Fig.7-1 Visual evaluation of D-SPECT

Fig.7-2 Visual evaluation of Brightview

Fig.7 Graph of visual evaluation results of defect due to body thickness of both

devices

One-way ANOVA was carried out for the significance test of the visual evaluation each body

thickness.

A significance level was set at p<0.05, and a significant difference was observed between
body thicknesses of D-SPECT (p<0.05). In order to investigate which body thickness there
is a significant difference, multiple comparison by the Tukey method was carried out.
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Fig.8-1 SPECT image of D-SPECT

Fig.8-2 SPECT image of Brightview

Fig.8 single photon emission computed tomography (SPECT) image of the defect part due to body thick-

ness of both devices

between 0 cm and 2 ¢cm, 0 cm and 4 ¢cm, and 0
cm and 6 cm (p<0.05). For Brightview, the vi-
sual evaluations of the defects with body thick-
ness of 0, 2, 4, and 6 cm were 4.0 +0.67, 3.2
£0.70, 3.4 £0.45, and 3.3 £ 0.92, respectively.
However, there were no significant differences
in the visual evaluations of the defect due to
the body thickness for the Brightview (n.s.).
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4. Discussion

The effect of body thickness on image qual-
ity of myocardial perfusion SPECT was com-
pared for SDGC and conventional AGC using a
phantom experiment.

The defect contrast ratio for D-SPECT gradu-
ally decreased with increasing body thickness.
The defect contrast ratio for a body thickness
of 6 cm was significantly lower than for 0 cm
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(p<0.05). In addition, the visual evaluation of
defect in D-SPECT decreased with increasing
body thickness, and the visual evaluation of
the defect with body thicknesses of 2, 4, and
6 cm were significantly lower than that of 0
cm (p<0.05). D-SPECT’s SDGC has high sen-
sitivity and high resolution, so SPECT image
was greatly attenuated and scattered by the fat
equivalent phantom. Therefore, it is assumed
that more attenuation and scatter lead to insuf-
ficient counts and deteriorated image quality.
Hence, contrast ratio and visual evaluation
decreased as the body thickness increased. For
the Brightview, SPECT is collected at 50 sec/
step for all body thicknesses. The acquisition
time for 1.5 million LV counts was 4 minutes 5
seconds when the body thickness of D-SPECT
was 0 cm. Therefore, D-SPECT was performed
with this fixed acquisition time for all body
thicknesses. Therefore, as the body thickness
is increased, attenuation and scattering caused
by the fat-equivalent phantom leads to an in-
sufficient amount of counts. However, the ac-
quisition of D-SPECT can be terminated either
after a fixed acquisition time or after acquiring
a certain amount of LV counts. Using the lat-
ter method, image quality can be improved
for obese patients by increasing the acquisi-

tion time. Because the acquisition conditions

perfusion SPECT: A Phantom study

used by both gamma cameras were adopted
from clinical practice, both gamma cameras
do not have the same counts per pixel. When
acquiring with D-SPECT, the LV is placed
within the dotted line as shown in Fig.9-1.
This dotted line is the center of rotation dur-
ing SPECT acquisition. If the LV can be placed
within the dotted line, high-quality images can
be acquired by taking advantage of the high-
sensitivity and high-resolution characteristics of
the semiconductor detector. However, as the
LV deviates from the dotted line, both sensitiv-
ity and resolution decrease. When the body
thickness was 6 ¢m, as shown in Fig.9-2, LV
could not be placed within the dotted line, re-
sulting in a contrast ratio and visual evaluation
of the defect that were lower than those with
a body thickness of 0 cm. However, since this
device is a semiconductor detector, the average
visual evaluation score of the 6 cm thick defect
was 3.2 points, which is higher than average.
It is possible to visually evaluate even such a
thick body thickness. However, higher quality
images would be provided by the semiconduc-
tor detector by placing the left ventricle within
the dotted line as much as possible, especially
when imaging obese patients. Since this study
used a solid fat-equivalent phantom, it was not
possible to collect more ideal SPECT images

Fig.9-1 Positioning image with

body thickness O cm

Fig.9-2 Positioning image with

body thickness 6 cm

Fig.9 Positioning image of myocardium when we collected SPECT
with body thickness of 0 and 6 cm in D-SPECT
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by moving fat to the side or to the back of the
phantom. However, when SPECT is collected
for obese patients in clinical examinations,
positioning is performed so that the fat on the
front of the chest is moved to the side and back
so that the LV can be placed within the dotted
line, making full use of the high image quality
potential of semiconductor detectors.

Conversely for the Brightview, the contrast
ratio and visual evaluation of the defect did not
change with different body thicknesses (n.s.).
AGCs have lower sensitivity and resolution
than SDGCs, so the image quality is low even
when the body thickness is 0 cm. In addition,
the acquisition time was 50 sec/step, yielding
enough counts even with an increase in body
thickness up to 6 cm. Comparing the contrast
ratio and visual evaluation of the defect in both
devices, the contrast ratio of the defect was
higher in the SDGC than in the AGC for all
body thicknesses. Because the semiconductor
detector has high sensitivity and high resolu-
tion, the image quality of the gamma camera
of the semiconductor detector is better than
that of the anger-type gamma camera even if
the image quality decreases due to the body
thickness for SDGC. To provide a high-quality
image of a thick body with a SDGC, it is neces-
sary to collect LV counts with a certain thresh-
old value as described above.

As for the FWHM of the defect, both devices
showed almost no change in the FWHM of the
defect (n.s.) with increasing body thickness.
In D-SPECT, as the body thickness increased,
the image quality of the defect decreased; and,
it was hypothesized that the FWHM would
decrease as well. However, as the body thick-
ness increased, the pixel value at the center of
the myocardial thickness and the pixel value
at the defect portion fluctuate as the scattering
component increases. Therefore, it is assumed
that the FWHM measured from the accumu-
lation intensity profile curve did not change
significantly in the 1 cm defect. For Brightview,
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increasing the body thickness up to 6 cm has
little effect on image quality and no effect on
FWHM.

In this study, a defect was created only in the
anterior wall of the myocardium, and physical
and visual evaluations of the defect were per-
formed. The appearance of the defect differs
depending on the location of the defect (ante-
rior wall, lateral wall, septal wall, and inferior
wall) with respect to the detector '”. In the
future, we would like to investigate the effects
of image quality on each defect using both
devices, depending on the body thickness. In
addition to differences in defect appearance,
the position of the heart may vary in patients.
Such conditions as congenital heart disease
may preclude placing the heart near the SPECT
center of rotation. Lastly, how the degree of
deviation in the X, Y, and Z-axis of the SPECT
center of rotation affects image quality should
also be investigated.

