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Doppler ultrasonography in lower extremity
peripheral arterial disease

Alt ekstremite periferik arter hastaliginda Doppler ultrasonografi
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Summary- Systemic atherosclerosis is a condition which
progresses with age, decreases quality of life, and life ex-
pectancy. Lower extremity peripheral arterial disease (PAD)
is a common manifestation of systemic atherosclerosis in
the elderly. These individuals have a 2 to 4 fold higher risk
of coronary heart disease and stroke. In addition, systemic
atherosclerosis causes overall functional disability including
restricted lower extremity movements. When used alone
for diagnostic purposes, claudication is an unreliable sign
of PAD in all age groups especially the elderly. Moreover,
claudication is difficult to define due to the advancing age
and degenerative changes in lumbar and peripheral joints.
Doppler ultrasonography (US) is an easily available and
noninvasive means of arterial visualization in the lower ex-
tremities. In this review, supporting evidence for the use of
Doppler US in the diagnosis of PAD will be discussed. Past
and present recommendations regarding Doppler US in the
current PAD guidelines will be overviewed.

Many of the chronic illnesses that are associated
with increased age and prolonged lifespan are
more frequently accompanied by significant changes
in the vascular system. Narrowing and occlusions oc-
cur not only in coronary and cerebral arteries, but also
in the aorta and in its branches as a result of the athero-
sclerotic process. This condition is called peripheral
arterial disease (PAD) or peripheral arterial occlusive
disease. In addition, arterial stenosis of the lower limbs
is generally symmetrical and most commonly occurs
in the adductor canal (Hunter’s canal).l'! However,
the distal part of leg and foot is less seriously affected
by atherosclerosis since the popliteal artery is rich in
blood supply due to collateral development.

Ozet- Sistemik ateroskleroz yas ile paralel olarak ilerleyen,
yasam kalitesini ve suresini azaltan bir durumdur. Alt ekstre-
mite periferik arter hastaligr (PAH) sistemik aterosklerozun
yaslida oldukca sik gorulen bir yansimasidir. Alt ekstremite-
lerde hareket kisithhigina ve tum fonksiyonlarinda azalmaya
neden olmaktadir. Bu hastaligi olan kisilerde koroner kalp
hastaligi ve inme agisindan 2-4 kat daha fazla risk bulunmak-
tadir. Klodikasyon tek basina tani amaciyla kullanildiginda
yaslilarda daha fazla olmak uzere tum olgularda PAH’y1 gbs-
termede guvenilmez bir isarettir. llerleyen yas ile bel omurlari
ve cevresel eklemlerde meydana gelen dejeneratif degisiklik-
ler tipik klodikasyonun tanimlanmasini da zorlastirmaktadir.
Doppler ultrasonografi (USG) alt ekstremite arterlerinin go-
runtulenmesinde kullanilan, kolay ulagilabilir ve invaziv olma-
yan bir goruntuleme yontemidir. Bu yazida Doppler USG’nin
PAH tanisini koymadaki yeri kanita dayal olarak tartisildi.
PAH'ya iliskin guncel kilavuzlarda Doppler USG’nin kullanimi
ile iligkili eski ve yeni dneriler gdbzden gegirildi.
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When examining the arteries of the lower extremities,
the collaterals that develop in the presence of occlu-
sion and anatomic variations should also be examined
with caution.
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Arterial pathologies may be studied in two ma-
jor categories: (1) occlusive arterial diseases and (2)
non-occlusive arterial diseases. In the next part of this
review, we will address the diagnostic value of Dop-
pler ultrasound (US) in the chronic occlusive arterial
disease of the lower limbs, its place in the current
guidelines, and its limitations. One of the most impor-
tant characteristics of the lower extremity PAD is that
it indicates presence of disseminated and significant
atherosclerosis in an affected subject.’) The presence
of PAD classifies an individual in the group of cardio-
vascular disease. In this case, blood pressure, glucose
and lipid targets, quality of life expectations as well as
prognostic approaches vary largely.

