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Abstract
Pituitary apoplexy (PA) is a rare clinical syndrome due to pituitary hemorrhage or infarction. It is characterized by the sudden onset of one or 
more of the following: severe headache, visual disturbance, nausea/vomiting, and or altered mental status. Most commonly, PA occurs in an 
underlying pituitary adenoma. The pathophysiology is not fully understood, but it is thought to involve elements of increased metabolic demand 
and/or compromise to the vasculature of the pituitary or pituitary tumor. Several risk factors have been described. Stabilization of the patient 
on presentation, replacement of hormonal deficiencies, and reversal of electrolyte abnormalities are the recommended initial steps in the man-
agement of patients with PA. Surgical decompression of the mass effect had been the recommended treatment for patients with PA; however, 
retrospective studies of patients with PA have demonstrated similar outcomes when a conservative approach is applied. This suggests that in 
highly selected clinical scenarios (mild visual deficit and improving symptoms), conservative management is possible. Further studies, however, 
are necessary to better stratify patients but are limited by the rarity of the condition and the acuity.
Key Words:  pituitary apoplexy, pituitary hemorrhage, pituitary infarction, pituitary necrosis, hypopituitarism, pituitary tumor
Abbreviations:  CT, computed tomography; MRI, magnetic resonance imaging; NFPA, nonfunctioning pituitary adenoma; OR, odds ratio; PA, pituitary apoplexy; 
PAS, pituitary apoplexy score.

Classically, pituitary apoplexy (PA) is defined as a clinical 
syndrome consisting of sudden onset of a severe headache, 
vomiting, and visual deterioration with or without altered 
mental status [1]. This constellation of symptoms is caused 
by acute/subacute hemorrhage or infarction, most com-
monly of a pituitary tumor or occasionally other pathology 
[2]. Changing the nomenclature to pituitary tumor apoplexy 
has been suggested to provide a more accurate description of 
this condition [3]. Although this condition was first described 
in 1898 [4], the term PA was not used until the 1950s by 
Broughman et al [5]. Pituitary hemorrhage or infarction may 
also occur in the absence of the symptoms and is detected 
on radiological or on pathological assessment. This phenom-
enon has been described and will be referred to as subclinical 
or asymptomatic and is not considered under the umbrella 
definition of PA. Sheehan syndrome, on the other hand, is 
pituitary infarction typically following massive peripartum 
hemorrhage, which can lead to hypopituitarism. Despite PA 
being a well-established entity and often considered to be a 
medical emergency, optimal treatment remains uncertain 
given the rarity of the condition. In this minireview we will 
discuss the epidemiology, hypothesized pathophysiology, and 
clinical presentation, and will summarize the most recent evi-
dence surrounding treatment options. Unless otherwise speci-
fied, PA refers to the acute clinical syndrome in the presence 
of pituitary hemorrhage or infarction.

Materials and Methods
We searched PubMed using the search terms “pituitary 
apoplexy” (MeSH terms) OR (“pituitary”[all fields] AND 

“apoplexy”[all fields]) OR “pituitary apoplexy”[all fields] 
and using the filter “humans.” This initial search yielded 1313 
references. Additional relevant references were also identified 
in the references list of articles obtained. With regard to treat-
ment outcomes, articles published within the last 10  years 
where comparisons were according to timing of surgery or 
type of treatment used were prioritized. A formal systematic 
review with grading of the evidence was not conducted for 
the purpose of this article.

Epidemiology
PA is rare; however, the estimated prevalence varies depending 
on the cohort assessed, such as nonfunctioning pituitary aden-
omas (NFPA) or pathological specimens. In a population-based 
study assessing the prevalence of pituitary adenomas in a defined 
geographical area, the prevalence of PA was 6.2 out of 100 000 
inhabitants in the United Kingdom [6]. In a retrospective, 
population-based regional cohort in Finland, the incidence of 
PA was 0.17 out of 100 000 per year [7]. The event rate of PA 
among patients observed with pituitary adenomas assessed in 
a meta-analysis reported an event rate per 100 person-years of 
0.2 (95% CI, 0.0-0.5) [8]. Similarly, a systematic review that as-
sessed the natural history pituitary incidentalomas reported the 
incidence of PA to be 0.6 per 100 person-years [9]. However, 
in a more specific cohort, for example, among surgically oper-
ated pituitary adenomas, the prevalence of classic PA varies and 
ranges from 0.6% to 9.1% [10-12] with even higher prevalence 
noted when restricted to NFPAs (21%) [13].

