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Application of Contrast-Enhanced 3-Dimensional
T2-Weighted Volume Isotropic Turbo Spin Echo Acquisition
Sequence in the Diagnosis of Prolactin-Secreting Pituitary

Microadenomas

Rui Guo, MD,* Yue Wu, PhD,† Guangcheng Guo, MD,* Haiyang Zhou, PhD,‡ Shoutang Liu, MD,§

Zhenwei Yao, PhD,† and Yunping Xiao, MD*
Objective: This study aimed to investigate the value of contrast-enhanced 3-
dimensional (3D) T2-weighted (T2W) Volume Isotropic Turbo Spin Echo Ac-
quisition (VISTA) sequence in prolactin-secreting pituitary adenoma diagnosis.
Methods: We enrolled 158 patients with hyperprolactinemia. Coronal
dynamic contrast-enhanced (DCE) T1 spin echo and T2W VISTA se-
quences were performed. The detection of pituitary microadenomas in 3
imaging groups (DCE magnetic resonance imaging [MRI], VISTA, and
DCE MRI + VISTA) were compared using McNemar test and χ2 test.
Results: The DCE MRI + VISTA group detected 28 more pituitary
microlesions thanDCEMRI alone. Among these, 20 lesionswere clearly ob-
served on VISTA images but were negative on DCEMRI. The combined se-
quences showed higher sensitivity (85.3%) and diagnostic accuracy (89.2%)
for adenoma detection than any of the sequences alone (P < 0.01). We noted
that in 65.7% of the patients with adenoma (46 of 70), a “hypointense rim”
was present around the lesion on the VISTA images. Of them, 11 patients
underwent surgery. Histopathology confirmed that the “hypointense rim”
was a pseudocapsular structure at the edge of the adenoma.
Conclusions: For patients with hyperprolactinemia, the 3D T2WVISTA
sequence is an important supplement to DCE MRI, because it could im-
prove the detection rate of pituitary microadenomas.
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T he pituitary secrets large amounts of vasoactive biological
metabolites (hormones). A glandular disease could change

human physiological functions by disturbing the production of hor-
mones. Hyperprolactinemia is a hypothalamic-pituitary axis reproduc-
tive endocrine disorder arising from various causes, and prolactin-
secreting adenoma is the most common of them.1,2 During medical
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treatment or operation, accurately detecting and locating the pituitary
lesions could help physicians treat patients with hyperprolactinemia
during differential diagnosis of the hyperprolactinemia cause, monitor-
ing drug effect, and guiding surgical planning when adenoma resec-
tion is needed.3 However, most prolactin-secreting pituitary adeno-
mas are of approximately 2 to 5 mm (microadenoma) and difficult
to detect in conventional magnetic resonance (MR) images. It is
crucial to improve imaging reliability and display capability for bet-
ter clinical decision making when treating patients with
hyperprolactinemia.4–6 Therefore, the MR imaging (MRI) technol-
ogy for microlesions in the pituitary should be continuously im-
proved to minimize the diagnostic and treatment uncertainty.

Since the 1980s, dynamic contrast-enhanced (DCE)MRI has
been maturely used to detect microlesions in the pituitary gland.7,8

The anatomical characteristics of the sella turcica area (air, bone,
and soft tissue) lead to heterogeneity of the local magnetic field,
a source of susceptibility artifacts.9,10 Due to the susceptibility ar-
tifacts, the slice thickness on routine MR and DCE imaging is
usually of approximately 2 to 3 mm. Studies on spoiled gradient
echo (SGE) sequence of pituitary microadenomas have been car-
ried out in recent years.11–13 It was reported that the SGE se-
quence showed higher sensitivity than DCEMRI for detecting pi-
tuitary microadenomas. Although the sensitivity varies greatly
among studies, it still suggests that 20% to 40% of hormone-
secreting pituitary microadenomas are incorrectly identified.14,15

