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Background and purpose: Turbo spin-echo diffusion-weighted imaging (TSE-DWI) has not been used for evalu-
ating pituitary lesions. We compared the usefulness of TSE-DWI and echo-planar (EP)-DWI for assessing normal
pituitary structures and lesions.

Materials and methods: Our study included 41 consecutive patients (27 pituitary adenomas, 8 Rathke's cleft cysts,
4 craniopharyngiomas, 1 germinoma, 1 pituitary metastasis) who underwent conventional pre- and post-contrast
magnetic resonance imaging (MRI) and TSE- and EP-DWI at 3T. Two observers independently performed qua-
litative assessment of normal pituitary structures and lesions on sagittal DWI and apparent diffusion coefficient
(ADC) maps. One observer recorded ADC values of normal brain structures and pituitary lesions. Kappa (x)
statistics, Wilcoxon signed-rank test, intraclass correlation coefficient, Bland-Altman analysis, Pearson correla-
tion coefficient and independent t-test were used for statistical analysis.

Results: Interobserver agreement for qualitative evaluations was good to excellent (k = 0.65-1.0). On both DWI
and ADC maps, visualization of the pituitary gland, of the spatial relationship between the lesion and its normal
surroundings, and the whole image quality were significantly better on TSE- than EP sequences (p < .01). In
normal brain structures, the ADC value on TSE- and EP-sequences was significantly correlated (r = 0.6979,
p < .05). The TSE-ADC value was significantly lower for pituitary adenomas than craniopharyngiomas
(p < .05).

Conclusions: For the evaluation of normal pituitary structures and lesions, TSE-DWI is more useful than EP-DWI.
The TSE-ADC value may help to differentiate between pituitary adenoma and craniopharyngioma.

1. Introduction Among DWI techniques, an echo-planar (EP) pulse sequence is most

commonly used. It involves a primary 90° pulse followed by rephasing

Diffusion-weighted imaging (DWI) and apparent diffusion coeffi-
cient (ADC) maps are useful for the evaluation of intracranial diseases
including acute cerebral infarction, brain abscess and brain tumors
[1-3]. In addition, the clinical usefulness of DWI for pituitary lesions
has been reported [4-6]. DWI may provide information about the
consistency [4] and prediction of the surgical outcome of macro-
adenomas [5], and the pretreatment diagnosis of craniopharyngiomas
and germ cell tumors to improve the therapeutic outcome [6]. Since it
is sometimes difficult to distinguish pituitary adenomas from cranio-
pharyngiomas on conventional MR imaging [7], DWI might help to
differentiate them.

gradients instead of repeated 180° degree refocusing pulses (RP).
Although EP-DWI may reduce motion-related artifacts and the acqui-
sition time is short, the EP sequence is sensitive to the heterogeneous
magnetic field; this results in severe susceptibility artifacts and image
distortion [8-10]. Therefore, EP-DWI is not ideal for the evaluation of
the skull base and sellar regions because they feature a heterogeneous
magnetic field adjacent to the paranasal sinuses and include air.

The turbo spin-echo (TSE) technique is an alternative to DWI. Since
the TSE-DWI sequence includes a primary 90° pulse followed by more
than one 180° RP [11], it may reduce susceptibility artifacts and image
distortion in the regions with a heterogeneous magnetic field.
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Kamimura et al. [9] who studied healthy volunteers showed that TSE-
DWI was superior to EP-DWI for the visualization of the normal pitui-
tary gland. Others [8,12] reported that TSE-DWI was more useful than
EP-DWI for the diagnosis of pediatric neurological diseases and cho-
lesteatoma. To our knowledge, no systematic comparisons of TSE- and
EP-DWI, performed on 3 T magnetic resonance imaging (MRI) systems
for the evaluation of pituitary lesions have been published. Therefore,
we compared the usefulness of TSE- and EP-DWI for the evaluation of
normal pituitary structures and lesions.

