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Introduction: There is scarcity of data validating portable digital ankle-brachial index (ABI) with contrast angiog-
raphy in peripheral arterial disease (PAD). Our aim was to provide an objective analysis of the relationship be-
tween digital ABI (dABI) and peripheral angiographic data.
Methods: Consecutive patients with symptoms of PAD betweenMay 2014 to May 2015 at Einstein Medical Cen-
ter, Philadelphia, who were undergoing simultaneous dABI and peripheral angiography, were evaluated. Mea-
surements were made using the FloChec™ Digital ABI system (Bard) prior to the scheduled peripheral
angiogram.
Results: The final cohort consisted of 51 patients. Mean agewas 68.8± 9.5 years with 55% beingmale. Aorto-iliac
disease accounted for 13% of the total lesions, while femoro-popliteal lesions comprised 55%. The FloChec™ dig-
ital ABI had a sensitivity of 84% and a positive predictive value of 84%. The area under the receiver operating char-
acteristic curve was 0.74 (p = 0.007). On multivariate analysis, FloChec™ digital ABI was still an independent
predictor of PAD, Odds ratio 6.8 (2.3–20.6, p = 0.001).
Conclusion: A portable, point-of-care digital ABI system can be used as a valuable, simple, cost-effective and reli-
able screening tool with high sensitivity and accuracy. To date, ours is the first study validating FloChec™ digital
ABI with the gold standard angiographic data.
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1. Introduction

Peripheral arterial disease (PAD) is a systemic disease associated
with reduced quality of life, and increased cardiovascular (CV) morbid-
ity and mortality [1–3]. PAD is under diagnosed for a variety of reasons
including lack of awareness among physicians, and relative inaccessibil-
ity of equipment required to diagnose this condition with precision [4].
When PAD is suspected, the guidelines recommend measuring resting
ankle-brachial index (ABI) [5]. One of the drawbacks of Doppler ABI is
that it is time consuming and requires technical expertise [6, 7]. Auto-
mated Doppler ABI testing through plethysmography (digital ABI)
may be preferred due to its speed and ease of use [7, 8]. Studies compar-
ing digital ABI methods to Doppler ABI have shown concordance above
90% [9, 10]. All these screening tests have been validated against symp-
toms [11, 12] but none of the studies have compared these tests to the
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peripheral angiography. There is scarcity of data validating portable dig-
ital ABI with peripheral angiography in PAD. The aim of this study was
to provide an objective analysis of the relationship between digital ABI
(dABI) and peripheral angiographic data.

2. Methods

This is a retrospective study of consecutive patients with symptoms
and/or risk factors for symptomatic PAD, who presented to Einstein
Medical Center, Philadelphia betweenMay2014 andMay2015. Patients
with prior interventions for PAD were excluded. In the outpatient set-
ting, patients first had their dABI measured using the FloChec™ Digital
ABI system [Bard]. The FloChec™ system consists of a portable netbook
PC, a printer, and a Sensor assembly. A proprietary algorithm calculates
the Blood Flow Index (BFI), which is a measure of proximal patency.
Comparison of BFI in the lower extremity to BFI in the upper extremity
provides the ratio known as digital ABI. A digital ABI result of b0.92 in-
dicates the presence of flow obstruction. Patients with digital ABI
b0.92were subsequently referred for peripheral angiography. An angio-
graphic stenosis N50% of the vessel luminal diameter was considered
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Table 1
Baseline characteristics.

Variables N = 51

Age, in yrs 68.8 ± 9.5
Male - no, (%) 28 (55%)
Race

Caucasians - no, (%) 12 (24%)
Black - no, (%) 35 (68%)

Diabetes Mellitus - no, (%) 27 (53%)
Tobacco abuse - no, (%) 28 (55%)
Stroke - no, (%) 10 (20%)
Dyslipidemia - no, (%) 49 (96%)
Hypertension - no, (%) 44 (87%)
Coronary artery disease - no, (%) 39 (77%)
Chronic kidney disease - no, (%) 9 (18%)
H/O congestive heart failure - no, (%) 13 (26%)
Prior coronary artery bypass graft - no, (%) 7 (14%)
Claudication - no, (%) 46 (90%)
Peripheral angiography findings

Aorto-iliac disease - no, (%) 7 (13%)
Femoro-popliteal disease - no, (%) 28 (55%)
Multi-level disease - no, (%) 16 (32%)
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significant. Demographic data and angiographic results were collected.
The data was de-identified, and the studywas approved by Institutional
Review Board at Einstein Medical center, Philadelphia, PA.

