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Evaluation of MV and kV Isocenter Displacement for an IGRT Linac
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Purpose:

The impact of the add-on micro multileaf collimator (mMLC) on the MV and kV isocenters were investigated.
Methods:

Winston-Lutz tests was performed with an add-on mMLC, and a ball bearing (BB) was placed at the isocenter given by localization lasers.
A square MV field was shaped by the mMLC, and the MV field center position relative to the BB position were measured by a portal imager
with different gantry angles. A desirable BB position that minimizes the maximum deviation was obtained as an MV isocenter, and the BB
center was aligned onto the revised MV isocenter. Using an on-board kV imaging system, two-dimensional BB image was acquired during
gantry rotation. The displacement of the kV projection image center from the BB for each gantry angle was recorded as “flexmap”. After
unmounting the mMLC, Winston-Lutz test and the flexmap measurement were performed again. A phantom was placed on a couch and cone-
beam CT (CBCT) images were acquired with the two different flexmap data. The set-up errors were calculated and the differences of required
couch translations with each of the flexmap data were obtained.

Results:

After unmounting the mMLC, the MV field center and the kV image center were shifted approximately 0.4 mm and 0.05 mm upward,
respectively. Assuming a perfect MV and kV isocenter coincidence with mMLC using the flexmap for CBCT reconstruction, the MV/kV isoce-
nter discrepancy without the mMLC could be calculated by the difference of the above two values, 0.35 mm which satisfies AAPM TG179
guideline of 1 mm. The largest difference of required couch translations between the two flexmap data was 0.07 mm toward the vertical direc-
tion, which agreed well with the kV image center shift of 0.05 mm.

Conclusion:
The MV and kV isocenters defined with the add-on mMLC are also applicable to image-guided VMAT without the mMLC.
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Dose Evaluation in Clinical Study of Contrast-enhanced
Spectral Mammography (CESM) for Japanese Women
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Purpose:

Contrast-enhanced spectral mammography (CESM) will be a splendid new technology to realize a breakthrough for a breast imaging.
Dromain et al. showed the result that average glandular dose (AGD) in CESM is 1.2 times higher than that in the standard mammography
(MMG). The clinical data of Asian breast has not been shown. Therefore, we investigated clinical data of Japanese breast to evaluate the AGD
in CESM.

Methods and Materials:

From January to July 2011, 72 Japanese women underwent CESM. Exposures were taken in 2 min after the injection of 1.5 ml/kg of an
iodinated contrast agent. We investigated the AGD displayed (displayed AGD) on the screen of SenoBright (GE Health care). Before that we
checked the accuracy of displayed AGD compared with reference AGD measured by ACR method (for low energy) and Boone’s method (for
high energy).

Results:
The differences between displayed AGD and reference AGD were within 5%. The total AGD delivered to the patient for a pair of low-
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and high-energy images was between 0.95 and 4.20 mGy depending on breast thickness (18 to 86 mm). The mean AGD of all 72 cases was
1.92 mGy. This AGD corresponds to about 1.4 times the AGD delivered for the standard MMG.

Conclusion:

AGD in the clinical study of CESM corresponds to 1.4 times the AGD delivered for the standard MMG. This result about AGD of CESM
is acceptable for clinical MMG. We make sure the effectiveness of CESM and will expand the clinical and basic research furthermore.
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Flow Sensitive Cine MR Imaging Using Improved Motion
Sensitized Driven Equilibrium (iMSDE)
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Introduction:

Improved Motion Sensitized Driven Equilibrium (iMSDE) is a kind of T»-prep pulse with motion probing gradients. Since this technique
is effective to suppress signal where turbulence exists, and can be added in front of any conventional sequence as a pre-pulse, it can be widely
used for clinical applications including black-blood vessel wall imaging,” lower extremity MR venography,” or suppression of flow artifacts in
contrast-enhanced studies for brain metastasis detection.” We hypothesized that iMSDE can be applied to not only static images but also to cine
MR imaging. The purpose of this study was to investigate basic appropriate parameters and evaluate the feasibility of this technique as “Flow
sensitive cine MR imaging.”

Methods:

The study was approved by the local institutional review board and written informed consent was obtained from all volunteers.

Basic parameters: The equipment we used was a 1.5 T clinical scanner (Achieva nova dual, Philips, Best, the Netherlands) with either a 6¢ch
SENSE head coil (volunteer study) or a 32ch SENSE torso cardiac coil (phantom and volunteer study). The basic parameters for cine MR imag-
ing were as follows: 2D balanced TFE with iMSDE, FOV of 300x300 mm? matrix of 192x259, slice thickness of 5 mm, flip angle of 90°, TFE
factor of 67, and NSA of 1.

Phantom study: The flow phantom was made with superabsorbent polymer and tubes (Fig. 1) with steady flow. We investigated appropriate
iMSDE parameters (not shown) and decided to use the following parameters: T, prep TE of 50 ms, shot interval of 1000 ms, shot duration of
300 ms. The signal intensity of flowing water in the tube was measured with varying flow speed (0.55-4.0 cm/s) and venc (1-50 cm/s) with
three orthogonal venc directions in cross and longitudinal section.

