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Comparison of different methods of ABI acquisition for detection of peripheral
artery disease in diabetic patients
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Background. Ankle brachial index (ABI) is the principal screening method for peripheral arterial disease (PAD). In this
study, we compare various types of Doppler-derived and oscillometric ABIs with results obtained through duplex
ultrasonography.

Methods. 62 patients were enrolled in the study. For each limb, blood pressures for both ankle arteries and the arm
were measured using Doppler and an automated oscillometric device. Duplex ultrasound was performed for all limbs
and occlusions >50% were considered PAD-positive. ABl was calculated using both higher (HABP) and lower (LABP)
arterial blood pressure on the individual limbs and the ability to predict duplex-detected stenoses was evaluated.
Results. LABP calculation provided results superior to the guideline-recommended HABP. Considering patients with
ABI >1.4 or measurement failure as PAD-positive further enhanced the test parameters. The higher ABI cut-off of 1.0
resulted in somewhat better sensitivities (max 92%) and negative predictive values (max 87%) at the expense of a
substantial increase in the number of false positives. Oscillometric method yielded poor sensitivities but very good
specificities (max 94%) and positive predictive values (max 90%).

Conclusions. Doppler-based LABP provides better results than the guideline-recommended HABP in diabetic patients,
nevertheless even this method is not perfect. Increasing the cut-off value to 1.0 in these patients does not bring a
substantial improvement of the test performance. Patients with high ABI should be automatically considered PAD-

positive and referred for further investigation using imaging techniques.
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INTRODUCTION

Peripheral arterial disease (PAD) is a widespread dis-
ease affecting over 154 mil people worldwide'. It consti-
tutes a major risk factor for amputation of lower limbs
as well as for myocardial infarction, ischemic stroke, and
cardiovascular death®. In a majority of PAD patients, the
PAD is largely asymptomatic, making it difficult to detect?.

The principal screening method for PAD is the ankle-
brachial index measurement, ABI (ref.?). The method is
based on measurement of systolic blood pressure (SBP)
by a Doppler probe (5-10 MHz) on the posterior and
anterior tibial arteries of each foot and on the brachial
artery of each arm. The ABI of each leg is calculated by
dividing the highest ankle SBP by the highest arm SBP
(ref.*). The normal ABI ranges from 1.00 to 1.40 and val-
ues <0.90 are considered as PAD indicators. ABI values of
0.91 t0 0.99 are considered “borderline” while values over
1.40 indicate non-compressible arteries*® associated with
vascular calcifications, potentially bearing an even more

serious effect on the quality of life than low ABI (ref.™).
The guidelines recommend use of the higher SBP from
the two arteries at the ankle level for ABI calculation. It
has however been shown to yield worse correlations with
the presence of PAD than the opposite - use of the lower
of those SBPs (ref.!*12).

Another possible source of variability in the use of
ABI for screening is the measurement of the systolic
blood pressure itself. The dopplerometric method is still
considered a gold standard in ABI measurement but it is
prone to a notable interobserver variability'*!"*. For this
reason, oscillometric method using automated devices has
been tested in numerous studies. The correlations between
oscillometric ABI, Doppler ABI and actual PAD presence
determined by colour duplex sonography or by angiogra-
phy however vary greatly from excellent!*!> through good
results'®!® to inconclusive or poor results'*!20,

Despite the fact that ABI is recommended as a screen-
ing method in diabetic patients>?!, it is generally accepted
that ABI is not as reliable in that group, especially due
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to a relatively higher fraction of patients with non-com-
pressible arteries”?.

Studies dedicated to a comparison of ABI results ob-
tained with oscillometric devices and Doppler measure-
ment with actual PAD data focused solely on the high-risk
group of diabetic patients are still rare. For this reason, we
performed a prospective study in a group of diabetic pa-
tients in whom PAD presence or absence was determined
using duplex ultrasound scanning (DUS). These data were
compared with ABIs derived in several ways; besides the
guideline-recommended method, we also used alternate
ABI calculation using the lower ankle pressure and ABI
measured by oscillometry. To our best knowledge, no pro-
spective study comparing all these factors simultaneously
in the same cohort of solely diabetic patients has been
published to date.