2. Material and methods
2.1. Patient population

This retrospective study was approved by our institutional review
board, informed patient consent was waived. Using information from
electronic medical records, one radiologist (M.A.) selected patients and
obtained their MR imaging data from a picture archiving and commu-
nication system (PACS) system to prepare the qualitative and quanti-
tative studies. Included were 41 consecutive patients (18 males and 23
females; age range 16-84 years; mean age 60.7 years) with pituitary
lesions (27 pituitary adenomas, 8 Rathke's cleft cysts, 4 craniophar-
yngiomas, 1 germinoma and 1 pituitary metastasis). All patients un-
derwent conventional pre- and post-contrast MRI and TSE- and EP-DWI
at 3T between April 2016 and August 2018; 19 pituitary adenomas and
3 craniopharyngiomas were surgically confirmed. The remaining 19
patients were diagnosed based on their MR imaging findings, follow-up
imaging studies, and clinical information.

2.2. MRI protocol

All studies were performed on a 3T MRI system (Philips Ingenia 3T;
Philips Medical Systems; Best, The Netherlands) using a 32-channel
head coil. All patients underwent conventional pre- and post-contrast-
enhanced MRI and TSE- and EP-DWI scanning. MRI included pre-con-
trast-enhanced sagittal and coronal 2D T1- and T2-weighted (T1-,
T2WI) scans and post-contrast-enhanced sagittal and coronal 2D T1-
weighted TSE scans. The slice thickness of the T1- and T2-weighted TSE
images was 2.5 mm.

Before contrast-enhanced MRI, two types of DWI were performed.
The parameters for EP-DWI TR were 3000 ms; TE, 54 ms; field of view
(FOV), 170 x 170 mm; matrix, 108 X 108; slice thickness, 3 mm; voxel
size, 1.5 X 1.5 x 3.0mm°>; time of acquisition, 2min 3s; average, 4;
SENSE factor, 2. For TSE-DWI they were TR, 7000 ms; TE, 56 ms; FOV,
170 x 170 mm; matrix, 108 X 108; slice thickness, 3 mm; voxel size,
1.5 x 1.5 x 3.0 mm?>; time of acquisition, 5 min 50 s; average, 5; SENSE
factor, 3.

2.3. Image analysis

2.3.1. Qualitative evaluation

Two observers (T.H. and Z.A.K., with 26 and 3 years of experience
with neuro-MRI, respectively) reviewed the sagittal DWI and ADC maps
obtained with TSE and EP sequences. The imaging sets were presented
on a PACS workstation in random order to the observers who were
blinded to the patient identity and to clinical and pathological findings.
They independently compared four items with reference to the standard
for sagittal contrast-enhanced T1WI, i.e. visualization of the optic
chiasm, the pituitary gland, and the pituitary stalk, and the spatial re-
lationship between the lesion and its normal surroundings [13]. They
used a 5-point scale where visualization on DWI and ADC maps as clear
as on CE-T1WI was scored as excellent (score = 4), structures can be
well visible on DWI and ADC maps but are not as clear as on CE-T1WI
(good, score = 3), structures can be observed but are obviously vague
compared with CE-T1WI (fair, score = 2), structures can be barely re-
cognized on DWI and ADC maps (poor, score = 1), structures cannot be
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recognized on DWI and ADC maps (nondiagnostic, score = 0). When
structures were not visualized on CE-T1WI we performed no further
evaluation.

The same two observers also independently recorded the image
quality of sagittal DWI and ADC maps obtained with the TSE and EP
method. They looked for susceptibility-induced image distortions,
blurring and/or SENSE-related artifacts (incomplete unfolding and
periodic artifacts) [14]. They used a 5-point score where 1 = non-
diagnostic, 2 = poor (substantial artifacts; image distortions or SENSE-
related artifacts interfered with the diagnosis in some anatomic parts of
the images), 3 = satisfactory (major image distortions or blurring or
SENSE-reconstruction artifacts; diagnosis possible in all anatomic re-
gions), 4 = good (minor artifacts, discrete image distortions or some
artifacts, no blurring), 5 = excellent (no artifacts). When both readers
assigned identical scores the data were collected; when their initial
scoring differed, the final score was recorded by consensus.

After the blinded evaluations, both readers consensually compared
the signal intensity of the solid part of pituitary adenoma, cranio-
pharyngioma, germinoma and pituitary metastasis with the pons on
TSE-DWI and graded it as hypo-, iso-, or hyperintense.

