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Although pituitary adenomas (PAs) are regarded as benign neoplasm, efficient postoperative manage-
ment of PAs, especially invasive PAs, is still a major challenge for neurosurgeons. Thus, in order to verify
the effect of postoperative surveillance alone for invasive PAs and identify helpful predictive factors of
relapse after initial surgery, a series of 107 cases of surgically gross-totally resected invasive PAs were
retrospectively investigated. With regarded to pituitary function, the preoperative incidence of hypothy-
roidism was higher than that of hypoadrenocorticism and hypogonadism (66.4% vs. 31.8% and 29.9%;
p < 0.001). Tumors extended into sphenoid sinus or cavernous sinus may be less likely to develop hypoa-
drenocorticism or hypogonadism. Postoperative relapse was found in 35 cases (32.7%) during a median
follow-up of 27 months. The overall relapse rates were 12.3, 28.9 and 38.4% at 1, 3 and 5 years, respec-
tively. Tumor size was the exclusive independent risk factor for relapse. Higher relapse rates presented in
large invasive PAs (more than 3.45 cm) were 24.5, 48.9 and 59.2% at 1, 3 and 5 years, respectively. In con-
clusion, preoperative larger tumors shared significantly higher risk of relapse after initial surgical total
resection. Due to the relatively high relapse rate, close surveillance should be executed in strict rotation
in postoperative management of gross-totally resected invasive PAs. Moreover, special attention should
be payed to tumors with diameter of more than 3.45 cm for more than half of them relapsed in 5 years.

� 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Pituitary adenomas (PAs) are neoplasms originated from the
adenohypophyseal cells. Although PAs are generally regarded as
benign neoplasm, as many as 25–55% of them display local inva-
sive behavior[1,2]. In detail, invasion of cavernous sinuses and
sphenoid sinus as well as focal or extensive bone erosion are
regarded as invasive features of PAs [3]. To evaluate the invasive-
ness of PAs, several radiographic classifications have been pro-
posed and modified [4,5]. Hardy–Wilson Stage is adept in
evaluating the degree of suprasellar and parasellar extension
whereas Knosp Grade is used to categorize cavernous sinus inva-
sion. Although there is skepticism over the accuracy of these clas-
sifications, Hardy-Wilson Stage and Knosp Grade are widely
accepted and applied in clinical practice and research [6].
Surgical debulking, either via the transsphenoidal or transcra-
nial approach, is the first-line treatment for the majority of PAs
except prolactinomas [7–9]. However, neurosurgical intervention
does not always result in satisfactory consequence. Generally,
postsurgical remnants were found in 50–72% of cases [10–13].
Moreover, it had been reported that tumor size and invasion of sur-
rounding structures remarkably impacted on the degree of surgical
resection and thereby postsurgical remnants were more frequent
for large invasive PAs [11,14–16]. Postoperative management of
PAs varies according to the resection degree. For patients with
residuals, reoperation, medication [17] and adjuvant radiosurgery
[18] are recommended. In detail, for growth hormone (GH)-
secreting adenomas that failed to be surgical cured, somatostatin
analogs (SSAs) led to significant tumor shrinkage (28.5–34.9%)
and obvious improvement of biochemical cure rate (63.9–78.1%)
after twelve months’ injections[19]. Gamma Knife radiosurgery
(GKS) was also an efficient method for reason that residuals of all
microadenomas and 97% macroadenomas remained stable after
GKS. Moreover, GKS presented equivalent efficiency for adenomas
with cavernous sinus invasion and suprasellar extension [18]. For
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patients with gross total resection (GTR), postoperative observa-
tion alone is a rational and effective strategy and is recommended
at present. Allowing for the relatively low relapse rate, close
surveillance was useful and compellent for gross-totally resected
non-invasive PAs [10,20]. Ulteriorly, owing to the relatively higher
recurrence rate of gross-totally resected invasive PAs [12,21],
radiographic, endocrine and neuroophthalmological follow-ups
play a more important role in postoperative management. How-
ever, relatively little has been reported about the reliability and
effectiveness of close surveillance without medical intervention
after surgery in invasive PAs with GTR. Thus, postoperative man-
agement of gross-totally resected invasive PAs is a crucial but
unsettled issue.