The aims of our study were a) to evaluate the screen-
ing performance of ABI (sensitivity, specificity, negative
and positive predictive values) in a cohort of diabetic pa-
tients, b) to compare several methods of ABI acquisition
and c) to explore the effect of increasing the cut-off value
of ABI from 0.9 to 1.0 on the screening results.

METHODS

The study group comprised 62 consecutive diabetic
patients presenting to our cardiovascular outpatient clinic
in Ostrava, Czech Republic. All patients participating in
the study were fully briefed, volunteered for the study and
signed an informed consent.

Exclusion criteria - Age <18, critical limb ischemia
(Fontaine III, IV/Rutherford 4-6), any limb amputation,
renal failure grade G5 according to CKD KDIGO G5
(ref.?®), any active cancer.

All measurements were performed in the morning
hours during one visit in the same sequence. After taking
the full medical history and basic measurements (height,
weight), the oscillometric ABI measurement was per-
formed. The patient rested in a supine position in a room
tempered at 22 °C for 10 min prior to the measurement.
An automated device Boso ABI-system 100 (Bosch+Sohn,
Germany) simultaneously recording blood pressure on all
four limbs and calculating ABI was used in accordance
with the device manual using appropriately sized sphyg-
nomanometric cuffs.

Doppler measurements were performed in accor-
dance with AHA guidelines for ABI measurement®. A
digital vascular doppler HUNTLEIGH Dopplex DMX
(Huntleigh Healthcare, United Kingdom) with an 8
MHz probe was used to measure the individual systolic
pressures. An appropriately sized pneumatic cuff was
applied to the right upper arm, inflated to suprasystolic
pressure and deflated slowly until a Doppler flow signal
was detected. The process was repeated for right leg and
values for both dorsal pedal and anterior tibial arteries
were measured, followed by left leg and left arm. ABI was
subsequently calculated for each lower limb separately
using the value of pressure from the respective arm as a
denominator. Where any of the systolic pressures could
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not be measured, the fact was recorded and used for sub-
sequent analyses (see below).

Due to the low overall Fontaine grading in our patient
group, it was not possible to use angiography for acquisi-
tion of the reference data (ethical reasons). Hence, we
used duplex ultrasound scanning as the gold standard.
DUS was performed using Vivid S6 Ultrasound System
(GE Healthcare, USA) equipped with 8L-RS (a 5-13 MHz
linear transducer) and 4C-RS (1,8-6 MHz curvilinear
transducer). Each limb was examined in the proximal to
distal direction with the patient in a supine position. Any
stenosis was recorded, stenosis >50% was considered as a
proof of PAD presence and used for subsequent analysis.

The obtained results were processed in MS Excel
(Microsoft, USA). The following ABI values were calcu-
lated for each limb: ABI ATP - calculated by dividing
systolic blood pressure of the posterior tibial artery by
the systolic blood pressure from the respective arm; ABI
ADP - the same using data from the dorsalis pedis artery;
ABI HABP/ABI LABP - derived from the higher/lower of
the two ankle blood pressures on the same leg; ABI OSC
- oscillometric measurement - was not calculated but
directly recorded from the BOSO ABI system 100 device.

Subsequently, confusion matrices detailing results
of individual ABI categories when compared to occlu-
sions detected by DUS were prepared and test parameters
(sensitivity; specificity; positive predictive value - PPV;
negative predictive value - NPV; false positive and false
negative rates) were calculated. To further analyze the
“borderline” ABISs, i.e., the ABI range from 0.9 to 1.0, the
confusion matrices were prepared and test parameters
calculated both for ABI<0.9 and ABI<1.0.

To evaluate the situation in patients whose ABI was
higher than 1.4 and those in whom any of the measure-
ments failed, the same analysis was performed both
including and excluding thus affected limbs from the
analysis. When including them, the limbs with abnormally
high/unobtainable ABI were considered as PAD-positive
in the analysis.

RESULTS

62 diabetic patients were recruited in the study, 46
of which were male and 16 female. The mean age was
67.6 years. The group characteristics are summarized in
Table 1.

