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A B S T R A C T

Introduction: The optimal surgical treatment for giant pituitary neuroendocrine tumors(GPitNETs) is debated.
Research question: The aim of this paper is to optimize the surgical management of these patients and to provide a
consensus statement on behalf of the EANS Skull Base Section.
Material and methods: We constituted a task force belonging to the EANS skull base committee to define some
principles for the management of GPitNETs. A systematic review was performed according to PRISMA guidelines
to perform a meta-analysis on surgical series of GPitNETs. Weighted summary rates were obtained for the pooled
extent of resection and according to the surgical technique. These data were discussed to obtain recommendations
after evaluation of the selected articles and discussion among the experts.
Results: 20articleswere included inourmeta-analysis, for a total of 1263patients. Theendoscopic endonasal technique
was used in40.3%of cases, themicroscopic endonasal approach in34%of cases, transcranial approaches in18.7%and
combined approaches in7%of cases.Nodifference in terms of gross total resection (GTR) ratewas observedamong the
different techniques. Pooled GTR rate was 36.6%, while a near total resection (NTR) was possible in 45.2% of cases.
Cavernous sinus invasion was associated with a lower GTR rate (OR: 0.061). After surgery, 35% of patients had
endocrinological improvement and 75.6% had visual improvement. Recurrent tumors were reported in 10% of cases
Discussion and conclusion: After formal discussion in the working group, we recommend the treatment of G-Pit-
NETs tumors with a more complex and multilobular structure in tertiary care centers. The endoscopic endonasal
approach is the first option of treatment and extended approaches should be planned according to extension,
morphology and consistency of the lesion. Transcranial approaches play a role in selected cases, with a multi-
compartmental morphology, subarachnoid invasion and extension lateral to the internal carotid artery and in the
management of residual tumor apoplexy.
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1. Introduction

Giant pituitary neuroendocrine tumors (G-PitNETs) constitute 6–10%
of pituitary tumors (Goel et al., 2004; Iglesias et al., 2021) and continue
to represent a therapeutic challenge because of their size, invasiveness
and extrasellar extension (Iglesias et al., 2018). Different definitions were
proposed to define G-PitNET and we adopted the most common defini-
tion, where G-PitNETs are considered tumors with a largest diameter
�40 mm (Iglesias et al., 2018).

While the endonasal transsphendoidal approach is generally consid-
ered as the gold standard for the treatment of PitNET, surgery for G-
PitNET presents some important differences from surgery for smaller
tumors. A gross total resection in G-PitNET after a single surgical pro-
cedure can be achieved in less than half the cases, even in specialized
tertiary-care centers, while the operative morbidity and mortality rates
remain high (Sinha and Sharma, 2010; Mortini et al., 2007).

In this paper, to optimize and standardize the surgical management of
G-PitNETs, we performed a systematic literature review and meta-
analysis on the subject. A task force composed of members of the EANS
skull base committee along with some international experts in the field,
enabled the compilation of a consensus statement and recommendations
on the surgical management of these difficult tumors.

2. Methods

A systematic review was conducted according to the PRISMA criteria
(Liberati et al., 2009). A literature search was performed using PubMed
database, including articles published between January 2000 and
January 2020. The search was conducted using the medical subject
Fig. 1. The selection process of the pertinent articles included in th
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headings (MeSH) and free text terms: “giant pituitary adenoma” com-
bined with “surgery”, “endoscopy”, “microscopy”, “resection”, “recur-
rence”, “survival” and “outcome”. Our search was limited to studies
conducted in adults. Additional relevant studies were manually searched
in the reference list of identified studies and through the use of the
“related articles” tool in PubMed. Duplicate studies were eliminated. Two
authors (GC and MM) independently reviewed abstracts, full-text articles
and citations to select pertinent studies. A PICO question was formulated
to identify pertinent studies: the population was defined as adult patients
with G-PitNETs defined as tumors �40 mm in diameter, the intervention
was any type of surgery performed and outcomes included endocrino-
logical, visual and clinical outcomes, the extent of resection, recurrence
rate and overall survival, early and long-term morbidity and quality of
life. No language restrictions were used. Studies with less than 10 pa-
tients were excluded, as well as those including PitNETs of all sizes
without a subgroup analysis for giant lesions or studies with an incon-
sistent follow-up. Studies reporting only giant prolactinomas, case re-
ports, preclinical studies and pediatric trials were also excluded. The
selection process was summarized in Fig. 1.

