
Frontiers in Endocrinology | www.frontiersi

Edited by:
Fabienne Langlois,

Centre Hospitalier Universitaire de
Sherbrooke, Canada

Reviewed by:
Przemyslaw Witek,

Warsaw Medical University, Poland
Bing Xing,

Peking Union Medical College Hospital
(CAMS), China

Matteo Zoli,
IRCCS Institute of Neurological

Sciences of Bologna (ISNB), Italy

*Correspondence:
Charlotte Höybye

charlotte.hoybye@sll.se

†ORCID:
Charlotte Höybye

orcid.org/0000-0002-3980-1927
Henrik Falhammar

orcid.org/0000-0002-5622-6987

Specialty section:
This article was submitted to

Pituitary Endocrinology,
a section of the journal

Frontiers in Endocrinology

Received: 21 January 2021
Accepted: 24 March 2021
Published: 15 April 2021

Citation:
Falhammar H, Tornvall S

and Höybye C (2021) Pituitary
Apoplexy: A Retrospective Study of

33 Cases From a Single Center.
Front. Endocrinol. 12:656950.

doi: 10.3389/fendo.2021.656950

ORIGINAL RESEARCH
published: 15 April 2021

doi: 10.3389/fendo.2021.656950
Pituitary Apoplexy: A Retrospective
Study of 33 Cases From a Single
Center
Henrik Falhammar1,2†, Sofia Tornvall 3 and Charlotte Höybye1,2*†

1 Department of Endocrinology, Karolinska University Hospital, Stockholm, Sweden, 2 Department of Molecular Medicine and
Surgery, Karolinska Institutet, Stockholm, Sweden, 3 Department of Medicine, Danderyd Hospital, Stockholm, Sweden

Purpose: Acute symptomatic pituitary apoplexy is a rare and potentially life-threatening
condition. However, pituitary apoplexy can also present with milder symptoms and stable
hemodynamics. Due to the rarity of this inhomogeneous condition, clinical studies are
important to increase the knowledge.

Methods: We retrospectively reviewed all consecutive cases of pituitary apoplexy being
admitted between January 1st, 2005 and December 31st, 2019 at the Karolinska
University Hospital, Stockholm, Sweden, for symptoms, results of magnetic resonance
(MRI), biochemistry, management and mortality.

Results: Thirty-three patients were identified with pituitary apoplexy, 18 were men (55%)
and mean age was 46.5 (17.2) years. The incidence of symptomatic pituitary apoplexy
was 1.6 patients/year (0.76 patients/1,000,000 inhabitants/year). The majority presented
with headache (n=27, 82%) and hormonal deficiencies (n=18, 55%), which were most
frequent in men. ACTH deficiency was present in nine patients (27% but 50% of those
with hormonal deficiencies). All had the characteristic findings on MRI. Only three patients
(9%) required acute pituitary surgery, while eight were operated after more than one week.
Seven (21%) were on antithrombotic therapy. None of the patients died in the acute
course. During follow-up (7.6 ± 4.3 years) none of the hormonal deficiencies regressed
and 3 patients died from non-related causes.

Conclusion: Our study confirmed the rarity and the symptoms of this condition.
Surprisingly, only 3 patients needed acute neurosurgical intervention, perhaps due to
milder cases and a general intensified treatment of precipitating factors. An early
awareness and in severe cases decision on pituitary surgery is of utmost importance to
avoid severe complications.
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INTRODUCTION

Pituitary apoplexy is a rare condition caused by an acute or sub-
acute hemorrhage or infarction of the pituitary gland, most often
in a pituitary macroadenoma (1). The prevalence and incidence
are difficult to estimate as many subacute cases present with
subtle symptoms and remain undiagnosed. However, a
prevalence of 62 cases/1,000,000 inhabitants (2) and an
incidence of 1.7 cases/1,000,000/year (3), have been reported.
Previous studies have shown that pituitary apoplexy occurs in 2-
12% of patients with pituitary adenoma (1), while hemorrhagic
infarction or “subclinical or asymptomatic apoplexy” is more
frequent. Up to 25% of all pituitary adenomas display
hemorrhagic and/or necrotic areas (4). In 80% a symptomatic
apoplexy is the first manifestation of the pituitary adenoma (5).
Characteristic symptoms are headache, visual disturbances,
nausea and pituitary deficiencies (1, 5). The pathophysiology of
pituitary apoplexy is not known, but as pituitary adenomas have
less vascularization, ischemia because of tumor growth or
decreased blood supply due to an acute blood pressure fall, are
among the anticipated explanations (1, 5). The apoplexy
generates a specific pattern on magnetic resonance imaging
(MRI) of the pituitary with hyper- and hypointense areas in
the sella turcica on T1 and T2 weighted images, respectively,
suggesting apoplexy (1, 6).

