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Abstract: Objective: This study is to evaluate the surgical outcomes of transsphenoidal surgery in pituitary adenoma 
(PA) patients with cystic degeneration by using MRI. Methods: Eighty-three patients with surgically and pathologi-
cally confirmed PA were enrolled. They were divided into three groups according to preoperative MR images: sub-
stantive adenoma group (n = 40), cystic degeneration without fluid-fluid level group (n = 19), cystic degeneration 
with fluid-fluid level group (n = 24). The PA was removed by transsphenoidal surgery and the surgical outcomes 
were retrospectively compared. Results: The number of cases with abundant blood supply was 17 cases (42.5%) in 
substantive adenoma group, 13 cases (68.4%) in cystic degeneration without fluid-fluid level group and 16 cases 
(66.7%) in cystic degeneration with fluid-fluid level group. Blood supply in cystic degeneration with fluid-fluid level 
group was significantly richer than that in substantive adenoma group (P < 0.05). Peritumoral adhesion was sig-
nificantly greater in cystic degeneration with fluid-fluid level group than in substantive adenoma group. And, PA 
with fluid-fluid level has significantly lower tumor total resection rate and MVD as well as higher recurrence rate (P 
< 0.05). Differences in cerebrospinal fluid leakage and postoperative diabetes insipidus were both not significant 
among the three groups (P > 0.05). Conclusions: Compared with other types of PA, cystic degeneration with fluid-
fluid level were often richer in blood supply, greater in adhesion with peritumoral structures and easier to be found 
with tumor residual. Thus, more patience should be needed during the surgeries and more dynamic reviews are 
required postoperatively.

Keywords: Pituitary neoplasms, MRI, micro-surgery, cystic degeneration, fluid-fluid level

Introduction

The incidence of pituitary adenoma (PA) is 
about 4/100000 and the tendency is growing 
in recent years [1]. It has many organizational 
conformations. Some conformations are totally 
substantial, while some are with infarction, 
hemorrhage, cystic degeneration, and some 
are associated with a single or multiple fluid-
fluid levels. Formation of cysts may be caused 
by the following two reasons. One is adenoma 
tissue necrosis [2, 3] and the other is cystic 
degeneration secondary to adenoma bleeding 
[3-5]. And, liquid surface formation may be also 
because of two reasons [3, 4, 6]. Firstly, repeat-
ed hemorrhage in PA with cystic degeneration 
leads to different components in the upper and 
lower layers of the fluid. Secondly, after hemor-
rhage, because of hematoma absorption, dif-

ferent ingredients in the liquid deposit in the 
upper and lower layers of the liquid and the liq-
uid surface is formed under the action of gravi-
ty. For the treatment of PA, endonasal transs-
phenoidal surgery is the most commonly used 
method [7]. However, preoperative judgment on 
the degree of difficulty and risk of tumor resec-
tion together with prognostic analysis, has 
plagued many clinicians even up to now [8]. 

Magnetic resonance imaging (MRI) has been 
used to obtain clinically useful preoperative 
information on PA [9]. The information provided 
by MR imaging in macroadenomas includes 
size and shape of the tumor, the presence of 
cavernous sinus extension, positional relation-
ships with the optic pathways, identification of 
the normal pituitary gland, and the presence of 
hemorrhage or cyst within the tumor. Com- 
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puterized tomography (CT) may be conducted 
as a complementary examination in assessing 
the bone structures and condition of sphenoid 
sinus prior to transsphenoidal surgery [8]. In 
this study, the preoperative MRI features of PA 
were analyzed to explore the guidance value of 
MRI for transsphenoidal surgery.

Materials and methods

Patients’ selection and clinical data

From January 2011 to January 2012, 83 cases 
of patients who were diagnosed with PA and 
received transsphenoidal approach operation 
in our department were enrolled in this study. 
The following patients were excluded: patients 
without operation or only received radiosurgery 
treatment, patients those received craniotomy 
due to large tumor or obvious parasellar inva-
siveness, patients those received secondary 
operation because of recurrence or patients 
combined with Rathke cystic degeneration 
shown by postoperative pathology analysis. 
Prior written informed consent was obtained 
from all patients enrolled and the study proto-
col was approved by the ethical committee of 
Fuzhou General Hospital.