5. Conclusion

Our results suggest that changes in body
thickness have a greater effect on image qual-
ity for the SDGC than the AGC. When perform-
ing SPECT acquisition of obese patients with
SDGC, the heart must be placed in the SPECT
center of rotation as much as possible so that
image quality does not deteriorate. It is also
necessary to acquire SPECT by setting a thresh-
old value for LV counts.

This research was presented at the 34" Japan
Conference of Radiological Technologists (Ya-
maguchi).
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[Abstract]

In the catheterization laboratory, physicians, nurses, clinical engineers, and radiological technologists are engaged in
their respective duties.

However, individuals are exposed to different learning methods and have different comprehension levels on
radiation depending on their occupation.

In the present study, we clarified the knowledge on radiation protection and radiation exposure reduction for each
occupation and examined future initiatives regarding radiation education.

In conclusion, as promoting team medicine, radiological technologists should form the core of radiation education.
In addition, by understanding the degree of comprehension based on differences in occupation, reconstruction and
continued implementation of radiation education and staff radiation reduction education system should necessarily be
considered based on the expertise and specialty of each occupation.

. ICRP publication 85, and in Japan also, efforts
Introduction P P

were actively made to reduce radiation expo-

The angiography room is a division where
multidisciplinary cooperation can be practiced.
Among which, professions such as doctors,
nurses, clinical engineers (CE), and radiologi-
cal technologists (RT) work in the cardiac cath-
eterization laboratory (cath lab), and as part of
team medicine, the RT plays a central role in
providing radiation education.

In 1994, the Food and Drug Administration
(FDA) of America reported patients with radia-
tion-induced injury to the skin. Thereafter, in
2001, the International Commission on Radio-

logical Protection (ICRP) recommended the
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sure.? Furthermore, in August 2012, the ICRP
announced that the safe equivalent radiation
dose for radiation workers should be reduced
from 150 mSv/year to an average of 20 mSV/
year over five years (with no single year ex-
ceeding 50 mSv/year),? and efforts to reduce
radiation exposure of patients as well as medi-
cal professionals became more important than
ever.

Therefore, in focusing on reducing radiation
exposure of medical professionals, upon re-
flecting on education methods and the level of
comprehension of radiation, it was thought
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that there might be a difference according to
each profession cooperating in the cath lab.
To date, many studies on radiation education
have been reported; 3-® however, there are no
reports including multiple professions. In the
present study, we aimed to elucidate knowl-
edge about radiation protection and reducing
radiation exposure of medical professionals
among each profession, and examined how to

undertake radiation education in future.

Methods

The subject sample included 29 cardiolo-

gists, 34 nurses, 46 CE, and 51 RT working in
the cath lab of four affiliated university hospi-
tals. We conducted a questionnaire survey con-
sisting of 18 items including ‘awareness of ra-
diation protection (questions 1 — 4), ‘knowledge
about radiation protection (questions 5 — 9),
‘knowledge about radiation (questions 10 — 15),
‘awareness of team medicine (questions 16 — 17)’,

and ‘opportunity for radiation education (ques-

Subjects were given a choice of ‘yes” or ‘no’
according to their self-evaluation to make re-
sponses as clear and as easy as possible. Mul-
tiple responses were permitted for ‘opportuni-
ties to learn about radiation’. (Table 1)

Based on the results obtained, we examined
differences according to profession, and neces-
sary educational content for each profession
from the perspective of team medicine. Fur-
thermore, we examined the trend in individu-
als with qualifications, and the difference ac-
cording to the presence or absence of certifica-
tion for each profession.

We conducted an analysis using a chi-squared
test to find a significant difference according to
the presence or absence of certification (p<0.05).

The questionnaires were anonymous, and
performed by way of leaving the questionnaire
with the subjects and collected at a later date
during the survey period was from October 2 —
10, 2017. Furthermore, study participation was
voluntary, with questionnaire collection con-

sidered to imply consent for study coopera-

tion 18)". tion.
Table 1 Questionnaire items
1 Are you concerned about radiation exposure? Yes - No
2 Do you know your exposure dose for a month? Yes - No
3 Do you work with consciousness of radiation reduction? Yes - No
4 Do you want to work in a department involved in assisting radiological department? Yes - No
5 Can you explain the three principles of external radiation protection? Yes - No
6 Can you explain the dose limit of occupational exposure? Yes - No
7 Can you explain how much radiation can be reduced by protective clothing? Yes - No
8 Can you explain the standing position where there are few exposures when approaching a patient? Yes - No
9 Can you explain the correct mounting position of the personal dosimeter? Yes - No
10 Can you explain direct and scattered rays? Yes - No
11 Can you explain the IVR room dose distribution? Yes - No
12 Can you explain the difference between radiation dose during fluoroscopy and radiography? Yes - No
18 Can you explain the difference between Sv and Gy? Yes - No
14 Can you explain the threshold doses of deterministic effects? Yes - No
15 Do you know diagnostic reference levels? Yes - No
16 Do you feel a sense of unity with the radiological technologist as a team? Yes - No
17 Will the radiological technologist explain about radiation? Yes - No
Please answer the opportunity to learn about radiation. (Multiple answers allowed)
18 . : : . ) .
In-hospital workshop - In the work - academic mesting - research meeting - internet - magazine - others ( )
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Table 2 Details of subjects who completed the questionnaire survey

PER— Numilser 65 anrrt]iqu:;tigfn Year of experience
people qualified persons 0.5~2(year) ~ 3~4(year)  5~6(year) 7~10(year) 11~27(year)
Doctor 29 13 5 6 4 9 5
Nurse 34 4 14 15 2 3 0
Clinical engineer 46 4 11 10 5 8 12
Radiological technologist 51 12 22 9 9 7 4

Results

The collection rate was 100%. Among the 29
cardiologists, there were 13 specialists of car-
diac catheterization treatment; among the 34
nurses, there were 4 certified intervention nurs-
ing experts; among the 46 CT, there were 4
certified cardiovascular intervention experts;
and among the 51 RT, there were 12 experts
with qualifications of the Japan Society of An-
giography and interventional Radiology. The
mean length of experience was 7.5 years for
cardiologists, 5.2 years for nurses, 7.6 years for
CE, and 6.6 years for RT. (Table 2)

The proportion of responses accounting for
‘ves’ and ‘no’ for each question according to
profession is presented below. Furthermore,
the proportion of individuals with qualifica-

tions is presented in brackets.