Table 2 shows test parameter calculations for individu-
al limbs using two cut-off values for PAD detection - ABI
0.9 as prescribed by guidelines and 1.0 as an alternate sug-
gestion for the diabetic patients. These parameters were
calculated both with exclusion of any patients in whom
ABI could not be obtained or was >1.4 (14-16 limbs out
of 124 for all ABI calculations except for ABI HABP with
26 limbs excluded in this way) and without such exclu-
sion with abnormally high values perceived as a proof of
the disease.

Table 2 shows that the best sensitivities and negative
predictive values were recorded throughout all calcula-
tions for ABI LABP. Using the higher cut-off value of 1.0
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instead of 0.9 improved the sensitivity at the expense of
specificity. However, the negative predictive values did not
drop with this higher cut-off value, they even increased.
Similarly, when all limbs with abnormally high ABI or
SBP measurement failure were included in the dataset
as “PAD-positive”, the test parameters did not drop as
expected but even improved somewhat. Still, however,
neither of the methods provided fully satisfactory results.

Oscillometric measurements showed a completely dif-
ferent picture than the LABP method. It yielded poor
sensitivities, however with an excellent specificity and
positive predictive values for the cut-off 0.9. As for LABP,
when limbs with ABI >1.4 or measurement failure were
included into the dataset, it further improved the perfor-
mance of the test. However, the effect of increasing the
cut-off to 1.0 led understandably to poorer results for os-
cillometric measurement, improving sensitivity somewhat
at the expense of specificity and PPV.

DISCUSSION

Diabetes is one of the major risk factors for develop-
ing PAD (ref.?). Hence, the fact that ABI is suggested
to be an unreliable PAD indicator in diabetic patients
deserves further investigation. In our study, we used sev-
eral approaches towards determining ABI (oscillometric,
Doppler HABP and LABP) in diabetic patients and relat-
ed the results to “true PAD” data determined by DUS. It
is worth emphasising that in this study, we do not consider
ABI to be a diagnostic tool but rather to be a screening
tool intended to determine if the screened patients are
PAD-free or if they are likely to have PAD and therefore
should undergo a more specialized examination (such as
DUS).

The results from the Table 2 and 3 indicate that al-
though none of the tests was perfect for the screening
of PAD, ABI LABP consistently yielded the best results
in terms of sensitivity and negative predictive value.

Table 1. Characteristics and risk factors for the study group.

General characteristics

Mean
(min;max)

Age (years)
BMI

67.6 (41.8;83.2)
30.8(22.8;46.7)

Sex (male/female) 46/16
Diabetes + treatment
Years from DM diagnosis 8(0;23)
oral antidiabetics 27
insulin 9
Complicatons/risk factors
Smoking (current/former/non-smoker/ 13/20/24/5
not stated)
Hypertension 50
Dyslipidemia 55
History of vascular diseases 42/19/15/13/8
(any coronary artery disease/angina
pectoris/myocardial infarction/stroke/car-
diostimulator)
Polyneuropathy 20
Nephropathy 2
PAD symptoms
Fontaine I 40
Fontaine II 22

However, when using the guideline-recommended cut-offs,
a mere 83% sensitivity, combined with a false positive rate
of 20%, PPV 77% and NPV 86% suggests that even this
method is far from perfect in diabetic patients. Including
all limbs with an abnormal ABI (i.e., including those with
ABI>1.4 and those in whom the measurements failed)
as PAD-positive into the dataset improved both the sen-
sitivity and negative predictive value. Even so, with the
sensitivity of 87% and an NPV of 86%, there is still a risk
of underdiagnosis.

As far as the ABI LABP cut-off is concerned, the cut-
off of 1.0 provides slightly better test parameters for a
screening test (sensitivity 92%, NPV 87%) than the cut-

Table 2. Test parameters of different ABI calculations with ABI cut-off values of 0.9 and 1.0.