Volunteer study: To evaluate the effect of iMSDE on cine MR imaging, 5 volunteers underwent cine MR imaging in 5 anatomical sites each
(lateral ventricles through foramen of Monro, cervical spine, lumber spine, and urinary bladder). The duration of cine MR imaging was 60 s,
consisting of 30 s for the scan without iMSDE and followed by 30 s for the scan with iMSDE. The signal intensity of the CSF or urine without
and without iMSDE was measured in each anatomical site (near by the foramen of Monro, anterior cervical space, anterior lumbar space, and
urine jet). Differences in signal intensity with and without iMSDE were assessed using two-sided unpaired t tests. A P value of less than 0.05
was considered to indicate a statistically significant difference.

Results:

In the phantom study, considerable signal drop was seen even at 0.55 cm/s with flow venc of 1 cm/s (the strongest gradient with this scan-
ner) (Fig. 2). Signal drop was shown when flow venc direction was parallel to flow direction both in cross and longitudinal section. In the volun-
teer study, turbulent flow, which cannot be visualized with conventional cine MR imaging, could be easily detected with iMSDE. The relative
signal intensity of CSF near the foramen of Monro, cervical spine, and lumber spine, and urine in the urinary bladder with iMSDE compared to
without iMSDE were 0.20£0.14, 0.13+0.01, 0.47%0.14, 0.17+0.08, respectively. All differences between the signal intensity with and without
iMDSE were significant.

Conclusion:

Flow sensitive cine MR imaging with iMSDE pre-pulse allows visualization of flow phenomena very clearly, which was not able with
conventional cine MR imaging. Since this technique can be applied with only a few limitations such as limited temporal resolution (minimum
shot duration of 1000 ms), it may provide valuable insights into physiological and/pathological flow phenomena.

References

1) Wang J, et al. MRM 2007; 58: 973-981.
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Background:

'H-MRS has been applied in skeletal muscle studies, and it has begun to be used for measuring fat metabolism.” Many studies have been
conducted on intracellular lipid (IMCL) because it is considered a key factor in clarifying the pathogenesis of lifestyle-related diseases including
diabetes mellitus (DM), and it might be used to measure quantitatively and non-invasively, by '"H-MRS.” We attempted to optimize the scan
parameters with reference to several past studies for adequate data acquisition on the metabolism of lipid in skeletal muscle. However, we were
unable able to differentiate the lipid content peaks of IMCL and extracellular lipid (EMCL). We suppose the cause of this difference is not only
the optimization of the scan parameters or the quality of the MR machine, but it might also be that attribution differences among subjects could
be effective for successful data acquisition. The purpose of this study is to clarify whether the difference of attribution of subject groups could
affect the possibility of successful data acquisition, namely differences of age, health condition (healthy and DM), or kind of target muscle.
Teaching Point:

The subjects without DM were divided into Group A (19 individuals in their 20 s), and Group B (27 individuals aged 30-60 years), and
the subjects with DM formed Group C (22 individuals aged 30-60). For all subjects, 'H-MRS measurements were taken of muscle in the lower
thigh [soleus (SOL) and anterior tibialis (AT)]. Because our goal in this '"H-MRS analysis of skeletal muscle is to obtain information about IMCL
and EMCL, the sharpness of separation of the two peaks was graded and taken as an indicator of the success of measurement. In the analysis
results, we regarded the cases with an error of 0 and cases with a standard deviation of 220 as failures (0 points), and the rest of the cases were
regarded as successes (1 point).

We compared the measurement success rate for SOL and AT in Groups A, B, and C. The results for the measurement success rate in AT
and SOL are shown in Fig. 1.The success rate was significantly higher for AT than for SOL (p<0.01): 81.6% for SOL and 100% for AT. We
consider differences in the structure of skeletal muscle might produce the difference in the success rate. SOL has shown to have a large and
variable pennation angle by several ultrasound and MRI studies.” AT has a lower pennation angle than the other calf muscles. And also, the
pennation angle variation is very small.” In VOI, AT allows less opportunity to measure the irregular distributed stromal components such as
gross fatty or vascular components. SOL has a higher possibility for measuring fatty or vascular components with mingled skeletal muscle fiber.

Next, we examined the influence of age and the presence or absence of diabetes on the measurement success rate for SOL in the three
groups. The measurement success rates according to age and the presence or absence of diabetes are shown in Fig. 2. Although the measurement
success rate was 100% for Group A, it was 85.2% for Group B, and 77.3% for Group C. There was a significant difference (p<0.05) between
Groups A and B, as well as between Groups A and C. Factors of aging and disease (DM) tend to induce sarcopenia. And also, the above factors
are related to the decrease in the metabolic rate. This increase of the fatty component might also be a cause of the erroneous measurement.
Sarcopenia and increase of fat might also cause the irregularity of the muscle fiber direction.