PA most commonly occurs in a pituitary adenoma, with 
the majority being previously undiagnosed (~ 80%). It 
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predominantly occurs in macroadenomas, and NFPAs are re-
ported to be the most common subtype [2]. PA has been re-
ported in giant adenomas, the majority of which were known 
(60%) before the apoplectic event [14]. Among functional pi-
tuitary tumors, prolactinomas are the most common [15]. It is 
suggested, however, that functional tumors may be underesti-
mated as a proportion of pathological specimens are unable 
to be subtyped in the setting of significant hemorrhage or in-
farction [16]. There appears to be a male predominance with 
an average age at presentation of 50 to 60 years. In addition 
to pituitary adenomas, PA has been reported in association 
with a Rathke cleft cyst, craniopharyngioma, pituitary metas-
tasis, or a primitive neuroectodermal tumor [17].

Incidence of pituitary hemorrhage and subclinical PA 
(which is not synonymous with classic PA) is not well known. 
In a UK study assessing the prevalence of pituitary hemor-
rhage in patients with prolactinoma, 6.3% (23/368) had evi-
dence of pituitary hemorrhage without the classic features of 
PA [18]. Most of these patients had macroprolactinomas and 
were female. The prevalence of subclinical hemorrhage and 
PA among 328 patients with NFPAs who had surgery was re-
ported to be 14.3% and 3.4%, respectively [19]. Similarly, in 
another study of 385 patients with NFPAs 13.2% and 9.6% 
had subclinical hemorrhage or PA, respectively [20]. Overall, 
these studies indicated that subclinical PA/hemorrhage is 
more prevalent than classic PA.

Pathophysiology
Several hypotheses have been suggested as to the patho-
genesis of PA. Pituitary tumors demonstrate high metabolic 
needs based on increased [18F]-fluorodeoxyglucose as well as 
[11C]-L-methionine uptake on positron emission tomography 
imaging and therefore anything that threatens delivery of 
this demand can lead to PA [21]. Although the normal pi-
tuitary gland is predominantly supplied via the hypophyseal 
portal system and to a lesser degree by direct arterial supply, 
the opposite has been observed in adenomas [3, 22, 23]. In 
fact, the blood supply in adenomas might originate from 
the inferior hypophyseal artery, which is more sensitive to 
changes in systemic blood pressure and therefore alterations 
in blood flow or blood pressure could precipitate PA. Indeed, 
intrasellar pressure is measured to be high in patients with 
pituitary tumor and even higher in those with PA [24-26]. 
Another hypothesis includes the presence or development of 
abnormal blood vessels and decreased microvascular density. 
Tumoral blood vessels are believed to be more fragile [27] 
with incomplete maturation and ruptured basal membranes 
[28, 29]. Pathological comparison of pituitary adenomas 
(n = 19) to that of pituitary at autopsy (n = 1) suggests that 
pituitary adenomas are less vascularized, and capillaries pre-
sent have a disorganized appearance with changes similar to 
those seen in ischemia [30]. Furthermore, vascular endothelial 
growth factor is reduced in the majority of pituitary tumors 
assessed when compared to different types of central ner-
vous system tumors based on messenger RNA quantification, 
suggesting decreased angiogenesis in pituitary tumors [21]. 
Microvascular density is also found to be reduced compared 
to normal pituitary [30, 31]. Therefore hemorrhage, infarc-
tion, and necrosis can be seen on pathology either independ-
ently or in combination. Lastly, tumor outgrowing its blood 
supply has been considered as a cause for PA given that most 

tumors are macroadenomas, although PA has been described 
in microadenomas [32]. In a meta-analysis reporting the in-
cidence of adverse events in those with pituitary adenomas, 
the incidence of PA did not differ between macroadenomas 
and microadenomas although there was a trend for in-
creased incidence among macroadenomas. PA incidence, 
however, was highest in those tumors with greatest average 
growth (> 3.5 mm) and tumor growth was more likely among 
macroadenomas [8].

