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AIM: To explore the differences in clinical features between patients with pituitary apoplexy and those without, analyze the risk factors
for pituitary apoplexy, evaluate the incidence of postoperative complications between patients with pituitary apoplexy and those without,
and investigate the risk factors for postoperative complications to provide clinical guidance for diagnosis and treatment.
METHODS: In this retrospective analysis, clinical data of 108 pituitary tumor patients admitted between January 2020 and July 2024
were collected. The patients were divided into two groups: the pituitary apoplexy group (n = 50) and the pituitary non-apoplexy group (n
= 58). Baseline data, surgical outcomes, and postoperative complications were compared between the two groups. Multivariate logistic
regression analysis was performed to identify the risk factors for pituitary apoplexy and postoperative complications.
RESULTS: Multivariate logistic regression analysis revealed that tumor size (odds ratio [OR] = 1.064, 95% confidence interval [CI]:
1.010–1.120, p < 0.05) and hypertension (OR = 5.552, 95% CI: 1.660–18.572, p < 0.05) were independent risk factors for pituitary
apoplexy. The incidence of postoperative pituitary dysfunction and the average length of hospital stay were higher in the apoplexy group
than in the non-apoplexy group (p< 0.05). Multivariate logistic regression analysis showed that tumor size (OR = 1.142, 95% CI: 1.061–
1.229, p< 0.05) and preoperative hypothyroidism (OR = 12.002, 95% CI: 1.129–127.648, p< 0.05) were identified as independent risk
factors for postoperative complications in pituitary tumor patients.
CONCLUSIONS: The occurrence of pituitary apoplexy is closely related to tumor size and hypertension. Patients with apoplexy face a
higher risk of postoperative pituitary dysfunction and experience a longer hospital stay compared to the non-apoplexy patients. Postop-
erative complications are associated with tumor size and preoperative hypothyroidism.
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Introduction
Pituitary tumors are among the most common endocrine
tumors in the intracranial region [1,2]. Owing to the ad-
vancements in imaging techniques and improvements in en-
docrine diagnostic methods, the detection rate of pituitary
tumors has surged in recent years. Pituitary apoplexy is one
of the most severe complications of pituitary tumors [3],
while its pathogenesis remains largely unclear [4,5]. It is
generally believed that hemorrhage or infarction within the
pituitary tumor is the primary pathological driver, which is
possibly related to factors such as insufficient blood sup-
ply due to rapid tumor growth, microvascular lesions, and
various triggering factors [6].
Clinically, pituitary apoplexy exhibits significant hetero-
geneity. In typical cases, patients may present with sudden
severe headaches, visual disturbances, and ocular move-
ment disorders, while some patients exhibit more insidious
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symptoms [7,8]. The variability in clinical manifestations
not only hampers early diagnosis but also complicates the
selection of treatment strategies. Identifying risk factors for
pituitary apoplexy is crucial for the treatment of pituitary
tumor patients and can potentially improve the prognosis
of the affected patients. At present, however, systematic
study on the risk factors for this pathological condition re-
main scarce [9].
Perioperative management of pituitary apoplexy patients
has always been an important issue. Research has shown
that, compared to general pituitary tumor patients, those
with pituitary apoplexy have a significantly higher inci-
dence of postoperative complications, such as pituitary dys-
function and electrolyte imbalances [10,11]. However, re-
search on the risk factors and preventive strategies for these
complications is relatively limited. Specifically, there is a
lack of systematic analysis of the impact of factors such as
tumor size and preoperative endocrine function status on
postoperative outcomes.
Therefore, this study aims to compare the clinical features
of patients with and without pituitary apoplexy, identify
the risk factors for pituitary apoplexy, and evaluate the in-
cidence and risk factors of postoperative complications in
both groups, thereby providing new insights and guidance
for clinical diagnosis and treatment.
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Table 1. Univariate analysis of pituitary apoplexy.
Characteristic Apoplexy group (n = 50) Non-apoplexy group (n = 58) t/χ2 p

Gender 0.001 0.997
Male 24 28
Female 26 30

Mean age (years) 50.68 ± 14.49 53.07 ± 13.31 0.893 0.374
Hormone type 2.745 0.433

Non-functional 39 41
Prolactin 8 8
Growth hormone 3 8
Adrenocorticotropic hormone 0 1

Tumor size (maximum diameter) (mm) 25.87 ± 10.01 20.77 ± 7.53 3.015 0.003*
Diabetes 5 10 1.773 0.278
Hypertension 19 11 4.849 0.028*
Hypothyroidism 4 1 1.185 0.276

* p < 0.05.