Treatment of acute and severe forms of apoplexy may consist
of surgery with decompression and replacement with
glucocorticoids, whereas a conservative management may be
applied in patients with milder apoplexy without visual and
neurological defects (1, 4, 5, 7, 8). However, reports of recovery of
neurological, visual and endocrine complications from different
managements have varied (7–9).

Thus, there are uncertainties of incidence, management and
outcome of pituitary apoplexy. Here we present the results of a
review of all patients with confirmed pituitary apoplexy managed
in our institution focusing on incidence, presentation, endocrine
function, visual deficits, management and mortality in the
acute course.
MATERIALS AND METHODS

Eligible for inclusion were all consecutive patients with a
symptomatic pituitary apoplexy being admitted between
January 1st, 2005 and December 31st, 2019 at the Karolinska
University Hospital, Stockholm, Sweden, and where the
endocrinologist had been consulted. All the relevant electronic
medical files of the patients were reviewed manually up to
February 2020. The National Population Register was also
consulted to find out if the included patients were still alive
and the date of death was retrieved if applicable. The Karolinska
University Hospital is a major tertiary hospital (10), with a
catchment population for highly specialized care of between
1.9-2.3 million (average 2.1 million) during the study period
(https://www.sll.se/globalassets/4.-regional-utveckling/
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publicerade-dokument/statistik-befolkning-stockhoms-lan-q1-
2019.pdf). Approximately 110 patients were diagnosed with a
pituitary tumor in Stockholm per year during the study period
(https://statistik.incanet.se/Hypofys/Rapport/).

The diagnosis of pituitary apoplexy is mainly clinical,
requiring an abrupt or quick onset of specific symptoms as
headache, visual or neurological impairment and pituitary
deficits. All patients underwent MRI of the sella turcica and
were evaluated by a team of experienced neurosurgeons,
ophthalmologists, neuroradiologists and endocrinologists. The
patients received care in the neurosurgical intensive ward with
easy access to other specialists e.g. neurologists, and in close
proximity to the radiology department and the operation theater.
The patients were continuously monitored for any change in
their neurological status or development of other complications.
A neurosurgeon experienced in skull base surgery is on call at all
times in our hospital. In general, all patients with impaired visual
acuity and neurological deficits are operated as soon as possible
to improve the outcome.

Pituitary apoplexy does not have a specific International
Statistical Classification of Diseases and Related Health
Problems (ICD)-code. Therefore, the medical files of all
patients referred to our Department during the study period
were reviewed for symptoms, MRI and biochemistry. Those, who
fulfilled the diagnosis of pituitary apoplexy were included. Two
experienced senior endocrinologists (HF and CH) reviewed all
cases and only those where agreement on the diagnosis of
pituitary apoplexy was reached were included. The age, sex,
symptoms, mode of presentation, pituitary characteristics, blood
pressure, anticoagulation medications (low molecular heparin,
antiplatelet medications, warfarin or novel oral anticoagulants),
visual disturbances, biochemical hormonal tests, acute surgery
and mortality were recorded. In the acute state ACTH deficiency
was based on the patient’s clinical presentation, vital parameters,
presence of other pituitary hormone deficiencies and serum
cortisol below 200 nmol/L, according to local guidelines.
Evaluation with an ACTH test was performed when the
situation had stabilized. Blood pressures were measured with
an appropriate-sized blood pressure cuff in the Emergency
Department or on the ward. All biochemical tests were
analyzed according to routine methods.

