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Abstract: Pituitary apoplexy (PA) is an acute, life-threatening clinical syndrome caused by
hemorrhage and/or infarction of the pituitary gland. It is clinically characterized by the sudden
onset of headache. Depending on the severity, it may also be accompanied by nausea, vomiting,
visual disturbances, varying degrees of adenohypophyseal hormone deficiency, and decreased level
of consciousness. Corticotropic axis involvement may result in severe hypotension and contribute
to impaired level of consciousness. Precipitating factors are present in up to 30% of cases. PA may
occur at any age and sometimes develops during pregnancy or the immediate postpartum period.
PA occurs more frequently in men aged 50-60, being rare in children and adolescents. It can develop
in healthy pituitary glands or those affected by inflammation, infection, or tumor. The main cause
of PA is usually spontaneous hemorrhage or infarction of a pituitary adenoma (pituitary
neuroendocrine tumor, PitNET). It is a medical emergency requiring immediate attention and, in
many cases, urgent surgical intervention and long-term follow-up. Although the majority of
patients (70%) require surgery, about one-third can be treated conservatively, mainly by monitoring
fluid and electrolyte levels and using intravenous glucocorticoids. There are scoring systems for PA
with implications for management and therapeutic outcomes that can help guide therapeutic
decisions. Management of PA requires proper evaluation and long-term follow-up by a
multidisciplinary team with expertise in pituitary pathology. The aim of the review is to summarize
and update the most relevant aspects of the epidemiology, etiopathogenesis, pathophysiology,
clinical presentation and clinical forms, diagnosis, therapeutic strategies, and prognosis of PA.

Keywords: pituitary apoplexy; hemorrhage; infarction; pituitary gland; hypopituitarism;
conservative management; surgery

1. Introduction

Pituitary apoplexy (PA) is an acute and potentially fatal clinical syndrome caused by
hemorrhage and/or infarction of the pituitary gland. The first known fatal case of
hemorrhage from a PitNET was reported by Bailey in 1898 [1]. However, it was not until
1950 that Brougham et al. introduced the term “pituitary apoplexy” and described the
clinical and pathologic findings in a series of five patients who died suddenly and whose
autopsies revealed hemorrhagic necrosis in PitNETs [2].

PA is a medical emergency requiring immediate attention and, in many cases, urgent
surgical intervention. Clinically, it is characterized by the sudden onset of headache,
sometimes associated with nausea, vomiting, visual disturbances, and decreased level of
consciousness. In addition, the development of acute hypopituitarism may compromise
the hormonal function of the anterior pituitary and, in the case of corticotropic axis
involvement, may contribute to a progressive deterioration of the level of consciousness
with severe hypotension.

Given the complexity and severity of the clinical picture, PA should be managed
urgently by a multidisciplinary team composed of emergency physicians,
neuroradiologists, neurosurgeons, endocrinologists, and neuro-ophthalmologists.
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Therapeutic modalities and timing of intervention are still under debate. Thus, the
therapeutic approach to patients with PA tends to be empirically individualized, and
clinical outcome is closely related to the skills and experience of the multidisciplinary
team [3]. Although urgent surgery is required for patients with worsening neurological
symptoms, the optimal treatment (conservative or surgical) that will provide the best
results for the majority of patients has not yet been clearly established.

This review analyzes and updates the main aspects related to the epidemiology,
etiopathogenesis and pathophysiology, clinical presentation, clinical forms, diagnosis,
therapeutic strategies, and prognosis of PA.

2. Epidemiology

PA is a very rare disease. Its incidence is around 0.17 episodes per 100,000 person-
years [4] and its estimated prevalence is approximately 6.2 cases per 100,000 people [5]. It
can develop in healthy pituitary glands or those affected by inflammation, infection, or
tumor (Figure 1). PA occurs more frequently in men (67.5%, aged 50-60) than women,
with a ratio of 2:1, being rare in children and adolescents [6-10]. PA can appear in any
histologic pituitary tumor, however, it is more common in non-functioning PitNETs (NF-
PitNETs) and prolactinomas [9,11,12]. Less frequently, PA has also been associated with
other pituitary diseases such as Rathke’s cleft cysts [13], craniopharyngiomas [14],
pituitary metastases, especially of renal cell carcinoma [15], pituitary tuberculosis [16,17],
and hypophysitis [18,19].
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Figure 1. Mechanisms of pituitary injury and associated clinical symptoms in pituitary apoplexy.

The occurrence of PA in a previously healthy pituitary is usually due to severe
hypotension or hypovolemic shock caused by massive hemorrhage during or after
delivery resulting in ischemic necrosis of the pituitary gland (Sheehan’s syndrome)
[20,21]. The incidence and prevalence of Sheehan’s syndrome in pregnant women varies
according to different populations and geographic regions. Its incidence is low in
developed countries due to the availability of adequate medical care during delivery and
postpartum. However, in developing countries or countries with limited access to medical
care, the incidence may be higher due to factors such as suboptimal delivery conditions
and lack of adequate medical follow-up. In a population-based study from Iceland,
Sheehan’s syndrome was diagnosed in 5.1 individuals per 100,000 population [22],
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whereas its prevalence among 11,700 women > 20 years of age in northern India was
approximately 3% [23]. In developed countries, Sheehan’s syndrome accounts for less
than 6% of the causes of hypopituitarism [24,25], but in other countries, such as Pakistan
and Turkey, this percentage is approximately 30% [26,27].

3. Pathophysiology

Several pathophysiological mechanisms have been implicated in the development of
PA, including: (1) intralesional hemorrhage (PitNETs, infectious and inflammatory
processes, and vascular malformations); (2) acute increase in pituitary blood flow
(hypertensive crises, trauma, increased physical activity, and increased intracranial
pressure); (3) increased blood flow demands in a growing PitNET whose needs exceed
blood supply causing ischemic necrosis; (4) pituitary ischemia in situations of low blood
supply, as in surgery, especially cardiac, radiotherapy, spinal anesthesia, and severe
hypotension or hypovolemic shock after hemorrhage during childbirth; (5) pituitary and
tumor hormonal stimulation (pituitary stimulation endocrine tests, especially TRH test,
and the use of GnRH analogs, pregnancy, and exogenous estrogen therapy); and (6)
coagulation disorders (thrombocytopenia, coagulopathies, and antiplatelet and
anticoagulant drugs) [9,28-31].

There is evidence to support the idea that certain genetic conditions, as well as the
action of certain cytokines and growth factors, may trigger pathways leading to pituitary
necrosis or hemorrhage [32,33]. The poor vascularization of PitNETs plays a significant
role in the activation of certain molecular mediators associated with tumor bleeding.
However, the underlying molecular pathways are not fully understood and there are
currently no molecular markers that predict the development of PA [30].

Regardless of the underlying mechanism (hemorrhage or infarction), the extent of
hemorrhage and/or necrosis causes an increase in intrasellar pressure, resulting in more
or less pronounced compression of adjacent structures, which explains the diversity of
clinical manifestations observed (Figures 1 and 2) [31,34]. Superior compression on the
optic chiasm is accompanied by alterations in visual acuity and campimetric defects, such
as bitemporal hemianopsia, which may occur in up to 75% of patients. Lateral
compression can affect the nerve structures of the cavernous sinus, causing oculomotor
nerve palsy (ophthalmoplegia) in 50-70% of patients, most frequently affecting the third
cranial nerve. Inferior compression may result in rupture of the sellar floor with formation
of a cerebrospinal fluid (CSF) leak. Although hemorrhage is usually confined to the tumor,
it may often be accompanied by extravasation of blood into the subarachnoid space,
causing symptoms of meningeal irritation. In large macroadenomas with suprasellar
extension, obstructive hydrocephalus may develop as a complication of PA (Figure 2)
[7,35-38].
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Figure 2. Compressive symptoms resulting from hemorrhage in pituitary apoplexy depending on
adjacent structures involved.

4. Precipitating Factors

Precipitating factors have been identified in up to 30-40% of PA cases [39]. These
include arterial hypertension and diabetes mellitus; major surgery (especially coronary
artery bypass graft surgery); antiplatelet, anticoagulant, and fibrinolytic therapy;
coagulation disorders; pregnancy; complicated delivery; severe hypotension and shock;
head trauma; pituitary stimulation tests with gonadotropin-releasing hormone (GnRH),
thyrotropin-releasing hormone (TRH), corticotropin-releasing hormone (CRH), or insulin
hypoglycemia; radiotherapy; GH- and ACTH-secreting PitNETs and large NF-PitNETs,
especially silent corticotropinomas; aneurysm rupture; and medications such as
estrogens, somatostatin analogs, and dopamine agonists [35,40-50]. In this context, it is
important to inform all patients with pituitary tumors, especially those with potential
precipitating factors, about the symptoms of PA for early detection and appropriate
treatment.

5. Clinical Presentation and Natural History

The clinical presentation of PA depends on the speed of onset of infarction or
hemorrhage and the volume of hemorrhage. These factors will influence the degree of
compression of adjacent neuro-ophthalmologic structures and the pituitary gland.
Therefore, the clinical presentation of PA may vary from patient to patient. It can be acute
and severe (acute PA), with serious neurological deficits, coma, and even death.
Alternatively, it may be subacute (subclinical PA), with milder symptoms developing
over days or weeks [51-53].

Those cases of PA due to pituitary tumor infarction usually have less severe clinical
symptoms at presentation, a longer course before presentation, and a better prognosis
than those with hemorrhagic infarction or frank hemorrhage. However, hormone
replacement needs are usually similar in both groups [53].

PA should be suspected in sudden onset of severe retro-orbital, frontal, or
suboccipital headache with nausea and vomiting and cranial nerve symptoms such as
diplopia, palpebral ptosis, and mydriasis with variable level of consciousness (Figure 3).



J. Clin. Med. 2024, 13, 2508

5 of 23

It may also be associated with decreased visual acuity with visual field involvement
ranging from small field defects to complete bilateral vision loss. The development of
partial or complete hypopituitarism is common [54,55].

Figure 3. Imaging studies in a patient with acute pituitary apoplexy due to intratumoral bleeding.
A 58-year-old woman with sudden onset of headache and visual loss in the postoperative period
after aortic valve replacement. A CT scan of the brain (A) showed a sellar lesion (3 x 2.8 x 2 cm) with
heterogeneous suprasellar extension with hyperdense content compatible with intralesional
hemorrhage. MRI of the pituitary gland showed an expansive process involving the entire sella
turcica with extension to the suprasellar cistern and the anterior region of the third ventricle. On
paramagnetic contrast T1-weighted ((B), coronal; (C), sagittal) and T2-weighted ((D), coronal)
sequences the signal is heterogeneous with a hyperintense area in the tumor dome and left
posterolateral region.