Data from the individual studies were combined and compared.
ANOVA test with the Tukey's HSD was used to compare the means of the
different samples. Weighted summary rates were determined using meta-
analysis models. Pooled estimates using meta-analytical techniques were
obtained for the pooled rate of gross total resection (GTR) and near total
resections (NTR) and according to the surgical technique used. The au-
thors used the term GTR to define a macroscopically complete resection,
with no residual tumor visible at the 3 months postoperative MRI, while a
resection>95%was defined as NTR. When a residual tumor was present,
the term subtotal resection (STR) was used.
e meta-analysis is detailed according to the PRISMA statement.



Table 1
The main findings of the pertinent articles included in our meta-analysis are here summarized.

Authors N�

patients
Mean
age

% of
males

Median
tumor
diameter
(cm)

% cavernous
sinus
invasion

% of non
functioning
tumors

%
EEA

%
microscopic
TSA

%
TCA

%
GTR

% STR Median FU
(months)

Iglesias P. 2020 40 54 60% 4.60 27.5% 100% 77,5% 10% 12.5% 25% 36
Yang C. 2019 60 51 68.3% 5.26 58% 88% 100% 0% 0% 46.7% 41.7% 42.5
Elshazly K. 2018 55 55.5 64% 5.1 69% 92.7% 96.4% 0% 0% 44% 47% 41
Han S. 2017 62 47.5 66.1% 4.7 42% 87% 69.3% 0% 6.5% 35.5% 75.8% 46.9
Nishioka H.
2017

128 48.1 55.5% 4.8 54% 100% 46.9% 38.2% 0% 29.7% 68.7% 62.2

Yano S. 2017 34 54.5 58.8% 4.55 82.40% 100% 0% 0% 47% 76.1
Kuo C. 2016 38 50.8 63.1% 71% 100% 0% 0% 21.1% 72.9
Landeiro JA
2015

35 48.2 54.2% 20% 100% 85.7% 0% 0% 68.6% 49

Shimon I. 2015 34 34.9 44.1% 4.94 88.2% 0% 3% 106.8
Gondim JA 2014 50 48.2 66% 5.4 32% 84% 100% 0% 0% 38% 18% 60
Wang S. 2014 36 44 61.1% 5.38 38.9% 72.20% 0% 77.8% 22.2% 22.2% 15.5
Koutourousiou
M. 2013

54 52.9 85.1% 5.0 94.4% 76% 100% 0% 0% 20.4% 66.7% 37.9

Guo F. 2012 15 50 53.3% 66.70% 0% 0% 100% 67% 40
Nakao N. 2011 43 55 53.5% 4.7 9.3% 100% 97.7% 0% 0% 47%
de Paiva Neto
MA 2010

51 48 63% 4.5 60.8% 76.50% 0% 100% 0% 41.2% 20% 30

Sinha S. 2010 250 36.8 75.2% 5.4 41.2% 54.30% 0% 38.4% 58% 74% 29.6
D'ambrosio AL
2009

11 48 72.7% 27.2% 82% 0% 0% 0% 55% 9% 51.6

Xue-Fei S. 2008 54 51 53.7% 6.3 25.9% 77% 0% 29.6% 70.4% 33.3% 51.9% 42.9
Mortini P. 2007 95 48.4 69.5% 4.65 75.8% 73.30% 0% 72.7% 12.6% 14.7% 56.9
Goel A. 2004 118 43.6 55% 5.1 52.5% 100% 0% 89% 2.5% 29.7% 40.6% 31

Abbreviations: cm: centimeters; EEA: endoscopic endonasal approach; GTR: gross total resection; STR: subtotal resection; TSA: transsphenoidal approach; TCA:
transcranial approach.
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The methodological quality of selected articles was evaluated using
the GRADE system (Atkins et al., 2004) without masking the authorship
of the article. The results of the systematic review andmeta-analysis were
discussed within the task force, to elaborate a consensus and
evidence-based recommendations on the preferred surgical strategies. If
randomized blinded trials or prospective matched pair cohort studies
were identified, the recommendations were Level A or B. For controlled
non-randomized trials or uncontrolled studies the recommendations
were Level C or “expert opinion”, respectively. If unanimous responses
were recorded, we used the phrase: “we recommend”. Divergent opinions
were discussed until a consensus was reached and we used the terms: “we
suggest”.
Fig. 2. The most common symptoms at diagnosis are resumed. The most common c
anterior hypopituitarism and headaches.
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3. Results