Statistical Analysis
Mean (SD) (if normally distributed) or median and range were
used. When two groups and continuous variables were compared
unpaired t-test (normally distributed) or Mann–Whitney rank-
sum test were used as appropriate. Categorical data were reported
as numbers with percentages and comparisons were done with
Fisher’s exact test. A P-value <0.05 was considered significant.
RESULTS

Data was collected over the 15-year-period and 33 patients were
identified with pituitary apoplexy, of which 24 presented with
acute symptoms of pituitary apoplexy. In all patients the
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diagnosis was supported by characteristic findings on MRI of the
pituitary, with hyper- and hypointense areas of different sizes on
T1 and T2 weighted images. Thus, the total incidence was 2.2
patients/year (1.04 patients/1,000,000 inhabitants/year) and 1.6
patients/year (0.76 patients/1,000,000 inhabitants/year)
for patients with symptomatic pituitary apoplexy. During the
same period approximately 1650 patients in Stockholm were
diagnosed with a pituitary tumor. Thus, the estimated rate of
pituitary apoplexy in pituitary tumors during the study period
would be 2% (33/1650).

Of the 33 patients, 18 were men (55%) and 15 women (45%).
The mean age was 46.5 (17.2) years (range 15-76 years) and there
was a trend towards an older age in men compared to women
(51.6 and 46.5 years, respectively, P=0.060) (Table 1). Seven
patients (21%) were on anticoagulation treatment with
acetylsalicylic acid (n=4), clopidogrel (n=1), dalteparin (n=1)
and warfarin (n=1). Blood pressure measurements were not
available in the emergency situation for all, but for those in
whom it was, median systolic blood pressure was 131 mmHg
(100–174) and median diastolic blood pressure was 80 mmHg
(60-89).

At presentation, headache (n=27, 82%) was the most
common symptom. Hormonal deficiencies (n=18, 55%) were
most frequent in the men, and TSH and FSH/LH deficiency were
observed in most with hormonal deficiencies (Table 2). Only
Frontiers in Endocrinology | www.frontiersin.org 3
one postmenopausal woman had FSH/LH deficiency.
Panhypopituitarism was present in 5 patients (males n=4), i.e.,
15% of the total cohort and in 26% of males.

In 28 patients (85%) the pituitary apoplexy was the first
manifestation of a non-functioning pituitary adenoma (NFPA),
in 4 patients of a macroprolactinoma and in one patient of a
Rathke’s pouch cyst. Only 3 patients (9%) underwent acute
pituitary surgery, whereas 8 were operated after one week or
more. All were operated with endoscopic approach. Two patients
were operated because of progressing, pronounced visual defects
in addition to oculomotorius nerve palsy and the third patient
because of a large, expanding hemorrhage with increasing
symptoms of elevated intracerebral pressure and visual defects.
No complications to the acute pituitary surgery were noted but
the hormonal deficiencies remained unchanged after surgery.
The visual defects and oculomotorius nerve palsies all improved
greatly but only had a fully visional recovery. All the operated
patients had a previously unknown NFPA. None of the patients
died in the acute course of the disease. During the 7.6 (4.3) years
of follow-up none of the hormonal deficiencies regressed. Three
patients (9%) died during follow-up (4-13 years after the
pituitary apoplexy), none related to any pituitary causes.

There were three cases with pituitary apoplexy in connection
with pregnancy. One female with a macroprolactinoma on
dopamine agonist for many years discontinued this medication
at gestational week 7. At end of pregnancy (week 37) she
presented with nausea, vomiting and headaches. MRI showed a
macroadenoma with hemorrhage, i.e., pituitary apoplexy.
Glucocorticoids were initiated and she delivered by cesarean
section one week later. She continued to have pituitary
insufficiency during follow-up and was also restarted on
dopamine agonist. A second women was investigated for
infertility and was diagnosed with a macroprolactinoma and
started on dopamine agonist. After 3 months of dopamine
agonist she became pregnant and ceased the medication. At
the end of pregnancy, she had an episode of severe headache for a
few hours which then spontaneously disappeared. Medical
attention was not sought but a few months after delivery MRI
showed a recent pituitary hemorrhage. She had no pituitary
insufficiencies during follow-up. A third woman had a lot of
headache issues during pregnancy. After delivery a bitemporal
visual field defect was discovered and a macroadenoma with a
recent hemorrhage was diagnosed. Due to the visual field defect
she had endoscopic transsphenoidal surgery and the visual field
defect recover. She had no pituitary insufficiency during
follow-up.
DISCUSSION

