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Abstract Pituitary apoplexy is a clinical syndrome of

sudden headache and visual decline associated with acute

hemorrhagic or ischemic change of an intrasellar mass, and

comprises only a subset of hemorrhagic pituitary lesions.

The most common presenting symptoms include headache,

nausea, diminished visual acuity or visual field, ophthal-

moplegia/paresis, and impaired mental status. Multiple risk

factors have been reported, although the majority of cases

have no identifiable precipitants. MRI is the most sensitive

diagnostic modality, with specific imaging findings

dependent on the timing post-hemorrhage. Early clinical

suspicion is imperative to allow for corticosteroid

replacement and hemodynamic stabilization when indi-

cated. Transsphenoidal surgical decompression improves

outcome in a majority of cases, although conservative

management may be appropriate in select scenarios.
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Background

Pituitary apoplexy has become synonymous with hemor-

rhage within a pituitary lesion, and more properly should

be designated as pituitary tumor apoplexy. However,

classical apoplexy in the sense of a catastrophic event

associated with acute onset of symptoms accompanies only

a fraction of hemorrhagic pituitary lesions [1, 2]. The initial

description of a clinical presentation of pituitary apoplexy

is attributed to Bailey in 1898 [3], with credit of the des-

ignation ‘‘pituitary apoplexy’’ given to Brougham, Heus-

ner, and Adams in 1950 to depict 5 cases of sudden death

in which autopsy revealed hemorrhagic degeneration of a

pituitary adenoma [4]. As noted, pituitary apoplexy should

be more appropriately termed pituitary tumor apoplexy,

since intrinsic hemorrhage within the pituitary gland

reflects pathologies such as Sheehan’s syndrome, and other

instances of hemorrhage into a normal pituitary gland. In

addition to pituitary adenomas, sellar hemorrhage has also

been reported with benign cysts of the pituitary, metastases

[5], other neoplastic lesions and trauma, although adeno-

mas predominate [6].

Radiologic and surgical series report hemorrhage in

10–22 % of pituitary adenomas, although clinical pituitary

apoplexy is associated with only 0.6–9 % of pituitary

tumors [1, 7–14]. Hemorrhage into pituitary tumors can be

classified as acute, subacute, and chronic [15]. Although

the classic presentation of pituitary apoplexy evolves over

hours to 1 or 2 days, a stuttering course of subacute

symptoms may precede the full panorama of acute pituitary

tumor apoplexy [1, 6]. In one case series, an average of

14 days elapsed between onset of symptoms until presen-

tation to neurosurgery, with some delays exceeding

2 months [2]. Pituitary tumor apoplexy patients are statis-

tically more likely to be unmarried, uninsured, and without

a primary health care provider, when considering a strict

definition of sudden deterioration of visual acuity with

imaging and pathological evidence consistent with pitui-

tary tumor hemorrhage [16]. These socioeconomics factors

may lead to a failure to note antecedent warning signs and

symptoms until a fulminant presentation results.
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Clinical presentation

The most common presenting signs and symptoms in

pituitary tumor apoplexy are headache (84–100 %), nausea

(80 %), diminished visual acuity (56 %), temporal visual

field cut (34–70 %), some degree of ophthalmoparesis

(45–57 %), and impaired mental status (13–30 %)

(Table 1) [1, 2, 17]. Headache and meningismus are

believed to result from stretching of the hypophyseal cap-

sule and/or extension of the intratumoral bleeding into the

subarachnoid space. Mass effect on adjacent optic nerves,

optic chiasm, and the cavernous sinus produces the high

incidence of visual and cranial nerve deficits. Loss of

vision may manifest as decreased visual acuity, enlarge-

ment of the blind spot, generalized constriction of visual

fields, a frequently asymmetric bitemporal hemianopia or

superior quadrantanopia, occasional nasal field defect, or

even unilateral or bilateral blindness [18, 19].

Ocular paresis is most commonly due to oculomotor

palsy, followed by abducens palsy, and infrequently,

trochlear or multiple cranial nerve involvement [18, 20–

22]. Oculomotor dysfunction may result from direct cav-

ernous sinus invasion by tumor, transmitted pressure on the

lateral wall of the cavernous sinus, vascular occlusion of

the nerve, or compression between tumor and the inter-

clinoid ligament as the third nerve enters the cavernous

sinus at the oculomotor trigone [21, 23, 24]. Isolated

abducens palsy suggests posterior expansion of tumor

toward Dorello’s canal [23]. Trochlear weakness usually

accompanies deficits in one or more other cranial nerves,

although rare cases of isolated trochlear palsy have been

reported in macroadenomas [25]. Even though divisions of

the trigeminal nerve also course along the lateral wall of

the cavernous sinus, it maintains its function even when

stretched to four times its original length [26], and tri-

geminal dysfunction can signify tumor invasion into the

external wall of the cavernous sinus or beyond [27].

