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Abstract
Purpose  To compare the clinical, hormonal, and radiological presentation and surgical outcomes of patients with macroad-
enomas presenting with pituitary apoplexy and patients not presenting pituitary apoplexy.
Methods  Multicentre retrospective study of patients presenting with macroadenomas and pituitary apoplexy in three Span-
ish tertiary hospitals between 2008 and 2022. We selected as control group (non-pituitary apoplexy), patients with pituitary 
macroadenomas without apoplexy who underwent pituitary surgery between 2008 and 2020.
Results  A total of 60 patients with apoplexy and 185 without apoplexy were enrolled. Patients with pituitary apoplexy were 
more frequently men (70% vs. 48.1%, p = 0.003), had higher prevalence of hypertension (43.3% vs. 26.0%, p = 0.011) and of 
obesity (23.3% vs. 9.7%, P = 0.007), were under treatment with anticoagulants more commonly (11.7% vs. 4.3%, P = 0.039) 
and had larger (27.5 ± 11.03 vs. 23.6 ± 12.55 mm, p = 0.035) and invasive pituitary macroadenomas more frequently (85.7% 
vs. 44.3%, P < 0.001) than those without apoplexy. Surgical remission was more frequent in patients with pituitary apoplexy 
than those without apoplexy (OR 4.55, P < 0.001), but they developed new pituitary deficits (OR 13.29, P < 0.001) and per-
manent diabetes insipidus (OR 3.40, P = 0.022) more commonly. However, visual improvement (OR 6.52, p < 0.001) and 
complete pituitary function recovery (OR 2.37, P < 0.001) was more common in patients without apoplexy.
Conclusion  Surgical resection is more common in patients presenting with pituitary apoplexy than those without apoplexy; 
however, visual improvement and complete recovery of pituitary function is more common in patients without apoplexy. The 
risk of new pituitary deficits and permanent diabetes insipidus is higher in patients with apoplexy than in those without it.

Keywords  Pituitary apoplexy · Pituitary tumors · Headache · Hypopituitarism · Transsphenoidal surgery · Surgical 
resection
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Introduction

Pituitary apoplexy is considered a rare, sometimes life-
threatening clinical syndrome that occurs due to an acute 
or subacute haemorrhage and/or infarction of a pituitary 
tumour [1]. It complicates 2–12% of pituitary adenomas, 
especially in non-functioning tumours. Nevertheless, in 75% 
of the cases, the diagnosis of pituitary tumor was unknown 
at time of the pituitary apoplexy debut [2]. Regarding the 
underlaying mechanism leading to pituitary apoplexy, it has 
been proposed that the growing tumor outstrips its blood 
supply results in ischemic necrosis. In this regard, several 
factors, including antiplatelet agents, anticoagulants, dopa-
mine agonists, gonadotrophin agonists, previous surgery, 
brain trauma, endocrine dynamic tests and systemic dis-
eases have been described as potentially precipitant factors 
of pituitary apoplexy [1].

The course of pituitary apoplexy is highly variable. Nev-
ertheless, for patients presenting with neurological changes 
from pituitary tumor apoplexy, urgent surgical intervention 
is commonly performed for tumor resection, and optic appa-
ratus decompression [2]. The treatment aims are to improve 
symptoms and relieve compression of local structures. For 
this purposes, surgical decompression is the most rapid 
way for achieving them [2] [3]. It has been reported that 
the surgical outcomes of patients with pituitary apoplexy 
may be quite poor when compared to the surgical outcomes 
of patients operated for a pituitary tumor without pituitary 
apoplexy. Accordingly, a complete recovery of oculomotor 
palsies has been described in 31–57% of patients present-
ing pituitary apoplexy after surgery [2, 4, 5], normalization 
of visual acuity in about 50% of the cases [4, 5], anterior 
pituitary function normalization in more than 50% of cases 
and complete tumor resection in most of the patients [6, 7].