Materials and Methods
General Information

This study included 108 patients with pituitary tumors who
were admitted to the First Affiliated Hospital of Bengbu
Medical University between January 2020 and July 2024.
All study subjects met the inclusion criteria. Non-apoplexy
patients from the same period who fulfilled the exclusion
criteria were not included in the study. The patients were
classified into two groups based on the diagnostic criteria
for pituitary apoplexy [12]: the apoplexy group (n = 50)
and the non-apoplexy group (n = 58).

Inclusion Criteria

Inclusion criteria of this study are as follows: (1) All en-
rolled patients were diagnosed with pituitary tumor, as
confirmed with preoperative magnetic resonance imaging
(MRI) and postoperative pathology tests. The diagnostic
criteria for pituitary apoplexy include: 1⃝ postoperative
pathology confirming pituitary apoplexy (high weight); 2⃝
intraoperative confirmation of old hemorrhage within the
tumor and postoperative pathology confirming pituitary tu-
mor (medium weight); 3⃝ preoperative MRI showing non-
uniform signal intensity of the pituitary tumor and postop-
erative pathology confirming pituitary tumor (low weight).
Satisfying any one of these three conditions is sufficient for
confirming a diagnosis of pituitary apoplexy. (2) All pa-
tients underwent the same surgery—transsphenoidal resec-
tion of pituitary tumors—without having been subjected to
other surgical methods. (3) Patients were aged ≥18 years.
(4) Patients had complete preoperative clinical data (hor-
mone levels, imaging reports), intraoperative records, and
postoperative follow-up data (symptom improvement, re-
currence, complications, hormone recheck).

Exclusion Criteria

Exclusion criteria of this study are as follows: (1) pa-
tients with other intracranial tumors (such as meningiomas,

gliomas) or vascular malformations (such as aneurysms);
(2) patients with a history of pituitary radiation therapy,
multiple pituitary tumor surgeries, or long-term dopamine
agonist therapy (for prolactinomas, if the drug withdrawal
timewas less than 3months); (3) patients who received only
conservative drug treatment or had not underwent complete
surgery; (4) pregnant or breastfeeding women; (5) patients
with missing clinical data or who had lost to follow-up; and
(6) patients with severe coagulation disorders or recent use
of anticoagulants (≤1 month).

Table 2. Multivariate logistic regression analysis of pituitary
apoplexy.

Risk factor B S.E. Wald p Exp (B) 95% CI

Tumor size 0.062 0.026 5.552 0.018* 1.064 1.010–1.120
Hypertension 1.714 0.616 7.741 0.005* 5.552 1.660–18.572

* p < 0.05. CI, confidence interval.

Data Collection
Patient information was collected from the hospital’s infor-
mation system. Based on the diagnostic criteria for pituitary
apoplexy, patients were classified into apoplexy and non-
apoplexy groups. The following information was collected
from the enrolled patients: (1) baseline information, in-
cluding gender, age, hormone types, tumor size (maximum
tumor diameter), preoperative comorbidities, preoperative
clinical symptoms, and preoperative and postoperative hor-
mone status; and (2) postoperative complications (includ-
ing diabetes insipidus, cerebrospinal fluid rhinorrhea, and
pituitary dysfunction) and length of hospital stay. These
data were compared between the apoplexy and the non-
apoplexy groups.

Statistical Methods
Data were analyzed using SPSS 22.0 statistical software
(IBM, Armonk, NY, USA). Continuous variables were first
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Table 3. Comparison of postoperative complications and length of hospital stay between apoplexy and non-apoplexy groups.
Group n Diabetes insipidus Cerebrospinal fluid rhinorrhea Hypopituitarism Mean length of hospital stay (days)

Apoplexy group 50 9 3 14 16.36 ± 5.65
Non-apoplexy group 58 4 1 2 14.50 ± 3.82
t/χ2 - 3.127 0.439 12.826 2.027
p - 0.077 0.508 <0.001* 0.045*

* p < 0.05.

