The data were analyzed using 
the descriptive statistics method, variance analysis, 
and Fisher's exact test. The significance level was 
considered to be (0.05).
 The aim of the study was explained to the patients, 
and their written informed consent was obtained 
following the Declaration of Helsinki. Furthermore, 
the patients were informed that they could withdraw 
from the study at any time.
  This study was approved by the ethics committee 
of Mashhad University of Medical Sciences in 
March 2014 (No: 910893) and complied with the 
Declaration of Helsinki. Informed consent was 
obtained from all the subjects.

Results
  The number of participants in this study was 114. 
Of these patients, 59 (52%) were male, and 55 (48%) 
were female. Their mean age was 61.76 ± 8.20 years. 
Among the patients, no significant differences in 
demographic variables such as sex (P = 0.497) and 
age (P = 0.069) were found.

 In the evaluation of the most common risk 
factors of CAD, diabetes mellitus was the most 
prevalent (56.1%), followed by smoking (44.7%), 
hypertension (32.5%), and dyslipidemia (18.4%).
 (Table 1) shows a significant relationship between 
risk factors (diabetes mellitus, smoking, and 
dyslipidemia) and sex. In the investigation of PAD, 
right iliac artery involvement was observed in 5 
patients, and seven patients had left iliac artery 
involvement.
 The results showed that the right femoral artery 
was the most involved. other  findings of peripheral 
arterial involvement are shown in (Table 2).
  Among the participants with PAD (stenosis of 50%), 
14 were male, and nine were female. A statistically 
significant relationship was found between sex and 
PAD (P = 0.001). No significant relationship was 
found between the type of involved coronary artery 
and sex (P = 0.043; Fisher exact test, P = 10.719). 
 The findings showed that 67 patients had single-
vessel disease: left main coronary artery involvement 
in 3 patients, left anterior descending artery 
involvement in 29 patients, left circumflex coronary 
artery involvement in 16 patients, and right coronary 
artery involvement in 19 patients. 
 Among the participants, 23 had the two-vessel 
disease, 17 had the three-vessel disease, and 7 had 
the four-vessel disease. No significant relationship 
was found between the number of involved coronary 
arteries and sex and age (P = 0.343; Fisher’s exact test, 
P = 3.409, p = 0.091, and  P = 2.110, respectively).
 The investigation of PAD and CAD risk factors 
revealed that the incidence of PAD had no significant 
relationship with smoking (P = 0.765; Fisher’s exact 
test, P = 4.402), hypertension (P = 0.283; Fisher’s 
exact test, p = 4.410), dyslipidemia (P = 0.174; 
Fisher’s exact test, p = 8.212), tortuosity of the 
aorta (P = 0.692; Fisher’s exact test, P = 5.099), and 
clinical symptoms (p = 0.216; Fisher’s exact test, P 
= 8.212).
 No significant relationship was found between 
diabetes mellitus (P = 0.034; Fisher’s exact test, P = 
11.236) and PAD. Moreover, among the participants, 
no significant relationship was found between CAD 
and PAD (P = 0.079).
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Table 2. Involved peripheral arteries in angiographic findings.

Table 1. Distribution of the coronary artery risk factors among patients based on gender. (*=Significancec)

Risk factors/ Gender Male Female Total Statistical Test

Diabetes
Yes 21 (35.6%) 43 (78.2%) 64 (56.1%)

P<0.001*No 38 (64.4%) 12 (21.8%) 50 (43.9%)
Total 59 (100%) 55 (100%) 114 (100%)

Hypertension
Yes 17 (28.8%) 20 (36.4%) 37 (32.5%)

P= 0.390No 42 (71.2%) 35 (63.6%) 77 (67.5%)
Total 59 (100%) 55 (100%) 114 (100%)

Smoking
Yes 37 (62.7%) 14 (25.5%) 51 (44.7%)

P<0.001*No 14 (37.3%) 41 (74.5%) 63 (55.3%)
Total 59 (100%) 55 (100%) 114 (100%)

Dyslipidemia
Yes 4 (6.8%) 17 (30.9%) 21 (18.4%)

P= 0.001*No 55 (93.2%) 38 (69.1%) 93 (81.6%)
Total 59 (100%) 55 (100%) 114 (100%)

 Tortuosity of the
 femoral, iliac and

Aorta

Yes 10 (16.9%) 6 (10.9%) 16 (14.0%)
P= 0.354No 49 (83.1%) 49 (89.1%) 98 (86.0%)

Total 59 (100%) 55 (100%) 114 (100%)

 Positive clinical
symptoms

Yes 3 (5.1%) 3 (5.5%) 6 (5.3%)
P= 0.999No 56 (94.5%) 52 (94.5%) 108 (94.7%)

Total 59 (100%) 55 (100%) 114 (100%)