Awareness of radiation protection

To the question ‘1. Are you concerned about
radiation exposure?’, the response was ‘yes’ by
86.2% (48.0%) of cardiologists, 76.5% (11.5%)
of nurses, 63.0% (6.9%) of CE, and 41.2%
(19.0%) of RT. The response was ‘no’ by 13.8%
(25.0%) of cardiologists, 23.5% (12.5%) of nurs-
es, 37.0% (11.8%) of CE, and 58.8% (26.7%) of
RT. (Fig.1»)

To the question 2. Do you know your radiation
dose for one month?’, the response was ‘yes’ by
27.6% (37.5%) of cardiologists, 58.8% (15.0%)
of nurses, 41.3% (21.1%) of CE, and 74.5%
(31.6%) of RT. The response was ‘no’ by 72.4%
(47.6%) of cardiologists, 41.2% (7.1%) of nurs-
es, 58.7% (0.0%) of CE, and 25.5% (0.0%) of
RT. (Fig.1)
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To the question ‘3. Do you work consciously to
reduce your radiation dose?’, the response was
‘yes' by 89.7% (50.0%) of cardiologists, 94.1%
(12.5%) of nurses, 80.4% (10.8%) of CT, and
94.1% (25.0%) of RT. The response was ‘no’ by
10.3% (0.0%) of cardiologists, 5.9% (0.0%) of
nurses, 19.6% (0.0%) of CE, and 5.9% (0.0%) of
RT. (Fig.1)

To the question ‘4. Do you wish to work in a
department involved in assisting radiation treat-

1. Are you concerned about radiation exposure ?

N=160
Doctor n=29
Nurse n=34
Clinical engineer n=46
Radiological
technologist n=51
0% 20% 40% 60% 80% 100%
W Yes []No Numbers are number

() Number of qualified persons

2. Do you know your exposure dose for a month ?
N=160

Doctor 21 (10)

Nurse

Clinical engineer

Radiological
technologist

0% 20% a0 60% 80% 100%
W Yes [JNo

Numbers are number

() Number of qualified persons

3. Do you work with consciousness of radiation reduction ?
N=160

Doctor
Nurse
Clinical engineer
Radiological
technologist 3 (0)

0% 20% a0% 60% 80% 100%
W Yes []No

Numbers are number

() Number of qualified persons

Fig.1 Questionnaire responses to ‘awareness of

radiation protection (questions 1-3)’
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ment?’, the response was ‘yes' by 48.3% (42.9%)
of cardiologists, 35.3% (16.7%) of nurses, 34.8%
(12.5%) of CE, and 66.7% (32.4%) of RT. The
response was no’ by 51.7% (46.7%) of cardi-
ologists, 64.7% (9.1%) of nurses, 65.2% (6.7%)
of CE, and 33.3% (5.9%) of RT. (Fig.2)

Knowledge about radiation protection

To the question ‘5. Can you explain the three
principles of external radiation protection?’, the
response was ‘yes’ by 58.6% (52.9%) of cardi-
ologists, 79.4% (14.8%) of nurses, 37.0% (17.6%)
of CE, and 98.0% (24.0%) of RT. The response
was ‘no’ by 41.4% (33.3%) of cardiologists,
20.6% (0.0%) of nurses, 63.0% (3.4%) of CE,
and 2.0% (0.0%) of RT. (Fig.2)

To the question ‘6. Can you explain the dose
limit for workplace radiation exposure?’, the re-
sponse was ‘yes' by 31.0% (44.4%) of cardiolo-
gists, 32.4% (36.4%) of nurses, 13.0% (33.3%) of
CE, and 76.5% (28.2%) of RT. The response
was ‘no’ by 09.0% (45.0%) of cardiologists,
67.6% (0.0%) of nurses, 87.0% (5.0%) of CE,
and 23.5% (8.3%) of RT. (Fig.2)

To the question ‘7. Can you explain how much
radiation exposure can be reduced by protective
clothing?’, the response was ‘yes by 37.9%
(54.5%) of cardiologists, 35.3% (33.3%) of nurs-
es, 15.2% (42.9%) of CE, and 62.7% (34.4%) of
RT. The response was ‘no’ by 62.1% (38.9%) of
cardiologists, 64.7% (0.0%) of nurses, 84.8%
(2.6%) of CE, and 37.3% (5.3%) of RT. (Fig.3)

4. Do you want to work in a department involved in
assisting radiological department ?

N=160
Doctor n=29
Nurse n=34
Clinical engineer n=46
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6. Can you explain the dose limit of occupational exposure ?
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7. Can you explain how much radiation can be reduced
by protective clothing ?
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8. Can you explain the standing position where there are few
exposures when approaching a patient ?
N=160
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n=34
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9. Can you explain the correct mounting position of the

personal dosimeter ?
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Fig.2 Questionnaire responses to ‘awareness of
radiation protection (question 4)’,
‘knowledge about radiation protection
(questions 5-6)’

Fig.3 Questionnaire responses to ‘knowledge
about radiation protection (questions 7-9)’
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To the question ‘8. Can you explain the posi-
tion with little exposure when approaching the
patient?’, the response was ‘yes by 69.0%
(60.0%) of cardiologists, 70.6% (16.7%) of nurs-
es, 41.3% (21.1%) of CE, and 80.4% (29.3%) of
RT. The response was ‘no’ by 31.0% (11.1%) of
cardiologists, 29.4% (0.0%) of nurses, 58.7%
(0.0%) of CE, and 19.6% (0.0%) of RT. (Fig.3)

To the question ‘9. Can you explain the correct
position for wearing a personal dosimeter?’, the
response was ‘yes' by 75.9% (45.5%) of cardi-
ologists, 73.5% (16.0%) of nurses, 73.9% (8.8%)
of CE, and 96.1% (24.5%) of RT. The response
was ‘no’ by 24.1% (42.9%) of cardiologists,
26.5% (0.0%) of nurses, 26.1% (8.3%) of CE,
and 3.9% (0.0%) of RT. (Fig.3)

Knowledge about radiation

To the question ‘10. Can you explain direct ra-
diation, and scattered radiation?’, the response
was ‘yes by 44.8% (53.8%) of cardiologists,
50.0% (23.5%) of nurses, 28.3% (23.1%) of CE,
and 90.2% (21.7%) of RT. The response was
‘no’” by 55.2% (37.5%) of cardiologists, 50.0%
(0.0%) of nurses, 71.7% (3.0%) of CE, and 9.8%
(40.0%) of RT. (Fig.4)

To the question ‘11. Can you explain radiation
distribution in the interventional radiology (IVR)
room?’, the response was ‘yes’ by 27.6% (75.0%)
of cardiologists, 29.4% (30.0%) of nurses, 26.1%
(8.3%) of CE, and 52.9% (40.7%) of RT. The
response was no’ by 72.4% (33.3%) of cardi-
ologists, 70.6% (4.2%) of nurses, 73.9% (8.8%)
of CE, and 47.1% (4.2%) of RT. (Fig.4)