Summary:

The success of 'H-MSR measurements of IMCL and EMCL in skeletal muscle is affected by age, the presence or absence of diabetes, and
the anatomical structure of different skeletal muscle types. In other words, in living organisms there are a variety of factors that affect the
success of lipid content measurements by 'H-MRS.
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Introduction:

Preventing Unwanted Blurring Due to Incomplete Breath-hold at Long Breath-hold
Coronary MRA; Usefulness of New Elliptical Centric acquisition (CENTRA plus)

Hideo Ono,' Masami Yoneyama,' Taro Takahara,? Thomas Kwee,®> Masanobu Nakamura,’

Cardiac disease is responsible for 13% of deaths in adults worldwide.” Control of angina is important to prevent the onset of myocardial
infarction. Coronary angiography is the gold standard for the evaluation of coronary artery disease (CAD), but is invasive and may cause
complications such as arrhythmia, thromboembolism, or renal dysfunction. Whole heart coronary magnetic resonance angiography (WHCMRA)
is a promising noninvasive method for diagnosing CAD.” Navigator-gated free-breathing technique has become the method of choice to obtain
high-resolution WHCMRA images. Nevertheless, it potentially suffers from long acquisition time. Recently, single breath-hold WHCMRA
(SBH-WHCMRA) has emerged thanks to the acceleration of data acquisition with parallel imaging by means of multi-channel coil systems.* ¥
However, the limited scan time during the breath-hold period results in poor signal-to-noise ratio (SNR) and spatial resolution. We may be able
to get higher resolution images with longer scan times of, for example, around 30 s, but this kind of protocol is unrealistic and reduces the
success rate of the examination in case of incomplete breath-holding. When we imagine the situation of an incomplete breath-hold, the failure
of the breath-hold (i.e., diaphragmatic drift) should occur in the latter half of the scanning. Our hypothesis is that the new method of ellipsoid
centric acquisition (CENTRA plus)” may be tolerable for this kind of fail in breath-hold which happens in the latter half of the scanning. The
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purpose of this study was to confirm the advantage of CENTRA plus over the conventional method (low-high radial sampling) for the depiction
of coronary arteries in a long scanning time.

Materials and Methods:

Theory: Segmentation schematics in Ky-Kz space of a conventional radial segmentation (low-high radial) are shown in Fig. la. From each
Ky-Kz segment, a profile is acquired per shot starting from the central Ky-Kz segment. Consequently, any timing motions of the imaging time
influence the image quality. On the other hand, with CENTRA+, acquisition is started in the central k-space sector and the most central k-space
sector is acquired at an early stage (Fig. 1b); hence, we hypothesized less influence of motion on the latter half of the imaging time with this
technique.

Experiment: This study was approved by the ethics committee of our hospital. Five healthy volunteers were examined on a clinical 1.5 T MRI
scanner (Achieva 1.5 T PHILIPHS Healthcare) using a cardiac 32 ch coil. The conventional low-high radial approach and the CENTRA+
approach were acquired in random order. The volunteers held their breath in the first half period and then breathed freely during the latter half.
Thus, in CENTRA+, the central part of k-space was acquired during the breath-hold period, whereas the outer k-space profiles were acquired
during the subsequent free-breathing acquisition period. Coronary MRA was acquired using a 3D balanced SSFP sequence. The imaging param-
eters were as follows: TR/TE of 4.0 ms/2.0 ms, flip angle of 90° matrix of 228x187, T,-prep of 50 msx4, and slice thickness of 1 mm (recon-
struction of 0.5 mm).

Evaluation: For the evaluation the sharpness of coronary arteries, the 20% and 80% points between the maximum and background signal inten-
sities were first calculated for each side of the intensity profile. The distance in millimeters between the two points was then determined for
each side. The inverse of the averaged distance of the two sides was used as a measurement of the coronary arterial sharpness. The greater the
sharpness, the better the vessel definition.” Measurement points were the proximal segment of the LAD and the distal segment of the RCA.
Paired t-tests were performed, and p-values<0.05 were considered statistically significant.

Results:

The attempted breath-hold at initial half of the imaging time was successful in all volunteers. Effective scan time was 33.8+3.3 s. Repre-
sentative MPR images of LAD with each method are shown in Fig. 2. Sharpness score was 0.34+0.05 (LAD) and 0.39+0.10 (RCA) with
CENTRA+, and 0.30£0.05 (LAD) and 0.34+0.09 (RCA) with low-high radial. CENTRA+ was significantly superior to low-high radial (p<0.05)
(Fig. 3).

Discussion:

In CENTRA+, the most central k-space sector is acquired only at the early stage; the most reliable period of breath-hold. The latter half
data may be acquired with poor breath-hold, but it hardly affects the image quality because such data only fill the peripheral k-space. On the
other hand, since low-high radial technique acquires the central part of k-space throughout the acquisition, it causes blurring by the poor breath-
holding which may happen at the end of long acquisition.

Conclusions:

CENTRA+ was superior to the conventional method for the visualization of coronary arteries when a long acquisition was applied with
artificially unsuccessful breath-hold at the latter half of the scanning. CENTRA+ may be used for the prolongation of scan time in order to
increase the spatial resolution.
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