2.3.2. Quantitative evaluation

To calculate the ADC and the signal-to-noise ratio (SNR), regions of
interest (ROIs, 20-24 mm?) were drawn on MRI scans by one observer
(Z.A.K.) and cross-referenced with the anatomic structures on T1WI
scans. In normal brain structures, ROIs were placed on the splenium of
the corpus callosum and the pons on mid-sagittal sections on both ADC
maps and DWI scans obtained with the TSE and the EP method. The
SNR was calculated as SNR = Sliissue / SDrissues Where Slissue and SDyissue
are the signal intensity of tissue and the standard deviation of the signal
intensity of tissue, respectively. To show intraobserver reproducibility,
the observer performed ADC and SNR measurements for each area,
twice, 3 months apart.

To measure TSE-ADC values of pituitary adenoma, craniophar-
yngioma, germinoma and pituitary metastasis, ROIs (4-5mm?) were
placed in an enhancing solid portion. Care was taken to avoid cysts,
hemorrhages, blood vessels, and areas with visible image distortion/
signal loss. To minimize bias, we measured each area 3 times and cal-
culated the average ADC.

2.4. Statistical analysis

Interobserver agreement with respect to the reader-assigned scores
was analyzed with the kappa coefficient (x < 0.20 = poor-,
k = 0.21-0.40 = fair-, k = 0.41-0.60 = moderate-, k = 0.61-0.80 =
good-, k = 0.81-0.90 = very good-, k > 0.90 = excellent agreement).
The visual assessment scores and SNRs of the two sequences were
compared with the Wilcoxon signed-rank test. To assess the in-
traobserver reliability of our ADC and SNR measurements, the in-
traclass correlation coefficient (ICC) was used; ICC < 0.40 = poor,
ICC = 0.40-0.59 = fair, ICC = 0.60-0.74 = good, and ICC > 0.74 =
excellent. In addition, the intraobserver reliability of the ADC and SNR
measurements was analyzed by using the Bland-Altman analysis [15].
Bias and 95% limits of agreement (95% LoA) were calculated. ADC
correlations between the two sequences were interpreted with the
Pearson correlation coefficient. To compare the TSE-ADC of pituitary
adenomas and craniopharyngiomas, the independent t-test was used.
Differences of p < .05 were considered statistically significant.

3. Results

As we excluded 24 optic chiasms, 30 pituitary glands, and 30 pi-
tuitary stalks because the structures were not visualized on contrast-
enhanced T1W images, 17 optic chiasms, 11 pituitary glands, 11 pi-
tuitary stalks, and 41 spatial relationships between lesions and their
normal surroundings were included in our qualitative evaluations.
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Table 1
Interobserver agreement for the qualitative evaluations.
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TSE-DWI

TSE-ADC

EP-DWI

EP-ADC

0.77 (0.58-0.95)
0.85 (0.55-1.0)
0.8 (0.56-1.0)
0.9 (0.81-1.0)
0.86 (0.71-1.0)

Optic chiasm (n = 17)
Pituitary gland (n = 11)
Pituitary stalk (n = 11)
Spatial relationship (n = 41)
Whole image quality (n = 41)

0.79 (0.62-0.96)
0.82 (0.52-1.0)
0.65 (0.23-1.0)
0.89 (0.78-1.0)
0.88 (0.71-1.0)

0.89 (0.76-1.0)
1.0 (1.0-1.0)

0.81 (0.46-1.0)
0.94 (0.86-1.0)
0.86 (0.72-1.0)

0.7 (0.49-0.92)
1.0 (1.0-1.0)
0.82 (0.6-1.0)
1.0 (1.0-1.0)
0.95 (0.84-1.0)

Note: Data are k statistics. The 95% confidence interval is shown in parentheses.

