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Abstract
The endoscopic endonasal transsphenoidal approach (EETA) is the primary treatment for growth hormone (GH) adenoma. This study
aimed to investigate the outcomes of EETA in 33 patients with GH-secreting pituitary adenoma (PA).
Thirty-three patients who underwent EETA in Eighth People’s Hospital of Shenzhen between January 2013 and December 2017

were included in the comprehensive analysis. Factors affecting the extent of resection and postoperative remission rates were also
reviewed.
The total cut rate was 63.6% (21), and the total remission rate was 66.7% (22) in all patients after surgery. The cure rate was 60.6%

(20) for 33 patients. The total removal rate and remission rate were significantly different (P= .01, P= .007) for microadenomas,
macroadenomas, and giant adenomas. In addition, the total removal rate and remission rate were significantly different (P= .004,
P= .007) for patients with noninvasive and invasive GH-secreting PAs. Furthermore, there were significant differences (P= .003,
P= .005) in the total removal rate and remission rate of patients with different preoperative GH levels. All patients with hypertension
and diabetes mellitus were normalized. Three patients exhibited recurrence after surgery. Several patients suffered from
postoperative complications, including transient diabetes insipidus in 3 (9.1%) patients and postoperative transient cerebrospinal
fluid leakage in 2 (6.1%) patients.
EETA is an effective therapeutic approach for treating patients with GH-secreting PA with high remission and low complication

rates. Therefore, EETA should be considered a primary treatment for patients with GH-secreting PA.

Abbreviations: CSF = cerebrospinal fluid, EETA = endoscopic endonasal transsphenoidal approach, GH = growth hormone,
IGF-1 = insulin-like growth factor 1, MRI = magnetic resonance imaging, PA = pituitary adenoma.
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1. Introduction

Pituitary adenomas (PAs), one of the most common intracranial
tumors, are generally benign monoclonal tumors arising from
adenohypophyseal cells.[1,2] PA is clinically classified into
functional adenomas and nonfunctional adenomas. Growth
hormone (GH)-secreting PA is a common functional PA, the
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classical clinical symptom of which is acromegaly. The clinical
characteristics of acromegaly include facial changes, such as
thickening of lips and a widened nose, and thickening of hands
and feet because of the over secretion of GH and insulin-like
growth factor 1 (IGF-1). Furthermore, some patients exhibit
unilateral or bilateral vision loss with or without visual defects,
headaches, hypertension, and diabetes mellitus. In addition, the
biological behavior and clinical outcome of GH-secreting PA is
different in women and men.[3,4] The serum GH levels in such
patients are significantly increased compared with healthy
patients, and magnetic resonance imaging (MRI) can be used
to illustrate the size and extent of the GH-secreting adenoma.
In recent years, neurosurgical techniques regarding advances in

the treatment of PAs have rapidly developed. Currently, almost
all patients with PAs undergo endoscopic endonasal trans-
sphenoidal surgery, which has been suggested to be a highly
effective therapeutic strategy, with a high remission rate and
limited complications.[5] The endoscopic endonasal transsphe-
noidal approach (EETA) is considered the primary treatment for
GH-secreting PA.[6–9] However, some, including tumor size,
invasion, preoperative GH level, preoperative IGF-1 level,
and experience of the surgeon, factors affect postoperative
remission.[6,10–16]

This research presents the outcome of 33 patients with GH-
secreting PAs who underwent EETA in Eighth People’s Hospital
of Shenzhen from January 2013 to December 2017. We analyzed
the postoperative outcomes and factors affecting the extent of
resection and postoperative remission rates.
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Figure 1. The Knosp–Steiner classification.
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2. Materials and methods

Written informed consent was obtained from all patients, and the
study was approved by the Medical Ethics Committee of Eighth
People’s Hospital of Shenzhen. All the methods were performed
in accordance with the relevant guidelines and regulations.
Thirty-three patients with GH-secreting PA who underwent
endoscopic endonasal transsphenoidal surgery were included in
this study. These patients comprised 18 (54.5%) women and 15
(45.5%) men, with a mean age of 43.24 years. The patients were
categorized according to tumor size: 7 (21.2%) patients with
microadenoma (� 1 cm), 18 (54.6%) patients with macro-
adenoma (1–4 cm), and 8 (24.2%) patients with giant adenoma
(≥ 4 cm) (Table 1). In general, tumors are classified into 5 grades
on the basis of the Knosp classification[17]: grades 0, I, and II are
defined as noninvasive tumors, and grades III and IV are defined
as invasive tumors (Fig. 1 and Table 2). There were 23 (69.7%)
patients with invasive tumors and 10 (30.3%) with noninvasive
tumors. Of the 33 patients, 15 (45.5%) had preoperative GH
level of� 20ng/mL, 13 (39.4%) with preoperative GH level of>
20 ng/mL but<40 ng/mL, and 5 (15.1%) with preoperative GH
level of ≥ 40 ng/mL (Table 1).
The preoperative clinical manifestations of the 33 patients are

