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Abstract

Purpose Currently, endoscopic transsphenoidal surgery is the main treatment for pituitary neuroendocrine tumors
(PitNETSs). Excision of the tumor may have positive or negative effects on pituitary endocrine function, and the pitui-
tary function of somatotroph tumors is a point of particular concern after the operation. This study aimed to conduct
a meta-analysis on the effect of endoscopic transsphenoidal somatotroph tumor resection on pituitary function.

Methods A systematic literature search was conducted for articles that included the evaluation of pituitary target
gland before and after endoscopic transsphenoidal pituitary tumor resection and were published between 1992 and
2022 in PubMed, Cochrane, and Ovid MEDLINE.

Results Sixty-eight studies that included biochemical remission rates in 4524 somatotroph tumors were concluded.
According to the 2000 consensus, the biochemical remission rate after transsphenoidal endoscopic surgery was
66.4% (95% (1, 0.622-0.703; P=0.000), the biochemical remission rate was 56.2% according to the 2010 consensus
(95% (1,0.503-0.620; P=10.041), and with the rate of biochemical remission ranging from 30.0 to 91.7% with investiga-
tor's definition. After endoscopic resection, adrenal axis dysfunction was slightly higher than that before surgery, but
the difference was not statistically significant. Hypothyroidism was 0.712 times higher risk than that before surgery
(OR=0.712;95% Cl,0.527-0.961; P=0.027). Hypogonadism was 0.541 times higher risk than that before surgery
(OR=0.541;95% (l,0.393-0.746, P=0.000). Hyperprolactinemia was 0.131 times higher risk than that before surgery
(OR=0.131;95% (l,0.022-0.783; P=0.026). The incidence of pituitary insufficiency was 1.344 times the risk before
surgery after endoscopic resection of somatotroph tumors, but the difference was not statistically significant.

Conclusions In patients with somatotroph tumors after undergoing endoscopic surgery, the risk of dysfunction and

pituitary insufficiency tend to increase, while preoperative thyroid insufficiency, gonadal insufficiency, and hyperprol-
actinemia will be partially relieved.
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Introduction
Pituitary neuroendocrine tumor (PitNET) is the third
most common intracranial tumor which can be divided

*Comrespondence: into functional and non-functional according to clini-

Yazhuo Zhang cal manifestations and histological features [1]. Soma-
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ous GH excess can lead to acromegaly and increase the
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incidence of systemic diseases such as cardiovascular dis-
ease, digestive disease, and endocrine disease so the qual-
ity of life and life expectancy are often affected [3, 4]. At
present, the main treatment is endoscopic transsphenoi-
dal resection of tumors, but the biochemical remission
rate after surgery is about 50-60% [5, 6]. Although endo-
scopic transsphenoidal surgery has the advantages of vis-
ualization and minimal invasion, the surgery itself often
has positive or negative effects on pituitary function,
which is not only limited to the changes of growth hor-
mone and IGF-1 but also includes thyroid, adrenal, and
gonadal axis hormones, which need drug substitution
therapy [7]. Changes in pituitary hormone require clini-
cians to manage patients with long-term follow-up after
surgical resection of the tumor and choose radiotherapy
and drug therapy if necessary. The primary objective of
this meta-analysis was to assess pituitary target func-
tion before and after endoscopic transnasal resection of
somatotroph tumor and to provide evidence-based find-
ings for the rational development of postoperative treat-
ment strategies to achieve biochemical remission and the
need for alternative hormone therapy. At the same time,
a more specific endocrine remission rate was shown.

Methods
Search strategy
This meta-analysis was performed by the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) guidelines. Two independent investigators
(Nie and Fang) conducted literature (from inception to
May 15, 2022), using the following databases: PubMed,
Cochrane, and Ovid MEDLINE. Search strategy based
on keywords is as follows: “pituitary adenoma,” “growth
hormone pituitary adenoma,” “growth hormone-produc-
ing pituitary adenoma,” “somatotroph tumor,” “acromeg-
aly, “endoscopic surgery,’ “endoscopic transsphenoidal
surgery, “anterior pituitary function,” “pituitary insuf-
ficiency,” “hypothyroidism,” “thyroid insufficiency,” “adre-
nal insufficiency,” “hypoadrenalism,” and “endoscopic”
Two researchers (Nie and Fang) independently con-
ducted literature screening, data extraction, and qual-
ity evaluation. If there is any disagreement, another
researcher will help mediate it (Zhang). The inclusion cri-
teria were English original research articles. Case reports,
conference abstracts, meta-analyses, and reviews were
excluded. This article should describe the pituitary hor-
mone before and after endoscopic transsphenoidal pitui-
tary tumor surgery in patients with somatotroph tumors.