Table 2
Comparison of the visualization scores between TSE and EP sequences.
TSE-DWI vs EP-DWI p value TSE-ADC vs EP-ADC p value

Optic chiasm (n = 17) 2.53 = 1.07 vs 2.06 *+ 1.14 0.0977 3.29 = 0.99 vs 2.41 * 1.23 0.0078
Pituitary gland (n = 11) 2.55 = 0.69 vs 0.18 = 0.4 0.001 2 + 1.1 vs 0.45 £ 0.52 0.0039
Pituitary stalk (n = 11) 2.27 = 0.79vs 1.18 + 1.33 0.0625 2.45 = 0.52vs 1.45 = 1.57 0.0781
Spatial relationship (n = 41) 2.78 = 0.99 vs 0.71 + 0.78 < 0.0001 2.98 = 0.96 vs 0.76 = 0.73 < 0.0001
Whole image quality (n = 41) 3.59 = 0.59vs 1.63 = 0.54 < 0.0001 3.78 = 0.52vs 0.66 = 0.48 < 0.0001

Note. Values are the mean score + standard deviation.
3.1. Qualitative evaluation

Interobserver agreement for the qualitative evaluations was good to
excellent (x = 0.65-1.0) (Table 1). Visualization of the optic chiasm
was significantly better on TSE-ADC than EP-ADC maps (p = .0078)
although there was no significant difference between the two types of
DWI scans (Table 2 and Fig. 1). The TSE- was significantly better than
the EP sequence for the visualization of the pituitary gland (TSE-DWI vs
EP-DWI, p = .001; TSE-ADC map vs EP-ADC map, p = .0039) and for

Fig. 1. A 51-year-old woman with Rathke's cleft cyst.

the spatial relationship between the lesion and its normal surroundings
(TSE-DWI vs EP-DWI, p < .0001; TSE-ADC map vs EP-ADC map,
p < .0001) (Table 2 and Figs. 1-3). For the visualization of the pitui-
tary stalk there was no significant difference between TSE-DWI and EP-
DWI and between the TSE-ADC map and EP-ADC map (Table 2 and
Fig. 1). For the whole image quality, the TSE- was significantly superior
to the EP sequence (p < .0001) (Table 2 and Figs. 1-3).

The signal intensities of pituitary lesions on TSE-DWI compared
with the pons are shown in Table 3. In 27 pituitary adenomas, the

(A) contrast-enhanced T1-weighted image, (B) T2-weighted image, (C) TSE-DW image, (D) EP-DW image, (E) TSE-ADC map, (F) EP-ADC map.

A cystic area (white arrowhead) is seen in the pituitary gland on (A) and (B); an intracystic nodule (open arrow) is isointense to normal pituitary gland on (B), slightly
hyperintense on (C), and slightly hypointense on (E). Visualization of the pituitary gland (curved arrow) and the optic chiasm (arrow) on (C) and (E) is similar on (A),
while their visualization on (D) and (F) is different due to severe image distortion. The visualization of the pituitary stalk (gray arrowhead) is similar on (C), (D) and
(E) except (F). The spatial relationship between the cystic lesion (white arrowhead) and its normal surroundings are better visualized on (C) and (E). A score of 3 was
assigned to both scans. The whole image quality was significantly better on TSE (C and E, score 4 each) than EP sequences (D and F, score 2 each).
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Fig. 2. A 76-year-old woman with pathologically proven pituitary adenoma.
(A) contrast-enhanced T1-weighted image.

(B) TSE-DW image.

(C) EP-DW image.

(D) TSE-ADC map.

(E) EP-ADC map.

Compared to (A), the spatial relationship between the pituitary adenoma (arrow) and its normal surroundings can be clearly identified on (B) and (D). The assigned
score was 4 for (B) and (D). It is not well depicted on (C, score 1) and (E, score 1) due to severe image distortion. The whole image quality was significantly better on
TSE (B and D, score 4 each) than EP sequences (C and E, score 2 each). The average TSE-ADC value for the pituitary adenoma was 0.64 x 103 mm?/s.

signal intensities were hyperintense in 16 (59.3%), isointense in 8
(29.6%) and hypointense in 3 (11.1%). For 4 craniopharyngiomas, they
were hyperintense in 1 (25%) and hypointense in 3 (75%). The 1ger-
minoma and 1 pituitary metastasis revealed isointensity and hy-
pointensity, respectively.