Although the most frequent presentation of pituitary

tumor apoplexy includes headache and visual impairment,

the most feared consequence is sudden death, presumably

from acute adrenal insufficiency [4, 28]. Infarction or

necrosis of the gland itself results in hypopituitarism

(usually permanent) in 70–80 % of patients [1, 29]. Prompt

recognition of pituitary hormonal axis dysfunction and

corticosteroid supplementation is critical. Hypocortisol-

emia also triggers vasopressin release and increased

retention of water, both resulting in hyponatremia.

Hydrocephalus due to suprasellar extension of the pituitary

tumor can further confound the etiology of altered mental

status and headache [6].

Etiology and pathogenesis

Several hypotheses exist on the pathogenesis of pituitary

tumor apoplexy. Both infarction and hemorrhage are

observed in apoplexy, not always concurrently. Ischemic

necrosis and hemorrhagic conversion in any setting reflect

an imbalance of blood flow and perfusion to the target

organ. A classic scenario leading to such imbalance por-

trays a rapidly growing tumor that outstrips its vascular

supply [4, 30]. Although this explanation intuitively

applies for the vast majority of hemorrhagic macroadeno-

mas, it becomes more tenuous in cases of hemorrhagic

microadenomas with an apoplectic presentation [1, 7]. An

alterative hypothesis proposes compression of portal ves-

sels by a growing pituitary mass, with consequent ischemic

necrosis, with or without hemorrhage (Fig. 1) [6]. The

primary juncture of vulnerability is thought to involve the

crossing of the superior hypophyseal artery at the dia-

phragmatic aperture. This contradicts angiographic evi-

dence which suggests that most pituitary adenomas are

supplied by the inferior hypophyseal artery. The observa-

tion that pituitary adenomas appear more prone to hemor-

rhage than other intracranial neoplasms [8] leads to further

speculation on underlying intratumoral vascular fragility

and vasculopathy [31].

Precipitating factors for apoplexy have been attributed

to large size of tumor [32, 33], cavernous sinus invasion

[32], hypertension [1], trauma [4], increased intracranial

pressure, coughing and sneezing, prior radiation [34],

endocrine stimulation tests [35], pregnancy and exogenous

estrogen therapy [31], active and withdrawal of bromo-

criptine therapy [36], cardiac surgery [37], an anticoagu-

lated state [6], and thrombocytopenia [2, 8, 9, 17, 31, 38].

The reported risk factors have been synthesized into 4

categories: (1) acute increase in hypophyseal blood flow;

(2) reduced blood flow to the pituitary tumor; (3) hormonal

stimulation of the pituitary gland and tumor; and (4) an

anticoagulated state [17]. Sudden increase in blood flow to

the pituitary gland may result from hypertension or

microvascular degeneration, as seen in diabetes. Pituitary

hypoperfusion from a transient increase in intracranial

pressure or systemic procedures such as cardiac surgery

accounts for another subset of apoplexy cases. This

Table 1 Presenting symptoms and signs of pituitary apoplexy

Presenting symptom Incidence (%)

Headache 84–100

Nausea 80

Diminished visual acuity 56

Visual field deficit 34–70

Ocular paresis 45–57

Impaired mental status 13–30
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rationale also applies to patients with prior pituitary radi-

ation and chronic hypoperfusion, who may be more sus-

ceptible to infarction and hemorrhage. Hormonal surges

can result from endogenous sources, such as pregnancy, the

stress response, or exogenous administration of hormones

or hormone altering drugs. Lastly, anticoagulation through

drugs or immunodeficiency may exacerbate underlying

vascular fragility in some cases of apoplexy. Notwith-

standing the above risk factors, a majority of pituitary

apoplexy cases have no clearly identifiable precipitants

[31].

Null-cell adenomas comprise the most frequent histo-

logic subtype associated with pituitary tumor apoplexy, in

proportion to their usual incidence among pituitary tumors

[1, 2, 18]. Although earlier work questioned a hemorrhagic

proclivity in acromegaly and Cushing’s disease cases,

subsequent series have not demonstrated any clear evi-

dence for subtype specificity among functional adenomas

[17, 18]. Apoplexy has been reported in all age ranges, with

a lower incidence among children than adults. A predi-

lection for males is reported in some studies [1, 39], but not

others.

Diagnosis and evaluation

The most critical differential diagnosis in pituitary tumor

apoplexy is aneurysmal subarachnoid hemorrhage,

although meningitis [40], pituitary abscess [41], complex

migraine, stroke, optic neuritis, encephalitis, sinusitis [42],

cavernous sinus thrombosis [43], pseudotumorcerebri,

myocardial infarction, and syncope have also been reported

[2, 11]. Although approximately 20–30 % of patients may

have prior endocrine-related symptoms, 80 % of patients

have no known prior history of pituitary lesions prior to the

onset of apoplexy [1, 2, 17].

