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ABSTRACT

Objective: The diagnosis of hemorrhagic versus non-hemorrhagic pituitary apoplexy can be difficult
as both the clinical presentation and radiographic appearance can be variable. Early identification
and treatment of these patients is essential to prevent poor outcomes. This study identifies clinical
characteristics of hemorrhagic and non-hemorrhagic pituitary apoplexy.

Methods: 311 consecutive patients admitted with pituitary tumors were reviewed for clinical and
radiographic evidence of pituitary apoplexy. Patient demographics, comorbidities, clinical
presentation, tumor characteristics, surgical therapy, complications, and outcomes were analyzed
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for both groups. A cohort statistical analysis was performed using Chi square, Fisher exact test, and

t-test.

Results: Patients with hemorrhagic (n = 23, 57.5%) and non-hemorrhagic (n=17, 42.5%) pituitary
apoplexy were similar except the hemorrhagic cohort was older (mean age 51.5 versus 40.6,
p=0.03) and more hypertensive (n=16, p=0.03). Thirty-seven patients underwent surgical
decompression for their pituitary apoplexy symptoms either through transcranial or endoscopic
approach. There was no statistically significant difference between hemorrhagic (n=16, 43.2%
endoscopic; n=4, 10.8% transcranial) and non-hemorrhagic (n=16, 43.2%, endoscopic; n=1, 2.7%,
transcranial; p=0.22) apoplexy cohorts. Risks of post-operative complications were similar in both
hemorrhagic (n=5: RR 1.13, 95% CI 0.59-2.1) and non-hemorrhagic cohorts (n=3: RR 0.84, 95% CI
0.31-2.3). Achievement of a good functional outcome as measured by modified Rankin scale better
than 4 at last follow-up was not statistically different among cohorts (p = 0.74).

Conclusions:

Hemorrhagic and non-hemorrhagic pituitary apoplexy are similar clinical entities that

require prompt surgical decompression of the optic apparatus and medical therapy aimed at treating

acute adrenal insufficiency.

Keywords: Apoplexy; pituitary; endocrine; hemorrhage.

1. INTRODUCTION

First described in 1898 by the American
neurologist P. Bailey, pituitary apoplexy
represents an emergent neurosurgical condition
involving hemorrhagic or non-hemorrhagic
infarction of the pituitary gland in the setting of
underlying cystic pathology or a macroadenoma,
or less commonly in a non-diseased pituitary
gland, that may result in rapid intrasellar and
extrasellar expansion causing mass effect on
surrounding  structures, meningismus  from
cisternal extension of hemorrhage, and pituitary
failure [1,2]. It has been estimated to occur in up
to 0.6-12.3% of patients with pituitary adenomas
(although the incidence of non-apoplectic bleeds
may be greater). Approximately 80% of patients
with apoplexy have undiagnosed pituitary tumors
[2-4]. Undiagnosed, pituitary apoplexy is
associated with significant morbidity and
mortality and may lead to devastating neurologic
and endocrinologic consequences. The early
recognition of this condition is essential to timely
surgical decompression and institution of
appropriate medical therapy to avoid permanent
sequelae. Barriers to timely detection include
delayed presentation or failure of the condition to
generate heightened clinical concern due to non-
specific symptoms or radiographic findings; for
instance, non-hemorrhagic pituitary apoplexy
often symptomatically mimics an in situ pituitary
adenoma and may present sub-clinically.

A number of patient factors and clinical
manifestations of pituitary apoplexy have been
described in the literature as being useful
predictors of the condition [5,6]. Common yet
non-specific  symptoms include headache,

nausea, vomiting, visual disturbances, cranial
nerve palsies, altered mental status, and
meningismus. These symptoms in a patient with
a history of a pituitary lesion or in conjunction
with  signs of hypopituitarism are more
concerning for pituitary apoplexy. Given the
emergent nature of pituitary apoplexy and its
potentially irreversible consequences, it is
important to identify well-defined clinical
harbingers in the history and physical to aid in
efficient and timely diagnosis of the condition.
This is particularly important given that these
patients will most often undergo initial evaluation
by a physician without advanced radiological or
neurosurgical expertise.

