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Conclusion:
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To compare the image quality and degree of vessel narrowing
at flow-sensitive dephasing (FSD) magnetic resonance (MR)
angiography of the hands with those at contrast material—
enhanced MR angiography of the hands in patients with
systemic sclerosis.

In a single-center study with institutional review board ap-
proval and HIPAA compliance, six healthy volunteers and
six patients with systemic sclerosis were imaged at 1.5-T
nonenhanced FSD MR angiography followed by contrast-
enhanced MR angiography. Sixteen vascular segments in
four vessel groups were evaluated for image quality and
assessed semiquantitatively for stenosis degree by using
Likert scales. The nonparametric Wilcoxon signed rank
test was used to perform pairwise comparisons of the
MR angiographic techniques. P < .05 indicated statistical
significance.

Performing FSD MR angiography, as compared with time-
resolved MR angiography and high-spatial-resolution MR
angiography, improved the image quality for all arterial
segments combined in the control (mean score, 2.9 [FSD|
vs 3.7 [time-resolved technique| and 3.1 [high-spatial-
resolution technique]) and patient (mean score, 4.0 [FSD]
vs 4.2 [time-resolved technique| and 4.3 [high-spatial-
resolution technique|) groups. In the control subjects,
FSD angiography depicted proper digital artery stenosis
that was less severe (mean grade, 0.7) than that seen
with the time-resolved (mean grade, 1.6) and high-spatial-
resolution (mean grade, 1.0) techniques. In the patient
group, FSD angiography depicted lower degrees of steno-
sis, with a lower mean grade for all segments combined
(1.3) compared with the corresponding mean grades for
time-resolved (1.5) and high-spatial-resolution (1.8) MR
angiography.

Preliminary data indicate that the proposed nonenhanced
FSD MR angiographic technique is an improvement over
existing contrast-enhanced techniques for evaluation of
the hand vasculature in vasospastic disorders of the hand.
Further technical improvements and a systematic clinical
study are warranted.

©RSNA, 2011
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ystemic sclerosis is an autoimmune

disorder characterized by vasculop-

athies, including Reynaud phenom-
enon, which is an early nonspecific set
of vasoconstrictive symptoms affecting
predominantly the hands and fingers bi-
laterally (1-3). The diagnosis of Reynaud
phenomenon is largely based on the clini-
cal presentation and can be confirmed
at angiography. The results of invasive
digital subtraction angiography with va-
sodilators, the standard of reference,
have shown that the lesions are found
primarily in the proper digital arteries
and less frequently in the common digital
arteries, deep and superficial arches, and
finally ulnar and radial arches (4-7).

Magnetic resonance (MR) angio-
graphic techniques involving the use of
gadolinium-based contrast material have
become safe and reliable alternatives to
digital subtraction angiography (7,8).
Evaluation of the hand with MR angiog-
raphy presents several challenges: First,
vessels in the hand are of much smaller
caliber than are vessels in the lower ex-
tremities and remainder of the body,
necessitating higher-spatial-resolution
techniques. Second, because arterial and
venous collateral vessels are more com-
monly encountered and the vascular anat-
omy is much more variable in the hand,
the resultant images are difficult to in-
terpret (9). The goals of rapid imaging
are the acquisition of a purely arterial
image and the minimization of overlap
with enhancing veins (9).

Initially, nonenhanced techniques for
direct imaging of the hand and wrist ves-
sels with use of two-dimensional time-
of-flight sequences were developed
(8,10-13). Nonenhanced MR angio-
graphic techniques were subsequently
superseded by gadolinium-enhanced
MR angiography for applications in the
main body and lower extremities owing

Advance in Knowledge

B Use of nonenhanced flow-sensitive
dephasing (FSD) MR angiogra-
phy resulted in image quality that
was similar to that of contrast-
enhanced MR angiography for
the evaluation of arteries in the
hands.

to the shorter imaging times and de-
creased motion artifacts with the latter
procedure (14-17). A preliminary tech-
nique for contrast material-enhanced
MR angiography of the hand was de-
scribed by Rofsky (8). Three-dimensional
contrast-enhanced MR angiography is
increasingly being performed in patients
with Reynaud phenomenon (18-21). Non-
enhanced MR angiographic strategies
involving the use of three-dimensional
half-Fourier fast spin-echo (22) or balanced
steady-state free precession (SSFP) (23)
sequences have shown great promise,
but various challenges remain.