Of the 83 patients, 43 cases were male and 40 
were female, aged from 7 to 76 years old with 
the average age of (44.4 ± 14.7) years. The 
duration of PA was 3 days to 23 years. The main 
symptoms included dizziness, headache, 
decreased visual acuity and endocrine symp-
toms such as galactorrhea, amenorrhea, acro-
megaly and sexual function decrease. Two 
cases had pituitary micro adenoma (diameter < 
1.0 cm), 62 cases had large adenoma (diame-
ter between 1.0 cm and 4.0 cm) and 19 cases 
had giant adenoma (> 4.0 cm in diameter). 
According to the 2004 WHO immunohisto-
chemical classification standard [10], the PA 
types were classified as follows: 16 cases of 
prolactin (PRL) adenoma, 6 cases of growth 
hormone (GH) adenoma, 3 cases of thyrotropin 
releasing hormone (TSH) adenoma, 28 cases 
of gonadotroph adenoma (follicle stimulating 
hormone (FSH)/luteotropic hormone (LH)), 2 
cases of adrenocorticotropic hormone (ACTH) 
adenoma, 22 cases of nonfunctioning adeno-
ma, and 6 cases of plurihormonal adenoma. 
The 6 cases of plurihormonal adenoma includ-
ed PRL/GH (2 cases), PRL/GH/FSH (1 case), 

PRL/GH/ACTH/LH/FSH/TSH (1 case) and GH/
FSH (2 cases).

MRI examination and evaluation

All cases were treated with Siemens 3.0 T mag-
netic resonance machine and taken pituitary 
gland plain + enhanced MRI scan. T1WI used 
fast spin echo (TSE) sequences, TR 400-600 
ms, TE L5-30 ms and T2WI used TSE sequence, 
TR 3000-4000 MS, TE 80-150 ms. The matrix 
was 384 × 256, collected for 2-3 times. The 
axial slice thickness was 5 mm with interval of 
6-7.5 mm and the coronal and sagittal thick-
ness was 2.5-3 mm with 2.75-3 mm layer dis-
tance. Dimeglumine Gadopentetic Acid In- 
jection (Gd-DTPA) was used as control with a 
dose of 0.2 mmol/kg body weight.

Preoperative MR image data was assessed by 
experienced doctors including at least 2 neuro-
surgery physicians and 1 radiologist. The as- 
sessed items included tumor size, invasive-
ness, cystic degeneration, liquid-liquid level 
existence and the liquid-liquid level number. All 
cases were analyzed and grouped by preopera-
tive MRI imaging data taken at 1 week before 
surgery. Pituitary plain and enhancement MRI 
data taken at one week and more than 4 mon- 
ths after operation was used for judging the 
condition of tumor residual and recurrence.

Evaluation during operation

Microscopic endonasal transsphenoidal opera-
tions were performed by the corresponding 
author. Biopsy of sellar dura was carried during 
the operation, and the situation of the texture 
and the blood supply of the tumor, the property 
of the hydatid fluid, the boundaries and adhe-
sion of the tumor with the surrounding tissue, 
the invasion of the tumor to the bone, the sellar 
floor dura and bilateral cavernous sinus was 
observed. The condition of tumor resection and 
the occurrence degree of cerebrospinal fluid 
leakage were judged and recorded. The stan-
dard of the tumor tissue texture was as follows. 
Soft texture was defined as the following: after 
the sellar floor dura was opened, the tumor tis-
sue flooded itself, easy to suction and flowed 
with the suction direction. Moderate texture 
was defined as the following: tumor tissue 
could not pour out but could be sucked only 
around the mouth of the aspirator and the sad-
dle part was easy to remove and the upper 
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saddle points could wilt in the saddle. Tenacious 
texture was defined as the following: tumor tis-
sue that was difficult to remove by suction or 
curette and the forceps was tugging; the supra-
sellar portion of the tumor could not collapse. 
The tumor resection surgery followed the 
“quadrant sequence” rules under increased 
intracranial pressure until the sellar diaphragm 
sank to satisfactory level [11, 12]. As for the 
patients with tumor residual or recurrence, fol-
low-up or drugs and radiotherapy were carried 
in the postoperative period.