References to all selected articles are reviewed.

Data extraction
Two reviewers (Nie and Fang) independently extracted
the data from each of the studies selected. We extracted
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continuous biochemical remission results for analyzing
biochemical remission rates and extracted number analy-
sis for each target axis.

Statistical analysis

Meta-analysis was performed using CMA v 3.0. For cat-
egorical data, the odds ratio (OR) was used for effect-
scale consolidation. All effect sizes were expressed with
95% confidence intervals (CI). We measured heterogene-
ity by the chi-squared Cochran’s Q-test and I* statistics.
If Q reaches a P<0.1 or I?>50%, there is a significant
heterogeneity among studies. The random-effect model
was selected for analysis. Meta-regression was used
to explore if the following priori-defined covariates
accounted for heterogeneity of study-level effect sizes.
Each of these variables was used to assess the association
with the outcome through univariate analysis. Sensitivity
analyses were conducted, and no significant sensitivity
from all studies was detected. Publication bias was tested
via a funnel plot.

Quality of included studies is according to Notting-
ham-Ottawa scale. In meta-regression, study quality was
not a significant determinant of the biochemical remis-
sion rate. Twenty-three studies were using the 2000 con-
sensus (R*=0; P=0.53) and 28 studies using the 2010
consensus (R2=0; P=0.87).

Results

Literature retrieval results

Preliminary screening found 3316 articles. After read-
ing the title, abstract, and full text, exclude literature
that does not meet the inclusion criteria. The final study
included 69 studies with a total of 4635 patients undergo-
ing the same surgical procedure, endoscopic transsphe-
noidal surgery (Supplementary Table 1). The literature
screening flow chart and results are shown in Fig. 1.

Evaluation of biochemical remission rate

Sixty-eight studies that included biochemical remis-
sion rates in 4018 somatotroph tumors were concluded
using the random-effect model. Analysis showed that
among the 23 studies according to the 2000 consensus,
the pooled rate of biochemical remission was 67.1%
and was statistically significant (95% CI, 0.629-0.710;
P<0.001) (Fig. 2). The heterogeneity of our results was
medium (I*=51.018%). To identify the source of hetero-
geneity in the biochemical remission rate, we conducted
a meta-regression to examine the proportion of variance
that could be explained by factors. The following varia-
bles accounted for R* national and center. Among the 28
studies according to the 2010 consensus, the pooled rate
of biochemical remission was 56.2% and was statistically
significant (95% CI, 0.503-0.620; P=0.041) (Fig. 3). The
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Fig. 1 PRISMA 2009 flow diagram for identification of papers included in the systematic review and meta-analysis

heterogeneity of our results was high (*=83.735). To
identify the source of heterogeneity in the biochemical
remission rate, we conducted a meta-regression to exam-
ine the proportion of variance that could be explained by
factors. The following variables accounted for R%: coun-
try and published year. In addition, we reviewed 16 stud-
ies using the investigator’s definition as criteria, with the
rate of biochemical remission ranging from 30.0 to 91.7%
(Table 1).

Evaluation of anterior pituitary function

This meta-analysis included 10 studies with complete
preoperative and postoperative evaluation data of adrenal
insufficiency, involving a total of 1566 patients. The ran-
dom-effect model was used for integration, and the anal-
ysis results showed that the proportion of somatotroph
tumors with adrenal axis dysfunction after endoscopic
resection was slightly higher than that before surgery, but

the difference was not statistically significant: OR=1.177
(95% CI, 0.670—2.066; P=0.571) (Fig. 4).

In this meta-analysis, 8 studies with preoperative and
postoperative data on hypothyroidism were included.
One-thousand four-hundred seventy-three patients were
involved. The random-effect model was used for integra-
tion, and the analysis results showed that the incidence
of hypothyroidism after endoscopic resection of soma-
totroph tumors was 0.712 times higher than that before
surgery, and the difference was statistically significant:
OR=0.712 (95% CI, 0.527-0.961; P=0.027) (Fig. 5).