Recognized risk factors associated with the occurrence of 
PA included surgical procedures, anticoagulation, pituitary 
tumor medical treatment, dynamic pituitary testing/hor-
monal treatment, and head trauma, although in 10% to 40% 
no predisposing factor can be identified [2, 33]. In a review 
by Briet et al [2], predisposing or precipitating factors of PA 
were assessed with 35 cases of PA associated with dynamic 
testing (including growth hormone–releasing hormone, 
thyroid-releasing hormone, corticotropin-releasing hormone, 
and gonadotropin-releasing hormone, insulin tolerance test, 
dexamethasone, and chlorpromazine), 11  cases associated 
with gonadotropin-releasing hormone agonists, and 14 cases 
associated with dopamine agonists. Events that contribute to 
alterations in blood pressure that impose metabolic stress on 
pituitary tumors have been implicated. Such events include 
orthopedic and cardiovascular surgery, interventional radio-
logical procedures, and head trauma. Several studies have 
suggested that hypertension may be a contributor [34-36]; 
however, in a study of 42 patients with PA and 84 controls, 
PA was not associated with the presence of hypertension 
(21% vs 23%; P = ≥.999) [37]. Cases of apoplexy have been 
described rarely during pregnancy, which may be related to 
lactotroph hyperplasia [38, 39]. More recently, PA has been 
reported in several patients with COVID-19 [40-42] and sev-
eral reports in relation to COVID-19 vaccination [43-45]. 
The postulated mechanism is increased coagulopathy associ-
ated with SARS-CoV-2 and expression of ACE2 in the cere-
bral vasculature [46].

Presentation
By definition, the most common presenting symptom of PA is 
sudden severe frontal or retro-orbital headache seen in 80% 
to 90% cases [47]. Typically, the headache is thunderclap in 
character, but status migraine or paroxysmal hemicrania have 
been reported and only a few reports of insidious headache 
have been published. Acute visual abnormalities as a con-
sequence of mass effect related to the sudden distention of 
sellar contents around the cranial nerves have been reported 
in 47% to 68% of patients, with blurred vision present in 
20% in a study of 87 patients with PA [48]. Cranial nerve 
palsies (III, IV, and VI) have been described in 39% to 52% of 
cases, with palsy of the third cranial nerve being the most pre-
dominant. Optic nerve compromise resulting in bitemporal 
hemianopsia can occur in 30% to 71%, while facial nerve 
weakness is observed infrequently in 9% of cases. Reduced 
consciousness can complicate presentation in up to 42% of 
patients [49]. Nausea, vomiting, and photophobia may also 
occur, mimicking meningitis [47, 48, 50-52].

To objectively quantify the severity of neuro-ophthalmic 
signs in patients with PA at presentation and to assess sub-
sequent clinical course, a pituitary apoplexy score (PAS) was 
proposed by the Pituitary Apoplexy Guidelines Development 
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Group in the United Kingdom [1]. The PAS is a sum of points 
allocated for presence of reduced visual acuity, visual field 
deficits, ocular paresis, and level of consciousness determined 
using the Glasgow Coma Scale.

In addition to PA, major central nervous system disorders 
should be considered in the differential diagnosis in patients 
presenting with similar dramatic symptoms including men-
ingitis, hypophysitis, subarachnoid hemorrhage, infarction, 
cavernous sinus thrombosis, and carotid dissection. While 
patients might present with the symptoms discussed within 
24 to 72 hours of the initial event (acutely), a subgroup of 
patients might present subacutely when the diagnosis is estab-
lished after 72 hours. The timing becomes relevant for inter-
pretation of imaging results.

