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SUMMARY
Hypopituitarism is a rare clinical condition that can present as a partial or complete absence of 
pituitary hormones. Hypopituitarism is most commonly caused by a sellar or parasellar mass, 
particularly a tumor, and the gold standard for its differential diagnosis is magnetic resonance 
imaging (MRI). Intrasellar aneurysm is an unusual cause of hypopituitarism. Indeed, about 0.17% of 
all cases of hypopituitarism are due to intrasellar aneurysms. We report the case of a 72-year-old man 
who was admitted to the hospital due to gastrointestinal symptoms and malnourishment. Due to 
persistent hyponatremia and spontaneous hypoglycemia in laboratory findings, the examination of 
the hypothalamic-pituitary-adrenal axis was eventually initiated, and the patient was later diagnosed 
with an unruptured aneurysm of the ophthalmic segment of the right internal carotid artery with 
sellar extension as a cause of panhypopituitarism. A combined endovascular treatment was 
performed with stent-assisted coil embolization of the aneurysm, and the patient was prescribed oral 
hormonal therapy. At the 1-year follow-up visit, no improvement in pituitary function was observed, 
and a pituitary MRI showed complete aneurysm occlusion and partial empty sella with significantly 
decreased pituitary volume. Aneurysms of the internal carotid artery are rare and may be associated 
with hypopituitarism and delayed diagnosis due to their unusual clinical presentation. Endovascular 
procedures, such as coil embolization of the aneurysm, could be the treatment of choice in these 
patients. Persistent hypopituitarism may occur even after successful treatment of the aneurysm.

INTRODUCTION

Hypopituitarism is a rare condition caused by 
partial or complete inability of the pituitary 

gland to secrete hormones, with an estimated global 
incidence of 4.2 cases per 100,000 patients per year. 
The clinical presentation of hypopituitarism varies, as 
it can present as a deficiency of all pituitary hormones 
(i.e.,  panhypopituitarism) or as a deficiency of individual 
anterior or posterior pituitary functions (1). Therefore, 
hypopituitarism can present with a deficiency of thyroid-
stimulating hormone (TSH), growth hormone (GH), 
adrenocorticotropic hormone (ACTH), luteinizing 

hormone (LH), and follicle-stimulating hormone 
(FSH), in addition to central diabetes insipidus due to 
deficiency of antidiuretic hormone (ADH or arginine 
vasopressin) (2). Treatment of hypothyroidism is 
dependent on its etiology and is aimed at minimizing 
clinical signs and symptoms, usually by replacing target 
hormones (3). A variety of pituitary and hypothalamic 
disorders can result in pituitary insufficiency, but 
sellar and parasellar mass compression is the most 
common cause, with pituitary tumors estimated to 
cause hypopituitarism in 61% of the cases (4). Other 
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disorders are less common and include head trauma, 
metastatic tumors, vascular injury, inflammation, and 
postpartum pituitary apoplexy (5,6). While computed 
tomography (CT) should be used to evaluate sellar 
bone anatomy, when necessary, magnetic resonance 
imaging (MRI) is the gold standard for the differential 
diagnosis of sellar and parasellar masses (7). Intrasellar 
aneurysm is an uncommon but well-described cause of 
pituitary deficiency (8,9). 

Here, we report the case of a 72-year-old man 
who was admitted due to gastrointestinal symptoms 
and was later diagnosed with unruptured aneurysm 
of the ophthalmic segment of the right internal 
carotid artery (ICA) with sellar extension as a cause of 
panhypopituitarism.      

CASE PRESENTATION
A 72-year-old man experienced nausea, abdominal 
pain, and weight loss of 10 kg over 4 months; thus, 
an outpatient colonoscopy was planned. During 
preparation for colonoscopy, the patient’s condition 
worsened due to severe weakness. The colonoscopy 
was not performed, and the patient was admitted to 
the emergency department. On the day of admission, 
he presented with normal vital signs and a score of 15 
on the Glasgow Coma Scale. The electrocardiogram 
was unremarkable. Physical examination revealed 
asthenia, malnourishment (body mass index of 
18.2 kg/m2), epigastric pain during palpation, and 
traces of fresh blood on digital rectal examination.  

