Discover Generics Th Fessivs

VIEW CATALOG

AJNR

Thisinformation is current as
of September 1, 2025.

Evaluation of Diffusivity in the Anterior Lobe
of the Pituitary Gland: 3D Turbo Field Echo
with Diffusion-Sensitized Driven-Equilibrium
Preparation

A. Hiwatashi, T. Yoshiura, O. Togao, K. Yamashita, K.
Kikuchi, K. Kobayashi, M. Ohga, S. Sonoda, H. Honda and
M. Obara

AINR Am J Neuroradiol 2014, 35 (1) 95-98
doi: https://doi.org/10.3174/gjnr.A3620
http://www.ajnr.org/content/35/1/95


http://www.ajnr.org/cgi/adclick/?ad=57979&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_Sept2025
https://doi.org/10.3174/ajnr.A3620
http://www.ajnr.org/content/35/1/95

ORIGINAL RESEARCH
BRAIN

Evaluation of Diffusivity in the Anterior Lobe of the Pituitary
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Driven-Equilibrium Preparation
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ABSTRACT

BACKGROUND AND PURPOSE: 3D turbo field echo with diffusion-sensitized driven-equilibrium preparation is a non—echo-planar tech-
nique for DWI, which enables high-resolution DWI without field inhomogeneity—related image distortion. The purpose of this study was to
evaluate the feasibility of diffusion-sensitized driven-equilibrium turbo field echo in evaluating diffusivity in the normal pituitary gland.

MATERIALS AND METHODS: First, validation of diffusion-sensitized driven-equilibrium turbo field echo was attempted by comparing it
with echo-planar DWI. Five healthy volunteers were imaged by using diffusion-sensitized driven-equilibrium turbo field echo and echo-
planar DWI. The imaging voxel size was 1.5 X 1.5 X 1.5 mm? for diffusion-sensitized driven-equilibrium turbo field echo and 1.5 X 1.9 X 3.0
mm? for echo-planar DWI. ADCs measured by the 2 methods in 15 regions of interests (6 in gray matter and 9 in white matter) were
compared by using the Pearson correlation coefficient. The ADC in the pituitary anterior lobe was then measured in 10 volunteers by using
diffusion-sensitized driven-equilibrium turbo field echo, and the results were compared with those in the pons and vermis by using a paired
t test.

RESULTS: The ADCs from the 2 methods showed a strong correlation (r = 0.79; P < .0001), confirming the accuracy of the ADC
measurement with the diffusion-sensitized driven-equilibrium sequence. The ADCs in the normal pituitary gland were 1.37 + 0.13 X 10>
mm?/s, which were significantly higher than those in the pons (1.01 = 0.24 X 10> mm?/s) and the vermis (0.89 * 0.25 X 10~ > mm?/s, P <
.01).

CONCLUSIONS: We demonstrated that diffusion-sensitized driven-equilibrium turbo field echo is feasible in assessing ADC in the

pituitary gland.

ABBREVIATIONS: DSDE = diffusion-sensitized driven-equilibrium; EP = echo-planar; TFE = turbo field echo

DWI is widely used to diagnose cerebrovascular diseases, in-
tracranial tumors, and inflammation.''° However, it is dif-
ficult to evaluate skull base structures by the most common im-
aging technique used with echo-planar (EP)-DWI. Previous
studies have revealed the efficacy of DWI for skull base tumors
such as pituitary adenoma; however, they are mostly limited to
macroadenomas large enough to calculate the ADC by using EP
sequences.”” Compared with EP-DWI, 3D diffusion-sensitized
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driven-equilibrium turbo field echo (DSDE-TFE) obtained DWI
has higher spatial resolution and fewer susceptibility artifacts.'"
To our knowledge, to date, the diffusivity of the normal pituitary
gland has not been fully evaluated, especially in those glands sur-
rounded by aerated sphenoid sinuses. Therefore, the purpose of
this study was to evaluate the feasibility of DSDE-TFE in evaluat-
ing diffusivity in the normal pituitary gland.