The fast spin echo (FSE) technology from the convergence
pulse appeared later than the SGE sequence and facilitated 3-
dimensional (3D) volume acquisition. This sequence is called
3D sampling perfection with application-optimized contrasts
using different flip angle evolution (SPACE) by Siemens or Vol-
ume Isotropic Turbo Spin Echo Acquisition (VISTA) by Philips.
Each MRI manufacturer has its unique design in terms of the
choice of variable flip angles and refocusing pulses. When based
on the turbo spin echo (TSE) sequence, it avoids the susceptibility
artifacts of the SGE sequence, whereas the minimum layer thick-
ness can be of less than 1 mm when based on the 3D technique.16

The different systemswere studied in clinical applications,17,18 in-
cluding using the SPACE sequence for pituitary adenoma.19,20

However, those previous studies did not obtain the clinical or his-
tological data to confirm their diagnoses. Furthermore, there are
currently no reports on using the VISTA sequence to detect
hormone-secreting pituitary adenomas. Therefore, we compared
DCE MRI, 3D T2-weighted (T2W) VISTA, and their combination
to evaluate their detection ability of prolactin-secretingmicroadenomas.
MATERIALS AND METHODS
The hospital review board reviewed and approved this study.

We recruited 176 patients with hyperprolactinemia (157 female
and 19 male) from January 2018 to June 2019. Informed consent
was obtained from all participants. Serum prolactin at rest was
ut Assist Tomogr • Volume 46, Number 1, January/February 2022
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TABLE 1. Magnetic Resonance Imaging Parameters

Parameter Sagittal T1 Coronal T1
3D-T2W
VISTA

TR, ms 635 635 1200
TE, ms 10 10 108
FA, degree 90 90 120
FOV 150 � 150 150 � 150 100 � 84
NEX 4 4 2
Bandwidth 260 260 289
Voxel size 1.3 � 0.9 � 1.25 0.75� 0.9 � 2.5 0.5 � 0.5 � 0.6
Slice
thickness, mm

2 2 1

Echo spacing 9.1 9.1 6
No. slices 9 9 24
Matrix size 68 � 134 68 � 134 200 � 150

FA indicates flip angle; FOV, field of view; NEX, number of excitations;
TE, time of echo; TR, time of repetition.
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measured twice in all patients, with a 14-day interval between
measurements. Hyperprolactinemia was defined as serum prolac-
tin concentration higher than 25 μg/L. If the prolactin level was
higher than 100 μg/L, the possibility of prolactin-secreting pitui-
tary adenoma was considered after excluding other secondary
causes (clinical positive). A prolactin level of 25 to 100 μg/L
was considered as clinical negative. Exclusion criteria were as follows:
(1) lesion size greater than 10mm; (2) patients after sellar surgery;
(3) hypophysitis or pituitary infection; (4) pregnancy and lacta-
tion; (5) taking a drug known to cause hyperprolactinemia; and
(6) other parasellar and stalk lesions.

Magnetic resonance images were acquired with a 3.0 Tesla
system (Achieva; Philips) using an 8-channel head coil. Each pa-
tient underwent precontrast 2D FSE sagittal and coronal T1
weighted image (T1WI) and T2 weighted image (T2WI) scans
(conventional MRI), coronal DCE MRI, and coronal contrast-
enhanced 3D T2W VISTA sequence. The imaging parameters
are shown in Table 1. Dynamic contrast-enhanced MR scans were
performed immediately after a standard dose of gadolinium con-
trast agent (0.1 mmol/kg) was administered. Subsequently,
contrast-enhanced 3D T2W VISTA sequence (scanning time,
4 minutes) and conventional sagittal images were acquired. The
total scanning time was approximately 20 minutes.

The patient imageswere classified into 3 groups according to
the different sequence combinations. In group 1, a “conventional
pituitary protocol” with DCE sequence was performed. This
group included precontrast sagittal and coronal T1WI, coronal
T2WI, dynamic coronal T1WI, and postcontrast sagittal T1WI se-
quences. Group 2 included postcontrast VISTA sequence alone.
Group 3 was a combination of groups 1 and 2. Three radiologists
with over 10 years of experience independently analyzed the
FIGURE 1. The reading process of 3 imaging groups. SE, spin echo.
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image data in all 3 groups. Each group was evaluated separately
with a 2-week interval between groups. The reading order was
group 1, group 2, and then group 3. A chart presenting the reading
process is shown in Figure 1. The radiologists evaluated the im-
ages to determine whether a definite tumor was present (positive),
no apparent tumor (negative), or suspected for the presence of a
tumor, indicating equivocal findings such as patchy abnormal sig-
nal intensity without a clearly defined lesion or a cystic lesion
rather than adenoma. Patients were considered radiologically posi-
tive when at least 2 of the 3 radiologists identified an adenoma at
the same location. Otherwise, the patients were considered radio-
logically negative or suspicious cases. The presence of cystic area
in the adenoma and cystic lesion in the pituitary was also recorded.