The remainder of the patient’s physical examination was 
unremarkable. Initial laboratory results were significant 
for normocytic anemia, hyponatremia (122 mEq/L; 
reference range 135–145 mEq/L), hypochloremia 
(86 mEq/L; reference range 98-107 mEq/L), and 
increased sedimentation rate. Serum potassium levels, 
C-reactive protein, aminotransferases, gamma-glutamyl 
transferase, alkaline phosphatase, and parameters of 
hemostasis were within the reference range. Chest 
x-ray and abdominal ultrasound were unremarkable. 
Additional diagnostic procedures were performed. 
Upper endoscopy showed grade B gastroesophageal 
reflux disease and incompetence of gastric cardia, while 
abdominal CT could not rule out colon infiltration. 
A colonoscopy was eventually performed, revealing 
internal hemorrhoids, which could explain the digital 
rectal examination finding. Serum levels of tumor 
markers (serum total prostate-specific antigen, alpha-
fetoprotein, carcinoembryonic antigen, carbohydrate 
antigen 19-9, and cancer antigen 125) were within 
the reference range. In subsequent laboratory tests, 
hyponatremia persisted despite hypertonic saline 
administration, and one episode of spontaneous 
hypoglycemia (48.6 mg/dL [2.7 mmol/L]; reference 
range 70.2-109.8 mg/dL [3.9-6.1 mmol/L]) was 
observed. These findings initiated the examination of 
the hypothalamic-pituitary-adrenal axis, which revealed 
ACTH deficiency, while additional laboratory tests 
showed TSH, GH, FSH, and LH deficiency with mild 
hyperprolactinemia (Table 1). The patient was given 

Table 1. Endocrine panel at admission and at the 1-year follow-up visit

Results at admission Results at the 1-year follow-up visit* Reference range

ACTH (pg/mL) 9 N/A 7-63 

Cortisol† (nmol/L) 44.9 571.9 101.2-535.7 

Cortisol‡ (nmol/L) 42.2 N/A 79.0-477.8 

TSH (mIU/L) 1.73 <0.01 0.35-4.94 

FT3 (pmol/L) 2.5 4.8 2.6-5.7 

FT4 (pmol/L) 5.9 13.3  9.0-19.0 

GH (ng/mL) 0.18 <0.05 0.110-5.500 

IGF-1 (ng/mL) 12.27 30.90 184-208 

FSH (IU/L) 1.03 1.45 N/A

LH (IU/L) 0.43 0.36 N/A

Testosterone (nmol/L) 0.10 <0.45 8.33-30.19 

Prolactin† (ng/mL) 55.7 <0.5 5.2-26.5 

*Results of adrenocortical axis and thyroid axis hormones at the 1-year follow-up were obtained during hormonal replacement therapy. †Collected at 8 a.m. ‡Collected at 4 p.m. Abbreviations: 
ACTH, adrenocorticotropic hormone; FSH, follicle-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; GH, growth hormone; IGF-1; insulin-like growth factor 1; LH, luteinizing 
hormone; N/A, not available;  TSH, thyroid-stimulating hormone. 
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stress doses of hydrocortisone by intravenous infusion 
followed by replacement therapy with levothyroxine 
and progressed with significant clinical improvement. 
A visual field test did not reveal the typical visual field 
defects of chiasmal compression by a pituitary tumor. 
Pituitary MRI revealed a vascular structure originating 
from the right ICA measuring 16 x 8 x 12 mm, with 
an intrasellar component measuring 10 x 11 x 8 
mm (anteroposterior x laterolateral x craniocaudal), 
highly suggestive of intrasellar aneurysm (Figure 1). 
Thus, CT angiography (CTA) of the cerebral arteries 
was performed and showed an unruptured, partially 
thrombosed aneurysm of the ophthalmic segment 
of the right ICA with sellar extension, compressing 
the pituitary gland and the pituitary stalk (Figure 1). 

Combined endovascular treatment with stent-assisted 
coil embolization of the aneurysm was successfully 
performed (Figure 2). After complete clinical recovery, 
the patient was discharged with maintenance doses 
of hydrocortisone and levothyroxine. A marginal 
increase in serum prolactin level indicated secondary 
hyperprolactinemia due to the mass effect of the 
aneurysm on the pituitary stalk. At the 1-year follow-
up visit, no improvement in pituitary function was 
observed and hormonal replacement therapy was 
continued (Table 1). A follow-up pituitary MRI showed 
a near-complete aneurysm occlusion with minor 
residual filling in the neck region of the aneurysm and 
partial empty sella with significantly decreased pituitary 
volume (Figure 3).

