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Noninvasive Physiologic Vascular 
Studies: A Guide to Diagnosing 
Peripheral Arterial Disease1

Noninvasive physiologic vascular studies play an important role 
in the diagnosis and characterization in peripheral arterial disease 
(PAD) of the lower extremity. These studies evaluate the physiolog-
ic parameters of blood flow through segmental arterial pressures, 
Doppler waveforms, and pulse volume recordings. Collectively, they 
comprise a powerful toolset for defining the functionality of the ar-
terial system, localizing the site of disease, and providing prognostic 
data. This technology has been widely adopted by diverse medical 
specialty practitioners, including radiologists, surgeons, cardiolo-
gists, and primary care providers. The use of these studies increased 
substantially between 2000 and 2010. Although they do not employ 
imaging, they remain a critical component for a comprehensive 
radiologic vascular laboratory. A strong presence of radiology in 
the diagnosis of PAD adds value in that radiologists have shifted to 
noninvasive alternatives to diagnostic catheter angiography (DCA), 
such as computed tomography (CT) and magnetic resonance 
(MR) angiography, which provide a more efficient, less-expensive, 
and lower-risk alternative. Other specialties have increased the use 
of DCA during the same period. The authors provide a review of 
the relevant anatomy and physiology of PAD as well as the associ-
ated clinical implications. In addition, guidelines for interpreting 
the ankle-brachial index, segmental pressures, Doppler waveforms, 
and pulse volume recordings are reviewed as well as potential limi-
tations of these studies. Noninvasive physiologic vascular studies are 
provided here for review with associated correlating angiographic, 
CT, and/or MR findings covering the segmental distribution of 
PAD as well as select nonatherosclerotic diagnoses.
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After completing this journal-based SA-CME 
activity, participants will be able to:

■■ Describe diagnostic criteria for PAD 
using arterial pressures, Doppler wave-
forms, and PVRs.

■■ Identify the limitations of arterial pres-
sures, Doppler waveforms, and PVRs.

■■ Localize the anatomic level of the 
lesion when given arterial pressures, 
Doppler waveforms, and PVRs.

See www.rsna.org/education/search/RG.

SA-CME LEARNING OBJECTIVES

Introduction
Atherosclerotic peripheral arterial disease (PAD) is the progressive 
stenosis, occlusion, or aneurysmal dilatation of the aorta and its 
noncoronary, nonintracranial branch vessels. In the setting of lower 
extremity PAD, the affected arteries include the distal aorta and 
the common iliac, internal iliac, external iliac, femoral, popliteal, 
and crural arteries. The compromised and progressive reduction in 
arterial blood flow may lead to claudication, rest pain in the leg or 
foot, tissue loss, nonhealing wounds or ulcers, infection, gangrene, 
and loss of limb. However, the implications of PAD extend beyond 
that of the lower extremity, with many PAD patients experiencing 
depression, reduced quality of life, and a significantly higher risk 
of cardiovascular events (1,2). The 5-year rate of nonfatal cardio-
vascular events, including myocardial infarction and stroke, for pa-
tients with symptomatic PAD is approximately 20%, and the 5-year 
mortality is 15%–30% (3).
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Figure 1.  Diagram shows the vascular anatomy of the lower 
extremity, demonstrating the aortoiliac, femoropopliteal, and 
crural segments.

cardiologists, 61% for radiologists, and 23% 
for surgeons (9). During the same period, with 
improved CT and MR angiography techniques, 
a divergence in the paradigm for the evaluation 
of PAD emerged between specialties. Review of 
Medicare Part B databases between 2002 and 
2013 by Patel et al (10) revealed that MR and 
CT angiography nearly replaced diagnostic cath-
eter angiography (DCA) in the diagnosis of PAD 
among radiologists, whereas the use of DCA 
rose sharply among cardiologists and surgeons 
despite available noninvasive alternatives. The 
use of radiology alongside noninvasive physi-
ologic vascular studies in the diagnosis of PAD 
provides an opportunity to promote a shift to 
advanced noninvasive techniques such as CT and 
MR angiography, which are more efficient, less 
expensive, and carry a lower risk of complication 
than DCA.

