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Abstract

Background: Magnetic resonance imaging (MRI) has become the most important radiological procedure for diagnosing and following
pituitary tumors. But previous MRI studies on pituitary adenomas are mainly focused on the posterior pituitary. Few research has been
done on residual normal pituitary tissue before and after transsphenoidal surgery. This retrospective cohort study investigates the pre-
and postoperative magnetic resonance imaging characteristics of normal pituitary tissues regarding transsphenoidal resection of pituitary
macroadenomas. Methods: Pre- and postoperative magnetic resonance imaging scanning of 112 consecutive pituitary macroadenoma
patients who underwent tumor resection via transsphenoidal approach was performed, and their medical records were studied. Results:
On preoperative MRI, 66 cases of pituitary stalks were identifiable, 9 of them were roughly in the middle, and 57 cases showed left or
right deviation, with the angle between pituitary stalks and the sagittal plane was 5.32°-64.05° (average 21.65°). Among the 57 patients
with preoperative pituitary stalk deviation, 55 of the pituitary stalk deviations improved in 1 week after surgery, and 30 cases were almost
in the middle in 4-6 months after operation, with the other cases get better in varying degrees. The diameter of pituitary stalk was 1.08—
3.89 mm (mean 2.36 mm) in pre-operation, and 1.29-3.43 mm (mean 2.30 mm) in 4-6 months after operation. The length of pituitary
stalk was 1.41-11.74 mm (mean 6.12 mm) preoperatively, 3.61-11.63 mm (mean 6.93 mm) early postoperatively, and 5.37-17.57 mm
(mean 8.83 mm) in 4-6 months after operation. Pituitary stalk was thickened or compressed on preoperative MR images, and gradually
recovered to normal during postoperative period. It tended to be in the middle position and its length increased gradually until 4-6 months
after operation. On preoperative MRI, 69 out of 112 patients showed residual pituitary tissues (RPT)(+) on enhanced MRI. RPT were
likely located above the adenomas in somatotroph adenoma patients. Morphological restitution of postoperative normal pituitary tissues
was better in lateral displacement than in superior or superolateral patterns on preoperative magnetic resonance imaging. Postoperative
normal pituitary tissues usually subsided directly in superior displacement pattern on preoperative MRI, while were likely to be confined
in the lateral side in lateral and superolateral displacement patients. Postoperative morphologic remodeling grade of RPT was positively
correlated with the maximum diameter of pituitary adenoma (p = 0.000), but not with age. Conclusions:The larger the tumor diameter,
the worse the pituitary morphological recovery after tumor resection. Relative locations of normal pituitary and adenoma tissues may be
related to adenoma type and may affect postoperative reconstruction of residual normal pituitary tissues. These findings enable surgeons
to distinguish pituitary tissue from residual or recurring tumor tissue on postoperative magnetic resonance imaging.
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1. Introduction totroph, somatotroph and thyrotroph (PIT-1 lineage), corti-

cotroph (T-PIT lineage) or gonadotroph (SF-1 lineage), null

Pituitary adenomas (PAs) account for 10%—-25% of all
intracranial neoplasms, have different morphology and ex-
pansion directions, and about 35% are invasive [1,2]. PAs
usually originate from the anterior pituitary gland (adeno-
hypophysis). The adenohypophyseal tumors are recently
renamed pituitary neuroendocrine tumors (PitNET), which
may present various behaviors, such as invasive, aggres-
sive and malignant with metastases. They are classified
into seven morphofunctional types and three lineages: lac-

cell or immunonegative tumor and plurihormonal tumors
[3]. The World Health Organization (WHO) 2017 classifi-
cation of PitNET is mostly based on immunohistochemistry
for pituitary hormones, pituitary-specific transcription fac-
tors, and other immunohistochemical markers commonly
used in pathology practice [4,5].

Transsphenoidal surgery remains the first-line ap-
proach for most PAs (except for prolactinoma) resection
because of its minimal invasiveness and low morbidity [6].

Copyright: © 2023 The Author(s). Published by IMR Press.
BY This is an open access article under the CC BY 4.0 license.

Publisher’s Note: IMR Press stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://www.imrpress.com/journal/JIN
https://doi.org/10.31083/j.jin2205107
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

The most frequent complications associated with transsphe-
noidal pituitary surgery are normal pituitary tissue damage
and cerebrospinal fluid leakage, leading to partial or com-
plete insufficiency of one or more hormonal axes (hypopi-
tuitarism) [7]. PAs originate from the adenohypophysis and
combine with the normal pituitary tissue by deformation
and displacement. The average adult gland measures 6 mm
superior-inferior X 9 mm anteroposterior X 13 mm medio-
lateral and weighs 0.6 grams [8,9]. Magnetic resonance
imaging (MRI), especially gadolinium-enhanced MRI, has
become the definitive radiological procedure for diagnos-
ing and following pituitary tumors. It provides a detailed
anatomic view of the sellar region [10]. The residual ade-
nomas and normal pituitary parenchyma can be well recog-
nized on MRI [11].

However, few reports have investigated the pre-and
post-operative MRI appearance of the normal pituitary tis-
sues in patients with pituitary macroadenomas, including
size, shape, location, and its clinical correlation [12]. The
normal pituitary tissues, including adenohypophysis and
neurohypophysis, can be identified easily on MRI TI-
weighted images (T1WI) in healthy adults or microade-
noma patients [13]. Previous studies are mainly focused on
the posterior pituitary [14,15]. Our previous studies suggest
that neurohypophysis exhibits high signal intensity on MRI
T1WI, related to the neuro-secretory granules containing
antidiuretic hormone (ADH). As central diabetes insipidus
(DI) is characterized by reducing ADH release, this entity
may be reflected by reducing the posterior pituitary bright
spot (PBBS) signal [16,17].

The purpose of this work was to investigate the pre-
and postoperative magnetic resonance imaging of normal
pituitary tissues in the context of transsphenoidal resec-
tion of pituitary macroadenomas. The morphology and
remodeling of residual normal pituitary tissues follow-
ing transsphenoidal resection were observed on contrast-
enhanced MRI, and their relationship with PAs was ana-
lyzed. The appearance of pituitary stalk was also analyzed
as well as its clinical significance.

