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Background: Few studies have reported the association between intrasellar
pressure (ISP) and tumor invasiveness, hypopituitarism, or pituitary apoplexy in
patients with pituitary adenomas. This study aimed to investigate the relationship
between intraoperatively measured ISP and pituitary adenoma invasiveness, as
well as to assess whether elevated ISP is associated with hypopituitarism and
pituitary apoplexy.

Methods: We retrospectively analyzed 84 patients with newly diagnosed pituitary
adenomas who underwent endoscopic transsphenoidal surgery at the First
Affiliated Hospital of Bengbu Medical University between January 2024 and
March 2025. ISP was measured intraoperatively. Tumor invasiveness was
assessed using the Hardy-Wilson and Knosp grading systems on preoperative
MRI. Tumor volume was calculated with 3D-Slicer software. Spearman’s
correlation analysis was used to evaluate associations between ISP, tumor
volume, invasiveness, hypopituitarism, and pituitary apoplexy.

Results: The mean intraoperative ISP was 30.91 + 7.03 mmHg. Patients with
Hardy-Wilson grade IlI-IV or Knosp grade 3—-4 tumors had significantly higher
ISP than those with lower grades. Tumor volume correlated positively with ISP,
with tumor height showing the strongest correlation. Elevated ISP leads to a
higher preoperative incidence of adrenal insufficiency, an increased risk of
preoperative hypothyroidism, and a greater likelihood of preoperative
hyperprolactinemia in patients with pituitary adenomas, but it shows no clear
association with pituitary apoplexy. No significant correlation was observed
between ISP and pituitary apoplexy or postoperative hypopituitarism at 12 weeks.
Conclusion: ISP is strongly associated with tumor invasiveness and tumor
volume in pituitary adenomas. Elevated ISP increases the risk of preoperative
adrenal insufficiency, hypothyroidism, and hyperprolactinemia, but does not
appear to affect pituitary apoplexy or postoperative hypopituitarism at 12 weeks.
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Introduction

Pituitary adenomas represent the most common neoplasms of
the sellar region, comprising both functional tumors that
autonomously secrete pituitary hormones and non-functional
tumors without hormone hypersecretion (1). These monoclonal
tumors are categorized as macroadenomas (maximum diameter > 1
cm) or microadenomas (maximum diameter < 1 cm) (2). Clinically,
approximately 1 in 1,100 individuals may develop significant
symptoms attributable to pituitary adenomas. Progressive tumor
enlargement can induce mass effects, leading to headache, hormone
hypersecretion, visual field defects, and hypopituitarism (3).
Compared with the general population, patients with
hypopituitarism secondary to pituitary adenomas exhibit nearly a
twofold increase in all-cause mortality (4). Thus, investigating
pituitary dysfunction in this population holds important
clinical significance.

Although most pituitary adenomas are benign and can be
effectively managed with surgery and/or pharmacotherapy, a
subset displays invasive growth patterns. Invasive pituitary
adenomas are often resistant to conventional therapeutic
approaches—including surgery, medication, and radiotherapy—
and are prone to early recurrence or regrowth after resection.
Such behavior is considered a hallmark of poor prognosis (5).
Intraoperative observations suggest that invasive pituitary
adenomas constitute approximately 40% of all cases (6). These
tumors frequently extend into the suprasellar, infrasellar, and
cavernous sinus regions, and their invasiveness is typically
classified on MRI according to the Hardy-Wilson and Knosp
grading systems (7, 8).

The vascular supply of pituitary adenomas arises primarily from
the superior and inferior hypophyseal arteries, the latter originating
from the internal carotid artery (9). Owing to their unique
anatomical location, pituitary adenomas often experience
compromised blood supply. The sella turcica, a relatively rigid
bony structure, normally shields the pituitary gland from trauma
and fluctuations in intrasellar pressure (ISP). While ISP has never
been measured in healthy pituitary glands, it is presumed to
approximate normal intracranial pressure (ICP) (10). Prior
studies indicate that tumor enlargement elevates ISP. Expanding
adenomas may compress the inferior hypophyseal arteries; given
the vascular constraints imposed by surrounding anatomy, this
diminished blood supply contributes to further ISP elevation (11).