A number of studies have been published
offering varying data with regards to the
predictive significance of specific patient factors
such as demographics, medical comorbidities,
social habits, medication use, and specific type
of pre-existing pituitary pathology [7-10].
However, there have been no studies to date
that have specifically focused on the
distinction between the hemorrhagic and non-
hemorrhagic subtypes of pituitary apoplexy
based on clinical characteristics. Our study aims
to identify the clinical features that correlate with
pathologic findings in patients with either
hemorrhagic or non-hemorrhagic pituitary
apoplexy, to determine whether they differ
significantly based on the type of apoplexy,
and to examine the complications and outcomes
of treatment. These findings will add to the
existing body of knowledge on the subject and
provide physicians with additional tools for
establishing an accurate diagnosis to optimize
patient care.




2. MATERIALS AND METHODS

A total of three hundred eleven subjects
consecutively admitted to a single institution with
a diagnosis of pituitary tumor from January 2006
to February 2013 were included for initial
analysis. The Institutional Review Board of the
University of Alabama at Birmingham provided
approval prior to the conduct of this study. A
retrospective cohort review of clinical and
radiographic findings in patients diagnosed with a
known pituitary tumor was performed to identify
apoplexy. The records of apoplexy patients were
present in the electronic medical record.

Forty patients were identified for inclusion in this

study. The determination of hemorrhagic
apoplexy was based on radiographic
assessment, intraoperative  findings, and

pathology demonstrating frank hemorrhage
within a pituitary adenoma. The finding of non-
hemorrhagic apoplexy was established through
non-hemorrhagic characteristics on imaging and
lack of hemorrhagic diagnosis. The researchers
involved in the study include both neurosurgery
and endocrinology staff and residents, qualified
to asses brain imaging, as well as review
intraoperative notes and clinical records.

Medical records for each of the forty subjects
were reviewed further in detail for clinical
characteristics. A retrospective cohort review of
clinical and radiographic findings in patients
diagnosed with a known pituitary tumor who
presented with pituitary apoplexy was conducted.
Patient demographics, comorbidities, initial
clinical presentation, pituitary hormones, and
tumor characteristics were collected and
analyzed for both hemorrhagic and non-
hemorrhagic apoplexy groups. The radiological
finding of sellar hyperdensity and their Hounsfield
units on computed tomography, as well as
hyperintensity on magnetic resonance imaging

Table 1. Demographic information for 40 patients wi
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were identified as hemorrhagic apoplexy and the
absence of these characteristics considered as
non-hemorrhagic apoplexy.

Additionally, thirty-seven of these patients
underwent surgical decompression for their
pituitary apoplexy symptoms. The post-operative
complications and outcomes in terms of pituitary
deficiencies, visual changes, functional status,
and length of stay as well as surgical approach
were reviewed and compared between
hemorrhagic and non-hemorrhagic apoplexy
patients.

A cohort statistical analysis was performed
comparing hemorrhagic versus non-hemorrhagic

apoplexy using Chi Square, Fisher exact test,
logistic regression, ANOVA, and t-test.

3. RESULTS AND DISCUSSION
3.1 Results

3.1.1 Demographics

Out of the three hundred eleven subjects
consecutively admitted with a diagnosis of
pituitary tumor, forty patients (13%) were
classified as having apoplexy and included for
initial analysis. 23 patients were identified to
have hemorrhagic and 17 patients were found to
have non-hemorrhagic apoplexy (Table 1).
Average age was 51.5+15.8 (mean +/- standard
deviation) for patients with hemorrhagic pituitary
apoplexy and 40.6+13.7 (mean +/- standard
deviation) for patients with non-hemorrhagic
pituitary apoplexy. Among the hemorrhagic
cohort (n=23), there were 13 (32.5%) males and
10 (25%) females, 10 (25%) Whites, 12 (30%)
Blacks, and 1 (2.5%) Hispanic. Among the non-
hemorrhagic cohort (n=17), there were 10 (25%)
males and 7 (17.6%) females, 8 (20%) Whites,
8 (20%) Blacks, and 1 (2.5%) Hispanic.

th hemorrhagic or non-hemorrhagic

pituitary apoplexy
Total (n=40) Hemorrhagic Non-hemorrhagic p value

(n=23) (n=17)
Age, mean * SD 46.05+14.75 51.5+15.8 40.6+£13.7 0.03
Sex, n (%) 0.8
Male 23 (57.5) 13 (32.5) 10 (25)
Female 17 (42.5) 10 (25) 7 (17.6)
Race, n (%) 0.43
White 18 (45) 10 (25) 8 (20)
Black 20 (50) 12 (30) 8 (20)
Hispanic 2 (5 1(2.5) 1(2.5)




Patients with hemorrhagic (n = 23, 57.5%) and
non-hemorrhagic  (n=17, 42.5%) pituitary
apoplexy were similar except the hemorrhagic
cohort was older (mean age 51.5 versus 40.6,
p=0.03) (Table 1). No statistically significant
differences were found between the cohorts with
regard to gender (p=0.8) or race (p=0.43).