Herein, to address this issue, we retrospectively analyzed a
large cohort of gross-totally resected invasive PAs with long-term
follow-up after surgery and looked forward to identify predictive
factors associated with relapse after initial surgery and thereafter
inspected the reliability and effectiveness of postoperative surveil-
lance alone for invasive PAs with GTR.
2. Patients and methods

2.1. Patients’ selection

Medical archives of patients with pituitary adenomas were col-
lected from electronicmedical records system ofWest China Hospi-
tal. All patients underwent operations between January 2009 and
December 2015 in the Department of Neurosurgery. Patients’ selec-
tion procedure was according to the following inclusion criteria:
diagnosis was verified as pituitary adenoma by pathological exami-
nation; preoperative magnetic resonance images (MRI) verified as
invasive PAs (see ‘‘Neuroradiological Evaluation and Classification”)
[22,23]; tumor was gross-totally resected according to postopera-
tive neuroradiological evaluation; neuroradiological follow-up
was longer than 12 months. According to the inclusion criteria, a
total of 107 patients were enrolled in this study.

2.2. Endocrinological evaluation

Endocrinological evaluation of anterior pituitary function in all
patients included preoperative determinations of serum thyroxine
(T4), triiodothyronine (T3), free triiodothyronine (FT3), free thy-
roxine (FT4), thyroid-stimulating hormone (TSH), luteinizing hor-
mone (LH), follicle-stimulating hormone (FSH), estradiol,
testosterone, serum prolactin (PRL), adrenocorticotropic hormone
(ACTH) and cortisol. Oral glucose tolerance tests (OGTT) and serum
GH levels were employed in acromegalic patients.

2.3. Pathological study

All biological specimens were diagnosed and analyzed by our
colleagues of Department of Pathology. Pituitary adenomas were
verified by routine H&E staining and further immunohistochem-
istry (IHC). All immunocytochemical analyses (FSH, LH, TSH, ACTH,
GH, and PRL) and the final immunopathological classification of the
non-functioning pituitary adenomas (NFPAs) were categorized as
previously described [11,24–27]. Thus, subgroup 1, 2, 3 and 4
represented gonadotroph adenomas, null cell adenomas, plurihor-
monal adenomas and silent ACTH, GH, or GH/PRL adenomas,
respectively.

2.4. Neuroradiological evaluation and classification

MRIs were acquired in each patient using standard 1.5- or 3.0-T
scanners preoperatively and postoperatively, and included
T1-weighted 2-mm sagittal and coronal slices with contrast
enhancement; T2-weighted images were added in most cases.
Invasiveness of PAs was assessed through preoperative neuroimag-
ing studies based on two independent classification systems,
Hardy-Wilson stage [4] and Knosp grade [16]. Adenomas of
Hardy-Wilson Stage D–E or Knosp Grade 3–4 were defined as inva-
sive PAs. According to the maximal diameter, PAs were categorized
as microadenoma (<1 cm), macroadenoma (<4 cm) and giant ade-
noma (�4 cm). The degree of surgical resection was verified
through MRI examinations within 3 days and on 3 months after
initial surgery. Follow-up MRIs were performed annually or when-
ever necessary. Tumor volume was verified using the Region of
Interest (ROI) function of MRI system and calculated as the sum
of all tumor slabs measured on each tumor slice multiplied by slice
thickness [28].

2.5. Definition of recurrence

The relapse of PAs was verified through neuroradiological
follow-up as reappearance of tumors with or without clinical man-
ifestation. Furthermore, the relapse of GH-secreting adenomas or
prolactinomas was also defined as the reappearance of hypersecre-
tion years after normalization of GH or PRL values. In addition, the
reference range of PRL is 4.6–21.4 ng/mL for males and 6.0–
29.9 ng/mL for females. Endocrine remission of GH-secreting ade-
nomas is defined by a normal age- and gender-adjusted IGF-1 level
and a nadir GH results on an oral glucose tolerance test (OGTT) of
<1 ng/mL [29,30].

2.6. Statistical analysis

Data were analyzed using 9.3.1 SAS software. Results were dis-
played in the form of mean ± standard deviation (SD) for normally
distributed data or median for data that were skewedly dis-
tributed. Chi-square or Fisher’s exact tests were used for compar-
ison of categorical variables whereas Student’s T tests were used
for continuous variables. Receiver operating characteristics (ROC)
curve was employed to excavate optimal cut-off points of tumor
maximal diameter and tumor volume. For further analyses,
patients were divided into minor diameter group and major diam-
eter group or low volume group and high volume group, accord-
ingly. Survival data were analyzed by Kaplan-Meier method, log-
rank tests and Cox proportional hazard model. Binary logistic
regression was employed for analyzing independent predictive
variables of endocrine abnormalities. When two-sided p values
were �0.05, the differences were considered statistically
significant.
3. Results

3.1. Patients’ characteristics

A total of 107 patients (53 males and 54 females) were enrolled
in this study (Table 1). The mean age at diagnosis was 46.99 ±
14.11 years (male, 47.32 ± 14.70 years; female, 44.41 ±
11.21 years; p > 0.05). Transsphenoidal microscopic approach was
employed in 84 cases (78.5%) whereas the remaining 23 cases
(21.5%) were resected via transcranial approach.