MATERIALS AND METHODS

The study was conducted with approval of the involved institu-
tional review boards. Written informed consent was obtained
from each participant. First, we validated DSDE-TFE and com-
pared it with EP-DWI. Then, ADC measurement in the anterior
lobe of the pituitary gland was performed.

Imaging Technique

All participants underwent MR imaging with a 3T system (Achieva
Quasar Dual; Philips, Best, the Netherlands) with an 8-channel head
coil. Figure 1 shows a diagram of our DSDE preparation sequence.
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Adiabatic refocusing pulse

the anteroposterior direction. DSDE
preparation was originally developed to
-90 reduce distortion in the imaging of pe-
ripheral nerves,'"' and it was then opti-
mized for skull base imaging in the present
study. Adiabatic refocusing pulses and ad-

_IA A

ditional gradients inserted in front of the
sequence were used to reduce B0 and B1
inhomogeneity and eddy current ef-
fects.'"' Data acquisition by using TFE
was performed immediately after the
DSDE preparation. To eliminate T1 ef-

G

FIG 1. Diagram of DSDE sequences used in this study. Asterisk indicates prepulse gradients for

eddy current compensation.

FIG 2. ROI placement. Fifteen ROIs were placed at the bilateral caudate head, putamen, thala-
mus, anterior limb of the internal capsule, posterior limb of the internal capsule, frontal white
matter, temporal white matter, and the genu of the corpus callosum on a b0 map (DSDE-TFE, A;
EP-DWI, B) and then were copied to the ADC map derived from DSDE-TFE (C) and EP-DWI (D).

The DSDE-TFE has 2 distinct components: first, the DSDE prepara-
tion and, second, the segmented 3D TFE data acquisition.” The
DSDE preparation is an extension of the motion-sensitized driven-
equilibrium preparation, which has been used for black-blood imag-
ing of large vessels.'>'? Motion-sensitized driven-equilibrium prep-
aration has also been applied to brain imaging for the detection of
metastatic tumors.'"* Compared with motion-sensitized driven-
equilibrium preparation, the DSDE-prepared sequence has stronger
motion-sensitizing gradients, which enable diffusion-weighting in
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fects in the acquired signal by TFE, we
used a phase-cycling scheme.'®'”

The imaging parameters for the
DSDE-TFE were as follows: TR/TE =
6.2/3 ms, flip angle = 10° echo-train
length = 75, b factors = 0, 500 s/mm?,
sensitivity-encoding factor = 2, FOV =
240 mm, voxel size = 1.5 X 1.5 X 1.5
mm?>, number of signal averages = 2, and
acquisition time = 5 minutes 22 seconds.
The imaging parameters for the EP-DWI
were as follows: TR/TE = 3000/62 ms, b
factors = 0, 500 s/mm? (anteroposterior
direction), sensitivity encoding factor =
2.5, FOV = 240 mm, matrix = 160 X 128,
section thickness/gap = 3/0 mm, voxel
size = 1.5 X 1.9 X 3 mm?, number of sig-
nal averages = 2, and acquisition time =
48 seconds. Because coverage of DSDE-
TFE was limited by 36-mm thickness, ac-
quisition of EP-DWI coincided with that
of DSDE-TFE. Sagittal T1-weighted im-
ages were also obtained to separate the an-
terior and the posterior lobes of the pitu-
itary gland. The imaging parameters for
T1-weighted images were as follows: TR/
TE = 450/13 ms, FOV = 150 mm, ma-
trix = 224 X 180, section thickness/gap =
3/0 mm, voxel size = 0.7 X 0.8 X 3 mm?>,
number of signal averages = 2, and acqui-
sition time = 2 minutes 44 seconds.