Figure 1. The two images on the top show a pituitary magnetic resonance image of a 10 x 11 x 8 mm sellar mass, highly suggestive of a vascular 
structure extending from the right internal carotid artery into the sellar region and compressing the pituitary gland. The two images on the bottom show 
a computed tomography angiography of the cerebral arteries revealing unruptured, partially thrombosed aneurysm of the ophthalmic segment of the right 
ICA, extending into the sellar region and compressing the pituitary gland.
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Figure 2. Digital subtraction angiography showing stent-assisted coil embolization of the intrasellar aneurysm.

Figure 3. Follow-up magnetic resonance imaging (MRI) 1 year after treatment. The image on the left shows occlusion of the aneurysm and partial empty 
sella with substantially decreased pituitary volume. The image on the right shows a time of flight MRI with an absence of flow in most of the aneurysm 
sac and minor residual flow in the region of the aneurysm neck; the low signal flow in the segment of the internal carotid artery where the stent is placed 
is due to artifacts.

DISCUSSION
According to the literature, intrasellar aneurysms 
account for 1%-2% of all intracranial aneurysms and 
0.17% of all cases of hypopituitarism (10).

In a literature review conducted in 2012, Hanak 
and cols. identified 31 studies reporting 40 cases of 
intrasellar aneurysms. The authors analyzed the types of 
extension into the sella and divided the aneurysms into 
three groups: infradiaphragmatic (59% of all reported 
aneurysms), supradiaphragmatic (26%), and wide-neck 
ICA siphon aneurysms (15%) with no clear pattern 
of sellar invasion. Supradiaphragmatic aneurysms can 
originate from the ophthalmic segment of the ICA 
or the anterior communicating artery and have an 
inferomedial extension into the sella (11). Our patient 

presented with an unruptured, partially thrombosed, 
ophthalmic ICA aneurysm. 

In the same study by Hanak and cols. (11), the 
authors concluded that the most common clinical 
presentation includes visual field defects/decreased 
visual acuity (61%), headache (61%), endocrinopathies 
(57%), symptomatic hyponatremia (21%), and cranial 
nerve (other than optic nerve) paresis (18%).  The 
authors also noted that infradiaphragmatic aneurysms 
usually present with endocrinopathies, of which the 
most common are hyperprolactinemia and deficiency 
of gonadotropins, while supradiaphragmatic aneurysms 
are more likely to cause visual field defects. However, the 
available literature suggests that the clinical presentation 
of both supradiaphragmatic and infradiaphragmatic 
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aneurysms may not follow the expected pattern. Qi and 
cols. (12) also concluded that hyperprolactinemia and 
hypogonadism are the most common endocrinopathies, 
but the patient in their report had a supraclinoid 
segment ICA aneurysm without the symptoms 
expected for a supradiaphragmatic aneurysm. 
Conversely, Torres and cols. (13) reported a case of a 
bilateral, infradiaphragmatic ICA aneurysm involving 
the ICA intracavernous component, extending into 
the sella and presenting with headache and visual field 
defect. In our case, the patient sought medical help 
due to gastrointestinal symptoms, but resolution of 
the symptoms after hormone treatment was initiated 
confirmed hypopituitarism to be the underlying 
cause. Despite the clinical presentation expected for 
supradiaphragmatic aneurysms, our patient presented 
predominantly with endocrinopathies and did not 
have visual field defects or headache. Apart from 
mild hyperprolactinemia and hypogonadism, our 
patient also had ACTH, TSH, and GH deficiency. 
These laboratory findings are in accordance with the 
ones shown by Gondim and cols., who also reported 
a case of an ICA aneurysm with sellar extension and 
panhypopituitarism with mild hyperprolactinemia (14); 
however, the patient in their case also presented with 
decreased visual acuity on the left eye, headache, and 
amenorrhea-galactorrhea syndrome, and the origin of 
the aneurysm was unclear. Similar hormonal findings 
have also been reported by Seok and cols. (15) in a 
patient who developed panhypopituitarism with mild 
hyperprolactinemia due to a giant ICA aneurysm with 
intrasellar extension; also, in this case, the origin of 
the aneurysm was unclear. This patient presented with 
hyponatremia and general weakness, as our patient 
did, but also had headache, as in some of the cases 
previously reported by other authors. Our patient did 
not experience headache or visual field defects.  