3.2. Quantitative evaluation

The ICC with a 95% confidence interval for intraobserver agreement
in ADC and SNR was good to excellent; it was 0.68 with 0.54-0.78 for
EP-ADC value, 0.73 with 0.6-0.81 for TSE-ADC value, 0.84 with
0.76-0.89 for EP-SNR and 0.7 with 0.57-0.89 for TSE-SNR (Table 4).
For intraobserver reliability of ADC and SNR, the bias with a 95% LoA
was 0.01 with —0.05-0.07 for EP-ADC value, —0.001 with —0.07-0.07
for TSE-ADC value, —0.2 with —11.36-10.95 for EP-SNR and — 0.65
with —12.8-11.51 for TSE-SNR (Table 4 and Fig. 4). With regard to
normal brain structures, there was a significant correlation in the ADC
of the TSE- and EP-sequences (r = 0.6979, p < .0001) although it
tended to be slightly higher for TSE- than EP-sequences (Fig. 5). There
was no significant difference in the SNR of TSE-DWI (mean * standard
deviation, 25.34 = 7.42) and EP-DWI (26.16 *+ 9.64) (p = .837). The
TSE-ADC was significantly lower for pituitary adenomas (mean *
standard deviation, 0.69 * 0.15 x 10~ 3>mm?/s) than craniophar-
yngiomas (mean * standard deviation,1.02 + 0.27 X 10~ mm?/s)
(p = .0007) (Table 3 and Figs. 2, 3). The mean TSE-ADCs + standard
deviation of germinoma and pituitary metastasis were
0.79 + 0.03 x 10 3 mm?/s and 1.06 = 0.03 X 10~ >mm?/s, respec-
tively (Table 3).

4. Discussion

Our qualitative evaluation showed that TSE-DWI was superior to
EP-DWI with respect to the visualization of the pituitary gland, the
assessment of the spatial relationship between the lesion and its normal
surroundings, and the whole image quality. We also found that inter-
observer agreement was good to excellent although the experience of
the two readers with neuro-MRI was quite different (26 vs 3 years).
Based on our findings we suggest that, regardless of the reader's ex-
perience, TSE-DWI is an effective method for reducing artifacts and
improving the quality on images obtained to interpret pituitary lesions.

Studies reported by others found that TSE-DWI was superior to EP-
DWI for the evaluation of pathologies other than pituitary lesions and of
the normal pituitary gland. According to Elefante et al. [12], in their 32
patients, TSE-DWI was more sensitive than EP-DWI (79-100% vs
75-96%) and more specific (37.5-87% vs 25-75%) for the diagnosis of
cholesteatoma. Pokorney et al. [8] preferred TSE-DWI to EP-DWI for
the diagnosis of 15 patients with pediatric neurological diseases be-
cause it yielded a better diagnostic image quality and fewer clinically
relevant artifacts. Kamimura et al. [9] also reported that the normal
pituitary gland was clearly visualized on TSE-DWI and undetectable on
EP-DWI scans. However, they visually assessed the pituitary gland only
on DWI scans of 8 healthy volunteers. Our study, on the other hand,
performed visual assessment of not only the pituitary gland but also of
other normal anatomical structures, examined the spatial relationship
between the lesion and its normal surroundings, and graded the whole
image quality on both DWI scans and ADC maps of patients with pi-
tuitary lesions.

Our quantitative evaluation of normal brain structures showed that
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Fig. 3. An 80-year-old man with pathologically proven craniopharyngioma.
(A) contrast-enhanced T1-weighted image.

(B) TSE-DW image.

(C) EP-DW image.

(D) TSE-ADC map.

(E) EP-ADC map.

Compared to (A), the spatial relationship between the craniopharyngioma (arrow) and its normal surroundings can be barely identified on (B, score 2) and (D, score
2). It is not recognizable on (C, score 0) and (E, score 0) due to severe image distortion. The whole image quality was significantly better on TSE sequences (B, score 3)
and (D, score 4) than on EP sequences (C and E, score 1). The average TSE-ADC value of the enhancing solid part of the craniopharyngioma (arrowhead) was

1.37 x 103> mm?/s.

Table 3

Summary of TSE-DWI signal intensity and TSE-ADC value of pituitary solid lesions.

Pituitary adenoma (n = 27)

Craniopharyngioma (n = 4)

Germinoma (n = 1) Pituitary metastasis (n = 1)

DWI signal intensity

Hyperintensity 16 1
Isointensity 8 0
Hypointensity 3 3
ADC value* 0.69 * 0.15% 1.02 = 0.27°

o o = 0O

.79 = 0.03

Note. *ADC values are presented as “X 10~ >mm?/s” and the mean + standard deviation.
@ There was a significant difference in mean ADC value between pituitary adenoma and craniopharyngioma (p < .05).