Nine studies that assessed hypogonadism data pre- and
postoperatively were included. Involved 1488 patients.
The random-effect model was used for integration, and
the analysis results showed that the incidence of hypo-
gonadism after endoscopic resection of somatotroph
tumors was 0.541 times higher than that before surgery,
and the difference was statistically significant: OR=0.541
(95% CI, 0.393-0.746; P<0.001) (Fig. 6).
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Study or Subgroup Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit Z-Value p-Value
EnesAkkaya,2021 0.667  0.553  0.764 2.830 0.005 —f—-
Tyler Cardinal, 2020  0.865  0.744  0.934 4.580 0.000 —i-
John A Jane Jr ,2011  0.700  0.573  0.802 3.008 0.003 il
Jackson A Gondim,20100.746  0.629  0.836 3.843 0.000 —i—
Peter G Campbell,2010 0.577  0.385  0.748 0.781 0.435 —t—
Shigetoshi YANO,2009 0.710  0.530  0.841 2.259 0.024 ——
Amir R Dehdashti,2008 0.706  0.534  0.834 2.326 0.020 ——
Paolo Cappabianca ,2000.639  0.473  0.777 1.644 0.100 ——
Giorgio Frank,2006 0375 0.179  0.623 -0.989 0.323 e )
Savas Ceylan,2021 0.571  0.230  0.856 0.377 0.706 ——
Jean D'Haens,2009 0.615  0.344  0.830 0.824 0.410 b p
Jai-Ho Choe,2008 0.889  0.500 0.985 1.961 0.050 B
Jun-Lin Yan,2022 0.590 0.482  0.691 1.637 0.102 ==
David Netuka,2016 0.610  0.513  0.698 2.226 0.026 ==
Yi Yuen Wang,2011  0.674  0.523  0.797 2.238 0.025 —l—
Wagenmakers,2011 0.556  0.393  0.707 0.665 0.506 —rl—
Robert M. Starke, 2013 0.708  0.594  0.801 3.422 0.001 i
Tao Zhou,2014 0.662  0.577  0.737 3.660 0.000 -E-
Jung HeeKim,2017 0.739  0.658  0.806 5.287 0.000 -
OzlemHaliloglu,2016  0.515  0.419  0.609 0.296 0.768 -
Jackson A. Gondim,20090.707  0.578  0.809 3.052 0.002 sl
Jackson A Gondim,20090.848  0.684  0.935 3.548 0.000 —i—-
Adam N Mamelak, 20130.732  0.577  0.845 2.846 0.004 —l—

0.671  0.629  0.710 7.614 0.000 ®

-1.00 -0.50 0.00 0.50 1.00
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Fig. 2 The biochemical remission rate of somatotroph tumors after endoscopic transsphenoidal surgery according to the meta-analysis (2000

consensus)

Three studies involving 675 patients with hyperpro-
lactinemia were included. The random-effects model
was used for integration, and the analysis results
showed that the incidence of hyperprolactinemia in
endoscopic resection of somatotroph tumors was 0.131
times higher than that before surgery, and the differ-
ence was statistically significant: OR=0.131 (95% CI,
0.022-0.783; P=0.026) (Fig. 7).

A total of 9 studies were included, including 1234
patients with pituitary insufficiency. In integration
using a random-effect model, analysis results showed
that the incidence of pituitary insufficiency was 1.344
times before surgery after endoscopic resection of
somatotroph tumors, but the difference was not sta-
tistically significant: OR=1.344 (95% CI, 0.823-2.195;
P=0.237) (Fig. 8).

Publication bias evaluation

A funnel plot was used to evaluate the publication bias of
studies included in this meta-analysis. The shape of the
funnel plot was symmetrical (Fig. 9).

Discussion

Adenohypophysial neoplasms have recently been
renamed pituitary neuroendocrine neoplasms (PitNETs),
which are classified as clinically functioning and non-
functioning (NF) [8]. Somatotroph tumors are the com-
mon subtype of functional PitNETs. Somatotroph tumors
are manifested by excessive growth hormone in the body
and may eventually lead to acromegaly and other sys-
temic diseases which seriously affect human health [9,
10]. Thus, biochemical remission is the ultimate goal of
treatment for somatotroph tumors, not just tumor resec-
tion [11]. Since the twenty-first century, with the rapid
development of neuroendoscopy, endoscopic transsphe-
noidal pituitary surgery has become a first-line surgical
method for acromegaly patients [12]. To our knowledge,
most studies have been conducted to compare the results
of microscopic versus endoscopic surgery, and there are
no conclusive reports on biochemical response rates after
endoscopic treatment of such tumors [13]. We reviewed
the literature from 1992 to 2022 to systematically evalu-
ate studies from an international cohort. At the same
time, we also summarized the influence of endoscopic
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Study or Subgroup Statistics for each study Event rate and 95% CI
Event Lower Upper