2.1. Statistical analysis

Normally distributed continuous data are expressed as mean values
(±standard deviation). Non-normally distributed continuous data are
expressed as median (interquartile range). Frequencies of categorical
variables are expressed as numbers (percentage). SPSS version 20 was
used to perform data analysis.

3. Results

The baseline demographic variables of the study participants are
shown in Table 1. The final cohort consisted of 51 patients. The mean
age was 68.8 ± 9.5 years with 55% being male. The prevalence of PAD
in our study population was 75%. The FloChec™ digital ABI had a sensi-
tivity of 84% and specificity of 48%. The positive predictive value was
84%. The area under the receiver operating characteristic curve was
0.74 (p = 0.007, Fig. 1). On multivariate analysis adjusted for diabetes,
hypertension, coronary artery disease, smoking, Flochec digital ABI
Fig. 1. Receiver Operating Characteristics (ROC) of FloChec Digital ABI.
was still an independent predictor of PAD, Odds ratio 6.8 (2.3–20.6, p =
0.001). The results were in the same range analyzed separately between
the right and the left limb.

4. Discussion

Themainfindingof our study is that the FloChec™ digital ABI system
can be used as a valuable, simple, cost-effective and reliable screening
tool with high sensitivity and accuracy. Secondly, with a high sensitivity
and positive predictive value, it can serve as a portable, point-of-care
device to rule out symptomatic PAD.

There are several advantages of FloChec™ System over Doppler ABI.
The FloChec™ Systemmeasures distal perfusion, as opposed to the two
specific tibial vessels at the ankle in Doppler ABI. Doppler ABI are prone
to false negatives in non-compressible vessels. FloChec™ is not subject
to such a limitation. The FloChec™ test may be performed in few mi-
nutes, whereas, Doppler ABI may take between 15 and 20 min. Lastly,
the results of FloChec™ measurements are objective, reproducible,
and not subject to the technique and trade craft of Doppler ABI mea-
surements. In our study, FloChec™ digital ABI was performed in the of-
fice by ancillary staff, supervised by the providers. In PAD, early and
accurate diagnosis, and thereby treatment could potentially improve
clinical outcomes [13]. Thus, FloChec™, with its ease of use, high sensi-
tivity and positive predictive value, could serve as a reliable tool in
symptomatic PAD patients.

5. Conclusions

Aportable, point-of-care digital ABI system canbeused as a valuable,
simple, cost-effective and reliable screening tool with high sensitivity
and accuracy. To date, ours is the first study validating FloChec™ digital
ABI with the gold standard angiographic data.

6. Study limitations

Our study is a retrospective study with a small sample size.

Statement of authorship (all authors)

All authors take responsibility for all aspects of the reliability
and freedom from bias of the data presented and their discussed
interpretation.

Grant support

None.

References

[1] Selvin E, Erlinger TP. Prevalence of and risk factors for peripheral arterial disease in
the United States. Circulation 2004;110(6):738 LP–743http://circ.ahajournals.org/
content/110/6/738.abstract.

[2] Sanna G, Alesso D, Mediati M, et al. Prevalence of peripheral arterial disease in sub-
jects with moderate cardiovascular risk: Italian results from the PANDORA study
Data from PANDORA (Prevalence of peripheral Arterial disease in subjects with
moderate CVD risk, with No overt vascular Diseases nor Diabetes mellitus). BMC
Cardiovasc Disord 2011;11(1):59. https://doi.org/10.1186/1471-2261-11-59.

[3] Heald CL, Fowkes FGR, Murray GD, Price JF. Risk of mortality and cardiovascular dis-
ease associated with the ankle-brachial index: systematic review. Atherosclerosis
2018;189(1):61–9. https://doi.org/10.1016/j.atherosclerosis.2006.03.011.

[4] Blacher J, Cacoub P, Luizy F, et al. Peripheral arterial disease versus other localiza-
tions of vascular disease: the ATTEST study. J Vasc Surg 2018;44(2):314–8. https://
doi.org/10.1016/j.jvs.2006.04.002.

[5] Gerhard-Herman MD, Gornik HL, Barrett C, et al. 2016 AHA/ACC guideline on the
management of patients with lower extremity peripheral artery disease. J Am Coll
Cardiol 2017;69(11):e71 LP-126http://www.onlinejacc.org/content/69/11/e71.
abstract.