In this article, the authors provide and discuss 
cases illustrating the anatomy and pathophysiol-
ogy of PAD, the tools used in noninvasive physi-
ologic vascular studies, the distribution of PAD, 
and findings of select nonatherosclerotic diagno-
ses encountered with these studies.

Anatomy and  
Pathophysiology of PAD

In PAD, the level of the lesion is grouped into 
three categories: aortoiliac, femoropopliteal, and 
crural (tibiopedal) (Fig 1). Aortoiliac disease 
includes the infrarenal segment of the abdominal 
aorta, common iliac arteries, internal iliac arter-

Approximately 8 million people in the United 
States have PAD (4). However, diagnosis and 
characterization of PAD by clinical factors alone 
remains a challenge. Patients may have a variable 
presentation: The authors of the Walking and Leg 
Circulation Study found that 48.3% of patients 
with an ankle-brachial index (ABI) less than 
0.9 were asymptomatic or had atypical pain (5). 
With the silent progression of PAD, many have 
campaigned for screening for PAD. The Trans-
Atlantic Inter-Society Consensus Document 
on Management of Peripheral Arterial Disease 
(TASC) II advocates for the screening of PAD 
with the ABI in all patients who have exertional 
leg symptoms, patients 50–69 years of age with 
cardiovascular risk factors, all patients greater 
than or equal to 70 years of age, or patients who 
have a Framingham Risk Score of 10%–20% (6). 
Additional evaluation may then be performed 
with such noninvasive physiologic vascular stud-
ies as segmental arterial pressures, pulse volume 
recordings (PVRs), and Doppler waveforms. The 
American College of Radiology Appropriateness 
Criteria state that these studies should be used 
in patients with symptoms and findings sugges-
tive of PAD (7). Noninvasive physiologic vascular 
studies provide a more comprehensive evaluation 
compared with the ABI measurement and can 
determine the site and severity of disease (8).

There has been an increasing reliance on 
noninvasive physiologic vascular studies for the 
diagnosis of PAD. Analysis of Medicare Part 
B data demonstrated a sharp increase of 84% 
between 2000 and 2010 in their utilization rates. 
However, the rate of growth was not uniform 
among specialties. Utilization increased 180% 
among primary care physicians, 179% among 

TEACHING POINTS
■■ In PAD, the level of the lesion is grouped into three categories: 

aortoiliac, femoropopliteal, and crural (tibiopedal).

■■ An ABI less than 0.90 is diagnostic for PAD in patients with 
claudication or other signs of ischemia, with 95% sensitivity 
and 100% specificity.

■■ A proximal-to-distal decrease in sequential pressures greater 
than 20 mm Hg or a decrease in segmental-brachial index 
greater than 0.15 indicates occlusive disease and correlates 
with the level of the lesion.

■■ A normal lower extremity arterial Doppler velocity tracing is 
triphasic, with a sharp upstroke and peaked systolic compo-
nent, an early diastolic component with reversal of flow, and a 
late diastolic component with forward flow. A biphasic signal 
is considered abnormal if there is a clear transition from tripha-
sic signal along the vascular tree. Monophasic waveforms are 
always considered abnormal.

■■ Abnormal PVR findings include decreased amplitude, a flat-
tened peak, and an absent dicrotic notch. 
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sures includes ABIs, toe-brachial indices (TBIs), 
segmental pressure differences, and postexercise 
comparisons (Fig 2).

