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Background: Peripheral Arterial Disease (PAD) 
remains the least recognized form of atherosclerosis. 
The Ankle-Brachial Index (ABI) has emerged as one 
of the potent markers of diffuse atherosclerosis, 
cardiovascular (CV) risk, and overall survival in 
general public, especially in diabetics. The important 
reason for the lack of early diagnosis is the non-
availability of a test that is easy to perform and less 
expensive, with no training required. Objectives: To 
evaluate the osillometric method of performing ABI 
with regard to its usefulness in detecting PAD cases 
and to correlate the signs and symptoms with ABI. 
Materials and Methods: Two hundred diabetics of 
varying duration attending the clinic for a period of 
eight months, from August 2006 to April 2007, were 
evaluated for signs, symptoms, and risk factors. ABI 
was performed using the oscillometric method. The 
positives were confirmed by Doppler evaluation. An 
equal number of age- and sex-matched controls, 
which were ABI negative, were also assessed by 
Doppler. Sensitivity and Specificity were determined. 
Results: There were 120 males and 80 females. 
Twelve males (10%) and six females (7.5%) were 
ABI positive. On Doppler, eleven males (91.5%) 
and three females (50%) were true positives. There 
were six false negatives from the controls (three 
each). The Sensitivity was 70% and Specificity was 
75%. Symptoms and signs correlated well with ABI 
positives. Hypertension was the most important risk 
factor. Conclusions: In spite of the limitations, the 
oscillometric method of performing ABI is a simple 
procedure, easy to perform, does not require training 
and can be performed as an outpatient procedure not 
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Introduction

Peripheral Arterial Disease (PAD) is the involvement of 
arteries of the lower limbs due to atherosclerosis; the 
detection and appropriate measurement of which is of 
great importance not only in terms of the disease, but 
also for the strong predictive power it has for subsequent 
CV mortality.[1] The mortality due to coronary artery 
disease (CAD) is two to three times greater in the general 
population when it is associated with PAD. This holds 
true even after revascularization.[3] Patients with PAD are 
at triple the risk of All Cause Mortality (ACM) and at 
six times the risk of death from Coronary Heart Disease 
(CHD) as those without the disease.[28,5] PAD is prevalent 
in 20% of the medical population, but diagnosed in < 50% 
of the patients with the disease.[10] Even in asymptomatic 
patients, PAD is a marker of systemic vascular disease 
involving coronary, cerebral, and renal vessels.[12]

Although much is known about PAD in the general 
population, the assessment and management of it 
in diabetes is less clear. It is often more subtle in its 
presentation with diabetes than without. A classic 
history of claudication is less common due to peripheral 
neuropathy.[12] It tends to involve multiple sites of distal 
vessels of the leg rather than those in the proximal 
arteries.[2] As the symptoms reduce, the patients do 
not present for medical evaluation until they have 
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developed medical complications.[2] Eight percent (8%) of 
the diabetics would have PAD at the time of diagnosis 
of diabetes, which increases to 45% by 20 years of the 
duration of the disease.[1]

Despite the importance of the early detection of the 
atherosclerotic disease, the diagnosis of PAD is often 
overlooked during routine physical examination. PAD 
history is elicited in only 37% of the cases, peripheral 
pulses are palpated in < 60% of the cases, and ABI is 
performed in < 8% of the cases.[28] To the primary care 
physician, the medical history and physical examination 
are the major tools for suspecting and establishing the 
diagnosis of PAD, but both lack the sensitivity.[19,22]

The ABI helps to define the severity of the disease 
and a successful screening of the hemodynamically 
significant disease.[5] The lower the ABI, the greater 
is the incidence of CV risk factors and clinical CV  
disease.[4,26] An abnormal ABI in an asymptomatic patient 
helps in detecting the reservoir of asymptomatic diseases 
among older people.[3] In spite of all these, PAD remains 
the least recognized and treated entity by primary 
care physicians and CV physicians. The office-based 
assessment of PAD is limited by the need of specialized 
equipment (handheld Doppler), its cost (rupees 15 – 20 
thousand), the time required for performing the test (at 
least 20 minutes), and the skill of the performer.[1,10]

A test that is automated, easy to perform, and less reliant 
on specialized skills, may facilitate the performing of ABI 
in more number of people in less time, thus increasing 
the diagnosis of PAD in a susceptible population.[10] 

The present study utilizes an automated digital BP 
apparatus to measure the ABI in diabetics and attempts 
to answer the usefulness of this method in detecting 
an additional number of PAD cases. It also tries to 
emphasize the importance a clinical examination as 
well as the assessment of risk factors in the diagnosis 
of PAD in diabetes.