The incidence of occlusive arterial diseases of the
lower extremities increases with age regardless of
the presence of other risk factors for cardiovascular
disease. When surveys from different countries are
considered, the prevalence of the disease in the gen-
eral population is about 3-10%, reaching the level
of 15-20% after the age of 70.°4 This suggests that
the occlusive arterial disease of the lower extremities
is largely the problem of elderly. The prevalence of
lower extremity PAD in Turkey was first investigated
in the CAREFUL study.?! In this multicenter national
survey, subjects aged above 70-years-old or subjects
aged 50-69 years with at least one cardiovascular
risk factor were enrolled. The CAREFUL study con-
cluded that overall prevalence of ankle brachial index
and PAD was 20% in the study population and the
frequency was similar in both genders. The preva-
lence of the disease was above 30% in subjects older
than 70 years of age indicating a marked increase
compared to aging. A recent multicenter study in an
Aegean area in Turkey showed the prevalence of low
ankle brachial index as 10.45% and 7.36% in men and
woman, respectively.® When the authors defined the
lower extremity PAD as either having a low (<0.9) or
high (>1.3) ankle brachial index value, the frequency
of the disease was calculated as 19.76%. However, a
similar but single-center study conducted in the set-
ting of internal medicine outpatient care at a tertiary
hospital in Ankara determined a mean prevalence of
5% in subjects above 50-years-old.[”? One out of every
five individuals above 40 years old among the Turkish
adults could be regarded as having occlusive arterial
disease of the lower extremities. These variations may
be explained by several reasons.®!! Since the recog-
nition of age related functional deficits in the lower

extremities is frequently complicated by a multi-etio-
logical course, the diagnosis of lower extremity PAD
becomes more important when its asymptomatic na-
ture is considered.

Imaging methods in PAD

Catheter angiography (CA) is recommended as the
reference standard in the diagnosis of PAD.['"Y How-
ever, the potential disadvantages of this method in-
clude requirement of vascular access, risk of ionizing
radiation and exposure to contrast agent. Magnetic
resonance angiography (MRA), computerized tomog-
raphy angiography (CTA) and Doppler US are the
currently the alternative imaging methods. Although,
these tool are less invasive compared to CA, concerns
related to the use of ionizing radiation still remain with
CTA. In addition, the use of contrast substance has po-
tential risks in angiography performed with CTA or
MRA. However, performing Doppler ultrasonography
possess neither of these risks. Therefore, it is impor-
tant to examine the true value of the Doppler US in
the diagnostic examination of PAD in the lower limbs.

Basic principles of the Doppler US

Doppler technique was first described by the Austra-
lian physicist and mathematician, Christian Doppler.
The Doppler Effect is defined as the return of a high-
frequency sound wave with a different frequency
when it encounters a moving structure in the vessel.
The waves towards the transducer are coded with red
and the waves moving away from the transducer are
coded with blue. Main Doppler types may be classi-
fied as follows; 1) Continuous wave (CW) Doppler, ii)
Spectral (Pulse) Doppler, iii) Color Doppler, and iv)
Power Color Doppler.

In the lower extremity, arterial Doppler ultrasonog-
raphy B-mode images are obtained initially allowing a
clear evaluation of anatomic structures and atheroma-
tous plaques. In a normal lower extremity artery, there
is a three-phase flow pattern, also called triphasic flow
pattern. First, a high velocity flow results from the
cardiac cycle, then an inverse flow occurs in the early
diastole which is followed by a progressive flow ve-
locity in the late diastole.[™® This triphasic waveform
is characteristic of arteries supplying muscular bed,
which has high peripheral resistance. During exercise
or transient ischemia, there is loss of triphasic pattern
(Fig. la). In occlusive arterial diseases, flow veloc-
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ity is increased in the region where the lumen is nar-
rowed. Conversely, vascular resistance is decreased
as a result of collateral circulation and vasodilation
in the distal part of the obstruction. As the disease
progresses, the triphasic flow diminishes to a biphasic
flow (Fig. 1b). This is due initially to the loss of elas-
tic recoil caused by ‘hardening’ of the arteries. If the
disease progresses further, the flow loses its pulsatile
nature to a monophasic signal with increased diastolic
flow owing to regional vasodilation (Fig. 1c).