Twenty articles were included in our meta-analysis, for a total of 1263
patients with G-PitNETs (Goel et al., 2004; Iglesias et al., 2021; Sinha and
Sharma, 2010; Mortini et al., 2007; Yang et al., 2019; Elshazly et al.,
2018; Nishioka et al., 2017; Han et al., 2017; Yano et al., 2017; Kuo et al.,
2016; Shimon et al., 2015; Landeiro et al., 2015; Wang et al., 2014; de
Paiva Neto et al., 2010; Koutourousiou et al., 2013; Gondim et al., 2014;
Nakao and Itakura, 2011; D'Ambrosio et al., 2009; Xue-Fei et al., 2008;
Guo et al., 2012) (Table 1). Three studies were multicentric (Iglesias
et al., 2021; Shimon et al., 2015; Landeiro et al., 2015) while the others
were monocentric (Goel et al., 2004; Sinha and Sharma, 2010; Mortini
linical presentation was represented by visual deficits, followed by symptoms of



Fig. 3. The endocrinological deficits at diagnosis are detailed. The most common finding was hypogonadism, while panhypopituitarism was found in almost a third of
patients. Diabetes insipidus was extremely rare at diagnosis.
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et al., 2007; Yang et al., 2019; Elshazly et al., 2018; Nishioka et al., 2017;
Han et al., 2017; Yano et al., 2017; Kuo et al., 2016; Wang et al., 2014; de
Paiva Neto et al., 2010; Koutourousiou et al., 2013; Gondim et al., 2014;
Nakao and Itakura, 2011; D'Ambrosio et al., 2009; Xue-Fei et al., 2008;
Guo et al., 2012). The mean age of the population included was 48.3�5.5
years. 64.1% of patients were male (810 patients) and the mean tumor
diameter was 5.0�0.5 cm. In 613 cases (613/1214; 50.5% of cases) the
tumor was Knosp grade 3 or 4 or cavernous sinus invasion was confirmed
intraoperatively.

Visual problems represented the most common clinical presentation
(90.1%), followed by endocrinological deficits in 57% of cases (Figs. 2
and 3). Almost one third of patients (27%) had a complete anterior
panhypopituitarism at diagnosis, while diabetes insipidus was extremely
rare (2%) (Fig. 3). 260 patients (260/1222, 21%) of these surgical series
had a functioning tumor, while in 79% of cases a non-functioning tumor
was detected. Some studies included only non-functioning GPit-NETs
(Goel et al., 2004; Iglesias et al., 2021; Nishioka et al., 2017; Landeiro
et al., 2015; Nakao and Itakura, 2011) while one included only func-
tioning tumors (Shimon et al., 2015). Recurrent tumors represented 5.8%
(CI: 3.5–8.1%) of the surgical series.

We analyzed the different surgical techniques used in each study, that
were classified as: endoscopic endonasal approaches (used in 40.3% of
cases), microscopic endonasal approaches (34% of cases), transcranial
approaches (18.7% of cases) and combined approaches (endonasal and
transcranial, used in 7% of cases). (Fig. 4). Their timeline evolution is
shown in Fig. 4.

A comparative analysis of the extent of resection related to each
surgical technique showed that only 8 studies reported the details after
endoscopic endonasal (Yang et al., 2019; Elshazly et al., 2018; Nishioka
et al., 2017; Han et al., 2017; Kuo et al., 2016; Koutourousiou et al., 2013;
Gondim et al., 2014; Nakao and Itakura, 2011), 4 after microscopic
transsphenoidal techniques (Mortini et al., 2007; Nishioka et al., 2017;
de Paiva Neto et al., 2010; Xue-Fei et al., 2008), 4 after transcranial
approaches (Mortini et al., 2007; Han et al., 2017; Xue-Fei et al., 2008;
Guo et al., 2012) and 3 after combined techniques (Nishioka et al., 2017;
Han et al., 2017; D'Ambrosio et al., 2009) Of the 403 patients where an
EEA was performed, meta-analytic techniques showed that GTR was
achieved in 33.8% (�3.9%) while GTR was achieved in 35.8% of 185
patients with microscopic transsphenoidal approaches (�7.9%). Trans-
cranial approaches in 54 patients provided a GTR in 35.3% of cases
(�14.9%) and combined approaches in 45 patients provided a GTR in
41.1% of cases (�12.1%). These differences were not statistically
4

significant. (Fig. 5).
If we consider all the techniques together, the pooled GTR rate was