rate limit limit Z-Value p-Value
AbhijitGoyal-Honavar,2021 0406 0340 0475 -2.658 0.008 -
Liang Lv,2019 0319 0233 0420 -3.424 0.001 —E—
Christoph P Hofstetter.2010 0.458 0275 0.654 -0.408 0.683
Derya Burcu Hazer,2013 0.626  0.559 0.688 3.651 0.000 -.-
Alessandro Paluzzi, 2014 0.510 0.373 0.646 0.143 0.886
Yildirum A,2014 0.661 0.528 0.772 2361 0.018 e
SauradeepSarkar,2014 0.288 0.192 0.408 -3.332 0.001 ffif—
Hussein Fathalla.2015 0.452 0310 0.603 -0.616 0.538
Thsan Anik.2017 0.681 0.634 0.725 7.071 0.000 .
Xuan Gong,2022 0.455 0203 0.732 -0.301 0.763
Ana M. Castano-Leon,2019 0.688 0433 0.864 1462 0.144
NidanQiao,2021 0.519 0466 0571 0.700 0.484
Tugrul Cem Unal,2021 0.616 0.501 0.720 1971  0.049
Juan Luis Gomez-Amador,2021 0.692 0.409 0.880 1.349  0.177
Chin Taweesomboonyat,2021 0.467 0299 0.642 -0.365 0.715
M Araujo-Castro .2021 0.510 0373 0.646 0.143  0.886
Yong Zheng,2020 0.667 0.492 0.805 1.877 0.061
Mohammed J Asha,2019 0.484 0363 0.607 -0.254  0.800
Davide Locatelli,2019 0.600 0.200 0.900 0.444 0.657 —— —
Mohammad Taghvaei,2018 0.647 0.527 0.751 2389 0.017 ——
Caroline Martins Dos Santos Leopoldo,2010.391 0.218 0.598 -1.034  0.301 —_—
Thomas J Wilson,2013 0.571 0316 0.794 0.533  0.594 —_——
Shin $S.2013 0.830 0705 0909 4338  0.000 ——
Hiroshi Nishioka,2014 0.847 0.780 0.896  7.540  0.000 =i
Christoph P Hofstetter,2011 0.485 0.322 0.651 -0.174 0.862
Américo Rubens Leite dos Santos,2010 0.625 0285 0875 0.699 0.484
Yi Yuen Wang,2022 0.679 0.570 0.771 3.148  0.002 o
Marta Araujo-Castro,2021 0475 0327 0.627 -0316 0.752

0.562  0.503 0.620 2.046 0.041
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Fig. 3 The biochemical remission rate of somatotroph tumors after endoscopic transsphenoidal surgery according to the meta-analysis (2010

consensus)

Table 1 Biochemical remission rate of somatotroph tumors after endoscopic transsphenoidal surgery (investigator's definition as

criteria)
Study or subgroup Biochemical remission  Total (n) Rate Definition of remission
(n)
M. S. Kabil, 2005 41 48 0.854 N/A
A. Rudnik, 2005 10 12 0.833 N/A
W. M. Lui, 2001 5 5 0917 GH<2 pg/!
Christa C. van Bunderen, 2013 30 03 Normal IGF-1,
No active clinical symptoms
Abtin Tabaee, 2009 5 6 0.833 N/A
Guan Sun, 2017 6 7 0.857 Normal GH
Alexander P. Kelly, 2022 1 2 0.5 Normal IGF-I
Chao Tao, 2021 10 13 0.769 2010
Heping Zhou, 2017 67 86 0.779 N/A
Shigetoshi Yano, 2017 26 47 0.553 Inconsistent
J.Lenzi, 2015 15 22 0.682 N/A
Fuyu Wang, 2015 119 180 0.661 N/A
Carlos Takahiro Chone, 2014 6 7 0.857 N/A
P. Cappabianca, 1999 4 5 0.8 N/A
A. Gamea, 1994 4 5 0.8 GH 5 <ng/ml
Andreja Maric, 2012 15 21 0.714 IGF-1<420 ng/mL and GH < 5.0 ng/mL
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Study or Subgroup Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio  limit limit Z-Value p-Value
Xiaopeng Guo,2021 0922 0528 1611 -0284 0.776 -
AbhijitGoyal-Honavar,2021 2277 1.185 4376 2.469 0.014 -
John A Jane Jr ,2011 2.074 0365 11.794 0.823 0411 i
WM Lui,2001 3.667 0.118 113.728 0.741 0.458 i
Tugrul Cem Unal,2021 1.000  0.195 5.126 0.000 1.000 —
Ihsan Anik,2017 0.343 0.134 0.879 -2.227 0.026 ——
Margreet Albertina EM Wagenmakers,2011 ~ 3.162  0.315 31.775 0.978 0.328 =
Robert M. Starke,2013 2953 0994 8774 1.948 0.051 ——
SauradeepSarkar,2014 2.065 0365 11.679 0.820 0412 L
Jung HeeKim,2017 0410 0.180 0938 -2.112 0.035 ——