2. Materials and Methods
2.1 Patients

A total of 112 patients (58 males and 54 females;
age range 23-75 years; mean age at surgery 45 years) be-
tween September 2013 and September 2018 were retrospec-
tively studied. Their data regarding PA characteristics are
shown in Table 1. During this period, 335 patients diag-
nosed with PA were treated. Still, only those who met the
following criteria were included in the study: (i) surgery
via a transsphenoidal approach for pituitary macroadeno-
mas (diameter >10 mm) with pathological confirmation,
(ii) adequate MRI preoperatively and postoperatively (4th
to 6th month after surgery), (iii) adequately available clini-
cal and endocrinological data. The exclusion criteria were:
(i) patients who received repeated surgery, (ii) preoperative

Table 1. Characteristics of the 112 cases with pituitary

adenoma.
No. (n) Percentage (%)

Gender

Male 58 51.8%

Female 54 48.2%
Tumor immunohistochemistry

Gonadotroph adenoma 35 31.3%

Lactotroph adenoma 18 7.1%

Somatotroph adenoma 29 25.9%

Thyrotroph adenoma 5 4.5%

Null-cell adenoma 9 8.0%

Corticotroph adenoma 7 6.2%

Plurihormonal adenomas 9 8.0%
Tumor size

<20 mm 46 41.1%

>20 mm 66 58.9%
Cavernous sinus invasion (Knosp grades)

0 grade 4 3.6%

1 grade 26 23.2%

2 grade 34 30.4%

>3 grade 48 42.8%

bromocriptine or other drugs for PAs treatment or had ra-
diotherapy history.

All patients underwent a standard microsurgical pitu-
itary adenoma resection via a transsphenoidal approach by
the corresponding author. The sellar floor was opened bilat-
erally, form a bone window of about 1.0 cm X 1.5 cm in size,
and the tumor was removed as much as possible. The nor-
mal pituitary gland was well identified, and care was taken
to minimize damage to the normal pituitary gland and pitu-
itary stalk. The tumor cavity was packed with some spon-
gia gelatinosa, and the sellar floor was reconstructed. The
inter-sellar tumor was removed in all cases operatively. In
total, 71 patients (63.4%) had total tumor resection, and 41
(36.6%) had gross-total tumor resection, which was docu-
mented on postoperative MRI.

In addition to surgery, each patient was evaluated
and treated endocrinologically. The diagnosis of DI was
made according to international guidelines [18]. In detail,
postoperative DI was defined as polyuria (urine produc-
tion >300 mL/hour for 3 h) accompanied by a urine spe-
cific gravity <1.005, which usually needs several doses of
Desmopressin for patients in the perioperative period.

The Ethics Committee approved all procedures of Fu-
jian Medical University. Written informed consent was ob-
tained from every patient.

2.2 MRI

The MRI scanning was performed with a 3.0T
magnetic resonance scanner (Tim Trio, Siemens Medi-
cal Solutions, Erlangen, Germany). T1-weighted images
(400-500/8-15, TR/TE) were obtained before and after
the Gadolinium diethylenetriaminepenta-acetic acid (Gd-
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DTPA) injection. The parameters used were as follows:
scanning field, 180 mm x 180 mm; matrix, 320 x 240;
Section thickness, 2.5 mm. GD-DTPA was used as a con-
trast agent with a dose of 0.1 mmol/kg and with a velocity
of 2 mL/s. In all patients, the axial, sagittal, and coronal
series were performed to identify the residual pituitary tis-
sues, including pituitary stalk and normal pituitary gland on
the pre-and post-gadolinium images, respectively. All the
Pre- and postoperative MRIs were evaluated independently
by at least two observers, including a neurosurgeon and
a neuroradiologist, and the data were classified ultimately
by consensus. Picture archiving and communication sys-
tem (PACS) medical imaging system (INFINITT SH Co.,
Ltd., Shanghai, China) was used to measure PA’s diame-
ter and volume and normal pituitary tissue. The “platform-
like volume calculation formula” was used to calculate tu-
mor volume in coronal enhanced TIWI [19]. On MRI plain
and enhanced scanning images, pituitary stalk was usually
crimped above the tumor, and the normal pituitary tissues
were usually located in the periphery of tumor. The width
of pituitary stalk at the superior edge of pituitary gland on
coronal enhanced TIWI was recorded as the diameter of
pituitary stalk, while the distance from the optic chiasm
plane to the upper edge of the pituitary gland on sagittal
enhanced TIWI was measured as the length of pituitary
stalk (Fig. 1). The angle of pituitary stalk deviations was
recorded on coronal TIWI with the PACS measurement
tools (Fig. 1). On enhanced MR images, the preoperative
distortion patterns of the normal pituitary tissues were clas-
sified as superior, superolateral, lateral, and inferior in loca-
tion (Fig. 2). Posterior lobe bright spots and pituitary stalk
can assist in determining the position of pituitary gland.

Fig. 1. The width, length and deviation angle of pituitary stalk
were measured with the picture archiving and communication
system (PACS) tools on enhanced magnetic resonance imaging
(MRI). (A) Diameter of pituitary stalk at the superior edge of pitu-
itary gland on coronal enhanced T1WI was recorded as its width.
(B) Distance from the optic chiasm plane to the upper edge of pitu-
itary gland on sagittal enhanced T1WI was recorded as the length
of pituitary stalk. (C) The angle between pituitary stalks and the

sagittal plane was recorded as its deviation angle.

According to the extent of postoperative morpholog-
ical restitution, Di Maio S subdivided the recovery degree
of normal residual pituitary tissue into the following four
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Fig. 2.
itary gland in pituitary macroadenoma patient on preopera-

Distortion location of the residual normal pitu-

tive coronal contrast-enhanced Magnetic resonance imaging
(MRI). (A) Lateral displacement. (B) Superior displacement. (C)
Superolateral displacement. (D) Inferior displacement. The white

arrow indicates residual normal pituitary tissues.

groups: Group 1—normal residual gland or almost normal,
Group 2—more than 50% recovery, Group 3—Iless than
50% of the normal residual gland, Group 4—little or no
residual gland [20]. In the present paper, on the postop-
erative (4th—6th month) MRI, the residual normal pituitary
glands were also divided into four groups: G1, measured
residual volume = 75-100% of adult pituitary volume; G2,
measured volume = 50-75% of adult pituitary volume; G3,
measured volume = 20-50% of adult pituitary volume; G4,
measured volume <20% of adult pituitary volume. Pitu-
itary gland volume (PGV) was calculated by summing all
voxels in the tracking region on each slice.