3.1.2 Comorbidities

Average body mass index (BMI) was 33.5+12.7
(mean +/- standard deviation) for patients with
hemorrhagic pituitary apoplexy and 33.3+11.1
(mean +/- standard deviation) for patients with
non-hemorrhagic pituitary apoplexy (Table 2).
Among the hemorrhagic cohort (n=23), 16 (40%)
had a prior diagnosis of essential hypertension, 6
(15%) had diabetes, 6 (15%) had a history of
smoking, and 2 (5%) were peripartum. Among
the non-hemorrhagic cohort (n=17), 6 (15%) had
a prior diagnosis of essential hypertension,
4 (10%) had diabetes, 5 (12.8%) had a history of
smoking, and 1 (2.5%) was peripartum.

Patients with hemorrhagic (n = 23, 57.5%) and
non-hemorrhagic  (n=17, 42.5%) pituitary
apoplexy were similar except the hemorrhagic
cohort was more hypertensive (n=16 versus n=6,
p=0.03). No statistically significant differences
were found between the cohorts with regard to
diabetes (p=0.8), smoking status (p=0.9),
peripartum state (p=0.7), or the anti-platelet
medication, Aspirin (p=0.2). No patients were on
anticoagulant medications (Coumadin, Xarelto,
Eliquis) or other anti-platelet agents (Plavix,
Ticlid, Aggrenox).

3.1.3 Clinical presentation

Among patients with hemorrhagic pituitary
apoplexy (n=23), 22 (56%) had an initial
presentation that included headache, 20 (52.6%)
had visual complaints, 7 (20%) had poor vision =
(20/200), 9 (22.5%) had cranial nerve palsies,

Table 2. Medical comorbidities among 40 patients wi
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and 2 (5%) had altered mental status (Table 3).
Among patients with non-hemorrhagic pituitary
apoplexy (n=17), 16 (41%) had headache,
16 (42.1%) had visual complaints, 9 (25.7%) had
poor vision = (20/200), 10 (25%) had cranial
nerve palsies, and 0 (0%) had altered mental
status.

Patients with hemorrhagic (n = 23, 57.5%) and
non-hemorrhagic  (n=17, 42.5%) pituitary
apoplexy were similar with regard to presenting

symptoms, with no statistically significant
differences between the cohorts for any
symptom.

3.1.4 Tumor characteristics

Among patients with hemorrhagic pituitary
apoplexy (n=23), the pre-existing adenoma was
found to be non-functioning in 19 (47.5%),
prolactin-secreting in 1 (2.5%), and GH-secreting
in 3 (7.5%) (Table 4). Among patients with non-
hemorrhagic pituitary apoplexy (n=17), 12 (30%)
had non-functioning adenomas, 4 (10%) had
prolactin-secreting adenomas, none had GH-
secreting adenomas, and 1 (2.5%) had unknown
functional status. There was no statistically
significant difference between the two cohorts
with regard to adenoma type (p=0.08). There
were no tumors with atypical morphology.

3.1.5 Postoperative outcomes

Thirty-seven  patients  underwent  surgical
decompression for their pituitary apoplexy
symptoms. 17 (45.9%) hemorrhagic and 16
(43.2%) non-hemorrhagic apoplexy patients
underwent endoscopic procedure, while 4
(10.8%) hemorrhagic and 1 (2.7%) non-
hemorrhagic apoplexy patients were treated with
open or transcranial surgical technique (Table 5).
There were no statistically significant differences
in the surgical therapy between the two cohorts
(p=0.22).