The flow-sensitive dephasing (FSD)
MR angiographic technique does not rely
on the inflow effect and enables arterial
visualization with high isotropic spatial
resolution and excellent contrast between
arteries and surrounding veins and tis-
sues without use of contrast material.
Therefore, it may be suited for imaging
tortuous and small hand arteries with
substantially slow flow. Similar to fresh
blood imaging, FSD MR angiography
also requires systolic and diastolic blood
flow measurements. During systole, the
dark-artery data set is collected because
there is a marked difference in velocity
between arterial flow and venous flow
and an FSD preparation with appropri-
ate gradient strength can induce suffi-
cient intravoxel phase dispersion among
arterial spins and thus signal the sup-
pression of arterial blood while having
minimal effects on the venous blood and
static tissues. During diastole, the bright-
artery data set is acquired when arterial
flow is substantially slow and the blood
signal is bright owing to a T2 prepara-
tion (24). Magnitude subtraction of the
two image sets permits visualization of
arteries, with the background and the ve-
nous signals dramatically suppressed. The
purpose of this study was to compare

Implication for Patient Care

B FSD-prepared nonenhanced
MR angiography of the hands
is a noninvasive means of evalu-
ating arterial disease in patients
with systemic sclerosis without
gadolinium-based contrast
material.

the image quality and degree of vessel
narrowing seen with a recently intro-
duced nonenhanced MR angiographic
technique based on FSD-prepared bal-
anced SSFP with the image quality and
degree of vessel narrowing seen with
contrast-enhanced MR angiography.

Materials and Methods

Subjects

This was a single-center study per-
formed from September 2008 to March
2009. Six healthy volunteers (two men,
four women; mean age, 34 years £ 17
[standard deviation]|; age range, 24-65
years) were imaged with institutional
review board approval and Health In-
surance Portability and Accountability
Act compliance after they provided writ-
ten informed consent. Six consecutive
patients—three men aged 34-42 years
(mean age, 39 years = 4) and three
women aged 38-55 years (mean age,
46 years = 9)—who were referred for
clinical evaluation for known systemic
sclerosis were examined with MR an-
giography. Their medical and imaging
data were reviewed with retrospective
institutional review board approval and
Health Insurance Portability and Account-
ability Act compliance. Patient inclusion
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criteria were clinical manifestations of
systemic sclerosis and positive autoan-
tibodies. Exclusion criteria were con-
traindications to MR imaging and an es-
timated glomerular filtration rate lower
than 30 ml./min/1.73 m?. No patients
were excluded from the study.

Imaging Protocol

The healthy control subjects were im-
aged by using a 1.5-T research MR unit
(Espree; Siemens Medical Solutions,
Erlangen, Germany). The patients were
imaged by using a 1.5-T clinical MR unit
(Avanto; Siemens Medical Solutions).
Subjects were positioned prone, with
their hands over their head in a neutral
position and with their palms down. The
fingers were spread slightly to prevent
overlap of the digital arteries. Two six-
channel phased-array body coils (Sie-
mens Medical Solutions) were placed
on both sides of the hands to achieve
optimal coverage. Electrocardiographic
electrodes were attached to the hands
to trigger data acquisition. The imag-
ing protocol consisted of FSD followed
by contrast-enhanced time-resolved MR
angiography and high-spatial-resolution
MR angiography of the hands.
FSD-prepared MR angiography.—
Phase-contrast flow imaging was per-
formed to derive the arterial flow peak
time. Subtraction MR angiography with
FSD-prepared balanced SSFP was sub-
sequently conducted and entailed the ac-
quisition of a dark-artery image (Fig 1a)
with a trigger delay time and a bright-
artery image (Fig 1b) acquired at mid-
diastole. FSD gradient pulses were ap-
plied in the readout and phase-encoding
directions during the dark-artery acqui-
sition for in-plane flow suppression. The
first-order gradient moment, m, is a mea-
sure of the flow sensitization imparted
by the FSD preparation (25). In the
volunteer studies, the m, typically used
was approximately 90 mT - msec®/m in
either of the two directions. However,
when insufficient arterial enhancement
or venous overlay occurred, MR angiog-
raphy was repeated with an m, of lower
(eg, 60 mT - msec?/m) or higher (up to
110 mT - msec?/m) value. In the patient
studies, a constant m, was used—100mT -
msec’/m—owing to the imaging time
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Figure 1:  Sequence diagrams illustrate (a) dark-artery MR angiography procedure, with FSD-prepared bal-