Given the presence of an undiagnosed underlying pituitary 
tumor in the majority of cases (secreting or nonsecreting), a 
certain degree of endocrine dysfunction and therefore symp-
toms related to this might be present by the time of pres-
entation. Pituitary hormonal evaluation at presentation 
frequently reveals hypopituitarism. Presence of secondary ad-
renal insufficiency has been described in 45% to 70% cases 
and might be accompanied by hyponatremia, hypotension, 
and even acute hypoglycemia [2, 33, 48, 51, 52]. Serum cor-
tisol levels should be interpreted in the context of severity and 
acuity of disease as in critically ill patients. Secondary hypo-
thyroidism can be found in 35% to 70%, and about 60% 
of men are diagnosed with hypogonadism whereas hypo-
gonadism in women is reported in 50% to 75% [2, 33, 48, 
51, 52]. Growth hormone deficiency is not usually evaluated 
in the acute setting and therefore the true prevalence of cases 
is not known. Hyperprolactinemia due to stalk compression 
or hypoprolactinemia may also be seen. A small subset of pa-
tients may present with acute symptoms of diabetes insipidus 
[52]. Patients may describe onset of symptoms suggestive of 
hormonal excess before presentation if the underlying tumor 
was functional.

Imaging
Given the severity of the symptomatology at presentation, pa-
tients are evaluated initially in emergency departments and the 
majority (79%) of patients undergo initial computed tomog-
raphy (CT) head imaging, although over the last few decades 
there has been a shift toward magnetic resonance imaging 

(MRI). While CT detects hemorrhage in 20% to 40% of 
cases, MRI shows presence of blood in 89% of cases. Infarct 
of the tumor can be seen in 8% of cases. Cavernous sinuses 
might be involved in 41% of cases. As discussed previously, 
PA most commonly occurs in pituitary adenomas, which are 
more commonly macroadenomas (22-27 mm) [48, 53].

Of importance for clinicians is the timing of imaging 
studies performed in relation to the clinical event because 
of the changing chemical characteristics of hemoglobin and 
degradation of blood over time (Fig. 1A-1D). On CT, blood 
products are initially hyperdense making it an ideal imagining 
option at least acutely (< 6 hours from symptom onset), 
though hyperacute blood can be isointense and infarction 
may be difficult to discern. Over time, the density declines 
approaching similar densities to that of water. On MRI in 
the acute phase, blood can be difficult to characterize in the 
presence of deoxyhemoglobin (blood is isointense on T1 and 
bright on T2 in the hyperacute stage). However, within 24 to 
48 hours, T1 hyperintensity signal usually increases as a re-
sult of conversion to methemoglobin present intracellularly, 
which persists for 7 to 28 days. As hemosiderin is formed, 
the T1 signal intensity drops (> 14-28  days). T2 sequences 
demonstrate brightness in the hyperacute phase, while 
hypointensity persists through the acute and early subacute 
phases (1-7  days), which become hyperintense with extra-
cellular methemoglobin formation (7-28  days). During the 
chronic phase, T2 signal drops once again (> 14-28 days) as 
it becomes hemosiderin. The changes seen are reviewed in de-
tail by Goyal et al [54]. As phases change, there can be fluid-
fluid levels reflecting the different intensities of the different 
stages (eg, upper part hyperintense, lower hypointense on 
T1 sequences; Fig. 2A and 2B). MRI technology also allows 
for better characterization and proximity to adjacent vital 
structures. An interesting feature suggestive of PA is thick-
ening of the sphenoid sinus mucosa in the acute phase [55]. 
In both hemorrhagic and nonhemorrhagic apoplexy, admin-
istration of contrast leads characteristically to peripheral rim 
enhancement.

Management
PA can lead to acute and severe anterior pituitary hormonal 
deficiencies as outlined previously. This may result in consid-
erable electrolyte abnormalities and hemodynamic instability, 