2.3 Pathological Examination of Tumor Tissues

Histological analysis of the surgical specimens, in-
cluding HE staining and immunohistochemistry, was per-
formed. Their data regarding histological variations are
shown in Table 2. According to the criteria published by
the World Health Organization in 2017 [4,5], the specimens
were classified into the following types: 18 cases of lac-
totroph, 29 cases of somatotroph, 5 cases of thyrotroph, 7
cases of corticotroph, 35 cases of gonadotroph, 9 cases of
null-cell, and 9 cases of plurihormonal adenomas.

2.4 Statistical Analysis

All statistical analyses were performed using SPSS
19.0 (IBM, Armonk, NY, USA) and p value less than 0.05
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Table 2. Histological variations of the 112 cases with pituitary adenoma.

Adenoma type No. (n)  Pituitary hormones and other immunomarkers Transcription factors
Gonadotroph adenoma 35 b-FSH, b-LH, a-subunit SF-1, ERa
Lactotroph adenoma 18 PRL PIT-1, ERa
Somatotroph adenoma 29 GH, £ c-subunit PIT-1
Thyrotroph adenoma 5 b-TSH, a-subunit PIT-1, GATA2
Corticotroph adenoma 7 ACTH T-PIT
Null-cell adenoma 9 No markers None
Plurihormonal adenomas 9 GH,PRL, b-TSH, + a-subunit PIT-1

Note: FSH, Follicle-stimulating Hormone; LH, Luteinizing Hormone; PRL, Prolactin; GH, Growth Hormone; TSH,
Thyrotropin-stimulating Hormone; ACTH, Adrenocorticotropic Hormone; SF-1, Steroidogenic Factor 1; ER, Es-
trogen Receptor; PIT-1, Pituitary Transcription Factor 1; GATA, GATA transcription factor.

was considered statistically significant. Quantitative data
were expressed as mean + standard deviation (SD) and ana-
lyzed with ¢-test or variance analysis. Qualitative data were
expressed by percentage and compared with the chi-square
test or Fisher’s exact test.

3. Results

3.1 Pituitary Stalk Tended to be in the Middle Position
after Operation

On preoperative MRI T1-weighted imaging, pituitary
stalk can be identified in 66 out of 112 patients. Preoper-
ative pituitary stalks were nearly centered in 9 cases, left
deviation in 25 cases, right deviation in 32 cases, with the
angle between pituitary stalk and the sagittal plane was
5.32°—64.05° (average 21.65°). Some pituitary stalks were
squeezed in “S” or “C” shape (Fig. 3). On the 1st week post-
operative MRI, the 57 patients with preoperative pituitary
stalk deviation showed deviation relieved in 55 cases, and
the angle between the pituitary stalk and the median sagit-
tal plane was reduced to 6.66°-36.10° (average 16.58°).
Moreover, on the 4th—6th month postoperative MRI, the an-
gle was further reduced to 4.34°-25.70° (average 12.11°),
and 30 pituitary stalks were almost in the middle position.
The pituitary stalks with “S” or “C” distortion gradually re-
turned to normal after adenoma resection (Fig. 3). These
results suggest that pituitary stalks were thickened or com-
pressed on preoperative MR images, and tended to be in the
middle position after operation.

3.2 The Length of Pituitary Stalk Increased Gradually
after Operation

According to the 66 cases of recognizable pituitary
stalk on enhanced MRI, the diameter of pituitary stalk was
1.08-3.89 mm (mean 2.36 mm) in pre-operation, and 1.29—
3.43 mm (mean 2.30 mm, n = 66) in 4-6 months after
operation. The length of pituitary stalk was 1.41-11.74
mm (mean 6.12 mm) preoperatively, 3.61-11.63 mm (mean
6.93 mm) early postoperatively, and 5.37-17.57 mm (mean
8.83 mm, n = 66) in 4-6 months after operation. While
in the 46 cases of pituitary stalk cannot being clearly dis-
played before operation, 26 cases could be identified early

Fig. 3. Pituitary stalks were squeezed in “S” or “C” shape
preoperatively and showed deviation relieved after transsphe-
noidal pituitary adenoma resection. (A) Preoperatively and
(B) 1st week postoperatively and (C) 6th month postoperatively,
Coronal contrast-enhanced T1WI of gonadotroph adenoma with
the pituitary stalk squeezed in “S” shape. (D) Preoperatively and
(E) 1st week postoperatively and (F) 6th month postoperatively,
Coronal contrast-enhanced T1WI of somatotroph adenoma with
the pituitary stalk squeezed in “C” shape. The white arrow indi-
cates pituitary stalks.

after operation, and 40 cases could be identified on the 4th—
6th month postoperative MRI, with the length of pituitary
stalk from 2.73—11.64 mm (mean 6.69 mm, n=26)to 5.13—
12.79 mm (mean 9.14 mm, n = 40). These results showed
that there was no statistically significant difference in the
diameter of the pituitary stalk between preoperative and 4-
6 months after operation (p = 0.616), while the length of
pituitary stalk was longer in the 4-6 months after operation
period (p = 0.000) (Table 3). The pituitary stalks presented
no obvious change in their diameters, while their length ex-
tended gradually during postoperative period.

3.3 Most of the Patients with PPBS(+) were still Positive
after Operation

On preoperative MRI, 88 out of 112 patients showed
PPBS(+) on T1WI (78.6%). Nine of these PPBS(+) pa-
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Table 3. Diameter and length of pituitary stalk in 66 patients
with pituitary adenoma pre- and 4th—6th month

postoperation.
Diameter (mm) Length (mm)
Pre-operation 2.36 + 0.83 6.12 +2.21
Post-operation 2.30 £ 0.50 8.83 £2.38
t 0.503 6.778
)4 0.616 0.000

Note: The diameter of pituitary stalk was not differ-
ent pre- and 4—6 months after pituitary adenoma surgery
(Independent Samples ¢ Test, t =0.503, p=0.616), while
the length of pituitary stalk was significantly different
statistically (Independent Samples ¢ Test, t = 6.778, p =
0.000).