The initial symptoms included visual disturbance in 77 patients,
headache or dizzy feelings in 62 patients, acromegaly in 11 cases
and menstrual disorder or galactorrhea in 9 females. In addition,
one man presented sexual dysfunction before surgery. Eight
patients registered in emergency room for acute pituitary apoplexy
and seven patients presented symptomatic hypopituitarism. More-
over, three incidentalomas were detected in asymptomatic cases.



Table 1
Clinical features of total population.

Cases

Total cases 107
Gender (male:female) 53:54
Age at diagnosis (years) 46.99 ± 14.11a

Invasiveness classification
Hardy-Wilson classification
Stage A/B/C/D/E 1/2/13/78/13

Knosp classification
Grade 0/1/2/3/4 6/44/32/25/0

Clinical classification (%)
Non-functioning pituitary adenoma (NFPA) 95 (88.8)
GH-secreting pituitary adenoma 11 (10.3)
Prolactinoma 1 (0.9)

NFPA subtypesb

Subgroup 1/2/3/4 15/24/21/35
Clinical manifestation (male:female)
Dizzy or headache 62(29:33)
Visual disturbance 77(40:37)
Acromegaly 11(4:7)
Menstrual disorder or galactorrheac 9(0:9)
Sexual dysfunctionc 1(1:0)
Hypopituitarism 7(4:3)
Apoplexy 8(5:3)
Accidental discovery 3(2:1)

Tumor maximal diameter (%)
Marcoadenoma 78 (72.9)
Giant adenoma 29 (27.1)

a Data were displayed in the form of mean ± standard deviation or frequency
(percentage).

b Subgroup 1: Gonadotroph adenoma; Subgroup 2: Null cell adenoma; Subgroup
3: Plurihormonal adenoma; Subgroup 4: silent ACTH, GH, or GH/PRL adenoma.

c Menstrual disorder and galactorrhea and sexual dysfunction were merely
analyzed in females and males, respectively.

Table 2
Binary logistic regression for preoperative presence of endocrine abnormities.

Endocrine axis Variablesa OR P
value

Hyperprolactinemia Male sex 0.116 0.002
Elder 0.942 0.039

Thyroid axis None 0.137b

Adrenal axis Sellar floor and sphenoid sinus
extension

0.272 0.010

Apoplexy 0.080 0.006
Gonadal axis Elder 1.092 0.001

Cavernous sinus extension 0.125 0.007

OR: odds ratio.
a Predictive variables for preoperative endocrine abnormities were analyzed by

binary logistic regression, respectively.
b None of the factors were independent predictive variable for thyroid axis.

L. Lv et al. / Journal of Clinical Neuroscience 58 (2018) 49–55 51
Based on preoperative endocrinological evaluations, 24 patients
(22.4%) presented normal pituitary function, 41 patients (38.3%)
presented preoperative deficit in any of the endocrine axes, 30
patients (28.0%) suffered from endocrine deficit in two endocrine
axes and 12 patients (11.2%) were panhypopituitarism. Hyperpro-
lactinemia was detected in 55 cases (including one prolactinoma).
Meanwhile, the preoperative incidence of hypothyroidism was
higher than that of hypoadrenocorticism and hypogonadism
(66.4% vs. 31.8% and 29.9%; p < 0.0001). Furthermore, the relation-
ships between preoperative endocrine deficits and potential
factors, including tumor size, gender, age at diagnosis, immunohis-
tochemical subtype, apoplexy and tumor extension direction, were
analyzed (Table 2). Binary logistic regression revealed that there
was no predictor for hypothyroidism. Tumors without apoplexy
(OR = 0.080, p = 0.006) or without sphenoid sinus extension
(OR = 0.272, p = 0.010) were more likely to develop hypoadreno-
corticism. The incidence of hypogonadism was significantly higher
in elder patients (OR = 1.092, p = 0.001) or in tumors without cav-
ernous sinus invasion (OR = 0.125, p = 0.007). Elder (OR = 0.942,
p = 0.039) or male (OR = 0.116, p = 0.002) patients were less likely
to develop hyperprolactinemia.