To the question “12. Can you explain the differ-
ence in radiation dose during fluoroscopy and x-
ray imaging?’, the response was ‘yes’ by 58.6%
(70.6%) of cardiologists, 29.4% (30.0%) of nurs-
es, 15.2% (14.3%) of CE, and 82.4% (28.6%) of
RT. The response was ‘no’ by 41.1% (8.3%) of
cardiologists, 70.6% (4.2%) of nurses, 84.8%
(7.7%) of CE, and 17.6% (0.0%) of RT. (Fig.4)

To the question “13. Can you explain the differ-
ence between Sv and Gy?’, the response was
‘yes' by 27.6% (50.0%) of cardiologists, 29.4%
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10. Can you explain direct and scattered rays ?
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Fig.4 Questionnaire responses to ‘knowledge
about radiation (questions 10-12)’

(10.0%) of nurses, 26.1% (8.3%) of CE, and
82.4% (28.6%) of RT. The response was ‘no’ by
72.4% (42.9%) of cardiologists, 70.6% (12.5%)
of nurses, 73.9% (8.8%) of CE, and 17.6%
(0.0%) of RT. (Fig.5)

To the question ‘14. Can you explain the
threshold dose of radiation for deterministic ef-
fects?’, the response was ‘yes’ by 44.8% (46.2%)
of cardiologists, 29.4% (30.0%) of nurses, 4.3%
(0.0%) of CE, and 78.4% (30.0%) of RT. The
response was no’ by 55.2% (43.8%) of cardi-
ologists, 70.6% (4.2%) of nurses, 95.7% (9.1%)
of CE, and 21.6% (0.0%) of RT. (Fig.5)

To the question ‘15. Do you know the diagno-
sis reference level?’, the response was ‘yes by
17.2% (40.0%) of cardiologists, 14.7% (40.0%)
of nurses, 0.0% (0.0%) of CE, and 66.7% (35.3%)
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of RT. The response was ‘no’ by 82.8% (45.8%)
of cardiologists, of nurses 85.3% (6.9%), 100.0%
(8.7%) of CE, and 33.3% (0.0%) of RT. (Fig.5)

Awareness of team medicine

To the question ‘16. Do you feel that at one as
an RT and as a team?’, the response was ‘yes’
by 93.1% (48.1%) of cardiologists, 58.8% (5.0%)
of nurses, 80.4% (5.4%) of CE, and 84.3%
(27.9%) of RT. The response was ‘no’ by 6.9%
(0.0%) of cardiologists, 41.2% (21.4%) of nurs-
es, 19.6% (22.2%) of CE, and 15.7% (0.0%) of
RT. (Fig.6)

To the question ‘17. Does the RT explain ra-
diation to you?’, the response was ‘yes by of
cardiologists 86.2% (48.0%), 55.9% (5.3%) of
nurses, 60.9% (7.1%) of CE, and 80.4% (29.3%)

13. Can you explain the difference between Sv and Gy ?
N=160

Doctor

Nurse

Clinical engineer

Radiological
technologist

0% 20% 40% 60% 80% 100%
W Yes [] No Numbers are number
(' )Number of qualified persons

14. Can you explain the threshold doses of deterministic effects ?

N=160
Doctor IY%)) h=29
Nurse 24 (1) n=34
Clinical engineer D) =46
Radiological B
technologist 11 (0) n=51

0% 20% 40% 60% 80% 100%
W Yes [JNo Numbers are number
(' )Number of qualified persons

15. Do you know diagnostic reference levels ?

N=160
Doctor 24 (11) n=29
Nurse 29 (2) n=34
Clinical engineer G =46
0 (0)
Radiological
technologist 17 (0) n=51
0% 20% 40% 60% 80% 100%

Wl Yes [ No Numbers are number

() Number of qualified persons

of RT. The response was ‘no’ by 13.8% (25.0%)
of cardiologists, 44.1% (20.0%) of nurses, 39.1%
(11.1%) of CE, and 19.6% (0.0%) of RT. (Fig.6)

To the question ‘18. What opportunities do
you have to learn about radiation? (multiple an-
swers permitted), cardiologists, nurses, and CE
responded that they had the opportunity to
learn while working, whereas RT responded
that they had equal opportunities at confer-
ences and while working. Other opportunities
included conferences for cardiologists, the In-
ternet for nurses, training sessions for CE, and

seminars for RT.

The results and significant differences accord-
ing to the presence or absence of qualifications

The results of the test for significant differ-
ences are presented in tables 3 — 8. A signifi-
cant difference (p<0.05) was exhibited by car-
diologists for concern about radiation expo-
sure and the difference between Sv and Gy; by
nurses for the desire to be engaged in assis-
tance of radiation treatment, knowledge of the

reduction of radiation exposure from protec-

16. Do you feel a sense of unity with the radiological
technologist as a team ?

N=160
Doctor n=29
Nurse n=34
Clinical engineer n=46
Radiological o
technologist n=51
0% 20% 40% 60% 80% 100%

M Yes CNo  nNumbers are number
() Number of qualified persons

17. Will the radiological technologist explain about radiation ?
N=160

Doctor

n=29

Nurse

n=34
Clinical engineer

n=46

Radiological
technologist

n=51

0% 20% 40% 60% 80% 100%

M Yes [JNo  nNumbersare number

(' )Number of qualified persons

Fig.5 Questionnaire responses to ‘knowledge
about radiation (questions 13-15)

Fig.6 Questionnaire responses to ‘knowledge
about team medicine (questions 16-17)’
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Table 3  Significant difference according to the presence
or absence of qualifications (questions 1-3)

1. Are you concerned about radiation exposure?
Non significant

Job category Citiication certification  difference
Yes No Yes No

Doctor 12 1 13 3 P<0.05

Nurse 3 1 23 7 n.s

Clinical engineer 2 2 27 15 n.s

Radiological technologist 4 8 17 22 n.s

Chi-square test

2. Do you know your exposure dose for a month?
Non significant

1@ EEiEgen Qetifeiion certification  difference
Yes No Yes No

Doctor 3 10 5 11 n.s

Nurse 3 1 17 13 n.s

Clinical engineer 4 0 15 27 n.s

Radiological technologist 12 0 26 13 n.s

Chi-square test

3. Do you work with consciousness of radiation reduction?

Non significant
certification  difference

Yes No Yes No

Job category Certification

Doctor 13 0 13 3 n.s
Nurse 4 0 28 2 n.s
Clinical engineer 4 0 33 9 n.s
Radiological technologist 12 0 36 3 n.s

Chi-square test

Table 4 Significant difference according to the presence
or absence of qualifications (questions 4-6)

4. Do you want to work in a department involved in as-
sisting radiological department?

Job category Certification - rt'#iggti - Z?fgl:;:r? ég
Yes No Yes No

Doctor 6 7 8 8 n.s

Nurse 2 2 10 20 P<0.05

Clinical engineer 2 2 14 28 n.s

Radiological technologist 11 1 23 16 n.s

Chi-square test

5. Can you explain the three principles of external radia-
tion protection?

Non significant

s caizeen e ezion certification  difference

Yes No Yes No

Doctor 9 4 8 8 n.s
Nurse 4 0 23 7 n.s
Clinical engineer 1 14 28 n.s
Radiological technologist 12 0 38 1 n.s