The main symptoms associated with PA are headache (89%), ophthalmoplegia (78%)
(mainly due to third cranial nerve palsy, followed by fourth and sixth cranial nerve
palsies), vomiting (69%), campimetric defects (64%), and decreased visual acuity (52%)
[56-58]. Hypopituitarism is frequent, with gonadotropin deficiency being the most
common hormone deficiency (75%), followed by corticotropin deficiency (70%) and
thyrotropin (50%) [59]. Almost all patients with PA have GH deficiency at diagnosis,
although GH deficiency is not usually tested at the time of diagnosis [55,58]. Some authors
have suggested that low serum prolactin levels may indicate a greater degree of pituitary
destruction and, therefore, a lower likelihood of pituitary function recovery after surgery
[31,36]. Hyponatremia may occur in up to 40% of patients with PA secondary to adrenal
insufficiency, central hypothyroidism, or the syndrome of inappropriate secretion of
antidiuretic hormone (SIADH) [52]. In rare cases, epileptic seizures, hemiplegia, and
diabetes insipidus have also been reported [60-62].

Regardless of the type of treatment (conservative or surgical), the development of
some degree of permanent hypopituitarism is common. Campimetric defects and visual
acuity usually improve after treatment and ophthalmoplegia usually resolves in most
cases. Recurrence of the underlying pituitary tumor and new episodes of PA are rare
[36,54]. However, patients with functioning PitNETs require long-term follow-up due to
the high risk of persistence/recurrence of endocrine hyperactivity [54].

6. Pituitary Apoplexy (PA) in Pituitary Neuroendocrine Tumors (PitNETs)

PA prevalence in different published series ranges from 0.6% to 10%, with an average
of 2% of all surgically removed PitNETs [9,11]. The risk of developing PA in patients with
NE-PitNETs and pituitary incidentalomas is between 0.2 and 0.6 events per 100 person-
years [63,64]. Although PA has been classically associated with macroadenomas, it has
also been reported, although with a lower prevalence (0.36%), in patients with pituitary
microadenomas [5,9,11,12,64,65].
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NF-PitNETs constitute 45% of all pituitary tumors that develop PA [56,66]. It has also
been reported in non-functioning pituitary microadenomas, although less frequently than
in macroadenomas [67,68].

It is well known that dopamine agonists used in the treatment of prolactinoma are a
risk factor for PA. These drugs promote tumor regression due to reduction of lactotrope
size and degenerative and necrotic changes in tumor cells. This association has been
described mainly with bromocriptine, but there are also reported cases associated with
the use of cabergoline, since it acts in the same way as bromocriptine by reducing the size
of prolactinoma after inducing apoptosis of lactotrope cells [69-71]. Although dopamine
agonists may precipitate PA, treatment can be continued after the PA to achieve hormonal
and prolactinoma size control. PA has also been reported in pregnant women with micro-
, macro-, and giant prolactinomas [43,72-74].

PA also develops in patients with acromegaly. In fact, the first described case of PA
was in a patient with a somatotropinoma [1]. Sometimes the patient diagnosed with
acromegaly may be complicated by fulminant PA [75]. The average age of affected
patients is 37 years and there is no specific gender predilection. Patients usually present
with invasive adenomas (Knosp grade > 3). After PA, GH and IGF-1 levels tend to
decrease, and spontaneous biochemical remission may occur along with partial or
complete anterior or posterior (or both) pituitary insufficiency [76].

Although pituitary tumor apoplexy is the most commonly reported event (91%) in
patients with spontaneous remission of Cushing’s disease [77], cases of tumor recurrence
after PA have been described. Therefore, careful long-term follow-up is necessary [78].

6.1. Pituitary Apoplexy in Children and Adolescents

PA is a rare event in children and adolescents [8,79-85]. It has been reported in 1.8%
to 7.5% of all surgically treated PitNETs in this population [86,87]. More recently, PA was
found in 42.5% of pediatric and adolescent PitNETs [85]. In contrast to adult patients, in
whom PA is more frequent in non-functioning PitNETSs, in children and adolescents PA
is more commonly seen in functioning PitNETs, mainly prolactinomas (73.5%) [83,85].
There is no sex predilection and the mean age at the time of diagnosis is 16.6 + 2.6 years.
Visual disturbances and hypopituitarism occur in approximately 40-45% of patients. No
significant differences have been observed between PitNETs with and without PA in the
degree of invasion according to the Knosp grading system and in the expression of Ki-67
proliferation index. Lastly, the tumor recurrence rate after surgery is 14.7% [85].

6.2. Pituitary Apoplexy in the Elderly

No large series of elderly patients with PA have been reported. Some articles have
described experiences in isolated cases and small series [88-91]. With increasing life
expectancy, the incidence of PitNETs in the elderly population is expected to increase,
leading to an increased PA incidence. In addition, PA risk is increased by the frequent
presence of comorbidities in the elderly that act as predisposing or precipitating factors,
such as hypertension and diabetes, and the widespread use of antiplatelet and
anticoagulant medications in this population. Given the high prevalence of prostate
cancer in older men, it is important to remember that GnRH agonist androgen deprivation
therapy for prostate cancer may precipitate PA in this population, especially in those with
PitNETs [88].

PA in the elderly often presents with symptoms of hypopituitarism. In this
population, non-specific symptoms of hypopituitarism may be attributed to other
comorbidities, complicating clinical evaluation [89]. Although the presence of acute
confusion in the elderly is usually due to delirium precipitated by infection, occasionally
an episode of acute confusion may be the presenting form of PA, which should be
considered especially if the patient has a history of PitNET [90].

For older patients with PA contraindicated for surgery, even with compression
symptoms such as ophthalmoplegia, if conservative management has been effective and
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there has been no deterioration, the patient can be carefully monitored and conservative
management can be continued [91].

6.3. Pituitary Apoplexy and Pregnancy

PA during pregnancy is a rare event. It is estimated to occur in about 1 in 10,000 term
pregnancies, with a mean gestational age at diagnosis around 24 weeks of gestation, and
approximately 10% of cases develop in the postnatal period (Sheehan’s syndrome). Often
this event is the first clinical manifestation of a pituitary tumor, typically a
macroadenoma, as these are more prone to bleeding [43,46,47,92,93].

During pregnancy, increased estrogen levels cause hypertrophy and hyperplasia of
the lactotrope cells, resulting in an increase in pituitary volume [94,95]. In addition,
pregnancy is known to be associated with an increase in the volume of prolactinomas,
especially macroprolactinomas [96]. Finally, pregnancy is a prothrombotic state that may
favor pituitary ischemic phenomena [97].

A recent review of 36 cases of PA during pregnancy showed that most cases occurred
in the second trimester. At diagnosis, the mean age of the pregnant women was 29 + 4
years and the mean gestational age was 25 + 8§ weeks. PitNETs were previously diagnosed
in almost half of the patients (47%) (seven macroadenomas, four microadenomas, and six
adenomas without specification of tumor size). Headache was the most common
symptom at presentation (86%). Approximately 80% of pregnant women developed
partial or complete hypopituitarism. The degree of hypopituitarism depends on the extent
of the pituitary parenchyma involved. The most common hormonal deficiency was
gonadotropins, followed by ACTH and TSH, and less commonly prolactin. Surgical
management was required in more than half of the pregnant women (61%). Caesarean
section was the mode of delivery in 15 cases, vaginal in six, and unknown in 48%.
Maternal and fetal outcomes included three cases of preterm delivery and one maternal
death [47].

7. Diagnosis

The clinical suspicion of PA is based on the acute symptoms presented by patients,
characterized by the sudden onset of severe headache, usually retro-ocular and worsening
with time; nausea and vomiting; visual disturbances (reduction of visual acuity, blurred
vision, or reduction of visual fields); ophthalmoplegia due to involvement of oculomotor
cranial nerves III, IV, and VI; and finally, in severe cases, a deterioration of the level of
consciousness [98].

In order to make a diagnosis of PA, an imaging study is required. Magnetic resonance
imaging (MRI) is the preferred option (sensitivity of approximately 90%) because it can
visualize and detect hemorrhage, necrosis, and edema within the pituitary gland, the
presence of a PitNET, and compression of the optic chiasm and other adjacent structures.
It can also detect lesions that may mimic PA such as aneurysms, Rathke’s cleft cysts,
craniopharyngioma, and mucocele [99]. In the acute phase (0-7 days), a hypointense
signal is seen on T2-weighted images (T2WI) and an isointense or slightly hypointense
signal is seen on Tl-weighted images (T1WI). In the subacute phase (7-21 days),
methemoglobin shortens the T1 relaxation time, causing the bleed to appear hyperintense
on both TIWI and T2WI. In the chronic phase (>21 days), the presence of hemosiderin and
ferritin causes marked hypointensity on both TIWI and T2WI [100,101]. Another MRI
finding highly suggestive of PA is sphenoid sinus mucosal thickening. This is probably
related to local venous congestion during the acute phase of bleeding and tends to resolve
with time [102-104].

If MRI is contraindicated or not available, computed tomography (CT) may be used.
CT effectively visualizes expansile pituitary lesions resulting in sella turcica enlargement.
A CT scan detects the presence of a sellar mass in more than 80% of cases, but only
diagnoses less than 30% of PAs [105,106]. Due to the hemorrhagic component of most PAs,
CT shows patchy or confluent hyperdensities within a lesion [99].
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Visual acuity, visual field, and ocular motility should be assessed periodically at the
patient’s bedside during the first 48 h and, if possible, an instrumental examination
(Humphrey analyzer or Goldman’s perimeter) should be performed [107,108].

Finally, pituitary hormones should be measured to detect possible pituitary hormone
deficiencies as well as endocrine conditions of hormone hypersecretion. Blood samples
should be taken urgently for the measurement of electrolytes, renal function, liver
function, coagulation, blood count, and pituitary function (cortisol, prolactin, free
thyroxine, TSH, IGF-1, GH, LH, FSH, and estradiol in women of childbearing age or
testosterone in men) [108].

It is important to differentiate PA from other entities that may cause similar
symptoms, such as internal carotid artery aneurysmal rupture [109], bacterial meningitis
[80], subarachnoid hemorrhage [110], and adult optic neuritis [111].

8. Management

The ideal therapeutic approach of PA is not clearly defined and remains
controversial. While some authors favor early transsphenoidal surgical decompression in
all patients, others recommend a conservative approach in selected patients [55,112]. It is
important to note that the extent of hemorrhage/ischemia, the symptomatology at
presentation, and the clinical course of PA can vary considerably from patient to patient.
Therefore, symptoms may vary from a mild headache with mild visual disturbances
occurring over several days to a severe headache of abrupt onset with severe visual
disturbances and even decreased level of consciousness. However, most patients have
symptoms between these two extremes. Patients without neuro-ophthalmologic
symptoms or with mild and stable symptoms and/or signs may be managed
conservatively under close supervision. On the other hand, patients with worsening
visual acuity, level of consciousness, or visual field defects should undergo urgent MRI to
plan surgical decompression. In any case, because PA is a medical emergency, treatment
must be individualized and tailored to each patient after a thorough evaluation by a
multidisciplinary team, including a neuroradiologist, an endocrinologist, an
ophthalmologist, and a neurosurgeon with expertise in pituitary pathology [55,108,112].