36.6%, while a NTR was possible in 45.2% of cases (pooled GTR þ NTR:
61.4%) (Fig. 6). The comparison in terms of NTR and GTR þ NTR among
the different surgical techniques was not possible because in most of
papers the specific technique used was not detailed. As expected, inva-
sion of the cavernous sinus limited the rate of GTR to 23.7% and this
difference was statistically significant when compared to GTR in patients
with no cavernous sinus invasion (OR: 0.061; CI: 0.026–0.142) (Fig. 7).

The pooled rate for endocrinological improvement (in terms of
recuperation of at least one hormonal axis or resolution of stalk
compression hyperprolactinaemia in the postoperative period) was
26.1% according to the analysis of six studies specifying these data
(Elshazly et al., 2018; Nishioka et al., 2017; Shimon et al., 2015; Wang
et al., 2014; de Paiva Neto et al., 2010; Koutourousiou et al., 2013) and
no correlation was found with a specific surgical technique. A new partial
anterior pituitary deficit was observed in 21% of patients, while a new
anterior panhypopituitarism in 2.2%. New permanent diabetes insipidus
was observed in 4.9% of cases. Visual improvement after surgery was
reported in 75.5% of patients (in terms of visual acuity and visual field
recovery), while 3.1% of patients experienced a visual worsening (Fig. 8).
The median follow-up was of 42.9 months (range 15.5–106.8 months).
The pooled rates for the most common surgical complications are sum-
marized in Fig. 9.

Early surgery for a large residual tumor was performed in 12.6% of
cases (CI: 7.1%–18.2%). The surgical technique used for the second
procedure varied according to the study considered: Kuo (Kuo et al.,
2016) and Gondim(Gondim et al., 2014) repeated an EEA while Landeiro
(Landeiro et al., 2015) and Mortini (Mortini et al., 2007) used a second
endonasal approach or combined it with transcranial approaches.

Adjuvant radiotherapy was delivered in 33% of cases for growing
residual or recurrent tumors and an adjuvant medical treatment was used
in 58% of cases to obtain a biological remission in functional tumors.
Recurrent tumors at last follow up were reported in 10.4% of cases (CI:
5.9%–14.8%) and a second surgery was performed in 6% of cases (3%–

9%).
Concerning the procedures performed for recurrent tumors, the

technique used was specified in five studies: Gondim (Gondim et al.,
2014) and Koutourousiou (Koutourousiou et al., 2013) used a second
endoscopic approach, D'Ambrosio used a second transcranial approach
(D'Ambrosio et al., 2009), while Shimon et al. used a combination of the
two techniques (Shimon et al., 2015). Yano et al. used both techniques



Fig. 5. The rate of gross total resection (GTR) is detailed according to the surgical te
(not shown). These differences were not statistically significant.

Fig. 4. Fig. 4A: The different surgical techniques used across the papers are here
summarized. In 495 out of 1229 patients (40.3%) an endoscopic endonasal
approach (EEA) was used, in 418 a microscopic transsphenoidal approach
(34%), in 230 patients a transcranial approach (18.7%) and in 86 patients a
combined approach (endonasal and transcranial, 7%).
Fig. 4B: The timeline evolution of the different techniques across the different
periods is summarized. For the years 2011–2015 and 2016–2020 the surgical
technique was not specified in 7% and 3% of cases respectively.
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(Yano et al., 2017). The surgical results after these redo surgeries were
not specified.

4. Discussion

4.1. Definition of GPitNETs

There exists some ambiguity and debate around the definition of
GPitNET. In 1969, Hardy et al. defined giant tumors as those having a
suprasellar extension �30mm calculated from the tuberculum sellae
(Hardy, 1969). Ten years later Symon et al. defined these tumors with the
same measure extending �40 mm from the tuberculum sellae (Symon
et al., 1979). These two definitions were developed before the intro-
duction of the cerebral magnetic resonance imaging (MRI), when
computed tomography was the main imaging modality in the diagnosis
of these tumors.