Chi-square test

6. Can you explain the dose limit of occupational exposure?

Non significant

Job category Citiication certification  difference

Yes No Yes No

Doctor 4 9 5 1 n.s
Nurse 4 0 7 23 n.s
Clinical engineer 2 2 38 n.s
Radiological technologist 11 1 28 1 n.s

Chi-square test
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Table 5 Significant difference according to the presence
or absence of qualifications (questions 7-9)

7. Can you explain how much radiation can be reduced
by protective clothing?

Job category Certification - rt’#iggtion Z'%g':g?gg
Yes No Yes No

Doctor 6 7 5 1 n.s

Nurse 4 0 8 22 P<0.05

Clinical engineer 3 1 4 38 n.s

Radiological technologist 1 11 21 18 n.s

Chi-square test
8. Can you explain the standing position where there are
few exposures when approaching a patient?
Non significant

JIold @Eiizg oy Cetiesiion certification  difference
Yes No Yes No

Doctor 12 1 8 8 n.s

Nurse 4 0 20 10 n.s

Clinical engineer 4 0 15 27 n.s

Radiological technologist 12 0 29 10 P<0.05

Chi-square test

9. Can you explain the correct mounting position of the
personal dosimeter?

Job category Certification & rt’#iggtion 3'%2':;?;;
Yes No Yes No

Doctor 10 3 12 4 n.s

Nurse 4 0 21 9 n.s

Clinical engineer 3 1 31 1 n.s

Radiological technologist 12 0 37 2 n.s

Chi-square test

Table 6 Significant difference according to the presence
or absence of qualifications (questions 10-12)

10. Can you explain direct and scattered rays?

Non significant
certification  difference

Yes No Yes No

Job category Certification

Doctor 7 6 6 10 n.s
Nurse 4 0 13 17 n.s
Clinical engineer 3 1 10 32 n.s
Radiological technologist 10 1 36 4 n.s

Chi-square test

11. Can you explain the IVR room dose distribution?

Non significant
certification  difference

Yes No Yes No

Job category Certification

Doctor 6 7 2 14 n.s
Nurse 3 1 7 23 P<0.05
Clinical engineer 1 3 11 31 P<0.05
Radiological technologist iR 1 16 23 n.s

Chi-square test

12. Can you explain the difference between radiation
dose during fluoroscopy and radiography?

Non significant
certification  difference

Yes No Yes No

Job category Certification

Doctor 12 1 5 iR n.s
Nurse 3 1 7 23 P<0.05
Clinical engineer 1 3 6 36 n.s
Radiological technologist 12 0 30 9 P<0.05

Chi-square test
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Table 7 Significant difference according to the presence
or absence of qualifications (questions 13-15)

13. Can you explain the difference between Sv and Gy?

Job category Certification &3 r‘r’i:“iggtion Z'%g'rfg?gg
Yes No Yes No

Doctor 4 9 4 12 P<0.05

Nurse 1 3 9 21 n.s

Clinical engineer 3 1 31 n.s

Radiological technologist 12 0 30 9 n.s

Chi-square test

14. Can you explain the threshold doses of deterministic
effects?

Job category Certification &3 rt,i:“iggtion Z'%g'rfg:nag;
Yes No Yes No

Doctor 6 7 7 9 n.s

Nurse 3 1 7 23 n.s

Clinical engineer 4 2 40 n.s

Radiological technologist 12 0 28 11 n.s

Chi-square test

15. Do you know diagnostic reference levels?

Job category Certification - r’[’i:“iggtio a Ziigf’fgirfg:r?g;
Yes No Yes No

Doctor 2 M 3 13 n.s

Nurse 2 2 3 27 P<0.05

Clinical engineer 0 4 0 42 P<0.05

Radiological technologist 12 0 22 17 n.s

Chi-square test

Table 8 Significant difference according to the presence
or absence of qualifications (questions 16-17)

16. Do you feel a sense of unity with the Radiological
technologist as a team?

Job category Certification o rt,#iggtion 3'%2':;?9;
Yes No Yes No

Doctor 13 0 14 2 n.s

Nurse 1 3 19 11 n.s

Clinical engineer 2 2 35 7 n.s

Radiological technologist 12 0 31 8 n.s

Chi-square test

17. Will the Radiological technologist explain about radia-

tion?

Job category Certification N.O” . signiﬁcant

certification  difference
Yes No Yes No

Doctor 12 1 13 3 n.s

Nurse 1 3 18 12 n.s

Clinical engineer 2 2 26 16 n.s

Radiological technologist 12 0 29 10 n.s

Chi-square test

tive clothing, radiation distribution in the IVR
room, the difference in radiation dose between
fluoroscopy and X-ray imaging, and the diag-
nosis reference level; by CE for radiation distri-
bution in the IVR room, and the diagnosis ref-
erence level; and by RT for the position to ap-
proach the patient, and the difference in radia-

tion dose between fluoroscopy and X-ray im-

aging.

Discussion

Cardiologists and nurses had a high level of
awareness and knowledge of their own radia-
tion protection; however, they had insufficient
basic knowledge about radiation. In particular,
the threshold dose for radiation-induced skin
injury and crystalline lens injury was only un-
derstood by less than half of subjects, which
we believe needs to be taken into due consid-
eration, and addressed in future education as
an important item.

We found that CE were aware of, but had
insufficient knowledge of radiation protection.
Furthermore, they had insufficient basic knowl-
edge about radiation, and require education
that enables them to obtain knowledge about
radiation protection, as well as basic knowl-
edge about radiation.

RT exhibited a high rate of understanding for
all items; however, with regards to radiation
education for nurses and CE (17. Does the RT
explain to you about radiation?), we found that
few subjects responded ‘yes’. Therefore, from
the perspective of team medicine, it was sug-
gested that as radiation specialists, at present,
RT do not adequately transmit the knowledge
required in practical settings to other profes-
sionals. RT need to reflect back on whether,
despite having expert knowledge of radiation,
they inadequately shared such knowledge to
other cooperating professionals. All four hospi-
tal affiliated with our university held seminars
on radiation protection, and reducing radiation

exposure of patients and medical profession-
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als; however, we found that ultimately they
were not made use of. While taking into ac-
count the frequency and period of seminars
held, further careful investigation is needed to
enable radiation education to be performed
that is suited to the particularities of each pro-
fession. Moreover, the phrase ‘if there is any-
thing you don't understand, please ask’ is used
often in practical settings; however, it should
also be understood that individuals do not
know what questions to ask.” Therefore, as a
radiation expert, it is thought that RT should
step up further to help medical professions of
other departments. For example, in various set-
tings during tests, having others understand
where the radiation dose is currently low, is
particularly important knowledge for nurses
who ask patient complaints, provide nursing
care, and approach the patient often. Under-
standing radiation distribution will allow ac-
tion to what position currently has little radia-
tion exposure based on the arm angle and di-
rection of the X-ray device, and from where
approach should be made to the patient to re-
duce one’s own radiation exposure. This simi-
larly applies to CE, and is knowledge that we
hope is given priority and understood better.
RT should understand the expertise and be-
havior pattern of each professional, and ac-
cordingly should provide education suited to
clinical practice.