Involved peripheral artery of stenosis % )%( Number of patients

Right iliac artery ≥50% 3 (2.63%)
Right iliac artery <50% 2 (1.75%)

Left iliac artery ≥50% 3 (2.63%)

Left iliac artery <50% 4 (3.51%)
common iliac artery <50% 4 (3.51%)

Right femoral artery ≥50% 6 (5.26%)

Left femoral artery ≥50% 3 (2.63%)

Left femoral artery <50% 2 (1.75%)
Bilateral femoral artery <50% 2 (1.75%)

Bilateral iliac& femoral arteries ≥50% 4 (3.51%)
Bilateral iliac& femoral arteries <50% 3 (2.63%)

Iliac& right femoral arteries ≥50% 2 (1.75%)
Iliac& left femoral arteries ≥50% 2 (1.75%)

Normal findings 74 (64.91%)
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Discussion
 This study aimed to determine the correlation 
between CAD and PAD as comorbidities in patients 
with high risk for cardiovascular diseases based on 
angiography findings. The most important finding 
of this study was that the right femoral artery was 
the most involved vessel. This result has not been 
reported previously ( 4, 10-14).
 Nevertheless, this finding explains why the right 
femoral artery is the most common artery for 
angiographic examinations. Our study shows that 
the right femoral artery was more stenotic than the 
other arteries.
 No significant relationship was found between 
CAD and PAD in our study. This finding contradicts 
the findings of some other studies (7, 10, 13, 15). 
A necessary explanation for this discrepancy may 
be due to different population distributions in our 
findings rather than in other studies.
 Our results showed significant correlations of 
cardiovascular risk factors such as smoking, 
dyslipidemia and diabetes with sex. This 
finding is similar to a study by Rafie et al. that 
showed a significant relationship between sex 
and cardiovascular risk factors (11). In other 
investigations, there was no significant relationship 
between sex and cardiovascular risk factors. 
(12,13,16).
  The difference in observations could be the 
sampling of patients; the other studies had a 
sampling pattern such as random sampling, but in 
our study, samples were selected based on the study 
objective. In addition, the significant sex-related 
differences observed in this study may be related to 
the selection bias.
 The sex-related differences among the participants 
with PAD were significant. Other studies 14, 16 
showed the same results as our investigation. 
Meanwhile, the relationship between sex and CAD 
was not significant in this study. Other studies 
showed similar findings (12-14).
 No significant relationship was found between the 
type of coronary artery involved and sex. Heravi 
et al. showed different results (16).  In their paper, 
the authors mention that the type of coronary artery 

involved has a statistically significant correlation 
with sex. By contrast, in our study, we found that 
the numbers of involved coronary arteries had no 
significant relationship with sex and age, consistent 
with the results of other studies (13, 16). 
 In our study, only diabetes mellitus significantly 
correlated with PAD. Vakili et al. showed a 
significant correlation between diabetes mellitus and 
hypertension (10). In another study, diabetes mellitus 
and hyperlipidemia had significant relationships 
with PAD (14).
 The differences in the results of these studies 
may be due to the differences in race and other 
characteristics of the study population. A unique 
feature of the present study was angiography to 
determine the involvement and severity of PAD in the 
participants. Other studies used the ankle-brachial 
index or ultrasonography to assess patients with 
PAD. The advantage of the tools used in our study 
was the precise determination of the involvement of 
peripheral arteries. (12-15, 17, 18).
 This study had some limitations, such as potential 
selection bias, and clinical nature, with a relatively 
high prevalence of different PAD findings in the 
study population. Other studies suggest that in 
patients with risk factors of multiple coronary 
diseases or diagnosed as having CVD, a peripheral 
injection with a radiopaque medium is needed before 
coronary angiography. Owing to the prevalence and 
effect of PAD on the prognosis of patients with 
CAD, the treatment of PAD is highly recommended. 
Also, based on this crucial link between CAD and 
PAD, PAD detection in catheterization procedures 
has an influential role in cardiac surgery plans and is 
even more effective in inpatient management.

Conclusion
  In our study, 20.17% of the patients had significant 
involvement in the femoral and iliac arteries, 
and sex and diabetes mellitus showed significant 
relationships with PAD development. In addition, 
more than one-third of the participants with CAD 
had peripheral involvement of the iliofemoral 
arteries in significant and non-significant forms. This 
increased the risk of complications in vascular blind 

 [
 D

O
I:

 1
0.

34
78

5/
su

rg
er

y0
9.

20
22

.0
04

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

ur
ge

ry
.b

um
s.

ac
.ir

 o
n 

20
26

-0
2-

03
 ]

 

                               5 / 7

http://dx.doi.org/10.34785/surgery09.2022.004
https://jsurgery.bums.ac.ir/article-1-313-en.html


catheterization. Thus, improving PAD detection is 
crucial for more effective prevention and treatment 
of cardiovascular events, especially in patients with 
the probability of cardiac surgery procedures. 
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