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Sensitivity and Specificity of Ankle Brachial Index (ABI) and Pulse Wave
Handheld Doppler (PWHD) Compared with Angiography as Diagnostic Test

for Patients with Peripheral Artery Disease (PAD)
Valdy Thomas”, Djony Tjandra?, Richard Sumangkut®, Billy Karundeng?, Grace Korompis?

Background: Peripheral artery disease (PAD) is a clinical condition that occurs due to
atherosclerosis and narrowing of the arteries involving the aorta, branches of the visceral
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arteries such as the iliac arteries, and the arteries of the distal extremities. The

femoropopliteal artery is the most commonly involved site in patients with atherosclerotic

PAD. Ankle Brachial Index (ABI) determination may have limited value in some patients with
diabetes, because calcification of the tibial artery can render it uncompressible, resulting in
a very high ABI value (>1.40). Handheld vascular Doppler with pulse volume waveform
interpretation (PVW) is an easily available and non-invasive modality for evaluation of the
inferior extremity arteries and can detect the severity of blood flow disturbances or
ongoing PAD. The best diagnostic method for PAD is angiography using digital substraction
angiography (DSA) to assess existing atherosclerotic lesions. The advantages of ABl and
PWHD examinations are in terms of simplicity, ease of use, and non-invasiveness instead of
angiography in PAD diagnosis led the investigators to compare the sensitivity and specificity
values between ABI and PWHD with angiography as a diagnostic test for PAD patients.

Methods: This study used a cross-sectional diagnostic test design with the subjects were
patients diagnosed with PAD, both outpatients and inpatients at Prof. DR. R.D Kandou
Manado. ABI, PWHD and angiography examination were performed on all study subjects.

Results: The data show that ABI has a sensitivity of 95.2% and a specificity of 80% in
diagnosing PAD patients when compared to angiography as the standard of diagnosis of
PAD. PWHD compared to angiography has a sensitivity of 100% and a specificity of 100%.
When ABI and PWHD are combined, it has a sensitivity of 100% with a specificity of 80%.
The sensitivity and specificity of PWHD compared to angiography based on angiographic
location in popliteal artery has a sensitivity of 91.7% and a specificity of 92.6%. PWHD
compared with angiography on posterior tibial artery (PTA) has a sensitivity of 81% and a
specificity of 88.9%. ABI compared with angiography on dorsalis pedis artery has a
sensitivity of 100% and a specificity of 71.4%, with p <0.0001.

Conclusion: The high sensitivity and specificity of ABl and PWHD can be used as a diagnostic
test tool for PAD patients by general practitioners in first level health facilities.
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INTRODUCTION

Peripheral arterial disease (PAD) is a clinical
condition that results from atherosclerosis and
narrowing of the arteries involving the aorta,
branches of the visceral arteries such as the iliac
arteries, and arteries of the distal extremities. The
femoropopliteal artery is the most commonly involved
site in patients with atherosclerotic PAD.! The
prevalence of PAD widely varies, ranging from 4% in

the general population to 30% in the primary health
care.? Other literature stated PAD affects almost 12%
of the general population.! In 2010, more than 200
million people worldwide was affected by PAD, which
represents a 28.7% increase of prevalence in the
lower-middle income countries and a 13.1% increase
of prevalence in high-income countries over the 10
year period.>* The prevalence of PAD in Indonesia
ranges from 9.7%.5 Other data shows that the
prevalence of PAD in patients with diabetes mellitus
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Table 1. Population Demographics

Characteristic n=67 (%)
Age (meanxSD) 60.04+9.24
Gender (M:F) 33:34 (49.2%:50.8%)
ABI (mean£SD) 0.79£0.16
Diabetes (%) 67 (100)
CKD (%) 7 (10.4)
Hypertension (%) 12 (17.9)
CHF (%) 2 (2.9)
Anemia (%) 7 (10.4)
Hyperuricemia (%) 1(1.4)
AKI (%) 1(1.4)
Smoker (%) 1(1.4)
Stroke (%) 2 (2.9)
Tuberculosis (%) 2 (2.9)

(ABI:Ankle Brachial Index, CKD: Chronic Kidney
Disease, CHF: Congestive Heart Failure, AKI:
Acute Kidney Injury, TB: Tuberculosis. SD:
Standard Deviation, M:F=Male:Female)

in Indonesia is 44%, from the medical records data
obtained from Harapan Kita Heart Center, the number
of patients with lower limb PAD from January 2011 to
February 2012 is 119 people.®