In this study of patients with pituitary apoplexy we found an
overall incidence of 1.04 patients/1,000,000 inhabitants/year and
0.76 patients/1,000,000 inhabitants/year of acute symptomatic
pituitary apoplexy. The pituitary apoplexy was slightly more
frequent in men and presented mostly during their fourth to fifth
decade. The most prominent symptom was headache and
biochemical levels corresponding to pituitary hormonal
TABLE 1 | Characteristics, presentation and surgery of all consecutive cases
of pituitary apoplexy admitted at the Karolinska University Hospital during a
15-year-period.

Total n = 33 Women
n = 15

Men n = 18 P-value

Age at onset, mean 46.5 ± 17.2 40.3 ± 13.6 51.6 ± 18.4 0.060
Men, n (%) 18 (55%)
Acute surgery, n 11 (33%) 3 (20%) 8 (44%) 0.2659
Acute severe, n 24 (73%) 10 (67%) 15 (83%) 0.4184
Anticoagulants, n* 7 (21%) 1 (7%) 6 (35%) 0.0 881
Visual disturbances, n 13 (39%) 3 (20%) 10 (56%) 0.0724
Hormonal deficiency, n** 18 (55%) 3 (21%) 15 (83%) 0.0009
Headache, n 27 (82%) 12 (80%) 15 (83%) 1
Nausea, n 12 (36%) 4 (27%) 8 (44%) 0.4688
*2 were excluded due to missing data.
**1 was excluded due to missing data.
TABLE 2 | Specification of the hormonal deficiencies encountered in 33 patients
with pituitary apoplexy.

Hormonal deficiency, n All, n = 18 Women, n = 3 Men, n = 15

Panhypopituitarism, n 5 (28%) 1 (33%) 4 (27%)
ACTH, n 9 (50%) 2 (67%) 7 (47%)
TSH, n 12 (67%) 2 (67%) 10 (67%)
FSH/LH, n 15 (83%) 1 (33%) 14 (93%)
GH, n 7 (39%) 1 (33%) 6 (40%)
Prolactin, n 7 (39%) 1 (33%) 6 (40%)
Note that many patients had multiple hormonal deficiencies, thus the total number of
deficiencies is larger than the number of patients. The percentages of the individual
hormonal deficiencies are from the total number of patients with hormonal deficiencies
(i.e., 18, 3 and 15, respectively).
April 2021 | Volume 12 | Article 656950
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deficiency. In the present cohort conservative management
worked well in the majority of patients.

The diagnosis of pituitary apoplexy can be difficult, unless the
patient present with characteristic symptoms that are acute (1, 4,
5). Especially subacute apoplexy can be assumed to be under-
diagnosed due to unspecific symptoms. In our study the rate of
pituitary apoplexy was lower than previously reported (3). One
explanation might be that not all patients were referred to our
hospital, but this is unlikely since the hospital is the tertiary
reference hospital and the only hospital with a neurosurgical
department in the region. All patients diagnosed with pituitary
apoplexy can therefore be anticipated to have been referred to
our hospital and the endocrinologist consequently consulted.
Another explanation could be related to differences in the
definition of acute pituitary apoplexy and the severity of it
compared to the definition used in other studies. In a previous
study, a four times higher prevalence of pituitary apoplexy than
earlier studies was reported, but data was retrieved from different
general practice surgeries with a population of only 81,449
inhabitants (2). In a Finnish study, the incidence of pituitary
apoplexy was 1.7 cases/1,000,000 inhabitants/year (3), which was
a little higher than our total incidence of 1.04 patients/1,000,000
inhabitants/year. Moreover, the last decades there has also been a
dramatic increase of CT andMRIs performed where the pituitary
gland can be visualized (11), and thus more subclinical or
asymptomatic pituitary apoplexy may be diagnosed. The CT is
usually most valuable in the first 48 hours after the apoplexy,
whereafter MRI is better in detecting a pituitary adenoma and its
haemorrhagic degeneration as the blood degradation decreases
the density on CT (1). We tried not to over-diagnose pituitary
apoplexy, i.e., we did not include patients with signs on MRI of
hemorrhagic degradation areas in previously known pituitary
tumors and without symptoms consistent with pituitary
apoplexy. During the present study, it became evident that
even the acute and severe cases can be difficult to diagnose.
Some were misinterpreted initially as e.g. meningitis, stroke and
even gastroenteritis. In addition, the fact that not all minor
hospitals have access to MRI, and certainly not acute MRI, may
contribute to a lower incidence.