8.1. Conservative Approach

Patients without neuro-ophthalmologic symptoms or with mild and stable
symptoms and/or signs may be managed conservatively with close monitoring of
neurologic symptoms, visual acuity and visual field loss, renal function, and electrolytes.
Similarly, patients with subacute PA or those with prolactinoma can be managed
conservatively, in the latter case with the addition of dopamine agonists.

Conservative treatment should be initiated in all patients with PA, although it is
usually used as the sole treatment in only about one-third of patients. An analysis of 708
patients with PA from several series (each with more than 30 patients) published in the
last 30 years showed that 30.6% of the patients received exclusively conservative
treatment, while the rest (69.4%) were additionally treated with surgery (Figure 4).
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Figure 4. Distribution of conservative and surgical approaches in different series of patients with
pituitary apoplexy [7,10,36,52,105,113-120].

The goals of pharmacologic treatment are to correct corticosteroid deficiency, prevent
associated complications, and reduce morbi-mortality [34,55,59,108,121].

The conservative approach focuses primarily on the administration of high-dose
corticosteroids, hemodynamic stabilization, administration of hormone replacement
therapy for hormonal deficiencies, medical management of functioning PitNETSs (such as
prolactinomas, acromegaly, and Cushing’s disease), and specific treatment of any other
underlying causes responsible for PA.

The main reason for the use of high doses of glucocorticoids is their anti-
inflammatory and antiedematous effects. They are also used as replacement therapy
because a high percentage (70%) of patients with PA develop central adrenal insufficiency,
which is the hormonal deficiency most often associated with mortality in these patients.
Hypocortisolemia is a predisposing factor for hemodynamic instability because it is
associated with a decreased vascular response to catecholamines. It also increases the
release of arginine vasopressin, which decreases the excretion of free water and facilitates
the development of hyponatremia [59].

Hydrocortisone 100-200 mg intravenous (iv) bolus followed by 2—4 mg every hour
by continuous iv infusion or 100 mg intramuscular (im) bolus followed by 50-100 mg
every six hours by im injection is commonly used. Dexamethasone (2 to 16 mg per day
orally or iv in two or three doses) may be useful initially to reduce edema if early surgical
decompression is not performed. In some cases, it may be necessary to add mannitol
[59,108,122].

During the course of conservative treatment, evaluation of neurologic symptoms is
essential, initially on an hourly basis, which may be increased to 4-6 hourly intervals if
there is improvement. Visual acuity and visual field should also be monitored daily until
improvement is noted, and fluid and electrolyte levels should be monitored daily or more
frequently if necessary. In the follow-up, MRI should be scheduled urgently if a decrease
in the level of consciousness, a deterioration in visual acuity, or a worsening of the visual
field is observed.
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After initial improvement of the acute episode, it is recommended to rapidly taper
the glucocorticoid dose to 20 to 30 mg of hydrocortisone per day orally divided into three
doses.

8.2. Surgical Approach

In most reported series [7,10,36,52,105,113-120], urgent surgical intervention is
recommended in situations involving decreased level of consciousness, hypothalamic
involvement, sudden amaurosis, or loss of visual acuity. Similarly, intervention is
suggested in cases of gradual deterioration of visual acuity, worsening of visual field
defects, and/or neurological symptoms (Figure 5).

[ Pituitary Apoplexy }

v

Hemodynamic stabilization
Control of renal function and electrolytes
Hormonal function assessment
High-dose corticosteroids

v

Close monitoring
* Visual acuity
* Visual field loss
* Ocular motility
* Level of consciousness

v

Severe loss or gradual deterioration
of visual acuity

yes Sudden amaurosis

Severe or worsening of visual field defects
and/or neurological symptoms
Hypothalamic involvement

Decreased level of consciousness

High PAS (>3-4)

Conservative
Clinical deterioration medical
approach

Urgent

decompressive
surgery

Figure 5. Suggested therapeutic management of pituitary apoplexy due to pituitary hemorrhage
associated with compressive symptoms due to compression of adjacent structures.

If surgical decompression is chosen, the transsphenoidal approach is now preferred
because it allows adequate decompression of the visual tracts and adjacent structures in
contact with the PA tissue lesion, with lower morbidity and mortality [34,55,108,121].
Although both microscopic and endoscopic surgery are viable options, the endoscopic
route is currently more commonly used, and sometimes it may be necessary to resort to
open surgery via craniotomy [119]. Surgery should be always performed by a
neurosurgeon with experience in pituitary pathology.

Regarding the timing of surgery, although some studies have suggested that early
surgery (within the first 7 days) could be associated with a more favorable prognosis
[52,123], this has not been confirmed by a recently published prospective, multicenter,
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observational study [119]. This study showed that early surgery (<2, <3, or <4 days) did
not have a significant impact on outcomes 3 months after the onset of PA.

Decompressive surgery is justified by the improvement in visual acuity, campimetric
defects, ophthalmoplegia, and hormonal deficits observed in most patients after surgery
[124-127].

Close monitoring is essential after decompressive surgery, especially in the first 24—
48 h. Water—electrolyte balance, plasma and urine osmolality, the neurological status of
the patient, and the evolution of visual deficits, including visual acuity, eye movements,
and confrontation campimetry, should be closely monitored.

Complications associated with PA surgery that require readmission within the first
30 days after hospital discharge are uncommon (~6%). These include CSF leak,
hyponatremia, and epistaxis [119]. Other complications that may occur postoperatively
are diabetes insipidus, infection, hypopituitarism, and neurological or visual impairment
[124-126,128].

8.3. Conservative Treatment vs. Surgery

PA has traditionally been considered a neurosurgical emergency, however, some
retrospective and prospective studies have shown similar results between medically
treated and surgically intervened patients (Table 1).
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Table 1. Clinical features, therapeutic management, and outcomes of published series of pituitary apoplexy in the last ten years comparing surgery vs. conservative

management.
Author et al., Year Type Number  Sex Surgery Conservative Management Outcomes
(Ref.) of Study of Patients (M/F) n (%) n (%) (Surgery vs. Conservative Management)
No statistically significant difference in the rates of complete or near-
Bujawansa et al., Retrospectiv 55 35/20 33 (60) 22 (40) complete resolution of visual field deficits and cranial nerve palsies
2014 [117] crospective and endocrine outcomes between those treated conservatively and
those who underwent surgical decompression
noh et al. 201 L - . .
Singh et al., 2015 Retrospective g7 57/30 69 (77.3) 18 (20.7) No statistically significant differences in any of the outcome measures
[114] across the treatment groups
Almeida et al No significant difference between conservative and surgical treatment
2019 [120 7 Retrospective 67 49 (73.1) 18 (26.9) for visual field recovery, cranial nerve recovery and hypopituitarism,
[120] or tumor recurrence was observed
Improvements in visual acuity, cranial nerve palsy, and visual field
Marx et al., 2021 . were similar, and the endocrine prognosis remained poor after
[118] Retrospective 46 29117 19 (41.3) 27 (58.7) pituitary apoplexy, regardless of the therapeutic approach
Higher number of hormonal deficits in the surgery group at 1 year
Biagetti et al., 2022 . -statistical diff i t f i
lagettiet a Retrospective 29 15/14 17 (58.6) 12 (41.4) Non-statistical differences in outcomes wsere ound between patients
[115] who underwent surgery or were conservatively treated
No significant differences in ophthalmological parameters and
Salle et al., 2024 endocrine function at both the 3-month and 1-year follow-u
alecta Retrospective 55 36/19 30 (54.5) 25 (45.4) _ year: P
[36] All oculomotor disturbances regressed and normalized by the 3-month
follow-up
P tive, . . . .
Mamelak et al., nlesé)::nlt‘;i, 97 68129 67 (69.0) 30 (31.0) No differences in hormonal recovery, visual field, and oculomotor
2024 [119] . palsy outcomes at 3 months
observational

M, males; F, females.
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A recently published systematic review and meta-analysis on surgical versus
conservative management in the treatment of PA showed that the recovery rates of visual
field, endocrine function, and ophthalmoplegia were 76%, 23%, and 81%, respectively, for
surgery and 79%, 23%, and 90%, respectively, for conservative treatment [129]. However,
it should be taken into account that the groups studied are not usually homogeneous at
baseline because the proportion of patients with ophthalmological signs at the time of PA
presentation is significantly higher in the surgically treated group than in the
conservatively treated group [36,120].

The main controversy in treating PA lies in determining when neurosurgical
decompression is indicated and when to perform such decompression. In order to be able
to better compare different therapeutic options (conservative approach vs. immediate
neurosurgical intervention) and help make a therapeutic decision the UK guidelines of
the Pituitary Apoplexy Guidelines Development Group for the management of PA
proposed in 2011 the Pituitary Apoplexy Score (PAS) based on level of consciousness
(Glasgow Coma Scale (GCS) score) and ophthalmological data (visual acuity, visual field
defects, and ocular paresis) [59] (Table 2).

Table 2. Pituitary apoplexy score (PAS) [59].

Variable Points
Level of consciousness
GCS 15 0
GCS<8-14 2
GCS<8 4
Visual acuity
Normal * 6/6 0
Reduced —unilateral 1
Reduced —bilateral 2
Visual field defects
Normal 0
Unilateral defect 1
Bilateral defect
Ocular paresis
Absent
Present—unilateral 1

Present—bilateral

GCS: Glasgow Coma Scale. * No change from premorbid visual acuity.

Several studies have retrospectively evaluated the PAS in relation to the type of
treatment used in PA [36,116-118] (Table 3). PAS value was significantly lower in the
group of patients treated conservatively compared to those who underwent surgery. In
the conservative group, PAS ranged between 1 and 2, while in the surgical group, it
ranged between 3 and 4. In addition, PAS was the only variable that was associated with
surgical treatment in the multivariate analysis in one of the above-mentioned studies [36].
In general, it can be concluded that the prediction of adequate treatment affects patients
with a PAS around 3—4.
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Table 3. Pituitary apoplexy score (PAS) value according to the type of therapy used in pituitary
apoplexy in retrospective studies.