On initial presentation in an emergency setting, CT scan

of the head is often obtained first to rule out subarachnoid

or intraparenchymal hemorrhage due to a vascular etiology.

Hyperdense blood, with or without a fluid level suggestive

of differing ages of hemorrhage onset, in the setting of a

heterogeneous mass and occasional expansion of the sella

turcica are often seen. However, absence of hemorrhage on

CT does not preclude pituitary apoplexy. In one series, CT

scans identified only 21 % of pituitary tumor hemorrhages,

compared to an 88 % detection rate by MRI [1]. Therefore,

clinical suspicion of pituitary apoplexy should prompt

MRI, after ensuring hemodynamic stabilization of the

patient and administration of corticosteroids, if indicated.

Pituitary hemorrhage manifests with mixed intensity sellar

attenuation on T1- and T2-weighted sequences, consistent

with the usual pattern of blood degradation (Fig. 2) [44,

45]. MRI also elucidates anatomic detail of the underlying

tumor, sellar expansion, suprasellar and parasellar exten-

sion, optic chiasm compression, and cavernous sinus

involvement (Fig. 3) [46]. Apoplexy can be associated with

antecedent sphenoid sinus mucosa thickening on MRI

during the acute phase of symptomology in close to 80 %

of cases [47–49]. Sphenoid sinus mucosa thickening also

appears to correlate with more severe neurologic and

endocrinologic compromise on presentation as well as on

long-term follow-up, signifying greater compression of

neurovascular structures (probably venous) by larger

tumors [49]. Extrasellar findings in pituitary apoplexy

include subarachnoid hemorrhage and unilateral or bilat-

eral stroke from thrombosis, direct vascular compression,

Fig. 1 Illustration of the vascular compression theory of pituitary

tumor apoplexy. a Arterial supply to the normal pituitary gland.

b Illustration of an enlarging pituitary adenoma stretching the

diaphragma sella with compression of the trabecular arteries at the

diaphragmatic notch. (Adapted from Rovit RL and Fein JM, Pituitary

apoplexy: a review and reappraisal, J Neurosurg, 37:280–288)
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or vasospasm [50, 51]. Infarction of a pituitary adenoma

with ischemic necrosis can also produce the clinical syn-

drome of pituitary tumor apoplexy as a result of acute

swelling of the ischemic tumor.

Diagnosis of apoplexy merits a full evaluation of the

endocrinologic status. A typical laboratory panel measures

prolactin, fasting cortisol, adrenocorticotrophic hormone,

thyroid stimulating hormone, thyroxine (T4), free T4, tri-

iodothyronine (T3), growth hormone, insulin-like growth

factor-1, follicle-stimulating hormone, luteinizing hor-

mone, estrogen in females, and testosterone in males.

Stress dose steroids should be given with either clinical or

laboratory evidence of adrenal insufficiency. Concurrent

thyroid hormone deficiencies should be repleted after cor-

rection of hypocortisolemia to prevent excess stimulation

of metabolism in an adrenally insufficient patient. Elec-

trolyte imbalance, especially hyponatremia, should also be

investigated and anticipated in the acute setting and

repleted cautiously as indicated [2, 52].

Patients should undergo full ophthalmologic examination

on presentation, and following surgical resection. Deficits in

visual acuity, visual field, or impairment of ocular motility

may prompt more urgent intervention, especially among

patients undergoing initial conservative management.

Although bitemporal hemianopsia is classically associated

with pituitary masses, central scotoma is the most frequently

encountered visual deficit in one series of apoplexy patients,

along with a significant preponderance of isolated nasal

defects or generalized constriction of vision [19]. Therefore,

pituitary tumor apoplexy should be suspected for acute onset

headache with any constellation of visual impairment.

Management

The majority of pituitary tumor apoplexy cases appropri-

ately result in surgical intervention, usually in a prompt

manner via a transsphenoidal approach [11, 31], although

some guidelines exist for conservative management in

select cases [13, 29, 53]. The precise timing of surgical

decompression is subject to debate. We favor the following

strategy in the management of clinical pituitary apoplexy.

The most important initial intervention is repletion of

corticosteroids, hemodynamic stabilization, and correction

of electrolyte imbalance. Patients with impaired con-

sciousness or actively deteriorating vision merit emergent

Fig. 2 Acute on subacute pituitary apoplexy in a 42-year-old man

presented with a week of progressive headache, followed by acute

onset right-sided double vision, ptosis, and partial ophthalmoplegia.