anced SSFP (bSSFP) triggered at systole and (b) bright-artery MR angiography procedure, with T2-prepared
( TZW ) balanced SSFP triggered at diastole. Both FSD preparation and T2 preparation consist of 90°x-180°y-
90°x radiofrequency (RF) series and are of the same duration to maintain the same T2 weighting for venous
blood and static tissues. FSD gradient pulse applied in readout direction (G,,) and FSD gradient pulse applied
in phase-encoding direction (G,,.) are simultaneously switched on in FSD preparation but switched off in T2
preparation. Readout direction coincides with main blood flow direction. FSD or T2 preparation is followed
by a spectrally selective fat-saturation (Fat Sat) radiofrequency module and 10 preparation radiofrequency
pulses with linearly increasing flip angles before the balanced SSFP data acquisition. R = R wave, s = sample.

restraint. The balanced SSFP readout
parameters included 3.1-3.9/1.5-1.7
(repetition time msec/echo time msec),
coronal acquisition, centric view order-
ing in the phase-encoding direction and
linear view ordering in the partition-
encoding direction, three shots per par-
tition, 60 segments per shot, a field of
view of (316-330) X (316-330) mm, a
matrix of 336 X 336, 56-72 sections
of 0.94-0.98-mm thickness, spectral-
selective fat saturation, a bandwidth of
700-825 Hz/pixel, a generalized auto-
calibrating partially parallel acquisition
imaging factor of two to three, a flip
angle of 80°-90°, and an acquisition
time of approximately 2-3 minutes per
image, depending on the heart rate.
Contrast-enhanced MR angiogra-
phy.— The protocol for contrast-enhanced
MR angiography consisted of time-
resolved and high-spatial-resolution MR
angiographic examinations after the ad-
ministration of gadopentetate dimeglu-
mine (Magnevist; Bayer, Berlin, Germany).
Time-resolved coronal images were ob-
tained through the hand and wrist by

using a multiphase time-resolved an-
giography with interleaved stochastic
trajectories (TWIST) acquisition, with
0.05 mmol of gadopentetate dimeglu-
mine per kilogram of body weight in-
jected at 4 mL/sec followed by a saline
flush injected at 8 mL/sec and 4 mL/sec
(3.0 seconds per phase, 24 phases
starting immediately after contrast ma-
terial injection). The following param-
eters were used: 2.7/1.3, a flip angle of
25°, a field of view of 316 X 316 mm,
a matrix of 184 X 256 (in-plane spatial
resolution, 1.7 X 1.2 mm), 26 sections of
2-mm thickness interpolated to 52 sec-
tions of 1-mm thickness, phase partial
Fourier factor of 6/8, section partial
Fourier factor of 6/8, a bandwidth of
780 Hz/pixel, and a generalized auto-
calibrating partially parallel acquisition
imaging factor of two.

For the high-spatial-resolution MR
angiogram acquisitions, 0.15 mmol/kg
gadopentetate dimeglumine was injected
at 2 ml/sec and followed by a saline
flush injected at 20 mL/sec and 2 mL/sec.
Three measurement acquisitions were
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Segments That Demonstrated Nondiagnostic Arterial Display with the Three MR

Angiographic Techniques

P Value
Segments and Subject Groups FSD* TR* HR* FSDvsTR FSDvsHR TRvsHR
Control subjects
Proper digital arterial segments 14 (7.3) 52 (27.1) 24(12.5) <.001t .06 <.001t
Ulna-radius, arch, and common 14 (7.3) 58 (30.2) 25(13.0) <.001% .05 <.001t
digital arterial segments
Patients
Proper digital arterial segments 58 (33.0) 60 (34.1) 50 (28.4) .68 a7 .06
Ulna-radius, arch, and common 85 (48.3) 93 (52.8) 92 (52.3) 18 .38 >.99

digital arterial segments

Note.—HR = high-spatial-resolution MR angiography, TR = time-resolved MR angiography.

* Data are numbers of segments that demonstrated nondiagnostic arterial display. Numbers in parentheses are percentages
based on totals of 192 segments in the control group and 176 segments in the patient group.

