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(Purpose) To evaluate the potential fluoroscopic capability of the sequences availa-
ble on a clinical 1.5T closed magnet system.

(Materials and methods) For fluoroscopic imaging sequences, we chose a single-
shot spin echo (SS-TSE) sequence with area selective imaging capability. T1 and
Te-weighted turbo field echo (TFE) sequences were also evaluated as alternative im-
aging methods. We performed imaging of phantoms and normal brains to evaluate sig-
nal to noise ratio (SNR) and contrast to noise ratio (CNR) with SS-TSE and TFE se-
quences. For the evaluation, different temporal resolution, matrix sizes and FOVs
were applied. We also evaluated the width of biopsy needle and foldover artifacts in
each sequence.

(Results) In SS-TSE, SNR and CNR were improved as the temporal resolution at-
tenuated from 0.3 to 1.0 s/shot. Ti-weighted TFE revealed excellent CNR with the
temporal resolution of 0.3 and 0.5 s/shot when the matrix sizes were relatively small
(52-96 x 128). SS-TSE was less susceptible to metal artifact than TFE sequences.
Area selective imaging capability of SS-TSE was convenient to obtain better temporal
resolution without suffering from foldover artifacts.

(Conclusion) SS-TSE and Ti-weighted TFE sequences are feasible, when they are
well optimized, for fluoroscopic monitoring of MR-guided procedures on a clinical
1.5T closed magnet system.

INTRODUCTION dures more feasible. as minimally inv.asive
methods?~%. Even with a closed system, if the
In recent years, the development of open magnet and its enclosure are designed to allow

type magnet system made MR-guided proce- the operators to access the patients without
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particular obstacles, it may provide the same
opportunity to perform these procedures®.®.
In that occasion, what becomes the real issue is
the availability of imaging sequence optimized
for fluoroscopic monitoring”. Fast gradient
echo type fluoroscopic sequence is commonly
used for MR-guided procedures in an open
magnet system, because it is more susceptible
to MRI compatible needles so that the needle
can be visualized accurately during the proce-
dure. Where the larger magnetic field is avail-
able, this susceptibility artifact of the needle
will become more apparent® ™', This means,
vice versa, accuracy of the needle tip localiza-
tion becomes less accurate in the larger mag-
netic field system. Moreover, spin echo se-
quence can provide better visualization of the
needle in that occasion. The single-shot turbo
spin echo sequence that we applied in this
study can provide area-selective imaging capa-
bility also. The purpose of this study is to eval-
uate the potential fluoroscopic capability of the
sequences available on a clinical 1.5T system
with a closed magnet.

MATERIALS AND METHODS

1. Fluoroscopic imaging sequences

For fluoroscopic imaging, we chose a single-
shot turbo spin echo sequence (SS-TSE) with
area-selective imaging capability. Ti1-weighted
and Teweighted turbo field echo (TFE) se-
quences were also evaluated as alternative
imaging methods. All studies were performed
on a 1.5T superconducting unit of closed mag-
net system (ACS-NT, Philips, Netherlands).

For imaging, we employed two rectangular

FOVs : 25 and 45 cm, respectively, with 40%
reduction of phase encoding views for SS-TSE
sequence, and 20% reduction for TFE se-
quences which was designed to eliminate fold-
over artifacts. Matrix sizes varied from 86 X
128 to 56256 x 256 in SS-TSE and 52 x 128 to
167 x 256 in TFE.

First, a phantom was imaged by SS-TSE se-
quence with different temporal resolutions by
changing the scan times from 0.3 to 1.0 s/shot
with an incremental step of 0.1 s. Other imag-
ing parameters were fixed as follows : a 5 mm
thick slice ; TE=126 ms ; echo train length=
43 or 51 and a total of 30 shots which allowed 3
s fluoroscopic imaging with 0.3 s/shot temporal
resolution, and 30 s fluoroscopic imaging with
1.0 s/shot. Image reconstruction time was 0.01
s and time delay for monitor display was 0.01
s. Then the images by T1 and Te-weighted TFE
sequences were obtained with variable matrix
sizes as indicated in Table 1 with following
parameters : a 5mm thick slice ; TR/TE/FA
=8/3/20 for Ti-weighted TFE and 7.2/2.8/20
for Te-weighted TFE.

