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ABSTRACT

Background: Peripheral arterial disease (PAD) remains underdiagnosed, partly because of the limitations of the Doppler
ankle-brachial index (ABI) with regards to equipment, training, and time constraints. Aims: To compare the accuracy and validity
of automated oscillometric ABI measurement in detecting PAD in primary care settings against a gold standard Doppler device.
Settings and Design: A cross-sectional observational study was conducted at the physiology department, Dr. Ram Manohar Lohia
Institute of Medical Sciences (DrRMLIMS), Lucknow. Methods and Material: A total of 200 male building construction workers of
all types of age groups between 20 and 40 years were recruited. The ABI measurement was performed using the Watch BP Office
and hand-held HI.dop, BT-200 Vascular Doppler device. Statistical Analysis Used: The Bland-Altman plot and receiver operator
characteristics (ROC) curve were determined to analyze the agreement between the two methods. For the reliability of the test,
Pearson’s correlation with linear regression was done and the intraclass correlation (ICC) coefficient was calculated. Results: The
mean ABI (Osc) and ABI (Dop) were 1.13 £+ 0.09 and 1.06 + 0.08, respectively. The ABI (Dop) and ABI (Osc) methods were highly
correlated Pearson’s correlation coefficient of 0.96 with 95% confidence interval (CI) ranges between 0.985 and 1.066 (P < 0.001). On
linear regression analysis, the ABI (Dop) predicted ABI (Osc) 92.6% correctly. The paired mean difference between the two measuring
devices was 0.07 (95% CI =-0.03 to —0.12). At 0.90 cut-off value of diagnosing PAD, the sensitivity is 50%, specificity 100%, positive
predictive value 100%, and negative predictive value 97% by an oscillometric automated device. Conclusion: Our finding suggested
that ABI measurement by the automated oscillometric device is reliable, free of examiner bias, and less time-consuming.
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Introduction in an early stage. Screening for peripheral artery disease (PAD) is

usually made by non-invasive measurement of the ankle-brachial

Atherosclerosis is the major reason for cardiovascular-related index (ABI). The ABI is the ratio of the systolic blood

deaths in today’s community. The disease is usually asymptomatic
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pressure at the ankle compared with the brachial artery pressure.
When the ABI is =0.9, a diagnosis of PAD is made up of 90%
accuracy.! Dopplet-assisted measurement of ABI s the accepted
non-invasive gold standard for diagnosing PAD, and therefore, the

assessment of disease severity. However, the ABI measurement
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should require a degree of experience that has precluded its
widespread adoption in medical care so far. Moreover, the
amount of time required to perform Doppler-assisted ABI
measurements was found to be a drawback for widespread
office-based applications.* The ABI measured by the automated
oscillometric device is a simple and reproducible method that has
become popular since it surpasses the limitations of the Doppler
with regard to equipment, training, and time constraints.l! The
purpose of the present study is to validate oscillometric ABI
measurement by assessing and comparing the results with the
current gold standard of Doppler-assisted measurement of ABI
in a high-risk population such as building construction workers.

Material and Methods

Study design: This was a cross-sectional observational
study conducted in the Department of Physiology of our
institute, Lucknow, Uttar Pradesh, India. The approval of the
Institute Ethics Committee for human studies was obtained
before the commencement of the work.

Participants: A total of 200 male building construction workers
of all types (cement masons, concrete finishers, segmental
pavers, brick masons, stonemasons, tapets, tile installers) of age
group between 20 and 40 years were recruited from an ongoing
academic building construction of DrRMLIMS, Lucknow. The
participants with major amputation in the upper and lower limbs,
open wounds or ulcerations in the lower limbs, and marked
edema of one and both feet were excluded from the study. We
obtained informed written consent from each participant who
agreed to participate in the study. By using a suitable sample
estimation formula, 200 building construction workers were
enrolled for the present study.

Parameters measured: All the participants were asked to report
in the clinical lab, Department of Physiology, DrRMLIMS, and
the following parameters were recorded. The anthropometric
parameters such as height (cm) and weight (kg) were measured,
and body mass index was calculated as the ratio of weight (kg) to
height squared (m?). A history of tobacco chewing and smoking
was also taken.