shown in Table 3. These groups included 20 patients (60.6%)
with acromegaly. Two women (6.1%) had amenorrhea with
infertility, and 1 man (3.03%) had impotence and decreased
libido. Four patients (12.1%) had different degrees of vision loss,
13 patients (39.4%) had different degrees of headache, 3 patients
(9.1%) had hypertension, and 3 patients (9.1%) had diabetes
mellitus.
The serum endocrine levels and MRI examination of the 33

patients were tested to investigate the tumor before surgery
during hospitalization. GH levels and IGF-1 levels were elevated
in all patients. Acromegaly was diagnosed on the basis of relevant
clinical features: a mean GH level >5 ug/L, plasma IGF-1 level
greater than normal age- and sex-matched levels, or nadir GH
after OGTT >1mg/L.[18] The tumor of GH-secreting PAs was
obvious as shown on MR images (Fig. 2). All 33 patients
underwent an EETA from the same surgeon. The tumor can be
clearly seen in the neuroendoscope (Fig. 3).
Table 1

Patients and tumor characteristics.

Variables Total(n=52)

Age (mean, range) 43.24±11 (56, 21–68)
Male 15 (45.5%)
Female 18 (54.5%)
Tumor diameter
Diameter �1 cm 7 (21.2%)
1 cm<diameter<4 cm 18 (54.6%)
Diameter ≥4 cm 8 (24.2%)

Invasion 23 (69.7%)
No invasion 10 (30.3%)
Pre-GH levels
GH�20 ng/mL 15 (45.5%)
20 ng/mL<GH<40 ng/mL 13 (39.4%)
GH≥40 ng/mL 5 (15.1%)

Long-term follow-up results
Remission 22 (66.7%)
Persistence 8 (24.2%)
Recurrence 3 (9.1%)

GH = growth hormone.
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During the postoperative follow-up, the serum GH was tested
at 2 days, 1 month, 3 months, 6 months, and 1 year after surgery.
The criteria for endocrinological remission or cure were a nadir
serum GH level of <0.4ng/mL after an oral glucose load, and
subsequent normal sex- and age-adjusted IGF-1 levels.[19] Long-
term recurrences were generally rare after postoperative
biochemical remission was clearly determined.[20–22] In this
study, the postoperative complications included transient diabe-
tes insipidus (3, 9.1%) and transient cerebrospinal fluid (CSF)
leakage (2, 6.1%).
Statistical analysis was performed using SPSS software (v. 24.0;

IBM SPSS, Armonk, NY). Categorical variables were analyzed
using Fisher exact test or x2 test. P< .05 was considered
statistically significant.
3. Results

The outcomes of tumor removal in all patients are presented in
Table 4. The total tumor resection rate was 63.6% (21) and the
subtotal resection rate was 36.4% (12). Tumor size, tumor
Table 2

The Knosp–Steiner classification for 52 patients.

Knosp–Steiner classification Number of patients (%)

0 2 (6.1%)
I 3 (9.1%)
II 5 (15.2%)
III 13 (39.4%)
IV 10 (30.3%)

Table 3

The clinical symptoms for 52 patients.

Symptom and sign Number of patients (%)

Acromegaly 20 (60.6%)
Amenorrhea, infertility (female) 2 (6.1%)
Impotence, decreased libido (male) 1 (3.03%)
Visual field defect 4 (12.1%)
Headache 13 (39.4%)
Hypertension 3 (9.1%)
Diabetes mellitus 3 (9.1%)



Figure 2. Preoperative MR.
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invasion, and preoperative GH were significantly related to total
tumor removal (P< .05). Sex was not significantly correlated
with total tumor removal (P> .05). Preoperative GH levels were
significantly associated with total tumor resection (P< .05).
The outcomes of postoperative remission are presented in