[6] Premanath M, Raghunath M. Ankle-Brachial index by oscillometry: a very useful
method to assess peripheral arterial disease in diabetes. Int J Diabetes Dev Ctries
2010;30(2):97–101. https://doi.org/10.4103/0973-3930.62600.

http://circ.ahajournals.org/content/110/6/738.abstract
http://circ.ahajournals.org/content/110/6/738.abstract
https://doi.org/10.1186/1471-2261-11-59
https://doi.org/10.1016/j.atherosclerosis.2006.03.011
https://doi.org/10.1016/j.jvs.2006.04.002
https://doi.org/10.1016/j.jvs.2006.04.002
http://www.onlinejacc.org/content/69/11/e71.abstract
http://www.onlinejacc.org/content/69/11/e71.abstract
https://doi.org/10.4103/0973-3930.62600


209D. Gajanana et al. / Cardiovascular Revascularization Medicine 20 (2019) 207–209
[7] Nelson MR, Quinn S, Winzenberg TM, Howes F, Shiel L, Reid CM. Ankle-
Brachial Index determination and peripheral arterial disease diagnosis by an
oscillometric blood pressure device in primary care: validation and diagnostic
accuracy study. BMJ Open 2012;2(5)http://bmjopen.bmj.com/content/2/5/
e001689.abstract.

[8] Diage TR, Johnson G, Ravipati G. Digital ankle-brachial index technology used in pri-
mary care settings to detect flow obstruction: a population based registry study.
BMC Res Notes 2013;6:404. https://doi.org/10.1186/1756-0500-6-404.

[9] Khandanpour N, Armon MP, Jennings B, Clark A, Meyer FJ. Photoplethysmography,
an easy and accurate method for measuring ankle brachial pressure index: can
photoplethysmography replace Doppler? Vasc Endovascular Surg 2009;43(6):
578–82. https://doi.org/10.1177/1538574409334829.

[10] Sadiq S, Chithriki M. Arterial pressure measurements using infrared photosensors:
comparison with CW Doppler. Clin Physiol 2001;21(1):129–32. https://doi.org/10.
1046/j.1365-2281.2001.00299.x.
[11] Nardi Gomes TJ, Martins de Albuquerque I, de Moraes Costa P, Cardoso DM, de
Moraes Costa G, da Costa Vieira JL. Association between the ankle-brachial index, in-
termittent claudication, and physical activity level: what is the influence on the
functional capacity of patients with or at high risk of cardiovascular disease? Int J
Gen Med 2015;8:55–62. https://doi.org/10.2147/ijgm.s76446.

[12] Wu A, Coresh J, Selvin E, et al. Lower extremity peripheral artery disease and quality
of life among older individuals in the community. J AmHeart Assoc 2017;6(1)http://
jaha.ahajournals.org/content/6/1/e004519.abstract.

[13] Duscha BD, Robbins JL, Kontos CD, Kraus WE, Annex BH. Angiogenesis in peripheral
artery disease: an emerging therapy targeting skeletal muscle. In: Santulli G, editor.
Angiogenesis: Insights From a Systematic Overview. New York: Nova Publishers;
2013. p. 99–134.

http://bmjopen.bmj.com/content/2/5/e001689.abstract
http://bmjopen.bmj.com/content/2/5/e001689.abstract
https://doi.org/10.1186/1756-0500-6-404
https://doi.org/10.1177/1538574409334829
https://doi.org/10.1046/j.1365-2281.2001.00299.x
https://doi.org/10.1046/j.1365-2281.2001.00299.x
https://doi.org/10.2147/ijgm.s76446
http://jaha.ahajournals.org/content/6/1/e004519.abstract
http://jaha.ahajournals.org/content/6/1/e004519.abstract
http://refhub.elsevier.com/S1553-8389(18)30274-4/rf2671
http://refhub.elsevier.com/S1553-8389(18)30274-4/rf2671
http://refhub.elsevier.com/S1553-8389(18)30274-4/rf2671
http://refhub.elsevier.com/S1553-8389(18)30274-4/rf2671

	Validation of digital ankle-�brachial index as a screening tool in symptomatic patients with peripheral arterial disease
	1. Introduction
	2. Methods
	2.1. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusions
	6. Study limitations
	Statement of authorship (all authors)
	Grant support
	References