Measurement of Blood Pressure: The subjects sat quietly
with their backs supported without crossing their legs and
with both arms supported at the heart level for 5 min. The
brachial blood pressure was measured for both the arms using
an automated oscillometric device (Watch BP Office, Widnau,
Switzerland) equipped with two cuffs for simultaneous double
arm measurements, the cuff size was tailored to the arm of an
individual according to their mid-arm citcumference.l”’ The cuffs
were then comfortably set in place, adjusted to the arms at the
same distance above the cubital malleolus with the cuffs directed
toward the brachial artery trajectory on each side. The systolic
and diastolic blood pressure (BP) was repeatedly measured after
every 1 min interval. The average of the three measurements
was used in the analysis.
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Measurement of ABI: The ABI measurements were first performed
by using an automated oscillometric device (Watch BP Office,
Microlife, Widnau, Switzerland), and then, by a vascular Doppler
device (HI.dop, BT-200 Vascular Doppler, Bistos Co. Ltd. Korea).
All the participants were rested for 5 min before the measurement.
Both Doppler measurements and automated oscillometric
recordings were performed using appropriately sized cuffs. In the
first procedure, the blood pressure was measured simultaneously
on both arms followed by both ankles. The arm with the higher
systolic blood pressure was selected for the ABI measurement. If
both the arms had equal systolic blood pressure readings, then the
right arm reading was chosen for ABI measurement.”! Similarly,
the ankle with a higher systolic blood pressure was selected for
ABI measurement. The ABI was calculated by dividing the highest
value obtained at each ankle by the highest of arm values. The
brachial and posterior tibial systolic pressures were measured
using appropriately sized blood pressure cuffs linked to a mercury
sphygmomanometer placed successively on the upper arms and
just above the ankles. Using a hand-held continuous wave Doppler
probe (8 MHz, HI.dop, BT-200 Vascular Doppler, Bistos Co.
Ltd. Korea), the systolic pressure in each artery was measured by
inflating the cuffs 30 mmHg above the systolic blood pressure and
deflated slowly until a flow signal was detected over the brachial
and postetior tibial artery”) The ABI was calculated similatly to the
first method. An index of less than or equal to 0.90 was regarded
as being pathological.

Statistical Analysis: All the statistical analyses were performed
using the statistical package for social sciences (SPSS) 20.0 and
Medcalc 19.4 softwares. The continuous variables are expressed as
mean T standard deviation (SD). The association between ABI
<=0.90 and various continuous parameters was done using the
unpaired ~test for continuous variable and Fisher exact Chi-square
was done for the qualitative variable. The Bland-Altman plot and
receiver operator characteristics (ROC) curve were determined to
analyze the agreement between the two methods. For reliability
of the test, Pearson’s correlation with linear regression was
done and intraclass correlation (ICC) coefficient was calculated.
The diagnostic accuracy was assessed via sensitivity, specificity,
positive productive value, and negative productive value with the
ABI readings dichotomized (ABI =0 9). The P value <0.05 was
considered significant.

Results

The participants’ characteristics are shown in Table 1. The
mean age and BMI of the participants were 27.53 * 4.06 years
and 23.46 * 2.04 kg/m? respectively. Their mean right and left
arm systolic and diastolic blood pressure was 130.13 £ 8.34,
79.30 £ 8.37 mmHg and 128.01 + 8.23, 78.20 + 8.32 mmHg,
respectively. The mean interarm systolic blood pressure difference
was 3.67 £ 2.56 mmHg and out of the 200 participants, 9 subjects
were inter-arm difference in systolic blood pressure (IDSBP)
>10 mmHg; The mean ABI (Osc) and ABI (Dop) were 1.13 £ 0.09
and 1.06 £ 0.08, respectively.
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Reliability between Doppler ABI and Oscillometric ABI:
The ABI (Dop) and ABI (Osc) methods were highly correlated
Pearson’s correlation coefficient of 0.96 with 95% CI ranges
between 0.985 and 1.066 (P < 0.001). On linear regression analysis,
the ABI (Dop) predicted ABI (Osc) 92.6% correctly [Figure. 1]
The reliability of ABI (Osc) was measured by intraclass correlation
by average measure, the agreement between both the measures
was extremely high with ICC of 0.98 with 95% CI ranges between
0.973 and.985 and it was statistically significant (P < 0.001).