In the primary care setting, the ABI is a quick 
and cost-effective examination (3) and should 
be used to screen patients meeting the TASC 
II criteria. To calculate the ABI, the pressure 
measured in the lower extremity is divided by the 
brachial pressure of the arm with the higher pres-
sure. According to the 2011 American College of 
Cardiology Foundation (ACCF)/American Heart 
Association (AHA) guidelines, ABI results should 
be reported with noncompressible values defined 
as greater than 1.40, normal as 1.00 to 1.40, 
borderline as 0.91 to 0.99, and abnormal as 0.90 
or less (12). An ABI less than 0.90 is diagnostic 
for PAD in patients with claudication or other 
signs of ischemia, with 95% sensitivity and 100% 
specificity (13). At our institution, in accordance 
with the Intersocietal Accreditation Commission 
Vascular Testing standards, an ABI of 0.70–0.89 
is considered mild PAD, 0.51–0.69 moderate 
PAD, and less than or equal to 0.50 severe PAD. 
Mild-to-moderate PAD is typically associated 
with claudication (14). An ABI less than 0.50 has 
been associated with more severe coronary artery 
disease and increased mortality (15). Severe PAD 
is associated with multilevel disease, nonhealing 
ulcers, gangrene, and ischemic rest pain.

The vascular laboratory allows segmental 
pressures, segmental-brachial indexes, and TBIs 
to be measured. A proximal-to-distal decrease in 
sequential pressures greater than 20 mm Hg or a 
decrease in segmental-brachial index greater than 
0.15 indicates occlusive disease and correlates 
with the level of the lesion (16). A difference of 
30 mm Hg at the same level between left and 
right is also considered abnormal. A TBI less than 
0.6 is considered abnormal, and a TBI less than 
0.11 is associated with ischemic rest pain (17). 
Although an absolute toe pressure exceeding 30 
mm Hg is required for normal wound healing, in 

ies, and external iliac arteries, proximal to the 
inguinal ligament or deep circumflex iliac artery. 
Femoropopliteal disease involves the common 
femoral arteries, profunda femoral arteries, and 
superficial femoral arteries, which continue to 
become the popliteal arteries as they enter the 
adductor canal and end at the origin of the an-
terior tibial arteries. Crural disease includes the 
anterior tibial, posterior tibial, peroneal, dorsalis 
pedis, and plantar arteries.

Blood flow limitation from areas of stenosis 
cause the signs and symptoms associated with 
PAD. Flow velocity and the degree of the steno-
sis determine whether a lesion is flow limiting 
(11). All other factors being equal, a stenosis 
decreasing vessel radius by 50% leads to a 16-
fold reduction in flow. At rest, the flow velocity 
of the femoral artery is estimated to be as low as 
20 cm/sec. For a stenosis to be hemodynamically 
important at this rate, a 90% decrease in luminal 
radius would be required. During exercise, the 
flow velocity of the femoral artery may increase 
up to 150 cm/sec. At this rate, a stenosis of only 
50% is estimated to significantly impair arterial 
flow (8,11). Mild claudication is typically caused 
by single-segment disease with development of 
collateral circulation. Severe claudication and 
critical limb ischemia are associated with multi-
level disease. The effects of a stenosis on blood 
flow allow various approaches to screen for PAD.

Tools for Diagnosing PAD

Arterial Pressure
Measuring systolic blood pressures at various 
points throughout the vascular tree provides 
useful information for diagnosing PAD. During a 
routine arterial pressure examination, pressures 
are measured at the arm, at the high thigh, above 
the knee, below the knee, at the ankle, and at the 
toe, bilaterally using Doppler signals to detect 
blood flow. Information derived from these pres-

Figure 2.  Graphic ta
ble shows guidelines 
for interpreting ABI, TBI, 
Doppler waveforms, and 
PVR waveforms in PAD.
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level of the lesion (Fig 2). The limitations of Dop-
pler waveforms include technologist dependence, 
less accuracy in the aortoiliac segments second-
ary to obesity or bowel gas, and the time required 
to perform the study. Heat-induced vasodilata-
tion leads to a decrease in the reversal of flow 
seen in early diastole of Doppler waveforms, and 
patients with uncompensated congestive heart 
failure demonstrate dampened waveforms follow-
ing exercise (8).

