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Abstract: Objectives: This study is to summarize the clinical manifestations, imaging findings, treatment and progno-
sis of pituitary apoplexy caused by ischemic infarction. Methods: From January 2010 to March 2014, 412 patients
with pituitary adenoma were admitted in the Department of Neurosurgery at Fuzhou General Hospital, with 9 cases
being diagnosed with ischemic infarction stroke. Imaging examinations were performed, including computed tomog-
raphy and magnetic resonance imaging. Pituitary adenomas were evaluated according to suprasellar, infrasellar,
parasellar, anterior and posterior classification. Hematoxylin and eosin staining and immunohistochemical staining
were used for identifying pituitary adenoma. Results: Tumor height was 1.3-3.3 cm, with an average of 2.27 cm.
Eight patients had typical clinical stroke symptoms. Preoperatively, high blood growth hormone concentration was
presented in 6 cases, full hypopituitarism in 2 cases, dysfunction of corticosteroids and gonads in 4 cases, and
single gonadal dysfunction in 2 cases. Ring enhancement was presented in 8 cases on constructed computed
tomography or magnetic resonance images, and sellar settlement in 7 cases. Eight patients were conducted with
transsphenoidal resection, and secondary transsphenoidal after craniotomy in 1 case. During surgery, poor tumor
blood supply was found in 7 cases, cheese-like or tofu-like necrotic tissues in 5 cases, and few dark blood clots in
2 cases. Conclusions: Pituitary ischemic infarction stroke is clinically rare, but can be correctly diagnosed before
surgery by imaging examinations. The pathological characteristics of the tumor are necrosis and fibrosis, which are
easy for resection. Therefore, pituitary adenoma usually has good prognosis.
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Introduction

Pituitary apoplexy is a clinical syndrome caused
by adenoma hemorrhage or ischemic infarc-
tion. Clinically, pituitary apoplexy can be classi-
fied into typical stroke and subclinical stroke.
Common clinical manifestations of pituitary
apoplexy include acute headache, nausea,
visual dysfunctions, and cranial nerve palsy
and consciousness difficulty [1-3]. Subclinical
stroke has untypical manifestations such as
slow onsets of progressive vision loss and
endocrine changes. Histopathological investi-
gations suggest that the mechanisms of pitu-
itary apoplexy include hemorrhagic infarction,
ischemic infarction and mixed infarction of
hemorrhage and infarction [4-7]. Pituitary apo-
plexy with ischemic infarction is rare in clinical
practice [8-10], and is only described in several
case reports [10-13]. In this study, we analyze
the clinical data of 9 patients with ischemic
infarction stroke.

Materials and methods
Patients

From January 2010 to March 2014, 412
patients with pituitary adenoma were admitted
in the Department of Neurosurgery at Fuzhou
General Hospital, with 9 cases being diagnosed
with ischemic infarction stroke by operational
and postoperational pathological examinations.
The inclusion criteria were: i) patients with pitu-
itary adenoma surgery at our Department from
January 2010 and March 2014; ii) patients with
pituitary apoplexy confirmed by operational and
postoperational pathological examinations,
mainly or only exhibiting ischemic infarction; iii)
patients with complete clinical data. Exclusion
criteria were: i) patients only or mainly with
hemorrhagic pituitary apoplexy; ii) patients with
second time surgery.

Among the 9 included cases, 8 had typical clini-
cal stroke manifestations, 1 case had untypical
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symptoms. Among the 8 cases with typical pitu-
itary apoplexy, 3 had acute onset (< 3 days),
and 5 had subacute onset (3 days-2 weeks).
In addition, all 8 patients had headache, 3
patients had nausea and vomiting, 5 had visual
loss, 5 had visual field defects, 2 had ophthal-
moplegia, 1 had fever, 1 had fatigue, and 1 had
consciousness disorders. Furthermore, 1
patient had a history of menstrual disorders, 3
patients had acral growth, 4 had a history of
hypertension, 1 had cerebral hemorrhage sur-
gery and left vertebral artery stenting, 1 had
severe sleep apnea syndrome, and 1 had cervi-
cal flexion deformity. Before surgery, all patients
received routine examinations of hormones
including prolactin (PRL), growth hormone (GH),
thyrotropin (TSH), follicle stimulating hormone
(FSH), luteinizing hormone (LH), adrenocortico-
tropic hormone (ACTH), 3,5,3'-triiodothyronine
(T3), and thyroxine (T4). Among the 9 patients,
1 had normal levels of hormones, 6 had high
levels of blood GH, 2 had panhypopituitarism, 4
had dysfunctions in both glucocorticoid axis
and gonadal axis, and 2 had dysfunction in
gonadal axis only (Table 1).