Measurements from the tuberculum sellae are no longer performed
after the advent of MRI. In the modern era, some authors still define
GPitNETs as tumors with a maximal diameter �30 mm (Cusimano et al.,
2012; Garibi et al., 2002; Alleyne et al., 2002), but the majority of the
authors refer to tumors with a diameter �40 mm (Goel et al., 2004;
Iglesias et al., 2021; Sinha and Sharma, 2010; Mortini et al., 2007; Yang
et al., 2019; Elshazly et al., 2018; Nishioka et al., 2017; Han et al., 2017;
Yano et al., 2017; Kuo et al., 2016; Shimon et al., 2015;Wang et al., 2014;
de Paiva Neto et al., 2010; Koutourousiou et al., 2013; Gondim et al.,
2014; Nakao and Itakura, 2011; D'Ambrosio et al., 2009; Xue-Fei et al.,
2008; Guo et al., 2012) Tumors with a diameter between 30 and 40 mm
should be defined as large PitNETs.

An important point to discuss is that inside this category of G-PitNETs,
we include tumors larger than 40mm presenting with a regular round
shape, without invasion of the cavernous sinus, that could extend mainly
into the sphenoid sinus and/or into the suprasellar space. On the other
side, we also include tumors with a more complex and multilobular
structure, with invasion of the subarachnoid space and encasement of
vasculo-nervous structures and large subfrontal or temporal fossa ex-
tensions, which are more challenging to treat. The definition of a cut-off
for the size is important, as in the differentiation between micro- and
macroadenomas but the size is not synonymous of prognosis, even if it
helps in the categorization and in the analysis of case series.

� We recommend defining G-PitNETs as tumors with a maximal diameter �
40 mm on cerebral MRI or on high-definition contrasted CT when the
patient present a contraindication to perform an MRI. (Level C)
chnique used. The results were pooled according to the meta-analysis technique



Fig. 6. Forest plots showing the pooled rate of gross total resection (GTR) rate (Figure 6A) across the different studies and the merged results of GTR and near total
resection (NTR) (Figure 6B). The meta-analyzed measure is represented as a diamond. The pooled GTR rate was 36.6% and the pooled GTR and NTR rates were 61.4%.
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� We recommend the treatment of G-PitNETs tumors with a more complex
and multilobular structure extending in several directions in tertiary care
centers as they are surgically challenging compared to the rounded
suprasellar G-PiNETs. (Level C)
4.2. Epidemiological and clinical characteristics of GPitNETs

GPitNETs are most commonly diagnosed between the 4th and the 5th
decade and present a slight male predominance. In surgical series, clin-
ically non-functioning giant pituitary adenomas are more frequently
diagnosed (>70% of cases according to our analysis and to literature
analysis)(Goel et al., 2004) and they are in general discovered in the
context of pituitary hormone deficiency or mass effect on surrounding
structures. Headaches and visual symptoms (essentially a chiasmatic
6

syndrome) are the most common clinical manifestations (Iglesias et al.,
2018, 2021). Syndromes associated with hormonal hypersecretion may
be present in a minority of cases. Partial hypopituitarism is recorded in
>40% of cases with GPitNETs and panhypopituitarism was reported in
about one third of cases. Diabetes insipidus at diagnosis is rare.

� We recommend preoperative endocrine and ophthalmological evaluations
to establish the hormonal and the visual status of patients before surgery.
(Level C)
4.3. Surgical approach

Most GPitNETs, with the exception of giant prolactinomas, require
surgical treatment to decompress neural structures. They are classically



Fig. 7. Forest plot (A) representing the pooled gross total resection (GTR) rate when the invasion of the cavernous sinus was present (first column) and when it was
absent (second column). When the invasion of the cavernous sinus was present, the pooled GTR rate was 23.7% (�13.1%) and it increased to 78% (�9.7%) when no
cavernous sinus invasion was reported (B). A statistically significant difference was found (p < 0.001).

G. Cossu et al. Brain and Spine 2 (2022) 100878
associated with a limited rate of GTR and thus higher recurrence rates, as
well as an increased postoperative rate of morbidity and mortality with
an overall poor long-term prognosis (Marigil Sanchez et al., 2019). The
aim of surgery for non-functioning GPitNETs should be to perform a
maximal tumor resection to decompress the optic structures and the pi-
tuitary gland and stalk(Gondim et al., 2014; Cappabianca et al., 2015),
while maintaining the quality of life of the patient with limited endo-
crinological and neurological morbidity. For functioning GPitNETs, the
purpose is, in addition to the decompression of the optic apparatus, to
normalize the hormonal hypersecretion and, if possible, to restore a
physiological pituitary function. Surgical approaches should be tailored
according to the size and extension of the GPitNET, its configuration, the
need for a hormonal cure and the patient-specific goal of treatment.