Conservative Surgery p-Value
Group Group

Reddy et al., 2011 [116] n=19 n =35
(n=>54) 1.4 (range, 04) 3.5 (range, 1-9) NA
Bujawansa et al., 2014 [117] (n=27) (n=19)
(n=46) 1.8 (range, 0-5) 3.8 (range,1-6) <0.01
Marx et al., 2021 [118] (n=27) (n=19)
(n =46) 1.1 (range, 0—4) 3.0 (range, 1-6) 0.0002
Salle et al., 2023 [36] (n=25) (n=30)
(n=>55) 1.7 +1.7 39+1.7 <0.0001

NA: not available.

Some authors [118] have suggested the inclusion of headache as part of the PAS, as
it may be a factor indicating the need for surgery in certain situations, especially in the
case of headache refractory to analgesic treatment. However, the perception of headache
intensity is subjective and could lead to selection bias. Within the PAS, the score for GCS
and for cranial nerve palsies has not shown statistically significant differences between
the treatment groups in the different studies evaluated [36,116-118]. On the other hand,
since most vigilance disorders are associated with corticotropin deficiency and are
reversible with glucocorticoid hormone replacement therapy, it has been suggested that
PAS should always be evaluated after correct hormonal supplementation [36].

It has been criticized that PAS does not consider pituitary hormone function.
Although no differences have been found in the effects on hormonal function between the
types of treatment at the time of PA, some authors have suggested that serum prolactin
concentrations could serve as a predictor of the capacity for recovery of pituitary function
in the medium and long term [36,130]. Low prolactin levels could indicate greater
pituitary parenchymal damage and be associated with a lower capacity for recovery of
hormonal function after PA [36]. This raises concerns about the usefulness of surgery in
hypoprolactinemic patients when the primary goal is to restore pituitary function.

Recently, a prospective, international, multicenter study compared the presentation
and outcomes of patients with PA undergoing surgical versus non-surgical management
[119]. In this study 97 patients were analyzed (30 received medical treatment and 67
underwent surgery). The treatment decision for each patient was made on an individual
basis based on investigators’ best judgment and treatment preferences. Baseline clinical
characteristics, including demographics, presenting symptoms, hormonal deficiencies,
and imaging study findings, were comparable in both groups. Patients with PAS equal to
or greater than 3 were more likely to undergo surgery than patients with PASOto 2 (p =
0.03). At presentation, only visual field defects and optic nerve compression on MRI
showed significant differences between the groups, with the surgical group presenting
the most severe visual field defects. Hormonal, visual, and oculomotor outcomes were
similar at 3 and 6 months. Stratification by visual field severity showed no significant
differences in any outcome at 3 months. In addition, no association was found between
the timing of surgery and any of the outcomes. Importantly, apoplectic tumor volume
decreased significantly at 2-3 months even in conservatively treated patients, suggesting
that surgery is not always necessary to reduce mass effect. Consequently, this study failed
to demonstrate an association between surgery and better outcomes in PA [119].
However, when interpreting these results, it is important to keep in mind the selection
bias, as patients treated with surgery tend to be those with severe symptoms at the onset
of PA or who have worse outcomes with conservative treatment.

Another proposed classification system for PA which has implications for
management, outcomes, and categorization for future studies is the Pituitary Apoplexy
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Grading System (PAGS) which divides patients into five grades of increasing clinical
severity based on the most common presenting symptoms: Grade 1: asymptomatic
patients (subclinical apoplexy); Grade 2: symptoms attributable exclusively to
hypopituitarism; Grade 3: headache (acute-onset new or acute-on-chronic); Grade 4:
ocular paresis (cavernous sinus cranial nerves); and Grade 5: visual deficits or a low GCS
score that precludes visual assessment [131]. Patients with low grades (Grades 1 to 3) had
a more frequent complete recovery from endocrine deficiency than patients with higher
grades (Grades 4 to 5). In addition, there was a trend toward earlier surgical treatment in
patients with higher grades, with good overall outcomes in patients with all grades.

9. Short- and Long-Term Surveillance

After an acute episode of PA, close follow-up in the short, medium, and long term is
recommended for all patients. This is essential to assess the patient’s progress, detect
possible complications, adjust treatment if necessary, and provide appropriate support
for rehabilitation. This follow-up can include imaging studies, neuro-ophthalmological
and endocrine assessments, as well as emotional support and physical rehabilitation
according to the individual needs of each patient, allowing for comprehensive and
personalized management of each case and optimizing long-term outcomes.

During the course of conservative treatment, regular assessments of neuro-
ophthalmological symptoms such as visual acuity and visual fields are necessary. Ideally,
these assessments should be performed hourly initially, considering increasing intervals
to 4-6 h if significant improvement is observed. Fluid and electrolyte balance be
monitored on a daily basis, or more frequently as required. In the event of obvious clinical
deterioration, particularly in the form of decreased visual acuity or field and/or decreased
level of consciousness, an MRI should be performed urgently and urgent surgical
decompression should be considered [55,59,108,122].

In patients who have undergone decompressive surgery, care in the immediate
postoperative period is similar to that after surgery for PitNET. Possible complications in
this period include diabetes insipidus, central adrenal insufficiency, visual loss, CSF
fistula, and meningitis. It is therefore essential to monitor fluid balance and assess adrenal
and thyroid function postoperatively. Cortisol measurement at 8 a.m. is the recommended
test for the initial assessment of the newly operated patient in the absence of steroid
therapy. Similarly, thyroid function (TSH and free thyroxine) should be assessed from the
third or fourth postoperative day. If normal, it should be reassessed after 6-8 weeks. After
surgery, it is common to see improvement in visual acuity, campimetric defects, and
oculomotor palsy in most patients. This improvement is usually seen in the immediate
postoperative period and often continues for a few weeks after the operation [59,108].

Following an episode of PA, partial or complete hypopituitarism often develops in
the following days or months, which may be transient or permanent. Approximately 80%
of patients require some form of hormone replacement therapy and around 50% of
patients experience partial or complete recovery of pituitary function. Complete recovery
of pituitary function occurs in only 5-37% of patients [55].

Visual symptoms may improve with follow-up, although recovery is less likely in
patients with unilateral or bilateral vision loss. Diplopia tends to improve first, while
visual field loss improves more slowly. Retinal optical coherence tomography may help
to determine the prognosis of visual field loss [132,133].

Although spontaneous cure of functioning and non-functioning pituitary tumors
after PA has been described [76,77], recurrence of PA, as well as tumor growth or
recurrence [7], has been observed similarly in both conservatively and surgically managed
patients [120]. Therefore, prolonged follow-up of all patients is essential to detect any
recurrence regardless of the therapeutic modality used.
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10. Conclusions

PA is a rare but potentially serious condition that is difficult to diagnose due to its
variable and often non-specific clinical presentation. MRI is the diagnostic tool of choice
because it can show typical features such as areas of pituitary hemorrhagic necrosis. Initial
medical management of acute AP is aimed at control of symptoms (such as headache,
nausea, vomiting, etc.), hemodynamic stabilization, monitoring of hormonal and renal
function, electrolytes, and administration of high-dose corticosteroids. In selected cases,
such as asymptomatic patients or those with mild symptoms, a conservative approach
with symptomatic management and close follow-up may be considered instead of
immediate surgical intervention. However, in cases of severe symptoms or compression
of adjacent structures, transsphenoidal surgery may be required to decompress the
pituitary gland and relieve symptoms. Surgery may also be required in cases of massive
hemorrhage or severe neurological symptoms. There are PA score systems that can help
in making therapeutic decisions. After initial treatment, close follow-up is required to
assess hormonal function and possible long-term complications, such as new hormone
deficiencies and the possibility of recurrence of PitNETs from postoperative tumor
remnants. Given the complex nature and consequences of PA, optimal management
requires close collaboration among multidisciplinary team members including emergency
physicians, endocrinologists, neurosurgeons, neuro-ophthalmologists, neuroradiologists,
and intensivists. Given the possibility of short- and long-term sequelae, recovery of
pituitary function, recurrence of PA, and growth of underlying PiTNETSs, short- and long-
term follow-up is recommended.

Funding: This research received no external funding.

Conflicts of Interest: The author declare no conflict of interest.

References

1.

10.

Bailey, P. Pathological Report of a Case of Acromegaly, with Special Reference to the Lesions in the Hypophysis
Cerebri and in the Thyroid Gland; and a Case of Haemorrhage in to the Pituitary. Phila. Med. ]. 1898, 1, 789-792.
Brougham, M.; Heusner, A.P.; Adams, R.D. Acute Degenerative Changes in Adenomas of the Pituitary Body--with
Special Reference to Pituitary Apoplexy. J. Neurosurg. 1950, 7, 421-439. https://doi.org/10.3171/jns.1950.7.5.0421.
Albani, A.; Ferrat, F.; Angileri, F.F.; Esposito, F.; Granata, F.; Ferreri, F.; Cannavo, S. Multidisciplinary Management
of Pituitary Apoplexy. Int. . Endocrinol. 2016, 2016, 7951536. https://doi.org/10.1155/2016/7951536.

Raappana, A.; Koivukangas, J.; Ebeling, T.; Pirild, T. Incidence of Pituitary Adenomas in Northern Finland in 1992—
2007. J. Clin. Endocrinol. Metab. 2010, 95, 4268-4275. https://doi.org/10.1210/jc.2010-0537.

Fernandez, A.; Karavitaki, N.; Wass, J.A.H. Prevalence of Pituitary Adenomas: A Community-Based, Cross-
Sectional Study in Banbury (Oxfordshire, UK). Clin. Endocrinol. 2010, 72, 377-382. https://doi.org/10.1111/j.1365-
2265.2009.03667 ..

Jankowski, P.P.; Crawford, J.R.; Khanna, P.; Malicki, D.M.; Ciacci, J.D.; Levy, M.L. Pituitary Tumor Apoplexy in
Adolescents. World Neurosurg. 2015, 83, 644—-651. https://doi.org/10.1016/j.wneu.2014.12.026.

Sibal, L.; Ball, S.G.; Connolly, V.; James, R.A.; Kane, P.; Kelly, W.F.; Kendall-Taylor, P.; Mathias, D.; Perros, P.;
Quinton, R;; et al. Pituitary Apoplexy: A Review of Clinical Presentation, Management and Outcome in 45 Cases.
Pituitary 2004, 7, 157-163. https://doi.org/10.1007/s11102-005-1050-3.

Picén Jaimes, Y.A.; Orozco Chinome, J.E.; Lopez Cepeda, D.; Quintana Pajaro, L.; Galindo-Velasquez, H.; Ramos-
Villegas, Y.; Ripoll-Zapata, V.; Morales-Nufez, M.A.; Moscote Salazar, L.R. Pituitary apoplexy in pediatric patients:
Systematic  review. Rev. Fac. Cienc. Medicas Cordoba ~ Argent. 2022, 79, 141-145.
https://doi.org/10.31053/1853.0605.v79.n2.27984.