2. Phantoms

To evaluate their potential feasibility for
fluoroscopic imaging, we performed a phantom
study using two pan-shaped coagulated veget-
able oil phantoms containing hard-boiled eggs
inside, one with 20 cm in diameter and 10 cm in
height, and the other with 10 cm in diameter
and 5 cm in height. Following puncture of the
phantom by a 22 gauge MR compatible biopsy
needle (0.8 mm in width) with its insertion
angle 75 degrees to the static magnetic field, it
was imaged by SS-TSE, T: and Tz-weighted
TFE fluoroscopic imaging sequences, respec-
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tively.
3. Evaluation of signal to noise ratio (SNR)
We calculated SNR from phantom images
obtained by each sequence. ROIs were selected
on the image of the phantom itself and on the
background. SNR was given by the phantom
signal divided by the background signal. Num-
ber of pixels in a ROI was 832. In SS-TSE im-
ages, SNRs were calculated with different
temporal resolutions, which were applied by
changing TR with incremental steps of 0.1s.
SNRs in TFE sequences were calculated with
different temporal resolutions, which were ap-
plied by changing matrix sizes. TR did not
change as temporal resolution altered. In addi-
tion, SNR with different FOVs (25 and 45 cm)
were calculated in each sequence. A birdcage
head coil was used with 25 cm FOV and a body
coil was used with 45 cm FOV. SNR was cal-
culated three times and averaged.
4. Evaluation of contrast to noise ratio (CNR)
For evaluation of CNR, brain images of two
normal volunteers were taken with SS-TSE, T
and T2-weighted TFE sequences with temporal
resolution of 0.3, 0.5, 0.8 and 1.0 s/shot. Matrix
sizes varied from 52 x 128 to 256 x 256. ROIs
were selected on the cortex, the deep white
matter and the background. CNR was given by
the signal difference between the cortex and
the white matter divided by the background
signal. The signal difference between the cor-

tex and the deep white matter was given by the
absolute value. Number of pixels in a ROI was
363. CNR was calculated three times and
averaged.

5. Susceptibility and foldover artifact

Susceptibility artifacts were evaluated by
measuring the width of the MR compatible
needle demonstrated on the phantom image
taken by each sequence. The needle width was
originally 0.8 mm (22 gauge) and its insertion
angle to the static magnetic field was 75
degrees. The imaging was performed with the
temporal resolution of 1.0 s/shot, 25 cm rec-
tangular FOV with 409% reduction of phase
encoding view using a 10 cm diameter phantom
in the birdcage head coil.

We used the larger phantom (20 cm diam-
eter) in a birdcage head coil to evaluate fold-
over artifact with the temporal resolution of
1.0 s/shot, 25 cm rectangular FOV with 50%
reduction of phase encoding view in each se-
quence.

RESULTS

1. Evaluation of SNR

In SS-TSE sequence, SNR with a matrix size
of 128 x 256 became improved as the temporal
resolution attenuated from 0.5 to 1.0 s/shot
(Table 1), indicating SNR improvement along
TR elongation. Even with the temporal resolu-

Table 1. SNR with Different Temporal Resolution

s/shot 0.3 0.4 0.5 0.7 0.8 0.9 1.0

SS-TSE 43.4 72.8 36.0 65.7 74.5 79.7 85.8 94.0
(56x256) (59x256) (128x256) (128 x256) (128 x256) (128x256) (128 x256) (128 x 256)

Ti-TFE 46.6 — 33.5 — 21.4 — 18.5
(52x128) (96 x 128) (128 x 256) (167 % 256)

T>TFE 49.9 — 32.6 — 19.5 — 16.6
(52x128) (96 x128) (128 x 256) (167 x 256)

() : matrix size
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Fig. 1. SS-TSE with different temporal resolution. a : image with 0.3 s/
shot temporal resolution. b : 0.4,¢: 0.5,d : 0.6,e:0.7,£: 0.8,g:0.9,h: 1.0
s/shot. SNR improves as the temporal resolution attenuates from 0.3 to
1.0 s/shot. Note the obvious blurring of egg’s contour at 0.3 (a) and 0.4
s/shot (b) where the matrix sizes are relatively small.

tion limited to 0.3 or 0.4 s/shot, SNR of the
images with a smaller matrix size (56-59 x
256) were better than that with a larger one
(128 x 256) , though blurring of the needle edge
and egg’s contour had occurred (Fig. 1).