Analysis

Validation Study. The DSDE-TFE data-
set was originally imaged in the axial
plane. The data were reformatted to the
axial plane (3-mm-thick). Both the DSDE-TFE and EP-DWI da-
tasets were saved in the DICOM format. ADC maps were calcu-
lated on a personal computer by using Image], Version 1.44p, for
Windows software (National Institutes of Health, Bethesda,
Maryland). Fifteen ROIs were placed on b0 images and then were
copied to ADC maps. They were located at the bilateral caudate head,
putamen, thalamus, anterior limb of the internal capsule, posterior
limb of the internal capsule, frontal white matter, temporal white
matter, and the genu of the corpus callosum by a neuroradiologist



On DSDE-TFE, the ADCs of the 15
ROIsranged from 0.32 X 10> mm?/sto
2.13 X 10~ ° mm?*/s (mean, 1.07 * 0.41
X 107> mm?/s). On EP-DWI, the ADCs
ranged from 0.26 X 10> mm?*/s to 2.19
X 107? mm?/s (mean, 0.86 * 0.38 X
1077 mm?®/s). There was a significant
correlation in the ADC measurement
between DSDE-TFE and EP-DWI (r =
0.79, P < .0001; Fig 4).

FIG 3. Sagittal reformatted DWI (A) and ADC map derived from DSDE-TFE (B). The normal anterior

lobe of the pituitary gland is clearly visualized without image degradation (arrowhead, A). Three ROls
are placed at the anterior lobe of the pituitary gland, pons, and vermis (circles, B).

DSDE-TFE

0 1 2
EP-DWI

FIG 4. Graph shows the relationship of ADC between DSDE-TFE and
EP-DWI (X102 mm?/s). There is a significant correlation in ADC mea-
surements between DSDE-TFE and EP-DWI (r = 0.79, P < .000I).
ADCpeperre = ADCep oy X 0.849 + 0.340.

(A.H., with 15 years’ experience in neuroradiology, Fig 2). Statistical
analysis was performed by the same author by using the statistical
software JMP, Version 9.0.2 (SAS Institute, Cary, North Carolina).
The Pearson correlation coefficient was used for analysis. P values <
.05 were considered significant.

ADC Measurement in the Pituitary Gland. The DSDE-TFE data
were reformatted to the sagittal plane (3-mm-thick). Both the
DSDE-TFE and EP-DWI datasets were saved in the DICOM format.
ADC maps were calculated in the same manner. Three ROIs were
placed at the anterior lobe of the pituitary gland, pons, and vermis on
the midsaggital plane by the same rater (Fig 3). The posterior lobe of
the pituitary gland was excluded by sagittal T1-weighted images for
comparison. The statistical analysis was performed with a paired ¢ test
in the same manner as that used for the validation study above. P
values < .05 were considered significant.

RESULTS

Validation Study

The validation study included 5 healthy volunteers (5 men; age
range, 30-46 years; median age, 36 years).

ADC Measurement in the Pituitary
Gland

ADC measurement in the pituitary
gland included 10 healthy volunteers (6 men and 4 women; age
range, 25—46 years; median age, 33 years).

DSDE-TFE provided images of the pituitary gland without
distortion in all 10 subjects. The ADCs in the anterior lobe of the
pituitary gland ranged from 1.16 X 10~ mm?®/s to 1.54 X 10>
mm?/s. In the pons, the ADCs ranged from 0.68 X 1072 mm?/s to
1.38 X 10~° mm?/s, and in the vermis, the ADCs ranged from
0.63 X 107 mm?/s to 1.35 X 10~? mm?*/s. The ADCs in the
anterior lobe of the pituitary gland (mean, 1.37 * 0.13 X 10~
mm?/s) were significantly higher than those in the pons (1.01 =
0.24 X 10~°> mm?/s) and vermis (0.89 = 0.25 X 10> mm?/s, P <
.01, Fig 5).

DISCUSSION

To our knowledge, this is the first report to evaluate the diffusivity
of the normal pituitary gland. We revealed a strong correlation in
ADC measurements between DSDE-TFE and EP-DWI (r = 0.79,
P < .0001) in several brain structures in healthy subjects. The
DSDE-TFE technique was originally reported as one of the nerve
sheath imaging techniques.'' Obara et al'' reported a qualitative
evaluation of DSDE-TFE, but there has been no quantitative eval-
uation. The present study is thus also the first to validate ADC
calculations by using this technique.