Zhu, X.; Wang, Y.; Zhao, X,; Jiang, C.; Zhang, Q.; Jiang, W.; Wang, Y.; Chen, H.; Shou, X.; Zhao, Y.; et al. Incidence
of Pituitary Apoplexy and Its Risk Factors in Chinese People: A Database Study of Patients with Pituitary Adenoma.
PLoS ONE 2015, 10, e0139088. https://doi.org/10.1371/journal.pone.0139088.

Lubina, A.; Olchovsky, D.; Berezin, M.; Ram, Z.; Hadani, M.; Shimon, I. Management of Pituitary Apoplexy:
Clinical Experience with 40 Patients. Acta Neurochir. 2005, 147, 151-157; discussion 157.
https://doi.org/10.1007/s00701-004-0413-2.



J. Clin. Med. 2024, 13, 2508 17 of 23

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Vargas, G.; Gonzalez, B.; Guinto, G.; Mendoza, V.; Lépez-Félix, B.; Zepeda, E.; Mercado, M. Pituitary Apoplexy in
Nonfunctioning Pituitary Macroadenomas: A Case-Control Study. Endocr. Pract. 2014, 20, 1274-1280.
https://doi.org/10.4158/EP14120.0R.

Carija, R.; Vucina, D. Frequency of Pituitary Tumor Apoplexy during Treatment of Prolactinomas with Dopamine
Agonists: A Systematic Review. CNS Neurol. Disord. Drug Targets 2012, 11, 1012-1014.
https://doi.org/10.2174/1871527311211080011.

Pawar, S.J.; Sharma, R.R.; Lad, 5.D.; Dev, E.; Devadas, R.V. Rathke’s Cleft Cyst Presenting as Pituitary Apoplexy.
J. Clin. Neurosci. 2002, 9, 76-79. https://doi.org/10.1054/jocn.2001.0974.

Chen, Y.; Hu, F.; Wang, J.; Huang, K;; Liu, W.; Tan, Y.; Zhao, K,; Xiao, Q.; Lei, T.; Shu, K. Clinical Features of
Craniopharyngioma With Tumoral Hemorrhage: A Retrospective Case-Controlled Study. Front. Surg. 2022, 9,
845273. https://doi.org/10.3389/fsurg.2022.845273.

Chhiber, S.S.; Bhat, A.R.; Khan, S.H.; Wani, M.A.; Ramzan, A.U.; Kirmani, A.R.; Malik, N.K.; Wani, A.A.; Rather, T.
Apoplexy in Sellar Metastasis: A Case Report and Review of Literature. Turk. Neurosurg. 2011, 21, 230-234.
https://doi.org/10.5137/1019-5149.JTN.2716-09.1.

Arunkumar, M.J.; Rajshekhar, V. Intrasellar Tuberculoma Presenting as Pituitary Apoplexy. Neurol. India 2001, 49,
407-410.

Deogaonkar, M.; De, R;; Sil, K.; Das, S. Pituitary Tuberculosis Presenting as Pituitary Apoplexy. Int. |. Infect. Dis.
IJID 2006, 10, 338-339. https://doi.org/10.1016/j.ijid.2005.05.008.

Dan, N.G.; Feiner, R1.D.; Houang, M.T.W.; Turner, J.J. Pituitary Apoplexy in Association with Lymphocytic
Hypophysitis. J. Clin. Neurosci. 2002, 9, 577-580. https://doi.org/10.1054/jocn.2001.0975.

Husain, Q.; Zouzias, A.; Kanumuri, V.V.; Eloy, J.A.; Liu, ].K. Idiopathic Granulomatous Hypophysitis Presenting
as Pituitary Apoplexy. . Clin. Neurosci. 2014, 21, 510-512. https://doi.org/10.1016/j.jocn.2013.05.002.

Kelestimur, F. Sheehan’s Syndrome. Pituitary 2003, 6, 181-188. https://doi.org/10.1023/b:pitu.0000023425.20854.8e.
Laway, B.A.; Baba, M.S. Sheehan Syndrome: Cardiovascular and Metabolic Comorbidities. Front. Endocrinol. 2023,
14, 1086731. https://doi.org/10.3389/fend0.2023.1086731.

Kristjansdottir, H.L.; Bodvarsdottir, S.P.; Sigurjonsdottir, H.A. Sheehan’s Syndrome in Modern Times: A
Nationwide Retrospective Study in Iceland. Eur. J. Endocrinol. 2011, 164, 349-354. https://doi.org/10.1530/EJE-10-
1004.

Zargar, A.H.; Singh, B.; Laway, B.A.; Masoodi, S.R.; Wani, A.L; Bashir, M.I. Epidemiologic Aspects of Postpartum
Pituitary Hypofunction (Sheehan’s Syndrome). Fertil. Steril. 2005, 84, 523-528.
https://doi.org/10.1016/j.fertnstert.2005.02.022.

Tomlinson, ].W.; Holden, N.; Hills, R.K.; Wheatley, K.; Clayton, R.N.; Bates, A.S.; Sheppard, M.C.; Stewart, P.M.
Association between Premature Mortality and Hypopituitarism. West Midlands Prospective Hypopituitary Study
Group. Lancet Lond. Engl. 2001, 357, 425-431. https://doi.org/10.1016/s0140-6736(00)04006-x.

Regal, M.; Paramo, C.; Sierra, S.M.; Garcia-Mayor, R.V. Prevalence and Incidence of Hypopituitarism in an Adult
Caucasian Population in Northwestern Spain. Clin. Endocrinol. 2001, 55, 735-740. https://doi.org/10.1046/j.1365-
2265.2001.01406.x.

Tanriverdi, F.; Dokmetas, H.S.; Kebapci, N.; Kilicli, F.; Atmaca, H.; Yarman, S.; Ertorer, M.E.; Erturk, E.; Bayram,
E.; Tugrul, A.; et al. Etiology of Hypopituitarism in Tertiary Care Institutions in Turkish Population: Analysis of
773 Patients from Pituitary Study Group Database. Endocrine 2014, 47, 198-205. https://doi.org/10.1007/s12020-013-
0127-4.

Malik, S.; Kiran, Z.; Rashid, M.O.; Mawani, M.; Gulab, A.; Masood, M.Q.; Islam, N. Hypopituitarism Other than
Sellar and Parasellar Tumors or Traumatic Brain Injury Assessed in a Tertiary Hospital. Pak. ]. Med. Sci. 2019, 35,
1149-1154. https://doi.org/10.12669/pjms.35.4.174.

Proust, F.; Hannequin, D.; Bellow, F.; Langlois, O.; Tadié, M.; Creissard, P.; Fréger, P. Stress-induced pituitary
apoplexy in 2 phases. Neurochirurgie. 1995, 41, 372-376.

Glezer, A.; Bronstein, M.D. Pituitary Apoplexy: Pathophysiology, Diagnosis and Management. Arch. Endocrinol.
Metab. 2015, 59, 259-264. https://doi.org/10.1590/2359-3997000000047.

Biagetti, B.; Simo, R. Pituitary Apoplexy: Risk Factors and Underlying Molecular Mechanisms. Int. J. Mol. Sci. 2022,
23, 8721. https://doi.org/10.3390/ijms23158721.

Zayour, D.H.; Selman, W.R.; Arafah, B.M. Extreme Elevation of Intrasellar Pressure in Patients with Pituitary
Tumor Apoplexy: Relation to Pituitary Function. J. Clin. Endocrinol. Metab. 2004, 89, 5649-5654.
https://doi.org/10.1210/jc.2004-0884.



J. Clin. Med. 2024, 13, 2508 18 of 23

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Anbalagan, S.; Gordon, L.; Blechman, J.; Matsuoka, R.L.; Rajamannar, P.; Wircer, E.; Biran, J.; Reuveny, A,
Leshkowitz, D.; Stainier, D.Y.R; et al. Pituicyte Cues Regulate the Development of Permeable Neuro-Vascular
Interfaces. Dev. Cell 2018, 47, 711-726.€5. https://doi.org/10.1016/j.devcel.2018.10.017.

Marques, P.; Caimari, F.; Hernandez-Ramirez, L.C.; Collier, D.; Iacovazzo, D.; Ronaldson, A.; Magid, K.; Lim, C.T,;
Stals, K.; Ellard, S.; et al. Significant Benefits of AIP Testing and Clinical Screening in Familial Isolated and Young-
Onset Pituitary Tumors. J. Clin. Endocrinol. Metab. 2020, 105, e2247-2260. https://doi.org/10.1210/clinem/dgaa040.
Capatina, C.; Inder, W.; Karavitaki, N.; Wass, J.A.H. Management of Endocrine Disease: Pituitary Tumour
Apoplexy. Eur. ]. Endocrinol. 2015, 172, R179-R190. https://doi.org/10.1530/EJE-14-0794.

Onesti, S.T.; Wisniewski, T.; Post, K.D. Clinical versus Subclinical Pituitary Apoplexy: Presentation, Surgical
Management, and Outcome in 21 Patients. Neurosurgery 1990, 26, 980-986.

Salle, H.; Cane, M.; Rocher, M.; Auditeau, E.; Teissier, M.-P.; Raverot, G.; Salle, L. Pituitary Apoplexy Score, toward
Standardized Decision-Making: A Descriptive Study. Pituitary 2024, 27, 77-87. https://doi.org/10.1007/s11102-023-
01372-x.

Bjerre, P.; Lindholm, J. Adult Hydrocephalus and the Empty Sella. Acta Neurol. Scand. 1984, 70, 201-203.
https://doi.org/10.1111/j.1600-0404.1984.tb00820.x.

Yildiz, Y.; Lauber, A.; Char, N.V.; Bozinov, O.; Neidert, M.C.; Hostettler, I.C. Subarachnoid Hemorrhage Due to
Pituitary Adenoma Apoplexy-Case Report and Review of the Literature. Neurol. Sci. 2024, 45, 997-1005.
https://doi.org/10.1007/s10072-023-07130-y.

Araujo-Castro, M.; Paredes, 1.; Pérez-Lépez, C.; Garcia Feijoo, P.; Alvarez-Escola, C.; Calatayud, M.; Lagares, A;
Soledad Librizzi, M.; Acitores Cancela, A.; Rodriguez Berrocal, V. Differences in Clinical, Hormonal, and
Radiological Presentation and in Surgical Outcomes in Patients Presenting with and without Pituitary Apoplexy.
A Multicenter Study of 245 Cases. Pituitary 2023, 26, 250-258. https://doi.org/10.1007/s11102-023-01315-6.

Biousse, V.; Newman, N.J.; Oyesiku, N.M. Precipitating Factors in Pituitary Apoplexy. J. Neurol. Neurosurg.
Psychiatry 2001, 71, 542-545. https://doi.org/10.1136/jnnp.71.4.542.