Table 4. Correlation analysis of PPBS and postoperative
diabetes insipidus.
PPBS(+) PPBS(-) x2 p

Postoperative diabetes insipidus

G 12 7
-) 76 17
Note: The incidence of postoperative diabetes insipidus was
not different statistically between PPBS(+) group and PPBS(-)
group. Chi Square Test, x2 = 3.229, p = 0.072.

3.229 0.072

tients had PPBS(-) at one week postoperatively, and still
65 cases presented PPBS(+) in 4—-6 months after operation.
In these cases, some PPBS are ectopic to the lower part of
the pituitary stalk due to tumor influence (Fig. 4). While
on the postoperative MRI, PPBS can be enlarged or disap-
peared (Fig. 4). These results indicate that PPBS(+) may
persisted preoperatively and postoperatively in most cases,
and only disappeared in a few cases. In all cases, 24 pa-
tients (21.43%) developed postoperative diabetes insipidus
in one week after operation, all of them were transient dia-
betes insipidus and improved by deammoniacal vasopressin
treatment, no permanent diabetes insipidus. The incidence
of postoperative diabetes insipidus was higher in PPBS(-)
group (29.2%) than in PPBS(+) group (13.6%) in the early
postoperative period, but the difference was not statistically
significant (x2 = 3.229, p = 0.072) (Table 4). These results
showed that there was no significant correlation between
PPBS(+) on 1-week postoperative MRI and postoperative
diabetes insipidus.

3.4 Immunohistochemical Types of PA Affect the Presence
of Residual Pituitary Tissues (RPT) on Preoperative MRI

On preoperative MRI, TIWI and contrast-enhanced
MRI was employed to identify the RPT, and 69 out of 112
patients showed RPT(+) on enhanced MRI. As documented
on MRI, the position of RPT relative to PA was found su-
perior in 29 cases, lateral in 30 cases, and superolateral
in 10 cases. To examine the relationship between RPT
location and immunohistochemical types, the 69 patients
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Fig. 4. Changes of Posterior pituitary bright spots (PPBS) af-
ter transsphenoidal tumor resection in patients with pituitary
adenoma on sagittal MRI-T1WI. (A) Preoperatively and (B)
3-day postoperatively and (C) 4th month postoperatively, male,
47 years old, PPBS persisted and its signal intensity decreased
slightly after operation. Posterior lobe of pituitary gland de-
scended to the sellar bottom, lying in the posterior part of sellar
bottom. No high signal was found in the pituitary stalk. The pa-
tient had no postoperative diabetes insipidus. The white arrow
indicates PPBS. (D) Preoperatively and (E) 2-day postoperatively
and (F) 5th month postoperatively, Female, 34 years old, PPBS(+)
was obvious preoperatively, and disappeared after operation. The
signal of pituitary stalk was higher than normal, which show that
the antidiuretic hormone might storage in pituitary stalk replaced
posterior pituitary. The patient had postoperative transient dia-
betes insipidus for 3 days and urine output for 4000 mL/days (The
white arrow indicates PPBS and pituitary stalk).

with RPT(+) on preoperative MRI were classified into go-
nadotroph adenoma (26 cases), somatotroph adenoma (21
cases), lactotroph adenoma (12 cases), corticotroph ade-
noma (5 cases), and null-cell adenoma (5 cases). The data
showed that RPT tended to be above the tumor in soma-
totroph adenoma (Fig. 3). While in gonadotroph adenoma
patients, RPT was more likely to be located on one side of
the tumor (Fig. 3). It was found that 16 out of the 21 soma-
totroph adenomas had RPT superior and superolateral dis-
placement (76.2%), which was significantly different from
that among the 26 gonadotroph adenoma cases (12 cases;
46.1%) (x% = 4.352, p = 0.037) (Table 5). These results
suggest that somatotroph adenomas tend to push RPT to the
suprasellar direction, while gonadotroph adenoma tend to
push RPT to the lateral direction (parasellar).

3.5 RPT Subjected to Lateral Displacement Preoperatively
is Usually Better Morphologically Remodeled after
Operation according to MRI

To explore the relationship between RPT location on
preoperative MRI and postoperative pituitary recovery of
the 69 patients who showed RPT(+) on preoperative en-


https://www.imrpress.com

Table 5. Preoperative residual pituitary tissues (RPT) displacement on MRI and immunohistochemistry in 69 cases of pituitary

adenoma.
Location of normal pituitary ~ Somatotroph ~ Lactotroph  Corticotroph ~ Gonadotroph ~ Null-cell adenoma  Total
Lateral 5 6 3 14 2 30
Superior 13 5 2 8 1 29
Superio-lateral 3 1 0 4 2 10

Table 6. Relationship between pituitary displacement on
preoperative MRI and postoperative recovery of 65 patients.

Table 7. Correlation analysis of RPT recovery and patient

and adenoma characteristics.

Pituitary location Gl G2 G3 G4 Total
Lateral 13 13 3 1 30
Superior 7 11 6 4 28
Superio-lateral 4 2 3 2 11

Note: G1, measured residual volume = 75-100% of adult pi-
tuitary volume; G2, measured volume = 50-75% of adult pi-
tuitary volume; G3, measured volume = 20-50% of adult pi-
tuitary volume; G4, measured volume <20% of adult pituitary
volume.

hanced MRI, normal pituitary tissue recovery status af-
ter surgery was followed. All 69 patients showed visible
normal pituitary tissues in T1WI before and after surgery.
Among the 69 patients, postoperative pituitary volume was
recovered in 24 cases of G1, 26 cases of G2, 12 cases of
G3, and 7 cases of G4. For G1 and G2, 26 cases were of
lateral type (52%), 18 cases were of superior type (36%),
and 6 cases were of superolateral type (12%), with signifi-
cant differences among the 3 types (p = 0. 032) (Table 6).
Moreover, morphological restitution of postoperative nor-
mal pituitary tissues was better in lateral displacement than
in superior or superolateral patterns on preoperative mag-
netic resonance imaging. Postoperative RPT usually sub-
sided directly in superior displacement pattern on preoper-
ative MRI, while were mostly confined in the lateral side in
lateral and superolateral displacement patients. These re-
sults indicate that the lateral type of pituitary usually has
the best recovery on MRI.