th hemorrhagic or non-hemorrhagic

pituitary apoplexy
Total (n=40) Hemorrhagic Non-hemorrhagic p value
(n=23) (n=17)
Essential hypertension, n (%) 22 (55) 16 (40) 6 (15) 0.03
Diabetes, n (%) 10 (25) 6 (15) 4 (10) 0.8
Smoking, n (%) 11 (27.5) 6 (15) 5(12.8) 0.9
Peripartum, n (%) 3(7.5) 2(5) 1(2.5) 0.7
BMI, mean + SD 33.4%12.2 33.5+#12.7 33.3x11.1 0.9
Anti -platelet (Aspirin) 3(7.5) 1(0.025) 2 (0.05) 0.2




Table 3. Presenting symptoms for 40 patients with h
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emorrhagic or non-hemorrhagic pituitary

apoplexy
Total (n=40) Hemorrhagic Non-hemorrhagic p value
(n=23) (n=17)
Headache 38 (95) 22 (56) 16 (41) 0.2
Visual complaints 36 (90) 20 (52.6) 16 (42.1) 0.8
Poor vision 2 (20/200) 16 (40) 7 (20) 9 (25.7) 0.4
Cranial nerve palsy 19 (47.5) 9 (22.5) 10 (25) 0.2
Altered mental status 2(5) 2(5) 0 (0) 0.13

Table 4. Tumor characteristics for 40 patients with

hemorrhagic or non-hemorrhagic pituitary

apoplexy
Total (n=40) Hemorrhagic Non-hemorrhagic p value

(n=23) (n=17)
Adenoma type 0.08
Non-functioning 31 (77.5) 19 (47.5) 12 (30)
Prolactin secreting 5 (12.5) 1(2.5) 4 (10)
GH secreting 3(7.5) 3(7.5) 0(0)
Unknown 1(2.5) 0 (0) 1(2.5)

Table 5. Surgical treatment: Endoscopic versus tran  scranial (n=37)
Hemorrhagic Non-hemorrhagic p-value

Endoscopic 17 (45.9%) 16 (43.2%) 0.22
Transcranial (open) 4 (10.8%) 1(2.7%) 0.23

Risks of post-operative complications were
similar in both hemorrhagic (n=5: RR 1.13, 95%
Cl 0.59-2.1) and non-hemorrhagic cohorts (n=3:
RR 0.84, 95% CI 0.31-2.3) (Table 6). The
complications included are CSF leak, epistaxis,
meningitis, and visual decline. Achievement of a
good functional outcome as measured by
modified Rankin scale better than 4 at last follow-
up was not statistically different among
hemorrhagic (n=20, 54%) and non-hemorrhagic
(n=14, 40.5%, p= 0.74) cohorts (Table 7).
Furthermore, patients with  post-apoplexy
pituitary dysfunction were similar in both groups.
The endocrine dysfunction in terms of one or
more hormone deficiency was similar in the

hemorrhagic (n = 12, 32.4%: p = 0.41) cohorts.
Additionally, permanent DI was also similar in the
hemorrhagic (n =7, 19%) and non-hemorrhagic
(n =3, 9%: p = 0.35) groups. More importantly,
no patient's vision worsened following surgery
and 70.2% had improved visual acuity at
discharge or last follow-up. There was no
statically  significant difference between
hemorrhagic  (n=15, 40.5%) and non-
hemorrhagic (n=11, 29.7%, p=0.66) cohorts.
Average length of stay was 3.3 +/- 1.1 days
(mean £ standard deviation). There was no
statistically  significant  difference  between
hemorrhagic and non-hemorrhagic apoplexy
patients’ length of stay (p=0.12).

hemorrhagic (n =18, 48.7%) and non-
Table 6. Complications (n=37)

Hemorrhagic Non-hemorrhagic p-value
Relative risk 1.13 0.84
95% Confidence interval 0.59-2.10 0.31-2.30
n (%) 5 (13.5%) 3 (8.1%) 0.73

Table 7. Post surgical outcomes (n=37)
Hemorrhagic Non-hemorrhagic p-value

Good functional outcome (MRS <4) 20 (54%) 15 (40.5%) 0.74
Endocrine dysfunction 18 (48.7%) 12 (32.4%) 0.41
Permanent DI 7 (19%) 3 (9%) 0.35
Visual improvement 15 (40.5%) 11 (29.7%) 0.66




3.2 Discussion

Up to date, no study exists comparing the clinical
features of hemorrhagic and non-hemorrhagic
pituitary apoplexy. The present investigation is
the first to shed light on the clinical predictors of
apoplexy, tumor pathology, and surgical therapy
and outcomes between hemorrhagic and non-
hemorrhagic pituitary apoplexy.