MRI revealed a hyperintense heterogeneous sellar lesion (arrow) on

a axial T1-weighted, b coronal T1-weighted, and c axial T2-weighted

images. d Gradient echo images also demonstrated signal shortening,

consistent with intratumoral hemorrhage
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surgical decompression. Surgery within the first week is

preferred for patients with visual deficits or cranial neur-

opathies, without active decline in symptoms and signs. In

fact, earlier intervention correlates with improved neuro-

logic outcomes in several studies, as discussed below.

Patients with stable or improving visual symptoms, espe-

cially related only to an isolated ocular palsy, may be

conservatively managed, with elective surgery if any new

deficits arise in follow-up. Biochemical evidence of a

prolactinoma during the initial workup may encourage

medical management alone, given excellent response rates

to dopamine agonists. Even in the absence of neurologic or

endocrinologic deficits, surgical decompression may

relieve intractable headaches by diminishing the tension

within and around the sella.

Outcome

Despite the foreboding name, a majority of pituitary tumor

apoplexy patients experience significant improvement in

symptoms with both surgical and expectant management.

In apoplexy patients with visual deficit on presentation,

53–89 % experienced improvement after transsphenoidal

surgery [1, 2, 16, 18, 19]. This range is slightly lower at

40–80 % following transcranial decompression of a pitui-

tary mass [18, 54]. Visual recovery occurs in stages, sug-

gestive of different mechanisms of response to injury [55].

Different opinions exist on the optimal time of surgical

intervention for apoplexy and its impact on visual recovery.

Several authors note that surgery within the first 8 days

after presentation with apoplexy is more likely to improve

visual deficits compared to delayed intervention [1, 9, 56].

However, others did not find any significant difference in

degree of visual recovery between patients with less than

versus greater than 7 days of visual loss before treatment

[18, 19]. Across all pituitary adenomas, Cohen et al. [57]

reported that duration of symptoms (less than 6 months)

inversely correlated with recovery, and that preoperative

visual acuity was predictive of visual outcome. The

appearance of the optic disc was a strong predictor of

visual outcome in some series but not others [18, 19].

Cranial neuropathies are more likely to improve in

patients who underwent early surgical intervention, within

Fig. 3 Acute to early subacute pituitary apoplexy in a 42-year-old

man who presented with 5 days of progressive headache and double

vision, with a partial right oculomotor palsy. a Non-contrast CT

revealed a relatively hyperdense sellar lesion (arrow) with compres-

sion of the left cavernous sinus. b Axial T2-weighted FLAIR,

c coronal T1-weighted gadolinium-enhanced, and d sagittal T1-

weighted gadolinium-enhanced MRI images demonstrated the evolv-

ing hemorrhagic pituitary lesion (arrow), with extension of blood into

the prepontine space
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2–3 days of presentation, compared to later surgery [20,

21]. Oculomotor palsy, the most commonly encountered

cranial nerve deficit in pituitary apoplexy, frequently

develops in a defined sequence of mydriasis, gaze limita-

tion, and lastly, ptosis, which usually improves in the

reverse order following surgery [21]. Concurrent involve-

ment of abducens, trochlear, and rarely trigeminal, palsies

usually occurs after the onset of oculomotor deficits, and

may recover faster than the third nerve palsy. MRI and

histopathologic findings of pituitary tumor infarction

attributed to ischemia, rather than hemorrhage, may further

portend a more favorable neurologic and ophthalmologic

outcome [58]. Notwithstanding these different observa-

tions, we favor prompt, but not necessarily emergent,

transsphenoidal surgical decompression of apoplectic

pituitary lesions.

Hypopituitarism, requiring long-term steroid placement,

results in 58–83 % of apoplexy patients [1, 2]. Trans-

sphenoidal resection of an apoplectic lesion can reverse

preoperative hypopituitarism in about 25 % of patients

[49]. Diabetes insipidus occurs less commonly, in

approximately 6–8 % of patients [1, 2]. Although hemor-

rhagic infarction may result in partial obliteration of a

pituitary lesion, long-term follow-up is still merited for

residual tumor and late-onset recurrence [59]. Mortality in

the acute setting is less than 2 % in the modern era of

diagnostic and therapeutic armamentarium.

Conclusion

Pituitary tumor apoplexy is a clinical event, and occurs in a

subset of pre-existing pituitary lesions that become hem-

orrhagic and/or ischemic. Hemodynamic stabilization,

reversal of electrolyte imbalance, and correction of adre-

nocorticoid insufficiency are of utmost importance on ini-

tial encounter. Transsphenoidal surgical decompression

improves outcome in a majority of cases, although con-

servative management may be appropriate in select

scenarios.