Table 5. The overall remission rate was 66.7% (22 of 33) for all
patients. Tumor size, tumor invasion, and preoperative GH level
were significantly related to the remission rate (P< .05). Sex was
not significantly correlated with the remission rate (P> .05).
Preoperative GH levels were significantly associated with the
remission rate (P< .05). The remission rate was 100% (21 of 21)
for the group with total resection and 8.3% (1 of 12) for the
group with subtotal resection. Total resection was significantly
correlated with remission (P< .001) (Table 6).
All patients displayed improvement in the postoperative

clinical characteristics during the follow-up period. The postop-
erative condition was slightly improved in patients with
acromegaly. Amenorrhea was normalized in the 2 female
patients and sexual function was normalized in the single
affected male patient. Vision was improved in 4 patients and
headache improved in 12 patients. Hypertension and diabetes
mellitus in 6 patients were controlled. Three patients exhibited
a recurrence following surgery. Several patients suffered
from postoperative complications, including transient diabetes
3

insipidus in 3 (9.1%) patients and postoperative transient
cerebrospinal fluid leakage in 2 (6.1%) patients.
Postoperative GH levels in 21 patients and postoperative IGF-1

levels in 20 patients were significantly decreased on the second
day after surgery, and 20 (60.6%) and 18 patients (54.5%)
exhibited normal levels during the follow-up period. However,
postoperative GH and IGF-1 levels did not change and even
increased in 6 patients (18.2%). Postoperative MRI examination
showed that the tumor had vanished in 20 patients (60.6%), and
the tumor had recurred in 3 patients (9.1%).
4. Discussion

Transsphenoidal approaches are the most common options for
most of pituitary adenomas. Numerous pituitary adenomas,
especially smaller enclosed ones, including GH-secreting PAs, can
be removed completely, and selective pituitary adenomectomy is
usually attempted.[23] Most patients with GH-secreting PAs
benefit from EETA, which can improve impaired visual function,
influence regression of acromegalic features, reduce the risk of
cardiovascular disease, and decrease long-term mortality by
realizing rapid liberation from GH excess. Currently, EETA is
the primary treatment for GH-secreting PAs .[6–9] In this study,
the results revealed that EETA presented high rates of remission

http://www.md-journal.com


Figure 3. Postoperative MR.
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and low rates of complication in 33 patients with GH-secreting
PAs.
Acromegaly is the most common and typical clinical

characteristic of GH adenomas. The principal aim of treatment
for acromegaly is to normalize both GH and IGF-1 levels after
surgery. Currently, the remission criteria for acromegaly are
continuously improving with developments in medicine. How-
ever, the current criteria are definite and concise. The overall
remission rates, which range from 60% to 85%, are reported in
most surgical series on the basis of current criteria.[24–27] The
remission rate in this studywas 66.7% (22 of 33), which is similar
to those reported. Some reports suggest that tumor invasion and
preoperative serum GH levels are the most significant preopera-
tive predictors of remission.[22,24–26] In this study, the remission
rate was significantly different between patients with noninvasive
and invasive GH adenomas, and there were significant differences
in the total removal rate and remission rate of patients with
different preoperative GH levels. The remission rate of noninva-
sive tumors and patients with low preoperative GH levels were
4

higher than those of invasive tumors and patients with high
preoperative GH levels (P< .05). The results reveal that tumor
invasion and preoperative serum GH levels are significantly
associated with preoperative predictors of remission. In addition,
the remission rates were significantly different (P= .01, P= .007)
for microadenomas, macroadenomas, and giant adenomas. The
remission rate of microadenomas was higher than that of
macroadenomas and giant adenomas (P< .05) (Table 5). Tumor
size could also be a significant preoperative predictor of
remission.
Furthermore, the total removal rate was significantly different

for microadenomas, macroadenomas, and giant adenomas. The
total removal rate was significantly different for patients with
noninvasive and invasive GH-secreting PAs. There were signifi-
cant differences in the total removal rate for patients with
different preoperative GH levels. The results showed that the
total resection rate of microadenomas, noninvasive tumors, and
in patients with low preoperative GH levels were higher than
those of macroadenomas, giant adenomas, invasive tumors, and



Table 4

The relationship between surgical resection and sex, tumor size, tumor invasion, and preoperative GH.