Considering this background, the aim of our study was 
to compare the clinical, hormonal, and radiological pre-
sentation of patients with macroadenomas presenting with 
pituitary apoplexy and patients with macroadenomas with-
out pituitary apoplexy. Moreover, we have analysed if there 
are differences in surgical outcomes in terms of pituitary 

function and ophthalmological recovery and surgical cure 
using a transsphenoidal endoscopic endonasal approach 
between both groups.

Methods

Patients

Data were collected from a retrospective database of patients 
with pituitary macroadenomas who presented clinical pitu-
itary apoplexy at three Spanish centres (Hospital Universi-
tario Ramón y Cajal (HURC), Hospital Universitario La Paz 
and Hospital Universitario Doce de Octubre) between 2008 
and 2022. Inclusion criteria to enter in the study were: (i) 
diagnosis of clinical pituitary apoplexy based on the dem-
onstration of radiological data of pituitary apoplexy (hem-
orrhage, and/or necrosis) in MRI in a patient consulting for 
acute symptoms consistent with pituitary apoplexy (head-
ache, visual disturbances, and/or decreased conscientious-
ness), (ii) available information about pre- and postoperative 
clinical, hormonal, ophthalmological and radiological data 
and (iii) an age older than 18 years at the pituitary apoplexy 
diagnosis. Patients conservatively managed (n = 10) and 
those with microadenomas (n = 1) were excluded from the 
analysis. A total of 60 patients with macroadenomas pre-
senting with pituitary apoplexy who underwent transsphe-
noidal endoscopic endonasal pituitary surgical resection 
were included in the study (Fig. 1)

As a control group we included patients coming from the 
Ramón y Cajal pituitary tumors database, that includes data 
about of all patients with pituitary tumours who underwent 
pituitary surgery at our hospital between 2008 and 2021. 
As we have previously described [8], inclusion criteria in 
the present study were patients with available information 
about pre- and postoperative clinical, hormonal, ophthal-
mological and radiological data, operated by the same neu-
rosurgeon, and pathology reports confirming the diagnosis 
of pituitary adenoma. For the present study, we have only 
included those patients who underwent primary pituitary 

Fig. 1  Study population 
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surgery and operated by a transsphenoidal endoscopic endo-
nasal approach. In addition, patients with microadenomas 
were excluded (n = 34). Thus, a total of 60 patients with 
macroadenomas presenting with pituitary apoplexy and 
185 patients with macroadenomas without apoplexy were 
included (Fig. 1).

The local Ethical Committee of the HURC reviewed and 
approved the study (approval date: 4 October 2019, code: 
ACTA 372 and approval date: February 2022).

Clinical, hormonal, and radiological evaluation and 
definitions

Collected clinical characteristics include gender, age, his-
tory of diabetes, hypertension, cardiovascular disease, 
hypopituitarism, previous general surgery, pregnancy, and 
dynamic endocrinological tests. Clinical symptoms and 
signs at the presentation of pituitary apoplexy and/or at the 
diagnosis of the pituitary tumor were registered. Pituitary 
Apoplexy Score (PAS), which represents a clinical staging 
system including the level of consciousness, visual acuity, 
and field defects and ocular palsies, was retrospectively cal-
culated [9].

Complete assessment of pituitary hormone function was 
performed at the time of the pituitary apoplexy presenta-
tion or at the diagnosis of the pituitary tumor (non-apoplexy 
group), including the following laboratory determinations: 
adrenocorticotropic hormone (ACTH), morning cortisol, 
thyroid-stimulating hormone (TSH), free thyroxine (FT4), 
growth hormone (GH), insulin-like growth factor 1 (IGF-1), 
prolactin, follicle-stimulating hormone (FSH), luteinizing 
hormone (LH), and estradiol or total and free testosterone, 
depending on patient sex. Hypopituitarism was established 
according to the current criteria of diagnosis [10]. Visual 
involvement was defined as the presence of any degree of 
visual acuity compromise, from mild to severe visual acuity 
involvement and from partial to complete field conditions. 
Also, diplopia was registered as visual involvement.