Rising ISP can compress the pituitary stalk, impairing normal
hormone secretion and manifesting clinically as adrenal
insufficiency, hypothyroidism, and hyperprolactinemia (12).
However, findings from earlier studies regarding the relationship
between ISP and pituitary adenoma growth patterns have been
inconsistent. To date, no definitive evidence has established a
correlation between ISP and tumor invasiveness or tumor
volume, and few studies have clarified whether ISP contributes to
endocrine dysfunction in these patients. Pituitary apoplexy is a rare
syndrome caused by ischemia or hemorrhage of the pituitary gland
due to tumoral or non-tumoral factors, with clinical manifestations
ranging from asymptomatic subclinical events to life-threatening
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conditions. Although current studies have identified pregnancy as a
known risk factor for pituitary apoplexy, Kajal S. et al. suggested
that, in most patients, tumor size (macroadenoma) and the non-
functioning status of the adenoma are the only significant
independent triggers of pituitary apoplexy. Nevertheless, its risk
factors and underlying molecular mechanisms remain to be fully
elucidated (13). Notably, no studies have explored the potential
association between ISP and pituitary apoplexy.

Accordingly, this study was designed to evaluate intraoperative
ISP levels in patients with pituitary adenomas and to determine
whether elevated ISP is associated with tumor invasiveness, tumor
volume, and pituitary apoplexy. Furthermore, by analyzing both
pre- and postoperative endocrine profiles, we aimed to clarify
whether ISP contributes to the development of hypopituitarism in
these patients.

Methods
Patients

This single-center, consecutive, retrospective, observational
study included 84 patients newly diagnosed with pituitary
adenomas between January 2024 and March 2025 at the
Department of Neurosurgery, First Affiliated Hospital of Bengbu
Medical University. Patients with recurrent adenomas who had
undergone previous surgery were excluded, as destruction of sellar
structures in such cases could compromise the accuracy of
intraoperative ISP measurements.This study was approved by the
Ethics Committee of the First Affiliated Hospital of Bengbu Medical
University. All participants provided informed consent to
participate in this study, which was conducted in accordance with
the Declaration of Helsinki.

All patients were conscious and had normal limb movement at
admission. Common symptoms included varying degrees of
headache, blurred vision, and polyuria. Some patients also
presented with underlying comorbidities such as hypertension,
diabetes mellitus, and hyperlipidemia. Among them, patients with
pituitary adenoma apoplexy exhibited sudden worsening of
headache and marked deterioration of vision. All patients
underwent endoscopic transnasal transsphenoidal pituitary
adenoma resection, during which ISP was measured
intraoperatively. Hormone levels were assessed preoperatively and
at 12 weeks postoperatively during follow-up.

Clinical and hormonal evaluation

Hypopituitarism involves partial or complete loss of regulatory
function in the following hypothalamic-pituitary axes:
adrenocorticotropic hormone (ACTH), thyroid-stimulating
hormone (TSH), gonadotropins, growth hormone (GH), and
prolactin (PRL) axes (14). Patients may present with symptoms
such as fatigue, cold intolerance, loss of appetite, amenorrhea,
decreased libido, and infertility. All patients underwent endocrine
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hormone assessments preoperatively and at 12 weeks
postoperatively, including measurements of serum prolactin,
growth hormone, cortisol at 8:00 a.m., cortisol at 4:00 p.m.,
thyroid-stimulating hormone, follicle-stimulating hormone, and
adrenocorticotropic hormone. When baseline hormone levels
were insufficient for diagnosis, dynamic functional tests—such as
the ACTH stimulation test—were performed to diagnose primary
adrenal insufficiency. According to the reference ranges for normal
hormone secretion, hyperprolactinemia was defined as a serum
prolactin level >25 pg/L (excluding elevations caused by
physiological factors, medications, or other conditions).
Adrenocortical insufficiency and hypothyroidism were diagnosed
comprehensively based on corresponding hormone levels, clinical
symptoms, and imaging findings.