Pulse Volume Recording
A PVR is a graph of the pulsatile change in limb 
volume from blood flow using constant standard 
pressure. Modern vascular laboratories acquire 
these tracings using the same pressure cuffs 
used for segmental limb pressure measurement. 
Normal PVRs consist of a rapid upstroke with a 
sharp peak, a dicrotic notch, and a concave-up 
late diastolic component. Abnormal PVR findings 
include decreased amplitude, a flattened peak, 
and an absent dicrotic notch (22,23) (Figs 2, 3b, 
3c). An amplitude of less than 5 mm from trough 
to peak has been used as a criterion for diagnos-
ing vascular claudication (8). Abrupt changes 
in amplitude and contour indicate occlusion 
between the two levels. Cardiac output, vasomo-
tor tone, patient movement, and aortic stenosis 
influence PVRs, making lateral and sequential 
comparison imperative for interpretation. Heat-
induced vasodilatation leads to loss of the dicrotic 

Figure 3.  (a) Anno-
tated triphasic Doppler 
waveform demonstrat-
ing peak systole, re-
verse diastolic flow, and 
forward diastolic flow. 
(b) Annotated normal 
PVR demonstrating a 
rapid upstroke, sharp 
peak, dicrotic notch, 
and concave-up distal 
waveform. (c) Abnor-
mal PVR with a slow 
rise time, flattened (or 
rounded) peak, absent 
dicrotic notch, and 
concave-down distal 
waveform.

diabetics a pressure greater than 45–55 mm Hg 
may be necessary (18–20).

There are important limitations to arterial 
pressures. The width of the bladder of the pres-
sure cuff should be 40% of the circumference of 
the limb or 20% wider than the limb diameter 
(21). Segmental pressures should not be at-
tempted at the level of a previously placed stent 
or arterial bypass graft. Patients with limb isch-
emia can rarely tolerate blood pressure measure-
ment in the affected limb. Finally, ABIs greater 
than 1.40 or pressures reported as noncompress-
ible indicate arterial calcifications. The presence 
or absence of flow-limiting PAD cannot be deter-
mined in these cases.

Doppler Waveform
A continuous-wave Doppler velocity detector 
senses the Doppler shift of reflected sound waves 
bouncing off moving red blood cells. The B-mode 
component of duplex ultrasonography allows 
the correct angle placement of between 30° and 
70°. A normal lower extremity arterial Doppler 
velocity tracing is triphasic, with a sharp upstroke 
and peaked systolic component, an early diastolic 
component with reversal of flow, and a late dia-
stolic component with forward flow (Fig 3a). A 
biphasic signal is considered abnormal if there is 
a clear transition from triphasic signal along the 
vascular tree. Monophasic waveforms are always 
considered abnormal. Initially, as atherosclerosis 
develops, the elastic and muscular recoil of the 
vessel wall is lost, resulting in loss of forward flow 
during late diastole, creating a biphasic wave-
form. The loss of vascular resistance in severe 
PAD results in the loss of reversal of flow and 
in the monophasic waveform. In the absence of 
additional obstructions, it is possible for signals 
distal to an abnormal waveform to normalize. 
The deterioration of the waveform indicates the 
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notch (24). Interpretation of PVRs in combi-
nation with Doppler waveforms can also help 
diagnose chronicity of arterial occlusive disease. 
In acute thrombosis, both the Doppler waveform 
and the PVR waveform are absent or decreased. 
With the development of arterial collaterals, as 
is seen with chronic occlusive disease, the PVR 
waveform may be relatively preserved compared 
with the Doppler waveform.

Distribution of Disease
PAD may affect an isolated segment of the aor-
toiliac, femoropopliteal, or crural vasculature or 
be distributed in a multisegmental fashion. In 
a study of 626 patients who underwent angiog-
raphy, Ozkan et al (25) found that 64% of the 
patients had multisegmental disease and 22% 
of patients had disease across all three seg-
ments. Select risk factors have been associated 
with the distribution of PAD. Diabetic patients 
demonstrate a higher incidence of disease in 
the crural segments (25,26). Additionally, there 
is evidence to suggest that aortoiliac disease is 
more commonly seen in patients with a history 
of smoking (25,27).