Radiological evaluation was performed using a magnetic 
resonance imaging (MRI). Tumour characteristics regis-
tered were size, parasellar tumour involvement by Knosp 
grading [11], radiological apoplexy characteristics includ-
ing haemorrhage, necrosis, and signal intensities on T1 and 
T2-weighted images. Pituitary tumors with maximum diam-
eter < 10 and ≥ 10 mm were defined as microadenomas and 
macroadenomas, respectively.

Surgical outcomes

Pituitary surgery was performed by experienced endoscopic 
pituitary neurosurgeons. An endonasal endoscopic approach 
was used in all surgeries included in this series [12]. Surgical 

complications were defined as the development of perma-
nent neurological deficit (oculomotor or visual impairment), 
postsurgical meningitis, cerebrospinal leakage, postsurgical 
bleeding requiring reoperation or intraoperative bleeding 
due to vascular injury. As we have previously defined, dia-
betes insipidus was considered permanent when there was 
no recovery after 6 months, and transient if the duration of 
the diabetes insipidus was shorter than 6 months [13].

Surgical cure was defined as a complete tumoral resec-
tion in non-functioning pituitary adenoma (defined by the 
3 months postoperative MRI), and as biochemical cure in 
functioning pituitary adenomas (normal IGF1 for age and 
sex and normal GH levels in acromegaly; normal urinary 
free cortisol in Cushing´s disease and normal prolactin lev-
els in prolactinomas).

Statistical analysis

All statistical analyses were conducted with STATA.15. 
Shapiro Wilk´s test was used to assess normality of con-
tinuous variables. Categorical variables were expressed 
as percentages and absolute values; continuous variables 
were expressed as mean ± standard deviation or median 
and interquartile range (IQR)/range depending on the nor-
mal distribution of the variable. We used the chi2 test for 
the comparison of categorial variables and the t-test for the 
comparison of two means. Univariant logistic regression 
analysis was employed for the calculation of odds ratios 
(OR) and confident intervals. In all cases, a two-tailed P 
value < 0.05 was considered statistically significant.

Results

Differences in baseline characteristics between both 
groups

A total of 60 patients with macroadenomas presenting with 
pituitary apoplexy and 185 with macroadenomas without 
apoplexy were enrolled in the study. Most of the cases were 
nonfunctioning pituitary macroadenomas (73.5%, n = 180), 
except for 43 patients with acromegaly (2 with apoplexy), 
18 patients with prolactinoma (8 with apoplexy) and 4 
with Cushing syndrome (0 with apoplexy). The PAS in the 
patients with pituitary apoplexy was greater than 4 in the 
38.3% (n = 23) (Fig.  2). In the pituitary apoplexy group, 
other symptoms that were present at diagnosis were nau-
sea/vomiting in 46.7% (n = 28), fever in 18.3% (n = 11) and 
diplopia in 46.6% (n = 27). Moreover, 30% of the cases had 
hyponatremia (n = 18), being the median serum sodium level 
in the entire group of apoplexy of 136.0 ± 7.49 mEq/mL. 
Moreover, involvement of oculomotor nerves was observed 
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the following risk factors of pituitary apoplexy were identi-
fied in the group of patients with pituitary apoplexy: recent 
previous surgery (n = 7), recent starting of medical treatment 
for the pituitary tumor (n = 4), covid19 infection (n = 3), cra-
neoenfecalic traumatism (n = 1), pregnancy (n = 1), cocaine 
abuse (n = 1), bacterial sinusitis (n = 1), meningitis (n = 1) 
and covid vaccine (n = 1). No differences were detected in 
the prevalence of risk factors of pituitary apoplexy between 
men and women (33.3% vs. 33.3%, P = 1.000), but men had 
larger tumors than women (27.5 ± 11.0 vs. 23.6 ± 12.5 mm; 
P = 0.035).