Table 4. Risk factor analysis for postoperative complications in pituitary apoplexy and non-apoplexy patients.
Characteristic Complication group (n = 27) Non-complication group (n = 81) t/χ2 p

Gender 0.791 0.324
Male 11 41
Female 16 40

Average age (years) 50.41 ± 12.12 52.48 ± 14.42 0.671 0.504
Hormone type 4.818 0.186

Non-functional 20 60
Prolactin 5 11
Growth hormone 1 10
Adrenocorticotropic hormone 1 0

Tumor size (maximum diameter) (mm) 31.24 ± 13.42 21.89 ± 5.49 5.143 <0.001*
Surgical duration (min) 117.59 ± 30.07 115.43 ± 22.12 0.400 0.690
Hypothyroidism 4 1 5.662 0.017*
Abnormal preoperative prolactin levels 16 32 3.200 0.074
Abnormal preoperative growth hormone levels 1 10 0.843 0.358
Abnormal preoperative cortisol levels 14 23 4.947 0.026*
Abnormal preoperative thyroid hormone levels 4 10 0.000 1.000

* p < 0.05.

tested for normality using the Shapiro–Wilk test. Normally
distributed variables are expressed as mean ± standard de-
viation (SD), and independent samples t-test was used for
data comparison. Expressed as rates or proportions, cate-
gorical variables were compared using the chi-square test
or Fisher’s exact test. Univariate and multivariate logistic
regression analyses were performed to identify independent
risk factors associated with pituitary apoplexy. A p-value
of <0.05 was considered statistically significant.

Results
Baseline Characteristics and Univariate Analysis of
Pituitary Apoplexy

Preoperative baseline data, including gender, age, hormone
types, tumor size, and preoperative comorbidities (hyper-
tension, diabetes, hypothyroidism), were collected from
both apoplexy and non-apoplexy groups. Group compar-
ison showed significant differences in tumor size and hy-
pertension between the apoplexy and non-apoplexy groups
(p < 0.05), as shown in Table 1.

Multivariate Logistic Regression Analysis of Pituitary
Apoplexy

Statistically significant indicators from the univariate anal-
ysis, such as tumor size and hypertension, were integrated
in multivariate logistic regression analysis, with the occur-

rence of apoplexy as the dependent variable. The results
indicated that tumor size and hypertension are independent
risk factors for pituitary apoplexy (p < 0.05), as shown in
Table 2.

Comparison of Postoperative Complications and Length
of Hospital Stay Between Pituitary Apoplexy and
Non-Apoplexy Groups

There were no significant differences in the incidence of di-
abetes insipidus and cerebrospinal fluid rhinorrhea between
the apoplexy and the non-apoplexy patients (p > 0.05).
However, apoplexy patients had a higher incidence of post-
operative pituitary dysfunction and experienced a longer
average hospital stay compared to non-apoplexy patients (p
< 0.05), as shown in Table 3.

Analysis of Risk Factors for Postoperative Complications
in Pituitary Apoplexy and Non-Apoplexy Patients

Multivariate logistic regression analysis was performed on
postoperative complications (including diabetes insipidus,
cerebrospinal fluid rhinorrhea, and pituitary dysfunction) in
apoplexy and non-apoplexy patients. Preoperative baseline
data were used as independent variables. Variables with p<
0.05 in the univariate analysis were integrated into the mul-
tivariate analysis. The results indicated that tumor size, pre-
operative hypothyroidism and abnormal preoperative corti-
sol levels were associated with postoperative complications
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Table 5. Multivariate logistic regression analysis of postoperative complications for patients with pituitary tumors.
Risk factor B S.E. Wald p Exp (B) 95% CI

Tumor size 0.132 0.038 12.465 <0.001* 1.142 1.061–1.229
Hypothyroidism 2.485 1.205 4.255 0.039* 12.002 1.129–127.648
Abnormal preoperative cortisol levels 0.847 0.596 2.022 0.155 2.333 0.724–7.514

* p < 0.05.

Fig. 1. Magnetic resonance imaging (MRI) images of a representative case of pituitary apoplexy before and after transsphenoidal
endoscopic surgery. (A,B) Preoperative MRI (coronal and sagittal views) showing pituitary apoplexy. The images highlight an irregular
signal within the tumor, consistent with hemorrhagic or ischemic changes typical of pituitary apoplexy. (C) After dural opening, brownish
fluid was observed, confirming the presence of hemorrhage within the tumor. (D) Following total resection of the tumor, the diaphragm
sellae was found to have descended, an indication of successful removal and relief of pressure. (E,F) Postoperative MRI (coronal and
sagittal views) at 72 hours post-surgery confirming total tumor resection, with no residual mass observed in the sella turcica.