Figure 1.  Pituitary apoplexy following head trauma in a 61-year-old cyclist on aspirin who developed acute loss of vision in the left eye. A, Noncontrast 
axial computed tomography (CT) image demonstrating left temporal bone fracture with associated subdural hematoma (white arrow). The sella 
is expanded because of the presence of a pituitary adenoma. Within the center of pituitary adenoma there is hyperintense material as a result of 
hemorrhage (black arrow). B, T2 axial magnetic resonance imaging (MRI); C, T1 axial MRI; and D, T1 sagittal MRI performed shortly afterward also 
demonstrate the pituitary tumor and hemorrhage, extending suprasellar and leading to visual symptoms. In the acute phase hemorrhage is hypointense 
on T1 and can therefore be difficult to visualize compared to CT.
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and therefore initial management is aimed at appropriate re-
suscitation to reverse electrolyte abnormality and ensure pa-
tient stabilization. Of greatest concern is cortisol and thyroid 
hormone deficiency. Glucocorticoid replacement (eg, intra-
venous hydrocortisone 200 mg/24 hours either continuously 
or intermittently as 50 mg every 6 hours) should be priori-
tized, and investigations should not delay treatment [56]. 
Thyroid hormone replacement, if needed, should be admin-
istered only after glucocorticoids have been given. However, 
once stabilized, subsequent optimal management remains 
uncertain. Studies have assessed outcomes according to type 
of surgery (microscopic vs endoscopic transsphenoidal resec-
tion) and timing of surgery (early vs delayed), whereas others 
have assessed outcomes according to intervention (conserva-
tive vs surgical management). Guijt et al [57] recently pro-
posed a PA classification according to symptom duration 
(type A: hours-3 days, type B: 3 days-2 weeks, and type C: 
> 2 weeks); however, outcomes according to this classifica-
tion have yet to be assessed. Comparative studies published 
in the last 10 years are presented in Table 1. Several meta-
analyses have been performed with notable heterogeneity 
[66, 73, 74].

Early vs Delayed Surgery
Surgery is reported to provide rapid relief of headache; 
however, the time to recovery of other sequelae of PA can 
vary. In a study in which the mean time to surgery from 
symptom onset was 15 days, the time to recovery of hor-
monal abnormalities (2 ± 1.8 weeks) was the quickest com-
pared to visual field deficits (8.0 ± 9.9 weeks), whereas 
cranial nerve abnormalities were reported to take the 
longest (2.4 ± 2.2 months) [75]. It is hypothesized that the 
differences in recovery may be related to differing tissue 
sensitivities to anatomic compression [75]. Several studies 
have examined the timing of surgery with respect to out-
comes, including neurological symptoms (eg, headache, 
visual fields, visual acuity, and ophthalmoplegia) and pi-
tuitary dysfunction. The definition of early surgical inter-
vention, however, has varied between studies with studies 
defining early surgery as immediate, fewer than 3 days [64, 
68], fewer than 4 days [76], or less than 1 week [67, 71]. 

These cutoffs are arbitrary. Regardless of the surgical timing, 
overall, a substantial proportion of patients have improve-
ment in visual deficits (57%-95%) and cranial nerve palsies 
(63%-100%); however, the proportion who have pituitary 
function improvement is lower (19%-57%) [33]. A  small 
retrospective study of 24 patients with PA suggested that 
preoperatively prolactin levels greater than 8.8 ng/mL may 
be predictive of pituitary endocrine function recovery [65], 
but this has not been replicated. Another study proposed 
that normal or high prolactin levels may indicate viable pi-
tuitary tissue with a higher chance of hypopituitarism re-
covery following surgery [26].

Recovery of visual acuity as measured by logMAR im-
proved after surgery (0.35 vs 0.1); however, with respect to 
surgical timing there was no association between visual acuity 
improvement and time between symptom onset and surgery 
(P = .49) [77]. A study that included 186 cases of monocular 
or binocular blindness did not find a difference in outcomes 
between emergent (< 3 days) vs early surgery (< 7 days) (78 vs 
71%; P = ≥ .999), but recovery was less likely the worse the 
visual deficit was on presentation, for example, the propor-
tion who have improved visual deficits in binocular vs mon-
ocular (77% vs 45%; P = .014) [78]. Additionally, a recent 
meta-analysis that included 12 studies with 200 patients, of 
whom 86% had visual deficits, noted that 97.8% had an im-
provement in visual field deficits when the time to surgery 
was fewer than 7 days compared to 84.8% when the time 
to surgery was more than 7 days (odds ratio [OR] 2.6; 95% 
CI, 0.94-7.31; P = .07) [79]. Other studies have reported no 
difference not only in visual outcomes, but also in pituitary 
hormone recovery and cranial neuropathy when comparing 
“early” vs “delayed” surgical intervention [48, 67, 68, 71]. 
However, it is worth noting that patients who had emergent 
surgery were more likely to have worse visual symptoms at 
presentation [67] or have a larger tumor [66]. Therefore, se-
lection bias has contributed to the treatment patients with 
PA receive and the results must be interpretated with cau-
tion within these confines. As a result, early or emergent sur-
gical intervention is often considered in those with substantial 
visual deficits, but only after electrolyte and hemodynamic 
abnormalities are addressed.