T Significant difference between given MR angiographic techniques.

performed: The first acquisition was
performed before the contrast material
injection, and the second and third ac-
quisitions were performed continuously,
after a waiting period following the con-
trast material administration, the timing
of which was determined according to
the TWIST results (20-36 seconds), with
each measurement lasting 22 seconds.
The following parameters were used:
3.3/1.2, a field of view of 315 X 360 mm,
a matrix of 336 X 384, 56 sections of
0.94-mm thickness (isotropic spatial res-
olution, 0.94 X 0.94 X 0.94 mm), a flip
angle of 25°, a time to center of 7.8 sec-
onds, a phase partial Fourier factor of
6/8, a section partial Fourier factor of
6/8, a bandwidth of 565 Hz/pixel, and
a generalized autocalibrating partially
parallel acquisition imaging factor of
two. The subtracted images were pro-
cessed by using a maximum intensity
projection for interpretation.

Image Analysis

The images obtained by using each
MR angiographic protocol were analyzed
by two radiologists (J.J.S., P.A.H., 5 and
2 years experience, respectively, in MR
angiogram interpretation) in consensus
at a workstation (Leonardo; Siemens
Medical Solutions). The readings were
spaced 2 weeks apart. Sixteen vascular
segments were evaluated: ulnar segment,

radial segment, superficial arch, deep
arch, three common digital arteries, and
nine proper digital arteries. The seg-
ments were subsequently grouped into
four region groups: ulna and radius,
arches, common digital arteries, and
proper digital arteries.

The image quality of the angiograms
obtained in both subject groups was as-
sessed by using a five-point Likert scale:
A score of 1 indicated excellent arterial
diagnostic display and differentiation of
the arterial vasculature from the back-
ground tissue; a score of 2, good diag-
nostic arterial display without impaired
delineation of the vessel structures; a
score of 3, fair diagnostic arterial display
and delineation of the arterial structures,
with exclusion and detection of lesions
still possible; a score of 4, poor diag-
nostic arterial display with inadequate
vessel enhancement or severe blurring;
and a score of 5, nondiagnostic arterial
display (26).

The degree of stenosis was semi-
quantitatively assessed by using a three-
point scale for the control group—grade
0 indicated normal patency; grade 1,
apparent narrowing; and grade 2, non-
visualization—and by using a four-point
scale for the patient group—grade 0
indicated normal patency; grade 1, less
than or equal to 50% luminal narrowing;
grade 2, greater than or equal to 51%

luminal narrowing; and grade 3, occlu-
sion (26). When two or more stenoses
were present in one segment, the most
severe lesion was used for the subsequent
assignment of a grade. The presence of
digital arteries visualized to the distal
third was recorded for both groups.

Statistical Analyses

SPSS, version 17.0 (SPSS, Chicago 1),
software was used to perform the statis-
tical analyses. Scores were calculated by
comparing the mean image quality and
stenosis degree scores for each segment
and the four regions (ulna and radius,
superficial and deep arches, common digi-
tal arteries, proper digital arteries) ob-
tained with the FSD, contrast-enhanced
time-resolved, and contrast-enhanced
high-spatial-resolution MR angiographic
techniques. The nonparametric Wilcoxon
signed rank test was used to perform
pairwise comparisons of the segments,
regions, and overall quality scores with
each MR angiographic technique. P <
.05 was considered to indicate a statis-
tically significant difference. All results
were expressed as means. To compare
the number of distal digital arteries visu-
alized as well as the prevalence of non-
diagnostic segments between the MR
angiographic techniques, the McNemar
exact test was used.

There were 192 and 176 segments in
the control and patient groups, respec-
tively. One patient was unable to lie
with both hands in the imaging plane, so
only one hand was imaged. The mean
qualitative and semiquantitative scores
for FSD angiography, time-resolved MR
angiography, and high-spatial-resolution
MR angiography in the control and pa-
tient groups are summarized in Figure 2.
Nondiagnostic display of the arterial seg-
ments was demonstrated in both the
control group and the patient group
with all three angiographic techniques
and involved predominantly the proper
digital arteries (Table).