Using ultrasound, the degree of arterial disease in
the lower extremities is classified into 4 categories,
including 1) normal (0% stenosis), 2) 1-49% stenosis,
3) 50-99% stenosis, and 4) total occlusion (100% ste-
nosis)."* Velocity criteria for the assessment of lower
limb arterial stenosis are based on the peak systolic
velocity (PSV) and velocity ratio (VR) when the flow
velocity is normal PSV is lower than 1.5 and VR is
1.5:1.51In case of a 0-49% stenosis PVS is found be-
tween 1.5 and 2, and VR is found 1.5-2:1. For a ste-
nosis between 50-99%, PVR is found >2.0 and VR is
calculated as >4:1.!'" Diagnostic criteria for a hemo-
dynamically important ‘50-99% stenosis’ require that
the peak systolic velocity is double at the lesion when
compared with a more-proximal segment (it is greater
than 200 cm/s, with evidence of turbulence).!'>]

Doppler ultrasonography in clinical studies for
the lower extremity PAD

i. Comparisons between Doppler US and CA

Approximately 30 years ago, initial clinical studies
concluded that Doppler ultrasonography could be
used in the diagnosis of PAD of the lower extremities.
1161 In the following years, many authors presented data

suggesting that CA could successfully be replaced by
Doppler US.['18] As a result of fast technological ad-
vances and reduced costs, Doppler ultrasonography
equipment was used in many hospitals and clinics.

Well-designed clinical studies that performed head-
to-head comparisons of Doppler ultrasonography and
CA, are the focus of this review. In all studies conduct-
ed to date, sample size remained quite small because
angiography (the reference standard) was an invasive
method. In an early well-designed study performed on
a total of 40 patients,!"”? Doppler ultrasonography was
found to have a sensitivity of 92% and a specificity
of 98% in aortoiliac disease. For femoro-popliteal dis-
ease, these values were calculated to be 88% and 98%,
respectively. For the success of Doppler ultrasonogra-
phy in the demonstration of stenosis, sensitivity and
specificity reached to 100% in aortoiliac arteries and
to 90% and 100% in femoro-popliteal arteries.

The sensitivity of Doppler US was found to de-
crease in the distal parts of the extremity in a study
that evaluated 24 patients and 213 arterial segments
with the aim of calculating the sensitivity of Doppler
US in the detection of the stenosis in the below-knee
arteries.?”) However, the author concluded that ultra-
sonography had a quite high success in the detection
of stenosis in the lower limb arteries.

In another study that evaluated 134 arterial seg-
ments in 25 patients, Doppler ultrasonography and
CA were performed in patients with claudication. The
combination of both methods were well-correlated in
the detection of significant stenosis and total occlu-
sions.?! In this investigation, the authors concluded
that the sensitivity and specificity of Doppler ultra-
sonography were 89% and 95%, respectively when
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Figure 1. Lower limb artery waveforms. (A) Triphasic pattern. (B) Biphasic pattern. (C) Monophasic pattern.
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angiography was considered as the gold standard.. In
addition, it was determined that angiography showed
the occluded areas more extensively.

A similarly designed study conducted by Ber-
gamini et al.?” examined 404 arterial segments in 44
patients. Doppler ultrasonography had the following
sensitivity/specificity values for the detection of a
stenosis >50%; main femoral artery 86/96%, ascend-
ing superficial femoral artery 95/98%, descending
superficial femoral artery 97/90%, above-knee upper
popliteal artery 84/90%, below-knee popliteal artery
47/98%, and tibioperoneal trunk 25/100%. However,
the authors also reported that occurrence of stenosis
in multiple regions (which is an often observed condi-
tion) decreased the sensitivity of the method.

