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False Normalization of Ankle Brachial Index: A Case of Lower Extremi-
ty Peripheral Arterial Disease with Normal Ankle-Brachial Index

Minsoo Sung, MD @; Yo Han Jung, MD, PhD
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Screening for lower extremity peripheral arterial disease (PAD) is essential in assess-
ing a patient’s risk of cerebrovascular disorders. The ankle-brachial index (ABI) is
widely used as a screening tool for PAD, but it can produce falsely normalized results
due to factors like artery calcification and collateral vessels. We report a patient with
normal ABI but confirmed lower extremity PAD through ultrasound and computed
tomography (CT). This case shows the limitation of ABI for PAD diagnosis. Additional
tests, such as CT or ultrasound, should be considered when PAD is suspected, even if

the ABl is normal.
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Lower extremity peripheral arterial disease (PAD) is
when the arteries in the legs and feet become narrowed
and hardened, restricting blood flow. It is commonly as-
sociated with risk factors such as age, diabetes, hyper-
tension, smoking, high cholesterol, and obesity. Lower
extremity PAD is also associated with other peripheral
artery diseases, such as carotid artery stenosis and cor-
onary artery disease. Screening for lower extremity PAD
is essential in assessing a patient’s risk for cardiovascular
diseases. In fact, many hospitals screen for lower extrem-
ity PAD as part of a patient's health check-up and when
patients are admitted to the hospital for vascular diseases
such as stroke or myocardial infarction.!

One tool commonly used to screen for lower extremity
PAD is the ankle-brachial index (ABI).>® The ABI mea-
sures the difference in blood pressure between the arter-
ies in the arms and legs and can be used to assess the
severity of PAD. An ABI of 0.90 or less indicates a high
suspicion of PAD, and an ABI of 0.50 or less indicates se-
vere PAD. A previous study reported the ABI to be highly
accurate with a sensitivity of 89%, specificity of 99%,
positive predictive value of 90%, and negative predictive
value of 99%.* However, there are cases where false
normalized values may occur, such as when the patient
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has calcification in the infrapopliteal artery or well-devel-
oped collaterals.®® Therefore, if a patient has vascular
claudication or multiple risk factors such as advanced age,
hypertension, smoking, and diabetes, it is important not to
completely rule out lower extremity PAD, even if the AB/
is normal. In such cases, additional tests such as lower ex-
tremity duplex ultrasound and lower extremity CT should
be considered in addition to ABI to further assess the
presence of PAD.

We present a case with normal ABI despite the pres-
ence of lower extremity PAD confirmed by lower extremity
duplex ultrasound, lower extremity computed tomography
(CT), and surgery.

CASE

A 78-year-old male with a history of hypertension, type
2 diabetes mellitus for more than 10 years, gout, carotid
atherosclerosis and subarachnoid hemorrhage presented
with intermittent claudication occurring after 20 minutes
of walking that began a year ago. An ABI test was per-
formed to evaluate lower extremity PAD. The ABI was
measured using a volume plethysmograph (Form PWV/
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ABI; Omron Health Care Co,, Kyoto, Japan). The right ABI
was 1.09, and the left ABI was 1.07, within the normal
range (1.00-1.40). The upstroke time, the transit time
from the nadir to the peak of the pulse volume waveform
recording, was higher than the normal range (<180 mil-
liseconds) in both ankles, 222 milliseconds on the right
ankle and 212 milliseconds on the left ankle (Supplemen-
tary Fig. 1). During follow-up, a femoral artery duplex ul-
trasound was performed at another hospital. The femoral
artery duplex ultrasound demonstrated a 90% or greater
stenosis of the right common femoral artery. The second
ABl test and a lower extremity CT were performed follow-

Table 1. ABI result
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ing the above ultrasound results. The second ABI results
were also within the normal range, with 1.01 on the right
and 1.05 on the left. On the second ABI, the upstroke
time was normal, measuring 165 milliseconds on the right
and 155 milliseconds on the left (Table 1). The lower ex-
tremity CT showed severe stenosis in the right common
femoral artery with heavy calcification and moderate ste-
nosis in the left common femoral artery. There was moder-
ate to severe stenosis in the bilateral proximal superficial
femoral arteries with calcification. The lower extremity CT
also showed calcification of the bilateral proximal infrap-
opliteal arteries (Fig. 1A-C). However, the lower extremity