Tumor pathology and microvessel density 
(MVD) examination

HE staining and immunohistochemical exami-
nation were carried out for microvessel density 
(MVD) examination. The specific steps were as 
follows. All tumors were fixed and embedded in 

method described by Weidner et al [13]. The 
fields with the highest density of the newly 
formed blood vessels were selected under low 
power field (100 ×). Then, 5 fields were random-
ly selected from these high blood vessel densi-
ty fields under high power field (200 ×). The 
number of blood vessels was counted. MVD 
was defined as the average number of blood 
vessels.

Postoperative follow-up

Cerebrospinal fluid leakage and diabetes insipi-
dus were observed after surgery, and the 
patients were followed up for 1-2 years. Patients 
those with urine volume of 200 ml/h for more 
than continued 2 hours, or with urine volume of 
more than 4000 ml in 24 hours were consid-
ered as diabetes insipidus. Diabetes insipidus 
improved 2 weeks postoperative were tempo-

Figure 1. The MRI images of different conformations of the PA tissue in 
T2WI. A. Substantive adenoma. B. Cystic degeneration without fluid-fluid 
level. C. Cystic degeneration with one fluid-fluid level. D. Cystic degenera-
tion with multiple fluid-fluid levels. The arrows indicated cystic degenera-
tion or fluid-fluid level. The signal intensity was consistent and all were 
with a performance of high/low signal intensity.

paraffin. Paraffin-embedded tis-
sue was sliced continuously into 
about 4 µm sections. The slides 
were deparaffinized and rehydrat-
ed. Antigen retrieval was achieved 
and endogenous peroxidase was 
blocked with hydrogen peroxide 
in methanol. Nonspecific binding 
was blocked by incubating slides 
with goat serum. Primary rabbit 
anti-CD34 antibody (Beijing Zh- 
ongshan Goldbridge Biological 
Technology Co., Ltd., Beijing, 
China) was added and incubated 
2 h at room temperature. The 
sections were incubated with bio-
tin-labelled secondary antibod-
ies. HRP-labeled streptavidin was 
added and incubated for 30 min 
at 37°C. Immunoreactivity was 
visualized using the chromogen, 
3,3’diamino-benzidine (DAB) and 
terminated with distilled water. 
The sections were then counter-
stained with hematoxylin, differ-
entiated with hydrochloric acid 
ethanol, dehydrated with gradient 
alcohol and xylene, and mounted 
onto coverslips. Examination was 
performed under optical micros-
copy. In the negative control, PBS 
was used instead of the primary 
antibody. MVD counting was per-
formed in accordance with the 
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Table 1. The detailed situation of the cystic degeneration and fluid-fluid level in pituitary adenomas 
found during the operation

Operation situation Substantive  
adenoma, N = 40

Cystic degeneration with-
out fluid-fluid level, n = 19

Cystic degeneration with 
fluid-fluid level, n = 24 χ2 P 

value
Tumor texture  5.031 0.081
    Soft 25 17 18
    Moderate 10 2 4
    Tenacious 5 0 2
Tumor blood supply 6.101 0.047
    Poor 5 0 1
    General 18 6 7
    Abundant 17 13 16
Adhesion with surrounding structures 11.889 0.003
    No 16 8 4
    Slightly 16 8 5
    Moderate-serious 8 3 15
Total resection rate  82.50% (33/44) 57.89% (11/19) 45.83% (11/24) 9.676 0.008
Cerebrospinal fluid leakage rate 12.50% (5/40) 26.32% (5/19) 16.67% (4/24) 1.733 0.420
Diabetes insipidus 27.50% (11/40) 26.32% (5/19) 54.17% (13/24) 5.432 0.066
Note: The number in brackets is positive cases/total cases of each group.

ral diabetes insipidus and lasted for more than 
2 weeks after operation were permanent dia-
betes insipidus.