3.2.1 Clinical predictors of apoplexy

The present study identified pituitary apoplexy in
approximately 13% of patients admitted with
pituitary adenomas. The difficulty in estimating
the overall incidence of this condition is at least
in part due to the lack of comprehensive
population-based studies regarding apoplexy in
patients with pituitary adenomas [11]. Other
studies have identified rates as low as 0.6% to
upwards of 16.6%, a range with which our data
was consistent [3,4].

The data from the present study did not reveal
any ubiquitous demographic or comorbidity
among patients with pituitary apoplexy. The most
commonly observed comorbidity was essential
hypertension (n=22, 55%), and patients tended
to be obese as evidenced by the average body
mass index >30 kg/m® The results do suggest
that the patient characteristics of increased age
and essential hypertension occur at a statistically
greater frequency in patients with hemorrhagic
pituitary apoplexy than those with non-
hemorrhagic apoplexy. Gender, race, smoking,
diabetes, body mass index, peripartum state, and
use of anti-platelet and anticoagulation agents
did not differ significantly between the two
cohorts.

The pathophysiology of the hemorrhagic versus
non-hemorrhagic apoplexy is incompletely
understood. Theories of hemorrhagic
pathophysiology could include the presence of
vasculopathy or abnormal blood vessels with
incomplete maturation, poor fenestration, and
thin basal membrane that may be susceptible to
rupture [12,13]. It is probable that advanced age
and essential hypertension exacerbate the
vasculopathy and cause hemorrhage. Non-
hemorrhagic apoplexy could be due to pituitary
tumors simply outgrowing their blood supply or
compression of the superior hypophyseal artery
against the diaphragm sella by the upward
growing mass and this could potentially lead to
ischemic necrosis of the tumor [14].

Previous studies have considered the
associations among patient factors and pituitary
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apoplexy. In a 1981 case series, Wakai et al. [10]
found no statistical correlation between
hemorrhagic pituitary apoplexy and gender but
did find a significant positive association with
age. Other studies have failed to identify
significant  correlations  between  pituitary
apoplexy and essential hypertension or diabetes
[8,15]. Anticoagulation and pro-thrombotic states
have been implicated as risk factors for pituitary
apoplexy in the same way they would be for any
cerebrovascular accident [15,16]. A number of
cases have been described that suggest an
association between pituitary apoplexy and the
use of dopamine agonists such as bromocriptine
or cabargoline in the treatment of prolactinomas
[7,17,18]. It is thought that dopamine agonists
induce necrotic changes in tumor cells, and the
resulting shrinkage and involution that occurs
with replacement fibrosis predisposes to bleeding
[17]. Socioeconomic factors have been
suggested to play a role in determining the risk
for pituitary apoplexy, with increased risk among
individuals with less access to healthcare and
less social support [9].

Headache and visual complaints were present in
the majority of apoplexy patients in this study
(n=38, 95% and n=36, 90% respectively) and did
not significantly differ between the hemorrhagic
and non-hemorrhagic groups. Poor vision and
cranial nerve palsies (n=16, 40% and n=19,
47.5% respectively) were less common and
altered mental status was rare (n=2, 5%); again,
the incidence of these symptoms did not differ
significantly between the hemorrhagic and non-
hemorrhagic groups. Other studies have also
shown headache and visual complaints,
particularly those related to diplopia and
ophthalmoplegia, to be among the most common
presenting symptoms of pituitary apoplexy
[15,19,20]. Nausea, vomiting, meningismus,
visual field defects, hemiparesis, hypopituitarism,
galactorrhea, and amenorrhea have also been
described in the literature as symptoms and
observations made at the time of presentation
with  pituitary apoplexy [10,15,19,20]. As
mentioned earlier, while many of these
symptoms can be non-specific, acuity of onset
and either a prior diagnosis of a pituitary
adenoma or evidence of pituitary insufficiency
should heighten the clinical concern for pituitary
apoplexy.

In this study, the number of patients presenting
with hemorrhagic and non-hemorrhagic apoplexy
was 54% and 46% respectively. Although
not considered the traditional underlying
pathophysiology in pituitary apoplexy, the non-



hemorrhagic apoplexy represented a big group of
the patient population seen at our institution.
This underscores the critical importance of
recognizing not only hemorrhagic apoplexy, but
also non-hemorrhagic patients when clinically
evaluating for possible apoplexy.