Image Quality
In the control group, mean image qual-
ity scores for all segments and regions
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FSD v TR-MRA Image Quality FSD v HR-MRA FSD v TR-MRA Image Quality FSD v HR-MRA
Proper 3.6, 4.6 (0.03) 3.6,3.9(0.14) Proper 4.5,4.6(0.41) 4.0, 4.3 (0.35)
digitals digitals
Common 2.4,3.3(0.03) 2.4,2.3(0.41) Common 3.9,4.1(0.18) 2.9,3.5(0.41)
digitals digitals
Arches 2.3,2.6 (0.10) 2.3,2.3(0.56) Arches 3.2,3.4(0.85) 3.2, 3.4 (0.47)
e 2.3,2.4(0.32) e 2.9,3.2 (1.0)
and Radius 2-3: 2.4 (0. CEREFl i Aoy AOsRAdGE SRS Patients 3.9, 4.4 (0.29)
All All
segments 29, 3.7 (0.03) 29,31(029) gegments 4-0:4:2(0.90) 4.0,4.3 (0.35)
a. b.
FSD v TR-MRA Degree of Stenosis FSD v HR-MRA FSD v TR-MRA Degree of Stenosis FSD v HR-MRA
Proper 0.7, 1.6 (0.03) 0.7,1.0 (0.12)  Proper 1.7, 1.8 (0.60) 1.7,1.8 (0.35)
digitals digitals
Common 0.0, 0.5 (0.04) 0.0,0.1(0.18) Common 1.3, 1.4 (0.66) 1.3, 1.9 (0.66)
digitals digitals
Arches 0.0, 0.1(0.32) 0.0,0.0(0.18)  Arches 0.6, 1.1 (0.20) 0.6, 1.1 (0.47)
ol 0.0, 0.2 (0.08) e 0.4,0.8 (0.18)
and Radius 0.0, 0.2 (0. o 0.0,0.1(0.32) andRadius =% B Patients 0.4, 0.8 (0.11)
All All
segments 0.4, 1.0 (0.03) 0.4,0.1(0.12)  gogments 13, 1.5(0.20) 1.3, 1.8 (0.35)
C. d.

Figure 2: Mean qualitative (image quality) and semiquantitative (stenosis degree) scores for nonenhanced FSD MR angiography, as compared with contrast-

enhanced time-resolved (TR-MRA) or high-spatial-resolution (HR-MRA) MR angiography, with corresponding schematics of hand arteries. Lower mean image quality
scores correlate with improved image quality. Higher mean stenosis degree scores correlate with increased apparent degree of stenosis. Mean image quality scores
for the (a) control subjects and (b) patients and mean stenosis degree scores for the (€) control subjects and (d) patients are compared between the angiographic
techniques. In each set of numbers, first value is mean score with FSD, second number is mean score with time-resolved or high-spatial-resolution MR angiography,
and number in parentheses is P value for given comparison.

with FSD, as compared with time-
resolved MR angiography, were improved
and were significantly different for all
segments combined and in the regions
of the common digital and proper digi-
tal arteries. The mean image quality
scores with FSD, as compared with high-
spatial-resolution MR angiography, were
improved for all segments combined.

Mean scores were equal in the regions
of the ulnar and radius and the arches
(2.3 for FSD and high-spatial-resolution
techniques in both regions) and slightly
lower than those in the common digital
artery region (2.4, 2.3) (Figs 2, 3).

In the patient group, mean image
quality scores for all segments and re-
gions with FSD, as compared with both

contrast-enhanced MR angiographic tech-
niques, were improved but not signifi-
cantly different (Fig 4). With all three
techniques, the image quality was lower
in all categories compared with the im-
age quality in the control group (mean
scores with FSD: 4.0 for patients,
2.9 for control subjects). Mean scores
worsened in proportion to the distal
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Figure 3

extent of the region (mean scores with
FSD: 2.9, 3.2, 3.9, and 4.5 for ulna
and radius, arches, common digital
arteries, and proper digital arteries,
respectively).

Stenosis

In the evaluation of the degree of ap-
parent stenosis in the control group, FSD
angiography depicted no stenosis in
the ulna and radius, arches, or common
digital arteries. FSD images depicted
apparent stenosis in the proper digital
arteries, however, with a mean stenosis
degree grade of 0.7, which was lower than
the mean stenosis degree grades with
the time-resolved (grade, 1.6) and high-
spatial-resolution (grade, 1.0) MR angio-
graphic techniques. The differences in

Figure 3:

mean grades between FSD and time-
resolved MR angiography were signifi-
cant for all segments combined and all
regions except the arches.

In the evaluation of the degree of
stenosis in the patient group, FSD angiog-
raphy, as compared with both contrast-
enhanced MR angiographic techniques,
depicted lower degrees of stenosis, with
lower mean grades for all segments com-
bined and all regions. However, the dif-
ferences were not significant.