Level of agreement between the two methods: The
Bland-Altman plot for assessing the agreement of the two
methods for all 200 participants is shown in Figure 2. The
paired mean difference between the two measuring devices was
0.07 (95% CI = —0.03 to 0.12). The comparison showed a good
level of agreement between the two methods.

Diagnostic Accuracy: Considering the Doppler method of ABI
calculation as the gold standard, there were 188 true negatives, 6 true
positives, 6 false negatives, and 0 false positive in 200 participants.
At 0.90 cut-off value of diagnosing PAD, the sensitivity was 50%,
specificity 100%, positive predictive value 100%, and negative
predictive value 97% by the oscillometric automated device. The
area under the ROC curve was 0.98 (95% CI = 0.96-1.0) [Figure 3].

There was a statistically significant correlation between
BMI >25 kg/m? IDSBP >10 mmHg, and smoking habit with
ABI value <0.9 in both the ABI (Osc) and ABI (Dop) methods.
In our study, age was not significantly associated with ABI
value <0.9 [Tables 2 and 3].

Discussion

The recognition of PAD is the most common factor in reducing
the burden of cardiovascular disease because it requires specialized

Table 1: Details of the participants

Parameter Mean +SD
Age (years) 27.53 4.06
BMI (kg/m?) 23.46 2.04
Right arm systolic blood pressure 130.13 8.34
Right arm diastolic blood pressure 79.30 8.37
Left arm systolic blood pressure 128.01 8.23
Left arm diastolic blood pressure 78.20 8.32
Interarm systolic BP difference (IDSBP) 3.67 2.56
ABI (Osc) 1.13 0.09
ABI (Dop) 1.06 0.08

Table 2: Association of smoking habit with ABI<=0.9
with both methods of ABI calculation

ABI (OSC) P ABI (DOP) P
<=0.90 >.90 <=0.90 >.90
Smoking
Yes 6 94 <0.03 11 89 <0.006
No 100 1 99
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equipment, training, and time. These constraints limit the use of
Doppler ABI measurement in general outpatient departments and
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Figure 1: A scattered plot illustrate high correlation with R = 0.92
between oscillometric and Doppler determination of ABI
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Figure 2: Bland-Altman plot reveals high level of agreement between
average and difference of the means of Doppler ABI and Oscillometric
ABI measurements
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Figure 3: Receiver operating characteristic (ROC) curve analysis of
diagnosing of Normal blood flow in arteries and ABI (Osc)
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Table 3: Association of different variables with ABI<=0.9 with both methods of ABI calculation

Variables ABI (OSC) P ABI (DOP) P
<=0.90 >.90 <=0.90 >.90

Age Mean (SD) 29.16 (3.31) 27.47 (4.08) 0316 28.50 (3.14) 27.46 (4.11) 0.39

BMI Mean (SD) 26.44 (0.68) 23.36 (2.00) <0.001 25.78 (1.11) 23.30 (1.99) <0.001

IDSBP Mean (SD) 10.83 (2.04) 3.44 (2.23) <0.001 10.167 (1.99) 3.250 (1.96) <0.001