3.6 The Larger Diameter of Pituitary Adenoma Resulted in
a Worse Volume Recovery of RPT after Operation

To determine how RPT postoperative recovery is re-
lated to adenoma diameter, tumor resection, we examined
the adenomas from all 112 patients. As documented in the
Table 7, postoperative pituitary volume was good recovered
in 50 cases (G1 and G2), poor recovered in 62 cases (G3
and G4). Postoperative morphologic remodeling grade of
RPT was positively correlated with the maximum diameter
of pituitary adenoma (p = 0.000), but not with age or gender.
The larger the diameter of pituitary adenoma, the worse the
postoperative RPT morphological remodeling grade, that is,
the worse the postoperative pituitary morphological recov-
ery (Fig. 5). All subjects were followed up for 4 months
to 5 years. MRI showed that total resection was achieved

GlandG2 G3and G4 x2 p

Gender

Male 28 30

Female 22 32 0.374 0.541
Age (years)

<40 17 19

>40 33 43 0.143 0.706
Tumor diameter (cm)

1.0~2.0 34 5

2.0~3.0 13 24

>3.0 3 33 49.112 0.000
Tumor total resection on MRI

) 37 24

) 13 38 13.899 0.002

Note: Between group G1+G2 and group G3+G4, postoperative mor-
phologic remodeling grade of RPT was positively correlated with the
maximum diameter of pituitary adenoma (p = 0.000) and the tumor
total resection on MRI (p = 0.002), but not with age or gender (p >
0.05). Difference tests: For gender; age; tumor total resection on
MRI, Chi Square Test, (x?); For tumor diameter, Wilcoxon 2 Re-
lated Samples Test.

in 71 cases (63.4%), 41 cases (36.6%) had residual tumors,
including 29 cases of cavernous sinus, 10 cases of suprasel-
lar sinus and 2 cases of cavernous sinus and suprasellar si-
nus. The inter-sellar tumor was removed in all cases oper-
atively. Complete resection was achieved in all cases with-
out suprasellar extension or cavernous sinus invasion. The
primary cause of tumor remains was invasion of the cav-
ernous sinus, followed by suprasellar expansion. The pa-
tients with residual tumor were treated with stereotactic ra-
diotherapy and drug after operation. After four months and
~3 years follow-up, the volume of residual tumor decreased
gradually or had no obvious change. Furthermore, there
was significant correlation between the degree of postoper-
ative RPT recovery and the total tumor resection rate.

4. Discussion

Until now, MRI studies of pituitary adenomas have
mainly focused on the preoperative diagnosis and evalua-
tion of the extent of tumor resection, while few studies of
normal structures such as pituitary stalks and residual pi-
tuitary tissues have been done [20-22]. In this study, MRI
features of pituitary stalk and residual pituitary tissue before
and after transsphenoidal surgery were analyzed, and some

&% IMR Press


https://www.imrpress.com

12.40mm

26.15mm

i

&

13.12mm

Fig. 5. The postoperative recovery of normal pituitary tis-
sues in patients with pituitary adenoma on coronal contrast-
enhanced images of TIWI. (A) Preoperatively and (B) 1-week
postoperatively and (C) 4th month postoperatively, Female, 43
years old, RPT was attached to the medial wall of the right cav-
ernous sinus before operation. Pituitary morphology recovered
obviously in the early post-operation, with the grade G3 of pi-
tuitary volume recovery in 4th month after operation (The white
arrow indicates RPT). (D) Preoperatively and (E) 1-week postop-
eratively and (F) 5th month postoperatively, male, 47 years old,
the pituitary gland was located on the right side of pituitary fossa
in inverted triangle before operation. Pituitary morphology got a
good recovery with grade G1 type in Sth month after operation.

significant results were observed. As we all know, pituitary
stalk connects hypothalamus to the pituitary gland and plays
an important role in maintaining the normal physiological
function of the pituitary gland [23,24]. In pituitary adenoma
patients, pituitary stalk maybe relatively thickened or com-
pressed by the pituitary adenomas, and even be curled up
into “C” or “S” type, some of which are indistinguishable
from the saddle diaphragm. The pituitary stalk is thinned,
deflected and pulled by the tumor, which may affect the
blood supply of the pituitary portal system and thus change
the pituitary function. Furthermore, surgery or tumor re-
section can also cause traction or change in position of the
pituitary stalk, thus affecting the function of pituitary stalk,
resulting in postoperative complications, such as postoper-
ative diabetes insipidus.

As documented in this paper, pituitary stalk was thick-
ened or compressed on preoperative MR images, and grad-
ually recovered to normal during postoperative period. It
tended to be in the middle position and its length increased
gradually until 4-6 months after operation. Among the
57 patients with preoperative pituitary stalk deviation, 55
of the pituitary stalk deviations recovered in 1 week after
surgery, and 30 cases were almost in the middle in 4-6
months after operation, with the other cases get better in
varying degrees. These results showed that the pituitary
stalk tended to recover to the middle position after pituitary
adenoma operation. After operation, the sellar septum de-
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scended, the pituitary stalk was relieved of compression, the
diameter of pituitary stalk returned to a relatively normal
state, and the pituitary stalk curled up and bent out gradu-
ally. Of course, excessive tamponade of the intrasellar lu-
men during the operation may result in more pronounced
ascending displacement of the pituitary stalk in the early
postoperative period. But generally, 4-6 months after the
operation, after the absorption of gelatin sponge and effu-
sion, the sellar septum was further decreased, and the pitu-
itary stalk was gradually prolonged and recovered to be in
the middle.

The posterior pituitary is usually hyperintense on
T1WI, commonly referred to as the “posterior pituitary
bright spot, PPBS”, which is currently considered to be a
short T1 signal of arginine vasopressin stored in the pos-
terior pituitary [14,15]. As tumor compression releases af-
ter operation, some cases of PPBS(—) on preoperative MRI
may show postoperative PPBS(+). It reflects the rebuild-
ing of the neurohypophysis pathway and recovery of pos-
terior pituitary function. To some extent, the signal inten-
sity of neurohypophysis is related to the compression that
it receives. The signal intensity of PPBS may also be asso-
ciated with the amount of ADH stored in the posterior pi-
tuitary. Higher compression may reduce the transportation
and storage of ADH in neurohypophysis [25].