Pituitary apoplexy continued being more frequent in men 
than women after adjusting by tumor size and Knosp > 2 
(adjusted OR: 2.36, 95% CI 1.18 to 4.74). In addition, 
the prevalence of headache, of visual involvement, and of 
hypopituitarism (including panhypopituitarism) was greater 
in the former (Table 1). The distribution of pituitary defi-
ciencies by groups is described in Fig. 3.

Differences in surgical outcomes between both 
groups

Endoscopic endonasal pituitary surgery resection was per-
formed in all cases. The median time from diagnosis to sur-
gery in patients presenting with pituitary apoplexy was of 
6 days (range 0 to 134) days. Most of the cases (68.4%) 
underwent early surgery (< 14 days from the pituitary apo-
plexy diagnosis), but the 31.6% of the cases were operated 
after 14 days from the diagnosis. In addition, 9 patients (of 
the group of early surgery) were operated on the first day of 
the pituitary apoplexy diagnosis (emergency surgery).

Overall, surgical cure was achieved in 65.4% of the 
patients (biochemical control of functioning pituitary ade-
nomas of 57.4% and complete tumor resection of nonfunc-
tioning pituitary adenomas of 67.8%). Most of the patients 
with presurgical visual affectation experienced improve-
ment or total recovery after surgery (78.0%). We found that 
patients presenting with pituitary apoplexy had a probability 
four times higher of achieving surgical remission than those 
without apoplexy. However, they had visual improvement 
and recovery of complete pituitary function less frequently 
than those without apoplexy. In addition, the former devel-
oped new pituitary deficits, and permanent diabetes insipi-
dus more commonly than those without apoplexy (Table 2). 
These differences continued being statistically significant 
after adjusting by tumor size and by Knosp grade ≥ 2 (see 
footer of Table 2). When we analyzed the rate of surgical 
complications and of surgical cure after excluding the first 
three years of the neurosurgeons learning curve, the rate of 
complications was significantly lower in the second period 
(28.6% vs. 4.7%, P < 0.001), including the rate of cerebro-
spinal leakage (22.7% vs. 2.0%, P < 0.001).

in 46.6% of the patients with pituitary apoplexy. No cases 
of hemodynamic instability upon the diagnosis of apoplexy 
were identified.

Patients with pituitary apoplexy were more frequently 
men, had a higher prevalence of hypertension and of obesity. 
Furthermore, they were under treatment with anticoagulants 
more commonly and had larger and invasive pituitary mac-
roadenomas more frequently than those without pituitary 
apoplexy (Table 1). In addition to anticoagulant treatment, 

Table 1  Differences in presurgical characteristics between patients 
with pituitary tumors with and without apoplexy 
Variable With apoplexy 

(n = 60)
Without 
apoplexy 
(n = 185)

P value

Age (years) 56.3 ± 16.66 54.0 ± 15.19 0.334
Male sex 70% (n = 42) 48.1% (n = 89) 0.003†
Type 2 diabetes 21.7% (n = 13) 13.5% (n = 25) 0.130
Hypertension 43.3% (n = 26) 26.0% (n = 48) 0.011†
Obesity 23.3% (n = 14) 9.7% (n = 18) 0.007†
Cardiovascular disease 18.3% (n = 11) 9.2% (n = 17) 0.053
Anticoagulant 
treatment

11.7% (n = 7) 4.3% (n = 8) 0.039†

Antiagregant treatment 8.3% (n = 5) 9.2% (n = 17) 0.840
Headache 91.7% (n = 55) 21.6% (n = 40) < 0.001†
Visual involvement 79.3% (n = 46) 38.9% (n = 72) < 0.001†
Functioning pituitary 
adenoma

16.7% (n = 10) 23.2% (n = 43) 0.282

Panhypopituitarism 34.6% (n = 18) 9.2% (n = 17) < 0.001†
Partial hypopituitarism 56.9% (n = 29) 31.4% (n = 58) < 0.001†
Craneocaudal diameter 
(mm)