offices. So, a simple, faster, and accurate method is the need of
the hour to facilitate the diagnosis and screening of PAD in the
outpatient departments (OPDs) and office settings.”! We suggest
and validate the use of an automated oscillometric blood pressure
monitoring device in the practice of primary care physicians for
the measurement of ABI for screening as well as diagnosing PAD
in the general population. The diagnosis of PAD is often missed
during routine physical examination. Automated oscillometric
devices are compatible with daily activities. They require the same
amount of time as blood pressure measurements, and they can
detect PAD in a percentage of patients who otherwise would
have not been diagnosed. The systematic use of the automated
oscillometric device in routine OPDs would even reduce the cost of
the National Health Service, waiting lists, and inconvenience to the
patients. The main findings of our study were that the correlation
between the oscillometric and Doppler-assisted measurements
was considerably good for all the subjects as these participants
were not diagnosed cases of any cardiovascular disease. However,
the sensitivity and specificity of our study were only 50 and 100%
at ABI = 0.9 for the detection of PAD, respectively. This finding
was due to the limited number of PAD cases detected in our study
(12 by Doppler and 6 by the oscillometric method). If we consider
a cut-off value of ABI = 0.89 and ABI = 0.91 for the detection
of PAD, the sensitivity and specificity of our study improve to
100, 83.3%, and 75, 96.8%, respectively. In our study, the mean
oscillometric value (1.13) was higher than the mean Doppler ABI
value (1.00), which is consistent with various other studies. This
difference might be explained due to the intrinsic differences in the
blood pressure measurements between the two methods and also by
the variation in the Doppler measurement due to the interexaminer
differences."” The automated oscillometric system allows three
simultaneous readings of the blood pressure measurement of
both arms or both legs and takes an average reading of blood
pressure for the calculation of ABI, and so it is free of observer
bias. In contrast, Doppler measurements necessitate additional
steps such as pulse auscultation, Doppler signal evaluation, and
are performed successively and need interpretation by an observer,
making them difficult and time-consuming for general practice.
The earlier studies have reported various results concerning the
reliability of oscillometric ABI measurement over the Doppler
ABI measurement method. A study by Kollias A on a total of
93 patients suffering from vatious cardiovascular diseases found a
strong correlation between oscillometric and Doppler ABI with an
intraclass correlation coefficient of the agreement as 0.98 and the
ROC as 0.981, which is almost similar to the finding in our study.
Their sensitivity and specificity were 83 and 97%, respectively, in
diagnosing PAD. This difference in the sensitivity and specificity
was may be due to the differences in the study group (diabetic
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and hypertensive vs. building construction workers without any
cardiovascular disease).l"! Similatly, a study by Jing Ma on 230
diabetic patients found a good agreement between the two
methods by Bland-Altman plot and area under the ROC curve as
0.98 with high sensitivity and specificity.'? A study by Ichihashi S
et al!" examining the diagnostic accuracy of oscillometric ABI for
detecting PAD using computed tomography angiography (CTA)
as a gold standard concludes that the oscillometric device has high
diagnostic accuracy. A study by Sessa A e# 2/ in the year 2019 on
the determination of ABI in 701 Type 2 diabetic patient with an
automated oscillometric device by 24 general practitioners (GPs)
and also receive Doppler ultrasound examination. The study
concluded that the device was easy to use and it can be a useful
instrument for the early diagnosis of PAD in daily practice.
In a recent study by Hageman D e /" in the year 2021, it
was concluded that oscillometric ABI had excellent diagnostic
accuracy with 74% sensitivity and 97% specificity compared with
the Doppler ABI equipment. Similatly, other studies also found
that oscillometric ABI measurement was a reliable and accurate
method for screening and diagnosing PAD!'*!l whereas some other
studies suggest that the reliability of oscillometric ABI values for
PAD diagnosis is controversial as it is not able to detect PAD in
the population at a high risk of cardiovascular disease, but it can
be used as a screening tool for PAD with caution."™*!! Apart from
validation between the two methods of measurement of ABI,
we also had seen a correlation between different established risk
factors for PAD with ABI value <=0.9. We found a statistically
significant correlation between BMI >25 kg/m? inter-arm
difference in systolic blood pressure IDSBP) >10 mmHg, and
smoking with ABI value <=0.9, and this finding is similar in both
the methods of ABI measurement. The interarm blood pressure
difference of more than 10 mmHg and smoking are regarded as
simple matkers for coronary artery disease (CAD) and PAD.P2*!
Although age is also an independent risk factor for PAD, in our
study, it was significantly not correlated. In our study, we chose
the younger age group compared to previous researches. The key
points of our study are that automated oscillometric device can be
used for screening as well as diagnostic purposes of PAD in the
outpatient department for the general population as this method
wins over the standard method due to its simplicity, automatic
readings, no bias, negligible cost, ease of use, and the speed with
which it can be completed (6—8 min), not only by doctors but also
by the paramedical staff.

Limitation

As we are validating a method of measurement of ABI in
comparison with the gold standard in apparently normal subjects,
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we should have taken a larger sample size. We are also not able
to repeat the Doppler ABI measurement in participants due to
time constraints.

Conclusion

Our finding suggested that ABI measurement by the automated
oscillometric device is reliable, free of examiner bias, less
time-consuming, and also helps in the simultaneous assessment
of interarm systolic blood pressure difference. It can be used
in place of the conventional Doppler method for screening and
diagnosis of PAD in a larger population, OPDs, and offices.
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