Atherosclerotic processes, inflammation of
the artery walls, vasospasm, thromboembolism, and
fibromuscular dysplasia is thought to be the etiology
of PAD. Ischemia or hypoxia, inflammation, and
oxidative stress play a role in the pathophysiology of
PAD. PAD is closely related to the risk of major
cardiocerebrovascular events, thus the risk factors for
PAD are similar to cardiocerebrovascular risk factors
including family history, diabetes mellitus, smoking,
chronic kidney disease, hypertension, obesity, lack of
physical activity, and hyperlipidemia or dyslipidemia.

Tabel 2. ABI Measurement

Result n =67 %
NORMAL 4 6
MILD 46 68.7
MODERATE 16 23.9
SEVERE 1 1.5
Total 67 100.0

Smoking and diabetes mellitus are associated with a
worse outcome and they are independent risk
factors’® The early detection targets for PAD is aimed
for high-risk individuals aged > 65 years and
individuals aged > 50 years with a history of smoking
or with diabetes mellitus.®10:11

PAD causes an increased risk of major
cardiocerebrovascular events and limb loss
(amputation) in severe conditions thus early

detection, correct diagnosis, and adequate treatment
with supervised exercise, pharmacological therapy,
revascularization therapy both with open surgery or
endovascular intervention, and angiography is
necessary to reduce the mortality and morbidity
associated with PAD ensuring the better outcome.®12

The ankle-brachial index (ABI) is a ratio of
the systolic pressure of the lower limb (posterior tibial
artery-PTA or dorsalis pedis artery) to the systolic
blood pressure of the upper limb (brachial artery)
measured in the supine position. This index can be
measured using various measurement methods such
as oscillometry, Doppler ultrasonography (duplex),
plethismography, pulse measurement and
auscultation, however the most widely used methods
are oscillometry and Doppler methods.1%!!
Physiological factors such as age, sex, height, race,
measurement method, smoking habits, posture and
body position can influence the results of the ABI
measurements.

ABI is an important examination method in
diagnosing PAD. The normal ABI index ranges from

Table 3. PWHD Measurement

Location PWHD
Triphasic (%) Biphasic (%) Monophasic (%) Total
Poplitea 52 (77.6) 14 (20.9) 1 (1.5) 67 (100)
PTA 18 (26.9) 31 (46.3) 18 (26.9) 67 (100)
Dorsalis Pedis 5 (7.5) 35 (52.2) 27 (40.3) 67 (100)

Table 4. Angiography Measurement

Location Angiography
Grade 0 (%) Gradel (%) Grade2 (%) Grade3 (%) Grade4 (%) Total
Poplitea 54 (80.6) 1(1.5) 6 (9.0) 4 (6.0) 2 (3.0) 67 (100)
PTA 9 (13) 6 (9) 18 (26.9) 14 (20.9) 20 (29.9) 67 (100)
Dorsalis Pedis 7 (10.4) 0 (0) 17 (25.4) 9 (13.4) 34 (50.7) 67 (100)

Table 5. Sensitivity and Specificity of ABI Compared to Angiography in Various Locations

ANGIOGRAPHY
LOCATION ABI <0.9 Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

Sensitivity 92.6 100% 100% 100% 100%
POPLITEA Specificity 7.40% 7.40% 7.40% 7.40% 7.40% 0.

Sensitivity 55.60% 100% 100% 100% 100%
PTA Specificity 44.40% 44.40% 44.40% 44.40% 44.40% 0.(

itivi o, o, o, o, o,

DORSALIS Sensitivity 42.90% 100% 100% 100% 100%
PEDIS Specificity 57.10% 57.10% 57.10% 57.10% 57.10% 0.(
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1.00 to 1.40 and ABI <0.90 or >1.40 is closely related
to the incidence of PAD. Wang et al. found that there
was an increased risk of occlusive disease with an
increase in ABI.!* Several studies found sufficient
sensitivity and specificity of ABI in diagnosing PAD.
ABI is superior to the other testing methods for PAD
in terms of simplicity, easy to use, and non-invasive.
However, ABI is not the gold standard for diagnosing
PAD.%'* ABI measurements may be limited in some
patients with diabetes, because tibial artery
calcification can makes it uncompressible, resulting in
a very high ABI value (>1.40).%> In a study by Faglia
et al, ankle pressure could not be measured in 109
patients because there were occlusions on both tibial
arteries (75 people) and the presence of calcifications
in the arteries (34 people).® In these circumstances
another non-invasive vascular test should considered
in making a diagnosis for PAD.¢