Number of total resection (n) Number of subtotal resection (n) Total (n) Total removal rate (%) x2 P

Sex 0.109 .741
Male 10 5 15 66.7%
Female 11 7 18 61.1%

Tumor size (cm) 9.232 .010
Microadenoma 7 0 7 100%
Macroadenoma 12 6 18 66.7%
Giant adenoma 2 6 8 25%
Tumor invasion 8.199 .004
Invasive adenoma 11 12 23 47.8%
Noninvasive adenoma 10 0 10 100%

Preoperative GH (ng/mL) 11.548 .003
GH�20 14 1 15 93.3%
20<GH<40 6 7 13 46.2%
GH≥40 1 4 5 20.0%

The total resection rate of sex was statistically analyzed by using the method of the x2 test, and the difference was not statistically significant (P> .05). The total resection rate of tumor size, tumor invasion, and
preoperative GH was statistically analyzed by using the method of the x2 test, and the difference was statistically significant (P<.05).

Table 5

The relationship between postoperative relief and sex, tumor size, tumor invasion, and preoperative GH.

Total (n) Effective number of cases (n) Postoperative remission rate (%) x2 P

Sex 0.550 .458
Male 15 11 73.3%
Female 18 11 61.1%
Tumor size 10.000 .007

Microadenoma 7 7 100%
Macroadenoma 18 13 72.2%
Giant adenoma 8 2 25.0%
Tumor invasion 7.174 .007
Invasive adenoma 23 12 52.2%
Noninvasive adenoma 10 10 100%

Preoperative GH (ng/mL) 10.662 .005
GH�20 15 14 93.3%
20<GH<40 13 7 53.8%
GH≥40 5 1 20.0%

The postoperative remission rate of sex was statistically analyzed by using the method of the x2 test, and the difference was not statistically significant (P> .05). The postoperative remission rate of tumor size,
tumor invasion, and preoperative GH was statistically analyzed by using the method of the x2 test, and the difference was statistically significant (P< .05).
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patients with high preoperative GH levels (Table 4). Tumor size,
tumor invasion, and preoperative GH levels could be considered
significant preoperative predictors of total resection.
The tumor was completely removed, and GH levels were

normalized in 10 patients with noninvasive tumors. However, the
total removal and remission rates were only 47.8% and 52.2%,
respectively, in 23 patients with invasive tumors. The invasive
GH adenomas, cavernous sinus invasion of Knosp grade III and
IV, could not be completely resected because of the involvement
of structures of the cavernous sinus. Residual tumors can secrete
Table 6

The relationship between postoperative relief and resection degree.

Resection degree Total (n) Effective number of cases (n)

Total resection 21 21
Subtotal resection 12 1
Sum 33 22

The postoperative remission rate of resection degree was statistically analyzed by using the method of

5

GH, so the postoperative GH levels are not normalized and the
remission rate is low. For patients with invasive GH adenomas,
the incidence of postoperative complications and recurrence is
also high.
Other clinical manifestations, such as headaches, visual loss,

hypertension, diabetes mellitus, amenorrhea, and decreased
libido, improved or normalized after surgery. Even if the tumor
was not completely removed, these clinical characteristics would
likely be improved. However, the results were also influenced by
tumor size, tumor invasion, and preoperative GH levels.
Postoperative remission rate (%) x2 P

100%
8.30%

28.875 <.001

the x2 test, and the difference was statistically significant (P< .05).

http://www.md-journal.com
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In 21 patients who underwent total tumor resection,
postoperative GH levels and IGF-1 levels normalized, and
clinical characteristics improved in all patients (100%, 21 of 21).
However, for 12 patients who underwent subtotal resection,
postoperative GH and IGF-1 levels were not normalized, and
only part of the clinical symptoms had improved. Therefore, we
should try to completely cut the tumor, which can enhance the
cure rate and increase the patient’s quality of life.
Complications included transient diabetes insipidus in 3

(9.1%) patients and postoperative transient CSF leakage in 2
(6.1%) patients. Some authors have reported the incidence of
postoperative CSF leaks in 0 to 7% of cases.[16,28–31] The results
are similar to those reported in this study. Moreover, 3 patients
with transient diabetes insipidus and 2 patients with CSF leaks
had normalized after treatment.
5. Conclusions

The results of this study demonstrated that tumor size,
preoperative GH levels, and tumor invasion are independent
factors that affect the therapeutic outcomes of patients
postsurgery. In addition, the results suggested that tumors
should be resected to the greatest degree possible and that serum
GH levels of patients required monitoring for extended durations
of time postsurgery to improve the remission rate and quality of
life of patients. Finally, EETA may represent a primary treatment
for patients with GH-secreting PAs who do not respond to
medical or radiation therapy.
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