Excluding RT, we found that other profes-
sions did not fully understand ‘knowledge
about radiation’. Professionals other than RT
had few opportunities to learn basic knowl-
edge of radiation in basic education, and when
looking at the educational curriculum of nurse
and CE training schools, 112 there are no class-
es in regard to radiation, which we believe
might be one reason underlying their lack of
understanding. In the future, we hope that ra-
diation-related education will be implemented
as part of team medicine.

With regards to cardiologists, we found that
few responded ‘yes’ to being able to explain
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radiation distribution in the IVR room, and the
difference between the radiation dose of fluo-
roscopy and X-ray imaging. This item is ex-
tremely important information for cardiologists
performing irradiation not only in terms of
their own radiation protection but also from
the perspective of team medicine. Further-
more, we believe that understanding this item
helps nurses and CE to show consideration
such as avoiding unnecessary fluoroscopy and
X-ray imaging and communicating when ap-
proaching the patient. Furthermore, although
more than 80% of cardiologists responded that
they were concerned about radiation expo-
sure, less than 30% knew the dose of radiation
to which they were exposed over a month. We
believe that cardiologists concerned over their
own personal radiation protection will lead to
the reduction of radiation exposure of the pa-
tient, as well as that of the staff cooperating as
a team.

Depending on the presence or absence of
qualification acquisition, we found a significant
difference according to different items. We be-
lieve that this is attributed to the fact that there
were opportunities to receive radiation educa-
tion when acquiring or continuing qualifica-
tions. However, few items showed a significant
difference, and based on this result, it is
thought that even after acquiring qualifications,
ongoing education and training is needed.

Irrespective of the presence or absence of
qualification acquisition, an environment and
opportunities need to be created whereby all
professionals engaged in radiation can obtain
ongoing education and related knowledge
about radiation. Based on the questionnaire re-
sults, most opportunities to learn radiation ed-
ucation were provided while on duty, and we
believe that institutions should not only pro-
vide education for their staff, but that educa-
tion should proceed with the RT of the institu-
tions at the core. Moreover, it is important to
examine the content of such education collec-

tively among each profession. In future, we
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believe that it is important for the RT to en-
deavor to communicate better with other pro-
fessions, and to make a greater effort in radia-
tion education as team medicine.3
Furthermore, we believe that this will lead to
the ‘promotion of team medicine’'® so-called

by the team medicine promotion council.

Limitations and prospects of the
present study

The present study included cardiologists,
nurses, CE, and RT working in the cath lab of
four hospitals affiliated with our university,
which limited the survey range. As future pros-
pects, we believe that performing a large-scale
questionnaire survey with doctors of each de-
partment engaged in radiation procedures will
increase the number of responses including
the parameters of individuals with qualifica-
tions, and help to find detailed results.

Conclusion

In the present study, we aimed to elucidate
knowledge about radiation exposure of cardi-
ologists, nurses, CE, and RT working in the
cath lab. In promoting team medicine, upon

centering radiation education on the RT, and
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[Abstract]

Fast Spin echo is a major sequence used for T>WI. The 90 (Flip) angle - 180 (Flop) angle - echo - 180 (Flop) angle -
echo train sequence is the basic pattern in FSE. Major drawbacks of the technique are the increase in SAR and
decrease in CNR. To overcome these problems a Flip-Flop angle type sequence, a T>WFSE was developed. Optimal
Flip and Flop angles must be selected to develop the Flip-Flop type sequence of T-WFSE. The Bloch equation was
applied in order to develop the sequence used for the evaluation of MR signal strength in numerical simulation.
Optimal Flip and Flop angles were selected by numerical simulation based on the Bloch equation for the Flip-Flop

angle type T>WFSE.

1. Introduction

In the clinical setting, imaging a wide range
with a thin slice thickness in a very short time
period is required in Magnetic Resonance Im-
aging (MRD. A T.-weighted (T:W) sequence
is a very effective scanning method for the
detection of diseases. However, its efficacy is
limited by the long repetition time (TR) in T-W
imaging. This consequently increases the scan
time. Relaxation Enhancement (RARE) type
T.W sequence Fast Spin Echo (FSE) was pro-
posed as a means of shortening scan times ".
FSE is a method of shortening scan times. This
technique involves the use of multi-echo spin-
echo techniques that allow more data to be
collected. Chunks of k-space are gathered at
a time consequently reducing scan times. FSE
sequence is commonly used in current clinical
practice.

Despite the advantages of the FSE technique,
it is limited by two major drawbacks. The first
problem is the rise in specific absorption rate
(SAR) *. The safety of radio frequency (RF)

pulse exposure during clinical MRI is regulated
and monitored. The RF pulse sequences used
in the FSE sequence are 90° (a)-180° (2a)
type, based on Spin Echo sequence. The basic
pattern of RF pulses for the FSE is 90°-180°
Spin Echo excitation pulse pattern followed
by multiple 180° refocusing pulses. Therefore,
the same number of 180° pulses are repeat-
edly exposed to get the required number of
echoes in FSE. These 180° refocusing pulses
cause the increase in SAR level which conse-
quently increases the thermal effect ** . The
second disadvantage of FSE is the decrease in
soft tissue contrast in multi-slice imaging. This
reduction in image quality occurs as a result of
the magnetization transfer (MT) effect caused
by the RF pulse, an issue frequently encoun-
tered in the FSE method > ®. For the reasons
discussed above the development of a new
FSE sequence free of these two drawbacks has
been requested.

Yamaguchi proposed a method to solve
these problems. This method involves modi-
fication of the shape of the RF pulse not only
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to reduce the SAR, but to also improve the
contrast of multi-slice imaging ”. However,
MRI scanners used in clinical settings are not
equipped with the ability to use Yamaguchi's
method because it requires the modification of
the RF pulse. Hennig et al. Proposed a tech-
nique of reducing the angle of 180° refocusing
pulses to overcome the SAR issue ™ ”. These
methods were achieved by fixing the angle of
RF either the 90° pulse or the 180° pulses '”
Hahn studied o° (Flip) - 8 ° (Flop) instead of
the RF pulse 90° (@) -180° (2a) '". For this
study, we developed an FSE sequence with an
RF pulse pattern of o ° (Flip) - f° (Flop) and
evaluated it in relation to SAR reduction and
contrast noise ratio (CNR) improvement.