Table 4
Intraobserver reproducibility of ADC and SNR measurements in normal brain
tissues.

ICC Bias 95% limits of agreement
EP-ADC 0.68 (0.54-0.78) 0.01 —0.05-0.07
TSE-ADC 0.73 (0.6-0.81) —0.001 —0.07-0.07
EP-SNR 0.84 (0.76-0.89) -0.2 —11.36-10.95
TSE-SNR 0.7 (0.57-0.89) —0.65 —12.8-11.51

Note. Data in parentheses show 95% confidence interval.

the ADC of both sequences was significantly correlated although it
tended to be slightly higher for TSE- than EP-sequences. In other studies
also [10,16], the ADC was higher on TSE- than EP-DWI scans. In our
assessment of normal brain structures, the effect of image artifacts may
have been negligible because ADC measurements were performed in
areas with few susceptibility artifacts. Since the signal intensity on DWI

directly affects the ADC value {[ADC = 1 n (S¢/S7) / (b; — bo)], where
So and S; are the signal intensity and by and b; are the b value}, the
difference in the signal intensity on TSE- and EP-ADC maps may have
affected our ADC values.

The usefulness of quantitative parameters for EP-DWI and of the
FOV on optimized and constrained, undistorted single-shot (FOCUS)-
DWI scans has been shown in patients with pituitary lesions. Pierallini
et al. [4] concluded that in their 22 patients, the EP-ADC value yielded
information on macroadenomas. In a more recent study [17] it was
shown that in 56 study subjects the FOCUS-ADC value of macro-
adenomas was significantly lower than of the normal pituitary gland.
Lee et al. [6] reported that on DWI scans, the signal intensity of germ
cell tumors (n = 12) was significantly higher than of craniophar-
yngiomas (n = 17). However, they did not evaluate the ADC of the
lesions. Ours is the first documentation that the TSE-ADC value of pi-
tuitary adenomas was significantly lower than of craniopharyngiomas.
Differentiation between pituitary adenomas and craniopharyngiomas
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may sometimes be difficult on conventional MRI because there may
have some overlapping MRI findings between these two lesions [7].
Based on our results, we suggest that TSE-ADC may aid in the differ-
entiation of these lesions.

Mikayama et al. [10] recently reported that at 3T, the SNR was
significantly higher on TSE- than EP-DWI scans of head and neck re-
gions. In earlier 1.5 T MRI studies it was found to be lower on TSE- than
EP-DWI scans [16,18]. We cannot explain the discrepancy between our
and earlier findings but suspect that it is due to the difference in the
examined anatomical structures, the MR sequence parameters and the
MRI scanners.

There were some disadvantages of TSE-DWI compared to EP-DWI in
our study. First, the SNR of TSE-DWI was relatively lower than that of

EP-DWI in our result although there was no significant difference.
Second, the acquisition time of TSE-DWI (5 min 50 s) was longer than
that of EP-DWI (2 min 3 s). Therefore, TSE-DWI could be more sensitive
to the motion-related artifacts compared to EP-DWI. However, in our
study, these artifacts were not apparently observed on TSE-DWI.

At present, pituitary lesions tend to be diagnosed on CE-MRI scans
[19]. However, gadolinium-based contrast agents can elicit ne-
phrogenic systemic fibrosis in patients with advanced chronic kidney
disease or acute renal failure [20]. Therefore, to characterize pituitary
lesions in patients with impaired renal function or allergic reactions to
contrast agents, the acquisition of TSE-DWI may be useful.

Our retrospective study has some limitations. First, our patient po-
pulation was relatively small and performed at a single institution.
Second, pathological disease confirmation was available for only 19 of
27 pituitary adenomas and 3 of 4 craniopharyngiomas. Nonetheless,
our findings warrant further multicenter studies on large populations.

5. Conclusions

Based on our preliminary study, TSE-DWI is more useful than EP-
DWI for the evaluation of normal pituitary structures and lesions. The
TSE-ADC value may be a helpful parameter for differentiating pituitary
adenomas from craniopharyngiomas.
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