Another finding in our study was that the male to female ratio
was not so pronounced. In a review of 25 different studies the
male to female ratio varied between the studies, with generally
higher ratios in the earlier studies, but the average was 1.4 (1),
which is similar to our ratio of 1.2. Over time treatment of
hypertension and hypercholesterolemia in general has
intensified, which might have had a positive effect in reducing
the risk of pituitary apoplexy and possibly reduced the male to
female ratio.

Characteristic symptoms of pituitary apoplexy are headache,
which we found in 82% of our patients, visual disturbances in
39% and nausea in 36%, which is similar to previous studies (1,
5). Endocrine deficiencies were seen in 55% of our patients and
have been reported previously up to 85% of cases but with an
average of 64% (1, 9). In the present study most patients with
hormonal deficiency had TSH and/or gonadotrophin
deficiencies while 50% had ACTH deficiency but only 39% GH
Frontiers in Endocrinology | www.frontiersin.org 4
deficiency. In contrast, previous studies have found that those
diagnosed with hormonal deficiency have almost all had GH
deficiency, while ACTH deficiency was reported in 50-80%,
TSH deficiency in 30-70% and FSH/LH deficiency in 40-75%
(1). The lower frequency of GH deficiency can depend on how
these were diagnosed, in the acute situation only IGF-I levels
were evaluated to diagnose GH deficiency and it is well-known
that IGF-I levels may underestimate GH deficiency (12).
Evaluation for GH deficiency was performed later with GH
stimulation test, according to international guidelines. Also,
prolactin deficiency and diabetes insipidus have been
observed in some cases but we found a quite high frequency of
prolactin deficiency (7/33 cases, 21%) and panhypopituitarism
(15%) suggesting that these patients had severe pituitary
apoplexy. The most important hormone insufficiency in the
acute state is the ACTH deficiency, which may be life-
threatening if not replaced (13). In this context, it should be
noted that it can be very difficult to separate symptoms and
signs of an acute apoplexy from symptoms and signs of ACTH
deficiency. The observed differences in pituitary function could
be due to differences in diagnosing hormonal deficiency, in
particular during the acute course. However, pituitary
deficiencies, once established, usually do not recover (14).
Of interest, one study showed a better endocrinologic outcome
in patients with pituitary apoplexy who underwent endoscopic
pituitary surgery compared to patients who were treated
conservatively (15). However, our patients with pituitary
deficiencies did not recover irrespective whether they had
endoscopic pituitary surgery or not.