We observed that the ADCs of brain structures obtained by
using DSDE-TFE (1.07 * 0.41 X 10~ > mm?®/s) were higher than
those obtained by using EP-DWI (0.86 = 0.38 X 10> mm?/s).
For DSDE-TFE, adiabatic refocusing pulses and additional gradi-
ents inserted in front of the sequence were used to reduce B0 and
B1inhomogeneity and eddy current effects.'"'® However, further
development is required to achieve less variation in measurement.

In this study, DSDE-TFE provided visualization of the pitu-
itary gland without distortion of the images in all 7 subjects. Due
to the severe susceptibility artifacts, it is impossible to evaluate the
normal pituitary gland with EP-DWI. Therefore, previous studies
by using EP-DWI were mainly limited to pituitary macroad-
enoma, apoplexy, abscess, or other parasellar lesions.”” Other
researchers applied non-EP-DWI such as single-shot fast spin-
echo,® line scan,” and periodically rotated overlapping parallel

lines with enhanced reconstruction’

DWI for sellar and para-
sellar lesions to overcome image degradation. In the present
study, we used DSDE-TFE, which enabled us to obtain a 3D da-
taset and high spatial resolution (1.5 X 1.5 X 1.5 mm?). We may
apply this technique to other skull base and head and neck struc-

tures in the future.
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FIG5. Graph of ADCs in the anterior lobe of the pituitary gland, pons,
and vermis (X10~> mm?/s). The ADCs in the anterior lobe of the
pituitary gland (137 = 0.13 X 10~ > mm?/s) are significantly higher than
those in the pons (1.01 = 0.24 X 10> mm?/s) and vermis (0.89 =+ 0.25
X 1072 mm?/s, P < .01).

We observed that the ADCs in the anterior lobe of the pituitary
gland (1.37 = 0.13 X 10~> mm?/s) were significantly higher than
those in the pons (1.01 = 0.24 X 10~ > mm?/s) and vermis (0.89 =
0.25 X 107> mm?/s). Even in the previous reports that used non-
EP-DWI, there was no mention of the diffusivity of the normal
pituitary gland. We suspect that the lack of myelination and hy-
pervascularity in the normal pituitary gland may contribute to the
increased diffusivity compared with the pons and vermis.'®'?
Further studies are needed to investigate this possibility.

Limitations of this study included the low b-values and 1 di-
rection of the diffusion-weighting. We were able to obtain DWI
with DSDE-TFE at b-values higher than 500 s/mm?, but it was
sometimes difficult to obtain ADC maps, probably due to insuf-
ficient eddy current compensations. We are trying to apply DWI
in >3 directions, but further technical developments are re-
quired. We also tried to evaluate the diffusivity of the posterior
lobe, but it was difficult, despite the high spatial resolution of our
images (1.5 X 1.5 X 1.5 mm?). Limited coverage (36 mm) and the
longer acquisition time (5 minutes 22 seconds) of DSDE-TFE (36
mm) compared with EP-DWTI are other disadvantages. We could
not compare the pituitary gland, vermis, and pons on the sagittal
plane consistently. The absence of a criterion standard for pitu-
itary ADC is also a limitation. We did not have a normal pituitary
gland on postmortem examination or in surgical specimens in
this study. Histopathologic correlation is required in the future.

CONCLUSIONS

By using DSDE-TEFE, it was possible to obtain ADC maps with
high resolution and fewer susceptibility artifacts compared with
EP-DWI. The 3D DSDE-TFE technique enabled us to evaluate the
diffusivity in the normal pituitary gland, which was higher than
that in the pons and vermis.

98 Hiwatashi Jan 2014  www.ajnr.org

Disclosures: Koji Yamashita—RELATED: Grant: Grants-in-Aid for Scientific Research,
Comments: Grant-in-Aid for Young Scientists (JSPS KAKENHI grant number
23791432).