Statistical analysis

All the statistical analyses were performed 
using SPSS version 13.0 (SPSS Inc, Chicago, 
Illinois, USA) for Windows. The Chi-squared test 
and analysis of variance (ANOVA) were per-
formed to calculate the statistical significance. 
P < 0.05 was considered to indicate a statisti-
cally significant difference.

Results

The MRI images of different conformations of 
the PA tissue

According to the preoperative MRI image and 
combined with intraoperative confirmation, the 
83 cases were classified into three groups: 
substantive adenoma group (n = 40), cystic 
degeneration without fluid-fluid level group (n = 
19) and cystic degeneration with fluid-fluid level 
group (n = 24) (single fluid-fluid level in 12 
cases, two fluid-fluid levels in 4 cases, plurality 
of fluid-fluid levels in 8 cases). According to 
Knosp-Steiner classification, PA invading the 
cavernous sinus was found in 48 cases, but not 
in the other 35 cases. On the MR images, cystic 
degeneration areas without fluid-fluid level 
mostly showed high signal intensity in T2WI 

and showed low or slightly low signal intensity 
in T1WI. Fluid-fluid level features were visible in 
the T2WI and mostly showed high/low or slight-
ly low signal intensity. Only 7 cases showed flu-
id-fluid level in T1WI, with high/slightly high or 
equisignal intensity performance. The MRI sig-
nals of different fluid-fluid level in one patient 
were similar (Figure 1).

Findings during operation

The detailed operation information of the 83 
cases with PA was shown in Table 1. The tex-
ture of most tumors in this study was soft and 
medium. Cystic degeneration and fluid-fluid 
level formation had no significant correlation 
with the tumor texture (P > 0.05). The number 
of cases with abundant blood supply in tumor 
was 17 cases (42.5%) in substantive adenoma 
group, 13 cases (68.4%) in cystic degeneration 
without fluid-fluid level group and 16 cases 
(66.7%) in cystic degeneration with fluid-fluid 
level group. The blood supply of cystic degen-
eration without fluid-fluid level group and cystic 
degeneration with fluid-fluid level group was 
significantly more abundant than that of sub-
stantive adenoma group (P < 0.05). However, 
there was no difference in blood supply 
between cystic degeneration without fluid-fluid 
level group and cystic degeneration with fluid-
fluid level group (P > 0.05). There was signifi-
cant difference among the three groups in 
adhesion degree of tumor with surrounding 
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structures (P < 0.05). Compared with the other 
two groups, the adhesion degree of tumor with 
surrounding structures of cystic degeneration 
with fluid-fluid level group was significantly 
more serious. However there was no significant 
difference between the other two groups (P > 
0.05).

The resection rate and postoperative recur-
rence of the tumor

According to intraoperative diagnosis and MRI 
image at 1 week and more than 4 months after 
surgery, the resection rate of the substantive 
adenoma group, cystic degeneration without 

Figure 2. The blood supply of PA observed during endonasal transsphenoidal approach operation. A. The blood 
supply of the substantive adenoma. B. The blood supply of cystic degeneration without fluid-fluid level. C. The blood 
supply of cystic degeneration with fluid-fluid level.

Figure 3. Surgical outcome analysis of PA with or without cystic degeneration. The MRI images of substantive 
adenoma and cystic degeneration with fluid-fluid level before surgery, 1 week after surgery, and 4-6 months after 
surgery were shown. A. Substantive adenoma. B. Cystic degeneration with fluid-fluid level.



MRI guidance for transsphenoidal surgery

5375 Int J Clin Exp Med 2015;8(4):5370-5378

fluid-fluid level group and cystic degeneration 
with fluid-fluid level group was 82.5% (33/40), 
57.89% (11/19) and 45.83% (11/24), respec-
tively (Table 1). Compared with the substantive 
adenoma group, the total resection rate was 
significantly lower (P < 0.05) and the recurrence 
rate was significantly higher in cystic degenera-
tion without fluid-fluid level group and cystic 
degeneration with fluid-fluid level group (P < 
0.05). However, there was no significant differ-
ence between cystic degeneration without flu-
id-fluid level group and cystic degeneration with 
fluid-fluid level group (P > 0.05) (Figures 2, 3). 