ABl test Rt ABI Lt ABI Rt upstroke time Lt upstroke time Pulse rate
Initial test 1.09 (149/137)  1.07 (147/137) 222 ms 212 ms 64 bpm
Second test 1.01 (134/133)  1.05 (140/133) 165 ms 1565 ms 76 bpm
Test after Rt CFA endarterectomy 1.09 (171/157) 1.06 (167/157) 157 ms 168 ms 85 bpm

Values are presented as Ankle-brachial index (the systolic blood pressures from ankle/the higher systolic blood pressure from bilater-

al arm).

Rt, right; Lt, left; ABI, ankle-brachial index; CFA, common femoral artery; ms, milliseconds; bpm, beats per minute.

Fig. 1. Lower extremity CT and gross pathology in the patient. (A) Severe stenosis in the right common femoral artery with heavy
calcification. (B) Severe stenosis in the left proximal superficial femoral artery with heavy calcification. (C) Moderate stenosis in the
bilateral infrapopliteal artery. (D) Gross pathology of the right common femoral artery. CT, computed tomography.
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CT showed no stenosis in the distal infrapopliteal artery
where the ABI cuff was placed. The patient underwent
endarterectomy of the right common femoral artery, and
gross pathology showed near-total occlusion of the right
common femoral artery with severe calcification (Fig. 1D).

DISCUSSION

An ABI test is commonly used as the initial screen-
ing test for lower extremity PAD.2® The accuracy of the
ABI test has been well-established in previous studies.
However, there are situations in which the ABI test may
produce inaccurate results. One notable example is when
there is calcification in the infrapopliteal artery that pre-
vents complete occlusion by the air-filled blood pressure
cuff.® This condition is common in patients with diabetes,
chronic kidney disease (CKD), and advanced age. In ad-
dition, falsely normalized results may occur if sufficient
collateral vessels are present’ Therefore, lower extremity
PAD should not be excluded even if the ABI is within the
normal range. Our patient's ABI values were normal in the
initial and subsequent ABI tests. The lower extremity CT
showed stenosis with calcification in the proximal infrap-
opliteal artery, but no stenosis was observed around the
distal infrapopliteal artery where the cuff was applied (Fig.
1C). Therefore, the falsely normalized ABI in our patient
was probably not due to calcified incompressible arteries
but rather to other factors such as well-developed collat-
erals.

If the ABI test is suspected to be falsely normalized,
checking the upstroke time can be helpful for diagnosis.
During the ABI testing, upstroke time is automatically
measured by a volume plethysmograph. Maruhashi et
al.® reported that in cases of lower extremity PAD, the
upstroke time can be prolonged even when the ABI is
normal. In both cases, lower extremity CT confirmed se-
vere calcification in the infrapopliteal artery where the ABI
cuff was placed.® Based on these findings, Maruhashi
et al® suggested that the ABI may be falsely normalized
due to calcification in the infrapopliteal artery. In contrast,
the upstroke time, which is not affected by the presence
of calcified incompressible arteries, may be prolonged.®
In our patient, the first upstroke time increased, with 222
milliseconds on the right side and 212 milliseconds on the
left side. However, both upstroke times were within the
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normal range on the second ABI test (Table 1). Due to the
lack of research in this area, it is currently difficult to pro-
vide a clear explanation or definitive cause for the incon-
sistent results observed in our patients. Further research
is needed to determine the causes of these inconsistent
results and to validate the importance of upstroke time.

This case demonstrates that the ABI can be falsely
normalized. The ABI test can be falsely normalized in the
presence of calcification in the infrapopliteal artery or
when there is sufficient collateral circulation. Therefore,
in the presence of risk factors such as older age, hyper-
tension, smoking, diabetes, chronic kidney disease, or the
presence of calcification in other vessels, or if PAD is clin-
ically suspected, additional testing such as lower extremity
CT or duplex ultrasound is necessary, even if the ABI test
results are normal. In particular, duplex ultrasound is a
simple, quick and safe method to assess PAD in the com-
mon femoral artery and superficial femoral artery.”®
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Supplmentary Fig. 1. Ankle-brachial index measurement by volume plethysmography in patient.
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