REFERENCES

1. Le Bihan D, Breton E, Lallemand D, et al. MR imaging of intravoxel
incoherent motions: application to diffusion and perfusion in neu-
rologic disorders. Radiology 1986;161:401-07

2. Provenzale JM, Sorensen AG. Diffusion-weighted MR imaging in
acute stroke: theoretic considerations and clinical applications.
AJR Am ] Roentgenol 1999;173:1459—-67

3. Rogg JM, Tung GA, Anderson G, et al. Pituitary apoplexy: early
detection with diffusion-weighted MR imaging. AJNR Am ] Neuro-
radiol 2002;23:1240—45

4. Yamasaki F, Kurisu K, Satoh K, et al. Apparent diffusion coefficient
of human brain tumors at MR imaging. Radiology 2005;235:985-91

5. Pierallini A, Caramia F, Falcone C, et al. Pituitary macroadenomas:
preoperative evaluation of consistency with diffusion-weighted
MR imaging—initial experience. Radiology 2006;239:223-31

6. Takao H, Doi I, Watanabe T. Diffusion-weighted magnetic reso-
nance imaging in pituitary abscess. ] Comput Assist Tomogr
2006;30:514-16

7. Boxerman JL, RoggJM, Donahue JE, et al. Preoperative MRI evaluation
of pituitary macroadenoma: imaging features predictive of successful
transsphenoidal surgery. AJR Am ] Roentgenol 2010;195:720-28

8. Kunii N, Abe T, Kawamo M, et al. Rathke’s cleft cysts: differentia-
tion from other cystic lesions in the pituitary fossa by use of single-
shot fast spin-echo diffusion-weighted MR imaging. Acta Neurochir
(Wien) 2007;149:759—69

9. Suzuki C, Maeda M, Hori K, et al. Apparent diffusion coefficient of
pituitary macroadenoma evaluated with line-scan diffusion-
weighted imaging. ] Neuroradiol 2007;34:228-35

10. Mahmoud OM, Tominaga A, Amatya V], et al. Role of PROPELLER
diffusion-weighted imaging and apparent diffusion coefficient in
the evaluation of pituitary adenomas. Eur ] Radiol 2011;80:412—-17

11. Obara M, Takahara T, Honda M, et al. Diffusion weighted MR nerve
sheath imaging (DW-NSI) using diffusion-sensitized driven-equi-
librium (DSDE). In: Proceedings of the 19th Annual Meeting and Ex-
hibition of the International Society for Magnetic Resonance in Medi-
cine, Montreal, Quebec, Canada. May 7-13, 2011;19:4023

12. Koktzoglou], Li D. Diffusion-prepared segmented steady-state free
precession: application to 3D black-blood cardiovascular magnetic
resonance of the thoracic aorta and carotid artery walls. ] Cardiovasc
Magn Reson 2007;9:33—42

13. Wang J, Yarnykh VL, Hatsukami T, et al. Improved suppression of
plaque-mimicking artifacts in black-blood carotid atherosclerosis im-
aging using a multislice motion-sensitized driven-equilibrium
(MSDE) turbo spin-echo (TSE) sequence. Magn Reson Med
2007;58:973—-81

14. Nagao E, Yoshiura T, Hiwatashi A, et al. 3D turbo spin-echo se-
quence with motion-sensitized driven-equilibrium preparation for
detection of brain metastases on 3T MR imaging. AJNR Am ] Neu-
roradiol 2011;32:664-70

15. Nezafat R, Stuber M, Ouwerkerk R, et al. Bl-insensitive T2 prepara-
tion for improved coronary magnetic resonance angiography at 3
T. Magn Reson Med 2006;55:858 —64

16. Coremans J, Spanoghe M, Budinsky L, et al. A comparison between
different imaging strategies for diffusion measurements with the
centric phase-encoded turboFLASH sequence. | Magn Reson
1997;124:323—-42

17. Thomas DL, Pell GS, Lythgoe MF, et al. A quantitative method for
fast diffusion imaging using magnetization-prepared turbo-
FLASH. Magn Reson Med 1998;39:950—60

18. Miki Y, Matsuo M, Nishizawa S, et al. Pituitary adenomas and nor-
mal pituitary tissue: enhancement patterns on gadopentetate-en-
hanced MR imaging. Radiology 1990;177:35-38

19. Sakamoto Y, Takahashi M, Korogi Y, et al. Normal and abnormal
pituitary glands: gadopentetate dimeglumine-enhanced MR imag-
ing. Radiology 1991;178:441—45



