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ABS TRACT  
 

BACKGROUND 

Peripheral arterial disease (PAD) is one of the macrovascular manifestations of 

systemic, diffuse atherosclerosis. Patients with acute myocardial infarction are at 3 - 

5 times higher risk of developing associated PAD. Ankle Brachial Pressure Index 

(ABPI) is a simple, non-invasive test to diagnose peripheral arterial diseases in 

symptomatic cases. We wanted to assess the utility of an alternative formula for 

Ankle Brachial Pressure Index as a sensitive screening tool for asymptomatic 

peripheral arterial diseases in patients with acute myocardial infarction and 

cerebrovascular accident. 

 

METHODS 

This is a prospective observational study, recruiting eligible patients from medicine 

and cardiology outpatient department (OPD). Patients included were those with 

acute myocardial infarction (MI) or cerebrovascular accident (CVA). Sample size was 

calculated to be 257. ABPI was measured using a hand-held Doppler of 8 MHz and a 

standard sphygmomanometer. Statistical analysis was performed using SPSS 

software. 

 

RESULTS 

Alternate ABPI showed a mean value of 0.9 + / - 0.072. In the study population, 61.1 

% were found to have abnormal ABPI i.e., less than 0.9, which is nearly two thirds of 

the population. Receiver operating characteristic curve (ROC) was plotted against 

ABPI for sensitivity and specificity for the co-morbidities considered in the study. It 

was found that the AUC (Area Under the Curve) was statistically significant for acute 

MI and acute CVA, with a fair positive correlation. 

 

CONCLUSIONS 

The alternative, ABPI is a good screening test for detecting asymptomatic PAD in 

patients with acute MI and CVA. However, further comparative studies are required 

to confirm the utility of the same in such patients, especially in a larger, varied 

population. 
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BACK GRO UND  
 

 

 

Peripheral arterial disease is one of the macrovascular 

manifestations of systemic, diffuse atherosclerosis. Patients 

can be asymptomatic or have symptoms of claudication pain, 

gangrene and myopathy. Patients with acute myocardial 

infarction are at 3 - 5 times higher risk of developing 

associated PAD.1 The rationale for screening to detect patients 

with asymptomatic peripheral artery disease is based upon 

the below possible objectives.2 

 To identify early PAD and intervene to prevent 

progression and complications directly related to PAD. 

 To identify patients at high risk for PAD with underlying 

cardiovascular diseases 

 To achieve the first objective, the risk of progression from 

asymptomatic PAD to critical leg ischemia should be 

sufficiently high to warrant intervention in individuals 

identified by screening, the interventions should be safe 

and have proven effectiveness in preventing progression 

of PAD, and the interventions should be those that would 

not be implemented without screening. 

The US Preventive Services Task Force (USPSTF) found 

that the existing evidence in inadequate to determine whether 

screening of asymptomatic PAD is beneficial to the patient in 

terms of preventing further progression or in terms of 

preventing other cardiovascular events such as CAD or CVD.3 

The target population involves those individuals aged 50 or 

more, with a positive history of smoking (corresponds to the 

PAD guidelines of the American College of Cardiology 

Foundation (ACCF) / American Heart Association (AHA) Task 

Force). 

 

The various methods for detecting PAD recommended for 

such asymptomatic patients can be further classified as3 

 Invasive such as contrast angiography, magnetic 

resonance angiography, computed tomographic 

angiography and photo plethysmography 

 Non-invasive techniques include clinical history, physical 

examination (symptoms of leg pain, palpation of 

peripheral pulses), exercise test and questionnaires 

(Edinburgh Claudication questionnaires), ABPI, Toe-

Brachial Index (TBI), Duplex scan of the peripheral 

circulation and pulse oximetry. 