Figure 2.  Hemorrhagic pituitary apoplexy within a pituitary adenoma demonstrating a fluid-fluid level seen on A, sagittal T1 and B, axial T2 imaging 
1 month after initial event. The upper layer of fluid is hyperintense on T1 containing extracellular met hemoglobin whereas the lower layer contains blood 
remnants.
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Conservative vs Surgical Management
More recently, comparisons between surgical intervention 
and conservative management regarding outcomes have been 
reported in which none of the patients with PA were ran-
domly allocated to either treatment group. Again, inclusion 
criteria for those patients considered to be part of the sur-
gical group have varied with some considering those allocated 
surgery to include patients who had surgery up to 173 days 
after the acute apoplectic event [12] or those who had sur-
gery for recurrent tumor. Furthermore, medical interventions 
administered in those allocated to the conservative treatment 
group have differed across studies, specifically, the type, dose, 
and duration of glucocorticoids administered vary as well as 
their indication as hormonal replacement or anti-inflamma-
tory effect. Additionally, treatments such as diuresis and man-
nitol have been used in patients managed conservatively [12]. 
These varying definitions and treatments may make compari-
sons across studies challenging.

A further factor in outcome assessment is the inherent al-
location bias in these retrospective studies. When assessed, 
patients allocated to surgery instead of observation have 
a more severe presentation [61, 64]. Studies using the PAS 
demonstrate that the average PAS scores for those who have 
surgery compared to those managed conservatively is signifi-
cantly higher [15, 71]. In another study, patients who had sur-
gery had larger tumors, reduced visual acuity, or were noted 
to have compression of the optic chiasm [66]. Similarly, in a 
study by Singh et al [48] in which 61 patients with PA had sur-
gery and 18 were observed, more patients who were treated 
surgically had optic chiasm compression whereas those man-
aged conservatively had a reduced level of consciousness.

There have been some conflicting results regarding out-
comes in patients managed surgically compared to conserva-
tively. In a study of 14 patients with PA treated surgically and 
8  patients managed medically, surgery was associated with 
a longer length of hospital stay (15 vs 6 days). Conservative 
management was associated with a greater long-term preva-
lence of anterior pituitary deficits (88% vs 35%) [70]. 
Similarly, a study of 23 patients (14 surgical and 9 conser-
vatively treated) noted that endocrine outcomes were better 
in those who were treated surgically (P = .017) [70]. Other 
studies have not noted such differences in pituitary hormone 
deficit improvement [48].

Patients managed conservatively had improvement in 
cranial neuropathy (100% vs 60%; P = .02), and median 
time to cranial neuropathy improvement was shorter (1.5 
vs 35.5 months; P < .01) in a study of 64 patients in which 
47 were managed conservatively and 17 had early surgery. 
It is worth noting that 7 of the 47 patients managed con-
servatively eventually proceeded to surgery (median time 
to surgery 50 days) due to recurrent apoplexy in 1 patient, 
worsening vision in 3, and lack of radiological improvement 
in 3 [63]. Another study of 12 patients initially managed med-
ically (dexamethasone 2-16 mg in 11 patients) demonstrated 
full recovery of ophthalmoplegia in 6 patients and partial 
in 1. Surgery was performed in 5 patients because of recur-
rence of symptoms on glucocorticoid taper, or failure to im-
prove or change in mentation as assessed by Glasgow Coma 
Scale. Surgery led to improvement in neurological and visual 
function, but only complete visual recovery in one individual 
[80]. Contrary to this, a meta-analysis that included 5 studies 
between 1992 and 2014 comparing outcomes in patients 
with PA treated conservatively to those treated surgically, a A

ut
ho

r, 
y 

C
ou

nt
ry

, y
 

in
cl

ud
ed

 
T

ot
al

 N
 

D
efi

ni
ti

on
 o

f 
ea

rl
y 

su
rg

er
y 

T
ot

al
 in

 e
ac

h 
su

rg
ic

al
 t

im
e 

fr
am

e 
(N

) 