To achieve those objectives some questions should be addressed
before surgery, such as:
7

1. Is the endonasal approach the first choice when dealing with
GPitNET?

2. What are the indications for transcranial approaches?
3. How should postoperative pituitary apoplexy in GPitNETs be

managed?
4.3.1. Is the endonasal approach the first choice when dealing with G-
PitNET?

The endonasal approach is the most common approach used with G-
PitNETs. In our meta-analysis including articles published during the last
20 years, an endonasal approach was performed in 74.3% of patients; the
endoscopic approach in 40.3% and a microscopic transsphenoidal
approach in 34% of cases. No statistically-significant differences were
detected in terms of resection rates between these two techniques.
However, during the last few decades, several studies have compared the



Fig. 8. Forest plots summarizing the studies that reported the rate of postoperative endocrinological improvement (A) and of visual improvement (B). The pooled rate
is reported as a diamond: 26.1% of patients had a recuperation of at least one hormonal axis or resolution of stalk compression hyperprolactinaemia after surgery (A),
while visual improvement was reported in 75.5% of patients (in terms of visual acuity and visual field recovery) (B).

Fig. 9. The most common postoperative complications are summarized. Data from single studies were pooled according to the meta-analytic method (not shown).
The most common complication was CSF leak that remained rare and was reported in less than 4% of cases.
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endoscopic and microscopic transsphenoidal techniques in the manage-
ment of PitNETs. The endoscopic technique was associated with better
results in terms of resection rates (Gao et al., 2014; Almutairi et al., 2018;
Dhandapani et al., 2016; Messerer et al., 2011), visual and endocrino-
logical outcomes, essentially for tumors with an important suprasellar
8

and parasellar extensions (Yu et al., 2018; Guo et al., 2021; Esquenazi
et al., 2017). In 2012 a meta-analysis performed by Komotar et al.,
including 478 patients with tumors >30 mm, reported higher rates of
GTR in the endoscopic cohort when compared with the microscopic
cohort (P < 0.008) (Komotar et al., 2012). However, this analysis



Fig. 10. An algorithm for the surgical management of G-PitNETs is here proposed. The factors to consider to choose the most appropriate surgical approach are.

G. Cossu et al. Brain and Spine 2 (2022) 100878
included also large tumors (with a maximal diameter<40 mm) and some
surgical cohorts included patients treated with different surgical tech-
niques, rendering the comparisons of the surgical outcomes for each
surgical technique difficult.

No statistically significant differences were found in terms of resec-
tion rates between the endonasal and transcranial approaches. It is likely
that the choice of a transsphenoidal versus a transcranial approach, re-
ported in various series, was based on the specific characteristics of the
individual tumors to achieve the best resection rate. Apart from ap-
proaches and surgical adjuncts, the factors that will influence the surgical
outcomes are the shape of the tumor and the diaphragmatic opening, a
multicompartmental extension, a lateral intradural extension beyond the
ICA, the invasion of the subarachnoid space with vascular encasement,
the invasion of the cavernous sinus and the consistency of the tumors
(Elshazly et al., 2018; Koutourousiou et al., 2013; Cappabianca et al.,
2015; Messerer et al., 2019). Rounded, dumbbell shaped and multi-
lobulated adenomas are respectively associated with a decreased GTR
rate (Koutourousiou et al., 2013). The presence of multiple compart-
ments is an important factor in limiting the extent of resection (Elshazly
et al., 2018; Koutourousiou et al., 2013) and is often associated with an
extension into the subarachnoid space with arterial encasement.

Aside from the classic transsphenoidal approach, extended endo-
scopic endonasal approaches such as transtuberculum or transplanum
approaches could be used when the tumor presents a significant supra-
sellar extension with a small sella turcica and to cut the diaphragm for a
larger access in dumbbell-shaped adenomas. Furthermore, extended ap-
proaches may be considered when the tumor presents with subfrontal
extension.