2. Method
2.1 The in-plane signal value and echo signal
value.

A combination of the angles for Flip (Excita-
tion Pulse) - Flop (Refocusing Pulse) is impor-
tant if different angles are used. Echo Time
(TE) in the FSE sequence is needed for the
calculation of the combination of angles. Two
equations were used to simulate the MRI signal
values needed to obtain the optimal Flip-Flop
angles. The Equation (1) is the Bloch equa-
tion. The Bloch equation enables numerical
simulation of MR signals. The RF pulse profile
and gradient magnetic field strength, TR, TE,
T: and T: are necessary factors in numerical
simulation of the Bloch equation. Mx, My, and
Mz components are calculated from the Bloch
equation. The Mxy component that gives the
MRI signal values is then calculated from the
Equation (2) accordingly '**'¥. The next Equa-
tion (3) gives the echo signal value as a simpli-
fied form of the Bloch equation '”. Although
both the RF pulse profile and gradient mag-
netic field strength are necessary factors in nu-
merical simulation of the Bloch equation, we
used the Equation (3) to obtain an adequate
calculated of the echo signal value with only
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TR, TE, T and T>.

dMx 1

-— B B, sin ot
dt T o ™ M 0
% = - 7B, _TL B, cosat | My [+]| O @)
2 M,
dMz . 1 Mz] | =5
— —yB,sinat — yB, cosal - T
dt T\

i=1 i=1

In - plane signal value = \/(ZM j (iM J )

Echo signal value

= kﬂ{l - exp(* ?j} exp[f TTfE] x c0s{270 — (Flip + Flop )} @

2

M., M, M.: Components, y: Gamma, gyromag-
netic ratio, w: Angular frequency in radians
per second, Bs: Static magnetic field, B;: Am-
plitude of the RF field, 7TR: Repetition time, 7E:
Echo time, p: Proton density, 7;: Longitudinal
recovery time, 72: Transverse relaxation time,

Flip: Excitation Pulse, Flop: Refocusing Pulse.

2.2 The optimization of Flip-Flop.

Normalization maps were drawn to deter-
mine the optimal angles for the Flip-Flop se-
quence. First, the values from each equation
were normalised to allow the comparison of
the results. This was necessary given the differ-
ence in the outcome of the simulation with the
Equation (2) and (3). Two maps were drawn.
One was based on the result of the calcula-
tion using the Equation (2) for each signal
from Flip-Flop. A Normalization map was also
drawn using the result attained from the Equa-
tion (3). Next, the Equation (4) was used to
obtain curves that have the same attenuation
ratio of 1.0. An optimal curve was determined
for each echo based on the Equation (4).

Normalized in - plane signal value
Normalized echo signal value

1.0 = (4)

2.3 Parameters for the calculation of in-plane
signal value and echo signal value in nu-
merical simulation.

The detail of the used parameters are follow-

ing: TR = 4,500 ms, TE = 14.2 ms, 28.5 ms, 42.8
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ms, 57.1 ms, 71.4 ms, 85.7 ms, 100 ms, 114.3
ms, 128.6 ms, 142.9 ms, 157.2 ms, 171.5 ms
and 185.8 ms, Flip angle = 50°-130° (5° step),
Flop angle = 110°-180° (5° step), Slice thick-
ness = 5 mm, The target substance was Gray
Mater of brain. Gray Matter (T: = 809 ms, Tz =
101 ms'. The total number of the numerical
simulation was 6,630. The analysis software
used was Mathematic 4.0 and 6.0.

2.4 The evaluation of the optimal angles on
clinical equipment.

We examined the physical evaluation for

imaging by the optimum Flip-Flop angle ob-

tained by numerical simulation in the clinical

machine.

2.4.1 Analysis of Flip-Flop Angle Control

When changing the Flip-Flop angle, it is nec-
essary to check whether the Flip-Flop angle
can be accurately controlled at a specified
angle. In this confirmation, the crest value of
the RF waveform in the magnetic field was
measured by measuring the RF waveform in
the magnetic field using the search coil and
changing according to the Flip-Flop angle. For
the measurement range, the flip angle is 60 de-
grees to 120 degrees and the flop angle is 120
degrees to 180 degrees.

2.4.2 RF uniformity analysis at Flip-Flop angle

At the Flip-Flop angle, there a problem is
encountered as to whether the RF pulse is uni-
formly applied to the substance.

To verify this problem, the RF pulse ho-
mogeneity test was conducted using a tissue
equivalent phantom formed with the dielec-
tric conductor (filler: copper sulfate solution
0.055%, conductivity: about 0.3 S/m).

The imaging conditions as follows, TR/TE =
400/15 ms, FOV = 300 mm, matrix: 256 x 2506,
slice thickness: 10 mm, NEX = 2, Acquire im-
age: Sagittal, MRI unit: EXCELART/Pianissimo
1.0T (Toshiba Medical Systems).
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2.4.3 Physical evaluation of images

The evaluation using the optimal Flip-Flop
angles was conducted on a scanner in clinical
settings. Measurements of slice thickness, Sig-
nal to Noise Ratio (SNR), and SAR were con-
ducted as physical evaluation'”. A 1.0 Tesla
MRI (Toshiba Medical Systems) was used.

2.5 Image analysis

For the evaluation of actual images, one
healthy subject’'s brain was scanned and the
CNR of gray matter and white matter on an
image from multi slice imaging was mea-
sured ' . Informed consent was obtained
from the subject prior to conducting the scan.
Comparisons were made between a 90°-180°
sequence and the Flip-Flop 0 sequence regard-
ing the drop rate of CNR in multi-slice scans.
Signals from gray matter and white matter
were calculated by averaging five sets of data.
Each size of the region of interest (ROD was
circular, 4 x 4 (total of 16) pixels. A particular
slice plane was selected so we could set the
ROI on both the white and grey matter areas.
The scan conditions as follows: TR = 4,500 ms,
Effective TE = 100 ms, Echo Train Length =
13, Slice thickness = 5 mm, Slice gap = 1 mm,
Number of slices = 22, Field of View = 300 mm
X 300 mm. Matrix size = 256 X 256. A 1.5 Tesla
MRI system (Philips Medical Systems) scanner

was used for the CNR evaluation.