Clinical data were compared with the imaging findings to
calculate the sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and diagnostic accuracy
of the 3 imaging approaches in detecting pituitary adenomas.
McNemar test compared the tumor detection ability between the
sequence, and the χ2 distribution was tested between the groups.

RESULTS

Clinical Data
A total of 176 patients underwent pituitary MR scans. After

excluding 7 patients with macroadenomas, 7 after surgery, and 4
with pituitary inflammation, the study included 158 patients
(137 female and 21 male; age range, 14–66 years; mean age,
37.21 ± 11.73 years). Among them, 9 patients were younger than
20 years, 123were 20 to 40 years, and 26were older than 40 years.
Their symptoms included irregular menstruation, amenorrhea,
and lactation or sexual dysfunction. Seventy-five patients were
clinically positive, and 83 were clinically negative.

Lesion Detection Ability
In group 1 (DCE MRI), 63 of the 158 patients (39.9%) were

radiologically positive and 95 (60.1%) radiologically negative or
suspected, including 27 false-positive and 39 false-negative diag-
noses. In group 2 (T2WVISTA images), 36 patients (22.7%) were
radiologically positive and 122 (77.2%) radiologically negative or
suspected, including 2 false-positive and 41 false-negative diagno-
ses. Seventy patients (44.3%) in the combination group were ra-
diologically positive, and 88 (55.7%) were radiologically negative
or suspected, including 11 false-positive and 6 false-negative diag-
noses. The group 3 (combination group) detected 28 more true-
positive microadenomas than group 1 (Table 2). Among them,
20 lesions were negative on DCE MRI but clearly observed on
the contrast-enhanced T2W VISTA images. Interestingly, 85%
of these lesions (17 of 20) included a cystic component in the ad-
enoma that showed a significant hypersignal intensity on the T2W
VISTA images (Figs. 2, 3). The signal intensity features of all se-
quences in the combination group for the 75 clinically positive pa-
tients are shown in Table 3.
www.jcat.org 117
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TABLE 2. Comparative of Imaging and Clinical Results of the 3 MRI Groups

MRI Clinical Positive Clinical Negative Total Sensitivity Specificity PPV NPV Diagnostic Accuracy

DCE 48.0% 67.5% 57.1% 58.9% 58.2%
°Positive 36 27 63
°Negative/suspicious 39 56 95
°Total 75 83 158
VISTA 45.3% 97.6% 97.2% 66.4% 72.7%
°Positive 34 2 36
°Negative/suspicious 41 81 122
°Total 75 83 158
DCE + VISTA 85.3% 92.7% 91.4% 87.5% 89.2%
°Positive 64 6 70
°Negative/suspicious 11 77 88
°Total 75 83 158
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The combination of DCE MRI and contrast-enhanced 3D
T2W VISTA sequence showed a higher sensitivity (85.3%) and
diagnostic accuracy (89.2%) for tumor detection. Contrast-
enhanced 3D T2W VISTA alone showed high specificity
(97.6%) but low sensitivity (45.3%; Table 2). The combination
and DCE MRI groups differed significantly in their diagnostic
accuracy (P < 0.01).

Eleven clinically positive patients underwent transsphenoidal
pituitary surgery by the same experienced neurosurgeon. The im-
aging and surgical findings of these patients are shown in Supple-
mental Table S1, http://links.lww.com/RCT/A126. Nine of the 11
FIGURE 2. A, Coronal pre-enhanced T1WI image. B, Coronal pre-enhan
sequence image. The adenoma is on the right side of the pituitary. The ob
the contrast-enhanced T2W VISTA sequence image (D).