27.5 ± 11.03 23.6 ± 12.55 0.035†

Laterolateral diameter 
(mm)

26.6 ± 8.62 21.3 ± 9.73 < 0.001†

Left or right Knosp > 2 85.7% (n = 48) 44.3% (n = 82) < 0.001†
Hard consistency 
(n = 231)

26.3% 
(n = 15/57)

36.8% 
(64/174)

0.148

Fig. 2  Distribution of the Pituitary Apoplexy Score (PAS) in patients 
presenting with pituitary apoplexy (n = 60)
PAS: Pituitary Apoplexy Score
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of headache, visual involvement, and hypopituitarism was 
greater in the pituitary apoplexy group than in the non-apo-
plexy group; (iii) surgical remission was four times more 
common in patients with pituitary apoplexy, but visual 
improvement and recovery of complete pituitary function 
was less frequent in this group of patients when compared 
with patients without pituitary apoplexy and (iv) the devel-
opment of postsurgical hypopituitarism and permanent dia-
betes insipidus occurred more commonly in patients with 
pituitary apoplexy than in those without it.

Regarding demographic and clinical features, we noted a 
male preponderance in patients with pituitary apoplexy. This 
finding is in line with the reported in other series of patients 
with apoplexy [7, 14, 15]. For example, Möller-Goede DL. 
et al. [14] found that pituitary apoplexy occurred about 3 
times more often in men (12%) than in women (4%) (OR 
3.36, CI = 1.68–6.71). In addition, the male/female ratio 
was more than 3:1 in the series of 48 patients reported by 
Qiang Zhu et al. [15]. Nevertheless, other authors described 
a higher proportion of females than males in pituitary 

When we compared the group of patients with pituitary 
apoplexy who underwent to an early surgery and those 
underwent delayed surgery, no differences were detected 
in the rate of surgical cure (83.3% vs. 86.8%, P = 0.726), 
visual improvement (50% vs. 66.7%, P = 0.290) or recov-
ery of pituitary function after surgery (21.4% vs. 20.7%, 
P = 0.955).

Discussion

In this article we describe the differences in the clinical, hor-
monal and radiological presentation of patients with mac-
roadenomas presenting with and without pituitary apoplexy, 
as well as the differences in surgical outcomes between 
both groups. The main findings of our study were the fol-
lowing: (i) pituitary apoplexy is more common in men, in 
hypertensive and obese patients, in patients under treatment 
with anticoagulants drugs and in those patients with large 
and invasive pituitary macroadenomas; (ii) the prevalence 

Fig. 3  Presurgical pituitary deficiencies by groups
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Among the risk factors of pituitary apoplexy, we iden-
tified hypertension, obesity, treatment with anticoagulants 
and having a large and invasive pituitary macroadenomas. 
In accordance with our study, precipitating factors are iden-
tified in 10–40% of patients who develop a pituitary apo-
plexy, but this prevalence widely varies depending on which 
factors are considered risk factors [2–4]. According to pre-
vious reports, the precipitating factors of pituitary apoplexy 
include pituitary irradiation, head trauma, hormonal ther-
apy, pregnancy, diabetes mellitus, anticoagulant drugs, pitu-
itary function stimulation test such as insulin, TRH, GnRH, 
CRH or GHRH tests, and recent surgery, among others 
[1–4]. Other more modern precipitating risk factors include 
COVID-19 vaccination [18] and even the COVID-19 infec-
tion itself [19]. Therefore, in accordance with our and pre-
vious studies, anticoagulant drugs are a well-known risk 
factor of pituitary apoplexy. However, male sex and hyper-
tension had not been previously described in other series. 
The potential link between hypertension and pituitary apo-
plexy may be explained easily since it has been postulated 
that any factor that may cause acute changes in vascular 
supply of pituitary adenomas may potentially be considered 
a risk factor for pituitary apoplexy. Regarding the associa-
tion between male sex and apoplexy, it is probably related 
with the larger tumor size of the pituitary adenoma in males 
compared to women.

