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PURPOSE: To evaluate with steady and pulsatile flow the influence of echo time , gradient strength 

and duration, and flow compensation on the degree of turbulent signal loss, fac tors that have been 
implicated in MR angiography's overestimation of the degree of stenosis. METHODS: We examined 

poststenotic turbulent flow in two models, one that created a turbulent jet and another that 

simulated a plaque-like stenosis. The pulse sequence used in these experiments allowed for a 

single variable (flow compensation , echo time, or gradient strength) to be varied without changing 

the others. RESULTS: Poststenotic signal loss can lead to overestimation of the degree of a 

stenosis. The area of signal Joss in the turbulent jet was influenced by fractional echo and f low 

compensation , but not by echo time. We found that the dominant mechanism in poststenotic 

signal loss is related to the strength and duration of the imaging gradients. CONCLUSIONS: Flow

compensated sequences with reduced gradient strength and duration will reduce poststenotic 
signal loss and may lead to more accurate estimations of the extent of stenotic lesions. 

Index terms: Magnetic resonance angiography (MRA); Magnetic resonance, experimental ; Arteries, 
magnetic resonance angiography (MRA); Arteries, stenosis and occlusion 

AJNR 14:721-729, May/ June 1993 

Magnetic resonance angiography (MRA) has 
been proposed as a noninvasive alternative to 
standard contrast angiography as a screening 
examination for carotid artery vascular disease. 
Recent work has suggested that MRA compares 
well both with standard contrast angiography and 
with duplex ultrasound of the carotid artery 
(1-5). 

One well-recognized problem With JV\K.f\ IS me 
overestimation of the degree of stenosis (6-9). 
Turbulent flow past a stenosis leads to signal loss, 
and this signal loss has been implicated as a 
major factor in the overestimation of stenosis. 
For this reason, it would be useful to evaluate the 
pulse sequence parameters that influence signal 
loss in the region of a stenosis and to develop 
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pulse sequences that are less sensitive to turbu
lent signal loss. 

This work attempts to evaluate different scan
ning parameters that may influence signal inten
sity in poststenotic turbulent flow and aid in 
designing a pulse sequence that is less sensitive 
to turbulent signal loss. Using steady and pulsatile 
flow, we investigate in two different models the 
effect of echo time (TE), flow compensation (FC), 
and fractional echo (FE) on the signal intensity of 
poststenotic turbulent flow. 

Materials and Methods 

Models 

In the first model , we imaged a turbulent jet generated 
by steady flow through an orifice. The model consisted of 
a Plexiglas tube, 12 em in diameter and 40 em long, with 
a flat plate in the center of the tube and an orifice 5 mm 
in diameter in the center of the plate (Fig. 1 ). Flow emerged 
in a jet from the orifice. Steady flow through this model 
was produced with the flow apparatus shown schematically 
in Figure 1 . A reservoir supplied fluid to the model placed 
in the center of the magnet. The flow rate was regulated 
by a valve placed in line between the model and the supply 
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reservoir. F luid f rom the model returned to a reservo ir and 
was pumped with a centrifugal pump back to the supply 
reservoir. An overflow port on the supply reservo ir dra ined 
f lu id from the supply reservoir so that as long as the flow 
from the pump was greater than the outflow to the m odel, 
a constant f luid level and, therefore, a steady pressure head 
were m ainta ined at all t im es. 

F low rate through the m odel was m easured by timing 
the fi lling of a ca librated beaker and averaging multiple 
m easurem ents. The pressure drop across the orifice was 
m easured using a simple difference manom eter. Flow rates 
were va ried from approximately 100 ml/ m inu te to ap
prox imately 4 ,850 ml/ minute. Correspond ing pressure dif
ferences across the orifice varied from 6 mm to 181 0 mm 
of water . 

To 

Return 

, ......................................... . 

Fig. 1. Diagram of the apparatus that generated flow through 
the model. A reservoir supplied fluid to the model. The fluid 
flowed through the model and back to a return reservoir. A pump 
moved fluid up from the return reservoir to the supply reservoir. 
An overflow valve maintained a steady level in the supply reser
voir. ensurina a constant oressure head at all times. 