Sensier et al.l”*! were among the investigators who
evaluated Doppler US for the diagnosis of PADs of
the lower limbs. In a relatively large study, 1658 seg-
ments from the aortoiliac, femoropopliteal and tibial
arteries from 79 patients were evaluated. They found a
significant overall consistency between Doppler ultra-
sonography and arteriography. Sensitivity and speci-
ficity values (both 88%) were reported for the femo-
ropopliteal segment. In a similar but retrospective trial
performed by the same investigator group, it was con-
cluded that Doppler US could also be recommended to
evaluate infrapopliteal disease.*"

In one of the best well-designed studies conducted
to date, Aly et al.l*! performed both CA and Doppler
US on 177 legs and 3108 arterial segments (630 aor-
toiliac, 531 femoral, 885 femoropopliteal and 1062
leg and ankle vessels) from 90 patients. In this work,
stenosis Doppler US determined that sensitivity and
specificity of femoral artery stenosis were found to
be 100% and 99%, respectively. The corresponding
values for occlusion were also found to be 100% and
99%, respectively in the same region. For aortoiliac
artery, femoropopliteal artery and more distal artery
stenosis, the sensitivity values were 88%, 95% and
82%, respectively, while specificity values were 99%
for all these segments. The authors concluded that
Doppler US had an overall sensitivity of 92% and a
specificity of 99% for stenosis using angiography in
all lower limb arteries, which were quite comparable
to those invasive methods.

ii. Comparisons between Doppler US and MRA

When the whole lower extremity is considered, con-

trast enhanced MRA has the highest diagnostic value
for the diagnosis of stenosis, with a sensitivity of 95%
(92-99.5%) and a specificity of 97% (64-99%).% In
one of the earliest works, Doppler ultrasonography
was reported to be even more sensitive than MRA for
the detection of infrainguinal stenosis.?”! For the ste-
nosis in the iliac arteries, other researchers found simi-
lar sensitivity and specificity values for MRA, CA and
Doppler US.?¥! During the same period, Visser and
Hunink performed a meta-analysis by reviewing the
already published studies collectively in an attempt
to delineate the diagnostic value of Doppler ultraso-
nography and/or MRA in PAD.® They calculated the
sensitivity value as 97.5% for MRA and 87.6% for
Doppler US and the difference was statistically sig-
nificant. Specificity values, however, were found to be
similar (96.2% for magnetic resonance and 94.7% for
Doppler ultrasonography). The authors recommended
that MRA could replace CA as the preferred method
with high diagnostic accuracy.

In a more recent study that evaluated 668 segments
in a total of 249 patients, sensitivity and specificity
values were found to be statistically different for Dop-
pler utrasonography (76% and 93%) and MRA (84%
and 97%) when compared to each other.’% Newer
studies could be considered to have less methodologi-
cal drawbacks due to developments in technical fa-
cilities as well as experience gained in time in recog-
nition of pathological or nonpathological images.

In a very recent prospective study performed by
Bueno et al.®" (who examined 1720 segments on
40 patients) the utility of Doppler US and MRA was
evaluated by using CA as reference point. When the
detection of stenosis >50% was taken as the sole crite-
rion, sensitivity and specificity values were calculated
to be 81.4% and /99% for Doppler ultrasonography,
and 91 and 99% for MRA. In the same study, the de-
tection of total occlusion sensitivity and specificity
values were calculated as 90% and /97% for Doppler
US, and 95.4% and 98% for MRA. The latter study
demonstrated a relatively low sensitivity value for
Doppler ultrasonography in the detection of signifi-
cant stenosis in the lower limb arteries whereas, the
specificity value was quite acceptable.

Imaging techniques are also used to determine the
preoperative period in subjects with lower extrem-
ity PAD. Although very high quality visualization is
obtained by MRA, it is less accurate than ultrasound
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based arterial mapping for formulation of a preopera-
tive plan for lower extremity revascularization.>3
Indeed, high-quality Doppler ultrasonography has
been proposed as a reasonable alternative to CA in
subjects with lower limb ischemia.**3% In addition to
diagnostic purposes, Doppler ultrasonography is rec-
ommended to be used simultaneously during balloon
angioplasty and stent placement for infrainguinal ar-
terial occlusive disease due to its ease of use, safety
and reliability.®