3. Results

3.1 The optimization of Flip-Flop.

Normalization maps of the in-plane signal
values and echo signal values are shown in
Fig.1 and Fig.2. The two maps shown have
completely different patterns. Fig.1 (in-plane
signal value map) shows an egg-shaped curve.
The range around the maximum signal value is
different to the one from 90°-180° sequence.
In contrast, the echo signal value shows a rec-
tilinear pattern. The combination of the angle
at which the signal value reaches its peak is
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Fig.1 Normalization map of In-plane signal value

The contour diagram of the in-plane signal values ob-
tained from the Bloch equation (Equation 1) and the in-
plane signal value (Equation 2) showed an egg shape.
The in-plane signal value of the center indicated.

Fig.3 The optimal curve calculated from equation

The optimization curve obtained from equation 4.
And a curve indicates a range showing 1.0. However,
it is not possible to limit the optimum Flip-Flop angle
form this curve.
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Fig.2 Normalization map of echo

Contour lines of the signal values of the Echo sig-
nal value (Equation 3) showed a linear change and
showed a shape different from the Bloch equation.

at 90°-180° sequence. The optimal curve cal-
culated from the Equation (4) is indicated by
arrows in Fig.3. The curve indicated by the ar-
rows is at the level of 1.0 in signal strength.

3.1.1 Flip-Flop evaluation in relation to TE.

The diagram is shown below (Fig.4) de-
scribes the optimal value when shifting TE
14.2 ms to 185.8 ms. Optimal values of each
curve are focused at the point of the combina-
tion near 105° (Flip) - 145° (Flop) sequence.
It was determined that the angle combination
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Fig.4 The curves show the optimal value when
varying the TE 14.2 ms to 185.8 ms

The optimization curve shown in Figure 3 in shown
for each TE. The flip-flop angle at which the optimi-
zation curve arrogates to one point wan taken as the
optimum Flip-Flop angle.

is attributed to the value that has not been
influenced by TE. TE 200 ms was not used as
the results obtained largely deviated from 105°
- 145° sequence.

3.2 Evaluation results on the clinical equip-
ment.
3.2.1 Flip-Flop Angle Control
Fig.5 shows the peak value measurement
result of the RF pulse in the magnetic field of
the search coil. The correlation coefficient of
the peak value with respect to the input angle
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(@), (b): RF pulse waveform in magnetic field, (c): The Flip angle and the voltage of the RF
pulse in the magnetic field [Vpp], (d): Flop angle and voltage of RF pulse in magnetic field
[Vpp].
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Fig.6 Evaluation of uniformity of RF pulse

As for the 105°-145° sequence in which the Flip-Flop was varied, like the 90°-180° se-
quence, the signal value contour was not different in shape.
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Table 1 The result of slice thickness and SNR
measurements with two different combi-

nations
8 Slice thickness
Flip-Flop [mm] SNR
90 -180 57+0.26 38.9+0.1
seqguence
105 -145 5.7+0.27 39.7+£0.2
sequence

Image Acquisition Condition.

TR/TEeff = 4,500/100, 13 echo, ST/Gap = 5.0/1.0 mm,
NS = 22 Slice, FOV = 300 mm, 256 x 256 matrix, NEMA
Phantom.

Slice thickness and SNR is not different between 105°
-145° sequence and 90°- 180° sequence.

of the Flip-Flop showed high correlation and it
was 0.9952 and 0.9979 at R%

3.2.2 RF uniformity analysis at Flip-Flop angle
Fig.6 showed the results of the RF pulse uni-
formity test at the optimum Flip-Flop angle. In

-17.5mm

105° - =145°% - Echo Train sequence

the 90°-180° sequence, the contour plot at the
center of the phantom is shown. On the other
hand, even at 105°-145° sequence, contour
plot showing the same shape as 90°- 180° se-

quence was shown.

3.2.3 Physical evaluation results

The result of the physical evaluation is
shown in Table 1 below. This indicates that
there is no significant difference in SNR and
slice thickness when using the combination of
the angles of 105°-145° sequence.

3.3 The Brain imaging evaluation.

Fig.7 shows Ax T>W images of the brain of a
subject. No remarkable artifact is evident in the
images. CNR of Gray Matter and White Mat-
ter for the 90°-180° sequence and the 105°
- 145° sequence are 37.8 and 47.8 respectively.

+53.7mm

Fig.7 Images of the brain of the subject

Image Acquisition Condition.

TR/TEeff = 4,500/100, 13 echo, ST/Gap = 5.0/1.0 mm, NS = 22 Slice, FOV = 300 mm, 256 x 256

matrix, Head Caoil.

Measurement points of CNR are shown. No significant artifact was obtained by 105°-145° se-

quenced imaging.
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There is an improvement of 20.9% in the CNR
when using the 105°- 145° sequence. The SAR
showed on the clinical machine for which CNR
was obtained was 1.37 [W/Kg] and 2.06 [W/Kg]
with 105 - 145 degree echo train and 90 - 180
degree echo train. We can reduce 33.6% of SAR
with the 105°- 145° sequence compared to the
90°-180° sequence.

4. Discussion

Factors required for diagnosis are spatial
resolution or contrast resolution. The spatial
resolution of multi-slice computed tomography
(CTD) in recent years has been superior to other
medical imaging modalities. MRI maintains its
advantage in contrast resolution over CT. How-
ever, low contrast resolution in FSE has been
a problem in clinical practice. For this reason,
minimising the degradation of contrast reso-
lution is important for more optimal clinical
practice. This article recommends the use of
the Flip-Flop angle other than the angle of 90°
- 180° as a viable solution to this problem.

Two equations were used in this study to
calculate the MR signal values needed to obtain
the Flip-Flop angle. The in-plane signal values
and echo signal values are calculated from the
Equations (2) and (3) The optimal value was
found from the results and the optimal curve
(Fig.4) was obtained to determine the Flip-
Flop angle.

It is possible to obtain the Flip-Flop angle
while at the same time maintaining contrast
resolution. In addition, the optimal the Flip-
Flop angles 105°-145° were found from each

Development of the Dual Flip-Flop Angle Type T2W-Fast Spin Echo Method

curve having different TE. Image artifact was
not seen from the angles used on brain scan
images using a test subject.

The study yielded some improvement in soft
tissue contrast resolution, which increased by
24.3%. In addition to that, there was also a
reduction of 33.6% in SAR. The above results
indicate that the contrast resolution of the FSE
sequence can be improved by changing the
Flip-Flop angle. Further evaluation is necessary
to confirm the efficacy of the Flip-Flop method

on imaging in the clinical setting.

5. Conclusion

The angle of the RF pulses used in the FSE
sequence is generally 90° (a) - 180° (2a). This
causes the degradation of soft-tissue contrast
resolution and increases the SAR. A new FSE
sequence that doesn’'t employ 90°-180° RF
pulse combination was designed. This new
FSE sequence has a combination angle of 105°
- 145° in relation to Flip-Flop. Using this tech-
nique enables us to improve the contrast reso-

lution of soft tissue as well as reduce SAR.
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