In our series patients presenting with apoplexy had head-
ache, visual involvement, and hypopituitarism more com-
monly than those without pituitary apoplexy. Headache 
has been described as the most common initial symptom of 
patients presenting with apoplexy, reaching up to 95% of 
the patients [15, 20]. Similarly, rates of visual loss and/or 
ocular palsy close to 95% has been described in some series 
[15]. Most previous studies agree that ophthalmoplegia is 
significantly more common in patients with apoplexy than 
without [14]; however, some studies did not find differences 
in the prevalence of headache and hypopituitarism between 
patients with and without pituitary apoplexy [14]. Never-
theless, these authors also agree that pituitary deficiencies 
are more common in patients with pituitary apoplexy [21]. 
It is possible, as it has been previously suggested by other 
authors [22], that pituitary apoplexy can be approached as a 
spectrum of disease with three main subtypes, with a differ-
ent initial presentation and different in-hospital route result-
ing in different management. In this regard, MC Guijt [22] 
proposed that pituitary apoplexy may be classified in three 
groups according with its presentation: Type A (acute pitu-
itary apoplexy); type B (subacute pituitary apoplexy) and 
type C (non-acute pituitary apoplexy), and the prevalence of 
the different clinical symptoms varied in these 3 groups. For 
example, for headache, it occurred in 98.0% of type A pitu-
itary apoplexies, in 90.9% of type B and in 76.0% of type 

apoplexy cases [16] or a similar proportion of males and 
females in other series [17]. Considering that males usu-
ally had larger pituitary tumors, it could be expected that 
the higher prevalence of males in these patients would be 
related with a larger tumor size and a higher prevalence of 
invasive pituitary tumors in males than females. Neverthe-
less, we observed that differences in sex continued being 
statistically significative after adjusting by tumor size and 
Knosp grade, so other possible factors may explain these 
differences.

Table 2  Differences in surgical outcomes between macroadenomas 
presenting with pituitary apoplexy and without
Variable With apoplexy Without 

apoplexy
OR [95% 
CI], p value

Surgical resection 86.4% (n = 51) 58.4% 
(n = 108)

4.55 [2.04–
10.12], 
< 0.001†

Visual improve-
ment (partial or 
complete) (n = 118)

58.7% (27/46) 90.3% (65/72) 0.15 
[0.06–0.41], 
< 0.001*†

New pituitary defi-
cits (n = 119)

66.7% 
(n = 8/12)

13.1% 
(n = 14/107)

13.29 [3.53–
49.99], 
< 0.001†

Recovery of com-
plete hormonal 
function

21.7% 
(n = 10/46)

39.7% 
(n = 31/78)

0.42 
[0.18–0.97], 
0.036†**

Surgical 
complications

21.7% 
(n = 13/60)

17.3% 
(n = 32/185)

1.32 
[0.64–2.72], 
0.454

Epistaxis 3.3% (n = 2) 2.7% (n = 5) 1.24 
[0.23–6.57], 
0.802

Cerebrospinal 
leakage

5.0% (n = 3) 6.0% (n = 11) 0.83 
[0.22–3.09], 
0.781

Diabetes insipidus 
(both)
-Permanent
-Transient

25.0% (n = 15)
13.3% (n = 8)
11.7% (n = 7)

16.2% (n = 30)
4.3% (n = 8)
12.4% (n = 23)