3.2.2 Tumor pathology

In terms of the characteristics of pre-existing
pituitary adenomas, the results of this study
showed a predominance of non-functioning
adenomas (n=31, 77.5%) as opposed to
prolactin-secreting (n=5, 12.5%), GH-secreting
(n=3, 7.5%), or unknown status (n=1, 2.5%).
Other studies have also found a greater
incidence of pituitary apoplexy among non-
functioning adenomas [15,19]. Interestingly, the
aforementioned case series by Wakai et. al. did
not find adenoma histolopathology or secretory
status to be statistically significant predictors of
pituitary apoplexy [10]. In the present study, the
secretory status did not differ significantly
between the hemorrhagic and non-hemorrhagic
apoplexy cohorts. Size has also been implicated
as an important predictor of risk for pituitary
apoplexy, with macroadenomas being more likely
to bleed than microadenomas [8,15]. Proposed
mechanisms for the size relationship include
vascular insufficiency of larger tumors,
compression of the hypophyseal vessels, and
increased friability of vasculature [4,21-23].

3.2.3 Surgical therapy and outcomes

Although no statistically significant differences in
the surgical therapy between the two cohorts
exist in this study, majority of apoplexy patients
(n=33, 89.1%) underwent endoscopic
decompression. Very few apoplexy patients
(n=5, 13.5%) were treated with open surgery.
These findings reflect the current preferred
method for pituitary surgery as transsphenoidal
decompression—a standard therapy providing
more protection for the optic nerves and chiasm,
allowing completeness of tumor removal, and
preventing possible complications such as
cerebrospinal fluid (CSF) leakage, meningitis,
and tension pneumocephalus [24,25].

The present study found a lack of statistically
significant differences between the hemorrhagic
and non-hemorrhagic cohorts in terms of post-
operative complications and outcomes,
specifically relative risks of complications, mRS
or likelihood of a good functional outcome
(mRS>4), length of hospitalization, endocrine
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dysfunction, permanent DI, and improvement in
visual acuity.

The risks of post-operative complications were
similar in both hemorrhagic (1.13%) and non-
hemorrhagic cohorts (0.84%). Similarly, Ciric et
al report 1-2% of incidence of complications post
transsphenoidal decompression, which is the
surgical approach used in the majority of the
patients reported in this series [26].
Furthermore, good functional outcome was
measured by modified Rankin scale better than 4
at last follow-up in 54.0% hemorrhagic and
40.5% non-hemorrhagic, overall 94.6% patients.
Although no report exists documenting outcomes
in terms of modified ranking scale for post-
operative  apoplexy patients, endoscopic
surgery’s overall very low mortality (less than
0.5%) and morbidity (1-2%) [27] supports our
findings of good functional outcome in 91.8% of
patients in this study. Additionally, approximately
3.3 +/- 1.1 days of hospitalization supports
previous reported range of 3.6 days of hospital
stay [28] for minimally invasive pituitary surgery.

This study’s results show low percentage of
apoplexy patients with permanent DI post
operatively, ranging from 9% in hemorrhagic and
19% in non-hemorrhagic cohort. It has been
shown that the hypopituitarism associated with
pituitary apoplexy is often rapidly reversed
following surgical decompression, thus yielding
good endocrinologic outcomes as well [29].
Additionally, endocrine dysfunction in terms of
one or more hormone deficiency was similar in
the hemorrhagic and non-hemorrhagic cohorts,
48.7% and 32.4%, respectively. Although no
prior studies compare hemorrhagic with non-
hemorrhagic apoplexy subgroups, long term
steroid and other hormone replacement post-
surgery has been documented in the range of
45-58% [6], which encompasses this study’'s
findings.

No patient’s vision worsened following surgery
and 70.2% had improved visual acuity at
discharge or last follow-up. Other studies have
also demonstrated favorable visual outcomes
following surgical decompression of pituitary
apoplexy; however, variations in visual
parameters and lack of standardized measures
of improvement have made it difficult to compare
the results of these studies [30].

