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Abstract

Background: Atherosclerosis of the peripheral arteries occurs in 12% of individuals at 65 years of age or older. At least 
28% of these patients suffer from coronary heart diseases and 10% of them are afflicted with cerebrovascular diseases. To 
calculate the agreement between two diagnostic tests for peripheral arterial disease (PAD), namely ankle brachial index 
(ABI) and ultrasound duplex scanning (USD).

Methods: Forty symptomatic PAD patients were enrolled in this study, and their demographic characteristics, risk fac-
tors, and symptoms as well as their ABI and USD measurements were recorded. On the basis of the symptoms and ABI and 
USD findings, the patients were divided into four groups and comparisons were made between them so that the associations 
between the findings could be analyzed.

Results: The study population included 32 (80%) men at a mean age of 62.9+12.8 years (26-90). Smoking (75%) and 
hypertension (100%) were the most common risk factors in the men and women, respectively, followed by diabetes in both 
genders. Whereas the agreement between ABI and USD findings in the men was significant (Kappa=0.28, P=0.02), it was 
not significant (Kappa=-0.91, P=0.68) in the women. Additionally, there was a significant correlation between symptoms and 
ABI findings (Kappa=0.21, P=0.04), while that between symptoms and USD measurements was not significant (Kappa=0.09, 
P=0.3) 

Conclusion: The correlation between ABI findings and symptoms, especially in the men, was better than that between ABI 
findings and USD measurements. ABI could, therefore, be considered an appropriate tool for the initial screening of arterial 
stenosis and lower extremity circulation.
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Introduction 

Atherosclerosis is the most common cause of the chronic 
arterial occlusive diseases of the lower limbs. As a reduced 

blood flow, a spectrum of symptoms occurs that is dependent 
on the severity of stenosis. Thus, symptoms may range from 
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intermittent claudication to pain at rest.1 Epidemiologic 
studies indicate that up to 5% of men and 2.5% of women at 
60 years of age or older suffer from intermittent claudication. 
The prevalence rises by three folds when sensitive tests 
are applied. At least 10% of patients with lower extremity 
arterial diseases have cerebrovascular diseases and 28% have 
coronary diseases. The rate of mortality in patients suffering 
from peripheral arterial diseases (PAD) with claudication 
is to three times higher than that in age and sex-matched 
controls.1-2 Consequently, PAD is a presentation of disseminated 
atherosclerosis and it is a systemic disease that involves heart, 
brain, Kidneys, or intestines.2 The probability of myocardial 
infarction in these patients is increased by two to three 
folds.1-3

PAD is diagnosed based on 3 criteria: 1- history of 
intermittent claudication or pain at rest, 2- circulatory 
impairment on physical examination, and 3- ankle brachial 
index (ABI) < 0.9. PAD diagnosis cannot be ruled out based 
on the absence of one of these criteria.3 It is noteworthy 
that intermittent claudication is seen only in 30% of PAD 
patients. PAD can be diagnosed via invasive and noninvasive 
tests; the latter include ABI and ultrasound duplex scanning 
(USD), two sensitive and specific tests reliably employed for 
the confirmation and follow-up of PAD progression.2-3

ABI with 95% sensitivity and 99% specificity is considered 
a good screening test for PAD2 that it is known as a predictor 
of all-cause mortality.1 ABI, however, is not diagnostic in 
patients with arterial wall calcification, which is normally the 
case with diabetes, old age, and renal failure. Furthermore, 
ABI sometimes fails to detect aortic lesions and iliac stenosis. 
In these conditions, other noninvasive tests such as USD 
should be used. 

USD shows the severity of stenosis and anatomy of arteries 
better than ABI does. USD is also utilized for the follow-up of 
patients after angioplasty or bypass surgery.1-2 Angiography, 
a gold standard for the diagnosis of PAD, is preformed only 
in severe diseases that need invasive treatments in order 
to illustrate lesion characteristics and arterial anatomy.4 
Although peripheral arterial angiography is a safe method, 
it has some complications such as pseudoaneurysm, 
arteriovenous (AV) fistula, hematoma, acute contrast renal 
failure, and atheroemboli or microemboli, which limit its 
indications. 

This study was carried out to compare the results of ABI and 
USD with clinical symptoms of PAD so that the agreement 
between these results could be calculated.  

Methods

Forty consecutive patients with clinically confirmed 
symptoms of PAD were referred by cardiologists to the USD 
ward and enrolled in the study. 

Before UDS, the patients’ demographic characteristics, 

PAD risk factors [i.e. diabetes mellitus, hypertension, 
dyslipidemia, smoking, and obesity (BMI>30)], and 
symptoms were collected via questionnaires and face-to-face 
interviews. ABI and USD measurements were taken by a 
trained general physician and a radiologist, respectively. 

The blood pressures of all four limbs at the brachial 
artery and posterior tibialis or dorsalis peddis arteries were 
measured with continuous wave Doppler with a hand-held 
sensor (Smartart model 450 Htz) and a pneumatic cuff, 
employing a standardized method. 