Doppler ultrasonography in recent guidelines
for lower extremity PAD

Although the clinical importance of the disease gained
recognition in the early 1990s, the first well-organized
and evidence-based PAD management guideline was
published by the American College of Cardiology
(ACC) and the American Heart Association (AHA) in
2006 with the title <’ ACC/AHA 2005 Practice Guide-
lines for the management of patients with PAD” .37
The guideline committee recommended that subjects
with claudication should be first screened by using
Doppler ultrasonography. It was advised that Dop-
pler US should be used for the determination of the
anatomic localization, the grade of the stenosis (with
high level of evidence class I, level A), and for the
follow-up of post-operative femoropopliteal and
femorotibial-pedal vein grafts (evidence class I, level
A). Doppler ultrasonography was also recommended
for the selection of subjects that could benefit from
endovascular intervention (evidence class Ila, level
B). Moreover, the ACC/AHA guideline addressed
Doppler ultrasonography as a quality tool to select
those individuals that could benefit from the revascu-
larization surgery by identifying the level of arterial
segments that require surgical anatomoses (evidence
class Ila, level B). It was noted that the utility of Dop-
pler ultrasonography in identification of long-term
success of the percutaneous transluminal angioplasty
was not clear (evidence class IIb, level B). However,
it could be an option for the evaluation of patency of
the synthetic femoro-popliteal bypass grafts in the
routine follow-up (evidence level B).

In the international “’Inter-Society Consensus for
the Management of PAD”’ (TASC II) (2) guideline that
was published one year later, the imaging methods in
the detection and localization of stenosis in the lower
limb vessels were reported to be Doppler ultrasonog-

raphy, MRA and CTA (with the level of evidence as
“B” without giving priority to any of these three op-
tions). TASC II guideline noted that, while some pa-
tients might be operated based only on the ultrasonog-
raphy results, angiography-based imaging methods
were used in the majority of the cases in the clinical
practice. TASC II guideline has not been updated but,
the need for an angiogram is still left only for the peo-
ple who are seriously considered for revascularization.

With the emergence of new evidence, ACC/AHA
2005 guideline was updated in 201188 with an at-
tempt to establish a harmony with the TASC II guide-
line.l?! Following this update, Doppler ultrasonogra-
phy still maintained its diagnostic value by itself or
with other tools for the diagnosis of the PAD of the
lower extremities. For European countries, the first
guideline of PAD was recently published by the Eu-
ropean Society of Cardiology in 2012.7 Similarly to
other guidelines, ESC guidelines recommended non-
invasive Doppler ultrasonography among the first di-
agnostic tests to confirm and localize stenosis lesions
(evidence class I, level B). To localize stenosis lesions
and consider revascularization options, this latest
guideline also indicated the need for either of Doppler
ultrasonography, CTA or MRA (evidence class I, level
A), without giving superiority to any of them. Finally,
the ECS guideline recommended that any patient sug-
gested for surgery based on any of the imaging tools
should also be tested hemodynamically, which can be
achieved only by Doppler arteriography.

The most recent guideline recommendations
on the management of PAD were published by the
ACC foundation in 2013.1 In this update, Doppler
US measurements were demonstrated among the
top diagnostic tests to provide an accurate assess-
ment of lower extremity PAD location and severity
(evidence class I, level A), and to provide accurate
follow-up after revascularization (evidence class I,
level A). Doppler arteriography was also addressed
as a useful tool to select patients as candidates for
endovascular intervention and surgical bypass (evi-
dence class Ila, level B). Finally, the guideline notes
that the use of Doppler US is not well established to
assess long-term patency of percutaneous translumi-
nal angioplasty (evidence class IIb, level B) but, may
be considered for routine surveillance after femoral-
popliteal bypass with a synthetic conduit (evidence
class IIb, level B).