T
yp

e 
of

 s
ur

ge
ry

 
C

om
pa

ri
so

n 
of

 s
ur

gi
ca

l t
im

in
g 

C
om

pa
ri

so
n 

of
 c

on
se

rv
at

iv
e 

vs
 s

ur
gi

ca
l 

tr
ea

tm
en

t 

L
ey

er
 e

t 
al

, 2
01

1 
[7

2]

Fr
an

ce
, 

19
96

-2
00

8
N

 =
 4

4,
 s

ur
ge

ry
 

(N
 =

 1
9)

, 
co

ns
er

va
ti

ve
 

(N
 =

 2
4)

, 
ra

di
ot

he
ra

py
 

(N
 =

 1
)

E
ar

ly
 s

ur
ge

ry
 <

 1
 m

o,
 

de
la

ye
d 

> 
1 

m
o

E
ar

ly
 (

N
 =

 1
9)

, 
de

la
ye

d 
(N

 =
 4

) 
(w

ho
 

w
er

e 
in

it
ia

lly
 

m
an

ag
ed

 
co

ns
er

va
ti

ve
ly

)

E
T

SS
N

o 
di

ff
er

en
ce

 in
 o

ph
th

al
m

ic
 

sy
m

pt
om

s 
am

on
g 

th
os

e 
op

er
at

ed
 <

 8
 d

 c
om

pa
re

d 
to

 >
 8

 d

N
o 

di
ff

er
en

ce
 in

 p
it

ui
ta

ry
 f

un
ct

io
n 

or
 

vi
su

al
 s

ym
pt

om
s 

be
tw

ee
n 

su
rg

ic
al

ly
 o

r 
co

ns
er

va
ti

ve
ly

 m
an

ag
ed

 p
at

ie
nt

s

St
ud

ie
s 

ar
e 

pr
es

en
te

d 
in

 c
hr

on
ol

og
ic

al
 o

rd
er

 w
it

h 
m

os
t 

re
ce

nt
 fi

rs
t.

A
bb

re
vi

at
io

ns
: C

N
, c

ra
ni

al
 n

er
ve

; E
T

SS
, e

nd
os

co
pi

c 
tr

an
ss

ph
en

oi
da

l s
ur

ge
ry

; I
Q

R
, i

nt
er

qu
ar

ti
le

 r
an

ge
; M

T
SS

, m
ic

ro
sc

op
ic

 t
ra

ns
sp

he
no

id
al

 s
ur

ge
ry

; N
A

, n
ot

 a
va

ila
bl

e;
 P

A
S,

 p
it

ui
ta

ry
 a

po
pl

ex
y 

sc
or

e;
 T

SS
, 

tr
an

ss
ph

en
oi

da
l; 

U
K

, U
ni

te
d 

K
in

gd
om

; U
SA

, U
ni

te
d 

St
at

es
 o

f A
m

er
ic

a;
 V

A
, v

is
ua

l a
cu

it
y;

 V
F,

 v
is

ua
l fi

el
ds

.
a A

 p
at

ie
nt

 w
as

 e
xc

lu
de

d 
in

 c
om

pa
ra

ti
ve

 a
na

ly
si

s 
as

 a
ut

ho
rs

 in
di

ca
te

 t
hi

s 
pa

ti
en

t 
ha

d 
“a

sy
m

pt
om

at
ic

 a
po

pl
ex

y.”
b F

ol
lo

w
-u

p 
da

ta
 a

cc
or

di
ng

 t
o 

su
rg

ic
al

 t
im

in
g 

w
as

 o
nl

y 
av

ai
la

bl
e 

in
 2

2.