Semple, P.L.; Jane, J.A.; Laws, E.R. Clinical Relevance of Precipitating Factors in Pituitary Apoplexy. Neurosurgery
2007, 61, 956-961; discussion 961-962. https://doi.org/10.1227/01.neu.0000303191.57178 2a.

Abo, K.M.; Kane, J.; Druckenbrod, R.C.; Mooney, M.A.; Rachlin, J. Intraoperative Hypovolemia as a Possible
Precipitating Factor for Pituitary Apoplexy: A Case Report. J. Med. Case Rep. 2023, 17, 53.
https://doi.org/10.1186/s13256-022-03738-4.

Couture, N.; Aris-Jilwan, N.; Serri, O. Apoplexy of a Microprolactinoma during Pregnancy: Case Report and
Review of Literature. Endocr. Pract. 2012, 18, e147-150. https://doi.org/10.4158/EP12106.CR.

Xu, K; Yuan, Y.; Zhou, J.; Yu, J. Pituitary Adenoma Apoplexy Caused by Rupture of an Anterior Communicating
Artery Aneurysm: Case Report and Literature Review. World ]. Surg. Oncol. 2015, 13, 228.
https://doi.org/10.1186/s12957-015-0653-z.

Fu,J;Li Y;Wu, L, Yang, X,; Quan, T,; Li, X,; Zeng, ].; Deng, Y.; Yu, ]. Pituitary Hemorrhage in Pituitary Adenomas
Treated with Gamma Knife Radiosurgery: Incidence, Risk Factors and Prognosis. J. Cancer 2021, 12, 1365-1372.
https://doi.org/10.7150/jca.52349.

Corn, M.; Nickell, A.; Lessard, C.; Jackson, A. Pituitary Apoplexy during Pregnancy with Transsphenoidal
Resection and Intraoperative Fetal Monitoring: A Case Report. Case Rep. Womens Health 2023, 39, e00543.
https://doi.org/10.1016/j.crwh.2023.e00543.

De Oliveira Gamito, M.A.P.; Amaral, N.Y.B.; Rodrigues, C.F.; Ribeiro, J.M.; Guerra, S. Pituitary Apoplexy in
Pregnancy: What Do We Know? Rev. Bras. Ginecol. E Obstet. Rev. Fed. Bras. Soc. Ginecol. E Obstet. 2023, 45, 273-280.
https://doi.org/10.1055/s-0043-1770128.

Ly, S; Naman, A.; Chaufour-Higel, B.; Patey, M.; Arndt, C.; Delemer, B.; Litre, C.F. Pituitary Apoplexy and
Rivaroxaban. Pituitary 2017, 20, 709-710. https://doi.org/10.1007/s11102-017-0828-4.

Peng, Z.; Tian, D.; Wang, H.; Kong, D.K.; Zhang, S.; Liu, B.; Deng, G.; Xu, Z.; Wu, L.; Ji, B.; et al. Epistaxis and
Pituitary Apoplexy Due to Ruptured Internal Carotid Artery Aneurysm Embedded within Pituitary Adenoma. Int.
J. Clin. Exp. Pathol. 2015, 8, 14189-14197.

Alshahrani, A.M.; Al Bshabshe, A.; Al Shahrani, M.B. Pituitary Apoplexy After a Major Abdominal Surgery: A
Case Report. Cureus 2024, 16, €52966. https://doi.org/10.7759/cureus.52966.

Dubuisson, A.S.; Beckers, A.; Stevenaert, A. Classical Pituitary Tumour Apoplexy: Clinical Features, Management
and Outcomes in a Series of 24 Patients. Clin. Neurol. Neurosurg. 2007, 109, 63-70.
https://doi.org/10.1016/j.clineuro.2006.01.006.



J. Clin. Med. 2024, 13, 2508 19 of 23

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Randeva, H.S.; Schoebel, J.; Byrne, J.; Esiri, M.; Adams, C.B.; Wass, J.A. Classical Pituitary Apoplexy: Clinical
Features, Management and Outcome. Clin. Endocrinol. 1999, 51, 181-188. https://doi.org/10.1046/j.1365-
2265.1999.00754.x.

Semple, P.L.; De Villiers, ].C.; Bowen, R.M.; Lopes, M.B.S.; Laws, E.R. Pituitary Apoplexy: Do Histological Features
Influence  the  Clinical Presentation and  Outcome? ] Neurosurg. 2006, 104, 931-937.
https://doi.org/10.3171/jns.2006.104.6.931.

Shaikh, A.A.; Williams, D.M.; Stephens, J.W.; Boregowda, K.; Udiawar, M.V.; Price, D.E. Natural History of
Pituitary Apoplexy: A Long-Term Follow-up Study. Postgrad. Med. ] 2023, 99, 595-598.
https://doi.org/10.1136/postgradmedj-2022-141836.

Briet, C.; Salenave, S.; Bonneville, J.-F.; Laws, E.R.; Chanson, P. Pituitary Apoplexy. Endocr. Rev. 2015, 36, 622-645.
https://doi.org/10.1210/er.2015-1042.

Nawar, R.N.; AbdelMannan, D.; Selman, W.R.; Arafah, B.M. Pituitary Tumor Apoplexy: A Review. |. Intensive Care
Med. 2008, 23, 75-90. https://doi.org/10.1177/0885066607312992.

Muthukumar, N. Pituitary Apoplexy: A Comprehensive Review. Neurol. India 2020, 68, S72-S78.
https://doi.org/10.4103/0028-3886.287669.

Hadj Kacem, F.; Trimeche, O.; Gargouri, I.; Ben Salah, D.; Charfi, N.; Rekik, N.; Mnif, F.; Mnif, M.; Elleuch, M.; Abid,
M. Diagnosis and Management of Pituitary Apoplexy: A Tunisian Data. Chin. Neurosurg. ]. 2023, 9, 17.
https://doi.org/10.1186/s41016-023-00331-6.

Rajasekaran, S.; Vanderpump, M.; Baldeweg, S.; Drake, W.; Reddy, N.; Lanyon, M.; Markey, A.; Plant, G.; Powell,
M.; Sinha, S.; et al. UK Guidelines for the Management of Pituitary Apoplexy. Clin. Endocrinol. 2011, 74, 9-20.
https://doi.org/10.1111/j.1365-2265.2010.03913.x.

Jiang, Q.; Xiao, S.; Shu, L.; Huang, X.; Chen, X.; Hong, H. Pituitary Apoplexy Leading to Cerebral Infarction: A
Systematic Review. Eur. Neurol. 2020, 83, 121-130. https://doi.org/10.1159/000507190.

Shijo, K.; Yoshimura, S.; Mori, F.; Yamamuro, S.; Sumi, K.; Oshima, H.; Yoshino, A. Pituitary Apoplexy
Accompanying Temporal Lobe Seizure as a Complication. World Neurosurg. 2020, 138, 153-157.
https://doi.org/10.1016/j.wneu.2020.02.148.

Hirayama, M.; Ishida, A.; Inoshita, N.; Shiramizu, H.; Yoshimoto, H.; Kato, M.; Tanaka, S.; Matsuo, S.; Miki, N,;
Ono, M,; et al. Apoplexy in Sellar Metastasis from Papillary Thyroid Cancer: A Case Report and Literature Review.
Surg. Neurol. Int. 2022, 13, 253. https://doi.org/10.25259/SNI_131_2022.

Fernandez-Balsells, M.M.; Murad, M.H.; Barwise, A.; Gallegos-Orozco, ].F.; Paul, A.; Lane, M.A.; Lampropulos, J.F.;
Natividad, I.; Perestelo-Pérez, L.; Ponce de Ledn-Lovatdn, P.G.; et al. Natural History of Nonfunctioning Pituitary
Adenomas and Incidentalomas: A Systematic Review and Metaanalysis. J. Clin. Endocrinol. Metab. 2011, 96, 905—
912. https://doi.org/10.1210/jc.2010-1054.

Sivakumar, W.; Chamoun, R.; Nguyen, V.; Couldwell, W.T. Incidental Pituitary Adenomas. Neurosurg. Focus 2011,
31, E18. https://doi.org/10.3171/2011.9.FOCUS11217.

Randall, B.R.; Couldwell, W.T. Apoplexy in Pituitary Microadenomas. Acta Neurochir. 2010, 152, 1737-1740.
https://doi.org/10.1007/s00701-010-0706-6.

Nielsen, E.H.; Lindholm, ].; Bjerre, P.; Christiansen, ].5.; Hagen, C.; Juul, S.; Jergensen, J.; Kruse, A.; Laurberg, P.
Frequent Occurrence of Pituitary Apoplexy in Patients with Non-Functioning Pituitary Adenoma. Clin. Endocrinol.
2006, 64, 319-322. https://doi.org/10.1111/j.1365-2265.2006.02463.x.

Hamblin, R.; Fountas, A.; Lithgow, K.; Loughrey, P.B.; Bonanos, E.; Shinwari, S.K.; Mitchell, K.; Shah, S.; Grixti, L.;
Matheou, M.; et al. Natural History of Non-Functioning Pituitary Microadenomas: Results from the UK Non-
Functioning  Pituitary = Adenoma  Consortium. Eur. ] Endocrinol. 2023, 189, 87-95.
https://doi.org/10.1093/ejendo/lvad070.

Pernik, M.N.; Montgomery, E.Y.; Isa, S.; Sundarrajan, C.; Caruso, J.P.; Traylor, J.I; Liu, Y.; Garzon-Muvdi, T. The
Natural History of Non-Functioning Pituitary Adenomas: A Meta-Analysis of Conservatively Managed Tumors.
J. Clin. Neurosci. 2022, 95, 134-141. https://doi.org/10.1016/j.jocn.2021.12.003.

Chng, E.; Dalan, R. Pituitary Apoplexy Associated with Cabergoline Therapy. J. Clin. Neurosci. 2013, 20, 1637-1643.
https://doi.org/10.1016/j.jocn.2013.02.027.

Balarini Lima, G.A.; Machado, E.D.O.; Dos Santos Silva, C.M.; Filho, P.N.; Gadelha, M.R. Pituitary Apoplexy
during Treatment of Cystic Macroprolactinomas with Cabergoline. Pituitary 2008, 11, 287-292.
https://doi.org/10.1007/s11102-007-0046-6.



J. Clin. Med. 2024, 13, 2508 20 of 23

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Knoepfelmacher, M.; Gomes, M.C.; Melo, M.E.; Mendonca, B.B. Pituitary Apoplexy during Therapy with
Cabergoline in an Adolescent Male with Prolactin-Secreting Macroadenoma. Pituitary 2004, 7, 83-87.
https://doi.org/10.1007/s11102-005-5349-x.