 

In clinical practice, several tools exist to diagnose PAD in 

patients with symptoms for the same. ABPI is the ratio of the 

systolic blood pressure (BP) in the arm to the systolic BP in the 

leg. The rationale behind ABPI is that a reduced peripheral 

flow in comparison to the central circulation, we can make a 

diagnosis of stenosis of that vessel. ABPI is a simple, non-

invasive test to diagnose peripheral arterial diseases in 

symptomatic cases. When the ABPI is less than 0.9, it is 

considered abnormal; less than 0.5 is indicative of critical limb 

ischaemia. However, utility of ABPI in asymptomatic cases has 

the added advantage of guiding the clinician in deciding the 

further imaging modality and treatment that the patient might 

require. 

1) As part of clinical examination, history of claudication is 

essential to record. However, when compared with ABPI, 

it has low sensitivity and PPV, which makes it a poor 

screening method. 

2) During general physical examination, palpation of the 

distal peripheral pulses (dorsalis pedis artery, posterior 

tibial artery and anterior tibial artery), popliteal artery 

and femoral artery pulses plays an essential role in the 

screening of PAD in high-risk patients. Apart from this, 

shiny skin over the lower limbs, presence of dilate 

tortuous veins, pallor of elevation on limb, gangrene or 

ulceration and loss of hair can point towards a critical 

limb ischaemia (CLI).4 Other findings such as ulceration, 

loss of hair or shiny skin may indicate critical limb 

ischaemia. However, such findings for the purposes of 

screening, have low sensitivity when compared to ABPI.5 

3) Exercise / walking tests help to evaluate the extent of 

limitation of function in a limb afflicted by chronic limb 

ischaemia, and it also helps in differentiating it from other 

conditions that may be aggravated or relieved by 

exercise.5 The walking tests essentially is to check the 

claudication distance, and this is done by making the 

patient walk at a pre-fixed velocity. The ABPI measured 

once prior to the onset of the test, and once immediately 

after the test.5 In patients without PAD, a slight increase is 

observed in the ABPI when compared to the pre-test 

readings. When a patient with PAD develops claudication 

or decrease in the ankle pressure as compared to the pre-

test reading, an arterial occlusion is suspected. A 

reduction in ankle systolic blood pressure (SBP) by > 20 

% or less than 60 mm Hg is considered abnormal.6 

4) Several questionnaires are available as a screening 

method for PAD - Edinburgh Claudication Questionnaire 

(ECQ) or the World Health Organization (WHO) / Rose 

questionnaire. The ECQ is a modified format of the WHO 

/ Rose questionnaire. It is observed that the ECQ as a 

screening tool has a high sensitivity and specificity when 

compared to history taking alone. However, this is useful 

only in those with intermittent claudication. It is not apt 

for asymptomatic patients, unlike ABPI. 

5) ABPI is a simple, non-invasive methods to screen for and 

diagnose underlying PAD, and risk-stratify patients that 

are at a high risk for cardiovascular events. It is a simple 

ratio of the systolic pressure of the lower limb with the 

upper limb, and it requires the use of a hand-held Doppler 

probe, making it non-invasive and acceptable to patients 

for screening.7 The methods of ABPI measurement has 

not been standardised, and hence, several methods have 

been suggested for the same. According to the UK NICE 

clinical guidelines, patient is placed in a supine position, 

and the respective ankle and brachial systolic pressures 

are measured with the Doppler probe (posterior tibial 

artery for ankle SBP and brachial artery for brachial SBP). 

The cuff is tied just above the ankle, after the patient is 

made to lie down for a duration of 15 - 30 minutes. The 

cuff is insufflated above the pressure at which the Doppler 

sound wave is not audible, and slowly reduced. The point 

at which the sound is audible again, is taken as the ankle 

SBP. The same procedure is done for the opposite limb 

and well as bilateral upper limbs.8-10 This approach 

provides a reasonable estimate of the potential for 

healing foot wounds and may be less insensitive for 

detecting PAD. This is important to keep in mind when 

using ankle pressures as a means to screen asymptomatic 

patients for PAD; using the highest ankle pressure may 

fail to identify patients who would benefit from risk factor 
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modification or medical intervention to reduce the overall 

cardiovascular morbidity and mortality. An alternative 

method for screening uses the lower two ankle pressures 

as the numerator in the ratio. 