Preoperative diabetes insipidus is rare in patients with
PA [26]. The incidence of postoperative DI is 21.4%,
consistent with the reported incidence of 0.5-25% in PAs
[26,27]. As reported in the literature, the absence of hy-
perintensity in the posterior pituitary may be correlated
with postoperative DI [28]. However, some patients with
PPBS(-) do not develop DI, some patients with idiopathic
DI still have PPBS(+), which leads to doubts about using
the absence of PPBS as the diagnostic criterion for central
DI [29]. Patients without pre-operative PPBS had a higher
incidence of postoperative DI, suggesting preexisting pos-
terior pituitary dysfunction. In general, because postoper-
ative diabetes insipidus may be related to the disorder of
antidiuretic hormone secretion and storage, we should pay
more attention to the protection of the pituitary stalk and
posterior lobe during surgery. As we all know, pituitary
stalk is composed of the blood vessels and the axons of the
large neurons in the hypothalamic nucleus. The axons have
no perineuria and adventitia, and may be damaged or even
broken during the pull-down process accompanied by di-
aphragm subsidence, resulting in the failure of ADH to pass
down through the pituitary stalk, showed with diabetes in-
sipidus and water-electrolyte disturbance.

Zada et al. [30] showed that growth hormone-
secreting adenomas tend to grow below the sella, and non-
functioning PAs tend to extend above the sella. Di Maio S
et al. [20] studied 79 cases of MRI of PAs before surgery
and classified the displacement of residual normal pituitary
tissue as superior, superolateral or lateral in location. How-
ever, these authors did not find any statistically significant
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difference between these preoperative normal pituitary tis-
sue locations and tumor types. We found that the location
of normal pituitary tissue on preoperative MRI was signif-
icantly different between patients with different immuno-
histochemical types. Normal pituitary tissues were likely
located above the adenomas in somatotroph adenoma pa-
tients, while in gonadotroph adenoma patients (almost clin-
ically nonfunctioning adenoma), RPT was more likely to
be located on one side of the tumor (parasellar). This ob-
servation is consistent with the report by Zada et al. [30].
The downward growth expansion pattern of growth hor-
mone (GH) is associated with the presence of GH cells in
the anterior flank of the anterior pituitary gland, which may
explain why GH adenomas often first appear in this region
on MRI. Additionally, patients with gonadotroph adenoma
accounted for 31.2%, similar to previous findings [31,32].

In our findings, 61.6% of the 112 patients showed nor-
mal pituitary tissue on preoperative enhanced MRI, while
95% on the postoperative enhanced MRI images. This
change may be due to the re-expansion and repositioning
of normal pituitary tissues after surgery. The re-expansion
degrees are related to the size and location of adenomas.
Meyrignac et al. [33] showed that nearly all normal pitu-
itary tissues in patients with PAs of diameter more than 20
mm were pushed out of the sella. Adenomas that expand
superiorly tend to push normal pituitary tissues above the
sella. The normal pituitary tissues in about 49% of non-
functioning adenomas are pushed outside the sella due to
the large size of the tumor, and 76% of secreting adeno-
mas push the normal pituitary tissues aside outside the sella
[34]. Preoperative evaluation of cavernous sinus invasion
has an important effect on surgery and prognosis. How-
ever, the medial wall of the cavernous sinus cannot gener-
ate its image in TIWI at all times [35]. Pituitary tissues
with lateral displacement can indirectly indicate that ipsi-
lateral cavernous sinus is not affected by tumor invasion
[36] because it is unlikely that adenomas across normal pi-
tuitary tissues invade cavernous sinus. Consistent with this,
we showed that patients with lateral normal pituitary tissues
before surgery did not have ipsilateral cavernous sinus in-
vasion by tumors.

Postoperative dynamic MR imaging was used not only
for early detection of residual or recurrent pituitary adeno-
mas, but also for evaluation of postoperative RPT recov-
ery. Early postoperative MRI (1 week after operation) can
roughly judge the degree of tumor resection and provide
imaging reference for subsequent follow-up. On postop-
erative MRI, RPT showed obvious “re-tensioning”, and on
T1 enhanced imaging, the pituitary gland was obviously en-
larged. While in the 4-6 months after operation, with the
absorption of gelatin sponge, the septum sellac decreased
gradually, RPT was reshaped, and some patients could ap-
pear partial empty sellae on MRI. The residual tumor is
usually located in suprasellar or bilateral cavernous sinus,
showing low signal intensity on T1WI, high signal intensity

on T2 weighted imaging (T2WI) and weak enhancement on
T1WIL In this study, 71 patients (63.4%) underwent total
tumor resection and 41 patients (36.6%) underwent resid-
ual resection, which was approximately the same as that
reported previously [30]. The primary cause of tumor rem-
nant was the invasion of cavernous sinus, followed by the
obvious suprasellar extension of the tumor.

Understanding postoperative pituitary remodeling is
helpful to evaluate postoperative pituitary recovery. RPT
was often compressed by the tumor and was usually located
in the periphery of the tumor (continuous or discontinuous)
in a flaky manner, which can generally be distinguished on
enhanced MRI [34]. Preoperative evaluation of the RPT
location was helpful to identify and protect the normal pi-
tuitary tissue during the operation and reduce the incidence
of postoperative hypopituitarism. The pituitary stalk was
also used to help locate pituitary tissue, which has a high
signal intensity on enhanced MRI.

Our research showed that the postoperative pituitary
volume recovery was observed in most cases, and flaky
RPT may present volume enlargement in some cases even
in the early postoperative period. During postoperative
follow-up, attention should be paid to distinguish pituitary
volume recovery from residual tumors or organized tissues.
On MRI T1WI enhanced scan, normal pituitary was usu-
ally enhanced significantly, while residual tumors and orga-
nized tissues showed weak enhancement due to poor blood
supply. Di Maio S ef al. [20] suggest that the period be-
tween the 4th—6th month after surgery is ideal for evaluating
pituitary MRI, preventing the influence by postoperative tu-
mor residuals or hemostatic materials. At the early stage
after surgery, residual hemostatic materials may cover the
remaining pituitary tissues [13,37]. Our study also found
that the postoperative RPT volume recovery is not related
to the patient’s age, but negatively related to the size of the
tumor. The larger the tumor, the more difficult the post-
operative pituitary volume to recover, possibly because the
larger the pituitary tumor, the more severe the pituitary tis-
sue compression, the longer the compression time, resulting
in the postoperative pituitary morphology more difficult to
recover. Pituitary tissues with lateral location have better
recovery compared with other types. The results suggest
that suprasellar extension of PA may cause normal pituitary
tissue (adenohypophysis and neurohypophysis) to receive
more compression. Di Maio S et al. [20] showed that the
degree of pituitary morphological remodeling was related
to pituitary function after pituitary adenoma surgery.