Doppler ultrasonography in lower extremity peripheral arterial disease 253

Doppler ultrasonography in stenoses in other
vascular beds

i. Extracranial carotid artery disease

2011 ACCF/AHA coordinated guideline!*!! recom-
mends ultrasonography to evaluate asymptomatic pa-
tients with known or suspected carotid stenosis as the
initial diagnostic test to detect hemodynamically sig-
nificant stenosis (evidence class I, level C). For symp-
tomatic individuals, ultrasonography is recommended
to detect carotid stenosis in patients who develop fo-
cal neurological symptoms (evidence class I, level C).
The same guideline recommends use of other contrast
enhanced techniques for the lesions that are not ad-
equately assessed by ultrasonography.

ii. Renal and mesenteric arterial diseases

The latest guideline on PAD recommends Doppler ul-
trasonography as a screening test in the diagnosis of
renal artery stenosis (evidence class I, level B), simi-
lar to MR or CT angiography./*”! Doppler US, along
with CTA and gadolinium-enhanced MRA is recom-
mended as an initial test for supporting the clinical di-
agnosis of chronic intestinal ischemia (evidence class
I, level B).[* However for acute intestinal ischemia,
Doppler ultrasonography of the abdomen is not rec-
ommended as an appropriate diagnostic tool for sus-
pected disease (evidence class 111, level C).

iii. Aneurysms of the abdominal aorta and its
branch vessels

For the aortic aneurism, ultrasound is recommend-
ed as a screening tool for the subjects at the risk of
the condition (evidence class I, level B). Moreover,
men who are 65 to 75 years of age who have ever
smoked are recommended for physical examination
and 1-time ultrasound screening for detection of aor-
tic aneurism (evidence class Ila, level B). Ultrasound
screening is also recommended for any suspected an-
eurism of the aortic branches including popliteal an-
eurism (evidence class I, level B).[*")

Limitations of Doppler ultrasonography

Doppler ultrasonography is comparable in sensitiv-
ity to angiography, especially in the femoropopliteal
arterial stenosis or occlusions. However, its sensitiv-
ity in the crural area is relatively lower. This may be
explained in part by inter-observer variability of the
technique, which may be more pronounced as the

vessel diameter decreases. Indeed, the degree of inter-
observer variations have been examined scientifically
in clinical studies. When a stenosis of >50% is con-
sidered, operator-dependent differences were found
to be quite low, except for the pedal arteries.[*>*! In
addition, the presence of diabetes mellitus (which is
known to cause early calcifications in the vascular
wall) does not cause inter-observer variations in Dop-
pler ultrasonography readings.

In several studies, Doppler ultrasonography was
reported to have difficulty in differentiating a 99% ste-
nosis from complete occlusion.[!8202325441 Tn addition,
obesity and presence of intestinal gas may complicate
the quality imaging of the arteries. There is limited
number of studies conducted on below-knee arteries
and the sensitivity and the specificity were found to be
75-83% and 77-95%, respectively.?**! Distal arteries
are frequently difficult to be imaged due to their small
size. Moreover, age related or accelerated vessel wall
calcifications easily impair the conduct of the Doppler
signals.*) However, this latter issue has the advantage
of the use of Doppler ultrasonography in the detection
of less calcified areas appropriate for anastomosis in
subjects for whom a surgical approach is planned.*”

Although Doppler US is a non-invasive technique,
approximately one fifth of the patients report mild
pain or discomfort during or immediately after the
procedure.? In addition, successful application of the
method may not be possible in the areas with ulcers
or marked scars. However, in contrast with CA and
MRA, the occurrence of a life-threatening adverse
event is unlikely. Finally, Doppler arteriography in
the entire lower extremities is operator dependent and
labor intensive, which might be further difficult in in-
dividuals with poor cooperation or mobility.

Current evidence suggests that Doppler ultraso-
nography can successfully be used in the diagnosis
and follow-up of PADs of the lower extremities which
is a prevalent and serious condition. As the disease is
much more frequent in the elderly, Doppler ultraso-
nography has the advantage of being a noninvasive
procedure without the need for contrast agents. Espe-
cially in subjects with claudication, Doppler ultraso-
nography is recommended by the latest guidelines as
the first diagnostic tool to be chosen when the ankle
brachial index measurement is not available. With its
high specificity, especially the demonstration of the
absence of a stenosis >50% using Doppler ultraso-
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nography mostly excludes the presence of PAD in the
lower limbs. Although this technique does not allow
imaging of the arterial tree as a whole, valuable and
quality information on vessel hemodynamics can eas-
ily be obtained in the perioperative period.
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