6) In this present study, we aim to assess the utility of an 

alternative formula for ABPI as a sensitive screening tool 

for asymptomatic peripheral arterial diseases in patients 

with acute myocardial infarction and cerebrovascular 

accident. 

 

 
 

ME TH OD S  
 

 

The study was conducted as a prospective observational study, 

after institutional ethical committee clearance (IEC NUMBER 

INST.EC / EC / 111 / 2017 - 18). The study participants were 

aged between 18 - 80 years, and those with previous acute 

myocardial infarction (diagnosed within 6 months of first 

attack) or acute cerebrovascular accident (diagnosed within 6 

months of the first attack), admitted from medicine or 

cardiology OPD between October 2017 to June 2019. The days 

of admission were randomised by lottery method and only 

patients admitted on Tuesday and Thursday in Justice K.S. 

Hedge Charitable Hospital were included in the study to 

eliminate selection bias. The sample size was calculated based 

on a study done by Mourad J.J. et al. which was found to be 257 

at 95 % confidence interval. 

 

 

Sam ple Si ze  C al cul ati o n 
In a study conducted by Mourad J-J, Cacoub P, Collet J-P, Becker 

F, Pinel J-F, Huet D, et al.11 in individuals with unrecognised 

peripheral arterial disease using ankle-brachial index in high 

cardiovascular risk patients free from symptomatic PAD was 

41.1 %. Expecting similar results, at 95 % confidence interval, 

5 % relative precision, a minimum sample of 257 patients 

would be required assuming that about 500 patients with high 

cardiovascular risk patients would be visiting the hospital 

during the study period. This was calculated using formula 

 

n =
(4 × p × q)

d²
 

where p is expected true proportion, q is (1-p), and d is desired 

precision. 

 

Adjustment for finite population was done using formula- 

n(adj) =
(N ⨯ n)

(N + n)
 

 

Those patients with symptomatic peripheral arterial 

disease or with gangrenous changes, chronic kidney disease, 

post-menopausal women and pregnant women were excluded 

from the study as these are confounding factors. Institutional 

ethical committee clearance was sought and granted for the 

purposes of this study. The consent to conduct the study was 

obtained from the hospital authorities. 
Once informed consent was sought, patient was made to lie 

in supine position after a duration of rest of half an hour. 

Peripheral pulses were palpated (posterior tibial artery for 

lower limb and brachial artery for upper limb. The pre-

requisite for our study was that patients have a palpable 

peripheral pulse. Once this was confirmed, Ankle Brachial 

Pressure Index was measured. A standard hand-held Doppler 

with a probe of 8 MHz was used, with a standard 

sphygmomanometer. ABPI was indicative of PAD if less than 

or equivalent to 0.90 and normal if more than or equal to 1.00. 

We utilised an alternative formula for ABPI measurement, 

which is mentioned below- 

 ABPI (alternative) - SBP of ankle (lower of the two limbs) 

/ SBP of the brachial (lower of the two limbs) 

 The demographic details, clinical examination findings 

and measured ABPI values (standard formula was also 

calculated) was entered in a semi-structured pro forma. 

 

 

S ta ti s ti cal  An aly si s  

The data was then entered in a spreadsheet of MS Excel. The 

statistical analysis was performed using SPSS software v20. 

ROC curve for ABPI utility for each co-morbidity (acute MI and 

CVA) was plotted separately, and the area under the curve was 

measured for sensitivity and specificity of ABPI as a screening 

tool for PAD. 

 

 
 

 

RES ULT S  
 

 

 

Total number of patients included in the study was 257, of 

whom 202 (78.6 %) were males. Majority of the patients 

belonged to 41 - 50 years age group (35.4 %) (Figure 1). 