Imaging examinations

All patients received imaging examinations on
the day of or one day after admission into the
hospital, including 7 patients with unenhanced
pituitary magnetic resonance imaging (MRI)
and enhanced three-dimensional sequence
scanning (Siemens 3.0T, Berlin, Germany) and
2 patients with computed tomography (CT).
Axial, coronal and sagittal three-dimensional
thin layer scanning was used for CT. The param-
eters for MRI were as follows: T1-weighted
imaging (T1WI) turbo spin echo (TSE) sequenc-
es TR of 400-600 ms and TE of 15-30 ms;
T2-weighted imaging (T2WI) TSE sequences TR
of 3000-4000 ms and TE of 80-150 ms; matrix
384x256; collection for 2-3 times; axial layer
thickness 5 mm and layer distance 6-7.5 mm;
coronal and sagittal layer thickness 2.5-3 mm
and layer distance 2.75-3 mm. Contrast agent
was gadopentetate dimeglumine injection (0.2
mmol/kg body weight). Two patients underwent
CT angiography (CTA) before surgery to exclude
the possibility of intracranial aneurysm.

Pituitary adenomas were evaluated according
to suprasellar, infrasellar, parasellar, anterior
and posterior (SIPAP) classification [14].
Suprasellar classification included grades 0-4;
infrasellar classification included grades 0-2;
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parasellar classification included left and right
sides, with 0-4 grades according to Knosp-
Steiner classification [15]; anterior classifica-
tion included grades 0O-1; posterior classifica-
tion included grades O-1.

Treatment and follow-ups

One case (No. 6 in Table 1) had aggravated
condition (prefrontal cerebral hemorrhage)
after admission to hospital, and received crani-
otomy followed by transsphenoidal hypophy-
sectomy. The other 8 cases received monon-
ostril-transsphenoidal hypophysectomy. All 9
cases had complete resection of pituitary ade-
noma, without operational cerebrospinal fluid
leakage. After surgery, conventional infection
prevention, fluid infusion, and hormone replace-
ment were performed. Follow-ups were carried
out on all 9 patients for 4 months to 3 years.

Hematoxylin and eosin (HE) staining and im-
munohistochemical staining

Surgical resection specimens of pituitary ade-
noma tissues were fixed by formaldehyde and
embedded by paraffin wax for slicing. For con-
ventional smear preparations, conventional
smear glass slides were fixed with 95% ethanol
for at least 15 minutes, and then treated with
water for 1 minute, hematoxylin for 10 minutes,
running water for 15 minutes, eosin for 30 sec-
onds, 95% ethanol for 1 minute, and 100%
ethanol for 2 minutes. Stained slides were
cover-slipped with Permount. Finally, the entire
HE-stained cells were examined under a bright
light microscope using 100-400x magnifica-
tion.

For immunohistochemical staining, paraffin
sections were cut and mounted on glass slides,
and 5 um sections from formalin-fixed and
paraffin-embedded specimens were deparaf-
finized using xylene and rehydrated in graded
ethanol. Samples were then preincubated with
3% H,0, to eliminate endogenous peroxidase
activity. Antigen retrieval was achieved by heat-
ing the sections for 2 min at 100°C in citric
acid buffer (0.01 mol/L, pH 6.0). Primary anti-
body (Beijing Zhongshan Goldbridge Biological
Technology Co., Ltd., Beijing, China) was added
and incubated for 2 h at room temperature. The
sections were incubated with biotin-labeled
secondary antibodies. Horseradish peroxidase-
labeled streptavidin was added and incubated
for 30 min at 37°C. Immunoreactivity was visu-
alized using chromogen, 3,3'diamino-benzidine
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Table 1. The clinical manifestations and serum hormone level changes in 9 cases of pituitary ischemic stroke