In TFE sequences, SNR became worse as
the temporal resolution lowered, because of the
increase of the matrix size (Table 1). Never-

Table 2. SNR with Different FOVs and Coils

. Head Body

coil (FOV) (25 cm) (45 cm)
SS-TSE (256 x 256) 120.6 77.3
Ti-TFE (167 % 256) 43.4 15.4
T2-TFE (167 % 256) 33.9 13.6

All images were taken with the temporal resolution
of 1.0 s/shot
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Fig. 2. Normal brain images in SS-TSE (a-d), Ti-weighted TFE (e-h) and Tz-weighted TFE
(i-1) with different temporal resolution. Temporal resolution of the images : top to bottom, 0.3
(a,e,i),0.5 (b, f,j), 0.8 (c,g k), 1.0 (d, h,1)s/shot. In SS-TSE, CNR improves as the temporal
resolution attenuates from 0.3 to 1.0 s/shot. Note relatively better tissue contrast in Ti-weight-
ed TFE images (e-h).
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Table 3. CNR with Different Temporal Resolution

s/shot 0.3 0.5 0.8 1.0

SS-TSE 0.9(86x128) 1.8(128x128) 1.6 (256 x 256) 2.0(256 x 256)
T.-TFE 6.4(52 x 128) 5.6 (96x128) 0.2(128 x 256) 0.4 (167 x 256)
T2-TFE 0.2(52 x 128) 0.4 (96x128) 0.7(128 x 256) 0.5(167 x 256)

() : matrix size

theless, blurring of the needle and egg’s con-
tour was less indicated on the images of the
higher temporal resolutions of 0.8 or 1.0 s/shot.

The 25 cm FOV using a birdcage head coil
offered much better SNR on the images taken
with the temporal resolution of 1.0 s/shot than
that of the 45 cm using a body coil in all se-
quences (Table 2).

2. Evaluation of CNR

In SS-TSE, CNR improved as the temporal
resolution attenuated from 0.3 to 1.0 s/shot,
although matrix size increased from 86 x 128 to
256 x 256 (Table 3).

In Ti-weighted TFE, with the temporal res-
olution of 0.3 and 0.5 s/shot, CNR was far
superior to the other two sequences (Table 3,
Fig. 2). With the temporal resolution of 0.8 and
1.0 s/shot, calculated CNR indicated the value
down to a decimal point and it did not worth for
evaluation.

Tz-weighted TFE images offered very poor
SNR so that CNR with all temporal resolution
became too noisy to evaluate.

3. Susceptibility and foldover artifact

The width of the biopsy needle measured
on the image was : 4 mm on SS-TSE ; 8.7 mm
on Ti-weighted TFE ; 8.2 mm on T2-weighted
TFE in contrast to the actual width of 0.8 mm,
showing much reduced susceptibility artifact in
SS-TSE (Fig. 3).

The images of 20 cm diameter phantom
taken with rectangular FOV with 50% reduc-

Fig. 3. Width of biopsy needles on the images.
SS-TSE (c) showed the least susceptibility :
4 mm. Ti-weighted TFE (a):8.7mm. To-
weighted TFE (b) : 8.2 mm.

tion of phase encoding view suffered from
foldover artifacts in both TFE sequences, but
not in SS-TSE sequence with area-selective
imaging capability (Fig. 4).

DISCUSSION

1. SNR
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Fig. 4. Foldover

artifact.
TFE, b: Tzweighted TFE, c:SS-TSE. SS-
TSE with area selective imaging capability is
free from this artifact even with 509% reduction
of phase encoding view.

a: Ti-weighted

Our results indicated that SS-TSE was su-
perior to TFE in general in terms of offering
excellent SNR, allowing us to access small le-
sions more precisely. In SS-TSE, there was a
trade-off between increasing SNR and obtain-
ing better temporal resolution. The more at-
tenuated temporal resolution, the more in-
crease in SNR. Further more, reducing phase
encoding view of rectangular FOV had an ad-
vantage in obtaining better temporal resolution
but it lowered SNR as the sequences with
shorter scan time did. Increase of matrix size
did not seem to affect SNR much in SS-TSE in
present study, and even it made less blurred
the object’s contour.

In TFE sequences, we applied different
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temporal resolutions by varying matrix sizes,
so that the larger matrix size was applied, the
lower the temporal resolution was obtained.
The SNR lowered as the temporal resolution
attenuated. If matrix size were fixed to a cer-
tain adequate size and the temporal resolution
were dependent on TR, SNR in these se-
quences would possibly to be improved better
than that of this study. Furthermore, applica-
tion of rectangular FOV with reduction of
phase encoding view has capability to improve
the temporal resolution. But reduction of phase
encoding view will also lower SNR, and
without area selective imaging capability like
SS-TSE presented here, the images will suffer
from foldover artifacts and they will be lethal
for fluoroscopic imaging.