ABI Only patients All patients,
affliction with ABI<1.4 any abnormality in ABI denotes disease

cutoff ABI ABI ABI ABI ABI ABI ABI ABI ABI ABI
ATA ATP HABP LABP OSC ATA ATP HABP LABP OSC

Sensitivity 74.0 69.2 54.5 83.3 48.9 78.7 73.8 67.2 86.9 60.7
Specificity 81.0 86.2 87.0 80.0 95.2 74.6 79.4 74.6 76.2 93.7

0.9 PPV 717.1 81.8 77.4 76.9 88.5 75.0 77.6 71.9 71.9 90.2

’ NPV 78.3 75.8 70.1 85.7 71.1 78.3 75.8 70.1 85.7 71.1
False pos rate 19.0 13.8 13.0 20.0 4.8 25.4 20.6 25.4 23.8 6.3

False neg rate 26.0 30.8 45.5 16.7 51.1 21.3 26.2 32.8 13.1 39.3
Sensitivity 84.0 78.8 70.5 89.6 78.7 86.9 82.0 78.7 91.8 83.6
Specificity 56.9 72.4 74.1 55.0 76.2 52.4 66.7 63.5 52.4 74.6

PPV 62.7 71.9 68.9 61.4 71.2 63.9 70.4 67.6 65.1 76.1

1.0 NPV 80.5 79.2 75.5 86.8 82.8 80.5 79.2 75.5 86.8 82.5
False pos rate 43.1 27.6 25.9 45.0 23.8 47.6 33.3 36.5 47.6 254

False neg rate 16.0 21.2 29.5 10.4 21.3 13.1 18.0 21.3 8.2 16.4
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Table 3. Confusion matrices for individual variants of ABI
LABP calculations.

ABI criteria for PAD detection  Occlusion/stenosis >50%

(DUS)

yes no Y

ABI LABP <0.9; values yes 40 12 52
>1.4 or test failures no 8 48 56
excluded y 48 60 108
ABI LABP <1; values yes 43 27 70
>1.4 or test failures no 5 33 38
excluded y 48 60 108
ABI LABP <0.9 or >1.4 yes 53 15 68
or measurement failure 8 48 56
Y 61 63 124

ABILABP<lor>14  yes 56 30 86
or measurement failure 5 33 38
Y 61 63 124

off 0.9 (sensitivity 87%, NPV 86%). On the other hand,
howeyver, a closer look at Table 3 reveals that a test with
a cut-off 1.0 can only exclude 38 out of 124 limbs (31%)
from further examinations. On the other hand, the guide-
line-recommended cut-off of 0.9 can do the same for 45%
of limbs, albeit with a negligibly worse reliability. A rela-
tively minor increase of sensitivity with cut-off 1.0 by 5%
therefore leads to a reduction in the number of patients
who can be excluded from further examination by approx.
30%. The question of cost effectiveness enters the equa-
tion now; we believe that such a trade-off would not be
justifiable and the guideline-recommended cut-off of 0.9
should be adhered to in diabetic patients.

Oscillometric measurement resulted in characteristics
complementary to those of ABI LABP. While specificity
and positive predictive values were high, sensitivity and
NPV were poor. We can therefore be relatively certain
that patients who have abnormal ABI OSC result have
PAD. However, we also know that, due to low sensitivity,
almost 40% of patients who have PAD will not be cap-
tured. Therefore, ABI OSC is actually useless for screen-
ing in diabetic population. Patients tested positive have

to be examined further. Due to the high number of false
negatives in this test, however, patients tested negative
cannot be considered PAD-free either and must be subject
to additional examination as well.

Increasing the cut-off to 1.0 led to worse test param-
eters for ABI OSC - the cut-off increase lead to a small
improvement of (poor) sensitivity at the expense of fur-
ther deterioration of parameters that were relatively good
with cut-off 0.9.

The guideline-recommended HABP calculation
yielded the worst results of the three methods in diabetic
patients. It was closer in character to the oscillometric
measurement, i.e., with better specificity and PPV than
sensitivity and NPV but in none of the variants did the
parameters justify using it as a screening tool.