Case No. Age Sex History of main diseases Complications Before surgery One week after surgery
Headache and dizziness; blurred vision of . ; GH normal, cortisol|, T3],
1 60  Female both eyes; aggravation for 1 week None GHY, cortisoll, estradiol] FT3|, estradiol]
Headache for 2 days; vomiting for 1 day; Hypertension; cerebral hemorrhage surgery; left vertebral GH1, cortisol|, estradiol|,
2 68 Male sudden left ptosis in hospital; fixed eyeball artery stenting; long-term oral intake of ASP and Plavix GH1, T41, testosterone| testosterone|
Lips and tongue thickening; acral enlarge- ) )
3 60 Female ment for 1 year; severe snoring for 1 month Hypertension, severe sleep apnea syndrome GH1, estradiol | None
4 39 Female Menstrual disorders for 2 years; acute None Normal Cortisol|, T3], T4, FT3],
headache for 2 days testosterone|
5 55 Male Progressive limb acromegaly for 9 years; Cervical flexion deformity GH1, cortisol], testosterone| Cortisol|, testosterone|
headache for 1 week
Sudden headache and blurred vision for 10 . ’ ’
6 48 Male days: aggravation with vomiting for 1 day Hypertension GHf{, cortisol|, testosterone] Cortisol|, testosterone|
Fever and cough for 15 days; headache . . ) GH normal, cortisol], estra-
7 52 Male for 3 days Hepatitis B GH1, cortisol|, estradiol| diol, testosterone|
. . . T3], FT3 |, cortisol and ACTH|, FSH  Cortisol|, T3, FT3], gonadotro-
8 46 Male  Acute headache and right ptosis for 8 days Hypertension for 2 years and LH], testosterone | pin and testosterone |
9 50 Male Acute headache, blurred vision and fatigue None T3], TSHY, PRLY, LH], testosterone| Cortisol], T3, FT3], FT4|,

for 1 week

LH], testosterone|

Note: GH, growth hormone; T3, triiodothyronine; FT3, unbound triiodothyronine; T4, thyroxine; FT4, unbound thyroxine; LH, luteinizing hormone; ACTH, adrenocorticotropic hormone; FSH, follicle stimulating hormone; TSH, thyrotropin; PRL,
prolactin. 1, indicates levels higher than normal ranges; | indicates levels lower than normal ranges. The normal ranges are: GH, < 10 ng/mL; T3, 0.92-2.79 ng/mL; FT3, 3.5-6.5 pmol/L; T4, 58.1-140.6 ng/mL; FT4, 11.5-22.7 pmol/L; TSH,
0.35-5.5 plU/mL; LH, 1.9-12.5 mIU/mL at follicular phase and 0.5-16.9 mIU/mL at luteal phase; ACTH, 4.7-48.8 pg/mL; FSH, 9.7-208 mIU/mL during pregnancy, 2.5-10.2 mlU/mL at follicular phase, and 1.5-9.1 mIU/mL at luteal phase;
PRL, 2.8-29.2 ng/mL without pregnancy, 1.8-20.3 ng/mL in menopause, and 3.4-33.4 ng/mL in ovulation.
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Table 2. Imaging examinations of 9 cases of pituitary ischemic stroke