1.177  0.670  2.066 0.567 0.571 ’

0.01 0.1 1 10 100
Favours A Favours B

Fig. 4 Comparison of adrenal insufficiency before and after operation according to the meta-analysis
Study or Subgroup Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio limit limit Z-Value p-Value
Xiaopeng Guo,2021 1.034 0.622 1.721 0.130 0.897
AbhijitGoyal-Honavar,2021 0.403 0206 0.788  -2.656 0.008 ——
John A Jane Jr ;2011 1.000  0.437 2.290 0.000 1.000
Margreet Albertina EM Wagenmakers,2011 0.778 0.193 3.137 -0.353 0.724
Robert M. Starke,2013 1.095 0474 2.531 0.213 0.831
SauradeepSarkar,2014 0.621 0236 1.635 -0.965 0.334
Ihsan Anik,2017 0491 0.196 1230 -1.518 0.129
Jung HeeKim,2017 0488 0218 1.094 -1.743 0.081

0.712 0527 0961 -2218 0.027

0.01 0.1 1 10 100
Favours A Favours B

Fig. 5 Comparison of hypothyroidism before and after operation according to the meta-analysis

surgery on the pituitary function of somatotroph tumors
patients, to guide future treatment.

In previous reports, endoscopic surgery did not appear
to significantly improve remission rates compared to
microscopic surgery [14]. This may be because the
advantages of endoscopy lie in the visualization of the
surgical field and the small damage to the surgical path-
way, while the biological characteristics of the tumor are
not changed by the surgical method, which are exactly
important factors affecting the remission rate, such as
tumor size, invasiveness, secretory activity, and the neu-
ropathological findings [15, 16]. Robust evidence showed
that small tumors (<1 cm) can achieve a good remission

rate regardless of the surgical method, and multiple sur-
geries will create difficulties [11, 17-19]. This is con-
sistent with our observations, and the most important
reason is those small tumors are more likely to be com-
pletely removed during surgery, resulting in the loss of
secretory tumor cells. For large tumors, some researchers
have reported a higher tumor removal rate and a higher
biochemical response rate with endoscopic transsphe-
noidal surgery compared with transsphenoidal surgery
under the microscope [13, 20]. In some current studies,
Knosp or Hardy grading is a better predictor of postoper-
ative remission than tumor size [14, 21, 22]. For example,
Yano et al. reported a response rate of 76.9% for Knosp
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Study or Subgroup Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Xiaopeng Guo,2021 0.587 0442 0779 -3.684  0.000 ]
John A Jane Jr ,2011 0.528  0.227 1.229  -1.482 0.138 ——
Margreet Albertina EM Wagenmakers,2011 0.568 0.126 2554 -0.738 0.460 ———
Robert M. Starke,2013 0.641 0318 1.294  -1.241 0.215 —
Tao Zhou,2014 11.428 0.626 208.772 1.643 0.100
SauradeepSarkar,2014 1.524 0.246 9.430 0.453 0.651
Ihsan Anik,2017 0244 0.127 0469 -4.235 0.000 ——
Mohammad Taghvaei, 2018 0386 0.166  0.899 -2.207 0.027 ——
Jung HeeKim,2017 0.672  0.396 1.141  -1.470 0.142 -+
0.541 0.393 0.746  -3.754 0.000 ‘
0.01 0.1 1 10 100
Favours A Favours B

Fig. 6 Comparison of hypogonadism before and after operation according to the meta-analysis
Study or Subgroup Statistics for each study QOdds ratio and 95% CI