MVD results

Representative immunohistochemical staining 
results of CD34 were shown in Figure 4. MVD 
was calculated after counting the number of 
new blood vessels. In the 83 cases, 32 cases 
were functional PA with the MVD of 14.70 ± 
7.44 and the other 51 cases were nonfunction-
al PA with the MVD of 12.84 ± 6.74. And, the 
difference was not significant (P > 0.05). 
According to the organization structure classifi-
cation, the MVD of the substantive adenoma 
group, cystic degeneration without fluid-fluid 
level group and cystic degeneration with fluid-
fluid level group was 14.81 ± 7.33 (n = 40), 
11.39 ± 6.87 (n = 19), and 10.63 ± 5.49 (n = 
24), respectively. The MVD of cystic degenera-
tion with fluid-fluid level group was significantly 
lower than that of substantive adenoma group 
(P < 0.05), and this result was consistent with 
the finding during operation.

Complications after operation 

During operation, cerebrospinal fluid leakage 
occurred in 14 cases, and all recovered after 
receiving conservative treatment. The cerebro-

spinal fluid leakage rates of the substantive 
adenoma group, cystic degeneration without 
fluid-fluid level group and cystic degeneration 
with fluid-fluid level group were 12.5%, 26.3%, 
16.7%, respectively (Table 1). The rate of cere-
brospinal fluid leak of PA with cystic degenera-
tion was slightly higher than the substantive PA, 
however, the difference was not statistically 
significant (P > 0.05).

After operation, diabetes insipidus occurred in 
29 patients (Table 1). They all were temporal 
diabetes insipidus and the diabetes insipidus 
was improved after treatment with pituitrin or 
carbamazepine. After 2 weeks, 2 cases 
returned to normal urine output (seen in cystic 
degeneration with fluid-fluid level group), and 
the others recovered in 1 week after operation. 
There were no permanent diabetes insipidus 
cases. The diabetes insipidus incidence of cys-
tic degeneration with fluid-fluid level group was 
54.17% (13/24), higher than the other two 
groups, however, there was no significant differ-
ence (P > 0.05).

Discussion 

It is reported that the rate of PA bleeding is 
about 20%-30%, which, is 5.4 times to the 
other intracranial tumors [5]. Necrosis and cys-
tic degeneration rate is about 5%-18% and the 
bigger the tumor size, the more abundant the 
blood supply, the easier the necrosis or intratu-
moral hemorrhage will occur [2]. In this study, 
the cystic degeneration rate was 51.8% and the 
fluid-fluid level of cystic pituitary tumor was 
55.8%, both were higher than the previously 
reported rate [3, 14, 15]. The reason might be 
that the patients enrolled in this study all need-
ed operation. Their pituitary tumors were gen-
erally large and secondary necrosis, hemor-

Figure 4. Immunohistochemical staining of CD34 (× 200). A. Substantive adenoma. B. Cystic degeneration without 
fluid-fluid level. C. Cystic degeneration with fluid-fluid levels.
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rhage and cystic degeneration were easy to 
occur.