 

 

 

 

 

 

 

 

 

Figure 1. Age 
Distribution of 
the Study 
Population 

 

 

 

 

 

 

Figure 2. 
Distribution of 
ABPI in the 
Study 
Population  

Using the 
Alternate 
Formula 

 

ABPI Frequency (%) 

≤ 0.9 157 (61.1) 

0.91 - 0.99 71 (27.6) 

≥ 1.0 29 (11.3) 

Total 257 (100.0) 

Table 1. ABPI Classification (Using Alternate Formula)  

in the Study Population 
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Figure 3. ROC For Acute MI ABPI (Standard and Alternate)  

has AUC of 0.585 (0.515 - 0.655) 

 

Sensitivity 0.61 

Specificity 0.44 

Positive predictive value 0.59 

Negative predictive value 0.76 

Table 2. Sensitivity and Specificity of ABPI in Acute MI 

 
 

Figure 4. ROC for Acute CVA-ABPI (Standard and Alternate)  

have AUC of 0.481 (0.313 - 0.650) 

 

 
 

DI SCU S SI ON  
 

 

Peripheral arterial disease is a common vascular complication 

of atherosclerosis, causing significant morbidity and mortality; 

can further increase the risk of myocardial infarction and 

cerebrovascular accidents. It is estimated that about 68 % of 

patients with PAD also are incidentally diagnosed with 

coronary artery disease;2 the corollary is also true. The reason 

for co-existence of PAD with CAD and CVA is due to the fact 

that atherosclerosis is a systemic disease and can affect 

arteries of any calibre. 

It has been studied that the lower the ABPI value, the 

higher is the risk for acute MI and acute CVA. In our study, we 

observed that almost 2 / 3rd the study population showed an 

abnormal ABPI value. Patients with PAD are 6 times more like 

to succumb to CAD or CVA than those that do not have the 

disease.7 Hence, it is essential to diagnose PAD in such high-

risk patients, to prevent such mortality. 

In a consensus conference report, ABPI was defined as the 

ratio of the higher systolic blood pressure in the anterior tibial 

/ posterior tibial artery to the average of the right and left 

brachial arteries. If the difference between the right and the 

left brachial arteries was more than 10 mmHg, then the higher 

of the two values is taken.7,8 However, recent American Heart 

Association guidelines doesn’t clearly define whether the 

higher or lower of the two ankle pressures are to be used. This 

along with the inter-observer variability and improper 

technique is the reason that there are several inconsistencies 

in the ABPI values. Hence, a standardised formula for the same 

is necessary to diagnose accurately the underlying PAD, 

especially in asymptomatic patients in high-risk cases such as 

those with acute MI and acute CVA, as in our study.10-12 

In our study, we considered the lower of the two systolic 

blood pressures of both ankle and brachial, the “alternate” 

ABPI. In our study we found that there was a positive 

correlation between “alternate” ABPI values and the presence 

of acute MI or CVA. This depicts the role of “alternate” ABPI as 

a fair screening tool in such high-risk cases. A study done by 

Shroeder et al. suggested a formula merging the standard and 

alternate formula and found that it demonstrated a higher 

sensitivity for screening asymptomatic PAD.12-14 In a study 

conducted by Niazi K et al. they demonstrated that the 

“alternate” ABPI has a higher sensitivity than the standard 

ABPI.15 This variation could eliminate any changes that may be 

induced in the blood vessel due to calcification causing 

thickening. Also, by considering the lower of the two values, 

we can also possibly eliminate the effect of systemic 

hypertension that may co-exist in such high-risk 

cardiovascular patients.16-18 

 

 
 

 

CONC LU S ION S  
 

 

 

ABPI is a fair screening tool for identifying PAD in 

asymptomatic yet high risk patients with previous history of 

acute MI and acute CVA. Further studies are required to 

compare the findings with Duplex scan or computed 

tomography (CT) angiography to confirm the validity of the 

same. 

 

 

Li mi t a ti on s  

Several patients in our study were diabetics, which could be 

the cause of medial calcinosis of vessels, causing under-

estimation of the incidence of PAD in the study population. 
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