Odds Lower Upper

ratio limit limit Z-Value p-Value
Xiaopeng Guo,2021 0.045 0.026 0.078 -11.177  0.000 B
Jackson A Gondim,2010 0.474 0.113 1.989 -1.021  0.307 ———
Heping Zhou,2017 0.138 0.007 2.711 -1.304 0.192

0.131 0.022 0.783 -2.228 0.026 |

0.01 0.1 1 10 100
Favours A Favours B

Fig. 7 Comparison of hyperprolactinemia before and after operation according to the meta-analysis

grades 0—2 tumors during endoscopic surgery, compared
with 40% for Knosp grades 3—4 tumors [22]. Campbell
et al. reported lower biochemical response rates in Hardy
grades 3 and 4 tumors [16]. A reasonable explanation
is that the tumor with a high grade has a low resection
rate and is prone to residual or recurrence, so the remis-
sion rate is lower than that of the tumor with a low grade.
However, tumors with high-grade grades or large sizes
seem to be more likely to be completely resected dur-
ing endoscopic surgery. For example, endoscopic surgery
improves the resection rate of tumors invading the cav-
ernous sinus and improves the biochemical remission
rate [23]. Histological invasion is also a major competi-
tor to hormonal remissions, such as both dural inva-
sion, and cavernous sinus invasion can reduce the overall

remission rate, but when excision of the capsule is per-
formed, the remission rate is improved [15, 24, 25]. As
with microscope surgery, preoperative growth hormone
levels and IGF-1 levels are other important predictors
of postoperative biochemical remission in endoscopic
surgery, that is, preoperative GH and IGF-1 levels are
often negatively correlated with surgical results [26—29].
Several other factors have been reported as predictors
of remission rates. First, Akkaya et al. reported a lower
probability of surgical remission of acromegaly in the
T2 hyper signal group, and Alimohamadi et al. reported
moderate to enhanced diffusion on DW imaging (DWI)
predicted a higher excision rate [30]. Second, the use of
neuronavigation or intraoperative hormone monitor-
ing can improve surgical outcomes [31]. Luca D’Angelo
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Study or Subgroup Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio  limit limit Z-Value p-Value
Xiaopeng Guo,2021 1.076  0.633 1.827 0.270 0.787
Christa C. van Bunderen,2013 2.333  0.809 6.730 1.568 0.117
Tao Zhou,2014 0.591 0.138 2.524  -0.710 0.477
SauradeepSarkar,2014 0.756 0323 1.768 -0.646 0518
Ihsan Anik,2017 15266  0.869 268.196 1.864  0.062
Petros Stefanidis,2022 5444  0.248 119.632 1.075 0.282
Alexander P. Kelly,2022 5.000 0.113 220.621 0.833 0.405
Juan Luis Gomez-Amador,2021 9.000 0.417 194.066 1402  0.161
Caroline Martins Dos Santos Leopoldo, 2017 1.676 0403  6.966 0.711 0.477 —_—

1.344 0.823 2.195 1.183 0.237 ’
0.01 0.1 1 10 100
Favours A Favours B

Fig. 8 Comparison of pituitary insufficiency before and after operation according to the meta-analysis

et al. showed that stereotactic combined with endoscopic
surgery is less invasive [32]. Transsphenoidal endoscopic
surgery by a senior surgeon and increased surgical expe-
rience are important for improving remission rates [33].
In a prospective study of 50 patients, 28 of 33 functional
adenomas achieved a response, and it was proposed
that resection via extra-pseudo capsular or intra-pseudo
capsular dissection could help improve resection and
response rates [34]. Age and sex are predictive of postop-
erative remission rates in some studies [35—37]. But their
results were inconsistent, and more research is needed.
Bhawani et al. have suggested that shaving a thin layer
of normal pituitary gland along the lumen increases the
chances of a tumor being cured [38]. This, too, needs fur-
ther exploration.