Radiological evaluation

All patients underwent contrast-enhanced 3.0T pituitary MRI
with gadopentetate dimeglumine prior to surgery. Tumor
dimensions included height (H), width (W), and anteroposterior
length (L). Maximum tumor width was measured on coronal
images, while height and anteroposterior length were measured
on sagittal images.

Tumor volume was calculated using 3D-Slicer software. Tumor
margins were manually delineated on each visible slice, and
automated interpolation was used to reconstruct a three-
dimensional model. Tumor volume was then generated
automatically. All measurements were performed independently
by an experienced radiologist and a neurosurgeon, with final values
calculated as the mean of both observers.

10.3389/fendo.2025.1700711

Sellar destruction was evaluated using the Hardy-Wilson
classification: grade 0, encapsulated adenoma confined within the
sellar diaphragm; grade I, normal-sized sella or minor expansion
with tumor <10 mm; grade II, tumor >10 mm with enlarged but
intact sella floor; grade III, localized erosion or destruction of the
sella floor; and grade IV, extensive destruction of the sella base
resulting in a “phantom sella,” with nearly invisible margins (15).

Cavernous sinus invasion was assessed using the Knosp
classification on coronal contrast-enhanced T1-weighted MRI:
grade 0, adenoma does not exceed the medial tangent of the
internal carotid artery (ICA); grade 1, extension up to the
intercarotid line; grade 2, extension between the intercarotid and
lateral tangent lines; grade 3, extension beyond the lateral tangent of
the ICA; and grade 4, complete ICA encasement with extension into
all cavernous sinus compartments or invasion of the parasellar or
middle cranial fossa (16).

Hardy-Wilson grades III-IV and Knosp grades 3-4 were
considered invasive pituitary adenomas. Representative MRI
images are shown in Figure 1.

Measurement of ISP

All surgical procedures were performed using an endoscopic
endonasal transsphenoidal approach. Surgeries were conducted by
the same two neurosurgeons under standard general anesthesia
with orotracheal intubation. Before the initiation of tumor
resection, ISP was measured using an intracranial pressure
monitoring device (Codman microsensor; manufactured at 11
Cabot Blvd., Mansfield, Massachusetts, 02048, USA). This device
has been proven to provide accurate ISP measurements and is

FIGURE 1

Preoperative MRI images of non-invasive and invasive pituitary adenomas. Panels (A—D) show MRI scans of a patient with a non-invasive pituitary
adenoma, while panels (E-H) display MRI scans of another patient with an invasive pituitary adenoma.
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considered the standard clinical method for intracranial pressure
monitoring (17).

The procedure was as follows: patients were placed in a supine
position with the head tilted back 15°. Under endoscopic
visualization, a small bony window (<2 mm in diameter) was
drilled in the sellar wall. A dural incision of approximately 1.5
mm was then made to access the sellar cavity, taking care to avoid
cerebrospinal fluid leakage. After calibration, the microsensor was
inserted approximately 5 mm into the tumor. ISP values were
recorded once pressure fluctuations stabilized. The intraoperative
procedure is illustrated in Figure 2.

Histological evaluation

All tumor specimens underwent pathological examination.
Immunohistochemical analysis was performed in conjunction
with clinical presentation, imaging, and laboratory data to
determine tumor subtype. Of the 84 patients, 9 had prolactin-
secreting adenomas, 9 had growth hormone-secreting adenomas, 5
had adrenocorticotropic hormone (ACTH) adenomas, and 61 had
non-functioning adenomas. No cases of TSH-secreting adenomas
were identified.

Patients with prolactin-secreting adenomas were included in
the ISP measurement dataset but excluded from correlation
analyses between ISP and serum prolactin levels.

Statistical analysis

The organized data were analyzed using SPSS 29.0 statistical
software (SPSS IBM, Armonk, New York). ISP levels and tumor size
were expressed as mean + standard deviation (X * s). A t-test was
used to analyze differences in ISP levels between groups with two
variables, while one-way analysis of variance (ANOVA) was
performed to compare ISP levels among groups with more than
two variables. Categorical variables were presented as counts or
percentages (%), and comparisons between groups were conducted
using the chi-square test. Spearman correlation analysis was used to
investigate the relationship between tumor volume parameters and
intrasellar pressure. A P value < 0.05 was considered
statistically significant.