c Before surgery During surgery Pathological reports
ase
Tumor diam- SIPAP clas- ) . Blood :
No. e MRI signal characteristics Tumor color Texture Boundary Other IHC Histopathology
eter (cm) sification supply
T1, mixed heights; T2, mixed heights; 0ld blood in tumor; orange Large coasulated and
1 2.7 310000 uneven ring enhancement; infrasellar Grey and yellow Soft Usual Clear remnant pituitary tissues GH g _g .
) necrotic tissues
subsidence around tumor
T4, mixed heights; T2, strong signals; Yellow-brown; large . Large coagulated and
. e . . Infrasellar subsidence; o ,
2 1.3 110200 uneven enhancement; invasion in left sel-  tofu-like necrotic Tough Poor Not clear . GH necrotic tissues with
) ) incomplete bone ;
lar base and cavernous sinus tissues adenoid structure
T1 k signals; T2, st ignals; L lated and
3 1.4 100100 » week signals; 12, strong signals Grey Verysoft  Poor Clear GH+FsH  -areecoagulatedan
uneven enhancement necrotic tissues
T1, even signals; T2, strong signals; .
Dark | | L: |
4 31 211100 suprasellar part had 2 small cysts with Grey; cheese-like  Very soft Poor Not clear ark red blood clot in No function arge coa.gu.ated and
Lo . tumor necrotic tissues
liquid surface; uneven ring enhancement
5 21 211100 CT: high-density tumor, 2.0x1.8 cm-, slight Yellowish Tough Poor Clear GH Large coa‘gu!ated and
ring enhancement, infrasellar subsidence necrotic tissues
CT: high-density tumor, 2.5%x2.4 cm, . Invasiveness; craniotomy L
6 2.5 224410 invasion in sphenoid sinus, infrasellar Dark red (crani Softand Abundant  Not clear followed by transsphenoi- GH Necrosis V.wth hgmor
. otomy) tough rhage; invasion
subsidence dal surgery
T4, uneven strong signals; T2, mixed Unclear: Coagulated necrosis
7 1.6 210100 signals; uneven enhancement; slight Yellow Stiff Poor adhesivé GH+FSH surrounded by granu-
infrasellar subsidence lation tissues
8 3.3 313300 T4, low signals; T2, high signals; uneven G_rey»yellovs{; cheese- Tough Poor Not cle_ar; Sellar bone destruction No function Necrosis with hemor-
enhancement like necrotic tissues adhesive rhage
T4 and Flair, mainly high signals; T2, Sphenoid sinus mucosa
Grey-yellow; ch - I ) L lated and
9 2.3 300000 mainly low signals; uneven ring enhance- _rey ve OV\{ C_ cese Soft Poor Clear significantly thickened; PRL arge coa_gu.a edan
like necrotic tissues ) necrotic tissues
ment pale diaphragm of saddle

Note: IHC, immunohistochemistry; CT, computed tomography; GH, growth hormone; FSH, follicle stimulating hormone; PRL, prolactin.
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Figure 1. Imaging manifestations of case No. 6. (A) Axial (B) coronal and (C) sagittal computed tomography (CT)
non-contrast enhanced scanning before admission to hospital. (D) Axial CT on the patient with aggravated condition
on the second day after admission. (E and F) CT on the second day after craniotomy. (G) Coronal and (H) sagittal
enhanced MRI scans before secondary transsphenoidal surgery. (I) Coronal and (J) sagittal enhanced MRI scans
four months after transsphenoidal surgery. MRI, magnetic resonance imaging.

and terminated with distilled water. The sec-
tions were then counterstained with hematoxy-
lin, differentiated with hydrochloric acid etha-
nol, dehydrated with gradient alcohol and
xylene, and mounted onto coverslips. Exami-
nation was performed using optical microsco-
py. Negative controls were treated identically
but with the primary antibody being omitted.
Immunoreactivity was evaluated independently
by three researchers.

The examinations of HE and immunohisto-
chemical staining were performed according to
World Health Organization classification in
2004 [16] to classify hormone type of pituitary
adenoma.

Results

The typical imaging manifestations of pituitary
apoplexy caused by ischemic infarction are
uneven ring enhancement around tumor, un-
enhanced region inside tumors, and infrasellar
subsidence