In addition to the postoperative remission rate of
somatotroph tumors, we should also pay attention to
the functional changes of other hormone axes, because
hypopituitarism is one of the common complications
after endoscopic transsphenoidal pituitary tumors resec-
tion, which need long and careful postoperative manage-
ment required [39]. Recent studies by Mendel et al. have
shown that young age and functional tumors predict
new hypopituitarism [40]. However, most reports focus
more on the characteristics of tumor growth and surgi-
cal techniques which include pituitary gland and stalk
manipulation during the operation [15]. As previously
mentioned, larger tumor size, higher grade, pituitary
apoplexy, multiple surgeries, and invasion of the dura
or cavernous sinus are all risk factors for new pituitary
dysfunction [41-43]. Compared with a microscope, the
use of an endoscope may preserve pituitary function bet-
ter with a similar degree of resection [44]. Experienced

neurosurgeons can better distinguish between tumor
pseudocapsule and normal pituitary/stalk during surgery,
which is beneficial to protecting endocrine function [45].
Xin Qu et al. also proposed that a pseudocapsule-based
extracapsular resection method could improve postop-
erative outcomes and maintain normal pituitary func-
tion [46]. Excessive excision during surgery or thermal
damage due to bipolar coagulation in the saddle cavity
can lead to anterior lobe dysfunction [47]. Postoperative
sellar hematoma is a risk factor for new endocrine dys-
function, and timely removal of hematoma can be par-
tially alleviated [48]. Intraoperative cerebrospinal fluid
leakage also increases the incidence of hypopituitarism
[49]. The preoperative hypophysial defect is thought to be
due to compression and destruction of the normal hypo-
physial gland by an enlarged mass and may also be due
to focal necrosis following compression of the portal cir-
culation [12]. In the literature we collected, the incidence
of preoperative adrenal insufficiency was between 2.5
and 6.9%, hypothyroidism between 3.5 and 25.4%, hypo-
gonadism between 10.2 and 51.1%, and the incidence of
retention was between 0.1 and 30%. Unlike other target
axes, although the difference was not statistically signifi-
cant, patients with growing tumors had an increased risk
of adrenal axis dysfunction after endoscopic surgery. A
retrospective study of 36 patients with acromegaly sug-
gests that hypothalamic—pituitary—adrenal (HPA) axis
function may worsen over time in patients with acro-
megaly, regardless of the type of treatment. In contrast
to the deterioration of the HPA axis, thyroid and gonadal
function did not change over the same period. The effect
of surgery on the HPA axis was considered to be caused
by progressive fibrosis and vascular remodeling after
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Fig. 9 Funnel plot of evaluation of biochemical remission rate. A Twenty-three studies using the 2000 consensus. B Twenty-eight studies using the

2010 consensus

surgical intervention [50]. Anshu Buttan et al’s study on
endocrine outcomes after pituitary surgery showed that
when the preoperative adrenal function was intact, 4—9%
of patients would suffer from postoperative secondary
adrenal dysfunction, and 18% of patients might experi-
ence early transient adrenal dysfunction. The incidence

of new hypothyroidism after surgery was about 3%, and
7% recovered after surgery for nonfunctional tumors.
New gonadal dysfunction occurs in 1 to 5% of patients,
and 6 to 22% of patients with nonfunctional adenomas
recover [51]. Therefore, adrenal dysfunction is a com-
mon endocrine outcome after pituitary surgery, which is
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not parallel to other target axes, which is an important
reminder for clinicians’ daily management. The specific
reasons and mechanisms need to be further explored, but
the impact of surgery on patients’ physical state, includ-
ing stress and other aspects, may also be a part of it. In
contrast to new-onset pituitary dysfunction, the exist-
ing preoperatively impaired pituitary function can be
relieved by surgery [52]. However, in most cases, pitui-
tary recovery is partial and requires continued hormone
replacement therapy after surgery [53]. A complete post-
operative endocrine laboratory assessment is usually
performed at 6 and 12 weeks postoperatively [54]. Mean-
while, the current guidelines recommend up to 1 year
of postoperative endocrinological follow-up in patients
with normal pituitary function and lifelong follow-up in
patients with abnormal pituitary function or with radia-
tion therapy [55].

Conclusion

To sum up, although there was no significant statisti-
cal difference in our results, in patients with somato-
troph tumors after undergoing endoscopic surgery, the
risk of dysfunction and pituitary insufficiency tends
to increase which needs attention in clinical manage-
ment, while preoperative thyroid insufficiency, gonadal
insufficiency, and hyperprolactinemia will be partially
relieved. The biochemical response rate of patients
with transsphenoidal endoscopic growth hormone
tumor resection may increase as endoscopic surgery
matures, but some patients still require follow-up treat-
ment, including gamma-ray therapy or drug therapy.
Long-term follow-up and drug replacement therapy
are required for newly diagnosed pituitary dysfunction,
while the existing preoperative hypophysis can be ame-
liorated to some extent.
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