Materials and Methods

The enrollment for this study began in August 2006. 
Patients with diabetes attending the clinic and having 
the disease for five years or more, irrespective of their 
symptoms, were included. A few patients, having 
diabetes for less than five years were also included, to 
know whether PAD was prevalent in the early years 
itself. Those who were critically ill or who had severe 
limb ischemia were not included. Enrollment was 
stopped in April 2007 when 200 diabetics were included. 

Informed consent was taken from each patient. Ethical 
clearance was also obtained from the ethical committee 
of the trust that sponsored this study. A proforma that 
was prepared for this study was used to maintain 
uniformity. A detailed history of diabetes, hypertension, 
smoking, dyslipedemia, ischemic heart disease, and 
claudication or rest pain in the lower limbs, was taken 
and recorded. Detailed systemic examination along with 
palpation for diminution or absence of dorsalis pedis and 
posterior tibial pulses in both the limbs was performed. 
Hypertension was considered according to the JNC VII 
criteria from stage-1 onward. EKG was completed for 
every patient. Systolic blood pressure was recorded in 
the supine position starting with the right arm, the right 
leg, the left leg, and the left arm by using an OMRAN 
Digital Automatic Blood Pressure Monitor (Model 
SEM-1, HEM-7051-C 12). Blood pressure was repeated 
in the limbs, whenever there was an error recorded on 
the apparatus. The ABI was calculated by dividing the 
ankle systolic blood pressure by the brachial systolic 
blood pressure of the respective sides.

Whenever the ABI was below 0.9, it was considered as 
a positive test according to the established criteria and 
such patients were subjected to color Doppler evaluation 
of both the lower limbs. Those patients who had positive 
ABI that was confirmed by Doppler were taken as true 
positives, and those who had a positive test and negative 
Doppler were taken as false positive. An equal number of 
age- and sex-matched patients from the enrolled patients, 
who showed a negative test, were subjected to Doppler 
evaluation; those who showed obstruction were taken 
as false negatives and those who did not were taken 
as true negatives. A lipid profile was performed for all 
patients who were ABI positive as well as the controls at 
a standard laboratory (NABL recognized). The TC/HDL 
ratio of > 4 was taken as the standard for considering 
hyperlipidemia. All the findings were computerized and 
analyzed. Statistical analyses were performed by using 
the t-test, x2 test, and proportionate tests. Sensitivity and 
Specificity of the ABI were calculated by this method.

Results

There were 120 males (60.0%) and 80 females (40.0%) with 
a mean age of 60.1 ± 9.5 and 61.5 ± 11 years, respectively 
[Table 1]. Analysis of the data revealed that 84.0% of the 
males and 81.2% of the females had diabetes from six 
to 20 years. Hypertension was the most common risk 
factor in both sexes, and smoking was confined to males 
and was also not high. Ischemic heart disease (IHD) 
was present in a quarter of the patients. Symptoms 
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suggestive of PAD were present in < 25% and signs 
of vascular obstruction in the form of weak or absent 
peripheral pulses were seen in only 33% of the males 
and 42% of the females, respectively. The ABI test was 
positive in 12 males (10%) and six females (7.5%) [Table 
2]. Eleven males (91.6%) had a true positive test, whereas, 
it was three (50.0%) in females. A true negative test was 
also higher in males when compared to females (nine 
vs. three). Duration of diabetes, hypertension, IHD, 
and signs and symptoms of PAD were all significantly 
higher among males who had true positive tests when 
compared to those who had a true negative test. This 
was also the case in females, except that IHD was seen in 
higher proportions among true negatives. Dyslipedemia 
was not seen in females who showed a positive ABI 
as well as in ABI negative controls [Table 3]. The ABI 
calculated by this method had a Sensitivity of 70.0% and 
a Specificity of 75.0%. A qualified statistician analyzed 
all the figures.