5. Conclusions

In conclusion, our findings demonstrate that for the
first time that pituitary stalk tends to be in the middle posi-
tion and its length increased gradually until 4-6 months af-
ter operation. Somatotroph adenoma patients tend to have
normal pituitary tissues with superior and superolateral dis-
placement before surgery, while gonadotropin adenoma pa-
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tients tend to have normal pituitary tissue with lateral dis-
placement. Postoperative pituitary tissue remodeling and
volume recovery were related to tumor size. The larger the
tumor, the worse the pituitary tissue recovery.

Abbreviations

PPBS, posterior pituitary bright spot; MRI, Magnetic
resonance imaging; TIWI, T1-weighted images; ADH, an-
tidiuretic hormone; DI, diabetes insipidus; RPT, residual
pituitary tissues; PGV, Pituitary gland volume.

Availability of Data and Materials

The datasets used and/or analyzed during the current
study are available from the corresponding author on rea-
sonable request.

Author Contributions

SW conceived and designed the research study; SW,
DX, SZ, KL, LZ and LW performed the research; SZ and
DX analyzed the data; DX and SW wrote the paper. All
authors contributed to editorial changes in the manuscript.
All authors read and approved the final manuscript. All au-
thors have participated sufficiently in the work and agreed
to be accountable for all aspects of the work.

Ethics Approval and Consent to Participate

All procedures were approved by the Ethics Commit-
tee of Fujian Medical University. The Ethics approval num-
ber is EC of FGH 2012-017. Written informed consent was
obtained from every patient.

Acknowledgment
Not applicable.

Funding

This work was supported by Fujian Provincial Natural
Science Foundation of China [grant number 2015D014] and
Fujian Provincial Key Project of Science and Technology
Plan of China [grant number 2018Y0067].

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Yang Q, Li X. Molecular Network Basis of Invasive Pituitary
Adenoma: A Review. Frontiers in Endocrinology. 2019; 10: 7.

[2] Monsalves E, Larjani S, Loyola Godoy B, Juraschka K, Car-
valho F, Kucharczyk W, et al. Growth patterns of pituitary ade-
nomas and histopathological correlates. The Journal of Clinical
Endocrinology and Metabolism. 2014; 99: 1330-1338.

[3] Asa SL, Casar-Borota O, Chanson P, Delgrange E, Earls P, Ez-
zat S, et al. From pituitary adenoma to pituitary neuroendocrine
tumor (PitNET): an International Pituitary Pathology Club pro-
posal. Endocrine-Related Cancer. 2017; 24: C5-CS8.

&% IMR Press

(4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Lopes MBS. The 2017 World Health Organization classification
of tumors of the pituitary gland: a summary. Acta Neuropatho-
logica. 2017; 134: 521-535.

Inoshita N, Nishioka H. The 2017 WHO classification of pitu-
itary adenoma: overview and comments. Brain Tumor Pathol-
ogy. 2018; 35: 51-56.

Owen TJ, Martin LG, Chen AV. Transsphenoidal Surgery for
Pituitary Tumors and Other Sellar Masses. Veterinary Clinics of
North America: Small Animal Practice. 2018; 48: 129-151.
Agam MS, Wedemeyer MA, Wrobel B, Weiss MH, Carmichael
JD, Zada G. Complications associated with microscopic and en-
doscopic transsphenoidal pituitary surgery: experience of 1153
consecutive cases treated at a single tertiary care pituitary center.
Journal of Neurosurgery. 2018; 1-8.

Staartjes VE, Stricker S, Muscas G, Maldaner N, Holzmann D,
Burkhardt JK, et al. Intraoperative unfolding and postoperative
pruning of the pituitary gland after transsphenoidal surgery for
pituitary adenoma: A volumetric and endocrinological evalua-
tion. Endocrine. 2019; 63: 231-239.

Asa SL, Ezzat S. The pathogenesis of pituitary tumors. Annual
Review of Pathology. 2009; 4: 97—126.

Taberner Lopez E, Vand Molina M, Calatayud Gregori J, Jornet
Sanz M, Jornet Fayos J, Pastor Del Campo A, et al. Assessment
of the extent of pituitary macroadenomas resection in immediate
postoperative MRI. Radiologia. 2018; 60: 64—72.

Famini P, Maya MM, Melmed S. Pituitary magnetic resonance
imaging for sellar and parasellar masses: ten-year experience
in 2598 patients. The Journal of Clinical Endocrinology &
Metabolism. 2011; 96: 1633—-1641.

Roldan-Valadez E, Garcia-Ulloa AC, Gonzalez-Gutierrez O,
Martinez-Lopez M. 3D volumetry comparison using 3T
magnetic resonance imaging between normal and adenoma-
containing pituitary glands. Neurology India. 2011; 59: 696—
699.

Patel KS, Dhawan S, Wang R, Carter BS, Chen JY, Chen CC.
Post-operative imaging assessment of non-functioning pituitary
adenomas. Acta Neurochirurgica. 2018; 160: 1029-1039.
Kilday JP, Laughlin S, Urbach S, Bouffet E, Bartels U. Dia-
betes insipidus in pediatric germinomas of the suprasellar re-
gion: characteristic features and significance of the pituitary
bright spot. Journal of Neuro-Oncology. 2015; 121: 167-175.
Co6té M, Salzman KL, Sorour M, Couldwell WT. Normal dimen-
sions of the posterior pituitary bright spot on magnetic resonance
imaging. Journal of Neurosurgery. 2014; 120: 357-362.

Wang S, Lin K, Xiao D, Wei L, Zhao L. The Relationship Be-
tween Posterior Pituitary Bright Spot on Magnetic Resonance
Imaging (MRI) and Postoperative Diabetes Insipidus for Pitu-
itary Adenoma Patients. Medical Science Monitor. 2018; 24:
6579-6586.