The highest pressure was recorded. ABI was calculated 
by dividing the greatest systolic blood pressure of the lower 
limb arteries (posterior tibialis or dorsalis peddis arteries) by 
the greatest systolic blood pressure of the brachial arteries 
of the hands. ABI was calculated for each side of the body, 
using a lower index.

All the participants underwent USD [Mitsubishi Doppler 
Sonography (CP 700)] for an evaluation of the extent of 
stenosis. The peaks of systolic velocities were compared in 
all the segments of the arteries from the abdominal aorta to 
the distal of the popliteal artery in both sides of the body. 

The severity of stenosis was estimated based on the 
following criteria: 

1- Triphasic wave containing 0-49% stenosis,
2- (50-74%) Stenosis: A twofold increase in peak systolic 

velocity from one segment to another, 
3- Critical stenosis (75-99%): A minimum of threefold 

increase in peak systolic velocity from one segment to the 
next, and

4- 100% Stenosis (occlusion): No flow detection. 
Color Doppler scanning was used as a rough index of the 

severity of stenosis, employing the following criteria:
1- Normal: Triphasic response, 
2- Stenosis above >50%: Post-stenotic turbulence and 

presence of a bruit at the site of the narrowing, and
3- Total occlusion: A complete absence of color and evidence 

of collateral arteries proximal to the site of obstruction.  
Color Doppler scanning was utilized for the evaluation 

of the entire arteries of the lower limbs. A spectral analysis 
through quantifying the peak systolic velocity of stenosis 
was thereafter applied to estimate the severity of stenosis.5-6 

The participants were divided into four groups based on 
their symptoms, ABI findings, and USD measurements. 

Based on their symptoms, the patients were grouped into 
4 stages: 

Stage I: No symptom 
Stage II: Intermittent claudication
Stage III: Pain at rest 
Stage IV: Necrosis or gangrene 
According to the ABI findings, the patients were classified 

into 4 stages: 
Stage I- ABI: (0.85-1) 
Stage II- ABI: (0.4-0.84) 
Stage III- ABI: (0.2- 0.39)
Stage IV- ABI: (<0.2) 
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On the basis of the USD measurements, the patients were 
categorized into 4 stages: 

Stage I: 0-49% stenosis 
Stage II: 50-74% stenosis 
Stage III: 75-99% stenosis
Stage IV: 100% stenosis  
The patients’ demographic data, ABI findings, USD 

measurements, and symptoms were analyzed with SPSS 
Software version 11.5, employing chi-square tests and 
regression models. To compare the tests and evaluate their 
agreements, the kappa index was used. Kappa<0.4, 0.4-
0.75, and >0.75 was considered poor, moderate to strong, 
and strong agreement, respectively. P<0.05 was considered 
significant.

Results 

Of the 40 PAD patients with clinical symptoms enrolled in 
this study, 80% were men at a mean age of 62.9+12.8 (26-
90) years. The average age of the women was 67+11 (59-79) 
years. The total prevalence of risk factors was as follows: 
smoking 60%, diabetes 52.5%, hypertension 40%, history of 
ischemic heart disease 37.5%, dyslipidemia 27%, and family 
history15%. 

The most prevalent risk factors among the men and women 
were smoking (75%) and hypertension (100%), respectively. 
Hypertension, diabetes, and dyslipidemia were significantly 
more prevalent among the women (P<0.05).

Symptoms and risk factors of patients were evaluated. 
A considerable number of the hypertensives, smokers, and 
diabetics were at stage II of symptoms (37.9%, 58.3%, and 
47.6%, respectively). 

Table 1 illustrates the severity of PAD according to 
symptoms, ABI findings, and USD measurements in the 
men and women. ABI findings, and USD measurements 
was analyzed based on sex. Fifty percent of the men were 
at stage II of symptoms, 43.8% at stage III of ABI findings, 
and 62.5% at stage III of USD measurements. 50% of the 
women were at stage III of symptoms, 50% at stage III of 
ABI findings, and 50% at stage II of USD measurements. 
In comparison with the men, the women had more severe 
symptoms, lower ABI, and less stenosis in USD. 

Agreement of ABI, USD, and symptoms in the PAD patients 
was evaluated. Table 2 shows agreement between clinical 
stage and Ankle Brachial Index (KAPPA=0.214 P=0.02). 
The overall agreement between USD and ABI in both sexes 
was poor. Kappa was 0.28 (P=0.02) and 0.09 (P=0.63) for 
the men and women, respectively. Table 3 shows agreement 
between ultrasound duplex scanning (USD stages) and Ankle 
Brachial Index (ABI stages) (KAPPA=0.19  P=0.09). Also, 
the agreement between USD and clinical stages was not 
significant (Kappa=0.09, P=0.3).

The relationship between ABI findings and USD 

measurements was tested by using linear regression models. 
The following model showed that USD can be estimated by 
the following formula: 

Stenosis via USD(%)=93.43-(21.83×ABI)
[P-value: (constant)=0.00, (ABI)=0.024]
 The mean of stenosis in stages II, III, and IV of ABI was 

79%, 82%, and 95%, respectively (estimated by the USD 
findings)(P=0.036), and 79%, 87%, and 86% in stages II, III, 
and IV of clinical symptoms, respectively (P=0.004).