Aortoiliac Disease
Aortoiliac disease, sometimes referred to as in-
flow disease, describes atherosclerotic disease in-
volving the infrarenal abdominal aorta, common, 
internal, and external iliac arteries. Although 
presentations vary, aortoiliac disease may present 
as buttock, hip, or thigh claudication. Patients 
often have difficulty ambulating due to pain and 
weakness. At physical examination, one or both 
femoral pulses are diminished. Femoral Dop-
pler waveforms for aortoiliac disease are typically 
biphasic or monophasic and high thigh PVRs are 
abnormal, indicating proximal disease (Fig 4).

Aortoiliac disease may also manifest as the clas-
sic triad of buttock or thigh claudication, erectile 
dysfunction, and decreased or absent femoral pulses 
described by French surgeon René Leriche in 1923 
and now known as Leriche syndrome. Various 
collateral pathways develop in occlusive aortoiliac 
disease. Systemic-systemic pathways connect 
intercostal arteries, lumbar arteries, and iliolumbar 
arteries with inferior epigastric and deep circum-
flex arteries. Visceral-visceral collateral pathways 
exist between the celiac trunk, superior mesenteric, 
internal mesenteric, and superior rectal arteries (Fig 

Figure 4.  Aortoiliac 
disease in a 59-year-
old man with bilateral 
lower extremity clau-
dication after walking 
one block. (a) PVRs 
demonstrate widened 
waveforms, with loss 
of the dicrotic notch 
and concave-down late 
diastolic components. 
Right and left ABIs are 
0.52 and 0.77, respec-
tively. (b) Pelvic angio-
gram shows aortoiliac 
disease (greater on the 
right than on the left) 
with collateral flow via 
an enlarged right lum-
bar artery (black arrow) 
to the right iliolumbar 
artery (arrowhead). 
The right lateral sacral 
artery (white arrow) is 
also noted, with col-
lateral flow to the con-
tralateral lateral sacral 
artery. (c) Pelvic angio-
gram after intervention 
with kissing iliac stents 
demonstrates patent 
iliac arteries. Arrow-
heads = ends of the 
kissing iliac stents.
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Figure 5.  Occluded infrarenal abdominal aorta in a 64-year-old male smoker with claudication of the buttocks, thighs, calves, and 
feet after walking less than 100 ft (30 m) as well as erectile dysfunction. (a) Right and left ABIs are 0.48 and 0.39, respectively. The 
Doppler waveforms are biphasic throughout bilaterally. (b) CT angiogram demonstrates the occluded infrarenal abdominal aorta 
(arrow) (Leriche syndrome).

5). Rarely, gonadal pathways can arise, with the 
gonadal artery supplying blood flow to the inferior 
epigastric artery (28).

Femoropopliteal Disease
Femoropopliteal disease involves the common 
femoral, profunda femoral, and superficial femoral 
arteries, which continue down the leg to become 
the popliteal arteries as they exit the adductor 
hiatus. The popliteal artery ends at the origin of 
the anterior tibial artery. Femoropopliteal disease 
typically produces claudication in the thigh and 
calf. At physical examination, these patients have 
normal femoral pulses, but distal pulses are dimin-
ished. Calf claudication due to superficial femoral 
artery stenosis typically causes pain in the upper 
two-thirds of the calf. Pain in the lower one-third of 
the calf is associated with popliteal disease. Femoral 
Doppler waveforms can be triphasic, biphasic, or 
monophasic, depending on the level of the lesion. 
Popliteal, posterior tibial, and dorsalis pedis Dop-
pler waveforms are abnormal (Fig 6). High thigh 

PVRs are typically normal, and above the knee, 
below the knee, and at the ankle PVRs are typically 
abnormal, depending on the level of the lesion.