FIGURE 2

10.3389/fendo.2025.1700711

Results
Patients’ clinical characteristics

Among the 84 patients included in this study, 42 were male and
42 female, with a mean age of 51.48 + 12.62 years. Histological
subtypes included 9 prolactin-secreting adenomas (10.71%), 9
growth hormone-secreting adenomas (10.71%), 5 ACTH
adenomas (4.76%), and 61 non-functioning adenomas (72.62%).
The mean tumor volume was 7.48 + 3.27 cm’. There were 7
microadenomas (R < 10 mm), 70 macroadenomas (10 mm < R <
40 mm), and 7 giant adenomas (R > 40 mm).

Clinical manifestations included headache, dizziness, visual
impairment, and polyuria. Some patients had comorbid
conditions such as hypertension, diabetes mellitus, or
hyperlipidemia. Detailed clinical characteristics are summarized
in Table 1.

ISP and tumor volume, tumor invasiveness

To investigate the association between ISP and tumor
invasiveness, Hardy-Wilson grading classified 45 patients as grade
0-II and 39 patients as grade III-IV. Knosp classification identified
49 patients as grade 0-2 and 35 patients as grade 3-4.The mean
intraoperative ISP of all patients was 30.91 + 7.03 mmHg. Patients
with invasive pituitary adenomas, as defined by either Hardy-
Wilson grade III-IV or Knosp grade 3-4, exhibited significantly
higher ISP levels compared with non-invasive tumors (Table 2). In
addition, ISP increased with tumor volume (Table 3), and ISP was
positively correlated with tumor size (R* = 0.14, p < 0.01). Among
the three dimensional parameters, tumor height demonstrated the
strongest correlation with ISP (R* = 0.16, p < 0.01), followed by
tumor width (R* = 0.06, p = 0.03) and anteroposterior diameter
(R* = 0.07, p = 0.01). Multivariate analysis confirmed that tumor
height exerted the strongest effect on ISP (p < 0.01) (Figure 3).

ISP and hypopituitarism
Endocrine function was assessed preoperatively and at 12 weeks
postoperatively in all 84 patients. Elevated ISP was significantly

==
=
~>
e~
=
=
—

Intraoperative monitoring of intrasellar pressure (ISP). Panels (A, C) show the method of ISP measurement under direct endoscopic visualization,
while panels (B, D) display the ISP values after stabilization of pressure waveforms.
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TABLE 1 General clinical characteristics of 84 patients (omitted here, values consistent with original).

Category N A ISP (mmHg) ¥*/t-value P-value

Male 42 50 30.11 + 6.95

1.05 0.30
Female 42 50 31.72 £ 7.10
Age (years) 51.48 + 12.62 / / / /
PRL adenoma 9 10.71 29.81 + 4.97
GH adenoma 9 10.71 28.54 + 9.30
ACTH adenoma 5 476 30.90 + 5.32 0.52 0.67
Nonfunctioning adenoma 61 72.62 3143 +7.09
Microadenoma 7 8.33 23.83 +4.39
Macroadenoma 70 83.33 31.16 £ 6.58 4.70 0.01
Giant adenoma 7 8.33 33.74 + 8.45
Non-invasive (Knosp grade 0-2) 49 58.33 30.27 £ 6.75

3.11 <0.01
Invasive (Knosp grade 3-4) 35 41.67 35.06 + 7.27
Headache 42 50 30.61 + 6.94 0.22 0.80
Visual impairment 32 38.10 31.20 £ 6.39
Polyuria 4 4.76 29.03 + 3.66
Hypertension 24 28.57 3235+ 7.14
Diabetes mellitus 9 10.71 31.21 +8.14 0.10 091
Hyperlipidemia 33 39.29 31.71 £7.22

associated with a higher preoperative incidence of adrenal
insufficiency (p = 0.02), hypothyroidism (p = 0.04), and
hyperprolactinemia (p = 0.03). However, at 12 weeks after
surgery, ISP showed no significant correlation with postoperative
adrenal insufficiency (p = 0.15), hypothyroidism (p = 0.80), or
hyperprolactinemia (p = 0.15) (Table 4).