Discussion

The present study had two main objectives. The first one 
was to know whether the oscillometric method used for 
the evaluation of ABI in this study was good enough 
to be used in general practice by clinicians, to detect 
a larger number of PAD cases. The second one was to 
correlate the signs and symptoms with PAD after ABI. 
The ancillary objective was to look at the importance of 
the risk factors.

Among the number of tests that are available to detect 
PAD, Ankle Brachial Pressure Index (ABI) is the method 
of choice that can be used in Outpatient situations. 
ABI measured using a handheld Doppler of 5 – 10 
MHZ and the routine BP apparatus cuff — where both 
brachial systolic pressure and ankle systolic pressure are 
measured for dorsalis pedis and posterior tibial arteries 
of each lower limb — is considered as the gold standard 
measurement. It has a sensitivity of 89%, specificity 
of 99%, PPV of 90%, and NPV of 99%, with an overall 
accuracy of 98%. ABI of < 0.9 showing possibility of 
PAD, < 0.8- being highly likely, 0.5 – 0.8- depicting single 
segment occlusion, and < 0.5 suggestive of multi-segment 
disease [1,20,23,29]

In spite of such a good test available, few general 
physicians measure the ABI in their daily practice, for 
several reasons. The device may not be available to them, 
as it is expensive. Yet even if the device is available, few 
of them use it, as it takes a lot of their time to perform 
the test and training is required for the person who 
uses the device.[10,9] Hence, a test that is automated, 
easy to perform, takes less time, and is less reliant 
on the specialized skills may facilitate measurement 
of ABI more frequently. Oscillometric (automated) 
determination of blood pressure is approved and is 
commonly available, reliable, and simple to use, This 
method has a sensitivity of 88%, specificity of 85%, PPV 
of 65%, and NPV of 96% (LLL) and 75, 95, 85, and 88%, 
respectively (RLL).[13] The present study that has used this 
method for ABI had a sensitivity of 70% and specificity 
of 75% as a whole.

There are controversies regarding the variability of ankle 
brachial systolic pressure. One study revealed that a 
single measurement is suitable for most epidemiological 
studies of athersclerotic PAD,[6] whereas, the ARIC 
study[11] suggested repeated measurements, as the 
reliability increased with repeat measurements[8] This 
study used single measurement in all the four limbs 
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Table 1: Age and Sex Distribution

Age group (years) Males (N-120)(%) Females (N-80)(%)

< 40 3(2.5) 3(3.8)
40 – 49 13(10.8) 7(8.8)
50 – 59 44(36.6) 30(37.5)
60 – 69 40(33.3) 21(26.2)
70 – 79 17(14.1) 14(17.5)
> 80 3(2.5) 5(6.2)
Total 120(100) 80(100)
Mean ± SD 60.1 ± 9.5 61.5 ± 11

Table 2: Result of ABI evaluations by the Oscillometric method

Results Number ABI-Positive %

Males 120 12 10.0
Females 80 06 7.5
Total 200 18 9.5

Table 3: Analysis of True positives and True Negatives

Parameters True positives True Negatives

M- (N&%) F- (N&%) M- (N&%)  F- (N&%)

Age (Av-years) 69 68.5 68.5 70.5
DM (11 – 15) 9 (81.5) 3 (100) 7(77) 2( 66)
BMI (Av) 26.7 24.8 27.0 24.3
Smoking  5(45) 0 (0) 3(33) 0.0
Hypertension 10(90) 3 (100) 7(78) 1(33)
Dyslipedemia 5(45) 0(0.0) 5(55) 0( 0)
IHD 4(36) 1(33) 2(22) 2( 66)
Symptoms 6(55) 1(33) 1(11) 0( 0)

Signs 9(81) 3(100) 2(22) 1(33)

e ±
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and whether the results would have been higher with 
repeated measurements is not known, but that could 
form the basis for another study.