Cavernous sinus invasion is a well-known limiting factor in the
achievement of GTR in PitNETs, in particular when there is extension to
the lateral portion of the cavernous sinus or an encasement of the carotid
artery (Koutourousiou et al., 2013, 2017; Messerer et al., 2011; Cossu
et al., 2019; Starnoni et al., 2016; Fernandez-Miranda et al., 2018;
Nishioka et al., 2014). This consideration was also confirmed by our
literature analysis in giant lesions. The intracavernous portion of the
tumor may be addressed by experienced surgeons through an endoscopic
transcavernous approach, in particular with functional tumors (Kou-
tourousiou et al., 2013, 2017; Fernandez-Miranda et al., 2018; Nishioka
et al., 2014; Zoli et al., 2016; Cohen-Cohen et al., 2018), even if the ef-
ficiency of an aggressive resection of a large intracavernous extension
remains controversial in terms of cure.

As regards tumor consistency, Cappabianca et al. reported that a soft
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consistency would, understandably, increase the possibility of achieving
GTR for giant adenomas (Cappabianca et al., 2015) and an hemorrhagic
component of the tumor could potentially help in the resection of the
tumor (Koutourousiou et al., 2013; Azab et al., 2019; Juraschka et al.,
2014). On T2-weighted MRI sequences, a soft consistency is generally
associated with hyperintensity, while a fibrous tumor is generally
hypointense on this sequence. For firm tumors, a more extended
approach should be planned with the option of performing an extrac-
apsular resection.

All these factors should be considered together in a preoperative al-
gorithm (Fig. 10) and the main goal is to perform the safest maximal
resection to avoid postoperative complications, especially apoplexy of
the residual tumor.

� We recommend the endoscopic endonasal approach as the first option
when dealing with GPitNETs. Extended approaches can be performed
according to the extension, morphology and expected consistency of the
lesion. (Level C)

4.3.2. What are the indications for transcranial approaches in GPitNETs?
Since the introduction of endoscopy, increased experience and

improvement in techniques has resulted in a more widespread applica-
tion of extended endoscopic endonasal approaches, even for 3rd ven-
tricular and subfrontal extensions of pituitary tumors, limiting the use of
transcranial approaches to specific cases. In some distinct and well-
selected cases however, transcranial techniques remain valid and they
may be used as isolated approaches or in combination with trans-
sphenoidal approaches (Han et al., 2017; Graillon et al., 2020). Flexi-
bility in the choice of the best surgical approach is fundamental and the
morphology and extension of the tumor, its invasiveness and its consis-
tency should be considered, as well as the possibility of achieving a
surgical cure (Goel et al., 2004; Mortini et al., 2007; de Paiva Neto et al.,
2010).

Transcranial approaches at present represent an option in 0.5–4% of
cases of pituitary adenomas (Graillon et al., 2020; Youssef et al., 2005).

After a consensus among members of the task force, the indications
for transcranial approaches for the treatment of GPitNETs are:

- Tumors with multicompartimental extensions, possibly with invasion
of the subarachnoid space and encircling of the arteries of the polygon
of Willis
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- Tumors encircling the optic nerve or the oculomotor nerve in its
cisternal portion

- Tumors extending laterally to the supraclinoid ICA and invading the
temporal fossa

- Tumors with a large subfrontal extension

Tumors extending lateral to the ICA may be addressed with an EEA in
some cases in experienced hands if the tumor has expanded the oculo-
motor triangle which is the common pathway for these tumors to achieve
this lateral extension (Ferrareze Nunes et al., 2018).

A combined endonasal and transcranial approach may be proposed in
well-selected cases to combine the strengths of the two approaches. We
advise an endonasal approach to address the majority of the lesion,
depending on the consistency of the lesion, while the transcranial
approach would address the portion of the tumor not accessible through
an extended endoscopic endonasal route. Tumor extension lateral to the
cavernous ICA and into the basal cisterns with encasement of neuro-
vascular structures can be removed through transcranial skull base ap-
proaches (trans-cavernous if needed) that should be tailored according to
the extension of the tumor.