3.2.4 Limitations

Limitations of this study include its retrospective
design, small sample size, and lack of a control



group. Due to the disease entity of study, it is not
very feasible to escape retrospective analysis for
initial investigation to characterize pathology,
more specifically hemorrhagic versus non-
hemorrhagic pituitary apoplexy. The small
sample size limitation is difficult to overcome
given the low prevalence of pituitary apoplexy.
More importantly, the number of patients in this
study was comparable to sample sizes in other
published literature on the related subjects.
Inclusion of a control group of patients with
pituitary adenomas and no evidence pituitary
apoplexy would have allowed a determination to
be made regarding whether the different clinical
features analyzed in this study have a statistical
predilection to pituitary apoplexy and its
subtypes. It was not the authors’ intention to
replicate the results of prior studies by identifying
the clinical factors associated with pituitary
apoplexy. Instead, the authors sought to answer
the question of whether clinical predictors of
apoplexy would vary between the hemorrhagic
and non-hemorrhagic subtypes. That being said,
future studies would benefit from an analysis of
whether certain clinical features are statistically
significant predictors of one or both subtypes of
pituitary apoplexy. Nevertheless, the findings of
this study are comprehensive in the analysis of
the other predictors of apoplexy and warrant
reporting.

4. CONCLUSION

This study is the first to analyze the differences
between the clinical features of hemorrhagic
and non-hemorrhagic  pituitary  apoplexy,
demonstrating that they are similar clinical
entities with hemorrhagic apoplexy patients being
on average older and more likely to be
hypertensive. The data re-iterate the potential for
favorable neurologic and endocrinological
outcomes with prompt surgical decompression of
the optic apparatus and medical therapy aimed
at treating acute adrenal insufficiency.

CONSENT
It is not applicable to this study.
ETHICAL APPROVAL

The Institutional Review Board of the University
of Alabama at Birmingham provided approval
prior to the conduct of this study.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

Patel et al.; BIMMR, 12(7): 1-9, 2016; Article no.BJIMMR.22130

REFERENCES

1. Jones HR, Burns T, Aminoff MJ, Scott L.
Pomeroy MDPD. The netter collection of
medical illustrations: Nervous system,
Volume 7, Part 1 - Brain2: The Netter
Collection of Medical lllustrations: Nervous
System, Volume 7, Part 1 - Brain [Internet].
Elsevier - Health Sciences Division; 2013.

Available:http://books.google.com/books?i
d=gGtOf9UM|ZEC

2. Tanase C, Ogrezeanu |, Badiu C.
Molecular pathology of pituitary adenomas
[Internet]. Elsevier Science; 2011.

Available:http://books.google.com/books?i
d=IcvVgZsvuZw4C

3. Chan JW. Optic nerve disorders: Diagnosis
and management [Internet]. Springer;
2008.

Available:http://books.google.com/books?i
d=BR9gMBXggAYC

4, Loftus CM. Neurosurgical
[Internet]. Thieme; 2011.

Available:http://books.google.com/books?i
d=uTbnEDw85z8C

5. Biousse V, Newman NJ, Oyesiku NM.
Precipitating factors in pituitary apoplexy. J
Neurol Neurosurg Psychiatry. 2001;71(4):
542-5.

6. Randeva HS, Schoebel J, Byrne J, Esiri M,
Adams CBT, Wass JAH. Classical pituitary
apoplexy: Clinical features, management
and outcome. Clin Endocrinol (Oxf). 1999;
51(2):181-8.

7. Chng E, Dalan R. Pituitary apoplexy
associated with cabergoline therapy. J Clin
Neurosci Off J Neurosurg Soc Australas.
2013;20(12):1637-43.

8. Cinar N, Tekinel Y, Dagdelen S,
Oruckaptan H, Soylemezoglu F, Erbas T.
Cavernous sinus invasion might be a risk
factor for apoplexy. Pituitary. 2013;16(4):
483-9.

9. Jahangiri A, Clark AJ, Han SJ, Kunwar S,
Blevins LSJ, Aghi MK. Socioeconomic
factors associated with pituitary apoplexy.
J Neurosurg. 2013;119(6):1432—-6.

10. Wakai S, Fukushima T, Teramoto A, Sano
K. Pituitary apoplexy: lIts incidence and
clinical significance. J Neurosurg. 1981;
55(2):187-93.

11. Swearingen B, Biller BMK. Diagnosis and
management  of  pituitary  disorders
[Internet]. Humana Press; 2008.

emergencies




12.

13.

14.

15.

16.

17.

18.

19.

20.