A 25cm FOV using a birdcage head coil
offered much better SNR than a 45 cm one us-
ing a body coil. There should be somewhat
sensitivity difference between the head coil and
the body coil, and this could affect the result.
Application of a body array coil would be able
to solve this sensitivity problem to obtain bet-
ter SNR with body imaging. When matrix size
is fixed, a smaller FOV will offer better spatial
resolution. In present study, needle edge or
egg’s contour was less blurred on the images
with a 25 cm FOV than a 45 cm one.

2. CNR

In SS-TSE, CNR improved as the temporal
resolution attenuated from 0.5 to 1.0 s/shot as
well as SNR. At the temporal resolution of 0.3
s/shot, the image became too noisy.

Ti-weighted TFE sequence offered excellent
CNRs with 0.3 and 0.5 s/shot temporal resolu-
tion, far superior to the other two sequences.
Obtaining good tissue contrast is an advantage
to perform MR-guided biopsy of tumors and
other lesions. With the temporal resolution of
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0.8 and 1.0 s/shot, attenuated SNR due to the
increase of matrix size made CNR low.

In terms of comparison between CNRs of
SS-TSE and Ti-weighted TFE, the latter could
offer better CNR with smaller matrix size and
the former could offer better CNR with larger
matrix size. Focussing on the temporal resolu-
tion of 0.5 s/shot where the applied matrix size
was medium (128 x 128 in SS-TSE, 96 x 128 in
Ti-weighted TFE), Ti-weighted TFE obtained
better CNR than that of SS-TSE. Moreover,
because of T1-weighted nature of the sequence,
the best tissue contrast will be offered particu-
larly when used in combination with contrast
agent administration.

In T2weighted TFE sequence, the images
were too noisy to evaluate.

3. Susceptibility and foldover artifact

SS-TSE images less suffered from suscep-
tibility artifacts compared with TFE sequen-
ces, which we agree with previous reports® %,
to the extent that the needle tip could be
positioned less erroneously. Though it is still
thick enough to visualize on the images during
MR guided procedures. In addition, the se-
quence is free from foldover artifacts because
of its area selective imaging capability, even
with a smaller rectangular FOV where the
phase encoding view is reduced by 40 to 50%.
Thus, the temporal resolution could be im-
proved without foldover artifacts.

4. Future use of the fluoroscopic sequences in
clinical cases

Well-optimized fluoroscopic sequences, es-
pecially SS-TSE and Ti-weighted TFE, will be
the potential imaging methods for MR-guided
procedures. They will be used for biopsy or
minimally invasive therapy, e.g. cryotherapy,
laser therapy and so on. When the procedure is
performed, some kind of trick will be necessa-

ry. For example, liver moves by the diaphrag-
matic motion, so it needs to be stopped by
holding breath when a puncture actually goes
through. Letting patient breathe normally and
telling him to hold his breath when the lesion
appears best visualized on the monitoring sys-
tem will make the procedure easier to perform.
However, this MRI fluoroscopy will not be
feasible for the organ that cannot be stopped its
motion on purpose, like the heart. Because the
temporal resolution of MRI fluoroscopy is not
good enough to catch up with relatively fast
movement, new design of faster sequence will
be necessary for true real time fluoroscopic
monitoring for moving object in the future.

CONCLUSION

What is crucial for the pulse sequences used
for fluoroscopic monitoring in MR-guided
procedures is the near real time imaging
capability to delineate the target lesions with
optimal CNR and SNR. In this study, we em-
ployed SS-TSE and TFE sequences as the
potential imaging methods for the above pur-
pose. As indicated by our results, the former
was superior to the latter in terms of offering
excellent SNR and CNR with good temporal
resolution, less susceptible to metal artifacts
and free from foldover, allowing us to access
small lesions more precisely. In SS-TSE se-
quence, the most optimized fluoroscopic imag-
ing can be obtained with following parameters :
TR=700ms (which provides the temporal
resolution of 0.7 s), a rectangular 25 cm FOV
with 40-509% reduction of phase encoding view
and a matrix size of 128 x 256.

In conclusion, SS-TSE and Ti-weighted TFE
sequences are feasible, when they are well op-
timized, for fluoroscopic monitoring of MR-
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guided procedures on a clinical 1.5T system

with a magnet of a closed type.
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