The discussion remains open about performing the combined
approach during the same sitting or in a staged fashion. Some surgeons
prefer a two-staged strategy, where the second procedure is performed
weeks or months after the first stage to reduce operative time (Mortini
et al., 2007). Others prefer to perform the two stages during one single
surgery (D'Ambrosio et al., 2009; Alleyne et al., 2002; Leung et al., 2011;
Leung et al., 2012) to reduce the risk of postoperative apoplexy between
the two stages, thereby avoiding visual deterioration and/or acute hy-
drocephalus (Sinha and Sharma, 2010; Mortini et al., 2007; Alleyne et al.,
2002; Leung et al., 2011, 2012; Zada et al., 2011). However, a simulta-
neous approach is associated with a longer procedure and possibly a
higher infection rate. In general, care should be taken to minimize sig-
nificant residual in contact with the optic apparatus, as the risk of
symptomatic apoplexy in this setting is greatest.

� We recommend the use of transcranial approaches in combination with
endonasal approaches in selected cases, namely with GPitNETs with a
multicompartmental morphology, subarachnoid invasion with arterial
and/or nervous encasement and extension lateral to the ICA into the
temporal fossa. (Level C)

4.3.3. How should postoperative pituitary apoplexy in GPitNETs be
managed?

The rate of symptomatic postoperative apoplexy after a first incom-
plete resection remains low even in series of giant lesions and according
to our pooled analysis it was reported in <4% of cases. After a trans-
sphenoidal approach, if the surgeon suspects a large residual tumor, an
early clinical evaluation with visual assessment is fundamental for a
proper management. If a new visual deficit is suspected, urgent pituitary
MRI or a high-definition contrasted CT (if the MRI is not available)
should be performed to exclude an apoplexy of the residual tumor.

When this rare eventuality occurs, different therapeutic options can
be proposed. The most important factor to consider is the timing of the
second surgery as the visual deterioration may be sudden and severe and
an emergency surgery for decompression of the visual pathways can be
crucial for recovery.

Transcranial approaches can be performed to remove the residual
tumor and perform a decompression of the visual pathway. Firm tumor
consistency encountered at the first endonasal surgery precluding a
complete removal represents a good indication for transcranial surgery
(Mortini et al., 2007; Elshazly et al., 2018; Han et al., 2017).

A second standard transsphenoidal approach after a first unsuccessful
attempt because of unfavorable conditions, might not be fruitful. In such
cases, an extended endoscopic endonasal approaches associated with an
extracapsular resection of the residual tumor is more likely to give
satisfying results.
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� We suggest the use of transcranial techniques in the management of post-
operative residual tumor apoplexy for giant tumors after endonasal ap-
proaches in the aforementioned craniotomy preferred locations, especially
for tumors with a firm consistency. In tertiary referral centers with an
endoscopic expertise, an extended endoscopic approach may be performed
with an extracapsular resection. (Level C)

5. Summary of recommendations

� We recommend defining GPitNETs as tumors with a maximal diameter >
40 mm on cerebral MRI or on high-definition contrasted CT when the
patient present a contraindication to perform an MRI. (Level C)

� We recommend the treatment of G-PitNETs tumors with a more complex
and multilobular structure extending in several directions in tertiary care
centers as they are surgically challenging compared to the rounded
suprasellar G-PiNETs. (Level C)

� We recommend preoperative endocrine and ophthalmological evaluations
to establish the hormonal and the visual status of patients before surgery.
(Level C)

� We recommend the endoscopic endonasal approach as the first option
when dealing with GPitNETs. Extended approaches can be performed
according to the extension, morphology and expected consistency of the
lesion. (Level C)

� We recommend the use of transcranial approaches in combination with
endonasal approaches in selected cases, namely with GPitNETs with a
multicompartmental morphology, subarachnoid invasion with arterial
and/or nervous encasement and extension lateral to the ICA into the
temporal fossa.

� We suggest the use of transcranial techniques in the management of post-
operative residual tumor apoplexy for giant tumors after endonasal ap-
proaches in the aforementioned craniotomy preferred locations, especially
for tumors with a firm consistency. In tertiary referral centers with an
endoscopic expertise, an extended endoscopic approach may be performed
with an extracapsular resection.

The main findings of the pertinent articles included in our meta-
analysis are here summarized.

- the shape of the tumor and the opening of the diaphragm
- the extension of the tumor into the cavernous sinus or subfrontally
- the invasion of the subarachnoid space with encasement of neuro-
vascular structures

- the consistency, as predicted on the preoperative MRI.

Standard and extended endoscopic endonasal approaches may be
used with different nuances to address the different compartments of the
tumor and also transcranial approaches keep a role in selected cases.
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