Artifacts due to Retrograde Flow in the Artery and Their
Elimination in 2D TOF MR Angiography
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Dark band artifacts are often observed in angiograms of arteries obtained by 2D time-
of-flight (TOF) angiography with saturation of veins by presaturation RF pulses. At
some arteries the arterial blood velocity varies in a triphasic pattern during a cardiac
cycle. The arterial blood, that is saturated by presaturation RF pulses in the saturation
band, can flow back into the imaging slice during the retrograde flow phase of the
triphasic variation. When such saturated retrograde flow occurs during the acquisition
of the central part of the K space, a signal void can result in base images and
consequently dark band artifacts can appear in angiograms. This phenomenon is
experimentally demonstrated by varying the gap between the imaging slice and the
saturation band. Furthermore, a new pulse sequence is proposed to eliminate the dark
band artifacts by changing the profile of the saturation band from a rectangle to a ramp.
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Introduction

Time-of-flight (TOF) angiography is based on inflow
enhancement to get a contrast of vessels over stationary
tissues (1, 2). The inflow enhancement can be nulled by
saturating the inflow spins in vessels by use of presatu-
ration RF pulses (3). The artery can selectively be en-
hanced by saturating the venous inflow to the imaging s-
lice because the flow direction in the artery is usually
opposite to that in the vein.

We often observe artifacts of dark bands appearing a-
long the artery in 2D TOF angiograms (4, 5). The dark
band artifacts appear in irregular intervals and can con-
fuse a diagnosis. We explain the cause of the dark band

artifacts and propose a pulse sequence to eliminate the
artifacts.

Methods

It is generally known that a gradient echo sequence
used in TOF angiography can result in a signal void due
to phase dispersion in a voxel by local field inhomogene-
ity or turbulent flow. However, the dark band artifacts
in 2D TOF angiograms cannot be explained by these ef-
fects.

Cause of the dark band artifacts
We assume that the dark band artifacts should be relat-
ed to the saturation of the venous flow. In TOF arteriogra-
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phy the venous flow is saturated by presaturation RF
pulses (Fig. 1). This assumes that the flow direction in ves-
sels is constant during imaging time. However, the veloci-
ty variation of the pulsatile arterial flow can be triphasic
during a cardiac cycle in some arteries (6}. According to a
Doppler sonogram of a femoral artery by use of an ultra-
sound scanner {SonoAce 600C, Medison Co.), the velocity
variation is triphasic as seen in Fig. 2. There is a short pe-
riod of retrograde flow in early diastole.

The arterial blood that flows into the saturation band
can flow back into the imaging slice during the phase of
retrograde flow in consequent scanning. Since the blood
spins in the saturation band are saturated out by presat-
uration RF pulses, the retrograde flow cannot give the
inflow enhancement. If such retrograde flow happens at
a time close to the DC point of the phase encoding in
Fourier imaging, then the artery will result in a signal
void appearing as dark band artifacts. However, when
the retrograde flow happens at the scanning for the out-
side of the central part of k space, the artery could still
maintain a signal on a reconstructed image. Since the
cardiac cycle is not synchronized with the phase encod-
ing of Fourier imaging in general, the dark band artifacts
appear irregularly along the artery.

New pulse sequence without the dark band artifacts

One way of eliminating the dark band artifacts may be
to put an enough gap between the imaging slice and the
saturation band to prevent the saturation of retrograde
flow in the artery. However, a wide gap can result in an
incomplete saturation of the venous blood on the an-

glogram.

Another way is to modify the slice profile of the satu-
ration band in a way to give less saturation of the retro-
grade flow while maintaining the saturation of the vein.
A ramped profile shown in Fig. 3 can satisfy such condi-
tion. The slope of the ramped profile is set to face the
imaging slice. In other words, the flip angle of the
ramped profile increases as it becomes away from the
imaging slice. The venous blood will be fully saturated
by the ramp portion of larger flip angles and continuous-
ly saturated by the ramp portion of smaller flip angles.
Therefore, the venous blood will be kept saturated at
the imaging slice.