Kageyama and cols. reported two cases of giant 
aneurysms with different origins; one from the 
cavernous sinus, in which the patient had a similar 
clinical presentation as our patient, with abdominal pain, 
weight loss, and panhypopituitarism with hyponatremia 
accompanied by distorted conciseness, and the other 
case with panhypopituitarism and hyponatremia with 
low-grade fever, nausea, and appetite loss as a result of 
an ICA aneurysm (16). The exact origin of the ICA 
aneurysm also was not specified (16). More recently, 
another case of ICA aneurysm (clinoid segment) was 

reported in a patient presenting with severe headache 
and left third nerve palsy; panhypopituitarism was 
diagnosed with decreased TSH, FSH, LH, testosterone, 
and insulin-like growth factor 1, as well as suboptimal 
ACTH stimulation test; no deteriorated biochemical 
profile was mentioned (17).  

Apart from the literature data being inconsistent, 
the lack of a specified origin of the aneurysm in some 
cases further complicates the interpretation of intrasellar 
aneurysm presentation. 

In some cases, aneurysms of the ICA, especially 
supraclinoid parts, may rupture and cause subarachnoid 
hemorrhage. Moreover, ICA aneurysms could coexist 
in direct contact with a pituitary adenoma. These 
pathologies could also lead to a diverse clinical 
presentation (18). Such heterogeneity in clinical 
presentation, the origin of the intrasellar aneurysm, and 
potential coexistent pathologies make each case a piece 
of a larger puzzle that remains to be solved. 

Currently, there are several options for treating 
unruptured intracranial aneurysms, including surgical 
clipping and different endovascular procedures. Still, 
minimally invasive endovascular coiling is frequently 
used and is considered the treatment of choice (19,20). 
Combined endovascular treatment with stent-assisted 
coil embolization of the aneurysm was performed 
successfully in our patient.

According to a retrospective review of medical 
data from 1950 to 1995 that evaluated postoperative 
outcomes, the pituitary function remains unchanged 
after surgical treatment (21). Other literature data 
(22,23) also indicate that hypopituitarism is permanent 
after surgical treatment, requiring continuous hormonal 
replacement therapy. 

Regarding the rate of pituitary function recovery after 
various endovascular treatments of intrasellar aneurysms, 
available data are inconsistent. Partial recovery of 
pituitary function has been observed in some cases of 
intrasellar aneurysms treated with an endovascular coil 
at 1-year (16) and 2-year follow-up visits (12). Several 
cases of cerebral aneurysms with hypopituitarism 
treated with flow-diverting stent have been reported. 
One of these cases showed that, at 6 months, complete 
functional recovery of the pituitary gland postoperatively 
was not achieved, though functional improvement via 
hormone loading test was confirmed (24). Other cases 
reported complete functional recovery at 3-month (18) 
and 10-month (23) follow-up visits, while one group 
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of authors showed no improvement at 1 month after 
treatment (25); no further pituitary function assessments 
were reported for either of the cases. Another group of 
authors reported a case of a giant ICA aneurysm with 
pituitary dysfunction successfully treated with high-flow 
bypass using radial artery graft followed by ligation of 
the ICA at the cervical portion; at the 1-year follow-up, 
the patient presented with normal pituitary hormone 
levels, and at the 8-year follow-up visit, remained 
without hormonal replacement therapy, with good 
patency of the graft confirmed by MRI (26). According 
to the latest literature review, either complete or partial 
recovery of the pituitary function is possible (23% and 
18%, respectively); unfortunately, in 59% of the cases, 
hypopituitarism persists (17). At the 1-year follow-up 
visit, no improvement in pituitary function was observed 
in our patient. Factors including the mass effect of 
the aneurysm, the extent of pituitary compression, 
the duration of pituitary dysfunction, and aneurysm 
thrombosis with subsequent inflammation are believed 
to influence recovery (23,24). The time to functional 
improvement reported ranged from 2 months to 2 
years (24). The effect of various treatment options on 
pituitary function recovery remains unclear (12). 