Wang S, Lin K, Xiao D, Zhao L, Qin Y, Wei L. MR imaging
analysis of posterior pituitary in patients with pituitary adenoma.
International Journal of Clinical and Experimental Medicine.
2015; 8: 7634-7640.

Araujo-Castro M, Marifio-Sanchez F, Acitores Cancela A, Gar-
cia Fernandez A, Garcia Duque S, Rodriguez Berrocal V. Is it
possible to predict the development of diabetes insipidus after pi-
tuitary surgery? Study of 241 endoscopic transsphenoidal pitu-
itary surgeries. Journal of Endocrinological Investigation. 2021;
44: 1457-1464.

Wang S, Lin S, Wei L, Zhao L, Huang Y. Analysis of operative
efficacy for giant pituitary adenoma. BMC Surgery. 2014; 14:
59.

Di Maio S, Biswas A, Vézina JL, Hardy J, Mohr G. Pre- and
postoperative magnetic resonance imaging appearance of the
normal residual pituitary gland following macroadenoma resec-
tion: Clinical implications. Surgical Neurology International.
2012; 3: 67.


https://www.imrpress.com

(21]

(22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

10

Chapman PR, Singhal A, Gaddamanugu S, Prattipati V. Neu-
roimaging of the Pituitary Gland: Practical Anatomy and Pathol-
ogy. Radiologic Clinics of North America. 2020; 58: 1115-
1133.

Bonneville JF. Magnetic Resonance Imaging of Pituitary Tu-
mors. Frontiers of Hormone Research. 2016; 45: 97-120.
Mahajan A, Bronen RA, Mian AY, Omay SB, Spencer DD, In-
zucchi SE. Diagnosis and Management of pituitary disease with
focus on the role of Magnetic Resonance Imaging. Endocrine.
2020; 68: 489-501.

Buchfelder M, Schlaffer S. Imaging of pituitary pathology.
Handbook of Clinical Neurology. 2014; 124: 151-166.
Kurokawa H, Fujisawa I, Nakano Y, Kimura H, Akagi K, Ikeda
K, et al. Posterior lobe of the pituitary gland: correlation be-
tween signal intensity on T1-weighted MR images and vaso-
pressin concentration. Radiology. 1998; 207: 79-83.

de Vries F, Lobatto DJ, Verstegen MJ, van Furth WR, Pereira
AM, Biermasz NR. Postoperative diabetes insipidus: how to de-
fine and grade this complication? Pituitary. 2021; 24: 284-291.
Asemota AO, Ishii M, Brem H, Gallia GL. Comparison of Com-
plications, Trends, and Costs in Endoscopic vs Microscopic Pi-
tuitary Surgery: Analysis From a US Health Claims Database.
Neurosurgery. 2017; 81: 458—472.

Hayashi Y, Kita D, Watanabe T, Fukui I, Sasagawa Y, Oishi M,
et al. Prediction of postoperative diabetes insipidus using mor-
phological hyperintensity patterns in the pituitary stalk on mag-
netic resonance imaging after transsphenoidal surgery for sellar
tumors. Pituitary. 2016; 19: 552-559.

De Buyst J, Massa G, Christophe C, Tenoutasse S, Heinrichs
C. Clinical, hormonal and imaging findings in 27 children with
central diabetes insipidus. European Journal of Pediatrics. 2007;
166: 43-49.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Zada G, Lin N, Laws ER, Jr. Patterns of extrasellar exten-
sion in growth hormone-secreting and nonfunctional pituitary
macroadenomas. Neurosurgical Focus. 2010; 29: E4.

Wade AN, Baccon J, Grady MS, Judy KD, O’Rourke DM, Sny-
der PJ. Clinically silent somatotroph adenomas are common. Eu-
ropean Journal of Endocrinology. 2011; 165: 39-44.

Mayson SE, Snyder PJ. Silent (clinically nonfunctioning) pitu-
itary adenomas. Journal of Neuro-Oncology. 2014; 117: 429—
436.

Meyrignac O, Idir IS, Cognard C, Bonneville JF, Bonneville F.
3D TOF MR angiography to depict pituitary bright spot and to
detect posterior pituitary lobe cyst: Original description at 3T
MR imaging. Journal of Neuroradiology. 2015; 42: 321-325.
Sade B, Mohr G, Vézina JL. Distortion of normal pituitary struc-
tures in sellar pathologies on MRI. The Canadian Journal of
Neurological Sciences. Le Journal Canadien Des Sciences Neu-
rologiques. 2004; 31: 467—473.

Dhillon RS, King JA, Goldschlager T, Wang YY. Synoptic re-
porting of pituitary magnetic resonance imaging. ANZ Journal
of Surgery. 2018; 88: 460-463.

Niu J, Zhang S, Ma S, Diao J, Zhou W, Tian J, et al. Preop-
erative prediction of cavernous sinus invasion by pituitary ade-
nomas using a radiomics method based on magnetic resonance
images. European Radiology. 2019; 29: 1625-1634.

Hassan HA, Bessar MA, Herzallah IR, Laury AM, Arnaout MM,
Basha MAA. Diagnostic value of early postoperative MRI and
diffusion-weighted imaging following trans-sphenoidal resec-
tion of non-functioning pituitary macroadenomas. Clinical Ra-
diology. 2018; 73: 535-541.

&% IMR Press


https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Patients
	2.2 MRI
	2.3 Pathological Examination of Tumor Tissues
	2.4 Statistical Analysis

	3. Results
	3.1 Pituitary Stalk Tended to be in the Middle Position after Operation
	3.2 The Length of Pituitary Stalk Increased Gradually after Operation
	3.3 Most of the Patients with PPBS(+) were still Positive after Operation
	3.4 Immunohistochemical Types of PA Affect the Presence of Residual Pituitary Tissues (RPT) on Preoperative MRI
	3.5 RPT Subjected to Lateral Displacement Preoperatively is Usually Better Morphologically Remodeled after Operation according to MRI
	3.6 The Larger Diameter of Pituitary Adenoma Resulted in a Worse Volume Recovery of RPT after Operation

	4. Discussion
	5. Conclusions
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