(p < 0.05), as shown in Table 4. Further multivariate lo-
gistic regression analysis revealed that tumor size and hy-
pothyroidism significantly influence the occurrence of post-
operative complications (p < 0.05), as shown in Table 5.

Imaging Studies on a Representative Case

A typical case of a patient from the apoplexy group
was selected. Preoperative and postoperative endoscopic
transsphenoidal surgical images of this case were obtained.
The patient was a 31-year-old female admitted with a com-
plaint of amenorrhea for over one year. She was diag-
nosed with a prolactin-secreting pituitary apoplexy. De-
spite a history of hypertension, her blood pressure was well-
controlled. Preoperative MRI indicated a maximum tumor
diameter of 17 mm, and preoperative pituitary prolactin

level was 485.10 ng/mL. A transsphenoidal pituitary ade-
noma resection was performed, achieving complete tumor
removal. One week postoperatively, the pituitary prolactin
level dropped to 51.96 ng/mL. The patient did not develop
diabetes insipidus, cerebrospinal fluid rhinorrhea, or pitu-
itary insufficiency after surgery.
CompleteMRI images of this representative case are shown
in Fig. 1.

Discussion
This paper presents a comparative analysis of the clinical
data of 108 pituitary tumor patients to systematically ex-
plore the risk factors for pituitary apoplexy, evaluate the in-
cidence of postoperative complications and average length
of hospital stay between the apoplexy and non-apoplexy
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groups, and investigate the associated risk factors for post-
operative complications in patients who had undergone pi-
tuitary tumor surgery. The main findings of this study in-
clude: (1) tumor size and hypertension are independent risk
factors for pituitary apoplexy; (2) apoplexy patients have a
higher risk for postoperative pituitary dysfunction and ex-
perience longer average hospital stays than non-apoplexy
patients; (3) tumor size and preoperative hypothyroidism
are independent risk factors for postoperative complications
in pituitary tumor patients.
Multivariate logistic regression analysis in this study iden-
tified tumor size (odds ratio [OR] = 1.064) and hyperten-
sion (OR = 5.552) as independent risk factors for pituitary
apoplexy. These findings are consistent with those of Li et
al. [13], who studied 843 pituitary tumor patients and found
that 121 patients experienced pituitary apoplexy, with an in-
cidence of 14.4%. In their study, tumors with a diameter>2
cm were 3.952 times more likely to cause apoplexy than tu-
mors ≤2 cm (95% confidence interval [CI]: 2.211–7.053),
and hypertensive patients carried a 2.765 times higher risk
of pituitary apoplexy compared to non-hypertensive pa-
tients (95% CI: 1.411–5.416). Kajal et al. [14] also found
that tumor size is an independent risk factor for pituitary
apoplexy, suggesting that larger pituitary tumors may be
inadequately supplied with blood, a condition leading to is-
chemic necrosis. Additionally, large tumors may compress
the surrounding vessels, increasing the risk of ischemic in-
farction; hypertension can increase the pressure in the blood
vessel walls, accelerating atherosclerosis in blood vessel
networks surrounding the tumor, leading to vessel rupture
and hemorrhage, which in turn causes apoplexy.
This study found that apoplexy patients had a signifi-
cantly higher incidence of postoperative pituitary dysfunc-
tion, which is likely attributed to several factors. On the
one hand, acute ischemic/hemorrhagic damage caused by
apoplexy may lead to irreversible damage to the pituitary
tissue, particularly in the anterior pituitary region. Reper-
fusion injurymay further exacerbate the tissue damage [15].
Additionally, the pituitary tissue has limited tolerance to
ischemia, and if the ischemic damage exceeds a critical
threshold, irreversible functional loss may occur. Previous
studies have indicated that inflammatory factors released
during the apoplexy (such as Interleukin [IL]-1β, Tumor
Necrosis Factor [TNF]-α, etc.) may affect the function of
residual pituitary tissue, leading to microcirculation dys-
function, exacerbating tissue damage, and potentially af-
fecting the remaining pituitary cells for the long term due
to the activation of autoimmune responses [16,17]. Based
on these findings, for the perioperative management of pi-
tuitary apoplexy patients, it is recommended to assess the
endocrine function status preoperatively, develop an indi-
vidualized surgical strategy, and protect normal pituitary
tissue as much as possible. Postoperatively, more frequent
monitoring of endocrine function is needed, especially dur-
ing the first 3–6 months. For high-risk patients, preventive
hormone replacement therapy should be considered. Fur-