To investigate the characteristics of pituitary
adenoma, imaging examinations were per-
formed. The data showed that the maximum
height of pituitary adenoma were 1.3-3.3 cm,
with an average of 2.27 cm (Table 2). CT results
on the two patients without MRI examination
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before surgery showed high-density tumor
mass in sellar and suprasellar areas with clear
boundaries, having sizes of 2.5x2.4 c¢cm and
2.0x1.8 cm, respectively. In addition, sella
turcica was enlarged and infrasella subsided.
One of the two patients showed slightly ring
enhancement around tumor, and the other had
invasion into sphenoid sinus and bilateral cav-
ernous sinus. CT scanning on the latter patient
showed pituitary apoplexy followed by left fron-
tal cerebral hemorrhage. This patient received
craniotomy followed by transsphenoidal hy-
pophysectomy (Figure 1). Preoperational MRI
data of the other seven patients showed that
signals of pituitary adenoma were not even: for
T1WI, four cases had mixed signals with short
T1 being dominant, one case had equal T1 sig-
nal, and two cases had long T1 signals; for
T2WI, six cases had mixed signals with long T2
being dominant, and one case had mixed sig-
nals with short T2 being dominant; one case
(No. 4) had two small liquid surfaces in T2WI,
with signals above/below liquid surface being
low/equal signals. Enhanced MRI showed that
the seven cases had uneven ring enhancement
around tumor, with unenhanced area being
inside the tumor (Figures 2 and 3). Two cases
had slight uneven enhancement. Postopera-
tional dynamic imaging examinations showed
that the tumor was completely resected. MRI
examination four months after surgery showed
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Figure 2. Imaging and histopathological manifestations of case No. 4. (A) Axial T2WI, (B) sagittal TAWI, (C) sagittal
T1+, and (D) coronal T1+ MRI before surgery. (E) Coronal T1+ and (F) sagittal T1+ MRI after surgery. MRI, magnetic
resonance imaging. (G) Hematoxylin and eosin staining of tumor tissues (x100). Inflammatory cells are stained
blue.

no obvious residue or recurrence of pituitary
adenoma. The typical imaging manifestations
of pituitary apoplexy caused by ischemic infarc-
tion are uneven ring enhancement around
tumor, unenhanced region inside tumors, and
infrasellar subsidence.

Cheese-like ischemic necrosis during surgery
is the main characteristics of pituitary apo-
plexy caused by ischemic infarction

Case 6, bearing GH pituitary adenoma with,
underwent two surgeries due to acute ischemic
infarction that occurred before cerebral hemor-
rhage. During the first surgery, the tumor was
dark red and tough in texture, with abundant
blood supply and blurred boundary. Large areas
of necrotic tissues and hemorrhage existed in
the tumor, and invasion occurred in sphenoid
sinus and cavernous sinus. Among the other 8
patients, 6 showed grey-yellow tumor mass,
and 2 had grey tumor mass; 5 cases had
cheese-like or tofu-like necrosis; 7 had poor
blood supply in tumor mass, and 1 had usual
blood supply; 4 cases had soft to very soft
tumors, and 4 had tough to stiff tumors; 4
cases had clear boundary, while 4 had unclear
boundary; 2 cases had obvious adhesion
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around tumor, while 6 had no obvious adhe-
sion; 2 cases had dark red blood clots (case 4)
or a little old blood (case 1) within tumor mass;
6 cases had thinner or incomplete sellar bone.
Tumors were completely resected under the
microscope, without cerebrospinal fluid leak-
age (Table 2). These data suggest that cheese-
like ischemic necrosis during surgery is the
main characteristics of pituitary apoplexy
caused by ischemic infarction.

Large areas of coagulation necrosis are the
main pathological outcomes of pituitary apo-
plexy caused by ischemic infarction

HE staining showed that 7 cases had large
areas of coagulation necrosis, which showed
large areas of red cell-free structures under
the microscope. Chrysanthemum-like contour
structure was partially observed, but cells were
broken, with karyopyknosis, nuclear fragmenta-
tion, and inflammatory cell infiltration being
observed in necrotic areas (Figure 2). The other
2 cases showed necrosis and hemorrhagic
changes, with hemosiderin and macrophages
being observed. Immunohistochemical staining
results showed that 4 cases were GH pituitary
adenoma, 2 cases were GH and FSH pituitary
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Figure 3. Imaging manifestations of case No. 8. (A) Axial T2WI, (B) sagittal TAWI, (C) sagittal T1+, and (D) coronal
T1+ MRI before surgery. TAIWI mainly shows high signals; T2WI mainly shows low signals. (E) Coronal T1+ and (F)
sagittal T1+ MRI four months after surgery. MRI, magnetic resonance imaging.

adenoma, 1 case was PRL adenoma, and 2
cases were null cell adenoma (Table 2). These
results indicate that large areas of coagulation
necrosis are the main pathological outcomes
of pituitary apoplexy caused by ischemic
infarction.