3.2. Tumors’ characteristics

Ninety-five cases were identified as non-functional adenoma,
and GH-secreting adenoma and prolactinoma accounted for
10.3% and 0.9%, respectively (Table 1). Macroadenoma presented
in 78 cases (72.9%), and 29 cases (27.1%) were giant adenoma.
For non-functional adenomas, 24 cases fell into Subgroup 2 (null
cell adenoma). Gonadotroph adenoma (Subgroup 1) and plurihor-
monal adenoma (Subgroup 3) accounted for 15.8% and 28.0%,
respectively. As many as 35 cases were Subgroup 4 (including 9
silent corticotroph adenomas). The mean tumor maximal diameter
and median volume were 3.41 ± 0.89 cm and 10.60 cm3,
respectively. Radiological information of invasiveness has been
listed in detail in Supplementary table 1. For suprasellar and
parasellar extension, 1 (0.9%) patient was Stage A, 2 (1.9%) were
Stage B, 13 (12.2%) were Stage C, 78 (72.9%) were Stage D and 13
(12.1%) were Stage E. The means volume were 4.767 ± 2.312,
8.954 ± 4.516, 10.520 ± 5.910 and 30.680 ± 12.370 cm3

(p < 0.0001) for Stage A&B, Stage C, Stage D and Stage E tumors,
respectively. Parallelly, 6 patients (5.6%) were Grade 0, 44 (41.1%)
were Grade 1, 32 (29.9%) were Grade 2, 25 (23.4%) were Grade 3
and none was Grade 4.

3.3. Follow-up and prognostic factors

In general, relapse was found in 35 cases (32.7%) during a med-
ian follow-up of 27 months. Of the relapse cases, 8 patients (22.9%)
received a second operation, 16 cases (45.7%) treated by radio-
surgery alone and 5 patients (14.3%) treated by surgery combined
with radiosurgery. Another 6 cases (17.1%) were still under close
outpatient follow-up.

The relapse cases had bigger tumor size in maximal diameter
(4.031 ± 0.887 vs. 3.108 ± 0.718 cm, p < 0.05, Fig. 1a) and tumor
volume (16.50 vs. 8.80 cm3, p < 0.05, Fig. 1b) when compared with
the non-relapse cases. Additionally, Hardy-Wilson Stage E resulted
in higher recurrence rate than Stage D (69.2% vs. 26.9%; p = 0.0106,
Table 2). Besides, there was no statistical difference between
relapse and non-relapse cases with regard to Ki-67 index (median,
1.8% vs. 1.5%; p = 0.855). Preoperative parameters including ages at
diagnosis, gender, tumor size, invasive classifications, pathological
subtypes, clinical classification and apoplexy had no impact on
relapse rate (Table 3). Based on previous univariate analyses, Cox
proportional hazards regression model revealed that tumor size
(tumor maximal diameter) was the exclusive indicator for tumor
relapse (HR = 2.640, p = 0.01, Table 4).

Furthermore, the optimal cut-off points of tumor maximal
diameter and tumor volume were 3.45 cm and 11.80 cm3 with
AUCs (areas under the ROC curve) being 0.8048 (p < 0.0001) and
0.7859 (p < 0.0001), respectively (Fig. 1c-d). The overall relapse
rates were 12.3, 28.9 and 38.4% at 1, 3 and 5 years, respectively.
The calculated relapse rates at 1, 3 and 5 years were 6.5, 12.6,
and 15.8% for low volume group and 20.5, 50.4 and 66.4% for high
volume group. Besides, the calculated relapse rates were 1.8, 11.1
and 18.5% for minor diameter group and 24.5, 48.9 and 59.2% for
major diameter group respectively, at 1, 3 and 5 years (Fig. 2).

4. Discussion

In a large cohort of gross-totally resected invasive PAs with
long-term follow-up, we verified that sphenoid sinus extension
or cavernous sinus invasion may preserve the anterior pituitary



Fig. 1. ROC of tumor size. The relapse group possessed of the bigger size of tumor maximal diameter (4.031 ± 0.887 cm vs. 3.108 ± 0.718 cm) and tumor volume (16.50 cm3 vs.
8.80 cm3) when compared with the non-relapse group. (a, b) Optimal cut-off points analyzed by ROC curve showed tumor maximal diameter more than 3.45 cm or tumor
volume more than 11.80 cm3 were significantly higher in relapse rate with AUCs (area under the ROC curve) being 0.8048 (p < 0.0001) and 0.7859 (p < 0.0001), respectively
(c, d).