Imaging Plane T I 

90% Stenosis 

Axial View 

T Flow 

Direction 

Fig. 2. Schematic diagram of the simulated vascular stenosis. 
A partial obstruct ion in the line of flow created an asymmetric , 
90% stenosis as shown. 
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In the second model, we imaged pulsatile f low past a 
simulated asymmetric stenosis. A 12.5-mm (inside diame
ter) Plex iglas tube was fitted with a piece of solid Plexiglas 
that obstructed 90 % of the lumen of the tube (Fig. 2) , thus 
giving a simpli fied model of a large p laque-like stenosis 
that might be found in an internal carotid artery . 

To generate pu lsatile flow , we designed and built a 
pump, shown schematicall y in Figure 3 . It consisted of a 
piston that drove fluid forward into a cy linder and out of a 
one-way va lve to the model. On the return stroke of the 
piston , fluid was drawn through a second one-way valve 
to fill the cylinder from a storage reservoir, and then was 
ejected again as the piston moved forward . The piston was 
connected to a lever that in turn was connected by rod to 
a flywheel. A 1/z -hp electric motor (Bodine Electric, Chicago, 
IL) powered the f lywheel via a belt (Fig. 3) . T his pump 
generated f low in physiologic ranges , which for these ex
periments was varied between 125 and 2, 100 ml/ min . 

Blood Simulation Fluid 

The v iscosity of a fluid affects its behavior during tur
bulent or disturbed f low . Consequently , a f luid was chosen 

Pump To Model 

"Mitral" 

Return 

From Model 

Fig. 3. Diagram of the pump that generated pulsatile flow. An 
electric motor drove a flywheel , which pushed a plunger in and 
out of a cylinder. As the plunger moved forward , flow was ejected 
out the one-way "aortic" valve and propelled toward the model. 
On the return stroke of the plunger, the "aortic" valve closed and 
fluid was drawn through the one-way "mitral" valve and into the 
cylinder. "Heart rate" was adjusted by changing the speed of the 
motor, and stroke volume was adjusted by changing position of 
the drive shaft on the fl ywheel. 
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Fig. 4. Schematic diagram of a gradient echo pulse sequence 
with FC using a full echo (FE of 100%) (A) and an asymmetric 
echo (60%) (B). The radiofrequency, slice select and readout 
gradients, and received signal are shown in each case. The use of 
asymmetric echo reduces the strength and duration of the gradient 
lobes prior to the readout gradient. 

Fig. 5. Example of turbulent flow through the orifice at a 
"normal" width and level (on the left) , and at the window and level 
used to measure the area of signal loss in the poststenotic jet 
(right). 

that simulated both the viscosity and the T1 and T2 of 
human blood. The fluid consisted of 4 parts glycerol to 5 
parts distilled water doped with 1 0-4 M gadolinium chloride 
chelated with EDT A. The viscosity of the fluid was 3.8 
cPa, the T1 was 800 msec ± 50 msec, and the T2 was 
220 msec ± 20 msec. Although hematocrit and viscosity 
vary from person to person , these values are within phys

iologic ranges. 

Imager and Scan Parameters 

All imaging was performed on a 1.5 T General Electric 
Signa System (Mi lwaukee, WI). Three different parameters 
were independently varied and eva luated: TE, FC, and FE. 
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Parameters were: repetition time (TR), 27 msec; TE, 3 .2 to 
20 msec; matrix , 128 X 256; two excitations; 30° flip ; field 
of view, 20 em; and a two-dimensional Fourier transform 
technique. 

The TE is defined as the time between the radiofre
quency pulse and the echo center when the received signal 
is largest. Typically , the echo center coincides with the 
center of the readout gradient, and the received signal is 
symmetric. A FE (asymmetric) may be used if the homo
dyne reconstruction technique is applied to the individual 
echoes. This is similar in concept to fractional number of 
excitation imaging, but the asymmetry occurs in the indi
vidual echoes rather than in the acquired phase encodings 
(1 0). FE was defined such that a perfectly centered echo 
was given a value of 1 00% while 50% was assigned to 
"half echo" or free induction decay (FID) starting at the 
beginning of the readout window (Fig. 4). While the readout 
gradient amplitude is not affected, its duration prior to the 
echo (the gradient lobe that determines the position of the 
echo in the frequency-encoding gradient) center is reduced 
with the symmetry fraction. Because the prephaser and 
the FC gradient lobes are calculated according to the 
strength of the readout gradient and its duration prior to 
the echo center, their strength and duration are reduced 
for asymmetric echoes. Dephasing due to uncompensated 
motion (acceleration, jerk, etc. , for flow-compensated se
quences, and for all motion when the FC is not used) is 
minimized by playing out the prephaser and FC gradients 
immediately prior to the readout regardless of TE or echo 
asymmetry . 