Handheld vascular Doppler with pulse
volume waveform (PVW) interpretation is widely
available and non-invasive modality for the evaluation
of the inferior extremity arteries and it can detect the
severity of impaired blood flow or ongoing PAD.Y A
study by Lewis et al. comparing ABI and PVW with
Vascular Doppler ultrasonography (USG) found that
ABI sensitivity is £79% with a specificity of 91% and
an overall accuracy of £88%; a PVW sensitivity of
around 97% with a specificity of 81% and an overall
accuracy of about 85%; the combination of ABI and
PVW vyields a sensitivity of 100% with a specificity of

a minimal invasive procedure with a high risk of
bleeding, vascular damage, and embolization, so it is
only used for cases where non-invasive imaging such
as CT-Angiography or Magnetic Resonance
Angiography (MRA) is inadequate. Conventional
angiography is indicated in symptomatic PAD patients
who are considered for revascularization. In the
angiographic approach for diagnosing PAD, an
assessment of three segments of the lower leg
arteries, such as the aortoiliac, femoropopliteal, and
arteries below the knee should be done; so that all
peripheral arteries would be examined for the
presence of anatomical variants, aneurysms, inflow
and outflow disorders, and assess the proper blood
vessels for revascularization as the angiosome
concept. Angiography as a gold standard for
diagnosing is also a therapeutic method where
endovascular revascularization can be performed
using either a stent or a balloon so that arterial
occlusion can be relieved in cases of PAD.%2%22

The simplicity, easy to use, and non-invasive
method of ABI and PWHD examinations in assisting
the diagnosis of PAD and angiography with digital
subtraction angiography (DSA) as a standard
diagnostic and therapeutic endovascular interventions
for PAD motivate researchers to compare the
sensitivity and specificity values between ABI and
PWHD with angiography as a diagnostic test for PAD
patients.

76% and an overall accuracy of 85%; Thus, the study METHOD
concluded that these two modalities were sufficiently
accurate methods to diagnose PAD.!8 This is a cross-sectional diagnostic test

Evaluation of PAD from vascular Doppler
ultrasound examination can be the basis for
diagnosis, choice of treatment, and evaluation of the
given therapy. Vascular Doppler ultrasound
examination can provide information on the severity
of the stenosis by interpreting the waves of blood flow
in the arteries. In clinical practice, handheld Doppler
has shown a high level of reliability.!” In performing
audio analysis, non-pathological Doppler waveforms
are considered to be multifacial, which includes
biphasic (two) or triphasic (three) sounds. In contrast,
a monophasic waveform is a single sound that is
considered pathological.!” The loss of a triphasic
waveform on Doppler examination can lead to
occlusive disease.*®

The best diagnostic method for PAD is
angiography using digital substraction angiography
(DSA) to assess the atherosclerotic lesions.?’ DSA is

study. The subjects were outpatients and inpatients
of Prof. DR. R.D Kandou Manado General Hospital
diagnosed with PAD. ABI, PWHD and angiography
examination were performed on all study subjects.
The research was conducted from March 2020 to
October 2020. The study was conducted at the
Department of General Surgery, Prof. DR. R.D.
Kandou Manado General Hospital. The population in
this study were all patients with PAD who were treated
at this hospital with a total of 67 people. The research
samples were PAD patients aged = 18 years who were
able and willing to sign the informed consents. The
sample would be filtered based on the inclusion and
exclusion criteria. The inclusion criteria included the
ABI index can be measured, the patient never had
peripheral artery revascularization previously, and the
patient can be in supine position during examination.
The exclusion criteria included patients who have one

Table 6. Sensitivity and Specificity of PWHD Compared to Angiography in Various Locations

PWHD + ANGIOGRAPHY
LOCATION (_Bifasic, Monophasic ) Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 p