Table 3
Factors associated with relapse after initial surgery.

Relapse rate (%) P value

Total 32.7
Gender (Male/Female) 30.2/35.2 0.5818
Hardy-Wilson classificationa

Stage C/D/E 30.8/26.9b/69.2b 0.0106
Knosp classification
Grade 0/1/2/3 0.00/25.0/37.5/48.0 0.0690

Clinical classification
Non-functioning pituitary adenoma 33.7 0.9999
GH-secreting pituitary adenoma 27.3
Prolactinoma 0/1c

NFPA subtypes
Subgroup 1/2/3/4 20.0/33.3/28.6/42.9 0.4197

Apoplexy (Yes/No) 34.3/12.5 0.2686

a Hardy-Wilson stage A and B were excluded when using chi-square test for
lacking of samples.

b Further analysis verifies that the difference between hardy-wilson Stage D and
Stage E was statistically significant.

c Prolactinoma was also excluded from chi-square test for lacking of samples.

Table 4
Cox proportional hazards regression model.

Variables Cases HRb P
valuea

Tumor maximal diameter 2.640 0.010
Tumor volume 0.985 0.637
Male sex 0.692 0.354
Age at diagnosis 0.999 0.949
Immunohistochemical subtypesc 0.730
Apoplexy 8 3.100 0.283
Sellar floor and sphenoid sinus extension 62 1.011 0.980
Diaphragma sellae and suprasellar cistern

extension
80 0.779 0.620

Cavernous sinus invasion 49 0.538 0.106

a Data are analyzed by Cox proportional hazards regression model.
b HR: hazard ratio.
c Immunohistochemical subtypes included GH-secreting adenoma, prolactinoma

and 4 NFPA subgroups, detailed HRs were not present for negative results.
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function for lower incidence of hypoadrenocorticism or hypogo-
nadism. Additionally, gross-totally resected invasive PAs shared
relatively high overall postoperative relapse rate under surveil-
lance alone and preoperative tumor size was remarkably corre-
lated with tumor relapse after surgery.
Pituitary function has a great effect on the quality of life in the
patients with PAs [31]. Thus, preoperative endocrine assessment
was crucial for patients with PAs. It had been reported that the
incidences of hypothyroidism, hypogonadism and hypoadrenocor-
ticism were 26%, 36% and 13% of 305 patients with NFPAs, respec-
tively. Patients with any preoperative endocrine deficits were more
likely to be elder, male and have larger tumors [32]. However, in



Fig. 2. Survival curve of invasive pituitary adenomas. The overall calculated relapse rates were 12.3, 19.8, 28.9, 38.4, 38.4 and 56.2% respectively at 1, 2, 3, 4, 5 and 6 years. (a,
b) High volume group and major diameter group were significantly higher in relapse rate (above two, p < 0.0001). The calculated relapse rates at 1, 2, 3, 4 and 5 years were
respectively, 6.5, 6.5, 12.6, 15.8 and 15.8% and 20.5, 37.8, 50.4, 66.4 and 66.4% when it came to tumor volume. (c) Besides, the tumor maximal diameter shared the similar
results. The relapse rates were 1.8, 4.1, 11.1, 18.5 and 18.5% for minor diameter group and 24.5, 37.6, 48.9, 59.2 and 59.2% for major diameter group respectively at 1, 2, 3, 4
and 5 years. (d).
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our study, hypophysis-thyroid axis was the most fragile part of
pituitary functions on account of the relatively high incidence
(66.4%). Elder patients tended to be hypogonadism which was in
accordance with the physiological decline of gonadal hormone in
aging cases [33]. Tumor size and gender had no impact on hypopi-
tuitarism, but younger female patients were more likely to develop
hyperprolactinemia. Actually, most of the hyperprolactinemic
cases were NFPAs (only one prolactinoma). Accordingly, ‘‘stalk
effect” was the main reason for these cases [34]. Thus, higher basal
secretory activity of pituitary lactotrophs as well as the impacts of
estrogens on hypothalamic dopaminergic system may lead to the
high incidence of hyperprolactinemia in younger females [35,36].
Additionally, tumors with sphenoid sinus extension or cavernous
sinus invasion were less likely to disturb the function of adrenal
or gonadal axis, respectively. Direct destruction or compression
of the pituitary gland or the portal vessels and pituitary stalk by
local masses are two major reasons contributed to hypopituitarism
[37]. Indeed, compared to adenomas restricted to the sella, tumors
extended into sphenoid sinus or cavernous sinus were more inva-
sive. However, the destruction of internal wall of cavernous sinus
and sellar floor may result in partial decompression to pituitary
gland and be beneficial for pituitary function preservation. It also
indicated that increased intrasellar pressure was the main reason
for hypopituitarism in PAs [38].
As a whole, 35 patients suffered from tumor relapse during the
period of follow-up. Notably, preoperative tumor size was remark-
ably associated with tumor relapse after initial surgery. Larger
tumors, whether defined by volume or maximal diameter, tended
to relapse in the early stage after surgery. Although we focused
on gross-totally resected invasive PAs in this study, biological
GTR (analogous to Simpson Grade 1 resection for meningioma)
could hardly achieve for preserving the surrounding structures.
Meanwhile, the minimal lesions usually could not be identified
on MR images on account of that only 48% of microadenomas were
detectable by a standard 1.5-T MRI [39]. Therefore, more fraction-
ally cellular residuals in massive tumors for the relatively larger
surface area may contribute to a higher relapse rate. Besides, this
could also be an explanation that tumor size had a great impact
on surgical remission rate in functional PAs, like corticotroph ade-
noma [40] and growth hormone-secreting adenoma [7].