thermore, a long-term follow-up mechanism should be es-
tablished to dynamically assess changes in hormone lev-
els. Implementing these measures may help improve pa-
tient prognosis and quality of life.
In the present study, the patients in the apoplexy group were
hospitalized longer than those in the non-apoplexy group.
The difference in the average length of hospital stay could
be attributed to several reasons: (1) apoplexy patients often
suffer from varying degrees of pituitary dysfunction prior to
surgery [18], requiring preoperative hormone replacement
therapy; (2) apoplexy patients tend to have a higher inci-
dence of postoperative complications, and the treatment of
these complications extends their hospital stay; (3) the de-
layed recovery of vision and cranial nerve damage in some
apoplexy patients prolongs hospitalization.
This study identified two independent risk factors for post-
operative complications (including diabetes insipidus, cere-
brospinal fluid rhinorrhea, and pituitary dysfunction): tu-
mor size (OR = 1.142) and preoperative hypothyroidism
(OR = 12.002). These findings partially support previous
study, such as Zhao et al. [19], who reported a correla-
tion between tumor size and postoperative complications.
However, this study is the first to highlight a strong associ-
ation between preoperative hypothyroidism and postoper-
ative complications, which warrants special attention. Re-
garding tumor size, this study found that patients with larger
tumors carry a higher risk of complications. This associa-
tionmay be due to several factors: (1) large tumors often re-
quire more extensive surgical manipulation, increasing the
risk of injury to surrounding critical structures; (2) resec-
tion of larger tumor may require longer surgical duration,
increasing the risk of complications; (3) large tumors often
cause more significant anatomical changes, further compli-
cating the surgery.
Lastly, this study revealed a significant correlation between
preoperative hypothyroidism and postoperative complica-
tions (including diabetes insipidus, cerebrospinal fluid rhi-
norrhea, and pituitary dysfunction). We speculate that this
correlation may involve several mechanisms: (1) preop-
erative thyroid dysfunction can lead to cardiovascular in-
stability [20], affecting the patient’s surgical tolerance; (2)
thyroid hormone levels may significantly impact the post-
operative tissue repair process, and abnormal thyroid hor-
mone levels may interfere with wound healing and tis-
sue regeneration [21]; (3) pre-existing thyroid dysfunction
may indicate more complex endocrine regulation disorders,
which could increase the risk of postoperative complica-
tions; (4) thyroid dysfunction may be related to immune
system dysfunction [22], affecting postoperative inflamma-
tion and healing.
Based on these findings, we recommend that patients with
pituitary tumor should be subjected to comprehensive pre-
operative evaluation. In the case of a large tumor, a more
detailed surgical plan and thorough preoperative prepara-
tion are necessary. Finally, an individualized follow-up
plan should be established postoperatively, with preventive
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measures targeting different risk factors. The implemen-
tation of these strategies may help reduce the incidence of
postoperative complications.

Conclusions
In conclusion, the occurrence of pituitary apoplexy is
closely associated with tumor size and hypertension. Pa-
tients in the apoplexy group demonstrated a higher risk of
postoperative hypopituitarism and were hospitalized for a
longer period, on average, compared to those in the non-
apoplexy group. Furthermore, the incidence of postopera-
tive complications was found to be significantly correlated
with tumor size and preoperative hypothyroidism. This
study is the first to highlight the strong association between
preoperative hypothyroidism and postoperative complica-
tions. Nevertheless, we noted the relatively wide 95% CI
for hypothyroidism in the multivariate logistic regression
analysis of postoperative complications, which may be re-
sult of the limited number of pituitary tumor cases with pre-
operative hypothyroidism included in this study. The limi-
tations of this research include the small sample size, retro-
spective design of the investigation, and the short follow-up
period. Additionally, confounding factors such as intraop-
erative blood loss, anesthesia time and surgeon experience
were not included in the analysis. Further studies should
address these shortcomings accordingly.
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