The first treatment intervention in patients with pituitary
apoplexy is hemodynamic stabilization, correction of electrolyte
levels and treatment with glucocorticoids (16). Most patients
with pituitary apoplexy improve with either surgical or
conventional treatment but the best approach and the timing
of surgery is controversial (16–18). In patients with milder
symptoms and an improving course of the disease a
conservative approach is usually sufficient under continued
ophthalmological, neurological and endocrine monitoring (19).
On the other hand, it has been shown that pituitary surgery
within 7 days of the apoplexy leads to better outcome for
visual defects (4, 16, 18). It is important that the treatment is
adjusted to the patient’s symptoms and the course of the disease.
In accordance with many studies, the majority of patients in our
study could be managed conservatively and only 3 patients
(9%) required acute surgical intervention (1, 5, 7, 8). Acute
pituitary apoplexy initially requires careful and repeated
physical examinations as the patient’s condition may worsen
rapidly. Intracranial hypertension and diencephalic alterations
due to direct compression with stupor or coma, or arterial
occlusion due to vasospasm or direct compression with
stroke might develop. Immediate or early neurosurgery is
always indicated in patients with progressive ophthalmological
or neurological impairments (19). The decision for conservative
or neurosurgical intervention should be done by a
multidisciplinary team and based on the clinical status of
the patient together with the result of focused sellar imaging
April 2021 | Volume 12 | Article 656950
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(4). An experienced pituitary neurosurgeon is preferred since
this decreases the risk of adverse events. As a guiding tool for
deciding on surgical management, algorithms can be helpful.
The UK guidelines contain a scoring system, that includes
visual acuity, visual defects, cranial neve palsies and Glasgow
Coma Scale (4). Scores range from 0 to 10 and a score above 4
suggests surgery (4). Another grading system to classify the
clinical spectrum of pituitary apoplexy uses a scale from 1 to 5.
Grade 1 patients are asymptomatic with radiographic pituitary
apoplexy(“subclinical” apoplexy), grade 2 patients have
endocrinopathy with appropriate radiographic findings but no
other clinical symptoms, grade 3 patients have headache, grade 4
patients have ocular paresis, and grade 5 patients have
acute visual deficits or decreased Glasgow Coma Scale score
preventing accurate visual assessment (20). According to
this scoring system, patients who receive grade 5 or higher
should be operated. In the present cohort 13 patients had
visual disturbances. Eleven of these improved during
conservative treatment but progressed in two, and these two
patients together with one patient with severe neurological
symptoms were acutely operated. These patients would all
receive grade 5.

A minority of patients with pituitary apoplexy will have
precipitating factors (16). The most common precipitating
factors are pituitary stimulation, surgery (in particular
coronary artery surgery), and coagulopathy (16). Thus,
antithrombotic/anticoagulant therapy may have an important
role as precipitating factor (15), and in the current study 21% of
the patients were on such treatment. Over time the new, easier
controllable anticoagulants that have become in use probably
also decrease the number of patients at risk of a pituitary
hemorrhage. High blood pressure is another well-known risk
factor for pituitary apoplexy, but in the present study this was
not noted.

Gestational pituitary apoplexy is a rare event. Women with
prolactinomas who became pregnant soon after starting
treatment with dopamine agonist and the rapid withdrawal
following pregnancy confirmation can lead to pituitary
apoplexy and serious neurological symptoms as well as
secondary adrenal insufficiency (21). Pituitary surgery may
then be necessary even during pregnancy after careful
consideration. In the present study, three women had pituitary
apoplexy in connection with pregnancy, two after withdrawal of
dopamine agonist, and one needed pituitary surgery after
delivery due to visual field defects (nonfunctioning
macroadenoma). Thus, in pregnant women with a pituitary
tumor and symptoms of pituitary apoplexy and urgent MRI
should be considered.

This study has some limitations like all retrospective studies
including missing data. The systematic review of all cases of
pituitary apoplexy in our institution may have been incomplete
due to not being identified. Moreover, not all cases may have
been admitted to our tertiary center but may have been admitted
to other secondary hospitals. Furthermore, even though this
study had a decent amount of patients included compared to
most previous studies of pituitary apoplexy (1), the number of
Frontiers in Endocrinology | www.frontiersin.org 5
patients was still limited. Due to these limitations, the results,
particularly about the ideal management of pituitary apoplexy,
should be interpreted with caution. However, it is difficult in
such a rare condition to plan a single center prospective study
with sufficient number of participants.
CONCLUSION

In summary, our study confirmed a low incidence of acute
pituitary apoplexy with a slight male predominance. The main
symptom was headache and the most common acute pituitary
hormonal deficiencies were TSH and FSH/LH deficiency.
However, 50% of those with a hormonal deficiency had ACTH
deficiency which itself is life-threatening if not replaced. Large,
expanding pituitary bleedings in need of acute surgical
intervention were very rare, maybe indicating increased access
to MRI, intensified treatment of hypertension and use of easier
controllable anticoagulation therapy and thereby over time
decreasing the number of patients at risk. To conclude,
symptoms are unspecific, and an early awareness of pituitary
apoplexy and decision for pituitary surgery is still of utmost
importance to avoid severe complications.
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