Sensitivity 7.40% 100% 67% 100% 100%

POPLITEA Specificity 92.60% 92.60% 92.60% 92.60% 92.60% 0.0001
Sensitivity 11.10% 67% 72% 100% 85%

PTA Specificity 88.90% 88.90% 88.90% 88.90% 88.90%  0.0001
DORSALIS Sensitivity 28.60% 100% 100% 100% 100%

PEDIS Specificity 71.40% 71.40% 71.40% 71.40% 71.40%  0.0001

Table 7. Sensitivity and Specificity Combined ABI and PWHD compared with Angiography
ABI PWHD (+) Combined

<0,9 Biphasic and Monophasic ABI < 0,9 and PWHD (+)

Biphasic and Monophasic
Sensitivity (%) 95,2 100 100
Specificity (%) 80 100 80

www.journal.vascular.co.id 12
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or more of the following conditions; lymphedema,
thrombophlebitis, cellulitis, and deep vein thrombosis
(DVT). The other exclusion criteria were cancer
patient, the patient had never a major amputation of
the lower limb, the patient cannot supine, and the
patient withdrawn from the study. The sample
characteristics (such as: age and sex), comorbidities
and ABI categories were calculated for the frequency
of distribution. The results of PWHD measurements
and angiography are also categorized based on
gradation and location. For the initial sensitivity and
specificity measurement, the PWHD measurement
which results as triphasic are classified as PWHD (-),
the biphasic and monophasic PWHD results are
classified as PWHD (+). All ABI categories (mild,
moderate and severe) are grouped as ABI (+) and the
normal ABI are grouped as ABI (-). For the gold
standard, which is angiography; grade 1-4
angiography results are grouped as angiography (+)
and others results as angiography (-). Analysis to
obtain sensitivity and specificity values were cross
tabulated with a significance level of 5%, using
statistical analysis program PAPP 1.4.1 (GNU
software). Then the test was continued by comparing
the sensitivity and specificity of each gradation and
location. Ethical approval was obtained from each
research samples and the Ethics Commission of Prof.
R. D. Kandou Manado General Hospital.

RESULTS

The participant demographics are
presented in Table 1. Of the 67 participants who
completed a full set of study measurements, the
mean age was 60.05+9.24 SD years, the samples in
this study were 33 men and 34 women. Mean ABI
was 0.79£0.16 SD. The main risk factor is type 2
diabetes mellitus in 67 people (100%). Then
hypertension 12 people (17.9%), CKD 7 people
(10.4%), anemia 7 people (10.4%), congestive
heart failure, stroke and pulmonary tuberculosis are
comorbidities suffered by the sample is 2 people
each (2.9%). The result of measurements ABI,
PWHD and angiography at popliteal artery, posterior
tibial artery (PTA), and dorsalis pedis artery are
presented in Table 2, 3, 4. The result of sensitivity
and specificity are presented in Table 5,6,7.
In Table 7 it
is explained that ABI compared to angiography has
a sensitivity of 95.2% and a specificity of 80%.
PWHD compared to angiography has 100%
sensitivity and 100% specificity. When ABI and
PWHD are combined, they will have a sensitivity
of 100% with a specificity of 80%.

Factors affecting venoplasty failure to
maintain optimal Qb values were analyzed through
logistic regression modeling (Table 2). Regardless of
other factors (univariable model), the location of
stenosis and the presence of DM comorbidities are 2
main factors that have the potential to increase the
chance of venoplasty failure. After controlling for
one of these variables (multivariable model), it was
seen that cases with juxta anastomosis stenosis had
a 14 times greater chance of venoplasty failure (p =
0.037) than stenosis in draining veins or central
veins. The presence of DM increased the odds of
failure of venoplasty 12 times greater (p = 0.038)
than when cases did not have this comorbid. The
location of AVF had no effect on venoplasty results
(p = 0.570).

www.journal.vascular.co.id

DISCUSSION

The data shows that ABI has a sensitivity of
95.2% and a specificity of 80% in diagnosing PAD
patients when compared to the gold standard which
is angiography. Various studies have reported that
ABI had a sensitivity of >90% and a specificity of
more than 95% in diagnosing stenosis in the lower leg
arteries when compared to angiography.>>°® Lijmer et
al. reported that an ABI value of <0.91 had a
sensitivity of 79% and a specificity of 96% when
compared to angiography in detecting PAD.>’ Stoffers
et al. also reported that an ABI value of <0.97 had a
sensitivity of 79% and a specificity of 82%.%8