References

1. H.S. Randeva, J. Schoebel, J. Byrne, M. Esiri, C.B. Adams, J.A.

Wass, Classical pituitary apoplexy: clinical features, management

and outcome. Clin. Endocrinol. 51(2), 181–188 (1999)

2. P.L. Semple, M.K. Webb, J.C. de Villiers, E.R. Laws Jr., Pitui-

tary apoplexy. Neurosurgery 56(1), 65–72; discussion 72–63

(2005)

3. P. Bailey, Pathological report of a case of akromegaly, with

special reference to the lesions in the hypophysis cerebri and in

the thyroid gland; and a case of haemorrhage into the pituitary.

Phila. Med. J. 1, 789–792 (1898)

4. M. Brougham, A.P. Heusner, R.D. Adams, Acute degenerative

changes in adenomas of the pituitary body—with special refer-

ence to pituitary apoplexy. J. Neurosurg. 7(5), 421–439 (1950).

doi:10.3171/jns.1950.7.5.0421

5. S.S. Chhiber, A.R. Bhat, S.H. Khan, M.A. Wani, A.U. Ramzan,

A.R. Kirmani, N.K. Malik, A.A. Wani, T. Rather, Apoplexy in

sellar metastasis: a case report and review of literature. Turk.

Neurosurg. 21(2), 230–234 (2011). doi:10.5137/1019-5149.JTN.

2716-09.1

6. R.L. Rovit, J.M. Fein, Pituitary apoplexy: a review and reap-

praisal. J. Neurosurg. 37(3), 280–288 (1972). doi:10.3171/jns.

1972.37.3.0280

7. G. Mohr, J. Hardy, Hemorrhage, necrosis, and apoplexy in

pituitary adenomas. Surg. Neurol. 18(3), 181–189 (1982)

8. S. Wakai, T. Fukushima, A. Teramoto, K. Sano, Pituitary apo-

plexy: its incidence and clinical significance. J. Neurosurg. 55(2),

187–193 (1981). doi:10.3171/jns.1981.55.2.0187

9. D.C. Bills, F.B. Meyer, E.R. Laws Jr., D.H. Davis, M.J. Ebersold,

B.W. Scheithauer, D.M. Ilstrup, C.F. Abboud, A retrospective

analysis of pituitary apoplexy. Neurosurgery 33(4), 602–608;

discussion 608–609 (1993)

10. W. Bonicki, A. Kasperlik-Zaluska, W. Koszewski, W.

Zgliczynski, J. Wislawski, Pituitary apoplexy: endocrine, surgical

and oncological emergency. Incidence, clinical course and

treatment with reference to 799 cases of pituitary adenomas. Acta

Neurochir. 120(3–4), 118–122 (1993)

11. M.J. Ebersold, E.R. Laws Jr., B.W. Scheithauer, R.V. Randall,

Pituitary apoplexy treated by transsphenoidal surgery. A clini-

copathological and immunocytochemical study. J. Neurosurg.

58(3), 315–320 (1983). doi:10.3171/jns.1983.58.3.0315

12. J.W. Findling, J.B. Tyrrell, D.C. Aron, P.A. Fitzgerald, C.B.

Wilson, P.H. Forsham, Silent pituitary apoplexy: subclinical

infarction of an adrenocorticotropin-producing pituitary ade-

noma. J. Clin. Endocrinol. Metab. 52(1), 95–97 (1981). doi:10.

1210/jcem-52-1-95

13. P. Maccagnan, C.L. Macedo, M.J. Kayath, R.G. Nogueira, J.

Abucham, Conservative management of pituitary apoplexy: a

prospective study. J. Clin. Endocrinol. Metab. 80(7), 2190–2197

(1995). doi:10.1210/jcem.80.7.7608278

14. S.G. Ostrov, R.M. Quencer, J.C. Hoffman, P.C. Davis, A.N.

Hasso, N.J. David, Hemorrhage within pituitary adenomas: how

often associated with pituitary apoplexy syndrome? AJR Am.

J. Roentgenol. 153(1), 153–160 (1989). doi:10.2214/ajr.153.1.153

15. W. Muller, H.W. Pia, Clinical aspects and etiology of massive

hemorrhage in pituitary adenoma. Deutsche Zeitschrift fur Ner-

venheilkunde 170(4), 326–336 (1953)

16. A. Jahangiri, A.J. Clark, S.J. Han, S. Kunwar, L.S. Blevins Jr.,

M.K. Aghi, Socioeconomic factors associated with pituitary

apoplexy. J. Neurosurg. 119(6), 1432–1436 (2013). doi:10.3171/

2013.6.JNS122323

17. V. Biousse, N.J. Newman, N.M. Oyesiku, Precipitating factors in

pituitary apoplexy. J. Neurol. Neurosurg. Psychiatry 71(4),

542–545 (2001)

18. M. Peter, N. De Tribolet, Visual outcome after transsphenoidal

surgery for pituitary adenomas. Br. J. Neurosurg. 9(2), 151–157

(1995)

19. R.M. McFadzean, D. Doyle, R. Rampling, E. Teasdale, G.

Teasdale, Pituitary apoplexy and its effect on vision. Neurosur-

gery 29(5), 669–675 (1991)

20. H.J. Woo, J.H. Hwang, S.K. Hwang, Y.M. Park, Clinical outcome

of cranial neuropathy in patients with pituitary apoplexy.