On the other hand, the arterial blood that flows from
the imaging slice into the saturation band will experi-
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Fig. 2. A doppler sonogram of a femoral artery. The ve-
locity varies in a triphasic pattern during a cardiac cycle.
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Fig. 1. Presaturation of the vein in 2D TOF angiography for obtaining the artery. {a) A relationship of the saturation
band to the imaging slice. The venous blood saturated by the presaturation RF pulse, which is marked by a checker
pattern, enters into the imaging slice before the excitation RF pulse. (b] A part of the pulse sequence. Gs stands for a s-

lice selection gradient.
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ence partial saturation by the ramp portion of small flip
angles. When the arterial flow direction is reversed, the
arterial blood will still experience only small flip angles.
Therefore, the retrograde arterial blood will flow into
the imaging slice with partial saturation. Thus, the retro-
grade arterial flow will give the signal while the venous
flow will still be saturated.
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Fig. 3. Presaturation with a ramped profile in 2D TOF
angiography.

Experimental Results

Experiments were performed in a Medinus Magnum
1.0 T system using a knee tranceive RF coil (Dongbo
Co.). A MIP program in the Magnum 1.0 T system was
used to get angiograms from base images. A gradient e-
cho sequence based on Fig. 1B was used with a flow
compensation for the slice selection gradient. A spoiler
gradient was added to the slice selection axis to dephase
out the signal from the saturation band.

We investigated the effects of retrograde flow on an-
giograms by varying the presaturation condition of a
rectangular profile. A 2D TOF angiogram was obtained
without the presaturation RF to be used for a reference.
As seen in Fig. 4A, there were no perceivable dark band
artifacts. Then, we obtained 2D TOF angiograms for dif-
ferent sizes of gap and the resultant angiograms are
shown in Figs. 4B to 4D. The dark band artifacts were

Fig. 4. Angiograms of a femoral
artery with different presaturation
conditions of a rectangular satura-
tion band: {a) without presatura-
tion, {b) gap = 15 mm, (C) gap =
10 mm, and (d) gap = 5 mm.
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getting more serious as the gap was reduced. These re-
sults clearly support the assumption that the dark band
artifacts were caused by the retrograde flow in the
artery.

To prevent a partial saturation of the imaging slice by
the saturation band, a technique of dual saturation
bands was employed {7). The thickness of the saturation
band close to the imaging slice was 2 cm and that of an-
other band was 8 cm. The presaturation for a wider
band was followed by that for a narrower band in the
sequence. The slice profile of the presaturation RF was
rectangular with a flip angle of 100° and the RF band-
width was 5 kHz. Imaging parameters were TR = 30
ms, TE = 9 ms, number of averages = 1, flip angle =
60°, slice thickness = 3 mm, RF bandwidth = 1 kHz,
and FOV = 220 mm.

Then, we implemented the proposed ramped RF
pulse for the saturation as shown in Fig. 5. With this
ramped RF pulse the 2D TOF angiograms were ob-

tained from the same volunteer. A single saturation
band was used with a thickness of 10 cm and a band-
width of 5 kHz. The flip angle at the peak of the ramp
was 120°. As seen in Figs. 6A and 6B there were no dark
band artifacts even without a gap. Imaging parameters
other than the saturation were the same as those for Fig.
4. At a gap of 5 mm some of veins were enhanced as
shown in Fig. 6A, which can be improved by optimizing
the ramped profile to give more flat saturation in a distal
part from the imaging slice.

Conclusions

The dark band artifacts in 2D TOF angiography were
proven to be caused by the retrograde flow in the artery.
This effect should be taken into consideration in the
imaging and the diagnosis as well. The proposed
ramped saturation may be more robust in obtaining the
angiogram of artery without the dark band artifacts. The
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Fig. 5. RF pulse for the ramped profile. (a) Real and imaginary part of the RF pulse. (b) Profile obtained by solving a

Bloch equation for a bandwidth of 5 kHz

Fig. 6. Angiograms of a femoral
artery acquired with the proposed
ramped RF for the saturation: {a)
gap = 5mm and (b} gap = O mm.
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same effect and technique may apply to 3D TOF angiog-
raphy as well.
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