An additional question is whether the patients with
high ABI or test failure should be automatically consid-
ered as PAD positive. The results suggest that including
these patients into the calculation of test parameters had
no notable negative effect on the test performance, quite
the contrary. Therefore, these patients should be consid-
ered as likely to have PAD and always sent for further
examination (bear in mind that we are discussing a screen-
ing test now, not a diagnostic test). Such a decision is also
supported by the conclusions of Aboyans’ and others®®
that high ABI bears a significant risk of development of
serious complications and should be considered as PAD-
equivalent’.

In the literature, the evidence concerning the use of
oscillometric automated devices for ABI measurement
varies throughout studies. In the study of Aboyans®,
which was the only study focused specifically on diabetic
patients, the results were poor and the use of oscillometric
devices was not recommended. Our results are in good
agreement with theirs. On the other hand, Massmann®
reported excellent correlation between the use of their
automated oscillometric device and ABI determined by
Doppler measurement, even in the subgroup of diabetic
patients. However, they used ABI HABP for the compari-
son and they did not report the relationship between ABI
values and actual PAD presence. We can confirm similar
trends between the guideline-recommended HABP and
ABI OSC, although the test parameters for ABI OSC were
systematically better than those for ABI HABP.

Table 4. Test parameters for ABI use for screening of PAD.

Authors Sensitivity Specificity PPV NPV Group size Ref.
Janssen A. 71 42 - - 106 26
Premalatha G et al.* 71 89 53 94 100 27
Williams DT et al.** 100/53 88/95 70/80 68 28
Parameswaran GI et al. 53 97 - - 57 29
Hur KY et al. 17 99 75 89 309 30
Clairotte C et al.” 54/29 97/96 93/83 75/66 146 31
Aboyans V et al."” 67 93 73 91 54 19
Vogelberg KH*** 36 93 70 75 48 32

*mean of ankle systolic blood pressures used; **diabetic patients without/with peripheral neuropathy;

***mode of ABI calculation not stated;

compared to angiography; *‘ABI HABP/ABI OSC; “*ABI OSC values with Doppler ABI used as a golden standard
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Table 4 summarizing studies focused on the use of
ABI in diabetic patients shows that the only test param-
eter on which the studies agree is high specificity. This is
also in agreement with our results using the guideline-rec-
ommended parameters (ABI<0.9, HABP). The negative
predictive value detected for these parameters in our study
was 70%, which is also on par with some of the results
reported elsewhere. Similarly, the sensitivity of 54% also
matches or exceeds values reported in most of the other
studies. Nevertheless, it must be taken into account that
the studies suffer from notable methodical differences and
that a simple comparison is not possible.

In conclusion, we can agree with the findings from
other studies'™!? that the use of the lower ankle pressures
leads to a better screening performance of ABI than the
guideline-recommended method. Our study confirms this
for the high risk subgroup of diabetic patients. We can
also recommend considering any abnormality in ABI mea-
surement (i.e., not just ABI below 0.9 but also abnormally
high ABI or failure to measure any of the pressures) as a
marker of possible PAD and referring such patients for
further examination. Increasing the cut-off value from 0.9
to 1.0 led to a minor improvement in sensitivity, it was
however at the expense of a significantly increased num-
ber of false positives. In effect, the number of patients
who could thus be relatively safely excluded from further
examinations dropped from 45% to 31%. In our opinion,
such a trade-off would not be beneficial and we cannot
recommend the change of the cut-off to 1.0 in diabetic
patients.

The use of oscillometric measurement in our study
resulted in a very good specificity and positive predictive
values for the cut-off of ABI <0.9; however, the low sensi-
tivity and therefore a high false negative rate prevents us
from recommending it for screening of PAD in diabetic
patients.

CONCLUSION

Using the lower ankle pressure for ABI calculation
in diabetic patients yielded the best test parameters, es-
pecially where negative predictive value and sensitivity
is concerned. Specificity and positive predictive values
were however not too high. This indicates that the use of
ABI in diabetic patients is suitable rather for identifica-
tion of patients who do not need any further examination
than for a reliable identification of patients with PAD.
Increasing the lower cut-off to 1.0 would not lead to any
improvement of screening test performance. Patients with
any abnormality in ABI (<0.9, >1.4 or measurement fail-
ure) should be referred to further examination, e.g. duplex
ultrasonic examination.
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