In the control group, 50 (79%) of
the 63 digital arteries were visualized
to their distal third with FSD compared
with three (5%) and 13 (21%) digital
arteries that were visualized to this
extent with time-resolved MR angiog-
raphy and high-spatial-resolution MR

(a) Contrast-enhanced time-resolved, (b) contrast-enhanced
high-spatial-resolution, and (c) nonenhanced FSD-prepared MR angiograms
obtained in same healthy volunteer. Distal portions of digital arteries are clearly
visualized on FSD image.

angiography, respectively (P < .001,
McNemar exact test). In the patient
group, the proper digital arteries were
not visualized to their distal third with
any of the three angiographic techniques.
The prevalence of nondiagnostic seg-
ments is compared between the three
techniques in the Table.

In the control subjects, a significant
difference in the prevalence of nondi-
agnostic segments between the FSD,
time-resolved, and high-spatial-resolution
MR angiographic techniques was noted
(P < .05 for all comparisons). When
the comparison was limited to the dis-
tal digital vessels, a significant differ-
ence was seen between FSD and time-
resolved MR angiography (P < .05)
and between time-resolved and high-
spatial-resolution MR angiography (P <
.05) only, and the 28 additional non-
diagnostic segments seen with time-
resolved MR angiography, as compared
with FSD, did not constitute a signifi-
cant difference (P = .06). In the pa-
tients, the difference in the prevalence
of nondiagnostic segments between the
MR angiographic techniques failed to
reach significance (P > .05, McNemar
exact test).

Radiology: \/olume 259: Number 1—~April 2011 = radiology.rsna.org

253



>
<

S
=

S
s

TECHNICAL DEVELOPMENTS: Nonenhanced MR Angiography of the Hand in Systemic Sclerosis

Sheehan et al

Figure 4

a.
Figure 4:

b.
(a) Contrast-enhanced time-resolved, (b) contrast-enhanced high-spatial-resolution, and (c) nonenhanced FSD-prepared MR angiograms obtained in

C.

patient with focal mild stenosis (arrows) involving proper digital arteries of index, middle, and ring fingers of left hand.

In the described initial applications in
the hand, the FSD technique, based on
segmented balanced SSFP and involving
a combination of electrocardiographic
triggering, FSD magnetization prepara-
tion, and subtraction techniques, was
compared with contrast-enhanced MR
angiography. Isotropic submillimeter-
spatial-resolution angiograms with bright
arterial blood and suppressed back-
ground were successfully obtained in
healthy volunteers and patients with sys-
temic sclerosis.

Our pilot study results show that FSD
angiography, as compared with contrast-
enhanced MR angiography, yields simi-
lar mean qualitative and semiquantita-
tive scores in control and patient groups.
Overall, the mean scores for image
quality and degree of apparent or true
stenosis favored FSD over both contrast-
enhanced angiographic techniques—
particularly at comparison of FSD an-
giography and time-resolved MR angio-
graphy, where the differences were
significant in the majority cases. How-

ever, while the observed lower degrees of
stenoses suggest that FSD findings may
be more accurate determinants of vessel
diameter, this theory was not adequately
assessed in this study and no reference-
standard digital subtraction angiographic
examination was performed to confirm
it. When the proper digital arteries in
the healthy control group were identi-
fied—in the majority of cases—the three
MR angiographic techniques revealed
varying degrees of apparent stenosis.
This finding highlights one of the limita-
tions of MR angiography in the evalua-
tion of very-small-diameter vessels.

A link between the use of gadolin-
ium-containing contrast agents in pa-
tients with end-stage renal disease and a
rare and debilitating condition referred
to as nephrogenic systemic fibrosis has
been established (27) and has led to a
renaissance of the use of nonenhanced
MR angiographic techniques over the
past few years. With nonenhanced MR
angiographic techniques, one always has
the option to repeat all or part of the
data acquisition in cases of technical dif-
ficulty or patient motion—an option not

afforded by contrast-enhanced MR an-
giography. Moreover, for patients with
an estimated glomerular filtration rate
higher than 30 mL/min/1.73 m?, the
nonenhanced MR angiographic exami-
nation can be following by a contrast-
enhanced study if the image quality for
one or more segments is deemed unsat-
isfactory. In addition, nonenhanced MR
angiography can be repeated before and
after the administration of vasoactive
drugs or cold stimuli to study changes
in the arterial system.