Early transsphenoidal resection of tumors
leads to few complications and good prognosis
for the treatment of pituitary apoplexy caused
by ischemic infarction

All patients had good recovery after surgery,
with clinical symptoms being ameliorated. For
example, headache and decreased vision were
improved. Among these patients, 2 cases of
oculomotor paralysis had fully recovered 4
months after surgery. Two cases had transient
diabetes insipidus after surgery, but were
recovered by treatment with pituitrin. Dynamic
blood hormone examinations showed that high
GH blood concentration before surgery was
lowered or returned to normal. Nearly all
patients had cortisol dysfunction one week
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after surgery, and 4 patients had thyroid hypo-
function. Hormone replacement therapy was
used on all patients but one patient, who was
treated with low dose of prednisone for 1 year.
Four to six months after treatment, blood corti-
sol and thyroid hormone levels returned to nor-
mal. Follow-ups for 4 months to 3 years showed
no tumor recurrence. These data suggest that
early transsphenoidal resection of tumors
leads to few complications and good prognosis
for the treatment of pituitary apoplexy caused
by ischemic infarction.

Discussion

In this study, we investigated the clinical data of
9 patients with pituitary ischemic infarction
stroke and summarized the following character-
istics. i) Patients were in middle age, with a
male and female ratio of 2:1. This concurs with
previous report that pituitary apoplexy patients
are usually between 50 and 60 years old, with
the number of men being larger than that of
women [3]. ii) The clinical manifestations of
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pituitary ischemic infarction stroke are mostly
typical and acute or subacute, with only one
untypical patient who had slight headache
when admission into hospital. iii) Factors
responsible for cerebral ischemia and hypoxia
might facilitate or aggravate pituitary ischemic
stroke. In this study, vertebral artery stenosis,
cervical abnormalities, and severe sleep apnea
syndrome were found. More than half of the
patients had history of hypertension, which
might lead to vascular sclerosis that was
responsible for ischemic stroke. iv) Enhanced
scanning showed uneven ring enhancement
around tumor, unenhanced region inside
tumors, infrasellar subsidence or downward
tumor invasion. When tumor ischemic infarc-
tion and hemorrhage occur, cysts and fluid lev-
els are observed (Cases 1 and 4). V) During
operation, the color of tumors was usually grey-
yellow, with poor blood supply. Large areas of
necrotic cheese-like tissues were usually
observed, and secondary hemorrhage usually
occurs in soft tumors. Vi) The pathological man-
ifestations were usually large areas of coagu-
lated necrosis. Immunohistochemistry showed
that ischemic stroke mostly occurs in GH type
pituitary adenoma, and only a few occur in non-
functional macroadenomas or PRL type adeno-
mas. Vii) Postoperational prognosis was gener-
ally good, with symptoms being ameliorated.
Short-term urine increase and hypopituitarism
were observed, but no permanent diabetes
insipidus was observed.

Before surgery, 4 cases had mixed signals of
MRI-TAWI, with short T1 being dominant; 6
cases had T2WI, with long T2 being dominant.
These phenomena are usually considered as
hemorrhagic or thrombus signs. Although 2
cases had dark red blood clots and old hemor-
rhage during operation, tumor tissues in other
cases had no blood supply during operation
and exhibited grey-yellow cheese-like necrosis,
with no obvious intratumoral hemorrhage. This
suggests that infarction exists in pituitary apo-
plexy and might be a key mechanism. However,
infarction and hemorrhage usually coexist.
Other imaging characteristics were uneven ring
enhancement around tumor, unenhanced
region inside tumor, and infrasellar subsidence.
Combined with what was observed during
operations, we consider central unenhanced
region to be infracted tumor tissues or blood
clots, while surrounding ring enhancement indi-
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cates normal pituitary and active tumor tis-
sues. Zada G et al. reported that GH type pitu-
itary adenoma tends to grow towards infrasella,
while nonfunctional adenoma tends to grow
towards suprasella [17]. This explains why
most cases in the present study had infrasellar
subsidence, and infrasellar bone damage.
Immunohistochemistry shows that GH type
pituitary adenoma has obvious occurrence ten-
dency, which concurs with previous reports that
demonstrate GH type adenoma is predominant
[10-13, 18].