There are also different opinions regarding the accuracy 
of the oscillometric device in measuring a-b pressure. 
One study[7] stated that this method played no role at all. 
Other studies have shown good results with the use of 
this device.[10,17]

It has been shown that the presence of claudication 
or the decrease of peripheral pulsations suffer from 
insensitivity.[23,26] It has also been stated that classical 
intermittent claudication can be as low as 11%.[14,15] The 
DP and PT can be absent congenitally in 8% and 2% 
of the cases.[12] This study shows that the symptoms of 
PAD are far lower both in males and females, and signs 
of decrease or absence of pulsations in either DP or PT, 
in one or both limbs, was higher when compared to the 
symptoms. This high figure may possibly be because 
the study is in diabetics, who are more prone to develop 
atherosclerotic vascular disease when compared to the 
general population, however, all of them did not show 
a positive ABI. What was important was the fact that in 
those who were ABI positive, the symptoms that were 
present were much higher in both males and females, 
whereas, it was very low in males; and females in whom 
the ABI was negative had no symptoms. So also was the 
fact that signs were present in most of the males and 
all females who were true positive, whereas, they were 
meager in males and females who were true negative 
[Table 3]. This shows that signs are important despite the 
absence of symptoms, and peripheral pulsations should 
be sought in all clinical examinations, which will pave a 
way to perform the ABI. Even in those six patients who 
were false negative, three patients had symptoms and 
three patients had signs. The ABI in five out of the ten 
limbs was between 0.92 and 0.97, and in one it was 1.35, 
which was hyper normal, which is common in diabetics 
with medial sclerosis.[13,16,29] This probably shows that if 
the upper limit of ABI for abnormality is raised from 
< 0.9 to < 1.0, probably more cases would be found, as 
clinicians tend to ignore the symptoms if the ABI is >0.9.

The confirmation of PAD was done on patients who 
had shown positive ABI by Arterial Duplex Ultrasound, 
because of the fact that this method is a precise method 
for defining obstruction and stenosis, as it has a 
sensitivity of 95% for occlusion and 92% for stenosis 
and specificity of 99 and 97% for occlusion and stenosis, 
respectively.[4]

As far as the risk factors are concerned, diabetes and 
smoking are the strongest risk factors and other well-
known risk factors are advanced age, hypertension, 
and dyslipedemia.[18,21,23,24,25,27] This study, as it was done 
in diabetics, had the strongest risk factor. The mean 
duration of diabetes was 11.2 ± 5 years for males and 
10.8 ± 5.5 years for females. Hypertension emerged as 
the most important risk factor in all the participants in 
general and was present in most of the males and all 
the females who were true positive [Tables 3]. Ischemic 
heart disease was present in a third of the true positives, 
which was significant, and conveyed the importance of 
detecting PAD as it was associated with CHD more often 
and could be a forerunner for it.[5,28] It also showed that 
advanced diabetic age was also very important as most 
of the males and all the females who were confirmed 
with having the PAD had the disease from 11 to 20 
years, except one, who was a smoker, had PAD, and 
then developed diabetes. Another patient who was false 
negative had symptoms and signs and yet had a normal 
ABI, as the obstruction was at a higher level [Table 3].

This study has shown that the oscillomeric method 
of ABI is most useful in males. True positivity and 
true negativity are higher in males when compared to 
females, in spite of females having similar risk factors, 
which is difficult to explain.

The oscillometric method of elicitation of ABI has its 
limitations. The apparatus has to be a standard one. 
Individual BP on DP and PT cannot be performed, 
as it is performed by the Doppler; hence the systolic 
blood pressure elicited in the lower limb is an average 
of pressures in each artery. Obstruction in a particular 
vessel cannot be distinguished, as the individual ABI 
for that vessel cannot be performed. Similarly, ABI can 
be normal if the obstruction is higher. The sensitivity, 
specificity, PPV, and NPV are not as high as in the 
standard method.

In spite of these limitations, this method scores over 
the standard method, by its simplicity, no bias as far as 
readings are concerned, as they are automatic, negligible 
cost of the instrument (Rs. 3000), ease of performance, 
and the rapidity with which it can be done, (six to 
eight minutes) not only by the doctors, but even the 
paramedical staff. Confirmation has to be completed 
with the Doppler in either of the methods. When that is 
so, the oscillometric method can be used on a daily basis 
as an outpatient procedure, to detect a larger number of 
PAD cases.
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Conclusions

This study has proved that the oscillometric method of 
ABI is a very useful procedure in spite of its limitations. 
By repeating the test, the sensitivity and specificity may 
probably increase. What is important is the fact that this 
test can be performed by primary care physicians even 
in their primitive set up. Even as detecting more number 
of PAD cases is the primary objective, this method scores 
over other methods. More studies on a larger number 
of cases using this method would pave the way for 
standardization of the method. We recommend that all 
the doctors to try this method and evaluate the results.
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