In conclusion, aneurysms of the ICA are rare and 
can potentially cause hypopituitarism. Due to unusual 
clinical presentation in some cases, a delay in diagnosis 
is possible. Endovascular procedures such as flow-
diverter stent implantation and coil embolization of 
the aneurysm could be the treatment of choice in these 
patients. Persistent hypopituitarism could be expected 
even after successful treatment of the aneurysm, 
requiring continuous hormonal replacement therapy.

Informed consent: the authors have obtained informed consent 

from the participant in this research paper.

Ethical approval: this research has been approved by the 

Ethical Committee of the Clinical Centre of Vojvodina (Ethical 

Committee approval number: 00-153).

Disclosure: no potential conflict of interest relevant to this article 

was reported.

REFERENCES
1. Rai HK, John G, Anton M. Atypical Presentation of Panhypopituitarism. 

Cureus. 2020;12(7):e9102. doi: 10.7759/cureus.9102.

2. Gounden V, Jialal I. Hypopituitarism (Panhypopituitarism). 2020 
May 24. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2020 Jan-.

3. Alexandraki KI, Grossman A. Management of Hypopituitarism. J Clin 
Med. 2019;8(12):2153. doi: 10.3390/jcm8122153.

4. Regal M, Páramo C, Sierra SM, Garcia-Mayor RV. Prevalence and 
incidence of hypopituitarism in an adult Caucasian population in 
northwestern Spain. Clin Endocrinol (Oxf). 2001;55(6):735-40. doi: 
10.1046/j.1365-2265.2001.01406.x.

5. Bhushan D, Agarwal M, Shukla RK. Hypopituitarism: A Rare but Often 
Neglected Condition. Indian J Crit Care Med. 2020;24(5):350-2. doi: 
10.5005/jp-journals-10071-23422.

6. Takahashi Y. Mechanisms in Endocrinology: Autoimmune 
hypopituitarism: novel mechanistic insights. Eur J Endocrinol. 2020 
Apr;182(4):R59-R66. doi: 10.1530/EJE-19-1051.

7. AlMalki MH, Ahmad MM, Brema I, AlDahmani KM, Pervez N, Al-
Dandan S, et al. Contemporary Management of Clinically Non-
functioning Pituitary Adenomas: A Clinical Review. Clin Med 
Insights Endocrinol Diabetes. 2020;13:1179551420932921. doi: 
10.1177/1179551420932921.

8. Satyarthee GD, Raheja A. Unruptured Internal Carotid Artery 
Aneurysm Associated with Functional Pituitary Adenoma: A True 
Association. Asian J Neurosurg. 2017;12(4):701-4. doi: 10.4103/1793-
5482.215760.

9. Malik S, Kiran Z, Rashid MO, Mawani M, Gulab A, Masood MQ, 
et al. Hypopituitarism other than sellar and parasellar tumors or 
traumatic brain injury assessed in a tertiary hospital. Pak J Med Sci. 
2019;35(4):1149-54. doi: 10.12669/pjms.35.4.174.

10. Wende T, Hamerla G, Quäschling U, Haase A, Meixensberger J, Nestler 
U. Persistent hyperprolactinemia, transient hypopituitarism, and 
transient contralateral third nerve palsy after endovascular treatment 
of an internal carotid artery aneurysm: Case report and review of the 
literature. SAGE Open Med Case Rep. 2020;8:2050313X20948714. 
doi: 10.1177/2050313X20948714.

11. Hanak BW, Zada G, Nayar VV, Thiex R, Du R, Day AL, et al. 
Cerebral aneurysms with intrasellar extension: a systematic review 
of clinical, anatomical, and treatment characteristics. J Neurosurg. 
2012;116(1):164-78. doi: 10.3171/2011.9.JNS11380.

12. Qi M, Ye M, Li M, Zhang P. Pituitary Dysfunction from an Unruptured 
Ophthalmic Internal Carotid Artery Aneurysm with Improved 2-year 
Follow-up Results: A Case Report. Open Med (Wars). 2018;13:137-
41. doi: 10.1515/med-2018-0021.

13. Torres A, Dammers R, Krisht AF. Bilateral internal carotid artery 
aneurysm simulating pituitary apoplexy: case report. Neurosurgery. 
2009;65(6):E1202; discussion E1202. doi: 10.1227/01.
NEU.0000360127.88741.E3.