Several advantages of the FSD tech-
nique over other nonenhanced MR
angiographic methods are detailed in
a previous work (25) and include iso-
tropic high spatial resolution and a suf-
ficiently clean background, which may
favor visualization of the relatively tor-
tuous small-caliber arterial anatomy in
the hand. Fresh blood imaging is a sub-
traction technique that involves a three-
dimensional half-Fourier fast spin-echo
pulse sequence in conjunction with se-
lective application of flow-spoiling gra-
dients to ensure that the rapidly flowing
arterial spins are fully suppressed (22).
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This technique requires calibration of
the trigger delay and flow-spoiling gra-
dients for individual patients and vessel
segments. The major advantage of us-
ing the fresh blood imaging technique
is that it is independent of the inflow
of fresh blood into the imaging volume.
Therefore, it can be used to image ar-
teries with relatively slow flow, such as
those in the hand. However, long-echo-
train fast spin-echo acquisitions are
inherently susceptible to fast and com-
plex flow at and distal to stenoses and
thereby result in loss of the flow signal on
images acquired without flow-spoiling
gradients. It is worthwhile to compare
FSD angiography with fresh blood im-
aging, as these techniques have several
technical aspects in common, including
flow spoiling, systolic and diastolic ac-
quisitions, and subtraction (22). The
described FSD technique involves a bal-
anced SSFP acquisition in conjunction
with an independent flow-suppression
preparation module (25). Compared with
a long-echo fast spin-echo sequence, as
is used in fresh blood imaging, balanced
SSFP imaging without FSD gradient
pulses may depict brighter arterial blood
owing to lower sensitivity to flow and the
high T2/T1 ratio of blood (28). With a
separate flow-suppression preparation
module, the FSD gradient pulses can
be flexibly configured in both direction
and strength such that multidirectional
flow suppression in the hand is feasible.
However, this flexibility is not inherent
to the fresh blood imaging sequence.

This recently introduced FSD tech-
nique has a number of drawbacks. First,
it requires long imaging times owing
to electrocardiographic triggering and
separate sequential imaging during sys-
tole and diastole, so it is more prone
to motion artifacts. This may be prob-
lematic in hand studies if the patient is
not comfortable in the prone position.
Second, balanced SSFP images may be
corrupted by pronounced off-resonance
artifacts that occur owing to magnetic
induction field inhomogeneity and sus-
ceptibility effects, which were noted in
the wrist in our studies.

There were several limitations of our
study. First, digital subtraction angiog-
raphy was not available for correlation.

Second, the patient data analysis was
semiquantitative, so we did not quantify
vessel diameters and stenosis lengths.
Third, the control subjects and patients
were imaged with different 1.5-T MR
units. Fourth, one cannot assume that
the imaging parameters found to be op-
timal in this initial study will prove to be
best for all subjects. Fifth, we did not
use any arterial cuff compression tech-
niques to perform the described con-
trast-enhanced MR angiography exami-
nation described herein (29,30). Sixth,
the study sample was small. Finally,
it should be recognized that contrast-
enhanced MR angiography offers certain
advantages over current nonenhanced
methods, such as shorter imaging times
and the ability to acquire time-resolved
images that show blood flow dynamics.
More experience with nonenhanced
and contrast-enhanced MR angiography
of the hand is required to establish the
accuracy of these examinations, as com-
pared with that of digital subtraction
angiography, the reference standard.
Allanore et al (18) suggest that MR an-
giography could be used to predict end-
stage ischemic damage in the fingers
and other organs, because hand vessel
lesions may reflect general vasculopathy.
Cross-sectional studies to correlate MR
angiographic findings with biochemical
and clinical parameters of the hand and
pulmonary vasculature are needed. Fur-
thermore, longitudinal studies could be
used to evaluate MR angiographic find-
ings as predictors of ulceration, pulmo-
nary hypertension, and responses to
aggravating factors and therapy.
Nonenhanced FSD MR angiograms
of the hand that depict normal and dis-
eased segments can be generated. In
control subjects and patients with sys-
temic sclerosis, FSD angiography com-
pares favorably with contrast-enhanced
MR angiography, facilitating improved
visualization of normal and diseased ves-
sels in many cases. Nevertheless, this
technique needs further technical im-
provements and to be evaluated in a
systematic clinical study to clarify its
diagnostic accuracy.
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