118 www.jcat.org
patients were positive on DCEMRI, and 8 of 11 were positive on
T2W VISTA. All 11 patients showed distinct lesions in the pitui-
tary before surgery when assessed by the combined sequences. In
other words, 2 of 11 patients (18%) benefited from adding the 3D
T2W VISTA sequence to demonstrate their lesions. The surgeon
located and removed the adenomas during the surgery in all pa-
tients. The surgical findings were confirmed by histopathology.
Because we had no pathologically negative cases, only the sensi-
tivity of the sequence groups was calculated. The comparative sta-
tistics between the groups based on the surgical results are shown
in Table 4.
ced T2WI image. C, DCE MRI. D, Contrast-enhanced T2W VISTA
scure lesion seen on the DCEMRI image (C) is clearly displayed on

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 3. A, Coronal pre-enhanced T1WI image. B, Coronal pre-enhanced T2WI image. C, DCE MRI. D, Contrast-enhanced T2W VISTA
sequence image. The adenoma is on the right side of the pituitary. No lesion is seen on the DCE MRI image (C), while a lesion is clearly
displayed on the contrast-enhanced T2W VISTA sequence image (D).
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“Hypointense Rim” Sign Around the Adenomas
We observed a hypointense rim (complete or incomplete)

around the lesions of 65.7% of the radiologically positive patients
(46 of 70) when assessed on contrast-enhanced 3D T2W VISTA
images. Of them, 11 patients underwent surgery. The hypointense
rim was histopathologically confirmed as a pseudocapsular struc-
ture around the edge of the adenoma. Compressed dense reticular
fibers of the pseudo capsule were observed in the histopathologi-
cal sections, rich in capillary and connective tissue networks in the
“rim” area. Only 16.6% of the negative cases (3 of 18) considered
as a pituitary cyst rather than adenoma showed hypointense rims
on the 3D T2W VISTA images (Figs. 4, 5).

DISCUSSION
We have highlighted in this study the value of contrast-

enhanced 3D VISTA sequence for prolactinoma diagnosis. The
TABLE 3. Imaging Features of the 75 Clinical Positive Cases in Com

MRI Hyp

3D-T2W VISTA

Hyper(cystic)signal intensity
Isosignal intensity

Hyposignal intensity
Total

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
combination of 3DVISTA and DCEMRI could detect more pitu-
itary microadenomas than DCE MRI. The diagnostic accuracy of
adenoma improved from 58.2% to 89.2% after adding the 3D
VISTA sequence. Accurate pituitary microadenoma MRI evalua-
tion could help clinical decision making concerning patients with
hyperprolactinemia. Although some studies used transsphenoidal
surgery for prolactin-secreting microadenomas,21 dopamine ago-
nists are still the first-line treatment for these lesions.22,23 Before
initiating medical treatment, clear detection of the pituitary lesion
on MRI could benefit patients with hyperprolactinemia in several
ways: (1) confirmation of prolactinoma diagnosis requires labora-
tory evidence of sustained hyperprolactinemia and radiographic
evidence of a pituitary adenoma. The accurate presentation of a pi-
tuitary lesion on the MRI helps in the differential diagnosis of
prolactinoma and other nonadenoma hyperprolactinemia causes;
(2) distinct lesion manifestation would help monitor drug treat-
ment effects. A decrease in prolactin levels while taking a
bination Group

DCE

oenhancement Isoenhancement Total

17 (22.7%) 17 (22.7%) 34 (45.3%)
23 (30.7%) 11 (14.7%) 34 (45.3%)
4 (5.3%) 3 (4.0%) 7 (9.3%)
44 (58.6%) 31 (41.3%) 75 (100%)
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TABLE 4. Comparative of Sensitivity of the 3 MRI Groups in 11
Surgical Patients