Although PAs is usually regarded as benign neoplasms, a portion
of patients with PAs suffer from tumor relapse after surgery, and it
seems that postoperative relapse is inevitable even after GTR
[10,11,41]. At present, most of the published studies reported a
mixed group of invasive and non-invasive cases in this literature.
The reported overall relapse rate of gross-totally resected adenomas
ranged from 2.7% to 24.0% [10,11,13,41,42]. Thus, a wait-and-see
policy may be reasonable on account of the relatively low relapse
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rate [10,20]. At the meantime, it is also accorded with the prevalent
practice in postoperative management of PAs [43,44]. In addition, it
is well accepted that postoperative remnant led to a poorer progno-
sis of PAs. Residual regrowth rate was reported ranging from 12.8%
to 78.0% [10,11,13,41,42]. Nevertheless, when GTR failed, postoper-
ative surveillancewithmedical intervention, including reoperation,
radiosurgery and medication, is efficient for controlling residual of
PAs [45,46]. In our study, the overall relapse rate was 32.7% and
the calculated relapse rate at 5 years after surgery was 38.4% and
increased to 59.2% for large tumors (more than3.45 cm indiameter).
Postoperative intervention, like conventional fractionated radio-
therapy, is seldom used in patients with GTR allowing for the obvi-
ous adverse effects [45]. In addition, stereotactic radiosurgery is
inapplicable for lacking of explicit target. In functional PAs, about
two thirds of gross-totally resected adenomas that failed to be sur-
gical cured achieved biological control after whole-sellar stereotac-
tic radiosurgery, but almost a half of these patients had hormonal
deficits [47]. Therefore, more rigorous postoperative surveillance
through radiographic, endocrine and neuroophthalmological
follow-ups play a crucial role in postoperativemanagement of inva-
sive PAs. Owing to the extremelyhigh risk of relapse for large tumors
with diameter of more than 3.45 cm, postoperative surveillance
with timelymedical interventionmay be necessary. However, there
is no reliable method for gross-totally resected tumors, especially
NFPAs, at present. Thus, further investigation addressed this issue
is urgently needed.

Limitations of our research were listed as follows: the retro-
spective study may not conclude strong conclusions due to the
methodological defects; radiographic classification of invasiveness
was thought to be not accurate in recent years; gross total resec-
tion was verified by postoperative 1.5- or 3.0-T MRIs which
showed different sensibility for small lesions; a mixed series of
non-functional and functional PAs were reported in this study.

5. Conclusion

In conclusion, the invasiveness of PAs might be protective factor
for pituitary functions for partial decompression for pituitary
gland. Due to the relatively high relapse rate of gross-totally
resected invasive PAs, close surveillance should be executed in
strict rotation in postoperative management of invasive PAs. More-
over, surgeons should pay special attentions to tumors with diam-
eter of more than 3.45 cm for more than half of them relapsed in
5 years.
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