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Evaluation of Subclavian Steal with Two-dimensional Phase-Contrast 
and Two-dimensional Time-of-Flight MR Angiography 

Jeff Drutman, Andrew Gyorke, Wayne L. Davis, and Patrick A. Turski 

Summary: We describe two MR angiographic methods of diag

nosing subclavian steal in each of three patients. By using 

phase-directional information from a single two-dimensional 

phase-contrast sequence, we were able to show that the direc

tion of flow in the affected vertebral artery was reversed . The 

same vertebral artery showed no signal on a 2-D time-of-flight 

sequence with a concatenated presaturation pulse applied above 

each section. 

Index terms: Subclavian steal syndrome; Arteries, vertebral; 

Magnetic resonance angiography (MRA); Magnetic resonance , 

flow studies 

Subclavian steal refers to the retrograde flow 
of blood in a vertebral artery that supplies the 
ipsilateral shoulder and arm. It is usually caused 
by proximal subclavian artery stenosis or occlu
sion. In the presence of symptoms such as ver
tebrobasilar insufficiency or arm claudication, 
the condition is referred to as the subclavian 
steal syndrome. Atherosclerosis is the most 
common cause of subclavian steal (1, 2). 

A recent report described the findings of sub
clavian steal on magnetic resonance (MR) an
giography using the two-dimensional time-of
flight technique (3) . The authors proved the 
diagnosis of subclavian steal by performing two 
MR angiographic sequences on each of three 
patients. They performed the first sequence 
with a spatial presaturation pulse applied above 
the acquisition (2-D sections) and the second 
with the same presaturation pulse applied below 
the acquisition sections. The vertebral artery 
with retrograde flow showed no signal on the 
first sequence and normal flow-related en
hancement on the second sequence (3). 

In this report, we demonstrate proximal sub
clavian artery stenosis and retrograde vertebral 
artery flow in three patients using 2-D phase
contrast MR angiography, which encodes veloc-
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ity and therefore direction. The patients were 
initially examined with 2-D time-of-flight MR 
angiography with a superior walking ( concate
nated) spatial presaturation pulse. This moving 
presaturation pulse is used to saturate out ve
nous flow that may interfere with the interpreta
tion of internal carotid artery stenosis ( 4). In all 
three patients the standard 2-D time-of-flight 
sequence demonstrated apparent occlusion of 
one of the vertebral arteries. 

All three patients had conventional angie
grams, which showed proximal left subclavian 
artery stenosis or occlusion and retrograde flow 
in the ipsilateral vertebral artery. Two of the 
three patients presented with the subclavian 
steal syndrome. The patients were selected 
based on clinical symptoms and conventional 
angiographic findings. 

Case Report 
Patient 1 

A 64-year-old white male smoker presented to the Vet
erans Administration Hospital with episodes of vertigo pre
cipitated by exercise of the left arm. He had a remote 
history of left proximal subclavian artery stenosis requiring 
a prosthetic graft from the left common carotid artery to 
the left subclavian artery distal to the stenosis but proximal 
to the origin of the left vertebral artery. Physical exam 
showed systolic blood pressure to be 55 mm Hg less in the 
left arm than in the right arm. Conventional angiography 
showed occlusions of the proximal left subclavian artery 
and of the graft and retrograde left vertebral artery flow 
(Fig 1). There were also stenoses of both proximal internal 
and external carotid arteries . 

We performed MR resonance angiography of the neck 
vessels . The 2-D time-of-flight technique using a superior 
walking presaturation pulse showed no signal in the left 
vertebral artery . Rather than performing an additional 2-D 
time-of-flight acquisition with the presaturation pulse ap
plied below the acquisition volume to confirm retrograde 
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Fig 1. Left subclavian artery steal. 
A, Coronal 2-D time-of-flight MR angiographic maximum intensity projection image of the neck 

(45/8.7 /1 [repetition time/echo time/excitations]) acquired in 8 minutes 3 seconds shows normal 
flow-related enhancement in both ca rotid arteries (short arrows) and the right vertebral artery ( open 
arrows). There is no signal in the left vertebral artery (arrowh eads point to expected location), 
indicating that it has little or no flow or has retrograde flow. 

B, Coronal 2-D phase-contrast MR angiographic speed image (33/9/1) acquired in 5 minutes 9 
seconds shows that there is indeed flow in the left vertebral artery (arrows). 

C, The corresponding velocity (phase) image from the same acquisition as in B, coded for flow 
superior and inferior (white indicates flow from superior to inferior; black, flow from inferior to 
superior) shows that the flow in the left vertebral artery (white) is retrograde (black arrows). The 
velocity-encoding value was set at 40 cm/s, which is the velocity sensitivity level that can be 
encoded without phase-contrast signal aliasing ( 12). 

D, The early arterial phase of a digital subtraction arch aortogram in the left anterior oblique 
projection shows occlusion of the proximal left subclavian artery (Large arrowhead) and of a left 
common carotid artery to a left subclavian artery graft (small arrowhead). 