ISP and pituitary apoplexy

Among the 84 patients, 18 were diagnosed with pituitary
apoplexy and 66 without. Comparative analysis demonstrated no
significant association between ISP and pituitary apoplexy. Instead,
hypertension was identified as a strong independent risk factor for

TABLE 2 Comparison of general characteristics between invasive and non-invasive pituitary adenomas.

Hardy-Wilson grade

Knosp grade

Category
0-11 -1v 3-4

N 84 45 39 / 49 35 /
Male (n) 42 23 19 22 20

0.83 0.27
Female (n) 42 22 20 27 15
Age (years) 51.48 + 12.62 48.78 £ 13.26 54.59 + 11.21 0.34 48.67 + 12.69 55.40 + 11.58 0.74
Pituitary stalk compression 66 20 46 24 42

<0.01 <0.01
Pituitary stalk intact 18 12 6 13 5
Intrasellar growth 45 38 7 34 11

<0.01 <0.01
Suprasellar growth 39 5 34 13 26
Lateral growth 27 15 12 11 16

0.48 0.51

Symmetric growth 57 27 30 19 38
ISP (mmHg), Mean + SD 30.91 + 7.03 29.13 £ 6.68 32.67 £ 6.75 0.02 30.27 £ 6.75 35.06 £ 7.27 <0.01

Hardy-Wilson grades 0-II represent non-invasive tumors, grades III-IV represent invasive tumors. Knosp grades 0-2 represent non-invasive tumors, grades 3-4 represent invasive tumors.
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TABLE 3 Relationship between ISP, tumor invasiveness, and tumor size.

Classification Tumor size Invasive (Mean + SD) Non-invasive (Mean + SD) T-value P-value
Height (mm) 25.61 +9.63 19.39 + 7.06 4.30 0.04
Width (mm) 25.72 +9.09 19.43 + 6.59 2.57 0.11
Anteroposterior 28.62 £ 9.43 20.18 + 6.40 2.20 0.14

K d
nosp grade diameter (mm)

Volume (cm?) 11.52 + 6.53 4.59 +2.13 6.94 <0.01
ISP (mmHg) 35.06 + 7.27 30.27 + 6.75 3.11 <0.01
Height (mm) 25.76 + 9.40 18.71 + 6.65 5.63 0.02
Width (mm) 2542 + 8.94 19.13 + 6.46 3.54 0.06
Anteroposterior 27.27 £9.00 20.60 + 7.44 0.07 0.79

Hardy-Wilson grade diameter (mm)

Volume (cm?) 10.99 + 5.94 443 +2.07 6.94 <0.01
ISP (mmHg) 32.67 + 675 29.13 + 6.68 241 0.02
60
50
]
’E\ 40
40 -~
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= o
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FIGURE 3

Correlation between ISP and pituitary adenoma size/volume (Knosp classification). Panel (A) shows the correlation between ISP and tumor height in
the coronal plane; Panel (B) shows the correlation between ISP and tumor width in the sagittal plane; Panel (C) shows the correlation between ISP
and tumor anteroposterior diameter; and Panel (D) shows the correlation between ISP and tumor volume.
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TABLE 4 Relationship between ISP and endocrine dysfunction preoperatively and 12 weeks postoperatively.

Category Endocrine function N ISP (mmHg) T-value P-value
Normal 11 28.03 + 5.83 / /
Cortisol insufficiency 22 3341 £ 6.23 237 0.02
Preoperative
Hypothyroidism 11 33.75 + 6.40 2.19 0.04
Hyperprolactinemia 40 32.65 + 6.23 221 0.03
Normal 68 30.56 * 6.25 / /
Cortisol insufficiency 5 31.38 +£7.94 223 0.15
Postoperative (12 weeks)
Hypothyroidism 3 29.40 + 8.73 0.29 0.80
Hyperprolactinemia 8 31.39 + 3.92 2.32 0.15