In this study we looked at the sensitivity and
specificity of ABI in diagnosing PAD by finding the
location of lesions in the lower limbs via angiography
(Table 5, 6). ABI compared with angiography on A.
popliteal had a sensitivity of 100% and a specificity of
7.4%. ABI compared to angiography in A. PTA had a
sensitivity of 100% and a specificity of 44.4%. ABI
compared with angiography on dorsalis pedis artery
had a sensitivity of 100% and a specificity of 57.1%,
with p <0.0001. Thus, the researchers concluded that
ABI has a high sensitivity (100%) in detecting a
stenosis with rate of >30% on angiography. Dachun
Xu et al. reported that in detecting a stenosis with rate
of 250%, ABI <0.9 varies in sensitivity (15-79%) and
specificity (83.3-99%) (Table 1).°° The level of
specificity tends to vary and low because the ABI
measurement is done on the dorsalis pedis artery or
the posterior tibial artery, so the ABI measurement
does not specifically detect stenosis in these two
arteries, but it can also detect stenosis in a more
proximal artery.>®

The results showed that PWHD has a
sensitivity of 100% and a specificity of 100% in
diagnosing PAD. A study by Ro et al. evaluated the
sensitivity of ABI, specificity of ABI and subjective
pulse volume waveform (PVW) analysis obtained from
photoplethysmography  (PPG), with subjective
Doppler Waveform (DW) analysis compared to the
gold standard computed tomography angiography
(CTA). The test results of a total of 97 patients (194
feet) had a sensitivity and specificity of PPG-PVW
analysis compared to CTA of 82% and 77%,
respectively; for DW analysis, a sensitivity of 91% and
specificity of 65%, and ABI sensitivity of 70% and
specificity of 97% .%° Another study of Tehan et al.
examined the sensitivity and specificity of continuous
waveform doppler (CWD) compared to Dupplex
ultrasound and angiography in detecting PAD with a
stenosis rate of 50%; CWD has a sensitivity of
81.75% when compared to Dupplex Ultrasound and
has a sensitivity of 81% when compared to
angiography.®?

The results of our study found that the
sensitivity varies depending on the location and
degree of stenosis. Lowest PWHD sensitivity in
detecting stenosis is in grade 1 (stenosis <30%)
popliteal artery and grade 2 (30-60% stenosis) PTA.
It is because there are recognized physiological
limitations associated with subjective PWHD analysis.
First, PVW is dependent on peripheral blood flow and
therefore can be affected by factors other than
vascular patency such as sympathetic nerve input.
Second, severe congestive heart failure can also slow
down the blood flow and mimic inflow disease. Third,
PVW represents the total blood flow of the area that
is being assessed and therefore cannot provide
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accurate diagnostic information about the extent of
particular injured artery.'®

The results showed that the combination of
ABI and PWHD compared to angiography in detecting
PAD had a sensitivity of 100% and a specificity of
80%. Lewis et al. used automatic measurement of ABI
and PVW to detect PAD compared to DW, ABI had a
sensitivity of 79% and a specificity of 91%, PVW had
a sensitivity of 97% and a specificity of 81%, and
when the two were combined, they had a sensitivity
of 100% and a specificity of 76%. So, the researchers
concluded that the combination of ABI and PWHD is
an efficient, non-invasive, and easy diagnostic tool in
diagnosing PAD.

The advantage of this study is to compare
ABI with PWHD as the initial screening for PAD
patients. The PWHD device is cheap and easy to
obtain, so it can be used by frontline medical
personnel in diagnosing PAD patients. Another
advantage of this study, it compares the sensitivity
and specificity values of various locations and degrees

CONCLUSION

Ankle Brachial Index (ABI) and Pulse Wave
Handheld Doppler (PWHD) have good sensitivity and
specificity in detecting PAD. The combination of these
two diagnostic modalities is an efficient, noninvasive,
and an easy diagnostic test in diagnosing PAD. ABI
and PWHD can be used by the frontline and rural
medical personnel to diagnose PAD patients. We
suggest a study on the sensitivity and specificity of
combined ABI and PWHD which included other
variables.
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