MRI
Pathologically

Positive
Pathologically

Negative Sensitivity

DCE 81.8%
°Positive 9 0
°Negative/suspicious 2 0
°Total 11 0
VISTA 72.7%
°Positive 8 0
°Negative/suspicious 3 0
°Total 11 0
DCE + VISTA 100%
°Positive 11 0
°Negative/suspicious 0 0
°Total 11 0
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dopamine agonist is usually accompanied by considerable tumor
shrinkage. Repeated MRI could be performed regularly for con-
tinued monitoring.3 Furthermore, it was reported that the hetero-
geneity of prolactinoma T2 signal during diagnosis might be cor-
related with the clinical behavior and could be used as a negative
predictor of hormonal response to dopamine agonists24; (3) higher
confidence in the lesion localization could help surgeons in better
surgical planning, avoiding unnecessary pituitary exploration, and
enabling a better understanding of the relationship between the tu-
mor and surrounding tissues (eg, cavernous sinus, posterior pitui-
tary, and the pituitary stalk).25

Various modifications of the MRI techniques have been
attempted to improve pituitary microadenoma localization. Dy-
namic contrast-enhanced MRI is already widely used.7,8 This
FIGURE 4. Two cases of histopathologically confirmed “hypointense rim
images. Both tumors were on the left side of the pituitary. The hypointe
General pathology of pituitary adenoma after surgery. C and G, HE stain
magnification). D, Reticular staining of the dense capillary and connectiv
adenomas (�100 magnification). HE, hematoxylin and eosin.
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approach refers to the acquisition of MR images within seconds
after gadolinium injection. Such images show the best contrast
to tell microadenoma from normal pituitary tissue. However, dy-
namic imaging might generate blurring and technical artifacts that
could be interpreted as microadenoma,10 and approximately 10%
to 20% of the general population have nonfunctional pituitary
microadenoma or small benign cysts. These could also complicate
the differential diagnosis.2,26

Recently, some studies reported the successful use of the
T2WI SPACE imaging sequence to diagnose small pituitary gland
lesions, improving the detection rate and diagnostic confidence.20

Wang et al19 found that the T2WI SPACE sequence generated sig-
nificantly better images than routine MRI in terms of the pituitary
gland boundary, definition of pituitary lesions, and overall image
quality. VISTA (by Philips) and SPACE (by Siemens) are both
TSE 3D sequences, using variable flip angles for refocusing in-
stead of the conventional 180-degree refocusing pulse.27,28 Both
sequences could offer isotropic thin-section imaging with fewer
susceptibility artifacts. Each MRI manufacturer has its unique de-
sign characterized by choice of variable flip angles and refocusing
pulses. We believe that the results in SPACE studies could be gen-
eralized to VISTA. We still focused on detecting pituitary
microlesions in this study, but with some experimental design op-
timizations. The major limitation of the previous studies was that
lesion assessments were only based on MRI, without confirma-
tion through the clinical data (hormone level/pathology results).
Hence, they only compared the lesion detection rate between
T1-SE and SPACE images without diagnose sensitivity and spec-
ificity. Furthermore, previous studies included all patients with
clinically suspected pituitary abnormalities (hyperprolactinemia,
acromegaly, hypogonadism, vision loss, or menstrual disorder),
without subdivision for the adenoma type. However, it is well
known that different adenoma types could manifest different im-
aging characteristics on MRI, which might lead to the difference
in diagnostic efficacy of pituitary microlesions on T2-SPACE/
s” on the VISTA images. A and E, Contrast-enhanced T2W VISTA
nse rim was observed around the tumors (white arrows). B and F,
ing of the tumor capsules (black arrows) and adenomas (�40
e tissue network (circles) in the tumor pseudocapsules around the

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 5. A, Coronal pre-enhanced T1WI image. B, Coronal pre-enhanced T2WI image. C, DCE MRI. D, Contrast-enhanced T2W VISTA
sequence image. This clinically negative case was diagnosed as having a nontumor lesion (cyst) with an image feature of eccentric bulging
(arrow). The lesion did not show the hypointense rim sign.
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VISTA images. We focused on prolactinoma, the most prevalent
pituitary tumor type. More than 90% of prolactinomas are small,
intrasellar tumors. Besides, we combined clinical data with the ra-
diological assessment and used the prolactin level as the standard
to determine the sensitivity, specificity, and diagnostic accuracy of
the T2W VISTA.