apoplexy (p < 0.01). Additionally, adrenal insufficiency and  |SP and tumor invasiveness
hypothyroidism were significantly associated with hemorrhagic

apoplexy (p < 0.01 for both). ISP reflects the pressure within the sellar cavity and represents
No significant differences were observed between apoplexy and  the physiological and pathological state of the pituitary and its
non-apoplexy groups with respect to age, sex, tumor volume, or  syrrounding structures (18). Pituitary adenomas often extend
tumor invasiveness (Table 5). laterally into the cavernous sinus or superiorly into the
suprasellar region, and tumor invasiveness is typically classified
by the Hardy-Wilson and Knosp systems (6). Our findings
Discussion demonstrated that ISP was significantly elevated in invasive tumors.
Several mechanisms may account for this association. First,
In this study, we systematically analyzed clinical data from 84  mechanical compression: tumor enlargement increases ISP, which
patients with pituitary adenomas to explore the relationship between  in turn promotes growth along the path of least resistance, such as
intrasellar pressure (ISP) and tumor invasiveness, tumor volume,  through the diaphragma sellae or weakened bony margins (19).
hypopituitarism, and pituitary apoplexy. The principal findings were: ~ Second, ischemia and hypoxia: higher ISP can impair local
(1) ISP was significantly higher in invasive pituitary adenomas  perfusion, inducing hypoxia and activating hypoxia-inducible
compared with non-invasive tumors; (2) ISP increased with tumor  factor-lo. (HIF-1o) signaling, thereby stimulating matrix
volume, with tumor height showing the strongest correlation; (3)  metalloproteinase (MMP) activity and invasive behavior (20).
elevated ISP was associated with a higher preoperative incidence of  Third, inflammation and fibrosis: ISP elevation may trigger
adrenal insufficiency, hypothyroidism, and hyperprolactinemia, butnot  inflammatory responses and dural thickening, yet adenomas can
with postoperative hypopituitarism at 12 weeks; and (4) ISP was not ~ overcome these barriers through proteolytic enzymes such as
significantly correlated with pituitary apoplexy. MMP-9 (21). Collectively, these mechanisms suggest that ISP not

TABLE 5 Relationship between ISP and pituitary apoplexy.

Category Pituitary apoplexy (n=18) Non-apoplexy (n=66) x2/F-value P-value
N 18 66 / /
Age (years) 45.50 + 10.64 53.11 + 12.69 0.42 0.52
Sex (male/female) 12/6 30/36 2.55 0.11
Tumor volume (cm?) 11.38 £ 11.93 6.41 + 8.20 1.77 0.19
Hypertension 13 11 21.39 <0.01
Cortisol insufficiency 10 12 7.59 <0.01
Hypothyroidism 6 5 8.25 <0.01
Hyperprolactinemia 12 28 3.33 0.07
Invasive (Knosp grade 3-4) 7 28 0.07 0.79
Non-invasive (Knosp grade 0-2) 11 38
ISP (mmHg) 30.33 + 7.46 31.07 + 6.96 1.77 0.22
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only reflects tumor invasiveness but may also contribute to its
progression, although further mechanistic validation is warranted.

ISP, tumor volume, and correlation with
tumor height

MRI remains the gold standard for the diagnosis and
monitoring of pituitary adenomas (22). Previous studies have
suggested that increasing tumor volume leads to expansion of
intrasellar contents, resulting in elevated ISP (11). Our data
confirm these observations and further demonstrate that tumor
height is the most important dimensional factor associated
with ISP.

The sella turcica is a rigid cavity with limited compliance
(normally 1-2 mL) (23). As adenomas enlarge beyond this
compliance threshold, ISP rises sharply (5, 24). Typical MRI
signs, such as the “snowman” or “hourglass” configuration, are
often indicative of higher ISP (25). Interestingly, although
cavernous sinus invasion (Knosp grades 3-4) may transiently
alleviate pressure through lateral extension, further tumor growth
ultimately re-elevates ISP (26).