E, Late arterial phase of the same run shows reconstitution of the left subclav ian artery (Large 
arrow) via retrograde flow in the left vertebral artery (small arrows). 

vertebral flow, we used 2-D phase-contrast MR angiog
raphy (phase-difference processing) (5). The phase
contrast angiograms were obtained with velocity encoding 
in all three orthogonal directions (anterior to posterior, 
superior to inferior, and right to left) . The individual phase
based flow images were inspected to determine flow direc
tion (6) . This sequence (5 minutes 9 seconds) shows 
normal antegrade right vertebral artery flow and abnormal 
retrograde left vertebral artery flow on the same image 
(Fig1). 

and 100 mm Hg in the left upper arm where the wave 
forms were damped. Repeat duplex sonography of the 
neck showed proximal left subclavian artery occlusion and 
reversed flow in the left vertebral artery. Conventional an
giography confirmed the duplex sonographic findings and 
more clearly defined the reconstitution of the left subcla
vian artery via the left vertebral artery. 

Again, we performed both the 2-D time-of-flight and the 
2-D phase-contrast MR angiographic techniques, which 
showed the apparent vertebral arterial occlusion and the 
retrograde flow in the left vertebral artery. 

Patient 2 

A 72-year-old white male smoker presented to the Vet
erans Administration Hospital for evaluation of carotid ste
nosis diagnosed by duplex sonography 2 years ago. He 
denied ischemic cerebral symptoms or arm claudication. 
Physical exam showed bruits in both carotid arteries and 
the left subclavian artery. Segmental systolic blood pres
sure tracings measured 150 mm Hg in the right upper arm 

Because there were no symptoms, no surgical or an
gioplasty procedure was performed . The patient is being 
followed with serial duplex ultrasound scans for his mod
erate carotid stenoses. 

Patient 3 

A 58-year-old white male smoker presented to the Vet
erans Administration Hospital with drop attacks brought 
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on by the use of his left hand. Systolic blood pressures 
were 134 mm Hg in the left arm and 224 mm Hg in the 
right arm. Digital subtraction angiography documented 
occlusion of the left subclavian artery with retrograde flow 
in the left vertebral artery reconstituting the distal left sub
clavian arte ry . MR angiography using the 2-D time
of-flight technique showed apparent occlusion of the left 
vertebral artery . Two-dimensional phase-contrast MR an
giography showed normal antegrade flow in the right ver
tebral artery and retrograde flow in the left vertebral artery . 

Discussion 

Subclavian steal syndrome refers to the phe
nomenon of subclavian steal with symptoms of 
cerebral or arm ischemia (1 , 3, 7-9) . The most 
commonly reported symptoms of the subcla
vian steal syndrome are vertigo and limb pare
sis and paresthesias. 

Conventional angiography is the definitive 
study to detect subclavian artery stenosis or 
occlusion and to show retrograde flow in the 
ipsilateral vertebral artery. Duplex scanning of 
the vertebral and subclavian arteries coupled 
with transcranial Doppler through the foramen 
magnum can provide accurate noninvasive in
formation about the vertebrobasilar circulation 
(10). 

MR angiography is quickly becoming one of 
the modalities of choice to study patients with 
cerebrovascular ischemia ( 11). The recognition 
of subclavian steal during the same diagnostic 
exam may be helpful in patient treatment deci 
sions. MR angiography can provide information 
adequate to make the diagnosis of subclavian 
steal. At the same time, the anterior circulation 
also may be evaluated both extracranially and 
intracranially. 

Retrograde flow in the vertebral a rtery may be 
inferred using 2-D time-of-flight MR angiogra
phy. Because flow-related enhancement and 
flow saturation are the major factors in time-of
fl ight imaging, lack of signal in a vertebral artery 
with a presaturation pulse applied above the 
acquisition volume suggests that flow is either 
absent or retrograde. A second time-of-flight 
sequence with the presaturation pulse applied 
below the acquisition volume would be needed 
to confirm the diagnosis. Two-dimensional 
phase-contrast MR angiography encodes flow 
direction (velocity) using bipolar gradients. The 
subtraction of two imaging data sets acquired 
with opposite bipolar gradient polarity removes 
the induced phase changes caused by factors 
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other than flow. The advantage of the phase
contrast technique over time-of-flight is that, in 
addition to a much shorter acquisition time, the 
former provides directional information about 
the flow in one acquisition (12-14) . A major 
limitation to the phase-contrast technique is 
the user's obligation to preselect a velocity
encoding value. If the velocity-encoding value 
is not appropriate for the flow velocity of the 
vessel being imaged, ambiguous signal will 
occur in directional studies. To obtain accu
rate directional information and avoid aliasing, 
the velocity-encoding value should be set at a 
level to include all of the velocities of interest. 
A lower velocity-encoding value should be 
set when qualitative, anatomic information is 
needed. Most of the published phase-contrast 
MR angiography literature contains enough in
formation about vessel flow velocities to en
able one to choose an appropriate velocity
encoding value. 

Lack of signal in the affected vertebral artery 
on 2-D time-of-flight MR angiography suggests 
retrograde flow, but the same also would be 
seen with no flow. Our three cases show that 
proximal subclavian artery stenoses or occlu
sion and resultant retrograde flow in the ipsilat
eral vertebral artery can be demonstrated on 
2 -D phase-contrast MR angiography using a 
single acquisition. These case reports suggest 
that 2-D phase-contrast MR angiography may 
be a faster , more definitive, noninvasive way to 
evaluate subclavian steal than 2 -D time-of
flight MR angiography using inferior presatura
tion pulses. 
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