The lesion signal intensity on the T2WVISTA sequence was
complex and included low, high, iso-, and mixed-signal intensi-
ties. The signal characteristics of T2W VISTA sequence imaging
are related to various features of these lesions. Almost half of the
prolactinoma lesions (45.3%) in our study showed hypersignal in-
tensity or contained a cystic component on the VISTA sequence.
Very few of them (9.3%) showed a hyposignal intensity. The
VISTA + DCE MRI sequences in this study detected 28
microadenomas more than DCE MRI. Among them, 20 lesions
(85%) showed no significant evidence of adenoma on the DCE
MRI but presented a cystic component (significant hypersignal in-
tensity) on the T2W VISTA images. According to the imaging
characteristics of contrast-enhanced T2W VISTA, the high-
signal signs were not the pituitary adenoma but its cystic part. Be-
cause of paramagnetism of the contrast agent, the T1 and T2 relax-
ation times of normal pituitary tissue and pituitary adenoma were
reduced simultaneously in the T2WVISTA sequence.29 A shorter
T2 relaxation time means a lower signal intensity of the pituitary
tissue. Because the cystic region of the adenoma contains no con-
trast agent, the effect of shortening the T2 relaxation time cannot
be seen in the cystic region. Therefore, the cystic part of the pitu-
itary adenoma shows very good contrast on the contrast-enhanced
3D VISTA images. The hypersignal intensity of adenoma on
© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
VISTA could increase the radiologists' confidence in detecting pi-
tuitary microlesions. In some cases, it could be the key diagnostic
point. However, 45.3% of the lesions appeared with isointensity,
which means that they were radiologically negative on T2W
VISTA images. This led to a high rate of false-negative cases in
the T2W VISTA sequence alone group. Therefore, pituitary
microadenoma diagnosis cannot be achieved by the T2W VISTA
sequence alone. Rather, a combination of DCEMRI and contrast-
enhanced T2W VISTA sequence is required.

We found in this study that 64.9% of the clinically positive
patients showed a hypointense rim (complete or incomplete)
around the lesions on the contrast-enhanced T2W VISTA se-
quence. This rim was absent in nontumor lesions (cysts). Among
thosewith the rim, 8 patients underwent surgery, and the patholog-
ical examination confirmed that the lesions were prolactin-
secreting pituitary adenomas. The pathological sections showed
compressed, dense reticular fibers forming pseudocapsules, rich
in capillaries and connective tissue networks, around the edge of
the adenomas. Therefore, we speculate that the low linear signal
around the tumor was a fibrous pseudocapsular structure. Park
et al30 reported that this hypointense rim sign on T2WI was more
common with pituitary adenomas than Rathke cleft cysts but pro-
vided no pathological explanation. This finding could potentially
help differentiate adenomas from cysts. However, the number of
pathologically confirmed cases was small, so more studies are
needed to confirm it.

Because surgery is not the first line of treatment for
prolactin-secreting pituitary adenoma, most cases presented no
histological data to confirm the diagnosis. Instead, prolactin level
www.jcat.org 121
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(100 μg/L) was used as the clinical diagnostic criterion. The mag-
nitude of prolactin elevation can be useful in determining the eti-
ology of hyperprolactinemia because the highest values are ob-
served in patients with prolactinomas.31,32 In general, serum pro-
lactin levels parallel adenoma size. Although the number varies in
different studies, most patients with prolactin levels over 100 to
150 μg/L (4–5 times higher than the normal values) will have a
prolactinoma.25,33,34 Macroadenomas are typically associated with
levels of over 250 μg/L. Venipuncture stress may cause an elevation
in the prolactin level, but it is usually mild (<40–60 μg/L). Most pa-
tients with stalk dysfunction, drug-induced hyperprolactinemia, or
systemic diseases present with prolactin levels less than 100 μg/L.
However, in a few cases, such values are not absolute. Secondary
causes of hyperprolactinemia should carefully be ruled out. In ad-
dition, further investigationswith more pathologic confirmed case
and a longer-term follow-up are needed to obtain more
accurate data.

One limitation of this study was that we did not include the
3D SGE sequence because of incomplete imaging data in this
group of patients. Further study is expected to explore the ade-
noma detection capacity of a 3D SGE plus VISTA sequence.
CONCLUSIONS
The 3D T2W VISTA sequence is an important supplement to

DCEMRI for patients with hyperprolactinemia because the combi-
nation could improve the detection rate of pituitary microadenoma.
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