ISP and hypopituitarism

Hypopituitarism, or pituitary insufficiency, is a clinical
syndrome caused by inadequate secretion of one or more anterior
pituitary hormones, with or without involvement of the posterior
pituitary. The primary mechanism underlying its development is
that a slowly growing pituitary adenoma obstructs the pituitary
portal blood flow. In addition, tumor expansion within the rigid
confines of the sella turcica leads to an increase in intrasellar
pressure (ISP). Elevated ISP compresses the pituitary stalk, and
together these factors interfere with the delivery of hypothalamic
hormones—such as TRH, CRH, and GnRH—resulting in secondary
hypothyroidism, adrenal insufficiency, or hypogonadism (27, 28).
Prolactin is synthesized and secreted by lactotroph cells in the
anterior pituitary, and the core mechanism of hyperprolactinemia is
a disruption of the hypothalamic-pituitary regulatory control of
prolactin secretion. Dopamine is the major inhibitory factor
regulating prolactin release; it binds to D2 receptors on
lactotrophs and strongly suppresses prolactin synthesis and
secretion. Therefore, any factor that interferes with dopamine
synthesis, release, or transport will remove this inhibitory effect
and lead to elevated prolactin levels.When pituitary adenomas
enlarge and extend suprasellarly, the consequent elevation of ISP
externally compresses, stretches, or directly invades the pituitary
stalk. Such compression may result in edema, deformation, or
structural damage of the stalk, and the pituitary portal vessels
within it may become compressed or obstructed (29). As a result,
hypothalamic dopamine cannot be effectively delivered to
lactotrophs in the anterior pituitary. With the loss of
dopaminergic inhibition, lactotroph cells begin to secrete
prolactin autonomously, ultimately leading to the development of
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hyperprolactinemia (30). Consistent with these mechanisms, we
observed significant associations between elevated ISP and
preoperative adrenal insufficiency, hypothyroidism, and
hyperprolactinemia. However, no such correlation was found at
12 weeks postoperatively, which may reflect preexisting irreversible
pituitary damage, resection of residual normal tissue, or
intraoperative stalk injury (31).

ISP and pituitary apoplexy

Pituitary apoplexy is a potentially life-threatening condition
characterized by ischemia or hemorrhage within the adenoma. In
our cohort, ISP was not significantly associated with apoplexy.
Instead, hypertension emerged as an independent risk factor, while
adrenal insufficiency and hypothyroidism were linked to
hemorrhagic apoplexy.

Prior reports suggested that large adenomas with markedly
elevated ISP may predispose to vascular rupture due to fragile
neovascularization (32). MRI features such as the “snowman sign”
have also been correlated with apoplexy (25), and elevated ISP may
impair microcirculation in the portal system, leading to ischemic
necrosis and hemorrhage (33). The discrepancy between these
reports and our findings may be attributed to the limited number
of apoplexy cases in our cohort (18/84 patients). Given that
apoplexy occurs in only 2-12% of adenoma cases (34), larger
prospective studies are needed to clarify this relationship.

To our knowledge, this is the first study to comprehensively
examine the association between intraoperative ISP and multiple
clinical outcomes, including tumor invasiveness, volume, endocrine
dysfunction, and apoplexy. Our findings provide novel evidence
that ISP may serve as both a marker and a potential mediator of
pituitary adenoma behavior. Clinically, intraoperative ISP
measurement may aid in prognostic stratification and

postoperative endocrine management.

Conclusion

In summary, our study demonstrates that elevated
intraoperative ISP is closely associated with preoperative
endocrine dysfunction in patients with pituitary adenomas and
serves as an important indicator of tumor invasiveness. However,
no correlation was observed between intrasellar pressure and
postoperative hypopituitarism or pituitary apoplexy.

Limitations

Although this study demonstrates the relationship between ISP
and tumor volume, tumor invasiveness, preoperative
hypopituitarism, hyperprolactinemia, as well as postoperative
endocrine outcomes—an issue of high clinical relevance—it has
several limitations. These include a relatively small sample size, its
retrospective design, and a short follow-up duration, which may
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introduce potential bias. Future studies with larger cohorts and
longer follow-up periods are needed to provide more robust and in-
depth evidence.
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