Crural Disease
Crural disease involves the anterior tibial, poste-
rior tibial, peroneal, dorsalis pedis, and plantar 
arteries. Although foot claudication is uncommon 
in PAD, it is typically associated with disease of 
the tibial and peroneal arteries. In crural disease, 
Doppler waveforms deteriorate from the popli-
teal level to the posterior tibial, dorsalis pedis, 
or digital level. PVRs below the knee and above 
the ankle are abnormal, depending on the level 
of the lesion. As ABIs are calculated using the 
high ankle pressure (ie, dorsalis pedis or posterior 
tibial artery), this screening tool may miss distal 
crural disease (Fig 7).

Exercise Study
In symptomatic patients with normal or bor-
derline ABI at rest, an exercise ABI should be 



RG  •  Volume 37  Number 1	 Sibley et al  7

Figure 6.  Near-total occlusion of the common femoral artery in a 71-year-old woman with claudication of the right lower extremity 
associated with walking. (a) ABI of 0.68 with monophasic Doppler waveforms on the right and 1.00 with triphasic waveforms on the 
left. (b) Right lower angiogram shows near-occlusion of the common femoral artery. The superficial femoral artery, popliteal artery, 
and tibiopedal arteries were unremarkable. (c) Angiogram of right common femoral artery endarterectomy. (d) Comparison 
of pre- and posttreatment ABIs and Doppler waveforms shows marked improvement in the ABI from 0.68 to 1.02 and associated 
change in the waveform from monophasic to triphasic.

performed. The sensitivity for the detection of 
PAD may be increased with postexercise mea-
surements. The patient should walk on a tread-
mill at 2 mph (3.22 km/h) at a 10%–12% grade 
for 5 minutes or until claudication symptoms 
develop. ABIs should be measured immedi-
ately after exercise and every minute until ABIs 
normalize to pre-exercise values. The examina-

tion allows assessment of functional limitation 
and should be reproducible to allow monitor-
ing of response to therapy. A decrease in the 
ABI after exercise of greater than 0.2 indicates 
PAD. The time required for the ABI to return to 
baseline is also useful in detecting PAD. Ankle 
pressures normally return to baseline within 
2 minutes after cessation of exercise. Return 
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Figure 8.  Iliac arterial stenosis in a 53-year-old man with left leg claudication. An ABI of 1.07 on the right and 0.71 on the left were 
found at rest. Doppler waveforms (not shown) were triphasic on the right and monophasic on the left from the common femoral 
artery to the ankle. (a) Exercise study demonstrates a drop in the left ABI of 0.34 1 minute after exercise (arrow) that returned to 
baseline after 4 minutes (arrowhead). The right ABI remained stable. (b) Reconstructed three-dimensional (3D) image demonstrates 
a focal segment of severe stenosis (arrowhead) in the left external iliac artery.

Figure 7.  Occlusion 
of the anterior tibial 
artery in a 43-year-old 
woman with a 1-week 
history of left first 
through third digit dis-
coloration. (a) There 
is a normal ABI study 
in the posterior tibial 
artery, with an ABI of 
1.27 and a triphasic 
waveform. A mono-
phasic and biphasic 
waveform is noted in 
the dorsalis pedis ar-
tery, with no discern-
ible waveform in the 
left digit. (b) Angio-
gram of the left lower 
extremity reveals a nor-
mal posterior tibial ar-
tery (PT) with occlusion 
of the anterior tibial 
artery (AT) at the level 
of a previously placed 
fibular fixation plate.

to baseline after 2–6 minutes of rest indicates 
single-segment disease (Fig 8), whereas return to 
baseline in 6–12 minutes indicates multisegment 
disease and return to baseline in greater than 
15 minutes typically indicates rest pain (13). 

In addition, an exercise study may be useful to 
determine quantitative limitation in functional 
capacity secondary to claudication, which can 
then be used to assess response to therapy or an 
exercise program (29).
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Alternative Diagnoses
Although the primary objective of noninvasive 
physiologic vascular studies is to diagnose and 
characterize atherosclerotic PAD of the lower 
extremity, the noninvasive studies described 
may provide evidence for other disease entities. 
When there is a difference in brachial pressures 
of greater than 20 mm Hg, the patient should 
be evaluated for subclavian stenosis, extrinsic 
compression of the arterial supply to the upper 
extremity, and aortic dissection (Fig 9). Many 
disease processes may affect the arterial system of 
the lower extremity and therefore may also cause 
abnormal noninvasive vascular studies.