The exact pathological mechanism of pituitary
apoplexy is not clear by now. Most literatures
fail to define simple infarction stroke and hem-
orrhagic stroke. There is no clear explanation
about which one of hemorrhage and infarction
precedes the other. Chacko et al. suggest that
pituitary ischemic necrosis is only a stage in
hematoma absorption process after adenoma
hemorrhagic infarction [6]. By contrast, Wang
et al. indicate that hemorrhage occurs after
pituitary ischemic infarction, and stroke
includes early stage of hemorrhagic infarction
and late stage of necrosis [17]. Tumor infarc-
tion and secondary hemorrhage coexist in the
early stage, in which hemorrhage is observed
by MRI; in late stage after hematoma absorp-
tion, cystic necrosis is observed in MRI (long T1
and T2 signals) [17]. In the present study, 2
cases showed dark red small blood clots or a
little old hemorrhage in the large areas of
cheese-like or tofu-like necrotic tissues. One of
the two cases showed two small liquid surfaces
above the saddle of the tumor, which is consis-
tent with the fact that a little bleeding follows
infarction. In addition, patient No. 6 was admit-
ted into our hospital due to sudden headache
with blurred vision for 10 days, followed by
aggravation with vomiting for 1 day. Initial CT on
this patient showed sellar tumor but no visual
intratumoral hemorrhage. After aggravation,
secondary CT showed pituitary apoplexy and
subsequent cerebral hemorrhage. These indi-
cated that hemorrhage can occur after pituitary
ischemic infarction, being consistent with the
findings by Wang et al. [12]. By contrast, other
cases presented simple infarction stroke, with-
out obvious intratumoral hemorrhage, suggest-
ing that there is simple infarction factor in pitu-
itary apoplexy, and that infarction might be a
key mechanism for pituitary apoplexy.

A literature shows that pituitary adenoma hem-
orrhage rate is about 20-30%, being 5.4 times
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of other cerebral tumors [7]. The necrosis and
cystic change rate is about 5-18%, explaining
why Pituitary apoplexy is mainly hemorrhagic
and simple infarction stroke is rare.

Currently, it is not clear about the mechanism
by which pituitary adenoma quickly becomes
ischemic and necrotic, instead of developing
extensive hemorrhage. The main mechanisms
of pituitary ischemic infarction might be: i) fast
growth of tumor, leading to insufficient blood
supply and finally ischemic necrosis; ii) unique
blood supply of hypophyseal portal system; iii)
pituitary artery was pressed at saddle compart-
ment hole when expanding to saddle, leading to
restricted blood supply, necrosis and bleeding;
iv) tumor angiopathy leads to infarction or hem-
orrhage. Of note, these factors might act in
combination instead of being alone.

Regarding the treatment of pituitary acute
stroke, most researchers suggest early surgery
in order to eliminate placeholder and ease the
pressure on pituitary tissues and cranial
nerves. Visual impairment and consciousness
decrease are clear indicators for surgical
decompression. Transsphenoidal surgery is the
most commonly used method, with advantages
of minimal invasiveness, few complications,
efficaciousness, and low rate of hypopituita-
rism [19]. All patients in the present study
underwent early surgery, with solid effects.
After surgery, the situation of them was amelio-
rated, without obvious complications. After
pituitary ischemic infarction, some pituitary tis-
sues underwent necrosis, leading to delayed
pituitary dysfunction after surgery. Therefore,
pituitary tissues that already changed colors or
nature should be carefully protected during sur-
gery. In addition, pituitary function should also
be monitored closely after surgery in case of
need of hormone replacement therapy.

To summarize, pituitary ischemic infarction
stroke is clinically rare, but can be correctly
diagnosed before surgery by imaging examina-
tions. The pathological characteristics of the
tumor are necrosis and fibrosis, which are easy
for resection. Therefore, pituitary adenoma
usually has good prognosis. Although ischemic
infarction and hemorrhagic stroke have clinical
differences, they are not extensively studied
and need further case researches and experi-
mental investigations.
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