14. Gondim J, Schops M, Ferreira E. Hypopituitarism and amenorrhea-
galactorrhea syndrome caused by thrombosis of both internal carotid 
artery and giant intrasellar aneurysm: case report. Arq Neuropsiquiatr. 
2004;62(1):158-61. doi: 10.1590/s0004-282x2004000100029.

15. Seok H, Park HN, Kim GH, Son HS, Sohn TS. A giant carotid aneurysm 
with intrasellar extension: a rare cause of panhypopituitarism. Korean 
J Intern Med. 2015;30(2):265-6. doi: 10.3904/kjim.2015.30.2.265.

16. Kageyama K, Kinoshita N, Terui K, Moriyama T, Kudo T, Daimon M. 
Two Cases of Hypopituitarism Caused by Intrasellar Aneurysm. Intern 
Med. 2020;59(5):677-81. doi: 10.2169/internalmedicine.3375-19.

17. Hashmi HZ, Inkollu S, Jain D, Tummala R, Araki T, Harindhanavudhi 
T. Internal Carotid Artery Aneurysm Mimicking a Pituitary Adenoma: 
A Case Report and Review of the Literature. AACE Clin Case Rep. 
2023;9(2):39-43. doi: 10.1016/j.aace.2023.02.001.

18. Pattaravimonporn N, Muninthorn W, Sudsang T, HansasutaA, 
Chiewchalermsri D, Sriphrapradang C. Double jeopardy – pituitary 
apoplexy complicated by ruptured aneurysm of the internal carotid 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

7

Sellar aneurysm-induced hypopituitarism    

Arch Endocrinol Metab, 2024, v.68, 1-7, e230224.  

artery within adenoma: a case report. BMC Neurol. 2022;22(1)463. 
doi: 10.1186/s12883-022-02999-2.

19. Peterson CM, Podila SS, Girotra T. Unruptured aneurysmal clipping 
complicated by delayed and refractory vasospasm: case report. BMC 
Neurol. 2020;20(1):344. doi: 10.1186/s12883-020-01925-8.

20. Sade B, Mohr G, Tampieri D, Rizzo A. Intrasellar aneurysm and a 
growth hormone-secreting pituitary macroadenoma. Case report. J 
Neurosurg. 2004;100(3):557-9. doi: 10.3171/jns.2004.100.3.0557.

21. Heshmati HM, Fatourechi V, Dagam SA, Piepgras DG. Hypopituitarism 
caused by intrasellar aneurysms. Mayo Clin Proc. 2001;76(8):789-93. 
doi: 10.1016/S0025-6196(11)63222-9.

22. Fernández-Real JM, Fernández-Castañer M, Villabona C, Sagarra 
E, Gómez-Sáez JM, Soler J. Giant intrasellar aneurysm presenting 
with panhypopituitarism and subarachnoid hemorrhage: case report 
and literature review. Clin Investig. 1994;72(4):302-6. doi: 10.1007/
BF00180045. 

23. Tan LA, Sandler V, Todorova-Koteva K, Levine L, Lopes DK, 
Moftakhar R. Recovery of pituitary function following treatment of an 
unruptured giant cavernous carotid aneurysm using Surpass flow-
diverting stents. J Neurointerv Surg. 2015;7(6):e20. doi: 10.1136/
neurintsurg-2014-011233.rep. 

24. Oikawa N, Misaki K, Aono D, Nambu I, Hayashi Y, Uchiyama N, et al. 
Panhypopituitarism caused by an unruptured giant cavernous internal 
carotid artery aneurysm compressing the pituitary gland treated with a 
flow-diverting stent: A case report. Surg Neurol Int. 2022;13:378. doi: 
10.25259/SNI_548_2022.

25. Ding D, Mehta GU, Liu KC. Pituitary insufficiency from large 
unruptured supraclinoid internal carotid artery aneurysm. Br J 
Neurosurg. 2014;28(2):290-2. doi: 10.3109/02688697.2013.829559.

26. Ono H, Inoue T, Kunii N, Tanishima T, Tamura A, Saito I, et al. Giant 
cavernous carotid aneurysm causing pituitary dysfunction: Pituitary 
function recovery with high-flow bypass. Surg Neurol Int. 2017;8:180. 
doi: 10.4103/sni.sni_178_17.

This is an open-access article distributed under the terms of the Creative Commons Attribution License