A few examples of abnormal vascular studies 
with causes other than atherosclerotic PAD fol-
low. In arteriovenous fistulas (AVFs) of the lower 
extremity that are acquired, a shunt connects ar-

Figures 9, 10.  (9) Subclavian arterial stenosis in a 59-year-old man 
with bilateral hip pain associated with walking. (a) There is a 27 mm 
Hg difference in brachial artery pressures (greater on the right than on 
the left). (b) CT angiogram shows severe left subclavian arterial stenosis 
(arrow). (10) Peroneal AVF in a 65-year-old man with left second and 
third gangrenous toes. (a) Systolic pressures are not measurable due to 
noncompressibility of calcified vessels. Doppler waveforms demonstrate 
monophasic waveforms throughout the left. (b) Left lower extremity 
angiogram (left) demonstrates a peroneal arteriovenous (AV) fistula with 
early venous filling. The approximate location of the AVF is noted along 
with an anterior tibial artery (AT) that is occluded proximally, as well as 
the posterior tibial (PT) and peroneal arteries. Draining veins are noted 
on an image (right) from a later phase of the angiogram.

terial blood flow directly to a vein. The functional 
impact of lower extremity AVFs can be assessed 
with noninvasive physiologic vascular studies 
(Fig 10). Takayasu arteritis, a chronic vasculitis of 
unknown cause most commonly found in Asian 
women, causes inflammation of the arterial wall. 
The aorta and its primary branches are primarily 
affected. In patients with presentations suspicious 
for Takayasu arteritis or a diagnosis of the disease, 
initial vascular lesions frequently occur in the 
subclavian artery, leading to decreased brachial 
pressures (Fig 11). Thromboangiitis obliterans, 
also known as Buerger disease, is a vasculitis 
that affects small to medium-sized vessels of the 
extremities of young patients with a smoking 
history. Thrombangiitis obliterans can manifest 
as a low ABI, but a normal ABI does not rule it 
out. The disease may be limited to distal vascu-
lature, so digital pressures and PVRs may show 
decreased pressure and one or more flattened 
waveforms, respectively. Wrist-brachial indexes 
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are warranted in patients with upper extremity 
involvement. Given the role of smoking in PAD 
and thrombangiitis obliterans, noninvasive physi-
ologic vascular studies should be used to exclude 
concomitant proximal lesions. Angiographic 
studies may demonstrate characteristic corkscrew 
collaterals (30) (Fig 12). Other conditions that 
can alter findings of noninvasive physiologic 
vascular studies include coarctation of the aorta, 
popliteal artery entrapment syndrome, cystic 
adventitial disease, endofibrosis of the iliac artery, 
fibromuscular dysplasia, and idiopathic midaortic 
syndrome (31).

Conclusion
PAD affects a large portion of the population of 
the United States and is associated with serious 
morbidity and mortality. Early identification not 
only allows treatment of PAD but also modifica-
tion of risk factors to reduce the risks associated 
with cardiovascular disease. Noninvasive physi-
ologic vascular studies are an important tool in 
the diagnosis of PAD. Interpretation of these 
studies requires an understanding of the anatomy 
and physiology of arterial blood flow as well as 
the potential limitations of each modality. When 
interpreted together, these tools allow character-
ization of the site and severity of PAD. Although 
noninvasive physiologic vascular studies do not 
directly employ imaging, the role of the radiologist 

in interpretation is important, as these studies are 
a gateway to additional evaluation. When further 
evaluation of PAD is required, radiologists more 
frequently rely on the more efficient, less expensive 
and less risky noninvasive studies such as CT and 
MR angiography, reducing costs and risks to pa-
tients with PAD compared with other specialties.
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