Barraud, S.; Guédra, L.; Delemer, B.; Raverot, G.; Ancelle, D.; Févre, A.; Jouanneau, E.; Litré, C.-F.; Wolak-Thierry,
A.; Borson-Chazot, F.; et al. Evolution of Macroprolactinomas during Pregnancy: A Cohort Study of 85 Pregnancies.
Clin. Endocrinol. 2020, 92, 421-427. https://doi.org/10.1111/cen.14162.

Kuhn, E.; Weinreich, A.A.; Biermasz, N.R.; Jorgensen, ].O.L.; Chanson, P. Apoplexy of Microprolactinomas during
Pregnancy: Report of Five Cases and Review of the Literature. Eur. J. Endocrinol. 2021, 185, 99-108.
https://doi.org/10.1530/EJE-21-0145.

Khaldi, S.; Saad, G.; Elfekih, H.; Ben Abdelkrim, A.; Ach, T.; Kacem, M.; Chaieb, M.; Maaroufi, A.; Hasni, Y.; Ach,
K. Pituitary Apoplexy of a Giant Prolactinoma during Pregnancy. Gymecol. Endocrinol. 2021, 37, 863-866.
https://doi.org/10.1080/09513590.2021.1938527.

Zheng, X.-Q.; Zhou, X;; Yao, Y.; Deng, K.; You, H.; Duan, L.; Zhu, H.-J. Acromegaly Complicated with Fulminant
Pituitary Apoplexy: Clinical Characteristic Analysis and Review of Literature. Endocrine 2023, 81, 160-167.
https://doi.org/10.1007/s12020-023-03379-7.

Fraser, L.-A.; Lee, D.; Cooper, P.; Van Uum, S. Remission of Acromegaly after Pituitary Apoplexy: Case Report and
Review of Literature. Endocr. Pract. 2009, 15, 725-731. https://doi.org/10.4158/EP09126.CRR.

Popa Ilie, I.R.; Herdean, A.M.; Herdean, A.L; Georgescu, C.E. Spontaneous Remission of Cushing’s Disease: A
Systematic Review. Ann. Endocrinol. 2021, 82, 613—-621. https://doi.org/10.1016/j.and0.2021.10.002.

Machado, M.C.; Gadelha, P.S.; Bronstein, M.D.; Fragoso, M.C.B.V. Spontaneous Remission of Hypercortisolism
Presumed Due to Asymptomatic Tumor Apoplexy in ACTH-Producing Pituitary Macroadenoma. Arq. Bras.
Endocrinol. Metabol. 2013, 57, 486—-489. https://doi.org/10.1590/s0004-27302013000600012.

Chao, C.-C.; Lin, C.-]J. Pituitary Apoplexy in a Teenager--Case Report. Pediatr. Neurol. 2014, 50, 648-651.
https://doi.org/10.1016/j.pediatrneurol.2014.02.004.

Enns, ].P.; Al-Khindi, T.; Wu, C.; Machaidze, M.; Sung, J. Pituitary Apoplexy as a Mimicker of Infectious Meningitis
in an  Adolescent Female Patient. Ann. Intern. Med. Clin. Cases 2023, 2, e221328.
https://doi.org/10.7326/aimcc.2022.1328.

Agrawal, P.; Newbold, S.; Busaidi, A.A.; Kapoor, R.R.; Thomas, N.; Aylwin, S.J.; Buchanan, C.R.; Arya, V.B.
Pituitary Apoplexy in an Adolescent Male with Macroprolactinoma Presenting as Middle Cerebral Artery Territory
Infarction. Ann. Pediatr. Endocrinol. Metab. 2022, 27, 320-324. https://doi.org/10.6065/apem.2142204.102.

Kasl, R.A.; Hughes, J.; Burrows, A.M.; Meyer, F.B. Pediatric Ischemic Stroke from an Apoplectic Prolactinoma.
Childs Nerv. Syst. ChNS 2015, 31, 1387-1392. https://doi.org/10.1007/s00381-015-2712-8.

Culpin, E.; Crank, M.; Igra, M.; Connolly, D.J.A.; Dimitri, P.; Mirza, S.; Sinha, S. Pituitary Tumour Apoplexy within
Prolactinomas in  Children: A More Aggressive Condition?  Pituitary 2018, 21, 474-479.
https://doi.org/10.1007/s11102-018-0900-8.

Ohata, H.; Shinde, B.; Nakamura, H.; Teranishi, Y.; Morisako, H.; Ohata, K.; Goto, T. Pituitary Apoplexy in a
Puberal Child: A Case Report and Review of the Literature. Interdiscip. Neurosurg. 2021, 25, 101160.
https://doi.org/10.1016/j.inat.2021.101160.

Wang, R.; Wang, Z; Song, Y.; Li, L.; Han, X.; Han, S. Comparative Analysis of Pituitary Adenoma with and without
Apoplexy in Pediatric and Adolescent Patients: A Clinical Series of 80 Patients. Neurosurg. Rev. 2022, 45, 491-498.
https://doi.org/10.1007/s10143-021-01551-z.

Kinoshita, Y.; Tominaga, A.; Usui, S.; Arita, K.; Sakoguchi, T.; Sugiyama, K.; Kurisu, K. Pituitary Adenomas in
Childhood and Adolescence with a Focus on Intratumoral Hemorrhage. Pituitary 2014, 17, 1-6.
https://doi.org/10.1007/s11102-012-0456-y.

Nishio, S.; Morioka, T.; Suzuki, S.; Takeshita, I.; Fukui, M.; Iwaki, T. Pituitary Tumours in Adolescence: Clinical
Behaviour and Neuroimaging Features of Seven Cases. |. Clin. Neurosci. 2001, 8, 231-234.
https://doi.org/10.1054/jocn.2000.0758.

Kim, K.W.; Chee, S.; Sunkara, N.; Baker, M.H. A Case of Pituitary Apoplexy Following Leuprolide Injection for
Prostate Cancer. R. I. Med. |. 2024, 107, 7-9.

Drissi Oudghiri, M.; Motaib, I.; Elamari, S.; Laidi, S.; Chadli, A. Pituitary Apoplexy in Geriatric Patients: A Report
of Four Cases. Cureus 2021, 13, e20318. https://doi.org/10.7759/cureus.20318.

Zafar, M.; Mccallum, V.; Nash, A.; Kumar, H.; Waqgar, M.; Mohammed, Y.; Skowronski, C.; Malik, D.A.; Kiani, A.;
Kumar, S.; et al. An Unusual Case of Acute Confusion in an Elderly Man: Pituitary Apoplexy with Lateral Rectus
Palsy. Cureus 2022, 14, e31064. https://doi.org/10.7759/cureus.31064.



J. Clin. Med. 2024, 13, 2508 21 of 23

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Fan, Y.; Bao, X.; Wang, R. Conservative Treatment Cures an Elderly Pituitary Apoplexy Patient with Oculomotor
Paralysis and Optic Nerve Compression: A Case Report and Systematic Review of the Literature. Clin. Interv. Aging
2018, 13, 1981-1985. https://doi.org/10.2147/CIA.S181109.

Grand’Maison, S.; Weber, F.; Bédard, M.-].; Mahone, M.; Godbout, A. Pituitary Apoplexy in Pregnancy: A Case
Series and Literature Review. Obstet. Med. 2015, 8, 177-183. https://doi.org/10.1177/1753495X15598917.

Gheorghe, A.-M.; Trandafir, A.-L; Stanciu, M.; Popa, F.L.; Nistor, C.; Carsote, M. Challenges of Pituitary Apoplexy
in Pregnancy. J. Clin. Med. 2023, 12, 3416. https://doi.org/10.3390/jcm12103416.

Charitou, M.M.; Mathew, R. A Case of Exaggerated Pituitary Hyperplasia in a Pregnant Woman. JCEM Case Rep.
2023, 1, luad003. https://doi.org/10.1210/jcemcr/luad003.

Valassi, E. Pituitary Disease and Pregnancy. Endocrinol. Diabetes Nutr. 2021, 68, 184-195.
https://doi.org/10.1016/j.endien.2020.07.002.

Almalki, M.H.; Alzahrani, S.; Alshahrani, F.; Alsherbeni, S.; Almoharib, O.; Aljohani, N.; Almagamsi, A. Managing
Prolactinomas during Pregnancy. Front. Endocrinol. 2015, 6, 85. https://doi.org/10.3389/fend0.2015.00085.
Battinelli, E.M.; Marshall, A.; Connors, ].M. The Role of Thrombophilia in Pregnancy. Thrombosis 2013, 2013, 516420.
https://doi.org/10.1155/2013/516420.

Pyrgelis, E.-S.; Mavridis, I.; Meliou, M. Presenting Symptoms of Pituitary Apoplexy. J. Neurol. Surg. Part Cent. Eur.
Neurosurg. 2018, 79, 52-59. https://doi.org/10.1055/s-0037-1599051.

Boellis, A.; di Napoli, A.; Romano, A.; Bozzao, A. Pituitary Apoplexy: An Update on Clinical and Imaging Features.
Insights Imaging 2014, 5, 753-762. https://doi.org/10.1007/5s13244-014-0362-0.

Bradley, W.G. MR Appearance of Hemorrhage in the Brain. Radiology 1993, 189, 15-26.
https://doi.org/10.1148/radiology.189.1.8372185.

Hardy, P.A.; Kucharczyk, W.; Henkelman, R.M. Cause of Signal Loss in MR Images of Old Hemorrhagic Lesions.
Radiology 1990, 174, 549-555. https://doi.org/10.1148/radiology.174.2.2296664.

Semple, P.L.; Jane, ].A.; Lopes, M.B.S.; Laws, E.R. Pituitary Apoplexy: Correlation between Magnetic Resonance
Imaging and Histopathological Results. J. Neurosurg. 2008, 108, 909-915.
https://doi.org/10.3171/JNS/2008/108/5/0909.

Arita, K.; Kurisu, K.; Tominaga, A.; Sugiyama, K.; Ikawa, F.; Yoshioka, H.; Sumida, M.; Kanou, Y.; Yajin, K.; Ogawa,
R. Thickening of Sphenoid Sinus Mucosa during the Acute Stage of Pituitary Apoplexy. J. Neurosurg. 2001, 95, 897—
901. https://doi.org/10.3171/jns.2001.95.5.0897.

Liu, J.K.; Couldwell, W.T. Pituitary Apoplexy in the Magnetic Resonance Imaging Era: Clinical Significance of
Sphenoid Sinus Mucosal Thickening. |. Neurosurg. 2006, 104, 892-898. https://doi.org/10.3171/jns.2006.104.6.892.
Bills, D.C.; Meyer, E.B.; Laws, E.R.; Davis, D.H.; Ebersold, M.].; Scheithauer, B.W.; Ilstrup, D.M.; Abboud, C.F. A
Retrospective Analysis of Pituitary Apoplexy. Neurosurgery 1993, 33, 602-608; discussion 608-609.
https://doi.org/10.1227/00006123-199310000-00007.