J. Korean Neurosurg. Soc. 48(3), 213–218 (2010). doi:10.3340/

jkns.2010.48.3.213

21. S.H. Kim, K.C. Lee, S.H. Kim, Cranial nerve palsies accompa-

nying pituitary tumour. J. Clin. Neurosci. 14(12), 1158–1162

(2007). doi:10.1016/j.jocn.2006.07.016

74 Endocrine (2015) 48:69–75

123

http://dx.doi.org/10.3171/jns.1950.7.5.0421
http://dx.doi.org/10.5137/1019-5149.JTN.2716-09.1
http://dx.doi.org/10.5137/1019-5149.JTN.2716-09.1
http://dx.doi.org/10.3171/jns.1972.37.3.0280
http://dx.doi.org/10.3171/jns.1972.37.3.0280
http://dx.doi.org/10.3171/jns.1981.55.2.0187
http://dx.doi.org/10.3171/jns.1983.58.3.0315
http://dx.doi.org/10.1210/jcem-52-1-95
http://dx.doi.org/10.1210/jcem-52-1-95
http://dx.doi.org/10.1210/jcem.80.7.7608278
http://dx.doi.org/10.2214/ajr.153.1.153
http://dx.doi.org/10.3171/2013.6.JNS122323
http://dx.doi.org/10.3171/2013.6.JNS122323
http://dx.doi.org/10.3340/jkns.2010.48.3.213
http://dx.doi.org/10.3340/jkns.2010.48.3.213
http://dx.doi.org/10.1016/j.jocn.2006.07.016


22. C.M. Robert Jr., J.A. Feigenbaum, E.W. Stern, Ocular palsy

occurring with pituitary tumors. J. Neurosurg. 38(1), 17–19

(1973). doi:10.3171/jns.1973.38.1.0017

23. C. Symonds, Ocular palsy as the presenting symptom of pituitary

adenoma. Bull Johns Hopkins Hosp. 111, 72–82 (1962)

24. H. Kobayashi, M. Kawabori, S. Terasaka, J. Murata, K. Houkin,

A possible mechanism of isolated oculomotor nerve palsy by

apoplexy of pituitary adenoma without cavernous sinus invasion:

a report of two cases. Acta Neurochir. 153(12), 2453–2456;

discussion 2456 (2011). doi:10.1007/s00701-011-1165-4

25. S.H. Petermann, N.J. Newman, Pituitary macroadenoma mani-

festing as an isolated fourth nerve palsy. Am. J. Ophthalmol.

127(2), 235–236 (1999)

26. R.F. Saul, J.K. Hilliker, Third nerve palsy: the presenting sign of

a pituitary adenoma in five patients and the only neurological sign

in four patients. J. Clin. Neuroophthalmol. 5(3), 185–193 (1985)

27. G. Jefferson, Extrasellar extensions of pituitary adenomas: (Sec-

tion of Neurology). Proc. R. Soc. Med. 33(7), 433–458 (1940)

28. J.D.R. Monro, A case of sudden death: tumour of the pituitary

body. Lancet 2, 1539 (1913)

29. J. Ayuk, E.J. McGregor, R.D. Mitchell, N.J. Gittoes, Acute

management of pituitary apoplexy—surgery or conservative

management? Clin. Endocrinol. 61(6), 747–752 (2004). doi:10.

1111/j.1365-2265.2004.02162.x

30. A. Uihlein, W.M. Balfour, P.F. Donovan, Acute hemorrhage into

pituitary adenomas. J. Neurosurg. 14(2), 140–151 (1957). doi:10.

3171/jns.1957.14.2.0140

31. E.R. Cardoso, E.W. Peterson, Pituitary apoplexy: a review.

Neurosurgery 14(3), 363–373 (1984)

32. N. Cinar, Y. Tekinel, S. Dagdelen, H. Oruckaptan, F. Soylem-

ezoglu, T. Erbas, Cavernous sinus invasion might be a risk factor

for apoplexy. Pituitary 16(4), 483–489 (2013). doi:10.1007/

s11102-012-0444-2

33. K.N. Sarwar, M.S. Huda, V. Van de Velde, L. Hopkins, S. Luck,

R. Preston, B.M. McGowan, P.V. Carroll, J.K. Powrie, The

prevalence and natural history of pituitary hemorrhage in pro-

lactinoma. J. Clin. Endocrinol. Metab. 98(6), 2362–2367 (2013).

doi:10.1210/jc.2013-1249

34. L.A. Weisberg, Pituitary apoplexy. Association of degenerative

change in pituitary ademona with radiotherapy and detection by

cerebral computed tomography. Am. J. Med. 63(1), 109–115 (1977)

35. A.J. Chapman, G. Williams, A.D. Hockley, D.R. London, Pitui-

tary apoplexy after combined test of anterior pituitary function.