1.72 
[0.85–3.48], 
0.137
3.40 
[1.22–9.51], 
0.022†
0.93 
[0.38–2.29], 
0.875

Surgery time (min) 152.2 ± 44.25 171.2 ± 78.58 1.00 [0.99-
1.00], 0.063

Hospital stays
*Visual improvement was more common in patients without pituitary 
apoplexy than those with apoplexy (OR 6.52, 95% CI 2.46–17.34) ** 
Recovery of complete pituitary hormonal function was more com-
mon in patients without pituitary apoplexy than those with apoplexy 
(OR 2.37, 95% CI 1.03–5.47); adjusted OR
***Adjusted OR by tumor size and Knosp grade > 2: for surgical 
resection (aOR 12.56, 95% CI 5.05–31.24); for visual improvement 
(aOR: 0.15, 95% CI 0.05–0.44); for new pituitary deficits (aOR 9.77, 
95% CI 2.19–43.47); for recovery of complete hormonal function 
(aOR 0.42, 95% CI 0.16–1.03); for permanent diabetes insipidus (aOR 
4.35, 95% CI 1.16–16.39).
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pituitary adenoma and could cause partially irreversible 
lesions [29]. In agreement with these results, a previous 
study described a rate of 0% of pituitary function recovery 
in patients who underwent pituitary surgery resection due to 
pituitary apoplexy, and development of postsurgical hypo-
pituitarism in 33.3% [30]. In relation to visual improvement 
after surgery for a pituitary apoplexy, some series reported 
that ophthalmoplegia was alleviated in all patients after sur-
gery, with the recovery of normal vision in 78% and vision 
improvement in 17% [20]. Similarly, another large series of 
75 cases found that ophthalmoplegia improved or normal-
ized in 71% of the patients and visual symptoms in 85.5% 
[20]. Jackson A. Gondim, et al. [23] also described visual 
fields and oculomotor improvement in 74.1% and in 67.7% 
of the patients, respectively. Thus, there is a general agree-
ment that visual symptoms usually improved or disappeared 
in more than 70% of the cases after surgery, being visual 
defects one of the main indications of surgery in patients 
with pituitary apoplexy.

One previous study also described a higher rate of new 
pituitary deficiencies after surgery in patients with apoplexy 
than without it [14]. In this study, the authors compared sur-
gical outcomes of patients with and without pituitary apo-
plexy, and they found that the frequency of hypopituitarism 
increased (from 45% at presentation to 71% during follow-
up, OR = 4.7, CI = 1.30–25.33) in the patients with pituitary 
apoplexy, whereas it did not change in the control group 
[14]. One study of 75 patients with pituitary apoplexy who 
underwent surgery also reported that hypopituitarism wors-
ened in 20% of the patients and diabetes insipidus occurred 
in 5.3% of the patients after surgery [20]. This is similar to 
the reported by other authors, even higher rates of postsur-
gical hypopituitarism, reaching to up to 80% of the patients 
has been described [23]. So, when surgery is indicated due 
to pituitary apoplexy, it should be taken into account, that 
despite the clear benefits of surgery regarding surgical cure 
and visual improvement, there is a no negligible risk of 
producing hypopituitarism and diabetes insipidus. These 
findings suggest that in cases of pituitary apoplexy without 
visual involvement, conservative management may be more 
appropriate.

We are aware that our study is not free of some limita-
tions, including, mainly, its retrospective nature. In addition, 
the surgeries were performed by experienced neurosurgeons 
at three tertiary pituitary centers. So, the results may not 
be applicable to all institutions with less skilled neurosur-
geons. Furthermore, we know that the differences in surgi-
cal outcomes between patients with and without apoplexy 
should be interpreted with caution since they are two totally 
different groups of patients, including a higher proportion 
of large and invasive pituitary macroadenomas in the group 
of patients presenting with pituitary apoplexy compared 

C (p = 0.008). This point is important since we have only 
included patients who underwent surgery, discarding con-
servatively managed patients, so it is possible that headache 
and other clinical manifestations were less common in the 
group of pituitary apoplexy who did not underwent surgery.