Image Analysis 

Images were analyzed with the purpose of evaluating 
the effect of changing one of the scan parameters (TE, FE, 
FC) on the appearance of the poststenotic turbulent flow . 
With the model that produced a jet through an orifice, the 
jet resulted in a region of decreased signal intensity . 

The area of the jet in square millimeters was measured 
in a consistent way. The image was windowed with the 
width set at 1 and the level at a value that represented one

half the maximum signal intensity in the image. An ex
ample of this technique is shown in Figure 5. This method 
produced a reproducible and easily identifiable edge and 
accounted for differences in the signal intensity in the fluid . 
A cursor was traced around the edge of jet and the area 
was calculated . This technique of area measurement was 
reproducible ±6%. 

Clinical Studies 

After informed consent , using a protocol approved by 
an independent review board , two patients with moderate 
to severe stenoses of the internal carotid arteries underwent 
two-dimensional time-of-flight MRA; TR was 13 msec, TE 
4 msec, flip angle was 45°, slice thickness was 3 mm, 
matrix 128 X 256, and field of view 18. Standard clinical 
imaging parameters were used , with the exception that one 



724 EVANS 

set of images was acquired with a FE and one set was 
acquired with a full echo. Postprocessing and three-dimen
sional reprojections were obtained using a maximum inten
sity pixel algorithm. 

Results 

Keeping the TR constant at 27 msec , TE was 
varied from a minimum of 3.2 msec to a maxi
mum of 20 msec. Figure 6 demonstrates the 
effect of changing TE on the area of signal loss 
in the turbulent jet. In all these experiments, the 
flow was constant at a rate of 1950 mL/minute 
and the difference in pressure across the orifice 
was 30.2 em of water. Only the TE was changed; 
the other scan parameters (FE, FC, TR) were held 
constant. The experiment was repeated with and 
without FC and at FEs of 51 % and 100% (full 
echo), and similar results were obtained. The area 
of signal loss varies little as TE changes, as seen 
in Figure 6. Examples of the actual images cor
responding to these data are shown in Figure 7. 
As shown in Figures 8 through 10, FC does have 
an effect on the area of signal loss. The images 
shown were acquired at identical flow rates and 
at the same TE, but with and without FC and at 
a fractional or a full echo. Other parameters being 
equal, images acquired with FC demonstrate less 
signal loss than those without (Figs. 8-1 0). Signal 
loss is least with a FE and FC, and greatest with 
a full echo and no FC. 

Although TE has little effect on the area of 
signal loss, the echo fraction does have an effect. 
This effect is demonstrated in Figures 1 0 and 11. 
TE and flow rate are constant; only the echo 
fraction (percent full echo) changes. In these 
experiments, the echo fraction varied from 51 % 
to 100% (full echo). A FE of 51 % produces the 
least signal loss, and the area of signal loss in
creases as the echo becomes less fractional , so 
that the most signal loss occurs with a full echo. 

With increasing flow rate (and therefore, in
creasingly disturbed flow) through the orifice, the 
pressure difference across the orifice increased. 
As the pressure difference increased, the area of 
signal loss also increased (Fig. 12). The point at 
which signal loss first occurred depended on the 
fractionality of the echo and the presence or 
absence of FC. For instance, at a FE of 51 %, 
signal loss first occurred at a pressure difference 
of approximately 90 mm of water, whereas at a 
full echo, signal loss first occurred at a pressure 
difference of 10 mm of water. The presence of 
FC affected signal loss more at a full echo than 
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Fig. 6. Area of signal loss in the poststenotic jet versus TE. 
The data were acquired with FC, at a FE of 51 %, and at a 
constant flow rate of 1950 mL/ minute. TE was the only variable. 

Fig. 7. Images of the poststenotic jet at different TEs with 
constant FE of 51 % and FC. TEs (msec) varied as follows: upper 
row, left to right, 6. 1, 7 .5, 8.8; middle row, 1 0.2, 11 , 13; lower 
row, 15, 17, 19. 
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Fig. 8 . Comparison of area of signal loss with FE versus full 
echo with and without FC at TEs from 10.2 to 19. The flow rate 
was constant at 1950 mL/ minute. 