Br. Med. J. 291(6487), 26 (1985)

36. T. Yamaji, M. Ishibashi, K. Kosaka, T. Fukushima, T. Hori, S.

Manaka, K. Sano, Pituitary apoplexy in acromegaly during bro-

mocriptine therapy. Acta Endocrinol. 98(2), 171–177 (1981)

37. V. Peck, A. Lieberman, R. Pinto, A. Culliford, Pituitary apoplexy fol-

lowing open-heart surgery. N. Y. State J. Med. 80(4), 641–643 (1980)

38. P.L. Semple, J.A. Jane Jr., E.R. Laws Jr., Clinical relevance of

precipitating factors in pituitary apoplexy. Neurosurgery 61(5),

956–961; discussion 961–952 (2007). doi:10.1227/01.neu.

0000303191.57178.2a

39. R.L. Reid, M.E. Quigley, S.S. Yen, Pituitary apoplexy. A review.

Arch. Neurol. 42(7), 712–719 (1985)

40. S.H. Wong, K. Das, M. Javadpour, Pituitary apoplexy initially

mistaken for bacterial meningitis. BMJ Case Rep. (2013). doi:10.

1136/bcr-2013-009223

41. F.A. Neelon, M.S. Mahaley Jr., Chiasmal syndrome due to in-

trasellar abscess. Arch. Intern. Med. 136(9), 1041–1043 (1976)

42. J. Xenellis, J. Stivaktakis, N. Karpeta, D. Rologis, E. Ferekidis,

Pituitary apoplexy: a pathologic entity from an otolaryngologist’s

view. ORL J. Otorhinolaryngol. Relat. Spec. 65(2), 121–124 (2003)

43. L.M. Weinberger, F.H. Adler, F.C. Grant, Primary pituitary

adenoma and the syndrome of the cavernous sinus: a clinical and

anatomic study. Arch. Ophthalmol. 24, 1197–1236 (1940)

44. R.P. Glick, J.A. Tiesi, Subacute pituitary apoplexy: clinical and

magnetic resonance imaging characteristics. Neurosurgery 27(2),

214–218; discussion 218–219 (1990)

45. M. Piotin, D. Tampieri, D.A. Rufenacht, G. Mohr, M. Garant, R.

Del Carpio, F. Robert, J. Delavelle, D. Melanson, The various MRI

patterns of pituitary apoplexy. Eur. Radiol. 9(5), 918–923 (1999)

46. P.C. Davis, J.C. Hoffman Jr., T. Spencer, G.T. Tindall, I.F.

Braun, MR imaging of pituitary adenoma: CT, clinical, and

surgical correlation. AJR Am. J. Roentgenol. 148(4), 797–802

(1987). doi:10.2214/ajr.148.4.797

47. B. Agrawal, K. Dziurzynski, M.S. Salamat, M. Baskaya, The

temporal association of sphenoid sinus mucosal thickening on

MR imaging with pituitary apoplexy. Turk. Neurosurg. 22(6),

785–790 (2012). doi:10.5137/1019-5149.JTN.4273-11.1

48. K. Arita, K. Kurisu, A. Tominaga, K. Sugiyama, F. Ikawa, H.

Yoshioka, M. Sumida, Y. Kanou, K. Yajin, R. Ogawa, Thick-

ening of sphenoid sinus mucosa during the acute stage of pitui-

tary apoplexy. J. Neurosurg. 95(5), 897–901 (2001). doi:10.3171/

jns.2001.95.5.0897

49. J.K. Liu, W.T. Couldwell, Pituitary apoplexy in the magnetic

resonance imaging era: clinical significance of sphenoid sinus

mucosal thickening. J. Neurosurg. 104(6), 892–898 (2006).

doi:10.3171/jns.2006.104.6.892

50. M.T. Schnitker, H.B. Lehnert, Apoplexy in a pituitary chromo-

phobe adenoma producing the syndrome of middle cerebral artery

thrombosis; case report. J. Neurosurg. 9(2), 210–213 (1952).

doi:10.3171/jns.1952.9.2.0210

51. S.K. Ahmed, P.L. Semple, Cerebral ischaemia in pituitary apo-

plexy. Acta Neurochir. 150(11), 1193–1196; discussion 1196

(2008). doi:10.1007/s00701-008-0130-3

52. H. Seyer, F. Erbguth, D. Kompf, G. Koniszewski, R. Fahlbusch,

Acute hemorrhage and ischemic necroses in hypophyseal tumors:

hypophyseal apoplexy. Fortschr. Neurol. Psychiatr. 57(11),

474–488 (1989). doi:10.1055/s-2007-1001144

53. S. Rajasekaran, M. Vanderpump, S. Baldeweg, W. Drake, N.

Reddy, M. Lanyon, A. Markey, G. Plant, M. Powell, S. Sinha, J.