It is no doubt that pituitary apoplexy must be managed by 
an expert multidisciplinary team including an ophthalmolo-
gist, neuroradiologist, endocrinologist, and neurosurgeon. 
However, even in multidisciplinary teams, surgery may 
also be harmful, thus, it should be performed in experienced 
pituitary centers to obtain the best surgical outcomes. Con-
trary to what has been previously described by other authors 
[14], we found that surgical remission was four times higher 
in patients with pituitary apoplexy than in those without. In 
our series, surgery led to relatively good surgical outcomes 
in most of the cases, with a rate of surgical cure of 86%, 
visual improvement in 59% and anterior pituitary function 
recovery in 22%. Similar rates of complete surgical resec-
tion were reported by other authors, ranging from 75 to up 
to 90% [20, 23]. However, other uncontrolled and retrospec-
tive studies have suggested that the outcomes of conserva-
tive treatments would be more favorable than surgery [24, 
25]. Moreover, several studies have demonstrated that early 
surgical treatment of the pituitary apoplexy may lead to bet-
ter outcomes in terms of the preservation of pituitary func-
tion compared to delayed surgery [26, 27]. Nevertheless, 
in light of our results and in agreement with others authors 
[28], we consider that conservative treatment is only appro-
priate for selected patients with mild and nonprogressive 
neuro-ophthalmic defects. The reason why complete resec-
tion was higher in patients with pituitary apoplexy than in 
those without in our series may be related to the fact that 
intra-adenoma hemorrhage could have facilitated the sur-
gical procedure since the soft consistency and the pres-
ence of cystic components allow straightforward removal 
of the lesion with use of microsuction and curettes in most 
cases. Nevertheless, we were not able to demonstrate dif-
ferences in tumor consistency between patients with and 
without pituitary apoplexy. Another potential explanation 
may be related to the fact that in apoplexy the entire tumor 
and gland suffer a vascular insult, and even when tumors 
are invasive into the cavernous sinus and this area of tumor 
is not totally resected during surgery, these areas will often 
disappear on follow-up imaging due to infarction.

We observed that visual improvement and recovery of 
complete pituitary function was less frequent in patients 
with pituitary apoplexy than without. The justification of 
this finding may be related to the fact the acute and high-
intensity damage caused by the sudden increase in intrasellar 
pressure on the optic and oculomotor nerves or the pituitary 
stalk, that could be much worse tolerated than the chronic 
and progressive damage caused by a growing progressive 
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after pituitary surgery? Study of 241 endoscopic transsphenoidal 
pituitary surgeries. J Endocrinol Invest. https://doi.org/10.1007/
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ing into pituitary adenomas and impact on outcome. Eur J Endo-
crinol 164:37–43. https://doi.org/10.1530/EJE-10-0651

15.	 Zhu Q, Liang Y, Fan Z, Liu Y, Zhou C, Zhang H et al (2022) Isch-
emic infarction of Pituitary Apoplexy: a retrospective study of 46 
cases from a single Tertiary Center. Front Neurosci 15. https://
doi.org/10.3389/fnins.2021.808111

16.	 Galal A, Ahmed OEF (2022) Determinants of visual and endocri-
nological outcome after early endoscopic endonasal surgery for 
pituitary apoplexy. Surg Neurol Int 13. https://doi.org/10.25259/
SNI_642_2022

17.	 Geyi̇k AM, Durmz MO, Dogan A, Ugur BK, Geyik S, Erkutlu İ 
et al (2022) Pituitary apoplexy: an emergent and potential life-
threatening complication of pituitary adenomas. Ulus Travma 
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with those without pituitary apoplexy. However, one of the 
main strengths of our study is the relatively large of patients 
included, the direct comparation with a control group with-
out pituitary apoplexy and the consecutively inclusion of 
the cases in a predefined period. Moreover, the multicenter 
nature of the study should be considered as another strength 
of our study, providing a higher external validity of our 
results.

Conclusion

Surgical resection is more common in patients presenting 
with pituitary apoplexy than those without pituitary apo-
plexy; however, visual improvement and recovery of com-
plete pituitary function is more common in patients without 
apoplexy. The risk of new pituitary deficits and permanent 
diabetes insipidus is higher in patients with apoplexy than 
in those without it.
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