Preoperative MRI images showed that, PA cys-
tic degeneration and fluid-fluid level mostly 
occurred in the saddle. MRI features of the 
upper and lower composition of the liquid-liquid 
level were that the upper hydatid fluid showed 
high signal intensity on T1WI and T2WI while 
the lower hydatid fluid general showed isointen-
sity or low signal intensity. This was in accor-
dance with other reports on imaging: the con-
tents in the upper fluid were substances 
released by broken red blood cells after hemor-
rhage and the contents in the lower fluid were 
the liquefied hematoma components [3, 16, 
17], characterized as imaging features of 
derived hematoma in different periods. During 
the operation, it was found that this kind of 
hydatid fluid was mostly dark red or coffee 
color. In the cystic degeneration area without 
fluid-fluid level, the features of MRI were similar 
to cerebrospinal fluid with low signal intensity in 
T1WI and high signal intensity in T2WI, which 
was consider as ischemic necrosis cystic 
degeneration. During the operation, we found 
that the cyst fluid showed the features of pale 
yellow or colorless transparent. Some of the 
cyst fluid was dark red hematoma fluid formed 
during chronic phase. Based on the character-
istics of cyst fluid, we suppose there might be 
two mechanisms underlying the formation of 
the liquid surface. One mechanism is that the 
liquid surface is formed by hematoma precipi-
tation after intratumoral hemorrhage, while the 
other mechanism of liquid surface formation is 
cystic cavity secondary bleeding after tumor 
necrosis. Hemosiderin of remote hemorrhage 
deposited in the bottom, as a result, low signal 
intensity of liquid-liquid level was shown in T1WI 
and T2WI. The reasons for cystic degeneration 
without liquid-liquid level formation might be as 
follows. One is that it is still in the acute phase 
of tumor hemorrhage and the hematoma liquid 
precipitation has not appeared. Another reason 
is that ischemia necrosis occurs in the tumor. 
The third reason is that it is already in the late 
intratumoral hemorrhage, and the hemosiderin 
is fundamentally absorbed and formed a cystic 
cavity.

The texture of substantial part of PA with cystic 
degeneration is generally soft. And, the hydatid 
fluid could be released during the operation. 

Thus, the tumor resection is relatively easy to 
carry out by endonasal transsphenoidal 
approach even if the tumor is quite large or fol-
lowed by hydrocephalus or intracranial hyper-
tension. In this study, it was shown that the cys-
tic degeneration PA was rich in blood supply, 
and the adhesion degree of tumor with sur-
rounding structures of cystic degeneration with 
fluid-fluid level was more serious and the bor-
ders were often unclear. Therefore, to the 
patients with cystic degeneration with fluid-flu-
id level, more patience and careful attention 
were needed during the operation to decrease 
bleeding, improve the resection rate and 
reduce the occurrence of cerebrospinal fluid 
leakage. However, when the tumor was closely 
adhered to the sellar diaphragm, the medial 
wall of the cavernous sinus, the pituitary stalk 
or other surrounding structures, total resection 
should not be suggested according to the spe-
cific situation. If blindly seeking total resection 
of tumor, it was easy to cause surgical site 
bleeding and cerebrospinal fluid leakage, or 
cause the suprasellar vascular rupture hemor-
rhage, optic nerve injury, increased pituitary 
stalk pulling, postoperative polyuria and diabe-
tes insipidus [18-20]. There were no differenc-
es in occurring rate of cerebrospinal fluid leak-
age and postoperative diabetes insipidus in the 
three groups, which, might be related to the 
carefully protection of the peritumoral struc-
tures or the small sample size. As for the tumor 
residual, suitable long-term follow-up was nec-
essary and a trial radiosurgery or reoperation 
was needed during recurrence. Sometimes a 
small amount of the tumor tissue was appropri-
ate to retain, which, could avoid the occurrence 
of disastrous consequences.

In view of the above factors, residue was easy 
to occur in PA with cystic degeneration. 
Therefore, dynamic review was badly needed 
after operation. Some cases may have total 
removal under microscope, however, in the 
micro level, residual tumor cells still remain. 
Hardy [21] considered that the only explanation 
of recurrence after the operation was incom-
plete tumor resection of PA and the residual of 
tumor tissues. Goel [3] reported that the recur-
rence rate of resection of PA of cystic degener-
ation with liquid-liquid level was as high as 
20%, significantly more higher than the overall 
7% recurrence rate of PA, which, might be relat-
ed to the easily reside property of cystic degen-
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eration PA. Hsu et al. found that pituitary tumor 
recurrence was related to tumor tissue stroke 
and cystic degeneration [22]. The subjects in 
this study were followed up for 1-2 years, and 
the dynamic postoperative MRI images showed 
that the incompletely resection tumor all were 
with few residual or recurrence.

In conclusion, the preoperative MRI imaging of 
PA with cystic degeneration and fluid-fluid level 
could provide information for initially assessing 
the situation of tumor hemorrhage or necrosis. 
Meanwhile, it contributes to individual opera-
tion strategy selection and is helpful to guide 
the follow-up and review after operation.
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