Available:http://books.google.com/books?i
d=lghYhpvFITMC

Bills DC, Meyer FB, Laws ER Jr, Davis
DH, Ebersold MJ, Scheithauer BW, et al.
A retrospective analysis of pituitary
apoplexy. Neurosurgery. 1993;33(4):602—
8. discussion 608-9.

Dubuisson AS, Beckers A, Stevenaert A.
Classical pituitary tumour  apoplexy:
Clinical  features, management and
outcomes in a series of 24 patients. Clin
Neurol Neurosurg. 2007;109(1):63-70.
Semple PL, Webb MK, de Villiers JC, Laws
ER. Pituitary apoplexy. Neurosurgery.
2005;56(1):65—72; Discussion 72-3.
Moller-Goede DL, Brandle M, Landau K,
Bernays RL, Schmid C. Pituitary apoplexy:
Re-evaluation of risk factors for bleeding
into pituitary adenomas and impact on
outcome. Eur J Endocrinol Eur Fed Endocr
Soc. 2011;164(1):37-43.

Khochtali |, Kacem M, Kria S, Golli M,
Mahjoub S. Pituitary necrosis and anti-
phospholipid syndrome. Ann Endocrinol.
2009;70(2):126-8.

Balarini Lima GA, Machado E de O, Dos
Santos Silva CM, Filho PN, Gadelha MR.
Pituitary  apoplexy during treatment
of  cystic macroprolactinomas  with
cabergoline. Pituitary. 2008;11(3):287-92.
Carija R, Vucina D. Frequency of pituitary
tumor apoplexy during treatment of
prolactinomas with dopamine agonists: A
systematic review. CNS Neurol Disord
Drug Targets. 2012;11(8):1012—4.
Bujawansa S, Thondam SK, Steele C,
Cuthbertson DJ, Gilkes CE, Noonan C,
et al. Presentation, management and
outcomes in acute pituitary apoplexy: A
large single-centre experience from the
United Kingdom. Clin Endocrinol (Oxf).
2014;80(3):419-24.

Onesti ST, Wisniewski T, Post KD. Clinical
versus subclinical pituitary apoplexy:
presentation, surgical management, and
outcome in 21 patients. Neurosurgery.
1990;26(6):980—6.

Patel et al.; BIMMR, 12(7): 1-9, 2016; Article no.BJIMMR.22130

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Brougham M, Heusner AP, Adams RD.
Acute degenerative changes in adenomas
of the pituitary body--with special reference
to pituitary apoplexy. J Neurosurg. 1950;
7(5):421-39.

Mohanty S, Tandon PN, Banerji AK,
Prakash B. Haemorrhage into pituitary
adenomas. J Neurol Neurosurg Psychiatry.
1977;40(10):987-91.

Rovit RL, Fein JM. Pituitary apoplexy: A
review and reappraisal. J Neurosurg.
1972;37(3):280-8.

Cavallo LM, Prevedello D, Esposito F,
Laws ER Jr, Dusick JR, Messina A, et al.
The role of the endoscope in the
transsphenoidal management of cystic
lesions of the sellar region. Neurosurg
Rev. 2008;31(1):55-64; discussion 64.
Ebersold MJ, Laws ER, Scheithauer BW,
Randall RV. Pituitary apoplexy treated by
transsphenoidal surgery. J Neurosurg.
1983;58(3):315-20.

Ciric I, Ragin A, Baumgartner C, Pierce D.
Complications of transsphenoidal surgery:
results of a national survey, review of the
literature, and personal experience.
Neurosurgery. 1997;40(2):225-36;
Discussion 236-7.

Tabaee A, Anand VK, Barrén Y, Hiltzik DH,
Brown SM, Kacker A, et al. Endoscopic
pituitary surgery: A systematic review and
meta-analysis. J Neurosurg. 2009;111(3):
545-54.

White DR, Sonnenburg RE, Ewend MG,
Senior BA. Safety of Minimally Invasive
Pituitary Surgery (MIPS) compared with a
traditional approach. The Laryngoscope.
2004;114(11):1945-8.

Arafah BM, Harrington JF, Madhoun ZT,
Selman WR. Improvement of pituitary
function after surgical decompression for
pituitary tumor apoplexy. J Clin Endocrinol
Metab. 1990;71(2):323-8.

Fraser CL, Biousse V, Newman NJ. Visual
outcomes after treatment of pituitary
adenomas. Neurosurg Clin N Am. 2012;
23(4):607-19.

© 2016 Patel et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/12389