Ta
b

le
 1

. 
C

on
tin

ue
d



8 Journal of the Endocrine Society, 2022, Vol. 6, No. 9

significant difference in recovery of visual field deficits (OR 
0.32; 95% CI, 0.10-0.97) and ocular palsy (OR 0.17; 95% 
CI, 0.03-0.79) was reported following surgery [74]. However, 
in another meta-analysis that included a larger number of 
studies (n = 14 with 457 cases) between 1988 and 2018 com-
paring outcomes in surgically vs medically patients with PA 
[73], outcomes did not differ between those treated surgically 
vs medically regarding endocrine dysfunction, visual acuity, 
visual field abnormality, and ophthalmoplegia. Similarly, 
a pooled analysis of 11 studies by Almeida et  al [66] did 
not identify a difference in complete recovery of pituitary 
hormone, visual deficits, or cranial nerve abnormalities in 
those managed surgically vs conservatively .

Despite the inherent differences between patients with PA 
treated surgically or managed conservatively, the majority of 
studies do not reveal a difference in reported outcomes be-
tween these 2 treatment modalities regarding visual acuity, 
visual field deficits, ocular paresis, or anterior pituitary hor-
monal abnormalities. This suggests that appropriate patients 
are currently being selected for conservative management 
and those highly selected patients (those with mild visual def-
icit, improving symptoms, prolactinomas, or low PAS scores) 
are likely to have similar outcomes to patients with PA who 
are surgically managed. Consequently, the number of pa-
tients with PA being managed conservatively has increased 
[48]. Taking into account this information, patients with se-
vere visual deficits, worsening symptoms, or a high PAS score 
should be considered for surgery if deemed to be surgical 
candidates.

Follow-up
Following initial management, whether surgical or med-
ical, ongoing clinical and radiological surveillance is recom-
mended. Reports of complete regression of pituitary adenoma, 
including functioning adenomas, have been described, but 
so has growth or regrowth of the underlying tumor. Among 
32 patients with PA managed conservatively, median initial 
tumor volume was 2.75 cm3 (range, 0.32-10.7 cm3) whereas 
on follow-up it was 0.65  cm3 (range, 0-8.74  cm3) [81]. 
Complete regression was seen in 28% and the median time 
to regression was 18  months. Tumor progression or recur-
rence is seen in up to 20% of patients [51], but has varied 
between studies and is possibly related to length of follow-up. 
The tumor recurrence rate was similar for those who had sur-
gery compared to those who were managed conservatively 
[66], although other studies have reported increased [82] and 
reduced [72] recurrence with surgery, but is less likely after 
radiation therapy [83]. Collectively, this suggests that recur-
rence rates are low, but long-term surveillance is needed irre-
spective of treatment modality.

Following PA, anterior pituitary hormone deficits are 
common. Partial or complete recovery has been reported in 
up to 50% of cases; however, completely normal pituitary 
function is reported in only 5% to 37% of patients following 
PA [2]. It was postulated that rapid surgical decompression 
of the mass effect might alleviate pressure imposed and allow 
for greater recovery than with conservative or indeed delayed 
surgical treatment [3, 26]. In addition, in cases in which the 
acute event caused severe anterior pituitary damage, the re-
covery of function is unlikely possible. Although recovery 
was more common at 6  months in those who had endo-
scopic transsphenoidal surgery compared to conservative 
management or microscopic transsphenoidal surgery [70], 

such differences have not been demonstrated in other studies 
[15, 60, 62, 66]. Similarly, diabetes insipidus may be tran-
sient (either following PA or surgery) and therefore should be 
reevaluated on follow-up.

Conclusion
PA due to hemorrhage or infarction is a rare acute event but 
can lead to considerable morbidity and possibility mortality. 
Recognition and prompt initiation of hormonal replacement 
are the first and undisputed steps in the management of PA. 
Severity of presentation in addition to multidisciplinary dis-
cussion with neurology, neurosurgery, and intensive care 
teams have guided subsequent management of patients with 
PA. Those with stable or resolving neuro-ophthalmic symp-
toms are considered candidates for conservative management. 
Further studies, however, are necessary to more objectively 
categorize patients who would benefit from surgery or obser-
vation. Given that pituitary tumors are frequently identified 
at presentation, long-term follow-up is recommended to de-
tect progression or recurrence, which may warrant treatment.
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