AJNR: 14, May/ June 1993 

Fig. 9. Images of poststenotic signal loss at the same flow rate 
(1950 mL/ minute) with varying FE and FC. On the upper row of 
images from left to right , the first image represents a FE of 51 % 
with FC, the second image a FE of 51 % without FC, the third 
image a full echo with FC, and the fourth image a full echo 
without FC. The images below are the same except windowed at 
the width and level used to calculate area of signal loss. 
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Fig. 10. Area of signal loss versus FE. Data were acquired with 
a constant flow velocity of 1950 mL/ minute. e, data acquired 
with FC; D, data acquired without FC. TE is constant at 10.2 
msec. 

I .. ,, 
Fig. 11 . Areas of poststenotic signal loss obtained at a constant 

flow rate, constant TE, and with FC, but varying FE. The image 
on the upper left is a FE of 51 % , upper middle FE = 60%, upper 
right FE= 70%, lower left FE= 80% , lower middle FE= 90%, 
and lower right full echo. 
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Fig. 12. Area of signal loss versus pressure difference for data 
acquired at a full echo . • • data acquired without FC; e, data 
acquired with FC. 

with a FE. Interestingly, with a full echo and no 
FC, signal loss first occurred at a pressure differ
ence of 10 mm of water, but with FC and a full 
echo, it did not occur until a pressure difference 
of approximately 30 mm of water was reached . 

One element of the pulse sequence that 
changed with FE was the strength and the dura
tion of the gradients used to generate the echo. 
In order to have a simple parameter that reflected 
the strength and the duration of all the imaging 
gradients, we chose to calculate the absolute 
value of the area of all the gradients between the 
time of the RF application and the echo center. 
We call this parameter the absolute gradient area. 
Figures 13A and 138 show the area of signal loss 
as related to the absolute gradient area for each 
image. Signal loss increased as gradient strength 
and duration increased. In the non-FC case, it is 
clear that as the echo fraction increased, the first 
and higher moments also increased while in the 
FC case, only moments of higher order than linear 
increased. Note that with FC, the absolute gra
dient areas were higher than without FC, but the 
trend was the same; the signal loss still increased 
with absolute gradient area. 

The absolute values of the gradients were cal
culated also for change in TE. The gradient 
strengths do not change with change in TE. 

Images from the stenosis model are shown in 
Figures 14A and 148. Pulsatile flow rate was 250 
mL/minute at 60 beats per minute . Signal loss 
reached its maximum at the FE of 100% (full 
echo). Note that the signal loss occurred both 
poststenosis (in the "jet" downstream) and ac
tually at the stenosis. Figure 148 shows a mag
nified view of the stenosis itself. At a FE of 51 %, 
flow through and past the stenosis was well 
visualized. At a FE of 100% , no signal was seen 
from flow through the stenosis . Note also that 
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Fig. 13. A , Area of signal loss versus the absolute value of the area of the imaging gradients. The gradient area is changed by 
changing the fraction of the echo , the TE is constant at 10.2 msec. These data were acquired without FC. 

a, Area of signal loss versus the absolute value of the imaging gradient area. Data were acqwred w1th FC and at a TE of 1 0.2 . 
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Fig . 14. A , Images of the simulated, asymmetric stenosis (arrow) with pulsatile flow . These images show the effect of increasing FE 
on pulsatile flow through an asymmetric stenosis. The flow rate is the same in each image, as is the TE. Only the FE has changed. 
From upper left to lower right , the FE = 51 %, 60%, 70%, 80%, 90%, and 100% (full echo). 

B, Magnified images of the region of the asymmetric stenosis (arrow) at a FE of 51 % (left) and a full echo (right). TE and flow rate 
are identical in each image, only the echo fraction has changed. 

signal loss occurred actually before the stenosis 
in the full echo image, but not with a FE of 51 % . 

Images from two patients with moderate to 
severe stenoses are shown in Figure 15. The MRA 
are acquired with FC, and at a FE of 51 % and at 
a full echo. In both cases, the FE of 51 % dem
onstrated less signal loss poststenosis and gave a 
more accurate representation of the actual ap
pearance of the stenosis compared with the con
ventional contrast angiograms. In both cases, 
there was a complete loss of signal in the region 
of stenosis with the images acquired at a full 
echo, while no such signal loss occurred with a 
FE of 51 %. The images acquired with the full 
echo could be falsely interpreted as a complete 
occlusion , while those acquired with the FE dem
onstrate that the lumen is patent. 