Liu, Z.H.; Chang, C.N.; Pai, P.C.; Wei, K.C; Jung, S.M.; Chen, N.Y.; Chuang, C.C. Clinical Features and Surgical
Outcome of Clinical and Subclinical Pituitary Apoplexy. . Clin. Neurosci. 2010, 17, 694-699.
https://doi.org/10.1016/j.jocn.2009.11.012.

Bevers, C.; Blanckaert, G.; Van Keer, K.; Fils, J.-F.; Vandewalle, E.; Stalmans, I. Semi-Automated Kinetic Perimetry:
Comparison of the Octopus 900 and Humphrey Visual Field Analyzer 3 versus Goldmann Perimetry. Acta
Ophthalmol. 2019, 97, e499—e505. https://doi.org/10.1111/a0s.13940.

Vicente, A.; Lecumberri, B.; Galvez, M.A.; Grupo de Trabajo de Neuroendocrinologia. Clinical practice guideline
for the diagnosis and treatment of pituitary apoplexy. Endocrinol. Nutr. Organo Soc. Esp. Endocrinol. Nutr. 2013, 60,
582.e1-582.€12. https://doi.org/10.1016/j.endonu.2013.04.013.

Wang, P.W.; Chung, M.H,; Feng, S.W; Liao, H.C.; Wu, Y.C.; Hueng, D.Y.; Yang, Y.J.; Ju, D.T. Case Report: Ruptured
Internal Carotid Artery Fusiform Aneurysm Mimicking Pituitary Apoplexy after Stereotactic Radiosurgery. Front.
Neurol. 2023, 14, 1219372. https://doi.org/10.3389/fneur.2023.1219372.

Choudhury, M.; Eligar, V.; DeLloyd, A.; Davies, ].S. A Case of Pituitary Apoplexy Masquerading as Subarachnoid
Hemorrhage. Clin. Case Rep. 2016, 4, 255-257. https://doi.org/10.1002/ccr3.488.

Petersen, P.; Christiansen, K.H.; Lindholm, J. Acute Monocular Disturbances Mimicking Optic Neuritis in Pituitary
Apoplexy. Acta Neurol. Scand. 1988, 78, 101-103. https://doi.org/10.1111/j.1600-0404.1988.tb03628.x.

Chanson, P.; Lepeintre, ].-F.; Ducreux, D. Management of Pituitary Apoplexy. Expert Opin. Pharmacother. 2004, 5,
1287-1298. https://doi.org/10.1517/14656566.5.6.1287.

Ayuk, J.; McGregor, E.J.; Mitchell, R.D.; Gittoes, N.J.L. Acute Management of Pituitary Apoplexy--Surgery or
Conservative Management? Clin. Endocrinol. 2004, 61, 747-752. https://doi.org/10.1111/j.1365-2265.2004.02162.x.



J. Clin. Med. 2024, 13, 2508 22 of 23

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Singh, T.D.; Valizadeh, N.; Meyer, F.B.; Atkinson, ].L.D.; Erickson, D.; Rabinstein, A.A. Management and Outcomes
of Pituitary Apoplexy. J. Neurosurg. 2015, 122, 1450-1457. https://doi.org/10.3171/2014.10.JNS141204.

Biagetti, B.; Sarria-Estrada, S.; Cordero Asanza, E.; Chaachou-Charradi, A.; Ng-Wong, Y.K.; Cicuendez, M,;
Hernandez, I.; Rojano-Toimil, A.; Costa, P.; Martinez-Saez, E.; et al. Risk Factors, Radiological and Clinical
Outcomes in Subclinical and Clinical Pituitary Apoplexy. [ Clin. Med. 2022, 11, 7288.
https://doi.org/10.3390/jcm11247288.

Reddy, N.L.; Rajasekaran, S.; Han, T.S.; Theodoraki, A.; Drake, W.; Vanderpump, M.; Baldeweg, S.; Wass, ].A.H.
An Objective Scoring Tool in the Management of Patients with Pituitary Apoplexy. Clin. Endocrinol. 2011, 75, 723.
https://doi.org/10.1111/j.1365-2265.2011.04081 .x.

Bujawansa, S.; Thondam, S.K.; Steele, C.; Cuthbertson, D.J.; Gilkes, C.E.; Noonan, C.; Bleaney, C.W.; Macfarlane,
I.A.; Javadpour, M.; Daousi, C. Presentation, Management and Outcomes in Acute Pituitary Apoplexy: A Large
Single-Centre = Experience from the United Kingdom. Clin. Endocrinol. 2014, 80, 419-424.
https://doi.org/10.1111/cen.12307.

Marx, C.; Rabilloud, M.; Borson Chazot, F.; Tilikete, C.; Jouanneau, E.; Raverot, G. A Key Role for Conservative
Treatment in the Management of Pituitary Apoplexy. Endocrine 2021, 71, 168-177. https://doi.org/10.1007/s12020-
020-02499-8.

Mamelak, A.N.; Little, A.S; Gardner, P.A.; Almeida, J.P.; Recinos, P.; Soni, P.; Kshettry, V.R.; Jane, J.A;
Barkhoudarian, G.; Kelly, D.F.; et al. A Prospective, Multicenter, Observational Study of Surgical vs Nonsurgical
Management  for Pituitary = Apoplexy. J. Clin.  Endocrinol.  Metab. 2024, 109, e711-e725.
https://doi.org/10.1210/clinem/dgad541.

Almeida, J.P.; Sanchez, M.M.; Karekezi, C.; Warsi, N.; Fernandez-Gajardo, R.; Panwar, J.; Mansouri, A.; Suppiah,
S.; Nassiri, F.; Nejad, R.; et al. Pituitary Apoplexy: Results of Surgical and Conservative Management Clinical Series
and Review of the Literature. World Neurosurg. 2019, 130, €988—€999. https://doi.org/10.1016/j.wneu.2019.07.055.
Baldeweg, S.E.; Vanderpump, M.; Drake, W.; Reddy, N.; Markey, A.; Plant, G.T.; Powell, M.; Sinha, S.; Wass, J.
Society for Endocrinology Clinical Committee Society for Endocrinology Endocrine Emergency Guidance:
Emergency Management of Pituitary Apoplexy in Adult Patients. Endocr. Connect. 2016, 5, G12-G15.
https://doi.org/10.1530/EC-16-0057.

Donegan, D.; Erickson, D. Revisiting Pituitary Apoplexy. . Endocr. Soc. 2022, 6, bvacll3.
https://doi.org/10.1210/jendso/bvacl13.

Turgut, M.; Ozsunar, Y.; Basak, S.; Giiney, E.; Kir, E.; Meteoglu, 1. Pituitary Apoplexy: An Overview of 186 Cases
Published during the Last Century. Acta Neurochir. 2010, 152, 749-761. https://doi.org/10.1007/s00701-009-0595-8.
Galal, A.; Ahmed, O.E.F. Determinants of Visual and Endocrinological Outcome after Early Endoscopic Endonasal
Surgery for Pituitary Apoplexy. Surg. Neurol. Int. 2022, 13, 433. https://doi.org/10.25259/SNI_642_2022.
Rutkowski, M.].; Kunwar, S.; Blevins, L.; Aghi, M.K. Surgical Intervention for Pituitary Apoplexy: An Analysis of
Functional Outcomes. |. Neurosurg. 2018, 129, 417-424. https://doi.org/10.3171/2017.2.JNS1784.

Pangal, D.J.; Chesney, K.; Memel, Z.; Bonney, P.A.; Strickland, B.A.; Carmichael, J.; Shiroishi, M.; Jason Liu, C.-S,;
Zada, G. Pituitary Apoplexy Case Series: Outcomes After Endoscopic Endonasal Transsphenoidal Surgery at a
Single Tertiary Center. World Neurosurg. 2020, 137, e366-e372. https://doi.org/10.1016/j.wneu.2020.01.204.

Zoli, M.; Milanese, L.; Faustini-Fustini, M.; Guaraldi, F.; Asioli, S.; Zenesini, C.; Righi, A.; Frank, G.; Foschini, M.P.;
Sturiale, C.; et al. Endoscopic Endonasal Surgery for Pituitary Apoplexy: Evidence On a 75-Case Series From a
Tertiary Care Center. World Neurosurg. 2017, 106, 331-338. https://doi.org/10.1016/j.wneu.2017.06.117.

Gondim, J.A.; de Albuquerque, L.A.F.; Almeida, ].P.; Bulcao, T.; Gomes, E.; Schops, M.; Vasconcelos, R.; da Paz, F,;
Guimaraes, S.B. Endoscopic Endonasal Surgery for Treatment of Pituitary Apoplexy: 16 Years of Experience in a
Specialized Pituitary Center. World Neurosurg. 2017, 108, 137-142. https://doi.org/10.1016/j.wneu.2017.08.131.
Arias-Angulo, J.C.; Montolla-Casella, A.].; Mier-Garcia, J.F. Surgical versus Conservative Management in the
Treatment of Pituitary Apoplexy, Impact on Clinical and Oncological Outcomes: Systematic Review and Meta-
Analysis. Res. Sq. 2023. https://doi.org/10.21203/rs.3.rs-2505182/v1.

Lammert, A.; Walter, M.S.; Giordano, F.A.; Al Zhgloul, M.; Kramer, B.K.; Nittka, S.; Schulte, D.M.; Ratliff, M.,
Hanggi, D.; Seiz-Rosenhagen, M. Neuro-Endocrine Recovery After Pituitary Apoplexy: Prolactin as a Predictive
Factor. Exp. Clin. Endocrinol. Diabetes 2020, 128, 283-289. https://doi.org/10.1055/a-0640-2915.

Jho, D.H.; Biller, BM.K.; Agarwalla, P.K.; Swearingen, B. Pituitary Apoplexy: Large Surgical Series with Grading
System. World Neurosurg. 2014, 82, 781-790. https://doi.org/10.1016/j.wneu.2014.06.005.



J. Clin. Med. 2024, 13, 2508 23 of 23

132. Milazzo, S.; Toussaint, P.; Proust, F.; Touzet, G.; Malthieu, D. Ophthalmologic Aspects of Pituitary Apoplexy. Eur.
J. Ophthalmol. 1996, 6, 69-73. https://doi.org/10.1177/112067219600600114.

133. Singh, V.; Holmes, R. Visual Recovery Following Surgical Intervention for Pituitary Apoplexy Correlated with
Preoperative Optical Coherence Tomography. N. Z. Med. ]. 2022, 135, 122-129.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury
to people or property resulting from any ideas, methods, instructions or products referred to in the content.