Table 1.  PAD severity based on ABI, UDS and symptoms findings according 
to sex of patients*

PAD severity Male Female Total

Clinic stages

I - - -

II 16(50) 3(37.5) 19(47.5)

III 5(15.6) 4(50) 9(22.5)

IV 11(24.4) 1(12.5) 12(30)

ABI stages

I - - -

II 13(40.6) 2(25) 15(37.5)

III 14(43.8) 4(50) 18(45)

IV 5(15.6) 2(25) 7(17.5)

Doppler stages

I - - -

II (21.9) 4(50) 11(27.5)

III 20(62.5) 2(25) 22(55)

IV 5(15.6) 2(25) 7(17.5)
*Number in Parenthesis Show the related percentages
PAD, peripheral arterial disease; ABI, Ankle Brachial Index; UDS, 
Ultrasound duplex scanning               

Table 2. Agreement between clinical stages and Ankle Brachial Index(ABI)
Clinical stages

%Agreement of tests
IVIIIII
13
11
43

47
61
57

40
28
0

II
III
IV

ABI stages

Kappa, 0.214; P value, 0.02

Table 3. Agreement between ultrasound duplex scanning (UDS stages) and 
Ankle Brachial Index (ABI stages)

Agreement of test USD stages %
II III IV

ABI stages
II 80 20 0
III 38 17 45
IV 0 43 57

Kappa, 0.19; P value, 0.09

Discussion

Earlier studies have shown that the prevalence of PAD 

Agreement between ABI (Ankle Brachial Index)…



The Journal of Tehran University Heart Center 

38

increases by age. For example, the prevalence of PAD 
among individuals aging 70-75 years is twice greater than 
that among those at the age range of 50-55 years. PAD is 
observed in 9% of people at 50-55 years of age and in 57% 
of those aging 85-89 years.3 This study showed that 50% of 
the symptomatic PAD patients were 65 years and older, while 
25% of them were older than 75 at a mean age of 63.7+12 
(26-90). It should be noted that the mean age in an Indian 
study was 59+10.4 Valentine and co-workers demonstrated 
that PAD in smokers was 11.2 times more prevalent than 
that among non-smokers. The current study revealed that 
smoking was the most common risk factor.7

15% of our patients had premature PAD (i.e. the onset of 
disease occurs before 45 years of age). The most prevalent 
risk factors among those with premature PAD were 
smoking, diabetes, and hyperlipidemia. None of whom had 
hypertension, but smoking was more prevalent in the patients 
with premature PAD than the ones above 45 years of age 
(P<0.05).

 Hypertension, as an independent risk factor for PAD,8 
was observed in 100% of the women and 25% of the men 
(P=0.00). PAD in hypertensive patients must be considered 
as end organ damage, and blood pressure must be controlled 
in these patients aggressively.9 Hypertension was the third 
most common risk factor in the present study. 

Diabetes, which correlates with PAD in various studies,1-3 
was the second most common risk factor in the current study.  
None of the patients had ABI >0.9 (normal range), and all of 
them had M≥50% stenosis based on USD measurements. 

In the present study, the sensitivity of ABI for the diagnosis 
of PAD according to USD was calculated to be 100%. In 
other studies, the sensitivity and specificity of ABI according 
to USD was estimated to be 70.6% and 88.5%, respectively,4 
and the overall agreement between ABI and USD was poor 
(Kappa=0.28), (Kappa=0.2).4 USD with 96.9% sensitivity 
and 96.2% specificity can be used for the confirmation of the 
diagnosis of PAD via ABI or clinical symptoms. It could also 
be used to determine the severity and location of stenosis and 
the anatomy of arteries.1

In one study, only 30% of the patients with ABI <0.9 had 
intermittent claudication;8 and the relationship between 
intermittent claudication and ABI was elsewhere reported 
to be poor Kappa=0.21 (P=0.003).3 In the present study, the 
mean severity of stenosis in the various stages of symptoms 
was not significantly different; the severity of symptoms 
was, therefore, not correlated with the severity of stenosis. 
However, all of these patients had stenosis above 50%. Since 
intermittent claudication symptoms are also observed in the 
spinal cord stenosis, degenerative diseases, and peripheral 
neuropathy, ABI measurements are recommended for the 
confirmation of PAD and USD for the detection of the severity 
of lesions.4 ABI and the peak velocity of walking and walking 
endurance have a significant relationship.8 In this study, 
ABI and severity of symptoms had a direct association, but 
this relationship was not observed between the severity of 
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stenosis based on USD and clinical symptoms. ABI findings 
can reveal, in addition, the function of lower limbs.

Conclusion

The correlation between ABI findings and symptoms, 
especially in the men, was better than that between ABI 
findings and USD measurements. ABI is an appropriate 
tool for the initial screening of arterial stenosis and lower 
extremity circulation. 
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