Wass, UK guidelines for the management of pituitary apoplexy.

Clin. Endocrinol. 74(1), 9–20 (2011). doi:10.1111/j.1365-2265.

2010.03913.x

54. E.R. Laws Jr., J.C. Trautmann, R.W. Hollenhorst Jr., Trans-

sphenoidal decompression of the optic nerve and chiasm. Visual

results in 62 patients. J. Neurosurg. 46(6), 717–722 (1977).

doi:10.3171/jns.1977.46.6.0717

55. J.B. Kerrison, M.J. Lynn, C.A. Baer, S.A. Newman, V. Biousse,

N.J. Newman, Stages of improvement in visual fields after pitu-

itary tumor resection. Am. J. Ophthalmol. 130(6), 813–820

(2000)

56. J.W. Seuk, C.H. Kim, M.S. Yang, J.H. Cheong, J.M. Kim, Visual

outcome after transsphenoidal surgery in patients with pituitary

apoplexy. J. Korean Neurosurg. Soc. 49(6), 339–344 (2011).

doi:10.3340/jkns.2011.49.6.339

57. A.R. Cohen, P.R. Cooper, M.J. Kupersmith, E.S. Flamm, J.

Ransohoff, Visual recovery after transsphenoidal removal of

pituitary adenomas. Neurosurgery 17(3), 446–452 (1985)

58. P.L. Semple, J.A. Jane, M.B. Lopes, E.R. Laws, Pituitary apo-

plexy: correlation between magnetic resonance imaging and

histopathological results. J. Neurosurg. 108(5), 909–915 (2008).

doi:10.3171/JNS/2008/108/5/0909

59. A. Pal, C. Capatina, A.P. Tenreiro, P.D. Guardiola, J.V. Byrne, S.

Cudlip, N. Karavitaki, J.A. Wass, Pituitary apoplexy in non-

functioning pituitary adenomas: long term follow up is important

because of significant numbers of tumour recurrences. Clin.

Endocrinol. 75(4), 501–504 (2011). doi:10.1111/j.1365-2265.

2011.04068.x

Endocrine (2015) 48:69–75 75

123

http://dx.doi.org/10.3171/jns.1973.38.1.0017
http://dx.doi.org/10.1007/s00701-011-1165-4
http://dx.doi.org/10.1111/j.1365-2265.2004.02162.x
http://dx.doi.org/10.1111/j.1365-2265.2004.02162.x
http://dx.doi.org/10.3171/jns.1957.14.2.0140
http://dx.doi.org/10.3171/jns.1957.14.2.0140
http://dx.doi.org/10.1007/s11102-012-0444-2
http://dx.doi.org/10.1007/s11102-012-0444-2
http://dx.doi.org/10.1210/jc.2013-1249
http://dx.doi.org/10.1227/01.neu.0000303191.57178.2a
http://dx.doi.org/10.1227/01.neu.0000303191.57178.2a
http://dx.doi.org/10.1136/bcr-2013-009223
http://dx.doi.org/10.1136/bcr-2013-009223
http://dx.doi.org/10.2214/ajr.148.4.797
http://dx.doi.org/10.5137/1019-5149.JTN.4273-11.1
http://dx.doi.org/10.3171/jns.2001.95.5.0897
http://dx.doi.org/10.3171/jns.2001.95.5.0897
http://dx.doi.org/10.3171/jns.2006.104.6.892
http://dx.doi.org/10.3171/jns.1952.9.2.0210
http://dx.doi.org/10.1007/s00701-008-0130-3
http://dx.doi.org/10.1055/s-2007-1001144
http://dx.doi.org/10.1111/j.1365-2265.2010.03913.x
http://dx.doi.org/10.1111/j.1365-2265.2010.03913.x
http://dx.doi.org/10.3171/jns.1977.46.6.0717
http://dx.doi.org/10.3340/jkns.2011.49.6.339
http://dx.doi.org/10.3171/JNS/2008/108/5/0909
http://dx.doi.org/10.1111/j.1365-2265.2011.04068.x
http://dx.doi.org/10.1111/j.1365-2265.2011.04068.x

	Pituitary apoplexy
	Abstract
	Background
	Clinical presentation
	Etiology and pathogenesis
	Diagnosis and evaluation
	Management
	Outcome
	Conclusion
	References