Discussion 

The effects of TE, FC, and FE on the signal 
loss in a turbulent jet have been investigated in 
this paper. That turbulent flow can produce signal 
loss in poststenotic flow has been previously 
demonstrated ( 11, 12). That this signal loss can 
lead to overestimation of stenosis has been as
serted, but, to our knowledge, has not been 
systematically proven (6, 7) . Our work supports 
the idea that poststenotic signal loss may lead to 
overestimation of stenotic lesions (Figs. 14 and 
15). Further, the evidence suggests that FC and 
FEs affect the appearance of poststenotic signal 
loss (Figs. 14 and 15). 

It is a commonly expressed notion that de
creasing TE should decrease poststenotic signal 
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Fig. 15. A, Digital subtraction image of a patient with a large, plaque-like stenosis (arrow) of the internal carotid artery. 
B, The MRA of the same artery. A two-dimensional time-of-flight technique was used with FC and a TE of 11. The image on the 

right was acquired at a FE of 60%, the image on the left at a FE of 100% (full echo). 
C, Digital subtraction angiography image of the carotid arteries in a second patient with an internal carotid artery stenosis (arrow). 
D , MRA of the same patient. Again , the only variable that has changed is the echo fraction, which is 60% in the image on the right 

and 100% in the image on the left. 

loss (8, 9). The results of this paper suggest that 
this is an oversimplification. Over the range of 
TEs examined, TE did not significantly influence 
the area of signal loss in a turbulent jet. In these 
experiments, shortening TE only decreased post
stenotic signal loss when a FE was used to 
shorten the TE. That TE could affect signal loss 
at shorter TEs is a possibility we could not inves
tigate . 

The acquisition of a FE does influence 

poststenotic signal loss. As the fraction of the 
acquired echo decreases, signal loss poststenosis 
also decreases. This phenomenon occurs with 
and without FC, and independent of TE (Figs. 8 
and 1 0) . A parameter that changes with FE is the 
absolute gradient area. This value reflects the 
strength and duration of the gradients used to 
produce the image, and changes signal loss (Fig. 
13), thus supporting the idea that an increase in 
gradient strength and duration affects poststen-
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otic signal loss. Urchuk and Plewes have recently 
reported a similar dependence of signal loss on 
the duration of imaging gradients (13) . 

First-order FC also affects signal loss post
stenosis. At the threshold at which signal loss 
occurs, images with FC show no signal loss, 
whereas images without FC show significant sig
nal loss. Likewise, a smaller area of signal loss 
occurs in images with FC than in those images 
taken with the same parameters without FC (Fig. 
1 0). The effect of adding FC is more prominent 
at a full echo (greater gradient strength and du
ration) than at a FE (lesser gradient strength and 
duration), suggesting that FC may have less effect 
on poststenotic signal loss in a pulse sequence 
that uses very low gradient strengths to create 
the image. 

Previous investigations of flow-related artifacts 
have centered either on the effect of TE or on 
the effect of gradient strength and duration. Some 
have emphasized the reduction of TE as a means 
of reducing these artifacts (including poststenotic 
signal loss) (8, 9, 14). Others have recognized 
that decreasing gradient strength and duration 
can reduce motion artifacts and signal loss in 
regions of disturbed flow (10, 13, 15-17). 

In this study, we have examined these effects 
separately , and have investigated the effect of 
FC. Our results suggest that there is an element 
of poststenotic flow that is influenced by FC, and 
there is an element that is affected primarily by 
gradient strength and duration and not by TE. 
None of our results support the previously ex
pressed idea that TE influences poststenotic sig
nal loss. If turbulence is a dephasing phenome
non, then perhaps the dephasing occurs on such 
a short time frame that TEs on the order of those 
used in conventional imaging do not affect it. 

These experiments did not address the effect 
of decreasing voxel size on turbulent signal loss. 
It is possible that three-dimensional sequences 
that use smaller voxel sizes may partially offset 
intravoxel dephasing ; we did not investigate this 
phenomenon. 

Practicall y speaking , it seems reasonable to 
expect that pulse sequences designed with FEs 
and FC would be less sensitive to poststenotic 
signal loss, and, therefore, may lead to a more 
accurate estimation of stenosis. Likewise, TE can 
be adjusted to suit the implem entation of these 
two param eters and to opt imize signal-to-noise 
and contrast-to-noise. A logical extension of these 
ideas is to use FID imaging, which m inimizes 
gradient strength and duration. In these experi-
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ments, the effect of FC was lesser when the 
gradient strengths were reduced (FE imaging). 
This suggests that FC may be unnecessary (as 
well as impractical) with FID imaging. 

Conclusions 

Three main conclusions may be drawn from 
this work . First, poststenotic signal loss can lead 
to overestimation of the degree of a stenosis. 
Second, the dominant mechanism in poststenotic 
signal loss is related to gradient strength and 
duration rather than TE. Third, FC reduces posts
tenotic signal loss, but this effect is less prominent 
in images acquired with lower gradient strength 
and duration. Finally , it seems reasonable to ex
pect that flow-compensated sequences with re
duced gradient strength and duration will reduce 
poststenotic signal loss and may lead to more 
accurate estimations of the extent of stenotic 
lesions. 

References 

I . Pernicone JR, Siebert JE, Patchen EJ , Pera A , Dumoulin CL, Souza 

SP. Three-dimensional phase-contrast MR angiography in the head 

and neck: preliminary report. A JNR: Am J Neuroradio/1 990; 11:457-

466 

2. Edelman RR , Mattie HP, A tkinson DJ , Hoogewoud HM. MR angiog

raphy. AJR: Am J Roentgenol 1990; 154:937- 946 

3. Mattie HP, Kent KC, Edelman RR , Atk inson DJ , Skillman JJ. Eva lu

ation of the extracranial carotid arteries: correlation of magnetic 

resonance angiography, duplex ultrasonography, and conventional 

angiography. J Vase Surg 199 1; 13:838- 845 

4. Litt AW, Eidelman EM, Pinto RS, et al. Diagnosis of carotid artery 

stenosis: comparison of 2DFT time-of-fl ight MR angiography with 

contrast angiography in 50 patients. AJNR: Am J Neuroradio/ 
199 1;12: 149-1 54 

5. Kido DK, Panzer RJ, Szumowski J, et al. Clin ical evaluation of stenosis 

of the carotid bifurcation with magnetic resonance angiographic 

techniques. Arch Neural 1991 ;48:484-489 

6. Anderson CM, Saloner D, Tsuruda JS, Shapeero LG , Lee RE. Arti facts 

in maximum-intensity-projection display of MR angiograms. AJR: 
Am J Roentgenol 1990; 154:623- 629 

7. Keller PJ , Drayer BP, Fram EK, Williams KD, Dumoul in CL, Souza 

SP. MR angiography with two-d imensional acquisition and three

dimensional display. Radiology 1989; 173:527-532 

8. Masaryk T J , Modic MT, Ruggieri PM, et al. Three-dimensional (vol

ume) gradient-echo imaging of the carotid bifurcation: preliminary 

clinical experience. Radiology 1989; 171 :801-806 

9. Schmalbrock P, Yuan C, Chakeres DW, Kohli J , Pelc NJ . Volume MR 

angiography: methods to achieve very short echo times. Radiology 
1990; 175:861-865 

10. Guo Q , Kashmar G, Nalcioglu 0 . NMR angiography with enhanced 

quasi- half-echo scanning. Magn Reson Imaging 199 1 ;9: 129-139 

11 . Evans AJ , Blinder RA, Herfkens RJ , et al. Effects of tu rbulence on 

signal intensity in gradien t echo images. In vest Radio/ 1988;23: 
512-5 18 

12. Podolak MJ, Hedlund LW, Evans AJ , Herfkens RJ . Evaluation of flow 



AJNR: 14, May/ June 1993 

through simulated vascular stenoses with gradient echo magnetic 

resonance imaging. Invest Radiol1989;24:184-189 
13. Urchuk SN, Plewes DB. Mechanisms of flow-induced signal loss in 

MR angiography. J Mag Reson Imaging 1992;2:453-462 
14. Joseph PM, Shetty A, Bonaroti EA. A method for reducing motion 

induced errors in T 2-weighted magnetic resonance imaging. M ed 

Phys 1987;14:608-615 
15. Nishimura DG, Macovski A , Jackson Jl , Hu RS, Stevick CA, Axel L. 

POSTSTENOTIC SIGNAL LOSS IN MRA 729 

Magnetic resonance angiography by selective inversion recovery 

using a compact gradient echo sequence. Magn Reson M ed 

1988;8:96-1 03 
16. Scheidegger MB, Maier SE, Boesiger P. FID-acquired-echoes (FAcE): 

a short echo time imaging method for flow artefact suppression. 

Magn Reson Imaging 1991;9:517-524 
17. Laub GA, Kaiser WA. MR angiography with gradient motion refocus

ing. J Comput Assist Tomogr 1988;12:377-382 


